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Abstract

The rhyolitic Campo de la Piedra Pémez ignimbritgps out in the Southern Puna of NW Argentina
and it is related to the youngest caldera-compBerio Blanco caldera complex) of the Central Andes
(73 - 4 kyr). The presence of rhyolitic pumice andfic enclaves with different compositional and
textural features, which variability can be obserweithin a single juvenile clast (multiple-banded
pumice), characterized these deposits. The encleeassociated with hybrid (trachydacitic) pumice
and sporadic remnants of rhyolitic material incldidie the trachydacite. To unravel the possible ofle
the mafic recharge as eruption trigger, the ocageeof mixing events and the mechanisms of enclave
formation, we studied the enclaves and silicic manmaterial (petrography, whole rock analyses,
mineral and glass chemistry) to decipher the maignmaeraction between the host rhyolitic melt and
the enclave-forming magmas. Results allowed reeogmitwo main mafic recharge events. During the
first episode, the mixing of the rhyolite with thrgecting magma generated sporadic dacitic products
Mixing was favored by the relatively high temperatwf both the injecting magma and the rhyolitic
melt, as revealed by clinopyroxene-liquid, plagése-liquid and two-pyroxene geothermometers (

875 °C). The second mafic recharge event involvagmma that remained confined at the bottom of the
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reservoir and crystallized with differential codimates. At the interface with the silicic hoste th
magma generated sub-millimetric mineral assembiagehich amphibole has normally zoned rims.
Differently, within the body of the mafic intrusiparystallization proceeded with a lower undercogli
degree, generating a coarser crystalline assembiagieich amphibole crystals do not display zoning.
The convergence of different thermobarometric n®delpplied to the rhyolite, trachydacite, and
enclaves) suggests that these magmas interactedrastal depth of ca. 2.7 Kbar, here interpreted a
the base of the Campo de la Piedra POmez rhyodisiervoir (~ 10 Km b.s.l.). A time lapse occurred
between the last mafic recharge and the eruptieatsywhere the felsic magma cooled down to ~ 800
°C and the amphibole re-equilibration took place.

Key words: mafic recharge, magma mixing, quenching textuneghabole zoning, thermobarometry

1 Introduction
Mafic enclaves are typical products of arc-relatemlcanic rocks of intermediate to rhyolitic

compositions (Heiken and Eichelberger, 1980; Bad®86; Murphy et al., 1998; Mortazavi and
Sparks, 2004). Their study helps to disclose difieraspects of volcanic systems, from the role of
mafic recharge as eruption trigger (Pallister ef #092; Murphy et al., 1998, 2000; Streck and
Grunder, 1999; Scruggs and Putirka, 2018) to theham@sms of magma interaction (Bacon, 1986;
Clynne, 1999; Coombs et al., 2003; Browne et &052 Martin et al., 2006; Morgavi et al., 2013,
2016; Plail et al., 2014, 2018; Hernando et al16)0 Specifically, the textural characteristicstioé
enclaves (shape, groundmass texture, crystalliméigiculation), provide information about the thafm
history of the enclave-forming magma/s, which canrécorded in the morphology of groundmass
crystals (from acicular to less elongated habitg) modal content (Bacon, 1986; Coombs et al., 2003;
Mortazavi and Sparks, 2004; Browne et al., 2005ttidat al., 2006; Bacon, 2011; Shea and Hammer,
2013; Plail et al., 2014, 2018). Additionally, tlmclave compositional features (major element

contents, mineral and glass composition), togethi#r those of the hosting magma, could help to
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disclose the occurrence of magma mingling and rgixepisodes (crystal transfer, chemical
hybridization) during pre- and syn-eruptive phadeghelberger, 1980; Bacon, 1986; Couch et al.,
2001; Martin et al., 2006; Arnosio, 2010; Hernardal., 2016).

The occurrence of mafic recharge has been suggéstetie rhyolitic Campo de la Piedra POmez
Ignimbrite (CPPI) eruption (Béez et al., 2015, 282@vhich is part of the youngest (~73 — 4 myr)
calderic system of Argentinian Central Andes, tleer@ Blanco Volcanic Complex (CBVC, Arnosio et
al., 2005; Montero-Lopez et al., 2010, Baez et24l15, 2020a). The presence within the ignimbrite o
mafic enclaves, which form multi-banded pumice fnagts of different colors, textures, and
compositions (alternation of basaltic trachyandgsiachydacite and rhyolite), provides an inténgst
opportunity to investigate the consequences of anafjections into this rhyolitic system of the
Argentinian Puna plateau, both in terms of magmeingioccurrence and possible recharge-induced
eruption trigger. Thus, we investigated the textamad petrological features (crystal contents and
textures, whole-rock analyses, mineral and glasspositions) of both mafic enclaves and rhyolitic
pumices from the CPPI. We then applied a suitehefmhobarometric models based on (i) amphibole
composition (Ridolfi and Renzulli, 2012); (ii) mirad-liquid equilibrium such as olivine-liquid (Ptka

et al., 2007; Putirka, 2008), clinopyroxene-liq@iRutirka, 2008), orthopyroxene-liquid (Putirka, 3)0
and plagioclase-liquid (Putirka, 2003, 2005, 200®)dels; (iii) mineral-mineral equilibrium such as
clinopyroxene-orthopyroxene (Putirka, 2008) andgjulelase-alkali feldspar (Putirka, 2008) models;
and (iv) zircon-saturation (Watson and Harrison839model. The purpose of this work is (i) to
provide an interpretation for the observed mineligkquilibrium assemblages and textures, (ii) to
unreavel the occurrence of hybridization (chemmg&ding) between the enclave-forming magma/s and
the rhyolitic host, (iii) to reconstruct the thedmaistory of the different magmas, defining the
mechanisms of genesis of the enclave types, igdtstrain the physical conditions of the magmas tha

interacted in the Campo de la Piedra POmez magnsgstem. Finally, the possible temporal
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coincidence between the last injection of mafic magand the beginning of the Plinian eruption is

discussed.

2 Geological background

Central Andes is one of the most important volcartoes on Earth, where Cenozoic volcanism is
generated by the subduction of the Nazca platedter&outh America (James, 1971; de Silva, 1989).
The most prominent feature of the Central Volcadmne (CVZ;18-27 °S; Stern, 2004) is the
Altiplano-Puna plateau, an extensive zone of 38@€ers a. s. |. which has been interested during Lat
Miocene - Holocene by huge magmatism and intenkmri activity (Kay and Coira, 2006; de Silva
and Gosnold, 2007; Schnurr et al., 2007; Kay e28l10; Guzman et al., 2014; Lucci et al., 2018 T
estimated crustal thickness for this area of tlagejlu is between 50-80 Km (Bianchi et al., 2013t He
et al., 2014). The CPPI crops out in the back-aea af the Southern Puna plateau, close to the
boundary between the Central Volcanic Zone and/theanism-free flat-slab region towards the south
at ~27 °S (Barazangi and Isacks, 1976, Jordan.etl@83; Fig. 1). It is part of the Cerro Blanco
Volcanic Complex (CBVC), which represent the yowstigeolcanic activity related to the Upper
Miocene-Quaternary La Hoyada Volcanic Complex (Smoget al., 2000; Montero-Lépez et al., 2010;
Baez et al., 2015; 2020b Bustos et al., 2019; BigVolcanic activity developed in this area sihede
Miocene (~9 Ma) with the emission of predominarahdesitic and dacitic products (Kay et al, 2006;
Montero-LoOpez et al., 2010; Guzman et al., 2014stBsi et al., 2019) and associated minor rhyolites
(Siebel et al., 2001; Schnurr et al.,, 2007). DuriAgistocene-Holocene an important bimodal
volcanism began, with the generation of numerouBcntanters (e.g. Viramonte et al., 1984; Kay et
al., 1994; Risse et al., 2008; Maro et al., 20b7&; Baez et al., 2017b; Filipovich et al., 20H3gg et

al., 2019), and rhyolitic volcanic episodes repnésé by the CBVC (comprising the CPPI) and by the
eruptive centers of Chascon and Cueros de Puisdigdiaro et al., 2000, Montero-Lopez et al., 2010,

Baez et al., 2015; 2017a; 2020b; Fig. 1). The CB¥@ nested-caldera system formed by two plinian
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events, the oldest CPPI (~73 kyr) and the Holo€ereo Blanco Ignimbrites (~ 4 kyr) and lava domes.
The monogenetic mafic volcanoes in the study ane@snd the CPPI to the west, east and north, but
are not present within the immediate proximity loé ignimbrite outcrops (Risse et al., 2008; Maro et
al., 2017a,b,c; Filipovich et al., 2019; Haag et2019; Fig. 1).

Pre-Ordovician and Ordovician metamorphic rocks pose the basement of the area, together with
volcanic and volcanoclastic units (Seggiaro, 200f;assen and Becchio, 2003; Suzario et al., 2014).
Pre-Ordovician rocks crop out to the southeashefstudy area, while Ordovician basement is present
to the west and is composed by metamorphic, sedaneand volcanic units intruded by basic and
ultrabasic rocks (Seggiaro, 2000; Lucassen and B@c®@003; Suzafio et al., 2014). At upper
stratigraphical levels, basement is composed dfiditiic sequences (Acefiolaza et al., 1976), and of
Permian and Eocene continental sedimentary rocks@iides Seveso et al., 1991; Turner, 1961).
Baez and coworkers (2015, 2020a) described inldéiarchitecture of the CPPI and its facies, and
defined two eruptive events (CPPI Phase | and PhaBgy. 2a), with a total estimated volume of ca.
35 Kn? (DRE). Both phases are composed predominantlyHyplitic pumice and differ in the
composition and abundance of the lithic componiehase Il is characterized by a slightly less eublve
rhyolitic pumice population and by greater abun@ant mafic material (banded pumice and sparse

enclaves) than Phase | deposits, in which mafienadtis sporadic (see Section 4.1 for major dgYail
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118  (2020a).

119 3 Analytical methods
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During the fieldwork carried out in December 20&n, extensive sampling of the distinct juvenile
clasts from proximal and distal ignimbrite facief bwth eruptive Phases | and Il (Figs. 1) was
developed. Whole-rock analyses (n= 20) were perdron selected preserved samples unaffected by
weathering or alteration. They were reduced inva gausher, fine-powdered in a Herzog mill with
tungsten carbide bowl and dried at 105 °C for 2é tan electric oven. Major elements content
determinations (Si, Ti, Al, Fe, Mn, Mg, Ca, Na, K), were carried out at the ALS Minerals Laboratory
by inductively coupled plasma mass spectrometry P{MS) following a Lithium
metaborate/tetraborate fusion and nitric acid diges Additional information about detection limits

and methodology are available on www.alsglobal.c@fole rock analyses were normalized to a 100

% volatile-free basis, and Fe contents are expdegsédotal FeO. Petrographic study and mineraltpoin
counting (about 800 point each thin section) wesdlenon 20 thin polished section at the National
University of Salta (UNSa, Argentina), which weteeth selected (n = 8) for microprobe analyses.
These were performed with a Jeol JXA-8230 electrocroprobe at the LAMARX (Laboratorio de
Microscopia Electrénica y Analisis por Rayos X)the National University of Cordoba (UNC,
Argentina). Measurements include Si, Ti, Al, Fe,,Mtg, Ca, Na, K, P, F, Cl. Current and voltage
used were 10 nA and 20 kV respectively, with caumtimes of 20 s for silicates, using natural and
synthetic materials as standard and a beam si¥@ ©6 microns for minerals and glass, respectiviely
and Na were analyzed first to reduce the loss guneasurement. Glass analyses were normalized to

100 % before the interpretation of the data.

4 Results

4.1. CPPI pumice and enclave description
The presence within the CPPI of different juverslasts (pumice and enclaves) and their main

petrographic features were described by Baez gR@l5). A white to light grey, poorly crystalline
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vesiculated pumice (WP = white pumice) displaysofitiz composition and represents the main
constituent of both CPPI phase | and Il (~ 90 %, Ba, b). Deposits of Phase | contain small ansount
of a dark-grey to black microcrystalline sub-roudidnclave (BE = black enclave) which occur with
low abundance (< 1 %) as crenulated inclusionsiwhtP and as isolated clasts in the ignimbrite (Fig
2c¢). In addition to WP, deposits of eruptive PhAssontain a vesiculated beige pumice (BP = beige
pumice) which is associated with texturally diffierenafic enclaves that alternate forming multiple-
banded pumice clasts (up to 60 cm; Fig. 2d, e). Agnihese bands (i.e, the enclaves), we recognized
and described three different mafic types charaeeérby peculiar colors and textures. The firsetyg

a dark-grey to black enclave equivalent to BE oPCphase | (we also refer to these products as BE).
It forms partially dismembered layers and pillokelimillimetric blobs in the banded pumice clasts
and, to a lesser extent, within WP (Fig. 2f-h). ®ezond and third types constitute centimetric to
decimetric brown layers in banded pumice and fratjyare in contact with each other (Fig. 2d-g). On
the basis of crystal size, we refer to these twdame types as a coarse brown enclave (CBE) and a
fine brown enclave (FBE). CBE is more abundant thBE& (~ 5 Vol % and ~ 1 Vol %, respectively)
and contains, sparsely, dark crystal-rich inclusimomposed of millimetric biotite + amphibole
crystals and vesiculated glass (Fig. 2 h). Somdi+bahded pumiceous clasts exhibit the presence of
all enclave and pumice types (Fig. 2e, g), whigdgfiently are intensely intermingled (Fig. 2 h).

Commonly, beige pumice (BP) contains amygdaledhikéusions of WP blobs (Fig. 2 g).
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Figure 2. a) Outcrop of the CPPI facies in whicé tlivision between the two volcanic phases (I dhislindicated (red
line). b) Detail of a CPPI phase | outcrop, in whigparse WP clasts (black outline) and lithic fragis from the Miocene
Rosada Ignimbrite (Baez et al., 2015; LC; red asjlican be observed. c) WP clasts containing cagediBE pillow-like
blobs (from CPPI Phase I). d) Detail of the proXi@®PI facies of Phase Il with banded pumice (CBEBE + BP; see
text for explanations) and sparse WP clasts. e)nbetdc multiple-banded pumice clast collected imoximal CPPI facies
of phase Il. f) Multiple-banded pumice clast in walhiall the juvenile types can be observed. g) Defdigure 2f in which
partially dismembered layers of BE (yellow outlineh amygdale-like WP inclusion and the alternabb®BE, CBE and
BP (black outline) can be observed. h) Detail afrgstal-rich inclusion within CBE (red outline);tense intermingling
among FBE, CBE, BP and BE can be observed.

4.2. Petrography
We summarize in this section the principal petrpgrafeatures of the CPPI pumice and enclave types.
Mineral name abbreviations are according to Whitreyd Evans (2010), and mineral modal

calculations were calculated excluding the glasbwasicles percentages (Table 1).

Table 1

4.2.1. White pumice (WP)

WP is a porphyritic poorly crystalline rhyolite, twia simple phenocrysts assemblage composed of Pl
(30-60 %) + Kfs (20-55 %) + Bt (5-20 %) + Qz (~0%P+ Opq (=5 %) + Cpx (~ 1 %) + accessory Ap
+ Zrn, immersed in a vesiculated holohyaline gl&sne pumice display a low porphyritic index (P.I.
<5 %) and high crystal fragmentation degree, witbrametric-sized phenocryst fragments of feldspars
and quartz plus minor biotite (~0.2-0.4 mm; Fig). 3dost WP specimens exhibit larger and unbroken
phenocryst populations (1-2 mm) and higher crystaitents (P.l = 15-20%; Fig. 3b). Feldspars are
euhedral and occur as isolated grains and as nglwnerophyric aggregates. Some plagioclase
phenocrysts exhibit optical low-banded oscillataoning, occasionally a slight patchy character, and
lack evident resorption surfaces (e.g. Streck, 20@8&n observed at back-scattered electron images
(BSE; Fig. 3c, d), while other grains are homoge&isedQuartz is present as partially resorbed
subehdral grains with millimetric dimensions (up I mm; Fig. 3b). Reddish biotite grains are
laminar € 1 mm length) and euhedral (Fig. 3b, d, ), as asltlinopyroxene crystals (1-2 mm), which

Is hosting biotite, oxides and apatite inclusiofig)(3e, f). Oxides (magnetite and ilmenite) arespnt
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as rounded subehdral grains 0.5 mm), and display, when observed with BSE imaggight

development of exsolution lamellae or homogeneewtute (Fig. 3e, f). Accessory apatite (<0.5%)
normally occurs as inclusions in plagioclase anidoplyroxene (~ 150 micron; Fig. 3e). Rare
orthopyroxene and olivine grains occur within WK (k¥ %), displaying narrow reaction rims formed

by amphibole microcrystals or by an undefined ojgatun.
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Figure 3. Petrographic features of rhyolitic WP Migrophotograph (cross-polarized lights) of a Wdngle with low P.I:

and high crystal fragmentation degree; yellow oetlindicates vesiculation. b) Microphotograph (stpslarized lights) of
a WP sample with higher Porphyritic Index. c) B&tage of plagioclase phenocryst with oscillatorytdes. d) BSE image
of oscillatory-textured plagioclase with associdbéutite phenocrysts. €) BSE image of euhedrabglymoxene phenocrysts
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showing opaque minerals and apatite inclusionsBSE image of euhedral clinopyroxene phenocrystd wipaque
(magnetite + ilmenite) minerals and biotite inchurss.

4.2.2. Beige pumice (BP)

Beige pumice shows porphyritic texture and a haodding vesiculated glass, displaying a complex
mineralogical assemblage composed of Pl (30-45 B) ¢~ 20 %) + Kfs (~ 10) + Amp (5-10 %) +
Opx (5 %) + Opqg (< 5 %) + Cpx (~ 1 %) + Ol (traceSimilarly to WP, BP displays variable P.I.
(from ~10 to 20 %; Fig. 4a-d). Plagioclase crysfal$-1.5 mm) normally present optical oscillatory
zoning or are homogeneous (Fig. 4b, h). Tabuladisbdbiotite grains (up to 2 mm) resemble
texturally those from WP samples (Fig. 4a), as aslK-feldspar crystals (Fig. 4a, b). Clinopyroxene
(normally sub-millimetric) occur with subehdral higbwith narrow amphibole reaction rims (as well
as olivine; Fig. 4e, f), and can form small glon@ystic aggregates. Pyroxene grains (both Cpx and
Opx) were also observed within partially dismembderaicrolite-rich (Amp + PIl) glassy blobs
contained within BP (Fig. 4c, d). Amphibole is edtad, millimetric in size (1-1.5 mm) and unzoned,
and is frequently associated with orthopyroxener(atly present as inclusion within amphibole; Fig.

4g) and with plagioclase (Fig. 4h).
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Figure 4. BP petrographic features. a) Microphapbr (parallel-polarized light) showing the assadoiaplagioclase + K-
feldspar + biotite, all immersed in a holoyalineogmdmass. b) Same view of (a) taken with crossrizeld light. c)
Microphotograph (parallel-polarized light) of a Idl. sample with a clinopyroxene grain rimmed hyaarow amphibole
reaction rim. d) Same microphotograph of (c) takéh cross-polarized light. €) Microphotograph (@el-polarized light)
of an irregular blob of quenched glass (microlittrgroundmass + pyroxene crystals). f) Microphoapd of the same
view of (e) taken with cross-polarized light. g) B8nage of amphibole + orthopyroxene associatiQrB&E image of
amphibole + plagioclase association.

4.2.3. Black enclave (BE)

BE is a porphyritic rock (P.l. 15-20%, Fig. 5a) amchibits a complex mineral assemblage consisting
of Pl (30-40 %) + Cpx (~25-30 %) + Opx (10-15 %P#(5 — 10 %) + Opq (<5 %) + Amp (1 - 5 %) +
accessory Kfs, Qz and Bt. The matrix is a micraadated hialopylitic glass formed by plagioclase
laths and tabular to acicular amphibole microlitdgch, occasionally, can occur in contact with each
other (50-150 micron; Fig. 5b, c). The proportioetvieeen microlites and glass is about 50-60%
crystals and 40-50% glass (vesicle-free), and trarniain the dimensions of the matrix minerals
towards the enclave edges was not observed. Cliogege and orthopyroxene occur as isolated grains
or in crystal aggregates (up to n = 100 crystaig; $d) and exhibit similar textural features likeb-
millimetric to millimetric dimensions (~0.5-1 mmguhedral to subehdral habits and diffuse amphibole
reaction rims (Fig. 5e). Rare orthopyroxene gragech larger dimensions (up to 3 mm) and show
partially resorbed rims surrounded by amphiboleraogystals and orthopyroxene grains that are
texturally similar to the phenocrysts (Fig. 5-Al Stipplementary Material). Olivine consists of
rounded crystals (~0.8-1.2 mm) always surrounded hgrrow amphibole reaction rim (Fig. 5f) or by
an undefined thin opaque rim. Plagioclase exhibdsiable textural and compositional features.
Microlites in the matrix form about the 50% of thehole plagioclase population (Fig. 5b, c).
Millimetric subehdral to euhedral crystals (up t8 Inm; Fig. 5g), partially resorbed sub-millimetric
grains (sieve-textured) with fresh overgrowth (-=&Dmicron; Fig. 5i) and anhedral crystals compose
the remnant 50 % of plagioclase population (Fig. Bimphibole occurs as microlites in the matrix and
as reaction rims (100-200 micron) around pyroxeigjne and opaque crystals (Fig. 5b, c, e, f, I).

Large amphibole phenocrysts (up to 3 mm) with isidas of plagioclase and olivine (Fig. 5k) and rare
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biotite and K-feldspar grains (< 1 mm) were sparally observed (Fig. 5, k, Fig. 5-A2 of

Supplementary Material). Occasionally, sparse blob$iolohyaline glass containing subehdral K-
feldspar grains are separated from the typical B&umdmass by a reaction rim of pyroxene
microcrystals (Fig. 5j). Opaque minerals exhibib-gnillimetric dimensions (0.5-0.8 mm), subehdral to
anhedral habits, and display well-developed exsniutextures when observed at BSE imaging (Fig.

51).
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Figure 5. Petrographic features of BE. a) Microplyotph (cross-polarized light) showing subehdraioglyroxene +
orthopyroxene phenocrysts rimmed by amphibole riteo and immersed in a hialopylitic glass. b) [Oleta
microphotograph (cross-polarized light) of the qeheed groundmass (Amp + PIl). ¢) BSE image of grouasinshowing
two different amphibole habits (from tabular to catar) and plagioclase laths, all sparse in a wisied glass. d)
Microphotograph (cross-polarized light) of a cliyopxene + orthopyroxene glomerocryst aggregat®3#H image of an
orthopyroxene grain rimmed by amphibole microlitBsBSE image of a sub-rounded olivine phenocrystmed by
amphibole microlites. g) Microphotograph (crossapizled light) of a slightly resorbed plagioclasgstal. h) BSE image of
an anhedral plagioclase grain. i) BSE image ofrtigiy resorbed (sieve-textured) plagioclase graith fresh overgrowth.
j) Microphotograph (cross-polarized light) of K-fisbar + holoyaline glass with pyroxene reaction &rMicrophotograph
(cross-polarized lights) of a large amphibole pleeyst. |) BSE image of a magnetite crystal withfuie exsolution texture
and amphibole reaction rims.
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4.2.4. Fine brown enclave (FBE)

FBE exhibits an equigranular texture and a micrsietdated glass (Fig. 6a, b). Crystal population
comprises Pl (40-50 %) + Amp (~40 %) + Bt (~10-1» #0Opq (-5 %) + Ap (traces), with a P.I. of
~35 % and general sub-millimetric crystal dimensidf.2-0.8 mm, rarely up to 1 mm; Fig. 6a).
Amphibole occurs as subehdral to euhedral prismatid tabular crystals which display diffuse
concentric zoning pattern (BSE images) formed byketacores and brighter rims (Fig. 6c¢, d).
Amphibole occur mainly as isolated grains in thasgland occasionally associated with plagioclase
and biotite (Fig. 6e). Plagioclase displays tabslavehdral to euhedral shapes, showing slight aiptic
oscillatory zoning or homogeneous textures (alsB$k images, Fig. 6e). Biotite occurs as reddish-
brown tabular phenocrysts with subehdral to euldwbits, and is normally associated with the other
crystalline phases (Fig. 6a, b). Magnetite are kdtz and sub-millimetric in size, and always displ
exsolution textures (lamellae) in BSE images (Biy. Apatite inclusions have been observed within

plagioclase, amphibole and biotite phenocrysts.
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association and inclusion of amphibole within piexfse; zoning in amphibole can be observed al#olaiv-contrast BSE
images. f) BSE image of magnetite micro-phenocrgstaving exsolution lamellae texture.

4.2.5. Coarse brown enclave (CBE)

CBE displays seriate texture and a holohyalinecudsied glass (Fig. 7a, b), with a mineral assegla
constituted by Pl (35-40 %) + Bt (~25 %) + Amp 230 %) + Opq (5-10 %) + Ap (traces). P.l. is
about 20 % and the general crystal grainsize isseoaghan FBE (Fig. 7a, b). Plagioclase exhibits
subehdral to euhedral tabular habits (0.5-1.5 mmgl aisplays both optical oscillatory and
homogeneous textures. Amphibole generally is pteseisolated euhedral grains (~0.3-2 mm) and, to
a lesser extent, associated with the other crystalphases (Fig. 7a-d). Core-rim zoning was not
observed at BSE imaging (Fig. 7c, d). Biotite oscas reddish crystals with millimetric tabular
dimension (up to 2.5 mm). Opaque minerals are giraéland sub-millimetric (~0.5 mm) and always
exhibit exolution texture (Fig. 7e). Apatite oc@s inclusion within plagioclase, amphibole anditaot
Crystal rich inclusions (Fig. 2h) display glomerosphyritic texture and a mineral association
composed of Amp + Bt + minor Pl and Opq (P.l. ~04) and a vesiculated glass (Figs. 7f, 7-Al of
Supplementary Material). Commonly, the Amp + Bt r@ggtes surround cores of resorbed

orthopyroxene grains (Fig. 7f).
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Figure 7. CBE petrographic features. a) Microphaapy (cross-polarized light) of the general textieBSE image of the
texture. ¢) BSE image of a millimetric amphiboleystal. d) High contrast BSE color image of an arplé micro-
phenocryst €) BSE image of a magnetite grain. fyrdphotograph (parallel-polarized light) of a cajatch inclusion
showing the glomerocrystic association of Amp +sBtrounding a resorbed Opx grain. Yellow outlinghtights the limit
between crystal-rich inclusion and CBE.
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4.3 Whole-rock, glass and mineral chemical composition

We summarize in this section the main geochemeatiufes of pumice samples and enclaves, together
with the composition of glass and mineral assend@dadhe opaque mineral analyses will not be
described because of the general presence of exolaimellae textures which invalidate the obtained
compositions. We provide the representative analysdables 2 — 7 and the complete dataset in the

supplementary material (Tab. 8A).

4.3.1. Whole-rock composition

WP is metaluminous to slightly peraluminous rhyoliv trachydacite (Fig. 8a, b). A small decrease in
the SiQ content and alkalis (N® + K;O) from the lower part of the deposit (CPPI Phagewards

the top (CPPI Phase Il) has been detected (fromvarage value of ca. 72 to 70 wt % of gi@nd
from 9 to 8 wt % of NgO + K;O). WP ALO3; abundance is comparable with BP and BE, and lower
than FBE and CBE (Fig. 8c). Contents of 7i®eO, MgO and CaO in WP are lower, angDKs
higher than BP and all enclave types (Fig. 8d-hl. ¥ifconium contents are in the range of 155 — 214
ppm (Tabs. 2, 8A-1). BP displays metaluminous tydelitic composition, and shows a slight
increment in the sum of alkalis with SiQFig. 8a, b). In the binary plot of TIDFeO, MgO, CaO and
K,0 versus Si@contents, BP composition always plots in interragglpositions respect those of WP
and the enclaves (Fig. 8c-h). BE is a basaltichiyandesite with metaluminous affinity (Fig. 8a, b).
Among the enclaves, it displays the highest MgO thedlowest TiQ and AbO; contents (Fig. 8c-e),
while FeO and CaO abundance is similar to FBE a®E GFig. 8f, g), which are a basaltic
trachyandesites with metaluminous affinity (Fig, Baand differences in the Si@bundance (Fig. 8a-
h). In the FeO/MgO ratio versus 1/MgO diagram (vehadck), two different linear relations can be

observed among BE, FBE and CBE, and BE, BP andatied (Fig. 8i).
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4.3.2. Glass

WP glass displays high-silica, slightly peralumisaromposition (Fig. 8a,b) with the lowest contents
of Al,03, MgO and CaO (Fig. 8 c, f, g) and highestOKcontents of the entire dataset (Fig. 8c, f, g).
The BP-glass major oxide contents display the Hghariability among the analyzed samples,
showing affinity with both WP and the enclave glassposition (mostly with BE and FBE analyses;

Fig. 8c-i).
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Glass in the enclaves is peraluminous and rhyolifibe BE glass displays the most evolved
composition (Fig. 8a), while the CBE is the leagbleed and the FBE is intermediate (in terms of
silica abundance). The three enclave types havédasitontents of CaO (Fig. 8g), while relative
differences exist in the other oxides,®4 and MgO contents are higher in CBE than in FBE BREd
(Fig. 8c, f), as well as FeO and Tidor which a partial overlap exists between CBHE &BE and

between CBE and BE respectively (Fig. 8d, e).

Tables 2, 3

4.3.3. Feldspars

The general range of the CPPI plagioclase compaosgpans from oligoclase to bytownite, being
andesine and labradorite the most abundant sp@ags9). WP homogeneous plagioclase grains vary
from oligoclase to andesine (A Fig. 10a), and the optically-oscillatory zonegstals (Fig. 9b)
reach more anorthitic compositions in the briglaeyas (Amo-sg Fig. 9a). Plagioclase in BP is similar
to WP oscillatory-zoned grains, displaying genesalddesine composition (Ans; Fig. 9a). BE
plagioclase compositions are the most heterogenaouwsng the analyzed rocks, spanning from
andesine to bytownite (Fig. 9c). Groundmass miwsl{Fig. 4a,b) and anhedral grains (Fig. 4e) vary
from andesine to bytownite (Afs, and Any.gs respectively; Fig. 9c; Table 3, 14), the plagisela
phenocrysts (Fig. 5g) have high anorthite cores;{Ad) and lesser calcic rims (Af77), while sieve-
textured grains (Fig. 5i) vary between s68; (cores) and Ag.s7 (rims), similarly to plagioclase
composition of WP and BP samples (Fig. 9a, c). EBH CBE plagioclase are similar (485 and
Anyi.s7 respectively; Fig. 9d) with the former showing geal less anorthitic composition (average
~Ange) than the latter (~Ad3). Core-rim variations indicate no zoning or slighhormal zoning for
FBE plagioclases (average Arand Any for core and rim respectively; Fig. 9d), and ndraaing for

CBE (average Ags and Ang for core and rim respectively; Fig. 9d).



361 Analyzed K-feldspar grains display homogeneous asition in all rock in which are contained (WP,

362 BP, and BE). They are sanidine with a structurahida of Ogg-72Ab2s.20AN0.1 (Fig. 9a, C).
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369 Table 4

370 4.3.4. Biotite
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All biotite grains from pumice and enclaves plottire annite field in the classification diagram of
Clarke (1981) and in the calc-alkaline field of ttiassification of Abdel-Rahman (1994, Fig. 10a, b)
WP, BP and BE biotite grains show similar compossi (Fig. 10a-d). They differ from FBE and CBE
in terms of AIY! (apfu), Fe# (Fe/(Fe + Mg), and wt % of $j&eO and MgO (Fig. 10a-d), while Ti
contents are comparable (Fig. 10c). Biotite pheysisrfrom FBE and CBE slightly differ in MgO,

FeO and Al! contents (Fig. 10 a-d).
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classification of Abdel Rahman (1994). The righteh indicates the compositional fields: CA = cdtaelihe; P =
peraluminous; A = alkaline. ¢) Ti (atom per formulait) versus Fe# (Fe/Fe + Mg) diagram. d) Binaiggchm of MgO
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4.3.6. Pyroxenes

WP clinopyroxene plots in the limit between augited diopside fields (classification of Morimoto
1988) showing a more ferric character QA& Ens7.3s FSis.09 and lower Mg# (~0.68-0.71; Tab. 5)
than clinopyroxene from BE, which display augitiongposition (structural formula W4 Eny;47
Fsio1s with one sample W Eng Fsg Fig. 11a), and higher Mg# (~0.73-0.81). Within ,BP
clinopyroxene is also augite (n =1 analysis), aisg@ldy identical structural formula of BE phenodsys
(Wos3 Enyg Fsig) and Mg# (0.77; Tab. 5), which was predictable stdering the similar textural

features of BE phenocrysts and BP clinopyroxenagr@ig. 4c-d; Fig. 5a).

All analyzed orthopyroxene grains fall in the etfit#afield according to Morimoto (1988)
classification (Fig. 11a). Grains within WP dispkiynilar structural formula (W Ene-7sFS0-21) and
Mg# (0.78-0.79) to BE phenocrysts (WoEN4.79 FSi7.22 Mg# = 0.76-0.81) and large phenocrysts
(Wo, Enyg Fsig; Mg# = 0.80). Differently, BP orthopyroxenes arerm ferric in composition (Wa;
Envo7a Fo239 and exhibit lower Mg# (0.73-0.77) than crystateni WP and BE (Fig. 11a, b),
similarly to orthopyroxene resorbed cores withinEC&ystal-rich inclusions (WiEnsg-70 FS6-36 Mg#

= 0.68-0.72; Figs. 7g, h; 11).

Table 5

4.3.7. Olivine
Olivine phenocrysts composition in BE (and olivinelusion within the large amphibole phenocryst;
Fig. 5k) varies from Fg.7s and similar compositions were calculated foraheine grains in WP and

BP samples (Fg and Fg7 respectively; Table 6).
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Figure 11. a) Ternary pyroxene classification of tAPPI pyroxenes from Morimoto (1988). Wo= wollaéte; En =
enstatite; Fs= ferrosilite. Blu squares indicatedthopyroxene large phenocrysts (Fig. 5-Al of Saimentary Material. b)
graphic legend with a clinopyroxene phenocryst d? \Wipper left, Fig. 3e), a clinopyroxene-orthopwoa aggregate
within BE (upper right; e.g. Fig. 5a), an orthopyeae associated to amphibole within BP (lower left. Fig. 3g), and a
resorbed orthopyroxene core surrounded by amphéralebiotite within the CBE crystal-rich inclusiofesg. Fig. 7f).

Table 5
4.3.8. Amphibole

Amphibole cationic abundances were calculated aaocgrto the default method of Ridolfi et al.
(2018), and mineral formula was determined withltbeok (2014) and Ridolfi et al. (2018) methods;
only one sample (106A-C4-Anfl-ccl) needed minorection for the formula and cationic abundances
calculations. All amphibole grains belong to the (@H, F, Cl) - dominated group, Ca subgroup
(Ridolfi et al., 2018), and classify, accordingliocock et al. (2014), as Ti-rich pargasite (n =,46)

rich magnesio-hastingite (n = 17), roothame4 (r5xrhagnesio-hastingite (n = 9) and minor pargasite
(n = 3), Ti-rich ferri-sadanagaite (n = 1), andifeootname4 (n = 2). FBE amphiboles display a wide
range in the cations Si, Ti, &l (apfu) and Mg# than CBE (Fig. 12a,b) with coremgenore enriched

in Ti and depleted in Si than rims. Mg# is rathemlogeneous, with average values of 0.70 and 0.67
respectively for core and rim amphibole areas (E&g, b). CBE grains (core and rim) are more simila
to FBE cores in terms of Ti, Si, & and also in Mg# (average 0.70) than FBE rims (ERp, b).

Within BE, groundmass microlites display lower Mg#d comparable (Na+Gathan the corona-
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forming microcrystals (Fig. 12 c), while the otlparameters (Si, Ti, AY]) are comparable (Fig. 12a,
b). Amphibole large phenocrysts (Fig 5k) differfr@@E, FBE and CBE amphiboles in having higher

Mg# and lower Ti contents (Fig. 12a, b).
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Figure 12. a) Binary diagram of cationic Ti (apf€rsus Si (apfu) for all the analyzed amphibolergrab) Binary diagram
showing cationic A" (apfu)versus Mg# (Mg/(Mg + F&). c) Binary diagram showing the sum of apfu Na a (B-site)
versus Mg#.

Table 7
5. Thermobarometry and hygrometry
In order to define the physical conditions (T, BOM contents) of the magmas that form the CPPI

magmatic system and to disclose the possible deptimich the rhyolitic and enclave-forming magmas

interacted, we realized a suite of themobarometiculations, following the workflow proposed by
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Lucci et al. (2020). Results from the thermobareimanodelling are then presented and discussed

following a statistical approach (e.g. Calzolarakt 2018; Lucci et al., 2020).
5.1. General considerations

We integrate a suite of mineral-liquid, mineral-emal and single mineral thermobarometry models
such as (i) olivine-liquid (Putirka, 2008), (i)imbpyroxene-liquid (Putirka, 2008), (iii) orthopwene-
liquid (Putirka, 2008), (iv) plagioclase-liquid (thka, 2005, 2008), (v) plagioclase-alkali feldspar
(Putirka, 2008), (vi) clinopyroxene-orthopyroxeritufirka, 2008), (vii) amphibole chemistry (Ridolfi
and Renzulli, 2012) models. For mineral-liquid misdee used both glass and bulk rock composition
as input, while for the clinopyroxene-orthopyroxe¢hermobarometric calculations touching pairs (Fig.
8A-6) were used and combined with analyses of spargstals. The equilibrium plagioclase-liquid
pairs used in the T, P and,®Y estimations were selected after the applicatiotheffilter model
proposed by Putirka (2008): #R"(An-Ab) = 0.1 + 0.05 for T < 1050 °C and = 0.27 4D for T >
1050 °C), followed by the test proposed by Namurakt(2012), which compares the measured
anorthite fraction of plagioclase and that caleadafor the liquid composition. The pairs that Sgtthe
test are those with an AbusuredANcaicuiarearatio of 1.0 + 0.1 (Fig. 13). The values of H3@wt % of
water in the nominal melt) obtained from the platase-liquid model (equation 25b of Putirka, 2008)
were used as input for the clinopyroxene-liquid amns, and compared with the amphibole
hygrometer of Ridolfi and Renzulli (2012). The diduium clinopyroxene-liquid, orthopyroxene-

liquid, olivine-liquid, and two-pyroxene compositial pairs were selected through the equilibriun tes
proposed by Putirka (2008) for each modeb® "(Fe-Mg) =0.28 + 0.7; K***"Y(Fe-Mg) = .0.29 +
0.6; Ko°9(Fe-Mg) = .0.30 = 0.3; KP“°P{Fe-Mg) = .1.09 + 0.14, respectively). The graphica

representation of these equilibrium test (binaggdams of mineral Mg# versus liquid Mg#; e.g. Risse

et al., 2013; Lucci et al., 2020) are providedna Fugure 8-A7 of the Supplementary Material. lRer t
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two-feldspars model we consider the equilibriunt @®posed by Elkins and Grove (1990), which
considers the relative ratio of the activities loé distinct feldspars components (An, Ab, Or) betwe

plagioclase and K-feldspar crystal pairs (the ratiould be nominally = 0). The input pressure v&lue
used for the two-feldspars model were obtained frdwarometric estimation obtained for
clinopyroxene-liquid and plagioclase-liquid for WRVe also calculated the zircon saturation
temperatures from the model of Watson and Harrigd883), using the Zr content (ppm) of WP
samples (Tab. 2). Results (T, PoQHwt %) are provided in Figure 14 and Table 9A bét

Supplementary Material, except for those from theplaibole composition method that are shown

together within the EPMA analysis in Table 6.
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= . it Late crystallization
- I e B liquid = glass
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Fig. 13. Binary plot of the measured plagioclasertiite fraction versus that calculated from tliid composition by the
method of Namur et al. (2012), applied to the malgise-liquid pairs that satisfied the equilibriteest of Putirka (2008;
Tab. 8A-3). Equilibrium WP plagioclase-liquid pa@mse those obtained combining the high anorthieasiof oscillatory
plagioclase with bulk-rock compositions.

5.2. Hygrometric estimates
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The values of K" obtained by the plagioclase-liquid and amphibojgrometer (+ & standard
deviation of the weighted mean) are provided adiness in the P-T diagram of Figure 14. WP
calculated HO wt % was determined by equilibrium plagioclaséutk-rock compositions (Fig. 13)
and varies between ~ 0.89-1.32 wt % (weighted noédnl7 + 0.49, MSWD = 0.021; n = 15). In BE
samples, water contents were determined usingaimpasitions of the plagioclase microlites (Figs, 5b
c; 9¢) paired with EPMA glass analyses (Fig. 13)e Dbtained kD range is between 1.2-1.42 wt %
(weighted mean of 1.28 + 0.42 wt %, MSWD = 0.04% hl). For FBE the plagioclase-liquid model
provides water contents of 0.98-1.59 wt % (weightezhn of 1.38 +0.25 wt %, MSWD = 0.013, n =
67), similar to CBE (0.89-1.46 wt %, weighted meaid.30 £ 0.17 wt %, MSWD = 0.008, n =144).
For BP samples the equilibrium test of Putirka @0®as not satisfied, either using bulk rock and
glass composition, and results will not be discds3éhe application of the amphibole hygrometer
provides, for all the enclave types, higher watartents than the plagioclase-liquid method, withEFB
and CBE varying between ~ 4-6 wt % and the BE latgenocrysts displaying the highes_{)uf‘ range

(~ 8—10 wt %).
5.3. Thermobarometric estimates
We provide in this section the results obtainedetaeh rock by the equilibrium mineral-liquid and

mineral-mineral pairs, together with those from éingphibole composition and zircon saturation

methods.
5.3.1. White pumice

The plagioclase-liquid thermobarometric model (gsWiP bulk rock composition as liquid input, n =
15; Fig. 13) provides a temperature range of 95b-%7 (weighted mean of 962 + 22 °C, MSWD =
0.014) and a pressure range between 1.3 — 4.0 (lmghted mean of 2.7 + 1.3, MSWD = 0.13),

using equation 24a and 25a of Putirka (2005), ctsmty. The unique plagioclase-liquid pairs that
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satisfied the equilibrium test of Putirka, (2008¢ shose obtained using the high-An compositions of
oscillatory plagioclase phenocrysts (Figs. 9a, 3);, The clinopyroxene-liquid (whole rock) model of
Putirka (2008) yields a temperature range ~ 883-@3{weighted mean of 906 + 9 °C, MSWD =
0.056, n =119), and a pressure of 1.8 — 4.2 Kveighted mean of 2.6 + 0.6, MSWD = 0.031). The
two-feldspars thermometer provided a lower and widmperature range than the clinopyroxene- and
plagioclase-liquid models (810 — 929 °C, weighteshmof 893 + 13 °C, MSWD = 0.113, n = 43). The
plagioclase — K-feldspar pairs were chosen amoaosgthvith a calculated An-Ab-Or activity difference
in the feldspars pairs < 0.1 (Table 8A-2). The pémat resulted in equilibrium are those formedHey
WP low-An phenocrysts and the low-An areas of tetaity grains (Fig. 9a, b). Finally, the zircon
saturation temperatures are in the range ~ 780:8(0@veighted mean = 788 + 15 °C, MSWD = 0.059,

n = 16; Tables. 2, 8A-1).

5.3.2. Beige pumice

Temperature and pressure estimates for BP werendetdl by the amphibole composition model

(Ridolfi and Renzulli, 2012), which yielded a temgeire range of 921-991 °C, (average 946 + 45 °C,
n = 4) and 966-981 °C (average 969 * 45 °C, n fobamphibole rim and core, respectively. Pressure
estimates are in the range of 2.4 — 4.4 Kbar,ageB.35 £ 0.48 Kbar and 2.9 — 4.3 Kbar, average 3.

+ 0.48 for rims and cores, respectively.

5.3.3. Black enclave

Temperatures and pressure values for BE were edéclilusing the olivine-liquid, orthopyroxene-
liquid, the clinopyroxene-liquid (all using BE butkck composition), the plagioclase — liquid (using
microlite — glass pairs), the two-pyroxenes and a@ngphibole composition methods (Fig.14). The
equilibrium olivine-liquid pairs (n = 2) yielded rtgperatures of 1171-1175 °C (x 52 ° C; eq. 2 of

Putirka et al., 2007; Tab. 9A-5), the orthopyroxéigaid model provided a temperature range of 1099
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— 1131 °C (weighted mean of 1119 + 18 °C, MSWD@4@, n = 19), and a pressure range between 5.7
— 8.5 Kbar (weighted mean = 7.1 £ 1.2, MSWD = 0)14Rd the clinopyroxen-liquid equilibrium pairs
yielded a temperature range of 1140-1159 °C (wetyimean = 1147 + 21 °C, MSWD = 0.019) and a
pressure range of 5.4-7.8 Kbar (weigted mean =#687, MSWD = 0.055). The two-pyroxenes
thermobarometer provided lower temperature andspresranges (955 — 1016 °C, weighted mean of
992 £5.6 °C, MSWD = 0.13, n = 259), and 1.1 —khar (weighted mean of 3.0 + 0.35 Kbar, MSWD

= 0.15). The large amphibole phenocrysts (Fig. Yik)Jded a temperature range of 950 — 996 °C
(average 973 £ 45 °C, n = 7), and a pressure rah§el — 9.0 Kbar (average 8.51 + 1.44 Kbar). The
Ridolfi and Renzulli (2012) was not applied to BEghiboles microlithes, which are not suitable for

the above-mentioned model (Ridolfi et al., 2010).

5.3.4. Fine brown enclave

Temperature and pressure estimates for FBE werkzagéausing the plagioclase-liquid (with

plagioclase-glass pairs; Fig. 13) and the amphibmeposition methods. FBE amphiboles are
prismatic to tabular and are not mircolites (0.25+4hm) in contrast to the BE amphiboles (Fig.5)b, ¢

The plagioclase-liquid temperature estimates athenrange ~ 970-980 °C (weighted mean of 975 £
11 °C, MSWD = 0.0042, n = 67), while pressure isMeen 1.0 - 5.3 Kbar (weighted mean of 3.42 +
0.6 Kbar, MSWD = 0.13). FBE amphibole core analygekled temperatures between 981 — 1023 °C
(weighted mean of 1000 + 22, MSWD = 0.087, n = Bf)d pressure in the range 4.1 — 7.8 Kbar
(weighted mean of 5.8 + 0.64, MSWD = 1.9), and d@hgphibole rims provided lower temperature (
914 — 943 °C, weighted mean of 933 £ 21, MSWD =88,(h = 19), and pressure ranges (2.5 — 3.3

Kbar, weighted mean of 2.88 £ 0.17, MSWD = 0.994).

5.3.5. Coarse brown enclave
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As well as FBE, CBE temperature and pressure etgsweere realized with the plagioclase-glass pairs

and with amphibole compositions. The first methoelded temperature in the range 978 — 1000 °C

(weighted mean of 989 + 7 °C, MSWD = 0.073, n =)14hd pressures between 0 — 3.1 Kbar

(weighted mean of 1.8 + 0.4 Kbar, MSWD = 0.047)cémtrast to FBE, CBE core and rim analyses do
not form two distinct T-P groups (Fig. 14), providi temperatures in the range 968 — 1035 °C
(weighted mean of 1000 = 25, MSWD = 0.993, n =4 between 966 — 1029 °C (weighted mean =
1005 + 25 °C, MSWD = 0.2, n = 13), respectivelys@the estimated pressure is more variable than
FBE amphible (3.1 — 7.0 Kbar, weighted mean = 5t88.88 Kbar), and between 3.0 -7.6 Kbar

(weighted mean of 5.4 £ 1.0 Kbar, MSWD = 3.5) foreeand rims, respectively.

Legend

Rock type
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24 ~790 °C
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1 Pl-bulk rock
Pl-glass
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I Amp Rid12 (rim)
Il Opx-bulk rock
m gl [ Two-px
.F I Cpx-bulk-rock
L Pl-lig hygrometer
1 " H20 wt %
0 95 1000 1050 1100 1150  1g0p | AMPMyarometer
T (oC) -7 H2O wt %

Forsterite: 78 %
BE ol-lig temperature (1171-1175 °C)

WP
two-fds
T range

T T T T
800 850

average T ~ 890 °C

10

©
(=]

Fig. 14. Thermobarometric results. Pressure veFsasperature diagram. Symbols indicate the rockstypaile colors are
associated to the applied thermobarometric mo@&Haded light blue, green and orange areas indioggpectively, the
calculated olivine-liquid, two-feldspars and ziresaturation temperature ranges. Plagioclase-liduidrometer HO
isolines are provided translated in the central tooxncover them from the symbol cloud.

6. Discussion

6.1. Petrologic and textural evidence of magmatic interaction
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The results of our study indicate that the completxologic characteristics of the CPPI productkeotf
variable degrees of interaction (chemical and maysibetween the rhyolite and the enclave-forming
magmas. The simplified model of Figure 15 resumasreconstruction of the pre-eruptive stages of
the CPPI magmatic system. According to our inteéghi@n, during the mafic recharge phase, mingling
between mafic and rhyolitic magmas was very intease partial hybridization of the rhyolitic host
(i.,e. magma mixing) occurred. Mingling is normalssociated with magmas with different
compositions, temperatures and rheology, which aamix completely to form hybrid products (Blake
and Fink, 2000). The intense mingling, evidencedhgycomposition and structure of the multi-banded
pumice (Fig. 2h, g), is also reflected in the cagmpmhineralogical assemblages and micro-textures of
the enclaves and silicic pumice, suggesting thatitfteraction acted at different scales (e.g. §eru
and Poli, 2012). Among the enclaves, BE is thapldis greater textural and compositional evidence
of interaction with WP, occurring as partially dismbered inclusions within WP (Fig. 2c; Fig. 1Ha-
and showing the occurrence of crystal transferrg flom WP melt (Figs. 5h-j; 5-A2; 153- This
suggests that the BE and WP magma exchanged erymtal melt components (micro-mingling
textures), as well as heat and volatiles (e.g. ldupgt al., 1982; Shane et al., 2008; PeruginiRold
2012; Scruggs and Putirka, 2018). Moreover, thaakdity on BE plagioclase composition and
textures (Figs. 6g-i; 9¢), the silicic sieve-teximplagioclase within BE (Fig. 6h), and the preseoic
amphibole rims on BE mafic phenocrysts (Fig. 5e,afe features associated with magma mixing
events (Leonard et al., 2002; Coombs et al., 2@@imbs and Gardner; 2004; de Hoog et al., 2004;
Ruprecht and Worner, 2007; Humphreys et al., 2@83oi and Saikia, 2018). By consequence, it is
likely that the generation of hybrid products maywé occurred during the initial phase of BE-magma
injection (i.e. before quenching), during which rmahagma engulfed some rhyolitic crystal and melts
and generated sparse mixed products through chamting dynamics (e.g. Browne et al. , 2005;

Perugini and Poli, 2012; Morgavi et al., 2013; Fl§a1). The petrologic characteristic of BP rock
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(linear trend between WP, BP and BE in the 1/Mgd~&®/MgO and in the Harker diagrams of both
glass and whole-rock compositions), the bimodalrBiReral assemblage (Fig. 4d) and the common
presence within BP of BE and WP inclusions (Figg: 2c), suggest that this pumice type likely
represent the product of the mixing between BE-fogrmagma and the rhyolitic host (Shaw, 2006;
Morgavi et al., 2013, 2018; Pritchard et al., 20&8tuggs and Putirka, 2018). According to the agpli
geothermometers (Fig. 14), during mafic rechargeptrature of the host and injecting magma were
both high (respectively > 875 °C and ~ 1000 °C; diseussion Section 5.2; e.g. Ridolfi et al., 2016)
and thus, regardless the compositional differer€&g. 8), the two magmatic endmembers could
locally mix and generate hybrid melts (e.g. Perugimd Poli; Plail et al., 2014; Fig. 15a). It isal
possible that mixing continued to some extent afi@genching of BE magma, by a combination of
mechanical processes like disaggregation and digpeof the enclave crystals and glass (Wiebe,
1996; Clynne, 1999; Streck and Grunder, 1999; Marghal., 2013; 2016; Michel et al., 2017; Gogoi
and Saikia, 2018), as suggested by the presenuariidlly-dismembered BE material (quenched blobs

and phenocrysts) within WP and BP samples (Figsy;2c-f).

The oscillatory zoning of WP plagioclase, in whenteas of variable anorthite contents alternate. (Fig
3c, d; Fig. 9a-b), can be associated to heatingtsvaffecting the melt in which plagioclase grows
(Tsuchiyama and Takahashi, 1983; Andrews et al082®hcherbakov et al., 2011), and also to
variable magmatic pD content, oxygen fugacity and pressure conditigthsush and Luhr, 1991;
Coombs et al.,, 2000; Putirka, 2005). Considering ldick of evident resorption surfaces in WP
plagioclase (like those observed in BE plagiocldsg; 5i; e.g. Streck, 2008), and that the unique
equilibrium plagioclase-liquid pairs are those fedrby the high anorthite zones of oscillatory gsain
(Fig. 13) we interpret that oscillation in WP plagiase was generated by variable conditions in the

magma (i.e. convective environment; e.g. Ginibrealet 2002; Fig. 15b) likely due to the mafic



605 recharge event, and that the plagioclase grainstifered resorption and re-crystallization arentya

606 those transferred from the silicic host (WP) to BEning magma (Figs. 5i; 158

607 Leonard et al. (2002) proposed that enclave groasdntextures similar to BE can be generated by
608 undercooling crystallization after mafic magma rees HO by mixing with the rhyolitic host. Thus,
609 the generation of BE amphibole groundmass micsoliég. 6a-c) and corona-forming microlites (Fig.
610 6e, f) could be a consequence of both the mixirepeand quenching. In this case, the variability in
611  Mg# between these amphibole crystals (Fig. 12c)ldvba due to different crystallization mechanisms
612  (i.e. crystallization from BE melt and from BE nmafphenocrysts, respectively). Moreover, BE
613  groundmass texture is not dyktitaxitic (e.g. Bacb®86; Mortazavi and Sparks, 2004; Browne et al.,
614 2005) because amphibole microlites are more talthian acicular and do not form a continuous
615  crystal touching framework with plagioclase latkgg( 6b, c). Experimental works demonstrated that
616 for a dyktitaxitic texture to form, temperature t@st between the injecting and host magmas must be
617 >150 °C (Logfren, 1980; Coombs et al., 2003; Brownal., 2005). Taking into account the relatively
618 high temperature calculated for WP and BE (Fig., Blarable 9A1-3), it is likely that the thermal
619  contrast between these two magmas was not higlefltdvan 150 °C; see discussion paragraph 6.2),
620 allowing for an initial stage of partial-liquid itaction between BE and WP magmas, which favored

621  magma mixing.

622  According to our reconstruction, FBE and CBE typepresent a later mafic recharge event.
623  Differently from BE, the association of FBE/CBEasly present within the eruptive CPPI Phase I
624  deposits (Fig. 2f), and their reciprocal petrologftinity (Figs. 8; 9d; 11; 12a, b) suggests thadse

625 two enclave types are genetically related to thmesgarental magma (Fig. 15 b). The textural
626 differences between BE crystalline groundmass @it @Figs. 5b, c; 6a, b) indicate that FBE-forming

627 magma crystallized with a lower undercooling degtie@n BE (Shea and Hammer, 2013), which
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corroborate the idea that FBE/CBE melt enteredrhiyelitic chamber after BE magmatic injection.
The slight differences existing between FBE and @BiSs and mineral compositions (Figs. 8; 11; 12)
and mineral modal contents (Table 1) can be relatgzhrtial mixing with the silicic host (maybe BP-
melt), given the resorbed orthopyroxene cores witbBE crystal-rich inclusions (Figs. 7f) and the
similarity in the compositions of FBE and BP gléBgy. 8c, d, g, h). However, this scenario contrast
with the geochemical whole rock (and glass) diagramwhich a linear trend between FBE/CBE and
BP sample is not evident (Fig. 8d, i). This suggekat the compositional differences between FBE
and CBE (Fig. 8a-h) may due, for example, to contjposl heterogeneities in the FBE- and CBE-
forming magma, and not by a variable degree of atenmteraction with the host. However, the most
evident difference between FBE and CBE regardsctistalline texture (different crystal size and
contents; Figs. 6, 7), which indicate variable talyzation conditions (i.e. undercooling) at whiths
magma crystallized (e.g. Conte et al., 2006; ShehHammer, 2013). Thus, it is possible that the
external part of the magmatic intrusion (FBE), fs tnterface with the silicic host where T contrast
was higher, crystallized a sub-millimetric (and igganular) crystal assemblage (Fig. 6a; Fig. 15c-

2), while in the internal part of the intrusion (CBEvhere T contrast was lower than the interfalee, t
magma crystallized a coarser mineral associatiog. @rowne et al., 2005; Fig. 1%¢-c¢4). The
presence within CBE of the crystal-rich inclusiqiggs. 2h; 7f) is in accord with the hypothesisttha
crystallization (and crystal accumulation) did attyoccurred (Fig. 15¢-5). The amphibole baroneetri
results obtained from FBE and CBE indicate thastallization may have started in an earlier pre-
injection magmatic stage (i.e. polybaric crystallian; Ridolfi et al., 2008). However, care must be
taken we interpreting the results of the RidolfdaRenzulli, (2012) amphibole thermobarometer,
considering that the inferred undercooling condsidi.e. disequilibrium) of crystallization (espaity

for FBE and BE) are not suitable for this thermaolpaetric estimation (Ridolfi et al., 2010). More

considerations about this point will be discussedection 6.2. Finally, during the eruption, distin
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parts of the reservoir were evacuated (Fig. 15@)) the first extraction of the upper rhyolitic nmag
(higher SiQ WP) containing low abundance of Bfad BP material (CPPI Phase 1), and a second
event, which causes the withdraw of the deepestgbdne reservoir (CPPI Phase Il with WP, BP and

all the enclave types; Fig. 15c).
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Figure 15. Simplified model of the pre-eruptive mmegic phases of the CPPI sub-volcanic system. jakction of BE

partial-liqguid magma, with consequent engulfmentVéP phenocrysts and glass (al, Fig. 6j), formatbrihe hybrid

trachy-dacite (a2, Fig. 5d) with remnants of WPtmagthin the hybrid (a3, Fig 2g), and dispersionBi blobs within WP

and BP (a4, Fig. 2e) b) Crystallization of BE grdarass and formation of amphibole rim on BE phersisr{bl, Fig. 6a)
and crystallization in the hybrid BP melt (b2, Figg). c) Injection of FBE/CBE-forming magma at lidustate. d)

Differential crystallization of FBE/CBE magma willigher cooling rates at the interface with the Kot Fig. 7a; d3, Fig.
7c) and lower cooling rates in the mafic intrusiaterior (c2, Fig. 8a-b), with consequent formatiointhe crystal-rich
inclusions (c5, Fig. 2h); c6) banded pumice (Fig).id which CBE, FBE and the hybrid BP are in cahiach other. The
relative volume of mafic magmas is exaggeratedfianity.

6.2. Thermobarometric constraints

The estimations of the intensive parameters obdanyehe thermobarometric calculations add physical
constraints on the model discussed in sectionfdL 15), which is principally based on the petgito
and textural characteristics of the silicic puméecel enclaves. The application of the distinct maésho
provided a wide range of crystallization conditipfiem middle to shallow crustal levels (~9 — 0 iKba
and between ~1180 — 800 °C (Fig. 14), reflecting hieterogeneity of the mineral assemblages and
textures in the CPPI products. We discussed inaseétl that mixing between BE- and WP-forming
magma was favored by the relatively high tempeeatir the rhyolitic host, and that the lack of a
dyktitaxitic texture on BE groundmass indicatethermal contrast < 150 °C between the rhyolitic and
mafic magmas. Thermometric results confirm thiorstruction, showing that the average value of the
two-feldspars geothermometer (T = 890 °C) is witht0 °C respect the two-pyroxenes, amphibole,
and plagioclae-liquid calculated temperatures farf BBE and CBE (950 — 1000 °C; Fig. 14). Also the
plagioclase-liquid and clinopyroxene-liquid methpdasghich provided a higher temperature range
(~900-950) than the former one, are in accord Witk assumption (Fig. 14). Considering the average
clinopyroxene-liquid temperature calculated for W00 °C,) as that of the rhyolitic host at thedi

of mafic recharge, and the two-pyroxenes tempeszatirBE (990 ° C) as the temperature of the
injecting magma, the thermal contrast between Wil-BE-forming magmas would be lower than 100

°C (ca. 90 °C).
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Among the enclave types, BE display the more hgtreous crystal cargo, carrying a pre-injective
mafic crystalline association (Figs. 5a, d, ealpost-injection quenched crystal groundmass @hyg.
c), and a minor xenocrystic component derived ftbenmingling with the rhyolitic host (Figs. 5i,kK;
15a). This complexity is reflected in the varidlyilof BE T-P results, with the orthopyroxene-liquid
the clinopyroxene-liquid and the olivine-liquid th@barometric models that yielded the highest
temperatures (~1100 - 1175 °C; Fig. 14) and higisgures ranges (~6.0 — 8.8 Kbar; Fig. 14). These
conditions may represent the deep stagnation letelre BE magma crystallized and cooled (e.g.
Ridolfi et al., 2016; Lucci et al., 2020). The prse of clinopyroxene and orthopyroxene crystal
aggregates (Figs. 5d; 8A-6) is in accord with thssumption, and the two-pyroxene calculated
temperature range (~ 950-1000 °C, average 992@Q) étlicates that cooling and crystallization of BE
magma proceeded up to ca. 1000 °C (Fig. 14). BEhiofe phenocrysts (Fig. 51) may be related to
this lower-T magmatic stage ( ~ 950 — 990 °C) a&pdevels in the crust (P = 7.4 — 9.0 Kbar), ptoor

the ascent of BE magma toward the surface.

The two direct barometric estimates of WP sampielsigd comparable results (Fig. 14), and indicate a
shallow crustal depth at about 2.6-2.7 Kbar, siryildo the pressure calculated using the BE
clinopyroxene — orthopyroxene pairs (P = 3.0 £ (KBar). The plagioclase-liquid pressure estimations
for FBE and CBE results are more variable, withrage values of 3.4 + 0.6 Kbar and 1.8 = 0.4 Kbar,
respectively. On the basis of these calculatioresjnfer that the crustal level at which the siliared
mafic magmas interacted lays at a depth of ca. mO(&stimated considering an upper crustal density
of 2.74 Kg dn?; e.g. Lucci et al., 2020), a position that cancbasidered the deepest portion of the
CPPI reservoir (e.g. Ridolfi et al., 2008). The FB&Rd CBE pressure estimates indicate a wide
crystallization pressure range (1.0 — 7.8 Kbar; E#) and the estimation of the depth of this nesier
before the magmatic ascent remains uncertain. \8{eveed the textural characteristic of FBE and CBE

amphiboles (differently from BE amphibole groundmasicrolites) as suitable for the Ridolfi and
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Renzulli, (2012) model, although the undercoolingditions inferred for FBE and CBE amphiboles
(Fig. 15c4, ), and the T-P distribution of CBE amphibole cara-analyses (Fig. 14), suggest the
occurrence of disequilibrium crystallization duriagiphibole growth (Ridolfi et al., 2010; Gorini et
al., 2018). By consequence, the amphibole thernoobater of Ridolfi and Renzulli, (2012) would not
be applicable to our rocks, and the pressure estilCBE and FBE amphibole may be overestimated
(Ridolfi and Renzulli 2012; Gorini et al., 2018)owWever, it is interesting to note that the rim$8E
amphiboles, which should have crystallized withhieigtemperature contrast than those within CBE,
provide temperature and pressure ranges (914 =@4and 2.5 — 3.3 Kbar) comparable with the T-P
results obtained from WP phenocrysts (clinopyroxemel plagioclase-liquid methods; Fig. 14), which
likely reflect the physical conditions of the rhim reservoir. This thermobarometric convergence
(Fig. 14) and the homogeneous composition of FBEphabole rims (Fig. 12a, b) suggest that a
chemical re-equilibration of these amphibole crgstmay have occurred (e.g. Ridolfi et al., 2016;
Gorini et al., 2018; Fig. 14). Thus, the amphibbl® estimates of Ridolfi and Renzulli (2012) may be
valid in those cases where amphibole crystallizedeu disequilibrium and then re-equilibrated with

the physical conditions of the host reservoir.

The occurrence of the re-equilibration event ingpligat an interval of time must have passed between
amphibole crystallization and the starting of tHmiBn eruption. Chemical zoning on BE and CBE
amphibole was not detected, and this contrasts thighhypothesis of re-equilibration, although a
slight T-P differentiation is present in BP corsrphenocrysts (Figs. 14). Possibly, BE amphiboles
(groundmass and phenocrysts) were protected framstiirounding magmatic environment by the
quenched glassy material, or zoning was not detedtging EPMA study. CBE amphiboles, as
discussed previously (Fig. 15c), were preservethendeeper (and hotter) part of the reservoir add d
not have the sufficient time (and/or thermal costlréo re-equilibrate. The occurrence of the pregos

temporal gap is also consistent with the thermamedsults obtained from the Zr-saturation model (~
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790 £ 15 °C), which is indicative of the pre-erwptimagmatic thermal state (e.g. Lucci et al., 2018)
and suggest the occurrence of a cooling stagbaata800 °C before the beginning of the eruption

(Fig. 14).

These textural and thermometric evidences aredonrdance with the existence of a temporal interval
between the FBE/CBE magmatic injection/crystallaatand the eruption, and contrast with the
hypothesis of a strong temporal coincidence betweafic recharge and the volcanic event (e.g.
Leonard et al., 2002). According to this recondtam; the rhyolitic eruption likely occurred durirey
cooling stage rather than a thermal peak, indigatiat other possible factors (like the tectonintoal)

may have played an important role as an eruptiggdr (as already suggested by Baez et al., 2015).
The low volume abundance of the mafic products e ICPPI deposits sustains this idea,
strenghthening the hypothesis that the thermal @remical consequences of the mafic recharge,
although increasing the pressure in the reserwivdiatile exsolution (e.g. Folch and Marti, 1998),

were not the main factor in triggering the Campdad@iedra POmez eruption.

6. Conclusions

The study of the petrologic characteristics of @PI indicates the presence in the ignimbritic dépo

of different juvenile clasts (silicic pumice and gnaatic enclaves), which record the complex pre-
eruptive history of magmatic interactions (physiaald chemical), during which magmas developed
diffuse macro- and micro-mingling textures. The mabnclusions obtained in this work are the
following: (i) BE-forming magma is one that mostaracted with the rhyolitic host, both physically
(diffuse and complex micro-mingling textures) amemically (hybridization with the rhyolite to form
trachydacitic pumice), (ii) mixing between BE andPV8tarted during the initial stage of BE mafic
recharge and was favored by the relative high teatpee of the rhyolitic host(875 °C, temperature

contrast of ca. 90 °C) calculated with distinct theomometers, (iii) FBE and CBE reflect a second
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magmatic injection event, and their textural vailigbis related to different degree of undercoglin
FBE crystallized at the interface with the morécg&ll magma, while CBE reflects crystallization in a
deeper and hotter zone of the Campo de la PiedreePdoeservoir, (iv) the convergence of different
barometric methods (using the rhyolite and encla@eespositions) indicates that the interaction among
rhyolitic and mafic magmas occurred at a depth.6f27 Kbar (~ 10 Km b.s.l.), a level which can be
considered as the basal portion of the Campo deiddra POmez magmatic system. Finally, we
conclude that a temporal gap existed between #teelgent of mafic recharge/crystallization and the
eruption, during which FBE amphibole had the timed-equilibrate with the reservoir conditions and

the rhyolitic magma cooled down to the temperatdreruption (~ 800 °C).
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Table 1. Mineral modal compositions of the CPPkeoc

Rock component % Sample
WP WP WP WP BP BP BE BE FBE FBE CBE CBE
Glass/vesicles 95 98 92 86 85 90 84 81 67 73 80 85
P.I. 5 2 8 14 15 10 16 19 33 27 20 15
Plagioclase 59 30 45 45 45 40 35 40 42 49 42 39
K-feldspar 27 54 25 32 10 12 tr. / / / /
Quartz / 5 10 / / / tr. / / / / /
Biotie 10 8 15 16 25 27 tr. 9 7 27 35
Clinopyroxene tr. / tr. tr. 2 tr. 30 26 / / / /
Orthopyroxene tr. tr. tr. / 5 18 14 traces traces traces traces
Amphibole / / / / 10 9 5 2 47 39 23 20
Olivine tr. / / / tr. tr. 5 9 / / / /
Oxides 5 3 5 6 5 7 7 8 2 5 8 6
Apatite tr. tr. tr. tr. tr. tr. tr. tr. tr. tr. tr. tr.
Zircon tr. tr. tr. tr. tr. tr. / / / / / /
tr. = traces amounts; mineral modal porcentajesali@ilated excluding the matrix/vesicles %.
Table 2. Whole-rock composition of the CPP prodérdds La-ICP MS analyses
Sample WP BP BE FBE CBE
P.B.D.D
Oxide CPP-16-11B CPP-16-11A CPP-PB-PRX  P.N. PB PBM PN2 PN1 DD2 DD1 CPP112 DVvV2 DV1
67.4
SiO, 74.30 73.40 72.70 72.01 72.18 0 66.40 55.23 54.60 54.18 56.70 55.60 53.80 53.80
TiO, 0.25 0.24 0.26 0.23 0.29 0.47 0.48 1.19 1.09 1.50 1.50 154 1.40 1.41
14.4
Al,O; 13.75 13.55 13.57 13.57 14.29 9 14.00 15.76 14.25 17.36 16.65 17.10 17.88 17.55
Fe0; 1.64 1.58 1.51 1.46 1.85 3.09 2.95 7.51 7.62 7.73 7.32 7.68 7.56 7.40
FeO 1.48 1.42 1.36 1.31 1.67 2.78 2.65 6.76 6.86 96 6. 6.59 6.91 6.80 6.66
MnO 0.05 0.05 0.06 0.06 0.06 0.07 0.07 0.12 0.14 130. 0.13 0.20 0.13 0.13
MgO 0.38 0.36 0.52 0.35 0.62 1.76 1.47 5.22 6.65 973. 3.85 3.63 3.31 3.22
CaO 1.41 1.36 1.43 1.22 1.74 2.65 2.56 6.44 6.79 90 6. 6.74 6.93 6.00 6.07
Na,O 3.83 3.74 3.91 3.53 404 3.82 3.73 3.38 2.94 3.92 3.75 4.10 3.99 3.87
KO 481 4.78 491 4.87 4.62 4.24 4.13 2.74 2.56 2.70 2.64 2.95 3.15 3.03
P,0Os 0.08 0.08 0.09 0.08 0.10 n.a 0.17 n.a. 0.29 na 50 0. 0.49 n.a. 0.66
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ppc. 0.63 0.51 1.80 2.54 0.90 179 2.74 1.49 120 211 1.34 1.13 1.47 1.59
1005 99.4
Total 100.97 99.49 100.60 100.15 2 7 98.40 98.33 97.37 98.83 100.39 100.58 97.93 97.99
A/CNK
* 0.98 0.98 0.95 1.02 0.96 0.92 0.92 0.78 0.71 0.79 0.78 0.76 0.86 0.85
A/NK** 1.19 1.20 1.16 1.22 123 1.33 1.32 1.85 1.87 1.85 1.84 1.72 1.79 1.82
* = cationic ratio (Na + K + 2Ca)/(Si * Al)
** = molar (Al203/(CaO+Na20+K20))
*** = molar (Al203/(Na20+K20))
ppc. = lost of ignition
Table 3. Microprobe analyses of the CPPI glass
Sample WP BP BE FBE CBE
CB-06CPP- CB-06CPP- PB16- 112a-C9- 112b-C1- 112a-C9- DD-C1- DV-C4- DV-C4-
Oxide 5 9 v2 PB16-v5 vl vl v4 vl DD-g2 v2 v1l
Sio, 7751 77.31 75.51 71.76 72.55 70.87 73.38 69.83 .6472 70.63 68.36
TiO, 0.03 0.11 0.16 0.16 0.19 0.31 0.14 0.40 0.32 0.45 0.64
Al,O3 13.05 12.53 13.20 15.27 15.67 16.10 15.27 1546 5115 16.86 16.56
FeO 0.31 0.45 0.95 0.84 0.28 0.37 0.52 0.67 0.43 36 1. 1.09
MnO 0.00 0.00 0.05 0.18 0.00 0.00 0.01 0.00 0.00 000. 0.05
MgO 0.03 0.00 0.07 0.10 0.05 0.04 0.04 0.05 0.04 270. 0.27
CaO 0.35 0.26 0.81 1.35 1.27 1.17 1.26 1.27 1.23 321 1.22
Na,O 3.02 2.87 3.56 3.82 2.52 2.59 2.78 3.05 4.23 2.61 2.42
K,0 5.98 6.19 5.66 5.42 5.33 5.36 5.37 5.22 5.06 5.15 5.09
P,Os 0.00 0.00 0.04 0.01 0.11 0.03 0.05 0.06 0.07 0.09 0.12
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.14
Cl 0.00 0.00 0.15 0.20 0.08 0.08 0.08 0.21 0.17 102 0.18
Total 100.28 99.71 100.15 99.10 98.06 96.91 98.91 6.2 99.70 99.01 96.15
AJ/CNK* 1.08 1.05 0.98 1.05 1.28 1.32 1.20 1.19 1.06 1.37 141
A/NK** 1.14 1.10 1.10 1.26 1.58 1.60 1.47 1.45 125 171 1.74
* = molar (ALOs/(CaO+NaO+K,0))
** = molar (Al,Os/(Na,O+K,0))
Table 4. Representative microprobe analyses of @Rpar crystals
Sam BE BE BE sieve-textured FBE WP K-
BE

ple WP plagioclase BP groundmass phenocry crystals* phenocrystals** CBE phenocrystals** feldspar  BP
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crystals

sts

DD- DD-
Oxi  112A- 112A- PB16- PB16- 112a-C1- 112a-C3- 112b- 112a- C1- CNN- 106A- 106A-C3- 112A- PB16 PU33
de C2-PI2a C2-PI2b Plp4db  PlIp5b Pimcl PI3c C5-PI2c C1-PI2b  PI3c PI2c C3-Pl1c Pllbc C3-Slc -b2 -3-1
SiO, 60.42 54.89 57.60 57.12 56.68 48.16 58.96 57.78 1157 54.74 54.37 54.77 65.26 66.41 63.87
TiO, 0.00 0.05 0.00 0.00 0.05 0.07 0.28 0.02 0.17 0.00 0.14 0.12 0.14 0.00 0.12
Al,
O3 24.40 28.05 26.39 26.36 27.29 33.08 24.58 26.75 986 27.96 28.23 28.14 18.46 18.26 19.13
FeO 0.26 0.24 0.26 0.32 0.61 0.52 0.32 0.42 0.32 580. 0.41 0.37 0.23 0.16 0.21
Mn
(@) 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.07 0.12 0.00 0.11 0.00 0.00
Mg
(0] 0.05 0.05 0.02 0.00 0.05 0.05 0.00 0.00 0.00 0.06 0.03 0.00 0.01 0.02 0.00
CaO 6.10 10.04 9.04 9.22 9.65 16.18 6.24 8.87 8.71 10.60 11.20 11.01 0.26 0.26 0.31
Nap
(@) 7.56 5.11 6.14 5.99 5.87 1.97 7.41 6.08 6.01 5.08 4.89 5.06 3.29 3.22 312
K,0 0.96 0.36 0.54 0.45 0.56 0.12 0.81 0.57 0.54 0.33 0.34 0.35 12.35 11.63 11.14
Tota
I 99.8 98.8 100.0 99.5 100.7 100.1 98.6 100.5 99.8 99.4 99.7 99.8 100.1 100.0 97.9
An 29 51 43 45 46 81 30 43 43 53 55 53 1 1 2
Ab 65 47 53 53 51 18 65 54 54 46 43 44 28 29 29
Or 5 2 3 3 3 1 5 3 3 2 2 2 70 69 69
An = anorthite; Ab = albite; Or = orthoclase
*b = fresh overgrowth; ** ¢ = core; b = rim
Table 5. Microprobe analyses of CPPI clinopyroxane orthopyroxene grains
WP BE CBE crystal-rich

Sample opx BP BE megacryst inclusion BE cpx WP BP

106A-  PB1l6- 112al- BE- 112a4- 106A2- 112a2-  112A1- 106A2-
Oxide 3b Al12 1co 17 112a3-1oc 2bcu 2bcu 112a1-3c 1ccl 1c 112A6-1 1c
SiO, 56.31 53.29 55.22 54.35 55.15 52 54.71 51.96 52.30 53.50 53.59 51.12
TiO, 0.07 0.35 0.18 0.21 0.30 0.41 0.05 0.33 0.75 0.09 0.21 0.76
Al,O; 0.84 2.76 1.41 2.03 2.13 4.55 0.30 3.28 3.44 0.98 0.94 4.44
FeO 13.7 16.53 11.68 11.32 12.49 17.15 16.99 705 .77 6 9.18 8.91 7.57
MnO 0.60 0.36 0.26 0.24 0.30 0.37 3.95 0.20 0.18 121. 1.24 0.21
MgO 27.54 25.15 29.28 27.69 29.21 25.01 20.7 16.06 16.34 12.78 12.76 14.95
CaO 0.61 1.06 1.62 1.85 1.34 1.43 1.53 20.38 20.48 21.68 21.40 20.25
Na,O 0.00 0.11 0.03 0.05 0.03 0.04 0.16 0.38 0.39 0.46 0.48 0.51
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Total
Mg/(Mg+Fée™)
Wo

En

Fs

99.7
0.78
1.2
77.2
215

99.6
0.73
2.2
71.5
26.4

99.7
0.82
3.1
79.1
17.7

97.8
0.81
3.8

78.3
18.0

100.9
0.81
2.6
78.6
18.8

101.0
0.72
2.9
70.1
27.0

98.4 99.6 .00 99.8 99.5
0.68 0.80 0.81 0.71 0.72
3.5 42.26 42.23 46.50 .4146
66.1 46.33 46.88 38.14 38.50
30.4 12.88 12.23 8.161 17.76

99.8
0.78
43.12
44.30
14.39

Wo = % wollastonite; En = % enstatite; Fs = % fsilite Wo = % wollastonite; En = % enstatite; F&oferrosilite.

Table 6. Microprobe analyses of the CPP olivinestaig

Sample BE

Oxide 112a2l-1c 112a2-2¢ 112a9-1c 112a1-2 112b8-2 06A4-x
SiO, 39.16 38.65 39.22 38.28 38.35 41.02
TiO, 0.00 0.09 0.00 0.16 0.02 0.02
Al,O; 0.03 0.01 0.03 0.00 0.03 0.03
FeO 19.87 19.61 23.64 22.42 22.08 18.94
MnO 0.32 0.27 0.21 0.43 0.34 0.55
MgO 40.61 41.21 38.02 39.08 38.23 38.57
Na,O 0.01 0.00 0.05 0.00 0.02 0.00
KO 0.00 0.02 0.01 0.00 0.00 0.07
CaO 0.12 0.12 0.14 0.27 0.11 0.07
P,Os 0.06 0.04 0.04 0.05 0.00 0.08
F 0.00 0.00 0.00 0.02 0.16 0.00
Cl 0.03 0.01 0.01 0.00 0.00 0.02
Total 100.20 100.02 101.39 102.51 99.35 99.31
Cation (apfu)

Si 1.01 0.99 1.13 0.99 1.01 1.07
Ti 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.00 0.00 0.00 0.00 0.00 0.00
Fe3 0.00 0.01 0.00 0.01 0.00 0.00
Fe2 0.43 0.41 0.57 0.47 0.48 0.41
Mn 0.01 0.01 0.01 0.01 0.01 0.01
Mg 1.56 1.58 1.29 151 1.50 1.50
Ca 0.00 0.00 0.00 0.01 0.00 0.00
Mg# 0.78 0.79 0.69 0.76 0.76 0.78
Te 0.35 0.29 0.28 0.47 0.38 0.63
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A1

12

13

Fo 78.06 78.57 69.01 75.02 75.12 77.83
Fa 21.43 20.97 30.48 24.14 24.34 21.44
Ca-Ol 0.16 0.16 0.23 0.37 0.16 0.10

Te = tephroite Fo = forsterite; Fa = fayalite; Ce=Cralcic olivine

Table 7. Represestative compositions of CPPI angdidnd biotite crystals, and amphibole thermo-#gmrometric results from Ridolfi
and Renzulli, (2012) method

CBE
Sample FBE amp FBE c CBE core rim BP core BP rim
DD- DD- DD1- DV- DV- DV-
Oxide DD-1b  3b 1b c DV2-Fllc 1lc A2b Céb PB16-Allc PB16-Al0b
Si0, 42.24 41.8 39.03 40.18 40.23 41.02 41.60 42.56 6041. 42.15
TiO, 3.19 325 498 354 4.73 3.7 4.15 3.48 431 4.42
Al,05 11.01 10.94 1366 12.9 12.47 12.37 12.61 11.89 1812. 11.72
FeO 14.09 1463 1521 13.1 12.42 12.3 13.09 13.03 1.751 11.70
MnO 0.28 0.41 028 0.27 0.18 0.38 0.25 0.42 0.07 100.
MgO 12.46 12.33 10.67 12.39 12.75 13.59 12.60 12,98 12.77 13.27
Cao 11.35 11.65 11.94 11.49 11.71 11.48 11.65 11.75 11.76 11.94
Na,0 2.11 2.36 2.51 2.5 2.70 2.44 2.62 2.52 2.26 2.26
K20 1.23 1.25 1.01 1.03 0.94 0.96 1.06 0.99 0.98 121
F 0.16 030 0.00 0.22 0.00 0.03 0.08 0.00 0.00 0.32
Cl 0.12 0.10 0.06 0.02 0.05 0.05 0.02 0.06 0.04 70.0
H2Ocaic 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
Anhydrous Total 98.25 99.01 99.35 97.64 98.19 98.3199.74 99.68 97.71 99.07
Mg/(Mg+Fe+) 0.67 0.66 0.63 0.69 0.72 0.72 0.68 0.68 0.71 20.7
Fe/(Fe+Mg) 0.33 034 037 032 0.28 0.28 0.32 0.32 0.29 0.28
T Rid1Z(°C) 940 953 1033 1003 1013 994 991 967 984 979
P Rid12 (Kbar) 923 955 1007 994 1035 1034 1012 1004 968 991
H,O° Rid12 (wt %) 4.73 422 466 487 4.84 5.13 5.62  785. 4.31 5.24




Table 7 continuation
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BE BE BE WP
Sample microcx corona  phenocx  biotite BP BE FBE CBE
112a7- 112al- CPP112b- CB-2- 112a4- DD1- DV1-
Oxide 3mc co 2 112A2-1 c2-5 2c 1c 2ot DV1.Bt2crx*
Sio2 40.34 43.04 41.47 36.12 36.83 36.06 36.11 &6.5 35.81
TiO2 4.74 2.34 2.70 5.48 4.78 5.50 5.71 5.87 5.43
Al203 13.03 11.2 12.99 13.16 13.42 14.32 1425 347 14.86
FeO 12.95 12.63 11.27 17.94 16.94 17.02 15.29 14.03 14.19
MnO 0.18 0.24 0.17 0.47 0.13 0.26 0.29 0.11 0.17
MgO 13.12 14.32 14.09 12.71 13.32 13.64 14.36 15.19 15.10
CaO 11.45 11.05 11.79 0.00 0.03 0.00 0.01 0.00 0.01
Na20 2.14 2.16 2.45 0.50 0.74 0.61 0.74 1.03 1.09
K20 0.96 0.91 1.07 9.39 10.74 8.68 8.66 8.29 8.40
F 0.16 0.16 0.12 0.43 0.00 0.21 0.29 0.00 0.21
Cl 0.05 0.05 0.05 0.13 0.00 0.07 0.10 0.07 0.06
H2Ocalc 1.80 1.80 1.80 3.72 3.96 3.88 3.84 4.02 73.8
Anhydrous Total 99.12 98.10 98.17 96.33 96.92 96.385.82 95.90 95.33
Mg/(Mg+Fe2+) 0.70 0.73 0.76 0.56 0.58 0.59 0.62 60.6 0.65
Fe/(Fe+Mg) 0.30 0.27 0.24 0.44 0.42 0.41 0.38 0.34 0.35
T Rid12a (°C) / / 1000
P Rid12b (Kbar) / / 988
H20c Rid12 (wt %) / / 7.94

a = calculated amphibole temperatures from the IRiglod Renzulli,(2012) thermometer

b = calculated amphibole pressures from the Ridwlfl Renzulli,(2012) barometer

¢ = calculated H20liq from the Ridolfi and Renz(#i012) hygrometer



Highlights

¢ Pleistocene rhyolitic ignimbrite with multi-banded pumice clasts (mafic enclaves)

e Chemical hybridization of rhyolite and basalt to form dacitic rocks

¢ Enclave amphibole zoning reflecting re-equilibration in the rhyolitic reservoir

e Pre-eruptive cooling stage of rhyolitic melt to 800 °C at a depth of 2.6 Kbar
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