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Abstract 
 
 
     The tectonic evolution of the South American continent western margin is 

controlled by the continuous subduction of the Nazca plate. The Central 

Andes, which reach altitudes of 6500 m, are characterised by continental 

crust up to 70 km thick. Crustal thickening started in mid-Eocene time and is 

accepted to be responsible for the Eocene to Early Miocene uplift. However, 

processes that lead to crustal thickening are strongly debated and the timing 

of early uplift phases is not well constrained. Since the early Paleozoic the 

Central Andes have been a locus for synorogenic sedimentary basins 

development.  

The focus of this thesis is on Cenozoic continental siliciclastic sediments 

deposited in the Central Depression (between the Western Cordillera and the 

Coastal Cordillera) in southern Peru (Moquegua Formation). This work is 

complemented by analysis of similar deposits from northern Chile (Azapa 

Formation), and from the Altiplano in adjacent Bolivia (Azurita/Potoco 

Formation). Methods used are detrital heavy mineral petrography, single 

grain geochemistry (amphibole, Fe-Ti oxide, garnet, tourmaline and rutile) 

using electron microprobe as well as detrital zircon fission track 

thermochronology and U-Pb dating using LA-SF-ICP-MS. The data are 

exploited to develop a sediment provenance model that constrains (i) the 

timing of the Andean range uplift and (ii) the involved large-scale crustal 

processes.  

New field observations and our geochemical, thermochronological and 

geochronological data are combined with stratigraphic descriptions from the 

literature. This indicates that, in the area of interest, uplift induced a 

significant change in drainage system and provenance at around 35 Ma. This 

age coincides with the onset of widespread deformation and a first peak in 

shortening rates in the Eastern Cordillera (~35 Ma) and the Altiplano region 

(~30 Ma) in the Central Andes. The first interval of widespread and 



voluminous ignimbrite eruptions was dated at around 25 Ma. The ~10 Ma 

lag time observed between the initial range uplift (~35 Ma) and the onset of 

voluminous volcanic activity (~25 Ma) suggests that magmatic addition is 

not the main driver for crustal thickening during the early stage of Andean 

uplift. However, the coincidence between the recorded lag time (~25 to ~35 

Ma) with flat-subduction period (~35 to ~30 Ma) suggests that the evolving 

subduction regime played an essential role in the crustal thickening process 

of the Central Andes. The flat subduction period involved strong interpolate 

coupling and low volcanic activity reflected by the small volume of 

magmatism associated with the 45-30 Ma Andahuaylas-Anta arc in a back 

arc position. Moreover, steepening of the slab at ~30 Ma allowed hot 

asthenosphere to flow into the mantle wedge resulting in increased magma 

production and the emplacement of the 30-24 Ma Tacaza arc and 23 Ma 

Tambillo back arc basalts. This study proves that detailed provenance 

analysis based on a variety of techniques is a powerful tool to reconstruct 

drainage systems and regional tectonic evolution. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Zusammenfassung 
 
 
     Die tektonische Entwicklung des westlichen Bereichs des 

südamerikanischen Kontinents wird durch die kontinuierliche Subduktion 

der Nazca Platte gesteuert. Die Zentralanden, die Höhen von 6500 m 

erreichen, sind durch bis 70 km mächtige kontinentale Kruste charakterisiert. 

Die Krustenverdickung begann im mittleren Eozän und war nach bisherigen 

Modellen verantwortlich für die eozäne bis frühmiozäne Hebung der Anden. 

Die Prozesse, die zu der Krustenverdickung führten, sind jedoch heftig 

umstritten und die zeitliche Entwicklung ist unklar. Seit dem frühen 

Paläozoikum sind die Zentralanden ein Ort für synorogene 

Sedimentbeckenentwicklung. 

Der Schwerpunkt dieser Arbeit liegt auf känozoischen kontinentalen 

klastischen Sedimenten die im zentralen Sedimentbecken (zwischen der 

westlichen Kordillere und der Küstenkordillere) im Süden Perus (Moquegua 

Formation) abgelagert wurden. Zusätzlich wurden ähnliche Ablagerung im 

Norden Chiles (Azapa-Formation) und aus dem Altiplano im benachbarten 

Bolivien (Azurita-Formation und Potoco-Formation) untersucht. Die zur 

Anwendung gekommen Methoden beinhalten petrographische 

Untersuchungen der detritischen Schwerminerale, geochemische 

Einzelkörnanalysen (Amphibol, Fe-Ti-Oxide, Granat, Turmalin und Rutil) 

mittels Elektronenstrahl-Mikrosonde sowie Spaltspuralter 

(Thermochronologie) und U-Pb Altersdatierung mittels LA-SF-ICP-MS an 

detritischen Zirkon. Die gewonnen Daten werden zur Charakterisierung der 

Sedimentprovenienz verwendet, um den Zeitpunkt (i) der Andenhebung 

und (ii) der beteiligten Krustenblöcke besser zu fassen. Die Diskussion der 

Daten stützt sich zudem auf neue Geländebefunde sowie einer intensiven 

Literaturrecherche zur Stratigraphie im Arbeitsgebiet. Die wichtigsten 

Erkenntnisse lassen sich wie folgt zusammenfassen: Vor etwa 35 Mio. Jahren 

induzierte die Hebung der Zentralanden eine signifikante Veränderung im 



Sedimentliefersystem. Dies ist etwa zeitgleich mit der beginnenden 

Deformation und dem ersten Höhepunkt in der Verkürzung der östlichen 

Kordillere (~ 35 Mio. Jahren) und der Hochebene (~ 30 Mio. Jahren) in den 

Zentralanden. Das erste Intervall von weit verbreiteten und voluminösen 

Ignimbrit-Eruptionen wurde auf 25 Mio. Jahren datiert. Die zeitliche Lücke 

von etwa 10 Mio. Jahren zwischen der beginnenden Hebung (vor ~35 Mio. 

Jahren) und dem Beginn der umfangreichen vulkanischen Aktivität (vor ~25 

Mio. Jahren) legt nahe, dass Krustenzuwachs durch magmatische Prozesse 

nicht der entscheidende Faktor für die Krustenverdickung während der 

frühen Phase der Anden war. Vielmehr wird das Nichtvorhandensein 

vulkanischer Aktivität trotz Krustenverdickung in den Zentralanden mit 

einer flachen Subduktion zwischen 35 and 25 Mio. Jahren erklärt. Die flache 

Subduktion führte zu einer starken Koppelung zwischen Ober- und 

Unterplatte. Zudem kam es zwischen 45 und 30 Mio. Jahren nur zu geringer 

vulkanischer Aktivität mit kleinen Volumen an Magma, die durch den 

Andahuaylas-Anta Bogen repräsentiert wird. Die nachfolgende steilere 

Subduktion bei ~30 Mio. Jahren erlaubte den Aufstieg von heißer 

Asthenosphäre in den Mantelkeil, was zu einer erhöhten 

Magmenproduktion und letztendlich zur Bildung des 30–24 Mio. Jahre alten 

Tacaza Bogens und der 23 Mio. Jahre alten Tambillo Basalte führte. Die 

vorliegende Arbeit zeigt auf, dass eine detaillierte Sedimentprovenienz 

basierend auf einer Vielzahl von Methoden ein leistungsfähiges Werkzeug 

zur Rekonstruieren des Sedimentliefersystems und der regionalen 

tektonischen Geschichte ist. 

 
 
 
 
 
 
 
 
 



Resumen 
 
 
     La evolución tectónica de la margen oeste del Continente Sud Americano 

esta controlado por la continua subducción de la placa de Nazca. Los Andes 

Centrales, el cual alcanza una altitud de 6500 m, esta caracterizada por una 

corteza continental con un espesor mayor a 70 km. El espesamiento cortical 

empieza en el Eoceno medio y es aceptado ser el responsable del 

levantamiento desde el Eoceno al Mioceno inferior. Sin embargo, los 

procesos que condujeron al espesamiento cortical son debatidos fuertemente 

y el tiempo de la fase del primer levantamiento no esta bien estudiado. Los 

Andes Centrales desde el Paleozoico inferior ha sido un lugar para el 

desarrollo de cuencas sedimentarías syn-orogenicas. 

El enfoque de esta tesis es sobre los sedimentos silicioclásticos continentales 

del Cenozoico (Formación Moquegua) depositados en la depresión central 

(entre la Cordillera Occidental y Cordillera de la Costa) en el sur de Perú. 

Este trabajo es complementado por análisis de depósitos similares del norte 

de Chile (Formación Azapa), y del Altiplano Boliviano (Formación 

Azurita/Potoco). Los métodos usados fueron petrografía de detritos de 

minerales pesados, geoquímica de granos separados (anfíboles, óxidos de Fe-

Ti, granate, turmalina y rutilo) usando microscopio electrónico así como 

también termocronología de “fission track” en zircones y dataciones de U-Pb 

usando LA-SF-ICPMS. 

Los datos han sido analizados para desarrollar modelos de proveniencia de 

sedimentos que nos indiquen (i) el tiempo de los rangos del levantamiento 

Andino y (ii) la participación a gran escala de los procesos corticales 

involucrados. 

Las nuevas observaciones de campo y los nuevos datos de geoquímica, 

termocronología y geocronología que fueron combinados con la descripción 

estratigráfica de la literatura. Todo esto nos indica que en el área de interés, 

el levantamiento conduce a un cambio significante en el sistema de drenaje y 



la proveniencia al rededor de 35 Ma. Esta edad coincide con el comienzo de 

una deformación amplia y el primer pico en los rangos de acortamiento en la 

Cordillera Oriental (~35 Ma) y en la región del Altiplano (~30 Ma) en los 

Andes Centrales. El primer intervalo de erupciones de ignimbritas 

voluminosas y extensas fue datado en 25 Ma. Los ~10 Ma de tiempo 

retrasado que es observado entre el intervalo inicial de levantamiento (~35 

Ma) y la puesta de la actividad volcánica voluminosa (~25 Ma) sugiere que la 

adición magmática no es la principal causa para el espesamiento cortical 

durante las etapas tempranas del levantamiento Andino. Sin embargo, la 

coincidencia entre el tiempo de retraso registrado (~25 to ~35 Ma) con el 

periodo de subducción planar (~35 to ~30 Ma) sugiere que el régimen de la 

evolución de la subducción juega un rol esencial en los procesos de 

espesamiento cortical en los Andes Centrales. El periodo de subducción 

planar implico un acoplamiento interpolar fuerte y la actividad volcánica 

baja reflejada por los volúmenes pequeños de magmatismo asociado al arco 

Andahuaylas-Anta (45-30 Ma) en su posición de tras-arco. Además, la 

pendiente con fuerte ángulo del “slab” a 30 Ma permitió que la astenosfera 

caliente fluya dentro de la cuña mantélica resultando así un incremento en la 

producción de magma y el emplazamiento de los basaltos del arco de Tacaza 

(30-24 Ma) y el trasarco Tambillo (23 Ma). Este estudio prueba que un 

análisis detallado de la proveniencia basado en una variedad de técnicas en 

una herramienta fuerte para la reconstrucción de sistema de drenajes y 

evolución tectónica regional. 

 
 
 
 
 
 
 
 
 
 



Résumé 
 
 
     L’évolution tectonique de la marge occidentale du continent sud-

américain a été controlée par la subduction continue de la plaque Nazca. Les 

Andes Centrales, qui atteignent localement des altitudes supérieures à 6500 

m, sont caracterisées par une croûte continentale dont l’épaisseur dépasse 

communément 70 km. L’épaississement crustal a commencé vers l’Eocène 

moyen et a produit un soulèvement durant l’Eocène et jusqu’au début du 

Miocène. Cependant, les processus à l’origine de l’épaississement crustal 

sont fortement débattus et la chronologie du début du soulevement n’est pas 

bien connue. Depuis le début du Paléozoïque, les Andes Centrales ont vu le 

développement de bassins sédimentaires synorogéniques.  

Cette thèse se concentre sur les dépôts sédimentaires cénozoïques accumulés 

dans la dépression de l’avant-arc entre Cordillère Occidentale et Cordillère 

Côtière du sud du Pérou (la Formation Moquegua). Ce travail est complété 

par l’analyse de dépôts similaires dans la partie nord du Chili (la Formation 

Azapa) et de l’Altiplano Bolivien (les formations Azurita et Potoco). Les 

méthodes appliquées sont la pétrographie des minéraux lourds détritiques, 

la géochimie de grains individuels (amphiboles, oxydes de Fe et Ti, grenats, 

tourmalines et rutiles) à la microsonde électronique, en plus de la 

thermochronologie par traces de fission sur zircons détritiques et la datation 

U-Pb par LA-FS-ICP-MS. Les données sont exploitées pour développer un 

modèle concernant la provenance des sédiments qui définit (i) la chronologie 

du soulèvement des Andes et (ii) les processus crustaux à grande échelle qui 

ont été à l’oeuvre. 

De nouvelles observations de terrain et nos données géochimiques, 

thermochronologiques et géochronologiques sont combinées avec les 

descriptions stratigraphiques de la littérature. Cette approche combinée 

indique, dans la région étudiée, que le soulèvement a induit un changement 

significatif dans le système de drainage et la provenance des sédiments aux 



alentours de 35 Ma. Cet âge coïncide avec le début d’une large propagation 

des déformations et avec un premier maximum du taux de raccourcissement 

dans la Cordillère Orientale (~35 Ma) et la région de l’Altiplano (~30 Ma) 

dans les Andes Centrales. Le premier intervalle d’éruptions ignimbritiques 

étendues et volumineuses a été daté aux alentours de 25 Ma. Les 10 Ma de 

décalage observés entre le début du soulèvement (~35 Ma) et le début d’une 

activité volcanique volumineuse (~25 Ma) suggèrent que l’addition de 

magma n’a pas été le mécanisme principal d’épaississement crustal pendant 

la première étape du soulèvement andin. Cependant, la coïncidence entre le 

décalage enregistré (entre ~35 et ~25 Ma) et la période de subduction plate 

(entre ~35 et ~30 Ma) suggère que l’évolution du régime de subduction a 

joué un rôle essentiel dans le processus d’épaississement de la croûte des 

Andes Centrales. La période de subduction plate implique un fort couplage 

inter-plaque et une faible activité volcanique comme le reflète le petit volume 

de magma associé à l’arc Andahuaylas-Anta (45-30 Ma) situé en position 

d’arrière-arc. De plus, l’augmentation de l’angle de subduction à ~30 Ma a 

permis l’afflux de matériel asthénosphérique chaud dans le coin mantellique, 

ce qui a entraîné une augmentation de la production de magma et la mise en 

place de l’arc Tacaza (30-24 Ma) et des basaltes d’arrière-arc de Tambillo (23 

Ma). Cette étude montre qu’une analyse de provenance détaillée basée sur 

une variété de techniques est un puissant outil pour reconstruire les systèmes 

de drainage et l’évolution tectonique régionale. 
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1. Introduction  

    The “South American landscape”, painted in 1856 and the “Heart of the 

Andes”, painted in 1859 by Frederic Edwin Church (1826–1900) illustrate the 

human fascination for the South American continent. Numerous painters 

and writers have devoted their time to describe the fantastic landscapes 

found in the Andes. For their part geologists are drawn to understand the 

complex processes and mechanisms which drive the building of such 

impressive topography. The Andes are the largest mountain chain in the 

world stretching over 8000 km from Colombia in the North to Patagonia in 

the South. The Andes are 700 km wide and their widest part (between 16 and 

22°S). Mount Aconcagua (Chile) is the highest summit of the Andean range 

at 6962 m. One of the main characteristic of the Andean chain is its 

asymmetric topography with a steep western slope and a shallower eastern 

flank. This asymmetry is also marked by the fact that rivers flowing on the 

western slope toward the Pacific Ocean do not exceed 440 km in length (Loa 

River, Chile), whereas, those flowing on the eastern flank toward the Atlantic 

Ocean stretch up to 3980 km (Amazon River). The Andes are a perfect 

natural laboratory to investigate various orogenic processes. This study 

focuses on synorogenic sedimentary basins development and the evolution 

of related drainage systems as well as large-scale crustal processes related to 

subduction. It is an exiting task to collect the maximum information 

(petrography, geochemistry, geochronology, thermochronology) from heavy 

minerals found in sandstones and to use these data to reconstruct the large-

scale crustal processes. 

1.1. The project 

     This thesis presents the first detailed provenance model from Cenozoic 

synorogenic siliciclastic sediments in the Central Andes and its implications 

for the timing of the Andean uplift and crustal thickening processes. 
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Sedimentary rocks are well known to record the geological history of a 

specific area as their temporal and special evolutions can be interpreted in 

terms of drainage system organisation, relief reconstruction and thermal 

events due to magmatic activity and/or metamorphism.  

The thesis has been prepared under the supervision of Prof. Dr. Hilmar von 

Eynatten and Prof. Dr. Gerhard Wörner at the University of Göttingen. The 

project was funded by the German Research Foundation (DFG). 

An overview of the geological setting of the studied areas is presented in 

paragraph 1.2 below. Paragraph 1.3 describes the different methods applied 

in this study and paragraph 1.4 presents the outline of the thesis. 

1.2. The Geology 

1.2.1. The Andes 

     The western edge of the South 

American continent is an active 

continental margin dominated by 

subduction related processes. Since 

the early Mesozoic the Nazca plate 

has undergone continuous subduc -

tion beneath the South American 

continent (Sempere et al., 2008). The 

Andes are divided into three main 

segments; the Northern Andes, 

Central Andes and Southern Andes. 

The study area (16-21°S) is the Central 

Andes, in particular the central part of 

the Central Andean Orocline (Fig. 1)

 

Figure 1. Morphology of South America 
continent (modified after Sempere et al., 2002) highlighting the three main Andean segments 
and the study area (black square). 
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The Central Andean Orocline is subdivided into five orogen parallel 

morpho-tectonic units which are, from west to east, the Coastal Cordillera, 

Central Depression, Western Cordillera, Altiplano and Eastern Cordillera 

(Fig. 2). Emergence of the Coastal Cordillera in the Oligocene (von Huene & 

Suess, 1988) resulted in the formation of the Central Depression between the 

Western Cordillera and the Coastal Cordillera.  

 

 

Figure 2. Geomorphological map of the study area. The geomorphological boundaries have 
been defined based on an OneGeology project using INGEMMET 1:1M Geologia map. 
 

 

The Western Cordillera corresponds to the present-day active magmatic arc 

and, thus, marks the present divide between forearc and backarc. As shown 

by Sébrier et al. (1988) and Yáñez et al. (2002) variations in the angle of the 

subducted slab result in migration of the magmatic arc through time. 
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Mamani et al. (2010) suggested a nomenclature scheme to describe the 

evolution of the volcanic arcs from Mesozoic to recent time; ~310-91 Ma 

Chocolate, 91-45 Ma Toquepala, 45-30 Ma Andahuaylas-Anta, 30-24 Ma 

Tacaza, 24-10 Ma Huaylillas, 10-3 Ma Lower Barroso, 3-1 Ma Upper Barroso 

and <1 Ma Frontal arcs. The crustal thickening, leading to ~70 km thick 

continental crust under the Central Andes (Lyon-Caen et al., 1985; Kono et al., 

1989; Beck et al., 1996; Yuan et al., 2002) started in mid-Eocene to late 

Oligocene time (Isacks, 1988; Gregory-Wodzicki, 2000; Garzione et al., 2008). 

During the Andean cycle, which started at  ~200 Ma (Cordani et al., 2000), 

two major episodes of uplift are commonly accepted; one during Eocene to 

early Miocene (Isacks, 1988; Allmendinger et al., 1997; Sempere & Jacay, 

2008) and a second during the late Miocene (Lamb & Hoke, 1997; Schildgen 

et al., 2007; Garzione et al., 2008; Schildgen et al., 2009). The latter time frame 

raises a major enigma of the Andean evolution: Why uplift developed only 

during the Cenozoic while the Andean cycle started during the Jurassic? For 

more than thirty years numerous authors have attempted to find a solution 

to this “geodynamic paradox” (Allmendinger et al., 1997; Oncken et al., 2006) 

and conclude that only a combination of different mechanisms can explain it 

(Pardo-Casas & Molnar, 1987; Isacks, 1988; Somoza, 1998; Yáñez et al., 2002; 

Lamb & Davis, 2003; Garzione et al., 2006; Oncken et al., 2006). The early 

surface uplift is related to crustal thickening but the processes which 

thickened the crust are strongly debated. Although tectonic shortening is 

often considered to be responsible for late crustal thickening related uplift, 

Sempere and Jacay (2007) demonstrated that nearly no shortening occurred 

in the Central Andes since more than 10 Ma. An alternative mechanism 

involving delamination of dense lithospheric material into the mantle have 

been proposed by Molnar and Garzione (2007) and Garzione et al. (2007; 

2008). However, delamination can not thicken the crust and may even thin it. 

Moreover, no magmatic products typical of this process are actually known 

in the study area (Kay & Mahlburg Kay, 1993). For those reasons Husson and 
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Sempere (2003) and Mamani et al. (2010) suggested that large-scale lateral 

flow of ductile lower crust may have contributed to the crustal thickening.  

 

 
 

Figure 3. Geological map of the study area highlighting the major dated metamorphic 
basement outcrops. The geology has been defined based on an OneGeology project using 
INGEMMET 1:1M Geologia map. 
 

 

The South American continent is not a single crustal block but results of a 

complex terrain accretion evolution which started during late 

Mesoproterozoic time (Cordani et al., 1985; Loewy et al., 2004; Cordani et al., 

2010). The substratum (Fig. 3) of southern Peru is referred to as the Arequipa 

Massif which has zircon U-Pb ages between 1850 and 935 Ma (Loewy et al., 

2004). This implies that the Paleoproterozoic Arequipa Massif was accreted 

to the Archean Amazonian craton during the Grenville-Sunsás orogeny 
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(1.20-0.94 Ga). Moreover, Loewy et al. (2004) reported a lower intercept 

zircon U-Pb age of ~464 Ma which indicates that the Arequipa massif was 

affected by the Famatinian continental arc (0.5-0.4 Ga). Thus, Arequipa 

Massif records mostly Proterozoic and Famatinian ages. The metamorphic 

basement of northern Chile is referred to as the Belen Metamorphic Complex 

(BMC) and records zircon U-Pb ages between 1560 and 1745 Ma which give 

an early Mesoproterozoic age for the BMC (Loewy et al., 2004). However, 

Wörner et al. (2000b) reported a lower intercept zircon U-Pb age of ~460 Ma 

indicating that the BMC is a Proterozoic volcano-sedimentary protolith 

intruded by granitoids during the Lower Ordovician Famatinian cycle (0.5-

0.4 Ga) and was affected by post-Famatinian metamorphism (Loewy et al., 

2004; Bahlburg et al., 2006; Chew et al., 2007; Bahlburg et al., 2009). The 

metamorphic basement of the western Bolivian Altiplano is exposed at Cerro 

Uyarani and has zircon U-Pb ages between 2020 and 1160 Ma (Wörner et al., 

2000b). Moreover, Sm-Nd mineral isochron age of ~1000 Ma and hornblende 

Ar-Ar plateau age of ~980 Ma (Wörner et al., 2000b) suggest that the early 

Paleoproterozoic basement records the Grenville-Sunsás metamorphic event 

(1.20-0.94 Ga). The complex tectonic evolution of the Central Andes is 

reflected by the development of major sedimentary basins through time. The 

metamorphic substratum is covered by Paleozoic sediments (Wörner et al., 

2000b) which are overlain by Mesozoic back-arc strata of the Arequipa-

Tarapaca basin (Vicente, 2005, 2006) locally referred to as Yura (Peru) or 

Livilcar (Chile) Formations. These Jurassic-Cretaceous sediments are 

intruded by Late Cretaceous to Early Eocene Toquepala arc (Mamani et al., 

2010) and are overlain by Cenozoic sediments in the Central Depression of 

southern Peru (Moquegua Fm.), northernmost Chile (Azapa Fm.) and the 

adjacent Bolivia Altiplano (Azurita/Potoco Fm.).  
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1.2.2. Continental sedimentary basins 

1.2.2.1. Moquegua Group 

     In southern Peru the Mesozoic strata are overlain by Cenozoic siliciclastic 

sediments referred to as the Moquegua Group (Marocco, 1984). 

Sedimentation started around ~50 Ma and consists of ~ 500 m thick 

continental deposits. It is divided into four units (MoqA, MoqB, MoqC and 

MoqD, respectively from Eocene to Pliocene in age; Roperch et al., 2006). 

MoqA unit was deposited in playa-lake environments and is characterised 

by reddish fine-grained mudstone with high gypsum content and devoid of 

volcanic intercalations. Based on Ar-Ar ages (Roperch et al., 2006), 

sedimentation age of the MoqA unit is estimated between ~50 and ~40 Ma. 

MoqB lithologies consist of reddish sandstone and mudstone at its base and 

thick conglomerate layer intercalated with greyish sandstone from its middle 

to upper part. During deposition of MoqB a change in deposition 

environment is observed with the evolution from playa-lake to fluvial 

environments. The base of MoqB is devoid of volcanic intercalations whereas 

its upper part documents the presence of fresh volcanic materials. Ar-Ar ages 

(Roperch et al., 2006) give an approximate maximum age of ~30 Ma for 

MoqB/MoqC boundary. Thus, MoqB unit was deposited between ~40 and 

~30 Ma. The MoqC unit is characterized by grey colour sandstones and 

conglomerates with a significant volcanic input ranging from thin ash bed 

(~cm) to large ignimbrite layers (~m). Recent field observations show that 

the basal part of MoqC is composed by fine-grained sandstones and low 

amount of volcanic material (referred to as C1) whereas mid- and upper part 

of MoqC is coarse-grained and comprises high proportion of volcanic 

material (referred to as C2). Regarding age and provenance constrains 

(chapter 2) the estimated deposition age for C1 is between ~30 and ~25 Ma. 

Moreover,  K-feldspar Ar-Ar ages (Thouret et al., 2007; Schildgen, 2009) and 

statement related to incision from Martinez and Cervantes (2003) and 

Roperch et al. (2006) give a depositional age between ~25 and ~15-10 Ma for 
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C2. The MoqD unit comprises almost exclusively volcaniclastic conglomerate 

with few ignimbrite and ash-fall tuff layers. The top of this unit has been 

affected by the incision of major canyons which was almost completed to its 

present level by ~4 Ma in southern Peru (Thouret et al., 2007) and ~3 Ma in 

northern Chile (Wörner et al., 2000a). Thus the deposition of MoqD was 

between ~15-10 and ~4 Ma. 

1.2.2.2. Azapa Formation 

     In northern Chile Mesozoic strata are overlain by Cenozoic siliciclastic 

sediments referred to as the Azapa Formation (Salas et al., 1966) with 

massive ignimbrite beds. This formation mainly consists of ~500 m thick 

coarse-grained alluvial fan and fluvial deposits. A change from proximal to 

distal facies from west to east combined with west directed paleocurrents 

(Kohler & Uhlig, 1999) indicates sediment transport from the present Andean 

slope towards the coast. Wörner et al. (2000b) reported Ar-Ar ages of ~23 Ma 

for the lowermost ignimbrite and ~19 Ma for the uppermost ignimbrite 

which marks the end of Azapa Formation. However, the onset of Azapa 

sedimentation is not well defined. Taking into account the accumulation rate 

of the Arcas Fan, Wörner at al. (2002) placed the onset of sedimentation at ~ 

25 Ma. Moreover, several authors (Garcia, 2001; Charrier et al., 2007; Pinto et 

al., 2007) argue for an early to mid Oligocene age of the Azapa Formation 

based on maximum K-Ar ages of ~25.5 Ma (García et al., 1999) for the 

uppermost ignimbrite. Thus, stratigraphic age of the Azapa Formation can be 

bracketed between mid-Oligocene to early Miocene (Wörner et al., 2000a; 

Wörner et al., 2002; Rotz von et al., 2005; Pinto et al., 2007).  

1.2.2.3. Azurita/Potoco Formation 

     In the Bolivian Altiplano, the substratum is covered by a succession of 

Maastrichtian to Paleocene marine and continental strata. The lower part of 

the succession is subdivided into the 200-600 m thick Maastrichian to early 

Paleocene El Molino Formation and which is overlain conformably by the 50-
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300 m thick middle Paleocene Santa Lucia Formation derived from the 

present-day Eastern Cordillera (Lamb & Hoke, 1997; Sempere et al., 1997; 

Horton & DeCelles, 2001; Horton et al., 2001; Horton et al., 2002; González, 

2004). The Santa Lucia Formation is conformably covered by a 20-100 m thick 

paleosol interval assigned to the lower Potoco Formation. This paleosol is 

conformably overlain by an up to ~6500 m thick succession of fluvial and 

alluvial strata representing the main body of the Potoco Formation (Horton 

et al., 2001). The stratigraphic age of the latter is constrained by palynomorph 

assemblages (Horton et al., 2001) and K-Ar ages of overlying tuffs (Kennan et 

al., 1995) and is between the late Paleocene and the late Oligocene. On the 

western limb of the Corque syncline the Potoco Formation occurs as 

conglomerate-rich deposits, locally referred to as the Azurita Formation 

(Lamb & Hoke, 1997) whereas, on the eastern limb the Potoco strata consists 

of fine to medium grained sandstone with pelitic intercalations. This change 

in lithofacies during late Eocene-Oligocene is interpreted as a change from 

proximal to distal fluvial environment indicating east directed sediment 

dispersal in agreement with predominant east directed paleocurrents 

(Horton et al., 2001).  

1.3. Analytical procedure 

     To define a detailed provenance model for the Cenozoic sediments heavy 

mineral fractions of samples from all stratigraphic levels in the different 

basins as well as the potential source rocks were analyzed. Being accessory 

mineral of arenites, heavy mineral petrography and geochemistry is a 

powerful tool to constrain our provenance model (Morton, 1991; Mange & 

Maurer, 1992; von Eynatten & Gaupp, 1999; Mange & Morton, 2007). Heavy 

minerals are characterized by their high density (>2.80 g/cm³). They are 

rock-forming and accessory minerals in magmatic and metamorphic source 

rocks and are generally released and transported from a source area into a 

sedimentary basin through various processes. For this study I applied the 
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following methods on heavy mineral fraction from sandstone and potential 

source rock samples: 

     Semi-quantitative analysis has been performed for each sample 

considering more than 100 heavy mineral grains which were mounted on 

glass slides. Relative abundance and combination of each heavy mineral 

phase were defined in order to assign a given phase and/or a given 

combination to a certain source rock (Mange & Maurer, 1992).  

     Single grain geochemistry on amphibole, Fe-Ti oxide, garnet, rutile and 

tourmaline were performed using the electron microprobe at Göttingen 

University that allows rapid reproducible and high precision geochemical 

analyses (Morton, 1991). In order to complete my dataset, trace elements of 

amphibole were obtained with the Laser Ablation ICP-MS at Göttingen 

University. 

     Zircon U-Pb dating is a robust and well known method commonly used 

for provenance analysis and tectonic event dating and reconstruction. The 
206Pb and 207Pb are created by the decay of 238U and 235U, respectively. Those 

two radiogenic lead isotopes are trapped in the crystal and build up in 

concentration with time. Thus, by using the decay constant of each cascade 

and parent-daughter ratios we can determine the age of a crystal. Analyses 

were performed using a laser ablation SF-ICP-MS system in Copenhagen 

according to the method described by Frei and Gerdes (2009). 

     Fission tracks are the damage tracks left by the spontaneous fission of 238U 

that create two product nuclides (139La and 96Mo) which travel in opposite 

directions. Zircon fission tracks dating is a well known method (Naeser, 

1979; Wagner & van den Haute, 1992) initially developed as a simple dating 

tool. However, the susceptibility to thermal resetting, which used to be a 

disadvantage, is now commonly used to determine cooling, uplift, burial 

processes and for provenance analysis (Dunkl et al., 2001; 2003; Bernet & 

Garver, 2005).  
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1.4. Outline of the thesis 

     Following this introduction, Chapters 2 to 4 present the results of a 

detailed sedimentary provenance analysis from different Cenozoic basins in 

the Central Andes. The major objective is to better constrain the evolution 

and uplift timing of the Central Andes inferred from detrital heavy mineral 

petrography, single grain geochemistry as well as from detrital zircon 

geochronology and fission track thermochronology. The results are used to 

describe and understand drainage system evolution related to the Andean 

uplift progression. 

     Chapter 2 focuses on the geochemistry of amphibole and Fe-Ti oxide from 

the Cenozoic siliciclastic sediments in the Moquegua basin. The results are 

combined with a semi-quantitative heavy mineral petrography analysis to 

propose a provenance model which has implications for the topographic 

evolution of the Central Andes.  This chapter is similar to the manuscript 

entitled “Cenozoic forearc basin sediments in Southern Peru (15-18°S): 

Stratigraphic and heavy mineral constraints for Eocene to Miocene evolution 

of the Central Andes” that is currently in press with Sedimentary Geology 

(doi: 10.1016/j.sedgeo.2011.02.004) and authored by Audrey Decou, Hilmar 

von Eynatten, Mirian Mamani, Thierry Sempere and Gerhard Wörner. 

     Chapter 3 is devoted to the geochemistry of garnet, rutile and tourmaline 

as well as zircon U-Pb dating of the Cenozoic sediments from Azapa and 

Azurita Formations. The results were combined with published data to 

propose a tectono-magmatic evolution model for the Jurassic to Paleogene 

time for northern Chile and adjacent Bolivia. This chapter is similar to the 

manuscript entitled “Jurassic to Paleogene tectono-magmatic evolution of 

northern Chile and adjacent Bolivia from detrital zircon U-Pb geochronology 

and heavy mineral provenance” that is currently under review with Terra 

Nova (submitted in January 2011) and authored by Jörn Wotzlaw, Audrey 

Decou, Hilmar von Eynatten, Gerhard Wörner and Dirk Frei. 

     Chapter 4 presents the results from zircon U-Pb dating and fission tracks 

single grain ages which are consistent and provide evidence a precise 
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provenance analysis of the Moquegua Group as well as for the initiation of 

the Western Cordillera uplift in late Eocene time. This chapter is similar to a 

manuscript entitled “Eocene Andean uplift inferred from detrital zircon 

fission tracks and U-Pb dating of Cenozoic forearc siliciclastic sediments (15-

18°S)” that will be submitted soon and authored by Audrey Decou, Hilmar 

von Eynatten, István Dunkl, Gerhard Wörner and Dirk Frei. 

     Chapter 5 summarises the results of this thesis and reveals that detailed 

sedimentary provenance analysis can contribute significantly to understand 

the tectonic evolution of the Central Andes through time. 
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Cenozoic forearc basin sediments in 

Southern Peru (15-18°S): Stratigraphic 

and heavy mineral constraints for 

Eocene to Miocene evolution of the 

Central Andes 

 
 
 
 
 
____________________________________________________________________ 
This chapter is similar to the manuscript entitled:  
“Cenozoic forearc basin sediments in Southern Peru (15-18°S): Stratigraphic and heavy 
mineral constraints for Eocene to Miocene evolution of the Central Andes” that is currently 
in press with Sedimentary Geology, published OnlineFirst in February 2011, doi: 
10.1016/j.sedgeo.2011.02.004 
authored by: Audrey Decou, Hilmar von Eynatten, Mirian Mamani, Thierry Sempere and 
Gerhard Wörner. 
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2. Cenozoic forearc basin sediments in Southern 
Peru (15-18°S): Stratigraphic and heavy mineral 
constraints for Eocene to Miocene evolution of 
the Central Andes 

Audrey Decou, Hilmar von Eynatten, Mirian Mamani, Thierry Sempere and 

Gerhard Wörner 

 

 

Abstract 
 

     A large sedimentary forearc basin developed in Cenozoic times between 

the present-day Coastal Cordillera and the Western Cordillera of the Central 

Andes, called Moquegua basin in southern Peru. The basin is filled by 

Moquegua Group deposits (~50 to 4 Ma) comprising mostly siliciclastic 

mudstones, sandstones and conglomerates as well as volcanic intercalations. 

Several facies changes both, along orogenic strike and through time, are 

described and have led to subdivision into four sedimentary units 

(Moquegua A, B, C and D). In this paper we present a refined stratigraphic 

scheme of the Moquegua Group combined with the first provenance analysis 

of the Moquegua basin based on (i) semi-quantitative analysis of heavy 

mineral abundance, (ii) electron microprobe (EMP) and laser ablation (LA) 

ICP-MS analyses of single detrital amphibole and Fe-Ti oxide grains, and (iii) 

comparative analysis of the different potential source rocks to clearly identify 

the most likely sources. Results allow us to reconstruct sediment provenance 

and to relate changes of the erosion-sedimentation system in the Moquegua 

basin to the evolution of the Andean orogen. At ∼50 to ∼40 Ma the Moquegua 

basin was close to sea level and fed by low energy rivers transporting mainly 

metamorphic basement and Jurassic-Cretaceous sedimentary detritus from 

local and distal sources. The latter might be as far as the present Eastern 

Cordillera. From ∼35 Ma on the distal sediment sources were cut off by the 
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uplift of the Altiplano and Eastern Cordillera leading to higher energy fluvial 

systems and increasing importance of local sources, especially the relevant 

volcanic arcs. From 25 Ma on volcanic arc rocks became the predominant 

sources for Moquegua Group sediments. The 10 Ma time lag observed 

between the onset of uplift-induced facies and provenance changes (at ∼35 

Ma) and the onset of intense magmatic activity (at ∼25 Ma) suggests that 

magmatic addition was not the main driver for crustal thickening and uplift 

in the Central Andes during  latest Eocene to Oligocene time. 

2.1. Introduction 

     The Central Andes are currently the world’s largest mountain belt to have 

been built by subduction-related processes (Isacks, 1988; Sempere et al., 2008) 

but the detailed history of its evolution, in particular the interplay between 

tectonic and climatic effects, still remains poorly known. Generally, two 

major pulses of surface uplift are described. One during Oligocene to Early 

Miocene (Isacks, 1988; Allmendinger et al., 1997; Sempere et al., 2008) and a 

second one in the late Miocene (Schildgen et al., 2007; Thouret et al., 2007; 

Garzione et al., 2008; Sempere et al., 2008; Schildgen et al., 2009). Crustal 

thickening and related surface uplift are generally accepted to have started 

about Mid-Eocene to Late Oligocene time but was asynchronous along and 

across strike of the Andes (Isacks, 1988; Sanchez, 1999; Gregory-Wodzicki, 

2000; Garzione et al., 2008; Sempere et al., 2008; Mamani et al., 2010).  

Alternatively, crustal delamination, i.e. removal  of dense lithospheric 

material into the mantle has been proposed to be responsible for the Late 

Miocene uplift (Garzione et al., 2006, 2007; Molnar & Garzione, 2007; 

Garzione et al., 2008) but is strongly debated because (i) delamination should 

be a consequence of thickening (Kay & Mahlburg-Kay, 1991; Hartley et al., 

2007) and (ii) no magmatic products typical of this process have been 

recognized (Kay & Mahlburg Kay, 1993; Kay & Coira, 2009) in the area and, 
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thus, alternative scenarios have been proposed (Hartley et al., 2007; Ehlers & 

Poulsen, 2009; Mamani et al., 2010). 

Today Southern Peru and Northern Chile are characterized by a hyperarid 

climate that was established between 20 and 15 Ma (Gregory-Wodzicki, 2000). 

However, sediments on the Altiplano and the Eastern Central Andes indicate 

a period of relatively higher precipitation rates at around 8-7 Ma (Gaupp et 

al., 1999; Uba et al., 2007). 

The combination of tectonic and climate forces exerts major control on 

erosion-sedimentation systems (Einsele et al., 1996; Uba et al., 2007). 

Sediment provenance analysis is a valuable tool in reconstructing and dating 

tectonic processes in the hinterland as well as changes in climate and 

paleodrainage systems (Weltje & von Eynatten, 2004). Specifically, heavy 

mineral (HM) petrography and chemistry are powerful tools to precisely 

constrain sediment provenance (Morton, 1991; Mange & Maurer, 1992; 

Morton & Hallsworth, 1999; von Eynatten & Gaupp, 1999; Horton et al., 2002; 

von Eynatten, 2003; Mange & Morton, 2007; Triebold et al., 2007). In volcanic 

settings with minor to moderate chemical weathering, pyroxene, amphibole 

and Fe-Ti oxides may provide the most efficient mineral phases to 

discriminate varying volcanic and basement sources (Basu & Molinaroli, 

1989; Grigsby, 1990; Krawinkel et al., 1999; Lee et al., 2002; Martinez-

Monasterio et al., 2006; Pinto et al., 2007). In this study we apply HM 

petrography as well as amphibole and Fe-Ti oxide chemistry to Cenozoic 

forearc sediments exposed between 15.5 and 18°S and 74 to 70°W in southern 

Peru in order to contribute to our understanding of the Cenozoic evolution of 

the western margin of the Central Andes.  In particular we will address the 

following problems: (1) what are the source rocks throughout the erosional 

history that are documented in these sediments? (2) What are the temporal 

and spatial variations in source rocks and how are these changes related to 

tectonic history, uplift, erosion and climate evolution through time? Our 

study is based on heavy minerals extracted from sediments of well-dated 

stratigraphic sections as well as a series of potential source rocks that are 
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exposed in the uplifted western margin and Altiplano of the Central Andes 

in southern Peru. 

2.2. Geological setting 

     The entire Andean belt is segmented into the Northern Andes, Central 

Andes and Southern Andes. The Central Andes are themselves segmented 

into the Northern Central Andes (5°30’S-13°S), Central Andean Orocline 

(13°S-28°S) and Southern Central Andes (28°S-37°S) (Fig. 1). The Central 

Andean Orocline is characterized by a ~70 km-thick continental crust (Lyon-

Caen et al., 1985; Kono et al., 1989; Beck et al., 1996; Schmitz et al., 1999; Yuan 

et al., 2002) and extends over southern Peru, Bolivia, northern Chile and 

northwestern Argentina. Our area of interest (Fig. 1) is located between the 

Coastal Cordillera and the present active arc in the northwestern segment of 

the Central Andean Orocline in Southern Peru (74 and 70°W, 15.5 and 18°S). 

The northwestern segment of the Central Andean Orocline includes large-

scale relief ridges between the trench and the undeformed foreland: namely, 

the Coastal, Western, and Eastern Cordilleras. The Western Cordillera, where 

altitudes are commonly in excess of 5000 m, corresponds to the presently 

active magmatic arc and thus marks the present divide between forearc and 

backarc. The Altiplano extends into the backarc, between the Western and 

Eastern Cordilleras, and includes a number of basins that have recorded the 

orogenic evolution northeast of the arc. Southwest of the arc, the formation 

of continental basins between the Coastal Cordillera and the Western 

Cordillera were initiated by emergence of the Coastal Cordillera in Eocene 

time (von Huene & Suess, 1988). These basins were filled with mainly 

siliciclastic sediments of the Moquegua Group, which provide a record of the 

Central Andean orogenic evolution and are therefore the subject of this paper. 
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Figure 1. A) location of the study area in of southern Peru within the highly segmented 
Andes Cordillera (after Sempere et al., 2002). B) geomorphology of the Central Andean 
Orocline in southern Peru. Grey boxes show the four areas studied here.  
 
 

Southern Peru has been a tectonically and magmatically active region, in 

particular since the Late Cretaceous, due to the subduction of oceanic crust 

underneath the South American continent (Pardo-Casas & Molnar, 1987; 

Somoza, 1998).The southern Peruvian forearc basins are underlain by a large 

range of distinct rock types of various stratigraphic ages. The deep basement 

(Fig. 2: “Proterozoic basement”) of this part of the Andes is represented by 

high-grade metamorphic rocks that formed between 1.20 and 0.94 Ga from 

2.0-1.8 Ga-old crustal protoliths (Wörner et al., 2000a; Martignole & Martelat, 

2003; Loewy et al., 2004). Along the present-day coast, plutonism and 

metamorphism locally developed during the development and collision of 

the Famatinian arc in the Ordovician (~480-440 Ma) (Loewy et al., 2004; 

Chew et al., 2007). This basement started to undergo significant extension in 

the mid- to Late Carboniferous, forming basins filled with mainly siliciclastic 

sediments (Pino et al., 2004) that are conformably overlain by a >3 km-thick 

accumulation of voluminous arc volcanic products of Permian-Triassic to 

Early Jurassic age (Chocolate Formation). Due to ongoing extension of the 

margin, the backarc basin widened and deepened considerably in the Liassic 
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as the magmatic arc migrated to the southwest (Sempere et al., 2002). Mature 

quartzose sands were delivered from the South American continent and 

prograded considerably towards southwest into the backarc basin from the 

early Late Jurassic (~160 Ma), accumulating hundreds of meters 

quartzarenites (the upper Yura Group) until approximately ~130 Ma (Vicente, 

1981; Vicente et al., 1982). This succession was overlain by continental red 

beds from ~130 to ~110 Ma and by shallow-marine carbonates from ~110 to 

~90 Ma. Significant reactivation of arc volcanism, as recorded by abundant 

volcanic detritus deposited in the backarc basin, was coeval with onset of 

emplacement of voluminous intrusive units in the Coastal Batholith (Mukasa, 

1986). Available geochronologic data suggest that this period of intense 

magmatism lasted from ~91 Ma until the early Eocene (~50-45 Ma) and 

produced a series of volcanic and plutonic rocks referred to as Toquepala arc 

(Mamani et al., 2010). 

The Coastal Batholith (Fig. 2) was built by episodic but at times massive 

intrusions of variable size and shape into the basement and/or Mesozoic 

cover strata. Dominant rock types are diorite, tonalite, granodiorite, 

monzonite and intermediates. The main phase of pluton emplacement in 

southern Peru include the late Liassic (~190-180 Ma), the mid- to Late 

Jurassic (~165-150 Ma), the mid-Cretaceous (~115-100 Ma), and the Late 

Cretaceous to Paleocene interval (~90-60 Ma) (Mukasa, 1986; Clark et al., 

1990). In the study area, individual plutons of the Coastal Batholith were 

intruded into either the metamorphic basement or overlying Mesozoic strata. 

 

 

 

Figure 2. (next page) Geological map of southern Peru (modified after INGEMMET: project 
GR1-Geology of the south Coast and Western Slope of the Western Cordillera). Outcrop 
areas of Proterozoic metamorphic basement (which includes gneiss and amphibolite) are 
mostly located in the Coastal Cordillera but some occur in the Western Cordillera. Paleozoic 
strata mostly outcrop in the Eastern Cordillera. Late Jurassic to Early Cretaceous strata 
(which include mature quartzarenites) crop out in most part of the study area.  
 

 



SOUTHERN PERU: PETROGRAPHY & GEOCHEMISTRY  

 23 

 

 

 



SOUTHERN PERU: PETROGRAPHY & GEOCHEMISTRY  

 24 

Significant variations in the location of younger arcs indicate arc migration 

which is common in the Cenozoic evolution of southern Peru (Trumbull et al., 

2006; Mamani et al., 2010) and northern Chile (Trumbull et al., 2006) (Fig. 3). 

We follow here Mamani et al.’s (2010) nomenclature concerning the 

successive magmatic arcs, emphesizing the time boundaries at ~24, ~10, ~3, 

and ~1 Ma (see below) are in fact only guides since there were continuous 

changes in age and location rather than distinct breaks. The transition from 

the Toquepala arc (~91-45 Ma) to the Andahuaylas-Anta arc (~45-30 Ma) was 

marked by a significant ~150 km northward migration and clockwise 

rotation of the main magmatic arc in the area located between ~71.5° and 

~74°W (Fig 3; Mamani et al., 2010). As a result the forearc extended 

considerably across this region whereas, only a minor shift of the arc is 

observed further south. In mid-Oligocene time (~30 Ma) magmatism 

expanded notably due to the onset of the back-migration of the arc system 

(Tacaza arc, 30-24 Ma). This back-migration has continued during the activity 

of the Huaylillas (24-10 Ma), Lower Barroso (10-3 Ma), Upper Barroso (3-1 

Ma), and current (<1 Ma) arcs (Sandeman et al., 1995; Fornari et al., 2002; 

Mamani et al., 2010). 
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Figure 3. Evolution through time of the position of the migrating volcanic arcs in  
southern Peru from ~300 Ma to Recent (Mamani et al., 2010). 
 

 

The evolution prior to c. 45 Ma is mainly characterized by an extensional 

setting, low relief and elevation (Gregory-Wodzicki, 2000; Anders et al., 2002; 

Garzione et al., 2008; Sempere et al., 2008) and arc magmatism that traversed 

thin upper crust (Mamani et al., 2010). Since then major crustal thickening in 

the Central Andean Orocline was initiated during Mid-Eocene to Late 

Oligocene by convergent tectonics and oroclinal bending (Roperch et al., 

2006) and resulted in at least two major phases of uplift (e.g., Isacks, 1988; 

Anders et al., 2002; Schildgen et al., 2007; Thouret et al., 2007; Schildgen et al., 

2009; Mamani et al., 2010). 
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2.3. The Moquegua Group 

     The Moquegua basins in southern Peru extend over some 60 km across 

strike between the Coastal and Western Cordilleras, and over 400 km along 

the south-western Andean margin from Caravelí in the northwest to the 

Chilean border in the southeast (Fig. 1). Sediments of the upper Moquegua 

Group (see below) have their stratigraphic equivalents in northernmost Chile 

(Azapa and Diablo Formations; (Wörner et al., 2000a). The Moquegua Group 

consists of mostly continental siliciclastic sediments; its thickness is variable 

(~500 m on average). 

     Marocco (1984) gave the first complete stratigraphic description of 

Moquegua Group sedimentary rocks. In the last decade, an update of this 

traditional stratigraphy has been attempted by Sempere et al. (2004) and 

Roperch er al. (2006) on the basis of new field observations and Ar-Ar dating, 

as well as paleomagnetic data. According to this updated stratigraphy, all 

continental forearc deposits of southern Peru should logically be grouped 

into the Moquegua Group representing an age range from ~50 to ~4 Ma. The 

Moquegua Group is divided into four units (MoqA, MoqB, MoqC and 

MoqD), separated by marked facies changes and/or erosional surface (Fig. 6). 

The chronologic framework suggests that the MoqA unit was deposited 

between ~50 Ma and ~44 Ma; the MoqB unit between ~44 Ma and 30 Ma; the 

MoqC unit between 30 Ma and ~15-10 Ma; and the MoqD unit between ~15-

10 Ma and ~4 Ma approximately, possibly with local variations (Sempere et 

al., 2004; Roperch et al., 2006). The MoqA and lower MoqB units were 

deposited in endorheic basins, the center of which were occupied by mudflat 

to lacustrine or playa-lake environments, toward which a few low-energy 

river systems converged. In contrast, the coarser MoqC and MoqD units 

accumulated in higher-energy alluvial environments, characterized by a 

marked volcanic contribution. In the following we first provide a synthesis of 

the architecture of the Moquegua basin which is highly relevant for 

provenance interpretation (3.1) before presenting a refined stratigraphic 
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scheme of the Moquegua Group based on literature data and new field 

observations (3.2).  

2.3.1. Architecture of the Moquegua basin and sub-basins 

     The geographic distribution as well as rock units bordering and 

underlying the basin of the four Moquegua units provides insights into the 

sediment provenance issue. To the southwest, thinning-out and onlap 

geometries, as well as distribution of continental facies, suggest that the 

Moquegua basin was apparently bounded by the Coastal Cordillera during 

much of its activity, with only a couple of fluvial outlets reaching the Pacific 

Ocean from the Early Miocene on (Sempere et al., 2004; Roperch et al., 2006). 

Northwest of ~71.7°W, the Coastal Cordillera consists of high-grade, 1 Ga-

old metamorphic basement (e.g., Martignole and Martelat, 2003), subordinate 

Ordovician plutons (Loewy et al., 2004), and minor Upper Paleozoic strata 

(Fig. 2). In contrast, between ~71.7° and ~70.5°W (near the Chilean border), 

the Coastal Cordillera mainly consists of Jurassic and mid-Cretaceous 

intrusions and subordinate Triassic-Jurassic volcano-sedimentary rocks. 

Additionally, metamorphic rocks of Ordovician age (Casquet et al., 2010) 

form a minor, ~14 km-long belt of outcrops along the coast north of Ilo 

(~71.38°W/17.45°S). 

The Coastal Batholith, which traditionally groups a variety of plutonic bodies 

(ranging in age from the Early Jurassic to the Paleocene in the study area), 

thus appears as a major element in the architecture of the region where the 

Moquegua Group accumulated. The initiation of the Moquegua basins at ~50 

Ma followed intense magmatism represented by rocks of the Coastal 

Batholith (>60 Ma), part of which was already exposed at the time when 

Moquegua sedimentation started (Gunnell et al., 2010). The Moquegua basin 

is bounded to the northeast by the Western Cordillera (i.e., the active 

magmatic arc) in the Caravelí and Moquegua areas, and more locally (Majes, 

Sihuas, and Vítor valleys) by an uplifted ridge consisting of metamorphic 

basement and Mesozoic to Paleocene intrusions. Present-day outcrops of 
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metamorphic basement (and generally Mesozoic to Paleogene plutons) occur 

northeast of the Moquegua basin from Caravelí to ~70.9°W, and from Mal 

Paso (~70.1°W) into northernmost Chile, but are unknown in between (Fig. 2). 

A key observation is that MoqA and MoqB units were deposited in two 

distinct sub-basins which are separated by the Clemesí High (Figs. 1, 2). In 

contrast, MoqC and MoqD units accumulated in one single, large 

depositional domain stretching along the foot of the present-day Western 

Cordillera (Fig. 1; Roperch et al., 2006). In the northwestern sub-basin, the 

MoqA unit mainly overlies (1) intrusive rocks belonging to the Coastal 

Batholith in the west (Caravelí area; río Ocoña valley) and, probably, in the 

extreme east (northeast of the Vítor valley); (2) tilted, quartzite-rich strata of 

Late Jurassic to Early Cretaceous age in the Majes valley; and (3) the 

metamorphic basement and minor Paleozoic outcrops along its southern rim 

(Cuno Cuno section; southern Majes valley). In contrast to the northwestern 

sub-basin, MoqA is missing in the southeastern sub-basin where 

sedimentation starts with the MoqB unit. In the entire southeastern sub-basin 

(which includes the Moquegua section), the Moquegua Group overlies ~91-

45 Ma-old Toquepala Group, i.e. a >1.5 km-thick pile of volcanic and 

plutonic arc-related rocks.  
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Figure 4. Stratigraphic aspects of the Moquegua Group: (a) general overview of the 
succession in the Majes valley, including an ignimbrite dated between 16 and 14 Ma (Ar-Ar 
on feldspar; Thouret et al., 2007 and Schildgen et al., 2009; yellow level; see text); (b) the 
MoqA/MoqB boundary near Huancarqui (Majes valley); (c) the MoqB/MoqC boundary 
between Moquegua and Ilo; (d) the MoqD unit near Punta Colorada (Majes valley). West 
longitudes and south latitudes for each picture are indicated in grey boxes. 
 
 

2.3.2. Refined stratigraphic scheme 

     The MoqA unit was deposited in the western sub-basin only (Figs. 4a, b, 5 

and 6). Sedimentation started ~50 Ma (Roperch et al., 2006) and shows a 

marked gradation from muddy debris-flows and rarely gypsiferous 

mudstones in the west (Caravelí area) to massive primary gypsum and 

subordinate mudstones in the east (Sotillo, in the Vitor valley). It appears 
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practically devoid of volcanic intercalations, except near Caravelí, where its 

uppermost part consists of a ~15 m-thick member whose whitish coloration 

contrasts with the underlying red-mudstone facies usually dominant in the 

MoqA unit. Because this “whitish member” includes reworked tuffaceous 

material, it reflects some distant explosive volcanic activity in the coeval 

Andahuaylas-Anta arc (Fig. 3). Concordant 40Ar-39Ar ages on two biotite 

(44.47 ± 0.55 Ma and 44.45 ± 0.33 Ma) and one amphibole (43.43 ± 1.84 Ma) 

grains were reported from a distinct layer of this whitish member (Roperch 

et al., 2006). These ages were obtained on reworked tuffaceous material and 

thus define a maximum stratigraphic age of approximately 44 ± 1 Ma. Given 

the concordant single-grain ages, the stratigraphic position of the dated 

horizon within the uppermost MoqA unit and a general thickness of ~250 m 

(Marocco, 1984) for the entire mud-dominated MoqA unit, we infer a 

tentative age of ~40 Ma for the MoqA/MoqB boundary. The MoqB unit was 

deposited between ~40 and ~30 Ma in both, the north-western and south-

eastern sub-basins (Fig. 1). It mainly consists of reddish sandstones, siltstones 

and mudstones (which are locally gypsiferous in the eastern sub-basin) at its 

base. Towards the middle and upper parts, sandstones increase (partly 

greyish color) and coarse conglomerates are locally intercalated. MoqB is 

apparently devoid of volcanic intercalations. The age estimated for the 

MoqB/MoqC boundary was inferred from biotite Ar/Ar dating of two tuffs 

from a few meters below and above that boundary between Moquegua and 

Ilo (Fig. 4c). The ages reported are 31.2 ± 0.3 and 29.2 ± 0.8 Ma, respectively, 

and thus bracket an approximate age of ~30 Ma for this boundary (Roperch 

et al., 2006). The MoqC unit consists of a variety of clastic deposits ranging 

from conglomerates to sandstones and mudstones. It is characterized by 

significant volcanic input, as well as a continued increase in average grain 

size compared to MoqB and MoqA units. The base of the MoqC unit is 

generally formed by locally thick and coarse conglomerates, as in the Majes 

and Moquegua valleys with average clast size decreasing from northeast to 

southwest across strike.  
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Figure 5. Compilation of composite stratigraphic columns from each studied area. Sections 
from MoqD in Moquegua and Caravelí are re-drawn after (Flores et al., 2004; Cruzado, 2005), 
respectively. Cuno Cuno, Majes and MoqB/C from Moquegua sections were drawn based 
on our field observations. Black open circles show location of analysed sandstone samples. 
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The presence of abundant tuffaceous material and the occurrence of 

intercalated ignimbrites indicate that the volcanic arc was more intensely 

active and located in a more proximal position. In the Majes valley the upper 

MoqC unit includes an ignimbrite dated 16.25 ± 0.10 Ma (Ar-Ar on feldspar; 

Thouret et al., 2007). The MoqC unit is estimated to have been deposited 

between ~30 and 15-10 Ma (see below). Recent field observations revealed 

that the base of MoqC unit is mainly composed of fine-grained sand 

sediments and still has a very low amount of volcanic material akin to MoqB 

facies. Age and provenance constraints indicate that this lower section (C1) is 

approximately ~30 to ~25 Ma in age (see below). Only the main mid- and 

upper parts of MoqC are coarse-grained and contain a high proportion of 

volcanic material (C2). Thus, ~30 Ma MoqB/C boundary reflects the onset of 

volcanism and the ~25 Ma C1/C2 boundary highlight the major pulse and 

emplacement of voluminous ignimbrite layers. 

The MoqD unit consists almost exclusively of coarse volcaniclastic 

conglomerates but includes a few volcanic levels (mostly ignimbrites and 

ash-fall tuffs) (Fig. 4d). The MoqD unit generally overlies an erosional 

surface that was incised into a variety of previous sedimentary deposits and 

older rocks. In the Sihuas valley, only ~40 km east of Majes valley, an 

ignimbrite occurs within a thick accumulation of coarse conglomerates, and 

locally displays rapid but gentle thickness variations above an irregular base 

indicating it was deposited over the same erosional surface. The age of this 

ignimbrite should thus constrain the age of the MoqC/MoqD boundary. 

However, 40Ar-39Ar dating of K-feldspars from ignimbrites at different 

locations in the Sihuas valley yielded contrasting ages of 14.25 ± 0.08 Ma 

(Thouret et al., 2007) and 16.12 ± 0.04 Ma (Schildgen et al., 2009). Similarly, 

ignimbrites in a comparable stratigraphic position exposed in the Majes 

valley also yielded different 40Ar-39Ar ages on K-feldspars (16.26 ± 0.08, 14.29 

± 0.04, 14.20 ± 0.04, and 14.11 ± 0.05 Ma: Schildgen et al., 2009; 16.25 ± 0.10 

Ma: Thouret et al., 2007) and biotites (17.01 ± 0.42, 14.35 ± 0.05, and 14.32 ± 

0.05 Ma: Schildgen et al., 2009). We thus suspect that two ignimbrite sheets of 



SOUTHERN PERU: PETROGRAPHY & GEOCHEMISTRY  

 33 

similar aspect and age (~14 and ~16 Ma) were deposited in the region. 

Alternatively, but less likely, one single ignimbrite of ca. 14 Ma age has 

reworked a significant amount of older crystals which then should all have 

an age around 16 Ma. In any case, this volcanic pulse (16-14 Ma) occurs at 

around the MoqC/D boundary (Fig 4a). 

More to the southeast (Tambo valley, Moquegua area), available 

geochronological data indicate that the base of the MoqD unit and the related 

incision are younger (<9-10 Ma; Martinez & Cervantes, 2003; Roperch et al., 

2006). We therefore suggest that the erosional surface that forms the 

MoqC/MoqD boundary developed diachroneously between ~15 and ~10 Ma. 

The top of the MoqD deposits was invariably incised by surfaces related to 

the currently active valley system. The incision of the major canyons into the 

Moquegua basin and western Andean margin was completed almost to its 

present level by ~4 Ma in the Ocona/Cotahuasi valley (Thouret et al., 2007) 

and ~3 Ma in northern Chile (Wörner et al., 2000a). This places the upper age 

limit of the Moquegua Group sediments at around 4 Ma. However, 

continuous deposition of Moquegua-type facies sediments is recorded in 

areas where drainages do not reach the ocean and sedimentation continues 

to the present day.  

 

 
Figure 6. Schematic view of basin stratigraphy including the different volcanic pulses and 
major ignimbrite occurrence (white lines) through time. 
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2.4. Methods 

     A stratigraphic overview of the entire Moquegua Group including sample 

locations of sediments and source rocks is shown in Figure 5. We sampled 

sandstones from the four stratigraphic units of the Moquegua Group (MoqA, 

MoqB, MoqC, and MoqD) along four sections (from NW to SE: Caravelí, 

Cuno Cuno, Majes, and Moquegua) (Figs. 1, 5). In addition we collected as 

potential source rocks the Proterozoic metamorphic basement (amphibolites 

and gneisses), Late Jurassic to Early Cretaceous quartzarenites, Coastal 

Batholith (190-60 Ma), as well as Toquepala (91-45 Ma), Andahuaylas-Anta 

(45-30 Ma), Tacaza (30-24 Ma), Huaylillas (24-10 Ma) and Lower Barroso (10-

3 Ma) volcanic arcs. Because the Moquegua Group was deposited from ~50 

to ~4 Ma (see above), arc rocks younger than 4 Ma were not considered as 

potential sources. Permian to Early Cretaceous arc rocks, which mainly crop 

out in the Coastal Cordillera, were also not considered as a major potential 

source for Moquegua basin sediments since their contribution would have 

been restricted along the southwestern edge of the basin, which is not 

covered here. 

After crushing and sieving of the sedimentary rocks, the 63-125 µm fraction 

was separated by sodium metatungstate heavy liquid in order to extract the 

heavy mineral (HM) fraction, with densities >2.85. This HM fraction was 

split into two parts. One part was mounted on glass slides using “Cargille 

meltmount” (refraction index of 1.66) and these grain separates were used for 

detailed petrographic analysis with a Zeiss Axioplan 2 microscope. HM 

phases were determined and their abundance classified into four classes (i.e. 

absent, present, common, abundant; Tab. 1). Each sample’s glass slide 

contains a minimum of 100 grains (excluded opaques) (Faupl & Wagreich, 

1991; Sachsenhofer et al., 1998). Given (i) the strong influence of weathering 

and hydrodynamics on heavy mineral abundance and (ii) strong emphasis is 

placed on heavy mineral chemistry to assign a given heavy mineral phase to 

a certain source rock a semi-quantitative analysis is considered sufficiently 

precise to reveal the major changes while more subtle changes will be 
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recorded through mineral chemistry. The second part of the HM fraction was 

submitted to magnetic separation in order to concentrate amphiboles and Fe-

Ti oxides. Around 35 grains of each mineral phase were selected randomly 

(variable shape and color). 

 Single grains of these phases were embedded in epoxy resin mounts, 

polished and coated with carbon to ensure conductivity for electron 

microprobe (EMP) analysis. EMP analyses were performed at Geosciences 

Center Göttingen using a JEOL JXA 8900. For amphibole analysis an 

accelerating voltage of 15 kV and a beam current of 15 nA were used. 

Natural and artificial standards were used to measure Si, Ti, Al, Fe, Mg, Mn, 

Na, K, and Ca. The counting time was set to 15 seconds and the background 

time was 5 seconds except for Ti (30 and 15 seconds, respectively). For Fe-Ti 

oxide analysis the accelerating voltage was set to 20 kV and the beam current 

to 20 nA. Natural and artificial standards were used to measure Si, Ti, Al, Fe, 

Mg, Mn, V, Cr, Zn, Ni. The counting time was 15 seconds and the 

background time was 5 seconds for most of the elements, except for Mn, V, 

Cr, Zn, and Ni (30 and 15 seconds, respectively). The same amphibole grains 

were also analyzed by Laser-Ablation Inductively-Coupled Plasma Mass 

Spectrometry (LA-ICP-MS) using a Perkin Elmer Sciex Canada DRC II at 

Geosciences Center Göttingen. The dwell time was set to 20 ms, the reading 

time to 250 cps and the beam diameter to 60 µm. Calcium concentrations as 

previously measured by EMP were used to calibrate LA-ICP-MS data. 

2.5. Results and interpretation 

2.5.1. Petrography 

2.5.1.1. Potential source rocks 

     Heavy minerals typical for specific source rocks in the study area are 

tourmaline, garnet, rutile, amphibole, and pyroxene (Fig. 7, Tab. 1). Garnet is 

present exclusively in basement gneisses (type I, Tab. 1). Tourmaline and 
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rutile occur only in Mesozoic sedimentary rocks (however, minor rutile also 

occurs in Tacaza plutonic and Huaylillas volcanic rocks). Amphiboles are 

frequent in basement amphibolites and intermediate intrusive rocks (e.g. 91-

45 Ma plutonic rocks) where they are typically altered. Fresh amphiboles are 

abundant in young evolved arc volcanics (24-10 Ma Huaylillas and 10-3 Ma 

Lower Barroso ignimbrites). Pyroxenes are present in all rocks but dominate 

the mafic (heavy) mineral fraction in 45-3 Ma arc volcanics (Tab. 1) (Kontak 

et al., 1984; Carlier et al., 1997). Zircons are highly abundant in the Late 

Jurassic to Early Cretaceous quartzarenites samples and common in the 

Proterozoic basement and some 24-10 Ma silicic volcaniclastic rocks. Apatites 

are present throughout the sampled source rocks with only few exceptions 

(Tab. 1). Thus, not only the presence of particular heavy mineral is valuable 

to identify sources but also their relative proportions to other minerals, 

assuming their transport and alteration behavior are largely similar and/or 

there are no major changes in weathering conditions.  

 

 

Figure 7. The most 
relevant heavy minerals 
used for provenance 
analysis: (a) fresh 
amphiboles and (e) 
euhedral zircons, from 
the 24-10 Ma Huaylillas 
arc; (b) pyroxenes from 
the 30-24 Ma Tacaza arc; 
(c) rounded zircons, (d) 
tourmaline, and (f) rutile, 
from Late Jurassic to 
Early Cretaceous 
quartzarenites; (g) garnet 
from the Proterozoic 
metamorphic basement; 
(h) an altered amphibole 
from the ~91-45 
Toquepala arc. 
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2.5.1.2. Moquegua sediments 

     Samples from the lower part of the MoqA unit show common garnet and 

zircon as well as presence of apatite, rutile and tourmaline. This suggests that 

the main source rock for the lower MoqA unit was the garnet-rich gneiss 

basement (typical pink rounded grains) with only minor contribution from 

the Late Jurassic to Early Cretaceous quartzarenites (typical colour-less 

rounded grains). The latter is the only source that may have provided 

tourmaline and rutile (Tab. 1). Although there is only one sample available, it 

suggests that the upper part of MoqA shows a marked increase in tourmaline 

and rutile whereas apatite and opaques decrease compare to the lower part. 

This can be best explained by a significant increase in the contribution from 

the quartzarenites at the expense of the garnet-poor Proterozoic basement 

units. 

 

 

Table 1. Summary of heavy-mineral compositions of potential source rocks and Moquegua 
Group sandstones. Number of analyzed samples is in brackets. Abbreviations for minerals: 
opq: opaque minerals; zr: zircon; apa: apatite; rut: rutile; tur: tourmaline; grt: garnet; a. amp: 
altered amphibole; f. amp: fresh amphibole; px: pyroxene. Symbols: o = absent, x = present, 
xx = common, xxx = abundant. Colored fields highlight occurrence of key minerals for 
provenance analysis (blue: tourmaline; pink: garnet; dark green: altered amphibole; light 
green: fresh amphibole; grey: pyroxene). 
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A significant amount of zircon and apatite is common throughout the entire 

MoqB unit (~40-~30 Ma). In contrast, garnet, tourmaline and altered 

amphibole show a marked decrease from base to top of MoqB. Interestingly, 

this decrease is accompanied by the first occurrence of fresh amphibole and 

pyroxene in the upper part of MoqB. Proterozoic basement, Coastal Batholith 

/ Toquepala arc rocks and Late Jurassic to Early Cretaceous quartzarenites 

thus appear to be the main sources for most of the MoqB unit. However, 

from base to top there is a significant change in provenance because (i) the 

quartzarenites seem to completely disappear from the source area of upper 

MoqB sediments as rutile and tourmaline completely disappear from the HM 

spectra, (ii) pyroxene and fresh amphibole in upper MoqB point to a new 

input from fresh volcanic arcs (most probably the 45-30 Ma Andahuaylas-

Anta arc), and (iii) there is an overall up-section decrease in contribution 

from Proterozoic basement and Coastal Batholith / Toquepala arc rocks. 

Unfortunately, we cannot distinguish Proterozoic amphibolite basement 

from 91-45 Ma Toquepala arc rocks (Coastal Batholith) by means of HM 

abundance alone unless their chemical composition is considered (see “5. 2. 1. 

amphibole major-element chemistry”).  

The MoqC unit (~30-15 Ma) mainly contains altered and fresh amphiboles 

and a high amount of pyroxenes, completed by zircon and apatite and a 

minor content of garnet and tourmaline (Tab. 1). The main sources for this 

unit appear to be fresh volcanic rocks from the 45-10 Ma arcs as well as the 

Coastal Batholith and/or 91-45 Ma Toquepala arc rocks (the latter two 

supplying altered amphiboles). Due to the small amount of garnet, 

tourmaline and rutile the Proterozoic gneiss basement and Mesozoic 

sediments are a negligible source for MoqC. Like with MoqB there is a 

striking transition within MoqC: at its base (C1) HM spectra are very similar 

to topmost MoqB samples, whereas upsection (C2) the contribution from 

older arc/basement rocks decrease and young volcanics become the almost 

exclusive source rocks. 
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The MoqD unit is dominated by pyroxenes and fresh amphiboles. The most 

likely major source rocks are thus the pyroxene-rich andesites erupted 

during the 45-4 Ma interval and the fresh-amphibole-rich 24-3 Ma-old arc 

ignimbrites (Tab. 1). All three MoqD samples show an absence of garnet, 

rutile, tourmaline and altered amphibole which precludes the basement, Late 

Jurassic to Early Cretaceous quartzarenites, Coastal Batholith and 91-45 Ma 

volcanic arc as a source. However, field observations reveal rare presence of 

quartzarenites and intrusive rocks pebbles within the MoqD unit. This may 

indicate that Late Jurassic to Early Cretaceous quartzarenites, Coastal 

Batholith and 91-45 Ma Toquepala arc rocks are still minor sources for MoqD 

and that rutile, tourmaline and altered amphibole are much too rare 

compared to pyroxenes and fresh amphibole abundance to be detected. 

However, an alternative and more likely explanation is that quartzarenite 

pebbles were recycled from older Moquegua units and did not derive 

directly from exposed rock and thus do not significantly contribute to the 

small-sized heavy mineral fraction. The same explanation holds for rare 

clasts of intrusive rocks occasionally observed in the MoqD units. 

2.5.2. Single grain geochemistry 

2.5.2.1. Amphibole major-element chemistry 

     Amphiboles are good candidates for provenance analysis because they are 

present in a large variety of rocks. Chemical analyses of single-grain 

amphibole allow to reliably distinguish between different potential source 

rocks (Morton, 1991; Cronin et al., 1996; Lee et al., 2002; Mange & Morton, 

2007). According to the standard amphibole classification (Leake et al., 1997), 

all amphiboles from all potential source rocks in our study are calcic 

amphiboles. The calcic amphibole classification further divides into two 

groups depending on whether Na + K in the A site is higher or lower than 

0.5 atom per formula (apfu) (Fig. 8).  
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Amphiboles from basement gneisses and 45-24 Ma volcanic arc rocks belong 

to the first group (Fig. 8a), whereas amphiboles from amphibolites, Coastal 

Batholith, as well as 91-30 Ma and 10-3 Ma-old volcanic rocks belong to the 

second (Fig. 8b). Magnesio-hastingsite is present only in rocks from the 45-24 

Ma arcs and the Proterozoic basement gneisses (Fig. 8a). Magnesio-

hornblende-type amphiboles are present in rocks from 10-3 Ma and 91-30 

Ma-old volcanic arcs, Coastal Batholith and Proterozoic basement 

amphibolites (Fig. 8b). Tschermakite-, ferro-tschermakite- and ferro-

hornblende-type amphiboles are present in rocks from 45-30 Ma-old arc and 

Coastal Batholith whereas actinolite-type is present only in some of the 91-45 

Ma Toquepala volcanic arc rocks (Fig. 8b).  The composition of amphiboles 

extracted from the three younger stratigraphic units of the Moquegua Group 

(MoqA unit has yielded no amphibole) in the four sections are plotted on the 

amphibole compositional fields recognized for the individual potential 

source units (Fig. 8). All three stratigraphic units are composed of a mixture 

of magnesio-hastingsite-, magnesio-hornblende- and tschermakite-type 

amphiboles with only very few exceptions. An important proportion of 

amphibole grains from the sediments plot outside of the amphibole 

compositional fields for the potential source rocks studied here. Since 

tschermakites are typical for high-grade metamorphic rocks (Deer et al., 

1997), these are most likely coming from the Proterozoic basement.  

 

 

 

 

 

 

 

Figure 8. (next page) Classification of calcic amphiboles from potential source rocks 
(envelopes) and Moquegua Group sediments (symbols) (a: for (Na+K)a > 0.5; b: for (Na+K)a 
< 0.5; after Leake et al., 1997. Values are in atom per formula. Number of analysed samples is 
in brackets. 
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The relatively small number of basement samples studied here to define the 

basement amphibolite field appears to be not sufficiently representative. 

Igneous amphiboles generally form under similar P-T conditions and from 

magmas of similar composition. By contrast, precursors to metamorphic 

rocks are compositionally very diverse and metamorphic conditions for 

amphibole growth are highly variable. Therefore it should be expected that 

metamorphic amphiboles show a much larger compositional spread 

compared to igneous amphiboles. Accordingly, amphiboles from igneous 

source rocks can be represented by a relatively small set of source rock 

samples. The fact that a large portion of basement-derived amphiboles falls 

outside the field for metamorphic source rocks (Fig. 8b) is thus likely due to 

the small number of basement samples used for reference. 

The major-element ratios composition of amphiboles highlights clear 

differences in amphibole chemistry for the different sources (Fig. 9). 

Amphibole composition from the sampled potential source rocks show a 

large variety which allow the drawing of compositional fields where >95% of 

the data (of each potential source) are plotting. In Figure 9 are plotted 

FeO/MgO vs. TiO2/Al2O3 ratios which highlight two distinct end member 

composition fields; one containing the metamorphic basement and Coastal 

Batholith (II, light grey) and a second with Tacaza and Lower Barroso arc (I, 

dark grey) amphibole compositions. Moreover, the grey square and black 

diamond-shape represent the 91-45 Ma Toquepala and 45-30 Ma 

Andahuaylas-Anta arc, respectively. The chemical composition of 

amphiboles extracted from MoqB, MoqC, and MoqD units sediments are 

compared to the amphibole composition of potential source rocks. According 

to Figure 9, a clear difference in provenance for MoqB, MoqC and MoqD is 

observed. About 50% of MoqB amphibole data fall into the field II indicating 

an input from the metamorphic basement and the 190-60 Ma Coastal 

Batholith. The other 50% suggest a provenance from the 91-45 Ma Toquepala 

and 45-30 Ma Andahuaylas-Anta arc. Regarding MoqC data, 37% show a 
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metamorphic basement and 190-60 Ma Coastal Batholith provenance 

whereas 24% indicate a 30-24 Ma Tacaza and 10-3 Ma Lower Barroso arc 

input. Amphibole analysis from MoqD unit demonstrate a major provenance 

from 30-24 Ma Tacaza and 10-3 Ma Lower Barroso arc with 55% of the data 

falling into the field I and a minor input from metamorphic basement and 

190-60 Ma Coastal Batholith with 16% of the data falling into field II. About 

30% of the amphibole composition data from MoqC and MoqD fall outside 

of the two defined fields, this suggests a most likely minor provenance from 

the 91-45 Ma Toquepala and 45-30 Ma Andahuaylas-Anta arc. 

 
 

Figure 9. FeO/MgO vs. TiO2/Al2O3 ratio compositions of single-grain amphiboles from the 
potential source rocks and Moquegua Group sediments. Number of analyzed samples is in 
brackets. 



SOUTHERN PERU: PETROGRAPHY & GEOCHEMISTRY  

 44 

2.5.2.2. Amphibole REE chemistry 

     Rare Earth Elements are excellent geochemical tracers because different 

minerals have distinct REE concentration patterns. Such patterns are 

imprinted onto magmatic rocks during processes involving melt-crystal 

equilibrium. For the Central Andes, for example Mamani et al. (2010) have 

shown that igneous rocks are characterized by systematic variations in REE 

patterns through time. These changes were best identified by the Sm/Yb 

ratio and reflect the increasing role of garnet in processes of magmatic 

differentiation and assimilation during increased crustal thickening. 

Amphiboles from igneous rocks prior to crustal thickening (i.e. >20 Ma) 

should then be distinct in their REE patterns, for example they should have 

lower Sm/Yb ratios compared to those from younger rocks. We will try to 

exploit these characteristics of amphibole REE chemistry below.  

Single-grain amphiboles from potential source rocks were analyzed by LA-

ICP-MS for rare-earth elements (REE), and group into two fields (Fig. 10). 

The first field (dark grey) corresponds to rocks older than 45 Ma, namely the 

~91-45 Ma-old arc rocks (plutonic and volcanic rocks) and the metamorphic 

basement. The second field (light grey) corresponds to 30-10 Ma-old arc 

rocks. These two fields are clearly distinguished by their REE ratios: older 

rocks (intrusive >45 Ma and metamorphic basement) have low Sm/Yb and 

Dy/Yb while amphiboles from source rocks younger than 30 Ma have higher 

Sm/Yb and Dy/Yb. The REE data of amphiboles extracted from the three 

younger stratigraphic units of the Moquegua Group in the four sections 

underline that amphiboles from the lower part of the MoqB unit are mainly 

derived from the metamorphic basement and ~91-45 Ma arc rocks. However, 

amphiboles from the upper part of the MoqB (Fig. 10) show high Sm/Yb and 

Dy/Yb ratios which are more similar to those found in younger 30-10 Ma-old 

arc rocks suggesting that arc rocks with similar characteristics were exposed 

before 30 Ma (most probably the Andahuaylas-Anta arc 45-30 Ma; Fig.3; 

Mamani et al., 2010).  
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Figure 10. Plots of REE ratios concerning amphiboles from potential source rocks and 
Moquegua Group sediments: (a) La/Sm vs. Sm/Yb diagram; (b) Dy/Yb vs. Sm/Yb diagram; 
(c) Eu/Eu* vs. Sm/Yb diagram. Colored symbols refer to amphiboles from Moquegua 
Group sediments, whereas grey fields represent those from potential source rocks. Number 
of analyzed samples is in brackets. 
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High Sm/Yb and Dy/Yb ratios represent magmatic evolution in a thick crust 

(Mamani et al., 2010) thus our mineral REE data suggest a crustal thickening 

starting between ~45 and ~30 Ma, during the MoqB deposition. With respect 

to Eu/Eu* and La/Sm the difference between the two main groups is less 

clear. But in the case of La/Sm, the ratio is variable in amphiboles from older 

rocks but lower and more restricted in younger igneous source rocks. 

Amphiboles from the MoqC (Cuno Cuno, Majes valley, Moquegua) and 

MoqD (Majes valley) unit are dominated by a strong contribution from 30-10 

Ma-old arc rocks with only a small signal from the metamorphic basement 

and ~91-45 Ma-old arc rocks (Fig. 10). The latter completely disappeared 

during MoqD deposition. 

2.5.2.3. Fe-Ti oxide chemistry 

     Several authors have demonstrated the potential of Fe-Ti oxide minerals 

as provenance indicators, despite the complexity of their multi-phase 

composition (Basu & Molinaroli, 1989; Grigsby, 1990; Dill, 2006; Martinez-

Monasterio et al., 2006). However, among the Fe-Ti oxide grains extracted 

from the sediments and analyzed in this study, only a few were fresh and 

homogeneous, most grains are a mixture of hematite, magnetite, ulvöspinel 

and ilmenite (Fig. 11). Therefore, Fe-Ti oxides may provide only a rough 

image of the potential source rocks. However, throughout all measured 

source rocks and textural-compositional varieties of oxides there is a marked 

difference between <30 Ma arc rocks (>0.01 apfu in Mg) and >45 Ma arcs and 

basement rocks (<0.01 apfu in Mg). One sample from the Late Jurassic to 

Early Cretaceous quartzarenites yield a compositional field intermediate to 

these endmembers but slightly more overlapping with the <30 Ma arc 

compositional field (Fig. 12). More than 80% of the MoqA Fe-Ti oxides 

correlate with the >45 Ma compositional field, whereas 20% correlate with 

the Late Jurassic to Early Cretaceous quartzarenite field. The latter partly 

overlap the <30 Ma arc compositional field which cannot be source for MoqA 

unit due to its younger age.  
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Figure 11. Electron-microprobe backscattered images of common Fe-Ti oxides from potential 
source rocks: (a) homogeneous magnetite grain; (b) thick ilmenite lamellae; (c) and (d) 
typical grain showing ilmenite-hematite exsolution; (e) typical trellis-type grain and (f) grain 
with magnetite-ulvöspinel reaction found only in 10-3 Ma-old arc ignimbrites. 
 

 

Around 40% of the MoqB Fe-Ti oxide compositions data correlate with the 

>45 Ma-old compositional field, whereas 60% correlate with those of Late 

Jurassic to Early Cretaceous quartzarenites and <30 Ma arc compositional 

fields. Among the latter, about 30% plot in the <30 Ma field but outside the 

quartzarenite field which suggests origin from volcanic arcs younger than 30 

Ma.  This can be explained by the existence of a volcanic arc older than 30 Ma 

which was active during the MoqB deposition, i.e. the Andahuaylas-Anta 

(45-30 Ma) arc (see above).  
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Figure 12. Variations in major-element composition for single grains of Fe-Ti oxides from the 
potential source rocks and Moquegua Group sediments. Coordinates are in atom per 
formula (apfu). Number of analyzed samples is in brackets. 
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More than 80% of the MoqC Fe-Ti oxide composition data correlate with the 

<30 Ma volcanic arc and Late Jurassic to Early Cretaceous quartzarenites 

compositional field, whereas only 20% plot into the >45 Ma compositional 

field. Moreover, among the latter, more than 50% plot in the <30 Ma field but 

outside the quartzarenites field. In agreement with the amphibole data, this 

implies a strong increase of volcanic material input and thus an increase in 

volcanic activity in this area. All Fe-Ti oxide composition data from the 

MoqD unit plot on the Late Jurassic to Early Cretaceous quartzarenites and 

<30 Ma-old arc compositional fields but more than 70% of the grains plot in 

the <30 Ma field but outside the quartzarenites field which implies a major 

provenance from the younger volcanic arcs. 

2.6. Discussion  

     Results from heavy mineral petrography (i.e. presence/absence and 

relative abundance) and geochemical data (major and rare earth elements of 

amphibole and Fe-Ti oxide) are combined to infer a more detailed picture of 

the provenance of the Moquegua Group siliciclastics. A compilation of the 

suggested provenance evolution through time is given in Figure 13. For a 

given Moquegua unit the source rocks do not change systematically for the 

four investigated areas from North (Caravelí) to South (Moquegua). 

However, local deviations from the general picture are possible and 

addressed below. We will first summarize the general provenance pattern 

and then discuss individual units and breaks in detail. 
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Figure 13. Source rocks for each Moquegua unit (A, B, C and D) in each studied section 
(Caravelí, Cuno Cuno, Majes and Moquegua). Thickness of bars is related to the estimated 
contribution of each source in each unit.  
 

 

The MoqA unit (~50 to ~40 Ma) was deposited only in the northwestern part 

of the Moquegua forearc basin. Although the Coastal Batholith partly 

underlies and surrounds the sub-basin MoqA, the sediments deposited there 

(from Caravelí and Majes sections) appear to have been dominantly derived 

from the Proterozoic metamorphic basement and Late Jurassic to Early 

Cretaceous sedimentary rocks (even intrusions of the Coastal Batholith into 

these units play no significant role). The base of MoqB (~40 to 30 Ma) is still 

dominated by these same source rocks , however, there is a significant 

additional input from the Coastal Batholith and/or 91-45 Ma Toquepala arc 
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rocks as indicated by frequent (altered) amphiboles in the HM spectra (Fig. 

13; Tab. 1). In the middle and upper parts of MoqB a decreasing input from 

these four source units is recognized and an increase in fresh amphiboles and 

pyroxenes is observed (Tab. 1), indicating a contribution from younger 

magmatic arcs (Fig. 13). Because Tacaza (30-24 Ma) and Huaylillas (24-10 Ma) 

arcs are too young to have contributed to MoqB sediments, a contribution 

from the relatively distant Andahuaylas-Anta arc (45-30 Ma) is most likely. 

Thus, provenance analysis reveals two significant changes within MoqB, one 

at the base (i.e. at the MoqA/MoqB transition at ~40 Ma) and a second in the 

middle of MoqB. Upsection MoqC is the only unit showing input from all the 

potential source rocks that were exposed at that time (Fig. 13): Proterozoic 

metamorphic basement (except in Cuno Cuno section), Late Jurassic to Early 

Cretaceous quartzarenites, the Coastal Batholith as well as Toquepala (91-45 

Ma), Andahuylas-Anta (45-30 Ma), Tacaza (30-24 Ma) (except in Moquegua 

section) and Huaylillas (24-10 Ma) arcs. However, there is strong input from 

fresh volcanic material throughout most of MoqC, pointing to a 

predominance of Tacaza and Huaylillas magmatic arcs in the eroded areas 

(Tab. 1, Figs. 10, 12 and 13). This predominance of fresh volcanic material is 

less pronounced at the base of MoqC (C1). During MoqD the Proterozoic 

metamorphic basement was no longer exposed (or was not eroded) in the 

major drainage systems. Based on our HM data, the Tacaza (30-24 Ma) 

(except for Moquegua section), Huaylillas (24-10 Ma) and Lower Barroso (10-

3 Ma) magmatic arcs constitute the major sources for MoqD sediments. 

Pebbles of Late Jurassic to Early Cretaceous quartzarenites and intrusive 

rocks (Coastal Batholith/ Toquepala arc) rarely observed in the field were 

most probably recycled from older Moquegua Group units (Fig. 13). 

MoqA fine-grained sediments reflect a lacustrine sedimentation system with 

very low relief in the present-day forearc area from ~50 to >40 Ma. Shallow 

marine deposits of the El Molino Formation (Sempere et al., 1997) require 

that the region of the present Altiplano was at sea level at the end of 

Cretaceous time until at least 60 Ma. According to numerous studies built on 
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diverse evidence such as multi-method thermochronology, sedimentary 

facies analysis and provenance analysis, the tectonic activity leading to initial 

crustal thickening and uplift of the Altiplano and Eastern Cordillera started 

between 46 and 38 Ma (Horton et al., 2001; Anders et al., 2002; Horton et al., 

2002; Gillis et al., 2006; Barnes et al., 2008; Sempere et al., 2008). Consequently, 

the basin was still close to sea level during MoqA sedimentation, separated 

from the ocean by the Coastal Cordillera (Fig. 14). This suggests a distal 

source for MoqA sediments, possibly outside the study area. Given the early 

uplift history of the Andes as outlined above some of the sources for MoqA 

may even be situated as far east as the Eastern Cordillera where source rocks 

that may deliver similar HM (Proterozoic basement and Paleozoic-Mesozoic 

granitoids and sedimentary rocks) are known to exist (Chew et al., 2008; 

Miskovic  et al., 2009). However, there is no need to introduce a new type of 

potential source rocks as MoqA composition can be readily explained by the 

sources investigated here.  

 

 

Figure 14. Evolution of the uplift of the Andes with time according to literature data from 
Gregory-Wodzicki, 2000; Anders et al., 2002; Garzione et al., 2008; Sempere et al., 2008. 
Colored field represent deposition of Moquegua Group siliciclastic sediments. The green line 
represents an arbitrary elevation at ~35 Ma illustrating that the distal sediment sources were 
cut off by growing relief in the Western Cordillera (see text). Abbreviations for 
morphological units: CC: Coastal Cordillera, Moq. Group: Moquegua Group, WC: Western 
Cordillera, EC: Eastern Cordillera. 
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MoqB (~40 to 30 Ma) sediments largely have the same sedimentary 

characteristics as MoqA in the lower part of the unit. In the mid- and upper 

part thick conglomerate layers are well pronounced (especially in Caravelí, 

Majes and Moquegua areas; Fig. 5). Different scenarios can explain this major 

change in grain size and sedimentation rate (doubled during MoqB; Fig. 5) 

along with a distinct break in sediment provenance (see above).  

Principally, an increase in precipitation may lead to stronger erosion, as well 

as drainage and provenance changes (Zhang et al., 2001). In the Central 

Andes Gregory-Wodzicki (2000) showed that hyperarid climate was already 

established since 20 Ma (with some minor perturbations thereafter). Before, 

climate reconstructions are less precise, however, it is generally accepted that 

one of the major drivers of arid climate is the Humboldt Current, which was 

established after the opening of the Drake Passage between South America 

and Antarctica. The timing of the opening has been deduced from different 

isotopic techniques (Staudigel et al., 1985; Scher & Martin, 2004, 2006) and 

these authors agreed that the Drake Passage opened as early as 40 Ma. 

Consequently, establishment of the Humboldt Current and subsequent arid 

climate on the western margin of central South America would then date 

back as early as 40 Ma. Thus, we would expect a relatively dry climate (or at 

least a trend towards drier climate) during MoqB sedimentation, which is in 

contrast to the observed facies change. Therefore, the coincidence of 

lithofacies and provenance changes within the middle and upper parts of 

MoqB, is more likely to be linked to tectonic processes leading to relief 

formation followed by a reorganization of the fluvial systems draining the 

western flank of the growing Andean arc. This is corroborated by the REE 

data pointing to crustal thickening during MoqB sedimentation (Fig. 10; 

Mamani et al., 2010). As mentioned above the provenance change within 

MoqB is twofold:  

(1) At the base of MoqB (∼40 Ma), the abrupt appearance of Coastal Batholith 

and/or Toquepala arc sources (Fig. 13) most probably indicates that 

continuously downcutting erosion has reached the level of plutonic rocks 
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that intruded the previously (during MoqA) eroded basement and 

sedimentary cover rocks;  

(2) Within the main body of MoqB sources older than 45 Ma (arc rocks, 

sedimentary cover and basement rocks) decrease and are compensated by a 

contemporaneous increase in fresh volcanic sources (i.e. Andahuaylas-Anta 

Arc). The input of material from Andahuaylas-Anta Arc is higher in MoqB 

from Moquegua section than in MoqB from Caravelí section (Figs. 8, 9) 

which simply reflects the geographical position of the Andahuaylas-Anta 

Arc that is located close to Moquegua section while it is in a much more 

distal position at Caravelí area (Fig. 3). This transition marks a major 

provenance reorganization that started within MoqB and ended within 

MoqC (i.e. C1 to C2 transition; Fig. 13). During this phase of change the 

forearc was cut-off from its distal sources (e.g., the Eastern Cordillera) that 

probably fed the basin during MoqA and even lowermost MoqB times (Fig. 

14). Regarding the timing of (2), we can assume that sedimentation rates 

were higher for the coarse-grained middle and upper part of MoqB 

compared to basal MoqB and MoqA mudstones. The onset of change in 

stream power (due to an increase in slope) and sediment provenance (more 

potential sources are outcropping during uplifting processes) can thus be 

estimated to have occurred as early as ~35 Ma in this part of the western 

Andean slope. This change was largely completed at around the C1-C2 

boundary (∼25 Ma, see above and Fig. 13) when volcanic arc rocks started to 

cover most of the Western Cordillera and Altiplano and became the 

predominant and later (during MoqD) almost exclusive sources.  

The phase of change (∼35 to 25 Ma) coincide with major vertical-axis tectonic 

rotations along the coast of southern Peru (Roperch et al., 2006) and preceded 

the first interval of widespread and voluminous ignimbrite eruptions along 

the western Andean slope, that is dated between ∼26 and ∼18 Ma in southern 

Peru and ∼26-23 and ∼19 Ma in northern Chile (Wörner et al., 2000a; Roperch 

et al. 2006; Thouret et al. 2007; Mamani et al. 2010). The time lag between the 

onset of uplift induced facies and provenance changes on one side and 
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intense magmatic activity on the other side is thus in the range of 10 Ma. The 

~45-30 Ma Andahuaylas-Anta arc is considered in this context as 

volumetrically less important phase of arc magmatism in an anomalous 

position (Mamani et al., 2010; Fig. 3) A somewhat smaller offset of about 5 

Ma between uplift-driven erosion and sedimentation and the onset of 

voluminous volcanism represented by plateau-forming ignimbrites has 

already been documented for northernmost Chile (Wörner et al., 2000a; 

2000b). Such discrepancies in timing indicate that magmatic addition was not 

the main driver of crustal thickening and uplift in the region at that time. 

Middle and upper MoqC (C2, 25 to 15-10 Ma) sediments show a high 

proportion of conglomerates suggesting in part even higher stream power 

compared to MoqB and MoqC1, proximal sources and the presence of 

enhanced relief. Around 25 Ma the Western Cordillera had already attained 

50% of its actual elevation (Gregory-Wodzicki, 2000) (Fig. 14) after a phase of 

initial uplift between ~35 and 25 Ma during deposition of upper MoqB and 

lower MoqC. Being contemporaneous to large ignimbrite eruption the upper 

part of MoqC (25 to 15-10 Ma) was strongly influenced by a dominant 

volcanic contribution. MoqD (15-10 to 4 Ma) sediments are exclusively 

composed of conglomerates (except of the ignimbrite layers) expressing by 

high-energy river systems and proximal sources. The almost exclusive 

volcanic sources were amplified by a second interval of ignimbrite eruptions 

between ~10 and ~1.5 Ma (Roperch et al., 2006; Thouret et al., 2007; Mamani 

et al., 2010). MoqD sedimentation also coincided with the late Miocene 

Andean uplift event that led to the actual elevations of the Andes (Fig. 14; e.g. 

Garzione et al., 2007; Schildgen et al., 2009).  

2.7. Conclusions 

 

     The combined study of heavy mineral spectra and detrital amphibole and 

Fe-Ti-oxide chemistry of the Cenozoic (∼50 to 4 Ma) Moquegua Group in 
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southern Peru allows for describing major changes of the erosion-

sedimentation system in the Andean forearc basin between 15° and 18°S. 

These changes are strongly linked to well-known stages in the evolution of 

the Andean orogen.  

(1) At ∼50 to ∼40 Ma (i.e. during sedimentation of MoqA) the forearc basin 

was close to sea level. Sedimentation took place in playa-lake environments, 

separated from the ocean by the Coastal Cordillera and fed by low-energy 

rivers transporting mainly basement and sedimentary cover detritus from 

local and distal sources that might be as far as the present Eastern Cordillera. 

This situation holds, except for down-cutting into slightly deeper erosion 

levels, until ∼35 Ma. 

(2) From ∼35 Ma on, crustal thickening and relief formation caused a major 

change in sedimentary facies and provenance. The distal sediment sources 

were cut off by growing relief in the Western Cordillera leading to higher-

energy fluvial systems and increasing importance of local sources, especially 

the relevant volcanic arcs. This stage was largely completed by the onset of 

voluminous ignimbrite eruptions at ∼25 Ma. 

(3) From 25 Ma on (i.e. around MoqC1 to C2 boundary) volcanic arc rocks 

start to cover most of the Western Cordillera and Altiplano and these became 

the predominant sources for these younger Moquegua Group sediments. 

This trend even increased during the second (late Miocene) phase of Andean 

surface uplift and is recorded in the coarse-grained exclusively volcanic 

deposits of MoqD in southern Peru and similar deposits in northern Chile (El 

Diablo Formation). 

The 10 Ma time lag observed between the onset of uplift-induced facies and 

provenance changes (∼35 Ma) and the onset of intense magmatic activity (∼25 

Ma) observed in southern Peru and supported by a similar situation in 

northern Chile indicates that magmatic addition was not the main driver for 

initial crustal thickening and uplift in the central part of the Central Andean 

Orocline in latest Eocene to Oligocene time. 
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Chapter 3 

 

 

Jurassic to Paleogene tectono-

magmatic evolution of northern Chile 

and adjacent Bolivia from detrital 

zircon U-Pb geochronology and heavy 

mineral provenance 
 

 

 

 

____________________________________________________________________ 

This chapter is similar to the manuscript entitled:  
“Jurassic to Paleogene tectono-magmatic evolution of northern Chile and adjacent Bolivia 
from detrital zircon U-Pb geochronology and heavy mineral provenance” that is currently in 
review with Terra Nova, submitted January 2011  
authored by Jörn Wotzlaw, Audrey Decou, Hilmar von Eynatten, Gerhard Wörner and Dirk 
Frei. 
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3. Jurassic to Paleogene tectono-magmatic 
evolution of northern Chile and adjacent 
Bolivia from detrital zircon U-Pb 
geochronology and heavy mineral provenance 

 

 

Jörn Wotzlaw, Audrey Decou, Hilmar von Eynatten, Gerhard Wörner, Dirk 

Frei 

 

 

Abstract 
 

Heavy mineral provenance data presented in this paper reinforce evidence 

for significant late Paleogene deformation and relief formation along the 

western margin of the Central Andean Plateau. Late Eocene-Oligocene onset 

of molasse-type sedimentation records initial range uplift. Strikingly 

different basement sources of sediments deposited to the east and west of the 

Late Paleogene range indicate that initial relief development was governed 

by a bivergent thrust system. Significantly higher sediment accumulation 

rates to the east of the range compared to the west suggest that the generated 

relief acted already as an effective orographic barrier at that time. Higher 

precipitation and denudation along the eastern slope facilitated deeper 

erosion of the trust belt. 
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3.1. Introduction  

     The western margin of the Central Andean Plateau is widely covered by 

Neogene volcanic and sedimentary deposits. In northernmost Chile and 

adjacent Bolivia (Fig. 1), the pre-Neogene substratum is exposed only in deep 

valleys dissecting the forearc and small basement uplifts along the 

Precordillera and western Bolivian Altiplano (Wörner et al., 2002). Clastic 

sediments deposited prior to Neogene volcanism potentially provide 

additional insight into pre-Neogene tectono-magmatic evolution of the 

western plateau margin. We studied Oligocene sediments from the Central 

Depression of northern Chile (Azapa Formation) and the western Bolivian 

Altiplano (Azurita/Potoco Formation) as well as clastic sediments from the 

underlying Mesozoic substratum.  

Heavy mineral analysis and detrital zircon U-Pb geochronology provide a 

detailed characterisation of key source lithologies. Moreover, detrital zircon 

geochronology provides quantitative constraints on timing and extent of pre- 

and syn-depositional magmatism in the hinterland. Temporal and spatial 

variations in sediment provenance record the tectono-magmatic evolution at 

the western margin of the Central Andean Plateau during the early phase of 

Andean uplift.  

3.2. Geology and stratigraphy 

     The pre-Cenozoic substratum of northernmost Chile (18° to 20°S) and 

adjacent Bolivia essentially consists of Proterozoic to Paleozoic basement 

(Belen Metamorphic Complex, BMC, and the Cerro Uyarani inliers; Wörner 

et al., 2000b; Franz et al., 2006), Mesozoic sediments of the Jurassic to 

Cretaceous back-arc basin (Vicente, 1981; González, 2004) and Cretaceous to 

Paleocene intrusions of the Toquepala arc (Mamani et al., 2010).  

The BMC consists of amphibolites and micaschists representing a 

metamorphosed Proterozoic volcano-sedimentary sequence that was 

intruded by granitoids (~450-470 Ma) during the Lower Ordovician 
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Famatinian orogenic cycle and experienced post-Famatinian metamorphism 

(Wörner et al., 2000b, Loewry et al., 2004). Basement exposed at Cerro 

Uyarani consists of Granulites and Charnockites. The Paleoproterozoic 

protoliths were affected by Grenvillian metamorphism as suggested by Sm-

Nd mineral isochron and hornblende Ar-Ar dates (Troeng et al., 1994; 

Wörner et al., 2000b). The Jurassic to Cretaceous back-arc basin is mainly 

filled by hundreds of meters of intensively folded  mature quartzarenites and 

marl-limestone alternations (Oncken et al., 2006).  

In northernmost Chile, this pre-Cenozoic substratum is unconformably 

covered by Oligocene to Miocene sediments and ignimbrites, which record 

evolution of the Central Andean Plateau since about 30 Ma. A thick clastic 

wedge, referred to as the Azapa Formation (Fig. 1), records initial uplift of 

the western plateau margin. The Azapa Formation mainly consists of coarse-

grained alluvial fan and ephemeral braided river deposits. A westerly-

directed gradual change from proximal to distal facies and westerly-directed 

paleocurrents (Kohler & Uhlig, 1999) indicate sediment transport from the 

present Western Cordillera towards the coast. Onset of Azapa sedimentation 

is generally accepted to be Mid-Oligocene to earliest Miocene (~30-23 Ma) 

(Wörner et al., 2000a; 2002; von Rotz et al., 2005; Pinto et al., 2007).  Overlying 

ignimbrites of the Oxaya formation and their equivalents provide well dated 

stratigraphic markers with ages of 23-19 Ma at 18°S (Wörner et al., 2000a) 

and 15-17 Ma at 20°S (Victor et al., 2004).  

The Bolivian Altiplano contains Cretaceous to Paleocene marine and distal 

fluvial deposits of the Molino and Santa Lucia Formations (Sempere et al., 

1997; Horton et al., 2001; 2002; González, 2004) and an up to ~6500 m thick 

succession of Late Eocene to Oligocene continental clastics, referred to as the 

Potoco Formation (Horton et al., 2001). Its coarse intermediate levels are 

referred to as the Azurita Formation (Fig. 1) (Lamb & Hoke, 1997) at the 

western limb of the Corque syncline. In contrary, at the eastern limb, the 

Potoco strata consist of fine to medium-grained sandstone with pelitic 

intercalations. This change in lithofacies is interpreted as a change from 
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proximal to distal fluvial environment, indicating eastward-directed 

sediment transport in agreement with predominant easterly-directed 

paleocurrents (Horton et al., 2001). According to Horton et al. (2002) and 

González (2004) a Paleogene east-vergent thrust belt in the present Western 

Cordillera acted as a sediment source for westerly-derived Potoco detritus. 

These continental clastics are covered by 23-24 Ma tuffs (Kennan et al., 1995) 

and younger volcaniclastic sediments of the Mauri Formation.  

 

 

Figure 1. A) Geological map of 
the Central Depression and 
Precordillera of northernmost 
Chile and the Corque syncline 
of western Bolivia. Modified 
after SERNAGEOMIN (2003) 
and Horton et al., (2001). 
Numbers in circles refer to 
stratigraphic columns which 
are simplified after Kohler 
(1999) and Horton et al., (2001). 
Line X-X’ refers to the cross 
section C from the Coastal 
Cordillera to the Altiplano 
modified after Wörner et al., 
2000a. Line Y-Y’ refers to cross 
section B of the Corque 
Syncline modified after Kennan 
et al., 1995. Abbreviations: 
BMC: Belen Metamorphic 
Complex, AF: Ausipar Fault, 
OA: Oxaya Anticline, Qda: 
Quebrada. 
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3.3. Materials and methods 

     We sampled sandstones from the Azapa and Azurita Formations, 

potential source rocks such as gneisses and mica schists from Belen, a 

charnockite from Uyarani and mature Jurassic-Cretaceous quartzarenites 

exposed along the Precordillera.  

After crushing and sieving, heavy minerals were separated from the 63-125 

μm fractions using sodium metatungstate heavy liquid. Zircon, tourmaline, 

garnet and rutile were hand-picked, mounted in epoxy resin and polished to 

expose the centres of the grains. 

For single grain geochemistry of tourmaline, garnet and rutile and 

Cathodoluminescence (CL) imaging of zircon crystals we employed the JEOL 

JXA 8900 electron microprobe at University of Göttingen. U-Pb and Pb ratio 

measurements were performed at the GEUS in Copenhagen (Denmark) 

following methods of Frei and Gerdes (2009). U-Pb ages were calculated with 

the PepiAGE data reduction software (Dunkl et al., 2008).  

3.4. Results 

3.4.1. Detrital zircon geochronology 

     Detrital zircons from Mesozoic and Oligocene clastics yield U-Pb ages 

ranging from Oligocene to Archean. Several age populations coincide with 

major orogenic events and subsequently will be referred to as Andean (<100 

Ma), Carboniferous to Triassic (200-350 Ma), Famatinian (400-500 Ma), 

Pampean-Brasiliano (500-700 Ma) and Grenville-Sunsás (1000-1300 Ma) age 

population (cf. Loewy et al., 2004).  

Zircon ages of three Mesozoic samples cluster between 400-700 Ma and 

~1000-1200 Ma (Fig. 2f) which coincide with the Famatinian, Pampean-

Brasiliano and Grenville-Sunsás orogenic cycles. All Mesozoic samples show 

distinct Carboniferous to Triassic populations which tend to include more 

euhedral to subhedral grains. Pre-Grenville-Sunsás detritus are rather 
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limited with most of the ages scattering between 1.5 and 2.2 Ga. Similar 

zircon age distributions imply a rather common source for all samples of 

Mesozoic clastics.  

Approximatly 50% of analyzed zircons from the Oligocene sediments 

exposed in the Quebrada Azapa (Fig. 2b) and ~75% from the Quebrada 

Camarones (Fig. 2d) yield Andean ages (i.e. <100 Ma). The Andean zircon 

population can be subdivided into two subpopulations, a Late Cretaceous-

Paleocene (~80-50 Ma) and an Eocene (~50-35 Ma) population (Fig. 2c, e). The 

distribution of the pre-Andean detrital zircon ages resemble those of 

Mesozoic back-arc clastics with clusters at ~400-700 Ma and ~1000-1200 Ma. 

Detrital zircons from the Azurita Formation nearly exclusively yield 

Grenville-Sunsás ages with a tight cluster at ~1.0-1.2 Ga (Fig. 2a).  
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Figure 2. (previous page) Detrital zircon U-Pb age distributions for the different samples. 
Probability-density curves were obtained by ISOPLOT (Ludwig, 2003). (a) Zircons from the 
Azurita Formation which yield exclusively to Grenville-Sunsás ages (1.0-1.2 Ga). (b-e) 
Zircons from the Azapa arenites which are primarily derived from Cretaceous-Paleogene 
intrusions presently exposed along the Precordillera. Eocene magmatism in northernmost 
Chile (18-19°S) is indicated by 50-35 Ma zircons. (f) Zircons from Mesozoic clastics showing a 
broad distribution of ages including pre-Andean orogenic cycles.   

3.4.2. Heavy mineral chemistry  

Tourmaline – Albeit scarce in Oligocene sediments, petrographically and 

chemically equivalent tourmaline is present in all studied arenites. Very 

similar proportions of granitoid and metapelite derived tourmaline (Fig. 3) 

are interpreted to reflect recycling of Mesozoic sediments into Oligocene 

basins rather than a common first-cycle provenance of tourmaline for all 

studied formations. 

 

 

 
 

Figure 3. Ternary diagrams displaying chemistry of detrital tourmaline in Al-Fe-Mg space. 
Numbered fields refer to discrimination scheme of Henry and Guidotti (1985). Pie charts 
show relative proportions of potential source lithologies.  
 

 

Garnet – In general the major source rocks of detrital garnets are exhumed 

metamorphic basement complexes (Mange & Morton, 2007). Garnet from 

BMC mica schists and gneisses are almandine dominated (Fig. 4A, B). Pyrope 
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content is approximately equal in both lithologies while spessartine and 

grossularite content is higher in garnets derived from gneisses. About 50 % 

of analysed garnet crystals from the Azapa Formation are grossularite-

andradite solid solutions. The other 50 % are pyralspite garnets which are 

compositionally equivalent to garnets from Belen mica schists and gneisses, 

albeit with a slightly higher chemical variability. Garnet separated from the 

sand fraction of the Azurita conglomerate generally matches in composition 

those from granulite pebbles. 

 

 
Figure 4. Ternary diagrams displaying chemistry of metamorphic and detrital garnet. A) all 
garnet data shown in pyrope-(almandine+spessartine)-(grossularite+andradite) ternary 
diagram. B) pyrope-almandine-spessartine ternary diagram showing only chemistry of 
garnet crystals interpreted to be of basement origin. Data for garnet from Belen mica schists 
and gneisses include data from Beck (1997). Abbreviations: Alm: almandine, Prp: pyrope, 
Sps: spessartine, Grs: grossularite, Adr: andradite. 
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Rutile – Rutile trace element chemistry allows discrimination of metamafic 

and metapelitic source lithologies and Zr-in-rutile thermometry yields 

metamorphic formation temperature (Zack et al., 2004; Triebold et al., 2007; 

Meinhold et al., 2008). Compared to Mesozoic clastics, arenites of the Azapa 

formation comprise higher proportions of metamafic rutile (Fig. 5). 

Metapelite derived rutile records formation temperatures similar to peak 

metamorphic temperatures of the BMC (Wörner et al., 2000b). This suggests 

a mixed provenance of Azapa Formation rutiles from Mesozoic clastics and 

the BMC. 

 

 
 

Figure 5. Cr-Nb systematic (A and B) and calculated Zr-in-rutile temperatures (C and D) of 
detrital rutile from Mesozoic clastics and Azapa Formation sandstones. Temperatures were 
calculated only for metapelitic rutile using the calibration of Watson et al. (2006). Shown is 
also the range of peak metamorphic temperature estimates for gneisses and mica schists 
from the Belen Metamorphic Complex (D) (Wörner et al., 2000b). Approximate temperature 
boundaries of metamorphic facies according to Zack et al. (2004). 
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3.5. Discussion and conclusions 

     Paleocurrent data from Mesozoic sediments exposed along the 

Precordillera of southern Peru and northern Chile indicate southerly and 

westerly directed sediment transport, respectively (Vicente, 1981). The 

arenites contain almost exclusively ultrastable heavy minerals indicating 

significant sediment recycling. Moreover, zircon U-Pb age spectra of 

Paleozoic sediments exposed further east (Altiplano, Eastern Cordillera) 

exhibit similar Famatinian, Pampean and Grenvilian clusters (Loewy et al., 

2004; Chew et al., 2007). Thus, heavy mineral data and zircon age 

distributions suggest that Mesozoic clastics were derived from the eastern 

basin margin composed of Paleozoic sediments and Carboniferous to early 

Mesozoic granitoids.  

Regarding the Azapa Formation, garnet chemistry indicates derivation from 

the BMC and higher-grade metamorphic rocks, as well as magmatic rocks 

and associated contact aureoles. Further, detrital rutile chemistry suggests 

provenance from the BMC and Mesozoic sediments whereas tourmalines 

appear to be exclusively derived from recycling of Mesozoic sediments. 

Zircon age distributions corroborate significant contributions from the BMC 

and Mesozoic sediments but the majority of zircons are derived from 

Toquepala arc plutons.  

Garnet is the predominant heavy mineral in the Azurita Formation sand 

fraction and exhibits chemical characteristics similar to garnet from granulite 

pebbles of the same sample. Zircon crystals extracted from the sand fraction 

exclusively yielded Grenville-Sunsás ages. In contrast to the predominance of 

detritus from the Toquepala arc in the Azapa Formation, these data clearly 

link the Azurita Formation to erosion of Uyarani-equivalent basement. The 

presence of quartzarenite pebbles and detrital tourmaline indicate Mesozoic 

sedimentary rocks in the source of the Azurita/Potoco Formation. This 

further suggests that the Mesozoic back-arc basin reached far underneath the 
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present western Altiplano as already suggested by Munoz and Charrier 

(1993).  

Based on these provenance constraints and published data we propose the 

following Jurassic to Paleogene tectono-magmatic evolution model (Fig. 6): 

Jurassic to Early Cretaceous – During Jurassic to Early Cretaceous time the 

western margin of the present Central Andes experienced a major phase of 

extension leading to the formation of an overall marine back-arc basin (the 

Arequipa-Tarapaca basin, Vicente, 2006). To the west, the basin was 

bordered by the coeval La Negra arc (Oliveros et al., 2006). However, this arc 

probably never formed a significant positive relief as reflected by limited arc-

derived detritus in back arc clastics exposed along the Precordillera. These 

clastic sediments were delivered instead from the eastern basin margin (Fig. 

6A) composed of Paleozoic sediments and Carboniferous to early Mesozoic 

granitoids presently exposed along the Eastern Cordillera of southern Peru 

and Bolivia.  

Late Cretaceous to Paleocene – In Late Cretaceous time the arc migrated 

eastwards to occupy a position along the present Precordillera (Fig. 6B) 

(Mamani et al., 2010). The Toquepala arc formed the first continuous relief 

along the western margin of the present Central Andean Plateau (Sempere & 

Jacay, 2008; Mamani et al., 2010). Abundant 80-50 Ma detrital zircons in 

Oligocene Azapa sediments suggest that voluminous granitoids intruded 

into Mesozoic back arc sediments during that time interval. Coeval to 

Toquepala arc construction, deposition of the El Molino and Santa Lucia 

Formations records low but persisting subsidence in the Altiplano region 

(Horton et al., 2001). 

Early to Middle Eocene – Eocene magmatism in northernmost Chile is 

indicated by 50-35 Ma detrital zircons in Azapa Formation arenites. While 

this Eocene arc generated a voluminous volcano-sedimentary cover along the 

present Western Cordillera (i.e. the lower Lupica Formation), sedimentation 

in the Altiplano region was characterized by extremely low subsidence and 
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sediment accumulation rates (i.e. Potoco paleosols). Horton et al. (2001) 

related these low accumulation rates to a forebulge depozone east of a 

developing thrust system (Fig. 6C). 

Late Eocene to Oligocene – Strikingly different basement sources of late 

Eocene-Oligocene sediments deposited to the east (the Potoco/Azurita 

Formation) and west (the Azapa Formation) of the present Western 

Cordillera suggest that initial relief development was governed by an 

asymmetric bivergent thrust system.  

Molasse-type sedimentation on the Bolivian Altiplano commenced by late 

Eocene time (Fig. 6D; Potoco Formation; Horton et al., 2001). Sedimentation 

in front of a developing east-vergent thrust belt produced up to 6.5 km of 

clastic strata (Horton et al., 2002). Initially, these sediments were primarily 

derived from sedimentary and low-grade metasedimentary rocks. Abrupt 

increase in potassium feldspar and gneissic lithoclasts (Horton et al., 2002) 

and invasion of the Altiplano basin by coarse gravels derived from Uyarani-

equivalent basement (Azurita Formation) indicate exhumation of high-grade 

basement after erosion of its sedimentary cover. This is supported by 

coinciding apatite fission track and apatite (U-Th)/He ages (~34 Ma) 

indicating rapid late Eocene cooling of the Uyarani basement (Horton et al., 

2007). Exhumation of the Belen Metamorphic Complex is interpreted to 

result from development of a west-vergent backthrust system along the 

Precordillera (Fig. 6E). Contemporaneous uplift of the Coastal Cordillera 

created accumulation space for the Azapa Formation. Given that lowermost 

Azapa strata comprise already BMC derived detritus indicates that this 

basement block was exhumed prior to onset of Azapa sedimentation (~30 

Ma). Eroded overburden was probably deposited offshore prior to uplift of 

the Coastal Cordillera. Oligocene exhumation of the Belen Metamorphic 

Complex, however, appears to contradict with thermochronologic data. 

Horton et al. (2007) reported apatite fission track and apatite (U-Th)/He ages 

as young as 11-13 Ma from Belen gneisses. At this time the Belen region was 

the locus of extensive basaltic-andesitic volcanism (Wörner et al., 2000a). 
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Related high heat flux and shallow hydrothermal systems probably obscured 

the low temperature cooling history of the basement. 

The relief generated at Late Eocene to Oligocene (the “Proto”-Western 

Cordillera) probably already acted as an effective orographic barrier as 

reflected by significant differences in denudation rates along its eastern and 

western slope. Erosion along the eastern slope of the Paleogene range 

generated up to 6500 m of clastic sediments (the  Potoco Formation) between 

37 Ma and 24 Ma (Horton et al., 2001). This translates into an accumulation 

rate of ~500 m/Ma. In contrast, along the western slope only some 500 m of 

clastic sediments accumulated during deposition of the Azapa Formation 

(30?-23 Ma, e.g. Wörner et al., 2002). Surface exposure ages as old as ~25 Ma 

of geomorphic surfaces made up of upper Azapa sediments provide 

independent evidence for increasing aridity in Oligocene time (Dunai et al., 

2005). Significantly higher precipitation along the eastern slope of the 

“Proto”-Western Cordillera thus supported deeper erosion and exhumation 

of higher grade basement. 
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Figure 6. Cartoon summarizing the tectono-magmatic evolution of northern Chile and 
adjacent Bolivia from Jurassic to Oligocene times based on presented provenance 
interpretations and published geochronologic, sedimentologic and thermochronologic data 
discussed in text. The model does not consider lithologic differences between basement 
exposures due to unknown contact relationship. Evolution of the Bolivian Altiplano region 
is largely adapted from Horton et al. (2002) 
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Eocene Andean uplift inferred from 

detrital zircon fission tracks and U-Pb 

dating of Cenozoic forearc siliciclastic 

sediments (15-18°S) 
 

 

 

 

 

__________________________________________________________________________ 

This chapter is similar to the manuscript entitled:  
“Eocene Andean uplift inferred from detrital zircon fission tracks and U-Pb dating of 
Cenozoic forearc siliciclastic sediments (15-18°S)” that will be submitted soon  
authored by Audrey Decou, Hilmar von Eynatten, István Dunkl, Gerhard Wörner and Dirk 
Frei. 
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4. Eocene Andean uplift inferred from detrital 
zircon fission track and U-Pb dating of 
Cenozoic siliciclastic forearc sediments (15-
18°S)  

 

 

Audrey Decou, Hilmar von Eynatten, István Dunkl, Gerhard Wörner, Dirk 

Frei 

 

 

Abstract  
 

In order to better constrain the timing of the late Paleogene Andean uplift 

and its implications in terms of crustal processes it is essential to understand 

the evolution of the sedimentary basins around the orogenic belt. Indeed, 

sedimentary rocks are well known to record the tectonic evolution of a 

surrounding area. We base our study on the Cenozoic Moquegua Group 

(Southern Peru) that is divided into four distinct sedimentary units (MoqA, 

MoqB, MoqC and MoqD), which was deposited between ~50 and ~4 Ma and 

consists mainly of siliciclastic mud- and sandstone, conglomerates with 

increasing volcanic intercalations in its upper part.  

In this paper we present a refined provenance model for the Moquegua 

Group siliciclastic deposits based on zircon fission track thermochronology 

and U-Pb dating of detrital zircons. Our data allow us (i) to define the 

sediment provenance and thus, (ii) better constrain the timing of the early 

Andean uplift and provide essential data for understanding the principal 

processes of crustal evolution and thickening in the Central Andes. During 

MoqB sedimentation (~40 to ~30 Ma) the sedimentary facies and provenance 

changed dramatically due to the initiation of Oligocene-early Miocene crustal 

thickening and related Andean uplift. Moreover, the temporal coincidence 
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with a period of flat-subduction (~35 to ~30 Ma) suggests that the subducted 

oceanic crust may have played a significant and as yet unrecognized role in 

the crustal thickening process.  

4.1. Introduction 

     The Central Andes form the largest mountain chain build by subduction 

processes in one of the most intensely thickened region of the South 

American continent (Sempere et al., 2008). Since Jurassic time the Nazca 

oceanic plate is being subducted beneath the South American continent. 

Ongoing subduction, crustal shortening and magma addition has lead to 

crustal thickening and the construction of the Central Andes edifice. Despite 

long lasting subduction, however, uplift is generally considered to have 

started no earlier than Eocene to early Miocene (Isacks, 1988; Allmendinger 

et al., 1997; Sempere et al., 2008). The elevation reached during this first pulse 

of uplift (~45-40 Ma to ~26-20 Ma; Anders et al., 2002 and Gillis et al., 2006) is 

debated (Gregory-Wodzicki, 2000; Sempere et al., 2008). A second pulse of 

uplift has been recognized to be late Miocene (Schildgen et al., 2007; Thouret 

et al., 2007; Garzione et al., 2008; Sempere et al., 2008). Despite its 

fundamental role for surface uplift, the processes which lead to ~70 km thick 

crust are strongly debated. Tectonic shortening is widely accepted to be 

responsible for the initial crustal thickening (Oncken et al., 2006). Sempere 

and Jacay (2007), however, demonstrated that nearly no shortening occurred 

in the Altiplano and western Andean margin of the Central Andes since 

more than 10 Ma. Alternatively, delamination of dense lithospheric material 

into the mantle has been proposed as mechanism for uplift by Molnar and 

Garzione (2007) and (Garzione et al., 2007; 2008).  However, delamination (i) 

should be a consequence of thickening (Kay & Mahlburg-Kay, 1991) and (ii) 

can not by itself thicken the crust but may even thin it. Moreover, no 

magmatic products typical of this process are actually known from the 

region (Kay & Mahlburg Kay, 1993; Kay & Coira, 2009; Mamani et al., 2010). 
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For those reasons various authors (e.g. Isacks, 1988; Wörner et al., 2002; 

Husson & Sempere, 2003; Oncken et al., 2006) suggested that large-scale 

lateral flow of ductile lower crust may have contributed significantly to 

crustal thickening.  

During Cenozoic time a large forearc sedimentary basin developed between 

the Coastal Cordillera and the Western Cordillera in Southern Peru and 

Northern Chile. The basin is filled by continental siliciclastic and 

volcaniclastic sediments summarized as Moquegua Group in Peru (~50 to ~4 

Ma; Roperch et al., 2006) that represent excellent archives of the geologic and 

topographic evolution of the area. Provenance analysis of such archives have 

been underutilized to reconstruct the uplift history of the Central Andes but 

are well-suited to reconstruct tectonic processes in the hinterland as well as 

climatic, hydrological and topographic changes through time and space (e.g. 

Weltje and von Eynatten, 2004).  

The purpose of this paper is to evaluate the sediment sources and dispersal 

patterns at the western flank of the growing Andean orogen using 

geochronological and thermochronological methods. Specifically, we use U-

Pb as well as fission track dating of detrital zircon to infer both 

crystallisations and cooling ages from the respective source areas of the 

Moquegua Group (Mukasa, 1986; Naeser et al., 1987). The main focus is on 

the first (Eocene to early Miocene) phase of uplift and relief formation which 

is less constrained compared to the Late Miocene uplift. To ensure precise 

provenance evaluation we will first summarize previously published 

geochronological information on the potential source rocks. This is quite 

challenging regarding the complexity of the South American continent 

history during the late Mesoproterozoic time as well as numerous younger 

magmatic events. Data compilation will be completed by own source rock U-

Pb data obtained for this study, before going into the details of the Cenozoic 

Moquegua forearc basin sediments. The thermochronological data will be 

used to track the thermal imprint of arc volcanism in the hinterland and as 

additional constraints on sediment provenance. Finally, the reconstruction of 
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uplift through time inferred from our provenance model allows for 

explaining crustal thickening as main cause for the late Paleogene uplift. 

4.2. Geological setting 

     The Andean cycle started at about 200 Ma (Cordani et al., 2000). The 

Andean belt is divided into Northern, Central and Southern Andes (Fig. 1a). 

The Central Andes are composed of the Northern Central Andes, Southern 

Central Andes and the Central Andean Orocline. The latter is composed of 

four main geomorphologic features, from southwest to northeast, the Coastal 

Cordillera, Western Cordillera, Altiplano and Eastern Cordillera (Fig. 1b). 

The main characteristic of the Central Andean Orocline is its ~70 km thick 

crust (Lyon-Caen et al., 1985; Beck et al., 1996; Yuan et al., 2002) partly 

responsible for the early surface uplift in this area. Our study area is located 

at the western margin of the northwestern segment of the Central Andean 

Orocline (74-70°W, 15.5-18°S) in southern Peru; situated in the forearc 

between the Coastal and Western Cordilleras (Fig. 1b). Pardo-Casas and 

Molnar (1987) and Somoza (1998) reconstructed the convergence history of 

the Nazca and South American plates. Convergence rapidly increased 

between ~60 Ma and ~40 Ma from ~5 to ~15 cm/yr (Pardo-Casas & Molnar, 

1987), decreased again to ~6 cm/yr after 40 Ma and remained low (4-6 

cm/yr) until ~35 Ma. From ~35 to ~25 Ma convergence rate gradually 

increased again to reach ~15 cm/yr. Since then to the present day a 

progressive decrease to ~8 cm/yr has been shown by Somoza (1998). 
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Figure 1. a) Location of the study area in southern Peru within the subdivision of the 
Andean Cordillera, modified after Sempere et al. (2002). b) Simplified geomorphological 
map of the Central Andean Orocline in Southern Peru, modified after Chapter 2. Grey boxes 
show the four studied areas. 
 

 

The Andes represent the locus of continued plate convergence through much 

of the Phanerozoic time with the accretion of different cratonic blocks and 

terrains (Ramos, 1988; Fig. 2). Regarding our study on this region of the 

western margin of Gondwana crust it is important to consider two major 

accreted terrains: the Arequipa Massif and the Amazonian Craton. The 

Arequipa Massif is a single metamorphic Proterozoic crustal block exposed 

along the Central Andean western margin and comprises two age domains 

which are slightly younger in the north (1819 +17/-16 Ma; San Juan) than in 

the south (1851 ± 5 Ma; Mollendo) (Shackleton et al., 1979; Loewy et al., 2004).  

The Amazonian Craton is exposed on the east of the present Eastern 

Cordillera and is divided into two Archean nuclei (>2.3 Ga) and five tectonic 

provinces: Marconi-Icantiúnas (2.2-1.9 Ga), Ventuari-Tapajos (2.0-1.8 Ga), Rio 

Negro Juruena (1.8-1.5 Ga), Rondonia-San Ignácio (1.5-1.3 Ga) and 

Sunsás/Grenvillian event (1.3-1.0 Ga); which were formed prior to the 

Neoproterozoic through soft-collision/accretion events (Tassinari et al., 2000; 
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Cordani et al., 2009). The accretion of the Arequipa Massif to the Amazonian 

Craton occurred during the Sunsás orogeny (1.20-0.94 Ga); those two units 

are separated by the Pampean/Braziliano orogeny  (0.7-0.5 Ga) (Forsythe et 

al., 1993; Loewy et al., 2004). Moreover, the entire Arequipa Massif has been 

part of the Famatinian (0.5-0.4 Ga) continental arc (Casquet et al., 2001; 

Loewy et al., 2004; Chew et al., 2007; Bahlburg et al., 2009; Otamendi et al., 

2009). Thus the Arequipa Massif record mainly late Paleoproterozoic and 

Famatinian ages (Loewy et al., 2004).  

 

 

 
 

Figure 2.  Map of the main age provinces composing the South American continent. 
Unmodified from Cordani et al. (2000) and Tassinari et al. (2000). 
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The metamorphic basement is covered by Paleozoic sediments (Wörner et al., 

2000b) which are overlain by Mesozoic back-arc strata of the Arequipa-

Tarapaca basin (Vicente, 2005, 2006) locally referred to as Yura (Peru) or 

Livilcar (Chile) formations. These Jurassic-Cretaceous sediments are intruded 

by Late Cretaceous to Early Eocene plutonic rocks of the Toquepala arc 

(Mamani et al., 2010). In the Central Depression of southern Peru forearc all 

these rocks are overlain by Cenozoic sediments referred to as the Moquegua 

Group (Roperch et al., 2006) which has its equivalent in northernmost Chile 

(Azapa Fm.; Wörner at al., 2000a, Pinto et al., 2007). In the following we give 

a brief description of the geology and stratigraphy of the Paleozoic and 

Mesozoic basins (as potential source rocks), followed by the Cenozoic basins 

(Fig. 3). 

 

 

 
 

Figure 3. Map of the three main sedimentary basins outcropping in our area of interest.  
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4.2.1. Ordovician to Devonian basins 

     The Ordovician to Devonian basins (Fig. 3) in Southern Peru are bounded 

to the east by the Amazonian Craton and to the west by the Arequipa Massif. 

The Ordovician basins were most likely formed in an active plate margin 

setting (Loewy et al., 2004; Bahlburg et al., 2006; Chew et al., 2007; Miskovic 

& Schaltegger, 2009; Miskovic et al., 2009) until early Devonian, when it 

probably evolved into a passive margin (Bahlburg & Hervé, 1997; Cawood, 

2005). The Ordovician sedimentary basins are located in the present Eastern 

Cordillera and Altiplano whereas the Devonian sedimentary basins only 

occur on the Altiplano. Ordovician and Devonian sedimentary rocks are 

mainly shallow marine siliciclastic sandstones and shales (Reimann et al., 

2010). About 3000 m of Paleozoic sedimentary rocks are overlying the 

Amazonian Craton at its western part and the Arequipa Massif at its eastern 

part. 

4.2.2. Mesozoic basin (Yura Group) 

     The Mesozoic basin (also called Arequipa-Tarapaca basin; Vicente et al., 

1981) with the Yura Group deposits is overlying the Ordovician to Devonian 

basins (Fig. 3). The basin was formed by rifting during Jurassic to early 

Cretaceous time (Vicente et al., 1982; Vicente, 2006). Located northwest of 

Arequipa, the main and most complete sequence of Yura Group sedimentary 

rocks has been described by Wilson & García (1962) and Vicente (1981). This 

sequence of more than 2000 m thickness is divided into five formations 

which are named Chocolate, Socosani, Puente, Cachíos and Labra from 

bottom to top (Sempere et al., 2002). The Chocolate formation is dominated 

by volcanic and volcaniclastic material and is unconformably overlain by 

shallow marine carbonates of the late Liassic Socosani Formation followed by 

the turbidite succession of the Puente Formation (Vicente et al., 1982; Vicente, 

1989). The Cachíos Formation mostly consists of organic-rich shale and 

grades to the sandstone-dominated Labra Formation (Vicente et al., 1982; 

Sempere et al., 2002). From the early Late Jurassic (~160 Ma) until ~130 Ma 
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hundreds of meter of quartzarenites were accumulated (Upper Yura Group). 

These quartzarenites can be found frequently as pebbles in Cenozoic 

sediments and thus have to be considered as an important source for detrital 

zircon. The southernmost outcrops can be found across the Chilean border, 

at least as far as Camarones valley (Chapter 3). 

4.2.3. Cenozoic forearc basins (Moquegua Group) 

     The Moquegua Basin (Fig. 3) is bounded by the Coastal Cordillera to the 

southwest and by the Western Cordillera to the northeast. Towards 

southwest, thinning-out and onlap geometries as well as distribution of 

continental facies suggest that the Moquegua basin was apparently bounded 

by the Coastal Cordillera during much of its activity, with only a couple of 

fluvial outlets reaching the Pacific Ocean from the Early Miocene on 

(Sempere et al., 2004; Roperch et al., 2006). The Moquegua Group is divided 

into four units and was deposited between ~50 and ~4 Ma (MoqA, MoqB, 

MoqC and MoqD; Roperch et al., 2006). 

The MoqA and lower MoqB units (Fig. 1b) were deposited in endorheic 

basins, the center of which were occupied by mudflat to lacustrine or playa-

lake environments, toward which a few low-energy river systems converged 

(Chapter 2). In contrast, the coarser MoqC and MoqD units (Fig. 1b) 

accumulated in higher-energy alluvial environments, characterized by a 

marked volcanic contribution. An overall coarsening upward is already 

observed for middle and upper parts of MoqB, especially in Majes and 

Moquegua sections (Chapter 2). MoqC is subdivided in a lower unit (C1) 

with finer-grained sediments and still very low amounts of volcanic material 

comparable to middle/upper MoqB facies, and an upper unit (C2) which is 

coarser-grained and shows high proportion of volcanic material (Chapter 2). 

A recently revised chronostratigraphic framework (Fig. 4) suggests that the 

MoqA unit was deposited between ~50 Ma and ~40 Ma, the MoqB unit 

between ~40 Ma and 30 Ma, the MoqC unit between 30 Ma and ~15-10 Ma 

with the C1-C2 boundary tentatively placed at ~25 Ma and the MoqD unit 
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between ~15-10 Ma and ~4 Ma approximately, possibly with local variations 

(Sempere et al., 2004; Roperch et al., 2006; Decou et al., in press). A key 

observation is that MoqA and MoqB units were deposited in two distinct 

sub-basins that are separated by the Clemesí High (Fig. 1b). In contrast, 

MoqC and MoqD units accumulated in one single, large depositional domain 

(Figs. 1b) stretching along the foot of the present-day Western Cordillera 

(Roperch et al., 2006). In the northwestern sub-basin, the MoqA unit mainly 

overlies (1) intrusive rocks belonging to the Coastal Batholith (Mamani et al., 

2010); (2) tilted, quartzite-rich strata of the Mesozoic Yura Group in the Majes 

valley; and (3) the Arequipa Massif metamorphic basement and minor 

Paleozoic outcrops along its southern rim (Cuno Cuno section; southern 

Majes valley). In contrast to the northwestern sub-basin, sedimentation in the 

southeastern sub-basin starts with the MoqB unit; MoqA was not deposited. 

In the entire southeastern sub-basin (which includes the Moquegua section), 

the Moquegua Group overlies the ~91-45 Ma Toquepala Group (Mamani et 

al., 2010), i.e., a >1.5 km-thick pile of volcanic rocks that accumulated in arc 

setting during the previous period. 
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Figure 4. (previous page) Compilation of stratigraphic columns for each studies area 
unmodified from Chapter 2. Sections are modified after Marocco et al. (1984), Acosta (2004), 
Flores et al. (2004) and Cruzado (2005). Age data are from Noble et al. (1985), Quang & Clark 
(2005), Roperch et al. (2006) and Thouret et al. (2007). 
 

4.3. Methods 

We sampled sandstones from the four stratigraphic units of the Moquegua 

Group (MoqA, MoqB, MoqC and MoqD) along four sections (from NW to 

SE: Caravelí, Cuno Cuno, Majes and Moquegua) (Fig. 1b). In addition we 

collected potential source rocks, mainly gneiss samples from the Proterozoic 

metamorphic Arequipa Massif and quartzarenites from the Late Jurassic to 

Early Cretaceous Yura Group sequences. Permian to Early Cretaceous arc 

rocks, which mainly crop out in the Coastal Cordillera (e.g. Chocolate 

Formation), were not considered as a major potential source for Moquegua 

basin sediments since their contribution would have been restricted along 

the southwestern distal edge of the basin, which is not studied here.  

After crushing and sieving, heavy minerals were separated from the 63-125 

μm fraction by sodium-polytungstate followed by magnetic separation to 

concentrate zircons in the less-magnetic fractions. For each sample (source 

and sediment) one part of the zircons was embedded in PFA teflon for fission 

track dating, and from the second part zircons were hand-picked under a 

binocular microscope and embedded in epoxy mounts for U-Pb dating. 

Crystal mounts were polished in five steps using diamond suspensions to 

expose the internal parts of the grains. 

For fission track method, the spontaneous tracks were revealed by etching 

with an eutectic melt of NaOH-KOH at the temperature of 225°C (Gleadow 

et al., 1976). Etching time varied from 25 to 106 hours. Neutron irradiations 

were made at the research reactor of Technical University of Munich in 

Garching (Germany). We used the external detector method (Gleadow, 1981) 

with low-uranium muscovite sheets (Goodfellow mica) as external detector. 

After irradiation the induced fission tracks in the mica detectors were 
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revealed by etching in 40% HF for 30 min. Track counts were made with a 

Zeiss-Axioskop microscope equipped with a computer-controlled stage 

system (Dumitru, 1993) at Göttingen University, at magnification of 1000. 

The FT ages were determined by the zeta method (Hurford & Green, 1983) 

using age standards listed in Hurford (1998). The error was calculated using 

the classical procedure, i.e., by Poisson dispersion (Green, 1981). Calculations 

and plots were made with TRACKKEY program (Dunkl, 2002).  

For U-Pb method Cathodoluminescence (CL) images of each polished zircon 

crystal were taken using the JEOL JXA 8900 electron microprobe at Göttingen 

University. The microprobe was set to an accelerator voltage of 20 kV and a 

beam current of 15 nA. Then U-Pb and Pb ratio measurements were 

performed at the Geological Survey of Denmark and Greenland in 

Copenhagen (Denmark) using a ThermoFinnigan Element2 double focusing 

magnetic sectorfield inductively coupled plasma mass spectrometer (SF-ICP-

MS) Frei and Gerdes (2009). The ICPMS is coupled to a New Wave UP-213 

laser ablation system. Sample ablation spots were preset with blocks of 10 

unknowns bracketed by blocks of 3 zircon standards (GJ-1) (Jackson et al., 

2004). Ablation was made in single spot mode with a spot diameter of 30 µm. 

The laser was set at frequency of 10 Hz with a nominal energy output of 50%. 

Background signal intensity was measured for 30 s prior to 30 s dwell time 

and at least 20 s of washout time. The U-Pb ages were calculated using 

PepiAGE software (Dunkl et al., 2008). Probability density plots were made 

with AgeDisplay (Sircombe, 2004).  

4.4. Results and interpretations 

4.4.1. U-Pb data 

4.4.1.1. Source rocks 

The Proterozoic Arequipa massif metamorphic basement rocks have a 

specific zircon U-Pb age distribution that is characterized by a dominant 1.1 
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Ga cluster age (Fig. 5e, f; Loewy et al., 2004; Bahlburg et al., 2009; Casquet et 

al., 2010). However, in some areas of the Eastern Cordillera and Altiplano, 

the Arequipa Massif records metamorphic events between 473 and 440 Ma 

(Wörner et al., 2000b; Loewy et al., 2004; Bahlburg et al., 2006; Bahlburg et al., 

2009) corresponding to Famatinian events. The two subordinate peaks 

around 1.8 and 1.5 Ga (Fig. 6f) are not considered as meaningful because of 

low number of zircon dated from this sample. 

As presented in Reimann et al. (2010) Ordovician sediments from the Eastern 

Cordillera and Altiplano (Fig. 5a, b) show a major provenance from the 

Amazonian Craton and Brazilian shield with a strong contribution from the 

Arequipa Massif for Ordovician sediments from the Altiplano. Devonian 

sediments from the Altiplano (Fig. 5c) have a provenance from the Brazilian 

shield and a strong input from the Arequipa Massif, highlighted by the 

presence of Famatinian ages, whereas the Devonian sediments from Aplao 

site (Fig. 5d) have an exclusive provenance from the Arequipa Massif 

(Reimann et al., 2010). For all samples zircon grains older than 2.5 Ga are 

derived from the Archean Craton (Casquet et al., 2010). 

Zircon ages from Mesozoic sediments derived from six samples (Fig. 5g) 

cluster at 500-700 Ma and 1000-1200 Ma, with minor peaks between 100-400 

Ma. The latter largely coincide with the Permian to Jurassic Chocolate 

volcanic arc activity (Mamani et al., 2010), whereas the main cluster reflects 

the Pampean-Braziliano and Grenville-Sunsás orogenic cycles, respectively. 

From all the well known potential source rocks from the Eastern Cordillera 

and Altiplano (Reimann et al., 2010), the Ordovician sediments from the 

Eastern Cordillera (Fig. 5a) are the only potential source rocks with a 

Pampean-Braziliano cluster age. Due to missing Famatinian (400-500 Ma) 

ages in the Mesozoic sediments, the Devonian sediments from the Altiplano 

(Fig. 5c) cannot be considered as a significant source. Similarly, the low 

number of zircon ages between 1700 and 1850 Ma preclude Devonian rocks 

from Aplao site (Fig. 6d). Therefore, zircons with a Grenville-Sunsás age 

most likely derive from Ordovician sediments from the Altiplano (Fig. 5b) 
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and/or the gneisses from the Arequipa Massif (Fig. 5e, f). Zircon grains with 

an age between 100-400 Ma are assumed to be derived from the Permian to 

Jurassic Chocolate arc.  
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Figure 5. (previous page) Zircon U-Pb ages distribution for the potential source rocks. a-d. 
Ordovician-Devonian basin sediments (after Reimann et al., (2010), e-f. Arequipa Massif 
gneiss and g. Mesozoic basin sediments. Ages <800=238U/206Pb ages; ages>800=207Pb/206Pb 
ages (Nemchin & Cawood, 2005; Kolodner et al., 2006). All grains with a concordance 
between 90 and 110% are plotted. 
 

4.4.1.2. Moquegua sediments 

Zircon ages of base MoqA sediments from Majes section (Fig. 6g) cluster 

between the Grenville-Sunsás ages (1000-1200 Ma) and 1700-1850 Ma. Those 

two clusters indicate a predominant local provenance from the Devonian 

sediments from Aplao (Fig. 5d) with a likely contribution from the Arequipa 

Massif gneisses  which is locally available, but would have to be unaffected 

by Famatinian metamorphism (Fig. 5e, f) and/or the Ordovician sediments 

from the Altiplano (Fig. 5b). Pampean-Braziliano ages from the most typical 

clusters characterize the Mesozoic sediments (Fig. 5g); because only three 

zircons have this Pampean-Braziliano age, the Mesozoic sediments are not 

considered as potential source rock for the base MoqA in Majes although 

MoqA locally overlies the Mesozoic strata. 

At Caravelí (Fig. 6h) the MoqA zircon cluster ages are different compared to 

Moquegua sediments of the same age at Majes. A dominant Famatinian (400-

500 Ma) cluster age suggests a main provenance from the Devonian 

sediments from the Altiplano (Fig. 6c) and/or Arequipa Massif, if these are 

locally affected by the Famatinian event (Loewy et al., 2004; Chew et al., 

2007; Bahlburg et al., 2009). Due to the presence of the Grenville-Sunsás 

(1000-1200 Ma) age and the 1700-1850 Ma cluster age, a contribution of the 

Arequipa Massif gneiss can be assumed (Fig. 5e, f) and input from 

Ordovician sediments of the Altiplano (Fig. 5b) cannot be excluded. The five 

zircon grains between 100-200 Ma are most likely derived from the Jurassic 

Chocolate volcanic arc. 

 

 

 

 



SOUTHERN PERU:  GEOCHRONOLOGY & THERMOCHRONOLY 

 90 

 
Figure 6. Zircon U-Pb ages distribution for the Moquegua sediments. a. sediments from 
MoqD unit, b. sediments from MoqC unit, c.-f. sediments from MoqB unit and g.-h. 
sediments from MoqA unit. Ages <800=238U/206Pb ages; ages>800=207Pb/206Pb ages 
(Nemchin & Cawood, 2005; Kolodner et al., 2006). All ages are also plotted. 
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Zircon ages from top MoqB sediments from Majes area (Fig. 6e) cluster at 

Pampean-Braziliano (500-700 Ma) ages, the Grenville-Sunsás (1000-1200 Ma) 

ages and 1700-1850 Ma. Those clusters highlight a major provenance from 

Mesozoic sediments (Fig. 6g) with a contribution from the Arequipa Massif 

gneiss (Fig. 6e, f), which may explain an increased importance of the 1000-

1200 Ma cluster. The nine zircon grains younger than 100 Ma (Fig. 6f) are 

most likely derived from the Toquepala (91-45 Ma) volcanic arc. 

Zircon ages from top MoqB sediments from Cuno Cuno area (Fig. 6c) show 

three clusters: the Pampean-Braziliano (500-700 Ma) and Grenville-Sunsás 

(1000-1200 Ma) ages like the MoqB sample from Majes, and a third one 

between 25 and 40 Ma. The two former highlight again major contribution 

from the Mesozoic sediments (Fig. 5g) whereas the youngest cluster (Fig. 6d) 

indicates a provenance from Toquepala (91-45 Ma) and Andahuaylas-Anta  

(45-30 Ma; Mamani et al., 2010) volcanic arcs for 25-30% of the zircons.  

The major cluster age for the MoqC sediments (Fig. 6b) falls between 20-30 

Ma. This cluster emphasizes a major provenance from the 30-24 Ma Tacaza 

arc and for ages <24 Ma from the 24-10 Ma Huaylillas arc (Mamani et al., 

2010). However, a small contribution from the Mesozoic sediments (30 grains 

out of 127) is observed as well as the minor contribution from the 91-45 Ma 

Toquepala arc. For the MoqD sediments (Fig. 6a) ~90% of the zircon ages are 

<100 Ma and ~75% cluster at 5-10 Ma. This implies a minor contribution 

from the Mesozoic sediments (14 grains out of 128) as confirmed by field 

observations which highlight the presence of mature quartzarenites pebbles 

within the MoqD unit. The major provenance for the latter is the 10-3 Ma 

Lower Barroso volcanic arc (Mamani et al., 2010) with a small input from the 

24-10 Ma Huaylillas, 30-24 Ma Tacaza and 45-30 Ma Andahuaylas-Anta arcs. 

Figure 7 gives a summary of zircon U-Pb provenance information. 
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Figure 7.  Zircon-bearing source formations of the Moquegua units (A, B, C and D) in each 
studied area (Caravelí, Cuno Cuno, Majes and Moquegua) based on the U-Pb data. The 
dames of the shading of the symbols corresponds to the estimated contribution of the 
sources in the sedimentary units. Ages indicated at the arcs are formation ages of the 
magmatites. 
 

4.4.2. Zircon fission track data 

4.4.2.1. Source rocks 

     Zircon fission track (ZFT) data obtained from the late Jurassic to early 

Cretaceous quartzarenites (Fig. 8) shows three major age populations; one 

Triassic, one Jurassic and a Eocene age cluster. The Triassic age cluster is 

observed in the quartzarenites pebble population and outcrop samples from 

Majes valley (Fig. 8a) whereas the Jurassic one is present in the 

quartzarenites pebble population samples from Ocoña valley and outcrop 

samples from Yura (Yura Group) (Fig. 8b). Those two age clusters 

correspond in time to the voluminous arc volcanic products of Permian-
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Triassic to early Jurassic age (Chocolate Formation). Moreover, grains of 

Triassic to Jurassic U-Pb ages were also detected (Fig. 5g) thus this suggests 

that those zircon ages show a formation age and are directly derived from 

the unreset Chocolate volcanic arc.  The Eocene cluster is explained by the 

partial/total thermal reset of the Mesozoic sediments by the activity of the 

91-45 Ma Toquepala volcanic arc. 

Zircon fission track data from Mesozoic quartzarenites pebble population 

sampled along the Moquegua Group sequence from MoqA to MoqD result in 

extremely different age clusters (Fig. 8c-g). The quartzarenite pebble 

population sampled from MoqA unit at Majes (Fig. 8g) has a broad Permo-

Mesozoic age cluster (~150-300 Ma) and the pebble population from base of 

MoqB unit at Cuno Cuno (Fig. 8f) has a slightly younger Triassic-Jurassic age 

cluster (~125-225 Ma), and both populations show few Eocene ages (less than 

5%). This indicates a provenance of none thermally reset Mesozoic sediments 

during MoqA and base of MoqB deposition; similar to present-day outcrop 

and pebble population (Fig. 8a-b). From the middle and upper MoqB unit 

(Fig. 8e), quartzarenite pebble population samples contain Mesozoic ZFT 

ages and a significant proportion of zircons with Eocene ages. This suggests a 

provenance from partly reset Mesozoic sediments during MoqB 

sedimentation. The quartzarenite pebble population from MoqC unit at 

Locumba/Moquegua (Fig. 8d) has a dominant Eocene cluster age and only 

very few grains showing Mesozoic age, this implies a provenance from 

Mesozoic sediments that were totally reset in Paleocene to Eocene time. In 

contrast, MoqD unit (Fig. 8c) pebble population from Vitor/Majes is similar 

to MoqA and Recent populations implying again non thermally reset 

Mesozoic sediments.  

For the Proterozoic Arequipa Massif gneisses, the zircon fission tracks 

thermochronometer indicates a late Cretaceous-early Paleogene cooling (Fig. 

9a, b, c).  

The presence of grains with Proterozoic to Mesozoic ages, especially in the 

Ocona sample (Fig. 9c), suggests in places only partial reset of the Arequipa 
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massif. The timing of the thermal overprint coincides with the Toquepala 

volcanic arc activity (91-45 Ma). 

4.4.2.2. Moquegua sediments 

     Detrital zircons from sandstones from MoqA and base of MoqB units (Fig. 

9g, h) have a dominant Jurassic to Cretaceous cluster age and only few 

zircons are Cenozoic in age. This largely reflects the observation from MoqA 

and base MoqB quartzarenites pebble population and suggests a major 

provenance from non-reset Mesozoic sediments, although there is a small 

shift towards younger, i.e. Cretaceous ages. The ZFT ages of samples from 

the middle to upper part of MoqB (Fig. 9f) highlight a major Eocene age 

cluster and the presence of many grains which are Paleozoic to Mesozoic in 

age. This indicates a major provenance from the Toquepala (91-45 Ma) 

volcanic arc (euhedral zircon with Eocene age) and a minor provenance from 

non-reset Mesozoic sediments, the reset Mesozoic sediments (coloured and 

less rounded zircons with Eocene ZFT age) and the metamorphic Arequipa 

Massif (pink rounded zircons with Eocene ZFT age). Detrital zircons from 

MoqC and MoqD units (Fig. 9d, e) have a dominant Miocene cluster age. 

Less than 10 % of the analysed zircon population is Paleozoic to Mesozoic in 

age. Both units contain euhedral zircons which highlight a volcanic 

provenance. In the case of MoqC unit the main provenance of the detrital 

zircons is the 24-10 Ma Huaylillas arc and for MoqD the main provenance is 

the 10-3 Ma Lower Barroso arc. The coloured and subhedral zircons are 

mainly coming from the volcanic arcs with longer transportation time. Figure 

10 gives a summary of zircon fission track thermochronology provenance 

information. 
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Figure 8. Zircon fission track single grain age distributions for the Mesozoic quartzarenites 
samples.  
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Figure 9. Zircon fission track single grain age distributions for the Arequipa Massif gneisses 
basement (a-c) and the Moquegua Group sediments (d-h).  
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Figure 10.  Zircon-bearing source formations of the Moquegua units (A, B, C and D) in each 
studied area (Caravelí, Cuno Cuno, Majes and Moquegua) based on the fission track ages. 
The dames of the shading of the symbols corresponds to the estimated contribution of the 
sources in the sedimentary units. Ages indicated at the arcs are formation ages of the 
magmatites. 
 

4.5. Discussion  

     Our data allow us (1) to reconstruct the provenance of the Mesozoic 

quartzarenites from the Arequipa-Tarapaca basin partly based on the work 

done by Reimann et al. (2010), (2) to complement the provenance scenario for 

the Cenozoic forearc sediments that was previously introduced in Chapter 2, 

(3) to constrain thermal resetting of the potential source areas through time, 

and (4) to develop a more detailed timing of the early Andean uplift in 

Southern Peru. We will first summarize the general provenance pattern for 

the Mesozoic and Cenozoic basins, then explain the thermal history of the 

source area and finalize with implications for the timing of the Central 

Andean uplift according to our provenance model and an alternative 

scenario to explain crustal thickening.  
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4.5.1. Provenance model 

For the Mesozoic sediments our new U-Pb data allow us to infer a major 

provenance from the Arequipa Massif gneissic basement as well as recycled 

Ordovician sedimentary rocks from Eastern Cordillera and Altiplano with 

some contribution from the Jurassic-Cretaceous Chocolate volcanic arc.  

Regarding the Cenozoic Moquegua basin, the sediment provenance of each 

unit is the following (Fig. 11): U-Pb detrital zircon ages from the MoqA unit 

(~50 to ~40 Ma) highlight a provenance from Proterozoic Arequipa Massif 

basement gneisses (recording a Famatinian event in Caravelí but not in 

Majes) and Ordovician sediments from the Altiplano. Furthermore, 

Devonian sediments have contributed to MoqA sediments, either coming 

from local sources (Majes area), or from the Altiplano (Caravelí area). The 

contribution from Mesozoic sediments is controversial. Previous data based 

on heavy minerals and single grain Fe-Ti oxide geochemistry were 

interpreted to reflect a major provenance from the Mesozoic (Chapter 2). This 

corroborated by zircon fission track data pointing to significant contributions 

from Mesozoic sediments during MoqA. Moreover, conglomerate layers at 

the base of MoqA contain Mesozoic quartzarenite pebbles.  
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Figure 11. Block diagram representing the timing of the Andean uplift, inferred from our 
provenance model, along an W-E profile drawn according to Gregory-Wodzicki (2000), 
Anders et al. (2002), Garzione et al. (2008) and Sempere et al. (2008).  



SOUTHERN PERU:  GEOCHRONOLOGY & THERMOCHRONOLY 

 100 

In contrast, our U-Pb dataset clearly shows that the Mesozoic sediments 

cannot be the major source for the MoqA unit. Thus, the Fe-Ti oxide 

geochemical similarities between MoqA unit and Mesozoic sediments are 

better explained by a common source for both formation, most likely the 

metamorphic basement which share many Fe-Ti oxide geochemical 

characteristics with both MoqA and Mesozoic sediments (Chapter 2) and 

Ordovician sediments from the Altiplano. Detrital zircon FT ages from base 

MoqB show major provenance from the partially reset Mesozoic sediments 

(Jurassic age cluster). The late Cretaceous-Paleogene FT ages most likely 

indicate a contribution from the 91-45 Ma Toquepala arc as well as from the 

thermally reset Arequipa Massif basement gneisses (reset during the 91-45 

Ma Toquepala volcanic arc activity) in agreement with single grain 

amphibole and Fe-Ti oxide geochemistry presented in Chapter 2. Detrital 

zircon U-Pb and fission track ages from the middle to upper part of MoqB 

unit emphasis major provenance from Mesozoic sedimentary rocks as well as 

from Arequipa Massif basement gneisses with contribution from 91-45 Ma 

Toquepala arc, which is more significant in Majes area than in Cuno Cuno 

area. Additionally, at Cuno Cuno and Locumba/Moquegua areas is noted 

the presence of euhedral zircons with 45-30 Ma Andahuaylas-Anta arc ages. 

This indicates a minor provenance from the latter volcanic arc in agreement 

with amphibole geochemistry (Chapter 2). Our detrital zircon U-Pb and FT 

data together with heavy mineral petrography and single grain geochemistry 

of MoqB reveals two significant provenance changes within the unit. The 

first provenance change is observed at ~40 Ma (MoqA/MoqB boundary) 

where detrital material from the Eastern Cordillera and Altiplano are no 

longer sources for the Moquegua Group. The second major provenance 

change occurred during MoqB from its middle to upper part (~35-30 Ma) 

where detrital material were directly derived from active volcanic arc rocks 

(45-30 Ma Andahuaylas-Anta arc).  Detrital zircon U-Pb and FT ages from 

MoqC (30 to ~15-10 Ma) and MoqD (~15-10 to 4 Ma) units highlight a 

provenance from the different active volcanic arcs.  The 30-24 Ma Tacaza and 
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24-10 Ma Huaylillas arcs signature is abundantly present in MoqC unit 

whereas it is only minor in MoqD. The 10-3 Ma Lower Barroso arc is the 

major source only for the MoqD unit. Moreover, our data show a minor 

contribution from the 91-45 Ma Toquepala arc (MoqC unit) and Mesozoic 

sediments (Chapter 2).  

Regarding the thermal resetting of the source areas we suggest the following 

scenario. The zircon fission track data show that the Arequipa Massif 

basement gneisses were partially to totally reset due to Toquepala age (91-45 

Ma) intrusions and volcanic arc activity. During the sedimentation of MoqA 

and at the beginning of MoqB thermally unaffected Mesozoic sediments 

were eroded. The deposition of the middle part of MoqB unit coincides with 

the onset of uplift and activity of associated faults at the margin of the 

Western Cordillera, which exhumed to the surface plutonic rocks of the 91-45 

Ma Toquepala arc and their the Mesozoic host rocks. These intrusions had 

partially and/or totally reset the zircon FT ages of the surrounding Mesozoic 

sediments, which became the source of middle MoqB to MoqC units. 

Moreover, in Chapter 2 is showed, using single grain amphibole and Fe-Ti 

oxide geochemistry, that the Toquepala volcanic arc (91-45 Ma) become a 

source for MoqB unit. This is clearly confirmed here by our U-Pb data of 

upper MoqB in Majes. The first Eocene pulse of the Andean uplift (Isacks, 

1988; Allmendinger et al., 1997; Sempere & Jacay, 2008) coincides with the 

sedimentation period of the middle part of MoqB unit. A second pulse of 

uplift (Schildgen et al., 2007; Thouret et al., 2007; Garzione et al., 2008; 

Sempere & Jacay, 2008; Schildgen et al., 2009) occurred during the MoqD unit 

sedimentation bringing to the surface Mesozoic sediments which were not 

thermally affected by the 91-45 Ma old Toquepala arc activity.  The thermal 

reset, highlighted by zircon FT data, of the source areas was not a 

consequence of a homogeneous heat flow coming from the 91-45 Ma 

Toquepala volcanic arc activity but because of plutonic bodies intruded 

randomly and spatially separated into the Mesozoic sedimentary rock strata.  
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The MoqA unit shows distal provenance from the Ordovician to Devonian 

sediments from the Altiplano with contribution of the Arequipa Massif. 

Moreover, fine-grained sediments from MoqA reflect a lacustrine 

environment. The conclusions outlined above suggest that there was low 

relief during MoqA sedimentation (Fig. 11), which is in line with models 

suggesting that the major tectonic activity leading to initial uplift of the 

Altiplano and Eastern Cordillera took place between 46 and 38 Ma (Horton et 

al., 2001; Anders et al., 2002; Horton et al., 2002; Gillis et al., 2006; Barnes et 

al., 2008; Sempere et al., 2008). The actual Altiplano was around sea level 

from end of Cretaceous until at least 60 Ma according to the shallow marine 

deposits of the Molino Formation (Sempere et al., 1997). The thick 

conglomerate layers observed in the middle part of MoqB (especially in 

Caravelí and Majes areas) indicate higher energy fluvial systems. Moreover 

the provenance analysis shows no more contribution from the Ordovician to 

Devonian sediments from the Altiplano neither from the Arequipa Massif 

affected by the Famatinian event. Thus, this suggests the formation of a relief 

followed by a reorganization of the drainage systems of the western flank of 

the growing Andean belt and the cut-off of the sources from the Eastern 

Cordillera and Altiplano during MoqB sedimentation (Fig. 11). The onset of 

change in the drainage system and sediment provenance has been estimated 

as early as ~35 Ma and was largely completed at ~25 Ma (Chapter 2) at the 

time of the emplacement of voluminous volcanism in the area (Wörner et al., 

2000a; Thouret et al., 2007; Mamani et al., 2010). Similar observations are 

made in northern Chile (Chapter 3) thus this implies that large-scale 

phenomena such as climate change or deep-seated crustal processes are 

required to explain this 10 Ma lag time. It is largely accepted that the 

Humboldt Current, which was established after the opening of the Drake 

Passage at ~40 Ma (Staudigel et al., 1985; Scher & Martin, 2006), is 

responsible for arid climate in our area of interest. Thus, we would expect 

dry climate during MoqB sedimentation which is in contradiction with the 
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observed facies changes. Therefore, the provenance changes within MoqB are 

most likely related to tectonic processes (Chapter 2). 

4.5.2. Changes in crustal processes 

The ~10 Ma lag time between uplift-related provenance changes initiated at 

~35 Ma and major voluminous ignimbrite eruptions starting ~25 Ma 

indicates that magmatism is not the main driving factor for crustal 

thickening at that time (Chapter 2). Moreover, this phase of change coincides 

with major vertical-axis tectonic rotations in southern Peru (Roperch et al., 

2006) and an episode of flat subduction (Scheuber et al., 2006) followed by a 

strong acceleration of convergence during Oligocene time (Somoza, 1998). 

According to Gutscher (2000; 2002) the primary factor controlling subduction 

style is the buoyancy effect of anomalously thick (15-20 km) oceanic crust. 

During flat subduction the hot asthenospheric wedge must move away from 

the trench leading to strong interplate coupling increased upper plate 

shortening (Martinod et al., 2010) and a pause in volcanism (Scheuber et al., 

2006). Moreover, the dehydration of the oceanic crust results in 

serpentinisation of the cold mantle lithosphere and the hydration of the 

lower part of the continental crust (Bostock et al., 2002; Ranero & Sallares, 

2004). This serpentinisation of mantle rocks may lead up to 10% of volume 

increase (Ranero & Sallares, 2004). Thus, regarding the Central Andes we 

may speculate on the following scenario (Fig. 12). Before 40 Ma there was a 

steep subduction regime at the Andean margin with a high convergence rate 

of ~15 cm/yr (Somoza, 1998) and volcanic activity as documented by the 91-

45 Ma Toquepala arc. Until ~35 Ma the convergence rate decreased to ~6 

cm/yr (Somoza, 1998) marking the initiation of flat subduction. As 

demonstrated by Gutscher (2000; 2002) and Martinod et al. (2010) flat 

subduction involves strong interplate coupling (decrease of the convergence 

rate) and a low volcanic activity. Only the 45-30 Ma old Andahuaylas-Anta 

arc was active at that time in a backarc position. The combined effect of 

crustal shortening and lower plate hydration leads to initial uplift and crustal 
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thickening. At ~30 Ma, the convergence slightly increases to ~8 cm/yr 

(Somoza, 1998). During this time slab breaks-off allows for re-establishing a 

steep subduction zone. The change from flat slab subduction to break-off and 

re-establishment of a steeper subduction plate at ~30 to ~25 Ma coincides 

with an increase in the plate convergence rate to ~15 cm/yr (Somoza, 1998). 

After slab break-off, the previously flat slab founders and starts to flow down 

into the mantle. This allows that fresh, hot asthenosphere flows into the 

mantle wedge, which leads to increased magma production, heating of the 

crust and, eventually, the establishement of the 30-24 Ma Tacaza arc and 

voluminous ignimbrite eruptions around 22 to 25 Ma, and the 23 Ma 

Tambillo back arc basalts on the Altiplano (Wörner et al., 2000a; Wörner et al., 

2002; Thouret et al., 2007). Since ~20 Ma the convergence progressively 

decreased to the present-day rate of ~8 cm/yr (Somoza, 1998). Since then the 

asthenospheric circulation allowed for (i) further steepening of the slab, 

illustrated by the back-migration of the volcanic arc towards the trench 

(Mamani et al., 2010) and (ii) the flow of lower crust from east to west, partly 

responsible for the crustal thickening (Husson & Sempere, 2003). 
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Figure 12. Large-scale crustal processes during subduction tempting to explain the crustal 
thickening under the Central Andes. 
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4.6. Conclusions 

     Our data allow us to complete the provenance model for the Cenozoic 

forearc sediments that was previously introduced by Decou et al. (in press) 

and its implications in terms of  timing of the early Andean uplift in 

Southern Peru and large-scale crustal processes.  

Our data from the MoqA unit (~50 to ~40 Ma) highlight major provenance 

from Proterozoic Arequipa Massif basement gneisses and Ordovician 

sediments from the Altiplano. Furthermore, Devonian sediments have 

contributed to MoqA sediments, either coming from local sources (Majes 

area) or from the Altiplano (Caravelí area), as well as Mesozoic sedimentary 

rocks. Detrital zircon FT ages from base of MoqB show major provenance 

from the partially reset Mesozoic sediments (Jurassic age cluster). The late 

Cretaceous-Paleogene FT ages most likely indicate a contribution from the 

91-45 Ma Toquepala arc as well as from thermally reset Arequipa Massif 

basement gneisses. Detrital zircon U-Pb and FT ages from the middle to 

upper part of MoqB unit emphasise a major provenance from Mesozoic 

sedimentary rocks as well as from Arequipa Massif basement gneisses with 

contribution from 91-45 Ma Toquepala arc. The latter is more significant in 

Majes area than in Cuno Cuno area. Additionally, at Cuno Cuno and 

Locumba/Moquegua areas we note a minor provenance from the 45-30 Ma 

Andahuaylas-Anta volcanic arc. From these combined observations we 

conclude that two significant provenance changes are documented within 

the MoqB unit. The first change is observed at ~40 Ma (MoqA/MoqB 

boundary) where detrital material from the Eastern Cordillera and Altiplano 

are no longer sources for the Moquegua Group. The second major change in 

provenance occurred during MoqB deposition from its middle to upper part 

(~35-30 Ma) where detrital material was directly derived from the active 

volcanic arc (45-30 Ma Andahuaylas-Anta arc). Detrital zircon U-Pb and FT 

ages from MoqC (30 to ~15-10 Ma) and MoqD (~15-10 to 4 Ma) units 

highlight major provenance from the different volcanic arcs active during 

deposition processes. Moreover, our data show a minor contribution from 
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the 91-45 Ma Toquepala arc (MoqC unit) and Mesozoic sediments. Fine-

grained sediments from MoqA reflect lacustrine sedimentation with detrital 

material coming from the Eastern Cordillera and Altiplano. The depocenters 

were close to sea level from the end of Cretaceous until at least 60 Ma 

(Sempere et al., 1997). These observations imply that there was low relief 

during MoqA sedimentation. The thick conglomerate layers observed in the 

middle part of MoqB (especially in Caravelí and Majes areas) indicate higher 

energy fluvial systems. Moreover, provenance analysis of this stratigraphic 

unit shows no more contribution from sediments from the Altiplano. This is 

clear evidence for the formation of a relief followed by a reorganization of 

the drainage systems on the western flank of the growing Andean orogen 

and the cut-off the sources from the Eastern Cordillera and Altiplano during 

MoqB sedimentation. The onset of change in drainage system and sediment 

provenance (also observed in northern Chile) has been estimated as early as 

~35 Ma and was largely completed at ~25 Ma. It was followed by the 

emplacement of voluminous volcanism in the area. The provenance changes 

within MoqB are therefore most likely related to tectonic processes. 

The ~10 Ma lag time between uplift-related provenance changes at ~35 Ma 

and major voluminous ignimbrite eruptions starting ~25 Ma is an additional 

strong argument that magmatic addition to the crust is not the main driving 

factor for crustal thickening in the central part of the Central Andean 

Orocline at that time. However, coincidence with the flat-subduction period 

(~35 to ~30 Ma) suggests that the subducted oceanic crust played a role in the 

crustal thickening process.  
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5. Summary  

     This thesis presents the results of a detailed sedimentary provenance 

analysis of the Cenozoic siliciclastic sediments at the western margin of the 

Central Andes. The main objective was to use the provenance model to 

interpret the data in terms of large-scale crustal and surface processes 

involved in the Andean orogeny. The data were obtained from detrital heavy 

mineral petrography, single grain geochemistry, detrital zircon U-Pb dating 

and fission track thermochronology methods.  

5.1. Provenance model 

     The combination of new data and the literature regarding Mesozoic 

sediments allow me to infer a major sediment input from the Arequipa 

Massif basement gneisses as well as recycled Ordovician sedimentary rocks 

from the Eastern Cordillera and Altiplano. Moreover, detrital zircons (U-Pb 

and fission track) document a minor contribution from the Jurassic-

Cretaceous Chocolate arc. 

     The Moquegua Formation in southern Peru records the evolution of the 

Andean orogeny through its four different units. MoqA (50 to 40 Ma) is 

composed of fine-grained sediments and evaporites deposited in a lacustrine 

system. Heavy mineral content suggests the Arequipa Massif basement and 

Paleozoic sediments were a major sediment source, which emphasises a 

westward directed sediment transport from the Eastern Cordillera to the 

Central Depression. MoqB (~40 to ~30 Ma) consist of fine-grained material at 

its base and coarse-grained sediments at its mid- and top part indicating a 

change in sediment transport from lacustrine to relatively high energy fluvial 

system. Moreover, heavy mineral grains show that the Arequipa Massif, 

Mesozoic sediments and Toquepala (91-45 Ma) arc were a major sediment 

source with an additional contribution from the Andahuaylas-Anta (45-30 

Ma) arc in the upper part. Coincidence in transport and provenance changes 
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indicates the cut-off from the easternmost sources by the creation of a relief, 

the proto-Western Cordillera that has occurred at around 35 Ma. Deposition 

of MoqC (30 to 15-10 Ma) and MoqD (15-10 to 4 Ma) took place in a fluvial 

system bringing mainly volcanic detritus from the Western Cordillera to the 

Central Depression. However, the base of MoqC (C1) has been recognised to 

be finer-grained sediments with low volcanic content compared to its mid- 

and top part (C2). Thus, MoqC has been divided into two sub-units MoqC1 

and MoqC2 where the C1/C2 boundary correspond to the onset of 

voluminous ignimbrite eruptions dated at ~25 Ma. The heavy mineral 

content of MoqD indicates a provenance mainly from the contemporaneous 

13-3 Ma Lower Barroso arc with a contribution from 30-10 Ma volcanic arcs 

and Mesozoic sediments. The existence of a proto-Western Cordillera before 

30 Ma is confirmed by the presence of (i) the westerly-directed transport of 

the coarse-grained Azapa Formation (~30-~23 Ma) in Northern Chile and (ii) 

the eastward-directed transport of the coarse-grained Azurita Formation 

(~33-~23 Ma) in Bolivia. Regarding the Azapa Formation, a clear provenance 

from the Belen Metamorphic Complex is indicated by garnet and rutile 

geochemistry as well as a large contribution from Mesozoic sediments, 

highlighted by rutile and tourmaline geochemistry. U-Pb dating on detrital 

zircon grains confirms the provenance from the latter two source rocks and 

highlights the input from Toquepala arc plutonic rock. The detrital heavy 

mineral grains in the Azurita Formation indicate that the Uyarani basement 

and Mesozoic sediments were the main source rocks.  

5.2. Implications for crustal processes 

     It is generally accepted that crustal thickening is responsible for the 

Eocene Andean uplift. However, processes leading to a ~70 km thick crust 

are strongly debated. Although tectonic shortening is suggested to be 

responsible for late crustal thickening and related uplift, several authors have 

demonstrated that nearly no shortening occurred in the Central Andes since 
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>10 Ma. Alternatively, a delamination model of dense lithospheric material 

into the mantle has been proposed by numerous authors.  However, 

delamination cannot thicken the crust and may even thin it. Moreover, no 

magmatic products typical of this process are actually known in the study 

area. For those reasons several authors suggested that large-scale lateral flow 

of ductile lower crust may have contributed to the crustal thickening. 

Integrating the proposed model and our own data allow to suggest a new 

model that explains the initiation of Eocene crustal thickening. The 10 Ma 

time lag between major change in provenance (~35 Ma) and onset of intense 

magmatic activity (~25 Ma) indicate that magmatic addition is not the main 

driver for crustal thickening. Moreover, those 10 Ma of change coincide with 

an episode of flat subduction that is later followed by a strong acceleration of 

convergence. Between ~60 and 40 Ma a steep subduction regime with a 

convergence rate of ~15 cm/yr existed, reflected by the activity of the 91-45 

Ma Toquepala arc. Between ~40 and ~35 Ma the convergence rate decreased 

to ~6 cm/yr marking the initiation of flat subduction that involve strong 

interplate coupling and low volcanic activity which correspond to the 45-30 

Ma Andahuaylas-Anta arc, which is considered to be a small magmatism 

volume arc.  

The dehydration of the subducted oceanic crust results in serpentinisation of 

the cold mantle lithosphere and the hydration of the lower part of the 

continental crust which lead to the initiation of crustal thickening. At ~30 Ma 

the convergence slightly increases to ~8 cm/yr. During that time the 

extremity of the flat slab breaks-off thus, the pull forces on the subducted 

slab decrease and allows the “pull-back” of the flat slab towards the trench 

and the initiation of a new steep subduction zone. At ~25 Ma the 

convergence strongly increases to ~15 cm/yr. The “broken” part of the 

former flat slab starts to flow down into the mantle allowing the 

asthenospheric wedge to circulate again under the continental crust and 

explaining the voluminous igneous rocks associated with the 30-24 Ma 

Tacaza arc and the 23 Ma Tambillo basalts on the Altiplano. Until ~10 Ma the 
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convergence was more or less constant, it then decreased to reach the 

present-day value of ~8 cm/yr. From ~25 Ma the asthenospheric circulation 

allows (i) the steepening of the slab, illustrated by the back-migration of the 

volcanic arc towards the Pacific Ocean and (ii) the flow of lower crust from 

east to west, partly responsible for the crustal thickening. 
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Geographic position of analysed samples and overview of the performed analyses
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PIG-03-123 Upper Barroso ignimbrite outcrop 0705449 8277851 2300 x x x x

PIG-03-124 Upper Barroso ignimbrite outcrop 0705447 8277592 1615 x x x x

PIG-00-28 Lower Barroso vitrophyre outcrop 0727371 8316576 2800 x x x x

BAR-02-17 Lower Barroso andesite outcrop 0747990 8333891 3750 x x

BAR-00-35 Lower Barroso andesite outcrop 0727725 8313037 3950 x x

BAR-01-55 Lower Barroso andesite outcrop 0224470 8257082 4800 x x

BAR-02-11 Lower Barroso andesite outcrop 0242765 8262925 4360 x x

BAR-02-04 Lower Barroso dacite outcrop 0203481 8243026 4380 x x

PIG-00-32 Huaylillas ignimbrite outcrop 0772742 8194636 850 x x x x

OCO-07-24 Huaylillas andesite outcrop 0706301 8264369 834 x x x

BAR-00-40 Huaylillas andesite outcrop 0378996 8075927 3040 x x

TIN-08-01 Tacaza andesite outcrop 0328420 8352819 3905 x x

TAZ-00-03 Tacaza diorite outcrop 0727315 8316915 2680 x x x

TAZ-00-02 Tacaza andesite outcrop 0729855 8308035 4181 x x

ANTA-01-70 Andahuylas-Anta andesite outcrop 0799482 8498084 3838 x x

ANTA-01-71 Andahuylas-Anta andesite outcrop 0801363 8498346 3914 x x

ANTA-01-72 Andahuylas-Anta dacite outcrop 0802395 8495775 3689 x x

LOC-08-03 Toquepala rhyolite outcrop 0339691 8067090 1163 x x x x

MOQ-08-01 Toquepala rhyolite outcrop 0283657 8074522 1161 x

SRTA-02-01 Toquepala diorite outcrop 0737685 8323570 2770 x x x x

MAJ-07-11 Toquepala diorite outcrop 0769833 8221064 618 x x x

OCO-07-07 Coastal Batholith granite outcrop 0701570 8278401 951 x x x x

MOQ-10-01 Coastal Batholith granite outcrop 0267250 8048997 571 x x

CARA-10-01 Coastal Batholith granodiorite outcrop 0674084 8257251 1801 x x x

CARA-08-03 Coastal Batholith diorite outcrop 0672404 8256639 2076 x x

ARI-23-05 Coastal Batholith granodiorite outcrop 0200834 8197344 2250 x x x

ARI-17-05 Coastal Batholith granodiorite outcrop 0193006 8190999 1870 x x x

OCO-07-06 Prot. Basement amphibolite outcrop 0701574 8278286 949 x x x x

OCO-07-04 Prot. Basement gneiss outcrop 0701621 8277890 953 x x

CAM-08-03 Prot. Basement gneiss outcrop 0752935 8166212 579 x x

MAJ-04-241 Meso. Basement quartzarenite outcrop 0770926 8209328 506 x

YUR-08-01 Meso. Basement quartzarenite outcrop 0201156 8201688 2350 x

YUR-08-03 Meso. Basement quartzarenite outcrop 0197550 8207608 2522 x

MAJ-07-03 in MoqD unit gneiss pebbles 0769967 8188148 1034 x x

OCO-07-03 in river bed gneiss pebbles 0701460 8277627 925 x x x x

OCO-08-04 in river bed gneiss pebbles 0701241 8184144 26 x x x

MAJ-08-02 in river bed gneiss pebbles 0769268 8227580 692 x x x x

OCO-07-17 in river bed amphibolite pebbles 0704916 8275031 888 x x x

RCH-04-234 in river bed amphibolite pebbles 0202634 8189197 1624 x x

TAC-07-11 in river bed amphibolite pebbles 0370022 8029412 1330 x x

MAJ-10-01 in MoqA unit quartzarenite pebbles 0769668 8220142 616 x

CUC-08-02 in MoqB unit quartzarenite pebbles 0704039 8231034 1792 x x

LOC-08-04 in MoqB unit quartzarenite pebbles 0323313 8057498 775 x

MAJ-08-03 in MoqB unit quartzarenite pebbles 0770884 8217557 664 x

LOC-08-01 in MoqC unit quartzarenite pebbles 0339623 8073425 1363 x

VIT-10-01 in MoqD unit quartzarenite pebbles 0184537 8178089 1383 x

MAJ-07-12 in river bed quartzarenite pebbles 0769833 8221064 618 x

OCO-08-03 in river bed quartzarenite pebbles 0701241 8184144 26 x



Appendix 2-1

page 2 of 2

Sample Formation Lithology Type

UTM 

Easting

UTM 

Northing

Elevation 

(m a.s.l.) P
e
tr

o
g

ra
p

h
y

a
m

p
h

ib
o

le
 g

e
o

c
h

e
m

is
tr

y
 

E
M

P

a
m

p
h

ib
o

le
 g

e
o

c
h

e
m

is
tr

y
 

L
A

-I
C

P
-M

S

F
e

-T
i 

o
x

id
e
 g

e
o

c
h

e
m

is
tr

y
 

E
M

P

COL-07-19 in river bed quartzarenite pebbles 0235567 8287749 3835 x

OCO-07-33 in river bed quartzarenite pebbles 0705274 8252909 639 x

MAJ-07-04 MoqD sandstone medium 0770085 8188325 1035 x x x x

MOQ-10-02 MoqD sandstone medium 0273223 8089602 1229 x x x

TAC-08-01 MoqD sandstone medium 0361808 8005115 547 x x x

CUC-05-06 top MoqC sandstone medium 0704591 8229312 2219 x x x

MAJ-07-05 top MoqC sandstone medium 0770858 8189859 943 x x x

CARA-08-05 MoqC sandstone medium 0667093 8244309 1977 x x

CUC-08-04 MoqC sandstone medium 0704833 8230329 1991 x x

CUC-08-06 MoqC sandstone medium 0704764 8229952 2077 x x

MAJ-08-04 MoqC sandstone medium 0771218 8191455 874 x x x

MAJ-07-28 MoqC sandstone medium 0772585 8201405 487 x

MAJ-07-40 MoqC sandstone medium 0771263 8191925 859 x x x

MOQ-04-219 MoqC sandstone medium 0295743 8091941 1714 x x x x

MOQ-04-218 MoqC sandstone medium 0295148 8091684 1749 x x x

MOQ-04-217 MoqC sandstone medium 0296021 8091904 1854 x x x x

LOC-05-01 MoqC sandstone medium 0339533 8073247 1390 x x

TAC-08-04 MoqC sandstone medium 0363023 8006124 489 x x x

CUC-05-05 base MoqC sandstone medium 0704210 8230672 1833 x x x x

MAJ-07-24 base MoqC sandstone medium 0773719 8207321 970 x x x

MOQ-07-11 base MoqC sandstone medium 0292111 8095929 1313 x x

MOQ-04-220 base MoqC sandstone medium 0296159 8093987 1523 x x x

CARA-08-04 top MoqB sandstone medium 0669514 8257398 2437 x x x x

CUC-08-03 top MoqB sandstone medium 0704039 8231034 1792 x x

MAJ-07-08 top MoqB sandstone medium 0772620 8219743 820 x x

MOQ-07-06 top MoqB sandstone medium 0285007 8074909 1229 x x x

MOQ-08-05 top MoqB sandstone medium 0292063 8095928 1302 x x

LOC-08-05 top MoqB sandstone medium 0312559 8051608 607 x x x

MAJ-10-02 MoqB sandstone medium 0770999 8211503 519 x

CUC-05-01 MoqB sandstone medium 0704018 8230855 1792 x x

MAJ-07-22 MoqB sandstone medium 0773719 8207321 970 x x

MOQ-07-04 MoqB sandstone medium 0284885 8075862 1071 x x

MOQ-05-03 MoqB sandstone medium 0287431 8081141 962 x x

MOQ-08-04 MoqB sandstone medium 0284851 8075156 1176 x x x x

LOC-05-04 MoqB sandstone medium 0323627 8057419 776 x x

CARA-08-01 base MoqB sandstone medium 0671544 8250901 2058 x x x

CARA-08-02 base MoqB sandstone medium 0671530 8250936 2050 x x x x

MAJ-07-18B base MoqB sandstone medium 0770844 8214676 851 x x

MAJ-07-18A base MoqB sandstone medium 0770844 8214676 851 x x

MOQ-07-01 base MoqB sandstone medium 0286675 8080010 952 x x x

MOQ-08-02 base MoqB sandstone medium 0285985 8079622 938 x x x

MAJ-07-20 top MoqA sandstone medium 0770844 8214676 851 x x

CARA-10-02 MoqA sandstone medium 0673518 8249243 1941 x

MAJ-07-16 MoqA sandstone medium 0771031 8215607 736 x x

MAJ-07-13 base MoqA sandstone medium 0770769 8216251 709 x x

Abbreviations: Prot.: Proterozoic, Meso.: Mesozoic, EMP: electron microprobe, LA-ICP-MS: laser ablation 

inductively coupled plasma mass spectrometry
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EMP instrument setup and measurement conditions

Mineral amphibole
Beam current 15 nA
Acceleration voltage 15 kV
Probe diameter 5 µm (unknowns), 20 µm (standards)
Data correction Phi-Rho-Z

Element Spectrometer X-ray line Counting time Standard
peak (s) background (s)

Si 1-TAP Kα 15 5 Wollastonite (Willsboro, USA)
Ti 4-PETJ Kα 30 15 TiO2 (synthetic)
Al 1-TAP Kα 15 5 Anorthite (USNM 137041, USA)
Fe 5-LIFH Kα 15 5 Hematite (Elba, Italy)
Mn 5-LIFH Kα 15 5 Rhodonite (Broken Hill, Australia)
Mg 2-TAP Kα 15 5 MgO (synthetic)
Ca 4-PETJ Kα 15 5 Wollastonite (Willsboro, USA)
Na 2-TAP Kα 15 5 Albite (Amelia, USA)
K 3-PETJ Kα 15 5 Sanidin (Eifel, Germany)
Cr 3-PETJ Kα 30 15 Cr2O3 (synthetic)

Mineral Fe-Ti oxide
Beam current 20 nA
Acceleration voltage 20 kV
Probe diameter 0 µm (unknowns), 20 µm (standards)
Data correction Phi-Rho-Z

Element Spectrometer X-ray line Counting time Standard
peak (s) background (s)

Si 2-TAP Kα 15 5 Wollastonite (Willsboro, USA)
Ti 3-PETJ Kα 15 5 TiO2 (synthetic)
Al 2-TAP Kα 15 5 Al2O3 (synthetic)
Fe 4-LIF Kα 15 5 Hematite (Elba, Italy)
Mn 4-LIF Kα 30 15 Rhodonite (Broken Hill, Australia)
Mg 1-TAP Kα 15 5 MgO (synthetic)
V* 5-LIFH Kα 30 15 V (metal)
Zn 5-LIFH Kα 30 15 Gahnite (USNM 145883, Brazil)
Ni 5-LIFH Kα 30 15 NiO (synthetic)
Cr 3-PETJ Kα 30 15 Cr2O3 (synthetic)

*An interferance correction has been applied for V because the Ti Kβ line disturbe the V kα line.
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LA-ICP-MS instrument setup and measurement conditions

ICP-MS 
Instrument Perkin Elmer, ELAN DRC II
Forward power 1100 W

Gas flows
Coolant (Ar) 15 l/min
Auxiliary (Ar) 1 l/min
Sample (Ar) 1.2 l/min

Laser
Instrument Lambda Physiks Compex 110
Optical bank MIKROLAS
Wavelength 193 nm
Spot size 60 µm (unknown), 120µm (standard)
Repetition rate 10 Hz
Nominal energy output >3 J/cm²
Pulse energy 200 mJ

Data acquisition parameters
Scan mode P-hopping
Detector mode Dwell mode
Dwell time 20ms
Reading time 250 cps

Standardisation and data reduction
External standard NBS 610
Data reduction software PEPITA (I. Dunkl, University of Göttingen)
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Microprobe analyses of amphibole in the Moquegua Group sediments and its potential source rocks
analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
PIG-00-28_a02 Lower Barroso arc 49,12 1,18 5,39 11,75 0,84 15,47 11,04 1,97 0,74 n.d. 97,49 7,0984 0,9016 0,0164 0,1283 0,5223 0,8978 0,1025 3,3327 0,0000 1,7094 0,2906 0,2614 0,1356
PIG-00-28_a05 Lower Barroso arc 48,15 1,42 6,03 11,97 0,84 14,97 11,13 2,08 0,84 0,03 97,46 7,0046 0,9954 0,0385 0,1557 0,4330 1,0233 0,1029 3,2465 0,0017 1,7348 0,2652 0,3215 0,1561
PIG-00-28_a10 Lower Barroso arc 48,20 1,31 6,04 11,91 0,82 15,07 11,11 2,01 0,80 n.d. 97,27 7,0069 0,9931 0,0417 0,1434 0,4883 0,9596 0,1010 3,2659 0,0000 1,7305 0,2695 0,2970 0,1488
PIG-00-28_a11 Lower Barroso arc 49,74 1,22 5,17 11,56 0,96 15,62 10,86 1,92 0,65 n.d. 97,70 7,1435 0,8565 0,0186 0,1319 0,5782 0,8103 0,1169 3,3442 0,0000 1,6711 0,3289 0,2058 0,1191
PIG-00-28_a16 Lower Barroso arc 48,59 1,35 5,95 11,97 0,85 15,30 11,03 2,04 0,85 n.d. 97,93 7,0061 0,9939 0,0172 0,1469 0,5485 0,8949 0,1037 3,2888 0,0000 1,7040 0,2960 0,2743 0,1559
PIG-00-28_a17 Lower Barroso arc 48,83 1,28 5,77 11,98 0,92 15,17 11,13 2,02 0,81 n.d. 97,91 7,0527 0,9473 0,0349 0,1393 0,4750 0,9721 0,1124 3,2663 0,0000 1,7224 0,2776 0,2881 0,1484
PIG-00-28_a20 Lower Barroso arc 49,09 1,16 5,46 11,88 0,85 15,44 11,13 1,95 0,77 0,02 97,75 7,0851 0,9149 0,0139 0,1264 0,5193 0,9146 0,1037 3,3221 0,0011 1,7212 0,2788 0,2668 0,1409
PIG-00-32_a01 Huaylillas arc 46,46 0,90 9,04 13,78 0,68 13,29 10,99 1,26 0,32 0,04 96,76 6,7335 1,2665 0,2777 0,0976 0,9663 0,7039 0,0831 2,8714 0,0025 1,7066 0,2934 0,0615 0,0592
PIG-00-32_a02 Huaylillas arc 46,59 1,05 7,42 16,70 0,55 12,10 10,96 1,25 0,56 0,02 97,19 6,8363 1,1637 0,1195 0,1158 0,9074 1,1420 0,0685 2,6468 0,0011 1,7231 0,2769 0,0779 0,1041
PIG-00-32_a03 Huaylillas arc 47,14 1,12 7,30 13,24 0,36 14,19 11,39 1,50 0,48 0,03 96,75 6,8767 1,1233 0,1317 0,1228 0,6722 0,9431 0,0443 3,0859 0,0017 1,7803 0,2197 0,2045 0,0890
PIG-00-32_a05 Huaylillas arc 47,34 0,90 7,69 14,21 0,74 12,82 11,15 1,05 0,35 0,01 96,27 6,9381 1,0619 0,2664 0,0995 0,7295 1,0122 0,0914 2,8010 0,0007 1,7509 0,2491 0,0500 0,0661
PIG-00-32_a06 Huaylillas arc 47,36 1,73 7,08 11,64 0,24 15,25 11,17 1,53 0,57 n.d. 96,58 6,8653 1,1347 0,0749 0,1887 0,6767 0,7345 0,0298 3,2955 0,0000 1,7349 0,2651 0,1649 0,1059
PIG-00-32_a07 Huaylillas arc 48,83 0,49 6,31 14,08 1,16 13,44 11,53 0,95 0,40 0,01 97,19 7,0989 0,9011 0,1800 0,0531 0,6811 1,0308 0,1423 2,9128 0,0005 1,7960 0,2040 0,0639 0,0740
PIG-00-32_a08 Huaylillas arc 47,61 1,26 6,68 13,64 0,75 13,77 11,50 1,34 0,65 n.d. 97,20 6,9539 1,0461 0,1038 0,1390 0,5646 1,1015 0,0928 2,9983 0,0000 1,7997 0,2003 0,1792 0,1207
PIG-00-32_a09 Huaylillas arc 46,60 2,06 7,90 11,84 0,33 14,82 11,31 1,65 0,67 n.d. 97,18 6,7510 1,2490 0,0998 0,2245 0,6025 0,8320 0,0406 3,2006 0,0000 1,7556 0,2444 0,2190 0,1231
PIG-00-32_a10 Huaylillas arc 48,28 0,68 7,09 13,42 0,59 12,81 11,78 0,83 0,64 0,02 96,15 7,1350 0,8650 0,3698 0,0761 0,2527 1,4059 0,0733 2,8222 0,0013 1,8653 0,1347 0,1044 0,1206
PIG-00-32_a11 Huaylillas arc 47,78 0,86 8,52 13,72 0,54 13,81 10,69 0,95 0,25 n.d. 97,11 6,8267 1,1733 0,2614 0,0923 1,1472 0,4922 0,0655 2,9415 0,0000 1,6365 0,2618 0,0000 0,0455
PIG-00-32_a12 Huaylillas arc 47,50 1,13 7,71 13,40 0,57 13,83 11,02 1,39 0,27 n.d. 96,82 6,8809 1,1191 0,1972 0,1232 0,8149 0,8085 0,0696 2,9866 0,0000 1,7104 0,2896 0,1008 0,0494
PIG-00-32_a13 Huaylillas arc 44,14 2,14 9,56 16,32 0,45 11,50 11,08 1,50 0,78 n.d. 97,47 6,5066 1,4934 0,1675 0,2373 0,7767 1,2352 0,0562 2,5271 0,0000 1,7500 0,2500 0,1787 0,1459
PIG-00-32_a14 Huaylillas arc 47,95 1,38 6,54 13,22 0,37 14,48 11,07 1,33 0,50 n.d. 96,83 6,9534 1,0466 0,0712 0,1504 0,7696 0,8337 0,0448 3,1303 0,0000 1,7200 0,2800 0,0927 0,0923
PIG-00-32_a16 Huaylillas arc 49,16 0,67 6,55 11,72 0,46 15,83 11,16 0,94 0,17 0,07 96,74 7,0092 0,9908 0,1098 0,0722 1,0363 0,3612 0,0558 3,3647 0,0039 1,7049 0,2588 0,0000 0,0318
PIG-00-32_a17 Huaylillas arc 42,54 1,32 11,76 14,84 0,26 11,71 11,45 1,81 1,74 0,19 97,62 6,3213 1,6787 0,3809 0,1476 0,5052 1,3390 0,0333 2,5940 0,0111 1,8230 0,1770 0,3445 0,3299
PIG-00-32_a19 Huaylillas arc 46,32 1,08 9,48 13,65 0,51 12,96 11,16 1,23 0,37 0,03 96,79 6,7298 1,2702 0,3531 0,1183 0,7905 0,8680 0,0630 2,8070 0,0015 1,7373 0,2627 0,0835 0,0692
PIG-00-32_a20 Huaylillas arc 46,05 0,82 8,52 15,91 0,69 11,58 11,81 0,97 0,62 n.d. 96,97 6,8137 1,1863 0,2994 0,0915 0,5641 1,4046 0,0860 2,5543 0,0000 1,8723 0,1277 0,1497 0,1178
PIG-00-32_a22 Huaylillas arc 46,69 1,09 7,53 16,64 0,51 12,26 11,44 1,11 0,62 0,01 97,90 6,8191 1,1809 0,1153 0,1194 0,8169 1,2156 0,0635 2,6693 0,0007 1,7902 0,2098 0,1037 0,1160
PIG-00-32_a23 Huaylillas arc 47,04 1,31 7,13 14,51 0,31 13,45 10,86 1,19 0,50 n.d. 96,30 6,8804 1,1196 0,1095 0,1439 0,8887 0,8862 0,0389 2,9328 0,0000 1,7020 0,2980 0,0381 0,0935
TAZ-00-03_a01 Tacaza arc 41,07 2,37 12,41 12,61 0,28 13,04 11,66 2,31 1,06 0,01 96,81 6,0879 1,9121 0,2559 0,2643 0,5592 1,0040 0,0350 2,8816 0,0004 1,8519 0,1481 0,5158 0,2003
TAZ-00-03_a02 Tacaza arc 40,48 2,30 13,12 12,19 0,28 13,02 11,83 2,33 1,22 0,02 96,78 6,0134 1,9866 0,3105 0,2570 0,4926 1,0218 0,0346 2,8834 0,0012 1,8830 0,1170 0,5541 0,2312
TAZ-00-03_a03 Tacaza arc 42,15 2,63 11,41 11,57 0,30 13,60 11,61 2,29 1,07 0,02 96,64 6,2423 1,7577 0,2339 0,2930 0,3933 1,0397 0,0375 3,0026 0,0010 1,8423 0,1577 0,4998 0,2014
TAZ-00-03_a04 Tacaza arc 41,95 2,48 11,67 11,58 0,27 13,81 11,63 2,24 1,12 n.d. 96,75 6,1924 1,8076 0,2227 0,2754 0,5029 0,9266 0,0333 3,0390 0,0000 1,8394 0,1606 0,4805 0,2112
TAZ-00-03_a05 Tacaza arc 42,10 2,67 11,54 11,12 0,19 13,85 11,72 2,41 1,03 n.d. 96,63 6,2321 1,7679 0,2454 0,2973 0,3238 1,0529 0,0242 3,0564 0,0000 1,8589 0,1411 0,5506 0,1945
TAZ-00-03_a06 Tacaza arc 41,76 2,68 11,65 11,26 0,26 13,84 11,73 2,28 1,08 0,03 96,56 6,1851 1,8149 0,2187 0,2986 0,4156 0,9791 0,0321 3,0558 0,0016 1,8615 0,1385 0,5162 0,2040
TAZ-00-03_a07 Tacaza arc 41,51 2,67 12,00 11,62 0,24 13,55 11,80 2,34 1,13 n.d. 96,86 6,1473 1,8527 0,2417 0,2975 0,3856 1,0535 0,0303 2,9914 0,0000 1,8723 0,1277 0,5442 0,2139
TAZ-00-03_a08 Tacaza arc 41,63 2,74 11,63 11,53 0,26 13,34 11,67 2,58 1,06 0,04 96,48 6,2099 1,7901 0,2545 0,3075 0,2411 1,1973 0,0332 2,9665 0,0022 1,8652 0,1348 0,6114 0,2008
TAZ-00-03_a09 Tacaza arc 42,00 2,59 11,84 11,47 0,24 13,94 11,56 2,33 1,05 0,01 97,03 6,1711 1,8289 0,2214 0,2863 0,5339 0,8755 0,0295 3,0534 0,0007 1,8199 0,1801 0,4836 0,1968
TAZ-00-03_a10 Tacaza arc 41,71 2,48 11,70 11,64 0,25 13,88 11,78 2,30 1,08 0,01 96,83 6,1615 1,8385 0,1985 0,2756 0,4973 0,9408 0,0312 3,0566 0,0006 1,8645 0,1355 0,5233 0,2031
TAZ-00-03_a11 Tacaza arc 41,63 2,73 11,79 11,33 0,28 13,89 11,57 2,28 1,10 n.d. 96,60 6,1502 1,8498 0,2030 0,3034 0,5164 0,8834 0,0346 3,0591 0,0000 1,8314 0,1686 0,4845 0,2076
TAZ-00-03_a12 Tacaza arc 41,85 2,72 11,75 11,36 0,26 13,79 11,52 2,52 1,04 n.d. 96,81 6,1807 1,8193 0,2259 0,3022 0,4254 0,9777 0,0327 3,0361 0,0000 1,8229 0,1771 0,5445 0,1961
TAZ-00-03_a13 Tacaza arc 41,83 2,62 11,81 11,35 0,27 14,04 11,81 2,39 1,06 n.d. 97,19 6,1534 1,8466 0,2010 0,2900 0,4615 0,9348 0,0338 3,0790 0,0000 1,8615 0,1385 0,5431 0,1997
TAZ-00-03_a14 Tacaza arc 41,70 2,00 12,37 11,60 0,25 13,67 11,89 2,25 1,26 0,04 97,03 6,1552 1,8448 0,3071 0,2221 0,4489 0,9830 0,0308 3,0080 0,0025 1,8804 0,1196 0,5244 0,2373
TAZ-00-03_a15 Tacaza arc 42,15 2,76 11,69 11,49 0,24 13,75 11,52 2,36 1,07 0,01 97,04 6,2046 1,7954 0,2326 0,3056 0,4432 0,9713 0,0299 3,0173 0,0006 1,8169 0,1831 0,4905 0,2003
ANTA-01-70_a01 Andahuaylas-Anta arc 43,49 2,59 10,35 14,29 0,55 12,53 11,15 1,84 1,08 n.d. 97,99 6,3717 1,6283 0,1589 0,2855 0,6735 1,0774 0,0680 2,7367 0,0000 1,7503 0,2497 0,2730 0,2015
ANTA-01-70_a02 Andahuaylas-Anta arc 45,27 1,90 8,45 12,54 0,58 14,73 11,20 1,69 0,97 n.d. 97,48 6,5687 1,4313 0,0138 0,2074 0,8652 0,6565 0,0708 3,1863 0,0000 1,7413 0,2587 0,2167 0,1795
ANTA-01-70_a03 Andahuaylas-Anta arc 43,19 2,50 11,55 14,09 0,51 11,82 10,98 1,91 1,37 n.d. 98,10 6,3432 1,6568 0,3424 0,2762 0,5058 1,2248 0,0629 2,5879 0,0000 1,7278 0,2722 0,2717 0,2567
ANTA-01-70_a04 Andahuaylas-Anta arc 42,71 2,41 10,73 13,80 0,52 12,58 11,19 2,22 1,25 n.d. 97,59 6,3164 1,6836 0,1866 0,2681 0,5421 1,1647 0,0650 2,7735 0,0000 1,7731 0,2269 0,4097 0,2358
ANTA-01-70_a05 Andahuaylas-Anta arc 42,90 2,42 10,76 13,56 0,51 12,80 11,27 1,95 1,25 n.d. 97,58 6,3191 1,6809 0,1871 0,2682 0,6084 1,0620 0,0637 2,8107 0,0000 1,7787 0,2213 0,3356 0,2349
ANTA-01-70_a06 Andahuaylas-Anta arc 43,89 2,60 9,83 13,16 0,54 13,62 11,24 2,00 1,00 n.d. 98,01 6,3963 1,6037 0,0847 0,2851 0,6884 0,9155 0,0672 2,9590 0,0000 1,7551 0,2449 0,3202 0,1850
ANTA-01-70_a07 Andahuaylas-Anta arc 45,17 2,13 8,79 13,67 0,55 13,57 11,05 1,94 0,94 n.d. 97,93 6,5787 1,4213 0,0875 0,2334 0,6966 0,9685 0,0678 2,9463 0,0000 1,7244 0,2756 0,2722 0,1739
ANTA-01-70_a08 Andahuaylas-Anta arc 43,30 2,48 10,54 14,28 0,51 12,47 10,90 1,89 1,18 n.d. 97,72 6,3564 1,6436 0,1800 0,2739 0,7275 1,0257 0,0640 2,7290 0,0000 1,7145 0,2855 0,2524 0,2215
ANTA-01-70_a09 Andahuaylas-Anta arc 43,67 2,38 10,41 13,76 0,52 12,79 11,01 1,91 1,09 n.d. 97,69 6,3970 1,6030 0,1943 0,2623 0,6809 1,0048 0,0647 2,7930 0,0000 1,7281 0,2719 0,2705 0,2046
ANTA-01-70_a10 Andahuaylas-Anta arc 44,97 2,26 9,14 12,70 0,46 13,78 11,03 1,80 0,91 n.d. 97,17 6,5688 1,4312 0,1423 0,2484 0,6596 0,8918 0,0572 3,0007 0,0000 1,7263 0,2737 0,2361 0,1702
ANTA-01-70_a11 Andahuaylas-Anta arc 43,97 2,58 10,09 13,54 0,49 13,16 10,96 1,84 0,98 n.d. 97,73 6,4109 1,5891 0,1447 0,2830 0,7511 0,8999 0,0609 2,8604 0,0000 1,7122 0,2878 0,2323 0,1827
ANTA-01-70_a12 Andahuaylas-Anta arc 43,95 2,35 9,83 12,57 0,54 13,49 11,15 2,24 1,11 n.d. 97,33 6,4647 1,5353 0,1688 0,2600 0,4855 1,0608 0,0668 2,9581 0,0000 1,7573 0,2427 0,3961 0,2076
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analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
ANTA-01-70_a13 Andahuaylas-Anta arc 42,21 2,37 11,00 15,98 0,50 11,49 10,65 1,88 1,43 n.d. 97,73 6,2446 1,7554 0,1626 0,2638 0,8798 1,0973 0,0625 2,5341 0,0000 1,6882 0,3118 0,2274 0,2699
ANTA-01-70_a14 Andahuaylas-Anta arc 44,16 1,96 9,65 13,79 0,59 12,98 11,13 1,97 1,17 n.d. 97,60 6,4948 1,5052 0,1675 0,2169 0,6143 1,0819 0,0736 2,8459 0,0000 1,7539 0,2461 0,3156 0,2203
ANTA-01-70_a15 Andahuaylas-Anta arc 43,43 2,38 10,14 14,57 0,59 12,57 11,18 1,93 1,07 n.d. 98,02 6,3726 1,6274 0,1261 0,2627 0,7108 1,0771 0,0737 2,7496 0,0000 1,7577 0,2423 0,3067 0,2007
ANTA-01-70_a16 Andahuaylas-Anta arc 42,48 2,42 11,16 14,08 0,50 12,22 11,04 1,87 1,29 n.d. 97,23 6,2850 1,7150 0,2310 0,2694 0,6653 1,0769 0,0623 2,6952 0,0000 1,7501 0,2499 0,2865 0,2435
ANTA-01-70_a17 Andahuaylas-Anta arc 45,80 2,17 8,27 11,54 0,53 14,72 11,29 1,80 0,82 n.d. 97,09 6,6729 1,3271 0,0930 0,2379 0,5732 0,8329 0,0659 3,1972 0,0000 1,7625 0,2375 0,2709 0,1518
ANTA-01-70_a18 Andahuaylas-Anta arc 44,45 2,35 9,42 12,27 0,56 13,99 10,98 2,20 0,96 n.d. 97,33 6,4993 1,5007 0,1226 0,2585 0,6182 0,8822 0,0690 3,0494 0,0000 1,7202 0,2798 0,3439 0,1789
ANTA-01-70_a19 Andahuaylas-Anta arc 43,79 2,24 9,55 13,37 0,58 13,57 11,07 1,81 1,12 n.d. 97,29 6,4229 1,5771 0,0738 0,2472 0,8042 0,8358 0,0717 2,9672 0,0000 1,7397 0,2603 0,2545 0,2104
ANTA-01-70_a20 Andahuaylas-Anta arc 43,94 2,57 9,77 13,07 0,53 13,15 11,02 1,79 1,07 n.d. 97,03 6,4639 1,5361 0,1578 0,2844 0,6249 0,9831 0,0659 2,8838 0,0000 1,7370 0,2630 0,2475 0,2000
ANTA-01-70_a21 Andahuaylas-Anta arc 44,81 2,19 8,91 12,76 0,60 13,82 11,34 1,86 0,88 n.d. 97,28 6,5645 1,4355 0,1029 0,2414 0,5978 0,9655 0,0742 3,0182 0,0000 1,7800 0,2200 0,3083 0,1638
ANTA-01-70_a22 Andahuaylas-Anta arc 44,39 2,06 9,39 14,20 0,63 12,95 11,19 2,06 0,94 n.d. 97,96 6,5044 1,4956 0,1260 0,2271 0,6409 1,0992 0,0780 2,8288 0,0000 1,7568 0,2432 0,3421 0,1757
ANTA-01-70_a23 Andahuaylas-Anta arc 43,13 2,54 10,52 14,18 0,45 12,70 11,12 1,94 1,22 n.d. 97,97 6,3276 1,6724 0,1466 0,2803 0,6888 1,0510 0,0556 2,7776 0,0000 1,7480 0,2520 0,2998 0,2283
ANTA-01-70_a24 Andahuaylas-Anta arc 40,89 2,50 9,81 13,61 0,47 13,71 10,81 2,11 1,10 n.d. 95,14 6,1417 1,8583 -0,1217 0,2825 1,1103 0,5993 0,0598 3,0698 0,0000 1,7397 0,2603 0,3542 0,2109
ANTA-01-70_a25 Andahuaylas-Anta arc 44,32 2,20 9,79 12,85 0,53 13,40 11,27 1,89 0,96 n.d. 97,35 6,4967 1,5033 0,1880 0,2426 0,5741 1,0012 0,0659 2,9282 0,0000 1,7701 0,2299 0,3072 0,1787
ANTA-01-70_a26 Andahuaylas-Anta arc 44,94 1,97 9,32 12,77 0,54 14,08 11,37 1,79 1,04 n.d. 97,96 6,5254 1,4746 0,1203 0,2152 0,6905 0,8602 0,0661 3,0478 0,0000 1,7689 0,2311 0,2728 0,1918
ANTA-01-70_a27 Andahuaylas-Anta arc 44,76 2,13 8,88 13,48 0,60 13,75 11,36 1,82 0,95 n.d. 97,86 6,5300 1,4700 0,0569 0,2338 0,7031 0,9416 0,0743 2,9904 0,0000 1,7757 0,2243 0,2905 0,1762
ANTA-01-70_a28 Andahuaylas-Anta arc 44,99 1,77 8,70 13,75 0,59 13,30 11,44 1,67 0,89 n.d. 97,21 6,6161 1,3839 0,1239 0,1958 0,6194 1,0717 0,0735 2,9157 0,0000 1,8025 0,1975 0,2787 0,1678
ANTA-01-70_a29 Andahuaylas-Anta arc 44,96 2,17 8,92 12,46 0,55 14,01 10,78 2,26 0,91 n.d. 97,15 6,5761 1,4239 0,1137 0,2388 0,6432 0,8809 0,0685 3,0548 0,0000 1,6894 0,3106 0,3303 0,1697
ANTA-01-71_a01 Andahuaylas-Anta arc 41,44 2,30 12,63 13,33 0,23 12,72 11,74 2,03 1,05 n.d. 97,47 6,0966 1,9034 0,2865 0,2546 0,6307 1,0093 0,0292 2,7897 0,0000 1,8506 0,1494 0,4296 0,1969
ANTA-01-71_a02 Andahuaylas-Anta arc 41,43 2,61 12,23 13,49 0,37 12,56 11,57 2,19 0,89 n.d. 97,37 6,1114 1,8886 0,2376 0,2896 0,6206 1,0436 0,0465 2,7620 0,0000 1,8287 0,1713 0,4550 0,1674
ANTA-01-71_a03 Andahuaylas-Anta arc 42,01 2,99 11,47 11,43 0,37 13,87 11,18 2,23 1,17 n.d. 96,76 6,1829 1,8171 0,1725 0,3311 0,5999 0,8069 0,0464 3,0432 0,0000 1,7630 0,2370 0,3994 0,2201
ANTA-01-71_a06 Andahuaylas-Anta arc 43,32 2,44 10,78 11,68 0,41 14,34 11,26 2,18 0,91 n.d. 97,37 6,3027 1,6973 0,1512 0,2671 0,7174 0,7038 0,0503 3,1103 0,0000 1,7553 0,2447 0,3703 0,1689
ANTA-01-71_a07 Andahuaylas-Anta arc 39,97 2,28 12,07 12,86 0,32 13,03 11,33 2,16 1,06 n.d. 95,13 6,0165 1,9835 0,1577 0,2582 0,8210 0,7978 0,0413 2,9239 0,0000 1,8273 0,1727 0,4577 0,2034
ANTA-01-71_a10 Andahuaylas-Anta arc 39,33 1,79 15,23 13,55 0,19 11,99 12,06 2,05 1,31 n.d. 97,51 5,8108 2,1892 0,4628 0,1990 0,6761 0,9981 0,0232 2,6408 0,0000 1,9091 0,0909 0,4964 0,2469
ANTA-01-71_a11 Andahuaylas-Anta arc 39,54 1,78 15,41 12,85 0,14 12,39 11,99 2,00 1,30 n.d. 97,40 5,8162 2,1838 0,4878 0,1970 0,7082 0,8726 0,0175 2,7170 0,0000 1,8897 0,1103 0,4601 0,2440
ANTA-01-71_a12 Andahuaylas-Anta arc 42,61 2,26 11,40 12,93 0,30 13,27 11,48 2,09 0,94 n.d. 97,31 6,2523 1,7477 0,2237 0,2495 0,6448 0,9419 0,0374 2,9027 0,0000 1,8048 0,1952 0,3994 0,1760
ANTA-01-71_a13 Andahuaylas-Anta arc 41,09 2,21 12,98 13,21 0,31 12,65 11,72 2,17 1,06 n.d. 97,41 6,0551 1,9449 0,3094 0,2450 0,6260 1,0020 0,0386 2,7790 0,0000 1,8505 0,1495 0,4705 0,1984
ANTA-01-71_a14 Andahuaylas-Anta arc 39,77 1,82 14,26 13,80 0,28 11,62 11,94 2,29 1,45 n.d. 97,24 5,9396 2,0604 0,4496 0,2045 0,4411 1,2825 0,0351 2,5871 0,0000 1,9106 0,0894 0,5738 0,2763
ANTA-01-71_a15 Andahuaylas-Anta arc 41,48 2,11 12,91 13,24 0,31 12,65 11,65 2,11 1,09 n.d. 97,58 6,0948 1,9052 0,3305 0,2332 0,6343 0,9927 0,0384 2,7709 0,0000 1,8341 0,1659 0,4352 0,2047
ANTA-01-71_a17 Andahuaylas-Anta arc 42,37 2,29 11,96 13,27 0,34 12,89 11,57 2,06 0,99 n.d. 97,76 6,2035 1,7965 0,2673 0,2522 0,6257 0,9992 0,0421 2,8135 0,0000 1,8150 0,1850 0,3998 0,1841
ANTA-01-71_a18 Andahuaylas-Anta arc 39,39 2,05 14,88 13,59 0,19 11,83 11,97 2,00 1,29 n.d. 97,19 5,8435 2,1565 0,4452 0,2288 0,6291 1,0570 0,0237 2,6163 0,0000 1,9026 0,0974 0,4779 0,2441
ANTA-01-71_a19 Andahuaylas-Anta arc 41,98 2,54 11,97 12,12 0,32 13,42 11,59 2,22 1,00 n.d. 97,18 6,1726 1,8274 0,2469 0,2810 0,5464 0,9440 0,0401 2,9416 0,0000 1,8259 0,1741 0,4588 0,1874
ANTA-01-71_a20 Andahuaylas-Anta arc 40,05 1,91 14,60 12,49 0,18 12,54 11,84 2,23 1,13 n.d. 97,00 5,9171 2,0829 0,4594 0,2123 0,5979 0,9453 0,0231 2,7619 0,0000 1,8743 0,1257 0,5131 0,2136
ANTA-01-71_a21 Andahuaylas-Anta arc 40,10 2,36 13,89 14,09 0,31 11,56 11,91 2,13 1,09 n.d. 97,47 5,9560 2,0440 0,3875 0,2637 0,5184 1,2317 0,0390 2,5596 0,0000 1,8954 0,1046 0,5088 0,2066
ANTA-01-71_a23 Andahuaylas-Anta arc 44,27 2,38 10,30 10,67 0,35 13,84 12,32 2,06 0,99 n.d. 97,20 6,5363 1,4637 0,3287 0,2644 0,0000 1,3175 0,0432 3,0463 0,0000 1,9490 0,0510 0,5387 0,1860
ANTA-01-72_a01 Andahuaylas-Anta arc 45,26 2,50 8,87 12,36 0,53 14,37 11,43 1,84 0,88 n.d. 98,14 6,5518 1,4482 0,0651 0,2723 0,6137 0,8826 0,0653 3,1011 0,0000 1,7728 0,2272 0,2892 0,1629
ANTA-01-72_a02 Andahuaylas-Anta arc 45,15 2,28 8,79 12,27 0,56 14,11 11,10 1,81 0,90 n.d. 97,07 6,5953 1,4047 0,1086 0,2506 0,6398 0,8591 0,0692 3,0727 0,0000 1,7373 0,2627 0,2499 0,1679
ANTA-01-72_a03 Andahuaylas-Anta arc 44,27 2,14 9,79 13,79 0,61 12,77 11,13 1,80 1,13 n.d. 97,59 6,5028 1,4972 0,1977 0,2365 0,5978 1,0962 0,0754 2,7964 0,0000 1,7517 0,2483 0,2643 0,2126
ANTA-01-72_a04 Andahuaylas-Anta arc 46,16 1,93 8,40 12,35 0,51 14,83 11,12 1,59 0,87 n.d. 97,85 6,6398 1,3602 0,0638 0,2089 0,8485 0,6371 0,0616 3,1801 0,0000 1,7138 0,2862 0,1573 0,1591
ANTA-01-72_a05 Andahuaylas-Anta arc 45,73 1,98 8,52 12,33 0,53 14,68 11,16 1,69 0,88 n.d. 97,62 6,6122 1,3878 0,0641 0,2154 0,7990 0,6920 0,0653 3,1643 0,0000 1,7289 0,2711 0,2027 0,1624
ANTA-01-72_a06 Andahuaylas-Anta arc 42,40 2,46 11,16 14,92 0,48 11,80 10,88 1,85 1,42 n.d. 97,58 6,2721 1,7279 0,2177 0,2738 0,7152 1,1306 0,0606 2,6022 0,0000 1,7244 0,2756 0,2550 0,2680
ANTA-01-72_a07 Andahuaylas-Anta arc 42,58 2,54 11,28 13,03 0,46 13,40 11,44 2,15 0,71 n.d. 97,62 6,2163 1,7837 0,1571 0,2790 0,7489 0,8420 0,0567 2,9163 0,0000 1,7895 0,2105 0,3980 0,1323
ANTA-01-72_a08 Andahuaylas-Anta arc 43,66 2,31 10,27 14,39 0,60 12,74 10,94 1,83 1,20 n.d. 98,06 6,3749 1,6251 0,1423 0,2537 0,8110 0,9462 0,0737 2,7731 0,0000 1,7115 0,2885 0,2296 0,2232
ANTA-01-72_a09 Andahuaylas-Anta arc 43,69 2,29 9,91 13,18 0,55 13,43 11,24 1,84 1,12 n.d. 97,40 6,4106 1,5894 0,1243 0,2528 0,6923 0,9250 0,0679 2,9377 0,0000 1,7671 0,2329 0,2905 0,2096
ANTA-01-72_a10 Andahuaylas-Anta arc 43,18 2,36 10,68 14,36 0,55 12,30 10,91 1,84 1,24 n.d. 97,56 6,3532 1,6468 0,2052 0,2612 0,7216 1,0454 0,0687 2,6979 0,0000 1,7199 0,2801 0,2448 0,2328
ANTA-01-72_a11 Andahuaylas-Anta arc 44,62 1,91 8,49 12,97 0,56 14,27 11,26 1,65 0,98 n.d. 96,85 6,5427 1,4573 0,0099 0,2107 0,8358 0,7547 0,0695 3,1193 0,0000 1,7691 0,2309 0,2381 0,1830
ANTA-01-72_a12 Andahuaylas-Anta arc 45,27 2,03 8,78 13,81 0,60 13,40 11,22 1,61 0,91 n.d. 97,80 6,5993 1,4007 0,1078 0,2226 0,7186 0,9650 0,0739 2,9121 0,0000 1,7525 0,2475 0,2075 0,1691
ANTA-01-72_a13 Andahuaylas-Anta arc 44,69 2,22 9,32 12,06 0,53 14,37 11,23 1,84 0,98 n.d. 97,38 6,5058 1,4942 0,1049 0,2431 0,6981 0,7702 0,0652 3,1186 0,0000 1,7516 0,2484 0,2710 0,1824
ANTA-01-72_a14 Andahuaylas-Anta arc 43,40 2,27 10,25 14,42 0,51 12,55 10,96 1,86 1,24 n.d. 97,67 6,3830 1,6170 0,1597 0,2512 0,7378 1,0358 0,0639 2,7516 0,0000 1,7271 0,2729 0,2575 0,2327
ANTA-01-72_a15 Andahuaylas-Anta arc 44,90 2,34 9,22 12,72 0,54 13,89 10,95 1,81 0,91 n.d. 97,39 6,5341 1,4659 0,1155 0,2562 0,7440 0,8041 0,0669 3,0134 0,0000 1,7074 0,2926 0,2181 0,1686
ANTA-01-72_a16 Andahuaylas-Anta arc 42,57 2,45 11,24 15,27 0,55 11,68 10,70 1,89 1,33 n.d. 97,89 6,2666 1,7334 0,2167 0,2713 0,8094 1,0705 0,0688 2,5632 0,0000 1,6877 0,3123 0,2271 0,2498
ANTA-01-72_a17 Andahuaylas-Anta arc 43,24 2,55 10,23 14,19 0,49 12,73 10,94 1,96 1,16 n.d. 97,63 6,3536 1,6464 0,1251 0,2819 0,7361 1,0076 0,0608 2,7885 0,0000 1,7224 0,2776 0,2807 0,2184
ANTA-01-72_a18 Andahuaylas-Anta arc 44,20 2,26 9,52 14,48 0,55 12,69 11,03 1,83 0,99 n.d. 97,69 6,4844 1,5156 0,1304 0,2494 0,7132 1,0633 0,0682 2,7753 0,0000 1,7338 0,2662 0,2543 0,1850
ANTA-01-72_a19 Andahuaylas-Anta arc 45,37 1,86 8,66 13,60 0,57 13,64 11,17 1,52 0,98 n.d. 97,51 6,6145 1,3855 0,1025 0,2040 0,7726 0,8856 0,0708 2,9645 0,0000 1,7448 0,2552 0,1745 0,1831
ANTA-01-72_a20 Andahuaylas-Anta arc 43,93 2,30 10,23 14,36 0,54 12,88 10,96 1,74 1,17 n.d. 98,31 6,3891 1,6109 0,1427 0,2517 0,8421 0,9045 0,0665 2,7926 0,0000 1,7079 0,2921 0,1986 0,2163
ANTA-01-72_a21 Andahuaylas-Anta arc 45,11 2,27 8,87 12,73 0,57 14,27 11,25 1,75 0,88 n.d. 97,80 6,5399 1,4601 0,0555 0,2476 0,7605 0,7830 0,0694 3,0841 0,0000 1,7475 0,2525 0,2394 0,1620
SRTA-02-01_a01 Toquepala arc 49,26 0,98 4,96 15,21 0,80 13,64 11,13 1,59 0,53 n.d. 98,10 7,1490 0,8510 -0,0027 0,1075 0,6316 1,2145 0,0982 2,9510 0,0000 1,7307 0,2693 0,1781 0,0985



LOC-08-03_a19 Toquepala arc 47,27 1,39 6,46 14,33 0,77 13,87 10,98 1,34 0,56 n.d. 97,09 6,8852 1,1148 -0,0058 0,1528 0,9066 0,8390 0,0956 3,0117 0,0000 1,7136 0,2864 0,0910 0,1037
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analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
SRTA-02-01_a02 Toquepala arc 50,94 0,77 3,81 14,77 0,85 13,85 11,34 1,33 0,44 0,02 98,12 7,3797 0,6203 0,0303 0,0842 0,4472 1,3423 0,1049 2,9912 0,0010 1,7602 0,2398 0,1332 0,0809
SRTA-02-01_a03 Toquepala arc 51,39 0,67 3,50 14,10 0,86 14,60 11,04 1,27 0,40 n.d. 97,83 7,3983 0,6017 -0,0079 0,0722 0,6307 1,0669 0,1047 3,1334 0,0000 1,7029 0,2971 0,0583 0,0733
SRTA-02-01_a05 Toquepala arc 51,32 0,83 3,75 13,43 0,96 14,72 10,95 1,32 0,36 0,02 97,66 7,3838 0,6162 0,0197 0,0900 0,6054 1,0106 0,1171 3,1573 0,0010 1,6880 0,3120 0,0571 0,0661
SRTA-02-01_a06 Toquepala arc 53,83 0,11 1,94 13,26 0,23 15,60 12,36 0,36 0,10 n.d. 97,79 7,7120 0,2880 0,0396 0,0118 0,3123 1,2765 0,0281 3,3318 0,0000 1,8973 0,0989 0,0000 0,0190
SRTA-02-01_a07 Toquepala arc 49,55 1,20 4,55 15,68 0,96 13,36 10,22 1,81 0,48 n.d. 97,82 7,1842 0,8158 -0,0383 0,1310 0,8189 1,0823 0,1183 2,8877 0,0000 1,5877 0,4123 0,0965 0,0890
SRTA-02-01_a08 Toquepala arc 51,19 0,78 3,75 13,61 0,97 14,83 11,11 1,33 0,40 n.d. 97,96 7,3531 0,6469 -0,0120 0,0839 0,6281 1,0069 0,1174 3,1757 0,0000 1,7099 0,2901 0,0794 0,0736
SRTA-02-01_a09 Toquepala arc 53,34 0,44 2,77 10,50 0,26 17,22 11,76 1,23 0,38 0,03 97,92 7,5697 0,4303 0,0330 0,0466 0,3213 0,9248 0,0311 3,6431 0,0017 1,7882 0,2118 0,1253 0,0693
SRTA-02-01_a10 Toquepala arc 50,80 0,77 4,01 13,60 1,08 14,91 10,77 1,49 0,39 n.d. 97,83 7,2872 0,7128 -0,0348 0,0834 0,7834 0,8481 0,1314 3,1885 0,0000 1,6553 0,3447 0,0698 0,0722
SRTA-02-01_a11 Toquepala arc 52,19 0,61 3,35 12,05 0,80 16,02 11,56 1,25 0,35 n.d. 98,19 7,4363 0,5637 -0,0011 0,0659 0,4943 0,9416 0,0965 3,4028 0,0000 1,7648 0,2352 0,1103 0,0637
SRTA-02-01_a12 Toquepala arc 52,74 0,40 3,03 10,87 0,42 16,98 11,55 1,01 0,31 0,04 97,36 7,5032 0,4968 0,0112 0,0432 0,5421 0,7512 0,0510 3,6012 0,0021 1,7606 0,2394 0,0396 0,0569
SRTA-02-01_a13 Toquepala arc 50,79 0,81 3,80 14,02 0,80 14,41 11,00 1,31 0,38 n.d. 97,32 7,3558 0,6442 0,0045 0,0880 0,6117 1,0864 0,0982 3,1112 0,0000 1,7069 0,2931 0,0751 0,0699
SRTA-02-01_a14 Toquepala arc 50,98 0,94 4,07 12,68 0,86 15,22 10,78 1,57 0,40 0,01 97,51 7,3229 0,6771 0,0119 0,1017 0,6328 0,8904 0,1041 3,2591 0,0006 1,6591 0,3409 0,0963 0,0736
SRTA-02-01_a15 Toquepala arc 52,34 0,60 3,20 11,89 0,72 16,17 11,48 1,22 0,34 0,04 97,99 7,4589 0,5411 -0,0036 0,0642 0,5129 0,9042 0,0871 3,4353 0,0022 1,7529 0,2471 0,0891 0,0614
SRTA-02-01_a16 Toquepala arc 50,35 0,93 4,40 14,34 0,88 14,09 10,98 1,45 0,47 0,01 97,90 7,2744 0,7256 0,0236 0,1015 0,6069 1,1257 0,1075 3,0347 0,0004 1,6997 0,3003 0,1059 0,0865
SRTA-02-01_a17 Toquepala arc 54,37 0,32 2,01 9,97 0,26 17,72 11,83 0,98 0,24 n.d. 97,70 7,6865 0,3135 0,0214 0,0339 0,3283 0,8504 0,0313 3,7346 0,0000 1,7920 0,2080 0,0612 0,0427
SRTA-02-01_a18 Toquepala arc 53,41 0,51 2,64 11,06 0,47 16,87 11,46 1,21 0,36 n.d. 98,00 7,5712 0,4288 0,0123 0,0548 0,4276 0,8835 0,0567 3,5651 0,0000 1,7406 0,2594 0,0735 0,0652
SRTA-02-01_a19 Toquepala arc 53,14 0,34 2,49 11,17 0,31 16,60 12,05 0,77 0,26 n.d. 97,13 7,6182 0,3818 0,0390 0,0363 0,3074 1,0318 0,0378 3,5477 0,0000 1,8509 0,1491 0,0640 0,0478
SRTA-02-01_a20 Toquepala arc 54,72 0,25 2,02 9,71 0,38 17,69 11,89 0,83 0,20 n.d. 97,69 7,7233 0,2767 0,0593 0,0269 0,3060 0,8401 0,0455 3,7222 0,0000 1,7981 0,2019 0,0241 0,0353
SRTA-02-01_a22 Toquepala arc 51,10 0,93 4,09 13,01 0,93 14,96 10,75 1,56 0,41 0,02 97,76 7,3333 0,6667 0,0251 0,1000 0,6262 0,9352 0,1129 3,2005 0,0013 1,6530 0,3470 0,0870 0,0753
SRTA-02-01_a23 Toquepala arc 49,62 1,17 4,56 15,10 1,04 13,84 10,32 1,63 0,47 n.d. 97,75 7,1659 0,8341 -0,0580 0,1271 0,9020 0,9217 0,1276 2,9796 0,0000 1,5969 0,4031 0,0533 0,0858
SRTA-02-01_a24 Toquepala arc 51,48 0,84 3,72 13,02 0,88 15,23 10,82 1,53 0,43 n.d. 97,95 7,3677 0,6323 -0,0048 0,0907 0,6350 0,9234 0,1064 3,2494 0,0000 1,6592 0,3408 0,0837 0,0778
SRTA-02-01_a25 Toquepala arc 52,06 0,73 3,35 12,11 0,75 15,89 11,53 1,19 0,37 n.d. 97,97 7,4368 0,5632 0,0008 0,0780 0,4800 0,9667 0,0905 3,3839 0,0000 1,7648 0,2352 0,0937 0,0678
SRTA-02-01_a26 Toquepala arc 51,31 0,71 3,71 14,06 1,01 14,49 10,77 1,37 0,34 n.d. 97,76 7,3762 0,6238 0,0048 0,0766 0,7044 0,9860 0,1229 3,1053 0,0000 1,6589 0,3411 0,0408 0,0617
SRTA-02-01_a27 Toquepala arc 51,09 0,76 3,77 13,66 0,86 14,70 11,06 1,37 0,41 n.d. 97,67 7,3659 0,6341 0,0065 0,0825 0,5877 1,0594 0,1044 3,1595 0,0000 1,7085 0,2915 0,0915 0,0748
SRTA-02-01_a28 Toquepala arc 51,03 0,88 3,96 13,35 0,96 15,02 10,88 1,48 0,41 n.d. 97,97 7,3117 0,6883 -0,0196 0,0952 0,6916 0,9081 0,1165 3,2083 0,0000 1,6703 0,3297 0,0814 0,0742
SRTA-02-01_a29 Toquepala arc 48,94 1,17 4,91 14,61 1,04 13,72 10,40 1,69 0,50 0,03 97,02 7,1356 0,8644 -0,0207 0,1289 0,8069 0,9745 0,1282 2,9822 0,0019 1,6247 0,3753 0,1025 0,0932
SRTA-02-01_a30 Toquepala arc 49,40 0,93 5,00 13,32 0,77 15,03 10,30 1,37 0,39 n.d. 96,51 7,1208 0,8792 -0,0298 0,1004 1,0713 0,5344 0,0939 3,2298 0,0000 1,5908 0,3829 0,0000 0,0725
SRTA-02-01_a31 Toquepala arc 51,13 0,87 4,03 13,75 0,97 14,63 11,03 1,49 0,40 0,03 98,34 7,3313 0,6687 0,0123 0,0938 0,5914 1,0574 0,1178 3,1272 0,0020 1,6945 0,3055 0,1088 0,0740
SRTA-02-01_a32 Toquepala arc 51,63 0,65 3,62 14,39 0,88 14,30 11,10 1,22 0,36 n.d. 98,15 7,4179 0,5821 0,0309 0,0702 0,5865 1,1426 0,1070 3,0629 0,0000 1,7087 0,2913 0,0496 0,0660
SRTA-02-01_a33 Toquepala arc 50,19 0,99 4,24 14,86 1,10 13,86 10,34 1,73 0,43 0,02 97,76 7,2533 0,7467 -0,0246 0,1079 0,7901 1,0058 0,1347 2,9860 0,0014 1,6011 0,3989 0,0858 0,0784
SRTA-02-01_a34 Toquepala arc 48,86 1,18 5,15 15,14 1,02 13,42 10,75 1,67 0,57 n.d. 97,76 7,1090 0,8910 -0,0079 0,1289 0,7124 1,1298 0,1260 2,9108 0,0000 1,6758 0,3242 0,1470 0,1059
SRTA-02-01_a35 Toquepala arc 51,49 0,86 3,97 12,01 0,51 15,54 11,83 1,31 0,40 n.d. 97,93 7,3997 0,6003 0,0722 0,0934 0,2583 1,1852 0,0617 3,3293 0,0000 1,8216 0,1784 0,1873 0,0741
MAJ-07-11_a01 Toquepala arc 49,09 0,62 5,24 13,05 0,38 15,16 11,49 0,68 0,27 n.d. 95,98 7,1250 0,8750 0,0213 0,0673 0,9046 0,6794 0,0472 3,2802 0,0000 1,7868 0,1913 0,0000 0,0495
MAJ-07-11_a02 Toquepala arc 50,20 0,80 4,70 12,38 0,39 15,01 11,65 0,61 0,30 0,01 96,05 7,2996 0,7004 0,1051 0,0872 0,5630 0,9425 0,0484 3,2538 0,0005 1,8151 0,1720 0,0000 0,0552
MAJ-07-11_a04 Toquepala arc 47,69 0,27 1,88 10,93 0,37 15,95 11,13 0,20 0,09 0,01 88,53 7,4380 0,5620 -0,2156 0,0319 0,9158 0,5099 0,0495 3,7085 0,0005 1,8599 0,0592 0,0000 0,0184
MAJ-07-11_a06 Toquepala arc 50,03 0,51 3,76 13,24 0,47 14,99 11,41 0,50 0,27 0,03 95,21 7,3356 0,6644 -0,0147 0,0564 0,7854 0,8382 0,0582 3,2765 0,0016 1,7925 0,1434 0,0000 0,0509
MAJ-07-11_a12 Toquepala arc 50,42 0,53 4,43 13,08 0,35 14,83 11,85 0,58 0,27 n.d. 96,33 7,3335 0,6665 0,0930 0,0578 0,5514 1,0396 0,0426 3,2156 0,0000 1,8467 0,1533 0,0093 0,0505
LOC-08-03_a01 Toquepala arc 47,96 1,31 6,23 14,33 0,78 13,80 10,97 1,33 0,52 n.d. 97,34 6,9661 1,0339 0,0326 0,1427 0,8308 0,9099 0,0958 2,9881 0,0000 1,7072 0,2928 0,0812 0,0966
LOC-08-03_a02 Toquepala arc 48,79 1,13 5,58 13,84 0,79 14,47 11,09 1,13 0,44 n.d. 97,36 7,0449 0,9551 -0,0056 0,1225 0,8872 0,7841 0,0971 3,1147 0,0000 1,7157 0,2843 0,0311 0,0818
LOC-08-03_a03 Toquepala arc 47,99 1,32 6,14 14,12 0,82 14,14 10,91 1,30 0,51 n.d. 97,38 6,9473 1,0527 -0,0051 0,1440 0,9255 0,7840 0,1001 3,0516 0,0000 1,6922 0,3078 0,0583 0,0938
LOC-08-03_a04 Toquepala arc 48,07 1,22 5,81 13,83 0,78 14,19 10,90 1,27 0,45 n.d. 96,60 7,0047 0,9953 0,0026 0,1335 0,8798 0,8056 0,0960 3,0825 0,0000 1,7018 0,2982 0,0596 0,0844
LOC-08-03_a05 Toquepala arc 47,81 1,36 6,04 14,18 0,77 14,18 10,92 1,27 0,49 n.d. 97,14 6,9366 1,0634 -0,0306 0,1489 0,9537 0,7669 0,0942 3,0670 0,0000 1,6975 0,3025 0,0544 0,0907
LOC-08-03_a06 Toquepala arc 48,80 1,18 5,62 13,60 0,81 14,47 10,97 1,19 0,47 n.d. 97,20 7,0533 0,9467 0,0106 0,1286 0,8627 0,7812 0,0990 3,1178 0,0000 1,6988 0,3012 0,0314 0,0858
LOC-08-03_a07 Toquepala arc 47,49 1,33 6,44 14,38 0,73 13,95 10,96 1,41 0,51 n.d. 97,31 6,8960 1,1040 -0,0018 0,1455 0,9121 0,8342 0,0903 3,0198 0,0000 1,7052 0,2948 0,1022 0,0953
LOC-08-03_a08 Toquepala arc 47,85 1,42 6,29 14,11 0,79 13,96 10,89 1,28 0,52 n.d. 97,22 6,9420 1,0580 0,0176 0,1547 0,8884 0,8235 0,0965 3,0193 0,0000 1,6928 0,3072 0,0540 0,0958
LOC-08-03_a09 Toquepala arc 46,79 1,41 6,92 14,74 0,76 13,38 11,01 1,48 0,59 n.d. 97,23 6,8401 1,1599 0,0323 0,1552 0,8382 0,9639 0,0945 2,9159 0,0000 1,7245 0,2755 0,1440 0,1105
LOC-08-03_a10 Toquepala arc 48,76 1,21 5,57 14,04 0,80 14,26 11,02 1,18 0,45 n.d. 97,40 7,0500 0,9500 -0,0009 0,1313 0,8589 0,8388 0,0983 3,0736 0,0000 1,7072 0,2928 0,0387 0,0835
LOC-08-03_a11 Toquepala arc 48,26 1,36 5,85 13,76 0,81 14,35 11,08 1,26 0,54 n.d. 97,37 6,9896 1,0104 -0,0118 0,1477 0,8343 0,8323 0,0992 3,0983 0,0000 1,7194 0,2806 0,0740 0,0992
LOC-08-03_a12 Toquepala arc 42,96 2,82 11,13 12,04 0,24 14,03 11,22 2,41 0,53 n.d. 97,40 6,2481 1,7519 0,1559 0,3086 0,7037 0,7608 0,0291 3,0419 0,0000 1,7484 0,2516 0,4280 0,0987
LOC-08-03_a13 Toquepala arc 48,31 1,23 5,88 14,02 0,80 14,20 10,91 1,21 0,46 n.d. 97,13 6,9983 1,0017 0,0022 0,1340 0,9201 0,7784 0,0986 3,0666 0,0000 1,6934 0,3066 0,0321 0,0858
LOC-08-03_a14 Toquepala arc 48,28 1,23 5,81 14,02 0,80 14,25 11,14 1,25 0,50 n.d. 97,37 6,9972 1,0028 -0,0104 0,1344 0,8423 0,8570 0,0979 3,0788 0,0000 1,7299 0,2701 0,0803 0,0919
LOC-08-03_a15 Toquepala arc 47,44 1,35 6,24 14,56 0,82 13,67 10,89 1,36 0,52 n.d. 96,97 6,9244 1,0756 -0,0022 0,1487 0,8916 0,8857 0,1016 2,9745 0,0000 1,7031 0,2969 0,0880 0,0977
LOC-08-03_a16 Toquepala arc 49,05 1,12 5,45 13,86 0,81 14,74 11,05 1,15 0,40 n.d. 97,72 7,0408 0,9592 -0,0372 0,1209 0,9618 0,7020 0,0983 3,1542 0,0000 1,6995 0,3005 0,0209 0,0725
LOC-08-03_a17 Toquepala arc 47,70 1,38 6,23 14,14 0,77 14,13 10,96 1,33 0,55 n.d. 97,30 6,9192 1,0808 -0,0157 0,1502 0,9148 0,8005 0,0945 3,0556 0,0000 1,7034 0,2966 0,0766 0,1011
LOC-08-03_a18 Toquepala arc 48,21 1,46 5,85 13,86 0,85 14,25 10,78 1,16 0,54 n.d. 97,08 6,9823 1,0177 -0,0192 0,1595 0,9468 0,7320 0,1043 3,0767 0,0000 1,6728 0,3258 0,0000 0,0997
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ARI-17-05_a19 Coastal Batholith 45,89 0,79 8,32 15,81 0,86 12,13 11,81 0,80 0,71 n.d. 97,14 6,7546 1,2454 0,1979 0,0873 0,7860 1,1601 0,1069 2,6617 0,0000 1,8625 0,1375 0,0917 0,1326

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
LOC-08-03_a20 Toquepala arc 48,18 1,26 5,99 14,36 0,83 14,00 10,94 1,24 0,44 n.d. 97,39 6,9769 1,0231 -0,0008 0,1378 0,9248 0,8143 0,1018 3,0222 0,0000 1,6974 0,3026 0,0444 0,0819
OCO-07-07_a01 Coastal Batholith 43,60 1,08 9,07 22,35 1,26 6,87 11,04 1,10 0,89 n.d. 97,26 6,6602 1,3398 0,2931 0,1236 0,6876 2,1676 0,1636 1,5645 0,0000 1,8069 0,1931 0,1315 0,1735
OCO-07-07_a02 Coastal Batholith 43,75 0,78 9,31 22,05 1,29 7,13 11,12 1,02 0,87 0,02 97,35 6,6541 1,3459 0,3229 0,0896 0,7474 2,0572 0,1662 1,6166 0,0012 1,8121 0,1879 0,1142 0,1688
OCO-07-07_a03 Coastal Batholith 41,63 0,85 10,61 23,34 1,15 6,31 11,44 1,06 1,13 0,02 97,53 6,3916 1,6084 0,3115 0,0984 0,7991 2,1978 0,1489 1,4442 0,0012 1,8819 0,1181 0,1963 0,2215
OCO-07-07_a05 Coastal Batholith 45,08 1,04 8,37 18,28 1,25 9,91 11,40 0,96 0,67 n.d. 96,96 6,7478 1,2522 0,2244 0,1172 0,7301 1,5582 0,1588 2,2114 0,0000 1,8283 0,1717 0,1066 0,1284
OCO-07-07_a06 Coastal Batholith 43,88 0,85 8,66 21,91 1,30 7,78 11,13 1,03 0,80 n.d. 97,35 6,6523 1,3477 0,1997 0,0972 0,8785 1,8994 0,1669 1,7583 0,0000 1,8079 0,1921 0,1119 0,1553
OCO-07-07_a07 Coastal Batholith 41,59 0,90 10,48 22,39 1,15 6,74 11,43 1,09 1,08 n.d. 96,85 6,4085 1,5915 0,3116 0,1047 0,7592 2,1261 0,1502 1,5482 0,0000 1,8871 0,1129 0,2122 0,2121
OCO-07-07_a08 Coastal Batholith 41,85 0,71 10,81 22,78 1,17 6,35 11,49 1,14 1,10 n.d. 97,40 6,4285 1,5715 0,3856 0,0818 0,6835 2,2429 0,1521 1,4541 0,0000 1,8911 0,1089 0,2313 0,2165
OCO-07-07_a09 Coastal Batholith 43,30 1,07 8,84 20,44 1,25 8,14 11,30 1,05 0,87 0,01 96,27 6,6371 1,3629 0,2341 0,1239 0,6870 1,9333 0,1617 1,8601 0,0007 1,8559 0,1441 0,1664 0,1709
OCO-07-07_a10 Coastal Batholith 45,05 0,98 7,89 20,81 1,19 8,04 11,15 1,02 0,80 n.d. 96,92 6,8514 1,1486 0,2657 0,1120 0,5704 2,0764 0,1527 1,8228 0,0000 1,8169 0,1831 0,1173 0,1542
OCO-07-07_a11 Coastal Batholith 43,97 1,08 8,84 21,69 1,32 7,53 11,25 1,08 0,85 n.d. 97,61 6,6713 1,3287 0,2521 0,1229 0,6896 2,0626 0,1696 1,7032 0,0000 1,8289 0,1711 0,1470 0,1654
OCO-07-07_a12 Coastal Batholith 43,58 0,89 8,91 22,71 1,30 7,18 10,97 1,10 0,80 n.d. 97,44 6,6224 1,3776 0,2182 0,1019 0,9050 1,9811 0,1673 1,6265 0,0000 1,7861 0,2139 0,1101 0,1544
OCO-07-07_a14 Coastal Batholith 47,36 0,87 6,68 18,10 1,14 10,22 11,48 0,81 0,55 n.d. 97,22 7,0583 0,9417 0,2317 0,0979 0,5078 1,7481 0,1438 2,2707 0,0000 1,8332 0,1668 0,0677 0,1054
OCO-07-07_a15 Coastal Batholith 43,68 1,16 9,25 21,51 1,20 7,30 11,22 1,05 0,94 n.d. 97,31 6,6534 1,3466 0,3140 0,1331 0,6115 2,1286 0,1551 1,6577 0,0000 1,8312 0,1688 0,1407 0,1830
OCO-07-07_a16 Coastal Batholith 43,90 0,91 8,95 21,51 1,25 7,35 11,38 0,89 0,84 n.d. 96,98 6,7034 1,2966 0,3140 0,1045 0,6221 2,1247 0,1615 1,6731 0,0000 1,8618 0,1382 0,1253 0,1643
OCO-07-07_a17 Coastal Batholith 43,04 1,31 9,77 20,19 1,19 8,01 11,16 1,15 0,95 0,02 96,79 6,5537 1,4463 0,3071 0,1500 0,6729 1,8982 0,1536 1,8183 0,0010 1,8208 0,1792 0,1590 0,1855
OCO-07-07_a18 Coastal Batholith 44,11 1,20 8,90 20,24 1,22 8,31 11,43 1,08 0,77 n.d. 97,26 6,6791 1,3209 0,2674 0,1367 0,6073 1,9558 0,1570 1,8758 0,0000 1,8544 0,1456 0,1701 0,1481
OCO-07-07_a20 Coastal Batholith 44,91 0,95 8,31 20,33 1,19 8,43 11,43 0,82 0,70 n.d. 97,07 6,7888 1,2112 0,2693 0,1082 0,6475 1,9226 0,1527 1,8997 0,0000 1,8513 0,1487 0,0917 0,1350
OCO-07-07_a22 Coastal Batholith 43,23 1,22 8,98 20,84 1,29 7,88 11,14 1,07 0,81 n.d. 96,46 6,6116 1,3884 0,2303 0,1405 0,7513 1,9142 0,1670 1,7966 0,0000 1,8255 0,1745 0,1417 0,1585
OCO-07-07_a23 Coastal Batholith 42,73 0,95 9,17 20,84 1,31 8,18 10,94 1,17 0,88 n.d. 96,17 6,5365 1,4635 0,1898 0,1090 0,9506 1,7155 0,1697 1,8654 0,0000 1,7931 0,2069 0,1399 0,1721
OCO-07-07_a24 Coastal Batholith 44,58 1,15 8,32 20,83 1,20 8,26 11,44 1,07 0,80 n.d. 97,65 6,7386 1,2614 0,2208 0,1307 0,6072 2,0260 0,1540 1,8613 0,0000 1,8528 0,1472 0,1650 0,1542
OCO-07-07_a25 Coastal Batholith 44,51 1,14 8,34 21,98 1,30 7,46 11,16 1,09 0,83 0,01 97,83 6,7436 1,2564 0,2328 0,1305 0,6569 2,1281 0,1668 1,6849 0,0006 1,8116 0,1884 0,1326 0,1610
OCO-07-07_a26 Coastal Batholith 45,56 0,65 7,80 19,27 1,14 9,26 11,56 0,73 0,63 n.d. 96,59 6,8767 1,1233 0,2643 0,0734 0,6406 1,7919 0,1463 2,0836 0,0000 1,8695 0,1305 0,0817 0,1204
OCO-07-07_a27 Coastal Batholith 43,84 1,02 8,77 20,98 1,32 8,16 11,17 1,20 0,84 0,01 97,30 6,6449 1,3551 0,2115 0,1158 0,7685 1,8909 0,1695 1,8438 0,0004 1,8140 0,1860 0,1658 0,1632
OCO-07-07_a28 Coastal Batholith 43,68 0,92 9,21 22,15 1,23 7,19 11,23 1,12 0,90 0,03 97,66 6,6406 1,3594 0,2909 0,1050 0,6917 2,1245 0,1584 1,6295 0,0016 1,8293 0,1707 0,1604 0,1755
OCO-07-07_a29 Coastal Batholith 43,80 1,03 9,23 21,61 1,21 7,66 11,39 1,01 0,81 0,02 97,77 6,6231 1,3769 0,2680 0,1170 0,7305 2,0023 0,1556 1,7267 0,0009 1,8454 0,1546 0,1412 0,1571
ARI-23-05_a01 Coastal Batholith 46,28 0,82 8,13 14,46 0,76 12,99 11,79 0,93 0,64 n.d. 96,82 6,7920 1,2080 0,1983 0,0911 0,7356 1,0391 0,0939 2,8420 0,0000 1,8539 0,1461 0,1174 0,1206
ARI-23-05_a02 Coastal Batholith 47,63 0,42 7,10 13,80 0,79 13,40 12,02 0,80 0,37 n.d. 96,38 6,9962 1,0038 0,2253 0,0466 0,6049 1,0903 0,0987 2,9342 0,0000 1,8917 0,1083 0,1189 0,0699
ARI-23-05_a03 Coastal Batholith 46,09 0,70 8,14 14,97 0,81 12,74 11,64 0,87 0,65 n.d. 96,63 6,7771 1,2229 0,1878 0,0777 0,8416 0,9993 0,1010 2,7927 0,0000 1,8339 0,1661 0,0832 0,1211
ARI-23-05_a04 Coastal Batholith 45,80 0,88 8,36 15,04 0,80 12,57 11,61 1,00 0,61 n.d. 96,69 6,7423 1,2577 0,1928 0,0979 0,8065 1,0451 0,0992 2,7586 0,0000 1,8313 0,1687 0,1166 0,1148
ARI-23-05_a05 Coastal Batholith 46,09 0,89 8,52 14,36 0,78 12,85 11,71 1,02 0,66 n.d. 96,90 6,7606 1,2394 0,2335 0,0986 0,7139 1,0477 0,0965 2,8099 0,0000 1,8404 0,1596 0,1317 0,1228
ARI-23-05_a06 Coastal Batholith 46,86 0,76 8,36 14,15 0,75 12,77 11,60 0,83 0,69 n.d. 96,79 6,8610 1,1390 0,3036 0,0837 0,6637 1,0689 0,0929 2,7873 0,0000 1,8198 0,1802 0,0565 0,1281
ARI-23-05_a07 Coastal Batholith 45,87 0,87 8,35 14,95 0,78 12,76 11,51 1,11 0,68 n.d. 96,91 6,7340 1,2660 0,1787 0,0958 0,8302 1,0053 0,0974 2,7926 0,0000 1,8105 0,1895 0,1272 0,1278
ARI-23-05_a10 Coastal Batholith 46,37 0,76 8,19 14,56 0,78 12,97 11,78 0,97 0,57 n.d. 96,99 6,7904 1,2096 0,2039 0,0842 0,7570 1,0261 0,0973 2,8315 0,0000 1,8483 0,1517 0,1245 0,1073
ARI-23-05_a12 Coastal Batholith 46,55 0,87 8,60 14,08 0,79 13,02 11,43 1,18 0,49 n.d. 97,03 6,7850 1,2150 0,2624 0,0950 0,7673 0,9490 0,0973 2,8291 0,0000 1,7850 0,2150 0,1195 0,0909
ARI-23-05_a13 Coastal Batholith 46,63 0,75 7,90 14,69 0,78 12,95 11,69 0,88 0,71 n.d. 97,02 6,8298 1,1702 0,1935 0,0826 0,7616 1,0378 0,0969 2,8276 0,0000 1,8345 0,1655 0,0836 0,1318
ARI-23-05_a14 Coastal Batholith 46,71 0,73 8,02 14,39 0,76 13,03 11,86 0,94 0,66 n.d. 97,13 6,8367 1,1633 0,2201 0,0808 0,6708 1,0906 0,0947 2,8431 0,0000 1,8599 0,1401 0,1273 0,1237
ARI-23-05_a15 Coastal Batholith 46,11 0,78 7,91 14,58 0,76 13,05 11,53 1,01 0,77 n.d. 96,53 6,7873 1,2127 0,1596 0,0868 0,8096 0,9852 0,0951 2,8637 0,0000 1,8185 0,1815 0,1076 0,1437
ARI-23-05_a16 Coastal Batholith 46,31 0,80 7,98 14,78 0,75 12,99 11,66 0,99 0,61 n.d. 96,89 6,7885 1,2115 0,1672 0,0886 0,8095 1,0024 0,0936 2,8387 0,0000 1,8313 0,1687 0,1117 0,1146
ARI-23-05_a18 Coastal Batholith 46,27 0,80 8,04 15,09 0,76 12,75 11,52 1,08 0,70 n.d. 97,02 6,7877 1,2123 0,1777 0,0880 0,7999 1,0514 0,0947 2,7883 0,0000 1,8107 0,1893 0,1174 0,1307
ARI-17-05_a01 Coastal Batholith 44,26 0,86 9,49 16,50 0,82 11,05 11,64 1,02 0,88 n.d. 96,55 6,6090 1,3910 0,2791 0,0968 0,7299 1,3305 0,1039 2,4598 0,0000 1,8623 0,1377 0,1584 0,1678
ARI-17-05_a02 Coastal Batholith 44,11 0,85 9,87 16,60 0,83 11,09 11,82 0,94 0,89 n.d. 97,03 6,5536 1,4464 0,2819 0,0945 0,7717 1,2909 0,1048 2,4563 0,0000 1,8816 0,1184 0,1535 0,1688
ARI-17-05_a03 Coastal Batholith 45,49 0,88 8,70 16,16 0,84 11,72 11,87 0,77 0,80 n.d. 97,26 6,7119 1,2881 0,2248 0,0978 0,7439 1,2501 0,1055 2,5779 0,0000 1,8765 0,1235 0,0972 0,1501
ARI-17-05_a04 Coastal Batholith 43,34 1,07 10,14 17,09 0,87 10,73 11,74 0,93 1,06 n.d. 97,00 6,4672 1,5328 0,2505 0,1201 0,8173 1,3154 0,1097 2,3869 0,0000 1,8770 0,1230 0,1455 0,2021
ARI-17-05_a05 Coastal Batholith 43,26 0,94 10,30 16,83 0,82 10,70 11,65 0,99 1,01 n.d. 96,57 6,4768 1,5232 0,2942 0,1061 0,7993 1,3080 0,1042 2,3882 0,0000 1,8688 0,1312 0,1558 0,1928
ARI-17-05_a06 Coastal Batholith 45,15 0,85 8,62 16,15 0,87 11,73 11,68 0,81 0,79 n.d. 96,68 6,6941 1,3059 0,2004 0,0953 0,8206 1,1819 0,1092 2,5926 0,0000 1,8555 0,1445 0,0887 0,1501
ARI-17-05_a07 Coastal Batholith 45,76 0,79 8,53 16,55 0,85 11,62 11,99 0,60 0,74 n.d. 97,46 6,7380 1,2620 0,2183 0,0871 0,7763 1,2617 0,1059 2,5507 0,0000 1,8916 0,1084 0,0628 0,1388
ARI-17-05_a09 Coastal Batholith 44,75 0,86 9,38 16,45 0,86 11,17 11,81 0,84 0,86 n.d. 97,02 6,6417 1,3583 0,2824 0,0959 0,7224 1,3194 0,1085 2,4714 0,0000 1,8781 0,1219 0,1210 0,1627
ARI-17-05_a11 Coastal Batholith 44,73 0,87 9,37 16,12 0,80 11,25 11,78 0,83 0,88 n.d. 96,66 6,6568 1,3432 0,3002 0,0970 0,6858 1,3205 0,1005 2,4959 0,0000 1,8784 0,1216 0,1171 0,1676
ARI-17-05_a12 Coastal Batholith 44,60 0,78 9,67 16,53 0,85 11,21 11,81 0,93 0,92 n.d. 97,33 6,6010 1,3990 0,2878 0,0864 0,7513 1,2947 0,1064 2,4734 0,0000 1,8728 0,1272 0,1408 0,1734
ARI-17-05_a13 Coastal Batholith 43,72 0,95 10,23 17,06 0,90 10,89 11,66 0,99 1,03 n.d. 97,47 6,4767 1,5233 0,2628 0,1057 0,8694 1,2442 0,1130 2,4050 0,0000 1,8507 0,1493 0,1345 0,1945
ARI-17-05_a14 Coastal Batholith 45,02 0,81 8,90 16,22 0,88 11,66 11,84 0,90 0,79 n.d. 97,06 6,6648 1,3352 0,2177 0,0904 0,7738 1,2343 0,1105 2,5733 0,0000 1,8781 0,1219 0,1355 0,1493
ARI-17-05_a15 Coastal Batholith 47,26 0,77 7,92 14,80 0,77 12,47 11,64 0,47 0,76 n.d. 96,88 6,9193 1,0807 0,2860 0,0851 0,6969 1,1153 0,0951 2,7217 0,0000 1,8260 0,1339 0,0000 0,1418
ARI-17-05_a16 Coastal Batholith 46,22 0,77 8,11 15,73 0,88 12,03 11,63 0,83 0,76 n.d. 96,97 6,8131 1,1869 0,2220 0,0855 0,7415 1,1976 0,1098 2,6436 0,0000 1,8368 0,1632 0,0733 0,1422
ARI-17-05_a18 Coastal Batholith 44,04 0,84 9,85 16,73 0,83 11,00 11,67 1,00 1,00 n.d. 97,00 6,5526 1,4474 0,2799 0,0945 0,7788 1,3030 0,1040 2,4399 0,0000 1,8604 0,1396 0,1499 0,1895
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OCO-08-04_a05 Prot. pp Ocona 41,39 2,08 11,60 13,68 0,30 12,00 11,02 1,80 2,05 n.d. 95,99 6,2413 1,7587 0,3029 0,2360 0,5022 1,2229 0,0384 2,6976 0,0000 1,7805 0,2195 0,3067 0,3944

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
ARI-17-05_a21 Coastal Batholith 43,85 1,02 9,68 16,96 0,83 10,83 11,76 0,79 1,02 n.d. 96,77 6,5484 1,4516 0,2521 0,1141 0,7842 1,3339 0,1046 2,4110 0,0000 1,8817 0,1183 0,1118 0,1935
ARI-17-05_a22 Coastal Batholith 44,19 1,01 9,73 16,98 0,86 11,02 11,72 0,97 0,98 n.d. 97,50 6,5451 1,4549 0,2435 0,1122 0,8018 1,3014 0,1078 2,4332 0,0000 1,8599 0,1401 0,1396 0,1857
ARI-17-05_a24 Coastal Batholith 44,18 0,85 9,78 16,85 0,92 11,19 11,56 1,01 0,96 n.d. 97,33 6,5343 1,4657 0,2391 0,0946 0,9044 1,1798 0,1149 2,4672 0,0000 1,8319 0,1681 0,1204 0,1806
CARA-08-03_a01 Coastal Batholith 45,57 0,78 7,97 18,24 0,57 10,74 11,81 0,96 0,81 n.d. 97,55 6,7856 1,2144 0,1843 0,0878 0,6553 1,6162 0,0724 2,3841 0,0000 1,8842 0,1158 0,1621 0,1530
CARA-08-03_a02 Coastal Batholith 43,48 1,10 9,35 18,78 0,63 9,70 11,49 1,11 1,08 n.d. 96,88 6,5703 1,4297 0,2355 0,1253 0,6907 1,6826 0,0807 2,1851 0,0000 1,8603 0,1397 0,1847 0,2079
CARA-08-03_a03 Coastal Batholith 45,31 0,82 8,12 18,42 0,61 10,37 11,68 0,99 0,84 n.d. 97,25 6,7798 1,2202 0,2117 0,0923 0,6327 1,6724 0,0778 2,3132 0,0000 1,8726 0,1274 0,1585 0,1602
CARA-08-03_a04 Coastal Batholith 44,10 1,47 8,75 18,56 0,60 9,90 11,52 1,12 0,92 n.d. 97,07 6,6425 1,3575 0,1958 0,1662 0,6056 1,7323 0,0771 2,2230 0,0000 1,8592 0,1408 0,1872 0,1773
CARA-08-03_a05 Coastal Batholith 45,35 0,81 8,08 18,56 0,61 10,50 11,48 1,00 0,83 n.d. 97,32 6,7633 1,2367 0,1835 0,0906 0,7577 1,5572 0,0766 2,3344 0,0000 1,8344 0,1656 0,1222 0,1576
CARA-08-03_a07 Coastal Batholith 45,16 0,73 8,27 18,67 0,58 10,25 11,59 0,86 0,82 n.d. 97,04 6,7601 1,2399 0,2191 0,0824 0,7311 1,6062 0,0739 2,2873 0,0000 1,8589 0,1411 0,1093 0,1567
CARA-08-03_a08 Coastal Batholith 44,84 0,93 8,27 18,38 0,58 10,40 11,45 1,06 0,84 n.d. 96,88 6,7269 1,2731 0,1891 0,1050 0,7223 1,5837 0,0741 2,3259 0,0000 1,8405 0,1595 0,1499 0,1615
CARA-08-03_a09 Coastal Batholith 44,91 1,27 8,06 18,00 0,60 10,55 11,61 0,99 0,85 n.d. 96,95 6,7374 1,2626 0,1625 0,1438 0,6306 1,6277 0,0760 2,3594 0,0000 1,8662 0,1338 0,1527 0,1630
CARA-08-03_a10 Coastal Batholith 45,48 0,79 7,70 17,76 0,60 10,72 11,59 0,92 0,75 n.d. 96,40 6,8360 1,1640 0,2001 0,0894 0,6399 1,5926 0,0759 2,4021 0,0000 1,8666 0,1334 0,1355 0,1430
CARA-08-03_a11 Coastal Batholith 45,02 0,80 8,20 18,62 0,60 10,42 11,47 0,98 0,85 n.d. 97,09 6,7349 1,2651 0,1806 0,0900 0,7807 1,5488 0,0760 2,3238 0,0000 1,8385 0,1615 0,1226 0,1626
CARA-08-03_a12 Coastal Batholith 44,43 0,86 8,79 18,81 0,62 10,09 11,61 1,03 0,98 n.d. 97,34 6,6593 1,3407 0,2120 0,0972 0,7203 1,6375 0,0784 2,2545 0,0000 1,8645 0,1355 0,1627 0,1867
CARA-08-03_a14 Coastal Batholith 44,29 0,96 8,87 19,12 0,62 9,87 11,28 1,16 1,02 n.d. 97,42 6,6415 1,3585 0,2091 0,1081 0,7764 1,6214 0,0786 2,2064 0,0000 1,8123 0,1877 0,1503 0,1943
CARA-08-03_a15 Coastal Batholith 44,97 0,82 8,25 18,18 0,60 10,37 11,54 0,99 0,87 n.d. 96,68 6,7600 1,2400 0,2216 0,0924 0,6618 1,6237 0,0766 2,3239 0,0000 1,8587 0,1413 0,1468 0,1663
CARA-08-03_a16 Coastal Batholith 44,64 0,89 8,39 18,28 0,67 10,37 11,52 1,02 0,82 n.d. 96,72 6,7079 1,2921 0,1937 0,1012 0,7313 1,5659 0,0849 2,3230 0,0000 1,8548 0,1452 0,1522 0,1578
CARA-08-03_a17 Coastal Batholith 42,46 1,24 9,82 18,95 0,59 9,32 11,67 1,11 1,09 n.d. 96,40 6,4781 1,5219 0,2438 0,1426 0,6366 1,7813 0,0759 2,1198 0,0000 1,9077 0,0923 0,2370 0,2116
CARA-08-03_a18 Coastal Batholith 45,78 0,78 7,73 18,28 0,62 10,57 11,56 0,97 0,79 n.d. 97,24 6,8366 1,1634 0,1971 0,0880 0,6598 1,6232 0,0788 2,3531 0,0000 1,8497 0,1503 0,1301 0,1507
CARA-08-03_a19 Coastal Batholith 46,12 0,69 7,20 17,76 0,65 11,16 11,74 0,85 0,69 n.d. 96,94 6,8788 1,1212 0,1444 0,0772 0,6928 1,5224 0,0817 2,4814 0,0000 1,8761 0,1239 0,1223 0,1312
CARA-08-03_a20 Coastal Batholith 44,11 1,14 9,23 18,95 0,68 9,75 11,42 1,19 1,07 n.d. 97,72 6,6057 1,3943 0,2348 0,1285 0,6867 1,6866 0,0867 2,1767 0,0000 1,8324 0,1676 0,1786 0,2048
CARA-08-03_a21 Coastal Batholith 43,13 1,67 9,42 18,94 0,62 9,38 11,42 1,28 1,13 n.d. 97,20 6,5322 1,4678 0,2136 0,1898 0,5723 1,8266 0,0798 2,1178 0,0000 1,8532 0,1468 0,2301 0,2189
CARA-08-03_a22 Coastal Batholith 44,73 0,81 8,55 18,83 0,60 10,49 11,69 1,02 0,92 n.d. 97,75 6,6599 1,3401 0,1602 0,0911 0,7994 1,5452 0,0756 2,3284 0,0000 1,8649 0,1351 0,1591 0,1742
CARA-08-03_a23 Coastal Batholith 45,01 0,86 8,01 18,34 0,66 10,44 11,47 0,93 0,83 n.d. 96,64 6,7604 1,2396 0,1783 0,0969 0,7463 1,5574 0,0835 2,3376 0,0000 1,8459 0,1541 0,1164 0,1589
CARA-10-01_a01 Coastal Batholith 45,38 1,01 8,05 18,19 0,55 10,80 11,45 1,05 0,88 n.d. 97,64 6,7494 1,2506 0,1605 0,1125 0,7445 1,5180 0,0698 2,3946 0,0000 1,8247 0,1753 0,1282 0,1677
CARA-10-01_a02 Coastal Batholith 45,25 0,97 8,01 17,62 0,56 11,03 11,72 1,03 0,89 n.d. 97,34 6,7559 1,2441 0,1653 0,1093 0,6420 1,5580 0,0704 2,4550 0,0000 1,8748 0,1252 0,1736 0,1698
CARA-10-01_a03 Coastal Batholith 43,91 1,12 8,73 18,30 0,53 10,57 11,54 1,10 1,04 n.d. 97,07 6,5951 1,4049 0,1404 0,1264 0,7772 1,5214 0,0679 2,3667 0,0000 1,8571 0,1429 0,1782 0,1993
CARA-10-01_a04 Coastal Batholith 44,73 1,03 8,27 18,20 0,57 10,60 11,69 1,08 0,98 n.d. 97,42 6,7030 1,2970 0,1636 0,1158 0,6470 1,6339 0,0718 2,3680 0,0000 1,8770 0,1230 0,1914 0,1865
CARA-10-01_a05 Coastal Batholith 45,27 1,02 8,09 17,81 0,49 10,71 11,69 1,01 0,90 n.d. 97,15 6,7768 1,2232 0,2041 0,1147 0,5762 1,6535 0,0615 2,3901 0,0000 1,8750 0,1250 0,1674 0,1712
CARA-10-01_a06 Coastal Batholith 45,39 0,60 8,03 17,60 0,51 11,08 11,97 0,86 0,74 n.d. 96,87 6,7849 1,2151 0,1996 0,0670 0,6553 1,5449 0,0641 2,4691 0,0000 1,9171 0,0829 0,1677 0,1413
CARA-10-01_a07 Coastal Batholith 44,67 1,07 7,99 17,89 0,50 10,67 11,62 1,00 0,96 n.d. 96,62 6,7377 1,2623 0,1580 0,1216 0,6273 1,6293 0,0645 2,3992 0,0000 1,8779 0,1221 0,1711 0,1847
CARA-10-01_a11 Coastal Batholith 43,93 1,04 7,64 17,84 0,58 11,13 11,30 1,04 0,90 n.d. 95,65 6,6624 1,3376 0,0280 0,1188 0,9190 1,3437 0,0742 2,5164 0,0000 1,8362 0,1638 0,1427 0,1742
CARA-10-01_a17 Coastal Batholith 44,13 0,83 8,75 18,27 0,51 10,40 11,72 0,98 0,96 n.d. 96,72 6,6490 1,3510 0,2028 0,0945 0,7050 1,5971 0,0647 2,3360 0,0000 1,8920 0,1080 0,1782 0,1840
CARA-10-01_a18 Coastal Batholith 45,41 0,90 7,64 17,81 0,50 11,04 11,66 1,06 0,85 n.d. 97,15 6,7959 1,2041 0,1434 0,1009 0,6500 1,5791 0,0635 2,4630 0,0000 1,8697 0,1303 0,1760 0,1632
CARA-10-01_a20 Coastal Batholith 45,05 0,90 8,05 17,99 0,52 10,80 11,72 1,04 0,92 n.d. 97,24 6,7473 1,2527 0,1683 0,1010 0,6429 1,6104 0,0659 2,4114 0,0000 1,8808 0,1192 0,1824 0,1761
CARA-10-01_a21 Coastal Batholith 44,97 0,95 7,89 18,22 0,55 10,74 11,44 1,15 0,90 n.d. 97,08 6,7431 1,2569 0,1374 0,1074 0,7221 1,5627 0,0696 2,4008 0,0000 1,8380 0,1620 0,1714 0,1731
CARA-10-01_a26 Coastal Batholith 44,15 1,05 8,65 18,13 0,54 10,43 11,51 1,07 1,00 n.d. 96,69 6,6508 1,3492 0,1866 0,1186 0,7032 1,5808 0,0684 2,3423 0,0000 1,8578 0,1422 0,1715 0,1928
CARA-10-01_a27 Coastal Batholith 44,80 0,86 8,21 17,65 0,51 10,89 11,81 0,96 0,78 n.d. 96,56 6,7292 1,2708 0,1826 0,0975 0,6619 1,5552 0,0643 2,4385 0,0000 1,9007 0,0993 0,1808 0,1498
MAJ-08-02_a03 Prot. pp Majes 42,38 1,50 11,79 12,71 0,31 12,80 11,64 1,29 2,13 n.d. 96,64 6,3052 1,6948 0,3725 0,1682 0,4983 1,0831 0,0390 2,8389 0,0000 1,8555 0,1445 0,2279 0,4043
MAJ-08-02_a05 Prot. pp Majes 41,81 1,35 12,33 11,87 0,20 14,58 9,01 1,09 3,66 n.d. 96,00 6,0939 1,9061 0,2119 0,1481 1,5961 -0,1492 0,0253 3,1679 0,0000 1,4071 0,3075 0,0000 0,6805
MAJ-08-02_a06 Prot. pp Majes 41,70 1,84 11,90 14,27 0,40 11,27 11,46 1,18 2,11 n.d. 96,21 6,2904 1,7096 0,4060 0,2088 0,4294 1,3708 0,0505 2,5344 0,0000 1,8522 0,1478 0,1983 0,4061
MAJ-08-02_a07 Prot. pp Majes 41,81 1,80 12,25 12,54 0,33 12,49 11,56 1,37 2,16 n.d. 96,41 6,2482 1,7518 0,4058 0,2024 0,4305 1,1368 0,0420 2,7826 0,0000 1,8510 0,1490 0,2480 0,4118
MAJ-08-02_a08 Prot. pp Majes 43,61 0,34 10,27 16,73 0,48 11,15 11,89 1,19 1,02 n.d. 96,79 6,5170 1,4830 0,3257 0,0387 0,7317 1,3592 0,0608 2,4839 0,0000 1,9038 0,0962 0,2492 0,1953
MAJ-08-02_a09 Prot. pp Majes 41,57 1,88 11,71 14,42 0,46 11,55 11,48 1,22 2,15 n.d. 96,50 6,2509 1,7491 0,3262 0,2127 0,5313 1,2821 0,0586 2,5891 0,0000 1,8496 0,1504 0,2042 0,4124
MAJ-08-02_a12 Prot. pp Majes 41,82 1,81 11,94 13,87 0,38 11,96 11,44 1,23 2,09 n.d. 96,63 6,2488 1,7512 0,3514 0,2035 0,5763 1,1569 0,0478 2,6641 0,0000 1,8315 0,1685 0,1867 0,3984
MAJ-08-02_a13 Prot. pp Majes 41,72 1,68 11,78 13,50 0,40 12,11 11,30 1,32 2,21 n.d. 96,12 6,2667 1,7333 0,3521 0,1898 0,5558 1,1401 0,0504 2,7117 0,0000 1,8186 0,1814 0,2036 0,4235
MAJ-08-02_a14 Prot. pp Majes 40,80 0,77 11,67 18,11 0,47 11,67 6,99 0,70 4,49 n.d. 95,82 6,0224 1,9776 0,0526 0,0856 2,4984 -0,2628 0,0583 2,5680 0,0000 1,1055 0,1990 0,0000 0,8455
MAJ-08-02_a16 Prot. pp Majes 42,01 1,90 11,67 12,90 0,28 12,69 11,12 1,52 2,15 n.d. 96,32 6,2674 1,7326 0,3193 0,2132 0,5830 1,0265 0,0357 2,8223 0,0000 1,7775 0,2225 0,2172 0,4092
MAJ-08-02_a17 Prot. pp Majes 42,12 1,85 11,93 12,95 0,31 12,46 11,43 1,45 2,20 n.d. 96,79 6,2763 1,7237 0,3714 0,2074 0,4506 1,1632 0,0396 2,7678 0,0000 1,8249 0,1751 0,2438 0,4182
MAJ-08-02_a18 Prot. pp Majes 41,51 1,86 11,42 16,06 0,42 10,72 11,51 1,22 2,11 n.d. 96,89 6,2648 1,7352 0,2961 0,2112 0,5322 1,4949 0,0537 2,4119 0,0000 1,8612 0,1388 0,2170 0,4063
MAJ-08-02_a19 Prot. pp Majes 41,75 1,79 11,91 13,63 0,38 11,95 11,40 1,44 2,09 n.d. 96,43 6,2624 1,7376 0,3679 0,2020 0,4827 1,2271 0,0482 2,6721 0,0000 1,8322 0,1678 0,2509 0,3999
MAJ-08-02_a20 Prot. pp Majes 41,61 1,76 12,21 12,80 0,30 12,60 11,57 1,38 2,07 n.d. 96,38 6,2131 1,7869 0,3618 0,1977 0,5339 1,0645 0,0374 2,8047 0,0000 1,8510 0,1490 0,2505 0,3943
MAJ-08-02_a21 Prot. pp Majes 40,90 1,48 11,68 18,37 0,57 9,35 11,36 1,10 2,04 n.d. 96,95 6,2141 1,7859 0,3056 0,1686 0,7259 1,6083 0,0739 2,1178 0,0000 1,8493 0,1507 0,1724 0,3954
MAJ-08-02_a22 Prot. pp Majes 41,86 1,94 11,87 13,62 0,27 12,26 11,16 1,45 2,14 n.d. 96,65 6,2402 1,7598 0,3257 0,2176 0,6077 1,0903 0,0341 2,7246 0,0000 1,7825 0,2175 0,2016 0,4070
OCO-08-04_a01 Prot. pp Ocona 42,10 1,73 11,78 13,51 0,28 12,30 11,28 1,55 2,02 n.d. 96,60 6,2797 1,7203 0,3506 0,1941 0,5434 1,1419 0,0350 2,7351 0,0000 1,8028 0,1972 0,2510 0,3844
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MAJ-07-04b_a04 Ceno. MoqD 42,67 2,10 10,32 13,15 0,36 13,26 11,51 2,04 0,71 n.d. 96,12 6,3410 1,6590 0,1485 0,2348 0,6527 0,9815 0,0449 2,9376 0,0000 1,8327 0,1673 0,4204 0,1352

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
OCO-08-04_a06 Prot. pp Ocona 42,83 1,77 11,39 13,40 0,49 12,30 11,27 1,61 1,82 n.d. 96,94 6,3602 1,6398 0,3537 0,1977 0,4960 1,1682 0,0615 2,7229 0,0000 1,7932 0,2068 0,2567 0,3448
OCO-08-04_a07 Prot. pp Ocona 42,85 1,69 10,50 13,92 0,34 12,34 11,49 1,57 1,82 n.d. 96,60 6,4160 1,5840 0,2689 0,1904 0,4442 1,2989 0,0431 2,7545 0,0000 1,8433 0,1567 0,2991 0,3477
OCO-08-04_a09 Prot. pp Ocona 41,77 1,42 11,50 16,05 0,38 10,86 11,74 1,33 1,99 n.d. 97,14 6,2899 1,7101 0,3309 0,1612 0,4984 1,5229 0,0487 2,4379 0,0000 1,8942 0,1058 0,2819 0,3823
OCO-08-04_a10 Prot. pp Ocona 42,16 2,17 11,09 14,27 0,54 11,95 11,31 1,59 1,78 n.d. 96,92 6,2947 1,7053 0,2461 0,2437 0,5538 1,2280 0,0685 2,6598 0,0000 1,8093 0,1907 0,2696 0,3390
OCO-08-04_a12 Prot. pp Ocona 42,35 2,11 11,14 14,20 0,54 11,75 11,35 1,45 1,81 n.d. 96,76 6,3343 1,6657 0,2980 0,2374 0,4891 1,2871 0,0684 2,6199 0,0000 1,8189 0,1811 0,2394 0,3454
OCO-08-04_a13 Prot. pp Ocona 41,51 1,95 11,67 13,97 0,29 12,14 11,38 1,53 2,11 n.d. 96,60 6,2200 1,7800 0,2810 0,2198 0,5574 1,1933 0,0367 2,7119 0,0000 1,8271 0,1729 0,2716 0,4033
OCO-08-04_a14 Prot. pp Ocona 45,04 0,47 9,46 16,13 0,38 11,68 11,68 0,98 0,58 n.d. 96,46 6,6713 1,3287 0,3227 0,0527 0,8029 1,1951 0,0475 2,5791 0,0000 1,8536 0,1464 0,1336 0,1104
OCO-08-04_a15 Prot. pp Ocona 41,88 1,81 11,46 13,77 0,31 12,42 11,04 1,68 2,03 n.d. 96,46 6,2551 1,7449 0,2723 0,2034 0,6591 1,0608 0,0389 2,7654 0,0000 1,7667 0,2333 0,2532 0,3868
OCO-08-04_a17 Prot. pp Ocona 42,29 2,12 11,14 14,63 0,54 11,54 11,20 1,62 1,87 n.d. 97,03 6,3258 1,6742 0,2897 0,2386 0,4907 1,3395 0,0683 2,5733 0,0000 1,7950 0,2050 0,2648 0,3568
OCO-08-04_a18 Prot. pp Ocona 42,00 1,77 11,45 13,86 0,31 12,43 11,32 1,56 2,08 n.d. 96,83 6,2608 1,7392 0,2723 0,1985 0,6075 1,1203 0,0391 2,7622 0,0000 1,8080 0,1920 0,2589 0,3955
OCO-08-04_a20 Prot. pp Ocona 42,40 1,80 11,63 13,71 0,30 12,15 11,46 1,49 2,07 n.d. 97,06 6,3145 1,6855 0,3558 0,2017 0,4455 1,2620 0,0375 2,6975 0,0000 1,8287 0,1713 0,2589 0,3933
OCO-08-04_a21 Prot. pp Ocona 42,19 1,81 11,52 13,88 0,35 12,27 11,12 1,61 2,01 n.d. 96,81 6,2806 1,7194 0,3018 0,2027 0,6185 1,1095 0,0445 2,7230 0,0000 1,7737 0,2263 0,2383 0,3817
OCO-08-04_a22 Prot. pp Ocona 42,21 2,06 11,58 14,12 0,36 12,03 11,28 1,56 2,01 n.d. 97,25 6,2744 1,7256 0,3031 0,2304 0,5380 1,2173 0,0455 2,6658 0,0000 1,7965 0,2035 0,2461 0,3812
OCO-08-04_a23 Prot. pp Ocona 42,28 1,76 11,69 13,47 0,37 12,40 11,47 1,52 2,08 n.d. 97,10 6,2852 1,7148 0,3333 0,1968 0,5013 1,1733 0,0472 2,7480 0,0000 1,8269 0,1731 0,2650 0,3945
OCO-08-04_a24 Prot. pp Ocona 42,51 1,68 11,35 14,03 0,34 12,22 11,30 1,39 1,98 n.d. 96,84 6,3240 1,6760 0,3140 0,1880 0,6068 1,1387 0,0423 2,7101 0,0000 1,8012 0,1988 0,2021 0,3758
OCO-08-04_a25 Prot. pp Ocona 42,50 1,89 11,25 13,94 0,51 12,06 11,27 1,52 1,77 n.d. 96,78 6,3324 1,6676 0,3080 0,2119 0,5619 1,1751 0,0644 2,6788 0,0000 1,7992 0,2008 0,2383 0,3364
OCO-08-04_a26 Prot. pp Ocona 42,54 1,65 11,30 14,28 0,39 12,35 11,20 1,24 2,07 n.d. 97,08 6,3000 1,7000 0,2724 0,1839 0,7575 1,0111 0,0486 2,7266 0,0000 1,7772 0,2228 0,1341 0,3911
OCO-07-06_a02 Prot. out. Ocona 47,13 0,52 8,49 15,38 0,53 11,68 11,74 0,89 0,31 n.d. 96,67 6,9426 1,0574 0,4165 0,0582 0,5072 1,3876 0,0657 2,5649 0,0000 1,8530 0,1470 0,1058 0,0586
OCO-07-06_a04 Prot. out. Ocona 47,09 0,41 8,27 16,02 0,62 11,82 11,47 0,87 0,31 0,03 96,91 6,9025 1,0975 0,3312 0,0450 0,7665 1,1973 0,0770 2,5829 0,0019 1,8014 0,1986 0,0475 0,0588
OCO-07-06_a05 Prot. out. Ocona 46,74 0,75 8,77 16,20 0,65 11,37 11,11 1,00 0,38 n.d. 96,98 6,8509 1,1491 0,3659 0,0830 0,7715 1,2143 0,0808 2,4844 0,0000 1,7448 0,2552 0,0304 0,0705
OCO-07-06_a06 Prot. out. Ocona 46,52 0,68 8,44 16,05 0,65 11,85 11,22 1,00 0,43 0,04 96,88 6,8245 1,1755 0,2837 0,0754 0,8465 1,1226 0,0802 2,5915 0,0023 1,7636 0,2364 0,0490 0,0796
OCO-07-06_a07 Prot. out. Ocona 48,04 0,50 6,79 14,73 0,59 12,85 11,45 0,74 0,23 0,06 95,98 7,0655 0,9345 0,2425 0,0550 0,7153 1,0965 0,0734 2,8174 0,0035 1,8043 0,1957 0,0158 0,0433
OCO-07-06_a13 Prot. out. Ocona 47,79 0,56 7,66 16,32 0,78 12,01 10,78 0,91 0,38 0,01 97,19 6,9453 1,0547 0,2573 0,0614 0,9909 0,9927 0,0957 2,6020 0,0006 1,6786 0,2560 0,0000 0,0697
OCO-07-06_a16 Prot. out. Ocona 49,45 0,29 6,19 16,00 0,83 13,08 9,99 0,69 0,22 0,09 96,83 7,0997 0,9003 0,1472 0,0311 1,3794 0,5417 0,1010 2,7996 0,0050 1,5368 0,1926 0,0000 0,0402
OCO-07-06_a17 Prot. out. Ocona 46,84 0,55 7,98 15,91 0,64 12,03 11,26 0,88 0,40 0,07 96,57 6,8849 1,1151 0,2673 0,0613 0,8486 1,1072 0,0796 2,6361 0,0042 1,7733 0,2267 0,0235 0,0757
OCO-07-06_a18 Prot. out. Ocona 47,49 0,44 8,00 15,34 0,62 12,37 11,59 0,90 0,22 n.d. 96,97 6,9334 1,0666 0,3099 0,0485 0,7376 1,1354 0,0763 2,6923 0,0000 1,8130 0,1870 0,0678 0,0412
OCO-07-06_a19 Prot. out. Ocona 46,20 0,68 8,60 16,21 0,70 11,36 11,11 1,00 0,30 0,07 96,22 6,8303 1,1697 0,3287 0,0761 0,8235 1,1807 0,0873 2,5037 0,0039 1,7599 0,2401 0,0455 0,0561
OCO-07-06_a20 Prot. out. Ocona 46,27 0,75 8,51 16,28 0,71 11,21 11,14 0,98 0,34 0,01 96,20 6,8518 1,1482 0,3370 0,0831 0,7627 1,2535 0,0891 2,4747 0,0008 1,7675 0,2325 0,0503 0,0638
OCO-07-06_a21 Prot. out. Ocona 48,49 0,34 7,10 15,46 0,68 12,53 11,00 0,84 0,29 0,04 96,76 7,0594 0,9406 0,2777 0,0371 0,8647 1,0176 0,0835 2,7194 0,0020 1,7159 0,2358 0,0000 0,0544
OCO-07-06_a22 Prot. out. Ocona 46,67 0,86 8,37 16,12 0,73 11,52 10,91 1,03 0,45 0,02 96,68 6,8589 1,1411 0,3087 0,0950 0,8276 1,1536 0,0911 2,5239 0,0009 1,7180 0,2820 0,0124 0,0836
OCO-07-06_a23 Prot. out. Ocona 47,59 0,55 7,77 15,35 0,58 12,16 11,49 0,75 0,29 0,02 96,55 6,9813 1,0187 0,3247 0,0605 0,6922 1,1910 0,0724 2,6593 0,0010 1,8060 0,1940 0,0199 0,0540
OCO-07-06_a24 Prot. out. Ocona 47,82 0,54 7,56 15,25 0,61 12,24 11,75 0,77 0,23 0,02 96,79 7,0127 0,9873 0,3193 0,0591 0,5919 1,2784 0,0754 2,6759 0,0013 1,8462 0,1538 0,0665 0,0438
MAJ-07-04_a01 Ceno. MoqD 43,75 2,13 9,88 12,89 0,36 13,81 10,96 2,05 0,65 n.d. 96,48 6,4146 1,5854 0,1218 0,2349 0,8455 0,7350 0,0442 3,0185 0,0000 1,7218 0,2782 0,3045 0,1220
MAJ-07-04_a02 Ceno. MoqD 47,80 1,00 6,64 13,39 0,51 14,25 11,58 1,21 0,58 0,02 96,98 6,9625 1,0375 0,1024 0,1092 0,6525 0,9786 0,0631 3,0943 0,0012 1,8072 0,1928 0,1476 0,1083
MAJ-07-04_a03 Ceno. MoqD 44,83 1,85 9,61 12,46 0,36 14,34 11,07 1,87 0,61 n.d. 97,00 6,5009 1,4991 0,1433 0,2018 0,8739 0,6372 0,0438 3,1000 0,0000 1,7200 0,2800 0,2458 0,1126
MAJ-07-04_a04 Ceno. MoqD 43,57 2,24 11,19 10,42 0,10 15,44 11,25 2,25 0,52 0,04 97,02 6,2752 1,7248 0,1746 0,2427 0,8671 0,3880 0,0126 3,3151 0,0024 1,7361 0,2639 0,3644 0,0949
MAJ-07-04_a05 Ceno. MoqD 43,48 2,10 10,37 12,47 0,29 14,20 11,12 1,95 0,65 n.d. 96,63 6,3421 1,6579 0,1248 0,2304 0,9242 0,5969 0,0359 3,0877 0,0000 1,7379 0,2621 0,2893 0,1209
MAJ-07-04_a06 Ceno. MoqD 42,58 2,14 11,00 12,28 0,24 13,92 11,22 2,22 0,62 0,03 96,25 6,2630 1,7370 0,1699 0,2368 0,8061 0,7045 0,0304 3,0523 0,0016 1,7683 0,2317 0,4014 0,1162
MAJ-07-04_a07 Ceno. MoqD 43,15 2,16 10,39 12,24 0,27 14,11 10,95 2,01 0,60 0,01 95,88 6,3372 1,6628 0,1356 0,2387 0,9192 0,5841 0,0332 3,0892 0,0004 1,7231 0,2769 0,2954 0,1118
MAJ-07-04_a08 Ceno. MoqD 43,50 2,17 10,80 11,69 0,23 14,71 11,10 2,08 0,54 0,02 96,84 6,2999 1,7001 0,1433 0,2364 0,9549 0,4610 0,0286 3,1759 0,0012 1,7224 0,2776 0,3065 0,0991
MAJ-07-04_a09 Ceno. MoqD 44,15 1,94 9,68 12,93 0,35 13,98 10,99 1,97 0,59 n.d. 96,57 6,4513 1,5487 0,1183 0,2133 0,8953 0,6847 0,0431 3,0453 0,0000 1,7206 0,2794 0,2787 0,1092
MAJ-07-04_a10 Ceno. MoqD 40,79 2,81 12,08 13,50 0,21 12,48 11,58 2,40 0,70 n.d. 96,55 6,0801 1,9199 0,2022 0,3151 0,5621 1,1208 0,0266 2,7732 0,0000 1,8494 0,1506 0,5430 0,1329
MAJ-07-04_a11 Ceno. MoqD 42,32 2,43 11,80 11,05 0,19 14,14 11,40 2,27 0,60 0,03 96,23 6,2141 1,7859 0,2562 0,2684 0,6449 0,7120 0,0232 3,0952 0,0015 1,7935 0,2065 0,4398 0,1131
MAJ-07-04_a13 Ceno. MoqD 41,67 2,59 12,47 10,80 0,13 14,47 11,18 2,38 0,59 0,14 96,43 6,0846 1,9154 0,2306 0,2845 0,8250 0,4939 0,0161 3,1498 0,0083 1,7491 0,2509 0,4230 0,1103
MAJ-07-04_a14 Ceno. MoqD 45,74 1,25 8,33 14,26 0,49 13,42 11,28 1,56 0,71 0,03 97,08 6,6925 1,3075 0,1290 0,1379 0,7881 0,9568 0,0610 2,9272 0,0020 1,7684 0,2316 0,2109 0,1333
MAJ-07-04_a15 Ceno. MoqD 42,63 2,46 11,43 12,45 0,29 13,79 11,10 2,30 0,69 n.d. 97,14 6,2153 1,7847 0,1794 0,2698 0,8194 0,6986 0,0355 2,9972 0,0000 1,7340 0,2660 0,3841 0,1281
MAJ-07-04_a16 Ceno. MoqD 44,09 2,10 10,16 12,53 0,29 13,91 11,18 2,04 0,65 n.d. 96,96 6,4324 1,5676 0,1793 0,2305 0,7332 0,7956 0,0361 3,0253 0,0000 1,7476 0,2524 0,3247 0,1219
MAJ-07-04_a17 Ceno. MoqD 41,78 2,09 12,05 12,27 0,22 13,56 10,62 2,35 0,60 0,07 95,60 6,1570 1,8430 0,2499 0,2317 0,9886 0,5236 0,0273 2,9790 0,0038 1,6769 0,3231 0,3483 0,1121
MAJ-07-04_a18 Ceno. MoqD 43,51 2,01 10,12 12,71 0,34 13,72 11,37 2,01 0,66 0,02 96,48 6,4041 1,5959 0,1596 0,2226 0,7064 0,8581 0,0429 3,0104 0,0014 1,7931 0,2069 0,3667 0,1236
MAJ-07-04_a19 Ceno. MoqD 42,12 2,68 11,49 12,44 0,21 13,43 11,28 2,33 0,69 n.d. 96,68 6,2023 1,7977 0,1964 0,2969 0,6525 0,8795 0,0266 2,9482 0,0000 1,7797 0,2203 0,4449 0,1304
MAJ-07-04_a20 Ceno. MoqD 43,48 1,99 10,71 12,98 0,34 14,10 11,09 2,15 0,58 0,02 97,43 6,2973 1,7027 0,1254 0,2168 0,9896 0,5825 0,0413 3,0443 0,0010 1,7209 0,2791 0,3247 0,1074
MAJ-07-04_a21 Ceno. MoqD 41,10 2,74 12,62 12,42 0,22 13,48 11,15 2,35 0,61 n.d. 96,69 6,0232 1,9768 0,2029 0,3021 0,8865 0,6356 0,0279 2,9450 0,0000 1,7508 0,2492 0,4185 0,1140
MAJ-07-04b_a01 Ceno. MoqD 40,82 2,70 12,48 11,76 0,17 13,16 11,44 2,30 0,58 0,03 95,43 6,0888 1,9112 0,2827 0,3030 0,5889 0,8781 0,0210 2,9263 0,0015 1,8283 0,1717 0,4935 0,1103
MAJ-07-04b_a02 Ceno. MoqD 41,44 2,33 11,78 12,84 0,24 13,18 11,32 2,22 0,60 0,04 96,00 6,1450 1,8550 0,2038 0,2599 0,7798 0,8125 0,0304 2,9136 0,0025 1,7986 0,2014 0,4368 0,1137
MAJ-07-04b_a03 Ceno. MoqD 41,19 2,70 12,11 11,36 0,12 13,76 11,49 2,44 0,53 0,05 95,76 6,1121 1,8879 0,2299 0,3014 0,5953 0,8145 0,0151 3,0438 0,0031 1,8268 0,1732 0,5288 0,1013
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TAC-08-01_a06 Ceno. MoqD 43,93 2,32 9,77 12,07 0,32 14,79 10,97 2,00 0,58 n.d. 96,81 6,3733 1,6267 0,0438 0,2532 0,9957 0,4687 0,0398 3,1987 0,0000 1,7052 0,2948 0,2678 0,1078
TAC-08-01_a13 Ceno. MoqD 42,96 2,20 10,83 12,86 0,46 14,28 10,82 2,19 0,55 n.d. 97,19 6,2184 1,7816 0,0660 0,2396 1,1641 0,3926 0,0562 3,0814 0,0000 1,6781 0,3219 0,2927 0,1015

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
MAJ-07-04b_a05 Ceno. MoqD 44,63 1,77 9,14 12,49 0,38 14,16 11,18 1,91 0,60 n.d. 96,26 6,5474 1,4526 0,1277 0,1954 0,7641 0,7683 0,0478 3,0968 0,0000 1,7573 0,2427 0,3006 0,1122
MAJ-07-04b_a06 Ceno. MoqD 43,88 1,92 9,73 12,68 0,38 13,68 11,17 1,94 0,63 n.d. 96,02 6,4738 1,5262 0,1656 0,2131 0,7294 0,8351 0,0480 3,0087 0,0000 1,7657 0,2343 0,3206 0,1187
MAJ-07-04b_a07 Ceno. MoqD 41,69 2,11 12,01 12,47 0,27 13,07 11,40 2,26 0,62 0,02 95,93 6,1886 1,8114 0,2897 0,2356 0,6543 0,8938 0,0343 2,8923 0,0011 1,8132 0,1868 0,4636 0,1183
MAJ-07-04b_a09 Ceno. MoqD 45,80 1,57 8,39 11,43 0,36 15,46 11,12 1,85 0,49 0,01 96,48 6,6322 1,3678 0,0641 0,1707 0,9005 0,4837 0,0436 3,3374 0,0008 1,7253 0,2747 0,2447 0,0910
MAJ-07-04b_a10 Ceno. MoqD 43,97 2,05 9,81 12,17 0,32 14,18 10,97 1,90 0,56 0,02 95,95 6,4473 1,5527 0,1426 0,2261 0,8640 0,6284 0,0392 3,0996 0,0012 1,7235 0,2765 0,2636 0,1055
MAJ-07-04b_a11 Ceno. MoqD 43,71 1,87 9,53 12,42 0,36 14,05 11,16 1,95 0,60 0,02 95,67 6,4584 1,5416 0,1180 0,2079 0,8013 0,7334 0,0447 3,0948 0,0012 1,7668 0,2332 0,3254 0,1132
MAJ-07-04b_a12 Ceno. MoqD 46,03 1,22 7,54 12,91 0,40 14,18 11,54 1,50 0,48 0,02 95,82 6,7918 1,2082 0,1029 0,1355 0,6649 0,9281 0,0495 3,1191 0,0013 1,8244 0,1756 0,2535 0,0902
MAJ-07-04b_a13 Ceno. MoqD 42,89 2,10 10,51 12,44 0,29 13,71 11,27 2,09 0,62 n.d. 95,92 6,3397 1,6603 0,1707 0,2335 0,7371 0,8007 0,0369 3,0211 0,0000 1,7849 0,2151 0,3839 0,1167
MAJ-07-04b_a14 Ceno. MoqD 42,92 2,05 10,46 12,19 0,24 13,94 11,23 2,04 0,62 0,01 95,71 6,3425 1,6575 0,1642 0,2279 0,7791 0,7273 0,0305 3,0709 0,0006 1,7781 0,2219 0,3626 0,1172
MAJ-07-04b_a15 Ceno. MoqD 40,07 2,50 12,87 12,62 0,16 13,08 11,34 2,44 0,71 0,02 95,81 5,9661 2,0339 0,2246 0,2800 0,7917 0,7797 0,0207 2,9033 0,0010 1,8091 0,1909 0,5135 0,1339
MAJ-07-04b_a17 Ceno. MoqD 45,30 1,44 7,78 12,51 0,41 14,28 11,41 1,56 0,52 0,01 95,23 6,7184 1,2816 0,0783 0,1609 0,7080 0,8436 0,0520 3,1572 0,0008 1,8131 0,1869 0,2617 0,0979
MAJ-07-04b_a19 Ceno. MoqD 43,52 2,07 9,84 12,52 0,29 13,82 11,06 2,11 0,59 0,02 95,84 6,4293 1,5707 0,1426 0,2301 0,7505 0,7964 0,0368 3,0436 0,0014 1,7507 0,2493 0,3550 0,1103
MAJ-07-04b_a20 Ceno. MoqD 41,75 2,39 11,36 11,57 0,24 14,00 11,13 2,18 0,62 0,02 95,26 6,1896 1,8104 0,1744 0,2666 0,8216 0,6129 0,0304 3,0941 0,0013 1,7680 0,2320 0,3946 0,1174
MAJ-07-04b_a21 Ceno. MoqD 41,96 2,28 11,43 12,14 0,21 13,64 11,07 2,20 0,59 0,07 95,58 6,2121 1,7879 0,2065 0,2539 0,8157 0,6874 0,0261 3,0104 0,0039 1,7560 0,2440 0,3875 0,1105
MAJ-07-04b_a22 Ceno. MoqD 43,83 2,01 9,72 12,80 0,32 13,84 11,40 1,83 0,66 0,03 96,44 6,4451 1,5549 0,1297 0,2224 0,7403 0,8338 0,0400 3,0339 0,0016 1,7961 0,2039 0,3179 0,1246
MAJ-07-04b_a23 Ceno. MoqD 42,99 2,22 10,92 10,74 0,17 14,69 11,28 2,26 0,57 0,12 95,96 6,3110 1,6890 0,2003 0,2452 0,6929 0,6256 0,0211 3,2148 0,0068 1,7742 0,2258 0,4175 0,1069
MAJ-07-04b_a24 Ceno. MoqD 41,42 2,82 12,14 11,21 0,11 14,10 11,25 2,31 0,71 0,06 96,13 6,0957 1,9043 0,2013 0,3122 0,7345 0,6452 0,0133 3,0934 0,0032 1,7739 0,2261 0,4331 0,1338
MAJ-07-04b_a25 Ceno. MoqD 42,53 1,60 11,46 13,11 0,28 13,35 11,00 2,04 0,63 n.d. 96,00 6,2584 1,7416 0,2458 0,1772 0,9720 0,6414 0,0350 2,9286 0,0000 1,7343 0,2657 0,3164 0,1186
MAJ-07-04b_a26 Ceno. MoqD 39,98 2,36 12,21 13,33 0,28 12,67 11,44 2,24 0,77 n.d. 95,28 6,0142 1,9858 0,1790 0,2671 0,7843 0,8927 0,0356 2,8413 0,0000 1,8439 0,1561 0,4972 0,1472
MAJ-07-04b_a27 Ceno. MoqD 41,45 2,60 12,15 11,60 0,17 13,40 11,58 2,24 0,64 0,03 95,86 6,1548 1,8452 0,2811 0,2904 0,5312 0,9093 0,0218 2,9662 0,0020 1,8423 0,1577 0,4872 0,1204
MAJ-07-04b_a28 Ceno. MoqD 41,76 2,22 12,52 11,92 0,14 13,79 11,29 2,27 0,55 n.d. 96,46 6,1115 1,8885 0,2709 0,2444 0,8410 0,6179 0,0172 3,0085 0,0000 1,7703 0,2297 0,4144 0,1030
MAJ-07-04b_a29 Ceno. MoqD 46,84 1,10 6,86 13,53 0,47 13,96 11,64 1,24 0,62 0,02 96,28 6,8979 1,1021 0,0886 0,1215 0,6256 1,0407 0,0589 3,0648 0,0014 1,8367 0,1633 0,1910 0,1159
MAJ-07-04b_a30 Ceno. MoqD 41,68 2,68 12,43 10,77 0,10 14,60 11,40 2,24 0,64 n.d. 96,54 6,0742 1,9258 0,2092 0,2938 0,8165 0,4962 0,0124 3,1719 0,0000 1,7801 0,2199 0,4130 0,1194
MAJ-07-04b_a31 Ceno. MoqD 43,15 2,20 10,60 12,36 0,25 13,95 11,14 2,05 0,65 0,01 96,36 6,3281 1,6719 0,1602 0,2427 0,8204 0,6955 0,0314 3,0498 0,0006 1,7504 0,2496 0,3333 0,1215
MAJ-07-04b_a32 Ceno. MoqD 44,63 1,70 8,98 12,83 0,53 13,97 11,24 1,76 0,63 n.d. 96,26 6,5563 1,4437 0,1110 0,1879 0,7997 0,7766 0,0654 3,0594 0,0000 1,7692 0,2308 0,2705 0,1176
MOQ-10-02_a01 Ceno. MoqD 42,65 2,44 12,09 11,42 0,12 14,32 11,08 2,19 0,71 n.d. 97,03 6,1787 1,8213 0,2430 0,2659 0,8608 0,5228 0,0149 3,0926 0,0000 1,7199 0,2801 0,3350 0,1308
MOQ-10-02_a04 Ceno. MoqD 41,77 1,78 13,66 9,81 0,11 15,30 11,22 2,35 0,58 n.d. 96,59 6,0125 1,9875 0,3299 0,1928 1,0481 0,1328 0,0133 3,2831 0,0000 1,7304 0,2696 0,3863 0,1073
MOQ-10-02_a05 Ceno. MoqD 41,14 2,89 12,95 10,17 0,08 14,71 11,69 2,34 0,71 n.d. 96,70 6,0038 1,9962 0,2312 0,3173 0,6812 0,5600 0,0101 3,2003 0,0000 1,8279 0,1721 0,4900 0,1313
MOQ-10-02_a06 Ceno. MoqD 48,27 1,21 5,73 12,31 0,93 14,94 11,19 1,44 0,57 n.d. 96,70 7,0282 0,9718 0,0115 0,1322 0,6920 0,8070 0,1145 3,2428 0,0000 1,7457 0,2543 0,1522 0,1060
MOQ-10-02_a07 Ceno. MoqD 44,68 1,79 10,63 9,32 0,09 15,91 11,21 2,08 0,99 n.d. 96,73 6,4434 1,5566 0,2501 0,1942 0,6895 0,4345 0,0112 3,4204 0,0000 1,7321 0,2679 0,3137 0,1828
MOQ-10-02_a08 Ceno. MoqD 47,23 1,77 7,18 11,96 0,27 15,07 11,40 1,39 0,72 n.d. 97,10 6,8432 1,1568 0,0693 0,1929 0,6379 0,8114 0,0334 3,2551 0,0000 1,7698 0,2302 0,1603 0,1336
MOQ-10-02_a09 Ceno. MoqD 42,52 1,73 12,27 12,92 0,16 13,38 11,04 2,07 0,79 n.d. 96,92 6,1987 1,8013 0,3069 0,1897 0,9349 0,6403 0,0203 2,9079 0,0000 1,7245 0,2755 0,3095 0,1460
MOQ-10-02_a10 Ceno. MoqD 44,56 1,34 10,44 14,47 0,45 13,51 10,71 1,71 0,49 n.d. 97,72 6,4010 1,5990 0,1685 0,1449 1,2778 0,4605 0,0552 2,8931 0,0000 1,6484 0,3516 0,1247 0,0899
MOQ-10-02_a11 Ceno. MoqD 43,92 1,11 9,93 16,93 0,37 11,08 11,48 1,41 1,05 n.d. 97,39 6,5288 1,4712 0,2685 0,1243 0,6909 1,4138 0,0471 2,4554 0,0000 1,8285 0,1715 0,2348 0,1999
MOQ-10-02_a12 Ceno. MoqD 44,79 1,83 9,50 13,20 0,45 13,62 11,18 1,92 0,78 n.d. 97,33 6,5359 1,4641 0,1697 0,2009 0,7082 0,9027 0,0557 2,9628 0,0000 1,7480 0,2520 0,2912 0,1453
MOQ-10-02_a13 Ceno. MoqD 42,47 1,76 12,22 12,51 0,34 13,52 10,95 2,14 0,56 n.d. 96,51 6,1966 1,8034 0,2980 0,1932 0,9855 0,5410 0,0416 2,9407 0,0000 1,7118 0,2882 0,3172 0,1045
MOQ-10-02_a14 Ceno. MoqD 48,78 1,53 6,51 12,06 0,45 15,27 11,26 1,23 0,52 n.d. 97,73 6,9815 1,0185 0,0796 0,1646 0,7195 0,7241 0,0542 3,2580 0,0000 1,7267 0,2733 0,0677 0,0957
MOQ-10-02_a15 Ceno. MoqD 45,69 1,32 8,96 13,55 0,74 13,24 11,17 1,84 0,54 n.d. 97,11 6,6785 1,3215 0,2221 0,1452 0,6871 0,9693 0,0912 2,8851 0,0000 1,7494 0,2506 0,2709 0,1016
MOQ-10-02_a17 Ceno. MoqD 42,42 1,30 10,81 17,72 0,36 10,13 11,35 1,48 1,15 n.d. 96,83 6,3855 1,6145 0,3033 0,1473 0,7025 1,5282 0,0454 2,2732 0,0000 1,8306 0,1694 0,2626 0,2208
MOQ-10-02_a18 Ceno. MoqD 41,52 4,02 12,26 11,51 0,14 13,78 10,97 2,43 0,74 n.d. 97,39 6,0458 1,9542 0,1498 0,4404 0,6765 0,7252 0,0170 2,9913 0,0000 1,7115 0,2885 0,3975 0,1382
MOQ-10-02_a19 Ceno. MoqD 46,51 1,46 7,92 12,86 0,46 14,52 11,08 1,31 0,64 n.d. 96,86 6,7382 1,2618 0,0906 0,1590 0,9262 0,6319 0,0563 3,1360 0,0000 1,7199 0,2801 0,0885 0,1185
MOQ-10-02_a21 Ceno. MoqD 42,78 2,32 12,13 11,97 0,23 14,04 11,24 2,25 0,61 n.d. 97,58 6,1825 1,8175 0,2486 0,2522 0,8404 0,6063 0,0276 3,0248 0,0000 1,7405 0,2595 0,3709 0,1125
MOQ-10-02_a22 Ceno. MoqD 41,86 3,45 12,10 10,93 0,13 14,64 11,29 2,41 0,73 n.d. 97,57 6,0607 1,9393 0,1255 0,3758 0,7482 0,5753 0,0154 3,1599 0,0000 1,7514 0,2486 0,4280 0,1347
MOQ-10-02_a23 Ceno. MoqD 44,48 1,18 9,20 16,75 0,36 11,52 11,23 1,63 0,91 n.d. 97,35 6,5934 1,4066 0,2007 0,1316 0,7354 1,3410 0,0456 2,5457 0,0000 1,7836 0,2164 0,2521 0,1716
MOQ-10-02_a24 Ceno. MoqD 40,92 2,92 13,01 12,48 0,14 13,69 10,88 2,59 0,71 n.d. 97,37 5,9496 2,0504 0,1790 0,3194 0,9803 0,5372 0,0168 2,9673 0,0000 1,6949 0,3051 0,4251 0,1323
MOQ-10-02_a25 Ceno. MoqD 44,54 1,92 9,83 13,53 0,96 12,76 11,27 1,97 0,67 n.d. 97,51 6,5266 1,4734 0,2242 0,2117 0,6021 1,0559 0,1188 2,7874 0,0000 1,7694 0,2306 0,3291 0,1253
MOQ-10-02_a26 Ceno. MoqD 44,30 1,47 9,87 15,41 0,46 12,21 11,13 1,78 0,64 n.d. 97,34 6,5058 1,4942 0,2141 0,1625 0,8262 1,0664 0,0577 2,6731 0,0000 1,7513 0,2487 0,2581 0,1194
MOQ-10-02_a27 Ceno. MoqD 41,76 1,81 13,69 10,59 0,12 14,69 11,53 2,31 0,75 n.d. 97,26 6,0246 1,9754 0,3524 0,1964 0,8805 0,3972 0,0141 3,1594 0,0000 1,7823 0,2177 0,4284 0,1389
MOQ-10-02_a28 Ceno. MoqD 44,96 2,17 9,26 12,22 0,30 14,26 11,19 1,68 0,84 n.d. 96,96 6,5496 1,4504 0,1395 0,2378 0,7116 0,7772 0,0371 3,0968 0,0000 1,7466 0,2534 0,2211 0,1559
MOQ-10-02_a29 Ceno. MoqD 45,52 1,55 9,93 11,42 0,35 14,55 11,23 1,72 0,75 n.d. 97,06 6,5803 1,4197 0,2721 0,1686 0,7115 0,6692 0,0431 3,1356 0,0000 1,7394 0,2606 0,2215 0,1381
MOQ-10-02_a30 Ceno. MoqD 47,27 1,51 6,96 12,65 0,41 14,55 11,14 1,49 0,64 n.d. 96,68 6,8872 1,1128 0,0824 0,1659 0,6812 0,8602 0,0500 3,1603 0,0000 1,7391 0,2609 0,1600 0,1183
MOQ-10-02_a31 Ceno. MoqD 47,51 1,68 6,74 12,20 0,39 14,86 11,10 1,32 0,63 n.d. 96,57 6,9087 1,0913 0,0638 0,1838 0,7101 0,7736 0,0474 3,2213 0,0000 1,7294 0,2706 0,1027 0,1178
MOQ-10-02_a32 Ceno. MoqD 47,11 1,21 6,41 18,16 0,44 11,55 10,96 1,17 0,65 n.d. 97,96 6,9314 1,0686 0,0430 0,1339 0,8461 1,3884 0,0552 2,5334 0,0000 1,7278 0,2722 0,0627 0,1212
TAC-08-01_a01 Ceno. MoqD 44,25 2,32 9,81 12,17 0,41 14,30 10,76 2,09 0,59 n.d. 96,76 6,4343 1,5657 0,1154 0,2538 0,8922 0,5877 0,0511 3,0998 0,0000 1,6764 0,3236 0,2656 0,1085
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CUC-08-06_a01 Ceno. MoqC 46,28 1,36 8,52 14,45 0,40 14,13 10,60 1,36 0,41 n.d. 97,58 6,6237 1,3763 0,0608 0,1462 1,3193 0,4103 0,0486 3,0148 0,0000 1,6255 0,3745 0,0029 0,0755
CUC-08-06_a03 Ceno. MoqC 49,97 0,70 3,68 8,65 0,30 14,81 20,72 0,27 0,01 n.d. 99,13 7,6962 0,3038 0,3642 0,0816 0,0000 1,1142 0,0397 3,4004 0,0000 3,4192 -1,4192 1,5006 0,0017

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
TAC-08-01_a15 Ceno. MoqD 41,86 1,80 12,94 11,36 0,15 14,66 10,88 2,40 0,43 n.d. 96,48 6,0499 1,9501 0,2541 0,1957 1,1826 0,1905 0,0185 3,1586 0,0000 1,6848 0,3152 0,3573 0,0798
TAC-08-01_a16 Ceno. MoqD 48,74 1,17 6,14 11,80 0,57 15,94 11,04 1,10 0,39 n.d. 96,98 6,9647 1,0353 -0,0012 0,1263 1,0284 0,3817 0,0692 3,3956 0,0000 1,6903 0,3037 0,0000 0,0713
TAC-08-01_a21 Ceno. MoqD 46,96 1,20 6,97 13,58 0,80 14,20 11,45 1,24 0,58 n.d. 97,04 6,8380 1,1620 0,0341 0,1310 0,8363 0,8174 0,0987 3,0825 0,0000 1,7864 0,2136 0,1360 0,1072
TAC-08-01_a26 Ceno. MoqD 46,03 1,59 8,19 11,58 0,55 15,69 10,64 1,65 0,37 n.d. 96,33 6,6181 1,3819 0,0059 0,1720 1,2254 0,1670 0,0666 3,3630 0,0000 1,6391 0,3609 0,0991 0,0683
CUC-05-06_a01 Ceno. top MoqC 43,61 2,62 10,19 12,59 0,27 14,03 11,15 1,97 0,62 n.d. 97,10 6,3512 1,6488 0,1002 0,2871 0,8235 0,7100 0,0332 3,0460 0,0000 1,7399 0,2601 0,2961 0,1149
CUC-05-06_a04 Ceno. top MoqC 42,53 2,80 11,08 12,68 0,24 14,24 10,71 2,31 0,61 n.d. 97,23 6,1616 1,8384 0,0534 0,3052 1,0879 0,4484 0,0296 3,0755 0,0000 1,6625 0,3375 0,3114 0,1129
CUC-05-06_a05 Ceno. top MoqC 47,69 1,26 7,33 12,48 0,46 15,34 10,68 1,21 0,42 n.d. 96,95 6,8150 1,1850 0,0495 0,1354 1,1811 0,3104 0,0557 3,2679 0,0000 1,6352 0,3356 0,0000 0,0774
CUC-05-06_a06 Ceno. top MoqC 47,78 1,16 6,79 12,33 0,44 15,66 10,91 1,22 0,39 n.d. 96,75 6,8497 1,1503 -0,0031 0,1250 1,1412 0,3371 0,0531 3,3468 0,0000 1,6758 0,3242 0,0155 0,0710
CUC-05-06_a07 Ceno. top MoqC 47,61 1,07 6,76 13,22 0,54 14,94 10,94 1,11 0,40 n.d. 96,66 6,8638 1,1362 0,0124 0,1165 1,1273 0,4666 0,0663 3,2109 0,0000 1,6899 0,3101 0,0004 0,0733
CUC-05-06_a09 Ceno. top MoqC 45,13 1,37 9,15 12,81 0,37 14,46 11,27 1,83 0,76 n.d. 97,16 6,5532 1,4468 0,1191 0,1491 0,8660 0,6896 0,0460 3,1302 0,0000 1,7534 0,2466 0,2686 0,1414
CUC-05-06_a10 Ceno. top MoqC 45,94 1,57 8,54 12,98 0,43 14,66 10,72 1,58 0,53 n.d. 97,04 6,6166 1,3834 0,0662 0,1699 1,1299 0,4336 0,0528 3,1476 0,0000 1,6543 0,3457 0,0955 0,0978
CUC-05-06_a11 Ceno. top MoqC 42,35 2,03 12,46 9,98 0,11 15,71 11,29 2,32 0,85 n.d. 97,12 6,0885 1,9115 0,1997 0,2196 0,9915 0,2084 0,0138 3,3670 0,0000 1,7391 0,2609 0,3858 0,1562
CUC-05-06_a12 Ceno. top MoqC 46,43 1,70 7,74 12,84 0,47 14,71 10,92 1,44 0,68 n.d. 97,04 6,7145 1,2855 0,0337 0,1850 0,9682 0,5847 0,0571 3,1713 0,0000 1,6920 0,3080 0,0958 0,1258
CUC-05-06_a13 Ceno. top MoqC 47,41 1,02 7,11 13,26 0,57 14,80 11,25 1,06 0,47 n.d. 97,01 6,8332 1,1668 0,0409 0,1108 1,0481 0,5502 0,0700 3,1800 0,0000 1,7373 0,2627 0,0331 0,0859
CUC-05-06_a15 Ceno. top MoqC 47,07 1,32 7,48 12,65 0,43 14,97 10,88 1,36 0,44 n.d. 96,69 6,7885 1,2115 0,0599 0,1430 1,0415 0,4842 0,0528 3,2186 0,0000 1,6812 0,3188 0,0615 0,0813
CUC-05-06_a18 Ceno. top MoqC 48,73 0,99 6,28 12,61 0,62 15,69 10,45 1,10 0,22 n.d. 96,74 6,9359 1,0641 -0,0106 0,1059 1,3330 0,1680 0,0744 3,3292 0,0000 1,5937 0,3027 0,0000 0,0397
CUC-05-06_a20 Ceno. top MoqC 46,94 1,60 7,22 12,61 0,45 14,96 11,11 1,30 0,59 n.d. 96,89 6,7891 1,2109 0,0199 0,1745 0,9244 0,6009 0,0547 3,2256 0,0000 1,7217 0,2783 0,0872 0,1087
CUC-05-06_a21 Ceno. top MoqC 46,67 1,00 7,53 16,92 0,56 12,42 10,21 1,03 0,38 n.d. 96,93 6,7832 1,2168 0,0731 0,1098 1,3845 0,6722 0,0693 2,6911 0,0000 1,5900 0,2894 0,0000 0,0701
CUC-05-06_a22 Ceno. top MoqC 44,66 1,84 9,18 14,26 0,30 13,34 10,88 1,68 0,66 n.d. 96,88 6,5285 1,4715 0,1101 0,2024 0,9500 0,7933 0,0371 2,9071 0,0000 1,7041 0,2959 0,1803 0,1222
CUC-05-06_a23 Ceno. top MoqC 41,70 1,79 12,67 13,76 0,31 12,72 11,00 2,25 0,66 n.d. 96,88 6,1107 1,8893 0,2990 0,1973 0,9796 0,7067 0,0386 2,7788 0,0000 1,7271 0,2729 0,3664 0,1225
CUC-05-06_a24 Ceno. top MoqC 47,69 1,16 7,11 12,38 0,53 15,40 10,67 1,26 0,43 n.d. 96,68 6,8358 1,1642 0,0369 0,1246 1,1728 0,3112 0,0638 3,2907 0,0000 1,6387 0,3501 0,0000 0,0779
MAJ-07-05_a01 Ceno. top MoqC 41,78 2,99 11,97 11,79 0,18 13,93 11,26 2,31 0,64 n.d. 96,85 6,1082 1,8918 0,1707 0,3289 0,7616 0,6799 0,0229 3,0360 0,0000 1,7638 0,2362 0,4186 0,1193
MAJ-07-05_a02 Ceno. top MoqC 46,36 0,91 7,60 16,67 0,71 11,34 11,00 1,11 0,83 0,01 96,54 6,8916 1,1084 0,2231 0,1020 0,7007 1,3717 0,0895 2,5130 0,0006 1,7520 0,2480 0,0712 0,1567
MAJ-07-05_a03 Ceno. top MoqC 46,54 1,26 7,31 14,69 0,69 13,13 11,45 1,32 0,75 0,03 97,17 6,8330 1,1670 0,0979 0,1387 0,6700 1,1337 0,0858 2,8738 0,0016 1,8012 0,1988 0,1775 0,1412
MAJ-07-05_a04 Ceno. top MoqC 47,92 1,35 6,66 12,78 0,33 14,62 11,19 1,18 0,61 n.d. 96,65 6,9566 1,0434 0,0961 0,1475 0,7246 0,8269 0,0408 3,1640 0,0000 1,7405 0,2595 0,0738 0,1132
MAJ-07-05_a05 Ceno. top MoqC 45,49 1,55 8,04 14,58 0,43 12,92 11,51 1,43 0,87 0,01 96,83 6,7237 1,2763 0,1243 0,1723 0,5882 1,2141 0,0543 2,8468 0,0006 1,8228 0,1772 0,2326 0,1632
MAJ-07-05_a06 Ceno. top MoqC 42,80 2,71 10,83 11,74 0,22 14,33 11,27 2,20 0,70 0,01 96,80 6,2540 1,7460 0,1190 0,2979 0,7485 0,6861 0,0269 3,1215 0,0006 1,7644 0,2356 0,3877 0,1299
MAJ-07-05_a07 Ceno. top MoqC 41,39 2,57 13,18 11,34 0,14 14,04 10,97 2,55 0,44 0,08 96,71 6,0193 1,9807 0,2784 0,2812 0,9149 0,4643 0,0173 3,0439 0,0048 1,7094 0,2906 0,4284 0,0825
MAJ-07-05_a08 Ceno. top MoqC 47,64 1,71 6,83 12,31 0,37 14,75 11,29 1,51 0,65 0,01 97,07 6,9143 1,0857 0,0826 0,1867 0,5717 0,9225 0,0451 3,1914 0,0006 1,7557 0,2443 0,1806 0,1211
MAJ-07-05_a09 Ceno. top MoqC 45,97 1,12 8,21 16,76 0,47 11,65 10,92 1,26 0,79 0,02 97,16 6,7701 1,2299 0,1951 0,1237 0,8336 1,2307 0,0591 2,5577 0,0013 1,7231 0,2769 0,0816 0,1477
MAJ-07-05_a10 Ceno. top MoqC 46,93 1,72 7,32 13,52 0,41 13,90 11,07 1,34 0,68 n.d. 96,89 6,8374 1,1626 0,0943 0,1885 0,7312 0,9162 0,0508 3,0190 0,0000 1,7281 0,2719 0,1060 0,1260
MAJ-07-05_a11 Ceno. top MoqC 42,56 2,48 11,44 11,67 0,19 14,26 11,32 2,08 0,65 n.d. 96,65 6,2104 1,7896 0,1778 0,2723 0,8189 0,6052 0,0238 3,1020 0,0000 1,7698 0,2302 0,3583 0,1202
MAJ-07-05_a13 Ceno. top MoqC 43,66 2,78 9,81 12,27 0,25 13,83 11,24 1,91 0,83 0,02 96,60 6,4204 1,5796 0,1206 0,3076 0,5999 0,9091 0,0310 3,0319 0,0011 1,7710 0,2290 0,3156 0,1563
MAJ-07-05_a14 Ceno. top MoqC 46,38 1,14 7,58 13,85 0,36 13,74 11,56 1,28 0,64 n.d. 96,53 6,8098 1,1902 0,1215 0,1258 0,6950 1,0056 0,0446 3,0075 0,0000 1,8186 0,1814 0,1842 0,1192
MAJ-07-05_a15 Ceno. top MoqC 44,21 1,63 9,82 14,83 0,28 12,27 11,50 1,56 1,20 0,06 97,36 6,5352 1,4648 0,2460 0,1817 0,5362 1,2972 0,0351 2,7039 0,0032 1,8214 0,1786 0,2685 0,2261
MAJ-07-05_a16 Ceno. top MoqC 41,58 2,92 12,37 11,50 0,18 13,92 11,09 2,36 0,58 n.d. 96,50 6,0821 1,9179 0,2146 0,3213 0,8060 0,6008 0,0219 3,0354 0,0000 1,7381 0,2619 0,4074 0,1091
MAJ-07-05_a17 Ceno. top MoqC 42,65 2,35 11,60 11,61 0,18 14,13 11,31 2,12 0,58 n.d. 96,54 6,2284 1,7716 0,2249 0,2582 0,7821 0,6358 0,0229 3,0761 0,0000 1,7697 0,2303 0,3699 0,1087
MAJ-07-05_a18 Ceno. top MoqC 42,26 2,26 13,08 9,79 0,10 15,19 11,14 2,47 0,43 0,35 97,07 6,0843 1,9157 0,3038 0,2448 0,8973 0,2815 0,0124 3,2602 0,0199 1,7185 0,2815 0,4080 0,0788
MAJ-07-05_a19 Ceno. top MoqC 42,43 1,65 11,82 13,06 0,28 12,77 10,68 1,82 0,64 0,15 95,30 6,2826 1,7174 0,3453 0,1841 0,9633 0,6540 0,0346 2,8188 0,0087 1,6944 0,3056 0,2169 0,1207
MAJ-07-05_a20 Ceno. top MoqC 46,99 1,48 7,30 14,55 0,44 13,41 11,42 1,41 0,80 n.d. 97,79 6,8457 1,1543 0,0992 0,1620 0,6191 1,1536 0,0537 2,9124 0,0000 1,7826 0,2174 0,1809 0,1485
MAJ-07-05_a21 Ceno. top MoqC 46,66 1,41 7,30 14,29 0,64 13,30 11,37 1,42 0,74 n.d. 97,13 6,8426 1,1574 0,1043 0,1559 0,6262 1,1264 0,0796 2,9076 0,0000 1,7865 0,2135 0,1903 0,1383
MAJ-07-05_a22 Ceno. top MoqC 42,13 1,29 10,95 17,49 0,37 10,18 11,21 1,78 1,41 n.d. 96,81 6,3595 1,6405 0,3075 0,1466 0,6211 1,5868 0,0471 2,2908 0,0000 1,8130 0,1870 0,3340 0,2715
MAJ-07-05_a23 Ceno. top MoqC 42,29 2,19 11,86 11,68 0,15 14,55 11,48 2,35 0,43 n.d. 96,99 6,1424 1,8576 0,1726 0,2393 0,8915 0,5272 0,0190 3,1504 0,0000 1,7865 0,2135 0,4483 0,0801
MAJ-07-05_a24 Ceno. top MoqC 43,78 1,35 10,12 19,25 0,48 10,14 10,71 1,45 0,71 n.d. 97,99 6,4422 1,5578 0,1973 0,1497 1,1373 1,2316 0,0596 2,2244 0,0000 1,6886 0,3114 0,1023 0,1328
MAJ-07-05_a25 Ceno. top MoqC 41,94 3,30 10,96 11,18 0,19 14,29 11,39 2,35 0,93 n.d. 96,53 6,1851 1,8149 0,0901 0,3661 0,5457 0,8332 0,0233 3,1417 0,0000 1,7998 0,2002 0,4717 0,1754
MAJ-07-05_a26 Ceno. top MoqC 50,86 0,62 4,48 12,65 0,81 15,00 11,81 0,69 0,31 n.d. 97,23 7,3274 0,6726 0,0881 0,0672 0,5554 0,9688 0,0990 3,2216 0,0000 1,8230 0,1770 0,0146 0,0571
MAJ-07-05_a27 Ceno. top MoqC 46,34 1,26 7,33 14,62 0,68 13,05 11,29 1,33 0,76 0,02 96,69 6,8318 1,1682 0,1054 0,1394 0,6907 1,1119 0,0845 2,8681 0,0014 1,7834 0,2166 0,1649 0,1436
MAJ-07-05_a28 Ceno. top MoqC 41,93 1,94 10,68 17,22 0,38 10,49 10,87 2,25 1,11 0,02 96,89 6,3136 1,6864 0,2089 0,2198 0,6595 1,5089 0,0482 2,3547 0,0015 1,7537 0,2463 0,4106 0,2127
MAJ-07-05_a29 Ceno. top MoqC 44,95 2,07 8,85 13,88 0,31 13,41 11,27 1,57 0,92 0,01 97,24 6,5806 1,4194 0,1076 0,2280 0,7014 0,9979 0,0384 2,9267 0,0006 1,7678 0,2322 0,2134 0,1725
MAJ-07-05_a30 Ceno. top MoqC 46,53 1,42 7,56 14,45 0,63 12,99 11,48 1,34 0,74 n.d. 97,14 6,8358 1,1642 0,1448 0,1567 0,5705 1,2048 0,0783 2,8449 0,0000 1,8070 0,1930 0,1896 0,1390
MAJ-07-05_a31 Ceno. top MoqC 47,67 1,53 7,12 12,45 0,29 15,07 11,20 1,36 0,63 n.d. 97,32 6,8599 1,1401 0,0675 0,1656 0,7919 0,7064 0,0356 3,2329 0,0000 1,7269 0,2731 0,1064 0,1162
MAJ-07-05_a32 Ceno. top MoqC 41,78 2,98 12,23 12,03 0,17 13,85 10,99 2,23 0,61 n.d. 96,87 6,0828 1,9172 0,1813 0,3264 0,9125 0,5522 0,0215 3,0060 0,0000 1,7144 0,2856 0,3439 0,1124
MAJ-07-05_a33 Ceno. top MoqC 47,35 0,77 6,38 15,92 0,99 12,44 11,13 0,96 0,60 n.d. 96,53 6,9833 1,0167 0,0923 0,0855 0,8498 1,1137 0,1236 2,7351 0,0000 1,7588 0,2412 0,0321 0,1127
MAJ-07-05_a34 Ceno. top MoqC 42,59 2,41 11,95 11,27 0,17 14,56 11,05 2,51 0,44 0,02 96,97 6,1680 1,8320 0,2077 0,2626 0,8827 0,4823 0,0213 3,1435 0,0010 1,7146 0,2854 0,4194 0,0813
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TAC-08-04_a09 Ceno. MoqC 46,75 1,75 8,04 12,51 0,32 14,61 11,24 1,48 0,67 n.d. 97,44 6,7487 1,2513 0,1166 0,1901 0,7406 0,7697 0,0390 3,1441 0,0000 1,7385 0,2615 0,1527 0,1228
TAC-08-04_a10 Ceno. MoqC 49,19 1,20 6,24 11,56 0,38 15,91 11,18 1,17 0,40 n.d. 97,30 7,0156 0,9844 0,0645 0,1283 0,8497 0,5291 0,0457 3,3827 0,0000 1,7084 0,2916 0,0328 0,0725

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
CUC-08-06_a08 Ceno. MoqC 44,26 2,15 9,63 12,47 0,29 14,43 10,85 2,45 0,59 n.d. 97,23 6,4351 1,5649 0,0853 0,2352 0,8292 0,6870 0,0356 3,1277 0,0000 1,6902 0,3098 0,3809 0,1089
CUC-08-06_a14 Ceno. MoqC 45,11 2,23 8,73 12,37 0,50 14,61 11,05 1,93 0,66 n.d. 97,30 6,5432 1,4568 0,0357 0,2433 0,8354 0,6652 0,0612 3,1592 0,0000 1,7173 0,2827 0,2601 0,1216
CUC-08-06_a18 Ceno. MoqC 44,66 1,35 9,89 14,95 0,40 13,28 10,48 1,54 0,52 n.d. 97,14 6,4528 1,5472 0,1369 0,1472 1,3441 0,4624 0,0490 2,8604 0,0000 1,6224 0,3776 0,0538 0,0956
CUC-08-06_a20 Ceno. MoqC 46,18 1,32 8,50 14,09 0,33 14,21 10,35 1,31 0,42 n.d. 96,76 6,6384 1,3616 0,0784 0,1428 1,3666 0,3273 0,0397 3,0452 0,0000 1,5941 0,3661 0,0000 0,0765
MAJ-07-40_a01 Ceno. MoqC 44,63 1,92 9,00 13,53 0,30 13,46 11,08 1,63 0,70 n.d. 96,25 6,5695 1,4305 0,1308 0,2126 0,7836 0,8820 0,0373 2,9536 0,0000 1,7475 0,2525 0,2127 0,1306
MAJ-07-40_a02 Ceno. MoqC 46,32 1,26 8,10 13,98 0,54 13,14 11,16 1,27 0,59 n.d. 96,36 6,8004 1,1996 0,2020 0,1391 0,7355 0,9810 0,0665 2,8759 0,0000 1,7555 0,2445 0,1177 0,1107
MAJ-07-40_a03 Ceno. MoqC 44,95 1,63 8,01 14,49 0,43 12,84 11,48 1,45 0,94 n.d. 96,23 6,6978 1,3022 0,1045 0,1833 0,5673 1,2384 0,0544 2,8522 0,0000 1,8328 0,1672 0,2517 0,1793
MAJ-07-40_a04 Ceno. MoqC 45,06 1,39 9,63 15,06 0,52 11,94 11,05 1,45 0,73 n.d. 96,83 6,6347 1,3653 0,3058 0,1536 0,7144 1,1401 0,0653 2,6208 0,0000 1,7433 0,2567 0,1572 0,1376
MAJ-07-40_a05 Ceno. MoqC 45,20 1,62 9,21 14,76 0,37 12,81 10,70 1,43 0,72 n.d. 96,82 6,6004 1,3996 0,1854 0,1777 0,9708 0,8317 0,0457 2,7886 0,0000 1,6741 0,3259 0,0790 0,1348
MAJ-07-40_a06 Ceno. MoqC 44,10 1,31 10,04 15,69 0,67 11,53 10,89 1,44 0,87 n.d. 96,54 6,5301 1,4699 0,2822 0,1462 0,8614 1,0816 0,0834 2,5452 0,0000 1,7278 0,2722 0,1412 0,1649
MAJ-07-40_a07 Ceno. MoqC 44,08 1,69 8,94 16,22 0,48 11,39 11,34 1,76 1,16 n.d. 97,06 6,5991 1,4009 0,1765 0,1903 0,4735 1,5572 0,0604 2,5420 0,0000 1,8190 0,1810 0,3298 0,2214
MAJ-07-40_a08 Ceno. MoqC 43,55 2,52 10,35 11,89 0,22 14,31 11,26 2,04 0,58 0,01 96,73 6,3537 1,6463 0,1333 0,2766 0,7540 0,6967 0,0270 3,1123 0,0007 1,7602 0,2398 0,3372 0,1077
MAJ-07-40_a09 Ceno. MoqC 43,82 1,89 10,84 12,77 0,37 14,01 10,50 1,87 0,48 n.d. 96,55 6,3367 1,6633 0,1841 0,2056 1,2014 0,3429 0,0457 3,0202 0,0000 1,6269 0,3731 0,1512 0,0885
MAJ-07-40_a10 Ceno. MoqC 46,47 1,14 8,61 13,12 0,38 14,65 10,43 1,34 0,39 0,02 96,54 6,6673 1,3327 0,1232 0,1228 1,3128 0,2615 0,0464 3,1334 0,0011 1,6034 0,3728 0,0000 0,0707
MAJ-07-40_a11 Ceno. MoqC 46,72 1,37 7,93 13,56 0,28 14,23 10,81 1,35 0,49 n.d. 96,74 6,7565 1,2435 0,1081 0,1496 1,0182 0,6218 0,0346 3,0678 0,0000 1,6750 0,3250 0,0535 0,0896
MAJ-07-40_a12 Ceno. MoqC 44,98 1,33 8,63 15,49 0,60 12,15 11,48 1,27 0,76 n.d. 96,69 6,6656 1,3344 0,1728 0,1478 0,7119 1,2078 0,0755 2,6841 0,0000 1,8228 0,1772 0,1872 0,1441
MAJ-07-40_a13 Ceno. MoqC 41,83 2,11 12,70 12,23 0,20 13,60 11,30 2,34 0,43 0,05 96,79 6,1060 1,8940 0,2909 0,2317 0,8598 0,6332 0,0249 2,9595 0,0030 1,7673 0,2327 0,4296 0,0799
MAJ-07-40_a14 Ceno. MoqC 43,92 1,41 9,45 15,44 0,57 11,53 11,21 1,31 1,00 0,01 95,86 6,5852 1,4148 0,2552 0,1590 0,6667 1,2693 0,0726 2,5772 0,0007 1,8009 0,1991 0,1811 0,1921
MAJ-07-40_a15 Ceno. MoqC 46,71 1,35 8,33 12,60 0,44 14,80 10,61 1,38 0,33 n.d. 96,56 6,7081 1,2919 0,1180 0,1462 1,1709 0,3424 0,0540 3,1685 0,0000 1,6326 0,3674 0,0168 0,0612
MAJ-07-40_a16 Ceno. MoqC 44,43 1,30 9,02 16,07 0,58 11,55 11,42 1,25 0,78 n.d. 96,39 6,6249 1,3751 0,2100 0,1457 0,7156 1,2884 0,0730 2,5674 0,0000 1,8245 0,1755 0,1863 0,1475
MAJ-07-40_a17 Ceno. MoqC 42,34 1,98 11,91 10,38 0,11 15,05 11,13 2,41 0,79 0,05 96,14 6,1795 1,8205 0,2281 0,2174 0,8447 0,4222 0,0130 3,2745 0,0026 1,7405 0,2595 0,4225 0,1473
MAJ-07-40_a18 Ceno. MoqC 45,57 2,15 8,71 13,30 0,33 13,55 11,36 1,51 0,72 n.d. 97,19 6,6524 1,3476 0,1510 0,2361 0,6100 1,0137 0,0403 2,9488 0,0000 1,7769 0,2231 0,2042 0,1333
MAJ-07-40_a19 Ceno. MoqC 43,64 1,41 9,55 16,45 0,61 11,49 11,19 1,37 0,92 0,01 96,64 6,4938 1,5062 0,1686 0,1581 0,8835 1,1636 0,0773 2,5488 0,0006 1,7841 0,2159 0,1793 0,1739
MAJ-07-40_a20 Ceno. MoqC 44,81 1,41 8,19 15,68 0,48 11,78 11,49 1,47 0,90 n.d. 96,21 6,7265 1,2735 0,1754 0,1589 0,4846 1,4838 0,0611 2,6361 0,0000 1,8480 0,1520 0,2759 0,1719
MAJ-07-40_a21 Ceno. MoqC 42,49 2,50 11,19 11,74 0,22 13,93 11,37 2,13 0,67 n.d. 96,24 6,2536 1,7464 0,1946 0,2768 0,6789 0,7661 0,0272 3,0564 0,0000 1,7930 0,2070 0,4008 0,1254
MAJ-07-40_a22 Ceno. MoqC 41,23 2,63 11,42 13,82 0,30 12,58 10,89 2,42 1,04 0,01 96,35 6,1441 1,8559 0,1498 0,2948 0,7404 0,9820 0,0383 2,7947 0,0008 1,7388 0,2612 0,4380 0,1984
MAJ-07-40_a23 Ceno. MoqC 47,73 0,87 7,07 12,73 0,59 14,62 11,10 0,97 0,32 0,02 96,02 6,9206 1,0794 0,1287 0,0951 0,9785 0,5651 0,0724 3,1601 0,0011 1,7244 0,2722 0,0000 0,0598
MAJ-07-40_a24 Ceno. MoqC 45,78 1,21 8,40 13,92 0,55 13,60 11,15 1,24 0,58 0,01 96,44 6,6889 1,3111 0,1354 0,1329 0,9596 0,7413 0,0685 2,9623 0,0006 1,7455 0,2545 0,0968 0,1073
MAJ-07-40_a25 Ceno. MoqC 44,65 1,24 8,39 15,41 0,59 12,18 11,46 1,33 0,74 0,01 96,00 6,6712 1,3288 0,1486 0,1390 0,7052 1,2203 0,0741 2,7129 0,0006 1,8346 0,1654 0,2204 0,1416
MAJ-07-40_a26 Ceno. MoqC 44,25 1,24 9,40 15,44 0,68 11,91 11,01 1,44 0,71 n.d. 96,08 6,5738 1,4262 0,2197 0,1390 0,8745 1,0438 0,0853 2,6377 0,0000 1,7525 0,2475 0,1673 0,1341
MAJ-08-04_a01 Ceno. MoqC 46,91 1,02 7,81 12,98 0,52 14,84 11,01 1,30 0,38 n.d. 96,85 6,7532 1,2468 0,0783 0,1107 1,1182 0,4445 0,0635 3,1848 0,0000 1,6983 0,3017 0,0606 0,0700
MAJ-08-04_a02 Ceno. MoqC 46,50 1,28 7,83 14,56 0,26 14,05 10,53 1,29 0,47 n.d. 96,88 6,7140 1,2860 0,0464 0,1394 1,2535 0,5046 0,0319 3,0242 0,0000 1,6290 0,3620 0,0000 0,0873
MAJ-08-04_a03 Ceno. MoqC 43,32 2,55 9,86 13,68 0,20 13,02 10,95 1,84 0,69 n.d. 96,19 6,4081 1,5919 0,1271 0,2838 0,7688 0,9236 0,0256 2,8712 0,0000 1,7355 0,2645 0,2632 0,1298
MAJ-08-04_a05 Ceno. MoqC 47,67 0,94 7,35 12,81 0,51 15,46 10,33 1,23 0,28 n.d. 96,64 6,7926 1,2074 0,0270 0,1012 1,4339 0,0926 0,0613 3,2841 0,0000 1,5771 0,3390 0,0000 0,0509
MAJ-08-04_a06 Ceno. MoqC 47,12 1,37 7,31 12,72 0,54 14,86 10,76 1,51 0,43 n.d. 96,70 6,8048 1,1952 0,0489 0,1493 1,0152 0,5211 0,0663 3,1992 0,0000 1,6649 0,3351 0,0877 0,0798
MAJ-08-04_a07 Ceno. MoqC 49,78 0,81 4,18 7,17 0,16 15,32 20,93 0,32 0,01 n.d. 98,69 7,6778 0,3222 0,4376 0,0943 0,0000 0,9248 0,0208 3,5225 0,0000 3,4588 -1,4588 1,5536 0,0022
MAJ-08-04_a08 Ceno. MoqC 47,16 1,12 7,80 12,57 0,47 15,27 10,34 1,24 0,28 n.d. 96,30 6,7473 1,2527 0,0626 0,1201 1,3835 0,1206 0,0564 3,2569 0,0000 1,5851 0,3448 0,0000 0,0514
MAJ-08-04_a09 Ceno. MoqC 45,52 1,12 8,61 18,29 0,55 11,27 10,28 1,21 0,48 n.d. 97,44 6,6438 1,3562 0,1248 0,1227 1,3397 0,8928 0,0678 2,4521 0,0000 1,6076 0,3415 0,0000 0,0896
MAJ-08-04_a12 Ceno. MoqC 47,29 1,18 7,68 14,98 0,35 13,88 10,44 1,24 0,42 n.d. 97,56 6,7746 1,2254 0,0712 0,1269 1,2737 0,5210 0,0430 2,9642 0,0000 1,6025 0,3457 0,0000 0,0762
MAJ-08-04_a13 Ceno. MoqC 47,23 1,38 7,82 12,42 0,46 15,22 10,68 1,35 0,32 n.d. 96,94 6,7507 1,2493 0,0680 0,1484 1,1802 0,3044 0,0559 3,2430 0,0000 1,6356 0,3644 0,0097 0,0589
MAJ-08-04_a14 Ceno. MoqC 44,38 1,12 9,10 18,98 0,50 10,15 10,81 1,35 0,66 n.d. 97,17 6,6030 1,3970 0,1986 0,1255 0,9872 1,3744 0,0630 2,2513 0,0000 1,7233 0,2767 0,1118 0,1251
MAJ-08-04_a15 Ceno. MoqC 45,26 1,32 9,75 14,70 0,57 13,34 10,46 1,90 0,56 n.d. 97,95 6,5082 1,4918 0,1605 0,1429 1,1893 0,5784 0,0692 2,8596 0,0000 1,6116 0,3884 0,1413 0,1034
MAJ-08-04_a16 Ceno. MoqC 44,47 1,26 9,35 18,41 0,53 10,65 10,48 1,44 0,60 n.d. 97,35 6,5577 1,4423 0,1827 0,1399 1,1428 1,1276 0,0657 2,3412 0,0000 1,6558 0,3442 0,0676 0,1135
MAJ-08-04_a17 Ceno. MoqC 47,23 1,25 6,74 14,27 0,51 13,63 11,44 1,39 0,67 n.d. 97,22 6,9139 1,0861 0,0767 0,1382 0,6250 1,1220 0,0636 2,9745 0,0000 1,7943 0,2057 0,1889 0,1248
MAJ-08-04_a18 Ceno. MoqC 45,01 1,29 8,78 17,44 0,49 11,64 10,55 1,29 0,59 n.d. 97,20 6,5982 1,4018 0,1152 0,1419 1,2131 0,9250 0,0611 2,5438 0,0000 1,6571 0,3429 0,0230 0,1096
MAJ-08-04_a19 Ceno. MoqC 46,34 1,06 8,80 13,84 0,50 14,39 10,01 1,39 0,34 n.d. 96,76 6,6232 1,3768 0,1055 0,1138 1,5304 0,1239 0,0603 3,0660 0,0000 1,5329 0,3852 0,0000 0,0622
MAJ-08-04_a20 Ceno. MoqC 45,08 1,97 8,76 14,55 0,21 13,16 11,23 1,57 0,81 n.d. 97,53 6,5957 1,4043 0,1063 0,2168 0,7469 1,0334 0,0261 2,8704 0,0000 1,7605 0,2395 0,2059 0,1510
MAJ-08-04_a21 Ceno. MoqC 43,68 1,01 11,48 15,69 0,48 12,00 10,59 1,51 0,56 n.d. 97,08 6,3523 1,6477 0,3200 0,1105 1,2770 0,6313 0,0596 2,6016 0,0000 1,6501 0,3499 0,0759 0,1036
MAJ-08-04_a22 Ceno. MoqC 46,51 1,08 7,55 18,28 0,51 11,46 10,26 1,13 0,41 n.d. 97,28 6,7915 1,2085 0,0908 0,1189 1,2722 0,9601 0,0634 2,4946 0,0000 1,6052 0,3209 0,0000 0,0764
TAC-08-04_a02 Ceno. MoqC 47,15 1,28 7,33 13,60 0,53 13,61 11,40 1,12 0,66 n.d. 96,78 6,8977 1,1023 0,1615 0,1408 0,6443 1,0196 0,0657 2,9682 0,0000 1,7869 0,2131 0,1055 0,1226
TAC-08-04_a03 Ceno. MoqC 48,08 1,38 7,40 12,23 0,40 15,20 11,06 1,32 0,52 n.d. 97,66 6,8637 1,1363 0,1087 0,1479 0,8877 0,5724 0,0485 3,2348 0,0000 1,6917 0,3083 0,0578 0,0946
TAC-08-04_a05 Ceno. MoqC 44,49 1,64 10,25 12,95 0,26 14,00 11,00 2,10 0,35 n.d. 97,08 6,4460 1,5540 0,1963 0,1786 0,9303 0,6388 0,0320 3,0239 0,0000 1,7076 0,2924 0,2976 0,0648
TAC-08-04_a06 Ceno. MoqC 47,30 1,54 7,77 12,51 0,43 15,21 11,41 1,43 0,56 n.d. 98,27 6,7483 1,2517 0,0548 0,1657 0,8789 0,6137 0,0520 3,2350 0,0000 1,7442 0,2558 0,1397 0,1028
TAC-08-04_a07 Ceno. MoqC 47,39 1,34 7,18 12,10 0,41 14,79 11,11 1,23 0,61 n.d. 96,25 6,8933 1,1067 0,1242 0,1462 0,7681 0,7039 0,0505 3,2071 0,0000 1,7315 0,2685 0,0776 0,1129
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CUC-05-05_a21 Ceno. base MoqC 40,73 2,98 12,44 11,44 0,14 14,22 10,86 2,50 0,69 n.d. 96,04 5,9817 2,0183 0,1350 0,3293 0,9661 0,4390 0,0174 3,1133 0,0000 1,7089 0,2911 0,4208 0,1290
CUC-05-05_a23 Ceno. base MoqC 42,32 1,92 10,32 15,00 0,40 12,04 11,49 1,74 1,04 n.d. 96,35 6,3411 1,6589 0,1635 0,2164 0,6695 1,2101 0,0511 2,6894 0,0000 1,8446 0,1554 0,3501 0,1983

Appendix 2-4

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
TAC-08-04_a11 Ceno. MoqC 47,78 1,49 7,55 12,51 0,46 14,62 11,01 1,37 0,50 n.d. 97,39 6,8678 1,1322 0,1468 0,1607 0,7996 0,7042 0,0560 3,1327 0,0000 1,6956 0,3044 0,0774 0,0915
TAC-08-04_a12 Ceno. MoqC 47,90 1,29 6,85 12,21 0,45 15,71 10,93 1,12 0,44 n.d. 96,99 6,8462 1,1538 0,0001 0,1386 1,1375 0,3220 0,0545 3,3473 0,0000 1,6738 0,3116 0,0000 0,0798
TAC-08-04_a13 Ceno. MoqC 47,68 1,33 7,17 12,58 0,53 14,47 11,32 1,15 0,56 n.d. 96,87 6,9124 1,0876 0,1375 0,1451 0,7171 0,8081 0,0649 3,1273 0,0000 1,7584 0,2416 0,0815 0,1030
TAC-08-04_a14 Ceno. MoqC 49,76 1,04 5,82 11,18 0,45 16,16 11,10 1,00 0,36 n.d. 96,94 7,0916 0,9084 0,0691 0,1113 0,8840 0,4485 0,0538 3,4333 0,0000 1,6950 0,2775 0,0000 0,0654
TAC-08-04_a16 Ceno. MoqC 46,54 1,63 8,05 12,22 0,37 14,95 11,10 1,46 0,53 n.d. 96,93 6,7169 1,2831 0,0862 0,1772 0,9032 0,5718 0,0450 3,2166 0,0000 1,7165 0,2835 0,1250 0,0977
TAC-08-04_a17 Ceno. MoqC 48,00 1,25 6,99 12,29 0,52 14,79 11,36 1,21 0,56 n.d. 97,08 6,9371 1,0629 0,1277 0,1364 0,7023 0,7831 0,0640 3,1865 0,0000 1,7591 0,2409 0,0974 0,1037
TAC-08-04_a18 Ceno. MoqC 47,70 1,44 7,33 11,94 0,36 15,19 11,20 1,35 0,49 n.d. 97,07 6,8625 1,1375 0,1053 0,1562 0,8005 0,6361 0,0441 3,2578 0,0000 1,7264 0,2736 0,1030 0,0900
TAC-08-04_a19 Ceno. MoqC 47,09 1,54 7,57 12,13 0,32 15,01 11,15 1,27 0,62 n.d. 96,79 6,8045 1,1955 0,0937 0,1679 0,8442 0,6217 0,0392 3,2334 0,0000 1,7263 0,2737 0,0814 0,1142
TAC-08-04_a20 Ceno. MoqC 47,99 1,51 6,88 11,85 0,31 15,15 11,28 1,36 0,53 n.d. 96,94 6,9323 1,0677 0,1036 0,1643 0,6653 0,7663 0,0381 3,2625 0,0000 1,7459 0,2541 0,1268 0,0976
TAC-08-04_a22 Ceno. MoqC 44,22 1,20 10,01 15,83 0,38 11,51 11,46 1,63 0,92 n.d. 97,25 6,5593 1,4407 0,3093 0,1344 0,5763 1,3874 0,0474 2,5452 0,0000 1,8214 0,1786 0,2901 0,1748
TAC-08-04_a23 Ceno. MoqC 48,24 1,38 6,88 12,70 0,52 14,73 11,20 1,16 0,52 n.d. 97,41 6,9370 1,0630 0,1031 0,1489 0,7926 0,7348 0,0629 3,1578 0,0000 1,7257 0,2743 0,0479 0,0959
TAC-08-04_a24 Ceno. MoqC 46,02 1,90 8,76 13,08 0,39 13,88 11,04 1,59 0,68 n.d. 97,43 6,6670 1,3330 0,1627 0,2071 0,7560 0,8287 0,0479 2,9976 0,0000 1,7137 0,2863 0,1603 0,1263
TAC-08-04_a25 Ceno. MoqC 42,88 2,88 11,60 11,29 0,17 14,25 11,29 2,37 0,52 n.d. 97,26 6,2253 1,7747 0,2101 0,3146 0,6604 0,7104 0,0205 3,0841 0,0000 1,7562 0,2438 0,4233 0,0956
TAC-08-04_a26 Ceno. MoqC 47,75 1,40 7,08 12,14 0,41 15,46 11,10 1,35 0,47 n.d. 97,23 6,8443 1,1557 0,0403 0,1507 0,9430 0,5123 0,0503 3,3035 0,0000 1,7047 0,2953 0,0799 0,0865
TAC-08-04_a27 Ceno. MoqC 48,77 1,26 7,01 11,74 0,39 15,09 11,00 1,22 0,43 n.d. 96,99 6,9960 1,0040 0,1812 0,1363 0,7521 0,6563 0,0471 3,2270 0,0000 1,6907 0,3093 0,0293 0,0780
TAC-08-04_a28 Ceno. MoqC 48,26 1,36 6,95 11,95 0,41 15,19 11,04 1,29 0,46 n.d. 96,96 6,9356 1,0644 0,1127 0,1470 0,8153 0,6210 0,0497 3,2543 0,0000 1,7000 0,3000 0,0584 0,0840
TAC-08-04_a29 Ceno. MoqC 48,75 1,30 6,56 12,31 0,47 15,22 11,08 1,11 0,46 n.d. 97,36 6,9762 1,0238 0,0826 0,1399 0,8712 0,6021 0,0574 3,2469 0,0000 1,6989 0,3011 0,0069 0,0845
TAC-08-04_a31 Ceno. MoqC 47,91 1,40 7,30 12,36 0,38 14,78 11,03 1,28 0,50 n.d. 97,03 6,9005 1,0995 0,1396 0,1521 0,8014 0,6873 0,0459 3,1735 0,0000 1,7022 0,2978 0,0593 0,0927
MOQ-04-219_a01 Ceno. MoqC 42,55 3,37 10,34 11,82 0,27 14,36 11,05 2,33 0,83 n.d. 96,96 6,2295 1,7705 0,0136 0,3712 0,7321 0,7151 0,0338 3,1341 0,0000 1,7334 0,2666 0,3947 0,1543
MOQ-04-219_a03 Ceno. MoqC 41,45 2,85 11,71 11,78 0,20 14,08 11,22 2,40 0,59 n.d. 96,30 6,0952 1,9048 0,1246 0,3153 0,8195 0,6292 0,0249 3,0865 0,0000 1,7678 0,2322 0,4520 0,1103
MOQ-04-219_a06 Ceno. MoqC 49,62 0,77 3,81 8,77 0,22 15,14 19,69 0,40 0,02 n.d. 98,45 7,6085 0,3915 0,2970 0,0883 0,0000 1,1246 0,0292 3,4608 0,0000 3,2349 -1,2349 1,3536 0,0047
MOQ-04-219_a09 Ceno. MoqC 40,61 2,14 13,68 12,20 0,14 13,44 11,56 2,31 0,71 n.d. 96,80 5,9518 2,0482 0,3148 0,2360 0,8424 0,6529 0,0174 2,9365 0,0000 1,8153 0,1847 0,4717 0,1320
MOQ-04-219_a10 Ceno. MoqC 42,52 2,29 10,38 15,23 0,53 11,92 11,23 2,05 0,78 n.d. 96,97 6,3224 1,6776 0,1414 0,2562 0,7068 1,1871 0,0663 2,6422 0,0000 1,7891 0,2109 0,3801 0,1478
MOQ-04-219_a11 Ceno. MoqC 49,54 0,61 4,24 8,09 0,26 14,26 21,55 0,30 0,01 n.d. 98,88 7,7368 0,2632 0,5172 0,0720 0,0000 1,0566 0,0341 3,3200 0,0000 3,6060 -1,6060 1,6978 0,0028
MOQ-04-219_a12 Ceno. MoqC 41,88 2,05 12,38 10,85 0,14 14,79 11,31 2,28 0,85 n.d. 96,55 6,1001 1,8999 0,2254 0,2246 0,8928 0,4289 0,0168 3,2115 0,0000 1,7651 0,2349 0,4090 0,1583
MOQ-04-219_a13 Ceno. MoqC 40,45 3,22 13,38 12,51 0,18 13,44 10,78 2,59 0,77 n.d. 97,34 5,8891 2,1109 0,1849 0,3527 0,9841 0,5391 0,0222 2,9170 0,0000 1,6816 0,3184 0,4127 0,1422
MOQ-04-219_a16 Ceno. MoqC 45,65 1,61 8,31 12,65 0,65 14,27 11,10 1,73 0,58 n.d. 96,63 6,6632 1,3368 0,0927 0,1771 0,8199 0,7243 0,0809 3,1051 0,0000 1,7360 0,2640 0,2255 0,1084
MOQ-04-219_a17 Ceno. MoqC 41,47 1,76 14,08 11,24 0,10 14,24 10,29 2,36 1,06 n.d. 96,61 5,9834 2,0166 0,3776 0,1910 1,2197 0,1366 0,0122 3,0629 0,0000 1,5907 0,4093 0,2509 0,1956
MOQ-04-218_a10 Ceno. MoqC 46,23 1,20 8,45 13,83 0,51 14,16 10,67 1,36 0,38 n.d. 96,84 6,6631 1,3369 0,0985 0,1302 1,2333 0,4337 0,0618 3,0425 0,0000 1,6478 0,3522 0,0278 0,0692
MOQ-04-218_a11 Ceno. MoqC 49,54 0,79 4,78 8,61 0,20 14,25 20,96 0,34 0,01 n.d. 99,48 7,6322 0,3678 0,5001 0,0920 0,0000 1,1093 0,0257 3,2728 0,0000 3,4599 -1,4599 1,5601 0,0026
MOQ-04-218_a13 Ceno. MoqC 49,64 0,81 4,17 8,05 0,20 14,64 21,05 0,40 0,02 n.d. 99,02 7,6926 0,3074 0,4542 0,0943 0,0000 1,0433 0,0261 3,3821 0,0000 3,4951 -1,4951 1,6142 0,0039
MOQ-04-218_a14 Ceno. MoqC 42,83 2,33 11,38 11,97 0,27 14,41 11,06 2,25 0,70 n.d. 97,24 6,2058 1,7942 0,1492 0,2540 0,9412 0,5093 0,0337 3,1126 0,0000 1,7170 0,2830 0,3491 0,1296
MOQ-04-218_a16 Ceno. MoqC 49,13 1,18 4,25 8,68 0,22 12,37 23,63 0,52 0,00 n.d. 99,99 7,8937 0,1063 0,6985 0,1424 0,0000 1,1663 0,0299 2,9629 0,0000 4,0679 -2,0679 2,2302 0,0000
MOQ-04-218_a21 Ceno. MoqC 47,32 1,10 7,32 12,95 0,48 14,94 10,85 1,25 0,36 n.d. 96,64 6,8141 1,1859 0,0564 0,1187 1,1300 0,4295 0,0582 3,2072 0,0000 1,6740 0,3260 0,0226 0,0655
MOQ-04-217_a03 Ceno. MoqC 46,18 1,30 7,31 15,20 0,45 12,73 11,43 1,40 0,80 n.d. 96,91 6,8345 1,1655 0,1095 0,1448 0,5885 1,2928 0,0558 2,8086 0,0000 1,8125 0,1875 0,2142 0,1512
MOQ-04-217_a04 Ceno. MoqC 43,29 2,35 10,47 12,26 0,27 13,90 10,99 2,06 0,59 n.d. 96,21 6,3520 1,6480 0,1626 0,2594 0,8143 0,6902 0,0330 3,0405 0,0000 1,7278 0,2722 0,3139 0,1106
MOQ-04-217_a05 Ceno. MoqC 44,96 1,36 8,91 15,00 0,53 12,78 11,02 1,40 0,71 n.d. 96,78 6,6020 1,3980 0,1440 0,1498 0,9548 0,8873 0,0665 2,7976 0,0000 1,7338 0,2662 0,1324 0,1333
MOQ-04-217_a06 Ceno. MoqC 43,17 2,59 11,06 11,69 0,19 14,26 11,19 2,08 0,53 n.d. 96,78 6,2812 1,7188 0,1778 0,2835 0,7994 0,6231 0,0232 3,0931 0,0000 1,7445 0,2555 0,3312 0,0989
MOQ-04-217_a10 Ceno. MoqC 43,53 2,20 10,93 11,69 0,22 14,65 11,22 2,01 0,52 n.d. 97,00 6,2970 1,7030 0,1604 0,2394 0,9264 0,4879 0,0266 3,1593 0,0000 1,7390 0,2610 0,3028 0,0956
MOQ-04-217_a14 Ceno. MoqC 47,71 1,03 7,57 12,63 0,51 15,54 10,32 1,24 0,27 n.d. 96,88 6,7737 1,2263 0,0404 0,1096 1,4367 0,0629 0,0613 3,2891 0,0000 1,5699 0,3419 0,0000 0,0482
MOQ-04-217_a15 Ceno. MoqC 43,67 1,32 10,81 16,80 0,42 12,07 9,83 1,64 0,39 n.d. 97,07 6,3216 1,6784 0,1659 0,1440 1,6422 0,3917 0,0516 2,6047 0,0000 1,5247 0,4603 0,0000 0,0728
MOQ-04-217_a17 Ceno. MoqC 42,32 2,71 11,71 11,75 0,19 14,44 11,11 2,34 0,52 n.d. 97,11 6,1354 1,8646 0,1362 0,2956 0,9313 0,4933 0,0228 3,1208 0,0000 1,7258 0,2742 0,3835 0,0967
MOQ-04-217_a19 Ceno. MoqC 45,66 1,84 8,57 13,21 0,40 14,10 10,87 1,63 0,62 n.d. 97,00 6,6282 1,3718 0,0944 0,2009 0,9201 0,6836 0,0497 3,0513 0,0000 1,6907 0,3093 0,1494 0,1154
CUC-05-05_a01 Ceno. base MoqC 43,93 1,16 9,77 14,81 0,50 12,44 11,14 1,79 0,63 n.d. 96,23 6,5136 1,4864 0,2210 0,1298 0,8322 1,0042 0,0631 2,7497 0,0000 1,7698 0,2302 0,2844 0,1195
CUC-05-05_a06 Ceno. base MoqC 41,92 3,31 11,17 11,23 0,22 14,46 11,02 2,42 0,74 n.d. 96,54 6,1432 1,8568 0,0724 0,3649 0,7682 0,6081 0,0274 3,1590 0,0000 1,7303 0,2697 0,4179 0,1382
CUC-05-05_a08 Ceno. base MoqC 43,10 2,14 11,25 10,48 0,18 15,24 10,95 2,39 0,71 n.d. 96,45 6,2533 1,7467 0,1770 0,2336 0,8952 0,3764 0,0215 3,2963 0,0000 1,7022 0,2978 0,3745 0,1306
CUC-05-05_a09 Ceno. base MoqC 41,89 4,02 10,99 11,10 0,13 14,32 11,26 2,34 0,98 n.d. 97,07 6,1456 1,8544 0,0459 0,4437 0,5325 0,8294 0,0167 3,1319 0,0000 1,7700 0,2300 0,4356 0,1831
CUC-05-05_a10 Ceno. base MoqC 45,87 1,34 7,65 14,53 0,48 13,23 11,34 1,46 0,69 n.d. 96,68 6,7629 1,2371 0,0922 0,1481 0,7182 1,0734 0,0603 2,9079 0,0000 1,7914 0,2086 0,2087 0,1304
CUC-05-05_a11 Ceno. base MoqC 41,08 2,51 13,14 11,65 0,14 13,77 10,73 2,50 0,42 n.d. 95,97 6,0112 1,9888 0,2773 0,2763 1,0074 0,4183 0,0169 3,0038 0,0000 1,6823 0,3177 0,3916 0,0776
CUC-05-05_a12 Ceno. base MoqC 49,19 0,94 4,61 8,37 0,23 14,74 20,52 0,41 0,01 n.d. 99,03 7,5674 0,4326 0,4033 0,1091 0,0000 1,0769 0,0303 3,3805 0,0000 3,3824 -1,3824 1,5052 0,0020
CUC-05-05_a13 Ceno. base MoqC 45,64 1,54 7,47 14,78 0,41 13,32 11,35 1,49 0,72 n.d. 96,82 6,7293 1,2707 0,0274 0,1710 0,7539 1,0686 0,0514 2,9278 0,0000 1,7930 0,2070 0,2190 0,1354
CUC-05-05_a15 Ceno. base MoqC 45,24 1,88 8,25 13,60 0,47 13,58 11,25 1,77 0,77 n.d. 96,92 6,6533 1,3467 0,0832 0,2080 0,6532 1,0195 0,0588 2,9773 0,0000 1,7727 0,2273 0,2774 0,1442
CUC-05-05_a16 Ceno. base MoqC 41,22 3,09 12,14 11,44 0,15 14,49 11,09 2,42 0,73 n.d. 96,82 6,0109 1,9891 0,0974 0,3390 0,9275 0,4677 0,0185 3,1500 0,0000 1,7328 0,2672 0,4170 0,1365
CUC-05-05_a19 Ceno. base MoqC 46,17 1,13 7,20 15,14 0,37 13,10 11,29 1,32 0,75 n.d. 96,56 6,8200 1,1800 0,0734 0,1254 0,7619 1,1084 0,0461 2,8847 0,0000 1,7869 0,2131 0,1651 0,1419
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CARA-08-04_a15 Ceno. top MoqB 47,54 1,03 6,22 15,44 0,84 13,18 10,70 1,13 0,52 n.d. 96,74 6,9502 1,0498 0,0219 0,1138 1,0311 0,8566 0,1040 2,8725 0,0000 1,6761 0,3200 0,0000 0,0969
CARA-08-04_a16 Ceno. top MoqB 41,13 2,04 12,33 14,31 0,25 11,89 11,71 1,84 1,33 n.d. 96,86 6,1389 1,8611 0,3079 0,2291 0,5641 1,2222 0,0313 2,6456 0,0000 1,8727 0,1273 0,4051 0,2532
CARA-08-04_a17 Ceno. top MoqB 46,03 1,21 7,42 17,16 0,54 11,35 11,44 1,08 0,82 n.d. 97,27 6,8449 1,1551 0,1454 0,1359 0,6244 1,5097 0,0685 2,5161 0,0000 1,8228 0,1772 0,1349 0,1558

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
CUC-05-05_a24 Ceno. base MoqC 46,38 1,32 6,98 13,91 0,42 13,85 11,28 1,29 0,66 n.d. 96,19 6,8330 1,1670 0,0450 0,1463 0,7741 0,9398 0,0530 3,0419 0,0000 1,7806 0,2194 0,1505 0,1243
MAJ-07-24_a03 Ceno. base MoqC 43,84 1,44 8,36 15,56 0,43 11,98 11,43 1,55 0,91 n.d. 95,50 6,6261 1,3739 0,1153 0,1639 0,5982 1,3686 0,0547 2,6993 0,0000 1,8510 0,1490 0,3052 0,1764
MAJ-07-24_a04 Ceno. base MoqC 44,49 1,22 7,03 15,13 0,47 11,42 11,48 1,16 0,79 0,02 93,20 6,9043 1,0957 0,1901 0,1424 0,2976 1,6660 0,0620 2,6420 0,0012 1,9088 0,0912 0,2578 0,1555
MAJ-07-24_a05 Ceno. base MoqC 45,78 1,15 7,49 15,37 0,46 12,73 11,60 1,37 0,72 0,01 96,67 6,7869 1,2131 0,0956 0,1280 0,6463 1,2593 0,0574 2,8134 0,0007 1,8426 0,1574 0,2364 0,1355
MAJ-07-24_a06 Ceno. base MoqC 45,28 1,56 7,79 15,75 0,47 11,97 11,43 1,51 0,82 0,01 96,59 6,7623 1,2377 0,1335 0,1755 0,5007 1,4665 0,0589 2,6650 0,0008 1,8290 0,1710 0,2662 0,1566
MAJ-07-24_a07 Ceno. base MoqC 46,71 1,04 7,99 13,24 0,54 13,89 11,18 1,12 0,41 n.d. 96,11 6,8120 1,1880 0,1853 0,1138 0,8894 0,7254 0,0664 3,0198 0,0000 1,7469 0,2531 0,0625 0,0764
MAJ-07-24_a08 Ceno. base MoqC 45,64 1,32 7,80 15,56 0,45 12,43 11,44 1,43 0,85 0,01 96,93 6,7618 1,2382 0,1238 0,1470 0,6159 1,3120 0,0559 2,7454 0,0008 1,8160 0,1840 0,2268 0,1608
MAJ-07-24_a09 Ceno. base MoqC 45,29 1,60 7,95 14,54 0,45 12,78 11,45 1,53 0,86 n.d. 96,44 6,7323 1,2677 0,1251 0,1786 0,5347 1,2729 0,0566 2,8321 0,0000 1,8237 0,1763 0,2646 0,1623
MAJ-07-24_a10 Ceno. base MoqC 46,91 1,17 6,96 14,56 0,46 13,31 11,49 1,35 0,68 0,01 96,91 6,8984 1,1016 0,1047 0,1299 0,6027 1,1879 0,0569 2,9179 0,0008 1,8104 0,1896 0,1953 0,1280
MAJ-07-24_a11 Ceno. base MoqC 43,53 1,50 8,85 16,28 0,42 11,74 11,35 1,58 1,00 0,05 96,31 6,5374 1,4626 0,1038 0,1699 0,7109 1,3338 0,0532 2,6284 0,0029 1,8264 0,1736 0,2864 0,1924
MAJ-07-24_a12 Ceno. base MoqC 45,55 1,31 7,39 15,09 0,47 12,80 11,64 1,40 0,71 0,03 96,38 6,7795 1,2205 0,0759 0,1462 0,5994 1,2789 0,0595 2,8401 0,0015 1,8563 0,1437 0,2603 0,1347
MAJ-07-24_a14 Ceno. base MoqC 42,11 2,13 11,48 12,99 0,30 12,86 11,10 2,18 1,39 0,15 96,69 6,2539 1,7461 0,2633 0,2380 0,5745 1,0389 0,0382 2,8472 0,0087 1,7663 0,2337 0,3940 0,2634
MAJ-07-24_a15 Ceno. base MoqC 43,08 0,06 14,68 10,07 0,22 14,38 11,46 1,83 0,32 n.d. 96,09 6,1906 1,8094 0,6768 0,0062 1,0229 0,1873 0,0264 3,0805 0,0000 1,7645 0,2355 0,2743 0,0587
MAJ-07-24_a16 Ceno. base MoqC 44,05 1,92 9,49 12,88 0,39 13,49 11,08 1,93 0,60 0,01 95,84 6,5155 1,4845 0,1698 0,2136 0,7077 0,8855 0,0488 2,9745 0,0008 1,7559 0,2441 0,3094 0,1136
MAJ-07-24_a21 Ceno. base MoqC 45,51 1,38 7,74 15,36 0,46 12,24 11,45 1,37 0,85 n.d. 96,36 6,7889 1,2111 0,1497 0,1545 0,5336 1,3827 0,0575 2,7220 0,0000 1,8301 0,1699 0,2263 0,1623
MOQ-04-220_a01 Ceno. base MoqC 42,59 1,36 10,92 16,13 0,30 11,39 11,54 1,80 0,86 n.d. 96,94 6,3487 1,6513 0,2672 0,1529 0,7073 1,3035 0,0380 2,5311 0,0000 1,8431 0,1569 0,3634 0,1645
MOQ-04-220_a02 Ceno. base MoqC 46,26 1,34 8,18 13,25 0,33 14,33 11,33 1,54 0,59 n.d. 97,25 6,7092 1,2908 0,1074 0,1465 0,8273 0,7798 0,0407 3,0983 0,0000 1,7606 0,2394 0,1937 0,1088
MOQ-04-220_a03 Ceno. base MoqC 47,18 1,13 7,48 13,60 0,36 14,43 11,35 1,21 0,51 n.d. 97,32 6,8125 1,1875 0,0854 0,1227 0,9117 0,7306 0,0434 3,1062 0,0000 1,7560 0,2440 0,0945 0,0946
MOQ-04-220_a04 Ceno. base MoqC 44,76 1,54 9,59 13,79 0,39 13,96 10,82 1,67 0,55 n.d. 97,14 6,4729 1,5271 0,1074 0,1676 1,1617 0,5060 0,0476 3,0096 0,0000 1,6765 0,3235 0,1448 0,1014
MOQ-04-220_a05 Ceno. base MoqC 44,84 1,06 9,47 15,13 0,33 12,68 11,14 1,62 0,80 n.d. 97,13 6,5765 1,4235 0,2135 0,1167 0,8654 0,9904 0,0416 2,7724 0,0000 1,7506 0,2494 0,2113 0,1493
MOQ-04-220_a06 Ceno. base MoqC 44,07 1,01 9,96 15,55 0,35 12,56 11,27 1,67 0,83 n.d. 97,34 6,4670 1,5330 0,1896 0,1113 0,9458 0,9625 0,0431 2,7476 0,0000 1,7720 0,2280 0,2471 0,1557
MOQ-04-220_a07 Ceno. base MoqC 44,00 1,17 9,97 15,78 0,29 12,11 10,96 1,85 0,67 n.d. 96,84 6,4910 1,5090 0,2245 0,1294 0,9054 1,0414 0,0360 2,6633 0,0000 1,7324 0,2676 0,2615 0,1263
MOQ-04-220_a08 Ceno. base MoqC 43,49 1,06 9,42 18,00 0,38 10,99 11,27 1,52 1,11 n.d. 97,34 6,4875 1,5125 0,1436 0,1188 0,8769 1,3686 0,0481 2,4440 0,0000 1,8013 0,1987 0,2409 0,2122
MOQ-04-220_a09 Ceno. base MoqC 44,06 1,16 9,26 17,16 0,39 11,53 11,37 1,46 0,92 n.d. 97,38 6,5300 1,4700 0,1474 0,1298 0,8576 1,2693 0,0484 2,5474 0,0000 1,8055 0,1945 0,2250 0,1748
MOQ-04-220_a10 Ceno. base MoqC 43,29 1,59 10,73 14,25 0,35 12,94 10,86 1,83 0,63 n.d. 96,55 6,3493 1,6507 0,2041 0,1757 1,0440 0,7039 0,0430 2,8293 0,0000 1,7066 0,2934 0,2270 0,1175
MOQ-04-220_a11 Ceno. base MoqC 45,28 1,53 9,46 13,50 0,35 13,89 10,68 1,53 0,56 n.d. 96,85 6,5494 1,4506 0,1620 0,1667 1,1128 0,5202 0,0432 2,9951 0,0000 1,6552 0,3448 0,0842 0,1029
MOQ-04-220_a12 Ceno. base MoqC 45,78 1,13 8,48 13,48 0,27 14,15 11,00 1,53 0,67 n.d. 96,57 6,6707 1,3293 0,1269 0,1234 0,9646 0,6780 0,0333 3,0737 0,0000 1,7173 0,2827 0,1496 0,1240
MOQ-04-220_a13 Ceno. base MoqC 44,41 1,46 9,67 14,39 0,35 13,42 10,86 1,63 0,61 n.d. 96,87 6,4692 1,5308 0,1294 0,1603 1,1176 0,6355 0,0430 2,9143 0,0000 1,6950 0,3050 0,1554 0,1129
MOQ-04-220_a14 Ceno. base MoqC 45,45 1,45 9,10 13,34 0,34 14,32 10,79 1,65 0,51 n.d. 97,02 6,5606 1,4394 0,1087 0,1580 1,1210 0,4894 0,0415 3,0815 0,0000 1,6688 0,3312 0,1306 0,0944
MOQ-04-220_a15 Ceno. base MoqC 42,46 1,64 10,71 16,18 0,46 11,81 11,30 1,89 0,87 n.d. 97,41 6,2839 1,7161 0,1519 0,1823 0,9090 1,0936 0,0576 2,6056 0,0000 1,7918 0,2082 0,3342 0,1645
MOQ-04-220_a16 Ceno. base MoqC 45,77 1,30 8,22 14,18 0,39 13,93 11,21 1,58 0,60 n.d. 97,27 6,6563 1,3437 0,0652 0,1425 0,9437 0,7809 0,0477 3,0200 0,0000 1,7467 0,2533 0,1922 0,1109
MOQ-04-220_a17 Ceno. base MoqC 43,90 1,10 9,20 17,38 0,37 11,08 11,40 1,43 0,96 n.d. 96,90 6,5650 1,4350 0,1865 0,1234 0,7511 1,4225 0,0464 2,4701 0,0000 1,8266 0,1734 0,2412 0,1828
MOQ-04-220_a18 Ceno. base MoqC 43,78 1,24 9,37 17,13 0,40 11,24 11,39 1,51 0,89 n.d. 97,02 6,5287 1,4713 0,1755 0,1386 0,7733 1,3630 0,0507 2,4988 0,0000 1,8199 0,1801 0,2565 0,1688
MOQ-04-220_a19 Ceno. base MoqC 43,97 1,59 11,04 10,88 0,14 15,16 11,22 1,90 0,76 n.d. 96,70 6,3511 1,6489 0,2305 0,1733 0,9263 0,3880 0,0176 3,2644 0,0000 1,7364 0,2636 0,2685 0,1406
MOQ-04-220_a20 Ceno. base MoqC 41,57 1,85 12,92 13,25 0,15 12,77 11,04 2,35 0,99 n.d. 96,91 6,1107 1,8893 0,3491 0,2046 0,7980 0,8309 0,0190 2,7984 0,0000 1,7388 0,2612 0,4086 0,1855
MOQ-04-220_a21 Ceno. base MoqC 45,14 1,49 9,39 13,93 0,40 13,73 10,85 1,56 0,54 n.d. 97,10 6,5357 1,4643 0,1380 0,1628 1,0966 0,5901 0,0489 2,9635 0,0000 1,6832 0,3168 0,1211 0,0998
MOQ-04-220_a22 Ceno. base MoqC 43,04 1,88 11,97 12,40 0,14 13,73 11,04 2,14 0,81 n.d. 97,20 6,2505 1,7495 0,2992 0,2054 0,8517 0,6543 0,0169 2,9725 0,0000 1,7178 0,2822 0,3204 0,1495
MOQ-04-220_a23 Ceno. base MoqC 44,55 1,35 8,98 15,24 0,36 12,40 11,29 1,48 0,84 n.d. 96,58 6,6048 1,3952 0,1738 0,1509 0,7495 1,1400 0,0452 2,7406 0,0000 1,7934 0,2066 0,2188 0,1580
MOQ-04-220_a24 Ceno. base MoqC 45,93 1,36 8,84 14,45 0,31 14,00 10,88 1,50 0,54 n.d. 97,89 6,5911 1,4089 0,0861 0,1466 1,1669 0,5673 0,0381 2,9950 0,0000 1,6729 0,3271 0,0902 0,0996
MOQ-04-220_a25 Ceno. base MoqC 43,51 1,69 11,14 10,36 0,09 15,74 11,06 2,14 0,68 n.d. 96,43 6,2770 1,7230 0,1711 0,1834 1,0424 0,2075 0,0105 3,3851 0,0000 1,7096 0,2904 0,3082 0,1249
MOQ-04-220_a26 Ceno. base MoqC 43,18 1,43 10,60 15,24 0,34 12,42 10,93 1,92 0,76 n.d. 96,87 6,3576 1,6424 0,1969 0,1586 0,9895 0,8870 0,0418 2,7261 0,0000 1,7243 0,2757 0,2724 0,1421
CARA-08-04_a01 Ceno. top MoqB 46,81 1,13 6,61 17,16 0,72 11,91 10,86 1,32 0,68 n.d. 97,48 6,9018 1,0982 0,0504 0,1255 0,8593 1,2566 0,0904 2,6178 0,0000 1,7156 0,2844 0,0933 0,1287
CARA-08-04_a02 Ceno. top MoqB 46,29 1,56 7,14 15,86 0,89 12,14 10,97 1,44 0,50 n.d. 96,88 6,8389 1,1611 0,0822 0,1736 0,7525 1,2071 0,1108 2,6738 0,0000 1,7365 0,2635 0,1490 0,0936
CARA-08-04_a03 Ceno. top MoqB 48,52 1,01 5,92 12,98 0,67 14,64 11,61 0,91 0,52 n.d. 96,84 7,0469 0,9531 0,0602 0,1106 0,7036 0,8729 0,0829 3,1698 0,0000 1,8067 0,1933 0,0642 0,0972
CARA-08-04_a04 Ceno. top MoqB 47,26 1,63 6,58 12,16 0,38 15,04 11,15 1,36 0,68 n.d. 96,37 6,8915 1,1085 0,0223 0,1789 0,7330 0,7499 0,0464 3,2695 0,0000 1,7421 0,2579 0,1266 0,1267
CARA-08-04_a05 Ceno. top MoqB 48,50 1,12 7,11 11,68 0,25 16,04 10,84 1,01 0,25 n.d. 96,85 6,8819 1,1181 0,0709 0,1196 1,1907 0,1953 0,0305 3,3930 0,0000 1,6480 0,2767 0,0000 0,0446
CARA-08-04_a06 Ceno. top MoqB 46,39 1,30 6,86 16,23 0,57 12,07 11,19 1,25 0,75 n.d. 96,80 6,8917 1,1083 0,0928 0,1454 0,6615 1,3549 0,0723 2,6731 0,0000 1,7812 0,2188 0,1404 0,1417
CARA-08-04_a08 Ceno. top MoqB 48,51 1,05 5,20 14,95 0,87 13,71 10,79 1,23 0,51 n.d. 97,05 7,0770 0,9230 -0,0289 0,1156 0,9041 0,9199 0,1075 2,9817 0,0000 1,6866 0,3134 0,0355 0,0942
CARA-08-04_a09 Ceno. top MoqB 46,27 1,24 6,92 17,40 0,70 11,79 10,71 1,29 0,76 n.d. 97,38 6,8291 1,1709 0,0328 0,1373 0,9636 1,1841 0,0881 2,5941 0,0000 1,6937 0,3063 0,0624 0,1439
CARA-08-04_a10 Ceno. top MoqB 47,76 0,96 5,94 15,49 0,72 12,84 11,34 0,89 0,58 n.d. 96,70 7,0402 0,9598 0,0722 0,1070 0,7299 1,1797 0,0896 2,8216 0,0000 1,7911 0,2089 0,0440 0,1086
CARA-08-04_a11 Ceno. top MoqB 45,80 1,33 7,16 16,80 0,60 11,47 11,26 1,24 0,83 n.d. 96,76 6,8519 1,1481 0,1144 0,1493 0,6065 1,4955 0,0763 2,5581 0,0000 1,8049 0,1951 0,1646 0,1592
CARA-08-04_a13 Ceno. top MoqB 41,91 2,42 11,75 13,17 0,32 12,97 10,89 2,82 0,26 n.d. 96,56 6,1775 1,8225 0,2187 0,2684 0,7731 0,8503 0,0396 2,8500 0,0000 1,7199 0,2801 0,5258 0,0484
CARA-08-04_a14 Ceno. top MoqB 44,04 2,05 9,45 14,15 0,24 13,10 11,22 1,71 0,74 n.d. 96,81 6,4852 1,5148 0,1252 0,2271 0,7669 0,9756 0,0293 2,8758 0,0000 1,7703 0,2297 0,2585 0,1397



Appendix 2-4
page 12 of 15

LOC-08-05_a25 Ceno. top MoqB 43,69 1,21 10,16 18,11 0,36 10,22 11,41 1,54 1,01 n.d. 97,78 6,5089 1,4911 0,2928 0,1361 0,6468 1,6096 0,0450 2,2698 0,0000 1,8213 0,1787 0,2661 0,1919
LOC-08-05_a26 Ceno. top MoqB 43,22 1,28 10,20 17,39 0,33 10,96 11,56 1,58 1,09 n.d. 97,69 6,4313 1,5687 0,2202 0,1428 0,7140 1,4501 0,0416 2,4313 0,0000 1,8431 0,1569 0,2989 0,2068
LOC-08-05_a27 Ceno. top MoqB 42,10 2,17 12,31 11,90 0,12 14,25 11,15 2,31 0,65 n.d. 96,99 6,1125 1,8875 0,2189 0,2370 0,9547 0,4902 0,0149 3,0843 0,0000 1,7345 0,2655 0,3848 0,1206

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
CARA-08-04_a18 Ceno. top MoqB 49,13 1,17 5,57 12,65 0,61 14,98 11,50 0,95 0,49 n.d. 97,16 7,0962 0,9038 0,0443 0,1271 0,6897 0,8383 0,0751 3,2255 0,0000 1,7797 0,2203 0,0460 0,0899
CARA-08-04_a19 Ceno. top MoqB 46,56 1,31 6,91 16,98 0,63 11,61 11,20 1,18 0,72 n.d. 97,37 6,8992 1,1008 0,1060 0,1460 0,6722 1,4320 0,0792 2,5646 0,0000 1,7782 0,2218 0,1161 0,1363
CARA-08-04_a20 Ceno. top MoqB 45,99 1,07 6,88 17,63 0,67 11,50 10,97 1,20 0,76 n.d. 97,00 6,8438 1,1562 0,0504 0,1195 0,8772 1,3169 0,0848 2,5512 0,0000 1,7491 0,2509 0,0958 0,1447
CARA-08-04_a21 Ceno. top MoqB 48,00 0,87 5,58 16,83 0,86 12,29 10,92 0,89 0,49 n.d. 96,89 7,0625 0,9375 0,0301 0,0960 0,9256 1,1454 0,1072 2,6957 0,0000 1,7215 0,2543 0,0000 0,0926
CARA-08-04_a22 Ceno. top MoqB 45,96 1,10 6,92 17,13 0,61 11,74 11,10 1,14 0,75 n.d. 96,73 6,8453 1,1547 0,0600 0,1229 0,8338 1,3000 0,0766 2,6067 0,0000 1,7714 0,2286 0,1019 0,1417
MOQ-07-06_a01 Ceno. top MoqB 44,62 1,26 9,60 14,49 0,33 13,09 10,88 1,77 0,58 n.d. 96,69 6,5327 1,4673 0,1892 0,1392 0,9760 0,7982 0,0404 2,8570 0,0000 1,7067 0,2933 0,2092 0,1078
MOQ-07-06_a02 Ceno. top MoqB 43,72 1,40 10,80 12,10 0,28 14,54 10,59 2,03 0,59 n.d. 96,09 6,3481 1,6519 0,1962 0,1526 1,1740 0,2953 0,0346 3,1473 0,0000 1,6475 0,3525 0,2190 0,1100
MOQ-07-06_a03 Ceno. top MoqB 42,99 1,69 11,47 12,07 0,17 14,16 10,79 2,18 0,76 n.d. 96,32 6,2705 1,7295 0,2423 0,1854 0,9862 0,4861 0,0210 3,0790 0,0000 1,6863 0,3137 0,3028 0,1410
MOQ-07-06_a04 Ceno. top MoqB 39,84 1,18 11,91 19,36 0,41 8,94 11,09 1,66 1,45 n.d. 95,94 6,1196 1,8804 0,2758 0,1366 0,9025 1,5845 0,0535 2,0472 0,0000 1,8252 0,1748 0,3196 0,2841
MOQ-07-06_a05 Ceno. top MoqB 41,57 1,02 10,55 19,33 0,35 9,74 11,33 1,53 1,29 n.d. 96,78 6,3021 1,6979 0,1871 0,1164 0,8980 1,5527 0,0445 2,2013 0,0000 1,8404 0,1596 0,2901 0,2495
MOQ-07-06_a06 Ceno. top MoqB 44,09 1,20 9,09 14,56 0,37 13,17 10,82 1,69 0,71 n.d. 95,78 6,5264 1,4736 0,1122 0,1332 1,0433 0,7591 0,0459 2,9062 0,0000 1,7161 0,2839 0,2011 0,1345
MOQ-07-06_a07 Ceno. top MoqB 42,30 1,43 11,11 15,54 0,27 12,12 10,79 2,01 0,69 n.d. 96,33 6,2658 1,7342 0,2054 0,1597 1,0776 0,8475 0,0334 2,6764 0,0000 1,7125 0,2875 0,2898 0,1295
MOQ-07-06_a08 Ceno. top MoqB 45,75 1,33 7,12 14,84 0,43 13,29 11,27 1,40 0,82 n.d. 96,39 6,7793 1,2207 0,0227 0,1482 0,7661 1,0730 0,0543 2,9358 0,0000 1,7893 0,2107 0,1915 0,1547
MOQ-07-06_a09 Ceno. top MoqB 41,46 1,51 12,20 14,89 0,24 11,68 11,23 1,91 0,72 n.d. 95,88 6,1922 1,8078 0,3397 0,1697 0,8443 1,0155 0,0303 2,6006 0,0000 1,7971 0,2029 0,3502 0,1373
MOQ-07-06_a11 Ceno. top MoqB 44,14 1,38 10,69 9,67 0,06 16,42 10,80 2,27 0,94 n.d. 96,41 6,3481 1,6519 0,1600 0,1497 1,0589 0,1041 0,0069 3,5204 0,0000 1,6642 0,3358 0,2972 0,1722
MOQ-07-06_a12 Ceno. top MoqB 43,37 1,34 10,45 15,39 0,35 12,03 10,83 1,90 0,59 n.d. 96,30 6,4216 1,5784 0,2451 0,1494 0,9419 0,9638 0,0444 2,6554 0,0000 1,7181 0,2819 0,2636 0,1109
MOQ-07-06_a13 Ceno. top MoqB 44,71 1,17 9,24 14,98 0,32 12,89 11,05 1,69 0,61 n.d. 96,72 6,5678 1,4322 0,1675 0,1294 0,9321 0,9083 0,0399 2,8228 0,0000 1,7392 0,2608 0,2205 0,1140
MOQ-07-06_a14 Ceno. top MoqB 42,09 1,50 11,10 15,73 0,34 11,69 10,85 1,97 0,71 n.d. 96,05 6,2773 1,7227 0,2284 0,1679 0,9859 0,9761 0,0427 2,5991 0,0000 1,7338 0,2662 0,3034 0,1353
MOQ-07-06_a15 Ceno. top MoqB 43,28 1,37 10,26 15,39 0,36 12,10 10,87 1,98 0,65 n.d. 96,34 6,4214 1,5786 0,2155 0,1528 0,9085 1,0011 0,0458 2,6763 0,0000 1,7280 0,2720 0,2976 0,1234
MOQ-07-06_a16 Ceno. top MoqB 42,64 1,09 10,09 17,99 0,45 10,46 11,07 1,60 0,97 n.d. 96,46 6,4180 1,5820 0,2079 0,1236 0,9023 1,3622 0,0568 2,3471 0,0000 1,7853 0,2147 0,2522 0,1870
MOQ-07-06_a17 Ceno. top MoqB 46,41 1,25 6,75 14,70 0,41 13,47 11,34 1,38 0,67 n.d. 96,50 6,8538 1,1462 0,0287 0,1386 0,7306 1,0850 0,0517 2,9655 0,0000 1,7944 0,2056 0,1895 0,1258
MOQ-07-06_a18 Ceno. top MoqB 44,23 1,11 9,45 14,94 0,28 12,76 10,84 1,74 0,64 n.d. 96,05 6,5372 1,4628 0,1833 0,1233 0,9802 0,8665 0,0353 2,8115 0,0000 1,7166 0,2834 0,2152 0,1209
MOQ-07-06_a19 Ceno. top MoqB 40,94 2,36 11,89 14,33 0,38 12,07 11,28 2,11 0,81 n.d. 96,19 6,1155 1,8845 0,2088 0,2652 0,7695 1,0207 0,0480 2,6878 0,0000 1,8054 0,1946 0,4165 0,1539
MOQ-07-06_a20 Ceno. top MoqB 43,66 1,18 10,06 15,20 0,27 12,40 10,91 1,70 0,75 n.d. 96,21 6,4624 1,5376 0,2173 0,1312 0,9686 0,9130 0,0338 2,7362 0,0000 1,7302 0,2698 0,2181 0,1410
MOQ-07-06_a21 Ceno. top MoqB 42,35 1,61 11,19 14,29 0,28 12,54 10,96 1,99 0,79 n.d. 96,05 6,2821 1,7179 0,2385 0,1799 0,9132 0,8595 0,0358 2,7731 0,0000 1,7420 0,2580 0,3143 0,1500
MOQ-07-06_a22 Ceno. top MoqB 44,82 1,26 9,03 14,29 0,33 13,31 10,64 1,69 0,60 n.d. 96,03 6,5851 1,4149 0,1487 0,1395 1,0436 0,7122 0,0407 2,9152 0,0000 1,6750 0,3250 0,1564 0,1123
MOQ-07-06_a23 Ceno. top MoqB 43,80 1,14 9,88 15,42 0,33 12,52 10,82 1,76 0,72 n.d. 96,47 6,4604 1,5396 0,1778 0,1263 1,0499 0,8522 0,0409 2,7529 0,0000 1,7099 0,2901 0,2133 0,1362
MOQ-07-06_a24 Ceno. top MoqB 43,66 1,32 10,36 15,52 0,37 12,09 10,92 1,88 0,71 n.d. 96,90 6,4366 1,5634 0,2366 0,1467 0,9126 1,0008 0,0461 2,6571 0,0000 1,7249 0,2751 0,2623 0,1335
MOQ-07-06_a25 Ceno. top MoqB 42,57 2,31 11,63 10,23 0,11 15,46 11,32 2,32 0,98 n.d. 96,96 6,1688 1,8312 0,1551 0,2518 0,8242 0,4155 0,0136 3,3398 0,0000 1,7576 0,2424 0,4094 0,1812
LOC-08-05_a01 Ceno. top MoqB 45,37 1,55 9,47 13,77 0,34 13,40 10,89 1,62 0,74 n.d. 97,27 6,5919 1,4081 0,2135 0,1689 0,8721 0,8011 0,0420 2,9024 0,0000 1,6953 0,3047 0,1516 0,1377
LOC-08-05_a02 Ceno. top MoqB 43,04 1,23 10,29 17,48 0,37 10,48 11,39 1,49 1,17 n.d. 97,04 6,4569 1,5431 0,2763 0,1394 0,6696 1,5235 0,0474 2,3438 0,0000 1,8308 0,1692 0,2642 0,2234
LOC-08-05_a03 Ceno. top MoqB 43,13 1,36 10,49 17,36 0,33 10,38 11,51 1,61 1,04 n.d. 97,30 6,4601 1,5399 0,3119 0,1533 0,5604 1,6142 0,0425 2,3178 0,0000 1,8472 0,1528 0,3147 0,1991
LOC-08-05_a04 Ceno. top MoqB 44,71 1,16 9,59 17,28 0,37 11,09 11,51 1,46 0,97 n.d. 98,22 6,5911 1,4089 0,2573 0,1287 0,6577 1,4727 0,0464 2,4372 0,0000 1,8180 0,1820 0,2353 0,1832
LOC-08-05_a05 Ceno. top MoqB 44,17 1,70 11,68 10,04 0,13 15,33 11,34 2,15 0,64 n.d. 97,22 6,3394 1,6606 0,3151 0,1836 0,7744 0,4307 0,0162 3,2800 0,0000 1,7439 0,2561 0,3421 0,1180
LOC-08-05_a06 Ceno. top MoqB 46,96 1,55 8,42 12,14 0,39 15,08 10,91 1,73 0,55 n.d. 97,78 6,7073 1,2927 0,1247 0,1666 0,9163 0,5338 0,0477 3,2109 0,0000 1,6696 0,3304 0,1487 0,1002
LOC-08-05_a07 Ceno. top MoqB 41,87 2,35 13,04 11,34 0,11 13,82 11,01 2,33 0,76 n.d. 96,64 6,1031 1,8969 0,3433 0,2577 0,7996 0,5827 0,0135 3,0031 0,0000 1,7195 0,2805 0,3780 0,1409
LOC-08-05_a08 Ceno. top MoqB 44,01 1,13 9,63 17,19 0,39 10,98 11,28 1,45 1,01 n.d. 97,14 6,5549 1,4451 0,2454 0,1262 0,7373 1,4039 0,0493 2,4380 0,0000 1,8001 0,1999 0,2188 0,1911
LOC-08-05_a09 Ceno. top MoqB 42,40 1,08 10,79 18,32 0,36 9,97 11,26 1,41 1,39 n.d. 97,10 6,3785 1,6215 0,2915 0,1222 0,7777 1,5272 0,0455 2,2359 0,0000 1,8149 0,1851 0,2262 0,2668
LOC-08-05_a10 Ceno. top MoqB 44,95 0,99 8,80 16,52 0,37 11,48 11,40 1,28 0,87 n.d. 96,71 6,6928 1,3072 0,2371 0,1111 0,6749 1,3822 0,0466 2,5482 0,0000 1,8187 0,1813 0,1893 0,1651
LOC-08-05_a11 Ceno. top MoqB 45,28 1,37 9,09 15,37 0,37 12,27 11,34 1,62 0,66 n.d. 97,46 6,6525 1,3475 0,2265 0,1510 0,6634 1,2251 0,0466 2,6874 0,0000 1,7851 0,2149 0,2466 0,1239
LOC-08-05_a12 Ceno. top MoqB 43,93 1,76 11,36 13,23 0,18 13,36 10,28 2,26 0,70 n.d. 97,10 6,3611 1,6389 0,2997 0,1917 1,0015 0,6006 0,0225 2,8839 0,0000 1,5949 0,4051 0,2294 0,1299
LOC-08-05_a13 Ceno. top MoqB 45,58 1,28 8,99 15,17 0,39 12,70 11,42 1,47 0,74 n.d. 97,85 6,6510 1,3490 0,1971 0,1408 0,7455 1,1057 0,0483 2,7626 0,0000 1,7855 0,2145 0,2014 0,1380
LOC-08-05_a14 Ceno. top MoqB 45,75 1,00 8,27 16,56 0,37 11,50 11,58 1,30 0,84 n.d. 97,22 6,7929 1,2071 0,2400 0,1117 0,5264 1,5299 0,0465 2,5455 0,0000 1,8422 0,1578 0,2155 0,1595
LOC-08-05_a15 Ceno. top MoqB 45,66 1,19 8,81 14,69 0,38 12,54 11,21 1,57 0,71 n.d. 96,84 6,7273 1,2727 0,2571 0,1317 0,6307 1,1793 0,0469 2,7543 0,0000 1,7696 0,2304 0,2181 0,1337
LOC-08-05_a16 Ceno. top MoqB 44,12 1,21 9,87 17,16 0,35 10,81 11,37 1,51 0,93 n.d. 97,43 6,5603 1,4397 0,2899 0,1356 0,6432 1,4907 0,0444 2,3962 0,0000 1,8114 0,1886 0,2468 0,1773
LOC-08-05_a17 Ceno. top MoqB 43,51 1,91 11,86 11,60 0,11 13,99 10,81 2,27 0,98 n.d. 97,11 6,3146 1,6854 0,3432 0,2085 0,7435 0,6644 0,0136 3,0268 0,0000 1,6809 0,3191 0,3197 0,1811
LOC-08-05_a18 Ceno. top MoqB 44,72 1,26 9,39 16,40 0,38 11,52 11,35 1,50 0,86 n.d. 97,47 6,6105 1,3895 0,2464 0,1405 0,6743 1,3531 0,0471 2,5386 0,0000 1,7976 0,2024 0,2275 0,1627
LOC-08-05_a19 Ceno. top MoqB 42,35 2,10 12,41 11,96 0,13 14,26 11,07 2,28 0,63 n.d. 97,23 6,1220 1,8780 0,2363 0,2284 1,0000 0,4459 0,0164 3,0730 0,0000 1,7146 0,2854 0,3536 0,1168
LOC-08-05_a20 Ceno. top MoqB 43,09 1,09 10,54 17,32 0,36 10,72 11,50 1,53 1,20 n.d. 97,40 6,4312 1,5688 0,2852 0,1226 0,6890 1,4728 0,0451 2,3852 0,0000 1,8390 0,1610 0,2818 0,2285
LOC-08-05_a21 Ceno. top MoqB 44,38 1,09 9,01 16,94 0,39 11,36 11,49 1,44 0,82 n.d. 97,01 6,6122 1,3878 0,1944 0,1225 0,7080 1,4027 0,0492 2,5232 0,0000 1,8342 0,1658 0,2502 0,1560
LOC-08-05_a22 Ceno. top MoqB 43,70 1,00 10,06 17,65 0,44 10,51 11,51 1,44 1,08 n.d. 97,44 6,5215 1,4785 0,2908 0,1128 0,6582 1,5446 0,0554 2,3382 0,0000 1,8404 0,1596 0,2571 0,2065
LOC-08-05_a23 Ceno. top MoqB 43,81 2,15 10,28 12,70 0,27 13,76 10,75 2,12 0,72 n.d. 96,60 6,4062 1,5938 0,1779 0,2365 0,8392 0,7139 0,0330 2,9996 0,0000 1,6843 0,3157 0,2853 0,1341
LOC-08-05_a24 Ceno. top MoqB 44,30 1,16 9,17 17,10 0,33 11,22 11,45 1,46 0,90 n.d. 97,14 6,5975 1,4025 0,2070 0,1304 0,6883 1,4415 0,0418 2,4910 0,0000 1,8271 0,1729 0,2486 0,1707



Appendix 2-4
page 13 of 15

CARA-08-02_a02 Ceno. base MoqB 47,24 1,08 6,27 15,11 0,74 12,85 11,30 0,99 0,61 n.d. 96,36 6,9900 1,0100 0,0834 0,1199 0,7041 1,1657 0,0925 2,8345 0,0000 1,7915 0,2085 0,0757 0,1156
CARA-08-02_a03 Ceno. base MoqB 46,53 1,24 6,28 16,88 0,59 11,99 11,18 1,31 0,68 n.d. 96,92 6,9242 1,0758 0,0256 0,1390 0,6991 1,4016 0,0749 2,6599 0,0000 1,7826 0,2174 0,1608 0,1299
CARA-08-02_a04 Ceno. base MoqB 47,60 1,04 5,96 14,87 0,77 13,78 11,01 1,15 0,57 n.d. 96,91 6,9500 1,0500 -0,0244 0,1141 0,9709 0,8448 0,0952 2,9994 0,0000 1,7224 0,2776 0,0477 0,1052

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
LOC-08-05_a28 Ceno. top MoqB 42,69 1,26 10,37 17,79 0,37 10,44 11,46 1,62 1,06 n.d. 97,16 6,4072 1,5928 0,2415 0,1426 0,7063 1,5266 0,0470 2,3359 0,0000 1,8429 0,1571 0,3143 0,2026
LOC-08-05_a29 Ceno. top MoqB 43,16 1,71 10,84 13,26 0,23 13,42 11,31 1,97 0,68 n.d. 96,61 6,3388 1,6612 0,2151 0,1889 0,8204 0,8083 0,0290 2,9382 0,0000 1,7798 0,2202 0,3407 0,1274
LOC-08-05_a30 Ceno. top MoqB 41,70 2,00 11,97 14,63 0,14 12,10 11,15 2,00 0,76 n.d. 96,54 6,1809 1,8191 0,2720 0,2230 0,8409 0,9726 0,0177 2,6737 0,0000 1,7708 0,2292 0,3456 0,1437
LOC-08-05_a31 Ceno. top MoqB 43,82 1,18 9,67 17,38 0,44 11,00 11,55 1,51 0,89 n.d. 97,50 6,5167 1,4833 0,2116 0,1321 0,7233 1,4383 0,0560 2,4387 0,0000 1,8404 0,1596 0,2758 0,1680
LOC-08-05_a32 Ceno. top MoqB 43,90 1,19 9,18 17,34 0,36 10,77 11,31 1,42 0,91 n.d. 96,45 6,6001 1,3999 0,2267 0,1341 0,6728 1,5074 0,0452 2,4138 0,0000 1,8219 0,1781 0,2358 0,1746
LOC-08-05_a33 Ceno. top MoqB 41,77 3,04 12,33 11,78 0,17 13,64 11,30 2,34 0,79 n.d. 97,16 6,1070 1,8930 0,2317 0,3344 0,6418 0,7986 0,0206 2,9730 0,0000 1,7702 0,2298 0,4335 0,1470
LOC-08-05_a34 Ceno. top MoqB 43,75 1,92 11,54 9,20 0,09 15,72 11,28 2,23 0,74 n.d. 96,49 6,3196 1,6804 0,2842 0,2086 0,7271 0,3843 0,0106 3,3851 0,0000 1,7458 0,2542 0,3704 0,1356
LOC-08-05_a35 Ceno. top MoqB 43,20 1,31 10,87 17,06 0,36 10,68 11,29 1,73 1,10 n.d. 97,68 6,4193 1,5807 0,3229 0,1461 0,6629 1,4572 0,0451 2,3658 0,0000 1,7975 0,2025 0,2959 0,2093
MOQ-08-04_a01 Ceno. MoqB 39,02 1,98 15,94 16,04 0,13 9,07 10,54 2,79 1,11 n.d. 96,67 5,8748 2,1252 0,7032 0,2243 0,5460 1,4736 0,0172 2,0357 0,0000 1,7003 0,2997 0,5147 0,2126
MOQ-08-04_a02 Ceno. MoqB 41,25 2,82 11,89 14,11 0,41 12,56 10,77 2,29 0,90 n.d. 97,03 6,0762 1,9238 0,1404 0,3125 0,9352 0,8030 0,0509 2,7581 0,0000 1,6998 0,3002 0,3538 0,1697
MOQ-08-04_a03 Ceno. MoqB 44,80 1,39 7,73 16,27 0,41 12,07 11,06 1,70 0,91 n.d. 96,50 6,7021 1,2979 0,0650 0,1561 0,7084 1,3272 0,0515 2,6918 0,0000 1,7728 0,2272 0,2659 0,1737
MOQ-08-04_a04 Ceno. MoqB 45,41 1,19 7,88 13,64 0,29 14,04 11,27 1,67 0,82 n.d. 96,32 6,6946 1,3054 0,0638 0,1320 0,7860 0,8957 0,0368 3,0857 0,0000 1,7802 0,2198 0,2576 0,1537
MOQ-08-04_a05 Ceno. MoqB 46,57 1,67 6,98 13,99 0,29 14,03 11,04 1,34 0,70 n.d. 96,71 6,8090 1,1910 0,0117 0,1837 0,8425 0,8681 0,0359 3,0580 0,0000 1,7295 0,2705 0,1101 0,1297
MOQ-08-04_a06 Ceno. MoqB 42,24 1,35 10,54 18,13 0,42 10,13 11,15 1,93 1,02 n.d. 96,99 6,3629 1,6371 0,2341 0,1534 0,7380 1,5460 0,0537 2,2748 0,0000 1,7996 0,2004 0,3633 0,1953
MOQ-08-04_a07 Ceno. MoqB 40,76 1,47 12,47 18,83 0,37 9,01 10,67 2,13 1,35 n.d. 97,21 6,1573 1,8427 0,3775 0,1673 0,7925 1,5864 0,0473 2,0290 0,0000 1,7270 0,2730 0,3509 0,2602
MOQ-08-04_a08 Ceno. MoqB 42,37 1,66 9,79 17,20 0,36 11,11 11,07 1,94 1,25 n.d. 96,96 6,3745 1,6255 0,1104 0,1881 0,7642 1,4000 0,0456 2,4918 0,0000 1,7845 0,2155 0,3504 0,2399
MOQ-08-04_a09 Ceno. MoqB 41,93 1,32 11,62 15,93 0,27 11,19 11,03 2,06 1,11 n.d. 96,55 6,2762 1,7238 0,3262 0,1489 0,7528 1,2414 0,0338 2,4970 0,0000 1,7690 0,2310 0,3668 0,2112
MOQ-08-04_a10 Ceno. MoqB 47,08 0,72 5,41 18,02 0,42 11,87 10,45 1,47 0,72 n.d. 96,41 7,0253 0,9747 -0,0232 0,0806 0,9330 1,3158 0,0532 2,6405 0,0000 1,6708 0,3292 0,0961 0,1367
MOQ-08-04_a11 Ceno. MoqB 43,53 1,88 9,81 13,69 0,29 13,27 11,28 1,81 0,80 n.d. 96,43 6,4318 1,5682 0,1402 0,2090 0,7696 0,9221 0,0362 2,9230 0,0000 1,7858 0,2142 0,3043 0,1504
MOQ-08-04_a12 Ceno. MoqB 40,39 1,72 14,35 12,34 0,09 12,98 10,67 2,68 0,97 n.d. 96,21 5,9436 2,0564 0,4323 0,1904 0,9326 0,5860 0,0112 2,8475 0,0000 1,6823 0,3177 0,4470 0,1813
MOQ-08-04_a13 Ceno. MoqB 46,78 1,50 6,54 13,99 0,62 13,89 11,29 1,13 0,67 n.d. 96,54 6,8684 1,1316 0,0001 0,1653 0,8017 0,9161 0,0765 3,0402 0,0000 1,7761 0,2239 0,0973 0,1258
MOQ-08-04_a15 Ceno. MoqB 40,47 1,53 12,42 19,07 0,33 8,88 10,73 2,16 1,32 n.d. 97,07 6,1370 1,8630 0,3568 0,1750 0,7790 1,6395 0,0423 2,0075 0,0000 1,7434 0,2566 0,3785 0,2554
MOQ-08-04_a16 Ceno. MoqB 38,43 1,91 14,59 19,29 0,24 7,76 11,04 2,36 0,98 n.d. 96,66 5,8800 2,1200 0,5110 0,2199 0,6573 1,8110 0,0308 1,7700 0,0000 1,8099 0,1901 0,5100 0,1920
MOQ-08-04_a17 Ceno. MoqB 46,41 1,06 6,92 13,67 0,37 14,19 11,41 1,38 0,63 n.d. 96,12 6,8359 1,1641 0,0372 0,1175 0,7784 0,9055 0,0456 3,1158 0,0000 1,8007 0,1993 0,1948 0,1180
MOQ-08-04_a18 Ceno. MoqB 40,01 1,59 14,05 16,49 0,29 9,52 10,67 2,48 1,09 n.d. 96,26 6,0486 1,9514 0,5520 0,1805 0,6455 1,4393 0,0372 2,1455 0,0000 1,7283 0,2717 0,4552 0,2093
MOQ-08-04_a19 Ceno. MoqB 41,41 1,58 12,97 12,33 0,12 13,03 11,02 2,42 1,07 n.d. 95,96 6,1364 1,8636 0,4015 0,1765 0,7132 0,8148 0,0155 2,8784 0,0000 1,7497 0,2503 0,4450 0,2014
MOQ-08-04_a20 Ceno. MoqB 45,28 1,27 7,65 15,27 0,48 12,46 11,20 1,40 0,76 n.d. 95,86 6,7657 1,2343 0,1129 0,1432 0,6994 1,2088 0,0604 2,7754 0,0000 1,7931 0,2069 0,1987 0,1440
MOQ-08-04_a21 Ceno. MoqB 40,83 2,07 13,25 13,74 0,15 11,76 11,27 2,73 0,91 n.d. 96,74 6,0904 1,9096 0,4198 0,2323 0,4604 1,2536 0,0188 2,6151 0,0000 1,8012 0,1988 0,5908 0,1728
MOQ-08-04_a22 Ceno. MoqB 43,26 2,92 9,65 12,60 0,27 13,63 10,79 2,16 0,52 n.d. 95,85 6,3969 1,6031 0,0786 0,3248 0,7389 0,8193 0,0338 3,0046 0,0000 1,7095 0,2905 0,3288 0,0976
CARA-08-01_a01 Ceno. base MoqB 46,81 1,04 6,41 15,86 0,64 12,53 11,30 1,05 0,66 n.d. 96,50 6,9442 1,0558 0,0649 0,1158 0,7411 1,2265 0,0805 2,7710 0,0000 1,7961 0,2039 0,0973 0,1247
CARA-08-01_a02 Ceno. base MoqB 43,55 1,87 11,54 9,17 0,10 16,38 10,62 2,76 0,72 n.d. 96,74 6,2400 1,7600 0,1887 0,2016 1,0084 0,0904 0,0121 3,4988 0,0000 1,6304 0,3696 0,3971 0,1323
CARA-08-01_a03 Ceno. base MoqB 48,19 0,94 5,77 14,81 0,46 13,34 11,72 0,87 0,60 n.d. 96,86 7,0897 0,9103 0,0901 0,1042 0,5561 1,2660 0,0578 2,9257 0,0000 1,8474 0,1526 0,0947 0,1135
CARA-08-01_a04 Ceno. base MoqB 43,98 1,47 11,20 8,35 0,13 17,13 11,08 2,61 0,55 n.d. 96,52 6,2884 1,7116 0,1758 0,1582 1,0009 -0,0024 0,0161 3,6514 0,0000 1,6975 0,3025 0,4210 0,0999
CARA-08-01_a05 Ceno. base MoqB 42,72 1,67 11,19 15,39 0,29 12,54 10,65 2,11 0,41 n.d. 97,04 6,2415 1,7585 0,1683 0,1836 1,2151 0,6653 0,0365 2,7312 0,0000 1,6672 0,3328 0,2649 0,0760
CARA-08-01_a06 Ceno. base MoqB 47,45 1,26 6,12 15,85 0,56 12,58 11,53 1,03 0,66 n.d. 97,21 7,0025 0,9975 0,0669 0,1394 0,5878 1,3684 0,0699 2,7676 0,0000 1,8231 0,1769 0,1172 0,1237
CARA-08-01_a07 Ceno. base MoqB 45,74 1,93 8,30 11,89 0,40 15,05 10,44 2,05 0,51 n.d. 96,39 6,6296 1,3704 0,0475 0,2105 0,9897 0,4515 0,0489 3,2519 0,0000 1,6213 0,3787 0,1974 0,0936
CARA-08-01_a08 Ceno. base MoqB 43,61 1,60 11,42 8,41 0,13 16,97 11,12 2,61 0,64 n.d. 96,54 6,2494 1,7506 0,1781 0,1725 0,9711 0,0368 0,0162 3,6253 0,0000 1,7074 0,2926 0,4325 0,1165
CARA-08-01_a09 Ceno. base MoqB 42,79 1,76 11,16 10,94 0,21 14,91 11,20 2,62 0,67 n.d. 96,32 6,2627 1,7373 0,1877 0,1938 0,7808 0,5582 0,0262 3,2532 0,0000 1,7564 0,2436 0,4998 0,1250
CARA-08-01_a10 Ceno. base MoqB 46,77 1,17 6,59 16,23 0,71 12,20 11,26 1,17 0,66 n.d. 96,93 6,9268 1,0732 0,0771 0,1299 0,7001 1,3102 0,0891 2,6936 0,0000 1,7868 0,2132 0,1242 0,1252
CARA-08-01_a11 Ceno. base MoqB 45,85 2,07 7,98 12,75 0,36 14,82 10,71 2,07 0,60 n.d. 97,32 6,6324 1,3676 -0,0071 0,2253 0,9134 0,6290 0,0435 3,1959 0,0000 1,6600 0,3400 0,2405 0,1103
CARA-08-01_a12 Ceno. base MoqB 43,20 2,61 9,68 12,01 0,18 14,41 10,77 2,40 0,73 n.d. 96,13 6,3636 1,6364 0,0441 0,2892 0,7916 0,6879 0,0227 3,1644 0,0000 1,6998 0,3002 0,3853 0,1371
CARA-08-01_a14 Ceno. base MoqB 43,15 2,73 10,25 10,62 0,19 15,23 11,10 2,52 0,49 n.d. 96,33 6,3003 1,6997 0,0642 0,2999 0,7587 0,5381 0,0241 3,3151 0,0000 1,7365 0,2635 0,4499 0,0905
CARA-08-01_a15 Ceno. base MoqB 44,93 1,75 9,89 7,21 0,08 18,42 11,17 2,70 0,41 n.d. 96,57 6,3862 1,6138 0,0429 0,1871 0,9756 -0,1186 0,0098 3,9030 0,0000 1,7011 0,2989 0,4452 0,0747
CARA-08-01_a16 Ceno. base MoqB 42,41 2,18 11,45 12,58 0,24 13,33 11,04 2,06 0,62 n.d. 96,00 6,2551 1,7449 0,2454 0,2419 0,8203 0,7314 0,0301 2,9309 0,0000 1,7446 0,2554 0,3337 0,1171
CARA-08-01_a17 Ceno. base MoqB 46,63 1,19 6,73 16,21 0,65 12,34 11,04 1,25 0,69 n.d. 96,97 6,8915 1,1085 0,0637 0,1325 0,7951 1,2084 0,0815 2,7188 0,0000 1,7482 0,2518 0,1073 0,1292
CARA-08-01_a18 Ceno. base MoqB 42,65 2,39 10,29 12,30 0,27 14,17 10,93 2,62 0,56 n.d. 96,26 6,2855 1,7145 0,0727 0,2650 0,8058 0,7101 0,0332 3,1131 0,0000 1,7259 0,2741 0,4745 0,1056
CARA-08-01_a19 Ceno. base MoqB 42,76 2,87 10,73 12,80 0,32 13,62 11,23 1,82 0,61 n.d. 96,86 6,2569 1,7431 0,1073 0,3159 0,8524 0,7140 0,0394 2,9710 0,0000 1,7606 0,2394 0,2770 0,1139
CARA-08-01_a20 Ceno. base MoqB 43,49 0,89 7,93 22,58 0,71 7,81 10,94 1,13 0,85 n.d. 96,80 6,6802 1,3198 0,1157 0,1024 0,8969 2,0037 0,0929 1,7884 0,0000 1,8005 0,1995 0,1361 0,1658
CARA-08-01_a21 Ceno. base MoqB 40,33 2,02 13,58 14,79 0,24 11,60 11,14 2,54 0,65 n.d. 96,96 5,9769 2,0231 0,3488 0,2252 0,8339 0,9992 0,0301 2,5628 0,0000 1,7689 0,2311 0,4988 0,1223
CARA-08-01_a22 Ceno. base MoqB 44,20 1,51 10,94 8,19 0,13 16,92 11,15 2,71 0,55 n.d. 96,31 6,3557 1,6443 0,2097 0,1629 0,8161 0,1688 0,0155 3,6270 0,0000 1,7179 0,2821 0,4734 0,1014
CARA-08-01_a23 Ceno. base MoqB 49,00 1,04 5,14 13,30 0,29 15,36 10,87 0,88 0,36 n.d. 96,36 7,0691 0,9309 -0,0569 0,1133 1,0904 0,5143 0,0355 3,3035 0,0000 1,6802 0,2449 0,0000 0,0653
CARA-08-01_a24 Ceno. base MoqB 45,80 1,33 7,35 17,70 0,61 11,06 11,27 1,12 0,85 n.d. 97,26 6,8226 1,1774 0,1130 0,1486 0,6846 1,5204 0,0773 2,4561 0,0000 1,7988 0,2012 0,1219 0,1620
CARA-08-02_a01 Ceno. base MoqB 48,43 1,54 5,77 12,40 0,65 14,92 11,04 1,24 0,43 n.d. 96,48 7,0301 0,9699 0,0172 0,1686 0,7540 0,7513 0,0802 3,2287 0,0000 1,7171 0,2829 0,0656 0,0788
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MOQ-07-01_a15 Ceno. base MoqB 45,50 1,65 8,50 12,68 0,42 14,50 10,81 1,68 0,52 n.d. 96,32 6,6214 1,3786 0,0792 0,1805 0,9971 0,5461 0,0514 3,1457 0,0000 1,6855 0,3145 0,1595 0,0963
MOQ-07-01_a16 Ceno. base MoqB 41,03 2,89 12,99 10,66 0,12 14,81 11,11 2,55 0,52 n.d. 96,69 5,9527 2,0473 0,1738 0,3154 0,9754 0,3180 0,0143 3,2031 0,0000 1,7270 0,2730 0,4443 0,0960
MOQ-07-01_a17 Ceno. base MoqB 42,52 2,36 11,08 14,16 0,22 12,04 11,22 1,50 1,66 n.d. 96,84 6,3297 1,6703 0,2736 0,2643 0,5407 1,2221 0,0273 2,6719 0,0000 1,7896 0,2104 0,2225 0,3152

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
CARA-08-02_a05 Ceno. base MoqB 47,71 0,96 5,80 16,22 0,69 12,90 11,19 1,04 0,55 n.d. 97,22 6,9961 1,0039 -0,0015 0,1063 0,8798 1,1093 0,0861 2,8200 0,0000 1,7581 0,2419 0,0528 0,1020
CARA-08-02_a06 Ceno. base MoqB 43,88 2,30 9,70 11,81 0,24 14,98 10,82 2,56 0,62 n.d. 97,00 6,3767 1,6233 0,0381 0,2515 0,8767 0,5586 0,0299 3,2453 0,0000 1,6847 0,3153 0,4060 0,1148
CARA-08-02_a07 Ceno. base MoqB 45,82 1,12 7,05 17,18 0,66 12,05 10,95 1,26 0,80 n.d. 97,20 6,7796 1,2204 0,0090 0,1249 0,9777 1,1482 0,0822 2,6579 0,0000 1,7360 0,2640 0,0978 0,1501
CARA-08-02_a08 Ceno. base MoqB 42,96 1,63 11,18 12,21 0,19 14,27 10,55 2,23 0,96 n.d. 96,32 6,2746 1,7254 0,1991 0,1793 1,0560 0,4354 0,0232 3,1071 0,0000 1,6510 0,3490 0,2825 0,1784
CARA-08-02_a09 Ceno. base MoqB 47,46 0,98 6,19 15,58 0,59 12,80 11,48 1,05 0,61 n.d. 96,91 7,0023 0,9977 0,0787 0,1092 0,6571 1,2653 0,0743 2,8154 0,0000 1,8148 0,1852 0,1143 0,1143
CARA-08-02_a10 Ceno. base MoqB 49,68 0,66 4,06 14,87 1,21 13,81 10,75 0,81 0,31 n.d. 96,23 7,2556 0,7444 -0,0455 0,0728 0,9942 0,8220 0,1498 3,0067 0,0000 1,6822 0,2285 0,0000 0,0572
CARA-08-02_a11 Ceno. base MoqB 42,34 2,41 9,93 16,65 0,32 10,83 11,32 1,35 0,89 n.d. 96,37 6,3858 1,6142 0,1509 0,2735 0,6916 1,4085 0,0406 2,4350 0,0000 1,8293 0,1707 0,2241 0,1715
CARA-08-02_a12 Ceno. base MoqB 46,94 0,89 6,36 17,43 0,88 11,72 11,20 0,88 0,56 n.d. 96,96 6,9426 1,0574 0,0512 0,0986 0,8993 1,2567 0,1101 2,5841 0,0000 1,7749 0,2251 0,0283 0,1066
CARA-08-02_a13 Ceno. base MoqB 48,37 1,07 5,89 14,42 0,68 14,24 10,51 1,35 0,35 n.d. 96,99 6,9881 1,0119 -0,0090 0,1162 1,0916 0,6506 0,0837 3,0669 0,0000 1,6269 0,3731 0,0050 0,0650
CARA-08-02_a14 Ceno. base MoqB 44,24 1,55 9,40 15,26 0,31 12,72 10,70 1,76 0,49 n.d. 96,52 6,5005 1,4995 0,1284 0,1712 1,0661 0,8092 0,0389 2,7863 0,0000 1,6846 0,3154 0,1860 0,0921
CARA-08-02_a15 Ceno. base MoqB 43,04 1,61 12,32 9,36 0,13 16,29 10,65 2,65 0,54 n.d. 96,61 6,1488 1,8512 0,2232 0,1728 1,1896 -0,0713 0,0163 3,4694 0,0000 1,6302 0,3698 0,3642 0,0983
CARA-08-02_a16 Ceno. base MoqB 44,56 1,21 8,35 17,46 0,76 10,87 11,43 1,17 0,92 n.d. 96,90 6,6764 1,3236 0,1509 0,1366 0,7138 1,4740 0,0968 2,4279 0,0000 1,8349 0,1651 0,1744 0,1764
CARA-08-02_a17 Ceno. base MoqB 42,45 2,34 11,05 14,45 0,26 12,78 10,88 2,11 0,45 n.d. 96,82 6,2293 1,7707 0,1403 0,2583 1,0072 0,7661 0,0322 2,7958 0,0000 1,7107 0,2893 0,3110 0,0849
CARA-08-02_a18 Ceno. base MoqB 41,92 2,31 12,13 12,68 0,33 13,39 11,20 2,39 0,45 n.d. 96,87 6,1372 1,8628 0,2302 0,2544 0,8472 0,7053 0,0405 2,9224 0,0000 1,7569 0,2431 0,4353 0,0845
CARA-08-02_a19 Ceno. base MoqB 42,99 2,10 10,59 12,50 0,23 14,06 11,03 2,43 0,57 n.d. 96,58 6,3034 1,6966 0,1334 0,2316 0,8374 0,6953 0,0289 3,0733 0,0000 1,7328 0,2672 0,4236 0,1060
CARA-08-02_a20 Ceno. base MoqB 42,05 2,42 11,35 12,07 0,16 14,03 11,00 2,52 0,65 n.d. 96,33 6,1843 1,8157 0,1517 0,2678 0,8212 0,6633 0,0199 3,0761 0,0000 1,7334 0,2666 0,4520 0,1219
CARA-08-02_a21 Ceno. base MoqB 42,11 3,54 10,65 11,14 0,20 14,43 10,65 2,74 0,81 n.d. 96,38 6,1980 1,8020 0,0455 0,3920 0,6792 0,6921 0,0250 3,1662 0,0000 1,6795 0,3205 0,4615 0,1523
CARA-08-02_a22 Ceno. base MoqB 45,84 1,13 7,01 17,34 0,63 11,58 11,24 1,21 0,79 n.d. 97,02 6,8299 1,1701 0,0609 0,1272 0,7665 1,3941 0,0792 2,5721 0,0000 1,7944 0,2056 0,1441 0,1498
CARA-08-02_a23 Ceno. base MoqB 46,18 1,12 7,33 16,29 0,76 12,15 11,50 0,98 0,72 n.d. 97,12 6,8190 1,1810 0,0946 0,1242 0,7827 1,2289 0,0950 2,6746 0,0000 1,8194 0,1806 0,1007 0,1351
CARA-08-02_a24 Ceno. base MoqB 46,39 1,09 6,69 17,22 0,60 11,43 11,39 0,93 0,63 n.d. 96,56 6,9281 1,0719 0,1056 0,1225 0,6863 1,4644 0,0764 2,5447 0,0000 1,8226 0,1774 0,0918 0,1205
CARA-08-02_a25 Ceno. base MoqB 44,94 2,03 8,73 12,51 0,30 14,61 11,14 1,96 0,38 n.d. 96,69 6,5454 1,4546 0,0440 0,2224 0,8653 0,6585 0,0376 3,1722 0,0000 1,7384 0,2616 0,2919 0,0701
MOQ-08-02_a01 Ceno. base MoqB 44,68 1,26 9,64 14,87 0,47 13,04 10,73 1,80 0,61 n.d. 97,18 6,5069 1,4931 0,1615 0,1380 1,0861 0,7250 0,0585 2,8310 0,0000 1,6743 0,3257 0,1825 0,1128
MOQ-08-02_a02 Ceno. base MoqB 42,76 2,21 10,20 13,80 0,43 12,30 11,16 1,73 1,55 n.d. 96,20 6,4126 1,5874 0,2154 0,2493 0,4873 1,2435 0,0546 2,7499 0,0000 1,7932 0,2068 0,2962 0,2965
MOQ-08-02_a03 Ceno. base MoqB 44,49 1,20 10,12 14,79 0,47 13,02 10,83 1,65 0,68 n.d. 97,34 6,4622 1,5378 0,1946 0,1314 1,1193 0,6773 0,0582 2,8193 0,0000 1,6855 0,3145 0,1501 0,1256
MOQ-08-02_a04 Ceno. base MoqB 41,53 1,90 13,23 10,54 0,14 15,12 11,36 2,39 0,53 n.d. 96,76 5,9972 2,0028 0,2489 0,2064 1,0587 0,2142 0,0168 3,2550 0,0000 1,7577 0,2423 0,4268 0,0978
MOQ-08-02_a05 Ceno. base MoqB 45,07 1,92 9,32 12,54 0,35 14,76 10,53 2,06 0,58 n.d. 97,21 6,4895 1,5105 0,0710 0,2080 1,0930 0,4170 0,0427 3,1682 0,0000 1,6245 0,3755 0,1996 0,1064
MOQ-08-02_a06 Ceno. base MoqB 46,50 1,67 7,47 12,88 0,42 14,81 10,93 1,69 0,55 n.d. 97,00 6,7341 1,2659 0,0091 0,1816 0,9257 0,6342 0,0520 3,1974 0,0000 1,6960 0,3040 0,1705 0,1014
MOQ-08-02_a07 Ceno. base MoqB 43,16 1,99 10,72 13,80 0,28 12,43 11,58 1,59 1,49 n.d. 97,14 6,4051 1,5949 0,2801 0,2222 0,4483 1,2644 0,0351 2,7499 0,0000 1,8413 0,1587 0,2988 0,2821
MOQ-08-02_a08 Ceno. base MoqB 41,72 2,39 11,19 15,97 0,24 11,01 11,25 1,66 1,46 n.d. 96,94 6,2574 1,7426 0,2354 0,2697 0,5900 1,4131 0,0300 2,4617 0,0000 1,8079 0,1921 0,2906 0,2794
MOQ-08-02_a09 Ceno. base MoqB 42,05 1,31 11,61 13,99 0,33 12,51 11,79 1,40 1,82 n.d. 96,88 6,2578 1,7422 0,2941 0,1472 0,6444 1,0967 0,0422 2,7754 0,0000 1,8799 0,1201 0,2839 0,3455
MOQ-08-02_a12 Ceno. base MoqB 41,09 2,26 13,22 12,19 0,18 13,67 11,36 2,42 0,56 n.d. 96,98 5,9956 2,0044 0,2691 0,2481 0,8973 0,5902 0,0218 2,9736 0,0000 1,7760 0,2240 0,4607 0,1051
MOQ-08-02_a13 Ceno. base MoqB 41,96 2,49 12,18 10,82 0,16 14,82 11,24 2,31 0,60 n.d. 96,60 6,0972 1,9028 0,1832 0,2722 0,9140 0,4008 0,0194 3,2104 0,0000 1,7500 0,2500 0,4008 0,1103
MOQ-08-02_a14 Ceno. base MoqB 42,93 2,18 11,06 12,37 0,26 14,23 11,04 2,33 0,45 n.d. 96,88 6,2437 1,7563 0,1394 0,2385 0,9589 0,5457 0,0322 3,0853 0,0000 1,7204 0,2796 0,3774 0,0832
MOQ-08-02_a15 Ceno. base MoqB 44,06 2,13 10,45 12,80 0,23 14,04 10,71 2,09 0,49 n.d. 97,06 6,3779 1,6221 0,1607 0,2320 0,9984 0,5512 0,0281 3,0298 0,0000 1,6611 0,3389 0,2477 0,0904
MOQ-08-02_a16 Ceno. base MoqB 43,30 1,86 10,48 13,62 0,38 12,51 11,59 1,46 1,59 n.d. 96,92 6,4394 1,5606 0,2762 0,2081 0,4520 1,2420 0,0482 2,7735 0,0000 1,8468 0,1532 0,2677 0,3017
MOQ-08-02_a17 Ceno. base MoqB 45,00 1,98 9,02 13,39 0,33 13,82 10,81 1,58 0,63 n.d. 96,67 6,5582 1,4418 0,1075 0,2171 0,9607 0,6713 0,0409 3,0025 0,0000 1,6880 0,3120 0,1344 0,1170
MOQ-08-02_a18 Ceno. base MoqB 42,96 1,98 10,55 13,87 0,45 12,77 11,37 1,56 1,65 n.d. 97,37 6,3537 1,6463 0,1926 0,2203 0,6509 1,0647 0,0560 2,8155 0,0000 1,8018 0,1982 0,2491 0,3113
MOQ-08-02_a19 Ceno. base MoqB 44,96 1,37 9,31 14,44 0,49 13,46 10,57 1,78 0,48 n.d. 96,94 6,5291 1,4709 0,1225 0,1496 1,1706 0,5831 0,0603 2,9139 0,0000 1,6446 0,3554 0,1458 0,0882
MOQ-08-02_a21 Ceno. base MoqB 43,38 1,50 11,38 13,96 0,63 13,53 10,42 1,89 0,45 n.d. 97,20 6,2451 1,7549 0,1760 0,1624 1,4290 0,2517 0,0771 2,9037 0,0000 1,6073 0,3927 0,1348 0,0830
MOQ-07-01_a01 Ceno. base MoqB 43,67 2,02 10,11 13,54 0,30 13,30 10,74 1,94 0,70 n.d. 96,41 6,4141 1,5859 0,1642 0,2232 0,9119 0,7512 0,0373 2,9121 0,0000 1,6902 0,3098 0,2426 0,1306
MOQ-07-01_a02 Ceno. base MoqB 49,00 0,74 4,61 6,74 0,14 14,54 22,32 0,24 0,03 n.d. 98,36 7,7289 0,2711 0,5859 0,0878 0,0000 0,8891 0,0182 3,4190 0,0000 3,7722 -1,7722 1,8470 0,0068
MOQ-07-01_a03 Ceno. base MoqB 45,80 1,05 8,39 13,57 0,51 14,19 10,47 1,58 0,45 n.d. 96,09 6,6588 1,3412 0,0965 0,1147 1,2241 0,4259 0,0633 3,0756 0,0000 1,6310 0,3690 0,0764 0,0838
MOQ-07-01_a04 Ceno. base MoqB 41,61 2,16 10,71 15,53 0,26 11,21 11,32 1,50 1,73 n.d. 96,20 6,3063 1,6937 0,2194 0,2463 0,5300 1,4384 0,0332 2,5328 0,0000 1,8382 0,1618 0,2790 0,3345
MOQ-07-01_a05 Ceno. base MoqB 42,66 2,03 10,35 14,49 0,42 12,03 11,24 1,62 1,50 n.d. 96,44 6,3894 1,6106 0,2164 0,2287 0,5722 1,2428 0,0539 2,6860 0,0000 1,8038 0,1962 0,2742 0,2866
MOQ-07-01_a06 Ceno. base MoqB 38,05 1,88 16,39 13,04 0,16 11,66 11,93 1,93 1,57 n.d. 96,63 5,6725 2,3275 0,5523 0,2109 0,6858 0,9400 0,0197 2,5914 0,0000 1,9056 0,0944 0,4635 0,2986
MOQ-07-01_a07 Ceno. base MoqB 42,74 1,37 13,60 7,92 0,08 16,28 10,80 2,44 0,52 n.d. 95,77 6,1218 1,8782 0,4176 0,1477 1,0774 -0,1287 0,0098 3,4762 0,0000 1,6575 0,3425 0,3351 0,0953
MOQ-07-01_a08 Ceno. base MoqB 48,92 0,71 4,06 9,33 0,33 13,45 20,99 0,37 0,02 n.d. 98,19 7,7202 0,2798 0,4753 0,0847 0,0000 1,2314 0,0444 3,1643 0,0000 3,5492 -1,5492 1,6618 0,0032
MOQ-07-01_a09 Ceno. base MoqB 40,95 1,95 13,45 12,89 0,24 13,08 11,05 2,28 0,50 n.d. 96,41 5,9984 2,0016 0,3204 0,2149 1,0427 0,5364 0,0293 2,8563 0,0000 1,7343 0,2657 0,3818 0,0926
MOQ-07-01_a10 Ceno. base MoqB 41,60 2,04 11,14 14,99 0,25 11,20 11,43 1,35 1,61 n.d. 95,68 6,3098 1,6902 0,3012 0,2328 0,5005 1,4010 0,0321 2,5325 0,0000 1,8575 0,1425 0,2539 0,3115
MOQ-07-01_a11 Ceno. base MoqB 44,73 1,28 9,29 13,94 0,46 13,45 10,37 1,78 0,45 n.d. 95,80 6,5528 1,4472 0,1568 0,1409 1,1632 0,5447 0,0570 2,9374 0,0000 1,6277 0,3723 0,1333 0,0843
MOQ-07-01_a12 Ceno. base MoqB 41,72 2,30 11,28 14,45 0,30 11,52 11,54 1,44 1,93 n.d. 96,77 6,2876 1,7124 0,2912 0,2608 0,3809 1,4403 0,0386 2,5882 0,0000 1,8635 0,1365 0,2842 0,3711
MOQ-07-01_a13 Ceno. base MoqB 47,23 1,28 6,98 12,18 0,32 15,28 11,31 1,70 0,48 n.d. 96,82 6,8479 1,1521 0,0406 0,1400 0,7500 0,7269 0,0398 3,3027 0,0000 1,7570 0,2430 0,2349 0,0896
MOQ-07-01_a14 Ceno. base MoqB 47,36 1,25 7,05 12,13 0,45 15,36 10,90 1,38 0,34 n.d. 96,27 6,8387 1,1613 0,0385 0,1358 1,0287 0,4361 0,0545 3,3064 0,0000 1,6864 0,3136 0,0728 0,0634
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MOQ-07-01_a19 Ceno. base MoqB 41,95 1,47 11,42 13,96 0,23 12,35 11,40 2,01 1,46 n.d. 96,55 6,2829 1,7171 0,2987 0,1659 0,5653 1,1832 0,0295 2,7574 0,0000 1,8294 0,1706 0,4131 0,2790
MOQ-07-01_a20 Ceno. base MoqB 41,65 2,38 11,40 14,81 0,17 11,20 11,62 1,25 1,74 n.d. 96,31 6,2887 1,7113 0,3174 0,2703 0,3915 1,4787 0,0212 2,5210 0,0000 1,8799 0,1201 0,2467 0,3352
MOQ-07-01_a21 Ceno. base MoqB 42,01 2,62 11,85 10,91 0,14 15,16 11,24 2,42 0,52 n.d. 96,91 6,0821 1,9179 0,1040 0,2854 0,9802 0,3408 0,0177 3,2720 0,0000 1,7436 0,2564 0,4229 0,0965
MOQ-07-01_a22 Ceno. base MoqB 41,82 2,19 10,56 15,06 0,41 11,58 11,21 1,67 1,63 n.d. 96,36 6,3131 1,6869 0,1919 0,2487 0,5684 1,3329 0,0520 2,6060 0,0000 1,8132 0,1868 0,3020 0,3139

Abbreviations: Prot: Proterozoic; Ceno: Cenozoic; out: outcrop; pp: pebble population

analyses in wt% cations per formula unit based on 23 oygens
n. d.; not detected Site T Site C Site B Sita A

Sample Formation SiO2 TiO2 Al2O3 FeO MnO MgO CaO Na2O K2O Cr2O3 Total Si Al (IV) Al (VI) Ti Fe3+ Fe2+ Mn Mg Cr Ca Na Na K
MOQ-07-01_a18 Ceno. base MoqB 44,88 1,74 8,69 13,39 0,36 13,82 11,09 1,91 0,62 n.d. 96,58 6,5898 1,4102 0,0936 0,1922 0,7835 0,8607 0,0448 3,0251 0,0000 1,7447 0,2553 0,2885 0,1154
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Results of LA-ICP-MS analyses of amphibole in the Moquegua Group and its potential 
source rocks

Oxides (wt%) n.d.: not detected Trace element concentrations in ppm
Data reduction using Ca as an internal standard

Sample Formation Na2O MgO Al2O3 SiO2 K2O CaO TiO2 MnO FeO V Cr Ni Sr Y Zr
PIG-00-32_a04 Huaylillas arc 2.66 17.31 17.17 54.39 0.81 11.52 2.05 0.47 16.71 816 181 22 144 62 48
PIG-00-32_a20 Huaylillas arc 1.12 12.21 11.55 47.60 0.84 11.52 0.90 0.67 14.97 408 157 11 62 126 44
PIG-00-32_a10 Huaylillas arc 1.21 15.02 10.33 58.04 0.93 11.52 0.68 0.65 14.81 353 -170 13 30 120 28
PIG-00-32_a11 Huaylillas arc 1.19 16.90 13.39 59.48 0.37 11.52 0.89 0.75 17.66 369 -248 3 30 85 41
PIG-00-32_a12 Huaylillas arc 1.69 16.46 10.95 59.04 0.43 11.52 1.16 0.67 15.01 447 86 18 59 93 68
PIG-00-32_a13 Huaylillas arc 1.81 13.26 12.56 46.81 0.87 11.52 2.10 0.46 16.68 438 -8 25 105 178 110
PIG-00-32_a14 Huaylillas arc 1.58 18.08 9.69 57.01 0.64 11.52 1.55 0.52 15.36 319 80 26 50 130 58
TAZ-00-03_a01 Tacaza arc 3.29 19.53 17.52 66.96 1.77 11.60 3.31 0.37 17.00 656 -36 34 501 43 57
TAZ-00-03_a02 Tacaza arc 0.49 9.96 2.54 37.64 0.20 11.60 0.15 0.30 5.86 176 -24 9 27 42 63
TAZ-00-03_a03 Tacaza arc 2.57 17.86 19.18 60.00 2.01 11.60 1.99 0.17 13.82 595 144 100 422 14 24
TAZ-00-03_a04 Tacaza arc 0.38 8.43 0.50 31.30 0.05 11.60 0.05 0.23 4.36 109 14 13 7 18 21
TAZ-00-03_a05 Tacaza arc 3.15 17.59 18.93 66.21 1.88 11.60 3.08 0.34 16.85 670 -43 25 474 38 42
TAZ-00-03_a06 Tacaza arc 2.33 16.15 15.14 67.04 1.63 11.60 2.48 0.34 14.69 614 11 42 309 53 116
TAZ-00-03_a07 Tacaza arc 2.84 16.99 16.45 61.42 1.76 11.60 2.75 0.29 14.45 572 199 66 434 42 53
TAZ-00-03_a08 Tacaza arc 2.58 21.14 13.72 74.76 1.48 11.60 2.30 0.48 16.97 590 2 40 252 72 754
TAZ-00-03_a09 Tacaza arc 2.92 15.49 15.12 58.76 1.60 11.60 2.85 0.32 13.89 540 -3 30 426 42 47
TAZ-00-03_a10 Tacaza arc 2.73 15.45 15.26 53.41 1.61 11.60 2.55 0.29 12.66 520 -2 36 432 39 50
TAZ-00-03_a11 Tacaza arc 5.51 31.61 32.77 121.23 3.62 11.60 6.15 0.57 26.38 1185 -49 48 1046 77 107
TAZ-00-03_a12 Tacaza arc 3.47 19.10 21.18 72.18 2.30 11.60 3.46 0.41 20.73 842 28 35 530 43 54
LOC-08-03_a01 Toquepala arc 1.75 17.07 8.07 62.69 0.73 10.91 1.38 0.88 15.58 205 -7 10 38 126 29
LOC-08-03_a02 Toquepala arc 1.43 15.48 6.53 58.23 0.60 10.91 1.17 0.75 13.07 197 -3 8 41 112 26
LOC-08-03_a03 Toquepala arc 2.05 19.28 8.51 70.58 0.79 10.91 1.45 0.87 16.11 214 0 16 35 120 37
LOC-08-03_a04 Toquepala arc 1.59 17.65 7.76 52.55 0.64 10.91 1.30 0.78 12.66 171 13 13 30 133 30
LOC-08-03_a05 Toquepala arc 1.81 17.67 7.79 69.99 0.84 10.91 1.37 1.02 17.84 242 49 11 38 127 35
LOC-08-03_a06 Toquepala arc 1.90 20.27 8.50 72.41 0.75 10.91 1.32 0.98 15.97 211 -74 16 30 119 40
LOC-08-03_a07 Toquepala arc 1.88 17.50 8.12 66.02 0.77 10.91 1.45 0.92 16.08 208 9 n.d. 31 115 38
LOC-08-03_a08 Toquepala arc 3.31 26.05 14.71 99.93 1.12 10.91 3.08 1.24 22.90 347 10 n.d. 81 177 83
LOC-08-03_a09 Toquepala arc 1.88 18.01 8.16 69.87 0.82 10.91 1.33 0.87 15.75 220 -52 -4 37 124 36
LOC-08-03_a10 Toquepala arc 1.97 19.98 8.26 75.38 0.81 10.91 1.47 0.91 15.54 199 -11 n.d. 29 123 31
LOC-08-03_a11 Toquepala arc 1.86 18.34 7.50 65.63 0.81 10.91 1.50 0.87 14.62 188 15 12 32 136 37
LOC-08-03_a12 Toquepala arc 5.30 29.95 21.60 90.91 1.24 10.91 4.59 0.45 20.18 848 48 n.d. 328 66 84
LOC-08-03_a13 Toquepala arc 1.82 19.01 8.31 74.39 0.81 10.91 1.33 0.93 15.14 223 -46 n.d. 28 123 33
LOC-08-03_a14 Toquepala arc 1.94 18.76 9.10 72.57 0.86 10.91 1.57 0.95 16.80 235 21 12 28 131 40
LOC-08-03_a15 Toquepala arc 1.63 15.21 7.86 57.55 0.63 10.91 1.32 0.83 13.71 212 -15 n.d. 39 126 31
SRTA-02-01_a02 Toquepala arc 2.11 18.40 5.46 70.57 0.64 11.32 0.90 1.02 16.96 137 -9 11 7 100 34
SRTA-02-01_a03 Toquepala arc 1.23 14.01 4.57 47.16 0.36 11.32 2.02 0.66 10.55 113 3 6 31 196 71
SRTA-02-01_a05 Toquepala arc 2.03 19.02 5.48 77.18 0.60 11.32 0.84 1.00 16.54 132 -8 10 7 137 26
SRTA-02-01_a06 Toquepala arc 1.38 19.83 7.33 82.50 2.64 11.32 0.43 0.58 17.04 158 -40 n.d. 70 38 30
SRTA-02-01_a08 Toquepala arc 2.17 19.22 5.66 82.28 0.71 11.32 0.87 1.18 19.03 147 -24 n.d. 8 122 29
SRTA-02-01_a09 Toquepala arc 1.81 19.48 3.70 71.62 0.58 11.32 0.49 0.31 13.03 137 5 n.d. 21 3 13
SRTA-02-01_a10 Toquepala arc 2.37 18.91 5.68 73.69 0.65 11.32 0.89 1.15 16.31 141 -3 4 8 160 27
SRTA-02-01_a11 Toquepala arc 1.95 19.13 4.36 72.29 0.60 11.32 0.70 0.87 14.44 147 -30 n.d. 7 86 25
SRTA-02-01_a12 Toquepala arc 1.43 18.67 4.89 73.62 0.68 11.32 0.42 0.54 13.91 145 3 n.d. 15 13 10
SRTA-02-01_a13 Toquepala arc 2.72 25.30 6.61 100.04 0.83 11.32 1.11 1.39 23.10 203 43 -5 9 155 39
SRTA-02-01_a14 Toquepala arc 2.89 22.71 7.78 87.85 0.82 11.32 1.24 1.40 20.57 163 17 -3 13 257 50
SRTA-02-01_a15 Toquepala arc 1.96 20.21 4.72 82.21 0.62 11.32 0.73 0.99 16.25 154 -1 n.d. 6 98 22
SRTA-02-01_a18 Toquepala arc 2.18 17.08 6.16 72.93 0.75 11.32 1.01 0.93 19.19 150 -16 n.d. 11 70 25
SRTA-02-01_a19 Toquepala arc 2.07 19.45 5.43 77.61 0.59 11.32 0.71 0.67 17.07 163 -11 11 18 185 23
OCO-07-07_a01 Coastal Batholith 1.25 8.17 11.67 51.38 1.08 11.74 0.99 1.32 23.58 239 -124 6 21 283 24
OCO-07-07_a03 Coastal Batholith 1.22 6.86 13.08 49.13 1.24 11.74 0.59 1.10 21.75 402 -3 5 15 68 8
OCO-07-07_a05 Coastal Batholith 1.23 7.14 12.31 50.66 1.16 11.74 0.76 1.29 23.83 647 13 -1 21 119 17
OCO-07-07_a06 Coastal Batholith 1.17 8.95 11.11 54.43 1.00 11.74 1.13 1.40 23.07 228 -14 5 30 195 35
OCO-07-07_a07 Coastal Batholith 1.35 7.81 12.64 47.22 1.22 11.74 0.80 1.27 22.95 475 -74 5 21 106 19
OCO-07-07_a08 Coastal Batholith 1.34 7.75 12.71 49.21 1.25 11.74 0.65 1.29 23.64 251 -125 3 19 177 18
OCO-07-07_a11 Coastal Batholith 1.13 10.19 13.66 60.58 1.42 11.74 1.78 1.49 27.75 385 143 6 22 226 34
OCO-07-07_a12 Coastal Batholith 1.41 9.21 12.03 60.79 1.10 11.74 1.03 1.60 26.91 315 -90 15 21 257 30
OCO-07-07_a15 Coastal Batholith 1.38 7.50 13.27 53.17 1.34 11.74 0.66 1.28 24.38 408 -70 8 18 106 13
OCO-07-07_a16 Coastal Batholith 1.38 9.86 13.39 61.18 1.25 11.74 1.15 1.55 26.60 329 46 7 28 178 35
OCO-07-07_a17 Coastal Batholith 1.46 9.62 11.91 52.67 1.09 11.74 1.18 1.33 21.26 213 -11 6 41 155 35
OCO-07-07_a18 Coastal Batholith 1.18 9.29 10.42 53.14 1.05 11.74 1.09 1.22 20.16 240 27 8 29 134 29
OCO-07-07_a20 Coastal Batholith 1.46 10.16 13.01 58.45 1.36 11.74 1.30 1.49 24.33 251 -201 8 42 167 38
OCO-07-07_a21 Coastal Batholith 1.54 8.06 14.13 54.81 1.35 11.74 0.69 1.41 25.83 438 -27 6 17 121 14
MAJ-08-02_a07 Prot. pp Majes 0.46 3.55 3.51 13.77 0.76 2.59 0.43 0.10 3.93 99 76 24 24 42 12
MAJ-08-02_a09 Prot. pp Majes 0.76 4.12 5.47 21.01 1.18 2.59 0.85 0.07 6.87 101 13 5 10 93 25
MAJ-08-02_a18 Prot. pp Majes 0.58 4.33 4.23 17.38 0.99 2.59 0.57 0.10 4.44 117 77 25 29 43 15
MAJ-08-02_a22 Prot. pp Majes 0.40 2.96 3.79 14.71 0.84 2.59 0.47 0.17 5.28 117 99 22 22 34 13
OCO-07-03_a03 Prot. pp Ocona 1.21 11.48 14.92 55.75 2.39 12.00 2.06 0.41 22.08 533 85 151 49 62 51
OCO-07-03_a05 Prot. pp Ocona 1.73 14.71 13.81 54.76 2.50 12.00 2.03 0.15 15.14 728 1479 351 70 299 53
OCO-07-03_a08 Prot. pp Ocona 1.53 11.27 15.88 55.66 2.19 12.00 2.55 0.39 23.27 562 136 175 81 62 81
OCO-07-03_a09 Prot. pp Ocona 0.68 15.97 5.41 59.55 0.47 12.00 0.87 0.51 14.01 312 35 69 9 47 23
OCO-07-06_a01 Prot. out. Ocona 0.99 13.39 10.19 67.51 0.30 11.52 0.49 0.63 16.91 316 237 140 14 122 94
OCO-07-06_a03 Prot. out. Ocona 0.85 12.16 9.89 56.26 0.31 11.52 0.26 0.62 16.18 293 31 102 16 99 10
OCO-07-06_a04 Prot. out. Ocona 0.94 11.98 10.07 47.71 0.36 11.52 0.39 0.67 16.44 348 221 113 15 125 11
OCO-07-06_a05 Prot. out. Ocona 0.99 12.02 10.33 49.97 0.45 11.52 0.73 0.69 17.04 364 150 128 27 97 30



Nb Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Th U
3 263 8 24 5 28 10 2 12 2 10 2 6 0 3 1 n.d. n.d.
10 46 242 382 60 178 32 5 27 4 23 5 13 2 14 2 53 n.d.
9 46 25 71 14 85 25 4 23 4 21 4 13 1 12 2 1 n.d.
3 21 15 58 12 52 13 4 16 2 14 3 10 1 12 2 0 n.d.
6 59 24 71 14 74 19 4 17 3 18 3 10 1 9 1 4 n.d.
13 170 25 90 17 100 34 6 35 6 34 7 20 2 15 2 1 n.d.
18 56 38 118 19 105 28 4 24 4 23 5 14 2 14 2 n.d. n.d.
15 364 16 59 9 56 12 4 13 2 10 2 5 1 5 0 n.d. n.d.
n.d. 6 8 25 5 31 10 2 9 1 9 2 4 1 5 1 n.d. n.d.
1 167 4 13 2 13 3 1 4 1 3 n.d. 1 n.d. 1 n.d. n.d. n.d.

n.d. 1 3 14 2 12 3 1 3 n.d. 3 0 2 n.d. 2 n.d. n.d. n.d.
7 264 10 36 7 37 11 3 9 1 8 2 3 n.d. 4 n.d. n.d. n.d.

12 177 14 57 9 51 13 3 11 2 11 2 5 1 5 0 1 1
9 248 10 39 7 39 11 3 8 1 7 2 4 n.d. 4 n.d. n.d. n.d.

13 165 21 93 15 76 18 2 11 2 13 2 6 0 6 0 1 n.d.
12 265 10 41 8 48 14 3 10 2 8 2 4 0 2 n.d. n.d. n.d.
8 223 12 41 7 36 9 3 11 1 8 2 4 1 5 n.d. n.d. n.d.

25 532 21 98 15 80 17 8 24 3 15 3 10 1 7 0 n.d. n.d.
10 313 12 45 8 44 10 3 9 1 9 2 4 n.d. 4 n.d. n.d. n.d.
16 52 77 218 33 145 34 4 27 4 24 5 13 2 14 2 3 1
11 36 78 208 29 123 27 3 22 4 21 5 11 2 12 1 2 n.d.
18 55 32 134 21 99 30 4 21 4 24 5 15 2 15 2 n.d. n.d.
15 45 33 100 20 93 31 3 25 4 26 5 14 2 15 2 n.d. n.d.
19 62 46 171 27 126 30 4 21 4 25 5 12 2 12 1 1 n.d.
20 50 34 129 22 120 30 4 26 4 23 5 12 2 15 2 n.d. n.d.
19 63 33 122 19 97 28 4 21 4 25 5 13 2 14 2 n.d. n.d.
58 88 52 208 33 163 46 4 29 5 36 7 17 2 20 2 2 6
19 63 46 164 25 125 29 4 25 4 24 5 13 2 12 2 1 n.d.
21 53 31 127 20 103 25 3 23 4 25 5 12 2 13 2 n.d. n.d.
22 62 50 173 27 134 34 4 27 4 26 5 12 2 15 2 1 n.d.
10 205 10 45 9 56 11 4 12 2 11 3 7 1 6 1 n.d. n.d.
18 48 32 126 20 88 26 3 23 3 21 4 11 1 12 1 n.d. n.d.
19 51 33 128 21 111 32 4 23 4 27 5 15 2 13 2 n.d. n.d.
17 45 68 181 26 130 32 4 24 4 23 5 11 2 11 2 2 n.d.
15 3 52 188 30 127 29 2 20 3 19 4 12 1 12 2 n.d. n.d.
54 7 32 114 22 113 40 5 33 6 38 7 21 4 29 4 7 11
12 1 44 164 26 132 35 2 27 4 25 5 14 2 19 3 n.d. n.d.
7 401 19 72 10 44 9 1 8 1 6 1 4 1 4 1 1 n.d.
13 2 51 175 29 133 35 2 23 4 22 5 13 2 15 2 n.d. n.d.
1 1 4 9 1 3 1 n.d. 0 n.d. 1 n.d. n.d. n.d. 1 n.d. n.d. n.d.

12 2 50 197 31 161 43 2 31 5 27 6 17 3 20 3 n.d. n.d.
6 1 29 112 19 90 22 2 19 3 16 4 10 1 11 2 n.d. n.d.
2 9 8 26 4 14 3 n.d. 2 0 3 1 1 n.d. 2 n.d. n.d. n.d.

15 1 59 228 34 161 40 3 30 5 27 5 16 2 20 2 n.d. n.d.
26 2 72 274 44 212 57 3 48 8 48 9 28 4 31 5 1 n.d.
5 1 31 125 21 91 26 2 17 3 18 4 9 2 11 2 n.d. n.d.
17 3 42 142 21 86 19 2 16 2 13 3 7 1 9 1 n.d. n.d.
41 2 29 125 22 121 35 1 30 6 34 7 20 3 21 3 n.d. n.d.
55 40 6 30 8 51 25 5 33 7 44 10 30 5 38 6 n.d. n.d.
11 15 n.d. 3 1 7 6 3 8 1 9 2 7 1 10 1 n.d. n.d.
25 31 6 26 6 39 15 3 17 3 18 4 11 2 15 2 n.d. n.d.
29 91 13 60 13 86 35 5 34 6 37 7 21 3 22 3 n.d. n.d.
31 25 2 11 3 20 9 3 13 2 16 4 11 2 17 3 n.d. n.d.
58 34 3 17 4 33 18 5 23 4 29 6 15 3 20 3 n.d. n.d.
104 142 10 52 13 91 32 6 35 6 39 9 26 4 27 4 n.d. 3
62 31 5 33 9 56 26 6 32 6 38 9 28 4 35 5 n.d. n.d.
32 20 1 6 2 17 8 3 13 2 17 4 11 2 14 2 n.d. n.d.
29 132 7 35 9 71 26 5 26 5 26 6 19 3 22 3 n.d. n.d.
21 155 16 68 14 92 26 5 27 5 26 6 16 3 19 3 n.d. n.d.
21 115 15 48 10 60 19 4 22 4 21 5 14 2 15 2 n.d. n.d.
23 180 16 72 15 89 28 6 28 5 30 6 16 3 19 4 n.d. n.d.
26 23 1 4 1 16 10 4 16 2 18 4 12 2 18 3 n.d. n.d.
7 57 13 52 9 45 12 1 9 2 9 2 4 1 4 0 n.d. n.d.
22 50 85 325 48 218 50 4 36 5 24 4 8 1 4 1 n.d. n.d.
9 67 16 69 11 53 13 2 11 2 10 2 5 1 4 0 n.d. n.d.
8 44 14 56 9 44 10 2 8 1 7 1 3 0 2 n.d. n.d. n.d.
7 173 17 41 5 30 9 3 9 2 12 3 6 0 6 1 1 n.d.
54 120 71 264 43 212 64 4 54 9 56 11 30 4 32 4 2 1
8 163 18 42 6 33 10 3 11 2 12 2 6 1 8 1 1 n.d.
8 4 23 58 8 35 9 1 9 1 9 2 5 1 5 1 n.d. n.d.
4 13 2 17 5 50 17 3 19 3 20 4 12 3 12 2 n.d. n.d.
3 15 4 19 4 28 13 3 16 3 19 4 10 1 12 2 n.d. n.d.
4 16 4 20 5 39 17 4 20 3 23 5 12 2 13 2 n.d. n.d.
7 28 23 81 15 79 19 4 18 3 16 4 8 2 12 1 n.d. n.d.
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Oxides (wt%) n.d.: not detected Trace element concentrations in ppm
Data reduction using Ca as an internal standard

Sample Formation Na2O MgO Al2O3 SiO2 K2O CaO TiO2 MnO FeO V Cr Ni Sr Y Zr
OCO-07-06_a07 Prot. out. Ocona 0.82 12.46 9.02 60.17 0.26 11.52 0.53 0.57 15.91 316 176 137 15 111 31
OCO-07-06_a13 Prot. out. Ocona 1.25 14.33 12.95 60.30 1.30 11.52 0.97 0.89 20.27 422 143 105 28 96 40
OCO-07-06_a17 Prot. out. Ocona 1.00 13.13 10.66 53.76 0.64 11.52 0.61 0.72 17.71 328 273 159 22 100 25
OCO-07-06_a18 Prot. out. Ocona 0.98 12.26 10.19 55.22 0.49 11.52 0.15 0.66 17.97 300 3 107 19 56 6
OCO-07-06_a21 Prot. out. Ocona 0.92 14.08 9.14 54.68 0.29 11.52 0.34 0.83 17.99 271 378 128 17 113 52
OCO-07-06_a22 Prot. out. Ocona 1.17 13.08 10.80 53.38 0.48 11.52 0.79 0.80 18.84 346 199 163 26 84 29
OCO-07-06_a23 Prot. out. Ocona 1.09 13.13 11.34 55.42 0.47 11.52 0.77 0.77 18.97 391 224 115 29 103 32
OCO-07-06_a24 Prot. out. Ocona 0.92 12.52 9.77 55.01 0.27 11.52 0.53 0.59 16.70 314 468 116 13 103 14
OCO-07-06_a20 Prot. out. Ocona 0.89 10.60 9.59 42.72 0.39 11.52 0.71 0.62 15.68 368 -17 122 27 110 25
MAJ-07-04_a01 Ceno. MoqD 0.30 7.93 0.42 31.16 0.00 11.25 0.05 0.64 4.57 34 -30 n.d. 12 29 10
MAJ-07-04_a03 Ceno. MoqD 0.32 239.65 6.29 653.03 0.02 11.25 1.20 7.99 205.10 358 99 485 n.d. 50 27
MAJ-07-04_a04 Ceno. MoqD 0.28 10.64 1.82 36.73 0.00 11.25 0.38 0.13 5.42 146 98 101 38 10 26
MAJ-07-04_a05 Ceno. MoqD 3.24 19.51 17.98 60.78 1.02 11.25 2.81 0.18 14.80 491 70 32 389 39 79
MAJ-07-04_a06 Ceno. MoqD 0.26 9.36 1.49 32.70 0.02 11.25 0.36 0.15 5.19 112 68 47 30 21 46
MAJ-07-04_a07 Ceno. MoqD 0.28 10.12 1.95 36.26 0.00 11.25 0.38 0.13 5.75 172 223 146 28 10 23
MAJ-07-04_a08 Ceno. MoqD 3.59 18.58 17.70 63.57 0.79 11.25 1.97 0.16 15.25 528 320 205 317 22 41
MAJ-07-04_a10 Ceno. MoqD 1.63 17.24 8.29 64.12 0.66 11.25 1.05 0.64 14.76 257 41 56 43 90 43
MOQ-04-217_a06 Ceno. MoqC 2.97 20.50 15.37 61.23 0.91 10.82 2.84 0.26 14.07 493 12 59 223 61 54
MOQ-04-217_a14 Ceno. MoqC 1.48 18.65 9.46 55.25 0.38 10.82 0.98 0.57 12.68 204 26 n.d. 46 93 43
MOQ-04-217_a15 Ceno. MoqC 0.22 10.01 1.41 35.33 0.01 10.82 0.28 0.26 6.58 164 -5 10 15 17 16
MOQ-04-217_a17 Ceno. MoqC 0.20 52.37 4.30 111.57 0.17 10.82 0.57 1.16 38.02 200 -2 94 134 98 26
MAJ-08-04_a01 Ceno. MoqC 0.71 110.02 8.30 247.39 0.71 11.26 1.41 2.64 61.41 314 75 39 247 100 52
MAJ-08-04_a03 Ceno. MoqC 2.64 17.31 18.19 54.69 0.78 11.26 2.64 0.44 15.86 511 -35 4 253 66 118
MAJ-08-04_a05 Ceno. MoqC 0.29 9.51 2.27 33.56 0.02 11.26 0.34 0.12 5.19 242 332 112 19 13 16
MAJ-08-04_a07 Ceno. MoqC 0.25 10.29 2.48 36.89 0.00 11.26 0.44 0.13 4.98 190 374 68 21 16 20
MAJ-08-04_a08 Ceno. MoqC 0.38 243.61 14.07 741.54 0.16 11.26 1.91 6.86 254.90 1726 82 439 30 272 50
MAJ-08-04_a09 Ceno. MoqC 1.57 13.85 14.35 61.57 0.71 11.26 1.31 0.53 17.63 360 27 17 53 211 73
MAJ-08-04_a12 Ceno. MoqC 1.90 18.10 12.13 76.17 0.79 11.26 1.51 0.42 19.31 456 10 43 55 149 64
MAJ-08-04_a14 Ceno. MoqC 1.63 12.88 14.43 59.98 0.95 11.26 1.22 0.51 17.96 414 56 15 55 181 60
MAJ-08-04_a15 Ceno. MoqC 2.48 19.30 15.55 80.60 1.05 11.26 1.66 0.79 19.91 258 -26 44 85 169 69
MAJ-08-04_a16 Ceno. MoqC 1.66 13.92 15.04 63.13 0.90 11.26 1.43 0.57 19.12 380 62 n.d. 63 198 74
MOQ-04-219_a01 Ceno. MoqC 3.03 17.80 14.37 51.20 1.30 12.90 3.64 0.38 13.30 146 31 n.d. 257 220 175
MOQ-04-219_a03 Ceno. MoqC 3.65 21.05 17.27 68.48 1.11 12.90 3.23 0.40 17.86 403 -23 n.d. 308 71 103
MOQ-04-219_a06 Ceno. MoqC 0.35 11.33 2.64 40.05 0.01 12.90 0.40 0.19 6.85 178 -19 28 34 12 21
MOQ-04-219_a09 Ceno. MoqC 3.13 18.69 18.96 52.04 1.03 12.90 2.26 0.16 13.07 623 51 30 336 24 37
MOQ-04-219_a10 Ceno. MoqC 2.96 16.57 14.72 66.43 1.57 12.90 2.55 0.70 22.19 377 -7 16 244 76 115
MOQ-04-219_a12 Ceno. MoqC 4.13 24.75 21.32 76.15 1.92 12.90 2.43 0.19 17.08 677 150 474 411 32 71
MOQ-04-219_a13 Ceno. MoqC 3.34 17.11 17.66 57.22 1.20 12.90 3.24 0.20 15.97 635 0 157 439 26 50
MOQ-04-219_a16 Ceno. MoqC 2.40 19.18 13.00 60.89 1.03 12.90 1.90 0.77 15.23 292 34 12 98 154 88
MOQ-04-219_a17 Ceno. MoqC 4.41 24.31 24.64 80.86 2.31 12.90 2.66 0.18 19.18 971 190 678 323 21 36
CUC-05-05_a01 Ceno. base MoqC 0.16 9.36 1.68 30.01 0.00 11.09 0.33 0.17 3.99 93 -2 14 26 20 29
CUC-05-05_a06 Ceno. base MoqC 0.19 8.65 2.15 28.05 0.03 11.09 0.48 0.13 3.91 87 367 28 41 15 58
CUC-05-05_a08 Ceno. base MoqC 1.90 16.12 14.71 47.07 1.05 11.09 3.54 0.16 9.76 384 81 136 446 76 137
CUC-05-05_a10 Ceno. base MoqC 2.11 16.52 16.61 46.72 0.45 11.09 2.17 0.14 9.95 525 154 124 242 29 34
CUC-05-05_a11 Ceno. base MoqC 0.19 8.86 2.66 30.54 0.00 11.09 0.39 0.12 4.15 134 30 23 24 11 23
CUC-05-05_a12 Ceno. base MoqC 1.29 14.86 9.03 58.12 0.87 11.09 1.32 0.43 14.41 284 49 58 84 69 37
CUC-05-05_a13 Ceno. base MoqC 0.18 9.60 1.83 31.94 0.01 11.09 0.36 0.16 5.11 159 210 52 22 25 38
CUC-05-05_a15 Ceno. base MoqC 2.05 17.22 15.74 48.52 0.81 11.09 2.89 0.15 9.93 433 98 110 378 40 76
CUC-05-05_a16 Ceno. base MoqC 0.17 9.06 1.23 31.65 0.00 11.09 0.26 0.15 4.15 92 9 27 22 18 22
CUC-05-05_a19 Ceno. base MoqC 0.19 9.74 1.59 31.62 0.00 11.09 0.36 0.14 4.15 108 14 31 26 19 27
CUC-05-05_a21 Ceno. base MoqC 0.17 9.47 1.48 31.49 0.00 11.09 0.28 0.14 3.80 93 102 38 25 19 28
CUC-05-05_a23 Ceno. base MoqC 1.15 15.87 8.73 53.69 0.77 11.09 1.14 0.46 13.07 245 3 20 69 87 29
CUC-05-05_a24 Ceno. base MoqC 0.16 9.64 1.47 30.06 0.00 11.09 0.32 0.15 4.48 126 135 41 20 22 30
CARA-08-04_a01 Ceno. top MoqB 1.34 14.42 10.06 57.15 0.81 11.07 1.44 0.75 17.42 292 52 n.d. 31 386 71
CARA-08-04_a03 Ceno. top MoqB 1.31 16.58 7.75 59.68 0.72 11.07 0.96 0.69 14.13 302 34 14 17 113 24
CARA-08-04_a04 Ceno. top MoqB 1.94 20.23 9.41 64.20 1.04 11.07 1.74 0.43 14.89 326 26 15 56 267 63
CARA-08-04_a05 Ceno. top MoqB 1.44 22.30 9.80 67.66 0.31 11.07 1.09 0.40 13.56 368 114 111 17 63 42
CARA-08-04_a06 Ceno. top MoqB 1.77 16.52 9.47 63.07 0.97 11.07 1.36 0.63 16.90 386 -36 8 18 98 37
CARA-08-04_a08 Ceno. top MoqB 1.83 19.66 9.10 79.74 0.77 11.07 1.16 1.08 18.28 220 32 16 8 304 38
CARA-08-04_a09 Ceno. top MoqB 2.16 15.99 9.89 70.99 1.19 11.07 1.25 0.85 20.21 338 20 17 30 465 60
CARA-08-04_a10 Ceno. top MoqB 1.48 16.54 8.41 61.59 0.89 11.07 1.09 0.77 16.72 302 -43 17 24 161 44
CARA-08-04_a11 Ceno. top MoqB 1.55 14.56 10.42 54.85 1.11 11.07 1.38 0.66 15.80 305 55 10 31 204 59
CARA-08-04_a14 Ceno. top MoqB 2.30 15.91 11.33 53.86 1.06 11.07 2.07 0.30 15.30 645 -10 17 85 21 80
CARA-08-04_a15 Ceno. top MoqB 1.52 16.53 9.23 58.73 0.72 11.07 1.11 0.90 15.25 228 -12 15 42 131 55
CARA-08-04_a16 Ceno. top MoqB 2.22 13.25 15.01 51.07 2.00 11.07 1.99 0.25 14.12 501 8 n.d. 175 33 49
CARA-08-04_a17 Ceno. top MoqB 0.86 9.80 7.60 41.27 0.73 11.07 0.76 0.43 11.71 235 80 32 16 45 14
MOQ-08-04_a01 Ceno. MoqB 0.26 7.08 0.59 25.71 0.00 10.87 0.10 0.30 4.22 57 4 6 24 22 15
MOQ-08-04_a02 Ceno. MoqB 3.15 15.89 15.71 58.80 1.26 10.87 3.21 0.46 19.11 209 -35 1 255 76 88
MOQ-08-04_a04 Ceno. MoqB 2.18 20.62 9.28 74.12 0.82 10.87 1.29 0.45 19.80 378 151 131 62 44 38
MOQ-08-04_a06 Ceno. MoqB 2.53 11.02 17.87 45.78 1.83 10.87 1.70 0.34 20.13 448 77 16 205 30 35
MOQ-08-04_a08 Ceno. MoqB 1.85 13.53 9.59 49.09 1.23 10.87 1.43 0.37 16.47 322 31 22 114 10 36
MOQ-08-04_a09 Ceno. MoqB 3.61 16.58 18.47 64.15 1.64 10.87 1.94 0.24 19.53 596 1073 242 233 14 34
MOQ-08-04_a10 Ceno. MoqB 1.42 13.58 7.54 55.73 0.88 10.87 0.82 0.45 19.38 274 57 22 4 298 115
MOQ-08-04_a16 Ceno. MoqB 3.39 11.79 19.09 58.93 1.92 10.87 2.25 0.37 26.79 575 18 16 313 23 40
MOQ-08-04_a17 Ceno. MoqB 1.41 15.67 7.35 50.71 0.73 10.87 1.00 0.35 13.68 299 29 72 44 32 21
CARA-08-02_a03 Ceno. base MoqB 1.35 13.71 7.65 51.26 0.78 10.93 1.03 0.68 13.99 224 0 11 20 218 35
CARA-08-02_a04 Ceno. base MoqB 1.40 15.63 7.43 62.15 0.73 10.93 1.00 0.75 15.58 243 -8 15 25 347 41
CARA-08-02_a07 Ceno. base MoqB 1.40 13.50 8.66 49.91 0.88 10.93 0.97 0.65 14.23 285 42 18 27 260 50
CARA-08-02_a08 Ceno. base MoqB 2.32 16.70 15.23 49.08 1.14 10.93 1.87 0.25 10.99 442 694 577 235 26 107



Nb Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Th U
4 14 5 26 7 53 19 3 21 3 20 5 12 2 11 2 n.d. n.d.
10 213 29 103 17 93 18 5 17 3 16 3 9 1 13 2 n.d. n.d.
7 66 18 75 15 83 21 5 17 3 16 4 10 2 12 2 n.d. n.d.
3 36 4 16 3 20 9 4 9 1 9 2 6 1 7 1 n.d. n.d.
3 10 20 77 15 85 21 4 22 3 21 4 11 2 10 2 n.d. n.d.
7 24 18 70 13 66 17 4 14 2 16 3 9 2 11 1 n.d. n.d.
8 23 22 84 16 83 22 5 19 3 17 4 11 2 11 2 n.d. n.d.
5 11 3 16 5 40 16 4 17 3 19 4 11 2 10 2 n.d. n.d.
7 26 21 74 14 80 23 4 19 3 20 4 11 2 11 2 n.d. n.d.

n.d. n.d. 9 42 7 40 10 1 7 1 7 1 3 n.d. 3 n.d. n.d. n.d.
n.d. -3 2 9 2 n.d. n.d. -1 -3 2 11 2 8 1 13 1 0 n.d.
n.d. n.d. 3 14 3 14 4 1 3 n.d. 2 0 1 n.d. 1 n.d. n.d. n.d.
3 205 10 36 5 45 9 3 10 1 4 2 3 n.d. 3 n.d. n.d. n.d.
1 2 8 36 5 27 6 1 6 1 4 1 2 n.d. 2 n.d. n.d. n.d.

n.d. n.d. 3 10 2 9 2 1 3 n.d. 2 0 1 n.d. 1 n.d. n.d. n.d.
1 94 3 13 3 17 5 2 4 0 5 1 3 n.d. 1 n.d. n.d. n.d.

15 46 31 129 22 118 31 4 22 3 20 3 7 1 7 1 n.d. n.d.
5 201 9 37 6 42 11 3 12 2 12 3 7 1 7 1 n.d. n.d.
7 34 20 84 16 88 24 5 17 3 20 4 10 2 9 1 0 n.d.

n.d. 2 1 7 1 8 2 1 3 1 3 1 2 n.d. 2 n.d. n.d. n.d.
n.d. 24 91 193 28 135 25 4 24 4 19 3 9 1 7 1 3 n.d.
n.d. 244 161 361 45 206 43 7 32 3 18 3 8 1 7 1 11 1
5 222 18 51 8 40 13 4 10 2 12 2 6 1 6 n.d. n.d. n.d.

n.d. 2 2 8 1 8 3 1 3 n.d. 2 n.d. 1 n.d. 1 n.d. n.d. n.d.
n.d. n.d. 2 9 2 10 3 1 3 1 3 1 2 n.d. 1 n.d. n.d. n.d.
n.d. 34 160 373 47 284 53 2 36 6 40 12 27 5 33 3 7 n.d.
18 63 43 155 32 183 48 5 47 8 41 8 19 3 17 2 1 n.d.
14 71 31 144 26 132 36 5 33 5 28 6 15 2 12 2 0 n.d.
18 67 27 99 22 133 43 5 44 7 39 7 17 2 17 2 1 n.d.
13 148 28 118 21 116 39 6 32 6 34 6 18 2 14 2 1 n.d.
21 74 42 160 32 190 48 7 47 7 40 8 17 2 15 2 1 n.d.
21 430 45 141 29 177 57 11 49 7 42 8 20 2 16 2 n.d. n.d.
8 224 16 71 11 64 17 4 16 2 13 2 7 1 6 0 n.d. n.d.

n.d. 1 2 10 2 10 3 1 3 0 2 0 1 n.d. 1 n.d. n.d. n.d.
2 217 4 13 3 18 5 2 5 1 5 1 3 n.d. 2 n.d. n.d. n.d.

12 288 23 92 15 67 16 5 16 2 15 4 8 1 10 1 n.d. n.d.
4 286 9 29 5 31 7 2 6 1 6 1 3 n.d. 3 n.d. 1 n.d.
4 282 6 24 4 22 7 2 6 1 6 1 2 n.d. 1 n.d. n.d. n.d.

16 168 51 160 29 159 40 6 41 5 31 7 14 2 13 2 1 n.d.
1 233 4 16 2 18 4 1 4 1 5 1 3 n.d. 2 n.d. n.d. n.d.

n.d. 1 3 11 2 13 4 1 4 1 4 1 2 n.d. 2 n.d. n.d. n.d.
n.d. 1 4 13 2 20 4 2 3 1 3 1 2 n.d. 1 n.d. 1 n.d.
22 404 22 73 14 88 27 4 20 3 15 4 9 1 7 1 n.d. n.d.
2 78 3 9 2 12 4 1 4 1 5 1 3 n.d. 2 n.d. n.d. n.d.

n.d. n.d. 1 5 1 7 2 1 2 n.d. 2 0 1 n.d. 1 n.d. n.d. n.d.
16 94 38 137 22 110 27 4 17 2 12 3 6 1 6 1 n.d. n.d.
n.d. 3 4 18 3 18 5 1 5 1 4 1 2 n.d. 2 n.d. n.d. n.d.
8 208 9 28 5 33 10 2 10 1 8 2 4 n.d. 3 n.d. n.d. n.d.

n.d. n.d. 3 13 2 15 4 1 4 1 4 1 2 n.d. 2 n.d. n.d. n.d.
n.d. n.d. 4 14 3 15 5 1 4 1 4 1 2 n.d. 2 n.d. n.d. n.d.
n.d. n.d. 4 16 3 14 5 1 4 1 4 1 2 n.d. 1 n.d. n.d. n.d.
16 77 33 119 21 112 26 5 18 3 18 3 8 1 9 1 n.d. n.d.
n.d. 1 4 14 3 16 5 1 4 1 5 1 2 n.d. 2 n.d. n.d. n.d.
30 9 65 220 43 235 62 4 55 11 69 14 43 6 41 6 1 n.d.
12 25 33 109 17 83 23 3 18 4 20 4 12 2 14 2 n.d. n.d.
19 199 35 143 27 159 51 5 47 8 49 9 27 4 24 3 n.d. n.d.
5 19 15 72 11 50 14 3 12 2 12 2 7 1 7 1 1 n.d.
20 9 45 143 21 97 21 2 17 3 17 4 10 2 12 2 n.d. n.d.
70 4 51 205 35 179 51 1 44 8 53 11 34 5 40 6 n.d. n.d.
33 10 65 256 47 233 80 3 73 13 81 18 48 7 47 6 1 n.d.
19 9 39 147 25 129 35 3 31 5 31 6 17 3 20 2 n.d. n.d.
27 15 58 180 31 169 43 3 34 6 39 8 22 4 27 3 1 n.d.
3 144 9 31 4 16 4 1 3 1 3 1 3 n.d. 1 n.d. n.d. n.d.

20 78 34 115 19 99 29 3 21 4 21 5 14 2 17 2 n.d. n.d.
3 257 11 33 6 31 9 2 7 1 7 1 3 n.d. 3 n.d. n.d. n.d.

15 2 38 96 13 65 16 1 14 2 12 2 9 n.d. 8 1 n.d. n.d.
n.d. n.d. 6 24 5 26 7 1 4 1 5 1 2 n.d. 2 n.d. n.d. n.d.
16 237 13 51 9 50 14 4 13 2 15 3 7 1 7 1 n.d. n.d.
8 58 17 78 14 83 19 3 16 2 10 1 4 1 3 n.d. n.d. n.d.
6 234 4 14 3 21 6 2 8 1 6 1 3 n.d. 3 n.d. n.d. n.d.
4 108 10 27 4 17 5 1 3 n.d. 2 n.d. 1 n.d. n.d. n.d. n.d. n.d.
3 173 4 19 3 18 5 2 4 0 3 n.d. 1 n.d. 1 n.d. n.d. n.d.
31 1 184 463 65 272 55 1 45 8 52 11 28 4 31 4 1 1
5 324 5 24 5 27 7 2 6 1 5 1 2 n.d. 1 n.d. n.d. n.d.
8 51 17 69 12 65 16 2 12 2 7 1 3 0 3 n.d. n.d. n.d.

22 13 48 171 31 157 45 3 38 7 37 8 22 3 24 3 1 n.d.
22 22 36 168 31 174 60 3 59 10 65 13 36 5 33 4 n.d. n.d.
22 11 59 196 35 182 49 3 41 7 42 9 26 4 35 4 1 n.d.
4 152 14 40 6 36 7 2 7 1 6 1 2 n.d. 2 n.d. n.d. n.d.
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Oxides (wt%) n.d.: not detected Trace element concentrations in ppm
Data reduction using Ca as an internal standard

Sample Formation Na2O MgO Al2O3 SiO2 K2O CaO TiO2 MnO FeO V Cr Ni Sr Y Zr
CARA-08-02_a09 Ceno. base MoqB 1.24 15.35 8.49 52.60 0.75 10.93 0.97 0.65 13.66 278 27 22 29 287 47
CARA-08-02_a10 Ceno. base MoqB 1.00 17.10 6.10 61.42 0.42 10.93 0.73 1.16 13.52 154 7 n.d. 5 331 26
CARA-08-02_a11 Ceno. base MoqB 1.86 12.90 13.77 49.25 1.11 10.93 2.12 0.30 14.29 394 -15 16 124 162 76
CARA-08-02_a13 Ceno. base MoqB 1.33 16.45 8.04 55.32 0.48 10.93 1.10 0.78 12.56 190 -7 15 38 50 58
CARA-08-02_a15 Ceno. base MoqB 3.44 21.34 16.39 54.50 0.80 10.93 1.62 0.16 9.43 422 280 416 309 14 28
CARA-08-02_a16 Ceno. base MoqB 1.68 12.62 10.65 57.18 1.26 10.93 1.18 0.82 17.93 329 4 15 38 69 36
CARA-08-02_a17 Ceno. base MoqB 3.33 17.57 15.52 64.20 0.72 10.93 2.50 0.31 15.93 664 16 36 148 48 55
CARA-08-02_a18 Ceno. base MoqB 3.42 17.82 16.83 62.44 0.70 10.93 2.50 0.34 14.23 458 -37 n.d. 229 43 29
CARA-08-02_a19 Ceno. base MoqB 3.73 18.51 14.11 63.43 0.99 10.93 2.51 0.41 15.07 421 8 40 230 31 91
CARA-08-02_a20 Ceno. base MoqB 3.38 17.96 13.59 52.75 0.88 10.93 2.60 0.26 11.37 390 54 117 423 24 65

Abbreviations: Prot: Proterozoic; Ceno: Cenozoic; out: outcrop; pp: pebble population



Nb Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Th U
16 14 41 154 29 173 49 3 47 9 50 11 31 5 32 5 1 n.d.
41 1 27 103 20 117 40 2 39 7 49 11 35 5 47 7 n.d. n.d.
10 152 27 89 16 92 30 7 27 5 31 7 18 3 20 3 1 n.d.
9 73 17 49 8 40 7 2 8 1 8 2 5 1 6 1 n.d. n.d.
1 81 3 10 2 11 5 1 3 0 3 1 1 n.d. 1 n.d. n.d. n.d.
16 39 25 106 15 69 17 3 12 2 11 3 7 1 8 1 n.d. n.d.
8 140 7 27 5 27 10 3 8 2 11 2 5 1 5 1 n.d. n.d.
2 110 3 16 3 18 6 2 6 1 8 2 4 1 4 1 n.d. n.d.
8 216 14 59 10 45 9 3 8 1 6 1 3 n.d. 3 n.d. n.d. n.d.
8 243 13 49 9 42 11 2 7 1 5 1 2 n.d. 2 n.d. n.d. n.d.
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Microprobe analysis of Fe-Ti oxide in the Moquegua Group sediments and its potential source rocks

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
PIG-00-28_ox01 Lower barosso arc 1.62 6.36 1.06 n.d. 0.20 48.96 35.07 1.42 0.68 0.03 0.21 95.60 0.027 0.080 0.021 0.000 0.003 1.149 1.443 0.020 0.017 0.003 0.003
PIG-00-28_ox02 Lower barosso arc 1.05 0.68 0.25 0.18 0.35 62.25 31.36 0.62 0.05 n.d. 0.04 96.81 0.017 0.008 0.005 0.002 0.005 1.035 1.849 0.009 0.001 0.001 0.001
PIG-00-28_ox04 Lower barosso arc 0.32 10.27 3.77 0.01 0.52 41.78 37.68 0.98 1.05 n.d. 0.19 96.58 0.005 0.129 0.074 0.000 0.007 1.203 1.200 0.014 0.026 0.003 0.003
PIG-00-28_ox06 Lower barosso arc 0.66 6.98 1.14 0.01 0.21 50.84 33.88 1.51 1.02 n.d. 0.32 96.58 0.011 0.087 0.022 0.000 0.003 1.098 1.483 0.021 0.025 0.004 0.005
PIG-00-28_ox08 Lower barosso arc 0.35 6.98 1.13 n.d. 0.23 51.14 33.16 1.51 1.10 n.d. 0.30 95.90 0.006 0.087 0.022 0.000 0.003 1.083 1.503 0.021 0.027 0.004 0.005
PIG-00-28_ox09 Lower barosso arc 0.33 6.79 1.03 n.d. 0.20 51.94 33.16 1.56 1.03 n.d. 0.30 96.34 0.006 0.085 0.020 0.000 0.003 1.080 1.522 0.022 0.025 0.004 0.005
PIG-00-28_ox11 Lower barosso arc n.d. 38.77 0.13 n.d. 0.07 26.61 29.81 1.93 1.65 0.02 0.08 99.07 0.000 0.485 0.003 0.000 0.001 0.635 0.510 0.027 0.041 0.001 0.001
PIG-00-28_ox13 Lower barosso arc 0.43 17.91 0.26 0.07 0.34 30.00 45.98 0.28 0.47 n.d. n.d. 95.74 0.007 0.224 0.005 0.001 0.005 1.508 0.885 0.004 0.012 0.000 0.000
PIG-00-28_ox14 Lower barosso arc 0.97 7.04 1.19 n.d. 0.20 49.75 34.57 1.59 0.87 n.d. 0.26 96.44 0.016 0.088 0.023 0.000 0.003 1.122 1.453 0.022 0.022 0.004 0.004
PIG-00-28_ox17 Lower barosso arc 0.01 38.63 0.12 n.d. 0.06 27.23 29.67 1.84 1.76 0.02 0.04 99.38 0.000 0.484 0.002 0.000 0.001 0.630 0.520 0.026 0.044 0.001 0.001
PIG-00-28_ox19 Lower barosso arc 0.72 7.01 1.08 n.d. 0.22 50.48 33.67 1.55 1.21 n.d. 0.24 96.18 0.012 0.088 0.021 0.000 0.003 1.095 1.477 0.022 0.030 0.003 0.004
PIG-00-28_ox21 Lower barosso arc 1.29 6.67 1.12 n.d. 0.19 49.44 34.98 1.52 0.67 n.d. 0.23 96.12 0.022 0.084 0.022 0.000 0.003 1.140 1.451 0.021 0.017 0.003 0.004
PIG-00-28_ox22 Lower barosso arc 0.51 6.85 1.11 n.d. 0.19 50.95 33.49 1.44 1.02 0.03 0.26 95.85 0.009 0.086 0.022 0.000 0.002 1.096 1.500 0.020 0.025 0.004 0.004
PIG-00-28_ox23 Lower barosso arc 0.01 39.05 0.14 n.d. 0.08 27.46 29.83 1.75 1.86 n.d. 0.10 100.29 0.000 0.489 0.003 0.000 0.001 0.626 0.519 0.025 0.046 0.001 0.002
PIG-00-28_ox24 Lower barosso arc 1.61 6.86 1.21 0.01 0.22 48.14 34.98 1.44 0.96 0.01 0.30 95.74 0.027 0.086 0.024 0.000 0.003 1.139 1.410 0.020 0.024 0.004 0.005
PIG-00-28_ox25 Lower barosso arc 0.57 6.66 1.04 n.d. 0.20 51.40 33.83 1.49 0.76 0.01 0.28 96.24 0.009 0.083 0.020 0.000 0.003 1.105 1.510 0.021 0.019 0.004 0.005
PIG-00-28_ox26 Lower barosso arc 0.02 39.14 0.12 n.d. 0.07 26.75 30.15 1.84 1.68 n.d. 0.10 99.86 0.000 0.490 0.002 0.000 0.001 0.636 0.508 0.026 0.042 0.001 0.002
PIG-00-28_ox27 Lower barosso arc 1.70 4.44 1.59 0.03 0.35 51.80 34.48 1.30 0.20 n.d. 0.24 96.12 0.028 0.056 0.031 0.000 0.005 1.125 1.521 0.018 0.005 0.003 0.004
PIG-00-28_ox28 Lower barosso arc 1.43 6.61 1.21 n.d. 0.18 49.08 35.09 1.57 0.58 n.d. 0.30 96.04 0.024 0.083 0.024 0.000 0.002 1.144 1.439 0.022 0.014 0.004 0.005
PIG-00-28_ox30 Lower barosso arc 0.02 39.96 0.10 n.d. 0.08 25.24 30.78 1.93 1.68 n.d. 0.11 99.90 0.000 0.500 0.002 0.000 0.001 0.649 0.479 0.027 0.042 0.001 0.002
BAR-02-17_ox01 Lower barosso arc 0.04 2.82 1.19 0.21 0.30 62.72 32.45 0.38 0.62 0.04 0.25 101.02 0.001 0.035 0.023 0.003 0.004 1.018 1.770 0.005 0.015 0.003 0.004
BAR-02-17_ox02 Lower barosso arc 0.05 4.83 1.42 0.54 0.27 57.75 33.37 0.50 1.00 0.04 0.24 100.00 0.001 0.060 0.028 0.007 0.004 1.050 1.636 0.007 0.025 0.003 0.004
BAR-02-17_ox03 Lower barosso arc 0.05 3.77 1.18 0.30 0.31 61.13 33.15 0.47 0.72 0.03 0.28 101.40 0.001 0.047 0.023 0.004 0.004 1.034 1.715 0.007 0.018 0.004 0.005
BAR-02-17_ox04 Lower barosso arc 0.05 7.10 2.49 0.79 0.24 53.38 33.18 0.54 2.77 0.08 0.22 100.83 0.001 0.089 0.049 0.010 0.003 1.015 1.469 0.008 0.069 0.003 0.004
BAR-02-17_ox05 Lower barosso arc 0.03 6.08 1.49 0.32 0.26 55.17 34.15 0.42 1.15 0.04 0.24 99.34 0.000 0.076 0.029 0.004 0.003 1.079 1.569 0.006 0.028 0.003 0.004
BAR-02-17_ox06 Lower barosso arc 0.02 15.03 0.65 0.17 0.26 39.63 39.25 1.10 2.71 0.01 0.18 99.01 0.000 0.188 0.013 0.002 0.003 1.225 1.113 0.015 0.067 0.002 0.003
BAR-02-17_ox07 Lower barosso arc 0.04 3.61 1.45 0.44 0.30 60.49 32.63 0.48 0.90 0.04 0.22 100.59 0.001 0.045 0.028 0.006 0.004 1.023 1.707 0.007 0.022 0.003 0.004
BAR-02-17_ox08 Lower barosso arc 0.05 6.79 1.41 0.46 0.27 53.76 35.12 0.55 0.93 0.03 0.24 99.60 0.001 0.085 0.028 0.006 0.004 1.108 1.526 0.008 0.023 0.003 0.004
BAR-02-17_ox09 Lower barosso arc 0.12 3.85 1.09 0.48 0.33 59.19 33.68 0.38 0.34 0.03 0.16 99.65 0.002 0.048 0.021 0.006 0.004 1.073 1.697 0.005 0.008 0.002 0.003
BAR-02-17_ox10 Lower barosso arc 0.08 4.88 1.68 0.60 0.27 57.37 33.32 0.37 1.27 0.06 0.19 100.07 0.001 0.061 0.033 0.008 0.004 1.045 1.619 0.005 0.031 0.002 0.003
BAR-02-17_ox11 Lower barosso arc 0.03 4.90 1.22 0.47 0.30 57.97 33.32 0.61 0.94 0.03 0.27 100.04 0.001 0.061 0.024 0.006 0.004 1.050 1.643 0.009 0.023 0.004 0.004
BAR-02-17_ox12 Lower barosso arc 0.01 40.76 0.07 n.d. 0.10 22.68 33.88 1.20 0.80 0.01 0.07 99.58 0.000 0.510 0.001 0.000 0.001 0.721 0.434 0.017 0.020 0.001 0.001
BAR-02-17_ox13 Lower barosso arc 0.05 3.12 1.98 0.50 0.29 61.05 32.25 0.42 1.00 0.06 0.24 100.98 0.001 0.039 0.039 0.007 0.004 1.004 1.711 0.006 0.025 0.003 0.004
BAR-02-17_ox14 Lower barosso arc 0.05 6.37 2.57 0.66 0.20 55.36 32.01 0.41 3.29 0.11 0.19 101.22 0.001 0.080 0.050 0.009 0.003 0.972 1.514 0.006 0.082 0.003 0.003
BAR-02-17_ox15 Lower barosso arc 0.05 2.62 3.43 0.43 0.12 61.80 30.10 0.32 2.55 0.13 0.16 101.72 0.001 0.033 0.067 0.006 0.002 0.915 1.690 0.005 0.063 0.002 0.003
BAR-02-17_ox16 Lower barosso arc 0.03 3.26 1.39 0.20 0.30 61.76 32.94 0.43 0.63 0.04 0.21 101.19 0.001 0.041 0.027 0.003 0.004 1.030 1.738 0.006 0.016 0.003 0.003
BAR-02-17_ox17 Lower barosso arc 0.05 4.34 1.32 0.56 0.32 59.15 33.77 0.29 0.74 0.02 0.23 100.78 0.001 0.054 0.026 0.007 0.004 1.058 1.667 0.004 0.018 0.003 0.004
BAR-02-17_ox18 Lower barosso arc 0.04 3.53 1.03 0.32 0.35 61.48 33.03 0.61 0.46 0.03 0.32 101.21 0.001 0.044 0.020 0.004 0.005 1.034 1.732 0.009 0.012 0.004 0.005
BAR-02-17_ox19 Lower barosso arc 0.05 9.93 1.10 0.55 0.27 48.10 37.15 0.74 1.42 0.02 0.16 99.48 0.001 0.124 0.022 0.007 0.004 1.169 1.362 0.010 0.035 0.002 0.003
BAR-02-17_ox20 Lower barosso arc 0.07 5.08 0.91 0.41 0.37 58.58 34.24 0.62 0.70 0.03 0.26 101.25 0.001 0.064 0.018 0.005 0.005 1.069 1.646 0.009 0.017 0.003 0.004
BAR-00-35_ox01 Lower barosso arc 0.06 12.15 1.84 1.22 0.44 42.99 40.17 0.41 1.41 0.04 0.15 100.87 0.001 0.152 0.036 0.016 0.006 1.239 1.193 0.006 0.035 0.002 0.003
BAR-00-35_ox02 Lower barosso arc 0.06 12.43 1.35 1.10 0.49 42.42 40.47 0.36 1.20 0.05 0.15 100.09 0.001 0.156 0.026 0.015 0.007 1.263 1.191 0.005 0.030 0.002 0.003
BAR-00-35_ox03 Lower barosso arc 0.10 11.28 1.57 1.69 0.50 43.30 39.55 0.37 1.05 0.03 0.16 99.60 0.002 0.141 0.031 0.022 0.007 1.240 1.222 0.005 0.026 0.002 0.003
BAR-00-35_ox04 Lower barosso arc 0.04 11.61 1.62 1.23 0.47 43.49 39.60 0.38 1.27 0.05 0.12 99.86 0.001 0.145 0.032 0.016 0.006 1.237 1.223 0.005 0.031 0.002 0.002
BAR-00-35_ox05 Lower barosso arc 0.08 13.37 1.69 1.44 0.42 39.96 40.71 0.43 1.61 0.04 0.13 99.89 0.001 0.167 0.033 0.019 0.006 1.265 1.117 0.006 0.040 0.002 0.002
BAR-00-35_ox06 Lower barosso arc 0.03 14.89 1.36 1.82 0.42 36.96 42.17 0.38 1.46 0.05 0.17 99.70 0.000 0.186 0.027 0.024 0.006 1.315 1.037 0.005 0.036 0.002 0.003
BAR-00-35_ox07 Lower barosso arc 0.07 11.87 1.10 1.26 0.45 43.99 40.25 0.33 1.08 0.06 0.18 100.64 0.001 0.149 0.021 0.017 0.006 1.252 1.232 0.005 0.027 0.002 0.003
BAR-00-35_ox08 Lower barosso arc 0.08 11.48 0.84 1.55 0.63 42.50 39.65 0.20 0.73 0.04 0.21 97.91 0.001 0.144 0.016 0.020 0.008 1.272 1.227 0.003 0.018 0.003 0.003
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
BAR-00-35_ox09 Lower barosso arc 0.01 12.22 1.67 1.84 0.43 41.73 39.94 0.38 1.30 0.06 0.18 99.77 0.000 0.153 0.033 0.024 0.006 1.247 1.172 0.005 0.032 0.002 0.003
BAR-00-35_ox10 Lower barosso arc 0.05 12.08 1.82 1.71 0.44 42.32 39.82 0.42 1.45 0.06 0.17 100.33 0.001 0.151 0.036 0.023 0.006 1.234 1.180 0.006 0.036 0.002 0.003
BAR-00-35_ox11 Lower barosso arc 0.06 11.59 1.14 0.72 0.49 44.57 39.81 0.33 1.05 0.05 0.19 100.00 0.001 0.145 0.022 0.009 0.007 1.247 1.256 0.005 0.026 0.002 0.003
BAR-00-35_ox12 Lower barosso arc 0.04 12.59 1.58 1.48 0.40 41.54 40.22 0.39 1.43 0.04 0.13 99.85 0.001 0.158 0.031 0.019 0.005 1.254 1.165 0.006 0.035 0.002 0.002
BAR-02-04_ox01 Lower barosso arc n.d. 41.43 0.09 n.d. 0.14 22.35 32.98 1.09 1.70 n.d. 0.07 99.86 0.000 0.519 0.002 0.000 0.002 0.695 0.424 0.015 0.042 0.001 0.001
BAR-02-04_ox02 Lower barosso arc 0.14 7.25 1.48 0.03 0.40 52.41 36.07 0.59 0.55 0.01 0.25 99.18 0.002 0.091 0.029 0.000 0.005 1.145 1.496 0.008 0.014 0.003 0.004
BAR-02-04_ox03 Lower barosso arc 0.20 7.17 1.97 0.03 0.44 51.93 35.11 0.88 1.02 0.03 0.25 99.02 0.003 0.090 0.039 0.000 0.006 1.109 1.476 0.012 0.025 0.003 0.004
BAR-02-04_ox07 Lower barosso arc 0.17 7.68 1.14 0.03 0.25 52.12 35.56 0.83 0.98 n.d. 0.21 98.96 0.003 0.096 0.022 0.000 0.003 1.129 1.489 0.012 0.024 0.003 0.003
BAR-02-04_ox08 Lower barosso arc 0.48 10.19 1.16 n.d. 0.31 45.88 38.38 0.80 0.89 0.02 0.14 98.26 0.008 0.128 0.023 0.000 0.004 1.224 1.317 0.011 0.022 0.002 0.002
BAR-02-04_ox09 Lower barosso arc 0.02 40.50 0.11 n.d. 0.12 23.85 32.39 1.04 1.65 n.d. 0.04 99.72 0.000 0.507 0.002 0.000 0.002 0.684 0.454 0.015 0.041 0.001 0.001
BAR-02-04_ox10 Lower barosso arc 0.05 6.44 1.61 0.03 0.42 55.27 34.98 0.80 0.89 n.d. 0.25 100.76 0.001 0.081 0.032 0.000 0.006 1.091 1.551 0.011 0.022 0.003 0.004
BAR-02-04_ox11 Lower barosso arc 0.01 40.99 0.12 n.d. 0.13 22.96 32.62 1.13 1.71 0.01 0.03 99.72 0.000 0.513 0.002 0.000 0.002 0.689 0.436 0.016 0.042 0.000 0.001
BAR-02-04_ox12 Lower barosso arc 0.05 39.38 0.12 0.01 0.14 26.08 31.48 1.10 1.58 n.d. 0.04 99.98 0.001 0.493 0.002 0.000 0.002 0.664 0.495 0.015 0.039 0.001 0.001
BAR-02-04_ox13 Lower barosso arc 0.02 40.79 0.10 n.d. 0.10 23.33 32.49 1.11 1.66 n.d. 0.06 99.65 0.000 0.511 0.002 0.000 0.001 0.687 0.444 0.016 0.041 0.001 0.001
BAR-02-04_ox14 Lower barosso arc 0.05 41.93 0.20 n.d. 0.18 21.90 32.99 1.08 2.05 0.02 0.02 100.43 0.001 0.525 0.004 0.000 0.002 0.689 0.412 0.015 0.051 0.000 0.000
BAR-02-04_ox15 Lower barosso arc 0.01 40.60 0.10 n.d. 0.13 24.05 32.66 1.08 1.52 0.03 0.03 100.21 0.000 0.508 0.002 0.000 0.002 0.688 0.456 0.015 0.038 0.000 0.001
BAR-02-04_ox16 Lower barosso arc 0.02 38.61 0.16 n.d. 0.20 27.59 30.92 1.00 1.56 0.01 0.01 100.09 0.000 0.483 0.003 0.000 0.003 0.653 0.524 0.014 0.039 0.000 0.000
BAR-02-04_ox17 Lower barosso arc 0.07 5.88 1.54 0.04 0.39 56.59 34.70 0.76 0.86 0.01 0.23 101.06 0.001 0.074 0.030 0.000 0.005 1.080 1.585 0.011 0.021 0.003 0.004
BAR-02-04_ox18 Lower barosso arc 0.08 6.75 1.40 0.06 0.27 54.06 35.04 0.82 0.80 n.d. 0.23 99.51 0.001 0.085 0.027 0.001 0.004 1.108 1.538 0.012 0.020 0.003 0.004
BAR-02-04_ox19 Lower barosso arc 0.02 41.16 0.12 n.d. 0.13 23.02 32.66 1.13 1.77 n.d. 0.04 100.05 0.000 0.515 0.002 0.000 0.002 0.687 0.436 0.016 0.044 0.000 0.001
BAR-02-04_ox20 Lower barosso arc 0.06 7.73 1.32 0.05 0.35 53.41 36.16 0.87 0.97 0.02 0.20 101.15 0.001 0.097 0.026 0.001 0.005 1.124 1.493 0.012 0.024 0.003 0.003
BAR-01-55_ox01 Lower barosso arc 0.09 6.95 1.75 0.07 0.49 53.46 35.57 0.52 1.04 0.03 0.15 100.12 0.001 0.087 0.034 0.001 0.007 1.115 1.507 0.007 0.026 0.002 0.002
BAR-01-55_ox02 Lower barosso arc 0.07 7.88 1.59 0.04 0.37 51.59 36.42 0.49 0.97 0.02 0.11 99.57 0.001 0.099 0.031 0.001 0.005 1.149 1.464 0.007 0.024 0.001 0.002
BAR-01-55_ox03 Lower barosso arc 0.06 6.35 0.99 n.d. 0.43 54.76 35.33 0.50 0.53 n.d. 0.15 99.10 0.001 0.079 0.019 0.000 0.006 1.128 1.573 0.007 0.013 0.002 0.003
BAR-01-55_ox04 Lower barosso arc 0.09 9.00 1.96 0.02 0.48 48.06 36.85 1.09 0.61 0.03 0.28 98.46 0.001 0.113 0.038 0.000 0.006 1.172 1.376 0.015 0.015 0.004 0.005
BAR-01-55_ox05 Lower barosso arc 0.04 8.79 1.88 0.08 0.48 48.57 36.97 0.76 0.70 0.05 0.16 98.48 0.001 0.110 0.037 0.001 0.006 1.178 1.392 0.011 0.017 0.002 0.003
BAR-01-55_ox06 Lower barosso arc 0.06 9.03 1.39 0.06 0.38 49.50 37.65 0.50 0.76 0.04 0.15 99.54 0.001 0.113 0.027 0.001 0.005 1.189 1.407 0.007 0.019 0.002 0.003
BAR-01-55_ox07 Lower barosso arc 0.06 9.14 2.83 0.04 0.46 47.23 36.48 1.15 1.16 0.04 0.16 98.75 0.001 0.114 0.056 0.001 0.006 1.148 1.338 0.016 0.029 0.002 0.003
BAR-01-55_ox08 Lower barosso arc 0.08 9.20 1.18 0.05 0.43 49.08 37.72 0.54 0.73 0.05 0.15 99.21 0.001 0.115 0.023 0.001 0.006 1.197 1.402 0.008 0.018 0.002 0.002
BAR-01-55_ox09 Lower barosso arc 0.07 7.16 1.15 0.07 0.49 52.90 36.29 0.36 0.54 0.04 0.15 99.21 0.001 0.090 0.023 0.001 0.007 1.155 1.516 0.005 0.013 0.002 0.002
BAR-01-55_ox10 Lower barosso arc 0.16 7.30 2.73 0.06 0.47 51.50 35.72 0.50 1.28 0.03 0.17 99.92 0.003 0.091 0.054 0.001 0.006 1.113 1.444 0.007 0.032 0.002 0.003
BAR-01-55_ox11 Lower barosso arc 0.06 8.26 1.70 0.03 0.45 50.20 36.49 1.02 0.69 0.03 0.13 99.04 0.001 0.103 0.033 0.000 0.006 1.158 1.433 0.014 0.017 0.002 0.002
BAR-01-55_ox12 Lower barosso arc 0.09 7.57 1.90 0.16 0.43 52.53 36.20 0.40 1.24 0.01 0.12 100.65 0.001 0.095 0.037 0.002 0.006 1.125 1.469 0.006 0.031 0.002 0.002
BAR-01-55_ox13 Lower barosso arc 0.05 8.23 2.73 0.03 0.52 48.66 36.70 0.72 0.73 0.01 0.13 98.49 0.001 0.103 0.054 0.000 0.007 1.163 1.388 0.010 0.018 0.002 0.002
BAR-01-55_ox14 Lower barosso arc 0.04 7.50 0.94 n.d. 0.50 52.63 36.48 0.40 0.54 0.01 0.14 99.19 0.001 0.094 0.018 0.000 0.007 1.163 1.510 0.006 0.013 0.002 0.002
BAR-01-55_ox15 Lower barosso arc 0.03 9.75 2.04 0.04 0.44 46.59 38.55 0.43 0.58 0.03 0.10 98.58 0.000 0.122 0.040 0.001 0.006 1.226 1.334 0.006 0.014 0.001 0.002
BAR-01-55_ox16 Lower barosso arc 0.13 9.87 2.06 0.06 0.48 45.95 38.20 0.42 0.82 0.03 0.16 98.18 0.002 0.124 0.040 0.001 0.006 1.216 1.316 0.006 0.020 0.002 0.003
BAR-01-55_ox17 Lower barosso arc 0.04 7.62 1.21 0.05 0.47 52.55 36.52 0.42 0.70 0.04 0.16 99.78 0.001 0.095 0.024 0.001 0.006 1.154 1.494 0.006 0.017 0.002 0.003
BAR-01-55_ox18 Lower barosso arc 0.77 8.49 2.37 0.06 0.47 46.49 37.71 0.57 0.81 0.03 0.11 97.89 0.013 0.106 0.046 0.001 0.006 1.201 1.332 0.008 0.020 0.002 0.002
BAR-01-55_ox19 Lower barosso arc 0.07 7.40 0.99 0.10 0.54 52.98 36.77 0.34 0.53 0.04 0.13 99.90 0.001 0.093 0.019 0.001 0.007 1.164 1.509 0.005 0.013 0.002 0.002
BAR-01-55_ox20 Lower barosso arc 0.23 9.52 2.73 0.07 0.49 45.88 37.11 0.49 1.47 0.02 0.13 98.15 0.004 0.119 0.054 0.001 0.006 1.172 1.304 0.007 0.037 0.002 0.002
BAR-02-11_ox01 Lower barosso arc 0.12 10.57 3.18 0.19 0.53 45.48 37.84 0.33 2.25 0.04 0.07 100.61 0.002 0.132 0.062 0.002 0.007 1.157 1.252 0.005 0.056 0.001 0.001
BAR-02-11_ox02 Lower barosso arc 0.47 12.67 1.93 0.21 0.50 39.33 39.44 0.53 1.72 0.03 0.13 96.96 0.008 0.159 0.038 0.003 0.007 1.258 1.129 0.008 0.043 0.002 0.002
BAR-02-11_ox03 Lower barosso arc 0.09 12.20 2.53 0.20 0.52 42.97 39.49 0.34 2.03 0.04 0.08 100.50 0.002 0.153 0.050 0.003 0.007 1.213 1.188 0.005 0.050 0.001 0.001
BAR-02-11_ox04 Lower barosso arc 0.02 46.65 0.19 n.d. 0.12 13.66 36.43 0.38 2.86 n.d. 0.03 100.33 0.000 0.584 0.004 0.000 0.002 0.754 0.254 0.005 0.071 0.000 0.000
BAR-02-11_ox05 Lower barosso arc 0.11 10.36 2.78 0.18 0.52 46.41 38.75 0.35 1.53 0.03 0.11 101.13 0.002 0.130 0.055 0.002 0.007 1.188 1.280 0.005 0.038 0.002 0.002
BAR-02-11_ox06 Lower barosso arc 0.02 46.54 0.18 0.01 0.18 13.78 36.25 0.36 2.95 n.d. n.d. 100.28 0.000 0.583 0.004 0.000 0.002 0.751 0.257 0.005 0.073 0.000 0.000
BAR-02-11_ox07 Lower barosso arc 0.08 10.66 3.08 0.20 0.48 45.61 37.26 0.37 2.55 0.03 0.09 100.42 0.001 0.133 0.060 0.003 0.006 1.140 1.255 0.005 0.063 0.001 0.002
BAR-02-11_ox08 Lower barosso arc 0.09 9.85 2.78 0.21 0.50 47.15 37.15 0.32 2.11 0.05 0.10 100.31 0.002 0.123 0.055 0.003 0.007 1.144 1.306 0.005 0.052 0.001 0.002
BAR-02-11_ox09 Lower barosso arc 0.08 12.81 2.37 0.17 0.44 42.46 39.31 0.36 2.45 0.02 0.11 100.58 0.001 0.160 0.046 0.002 0.006 1.203 1.169 0.005 0.061 0.002 0.002
BAR-02-11_ox10 Lower barosso arc 0.10 9.74 3.00 0.21 0.51 47.50 37.05 0.34 2.21 0.05 0.12 100.81 0.002 0.122 0.059 0.003 0.007 1.133 1.307 0.005 0.055 0.002 0.002



OCO-07-24_ox22 Huaylillas arc 0.09 17.12 1.73 0.45 0.59 34.04 42.56 0.43 2.71 0.05 0.10 99.86 0.002 0.214 0.034 0.006 0.008 1.308 0.942 0.006 0.067 0.001 0.002
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
BAR-02-11_ox11 Lower barosso arc 0.04 47.74 0.09 n.d. 0.14 11.91 36.41 0.41 3.44 0.02 0.01 100.21 0.001 0.598 0.002 0.000 0.002 0.751 0.221 0.006 0.085 0.000 0.000
BAR-02-11_ox12 Lower barosso arc 0.12 9.44 2.68 0.20 0.54 48.32 37.53 0.25 1.82 0.05 0.11 101.07 0.002 0.118 0.053 0.003 0.007 1.150 1.333 0.003 0.045 0.001 0.002
BAR-02-11_ox13 Lower barosso arc 0.09 10.85 2.71 0.19 0.51 45.34 39.07 0.37 1.52 0.04 0.11 100.80 0.002 0.136 0.053 0.002 0.007 1.202 1.255 0.005 0.038 0.001 0.002
BAR-02-11_ox14 Lower barosso arc 0.02 44.29 0.24 0.01 0.24 17.79 33.73 0.32 3.24 0.01 0.01 99.90 0.000 0.554 0.005 0.000 0.003 0.701 0.332 0.005 0.080 0.000 0.000
BAR-02-11_ox15 Lower barosso arc n.d. 50.07 0.09 n.d. 0.09 7.89 37.17 0.61 4.02 0.02 0.03 100.00 0.000 0.627 0.002 0.000 0.001 0.763 0.146 0.009 0.100 0.000 0.001
BAR-02-11_ox16 Lower barosso arc 0.09 13.41 2.46 0.19 0.50 41.07 40.44 0.35 2.21 0.04 0.07 100.82 0.001 0.168 0.048 0.003 0.007 1.236 1.130 0.005 0.055 0.001 0.001
BAR-02-11_ox17 Lower barosso arc 0.11 14.30 2.38 0.18 0.45 39.49 41.41 0.34 2.13 0.06 0.08 100.94 0.002 0.179 0.047 0.002 0.006 1.265 1.085 0.005 0.053 0.001 0.001
BAR-02-11_ox18 Lower barosso arc 0.02 45.93 0.19 n.d. 0.14 15.28 35.18 0.44 3.18 n.d. 0.01 100.38 0.000 0.575 0.004 0.000 0.002 0.727 0.284 0.006 0.079 0.000 0.000
BAR-02-11_ox19 Lower barosso arc 0.07 13.10 2.33 0.19 0.52 41.58 40.15 0.34 2.12 0.03 0.07 100.50 0.001 0.164 0.046 0.003 0.007 1.233 1.149 0.005 0.053 0.001 0.001
BAR-02-11_ox20 Lower barosso arc 0.11 10.27 2.90 0.17 0.54 46.55 37.60 0.33 2.18 0.05 0.12 100.82 0.002 0.129 0.057 0.002 0.007 1.150 1.281 0.005 0.054 0.002 0.002
PIG-00-32_ox01 Huaylillas arc n.d. 41.19 0.10 n.d. 0.01 22.33 32.01 2.27 1.43 n.d. 0.09 99.43 0.000 0.516 0.002 0.000 0.000 0.679 0.426 0.032 0.035 0.001 0.001
PIG-00-32_ox05 Huaylillas arc 0.10 4.92 1.13 n.d. 0.16 56.43 32.09 1.46 0.78 n.d. 0.19 97.25 0.002 0.062 0.022 0.000 0.002 1.042 1.648 0.021 0.019 0.002 0.003
PIG-00-32_ox06 Huaylillas arc 0.13 10.35 2.30 0.04 0.56 38.41 36.13 0.30 0.76 n.d. 0.15 89.14 0.002 0.130 0.045 0.001 0.007 1.261 1.206 0.004 0.019 0.002 0.003
PIG-00-32_ox07 Huaylillas arc 0.80 0.05 0.19 n.d. 0.44 63.68 30.57 0.37 0.03 n.d. n.d. 96.13 0.013 0.001 0.004 0.000 0.006 1.019 1.910 0.005 0.001 0.000 0.000
PIG-00-32_ox08 Huaylillas arc 0.95 0.02 0.14 0.01 0.47 63.85 31.03 0.29 0.02 0.01 0.01 96.81 0.016 0.000 0.003 0.000 0.006 1.027 1.901 0.004 0.000 0.000 0.000
PIG-00-32_ox09 Huaylillas arc 0.78 4.59 1.10 n.d. 0.12 53.65 31.98 1.36 0.77 n.d. 0.17 94.52 0.013 0.057 0.022 0.000 0.002 1.065 1.607 0.019 0.019 0.002 0.003
PIG-00-32_ox10 Huaylillas arc 0.36 1.12 0.53 0.05 0.89 62.54 31.46 0.08 0.10 0.04 0.06 97.23 0.006 0.014 0.010 0.001 0.012 1.035 1.851 0.001 0.002 0.001 0.001
PIG-00-32_ox12 Huaylillas arc 1.44 0.03 0.17 0.26 0.21 62.09 31.37 0.31 0.06 n.d. n.d. 95.95 0.024 0.000 0.003 0.003 0.003 1.045 1.860 0.004 0.001 0.000 0.000
PIG-00-32_ox13 Huaylillas arc 0.32 4.35 0.99 0.03 0.14 56.35 32.18 1.26 0.53 n.d. 0.14 96.28 0.005 0.054 0.019 0.000 0.002 1.058 1.667 0.018 0.013 0.002 0.002
PIG-00-32_ox15 Huaylillas arc 0.21 4.69 1.00 0.03 0.15 54.55 30.88 1.36 0.88 n.d. 0.21 93.98 0.004 0.059 0.020 0.000 0.002 1.036 1.646 0.019 0.022 0.003 0.003
PIG-00-32_ox16 Huaylillas arc 0.01 4.55 1.08 n.d. 0.15 59.38 32.51 1.43 0.78 n.d. 0.19 100.08 0.000 0.057 0.021 0.000 0.002 1.027 1.688 0.020 0.019 0.002 0.003
PIG-00-32_ox18 Huaylillas arc 0.18 41.00 0.10 n.d. 0.02 22.40 32.09 2.25 1.43 n.d. 0.08 99.55 0.003 0.513 0.002 0.000 0.000 0.679 0.427 0.032 0.036 0.001 0.001
PIG-00-32_ox19 Huaylillas arc 0.03 41.02 0.06 n.d. 0.02 22.97 31.97 2.23 1.49 n.d. 0.02 99.81 0.000 0.514 0.001 0.000 0.000 0.676 0.437 0.031 0.037 0.000 0.000
PIG-00-32_ox20 Huaylillas arc 0.01 40.81 0.07 n.d. 0.05 23.36 31.82 2.27 1.37 n.d. 0.07 99.84 0.000 0.511 0.001 0.000 0.001 0.673 0.444 0.032 0.034 0.001 0.001
PIG-00-32_ox21 Huaylillas arc 0.16 2.41 1.61 0.06 0.45 61.66 32.16 0.45 0.62 n.d. 0.05 99.63 0.003 0.030 0.032 0.001 0.006 1.022 1.763 0.006 0.015 0.001 0.001
PIG-00-32_ox22 Huaylillas arc 0.18 4.74 1.06 n.d. 0.13 56.49 31.85 1.51 0.82 n.d. 0.16 96.95 0.003 0.059 0.021 0.000 0.002 1.037 1.655 0.021 0.020 0.002 0.003
PIG-00-32_ox23 Huaylillas arc 0.06 49.74 0.08 n.d. 0.05 9.23 34.33 1.47 4.99 n.d. 0.04 99.99 0.001 0.623 0.002 0.000 0.001 0.700 0.169 0.021 0.124 0.001 0.001
PIG-00-32_ox24 Huaylillas arc 0.09 6.50 1.95 0.19 0.45 53.49 33.91 0.74 1.50 n.d. 0.14 98.96 0.001 0.081 0.038 0.002 0.006 1.070 1.519 0.010 0.037 0.002 0.002
PIG-00-32_ox25 Huaylillas arc 0.36 4.01 2.79 0.16 0.70 56.18 32.64 1.09 0.89 n.d. 0.19 99.00 0.006 0.050 0.055 0.002 0.009 1.030 1.595 0.015 0.022 0.002 0.003
PIG-00-32_ox27 Huaylillas arc 0.48 4.79 0.95 0.01 0.20 53.10 30.98 1.49 0.88 n.d. 0.16 93.05 0.008 0.060 0.019 0.000 0.003 1.049 1.617 0.021 0.022 0.002 0.003
PIG-00-32_ox29 Huaylillas arc 0.48 4.64 1.14 n.d. 0.14 55.25 32.08 1.45 0.77 0.03 0.15 96.12 0.008 0.058 0.022 0.000 0.002 1.053 1.631 0.020 0.019 0.002 0.002
PIG-00-32_ox30 Huaylillas arc 1.50 6.03 2.90 0.14 0.40 49.83 35.06 0.50 1.70 0.01 0.25 98.32 0.025 0.075 0.057 0.002 0.005 1.098 1.404 0.007 0.042 0.003 0.004
OCO-07-24_ox01 Huaylillas arc 0.10 13.99 3.01 0.38 0.60 39.47 39.19 0.32 3.39 0.04 0.10 100.60 0.002 0.175 0.059 0.005 0.008 1.185 1.074 0.005 0.084 0.001 0.002
OCO-07-24_ox02 Huaylillas arc 0.06 16.17 2.12 0.16 0.62 36.47 41.86 0.42 2.81 0.06 0.10 100.83 0.001 0.202 0.042 0.002 0.008 1.273 0.998 0.006 0.070 0.001 0.002
OCO-07-24_ox03 Huaylillas arc 0.10 18.37 1.67 0.29 0.59 32.06 44.07 0.46 2.56 0.04 0.10 100.31 0.002 0.230 0.033 0.004 0.008 1.349 0.883 0.006 0.064 0.001 0.002
OCO-07-24_ox04 Huaylillas arc 0.09 17.11 1.87 0.16 0.57 34.40 42.24 0.41 2.97 0.04 0.08 99.94 0.001 0.214 0.037 0.002 0.008 1.294 0.948 0.006 0.074 0.001 0.001
OCO-07-24_ox06 Huaylillas arc 0.08 13.99 2.76 0.34 0.62 39.78 39.11 0.33 3.40 0.06 0.07 100.54 0.001 0.175 0.054 0.004 0.008 1.186 1.086 0.005 0.084 0.001 0.001
OCO-07-24_ox07 Huaylillas arc 0.07 15.93 2.35 0.43 0.63 36.49 40.97 0.45 3.24 0.05 0.09 100.71 0.001 0.199 0.046 0.006 0.008 1.242 0.995 0.006 0.080 0.001 0.002
OCO-07-24_ox08 Huaylillas arc 0.09 14.71 2.00 0.33 0.63 38.26 40.67 0.33 2.57 0.08 0.08 99.74 0.001 0.184 0.039 0.004 0.008 1.255 1.062 0.005 0.064 0.001 0.001
OCO-07-24_ox10 Huaylillas arc 0.09 16.18 2.09 0.40 0.60 35.77 41.51 0.43 2.93 0.06 0.08 100.15 0.001 0.203 0.041 0.005 0.008 1.270 0.984 0.006 0.073 0.001 0.001
OCO-07-24_ox11 Huaylillas arc 0.09 13.83 2.73 0.46 0.62 39.72 38.83 0.34 3.41 0.05 0.07 100.15 0.001 0.173 0.054 0.006 0.008 1.182 1.088 0.005 0.085 0.001 0.001
OCO-07-24_ox12 Huaylillas arc 0.09 13.04 3.16 0.39 0.64 40.89 37.81 0.34 3.62 0.08 0.08 100.14 0.001 0.163 0.062 0.005 0.008 1.148 1.117 0.005 0.090 0.001 0.001
OCO-07-24_ox13 Huaylillas arc 0.09 14.52 2.76 0.44 0.60 38.10 39.61 0.40 3.20 0.03 0.09 99.84 0.001 0.182 0.054 0.006 0.008 1.210 1.047 0.006 0.079 0.001 0.001
OCO-07-24_ox14 Huaylillas arc 0.08 17.69 1.70 0.42 0.59 32.97 43.09 0.42 2.67 0.05 0.11 99.78 0.001 0.221 0.033 0.006 0.008 1.325 0.912 0.006 0.066 0.002 0.002
OCO-07-24_ox15 Huaylillas arc 0.09 17.13 1.78 0.21 0.62 33.98 42.41 0.45 2.72 0.03 0.11 99.52 0.001 0.214 0.035 0.003 0.008 1.307 0.942 0.006 0.067 0.002 0.002
OCO-07-24_ox17 Huaylillas arc 0.10 16.70 1.81 0.40 0.63 34.85 42.09 0.44 2.79 0.07 0.10 99.97 0.002 0.209 0.036 0.005 0.008 1.292 0.962 0.006 0.069 0.001 0.002
OCO-07-24_ox18 Huaylillas arc 0.11 15.02 2.35 0.44 0.64 37.37 40.09 0.40 3.17 0.03 0.05 99.68 0.002 0.188 0.046 0.006 0.009 1.229 1.031 0.006 0.079 0.001 0.001
OCO-07-24_ox19 Huaylillas arc 0.10 16.18 2.05 0.45 0.61 35.73 41.53 0.44 2.90 0.06 0.10 100.15 0.002 0.203 0.040 0.006 0.008 1.270 0.983 0.006 0.072 0.001 0.002
OCO-07-24_ox20 Huaylillas arc 0.12 12.69 2.91 0.41 0.57 40.05 36.99 0.33 3.48 0.06 0.06 97.66 0.002 0.159 0.057 0.005 0.008 1.153 1.123 0.005 0.086 0.001 0.001
OCO-07-24_ox21 Huaylillas arc 0.06 14.95 2.34 0.39 0.61 37.88 40.25 0.37 3.03 0.04 0.08 100.00 0.001 0.187 0.046 0.005 0.008 1.232 1.043 0.005 0.075 0.001 0.001
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TAZ-00-02_ox25 Tacaza arc 0.10 12.31 3.42 n.d. 0.50 40.08 38.89 0.46 1.96 0.01 0.10 97.83 0.002 0.154 0.067 0.000 0.007 1.220 1.131 0.007 0.049 0.001 0.002

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
OCO-07-24_ox23 Huaylillas arc 0.10 16.17 2.18 0.43 0.63 36.04 41.63 0.46 2.97 0.04 0.10 100.74 0.002 0.202 0.043 0.006 0.008 1.264 0.985 0.006 0.074 0.001 0.002
OCO-07-24_ox24 Huaylillas arc 0.11 14.72 2.81 0.32 0.59 38.59 39.74 0.40 3.47 0.07 0.08 100.89 0.002 0.184 0.055 0.004 0.008 1.199 1.048 0.006 0.086 0.001 0.001
OCO-07-24_ox25 Huaylillas arc 0.08 16.94 1.84 0.44 0.62 34.50 42.16 0.45 2.92 0.03 0.08 100.06 0.001 0.212 0.036 0.006 0.008 1.291 0.950 0.006 0.072 0.001 0.001
OCO-07-24_ox26 Huaylillas arc 0.10 14.45 2.89 0.44 0.60 38.65 39.02 0.35 3.70 0.07 0.09 100.36 0.002 0.181 0.057 0.006 0.008 1.181 1.053 0.005 0.092 0.001 0.001
OCO-07-24_ox28 Huaylillas arc 0.09 17.31 1.80 0.34 0.62 34.32 42.73 0.44 2.88 0.03 0.10 100.66 0.001 0.217 0.035 0.005 0.008 1.301 0.940 0.006 0.071 0.001 0.002
OCO-07-24_ox29 Huaylillas arc 0.05 17.24 1.81 0.38 0.63 34.42 42.61 0.43 2.88 0.02 0.09 100.56 0.001 0.216 0.035 0.005 0.008 1.299 0.944 0.006 0.071 0.001 0.001
OCO-07-24_ox30 Huaylillas arc 0.08 17.11 1.87 0.40 0.61 34.29 42.78 0.43 2.69 0.05 0.09 100.41 0.001 0.214 0.037 0.005 0.008 1.308 0.943 0.006 0.067 0.001 0.001
OCO-07-24_ox31 Huaylillas arc 0.11 13.12 2.67 0.32 0.58 41.07 39.28 0.28 2.79 0.08 0.06 100.36 0.002 0.164 0.052 0.004 0.008 1.200 1.129 0.004 0.069 0.001 0.001
OCO-07-24_ox32 Huaylillas arc 0.12 17.07 1.79 0.25 0.61 34.36 42.47 0.45 2.83 0.04 0.08 100.06 0.002 0.214 0.035 0.003 0.008 1.301 0.948 0.006 0.070 0.001 0.001
OCO-07-24_ox33 Huaylillas arc 0.12 14.42 2.66 0.44 0.66 38.87 39.85 0.39 3.17 0.06 0.09 100.72 0.002 0.181 0.052 0.006 0.009 1.208 1.060 0.006 0.079 0.001 0.002
BAR-00-40_ox01 Huaylillas arc 0.12 8.70 3.67 0.01 0.42 48.93 35.54 0.42 2.55 n.d. 0.10 100.46 0.002 0.109 0.072 0.000 0.006 1.085 1.344 0.006 0.063 0.001 0.002
BAR-00-40_ox02 Huaylillas arc 0.09 8.76 3.73 0.01 0.41 48.69 35.49 0.45 2.52 n.d. 0.13 100.29 0.002 0.110 0.073 0.000 0.005 1.084 1.339 0.006 0.063 0.002 0.002
BAR-00-40_ox03 Huaylillas arc 0.07 9.29 2.81 n.d. 0.30 48.28 36.84 0.55 1.73 n.d. 0.12 99.99 0.001 0.116 0.055 0.000 0.004 1.141 1.345 0.008 0.043 0.002 0.002
BAR-00-40_ox04 Huaylillas arc 0.06 8.70 3.55 n.d. 0.40 48.73 35.93 0.46 2.13 n.d. 0.11 100.07 0.001 0.109 0.070 0.000 0.005 1.105 1.348 0.006 0.053 0.001 0.002
BAR-00-40_ox05 Huaylillas arc 0.10 8.58 3.73 0.01 0.40 49.26 35.25 0.44 2.65 0.02 0.11 100.56 0.002 0.107 0.073 0.000 0.005 1.074 1.350 0.006 0.066 0.001 0.002
BAR-00-40_ox09 Huaylillas arc 0.09 8.62 3.67 0.01 0.39 49.72 35.16 0.47 2.78 0.02 0.13 101.06 0.001 0.108 0.072 0.000 0.005 1.065 1.356 0.007 0.069 0.002 0.002
BAR-00-40_ox10 Huaylillas arc 0.08 8.67 3.63 0.01 0.42 49.34 34.98 0.44 2.84 n.d. 0.12 100.53 0.001 0.109 0.071 0.000 0.006 1.065 1.351 0.006 0.070 0.002 0.002
BAR-00-40_ox11 Huaylillas arc 0.12 8.93 3.71 0.01 0.40 48.16 35.21 0.42 2.79 n.d. 0.11 99.85 0.002 0.112 0.073 0.000 0.005 1.078 1.327 0.006 0.069 0.001 0.002
BAR-00-40_ox12 Huaylillas arc 0.09 8.63 3.68 n.d. 0.40 49.16 35.54 0.46 2.49 n.d. 0.09 100.54 0.002 0.108 0.072 0.000 0.005 1.085 1.350 0.007 0.062 0.001 0.001
BAR-00-40_ox13 Huaylillas arc 0.16 16.95 1.01 0.02 0.29 33.19 43.55 1.08 1.02 0.02 0.10 97.39 0.003 0.212 0.020 0.000 0.004 1.395 0.956 0.015 0.025 0.001 0.002
BAR-00-40_ox14 Huaylillas arc 0.08 7.60 3.82 0.01 0.41 50.84 33.97 0.44 2.82 0.03 0.09 100.11 0.001 0.095 0.075 0.000 0.005 1.039 1.399 0.006 0.070 0.001 0.001
BAR-00-40_ox15 Huaylillas arc 0.09 6.80 4.02 n.d. 0.40 52.53 33.70 0.42 2.66 n.d. 0.11 100.73 0.001 0.085 0.079 0.000 0.005 1.025 1.438 0.006 0.066 0.001 0.002
BAR-00-40_ox16 Huaylillas arc 0.09 8.74 3.64 0.01 0.39 49.18 35.22 0.43 2.78 0.02 0.10 100.59 0.001 0.109 0.071 0.000 0.005 1.072 1.347 0.006 0.069 0.001 0.002
BAR-00-40_ox17 Huaylillas arc 0.09 8.26 3.69 n.d. 0.41 49.80 34.60 0.44 2.81 0.02 0.10 100.22 0.002 0.103 0.072 0.000 0.005 1.057 1.369 0.006 0.070 0.001 0.002
BAR-00-40_ox18 Huaylillas arc 0.10 8.60 3.58 0.02 0.39 49.77 34.69 0.44 3.07 n.d. 0.09 100.74 0.002 0.108 0.070 0.000 0.005 1.053 1.359 0.006 0.076 0.001 0.002
BAR-00-40_ox19 Huaylillas arc 0.08 8.59 3.61 0.01 0.41 49.36 34.86 0.42 2.83 n.d. 0.12 100.28 0.001 0.108 0.071 0.000 0.005 1.064 1.355 0.006 0.070 0.002 0.002
BAR-00-40_ox20 Huaylillas arc 0.05 7.89 3.82 0.01 0.42 50.55 34.56 0.43 2.68 0.01 0.08 100.51 0.001 0.099 0.075 0.000 0.006 1.054 1.387 0.006 0.067 0.001 0.001
TAZ-00-02_ox02 Tacaza arc 0.16 12.51 3.11 0.03 0.52 39.13 39.29 1.14 1.06 0.02 0.28 97.25 0.003 0.157 0.061 0.000 0.007 1.247 1.118 0.016 0.026 0.004 0.005
TAZ-00-02_ox03 Tacaza arc 0.07 10.42 1.78 n.d. 0.64 43.91 38.35 0.84 0.39 0.04 0.15 96.60 0.001 0.130 0.035 0.000 0.009 1.246 1.284 0.012 0.010 0.002 0.003
TAZ-00-02_ox04 Tacaza arc 2.70 13.00 2.68 0.06 0.51 32.33 40.71 1.82 1.90 0.04 0.28 96.03 0.045 0.163 0.053 0.001 0.007 1.287 0.920 0.026 0.047 0.004 0.005
TAZ-00-02_ox05 Tacaza arc 0.41 12.05 2.53 0.03 0.55 39.39 39.32 1.44 0.56 n.d. 0.30 96.58 0.007 0.151 0.050 0.000 0.007 1.264 1.139 0.020 0.014 0.004 0.005
TAZ-00-02_ox06 Tacaza arc 0.12 11.98 2.96 0.01 0.54 39.95 40.41 0.39 0.66 0.01 0.08 97.10 0.002 0.150 0.058 0.000 0.007 1.294 1.151 0.006 0.016 0.001 0.001
TAZ-00-02_ox07 Tacaza arc 0.10 12.09 3.05 0.01 0.53 40.30 40.60 0.41 0.73 0.02 0.10 97.93 0.002 0.151 0.060 0.000 0.007 1.287 1.150 0.006 0.018 0.001 0.002
TAZ-00-02_ox08 Tacaza arc 0.14 12.96 3.21 n.d. 0.53 38.72 39.93 0.52 1.61 0.02 0.12 97.74 0.002 0.162 0.063 0.000 0.007 1.257 1.097 0.007 0.040 0.002 0.002
TAZ-00-02_ox09 Tacaza arc 0.12 12.83 2.66 0.02 0.57 38.78 40.78 0.63 0.73 n.d. 0.13 97.25 0.002 0.161 0.052 0.000 0.008 1.303 1.115 0.009 0.018 0.002 0.002
TAZ-00-02_ox10 Tacaza arc 0.09 9.61 3.64 0.24 0.54 45.48 37.65 0.48 1.43 0.04 0.10 99.31 0.002 0.120 0.071 0.003 0.007 1.171 1.273 0.007 0.036 0.001 0.002
TAZ-00-02_ox11 Tacaza arc 0.07 11.39 3.21 0.02 0.51 42.56 38.89 0.52 1.51 0.01 0.10 98.78 0.001 0.143 0.063 0.000 0.007 1.216 1.197 0.007 0.037 0.001 0.002
TAZ-00-02_ox12 Tacaza arc 0.06 12.59 3.26 0.01 0.52 38.75 40.51 0.40 0.94 0.02 0.09 97.15 0.001 0.158 0.064 0.000 0.007 1.291 1.111 0.006 0.023 0.001 0.001
TAZ-00-02_ox13 Tacaza arc 0.99 11.60 3.54 0.03 0.52 38.12 39.85 0.74 1.23 0.02 0.16 96.80 0.016 0.145 0.069 0.000 0.007 1.264 1.088 0.010 0.030 0.002 0.003
TAZ-00-02_ox14 Tacaza arc 0.47 13.80 2.74 0.03 0.55 35.92 40.19 1.92 0.68 0.02 0.45 96.78 0.008 0.173 0.054 0.000 0.007 1.282 1.031 0.027 0.017 0.006 0.007
TAZ-00-02_ox15 Tacaza arc 0.10 11.95 3.04 0.03 0.48 39.32 39.31 0.57 0.94 0.02 0.12 95.88 0.002 0.150 0.060 0.000 0.006 1.270 1.143 0.008 0.023 0.002 0.002
TAZ-00-02_ox16 Tacaza arc 0.22 12.61 2.62 n.d. 0.53 39.09 39.90 1.38 0.53 0.01 0.30 97.19 0.004 0.158 0.051 0.000 0.007 1.275 1.124 0.019 0.013 0.004 0.005
TAZ-00-02_ox17 Tacaza arc 0.14 12.42 3.05 0.02 0.53 39.27 40.37 0.89 0.71 0.03 0.10 97.53 0.002 0.155 0.060 0.000 0.007 1.285 1.125 0.013 0.018 0.001 0.002
TAZ-00-02_ox18 Tacaza arc 0.10 12.19 3.49 n.d. 0.59 39.43 40.69 0.49 0.72 n.d. 0.08 97.78 0.002 0.153 0.068 0.000 0.008 1.289 1.124 0.007 0.018 0.001 0.001
TAZ-00-02_ox19 Tacaza arc 0.13 8.64 2.73 n.d. 0.26 49.65 35.03 0.70 2.43 0.01 0.08 99.66 0.002 0.108 0.054 0.000 0.003 1.084 1.383 0.010 0.060 0.001 0.001
TAZ-00-02_ox20 Tacaza arc 0.14 13.32 2.61 0.33 0.60 36.99 39.98 1.29 0.75 0.02 0.28 96.29 0.002 0.167 0.051 0.004 0.008 1.287 1.071 0.018 0.019 0.004 0.005
TAZ-00-02_ox21 Tacaza arc 0.07 12.14 3.10 n.d. 0.52 40.60 39.98 0.45 1.13 0.04 0.11 98.13 0.001 0.152 0.061 0.000 0.007 1.261 1.153 0.006 0.028 0.001 0.002
TAZ-00-02_ox22 Tacaza arc 0.13 11.82 1.85 0.03 0.60 41.72 38.88 2.00 0.32 0.02 0.23 97.60 0.002 0.148 0.036 0.000 0.008 1.247 1.204 0.028 0.008 0.003 0.004
TAZ-00-02_ox23 Tacaza arc 0.13 13.21 2.66 0.14 0.55 37.90 40.34 1.40 0.60 0.01 0.23 97.18 0.002 0.165 0.052 0.002 0.007 1.289 1.090 0.020 0.015 0.003 0.004
TAZ-00-02_ox24 Tacaza arc 0.07 12.55 3.10 n.d. 0.54 39.55 40.42 0.45 1.08 0.02 0.09 97.87 0.001 0.157 0.061 0.000 0.007 1.279 1.126 0.006 0.027 0.001 0.001
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MAJ-07-11_ox35 Toquepala arc 0.04 0.44 0.48 0.06 0.84 67.19 31.80 0.03 0.02 n.d. 0.01 100.91 0.001 0.005 0.009 0.001 0.011 1.011 1.923 0.000 0.000 0.000 0.000

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
TAZ-00-02_ox26 Tacaza arc 0.13 13.09 2.71 n.d. 0.55 38.65 41.30 0.60 0.65 0.01 0.17 97.86 0.002 0.164 0.053 0.000 0.007 1.311 1.104 0.008 0.016 0.002 0.003
TAZ-00-02_ox27 Tacaza arc 0.11 13.18 2.74 0.02 0.54 38.26 41.00 0.69 0.80 0.02 0.12 97.47 0.002 0.165 0.054 0.000 0.007 1.306 1.097 0.010 0.020 0.002 0.002
TAZ-00-02_ox28 Tacaza arc 0.13 12.62 2.68 0.03 0.52 39.64 41.03 0.60 0.64 0.01 0.10 98.02 0.002 0.158 0.053 0.000 0.007 1.302 1.132 0.008 0.016 0.001 0.002
TAZ-00-02_ox29 Tacaza arc 0.26 12.37 3.15 0.01 0.52 38.89 39.60 0.86 1.12 0.03 0.17 96.98 0.004 0.155 0.062 0.000 0.007 1.261 1.114 0.012 0.028 0.002 0.003
TAZ-00-02_ox30 Tacaza arc 0.17 12.89 2.83 0.04 0.52 37.96 39.84 0.81 1.14 0.02 0.11 96.32 0.003 0.161 0.056 0.000 0.007 1.280 1.097 0.011 0.028 0.001 0.002
TAZ-00-02_ox31 Tacaza arc 0.11 13.46 3.11 0.03 0.57 38.36 41.70 0.53 0.97 0.01 0.11 98.96 0.002 0.169 0.061 0.000 0.008 1.304 1.080 0.008 0.024 0.002 0.002
TIN-08-01_ox02 Tacaza arc 0.31 12.32 2.73 0.47 0.51 37.82 38.93 1.71 0.51 0.05 0.34 95.71 0.005 0.154 0.054 0.006 0.007 1.261 1.103 0.024 0.013 0.005 0.006
TIN-08-01_ox05 Tacaza arc 0.05 12.71 3.08 0.53 0.57 39.93 37.22 0.63 3.14 0.04 0.09 97.99 0.001 0.159 0.060 0.007 0.008 1.158 1.117 0.009 0.078 0.001 0.001
TIN-08-01_ox06 Tacaza arc 0.12 10.73 3.75 0.51 0.50 43.88 35.79 0.55 3.38 0.06 0.04 99.30 0.002 0.134 0.074 0.007 0.007 1.096 1.209 0.008 0.084 0.001 0.001
TIN-08-01_ox08 Tacaza arc 0.08 13.33 0.98 0.29 0.68 38.55 40.35 1.53 0.27 0.03 0.13 96.22 0.001 0.167 0.019 0.004 0.009 1.320 1.134 0.022 0.007 0.002 0.002
TIN-08-01_ox14 Tacaza arc 0.08 12.90 1.18 0.42 0.63 39.78 40.06 1.50 0.42 0.05 0.14 97.17 0.001 0.161 0.023 0.006 0.008 1.295 1.157 0.021 0.010 0.002 0.002
TIN-08-01_ox16 Tacaza arc 0.15 10.68 3.81 0.55 0.47 42.66 35.39 3.42 1.56 0.06 0.14 98.90 0.002 0.134 0.075 0.007 0.006 1.101 1.194 0.048 0.039 0.002 0.002
TIN-08-01_ox17 Tacaza arc 0.85 11.18 0.45 0.51 0.38 41.40 40.96 0.21 0.11 0.06 0.07 96.17 0.014 0.140 0.009 0.007 0.005 1.346 1.224 0.003 0.003 0.001 0.001
TIN-08-01_ox18 Tacaza arc 0.08 10.52 3.58 0.58 0.51 45.37 34.03 0.52 4.35 0.07 0.12 99.74 0.001 0.132 0.070 0.008 0.007 1.031 1.236 0.007 0.108 0.002 0.002
TIN-08-01_ox23 Tacaza arc 0.05 11.02 3.69 0.57 0.50 43.55 36.44 0.82 2.96 0.03 0.05 99.70 0.001 0.138 0.072 0.008 0.007 1.115 1.199 0.012 0.073 0.001 0.001
TIN-08-01_ox28 Tacaza arc 0.08 11.69 3.18 0.50 0.54 42.09 36.03 0.61 3.39 0.04 0.10 98.26 0.001 0.146 0.062 0.007 0.007 1.116 1.173 0.009 0.084 0.001 0.002
TIN-08-01_ox32 Tacaza arc 1.12 9.84 1.63 0.66 0.15 40.83 38.78 0.64 0.26 0.08 0.18 94.16 0.019 0.123 0.032 0.009 0.002 1.289 1.221 0.009 0.006 0.002 0.003
TIN-08-01_ox34 Tacaza arc 0.22 11.30 2.01 0.56 0.58 42.43 37.43 1.62 1.48 0.05 0.10 97.78 0.004 0.141 0.039 0.007 0.008 1.189 1.213 0.023 0.037 0.001 0.002
TIN-08-01_ox36 Tacaza arc 0.74 11.10 0.29 0.54 0.32 41.63 40.66 0.25 0.08 0.06 0.01 95.68 0.012 0.139 0.006 0.007 0.004 1.346 1.240 0.004 0.002 0.000 0.000
MAJ-07-11_ox04 Toquepala arc 0.05 2.08 0.38 0.06 0.93 63.76 33.05 0.15 0.03 0.01 0.02 100.54 0.001 0.026 0.007 0.001 0.012 1.054 1.829 0.002 0.001 0.000 0.000
MAJ-07-11_ox05 Toquepala arc 0.04 0.16 0.55 0.13 0.82 67.21 31.32 0.01 0.01 n.d. 0.04 100.30 0.001 0.002 0.011 0.002 0.011 1.002 1.934 0.000 0.000 0.001 0.001
MAJ-07-11_ox06 Toquepala arc 0.04 0.23 0.77 0.06 0.90 66.94 31.37 n.d. 0.03 0.01 0.09 100.45 0.001 0.003 0.015 0.001 0.012 1.000 1.920 0.000 0.001 0.001 0.002
MAJ-07-11_ox07 Toquepala arc 0.05 0.25 0.60 0.08 0.89 66.90 31.43 0.02 0.03 0.04 0.03 100.30 0.001 0.003 0.012 0.001 0.012 1.005 1.925 0.000 0.001 0.000 0.000
MAJ-07-11_ox08 Toquepala arc 0.04 0.23 0.19 0.06 1.00 67.41 31.43 0.03 n.d. n.d. 0.01 100.40 0.001 0.003 0.004 0.001 0.013 1.007 1.943 0.000 0.000 0.000 0.000
MAJ-07-11_ox09 Toquepala arc 0.06 0.27 0.50 0.05 0.87 67.28 31.60 0.02 0.02 0.01 0.01 100.68 0.001 0.003 0.010 0.001 0.012 1.007 1.930 0.000 0.001 0.000 0.000
MAJ-07-11_ox10 Toquepala arc 0.06 5.37 2.68 0.07 0.90 54.71 36.50 0.03 0.07 0.01 0.05 100.45 0.001 0.067 0.053 0.001 0.012 1.145 1.545 0.000 0.002 0.001 0.001
MAJ-07-11_ox11 Toquepala arc 0.03 0.14 0.71 0.05 0.78 67.11 31.38 0.03 0.01 n.d. n.d. 100.25 0.001 0.002 0.014 0.001 0.010 1.004 1.932 0.000 0.000 0.000 0.000
MAJ-07-11_ox12 Toquepala arc 0.04 0.18 0.33 0.10 0.64 67.74 31.40 n.d. 0.03 0.01 0.01 100.47 0.001 0.002 0.007 0.001 0.009 1.004 1.949 0.000 0.001 0.000 0.000
MAJ-07-11_ox13 Toquepala arc 0.03 0.21 0.23 0.09 0.78 67.60 31.38 0.01 n.d. 0.01 0.02 100.36 0.000 0.003 0.004 0.001 0.010 1.005 1.949 0.000 0.000 0.000 0.000
MAJ-07-11_ox14 Toquepala arc 0.04 0.27 0.51 0.08 0.92 67.56 31.74 0.02 n.d. n.d. 0.02 101.15 0.001 0.003 0.010 0.001 0.012 1.007 1.929 0.000 0.000 0.000 0.000
MAJ-07-11_ox15 Toquepala arc 0.05 0.16 0.47 0.06 1.03 67.35 31.47 0.05 0.03 0.02 n.d. 100.68 0.001 0.002 0.009 0.001 0.014 1.003 1.933 0.001 0.001 0.000 0.000
MAJ-07-11_ox16 Toquepala arc 0.02 0.25 0.56 0.05 0.87 67.04 31.32 0.07 0.04 n.d. 0.02 100.23 0.000 0.003 0.011 0.001 0.012 1.002 1.931 0.001 0.001 0.000 0.000
MAJ-07-11_ox17 Toquepala arc 0.06 0.37 0.36 0.03 0.88 66.71 31.45 0.02 0.01 0.01 0.01 99.92 0.001 0.005 0.007 0.000 0.012 1.011 1.930 0.000 0.000 0.000 0.000
MAJ-07-11_ox18 Toquepala arc 0.01 0.55 0.38 0.07 0.99 66.65 31.65 0.03 0.05 0.02 n.d. 100.40 0.000 0.007 0.007 0.001 0.013 1.012 1.918 0.000 0.001 0.000 0.000
MAJ-07-11_ox19 Toquepala arc 0.04 0.22 0.48 0.08 0.99 67.45 31.44 0.04 0.09 n.d. 0.03 100.85 0.001 0.003 0.009 0.001 0.013 1.000 1.930 0.000 0.002 0.000 0.000
MAJ-07-11_ox20 Toquepala arc 0.03 0.24 0.53 0.06 0.99 66.99 31.43 0.02 0.04 n.d. n.d. 100.33 0.000 0.003 0.010 0.001 0.013 1.005 1.928 0.000 0.001 0.000 0.000
MAJ-07-11_ox21 Toquepala arc 0.06 0.23 0.47 0.04 0.87 67.59 31.50 0.03 0.09 0.01 0.02 100.93 0.001 0.003 0.009 0.001 0.012 1.001 1.933 0.000 0.002 0.000 0.000
MAJ-07-11_ox22 Toquepala arc 0.03 0.20 0.61 0.09 0.92 67.16 31.36 0.02 0.08 0.01 0.02 100.48 0.000 0.002 0.012 0.001 0.012 1.000 1.928 0.000 0.002 0.000 0.000
MAJ-07-11_ox23 Toquepala arc 0.03 0.44 0.41 0.04 0.86 66.89 31.60 0.04 0.02 0.02 n.d. 100.36 0.000 0.006 0.008 0.001 0.012 1.011 1.926 0.001 0.000 0.000 0.000
MAJ-07-11_ox24 Toquepala arc n.d. 0.13 0.30 0.07 0.81 67.45 31.17 0.01 0.01 n.d. n.d. 99.96 0.000 0.002 0.006 0.001 0.011 1.002 1.952 0.000 0.000 0.000 0.000
MAJ-07-11_ox25 Toquepala arc 0.05 0.18 0.29 0.07 0.86 67.42 31.25 0.04 0.01 n.d. 0.05 100.22 0.001 0.002 0.006 0.001 0.011 1.002 1.944 0.001 0.000 0.001 0.001
MAJ-07-11_ox26 Toquepala arc 0.04 0.28 0.59 0.04 0.89 66.93 31.43 0.05 0.02 n.d. 0.03 100.31 0.001 0.004 0.012 0.001 0.012 1.005 1.926 0.001 0.000 0.000 0.001
MAJ-07-11_ox27 Toquepala arc 0.03 0.26 0.45 0.04 1.00 67.15 31.47 0.05 0.02 0.01 0.01 100.49 0.001 0.003 0.009 0.001 0.013 1.005 1.930 0.001 0.000 0.000 0.000
MAJ-07-11_ox28 Toquepala arc 0.04 2.16 0.54 0.10 0.83 63.43 32.94 0.26 0.08 n.d. n.d. 100.39 0.001 0.027 0.011 0.001 0.011 1.051 1.820 0.004 0.002 0.000 0.000
MAJ-07-11_ox29 Toquepala arc 0.05 2.31 2.73 0.08 0.89 60.43 32.35 0.24 0.19 0.01 0.42 99.70 0.001 0.029 0.054 0.001 0.012 1.020 1.715 0.003 0.005 0.006 0.007
MAJ-07-11_ox30 Toquepala arc 0.03 13.41 0.89 0.08 0.74 39.61 42.94 0.02 0.04 0.01 n.d. 97.76 0.000 0.168 0.017 0.001 0.010 1.388 1.152 0.000 0.001 0.000 0.000
MAJ-07-11_ox31 Toquepala arc 0.07 2.55 0.80 0.09 0.85 62.15 32.95 0.45 0.03 0.01 0.12 100.06 0.001 0.032 0.016 0.001 0.011 1.051 1.784 0.006 0.001 0.002 0.002
MAJ-07-11_ox32 Toquepala arc 0.06 6.85 1.72 0.07 0.81 53.86 34.23 2.12 0.20 n.d. 0.74 100.67 0.001 0.086 0.034 0.001 0.011 1.066 1.510 0.030 0.005 0.010 0.012
MAJ-07-11_ox33 Toquepala arc 0.03 0.37 0.45 0.11 0.90 67.06 31.62 0.04 0.03 0.01 n.d. 100.63 0.000 0.005 0.009 0.001 0.012 1.009 1.925 0.001 0.001 0.000 0.000
MAJ-07-11_ox34 Toquepala arc 0.01 0.16 0.25 0.10 0.82 67.82 31.37 0.03 0.03 n.d. n.d. 100.60 0.000 0.002 0.005 0.001 0.011 1.003 1.950 0.000 0.001 0.000 0.000
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MOQ-08-01_ox11 Toquepala arc 0.10 6.29 2.26 n.d. 0.02 51.02 35.39 0.42 n.d. 0.01 0.13 95.64 0.002 0.079 0.044 0.000 0.000 1.167 1.514 0.006 0.000 0.002 0.002

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
SRTA-02-01_ox01 Toquepala arc n.d. 0.09 0.08 0.01 0.30 68.74 31.19 0.05 0.02 n.d. n.d. 100.48 0.000 0.001 0.002 0.000 0.004 1.000 1.982 0.001 0.001 0.000 0.000
SRTA-02-01_ox02 Toquepala arc 0.03 0.06 0.05 n.d. 0.27 68.36 31.01 0.06 0.02 n.d. n.d. 99.86 0.000 0.001 0.001 0.000 0.004 1.000 1.984 0.001 0.000 0.000 0.000
SRTA-02-01_ox03 Toquepala arc n.d. 0.05 0.07 n.d. 0.27 69.19 31.29 0.05 n.d. n.d. 0.02 100.94 0.000 0.001 0.001 0.000 0.004 0.998 1.986 0.001 0.000 0.000 0.000
SRTA-02-01_ox04 Toquepala arc 0.03 0.03 0.06 n.d. 0.30 68.43 30.92 0.09 0.01 n.d. 0.03 99.91 0.001 0.000 0.001 0.000 0.004 0.996 1.984 0.001 0.000 0.000 0.001
SRTA-02-01_ox05 Toquepala arc 0.03 0.06 0.08 0.01 0.28 68.59 31.12 0.07 0.02 n.d. n.d. 100.25 0.000 0.001 0.002 0.000 0.004 0.999 1.982 0.001 0.001 0.000 0.000
SRTA-02-01_ox06 Toquepala arc 0.04 0.05 0.04 n.d. 0.29 68.78 31.22 0.06 0.01 0.01 n.d. 100.50 0.001 0.001 0.001 0.000 0.004 1.001 1.983 0.001 0.000 0.000 0.000
SRTA-02-01_ox07 Toquepala arc 0.03 0.05 0.08 n.d. 0.26 69.28 31.28 0.07 0.02 n.d. 0.06 101.12 0.000 0.001 0.001 0.000 0.003 0.995 1.984 0.001 0.001 0.001 0.001
SRTA-02-01_ox08 Toquepala arc 0.02 0.01 0.09 0.01 0.30 68.09 30.84 0.05 0.02 0.02 n.d. 99.46 0.000 0.000 0.002 0.000 0.004 0.998 1.984 0.001 0.001 0.000 0.000
SRTA-02-01_ox09 Toquepala arc 0.01 0.02 0.02 0.01 0.28 69.46 31.38 0.04 0.03 n.d. n.d. 101.25 0.000 0.000 0.000 0.000 0.004 0.998 1.988 0.001 0.001 0.000 0.000
SRTA-02-01_ox10 Toquepala arc 0.01 0.03 0.02 n.d. 0.26 68.70 31.05 0.06 0.01 n.d. n.d. 100.15 0.000 0.000 0.000 0.000 0.003 0.999 1.988 0.001 0.000 0.000 0.000
SRTA-02-01_ox11 Toquepala arc 0.04 0.03 0.07 n.d. 0.27 68.77 31.24 0.04 n.d. n.d. n.d. 100.47 0.001 0.000 0.001 0.000 0.004 1.001 1.983 0.001 0.000 0.000 0.000
SRTA-02-01_ox12 Toquepala arc 0.04 0.03 0.04 0.01 0.26 68.70 31.17 0.04 n.d. n.d. n.d. 100.30 0.001 0.000 0.001 0.000 0.004 1.001 1.985 0.001 0.000 0.000 0.000
SRTA-02-01_ox13 Toquepala arc 0.03 0.05 0.05 n.d. 0.27 69.16 31.39 0.01 n.d. n.d. 0.01 100.98 0.000 0.001 0.001 0.000 0.004 1.001 1.984 0.000 0.000 0.000 0.000
SRTA-02-01_ox14 Toquepala arc 0.06 0.08 0.04 n.d. 0.30 68.57 31.22 0.04 0.03 0.05 n.d. 100.39 0.001 0.001 0.001 0.000 0.004 1.002 1.979 0.001 0.001 0.000 0.000
SRTA-02-01_ox15 Toquepala arc 0.01 0.21 0.14 n.d. 0.30 68.52 31.30 0.11 0.03 n.d. n.d. 100.62 0.000 0.003 0.003 0.000 0.004 1.001 1.972 0.002 0.001 0.000 0.000
SRTA-02-01_ox16 Toquepala arc 0.02 0.04 0.06 n.d. 0.28 69.01 31.22 0.06 0.02 n.d. 0.02 100.73 0.000 0.001 0.001 0.000 0.004 0.998 1.985 0.001 0.000 0.000 0.000
SRTA-02-01_ox17 Toquepala arc 0.05 0.15 0.15 n.d. 0.28 68.35 31.32 0.06 n.d. 0.02 n.d. 100.37 0.001 0.002 0.003 0.000 0.004 1.004 1.972 0.001 0.000 0.000 0.000
SRTA-02-01_ox18 Toquepala arc 0.01 0.01 0.09 0.01 0.29 68.73 31.09 0.04 0.02 n.d. 0.01 100.30 0.000 0.000 0.002 0.000 0.004 0.998 1.985 0.001 0.000 0.000 0.000
SRTA-02-01_ox19 Toquepala arc 0.04 0.07 0.06 n.d. 0.28 68.78 31.30 0.03 n.d. 0.02 n.d. 100.59 0.001 0.001 0.001 0.000 0.004 1.002 1.982 0.000 0.000 0.000 0.000
SRTA-02-01_ox20 Toquepala arc 0.04 0.09 0.06 n.d. 0.27 68.65 31.23 0.07 0.02 n.d. n.d. 100.42 0.001 0.001 0.001 0.000 0.004 1.001 1.980 0.001 0.000 0.000 0.000
SRTA-02-01_ox21 Toquepala arc 0.04 0.05 0.03 n.d. 0.26 68.59 31.08 0.09 0.01 n.d. n.d. 100.14 0.001 0.001 0.001 0.000 0.003 0.999 1.985 0.001 0.000 0.000 0.000
SRTA-02-01_ox22 Toquepala arc 0.04 0.08 0.08 n.d. 0.28 68.76 31.28 0.06 0.01 n.d. n.d. 100.59 0.001 0.001 0.002 0.000 0.004 1.001 1.980 0.001 0.000 0.000 0.000
SRTA-02-01_ox23 Toquepala arc 0.06 0.04 0.06 n.d. 0.25 66.05 29.96 0.04 0.01 n.d. 0.03 96.50 0.001 0.001 0.001 0.000 0.003 0.999 1.982 0.001 0.000 0.000 0.000
SRTA-02-01_ox27 Toquepala arc 0.03 0.10 0.05 n.d. 0.29 69.10 31.42 0.06 0.02 0.04 n.d. 101.10 0.001 0.001 0.001 0.000 0.004 1.001 1.981 0.001 0.001 0.000 0.000
SRTA-02-01_ox28 Toquepala arc 0.04 0.08 0.07 n.d. 0.30 68.70 31.28 0.02 0.02 n.d. n.d. 100.50 0.001 0.001 0.001 0.000 0.004 1.002 1.980 0.000 0.000 0.000 0.000
SRTA-02-01_ox29 Toquepala arc 0.05 0.03 0.05 0.01 0.28 69.78 31.65 0.07 n.d. n.d. n.d. 101.91 0.001 0.000 0.001 0.000 0.004 1.000 1.984 0.001 0.000 0.000 0.000
LOC-08-03_ox01 Toquepala arc 0.30 4.13 0.63 n.d. 0.37 57.88 34.45 0.06 0.06 n.d. 0.09 97.98 0.005 0.052 0.012 0.000 0.005 1.121 1.694 0.001 0.002 0.001 0.002
LOC-08-03_ox02 Toquepala arc 0.07 2.24 2.11 0.02 0.42 59.57 29.76 1.26 0.11 n.d. 0.68 96.25 0.001 0.028 0.041 0.000 0.006 0.973 1.752 0.018 0.003 0.009 0.011
LOC-08-03_ox03 Toquepala arc 1.18 2.62 0.96 0.01 0.21 56.66 33.69 0.08 0.02 0.01 n.d. 95.45 0.020 0.033 0.019 0.000 0.003 1.121 1.697 0.001 0.001 0.000 0.000
LOC-08-03_ox04 Toquepala arc 0.29 7.74 0.82 0.05 0.33 49.04 37.10 0.09 0.15 0.01 n.d. 95.64 0.005 0.097 0.016 0.001 0.004 1.231 1.464 0.001 0.004 0.000 0.000
LOC-08-03_ox05 Toquepala arc 0.22 27.91 2.98 n.d. 0.29 5.02 53.94 0.31 0.09 0.01 0.38 91.16 0.004 0.349 0.058 0.000 0.004 1.806 0.151 0.004 0.002 0.005 0.006
LOC-08-03_ox06 Toquepala arc 0.09 1.52 3.46 n.d. 0.32 60.70 29.91 0.14 0.30 n.d. 1.05 97.49 0.002 0.019 0.068 0.000 0.004 0.953 1.741 0.002 0.008 0.014 0.017
LOC-08-03_ox08 Toquepala arc 0.33 3.05 0.55 n.d. 0.34 59.12 32.56 0.57 0.08 n.d. 0.07 96.67 0.006 0.038 0.011 0.000 0.004 1.075 1.756 0.008 0.002 0.001 0.001
LOC-08-03_ox09 Toquepala arc 0.12 1.97 0.66 0.02 0.34 61.64 31.48 0.45 0.03 0.01 0.10 96.79 0.002 0.025 0.013 0.000 0.005 1.040 1.832 0.006 0.001 0.001 0.002
LOC-08-03_ox10 Toquepala arc 0.42 9.21 0.71 0.01 0.31 46.28 38.07 0.34 0.20 n.d. 0.13 95.68 0.007 0.115 0.014 0.000 0.004 1.258 1.376 0.005 0.005 0.002 0.002
LOC-08-03_ox11 Toquepala arc 0.15 2.64 0.82 0.10 0.34 59.87 32.38 0.13 0.05 0.01 0.11 96.61 0.003 0.033 0.016 0.001 0.005 1.069 1.779 0.002 0.001 0.001 0.002
LOC-08-03_ox12 Toquepala arc 0.05 2.07 0.65 n.d. 0.34 61.64 31.04 0.99 n.d. n.d. 0.07 96.84 0.001 0.026 0.013 0.000 0.004 1.025 1.832 0.014 0.000 0.001 0.001
LOC-08-03_ox13 Toquepala arc 0.65 5.05 0.64 0.02 0.36 53.78 34.22 0.61 0.28 0.02 0.06 95.68 0.011 0.063 0.012 0.000 0.005 1.135 1.606 0.009 0.007 0.001 0.001
LOC-08-03_ox14 Toquepala arc 0.31 1.27 1.66 n.d. 0.34 61.18 31.10 0.33 0.05 0.01 0.17 96.42 0.005 0.016 0.033 0.000 0.005 1.024 1.813 0.005 0.001 0.002 0.003
LOC-08-03_ox15 Toquepala arc 0.15 4.61 0.37 0.02 0.36 56.35 33.97 0.25 0.01 n.d. 0.09 96.17 0.002 0.058 0.007 0.000 0.005 1.128 1.684 0.003 0.000 0.001 0.001
MOQ-08-01_ox01 Toquepala arc 0.09 8.72 1.68 n.d. 0.01 46.66 36.38 0.99 0.03 n.d. 0.30 94.86 0.001 0.109 0.033 0.000 0.000 1.207 1.393 0.014 0.001 0.004 0.005
MOQ-08-01_ox02 Toquepala arc 0.14 2.35 2.15 n.d. 0.02 58.31 31.66 0.35 0.03 n.d. 0.12 95.12 0.002 0.029 0.042 0.000 0.000 1.054 1.747 0.005 0.001 0.002 0.002
MOQ-08-01_ox03 Toquepala arc 0.12 4.33 2.39 n.d. 0.02 54.06 33.13 0.62 0.05 0.02 0.11 94.85 0.002 0.054 0.047 0.000 0.000 1.102 1.619 0.009 0.001 0.002 0.002
MOQ-08-01_ox04 Toquepala arc 0.38 4.19 1.53 n.d. 0.03 55.32 33.92 0.21 n.d. 0.02 0.13 95.73 0.006 0.052 0.030 0.000 0.000 1.123 1.648 0.003 0.000 0.002 0.002
MOQ-08-01_ox05 Toquepala arc 0.12 5.86 1.88 n.d. 0.01 52.45 34.76 0.32 n.d. 0.01 0.32 95.74 0.002 0.073 0.037 0.000 0.000 1.145 1.555 0.005 0.000 0.004 0.005
MOQ-08-01_ox06 Toquepala arc 0.11 8.17 1.94 0.01 0.12 47.52 36.02 1.25 n.d. 0.01 0.22 95.37 0.002 0.102 0.038 0.000 0.002 1.189 1.412 0.018 0.000 0.003 0.004
MOQ-08-01_ox07 Toquepala arc 0.15 2.48 1.81 n.d. 0.01 59.00 31.91 0.36 0.01 n.d. 0.17 95.91 0.003 0.031 0.036 0.000 0.000 1.055 1.755 0.005 0.000 0.002 0.003
MOQ-08-01_ox08 Toquepala arc 0.47 6.92 1.54 n.d. 0.03 50.04 36.26 0.23 0.04 0.01 0.28 95.82 0.008 0.087 0.030 0.000 0.000 1.193 1.481 0.003 0.001 0.004 0.005
MOQ-08-01_ox09 Toquepala arc 0.20 1.52 2.19 n.d. 0.02 61.02 31.60 0.43 n.d. n.d. 0.09 97.07 0.003 0.019 0.043 0.000 0.000 1.032 1.794 0.006 0.000 0.001 0.001
MOQ-08-01_ox10 Toquepala arc 0.18 0.50 1.71 n.d. 0.02 63.46 30.21 0.64 0.02 n.d. 0.10 96.85 0.003 0.006 0.034 0.000 0.000 0.993 1.876 0.009 0.000 0.001 0.002
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ARI-23-05_ox08 Coastal Batholith 0.04 0.05 0.06 0.01 0.35 68.67 31.12 0.17 n.d. 0.01 0.01 100.48 0.001 0.001 0.001 0.000 0.005 0.997 1.980 0.002 0.000 0.000 0.000
ARI-23-05_ox09 Coastal Batholith n.d. 0.02 0.06 0.01 0.31 69.14 31.06 0.16 0.03 0.01 0.03 100.84 0.000 0.000 0.001 0.000 0.004 0.992 1.986 0.002 0.001 0.000 0.001

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-08-01_ox12 Toquepala arc 0.14 5.21 2.28 n.d. 0.04 52.61 33.74 0.84 0.01 n.d. 0.18 95.06 0.002 0.065 0.045 0.000 0.001 1.119 1.570 0.012 0.000 0.002 0.003
MOQ-08-01_ox13 Toquepala arc 0.15 5.10 1.61 0.01 0.11 53.98 34.63 0.16 0.02 n.d. 0.09 95.86 0.003 0.064 0.032 0.000 0.001 1.145 1.606 0.002 0.000 0.001 0.001
MOQ-08-01_ox14 Toquepala arc 0.68 8.56 1.20 n.d. n.d. 45.79 37.73 0.19 0.03 n.d. 0.23 94.42 0.011 0.107 0.023 0.000 0.000 1.259 1.375 0.003 0.001 0.003 0.004
MOQ-08-01_ox15 Toquepala arc 0.55 8.00 1.78 0.14 0.44 46.86 37.42 0.29 0.01 n.d. 0.28 95.78 0.009 0.100 0.035 0.002 0.006 1.228 1.384 0.004 0.000 0.004 0.005
MOQ-08-01_ox16 Toquepala arc 0.14 4.71 2.17 n.d. 0.04 56.10 34.07 1.17 0.03 n.d. 0.13 98.56 0.002 0.059 0.043 0.000 0.001 1.092 1.619 0.016 0.001 0.002 0.002
MOQ-08-01_ox17 Toquepala arc 0.09 9.49 1.80 n.d. 0.03 45.28 36.56 1.34 n.d. 0.01 0.47 95.07 0.001 0.119 0.035 0.000 0.000 1.207 1.345 0.019 0.000 0.006 0.008
MOQ-08-01_ox18 Toquepala arc 0.12 7.61 1.89 0.02 0.09 49.04 36.08 0.82 n.d. n.d. 0.24 95.91 0.002 0.095 0.037 0.000 0.001 1.185 1.450 0.012 0.000 0.003 0.004
MOQ-08-01_ox19 Toquepala arc 0.10 3.32 2.18 n.d. 0.04 57.30 32.63 0.56 0.05 n.d. 0.12 96.30 0.002 0.042 0.043 0.000 0.001 1.072 1.694 0.008 0.001 0.002 0.002
MOQ-08-01_ox20 Toquepala arc 0.11 4.50 1.92 n.d. 0.09 55.16 33.73 0.41 0.01 0.02 0.19 96.14 0.002 0.056 0.038 0.000 0.001 1.110 1.633 0.006 0.000 0.003 0.003
CARA-10-01_ox01 Coastal Batholith 0.01 0.03 0.15 0.19 0.47 68.22 31.14 0.05 n.d. 0.01 n.d. 100.27 0.000 0.000 0.003 0.002 0.006 1.000 1.971 0.001 0.000 0.000 0.000
CARA-10-01_ox02 Coastal Batholith 0.06 0.04 0.20 0.14 0.44 68.44 31.35 0.04 0.02 0.02 n.d. 100.73 0.001 0.000 0.004 0.002 0.006 1.001 1.967 0.001 0.000 0.000 0.000
CARA-10-01_ox03 Coastal Batholith n.d. 0.17 0.09 0.20 0.39 68.54 31.43 0.06 n.d. n.d. n.d. 100.88 0.000 0.002 0.002 0.003 0.005 1.003 1.968 0.001 0.000 0.000 0.000
CARA-10-01_ox04 Coastal Batholith 0.03 0.01 0.06 0.10 0.33 68.58 31.16 0.04 n.d. n.d. n.d. 100.32 0.001 0.000 0.001 0.001 0.004 1.000 1.981 0.001 0.000 0.000 0.000
CARA-10-01_ox05 Coastal Batholith 0.03 0.06 0.11 0.18 0.47 68.42 31.27 0.07 0.01 n.d. n.d. 100.61 0.000 0.001 0.002 0.002 0.006 1.000 1.969 0.001 0.000 0.000 0.000
CARA-10-01_ox06 Coastal Batholith 0.01 0.07 0.07 0.20 0.47 68.76 31.35 0.07 0.01 n.d. n.d. 101.02 0.000 0.001 0.001 0.003 0.006 0.999 1.972 0.001 0.000 0.000 0.000
CARA-10-01_ox07 Coastal Batholith 0.03 0.02 0.11 0.24 0.46 68.68 31.39 0.04 n.d. n.d. n.d. 100.97 0.000 0.000 0.002 0.003 0.006 1.001 1.970 0.001 0.000 0.000 0.000
CARA-10-01_ox08 Coastal Batholith 0.01 0.36 0.24 0.12 0.44 67.71 31.29 0.17 0.02 n.d. 0.03 100.39 0.000 0.005 0.005 0.002 0.006 1.002 1.951 0.002 0.000 0.000 0.001
CARA-10-01_ox09 Coastal Batholith n.d. 0.11 0.08 0.40 0.57 66.41 30.52 0.07 n.d. n.d. n.d. 98.17 0.000 0.001 0.002 0.005 0.008 1.001 1.959 0.001 0.000 0.000 0.000
CARA-10-01_ox10 Coastal Batholith n.d. 0.04 0.07 0.17 0.43 68.70 31.26 0.03 n.d. n.d. 0.01 100.71 0.000 0.000 0.001 0.002 0.006 0.999 1.976 0.000 0.000 0.000 0.000
CARA-10-01_ox11 Coastal Batholith 0.02 0.06 0.06 0.07 0.32 68.58 31.12 0.07 n.d. 0.01 0.02 100.31 0.000 0.001 0.001 0.001 0.004 0.999 1.981 0.001 0.000 0.000 0.000
CARA-10-01_ox12 Coastal Batholith 0.01 0.06 0.06 0.33 0.64 68.28 31.19 0.07 n.d. n.d. 0.04 100.69 0.000 0.001 0.001 0.004 0.009 0.997 1.963 0.001 0.000 0.001 0.001
CARA-10-01_ox13 Coastal Batholith 0.02 0.12 0.10 0.17 0.44 69.03 31.57 0.03 0.03 n.d. 0.01 101.52 0.000 0.001 0.002 0.002 0.006 1.001 1.969 0.000 0.001 0.000 0.000
CARA-10-01_ox14 Coastal Batholith 0.04 0.08 0.25 0.13 0.53 68.35 31.29 0.08 0.02 n.d. 0.04 100.81 0.001 0.001 0.005 0.002 0.007 0.997 1.961 0.001 0.000 0.001 0.001
CARA-10-01_ox15 Coastal Batholith 0.02 0.03 0.28 0.12 0.43 68.86 31.46 0.03 n.d. n.d. 0.02 101.25 0.000 0.000 0.005 0.002 0.006 0.999 1.968 0.000 0.000 0.000 0.000
CARA-10-01_ox16 Coastal Batholith 0.03 0.06 0.18 0.30 0.52 68.49 31.37 0.06 0.02 n.d. 0.02 101.05 0.001 0.001 0.003 0.004 0.007 0.998 1.961 0.001 0.001 0.000 0.000
CARA-10-01_ox17 Coastal Batholith n.d. 0.04 0.08 0.30 0.51 68.54 31.31 0.04 n.d. 0.01 n.d. 100.84 0.000 0.000 0.002 0.004 0.007 1.000 1.969 0.001 0.000 0.000 0.000
CARA-10-01_ox18 Coastal Batholith 0.01 0.07 0.06 0.20 0.46 68.77 31.35 0.04 n.d. n.d. 0.02 100.97 0.000 0.001 0.001 0.003 0.006 1.000 1.973 0.001 0.000 0.000 0.000
CARA-10-01_ox22 Coastal Batholith 0.01 0.06 0.11 0.34 0.68 67.81 31.00 0.05 n.d. 0.02 0.08 100.15 0.000 0.001 0.002 0.004 0.009 0.995 1.960 0.001 0.000 0.001 0.001
CARA-10-01_ox23 Coastal Batholith 0.02 0.05 0.07 0.32 0.49 68.26 31.22 0.05 0.02 n.d. n.d. 100.49 0.000 0.001 0.001 0.004 0.007 1.000 1.967 0.001 0.000 0.000 0.000
CARA-10-01_ox24 Coastal Batholith 0.03 0.05 0.09 0.37 0.45 68.45 31.29 0.09 n.d. n.d. 0.01 100.84 0.001 0.001 0.002 0.005 0.006 0.999 1.966 0.001 0.000 0.000 0.000
CARA-10-01_ox25 Coastal Batholith 0.01 0.03 0.15 0.16 0.49 68.87 31.43 0.05 n.d. 0.01 0.01 101.21 0.000 0.000 0.003 0.002 0.007 0.999 1.971 0.001 0.000 0.000 0.000
CARA-10-01_ox26 Coastal Batholith n.d. 0.13 0.07 0.10 0.29 68.75 31.31 0.06 0.02 n.d. n.d. 100.71 0.000 0.002 0.001 0.001 0.004 1.001 1.978 0.001 0.000 0.000 0.000
CARA-10-01_ox27 Coastal Batholith 0.01 0.09 0.10 0.25 0.49 68.33 31.29 0.07 n.d. 0.01 n.d. 100.63 0.000 0.001 0.002 0.003 0.006 1.001 1.967 0.001 0.000 0.000 0.000
CARA-10-01_ox28 Coastal Batholith 0.05 0.04 0.13 0.18 0.54 68.77 31.47 0.03 0.03 n.d. 0.01 101.24 0.001 0.000 0.003 0.002 0.007 1.000 1.966 0.000 0.001 0.000 0.000
CARA-10-01_ox29 Coastal Batholith 0.02 0.07 0.16 0.22 0.46 68.30 31.15 0.11 0.01 n.d. 0.03 100.55 0.000 0.001 0.003 0.003 0.006 0.996 1.966 0.002 0.000 0.000 0.001
CARA-10-01_ox30 Coastal Batholith 0.02 0.06 0.15 0.27 0.48 68.63 31.31 0.09 0.02 n.d. 0.02 101.05 0.000 0.001 0.003 0.004 0.006 0.997 1.966 0.001 0.001 0.000 0.000
CARA-10-01_ox31 Coastal Batholith 0.04 0.03 0.09 0.19 0.31 69.23 31.52 0.07 n.d. n.d. n.d. 101.47 0.001 0.000 0.002 0.002 0.004 1.000 1.977 0.001 0.000 0.000 0.000
CARA-10-01_ox32 Coastal Batholith 0.02 0.14 0.21 0.18 0.44 68.31 31.27 0.07 n.d. n.d. 0.06 100.71 0.000 0.002 0.004 0.002 0.006 0.998 1.962 0.001 0.000 0.001 0.001
CARA-10-01_ox33 Coastal Batholith 0.01 0.05 0.07 0.18 0.40 68.81 31.34 0.06 n.d. 0.01 n.d. 100.92 0.000 0.001 0.001 0.002 0.005 1.000 1.976 0.001 0.000 0.000 0.000
CARA-10-01_ox34 Coastal Batholith 0.03 0.03 0.06 0.19 0.54 68.48 31.23 0.06 n.d. n.d. 0.02 100.65 0.001 0.000 0.001 0.003 0.007 0.999 1.971 0.001 0.000 0.000 0.000
CARA-10-01_ox35 Coastal Batholith 0.04 0.03 0.11 0.14 0.38 65.67 29.89 0.07 0.01 n.d. 0.02 96.36 0.001 0.000 0.002 0.002 0.005 0.998 1.973 0.001 0.000 0.000 0.000
CARA-10-01_ox36 Coastal Batholith 0.03 0.01 0.09 0.32 0.45 68.43 31.27 0.05 n.d. 0.02 n.d. 100.69 0.001 0.000 0.002 0.004 0.006 1.000 1.969 0.001 0.000 0.000 0.000
ARI-23-05_ox01 Coastal Batholith 0.02 0.01 0.06 0.01 0.46 68.72 31.12 0.10 0.01 n.d. n.d. 100.52 0.000 0.000 0.001 0.000 0.006 0.997 1.981 0.001 0.000 0.000 0.000
ARI-23-05_ox02 Coastal Batholith 0.01 0.02 0.03 0.02 0.47 66.74 30.30 0.06 n.d. n.d. n.d. 97.65 0.000 0.000 0.001 0.000 0.006 0.999 1.981 0.001 0.000 0.000 0.000
ARI-23-05_ox03 Coastal Batholith 0.02 n.d. 0.08 0.03 0.50 68.95 31.17 0.15 0.01 n.d. 0.02 100.93 0.000 0.000 0.002 0.000 0.007 0.994 1.978 0.002 0.000 0.000 0.000
ARI-23-05_ox04 Coastal Batholith 0.02 0.02 0.07 0.01 0.43 68.42 30.93 0.15 n.d. 0.01 0.02 100.08 0.000 0.000 0.001 0.000 0.006 0.995 1.981 0.002 0.000 0.000 0.000
ARI-23-05_ox05 Coastal Batholith n.d. 0.02 0.06 0.02 0.41 68.38 30.88 0.11 0.01 n.d. 0.01 99.90 0.000 0.000 0.001 0.000 0.005 0.995 1.983 0.002 0.000 0.000 0.000
ARI-23-05_ox06 Coastal Batholith n.d. 0.04 0.01 0.01 0.37 69.38 31.33 0.13 n.d. n.d. 0.01 101.28 0.000 0.000 0.000 0.000 0.005 0.996 1.986 0.002 0.000 0.000 0.000
ARI-23-05_ox07 Coastal Batholith 0.44 n.d. 0.12 0.01 0.34 66.52 30.96 0.11 0.08 n.d. 0.01 98.59 0.007 0.000 0.002 0.000 0.005 1.008 1.949 0.002 0.002 0.000 0.000
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OCO-07-07_ox23 Coastal Batholith 0.02 0.06 0.13 0.02 0.28 69.01 31.30 0.14 n.d. n.d. n.d. 100.97 0.000 0.001 0.002 0.000 0.004 0.998 1.980 0.002 0.000 0.000 0.000
OCO-07-07_ox24 Coastal Batholith 0.03 0.11 0.17 0.01 0.32 68.79 31.38 0.07 n.d. n.d. 0.02 100.88 0.000 0.001 0.003 0.000 0.004 1.001 1.974 0.001 0.000 0.000 0.000

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
ARI-23-05_ox10 Coastal Batholith 0.01 0.02 0.07 0.10 0.48 68.59 31.09 0.15 n.d. n.d. 0.01 100.51 0.000 0.000 0.001 0.001 0.006 0.996 1.977 0.002 0.000 0.000 0.000
ARI-23-05_ox11 Coastal Batholith 0.04 0.02 0.07 0.01 0.37 68.83 30.96 0.23 0.08 n.d. n.d. 100.62 0.001 0.000 0.001 0.000 0.005 0.990 1.981 0.003 0.002 0.000 0.000
ARI-23-05_ox12 Coastal Batholith 0.02 0.01 0.06 0.02 0.23 67.88 30.61 0.12 0.03 n.d. n.d. 98.97 0.000 0.000 0.001 0.000 0.003 0.996 1.987 0.002 0.001 0.000 0.000
ARI-23-05_ox13 Coastal Batholith 0.02 0.01 0.07 0.02 0.45 69.00 31.19 0.15 0.02 0.01 0.01 100.96 0.000 0.000 0.001 0.000 0.006 0.994 1.980 0.002 0.001 0.000 0.000
ARI-23-05_ox14 Coastal Batholith n.d. 0.03 0.06 0.02 0.38 69.33 31.17 0.18 0.02 n.d. 0.04 101.24 0.000 0.000 0.001 0.000 0.005 0.991 1.983 0.003 0.001 0.001 0.001
ARI-23-05_ox15 Coastal Batholith 0.02 0.04 0.05 0.01 0.32 67.56 30.53 0.11 0.01 0.01 0.02 98.67 0.000 0.001 0.001 0.000 0.004 0.996 1.984 0.002 0.000 0.000 0.000
ARI-23-05_ox16 Coastal Batholith n.d. 0.02 0.08 0.02 0.46 68.89 31.05 0.15 0.02 0.02 0.04 100.74 0.000 0.000 0.002 0.000 0.006 0.992 1.981 0.002 0.000 0.000 0.001
ARI-23-05_ox17 Coastal Batholith 0.03 n.d. 0.07 0.02 0.47 68.92 31.22 0.11 n.d. n.d. 0.02 100.85 0.001 0.000 0.001 0.000 0.006 0.996 1.979 0.002 0.000 0.000 0.000
ARI-23-05_ox18 Coastal Batholith 0.01 n.d. 0.05 0.01 0.47 68.95 31.14 0.13 n.d. n.d. 0.02 100.78 0.000 0.000 0.001 0.000 0.006 0.995 1.982 0.002 0.000 0.000 0.000
ARI-23-05_ox19 Coastal Batholith 0.03 0.02 0.07 0.01 0.43 69.08 31.26 0.14 0.02 0.01 n.d. 101.07 0.000 0.000 0.001 0.000 0.006 0.996 1.980 0.002 0.001 0.000 0.000
ARI-23-05_ox20 Coastal Batholith 0.02 0.02 0.07 0.04 0.53 68.70 31.14 0.13 0.02 n.d. n.d. 100.66 0.000 0.000 0.001 0.000 0.007 0.996 1.977 0.002 0.000 0.000 0.000
ARI-17-05_ox01 Coastal Batholith 0.06 0.05 0.09 0.01 0.35 68.34 30.99 0.19 n.d. n.d. 0.01 100.09 0.001 0.001 0.002 0.000 0.005 0.997 1.978 0.003 0.000 0.000 0.000
ARI-17-05_ox02 Coastal Batholith n.d. 0.08 0.18 n.d. 0.38 68.69 31.17 0.14 0.03 n.d. n.d. 100.67 0.000 0.001 0.004 0.000 0.005 0.996 1.976 0.002 0.001 0.000 0.000
ARI-17-05_ox03 Coastal Batholith 0.01 0.05 0.20 n.d. 0.38 68.42 30.94 0.24 0.03 n.d. n.d. 100.26 0.000 0.001 0.004 0.000 0.005 0.993 1.976 0.003 0.001 0.000 0.000
ARI-17-05_ox04 Coastal Batholith n.d. 0.05 0.23 0.02 0.38 68.51 30.97 0.17 0.07 n.d. n.d. 100.39 0.000 0.001 0.004 0.000 0.005 0.992 1.975 0.002 0.002 0.000 0.000
ARI-17-05_ox05 Coastal Batholith 0.02 0.03 0.10 n.d. 0.38 67.88 30.64 0.20 0.03 0.01 n.d. 99.29 0.000 0.000 0.002 0.000 0.005 0.993 1.980 0.003 0.001 0.000 0.000
ARI-17-05_ox06 Coastal Batholith 0.02 0.07 0.23 n.d. 0.37 68.48 31.17 0.15 n.d. n.d. n.d. 100.49 0.000 0.001 0.004 0.000 0.005 0.998 1.973 0.002 0.000 0.000 0.000
ARI-17-05_ox07 Coastal Batholith n.d. 0.07 0.13 n.d. 0.35 68.84 30.94 0.34 n.d. n.d. 0.04 100.72 0.000 0.001 0.003 0.000 0.005 0.988 1.979 0.005 0.000 0.001 0.001
ARI-17-05_ox08 Coastal Batholith n.d. 0.05 0.14 n.d. 0.33 69.09 31.12 0.23 0.04 n.d. n.d. 100.99 0.000 0.001 0.003 0.000 0.004 0.992 1.981 0.003 0.001 0.000 0.000
ARI-17-05_ox09 Coastal Batholith 0.03 0.03 0.18 0.01 0.38 67.73 30.65 0.21 0.03 0.01 n.d. 99.25 0.000 0.000 0.003 0.000 0.005 0.994 1.976 0.003 0.001 0.000 0.000
ARI-17-05_ox10 Coastal Batholith 0.03 0.22 0.27 n.d. 0.40 68.41 31.44 0.17 n.d. n.d. 0.01 100.97 0.001 0.003 0.005 0.000 0.005 1.001 1.960 0.002 0.000 0.000 0.000
ARI-17-05_ox11 Coastal Batholith 0.01 0.07 0.18 0.01 0.36 68.46 30.96 0.16 0.03 n.d. 0.04 100.28 0.000 0.001 0.004 0.000 0.005 0.993 1.976 0.002 0.001 0.001 0.001
ARI-17-05_ox12 Coastal Batholith 0.03 0.02 0.06 n.d. 0.34 68.69 31.05 0.13 0.01 n.d. n.d. 100.33 0.000 0.000 0.001 0.000 0.005 0.997 1.984 0.002 0.000 0.000 0.000
ARI-17-05_ox13 Coastal Batholith 0.01 0.07 0.12 0.02 0.34 66.67 30.15 0.19 0.02 n.d. 0.01 97.61 0.000 0.001 0.002 0.000 0.005 0.994 1.978 0.003 0.000 0.000 0.000
ARI-17-05_ox14 Coastal Batholith 0.04 0.06 0.19 0.02 0.41 68.32 31.08 0.16 0.02 0.02 n.d. 100.32 0.001 0.001 0.004 0.000 0.005 0.997 1.972 0.002 0.001 0.000 0.000
ARI-17-05_ox15 Coastal Batholith 0.04 0.06 0.24 0.01 0.41 69.01 31.36 0.18 0.03 n.d. 0.02 101.34 0.001 0.001 0.005 0.000 0.005 0.995 1.970 0.003 0.001 0.000 0.000
ARI-17-05_ox16 Coastal Batholith 0.03 0.03 0.24 n.d. 0.41 68.67 31.20 0.19 n.d. 0.01 n.d. 100.79 0.001 0.000 0.005 0.000 0.005 0.996 1.972 0.003 0.000 0.000 0.000
ARI-17-05_ox17 Coastal Batholith 0.03 0.07 0.14 0.01 0.36 68.70 31.13 0.16 0.03 n.d. 0.02 100.67 0.001 0.001 0.003 0.000 0.005 0.995 1.975 0.002 0.001 0.000 0.000
ARI-17-05_ox18 Coastal Batholith 0.03 0.08 0.10 n.d. 0.32 68.80 31.15 0.23 n.d. n.d. n.d. 100.71 0.001 0.001 0.002 0.000 0.004 0.996 1.979 0.003 0.000 0.000 0.000
ARI-17-05_ox19 Coastal Batholith n.d. 0.07 0.06 n.d. 0.31 69.03 31.02 0.21 0.07 n.d. n.d. 100.78 0.000 0.001 0.001 0.000 0.004 0.991 1.984 0.003 0.002 0.000 0.000
ARI-17-05_ox20 Coastal Batholith n.d. 0.03 0.19 0.01 0.41 68.44 30.92 0.23 0.01 n.d. 0.01 100.26 0.000 0.000 0.004 0.000 0.006 0.992 1.976 0.003 0.000 0.000 0.000
OCO-07-07_ox04 Coastal Batholith 0.07 0.03 0.20 n.d. 0.39 68.24 31.11 0.10 0.02 n.d. n.d. 100.16 0.001 0.000 0.004 0.000 0.005 0.999 1.972 0.001 0.001 0.000 0.000
OCO-07-07_ox05 Coastal Batholith 0.02 0.03 0.10 n.d. 0.25 69.44 31.38 0.12 0.02 0.01 n.d. 101.37 0.000 0.000 0.002 0.000 0.003 0.997 1.985 0.002 0.001 0.000 0.000
OCO-07-07_ox06 Coastal Batholith 0.05 0.05 0.16 n.d. 0.48 68.54 31.20 0.15 0.02 n.d. n.d. 100.65 0.001 0.001 0.003 0.000 0.006 0.997 1.971 0.002 0.000 0.000 0.000
OCO-07-07_ox07 Coastal Batholith n.d. 0.04 0.04 n.d. 0.23 68.77 30.98 0.16 n.d. 0.01 n.d. 100.22 0.000 0.000 0.001 0.000 0.003 0.996 1.989 0.002 0.000 0.000 0.000
OCO-07-07_ox08 Coastal Batholith 0.02 0.18 0.15 0.01 0.64 68.86 31.63 0.13 n.d. n.d. n.d. 101.61 0.000 0.002 0.003 0.000 0.008 1.002 1.962 0.002 0.000 0.000 0.000
OCO-07-07_ox09 Coastal Batholith 0.02 0.03 0.01 n.d. 0.30 69.24 31.33 0.07 n.d. n.d. n.d. 101.00 0.000 0.000 0.000 0.000 0.004 0.999 1.987 0.001 0.000 0.000 0.000
OCO-07-07_ox10 Coastal Batholith 0.01 0.01 0.18 0.02 0.48 68.80 31.22 0.14 n.d. n.d. n.d. 100.86 0.000 0.000 0.004 0.000 0.006 0.996 1.975 0.002 0.000 0.000 0.000
OCO-07-07_ox11 Coastal Batholith 0.04 0.02 0.06 0.03 0.49 69.04 31.39 0.09 n.d. n.d. n.d. 101.15 0.001 0.000 0.001 0.000 0.007 0.999 1.978 0.001 0.000 0.000 0.000
OCO-07-07_ox12 Coastal Batholith 0.01 0.04 0.05 0.01 0.20 69.03 31.19 0.08 0.01 0.01 n.d. 100.63 0.000 0.001 0.001 0.000 0.003 0.998 1.988 0.001 0.000 0.000 0.000
OCO-07-07_ox13 Coastal Batholith 0.04 0.02 0.09 n.d. 0.47 68.70 31.20 0.10 0.01 n.d. n.d. 100.64 0.001 0.000 0.002 0.000 0.006 0.998 1.977 0.001 0.000 0.000 0.000
OCO-07-07_ox14 Coastal Batholith 0.04 0.13 0.18 0.01 0.68 68.26 31.33 0.13 0.02 n.d. n.d. 100.77 0.001 0.002 0.003 0.000 0.009 1.000 1.960 0.002 0.001 0.000 0.000
OCO-07-07_ox15 Coastal Batholith 0.04 0.04 0.11 0.03 0.58 69.01 31.44 0.05 0.02 n.d. 0.03 101.34 0.001 0.000 0.002 0.000 0.008 0.998 1.971 0.001 0.001 0.000 0.000
OCO-07-07_ox16 Coastal Batholith 0.05 0.06 0.19 0.01 0.42 68.89 31.41 0.14 n.d. n.d. n.d. 101.16 0.001 0.001 0.004 0.000 0.006 0.999 1.972 0.002 0.000 0.000 0.000
OCO-07-07_ox17 Coastal Batholith 0.03 0.09 0.22 0.01 0.17 68.69 31.13 0.21 0.03 n.d. n.d. 100.59 0.001 0.001 0.004 0.000 0.002 0.996 1.977 0.003 0.001 0.000 0.000
OCO-07-07_ox18 Coastal Batholith 0.02 0.34 0.14 n.d. 0.24 68.77 31.40 0.37 0.02 n.d. n.d. 101.30 0.000 0.004 0.003 0.000 0.003 0.998 1.966 0.005 0.000 0.000 0.000
OCO-07-07_ox19 Coastal Batholith 0.05 0.04 0.12 0.05 0.48 67.67 30.85 0.12 n.d. n.d. 0.01 99.41 0.001 0.001 0.002 0.001 0.006 0.999 1.971 0.002 0.000 0.000 0.000
OCO-07-07_ox20 Coastal Batholith 0.04 0.04 0.12 0.02 0.56 69.08 31.46 0.11 0.02 n.d. n.d. 101.45 0.001 0.001 0.002 0.000 0.007 0.998 1.972 0.002 0.000 0.000 0.000
OCO-07-07_ox22 Coastal Batholith 0.04 0.06 0.21 n.d. 0.91 68.31 31.35 0.17 n.d. n.d. n.d. 101.04 0.001 0.001 0.004 0.000 0.012 0.998 1.956 0.002 0.000 0.000 0.000
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OCO-07-06_ox04 Prot. out. Ocona 0.02 0.10 0.12 0.91 0.45 67.49 31.25 0.05 n.d. 0.01 n.d. 100.39 0.000 0.001 0.002 0.012 0.006 1.002 1.946 0.001 0.000 0.000 0.000
OCO-07-06_ox05 Prot. out. Ocona 0.03 0.05 0.06 0.67 0.40 68.01 31.27 0.03 n.d. 0.02 n.d. 100.53 0.000 0.001 0.001 0.009 0.005 1.002 1.960 0.000 0.000 0.000 0.000

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
OCO-07-07_ox25 Coastal Batholith 0.03 0.02 0.11 0.02 0.30 68.89 31.23 0.08 0.02 n.d. n.d. 100.71 0.001 0.000 0.002 0.000 0.004 0.998 1.982 0.001 0.000 0.000 0.000
OCO-07-07_ox26 Coastal Batholith 0.02 0.04 0.19 n.d. 0.45 69.09 31.42 0.10 0.01 0.01 n.d. 101.33 0.000 0.001 0.004 0.000 0.006 0.998 1.974 0.001 0.000 0.000 0.000
OCO-07-07_ox27 Coastal Batholith 0.02 0.03 0.09 0.03 0.22 69.66 31.53 0.08 0.01 n.d. n.d. 101.66 0.000 0.000 0.002 0.000 0.003 0.999 1.985 0.001 0.000 0.000 0.000
OCO-07-07_ox28 Coastal Batholith 0.03 0.04 0.09 n.d. 0.26 69.61 31.53 0.11 0.01 0.01 n.d. 101.69 0.001 0.001 0.002 0.000 0.004 0.998 1.983 0.002 0.000 0.000 0.000
OCO-07-07_ox29 Coastal Batholith 0.01 0.07 0.20 0.04 0.52 68.59 31.28 0.13 0.01 0.01 n.d. 100.86 0.000 0.001 0.004 0.000 0.007 0.998 1.969 0.002 0.000 0.000 0.000
OCO-07-07_ox30 Coastal Batholith 0.01 0.02 0.06 n.d. 0.14 69.66 31.35 0.11 0.01 n.d. 0.01 101.37 0.000 0.000 0.001 0.000 0.002 0.996 1.991 0.002 0.000 0.000 0.000
OCO-07-07_ox31 Coastal Batholith 0.02 0.05 0.12 0.04 0.42 69.36 31.48 0.11 0.01 n.d. 0.01 101.61 0.000 0.001 0.002 0.000 0.006 0.997 1.977 0.002 0.000 0.000 0.000
OCO-07-07_ox32 Coastal Batholith 0.06 0.06 0.15 0.04 0.44 69.09 31.49 0.15 0.01 0.01 n.d. 101.51 0.001 0.001 0.003 0.001 0.006 0.998 1.971 0.002 0.000 0.000 0.000
OCO-07-07_ox33 Coastal Batholith 0.03 0.10 0.20 0.02 0.52 68.80 31.50 0.09 0.01 n.d. n.d. 101.27 0.001 0.001 0.004 0.000 0.007 1.001 1.967 0.001 0.000 0.000 0.000
OCO-07-07_ox34 Coastal Batholith n.d. 0.11 0.18 n.d. 0.68 68.91 31.51 0.09 n.d. 0.01 0.02 101.51 0.000 0.001 0.004 0.000 0.009 0.999 1.965 0.001 0.000 0.000 0.000
OCO-07-07_ox35 Coastal Batholith 0.04 0.11 0.13 0.01 0.38 69.31 31.56 0.12 0.03 n.d. 0.01 101.70 0.001 0.001 0.003 0.000 0.005 0.999 1.973 0.002 0.001 0.000 0.000
CUC-08-02_ox01 Meso. pp MoqB 0.17 0.12 0.13 0.09 0.33 64.53 29.49 0.31 0.05 n.d. 0.03 95.26 0.003 0.002 0.003 0.001 0.004 0.995 1.959 0.004 0.001 0.000 0.001
CUC-08-02_ox02 Meso. pp MoqB 0.35 0.74 0.81 0.04 0.40 63.30 30.05 0.22 0.50 0.05 0.12 96.59 0.006 0.009 0.016 0.001 0.005 0.990 1.877 0.003 0.012 0.002 0.002
CUC-08-02_ox03 Meso. pp MoqB 0.34 3.82 2.27 0.02 0.34 56.10 32.21 0.71 0.83 n.d. 0.13 96.78 0.006 0.048 0.045 0.000 0.005 1.044 1.636 0.010 0.021 0.002 0.002
CUC-08-02_ox04 Meso. pp MoqB 0.44 0.15 0.14 n.d. 0.27 65.34 30.63 0.18 0.04 n.d. 0.02 97.21 0.007 0.002 0.003 0.000 0.004 1.012 1.942 0.003 0.001 0.000 0.000
CUC-08-02_ox05 Meso. pp MoqB 0.84 0.11 0.26 0.01 0.16 64.21 31.18 0.05 0.08 0.02 n.d. 96.92 0.014 0.001 0.005 0.000 0.002 1.030 1.909 0.001 0.002 0.000 0.000
CUC-08-02_ox06 Meso. pp MoqB n.d. 35.54 0.29 n.d. 0.21 30.86 29.66 1.05 0.69 n.d. 0.01 98.30 0.000 0.445 0.006 0.000 0.003 0.643 0.602 0.015 0.017 0.000 0.000
CUC-08-02_ox07 Meso. pp MoqB n.d. 44.41 0.05 n.d. 0.10 16.01 33.22 2.72 2.20 0.01 0.02 98.74 0.000 0.556 0.001 0.000 0.001 0.703 0.305 0.038 0.055 0.000 0.000
CUC-08-02_ox08 Meso. pp MoqB 0.05 11.51 0.65 0.01 0.35 43.50 39.77 0.32 0.50 n.d. 0.02 96.69 0.001 0.144 0.013 0.000 0.005 1.299 1.279 0.004 0.012 0.000 0.000
CUC-08-02_ox09 Meso. pp MoqB n.d. 31.14 0.25 n.d. 0.26 5.93 54.99 0.47 1.91 0.01 0.05 95.02 0.000 0.390 0.005 0.000 0.003 1.775 0.172 0.007 0.047 0.001 0.001
CUC-08-02_ox10 Meso. pp MoqB 0.01 45.78 0.13 n.d. 0.24 13.14 36.43 0.92 2.08 0.01 0.06 98.80 0.000 0.573 0.003 0.000 0.003 0.770 0.250 0.013 0.052 0.001 0.001
CUC-08-02_ox11 Meso. pp MoqB n.d. 27.48 0.23 0.04 0.36 13.32 53.58 0.27 1.04 0.02 0.03 96.36 0.000 0.344 0.004 0.001 0.005 1.725 0.386 0.004 0.026 0.000 0.001
CUC-08-02_ox12 Meso. pp MoqB 0.14 10.11 1.68 0.03 0.45 43.42 38.76 0.13 0.15 0.01 0.15 95.02 0.002 0.127 0.033 0.000 0.006 1.283 1.293 0.002 0.004 0.002 0.002
CUC-08-02_ox13 Meso. pp MoqB 0.05 10.91 1.33 0.02 0.33 43.06 39.83 0.19 0.10 n.d. 0.01 95.84 0.001 0.137 0.026 0.000 0.004 1.312 1.277 0.003 0.003 0.000 0.000
CUC-08-02_ox14 Meso. pp MoqB 0.11 17.67 1.65 0.04 0.79 29.92 44.62 0.39 1.14 n.d. 0.02 96.34 0.002 0.221 0.032 0.000 0.011 1.437 0.867 0.005 0.028 0.000 0.000
CUC-08-02_ox15 Meso. pp MoqB 0.03 28.94 0.36 0.03 0.37 10.32 54.71 0.16 1.31 0.01 0.01 96.26 0.001 0.362 0.007 0.000 0.005 1.756 0.298 0.002 0.032 0.000 0.000
CUC-08-02_ox16 Meso. pp MoqB n.d. 28.93 0.41 0.01 0.27 10.60 54.51 0.22 1.33 n.d. 0.05 96.34 0.000 0.362 0.008 0.000 0.004 1.746 0.306 0.003 0.033 0.001 0.001
CUC-08-02_ox17 Meso. pp MoqB 0.32 3.62 2.33 0.04 0.51 56.01 31.65 0.41 1.08 0.03 0.18 96.20 0.005 0.045 0.046 0.001 0.007 1.029 1.639 0.006 0.027 0.002 0.003
CUC-08-02_ox18 Meso. pp MoqB 0.85 1.79 0.60 0.04 0.83 59.39 32.46 0.22 0.05 0.01 0.02 96.24 0.014 0.022 0.012 0.000 0.011 1.076 1.771 0.003 0.001 0.000 0.000
CAM-08-03_ox01 Prot. out. Camaná 0.02 0.04 0.12 0.03 0.23 69.31 31.43 0.08 n.d. n.d. n.d. 101.27 0.000 0.001 0.002 0.000 0.003 0.999 1.983 0.001 0.000 0.000 0.000
CAM-08-03_ox02 Prot. out. Camaná 0.03 0.06 0.08 0.02 0.25 68.91 31.22 0.10 0.02 n.d. n.d. 100.68 0.001 0.001 0.001 0.000 0.003 0.998 1.983 0.001 0.000 0.000 0.000
CAM-08-03_ox03 Prot. out. Camaná n.d. 0.12 0.10 0.02 0.19 68.97 31.30 0.05 0.01 0.03 0.02 100.81 0.000 0.002 0.002 0.000 0.003 1.000 1.982 0.001 0.000 0.000 0.000
CAM-08-03_ox04 Prot. out. Camaná 0.02 0.02 0.05 0.02 0.12 69.29 31.34 0.01 n.d. n.d. n.d. 100.86 0.000 0.000 0.001 0.000 0.002 1.001 1.991 0.000 0.000 0.000 0.000
CAM-08-03_ox05 Prot. out. Camaná 0.05 0.06 0.39 0.01 0.22 68.65 31.05 0.03 0.08 n.d. 0.13 100.67 0.001 0.001 0.008 0.000 0.003 0.989 1.968 0.000 0.002 0.002 0.002
CAM-08-03_ox06 Prot. out. Camaná 0.01 0.01 0.06 0.01 0.18 69.28 31.31 0.02 n.d. 0.01 0.01 100.91 0.000 0.000 0.001 0.000 0.002 0.999 1.990 0.000 0.000 0.000 0.000
CAM-08-03_ox10 Prot. out. Camaná 0.01 0.05 0.08 0.08 0.21 69.25 31.22 0.04 0.01 n.d. 0.08 101.04 0.000 0.001 0.002 0.001 0.003 0.994 1.984 0.001 0.000 0.001 0.001
CAM-08-03_ox11 Prot. out. Camaná 0.04 0.05 0.03 n.d. 0.20 68.87 31.23 0.02 n.d. n.d. 0.02 100.45 0.001 0.001 0.001 0.000 0.003 1.001 1.987 0.000 0.000 0.000 0.000
CAM-08-03_ox12 Prot. out. Camaná 0.01 0.19 0.67 0.01 0.19 68.80 31.19 0.07 n.d. n.d. 0.29 101.41 0.000 0.002 0.013 0.000 0.003 0.984 1.953 0.001 0.000 0.004 0.005
CAM-08-03_ox13 Prot. out. Camaná 0.03 0.02 0.08 0.03 0.21 69.37 31.44 0.05 n.d. 0.01 n.d. 101.23 0.000 0.000 0.002 0.000 0.003 1.000 1.986 0.001 0.000 0.000 0.000
CAM-08-03_ox14 Prot. out. Camaná 0.02 0.05 0.01 0.01 0.15 69.36 31.37 0.02 n.d. 0.03 0.02 101.05 0.000 0.001 0.000 0.000 0.002 1.000 1.990 0.000 0.000 0.000 0.000
CAM-08-03_ox15 Prot. out. Camaná 0.02 0.04 0.05 0.02 0.23 69.21 31.36 0.02 0.01 n.d. 0.01 100.98 0.000 0.001 0.001 0.000 0.003 1.000 1.986 0.000 0.000 0.000 0.000
CAM-08-03_ox16 Prot. out. Camaná 0.02 0.06 0.08 0.03 0.15 68.83 31.10 0.06 n.d. n.d. 0.04 100.38 0.000 0.001 0.002 0.000 0.002 0.997 1.986 0.001 0.000 0.001 0.001
CAM-08-03_ox17 Prot. out. Camaná n.d. 0.03 0.04 n.d. 0.21 69.19 31.25 0.04 0.01 0.01 n.d. 100.78 0.000 0.000 0.001 0.000 0.003 0.999 1.990 0.001 0.000 0.000 0.000
CAM-08-03_ox18 Prot. out. Camaná 0.03 0.07 0.04 0.04 0.18 69.71 31.61 0.04 n.d. n.d. 0.02 101.73 0.001 0.001 0.001 0.001 0.002 1.000 1.985 0.001 0.000 0.000 0.000
CAM-08-03_ox19 Prot. out. Camaná 0.46 0.27 0.43 0.02 0.16 64.79 30.76 0.04 0.08 0.01 0.08 97.10 0.008 0.003 0.008 0.000 0.002 1.014 1.922 0.000 0.002 0.001 0.001
CAM-08-03_ox20 Prot. out. Camaná 0.01 0.06 0.06 0.04 0.18 69.07 31.30 0.06 n.d. 0.02 n.d. 100.79 0.000 0.001 0.001 0.001 0.002 1.000 1.986 0.001 0.000 0.000 0.000
OCO-07-06_ox01 Prot. out. Ocona 0.02 0.05 0.05 1.26 0.41 67.11 31.07 0.06 0.01 0.02 n.d. 100.05 0.000 0.001 0.001 0.017 0.005 1.000 1.943 0.001 0.000 0.000 0.000
OCO-07-06_ox02 Prot. out. Ocona 0.02 0.05 0.13 1.13 0.59 67.03 31.13 0.06 0.01 0.04 n.d. 100.18 0.000 0.001 0.002 0.015 0.008 1.000 1.937 0.001 0.000 0.000 0.000
OCO-07-06_ox03 Prot. out. Ocona 0.02 0.07 0.07 0.91 0.40 67.49 31.13 0.07 0.01 0.02 n.d. 100.18 0.000 0.001 0.001 0.012 0.005 1.000 1.951 0.001 0.000 0.000 0.000
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OCO-07-04_ox26 Prot. out. Ocona 0.02 47.67 n.d. n.d. 0.13 9.32 40.20 2.61 0.02 n.d. 0.01 99.97 0.000 0.597 0.000 0.000 0.002 0.852 0.178 0.037 0.001 0.000 0.000
OCO-07-04_ox27 Prot. out. Ocona 0.05 0.05 0.06 0.29 0.18 68.75 31.36 0.04 n.d. 0.01 n.d. 100.79 0.001 0.001 0.001 0.004 0.002 1.002 1.976 0.001 0.000 0.000 0.000

Appendix 2-6

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
OCO-07-06_ox06 Prot. out. Ocona 0.01 0.09 0.08 0.60 0.35 67.29 30.91 0.05 n.d. 0.03 n.d. 99.41 0.000 0.001 0.002 0.008 0.005 1.001 1.961 0.001 0.000 0.000 0.000
OCO-07-06_ox07 Prot. out. Ocona 0.06 0.09 0.07 0.62 0.59 67.09 31.07 0.04 n.d. 0.03 n.d. 99.66 0.001 0.001 0.001 0.008 0.008 1.003 1.950 0.001 0.000 0.000 0.000
OCO-07-06_ox08 Prot. out. Ocona 0.02 0.06 0.06 1.06 0.38 68.37 31.55 0.02 0.02 0.02 0.01 101.58 0.000 0.001 0.001 0.014 0.005 0.999 1.949 0.000 0.000 0.000 0.000
OCO-07-06_ox09 Prot. out. Ocona 0.04 0.05 n.d. 0.75 0.43 67.53 31.02 0.04 0.04 0.01 n.d. 99.91 0.001 0.001 0.000 0.010 0.006 1.000 1.958 0.001 0.001 0.000 0.000
OCO-07-06_ox10 Prot. out. Ocona 0.05 0.07 0.11 0.92 0.48 67.32 31.20 0.05 0.01 0.01 n.d. 100.23 0.001 0.001 0.002 0.012 0.006 1.001 1.944 0.001 0.000 0.000 0.000
OCO-07-06_ox11 Prot. out. Ocona 0.05 0.11 0.05 1.14 0.28 67.06 31.10 0.05 n.d. n.d. 0.02 99.86 0.001 0.001 0.001 0.015 0.004 1.002 1.944 0.001 0.000 0.000 0.000
OCO-07-06_ox12 Prot. out. Ocona 0.03 48.17 n.d. 0.09 0.08 6.35 37.73 5.44 0.04 n.d. 0.02 97.96 0.001 0.603 0.000 0.001 0.001 0.815 0.123 0.077 0.001 0.000 0.000
OCO-07-06_ox13 Prot. out. Ocona 0.02 0.05 0.19 1.09 0.54 67.02 31.09 0.06 0.02 n.d. n.d. 100.08 0.000 0.001 0.004 0.014 0.007 0.999 1.937 0.001 0.001 0.000 0.000
OCO-07-06_ox14 Prot. out. Ocona 0.04 1.74 0.01 0.90 0.32 64.66 32.72 0.10 0.05 0.01 n.d. 100.55 0.001 0.022 0.000 0.012 0.004 1.046 1.859 0.001 0.001 0.000 0.000
OCO-07-06_ox15 Prot. out. Ocona 0.04 0.09 0.15 0.94 0.46 67.13 31.12 0.06 n.d. 0.04 0.02 100.05 0.001 0.001 0.003 0.012 0.006 1.001 1.942 0.001 0.000 0.000 0.000
OCO-07-06_ox16 Prot. out. Ocona 0.03 0.07 0.05 1.19 0.35 67.76 31.33 0.04 0.04 0.01 n.d. 100.86 0.000 0.001 0.001 0.016 0.005 1.000 1.945 0.001 0.001 0.000 0.000
OCO-07-06_ox17 Prot. out. Ocona 0.05 0.07 0.08 1.64 0.49 66.23 31.06 0.06 n.d. 0.01 n.d. 99.69 0.001 0.001 0.002 0.022 0.007 1.002 1.923 0.001 0.000 0.000 0.000
OCO-07-06_ox18 Prot. out. Ocona 0.04 0.03 0.05 1.01 0.51 67.51 31.17 0.03 0.04 0.01 n.d. 100.40 0.001 0.000 0.001 0.013 0.007 0.999 1.947 0.000 0.001 0.000 0.000
OCO-07-06_ox19 Prot. out. Ocona 0.05 0.06 0.21 0.75 0.57 67.05 31.05 0.08 0.03 0.01 n.d. 99.87 0.001 0.001 0.004 0.010 0.008 1.000 1.942 0.001 0.001 0.000 0.000
OCO-07-06_ox20 Prot. out. Ocona 0.03 0.09 0.05 1.02 0.58 66.41 30.88 0.03 n.d. 0.01 n.d. 99.10 0.000 0.001 0.001 0.013 0.008 1.003 1.941 0.000 0.000 0.000 0.000
OCO-07-06_ox21 Prot. out. Ocona 0.03 0.17 0.11 0.92 0.57 66.46 30.93 0.06 0.02 0.02 0.01 99.30 0.000 0.002 0.002 0.012 0.008 1.002 1.937 0.001 0.000 0.000 0.000
OCO-07-06_ox22 Prot. out. Ocona 0.01 48.41 n.d. 0.01 0.09 7.25 39.80 3.62 0.04 n.d. 0.01 99.24 0.000 0.606 0.000 0.000 0.001 0.849 0.139 0.051 0.001 0.000 0.000
OCO-07-06_ox23 Prot. out. Ocona 0.02 0.08 0.09 0.54 0.58 67.29 31.01 0.04 0.01 n.d. n.d. 99.67 0.000 0.001 0.002 0.007 0.008 1.001 1.955 0.001 0.000 0.000 0.000
OCO-07-06_ox24 Prot. out. Ocona 0.04 0.08 0.08 1.28 0.46 66.92 31.13 0.05 n.d. 0.01 0.02 100.06 0.001 0.001 0.002 0.017 0.006 1.001 1.936 0.001 0.000 0.000 0.000
OCO-07-06_ox25 Prot. out. Ocona 0.03 0.04 0.11 1.45 0.57 66.78 31.14 0.07 0.01 n.d. n.d. 100.21 0.000 0.001 0.002 0.019 0.008 0.999 1.929 0.001 0.000 0.000 0.000
OCO-07-06_ox26 Prot. out. Ocona 0.02 0.15 0.11 1.22 0.52 66.51 31.05 0.07 0.01 0.02 n.d. 99.68 0.000 0.002 0.002 0.016 0.007 1.002 1.932 0.001 0.000 0.000 0.000
OCO-07-06_ox27 Prot. out. Ocona 0.02 0.11 0.14 0.85 0.51 67.23 31.12 0.07 0.02 0.02 0.02 100.11 0.000 0.001 0.003 0.011 0.007 1.000 1.944 0.001 0.000 0.000 0.000
OCO-07-06_ox28 Prot. out. Ocona 0.01 0.06 0.02 0.80 0.27 67.39 30.84 0.06 0.05 0.02 n.d. 99.53 0.000 0.001 0.000 0.011 0.004 0.998 1.962 0.001 0.001 0.000 0.000
OCO-07-06_ox29 Prot. out. Ocona 0.02 0.05 0.06 0.73 0.23 67.45 30.89 0.06 0.02 0.01 n.d. 99.50 0.000 0.001 0.001 0.010 0.003 0.999 1.964 0.001 0.000 0.000 0.000
OCO-07-06_ox30 Prot. out. Ocona 0.06 0.06 0.05 0.73 0.37 67.41 31.07 0.03 0.01 0.03 n.d. 99.81 0.001 0.001 0.001 0.010 0.005 1.002 1.956 0.000 0.000 0.000 0.000
OCO-07-06_ox31 Prot. out. Ocona 0.03 0.08 0.12 1.05 0.31 66.77 30.88 0.06 0.03 0.01 n.d. 99.34 0.001 0.001 0.002 0.014 0.004 1.000 1.945 0.001 0.001 0.000 0.000
OCO-07-06_ox32 Prot. out. Ocona n.d. 0.05 0.04 0.77 0.34 67.63 31.00 0.04 n.d. 0.02 0.01 99.90 0.000 0.001 0.001 0.010 0.005 0.999 1.961 0.001 0.000 0.000 0.000
OCO-07-06_ox33 Prot. out. Ocona 0.01 0.05 0.11 0.91 0.49 67.49 31.03 0.06 0.06 0.03 0.01 100.25 0.000 0.001 0.002 0.012 0.007 0.996 1.948 0.001 0.001 0.000 0.000
OCO-07-06_ox34 Prot. out. Ocona 0.03 0.29 0.18 0.79 0.53 66.99 31.36 0.08 0.01 0.01 0.01 100.28 0.000 0.004 0.004 0.010 0.007 1.005 1.933 0.001 0.000 0.000 0.000
OCO-07-04_ox01 Prot. out. Ocona 0.02 48.09 n.d. 0.02 0.05 8.81 40.38 2.76 0.06 0.01 n.d. 100.19 0.000 0.602 0.000 0.000 0.001 0.854 0.168 0.039 0.001 0.000 0.000
OCO-07-04_ox02 Prot. out. Ocona 0.02 46.76 n.d. 0.03 0.07 11.04 39.42 2.35 0.06 n.d. 0.08 99.83 0.000 0.585 0.000 0.000 0.001 0.837 0.211 0.033 0.001 0.001 0.001
OCO-07-04_ox04 Prot. out. Ocona 0.01 0.05 0.18 0.03 0.08 69.84 31.60 0.08 0.01 n.d. n.d. 101.87 0.000 0.001 0.003 0.000 0.001 0.998 1.986 0.001 0.000 0.000 0.000
OCO-07-04_ox05 Prot. out. Ocona 0.04 49.24 0.02 n.d. 0.07 5.94 41.78 2.33 0.02 n.d. 0.07 99.50 0.001 0.616 0.000 0.000 0.001 0.888 0.114 0.033 0.000 0.001 0.001
OCO-07-04_ox06 Prot. out. Ocona 0.02 51.64 n.d. n.d. 0.08 1.64 41.72 4.62 0.04 n.d. n.d. 99.77 0.000 0.646 0.000 0.000 0.001 0.883 0.031 0.065 0.001 0.000 0.000
OCO-07-04_ox07 Prot. out. Ocona 0.03 47.58 0.01 n.d. 0.12 9.78 40.50 2.18 0.05 n.d. 0.02 100.26 0.000 0.596 0.000 0.000 0.002 0.856 0.186 0.031 0.001 0.000 0.000
OCO-07-04_ox08 Prot. out. Ocona 0.06 0.06 0.03 0.08 0.36 68.79 31.41 n.d. 0.01 0.02 n.d. 100.81 0.001 0.001 0.001 0.001 0.005 1.003 1.977 0.000 0.000 0.000 0.000
OCO-07-04_ox09 Prot. out. Ocona 0.05 0.07 0.14 0.02 0.05 69.52 31.61 0.03 n.d. n.d. n.d. 101.49 0.001 0.001 0.003 0.000 0.001 1.003 1.984 0.000 0.000 0.000 0.000
OCO-07-04_ox10 Prot. out. Ocona 0.01 0.04 0.07 0.07 0.31 69.14 31.44 n.d. n.d. n.d. n.d. 101.08 0.000 0.000 0.001 0.001 0.004 1.002 1.982 0.000 0.000 0.000 0.000
OCO-07-04_ox11 Prot. out. Ocona 0.01 0.05 0.07 0.18 0.20 69.34 31.48 0.04 n.d. n.d. 0.01 101.37 0.000 0.001 0.001 0.002 0.003 1.000 1.982 0.001 0.000 0.000 0.000
OCO-07-04_ox15 Prot. out. Ocona 0.03 0.02 0.17 n.d. 0.03 69.77 31.54 0.08 0.01 n.d. n.d. 101.65 0.001 0.000 0.003 0.000 0.000 0.999 1.988 0.001 0.000 0.000 0.000
OCO-07-04_ox16 Prot. out. Ocona 0.01 0.05 0.06 0.02 0.22 69.29 31.41 0.03 n.d. n.d. n.d. 101.08 0.000 0.001 0.001 0.000 0.003 1.001 1.986 0.000 0.000 0.000 0.000
OCO-07-04_ox17 Prot. out. Ocona 0.01 48.16 0.01 0.02 0.12 8.80 41.12 2.09 0.03 n.d. 0.02 100.37 0.000 0.603 0.000 0.000 0.002 0.868 0.167 0.029 0.001 0.000 0.000
OCO-07-04_ox18 Prot. out. Ocona 0.03 0.01 0.06 0.02 0.02 69.97 31.60 0.04 n.d. n.d. n.d. 101.74 0.000 0.000 0.001 0.000 0.000 1.000 1.993 0.001 0.000 0.000 0.000
OCO-07-04_ox19 Prot. out. Ocona 0.04 0.05 0.03 0.01 0.26 69.06 31.38 0.01 n.d. 0.01 0.01 100.86 0.001 0.001 0.001 0.000 0.003 1.002 1.984 0.000 0.000 0.000 0.000
OCO-07-04_ox20 Prot. out. Ocona 0.01 0.05 0.01 0.02 0.15 69.07 31.24 0.04 n.d. 0.01 n.d. 100.60 0.000 0.001 0.000 0.000 0.002 1.001 1.991 0.001 0.000 0.000 0.000
OCO-07-04_ox21 Prot. out. Ocona 0.03 0.02 0.15 0.01 0.03 69.70 31.54 0.04 n.d. n.d. n.d. 101.52 0.000 0.000 0.003 0.000 0.000 1.000 1.989 0.001 0.000 0.000 0.000
OCO-07-04_ox22 Prot. out. Ocona 0.01 0.04 0.19 0.01 0.04 69.96 31.68 0.05 n.d. 0.02 n.d. 102.01 0.000 0.000 0.004 0.000 0.001 1.000 1.987 0.001 0.000 0.000 0.000
OCO-07-04_ox23 Prot. out. Ocona 0.01 0.04 0.10 n.d. 0.04 69.82 31.50 0.03 0.01 n.d. 0.03 101.58 0.000 0.001 0.002 0.000 0.001 0.998 1.991 0.000 0.000 0.000 0.000
OCO-07-04_ox24 Prot. out. Ocona 0.03 0.04 0.03 n.d. 0.08 69.91 31.63 0.03 n.d. n.d. n.d. 101.76 0.000 0.001 0.001 0.000 0.001 1.001 1.992 0.000 0.000 0.000 0.000
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OCO-07-17_ox12 Prot. pp Ocona 0.02 0.12 0.11 0.55 0.47 67.44 31.09 0.05 0.01 n.d. n.d. 99.87 0.000 0.001 0.002 0.007 0.006 1.002 1.955 0.001 0.000 0.000 0.000
OCO-07-17_ox13 Prot. pp Ocona 0.02 0.05 0.10 n.d. 0.23 68.18 30.87 0.06 0.03 0.01 n.d. 99.55 0.000 0.001 0.002 0.000 0.003 0.998 1.984 0.001 0.001 0.000 0.000

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
OCO-07-04_ox28 Prot. out. Ocona 0.03 48.77 n.d. 0.02 0.11 5.74 41.50 2.16 0.04 n.d. 0.07 98.43 0.000 0.611 0.000 0.000 0.001 0.892 0.111 0.030 0.001 0.001 0.001
OCO-07-04_ox29 Prot. out. Ocona 0.02 n.d. 0.01 n.d. 0.04 69.56 31.30 0.04 n.d. 0.02 0.01 100.99 0.000 0.000 0.000 0.000 0.000 0.998 1.997 0.001 0.000 0.000 0.000
OCO-07-04_ox30 Prot. out. Ocona 0.04 0.04 0.04 0.04 0.21 69.56 31.59 0.02 n.d. 0.01 n.d. 101.54 0.001 0.000 0.001 0.001 0.003 1.002 1.986 0.000 0.000 0.000 0.000
OCO-07-04_ox31 Prot. out. Ocona 0.05 0.02 0.03 0.03 0.22 68.71 31.11 0.06 0.01 n.d. 0.01 100.25 0.001 0.000 0.001 0.000 0.003 0.999 1.986 0.001 0.000 0.000 0.000
OCO-07-04_ox32 Prot. out. Ocona 0.02 0.10 0.08 0.02 0.05 68.92 31.27 0.03 0.01 n.d. n.d. 100.50 0.000 0.001 0.002 0.000 0.001 1.002 1.987 0.000 0.000 0.000 0.000
OCO-07-04_ox33 Prot. out. Ocona 0.04 0.04 0.16 0.01 0.06 69.36 31.42 0.07 0.02 n.d. n.d. 101.18 0.001 0.001 0.003 0.000 0.001 1.000 1.985 0.001 0.000 0.000 0.000
OCO-07-04_ox34 Prot. out. Ocona 0.03 0.03 0.05 0.06 0.33 68.88 31.32 0.01 0.01 n.d. n.d. 100.72 0.001 0.000 0.001 0.001 0.004 1.001 1.981 0.000 0.000 0.000 0.000
OCO-07-04_ox35 Prot. out. Ocona 0.04 0.02 0.03 n.d. 0.10 68.86 31.17 0.01 n.d. 0.01 n.d. 100.23 0.001 0.000 0.001 0.000 0.001 1.002 1.992 0.000 0.000 0.000 0.000
OCO-07-04_ox36 Prot. out. Ocona 0.02 n.d. 0.16 0.01 0.08 69.36 31.31 0.06 0.03 n.d. n.d. 101.03 0.000 0.000 0.003 0.000 0.001 0.997 1.988 0.001 0.001 0.000 0.000
OCO-07-03_ox01 Prot. pp Ocona 0.02 0.01 0.09 n.d. 0.07 69.35 31.24 0.08 n.d. n.d. 0.02 100.89 0.000 0.000 0.002 0.000 0.001 0.997 1.992 0.001 0.000 0.000 0.000
OCO-07-03_ox02 Prot. pp Ocona 0.02 0.03 0.04 0.12 0.35 69.10 31.37 0.07 n.d. n.d. n.d. 101.10 0.000 0.000 0.001 0.002 0.005 0.999 1.981 0.001 0.000 0.000 0.000
OCO-07-03_ox03 Prot. pp Ocona 0.04 0.09 0.05 0.07 0.26 68.28 31.04 0.05 0.01 0.05 0.03 99.97 0.001 0.001 0.001 0.001 0.003 1.000 1.980 0.001 0.000 0.000 0.000
OCO-07-03_ox04 Prot. pp Ocona 0.45 0.04 0.10 0.08 0.27 67.75 31.60 0.07 0.10 n.d. n.d. 100.45 0.007 0.000 0.002 0.001 0.004 1.010 1.949 0.001 0.002 0.000 0.000
OCO-07-03_ox05 Prot. pp Ocona 0.03 47.27 n.d. n.d. 0.09 10.15 37.95 4.30 0.07 n.d. 0.05 99.92 0.001 0.592 0.000 0.000 0.001 0.805 0.194 0.061 0.002 0.001 0.001
OCO-07-03_ox06 Prot. pp Ocona n.d. 48.88 0.01 n.d. 0.11 6.73 39.46 4.17 0.12 n.d. 0.03 99.50 0.000 0.612 0.000 0.000 0.001 0.839 0.129 0.059 0.003 0.000 0.001
OCO-07-03_ox07 Prot. pp Ocona 0.05 0.04 0.09 0.47 0.62 67.38 30.95 0.13 0.01 n.d. n.d. 99.75 0.001 0.001 0.002 0.006 0.008 0.999 1.956 0.002 0.000 0.000 0.000
OCO-07-03_ox08 Prot. pp Ocona 0.02 2.12 0.02 0.02 0.29 65.30 33.34 0.07 n.d. 0.02 n.d. 101.20 0.000 0.027 0.000 0.000 0.004 1.059 1.867 0.001 0.000 0.000 0.000
OCO-07-03_ox09 Prot. pp Ocona 0.03 0.05 0.07 0.27 0.20 69.02 31.38 0.07 n.d. n.d. 0.01 101.11 0.000 0.001 0.001 0.003 0.003 0.999 1.978 0.001 0.000 0.000 0.000
OCO-07-03_ox10 Prot. pp Ocona 0.03 0.05 0.03 0.06 0.24 68.82 31.28 n.d. n.d. 0.01 n.d. 100.51 0.000 0.001 0.001 0.001 0.003 1.002 1.985 0.000 0.000 0.000 0.000
OCO-07-03_ox11 Prot. pp Ocona 0.03 0.02 0.03 0.18 0.18 68.80 31.15 0.11 n.d. n.d. n.d. 100.50 0.000 0.000 0.001 0.002 0.002 0.998 1.984 0.002 0.000 0.000 0.000
OCO-07-03_ox12 Prot. pp Ocona n.d. 1.10 0.03 0.02 0.30 67.62 32.49 0.05 0.01 n.d. n.d. 101.63 0.000 0.014 0.001 0.000 0.004 1.029 1.926 0.001 0.000 0.000 0.000
OCO-07-03_ox13 Prot. pp Ocona 0.01 0.02 0.02 0.05 0.08 69.14 31.20 0.05 n.d. 0.01 n.d. 100.59 0.000 0.000 0.000 0.001 0.001 0.999 1.993 0.001 0.000 0.000 0.000
OCO-07-03_ox14 Prot. pp Ocona 0.01 0.05 0.04 0.01 0.22 68.27 30.88 0.03 0.04 0.04 n.d. 99.60 0.000 0.001 0.001 0.000 0.003 0.999 1.987 0.000 0.001 0.000 0.000
OCO-07-03_ox15 Prot. pp Ocona n.d. 0.05 0.19 0.13 0.25 68.54 31.17 0.08 n.d. 0.03 n.d. 100.45 0.000 0.001 0.004 0.002 0.003 0.999 1.977 0.001 0.000 0.000 0.000
OCO-07-03_ox16 Prot. pp Ocona 0.02 0.04 0.04 0.33 0.30 68.87 31.36 0.01 0.03 0.01 n.d. 101.00 0.000 0.000 0.001 0.004 0.004 1.000 1.976 0.000 0.001 0.000 0.000
OCO-07-03_ox17 Prot. pp Ocona n.d. 0.04 0.05 0.03 0.09 69.13 31.21 0.04 n.d. n.d. n.d. 100.59 0.000 0.000 0.001 0.000 0.001 1.000 1.992 0.001 0.000 0.000 0.000
OCO-07-03_ox18 Prot. pp Ocona 0.05 0.03 0.05 0.14 0.21 68.73 31.25 0.03 0.01 0.01 n.d. 100.50 0.001 0.000 0.001 0.002 0.003 1.001 1.981 0.000 0.000 0.000 0.000
OCO-07-03_ox19 Prot. pp Ocona 0.04 0.05 0.04 0.06 0.06 69.19 31.33 0.03 0.01 n.d. 0.01 100.83 0.001 0.001 0.001 0.001 0.001 1.000 1.989 0.000 0.000 0.000 0.000
OCO-07-03_ox20 Prot. pp Ocona n.d. 0.03 0.05 0.03 0.10 69.44 31.28 0.08 0.02 0.01 n.d. 101.04 0.000 0.000 0.001 0.000 0.001 0.997 1.992 0.001 0.001 0.000 0.000
OCO-07-03_ox21 Prot. pp Ocona 0.02 0.02 0.02 0.25 0.29 68.57 31.18 0.02 n.d. n.d. n.d. 100.37 0.000 0.000 0.000 0.003 0.004 1.001 1.980 0.000 0.000 0.000 0.000
OCO-07-03_ox22 Prot. pp Ocona 0.02 0.02 0.06 0.03 0.14 69.18 31.29 0.06 n.d. 0.01 n.d. 100.80 0.000 0.000 0.001 0.000 0.002 1.000 1.989 0.001 0.000 0.000 0.000
OCO-07-03_ox23 Prot. pp Ocona 0.01 0.03 0.05 0.04 0.30 69.24 31.43 n.d. n.d. n.d. n.d. 101.11 0.000 0.000 0.001 0.001 0.004 1.001 1.985 0.000 0.000 0.000 0.000
OCO-07-03_ox25 Prot. pp Ocona n.d. 0.05 0.06 0.07 0.16 68.90 31.15 0.09 n.d. n.d. n.d. 100.49 0.000 0.001 0.001 0.001 0.002 0.998 1.987 0.001 0.000 0.000 0.000
OCO-07-03_ox26 Prot. pp Ocona 0.05 0.08 0.07 0.02 0.29 69.02 31.47 0.02 0.01 0.01 n.d. 101.05 0.001 0.001 0.001 0.000 0.004 1.003 1.979 0.000 0.000 0.000 0.000
OCO-07-03_ox27 Prot. pp Ocona 0.03 0.02 0.05 0.13 0.34 68.71 31.22 0.07 n.d. 0.02 n.d. 100.58 0.001 0.000 0.001 0.002 0.005 0.999 1.980 0.001 0.000 0.000 0.000
OCO-07-03_ox29 Prot. pp Ocona 0.02 0.07 0.08 0.02 0.27 68.74 31.25 0.03 0.01 0.03 n.d. 100.53 0.000 0.001 0.002 0.000 0.004 1.001 1.982 0.000 0.000 0.000 0.000
OCO-07-03_ox30 Prot. pp Ocona 0.01 0.03 0.05 0.18 0.33 69.08 31.26 0.12 0.01 n.d. 0.02 101.11 0.000 0.000 0.001 0.002 0.004 0.995 1.979 0.002 0.000 0.000 0.000
OCO-07-03_ox31 Prot. pp Ocona 0.01 0.03 0.13 0.17 0.27 68.93 31.27 0.08 0.02 0.01 0.01 100.94 0.000 0.000 0.003 0.002 0.004 0.997 1.978 0.001 0.000 0.000 0.000
OCO-07-03_ox32 Prot. pp Ocona n.d. 0.04 0.15 0.12 0.30 68.43 31.10 0.06 0.01 0.04 n.d. 100.26 0.000 0.001 0.003 0.002 0.004 0.999 1.977 0.001 0.000 0.000 0.000
OCO-07-03_ox33 Prot. pp Ocona 0.03 0.03 0.14 0.43 0.66 68.17 31.22 0.17 n.d. 0.02 0.02 100.88 0.001 0.000 0.003 0.006 0.009 0.996 1.957 0.002 0.000 0.000 0.000
OCO-07-03_ox34 Prot. pp Ocona 0.03 1.08 0.09 n.d. 0.27 66.81 32.11 0.08 n.d. n.d. 0.03 100.50 0.000 0.014 0.002 0.000 0.004 1.027 1.923 0.001 0.000 0.000 0.001
OCO-07-03_ox35 Prot. pp Ocona 0.05 0.04 0.01 0.07 0.14 68.88 31.20 0.04 0.02 n.d. 0.01 100.46 0.001 0.001 0.000 0.001 0.002 1.000 1.987 0.001 0.000 0.000 0.000
OCO-07-03_ox36 Prot. pp Ocona 0.03 0.07 0.05 0.01 0.24 69.09 31.41 0.02 0.01 0.01 n.d. 100.94 0.001 0.001 0.001 0.000 0.003 1.002 1.984 0.000 0.000 0.000 0.000
OCO-07-17_ox04 Prot. pp Ocona 0.01 0.12 0.06 n.d. 0.14 69.07 31.21 0.10 0.05 0.02 0.01 100.79 0.000 0.002 0.001 0.000 0.002 0.997 1.985 0.001 0.001 0.000 0.000
OCO-07-17_ox05 Prot. pp Ocona 0.05 0.03 0.12 0.09 0.28 67.78 30.84 0.04 0.02 0.01 n.d. 99.23 0.001 0.000 0.002 0.001 0.004 1.000 1.978 0.001 0.000 0.000 0.000
OCO-07-17_ox07 Prot. pp Ocona 0.04 0.06 0.08 0.59 0.25 67.43 30.87 0.02 0.03 0.07 0.02 99.47 0.001 0.001 0.002 0.008 0.003 0.999 1.964 0.000 0.001 0.000 0.000
OCO-07-17_ox09 Prot. pp Ocona 0.01 0.23 0.38 0.57 0.39 67.61 31.52 0.03 0.03 0.02 n.d. 100.78 0.000 0.003 0.008 0.007 0.005 1.005 1.939 0.000 0.001 0.000 0.000
OCO-07-17_ox10 Prot. pp Ocona 0.04 1.69 0.71 0.06 0.30 64.88 32.68 0.06 0.03 n.d. 0.10 100.54 0.001 0.021 0.014 0.001 0.004 1.040 1.857 0.001 0.001 0.001 0.002
OCO-07-17_ox11 Prot. pp Ocona 0.05 0.08 0.13 0.38 0.26 67.95 31.09 0.04 0.03 n.d. 0.01 100.01 0.001 0.001 0.003 0.005 0.003 1.000 1.967 0.001 0.001 0.000 0.000
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MAJ-08-02_ox18 Prot. pp Majes 0.03 0.08 0.06 0.16 0.23 68.87 31.38 0.02 0.01 n.d. n.d. 100.83 0.000 0.001 0.001 0.002 0.003 1.002 1.979 0.000 0.000 0.000 0.000
MAJ-08-02_ox19 Prot. pp Majes 0.02 0.93 0.10 0.12 0.44 67.53 32.31 0.06 0.01 n.d. 0.02 101.54 0.000 0.012 0.002 0.002 0.006 1.023 1.924 0.001 0.000 0.000 0.000
MAJ-08-02_ox20 Prot. pp Majes 0.04 47.82 0.02 0.01 0.16 8.95 40.68 2.14 0.07 n.d. 0.04 99.93 0.001 0.599 0.000 0.000 0.002 0.862 0.171 0.030 0.002 0.000 0.001

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
OCO-07-17_ox14 Prot. pp Ocona 0.02 1.10 0.30 0.05 0.29 66.73 32.18 0.06 n.d. n.d. 0.09 100.82 0.000 0.014 0.006 0.001 0.004 1.024 1.911 0.001 0.000 0.001 0.002
OCO-07-17_ox15 Prot. pp Ocona 0.01 0.27 0.06 0.17 0.10 67.61 31.10 0.02 n.d. 0.01 n.d. 99.37 0.000 0.003 0.001 0.002 0.001 1.008 1.972 0.000 0.000 0.000 0.000
OCO-07-17_ox16 Prot. pp Ocona 0.09 11.71 0.06 0.08 0.19 42.84 39.69 0.98 0.02 n.d. n.d. 95.66 0.001 0.147 0.001 0.001 0.003 1.319 1.281 0.014 0.000 0.000 0.000
OCO-07-17_ox17 Prot. pp Ocona 0.06 0.26 0.10 n.d. 0.20 68.43 31.46 0.10 n.d. 0.01 n.d. 100.62 0.001 0.003 0.002 0.000 0.003 1.007 1.970 0.001 0.000 0.000 0.000
OCO-07-17_ox20 Prot. pp Ocona 0.02 0.05 0.09 0.03 0.26 67.50 30.64 0.07 n.d. n.d. n.d. 98.66 0.000 0.001 0.002 0.000 0.003 1.000 1.982 0.001 0.000 0.000 0.000
OCO-07-17_ox21 Prot. pp Ocona 0.03 0.27 0.05 0.04 0.24 67.96 31.28 0.03 n.d. n.d. n.d. 99.91 0.001 0.003 0.001 0.001 0.003 1.008 1.971 0.000 0.000 0.000 0.000
OCO-07-17_ox22 Prot. pp Ocona 0.03 0.50 0.07 0.36 0.36 67.47 31.66 0.04 n.d. n.d. 0.01 100.51 0.000 0.006 0.001 0.005 0.005 1.014 1.944 0.001 0.000 0.000 0.000
OCO-07-17_ox23 Prot. pp Ocona 0.06 0.02 0.05 n.d. 0.28 68.41 31.04 0.10 n.d. 0.01 n.d. 99.98 0.001 0.000 0.001 0.000 0.004 1.000 1.983 0.001 0.000 0.000 0.000
OCO-07-17_ox24 Prot. pp Ocona 0.04 0.58 0.30 0.02 0.18 67.83 31.52 0.13 0.01 n.d. 0.13 100.72 0.001 0.007 0.006 0.000 0.002 1.004 1.945 0.002 0.000 0.002 0.002
OCO-07-17_ox27 Prot. pp Ocona 0.81 0.01 0.37 n.d. 0.28 66.40 32.13 0.06 0.03 n.d. n.d. 100.09 0.014 0.000 0.007 0.000 0.004 1.028 1.912 0.001 0.001 0.000 0.000
OCO-07-17_ox28 Prot. pp Ocona 0.04 0.06 0.06 0.12 0.28 68.06 30.96 0.04 0.01 n.d. 0.01 99.63 0.001 0.001 0.001 0.002 0.004 1.000 1.979 0.001 0.000 0.000 0.000
OCO-07-17_ox29 Prot. pp Ocona 0.02 0.33 0.13 0.05 0.21 68.21 31.22 0.17 0.04 n.d. 0.04 100.42 0.000 0.004 0.003 0.001 0.003 1.000 1.966 0.002 0.001 0.001 0.001
OCO-07-17_ox31 Prot. pp Ocona 0.02 0.03 0.05 n.d. 0.25 68.60 30.95 0.15 0.01 n.d. n.d. 100.06 0.000 0.000 0.001 0.000 0.003 0.996 1.987 0.002 0.000 0.000 0.000
OCO-07-17_ox32 Prot. pp Ocona 0.04 0.05 0.12 0.02 0.24 68.82 31.25 0.05 0.03 n.d. n.d. 100.62 0.001 0.001 0.002 0.000 0.003 1.000 1.981 0.001 0.001 0.000 0.000
OCO-08-04_ox01 Prot. pp Ocona 0.02 0.03 0.13 0.01 0.36 68.81 31.31 n.d. n.d. 0.02 0.01 100.70 0.000 0.000 0.002 0.000 0.005 1.001 1.980 0.000 0.000 0.000 0.000
OCO-08-04_ox02 Prot. pp Ocona 0.02 0.07 0.51 0.01 0.33 68.23 31.39 n.d. n.d. 0.04 n.d. 100.60 0.000 0.001 0.010 0.000 0.004 1.003 1.961 0.000 0.000 0.000 0.000
OCO-08-04_ox03 Prot. pp Ocona n.d. 0.04 0.10 0.07 0.19 69.21 31.29 0.09 n.d. n.d. 0.01 100.99 0.000 0.000 0.002 0.001 0.003 0.998 1.985 0.001 0.000 0.000 0.000
OCO-08-04_ox04 Prot. pp Ocona n.d. 0.04 0.33 n.d. 0.27 68.86 31.40 n.d. n.d. 0.01 0.01 100.94 0.000 0.001 0.007 0.000 0.004 1.000 1.974 0.000 0.000 0.000 0.000
OCO-08-04_ox05 Prot. pp Ocona 0.03 0.07 0.24 0.05 0.50 68.49 31.42 0.01 0.01 0.01 n.d. 100.83 0.001 0.001 0.005 0.001 0.007 1.002 1.966 0.000 0.000 0.000 0.000
OCO-08-04_ox06 Prot. pp Ocona 0.01 49.67 n.d. n.d. 0.05 5.51 35.03 9.44 n.d. n.d. 0.05 99.76 0.000 0.622 0.000 0.000 0.001 0.742 0.105 0.133 0.000 0.001 0.001
OCO-08-04_ox07 Prot. pp Ocona 0.05 0.05 0.07 n.d. 0.15 69.19 31.33 0.08 n.d. n.d. 0.02 100.94 0.001 0.001 0.001 0.000 0.002 0.999 1.986 0.001 0.000 0.000 0.000
OCO-08-04_ox08 Prot. pp Ocona 0.02 0.83 0.09 n.d. 0.51 67.56 32.19 n.d. 0.02 n.d. 0.01 101.23 0.000 0.010 0.002 0.000 0.007 1.023 1.932 0.000 0.000 0.000 0.000
OCO-08-04_ox09 Prot. pp Ocona 0.04 0.02 0.10 0.26 0.34 68.58 31.28 0.03 0.02 0.01 n.d. 100.68 0.001 0.000 0.002 0.003 0.005 1.000 1.973 0.000 0.001 0.000 0.000
OCO-08-04_ox10 Prot. pp Ocona 0.03 0.01 0.11 0.02 0.25 68.85 31.27 0.01 n.d. 0.03 n.d. 100.58 0.001 0.000 0.002 0.000 0.003 1.001 1.984 0.000 0.000 0.000 0.000
OCO-08-04_ox11 Prot. pp Ocona 0.03 0.04 1.43 0.01 0.23 67.56 31.64 n.d. n.d. 0.01 0.01 100.96 0.001 0.000 0.028 0.000 0.003 1.002 1.924 0.000 0.000 0.000 0.000
OCO-08-04_ox12 Prot. pp Ocona 0.02 0.05 0.06 0.11 0.29 68.84 31.34 0.01 n.d. 0.01 n.d. 100.74 0.000 0.001 0.001 0.001 0.004 1.002 1.980 0.000 0.000 0.000 0.000
OCO-08-04_ox13 Prot. pp Ocona 0.03 0.01 0.02 0.01 0.18 69.17 31.22 0.05 n.d. 0.02 0.02 100.73 0.001 0.000 0.000 0.000 0.002 0.998 1.990 0.001 0.000 0.000 0.000
OCO-08-04_ox14 Prot. pp Ocona n.d. 0.05 0.17 0.02 0.27 68.97 31.32 0.01 0.01 0.03 0.01 100.86 0.000 0.001 0.003 0.000 0.004 1.000 1.981 0.000 0.000 0.000 0.000
OCO-08-04_ox15 Prot. pp Ocona 0.01 0.07 0.10 n.d. 0.24 69.19 31.42 0.05 n.d. 0.02 n.d. 101.10 0.000 0.001 0.002 0.000 0.003 1.001 1.983 0.001 0.000 0.000 0.000
OCO-08-04_ox16 Prot. pp Ocona 0.03 0.11 0.23 0.03 0.52 68.27 31.37 0.02 n.d. 0.03 0.01 100.62 0.001 0.001 0.005 0.000 0.007 1.003 1.964 0.000 0.000 0.000 0.000
OCO-08-04_ox17 Prot. pp Ocona n.d. 48.74 n.d. n.d. 0.09 7.43 38.62 4.79 0.04 0.01 0.14 99.85 0.000 0.610 0.000 0.000 0.001 0.818 0.142 0.068 0.001 0.002 0.002
OCO-08-04_ox18 Prot. pp Ocona n.d. 48.82 n.d. n.d. n.d. 6.87 38.20 5.54 0.05 n.d. 0.01 99.48 0.000 0.611 0.000 0.000 0.000 0.813 0.131 0.078 0.001 0.000 0.000
OCO-08-04_ox19 Prot. pp Ocona 0.02 0.09 0.25 0.03 0.46 68.39 31.30 n.d. 0.03 0.03 0.02 100.62 0.000 0.001 0.005 0.000 0.006 1.000 1.967 0.000 0.001 0.000 0.000
OCO-08-04_ox20 Prot. pp Ocona 0.01 48.73 0.01 n.d. 0.11 8.14 43.30 0.42 0.01 n.d. 0.05 100.79 0.000 0.610 0.000 0.000 0.001 0.910 0.154 0.006 0.000 0.001 0.001
MAJ-08-02_ox01 Prot. pp Majes n.d. 48.58 0.02 n.d. 0.01 8.75 38.85 4.24 0.24 n.d. 0.06 100.75 0.000 0.608 0.000 0.000 0.000 0.815 0.165 0.060 0.006 0.001 0.001
MAJ-08-02_ox02 Prot. pp Majes 0.01 0.04 0.05 0.17 0.16 69.35 31.43 0.04 n.d. 0.01 0.01 101.26 0.000 0.000 0.001 0.002 0.002 1.000 1.985 0.001 0.000 0.000 0.000
MAJ-08-02_ox03 Prot. pp Majes 0.01 1.11 0.11 0.54 0.42 66.54 32.34 0.08 0.02 0.01 0.01 101.19 0.000 0.014 0.002 0.007 0.006 1.027 1.902 0.001 0.001 0.000 0.000
MAJ-08-02_ox04 Prot. pp Majes 0.01 9.38 0.07 0.08 0.13 50.98 38.81 1.02 0.03 n.d. 0.05 100.57 0.000 0.117 0.001 0.001 0.002 1.230 1.454 0.014 0.001 0.001 0.001
MAJ-08-02_ox05 Prot. pp Majes 0.12 n.d. 0.14 n.d. 0.20 69.17 31.46 0.02 0.06 0.02 n.d. 101.18 0.002 0.000 0.003 0.000 0.003 1.000 1.979 0.000 0.001 0.000 0.000
MAJ-08-02_ox06 Prot. pp Majes 0.02 0.01 0.03 n.d. 0.17 69.20 31.21 0.01 0.03 0.08 0.01 100.77 0.000 0.000 0.001 0.000 0.002 0.998 1.992 0.000 0.001 0.000 0.000
MAJ-08-02_ox07 Prot. pp Majes 0.01 50.30 n.d. n.d. 0.06 4.21 42.48 2.40 0.10 n.d. 0.08 99.64 0.000 0.630 0.000 0.000 0.001 0.900 0.080 0.034 0.002 0.001 0.001
MAJ-08-02_ox08 Prot. pp Majes 0.02 0.05 0.03 0.28 0.40 69.42 31.70 0.02 n.d. 0.04 n.d. 101.96 0.000 0.001 0.001 0.004 0.005 1.002 1.974 0.000 0.000 0.000 0.000
MAJ-08-02_ox09 Prot. pp Majes 0.01 46.49 n.d. n.d. 0.05 12.31 36.97 4.10 0.37 n.d. 0.03 100.32 0.000 0.582 0.000 0.000 0.001 0.780 0.234 0.058 0.009 0.000 0.000
MAJ-08-02_ox10 Prot. pp Majes n.d. 1.37 0.10 0.25 0.18 67.10 32.89 0.04 n.d. n.d. n.d. 101.94 0.000 0.017 0.002 0.003 0.002 1.038 1.905 0.001 0.000 0.000 0.000
MAJ-08-02_ox11 Prot. pp Majes 0.05 49.02 n.d. 0.02 0.12 7.14 39.21 4.36 0.29 n.d. n.d. 100.21 0.001 0.614 0.000 0.000 0.002 0.827 0.136 0.061 0.007 0.000 0.000
MAJ-08-02_ox12 Prot. pp Majes 0.02 0.06 0.06 0.30 0.28 68.80 31.34 0.03 0.04 n.d. n.d. 100.93 0.000 0.001 0.001 0.004 0.004 0.999 1.975 0.000 0.001 0.000 0.000
MAJ-08-02_ox13 Prot. pp Majes 0.02 0.04 0.12 0.17 0.32 69.20 31.53 0.03 n.d. 0.01 n.d. 101.44 0.000 0.001 0.002 0.002 0.004 1.001 1.976 0.000 0.000 0.000 0.000
MAJ-08-02_ox17 Prot. pp Majes 0.02 35.21 0.02 0.09 0.23 35.75 29.83 1.60 0.08 0.02 0.05 102.89 0.000 0.441 0.000 0.001 0.003 0.622 0.671 0.023 0.002 0.001 0.001
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TAC-07-11_ox28 Prot. pp Tacna n.d. 14.92 0.04 0.13 0.29 37.08 43.06 0.64 0.01 n.d. 0.01 96.19 0.000 0.187 0.001 0.002 0.004 1.419 1.100 0.009 0.000 0.000 0.000
TAC-07-11_ox29 Prot. pp Tacna n.d. 19.76 0.23 0.11 0.30 25.15 46.87 0.34 n.d. n.d. n.d. 92.77 0.000 0.247 0.004 0.002 0.004 1.592 0.769 0.005 0.000 0.000 0.000
TAC-07-11_ox30 Prot. pp Tacna 0.04 0.04 0.16 0.30 0.28 68.77 31.34 0.05 0.01 0.03 0.04 101.05 0.001 0.001 0.003 0.004 0.004 0.998 1.970 0.001 0.000 0.001 0.001

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
RCH-04-234_ox01 Prot. pp Vitor 0.03 0.02 0.03 n.d. 0.28 68.95 31.19 0.08 n.d. 0.02 n.d. 100.58 0.000 0.000 0.001 0.000 0.004 0.999 1.987 0.001 0.000 0.000 0.000
RCH-04-234_ox02 Prot. pp Vitor 0.02 0.06 0.09 0.01 0.29 68.66 31.03 0.19 0.01 n.d. n.d. 100.35 0.000 0.001 0.002 0.000 0.004 0.996 1.982 0.003 0.000 0.000 0.000
RCH-04-234_ox03 Prot. pp Vitor 0.01 0.05 0.11 n.d. 0.33 68.75 30.98 0.28 0.01 0.01 n.d. 100.53 0.000 0.001 0.002 0.000 0.004 0.992 1.981 0.004 0.000 0.000 0.000
RCH-04-234_ox04 Prot. pp Vitor 0.06 0.03 0.06 0.02 0.26 68.50 31.02 0.18 n.d. 0.01 n.d. 100.16 0.001 0.000 0.001 0.000 0.003 0.997 1.982 0.003 0.000 0.000 0.000
RCH-04-234_ox05 Prot. pp Vitor 0.02 0.04 0.08 n.d. 0.25 69.32 31.32 0.16 n.d. 0.04 n.d. 101.23 0.000 0.001 0.002 0.000 0.003 0.997 1.985 0.002 0.000 0.000 0.000
RCH-04-234_ox06 Prot. pp Vitor 0.89 0.07 0.46 n.d. 0.41 62.85 30.66 0.20 0.11 n.d. n.d. 95.66 0.015 0.001 0.009 0.000 0.006 1.024 1.889 0.003 0.003 0.000 0.000
RCH-04-234_ox07 Prot. pp Vitor 0.02 0.06 0.03 0.01 0.25 68.55 30.91 0.20 0.02 n.d. n.d. 100.05 0.000 0.001 0.001 0.000 0.003 0.995 1.985 0.003 0.000 0.000 0.000
RCH-04-234_ox09 Prot. pp Vitor 0.03 0.07 0.05 n.d. 0.27 68.35 30.93 0.18 n.d. n.d. n.d. 99.86 0.000 0.001 0.001 0.000 0.004 0.997 1.983 0.002 0.000 0.000 0.000
RCH-04-234_ox10 Prot. pp Vitor 0.31 0.04 0.06 0.01 0.25 66.05 30.46 0.11 0.03 n.d. 0.04 97.36 0.005 0.001 0.001 0.000 0.003 1.006 1.962 0.002 0.001 0.000 0.001
RCH-04-234_ox12 Prot. pp Vitor 0.07 0.04 0.13 n.d. 0.28 67.61 30.62 0.24 n.d. 0.01 0.01 99.01 0.001 0.000 0.002 0.000 0.004 0.995 1.978 0.003 0.000 0.000 0.000
RCH-04-234_ox13 Prot. pp Vitor 0.24 0.17 0.12 0.02 0.33 63.72 29.55 0.18 0.04 0.01 n.d. 94.38 0.004 0.002 0.002 0.000 0.004 1.007 1.953 0.003 0.001 0.000 0.000
RCH-04-234_ox14 Prot. pp Vitor 0.09 0.05 0.10 0.01 0.26 66.90 30.21 0.29 0.01 0.05 0.04 98.00 0.001 0.001 0.002 0.000 0.004 0.992 1.977 0.004 0.000 0.001 0.001
RCH-04-234_ox15 Prot. pp Vitor 0.23 0.11 0.11 n.d. 0.26 66.01 30.30 0.30 0.01 n.d. 0.01 97.34 0.004 0.001 0.002 0.000 0.003 1.001 1.962 0.004 0.000 0.000 0.000
RCH-04-234_ox16 Prot. pp Vitor 0.34 0.05 0.17 0.10 0.30 65.44 30.28 0.19 0.03 n.d. 0.04 96.83 0.006 0.001 0.003 0.000 0.004 1.004 1.953 0.003 0.001 0.000 0.001
RCH-04-234_ox17 Prot. pp Vitor 0.65 0.07 0.09 0.01 0.29 64.17 30.54 0.12 0.05 n.d. n.d. 95.99 0.011 0.001 0.002 0.000 0.004 1.021 1.930 0.002 0.001 0.000 0.000
RCH-04-234_ox18 Prot. pp Vitor 0.05 0.06 0.08 0.06 0.24 68.80 31.22 0.16 n.d. 0.01 n.d. 100.68 0.001 0.001 0.002 0.001 0.003 0.998 1.980 0.002 0.000 0.000 0.000
RCH-04-234_ox19 Prot. pp Vitor 0.08 0.07 0.09 0.01 0.27 66.55 30.22 0.22 n.d. n.d. n.d. 97.50 0.001 0.001 0.002 0.000 0.004 0.998 1.977 0.003 0.000 0.000 0.000
RCH-04-234_ox21 Prot. pp Vitor 0.04 0.07 0.08 0.02 0.27 68.72 31.09 0.19 0.03 n.d. n.d. 100.49 0.001 0.001 0.002 0.000 0.004 0.996 1.981 0.003 0.001 0.000 0.000
RCH-04-234_ox22 Prot. pp Vitor 0.02 0.06 0.07 0.03 0.37 67.73 30.56 0.24 0.02 n.d. 0.01 99.10 0.000 0.001 0.001 0.000 0.005 0.993 1.980 0.003 0.001 0.000 0.000
RCH-04-234_ox24 Prot. pp Vitor 0.99 0.06 0.34 0.01 0.36 62.87 30.88 0.18 0.07 0.03 n.d. 95.79 0.017 0.001 0.007 0.000 0.005 1.031 1.889 0.003 0.002 0.000 0.000
RCH-04-234_ox25 Prot. pp Vitor 0.02 0.10 0.08 n.d. 0.32 68.47 30.91 0.24 0.02 n.d. 0.03 100.19 0.000 0.001 0.002 0.000 0.004 0.993 1.979 0.003 0.000 0.000 0.001
RCH-04-234_ox26 Prot. pp Vitor 0.04 0.06 0.06 0.01 0.34 68.61 31.04 0.12 0.01 n.d. 0.04 100.35 0.001 0.001 0.001 0.000 0.005 0.996 1.980 0.002 0.000 0.001 0.001
RCH-04-234_ox27 Prot. pp Vitor 0.51 0.04 0.25 n.d. 0.38 64.85 30.35 0.42 0.04 n.d. n.d. 96.84 0.009 0.000 0.005 0.000 0.005 1.005 1.933 0.006 0.001 0.000 0.000
RCH-04-234_ox28 Prot. pp Vitor 0.32 0.05 0.11 0.02 0.26 66.30 30.60 0.12 0.06 0.02 0.04 97.90 0.005 0.001 0.002 0.000 0.003 1.004 1.958 0.002 0.002 0.001 0.001
RCH-04-234_ox29 Prot. pp Vitor 0.38 0.08 0.13 0.02 0.31 65.23 30.45 0.20 n.d. 0.02 n.d. 96.82 0.006 0.001 0.003 0.000 0.004 1.011 1.949 0.003 0.000 0.000 0.000
RCH-04-234_ox30 Prot. pp Vitor 0.04 0.04 0.05 n.d. 0.24 69.49 31.48 0.10 n.d. 0.04 0.01 101.49 0.001 0.001 0.001 0.000 0.003 0.999 1.985 0.001 0.000 0.000 0.000
TAC-07-11_ox01 Prot. pp Tacna 0.02 0.04 0.09 0.22 0.16 68.46 31.34 0.05 0.01 n.d. 0.01 100.41 0.000 0.001 0.003 0.007 0.005 1.000 1.965 0.001 0.000 0.000 0.000
TAC-07-11_ox02 Prot. pp Tacna 0.03 17.63 0.02 0.14 0.31 31.57 45.51 0.69 0.01 n.d. n.d. 95.90 0.000 0.221 0.000 0.002 0.004 1.501 0.937 0.010 0.000 0.000 0.000
TAC-07-11_ox03 Prot. pp Tacna 0.04 0.07 0.06 0.39 0.18 68.04 31.11 0.03 n.d. 0.05 n.d. 99.96 0.001 0.001 0.001 0.005 0.002 1.003 1.973 0.000 0.000 0.000 0.000
TAC-07-11_ox04 Prot. pp Tacna 0.02 0.02 0.06 0.29 0.25 68.48 31.14 0.02 0.02 0.10 n.d. 100.38 0.000 0.000 0.001 0.004 0.003 1.000 1.979 0.000 0.000 0.000 0.000
TAC-07-11_ox05 Prot. pp Tacna 0.02 0.10 0.04 0.34 0.18 68.37 31.18 0.05 0.02 0.03 n.d. 100.34 0.000 0.001 0.001 0.004 0.002 1.001 1.975 0.001 0.001 0.000 0.000
TAC-07-11_ox06 Prot. pp Tacna 0.01 0.04 0.12 0.28 0.24 68.29 31.12 0.03 0.01 0.03 n.d. 100.17 0.000 0.001 0.002 0.004 0.003 1.000 1.975 0.000 0.000 0.000 0.000
TAC-07-11_ox07 Prot. pp Tacna 0.03 1.63 n.d. 0.27 0.12 65.61 32.63 0.04 n.d. 0.03 0.01 100.35 0.000 0.020 0.000 0.004 0.002 1.046 1.892 0.001 0.000 0.000 0.000
TAC-07-11_ox09 Prot. pp Tacna n.d. 0.19 0.13 0.32 0.30 68.49 31.41 0.05 0.01 0.01 0.03 100.94 0.000 0.002 0.003 0.004 0.004 1.001 1.964 0.001 0.000 0.000 0.000
TAC-07-11_ox11 Prot. pp Tacna n.d. 0.05 0.23 0.29 0.27 68.21 31.10 0.06 0.02 0.08 n.d. 100.31 0.000 0.001 0.004 0.004 0.004 0.998 1.970 0.001 0.001 0.000 0.000
TAC-07-11_ox12 Prot. pp Tacna 0.04 0.03 0.05 0.22 0.26 68.76 31.28 0.04 n.d. 0.02 n.d. 100.69 0.001 0.000 0.001 0.003 0.003 1.001 1.979 0.001 0.000 0.000 0.000
TAC-07-11_ox16 Prot. pp Tacna 0.02 0.06 0.05 0.25 0.24 68.62 31.23 0.04 0.01 0.02 n.d. 100.53 0.000 0.001 0.001 0.003 0.003 1.000 1.978 0.001 0.000 0.000 0.000
TAC-07-11_ox17 Prot. pp Tacna n.d. 2.19 n.d. 0.16 0.23 65.21 33.43 0.03 n.d. n.d. n.d. 101.25 0.000 0.027 0.000 0.002 0.003 1.062 1.863 0.000 0.000 0.000 0.000
TAC-07-11_ox18 Prot. pp Tacna n.d. 0.11 0.09 0.25 0.21 68.67 31.35 0.03 n.d. 0.01 n.d. 100.72 0.000 0.001 0.002 0.003 0.003 1.002 1.976 0.000 0.000 0.000 0.000
TAC-07-11_ox19 Prot. pp Tacna 0.01 0.01 0.04 0.22 0.20 68.62 31.11 0.04 n.d. 0.02 n.d. 100.26 0.000 0.000 0.001 0.003 0.003 1.000 1.984 0.001 0.000 0.000 0.000
TAC-07-11_ox20 Prot. pp Tacna 0.01 1.99 n.d. 0.17 0.23 65.52 33.25 0.01 0.02 n.d. n.d. 101.20 0.000 0.025 0.000 0.002 0.003 1.056 1.873 0.000 0.000 0.000 0.000
TAC-07-11_ox21 Prot. pp Tacna 0.01 0.03 0.09 0.25 0.29 68.55 31.20 0.03 0.01 0.08 n.d. 100.54 0.000 0.000 0.002 0.003 0.004 1.000 1.977 0.000 0.000 0.000 0.000
TAC-07-11_ox22 Prot. pp Tacna 0.04 0.03 0.14 0.29 0.26 68.48 31.31 0.02 n.d. 0.10 n.d. 100.65 0.001 0.000 0.003 0.004 0.003 1.002 1.972 0.000 0.000 0.000 0.000
TAC-07-11_ox23 Prot. pp Tacna 0.05 47.87 0.04 0.01 0.06 7.31 37.37 5.60 0.04 n.d. n.d. 98.36 0.001 0.599 0.001 0.000 0.001 0.804 0.142 0.079 0.001 0.000 0.000
TAC-07-11_ox24 Prot. pp Tacna n.d. 0.04 0.07 0.47 0.30 68.45 31.20 0.05 0.02 n.d. n.d. 100.62 0.000 0.001 0.001 0.006 0.004 0.998 1.971 0.001 0.001 0.000 0.000
TAC-07-11_ox25 Prot. pp Tacna 0.04 1.21 0.04 0.21 0.26 66.40 32.31 0.06 0.01 0.01 n.d. 100.54 0.001 0.015 0.001 0.003 0.003 1.034 1.912 0.001 0.000 0.000 0.000
TAC-07-11_ox26 Prot. pp Tacna 0.04 0.17 0.04 0.48 0.19 67.89 31.27 0.01 n.d. 0.02 n.d. 100.10 0.001 0.002 0.001 0.006 0.003 1.006 1.965 0.000 0.000 0.000 0.000
TAC-07-11_ox27 Prot. pp Tacna 0.01 14.34 0.05 0.05 0.31 39.02 43.22 0.31 0.03 n.d. n.d. 97.33 0.000 0.180 0.001 0.001 0.004 1.409 1.145 0.004 0.001 0.000 0.000



Appendix 2-6
page 14 of 31

MAJ-07-04_ox08 Ceno. MoqD 0.05 4.35 0.91 n.d. 0.30 58.87 32.15 1.07 1.05 n.d. 0.05 98.81 0.001 0.054 0.018 0.000 0.004 1.029 1.695 0.015 0.026 0.001 0.001
MAJ-07-04_ox09 Ceno. MoqD 0.09 10.61 2.03 0.05 0.37 46.12 37.29 0.52 1.85 0.03 0.26 99.22 0.001 0.133 0.040 0.001 0.005 1.164 1.296 0.007 0.046 0.003 0.004
MAJ-07-04_ox10 Ceno. MoqD 0.02 5.65 1.15 0.01 0.25 57.15 33.43 1.33 1.06 0.02 0.09 100.16 0.000 0.071 0.023 0.000 0.003 1.053 1.619 0.019 0.026 0.001 0.002

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
TAC-07-11_ox34 Prot. pp Tacna 0.14 1.99 0.03 0.09 0.23 64.05 32.74 0.05 0.04 0.02 0.02 99.40 0.002 0.025 0.001 0.001 0.003 1.058 1.862 0.001 0.001 0.000 0.000
TAC-07-11_ox35 Prot. pp Tacna 0.05 0.82 0.06 0.18 0.29 67.20 32.09 0.01 n.d. n.d. n.d. 100.70 0.001 0.010 0.001 0.002 0.004 1.025 1.932 0.000 0.000 0.000 0.000
TAC-07-11_ox36 Prot. pp Tacna 0.02 0.20 1.75 0.27 0.20 68.11 29.88 0.05 0.01 0.04 1.19 101.74 0.000 0.003 0.034 0.004 0.003 0.925 1.897 0.001 0.000 0.016 0.020
TAC-07-11_ox37 Prot. pp Tacna 0.03 0.03 0.08 0.31 0.24 68.14 31.04 0.04 0.01 0.01 n.d. 99.92 0.000 0.000 0.002 0.004 0.003 1.000 1.976 0.000 0.000 0.000 0.000
TAC-07-11_ox38 Prot. pp Tacna n.d. 1.01 0.06 0.23 0.21 67.57 32.38 0.04 0.03 n.d. n.d. 101.51 0.000 0.013 0.001 0.003 0.003 1.026 1.927 0.001 0.001 0.000 0.000
MAJ-07-03_ox01 Prot. pp MoqD 0.03 0.25 0.14 0.15 0.34 68.23 31.31 0.12 0.02 0.01 0.04 100.66 0.001 0.003 0.003 0.002 0.005 1.000 1.962 0.002 0.001 0.001 0.001
MAJ-07-03_ox02 Prot. pp MoqD 0.02 0.04 0.11 0.14 0.28 68.77 31.24 0.05 0.01 n.d. 0.01 100.67 0.000 0.000 0.002 0.002 0.004 0.999 1.978 0.001 0.000 0.000 0.000
MAJ-07-03_ox03 Prot. pp MoqD 0.04 0.02 0.04 0.06 0.25 68.97 31.28 0.05 0.01 n.d. n.d. 100.73 0.001 0.000 0.001 0.001 0.003 1.000 1.984 0.001 0.000 0.000 0.000
MAJ-07-03_ox04 Prot. pp MoqD n.d. 0.13 0.12 0.08 0.26 67.81 30.86 0.10 0.02 n.d. n.d. 99.37 0.000 0.002 0.002 0.001 0.003 1.000 1.977 0.001 0.000 0.000 0.000
MAJ-07-03_ox05 Prot. pp MoqD 0.43 0.05 0.03 0.04 0.27 65.69 30.78 0.03 n.d. n.d. 0.01 97.32 0.007 0.001 0.001 0.001 0.004 1.017 1.952 0.000 0.000 0.000 0.000
MAJ-07-03_ox06 Prot. pp MoqD 0.07 0.08 0.09 0.13 0.31 68.63 31.38 0.06 0.01 n.d. n.d. 100.75 0.001 0.001 0.002 0.002 0.004 1.003 1.973 0.001 0.000 0.000 0.000
MAJ-07-03_ox07 Prot. pp MoqD 0.01 0.04 0.01 0.15 0.32 68.36 31.01 0.05 0.01 0.01 n.d. 99.98 0.000 0.000 0.000 0.002 0.004 0.999 1.982 0.001 0.000 0.000 0.000
MAJ-07-03_ox08 Prot. pp MoqD n.d. 0.15 0.03 0.10 0.18 68.72 31.23 0.08 0.02 n.d. n.d. 100.51 0.000 0.002 0.001 0.001 0.002 1.001 1.981 0.001 0.000 0.000 0.000
MAJ-07-03_ox09 Prot. pp MoqD 0.04 0.13 0.04 0.14 0.33 68.97 31.52 0.04 0.02 n.d. n.d. 101.23 0.001 0.002 0.001 0.002 0.004 1.003 1.974 0.001 0.001 0.000 0.000
MAJ-07-03_ox10 Prot. pp MoqD n.d. 0.08 0.04 0.07 0.21 68.93 31.21 0.08 0.01 n.d. n.d. 100.62 0.000 0.001 0.001 0.001 0.003 0.999 1.985 0.001 0.000 0.000 0.000
MAJ-07-03_ox11 Prot. pp MoqD 0.03 0.08 0.02 0.04 0.33 68.68 31.24 0.04 n.d. 0.02 n.d. 100.46 0.000 0.001 0.000 0.001 0.004 1.002 1.982 0.001 0.000 0.000 0.000
MAJ-07-03_ox12 Prot. pp MoqD 0.04 0.05 0.06 0.15 0.41 67.57 30.82 0.04 0.01 0.02 0.01 99.19 0.001 0.001 0.001 0.002 0.006 1.001 1.974 0.001 0.000 0.000 0.000
MAJ-07-03_ox13 Prot. pp MoqD 0.03 0.09 0.05 0.05 0.23 69.00 31.32 0.03 0.02 0.01 0.02 100.83 0.000 0.001 0.001 0.001 0.003 1.000 1.983 0.000 0.000 0.000 0.000
MAJ-07-03_ox14 Prot. pp MoqD 0.04 0.17 0.02 0.18 0.26 68.47 31.35 0.08 n.d. n.d. n.d. 100.56 0.001 0.002 0.000 0.002 0.004 1.004 1.973 0.001 0.000 0.000 0.000
MAJ-07-03_ox15 Prot. pp MoqD 0.47 0.06 0.07 0.09 0.25 65.56 30.83 0.06 0.03 0.01 n.d. 97.42 0.008 0.001 0.001 0.001 0.003 1.017 1.945 0.001 0.001 0.000 0.000
MAJ-07-03_ox16 Prot. pp MoqD 0.04 0.16 0.02 0.01 0.20 68.20 31.06 0.08 0.03 0.02 n.d. 99.83 0.001 0.002 0.000 0.000 0.003 1.002 1.980 0.001 0.001 0.000 0.000
MAJ-07-03_ox17 Prot. pp MoqD 0.04 49.13 0.02 n.d. 0.07 6.09 38.91 5.10 0.09 n.d. n.d. 99.45 0.001 0.615 0.000 0.000 0.001 0.827 0.117 0.072 0.002 0.000 0.000
MAJ-07-03_ox18 Prot. pp MoqD 0.01 0.22 0.01 0.12 0.25 68.55 31.35 0.10 n.d. n.d. n.d. 100.61 0.000 0.003 0.000 0.002 0.003 1.004 1.975 0.001 0.000 0.000 0.000
MAJ-07-03_ox19 Prot. pp MoqD 0.12 0.42 0.01 0.01 0.30 66.66 31.08 0.07 0.02 n.d. n.d. 98.69 0.002 0.005 0.000 0.000 0.004 1.013 1.956 0.001 0.001 0.000 0.000
MAJ-07-03_ox20 Prot. pp MoqD 0.03 48.38 0.01 n.d. 0.07 7.35 37.73 5.39 0.18 n.d. 0.02 99.15 0.000 0.606 0.000 0.000 0.001 0.805 0.141 0.076 0.005 0.000 0.000
MAJ-07-03_ox21 Prot. pp MoqD n.d. 0.15 0.01 0.11 0.28 68.70 31.32 0.05 n.d. 0.01 n.d. 100.62 0.000 0.002 0.000 0.001 0.004 1.003 1.979 0.001 0.000 0.000 0.000
MAJ-07-03_ox22 Prot. pp MoqD 0.06 0.22 0.04 0.10 0.36 67.46 30.95 0.08 0.02 0.01 0.02 99.33 0.001 0.003 0.001 0.001 0.005 1.003 1.967 0.001 0.001 0.000 0.000
MAJ-07-03_ox23 Prot. pp MoqD 0.03 0.14 0.06 0.06 0.22 68.28 31.17 0.05 n.d. n.d. 0.01 100.03 0.001 0.002 0.001 0.001 0.003 1.003 1.978 0.001 0.000 0.000 0.000
MAJ-07-03_ox24 Prot. pp MoqD 0.02 0.22 0.05 0.20 0.29 66.95 30.72 0.06 n.d. 0.02 0.02 98.55 0.000 0.003 0.001 0.003 0.004 1.004 1.968 0.001 0.000 0.000 0.000
MAJ-07-03_ox25 Prot. pp MoqD 0.02 0.33 0.07 0.07 0.25 68.40 31.43 0.15 0.01 n.d. n.d. 100.73 0.000 0.004 0.001 0.001 0.003 1.005 1.967 0.002 0.000 0.000 0.000
MAJ-07-03_ox26 Prot. pp MoqD 0.03 0.19 n.d. 0.11 0.30 68.34 31.17 0.15 0.02 0.01 n.d. 100.31 0.001 0.002 0.000 0.001 0.004 1.001 1.974 0.002 0.001 0.000 0.000
MAJ-07-03_ox27 Prot. pp MoqD 0.04 0.07 0.01 0.15 0.32 68.45 31.17 0.05 n.d. n.d. 0.01 100.27 0.001 0.001 0.000 0.002 0.004 1.001 1.978 0.001 0.000 0.000 0.000
MAJ-07-03_ox28 Prot. pp MoqD 0.02 0.08 0.02 0.08 0.23 68.70 31.18 0.05 0.01 n.d. 0.01 100.37 0.000 0.001 0.000 0.001 0.003 1.000 1.984 0.001 0.000 0.000 0.000
MAJ-07-03_ox29 Prot. pp MoqD n.d. 0.02 0.02 0.06 0.23 68.73 31.01 0.05 0.02 0.01 0.01 100.16 0.000 0.000 0.000 0.001 0.003 0.997 1.989 0.001 0.001 0.000 0.000
MAJ-07-03_ox30 Prot. pp MoqD 0.01 0.08 n.d. 0.10 0.22 68.58 31.15 n.d. 0.01 0.02 n.d. 100.16 0.000 0.001 0.000 0.001 0.003 1.002 1.985 0.000 0.000 0.000 0.000
MAJ-07-03_ox31 Prot. pp MoqD 0.02 0.29 0.03 0.11 0.30 68.11 31.32 0.10 n.d. 0.01 n.d. 100.28 0.000 0.004 0.001 0.001 0.004 1.006 1.968 0.001 0.000 0.000 0.000
MAJ-07-03_ox32 Prot. pp MoqD n.d. 0.08 n.d. 0.03 0.24 68.96 31.18 0.04 0.03 n.d. 0.01 100.57 0.000 0.001 0.000 0.000 0.003 0.998 1.987 0.001 0.001 0.000 0.000
MAJ-07-03_ox33 Prot. pp MoqD 0.01 0.02 0.05 0.07 0.19 68.88 31.07 0.08 0.03 n.d. 0.01 100.40 0.000 0.000 0.001 0.001 0.003 0.996 1.988 0.001 0.001 0.000 0.000
MAJ-07-03_ox34 Prot. pp MoqD n.d. 0.09 0.02 0.23 0.31 68.66 31.24 0.08 n.d. n.d. n.d. 100.62 0.000 0.001 0.000 0.003 0.004 1.000 1.978 0.001 0.000 0.000 0.000
MAJ-07-03_ox35 Prot. pp MoqD 0.17 0.03 0.05 0.09 0.25 67.52 30.97 0.02 0.01 0.01 0.01 99.14 0.003 0.000 0.001 0.001 0.003 1.005 1.972 0.000 0.000 0.000 0.000
MAJ-07-03_ox36 Prot. pp MoqD 0.01 0.18 0.02 0.07 0.22 68.68 31.28 0.13 n.d. n.d. n.d. 100.58 0.000 0.002 0.000 0.001 0.003 1.001 1.979 0.002 0.000 0.000 0.000
MAJ-07-04_ox01 Ceno. MoqD 0.03 5.74 1.19 0.01 0.25 57.66 33.64 1.29 1.15 n.d. 0.14 101.10 0.000 0.072 0.023 0.000 0.003 1.048 1.616 0.018 0.028 0.002 0.002
MAJ-07-04_ox02 Ceno. MoqD 0.05 6.17 2.63 0.06 0.35 55.08 34.03 0.60 1.80 0.01 0.09 100.86 0.001 0.077 0.052 0.001 0.005 1.049 1.528 0.009 0.045 0.001 0.001
MAJ-07-04_ox03 Ceno. MoqD 0.06 4.45 1.33 0.04 0.28 58.46 32.91 0.79 0.83 0.06 0.16 99.39 0.001 0.056 0.026 0.001 0.004 1.046 1.671 0.011 0.021 0.002 0.003
MAJ-07-04_ox04 Ceno. MoqD 0.07 5.75 1.19 0.01 0.26 57.23 33.64 1.27 1.13 0.01 0.12 100.67 0.001 0.072 0.023 0.000 0.003 1.053 1.611 0.018 0.028 0.002 0.002
MAJ-07-04_ox05 Ceno. MoqD 0.03 5.07 1.66 0.01 0.52 56.44 31.55 3.82 0.13 n.d. 0.16 99.39 0.000 0.063 0.033 0.000 0.007 1.004 1.617 0.054 0.003 0.002 0.003
MAJ-07-04_ox06 Ceno. MoqD 0.02 5.80 2.02 0.02 0.30 56.37 34.22 0.64 1.30 0.01 0.11 100.81 0.000 0.073 0.040 0.000 0.004 1.063 1.576 0.009 0.032 0.001 0.002
MAJ-07-04_ox07 Ceno. MoqD 0.03 6.28 2.29 0.05 0.31 55.00 34.02 0.68 1.65 0.01 0.12 100.43 0.001 0.079 0.045 0.001 0.004 1.056 1.536 0.010 0.041 0.002 0.002
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TAC-08-01_ox36 Ceno. MoqD 0.07 10.77 2.82 0.07 0.79 44.97 39.53 0.30 1.23 0.01 0.07 100.63 0.001 0.135 0.055 0.001 0.011 1.220 1.249 0.004 0.031 0.001 0.001
MOQ-10-02_ox01 Ceno. MoqD 0.13 6.43 7.03 0.08 0.90 50.06 31.79 0.29 4.25 0.13 0.08 101.17 0.002 0.080 0.138 0.001 0.012 0.938 1.329 0.004 0.105 0.001 0.001
MOQ-10-02_ox02 Ceno. MoqD 0.08 12.08 1.55 0.02 0.50 42.63 39.43 0.54 1.20 n.d. 0.16 98.18 0.001 0.151 0.030 0.000 0.007 1.252 1.218 0.008 0.030 0.002 0.003

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-04_ox11 Ceno. MoqD 0.07 10.57 1.17 0.12 0.55 45.50 37.87 0.33 1.32 0.03 0.12 97.64 0.001 0.132 0.023 0.002 0.007 1.213 1.312 0.005 0.033 0.002 0.002
MAJ-07-04_ox12 Ceno. MoqD 0.06 6.67 2.81 0.01 0.32 53.85 34.32 0.55 1.99 0.04 0.04 100.66 0.001 0.084 0.055 0.000 0.004 1.058 1.494 0.008 0.049 0.000 0.001
MAJ-07-04_ox13 Ceno. MoqD 0.06 5.32 1.79 0.04 0.29 57.05 33.66 0.75 1.15 n.d. 0.15 100.26 0.001 0.067 0.035 0.000 0.004 1.054 1.607 0.011 0.029 0.002 0.002
MAJ-07-04_ox14 Ceno. MoqD 0.10 6.27 1.81 0.24 0.46 55.29 34.41 0.57 1.53 0.05 0.14 100.86 0.002 0.078 0.036 0.003 0.006 1.067 1.543 0.008 0.038 0.002 0.002
MAJ-07-04_ox18 Ceno. MoqD n.d. 4.46 0.80 n.d. n.d. 59.37 29.32 4.36 0.52 n.d. 0.30 99.13 0.000 0.056 0.016 0.000 0.000 0.937 1.708 0.061 0.013 0.004 0.005
MAJ-07-04_ox19 Ceno. MoqD 0.03 20.99 3.92 0.02 0.43 20.40 46.12 0.60 1.47 n.d. 0.29 94.27 0.000 0.263 0.077 0.000 0.006 1.485 0.591 0.009 0.037 0.004 0.005
MAJ-07-04_ox20 Ceno. MoqD 0.08 5.85 2.21 0.07 0.33 56.51 34.37 0.54 1.55 n.d. 0.09 101.59 0.001 0.073 0.043 0.001 0.004 1.057 1.563 0.008 0.039 0.001 0.001
MAJ-07-04_ox21 Ceno. MoqD 0.04 4.81 1.51 0.07 0.30 58.72 33.67 0.81 0.92 0.01 0.13 100.99 0.001 0.060 0.030 0.001 0.004 1.051 1.649 0.011 0.023 0.002 0.002
MAJ-07-04_ox22 Ceno. MoqD 1.51 7.72 2.34 n.d. 0.26 46.00 33.72 0.97 2.69 n.d. 0.23 95.45 0.025 0.097 0.046 0.000 0.004 1.080 1.326 0.014 0.067 0.003 0.004
MAJ-07-04_ox23 Ceno. MoqD 0.06 4.57 1.56 0.03 0.28 58.41 33.14 0.85 0.85 0.02 0.18 99.94 0.001 0.057 0.031 0.000 0.004 1.045 1.658 0.012 0.021 0.002 0.003
MAJ-07-04_ox24 Ceno. MoqD 0.08 8.25 2.07 0.09 0.40 50.90 34.60 0.46 2.45 0.02 0.09 99.41 0.001 0.103 0.041 0.001 0.005 1.078 1.426 0.006 0.061 0.001 0.001
MAJ-07-04_ox25 Ceno. MoqD 0.05 5.79 1.12 0.02 0.25 56.24 33.13 1.38 1.05 n.d. 0.16 99.20 0.001 0.072 0.022 0.000 0.003 1.052 1.607 0.019 0.026 0.002 0.003
MAJ-07-04_ox26 Ceno. MoqD 0.03 6.06 1.60 n.d. 0.29 56.91 33.76 0.93 1.56 n.d. 0.17 101.31 0.001 0.076 0.031 0.000 0.004 1.043 1.583 0.013 0.039 0.002 0.003
MAJ-07-04_ox27 Ceno. MoqD 0.19 5.80 1.28 n.d. 0.29 56.14 33.43 1.31 1.17 n.d. 0.15 99.77 0.003 0.073 0.025 0.000 0.004 1.053 1.592 0.018 0.029 0.002 0.003
MAJ-07-04_ox28 Ceno. MoqD 0.05 5.92 2.05 0.06 0.39 55.85 34.53 0.45 1.37 n.d. 0.05 100.72 0.001 0.074 0.040 0.001 0.005 1.073 1.562 0.006 0.034 0.001 0.001
MAJ-07-04_ox29 Ceno. MoqD 0.03 6.58 3.00 0.05 0.31 54.19 33.96 0.57 2.14 n.d. 0.11 100.95 0.001 0.082 0.059 0.001 0.004 1.041 1.495 0.008 0.053 0.001 0.002
MAJ-07-04_ox30 Ceno. MoqD 0.06 6.02 2.30 0.03 0.32 55.79 34.21 0.60 1.50 0.02 0.17 101.03 0.001 0.075 0.045 0.000 0.004 1.057 1.551 0.009 0.037 0.002 0.003
TAC-08-01_ox01 Ceno. MoqD 0.04 7.24 2.22 0.07 0.61 53.72 35.84 0.39 1.54 0.02 0.10 101.79 0.001 0.091 0.044 0.001 0.008 1.099 1.482 0.005 0.038 0.001 0.002
TAC-08-01_ox02 Ceno. MoqD 0.08 13.20 1.67 0.18 0.66 41.42 41.19 0.37 1.30 0.02 0.12 100.21 0.001 0.165 0.033 0.002 0.009 1.280 1.158 0.005 0.032 0.002 0.002
TAC-08-01_ox03 Ceno. MoqD 0.11 8.23 2.11 0.05 0.52 50.83 37.28 0.34 1.01 0.03 0.13 100.65 0.002 0.103 0.041 0.001 0.007 1.159 1.422 0.005 0.025 0.002 0.002
TAC-08-01_ox04 Ceno. MoqD 0.11 7.82 2.42 0.09 0.53 51.64 36.39 0.38 1.44 0.04 0.10 100.96 0.002 0.098 0.047 0.001 0.007 1.123 1.434 0.005 0.036 0.001 0.002
TAC-08-01_ox05 Ceno. MoqD 0.06 13.29 1.21 0.07 1.01 40.43 40.97 0.40 1.19 0.02 0.05 98.70 0.001 0.166 0.024 0.001 0.014 1.297 1.152 0.006 0.030 0.001 0.001
TAC-08-01_ox06 Ceno. MoqD 0.07 9.71 1.95 0.06 0.56 47.70 37.48 0.39 1.50 n.d. 0.10 99.53 0.001 0.122 0.038 0.001 0.007 1.173 1.343 0.006 0.037 0.001 0.002
TAC-08-01_ox07 Ceno. MoqD 0.07 12.58 2.49 0.10 0.82 42.12 40.55 0.35 1.59 0.04 0.10 100.82 0.001 0.157 0.049 0.001 0.011 1.246 1.165 0.005 0.039 0.001 0.002
TAC-08-01_ox08 Ceno. MoqD 0.06 10.77 2.90 n.d. 0.46 45.72 36.51 0.47 2.90 0.02 0.09 99.91 0.001 0.135 0.057 0.000 0.006 1.120 1.262 0.007 0.072 0.001 0.002
TAC-08-01_ox10 Ceno. MoqD 0.10 9.00 2.14 0.09 0.58 49.22 36.20 0.38 2.04 0.04 0.09 99.88 0.002 0.113 0.042 0.001 0.008 1.125 1.376 0.005 0.051 0.001 0.001
TAC-08-01_ox11 Ceno. MoqD 0.08 6.33 1.53 0.08 0.42 54.97 34.76 0.65 1.12 n.d. 0.10 100.04 0.001 0.079 0.030 0.001 0.006 1.092 1.554 0.009 0.028 0.001 0.002
TAC-08-01_ox12 Ceno. MoqD 0.06 11.48 1.59 0.05 0.93 43.53 39.71 0.31 0.99 n.d. 0.09 98.74 0.001 0.144 0.031 0.001 0.012 1.258 1.241 0.004 0.025 0.001 0.001
TAC-08-01_ox13 Ceno. MoqD 0.08 9.97 2.04 0.03 0.57 47.71 37.97 0.37 1.56 n.d. 0.09 100.38 0.001 0.125 0.040 0.000 0.008 1.177 1.331 0.005 0.039 0.001 0.001
TAC-08-01_ox14 Ceno. MoqD 0.01 8.72 2.09 0.07 0.51 49.76 36.44 0.32 1.62 0.02 0.10 99.65 0.000 0.109 0.041 0.001 0.007 1.139 1.399 0.005 0.040 0.001 0.002
TAC-08-01_ox15 Ceno. MoqD 0.19 7.21 1.80 0.04 0.49 52.80 35.22 0.54 1.58 0.02 0.06 99.96 0.003 0.090 0.035 0.001 0.007 1.101 1.485 0.008 0.039 0.001 0.001
TAC-08-01_ox16 Ceno. MoqD 0.07 17.87 2.23 0.03 0.49 32.20 41.95 0.54 3.39 n.d. 0.04 98.81 0.001 0.224 0.044 0.000 0.007 1.292 0.892 0.008 0.084 0.001 0.001
TAC-08-01_ox17 Ceno. MoqD 0.07 11.42 1.52 0.15 0.56 45.33 39.69 0.53 1.14 0.03 0.11 100.54 0.001 0.143 0.030 0.002 0.007 1.235 1.269 0.008 0.028 0.001 0.002
TAC-08-01_ox18 Ceno. MoqD 0.06 10.91 2.96 0.04 0.54 45.37 36.53 0.42 3.03 0.02 0.09 99.96 0.001 0.137 0.058 0.001 0.007 1.118 1.250 0.006 0.075 0.001 0.001
TAC-08-01_ox19 Ceno. MoqD 0.08 8.75 1.96 0.07 0.53 50.24 36.42 0.41 1.78 0.04 0.09 100.36 0.001 0.110 0.038 0.001 0.007 1.130 1.403 0.006 0.044 0.001 0.001
TAC-08-01_ox20 Ceno. MoqD 0.07 14.24 1.89 0.04 0.51 38.93 42.10 0.37 1.33 0.02 0.03 99.51 0.001 0.178 0.037 0.001 0.007 1.316 1.095 0.005 0.033 0.000 0.000
TAC-08-01_ox22 Ceno. MoqD 0.05 10.18 4.09 0.24 0.70 46.03 36.00 0.31 3.37 0.07 0.07 101.11 0.001 0.127 0.080 0.003 0.009 1.083 1.245 0.004 0.084 0.001 0.001
TAC-08-01_ox24 Ceno. MoqD 0.07 9.27 2.14 0.07 0.58 49.26 37.84 0.35 1.39 0.03 0.07 101.06 0.001 0.116 0.042 0.001 0.008 1.168 1.368 0.005 0.035 0.001 0.001
TAC-08-01_ox25 Ceno. MoqD 0.06 9.29 2.12 0.06 0.61 48.59 37.78 0.34 1.29 0.03 0.05 100.21 0.001 0.116 0.042 0.001 0.008 1.177 1.362 0.005 0.032 0.001 0.001
TAC-08-01_ox27 Ceno. MoqD 0.12 8.43 2.27 0.09 0.55 50.08 37.67 0.31 0.93 0.02 0.11 100.57 0.002 0.106 0.045 0.001 0.007 1.171 1.401 0.004 0.023 0.001 0.002
TAC-08-01_ox28 Ceno. MoqD 0.04 9.68 1.97 0.05 0.53 49.18 37.25 0.34 1.96 0.01 0.10 101.12 0.001 0.121 0.039 0.001 0.007 1.144 1.360 0.005 0.049 0.001 0.002
TAC-08-01_ox29 Ceno. MoqD 0.11 10.70 3.00 0.05 0.53 45.89 36.47 0.40 3.05 0.03 0.10 100.33 0.002 0.134 0.059 0.001 0.007 1.112 1.260 0.006 0.076 0.001 0.002
TAC-08-01_ox30 Ceno. MoqD 0.10 12.84 1.53 0.04 0.58 40.66 40.66 0.30 0.99 0.02 0.13 97.86 0.002 0.161 0.030 0.001 0.008 1.297 1.167 0.004 0.024 0.002 0.002
TAC-08-01_ox31 Ceno. MoqD 0.06 10.61 2.96 0.05 0.47 46.25 36.41 0.41 2.99 0.02 0.10 100.33 0.001 0.133 0.058 0.001 0.006 1.111 1.271 0.006 0.074 0.001 0.002
TAC-08-01_ox32 Ceno. MoqD 0.07 9.08 1.91 0.06 0.57 50.05 36.41 0.41 2.03 0.03 0.10 100.72 0.001 0.114 0.037 0.001 0.008 1.123 1.389 0.006 0.050 0.001 0.002
TAC-08-01_ox33 Ceno. MoqD 0.07 8.89 2.02 0.06 0.60 49.81 36.82 0.39 1.60 0.01 0.11 100.38 0.001 0.111 0.040 0.001 0.008 1.142 1.391 0.005 0.040 0.001 0.002
TAC-08-01_ox34 Ceno. MoqD 0.06 9.04 2.18 0.11 0.56 49.32 37.12 0.39 1.55 0.04 0.08 100.46 0.001 0.113 0.043 0.001 0.007 1.151 1.376 0.006 0.038 0.001 0.001
TAC-08-01_ox35 Ceno. MoqD 0.06 13.07 1.59 0.09 0.59 41.14 39.59 0.35 1.92 0.04 0.11 98.56 0.001 0.164 0.031 0.001 0.008 1.246 1.165 0.005 0.048 0.002 0.002
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MAJ-07-05_ox04 Ceno. top MoqC 0.02 4.59 1.13 0.05 0.32 57.47 32.82 1.07 0.49 n.d. 0.17 98.12 0.000 0.057 0.022 0.001 0.004 1.060 1.669 0.015 0.012 0.002 0.003
MAJ-07-05_ox05 Ceno. top MoqC 0.49 7.13 1.93 0.19 0.57 51.55 35.00 0.44 1.76 0.01 0.15 99.22 0.008 0.089 0.038 0.002 0.008 1.097 1.453 0.006 0.044 0.002 0.003
MAJ-07-05_ox06 Ceno. top MoqC 1.20 8.69 1.98 0.03 0.45 43.74 36.81 0.81 1.13 n.d. 0.07 94.90 0.020 0.109 0.039 0.000 0.006 1.205 1.288 0.011 0.028 0.001 0.001
MAJ-07-05_ox07 Ceno. top MoqC 1.04 7.31 2.38 0.16 0.54 49.07 36.38 0.36 1.59 0.02 0.07 98.90 0.017 0.092 0.047 0.002 0.007 1.140 1.384 0.005 0.039 0.001 0.001

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-10-02_ox03 Ceno. MoqD 0.05 5.25 0.76 0.01 0.24 56.52 32.98 1.52 0.50 n.d. 0.12 97.95 0.001 0.066 0.015 0.000 0.003 1.068 1.647 0.021 0.012 0.002 0.002
MOQ-10-02_ox05 Ceno. MoqD 0.09 7.74 2.95 0.03 0.37 50.84 34.68 0.56 2.13 0.02 0.10 99.51 0.001 0.097 0.058 0.000 0.005 1.077 1.420 0.008 0.053 0.001 0.002
MOQ-10-02_ox06 Ceno. MoqD 0.11 14.25 2.80 0.39 0.71 39.07 37.49 0.39 4.42 0.07 0.09 99.79 0.002 0.178 0.055 0.005 0.010 1.135 1.065 0.005 0.110 0.001 0.002
MOQ-10-02_ox08 Ceno. MoqD 0.10 19.45 2.25 0.07 0.56 30.05 44.22 0.42 3.24 0.05 0.10 100.51 0.002 0.243 0.044 0.001 0.007 1.339 0.819 0.006 0.080 0.001 0.002
MOQ-10-02_ox09 Ceno. MoqD 0.06 11.98 1.66 0.05 0.63 44.49 39.86 0.38 1.57 0.03 0.08 100.78 0.001 0.150 0.033 0.001 0.008 1.232 1.237 0.005 0.039 0.001 0.001
MOQ-10-02_ox10 Ceno. MoqD n.d. 0.07 0.06 0.04 0.60 67.39 30.72 0.06 n.d. n.d. 0.01 98.95 0.000 0.001 0.001 0.000 0.008 0.999 1.973 0.001 0.000 0.000 0.000
MOQ-10-02_ox11 Ceno. MoqD 0.10 8.16 1.76 n.d. 0.53 49.60 35.95 0.53 1.11 n.d. 0.13 97.86 0.002 0.102 0.035 0.000 0.007 1.149 1.427 0.007 0.028 0.002 0.002
MOQ-10-02_ox12 Ceno. MoqD 0.09 10.01 2.34 0.05 0.48 45.54 37.54 0.34 1.41 0.02 0.10 97.93 0.002 0.125 0.046 0.001 0.006 1.192 1.301 0.005 0.035 0.001 0.002
MOQ-10-02_ox17 Ceno. MoqD 0.06 12.88 3.13 0.23 0.94 40.65 40.11 0.46 2.00 0.02 0.11 100.58 0.001 0.161 0.061 0.003 0.013 1.226 1.118 0.006 0.050 0.001 0.002
MOQ-10-02_ox18 Ceno. MoqD 0.10 22.03 1.53 0.03 0.46 23.62 46.52 0.54 2.59 n.d. 0.06 97.47 0.002 0.276 0.030 0.000 0.006 1.460 0.667 0.008 0.064 0.001 0.001
MOQ-10-02_ox20 Ceno. MoqD 0.04 0.26 0.58 0.03 0.23 67.93 29.50 0.44 0.93 0.01 0.02 99.95 0.001 0.003 0.011 0.000 0.003 0.941 1.949 0.006 0.023 0.000 0.000
MOQ-10-02_ox21 Ceno. MoqD 0.09 16.51 1.91 0.09 0.56 33.40 41.30 0.51 2.61 0.02 0.07 97.07 0.002 0.207 0.037 0.001 0.008 1.305 0.950 0.007 0.065 0.001 0.001
MOQ-10-02_ox22 Ceno. MoqD 0.10 12.63 2.90 0.11 0.87 40.73 38.09 0.44 2.86 0.03 0.09 98.85 0.002 0.158 0.057 0.001 0.012 1.178 1.134 0.006 0.071 0.001 0.001
MOQ-10-02_ox24 Ceno. MoqD 0.08 13.95 2.44 0.07 0.71 38.39 40.15 0.48 2.16 0.04 0.08 98.56 0.001 0.175 0.048 0.001 0.009 1.254 1.079 0.007 0.054 0.001 0.001
MOQ-10-02_ox25 Ceno. MoqD 0.02 9.87 1.15 0.11 0.60 45.87 38.50 0.49 0.27 0.04 0.05 96.96 0.000 0.124 0.023 0.001 0.008 1.255 1.345 0.007 0.007 0.001 0.001
MOQ-10-02_ox27 Ceno. MoqD 0.02 4.65 1.47 0.01 0.36 58.99 33.32 0.74 1.06 n.d. 0.10 100.71 0.000 0.058 0.029 0.000 0.005 1.042 1.661 0.010 0.026 0.001 0.002
MOQ-10-02_ox28 Ceno. MoqD 0.09 12.89 2.63 0.06 0.77 40.78 40.41 0.44 1.64 0.02 0.10 99.84 0.001 0.161 0.052 0.001 0.010 1.251 1.136 0.006 0.041 0.001 0.002
MOQ-10-02_ox29 Ceno. MoqD 0.08 13.67 2.48 0.07 0.70 40.21 40.35 0.45 2.24 0.03 0.09 100.38 0.001 0.171 0.049 0.001 0.009 1.238 1.110 0.006 0.056 0.001 0.001
MOQ-10-02_ox30 Ceno. MoqD 0.10 8.80 2.65 0.04 0.55 47.56 36.11 0.53 1.49 0.02 0.15 98.00 0.002 0.110 0.052 0.001 0.007 1.143 1.355 0.007 0.037 0.002 0.002
MOQ-10-02_ox32 Ceno. MoqD 0.09 11.60 1.27 0.04 0.53 45.59 39.09 0.44 1.61 n.d. 0.16 100.43 0.002 0.145 0.025 0.001 0.007 1.213 1.273 0.006 0.040 0.002 0.003
MOQ-10-02_ox33 Ceno. MoqD 0.09 12.38 2.36 0.05 0.62 42.62 39.48 0.49 2.00 0.03 0.05 100.17 0.002 0.155 0.046 0.001 0.008 1.218 1.183 0.007 0.050 0.001 0.001
MOQ-10-02_ox34 Ceno. MoqD 0.02 14.50 2.40 0.38 0.69 38.32 40.39 0.37 2.60 0.06 0.09 99.83 0.000 0.182 0.047 0.005 0.009 1.242 1.061 0.005 0.065 0.001 0.001
MOQ-10-02_ox35 Ceno. MoqD 0.08 13.72 3.88 0.07 0.96 37.92 37.72 0.65 3.71 0.01 0.08 98.80 0.001 0.172 0.076 0.001 0.013 1.153 1.043 0.009 0.092 0.001 0.001
MOQ-10-02_ox36 Ceno. MoqD 0.10 9.36 2.02 n.d. 0.54 47.37 36.63 0.32 1.61 0.03 0.11 98.09 0.002 0.117 0.040 0.000 0.007 1.162 1.352 0.005 0.040 0.001 0.002
CUC-05-06_ox01 Ceno. top MoqC 0.07 7.70 3.26 n.d. 0.53 51.76 35.76 0.66 1.82 n.d. 0.09 101.66 0.001 0.096 0.064 0.000 0.007 1.088 1.418 0.009 0.045 0.001 0.001
CUC-05-06_ox02 Ceno. top MoqC 0.08 7.77 5.67 0.07 0.68 46.98 34.68 0.57 2.35 0.06 0.10 99.00 0.001 0.097 0.111 0.001 0.009 1.065 1.298 0.008 0.058 0.001 0.002
CUC-05-06_ox03 Ceno. top MoqC 0.01 34.83 0.34 n.d. 0.23 34.53 27.50 0.40 1.87 0.01 0.05 99.77 0.000 0.436 0.007 0.000 0.003 0.582 0.658 0.006 0.046 0.001 0.001
CUC-05-06_ox04 Ceno. top MoqC 0.11 17.62 1.54 0.05 0.68 30.14 44.58 0.59 0.90 0.01 0.08 96.30 0.002 0.221 0.030 0.001 0.009 1.439 0.876 0.008 0.022 0.001 0.001
CUC-05-06_ox05 Ceno. top MoqC 0.07 5.63 1.90 0.07 0.46 56.07 33.99 0.46 1.35 n.d. 0.11 100.12 0.001 0.070 0.037 0.001 0.006 1.063 1.578 0.007 0.033 0.001 0.002
CUC-05-06_ox06 Ceno. top MoqC 0.04 5.79 2.31 0.12 0.44 54.41 33.95 0.31 1.37 0.01 0.09 98.83 0.001 0.072 0.045 0.002 0.006 1.073 1.548 0.004 0.034 0.001 0.001
CUC-05-06_ox07 Ceno. top MoqC 0.01 6.01 2.09 0.07 0.51 54.16 34.63 0.50 0.91 n.d. 0.09 98.99 0.000 0.075 0.041 0.001 0.007 1.098 1.545 0.007 0.023 0.001 0.002
CUC-05-06_ox08 Ceno. top MoqC 0.16 15.34 2.92 0.04 0.88 34.55 41.32 0.15 2.52 0.03 0.03 97.92 0.003 0.192 0.057 0.000 0.012 1.290 0.971 0.002 0.063 0.000 0.000
CUC-05-06_ox09 Ceno. top MoqC 0.08 6.84 3.82 0.05 0.46 51.04 33.53 0.67 2.20 n.d. 0.12 98.81 0.001 0.086 0.075 0.001 0.006 1.043 1.429 0.009 0.055 0.002 0.002
CUC-05-06_ox10 Ceno. top MoqC 0.04 5.02 6.00 0.08 0.57 53.80 29.24 0.52 4.41 0.03 0.11 99.83 0.001 0.063 0.118 0.001 0.008 0.878 1.453 0.007 0.109 0.002 0.002
CUC-05-06_ox11 Ceno. top MoqC 0.08 7.67 5.81 0.07 0.80 47.85 35.86 0.25 2.01 0.04 0.15 100.58 0.001 0.096 0.114 0.001 0.011 1.086 1.304 0.004 0.050 0.002 0.003
CUC-05-06_ox12 Ceno. top MoqC 0.11 9.63 5.22 0.04 0.69 46.00 34.55 0.27 4.16 0.03 0.03 100.74 0.002 0.121 0.102 0.000 0.009 1.031 1.235 0.004 0.103 0.000 0.001
CUC-05-06_ox13 Ceno. top MoqC 0.09 15.35 1.19 0.20 0.70 35.97 43.16 0.43 0.88 0.02 0.05 98.05 0.001 0.192 0.023 0.003 0.009 1.376 1.032 0.006 0.022 0.001 0.001
CUC-05-06_ox14 Ceno. top MoqC 0.11 12.64 5.20 0.05 0.58 39.03 36.43 0.41 4.18 0.01 0.11 98.75 0.002 0.158 0.102 0.001 0.008 1.103 1.063 0.006 0.104 0.001 0.002
CUC-05-06_ox15 Ceno. top MoqC 0.05 6.22 1.95 n.d. 0.41 55.33 34.45 0.66 1.35 0.02 0.11 100.55 0.001 0.078 0.038 0.000 0.005 1.073 1.550 0.009 0.034 0.001 0.002
CUC-05-06_ox16 Ceno. top MoqC 0.10 1.88 5.33 0.02 0.63 60.73 28.43 0.44 3.34 0.02 0.08 101.01 0.002 0.024 0.105 0.000 0.008 0.856 1.646 0.006 0.083 0.001 0.001
CUC-05-06_ox17 Ceno. top MoqC 0.11 9.93 3.68 0.19 0.58 46.75 34.44 0.46 3.97 0.04 0.07 100.22 0.002 0.124 0.072 0.002 0.008 1.042 1.272 0.006 0.099 0.001 0.001
CUC-05-06_ox18 Ceno. top MoqC 0.12 9.02 3.73 0.02 0.55 47.93 34.71 0.55 3.11 0.01 0.07 99.82 0.002 0.113 0.073 0.000 0.007 1.061 1.318 0.008 0.077 0.001 0.001
CUC-05-06_ox19 Ceno. top MoqC 0.06 6.38 2.08 0.03 0.41 54.95 34.71 0.58 1.40 n.d. 0.10 100.71 0.001 0.080 0.041 0.000 0.005 1.078 1.535 0.008 0.035 0.001 0.002
CUC-05-06_ox20 Ceno. top MoqC 0.14 45.54 0.10 n.d. 0.15 14.28 35.14 2.02 2.19 n.d. 0.02 99.59 0.002 0.570 0.002 0.000 0.002 0.737 0.269 0.028 0.054 0.000 0.000
MAJ-07-05_ox01 Ceno. top MoqC 0.04 34.14 0.30 n.d. 0.28 35.79 27.15 0.52 1.71 n.d. 0.01 99.95 0.001 0.427 0.006 0.000 0.004 0.575 0.682 0.007 0.042 0.000 0.000
MAJ-07-05_ox02 Ceno. top MoqC 0.06 3.63 1.38 n.d. 0.28 60.25 32.23 1.15 0.75 n.d. 0.08 99.81 0.001 0.045 0.027 0.000 0.004 1.021 1.718 0.016 0.019 0.001 0.001
MAJ-07-05_ox03 Ceno. top MoqC 0.18 14.93 2.09 n.d. 0.34 34.65 42.07 0.50 0.87 n.d. 0.17 95.80 0.003 0.187 0.041 0.000 0.005 1.363 1.010 0.007 0.022 0.002 0.003
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CUC-08-06_ox13 Ceno. MoqC 0.10 8.50 4.87 0.29 0.93 48.32 33.62 0.31 4.05 0.03 0.07 101.08 0.002 0.106 0.096 0.004 0.012 1.003 1.297 0.004 0.100 0.001 0.001
CUC-08-06_ox14 Ceno. MoqC 0.08 10.88 3.24 0.14 0.84 44.78 36.61 0.43 3.07 0.03 0.07 100.17 0.001 0.136 0.064 0.002 0.011 1.117 1.229 0.006 0.076 0.001 0.001
CUC-08-06_ox15 Ceno. MoqC 0.15 11.96 2.62 0.07 0.58 43.16 38.71 0.52 2.26 0.01 0.09 100.12 0.002 0.150 0.051 0.001 0.008 1.191 1.194 0.007 0.056 0.001 0.001
CUC-08-06_ox16 Ceno. MoqC 0.13 11.69 2.49 0.02 0.52 43.35 39.72 0.53 1.35 0.01 0.09 99.90 0.002 0.146 0.049 0.000 0.007 1.234 1.212 0.007 0.033 0.001 0.001

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-05_ox09 Ceno. top MoqC 0.06 6.54 1.37 0.01 0.24 55.06 33.87 1.43 1.14 0.02 0.18 99.92 0.001 0.082 0.027 0.000 0.003 1.065 1.558 0.020 0.028 0.002 0.003
MAJ-07-05_ox10 Ceno. top MoqC 0.04 11.30 2.02 n.d. 0.20 42.80 35.22 2.58 1.67 n.d. 0.18 96.03 0.001 0.141 0.040 0.000 0.003 1.137 1.243 0.036 0.041 0.002 0.003
MAJ-07-05_ox11 Ceno. top MoqC 1.14 13.94 3.00 n.d. 0.52 33.06 40.91 0.57 1.91 0.01 0.07 95.13 0.019 0.175 0.059 0.000 0.007 1.314 0.955 0.008 0.047 0.001 0.001
MAJ-07-05_ox12 Ceno. top MoqC 0.37 5.02 5.82 0.28 0.64 50.92 33.68 0.48 1.65 0.03 0.12 99.01 0.006 0.063 0.114 0.004 0.009 1.039 1.414 0.007 0.041 0.002 0.002
MAJ-07-05_ox13 Ceno. top MoqC 0.09 1.23 6.04 0.16 0.74 62.54 27.21 0.40 4.23 0.11 0.04 102.80 0.001 0.015 0.118 0.002 0.010 0.799 1.653 0.006 0.105 0.001 0.001
MAJ-07-05_ox15 Ceno. top MoqC 0.37 6.51 1.98 0.08 0.56 51.06 33.99 0.56 1.38 0.03 0.12 96.64 0.006 0.081 0.039 0.001 0.007 1.097 1.483 0.008 0.034 0.002 0.002
MAJ-07-05_ox16 Ceno. top MoqC 0.63 4.91 1.86 0.03 0.37 53.56 34.68 0.23 0.44 0.01 0.10 96.82 0.010 0.061 0.036 0.000 0.005 1.127 1.567 0.003 0.011 0.001 0.002
MAJ-07-05_ox17 Ceno. top MoqC 0.44 5.36 1.11 n.d. 0.31 53.99 33.49 0.90 0.70 n.d. 0.13 96.43 0.007 0.067 0.022 0.000 0.004 1.095 1.589 0.013 0.017 0.002 0.002
MAJ-07-05_ox18 Ceno. top MoqC 0.09 12.10 3.72 0.11 0.72 42.24 36.98 0.43 3.61 0.01 0.07 100.07 0.001 0.151 0.073 0.001 0.010 1.120 1.152 0.006 0.090 0.001 0.001
MAJ-07-05_ox19 Ceno. top MoqC 0.12 13.65 2.54 0.02 0.45 38.79 40.97 0.70 1.31 n.d. 0.13 98.67 0.002 0.171 0.050 0.000 0.006 1.285 1.095 0.010 0.032 0.002 0.002
MAJ-07-05_ox20 Ceno. top MoqC 0.09 13.92 2.49 0.10 0.73 40.13 38.43 0.41 3.62 0.02 0.08 100.02 0.002 0.174 0.049 0.001 0.010 1.170 1.100 0.006 0.090 0.001 0.001
MAJ-07-05_ox21 Ceno. top MoqC 0.49 9.82 4.59 0.03 0.51 42.91 34.90 0.46 3.41 n.d. 0.09 97.21 0.008 0.123 0.090 0.000 0.007 1.083 1.198 0.007 0.085 0.001 0.001
MAJ-07-05_ox26 Ceno. top MoqC 0.10 9.66 3.20 0.08 0.57 46.14 34.76 0.55 3.02 0.03 0.11 98.23 0.002 0.121 0.063 0.001 0.008 1.082 1.292 0.008 0.075 0.001 0.002
MAJ-07-05_ox27 Ceno. top MoqC 0.14 12.59 2.59 0.07 0.69 40.08 38.11 0.45 2.46 0.04 0.12 97.33 0.002 0.158 0.051 0.001 0.009 1.202 1.137 0.006 0.061 0.002 0.002
MAJ-07-05_ox28 Ceno. top MoqC 0.07 10.35 5.22 0.05 0.61 44.70 35.09 0.38 4.12 n.d. 0.04 100.63 0.001 0.130 0.102 0.001 0.008 1.047 1.201 0.005 0.102 0.001 0.001
MAJ-07-05_ox29 Ceno. top MoqC 0.07 9.91 4.42 0.02 0.48 45.07 34.47 0.50 3.67 0.04 0.05 98.72 0.001 0.124 0.087 0.000 0.006 1.056 1.243 0.007 0.091 0.001 0.001
MAJ-07-05_ox30 Ceno. top MoqC 0.15 8.00 2.34 0.13 0.53 49.14 34.26 0.44 2.25 n.d. 0.05 97.28 0.002 0.100 0.046 0.002 0.007 1.090 1.406 0.006 0.056 0.001 0.001
CARA-08-05_ox01 Ceno. MoqC 0.19 0.19 0.19 0.05 0.52 63.11 29.28 0.27 n.d. 0.01 0.02 93.83 0.003 0.002 0.004 0.001 0.007 1.003 1.945 0.004 0.000 0.000 0.000
CARA-08-05_ox02 Ceno. MoqC 0.24 0.17 0.16 0.06 0.68 65.07 30.17 0.33 0.04 0.01 0.02 96.93 0.004 0.002 0.003 0.001 0.009 1.000 1.940 0.005 0.001 0.000 0.000
CARA-08-05_ox04 Ceno. MoqC 0.57 13.45 0.10 n.d. 0.17 37.90 40.93 1.67 0.09 0.01 n.d. 94.89 0.010 0.168 0.002 0.000 0.002 1.365 1.137 0.024 0.002 0.000 0.000
CARA-08-05_ox05 Ceno. MoqC 0.24 3.48 1.13 0.09 0.43 56.59 31.25 0.75 0.56 0.01 0.15 94.68 0.004 0.044 0.022 0.001 0.006 1.044 1.702 0.011 0.014 0.002 0.002
CARA-08-05_ox06 Ceno. MoqC 0.19 0.23 0.10 0.02 0.37 64.39 29.83 0.24 0.01 n.d. n.d. 95.39 0.003 0.003 0.002 0.000 0.005 1.006 1.953 0.003 0.000 0.000 0.000
CARA-08-05_ox07 Ceno. MoqC 0.02 45.43 0.18 n.d. 0.09 14.94 34.15 1.11 3.11 n.d. 0.03 99.04 0.000 0.569 0.003 0.000 0.001 0.715 0.281 0.016 0.077 0.000 0.001
CARA-08-05_ox09 Ceno. MoqC n.d. 0.96 4.10 0.41 0.39 67.61 13.71 1.73 10.65 0.28 0.44 100.28 0.000 0.012 0.080 0.005 0.005 0.397 1.761 0.024 0.264 0.006 0.007
CARA-08-05_ox10 Ceno. MoqC 0.19 0.30 0.23 0.03 0.50 63.37 29.63 0.27 n.d. n.d. n.d. 94.51 0.003 0.004 0.005 0.000 0.007 1.007 1.938 0.004 0.000 0.000 0.000
CARA-08-05_ox11 Ceno. MoqC 0.19 0.11 0.11 0.02 0.38 65.58 30.11 0.28 n.d. 0.02 0.01 96.81 0.003 0.001 0.002 0.000 0.005 1.000 1.961 0.004 0.000 0.000 0.000
CARA-08-05_ox12 Ceno. MoqC 0.32 3.75 0.92 0.08 0.44 57.01 32.20 0.71 0.51 0.01 0.11 96.06 0.005 0.047 0.018 0.001 0.006 1.063 1.693 0.010 0.013 0.001 0.002
CARA-08-05_ox13 Ceno. MoqC 0.16 0.24 0.19 0.01 0.50 64.78 29.98 0.30 0.02 0.01 0.01 96.21 0.003 0.003 0.004 0.000 0.007 1.002 1.947 0.004 0.000 0.000 0.000
CARA-08-05_ox14 Ceno. MoqC 0.03 0.12 0.12 0.06 0.55 65.23 29.89 0.14 n.d. n.d. n.d. 96.14 0.001 0.002 0.002 0.001 0.007 1.000 1.965 0.002 0.000 0.000 0.000
CARA-08-05_ox15 Ceno. MoqC 0.03 0.28 0.16 n.d. 0.42 65.92 30.35 0.16 n.d. 0.01 0.01 97.33 0.000 0.003 0.003 0.000 0.006 1.003 1.961 0.002 0.000 0.000 0.000
CARA-08-05_ox16 Ceno. MoqC 0.11 0.12 0.06 0.01 0.27 65.74 29.93 0.19 0.06 n.d. n.d. 96.50 0.002 0.002 0.001 0.000 0.004 0.998 1.972 0.003 0.002 0.000 0.000
CARA-08-05_ox17 Ceno. MoqC 0.19 0.20 0.24 0.02 0.53 64.62 29.97 0.29 0.03 0.01 n.d. 96.10 0.003 0.002 0.005 0.000 0.007 1.002 1.944 0.004 0.001 0.000 0.000
CARA-08-05_ox18 Ceno. MoqC 0.01 51.07 0.01 n.d. 0.13 0.64 40.82 4.74 0.07 n.d. 0.10 97.59 0.000 0.639 0.000 0.000 0.002 0.881 0.012 0.067 0.002 0.001 0.002
CARA-08-05_ox19 Ceno. MoqC 0.94 0.14 0.47 0.01 0.37 62.52 30.71 0.29 0.08 n.d. n.d. 95.52 0.016 0.002 0.009 0.000 0.005 1.027 1.882 0.004 0.002 0.000 0.000
CARA-08-05_ox20 Ceno. MoqC 0.21 0.22 0.37 n.d. 0.58 64.11 29.94 0.24 0.04 n.d. 0.01 95.71 0.003 0.003 0.007 0.000 0.008 1.004 1.934 0.003 0.001 0.000 0.000
CUC-08-06_ox01 Ceno. MoqC 0.07 7.99 2.38 0.29 0.53 51.21 35.00 0.47 2.18 0.03 0.13 100.27 0.001 0.100 0.047 0.004 0.007 1.081 1.423 0.007 0.054 0.002 0.002
CUC-08-06_ox02 Ceno. MoqC 0.12 10.64 3.51 0.18 0.95 44.21 37.12 0.40 2.62 0.01 0.06 99.83 0.002 0.133 0.069 0.002 0.013 1.138 1.220 0.006 0.065 0.001 0.001
CUC-08-06_ox03 Ceno. MoqC 0.11 15.39 2.08 n.d. 0.51 36.38 40.98 0.59 2.41 n.d. 0.08 98.54 0.002 0.193 0.041 0.000 0.007 1.278 1.021 0.008 0.060 0.001 0.001
CUC-08-06_ox04 Ceno. MoqC 0.16 31.30 1.63 0.14 0.58 6.83 51.87 0.50 4.93 0.01 0.04 97.99 0.003 0.392 0.032 0.002 0.008 1.576 0.187 0.007 0.122 0.001 0.001
CUC-08-06_ox05 Ceno. MoqC 0.07 6.60 2.39 0.04 0.50 53.45 35.30 0.41 1.21 n.d. 0.08 100.05 0.001 0.083 0.047 0.001 0.007 1.103 1.502 0.006 0.030 0.001 0.001
CUC-08-06_ox06 Ceno. MoqC 0.26 12.90 1.26 0.28 1.20 38.28 38.64 0.32 2.07 n.d. n.d. 95.20 0.004 0.161 0.025 0.004 0.016 1.257 1.121 0.004 0.051 0.000 0.000
CUC-08-06_ox07 Ceno. MoqC 0.10 15.06 1.98 0.10 0.74 37.76 41.72 0.48 2.10 n.d. 0.08 100.12 0.002 0.189 0.039 0.001 0.010 1.286 1.047 0.007 0.052 0.001 0.001
CUC-08-06_ox08 Ceno. MoqC 0.04 4.66 2.82 0.20 0.62 56.24 33.45 0.20 1.21 0.02 0.16 99.62 0.001 0.058 0.055 0.003 0.008 1.048 1.586 0.003 0.030 0.002 0.003
CUC-08-06_ox09 Ceno. MoqC 0.07 3.48 0.97 0.05 0.84 60.22 33.84 0.35 0.12 0.01 0.11 100.06 0.001 0.044 0.019 0.001 0.011 1.077 1.724 0.005 0.003 0.001 0.002
CUC-08-06_ox10 Ceno. MoqC 0.06 6.69 2.46 0.05 0.54 53.48 35.25 0.44 1.33 n.d. 0.09 100.38 0.001 0.084 0.048 0.001 0.007 1.096 1.496 0.006 0.033 0.001 0.001
CUC-08-06_ox11 Ceno. MoqC 0.07 6.43 2.36 0.05 0.54 54.09 35.06 0.41 1.30 n.d. 0.10 100.42 0.001 0.080 0.046 0.001 0.007 1.091 1.514 0.006 0.032 0.001 0.002
CUC-08-06_ox12 Ceno. MoqC 0.16 6.20 2.36 0.05 0.55 54.09 34.94 0.43 1.23 n.d. 0.11 100.14 0.003 0.078 0.046 0.001 0.007 1.090 1.518 0.006 0.031 0.002 0.002



Appendix 2-6
page 18 of 31

MAJ-07-28_ox27 Ceno. MoqC 0.05 1.41 2.25 0.09 0.41 65.65 27.48 1.23 2.51 0.16 0.38 101.62 0.001 0.018 0.044 0.001 0.005 0.841 1.807 0.017 0.062 0.005 0.006
MAJ-07-28_ox28 Ceno. MoqC 0.05 7.47 2.28 n.d. 0.27 53.10 34.29 0.98 1.93 0.02 0.21 100.60 0.001 0.094 0.045 0.000 0.004 1.058 1.475 0.014 0.048 0.003 0.003
MAJ-07-28_ox30 Ceno. MoqC 1.34 0.54 0.59 0.06 0.79 63.21 32.31 0.04 0.62 n.d. n.d. 99.50 0.022 0.007 0.012 0.001 0.011 1.030 1.814 0.001 0.015 0.000 0.000
MAJ-07-40_ox01 Ceno. MoqC 0.13 8.64 2.54 0.07 0.61 47.49 35.55 0.43 1.82 0.03 0.05 97.37 0.002 0.108 0.050 0.001 0.008 1.132 1.361 0.006 0.045 0.001 0.001

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
CUC-08-06_ox17 Ceno. MoqC 0.09 6.54 2.44 0.06 0.53 53.75 35.30 0.42 1.26 n.d. 0.09 100.47 0.002 0.082 0.048 0.001 0.007 1.097 1.503 0.006 0.031 0.001 0.001
CUC-08-06_ox18 Ceno. MoqC 0.12 26.07 1.57 0.09 1.02 12.52 50.77 1.90 0.94 0.03 0.04 95.06 0.002 0.326 0.031 0.001 0.014 1.645 0.365 0.027 0.023 0.000 0.001
CUC-08-06_ox19 Ceno. MoqC 0.12 12.56 3.24 0.13 0.86 41.05 39.70 0.42 2.14 0.02 0.09 100.33 0.002 0.157 0.064 0.002 0.011 1.215 1.131 0.006 0.053 0.001 0.001
CUC-08-06_ox20 Ceno. MoqC 0.13 12.39 3.18 0.16 1.00 40.71 40.14 0.39 1.69 0.02 0.07 99.88 0.002 0.155 0.062 0.002 0.013 1.239 1.130 0.006 0.042 0.001 0.001
CUC-08-04_ox01 Ceno. MoqC 0.09 11.66 2.79 0.14 0.50 44.03 38.40 0.49 2.32 0.01 0.11 100.54 0.002 0.146 0.055 0.002 0.007 1.175 1.212 0.007 0.058 0.002 0.002
CUC-08-04_ox02 Ceno. MoqC 1.03 15.65 1.47 0.03 0.38 34.88 45.34 0.20 1.03 n.d. 0.08 100.08 0.017 0.196 0.029 0.000 0.005 1.406 0.974 0.003 0.025 0.001 0.001
CUC-08-04_ox03 Ceno. MoqC 0.08 4.88 4.10 0.05 0.43 55.38 32.79 0.54 1.76 0.01 0.25 100.27 0.001 0.061 0.080 0.001 0.006 1.008 1.532 0.008 0.044 0.003 0.004
CUC-08-04_ox04 Ceno. MoqC 0.02 40.75 0.31 n.d. 0.06 23.62 30.06 1.06 3.05 0.01 0.05 98.98 0.000 0.510 0.006 0.000 0.001 0.632 0.447 0.015 0.076 0.001 0.001
CUC-08-04_ox05 Ceno. MoqC 0.06 9.09 3.22 0.01 0.34 47.07 34.36 0.67 2.68 0.03 0.14 97.67 0.001 0.114 0.063 0.000 0.005 1.078 1.329 0.010 0.067 0.002 0.002
CUC-08-04_ox06 Ceno. MoqC 0.11 18.03 0.88 n.d. 0.40 30.84 45.29 0.32 0.99 n.d. n.d. 96.86 0.002 0.226 0.017 0.000 0.005 1.459 0.894 0.005 0.025 0.000 0.000
CUC-08-04_ox07 Ceno. MoqC 0.01 42.22 0.21 n.d. 0.26 21.17 33.35 0.75 2.14 n.d. 0.03 100.14 0.000 0.529 0.004 0.000 0.003 0.698 0.399 0.011 0.053 0.000 0.001
CUC-08-04_ox08 Ceno. MoqC n.d. 33.77 0.43 n.d. 0.21 2.03 58.19 0.38 1.94 0.01 0.02 96.97 0.000 0.423 0.008 0.000 0.003 1.836 0.058 0.005 0.048 0.000 0.000
CUC-08-04_ox09 Ceno. MoqC 0.10 14.77 1.75 0.01 0.64 37.27 42.10 0.56 1.30 0.01 0.07 98.58 0.002 0.185 0.034 0.000 0.009 1.327 1.057 0.008 0.032 0.001 0.001
CUC-08-04_ox10 Ceno. MoqC 0.11 12.40 2.56 0.01 0.80 41.53 39.64 0.47 1.75 n.d. 0.10 99.36 0.002 0.155 0.050 0.000 0.011 1.233 1.162 0.007 0.043 0.001 0.002
CUC-08-04_ox11 Ceno. MoqC 0.12 7.50 3.97 0.03 0.61 50.25 34.21 0.35 2.65 0.03 0.10 99.83 0.002 0.094 0.078 0.000 0.008 1.049 1.387 0.005 0.066 0.001 0.002
CUC-08-04_ox12 Ceno. MoqC 0.08 8.78 5.23 n.d. 0.52 46.63 33.85 0.51 3.59 n.d. 0.07 99.27 0.001 0.110 0.103 0.000 0.007 1.028 1.275 0.007 0.089 0.001 0.001
CUC-08-04_ox16 Ceno. MoqC 0.06 6.57 2.06 0.02 0.41 54.53 34.51 0.46 1.68 n.d. 0.09 100.38 0.001 0.082 0.040 0.000 0.005 1.073 1.525 0.006 0.042 0.001 0.001
CUC-08-04_ox17 Ceno. MoqC 0.09 15.36 2.12 0.04 0.59 36.37 40.90 0.53 2.44 0.01 0.10 98.54 0.001 0.192 0.042 0.001 0.008 1.275 1.020 0.007 0.061 0.001 0.002
CUC-08-04_ox18 Ceno. MoqC 0.09 9.03 2.80 0.05 0.44 49.38 36.03 0.51 2.33 n.d. 0.08 100.73 0.001 0.113 0.055 0.001 0.006 1.104 1.361 0.007 0.058 0.001 0.001
CUC-08-04_ox19 Ceno. MoqC 0.06 5.71 2.14 0.09 0.42 56.81 34.77 0.39 1.33 0.01 0.08 101.80 0.001 0.071 0.042 0.001 0.006 1.069 1.572 0.005 0.033 0.001 0.001
CUC-08-04_ox20 Ceno. MoqC 0.11 11.52 4.41 0.09 0.66 43.28 35.91 0.37 4.19 0.04 0.08 100.66 0.002 0.144 0.087 0.001 0.009 1.074 1.165 0.005 0.104 0.001 0.001
MAJ-07-28_ox01 Ceno. MoqC 0.01 3.94 0.93 n.d. 0.19 60.67 32.37 1.44 0.56 n.d. 0.15 100.27 0.000 0.049 0.018 0.000 0.003 1.024 1.728 0.020 0.014 0.002 0.002
MAJ-07-28_ox02 Ceno. MoqC 1.10 3.60 1.42 0.04 0.45 53.41 32.32 0.68 0.61 0.01 0.13 93.78 0.018 0.045 0.028 0.000 0.006 1.084 1.611 0.010 0.015 0.002 0.002
MAJ-07-28_ox03 Ceno. MoqC 0.07 9.91 0.52 0.09 0.50 47.10 39.03 0.06 0.38 n.d. 0.03 97.68 0.001 0.124 0.010 0.001 0.007 1.266 1.375 0.001 0.009 0.000 0.001
MAJ-07-28_ox04 Ceno. MoqC 0.08 8.76 2.88 0.01 0.31 46.72 36.96 0.34 0.97 n.d. 0.05 97.07 0.001 0.110 0.056 0.000 0.004 1.186 1.349 0.005 0.024 0.001 0.001
MAJ-07-28_ox05 Ceno. MoqC 0.31 0.06 0.03 0.06 0.51 64.52 30.04 0.06 n.d. n.d. 0.03 95.62 0.005 0.001 0.001 0.001 0.007 1.010 1.952 0.001 0.000 0.000 0.001
MAJ-07-28_ox06 Ceno. MoqC 0.02 0.04 0.03 0.01 0.30 68.87 31.22 0.06 n.d. n.d. n.d. 100.56 0.000 0.000 0.001 0.000 0.004 1.000 1.985 0.001 0.000 0.000 0.000
MAJ-07-28_ox07 Ceno. MoqC 0.21 17.17 2.40 n.d. 0.32 33.37 37.70 0.81 5.27 n.d. 0.15 97.40 0.003 0.215 0.047 0.000 0.004 1.158 0.923 0.011 0.131 0.002 0.002
MAJ-07-28_ox08 Ceno. MoqC 0.03 0.06 0.08 n.d. 0.48 68.60 30.71 0.55 0.01 n.d. 0.03 100.56 0.001 0.001 0.002 0.000 0.006 0.983 1.975 0.008 0.000 0.000 0.000
MAJ-07-28_ox09 Ceno. MoqC 0.02 0.04 0.07 0.01 0.66 68.19 31.10 0.04 0.03 n.d. n.d. 100.17 0.000 0.001 0.001 0.000 0.009 0.999 1.972 0.001 0.001 0.000 0.000
MAJ-07-28_ox10 Ceno. MoqC 0.07 0.02 0.04 0.03 0.66 67.31 30.59 0.16 0.01 0.02 0.04 98.96 0.001 0.000 0.001 0.000 0.009 0.995 1.969 0.002 0.000 0.000 0.001
MAJ-07-28_ox11 Ceno. MoqC n.d. 0.02 0.03 0.04 0.28 69.69 31.25 0.26 0.01 n.d. 0.02 101.59 0.000 0.000 0.001 0.000 0.004 0.990 1.988 0.004 0.000 0.000 0.000
MAJ-07-28_ox12 Ceno. MoqC 0.03 0.10 0.07 n.d. 0.40 68.78 31.33 0.04 0.01 0.01 0.02 100.78 0.000 0.001 0.001 0.000 0.005 1.001 1.977 0.001 0.000 0.000 0.000
MAJ-07-28_ox13 Ceno. MoqC 0.27 15.53 3.26 0.74 0.59 33.62 39.81 0.61 3.30 0.04 0.14 97.91 0.004 0.194 0.064 0.010 0.008 1.231 0.935 0.009 0.082 0.002 0.002
MAJ-07-28_ox14 Ceno. MoqC 0.04 8.83 2.56 0.01 0.43 50.33 35.91 0.52 2.20 n.d. 0.14 100.96 0.001 0.111 0.050 0.000 0.006 1.100 1.387 0.007 0.055 0.002 0.002
MAJ-07-28_ox15 Ceno. MoqC 0.08 8.94 4.05 n.d. 0.61 48.66 34.75 0.45 3.36 n.d. 0.06 100.96 0.001 0.112 0.079 0.000 0.008 1.047 1.320 0.006 0.083 0.001 0.001
MAJ-07-28_ox16 Ceno. MoqC 0.06 11.87 0.77 0.11 0.47 45.01 38.43 0.50 1.96 0.03 0.07 99.28 0.001 0.149 0.015 0.001 0.006 1.208 1.273 0.007 0.049 0.001 0.001
MAJ-07-28_ox17 Ceno. MoqC 0.13 13.46 2.45 0.01 0.49 39.60 40.38 0.58 1.73 n.d. 0.12 98.96 0.002 0.169 0.048 0.000 0.007 1.260 1.112 0.008 0.043 0.002 0.002
MAJ-07-28_ox18 Ceno. MoqC 0.10 0.05 0.02 0.03 0.61 67.52 30.96 0.05 0.01 n.d. n.d. 99.36 0.002 0.001 0.000 0.000 0.008 1.003 1.968 0.001 0.000 0.000 0.000
MAJ-07-28_ox19 Ceno. MoqC 0.39 0.03 0.10 0.02 0.44 66.23 30.97 0.10 0.02 n.d. n.d. 98.30 0.007 0.000 0.002 0.000 0.006 1.012 1.948 0.001 0.000 0.000 0.000
MAJ-07-28_ox20 Ceno. MoqC 0.01 0.05 0.01 n.d. 0.28 68.94 31.14 0.08 0.03 0.01 n.d. 100.55 0.000 0.001 0.000 0.000 0.004 0.998 1.987 0.001 0.001 0.000 0.000
MAJ-07-28_ox21 Ceno. MoqC 0.09 9.36 1.89 0.08 0.44 49.00 35.64 0.49 2.39 0.03 0.13 99.54 0.001 0.117 0.037 0.001 0.006 1.108 1.371 0.007 0.059 0.002 0.002
MAJ-07-28_ox22 Ceno. MoqC 0.05 0.44 0.05 0.02 0.77 67.40 31.49 0.10 0.03 n.d. n.d. 100.35 0.001 0.006 0.001 0.000 0.010 1.010 1.944 0.001 0.001 0.000 0.000
MAJ-07-28_ox23 Ceno. MoqC 0.07 6.71 1.60 0.03 0.22 55.70 34.28 1.09 1.54 n.d. 0.20 101.42 0.001 0.084 0.031 0.000 0.003 1.057 1.546 0.015 0.038 0.003 0.003
MAJ-07-28_ox24 Ceno. MoqC 0.05 10.99 3.52 0.04 0.49 45.82 35.83 0.31 3.92 0.01 0.05 101.03 0.001 0.138 0.069 0.001 0.007 1.076 1.238 0.004 0.097 0.001 0.001
MAJ-07-28_ox25 Ceno. MoqC 0.05 7.35 2.21 n.d. 0.29 53.49 34.17 0.93 1.97 n.d. 0.22 100.67 0.001 0.092 0.043 0.000 0.004 1.054 1.484 0.013 0.049 0.003 0.004
MAJ-07-28_ox26 Ceno. MoqC 0.11 15.42 1.33 0.09 0.50 34.09 41.50 0.25 1.55 0.01 0.02 94.87 0.002 0.193 0.026 0.001 0.007 1.358 1.004 0.003 0.038 0.000 0.000
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MOQ-04-219_ox04 Ceno. MoqC 0.11 4.76 4.11 0.07 0.48 53.72 31.61 0.48 2.02 0.02 0.21 97.60 0.002 0.060 0.081 0.001 0.006 0.996 1.523 0.007 0.050 0.003 0.004
MOQ-04-219_ox05 Ceno. MoqC 0.10 18.29 1.27 n.d. 0.69 29.06 44.81 0.22 1.34 n.d. 0.02 95.81 0.002 0.229 0.025 0.000 0.009 1.451 0.847 0.003 0.033 0.000 0.000
MOQ-04-219_ox06 Ceno. MoqC 0.05 1.85 5.81 0.02 0.39 60.30 28.85 1.06 2.49 0.03 0.23 101.08 0.001 0.023 0.114 0.000 0.005 0.871 1.637 0.015 0.062 0.003 0.004
MOQ-04-219_ox07 Ceno. MoqC 0.06 7.40 1.61 0.17 0.63 51.63 34.38 0.44 1.79 0.05 0.09 98.24 0.001 0.093 0.032 0.002 0.008 1.092 1.476 0.006 0.044 0.001 0.001
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-40_ox02 Ceno. MoqC n.d. 35.66 0.26 n.d. 0.17 32.59 28.33 0.71 1.70 n.d. n.d. 99.41 0.000 0.446 0.005 0.000 0.002 0.603 0.624 0.010 0.042 0.000 0.000
MAJ-07-40_ox03 Ceno. MoqC 0.07 10.01 4.22 0.03 0.54 46.45 35.03 0.37 3.79 n.d. 0.08 100.59 0.001 0.125 0.083 0.000 0.007 1.054 1.258 0.005 0.094 0.001 0.001
MAJ-07-40_ox04 Ceno. MoqC n.d. 38.08 0.24 n.d. 0.15 27.24 31.55 0.55 1.16 0.02 0.04 99.03 0.000 0.477 0.005 0.000 0.002 0.675 0.524 0.008 0.029 0.000 0.001
MAJ-07-40_ox05 Ceno. MoqC 0.01 0.93 1.25 0.05 0.43 66.33 28.37 0.47 1.77 0.03 0.30 99.95 0.000 0.012 0.025 0.001 0.006 0.892 1.877 0.007 0.044 0.004 0.005
MAJ-07-40_ox06 Ceno. MoqC 0.04 4.31 2.33 0.03 0.11 59.22 32.97 1.03 0.98 n.d. 0.21 101.22 0.001 0.054 0.046 0.000 0.001 1.021 1.651 0.015 0.024 0.003 0.003
MAJ-07-40_ox07 Ceno. MoqC 0.88 12.35 2.58 0.03 0.65 37.40 39.39 0.63 1.78 n.d. 0.04 95.72 0.015 0.155 0.051 0.000 0.009 1.265 1.081 0.009 0.044 0.001 0.001
MAJ-07-40_ox08 Ceno. MoqC 0.23 4.68 0.99 0.02 0.23 56.26 30.97 2.62 0.63 n.d. 0.16 96.78 0.004 0.059 0.019 0.000 0.003 1.012 1.654 0.037 0.016 0.002 0.003
MAJ-07-40_ox10 Ceno. MoqC 0.08 7.78 2.22 0.02 0.53 50.79 35.41 0.43 1.58 n.d. 0.09 98.92 0.001 0.097 0.044 0.000 0.007 1.115 1.439 0.006 0.039 0.001 0.002
MAJ-07-40_ox11 Ceno. MoqC 0.01 3.08 5.12 0.01 0.09 58.37 24.88 3.56 2.74 0.01 0.98 98.85 0.000 0.039 0.100 0.000 0.001 0.761 1.606 0.050 0.068 0.013 0.016
MAJ-07-40_ox12 Ceno. MoqC 0.15 6.64 2.34 n.d. 0.49 51.79 34.68 0.43 1.24 0.01 0.07 97.85 0.002 0.083 0.046 0.000 0.007 1.107 1.487 0.006 0.031 0.001 0.001
MAJ-07-40_ox13 Ceno. MoqC 0.94 8.20 2.04 n.d. 0.28 47.86 35.00 1.20 1.94 n.d. 0.20 97.64 0.016 0.103 0.040 0.000 0.004 1.108 1.363 0.017 0.048 0.003 0.003
MAJ-07-40_ox14 Ceno. MoqC 0.15 17.89 0.86 0.18 0.75 30.19 44.52 0.39 1.21 0.05 0.04 96.24 0.002 0.224 0.017 0.002 0.010 1.441 0.879 0.006 0.030 0.001 0.001
MAJ-07-40_ox15 Ceno. MoqC 0.09 7.14 2.00 0.01 0.32 51.53 35.75 0.64 0.65 0.01 0.12 98.26 0.001 0.089 0.039 0.000 0.004 1.143 1.482 0.009 0.016 0.002 0.002
MAJ-07-40_ox16 Ceno. MoqC 0.41 5.64 1.58 0.07 0.51 52.42 34.59 0.49 0.50 0.02 0.06 96.29 0.007 0.071 0.031 0.001 0.007 1.133 1.545 0.007 0.012 0.001 0.001
MAJ-07-40_ox18 Ceno. MoqC 1.35 4.98 1.44 0.02 0.34 50.44 33.62 0.76 0.84 n.d. 0.09 93.88 0.022 0.062 0.028 0.000 0.005 1.122 1.514 0.011 0.021 0.001 0.001
MAJ-07-40_ox19 Ceno. MoqC 0.16 29.15 0.98 0.09 0.56 8.30 54.81 0.62 1.13 0.01 0.05 95.85 0.003 0.365 0.019 0.001 0.008 1.760 0.240 0.009 0.028 0.001 0.001
MAJ-07-40_ox20 Ceno. MoqC 0.05 9.00 2.56 0.06 0.83 46.52 36.78 0.40 1.10 n.d. 0.16 97.47 0.001 0.113 0.050 0.001 0.011 1.174 1.337 0.006 0.027 0.002 0.003
MAJ-07-40_ox21 Ceno. MoqC 0.16 6.77 2.28 0.01 0.42 49.92 34.36 0.36 1.04 0.02 0.12 95.46 0.003 0.085 0.045 0.000 0.006 1.125 1.470 0.005 0.026 0.002 0.002
MAJ-07-40_ox22 Ceno. MoqC 0.06 11.74 3.68 n.d. 0.57 41.90 37.29 0.43 2.87 0.03 0.07 98.63 0.001 0.147 0.072 0.000 0.008 1.153 1.165 0.006 0.071 0.001 0.001
MAJ-07-40_ox23 Ceno. MoqC 0.02 38.86 0.41 n.d. 0.35 26.67 30.64 0.32 2.25 n.d. n.d. 99.53 0.000 0.486 0.008 0.000 0.005 0.646 0.506 0.005 0.056 0.000 0.000
MAJ-07-40_ox27 Ceno. MoqC 0.44 8.10 3.44 0.06 0.54 44.77 33.56 0.46 2.36 n.d. 0.12 93.85 0.007 0.101 0.067 0.001 0.007 1.094 1.313 0.007 0.059 0.002 0.002
MAJ-07-40_ox28 Ceno. MoqC 0.14 4.81 2.40 0.04 0.34 55.01 32.40 0.68 1.29 0.03 0.10 97.24 0.002 0.060 0.047 0.001 0.005 1.041 1.591 0.010 0.032 0.001 0.002
MAJ-07-40_ox29 Ceno. MoqC 1.53 5.29 2.49 0.05 0.35 50.33 34.84 0.68 1.11 n.d. 0.11 96.78 0.025 0.066 0.049 0.001 0.005 1.118 1.453 0.010 0.028 0.002 0.002
MAJ-07-40_ox30 Ceno. MoqC 0.05 4.44 2.22 0.02 0.10 58.56 32.54 1.19 1.08 n.d. 0.19 100.40 0.001 0.056 0.044 0.000 0.001 1.016 1.645 0.017 0.027 0.003 0.003
MOQ-04-217_ox01 Ceno. MoqC 0.07 0.49 0.22 0.14 0.88 66.84 31.67 0.04 n.d. 0.02 0.02 100.38 0.001 0.006 0.004 0.002 0.012 1.014 1.926 0.001 0.000 0.000 0.000
MOQ-04-217_ox02 Ceno. MoqC 0.11 8.67 5.53 0.02 0.84 46.21 35.13 0.31 3.04 n.d. 0.04 99.89 0.002 0.109 0.108 0.000 0.011 1.064 1.259 0.004 0.075 0.001 0.001
MOQ-04-217_ox03 Ceno. MoqC 0.07 9.24 2.77 n.d. 0.33 49.03 35.48 0.45 2.71 0.01 0.09 100.18 0.001 0.116 0.054 0.000 0.004 1.090 1.355 0.006 0.067 0.001 0.001
MOQ-04-217_ox04 Ceno. MoqC 0.09 8.89 2.96 n.d. 0.27 49.97 35.17 0.70 2.73 n.d. 0.08 100.87 0.002 0.111 0.058 0.000 0.004 1.072 1.371 0.010 0.068 0.001 0.001
MOQ-04-217_ox05 Ceno. MoqC 0.06 8.21 1.93 0.13 0.53 48.76 35.14 0.20 1.71 0.01 0.06 96.75 0.001 0.103 0.038 0.002 0.007 1.131 1.412 0.003 0.042 0.001 0.001
MOQ-04-217_ox06 Ceno. MoqC 0.02 28.44 0.42 n.d. 0.29 11.31 54.43 0.31 1.07 n.d. 0.03 96.33 0.000 0.356 0.008 0.000 0.004 1.749 0.327 0.004 0.027 0.000 0.001
MOQ-04-217_ox07 Ceno. MoqC 0.08 12.65 1.39 0.03 0.57 43.28 40.16 0.51 1.58 0.03 0.09 100.37 0.001 0.158 0.027 0.000 0.008 1.247 1.209 0.007 0.039 0.001 0.002
MOQ-04-217_ox08 Ceno. MoqC 0.04 14.16 1.31 0.06 0.78 40.20 42.58 0.36 1.01 0.02 0.10 100.60 0.001 0.177 0.026 0.001 0.010 1.323 1.124 0.005 0.025 0.001 0.002
MOQ-04-217_ox09 Ceno. MoqC 0.11 10.55 3.19 n.d. 0.39 45.65 38.65 0.58 1.58 n.d. 0.07 100.76 0.002 0.132 0.063 0.000 0.005 1.186 1.260 0.008 0.039 0.001 0.001
MOQ-04-217_ox10 Ceno. MoqC 0.24 9.86 0.95 n.d. 0.62 45.79 39.19 0.22 n.d. 0.02 0.22 97.13 0.004 0.123 0.019 0.000 0.008 1.275 1.341 0.003 0.000 0.003 0.004
MOQ-04-217_ox11 Ceno. MoqC 0.13 11.18 2.84 0.05 0.73 44.55 38.15 0.42 2.29 0.01 0.08 100.42 0.002 0.140 0.056 0.001 0.010 1.169 1.229 0.006 0.057 0.001 0.001
MOQ-04-217_ox12 Ceno. MoqC 0.05 6.33 1.95 n.d. 0.32 54.80 35.07 0.74 0.90 0.02 0.12 100.29 0.001 0.079 0.038 0.000 0.004 1.098 1.544 0.010 0.022 0.002 0.002
MOQ-04-217_ox13 Ceno. MoqC 0.14 8.92 1.02 0.05 0.44 49.35 37.36 0.47 0.86 n.d. 0.08 98.69 0.002 0.112 0.020 0.001 0.006 1.192 1.417 0.007 0.021 0.001 0.001
MOQ-04-217_ox14 Ceno. MoqC 0.06 5.67 1.54 0.03 0.25 55.11 32.82 1.15 1.21 0.01 0.09 97.93 0.001 0.071 0.030 0.000 0.003 1.053 1.591 0.016 0.030 0.001 0.002
MOQ-04-217_ox15 Ceno. MoqC 0.08 7.09 2.45 n.d. 0.52 51.54 35.98 0.26 0.91 n.d. 0.11 98.94 0.001 0.089 0.048 0.000 0.007 1.137 1.466 0.004 0.023 0.002 0.002
MOQ-04-217_ox16 Ceno. MoqC 0.06 9.31 2.06 0.03 0.51 48.81 37.70 0.53 1.24 n.d. 0.05 100.30 0.001 0.117 0.040 0.000 0.007 1.174 1.368 0.007 0.031 0.001 0.001
MOQ-04-217_ox17 Ceno. MoqC 0.02 0.63 0.27 0.05 0.35 67.55 30.16 0.05 0.93 0.01 0.04 100.08 0.000 0.008 0.005 0.001 0.005 0.961 1.938 0.001 0.023 0.001 0.001
MOQ-04-217_ox18 Ceno. MoqC 0.04 4.61 1.33 n.d. 0.14 58.97 32.59 1.53 0.87 n.d. 0.11 100.19 0.001 0.058 0.026 0.000 0.002 1.027 1.672 0.022 0.022 0.001 0.002
MOQ-04-217_ox19 Ceno. MoqC 0.11 4.51 1.94 0.01 0.44 57.90 33.15 0.61 1.08 n.d. 0.14 99.89 0.002 0.056 0.038 0.000 0.006 1.042 1.638 0.009 0.027 0.002 0.002
MOQ-04-217_ox20 Ceno. MoqC 0.09 7.17 3.75 0.01 0.35 52.07 34.51 0.44 2.34 0.01 0.10 100.86 0.001 0.090 0.074 0.000 0.005 1.052 1.429 0.006 0.058 0.001 0.002
MOQ-04-219_ox01 Ceno. MoqC 0.09 7.92 2.65 n.d. 0.44 50.84 35.44 0.68 1.72 n.d. 0.10 99.88 0.002 0.099 0.052 0.000 0.006 1.101 1.421 0.010 0.043 0.001 0.002
MOQ-04-219_ox02 Ceno. MoqC 0.14 9.22 2.60 n.d. 0.60 47.66 36.40 0.53 1.90 n.d. 0.07 99.13 0.002 0.115 0.051 0.000 0.008 1.137 1.339 0.008 0.047 0.001 0.001
MOQ-04-219_ox03 Ceno. MoqC 0.22 9.95 3.52 n.d. 0.55 45.59 35.67 0.48 2.99 n.d. 0.09 99.06 0.004 0.125 0.069 0.000 0.007 1.099 1.264 0.007 0.074 0.001 0.001



Appendix 2-6

LOC-05-01_ox24 Ceno. MoqC 0.63 10.53 5.24 0.05 0.59 40.62 34.94 0.33 4.06 0.04 0.10 97.13 0.010 0.132 0.103 0.001 0.008 1.075 1.125 0.005 0.101 0.001 0.002
LOC-05-01_ox25 Ceno. MoqC 0.06 13.36 1.14 0.26 1.01 39.79 42.04 0.10 0.61 0.01 0.12 98.52 0.001 0.167 0.022 0.003 0.013 1.339 1.140 0.001 0.015 0.002 0.002
LOC-05-01_ox26 Ceno. MoqC 0.11 4.25 0.25 0.06 0.78 59.66 35.07 0.17 0.02 0.01 0.02 100.41 0.002 0.053 0.005 0.001 0.010 1.118 1.711 0.002 0.001 0.000 0.000
LOC-05-01_ox27 Ceno. MoqC 0.05 2.07 0.85 0.39 1.06 60.97 32.39 0.09 0.03 0.06 0.01 97.98 0.001 0.026 0.017 0.005 0.014 1.057 1.790 0.001 0.001 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-04-219_ox08 Ceno. MoqC 0.11 12.43 0.94 0.02 0.51 43.02 41.04 0.55 0.59 n.d. 0.11 99.32 0.002 0.156 0.018 0.000 0.007 1.299 1.226 0.008 0.015 0.001 0.002
MOQ-04-219_ox09 Ceno. MoqC 0.12 6.49 2.06 0.02 0.56 54.21 33.70 0.56 2.01 0.02 0.12 99.86 0.002 0.081 0.040 0.000 0.007 1.049 1.519 0.008 0.050 0.002 0.002
MOQ-04-219_ox10 Ceno. MoqC 0.06 0.85 1.32 n.d. 0.49 66.19 28.08 0.75 2.03 n.d. 0.07 99.84 0.001 0.011 0.026 0.000 0.006 0.883 1.874 0.011 0.050 0.001 0.001
MOQ-04-219_ox11 Ceno. MoqC 0.09 15.40 2.38 0.02 0.57 37.54 40.37 0.58 3.11 0.01 0.12 100.18 0.001 0.193 0.047 0.000 0.008 1.231 1.030 0.008 0.077 0.002 0.002
MOQ-04-219_ox12 Ceno. MoqC 0.13 6.95 3.08 n.d. 0.54 51.11 35.30 0.60 1.22 n.d. 0.08 99.00 0.002 0.087 0.060 0.000 0.007 1.109 1.445 0.008 0.030 0.001 0.001
MOQ-04-219_ox13 Ceno. MoqC 0.03 4.53 1.17 0.01 0.26 57.78 32.24 1.25 0.75 0.01 0.15 98.18 0.000 0.057 0.023 0.000 0.004 1.038 1.674 0.018 0.019 0.002 0.002
MOQ-04-219_ox14 Ceno. MoqC 0.08 13.11 1.09 n.d. 0.49 42.00 40.78 0.69 1.10 0.01 0.11 99.46 0.001 0.164 0.021 0.000 0.007 1.283 1.189 0.010 0.027 0.001 0.002
MOQ-04-219_ox15 Ceno. MoqC 0.10 12.01 2.38 0.01 0.72 42.20 38.57 0.42 2.06 0.01 0.09 98.55 0.002 0.150 0.047 0.000 0.010 1.208 1.189 0.006 0.051 0.001 0.001
MOQ-04-219_ox16 Ceno. MoqC 0.08 19.88 0.84 n.d. 0.44 26.26 46.25 0.22 1.16 0.01 0.02 95.16 0.001 0.249 0.017 0.000 0.006 1.511 0.772 0.003 0.029 0.000 0.000
MOQ-04-219_ox17 Ceno. MoqC 0.10 8.07 2.86 0.01 0.75 49.73 34.83 0.51 2.22 n.d. 0.09 99.16 0.002 0.101 0.056 0.000 0.010 1.084 1.393 0.007 0.055 0.001 0.002
MOQ-04-219_ox18 Ceno. MoqC 0.06 2.48 3.52 n.d. 0.43 60.48 30.99 0.39 1.59 0.01 0.13 100.09 0.001 0.031 0.069 0.000 0.006 0.962 1.690 0.006 0.040 0.002 0.002
MOQ-04-219_ox19 Ceno. MoqC 0.11 10.93 2.11 n.d. 0.45 45.09 38.29 0.59 1.58 n.d. 0.10 99.26 0.002 0.137 0.041 0.000 0.006 1.198 1.270 0.008 0.039 0.001 0.002
MOQ-04-219_ox20 Ceno. MoqC 0.11 9.61 1.88 0.01 0.42 48.31 37.28 0.65 1.51 n.d. 0.09 99.88 0.002 0.120 0.037 0.000 0.006 1.163 1.357 0.009 0.038 0.001 0.001
MOQ-04-218_ox01 Ceno. MoqC 0.15 23.58 2.03 n.d. 0.67 16.54 48.35 0.62 1.60 n.d. 0.07 93.60 0.002 0.295 0.040 0.000 0.009 1.581 0.487 0.009 0.040 0.001 0.001
MOQ-04-218_ox02 Ceno. MoqC 0.11 14.88 3.18 0.02 0.90 35.60 38.41 0.38 3.84 0.03 0.04 97.39 0.002 0.186 0.062 0.000 0.012 1.192 0.995 0.005 0.095 0.001 0.001
MOQ-04-218_ox03 Ceno. MoqC 0.11 8.97 3.18 n.d. 0.59 46.63 36.25 0.45 1.73 n.d. 0.05 97.96 0.002 0.112 0.062 0.000 0.008 1.143 1.324 0.006 0.043 0.001 0.001
MOQ-04-218_ox04 Ceno. MoqC 0.10 17.11 2.81 0.02 0.84 31.30 40.36 0.24 3.81 0.01 0.05 96.66 0.002 0.214 0.055 0.000 0.011 1.262 0.880 0.003 0.095 0.001 0.001
MOQ-04-218_ox05 Ceno. MoqC 0.08 6.67 3.33 0.14 0.61 52.95 33.54 0.56 2.47 n.d. 0.09 100.45 0.001 0.084 0.065 0.002 0.008 1.028 1.460 0.008 0.061 0.001 0.002
MOQ-04-218_ox06 Ceno. MoqC 0.13 17.22 1.87 0.06 0.78 31.63 42.69 0.45 2.20 0.01 0.08 97.11 0.002 0.216 0.037 0.001 0.010 1.351 0.901 0.006 0.055 0.001 0.001
MOQ-04-218_ox07 Ceno. MoqC 0.10 11.21 4.23 0.17 0.86 42.16 35.00 0.37 4.12 0.01 0.06 98.30 0.002 0.140 0.083 0.002 0.012 1.072 1.162 0.005 0.102 0.001 0.001
MOQ-04-218_ox08 Ceno. MoqC 0.05 10.26 5.44 0.03 0.79 42.94 35.65 0.42 3.32 0.02 0.07 98.98 0.001 0.128 0.107 0.000 0.011 1.085 1.177 0.006 0.082 0.001 0.001
MOQ-04-218_ox09 Ceno. MoqC 0.08 1.93 3.61 0.01 0.46 61.97 29.68 0.72 2.00 n.d. 0.15 100.61 0.001 0.024 0.071 0.000 0.006 0.914 1.717 0.010 0.050 0.002 0.003
MOQ-04-218_ox10 Ceno. MoqC 0.09 10.07 0.57 n.d. 0.64 47.61 39.01 0.38 0.48 n.d. 0.09 98.95 0.001 0.126 0.011 0.000 0.009 1.246 1.369 0.005 0.012 0.001 0.002
MOQ-04-218_ox11 Ceno. MoqC 1.83 16.62 2.60 n.d. 0.84 27.68 44.18 0.48 2.36 n.d. 0.05 96.64 0.031 0.208 0.051 0.000 0.011 1.388 0.782 0.007 0.059 0.001 0.001
MOQ-04-218_ox15 Ceno. MoqC 0.13 9.97 5.10 0.06 0.89 44.01 34.48 0.35 4.00 0.01 0.06 99.05 0.002 0.125 0.100 0.001 0.012 1.046 1.201 0.005 0.099 0.001 0.001
MOQ-04-218_ox16 Ceno. MoqC 0.13 18.39 2.68 0.06 1.10 28.29 44.30 0.50 2.00 0.01 0.10 97.56 0.002 0.230 0.053 0.001 0.015 1.390 0.799 0.007 0.050 0.001 0.002
MOQ-04-218_ox17 Ceno. MoqC 0.08 9.20 3.98 0.03 0.60 46.13 35.83 0.38 2.42 0.01 0.04 98.70 0.001 0.115 0.078 0.000 0.008 1.112 1.288 0.005 0.060 0.001 0.001
MOQ-04-218_ox18 Ceno. MoqC 0.14 11.26 4.96 0.07 0.83 41.28 35.62 0.35 3.93 0.02 0.05 98.51 0.002 0.141 0.097 0.001 0.011 1.086 1.133 0.005 0.098 0.001 0.001
MOQ-04-218_ox19 Ceno. MoqC 0.15 11.87 2.33 0.01 0.55 42.06 36.60 0.55 2.94 n.d. 0.06 97.13 0.002 0.149 0.046 0.000 0.007 1.155 1.194 0.008 0.073 0.001 0.001
MOQ-04-218_ox20 Ceno. MoqC 0.10 11.97 4.09 0.04 0.66 40.87 36.55 0.42 3.54 0.02 0.05 98.32 0.002 0.150 0.080 0.001 0.009 1.125 1.132 0.006 0.088 0.001 0.001
LOC-05-01_ox01 Ceno. MoqC 0.07 1.23 0.30 0.11 0.49 65.97 32.17 0.09 0.10 0.02 0.06 100.61 0.001 0.015 0.006 0.001 0.006 1.025 1.892 0.001 0.003 0.001 0.001
LOC-05-01_ox03 Ceno. MoqC 0.83 13.17 0.34 0.01 0.34 35.31 41.53 0.35 n.d. 0.01 0.04 91.93 0.014 0.165 0.007 0.000 0.005 1.426 1.091 0.005 0.000 0.001 0.001
LOC-05-01_ox05 Ceno. MoqC 0.62 6.34 3.10 0.04 0.49 50.04 31.84 0.51 2.96 n.d. 0.09 96.04 0.010 0.079 0.061 0.001 0.007 1.014 1.434 0.007 0.073 0.001 0.002
LOC-05-01_ox06 Ceno. MoqC 0.32 14.65 2.77 0.03 0.44 32.76 38.57 4.62 0.09 n.d. 0.28 94.53 0.005 0.183 0.054 0.000 0.006 1.266 0.967 0.065 0.002 0.004 0.005
LOC-05-01_ox07 Ceno. MoqC 0.38 16.36 3.04 0.10 0.62 29.30 41.40 1.78 0.02 0.05 1.29 94.35 0.006 0.205 0.060 0.001 0.008 1.342 0.855 0.025 0.000 0.017 0.021
LOC-05-01_ox08 Ceno. MoqC 1.42 5.74 0.64 0.03 0.21 46.83 33.84 1.08 0.07 n.d. 0.14 89.99 0.024 0.072 0.013 0.000 0.003 1.188 1.479 0.015 0.002 0.002 0.002
LOC-05-01_ox09 Ceno. MoqC 0.48 19.41 0.97 0.01 0.68 25.16 41.79 4.47 0.01 n.d. 0.96 93.93 0.008 0.243 0.019 0.000 0.009 1.376 0.746 0.063 0.000 0.013 0.016
LOC-05-01_ox12 Ceno. MoqC 0.94 1.10 0.14 0.01 n.d. 0.41 3.74 0.18 0.33 n.d. n.d. 6.84 0.016 0.014 0.003 0.000 0.000 1.563 0.152 0.003 0.008 0.000 0.000
LOC-05-01_ox13 Ceno. MoqC 0.26 18.94 2.37 n.d. 0.23 25.39 44.78 0.36 1.38 n.d. 0.14 93.86 0.004 0.237 0.046 0.000 0.003 1.466 0.748 0.005 0.034 0.002 0.002
LOC-05-01_ox14 Ceno. MoqC 0.15 17.45 3.97 0.01 0.57 26.61 41.33 0.81 2.47 0.01 0.12 93.50 0.003 0.218 0.078 0.000 0.008 1.336 0.774 0.011 0.061 0.002 0.002
LOC-05-01_ox15 Ceno. MoqC 0.21 9.56 4.16 0.02 0.46 42.14 35.66 2.43 0.53 0.02 0.35 95.53 0.003 0.120 0.082 0.000 0.006 1.151 1.225 0.034 0.013 0.005 0.006
LOC-05-01_ox17 Ceno. MoqC 0.37 11.42 3.63 0.03 0.51 38.42 34.96 5.17 0.09 0.03 0.54 95.16 0.006 0.143 0.071 0.000 0.007 1.135 1.122 0.073 0.002 0.007 0.009
LOC-05-01_ox18 Ceno. MoqC 0.37 11.93 5.10 0.08 0.89 32.77 40.39 0.44 0.02 0.03 0.12 92.16 0.006 0.149 0.100 0.001 0.012 1.347 0.984 0.006 0.001 0.002 0.002
LOC-05-01_ox20 Ceno. MoqC 0.56 14.90 0.27 0.05 0.34 33.77 42.25 0.74 0.04 0.01 0.30 93.23 0.009 0.187 0.005 0.001 0.005 1.425 1.025 0.010 0.001 0.004 0.005
LOC-05-01_ox21 Ceno. MoqC 1.55 8.97 1.14 0.05 0.29 42.11 36.15 2.81 0.17 0.01 0.21 93.46 0.026 0.112 0.022 0.001 0.004 1.212 1.270 0.040 0.004 0.003 0.004
LOC-05-01_ox22 Ceno. MoqC 0.17 17.52 3.70 0.36 1.08 24.00 45.55 0.28 n.d. 0.02 0.09 92.75 0.003 0.219 0.073 0.005 0.014 1.516 0.719 0.004 0.000 0.001 0.001
LOC-05-01_ox23 Ceno. MoqC 0.04 0.60 0.41 0.12 1.30 65.82 31.59 0.06 0.04 0.01 0.02 100.01 0.001 0.008 0.008 0.002 0.017 1.014 1.900 0.001 0.001 0.000 0.000



Appendix 2-6

CUC-05-05_ox12 Ceno. base MoqC 0.08 10.23 3.10 0.12 0.76 44.73 37.08 0.31 2.03 0.05 0.15 98.65 0.001 0.128 0.061 0.002 0.010 1.158 1.256 0.004 0.050 0.002 0.002
CUC-05-05_ox14 Ceno. base MoqC 0.07 12.35 3.28 0.21 0.58 41.35 36.81 0.44 3.48 0.08 0.10 98.75 0.001 0.155 0.064 0.003 0.008 1.133 1.146 0.006 0.086 0.001 0.002
CUC-05-05_ox15 Ceno. base MoqC 0.04 10.88 0.88 0.01 0.30 45.30 36.62 1.44 1.46 n.d. 0.07 96.99 0.001 0.136 0.017 0.000 0.004 1.182 1.316 0.020 0.036 0.001 0.001
CUC-05-05_ox16 Ceno. base MoqC 1.80 5.95 1.05 n.d. 0.22 50.42 36.12 1.21 0.52 0.01 0.13 97.43 0.030 0.074 0.021 0.000 0.003 1.164 1.462 0.017 0.013 0.002 0.002
CUC-05-05_ox17 Ceno. base MoqC 0.11 15.35 3.42 0.22 0.59 36.03 37.86 0.66 4.54 0.05 0.12 98.94 0.002 0.192 0.067 0.003 0.008 1.149 0.984 0.009 0.113 0.002 0.002

page 21 of 31

analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
LOC-05-01_ox28 Ceno. MoqC 0.06 6.39 2.47 0.08 0.49 51.54 32.71 0.42 1.93 0.03 0.12 96.24 0.001 0.080 0.048 0.001 0.007 1.054 1.495 0.006 0.048 0.002 0.002
LOC-05-01_ox29 Ceno. MoqC 0.08 7.28 1.55 0.09 0.87 50.66 36.22 0.27 0.42 0.01 0.19 97.63 0.001 0.091 0.030 0.001 0.012 1.169 1.471 0.004 0.010 0.002 0.003
LOC-05-01_ox30 Ceno. MoqC 0.07 11.57 0.56 0.02 0.64 42.92 40.03 0.24 0.35 0.02 0.04 96.46 0.001 0.145 0.011 0.000 0.008 1.312 1.266 0.003 0.009 0.001 0.001
LOC-05-01_ox31 Ceno. MoqC 0.01 0.21 0.12 0.02 0.21 68.32 31.22 0.12 n.d. 0.02 n.d. 100.25 0.000 0.003 0.002 0.000 0.003 1.003 1.974 0.002 0.000 0.000 0.000
LOC-05-01_ox33 Ceno. MoqC 0.80 9.20 1.22 0.05 0.65 45.95 37.84 0.63 0.99 0.04 0.03 97.39 0.013 0.115 0.024 0.001 0.009 1.217 1.330 0.009 0.025 0.000 0.001
LOC-05-01_ox34 Ceno. MoqC 0.05 17.95 1.91 0.08 0.65 27.60 44.67 0.48 0.66 n.d. 0.09 94.14 0.001 0.225 0.037 0.001 0.009 1.473 0.819 0.007 0.016 0.001 0.001
LOC-05-01_ox35 Ceno. MoqC 0.15 12.26 2.74 0.09 0.57 38.25 41.58 0.12 n.d. 0.01 0.07 95.83 0.002 0.153 0.054 0.001 0.008 1.357 1.123 0.002 0.000 0.001 0.001
LOC-05-01_ox36 Ceno. MoqC 0.10 15.51 3.57 0.41 1.02 29.22 42.95 1.33 0.04 0.01 0.06 94.22 0.002 0.194 0.070 0.005 0.014 1.412 0.864 0.019 0.001 0.001 0.001
TAC-08-04_ox01 Ceno. MoqC 0.41 14.26 3.52 n.d. 0.59 34.22 38.61 0.34 3.09 0.01 0.16 95.21 0.007 0.179 0.069 0.000 0.008 1.226 0.978 0.005 0.077 0.002 0.003
TAC-08-04_ox02 Ceno. MoqC 0.65 16.18 3.23 1.28 1.25 29.54 42.81 0.33 2.32 0.04 0.07 97.68 0.011 0.203 0.063 0.017 0.017 1.334 0.828 0.005 0.058 0.001 0.001
TAC-08-04_ox03 Ceno. MoqC 0.11 13.05 3.03 0.17 0.88 40.20 37.18 0.44 3.72 0.05 0.10 98.94 0.002 0.163 0.059 0.002 0.012 1.141 1.110 0.006 0.092 0.001 0.002
TAC-08-04_ox04 Ceno. MoqC 0.05 5.84 1.79 0.04 0.45 55.34 33.32 0.48 1.70 n.d. 0.09 99.09 0.001 0.073 0.035 0.000 0.006 1.051 1.570 0.007 0.042 0.001 0.001
TAC-08-04_ox05 Ceno. MoqC 0.06 11.33 1.09 0.11 0.69 44.34 39.60 0.67 0.59 0.03 0.14 98.66 0.001 0.142 0.021 0.002 0.009 1.263 1.272 0.009 0.015 0.002 0.002
TAC-08-04_ox07 Ceno. MoqC 0.08 9.85 4.24 1.33 0.75 42.08 32.77 0.35 4.26 0.07 0.05 95.82 0.001 0.123 0.083 0.017 0.010 1.028 1.188 0.005 0.106 0.001 0.001
TAC-08-04_ox08 Ceno. MoqC 0.05 5.42 2.57 0.09 0.52 55.98 32.65 0.29 1.96 0.04 0.34 99.91 0.001 0.068 0.050 0.001 0.007 1.013 1.563 0.004 0.049 0.005 0.006
TAC-08-04_ox09 Ceno. MoqC 0.12 11.56 4.25 0.08 0.81 42.12 35.35 0.30 4.27 0.15 0.08 99.10 0.002 0.145 0.083 0.001 0.011 1.074 1.152 0.004 0.106 0.001 0.001
TAC-08-04_ox10 Ceno. MoqC 0.06 5.48 2.05 0.07 0.43 55.46 33.25 0.55 1.44 0.03 0.12 98.93 0.001 0.069 0.040 0.001 0.006 1.051 1.577 0.008 0.036 0.002 0.002
TAC-08-04_ox11 Ceno. MoqC 0.07 4.25 2.17 n.d. 0.05 58.83 29.03 2.46 2.07 0.01 0.29 99.23 0.001 0.053 0.043 0.000 0.001 0.909 1.658 0.035 0.051 0.004 0.005
TAC-08-04_ox12 Ceno. MoqC 0.07 11.59 2.60 0.05 0.56 44.43 34.75 0.17 4.51 0.01 0.08 98.82 0.001 0.145 0.051 0.001 0.007 1.065 1.226 0.002 0.112 0.001 0.001
TAC-08-04_ox13 Ceno. MoqC 0.13 4.33 0.76 0.06 0.51 57.31 33.09 0.26 0.73 0.01 0.02 97.22 0.002 0.054 0.015 0.001 0.007 1.080 1.683 0.004 0.018 0.000 0.000
TAC-08-04_ox14 Ceno. MoqC 0.11 9.43 4.19 0.15 0.86 45.46 34.34 0.30 3.55 0.03 0.07 98.50 0.002 0.118 0.082 0.002 0.011 1.056 1.259 0.004 0.088 0.001 0.001
TAC-08-04_ox15 Ceno. MoqC 0.08 11.60 2.97 0.03 0.58 45.04 32.26 0.31 6.11 0.04 0.11 99.15 0.001 0.145 0.058 0.000 0.008 0.972 1.221 0.004 0.152 0.002 0.002
TAC-08-04_ox16 Ceno. MoqC 0.02 0.56 4.46 0.01 0.04 66.20 20.75 5.63 3.01 n.d. 1.01 101.69 0.000 0.007 0.087 0.000 0.001 0.620 1.779 0.079 0.075 0.014 0.017
TAC-08-04_ox17 Ceno. MoqC 0.09 1.78 1.59 0.04 0.39 64.29 27.32 0.65 2.81 0.10 0.31 99.37 0.001 0.022 0.031 0.000 0.005 0.855 1.810 0.009 0.070 0.004 0.005
TAC-08-04_ox18 Ceno. MoqC n.d. 2.55 2.68 0.08 0.56 61.30 28.31 0.43 2.64 0.08 0.42 99.05 0.000 0.032 0.053 0.001 0.007 0.883 1.720 0.006 0.066 0.006 0.007
TAC-08-04_ox19 Ceno. MoqC 0.05 5.53 1.63 0.04 0.36 57.20 31.74 0.65 2.54 0.01 0.10 99.86 0.001 0.069 0.032 0.001 0.005 0.988 1.603 0.009 0.063 0.001 0.002
TAC-08-04_ox21 Ceno. MoqC 0.12 9.02 4.02 0.20 0.72 47.71 32.76 0.45 4.44 0.08 0.06 99.57 0.002 0.113 0.079 0.003 0.010 0.993 1.301 0.006 0.110 0.001 0.001
TAC-08-04_ox22 Ceno. MoqC 0.12 14.14 2.89 0.01 0.75 38.22 37.16 0.54 4.18 0.01 0.07 98.10 0.002 0.177 0.057 0.000 0.010 1.145 1.060 0.008 0.104 0.001 0.001
TAC-08-04_ox26 Ceno. MoqC 0.07 2.27 2.21 0.04 0.52 62.89 28.14 0.54 3.09 n.d. 0.09 99.86 0.001 0.028 0.043 0.001 0.007 0.872 1.755 0.008 0.077 0.001 0.001
TAC-08-04_ox27 Ceno. MoqC 1.39 9.14 2.43 0.04 0.56 43.00 36.84 1.34 1.57 0.01 0.06 96.40 0.023 0.114 0.048 0.001 0.008 1.179 1.239 0.019 0.039 0.001 0.001
TAC-08-04_ox28 Ceno. MoqC 0.07 14.05 3.21 0.13 0.62 37.24 38.88 0.49 2.96 0.01 0.07 97.75 0.001 0.176 0.063 0.002 0.008 1.211 1.044 0.007 0.073 0.001 0.001
TAC-08-04_ox29 Ceno. MoqC 0.06 11.66 3.10 0.07 0.67 43.31 35.39 0.56 3.89 0.02 0.11 98.84 0.001 0.146 0.061 0.001 0.009 1.086 1.196 0.008 0.097 0.001 0.002
TAC-08-04_ox30 Ceno. MoqC 0.02 6.30 1.22 n.d. 0.04 55.63 33.11 2.13 1.04 n.d. 0.08 99.56 0.000 0.079 0.024 0.000 0.001 1.048 1.584 0.030 0.026 0.001 0.001
TAC-08-04_ox33 Ceno. MoqC 0.59 7.95 2.69 0.26 1.10 45.00 36.54 0.17 0.87 0.04 0.11 95.33 0.010 0.100 0.053 0.003 0.015 1.192 1.321 0.002 0.022 0.001 0.002
TAC-08-04_ox35 Ceno. MoqC 0.29 3.00 1.72 0.06 0.62 58.18 32.12 0.23 0.68 n.d. 0.11 97.01 0.005 0.038 0.034 0.001 0.008 1.044 1.702 0.003 0.017 0.001 0.002
TAC-08-04_ox36 Ceno. MoqC 0.11 14.11 3.85 0.13 1.13 34.68 39.72 0.29 2.46 0.03 0.08 96.60 0.002 0.177 0.076 0.002 0.015 1.251 0.983 0.004 0.061 0.001 0.001
CUC-05-05_ox01 Ceno. base MoqC 0.07 7.42 4.83 0.19 0.71 49.75 32.07 0.42 3.94 0.06 0.09 99.56 0.001 0.093 0.095 0.003 0.009 0.973 1.358 0.006 0.098 0.001 0.002
CUC-05-05_ox02 Ceno. base MoqC 0.16 14.06 3.68 n.d. 0.67 37.83 37.04 0.68 4.35 n.d. 0.07 98.54 0.003 0.176 0.072 0.000 0.009 1.130 1.038 0.010 0.108 0.001 0.001
CUC-05-05_ox03 Ceno. base MoqC 0.52 12.08 1.05 n.d. 0.35 42.35 38.07 0.76 2.22 0.01 0.06 97.47 0.009 0.151 0.021 0.000 0.005 1.211 1.212 0.011 0.055 0.001 0.001
CUC-05-05_ox04 Ceno. base MoqC 0.26 5.21 1.47 0.05 0.44 55.95 33.32 0.73 1.21 0.02 0.10 98.76 0.004 0.065 0.029 0.001 0.006 1.060 1.601 0.010 0.030 0.001 0.002
CUC-05-05_ox05 Ceno. base MoqC 0.27 11.55 3.23 0.27 0.53 42.41 35.78 1.25 3.34 0.04 0.08 98.76 0.004 0.145 0.063 0.004 0.007 1.102 1.176 0.018 0.083 0.001 0.001
CUC-05-05_ox07 Ceno. base MoqC 0.76 14.14 2.69 0.15 0.74 33.27 39.99 1.14 1.67 0.02 0.19 94.75 0.013 0.177 0.053 0.002 0.010 1.294 0.969 0.016 0.041 0.003 0.003
CUC-05-05_ox08 Ceno. base MoqC 0.06 8.36 2.19 n.d. 0.43 51.29 34.20 0.48 2.88 0.01 0.09 100.00 0.001 0.105 0.043 0.000 0.006 1.055 1.423 0.007 0.071 0.001 0.002
CUC-05-05_ox09 Ceno. base MoqC 0.59 16.03 3.20 0.15 0.78 30.90 37.89 3.32 3.01 0.04 0.11 96.03 0.010 0.201 0.063 0.002 0.010 1.194 0.876 0.047 0.075 0.001 0.002
CUC-05-05_ox10 Ceno. base MoqC 0.06 7.56 1.49 0.03 0.32 54.20 34.56 0.79 2.09 n.d. 0.12 101.21 0.001 0.095 0.029 0.000 0.004 1.064 1.502 0.011 0.052 0.002 0.002
CUC-05-05_ox11 Ceno. base MoqC 0.16 4.60 2.80 0.17 0.48 57.42 30.14 0.64 3.15 0.04 0.18 99.79 0.003 0.058 0.055 0.002 0.006 0.929 1.592 0.009 0.078 0.002 0.003



Appendix 2-6

MOQ-04-220_ox17 Ceno. base MoqC 0.04 3.64 1.29 0.06 0.44 59.19 32.86 0.52 0.49 0.02 0.08 98.62 0.001 0.046 0.025 0.001 0.006 1.057 1.712 0.007 0.012 0.001 0.001
MOQ-04-220_ox18 Ceno. base MoqC 0.09 5.29 2.35 0.11 0.35 54.60 34.01 0.48 0.84 0.01 0.08 98.23 0.002 0.066 0.046 0.001 0.005 1.086 1.569 0.007 0.021 0.001 0.001
MOQ-04-220_ox19 Ceno. base MoqC 0.01 46.92 0.09 n.d. 0.17 10.36 37.29 4.63 0.09 n.d. 0.04 99.60 0.000 0.587 0.002 0.000 0.002 0.793 0.198 0.065 0.002 0.001 0.001
MOQ-04-220_ox20 Ceno. base MoqC 0.02 36.35 0.52 0.04 0.39 31.66 26.18 0.28 3.50 0.03 0.01 98.98 0.000 0.455 0.010 0.001 0.005 0.551 0.599 0.004 0.087 0.000 0.000
MOQ-07-11_ox03 Ceno. base MoqC 0.35 9.83 3.10 0.17 0.57 42.28 35.92 1.32 1.51 0.01 0.07 95.13 0.006 0.123 0.061 0.002 0.008 1.165 1.234 0.019 0.037 0.001 0.001
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
CUC-05-05_ox18 Ceno. base MoqC 0.38 4.50 0.61 0.07 0.35 58.36 35.30 0.26 0.14 0.01 0.03 100.01 0.006 0.056 0.012 0.001 0.005 1.125 1.673 0.004 0.003 0.000 0.001
CUC-05-05_ox19 Ceno. base MoqC 1.49 13.49 4.14 0.25 0.82 32.21 40.21 0.79 2.56 0.04 0.08 96.09 0.025 0.169 0.081 0.003 0.011 1.263 0.910 0.011 0.064 0.001 0.001
CUC-05-05_ox20 Ceno. base MoqC 0.05 7.41 2.22 0.01 0.35 51.87 34.46 0.68 1.72 0.01 0.15 98.94 0.001 0.093 0.044 0.000 0.005 1.084 1.468 0.010 0.043 0.002 0.002
MAJ-07-24_ox01 Ceno. base MoqC 0.12 6.61 1.70 n.d. 0.40 52.12 33.71 1.67 0.76 0.01 0.12 97.21 0.002 0.083 0.033 0.000 0.005 1.090 1.517 0.024 0.019 0.002 0.002
MAJ-07-24_ox02 Ceno. base MoqC 0.04 5.86 1.25 0.01 0.42 53.22 32.55 0.84 1.14 n.d. 0.10 95.43 0.001 0.073 0.024 0.000 0.006 1.073 1.578 0.012 0.028 0.001 0.002
MAJ-07-24_ox03 Ceno. base MoqC 0.06 0.85 1.74 0.07 0.48 64.90 28.04 0.68 1.73 0.03 0.25 98.83 0.001 0.011 0.034 0.001 0.006 0.889 1.853 0.010 0.043 0.003 0.004
MAJ-07-24_ox04 Ceno. base MoqC 0.06 0.39 0.28 0.11 0.45 65.92 27.37 0.47 1.73 0.03 0.02 96.83 0.001 0.005 0.006 0.001 0.006 0.896 1.942 0.007 0.043 0.000 0.000
MAJ-07-24_ox05 Ceno. base MoqC 0.08 4.35 1.56 0.03 0.43 57.04 32.50 0.67 0.88 n.d. 0.12 97.66 0.001 0.054 0.031 0.000 0.006 1.049 1.656 0.010 0.022 0.002 0.002
MAJ-07-24_ox06 Ceno. base MoqC 0.07 0.42 0.74 0.17 0.42 64.76 27.87 0.28 1.29 0.03 0.19 96.23 0.001 0.005 0.015 0.002 0.006 0.917 1.917 0.004 0.032 0.003 0.003
MAJ-07-24_ox07 Ceno. base MoqC 0.11 3.53 0.77 0.14 0.43 59.55 31.93 0.75 0.73 0.02 0.11 98.07 0.002 0.044 0.015 0.002 0.006 1.033 1.733 0.011 0.018 0.001 0.002
MAJ-07-24_ox08 Ceno. base MoqC 0.53 6.21 3.69 0.01 0.48 48.09 33.18 2.90 0.04 n.d. 0.34 95.47 0.009 0.078 0.072 0.000 0.006 1.081 1.410 0.041 0.001 0.005 0.006
MAJ-07-24_ox09 Ceno. base MoqC 0.05 5.23 1.04 0.11 0.51 54.74 34.00 0.15 0.50 0.01 0.07 96.41 0.001 0.065 0.020 0.002 0.007 1.118 1.619 0.002 0.012 0.001 0.001
MAJ-07-24_ox10 Ceno. base MoqC 0.11 5.94 1.47 n.d. 0.46 52.96 32.94 0.84 1.15 n.d. 0.09 95.95 0.002 0.074 0.029 0.000 0.006 1.078 1.559 0.012 0.029 0.001 0.001
MAJ-07-24_ox11 Ceno. base MoqC 0.07 1.65 1.22 0.06 0.45 63.14 28.59 0.44 1.79 0.02 0.20 97.65 0.001 0.021 0.024 0.001 0.006 0.919 1.827 0.006 0.044 0.003 0.003
MAJ-07-24_ox12 Ceno. base MoqC 0.06 1.39 0.03 0.05 0.78 64.10 31.64 0.27 n.d. n.d. n.d. 98.33 0.001 0.017 0.001 0.001 0.010 1.034 1.886 0.004 0.000 0.000 0.000
MAJ-07-24_ox13 Ceno. base MoqC 0.23 5.55 1.25 0.01 0.42 53.26 32.66 0.83 1.03 n.d. 0.12 95.34 0.004 0.069 0.025 0.000 0.006 1.077 1.581 0.012 0.026 0.002 0.002
MAJ-07-24_ox14 Ceno. base MoqC 0.05 2.13 1.41 0.12 0.41 62.09 28.89 0.59 1.64 0.04 0.34 97.72 0.001 0.027 0.028 0.002 0.005 0.927 1.793 0.008 0.041 0.005 0.006
MAJ-07-24_ox15 Ceno. base MoqC 0.12 9.31 2.27 0.01 0.30 45.54 33.93 1.58 1.93 n.d. 0.13 95.12 0.002 0.117 0.045 0.000 0.004 1.104 1.333 0.022 0.048 0.002 0.002
MAJ-07-24_ox16 Ceno. base MoqC 0.08 8.29 2.36 0.02 0.43 47.18 33.82 1.26 1.60 n.d. 0.12 95.15 0.001 0.104 0.046 0.000 0.006 1.103 1.385 0.018 0.040 0.002 0.002
MAJ-07-24_ox17 Ceno. base MoqC 0.09 9.79 1.98 n.d. 0.60 45.42 36.54 0.76 1.39 n.d. 0.08 96.65 0.002 0.123 0.039 0.000 0.008 1.177 1.317 0.011 0.034 0.001 0.001
MAJ-07-24_ox18 Ceno. base MoqC 0.08 3.52 1.00 0.11 0.54 59.76 32.27 0.40 0.84 0.03 0.11 98.65 0.001 0.044 0.020 0.001 0.007 1.036 1.726 0.006 0.021 0.002 0.002
MAJ-07-24_ox19 Ceno. base MoqC 0.17 6.36 1.70 n.d. 0.44 51.95 33.10 0.70 1.49 n.d. 0.08 95.99 0.003 0.080 0.033 0.000 0.006 1.078 1.522 0.010 0.037 0.001 0.001
MAJ-07-24_ox20 Ceno. base MoqC 0.01 32.09 0.22 n.d. 0.27 38.51 26.48 0.50 1.05 n.d. 0.01 99.13 0.000 0.402 0.004 0.000 0.004 0.570 0.745 0.007 0.026 0.000 0.000
MAJ-07-24_ox21 Ceno. base MoqC 0.19 5.55 2.15 n.d. 0.54 51.06 33.21 1.15 0.22 n.d. 0.19 94.26 0.003 0.069 0.042 0.000 0.007 1.108 1.533 0.016 0.005 0.003 0.003
MAJ-07-24_ox22 Ceno. base MoqC 0.08 1.98 1.26 0.06 0.48 62.26 28.73 0.36 1.91 0.01 0.20 97.34 0.001 0.025 0.025 0.001 0.006 0.925 1.805 0.005 0.047 0.003 0.003
MAJ-07-24_ox23 Ceno. base MoqC 0.11 6.39 1.52 n.d. 0.41 52.54 33.30 0.84 1.28 n.d. 0.11 96.49 0.002 0.080 0.030 0.000 0.005 1.082 1.536 0.012 0.032 0.001 0.002
MAJ-07-24_ox24 Ceno. base MoqC 0.01 29.45 0.24 n.d. 0.24 9.27 55.03 0.44 1.04 n.d. 0.06 95.78 0.000 0.369 0.005 0.000 0.003 1.777 0.270 0.006 0.026 0.001 0.001
MAJ-07-24_ox25 Ceno. base MoqC 0.02 37.80 0.16 n.d. 0.18 28.35 30.33 0.85 1.59 n.d. n.d. 99.28 0.000 0.473 0.003 0.000 0.002 0.646 0.543 0.012 0.039 0.000 0.000
MAJ-07-24_ox26 Ceno. base MoqC 0.16 5.41 1.97 0.26 0.45 52.84 32.53 0.52 1.29 n.d. 0.11 95.54 0.003 0.068 0.039 0.003 0.006 1.065 1.556 0.007 0.032 0.002 0.002
MAJ-07-24_ox27 Ceno. base MoqC 0.28 5.86 1.37 n.d. 0.43 52.75 33.09 0.82 1.13 n.d. 0.08 95.80 0.005 0.073 0.027 0.000 0.006 1.085 1.556 0.012 0.028 0.001 0.001
MAJ-07-24_ox28 Ceno. base MoqC 0.32 5.75 1.39 n.d. 0.44 53.00 33.18 0.78 1.14 n.d. 0.07 96.07 0.005 0.072 0.027 0.000 0.006 1.085 1.559 0.011 0.028 0.001 0.001
MAJ-07-24_ox29 Ceno. base MoqC 0.26 4.19 1.31 0.01 0.39 56.17 32.43 0.55 0.55 n.d. 0.27 96.14 0.004 0.052 0.026 0.000 0.005 1.064 1.659 0.008 0.014 0.004 0.005
MOQ-04-220_ox01 Ceno. base MoqC 0.02 30.88 0.17 n.d. 0.25 6.59 57.10 0.38 0.74 0.00 0.00 96.13 0.000 0.387 0.003 0.000 0.003 1.842 0.191 0.005 0.018 0.000 0.000
MOQ-04-220_ox03 Ceno. base MoqC 0.97 3.91 0.48 0.29 0.55 53.05 32.52 1.29 0.02 0.05 0.04 93.15 0.016 0.049 0.009 0.004 0.007 1.111 1.630 0.018 0.000 0.001 0.001
MOQ-04-220_ox04 Ceno. base MoqC 0.09 9.93 1.72 0.12 0.48 47.25 35.91 0.71 2.32 0.07 0.04 98.65 0.002 0.124 0.034 0.002 0.006 1.129 1.337 0.010 0.058 0.000 0.001
MOQ-04-220_ox05 Ceno. base MoqC 1.01 8.61 6.45 0.16 0.68 41.56 33.76 0.55 3.97 0.02 0.08 96.86 0.017 0.108 0.127 0.002 0.009 1.035 1.147 0.008 0.099 0.001 0.001
MOQ-04-220_ox06 Ceno. base MoqC 0.48 11.71 0.91 0.41 0.54 40.71 38.99 0.61 1.00 0.05 0.12 95.53 0.008 0.147 0.018 0.005 0.007 1.277 1.200 0.009 0.025 0.002 0.002
MOQ-04-220_ox07 Ceno. base MoqC 0.01 46.20 0.23 0.04 0.29 14.71 33.72 0.39 4.11 0.05 0.06 99.81 0.000 0.578 0.004 0.001 0.004 0.695 0.273 0.005 0.102 0.001 0.001
MOQ-04-220_ox08 Ceno. base MoqC 0.32 8.73 2.62 0.31 0.61 46.87 34.99 0.46 2.36 0.10 0.08 97.43 0.005 0.109 0.051 0.004 0.008 1.107 1.335 0.007 0.059 0.001 0.001
MOQ-04-220_ox09 Ceno. base MoqC 1.19 8.38 2.62 0.03 0.43 44.80 33.76 1.23 2.73 0.03 0.13 95.32 0.020 0.105 0.051 0.000 0.006 1.083 1.293 0.017 0.068 0.002 0.002
MOQ-04-220_ox10 Ceno. base MoqC 0.17 7.14 2.29 0.07 0.41 49.94 33.86 0.83 1.42 n.d. 0.15 96.28 0.003 0.089 0.045 0.001 0.005 1.095 1.452 0.012 0.035 0.002 0.003
MOQ-04-220_ox11 Ceno. base MoqC 0.36 4.94 2.42 0.03 0.30 50.86 31.33 0.96 1.07 0.02 0.13 92.40 0.006 0.062 0.047 0.000 0.004 1.058 1.545 0.014 0.027 0.002 0.002
MOQ-04-220_ox13 Ceno. base MoqC 0.08 4.73 1.74 0.04 0.42 56.66 33.25 0.66 0.86 0.03 0.08 98.56 0.001 0.059 0.034 0.001 0.006 1.063 1.630 0.009 0.021 0.001 0.001
MOQ-04-220_ox14 Ceno. base MoqC 0.05 0.08 0.20 n.d. 0.10 66.20 30.13 n.d. 0.05 n.d. n.d. 96.80 0.001 0.001 0.004 0.000 0.001 1.001 1.979 0.000 0.001 0.000 0.000
MOQ-04-220_ox15 Ceno. base MoqC 0.06 5.31 2.53 0.07 0.38 54.73 33.30 0.51 1.28 n.d. 0.11 98.28 0.001 0.066 0.050 0.001 0.005 1.058 1.565 0.007 0.032 0.001 0.002
MOQ-04-220_ox16 Ceno. base MoqC 0.54 3.74 1.44 0.03 0.48 56.28 32.84 0.68 0.48 0.03 0.09 96.63 0.009 0.047 0.028 0.000 0.006 1.074 1.656 0.010 0.012 0.001 0.001



Appendix 2-6

MAJ-07-08_ox04 Ceno. top MoqB n.d. 0.65 3.31 16.38 0.10 46.93 27.03 0.47 2.68 0.54 0.06 98.15 0.000 0.008 0.065 0.216 0.001 0.849 1.327 0.007 0.067 0.001 0.001
MAJ-07-08_ox06 Ceno. top MoqB 0.05 6.75 1.20 0.01 0.35 52.37 34.93 0.80 0.45 n.d. 0.14 97.04 0.001 0.085 0.024 0.000 0.005 1.137 1.535 0.011 0.011 0.002 0.002
MAJ-07-08_ox07 Ceno. top MoqB 1.03 12.04 1.04 n.d. 0.13 38.05 41.20 0.41 0.22 0.01 0.01 94.13 0.017 0.151 0.020 0.000 0.002 1.375 1.142 0.006 0.005 0.000 0.000
MAJ-07-08_ox08 Ceno. top MoqB 0.06 17.99 0.62 n.d. 0.40 31.23 45.94 0.26 0.56 0.01 n.d. 97.07 0.001 0.225 0.012 0.000 0.005 1.485 0.908 0.004 0.014 0.000 0.000
MAJ-07-08_ox10 Ceno. top MoqB 0.07 6.48 3.10 n.d. 0.47 52.14 33.07 1.18 1.62 n.d. 0.25 98.37 0.001 0.081 0.061 0.000 0.006 1.041 1.476 0.017 0.040 0.003 0.004
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-07-11_ox04 Ceno. base MoqC 0.90 12.18 2.15 0.03 0.51 36.16 39.51 1.23 0.61 0.02 0.12 93.41 0.015 0.152 0.042 0.000 0.007 1.314 1.082 0.017 0.015 0.002 0.002
MOQ-07-11_ox05 Ceno. base MoqC 0.78 3.59 0.15 0.02 0.04 56.81 33.62 0.39 0.01 0.01 n.d. 95.42 0.013 0.045 0.003 0.000 0.000 1.126 1.712 0.005 0.000 0.000 0.000
MOQ-07-11_ox06 Ceno. base MoqC 0.15 11.96 4.15 0.04 0.97 36.97 37.18 2.29 1.26 n.d. 0.08 95.05 0.003 0.150 0.081 0.001 0.013 1.200 1.074 0.032 0.031 0.001 0.001
MOQ-07-11_ox07 Ceno. base MoqC 0.33 11.07 3.08 n.d. 0.64 38.91 36.31 3.27 0.40 0.01 0.16 94.16 0.005 0.139 0.060 0.000 0.008 1.197 1.154 0.046 0.010 0.002 0.003
MOQ-07-11_ox08 Ceno. base MoqC 0.13 47.12 0.15 0.11 0.24 8.20 36.99 5.02 0.26 n.d. n.d. 98.22 0.002 0.590 0.003 0.001 0.003 0.796 0.159 0.071 0.006 0.000 0.000
MOQ-07-11_ox09 Ceno. base MoqC 0.60 11.48 4.84 0.01 0.47 36.67 39.12 2.27 0.07 n.d. 0.31 95.84 0.010 0.144 0.095 0.000 0.006 1.255 1.058 0.032 0.002 0.004 0.005
MOQ-07-11_ox10 Ceno. base MoqC 0.42 12.91 2.92 0.03 0.80 35.92 38.21 1.10 1.81 0.01 0.14 94.26 0.007 0.162 0.057 0.000 0.011 1.244 1.052 0.015 0.045 0.002 0.002
MOQ-07-11_ox12 Ceno. base MoqC 0.41 9.91 3.06 0.01 0.62 42.50 36.16 0.65 1.86 0.01 0.12 95.31 0.007 0.124 0.060 0.000 0.008 1.167 1.234 0.009 0.046 0.002 0.002
MOQ-07-11_ox13 Ceno. base MoqC 0.08 6.58 1.98 n.d. 0.44 52.69 33.87 0.56 1.52 0.01 0.09 97.81 0.001 0.082 0.039 0.000 0.006 1.081 1.514 0.008 0.038 0.001 0.001
MOQ-07-11_ox14 Ceno. base MoqC 0.30 16.35 2.25 n.d. 0.35 31.38 43.03 0.98 0.96 0.02 0.13 95.74 0.005 0.205 0.044 0.000 0.005 1.391 0.913 0.014 0.024 0.002 0.002
MOQ-07-11_ox18 Ceno. base MoqC 0.06 7.71 2.78 0.03 0.38 49.08 32.53 0.69 2.65 n.d. 0.14 96.06 0.001 0.097 0.055 0.000 0.005 1.041 1.414 0.010 0.066 0.002 0.002
MOQ-07-11_ox19 Ceno. base MoqC 0.13 8.63 3.40 0.03 0.50 45.99 34.29 0.56 2.33 0.01 0.08 95.94 0.002 0.108 0.067 0.000 0.007 1.097 1.324 0.008 0.058 0.001 0.001
MOQ-07-11_ox20 Ceno. base MoqC 1.41 1.97 0.37 0.03 0.02 51.24 29.67 0.37 0.03 0.02 0.07 85.20 0.023 0.025 0.007 0.000 0.000 1.107 1.721 0.005 0.001 0.001 0.001
CARA-08-04_ox01 Ceno. top MoqB 0.05 0.13 0.28 n.d. 0.36 68.24 31.27 0.09 0.04 0.01 n.d. 100.46 0.001 0.002 0.006 0.000 0.005 1.001 1.965 0.001 0.001 0.000 0.000
CARA-08-04_ox02 Ceno. top MoqB 0.26 0.32 0.21 0.02 0.58 64.21 29.99 0.40 0.05 n.d. 0.02 96.06 0.004 0.004 0.004 0.000 0.008 1.002 1.931 0.006 0.001 0.000 0.000
CARA-08-04_ox03 Ceno. top MoqB 0.27 0.11 0.25 n.d. 0.42 65.28 30.36 0.17 0.01 n.d. 0.02 96.89 0.004 0.001 0.005 0.000 0.006 1.006 1.947 0.002 0.000 0.000 0.000
CARA-08-04_ox05 Ceno. top MoqB 0.08 0.60 0.25 n.d. 0.75 67.43 31.98 0.10 n.d. 0.01 0.03 101.23 0.001 0.008 0.005 0.000 0.010 1.015 1.926 0.001 0.000 0.000 0.001
CARA-08-04_ox06 Ceno. top MoqB 0.24 0.30 0.58 n.d. 0.38 64.91 30.75 0.14 0.01 n.d. n.d. 97.32 0.004 0.004 0.011 0.000 0.005 1.013 1.924 0.002 0.000 0.000 0.000
CARA-08-04_ox07 Ceno. top MoqB 0.56 0.13 0.20 0.02 0.46 64.09 30.46 0.28 0.02 n.d. n.d. 96.22 0.009 0.002 0.004 0.000 0.006 1.016 1.923 0.004 0.000 0.000 0.000
CARA-08-04_ox08 Ceno. top MoqB 0.30 0.93 0.13 n.d. 0.22 63.61 31.06 0.12 0.02 n.d. n.d. 96.39 0.005 0.012 0.003 0.000 0.003 1.035 1.907 0.002 0.001 0.000 0.000
CARA-08-04_ox09 Ceno. top MoqB 0.05 0.16 0.29 0.01 0.35 68.25 31.36 0.09 n.d. n.d. 0.02 100.57 0.001 0.002 0.006 0.000 0.005 1.002 1.963 0.001 0.000 0.000 0.000
CARA-08-04_ox10 Ceno. top MoqB 0.62 0.33 0.20 0.07 0.61 64.22 31.20 0.21 0.01 n.d. 0.01 97.48 0.010 0.004 0.004 0.001 0.008 1.026 1.901 0.003 0.000 0.000 0.000
CARA-08-04_ox11 Ceno. top MoqB 0.23 0.15 0.22 0.02 0.58 64.79 30.26 0.14 0.01 0.02 n.d. 96.41 0.004 0.002 0.004 0.000 0.008 1.009 1.943 0.002 0.000 0.000 0.000
CARA-08-04_ox12 Ceno. top MoqB 0.04 0.08 0.31 0.01 0.44 65.94 30.15 0.17 n.d. 0.02 0.01 97.16 0.001 0.001 0.006 0.000 0.006 0.998 1.964 0.002 0.000 0.000 0.000
CARA-08-04_ox13 Ceno. top MoqB 0.03 0.30 0.57 0.02 0.56 67.61 31.53 0.17 0.01 n.d. n.d. 100.81 0.001 0.004 0.011 0.000 0.008 1.004 1.937 0.002 0.000 0.000 0.000
CARA-08-04_ox14 Ceno. top MoqB 0.01 0.05 0.04 0.02 0.40 68.83 31.20 0.10 0.01 n.d. n.d. 100.66 0.000 0.001 0.001 0.000 0.005 0.998 1.981 0.001 0.000 0.000 0.000
CARA-08-04_ox15 Ceno. top MoqB 0.27 14.23 2.83 0.23 1.06 32.33 42.79 0.10 0.03 0.02 0.21 94.11 0.005 0.178 0.056 0.003 0.014 1.413 0.961 0.001 0.001 0.003 0.004
CARA-08-04_ox16 Ceno. top MoqB 0.64 0.27 0.30 0.01 0.41 63.57 30.62 0.27 0.04 n.d. 0.03 96.17 0.011 0.003 0.006 0.000 0.005 1.020 1.905 0.004 0.001 0.000 0.000
CARA-08-04_ox17 Ceno. top MoqB 0.05 0.11 0.21 0.01 0.52 68.79 31.46 0.14 0.03 n.d. 0.01 101.34 0.001 0.001 0.004 0.000 0.007 0.998 1.964 0.002 0.001 0.000 0.000
CUC-08-03_ox01 Ceno. top MoqB 0.14 19.94 0.99 0.06 1.20 25.57 48.34 0.20 0.26 n.d. n.d. 96.70 0.002 0.250 0.019 0.001 0.016 1.564 0.744 0.003 0.007 0.000 0.000
CUC-08-03_ox02 Ceno. top MoqB 0.05 6.15 0.91 0.08 0.29 55.45 33.82 0.48 1.22 0.01 0.22 98.68 0.001 0.077 0.018 0.001 0.004 1.078 1.591 0.007 0.030 0.003 0.004
CUC-08-03_ox03 Ceno. top MoqB 1.06 10.94 0.58 n.d. 0.46 40.10 40.36 0.07 0.17 0.01 0.07 93.81 0.018 0.137 0.011 0.000 0.006 1.355 1.212 0.001 0.004 0.001 0.001
CUC-08-03_ox04 Ceno. top MoqB 0.02 0.56 1.92 0.10 0.25 67.02 21.29 2.99 3.02 0.11 1.40 98.67 0.000 0.007 0.038 0.001 0.003 0.661 1.873 0.042 0.075 0.019 0.023
CUC-08-03_ox05 Ceno. top MoqB 0.32 5.55 1.60 0.07 0.40 52.95 32.84 0.69 1.16 0.02 0.15 95.74 0.005 0.069 0.031 0.001 0.005 1.075 1.560 0.010 0.029 0.002 0.002
CUC-08-03_ox07 Ceno. top MoqB 0.01 34.74 0.32 0.02 0.23 0.08 59.30 0.34 1.77 n.d. 0.05 96.86 0.000 0.435 0.006 0.000 0.003 1.874 0.002 0.005 0.044 0.001 0.001
CUC-08-03_ox08 Ceno. top MoqB 0.02 40.23 0.20 n.d. 0.10 22.06 31.15 2.45 1.39 n.d. 0.05 97.65 0.000 0.504 0.004 0.000 0.001 0.672 0.429 0.035 0.035 0.001 0.001
CUC-08-03_ox12 Ceno. top MoqB 0.16 8.00 1.29 0.43 0.51 48.73 33.52 0.41 2.24 0.02 0.05 95.36 0.003 0.100 0.025 0.006 0.007 1.093 1.430 0.006 0.056 0.001 0.001
CUC-08-03_ox13 Ceno. top MoqB 0.62 4.75 0.80 0.05 0.32 54.73 34.55 0.22 0.32 0.02 0.01 96.39 0.010 0.059 0.016 0.001 0.004 1.138 1.622 0.003 0.008 0.000 0.000
CUC-08-03_ox14 Ceno. top MoqB 0.09 0.22 0.23 n.d. n.d. 69.69 28.16 0.13 2.13 0.01 0.01 100.67 0.001 0.003 0.005 0.000 0.000 0.885 1.971 0.002 0.053 0.000 0.000
CUC-08-03_ox15 Ceno. top MoqB 0.01 29.30 0.38 0.02 0.37 9.70 54.62 0.17 1.52 n.d. 0.03 96.13 0.000 0.367 0.007 0.000 0.005 1.751 0.280 0.002 0.038 0.000 0.000
CUC-08-03_ox16 Ceno. top MoqB 0.09 3.41 2.12 0.11 0.42 59.80 31.97 0.64 1.12 0.03 0.18 99.88 0.002 0.043 0.042 0.001 0.006 1.004 1.691 0.009 0.028 0.002 0.003
CUC-08-03_ox17 Ceno. top MoqB 0.02 0.79 0.62 0.12 0.28 66.40 26.97 1.02 1.83 0.04 0.32 98.41 0.000 0.010 0.012 0.002 0.004 0.863 1.913 0.014 0.045 0.004 0.005
CUC-08-03_ox18 Ceno. top MoqB 0.21 5.62 1.91 0.15 0.47 51.34 33.86 1.07 0.06 0.01 0.14 94.86 0.004 0.070 0.037 0.002 0.006 1.127 1.537 0.015 0.002 0.002 0.002
CUC-08-03_ox19 Ceno. top MoqB 0.08 2.33 5.52 0.03 0.37 60.51 28.77 1.08 2.59 n.d. 0.55 101.83 0.001 0.029 0.108 0.000 0.005 0.859 1.626 0.015 0.064 0.007 0.009
CUC-08-03_ox20 Ceno. top MoqB 1.36 1.74 0.89 0.03 0.20 51.94 29.74 0.17 0.26 n.d. 0.05 86.40 0.023 0.022 0.018 0.000 0.003 1.089 1.712 0.002 0.007 0.001 0.001
MAJ-07-08_ox03 Ceno. top MoqB 0.08 11.68 2.51 n.d. 0.70 39.68 37.85 1.16 0.03 n.d. 0.97 94.66 0.001 0.146 0.049 0.000 0.009 1.239 1.168 0.016 0.001 0.013 0.016



Appendix 2-6

MOQ-08-05_ox16 Ceno. top MoqB 0.05 6.44 2.89 0.02 0.44 52.93 32.69 1.13 2.09 0.01 0.10 98.80 0.001 0.081 0.057 0.000 0.006 1.024 1.492 0.016 0.052 0.001 0.002
MOQ-08-05_ox17 Ceno. top MoqB 0.02 30.31 0.47 n.d. 0.20 7.82 55.55 0.29 1.49 n.d. 0.01 96.17 0.000 0.379 0.009 0.000 0.003 1.778 0.225 0.004 0.037 0.000 0.000
MOQ-08-05_ox19 Ceno. top MoqB 0.11 12.09 1.56 0.04 0.36 40.12 39.52 0.25 0.79 0.01 0.08 94.93 0.002 0.151 0.031 0.000 0.005 1.303 1.190 0.004 0.020 0.001 0.001
MOQ-08-05_ox20 Ceno. top MoqB 0.46 16.31 0.25 n.d. 0.34 34.43 36.79 1.69 4.36 n.d. n.d. 94.64 0.008 0.204 0.005 0.000 0.005 1.185 0.998 0.024 0.108 0.000 0.000
LOC-08-05_ox01 Ceno. top MoqB 0.07 6.88 1.94 0.06 0.46 51.13 36.06 0.11 0.55 0.01 0.01 97.28 0.001 0.086 0.038 0.001 0.006 1.167 1.490 0.002 0.014 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-08_ox11 Ceno. top MoqB 0.13 6.51 1.40 n.d. 0.35 52.30 34.60 0.59 0.73 0.02 0.10 96.72 0.002 0.081 0.028 0.000 0.005 1.127 1.533 0.008 0.018 0.001 0.002
MAJ-07-08_ox12 Ceno. top MoqB 0.82 3.55 1.27 n.d. 0.31 55.90 31.65 0.88 1.05 n.d. 0.06 95.49 0.014 0.044 0.025 0.000 0.004 1.042 1.656 0.012 0.026 0.001 0.001
MAJ-07-08_ox14 Ceno. top MoqB 0.01 36.43 0.22 n.d. 0.17 32.34 18.42 10.71 1.91 n.d. 0.05 100.26 0.000 0.456 0.004 0.000 0.002 0.387 0.612 0.151 0.047 0.001 0.001
MAJ-07-08_ox15 Ceno. top MoqB 0.39 8.32 0.34 n.d. 0.37 47.25 37.22 0.24 0.02 0.03 0.04 94.21 0.007 0.104 0.007 0.000 0.005 1.256 1.435 0.003 0.000 0.001 0.001
MAJ-07-08_ox16 Ceno. top MoqB 0.06 6.23 1.36 0.02 0.29 53.49 35.09 0.53 0.44 n.d. 0.04 97.55 0.001 0.078 0.027 0.000 0.004 1.138 1.561 0.008 0.011 0.001 0.001
MAJ-07-08_ox18 Ceno. top MoqB 0.14 9.40 1.26 n.d. 0.49 46.55 37.28 0.66 0.66 0.01 0.08 96.54 0.002 0.118 0.025 0.000 0.007 1.215 1.365 0.009 0.016 0.001 0.001
MAJ-07-08_ox19 Ceno. top MoqB 1.94 7.33 1.13 n.d. 0.14 45.07 37.84 0.62 0.20 n.d. 0.07 94.34 0.032 0.092 0.022 0.000 0.002 1.259 1.349 0.009 0.005 0.001 0.001
MAJ-07-08_ox21 Ceno. top MoqB 0.59 3.53 1.83 n.d. 0.32 56.18 33.47 0.53 0.02 n.d. 0.20 96.67 0.010 0.044 0.036 0.000 0.004 1.094 1.652 0.007 0.001 0.003 0.003
MAJ-07-08_ox22 Ceno. top MoqB 0.16 2.47 0.63 n.d. 0.33 60.54 31.75 0.47 0.18 0.01 0.06 96.60 0.003 0.031 0.012 0.000 0.004 1.050 1.801 0.007 0.004 0.001 0.001
MAJ-07-08_ox23 Ceno. top MoqB 0.02 45.42 0.40 n.d. 0.11 5.73 36.34 1.69 1.59 0.03 n.d. 91.32 0.000 0.569 0.008 0.000 0.001 0.830 0.118 0.024 0.039 0.000 0.000
MAJ-07-08_ox24 Ceno. top MoqB 0.08 6.09 1.70 n.d. 0.42 52.59 32.86 2.50 n.d. n.d. 0.38 96.62 0.001 0.076 0.033 0.000 0.006 1.073 1.545 0.035 0.000 0.005 0.006
MAJ-07-08_ox25 Ceno. top MoqB 0.05 8.38 0.96 n.d. 0.45 50.13 36.64 0.71 0.60 0.03 0.10 98.04 0.001 0.105 0.019 0.000 0.006 1.180 1.453 0.010 0.015 0.001 0.002
MAJ-07-08_ox27 Ceno. top MoqB 1.05 1.30 0.85 n.d. 0.31 59.80 30.62 1.73 0.07 n.d. n.d. 95.72 0.017 0.016 0.017 0.000 0.004 1.018 1.789 0.024 0.002 0.000 0.000
MAJ-07-08_ox28 Ceno. top MoqB n.d. 37.68 0.40 n.d. 0.16 26.91 19.13 12.23 1.33 n.d. 0.01 97.84 0.000 0.472 0.008 0.000 0.002 0.413 0.522 0.172 0.033 0.000 0.000
MAJ-07-08_ox29 Ceno. top MoqB 0.02 5.93 2.16 n.d. 0.26 55.37 34.39 0.92 0.88 n.d. 0.18 100.10 0.000 0.074 0.042 0.000 0.003 1.078 1.561 0.013 0.022 0.002 0.003
MAJ-07-08_ox30 Ceno. top MoqB 0.16 1.30 2.11 n.d. 0.32 62.40 29.40 1.92 0.21 n.d. 0.33 98.14 0.003 0.016 0.041 0.000 0.004 0.946 1.807 0.027 0.005 0.004 0.005
MOQ-07-06_ox01 Ceno. top MoqB 0.08 12.09 2.39 0.17 0.67 39.96 37.56 0.57 2.07 0.05 0.09 95.70 0.001 0.151 0.047 0.002 0.009 1.210 1.158 0.008 0.051 0.001 0.001
MOQ-07-06_ox02 Ceno. top MoqB 0.12 8.35 5.61 0.20 0.51 44.85 32.46 0.33 3.83 0.04 0.07 96.37 0.002 0.105 0.110 0.003 0.007 1.011 1.256 0.005 0.095 0.001 0.001
MOQ-07-06_ox03 Ceno. top MoqB 0.06 4.12 1.95 0.52 0.48 56.48 32.06 0.45 1.15 0.02 0.11 97.41 0.001 0.052 0.038 0.007 0.006 1.033 1.637 0.006 0.029 0.002 0.002
MOQ-07-06_ox04 Ceno. top MoqB 0.04 3.73 2.04 1.22 0.45 56.23 31.41 0.43 1.26 0.02 0.11 96.95 0.001 0.047 0.040 0.016 0.006 1.015 1.636 0.006 0.031 0.002 0.002
MOQ-07-06_ox05 Ceno. top MoqB 0.11 4.23 2.15 0.34 0.50 55.36 31.96 0.50 1.14 0.03 0.09 96.42 0.002 0.053 0.042 0.005 0.007 1.039 1.619 0.007 0.028 0.001 0.002
MOQ-07-06_ox06 Ceno. top MoqB 0.07 4.60 2.39 0.28 0.42 54.96 32.19 0.45 1.30 0.06 0.11 96.83 0.001 0.058 0.047 0.004 0.006 1.039 1.597 0.006 0.032 0.001 0.002
MOQ-07-06_ox07 Ceno. top MoqB 0.05 7.27 2.58 0.43 0.73 49.19 34.45 0.59 1.30 0.10 0.16 96.85 0.001 0.091 0.051 0.006 0.010 1.108 1.423 0.008 0.032 0.002 0.003
MOQ-07-06_ox08 Ceno. top MoqB 0.06 4.66 1.31 0.04 0.39 57.06 32.26 0.71 1.10 0.02 0.18 97.80 0.001 0.058 0.026 0.001 0.005 1.039 1.653 0.010 0.027 0.002 0.003
MOQ-07-06_ox09 Ceno. top MoqB n.d. 34.20 0.21 n.d. 0.23 0.92 59.14 0.60 1.36 n.d. 0.02 96.68 0.000 0.428 0.004 0.000 0.003 1.881 0.026 0.008 0.034 0.000 0.000
MOQ-07-06_ox10 Ceno. top MoqB 0.17 7.36 5.73 0.08 0.59 47.12 32.19 0.34 3.69 0.06 0.05 97.37 0.003 0.092 0.112 0.001 0.008 0.994 1.309 0.005 0.092 0.001 0.001
MOQ-07-06_ox11 Ceno. top MoqB 0.25 7.28 2.77 n.d. 0.32 48.68 35.18 1.05 0.65 0.01 0.14 96.33 0.004 0.091 0.054 0.000 0.004 1.140 1.420 0.015 0.016 0.002 0.002
MOQ-07-06_ox12 Ceno. top MoqB 0.13 4.67 2.36 0.32 0.42 55.07 32.67 0.45 1.21 0.05 0.10 97.45 0.002 0.058 0.046 0.004 0.006 1.049 1.591 0.006 0.030 0.001 0.002
MOQ-07-06_ox13 Ceno. top MoqB 0.79 4.51 0.46 0.13 0.06 55.19 34.32 0.63 0.02 0.05 0.12 96.29 0.013 0.056 0.009 0.002 0.001 1.135 1.642 0.009 0.001 0.002 0.002
MOQ-07-06_ox14 Ceno. top MoqB 0.09 9.40 2.26 0.03 0.40 44.91 37.50 0.93 0.29 n.d. 0.08 95.89 0.002 0.118 0.044 0.000 0.005 1.227 1.322 0.013 0.007 0.001 0.001
MOQ-07-06_ox15 Ceno. top MoqB 0.01 29.13 0.28 0.01 0.26 10.13 55.12 0.32 1.00 n.d. 0.05 96.31 0.000 0.365 0.005 0.000 0.004 1.772 0.293 0.004 0.025 0.001 0.001
MOQ-07-06_ox16 Ceno. top MoqB 0.06 4.23 1.92 0.33 0.49 56.88 32.56 0.41 1.05 0.03 0.11 98.06 0.001 0.053 0.038 0.004 0.007 1.043 1.640 0.006 0.026 0.001 0.002
MOQ-07-06_ox17 Ceno. top MoqB 0.07 3.88 1.71 0.27 0.46 58.31 31.56 0.44 1.58 0.04 0.06 98.38 0.001 0.049 0.033 0.004 0.006 1.006 1.673 0.006 0.039 0.001 0.001
MOQ-07-06_ox18 Ceno. top MoqB 0.08 3.66 1.86 0.37 0.50 58.66 32.26 0.41 1.10 0.02 0.11 99.03 0.001 0.046 0.037 0.005 0.007 1.024 1.676 0.006 0.027 0.001 0.002
MOQ-07-06_ox19 Ceno. top MoqB 1.48 5.71 1.29 n.d. 0.39 51.32 35.13 1.03 0.88 n.d. 0.11 97.34 0.025 0.071 0.025 0.000 0.005 1.130 1.485 0.015 0.022 0.002 0.002
MOQ-07-06_ox20 Ceno. top MoqB 0.35 5.54 1.34 n.d. 0.48 54.12 33.64 0.72 0.96 0.02 0.12 97.28 0.006 0.069 0.026 0.000 0.006 1.088 1.575 0.010 0.024 0.002 0.002
MOQ-08-05_ox01 Ceno. top MoqB n.d. 28.55 0.23 n.d. 0.28 10.82 54.71 0.35 0.79 n.d. 0.02 95.75 0.000 0.357 0.004 0.000 0.004 1.774 0.316 0.005 0.020 0.000 0.000
MOQ-08-05_ox02 Ceno. top MoqB 0.41 9.07 0.36 0.01 0.38 47.50 38.53 0.42 0.07 0.01 0.01 96.78 0.007 0.114 0.007 0.000 0.005 1.265 1.403 0.006 0.002 0.000 0.000
MOQ-08-05_ox03 Ceno. top MoqB 0.29 9.33 1.33 0.02 0.48 45.97 36.65 0.52 1.19 0.01 0.02 95.81 0.005 0.117 0.026 0.000 0.006 1.198 1.352 0.007 0.029 0.000 0.000
MOQ-08-05_ox04 Ceno. top MoqB 0.11 15.05 2.89 0.08 0.66 35.62 39.30 0.57 3.17 0.01 0.11 97.57 0.002 0.188 0.057 0.001 0.009 1.225 0.999 0.008 0.079 0.001 0.002
MOQ-08-05_ox10 Ceno. top MoqB 0.09 7.20 5.18 0.31 0.50 47.76 32.77 0.38 3.02 0.05 0.08 97.35 0.002 0.090 0.102 0.004 0.007 1.020 1.338 0.005 0.075 0.001 0.001
MOQ-08-05_ox11 Ceno. top MoqB 1.22 2.66 0.52 0.02 0.19 51.63 30.69 0.33 0.11 0.02 0.08 87.47 0.020 0.033 0.010 0.000 0.003 1.114 1.687 0.005 0.003 0.001 0.001
MOQ-08-05_ox12 Ceno. top MoqB 0.55 12.90 0.61 0.32 0.59 38.74 39.74 0.34 1.54 0.02 n.d. 95.36 0.009 0.161 0.012 0.004 0.008 1.300 1.141 0.005 0.038 0.000 0.000
MOQ-08-05_ox13 Ceno. top MoqB 0.09 22.03 1.64 0.04 0.56 19.58 48.77 0.51 0.05 n.d. 0.33 93.61 0.001 0.276 0.032 0.001 0.008 1.616 0.584 0.007 0.001 0.004 0.006
MOQ-08-05_ox14 Ceno. top MoqB 0.63 10.01 0.60 n.d. 0.39 44.29 38.54 0.83 0.37 n.d. 0.01 95.68 0.011 0.125 0.012 0.000 0.005 1.272 1.315 0.012 0.009 0.000 0.000
MOQ-08-05_ox15 Ceno. top MoqB 0.61 11.61 4.66 0.04 0.73 34.97 39.66 1.53 0.08 0.01 0.18 94.08 0.010 0.145 0.091 0.001 0.010 1.298 1.030 0.022 0.002 0.002 0.003



CUC-05-01_ox17 Ceno. MoqB 0.06 0.50 0.79 0.08 0.31 67.80 29.92 0.96 0.71 n.d. 0.06 101.19 0.001 0.006 0.015 0.001 0.004 0.942 1.921 0.014 0.018 0.001 0.001
CUC-05-01_ox18 Ceno. MoqB 0.02 29.60 0.36 0.11 0.55 8.75 55.18 0.11 1.38 n.d. 0.02 96.09 0.000 0.371 0.007 0.002 0.007 1.771 0.253 0.002 0.034 0.000 0.000
CUC-05-01_ox19 Ceno. MoqB 0.03 29.99 0.42 n.d. 0.25 8.78 55.67 0.27 1.36 0.01 0.02 96.81 0.001 0.375 0.008 0.000 0.003 1.774 0.252 0.004 0.034 0.000 0.000
CUC-05-01_ox20 Ceno. MoqB 0.88 1.33 0.73 0.23 0.34 58.34 28.88 0.24 1.30 0.04 0.04 92.35 0.015 0.017 0.014 0.003 0.004 0.986 1.793 0.003 0.032 0.001 0.001
MAJ-07-22_ox01 Ceno. MoqB 0.91 6.18 0.17 0.20 0.40 50.19 35.92 0.27 0.04 0.03 n.d. 94.29 0.015 0.077 0.003 0.003 0.005 1.212 1.525 0.004 0.001 0.000 0.000
MAJ-07-22_ox02 Ceno. MoqB 0.05 8.88 1.33 n.d. 0.45 50.19 34.39 1.68 2.10 n.d. n.d. 99.09 0.001 0.111 0.026 0.000 0.006 1.082 1.421 0.024 0.052 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
LOC-08-05_ox03 Ceno. top MoqB 0.09 11.62 3.14 0.08 0.61 42.77 36.95 0.39 3.00 0.04 0.09 98.79 0.001 0.145 0.062 0.001 0.008 1.142 1.190 0.006 0.074 0.001 0.002
LOC-08-05_ox04 Ceno. top MoqB 1.33 2.23 1.26 n.d. 0.38 57.00 32.57 0.07 0.72 n.d. n.d. 95.57 0.022 0.028 0.025 0.000 0.005 1.074 1.692 0.001 0.018 0.000 0.000
LOC-08-05_ox05 Ceno. top MoqB 0.07 10.92 3.34 0.01 0.52 44.50 35.16 0.45 3.64 0.01 0.15 98.77 0.001 0.137 0.066 0.000 0.007 1.081 1.231 0.006 0.090 0.002 0.003
LOC-08-05_ox06 Ceno. top MoqB 0.12 5.13 2.34 0.07 0.50 54.91 32.71 0.46 1.52 0.02 0.12 97.89 0.002 0.064 0.046 0.001 0.007 1.042 1.574 0.007 0.038 0.002 0.002
LOC-08-05_ox07 Ceno. top MoqB 0.10 10.91 3.38 0.01 0.51 44.08 35.09 0.43 3.71 n.d. 0.09 98.31 0.002 0.137 0.066 0.000 0.007 1.083 1.224 0.006 0.092 0.001 0.002
LOC-08-05_ox08 Ceno. top MoqB 0.07 11.36 2.92 0.10 0.57 43.75 35.95 0.47 3.40 0.05 0.08 98.72 0.001 0.142 0.057 0.001 0.008 1.111 1.217 0.007 0.084 0.001 0.001
LOC-08-05_ox09 Ceno. top MoqB 0.38 11.40 2.44 n.d. 0.32 39.81 38.94 1.60 0.08 n.d. 0.23 95.20 0.006 0.143 0.048 0.000 0.004 1.277 1.175 0.023 0.002 0.003 0.004
LOC-08-05_ox10 Ceno. top MoqB 0.07 10.81 2.96 0.21 0.60 44.93 35.96 0.46 3.18 0.03 0.10 99.31 0.001 0.135 0.058 0.003 0.008 1.107 1.244 0.006 0.079 0.001 0.002
LOC-08-05_ox11 Ceno. top MoqB 0.45 12.00 2.17 0.18 0.53 42.40 36.93 0.46 3.33 0.05 0.13 98.63 0.008 0.150 0.043 0.002 0.007 1.144 1.182 0.006 0.083 0.002 0.002
LOC-08-05_ox12 Ceno. top MoqB 0.08 9.46 3.16 0.13 0.64 46.64 35.52 0.49 2.53 0.02 0.11 98.78 0.001 0.118 0.062 0.002 0.008 1.104 1.304 0.007 0.063 0.002 0.002
LOC-08-05_ox13 Ceno. top MoqB 0.06 10.63 2.99 0.08 0.60 45.01 35.59 0.48 3.20 0.04 0.08 98.76 0.001 0.133 0.059 0.001 0.008 1.101 1.253 0.007 0.079 0.001 0.001
LOC-08-05_ox14 Ceno. top MoqB 0.12 7.70 5.61 0.27 0.57 48.27 32.42 0.31 4.12 0.08 0.06 99.52 0.002 0.096 0.110 0.004 0.008 0.979 1.311 0.004 0.102 0.001 0.001
LOC-08-05_ox15 Ceno. top MoqB 0.09 11.12 2.93 0.08 0.60 44.00 35.78 0.45 3.39 0.02 0.06 98.53 0.002 0.139 0.057 0.001 0.008 1.108 1.226 0.006 0.084 0.001 0.001
LOC-08-05_ox16 Ceno. top MoqB 0.05 11.06 2.76 0.08 0.55 45.46 36.24 0.47 3.24 0.01 0.11 100.03 0.001 0.138 0.054 0.001 0.007 1.108 1.251 0.007 0.080 0.001 0.002
LOC-08-05_ox17 Ceno. top MoqB 0.12 11.26 2.95 0.07 0.59 44.03 36.13 0.46 3.30 0.03 0.12 99.05 0.002 0.141 0.058 0.001 0.008 1.113 1.220 0.006 0.082 0.002 0.002
LOC-08-05_ox18 Ceno. top MoqB 0.04 6.66 2.46 0.21 0.46 52.82 33.25 0.44 2.28 0.07 0.06 98.76 0.001 0.083 0.048 0.003 0.006 1.044 1.492 0.006 0.057 0.001 0.001
LOC-08-05_ox19 Ceno. top MoqB 0.05 5.97 2.54 0.10 0.37 53.47 32.75 0.55 1.83 0.01 0.17 97.81 0.001 0.075 0.050 0.001 0.005 1.040 1.528 0.008 0.045 0.002 0.003
LOC-08-05_ox20 Ceno. top MoqB 0.03 1.96 2.93 0.08 0.40 62.52 30.60 0.59 1.43 0.04 0.13 100.71 0.001 0.025 0.057 0.001 0.005 0.949 1.746 0.008 0.036 0.002 0.002
LOC-08-05_ox21 Ceno. top MoqB 0.06 11.28 2.90 0.08 0.55 44.03 36.07 0.46 3.28 0.04 0.10 98.84 0.001 0.141 0.057 0.001 0.007 1.114 1.224 0.006 0.081 0.001 0.002
LOC-08-05_ox22 Ceno. top MoqB 0.39 15.19 1.73 0.01 0.44 31.44 43.27 0.28 0.01 n.d. 0.13 92.89 0.007 0.190 0.034 0.000 0.006 1.456 0.952 0.004 0.000 0.002 0.002
LOC-08-05_ox23 Ceno. top MoqB 0.09 0.55 12.82 0.15 0.39 58.99 18.20 0.97 9.67 0.20 0.28 102.30 0.002 0.007 0.251 0.002 0.005 0.500 1.457 0.014 0.240 0.004 0.005
LOC-08-05_ox24 Ceno. top MoqB 0.06 9.85 2.97 0.16 0.58 45.59 34.62 0.39 3.11 0.07 0.12 97.52 0.001 0.123 0.058 0.002 0.008 1.086 1.287 0.006 0.077 0.002 0.002
LOC-08-05_ox25 Ceno. top MoqB 0.07 11.11 3.02 0.08 0.59 43.81 35.66 0.47 3.32 0.03 0.13 98.28 0.001 0.139 0.059 0.001 0.008 1.106 1.223 0.007 0.082 0.002 0.002
LOC-08-05_ox26 Ceno. top MoqB 0.11 10.84 3.41 0.22 0.71 43.29 36.78 0.44 2.62 0.06 0.08 98.55 0.002 0.136 0.067 0.003 0.009 1.142 1.210 0.006 0.065 0.001 0.001
LOC-08-05_ox27 Ceno. top MoqB 0.10 13.04 2.06 0.02 0.61 42.39 39.96 0.56 2.11 n.d. 0.11 100.95 0.002 0.163 0.040 0.000 0.008 1.223 1.167 0.008 0.052 0.001 0.002
LOC-08-05_ox28 Ceno. top MoqB 0.17 12.50 0.81 0.06 0.57 41.06 41.25 0.13 0.44 0.04 0.03 97.07 0.003 0.156 0.016 0.001 0.008 1.340 1.200 0.002 0.011 0.000 0.000
LOC-08-05_ox29 Ceno. top MoqB 0.08 7.63 4.44 0.09 0.61 48.44 32.68 0.53 3.27 0.01 0.06 97.83 0.001 0.096 0.087 0.001 0.008 1.015 1.353 0.007 0.081 0.001 0.001
LOC-08-05_ox30 Ceno. top MoqB 0.04 5.26 2.21 0.04 0.41 54.78 31.79 0.49 1.96 0.02 0.10 97.11 0.001 0.066 0.043 0.001 0.005 1.019 1.580 0.007 0.049 0.001 0.002
LOC-08-05_ox31 Ceno. top MoqB 0.07 11.10 2.88 0.08 0.57 44.47 35.97 0.50 3.26 0.03 0.09 99.04 0.001 0.139 0.056 0.001 0.008 1.110 1.234 0.007 0.081 0.001 0.001
LOC-08-05_ox32 Ceno. top MoqB 0.08 10.01 5.13 0.10 0.66 43.02 35.58 0.22 3.03 0.03 0.15 98.00 0.001 0.125 0.101 0.001 0.009 1.097 1.194 0.003 0.075 0.002 0.002
LOC-08-05_ox33 Ceno. top MoqB 0.06 10.73 2.87 0.15 0.57 46.55 36.36 0.46 3.20 0.05 0.11 101.11 0.001 0.134 0.056 0.002 0.008 1.101 1.268 0.006 0.079 0.001 0.002
LOC-08-05_ox34 Ceno. top MoqB 0.07 10.09 3.02 0.18 0.54 44.78 35.22 0.31 2.93 0.06 0.09 97.29 0.001 0.126 0.059 0.002 0.007 1.108 1.268 0.004 0.073 0.001 0.002
LOC-08-05_ox35 Ceno. top MoqB 0.08 10.91 2.79 0.10 0.56 45.55 36.30 0.47 3.16 0.04 0.09 100.05 0.001 0.137 0.055 0.001 0.007 1.111 1.254 0.007 0.078 0.001 0.001
LOC-08-05_ox36 Ceno. top MoqB 0.09 7.68 2.64 0.23 0.47 50.42 34.05 0.49 2.31 0.06 0.12 98.56 0.002 0.096 0.052 0.003 0.006 1.067 1.422 0.007 0.057 0.002 0.002
CUC-05-01_ox01 Ceno. MoqB 0.06 6.88 1.48 n.d. 0.36 53.61 32.93 1.63 1.68 0.01 0.13 98.77 0.001 0.086 0.029 0.000 0.005 1.042 1.527 0.023 0.042 0.002 0.002
CUC-05-01_ox02 Ceno. MoqB 0.04 0.01 0.50 0.04 0.29 66.09 29.76 0.28 0.12 n.d. 0.05 97.17 0.001 0.000 0.010 0.001 0.004 0.982 1.963 0.004 0.003 0.001 0.001
CUC-05-01_ox03 Ceno. MoqB 0.05 6.55 2.09 0.07 0.42 52.95 34.52 0.53 1.15 0.01 0.16 98.50 0.001 0.082 0.041 0.001 0.006 1.096 1.513 0.007 0.028 0.002 0.003
CUC-05-01_ox05 Ceno. MoqB 0.04 0.31 0.84 0.07 0.31 68.62 27.16 0.75 2.06 0.03 0.33 100.54 0.001 0.004 0.017 0.001 0.004 0.849 1.931 0.011 0.051 0.004 0.006
CUC-05-01_ox06 Ceno. MoqB n.d. 28.25 0.23 0.02 0.30 11.65 54.54 0.24 0.89 n.d. n.d. 96.12 0.000 0.354 0.004 0.000 0.004 1.761 0.338 0.003 0.022 0.000 0.000
CUC-05-01_ox08 Ceno. MoqB 0.98 23.59 0.83 n.d. 0.47 14.26 51.33 0.28 0.21 n.d. n.d. 91.95 0.016 0.295 0.016 0.000 0.006 1.734 0.433 0.004 0.005 0.000 0.000
CUC-05-01_ox09 Ceno. MoqB 0.01 1.55 1.92 0.02 0.31 65.45 25.98 1.35 3.34 0.02 0.22 100.16 0.000 0.019 0.038 0.000 0.004 0.803 1.820 0.019 0.083 0.003 0.004
CUC-05-01_ox10 Ceno. MoqB 0.06 2.77 0.99 0.09 0.41 61.18 31.88 0.55 0.45 0.01 0.16 98.56 0.001 0.035 0.019 0.001 0.005 1.027 1.774 0.008 0.011 0.002 0.003
CUC-05-01_ox11 Ceno. MoqB 0.02 30.68 0.48 0.16 0.29 7.12 55.82 0.16 1.67 0.02 0.01 96.42 0.000 0.384 0.009 0.002 0.004 1.779 0.204 0.002 0.041 0.000 0.000
CUC-05-01_ox12 Ceno. MoqB 0.02 19.32 1.03 n.d. 0.25 29.84 44.86 1.06 1.62 0.01 0.12 98.13 0.000 0.242 0.020 0.000 0.003 1.416 0.848 0.015 0.040 0.002 0.002
CUC-05-01_ox16 Ceno. MoqB 0.08 7.11 1.18 0.03 0.30 54.49 34.42 0.54 1.80 0.02 0.14 100.10 0.001 0.089 0.023 0.000 0.004 1.076 1.533 0.008 0.045 0.002 0.002



MOQ-05-03_ox09 Ceno. MoqB 0.36 6.76 3.70 0.01 0.39 50.01 34.13 1.02 1.60 0.02 0.14 98.14 0.006 0.085 0.073 0.000 0.005 1.073 1.415 0.014 0.040 0.002 0.002
MOQ-05-03_ox10 Ceno. MoqB 0.12 8.65 5.87 0.01 0.70 42.66 32.76 3.11 1.95 0.02 0.06 95.92 0.002 0.108 0.115 0.000 0.009 1.037 1.215 0.044 0.048 0.001 0.001
MOQ-05-03_ox11 Ceno. MoqB 0.02 46.26 0.09 0.36 0.23 13.18 35.82 0.61 2.82 0.02 0.07 99.48 0.000 0.579 0.002 0.005 0.003 0.748 0.248 0.009 0.070 0.001 0.001
MOQ-05-03_ox16 Ceno. MoqB 0.18 12.14 5.88 n.d. 0.50 35.56 34.93 0.55 3.92 0.02 0.08 93.76 0.003 0.152 0.115 0.000 0.007 1.109 1.015 0.008 0.097 0.001 0.001
MOQ-05-03_ox17 Ceno. MoqB 0.03 2.39 1.59 0.13 0.50 63.65 28.97 0.69 2.49 0.10 0.15 100.70 0.001 0.030 0.031 0.002 0.007 0.899 1.776 0.010 0.062 0.002 0.003
MOQ-05-03_ox18 Ceno. MoqB n.d. 37.95 0.57 0.01 0.17 29.58 27.13 0.55 3.57 n.d. 0.04 99.56 0.000 0.475 0.011 0.000 0.002 0.566 0.555 0.008 0.089 0.001 0.001
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-22_ox03 Ceno. MoqB 0.39 4.39 2.69 n.d. 0.44 51.51 31.36 2.19 0.05 0.02 0.21 93.25 0.006 0.055 0.053 0.000 0.006 1.056 1.561 0.031 0.001 0.003 0.003
MAJ-07-22_ox04 Ceno. MoqB 0.04 3.56 1.78 n.d. 0.32 59.37 31.23 1.17 1.10 n.d. 0.11 98.68 0.001 0.045 0.035 0.000 0.004 0.996 1.703 0.017 0.027 0.001 0.002
MAJ-07-22_ox05 Ceno. MoqB 0.50 6.32 2.30 n.d. 0.56 50.39 32.90 1.99 0.03 0.01 1.00 95.99 0.008 0.079 0.045 0.000 0.007 1.067 1.470 0.028 0.001 0.013 0.017
MAJ-07-22_ox08 Ceno. MoqB 1.13 7.89 4.33 n.d. 0.42 41.32 35.34 2.46 0.21 n.d. 0.24 93.35 0.019 0.099 0.085 0.000 0.006 1.167 1.228 0.035 0.005 0.003 0.004
MAJ-07-22_ox09 Ceno. MoqB 0.36 0.09 0.16 0.01 0.03 65.84 28.85 0.15 0.98 n.d. 0.01 96.50 0.006 0.001 0.003 0.000 0.000 0.953 1.957 0.002 0.024 0.000 0.000
MAJ-07-22_ox10 Ceno. MoqB 1.97 1.92 0.26 0.02 0.10 55.46 32.34 0.67 0.06 n.d. 0.11 92.90 0.033 0.024 0.005 0.000 0.001 1.105 1.705 0.009 0.001 0.001 0.002
MAJ-07-22_ox11 Ceno. MoqB 0.41 7.65 2.26 0.01 0.49 47.17 36.57 0.70 0.04 n.d. 0.21 95.51 0.007 0.096 0.044 0.000 0.007 1.202 1.395 0.010 0.001 0.003 0.004
MAJ-07-22_ox14 Ceno. MoqB 0.34 6.50 1.44 n.d. 0.29 50.22 33.67 0.88 0.79 n.d. 0.13 94.25 0.006 0.081 0.028 0.000 0.004 1.123 1.506 0.012 0.020 0.002 0.002
MAJ-07-22_ox15 Ceno. MoqB 0.54 5.87 2.77 0.03 0.32 49.17 33.51 1.89 0.16 n.d. 0.18 94.43 0.009 0.073 0.054 0.000 0.004 1.111 1.466 0.027 0.004 0.002 0.003
MAJ-07-22_ox18 Ceno. MoqB 0.11 5.47 2.00 0.09 0.34 54.45 32.44 0.69 1.55 n.d. 0.14 97.28 0.002 0.068 0.039 0.001 0.004 1.041 1.572 0.010 0.038 0.002 0.002
MAJ-07-22_ox19 Ceno. MoqB 0.07 1.86 0.01 0.01 0.45 62.07 31.05 0.60 0.01 n.d. n.d. 96.14 0.001 0.023 0.000 0.000 0.006 1.038 1.867 0.008 0.000 0.000 0.000
MAJ-07-22_ox22 Ceno. MoqB 0.08 4.04 1.18 n.d. 0.53 58.03 32.20 1.38 0.48 n.d. 0.09 98.01 0.001 0.051 0.023 0.000 0.007 1.041 1.688 0.019 0.012 0.001 0.002
MAJ-07-22_ox23 Ceno. MoqB 0.02 3.07 1.01 0.01 0.30 61.47 30.97 1.84 0.57 0.01 0.10 99.37 0.000 0.038 0.020 0.000 0.004 0.990 1.767 0.026 0.014 0.001 0.002
MAJ-07-22_ox25 Ceno. MoqB 0.28 5.12 2.04 n.d. 0.42 53.33 32.89 0.91 0.89 n.d. 0.06 95.94 0.005 0.064 0.040 0.000 0.006 1.076 1.570 0.013 0.022 0.001 0.001
MAJ-07-22_ox27 Ceno. MoqB 1.85 3.53 5.71 n.d. 0.62 47.06 32.41 1.33 1.27 n.d. 0.12 93.90 0.031 0.044 0.112 0.000 0.008 1.050 1.371 0.019 0.031 0.002 0.002
MAJ-07-22_ox28 Ceno. MoqB n.d. 0.08 0.31 n.d. n.d. 70.37 25.97 0.14 3.32 n.d. n.d. 100.19 0.000 0.001 0.006 0.000 0.000 0.813 1.982 0.002 0.082 0.000 0.000
MAJ-07-22_ox29 Ceno. MoqB 1.39 3.64 0.62 n.d. 0.15 52.52 33.09 0.63 0.04 n.d. 0.09 92.17 0.023 0.046 0.012 0.000 0.002 1.138 1.626 0.009 0.001 0.001 0.002
MAJ-07-22_ox30 Ceno. MoqB 0.30 9.40 1.14 n.d. 0.33 45.61 36.55 1.70 0.37 n.d. 0.09 95.49 0.005 0.118 0.022 0.000 0.004 1.206 1.355 0.024 0.009 0.001 0.001
MOQ-08-04_ox01 Ceno. MoqB 0.02 26.41 0.17 0.01 0.25 14.92 52.83 0.26 0.77 0.01 0.02 95.68 0.000 0.331 0.003 0.000 0.003 1.719 0.437 0.004 0.019 0.000 0.000
MOQ-08-04_ox02 Ceno. MoqB 0.03 26.54 0.23 n.d. 0.22 14.69 53.33 0.31 0.52 n.d. 0.05 95.92 0.000 0.332 0.005 0.000 0.003 1.732 0.429 0.004 0.013 0.001 0.001
MOQ-08-04_ox03 Ceno. MoqB 0.04 27.95 0.26 n.d. 0.29 12.06 54.77 0.26 0.57 n.d. 0.03 96.23 0.001 0.350 0.005 0.000 0.004 1.771 0.351 0.004 0.014 0.000 0.000
MOQ-08-04_ox04 Ceno. MoqB 0.01 27.29 0.30 n.d. 0.29 12.94 54.12 0.26 0.48 n.d. 0.02 95.71 0.000 0.342 0.006 0.000 0.004 1.761 0.379 0.004 0.012 0.000 0.000
MOQ-08-04_ox05 Ceno. MoqB 0.29 0.68 0.30 0.23 1.17 62.83 30.75 0.06 0.07 0.01 0.05 96.42 0.005 0.008 0.006 0.003 0.016 1.022 1.879 0.001 0.002 0.001 0.001
MOQ-08-04_ox06 Ceno. MoqB 0.20 51.22 0.04 n.d. n.d. 1.66 45.66 0.60 0.02 0.01 0.01 99.43 0.003 0.641 0.001 0.000 0.000 0.970 0.032 0.008 0.000 0.000 0.000
MOQ-08-04_ox07 Ceno. MoqB 0.01 28.61 0.28 n.d. 0.28 11.20 55.20 0.68 0.48 n.d. 0.05 96.80 0.000 0.358 0.006 0.000 0.004 1.774 0.324 0.010 0.012 0.001 0.001
MOQ-08-04_ox08 Ceno. MoqB 0.02 0.06 0.17 0.10 0.14 65.57 29.85 0.01 0.02 0.03 n.d. 95.97 0.000 0.001 0.003 0.001 0.002 1.001 1.979 0.000 0.001 0.000 0.000
MOQ-08-04_ox09 Ceno. MoqB 1.10 3.19 0.57 0.09 0.37 55.13 33.06 0.35 0.15 0.02 0.06 94.09 0.018 0.040 0.011 0.001 0.005 1.116 1.675 0.005 0.004 0.001 0.001
MOQ-08-04_ox10 Ceno. MoqB 0.14 7.29 0.09 0.03 0.16 51.78 36.91 n.d. n.d. n.d. n.d. 96.41 0.002 0.091 0.002 0.000 0.002 1.223 1.544 0.000 0.000 0.000 0.000
MOQ-08-04_ox11 Ceno. MoqB 0.02 27.40 0.17 n.d. 0.27 13.05 53.50 0.65 0.67 n.d. 0.05 95.77 0.000 0.343 0.003 0.000 0.004 1.738 0.381 0.009 0.017 0.001 0.001
MOQ-08-04_ox12 Ceno. MoqB 0.14 6.76 0.05 n.d. 0.13 52.37 35.87 0.18 0.03 n.d. 0.02 95.54 0.002 0.085 0.001 0.000 0.002 1.200 1.576 0.003 0.001 0.000 0.000
MOQ-08-04_ox13 Ceno. MoqB 0.04 45.71 0.15 n.d. 0.19 9.69 38.63 0.39 1.16 n.d. 0.03 95.98 0.001 0.572 0.003 0.000 0.003 0.845 0.191 0.005 0.029 0.000 0.000
MOQ-08-04_ox14 Ceno. MoqB 0.22 24.80 0.06 n.d. 0.14 16.58 52.17 0.41 0.04 n.d. 0.02 94.45 0.004 0.310 0.001 0.000 0.002 1.731 0.495 0.006 0.001 0.000 0.000
MOQ-08-04_ox16 Ceno. MoqB 0.01 28.62 0.20 n.d. 0.27 10.87 54.91 0.71 0.52 n.d. 0.05 96.17 0.000 0.358 0.004 0.000 0.004 1.776 0.316 0.010 0.013 0.001 0.001
MOQ-08-04_ox17 Ceno. MoqB 0.14 8.36 1.64 0.08 0.35 47.33 35.07 0.32 1.40 n.d. 0.06 94.76 0.002 0.105 0.032 0.001 0.005 1.156 1.404 0.005 0.035 0.001 0.001
MOQ-08-04_ox18 Ceno. MoqB 0.45 4.01 0.77 0.03 0.39 55.19 33.46 0.23 0.10 0.01 n.d. 94.63 0.008 0.050 0.015 0.000 0.005 1.126 1.671 0.003 0.002 0.000 0.000
MOQ-08-04_ox19 Ceno. MoqB 0.03 27.35 0.28 n.d. 0.31 12.75 54.27 0.21 0.48 n.d. n.d. 95.69 0.000 0.342 0.006 0.000 0.004 1.767 0.374 0.003 0.012 0.000 0.000
MOQ-08-04_ox20 Ceno. MoqB 0.04 27.72 0.24 0.01 0.31 12.24 54.55 0.25 0.54 n.d. 0.02 95.92 0.001 0.347 0.005 0.000 0.004 1.770 0.358 0.004 0.013 0.000 0.000
MOQ-05-03_ox01 Ceno. MoqB 0.01 41.85 0.50 0.07 0.43 17.21 32.24 0.19 2.93 0.02 n.d. 95.45 0.000 0.524 0.010 0.001 0.006 0.701 0.337 0.003 0.073 0.000 0.000
MOQ-05-03_ox02 Ceno. MoqB 0.07 12.16 0.74 0.01 0.48 42.78 40.21 0.49 0.60 0.02 0.12 97.67 0.001 0.152 0.015 0.000 0.006 1.296 1.241 0.007 0.015 0.002 0.002
MOQ-05-03_ox03 Ceno. MoqB 0.12 12.42 3.68 0.21 0.65 40.40 36.96 0.86 3.19 0.01 0.13 98.62 0.002 0.155 0.072 0.003 0.009 1.138 1.119 0.012 0.079 0.002 0.002
MOQ-05-03_ox04 Ceno. MoqB 0.13 13.60 2.54 0.05 0.50 38.03 38.98 0.57 2.30 0.02 0.13 96.86 0.002 0.170 0.050 0.001 0.007 1.235 1.084 0.008 0.057 0.002 0.002
MOQ-05-03_ox05 Ceno. MoqB 0.03 29.78 0.40 0.02 0.28 8.97 55.62 0.22 1.25 0.03 0.01 96.59 0.000 0.373 0.008 0.000 0.004 1.779 0.258 0.003 0.031 0.000 0.000
MOQ-05-03_ox06 Ceno. MoqB 0.11 20.35 1.65 0.03 0.78 23.14 47.41 0.82 0.04 0.02 0.24 94.59 0.002 0.255 0.032 0.000 0.010 1.560 0.685 0.012 0.001 0.003 0.004
MOQ-05-03_ox07 Ceno. MoqB 0.37 15.78 2.78 0.12 0.53 31.49 39.39 1.35 2.65 0.03 0.11 94.59 0.006 0.198 0.055 0.002 0.007 1.268 0.912 0.019 0.066 0.001 0.002
MOQ-05-03_ox08 Ceno. MoqB 0.06 15.56 1.43 0.05 0.61 34.43 43.36 0.07 0.82 0.02 0.02 96.42 0.001 0.195 0.028 0.001 0.008 1.404 1.003 0.001 0.020 0.000 0.000



CARA-08-01_ox02 Ceno. base MoqB 0.66 0.31 0.16 n.d. 0.30 63.91 30.84 0.21 0.05 0.02 n.d. 96.46 0.011 0.004 0.003 0.000 0.004 1.025 1.912 0.003 0.001 0.000 0.000
CARA-08-01_ox03 Ceno. base MoqB 0.06 0.18 2.24 0.18 0.15 70.71 16.46 1.78 8.10 0.32 0.61 100.80 0.001 0.002 0.044 0.002 0.002 0.487 1.883 0.025 0.201 0.008 0.010
CARA-08-01_ox04 Ceno. base MoqB 0.02 24.28 0.35 0.05 0.36 19.57 50.48 0.31 1.18 0.01 0.03 96.64 0.000 0.304 0.007 0.001 0.005 1.623 0.566 0.004 0.029 0.000 0.000
CARA-08-01_ox05 Ceno. base MoqB 0.01 36.24 0.15 0.01 0.37 30.28 26.73 0.74 2.88 0.03 n.d. 97.44 0.000 0.454 0.003 0.000 0.005 0.575 0.586 0.010 0.071 0.000 0.000
CARA-08-01_ox06 Ceno. base MoqB 0.03 40.66 0.01 n.d. 0.11 20.19 31.69 4.69 0.03 n.d. 0.05 97.45 0.000 0.509 0.000 0.000 0.001 0.693 0.397 0.066 0.001 0.001 0.001
CARA-08-01_ox07 Ceno. base MoqB 0.38 0.08 0.12 0.01 0.25 64.98 30.26 0.23 n.d. n.d. n.d. 96.32 0.006 0.001 0.002 0.000 0.003 1.010 1.951 0.003 0.000 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-05-03_ox19 Ceno. MoqB 0.17 7.57 5.29 0.01 0.22 45.57 34.97 0.83 1.29 0.02 0.11 96.04 0.003 0.095 0.104 0.000 0.003 1.115 1.308 0.012 0.032 0.002 0.002
MOQ-05-03_ox20 Ceno. MoqB 0.08 5.04 3.09 0.02 0.30 55.41 31.54 0.78 2.17 0.01 0.15 98.59 0.001 0.063 0.061 0.000 0.004 0.989 1.564 0.011 0.054 0.002 0.003
MOQ-07-04_ox01 Ceno. MoqB 1.09 17.56 2.17 0.01 0.52 28.00 41.74 0.65 3.44 0.01 0.01 95.20 0.018 0.220 0.043 0.000 0.007 1.326 0.801 0.009 0.085 0.000 0.000
MOQ-07-04_ox02 Ceno. MoqB 0.05 3.12 0.22 0.09 0.77 61.95 33.86 0.21 0.02 0.01 0.03 100.33 0.001 0.039 0.004 0.001 0.010 1.081 1.780 0.003 0.000 0.000 0.001
MOQ-07-04_ox03 Ceno. MoqB 0.20 11.02 4.44 0.03 0.80 41.06 36.84 0.48 2.68 0.01 0.09 97.66 0.003 0.138 0.087 0.000 0.011 1.146 1.149 0.007 0.067 0.001 0.002
MOQ-07-04_ox04 Ceno. MoqB 0.15 17.63 3.28 0.10 0.76 27.57 44.40 1.33 0.74 0.01 0.06 96.04 0.002 0.221 0.064 0.001 0.010 1.425 0.796 0.019 0.018 0.001 0.001
MOQ-07-04_ox05 Ceno. MoqB 0.08 6.72 2.81 0.04 0.44 52.25 33.86 0.40 1.76 0.02 0.27 98.64 0.001 0.084 0.055 0.000 0.006 1.063 1.476 0.006 0.044 0.004 0.004
MOQ-07-04_ox06 Ceno. MoqB 0.61 12.53 3.30 1.28 0.81 36.67 36.54 0.45 3.75 0.03 0.06 96.04 0.010 0.157 0.065 0.017 0.011 1.148 1.037 0.006 0.093 0.001 0.001
MOQ-07-04_ox07 Ceno. MoqB 0.15 15.98 3.12 0.20 0.82 32.52 38.91 0.42 3.85 0.04 0.11 96.14 0.003 0.200 0.061 0.003 0.011 1.221 0.918 0.006 0.096 0.001 0.002
MOQ-07-04_ox08 Ceno. MoqB 0.10 12.83 4.22 0.20 0.81 37.72 38.26 0.34 2.79 0.07 0.08 97.42 0.002 0.161 0.083 0.003 0.011 1.192 1.058 0.005 0.069 0.001 0.001
MOQ-07-04_ox09 Ceno. MoqB 0.53 9.59 1.09 0.04 0.35 44.28 38.30 0.60 0.22 0.01 0.04 95.06 0.009 0.120 0.021 0.001 0.005 1.271 1.322 0.009 0.005 0.001 0.001
MOQ-07-04_ox10 Ceno. MoqB 0.99 12.31 0.48 0.03 0.42 37.22 41.27 0.18 0.18 0.02 0.03 93.14 0.017 0.154 0.010 0.000 0.006 1.396 1.133 0.003 0.004 0.000 0.000
MOQ-07-04_ox11 Ceno. MoqB n.d. 26.60 0.23 n.d. 0.34 15.24 52.96 0.16 1.06 n.d. 0.01 96.59 0.000 0.333 0.004 0.000 0.005 1.703 0.441 0.002 0.026 0.000 0.000
MOQ-07-04_ox12 Ceno. MoqB 1.82 2.77 0.76 0.01 0.18 52.61 31.25 0.96 0.09 0.04 0.58 91.08 0.030 0.035 0.015 0.000 0.002 1.079 1.634 0.014 0.002 0.008 0.010
MOQ-07-04_ox14 Ceno. MoqB 0.14 0.17 0.15 0.09 1.24 66.12 31.05 0.03 0.03 0.02 n.d. 99.03 0.002 0.002 0.003 0.001 0.017 1.008 1.931 0.000 0.001 0.000 0.000
MOQ-07-04_ox15 Ceno. MoqB 0.83 2.70 1.02 0.03 0.56 57.43 32.61 0.46 0.10 0.01 0.20 95.95 0.014 0.034 0.020 0.000 0.007 1.078 1.708 0.006 0.003 0.003 0.003
MOQ-07-04_ox16 Ceno. MoqB 0.47 18.15 2.55 n.d. 0.99 25.52 43.86 2.80 0.09 0.01 0.32 94.77 0.008 0.227 0.050 0.000 0.013 1.431 0.749 0.039 0.002 0.004 0.005
MOQ-07-04_ox17 Ceno. MoqB 1.65 14.17 1.38 0.01 0.46 32.17 41.05 0.62 1.73 n.d. 0.16 93.41 0.028 0.177 0.027 0.000 0.006 1.351 0.952 0.009 0.043 0.002 0.003
MOQ-07-04_ox18 Ceno. MoqB 0.12 15.86 2.66 0.09 0.93 32.84 42.96 0.45 1.30 0.01 0.11 97.32 0.002 0.199 0.052 0.001 0.012 1.362 0.937 0.006 0.032 0.001 0.002
MOQ-07-04_ox19 Ceno. MoqB 0.16 20.80 1.93 0.02 0.43 23.28 44.89 1.20 1.94 n.d. 0.13 94.78 0.003 0.260 0.038 0.000 0.006 1.451 0.677 0.017 0.048 0.002 0.002
MOQ-07-04_ox20 Ceno. MoqB 0.12 16.08 3.05 n.d. 0.85 32.55 41.44 0.45 2.42 0.01 0.09 97.05 0.002 0.201 0.060 0.000 0.011 1.303 0.921 0.006 0.060 0.001 0.001
LOC-05-04_ox04 Ceno. MoqB 0.04 1.89 1.06 0.01 0.24 63.88 31.54 0.63 0.26 n.d. 0.21 99.75 0.001 0.024 0.021 0.000 0.003 1.006 1.833 0.009 0.006 0.003 0.004
LOC-05-04_ox05 Ceno. MoqB 0.32 11.64 2.70 0.05 0.53 39.74 38.57 1.93 0.42 n.d. 0.23 96.13 0.005 0.146 0.053 0.001 0.007 1.248 1.157 0.027 0.010 0.003 0.004
LOC-05-04_ox08 Ceno. MoqB 0.39 14.27 4.55 n.d. 0.41 33.74 37.39 1.26 3.57 n.d. 0.08 95.66 0.007 0.179 0.089 0.000 0.005 1.172 0.952 0.018 0.089 0.001 0.001
LOC-05-04_ox11 Ceno. MoqB n.d. 0.48 0.05 0.02 0.24 67.33 31.20 0.06 n.d. 0.01 0.02 99.42 0.000 0.006 0.001 0.000 0.003 1.010 1.962 0.001 0.000 0.000 0.000
LOC-05-04_ox12 Ceno. MoqB 0.57 8.91 1.50 0.01 0.42 43.55 37.15 0.57 n.d. n.d. 0.24 92.93 0.010 0.112 0.029 0.000 0.006 1.257 1.326 0.008 0.000 0.003 0.004
LOC-05-04_ox13 Ceno. MoqB 0.27 8.28 4.07 0.01 0.41 44.49 34.32 0.43 2.09 n.d. 0.07 94.44 0.005 0.104 0.080 0.000 0.005 1.112 1.297 0.006 0.052 0.001 0.001
LOC-05-04_ox15 Ceno. MoqB 0.96 1.10 0.29 0.02 0.08 58.15 30.29 0.24 0.08 n.d. 0.01 91.23 0.016 0.014 0.006 0.000 0.001 1.061 1.832 0.003 0.002 0.000 0.000
LOC-05-04_ox16 Ceno. MoqB 0.05 7.84 1.02 0.02 0.28 50.73 36.49 0.79 0.20 0.01 0.13 97.57 0.001 0.098 0.020 0.000 0.004 1.184 1.482 0.011 0.005 0.002 0.002
LOC-05-04_ox17 Ceno. MoqB 0.04 2.15 1.02 0.02 0.36 64.20 32.12 0.12 0.51 0.02 0.28 100.84 0.001 0.027 0.020 0.000 0.005 1.011 1.819 0.002 0.013 0.004 0.005
LOC-05-04_ox18 Ceno. MoqB 0.96 12.78 1.44 0.06 0.36 35.12 41.56 0.62 0.02 0.03 0.03 92.96 0.016 0.160 0.028 0.001 0.005 1.402 1.066 0.009 0.000 0.000 0.001
LOC-05-04_ox20 Ceno. MoqB 0.15 21.91 2.21 0.01 1.12 19.16 45.83 2.97 0.04 0.01 0.73 94.15 0.002 0.274 0.043 0.000 0.015 1.497 0.563 0.042 0.001 0.010 0.012
LOC-05-04_ox21 Ceno. MoqB 1.27 1.40 1.13 0.01 0.21 54.14 29.91 0.21 0.12 0.02 0.21 88.63 0.021 0.018 0.022 0.000 0.003 1.067 1.738 0.003 0.003 0.003 0.004
LOC-05-04_ox22 Ceno. MoqB 0.65 12.53 0.88 0.11 0.11 37.50 41.19 0.43 0.04 n.d. n.d. 93.45 0.011 0.157 0.017 0.001 0.001 1.389 1.138 0.006 0.001 0.000 0.000
LOC-05-04_ox23 Ceno. MoqB 1.09 10.54 2.69 0.05 0.43 38.13 39.13 0.94 0.08 0.01 0.29 93.39 0.018 0.132 0.053 0.001 0.006 1.301 1.141 0.013 0.002 0.004 0.005
LOC-05-04_ox25 Ceno. MoqB 0.15 16.23 4.35 0.25 0.76 27.13 43.92 1.13 0.02 0.03 0.10 94.07 0.003 0.203 0.085 0.003 0.010 1.438 0.800 0.016 0.001 0.001 0.002
LOC-05-04_ox26 Ceno. MoqB 0.12 11.71 5.84 n.d. 0.76 35.63 38.27 2.87 0.31 n.d. 0.06 95.57 0.002 0.147 0.115 0.000 0.010 1.227 1.028 0.040 0.008 0.001 0.001
LOC-05-04_ox27 Ceno. MoqB 0.16 4.86 1.53 0.08 0.39 54.57 32.54 0.66 0.84 0.01 0.12 95.77 0.003 0.061 0.030 0.001 0.005 1.070 1.615 0.009 0.021 0.002 0.002
LOC-05-04_ox28 Ceno. MoqB 0.11 15.58 3.68 0.04 0.52 29.54 44.17 0.22 0.01 0.02 0.02 93.91 0.002 0.195 0.072 0.001 0.007 1.458 0.877 0.003 0.000 0.000 0.000
LOC-05-04_ox29 Ceno. MoqB 0.59 15.61 2.29 0.09 0.48 31.06 39.18 4.63 n.d. 0.02 0.69 94.64 0.010 0.195 0.045 0.001 0.006 1.280 0.913 0.065 0.000 0.009 0.011
LOC-05-04_ox31 Ceno. MoqB 1.53 1.78 0.37 0.01 0.07 57.93 32.79 0.29 0.03 n.d. 0.03 94.85 0.026 0.022 0.007 0.000 0.001 1.101 1.750 0.004 0.001 0.000 0.001
LOC-05-04_ox34 Ceno. MoqB n.d. 28.68 0.21 0.02 0.24 11.43 54.75 0.42 0.97 0.02 0.04 96.80 0.000 0.359 0.004 0.000 0.003 1.754 0.329 0.006 0.024 0.001 0.001
LOC-05-04_ox35 Ceno. MoqB 0.28 12.77 4.69 0.16 0.83 34.65 37.66 1.21 2.22 0.01 0.08 94.56 0.005 0.160 0.092 0.002 0.011 1.207 1.000 0.017 0.055 0.001 0.001
LOC-05-04_ox36 Ceno. MoqB 0.12 11.46 3.06 0.15 0.76 38.47 40.13 0.44 0.03 0.03 0.09 94.74 0.002 0.143 0.060 0.002 0.010 1.322 1.141 0.006 0.001 0.001 0.001
CARA-08-01_ox01 Ceno. base MoqB 0.35 0.16 0.10 n.d. 0.24 65.41 30.40 0.26 0.01 n.d. 0.02 96.95 0.006 0.002 0.002 0.000 0.003 1.007 1.951 0.004 0.000 0.000 0.000



MAJ-07-18A_ox22 Ceno. base MoqB 0.03 0.01 0.09 0.09 0.27 68.73 31.27 n.d. n.d. n.d. n.d. 100.51 0.001 0.000 0.002 0.001 0.004 1.002 1.981 0.000 0.000 0.000 0.000
MAJ-07-18A_ox23 Ceno. base MoqB 0.02 0.02 0.04 0.29 0.20 66.55 30.23 0.03 0.02 0.08 n.d. 97.47 0.000 0.000 0.001 0.004 0.003 0.999 1.980 0.000 0.000 0.000 0.000
MAJ-07-18A_ox24 Ceno. base MoqB 0.07 0.07 0.23 0.13 0.32 66.08 30.31 0.01 0.02 0.01 0.01 97.26 0.001 0.001 0.004 0.002 0.004 1.002 1.966 0.000 0.001 0.000 0.000
MAJ-07-18A_ox25 Ceno. base MoqB n.d. 11.64 0.08 0.07 0.23 43.91 40.79 0.04 n.d. n.d. 0.03 96.78 0.000 0.146 0.002 0.001 0.003 1.341 1.299 0.001 0.000 0.000 0.000
MAJ-07-18A_ox26 Ceno. base MoqB 0.05 10.68 0.10 0.29 0.58 44.95 39.68 0.02 0.16 0.01 0.02 96.53 0.001 0.134 0.002 0.004 0.008 1.306 1.332 0.000 0.004 0.000 0.000
MAJ-07-18A_ox27 Ceno. base MoqB 0.02 0.02 0.19 0.08 0.25 66.43 30.19 0.01 0.03 n.d. 0.01 97.22 0.000 0.000 0.004 0.001 0.003 0.999 1.978 0.000 0.001 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
CARA-08-01_ox08 Ceno. base MoqB 0.01 51.03 n.d. n.d. 0.07 1.17 22.53 22.77 0.07 n.d. 0.10 97.74 0.000 0.639 0.000 0.000 0.001 0.485 0.023 0.321 0.002 0.001 0.002
CARA-08-01_ox12 Ceno. base MoqB 0.58 0.30 0.30 0.15 0.68 63.63 30.98 0.12 0.02 0.01 n.d. 96.77 0.010 0.004 0.006 0.002 0.009 1.026 1.896 0.002 0.001 0.000 0.000
CARA-08-01_ox13 Ceno. base MoqB n.d. 0.07 0.14 0.04 0.43 66.45 30.10 0.05 0.02 n.d. 0.07 97.38 0.000 0.001 0.003 0.001 0.006 0.994 1.974 0.001 0.001 0.001 0.001
CARA-08-01_ox14 Ceno. base MoqB 0.01 21.51 0.25 0.12 0.42 24.74 47.79 0.18 1.27 0.05 0.03 96.35 0.000 0.269 0.005 0.002 0.006 1.546 0.720 0.002 0.031 0.000 0.000
CARA-08-01_ox15 Ceno. base MoqB 0.03 28.33 0.44 0.01 0.29 11.58 54.38 0.25 1.16 n.d. n.d. 96.48 0.001 0.355 0.009 0.000 0.004 1.744 0.334 0.004 0.029 0.000 0.000
CARA-08-02_ox01 Ceno. base MoqB 0.24 0.06 0.06 n.d. 0.29 65.99 30.41 0.08 0.02 n.d. 0.02 97.17 0.004 0.001 0.001 0.000 0.004 1.006 1.965 0.001 0.000 0.000 0.000
CARA-08-02_ox02 Ceno. base MoqB 0.04 6.12 2.84 0.22 0.38 52.92 32.63 0.35 2.18 0.03 0.15 97.86 0.001 0.077 0.056 0.003 0.005 1.031 1.505 0.005 0.054 0.002 0.003
CARA-08-02_ox03 Ceno. base MoqB n.d. 0.11 0.09 0.03 0.47 68.47 31.13 0.15 0.01 n.d. n.d. 100.46 0.000 0.001 0.002 0.000 0.006 0.997 1.974 0.002 0.000 0.000 0.000
CARA-08-02_ox04 Ceno. base MoqB 0.01 0.13 0.13 0.03 0.43 68.67 31.27 0.15 n.d. n.d. 0.02 100.84 0.000 0.002 0.002 0.000 0.006 0.998 1.972 0.002 0.000 0.000 0.000
CARA-08-02_ox05 Ceno. base MoqB 0.02 0.22 0.12 n.d. 0.38 68.48 31.30 0.13 n.d. n.d. 0.04 100.70 0.000 0.003 0.002 0.000 0.005 1.000 1.969 0.002 0.000 0.001 0.001
CARA-08-02_ox06 Ceno. base MoqB 0.01 0.17 0.20 0.02 0.50 68.98 31.45 0.11 n.d. n.d. 0.08 101.52 0.000 0.002 0.004 0.000 0.007 0.996 1.965 0.002 0.000 0.001 0.001
CARA-08-02_ox07 Ceno. base MoqB 0.06 0.14 0.25 0.02 0.55 66.97 30.81 0.13 0.03 0.01 n.d. 98.96 0.001 0.002 0.005 0.000 0.007 1.001 1.958 0.002 0.001 0.000 0.000
CARA-08-02_ox08 Ceno. base MoqB 0.02 0.05 0.08 0.03 0.33 68.84 31.10 0.16 0.03 0.01 0.01 100.67 0.000 0.001 0.002 0.000 0.004 0.994 1.981 0.002 0.001 0.000 0.000
CARA-08-02_ox09 Ceno. base MoqB n.d. 0.08 0.09 0.06 0.58 69.16 31.54 0.10 n.d. n.d. n.d. 101.60 0.000 0.001 0.002 0.001 0.008 0.999 1.972 0.001 0.000 0.000 0.000
CARA-08-02_ox10 Ceno. base MoqB 0.03 0.05 0.05 0.01 0.36 68.64 31.09 0.18 n.d. n.d. n.d. 100.42 0.000 0.001 0.001 0.000 0.005 0.997 1.981 0.003 0.000 0.000 0.000
CARA-08-02_ox11 Ceno. base MoqB 0.06 0.17 0.12 0.02 0.62 69.07 31.77 0.10 0.01 0.01 0.01 101.96 0.001 0.002 0.002 0.000 0.008 1.003 1.961 0.001 0.000 0.000 0.000
CARA-08-02_ox12 Ceno. base MoqB 0.05 0.28 0.56 0.02 0.75 67.81 31.53 0.06 0.16 n.d. n.d. 101.22 0.001 0.003 0.011 0.000 0.010 0.999 1.932 0.001 0.004 0.000 0.000
CARA-08-02_ox13 Ceno. base MoqB 0.04 6.58 2.68 0.03 0.34 52.35 30.60 0.54 3.47 0.05 0.11 96.80 0.001 0.082 0.053 0.000 0.005 0.969 1.491 0.008 0.086 0.001 0.002
CARA-08-02_ox14 Ceno. base MoqB 0.05 6.47 2.98 0.06 0.46 51.87 33.70 0.36 1.73 0.02 0.14 97.83 0.001 0.081 0.058 0.001 0.006 1.068 1.479 0.005 0.043 0.002 0.002
CARA-08-02_ox15 Ceno. base MoqB n.d. 0.09 0.17 0.01 0.53 69.00 31.40 0.11 0.02 0.02 0.02 101.38 0.000 0.001 0.003 0.000 0.007 0.996 1.970 0.002 0.000 0.000 0.000
CARA-08-02_ox16 Ceno. base MoqB 0.04 0.10 0.09 0.02 0.47 68.29 31.18 0.11 n.d. n.d. n.d. 100.29 0.001 0.001 0.002 0.000 0.006 1.001 1.972 0.002 0.000 0.000 0.000
CARA-08-02_ox17 Ceno. base MoqB 0.79 0.15 0.17 0.01 0.48 64.24 31.21 0.16 0.02 n.d. n.d. 97.24 0.013 0.002 0.003 0.000 0.006 1.029 1.906 0.002 0.001 0.000 0.000
CARA-08-02_ox18 Ceno. base MoqB 0.02 0.11 0.19 0.02 0.57 68.41 31.33 0.10 n.d. 0.02 n.d. 100.78 0.000 0.001 0.004 0.000 0.008 1.000 1.966 0.001 0.000 0.000 0.000
CARA-08-02_ox19 Ceno. base MoqB 0.36 0.15 0.15 0.03 0.47 65.53 30.74 0.14 n.d. 0.01 0.02 97.60 0.006 0.002 0.003 0.000 0.006 1.012 1.941 0.002 0.000 0.000 0.000
MAJ-07-18A_ox01 Ceno. base MoqB 0.01 0.04 0.17 0.24 0.26 65.60 29.94 n.d. 0.01 0.10 n.d. 96.38 0.000 0.000 0.003 0.003 0.004 1.001 1.973 0.000 0.000 0.000 0.000
MAJ-07-18A_ox02 Ceno. base MoqB 0.47 0.17 0.21 0.57 0.85 63.14 30.39 0.16 0.04 0.03 0.03 96.06 0.008 0.002 0.004 0.008 0.011 1.015 1.897 0.002 0.001 0.000 0.000
MAJ-07-18A_ox03 Ceno. base MoqB 0.26 0.10 0.26 2.75 1.09 61.38 30.04 0.13 0.02 0.04 0.10 96.17 0.004 0.001 0.005 0.036 0.015 1.001 1.840 0.002 0.001 0.001 0.002
MAJ-07-18A_ox04 Ceno. base MoqB 0.07 0.06 0.31 0.10 0.30 65.97 30.20 0.03 0.03 n.d. 0.04 97.09 0.001 0.001 0.006 0.001 0.004 0.999 1.964 0.000 0.001 0.001 0.001
MAJ-07-18A_ox05 Ceno. base MoqB n.d. 0.03 0.24 0.18 0.50 67.65 30.90 0.01 n.d. 0.02 0.04 99.56 0.000 0.000 0.005 0.002 0.007 0.998 1.966 0.000 0.000 0.000 0.001
MAJ-07-18A_ox06 Ceno. base MoqB 0.05 0.03 0.07 0.17 0.56 65.32 29.80 0.03 0.05 0.08 0.02 96.18 0.001 0.000 0.001 0.002 0.008 0.998 1.967 0.000 0.001 0.000 0.000
MAJ-07-18A_ox07 Ceno. base MoqB 0.07 0.08 0.45 0.08 0.50 65.29 30.19 0.04 0.02 0.01 0.01 96.74 0.001 0.001 0.009 0.001 0.007 1.002 1.950 0.001 0.001 0.000 0.000
MAJ-07-18A_ox08 Ceno. base MoqB n.d. 0.04 0.25 0.51 0.11 66.30 30.17 0.03 0.03 0.19 0.05 97.67 0.000 0.000 0.005 0.007 0.001 0.995 1.967 0.000 0.001 0.001 0.001
MAJ-07-18A_ox09 Ceno. base MoqB 0.02 0.07 0.04 0.12 0.29 65.49 29.85 0.01 n.d. 0.06 n.d. 95.94 0.000 0.001 0.001 0.002 0.004 1.003 1.979 0.000 0.000 0.000 0.000
MAJ-07-18A_ox10 Ceno. base MoqB 0.08 0.04 0.12 0.17 0.56 65.51 30.07 0.04 0.03 0.09 n.d. 96.71 0.001 0.001 0.002 0.002 0.008 1.001 1.963 0.001 0.001 0.000 0.000
MAJ-07-18A_ox11 Ceno. base MoqB 0.04 0.06 0.18 0.07 0.37 65.41 29.93 0.01 0.01 0.02 n.d. 96.10 0.001 0.001 0.003 0.001 0.005 1.002 1.971 0.000 0.000 0.000 0.000
MAJ-07-18A_ox12 Ceno. base MoqB 0.04 0.06 0.14 0.11 0.91 64.75 29.86 0.03 0.02 0.02 n.d. 95.93 0.001 0.001 0.003 0.001 0.012 1.001 1.954 0.000 0.001 0.000 0.000
MAJ-07-18A_ox13 Ceno. base MoqB 0.15 0.08 0.28 0.10 0.41 65.52 30.23 0.04 0.03 0.02 0.05 96.91 0.002 0.001 0.006 0.001 0.006 1.002 1.954 0.001 0.001 0.001 0.001
MAJ-07-18A_ox14 Ceno. base MoqB 0.03 0.02 0.07 0.22 0.27 66.15 30.14 n.d. n.d. 0.12 n.d. 97.01 0.001 0.000 0.001 0.003 0.004 1.002 1.978 0.000 0.000 0.000 0.000
MAJ-07-18A_ox15 Ceno. base MoqB n.d. 0.10 0.10 0.16 0.24 67.98 30.94 0.05 0.02 n.d. n.d. 99.60 0.000 0.001 0.002 0.002 0.003 1.000 1.977 0.001 0.001 0.000 0.000
MAJ-07-18A_ox16 Ceno. base MoqB n.d. 0.05 0.33 0.16 0.33 66.64 30.43 0.02 0.01 0.12 0.04 98.12 0.000 0.001 0.006 0.002 0.004 0.998 1.967 0.000 0.000 0.000 0.001
MAJ-07-18A_ox17 Ceno. base MoqB 0.10 17.84 0.12 0.09 0.26 29.87 45.62 0.32 0.04 0.01 n.d. 94.26 0.002 0.223 0.002 0.001 0.003 1.528 0.900 0.004 0.001 0.000 0.000
MAJ-07-18A_ox18 Ceno. base MoqB 0.34 0.14 0.20 0.13 0.50 64.80 30.47 0.14 0.03 n.d. n.d. 96.75 0.006 0.002 0.004 0.002 0.007 1.011 1.935 0.002 0.001 0.000 0.000
MAJ-07-18A_ox19 Ceno. base MoqB 0.03 0.04 0.25 0.15 0.35 65.19 29.84 n.d. 0.02 n.d. n.d. 95.86 0.001 0.000 0.005 0.002 0.005 1.001 1.968 0.000 0.001 0.000 0.000
MAJ-07-18A_ox20 Ceno. base MoqB 0.09 12.41 1.81 0.01 0.50 40.18 39.53 0.43 1.22 n.d. n.d. 96.20 0.002 0.155 0.036 0.000 0.007 1.280 1.171 0.006 0.030 0.000 0.000
MAJ-07-18A_ox21 Ceno. base MoqB 0.56 0.16 0.14 0.04 0.64 64.00 30.50 0.17 0.05 n.d. 0.03 96.28 0.009 0.002 0.003 0.000 0.008 1.016 1.918 0.002 0.001 0.000 0.000



MOQ-08-02_ox02 Ceno. base MoqB 0.04 1.83 9.20 0.05 0.27 57.34 27.85 0.91 3.50 0.02 0.38 101.38 0.001 0.023 0.180 0.001 0.004 0.816 1.512 0.013 0.087 0.005 0.006
MOQ-08-02_ox03 Ceno. base MoqB n.d. 4.55 2.71 n.d. 0.30 55.24 29.93 0.60 2.40 0.01 0.13 95.88 0.000 0.057 0.053 0.000 0.004 0.965 1.603 0.008 0.060 0.002 0.002
MOQ-08-02_ox04 Ceno. base MoqB n.d. 49.11 0.16 n.d. 0.20 2.62 41.50 0.42 1.25 n.d. 0.01 95.27 0.000 0.615 0.003 0.000 0.003 0.911 0.052 0.006 0.031 0.000 0.000
MOQ-08-02_ox05 Ceno. base MoqB 0.05 6.36 2.04 0.08 0.49 53.01 33.17 0.45 1.79 0.02 0.15 97.61 0.001 0.080 0.040 0.001 0.007 1.058 1.522 0.006 0.044 0.002 0.002
MOQ-08-02_ox06 Ceno. base MoqB 0.12 10.65 5.46 0.08 0.70 40.79 32.58 0.40 5.01 0.01 0.05 95.84 0.002 0.133 0.107 0.001 0.009 1.009 1.136 0.006 0.124 0.001 0.001
MOQ-08-02_ox08 Ceno. base MoqB 0.11 11.85 3.20 0.02 0.48 41.65 36.05 0.60 3.29 0.01 0.14 97.40 0.002 0.148 0.063 0.000 0.006 1.125 1.170 0.008 0.082 0.002 0.002
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-18A_ox28 Ceno. base MoqB 0.02 0.04 0.20 0.21 0.37 65.44 29.90 0.03 0.02 0.04 n.d. 96.26 0.000 0.001 0.004 0.003 0.005 0.999 1.969 0.000 0.001 0.000 0.000
MAJ-07-18A_ox29 Ceno. base MoqB 0.10 0.06 0.12 0.09 0.39 65.74 30.12 0.07 0.03 0.01 n.d. 96.74 0.002 0.001 0.002 0.001 0.005 1.002 1.967 0.001 0.001 0.000 0.000
MAJ-07-18A_ox30 Ceno. base MoqB 0.02 0.04 0.12 0.11 0.35 67.69 30.83 0.03 n.d. 0.04 0.01 99.23 0.000 0.000 0.002 0.001 0.005 1.000 1.977 0.000 0.000 0.000 0.000
MAJ-07-18B_ox01 Ceno. base MoqB 0.65 8.69 2.08 0.06 0.49 44.88 37.45 0.70 0.39 0.01 0.12 95.52 0.011 0.109 0.041 0.001 0.006 1.227 1.323 0.010 0.010 0.002 0.002
MAJ-07-18B_ox02 Ceno. base MoqB 0.28 4.64 1.51 n.d. 0.46 53.80 32.22 0.66 0.83 0.05 0.06 94.51 0.005 0.058 0.030 0.000 0.006 1.074 1.614 0.009 0.021 0.001 0.001
MAJ-07-18B_ox06 Ceno. base MoqB 0.01 2.74 3.37 n.d. 0.42 60.29 26.09 2.62 2.82 0.05 0.41 98.81 0.000 0.034 0.066 0.000 0.006 0.811 1.686 0.037 0.070 0.005 0.007
MAJ-07-18B_ox07 Ceno. base MoqB 0.04 5.40 1.57 0.03 0.36 56.19 33.43 1.44 0.67 0.03 0.15 99.31 0.001 0.068 0.031 0.000 0.005 1.062 1.606 0.020 0.017 0.002 0.002
MAJ-07-18B_ox08 Ceno. base MoqB 0.07 12.16 2.73 0.02 0.45 41.85 39.73 0.74 0.98 0.02 0.37 99.13 0.001 0.152 0.054 0.000 0.006 1.241 1.177 0.010 0.024 0.005 0.006
MAJ-07-18B_ox09 Ceno. base MoqB 0.78 10.38 2.47 n.d. 0.65 41.11 38.86 0.57 0.24 n.d. 0.57 95.62 0.013 0.130 0.048 0.000 0.009 1.261 1.200 0.008 0.006 0.008 0.009
MAJ-07-18B_ox11 Ceno. base MoqB 0.07 6.82 1.42 n.d. 0.36 52.81 34.65 1.34 0.54 0.01 0.18 98.19 0.001 0.085 0.028 0.000 0.005 1.113 1.526 0.019 0.013 0.002 0.003
MAJ-07-18B_ox13 Ceno. base MoqB 0.06 4.80 1.79 0.04 0.39 55.76 32.71 0.63 1.00 0.02 0.10 97.30 0.001 0.060 0.035 0.001 0.005 1.057 1.621 0.009 0.025 0.001 0.002
MAJ-07-18B_ox14 Ceno. base MoqB 0.19 5.13 2.31 n.d. 0.33 54.20 33.43 1.82 0.15 0.01 0.14 97.71 0.003 0.064 0.045 0.000 0.004 1.078 1.573 0.026 0.004 0.002 0.002
MAJ-07-18B_ox15 Ceno. base MoqB 0.17 6.32 2.77 0.01 0.36 50.56 33.97 2.12 0.10 n.d. 0.16 96.55 0.003 0.079 0.054 0.000 0.005 1.104 1.479 0.030 0.003 0.002 0.003
MAJ-07-18B_ox16 Ceno. base MoqB 0.29 0.09 0.18 0.25 0.19 65.05 30.43 0.02 n.d. 0.02 n.d. 96.51 0.005 0.001 0.003 0.003 0.003 1.013 1.950 0.000 0.000 0.000 0.000
MAJ-07-18B_ox17 Ceno. base MoqB n.d. 34.55 0.29 n.d. 0.19 34.91 27.74 0.85 1.38 n.d. 0.01 99.91 0.000 0.433 0.006 0.000 0.003 0.589 0.667 0.012 0.034 0.000 0.000
MAJ-07-18B_ox18 Ceno. base MoqB 1.16 8.43 2.54 0.02 0.56 42.01 36.03 2.01 0.20 0.01 0.23 93.21 0.019 0.106 0.050 0.000 0.007 1.203 1.263 0.028 0.005 0.003 0.004
MAJ-07-18B_ox19 Ceno. base MoqB 0.04 2.14 1.29 0.01 0.29 60.58 31.48 0.28 0.14 n.d. 0.12 96.37 0.001 0.027 0.025 0.000 0.004 1.039 1.800 0.004 0.004 0.002 0.002
MAJ-07-18B_ox20 Ceno. base MoqB 0.38 13.12 1.13 0.01 0.38 37.42 41.25 0.28 0.41 n.d. 0.03 94.41 0.006 0.164 0.022 0.000 0.005 1.372 1.120 0.004 0.010 0.000 0.000
MAJ-07-18B_ox21 Ceno. base MoqB 0.35 5.64 2.83 0.01 0.40 50.85 33.64 1.84 0.16 0.02 0.12 95.87 0.006 0.071 0.056 0.000 0.005 1.101 1.497 0.026 0.004 0.002 0.002
MAJ-07-18B_ox22 Ceno. base MoqB 0.12 12.94 1.14 n.d. 0.23 38.01 40.43 0.26 0.48 0.03 0.01 93.65 0.002 0.162 0.022 0.000 0.003 1.357 1.148 0.004 0.012 0.000 0.000
MAJ-07-18B_ox23 Ceno. base MoqB 0.15 0.11 3.35 4.56 0.20 59.85 29.46 0.20 1.36 1.35 n.d. 100.60 0.003 0.001 0.066 0.060 0.003 0.926 1.693 0.003 0.034 0.000 0.000
MAJ-07-18B_ox24 Ceno. base MoqB 0.43 5.60 2.83 0.01 0.36 51.46 33.21 2.48 0.01 n.d. 0.32 96.70 0.007 0.070 0.056 0.000 0.005 1.076 1.500 0.035 0.000 0.004 0.005
MAJ-07-18B_ox25 Ceno. base MoqB 0.30 4.26 2.27 0.02 0.27 54.57 32.17 0.96 0.71 n.d. 0.12 95.65 0.005 0.053 0.045 0.000 0.004 1.055 1.611 0.014 0.018 0.002 0.002
MAJ-07-18B_ox27 Ceno. base MoqB 0.28 15.59 1.75 0.04 0.57 34.55 40.04 1.06 2.33 n.d. 0.24 96.44 0.005 0.195 0.034 0.001 0.008 1.274 0.989 0.015 0.058 0.003 0.004
MAJ-07-18B_ox28 Ceno. base MoqB 0.05 3.23 1.75 0.03 0.62 60.71 30.73 0.58 1.77 0.02 0.15 99.63 0.001 0.040 0.034 0.000 0.008 0.966 1.717 0.008 0.044 0.002 0.002
MAJ-07-18B_ox30 Ceno. base MoqB 0.07 6.23 1.38 n.d. 0.35 54.31 33.66 1.51 0.80 n.d. 0.15 98.46 0.001 0.078 0.027 0.000 0.005 1.077 1.563 0.021 0.020 0.002 0.002
MOQ-07-01_ox01 Ceno. base MoqB 0.58 9.27 0.33 0.18 0.51 44.83 37.24 0.33 0.67 0.04 0.02 94.00 0.010 0.116 0.006 0.002 0.007 1.251 1.355 0.005 0.017 0.000 0.000
MOQ-07-01_ox02 Ceno. base MoqB 0.09 6.26 2.46 0.02 0.41 51.64 32.47 0.56 1.85 0.02 0.15 95.93 0.002 0.078 0.048 0.000 0.005 1.050 1.503 0.008 0.046 0.002 0.003
MOQ-07-01_ox04 Ceno. base MoqB 0.07 8.13 3.13 0.01 0.37 47.58 34.11 0.53 2.04 0.04 0.14 96.15 0.001 0.102 0.061 0.000 0.005 1.094 1.373 0.007 0.051 0.002 0.002
MOQ-07-01_ox05 Ceno. base MoqB 0.14 8.05 5.64 0.01 0.43 46.11 34.53 0.71 2.37 0.01 0.13 98.13 0.002 0.101 0.111 0.000 0.006 1.068 1.283 0.010 0.059 0.002 0.002
MOQ-07-01_ox06 Ceno. base MoqB 1.52 12.19 2.44 0.03 0.50 34.66 41.05 0.28 0.86 0.01 0.12 93.66 0.025 0.153 0.048 0.000 0.007 1.353 1.028 0.004 0.021 0.002 0.002
MOQ-07-01_ox07 Ceno. base MoqB 0.03 6.20 3.07 0.10 0.32 53.01 33.96 0.63 1.48 0.04 0.09 98.94 0.001 0.078 0.060 0.001 0.004 1.067 1.499 0.009 0.037 0.001 0.002
MOQ-07-01_ox08 Ceno. base MoqB 0.22 10.99 3.39 0.11 0.59 42.21 37.64 0.49 2.08 0.02 0.08 97.82 0.004 0.138 0.066 0.001 0.008 1.181 1.192 0.007 0.052 0.001 0.001
MOQ-07-01_ox09 Ceno. base MoqB 0.09 10.25 3.71 0.04 0.42 43.92 34.58 0.50 3.36 0.01 0.09 96.96 0.002 0.128 0.073 0.001 0.006 1.083 1.238 0.007 0.083 0.001 0.001
MOQ-07-01_ox10 Ceno. base MoqB 0.08 12.20 1.42 0.07 0.46 41.86 39.17 0.38 1.35 0.02 0.12 97.12 0.001 0.153 0.028 0.001 0.006 1.257 1.209 0.005 0.034 0.002 0.002
MOQ-07-01_ox12 Ceno. base MoqB 0.05 15.54 3.26 0.18 0.92 32.40 44.16 0.24 0.40 0.02 0.17 97.34 0.001 0.195 0.064 0.002 0.012 1.404 0.927 0.003 0.010 0.002 0.003
MOQ-07-01_ox13 Ceno. base MoqB 0.08 13.33 1.81 0.08 0.32 39.39 40.67 0.59 1.11 0.01 0.06 97.45 0.001 0.167 0.036 0.001 0.004 1.300 1.133 0.008 0.027 0.001 0.001
MOQ-07-01_ox14 Ceno. base MoqB 0.11 7.86 5.04 n.d. 0.48 46.70 33.96 0.35 2.66 0.02 0.07 97.26 0.002 0.098 0.099 0.000 0.006 1.061 1.313 0.005 0.066 0.001 0.001
MOQ-07-01_ox15 Ceno. base MoqB 0.02 36.87 0.24 n.d. 0.27 31.08 28.47 0.36 2.38 n.d. 0.05 99.75 0.000 0.462 0.005 0.000 0.004 0.600 0.589 0.005 0.059 0.001 0.001
MOQ-07-01_ox16 Ceno. base MoqB 0.02 31.27 0.28 n.d. 0.27 6.02 56.16 0.51 1.45 n.d. 0.03 96.02 0.000 0.391 0.006 0.000 0.004 1.801 0.174 0.007 0.036 0.000 0.001
MOQ-07-01_ox17 Ceno. base MoqB 0.09 14.16 0.52 0.02 0.45 38.16 41.00 0.21 1.22 0.02 0.03 95.87 0.002 0.177 0.010 0.000 0.006 1.340 1.122 0.003 0.030 0.000 0.000
MOQ-07-01_ox18 Ceno. base MoqB 0.58 1.43 0.63 0.09 0.34 57.26 29.39 0.31 0.35 0.03 0.02 90.41 0.010 0.018 0.012 0.001 0.005 1.035 1.815 0.004 0.009 0.000 0.000
MOQ-07-01_ox19 Ceno. base MoqB 0.01 31.87 0.37 n.d. 0.30 4.37 56.46 0.42 1.60 n.d. n.d. 95.40 0.000 0.399 0.007 0.000 0.004 1.818 0.127 0.006 0.040 0.000 0.000
MOQ-07-01_ox20 Ceno. base MoqB 0.27 0.15 0.09 0.03 0.32 65.18 30.32 0.07 n.d. 0.02 0.04 96.50 0.004 0.002 0.002 0.000 0.004 1.010 1.954 0.001 0.000 0.001 0.001
MOQ-08-02_ox01 Ceno. base MoqB 0.11 9.47 6.15 0.20 0.58 43.59 31.96 0.31 5.18 0.04 0.05 97.64 0.002 0.119 0.121 0.003 0.008 0.969 1.190 0.004 0.129 0.001 0.001



MAJ-07-16_ox17 Ceno. MoqA 0.02 17.26 0.10 0.06 0.22 32.60 45.52 0.19 0.15 n.d. n.d. 96.11 0.000 0.216 0.002 0.001 0.003 1.496 0.964 0.003 0.004 0.000 0.000
MAJ-07-16_ox18 Ceno. MoqA 0.03 8.05 0.07 0.09 0.24 50.56 37.46 0.01 0.01 0.03 n.d. 96.55 0.000 0.101 0.001 0.001 0.003 1.239 1.505 0.000 0.000 0.000 0.000
MAJ-07-16_ox19 Ceno. MoqA 0.28 0.06 0.16 0.11 0.41 65.04 30.32 0.04 0.02 n.d. n.d. 96.43 0.005 0.001 0.003 0.001 0.005 1.010 1.950 0.001 0.001 0.000 0.000
MAJ-07-16_ox20 Ceno. MoqA 0.03 0.02 0.03 0.25 0.17 66.10 30.05 n.d. n.d. n.d. 0.01 96.65 0.000 0.000 0.001 0.003 0.002 1.001 1.982 0.000 0.000 0.000 0.000
MAJ-07-16_ox21 Ceno. MoqA 0.20 0.44 0.05 0.01 0.42 64.92 30.58 0.11 0.01 0.02 n.d. 96.76 0.003 0.005 0.001 0.000 0.006 1.017 1.942 0.002 0.000 0.000 0.000
MAJ-07-16_ox22 Ceno. MoqA 0.13 0.07 0.23 0.06 0.43 65.60 30.33 0.03 n.d. 0.06 n.d. 96.94 0.002 0.001 0.005 0.001 0.006 1.006 1.959 0.000 0.000 0.000 0.000
MAJ-07-16_ox23 Ceno. MoqA 0.01 0.01 0.01 n.d. 0.06 67.13 30.24 0.02 0.02 n.d. n.d. 97.51 0.000 0.000 0.000 0.000 0.001 0.999 1.996 0.000 0.000 0.000 0.000
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MOQ-08-02_ox10 Ceno. base MoqB 0.11 22.29 1.94 n.d. 0.41 19.66 46.43 0.34 2.17 n.d. 0.06 93.41 0.002 0.279 0.038 0.000 0.005 1.518 0.578 0.005 0.054 0.001 0.001
MOQ-08-02_ox11 Ceno. base MoqB 0.02 38.00 0.23 0.01 0.22 27.62 29.30 0.91 2.24 0.01 n.d. 98.56 0.000 0.476 0.005 0.000 0.003 0.625 0.530 0.013 0.056 0.000 0.000
MOQ-08-02_ox12 Ceno. base MoqB 0.09 17.35 1.06 0.03 0.43 34.55 44.88 0.62 1.17 n.d. 0.16 100.33 0.001 0.217 0.021 0.000 0.006 1.393 0.965 0.009 0.029 0.002 0.003
MOQ-08-02_ox13 Ceno. base MoqB 0.05 4.35 3.10 1.01 0.44 55.37 30.79 0.58 2.25 0.04 0.16 98.14 0.001 0.054 0.061 0.013 0.006 0.969 1.569 0.008 0.056 0.002 0.003
MOQ-08-02_ox14 Ceno. base MoqB 0.09 8.88 3.14 0.19 0.55 46.24 34.76 0.59 2.21 0.04 0.12 96.80 0.001 0.111 0.062 0.003 0.007 1.105 1.323 0.008 0.055 0.002 0.002
MOQ-08-02_ox15 Ceno. base MoqB 0.08 7.12 2.37 0.08 0.44 51.01 32.60 0.68 2.39 0.01 0.15 96.93 0.001 0.089 0.046 0.001 0.006 1.039 1.463 0.010 0.059 0.002 0.003
MOQ-08-02_ox16 Ceno. base MoqB 0.10 6.71 2.72 0.04 0.38 51.35 33.15 0.52 1.97 n.d. 0.16 97.10 0.002 0.084 0.053 0.000 0.005 1.057 1.473 0.007 0.049 0.002 0.003
MOQ-08-02_ox18 Ceno. base MoqB 0.08 7.97 2.92 0.03 0.47 48.15 34.18 0.53 2.03 0.01 0.07 96.44 0.001 0.100 0.057 0.000 0.006 1.095 1.388 0.007 0.050 0.001 0.001
MOQ-08-02_ox19 Ceno. base MoqB 0.13 19.47 1.10 0.02 0.52 27.30 45.66 0.25 1.52 n.d. 0.02 95.99 0.002 0.244 0.022 0.000 0.007 1.473 0.793 0.003 0.038 0.000 0.000
MAJ-07-20_ox03 Ceno. top MoqA 0.37 7.47 3.11 n.d. 0.47 47.42 35.85 0.79 0.70 n.d. 0.08 96.26 0.006 0.094 0.061 0.000 0.006 1.160 1.380 0.011 0.017 0.001 0.001
MAJ-07-20_ox04 Ceno. top MoqA 0.02 37.85 0.01 n.d. n.d. 25.16 33.46 0.60 n.d. n.d. n.d. 97.10 0.000 0.474 0.000 0.000 0.000 0.737 0.499 0.008 0.000 0.000 0.000
MAJ-07-20_ox06 Ceno. top MoqA 0.04 0.04 0.12 0.18 0.27 67.18 30.68 n.d. 0.01 0.11 n.d. 98.63 0.001 0.001 0.002 0.002 0.004 1.002 1.975 0.000 0.000 0.000 0.000
MAJ-07-20_ox07 Ceno. top MoqA 0.06 0.05 0.58 0.25 0.17 65.00 30.04 0.01 0.02 0.10 n.d. 96.27 0.001 0.001 0.011 0.003 0.002 1.002 1.952 0.000 0.000 0.000 0.000
MAJ-07-20_ox08 Ceno. top MoqA 0.04 0.02 0.20 0.32 0.18 68.02 30.81 0.05 0.02 0.20 0.10 99.96 0.001 0.000 0.004 0.004 0.002 0.992 1.971 0.001 0.001 0.001 0.002
MAJ-07-20_ox09 Ceno. top MoqA n.d. 13.04 0.06 1.31 0.76 38.70 41.78 0.04 0.05 n.d. n.d. 95.73 0.000 0.163 0.001 0.017 0.010 1.385 1.154 0.001 0.001 0.000 0.000
MAJ-07-20_ox10 Ceno. top MoqA 0.01 16.53 0.09 0.11 0.29 34.20 45.27 0.04 0.02 0.01 0.03 96.59 0.000 0.207 0.002 0.001 0.004 1.483 1.008 0.001 0.000 0.000 0.000
MAJ-07-20_ox13 Ceno. top MoqA 0.05 38.88 0.28 n.d. 0.14 22.47 23.95 9.49 0.82 0.02 n.d. 96.10 0.001 0.487 0.005 0.000 0.002 0.528 0.445 0.134 0.020 0.000 0.000
MAJ-07-20_ox14 Ceno. top MoqA 0.09 10.53 1.69 n.d. 0.49 45.56 38.29 0.62 1.04 0.01 0.14 98.45 0.001 0.132 0.033 0.000 0.007 1.216 1.302 0.009 0.026 0.002 0.002
MAJ-07-20_ox15 Ceno. top MoqA 1.87 3.44 0.27 0.01 0.07 53.61 33.80 0.39 0.07 n.d. 0.33 93.86 0.031 0.043 0.005 0.000 0.001 1.138 1.625 0.006 0.002 0.004 0.005
MAJ-07-20_ox17 Ceno. top MoqA 1.21 4.53 0.82 0.02 0.31 47.49 31.21 1.10 0.33 0.01 0.11 87.13 0.020 0.057 0.016 0.000 0.004 1.130 1.547 0.015 0.008 0.001 0.002
MAJ-07-20_ox18 Ceno. top MoqA 1.21 9.97 1.67 n.d. 0.12 41.26 32.34 6.21 0.68 0.06 0.36 93.88 0.020 0.125 0.033 0.000 0.002 1.070 1.229 0.088 0.017 0.005 0.006
MAJ-07-20_ox19 Ceno. top MoqA 0.65 4.24 2.11 0.01 0.38 54.98 31.87 2.98 0.05 n.d. 0.29 97.55 0.011 0.053 0.041 0.000 0.005 1.028 1.596 0.042 0.001 0.004 0.005
MAJ-07-20_ox20 Ceno. top MoqA 0.77 0.22 0.38 0.08 0.32 63.34 31.02 0.11 0.03 0.05 n.d. 96.32 0.013 0.003 0.008 0.001 0.004 1.031 1.895 0.002 0.001 0.000 0.000
MAJ-07-20_ox21 Ceno. top MoqA 0.12 7.82 1.94 n.d. 0.41 49.67 35.94 1.79 0.08 n.d. 0.17 97.94 0.002 0.098 0.038 0.000 0.005 1.156 1.438 0.025 0.002 0.002 0.003
MAJ-07-20_ox22 Ceno. top MoqA 0.12 7.81 1.42 n.d. 0.17 50.74 35.59 2.02 0.13 0.02 0.17 98.19 0.002 0.098 0.028 0.000 0.002 1.145 1.469 0.028 0.003 0.002 0.003
MAJ-07-20_ox23 Ceno. top MoqA 0.07 12.04 1.78 0.01 0.42 40.97 39.21 0.60 0.95 0.01 0.10 96.15 0.001 0.151 0.035 0.000 0.006 1.273 1.197 0.008 0.024 0.001 0.002
MAJ-07-20_ox25 Ceno. top MoqA 0.63 4.00 2.60 0.01 0.49 55.34 32.57 2.27 0.06 n.d. 0.32 98.28 0.010 0.050 0.051 0.000 0.006 1.040 1.590 0.032 0.002 0.004 0.005
MAJ-07-20_ox29 Ceno. top MoqA 1.08 1.16 2.55 0.02 0.55 58.78 30.04 0.06 0.13 n.d. 1.33 95.70 0.018 0.015 0.050 0.000 0.007 0.973 1.714 0.001 0.003 0.018 0.022
MAJ-07-20_ox30 Ceno. top MoqA 0.93 1.18 2.38 0.03 0.56 59.40 29.95 0.09 0.12 n.d. 1.29 95.94 0.016 0.015 0.047 0.000 0.007 0.970 1.732 0.001 0.003 0.017 0.021
MAJ-07-16_ox01 Ceno. MoqA 0.01 15.14 0.13 0.07 0.20 36.03 43.64 0.04 0.01 n.d. n.d. 95.29 0.000 0.190 0.003 0.001 0.003 1.451 1.078 0.001 0.000 0.000 0.000
MAJ-07-16_ox02 Ceno. MoqA 0.21 0.24 0.22 0.02 0.25 64.02 29.56 0.29 0.03 n.d. 0.06 94.90 0.004 0.003 0.004 0.000 0.003 1.000 1.949 0.004 0.001 0.001 0.001
MAJ-07-16_ox03 Ceno. MoqA 0.02 18.69 0.08 0.08 0.35 31.82 48.19 n.d. 0.03 n.d. n.d. 99.26 0.000 0.234 0.002 0.001 0.005 1.534 0.912 0.000 0.001 0.000 0.000
MAJ-07-16_ox05 Ceno. MoqA 0.02 11.48 0.07 0.13 0.22 43.77 40.39 0.05 0.04 0.01 0.05 96.24 0.000 0.144 0.001 0.002 0.003 1.335 1.301 0.001 0.001 0.001 0.001
MAJ-07-16_ox06 Ceno. MoqA 0.19 0.06 0.18 0.59 0.68 65.43 30.59 0.02 0.05 0.04 0.01 97.85 0.003 0.001 0.004 0.008 0.009 1.005 1.934 0.000 0.001 0.000 0.000
MAJ-07-16_ox07 Ceno. MoqA n.d. 10.60 0.11 0.04 0.51 45.79 39.82 0.05 0.08 0.05 n.d. 97.04 0.000 0.133 0.002 0.000 0.007 1.307 1.352 0.001 0.002 0.000 0.000
MAJ-07-16_ox08 Ceno. MoqA 0.11 0.15 0.11 0.23 0.30 65.60 30.24 0.08 0.01 0.06 0.01 96.88 0.002 0.002 0.002 0.003 0.004 1.005 1.961 0.001 0.000 0.000 0.000
MAJ-07-16_ox09 Ceno. MoqA 0.22 9.72 0.38 0.07 0.23 46.79 38.92 0.03 0.26 0.03 0.03 96.68 0.004 0.122 0.007 0.001 0.003 1.277 1.382 0.000 0.006 0.000 0.000
MAJ-07-16_ox10 Ceno. MoqA 0.26 0.17 0.24 0.06 0.28 63.93 29.62 0.19 0.03 0.01 0.07 94.86 0.004 0.002 0.005 0.001 0.004 1.002 1.946 0.003 0.001 0.001 0.001
MAJ-07-16_ox11 Ceno. MoqA 0.21 18.71 0.06 n.d. 0.17 28.48 46.90 0.16 0.01 0.01 n.d. 94.71 0.003 0.234 0.001 0.000 0.002 1.563 0.854 0.002 0.000 0.000 0.000
MAJ-07-16_ox12 Ceno. MoqA 0.29 0.10 0.08 0.09 0.29 64.85 30.08 0.10 0.02 0.02 0.03 95.97 0.005 0.001 0.001 0.001 0.004 1.008 1.954 0.001 0.001 0.000 0.001
MAJ-07-16_ox13 Ceno. MoqA 0.04 11.59 0.09 0.17 0.23 43.12 40.42 0.08 0.06 0.01 n.d. 95.82 0.001 0.145 0.002 0.002 0.003 1.342 1.288 0.001 0.001 0.000 0.000
MAJ-07-16_ox14 Ceno. MoqA 0.50 0.27 0.46 0.04 0.41 63.93 30.71 0.20 0.04 0.02 n.d. 96.58 0.008 0.003 0.009 0.000 0.006 1.019 1.908 0.003 0.001 0.000 0.000
MAJ-07-16_ox15 Ceno. MoqA n.d. 14.27 0.16 0.08 0.22 39.13 42.79 0.45 0.16 0.03 n.d. 97.30 0.000 0.179 0.003 0.001 0.003 1.394 1.147 0.006 0.004 0.000 0.000
MAJ-07-16_ox16 Ceno. MoqA 0.03 10.57 0.12 0.09 0.33 45.30 39.66 0.04 0.02 n.d. n.d. 96.15 0.000 0.132 0.002 0.001 0.004 1.313 1.349 0.001 0.001 0.000 0.000



MAJ-07-13_ox21 Ceno. base MoqA 0.04 0.02 0.05 0.16 0.18 66.45 30.20 n.d. 0.01 0.11 n.d. 97.21 0.001 0.000 0.001 0.002 0.002 1.002 1.983 0.000 0.000 0.000 0.000
MAJ-07-13_ox22 Ceno. base MoqA n.d. 0.35 n.d. 0.19 0.24 65.82 30.42 0.02 n.d. n.d. n.d. 97.04 0.000 0.004 0.000 0.002 0.003 1.010 1.966 0.000 0.000 0.000 0.000
MAJ-07-13_ox24 Ceno. base MoqA 0.04 24.73 0.04 0.17 0.30 17.31 52.55 0.02 0.02 0.01 n.d. 95.20 0.001 0.310 0.001 0.002 0.004 1.733 0.514 0.000 0.001 0.000 0.000
MAJ-07-13_ox26 Ceno. base MoqA 0.01 0.05 n.d. 0.21 0.26 66.49 30.25 0.01 n.d. n.d. n.d. 97.28 0.000 0.001 0.000 0.003 0.004 1.002 1.981 0.000 0.000 0.000 0.000
MAJ-07-13_ox27 Ceno. base MoqA 0.03 15.67 0.10 0.08 0.31 36.54 44.45 0.20 0.17 n.d. n.d. 97.55 0.000 0.196 0.002 0.001 0.004 1.442 1.067 0.003 0.004 0.000 0.000
MAJ-07-13_ox28 Ceno. base MoqA n.d. 9.90 0.07 0.06 0.39 47.20 39.20 0.01 0.05 n.d. n.d. 96.88 0.000 0.124 0.001 0.001 0.005 1.289 1.397 0.000 0.001 0.000 0.000

Abbreviations: Prot: Proterozoic; Meso: Mesozoic; Ceno: Cenozoic; out: outcrop; pp: pebble population
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analyses in wt%. FeO and Fe2O3 are the recalculated values. cations per formula unit based on 3 oxygens
n.d.: not detected

Name Formation SiO2 TiO2 Al2O3 Cr2O3 V2O3 Fe2O3 FeO MnO MgO NiO ZnO Total Si Ti Al Cr V Fe2 Fe3 Mn Mg Ni Zn
MAJ-07-16_ox24 Ceno. MoqA 0.01 7.62 0.63 0.11 0.20 50.83 37.08 0.05 0.02 n.d. 0.02 96.57 0.000 0.095 0.012 0.001 0.003 1.223 1.508 0.001 0.000 0.000 0.000
MAJ-07-16_ox25 Ceno. MoqA 0.02 0.03 0.36 0.33 0.58 65.20 30.02 0.05 0.03 0.10 0.01 96.73 0.000 0.000 0.007 0.004 0.008 0.998 1.951 0.001 0.001 0.000 0.000
MAJ-07-16_ox26 Ceno. MoqA 0.46 0.07 0.19 0.68 0.29 63.40 30.22 0.05 0.04 0.18 n.d. 95.57 0.008 0.001 0.004 0.009 0.004 1.016 1.919 0.001 0.001 0.000 0.000
MAJ-07-16_ox27 Ceno. MoqA n.d. 12.18 0.06 0.15 0.30 42.98 41.36 0.09 0.03 n.d. n.d. 97.16 0.000 0.152 0.001 0.002 0.004 1.354 1.266 0.001 0.001 0.000 0.000
MAJ-07-16_ox28 Ceno. MoqA 0.21 0.09 0.17 n.d. 0.63 64.22 29.86 0.06 0.03 0.01 n.d. 95.29 0.004 0.001 0.003 0.000 0.008 1.007 1.949 0.001 0.001 0.000 0.000
MAJ-07-16_ox29 Ceno. MoqA 0.01 12.31 0.10 0.15 0.22 42.80 41.39 0.28 n.d. n.d. n.d. 97.26 0.000 0.154 0.002 0.002 0.003 1.353 1.259 0.004 0.000 0.000 0.000
MAJ-07-16_ox30 Ceno. MoqA 0.22 0.28 0.44 0.01 2.85 62.62 30.60 0.17 0.03 n.d. 0.03 97.25 0.004 0.003 0.009 0.000 0.038 1.008 1.855 0.002 0.001 0.000 0.001
MAJ-07-13_ox01 Ceno. base MoqA 0.02 11.24 0.10 0.15 0.44 44.64 40.44 0.08 0.12 n.d. n.d. 97.23 0.000 0.141 0.002 0.002 0.006 1.322 1.314 0.001 0.003 0.000 0.000
MAJ-07-13_ox02 Ceno. base MoqA 0.01 9.62 0.09 0.20 0.38 47.35 38.92 0.03 0.02 n.d. n.d. 96.60 0.000 0.120 0.002 0.003 0.005 1.284 1.406 0.000 0.000 0.000 0.000
MAJ-07-13_ox03 Ceno. base MoqA 0.01 14.75 0.07 0.05 0.23 37.41 43.48 0.01 0.05 n.d. n.d. 96.06 0.000 0.185 0.001 0.001 0.003 1.435 1.111 0.000 0.001 0.000 0.000
MAJ-07-13_ox04 Ceno. base MoqA n.d. 29.38 0.01 0.05 0.12 8.28 54.71 1.76 0.09 n.d. 0.01 94.41 0.000 0.368 0.000 0.001 0.002 1.809 0.246 0.025 0.002 0.000 0.000
MAJ-07-13_ox05 Ceno. base MoqA 0.01 18.19 0.08 0.18 0.26 31.46 47.00 0.06 0.05 n.d. n.d. 97.28 0.000 0.228 0.001 0.002 0.003 1.527 0.919 0.001 0.001 0.000 0.000
MAJ-07-13_ox06 Ceno. base MoqA 0.03 26.32 0.03 0.08 0.22 10.77 52.31 0.09 n.d. n.d. 0.01 89.86 0.000 0.329 0.001 0.001 0.003 1.822 0.337 0.001 0.000 0.000 0.000
MAJ-07-13_ox10 Ceno. base MoqA 0.02 0.06 0.04 0.16 0.23 67.10 30.43 n.d. 0.01 0.06 0.04 98.13 0.000 0.001 0.001 0.002 0.003 0.999 1.982 0.000 0.000 0.001 0.001
MAJ-07-13_ox11 Ceno. base MoqA n.d. 0.02 0.08 0.20 0.17 65.77 29.86 n.d. n.d. 0.14 n.d. 96.24 0.000 0.000 0.002 0.003 0.002 1.001 1.983 0.000 0.000 0.000 0.000
MAJ-07-13_ox12 Ceno. base MoqA 0.01 33.04 0.06 n.d. 0.24 33.25 29.62 0.04 n.d. n.d. 0.03 96.29 0.000 0.414 0.001 0.000 0.003 0.661 0.667 0.001 0.000 0.000 0.001
MAJ-07-13_ox13 Ceno. base MoqA 0.01 0.05 0.21 0.12 0.23 66.04 29.87 0.02 0.01 n.d. 0.11 96.66 0.000 0.001 0.004 0.002 0.003 0.993 1.975 0.000 0.000 0.001 0.002
MAJ-07-13_ox14 Ceno. base MoqA n.d. 10.90 0.13 0.10 0.18 45.53 39.78 0.39 0.08 n.d. n.d. 97.09 0.000 0.136 0.002 0.001 0.002 1.304 1.343 0.006 0.002 0.000 0.000
MAJ-07-13_ox16 Ceno. base MoqA 0.01 9.17 0.02 0.13 0.15 48.39 38.44 n.d. n.d. n.d. n.d. 96.30 0.000 0.115 0.000 0.002 0.002 1.274 1.443 0.000 0.000 0.000 0.000
MAJ-07-13_ox17 Ceno. base MoqA n.d. 8.13 1.47 0.12 0.22 49.35 37.94 0.01 0.04 0.01 0.01 97.30 0.000 0.102 0.029 0.002 0.003 1.235 1.446 0.000 0.001 0.000 0.000
MAJ-07-13_ox19 Ceno. base MoqA 0.03 13.45 0.11 0.14 0.27 39.12 42.04 0.03 0.02 n.d. 0.02 95.23 0.001 0.168 0.002 0.002 0.004 1.401 1.173 0.000 0.001 0.000 0.000
MAJ-07-13_ox20 Ceno. base MoqA n.d. 10.85 0.07 0.03 0.36 46.05 40.07 0.36 0.01 n.d. 0.01 97.80 0.000 0.136 0.001 0.000 0.005 1.305 1.349 0.005 0.000 0.000 0.000

MAJ-07-13_ox30 Ceno. base MoqA n.d. 19.05 0.05 0.06 0.22 28.50 46.15 0.17 0.48 0.04 0.04 94.77 0.000 0.238 0.001 0.001 0.003 1.532 0.851 0.002 0.012 0.001 0.001
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Geographic position of analysed samples and overview of the performed analyses

Sample Formation Lithology Type
UTM 

Easting
UTM 
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MAJ-04-241 Meso. Basement quartzarenite outcrop 0770926 8209328 506 x
YUR-08-01 Meso. Basement quartzarenite outcrop 0201156 8201688 2350 x
YUR-08-03 Meso. Basement quartzarenite outcrop 0197550 8207608 2522 x x
MAJ-10-01 in MoqA unit quartzarenite pebbles 0769668 8220142 616 x
CUC-08-02 in MoqB unit quartzarenite pebbles 0704039 8231034 1792 x
LOC-08-04 in MoqB unit quartzarenite pebbles 0323313 8057498 775 x x
MAJ-08-03 in MoqB unit quartzarenite pebbles 0770884 8217557 664 x x
LOC-08-01 in MoqC unit quartzarenite pebbles 0339623 8073425 1363 x
VIT-10-01 in MoqD unit quartzarenite pebbles 0184537 8178089 1383 x
MAJ-07-12 in river bed quartzarenite pebbles 0769833 8221064 618 x x
OCO-08-03 in river bed quartzarenite pebbles 0701241 8184144 26 x x
COL-07-19 in river bed quartzarenite pebbles 0235567 8287749 3835 x x
OCO-07-33 in river bed quartzarenite pebbles 0705274 8252909 639 x
MAJ-07-03 in MoqD unit gneiss pebbles 0769967 8188148 1034 x x
OCO-07-03 in river bed gneiss pebbles 0701460 8277627 925 x x
OCO-08-04 in river bed gneiss pebbles 0701241 8184144 26 x
MAJ-07-04 MoqD sandstone medium 0770085 8188325 1035 x x
MOQ-10-02 MoqD sandstone medium 0273223 8089602 1229 x x
CUC-08-04 MoqC sandstone medium 0704833 8230329 1991 x x
MAJ-07-40 MoqC sandstone medium 0771263 8191925 859 x x
MOQ-04-218 MoqC sandstone medium 0295148 8091684 1749 x
MAJ-10-02 MoqB sandstone medium 0770999 8211503 519 x x
CUC-05-01 MoqB sandstone medium 0704018 8230855 1792 x x
LOC-05-04 MoqB sandstone medium 0323627 8057419 776 x x
MOQ-08-02 base MoqB sandstone medium 0285985 8079622 938 x
CARA-10-02 MoqA sandstone medium 0673518 8249243 1941 x x
MAJ-07-13 base MoqA sandstone medium 0770769 8216251 709 x x
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LA-ICP-SF-MS instrument setup and measurement conditions

ICP-SF-MS 
Instrument ThermoFinnigan Element 2, Magnetic Sectorfield
Forward power 1100-1350 W

Gas flows
Coolant (Ar) 16 l/min
Auxiliary (Ar) 1 l/min
Carrier (He) 0.3 l/min
Sample (Ar) 0.8 l/min

Laser
Instrument New Wave UP213, Nd-YAG
Wavelength 213 nm
Spot size 30 µm
Repetition rate 10 Hz
Nominal energy output 50%
Pulse energy 0.025 mJ

Data acquisition parameters
Scan mode E-scan
Scanned masses 202, 204, 206, 207, 208, 232, 235, 238
Resolution mode low
Settling time 1 ms
Sample time 1 ms
Number of scans 1000
Detector mode analogue for mass 238, pulse for all other masses
Background 30 s
Ablation time for age calculation 30 s
Washout delay 20 s

Standardisation and data reduction
External standard Gj-1
Reference standard Plešovice
Data reduction software PEPIAGE (I. Dunkl, University of Göttingen)
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Results of LA-ICP-SF-MS U-Pb dating of zircon in the Moquegua Group sediments and its potential source rocks

    Apparent ages

Sample Formation U (ppm) Pb 
(ppm)

Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U 
(Ma)

± 2σ 
(Ma)

207Pb/235U 
(Ma)

± 2σ 
(Ma)

207Pb/206Pb 
(Ma)

± 2σ 
(Ma)

conc. 
(%)

OCO-07-03_zr163 Prot. pp Ocona 640 109 0.10 0.1438 4.6 1.5357 4.7 0.0775 0.8 0.98 975 42 1025 31 1133 16 95
OCO-07-03_zr164 Prot. pp Ocona 553 101 0.05 0.1853 1.6 2.0724 2.6 0.0811 2.0 0.62 1117 16 1154 18 1224 40 97
OCO-07-03_zr165 Prot. pp Ocona 82 20 2.36 0.1610 2.7 1.6905 3.5 0.0762 2.2 0.77 962 24 1005 23 1099 45 96
OCO-07-03_zr166 Prot. pp Ocona 562 95 0.13 0.1603 3.5 1.8336 5.4 0.0830 4.1 0.65 960 31 1059 36 1269 82 91
OCO-07-03_zr167 Prot. pp Ocona 43 9 1.21 0.1657 2.1 1.7110 2.4 0.0749 1.2 0.88 990 19 1014 16 1065 24 98
OCO-07-03_zr168 Prot. pp Ocona 422 67 0.09 0.1640 1.9 1.6842 2.3 0.0745 1.3 0.83 979 17 1003 15 1055 26 98
OCO-07-03_zr169 Prot. pp Ocona 48 16 0.73 0.2848 2.3 4.2474 2.9 0.1082 1.8 0.79 1615 33 1683 24 1769 33 96
OCO-07-03_zr170 Prot. pp Ocona 11 2 0.96 0.1612 2.2 1.6985 5.4 0.0764 4.9 0.41 964 20 1008 35 1106 101 96
OCO-07-03_zr171 Prot. pp Ocona 162 29 0.30 0.1672 2.9 1.8010 4.2 0.0781 3.1 0.69 997 27 1046 28 1150 63 95
OCO-07-03_zr172 Prot. pp Ocona 47 9 0.95 0.1596 2.3 1.6228 3.2 0.0738 2.2 0.72 955 20 979 20 1035 45 97
OCO-07-03_zr176 Prot. pp Ocona 176 34 0.70 0.1616 2.5 1.6877 3.1 0.0758 1.9 0.81 966 23 1004 20 1089 39 96
OCO-07-03_zr177 Prot. pp Ocona 12 3 1.90 0.1598 2.2 1.6419 4.4 0.0745 3.8 0.50 956 20 987 28 1056 79 97
OCO-07-03_zr178 Prot. pp Ocona 292 46 0.09 0.1654 1.5 1.6982 1.9 0.0745 1.2 0.79 987 14 1008 12 1054 24 98
OCO-07-03_zr179 Prot. pp Ocona 149 33 0.96 0.1769 2.2 1.9234 3.0 0.0789 2.0 0.73 1050 21 1089 20 1169 40 96
OCO-07-03_zr180 Prot. pp Ocona 263 45 0.20 0.1679 2.7 1.8052 3.6 0.0780 2.4 0.75 1001 25 1047 24 1146 48 96
OCO-07-03_zr181 Prot. pp Ocona 51 9 0.73 0.1625 1.5 1.6583 2.7 0.0740 2.3 0.56 970 14 993 17 1042 47 98
OCO-07-03_zr182 Prot. pp Ocona 17 4 1.12 0.1959 3.1 2.1607 3.9 0.0800 2.3 0.79 1153 33 1169 27 1197 46 99
OCO-07-03_zr183 Prot. pp Ocona 93 30 0.81 0.2723 1.8 4.0772 2.3 0.1086 1.4 0.78 1553 25 1650 19 1776 26 94
OCO-07-03_zr184 Prot. pp Ocona 654 103 0.02 0.1597 3.3 1.6551 3.7 0.0752 1.6 0.89 955 29 992 24 1073 32 96
OCO-07-03_zr185 Prot. pp Ocona 159 25 0.18 0.1560 3.3 1.6134 4.1 0.0750 2.4 0.80 934 29 975 26 1069 49 96
OCO-07-03_zr192 Prot. pp Ocona 44 14 4.02 0.1616 1.7 1.7120 2.1 0.0768 1.3 0.81 966 15 1013 14 1117 26 95
OCO-07-03_zr193 Prot. pp Ocona 57 12 1.07 0.1730 2.6 1.8596 3.3 0.0779 2.0 0.79 981 24 1034 22 1146 40 95
OCO-07-03_zr194 Prot. pp Ocona 345 56 0.08 0.1615 2.5 1.6501 4.0 0.0741 3.1 0.62 906 21 947 25 1044 64 96
OCO-07-03_zr195 Prot. pp Ocona 371 64 0.29 0.1717 1.6 1.7651 1.8 0.0746 0.9 0.89 1032 15 1040 12 1057 18 99
OCO-07-03_zr196 Prot. pp Ocona 278 51 0.26 0.1673 1.9 1.7751 2.5 0.0769 1.6 0.76 997 18 1036 16 1120 32 96
OCO-07-03_zr197 Prot. pp Ocona 101 20 0.72 0.1672 2.6 1.7005 3.2 0.0738 1.9 0.81 997 24 1009 21 1035 39 99
OCO-07-03_zr198 Prot. pp Ocona 68 12 0.93 0.1610 2.7 1.6278 3.7 0.0733 2.5 0.73 962 24 981 24 1024 51 98
OCO-07-03_zr199 Prot. pp Ocona 87 20 1.15 0.1792 2.3 1.9453 2.6 0.0787 1.2 0.88 1063 23 1097 18 1165 24 97
OCO-07-03_zr200 Prot. pp Ocona 76 16 0.90 0.1679 3.1 1.7930 3.7 0.0774 2.1 0.84 1001 29 1043 24 1133 42 96
OCO-07-03_zr201 Prot. pp Ocona 180 36 0.49 0.2119 1.7 2.4340 2.9 0.0833 2.3 0.59 1239 19 1253 21 1276 46 99
OCO-07-03_zr205 Prot. pp Ocona 86 18 0.82 0.1894 1.8 2.0441 2.4 0.0783 1.6 0.75 1118 19 1130 17 1154 32 99
OCO-07-03_zr206 Prot. pp Ocona 107 21 0.63 0.1560 3.4 1.6363 4.9 0.0761 3.5 0.69 935 30 984 31 1097 72 95
OCO-07-03_zr207 Prot. pp Ocona 82 28 0.93 0.2715 2.1 4.0633 2.6 0.1086 1.6 0.81 1548 29 1647 21 1775 30 94
OCO-07-03_zr208 Prot. pp Ocona 20 4 1.37 0.1637 3.9 1.7251 4.3 0.0764 1.8 0.91 977 36 1018 28 1107 36 96
OCO-07-03_zr209 Prot. pp Ocona 46 9 1.39 0.1648 3.1 1.6796 4.7 0.0739 3.5 0.66 953 28 980 30 1039 72 97
OCO-07-03_zr210 Prot. pp Ocona 204 42 0.73 0.1803 0.8 1.8906 2.2 0.0761 2.0 0.36 1055 8 1069 15 1097 41 99
OCO-07-03_zr211 Prot. pp Ocona 55 13 1.65 0.1719 2.1 1.8609 2.8 0.0785 1.9 0.75 1023 20 1067 19 1160 38 96
OCO-07-03_zr212 Prot. pp Ocona 346 57 0.08 0.1684 1.9 1.7694 2.8 0.0762 2.1 0.68 1004 18 1034 18 1100 43 97
OCO-07-03_zr213 Prot. pp Ocona 159 31 0.27 0.1908 1.8 2.1188 2.1 0.0805 1.0 0.86 1126 19 1155 15 1210 20 97
OCO-07-03_zr214 Prot. pp Ocona 677 86 0.04 0.1435 4.1 1.4594 4.4 0.0737 1.6 0.93 851 33 904 27 1035 33 94
OCO-07-03_zr218 Prot. pp Ocona 390 65 0.07 0.1593 3.3 1.6491 3.4 0.0751 1.0 0.97 993 31 1018 22 1070 20 98
OCO-07-03_zr219 Prot. pp Ocona 191 39 1.05 0.1760 1.7 1.8617 1.8 0.0767 0.7 0.94 1045 16 1068 12 1114 14 98
OCO-07-03_zr220 Prot. pp Ocona 540 99 0.07 0.1831 2.5 2.0897 4.1 0.0828 3.2 0.61 1059 25 1128 28 1264 64 94
OCO-07-03_zr221 Prot. pp Ocona 562 100 0.29 0.1766 1.6 1.8728 1.8 0.0769 0.8 0.89 1042 15 1067 12 1119 16 98
OCO-07-03_zr222 Prot. pp Ocona 161 28 0.49 0.1672 2.3 1.6779 2.5 0.0728 1.1 0.92 996 21 1000 16 1008 22 100
OCO-07-03_zr223 Prot. pp Ocona 299 50 0.17 0.1626 1.8 1.6771 2.0 0.0748 0.8 0.90 971 16 1000 13 1064 16 97
OCO-07-03_zr224 Prot. pp Ocona 64 18 3.03 0.1657 1.9 1.8975 8.7 0.0830 8.5 0.22 989 17 1080 60 1270 176 92
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    Apparent ages

Sample Formation U (ppm) Pb 
(ppm)

Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U 
(Ma)

± 2σ 
(Ma)

207Pb/235U 
(Ma)

± 2σ 
(Ma)

207Pb/206Pb 
(Ma)

± 2σ 
(Ma)

conc. 
(%)

OCO-07-03_zr225 Prot. pp Ocona 16 4 1.99 0.1775 2.4 1.8243 3.7 0.0746 2.8 0.65 1053 23 1054 25 1056 57 100
OCO-07-03_zr226 Prot. pp Ocona 29 5 0.48 0.1639 2.0 1.6969 3.7 0.0751 3.1 0.54 978 18 1007 24 1071 64 97
OCO-07-03_zr227 Prot. pp Ocona 40 8 1.03 0.1670 1.4 1.7144 2.4 0.0745 1.9 0.58 996 13 1014 16 1054 39 98
OCO-07-03_zr231 Prot. pp Ocona 143 30 0.24 0.1847 1.5 2.2255 3.6 0.0874 3.3 0.42 1093 15 1189 26 1369 65 92
OCO-07-03_zr232 Prot. pp Ocona 143 25 0.40 0.1643 1.6 1.7126 2.3 0.0756 1.6 0.70 981 15 1013 15 1085 32 97
OCO-07-03_zr233 Prot. pp Ocona 404 60 0.17 0.1439 2.4 1.4649 2.7 0.0738 1.2 0.89 867 20 916 16 1036 25 95
OCO-07-03_zr234 Prot. pp Ocona 194 41 0.57 0.2021 2.5 2.2334 2.6 0.0801 0.8 0.96 1187 27 1192 18 1200 16 100
OCO-07-03_zr235 Prot. pp Ocona 22 5 1.09 0.1701 2.4 1.9513 3.7 0.0832 2.8 0.65 1013 23 1099 25 1274 56 92
OCO-07-03_zr236 Prot. pp Ocona 253 41 0.21 0.1639 1.7 1.6823 2.1 0.0745 1.3 0.81 978 15 1002 14 1054 26 98
OCO-07-03_zr237 Prot. pp Ocona 99 3 1.51 0.0280 1.5 0.1962 4.5 0.0508 4.2 0.33 178 3 182 8 233 100 98
OCO-07-03_zr238 Prot. pp Ocona 39 10 1.58 0.1983 1.8 2.2049 2.3 0.0806 1.4 0.78 1166 19 1183 16 1213 28 99
OCO-07-03_zr239 Prot. pp Ocona 105 21 0.87 0.1804 1.5 1.9595 3.6 0.0788 3.3 0.42 1069 15 1102 25 1167 67 97
OCO-07-03_zr240 Prot. pp Ocona 231 42 0.20 0.1774 2.7 1.9274 3.0 0.0788 1.4 0.90 1053 26 1091 20 1167 28 97
OCO-07-03_zr244 Prot. pp Ocona 50 10 0.91 0.1549 1.8 1.6576 3.2 0.0776 2.6 0.56 929 16 993 21 1137 53 94
OCO-07-03_zr245 Prot. pp Ocona 429 69 0.10 0.1654 6.1 1.7410 7.7 0.0764 4.7 0.79 987 56 1024 51 1104 97 96
OCO-07-03_zr246 Prot. pp Ocona 23 5 1.14 0.1679 3.7 1.7330 4.5 0.0749 2.6 0.82 999 34 1020 29 1065 53 98
OCO-07-03_zr247 Prot. pp Ocona 96 17 0.70 0.1623 4.1 1.7354 6.6 0.0775 5.2 0.62 958 37 1013 43 1135 107 95
OCO-07-03_zr248 Prot. pp Ocona 86 14 0.25 0.1332 3.7 1.4142 5.8 0.0770 4.5 0.64 807 28 896 35 1122 92 90
OCO-07-03_zr249 Prot. pp Ocona 101 19 0.75 0.1560 1.5 1.6040 2.5 0.0746 2.0 0.60 926 13 965 16 1057 41 96
OCO-07-03_zr250 Prot. pp Ocona 88 17 0.72 0.1645 3.2 1.7696 4.1 0.0780 2.5 0.78 982 29 1034 27 1147 51 95
OCO-07-03_zr251 Prot. pp Ocona 63 14 1.03 0.1861 2.0 2.0369 2.8 0.0794 1.9 0.71 1100 20 1128 19 1182 38 98
OCO-07-03_zr252 Prot. pp Ocona 160 27 0.35 0.1582 1.7 1.6327 2.5 0.0749 1.9 0.68 947 15 983 16 1065 39 96
OCO-07-03_zr253 Prot. pp Ocona 108 18 0.42 0.1540 2.2 1.5697 2.7 0.0740 1.5 0.81 923 19 958 17 1040 31 96
OCO-07-03_zr257 Prot. pp Ocona 48 13 2.61 0.1667 2.1 1.6990 3.1 0.0739 2.3 0.68 994 19 1008 20 1040 47 99
OCO-07-03_zr258 Prot. pp Ocona 126 27 0.80 0.1697 1.5 1.8574 2.4 0.0794 1.9 0.62 1010 14 1066 16 1182 38 95
OCO-07-03_zr259 Prot. pp Ocona 317 51 0.19 0.1594 2.0 1.6470 2.4 0.0750 1.3 0.83 938 18 978 15 1067 26 96
OCO-07-03_zr260 Prot. pp Ocona 71 13 0.71 0.1699 3.1 2.0591 16.6 0.0879 16.3 0.19 1313 37 1339 132 1380 351 98
OCO-07-03_zr261 Prot. pp Ocona 18 4 1.20 0.1736 1.3 1.8457 3.1 0.0771 2.8 0.42 1032 12 1062 21 1124 57 97
OCO-07-03_zr262 Prot. pp Ocona 482 84 0.13 0.1621 8.3 1.7726 8.4 0.0793 1.4 0.99 968 75 1036 56 1181 28 94
OCO-07-03_zr263 Prot. pp Ocona 216 34 0.12 0.1732 1.3 1.7542 1.6 0.0734 0.9 0.81 1030 12 1029 10 1026 18 100
OCO-07-03_zr264 Prot. pp Ocona 99 23 1.04 0.1953 2.5 2.1916 2.9 0.0814 1.5 0.86 1150 26 1178 20 1231 30 98
OCO-07-03_zr265 Prot. pp Ocona 122 27 0.91 0.1942 1.8 2.1212 2.0 0.0792 0.8 0.90 1144 19 1156 14 1178 16 99
OCO-07-03_zr266 Prot. pp Ocona 227 40 0.52 0.1702 2.1 1.7280 2.2 0.0736 0.8 0.95 1013 20 1019 14 1032 16 99
OCO-07-03_zr270 Prot. pp Ocona 60 12 0.73 0.1957 1.3 2.1553 2.2 0.0799 1.8 0.59 1152 14 1167 15 1194 36 99
OCO-07-03_zr271 Prot. pp Ocona 63 13 1.23 0.1830 1.0 1.9357 1.6 0.0767 1.2 0.62 1083 10 1094 11 1114 24 99
OCO-07-03_zr272 Prot. pp Ocona 105 22 0.74 0.1948 1.7 2.1452 2.0 0.0799 1.0 0.85 1147 18 1164 14 1194 20 99
OCO-07-03_zr273 Prot. pp Ocona 86 21 1.21 0.1952 1.3 2.1897 2.4 0.0814 2.0 0.54 1149 14 1178 17 1231 40 98
OCO-07-03_zr274 Prot. pp Ocona 121 23 0.59 0.1655 1.3 1.7992 3.6 0.0788 3.4 0.36 987 12 1045 24 1168 69 94
OCO-07-03_zr275 Prot. pp Ocona 276 44 0.11 0.1611 1.1 1.6108 1.5 0.0725 1.0 0.73 963 10 974 9 1001 20 99
OCO-07-03_zr276 Prot. pp Ocona 203 43 0.23 0.1760 4.5 2.1821 5.6 0.0899 3.3 0.80 1045 44 1175 40 1424 64 89
OCO-07-03_zr277 Prot. pp Ocona 19 6 1.37 0.2479 2.2 3.5480 3.2 0.1038 2.3 0.69 1428 28 1538 26 1694 43 93
OCO-07-03_zr278 Prot. pp Ocona 162 25 0.18 0.1636 1.4 1.6550 1.6 0.0734 0.8 0.87 977 13 992 10 1024 16 99
OCO-07-03_zr279 Prot. pp Ocona 15 3 1.77 0.1650 2.7 1.6860 4.0 0.0741 3.0 0.68 985 25 1003 26 1044 62 98
OCO-07-03_zr283 Prot. pp Ocona 403 70 0.19 0.1558 1.2 1.7016 4.3 0.0792 4.1 0.28 933 10 1009 28 1178 83 92
OCO-07-03_zr284 Prot. pp Ocona 152 29 0.89 0.1795 2.1 1.9260 2.6 0.0778 1.5 0.81 1064 21 1090 18 1142 30 98
OCO-07-03_zr285 Prot. pp Ocona 102 36 1.07 0.2915 1.7 4.5964 2.9 0.1144 2.4 0.59 1649 25 1749 25 1870 44 94
OCO-07-03_zr286 Prot. pp Ocona 65 15 1.01 0.1906 1.4 2.0688 3.5 0.0787 3.2 0.40 1125 15 1139 24 1165 65 99
OCO-07-03_zr287 Prot. pp Ocona 69 14 1.09 0.1724 1.3 1.7667 2.0 0.0743 1.5 0.65 1025 12 1033 13 1051 31 99
OCO-07-03_zr288 Prot. pp Ocona 174 36 0.40 0.1983 1.7 2.1687 2.0 0.0793 1.1 0.85 1166 18 1171 14 1181 22 100
OCO-07-03_zr289 Prot. pp Ocona 71 15 1.51 0.1655 1.5 1.7160 2.7 0.0752 2.2 0.56 987 14 1015 18 1074 45 97



    Apparent ages

MAJ-07-03_zr047 Prot. pp MoqD 91 25 0.84 2.5086 6.1 0.1918 5.1 0.8400 0.1 1.37 1115 52 1263 45 1525 64 88
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Sample Formation U (ppm) Pb 
(ppm)

Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U 
(Ma)

± 2σ 
(Ma)

207Pb/235U 
(Ma)

± 2σ 
(Ma)

207Pb/206Pb 
(Ma)

± 2σ 
(Ma)

conc. 
(%)

OCO-07-03_zr290 Prot. pp Ocona 131 23 0.29 0.1668 1.3 1.7138 1.8 0.0745 1.3 0.72 994 12 1014 12 1056 26 98
OCO-07-03_zr291 Prot. pp Ocona 65 13 0.66 0.1823 1.5 1.9899 2.8 0.0792 2.4 0.54 1079 15 1112 19 1177 48 97
OCO-07-03_zr292 Prot. pp Ocona 183 39 0.82 0.1850 1.5 2.0953 2.8 0.0821 2.4 0.54 1094 15 1147 19 1249 48 95
OCO-07-03_zr296 Prot. pp Ocona 237 43 0.21 0.1776 1.5 1.8752 2.0 0.0766 1.3 0.75 1054 15 1072 13 1110 26 98
OCO-07-03_zr297 Prot. pp Ocona 189 39 1.32 0.1708 1.1 1.7601 1.6 0.0748 1.1 0.69 1016 10 1031 10 1062 22 99
OCO-07-03_zr298 Prot. pp Ocona 299 55 0.37 0.1497 1.8 1.6450 4.0 0.0797 3.6 0.45 899 15 988 26 1190 73 91
OCO-07-03_zr299 Prot. pp Ocona 29 6 1.22 0.1662 1.7 1.7387 2.5 0.0759 1.9 0.68 991 16 1023 16 1091 39 97
OCO-07-03_zr300 Prot. pp Ocona 229 44 0.49 0.1639 1.4 1.7387 2.4 0.0770 1.9 0.58 978 13 1023 16 1120 38 96
OCO-07-03_zr301 Prot. pp Ocona 123 27 1.01 0.1927 1.3 2.0660 1.6 0.0778 1.0 0.81 1136 14 1138 11 1141 20 100
OCO-07-03_zr302 Prot. pp Ocona 132 25 0.65 0.1616 1.3 1.8498 7.1 0.0830 7.0 0.18 966 12 1063 48 1270 143 91
OCO-07-03_zr303 Prot. pp Ocona 138 26 0.62 0.1539 1.6 1.6370 2.6 0.0771 2.0 0.62 923 14 985 17 1125 40 94
OCO-07-03_zr304 Prot. pp Ocona 61 12 1.03 0.1658 1.5 1.7551 2.4 0.0768 1.9 0.62 989 14 1029 16 1116 38 96
OCO-07-03_zr305 Prot. pp Ocona 243 45 0.12 0.1693 3.4 1.8361 3.5 0.0786 0.8 0.97 1009 32 1059 23 1163 16 95
OCO-07-03_zr309 Prot. pp Ocona 123 23 0.33 0.1736 1.9 1.8959 2.8 0.0792 2.1 0.68 1032 18 1080 19 1177 42 96
OCO-07-03_zr310 Prot. pp Ocona 517 98 0.10 0.1978 1.3 2.1872 1.5 0.0802 0.7 0.87 1163 14 1177 11 1202 14 99
OCO-07-03_zr311 Prot. pp Ocona 118 26 0.79 0.1941 1.9 2.1456 2.1 0.0802 0.9 0.90 1144 20 1164 15 1201 18 98
OCO-07-03_zr312 Prot. pp Ocona 50 10 1.04 0.1805 1.8 1.8989 2.3 0.0763 1.5 0.78 1070 18 1081 15 1103 30 99
OCO-07-03_zr313 Prot. pp Ocona 88 17 0.84 0.1682 1.6 1.7031 2.1 0.0735 1.3 0.76 1002 15 1010 14 1027 27 99
MAJ-07-03_zr007 Prot. pp MoqD 297 28 0.03 0.7975 2.1 0.0965 1.9 0.9000 0.1 1.01 594 11 595 10 602 20 100
MAJ-07-03_zr008 Prot. pp MoqD 51 11 0.33 2.6004 4.5 0.2209 3.4 0.7600 0.1 1.03 1287 40 1301 34 1324 57 99
MAJ-07-03_zr009 Prot. pp MoqD 76 18 1.36 1.8500 3.1 0.1726 2.6 0.8400 0.1 1.11 1027 25 1063 21 1140 34 97
MAJ-07-03_zr010 Prot. pp MoqD 334 56 0.03 2.1171 3.0 0.1914 2.1 0.7000 0.1 1.07 1128 22 1154 21 1202 42 98
MAJ-07-03_zr011 Prot. pp MoqD 13 4 2.06 2.2711 9.1 0.1823 5.9 0.6500 0.1 1.33 1080 59 1203 66 1433 138 90
MAJ-07-03_zr012 Prot. pp MoqD 35 14 1.44 4.4353 3.3 0.2979 3.1 0.9400 0.1 1.09 1621 45 1685 28 1766 20 96
MAJ-07-03_zr013 Prot. pp MoqD 39 16 1.19 4.7364 3.7 0.3068 3.4 0.9200 0.1 1.06 1725 52 1774 32 1832 28 97
MAJ-07-03_zr014 Prot. pp MoqD 29 9 1.12 2.9931 3.4 0.2318 3.1 0.9100 0.1 1.12 1338 38 1402 26 1501 25 95
MAJ-07-03_zr015 Prot. pp MoqD 30 10 1.39 2.9630 4.8 0.2262 2.1 0.4400 0.1 1.12 1370 26 1433 38 1528 83 96
MAJ-07-03_zr016 Prot. pp MoqD 4 1 2.15 1.7936 6.1 0.1752 3.4 0.5600 0.1 1.01 1041 33 1043 41 1048 106 100
MAJ-07-03_zr020 Prot. pp MoqD 52 10 0.35 1.8068 5.8 0.1684 5.0 0.8600 0.1 1.14 1003 47 1048 39 1143 61 96
MAJ-07-03_zr021 Prot. pp MoqD 167 33 0.21 1.9283 3.6 0.1793 3.4 0.9400 0.1 1.08 1063 33 1091 24 1148 22 97
MAJ-07-03_zr022 Prot. pp MoqD 25 7 2.58 1.7035 3.5 0.1649 2.7 0.7700 0.1 1.08 984 25 1010 23 1066 45 97
MAJ-07-03_zr023 Prot. pp MoqD 64 17 0.79 2.6547 3.5 0.2051 2.7 0.7700 0.1 1.27 1188 29 1306 26 1505 42 91
MAJ-07-03_zr024 Prot. pp MoqD 29 9 1.00 3.4384 4.0 0.2412 2.4 0.6000 0.1 1.20 1406 30 1521 32 1686 60 92
MAJ-07-03_zr025 Prot. pp MoqD 52 18 1.60 3.2947 3.9 0.2368 2.7 0.6900 0.1 1.20 1370 33 1480 31 1641 53 93
MAJ-07-03_zr026 Prot. pp MoqD 45 14 1.02 3.0468 4.6 0.2269 4.0 0.8700 0.1 1.20 1318 48 1419 36 1575 42 93
MAJ-07-03_zr027 Prot. pp MoqD 8 2 3.18 1.8844 13.3 0.1759 4.3 0.3200 0.1 1.14 1002 40 1046 91 1140 273 96
MAJ-07-03_zr028 Prot. pp MoqD 73 16 0.29 3.4625 7.9 0.2751 3.0 0.3800 0.1 0.93 1556 42 1513 64 1453 146 103
MAJ-07-03_zr029 Prot. pp MoqD 17 6 1.68 2.5926 13.7 0.1712 6.7 0.4900 0.1 1.72 1042 65 1316 106 1796 234 79
MAJ-07-03_zr033 Prot. pp MoqD 38 15 1.14 4.4379 3.0 0.2941 2.2 0.7300 0.1 1.08 1662 32 1719 25 1790 39 97
MAJ-07-03_zr034 Prot. pp MoqD 219 44 0.16 2.0925 4.1 0.2038 2.3 0.5600 0.1 0.89 1182 25 1138 28 1054 70 104
MAJ-07-03_zr035 Prot. pp MoqD 6 2 3.70 1.8399 5.0 0.1765 3.6 0.7200 0.1 1.04 1048 35 1060 33 1085 72 99
MAJ-07-03_zr036 Prot. pp MoqD 38 15 1.01 4.5016 3.6 0.2974 3.1 0.8600 0.1 1.07 1679 46 1731 30 1796 33 97
MAJ-07-03_zr037 Prot. pp MoqD 33 13 1.16 4.8516 3.1 0.3139 2.5 0.8100 0.1 1.04 1760 39 1794 26 1834 33 98
MAJ-07-03_zr038 Prot. pp MoqD 125 27 0.35 2.7135 3.7 0.2187 2.2 0.5900 0.1 1.12 1275 26 1332 28 1425 58 96
MAJ-07-03_zr039 Prot. pp MoqD 71 18 1.45 1.8841 4.3 0.1811 2.2 0.5100 0.1 1.06 1021 21 1040 28 1081 76 98
MAJ-07-03_zr040 Prot. pp MoqD 6 2 2.91 1.7670 4.2 0.1740 2.3 0.5500 0.1 1.00 1034 22 1033 28 1033 72 100
MAJ-07-03_zr041 Prot. pp MoqD 331 57 0.10 1.8302 3.4 0.1742 2.7 0.7900 0.1 1.06 1035 26 1056 23 1101 43 98
MAJ-07-03_zr042 Prot. pp MoqD 129 26 0.43 2.1769 5.2 0.2009 4.7 0.9000 0.1 0.98 1180 51 1174 37 1162 46 101
MAJ-07-03_zr046 Prot. pp MoqD 77 12 0.22 1.7978 3.0 0.1613 1.4 0.4700 0.1 1.27 960 13 1041 20 1217 54 92
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    Apparent ages

YUR-08-03_zr380 Meso. out. Yura 60 6 0.68 0.0873 1.3 0.7163 2.2 0.0595 1.8 0.59 540 7 549 9 585 40 98

Appendix 4-3

Sample Formation U (ppm) Pb 
(ppm)

Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U 
(Ma)

± 2σ 
(Ma)

207Pb/235U 
(Ma)

± 2σ 
(Ma)

207Pb/206Pb 
(Ma)

± 2σ 
(Ma)

conc. 
(%)

MAJ-07-03_zr048 Prot. pp MoqD 7 2 2.75 1.7919 4.5 0.1673 2.9 0.6400 0.1 1.14 1003 27 1046 30 1139 71 96
MAJ-07-03_zr049 Prot. pp MoqD 41 12 1.19 2.6022 3.6 0.2009 2.3 0.6400 0.1 1.28 1180 25 1301 27 1507 54 91
MAJ-07-03_zr050 Prot. pp MoqD 45 13 1.18 3.1152 2.8 0.2321 2.2 0.7900 0.1 1.17 1346 27 1437 22 1574 32 94
YUR-08-03_zr322 Meso. out. Yura 234 20 0.49 0.0824 1.6 0.6560 2.1 0.0578 1.3 0.76 510 8 512 9 521 29 100
YUR-08-03_zr323 Meso. out. Yura 434 86 0.34 0.1897 3.0 2.0628 3.4 0.0789 1.6 0.88 1120 31 1137 24 1169 32 99
YUR-08-03_zr324 Meso. out. Yura 32 4 1.58 0.0852 2.2 0.7028 3.7 0.0598 3.0 0.59 527 11 540 16 597 66 98
YUR-08-03_zr325 Meso. out. Yura 69 14 0.15 0.2106 1.1 2.4798 2.9 0.0854 2.7 0.38 1232 12 1266 21 1324 53 97
YUR-08-03_zr326 Meso. out. Yura 73 15 0.70 0.1955 3.3 2.3328 5.9 0.0866 4.9 0.56 1151 35 1222 43 1351 98 94
YUR-08-03_zr327 Meso. out. Yura 52 13 1.27 0.2028 1.5 2.2873 2.3 0.0818 1.8 0.65 1384 19 1329 17 1241 36 104
YUR-08-03_zr328 Meso. out. Yura 131 26 0.21 0.1979 0.9 2.1443 1.6 0.0786 1.3 0.56 1164 10 1163 11 1162 26 100
YUR-08-03_zr329 Meso. out. Yura 123 23 0.30 0.1593 2.2 1.7269 3.6 0.0786 2.9 0.61 953 20 1019 23 1163 59 94
YUR-08-03_zr330 Meso. out. Yura 221 16 0.87 0.0655 1.2 0.5067 1.8 0.0561 1.4 0.67 409 5 416 6 458 31 98
YUR-08-03_zr331 Meso. out. Yura 49 4 0.39 0.0909 1.1 0.7582 2.5 0.0605 2.3 0.44 561 6 573 11 621 50 98
YUR-08-03_zr335 Meso. out. Yura 119 4 0.95 0.0285 1.2 0.2020 3.2 0.0514 3.0 0.37 181 2 187 6 260 70 97
YUR-08-03_zr336 Meso. out. Yura 33 8 0.50 0.2216 2.2 2.6086 2.9 0.0854 1.9 0.76 1291 26 1303 22 1324 37 99
YUR-08-03_zr337 Meso. out. Yura 109 58 0.46 0.4560 1.5 11.9626 2.5 0.1903 2.0 0.60 2422 30 2602 24 2745 33 93
YUR-08-03_zr338 Meso. out. Yura 14 3 0.79 0.1955 1.9 2.1307 3.6 0.0790 3.1 0.53 1151 20 1159 25 1173 63 99
YUR-08-03_zr339 Meso. out. Yura 69 9 0.82 0.1177 1.4 1.0637 2.1 0.0655 1.5 0.67 717 10 736 11 792 32 98
YUR-08-03_zr340 Meso. out. Yura 119 21 0.31 0.1754 0.9 1.7963 1.6 0.0743 1.3 0.56 1042 9 1044 11 1049 27 100
YUR-08-03_zr341 Meso. out. Yura 106 59 0.64 0.5047 1.0 12.9978 1.2 0.1868 0.7 0.83 2634 22 2680 11 2714 12 98
YUR-08-03_zr342 Meso. out. Yura 117 13 1.36 0.0921 1.3 0.7593 2.7 0.0598 2.4 0.48 568 7 574 12 596 53 99
YUR-08-03_zr343 Meso. out. Yura 48 5 0.44 0.1016 1.5 0.8611 2.6 0.0615 2.1 0.58 624 9 631 12 656 46 99
YUR-08-03_zr344 Meso. out. Yura 52 9 0.72 0.1518 1.5 1.4556 2.3 0.0695 1.8 0.65 911 13 912 14 914 37 100
YUR-08-03_zr348 Meso. out. Yura 196 18 0.23 0.0937 1.6 0.7834 2.1 0.0606 1.4 0.76 578 9 588 9 626 31 98
YUR-08-03_zr349 Meso. out. Yura 52 6 1.78 0.0882 1.3 0.7455 3.7 0.0613 3.5 0.35 545 7 566 16 650 77 96
YUR-08-03_zr350 Meso. out. Yura 18 2 0.38 0.0997 2.0 0.8039 4.4 0.0585 3.9 0.45 613 12 599 20 547 88 102
YUR-08-03_zr351 Meso. out. Yura 134 14 0.65 0.0984 1.8 0.8032 2.3 0.0592 1.5 0.78 605 10 599 11 574 33 101
YUR-08-03_zr352 Meso. out. Yura 40 4 0.82 0.0927 1.4 0.7843 2.4 0.0614 1.9 0.58 572 8 588 11 652 41 97
YUR-08-03_zr353 Meso. out. Yura 25 5 1.52 0.1620 1.7 1.6338 3.3 0.0732 2.8 0.52 968 15 983 21 1018 58 98
YUR-08-03_zr354 Meso. out. Yura 29 12 0.54 0.3699 1.4 6.4251 1.6 0.1260 0.8 0.87 2029 24 2036 14 2043 14 100
YUR-08-03_zr355 Meso. out. Yura 282 70 0.56 0.2453 2.5 3.2708 3.2 0.0967 2.0 0.78 1414 32 1474 25 1562 38 96
YUR-08-03_zr356 Meso. out. Yura 260 30 1.39 0.0895 2.0 0.7198 2.7 0.0583 1.8 0.74 553 11 551 12 542 40 100
YUR-08-03_zr357 Meso. out. Yura 138 13 0.40 0.0969 2.9 0.7856 3.8 0.0588 2.5 0.76 596 17 589 17 559 56 101
YUR-08-03_zr361 Meso. out. Yura 63 5 0.02 0.0845 2.5 0.6795 3.5 0.0583 2.4 0.71 523 13 526 15 541 53 99
YUR-08-03_zr362 Meso. out. Yura 67 6 0.39 0.0836 1.8 0.6795 4.2 0.0590 3.8 0.43 517 9 527 17 566 85 98
YUR-08-03_zr363 Meso. out. Yura 24 4 0.53 0.1690 2.9 1.7325 4.2 0.0743 3.0 0.69 1007 27 1021 27 1051 62 99
YUR-08-03_zr364 Meso. out. Yura 37 2 1.13 0.0397 2.2 0.2958 5.5 0.0541 5.0 0.40 251 5 263 13 375 117 95
YUR-08-03_zr365 Meso. out. Yura 23 3 0.61 0.1230 2.1 1.1295 3.9 0.0666 3.3 0.54 748 15 768 21 825 70 97
YUR-08-03_zr366 Meso. out. Yura 66 13 0.32 0.1924 1.9 2.0940 2.3 0.0789 1.3 0.83 1134 20 1147 16 1170 26 99
YUR-08-03_zr367 Meso. out. Yura 52 9 0.38 0.1714 2.1 1.7523 2.5 0.0741 1.3 0.84 1020 20 1028 16 1045 26 99
YUR-08-03_zr368 Meso. out. Yura 32 3 0.67 0.1051 1.6 0.9028 3.9 0.0623 3.6 0.41 644 10 653 19 684 79 99
YUR-08-03_zr369 Meso. out. Yura 16 3 1.33 0.1541 2.2 1.5251 3.8 0.0718 3.1 0.58 924 19 941 24 981 65 98
YUR-08-03_zr370 Meso. out. Yura 279 29 0.08 0.1082 2.4 0.9354 2.9 0.0627 1.6 0.83 663 15 671 14 698 35 99
YUR-08-03_zr374 Meso. out. Yura 62 13 0.83 0.1879 1.8 1.9943 2.5 0.0770 1.7 0.72 1110 18 1114 17 1121 34 100
YUR-08-03_zr375 Meso. out. Yura 94 13 1.67 0.1049 1.5 0.8902 2.1 0.0616 1.5 0.71 643 9 646 10 659 33 99
YUR-08-03_zr376 Meso. out. Yura 87 10 1.18 0.0904 1.8 0.7427 3.4 0.0596 2.9 0.53 558 10 564 15 589 64 99
YUR-08-03_zr377 Meso. out. Yura 20 5 1.28 0.2032 1.5 2.2893 4.0 0.0817 3.7 0.38 1192 16 1209 29 1239 74 99
YUR-08-03_zr378 Meso. out. Yura 32 2 1.70 0.0423 1.8 0.3102 5.6 0.0532 5.3 0.32 267 5 274 14 337 125 97
YUR-08-03_zr379 Meso. out. Yura 34 13 0.50 0.3686 1.5 6.5488 1.9 0.1289 1.2 0.79 2023 26 2053 17 2083 21 99
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    Apparent ages

YUR-08-03_zr448 Meso. out. Yura 51 6 0.65 0.1070 1.0 0.8975 2.1 0.0608 1.9 0.48 656 6 650 10 632 41 101

Appendix 4-3

Sample Formation U (ppm) Pb 
(ppm)

Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 
(Ma)

207Pb/235U ± 2σ 
(Ma)

207Pb/206Pb ± 2σ 
(Ma)

conc. 
(%)(Ma) (Ma) (Ma)

YUR-08-03_zr381 Meso. out. Yura 77 9 0.83 0.0998 1.5 0.8272 2.1 0.0601 1.4 0.71 614 9 612 10 607 31 100
YUR-08-03_zr382 Meso. out. Yura 98 10 0.63 0.0990 1.4 0.8115 3.0 0.0594 2.6 0.47 609 8 603 14 583 57 101
YUR-08-03_zr383 Meso. out. Yura 45 4 0.60 0.0893 1.6 0.7251 3.0 0.0589 2.5 0.53 552 9 554 13 563 55 100
YUR-08-03_zr390 Meso. out. Yura 31 4 1.44 0.0963 1.6 0.7906 2.8 0.0596 2.3 0.57 593 9 592 13 588 51 100
YUR-08-03_zr391 Meso. out. Yura 30 1 0.68 0.0280 3.3 0.2066 5.7 0.0536 4.7 0.58 178 6 191 10 354 110 93
YUR-08-03_zr392 Meso. out. Yura 50 5 0.52 0.0987 1.7 0.8126 3.0 0.0597 2.5 0.57 607 10 604 14 593 55 100
YUR-08-03_zr393 Meso. out. Yura 38 4 0.53 0.1021 1.8 0.8418 3.3 0.0598 2.8 0.55 627 11 620 15 597 62 101
YUR-08-03_zr394 Meso. out. Yura 39 14 0.78 0.3128 1.1 4.6162 2.2 0.1070 1.9 0.50 1755 17 1752 19 1750 35 100
YUR-08-03_zr395 Meso. out. Yura 51 5 0.66 0.0911 2.6 0.7366 3.4 0.0587 2.2 0.76 562 14 561 15 555 49 100
YUR-08-03_zr396 Meso. out. Yura 48 9 0.40 0.1672 1.6 1.7054 2.3 0.0740 1.6 0.70 997 15 1011 15 1040 33 99
YUR-08-03_zr397 Meso. out. Yura 109 11 0.79 0.0901 1.6 0.7364 2.3 0.0593 1.6 0.70 556 9 560 10 578 35 99
YUR-08-03_zr398 Meso. out. Yura 17 2 0.98 0.0895 3.0 0.7432 5.2 0.0603 4.2 0.58 552 16 564 23 613 93 98
YUR-08-03_zr399 Meso. out. Yura 28 6 0.51 0.2052 1.0 2.3316 2.1 0.0824 1.8 0.48 1203 11 1222 15 1255 36 98
YUR-08-03_zr403 Meso. out. Yura 20 2 1.09 0.0944 1.3 0.8013 3.9 0.0616 3.7 0.33 581 7 598 18 659 81 97
YUR-08-03_zr404 Meso. out. Yura 74 31 1.09 0.3639 1.2 6.2327 1.6 0.1242 1.1 0.75 2001 21 2009 14 2018 20 100
YUR-08-03_zr405 Meso. out. Yura 36 5 2.16 0.0908 2.2 0.7478 3.4 0.0598 2.6 0.65 560 12 567 15 594 57 99
YUR-08-03_zr406 Meso. out. Yura 15 3 0.86 0.1413 1.6 1.4061 6.4 0.0722 6.2 0.25 852 13 892 39 991 132 96
YUR-08-03_zr407 Meso. out. Yura 48 4 0.77 0.0796 1.6 0.6296 2.7 0.0574 2.2 0.59 493 8 496 11 507 49 100
YUR-08-03_zr408 Meso. out. Yura 45 8 0.34 0.1456 2.1 1.5480 3.3 0.0771 2.5 0.64 876 17 950 21 1125 51 92
YUR-08-03_zr409 Meso. out. Yura 25 5 0.53 0.1943 1.5 2.1260 3.5 0.0794 3.2 0.43 1145 16 1157 25 1182 65 99
YUR-08-03_zr410 Meso. out. Yura 98 12 1.69 0.0893 3.4 0.7328 3.9 0.0595 1.9 0.87 552 18 558 17 586 42 99
YUR-08-03_zr411 Meso. out. Yura 40 16 0.86 0.3604 2.0 6.6612 3.0 0.1341 2.2 0.67 1984 34 2068 27 2152 39 96
YUR-08-03_zr412 Meso. out. Yura 92 9 0.80 0.0912 1.6 0.7537 2.3 0.0599 1.7 0.70 563 9 570 10 601 37 99
YUR-08-03_zr416 Meso. out. Yura 84 8 0.59 0.0969 1.6 0.8059 2.6 0.0603 2.1 0.62 596 9 600 12 615 46 99
YUR-08-03_zr417 Meso. out. Yura 86 8 1.04 0.0855 2.2 0.7047 3.6 0.0598 2.8 0.61 529 11 542 15 596 62 98
YUR-08-03_zr418 Meso. out. Yura 63 8 1.28 0.1029 2.1 0.8642 3.6 0.0609 2.9 0.58 632 13 632 17 635 64 100
YUR-08-03_zr419 Meso. out. Yura 50 5 0.93 0.0980 2.3 0.8035 3.0 0.0595 1.9 0.77 603 13 599 14 585 42 101
YUR-08-03_zr420 Meso. out. Yura 195 16 0.05 0.0852 1.5 0.6915 2.2 0.0588 1.6 0.68 527 8 534 9 561 35 99
YUR-08-03_zr421 Meso. out. Yura 84 16 0.45 0.1804 1.6 1.8827 2.6 0.0757 2.1 0.62 1069 16 1075 17 1087 43 99
YUR-08-03_zr422 Meso. out. Yura 52 6 1.13 0.1002 1.4 0.8509 2.7 0.0616 2.3 0.52 616 8 625 13 660 50 98
YUR-08-03_zr423 Meso. out. Yura 127 12 0.29 0.0896 1.0 0.7519 1.9 0.0609 1.6 0.53 553 5 569 8 635 35 97
YUR-08-03_zr424 Meso. out. Yura 82 17 0.48 0.1975 1.4 2.1795 2.2 0.0800 1.7 0.64 1162 15 1175 15 1198 34 99
YUR-08-03_zr425 Meso. out. Yura 5 1 0.95 0.1556 3.0 1.6147 4.8 0.0753 3.8 0.62 932 26 976 31 1076 78 96
YUR-08-03_zr429 Meso. out. Yura 59 12 0.80 0.1859 0.8 2.0127 1.5 0.0785 1.3 0.53 1099 8 1120 10 1160 26 98
YUR-08-03_zr430 Meso. out. Yura 163 4 0.49 0.0235 1.4 0.1679 3.1 0.0518 2.8 0.45 150 2 158 5 277 65 95
YUR-08-03_zr431 Meso. out. Yura 47 4 0.34 0.0834 1.8 0.6660 2.9 0.0579 2.3 0.62 516 9 518 12 527 51 100
YUR-08-03_zr432 Meso. out. Yura 63 12 0.73 0.1676 2.0 1.7312 2.9 0.0749 2.1 0.69 999 19 1020 19 1067 43 98
YUR-08-03_zr433 Meso. out. Yura 109 24 0.49 0.2117 1.0 2.3702 1.8 0.0812 1.5 0.56 1238 11 1234 13 1226 30 100
YUR-08-03_zr434 Meso. out. Yura 147 14 0.48 0.0891 0.7 0.7133 1.3 0.0581 1.1 0.54 550 4 547 6 533 24 101
YUR-08-03_zr435 Meso. out. Yura 41 9 0.65 0.1959 1.6 2.1706 2.6 0.0804 2.0 0.62 1153 17 1172 18 1206 40 98
YUR-08-03_zr436 Meso. out. Yura 49 13 0.74 0.2411 1.6 2.9151 2.6 0.0877 2.0 0.62 1393 20 1386 20 1376 39 100
YUR-08-03_zr437 Meso. out. Yura 58 6 0.73 0.0870 1.7 0.6976 3.3 0.0582 2.8 0.52 538 9 537 14 536 63 100
YUR-08-03_zr438 Meso. out. Yura 14 3 1.24 0.1802 1.6 1.8556 3.6 0.0747 3.2 0.44 1068 16 1066 24 1060 66 100
YUR-08-03_zr442 Meso. out. Yura 54 9 0.68 0.1489 2.2 1.4425 2.7 0.0703 1.6 0.81 895 18 907 16 937 33 99
YUR-08-03_zr443 Meso. out. Yura 8 2 1.11 0.1705 2.6 1.7381 3.3 0.0739 2.1 0.79 1015 25 1023 22 1040 43 99
YUR-08-03_zr444 Meso. out. Yura 94 12 1.09 0.1090 1.6 0.9288 2.6 0.0618 2.0 0.62 667 10 667 13 668 43 100
YUR-08-03_zr445 Meso. out. Yura 49 12 0.75 0.2008 1.7 2.3230 2.4 0.0839 1.7 0.71 1180 18 1219 17 1290 33 97
YUR-08-03_zr446 Meso. out. Yura 17 3 1.04 0.1282 1.6 1.1765 5.7 0.0666 5.5 0.28 777 12 790 32 825 119 98
YUR-08-03_zr447 Meso. out. Yura 34 5 3.21 0.0975 2.0 0.7946 2.7 0.0591 1.8 0.74 600 12 594 12 572 40 101
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    Apparent ages

OCO-08-03_zr047 Meso. pp Ocona 62 8 0.44 0.1222 2.2 1.1158 3.4 0.0662 2.6 0.65 743 16 761 18 813 55 98

Appendix 4-3

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

YUR-08-03_zr449 Meso. out. Yura 93 9 1.08 0.0790 1.3 0.6246 2.2 0.0574 1.8 0.59 490 6 493 9 506 40 99
YUR-08-03_zr450 Meso. out. Yura 55 13 0.27 0.2472 1.9 3.1890 2.4 0.0936 1.4 0.79 1424 24 1455 19 1500 27 98
YUR-08-03_zr451 Meso. out. Yura 27 3 1.25 0.0937 3.0 0.7831 4.5 0.0607 3.4 0.67 577 17 587 20 627 75 98
YUR-08-03_zr455 Meso. out. Yura 9 1 0.62 0.1512 2.5 1.4569 4.6 0.0699 3.9 0.54 908 21 913 28 926 82 99
YUR-08-03_zr456 Meso. out. Yura 45 8 0.69 0.1665 1.3 1.6659 2.6 0.0726 2.3 0.50 993 12 996 17 1002 47 100
YUR-08-03_zr457 Meso. out. Yura 44 7 0.67 0.1537 1.4 1.4626 3.1 0.0690 2.8 0.45 922 12 915 19 899 59 101
YUR-08-03_zr458 Meso. out. Yura 81 4 1.29 0.0401 1.7 0.2840 3.9 0.0513 3.5 0.44 254 4 254 9 256 83 100
YUR-08-03_zr459 Meso. out. Yura 20 3 0.73 0.1585 2.0 1.5642 4.3 0.0716 3.8 0.47 948 18 956 27 974 80 99
YUR-08-03_zr460 Meso. out. Yura 50 10 0.34 0.1953 1.6 2.1417 2.8 0.0796 2.3 0.57 1150 17 1162 20 1186 46 99
YUR-08-03_zr461 Meso. out. Yura 46 27 2.21 0.4437 2.9 9.2311 3.5 0.1509 2.0 0.83 2367 58 2361 33 2356 35 100
YUR-08-03_zr462 Meso. out. Yura 318 103 0.01 0.3441 1.7 5.9181 2.0 0.1247 1.1 0.85 1906 28 1964 18 2025 20 97
YUR-08-03_zr463 Meso. out. Yura 88 9 0.33 0.0987 2.2 0.8397 3.2 0.0617 2.3 0.69 607 13 619 15 664 50 98
YUR-08-03_zr464 Meso. out. Yura 77 11 2.28 0.0974 2.0 0.8146 3.4 0.0606 2.7 0.59 599 12 605 16 626 59 99
YUR-08-03_zr468 Meso. out. Yura 101 52 0.27 0.5198 2.2 13.9607 4.9 0.1948 4.4 0.45 2698 49 2747 48 2783 74 98
YUR-08-03_zr469 Meso. out. Yura 14 5 1.28 0.3079 2.4 4.7505 3.9 0.1119 3.1 0.62 1730 37 1776 33 1831 57 97
YUR-08-03_zr470 Meso. out. Yura 9 1 0.41 0.1537 2.7 1.5522 4.7 0.0733 3.9 0.57 921 23 951 29 1021 81 97
YUR-08-03_zr471 Meso. out. Yura 49 6 1.97 0.0972 1.6 0.7932 3.1 0.0592 2.7 0.52 598 9 593 14 574 60 101
YUR-08-03_zr472 Meso. out. Yura 70 3 0.62 0.0390 3.5 0.2951 7.2 0.0548 6.3 0.49 247 9 263 17 406 148 94
OCO-08-03_zr007 Meso. pp Ocona 139 82 0.72 0.4853 1.8 11.9015 2.9 0.1779 2.3 0.62 2551 38 2597 28 2633 39 98
OCO-08-03_zr008 Meso. pp Ocona 31 7 1.42 0.1787 1.5 1.8919 2.6 0.0768 2.1 0.58 1060 15 1078 17 1115 43 98
OCO-08-03_zr009 Meso. pp Ocona 19 3 0.69 0.1451 1.9 1.4107 3.6 0.0705 3.0 0.53 873 16 893 22 944 63 98
OCO-08-03_zr010 Meso. pp Ocona 99 29 0.34 0.2575 2.7 4.1060 3.4 0.1156 2.0 0.79 1477 36 1656 28 1890 37 89
OCO-08-03_zr011 Meso. pp Ocona 44 7 0.72 0.1466 2.7 1.5056 4.1 0.0745 3.1 0.66 882 22 933 25 1055 64 95
OCO-08-03_zr012 Meso. pp Ocona 181 20 0.41 0.0999 2.5 0.8724 3.7 0.0634 2.7 0.68 614 15 637 18 720 58 96
OCO-08-03_zr013 Meso. pp Ocona 41 4 0.90 0.0817 2.4 0.6742 3.3 0.0599 2.2 0.73 506 12 523 14 599 48 97
OCO-08-03_zr014 Meso. pp Ocona 142 82 0.85 0.4493 3.6 10.7583 3.9 0.1737 1.6 0.92 2392 72 2503 37 2593 27 96
OCO-08-03_zr015 Meso. pp Ocona 57 6 0.58 0.1010 2.2 0.8490 3.7 0.0609 3.0 0.59 621 13 624 17 637 66 99
OCO-08-03_zr016 Meso. pp Ocona 36 7 0.77 0.1623 2.4 1.6418 3.3 0.0734 2.3 0.73 970 22 986 21 1024 47 98
OCO-08-03_zr020 Meso. pp Ocona 209 38 0.24 0.1744 2.3 1.8520 2.9 0.0770 1.7 0.79 1036 22 1064 19 1122 34 97
OCO-08-03_zr021 Meso. pp Ocona 72 6 0.80 0.0737 1.6 0.5747 1.9 0.0566 1.1 0.84 458 7 461 7 475 25 99
OCO-08-03_zr022 Meso. pp Ocona 155 29 0.66 0.1700 1.6 1.7326 1.9 0.0739 1.1 0.84 1012 15 1021 12 1040 22 99
OCO-08-03_zr023 Meso. pp Ocona 172 83 1.74 0.3470 1.4 5.9955 1.7 0.1253 1.0 0.82 1920 23 1975 15 2033 18 97
OCO-08-03_zr024 Meso. pp Ocona 20 2 1.10 0.0864 2.0 0.7070 3.4 0.0594 2.8 0.59 534 10 543 14 580 62 98
OCO-08-03_zr025 Meso. pp Ocona 53 12 0.82 0.1897 2.7 2.1327 3.4 0.0815 2.0 0.79 1120 28 1159 24 1234 40 97
OCO-08-03_zr026 Meso. pp Ocona 43 12 0.61 0.2553 2.3 3.3233 3.0 0.0944 2.0 0.77 1466 30 1487 24 1517 38 99
OCO-08-03_zr027 Meso. pp Ocona 83 2 0.46 0.0240 3.2 0.1688 4.8 0.0510 3.6 0.67 153 5 158 7 243 85 96
OCO-08-03_zr028 Meso. pp Ocona 90 8 0.41 0.0874 1.9 0.7108 2.7 0.0590 1.9 0.70 540 10 545 12 568 42 99
OCO-08-03_zr029 Meso. pp Ocona 58 5 1.02 0.0807 3.7 0.6237 4.7 0.0561 2.9 0.79 500 18 492 19 456 66 102
OCO-08-03_zr033 Meso. pp Ocona 22 2 0.66 0.0851 3.6 0.7059 4.7 0.0601 3.0 0.77 527 18 542 20 609 66 97
OCO-08-03_zr034 Meso. pp Ocona 74 7 0.79 0.0843 2.4 0.6876 4.1 0.0592 3.3 0.59 521 12 531 17 574 73 98
OCO-08-03_zr035 Meso. pp Ocona 113 43 0.73 0.3286 2.5 5.5821 2.8 0.1232 1.3 0.89 1832 40 1913 24 2003 23 96
OCO-08-03_zr036 Meso. pp Ocona 106 13 0.56 0.1147 1.3 1.0180 2.2 0.0644 1.8 0.59 700 9 713 11 755 38 98
OCO-08-03_zr037 Meso. pp Ocona 68 12 0.42 0.1662 1.4 1.6603 2.1 0.0725 1.5 0.67 991 13 994 13 999 31 100
OCO-08-03_zr038 Meso. pp Ocona 106 11 0.62 0.0935 0.8 0.7700 1.6 0.0597 1.4 0.50 576 4 580 7 593 31 99
OCO-08-03_zr039 Meso. pp Ocona 122 8 0.97 0.0594 1.6 0.4520 2.6 0.0552 2.1 0.62 372 6 379 8 422 48 98
OCO-08-03_zr040 Meso. pp Ocona 81 7 0.29 0.0869 1.8 0.7154 2.6 0.0597 1.9 0.69 537 9 548 11 593 42 98
OCO-08-03_zr041 Meso. pp Ocona 39 18 1.21 0.3674 1.6 6.6246 2.7 0.1308 2.2 0.59 2017 28 2063 24 2108 39 98
OCO-08-03_zr042 Meso. pp Ocona 49 10 0.48 0.1913 2.5 2.0942 2.8 0.0794 1.3 0.89 1128 26 1147 19 1182 26 98
OCO-08-03_zr046 Meso. pp Ocona 253 25 0.55 0.0911 2.5 0.7465 3.7 0.0594 2.7 0.68 562 14 566 16 583 60 99
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    Apparent ages

OCO-08-03_zr111 Meso. pp Ocona 53 20 1.74 0.2641 2.6 3.7052 2.7 0.1018 0.8 0.96 1511 35 1573 22 1657 15 96
OCO-08-03_zr112 Meso. pp Ocona 185 36 0.73 0.1716 2.7 1.7555 3.7 0.0742 2.5 0.73 1021 26 1029 24 1047 51 99

Appendix 4-3

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

OCO-08-03_zr048 Meso. pp Ocona 227 42 0.47 0.1735 3.9 1.8254 4.4 0.0763 2.0 0.89 1031 37 1055 29 1103 41 98
OCO-08-03_zr049 Meso. pp Ocona 24 4 1.09 0.1501 3.2 1.4717 4.3 0.0711 2.8 0.74 901 27 919 26 961 58 98
OCO-08-03_zr050 Meso. pp Ocona 27 3 0.72 0.0793 2.9 0.6464 5.5 0.0591 4.7 0.53 492 14 506 22 572 106 97
OCO-08-03_zr051 Meso. pp Ocona 35 3 0.79 0.0820 2.9 0.6467 4.8 0.0572 3.8 0.60 499 14 499 19 500 86 100
OCO-08-03_zr052 Meso. pp Ocona 71 11 0.84 0.1319 5.8 1.2693 6.3 0.0698 2.5 0.92 799 44 832 36 923 52 96
OCO-08-03_zr053 Meso. pp Ocona 125 11 0.31 0.0894 3.4 0.7437 5.3 0.0604 4.1 0.64 552 18 565 23 617 91 98
OCO-08-03_zr054 Meso. pp Ocona 60 27 1.67 0.3235 2.9 5.1186 4.0 0.1148 2.7 0.72 1807 46 1839 35 1876 50 98
OCO-08-03_zr055 Meso. pp Ocona 30 6 0.69 0.1868 2.9 2.0273 3.8 0.0787 2.5 0.76 1104 30 1125 26 1165 50 98
OCO-08-03_zr059 Meso. pp Ocona 124 24 1.40 0.1623 3.6 1.6779 6.0 0.0750 4.8 0.60 970 33 1000 39 1068 100 97
OCO-08-03_zr060 Meso. pp Ocona 83 9 1.28 0.0890 2.2 0.7293 3.2 0.0594 2.3 0.69 550 12 556 14 582 51 99
OCO-08-03_zr061 Meso. pp Ocona 135 13 0.15 0.0954 2.3 0.8036 3.5 0.0611 2.6 0.66 587 13 599 16 643 57 98
OCO-08-03_zr062 Meso. pp Ocona 136 13 0.33 0.0885 3.9 0.7465 5.4 0.0612 3.7 0.72 547 21 566 24 645 82 97
OCO-08-03_zr063 Meso. pp Ocona 74 18 0.60 0.2250 3.6 2.7044 4.1 0.0872 1.9 0.88 1308 43 1330 31 1364 37 98
OCO-08-03_zr064 Meso. pp Ocona 118 14 0.73 0.1018 2.5 0.8663 3.5 0.0617 2.4 0.71 625 15 634 17 665 52 99
OCO-08-03_zr065 Meso. pp Ocona 253 26 0.54 0.0977 4.6 0.8196 5.4 0.0609 2.8 0.85 601 26 608 25 634 61 99
OCO-08-03_zr066 Meso. pp Ocona 39 5 1.49 0.0900 2.1 0.7528 3.5 0.0607 2.8 0.60 556 11 570 15 627 62 97
OCO-08-03_zr067 Meso. pp Ocona 84 8 0.48 0.0849 1.3 0.6925 2.0 0.0592 1.5 0.65 525 7 534 8 574 33 98
OCO-08-03_zr068 Meso. pp Ocona 18 2 0.83 0.0923 2.5 0.7479 5.1 0.0587 4.4 0.49 569 14 567 22 558 99 100
OCO-08-03_zr072 Meso. pp Ocona 107 11 0.56 0.0914 2.5 0.7430 2.9 0.0590 1.5 0.86 564 14 564 13 566 33 100
OCO-08-03_zr073 Meso. pp Ocona 234 35 0.48 0.1145 5.2 1.1175 5.7 0.0708 2.3 0.91 699 35 762 31 952 48 92
OCO-08-03_zr074 Meso. pp Ocona 83 8 0.59 0.0903 1.9 0.7371 2.5 0.0592 1.7 0.76 557 10 561 11 575 37 99
OCO-08-03_zr075 Meso. pp Ocona 81 35 0.70 0.3699 1.6 6.6064 2.0 0.1295 1.2 0.80 2029 28 2060 18 2092 21 98
OCO-08-03_zr076 Meso. pp Ocona 66 11 0.32 0.1635 1.4 1.6381 2.4 0.0727 1.9 0.58 976 13 985 15 1005 39 99
OCO-08-03_zr077 Meso. pp Ocona 81 4 0.84 0.0424 2.6 0.3188 5.7 0.0545 5.1 0.46 268 7 281 14 391 119 95
OCO-08-03_zr078 Meso. pp Ocona 205 32 0.24 0.1573 2.3 1.5250 2.9 0.0703 1.7 0.79 942 20 941 18 937 35 100
OCO-08-03_zr079 Meso. pp Ocona 138 14 0.73 0.0887 1.8 0.7173 2.2 0.0587 1.3 0.82 548 10 549 9 554 29 100
OCO-08-03_zr080 Meso. pp Ocona 46 8 0.82 0.1125 4.4 1.1102 4.8 0.0716 1.9 0.92 688 29 758 26 973 39 91
OCO-08-03_zr081 Meso. pp Ocona 21 6 1.20 0.2154 4.2 2.5272 5.0 0.0851 2.7 0.84 1258 48 1280 37 1318 53 98
OCO-08-03_zr085 Meso. pp Ocona 128 12 0.32 0.0972 2.0 0.8129 3.0 0.0607 2.2 0.67 598 11 604 14 627 48 99
OCO-08-03_zr086 Meso. pp Ocona 98 20 0.44 0.1805 3.7 2.0356 5.0 0.0818 3.4 0.74 1070 37 1128 35 1241 68 95
OCO-08-03_zr087 Meso. pp Ocona 47 26 0.91 0.4745 3.8 11.7564 4.5 0.1797 2.4 0.84 2503 79 2585 43 2650 40 97
OCO-08-03_zr088 Meso. pp Ocona 55 6 0.83 0.1015 2.3 0.8659 3.8 0.0619 3.0 0.61 623 14 633 18 671 66 98
OCO-08-03_zr089 Meso. pp Ocona 12 2 1.91 0.1150 3.0 1.0567 5.3 0.0666 4.4 0.57 702 20 732 28 826 95 96
OCO-08-03_zr090 Meso. pp Ocona 54 7 0.96 0.1102 2.5 0.9173 3.8 0.0604 2.8 0.66 674 16 661 19 617 62 102
OCO-08-03_zr091 Meso. pp Ocona 38 5 0.63 0.1313 2.0 1.2187 3.0 0.0673 2.2 0.67 795 15 809 17 848 46 98
OCO-08-03_zr092 Meso. pp Ocona 108 10 0.05 0.0970 3.0 0.8086 4.0 0.0605 2.6 0.75 597 17 602 18 621 57 99
OCO-08-03_zr093 Meso. pp Ocona 90 16 0.42 0.1687 2.7 1.6994 3.5 0.0731 2.3 0.77 1005 25 1008 23 1016 47 100
OCO-08-03_zr094 Meso. pp Ocona 398 40 0.38 0.1001 1.6 0.8374 2.1 0.0607 1.3 0.76 615 9 618 10 629 28 100
OCO-08-03_zr098 Meso. pp Ocona 41 5 0.75 0.1143 2.4 1.0005 3.2 0.0635 2.1 0.75 698 16 704 16 725 45 99
OCO-08-03_zr099 Meso. pp Ocona 76 13 0.75 0.1458 0.6 1.3842 1.6 0.0689 1.5 0.37 877 5 882 10 895 31 99
OCO-08-03_zr100 Meso. pp Ocona 51 5 0.95 0.0878 1.9 0.7195 3.5 0.0594 2.9 0.54 543 10 550 15 583 64 99
OCO-08-03_zr101 Meso. pp Ocona 57 5 0.62 0.0860 1.9 0.7002 2.4 0.0590 1.5 0.79 532 10 539 10 569 33 99
OCO-08-03_zr102 Meso. pp Ocona 45 27 0.62 0.5021 1.6 12.8201 2.1 0.1852 1.3 0.76 2623 35 2667 20 2700 22 98
OCO-08-03_zr103 Meso. pp Ocona 59 8 0.57 0.1326 2.0 1.3796 11.7 0.0755 11.5 0.17 805 15 882 71 1080 250 91
OCO-08-03_zr104 Meso. pp Ocona 95 9 1.19 0.0779 2.1 0.6187 2.9 0.0576 2.0 0.72 405 8 422 10 514 45 96
OCO-08-03_zr105 Meso. pp Ocona 43 10 1.42 0.1783 1.8 1.8629 2.6 0.0758 1.9 0.69 1058 18 1068 17 1089 39 99
OCO-08-03_zr106 Meso. pp Ocona 104 13 1.28 0.0920 1.7 0.7735 2.5 0.0610 1.8 0.68 567 9 582 11 639 39 97
OCO-08-03_zr107 Meso. pp Ocona 46 8 0.54 0.1689 2.0 1.7383 2.8 0.0747 1.9 0.71 1006 19 1023 18 1059 39 98
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COL-07-19_zr025 Meso. pp Colca 215 5 0.46 0.0249 2.4 0.1693 3.5 0.0493 2.5 0.69 159 4 159 5 162 60 100
COL-07-19_zr026 Meso. pp Colca 83 9 0.46 0.1067 1.9 0.9043 2.4 0.0615 1.4 0.79 653 12 654 12 657 30 100

Appendix 4-3

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 

    Apparent ag

207Pb/235U 

es

± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

OCO-08-03_zr113 Meso. pp Ocona 44 5 1.60 0.0865 2.8 0.6913 3.8 0.0580 2.5 0.74 535 14 534 16 528 56 100
OCO-08-03_zr114 Meso. pp Ocona 40 7 0.46 0.1545 2.1 1.5546 3.0 0.0730 2.2 0.70 926 18 952 19 1013 45 97
OCO-08-03_zr115 Meso. pp Ocona 126 12 0.73 0.0867 1.2 0.7124 2.7 0.0596 2.4 0.44 536 6 546 12 590 53 98
OCO-08-03_zr116 Meso. pp Ocona 57 12 0.46 0.1913 2.1 2.0543 2.4 0.0779 1.1 0.88 1128 22 1134 17 1144 22 100
OCO-08-03_zr117 Meso. pp Ocona 49 8 0.39 0.1620 2.5 1.6284 3.6 0.0729 2.6 0.69 968 23 981 23 1011 54 99
OCO-08-03_zr118 Meso. pp Ocona 324 84 0.74 0.2238 3.3 2.6748 4.4 0.0867 2.9 0.75 1302 39 1322 33 1353 57 99
OCO-08-03_zr119 Meso. pp Ocona 90 15 0.49 0.1561 2.8 1.5604 4.3 0.0725 3.3 0.65 935 24 955 27 1000 69 98
OCO-08-03_zr120 Meso. pp Ocona 97 12 1.82 0.0898 3.2 0.7390 4.1 0.0597 2.6 0.78 554 17 562 18 593 57 99
OCO-08-03_zr124 Meso. pp Ocona 72 35 1.66 0.3586 3.1 6.4538 4.1 0.1305 2.7 0.76 1976 53 2040 37 2105 48 97
OCO-08-03_zr125 Meso. pp Ocona 17 1 0.63 0.0818 3.7 0.6666 9.3 0.0591 8.5 0.40 516 18 526 39 572 197 98
OCO-08-03_zr126 Meso. pp Ocona 43 8 0.54 0.1882 3.4 2.0471 4.0 0.0789 2.2 0.85 1113 35 1132 28 1169 44 98
OCO-08-03_zr127 Meso. pp Ocona 26 2 0.19 0.0901 3.9 0.7622 5.6 0.0613 4.0 0.70 556 21 575 25 651 88 97
OCO-08-03_zr128 Meso. pp Ocona 94 9 0.77 0.0837 4.1 0.6593 4.7 0.0571 2.2 0.87 518 20 514 19 497 49 101
OCO-08-03_zr129 Meso. pp Ocona 99 10 1.26 0.0808 3.7 0.6605 4.8 0.0593 3.1 0.77 501 18 515 20 578 69 97
OCO-08-03_zr130 Meso. pp Ocona 72 24 0.68 0.2855 4.3 4.8322 5.1 0.1228 2.8 0.84 1619 62 1791 44 1997 51 90
OCO-08-03_zr131 Meso. pp Ocona 143 13 0.67 0.0842 3.7 0.6917 4.7 0.0596 2.9 0.79 521 19 534 20 589 64 98
OCO-08-03_zr132 Meso. pp Ocona 58 6 0.46 0.1003 2.2 0.8439 4.0 0.0611 3.4 0.55 616 13 621 19 641 75 99
OCO-08-03_zr133 Meso. pp Ocona 76 12 0.39 0.1566 2.4 1.5648 3.6 0.0725 2.7 0.67 938 21 956 23 999 56 98
OCO-08-03_zr137 Meso. pp Ocona 168 17 0.88 0.0877 3.2 0.7254 4.2 0.0600 2.7 0.76 542 17 554 18 602 60 98
OCO-08-03_zr138 Meso. pp Ocona 106 5 0.79 0.0423 4.1 0.3126 4.6 0.0536 2.1 0.89 267 11 276 11 353 48 97
OCO-08-03_zr139 Meso. pp Ocona 125 11 0.73 0.0820 2.1 0.6699 2.9 0.0593 2.0 0.72 508 10 521 12 577 44 98
OCO-08-03_zr140 Meso. pp Ocona 38 3 1.12 0.0586 2.2 0.4455 3.6 0.0552 2.9 0.61 367 8 374 11 420 66 98
OCO-08-03_zr141 Meso. pp Ocona 45 8 1.29 0.1423 2.9 1.3696 4.6 0.0698 3.6 0.63 857 23 876 27 923 76 98
OCO-08-03_zr142 Meso. pp Ocona 243 24 0.12 0.1036 3.0 0.8843 4.0 0.0619 2.6 0.75 635 18 643 19 671 57 99
OCO-08-03_zr143 Meso. pp Ocona 83 7 0.51 0.0818 2.7 0.6628 3.6 0.0588 2.4 0.75 507 13 516 15 559 53 98
OCO-08-03_zr144 Meso. pp Ocona 103 11 0.25 0.1026 3.1 0.8823 4.0 0.0624 2.5 0.78 630 19 642 19 687 54 98
OCO-08-03_zr145 Meso. pp Ocona 64 3 0.82 0.0426 4.9 0.3165 6.2 0.0539 3.8 0.79 269 13 279 15 368 88 96
OCO-08-03_zr146 Meso. pp Ocona 44 18 1.19 0.3349 2.6 5.2296 3.3 0.1133 2.1 0.79 1862 42 1857 29 1853 39 100
OCO-08-03_zr150 Meso. pp Ocona 90 10 0.82 0.0986 3.7 0.8392 4.3 0.0617 2.1 0.86 606 21 619 20 664 46 98
OCO-08-03_zr151 Meso. pp Ocona 119 81 1.33 0.5067 1.8 12.9426 2.5 0.1853 1.8 0.72 2642 39 2676 24 2701 30 99
OCO-08-03_zr152 Meso. pp Ocona 10 2 0.47 0.1743 2.0 1.8145 4.2 0.0755 3.7 0.48 1036 19 1051 28 1082 76 99
OCO-08-03_zr153 Meso. pp Ocona 146 26 0.46 0.1649 2.4 1.6800 3.0 0.0739 1.8 0.80 984 22 1001 19 1039 37 98
OCO-08-03_zr154 Meso. pp Ocona 106 4 0.31 0.0369 2.4 0.2654 4.4 0.0521 3.7 0.55 234 6 239 9 291 87 98
COL-07-19_zr007 Meso. pp Colca 54 5 0.36 0.0794 3.7 0.7302 5.0 0.0667 3.4 0.74 541 19 600 23 829 73 90
COL-07-19_zr008 Meso. pp Colca 12 2 1.39 0.1509 3.4 1.5191 4.7 0.0730 3.2 0.72 910 29 941 29 1014 66 97
COL-07-19_zr009 Meso. pp Colca 53 22 0.30 0.4047 1.9 10.3613 2.1 0.1857 0.8 0.90 2172 35 2458 20 2705 13 88
COL-07-19_zr010 Meso. pp Colca 23 13 3.16 0.3590 1.9 6.0346 2.2 0.1219 1.1 0.86 1977 32 1981 19 1985 20 100
COL-07-19_zr011 Meso. pp Colca 32 3 0.09 0.0949 1.6 0.8187 3.9 0.0626 3.6 0.41 584 9 607 18 694 79 96
COL-07-19_zr012 Meso. pp Colca 192 16 0.21 0.0857 1.8 0.6906 2.4 0.0584 1.6 0.75 530 9 533 10 546 35 99
COL-07-19_zr013 Meso. pp Colca 23 4 0.48 0.1774 1.7 1.9255 7.3 0.0787 7.1 0.23 1053 17 1090 50 1166 148 97
COL-07-19_zr014 Meso. pp Colca 56 7 1.10 0.1069 1.7 0.9174 2.7 0.0623 2.1 0.63 655 11 661 13 683 46 99
COL-07-19_zr015 Meso. pp Colca 132 13 0.80 0.0832 1.6 0.6781 1.9 0.0591 1.1 0.84 515 8 526 8 572 24 98
COL-07-19_zr016 Meso. pp Colca 55 10 0.61 0.1648 1.6 1.6675 2.2 0.0734 1.5 0.73 983 15 996 14 1025 31 99
COL-07-19_zr020 Meso. pp Colca 31 4 1.53 0.1000 1.8 0.8539 2.6 0.0619 1.9 0.69 614 11 627 12 672 41 98
COL-07-19_zr021 Meso. pp Colca 142 14 0.76 0.0881 1.6 0.7211 2.1 0.0594 1.4 0.76 544 8 551 9 581 31 99
COL-07-19_zr022 Meso. pp Colca 45 4 1.10 0.0775 1.8 0.6265 2.5 0.0586 1.8 0.72 481 8 494 10 552 40 97
COL-07-19_zr023 Meso. pp Colca 64 11 0.66 0.1583 1.5 1.5897 2.1 0.0729 1.5 0.71 947 13 966 13 1010 31 98
COL-07-19_zr024 Meso. pp Colca 270 26 0.64 0.0879 1.5 0.7128 2.2 0.0588 1.6 0.68 543 8 546 9 560 35 99
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COL-07-19_zr090 Meso. pp Colca 251 129 0.31 0.4524 1.1 10.9306 1.3 0.1752 0.7 0.85 2406 22 2517 12 2608 12 96
COL-07-19_zr091 Meso. pp Colca 65 6 0.58 0.0903 2.2 0.7400 2.7 0.0594 1.6 0.81 557 12 562 12 583 35 99

Appendix 4-3

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 

    Apparent ag

207Pb/235U 

es

± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

COL-07-19_zr027 Meso. pp Colca 74 20 0.87 0.2341 1.6 2.8193 2.2 0.0874 1.5 0.73 1356 20 1361 17 1369 29 100
COL-07-19_zr028 Meso. pp Colca 53 21 0.57 0.3587 1.9 5.9804 2.1 0.1209 0.9 0.90 1976 32 1973 18 1970 16 100
COL-07-19_zr029 Meso. pp Colca 48 5 0.73 0.1012 2.0 0.8617 3.0 0.0618 2.2 0.67 621 12 631 14 666 48 98
COL-07-19_zr033 Meso. pp Colca 33 4 0.48 0.1123 2.3 0.9789 3.1 0.0632 2.1 0.74 686 15 693 16 716 45 99
COL-07-19_zr034 Meso. pp Colca 47 14 0.68 0.2494 1.8 3.1670 2.3 0.0921 1.4 0.78 1435 23 1449 18 1470 27 99
COL-07-19_zr035 Meso. pp Colca 176 22 0.51 0.1167 2.1 1.0111 2.4 0.0628 1.2 0.88 712 14 709 12 703 26 100
COL-07-19_zr036 Meso. pp Colca 189 19 0.46 0.0925 1.7 0.7622 2.2 0.0597 1.4 0.77 571 9 575 10 594 31 99
COL-07-19_zr037 Meso. pp Colca 18 2 0.58 0.0817 1.6 0.6553 4.2 0.0582 3.9 0.38 506 8 512 17 536 88 99
COL-07-19_zr038 Meso. pp Colca 23 2 1.14 0.0828 2.3 0.6664 2.9 0.0584 1.7 0.79 513 11 519 12 543 38 99
COL-07-19_zr039 Meso. pp Colca 133 14 0.46 0.0998 1.7 0.8585 2.3 0.0624 1.5 0.74 613 10 629 11 687 32 97
COL-07-19_zr040 Meso. pp Colca 218 38 0.20 0.1805 1.6 1.8568 1.9 0.0746 1.0 0.84 1070 16 1066 13 1058 20 100
COL-07-19_zr041 Meso. pp Colca 19 4 2.89 0.1197 1.8 1.0745 3.8 0.0651 3.4 0.47 729 12 741 20 778 73 98
COL-07-19_zr042 Meso. pp Colca 95 32 0.76 0.2914 1.6 4.2787 1.8 0.1065 0.8 0.89 1649 23 1689 15 1740 15 98
COL-07-19_zr046 Meso. pp Colca 3 0 0.61 0.0812 4.4 0.7374 10.7 0.0659 9.7 0.41 502 21 559 47 803 218 90
COL-07-19_zr047 Meso. pp Colca 57 13 0.52 0.2041 1.3 2.2767 1.6 0.0809 0.9 0.81 1197 14 1205 11 1219 18 99
COL-07-19_zr048 Meso. pp Colca 16 3 1.00 0.1684 1.5 1.6666 3.0 0.0718 2.6 0.50 1003 14 996 19 980 54 101
COL-07-19_zr049 Meso. pp Colca 198 17 0.18 0.0874 1.6 0.7101 2.1 0.0589 1.4 0.76 540 8 545 9 564 31 99
COL-07-19_zr050 Meso. pp Colca 354 31 0.27 0.0901 1.3 0.7266 1.7 0.0585 1.1 0.76 556 7 555 7 547 24 100
COL-07-19_zr051 Meso. pp Colca 100 11 0.39 0.1042 1.6 0.8924 2.0 0.0621 1.2 0.80 639 10 648 10 678 26 99
COL-07-19_zr052 Meso. pp Colca 252 26 0.26 0.1058 1.7 0.9060 2.0 0.0621 1.1 0.85 649 11 655 10 677 24 99
COL-07-19_zr053 Meso. pp Colca 111 12 0.72 0.0928 1.1 0.7588 1.8 0.0593 1.4 0.61 572 6 573 8 578 31 100
COL-07-19_zr054 Meso. pp Colca 46 7 0.55 0.1526 1.8 1.4911 2.4 0.0709 1.6 0.75 916 15 927 15 953 33 99
COL-07-19_zr055 Meso. pp Colca 55 28 0.63 0.4285 1.7 10.2081 1.9 0.1728 0.9 0.89 2299 33 2454 18 2585 15 94
COL-07-19_zr059 Meso. pp Colca 67 34 0.51 0.4395 1.9 9.4184 2.1 0.1554 1.0 0.90 2349 38 2380 20 2406 17 99
COL-07-19_zr060 Meso. pp Colca 30 5 0.54 0.1413 1.7 1.3394 2.4 0.0688 1.7 0.71 852 14 863 14 892 36 99
COL-07-19_zr061 Meso. pp Colca 56 6 0.79 0.0978 1.9 0.8102 2.5 0.0601 1.7 0.76 602 11 603 11 606 37 100
COL-07-19_zr062 Meso. pp Colca 114 13 1.21 0.0892 1.5 0.7231 2.1 0.0588 1.5 0.71 551 8 553 9 559 33 100
COL-07-19_zr063 Meso. pp Colca 29 4 1.40 0.1065 1.8 0.9103 2.7 0.0620 2.0 0.67 652 11 657 13 675 43 99
COL-07-19_zr064 Meso. pp Colca 113 23 0.52 0.1849 1.1 1.9325 1.6 0.0758 1.1 0.69 1094 11 1092 11 1090 22 100
COL-07-19_zr065 Meso. pp Colca 101 10 0.52 0.0966 0.9 0.7876 1.6 0.0592 1.3 0.56 594 5 590 7 573 29 101
COL-07-19_zr066 Meso. pp Colca 342 33 0.25 0.0965 1.1 0.7854 1.4 0.0590 0.9 0.79 594 6 589 6 569 20 101
COL-07-19_zr067 Meso. pp Colca 105 13 0.88 0.1060 1.4 0.9010 2.0 0.0616 1.4 0.70 650 9 652 10 662 30 100
COL-07-19_zr068 Meso. pp Colca 37 22 0.59 0.5405 2.1 14.0369 2.2 0.1884 0.8 0.95 2786 48 2752 21 2728 13 101
COL-07-19_zr072 Meso. pp Colca 113 11 0.50 0.0909 1.5 0.7378 2.1 0.0589 1.4 0.71 561 8 561 9 562 31 100
COL-07-19_zr073 Meso. pp Colca 34 4 0.77 0.0916 1.8 0.7351 3.2 0.0582 2.6 0.56 565 10 560 14 537 58 101
COL-07-19_zr074 Meso. pp Colca 105 17 0.34 0.1372 2.3 1.3589 2.6 0.0719 1.2 0.88 829 18 871 15 982 25 95
COL-07-19_zr075 Meso. pp Colca 168 15 0.27 0.0881 1.6 0.7136 2.1 0.0588 1.3 0.76 544 8 547 9 559 29 99
COL-07-19_zr076 Meso. pp Colca 62 12 0.37 0.1917 2.3 2.0488 2.5 0.0775 1.1 0.92 1130 24 1132 17 1135 22 100
COL-07-19_zr077 Meso. pp Colca 223 22 0.36 0.0951 1.6 0.7772 2.0 0.0593 1.2 0.80 586 9 584 9 576 26 100
COL-07-19_zr078 Meso. pp Colca 17 4 0.39 0.2330 1.8 2.8053 2.8 0.0873 2.2 0.64 1350 22 1357 21 1368 43 99
COL-07-19_zr079 Meso. pp Colca 57 12 0.81 0.1902 1.4 1.9954 2.1 0.0761 1.5 0.67 1122 14 1114 14 1098 30 101
COL-07-19_zr080 Meso. pp Colca 55 6 0.44 0.1005 2.6 0.8411 3.5 0.0607 2.4 0.74 617 15 620 16 629 53 100
COL-07-19_zr081 Meso. pp Colca 75 9 0.50 0.1113 2.2 0.9456 2.6 0.0616 1.4 0.85 680 14 676 13 661 30 101
COL-07-19_zr085 Meso. pp Colca 88 19 0.68 0.1996 2.0 2.1646 2.5 0.0787 1.5 0.80 1173 22 1170 18 1164 30 100
COL-07-19_zr086 Meso. pp Colca 169 58 0.46 0.3095 1.9 4.5256 2.1 0.1061 1.0 0.90 1738 29 1736 18 1733 19 100
COL-07-19_zr087 Meso. pp Colca 42 9 0.42 0.2099 1.5 2.3802 2.5 0.0822 2.0 0.60 1229 17 1237 18 1251 40 99
COL-07-19_zr088 Meso. pp Colca 99 20 0.96 0.1777 2.2 1.7877 2.6 0.0730 1.3 0.85 1054 21 1041 17 1013 27 101
COL-07-19_zr089 Meso. pp Colca 50 18 0.42 0.3877 4.4 9.5807 5.0 0.1792 2.4 0.88 2103 79 2391 47 2646 40 88
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MAJ-07-12_zr163 Meso. pp Majes 65 6 0.77 0.0843 1.7 0.7015 3.4 0.0603 2.9 0.50 522 9 540 14 615 64 97
MAJ-07-12_zr164 Meso. pp Majes 70 10 0.31 0.1300 2.2 1.2823 3.5 0.0716 2.7 0.63 788 16 838 20 973 56 94

Appendix 4-3

Sample Formation U (ppm) Pb Th/U 206 238 ± 1σ 207 235 ± 1σ 207 206 ± 1σ Rho 206 238 ± 2σ 

    Apparent ag

207 235

es

± 2σ 207 206 ± 2σ conc. Pb/ U Pb/ U Pb/ Pb Pb/ U Pb/ U Pb/ Pb 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

COL-07-19_zr092 Meso. pp Colca 17 1 0.12 0.0411 2.5 0.3041 6.5 0.0537 6.0 0.38 260 6 270 16 357 142 96
COL-07-19_zr093 Meso. pp Colca 161 17 0.83 0.0902 1.4 0.7260 1.9 0.0584 1.3 0.74 557 8 554 8 543 29 100
COL-07-19_zr094 Meso. pp Colca 380 94 0.48 0.2206 4.1 3.8200 5.4 0.1256 3.5 0.76 1292 48 1602 45 2038 63 81
COL-07-19_zr098 Meso. pp Colca 119 47 0.28 0.3815 1.6 7.1241 1.8 0.1354 0.8 0.89 2083 29 2127 16 2170 14 98
COL-07-19_zr099 Meso. pp Colca 28 2 0.54 0.0812 1.8 0.6425 3.2 0.0574 2.7 0.56 503 9 504 13 508 61 100
COL-07-19_zr100 Meso. pp Colca 86 18 0.38 0.1994 1.7 2.1780 2.1 0.0792 1.2 0.81 1172 18 1174 15 1178 24 100
COL-07-19_zr101 Meso. pp Colca 28 4 2.16 0.0932 1.8 0.7931 7.4 0.0617 7.2 0.24 574 10 593 34 665 162 97
COL-07-19_zr102 Meso. pp Colca 42 20 1.70 0.3531 1.9 5.8965 2.6 0.1211 1.8 0.73 1949 32 1961 23 1973 32 99
COL-07-19_zr103 Meso. pp Colca 65 6 0.73 0.0834 1.7 0.6758 2.7 0.0588 2.1 0.63 517 8 524 11 558 46 99
COL-07-19_zr104 Meso. pp Colca 62 10 0.43 0.1568 2.1 1.5769 2.6 0.0729 1.6 0.81 939 18 961 16 1012 33 98
COL-07-19_zr105 Meso. pp Colca 178 9 0.63 0.0441 1.7 0.3202 2.1 0.0527 1.3 0.81 278 5 282 5 316 30 99
COL-07-19_zr106 Meso. pp Colca 46 10 0.57 0.2017 1.7 2.2608 2.1 0.0813 1.2 0.81 1185 18 1200 15 1228 24 99
COL-07-19_zr107 Meso. pp Colca 46 8 0.45 0.1642 3.4 1.7134 3.9 0.0757 2.0 0.87 980 31 1014 25 1087 41 97
COL-07-19_zr111 Meso. pp Colca 397 35 0.27 0.0934 1.7 0.7901 2.5 0.0614 1.9 0.68 576 9 591 11 652 41 97
COL-07-19_zr112 Meso. pp Colca 379 30 0.14 0.0820 1.6 0.6558 2.7 0.0580 2.2 0.59 508 8 512 11 532 49 99
COL-07-19_zr113 Meso. pp Colca 125 8 0.59 0.0567 2.2 0.4708 15.9 0.0603 15.7 0.14 352 8 388 53 613 381 91
COL-07-19_zr114 Meso. pp Colca 5 4 0.61 0.6664 1.4 24.5797 2.1 0.2675 1.5 0.67 3265 36 3281 21 3292 24 99
COL-07-19_zr115 Meso. pp Colca 45 11 0.76 0.1994 1.4 2.2543 2.3 0.0820 1.8 0.61 1172 15 1198 16 1245 36 98
COL-07-19_zr116 Meso. pp Colca 87 12 1.40 0.1069 1.5 0.9163 2.1 0.0622 1.4 0.71 655 9 660 10 680 30 99
COL-07-19_zr117 Meso. pp Colca 56 3 0.67 0.0459 2.3 0.3365 3.0 0.0532 1.9 0.77 289 7 295 8 338 44 98
COL-07-19_zr118 Meso. pp Colca 271 26 0.37 0.0930 1.7 0.7679 2.0 0.0599 1.1 0.85 573 9 579 9 600 24 99
COL-07-19_zr119 Meso. pp Colca 111 12 0.80 0.0983 2.6 0.8212 2.8 0.0606 1.1 0.93 605 15 609 13 624 24 99
COL-07-19_zr120 Meso. pp Colca 182 17 0.05 0.0898 2.2 0.8085 9.8 0.0653 9.6 0.22 555 12 602 46 783 216 92
COL-07-19_zr124 Meso. pp Colca 13 6 0.91 0.3913 2.2 6.8425 2.7 0.1268 1.5 0.81 2129 40 2091 24 2055 27 102
COL-07-19_zr125 Meso. pp Colca 30 19 0.44 0.5441 1.3 14.7432 1.8 0.1965 1.2 0.72 2800 30 2799 17 2798 20 100
COL-07-19_zr126 Meso. pp Colca 14 2 0.98 0.1373 2.3 1.2916 7.9 0.0683 7.6 0.29 829 18 842 46 876 166 98
COL-07-19_zr127 Meso. pp Colca 228 24 0.09 0.1069 2.1 0.9087 2.4 0.0616 1.1 0.88 655 13 656 12 661 24 100
COL-07-19_zr128 Meso. pp Colca 70 31 0.75 0.3656 2.6 6.5097 3.4 0.1291 2.2 0.76 2009 45 2047 30 2086 39 98
COL-07-19_zr129 Meso. pp Colca 30 6 0.72 0.1708 2.9 1.7547 3.6 0.0745 2.2 0.81 1017 27 1029 24 1056 45 99
COL-07-19_zr130 Meso. pp Colca 155 13 0.17 0.0840 2.7 0.6656 2.8 0.0575 0.6 0.96 520 14 518 11 509 13 100
COL-07-19_zr131 Meso. pp Colca 153 8 1.17 0.0426 2.1 0.3084 2.6 0.0525 1.6 0.81 269 6 273 6 306 37 99
COL-07-19_zr132 Meso. pp Colca 51 28 0.98 0.4601 2.1 10.3547 3.0 0.1632 2.2 0.70 2440 43 2467 28 2489 38 99
COL-07-19_zr133 Meso. pp Colca 80 16 1.29 0.1613 1.3 1.5843 2.0 0.0713 1.5 0.65 964 12 964 13 965 31 100
COL-07-19_zr137 Meso. pp Colca 36 6 0.37 0.1625 1.7 1.5781 2.5 0.0704 1.9 0.68 971 15 962 16 941 40 101
COL-07-19_zr138 Meso. pp Colca 158 31 0.58 0.1795 1.9 1.8896 2.3 0.0764 1.3 0.83 1064 19 1077 15 1105 26 99
COL-07-19_zr139 Meso. pp Colca 23 2 0.69 0.0785 3.7 0.6937 6.5 0.0641 5.3 0.57 487 17 535 27 746 116 91
COL-07-19_zr140 Meso. pp Colca 56 27 0.87 0.3786 1.8 6.7333 2.1 0.1290 1.1 0.86 2071 32 2078 19 2085 20 100
COL-07-19_zr141 Meso. pp Colca 30 6 0.72 0.1656 2.3 1.6882 3.1 0.0740 2.1 0.74 988 21 1004 20 1040 43 98
COL-07-19_zr142 Meso. pp Colca 49 6 2.22 0.0806 2.4 0.6424 3.0 0.0578 1.8 0.80 500 12 504 12 523 40 99
COL-07-19_zr143 Meso. pp Colca 102 11 0.55 0.0995 1.6 0.8356 2.4 0.0609 1.8 0.67 612 9 617 11 635 39 99
COL-07-19_zr144 Meso. pp Colca 29 3 0.53 0.0991 2.1 0.8465 3.0 0.0620 2.1 0.70 609 12 623 14 674 46 98
COL-07-19_zr145 Meso. pp Colca 100 11 0.55 0.0989 1.9 0.8345 2.5 0.0612 1.7 0.76 608 11 616 12 647 37 99
COL-07-19_zr146 Meso. pp Colca 109 13 2.01 0.0865 1.6 0.6978 2.2 0.0585 1.5 0.73 535 8 537 9 549 33 99
COL-07-19_zr150 Meso. pp Colca 195 18 0.03 0.1000 1.6 0.8310 1.9 0.0603 1.0 0.84 614 9 614 9 614 22 100
COL-07-19_zr151 Meso. pp Colca 92 9 0.32 0.1009 1.8 0.8511 2.4 0.0612 1.6 0.75 620 11 625 11 646 35 99
COL-07-19_zr152 Meso. pp Colca 108 11 0.35 0.1005 1.5 0.8503 1.9 0.0614 1.2 0.79 617 9 625 9 653 26 99
COL-07-19_zr153 Meso. pp Colca 95 39 0.31 0.3933 1.8 7.1281 2.0 0.1315 0.8 0.90 2138 33 2128 18 2118 14 100
COL-07-19_zr154 Meso. pp Colca 73 8 0.53 0.1025 1.8 0.8575 4.3 0.0607 3.9 0.42 629 11 629 20 627 86 100
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MAJ-07-12_zr231 Meso. pp Majes 65 39 0.63 0.5129 1.7 13.2517 1.8 0.1874 0.6 0.94 2669 37 2698 17 2719 10 99
MAJ-07-12_zr232 Meso. pp Majes 26 3 0.43 0.0956 1.7 0.8213 3.4 0.0623 3.0 0.50 589 10 609 16 685 65 97

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-12_zr165 Meso. pp Majes 149 11 0.07 0.0769 2.2 0.5910 2.8 0.0558 1.7 0.79 478 10 472 11 442 38 101
MAJ-07-12_zr166 Meso. pp Majes 74 39 0.68 0.4568 1.4 10.1891 1.8 0.1618 1.1 0.78 2426 28 2452 17 2474 19 99
MAJ-07-12_zr167 Meso. pp Majes 92 9 0.29 0.0985 1.5 0.8302 2.7 0.0612 2.2 0.56 605 9 614 13 645 48 99
MAJ-07-12_zr168 Meso. pp Majes 58 7 1.45 0.0968 1.1 0.8016 1.9 0.0601 1.5 0.58 596 6 598 9 606 33 100
MAJ-07-12_zr169 Meso. pp Majes 58 5 0.50 0.0844 1.6 0.6943 3.4 0.0597 3.0 0.47 522 8 535 14 591 66 98
MAJ-07-12_zr170 Meso. pp Majes 102 18 0.69 0.1699 1.0 1.7307 1.8 0.0739 1.5 0.56 1012 9 1020 12 1038 31 99
MAJ-07-12_zr171 Meso. pp Majes 100 9 0.68 0.0771 1.6 0.6333 3.6 0.0596 3.2 0.44 479 7 498 14 589 71 96
MAJ-07-12_zr172 Meso. pp Majes 39 4 0.50 0.0937 2.0 0.7870 3.4 0.0609 2.7 0.59 578 11 590 15 635 59 98
MAJ-07-12_zr176 Meso. pp Majes 120 53 0.47 0.3772 1.3 9.7612 1.4 0.1877 0.6 0.93 2063 23 2413 13 2722 10 86
MAJ-07-12_zr177 Meso. pp Majes 107 61 1.00 0.4715 0.7 10.7598 1.0 0.1655 0.7 0.70 2490 15 2503 9 2513 12 99
MAJ-07-12_zr178 Meso. pp Majes 34 8 0.61 0.2144 1.7 2.6017 2.6 0.0880 2.0 0.65 1252 19 1301 19 1383 39 96
MAJ-07-12_zr179 Meso. pp Majes 24 2 0.42 0.0883 1.4 0.6979 3.6 0.0573 3.3 0.39 546 7 538 15 503 74 102
MAJ-07-12_zr180 Meso. pp Majes 109 6 1.38 0.0410 2.1 0.3374 6.5 0.0597 6.2 0.32 259 5 295 17 592 141 88
MAJ-07-12_zr181 Meso. pp Majes 64 5 0.83 0.0726 2.7 0.5655 3.6 0.0565 2.4 0.75 452 12 455 13 473 54 99
MAJ-07-12_zr182 Meso. pp Majes 48 5 0.56 0.1038 2.0 0.8900 2.6 0.0622 1.7 0.77 637 12 646 13 680 37 99
MAJ-07-12_zr183 Meso. pp Majes 56 24 0.70 0.3816 1.2 7.1088 1.6 0.1351 1.0 0.75 2084 21 2125 14 2166 18 98
MAJ-07-12_zr184 Meso. pp Majes 107 25 0.57 0.2209 2.1 2.6170 2.7 0.0859 1.7 0.78 1287 25 1306 20 1337 33 99
MAJ-07-12_zr185 Meso. pp Majes 391 32 0.08 0.0886 1.1 0.7115 1.9 0.0583 1.5 0.58 547 6 546 8 539 33 100
MAJ-07-12_zr192 Meso. pp Majes 17 15 3.42 0.4855 2.1 12.4078 2.7 0.1854 1.7 0.78 2551 44 2636 26 2702 28 97
MAJ-07-12_zr193 Meso. pp Majes 153 16 0.49 0.1009 0.9 0.8450 1.5 0.0608 1.2 0.60 619 5 622 7 631 26 100
MAJ-07-12_zr194 Meso. pp Majes 29 4 0.83 0.1110 1.1 0.9523 2.5 0.0623 2.3 0.44 678 7 679 13 683 50 100
MAJ-07-12_zr195 Meso. pp Majes 156 78 0.56 0.4252 0.9 9.4105 1.1 0.1605 0.7 0.82 2284 17 2379 10 2461 12 96
MAJ-07-12_zr196 Meso. pp Majes 116 11 0.56 0.0901 1.3 0.7451 2.1 0.0600 1.7 0.62 556 7 565 9 604 37 98
MAJ-07-12_zr197 Meso. pp Majes 167 12 0.56 0.0681 1.0 0.5333 2.1 0.0568 1.8 0.48 425 4 434 7 484 40 98
MAJ-07-12_zr198 Meso. pp Majes 130 12 0.28 0.0895 2.2 0.7319 2.6 0.0593 1.4 0.85 553 12 558 11 579 31 99
MAJ-07-12_zr199 Meso. pp Majes 10 2 0.65 0.1589 2.0 1.5670 4.7 0.0715 4.2 0.43 951 18 957 30 972 88 99
MAJ-07-12_zr200 Meso. pp Majes 164 15 0.37 0.0904 1.4 0.7371 2.3 0.0592 1.8 0.61 558 8 561 10 573 40 99
MAJ-07-12_zr201 Meso. pp Majes 64 6 0.34 0.1030 1.1 0.8885 2.6 0.0626 2.4 0.42 632 7 646 13 693 52 98
MAJ-07-12_zr205 Meso. pp Majes 76 12 0.39 0.1550 1.0 1.5135 1.5 0.0708 1.1 0.67 929 9 936 9 953 23 99
MAJ-07-12_zr206 Meso. pp Majes 238 23 0.47 0.0978 1.0 0.8305 3.4 0.0616 3.3 0.29 601 6 614 16 661 72 98
MAJ-07-12_zr207 Meso. pp Majes 15 3 1.27 0.1447 2.0 1.4773 6.7 0.0741 6.4 0.30 871 16 921 41 1044 135 95
MAJ-07-12_zr208 Meso. pp Majes 16 3 0.39 0.1806 1.7 1.9439 3.2 0.0781 2.7 0.53 1070 17 1096 22 1148 55 98
MAJ-07-12_zr209 Meso. pp Majes 33 3 0.74 0.0908 1.4 0.7623 3.9 0.0609 3.6 0.36 560 8 575 17 636 79 97
MAJ-07-12_zr210 Meso. pp Majes 100 9 0.68 0.0796 1.1 0.6322 2.2 0.0576 1.9 0.50 494 5 498 9 515 42 99
MAJ-07-12_zr211 Meso. pp Majes 61 6 0.72 0.0929 1.5 0.7427 2.8 0.0580 2.4 0.54 573 8 564 12 529 54 102
MAJ-07-12_zr212 Meso. pp Majes 61 22 0.45 0.2498 3.2 6.1120 3.7 0.1775 1.8 0.86 1437 41 1992 33 2630 30 72
MAJ-07-12_zr213 Meso. pp Majes 233 38 0.59 0.1504 1.3 1.5083 1.9 0.0727 1.4 0.68 888 11 922 12 1006 29 96
MAJ-07-12_zr214 Meso. pp Majes 135 14 0.29 0.1042 1.5 0.8941 2.1 0.0622 1.5 0.71 639 9 649 10 683 32 99
MAJ-07-12_zr218 Meso. pp Majes 79 14 0.58 0.1789 1.3 1.8550 1.9 0.0752 1.4 0.68 1061 13 1065 13 1074 28 100
MAJ-07-12_zr219 Meso. pp Majes 48 3 0.92 0.0543 1.6 0.4184 4.2 0.0559 3.9 0.38 341 5 355 13 449 89 96
MAJ-07-12_zr220 Meso. pp Majes 91 10 1.02 0.0948 0.8 0.7781 2.6 0.0596 2.5 0.31 584 5 584 12 588 55 100
MAJ-07-12_zr221 Meso. pp Majes 23 9 1.29 0.3128 1.4 4.7311 2.5 0.1097 2.1 0.56 1754 22 1773 21 1795 39 99
MAJ-07-12_zr222 Meso. pp Majes 55 10 0.76 0.1622 1.1 1.6243 2.4 0.0727 2.1 0.46 969 10 980 15 1004 43 99
MAJ-07-12_zr223 Meso. pp Majes 21 5 0.82 0.2010 1.8 2.2909 2.8 0.0827 2.2 0.64 1181 20 1210 20 1261 44 98
MAJ-07-12_zr224 Meso. pp Majes 41 17 0.86 0.3667 1.3 6.5831 1.5 0.1302 0.8 0.87 2014 23 2057 13 2101 14 98
MAJ-07-12_zr225 Meso. pp Majes 55 5 0.46 0.0790 2.0 0.6356 3.2 0.0583 2.5 0.62 490 9 500 13 543 56 98
MAJ-07-12_zr226 Meso. pp Majes 44 5 0.77 0.0998 1.7 0.8341 3.2 0.0606 2.7 0.53 613 10 616 15 626 59 100
MAJ-07-12_zr227 Meso. pp Majes 56 10 0.50 0.1531 1.7 1.5218 2.8 0.0721 2.2 0.61 918 15 939 17 989 45 98
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MAJ-07-12_zr292 Meso. pp Majes 20 2 1.76 0.0853 1.5 0.7917 5.6 0.0673 5.4 0.27 528 8 592 25 848 117 89
MAJ-07-12_zr296 Meso. pp Majes 89 10 0.78 0.0983 0.9 0.8236 1.5 0.0608 1.2 0.60 604 5 610 7 632 26 99
MAJ-07-12_zr297 Meso. pp Majes 92 10 0.79 0.0949 1.3 0.7897 2.3 0.0604 1.9 0.57 584 7 591 10 617 42 99

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-12_zr233 Meso. pp Majes 211 9 0.45 0.0441 1.1 0.3131 3.1 0.0515 2.9 0.35 278 3 277 8 261 68 101
MAJ-07-12_zr234 Meso. pp Majes 271 25 0.07 0.0895 1.8 0.7643 3.0 0.0619 2.4 0.60 553 10 577 13 671 52 96
MAJ-07-12_zr235 Meso. pp Majes 124 12 0.94 0.0804 1.4 0.6861 5.8 0.0619 5.6 0.24 499 7 530 24 669 125 94
MAJ-07-12_zr236 Meso. pp Majes 58 11 0.56 0.1816 1.7 1.9372 2.3 0.0774 1.5 0.74 1076 17 1094 16 1131 30 98
MAJ-07-12_zr237 Meso. pp Majes 33 8 0.56 0.2324 1.5 2.7816 2.6 0.0868 2.1 0.58 1347 18 1351 20 1357 41 100
MAJ-07-12_zr238 Meso. pp Majes 125 21 0.41 0.1814 1.3 1.8814 1.8 0.0752 1.3 0.72 1075 13 1075 12 1075 26 100
MAJ-07-12_zr239 Meso. pp Majes 66 5 0.20 0.0867 1.7 0.6988 3.4 0.0584 2.9 0.50 536 9 538 14 546 65 100
MAJ-07-12_zr240 Meso. pp Majes 15 2 0.62 0.0993 2.3 0.8900 9.9 0.0650 9.6 0.23 610 13 646 49 775 216 94
MAJ-07-12_zr244 Meso. pp Majes 90 6 0.57 0.0614 1.4 0.4902 8.0 0.0579 7.9 0.18 384 5 405 27 526 183 95
MAJ-07-12_zr245 Meso. pp Majes 163 11 0.11 0.0781 1.0 0.6075 1.9 0.0564 1.6 0.53 485 5 482 7 469 36 101
MAJ-07-12_zr246 Meso. pp Majes 53 9 0.48 0.1759 0.8 1.8187 1.7 0.0750 1.5 0.47 1044 8 1052 11 1069 31 99
MAJ-07-12_zr247 Meso. pp Majes 25 3 1.61 0.0969 1.6 0.9022 5.6 0.0675 5.4 0.29 596 9 653 27 854 116 91
MAJ-07-12_zr248 Meso. pp Majes 117 12 0.46 0.0989 1.5 0.8655 9.1 0.0635 9.0 0.16 608 9 633 44 723 204 96
MAJ-07-12_zr249 Meso. pp Majes 18 3 0.53 0.1610 2.3 1.5263 3.4 0.0687 2.5 0.68 963 21 941 21 891 53 102
MAJ-07-12_zr250 Meso. pp Majes 340 18 0.59 0.0520 3.4 0.4196 6.5 0.0586 5.5 0.52 327 11 356 20 550 125 92
MAJ-07-12_zr251 Meso. pp Majes 70 13 1.06 0.1644 1.3 1.6804 2.6 0.0741 2.3 0.50 965 12 990 17 1045 47 97
MAJ-07-12_zr252 Meso. pp Majes 6 1 1.06 0.1636 3.2 1.7109 8.4 0.0758 7.8 0.38 977 29 1013 55 1091 165 96
MAJ-07-12_zr253 Meso. pp Majes 71 8 0.92 0.1016 1.2 0.8702 3.2 0.0622 3.0 0.37 624 7 636 15 679 65 98
MAJ-07-12_zr257 Meso. pp Majes 53 32 0.80 0.5022 1.4 12.6018 1.6 0.1820 0.8 0.87 2623 30 2650 15 2671 13 99
MAJ-07-12_zr258 Meso. pp Majes 113 71 1.14 0.4993 0.9 12.3333 1.3 0.1792 0.9 0.69 2611 19 2630 12 2645 15 99
MAJ-07-12_zr259 Meso. pp Majes 119 8 0.47 0.0581 1.5 0.4557 2.9 0.0568 2.5 0.52 364 5 381 9 485 56 96
MAJ-07-12_zr260 Meso. pp Majes 58 8 0.76 0.1389 2.4 1.3149 3.4 0.0687 2.4 0.71 838 19 852 20 889 50 98
MAJ-07-12_zr261 Meso. pp Majes 17 8 1.43 0.3720 1.8 6.5140 2.2 0.1270 1.3 0.82 2039 32 2048 20 2057 23 100
MAJ-07-12_zr262 Meso. pp Majes 36 6 0.81 0.1652 1.4 1.6836 2.4 0.0739 1.9 0.58 985 13 1002 15 1040 39 98
MAJ-07-12_zr263 Meso. pp Majes 62 7 0.80 0.1095 1.1 0.9431 2.5 0.0624 2.3 0.44 670 7 675 12 689 50 99
MAJ-07-12_zr264 Meso. pp Majes 93 33 0.87 0.3205 1.0 4.8471 1.3 0.1097 0.8 0.77 1792 16 1793 11 1794 15 100
MAJ-07-12_zr265 Meso. pp Majes 73 46 2.21 0.4381 0.9 9.3848 1.2 0.1554 0.8 0.75 2342 18 2376 11 2406 14 99
MAJ-07-12_zr266 Meso. pp Majes 43 8 0.54 0.1674 1.1 1.7171 1.8 0.0744 1.4 0.61 998 10 1015 12 1052 28 98
MAJ-07-12_zr270 Meso. pp Majes 28 9 0.61 0.3128 0.9 4.6300 1.9 0.1074 1.7 0.47 1754 14 1755 16 1755 31 100
MAJ-07-12_zr271 Meso. pp Majes 179 27 0.29 0.1512 1.8 1.4458 2.0 0.0694 0.8 0.90 907 15 908 12 910 17 100
MAJ-07-12_zr272 Meso. pp Majes 98 5 1.06 0.0424 1.3 0.3145 2.9 0.0539 2.6 0.45 268 3 278 7 365 60 96
MAJ-07-12_zr273 Meso. pp Majes 82 7 0.59 0.0821 1.3 0.6665 3.1 0.0589 2.8 0.42 508 6 519 13 564 62 98
MAJ-07-12_zr274 Meso. pp Majes 60 6 0.58 0.0926 1.0 0.7465 1.8 0.0585 1.5 0.56 571 6 566 8 547 33 101
MAJ-07-12_zr275 Meso. pp Majes 117 23 0.72 0.1761 1.1 1.7961 1.4 0.0740 0.9 0.79 1046 11 1044 9 1041 18 100
MAJ-07-12_zr276 Meso. pp Majes 157 19 1.86 0.0880 1.4 0.7122 2.1 0.0587 1.5 0.67 544 7 546 9 556 33 100
MAJ-07-12_zr277 Meso. pp Majes 85 9 0.71 0.0977 0.7 0.8123 2.6 0.0603 2.5 0.27 601 4 604 12 614 55 100
MAJ-07-12_zr278 Meso. pp Majes 65 37 0.78 0.4820 1.1 12.2732 1.4 0.1847 0.9 0.79 2536 23 2626 13 2695 15 97
MAJ-07-12_zr279 Meso. pp Majes 36 7 0.47 0.1905 1.8 2.0328 2.6 0.0774 1.9 0.69 1124 19 1127 18 1132 38 100
MAJ-07-12_zr283 Meso. pp Majes 72 3 0.78 0.0398 3.1 0.2952 5.5 0.0539 4.6 0.56 252 8 264 13 365 107 96
MAJ-07-12_zr284 Meso. pp Majes 107 10 0.76 0.0894 1.4 0.6763 4.5 0.0549 4.3 0.31 527 7 505 18 407 99 104
MAJ-07-12_zr285 Meso. pp Majes 84 23 1.42 0.2138 1.7 3.1054 1.9 0.1054 0.9 0.89 1254 19 1437 15 1721 17 87
MAJ-07-12_zr286 Meso. pp Majes 115 50 0.88 0.3748 1.2 6.1594 4.1 0.1192 3.9 0.29 2046 21 1996 36 1944 71 103
MAJ-07-12_zr287 Meso. pp Majes 91 4 1.03 0.0395 1.5 0.2901 4.2 0.0533 3.9 0.36 250 4 259 10 342 91 96
MAJ-07-12_zr288 Meso. pp Majes 57 6 0.73 0.1029 1.7 0.8938 3.1 0.0630 2.6 0.55 631 10 648 15 709 56 97
MAJ-07-12_zr289 Meso. pp Majes 145 53 0.76 0.3351 0.9 5.2538 1.2 0.1137 0.8 0.75 1863 15 1861 10 1860 15 100
MAJ-07-12_zr290 Meso. pp Majes 11 1 0.59 0.1019 2.7 0.8847 7.3 0.0629 6.8 0.37 626 16 644 35 706 152 97
MAJ-07-12_zr291 Meso. pp Majes 53 5 0.84 0.0840 1.2 0.7041 3.3 0.0608 3.1 0.36 520 6 541 14 633 68 96
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MAJ-08-03_zr050 Meso. pp MoqB 90 8 0.23 0.0901 1.5 0.7560 2.7 0.0609 2.2 0.56 556 8 572 12 634 48 97
MAJ-08-03_zr051 Meso. pp MoqB 42 5 1.22 0.1026 1.2 0.8851 2.2 0.0626 1.8 0.55 630 7 644 11 693 39 98
MAJ-08-03_zr052 Meso. pp MoqB 91 12 1.93 0.0930 2.7 0.7781 3.3 0.0607 1.9 0.82 573 15 584 15 629 41 98

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-12_zr298 Meso. pp Majes 175 39 1.59 0.1700 1.2 1.7415 1.5 0.0743 0.9 0.80 1012 11 1024 10 1050 18 99
MAJ-07-12_zr299 Meso. pp Majes 113 12 0.56 0.1027 1.2 0.8639 2.7 0.0610 2.4 0.44 630 7 632 13 640 53 100
MAJ-07-12_zr300 Meso. pp Majes 45 6 0.56 0.1281 1.9 1.1460 2.5 0.0649 1.7 0.76 777 14 775 14 770 36 100
MAJ-07-12_zr301 Meso. pp Majes 129 27 0.55 0.1938 1.3 2.1087 1.9 0.0789 1.4 0.68 1142 14 1152 13 1170 28 99
MAJ-07-12_zr302 Meso. pp Majes 92 8 0.68 0.0808 1.0 0.6498 2.1 0.0584 1.9 0.48 501 5 508 8 543 42 98
MAJ-07-12_zr303 Meso. pp Majes 72 7 0.74 0.0921 1.2 0.7664 2.9 0.0604 2.6 0.41 568 7 578 13 617 57 98
MAJ-07-12_zr304 Meso. pp Majes 28 3 0.18 0.0947 1.2 0.7535 3.8 0.0577 3.6 0.32 584 7 570 17 518 81 102
MAJ-07-12_zr305 Meso. pp Majes 77 14 0.67 0.1722 0.9 1.7575 1.1 0.0740 0.7 0.82 1024 9 1030 7 1042 14 99
MAJ-07-12_zr309 Meso. pp Majes 172 7 0.89 0.0405 1.3 0.2890 3.2 0.0518 2.9 0.41 256 3 258 7 277 68 99
MAJ-07-12_zr310 Meso. pp Majes 62 6 1.06 0.0863 1.5 0.7014 4.1 0.0590 3.8 0.37 533 8 540 17 566 85 99
MAJ-07-12_zr311 Meso. pp Majes 46 9 0.60 0.1933 0.9 2.1242 2.8 0.0797 2.7 0.32 1139 9 1157 20 1190 54 98
MAJ-07-12_zr312 Meso. pp Majes 63 14 0.49 0.2002 1.1 2.2456 2.0 0.0814 1.7 0.55 1176 12 1195 14 1230 34 98
MAJ-07-12_zr313 Meso. pp Majes 99 13 0.51 0.1299 1.1 1.1810 1.8 0.0660 1.4 0.61 787 8 792 10 805 30 99
MAJ-08-03_zr007 Meso. pp MoqB 277 26 0.03 0.1008 1.2 0.8286 1.5 0.0596 0.9 0.80 619 7 613 7 590 20 101
MAJ-08-03_zr008 Meso. pp MoqB 188 15 0.03 0.0872 1.6 0.7012 2.1 0.0584 1.3 0.76 539 8 540 9 543 29 100
MAJ-08-03_zr009 Meso. pp MoqB 235 70 0.63 0.2885 2.7 4.0058 2.9 0.1007 1.1 0.93 1634 39 1635 24 1637 21 100
MAJ-08-03_zr010 Meso. pp MoqB 155 24 0.35 0.1558 1.3 1.5322 1.7 0.0714 1.1 0.76 933 11 943 11 968 23 99
MAJ-08-03_zr011 Meso. pp MoqB 85 9 1.04 0.0949 2.0 0.7758 3.1 0.0593 2.4 0.65 584 11 583 14 578 53 100
MAJ-08-03_zr012 Meso. pp MoqB 106 18 0.74 0.1447 1.4 1.4684 2.0 0.0736 1.4 0.70 871 11 918 12 1030 29 95
MAJ-08-03_zr013 Meso. pp MoqB 40 17 1.25 0.3267 1.3 5.1519 1.8 0.1144 1.3 0.72 1823 21 1845 15 1870 24 99
MAJ-08-03_zr014 Meso. pp MoqB 73 18 0.52 0.2237 1.3 2.7216 2.0 0.0882 1.5 0.65 1302 15 1334 15 1388 29 98
MAJ-08-03_zr015 Meso. pp MoqB 29 4 0.48 0.1340 1.8 1.2771 3.0 0.0692 2.4 0.60 810 14 836 17 903 50 97
MAJ-08-03_zr016 Meso. pp MoqB 18 2 2.76 0.0694 2.4 0.5807 7.2 0.0607 6.8 0.33 424 10 457 27 628 154 93
MAJ-08-03_zr020 Meso. pp MoqB 44 4 0.41 0.0988 2.1 0.8430 4.2 0.0619 3.6 0.50 599 12 614 20 670 79 98
MAJ-08-03_zr021 Meso. pp MoqB 35 6 0.94 0.1416 1.8 1.3846 3.1 0.0709 2.5 0.58 854 14 882 18 955 52 97
MAJ-08-03_zr022 Meso. pp MoqB 96 21 0.42 0.2119 1.7 2.4263 2.1 0.0830 1.3 0.81 1239 19 1250 15 1270 26 99
MAJ-08-03_zr023 Meso. pp MoqB 9 3 2.48 0.1971 2.4 2.1792 4.5 0.0802 3.8 0.53 1160 26 1175 32 1201 77 99
MAJ-08-03_zr024 Meso. pp MoqB 116 12 0.57 0.0967 1.9 0.8431 2.9 0.0632 2.2 0.66 595 11 621 14 716 47 96
MAJ-08-03_zr025 Meso. pp MoqB 67 13 1.12 0.1538 1.0 1.5436 1.9 0.0728 1.6 0.53 922 9 948 12 1008 33 97
MAJ-08-03_zr026 Meso. pp MoqB 50 10 0.36 0.1888 1.4 2.0795 2.4 0.0799 1.9 0.58 1115 14 1142 17 1195 38 98
MAJ-08-03_zr027 Meso. pp MoqB 147 18 1.13 0.0993 1.4 0.8350 2.1 0.0610 1.5 0.67 610 8 616 10 640 33 99
MAJ-08-03_zr028 Meso. pp MoqB 125 10 0.34 0.0813 1.3 0.6454 2.4 0.0576 2.0 0.54 504 6 506 10 515 45 100
MAJ-08-03_zr029 Meso. pp MoqB 230 42 0.45 0.1801 0.8 1.8852 1.1 0.0759 0.7 0.73 1072 8 1079 7 1092 14 99
MAJ-08-03_zr033 Meso. pp MoqB 183 17 0.37 0.0898 1.4 0.7250 2.0 0.0586 1.4 0.70 554 7 554 9 550 31 100
MAJ-08-03_zr034 Meso. pp MoqB 85 14 0.29 0.1666 1.3 1.6802 1.7 0.0731 1.1 0.76 994 12 1001 11 1018 22 99
MAJ-08-03_zr035 Meso. pp MoqB 69 6 0.59 0.0813 1.7 0.6505 3.2 0.0581 2.7 0.53 504 8 509 13 533 60 99
MAJ-08-03_zr036 Meso. pp MoqB 52 6 0.86 0.0984 1.2 0.8272 2.6 0.0610 2.3 0.46 605 7 612 12 638 50 99
MAJ-08-03_zr037 Meso. pp MoqB 111 42 0.64 0.3602 1.6 6.1309 1.9 0.1235 1.0 0.84 1983 27 1995 17 2007 18 99
MAJ-08-03_zr038 Meso. pp MoqB 95 10 1.12 0.0867 1.6 0.7204 3.1 0.0603 2.7 0.52 536 8 551 13 613 59 97
MAJ-08-03_zr039 Meso. pp MoqB 283 30 0.83 0.0948 1.6 0.7870 2.3 0.0602 1.7 0.70 584 9 589 10 611 37 99
MAJ-08-03_zr040 Meso. pp MoqB 21 3 1.00 0.1066 2.4 0.9593 4.8 0.0653 4.1 0.50 653 15 683 24 783 89 96
MAJ-08-03_zr041 Meso. pp MoqB 31 6 0.61 0.1731 1.8 1.7898 3.9 0.0750 3.5 0.46 1029 17 1042 26 1069 72 99
MAJ-08-03_zr042 Meso. pp MoqB 113 10 0.48 0.0835 0.9 0.6663 1.7 0.0579 1.5 0.53 517 5 518 7 526 33 100
MAJ-08-03_zr046 Meso. pp MoqB 226 10 0.37 0.0428 1.7 0.3081 2.6 0.0523 2.0 0.65 270 5 273 6 297 46 99
MAJ-08-03_zr047 Meso. pp MoqB 17 2 0.75 0.1086 2.5 0.9505 6.6 0.0635 6.1 0.38 665 16 678 33 725 135 98
MAJ-08-03_zr048 Meso. pp MoqB 24 2 0.49 0.0823 2.2 0.6953 10.8 0.0613 10.6 0.20 510 11 536 46 648 246 95
MAJ-08-03_zr049 Meso. pp MoqB 28 6 0.20 0.1976 1.2 2.1767 2.8 0.0799 2.5 0.43 1163 13 1174 20 1194 50 99
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MAJ-08-03_zr117 Meso. pp MoqB 82 3 0.27 0.0406 0.9 0.2865 4.1 0.0512 4.0 0.22 257 2 256 9 250 95 100
MAJ-08-03_zr118 Meso. pp MoqB 19 4 0.81 0.1709 1.6 1.7832 4.6 0.0757 4.3 0.35 1017 15 1039 30 1087 89 98
MAJ-08-03_zr119 Meso. pp MoqB 30 4 0.59 0.1322 1.2 1.2496 3.4 0.0686 3.2 0.35 800 9 823 19 886 68 97

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206 238 ± 1σ 207 235 ± 1σ 207 206 ± 1σ Rho 206 238 ± 2σ 207 235 ± 2σ 207 206 ± 2σ conc. 
(ppm)

Pb/ U Pb/ U Pb/ Pb Pb/ U 
(Ma)

Pb/ U 
(Ma)

Pb/ Pb 
(Ma) (%)(Ma) (Ma) (Ma)

MAJ-08-03_zr053 Meso. pp MoqB 190 59 0.88 0.2784 1.5 5.8316 2.1 0.1519 1.4 0.71 1587 21 1953 18 2368 24 81
MAJ-08-03_zr054 Meso. pp MoqB 107 8 1.06 0.0642 1.8 0.4876 3.2 0.0551 2.6 0.56 401 7 403 11 416 59 99
MAJ-08-03_zr055 Meso. pp MoqB 17 2 1.01 0.1231 1.9 1.1658 4.4 0.0687 4.0 0.43 748 13 785 24 889 85 95
MAJ-08-03_zr060 Meso. pp MoqB 41 7 0.42 0.1615 2.7 1.6447 3.9 0.0739 2.8 0.69 965 24 988 25 1038 58 98
MAJ-08-03_zr061 Meso. pp MoqB 100 22 0.71 0.2010 2.2 2.2376 2.7 0.0807 1.5 0.81 1181 24 1193 19 1215 30 99
MAJ-08-03_zr062 Meso. pp MoqB 76 10 1.46 0.0996 1.7 0.8419 2.3 0.0613 1.5 0.74 612 10 620 11 650 33 99
MAJ-08-03_zr063 Meso. pp MoqB 33 6 0.42 0.1663 1.8 1.7000 3.3 0.0741 2.8 0.55 992 17 1009 21 1045 58 98
MAJ-08-03_zr064 Meso. pp MoqB 98 9 0.25 0.0901 1.5 0.7282 2.9 0.0586 2.5 0.52 556 8 556 13 554 56 100
MAJ-08-03_zr065 Meso. pp MoqB 119 13 1.40 0.0815 1.9 0.7234 11.6 0.0644 11.4 0.16 505 9 553 51 755 261 91
MAJ-08-03_zr066 Meso. pp MoqB 682 62 0.82 0.0623 1.9 1.2887 10.3 0.1500 10.1 0.18 390 7 841 61 2346 184 46
MAJ-08-03_zr067 Meso. pp MoqB 104 13 0.40 0.1255 1.2 1.1395 1.7 0.0659 1.2 0.71 760 9 771 9 802 25 99
MAJ-08-03_zr068 Meso. pp MoqB 85 8 0.47 0.0875 1.3 0.7153 2.0 0.0593 1.5 0.65 541 7 548 9 577 33 99
MAJ-08-03_zr072 Meso. pp MoqB 69 8 0.72 0.1057 1.5 0.9220 2.4 0.0632 1.9 0.62 648 9 663 12 716 41 98
MAJ-08-03_zr073 Meso. pp MoqB 40 3 0.26 0.0890 1.4 0.7529 3.7 0.0614 3.4 0.38 550 7 570 16 651 75 96
MAJ-08-03_zr074 Meso. pp MoqB 142 11 0.08 0.0831 1.1 0.6655 2.1 0.0581 1.8 0.52 515 5 518 9 532 40 99
MAJ-08-03_zr075 Meso. pp MoqB 33 19 0.76 0.5253 1.4 13.1013 1.9 0.1809 1.3 0.74 2722 31 2687 18 2661 22 101
MAJ-08-03_zr076 Meso. pp MoqB 35 28 1.30 0.5993 0.9 20.6279 1.3 0.2496 0.9 0.69 3027 22 3121 13 3182 14 97
MAJ-08-03_zr077 Meso. pp MoqB 203 27 0.59 0.1241 1.3 1.1239 1.8 0.0657 1.3 0.72 754 9 765 10 797 28 99
MAJ-08-03_zr078 Meso. pp MoqB 98 11 0.61 0.1121 1.4 0.9590 2.1 0.0621 1.6 0.67 685 9 683 11 676 35 100
MAJ-08-03_zr079 Meso. pp MoqB 100 13 0.78 0.1211 1.2 1.0684 1.9 0.0640 1.5 0.63 737 8 738 10 742 32 100
MAJ-08-03_zr080 Meso. pp MoqB 141 28 0.32 0.1951 1.4 2.1352 1.6 0.0794 0.8 0.87 1149 15 1160 11 1182 16 99
MAJ-08-03_zr085 Meso. pp MoqB 70 7 0.86 0.0932 1.7 0.7530 2.5 0.0586 1.8 0.68 575 9 570 11 552 40 101
MAJ-08-03_zr086 Meso. pp MoqB 30 9 1.13 0.2579 1.8 3.3509 2.5 0.0943 1.8 0.72 1479 24 1493 20 1513 34 99
MAJ-08-03_zr087 Meso. pp MoqB 117 11 0.42 0.0914 2.1 0.7485 3.0 0.0594 2.2 0.70 564 11 567 13 582 49 99
MAJ-08-03_zr088 Meso. pp MoqB 91 15 0.51 0.1555 1.8 1.5582 2.3 0.0727 1.4 0.78 932 16 954 14 1005 29 98
MAJ-08-03_zr089 Meso. pp MoqB 76 16 0.45 0.1885 1.7 2.0312 2.3 0.0781 1.6 0.74 1113 17 1126 16 1150 32 99
MAJ-08-03_zr090 Meso. pp MoqB 60 5 0.03 0.0910 2.3 0.7515 3.3 0.0599 2.4 0.70 561 12 569 15 600 53 99
MAJ-08-03_zr091 Meso. pp MoqB 82 9 0.91 0.0910 1.9 0.7401 2.4 0.0590 1.4 0.79 562 10 562 10 566 31 100
MAJ-08-03_zr092 Meso. pp MoqB 91 16 0.87 0.1601 2.2 1.5982 2.8 0.0724 1.8 0.79 957 20 970 18 998 37 99
MAJ-08-03_zr093 Meso. pp MoqB 118 6 1.36 0.0412 2.9 0.3117 5.7 0.0549 4.9 0.51 260 7 276 14 407 114 94
MAJ-08-03_zr094 Meso. pp MoqB 69 12 0.33 0.1680 1.3 1.7797 2.1 0.0768 1.7 0.62 1001 12 1038 14 1117 34 96
MAJ-08-03_zr098 Meso. pp MoqB 187 16 0.55 0.0770 1.7 0.6114 2.3 0.0576 1.6 0.74 478 8 484 9 515 36 99
MAJ-08-03_zr099 Meso. pp MoqB 83 14 0.97 0.1436 1.5 1.3621 2.1 0.0688 1.4 0.71 865 12 873 12 893 29 99
MAJ-08-03_zr100 Meso. pp MoqB 90 10 0.66 0.0993 2.4 0.8358 3.6 0.0611 2.7 0.67 610 14 617 17 641 59 99
MAJ-08-03_zr101 Meso. pp MoqB 65 3 1.22 0.0425 1.7 0.3103 2.8 0.0530 2.2 0.61 268 5 274 7 329 51 98
MAJ-08-03_zr102 Meso. pp MoqB 80 9 0.95 0.0985 1.8 0.8408 2.9 0.0619 2.3 0.62 605 10 620 14 672 50 98
MAJ-08-03_zr103 Meso. pp MoqB 74 12 0.26 0.1655 1.1 1.6859 2.9 0.0739 2.7 0.38 987 10 1003 19 1038 56 98
MAJ-08-03_zr104 Meso. pp MoqB 156 7 0.55 0.0456 2.7 0.3275 3.6 0.0521 2.4 0.75 288 8 288 9 288 56 100
MAJ-08-03_zr105 Meso. pp MoqB 92 9 0.43 0.0920 2.2 0.7729 2.8 0.0609 1.8 0.79 568 12 581 13 636 39 98
MAJ-08-03_zr106 Meso. pp MoqB 138 20 0.33 0.1547 2.8 1.9597 3.3 0.0919 1.7 0.85 900 24 1081 22 1464 33 83
MAJ-08-03_zr107 Meso. pp MoqB 158 12 0.22 0.0753 1.8 0.5844 2.7 0.0563 2.0 0.67 468 8 467 10 465 45 100
MAJ-08-03_zr111 Meso. pp MoqB 38 4 0.51 0.0939 1.3 0.7960 3.6 0.0615 3.4 0.36 579 7 595 16 657 75 97
MAJ-08-03_zr112 Meso. pp MoqB 68 12 0.43 0.1733 2.1 1.7863 2.6 0.0748 1.6 0.81 1030 20 1041 17 1062 33 99
MAJ-08-03_zr113 Meso. pp MoqB 40 7 0.39 0.1641 2.3 1.6745 3.3 0.0740 2.4 0.70 980 21 999 21 1042 49 98
MAJ-08-03_zr114 Meso. pp MoqB 153 27 0.88 0.1523 1.4 1.5038 1.8 0.0716 1.2 0.78 914 12 932 11 975 25 98
MAJ-08-03_zr115 Meso. pp MoqB 99 27 0.55 0.2700 3.8 3.4032 4.0 0.0914 1.1 0.95 1541 52 1505 32 1455 21 102
MAJ-08-03_zr116 Meso. pp MoqB 15 2 0.59 0.1035 1.3 0.9899 6.0 0.0694 5.9 0.22 635 8 699 31 911 127 91
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MAJ-07-04_zr353 Ceno. MoqD Fm. 130 10 0.12 0.0872 0.9 0.6980 1.8 0.0581 1.6 0.50 539 5 538 8 532 35 100
MAJ-07-04_zr354 Ceno. MoqD Fm. 189 0 1.48 0.0012 6.0 0.0109 41.9 0.0668 41.5 0.14 8 1 11 5 831 830 69
MAJ-07-04_zr355 Ceno. MoqD Fm. 356 1 1.21 0.0011 3.1 0.0083 11.7 0.0570 11.3 0.26 7 0 9 1 493 271 81

    Apparent ages

206 238 207 235 207 206 206 238 207 235 207 206Sample Formation U (ppm) Pb Th/U Pb/ U ± 1σ Pb/ U ± 1σ Pb/ Pb ± 1σ Rho Pb/ U ± 2σ Pb/ U ± 2σ Pb/ Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-08-03_zr120 Meso. pp MoqB 79 19 0.50 0.2274 1.8 2.7531 2.1 0.0878 1.0 0.86 1321 22 1343 16 1379 19 98
MAJ-08-03_zr124 Meso. pp MoqB 245 22 0.19 0.0859 2.2 0.7073 2.5 0.0598 1.2 0.88 531 11 543 11 595 26 98
MAJ-08-03_zr126 Meso. pp MoqB 82 10 0.43 0.1169 1.5 1.0219 1.9 0.0634 1.1 0.79 713 10 715 10 722 24 100
MAJ-08-03_zr127 Meso. pp MoqB 15 3 1.23 0.1644 2.2 1.6893 3.7 0.0745 3.0 0.59 981 20 1004 24 1055 62 98
MAJ-08-03_zr128 Meso. pp MoqB 106 10 1.22 0.0776 1.0 0.6257 3.4 0.0585 3.2 0.29 482 5 494 13 548 71 98
MAJ-08-03_zr129 Meso. pp MoqB 40 4 0.80 0.0945 1.4 0.7978 3.1 0.0612 2.8 0.45 582 8 596 14 647 61 98
MAJ-08-03_zr130 Meso. pp MoqB 26 4 0.55 0.1468 1.6 1.4299 2.5 0.0706 1.9 0.64 883 13 902 15 947 39 98
MAJ-08-03_zr131 Meso. pp MoqB 52 11 1.19 0.1672 2.3 1.7691 2.9 0.0767 1.8 0.79 997 21 1034 19 1114 36 96
MAJ-08-03_zr132 Meso. pp MoqB 84 15 0.57 0.1789 2.3 1.8632 3.1 0.0755 2.1 0.74 1061 23 1068 21 1083 43 99
MAJ-08-03_zr133 Meso. pp MoqB 112 24 0.57 0.2021 1.6 2.2646 2.6 0.0813 2.0 0.62 1187 17 1201 19 1228 40 99
MAJ-08-03_zr137 Meso. pp MoqB 36 4 1.42 0.0898 1.6 0.7547 3.6 0.0609 3.2 0.44 554 9 571 16 637 70 97
MAJ-08-03_zr138 Meso. pp MoqB 91 17 0.60 0.1727 2.4 1.8257 3.6 0.0767 2.7 0.67 1027 23 1055 24 1113 55 97
MAJ-08-03_zr139 Meso. pp MoqB 135 15 0.77 0.0995 0.8 0.8274 2.2 0.0603 2.0 0.36 612 5 612 10 614 44 100
MAJ-08-03_zr140 Meso. pp MoqB 47 5 0.91 0.0844 2.5 0.6988 4.5 0.0600 3.8 0.56 523 13 538 19 604 84 97
MAJ-08-03_zr141 Meso. pp MoqB 89 8 0.42 0.0897 1.6 0.7633 2.3 0.0618 1.7 0.70 554 9 576 10 666 37 96
MAJ-08-03_zr142 Meso. pp MoqB 101 4 0.69 0.0391 2.5 0.2745 3.8 0.0510 2.8 0.66 247 6 246 8 238 66 100
MAJ-08-03_zr143 Meso. pp MoqB 19 3 1.04 0.1264 2.6 1.1858 3.5 0.0681 2.4 0.74 767 19 794 20 870 51 97
MAJ-08-03_zr144 Meso. pp MoqB 90 9 1.00 0.0914 1.3 0.7601 3.6 0.0603 3.4 0.36 564 7 574 16 614 75 98
MAJ-08-03_zr145 Meso. pp MoqB 114 10 0.48 0.0824 1.0 0.6763 2.1 0.0595 1.9 0.48 510 5 525 9 587 42 97
MAJ-08-03_zr146 Meso. pp MoqB 76 17 0.79 0.1927 1.7 2.1472 2.7 0.0808 2.1 0.63 1136 18 1164 19 1217 42 98
MAJ-08-03_zr150 Meso. pp MoqB 182 87 0.18 0.4436 1.7 12.3920 2.1 0.2026 1.2 0.81 2367 34 2635 20 2847 20 90
MAJ-08-03_zr151 Meso. pp MoqB 106 12 1.15 0.0926 1.8 0.7696 2.5 0.0603 1.8 0.72 571 10 580 11 614 39 98
MAJ-08-03_zr152 Meso. pp MoqB 118 24 1.24 0.1713 1.7 1.7336 2.3 0.0734 1.5 0.74 1019 16 1021 15 1025 31 100
MAJ-08-03_zr153 Meso. pp MoqB 130 12 1.01 0.0814 2.1 0.6527 2.4 0.0582 1.2 0.88 504 10 510 10 536 27 99
MAJ-08-03_zr154 Meso. pp MoqB 61 11 0.26 0.1757 1.6 1.8240 2.9 0.0753 2.4 0.55 1044 15 1054 19 1076 49 99
MAJ-07-04_zr323 Ceno. MoqD Fm. 141 0 1.04 0.0012 5.4 0.0097 19.7 0.0576 18.9 0.27 8 0 10 2 514 480 80
MAJ-07-04_zr325 Ceno. MoqD Fm. 92 0 1.34 0.0012 9.2 0.0148 21.6 0.0935 19.5 0.43 8 1 16 3 1499 422 50
MAJ-07-04_zr326 Ceno. MoqD Fm. 100 0 0.81 0.0011 7.7 0.0136 14.9 0.0891 12.8 0.52 7 1 14 2 1407 267 52
MAJ-07-04_zr327 Ceno. MoqD Fm. 71 2 0.46 0.0230 2.3 0.1798 9.3 0.0567 9.0 0.25 147 3 168 15 480 212 87
MAJ-07-04_zr328 Ceno. MoqD Fm. 114 0 0.68 0.0012 8.1 0.0129 25.8 0.0754 24.5 0.31 8 1 13 3 1078 591 61
MAJ-07-04_zr329 Ceno. MoqD Fm. 140 0 1.05 0.0011 5.8 0.0084 17.0 0.0567 16.0 0.34 7 0 9 1 479 399 82
MAJ-07-04_zr330 Ceno. MoqD Fm. 336 1 0.88 0.0031 2.8 0.0233 9.1 0.0542 8.7 0.31 20 1 23 2 381 208 86
MAJ-07-04_zr331 Ceno. MoqD Fm. 269 1 0.42 0.0024 2.7 0.0168 7.4 0.0508 6.9 0.36 15 0 17 1 230 168 91
MAJ-07-04_zr335 Ceno. MoqD Fm. 66 0 2.00 0.0010 12.4 0.0095 32.6 0.0665 30.1 0.38 7 1 9 3 824 799 69
MAJ-07-04_zr336 Ceno. MoqD Fm. 102 11 0.57 0.1016 2.5 0.8493 3.5 0.0606 2.4 0.71 624 15 624 17 625 53 100
MAJ-07-04_zr337 Ceno. MoqD Fm. 350 0 1.13 0.0011 3.9 0.0072 9.7 0.0482 8.9 0.40 7 0 7 1 108 108 96
MAJ-07-04_zr339 Ceno. MoqD Fm. 29 0 1.51 0.0008 33.7 0.0074 50.2 0.0690 37.2 0.67 7 2 10 5 899 899 67
MAJ-07-04_zr340 Ceno. MoqD Fm. 52 0 0.75 0.0015 8.0 0.0118 15.0 0.0580 12.7 0.53 9 1 12 2 531 305 80
MAJ-07-04_zr341 Ceno. MoqD Fm. 375 0 0.73 0.0011 4.7 0.0082 10.2 0.0524 9.1 0.46 7 0 8 1 303 222 88
MAJ-07-04_zr342 Ceno. MoqD Fm. 89 0 0.82 0.0011 9.6 0.0070 46.0 0.0448 45.0 0.21 7 1 7 3 0 0 103
MAJ-07-04_zr343 Ceno. MoqD Fm. 220 0 0.98 0.0010 5.2 0.0067 13.5 0.0489 12.5 0.39 9 1 9 1 142 142 95
MAJ-07-04_zr344 Ceno. MoqD Fm. 121 0 0.93 0.0012 4.5 0.0083 15.4 0.0521 14.7 0.29 8 0 9 1 288 288 89
MAJ-07-04_zr348 Ceno. MoqD Fm. 94 0 0.67 0.0027 5.6 0.0264 15.1 0.0721 14.0 0.37 17 1 26 4 987 315 65
MAJ-07-04_zr349 Ceno. MoqD Fm. 94 4 0.65 0.0424 2.2 0.3087 3.4 0.0528 2.6 0.65 268 6 273 8 322 60 98
MAJ-07-04_zr350 Ceno. MoqD Fm. 86 0 1.05 0.0012 5.0 0.0127 28.3 0.0774 27.9 0.18 8 0 13 4 1131 687 60
MAJ-07-04_zr351 Ceno. MoqD Fm. 271 0 0.68 0.0011 5.0 0.0085 42.4 0.0570 42.1 0.12 7 0 9 4 492 492 81
MAJ-07-04_zr352 Ceno. MoqD Fm. 259 0 1.01 0.0013 3.6 0.0091 10.8 0.0518 10.2 0.33 8 0 9 1 276 252 89
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MAJ-07-04_zr421 Ceno. MoqD Fm. 36 0 1.15 0.0013 11.0 0.0158 47.4 0.0881 46.1 0.23 8 1 16 8 1385 1311 53
MAJ-07-04_zr423 Ceno. MoqD Fm. 180 0 1.32 0.0011 4.0 0.0085 30.8 0.0549 30.5 0.13 7 0 9 3 409 409 84
MAJ-07-04_zr424 Ceno. MoqD Fm. 61 0 0.95 0.0010 10.9 0.0122 27.5 0.0867 25.3 0.40 7 1 13 4 1354 587 53
MAJ-07-04_zr425 Ceno. MoqD Fm. 184 0 1.21 0.0011 5.6 0.0102 17.6 0.0647 16.7 0.32 7 0 10 2 764 398 72

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-04_zr356 Ceno. MoqD Fm. 131 0 1.05 0.0011 4.5 0.0096 18.9 0.0636 18.4 0.24 7 0 10 2 730 447 73
MAJ-07-04_zr357 Ceno. MoqD Fm. 193 1 0.86 0.0026 2.9 0.0192 21.7 0.0527 21.5 0.13 17 1 19 4 316 316 88
MAJ-07-04_zr361 Ceno. MoqD Fm. 71 0 1.76 0.0010 10.7 0.0068 32.5 0.0480 30.7 0.33 7 1 7 2 99 99 96
MAJ-07-04_zr362 Ceno. MoqD Fm. 160 0 1.45 0.0010 5.8 0.0091 17.0 0.0635 16.0 0.34 7 0 10 2 725 382 73
MAJ-07-04_zr363 Ceno. MoqD Fm. 260 1 0.92 0.0047 3.9 0.0314 6.3 0.0484 4.9 0.62 30 1 31 2 119 118 96
MAJ-07-04_zr364 Ceno. MoqD Fm. 156 0 1.07 0.0011 6.9 0.0072 12.9 0.0480 10.9 0.53 7 1 7 1 98 98 96
MAJ-07-04_zr365 Ceno. MoqD Fm. 60 0 1.47 0.0010 10.6 0.0091 23.6 0.0641 21.1 0.45 7 1 9 2 746 523 72
MAJ-07-04_zr366 Ceno. MoqD Fm. 443 1 0.76 0.0010 2.9 0.0060 6.9 0.0446 6.3 0.42 6 0 6 0 0 0 103
MAJ-07-04_zr367 Ceno. MoqD Fm. 210 0 1.45 0.0010 8.5 0.0077 20.0 0.0550 18.1 0.42 7 1 8 2 412 412 84
MAJ-07-04_zr368 Ceno. MoqD Fm. 62 0 1.22 0.0010 9.0 0.0103 41.4 0.0777 40.4 0.22 6 1 10 4 1139 1125 60
MAJ-07-04_zr369 Ceno. MoqD Fm. 49 0 1.72 0.0013 11.4 0.0081 39.9 0.0454 38.2 0.29 8 1 8 3 0 0 102
MAJ-07-04_zr370 Ceno. MoqD Fm. 134 0 1.06 0.0014 4.7 0.0094 17.3 0.0487 16.7 0.27 9 0 10 2 133 133 95
MAJ-07-04_zr374 Ceno. MoqD Fm. 485 1 0.64 0.0010 4.5 0.0072 9.1 0.0500 7.9 0.49 7 0 7 1 197 195 92
MAJ-07-04_zr375 Ceno. MoqD Fm. 61 0 1.67 0.0012 11.2 0.0135 30.1 0.0841 27.9 0.37 7 1 12 4 1296 669 55
MAJ-07-04_zr376 Ceno. MoqD Fm. 89 0 0.69 0.0032 6.1 0.0249 12.1 0.0557 10.5 0.50 21 1 25 3 441 252 84
MAJ-07-04_zr377 Ceno. MoqD Fm. 105 0 1.97 0.0012 7.7 0.0095 18.6 0.0581 16.9 0.41 5 0 6 1 533 421 79
MAJ-07-04_zr378 Ceno. MoqD Fm. 71 0 1.78 0.0015 8.1 0.0186 87.6 0.0895 87.2 0.09 10 1 19 16 1414 1414 52
MAJ-07-04_zr379 Ceno. MoqD Fm. 148 0 1.17 0.0011 4.9 0.0088 13.9 0.0582 13.0 0.35 7 0 9 1 538 313 79
MAJ-07-04_zr380 Ceno. MoqD Fm. 370 1 0.64 0.0031 2.0 0.0219 7.0 0.0506 6.7 0.29 20 0 22 2 224 163 92
MAJ-07-04_zr381 Ceno. MoqD Fm. 366 0 0.71 0.0010 2.5 0.0075 9.6 0.0526 9.3 0.26 7 0 8 1 310 227 88
MAJ-07-04_zr382 Ceno. MoqD Fm. 45 0 0.73 0.0011 18.8 0.0113 49.5 0.0733 45.8 0.38 7 1 12 6 1022 1021 63
MAJ-07-04_zr383 Ceno. MoqD Fm. 266 47 0.50 0.1069 3.5 1.3441 4.2 0.0912 2.4 0.83 655 22 866 25 1451 46 76
MAJ-07-04_zr390 Ceno. MoqD Fm. 609 1 0.79 0.0009 5.2 0.0063 7.9 0.0494 5.9 0.66 6 0 6 1 168 144 93
MAJ-07-04_zr391 Ceno. MoqD Fm. 180 0 0.91 0.0012 4.9 0.0096 10.1 0.0583 8.8 0.49 8 0 10 1 541 205 79
MAJ-07-04_zr392 Ceno. MoqD Fm. 16 0 1.42 0.0013 15.3 0.0245 44.4 0.1347 41.7 0.34 9 1 25 11 2161 1000 35
MAJ-07-04_zr393 Ceno. MoqD Fm. 141 0 1.28 0.0012 3.4 0.0102 25.3 0.0640 25.1 0.13 7 0 10 3 742 646 72
MAJ-07-04_zr394 Ceno. MoqD Fm. 93 19 0.84 0.1629 1.7 1.6680 2.1 0.0743 1.3 0.81 973 15 996 13 1049 26 98
MAJ-07-04_zr395 Ceno. MoqD Fm. 345 1 1.50 0.0011 2.8 0.0083 6.9 0.0535 6.3 0.41 7 0 8 1 350 149 86
MAJ-07-04_zr396 Ceno. MoqD Fm. 208 0 1.13 0.0011 5.2 0.0080 7.4 0.0524 5.3 0.70 7 0 8 1 305 126 88
MAJ-07-04_zr397 Ceno. MoqD Fm. 241 0 1.41 0.0012 2.6 0.0082 13.0 0.0506 12.7 0.20 8 0 8 1 221 221 91
MAJ-07-04_zr398 Ceno. MoqD Fm. 54 0 1.33 0.0013 8.2 0.0112 23.4 0.0649 21.9 0.35 8 1 11 3 771 545 71
MAJ-07-04_zr399 Ceno. MoqD Fm. 36 0 1.25 0.0011 8.5 0.0072 33.6 0.0486 32.5 0.25 7 1 7 3 130 130 95
MAJ-07-04_zr403 Ceno. MoqD Fm. 97 0 1.74 0.0013 4.8 0.0119 16.8 0.0668 16.1 0.29 9 0 12 2 832 377 69
MAJ-07-04_zr404 Ceno. MoqD Fm. 367 0 0.97 0.0012 3.1 0.0076 9.7 0.0467 9.2 0.32 8 0 8 1 35 35 99
MAJ-07-04_zr405 Ceno. MoqD Fm. 159 0 0.74 0.0012 4.8 0.0115 23.6 0.0679 23.1 0.20 9 0 13 3 865 571 68
MAJ-07-04_zr406 Ceno. MoqD Fm. 567 1 0.87 0.0011 4.1 0.0074 10.3 0.0497 9.4 0.40 7 0 7 1 180 180 93
MAJ-07-04_zr407 Ceno. MoqD Fm. 75 0 0.92 0.0010 10.1 0.0084 19.3 0.0615 16.5 0.52 6 1 9 2 657 400 75
MAJ-07-04_zr408 Ceno. MoqD Fm. 52 0 1.63 0.0012 6.6 0.0107 19.4 0.0645 18.2 0.34 8 1 11 2 757 440 72
MAJ-07-04_zr409 Ceno. MoqD Fm. 83 0 2.22 0.0012 5.2 0.0088 18.2 0.0551 17.4 0.29 8 0 9 2 417 417 84
MAJ-07-04_zr410 Ceno. MoqD Fm. 165 0 0.67 0.0011 3.7 0.0084 23.8 0.0567 23.5 0.16 7 0 9 2 479 479 82
MAJ-07-04_zr411 Ceno. MoqD Fm. 50 0 1.31 0.0015 7.5 0.0107 31.8 0.0530 30.9 0.24 9 1 11 3 327 327 87
MAJ-07-04_zr416 Ceno. MoqD Fm. 296 0 0.82 0.0011 4.5 0.0080 10.0 0.0519 8.9 0.45 7 0 8 1 281 218 89
MAJ-07-04_zr417 Ceno. MoqD Fm. 203 0 1.35 0.0011 4.3 0.0089 16.1 0.0571 15.5 0.27 7 0 9 1 493 384 81
MAJ-07-04_zr418 Ceno. MoqD Fm. 214 0 0.26 0.0011 3.4 0.0084 8.7 0.0543 8.0 0.39 7 0 8 1 383 191 85
MAJ-07-04_zr419 Ceno. MoqD Fm. 217 0 1.03 0.0012 4.1 0.0097 8.8 0.0596 7.8 0.47 8 0 10 1 587 179 78
MAJ-07-04_zr420 Ceno. MoqD Fm. 86 0 2.35 0.0010 7.2 0.0109 28.7 0.0759 27.8 0.25 7 1 11 3 1093 688 61
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MOQ-10-02_zr183 Ceno. MoqD Fm. 624 1 0.21 0.0008 2.5 0.0059 11.3 0.0522 11.0 0.22 5 0 6 1 293 273 88
MOQ-10-02_zr184 Ceno. MoqD Fm. 178 0 1.16 0.0010 5.3 0.0080 19.9 0.0577 19.2 0.27 6 0 8 2 519 488 80
MOQ-10-02_zr192 Ceno. MoqD Fm. 471 17 0.19 0.0700 4.5 0.7297 4.8 0.0756 1.6 0.94 387 17 505 19 1086 32 77
MOQ-10-02_zr193 Ceno. MoqD Fm. 29 0 0.77 0.0040 39.7 0.0292 69.1 0.0530 56.6 0.57 27 11 30 21 330 330 88

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-04_zr429 Ceno. MoqD Fm. 126 0 0.59 0.0009 5.1 0.0081 37.3 0.0649 36.9 0.14 6 0 8 3 771 771 71
MAJ-07-04_zr430 Ceno. MoqD Fm. 47 0 1.88 0.0012 7.8 0.0122 32.3 0.0712 31.3 0.24 8 1 12 4 963 819 65
MAJ-07-04_zr431 Ceno. MoqD Fm. 90 0 1.18 0.0036 7.4 0.0871 31.4 0.1769 30.5 0.24 23 2 85 26 2624 625 27
MAJ-07-04_zr432 Ceno. MoqD Fm. 102 0 1.51 0.0015 9.1 0.0279 29.7 0.1347 28.3 0.31 10 1 28 8 2160 601 35
MAJ-07-04_zr433 Ceno. MoqD Fm. 145 0 1.65 0.0013 5.3 0.0126 23.1 0.0728 22.5 0.23 8 0 13 3 1010 539 64
MAJ-07-04_zr435 Ceno. MoqD Fm. 160 1 0.58 0.0048 1.9 0.0317 8.8 0.0477 8.6 0.22 31 1 31 3 86 86 98
MAJ-07-04_zr436 Ceno. MoqD Fm. 66 0 1.78 0.0012 11.2 0.0134 34.8 0.0809 33.0 0.32 8 1 14 5 1220 840 57
MAJ-07-04_zr437 Ceno. MoqD Fm. 271 0 0.56 0.0010 3.3 0.0071 19.9 0.0492 19.6 0.17 7 0 7 1 156 156 94
MAJ-07-04_zr438 Ceno. MoqD Fm. 241 0 0.63 0.0012 1.9 0.0088 21.0 0.0542 20.9 0.09 8 0 9 2 377 377 85
MAJ-07-04_zr442 Ceno. MoqD Fm. 38 0 1.24 0.0022 7.6 0.0647 22.2 0.2104 20.9 0.34 14 1 63 14 2908 387 23
MAJ-07-04_zr443 Ceno. MoqD Fm. 103 1 0.85 0.0057 2.3 0.0479 10.6 0.0613 10.3 0.22 36 1 48 5 649 238 77
MAJ-07-04_zr445 Ceno. MoqD Fm. 72 0 1.57 0.0017 6.8 0.0196 17.7 0.0856 16.3 0.38 11 1 20 4 1330 353 54
MAJ-07-04_zr446 Ceno. MoqD Fm. 82 0 1.77 0.0017 6.0 0.0258 37.7 0.1102 37.2 0.16 11 1 26 10 1802 898 42
MAJ-07-04_zr447 Ceno. MoqD Fm. 414 0 0.49 0.0011 2.5 0.0078 9.9 0.0538 9.6 0.25 7 0 8 1 364 232 86
MAJ-07-04_zr448 Ceno. MoqD Fm. 97 9 0.56 0.0886 1.3 0.7136 2.0 0.0584 1.5 0.65 547 7 547 9 545 33 100
MAJ-07-04_zr449 Ceno. MoqD Fm. 74 0 0.83 0.0011 11.0 0.0118 22.1 0.0775 19.2 0.50 7 1 12 3 1135 439 60
MAJ-07-04_zr450 Ceno. MoqD Fm. 63 0 0.63 0.0014 5.6 0.0146 21.8 0.0780 21.1 0.26 9 1 15 3 1148 489 59
MAJ-07-04_zr451 Ceno. MoqD Fm. 658 113 0.22 0.1100 3.0 1.3106 3.2 0.0865 1.2 0.94 642 18 822 18 1348 23 78
MAJ-07-04_zr455 Ceno. MoqD Fm. 275 0 1.01 0.0011 6.9 0.0082 10.1 0.0564 7.4 0.68 7 1 8 1 470 173 82
MAJ-07-04_zr456 Ceno. MoqD Fm. 315 1 1.43 0.0012 3.7 0.0093 9.1 0.0561 8.3 0.41 8 0 10 1 458 196 82
MAJ-07-04_zr457 Ceno. MoqD Fm. 124 0 0.69 0.0012 7.7 0.0103 18.4 0.0650 16.7 0.42 7 1 10 2 773 397 71
MAJ-07-04_zr459 Ceno. MoqD Fm. 131 0 1.41 0.0013 5.6 0.0118 14.7 0.0644 13.6 0.38 9 1 12 2 756 317 72
MAJ-07-04_zr460 Ceno. MoqD Fm. 70 0 1.82 0.0010 9.5 0.0075 30.4 0.0561 28.9 0.31 6 1 8 2 456 456 82
MAJ-07-04_zr461 Ceno. MoqD Fm. 110 0 1.64 0.0013 5.9 0.0080 20.2 0.0440 19.3 0.29 8 1 8 2 0 0 105
MAJ-07-04_zr462 Ceno. MoqD Fm. 93 0 1.91 0.0011 7.7 0.0127 33.6 0.0818 32.7 0.23 7 1 13 4 1241 826 57
MAJ-07-04_zr463 Ceno. MoqD Fm. 87 0 2.07 0.0009 10.8 0.0114 29.9 0.0888 27.9 0.36 7 1 14 4 1400 657 52
MAJ-07-04_zr464 Ceno. MoqD Fm. 59 0 2.96 0.0013 11.9 0.0123 23.8 0.0666 20.6 0.50 9 1 12 3 824 502 70
MAJ-07-04_zr468 Ceno. MoqD Fm. 97 0 1.25 0.0014 5.5 0.0251 21.5 0.1350 20.8 0.26 9 1 27 6 2164 416 35
MAJ-07-04_zr469 Ceno. MoqD Fm. 85 0 0.51 0.0025 8.5 0.0179 16.0 0.0519 13.6 0.53 16 1 18 3 282 282 89
MAJ-07-04_zr470 Ceno. MoqD Fm. 127 0 0.62 0.0029 4.2 0.0271 17.1 0.0667 16.6 0.25 19 1 27 5 829 391 70
MAJ-07-04_zr471 Ceno. MoqD Fm. 56 0 1.58 0.0015 10.0 0.0250 42.8 0.1199 41.6 0.23 10 1 25 11 1954 1026 39
MAJ-07-04_zr472 Ceno. MoqD Fm. 100 0 0.91 0.0030 4.0 0.0202 11.9 0.0495 11.2 0.34 19 1 20 2 173 173 94
MOQ-10-02_zr164 Ceno. MoqD Fm. 344 5 0.73 0.0059 2.8 0.0461 20.4 0.0563 20.2 0.14 38 1 46 9 464 464 83
MOQ-10-02_zr165 Ceno. MoqD Fm. 151 2 1.11 0.0088 1.8 0.0592 4.0 0.0488 3.6 0.45 57 1 58 2 137 87 97
MOQ-10-02_zr166 Ceno. MoqD Fm. 262 0 1.00 0.0011 4.4 0.0089 11.9 0.0567 11.1 0.37 7 0 9 1 480 266 82
MOQ-10-02_zr167 Ceno. MoqD Fm. 19 11 3.28 0.2977 1.9 4.8471 2.5 0.1181 1.6 0.76 1680 28 1793 21 1928 29 94
MOQ-10-02_zr168 Ceno. MoqD Fm. 70 0 3.46 0.0015 4.2 0.0131 13.6 0.0639 12.9 0.31 10 0 13 2 738 300 73
MOQ-10-02_zr169 Ceno. MoqD Fm. 51 0 2.25 0.0045 4.6 0.0943 18.4 0.1534 17.8 0.25 29 1 94 17 2384 340 31
MOQ-10-02_zr170 Ceno. MoqD Fm. 239 0 0.51 0.0008 3.9 0.0068 17.9 0.0655 17.5 0.22 5 0 7 1 789 418 71
MOQ-10-02_zr171 Ceno. MoqD Fm. 162 0 1.15 0.0013 5.5 0.0097 10.1 0.0527 8.5 0.54 9 1 10 1 317 206 88
MOQ-10-02_zr172 Ceno. MoqD Fm. 170 1 1.86 0.0029 3.7 0.0211 9.5 0.0533 8.8 0.39 19 1 21 2 343 213 87
MOQ-10-02_zr176 Ceno. MoqD Fm. 120 1 1.83 0.0033 3.9 0.0235 7.0 0.0517 5.8 0.56 21 1 24 2 270 139 90
MOQ-10-02_zr177 Ceno. MoqD Fm. 111 0 0.85 0.0009 6.0 0.0074 24.0 0.0606 23.2 0.25 6 0 7 2 624 599 76
MOQ-10-02_zr179 Ceno. MoqD Fm. 210 0 1.10 0.0009 6.8 0.0076 16.6 0.0612 15.1 0.41 6 0 8 1 644 363 76
MOQ-10-02_zr180 Ceno. MoqD Fm. 244 9 0.59 0.0284 3.3 0.2095 3.8 0.0536 1.9 0.87 180 6 193 7 353 44 93
MOQ-10-02_zr181 Ceno. MoqD Fm. 86 7 0.74 0.0691 2.3 0.5414 3.3 0.0569 2.3 0.70 431 10 439 12 487 52 98
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CUC-08-04_zr524 Ceno. MoqC Fm. 54 0 1.49 0.0036 4.5 0.0306 30.1 0.0622 29.8 0.15 24 1 32 10 681 681 75
CUC-08-04_zr525 Ceno. MoqC Fm. 188 1 1.15 0.0044 2.6 0.0307 8.9 0.0505 8.5 0.29 28 1 31 3 220 210 92
CUC-08-04_zr526 Ceno. MoqC Fm. 96 0 1.00 0.0036 2.1 0.0227 14.3 0.0459 14.1 0.15 23 1 23 3 0 0 101
CUC-08-04_zr527 Ceno. MoqC Fm. 400 2 1.69 0.0040 3.0 0.0379 33.8 0.0695 33.7 0.09 25 1 38 13 914 912 67

    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MOQ-10-02_zr194 Ceno. MoqD Fm. 167 1 0.62 0.0046 2.8 0.0315 9.8 0.0499 9.4 0.29 30 1 32 3 192 192 93
MOQ-10-02_zr195 Ceno. MoqD Fm. 281 0 0.80 0.0008 3.5 0.0059 8.9 0.0565 8.2 0.39 5 0 6 1 470 193 82
MOQ-10-02_zr197 Ceno. MoqD Fm. 165 0 1.82 0.0007 3.7 0.0064 17.8 0.0689 17.4 0.21 4 0 6 1 894 408 67
MOQ-10-02_zr198 Ceno. MoqD Fm. 137 0 0.69 0.0008 4.6 0.0058 18.9 0.0520 18.3 0.24 5 0 6 1 285 285 89
MOQ-10-02_zr199 Ceno. MoqD Fm. 59 0 1.42 0.0032 6.1 0.0241 12.1 0.0544 10.4 0.50 21 1 24 3 388 252 85
MOQ-10-02_zr200 Ceno. MoqD Fm. 77 0 1.85 0.0042 3.2 0.0321 10.3 0.0558 9.8 0.31 26 1 32 3 444 234 84
MOQ-10-02_zr201 Ceno. MoqD Fm. 141 0 0.62 0.0010 4.4 0.0193 35.4 0.1425 35.1 0.12 6 0 20 7 2258 781 33
MOQ-10-02_zr206 Ceno. MoqD Fm. 44 0 0.81 0.0012 14.2 0.0102 32.5 0.0600 29.2 0.44 9 1 11 4 605 605 77
MOQ-10-02_zr207 Ceno. MoqD Fm. 7 1 0.99 0.0820 2.6 0.6437 5.7 0.0570 5.1 0.46 517 13 512 23 490 117 101
MOQ-10-02_zr208 Ceno. MoqD Fm. 45 0 0.75 0.0011 8.0 0.0101 19.0 0.0645 17.2 0.42 7 1 10 2 759 412 72
MOQ-10-02_zr209 Ceno. MoqD Fm. 256 0 1.00 0.0009 4.2 0.0085 25.4 0.0716 25.0 0.17 6 0 9 2 975 616 65
MOQ-10-02_zr211 Ceno. MoqD Fm. 79 21 0.87 0.2280 1.2 2.7977 1.7 0.0890 1.2 0.71 1323 14 1355 13 1404 23 98
MOQ-10-02_zr212 Ceno. MoqD Fm. 73 0 1.27 0.0014 6.6 0.0097 15.2 0.0489 13.7 0.43 9 1 10 2 143 143 95
MOQ-10-02_zr213 Ceno. MoqD Fm. 265 2 1.48 0.0037 2.6 0.0848 27.3 0.1658 27.2 0.10 24 1 83 22 2516 549 29
MOQ-10-02_zr214 Ceno. MoqD Fm. 368 1 0.46 0.0032 2.3 0.0228 4.3 0.0512 3.6 0.53 21 1 23 1 251 85 91
CUC-08-04_zr481 Ceno. MoqC Fm. 119 0 0.91 0.0037 5.3 0.0272 13.1 0.0538 12.0 0.40 24 1 27 4 362 296 87
CUC-08-04_zr482 Ceno. MoqC Fm. 64 0 1.42 0.0042 3.6 0.0491 21.4 0.0846 21.1 0.17 28 1 49 10 1306 476 56
CUC-08-04_zr483 Ceno. MoqC Fm. 127 1 2.06 0.0036 5.2 0.0507 29.1 0.1016 28.6 0.18 23 1 50 14 1653 652 46
CUC-08-04_zr484 Ceno. MoqC Fm. 67 0 1.31 0.0036 4.4 0.0242 13.8 0.0492 13.1 0.32 23 1 24 3 159 159 94
CUC-08-04_zr486 Ceno. MoqC Fm. 497 2 0.68 0.0037 2.2 0.0243 5.2 0.0482 4.7 0.42 24 1 24 1 110 110 96
CUC-08-04_zr487 Ceno. MoqC Fm. 118 1 1.64 0.0036 2.7 0.0400 22.3 0.0800 22.1 0.12 22 1 37 8 1196 512 59
CUC-08-04_zr488 Ceno. MoqC Fm. 211 4 0.97 0.0162 2.2 0.1071 4.0 0.0480 3.4 0.55 105 2 104 4 100 83 100
CUC-08-04_zr489 Ceno. MoqC Fm. 180 1 1.80 0.0044 3.7 0.0352 9.9 0.0586 9.2 0.37 28 1 35 3 553 215 80
CUC-08-04_zr490 Ceno. MoqC Fm. 183 1 2.41 0.0039 5.8 0.0460 14.3 0.0846 13.1 0.41 25 2 46 6 1306 278 56
CUC-08-04_zr494 Ceno. MoqC Fm. 79 0 0.98 0.0046 7.7 0.0773 25.8 0.1222 24.6 0.30 30 2 76 19 1988 518 39
CUC-08-04_zr495 Ceno. MoqC Fm. 125 1 0.51 0.0040 4.0 0.0375 21.3 0.0682 20.9 0.19 26 1 37 8 874 506 69
CUC-08-04_zr496 Ceno. MoqC Fm. 90 1 0.81 0.0105 2.3 0.0791 8.9 0.0549 8.6 0.26 67 2 77 7 407 205 87
CUC-08-04_zr497 Ceno. MoqC Fm. 109 1 1.05 0.0042 3.6 0.0321 12.5 0.0551 12.0 0.29 27 1 32 4 418 293 85
CUC-08-04_zr498 Ceno. MoqC Fm. 36 0 1.30 0.0035 5.4 0.0473 25.6 0.0979 25.0 0.21 25 1 51 13 1585 559 48
CUC-08-04_zr499 Ceno. MoqC Fm. 81 26 0.69 0.2973 1.4 4.2190 1.8 0.1029 1.1 0.78 1678 21 1678 15 1677 20 100
CUC-08-04_zr500 Ceno. MoqC Fm. 168 4 0.33 0.0246 2.1 0.1737 5.9 0.0513 5.5 0.36 156 3 163 9 254 132 96
CUC-08-04_zr501 Ceno. MoqC Fm. 329 2 1.30 0.0044 2.6 0.0427 18.6 0.0698 18.4 0.14 29 1 43 8 923 433 67
CUC-08-04_zr502 Ceno. MoqC Fm. 81 9 0.72 0.0957 2.2 0.8024 3.5 0.0608 2.7 0.63 589 12 598 16 633 59 98
CUC-08-04_zr503 Ceno. MoqC Fm. 144 1 0.87 0.0038 5.4 0.0258 10.2 0.0497 8.6 0.53 24 1 26 3 182 182 94
CUC-08-04_zr507 Ceno. MoqC Fm. 97 1 0.65 0.0126 1.9 0.0900 4.1 0.0520 3.6 0.46 80 2 88 3 284 85 92
CUC-08-04_zr508 Ceno. MoqC Fm. 141 1 0.73 0.0045 2.7 0.0320 10.0 0.0518 9.6 0.27 29 1 32 3 277 236 90
CUC-08-04_zr509 Ceno. MoqC Fm. 78 0 1.91 0.0041 5.7 0.0429 19.8 0.0768 19.0 0.29 27 2 43 8 1116 435 61
CUC-08-04_zr510 Ceno. MoqC Fm. 60 0 1.10 0.0036 5.7 0.0396 22.0 0.0808 21.2 0.26 23 1 39 8 1215 486 58
CUC-08-04_zr511 Ceno. MoqC Fm. 105 0 1.14 0.0039 4.3 0.0253 10.2 0.0471 9.2 0.42 27 1 27 3 55 55 99
CUC-08-04_zr512 Ceno. MoqC Fm. 119 1 0.45 0.0113 2.2 0.0785 6.5 0.0503 6.1 0.34 73 2 77 5 207 148 95
CUC-08-04_zr514 Ceno. MoqC Fm. 163 1 1.10 0.0050 4.5 0.0554 29.2 0.0811 28.9 0.15 32 1 55 16 1223 707 58
CUC-08-04_zr515 Ceno. MoqC Fm. 297 2 2.40 0.0037 2.7 0.0253 5.9 0.0493 5.2 0.46 24 1 25 2 161 126 94
CUC-08-04_zr516 Ceno. MoqC Fm. 60 5 0.43 0.0805 1.8 0.6500 3.8 0.0586 3.3 0.47 499 9 508 15 552 74 98
CUC-08-04_zr520 Ceno. MoqC Fm. 121 1 1.16 0.0039 3.5 0.0303 13.4 0.0560 12.9 0.26 26 1 31 4 453 315 83
CUC-08-04_zr522 Ceno. MoqC Fm. 177 1 0.73 0.0039 3.9 0.0272 7.1 0.0512 5.9 0.55 25 1 27 2 250 142 91
CUC-08-04_zr523 Ceno. MoqC Fm. 449 3 0.94 0.0040 1.9 0.0566 7.3 0.1028 7.1 0.26 26 1 56 4 1676 137 46
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MAJ-07-40_zr211 Ceno. MoqC Fm. 173 1 0.85 0.0048 3.3 0.0297 7.1 0.0453 6.3 0.46 30 1 29 2 0 0 103
MAJ-07-40_zr212 Ceno. MoqC Fm. 75 0 0.59 0.0044 3.6 0.0489 21.8 0.0809 21.5 0.17 31 1 54 12 1219 494 58
MAJ-07-40_zr213 Ceno. MoqC Fm. 63 13 1.72 0.1827 3.0 1.9121 3.4 0.0759 1.6 0.88 1082 30 1085 23 1093 32 100
MAJ-07-40_zr214 Ceno. MoqC Fm. 309 1 0.97 0.0036 3.5 0.0271 11.5 0.0544 11.0 0.30 23 1 27 3 386 268 86
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206 238 ± 1σ 207 235 ± 1σ 207 206 ± 1σ Rho 206 238 ± 2σ 207 235 ± 2σ 207 206 ± 2σ conc. Pb/ U Pb/ U Pb/ Pb Pb/ U Pb/ U Pb/ Pb 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

CUC-08-04_zr528 Ceno. MoqC Fm. 308 2 1.45 0.0039 2.7 0.0295 11.0 0.0549 10.7 0.25 25 1 29 3 407 259 85
CUC-08-04_zr529 Ceno. MoqC Fm. 195 1 1.75 0.0039 2.4 0.0669 15.8 0.1232 15.6 0.15 27 1 69 11 2003 307 39
CUC-08-04_zr533 Ceno. MoqC Fm. 33 0 1.56 0.0042 8.1 0.0327 18.4 0.0561 16.5 0.44 27 2 33 6 455 415 83
CUC-08-04_zr534 Ceno. MoqC Fm. 103 0 0.76 0.0040 3.3 0.0287 9.9 0.0516 9.3 0.33 26 1 29 3 269 229 90
CUC-08-04_zr535 Ceno. MoqC Fm. 117 1 1.57 0.0036 3.3 0.0311 9.6 0.0626 9.0 0.34 23 1 31 3 693 205 75
CUC-08-04_zr536 Ceno. MoqC Fm. 81 0 2.47 0.0041 3.1 0.0316 14.7 0.0563 14.4 0.21 26 1 32 5 464 356 83
CUC-08-04_zr537 Ceno. MoqC Fm. 213 1 1.59 0.0034 5.3 0.0545 29.3 0.1163 28.8 0.18 22 1 54 16 1900 636 41
CUC-08-04_zr538 Ceno. MoqC Fm. 167 1 1.74 0.0035 3.0 0.0235 5.6 0.0493 4.7 0.54 22 1 24 1 163 114 94
CUC-08-04_zr539 Ceno. MoqC Fm. 148 1 0.94 0.0036 5.2 0.0277 14.2 0.0565 13.2 0.37 23 1 28 4 470 322 83
CUC-08-04_zr540 Ceno. MoqC Fm. 91 0 1.30 0.0037 3.5 0.0329 13.4 0.0638 12.9 0.26 23 1 31 4 736 300 73
CUC-08-04_zr541 Ceno. MoqC Fm. 101 1 2.37 0.0040 4.8 0.0387 14.1 0.0699 13.3 0.34 26 1 39 5 925 300 67
CUC-08-04_zr542 Ceno. MoqC Fm. 563 3 0.51 0.0039 3.1 0.0383 20.4 0.0722 20.2 0.15 25 1 39 8 990 477 65
MAJ-07-40_zr163 Ceno. MoqC Fm. 120 1 0.71 0.0044 3.3 0.0318 9.0 0.0523 8.4 0.37 28 1 32 3 298 204 89
MAJ-07-40_zr164 Ceno. MoqC Fm. 51 0 1.42 0.0035 3.7 0.0282 22.1 0.0584 21.8 0.17 23 1 28 6 543 543 80
MAJ-07-40_zr165 Ceno. MoqC Fm. 25 0 1.05 0.0033 6.6 0.0272 25.5 0.0601 24.6 0.26 21 1 28 7 606 606 78
MAJ-07-40_zr166 Ceno. MoqC Fm. 202 1 1.06 0.0033 2.8 0.0229 7.4 0.0510 6.9 0.38 21 1 24 2 243 167 91
MAJ-07-40_zr167 Ceno. MoqC Fm. 180 1 0.97 0.0048 2.5 0.0343 7.2 0.0517 6.7 0.35 31 1 34 2 274 161 90
MAJ-07-40_zr168 Ceno. MoqC Fm. 90 17 0.42 0.1813 1.6 1.9308 1.9 0.0773 1.0 0.84 1074 16 1092 13 1128 20 98
MAJ-07-40_zr169 Ceno. MoqC Fm. 178 1 0.65 0.0044 2.0 0.0325 9.8 0.0534 9.6 0.20 28 1 32 3 345 233 87
MAJ-07-40_zr170 Ceno. MoqC Fm. 63 0 1.42 0.0036 5.2 0.0320 26.4 0.0637 25.9 0.20 23 1 32 8 732 672 73
MAJ-07-40_zr171 Ceno. MoqC Fm. 78 0 0.60 0.0029 5.0 0.0266 13.9 0.0671 13.0 0.36 19 1 27 4 841 297 69
MAJ-07-40_zr172 Ceno. MoqC Fm. 289 1 0.65 0.0037 2.9 0.0239 4.9 0.0474 4.0 0.59 24 1 24 1 71 71 98
MAJ-07-40_zr177 Ceno. MoqC Fm. 17 2 1.08 0.1038 2.7 0.8973 3.8 0.0627 2.7 0.71 640 17 653 19 698 59 98
MAJ-07-40_zr178 Ceno. MoqC Fm. 306 1 1.19 0.0033 2.9 0.0223 6.3 0.0485 5.6 0.46 22 1 22 1 124 124 96
MAJ-07-40_zr179 Ceno. MoqC Fm. 124 1 0.24 0.0047 3.2 0.0341 9.2 0.0525 8.6 0.35 30 1 34 3 307 209 89
MAJ-07-40_zr180 Ceno. MoqC Fm. 126 1 1.26 0.0040 2.8 0.0336 17.5 0.0614 17.3 0.16 26 1 34 6 652 423 76
MAJ-07-40_zr181 Ceno. MoqC Fm. 149 1 0.72 0.0046 2.9 0.0315 8.2 0.0499 7.7 0.35 30 1 32 3 190 189 94
MAJ-07-40_zr182 Ceno. MoqC Fm. 108 1 0.64 0.0046 3.9 0.0320 11.0 0.0504 10.3 0.35 30 1 32 4 214 214 93
MAJ-07-40_zr183 Ceno. MoqC Fm. 228 1 0.99 0.0045 1.7 0.0313 4.7 0.0505 4.4 0.36 29 1 31 2 219 105 92
MAJ-07-40_zr184 Ceno. MoqC Fm. 167 34 0.94 0.1742 1.2 1.7883 1.6 0.0744 1.1 0.75 1035 12 1041 11 1054 22 99
MAJ-07-40_zr185 Ceno. MoqC Fm. 74 0 0.60 0.0037 3.4 0.0261 8.9 0.0519 8.2 0.38 24 1 27 2 280 199 90
MAJ-07-40_zr192 Ceno. MoqC Fm. 252 1 1.01 0.0038 2.1 0.0251 5.8 0.0477 5.4 0.36 25 1 25 1 84 84 98
MAJ-07-40_zr193 Ceno. MoqC Fm. 440 3 1.20 0.0046 1.4 0.0298 3.0 0.0468 2.7 0.47 30 0 30 1 40 40 100
MAJ-07-40_zr194 Ceno. MoqC Fm. 510 2 1.03 0.0032 2.0 0.0208 5.4 0.0470 5.0 0.37 21 0 21 1 48 48 99
MAJ-07-40_zr195 Ceno. MoqC Fm. 211 1 0.41 0.0033 2.2 0.0231 6.6 0.0505 6.2 0.33 21 1 23 2 217 150 92
MAJ-07-40_zr196 Ceno. MoqC Fm. 206 1 0.65 0.0043 1.4 0.0286 4.2 0.0478 4.0 0.33 28 0 29 1 90 90 97
MAJ-07-40_zr198 Ceno. MoqC Fm. 210 1 1.04 0.0044 2.5 0.0302 5.7 0.0504 5.1 0.44 28 1 30 2 213 123 93
MAJ-07-40_zr199 Ceno. MoqC Fm. 246 1 0.45 0.0026 21.8 0.0183 23.0 0.0504 7.2 0.95 17 4 18 4 211 176 92
MAJ-07-40_zr200 Ceno. MoqC Fm. 263 1 0.51 0.0032 2.8 0.0212 9.0 0.0484 8.6 0.31 20 1 21 2 120 120 96
MAJ-07-40_zr201 Ceno. MoqC Fm. 188 1 0.63 0.0046 2.4 0.0328 10.2 0.0523 9.9 0.24 29 1 33 3 298 243 89
MAJ-07-40_zr205 Ceno. MoqC Fm. 75 0 1.41 0.0036 7.0 0.0259 14.9 0.0520 13.2 0.47 24 2 26 4 285 285 90
MAJ-07-40_zr206 Ceno. MoqC Fm. 361 1 0.48 0.0034 2.9 0.0256 9.0 0.0542 8.5 0.32 24 1 28 3 380 203 86
MAJ-07-40_zr207 Ceno. MoqC Fm. 337 15 0.71 0.0401 2.1 0.2846 3.0 0.0514 2.1 0.70 257 5 258 7 261 49 100
MAJ-07-40_zr208 Ceno. MoqC Fm. 120 0 0.82 0.0034 3.7 0.0230 8.7 0.0498 7.9 0.43 22 1 23 2 184 184 93
MAJ-07-40_zr209 Ceno. MoqC Fm. 195 1 0.72 0.0040 3.3 0.0267 8.2 0.0482 7.5 0.40 26 1 27 2 107 107 97
MAJ-07-40_zr210 Ceno. MoqC Fm. 203 35 0.30 0.1696 3.6 1.9443 16.3 0.0831 15.9 0.22 1010 34 1097 116 1272 346 92
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MAJ-07-40_zr277 Ceno. MoqC Fm. 451 2 1.11 0.0033 2.2 0.0215 5.3 0.0479 4.8 0.42 21 1 22 1 92 92 97
MAJ-07-40_zr278 Ceno. MoqC Fm. 197 1 0.75 0.0049 1.7 0.0307 5.9 0.0453 5.6 0.29 32 1 31 2 0 0 103
MAJ-07-40_zr279 Ceno. MoqC Fm. 75 0 0.53 0.0045 4.0 0.0391 19.5 0.0629 19.1 0.21 29 1 39 8 706 469 74
MAJ-07-40_zr283 Ceno. MoqC Fm. 171 18 0.70 0.0962 1.7 0.7944 1.9 0.0599 0.8 0.89 592 10 594 9 601 17 100
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-40_zr218 Ceno. MoqC Fm. 99 1 0.72 0.0040 4.9 0.0633 21.8 0.1156 21.2 0.22 26 1 62 13 1889 441 41
MAJ-07-40_zr219 Ceno. MoqC Fm. 151 1 0.73 0.0046 3.8 0.0307 7.3 0.0483 6.2 0.52 30 1 31 2 116 116 96
MAJ-07-40_zr220 Ceno. MoqC Fm. 95 0 0.49 0.0040 4.4 0.0288 11.5 0.0520 10.6 0.38 26 1 29 3 287 262 90
MAJ-07-40_zr221 Ceno. MoqC Fm. 267 1 0.82 0.0046 1.9 0.0299 3.9 0.0473 3.4 0.49 30 1 30 1 66 66 99
MAJ-07-40_zr222 Ceno. MoqC Fm. 101 3 1.36 0.0008 203.7 0.0055 203.7 0.0521 3.7 1.00 5 10 6 11 289 87 89
MAJ-07-40_zr223 Ceno. MoqC Fm. 212 1 0.66 0.0033 2.8 0.0274 6.3 0.0596 5.6 0.44 22 1 28 2 590 126 78
MAJ-07-40_zr224 Ceno. MoqC Fm. 188 1 0.70 0.0044 2.8 0.0320 7.4 0.0526 6.8 0.38 28 1 32 2 311 163 89
MAJ-07-40_zr225 Ceno. MoqC Fm. 38 9 2.14 0.1480 2.2 1.5866 3.8 0.0778 3.1 0.58 890 18 965 24 1141 63 92
MAJ-07-40_zr226 Ceno. MoqC Fm. 200 1 0.72 0.0034 2.6 0.0235 7.7 0.0505 7.3 0.34 22 1 24 2 217 178 92
MAJ-07-40_zr227 Ceno. MoqC Fm. 180 1 0.69 0.0035 2.8 0.0234 5.5 0.0489 4.7 0.51 22 1 24 1 144 114 95
MAJ-07-40_zr231 Ceno. MoqC Fm. 56 16 0.65 0.2794 1.4 3.7199 1.9 0.0966 1.3 0.74 1589 20 1576 15 1559 25 101
MAJ-07-40_zr232 Ceno. MoqC Fm. 124 1 1.79 0.0033 6.0 0.0238 11.3 0.0531 9.6 0.53 21 1 24 3 332 234 88
MAJ-07-40_zr233 Ceno. MoqC Fm. 39 0 0.96 0.0041 7.0 0.0276 16.9 0.0490 15.4 0.41 26 2 28 5 147 147 95
MAJ-07-40_zr234 Ceno. MoqC Fm. 294 1 0.68 0.0035 1.4 0.0231 5.9 0.0477 5.7 0.24 23 0 23 1 83 83 98
MAJ-07-40_zr235 Ceno. MoqC Fm. 218 1 0.72 0.0035 2.8 0.0266 4.7 0.0547 3.8 0.60 23 1 27 1 399 88 85
MAJ-07-40_zr236 Ceno. MoqC Fm. 76 0 1.28 0.0037 3.5 0.0264 14.5 0.0512 14.1 0.24 25 1 27 4 251 251 91
MAJ-07-40_zr237 Ceno. MoqC Fm. 109 57 0.72 0.4493 1.2 10.1743 1.4 0.1643 0.7 0.86 2392 24 2451 13 2500 12 98
MAJ-07-40_zr239 Ceno. MoqC Fm. 106 0 0.64 0.0035 3.4 0.0269 10.8 0.0556 10.3 0.31 23 1 27 3 436 247 84
MAJ-07-40_zr240 Ceno. MoqC Fm. 89 13 0.47 0.0516 6.0 0.5650 6.1 0.0794 1.0 0.98 312 18 441 22 1183 20 71
MAJ-07-40_zr244 Ceno. MoqC Fm. 279 1 0.81 0.0045 2.5 0.0296 4.9 0.0480 4.2 0.51 28 1 29 1 101 100 97
MAJ-07-40_zr245 Ceno. MoqC Fm. 117 0 0.67 0.0038 3.6 0.0274 13.4 0.0517 12.9 0.27 25 1 27 4 272 272 90
MAJ-07-40_zr246 Ceno. MoqC Fm. 167 1 0.48 0.0032 3.1 0.0221 12.7 0.0502 12.3 0.24 21 1 22 3 203 203 93
MAJ-07-40_zr247 Ceno. MoqC Fm. 139 1 0.53 0.0029 4.1 0.0266 14.6 0.0656 14.0 0.28 19 1 27 4 795 325 71
MAJ-07-40_zr248 Ceno. MoqC Fm. 70 7 0.65 0.0935 0.8 0.7455 2.2 0.0579 2.0 0.36 576 4 566 10 524 45 102
MAJ-07-40_zr249 Ceno. MoqC Fm. 299 1 1.28 0.0024 3.7 0.0165 7.7 0.0506 6.7 0.48 15 1 17 1 224 163 92
MAJ-07-40_zr250 Ceno. MoqC Fm. 692 2 0.30 0.0032 2.0 0.0208 3.3 0.0469 2.6 0.61 21 0 21 1 43 43 99
MAJ-07-40_zr251 Ceno. MoqC Fm. 235 1 0.78 0.0045 2.0 0.0285 4.5 0.0462 4.0 0.44 29 1 29 1 8 8 101
MAJ-07-40_zr252 Ceno. MoqC Fm. 287 2 0.97 0.0046 1.5 0.0306 4.3 0.0483 4.0 0.35 30 0 31 1 113 97 97
MAJ-07-40_zr253 Ceno. MoqC Fm. 158 1 1.05 0.0035 3.0 0.0237 7.1 0.0497 6.4 0.42 22 1 24 2 180 156 94
MAJ-07-40_zr257 Ceno. MoqC Fm. 352 5 0.60 0.0131 1.8 0.0872 3.0 0.0484 2.4 0.60 84 2 85 2 120 58 99
MAJ-07-40_zr258 Ceno. MoqC Fm. 139 30 1.40 0.1777 1.1 1.8159 1.6 0.0741 1.1 0.69 1054 11 1051 11 1045 22 100
MAJ-07-40_zr259 Ceno. MoqC Fm. 148 7 0.66 0.0420 0.9 0.3025 2.2 0.0523 2.0 0.41 265 2 268 5 297 46 99
MAJ-07-40_zr260 Ceno. MoqC Fm. 119 1 1.65 0.0040 2.5 0.0355 12.5 0.0643 12.2 0.20 26 1 35 4 751 281 73
MAJ-07-40_zr261 Ceno. MoqC Fm. 151 1 0.85 0.0035 2.7 0.0257 10.1 0.0526 9.7 0.27 23 1 26 3 312 237 89
MAJ-07-40_zr262 Ceno. MoqC Fm. 81 7 0.42 0.0850 1.0 0.6960 1.9 0.0594 1.6 0.53 526 5 536 8 581 35 98
MAJ-07-40_zr263 Ceno. MoqC Fm. 202 1 0.31 0.0032 2.5 0.0226 6.1 0.0512 5.6 0.41 21 1 23 1 248 134 91
MAJ-07-40_zr264 Ceno. MoqC Fm. 269 1 0.43 0.0032 5.4 0.0225 9.7 0.0504 8.1 0.56 19 1 21 2 213 199 92
MAJ-07-40_zr265 Ceno. MoqC Fm. 203 1 2.33 0.0040 4.9 0.0288 8.6 0.0516 7.1 0.57 26 1 29 3 268 172 90
MAJ-07-40_zr266 Ceno. MoqC Fm. 9 0 2.34 0.0304 5.4 0.2863 16.3 0.0683 15.4 0.33 192 10 255 37 878 356 75
MAJ-07-40_zr270 Ceno. MoqC Fm. 232 1 0.77 0.0044 2.1 0.0348 14.8 0.0569 14.7 0.14 29 1 35 5 488 362 82
MAJ-07-40_zr271 Ceno. MoqC Fm. 343 2 0.83 0.0040 3.7 0.0258 6.3 0.0475 5.1 0.59 25 1 26 2 72 72 98
MAJ-07-40_zr272 Ceno. MoqC Fm. 548 55 0.56 0.1743 3.9 2.1871 6.5 0.0910 5.2 0.60 1036 37 1177 46 1447 102 88
MAJ-07-40_zr273 Ceno. MoqC Fm. 274 1 1.43 0.0032 2.2 0.0231 9.0 0.0520 8.7 0.24 20 0 23 2 283 212 89
MAJ-07-40_zr274 Ceno. MoqC Fm. 122 41 0.72 0.2832 1.3 4.6301 1.5 0.1186 0.8 0.87 1607 19 1755 13 1935 14 92
MAJ-07-40_zr275 Ceno. MoqC Fm. 278 26 0.17 0.0963 1.0 0.7841 1.3 0.0591 0.9 0.77 592 6 588 6 570 20 101
MAJ-07-40_zr276 Ceno. MoqC Fm. 268 1 0.42 0.0034 3.0 0.0233 6.9 0.0494 6.2 0.43 22 1 23 2 166 152 94
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CUC-05-01_zr037 Ceno. MoqB Fm. 17 27 17.71 0.2873 1.9 4.5393 3.3 0.1146 2.7 0.58 1628 27 1738 28 1873 50 94
CUC-05-01_zr038 Ceno. MoqB Fm. 123 25 1.05 0.1638 1.0 1.6529 1.7 0.0732 1.4 0.59 978 9 991 11 1020 29 99
CUC-05-01_zr039 Ceno. MoqB Fm. 197 1 0.35 0.0047 2.5 0.0306 6.5 0.0472 6.0 0.38 30 1 31 2 59 59 99
CUC-05-01_zr040 Ceno. MoqB Fm. 55 7 1.84 0.0899 1.9 0.7390 3.1 0.0596 2.5 0.61 555 10 562 14 590 55 99
CUC-05-01_zr042 Ceno. MoqB Fm. 214 1 0.55 0.0049 2.3 0.0326 4.9 0.0487 4.3 0.47 30 1 32 2 135 104 96
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-40_zr284 Ceno. MoqC Fm. 263 1 0.84 0.0038 2.4 0.0294 7.5 0.0564 7.1 0.32 24 1 29 2 467 166 83
MAJ-07-40_zr285 Ceno. MoqC Fm. 62 13 0.59 0.1981 1.4 2.2044 2.1 0.0807 1.5 0.67 1165 15 1183 15 1214 30 99
MAJ-07-40_zr286 Ceno. MoqC Fm. 262 1 0.58 0.0033 3.1 0.0293 8.9 0.0640 8.3 0.35 21 1 29 3 742 186 73
MAJ-07-40_zr288 Ceno. MoqC Fm. 97 0 0.67 0.0036 2.9 0.0256 7.4 0.0513 6.8 0.39 23 1 26 2 256 164 91
MAJ-07-40_zr289 Ceno. MoqC Fm. 231 1 0.43 0.0038 2.5 0.0257 5.8 0.0491 5.2 0.43 25 1 26 2 150 127 95
MAJ-07-40_zr290 Ceno. MoqC Fm. 64 0 0.67 0.0034 4.2 0.0253 12.2 0.0540 11.5 0.34 22 1 25 3 369 282 86
MAJ-07-40_zr291 Ceno. MoqC Fm. 37 8 1.33 0.1671 0.9 1.6865 1.8 0.0732 1.6 0.50 996 8 1003 12 1019 33 99
MAJ-07-40_zr296 Ceno. MoqC Fm. 202 1 0.63 0.0034 2.6 0.0241 19.5 0.0509 19.3 0.13 22 1 24 5 235 235 91
MAJ-07-40_zr297 Ceno. MoqC Fm. 1043 3 0.42 0.0021 2.6 0.0138 3.7 0.0479 2.6 0.70 14 0 14 1 96 63 97
MAJ-07-40_zr298 Ceno. MoqC Fm. 57 0 1.46 0.0042 3.5 0.0397 17.1 0.0692 16.7 0.20 26 1 39 7 904 389 68
MAJ-07-40_zr299 Ceno. MoqC Fm. 195 1 0.86 0.0049 2.3 0.0348 6.9 0.0512 6.5 0.33 32 1 35 2 251 157 91
MAJ-07-40_zr300 Ceno. MoqC Fm. 279 1 1.67 0.0036 1.9 0.0268 12.6 0.0544 12.5 0.15 23 0 27 3 386 308 86
MAJ-07-40_zr302 Ceno. MoqC Fm. 140 1 0.86 0.0034 2.9 0.0252 14.4 0.0539 14.1 0.20 22 1 25 4 366 354 86
MAJ-07-40_zr303 Ceno. MoqC Fm. 129 1 0.55 0.0036 3.7 0.0255 10.8 0.0519 10.1 0.34 23 1 26 3 280 249 90
MAJ-07-40_zr304 Ceno. MoqC Fm. 39 0 0.78 0.0035 5.3 0.0284 17.7 0.0589 16.9 0.30 23 1 28 5 564 418 79
MAJ-07-40_zr305 Ceno. MoqC Fm. 250 1 0.68 0.0044 1.3 0.0297 5.7 0.0492 5.6 0.23 28 0 30 2 158 137 95
MAJ-07-40_zr309 Ceno. MoqC Fm. 103 0 0.64 0.0038 3.3 0.0252 7.3 0.0479 6.5 0.45 25 1 25 2 93 93 97
MAJ-07-40_zr310 Ceno. MoqC Fm. 94 32 0.65 0.2769 1.5 4.1799 2.0 0.1095 1.3 0.75 1576 21 1670 17 1791 24 94
MAJ-07-40_zr311 Ceno. MoqC Fm. 186 1 0.71 0.0042 3.6 0.0286 6.7 0.0492 5.7 0.54 27 1 29 2 159 139 95
MAJ-07-40_zr312 Ceno. MoqC Fm. 55 1 0.52 0.0214 1.9 0.1491 3.9 0.0504 3.4 0.49 137 3 141 5 215 81 97
MAJ-07-40_zr313 Ceno. MoqC Fm. 58 8 0.60 0.1194 1.7 1.5254 3.4 0.0927 3.0 0.50 727 12 941 21 1482 58 77
CUC-05-01_zr007 Ceno. MoqB Fm. 105 7 1.21 0.0503 2.1 0.4156 7.5 0.0600 7.2 0.28 316 7 353 23 602 164 90
CUC-05-01_zr008 Ceno. MoqB Fm. 19 4 0.68 0.1991 2.7 2.2753 3.2 0.0829 1.8 0.84 1171 29 1205 23 1267 36 97
CUC-05-01_zr009 Ceno. MoqB Fm. 102 17 0.27 0.1636 1.8 1.6462 2.6 0.0730 1.9 0.69 977 16 988 17 1013 39 99
CUC-05-01_zr010 Ceno. MoqB Fm. 187 1 0.45 0.0049 3.1 0.0379 7.7 0.0557 7.1 0.40 32 1 38 3 440 166 84
CUC-05-01_zr011 Ceno. MoqB Fm. 196 19 0.05 0.1022 2.2 0.8196 4.1 0.0582 3.5 0.54 634 13 613 19 537 79 103
CUC-05-01_zr012 Ceno. MoqB Fm. 201 1 0.41 0.0046 2.9 0.0327 5.8 0.0514 5.0 0.50 30 1 33 2 261 119 91
CUC-05-01_zr013 Ceno. MoqB Fm. 234 39 0.37 0.1551 2.0 1.6227 2.6 0.0759 1.6 0.77 930 17 979 17 1091 32 95
CUC-05-01_zr014 Ceno. MoqB Fm. 89 1 0.82 0.0054 2.3 0.0384 7.4 0.0514 7.0 0.31 35 1 38 3 258 169 91
CUC-05-01_zr015 Ceno. MoqB Fm. 67 7 0.77 0.0907 1.4 0.7516 2.5 0.0601 2.1 0.56 560 8 569 11 606 46 98
CUC-05-01_zr016 Ceno. MoqB Fm. 158 15 0.56 0.0882 1.8 0.7273 2.5 0.0598 1.7 0.72 545 9 555 11 598 37 98
CUC-05-01_zr020 Ceno. MoqB Fm. 26 4 0.73 0.1497 1.9 1.4855 3.5 0.0720 2.9 0.54 899 16 924 22 985 60 97
CUC-05-01_zr021 Ceno. MoqB Fm. 97 59 0.51 0.4007 3.3 13.0568 3.7 0.2363 1.7 0.89 2172 61 2684 36 3095 27 81
CUC-05-01_zr022 Ceno. MoqB Fm. 88 7 0.17 0.0816 1.4 0.6200 3.8 0.0551 3.5 0.37 523 7 504 15 418 80 104
CUC-05-01_zr023 Ceno. MoqB Fm. 1335 117 0.30 0.1021 7.1 0.9610 7.3 0.0683 1.9 0.97 627 43 684 37 877 40 92
CUC-05-01_zr024 Ceno. MoqB Fm. 128 6 0.71 0.0420 3.0 0.3041 3.9 0.0525 2.5 0.77 265 8 270 9 307 58 98
CUC-05-01_zr025 Ceno. MoqB Fm. 149 1 0.70 0.0044 2.9 0.0320 10.0 0.0526 9.6 0.29 28 1 32 3 312 235 89
CUC-05-01_zr026 Ceno. MoqB Fm. 99 1 0.69 0.0053 2.3 0.0377 6.9 0.0515 6.5 0.33 33 1 37 3 263 157 91
CUC-05-01_zr027 Ceno. MoqB Fm. 343 2 0.67 0.0044 3.1 0.0308 5.7 0.0503 4.8 0.54 30 1 32 2 209 115 93
CUC-05-01_zr028 Ceno. MoqB Fm. 16 3 1.23 0.1484 2.1 1.5055 4.3 0.0736 3.8 0.49 892 18 933 27 1030 79 96
CUC-05-01_zr029 Ceno. MoqB Fm. 31 4 1.06 0.1031 2.5 0.8825 4.1 0.0621 3.3 0.61 632 15 642 20 678 72 98
CUC-05-01_zr033 Ceno. MoqB Fm. 174 7 0.59 0.0384 3.1 0.2826 3.6 0.0534 1.9 0.86 243 7 253 8 347 44 96
CUC-05-01_zr034 Ceno. MoqB Fm. 42 1 0.49 0.0048 39.6 0.0392 39.9 0.0597 4.5 0.99 30 12 38 15 593 101 78
CUC-05-01_zr035 Ceno. MoqB Fm. 89 9 1.61 0.0777 1.9 0.5495 7.0 0.0513 6.7 0.27 481 9 444 26 253 162 108
CUC-05-01_zr036 Ceno. MoqB Fm. 136 1 0.35 0.0042 5.2 0.0345 10.8 0.0596 9.5 0.48 28 1 36 4 589 221 78
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CUC-05-01_zr104 Ceno. MoqB Fm. 145 13 0.44 0.0876 1.5 0.7235 2.7 0.0599 2.3 0.56 542 8 553 12 599 51 98
CUC-05-01_zr105 Ceno. MoqB Fm. 358 2 1.02 0.0042 3.4 0.0282 6.0 0.0484 4.9 0.57 27 1 28 2 117 117 96
CUC-05-01_zr106 Ceno. MoqB Fm. 36 6 0.94 0.1441 3.2 1.4225 4.4 0.0716 3.0 0.73 868 26 898 27 975 62 97
CUC-05-01_zr107 Ceno. MoqB Fm. 248 16 0.25 0.0673 3.0 0.5308 3.7 0.0572 2.1 0.81 420 12 432 13 499 47 97
CUC-05-01_zr111 Ceno. MoqB Fm. 88 1 0.79 0.0055 2.7 0.0397 12.3 0.0523 12.0 0.22 35 1 40 5 298 298 90
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

CUC-05-01_zr046 Ceno. MoqB Fm. 125 12 0.41 0.0951 0.9 0.7910 1.9 0.0603 1.7 0.47 585 5 592 9 616 37 99
CUC-05-01_zr048 Ceno. MoqB Fm. 120 4 0.53 0.0152 5.4 0.1112 6.3 0.0530 3.3 0.86 101 5 110 7 327 77 91
CUC-05-01_zr049 Ceno. MoqB Fm. 379 2 1.31 0.0042 2.5 0.0298 6.4 0.0520 5.9 0.39 27 1 30 2 286 141 90
CUC-05-01_zr050 Ceno. MoqB Fm. 528 25 0.41 0.0346 7.6 0.2708 8.3 0.0568 3.4 0.92 227 17 251 19 485 77 90
CUC-05-01_zr051 Ceno. MoqB Fm. 12 2 1.77 0.1043 3.7 0.9251 6.6 0.0644 5.5 0.56 639 23 665 33 753 121 96
CUC-05-01_zr052 Ceno. MoqB Fm. 103 28 0.26 0.2613 3.1 3.4134 3.3 0.0948 1.1 0.94 1496 42 1508 26 1523 21 99
CUC-05-01_zr053 Ceno. MoqB Fm. 13 3 0.63 0.2075 3.1 2.3819 4.5 0.0833 3.2 0.69 1215 34 1237 33 1276 64 98
CUC-05-01_zr054 Ceno. MoqB Fm. 100 4 0.90 0.0378 3.5 0.2699 5.7 0.0518 4.5 0.61 239 8 243 12 275 106 99
CUC-05-01_zr055 Ceno. MoqB Fm. 31 1 0.39 0.0186 6.1 0.1436 14.5 0.0559 13.1 0.42 118 7 135 19 447 321 87
CUC-05-01_zr059 Ceno. MoqB Fm. 193 1 0.22 0.0058 2.5 0.0387 6.5 0.0482 6.0 0.38 37 1 38 2 111 111 97
CUC-05-01_zr060 Ceno. MoqB Fm. 22 6 2.17 0.1967 1.8 2.2515 3.5 0.0830 3.0 0.51 1158 19 1197 25 1270 60 97
CUC-05-01_zr061 Ceno. MoqB Fm. 103 54 0.47 0.4641 2.8 12.1152 3.2 0.1894 1.5 0.87 2457 58 2613 31 2737 25 94
CUC-05-01_zr062 Ceno. MoqB Fm. 454 143 0.09 0.3067 3.2 4.8826 3.6 0.1155 1.7 0.89 1724 49 1799 31 1887 31 96
CUC-05-01_zr063 Ceno. MoqB Fm. 64 8 1.10 0.0996 2.7 0.7600 4.0 0.0553 2.9 0.68 612 16 574 18 425 66 107
CUC-05-01_zr064 Ceno. MoqB Fm. 96 19 0.82 0.1584 3.2 1.6586 3.9 0.0760 2.2 0.82 948 28 993 25 1094 45 95
CUC-05-01_zr065 Ceno. MoqB Fm. 219 1 0.38 0.0045 2.5 0.0309 6.3 0.0500 5.8 0.40 29 1 31 2 193 141 93
CUC-05-01_zr066 Ceno. MoqB Fm. 8 5 1.32 0.4716 2.4 11.6540 3.5 0.1792 2.5 0.69 2491 50 2577 33 2646 42 97
CUC-05-01_zr067 Ceno. MoqB Fm. 100 1 0.71 0.0060 3.8 0.0498 7.0 0.0602 5.9 0.54 37 1 48 3 612 133 78
CUC-05-01_zr068 Ceno. MoqB Fm. 136 1 0.48 0.0061 2.9 0.0413 6.8 0.0488 6.2 0.43 38 1 40 3 136 136 96
CUC-05-01_zr072 Ceno. MoqB Fm. 171 30 0.49 0.1460 2.4 1.5022 3.3 0.0746 2.3 0.73 889 20 939 20 1058 47 95
CUC-05-01_zr073 Ceno. MoqB Fm. 121 12 0.47 0.0960 2.1 0.8099 2.6 0.0612 1.5 0.81 591 12 602 12 646 33 98
CUC-05-01_zr074 Ceno. MoqB Fm. 227 19 0.62 0.0757 1.5 0.6041 1.9 0.0579 1.2 0.79 471 7 480 7 524 27 98
CUC-05-01_zr075 Ceno. MoqB Fm. 148 1 0.82 0.0049 2.7 0.0332 6.0 0.0495 5.4 0.45 31 1 33 2 171 131 94
CUC-05-01_zr076 Ceno. MoqB Fm. 209 1 0.61 0.0044 3.9 0.0304 6.6 0.0497 5.3 0.59 29 1 30 2 181 128 94
CUC-05-01_zr077 Ceno. MoqB Fm. 38 0 0.65 0.0060 6.9 0.0599 16.7 0.0730 15.2 0.41 38 3 59 10 1015 343 65
CUC-05-01_zr078 Ceno. MoqB Fm. 45 0 0.71 0.0057 3.5 0.0436 12.0 0.0555 11.5 0.29 37 1 43 5 434 279 84
CUC-05-01_zr079 Ceno. MoqB Fm. 186 19 0.32 0.0969 1.7 0.8286 2.9 0.0620 2.4 0.59 596 10 613 13 674 52 97
CUC-05-01_zr080 Ceno. MoqB Fm. 67 6 0.63 0.0823 2.7 0.6767 4.5 0.0596 3.6 0.60 510 13 525 19 590 80 97
CUC-05-01_zr081 Ceno. MoqB Fm. 57 6 0.67 0.0954 2.7 0.8327 3.7 0.0633 2.5 0.73 588 15 615 17 718 54 96
CUC-05-01_zr085 Ceno. MoqB Fm. 379 34 0.16 0.0911 1.2 0.7449 1.8 0.0593 1.3 0.67 562 7 565 8 579 29 99
CUC-05-01_zr086 Ceno. MoqB Fm. 285 2 0.86 0.0047 1.6 0.0320 6.1 0.0491 5.9 0.26 30 1 32 2 154 144 95
CUC-05-01_zr087 Ceno. MoqB Fm. 113 1 0.69 0.0045 3.3 0.0302 6.5 0.0489 5.6 0.51 29 1 30 2 145 137 95
CUC-05-01_zr088 Ceno. MoqB Fm. 166 29 0.49 0.1778 2.7 1.8193 3.4 0.0742 2.0 0.79 1055 26 1052 23 1047 41 100
CUC-05-01_zr089 Ceno. MoqB Fm. 72 30 0.88 0.3527 1.4 5.8831 2.5 0.1210 2.1 0.56 1947 24 1959 22 1971 38 99
CUC-05-01_zr090 Ceno. MoqB Fm. 56 5 0.31 0.0837 1.8 0.6836 3.5 0.0592 3.0 0.51 518 9 529 15 575 67 98
CUC-05-01_zr091 Ceno. MoqB Fm. 290 6 0.44 0.0221 1.6 0.1521 2.9 0.0498 2.4 0.55 141 2 144 4 186 57 98
CUC-05-01_zr092 Ceno. MoqB Fm. 255 3 0.32 0.0103 13.0 0.0757 14.7 0.0532 6.8 0.88 66 9 74 11 339 162 89
CUC-05-01_zr093 Ceno. MoqB Fm. 122 6 1.11 0.0383 1.7 0.2750 3.4 0.0521 3.0 0.50 243 4 248 8 291 70 98
CUC-05-01_zr094 Ceno. MoqB Fm. 96 1 1.15 0.0059 4.3 0.0434 11.7 0.0534 10.9 0.37 37 2 42 5 346 267 88
CUC-05-01_zr098 Ceno. MoqB Fm. 35 6 0.20 0.1736 1.3 1.7800 2.2 0.0744 1.8 0.59 1015 12 1026 14 1051 37 99
CUC-05-01_zr099 Ceno. MoqB Fm. 70 21 0.28 0.2818 1.6 4.6391 1.9 0.1194 1.0 0.84 1601 23 1756 16 1947 18 91
CUC-05-01_zr100 Ceno. MoqB Fm. 212 6 0.74 0.0159 3.2 0.1120 4.1 0.0510 2.6 0.78 87 3 92 4 242 61 94
CUC-05-01_zr101 Ceno. MoqB Fm. 91 34 0.69 0.3257 1.6 5.1415 2.2 0.1145 1.5 0.73 1818 25 1843 19 1872 27 99
CUC-05-01_zr102 Ceno. MoqB Fm. 40 8 0.43 0.1896 2.2 2.0759 3.4 0.0794 2.6 0.65 1119 23 1141 24 1182 52 98
CUC-05-01_zr103 Ceno. MoqB Fm. 87 1 0.62 0.0062 2.4 0.0446 9.2 0.0522 8.9 0.26 40 1 44 4 295 217 90
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MAJ-10-02_zr232 Ceno. MoqB Fm. 233 67 0.19 0.2221 2.8 3.5387 3.1 0.1156 1.3 0.90 1293 33 1536 25 1889 24 84
MAJ-10-02_zr233 Ceno. MoqB Fm. 198 15 0.33 0.0706 2.3 0.5552 2.6 0.0570 1.2 0.88 440 10 448 10 493 27 98
MAJ-10-02_zr234 Ceno. MoqB Fm. 319 25 0.02 0.0802 1.3 0.6456 1.6 0.0584 0.9 0.81 497 6 506 6 546 20 98
MAJ-10-02_zr235 Ceno. MoqB Fm. 54 1 0.60 0.0235 1.9 0.1611 4.2 0.0497 3.7 0.45 150 3 152 6 183 89 99
MAJ-10-02_zr236 Ceno. MoqB Fm. 9 2 1.25 0.1144 2.8 5.1572 7.2 0.3271 6.6 0.39 704 19 1853 63 3604 105 38
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206 238 ± 1σ 207 235 ± 1σ 207 206 ± 1σ Rho 206 238 ± 2σ 207 235 ± 2σ 207 206 ± 2σ conc. 
(ppm)

Pb/ U Pb/ U Pb/ Pb Pb/ U 
(Ma)

Pb/ U 
(Ma)

Pb/ Pb 
(Ma) (%)(Ma) (Ma) (Ma)

CUC-05-01_zr112 Ceno. MoqB Fm. 105 1 0.89 0.0042 9.5 0.0326 15.0 0.0562 11.6 0.63 24 2 29 4 459 280 83
CUC-05-01_zr113 Ceno. MoqB Fm. 108 1 0.76 0.0055 6.0 0.0371 8.7 0.0493 6.3 0.69 38 2 40 3 164 154 95
CUC-05-01_zr114 Ceno. MoqB Fm. 99 1 0.27 0.0126 11.5 0.1000 13.1 0.0578 6.2 0.88 80 9 97 12 522 142 83
CUC-05-01_zr115 Ceno. MoqB Fm. 341 64 0.55 0.1714 3.1 1.8665 4.3 0.0790 3.0 0.72 997 29 1053 29 1172 61 95
CUC-05-01_zr116 Ceno. MoqB Fm. 228 43 0.84 0.1599 1.6 1.6104 2.1 0.0730 1.4 0.76 956 14 974 13 1015 29 98
CUC-05-01_zr117 Ceno. MoqB Fm. 89 33 1.18 0.2718 2.6 4.4667 3.2 0.1192 1.9 0.81 1550 36 1725 27 1944 34 90
CUC-05-01_zr118 Ceno. MoqB Fm. 280 2 1.96 0.0037 5.3 0.0269 7.9 0.0530 5.8 0.67 24 1 27 2 327 137 88
CUC-05-01_zr119 Ceno. MoqB Fm. 111 20 0.36 0.1679 1.4 1.7004 1.9 0.0735 1.3 0.74 1001 13 1009 12 1027 27 99
CUC-05-01_zr120 Ceno. MoqB Fm. 83 14 0.69 0.1493 1.4 1.4526 1.8 0.0706 1.1 0.78 897 12 911 11 945 23 98
CUC-05-01_zr124 Ceno. MoqB Fm. 82 8 0.35 0.0973 1.6 0.8132 2.1 0.0606 1.4 0.76 599 9 604 10 625 30 99
CUC-05-01_zr125 Ceno. MoqB Fm. 86 8 0.38 0.0920 1.1 0.7634 2.1 0.0602 1.8 0.52 567 6 576 9 611 39 98
CUC-05-01_zr126 Ceno. MoqB Fm. 75 7 0.60 0.0827 1.5 0.6675 2.5 0.0586 2.0 0.60 512 7 519 10 551 44 99
CUC-05-01_zr127 Ceno. MoqB Fm. 71 13 0.36 0.1712 1.9 1.7845 2.5 0.0756 1.7 0.76 1019 18 1040 16 1085 35 98
CUC-05-01_zr128 Ceno. MoqB Fm. 68 0 0.68 0.0061 4.8 0.0435 13.2 0.0516 12.3 0.36 33 2 37 5 266 266 91
CUC-05-01_zr129 Ceno. MoqB Fm. 145 10 0.20 0.0716 2.1 0.5563 2.8 0.0563 1.8 0.75 445 9 449 10 466 40 99
CUC-05-01_zr130 Ceno. MoqB Fm. 78 38 1.42 0.3703 1.6 6.6162 2.1 0.1296 1.3 0.76 2031 28 2062 19 2092 23 99
CUC-05-01_zr131 Ceno. MoqB Fm. 310 2 0.70 0.0045 3.0 0.0289 5.8 0.0472 5.0 0.52 29 1 29 2 57 57 99
CUC-05-01_zr132 Ceno. MoqB Fm. 22 3 0.58 0.1456 3.1 1.4226 3.9 0.0709 2.3 0.79 876 25 899 24 954 48 98
CUC-05-01_zr133 Ceno. MoqB Fm. 78 7 0.13 0.0942 2.6 0.7938 4.2 0.0611 3.3 0.62 581 15 593 19 643 73 98
CUC-05-01_zr137 Ceno. MoqB Fm. 55 15 0.53 0.2680 1.9 3.9344 3.0 0.1065 2.3 0.63 1530 26 1621 25 1740 43 94
CUC-05-01_zr138 Ceno. MoqB Fm. 51 28 0.51 0.4749 2.2 11.6541 3.1 0.1780 2.2 0.71 2505 46 2577 29 2634 37 97
CUC-05-01_zr139 Ceno. MoqB Fm. 131 7 0.31 0.0528 2.4 0.4061 3.6 0.0557 2.7 0.67 332 8 346 11 442 61 96
CUC-05-01_zr140 Ceno. MoqB Fm. 41 0 0.43 0.0052 5.7 0.0373 11.6 0.0519 10.1 0.49 35 2 39 5 280 249 90
CUC-05-01_zr141 Ceno. MoqB Fm. 18 4 2.60 0.1342 1.5 1.2012 4.6 0.0649 4.3 0.33 807 11 798 26 771 93 101
CUC-05-01_zr142 Ceno. MoqB Fm. 43 16 0.75 0.3033 1.1 5.0228 1.6 0.1201 1.2 0.69 1717 17 1828 14 1958 22 94
CUC-05-01_zr143 Ceno. MoqB Fm. 23 4 0.79 0.1463 2.1 1.4251 3.3 0.0707 2.6 0.64 880 17 900 20 947 54 98
CUC-05-01_zr144 Ceno. MoqB Fm. 54 11 0.27 0.1964 2.2 2.1659 3.3 0.0800 2.4 0.67 1156 23 1170 23 1197 48 99
CUC-05-01_zr145 Ceno. MoqB Fm. 236 1 0.87 0.0040 4.3 0.0263 9.3 0.0481 8.2 0.46 26 1 26 2 102 102 97
CUC-05-01_zr146 Ceno. MoqB Fm. 84 1 0.66 0.0055 4.1 0.0401 11.7 0.0534 11.0 0.35 35 1 40 5 344 270 88
CUC-05-01_zr150 Ceno. MoqB Fm. 205 3 0.28 0.0144 3.8 0.1098 6.7 0.0553 5.5 0.57 92 4 106 7 424 128 87
CUC-05-01_zr151 Ceno. MoqB Fm. 11 2 0.77 0.1453 1.9 1.4880 5.1 0.0743 4.7 0.37 875 16 926 32 1049 98 95
CUC-05-01_zr152 Ceno. MoqB Fm. 72 18 0.65 0.2206 2.5 2.6257 3.3 0.0863 2.2 0.76 1285 29 1308 25 1346 43 98
CUC-05-01_zr153 Ceno. MoqB Fm. 55 0 0.54 0.0042 8.4 0.0295 11.1 0.0516 7.2 0.76 30 3 33 4 269 174 90
CUC-05-01_zr154 Ceno. MoqB Fm. 7 2 0.72 0.2181 3.4 2.6839 6.0 0.0893 5.0 0.57 1233 38 1299 45 1410 99 95
MAJ-10-02_zr218 Ceno. MoqB Fm. 79 30 1.41 0.3069 2.6 4.6077 2.8 0.1089 1.1 0.93 1725 40 1751 24 1781 20 99
MAJ-10-02_zr219 Ceno. MoqB Fm. 135 4 1.04 0.0272 2.3 0.1915 3.0 0.0511 2.0 0.77 173 4 178 5 247 47 97
MAJ-10-02_zr220 Ceno. MoqB Fm. 83 28 0.59 0.2931 1.8 4.4226 2.1 0.1094 1.0 0.86 1657 26 1717 18 1790 18 97
MAJ-10-02_zr221 Ceno. MoqB Fm. 146 46 0.20 0.3099 3.0 4.7277 3.2 0.1106 1.2 0.94 1740 46 1772 27 1810 22 98
MAJ-10-02_zr222 Ceno. MoqB Fm. 175 19 0.27 0.0953 1.8 0.8361 2.1 0.0636 1.1 0.86 587 10 617 10 730 24 95
MAJ-10-02_zr223 Ceno. MoqB Fm. 88 9 0.39 0.0949 2.2 0.7896 2.7 0.0603 1.5 0.81 585 12 591 12 615 33 99
MAJ-10-02_zr224 Ceno. MoqB Fm. 31 4 0.78 0.1074 2.0 0.9534 3.1 0.0644 2.4 0.65 657 13 680 16 755 51 97
MAJ-10-02_zr225 Ceno. MoqB Fm. 214 19 0.29 0.0824 1.6 0.6693 2.1 0.0589 1.4 0.76 511 8 520 9 564 31 98
MAJ-10-02_zr226 Ceno. MoqB Fm. 110 14 1.72 0.0919 1.9 0.7673 2.5 0.0606 1.6 0.76 567 10 578 11 623 35 98
MAJ-10-02_zr227 Ceno. MoqB Fm. 119 2 0.55 0.0152 1.6 0.1021 3.4 0.0487 3.0 0.47 97 2 99 3 133 72 99
MAJ-10-02_zr231 Ceno. MoqB Fm. 219 4 0.54 0.0156 1.7 0.1044 2.6 0.0486 2.0 0.65 100 2 101 3 126 48 99



Appendix 4-3

MAJ-10-02_zr299 Ceno. MoqB Fm. 125 21 0.31 0.1609 1.4 1.6456 1.6 0.0742 0.8 0.87 962 13 988 10 1047 16 97
MAJ-10-02_zr300 Ceno. MoqB Fm. 55 5 0.61 0.0828 2.3 0.6775 3.6 0.0593 2.8 0.64 513 11 525 15 580 62 98
MAJ-10-02_zr301 Ceno. MoqB Fm. 64 1 0.55 0.0165 1.6 0.1170 5.9 0.0516 5.7 0.27 105 2 112 6 267 136 94
MAJ-10-02_zr302 Ceno. MoqB Fm. 82 13 0.50 0.1438 3.1 1.4086 3.3 0.0711 1.2 0.94 866 25 893 20 959 25 97
MAJ-10-02_zr303 Ceno. MoqB Fm. 60 15 0.95 0.1971 1.9 2.3504 2.3 0.0865 1.3 0.83 1160 20 1228 17 1349 25 94
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    Apparent ages

206 238 207 235 207 206 206 238 207 235 207 206Sample Formation U (ppm) Pb Th/U Pb/ U ± 1σ Pb/ U ± 1σ Pb/ Pb ± 1σ Rho Pb/ U ± 2σ Pb/ U ± 2σ Pb/ Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-10-02_zr237 Ceno. MoqB Fm. 35 6 0.32 0.1640 1.8 1.5804 3.9 0.0699 3.5 0.46 1000 17 977 25 926 74 102
MAJ-10-02_zr238 Ceno. MoqB Fm. 66 13 0.59 0.1719 1.7 1.8311 2.2 0.0773 1.4 0.77 1023 16 1057 15 1128 28 97
MAJ-10-02_zr239 Ceno. MoqB Fm. 74 8 0.76 0.0907 2.2 0.7546 2.8 0.0603 1.7 0.79 560 12 571 12 615 37 98
MAJ-10-02_zr240 Ceno. MoqB Fm. 81 26 0.54 0.2886 1.6 4.3470 1.8 0.1092 0.9 0.89 1635 23 1702 15 1787 17 96
MAJ-10-02_zr244 Ceno. MoqB Fm. 4 2 8.50 0.1798 2.3 5.1578 5.1 0.2080 4.5 0.45 1066 23 1846 44 2890 75 58
MAJ-10-02_zr245 Ceno. MoqB Fm. 351 111 0.39 0.2904 1.6 4.1295 1.7 0.1032 0.7 0.94 1643 23 1660 14 1682 13 99
MAJ-10-02_zr246 Ceno. MoqB Fm. 64 12 0.55 0.1675 1.5 1.7135 2.1 0.0742 1.4 0.71 998 14 1014 14 1047 29 98
MAJ-10-02_zr247 Ceno. MoqB Fm. 110 45 0.66 0.3570 1.4 6.2797 1.7 0.1276 1.0 0.82 1968 24 2016 15 2065 18 98
MAJ-10-02_zr249 Ceno. MoqB Fm. 23 1 1.11 0.0283 2.2 0.1942 7.0 0.0497 6.6 0.31 185 4 185 12 182 162 100
MAJ-10-02_zr250 Ceno. MoqB Fm. 108 11 0.55 0.0864 3.2 0.7213 3.6 0.0606 1.6 0.89 534 16 551 15 624 35 97
MAJ-10-02_zr251 Ceno. MoqB Fm. 165 54 0.55 0.2949 1.7 4.3348 2.1 0.1066 1.2 0.81 1666 25 1700 18 1742 22 98
MAJ-10-02_zr252 Ceno. MoqB Fm. 138 22 2.26 0.1025 2.0 0.8867 2.5 0.0627 1.5 0.80 629 12 645 12 699 32 98
MAJ-10-02_zr253 Ceno. MoqB Fm. 354 5 0.25 0.0151 2.1 0.1039 3.2 0.0498 2.4 0.66 97 2 100 3 185 57 96
MAJ-10-02_zr257 Ceno. MoqB Fm. 70 16 0.94 0.1923 1.7 2.2272 8.1 0.0840 7.9 0.21 1134 18 1190 58 1293 162 95
MAJ-10-02_zr258 Ceno. MoqB Fm. 100 10 0.62 0.0894 2.1 0.7302 2.5 0.0592 1.3 0.84 552 11 557 11 575 29 99
MAJ-10-02_zr259 Ceno. MoqB Fm. 402 125 0.09 0.2928 2.2 4.2333 3.0 0.1049 2.1 0.73 1656 32 1681 25 1712 39 99
MAJ-10-02_zr260 Ceno. MoqB Fm. 559 95 0.16 0.1830 2.2 1.9299 2.6 0.0765 1.3 0.85 1083 22 1092 18 1108 26 99
MAJ-10-02_zr261 Ceno. MoqB Fm. 204 4 0.58 0.0153 1.5 0.1091 7.3 0.0516 7.1 0.21 98 2 105 7 269 172 93
MAJ-10-02_zr262 Ceno. MoqB Fm. 41 2 1.09 0.0379 1.6 0.2763 3.8 0.0529 3.4 0.42 240 4 248 8 322 79 97
MAJ-10-02_zr263 Ceno. MoqB Fm. 467 9 0.72 0.0135 1.4 0.0908 2.2 0.0486 1.7 0.64 87 1 88 2 130 41 98
MAJ-10-02_zr264 Ceno. MoqB Fm. 267 7 0.73 0.0192 2.2 0.1759 15.7 0.0664 15.5 0.14 123 3 165 24 819 362 75
MAJ-10-02_zr265 Ceno. MoqB Fm. 68 14 0.32 0.2078 1.8 2.4342 2.8 0.0850 2.1 0.64 1217 20 1253 20 1315 41 97
MAJ-10-02_zr266 Ceno. MoqB Fm. 108 9 0.57 0.0782 2.4 0.6365 4.6 0.0590 3.9 0.52 485 11 500 18 569 87 97
MAJ-10-02_zr270 Ceno. MoqB Fm. 57 7 1.88 0.0885 1.4 0.7476 2.2 0.0613 1.7 0.64 547 7 567 10 648 37 96
MAJ-10-02_zr271 Ceno. MoqB Fm. 330 69 0.12 0.1930 1.8 2.2758 3.0 0.0855 2.4 0.60 1138 19 1205 21 1328 47 94
MAJ-10-02_zr272 Ceno. MoqB Fm. 93 10 0.62 0.0970 1.6 0.8166 2.1 0.0610 1.4 0.76 597 9 606 10 640 30 99
MAJ-10-02_zr273 Ceno. MoqB Fm. 83 17 1.07 0.1627 1.7 1.6693 2.2 0.0744 1.4 0.77 972 15 997 14 1053 29 97
MAJ-10-02_zr274 Ceno. MoqB Fm. 38 4 1.06 0.0887 2.0 0.7434 2.7 0.0608 1.8 0.74 548 11 564 12 633 39 97
MAJ-10-02_zr275 Ceno. MoqB Fm. 45 17 1.10 0.2980 1.6 4.5010 1.9 0.1095 1.0 0.84 1682 24 1731 16 1792 18 97
MAJ-10-02_zr276 Ceno. MoqB Fm. 191 19 0.52 0.0900 1.4 0.7297 1.8 0.0588 1.1 0.78 556 8 556 8 560 24 100
MAJ-10-02_zr277 Ceno. MoqB Fm. 78 16 0.41 0.1892 1.4 2.0758 2.0 0.0796 1.4 0.70 1117 14 1141 14 1187 28 98
MAJ-10-02_zr278 Ceno. MoqB Fm. 125 27 0.57 0.1910 1.7 2.0906 2.2 0.0794 1.4 0.77 1127 18 1146 15 1182 28 98
MAJ-10-02_zr279 Ceno. MoqB Fm. 36 6 0.29 0.1579 1.6 1.6217 2.1 0.0745 1.4 0.76 945 14 979 13 1054 29 97
MAJ-10-02_zr283 Ceno. MoqB Fm. 40 8 0.66 0.1628 1.7 1.7038 2.1 0.0759 1.3 0.81 973 15 1010 14 1092 26 96
MAJ-10-02_zr284 Ceno. MoqB Fm. 208 37 0.09 0.1802 5.8 1.9873 7.3 0.0800 4.5 0.79 1108 59 1138 51 1196 91 97
MAJ-10-02_zr285 Ceno. MoqB Fm. 163 27 0.25 0.1602 2.8 1.6001 2.9 0.0725 0.9 0.97 958 25 971 18 999 18 99
MAJ-10-02_zr286 Ceno. MoqB Fm. 51 8 0.61 0.1433 1.3 1.3887 2.1 0.0703 1.7 0.62 863 11 884 13 937 35 98
MAJ-10-02_zr287 Ceno. MoqB Fm. 217 64 0.19 0.2831 1.6 4.1051 1.7 0.1052 0.7 0.94 1607 23 1655 14 1717 13 97
MAJ-10-02_zr288 Ceno. MoqB Fm. 195 3 0.58 0.0136 1.7 0.0957 4.1 0.0510 3.7 0.41 87 2 93 4 239 88 94
MAJ-10-02_zr289 Ceno. MoqB Fm. 72 19 0.50 0.2299 1.7 2.8685 2.1 0.0905 1.2 0.81 1334 21 1374 16 1436 23 97
MAJ-10-02_zr291 Ceno. MoqB Fm. 25 8 1.02 0.2407 2.0 3.0313 2.3 0.0914 1.1 0.87 1390 25 1416 18 1454 21 98
MAJ-10-02_zr292 Ceno. MoqB Fm. 153 25 0.17 0.1534 2.2 1.5837 3.3 0.0749 2.5 0.67 890 18 942 21 1065 51 94
MAJ-10-02_zr296 Ceno. MoqB Fm. 47 17 1.19 0.2798 1.3 4.1736 1.6 0.1082 0.9 0.81 1592 18 1670 13 1769 17 95
MAJ-10-02_zr297 Ceno. MoqB Fm. 69 6 0.38 0.0732 1.7 0.5883 2.9 0.0583 2.4 0.59 456 8 470 11 540 53 97
MAJ-10-02_zr298 Ceno. MoqB Fm. 180 34 0.74 0.1607 1.6 1.6408 2.1 0.0741 1.4 0.76 961 14 986 13 1043 29 97



MAJ-10-02_zr363 Ceno. MoqB Fm. 88 10 0.29 0.1088 1.7 0.9771 2.3 0.0652 1.6 0.74 666 11 692 12 779 34 96
MAJ-10-02_zr364 Ceno. MoqB Fm. 190 21 0.69 0.0954 1.8 0.8078 1.9 0.0614 0.7 0.95 587 10 601 9 654 15 98
MAJ-10-02_zr365 Ceno. MoqB Fm. 97 17 0.41 0.1633 1.9 1.6610 2.1 0.0738 0.9 0.90 975 17 994 13 1035 18 98
LOC-05-04_zr374 Ceno. MoqB Fm. 71 6 0.51 0.0763 2.2 0.6184 2.9 0.0588 1.9 0.76 474 10 489 11 558 42 97
LOC-05-04_zr375 Ceno. MoqB Fm. 146 25 0.58 0.1555 3.0 1.5781 3.3 0.0736 1.4 0.91 931 26 962 21 1032 29 97
LOC-05-04_zr376 Ceno. MoqB Fm. 135 14 0.94 0.0884 2.1 0.7353 2.5 0.0603 1.4 0.84 546 11 560 11 615 31 98
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-10-02_zr304 Ceno. MoqB Fm. 115 27 0.23 0.2114 2.8 2.8108 3.0 0.0964 1.0 0.93 1234 32 1357 23 1556 19 91
MAJ-10-02_zr305 Ceno. MoqB Fm. 124 2 0.29 0.0140 2.1 0.0884 4.9 0.0458 4.4 0.43 90 2 86 4 0 0 104
MAJ-10-02_zr309 Ceno. MoqB Fm. 56 5 0.58 0.0789 2.2 0.6391 2.9 0.0587 1.9 0.76 490 10 502 12 557 42 98
MAJ-10-02_zr310 Ceno. MoqB Fm. 41 8 0.62 0.1627 1.8 1.6710 2.3 0.0745 1.4 0.78 972 16 998 15 1055 28 97
MAJ-10-02_zr311 Ceno. MoqB Fm. 200 37 0.25 0.1782 1.7 1.8444 2.2 0.0751 1.4 0.77 1057 17 1062 15 1071 28 100
MAJ-10-02_zr312 Ceno. MoqB Fm. 52 13 1.05 0.1953 1.7 2.1844 2.3 0.0811 1.6 0.74 1150 18 1176 16 1224 32 98
MAJ-10-02_zr313 Ceno. MoqB Fm. 150 27 0.42 0.1613 3.0 1.7589 6.4 0.0791 5.7 0.47 964 27 1031 42 1174 117 94
MAJ-10-02_zr314 Ceno. MoqB Fm. 63 21 0.61 0.2706 1.9 3.8494 4.1 0.1032 3.6 0.46 1546 26 1605 34 1682 68 96
MAJ-10-02_zr315 Ceno. MoqB Fm. 70 3 0.53 0.0322 1.8 0.2830 11.6 0.0637 11.5 0.16 205 4 253 26 732 265 81
MAJ-10-02_zr316 Ceno. MoqB Fm. 76 9 1.08 0.1002 2.8 0.8544 3.3 0.0618 1.7 0.85 616 17 627 16 668 37 98
MAJ-10-02_zr317 Ceno. MoqB Fm. 75 8 0.41 0.1000 1.6 0.8394 2.1 0.0609 1.3 0.76 615 9 619 10 635 28 99
MAJ-10-02_zr318 Ceno. MoqB Fm. 100 16 0.41 0.1549 2.3 1.5686 2.8 0.0735 1.6 0.82 903 19 940 17 1026 33 96
MAJ-10-02_zr322 Ceno. MoqB Fm. 42 8 0.39 0.1721 1.7 1.7579 2.1 0.0741 1.2 0.81 1009 16 1020 14 1044 24 99
MAJ-10-02_zr323 Ceno. MoqB Fm. 124 44 0.47 0.2945 2.3 4.6328 2.6 0.1141 1.2 0.88 1664 34 1755 22 1866 22 95
MAJ-10-02_zr324 Ceno. MoqB Fm. 82 30 0.86 0.2988 2.1 4.4569 2.7 0.1082 1.7 0.78 1686 31 1723 23 1769 31 98
MAJ-10-02_zr325 Ceno. MoqB Fm. 131 28 1.40 0.1614 1.6 1.6250 1.9 0.0730 1.0 0.84 964 14 980 12 1015 20 98
MAJ-10-02_zr326 Ceno. MoqB Fm. 30 6 0.74 0.1575 1.9 1.5972 2.8 0.0735 2.1 0.68 943 17 969 18 1029 43 97
MAJ-10-02_zr327 Ceno. MoqB Fm. 243 69 0.42 0.2521 1.5 3.2403 1.7 0.0932 0.7 0.88 1449 20 1467 13 1493 13 99
MAJ-10-02_zr328 Ceno. MoqB Fm. 120 22 0.50 0.1616 1.7 1.6408 2.1 0.0736 1.2 0.81 966 15 986 13 1031 25 98
MAJ-10-02_zr329 Ceno. MoqB Fm. 54 10 0.73 0.1607 2.1 1.6358 2.6 0.0738 1.6 0.81 961 19 984 17 1037 33 98
MAJ-10-02_zr330 Ceno. MoqB Fm. 55 10 3.49 0.0923 2.2 0.7741 2.7 0.0609 1.5 0.81 569 12 582 12 634 33 98
MAJ-10-02_zr331 Ceno. MoqB Fm. 151 20 0.45 0.1232 3.1 1.1202 3.4 0.0660 1.4 0.91 749 22 763 18 806 30 98
MAJ-10-02_zr335 Ceno. MoqB Fm. 50 8 0.41 0.1539 1.8 1.5532 2.7 0.0732 2.0 0.67 923 16 952 17 1020 41 97
MAJ-10-02_zr336 Ceno. MoqB Fm. 121 54 1.49 0.3119 2.2 5.4827 2.3 0.1275 0.8 0.96 1767 34 1908 20 2064 14 93
MAJ-10-02_zr337 Ceno. MoqB Fm. 49 10 0.30 0.1848 1.9 2.0559 2.3 0.0807 1.3 0.83 1093 19 1134 16 1214 26 96
MAJ-10-02_zr338 Ceno. MoqB Fm. 56 23 0.43 0.3527 1.8 6.4992 2.2 0.1337 1.2 0.82 1947 30 2046 20 2147 21 95
MAJ-10-02_zr339 Ceno. MoqB Fm. 150 12 0.43 0.0786 2.8 0.6218 3.2 0.0574 1.5 0.87 488 13 491 13 506 33 99
MAJ-10-02_zr340 Ceno. MoqB Fm. 34 1 0.52 0.0161 3.8 0.1217 24.8 0.0547 24.5 0.15 103 4 117 28 400 400 88
MAJ-10-02_zr341 Ceno. MoqB Fm. 97 18 0.24 0.1817 1.8 1.9206 2.3 0.0767 1.4 0.78 1076 18 1088 16 1113 28 99
MAJ-10-02_zr342 Ceno. MoqB Fm. 296 4 0.37 0.0140 2.9 0.0961 3.6 0.0497 2.2 0.81 90 3 93 3 183 52 96
MAJ-10-02_zr343 Ceno. MoqB Fm. 59 6 0.77 0.0828 2.1 0.6683 2.8 0.0586 1.9 0.75 513 10 520 12 550 42 99
MAJ-10-02_zr344 Ceno. MoqB Fm. 65 14 0.38 0.2017 2.0 2.2568 2.4 0.0812 1.4 0.83 1184 22 1199 17 1226 28 99
MAJ-10-02_zr348 Ceno. MoqB Fm. 37 9 0.92 0.1954 2.2 2.1541 2.7 0.0800 1.6 0.81 1151 23 1166 19 1196 32 99
MAJ-10-02_zr349 Ceno. MoqB Fm. 41 9 0.76 0.1848 2.7 1.9813 3.3 0.0778 1.9 0.82 1093 27 1109 23 1141 38 99
MAJ-10-02_zr350 Ceno. MoqB Fm. 280 27 0.21 0.0940 2.3 0.7876 3.4 0.0608 2.5 0.68 579 13 590 15 631 55 98
MAJ-10-02_zr351 Ceno. MoqB Fm. 64 7 1.29 0.0811 2.2 0.6499 2.8 0.0581 1.8 0.79 503 11 509 11 535 40 99
MAJ-10-02_zr352 Ceno. MoqB Fm. 79 11 2.09 0.0915 1.9 0.7576 2.4 0.0601 1.5 0.79 564 10 573 11 607 33 99
MAJ-10-02_zr353 Ceno. MoqB Fm. 55 10 0.60 0.1641 2.3 1.6743 2.7 0.0740 1.4 0.85 979 21 999 17 1042 29 98
MAJ-10-02_zr354 Ceno. MoqB Fm. 40 25 0.90 0.5022 1.6 13.3210 1.9 0.1924 1.0 0.84 2623 35 2703 18 2763 17 97
MAJ-10-02_zr355 Ceno. MoqB Fm. 56 6 0.50 0.0960 3.2 0.8374 6.4 0.0633 5.6 0.50 469 15 514 26 718 124 91
MAJ-10-02_zr356 Ceno. MoqB Fm. 52 19 0.66 0.3037 1.6 4.7812 1.8 0.1142 0.8 0.89 1719 24 1787 15 1867 15 96
MAJ-10-02_zr357 Ceno. MoqB Fm. 63 14 0.71 0.2036 1.7 2.4762 2.1 0.0882 1.2 0.81 1194 19 1265 15 1388 23 94
MAJ-10-02_zr361 Ceno. MoqB Fm. 74 2 0.94 0.0238 2.5 0.1654 3.8 0.0505 2.9 0.66 151 4 155 6 217 69 97
MAJ-10-02_zr362 Ceno. MoqB Fm. 162 2 0.46 0.0115 1.8 0.0759 3.2 0.0477 2.7 0.56 74 1 74 2 83 65 100



CARA-10-02_zr050 Ceno. MoqA Fm. 72 14 0.98 0.1701 2.7 1.7553 3.1 0.0748 1.6 0.87 1013 25 1029 20 1064 33 98
CARA-10-02_zr051 Ceno. MoqA Fm. 49 9 0.83 0.1639 2.8 1.7427 3.3 0.0771 1.7 0.85 978 26 1025 22 1125 34 95
CARA-10-02_zr052 Ceno. MoqA Fm. 57 15 0.82 0.2447 2.6 3.1256 3.7 0.0927 2.7 0.70 1411 33 1439 29 1481 52 98
CARA-10-02_zr053 Ceno. MoqA Fm. 50 5 1.49 0.0746 5.1 0.9993 18.3 0.0972 17.6 0.28 464 23 704 97 1572 372 66
CARA-10-02_zr054 Ceno. MoqA Fm. 79 7 1.21 0.0740 1.8 0.5931 5.1 0.0581 4.8 0.35 460 8 473 20 534 109 97
CARA-10-02_zr055 Ceno. MoqA Fm. 121 42 0.62 0.3146 2.2 4.8340 2.6 0.1115 1.4 0.85 1763 34 1791 22 1823 26 98
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

LOC-05-04_zr377 Ceno. MoqB Fm. 174 2 1.03 0.0103 4.4 0.0685 6.3 0.0481 4.5 0.70 66 3 67 4 102 102 99
LOC-05-04_zr378 Ceno. MoqB Fm. 46 6 0.54 0.1254 6.0 1.3599 6.9 0.0786 3.5 0.87 758 43 869 41 1163 71 87
LOC-05-04_zr379 Ceno. MoqB Fm. 121 6 0.65 0.0430 2.6 0.2968 4.6 0.0500 3.8 0.57 280 7 271 11 196 91 103
LOC-05-04_zr380 Ceno. MoqB Fm. 49 1 0.60 0.0267 2.3 0.1875 4.6 0.0509 4.0 0.50 170 4 175 7 238 95 97
LOC-05-04_zr381 Ceno. MoqB Fm. 147 18 0.17 0.1198 3.7 1.0893 4.2 0.0660 1.9 0.88 729 26 748 23 805 40 97
LOC-05-04_zr382 Ceno. MoqB Fm. 180 9 1.62 0.0360 2.2 0.2616 5.5 0.0527 5.0 0.40 228 5 236 12 314 118 97
LOC-05-04_zr383 Ceno. MoqB Fm. 23 2 0.88 0.0555 3.2 0.4161 4.5 0.0543 3.2 0.71 349 11 353 14 385 74 99
LOC-05-04_zr390 Ceno. MoqB Fm. 278 40 0.30 0.1473 2.1 1.6425 7.1 0.0809 6.8 0.30 886 17 987 46 1218 140 90
LOC-05-04_zr391 Ceno. MoqB Fm. 73 13 0.57 0.1609 2.3 1.6696 2.7 0.0752 1.4 0.85 962 21 997 17 1075 28 96
LOC-05-04_zr394 Ceno. MoqB Fm. 111 6 1.48 0.0373 1.7 0.3315 8.3 0.0645 8.1 0.20 236 4 291 21 758 181 81
CARA-10-02_zr007 Ceno. MoqA Fm. 12 4 0.84 0.3124 3.4 4.5638 4.3 0.1060 2.6 0.79 1752 52 1743 37 1731 49 101
CARA-10-02_zr008 Ceno. MoqA Fm. 118 3 1.24 0.0211 3.5 0.1410 5.2 0.0485 3.8 0.67 135 5 134 7 124 92 100
CARA-10-02_zr009 Ceno. MoqA Fm. 40 3 1.14 0.0492 2.7 0.3962 5.5 0.0584 4.8 0.49 313 8 342 16 545 109 92
CARA-10-02_zr010 Ceno. MoqA Fm. 174 5 1.02 0.0222 3.2 0.1523 4.0 0.0497 2.4 0.80 142 5 144 5 180 57 98
CARA-10-02_zr011 Ceno. MoqA Fm. 30 7 1.39 0.1856 2.6 2.0096 3.6 0.0786 2.5 0.72 1097 26 1119 25 1161 50 98
CARA-10-02_zr012 Ceno. MoqA Fm. 122 22 0.36 0.1700 1.9 1.7458 2.3 0.0745 1.3 0.83 1012 18 1026 15 1054 26 99
CARA-10-02_zr013 Ceno. MoqA Fm. 186 16 1.03 0.0735 2.3 0.5828 3.0 0.0575 1.9 0.77 457 10 466 11 511 42 98
CARA-10-02_zr014 Ceno. MoqA Fm. 149 28 0.07 0.1984 2.4 2.1905 2.9 0.0801 1.7 0.83 1167 26 1178 20 1199 34 99
CARA-10-02_zr015 Ceno. MoqA Fm. 15 2 2.01 0.0722 3.6 0.5732 5.1 0.0576 3.6 0.71 450 16 460 19 513 81 98
CARA-10-02_zr016 Ceno. MoqA Fm. 25 3 2.01 0.0752 3.8 0.6201 6.6 0.0598 5.4 0.58 468 17 490 26 596 122 95
CARA-10-02_zr020 Ceno. MoqA Fm. 195 18 1.49 0.0732 2.9 0.6239 4.9 0.0618 3.9 0.59 470 13 505 20 667 86 93
CARA-10-02_zr021 Ceno. MoqA Fm. 355 64 0.19 0.1658 2.6 1.9002 3.0 0.0831 1.4 0.87 989 24 1081 20 1272 28 91
CARA-10-02_zr022 Ceno. MoqA Fm. 175 28 0.17 0.1662 3.0 1.7179 3.3 0.0750 1.3 0.91 991 28 1015 21 1068 26 98
CARA-10-02_zr023 Ceno. MoqA Fm. 41 9 1.33 0.1689 2.8 1.7557 4.9 0.0754 4.0 0.57 1006 26 1029 32 1079 83 98
CARA-10-02_zr024 Ceno. MoqA Fm. 222 10 1.14 0.0382 2.2 0.2747 3.2 0.0522 2.3 0.69 253 6 257 7 294 53 98
CARA-10-02_zr025 Ceno. MoqA Fm. 143 24 0.45 0.1635 2.2 1.5754 4.3 0.0699 3.7 0.51 961 20 950 27 925 78 101
CARA-10-02_zr026 Ceno. MoqA Fm. 8 1 1.33 0.0735 4.9 0.6127 10.2 0.0605 8.9 0.48 457 22 485 40 621 205 94
CARA-10-02_zr027 Ceno. MoqA Fm. 61 12 0.51 0.1776 2.4 1.8817 3.1 0.0768 2.0 0.77 1054 23 1075 21 1117 41 98
CARA-10-02_zr028 Ceno. MoqA Fm. 39 4 1.65 0.0689 3.8 0.5588 4.8 0.0589 2.9 0.79 429 16 451 18 562 64 95
CARA-10-02_zr029 Ceno. MoqA Fm. 84 8 1.45 0.0729 3.6 0.5733 4.3 0.0571 2.3 0.84 453 16 460 16 494 52 99
CARA-10-02_zr033 Ceno. MoqA Fm. 4 3 8.74 0.2074 5.2 2.9162 8.3 0.1020 6.5 0.63 1215 58 1386 65 1660 126 88
CARA-10-02_zr034 Ceno. MoqA Fm. 100 1 0.68 0.0118 2.6 0.0821 4.1 0.0506 3.2 0.63 76 2 80 3 225 76 94
CARA-10-02_zr035 Ceno. MoqA Fm. 277 40 0.24 0.1534 1.8 1.5150 4.1 0.0716 3.7 0.44 920 15 937 25 976 77 98
CARA-10-02_zr036 Ceno. MoqA Fm. 90 1 0.67 0.0112 2.4 0.0752 6.8 0.0487 6.4 0.35 72 2 74 5 133 133 98
CARA-10-02_zr037 Ceno. MoqA Fm. 20 2 1.79 0.0748 2.6 0.5974 4.8 0.0579 4.0 0.54 465 12 476 18 527 90 98
CARA-10-02_zr038 Ceno. MoqA Fm. 70 22 0.54 0.2594 6.9 3.8950 8.2 0.1089 4.4 0.84 1487 92 1613 69 1781 83 92
CARA-10-02_zr039 Ceno. MoqA Fm. 212 51 1.11 0.2075 2.5 2.2913 2.9 0.0801 1.4 0.86 1237 28 1224 21 1200 28 101
CARA-10-02_zr040 Ceno. MoqA Fm. 6 1 1.63 0.0785 4.1 0.5973 7.5 0.0552 6.3 0.55 487 19 476 29 421 147 102
CARA-10-02_zr041 Ceno. MoqA Fm. 18 2 1.17 0.0726 3.2 0.5913 4.1 0.0591 2.6 0.78 452 14 472 16 569 58 96
CARA-10-02_zr042 Ceno. MoqA Fm. 47 4 1.65 0.0689 2.6 0.5426 4.0 0.0571 3.1 0.65 430 11 440 14 496 70 98
CARA-10-02_zr046 Ceno. MoqA Fm. 107 8 0.86 0.0732 2.7 0.5303 3.3 0.0525 1.9 0.82 460 12 435 12 308 44 106
CARA-10-02_zr047 Ceno. MoqA Fm. 28 4 5.22 0.0747 2.5 0.5821 3.8 0.0565 2.8 0.66 464 11 466 14 473 63 100
CARA-10-02_zr048 Ceno. MoqA Fm. 108 22 0.72 0.1579 3.9 1.8229 6.0 0.0837 4.5 0.65 945 34 1054 40 1287 90 90
CARA-10-02_zr049 Ceno. MoqA Fm. 12 1 1.89 0.0764 2.8 0.6352 4.6 0.0603 3.6 0.61 475 13 499 18 615 80 95



CARA-10-02_zr115 Ceno. MoqA Fm. 116 35 0.16 0.3032 3.4 4.6212 3.8 0.1105 1.7 0.89 1707 51 1753 32 1808 31 97
CARA-10-02_zr116 Ceno. MoqA Fm. 61 20 0.62 0.2482 4.5 3.5017 4.9 0.1023 1.9 0.92 1343 55 1474 39 1667 36 91
CARA-10-02_zr117 Ceno. MoqA Fm. 17 4 2.34 0.1551 3.3 1.4897 5.3 0.0697 4.2 0.62 938 29 933 33 919 89 101
CARA-10-02_zr118 Ceno. MoqA Fm. 36 3 1.11 0.0702 2.3 0.5576 3.7 0.0576 2.9 0.62 438 10 450 14 514 65 97
CARA-10-02_zr119 Ceno. MoqA Fm. 80 7 1.70 0.0685 2.1 0.5401 3.4 0.0572 2.7 0.62 427 9 439 12 500 61 97
CARA-10-02_zr120 Ceno. MoqA Fm. 136 24 0.32 0.1201 5.6 1.4936 9.5 0.0902 7.7 0.59 728 39 926 59 1430 155 79
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

CARA-10-02_zr059 Ceno. MoqA Fm. 158 54 0.32 0.3343 3.8 5.2297 4.0 0.1135 1.1 0.95 1859 62 1857 35 1856 20 100
CARA-10-02_zr060 Ceno. MoqA Fm. 40 4 2.02 0.0709 2.5 0.5975 6.1 0.0612 5.6 0.41 441 11 476 23 645 125 93
CARA-10-02_zr061 Ceno. MoqA Fm. 43 16 1.33 0.2950 3.3 4.4367 3.7 0.1091 1.7 0.89 1666 49 1719 31 1784 31 97
CARA-10-02_zr062 Ceno. MoqA Fm. 72 6 1.03 0.0722 1.9 0.6114 3.0 0.0615 2.3 0.63 449 8 484 12 655 50 93
CARA-10-02_zr063 Ceno. MoqA Fm. 53 14 1.58 0.2090 1.8 2.6226 3.2 0.0910 2.7 0.56 1223 20 1307 24 1447 52 94
CARA-10-02_zr064 Ceno. MoqA Fm. 106 21 0.18 0.1728 3.0 2.0697 5.7 0.0869 4.8 0.53 1027 29 1139 40 1358 95 90
CARA-10-02_zr065 Ceno. MoqA Fm. 56 5 0.92 0.0729 3.2 0.5863 4.5 0.0583 3.1 0.71 454 14 469 17 541 69 97
CARA-10-02_zr066 Ceno. MoqA Fm. 37 3 1.25 0.0734 2.5 0.6396 7.3 0.0632 6.9 0.34 456 11 502 29 716 154 91
CARA-10-02_zr067 Ceno. MoqA Fm. 34 11 1.28 0.2184 1.9 2.9435 3.6 0.0978 3.1 0.53 1273 22 1393 28 1582 59 91
CARA-10-02_zr068 Ceno. MoqA Fm. 42 5 0.67 0.0974 3.5 0.8316 4.5 0.0619 2.8 0.78 599 20 614 21 672 61 97
CARA-10-02_zr072 Ceno. MoqA Fm. 56 5 1.22 0.0730 1.5 0.5658 2.8 0.0563 2.4 0.54 454 7 455 10 462 54 100
CARA-10-02_zr073 Ceno. MoqA Fm. 47 4 1.30 0.0773 3.4 0.6245 4.7 0.0586 3.3 0.72 480 16 493 19 552 74 97
CARA-10-02_zr074 Ceno. MoqA Fm. 50 18 0.77 0.3085 3.6 4.6556 4.1 0.1094 1.9 0.88 1734 55 1759 35 1790 35 99
CARA-10-02_zr075 Ceno. MoqA Fm. 102 26 1.47 0.1978 3.4 2.1802 3.8 0.0800 1.7 0.89 1163 36 1175 27 1196 34 99
CARA-10-02_zr076 Ceno. MoqA Fm. 84 19 0.87 0.1790 3.1 2.0409 4.0 0.0827 2.5 0.78 1062 30 1129 28 1262 50 94
CARA-10-02_zr077 Ceno. MoqA Fm. 179 39 0.94 0.1924 3.3 2.1257 3.8 0.0801 1.8 0.87 1134 34 1157 27 1200 36 98
CARA-10-02_zr078 Ceno. MoqA Fm. 284 56 0.17 0.2068 2.4 2.2432 2.7 0.0787 1.2 0.89 1212 27 1195 19 1164 24 101
CARA-10-02_zr079 Ceno. MoqA Fm. 27 3 1.83 0.0710 3.5 0.5740 4.7 0.0586 3.1 0.74 442 15 461 18 552 69 96
CARA-10-02_zr080 Ceno. MoqA Fm. 31 6 1.35 0.1540 1.9 1.5185 3.1 0.0715 2.5 0.61 924 16 938 19 972 52 98
CARA-10-02_zr081 Ceno. MoqA Fm. 22 5 2.05 0.1653 2.4 1.7271 3.2 0.0758 2.1 0.75 986 22 1019 21 1089 43 97
CARA-10-02_zr085 Ceno. MoqA Fm. 45 11 0.94 0.1835 3.9 2.0354 4.6 0.0804 2.5 0.85 1086 39 1128 32 1208 50 96
CARA-10-02_zr086 Ceno. MoqA Fm. 53 2 1.39 0.0230 3.4 0.1548 6.4 0.0489 5.4 0.53 146 5 146 9 144 132 100
CARA-10-02_zr087 Ceno. MoqA Fm. 128 24 0.14 0.1910 2.8 2.2493 4.1 0.0854 3.0 0.68 1130 29 1199 29 1325 59 94
CARA-10-02_zr088 Ceno. MoqA Fm. 60 11 0.49 0.1442 3.6 1.5603 5.4 0.0785 4.0 0.67 853 29 943 34 1159 82 90
CARA-10-02_zr089 Ceno. MoqA Fm. 54 11 0.16 0.2001 3.0 2.3740 4.0 0.0861 2.7 0.75 1176 32 1235 29 1339 53 95
CARA-10-02_zr090 Ceno. MoqA Fm. 154 61 1.25 0.3141 2.9 4.8569 3.5 0.1122 2.0 0.83 1761 45 1795 30 1835 37 98
CARA-10-02_zr091 Ceno. MoqA Fm. 232 66 0.65 0.2669 2.4 3.6941 2.8 0.1004 1.4 0.86 1525 33 1570 23 1632 26 97
CARA-10-02_zr092 Ceno. MoqA Fm. 272 44 0.15 0.1632 3.1 1.6244 3.3 0.0722 1.0 0.94 975 28 980 21 991 21 99
CARA-10-02_zr093 Ceno. MoqA Fm. 96 8 0.76 0.0715 2.3 0.5651 3.2 0.0573 2.2 0.72 445 10 455 12 503 49 98
CARA-10-02_zr094 Ceno. MoqA Fm. 96 8 1.09 0.0712 1.9 0.6612 15.3 0.0674 15.2 0.12 443 8 515 64 849 353 86
CARA-10-02_zr098 Ceno. MoqA Fm. 68 1 0.89 0.0116 3.9 0.0934 13.1 0.0583 12.5 0.30 74 3 91 11 540 300 82
CARA-10-02_zr099 Ceno. MoqA Fm. 41 4 1.36 0.0717 3.6 0.6213 5.0 0.0629 3.4 0.72 446 16 491 20 704 74 91
CARA-10-02_zr100 Ceno. MoqA Fm. 63 10 0.29 0.1586 2.6 1.6142 3.0 0.0738 1.5 0.87 949 23 976 19 1036 31 97
CARA-10-02_zr101 Ceno. MoqA Fm. 127 27 0.26 0.1398 3.9 1.8306 7.3 0.0949 6.2 0.53 844 31 1057 49 1527 122 80
CARA-10-02_zr102 Ceno. MoqA Fm. 11 1 1.42 0.0741 3.6 0.6138 6.1 0.0601 4.9 0.59 461 16 486 24 606 110 95
CARA-10-02_zr103 Ceno. MoqA Fm. 9 1 1.44 0.0711 2.8 0.5628 6.1 0.0574 5.4 0.46 443 12 453 23 507 123 98
CARA-10-02_zr104 Ceno. MoqA Fm. 37 12 1.39 0.2426 2.0 3.3870 2.9 0.1013 2.1 0.69 1400 25 1501 23 1648 40 93
CARA-10-02_zr105 Ceno. MoqA Fm. 36 3 1.78 0.0743 4.0 0.5751 4.3 0.0562 1.5 0.93 462 18 461 16 459 34 100
CARA-10-02_zr106 Ceno. MoqA Fm. 94 29 0.63 0.2426 4.4 3.6908 5.6 0.1103 3.5 0.79 1400 56 1569 46 1805 65 89
CARA-10-02_zr107 Ceno. MoqA Fm. 62 6 1.75 0.0688 2.8 0.5342 3.3 0.0563 1.8 0.85 429 12 435 12 465 40 99
CARA-10-02_zr111 Ceno. MoqA Fm. 45 9 0.79 0.1115 6.4 1.5469 10.6 0.1006 8.5 0.60 682 42 949 68 1635 167 72
CARA-10-02_zr112 Ceno. MoqA Fm. 31 3 2.25 0.0685 5.0 0.5580 5.3 0.0591 1.8 0.94 427 21 450 20 571 40 95
CARA-10-02_zr113 Ceno. MoqA Fm. 89 15 0.21 0.1752 2.0 1.8319 2.9 0.0759 2.1 0.69 1041 19 1057 19 1091 43 98
CARA-10-02_zr114 Ceno. MoqA Fm. 7 1 2.00 0.0696 4.1 0.5549 7.6 0.0578 6.4 0.54 434 17 448 28 522 147 97



MAJ-07-13_zr029 Ceno. base MoqA Fm. 160 44 0.13 0.2617 2.3 3.7573 2.7 0.1041 1.4 0.85 1498 31 1584 22 1699 26 95
MAJ-07-13_zr033 Ceno. base MoqA Fm. 48 11 0.98 0.1974 2.2 2.1432 2.6 0.0788 1.4 0.85 1161 23 1163 18 1166 28 100
MAJ-07-13_zr034 Ceno. base MoqA Fm. 82 26 0.58 0.2847 1.7 4.1538 2.3 0.1058 1.6 0.74 1615 24 1665 19 1729 30 97
MAJ-07-13_zr035 Ceno. base MoqA Fm. 52 19 1.35 0.2584 1.9 3.7457 3.3 0.1052 2.7 0.58 1481 25 1581 27 1717 50 94
MAJ-07-13_zr036 Ceno. base MoqA Fm. 228 73 0.51 0.2945 2.6 4.4164 3.2 0.1088 1.8 0.81 1664 38 1715 27 1779 33 97
MAJ-07-13_zr037 Ceno. base MoqA Fm. 67 27 0.92 0.3214 2.6 5.0560 3.6 0.1141 2.5 0.72 1797 41 1829 31 1866 46 98
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206 238 207 235 207 206 206 238 207 235 207 206Sample Formation U (ppm) Pb Th/U Pb/ U ± 1σ Pb/ U ± 1σ Pb/ Pb ± 1σ Rho Pb/ U ± 2σ Pb/ U ± 2σ Pb/ Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

CARA-10-02_zr124 Ceno. MoqA Fm. 97 26 0.86 0.1991 3.0 2.8241 3.9 0.1029 2.5 0.77 1171 32 1362 30 1677 47 86
CARA-10-02_zr125 Ceno. MoqA Fm. 34 3 2.09 0.0669 3.2 0.5256 4.6 0.0570 3.3 0.70 417 13 429 16 491 74 97
CARA-10-02_zr126 Ceno. MoqA Fm. 11 1 1.31 0.0695 4.3 0.5688 5.4 0.0593 3.2 0.80 437 18 461 20 579 71 95
CARA-10-02_zr127 Ceno. MoqA Fm. 8 1 1.39 0.0689 3.4 0.5785 14.8 0.0609 14.4 0.23 431 14 465 57 637 345 93
CARA-10-02_zr128 Ceno. MoqA Fm. 81 23 0.99 0.1968 3.2 2.5831 5.4 0.0952 4.4 0.59 1158 34 1296 40 1532 85 89
CARA-10-02_zr129 Ceno. MoqA Fm. 14 4 3.80 0.1634 2.5 1.6551 3.5 0.0735 2.5 0.71 975 23 992 22 1027 51 98
CARA-10-02_zr130 Ceno. MoqA Fm. 46 10 1.04 0.1843 2.6 2.0375 3.7 0.0802 2.6 0.70 1090 26 1128 26 1202 52 97
CARA-10-02_zr131 Ceno. MoqA Fm. 10 1 1.43 0.0700 4.4 0.5447 5.8 0.0564 3.8 0.76 436 19 442 21 470 87 99
CARA-10-02_zr132 Ceno. MoqA Fm. 82 18 1.12 0.1811 2.1 1.9450 2.4 0.0779 1.2 0.88 1073 21 1097 16 1144 24 98
CARA-10-02_zr133 Ceno. MoqA Fm. 119 26 0.83 0.1946 2.5 2.1605 3.1 0.0805 1.8 0.81 1146 26 1168 22 1210 36 98
CARA-10-02_zr137 Ceno. MoqA Fm. 34 3 1.56 0.0753 2.9 0.5974 4.0 0.0575 2.7 0.72 468 13 476 15 511 61 98
CARA-10-02_zr138 Ceno. MoqA Fm. 25 2 1.40 0.0675 2.6 0.5373 4.3 0.0578 3.4 0.60 421 11 437 15 521 76 96
CARA-10-02_zr139 Ceno. MoqA Fm. 49 11 0.97 0.1799 2.0 2.0046 3.1 0.0808 2.4 0.65 1067 20 1117 21 1217 48 95
CARA-10-02_zr140 Ceno. MoqA Fm. 27 3 1.95 0.0702 2.1 0.5488 5.0 0.0567 4.5 0.42 437 9 444 18 481 103 98
CARA-10-02_zr141 Ceno. MoqA Fm. 72 16 0.94 0.1838 2.3 2.0322 2.6 0.0802 1.3 0.88 1088 23 1126 18 1201 26 97
CARA-10-02_zr142 Ceno. MoqA Fm. 190 20 0.23 0.1108 6.3 1.1803 7.7 0.0772 4.5 0.82 678 41 791 43 1127 92 86
CARA-10-02_zr143 Ceno. MoqA Fm. 68 21 0.79 0.2555 3.1 3.6902 4.1 0.1048 2.7 0.76 1467 41 1569 33 1710 51 93
CARA-10-02_zr144 Ceno. MoqA Fm. 110 19 0.27 0.1511 2.6 1.5748 3.3 0.0756 2.1 0.79 907 22 960 21 1084 43 94
CARA-10-02_zr145 Ceno. MoqA Fm. 162 58 0.96 0.3111 1.5 4.7834 2.0 0.1115 1.3 0.75 1746 23 1782 17 1825 24 98
CARA-10-02_zr146 Ceno. MoqA Fm. 78 8 2.25 0.0671 2.0 0.5516 3.0 0.0596 2.3 0.67 419 8 446 11 589 51 94
CARA-10-02_zr150 Ceno. MoqA Fm. 7 1 1.72 0.0675 2.5 0.5950 6.1 0.0639 5.6 0.41 421 10 474 23 739 123 89
CARA-10-02_zr151 Ceno. MoqA Fm. 80 12 0.31 0.1434 2.2 1.3955 2.7 0.0706 1.5 0.81 864 18 887 16 946 31 97
CARA-10-02_zr152 Ceno. MoqA Fm. 74 12 0.29 0.1574 3.2 1.6025 3.6 0.0739 1.7 0.89 942 28 971 23 1037 35 97
CARA-10-02_zr153 Ceno. MoqA Fm. 43 4 2.10 0.0676 2.3 0.5369 3.9 0.0576 3.1 0.59 422 9 437 14 514 70 97
CARA-10-02_zr154 Ceno. MoqA Fm. 128 40 0.49 0.2868 1.9 4.3450 2.1 0.1099 0.9 0.90 1625 27 1702 18 1798 17 95
MAJ-07-13_zr007 Ceno. base MoqA Fm. 268 25 0.03 0.1012 1.2 0.8346 1.4 0.0598 0.8 0.86 620 7 615 7 597 17 101
MAJ-07-13_zr008 Ceno. base MoqA Fm. 23 6 2.77 0.1642 1.8 1.6830 2.9 0.0743 2.3 0.62 980 16 1002 19 1050 47 98
MAJ-07-13_zr009 Ceno. base MoqA Fm. 64 12 0.71 0.1625 3.0 1.6210 3.4 0.0724 1.7 0.88 970 27 978 22 996 35 99
MAJ-07-13_zr010 Ceno. base MoqA Fm. 123 38 0.23 0.3124 3.2 4.7640 3.5 0.1106 1.4 0.91 1753 49 1779 30 1809 26 99
MAJ-07-13_zr011 Ceno. base MoqA Fm. 69 29 1.04 0.3176 2.5 5.2951 3.2 0.1209 2.0 0.78 1778 39 1868 28 1970 36 95
MAJ-07-13_zr012 Ceno. base MoqA Fm. 71 13 0.61 0.1655 3.6 1.6677 4.0 0.0731 1.8 0.90 987 33 996 26 1016 37 99
MAJ-07-13_zr013 Ceno. base MoqA Fm. 39 8 1.22 0.1607 2.6 1.5851 3.4 0.0715 2.2 0.76 961 23 964 21 972 46 100
MAJ-07-13_zr014 Ceno. base MoqA Fm. 102 17 0.22 0.1669 2.4 1.7087 3.2 0.0743 2.1 0.75 995 22 1012 21 1049 43 98
MAJ-07-13_zr015 Ceno. base MoqA Fm. 64 21 0.86 0.2772 2.4 4.1074 3.0 0.1075 1.8 0.80 1577 34 1656 25 1757 33 95
MAJ-07-13_zr016 Ceno. base MoqA Fm. 100 32 0.51 0.2752 3.1 4.1006 3.5 0.1081 1.6 0.89 1567 43 1655 29 1767 30 95
MAJ-07-13_zr020 Ceno. base MoqA Fm. 76 17 0.44 0.1874 3.5 2.3663 5.5 0.0916 4.3 0.64 1107 36 1233 40 1459 84 90
MAJ-07-13_zr021 Ceno. base MoqA Fm. 158 64 0.44 0.3558 1.6 6.3516 2.2 0.1295 1.5 0.73 1962 27 2026 20 2091 27 97
MAJ-07-13_zr022 Ceno. base MoqA Fm. 93 26 0.37 0.2236 1.9 3.0835 4.3 0.1000 3.9 0.44 1301 22 1429 34 1625 74 91
MAJ-07-13_zr023 Ceno. base MoqA Fm. 100 19 0.63 0.1691 2.1 1.7205 2.8 0.0738 1.8 0.75 1007 20 1016 18 1036 37 99
MAJ-07-13_zr024 Ceno. base MoqA Fm. 92 39 1.09 0.3334 2.0 5.4630 2.8 0.1188 1.9 0.71 1855 32 1895 24 1939 34 98
MAJ-07-13_zr025 Ceno. base MoqA Fm. 127 43 0.21 0.3346 2.3 5.1422 2.6 0.1115 1.2 0.88 1861 37 1843 22 1824 22 101
MAJ-07-13_zr026 Ceno. base MoqA Fm. 36 8 1.30 0.1707 1.8 1.7206 2.5 0.0731 1.8 0.72 1016 17 1016 16 1017 37 100
MAJ-07-13_zr027 Ceno. base MoqA Fm. 93 28 0.49 0.2419 2.2 3.4086 3.6 0.1022 2.8 0.61 1397 28 1506 29 1664 53 93
MAJ-07-13_zr028 Ceno. base MoqA Fm. 167 34 0.07 0.1838 4.6 2.1970 7.6 0.0867 6.0 0.61 1059 45 1160 54 1354 120 91



MAJ-07-13_zr094 Ceno. base MoqA Fm. 181 66 1.04 0.3125 2.2 4.7493 3.0 0.1102 2.0 0.73 1753 34 1776 26 1803 37 99
MAJ-07-13_zr098 Ceno. base MoqA Fm. 86 29 0.53 0.3013 3.2 4.6037 4.2 0.1108 2.7 0.76 1698 48 1750 36 1813 50 97
MAJ-07-13_zr099 Ceno. base MoqA Fm. 70 11 0.13 0.1578 2.7 1.6217 4.5 0.0745 3.6 0.60 945 24 979 29 1056 74 97
MAJ-07-13_zr100 Ceno. base MoqA Fm. 193 37 0.05 0.1837 4.0 2.2744 6.9 0.0898 5.6 0.58 1096 40 1210 50 1421 111 91
MAJ-07-13_zr101 Ceno. base MoqA Fm. 242 80 0.79 0.2848 2.2 4.1534 2.7 0.1058 1.6 0.81 1581 31 1645 22 1728 30 96
MAJ-07-13_zr102 Ceno. base MoqA Fm. 83 15 0.46 0.1635 1.8 1.6525 2.8 0.0733 2.1 0.64 976 16 991 18 1022 43 99
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-13_zr038 Ceno. base MoqA Fm. 64 15 1.66 0.1710 1.4 1.7864 2.3 0.0758 1.8 0.61 1018 13 1041 15 1089 37 98
MAJ-07-13_zr039 Ceno. base MoqA Fm. 71 13 0.70 0.1731 1.4 1.7363 2.4 0.0728 1.9 0.58 1029 13 1022 16 1007 39 101
MAJ-07-13_zr040 Ceno. base MoqA Fm. 198 36 0.04 0.1834 1.6 1.9934 4.0 0.0788 3.7 0.40 1085 16 1113 27 1168 75 97
MAJ-07-13_zr041 Ceno. base MoqA Fm. 77 21 0.43 0.2684 2.6 3.8066 4.4 0.1029 3.6 0.59 1532 36 1594 36 1677 68 96
MAJ-07-13_zr042 Ceno. base MoqA Fm. 201 23 2.78 0.0746 2.8 0.5863 4.0 0.0570 2.8 0.70 479 13 481 15 493 63 100
MAJ-07-13_zr046 Ceno. base MoqA Fm. 57 19 0.56 0.3004 2.5 4.5529 3.1 0.1099 1.8 0.81 1699 37 1744 26 1798 33 97
MAJ-07-13_zr047 Ceno. base MoqA Fm. 194 47 0.17 0.2408 3.3 3.2511 4.0 0.0979 2.3 0.82 1391 41 1469 32 1585 44 95
MAJ-07-13_zr048 Ceno. base MoqA Fm. 68 7 1.79 0.0749 2.9 0.5835 3.9 0.0565 2.6 0.74 466 13 467 15 473 59 100
MAJ-07-13_zr049 Ceno. base MoqA Fm. 80 31 0.92 0.3402 2.4 5.2642 3.0 0.1122 1.8 0.80 1888 39 1863 26 1836 33 101
MAJ-07-13_zr050 Ceno. base MoqA Fm. 156 44 0.63 0.2078 6.7 3.0512 7.2 0.1065 2.7 0.93 1207 74 1414 57 1741 50 85
MAJ-07-13_zr051 Ceno. base MoqA Fm. 109 37 0.35 0.3312 3.8 5.0321 4.1 0.1102 1.6 0.93 1904 63 1856 36 1803 29 103
MAJ-07-13_zr052 Ceno. base MoqA Fm. 132 40 0.22 0.3140 3.7 4.7710 4.6 0.1102 2.7 0.80 1760 57 1780 39 1803 50 99
MAJ-07-13_zr053 Ceno. base MoqA Fm. 149 2 1.33 0.0122 3.7 0.0994 12.1 0.0592 11.5 0.31 79 3 97 11 574 272 81
MAJ-07-13_zr054 Ceno. base MoqA Fm. 120 37 0.31 0.3215 1.5 4.8181 2.1 0.1087 1.4 0.71 1797 24 1788 18 1777 26 101
MAJ-07-13_zr055 Ceno. base MoqA Fm. 71 23 0.57 0.2910 2.5 4.3772 3.3 0.1091 2.1 0.76 1647 36 1708 28 1784 39 96
MAJ-07-13_zr059 Ceno. base MoqA Fm. 159 49 0.37 0.2564 5.4 3.6750 6.4 0.1040 3.5 0.84 1471 71 1566 52 1696 66 94
MAJ-07-13_zr060 Ceno. base MoqA Fm. 142 54 0.77 0.3084 2.7 4.7919 3.2 0.1127 1.7 0.84 1733 41 1784 27 1844 31 97
MAJ-07-13_zr061 Ceno. base MoqA Fm. 151 58 0.91 0.3179 3.0 4.8830 3.2 0.1114 1.1 0.94 1779 47 1799 27 1823 20 99
MAJ-07-13_zr062 Ceno. base MoqA Fm. 109 30 0.34 0.2814 1.7 3.8308 2.3 0.0988 1.6 0.74 1598 24 1599 19 1601 30 100
MAJ-07-13_zr063 Ceno. base MoqA Fm. 118 25 0.43 0.1617 2.3 1.8635 4.4 0.0836 3.7 0.52 966 21 1068 30 1284 74 90
MAJ-07-13_zr064 Ceno. base MoqA Fm. 42 12 1.74 0.1589 1.5 1.7650 2.7 0.0805 2.2 0.56 951 13 1033 18 1210 44 92
MAJ-07-13_zr065 Ceno. base MoqA Fm. 79 25 0.52 0.2808 2.0 4.0974 2.6 0.1058 1.7 0.77 1595 28 1654 21 1729 32 96
MAJ-07-13_zr066 Ceno. base MoqA Fm. 221 59 0.07 0.2625 2.2 3.7299 2.5 0.1031 1.2 0.88 1502 30 1578 20 1680 22 95
MAJ-07-13_zr067 Ceno. base MoqA Fm. 159 27 0.12 0.1743 1.4 1.7657 1.6 0.0735 0.8 0.87 1036 13 1033 10 1027 16 100
MAJ-07-13_zr068 Ceno. base MoqA Fm. 25 6 1.97 0.1682 3.6 1.6701 4.4 0.0720 2.5 0.82 1002 34 997 28 986 52 101
MAJ-07-13_zr072 Ceno. base MoqA Fm. 154 29 0.22 0.1840 3.2 2.0460 4.3 0.0807 2.8 0.74 1089 32 1131 30 1213 56 96
MAJ-07-13_zr073 Ceno. base MoqA Fm. 82 27 0.47 0.3058 4.8 4.5502 5.1 0.1079 1.8 0.94 1720 73 1740 43 1765 33 99
MAJ-07-13_zr074 Ceno. base MoqA Fm. 68 24 0.57 0.2968 4.5 4.4424 5.5 0.1086 3.2 0.82 1675 67 1720 47 1775 60 97
MAJ-07-13_zr075 Ceno. base MoqA Fm. 121 27 0.28 0.2061 3.5 2.5045 3.9 0.0882 1.8 0.90 1208 39 1273 29 1386 35 95
MAJ-07-13_zr076 Ceno. base MoqA Fm. 162 72 1.13 0.3521 1.8 5.5796 2.1 0.1149 1.0 0.86 1945 30 1913 18 1879 18 102
MAJ-07-13_zr077 Ceno. base MoqA Fm. 66 23 0.37 0.3207 2.7 5.1734 3.4 0.1170 2.0 0.79 1793 42 1848 29 1911 36 97
MAJ-07-13_zr078 Ceno. base MoqA Fm. 60 22 0.73 0.3299 1.7 4.9891 2.1 0.1097 1.3 0.81 1838 27 1817 18 1794 24 101
MAJ-07-13_zr079 Ceno. base MoqA Fm. 171 36 0.11 0.2028 3.4 2.5561 5.0 0.0914 3.7 0.68 1168 36 1273 37 1456 72 92
MAJ-07-13_zr080 Ceno. base MoqA Fm. 31 6 0.62 0.1733 2.0 1.6969 3.0 0.0710 2.2 0.67 1030 19 1007 19 958 46 102
MAJ-07-13_zr081 Ceno. base MoqA Fm. 137 34 0.86 0.2117 1.6 2.6127 2.5 0.0895 1.9 0.64 1238 18 1304 19 1416 37 95
MAJ-07-13_zr085 Ceno. base MoqA Fm. 106 34 0.31 0.2743 2.2 4.3444 3.0 0.1149 2.0 0.73 1563 31 1702 25 1878 37 92
MAJ-07-13_zr086 Ceno. base MoqA Fm. 104 39 1.01 0.3260 2.3 4.9299 2.6 0.1097 1.3 0.88 1819 37 1807 22 1794 24 101
MAJ-07-13_zr087 Ceno. base MoqA Fm. 97 21 0.45 0.1472 2.7 1.6172 5.9 0.0797 5.3 0.46 885 22 977 38 1190 108 91
MAJ-07-13_zr088 Ceno. base MoqA Fm. 209 41 0.18 0.1861 2.7 2.3700 9.4 0.0924 9.0 0.29 1141 28 1262 70 1475 181 90
MAJ-07-13_zr089 Ceno. base MoqA Fm. 49 11 0.95 0.1643 2.7 1.7621 4.0 0.0778 3.0 0.68 981 25 1032 26 1141 61 95
MAJ-07-13_zr090 Ceno. base MoqA Fm. 138 43 0.19 0.3566 3.9 5.2278 4.4 0.1063 2.1 0.89 1966 66 1857 38 1737 39 106
MAJ-07-13_zr091 Ceno. base MoqA Fm. 353 60 0.11 0.1603 3.4 1.6406 3.8 0.0743 1.7 0.89 958 30 986 24 1048 35 97
MAJ-07-13_zr092 Ceno. base MoqA Fm. 83 18 0.62 0.1946 2.2 2.2691 2.9 0.0846 1.9 0.76 1146 23 1203 21 1306 37 95
MAJ-07-13_zr093 Ceno. base MoqA Fm. 136 43 0.67 0.2689 3.4 3.8459 4.0 0.1038 2.2 0.85 1535 47 1602 33 1692 41 96



MAJ-07-13_zr145 Ceno. base MoqA Fm. 88 19 0.69 0.1931 2.5 2.0906 3.1 0.0785 1.9 0.81 1138 26 1146 22 1160 38 99
MAJ-07-13_zr146 Ceno. base MoqA Fm. 115 36 0.38 0.2892 3.5 4.3357 3.6 0.1087 0.9 0.97 1638 51 1700 30 1778 17 96
MAJ-07-13_zr150 Ceno. base MoqA Fm. 212 60 0.32 0.2566 3.2 3.7443 4.3 0.1058 2.8 0.74 1472 42 1581 35 1729 52 93
MAJ-07-13_zr151 Ceno. base MoqA Fm. 187 40 0.22 0.2027 3.1 2.6168 4.2 0.0936 2.8 0.74 1190 34 1305 31 1501 54 91
MAJ-07-13_zr152 Ceno. base MoqA Fm. 166 55 0.51 0.3274 3.0 4.9534 3.6 0.1097 1.9 0.83 1826 48 1811 31 1795 35 101
MAJ-07-13_zr153 Ceno. base MoqA Fm. 1103 212 0.04 0.2048 2.0 2.1465 2.4 0.0760 1.4 0.83 1201 22 1164 17 1096 28 103

Abbreviations: Prot: Proterozoic; Meso: Mesozoic; Ceno: Cenozoic; out: outcrop; pp: pebble population; conc: concordance
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    Apparent ages

Sample Formation U (ppm) Pb Th/U 206Pb/238U ± 1σ 207Pb/235U ± 1σ 207Pb/206Pb ± 1σ Rho 206Pb/238U ± 2σ 207Pb/235U ± 2σ 207Pb/206Pb ± 2σ conc. 
(ppm) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma) (%)

MAJ-07-13_zr103 Ceno. base MoqA Fm. 216 40 0.18 0.1527 2.2 1.6209 4.7 0.0770 4.1 0.47 916 19 978 30 1120 84 94
MAJ-07-13_zr104 Ceno. base MoqA Fm. 112 35 0.26 0.2973 5.4 4.4599 5.7 0.1088 1.9 0.95 1678 80 1724 48 1780 35 97
MAJ-07-13_zr105 Ceno. base MoqA Fm. 91 30 0.32 0.2793 2.2 4.3072 2.7 0.1119 1.6 0.81 1588 31 1695 23 1830 29 94
MAJ-07-13_zr106 Ceno. base MoqA Fm. 110 37 0.48 0.3157 2.2 4.6962 2.7 0.1079 1.6 0.81 1769 34 1767 23 1764 30 100
MAJ-07-13_zr107 Ceno. base MoqA Fm. 94 33 0.46 0.3674 2.3 5.5184 2.5 0.1089 0.9 0.92 2017 40 1903 22 1782 17 106
MAJ-07-13_zr111 Ceno. base MoqA Fm. 83 30 0.96 0.2986 2.9 4.4683 3.5 0.1085 2.0 0.83 1684 43 1725 30 1775 37 98
MAJ-07-13_zr112 Ceno. base MoqA Fm. 44 9 0.98 0.1663 1.9 1.6826 2.4 0.0734 1.4 0.79 992 18 1002 15 1024 29 99
MAJ-07-13_zr113 Ceno. base MoqA Fm. 69 13 0.58 0.1665 2.4 1.6889 2.6 0.0736 0.9 0.92 993 22 1004 17 1030 18 99
MAJ-07-13_zr114 Ceno. base MoqA Fm. 172 57 0.04 0.3260 2.1 5.0385 2.2 0.1121 0.8 0.95 1819 33 1826 19 1834 15 100
MAJ-07-13_zr115 Ceno. base MoqA Fm. 243 44 0.28 0.1781 1.7 1.8052 2.0 0.0735 1.0 0.85 1057 17 1047 13 1028 20 101
MAJ-07-13_zr116 Ceno. base MoqA Fm. 113 49 1.22 0.3458 1.7 5.4224 2.0 0.1137 1.1 0.85 1914 28 1888 17 1860 20 101
MAJ-07-13_zr117 Ceno. base MoqA Fm. 121 43 0.94 0.2925 2.1 4.3114 2.4 0.1069 1.1 0.88 1654 31 1696 20 1747 20 98
MAJ-07-13_zr118 Ceno. base MoqA Fm. 128 46 0.72 0.3069 1.8 4.6287 2.2 0.1094 1.3 0.82 1725 27 1755 19 1790 24 98
MAJ-07-13_zr119 Ceno. base MoqA Fm. 92 25 0.39 0.2634 1.7 3.6899 2.0 0.1016 1.1 0.85 1507 23 1569 16 1654 21 96
MAJ-07-13_zr120 Ceno. base MoqA Fm. 131 22 0.22 0.1680 1.9 1.6821 2.4 0.0726 1.4 0.79 1001 18 1002 15 1003 29 100
MAJ-07-13_zr124 Ceno. base MoqA Fm. 56 14 0.75 0.1670 2.7 1.9345 7.3 0.0840 6.8 0.37 996 25 1093 50 1293 138 91
MAJ-07-13_zr125 Ceno. base MoqA Fm. 93 32 0.27 0.3409 1.7 5.2915 1.9 0.1126 0.9 0.89 1891 28 1868 16 1841 16 101
MAJ-07-13_zr126 Ceno. base MoqA Fm. 206 48 0.29 0.2291 2.7 2.9720 2.8 0.0941 0.9 0.96 1330 33 1401 22 1510 17 95
MAJ-07-13_zr127 Ceno. base MoqA Fm. 105 27 0.21 0.2727 2.1 3.8170 2.7 0.1015 1.7 0.78 1555 29 1596 22 1652 32 97
MAJ-07-13_zr128 Ceno. base MoqA Fm. 213 60 0.60 0.2461 2.0 3.6950 3.9 0.1089 3.3 0.51 1418 26 1570 32 1781 61 90
MAJ-07-13_zr129 Ceno. base MoqA Fm. 174 62 0.58 0.3095 2.5 4.6111 2.7 0.1080 1.0 0.93 1738 38 1751 23 1767 18 99
MAJ-07-13_zr130 Ceno. base MoqA Fm. 101 32 0.37 0.2982 2.0 4.4259 2.6 0.1077 1.6 0.77 1682 30 1717 22 1760 30 98
MAJ-07-13_zr131 Ceno. base MoqA Fm. 78 26 0.59 0.3002 2.5 4.4819 3.1 0.1083 1.8 0.81 1692 37 1728 26 1771 33 98
MAJ-07-13_zr132 Ceno. base MoqA Fm. 138 25 0.06 0.1588 3.0 1.7559 4.9 0.0802 3.9 0.61 950 27 1029 32 1202 79 92
MAJ-07-13_zr133 Ceno. base MoqA Fm. 59 18 1.41 0.2276 2.2 3.0794 2.5 0.0981 1.2 0.88 1322 26 1428 19 1589 23 93
MAJ-07-13_zr137 Ceno. base MoqA Fm. 10 4 5.64 0.1723 2.1 1.7693 4.5 0.0745 4.0 0.47 1025 20 1034 30 1055 83 99
MAJ-07-13_zr138 Ceno. base MoqA Fm. 177 36 0.24 0.1970 3.2 2.1626 3.4 0.0796 1.1 0.94 1159 34 1169 24 1188 22 99
MAJ-07-13_zr139 Ceno. base MoqA Fm. 87 33 1.14 0.3092 2.6 4.8266 3.1 0.1132 1.6 0.84 1737 40 1790 26 1852 29 97
MAJ-07-13_zr140 Ceno. base MoqA Fm. 231 43 0.03 0.1934 2.8 2.0926 4.2 0.0785 3.1 0.67 1140 29 1146 29 1159 63 99
MAJ-07-13_zr141 Ceno. base MoqA Fm. 129 37 0.64 0.2596 5.0 3.6116 6.0 0.1009 3.3 0.83 1488 67 1552 49 1641 63 96
MAJ-07-13_zr142 Ceno. base MoqA Fm. 78 14 0.17 0.1580 2.2 1.7409 5.4 0.0799 4.9 0.41 967 20 1039 36 1196 100 93
MAJ-07-13_zr143 Ceno. base MoqA Fm. 52 18 1.06 0.3130 3.9 4.5304 4.1 0.1050 1.4 0.95 1747 60 1732 35 1714 26 101
MAJ-07-13_zr144 Ceno. base MoqA Fm. 104 40 1.43 0.2941 2.4 4.4638 2.9 0.1101 1.7 0.83 1662 35 1724 24 1801 31 96

MAJ-07-13_zr154 Ceno. base MoqA Fm. 204 35 0.15 0.1590 2.7 1.6503 3.7 0.0753 2.6 0.73 951 24 990 24 1077 53 96
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Zircon fission track thermochronology from the Moquegua Group sediments and some of 
its potential source rocks.

Sampple Formation Cryst. RhoS [Ns] RhoI [Ni] RhoD [Nd] P (%) Disp. FT age* ±1σ 
Ma

MAJ-08-02 Prot. pp Majes 25 52,82 [1381] 30,94 [809] 6,37 [5945] 0 0,34 70.3 ± 5.9
OCO-07-03 Prot. pp Ocona 33 41,34 [1845] 41,54 [1854] 7,50 [7076] 0 0,44 50 ± 4.3
OCO-08-04 Prot. pp Ocona 25 66,12 [2106] 17,71 [564] 6,35 [5945] 0 0,84 147.7 ± 25.9
MAJ-07-03 Prot. pp MoqD 25 32,36 [668] 12,98 [268] 6,40 [5945] 0 0,64 101 ± 15.2
MAJ-04-241 Meso. out. Aplao 41 125,90 [6052] 22,70 [1091] 7,40 [7076] 0 0,28 257.2 ± 14.9
YUR-08-03 Meso. out. Yura 44 144,82 [6534] 23,69 [1069] 5,94 [5824] 0 0,45 245.6 ± 19.3
YUR-08-01 Meso. out. Yura 44 120,60 [4564] 20,82 [788] 5,00 [5824] 0 0,34 183 ± 12.3
COL-07-19 Meso. pp. Colca 43 137,99 [5290] 32,81 [1258] 7,53 [7076] 0 0,67 213.1 ± 23.2
MAJ-07-12 Meso. pp. Majes 44 134,01 [5019] 24,03 [900] 7,45 [7076] 0 0,39 262.9 ± 18.8
OCO-07-33 Meso. pp. Cotahuasi 50 105,66 [4674] 26,81 [1186] 7,50 [7076] 0 0,63 182.7 ± 17.6
OCO-08-03 Meso. pp. Ocona 50 100,30 [5837] 17,46 [1016] 5,00 [5824] 0 0,46 182.1 ± 13.9
VIT-10-01 Meso. pp. MoqD 42 140,95 [4697] 23,53 [784] 6,20 [5945] 0 0,47 247.4 ± 21
LOC-08-01 Meso. pp. MoqC 42 36,00 [2095] 25,72 [1497] 6,31 [5945] 0 0,52 54.9 ± 4.9
MAJ-08-03 Meso. pp. MoqB 44 56,83 [3737] 29,20 [1920] 6,00 [5824] 0 0,67 82.7 ± 8.8
LOC-08-04 Meso. pp. MoqB 44 86,59 [4009] 32,01 [1482] 5,96 [5824] 0 0,85 101.6 ± 13.5
CUC-08-02 Meso. pp. MoqB 44 115,24 [4146] 29,38 [1057] 5,99 [5824] 0 0,72 148.6 ± 17.2
MAJ-10-01 Meso. pp. MoqA 43 152,43 [3746] 30,56 [751] 6,38 [5945] 0 0,67 223.3 ± 25.1
MAJ-07-04 Ceno. MoqD Fm. 54 40,14 [2691] 65,30 [4378] 7,48 [7076] 0 1,17 33.4 ± 5.4
MOQ-10-02 Ceno. MoqD Fm. 70 20,30 [1189] 83,77 [4908] 6,23 [5945] 0 0,99 11.7 ± 1.9
CUC-08-04 Ceno. MoqC Fm. 68 26,58 [1113] 56,64 [2372] 6,03 [5824] 0,13 0,19 18.8 ± 1
MAJ-07-40 Ceno. MoqC Fm. 81 45,35 [5497] 66,25 [8030] 7,43 [7076] 100 0,73 35.8 ± 3
MOQ-04-218 Ceno. MoqC Fm. 36 31,47 [1290] 62,40 [2558] 6,01 [5824] 0 0,26 20 ± 1.2
CUC-05-01 Ceno. MoqB Fm. 80 90,14 [3952] 27,08 [1187] 6,04 [5824] 0 0,91 123.3 ± 18.3
MAJ-10-02 Ceno. MoqB Fm. 81 88,49 [3375] 31,62 [1206] 6,44 [5945] 0 0,69 119.4 ± 14.1
LOC-05-04 Ceno. MoqB Fm. 78 61,39 [1726] 37,53 [1055] 6,16 [5945] 0 0,68 61.6 ± 8.2
MOQ-08-02 Ceno. Base MoqB Fm. 50 96,08 [4435] 21,82 [1007] 6,00 [5824] 0 0,66 164.1 ± 16.6
CARA-10-02 Ceno. MoqA Fm. 80 86,24 [2611] 23,02 [697] 6,27 [5945] 0 0,87 160.9 ± 23.7
MAJ-07-13 Ceno. Base MoqA Fm. 65 89,71 [2434] 17,21 [467] 5,00 [5824] 0,02 0,3 167 ± 12.7

ZB-2 Buluk member 25 8,72 [496] 23,26 [1324] 5,52 [5431] 1,73 0,22 13.7 ± 1
ZB-1 Buluk member 25 9,64 [577] 25,14 [1505] 5,93 [5824] 15,86 0,11 14.9 ± 0.9
ZF-5 Fish Canyon 25 49,63 [2322] 82,32 [3852] 7,93 [7076] 0 0,24 30.5 ± 1.8
ZF-9 Fish Canyon 25 44,24 [1483] 81,06 [2717] 7,46 [7338] 0 0,24 27.2 ± 1.7
ZF-10 Fish Canyon 30 51,87 [1448] 91,84 [2564] 7,46 [7338] 0 0,26 28 ± 1.7
ZF-14 Fish Canyon 25 40,42 [1204] 127,31 [3792] 13,00 [12548] 19,03 0,06 27.1 ± 1
ZF-4 Fish Canyon 25 46,60 [2034] 78,36 [3420] 5,94 [5824] 0,84 0,12 23 ± 1
ZF-14 Fish Canyon 25 48,05 [1332] 51,55 [1429] 6,07 [5945] 0 0,26 37.4 ± 2.5
ZT-5 Tardree 33 53,74 [1722] 56,33 [1805] 7,95 [7076] 0 0,39 49.7 ± 3.9
ZT-2 Tardree 14 48,21 [725] 90,76 [1365] 13,00 [12548] 59,57 0 45.1 ± 2.2
ZT-5 Tardree 24 56,66 [1164] 32,76 [673] 6,09 [5945] 0 0,31 67.5 ± 5.6

All caculations were done based on a zeta value of 131.01 ± 1.59 (1σ)
Cryst.: number of dated zircon crystals
Track densities (Rho) are as measured (x105 tr/cm²); number of tracks counted (N) shown in brackets.
P: Chi-square value for n degree of freedom (where n = no. Crystals-1)
Disp.: Dispersion according to Galbraith and Laslett (1993)
*: Central ages calculated using dosimeter glass CN 2 with zCN2 = 127.8 ± 1.6 for zircon.
Abbreviations: Prot: Proterozoic; Meso: Mesozoic; Ceno: Cenozoic; out: outcrop; pp: pebble population
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Geographic position of analysed samples and overview of the performed analyses
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PIG-03-123 Upper Barroso ignimbrite outcrop 0705449 8277851 2300 x x x x
PIG-03-124 Upper Barroso ignimbrite outcrop 0705447 8277592 1615 x x x x
PIG-00-28 Lower Barroso vitrophyre outcrop 0727371 8316576 2800 x x x x
BAR-02-17 Lower Barroso andesite outcrop 0747990 8333891 3750 x x
BAR-00-35 Lower Barroso andesite outcrop 0727725 8313037 3950 x x
BAR-01-55 Lower Barroso andesite outcrop 0224470 8257082 4800 x x
BAR-02-11 Lower Barroso andesite outcrop 0242765 8262925 4360 x x
BAR-02-04 Lower Barroso dacite outcrop 0203481 8243026 4380 x x
PIG-00-32 Huaylillas ignimbrite outcrop 0772742 8194636 850 x x x x
OCO-07-24 Huaylillas andesite outcrop 0706301 8264369 834 x x x
BAR-00-40 Huaylillas andesite outcrop 0378996 8075927 3040 x x
TIN-08-01 Tacaza andesite outcrop 0328420 8352819 3905 x x
TAZ-00-03 Tacaza diorite outcrop 0727315 8316915 2680 x x x
TAZ-00-02 Tacaza andesite outcrop 0729855 8308035 4181 x x
ANTA-01-70 Andahuylas-Anta andesite outcrop 0799482 8498084 3838 x x
ANTA-01-71 Andahuylas-Anta andesite outcrop 0801363 8498346 3914 x x
ANTA-01-72 Andahuylas-Anta dacite outcrop 0802395 8495775 3689 x x
LOC-08-03 Toquepala rhyolite outcrop 0339691 8067090 1163 x x x x
MOQ-08-01 Toquepala rhyolite outcrop 0283657 8074522 1161 x
SRTA-02-01 Toquepala diorite outcrop 0737685 8323570 2770 x x x x
MAJ-07-11 Toquepala diorite outcrop 0769833 8221064 618 x x x
OCO-07-07 Coastal Batholith granite outcrop 0701570 8278401 951 x x x x
MOQ-10-01 Coastal Batholith granite outcrop 0267250 8048997 571 x x
CARA-10-01 Coastal Batholith granodiorite outcrop 0674084 8257251 1801 x x x
CARA-08-03 Coastal Batholith diorite outcrop 0672404 8256639 2076 x x
ARI-23-05 Coastal Batholith granodiorite outcrop 0200834 8197344 2250 x x x
ARI-17-05 Coastal Batholith granodiorite outcrop 0193006 8190999 1870 x x x
OCO-07-06 Prot. Basement amphibolite outcrop 0701574 8278286 949 x x x x
OCO-07-04 Prot. Basement gneiss outcrop 0701621 8277890 953 x x
CAM-08-03 Prot. Basement gneiss outcrop 0752935 8166212 579 x x
MAJ-04-241 Meso. Basement quartzarenite outcrop 0770926 8209328 506 x x
YUR-08-01 Meso. Basement quartzarenite outcrop 0201156 8201688 2350 x x
YUR-08-03 Meso. Basement quartzarenite outcrop 0197550 8207608 2522 x x x
MAJ-07-03 in MoqD unit gneiss pebbles 0769967 8188148 1034 x x x x
OCO-07-03 in river bed gneiss pebbles 0701460 8277627 925 x x x x x x
OCO-08-04 in river bed gneiss pebbles 0701241 8184144 26 x x x x
MAJ-08-02 in river bed gneiss pebbles 0769268 8227580 692 x x x x
OCO-07-17 in river bed amphibolite pebbles 0704916 8275031 888 x x x
RCH-04-234 in river bed amphibolite pebbles 0202634 8189197 1624 x x
TAC-07-11 in river bed amphibolite pebbles 0370022 8029412 1330 x x
MAJ-10-01 in MoqA unit quartzarenite pebbles 0769668 8220142 616 x x
CUC-08-02 in MoqB unit quartzarenite pebbles 0704039 8231034 1792 x x x
LOC-08-04 in MoqB unit quartzarenite pebbles 0323313 8057498 775 x x x
LOC-08-01 in MoqC unit quartzarenite pebbles 0339623 8073425 1363 x x
VIT-10-01 in MoqD unit quartzarenite pebbles 0184537 8178089 1383 x x
MAJ-08-03 in MoqB unit quartzarenite pebbles 0770884 8217557 664 x x x
MAJ-07-12 in river bed quartzarenite pebbles 0769833 8221064 618 x x x
OCO-08-03 in river bed quartzarenite pebbles 0701241 8184144 26 x x x



MAJ-07-13 base MoqA sandstone medium 0770769 8216251 709 x x x x

inductively coupled plasma mass spectrometry
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COL-07-19 in river bed quartzarenite pebbles 0235567 8287749 3835 x x x
OCO-07-33 in river bed quartzarenite pebbles 0705274 8252909 639 x x
MAJ-07-04 MoqD sandstone medium 0770085 8188325 1035 x x x x x x
MOQ-10-02 MoqD sandstone medium 0273223 8089602 1229 x x x x x
TAC-08-01 MoqD sandstone medium 0361808 8005115 547 x x x
CUC-05-06 top MoqC sandstone medium 0704591 8229312 2219 x x x
MAJ-07-05 top MoqC sandstone medium 0770858 8189859 943 x x x
CARA-08-05 MoqC sandstone medium 0667093 8244309 1977 x x
CUC-08-04 MoqC sandstone medium 0704833 8230329 1991 x x x x
CUC-08-06 MoqC sandstone medium 0704764 8229952 2077 x x
MAJ-08-04 MoqC sandstone medium 0771218 8191455 874 x x x
MAJ-07-28 MoqC sandstone medium 0772585 8201405 487 x
MAJ-07-40 MoqC sandstone medium 0771263 8191925 859 x x x x x
MOQ-04-219 MoqC sandstone medium 0295743 8091941 1714 x x x x
MOQ-04-218 MoqC sandstone medium 0295148 8091684 1749 x x x x
MOQ-04-217 MoqC sandstone medium 0296021 8091904 1854 x x x x
LOC-05-01 MoqC sandstone medium 0339533 8073247 1390 x x
TAC-08-04 MoqC sandstone medium 0363023 8006124 489 x x x
CUC-05-05 base MoqC sandstone medium 0704210 8230672 1833 x x x x
MAJ-07-24 base MoqC sandstone medium 0773719 8207321 970 x x x
MOQ-07-11 base MoqC sandstone medium 0292111 8095929 1313 x x
MOQ-04-220 base MoqC sandstone medium 0296159 8093987 1523 x x x
CARA-08-04 top MoqB sandstone medium 0669514 8257398 2437 x x x x
CUC-08-03 top MoqB sandstone medium 0704039 8231034 1792 x x
MAJ-07-08 top MoqB sandstone medium 0772620 8219743 820 x x
MOQ-07-06 top MoqB sandstone medium 0285007 8074909 1229 x x x
MOQ-08-05 top MoqB sandstone medium 0292063 8095928 1302 x x
LOC-08-05 top MoqB sandstone medium 0312559 8051608 607 x x x
MAJ-10-02 MoqB sandstone medium 0770999 8211503 519 x x x
CUC-05-01 MoqB sandstone medium 0704018 8230855 1792 x x x x
MAJ-07-22 MoqB sandstone medium 0773719 8207321 970 x x
MOQ-07-04 MoqB sandstone medium 0284885 8075862 1071 x x
MOQ-05-03 MoqB sandstone medium 0287431 8081141 962 x x
MOQ-08-04 MoqB sandstone medium 0284851 8075156 1176 x x x x
LOC-05-04 MoqB sandstone medium 0323627 8057419 776 x x x x
CARA-08-01 base MoqB sandstone medium 0671544 8250901 2058 x x x
CARA-08-02 base MoqB sandstone medium 0671530 8250936 2050 x x x x
MAJ-07-18B base MoqB sandstone medium 0770844 8214676 851 x x
MAJ-07-18A base MoqB sandstone medium 0770844 8214676 851 x x
MOQ-07-01 base MoqB sandstone medium 0286675 8080010 952 x x x
MOQ-08-02 base MoqB sandstone medium 0285985 8079622 938 x x x x
MAJ-07-20 top MoqA sandstone medium 0770844 8214676 851 x x
CARA-10-02 MoqA sandstone medium 0673518 8249243 1941 x x x
MAJ-07-16 MoqA sandstone medium 0771031 8215607 736 x x

Abbreviations: Prot.: Proterozoic, Meso.: Mesozoic, EMP: electron microprobe, LA-ICP-MS: laser ablation 
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