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INTRODUCTIE 

Het Vulsinische gebied is een vulkaancomplex, gelegen ten 

noorden van Rome in de landstreek Latium (West Italie). Dit Quartaire 

vulkaangebied is opgebouwd uit een dikke sierie gelaagde tuffen met 

geintercaleerde lavastromen en volumineuze ignimbrieten. Jonge 

askegels omzomen het centraal gelegen Boisena meer, een vulkano

tektonische depressie. De jongere Latera vulkaan met een caldera 

structuur ligt in het westen van het gebied. Dit proefschrift 

beschrijft de structuur en wordingsgeschiedenis van het Vulsinische 

gebied in drie afzonderlijke hoofdstukken: 

I.	 De tektonische en vulkanologische geschiedenis van het gebied,
 

voornamelijk uit veldgegevens, paleomagnetische studies en
 

absolute ouderdomsbepalingen.
 

II.	 De petrologie van de Vulsinische gesteenten. In dit hoofdstuk 

wordt een inventarisatie gegeven van de gesteente typen. De 

gesteenten worden chemisch geclassificeerd, trends besproken en 

het hoofdstuk wordt besloten met een speculatief petrogenetisch 

model. 

III.	 Een gedetailleerde studie van een suite mafische nodulen uit 

phreato-magmatische afzettingen in het Montefiascone gebied. 

Hierin worden de chemie en zonering van een aantal zeldzame 

mineralen en Al rijke clinopyroxenen besproken, besloten met 

een chemisch model voor de genese van de nodulen. 
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I. DE GEOLOGIE EN DE VULKANOLOGIE VAN HET VULSINISCHE GEBIED 

De vulkano-stratigrafie wordt voor drie deelgebieden behandeld: 

a. Boisena - Orvieto zone, b. Montefiascone zone, c. Latera zone. Do 

vulkanische activiteit kan in zes fasen worden onderverdeeld. Deze 

fasen worden gedateerd en gekarakteriseerd qua gesteente type en 

tektonische activiteit. 

fase I.	 Eruptie van mafische latiet lavastroom en trachytische 

ignimbrieten (jonger dan 1 M.y.). 

fase II.	 Lange periode van explosieve activiteit en lava 

uitvloeiingen, resulterend in een dikke serie gelaagde 

tuffen met geintercaleerde lavastromen, aIle van leuciet 

rijke, onderverzadigde samenstelling (0.89 - 0.40 M.y.). 

fase III.	 Gedurende deze periode worden zuurdere produkten 

geerupteerd, in de vorm van lavas en ignimbrieten (0.40 

0.35 M.y.). 

fase IV. Direct na fase III zakt het centrale gedeelte van het 

gebied verder in en vormt een grote depressie. Langs de 

randbreuken vormen zich vele kleine vulkaankegels, 

voornamelijk opgebouwd uit onderverzadigd mafisch materiaal 

(0.35 - 0.25 M.y.). 

fase V. Volumineuze trachietische en latietische tuf stromen worden 

geerupteerd in het Latera gebied, gevolgd door een caldera 

inzakking. In het Montefiascone gebied is er tektonische 

activiteit en gelieerd hieraan phreato-magmatische erupties 

(0.25 - 0.055 M.y.). 

fase VI. In en rondom de Latera caldera ontwikkelen zich een groot 

aantal kleine centra die een grote varieteit aan gesteenten 

produceren. In de Montefiascone zone bouwen een aantal 

askegels zich op en in het meer verrijzen twee eilanden 

(0.055 - Recent). 



10 

De tektonische geschiedenis van het gebied wordt 

gekarakteriseerd door een aantal rekfasen. Tijdens de vroege 

ontwikkeling daalde het hele gebied. De Torre Alfina structuur was 

een "hoog" en aan de randen van het gebied vormden zich snel dalende 

basins, die opgevuld werden met vulkano-clastisch materiaal. Aan het 

eind van fase II begint het centrale deel van het gebied te dalen en 

tijdens fase IV vormt zich een grote depressie, tegenwoordig 

grotendeels ingenomen door het meer van Bolsena. De zone rond Benano 

werd kort na fase III door een aantal E - W breuken doorsneden en de 

Montefiascone zone was tot subrecent tektonisch actief. 

De morphologische structuur en de invloed van paleorelief op 

superpositie relaties wordt behandeld in de structurele sectie, 

waarin tevens een aantal dwarsprofielen wordt gegeven. 

De paleomagnetische studie leverde een belangrijk gegeven op, 

nl. de omgekeerde polariteit van het natuurlijk remanent magnetisme 

van de Torre Alfina lavastroom. Dit plaatst deze lavastroom erg vroeg 

in de ontwikkeling van het gebied. 

De absolute ouderdomsbepalingen complementeren het 

stratigrafische beeld en vooral de snelle opeenvolging van fase III 

en IV is opvallend. In de laatste sec tie worden de 

transportmechanismen van de verschillende gesteente typen behandeld. 

Een schema van de evolutie van het gebied wordt gegeven in de 

sec tie conclusies. De vulkanologische ontwikkeling kan gezien worden 

als een afwisseling van perioden met weinig ontwikkeld, alkalien 

magmatisme (perioden van rek) en perioden met een silicium rijker 

magmatisme, met ver ontwikkelde gesteenten evenals weinig ontwikkelde 

gesteenten (resp. trachieten en latieten). 
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II. PETROLOGIE VAN DE VULSINISCHE GESTEENTEN 

De variatie in de gesteentesamenstelling van de Vulsinische 

gesteenten is groot. We kunnen de gesteenten indelen in drie series: 

a.	 Onderverzadigde (leuciet rijke) serie; 

b.	 Latietische serie (vaak trachybazalten genoemd door andere 

auteurs); 

c.	 Trachietische serie t voorkomend als lavas en ignimbrieten. 

Serie a bestaat uit de volgende gesteenten: olivijn houdende 

leucieten, leucitieten, basanieten, leuciet tefrieten, fonolietische 

leuciet tefrieten en leuciet fonolieten. Gesteentevormende mineralen 

zijn clinopyroxeen, plagioklaas, leuciet, erts en soms sanidien, 

olivijn en biotiet. De clinopyroxenen zijn Fe3+ en Al rijk en relatief 

Ti en Na arm. De meeste kristallen zijn sterk gezoneerd (sector, 

concentrisch), sommigen hebben een donkergroene kern en een bleke 

rand. Plagioklaas is basisch (An 75 - 95), leuciet heeft wat Or in 

"solid solution"; de olivijnen zijn meestal erg fosfietrijk (Fo $5 

en meer) en sanidien heeft ongeveer 60% Or in solid solution. Biotiet 

is vaak sterk omgezet, en was Ti rijk. 

Serie b, de latieten en trachieten zijn niet in detail 

bestudeerd. De latieten zijn donkere gesteenten met clinopyroxenen, 

plagioklaas, olivijn, biotiet, erts en sanidien als belangrijkste 

mineralen. De olivijn is minder Fo rijk dan in serie a en de 

clinopyroxenen hebben vaak een grove vertweelinging. De 

plagioklaassamenstelling varieert van An 65 - 80. 

Serie c, de trachieten zijn vaak heel rijk aan sanidien en 

enkele voorkomens hebben modaal kwarts. In de Torre Alfina lava komen 

xenolithische aggregaten voor van plagioklaas, waarschijnlijk 

metasedimenten en kwarts xenocrysten, omringd door clinopyroxeen 

kristallen. 

De chemische variatie van de Vulsinische gesteenten is 

geillustreerd in een aantal driehoeksdiagrammen. Dertig nieuwe 
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chemische analyses van ignimbrieten en lavas zijn gemaakt en deze 

zijn samen met analyses uit de literatuur in een aantal diagrammen 

uitgezet. De chemische variatie diagrammen (Differentiatie Index 

tegen element oxyde percentage) wijzen in de richting van een 

fractionatie serie in de onderverzadigde gesteente serie. Deze 

fractionatie reeks loopt van leucitieten tot leuciet fonolieten. Het 

basische gedeelte van de serie wordt bepaald door clinopyroxeen 

fractionatie met wat olivijn en erts, maar in het felsische gedeelte 

worden plagioklaas en erts belangrijke fasen. Het model werd getest 

met een aantal andere diagrammen. Met een computerprogramma werd de 

kwantitatieve mogelijkheid van het model bekeken. 

De chemische trend in het meest basische deel van de 

onderverzadigde serie kan niet worden verklaard vanuit een 

fractionatie model en hiervoor wordt, sterk speculatief, een primaire 

varia tie in magmasamenstelling aangevoerd als verklaring. 

De chemische varia tie in de latietische serie kan eventueel 

verklaard worden met fractionele kristallisatie maar kwantitatieve 

gegevens van de mineraalfasen ontbreken, zodat dit niet aangetoond 

kan worden. 

Sporenelement gegevens ondersteunen de onderverdeling in 

onderverzadigde serie en latietische serie. De trachietische lavas 

en ignimbrieten vertonen een grote spreiding. Waarschijnlijk zijn de 

ignimbrieten deels af te leiden van de onderverzadigde serie, deels 

van de latietische serie. Alhoewel de isotoop gegevens schaars zijn, 
" . d 180 /160 87 /86 " d d 1"W1Jzen e en Sr Sr rat10s erop at een on erverde 1ng 

in latietische, onderverzadigde en trachietische serie 

gerechtvaardigd is. 

De ornstandigheden gedurende de kristallisatie zijn benaderd door 

een aantal berekeningen. Deze wijzen op een ondiepe kristallisatie 

periode voor de voorgestelde fractionatie serie. Sommige plagioklaas 

kristallen in de fonolieten zijn niet in evenwicht met de grondrnassa. 

Menging op kleine schaal van ver ontwikkelde gesteenten met 
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primitievere gesteenten mag niet worden uitgesloten. 

De petrologische ontwikkeling van het Vulsinische gebied kan 

samengevat worden als een afwisseling van perioden met onderverzadigd 

magmatisme en perioden van ver ge~ifferentieerd magmatisme, vergezeld 

van de latieten. Een simpel petrogenetisch.model om deze opeenvolging 

samenhangend te verklaren is niet mog~lijk. We hebben een tentatief 

model gegeven, waarin de petrologische karakteristieken tesamen met 

de tektonische setting van Italie in een beeld worden ondergebracht. 

Een selectieve aanrijking in incompatibele elementen van een 

subcrustaal magma lijkt een verklaring voor het onderverzadigde 

magmatisme. Bulk assimilatie van crustaal materiaal door een 

subcrustale smelt kan de reeks latiet tot trachiet verklaren, en de 

silicium rijkere leden worden transitioneel naar de Tuscaanse 

magmatische suite. De ignimbrieten kunnen worden verklaard als 

gedifferentieerde eindleden van de onderverzadigde serie of van de 

latietische serie. De contaminatie van een bovenmantel smelt (of 

bovenmantel materiaal) zou gebeurd kunnen zijn gedurende de rotatie 

van Italie tegen de klok in tijdens het Midden Tertiair. 
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III.	 CHEMIE EN PETROGENESE VAN EEN SERlE MAFISCHE NODULEN UIT~HET 

VULSINISCHE GEBIED 

Een aantal mafische nodulen werd aangetroffen in phreato

magmatische afzettingen in het Montefiascone gebied. De mineralen in 

deze knollen zijn voornamelijk clinopyrox~en, olivijn en biotiet, met 

als felsische fasen leuciet, plagioklaas en twee heel zeldzame 

mineralen: kaliophiliet en latiumiet. Deze mineralen zijn 

geanalyseerd met behulp van een microprobe en ter vergelijking werden 

ook een aantal fenocryst fasen van de lavastromen geanalyseerd. De 

monsters werden onderverdeeld in de volgende groepen: 

A. 1.	 Kaliophiliet houdende monsters 

2. Latiumiet houdende monsters 

3. Leuciet houdende monsters 

4. Mafische monsters, voornamelijk bestaande uit clinopyroxeen 

B.	 5. Lavastromen: leuciet tefriet, olivijn houdende tefrietische 

leucitiet en een leuciet fonoliet. 

De eerste twee groepen hebben typische metamorphe texturen. 

Groep 3 en 4 hebben echter noch typisch magmatische noch typisch 

metamorphe vergroeiingen. Een monster uit groep 4 bestaat uit een 

kern van kalksteen met een rand van clinopyroxeen. 

De kaliophiliet is vaak vergezeld van apatiet en de latiumiet 

van anorthiet. Clinopyroxeen is het meest voorkomende mineraal. De 

clinopyroxeen kristallen vertonen verschillende typen zonering, die 

vaak verklaard kunnen worden vanuit gekoppelde substituties. 

Een sterk gezoneerd clinopyroxeen kristal 1n een latiumiet 

houdend monster heeft een extreem hoog AI gehalte in de rand, het 

hoogst tot nu toe gevonden in aardse, natuurlijk voorkomende 

clinopyroxenen. 

"Vlek" zonering 1S een veel voorkomend type zonering. Di t is 

zelden behandeld in de literatuur maar het lijkt verklaard te kunnen 

worden vanuit een model van snelle groei in een deels 
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"constitutionally supercooled" magma. Een van de monsters is een 

groot idiomorf clinopyroxeen kristal, intern verdeeld in velden die 

aangerijkt zijn in Al en Fe. Geen simpele verklaring kon worden 

gegeven voor dit tot nog toe onbekende type "zonering". 

Geotherrnometrische berekeningen gaven weinig betrouwbare 

resultaten; de mogelijkheden waren beperkt door de mineraal 

paragenese. 

De silica activiteiten werden berekend in een aantal gevallen. 

Een vrij grote spreiding in waarden werd gevonden. 

In de discussie wordt een genetisch model van magma - omringend 

gesteente interactie voorgesteld om de suite nodulen te verklaren. 

Drie zones zijn te onderscheiden: 

I.	 Een therrnometamorphe distale zone, met weinig aanvoer van 

elementen uit het magma (voornamelijk K en P); 

2.	 Een interrnadiaire zone, met vrij veel aanvoer vanuit het magma; 

3.	 Een magmatische zone, waar brokken gesteente worden opgenomen ~n 

het magma en omgevormd tot fasen stabiel onder magmatische 

condities. 

Het model verklaart de paragenese, zonering in de mineralen en 

de silica activiteiten zijn er ook mee in overeensternrning. 

In een aantal nodulen werd een glas fase aangetroffen en de 

samenstelling van deze glazen were gebruikt om het model te 

controleren. Deze glazen werden waarschijnlijk gevorrnd na 

kristallisatie vanuit een gecontamineerd magma. De mate van 

contaminatie is af te lezen uit de relatie tussen moedermagma, 

gekristalliseerde fase en glas. De genese van het zeldzame latiurniet 

is waarschijnlijk het gevolg van interactie tussen een gips houdend 

carbonaat gesteente en een K rijk magma. 
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SUMMARY 
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INTRODUCTION 

The Vulsinian volcanic area is situated in Latium, west 

central Italy. This quarternary volcanic complex consists of a 

series of layered tUffs, lava flows, i~nimbrites, and many small 

cinder and ash cones. A steep central edifice is lacking due to 

the relatively large amount of pyroclastic deposits. Tectonic 

movements created a relief with large, shallow depressions: the 

central Bolsena depression with the Bolsena lake inside and the 

Latera caldera. The present study is subdivided into three chapters 

I.	 The tectonic and volcanologic history of the area, mainly 

from field studies, paleomagnetic stratigraphy and absolute 

age determinations. 

II.	 The petrographic and chemical characteristics of the Vulsinian 

rocks. An inventarization of the rock types is given together 

with chemical trends an conditions of crystallization. A 

speculative petrogenetic and geodynamic model concludes this 

chapter. 

III.	 A detailed microprobe study of a suite of mafic nodules, which 

were found in phreato-magmatic deposits in the SE part of the 

area (Montefiascone). This chapter presents the chemistry 

of a suite of Al rich clino-pyroxenes, their zoning and 

paragenesis. 
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I. THE GEOLOGY AND VOLCANOLOGY OF THE VULSINIAN AREA 

The area can be subdivided into three parts, for which the 

stratigraphy has been treated separately. These three zones are 

a. Bolsena - Orvieto zone (NE part), b. Montefiascone zone (SE part)
 

and c. Latera zone (W part). The volcanic activity can be
 

subdivided into six phases which can be dated and characterized
 

regarding the kind of erupted rocks and tectonic activity.
 

Phase I.	 Mafic latitic lava (trachybasalt) and trachytic 

ignimbrites are erupted. Time limits: Generally younger 

than 1 M.y. 

Phase II.	 Long period of explosive activity, alternating with 

periods of relative quiescence. A thick series of 

layered tuffs and lava flows was deposited, all of 

undersaturated composition. The whole area was a sinking 

basin. Time limits: 0.89 -- 0.40 M.y. 

Phase III.	 At the end of phase II the central part of the area 

started to subside. Highly evolved trachytic and 

vUlsinitic lavas were erupted and a voluminous phonolitic 

ignimbrite. Time limits: 0.40 -- 0.35 M.y. 

Phase IV.	 A period of tectonic activity started directly after 

phase III. The "paleo Bolsena depression" formed, 

bounded by step faults in the E and by some E - W running 

faults in the Nand S. Small centres formed along these 

faulttrends, all constructed of mafic undersaturated 

rocks. In the NE an extensive lava plateau developed. In 

the Latera area considerable amounts of mafic 

undersaturated lavas and phonolites were erupted during 

this period. Time limits: 0.35 -- 0.25 M.y. 
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Phase V. Voluminous trachytic and latitic ash flows were 

erupted in the Latera area during this period; the 

Latera caldera formed afterwards. In the Montefiascone 

zone basanitic and leucititic mudflows, ash flows and 

phreato-magmatic tuffs were erupted. Time limits: 

0.25 -- 0.055 M.y. 

Phase VI.	 Many minor centres developed in the Latera area during 

this period, erupting cinders, ashes and lavas. 

Undersaturated as well as saturated rocks are found. In 

the Montefiascone area phreato-magmatic eruptions 

continued and inside the lake two small islands formed 

by Surtseyan type eruptions. Time limits : 0.055 - 

subrecent. 

The tectonic history of the area can be summarized as follows : 

the Torre Alfina zone was a rising area already before the Vulsinian 

volcanic activity started (the village is situated on the 

continuation of the Monte Cetona horst structure, a major regional 

feature). During the early volcanic activity the whole Vulsinian 

area was a subsiding basin. After the deposition of the phase III 

deposits the Bolsena depression formed, probably extending farther 

towards the west than nowadays. The Benano area was cut by faults 

and tectonic movements in the Montefiascone zone lasted till 

subrecent. 

The morphologic structure and paleorelief influences are 

discussed in some detail and a number of cross sections is given. 

The paleomagnetic study provided one important datum : the 

Torre Alfina lava proved to have a reversed polarity of natural 

remanent magnetism, while most other flows were normal. 

The absolute age determinations give a clear picture of the 

time relations. Especially the rapid follow up of phase IV after 

phase III is remarkable. 
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CHAPTER II. PETROLOGY OF THE VULSINIAN ROCKS 

Petrographically three groups can be distinguished : 

a.	 Undersaturated series, running from leucitites towards 

leucite phonolites. 

b.	 Latitic series (often named trachybasalts by other authors). 

c.	 Trachytic series, found as lava flows and ash flows. 

a. The first series consists mainly of undersaturated rocks 

(olivine carrying leucitites, leucitites, basanites, leucite 

tephrites, phonolitic leucite tephrites and leucite phonolites). 

Prominent minerals are clinopyroxene, plagioclase, olivine, leucite, 
3

minor sanidine, ores and biotite. The clinopyroxenes are Fe + and 

Al ric~ Na and Ti poor, sometimes sector zoned and mostly strongly 

concentrically zoned. The basic rocks of phase 4 have often 

"green-cored" clinopyroxene crystals. Plagioclase compositions are 

basic, ranging from An 75 to 95. Leucite crystals normally have 

some sanidine in solid solution. Olivine is Fo rich (mostly around 

85 %) and sanidine is potassium rich (around 60 % Or). Biotite is 

mostly strongly altered. 

b. The latites and trachytes have been studied in less detail. 

The latites are made up of clinopyroxene, olivine, plagioclase, 

ores, biotite and minor sanidine. The olivine is less Fo rich than 

in series a, the clinopyroxenes are characterized by coarse twin 

lamellae and the An content of the plagioclase varies from 65 to 

80 %. 

c. The trachytes are sometimes very rich in sanidine and some 

carry modal quartz. Xenolithic aggregates of metasediments are 

found in the Torre Alfina lava as well as xenocrysts of quartz. 

The chemical variation of the Vulsinian rocks is displayed 

in a number of triangular plots. Thirty new chemical analyses have 

been made and these are plotted together with chemical analyses 

from the literature in chemical variation diagrams (D.I. against 
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element oxyde). It appears that a fractionation series is present 

in the undersaturated rock series running from olivine carrying 

leucitites towards leucite phonolites. The basic part of this 

fractionation series is dominated by subtraction of clinopyroxene, 

ore and minor olivine while in the felsic range plagioclase and 

ore fractionation becomes more important. The model was tested with 

a series of other diagrams. Computer calculations have been made 

to check the quantitative viability of the proposed mechanism. 

The trends in the very basic part of the undersaturated series 

can not be explained by fractional crystallization processes, 

but are tentatively explained by variation in the unevolved melts, 

due to different degrees of partial melting of a source rock or 

different degrees of contamination of a subcrustal source rock by 

crustal material. 

The variation in the latitic series can be qualitatively 

explained by crystal fractionation processes but detailed data are 

necessary to check this model. 

Trace-element data support the separation into undersaturated 

series and latitic series. The ash flows and trachytic series do 

not form a homogeneous group : the ash flows are probably partly 

related to the undersaturated series and partly to the latitic 

series. 
18 16 87 86

Isotopic data ( 0/ 0, Sri Sr) also support the 

subdivision into latitic series, undersaturated series and trachytic 

series, although the data are scarce. 

The conditions of crystallization have been approached by some 

calculations and plots, showing that the fractionation series is 

probably related to a low pressure crystallization period (around 

1 kb). The plagioclase phenocrysts in the phonolitic rocks are 

probably not in equilibrium with the matrix, which suggest perhaps 

some mixing between batches of less evolved magma with more ev~~ed 

magma. 
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The petrological development in the Vulsinian area can be 

characterized as an alternation of periods with undersaturated 

magmatism and periods with highly evolved alkaline rocks, 

accompanied by less evolved mafic latites. It is difficult to 

reconcile these data into one petrogenic model, but we have 

attempted to explain the petrogenetic characteristics within the 

wide framework of the Italian tectonic setting. 

A selective enrichment in incompatible elements of a subcrustal 

magma due to crustal contamination can be the explanation for the 

mafic range of the undersaturated series, which are parental to 

the proposed low pressure fractionation series. Bulk assimilation 

of crustal material by a subcrustal melt seems to explain the 

range from latitic to trachytic rocks, which become transitional 

to the Tuscan magmatic suite at the silica rich part. The ash flows 

can be explained as evolved magmas of the undersaturated series 

as well as of the latitic-trachytic series. The contamination of 

the upper mantle with crustal material could have occurred during 

the counterclockwise rotation of Italy during Hiddle-Tertiary times. 
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CHAPTER III.	 CHEMISTRY AND PETROGENESIS OF ~~FIC XENOLITHS OF 

THE VULSINIAN AREA 

A large number of mafic nodules was found in the phreato

magmatic deposits in the Montefiascone area. The mineral phases 

of these nodules have been analyzed with a microprobe with 

particular attention for the zoning and composition of the 

clinopyroxenes. For comparison a number of phenocryst phases of 

some lavas have been analyzed. The samples can be divided into the 

following group 

A.	 1. Kaliophilite bearing samples. 

2.	 Latiumite bearing samples. (Latiumite a rare sUlphur
 

bearing Ca, K, Al silicate).
 

3.	 Leucite bearing samples. 

4.	 Mafic samples, mainly consisting of clinopyroxene. 

B.	 5. Lava flows: leucite tephrite, olivine carrying tephritic 

leucitite, leucite phonolite. 

Petrographic studies revealed that the first two groups display 

typical metamorphic textures but the groups 3 and 4 show neither 

typical metamorphic nor magmatic texture. Some samples of group 4 

contain a core of carbonatic material, witnessing a reaction of 

carbonate rocks with magma. 

The kaliophilite is normally accompanied by apatite, the 

latiumite by anorthite. The clinopyroxene crystals often display 

normal or reversed concentric zoning for Al and Fe. The 

compositional zoning in the clinopyroxenes can often be explained 

as the result of coupled substitions, mainly due to variations in 

contents of tetrahedrally coordinated AI. 

One of the rims of a strongly zoned clinopyroxene crystal 

has a very high Al content, the highest till now reported for 

natural occurring earthly clinopyroxenes. 
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Patchy zoning also was found. This is a less discussed 

phenomenon, which can be explained as due to fast crystallization 

from a constitutional supercooled melt. One large idiomorphic 

clinopyroxene crystal is internally divided into dark and light 

fields, the former enriched in Fe and AI. No ready explanation for 

this type of zoning can be given. 

Geothermometric calculations did not give reliable results. 

Silica activity calculations gave a large scatter in values. 

The final discussion on the origin of the nodules proposes 

a model of magma-wall rock interaction. Three zones are distinguished: 

an internal "magma dominated zone", a thermometamorphic distal 

zone and between these an intermediate zone, where metamorphic 

as well as magmatic processes playa role. This model is in 

agreement with calculated silica activities, textures and 

compositional trends of the mineral phases. 

In several nodules glasses are present. The composition of 

these glasses has been used as a test for the proposed model. The 

glasses can be produced by contamination of a basanitic magma with 

dolomitic rocks with subsequent subtraction of the pertinent mineral 

phases. Latiumite is explained as a wall rock reaction product 

between gypsiferous limestones and a K rich magma. 
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INLEIDING 

Het tot stand komen van dit proefschrift heeft een periode van 

enkele jaren gevergd, waarin de traditionele ups and downs van het 

promovendusbestaan zijn beleefd. Deze studie is begonnen als een 

doctoraal kartering op instigatie van wijlen professor M.G. Rutten. 

Gedurende de eerste jaren van mijn werk in Italie was de leiding van 

Dr. H. Wens ink een grote steun. Toen besloten werd tot een promotie

onderzoek in het Vulsinische gebied was Dr. E. ten Haaf bereid om als 

promotor op te treden voor het geologische gedeelte van het werk en 

professor R.D. Schuiling voor het petrologische en geochemische deel. 

Dr. ten Haaf zette mij vooral op het tektonische spoor en professor 

Schuiling was altijd een bron van inspiratie voor nieuwe ideeen. 

Dr. Renee Poorter bracht mij de beginselen van de microprobe 

technieken bij en Dr. Ben Jansen was, alhoewel het onderwerp ver van 

zijn bed stond, af en toe weI bereid er een uurtje discussie in te 

steken, waarvoor beiden dank. Dr. H. Zijderveld wil ik speciaal 

bedanken voor de onevenredige hoeveelheid tijd die hij gestopt ~eeft 

in de revisie van het paleomagnetische hoofdstuk. Dr. Jurgen van den 

Berg verstrekte informatie over de wankele positie van Italie door de 

jaren heen. Dr. Michael Barton, although you joined the Vening 

r~inesz laboratory only a year ago, the many petrological discussions 

with you were of great value to me. Professor Locardi ha dimostrato 

un interessa nel mio lavoro; Ie discussione con lui hanno contribuito 

al questo lavoro. Dr. C. Mayer was altijd bereid een helpende hand 

toe te steken bij petrografische problemen en Dr. Frans Rietmeyer 

verstrekte eindeloze hoeveelheden informatie over pyroxenen. Heel 

veel dank gaat uit naar Drs. Manfred van Bergen, die erg veel tijd 

stopte in het kritisch doorlezen van vaak meer dan slordige 

manuscripten en het redigeren van de tekst. Het z.w.o. laboratorium 

voor isotopen onderzoek (Amsterdam) deed een aantal absolute 

ouderdomsbepalingen aan gesteentes van het Vulsinische gebied, 
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waarvoor mijn dank. Dr. Paul Sondaar en Dr. Albert van der Meulen 

brachten mij wat Elephas-kunde bij. Drs. Ellen Varekamp-Thomas, lieve 

Ellen, bedankt vooral voor het vele correctiewerk in de eindfase van 

de promotie en voor de uren, waarin we niet over geologie praatten. 

Drs. Theo de Natris, bedankt voor de bijdragen in het veld (het was 

er in elk geval mooi weer) en later in Utrecht. Beste Jules, Jan en 

Manfred, bedankt voor 4e uurtjes dat jullie me hebben laten werken. 

De teken- en fotokamer worden bedankt voor het vele werk dat ze 

verricht hebben in zo korte tijd. Best Frans, Frank, mijnheer Smits, 

Renee, Izaak, Hans en mijnheer Dubbelman, het heeft jullie wat tijd 

gekost, zeker ook de steeds nieuwe laatste klusjes, maar het ligt er 

nu toch maar. Beste Wilma, je hebt me van een grote zorg verlost door 

al dat typewerk op je te nemen en zo vlot uit te voeren. Myriam, ook 

bedankt dat je liever meehielp dan lekker niets te doen. De hele 

instituutsbevolking wordt bedankt voor de prettige tijd, die ik er 

heb mogen doorbrengen. 

Cari amici in Boisena, grazie per tutte Ie belle serate dopo 

lavoro, e specialmente grazie alIa signora Rocco per i buoni giorni 

suI vostro campeggio. 
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CHAPTER I 

REGIONAL GEOLOGY AND VOLCANOLOGY OF THE VULSINIAN AREA 

Plate 1.1.	 The village of Bolsena with the Torrone Hill at the 

background. 
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1.1. INTRODUCTION 

1.1.1. Regional setting of the Vulsinian volcanic area 

The western part of Italy is well known for its belt of young 

volcanoes, stretching from Siena in the north to the island 

Pantelleria, south of Sicily. The Vulsinian area is located in the 

The surface of the approximately 2300 km and 

northern part of this belt in Tuscany, Umbria and Latium. (Provinces 

of Grosseto, Viterbo and Terni, Fig. 1.1.). 
2 

area amounts to 

the area is bordered along three sides by rivers: in the north the 

Paglia, in the east the Tiber and in the west the S. Fiora. The 

latter separates the high calcareous hills of Manciano from the 

volcanic deposits. In the south the M. Vico volcanics interfinger 

with the Vulsinian volcanics. 

• FLORENCE 

o 

t
N 
I 

Fig. 1.1. Quaternary alkaline volcanic areas in Central Italy. 
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1.1.2. Geography and history 

The Vulsinian area is crowded with little villages, hidden in 

the hilly landscape around the large "central lake of Bolsena. Orvieto, 

located on a steep volcanic cliff, is the most important town. It is 

quite famous for its fine cathedral of the 12th - 13th century with 

important frescoes by Signorelli. 

Plate 1.2. Bolsena lake with the heights of San Lorenzo Nuovo. 

Roman and Etruscan remains are ubiquitous. The name Vulsini was 

derived from a vanished Etruscan temple town, probably once situated 

northeast of the lake. The local legend of the monster of Volta, a 

fire exhalating dragon, is probably derived from the fear of volcanic 

activity. Historic descriptions of volcanic events in the Vulsinian 

area indicate an eruption at about 1500 Be. (Panucci, 1975). 

The present inhabitants are open friendly people, earning their 

living by cultivating the very fertile ground. The area is famous for 

its dry white wines and eels from the lake. The climate is 

Mediterranean: hot summers and long mild winters. 



30 

Plate 1.3. Via Cassia antica. 

1.1.3. Topography 

The topography of the area is gentle with elevations between 

about 200 and 800 m above m.s.l. The central lake has a maximum depth 

of 151 m and its nearly circular surface covers an area of about 
2

115 km . The water level is about 305 m above m.s.l. Two islands rise 

from the irregular lake floor: Marta and Bisentina. 

The north side of the lake is bordered by the escarpments of 

San Lorenzo Nuovo. The eastern border is steeper with some steplike 

escarpments, reaching 600 m above m.s.l. The western margin has 

elevations up to 639 m above m.s.l. while the southern border is 

rather flat. The Bolsena lake drains into the Tyrrhenian sea by the 

river Marta. 

The water of the lake has a large residence time and only a small 

surface of the area drains into the Bolsena lake. (Fig. 1.2.) 
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Fig. 1.2. Drainage pattern of 

the Vulsinian area. 
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The area can be subdivided into three major units, the 

Latera zone in the west and the older Bolsena - Orvieto and 

Montefiascone zones in the east. (Fig. 1.3.) Both eastern zones are 

made up of large plateaus intersected by deep valleys in the 

periferal part. The western zone is also made up of plateaus and 

valleys. 

The second large depression in the area, the Latera caldera is 

found here. This depression drains by the Olpeta river, which joins 

the S. Fiora in the west. 

Small cinder cones are found allover the area. YounG lava flows 

are forested, the tuff plains and ignimbrite decks are mainly 

cultivated terrains. 

1.1.4. Post-volcanic manifestations 

Post-volcanic features in the Vulsinian area are solfatars, 

mofettes and warm water springs. Inside the Latera caldera HZS

carrying water wells up. Locally totally altered zones are found. 

Similar altered zones are present around Montefiascone. The warm 

water springs, with temperatures of several tens of degrees Celcius 

are often rich in V, Th, S, Fe and Mg. (Locardi and Molin, 1975). 

Earthquakes are not rare in the area; in 1965 the village of 

Tuscania was struck by a heavy earthquake, which severely damaged 

the old centre. The geothermal gradient is still high in some parts, 

which could indicate the presence of a batch of cooling magma at depth. 

1.1.5. Economic aspects 

The area is not rich in ores but the volcanic rocks provide 

constructional material. The hydrothermal ores near ~Ianciano 

(Antimony) and Monte Amiata (Mercury), both outside of the map, are 

connected with the Tuscan magmatism of Monte Amiata. (Dessau et al., 

1972). 
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Materials of economic importance in the Vulsinian area are: 

1. Lava rock 4. Diatomites 

2. Ash flow material 5. Travertines 

3. Pumices and scoriae 6. Sulphur 

The lava rock (1) is often grained and used as a base for concrete. 

The castle in Torre Alfina has been constructed from a local flow. 

The ash flows (2) are sawn into large blocks with special equip~ent, 

(Plate 1.4.) and most houses in central Italy are built from this 

yellow rock. The pumice deposits (3) are quarried in open pits and 

are used for concrete production and isolation material. Scoriae are 

used as road construction material and as a base for concrete 

building blocks. Diatomites (4) are quarried in giant open pit mines. 

The material is dried in the sun before it is refined for filter use 

in the oil industry in a plant near Lubriano. 

Plate 1.4. Quarry of "blocchetti" in ash flow deposits near Sorano. 
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The extensive travertine plateaus (5) in the southwest are quarried 

and the rock is used as an ornamental stone. Sulphur (6) is found in 

the Latera caldera and near Montefiascone. Small mines are present in 

the latter deposits. 

There are some resources that might become important in the 

future: (1) kaolinitic deposits for kaoline, (2) potassium-rich rocks 

can be used as a fertilizer-base material, (3) most rocks store an 

enormous amount of aluminium and can be regarded as potential 

aluminium reserves. 

The epivolcanic deposits in the area are enriched in uranium 

and thorium and represent a potential reserve of these elements for 

Italy. A bright future is perhaps forthcoming for the area when the 

geothermal anomalies can be utilized. A drillinG campai~n in the 

Torre Alfina area has resulted in the first high pressure well of 

the area and preliminary research is bein~ carried on in the Latera 

area. 



35 

1.2. REGIONAL GEOLOGIC FRAMEWORK 

1.2.1. Apenninic mountains 

The Apennines do not form a single unit in geological or 

geomorphological sense. Broadly two lar~e units can be distinguished, 

the northern Apennines and the southern Apennines. Summaries of the 

Apenninian geology are given by Sestin~ (1970) and Squyre~ (1975). 

The northern Apennines consist of a Hercynic crystalline 

basement with unconformably clastic sediments, (Verrucano) on top, 

locally followed by an autochthonous sediment series and a pile of 

nappes. This pile of nappes is made up of Ligurian sediments (clays, 

sandstones, calc turbidites and ophiolites) and Tuscan series 

(Mesozoic calcareous series and flysch deposits). In the Tuscan area 

the upper Mesozoic calcareous series is often lackinG and Triassic 

dolomites (Calc are Cavernoso) crop out, covered by Pliocene sediments. 

The tectonic structures in the northern Apennines strike 

NW - SE and NNW - SSE. The Alpine tectonic movements started in the 

Eocene and lasted till recent. As the orogenic wave moved over 

Italy from west to east, the structures and flysch deposits in the 

east are younger than those in the west. During the Pliocene a 

tectonic phase of tension started and a horst graben pattern with 

Apenninic direction, (NNW - SSE) formed. 

Mass relations still indicate large instabilities, seismics are 

still active, and the volcanoes at the back side of the oro~eny have 

been subrecent active. Palinspastic reconstructions are problematic, 

because of the apparent lack of room in the Tyrrhenian area. 

There is much more room needed than the Tyrrhenian sea can 

provide. Crustal shortening between Corsica and Italy must have 

occurred during the Tertiary. Alvare~ (1972) proposed a subduction 

model with the Tyrrhenian plate descending below the Italian plate. 

The rotation of Italy during Mesozoic and late Tertiary times is 

well known by the work of Vandenber~ (1978) and Lowrie and Alvarez, 
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(1974, 1975). After the Eocene Italy has undergone a counterclockwise 

rotation of at least 25
0 

. Following Vandenberg, Italy was part of the 

African plate during Mesozoic times. 

The Tyrrhenian sea is widely discussed: a thin crustal section 

is present, dredgings provide blocks of regional metamorphic sialic 

rocks (Heezen et al., 1971). Van Bemmelen, (1975) tried to explain 

this by thinning of a formerly complete continental crust by a 

model invoking tectonic denudation together with supra- and sub

crustal erosion. Schuiling, (1969) proposed a geothermal model of 

oceanization, which is also likely to explain the Tyrrhenian setting. 

The magmatic events during the Apennine development have been 

described in an excellent summary by Marinelli, (1975). The alkaline 

activity started in the early Pleistocene. 

1.2.2. Geophysical data 

Earth quake foci depths have been measured in western Italy. 

These are all shallow, so the idea of a Benioff zone, dipping to the 

east below Italy is abandoned (Marinelli, 1975). In the south, 

however, the earthquake epicentral distribution points to a Benioff 

zone dipping below Sicily and the Tyrrhenian (Ritsema, 1969, Ninkovich 

and Hays, 1972). A gravimetric map of Italy, redrawn after Giese and 

Morelli, (1975) is given in Fig. 1.5. 

The Apennine mountain chain has a negative gravity anomaly, 

but the Tyrrhenian and Po plain are strongly positive, although the 

latter is still sinking. The west part of Tuscany is also positive, 

suggesting a thin crust here. In Fig. 1.4. a tentative reconstruction 

is made of Tuscany. Recent work of Giese and Morelli, (1975) indicates 

that the upper mantle is of particularly low density. Some 

hypotheses (Giese and Morelli, 1975) go as far as to state that the 

lower crustal and upper mantle section has been doubled: a Moho 

discontinuity is observed at 15 - 20 km depth and a second one at 

45 - 50 km depth. 
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Fig. 1.4. Tentative reconstruction of the crust in Tuscany. 

(After Elter et al., 1975). 

Fig. 1.5. Gravity anomally pattern 

of Itaiy. (After Morelli, 1975). 
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1.2.3. Plio - Pleistocene sedimentation in Tuscany and Latium 

During the early Pliocene an Apennine... trending graben structure 

became filled with marls, sands and conglomerates (fig. 1.6.). These 

deposits reach locally thicknesses of 1000 m. 
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Fig. 1.6. paleogeography of Fig. 1.7. Time scale of the 

Tuscany during the Early Pliocene. depositional stages in the 

Pleistocene. 

Late Pliocene continental deposits are made up of lake sediments, the 

Villefranchian deposits, carrying many remnants of large mammals. 

The Pleistocene deposits are found as continental and marine 

sediments, the latter normally of Calabrian age. Correlation between 

the Pleistocene continental and marine periods has been undertaken 

by Ambrosetti et al., (1969) and Bonadonna et al., (1970). The 

depositional periods of the Pleistocene, with a tentative correlation 

with north European climate periods, are given in fig. 1.7. after 

Bigazzi et al., (1973). Important points to note are the abundant 

fossil remains in the Galerian deposits (Cervus~ Megaceros) , 
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the occurrence of diatomitic deposits in the Rianian sediments and 

fossil remains of Elephas antiquus and Megaceros gigantus in the 

continental Maspinian deposits. 

1.2.4. Plio - Pleistocene tectonics 

After the early Tertiary compressive orogenic movements 

tensional tectonic activity started in western Italy during late 

Miocene times and lasted till recent. This tectonic phase has been 

recognized a long time ago already (Signorini, 1946). Recently 

detailed work has been done by Serva et al., (1976). During this 

tensional phase a horst and graben pattern originated, bordered by 

stepfaults in the Apennine direction. NE - SW faults are also found; 

the anti - Apenninic direction and minor N - Sand E - W systems 

are present. Folding was unimportant during this phase, distensive 

block faulting occurred with vertical offsets of several hundreds 

of meters to 1000 meter. 

During late Miocene times the first block faulting occurred 

which gave rise to graben structures, later filled by lacustrine 

sediments. The horsts remained emerged during the whole Early 

Pliocene. At the end of the Early Pliocene the sedimentation was 

disturbed by rapid uplifts, starting in the West. The lower Pliocene 

sediments were raised to altitudes of 1000 meter above m.s.l. During 

this time the formerly emerged or shallow Tyrrhenian seafloor 

started its rapid subsidence (Selli and Fabbri, 1971). The zone of 

uplift moved to the East and arrived in the Monte Amiata area during 

Late Pliocene times. This structural high didnot persist long, as 

the graben structures were reactivated during the Early Pleistocene 

and the "high" collapsed. NW - SE faults became active and cut the 

horsts into segments. Photogeological interpretation revealed large 

scale horizontal movements along the anti-Apenninic faultplanes. 

(See also Accordi, 1966 and Ghelardoni, 1965). A large fault, running 

from the Bolsena lake towards Orbetello continues in the Tyrrhenian 
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sea floor (Fig. 1.8.). The offset of this sinistral wrench fault is 

supposed to be in the order of 20 km. The faults must have been older 

than the volcanic deposits for these are not affected by lateral 

movements. Speculative, these anti-Apenninic faults with their wrench-

effects can be thought related to the counterclockwise movement of the 

Italian microplate (Vandenberg, 1978). 

The present day tectonic configuration around the Vulsinian area 

is given in fig. 1.9. A large graben structure exists, filled with 

lower Pliocene sediments, with a mid graben horst, the Monte Cetona, 

made up of Alberese limestones (Ligurian origin) overlying the Tuscan 

series. The Pleistocene blockfaulting has been dated as follows: 

(Demangeot, 1970) Period/years Throw/m 

1. Late Villefranchian 200.000 700 - 800 

2. Riss 25.000 50 

3. Early Holocene 3.000 10 

Fig. 1.8. Regional 

tectonic lineaments 

(After Bodechtel, 1969). 
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Summarizing we can state that the tensional tectonic phase which 

affected western Italy during the Plio-Pleistocene took place in 

three stages: 

a.	 Formation of graben structures in the Apennine trend during the 

Early Pliocene. 

b.	 Late Pliocene swell structures, probably moving from West to East. 

c.	 Subsidence of the swell structure along the former graben faults 

with perhaps accompanying lateral offsets along anti-Apenninic 

faults. 

The tectonic climate, in combination with the alkaline volcanism, is 

reminiscent of rift valley tectonics. 

50Km 
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I 

Fig. 1.9. Regional tectonic pattern of the Vulsinian area. 
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1.3. REGIONAL VOLCANIC SETTING 

1.3.1. Character of the young Italian volcanoes 

The late Tertiary and Quaternary magmatic activity in Italy can 

be subdivided in several types: 

- Tuscan magmatism: Calc-alcaline acidic rocks, found between Siena 

and Rome. 

- Roman magmatism	 Potassium rich undersaturated rocks (Mediterra

nean suite) as well as trachytes and latites, 

foun& in whole central Italy. 
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Fig. 1.10. Volcanic provinces in Central Italy. 

1. Tuscan magmatic province. 

2. Roman province. 

3. Campanian province. 
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Basaltic suite: Found mainly in Sicily. 

The young activity started with the Tuscan magmatism, followed by, 

partly overlapping in time, the Roman magmatism. The volcanic 

complexes of these two groups are indicated on fig. 1.10. and 1.11., 

together with the south central Italian volcanism. Here the Vesuvius 

is found and the volcanic islands in the Bay of Naples. Around 

Sicily many volcanic islands are found like the Aeolian islands, 

Pantelleria and Ustica. 

1.3.2. Age relationships of the magmatic rocks 

The age of the Tuscan type magmatic rocks displays an 

interesting spatial relationship: more easterly volcanics are 

younger than magmatic complexes situated in the west. Detailed age 

determinations are given by Marinelli, (1975) and Civetta et al., 

(1978) which are summarized in table 1.1. 

Table 1.1. (See fig. 1.11.) 
Ma 

Capraia (c) 9.5 - 4.5 

Elba (Monte Capanna) 7.0 - 6.7 

S. Vincenzo (g) 4.7 

Roccastrada (d) 3.5 - 2.3 

Monte Amiata (f) 0.43 

Hadicofani (e) 0.92 

Tolfa ( k) 2.3 

Monte Cimini (h) 1. 18 - 1.14 

The eastward movement of the volcanic activity proceeded rather 

similar in time and space to the eastward movement of the swell 

structure, mentioned in section 1.2.5. It is assumed that a period 

of maxium swell in a region coincided with the initiation of the 

Tuscan magmatism in that area. 



44 

50 km 

Traslmeno 
lake 

'0 

o 
Monte Cristo 

Fig. 1.11. Volcanic rock occurrences of the Tuscan magmatic 

province (see text). 

1. Vulsinian area 4. Alban hills 

2. Monte Vico 5. San Venanzo 

3. Sabatini volcanoes 6. Cupaello 

It is tempting to relate the eastward movement of the Tuscan 

magmatism to megatectonic processes. Marinelli, (1975) calculated 

from time-distance relations of Tuscan magmatic rocks, that the 

Tuscan area moved with a velocity of about 1 cmjy to the west 

(Civetta et al., (1978) calculated 1.3 cmjy). Alvarez, (1973) argued 

that the Tuscan magmatism was related to an eastward dipping 

subduction zone, connected with a counterclockwise rotation of 

Corsica, but geophysical data do not support this model. Recently 

Civetta et al., (1978) stated in a somewhat confusing paper that 

the eastwards movement of the Tuscan magmatism must be related to the 

counterclockwise rotation of Italy, with the rotation pole situated 

in Tuscany or farther north. 
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This seems contradictory; a much better fit is obtained with the data 

of Vandenberg, (1978) who concluded that Italy has undergone a 

counterclockwise rotation of 25' in post Middle Oligocene times, with 

a rotation pole located near Malta. When we calculate the movement of 

Tuscany for this rotation pole, starting in Middle Oligocene times, 

a velocity of 1.3 cm/y is obtained, which is in very good agreement 

with the rate of movement of the Tuscan magmatism during the Pliocene. 

Although the rates are similar, we must keep in mind that the Tuscan 

magmatism followed retarded the rotational movement. The ages of 

the Roman province rocks do not show any trend. (Table 1.2.). 

Table 1.2. (See fig. 1.11.) 

Ma 

Monte Vulsini 0.9 - 0.055 

Monte Vico 0.95 

Monte Sabatini 0.7 - 0.44 

Alban Hills 0.9 - 0.03 

Roccamonfina 1.2 - 0.36 

Ischia 0.83 - 0.72 

Vesuvius 0.23 

Most volcanoes of the Roman and Campanian province started in about 

the same period, the Vesuvius perhaps later, however. The southerly 

situated volcanoes continued activity till recent. In the Roman 

province the start of the volcanism coincided with the collapse 

of the "swell" structure. 

1.3.3. General character of the volcanic provinces 

The Tuscan rocks can be characterized as magmatic rocks of 

granitic, rhyodacitic and quartz latitic composition, found as 

plutons, domes and viscous lava flows with locally ignimbrites. 
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Younger rocks comprise mafic members, like dark latites and a 

subvolcanic rocktype, the so called selagites (Van Bergen, in prep.). 

According to Marinelli, (1975), the series have shoshonitic 

tendencies. 

The volcanic rocks and volcanic complexes of the Roman province 

are much more varied. The volcanoes can be characterized as follows: 

- One or more main eruptive centres. 

- Numerous adventive cones and small eruption centres. 

- Volcano - tectonic depressions and calderas. 

- Large volumes of pyroc1astica and ignimbrites. 

- Large compositional range, running from leucite rich rocks 

to oversaturated rocks. 

The activity in the Roman provinces developed rather similar 

in the three northern areas: At the base of the volcanic series acid 

ignimbrites are sometimes found, covered by extensive tuff complexes 

with intercalated lavaf10ws, both of undersaturated potassium rich 

composition. Huge volumes of trachytic and phono1itic ash flows 

are found, which caused a caldera collapse in some areas. After this 

period a new cycle of activity started with abundant cinder cones 

and lava flow activity. Phreatic eruptions were common during this 

period. They were probably related to a young distensive tectonic 

episode. 

Detailed summaries of the Roman complexes are given by Locardi 

et al., (1976). The Alban Hills are different in a sense that they 

produced only undersaturated rocks. The abundant phreatic rocks 

here carry the famous thermometamorphic limestone nodules with rare 

minerals. 

The Campanian province, which is in many aspects similar to 

the Roman province will not be treated here. The reader is referred 

to Appleton, (1972) and Tedesco, (1965) for the Roccamonfina 

volcano and to Hieke Merlin, (1967) for the Monte Vulture. 

The basaltic Etna volcano is a chapter at its own, to~ether 

with the Eolian island arc. 
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The latter has been interpreted by Ninkovich and Hays, (1972) and 

Barberi et al., (1973) as the result of a Benioff zone, dipping down 

to the NW below Sicily Ke~ler, (1974) in a detailed study, confirmed 

this model, but he assumed a detached lithospheric slab below the 

islands. 

1.3.4. Discussion of petrologic models 

The young volcanic rocks of Italy have been the subject of 

much petrological research. The genesis of the Tuscan rocks is the 

least obscure and all hypotheses state an anatectic origin today. 

Good arguments for a sialic anatectic origin are the high Al contents 

of the acidic rocks and the presence of cordierite, sillimanite 

and garnet. crystals together with quartz xenocrysts. Isotopic data 

confirm a crustal origin. 

Problems are presented by the Roman rocks. Several rock types 

are present in most volcanic areas of the Roman province: 

1.	 Undersaturated K rich rocks (Leucite rich series) 

2.	 Phonolitic and trachytic rocks, present as 

voluminous ash flows. 

3.	 Minor volumes of trachybasalts or latitic 

basaltic rocks. 

In table 1.3. and 1.4. some chemical characteristics of the mentioned 

groups are given with some other data for comparison. 

Table 1.3. (Molecular ratios) 

Vulsinian rocks 
KINa KIAI Mg/Al 

Latitic rocks: Selva Lamone 1.0 0.28 0.59 

Monte Rosso 1.04 0.26 0.55 

Torre Alfina 1.6 0.51 0.65 
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Leucite rich series: KINa KIAI Mg/Al 

Basanites 3.1 0.51 0.58 

Tephrites 2.0 0.44 0.25 

Phonolites 1.4 0.45 0.06 

Trachytic - latitic ash flows 1.. 8 0.48 0.07 

Rocks from other areas 

Venanzite 4.4 0.77 1.53 

Monte Amiata - qu latite 1.77 0.36 0.41 

Wyomingite (Leucite Hills) 5.2 1.1 1.87 

Table 1.4. 

Leucite rich series a. Isotopic data suggest contamination. 

b. High trace element contents. 

c. Low Ti0 , high A1 0 rocks.
2 2 3 

Latitic rocks a. Moderate to low isotopic values. 

b. Low trace element contents. 

c. High A1 0 contents.
2 3 

Phonolitic trachytic a. Isotopic data unknown.
 

ash flows b. High to very high trace element contents.
 

c. Low MgO contents and high A1 0 contents.
2 3 

The Italian school headed by Marinelli tried to explain the 

leucite rich series as a derivate from the trachytic phonolitic 

magmas, which were considered to be of anatectic origin. The Swiss 

school headed by Burri assumed that the "trachybasaltic" magma was 

parental to all other melts and crystal fractionation together with 

limestone assimilation should explain all the rock series. Although 

the ingenious filtration - differentiation hypothesis of Marinelli, 

(1967) seemed a viable mechanism to explain the enrichment of 
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several elements in the leucite rich series, modern data on isotopes 

and liquidus temperatures do not support this model in its general 

form. The trachybasaltic parentage is untenable in the light of 

recent data. Limestone assimilation, although qUite evident in 

Italy, is insufficient as a means of complex differentiation. Modern 

theories concentrate on two models: 

1.	 Derivation of the leucite rich melts from an anomalous upper 

mantle (Appleton, 1972). 

2.	 Mixing of a subcrustal magma with a crustal derived melt or 

crustal material. 

The second theory is adhered by isotopic workers mainly, as Turi 

and Taylor, (1977) and Vollmer, (1976). 

Isotopic data, however, particularly of oxygen, must be 

considered with care, as the influence of local limestone 

contamination on isotopic characteristics can be large. 

Thompson, (1976) studied a leucitite from the Alban Hills and 

concluded that this rock was stable at upper mantle conditions, if 

anhydrous (!). This rock has a "contaminated" isotopic composition 

so Thompson tentatively presumed that assimilation processes at 

upper mantle depths must have played an important role. Turi and 

Taylor, (1977) postulated the well known mixing model of Holmes, 

(1950) from the African rift valley: Carbonatite + sialic magma 

gives undersaturated K rich magma. Trace element and bUlk chemical 

data do not support this hypothesis in such a simple form and it 

would only explain one branch of the leafy Italian rock orchard: 

there remains to be explained the basaltic - latitic rock group and 

the bimodality of the K rich group: undersaturated series versus 

saturated series. Marinelli, (1975) tried to explain the voluminous 

trachytic and phonolitic rock family by assuming a peculiar relation 

between regional tectonics and magmatism: he envisaged the 

existence of wedge-like magma traps in the lower crust, which became 

filled with basic magma (alkali basalt ??). After a period of 

differentiation phonolitic and trachytic melts formed which moved 
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periodically upward due to distensive tectonics. Local anatexis of 

a presumed abnormal lower crust in Italy (see section 1.2.3.) should 

give the leucite rich series. 

All these hypotheses need testing with detailed, integrated 

studies of chemical, mineralogical and isotopic characteristics of 

all rock groups in one area. Till now most workers have sampled the 

whole of Italy but did not study the variation of the rocks in one 

area and their relationship to each other during the volcanological 

development. 

The present study gives an inventarisation of rocks, which were 

emplaced during the development of the Vulsinian area. 
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1.4. THE VULSINIAN AREA 

1.4.1. Introduction 

Tectonic movements, together with volcanic build up and erosional 

break down caused an intricate morphology in the Vu1sinian area. 

Tuff deposits and ignimbrites make up a large part of the volcanic 

series, so the profile of the volcano is low. 

The area can be split up in three parts: 1. Bolsena - Orvieto 

zone. 2. Montefiascone zone. 3. The Latera volcano. The lithostrati

graphy will be treated for the three domains separately, the 

radiometric and paleomagnetic stratigraphy will be treated in 

section 1.6 and 1.7. 

The stratigraphy in the Bolsena - Orvieto zone will be treated 

in detail, the Montefiascone zone in less detail and from the 

Latera volcano only the major units will be described. 

1.4.2. Former research 

The oldest publications concerning the geology of the Vulsinian 

area date back to the former century, from which the Italian 

petrologic sketches of Washington, (1896) are still valid. Classic 

is the work of Moderni, carried out at the start of this century. 

He compiled a geologic map, distinguishing 89 eruption centres and 

four main edifices. (1889, 1903, 1904). The discussion on the origin 

of the "conca di Bolsena" is treated in Moderni, (1915), and 

Simotomai, (1914). 

These authors thought the Bolsena depression a caldera, while 

Sabatini, (1915, 1919) and De Stefani, (1888) suggested a crater 

origin with subsequent collapse of the walls. Recent researches have 

been carried out by Trigila, (1966, 1969), Locardi and Mittempergher, 

(1965) and Schneider, (1965), the latter giving a detailed 

petrographic study of the Latera volcanics. 
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Morbidelli, (1967) treated the Monte Rosso in the Latera area. Nappi, 
a b

(1969 , 1969 ) gives a volcanological account of the Latera area. 

Stratigraphic and petrologic studies have been made by Giametti 

et al., (1968) and Brotzu et al., (1974) in the Bagnoregio area. 

Defino and Mattias, (1965) and Mattias, (1965) described the older 

Montefiascone lava flows. 

General studies, concerning the eruption mechanism were made by 

Locardi, (1965), Locardi and Mittempergher, (1967), Rutten, (1959) 

and recently Sparks, (1975), who made a detailed stratigraphic study 

of the Vulsinian ignimbrites. Losacco and Parea, (1968) studied 

the sedimentary structures in base surge deposits near Latera. 

Geochemical studies have been undertaken by Locardi, (1967), Locardi 

and Sircana, (1967) and Locardi and Mittempergher, (1970), all 

concerning trace element concentrations in the volcanics. Turi and 

Taylor, (1976) studied the oxygen isotope relations and Volmer, (1976) 

studied U - Th systematics and Sr - Pb isotopes of Italian volcanic 

rocks, comprising several Vulsinian samples. Trigila, (1969, 1974) 

did experimental work with natural samples from Latera. 

The geologic maps with notes give good outcrop data, except 

fog1io 129 (old edition). (Maps 1 : 100.000 - foglio 129, 130, 136 

and 137). 

1.4.3. Stratigraphy, introduction 

Volcanic lithostratigraphy is similar to lithostratigraphy in 

continental depositional environments, with all its problems, like 

discontinuous rocks bodies, tricky superposition-relations and many 

erosional and non-depositional gaps. The lithostratigraphy in the 

following pages is founded on superposition relations, relation of 

the units to tectonic phases, presence of fragments of marker beds 

in volcanic agglomerates and "freshnes" of rocks and rock structures. 

For some formations paleomagnetic or radiometric data were needed 

to ascertain the stratigraphic position. 
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The formations have been numbered in the scheme below. Following 

numbers of formations in one group, which is the largest unit used, 

do not neccessarily imply a superposition-relation between those 

formations. Many formations have only a restricted local extension. 

Correlations are often impossible. 

1.4.4. Stratigraphy in the Bolsena - Orvieto zone 

This zone, which is made up of polygenetic tuffs and lavas has 

been studied in detail. The oldest eruption centres have not been 

located, as they are covered by younger material. A scheme of the 

stratigraphy is presented below (Fig. 1.12). Type localities are 

indicated in Fig. 1.13. 

13.	 Travertine and lake deposits 

12.	 Upper group, (lavas, epivolcanics and tuffs, all belonging to 

the leucite rich series), with the following formations: 

12.7. Biagio Formation (lavas and tuffs). 

12.6. Gallicella Formation (lava flow). 

12.5. Monte Landro Formation (lava and cinders). 

12.4. Gazetta Formation (lavas en cinders). 

12.3. Montienzo - Segnali Formation (lavas and cinders). 

12.2. Monte Rado Formation (lavas and cinders). 

12.1. Castel Giorgio Formation (mainly lava flows). 

Middle group, (trachytic lavas and phonolitic ash flows). 

11.	 Subissone Formation: 11.2. Odinano Member (lava flow). 

11.1. Subissone Member (lava flow). 

10.	 Lubriano Formation 10.3. Romealla Member (forth flow). 

10.2. Lubriano Member (ash flow). 

10.1. Bolsena Member (ash flows). 

9. Cieco Foramtion (pumice). 

8. Bolsena Formation (vulsinitic lava flows). 



54 

Basal group, (mainly lavas and tuffs) 

7. Buonviaggio Formation (phonolitic lava flow). 

6. Botto Formation (lacustrine deposits). 

5. Castelluzzo Formation (lava flows, leucite rich clan). 

4. Le Velette Formation (lava flows, leucite rich clan). 

3. Bagnoregion Formation (layered tuffs, leucite rich clan). 

2. Torre Alfina Formation (latitic lava flow). 

1. Pre - volcanic sediments. 

Fig. 1.12. Spatial relation
iclr------- t=i===:J]C2==-~===~----~- ships of the formations 

(1 and 2 not indicated).

~:~ 
3 I 3 

-,-, I L~ ~ -!=:~~:::::::::L::2.-_~-~-
Bolsena Village area NE area 

1. Pre - volcanic sediments. 

Most pre - volcanic sediments in the northeast area are marls 

and sandstones of Plio - Pleistocene age. North of Torre Alfina 

Ligurian and Tuscan rocks are outcropping, belonging to the 

horst structure of the Monte Cetona. 

2. Torre Alfina Formation. 

Type locality Along the road to T.A., 500 meter before the
 

village.
 

Areal distribution: Around T.A. only. (Fig. 1.17)
 

Stratigraphic position : Directly overlying the Alberese
 

limestones. The lavas of the Castel Giorgio Formation are super


posed. Paleomagnetic data suggest an early age for this lava
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~•• Grotte S. Stefano 

/' Roads 

,J Rivers 

Fig. 1.13. Type localities in the Bolsena - Orvieto zone. 
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flow (see section 1.6.). 

Thickness: Several meters. 

Eruption centre: Probably located near T.A. Irregular scoriae 

masses are found behind the castle. Another possible eruption 

centre is the Radicofani volcano, located about 20 km north of 

T.A.
 

Macroscopic description: Dark blue, dense rock, without jointing.
 

Scoriae horizons present at base and top. Contains large white
 

xenoliths of metasediments and olivine aggregates.
 

Rock family: "Trachybasalt" (Italian authors) - Mafic latite.
 

3. Bagnoregio Formation. 

Type locality: The large valley near Bagnoregio. 

Areal distribution : These tuffs cover today an area of about 
2

200 - 30n km . Extensive deposits present around Bagnoregio and 

south of Bolsena. To the east the tuffs peter out near Civitella 

d'Agliano. To the west the tUffs are bounded by the Odinano zone. 

Plate 1.5. The village of Civita, built upon the Lubriano ashflows.
 

These cover the tuffs of the Bagnoregio Formation.
 

Lower left: Pliocene marls.
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Stratigraphic position: Often directly overlying the Pliocene 

marls and sands. Locally the tuffs interfinger with the Botto 

Formation. The tuffs are covered by ash flows of the Lubriano 

Formation. 

Thickness: Between 40 and 50 meter, with decreasing thicknesses 

toward the borders of the area. 

Eruption centres : Uncertain. Primary dips in the tuffs are 

caused by mantling of paleotopography. Perhaps the centres were 

located in the central area now occupied by the Bolsena lake. 

Macroscopic description In the typesection about 23 layers of 

tuff are found with bed thicknesses of 0.2 - 1.5 meter. 

Grainsizes are rather constant here, all sand - silt size, with 

some coarser lapilli layers. Most ~rains are well rounded and 

slightly sintered, giving a soft but coherent rock type. One 

red lapilli layer can be traced through the whole Bagnoregio 

valley. (Plate 1.5.) Colour is red or yellow. Some intercalations 

have been reworked (Ripples and laminations). A tuff bed, made 

up of mm sized, well sintered angular fragments is found near 

Porano and San Severino. (microbreccia) 

Rock family: Leucite tephrites with rare phonolitic pumice 

layers. 

Le Velette Formation. 

Type l?cality : Quarry along the road Orvieto - Lubriano. 

Areal distribution : The plateau of Velette is made up of these 

lava flows with outcrops from Botto to Sugano. In a steep 

valley near Rocca Ripesena three lava flows are exposed, the 

lower belonging to this formation. (Fig. 1.14.) 

Stratigraphic~ositi0':l Intercalated at the base of the 

Bagnoregio Formation. 

Thickness: Individual flows some meters, total flow series with 

intercalated tuffs can amount about 50 meters. 
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~ Buonviaggio Form. 
0'-'-----'----'2 km

D Le Velette Form. 

Fig. 1.14. Outcrop pattern of the Le Velette Formation and the 

Buonviaggio Formation. 

Eruption centres : Probably the same as the Bagnoregio Formation
 

eruption centres.
 

Macroscopic description: Lavas have a basaltic appearance, in
 

fresh specimen dark blue with small crystals of cpx and leucite.
 

Weathered flows have a sandy appearance.
 

Rock family: Ieucite tephrites, tephritic leucitites and
 

phonolitic leucite tephrites.
 

5. Castelluzzo Formation. 

Type locality Quarry along the road from Lubriano to the 

northeast. 

Areal distribution : Probably similar to the Bagnoregio Formation 

Stratigraphic position: Intercalated at low to intermediate 

levels in the Bagnoregio Formation. Interfingers with the 

Botto Formation. 
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Thickness : Individual flows some meters.
 

Eruption centres : Similar to the Bagnoregio Formation.
 

Macroscopic description: Very similar to the Le Velette flows.
 

Giametti et al., (1968) reported two small, light coloured lava
 

flows low in the Bagnoregio Formation, probably of VUlsinitic
 

composition. (See section 1.4.4.; 8)
 

Rock family: Tephritic leucitites, leucite tephrites.
 

6. Botto Formation. 

Type locality: A large diatomite quarry is present near Botto. 

Areal distribution : Large areas in the eastern part are covered 

with these deposits. On Fig. 1.15. the most important basins 

with their bordering faults are indicated. (After Locardi and 

Molin, 1975). 

k;:-:l Epivol~anic 
~ deposITs 

Fig. 1.15. Bordering faults of marginal epi-volcanic basins 

(After Locardi and Molin, 1975). 
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Stratigraphic position: Intercalated at low to intermediate 

levels in the Bagnoregio Formation. 

Thickness : Several tens of meters are exposed but drillings 

proved the presence of much thicker series (hundreds of m). 

Macroscopic descriptions: Deposits ar~ made up of reworked tuffs 

of the Bagnoregio Formation, clays, and diatomitic beds, some 

several meters thick. Undulating bedding is common as well as 

small scale structures and paleosoils. In the upper part of 

the series near Botto a large fan of pumice material is present. 

Large mammal remains were found here like Elephas antiquus, 

Bos 'primigenius and Cervus. 

7. Buonviaggio Formation. 

Type locality: A road section near Hostelleria Buonviaggio. 

Areal distribution : In the escarpments near Sugano and in the 

S. Spirito valley one flow is found. Near Bolsena, Via Cassia
 

km 112 and along the road to Orvieto another flow is found.
 

West of Bolsena a strongly altered flow is found.
 

Stratigraphic position: Intercalated high in the Bagnoregio
 

Formation and covered by the rocks of the upper group.
 

Thickness: Several meters for the individual flows.
 

Eruption centres : Similar to Castelluzzo Formation.
 

Macroscopic description : Light grey coloured massive lava flows
 

with large white patches of leucite with enclosed pyroxene
 

crystals and moderate amounts of pyroxene crystals. Some carry
 

prismatic sanidine. The flow west of Bolsena is strongly
 

altered and made up of numerous small leucite crystals with a
 

sparse interstitital rockmass.
 

Rock family: Leucite phonolite.
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Middle Group 

8. Bolsena Formation. 

Type locality: Some lava scarps below the castle of Bolsena.
 

Areal distribution: Around Bolsena (Fig. 1.16.).
 

Stratigraphic position: Intercalated in the highest levels of
 

the Bagnoregio Formation and normally covered by rocks of the
 

upper group, rarely by the Lubriano Formation.
 

Thickness : About 10 meter.
 

Eruption centre The dip of the flow around Bolsena suggests an
 

origin north of Bolsena.
 

Macroscopic description Light grey coloured flow, often
 

composite: a dense lava basal part, covered by a frothy mass of
 

several meters, overlayered by crudely stratified coarse pumice.
 

The dense grey rock carries small phenocrysts of sanidine and
 

biotite with minor pyroxene.
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Fig. 1.16. Outcrop pattern of the Bolsena Formation. 
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Rock family Vulsinite. (Potassic latite) 

9. Cieco Formation. 

Type locality: White pumice member: Cieco valley, northwest 

of Bagnoregio. Black pumice member: An escarpment west of Rocca 

Ripesena. 

Areal distribution : The white pumice member is found in the 

Cieco valley and near Casa Ponticello, northeast of Bolsena. 

The black pumice member is found only in the Rocca Ripesena area. 

Stratigraphic position : The pumice deposits are genetically 

strongly related to the Lubriano Formation and normally covered 

br its deposits. 

Thickness : White pumice member some meters 

Black pumice member 10 - 15 meter. 

Macroscopic description : The pumices underlying the ash flow 

deposits are badly sorted with a sandy matrix. The distal 

pumice deposits near Ponticello are well sorted, of em-size, and 

well bedded. A fine matrix is lacking. 

The black pumice deposits are of a remarkable sintered type, 

gradual transitions into ash flow limbs are common, component 

size variable, from mm dust to dm sized fragments. 

Sanidine crystals are found in both types. 

Rock family : Trachytic (?) 

10. Lubriano Formation. 10.3. Romealla Member. 

10.2. Lubriano Member. 

10.1. Bolsena Member. 

10.1.	 Bolsena Member. 

West of Bolsena small outcrops of a sillar ash flow are found, 

about 2 - 3 meter thick. This is a dark blue rock, unstratified 

and made up of small lumps of ash and cinder of em size, 
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containing leucite and pyroxene crystals. It covers the Bolsena 

Formation. In Bolsena some ash flow limbs are found with abundant 

lithic fragments. Along the road to the Giglio Abbey a flow 

covers unconformably the west dipping tuff beds of the Bagnoregio 

Formation. This coarse dense ash flow continues toward the east 

and	 nor~h as a yellow sillar. 

Rock family: Tephritic. 

10.2.	 Lubriano Member. (Main member of this formation). 

Type locality: Quarry along the road Lubriano - Bagnoregio. 

Areal distribution: North of Bagnoregio, petering out near 

Porano. The cliffs of Orvieto and Rocca Ripesena are made up of 

this material and in the valley of the Subissone and Romealla 

thick deposits are found. South of Bagnoregio a small limb is 

found near Castel Cellesi and near S. Michele in Teverina an 

isolated outcrop can be observed. 

Stratigraphic position: This member covers the Bagnoregio 

Formation and is covered by rocks of the Upper Group. 

Thickness : About 10 - 15 meter, locally some tens of meters 

due to paleorelief. 

Macroscopic descriptions : Two types of deposit are found 

sillars and loose, non welded ash flows. 

Sillars : pale red - orange blankets, filling the paleotopographic 

depressions. Loose type : less intensely coloured and made 

up of lumps of pumice, lithics and crystals of sanidine, leucite 

and pyroxene in a sandy - silty matrix. In the type locality a 

basal sillar of some meters is covered by a thick loose flow, 

topped by another sillar. 

This is ignimbrite C of Sparks, (1975). 

Rock family: Phonolite. 
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10.3. Romealla Member. 

A frothy dark, red mass is found on top of the Lubriano Member 

in the Romealla valley, about 7 meter thick. The glassy sintered 

vesicular mass contains abundant leucite and pyroxene crystals. 

The top part is made up of a greasy, extremely fine red level. 

11. Subissone Formation. 11.2. Odinano Member. 

11.1. Subissone Member. 

Type locality: Subissone valley. 

Areal distribution : The Subissone Member is exposed in the 

scarps of the Subissone valley, the Odinano Member is found on 

the plateau from San Lorenzo Nuovo to the north. (Fig. 1.17.) 

Stratigraphic position: Tuffs are found on top of the Lubriano 

Formation and covered by the Subissone Member. The lava flow 

of the Subissone Member fills an old relief and postdates the 

Subissone fault. Higher in the section the Odinano Member is 

found. 

Thickness : Both flows are several meters thick. 

Eruption centre : The highest point of the Odinano plateau has 

a remarkable steep dipping structure, suggesting an eruption 

mound. 

Macroscopic description : The Subissone Member is a dark massive 

flow with feldspar and pyroxene crystals. The Odinano Member is 

made up of a dense basal facies with a frothy, incidentially 

blackstreaked top. Some parts of the flow are extremely rich 

in em-sized sanidine crystals (90%). Biotite is present as 

golden flakes. 

Rock family : Trachyte. 

Remark : Some lavas near Bagnoregio have a similar composition 

as the rocks of this middle group. These will be treated with 

the Monte Rado Formation, as their exact stratigraphic position 

is not clear. 



65 

~ Torre Alfina Formation 
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Fig. 1.17. Map of the North-East area with outcrop data. 

Upper Group. 

This is a group of formations, all with limited areal extent. 

Formations have been used for volcanic rocks of similar stratigraphic 

position in a limited area. 

12.1. Castel Giorgio Formation. 

Type locality: Along the road Castel Giorgio - Orvieto, km 88. 

Areal distribution: Plateau north of Castel Giorgio (Fig. 1.17.). 

Stratigraphic position : In the Romealla valley the lavas cover 

the Lubriano Formation. The lavas circumflowed the Odinano "high". 

Thickness : Individual flows are some meters thick, the whole 

series can amount to 30 meters. Large thickness variations are 
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encountered in the Romealla valley due to the paleotopography.
 

Eruption centre : Probably a fissure running NW - SE along
 

Castel Giorgio.
 

Macroscopic description: Dark, fine grained lavas, some with
 

columnar jointing. The higher flows contain large leucite
 

crystals.
 

Rock family: Leucite tephrites, tephritic leucitites and
 

phonolitic leucite tephrites.
 

Remark : The lavas near Benano cover the east - west running
 

Benano faults.
 

12.2. Monte Rado Formation. 

Type locality The slopes of the Monte Rado expose several 

lava flows. 

Areal distribution : The lava flows of the Monte Rado are 

indicated on Fig. 1.18. The Chiara lava flow has a limited 

extension around S. Michele. 

Stratigraphic position: The lavas cover the Lubriano Formation 

and are sometimes covered by the Biagio Formation. 

Thickness: Individual flows some meters, whole series about 

20 - 30 meter. 

Eruption centres : The Monte Rado was a large eruption centre. 

The Chiara lava flow must be attributed to a local centre. 

Macroscopic description : Different lava flows and cinders are 

found. The Monte Rado flows and scoriae are dark, fine grained 

rocks with leucite and pyroxene crystals. Gentle dipping cinders 

are found in a quarry in front of the Monte Rado, with some 

intercalated fluid glassy lava limbs. Remnants of a former 

crater wall are present. Near Bagnoregio (Ponzano) a light grey 

lava is found wi~h phenocrysts of leucite, pyroxene and biotite. 

This lava flow fills a channel. 
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E:J Monte Rodo Form. o 

Fig. 1.18. Outcrop pattern of the Monte Rado Formation. 

The Chiara lava flow is a dark porphyritic rock with big crystals
 

of pyroxene, olivine (?) and leucite. The flow steeply dips into
 

the Chiara valley.
 

A lava just south of Bagnoregio is a fine grained dark rock,
 

containing abundant orthopyroxene.
 

Rock families : The Monte Rado rocks are mainly tephritic
 

leucitites and leucite tephrites, the Ponzano flow is a leucite
 

carrying vulsinite and the dark flow near Bagnoregio is a latite.
 

The Chiara flow is a basanite.
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12.3. Montienzo - Segnale Formation. 

This formation is made up of the products of the sma~T centres 

along the east lake shores. 

Type locality Behind the "Centro Agricole" along the Via Cassia 

km 110. 

Areal distribution : Many flows of the secondary eruption centres 

are indicated in Fig. 1.19. 

Plate 1.6. "Pietre Lanciate" - locality. Steeply dipping columns 

in a leucititic flow. 

Stratigraphic position : The Lubriano Formation is lacking here,
 

so the deposits cover the Bagnoregio Formation and locally
 

the Bolsena Formation.
 

Thickness: Variable, ranging from some meters to some tens of m.
 

Eruption centres: Local centres, aligned along fault-trends.
 

Macroscopic description : Small cinder cones are abundant on the
 

eastern shores of the lake, sometimes covering a fan of reworked
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Fig. 1.19. Approximate outcrop pattern of the Segnale - Montienzo 

Formation. (stippled: lavas and cinders. Hatched: Montienzo tuffs) . 

material. Dark, aphyric lava flows are associated with the 

cinders. Some flows contain small leucite and pyroxene crystals. 

The flow along the Cassia near the Monte Segnale is locally known 
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as the "Pietre Lanciate" because of the steep attitude of the 

columns. (see Plate 1.6.). The lavas at the entrance of the 

Melona valley are extremely dark and carry sma~l globules of 

haematite. Several flows along the Via Cassia have been strongly 

altered. The Montienzo hill is partly covered by steeply dipping 

altered tuffs. These tuffs are made up of fine yellow material 

with large lithics in bombsags. 

Rock family: Leucitites, leucite tephrites, rare phonolitic 

leucite tephrites. 

12.4. Gazetta Formation. 

Type locality: Near the Casa Gazetta, north of Bolsena.
 

Areal distribution : All young centres around Bolsena like the
 

M. Panaro, M. Torrone, P. Patanesca, P. Pianale, and Gazetta.
 

Many small unnamed hills are also small centres.
 

Stratigraphic position: The deposits are superposed on the
 

Bagnoregio Formation, Lubriano Formation, the Bolsena Formation
 

and they post-date the collapse of the Bolsena depression.
 

Plate 1.7. Spatter in the cinder deposits from the Gazetta hill. 
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Thickness : The lava flows and cinder beds can be some meters 

thick, the individual centres can reach heights of some tens of 

m. 

Eruption centres Strongly bound to fault-trends in NW - SE 

direction. 

Macroscopic description: Most centres are made up of cinders, 

with limbs and small flows of lava. Partial welding of the 

cinders was locally observed. The lavas are thin, fine grained 

dark flows with pyroxene and rare leucite crystals. Near Casa 

Gazetta two small dikes are present of dark aphyric material 

(Subvertical). Ashes are present west of Gazetta in positively 

graded beds. (Plate 1.8.) 

The products of the Torrone hill cover also the plateau toward 

Castel Giorgio. There is a decrease in size of the lithics 

away from the centre. 

Plate 1.8. Cinder deposits and lithic-rich ashfall deposits near 

Gazetta. 
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The lava flows near P. Pianale dip steeply into the Bolsena 

depression. Near Bardano, west of Bolsena, a limited cinder 

deposit is found, cut by small faults. The deposit dips into the 

depression. The cinders are covered by tuffs, probably of the 

Biagio Formation. 

The M. Panaro, east of Bolsena is a fiat cone with small lava 

flows and cinder deposits. 

Rock families: Most rocks belong to the leucite tephrite series 

but minor amounts near Casa Gazetta are of dark basaltic 

composition, ranging to pyroxenites. 

12.5. Monte Landro Formation. 

Type locality: The Monte Landro, east of San Lorenzo.
 

Areal distribution: Covers the Odinano Member partially.
 

Stratigraphic position: The volcanics post-date the collapse
 

of the Bolsena depression and are superposed on the Subissone
 

Formation. The deposits were cut by youne faults and partly
 

covered by fine leucite rich tuffs.
 

Thickness: The lava flows are several meters thick, the Monte
 

Landro is about 50 meter high.
 

Eruption centres The Monte Landro is a big eruption centre.
 

The lavas around San Lorenzo were erupted from fissures, related
 

to the E - W faults bordering the Bolsena depression.
 

Macroscopic description: The cinders are red and black with
 

small leucite and pyroxene crystals. Leucite-phonolitic lava
 

fragments are common as lithics. Erosion levels and
 

unconformities occur. The lavas are all dark fine grained rocks.
 

Rock family: Leucite tephrites and tephritic leucitites.
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12.6. Gallicella Formation. 

TYPe locality : Quarry along the road from Acquapendente to
 

Torre Alfina, km 1.
 

Areal abundance: A small plateau. (Fig. 1.17.)
 

Stratigraphic position : This formation has a key position:
 

It covers the Acquapendente lava from Latera (Section 1.4.8.),
 

it circumflowed the high of Odinano and it is covered by Lateran
 

ash flows.
 

Thickness : About 2 - 3 meter thick.
 

Eruption centre : Not observed.
 

Macroscopic description : Dark fine grained flow with crystals
 

of pyroxene and leucite.
 

Rock family: Tephritic leucitite.
 

12.7. Biagio Formation. 

Type locality : Biagio road junction.
 

Areal distribution : The area north and east of Bagnoregio is
 

covered with its tuffs and lavas.
 

Stratigraphic position : The deposits cover the Lubriano
 

Formation. The Monte Rado deposits are also partly covered by
 

these deposits.
 

Thickness : The tuff deposits can reach a thickness of 15 meter.
 

Macroscopic description : Tuffs are well layered with bed thick


nesses of some dms to one meter. Fine yellow tUffs are
 

encountered, alternating with cinder beds and layers rich in
 

lithics.
 

Reworking is common and erosion levels and paleosoils abound.
 

Rock family : Leucite-tephrites.
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13. Travertine and lake deposits. 

Travertine deposits are found near Botto, but their age is 

uncertain. High levels of the Bagnoregio tuffs are travertinized. 

A large clod of travertine is present in Rocca Sberna, near 

Botto. Lake deposits are found intercalated at a high level in 

the Castel Giorgio Formation, with locally diatomite 

intercalations. The Gallicella Formation is partly covered with 

extremely fine, varved lacustrine deposits with small ripple 

marks. Around Bolsena fine lacustrine deposits of the Bolsena 

lake are found several tens of meters above the present lake 

water level. 

1.4.5.	 Some representative sections in the Bolsena - Orvieto zone 

(Fig. 1.20., 1.2l.A. - 1.2l.C.) 

Section 1. Below Casa Gallicella. A thin tuff series covers the 

Pliocene marls. A thick leucite phonolite of the Acquapendente 

plateau follows, covered by the Gallicella Formation. The top is 

made up of distal tuffs of the Latera ash flows. 

Section 2. Subissone valley. Basal part made up of Alberese 

limestones, covered by pumice rich tuffs and ash flows of the 

Lubriano Formation. A series tuffs of unknown origin follows, 

covered by the Subissone Member and later by the Odinano Member. 

Section 3. Near Benano. Pliocene marls, covered by tUffs are cut 

by a fault. After erosion this fault was buried by a lava of the 

Castel Giorgio Formation. 

Section 4, 5, 6. Romealla valley and its tributaries. These sections 

display well the strong lateral thickness variations in the Romealla 

area, due to paleotopography. The Lubriano Member, covering the 

Pliocene marls and sands, is covered by the Romealla Member, all 

buried below some lavas of the Castel Giorgio Formation. 
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Section 7. Near Lasso Nuovo. Thin distal deposits of the Lubriano 

Member are found, covered by the Castel Giorgio Formation. 

Section 8. Valley south of Rocca Ripesena.-Lower volcanics well 

exposed lava of the Le Velette Formation overlies the Pliocene 

marls, is covered by tuffs and diatomitic lacustrine deposits. Two 

higher lavas interfinger with the Bagnoregio Formation. Thin ash 

flow deposits of the Lubriano Member are found on top. 

Section 9. Sugano valley. A tuff series of the Bagnoregio Formation 

covers the Pliocene marls, probably representing an old high. 

Buonviaggio Formation lava is found on top, covered by a Castel 

Giorgio Formation lava flow. 

Section 10. S. Spirito valley. Lower flows belong to the Le Velette 

Formation, the higher flow to the Buonviaggio Formation, covered 

by tuffs and lavas of the Biagio Formation. 

Section 11. Le Velette plateau. Lavas of the Le Velette Formation 

cover the Pliocene marls here. 

Section 12. Near Botto. Basal lava flows cover the Pliocene 

sediments, covered by travertine carrying Bagneregio Formation tuffs 

with locally lacustrine intercalations. 

Section 13. Vionica - Castelluzzo valley. Lower lava flows belong 

to the Castelluzzo Formation. A distal limb of the Lubriano Member 

is present and an uncorrelated frothy lava. 

Section 14. Near Lubriano. Thick tuff series of the Bagnoregio 

Formation are covered by the Lubriano Member. The top lava and tuffs 

belong to the Biagio Formation. 

Section 15. Chiaro valley. Tuff series of the Bagnoregio Formation 

with a pumice rich top level are covered unconformably by a lava of 

the Monte Rado Formation. Upper tuffs are rich in travertine. 

Section 16. Near San Lorenzo Nuovo. Lowest unit is a much altered 

leucite rich lava flow, perhaps correlatable with the Buonviaggio 

Formation. Higher up in the series the Odinano Member is found 

covered by younger tuffs of the Latera ash flows. 
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Section 17. East of the Via Cassia. Bagnoregio Formation covered 

by lavas of the Monte Landro Formation. 

Section 18. Below Mont' Alfina. Loose blocks of the Odinano Member 

present and some scoriae beds. The top lava and cinder deposits 

belong to the Monte Landro Formation. 

Section 19. Above Bolsena. Layered tUffs of the Bagnoregio Formation 

with intercalated leucite phonolite of the Buonviag~10 Formation. 

Loose boulders of Bolsena Formation (?) present. A dark lava of the 

Gazetta Formation on top. 

Section 20. Near Bolsena-churchyard. Altered leucite phonolite, 

similar to section 19, present with an ash flow limb of the Bolsena 

Member. Small lava limb of the Gazetta Formation present. 

Section 21. Along the road to the Giglio abbey, Bolsena. Dipping 

Bolsena Formation covered by tuffs and an unconformable ash flow 

(Bolsena Member). 

Section 22. 801sena to Orvieto road, km 3. Two lava flows of the 

Castelluzzo and Buonviaggio Formation, separated by a yellow cinder 

bed, covered by remnants of the Bolsena Formation. Toplevel made un 

of Biagio tuffs. 

Section 23. Carogna valley. Bolsena Formation, covering two lavas, 

probably similar to 22, intercalated uncorrelated leucite rich 

frothy lava. Top level is flow of the Segnale Montienzo Formation. 

Section 24. Via Cassia km 111.5, Pietre Lanciate locality. 

At the base a foamy trachyte is found, (uncorrelated) covered by 

the lower flow of section 22, covered by rough deposits of the 

Bolsena Formation (pumices) and a lava of the Segnale Montienzo 

Formation. 

Section 25. Above Pietre Lanciate. Bagnoregio Formation, with thin 

diatomite intercalations and benthonite horizons, covered by a 

lacustrine interval and a top lava of the Segnale Montienzo Formation. 
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Fig. 1.20. Localities of the sections in the Bolsena - Orvieto zone. 
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1.4.6. Stratigraphy in the Montefiascone zone 

The northern part of the Montefiascone zone ha~ been studied 

in some detail. The basal group and the Faste110 and Montefiascone 

Formations will be treated, the other rock units will be summarized 

only. (Fig. 1.22.) 

~•• Grolle S. Stefano 

11 ./ Roads 

,J Rivers 

Fig. 1.22. Type localities in the Montefiascone zone. 

5. Upper series 5.3. Monte Jugo cones. 

5.2. Hont Isola cones. 

5.1. Poggetto agglomerates. 

4. Middle series 4.2. Carpine lavas. 

4:1. Campo Grande tuffs. 

3. Montefiascone Formation. 

2. Faste110 Formation: 2.2. Infernaccio Member. 

2.1. Troio Member. 

1. Basal group 1.4. Rotondo Formation. 

1.3. Celleno Formation. 

1.2. Ferento Formation. 
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Basal group 1.1. Legarelle Formation. 

The stratigraphy of the basal group 1n the Mon~efiascone domain 

is similar to the Bolsena - Orvieto basal group: a thick layered 

tuff series with lacustrine intercalations and lava flows with 

occasional dark ash flows. 

Basal group. 

1.1. Legarelle Formation. 

This is a trachytic i~nimbrite at the base of the volcanic 

series (from a drill core, furnished by Prof. Locardi) which 

can possibly be correlated with early ignimbrite rocks of the 

M. Cimini. (Van Bergen, pers. comm.) 

1.2. Ferento Formation. 

Type locality: Aqua Rossa valley.
 

Areal distribution : Around the ruins of the Ferento theater
 

the lava is exposed. Similar flows are encountered in the
 

Fosso di Sette canelIe , in the Commenda basin.
 

Stratigraphic position : Intercalated at the base of the
 

volcanic series.
 

Thickness : Some meters.
 

Eruption centre : Unknown.
 

Macroscopic description : Light grey rock with leucite and
 

pyroxene crystals. Well developed columnar jointing.
 

Rock family : Tephritic leucitite.
 

1.3. Celleno Formation. 

Type locality: Along the road to Celleno.
 

Areal distribution : The whole east and south area is covered
 



83 

with these tuffs or their epiclastic equivalents. 

Stratigraphic position: The tUffs are often superposed on the 

Pliocene marls, locally on the Legarel1e Formation or the Cimini 

ignimbrites. The Vico ignimbrites locally cover this formation. 

Thickness : The tuff series are about 40 - 50 meter thick. 

Drilling provided evidence Tor much thicker series. (Locardi 

and Molin, 1975). 

Eruption centres : Unknown. 

Macroscopic description: The tuffs are well layered with bed 

thicknesses of some dms to more than 1 meter. Mainly lithic 

tuffs with locally cinder beds. 

Abundant reworked and redeposited tuffs are found, with small 

scale structures and paleosoils, varved lacustrine 

intercalations containing diatomite beds. Travertines are 

common near San Angelo, Roccalvecce and Graffignano. Along the 

road toward the east north of Celleno, yellow fine grained tuffs 

are present with antidune bedding. These beds are extremely 

rich in pyroxene microlites. Near San Angelo a peculiar tuff 

flow is intercalated. This blue flow is made up of mm- to cm

sized particles, densely cemented by alkalic feldspar. In the 

lacustrine deposits large mammal remains are present. These 

deposits are often disturbed due to diapirism and slumping. 

East of Montefiascone a zone of alternation is present. 

Rock family: All rocks are of the leucite rich family. 

1.4. Rotondo Formation. 

Type locality: Via Cassia km 106, eastern lake shores.
 

Areal distribution : Small zone north of the Poggetto crater.
 

Thickness: Some meters.
 

Stratigraphic position At the top of the Celleno Formation.
 

Eruption centre : This lava flow is not exposed in the Poggetto


crater and has a north dip. Perhaps it came from the west side.
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Macroscopic description : Frothy light grey lava flow with 

leucite and pyroxene crystals. At the base an agglomerate layer 

is present. The basal part of the flow is black streaked. 

Rock family: Phonolitic leucite tephrite. 

2. Fastello Formation. 2.2. Infernaccio Member. 

2.1. Troio Member. 

Type localities : A thick lava flow is exposed on top of the 

Infernaccio tuff series (Celleno Formation), the Infernaccio 

Member. Some cinder cones are found around Poggio Troio. 

Areal distribution : In the area around Fastello. 

Stratigraphic position: SUp'erposed on the Celleno Formation, 

covered by the Montefiascone Formation. 

Thickness : The cinder cones are some tens of meters high, the 

Infernaccio lava flow is about 15 meter thick. 

Macroscopic description : The Infernaccio lava flow is dark, 

fine grained with leucite and pyroxene crystals. The flow has 

coarse columns at the base and fine columns at the tpp. The 

cinder cones are small; well bedded deposits with intercalated 

spatter limbs. 

Rock family: Leucitites and basanites. 

3. Montefiascone Formation. 

Type locality: In the Valferrone valley.
 

Areal distribution: Fig. 1.23.
 

Stratigraphic position: Covered by the Carpine Formation, in
 

the south zone covered by the agglomerates of the Poggetto
 

Formation around Montefiascone.
 

Thickness : Maximum some meters.
 

Eruption centre: Unknown, probably the Montefiascone hill.
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Macroscopic description: Grey muddy rocks with dark lava and 

cinder components. Grainsize varies from some mm's to 0.5 meter. 

Loose and broken crystals of pyroxene, olivine and biotite are 

common. The deposits are very coherent. Xenoliths of sedimentary 

rocks are common. The higher units are rich in pale grey pumice 

and contain leucite, but these are thin units. Internal bedding 

can be present but is normally absent. Another light yellow 

sillar ash flow is found southwest of Montefiascone, above the 

typical mudgrey Montefiascone flows. 

OL.....--'------'.2 km 

hddl Montefiascone Formation W Carpine lavas h~:~~A lnfernaccio Member 

Fig. 1.23. Outcrop map of some important rock units in the 

Montefiascone zone. 
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Rock family: Basanitic.
 

Remark : These rocks are known locally as "peperino di
 

Montefiascone".
 

4. Middle group. 

These rocks will not be treated in detail. 

4.2. Carpine lavas. 

4.1. Campo Grande tUffs. 

4.1. Campo Grande tuffs. These deposits are found near the road 

junction Marta to Montefiascone and Marta to Viterbo. These 

are lahars, debris sheets, layered tuffs with accretionary 

lapillis, and lithic pumice-rich tuffs, which cover the ash 

flows of the Montefiascone Formation. 

4.2. Carpine lavas. This unit is made up of a series of lavas 

in the area south of Le Mosse, covering the Montefiascone 

Formation mudflows. The lavas are basanitic flows with em-size 

olivine and pyroxene crystals and rare leucites. 

5. Montefiascone upper series. 5.3. Monte Jugo cones. 

5.2. Monte Isola cones. 

5.1. Poggetto agglomerates. 

5.1. Poggetto agglomerates. 

This formation is made up of chaotic tuffs and debris sheets, 

mudflows, base surge deposits and layered t\lffs. The thickness 

of the deposits varies from some meters to 20 meter. The tuffs 

mantle the topography of the Bolsena depression. The deposits 

are constituted of grey mud with black cinders and much 

accidental material. The deposits carry locally thermometamor

phic limestone nodules. 
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Base	 surge tuffs are found around Le Mosse. Subaeric tuffs with 

decreasine lithic size are found around the Poggetto crater. 

The different craters are indicated in Fig. 1.24. 

5.2.	 Monte Isola cones. Made up of several cinder cones like Le 

Poggere, Fiordini, and Mont Isola. Small lava flows are found 

associated e.g. a flow along the Via Cassia, km 92, filling 

a paleovalley. The lava is particularly dark and probably of a 

basaltic composition. The scoriae and other small lava flows 

are mainly leucite tephrites. 

5.3.	 Monte Jugo cones. Some scoriae-cones are exceptionally fresh 

and look very young, like the Monte Jugo, the Monte Leano and 

the Monte Varecchia as well as the centres in and around the 

Poggetto crater, including Montefiascone. 

Fig.	 1.24. The craters of 

the phreatomagmatic 

deposits and some cinder 

cones in the Montefiascone 

zone. 

o Craters of Pogge:ta F"., o I k"., 

1.4.7.	 Some representative sections in the Montefiascone zone 

(Figs. 1.25. - 1.27.) 

Abbrevation used Montefiascone Formation -- M.F. Fmt. 

Section 26. Composite section near Monte Rotondo. A basal series 

of layered tuffs of the Cellono Formation is covered by the Rotondo 

Formation. 
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The dark flow is covered by a mudflow of the M.F. Fmt., covered by
 

lapillis and lithic tuffs. The top series is composed of well bedded,
 

well sortea tuffs of the Poggetto agglomerates.
 

Section 27. East of Rampino. A thick series of tuffs is exposed
 

(Celleno Formation) in the river valley, covered partially by a
 

mudflow of the M.F. Fmt., partially by an altered lava flow. A series
 

of fine lapilli beds is covered by a pumice rich ash flow of the
 

M.F. Fmt. The lower tuffs are slumped and diapiric structures are 

common. The top of the section is made up of fine grey tuffs and 

lapilli beds of the Poggetto agglomerates. 

Section 28. Near Pozzo Lupo. The lower part of the section consists 

of strongly altered pumice rich tuffs, with diatomitic 

intercalations in paleodepressions. This series is covered by a 

coarse agglomeratic mudflow containing boulders of lavas, tuffs and 

calcareous material. This mudflow followed a paleodepression. The 

higher tuffs are lapillis and grey leucite carrying tuffs. The top 

layer is a lava of the Carbonara lava plateau (Monte Rado Formation). 

/' Roads 

;Rive~ 

o 1 2 3 .. SKill 

Fig. 1.25. Localities of sections in the Montefiascone zone. 
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Section 2~. South of Le Mosse. Yellow layered tuffs are covered by 

a yellow ash flow of the M.F. Mmt. Some thin lava flows are 

intercalated (Carpine lavas) and the top is constructed of fine tuffs 

of the Poggetto agglomerates. 

Section 30. Infernaccio valley. The basal part consists of a thick 

series of tuffs and epiclastics with intercalated conglomerates. 

Slumped lacustrine and diatomitic intercalations are common. The 

top lava flow (Infernaccio Member) is covered by distal fine tuffs 

and microbreccias. 

Section~. Near the Sorgente Minerale. The basal part is a strongly 

altered, pumice rich tuff series covered by an ash flow of the M.F. 

Fmt., followed by microbreccias and lapilli beds, covered by 

another pumice rich M.F. Fmt. ash flow. The top is made of a lava of 

the Carbonara plateau. 

Section 32. Near Celleno-Doria. Slumped lacustrine deposits are 

present at the base. A thick tuff series follows, with an 

intercalated coarse mudflow, made up of lava and tuff fragments of 

about I dm maximum. 

Section 33. (Fiff. 1.27.) Near road junction Marta - Viterbo, 

Marta - M.F. A fine yellow ash flow is found at the base. An old 

relief cuts its top and is locally filled by lahars and slumps. 

This ash flow is covered with fine yellow tuffs containing pumice 

lumps and abundant accretionary lapillis. In these tuffs a sharp 

relief has been cut and reworked sandy material was deposited in 

these gullies. (Sorted, crossbedded). The channelfills have been 

covered by yellow and brick red lapillis and ashes. The wavy 

laminated tuffs have been preserved only partly. In small gullies 

extremely thin lava limbs with leucite and pyroxene crystals are 

found. The lowest tuffs and ash flow were cut by faults, which 

are now buried below the younger tuffs and lavas. 
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Fig. 1.27. Section 33. 

Section 34. Near the Valley of the Macchie river, Cassacia. 

Lacustrine and epivo1canic deposits are found aT the base, covered 

by an ash flow, perhaps correlatable with the Lubriano Member. A 

thick series of lapillis and tuffs is found on top of it, with 

accretionary 1api1lis, agglomerates and lithic tuffs, covered by 

a lava of the Carbonara plateau. 
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1.4.8. Stratigraphy in the Latera area 

The western part of the Vulsinian area is occupied by the 

Latera volcano, which covers a large area from the Vulci castle in 

the south to Acquapendente in the north. The area has been the scope 

of many research projects so the stratigraphy will be treated only 

schematically. (See e.g. Nappi, 1969a+b). As the southern part has 

not been studied, only the central and northern part will be treated. 

The Latera area is bordered in the northeast by the Odinano "high" 

and the products interfinger with the Montefiascone products in the 

southeast. 

The sedimentary basement of the Latera volcano is made up of 

Ligurian rock units (Alberese and Argille scagliose) and Tuscan 

units (Scisti polychromi). Paleohills of the pre-volcanic sediments 

crop out between the volcanics, e.g. Ischia di Castro and Sovana. 

Volcanic breccias often carry large fragments of acid trachytic 

i~nimbrites which are not found in the Latera area. 

4. Travertines. 

3. Upper series 3.3. Intra calderic activity. 

3.2. Circum calderic activity. 

3.1. Centres outside the caldera. 

2. Middle series 2.5. Base surge deposits. 

2.4. Pitigliano complex volcanic rock. 

2.3. La Cantoniera complex volcanic rock. 

2.2. Latera ash flows. 

2.1. Latera pumice deposits. 

1. Latera basal series 1.3. Acquapendente lava plateau. 

1.2. Farnese lavas. 

1.1. Marta lava plateau. 
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1. Latera basal series. 

1.1. Marta lava plateau. 

In the southern part of the Latera zone epivolcanic deposits 

are found similar to the deposits of the basal complexes in the 

Montefiascone and Bolsena - Orvieto zones. (Locardi and Molin, 

1975). An early trachytic ignimbrite is known here, the so 

called Nenfro. To the north the layered tuffs and epivolcanics 

vanish, while in the Olpeta valley only a few meters thickness 

are present. (Trigila et al., 1971). Recent drilling in the 

Latera caldera indicates, however, that about 300 meter of 

epiclastic volcanic sediments are present below the Latera 

caldera. (Locardi, pers. comm., 1978). The age of the layered 

tuffs in the Latera area is probably similar to the age of the 

basal series in the eastern area. The relation of the 

epivolcanic deposits and the lavas is not totally clear. The 

lavas might be somewhat younger. All lavas observed here are 

dark leucite carrying rocks. 

1.2. Farnese lavas. 

The lavas around Farnese, together with the lavas of Piansano 

and Cel1ere are thought to represent the oldest activity of the 

Latera stratovolcano. The Farnese lava, exposed along the road 

to the west is a lava with an agglomeratic basal level and 

a frothy top. The Cellere, Piansano and probably also the S. 

Maria di Salat lava in the caldera rim are all leucititic and 

tephritic rocks. (Trigila, 1969). 

1.3. Acquapendente lava plateau. 

The area north of the Latera caldera is made up of a lava 

plateau which is thought to he Q.f the s.ame ,age as t,he Farnese 
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lavas. The flows are exposed in shallow gullies on the plateau 

and in the vallevs east and west of Acquapendente. The lava 

flows stopped against the high of Odinano and partly flowed 

along it at the north side. The stratigraphy of the individual 

flows is difficult due to paleorelief relations. The dark flows 

are fine grained and contain small leucite and pyroxene crystals. 

The light grey flows are strongly porphyritic with cm sized 

leucite crystals and contain small pyroxene and plagioclase 

crystals. 

Some flows are strongly weathered and decomposed into woolsacks. 

The flow north of Acquapendente has columnar jointing in two 

perpendicular directions. The total thickness of the lava series 

is about 50 - 60 meter. (Fig. 1.28.). 

o ~km 

Fig. 1.28. The outcrop-pattern of the Acquapendente plateau lavas. 
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2. Tne Latera middle series. 

After the eruption of the Acquapendente lavas the Latera 

strato-volcano continued its rapid build - up with an extensive 

series of pumice and ash flow deposits. 

2.1. Latera pumice deposits. 

Pumice deposits are found at the base of the volcanic series 

in the west Latera zone. The deposits consist of rough pumice 

lumps in a sandy matrix, locally with lithics. Reworked 

pumice deposits with negative grading, some well sorted, others 

structured are very common. In the margin of the Latera 

caldera a thick fan of reworked pumice deposits is present, 

interbedded with blockflows, mudflows and very fine dust size 

deposits, probably windblown pumice dust. 

At higher stratigraphic level other pumice occurrences are 

found, often intercalated between the ash flow deposits. The 

pumices of the Casa Collina quarry near Pitigliano are such 

younger pumices. (See also Sparks, 1975). The pumice deposits 

normally reach a thickness of 10 - 15 meter. The composition 

of most pumices is trachytic. 

2.2. Latera ash flows. 

These deposits make up the bulk of the Latera deposits. Their 

stratigraphy has been treated by Sparks, (1975) who 

distinguishes seven major ignimbrites and many small ones. 

The flows are made up of small pumice lumps in a glassy 

powdery groundmass, locally with lithics and loose crystals of 

biotite, sanidine, leucite, plagioclase and pyroxene. Sillars 

are present as orange brown blankets, covering the topography. 

Loose (unwelded, non-sillar) ash flows occur mainly in the 

southern part. 
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In general, the older flows are found in the western and 

southern parts, the younger flows on the Acquapendente plateau, 

petering out against the Odinano high. The latter ash flows 

contain black scoriae beds which are transitional into ash flow 

bodies. The younger flows are often devoid of feldspars. 

The reader is further referred to Sparks, (1975). A lacustrine 

intercalation is present in the ash flows west of Acquapendente. 

(Plate 1.11.). The composition of the flows is phonolitic, 

trachytic and latitic. Plate 1.9. and 1.10. display the field 

appearance of the flows (west of Acquapendente) and the 

accretionary lapillis, often found in the top levels of the 

flows. A caldera collapse followed after the large ash flow 

eruptions and gave rise to some peculiar eruptions. The 

depression was filled with lacustrine deposits (today slumped 

and disturbed, due to the continuing tectonic activity). 

Plate 1.9. Ash flow deposits west of Acquapendente. 
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Plate 1.10. Accretionary lapillis from an ash flow bed near Grotte 

di Castro. 

Plate 1.11. Lacustrine deposits 

with varven layering near 

Acquapendente. 
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2.3. La Cantoniera complex volcanic rock. 

The deposit is found near La Cantoniera, Gradoli and toward 

Onano ("Volcanite complesso of Onano" - Nappi, 1969a). It is 

a frothy lava flow with a basal breccia layer and a 

scoriaceous top. The central part of the flow is glassy with 

small sedimentary xenoliths. The upper part is found best 

exposed near La Cantoniera and further south. Here ellipsoids 

of sanidine - augite intergrowths are found. The eruption 

fissure, running from La Cantoniera toward Valentano was 

probably one of the caldera faults. It is a leucite tephritic 

rock. 

2.4. Pitigliano comp~ex volcanic rock. 

This is a much discussed rock body (Locardi and Mittempergher, 

1965, Nappi, 1969a, Sparks, 1975), found mainly northwest of 

Latera and partly inside the caldera. It looks like an 

accumulated spatter near Poggio Evangelista. At other places 

it seems a strongly altered frothy lava flow. The best 

exposures are found in the Casa Collina quarry. The flow covers 

here a series of partly. reworked pumices. The base of the 

flow is an ash flow-like mass with black scoriae, set in a 

yellow ~lassy mass and forming a coherent deposit. The 

covering layer is a blackstreaked glassy zone with welding 

features, the black glass shards bending around the xenolithic 

obstacles. The upper zone consists of a frothy, grey mass with 

dense lava balls and the very top looks often pyroclastic. 

This is a leucite phonolitic rock body and its occurrence 

will be discussed in detail in section 1.8.3. 
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2.5. Base surge deposits. 

Abundant cinder deposits are found along the margins of the 

Latera caldera. These deposits have been described by Losacco 

and Parea, (1~68). The deposits consist of cinder beds, mudflows 

and ashes, alternating with fine, bubbled mud beds. Some 

deposits have incrustations of alkalic feldspar. Peculiar 

gully-structures with score and fill features are abundant. 

(Plate 1. 12.) . 

The deposits are found north and south of the Latera caldera 

and they reach a maximum thickness of about 25 meter. Eruption 

centres cannot be traced anymore. Remarkable is the lack of 

these deposits inside the caldera. 

In the Casa Collina quarry, near Pitigliano a somewhat 

different stratigraphy is found. After deposition of an ash 

flow pumice eruptions occurred, followed by base surge activity. 

The top is formed by the "Pitigliano complex volcanic rock 

body". 

Plate 1.12. Base surge structures near La Cantoniera. (Latera) 
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3. Latera upper series. 

After the formation of the Latera caldera, a new eruptive cycle 

started. Small eruptioncones were built in and around the newly 

formed caldera. The exact time relations between these small centres 

is difficult to give so we will describe them shortly in a 

geographic order. Most rocks have been described in detail by 

Schneider, (1965), Trigila, (1966) and Morbidelli, (1967). 

3.1. Centres outside the caldera. 

The centres Monte Calvo, far south-west and Monte Rosso, near 

Sovana, are young latitic eruption centres, made up mainly of 

cinders and lava flows. Several other centres outside the 

caldera realm must have been active in subrecent times. Cinder 

and ash deposits are found near Barta, Lagacione, Monte Uosana 

and Capodimonte. Some are accompanied by lava flows. Monte 

Bisenzio was probably already an active centre before. Most 

centres erupted rocks of the leucite rich family. 

3.2. Circum-calderic activity. 

After the caldera collapse a number of new centres originated 

on its margin. These have been treated in detail by Schneider, 

(1965). An important centre was Monte Becco, at the west side 

of the caldera, and from this centre a large lava flow was 

erupted to the south, the latitic Selva del Lamone flow. 

The other centres like Poggio Evangelista and Starnina 

erupted mainly scoriae. The La Montagna volcano erupted some 

scoriae and small lava flows of basanitic and leucite 

tephritic composition. Centres south of the caldera erupted 

large lava flows of basanitic composition which now cover 

large plateaus in the south. 
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3.3. 1ntra-calderic activity. 

Many centres were active inside the caldera, all have been 

described by Schneider, (1965). Rocks of the leucite rich 

family are abundant. A few trachytic latites are present. The 

common alteration by sulphuric waters yielded kaolinitic rocks. 

4. Travertines. 

Travertines are found in large plateaus southwest of the Latera 

caldera. Their deposition is related to hot waters ascending along 

fault planes. The age is difficult to determine; they cover at 

least the lower deposits. 

1.4.9.	 Some representative sections in the Latera area. 

(Fig. 1.29, 1.30.) 

Section 35. Fossa Nova. 

At the base a white pumice fall deposit is found and a welded ash 

flow. This material is partly covered by a yellow brown coherent 

ash flow containing large black pumice clasts and crystals of 

leucite and sanidine. Laterally this rock turns into a grey frothy 

mass with loose leucite crystals and black pumices. 

This complex is covered by a white pumice deposit with lithic fall 

intercalations (large blocks at the base) with fragments of acid 

trachytic ignimbrites, fine red sandstones and leucite rich lavas. 

A partly reworked and structured pumice sequence is found, covered 

by a yellow brown ash flow (sillar), containing leucite and 

pyroxene crystals. 

Section 36. Valley southwest of Sorano (Torrente Lente). 

At the base brown clays and travertine deposits are found with 

calcareous fragments. (Probably very near to the pre-volcanic 

sediments). Overlying silts and clays with pumice lumps are found, 

covered by a black cinder deposit with reworked sandy intercalations. 
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A series of partly reworked pumice deposits is found on top of it, 

covered by two sillar ash flows. The upper ash flow is rich in 

lithics and cinders. This series made up the lateral channel wall 

for younger ash flows, which are present as a thick series in the 

valley of Sorano. 

Fig. 1.29. The location of sections in the Latera area. 
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Section 37. Rio Maggiore, near Pitigliano. At the base of the 

tuffseries loose pumice deposits with thin reworked horizons are 

present followed by reworked series of lithic rich tuffs with 

pumices and lapillis. A coarse agglomeratic layer is found on top 

of it, covered by pumice rich tuffs, cinder, levels and reworked 

pumice beds. The whole series is covered by yellow-brown sillar 

ash flows, rich in clinopyroxene. The top level is made up out 

of fine ashes with channel structures. (Phreato-magmatic deposits). 

Section 38. Piansano section, south of Valentano. In the stream 

bedding a dark fine grained lava flow is found, covered with 

reworked pumice deposits. A sillar ash flow, rich in 

clinopyroxene is found on top, covered by a thick series reworked 

tuffs, cinders and agglomerates. The plateau is covered with a 

basanitic lava flow with large olivine crystals. 

Section 39. Near Cellere. At the base, in the river, a fine 

grained leucititic lava is present, locally covered by a light 

grey tephritic lava which is laterally replaced by a red violet 

sillar ash flow deposit with paleorelief. On top a series of 

pumices is found, partly reworked, covered by two sillar ash flows. 

Section 40. Gradoli. Deep valley running from La"Cantoniera to 

the Bolsena lake. The base is made up of reworked agglomerates 

with pyroxenitic nodules and calcareous fragments. Overlying 

deposits are pumice rich tuffbeds with intercalated cinderbeds and 

lithic tuffs. A characteristic intercalation of some sillar ash 

flows is covered by the La Cantoniera complex volcanic rock, covered 

with base surge deposits with channel structures. 

Section 41. Acquapendente. At the base one of the phonolitic lavas 

of the Acquapendente lava plateau is found, covered by pumice rich 

tUffs. A series of Latera ash flows is found on top, with 

intercalated varved lacustrine deposits. The top consists of 

distal base surge deposits. 
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1.4.10. Key to the Italian Geologic Map - Sheets 130, 137 and 136 

The codes of several rockunits of the Italian Geological Map 

are given below together with the corresponding formations of this 

study. This does not mean that the formations and rockunits mentionet 

have similar definitions and exactly similar extensions. 

Bolsena - Orvieto zone. 

12. Upper Group 

11. Subissone Formation 

10. Lubriano Formation 

9.	 Cieco Formation 

8.	 Bolsena Formation 

7.	 Buonviaggio Formation 

6.	 Botto Formation 

5.	 Castelluzzo Formation 

4.	 Le Ve1ette Formation 

3.	 Bagnoregio Formation 

2.	 Torre Alfina Formation 

Montefiascone zone. 

6.	 ~onte Jugo Formation 

5.	 Poggetto Formation
 

Mont Isola Formation
 

4.	 Carpine lavas
 

Campo Grande tuffs
 

3.	 Montefiascone Formation 

2.	 Infernaccio Member
 

Troio Member
 

1.4. Rotondo Formation 

1.3. Celleno Formation 

1.2. Ferento Formation 

1.1. Legarelle Formation 

Sheet 130 Sheet 136 

eA, I.e Serie superiore 

settentrionale. 

eep". tIl 

A 

d 

Tet. 

e 
1

Ts 

1\3 

Ti 

So 

Sheet 137 

sC
5 - 1\6 

TM 

Sc.4. 

1\4 

Tm 

1\w 
2 

1\2 

1\8
2 

Ti 

1\1 
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1.4.11. Fossil contents of the Vulsinian rocks 

Volcanic rocks tend to be poor in fossils, but in the Vulsinian 

area some large mammal remains have been found in diatomitic 

intercalations in the epivolcanic ~eposits. The pollen content of 

these deposits was too small for a reliable' analysis. In some lake 

deposits small gastropods are found; Helix pulchella and Limnaea 

palustris. 

The large mammal remains were found near Lubriano. Here remains 

of Elephas antiquus, Bas primigenius, Capra and Cervus have been 

identified. One molar of Elephas antiquus, from the diatomite 

quarry near Lubriano, belongs to a,primitive specimen of Elephas 

antiquus, transitional to Elephas meridionalis. (With thanks to 

P.Y.	 Sondaar). 

Near Pitigliano locals are said to have found the antlers of 

a	 bull moose. 

Diatomitic deposits occur at different stratigraphic levels: 

a.	 In the Montefiascone area, intercalated low in the Celleno 

Formation. 

b.	 Near Lubriano at the base of the volcanic series, probably 

younger than the Le Velette Formation (Basal lava series). 

c.	 As small lacustrine intercalations in the upper levels of the 

Castel Giorgio Formation (Bolsena upper lava series). 

(See	 Fig. 1.31. for the location of diatomites, mammal remains and 

varved lake deposits.) 

Diatomite studies from the Roman deposits (Campagna et al., 1973, 

Bonadonna et al., 1969, Accordi et al., 1962, Maccagno, 1962), 

indicate a nutrient rich environment, pH about 7, with periodical 

salinity crises. This points to small shallow basins with no water 

exchange, and a salinity increase during hot periods. 

See also section 1.7. on chronostratigraphy. 
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1.5. TECTONIC AND MORPHOLOGIC STRUCTURE 

1.5.1. Tectonic history 

Superimposed on the regional tectonic trendi (section 1.2.5.) 

local volcano~tectonic systems developed in the Vulsinian area. 

The subsurface structure can be summarized as follows : A large 

graben system striking NNW - SSE vanishes below the Vulsinian 

volcanics. The midgraben horst of the Monte Cetona is cut off, but 

in the south the Monte Razzano horst Continues in a similar direction, 

joined by the Castel Azarra horst structure. This implicates that 

the Radicofani graben structure ends below the Vulsinian volcanics. 

Fig. 1.33. gives a very schematic picture of the configuration 

underlying the Vulsinian area. The fault outcrop pattern is given 

in Fig. 1.32. with all faults traced in the field and some from 

aerial photograph studies. At least four fault directions are found: 

a. Apennine direction : NNW - SSE 

b. Anti Apenninic direction SSW - NNE 

c. N - S system 

d. E -W system. 

a. and b. are the major, regional trends, c. and d. are of local 

importance only. To the west and east the Vulsinian area is 

probably bounded by faults now covered by volcanics. 

The whole area is situated in a structural low. The hills 

around Manciano in the west and the hills east of Orvieto, both 

consisting of sedimentary series, form uplands. The pattern of 

blockfaulting can be summarized as follows: The large central 

Bolsena depression is bounded to the north by one major fault, 

running E - Wand to the east N - S running step faults are present. 

The southern margin is formed by an E - W running fault. The 

western boundary is buried below the younger Latera volcanics. 
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Fault movements and volcanic deposition alternate during the 

development of the area. We can correlate deposits cut by faults, 

which are unconformably covered by younger deposits, so local 

tectonic phases can be postulated : 

I.	 The Torre Alfina area was a rising zone before the volcanic 

activity started. During the early volcanic activity the 

Vulsinian ~rea was subsiding rather rapidly. These older fault 

movements have been identified by drillings (Fig. 1.15., section 

1.4.3.). 

II.	 Before the deposition of the Lubriano Formation (ash flows) a 

strong relief developed in the Benano area, which gave rise to 

large thickness-variations in the ash flow deposits. The 

Orvieto zone became a graben, which was filled by ash flows 

and possibly the Bolsena depression already started to subside. 

Cinder deposits in the Montefiascone zone (Troio cinders) 

suggest fault movements here. (Directions uncertain). 

III.	 Tectonic movements conditioned the subsidence of the Bolsena 

depression and in the Benano area E - W faults were active. 

IV.	 The Latera caldera formed and fault movements occurred in the 

Montefiascone area. 

The presence of cinder cones is thought to be suggestive for 

the presence of faults. Local structural "high" areas are the 

Torre Alfina zone, witnessed by many landslides, indicating local 

gravity instability, and the Bagnoregio zone. The early tectonic 

history of the Latera area in unknown. We must await further 

drilling data. 

1.5.2. Morphology of the Vulsinian area 

Contemporary landforms are of major importance in a volcanic 

area as paleorelief relations often determine the lateral extent 

of formations (e.g. Alvarez, 1975). The present morphology of the 

Vulsinian area can be sketched as follows : 
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The central depression of the Bolsena lake is surrounded by 

escarpments in the NE, E and SE. In the west the Latera volcano forms 

a rim and in the SW and NW the depression quietly merges into the 

plateaus of respectively Marta and Acquapendente. The surrounding 

plateaus are often cut by radial valleys, except for the Benano 

area, which is cut by oblique valleys, due to young faults. Some 

morphologically important units will be treated : 

a.	 Odinano plateau. d. Orvieto zone. 

b.	 San Lorenzo Nuovo heights. e. Montefiascone area. 

c.	 Monte Rado f. Islands in the lake. 

a.	 The zone north of San Lorenzo N. forms a flat-topped low hill, 

covered by the Odinano trachytic lava. The western margin of this 

hill is an escarpment of some tens of meters, for which no 

tectonic origin could be proved. The northern part is surrounded 

by an Acquapendente lava, which flowed through a valley along 

the north side of the hill. In Fig. 1.34. the morphologic 

history of this part has been sketched. 

5
N 

o 2 km 

Fig. 1.34. Fill up and shifting of a valley north of the Odinano 

plateau. 
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Along the east side the Castel Giorgio lavas are found and in 

the west the Gallicella lava flow, together with the Lateran ash 

flows. All the flows were stopped against this morphologic 

barrier. 

b.	 The zone west of San Lorenzo N. marks the transition of the 

Bolsena deposits and structures towards the younger Latera 

deposits. Remains of Bolsena deposits are found as a partly 

buried hill of leucite tephritic lava, covered by tuffs and the 

Odinano lava flow. Latera ash flows washed around this 

paleorelief, (see cross section 10), which has perhaps a tectonic 

origin. 

c.	 The Monte Rado, a local eruption centre, is a gentle hill, 

bounded by a small faultscarp to the west. The volcano erupted 

mainly lava flows, building plateaus to the south and east. 

(Carbonara plateau). 

d.	 The town of Orvieto was built upon a hill of ash flow material, 

similar to Rocca Ripesena. The position of these two ash flow 

cliffs is interesting as they are situated 100 meter lower than 

the comparable ash flows near Porano, which moreover peter out 

towards the north and do not form one sheet with the Orvieto 

deposits. During its early development the Orvieto area was 

relatively high : lava flows stopped against this "high" and 

dip to the south. Later this high area subsided and a graben 

formed, which became subsequently filled by ash flows. The ash 

flows entered this low area probably from the west side (Romealla 

valley). This model explains the difference in altitude and 

thickness of the ash flows at Porano and Orvieto. 

e.	 In the Montefiascone area a steep relief is lacking due to the 

young mantle of chaotic subaeric tuffs. Only the young craters 

are preserved as morphologic depressions, like the Poggetto 

crater. 
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The valleys around Montefiascone have a conspicuous angular step 

pattern due to the presence of the resistent mud flows. 

f.	 The islands in the Bolsena lake are two very young ash cones, 

which rise steeply from the lake bottom. Near Bolsena a 

subaquatic hill is present, possibly also an ash cone. 

1.5.3. Cross sections 

The tectonic structure and stratigraphy of the area will be 

illustrated by a number of cross sections. (Fig. 1.35., 1.36. 

1.42.). Large scale cross sections'of the Latera area are given in 

section 1.10. Attitudes of faultplanes and bedding planes are 

approximations and sometimes exaggerated. The indicated thicknesses 

of the lava flows are often too large for technical reasons. 

Sections I, 2 and 3. The Torre Alfina high (limestones), with 

the Torre Alfina lava flow on top and Castel Giorgio lavas around. 

To the west the Acquapendente lava flow is found, partly covered 

by the Gallicella flow, once again covered by the Lateran ash flowS. 

The Odinano high is covered by the trachytic lava. 1. Torre Alfina 

lava. 2. Subissone lava. 3. Odinano lava. 4. Castel Giorgio and 

Gallicella lava. 4. Acquapendente lava. 5. Lateran ash flows. 

4. Castel Giorgio lavas cover unconformably the block faulted ash 

flow deposits of the Lubriano Formation. 

Section 6 shows the relation between the ash flows near Porano 

and near Orvieto. 

Section 10 displays the older Bolsena lava surrounded by ash 

flows from Latera. 

In section 15 the faulted Bagnoregio tuff series near Bolsena 

are indicated, with the Bolsena lava flow dipping in the Bolsena 

depression covered by younger tuffs and lavas. The dikes of Gazetta 

are indicated schematically. 

Section 20 shows some cinder cones of the Fastello Formation, 

covered by the Montefiascone ash flows and mudflows. 



115
 

~••, Grotle S. Stefano 

./' Roods 

,; Rivers 

Fig. 1.35. Location of cross sections. 
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1.6. PALEOMAGNETISM 

1.6.1. Introduction 

For local	 magnetostratigraphic correlation, oriented hand 
3

samples of 1 dm size were taken from 20 lava flows and one ash 

flow layer. At the Paleomagnetic Laboratory in Utrecht oriented 

cores of 25 mm diameter were drilled and those were cut into 

specimens of about 22 mm length. The natural remanent magnetizations 

were measured with astatic magnetometers (As, 1960). A general 

treatise on paleomagnetic principles and methods can be found in 

McElhinny, (1973) and a description of the methods used in the 

Utrecht laboratory in Zijderveld, (1967). 

The natural remanent magnetization in rocks is often composed 

of several components with different origin. These various components 

can have a different direction and intensity and, what is important 

for their separation, different hardness with respect to alternating 

magnetic fields. In crystalline rocks the original natural remanent 

magnetizations are the thermoremanent magnetization and the chemical 

remanent magnetization. The thermoremanent magnetization is 

acquired by the magnetic minerals during the cooling of the lava. 

Deuteric alteration (usually oxydation) during the last stage of the 

cooling causes a chemical remanent magnetization in the magnetic 

alteration products. This chemical remanence has to be distinguished 

from secondary chemical remanent magnetizations acquired during 

later alterations (e.g. weathering) of the rock. Another secondary 

remanent magnetization component is made up by viscous remanent 

magnetism residing in magnetic mineral grains with short relaxation 

time. These secondary remanent magnetizations have to be separated 

from the original natural remanent magnetization either by heating 

or by treating the sample with alternating magnetic fields. The 

latter method was used in this study. 
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The initial measurements of the specimens yielded the resultant 

natural remanence vectors. Subsequent progressive alternating 

magnetic field demagnetization of a number of pilot specimens show 

the gradual removal of their total natural remanent magnetization. 

From these progressive demagnetization data diagrams can be drawn 

(Zijderveld, 1967) which show the various remanence components 

present in the specimen. It is assumed that the components with the 

highest unblocking field values represent the original remanent 

magnetizations. 

1.6.2. Paleomagnetism of the Vulsinian rock samples 

21 sites have been sampled in the Vulsinian area, being lava 

flows and one ash flow. 

,.,/ Roods 

; Rivel'$ 

Fig. 1.43. Paleomagnetic sampling sites. 
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The sample localities are indicated in Fig. 1.43. and described in 

Table 1.5. From each site six or seven oriented hand samples have 

been taken. Initial measurements have been carried out on two cores 

of each site. The directional results of these initial measurements 

are plotted in Fig. 1.14. The total natural remanent magnetization 

of all flows, except those at sites 13 and 14 (Torre Alfina flow), 

proved to have a normal polarity. The Torre Alfina flow specimens 

had a reversed natural remanence. The dispersion in the directions 

obtained with the initial measurements suggests that secondary 

remanent'magnetizations are present, and therefore some pilot 

specimens were progressively demagnetized in alternating magnetic 

fields up to 3000 Oe (peak value). The demagnetization diagrams 

showed that the oddly directed secondary remanences were very small 

and that consequently their removal, in rather low alternating 

magnetic fields, resulted in only a slight adjustment of the 

direction of the natural remanence (Fig. 1.45.). Therefore the 

polarity of the more harder, original part of the natural remanent 

magnetization was not different from the polarity found with the 

initial measurement. And thus as far as the polarities of the 

original natural remanences are concerned, extensive demagnetization 

experiments would not bring further news. Because of the 

stratigraphic position of the volcanics all flows containing an 

original remanent magnetization with normal polarity most likely 

were deposited during the recent Brunhes normal epoch. Although 

consideration was given to a further correlation on the basis of 

secular variation, the erratical character of the deposition of lava 

flows does not made such an attempt feasible. Therefore a systematic 

demagnetization of the normally magnetized specimens was not 

completed. Only the remaining specimens of the reversely magnetized 

Torre Alfina flow from sites 13 and 14 have been treated with an 

alternating magnetic field strength of 750 Oe (Fig. 1.46.). 
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Fig. 1.44. Initial measurements of the natural remanent magnetization
 

directions of two samples of each of the sites.
 

Dots : normal directions. Open circles : reversed direction.
 

Sample 13.4Up W Up N 
Sample 15.3 

R N 

w E 

NS 

Down E Down S 

Fig. 1.45. Alternating field demagnetization diagrams. Alternating 

field intensities: from 0 to 300 Oe, steps of 50 Oe; then 400, 500, 

750, 1000, 1500, 2000 Oe. Dots denote the orthogonal projections of 

the end points of the changing resultant magnetization vector on the 

horizontal plane, circles the orthogonal projection of these end 

points on the vertical north-south plane (sample 13.4.) or the 

vertical east-west plane (sample 15.3.). 
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Fig. 1. 46 . a. Fig. 1.46.b.
 

Fig. 1.46. Natural remanent magnetization directions of the Torre
 

Alfina rocks. (Sites 13 - 14)
 

a. Initial measurements showing a reversed polarity. 

b. Measurements after partial demagnetization. 

Fig. 1.47.a. Remanent magnetization directions of the Orvieto ash
 

flow rock. (Site 12).
 

Dots : before demagnetization.
 

Triangles : After partial demagnetization.
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Moreover, the natural remanent magnetization of the ash flow samples 

(site 12) was thought to give some information about the 

circumstances during its deposition and therefore was studied in 

further detail. The natural remanent magnetization of the ash flow 

had a normal polarity and the directions in the various specimens 

were very close (Fig. 1.47.a.). An example of the decay of the 

natural remanence in an ash flow sample upon progressive 

demagnetization with alternating magnetic fields is given in Fig. 

1.47.b. 

0 Up N Intensity x 10 6 em .u./cm 3 
55 

2600N 104 

152 

195 

250 

W E 600 

1540 
Somple 121 A 200 

osh  flow 100 500 1000 1500 2000 

H in Oe 

250 

195 

152 

104 

0 55 

0 Down S 

Fig. 1.47.b. Left: Alternating field demagnetization diagram of 

sample 12.1.A. Dots represent the orthogonal projections of the end 

points of the decreasing resultant magnetization vector on the 

horizontal plane, circles the orthogonal projections of these end 

points on the vertical east-west plane. 

Right: Intensity decay curve of sample 12.1.A. during alternating 

field demagnetization, (for alternating field strength see left

side of the figure). 
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Table 1.5. Paleomagnetic sampling sites (see Fig. 1.43.). 

Sitenumber 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17 . 

18. 

19. 

20. 

Rocktype 

Leucitite 

Leucitite 

Leucite tefrite 

Leucitite 

Leucite tefrite 

Leucitite 

Basanite 

Leucitite 

Leucitite 

Tefritic leucitite 

Leucite phonolite 

Ash flow 

Trachybasalt 

Trachybasalt 

Trachybasalt 

Leucite phonolite 

Leucite phonolite 

Leucite tefrite 

Leucite tefrite 

Leucite tefrite 

Location
 

Valley near Rocca Ripesena
 

upper flow.
 

Valley near Rocca Ripesena
 

middle flow.
 

Valley near Rocca Ripesena
 

lower flow.
 

Below Sugano.
 

W of Canonica.
 

Quarry near Castel Viscardo.
 

Plateau near Rocca Ripesena
 

high flow.
 

Near Castel Viscardo.
 

A.N.A.S. Quarry S of
 

Orvieto.
 

Below no. 9.
 

Near Hostelleria Buon
 

Viaggio.
 

Orvieto hill.
 

Torre Alfina.
 

Torre Alfina.
 

Subbisone valley.
 

W of Acquapendente.
 

N of Acquapendente, columnar
 

flow in quarry.
 

Flow below Proceno.
 

Flow in the Stridone valley,
 

W of Acquapendente.
 

Along the road Sorano 


Acquapendente.
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Sitenumber Rocktype	 Location 

21.	 Leucite phonolite Stridone valley, W of 

Acquapendente, above flow 

of site 9. 

1.6.3. Discussion of the results 

Some stratigraphic information can be obtained from our 

paleomagnetic results. Most rocks proved to have a natural remanent 

magnetization with normal polarity and only the samples of the 

Torre Alfina lava flow proved to have a natural remanent 

magnetization with reversed polarity. Because of the youth of the 

Vulsinian volcanics (see absolute age determinations, section 1.7.), 

we can tentatively conclude that the flows with normal polarities 

were erupted during the Brunhes normal epoch and the Torre Alfina 

flow during the Matuyama reversed epoch (see Fig. 1.47.c.). Cundari 

and Ventriglia, (1963) determined the paleomagnetic directions of 

several rock samples of the Vulsinian area. They found that most 

rocks had natural remanent magnetizations with normal polarities, 

except for the Ferento flow, which showed a reversed polarity. 

The Ferento flow was probably erupted during the late part of xhe 

Matuyama reversed epoch (0.89 - 0.69 M.y.), as most volcanic rocks 

of the Montefiascone zone are underlain by the ignimbrite of 

M. Cimino, dated by Evernden and Curtiss, (1965) at 0.96 M.y. 

(revised age). Consequently, for the Ferento lava flow an age 

between 0.69 - 0.89 M.y. seems most likely. The Torre Alfina flow 

has certain similarities with the rocks of the Radicofani volcano, 

about 20 km north of Torre Alfina (chemical composition, quartz 

xenocrysts, abundance of olivine). Paleomagnetic analysis of the 

rocks from this Radicofani neck by Van Bergen, (internal report) 

revealed a reversed direction for its natural remanent magnetization. 

It seems possible that the Torre Alfina lava flow and the Radicofani 

rocks were erupted during one magmatic event. 
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The rocks of Radicofani have been dated at 0.88 M.y. (revised age), 

by Evernden and Curtiss, (1965). So if the Torre Alfina rock is 

closely related to the Radicofani rocks an age between 0.69 and 0.8~ 

M.y. would seem probable for the Torre Alfina volcanics. 

The natural remanent magnetization of the Orvieto ash flow 

deposits have been studied in some detail. This ash flow has a norma 

polarity and the intensity decay curve (Fig. 1.47.b.), shows that 

with an alternating magnetic field strength of 1000 Oe the total 

natural remanent magnetization can be almost removed. This suggests 

that magnetite is the only magnetic mineral present and, if assuminl 

that the original remanent magnetization was a thermoremanence, we 

can conclude that the ash flow was deposited with a temperature 

above or at least close to the blocking temperature of magnetite 

(578
0 
C). This would be an indication for large heat retention of 

ash flows during their transport, as the Orvieto ash flow deposits 

are rather distal deposits. 

Fig. 1.47.c. Paleomagnetic 

polarity time scale. 

(After Cox, 1969). 
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1.7. ABSOLUTE AGE DETERMINATIONS 

Evernden and Curtiss, (1965, referred to as E+C) made a large 

number of absolute age determinations in young volcanic areas in 

central Italy. The KjAr method they used is particularly suitable 

for the K rich Italian volcanism. In table 1.6. all available 

datings in the Vulsinian area are listed together with some from 

the neighbouring areas. A small number of new datings were made by 

the Isotopic Laboratories of Z.W.O. in Amsterdam, also by KjAr 

methods (see appendix, table A 1, and Fig. 1.48.). All older data 

have been converted by a factor 0.96 due to recalculation of the 
40

K decay constant. The accuracy of most data is within 10 - 15 %.
 

With these data a chronological scale can be set up for the Vulsinian
 

area. In Fig. 1.49. all formations are plotted on a time scale.
 

Most data fit in with the field data very well (superposition).
 

The Odinano lava flow, however, is covered by flows, which can be
 

correlated in age with the Gazetta dikes. So the Odinano flow must
 

be about 40.000 year older than it has been dated. Such differences
 

are well within the limit of accuracy, however.
 

Using these chronostratigraphic data we can subdivide the 

diatomitic deposits into three units (Fig. 1.50). During the 

Parolian and Rianian depositional stages diatomites were deposited 

in the Vulsinian area, which is in accordance with the age of the 

diatomitic deposits near Rome (section 1.4.11.). This suggests a 

contemporaneity of the subsiding movements during the early phase 

of the volcanic activity in the Roman province. (See section 1.2.4. 

for Parolian and Rianian). 

The occurrence of Elephas antiquus in the Lubriano diatomites 

is certain and the age of these deposits must be between 0.41 and 

0.49 M.y. This implies an early occurrence of Elephas antiquus. 

(P.Y. Sondaar, pers. comm.). The Elephas remains in the 

Montefiascone deposits have not been determined by us. 
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Key to the formations (in Fig. 1.49.). 

Latera zone. Montefiascone zone. 

1.1. Marta plateau. 1.1. Legarelle flow. 

1.2. Farnese lavas. 1.2. Ferento lava flow. 

1.3. Acquapendente plat~au. 1.3. Cel1eno tuffs. 

2. Middle series. 1.4. Rotondo lava flow. 

3. Upper series. 2. Fastello Formation. 

4. Travertines. 3. Montefiascone Formation. 

4. Middle series. 

5. Upper series. 

Bolsena - Orvieto zone. 

2. Torre Alfina flow. 8. Bolsena Formation. 

3. Bagnoregio tuffs. 9. Cieco Formation. 

4. Le Velette lava Formation. 10. Lubriano Formation. 

5. Castelluzzo Formation. 11. Subissone Formation. 

6. Botto Formation. 12. Upper Group. 

7. Buonviaggio Formation. 13. Travertines. 

Table 1.6. 

T1. Buon Viaggio lava flow, near Orvieto 0.414 M.y. (E+C) 

T2. Odinano lava flow near San Lorenzo Nuovo 0.315 M.y. (E+C) 

T3. Acquapendente lava flow, quarry North 

of the village 0.264 M.y. (E+C) 

T4. Casa del Seminario flow, along the 

road Onano to Acquapendente 0.267 M.y. (Schneider) 

T5. Trachytic block in tuff near Cercone 0.211 M.y. (Schneider) 

T6. Sanidinite, Casa Co11ina quarry, 

Pitigliano 0.178 M.y. (Discendenti) 

T7. Pumice clast, Casa Co1lina quarry, 

Pitigliano 0.117 M.y. (Discendenti) 
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T8. Complex volcanic rock, Casa Collina 

quarry, Pitiglano 0.055 M.y. (Discendenti) 

T9. Le Velette lava flow, S of Orvieto 0.49 M.y. 

TI0. Lava plateau of Bennano, highest flow 0.35 M.y. 

Tll. Vulsinitic lava flow near Bolsena, 

Nassini Quarry 0.36 M.y. 

T12. Dike near Casa Gazetta, North of 

Bolsena 0.34 M.y. 

T13. Dike near Casa Gazetta, North of 

Bolsena 0.35 M.y. 

T14. M. Cimino ignimbrites 0.96 M.y. (E+C) 

T15. Monte Vico ignimbrite 0.52 M.y. (E+C) 

T16. Radicofani rocks 0.88 M.y. (E+C) 

MY 

o 

Fig. 1.50. Chronology of the'
Elephas ontlquu5 

diatomitic deposits and occurrence 

I
I = ~CS> 3 

of Elephas antiquus.&iillID 4 

5 1. Montefiascone diatomites. 

2. Lubriano diatomites. 

3. Castel Giorgio diatomites . 

.9 

IIL....- ---.J 
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1.8. VOLCANOLOGY OF THE VULSINIAN AREA 

1.8.1. Volume of the volcanic products 

The Vulsinian rocks can be subdivided in two large groups: 

a.	 Leucite rich series, including basanites, tephrites, leucitites 

and phonolites. 

b. Trachytic and latitic rocks, referred to as the ash flow magma. 

Crude estimates of the volumes of these rocks are given in Table 

1.7. These estimates include material that has been eroded and 

carried off. 

From these coarse data it can be concluded that the volume of 

the Latera ash flows is of the same order as the volume of the 

Latera caldera and that the volume of the Bolsena depression is many 

times larger than the volume of the Lubriano ash flows (Bolsena 

Middle Group). The volume of the rocks of the leucite-rich series 

is comparable to the volume of the Bolsena depression but this 

volume was not erupted at once but in numerous small eruptions. 

We will discuss this problem further in section 1.9.2. 

Table 1.7. 

3 3
Rock series	 Rock volume km Magma volume km 

Eastern basal series 

Bolsena middle 

Latera ash flows 

30 

1.3

6 

50 

2.0 

8 

20 

1.0 

3 



25 

1.5 

5 

DepressioIi"s 

Bolsena depression 

Latera caldera 

50 

4 

- 60 

5 

The porous rock volume has to be multiplied with a factor of about 

0.5 to cope with the difference in density of magma and 

tuffaceous rock. 
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I.8.2. Structures of the lava flows 

Most lavas occur as dark massive flows without peculiar 

characteristics. Columnar jointing is fairly common. Some flows 

have columns in two directions (Acquapendente). The Selva del Lamone 

flow is covered by spinnacled blocks and the frontal part of the 

flow possesses vesicles flattened by late stage laminar flow. 

Plate 1.13. Columns in a lava north of Acquapendente. Note the 

slightly dipping columns pointing towards the observer. 

A 2 meter high scoriaceous column is present behind the castle 

of Torre Alfina. This is probably a driblet spire or a scoriae 

mass related to a vent. (Fig. 1.51.). 

The morphology of most flows of the leucite rich series points 

to a "basaltic" physical behaviour during extrusion. The occurrence 

of very thin (a few dm) flows near Montefiascone suggests a very 

low viscosity during extrusion. The low viscosity of the leucite 

rich lava series is in accordance with the undersaturated nature 

of the magma. (Carmichael et al., 1974) 
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Fig. 1.51. Scoriae structure 

near Torre Alfina. 

The more silica rich flows (Trachytes and "Vulsinites") display 

other features. The Odinano trachyte is a dark red rock, locally 

rich in sanidine crystals, largely glassy in other places. The top 

part is frothy in these glassy flow-levels and in the central part 

of the flow vesicular bands are present. Under the microscope 

they display fluidal textures. Some examples of flow laminae are 

given in Fig. 1.52. 

The flow bends around obstacles; indications for shear stresses 

due to laminar viscous flow are abundant : Biotites are fragmented 

and the rafted pieces can be reassembled in optical continuity. 

An indication for the high viscosity is given by broken sanidine 

phenocrysts, which after the fracture remained together and 

sUbsequently acquired a common mantle of Na rich feldspar. With 

large magnifications (800x) the true nature of the flow lines can 

be observed : extremely small spherical bubbles form irregular 

trains, while small crystals and "dust" are lined up in the same 

direction. The bubbles remained small due to the high viscosity. 

The vesiculation started along the planes of laminar viscous flow, 

where shear stresses are large. 
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FIUldole tenures in the Odinano lava flow. 

Fig. 1.52. Scale about 25x. 

Flattened vesicles of some mm occur in the crystalline groundmass. 

Viscosity was clearly less and this large scale vesiculation 

started perhaps along crystal grain boundaries. The condition of 

the biotites is remarkable: in the glassy parts the biotites are 

completely fresh but in the crystalline parts they have commonly 

been altered to opaque ghost structures. According to Williams, 

(1929) this decomposition of biotites during eruption already 

occurs at 650
0 

C under oxydizing conditions. The difference in the 

state of alteration of the biotites from the glass and from the 

crystalline masses must be attributed to the difference in gas 

retention the crystalline mass is vesiculated and here gas 

pressures must have been less. In the upper parts of the flow black 

dense glassy "flames" are present in the foamy mass, which does 

not seem to consist of welded scoriae. These glass streaks may 

be fused froth, molten by escaping hot gases (see also McBirney, 

1968). Leaching of the froth by escaping gases can also lead to 

colour differences. 

The Vulsinitic lava flow of Bolsena is made up of three parts 
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a dense light grey lava at the base, changing upwards into a 

continuous foamy mass, topped by badly layered pumices. (Complete 

sections only present in Bolsena). This flow can be regarded as a 

froth flow in the sense o~ Locardi and Mittempergher, (1967). During 

extrusion the flow frothed up and autobrecciated partly during 

transport. Blackstreaked zones in the top of the foamy masses are 

incidentally found. 

Other froth flows are the flow in the Romea11a valley (section 

1.4.4.), the flow in the Viconia valley (section 1.4.4.) and the 

La Cantoniera froth flow, found at the east side of the Latera 

volcano. (Complex volcanic rock of Onano - Nappi, 1969a). This lava 

flow has a strongly vesiculated top and a vesicular base, probably 

representing the overridden earlier front. The ellipsoids of 

sanidine - augite, abundantly present in the top part, indicate 

the importance of the gas phase. 

1.8.3. Ash flows and related flow deposits 

The ash flows in the Bolsena - Orvieto zone and Latera area 

have been described in section 1.4.4. and 1.4.8. Sparks, (1975) 

gives much valuable data on these deposits and he explains them as 

ignimbrites. Locardi and Mittempergher, however, call them froth 

flows. Our field observations (type of bedding, thickness and 

extensions of the flOWS, accretionary lapillis, fill - in of 

topographic depressions etc.) as well as the quantitative data of 

Sparks strongly favour a pyroclastic flow origin. Our data on the 

magnetic properties indicate a temperature of 550 - 600
0 

C for the 

distal Orvieto ash flows, witnessing to the large heat retention 

of the flows during transport. 

Some disagre~ment exists between Sparks and the present author 

regarding the Lubriano ash flow. Sparks' ignimbrite C in the 

Latera area has many characteristics similar to the Lubriano ash 

flow, also a C flow of Sparks, (chemical composition, welding pattern, 
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Plate 1.14. Partially welded pumice fragment. 

Upper part: sanidine crystal. 100x. 

analcimised leucites) but in our opinion it is improbable that the 

Latera C ignimbrite and Lubriano ash flows are parts of one deposit. 

No connection is visible in the field and the ages of both rock

bodies can be approximated: Lubriano'ash flow about 0.35 M.y., 

C ignimbrite in Latera zone younger than 0.26 M.y. Some new age 

determinations on sanidine crystals from both flows will be made 

to ascertain the stratigraphic relation. 

The complex volcanic rocks of Pitigliano (section 1.4.8.) 

have been described by Locardi and Mittempergher, (1965), Nappi, 

(1969a) and Sparks, (1975). The first two authors adhered a froth 

flow origin, while the latter tried to explain this deposit as 
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welded spatter. (A better term is "welded airfall tuff"). The 

appearance of the rock is qUite variable. Althou~h paleorelief 

complicates the study of this rock unit in the Casa Collina quarry 

here the key to its origin can be found. The flow covers a series 

of partly reworked pumices and base surge deposits and consists of the 

following parts : The basal section strongly resembles a "normal" 

ash flow with dm sized black scoriae set in a vitreous yellow mass. 

The central part is strongly welded (Plate 1.17.) and displays 

features of late stage laminar flow. The top part is the wellknown 

grey, frothy altered mass containing lava balls; the very top often 

has a pyroclastic character. In the lower part of the paleorelief 

(Fig. 1.53.) the flow has been fragmented and large blocks of welded 

material cooled here in a cogenetic mass of grey pumice. (Plate 

1.15., Fig. 1.54.). 

~ 5 

Fig. 1.53. Fragmented part of the Pitigliano complex volcanic rock. 

(Legenda see fig. B). 
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The following observations seem to be of importance: 

1.	 The lower layer of the Pitigliano complex flow has loose ash 

flow characteristics (no alrfal1). 

2.	 The lower pumice deposits are the result of an earlier eruption 

as the intervening mudlayer indicates. 

3.	 The altered frothy top of the flow direct our attention to 

escaping gases after deposition of the flow. 

4.	 Welding in the central part of the flow is obvious. 

5.	 The flow seems to be thicker in the lower part of the 

paleorelief, and there it became fragmented. 

6.	 The presence of large muddike systems in the underlying pumices 

suggest instability due to the rapid increase of overburden. 

Concluding we suggest that a dense hot ash flow explains best 

the features of the Pitigliano complex volcanic rock. The central 

mass underwent welding. Fragmentation occurred only in the lower 

part of the paleorelief, directly after the welding (still hot). 

(Plate 1.16.). Secundary eruptions of phreatic character, due to the 

presence of water could have caused the fragmentation. 

Fig. 1.54. Detail of the Casa Collina quarry. 

l.	 Lower pumice deposits. 5. Upper pumice deposits. 

2.	 Mud layer. 6. Base surge deposits. 

3.	 Thermo metamorphic nodules. 7. Fragmented Pitigliano flow. 

4.	 Muddike 8. Pitigliano complex volcanic rock. 
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Plate 1.15. Casa Collina pumice quarry. 

The flow deposits in the Montefiascone zone are different from 

ash flows : most grade into mudflows and most of the material is 

accidental. The rock is not porous and welding is absent. Only the 

higher flows are rich in pale pumices. The mudflows seem to be the 

result of phreato-magmatic eruptions. The occurrence of 

thermometamorphic nodules and essential cinders is evidence for 

magmato-phreatic processes. (Plate 1.19.). 

Other mudflow deposits are found in the Montefiascone zone 

near Celleno (Plate 1.18.). These show aspects of slump breccias 

and contain very limited amounts of essential material. A few 

block flows are found in the Latera caldera and coarse mudflow 

deposits are present near the village of Latera. 

Base surges are a common accompanying feature of ash flows 

and phreatic eruptions. Typical base surge bedforms have been 

described by Waters and Fisher, (1971), Mattson and Alvarez, (1974) 

and Fisher and Waters, (1970). The deposits around La Cantoniera have 

been described by Losacco and Parea, (1969). 
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Plate 1.16. Detail of the fragmented zone. Note the dark band 

around the block, the radial pattern of the cooling joints and 

the lower end of the fragment, stabbing in the mud layer. 
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Plate 1.17. Welded part of the Pitigliano complex volcanic rock. 

They explained the U-shaped erosion channels (Plate 1.12.) as a 

result of "barrancas", density currents which ran downhill. These 

shallow channels can be regarded as erosion forms of base surges 

(Fisher, 1977). The La Cantoniera deposits are constructed of cinder 

and lapilli and contain intercalated slump and mud layers. Some 

of the fine mud layers contain small bubbles (rained out dust 

cloud??). The cinder beds are pure and well sorted, the finer 

deposits (ashes and cinders) are often encrusted with potassium 

feldspar (Fig. 1.55.). This might indicate that the fluid phase 

contained potassium feldspar in solution, so a magmatic component 

in the gas phase was probably present. The deposition of the beds 

by base surges coincides more or less with the collapse of the 

Latera caldera. A relation between these two processes cannot be 

excluded. The base surge deposits are rather pure deposits, however, 

made up mainly of essential material. So a phreatcrmagmatic origin, 

due to destruction of the drainage pattern by the caldera collapse, 

seems unlikely. 
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Fig. 1.55. Structures near La Cantoniera in base surge deposits. 
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Plate 1.18. Blockflow near Celleno. 

Plate 1.19. Mudflow with floating boulders along the road to 

Fastello, east of Montefiascone. (This deposit contains pyroxenitic 

nodules, see Chapter III). 
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Plate 1.20. Layered tuff deposits near Celleno. Note the antidune 

structures near the hammer. 

Plate 1.21. Detail from Plate 1.20. Antidune bedding. 
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Around Montefiascone some base surge deposits were described 

by Mattson and Alvarez, (1974). Along the road towards San Angelo, 

near Celleno, antidune structures are found in yellow brown fine 

grained deposits, extremely rich in small clinopyroxene crystals 

(Plate 1.21. and 1.22.). 

1.8.4. Cinders and tuffs 

The cinder cones in the area are normally the result of 

Strombolian type activity (Blackburn et al., 1976) : intermittent 

explosions of heavy magma with large gas release, forming ash and 

cinders with vesicular bombs and spatter, resulting in monotonous 

beds. The Monte Becco and the Monte Starnina are beautiful examples. 

The Strombolian activity was often preceded by violent activity, 

depositing material with accidental lithics. 

A well exposed example is found near Valentano, the double 

topped Monte Starnina (Plate 1.22. - 1.24., 1.34.). The lithological 

relations are indicated in Fig. 1.56. The pure red cinders of the 

hill (1) in Valentano are poorly bedded and display a rather steep 

depositional angle and a good sorting. 

250 m. 

Fig. 1.56. General view of the Monte Starnina. 

1. Red cinders in the Valentano quarry. 

2. Grey cinders with lithics (West quarry) . 

3. Red and grey cinders (West quarry). 
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Plate 1.22. Monte Starnina cinder quarry, west. 

Plate 1.23. Well layered cinders and ashes with lithic boulders. 

(Mo~te Starnina, west quarry, lower deposit) . 
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At the top remnants of an altered zone are found, probably 

representing the crater rim, now covered by the younger deposits 

(2). These younger deposits are made up of lava spray containing 

lithics of volcanic and sedimentary origin. The lack of "bombsags" 

is remarkable as is the lack of mantling phenomena above the boulders 

The deposits of the Monte Starnina (Plate 1.23.) have a nearly 

horizontal attitude and are finely laminated, so sliding down of 

instable masses does not explain the lack of indenting (see Alvarez, 

1975). A better suggestion seems to be a deposition by directed 

blasts, which blew away the fine mantle upon rolled down boulders 

and deposited fine laminae in front and around (Plate 1.24.). In 

those younger (western) deposits of the Monte Starnina a 

rejuvenation stage can be recognized (Fig. 1.57., Plate 1.22.). 

The basal part is made up of black and grey cinders and ashes 

containing many accidental boulders. The boulders become obsolete 

in the higher parts and red and black cinders with spatter limbs are 

found in crudely bedded deposits. 

Plate 1.24. Detail of Plate 1.23. Note lack of mantling above 

boulder and lack of "sag" below. Finer deposits are laminated. 
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M. Starnina. 
50 m 

Fig. 1.57. Detailed view of the western Monte Starnina deposits. 

See also Plate 1.22. 

During a period of reposure a relief was cut in the small edifice 

(or gas thrusts blew out a large wide crater). Due to renewed 

violent activity this relief was covered with ashes, cinders and 

many accidental lithics similar to the basal deposits. Still higher 

pure red cinders and spatters are found. This whole complex overlies 

the red pure cinders of the east hill. Strictly spoken only the 

pure cinder beds are Strombolian deposits in the sense of 

Blackburn et aI., (1976), and.a different erupt'ion mechanism must 

be envisaged for the tuffs with lithic boulders. 

Surtseyan cones are found in the Bolsena lake. They are made up 

of muddy material containing many boulders and accidental lithics. 

Both formed bombsags in the sticky material. The island Marta 

displays strata dipping radially away. This island has a very 

similar morphology to Molokini in the Hawaiian archipel (MacDonald 

and Abbott, 1970), Plate 1.25. 
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Plate 1.25. The island of Marta. 

Chaotic tuffs covering the step-like topography are found near 

the Montienzo and Segnale hills (Plate 1.28.). These are altered 

tuffs with Surtseyan characteristics. It is tempting to relate this 

deposit to the lacustrine deposits which are found on top of the 

tuffs of the Basal Group. At the end of the early depositional 

period (Basal Group) a large shallow lake existed and faults of 

tectonic phase II and III cut these deposits. It seems possible 

that the contact between the magma and the lake waters caused the 

Surtseyan eruptions. 

A similar sequence of cinder beds, rich in accidental material 

and covered by dark red cinder deposits with spatter blobs can be 

found near Cas a Gazetta. This cinder activity was followed by 

extrusion of an extremely dark lava. Similar deposits are also 

found near Casa Cippolina, east of Montefiascone. These seem to be 

examples of waning eruptive violence. 
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Plate 1.26. Negative grading in Starnina cinder bed. 

The cinder beds often have negative grading, indicating a decreasing 

violence of eruption : the magma becomes less fragmented as the 

eruption proceeds (Sigvaldasson, 1968), Plate 1.26. The craters 

of these cinder cones can hardly be found due to slumping and fall 

back. The red color in the central part of the deposits probably 

originated by steam oxydation. (Walker and Croasdale, 1972). 

Fine material is normally lacking in the proximate cinder beds. The 

rare occurrences are sometimes explained as reerupted material, 

after slumping and fall back in the crater (Blackburn et al., 1976). 
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Plate 1.27. Cinder deposits below San Lorenzo Nuovo. Note the 

alteration of well sorted cinder layers with grey mud beds. 
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The distal deposits display often an alternation of dense fine 

layers, sometimes muddy, with pure cinder beds of equal size fraction. 

This can be explained by alternate raining out and settling from 

fine dust clouds (Plate 1.27.) 

The cinder deposits near Monte Rado (section 1.4.4.) are 

remarkable for their low depositional angle. Locardi, (1976 and 

pers. comm.) explains this cinder deposit as follows: a fissure 

became filled with cinders due to vesiculation of magma outside the 

conduit. The intercalated spatter and thin glassy flows should 

be remnants of nonvesiculated magma. The dip of the lavaflows is 

similar to the dip of the cinder beds. (Plate 1.29.). A crater 

structure is found at the east side of the quarry and it can be 

seen that the thin glassy flow was erupted from this crater and 

spread over a large segment of the cinder deposit. 

Plate 1.28. Chaotic tuffs near Montienzo hill. 



159 

I 
4101o! 010 1.. lo!ol>; 

1I 

JII 

Fig. 1.58. Development of a cinder cone on a faulted and 

subsequently eroded tuff section. 

Plate 1.29. Monte Rado cinder quarry. Note the low depositional angle 

of the cinders. 
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Plate 1.30. Upper tuff series near Montefiascone with partial 

reworked layers and shallow gullies. 

The relation between cinder activity and fault movements is clear: 

most cones are orientated parallel to fault directions. The build-up 

of a cinder cone occurred some time after the fault movements, 

however, as cones are sometimes found on top of a reworked fan. 

(See Fig. 1.58.). 

Some general remarks on the tuff deposits will be made : 

Mantling of pre-existing topographies can often be observed. 

Reworking and erosion was common during and after deposition. 

Plate 1.30. shows some tuff beds east of Montefiascone. Here the 

wedging out of a pumice bed and small filled channels in tuffs can 

be seen. 
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Plate 1.31. Synsedimentary 

faults in the upper tuff 

series near Bolsena. 

The relation between the tectonic movements and the deposition 

is well exposed near Bolsena. Many deposits are cut here by 

synsedimentary faults giving rise to peculiar structures (Plate 

1.31.). The tectonic inquiescence is also expressed by the presence 

of large muddike systems near San Lorenzo Nuovo (Plate 1.32.). 

In the Latera area some old river systems can be recognized. 

The rivers cut box canyons into the ash flows and deposited the 

material farther downstream. (Near Castel Otieri). 

The tuffs of the Poggetto Formation are rich in accidental 

lithics. They probably are the result of phreato-magmatic eruptions. 

Similar tUffs, particularly rich in calcareous fragments are 

found near Celleno, on top of the Celleno Formation (Plate 1.33.). 
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Plate 1.32. Mud dikes 

near San Lorenzo Nuovo. 

Plate 1.33. Phreato-magmatic deposit, rich in marl and limestone 

fragments, near Celleno. 
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I.9. MAJOR VOLCANIC STRUCTURES 

I.9.1. Craters and volcanic edifices 

Large volcanic edifices are not preserved although the former 

Latera volcano must have been a flat cone in the past. The east 

side of this old Latera volcano was steep; the other limbs, covered 

with thick ash flow series, were gentle. The morphology of the 

Bolsena area during the earliest period is enigmatic. The tUffs 

and lavas in the valleys south of Bolsena have very small dips, so 

a central cone shaped edifice was probably not present here. A 

paleomorphologie sketch, with some minor cones in the Bolsena zone 

is given in Fig. 1.59. 

The Montefiascone volcano formed probably a cone during the 

early development; this one is indicated on Fig. 1.59.A. 
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Fig. 1.59. Paleomorphologie sketches of the area. 
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The activity in the Latera area was very limited then. In Fig. 

1.59.B. the development of the Latera volcano is indicated after the 

subsidence of the Bolsena depression. The younger lava centres, 

south of the Latera volcano were already active then. 

The Lagacione crater, east of Valentano, and the craters around 

Montefiascone, e.g. Poggetto are well preserved craters. The latter 

is problematical with respect to its volume relations. The volume 
3

of the Poggetto basin, about 0.85 km must be equal to the volume 

of the accidental material in the agglomeratic tuffs of the Poggetto 
2

Formation. This formation covers about 100 km , so a layer of 

16 meter thickness with 53 % lithics is needed to furnish the 

Poggetto basin volume. The walls of the depression are not totally 

covered by the grey agglomeratic tUffs from backfall as would be 

expected. Therefore it is assumed that after the eruptions of the 

agglomerates a collapse of the craterwalls modified the shape and 

volume of the basin. The down-slid material was carried away by 

small streams towards the Bolsena lake. 

Plate 1.34. Monte Starnina near Valentano. 
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Perhaps subsidary collapse, due to an empty magma chamber played an 

additional role. The presence of small scoriae cones on the border 

of the depression suggests the presence of border faults. 

1.9.2. Calderas and volcano-tectonic depressions 

The Vulsinian area' with the beautiful Bolsena-lake inside the 

"caldera" is classical in the geological literature. Williams, (1941) 

defined a caldera as follows : "a circular volcanic depression with 

a diameter many times larger than the corresponding vents". 

With this "morphologic definition" nearly all round large 

depressions in volcanic areas are calderas. We stress, however, 

the importance of the word "volcanic" before depression in the 

above definition. The relation between voluminous ash flow eruptions 

and subsequent caldera collapse is often obvious, and with this 

in mind, the "morphologic definition" of Williams acquires an 

additional genetic meaning. 

First we will give the data and facts of the Bolsena 

depression, before we discuss its genesis. A large subcircular 

depression (16,5 x 15 km), partly occupied by a lake (11 x 13 km) 

with an average depth of 350 m from the bottom of the lake to top 

of the surrounding hills. In the east the basin is bounded by 

N - S striking stepfaults, in the northeast by NW - SE striking 

stepfaults, which are all subvertical. In the north only one or 

two E - W striking faults are found and in the south one uncertain 

E ~ W faultplane is present, largely covered by younger deposits. 

A limb of the Latera stratovolcano forms a barrier in the west and 

it covers any tectonic structure here. The bottom of the 

depression is irregular due to young volcanic activity : islands and 

"lake mounts" rise from the lake floor. The height of the 

surrounding wall is variable: north about 500 m above m.s.l., 

east 550 - 600 m above m.s.l., south 350 m above m.s.l. and west 

630 m above m.s.l. We can state that the Bolsena depression is 
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outlined by tectonic as well as morphologic elements. We will 

discuss now some important points pertinent to its genesis. 

The time relation of the period of subsidence of the Bolsena 

depression with volcanic outpourings is of the utmost importance. 

Paleorelief-considerations ·indicate that the depression started 

its subsidence already before the eruption of the Lubriano Formation 

(ash flows). After the eruption of this formation the subsidence 

rates possibly increased and a large Bolsena depression originated 

(paleo-Bolsena depression). The volume of the Lubriano ash flows, 

however, is small in comparison with the volume of the depression. 

If we look for other voluminous outpourings only the basal 

layered tuff series and lavas are large enough. Gradual subsidence 

of the depression due to eruptions of tUffs and lavas of the basal 

series would have caused a radial dip into the depression of the 

younger tuffs, which is not observed. So there seems no direct 

relation between the subsidence of the depression and any 

voluminous volcanic formation. Subsurface withdrawal of the magma 

is another possibility to create an open space in the subsoil but 

this is a mere guess. 

The types of tectonic escarpments in the N, Sand E differ, 

as stepfaults are present only in the east. The western margin 

is fortuitious : the Latera volcano was built up here. The paleo 

Boisena depression has probably been much larger, and the present 

circular morphology is a coincidence. During the early subsidence 

of the depression, as well as during the main period of 

subsidence, tectonic movements occurred in the Benano and Orvieto 

area indicating a period of regional tectonic activity. This period 

of activity can be correlated very crudely with Demangeot's, (1975) 

tectonic phase 2, which occurred about 200.000 to 300.000 year ago. 

The formation of the paleo-Boisena depression can be estimated 

rather well at 0.35 M.y. (Gazetta dikes). 

Recent volcanic activity is absent and only minor volcanic 

activity occurred posssibly in pre-historical times. 
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Today the depression is still active tectonically, as is indicated 

by small earth tremors near Grotte di Castro and San Lorenzo Nuovo 

in recent times. A drowned paleolithic village south of Bolsena 

(8 meter below lake level) indicates that the depression is still 

subsiding. The lake level has been lowered due to erosion of the 

lake outlet, the river Marta. Old lake deposits of the Bolsena lake 

are found higher up the walls of the Bolsena depression. So the lake 

level has sunk, but the lake floor subsided more. 

The Bolsena depression is situated at the intersection of the 

southern continuation of the Radicofani graben with the less 

distinct transversal graben of Orbetello. In Fig. 1.33. the 

supposed structure of the subsurface is given, suggesting, that the 

Bolsena depression coincides with a regional "low". 

One large magma chamber below the Bolsena lake is unlikely 

because of the large variations in magma type emitted during and 

after the sUbsidence. Foundering of the block in a light magma 

with concomitant eruption of the magma as ash flows is improbable, 

for the only dikes found are made up of very dark basic material 

instead of felsic material akin to the ash flows. 

From these arguments a major regional tectonic control instead 

of a major volcanic control of the subsidence can be deduced. 

Instead of "caldera", the Bolsena depression should be termed a 

volcano-tectonic depression, largely conditioned by regional 

tectonic processes and only locally modified by volcanic collapse 

and build-up. The Latera caldera has been discussed by Nappi, 

(1969b). This depression is an oval basin (9.5 x 8 km) with an 

average approximate depth of 100 meter. The walls slope gently. 

The basin is dry, although older lacustrine deposits indicate the 

former existence of a lake. The depression drains by the river 

Olpeta through a valley in the southern wall. A rather steep, 

scalloped escarpment is present near La Cantoniera. The northern 

wall is covered with younger products. 
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The western margin is diffuse and is crowded by many small eruption 

cones. Many subsidiary cones and mineral springs are present inside 

the caldera, both pointing to faults in the subsided caldera block. 

The collapse of the Latera caldera occurred after the eruption of 

the Latera ash flows. The volume of the Latera ash flows is 

comparable with the volume of the Latera caldera. This depression 

probably originated by collapse due to an emptied magma chamber 

below. No ring dikes are found, so it is assumed that the ash flows 

have been erupted from a central vent of the old Latera volcano 

(see also Sparks, 1975). According to Nappi, (1969b) the subsidence 

occurred in several stages with concomitant eruption of the 

"complex volcanic rocks". The younger activity in the Latera area 

is presumably related to the faults in the subsided caldera block 

and the ring fault. It is remarkable, however, that the small 

cones did not form on the ring fault, but on the rim of the caldera. 

We must suppose that tension faults, parallel to the ring fault, 

without visible offset have tapped the magma below. 
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1.10. CONCLUSIONS AND DISCUSSION 

Tectonic movements, volcanic activity and erosion have shaped 

the Vu1sinian area during its short history. We can summarize its 

history as follows Between 0.89 M.y. and 0.69 M.y. trachytic 

ignimbrites and dark latites (trachybasalts) effused in the eastern 

zones and perhaps also in the western part. Tbis volcanism can be 

seen as an extension of the Tuscan magmatism in time and in space, 

and also in composition. The late stage Tuscan volcanics are 

latites and trachytes of similar chemistry to the early Vulsinian 

rocks. During the subsidence of the Radicofani graben structure 

(between 0.89 and 0.69 M.y.), the alkaline volcanism started in the 

Montefiascone zone (Ferento Formation), followed by activity (0.49 

M.y.) in the Bolsena - Orvieto zone (Le Velette Formation) with 

leucititic and tephritic lavas and tuffs. A large basal complex 

consisting of layered tuffs with intercalated lava flows was formed. 

Fastly subsiding troughs accumulated hundreds of meters of 

epivolcanics. Most rocks are of dark, fine-grained types. The 

younger ones (0.41 M.y.) are leucite porphyritic phonolites 

(Buonviaggio Formation). Subsidence of the central zone set in 

around 0.40 - 0.37 M.y. ago. 

The Montefiascone zone was cut by faults. Around 0.36 M.y. 

acid trachytic and vulsinitic lavas were erupted, the latter 

followed by phonolitic ash flows (Lubriano Formation). After these 

eruptions renewed subsidence occurred in the central zone and 

Benano zone, immediately (0.35 M.y.) followed by activity of minor 

centres, aligned along the young faults. These centres erupted 

cinders and lavas, building small cones and lava plateaus, 

consisting of dark, aphyric, leucite rich material. 

Until now activity had only been limited in the Latera area, 

but around 0.3 - 0.27 M.y. large scale activity started here with 

the effusion of lavas, dark aphyric types and leucite porphyritic 

phonolites (Acquapendente plateau). 
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A strato-vo1cano was constructed and activity continued with siant 

eruptions of ash flows (around 0.2 M.y.), followed by a caldera 

collapse due to the rapid emptying of the magma chamber (around 

0.06 M.y.). A new volcanic cycle set in with activity of the minor 

centres, located on the fault directions. These centres produced 

mainly fine grained dark rocks of leucite rich composition, 

alternating with latitic and trachytic lavas. Activity in the 

eastern zones was sparse. Probably some phreato-magmatic eruptions 

occurred in the Montefiascone zone, and lavas were erupted from the 

Monte Rado. 

This history can be summarized into six volcanic phases: 

Phase 1.	 Dark latitic lavas and trachytic iGnimbrites were erupted 

from unknown centres. Subsiding movements occurred in 

several zones of the area. 

Phase 2.	 Alkaline volcanic activity started and dark, leucite rich 

tuffs and lavas were emitted in considerable amount. The 

whole area was a sinking basin with some rapidly sinking 

troughs. At the end of this period the Bolsena depression 

started its subsidence. 

Phase 3.	 Ash flows and trachytic lavas erupted in a short time-span. 

This activity was followed by the formation of the Bolsena 

depression (Paleo-Bolsena depression) and subsidences 

in the Benano area. 

Phase 4.	 Dark leucititic and tephritic lavas and cinders erupted 

from minor centres, aligned along faulttrends. During 

this period the basal part of the Latera volcano was 

constructed, made up of dark leucite rich lavas and 

phonolites. 

Phase 5.	 Voluminous ash flows erupted, mainly of latitic, trachytic 

and phonolitic composition. The collapse of the Latera 

caldera followed shortly afterwards. 
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Phase 6.	 Minor centres in the Latera zone erupted dark leucite rich 

rocks as well as trachytic and latitic rocks. In the 

Montefiascone zone magmato - phreatic eruptions occurred. 

The timing and characteristics of these six phases are indicated 

in Fig. 1.60., together with the dated rocks. It seems that during 

the development of the Vulsinian area more than one magmatic cycle 

was active. One magmatic cycle is the alkaline volcanism, producing 

undersaturated mafic potassic rocks, with felsic derivatives; the 

other cycle produces mafic latites, trachytes and ash flows. There 

is clearly an alternation between these two magmatic cycles; 

mixing between the two suites seems to have played a minor role 

in general. Only in the sixth phase all rock types were erupted 

during a short period and some indications for mixing are present. 

The products of the first phase closely resemble some of the 

products of the third and sixth phase. 

The variation in rock types is very large in the Bolsena 

Orvieto zone, less in the Latera zone, and limited in the 

Montefiascone zone, as the more silica rich ash flows and lavas 

are virtually lacking here. (Except for phase 1 rocks). 

A direct relation between tectonic phases and magmatic activit 

is difficult to give for such a short period. It seems, however, 

that the alkaline activity is related to periods with strong 

subsidence and active distensive tectonics. The Bolsena depression 

formed during such a period of tensional tectonics and it is more 

closely related to regional tectonics than to volcanic influences. 

(To state it simply: there would have been also a Bolsena 

depression without volcanic actiVity). 

In Fig. 1.61. a volcanologic map is given with the products 

of the six phases indicated in the different zones. Fig. 1.62. 

gives some large scale cross sections. 

In Fig. 1.62.3a sketch of the development of the Vulsinian area in 

the six phases is given. 
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In Chapter II the chemistry and petrography of the rocks will 

be treated and at the end a discussion of the chemical results, 

combined with the volcanological data will be given. 
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• 1.60. Scheme with time relations of the six volcanic phases. 

(P -- Paleomagnetic polarity, T -- Time in M.y.). 
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Fig. 1.62. For legenda see Fig. 1.61. 
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CHAPTER II
 

PETROLOGY OF THE VULSINIAN ROCKS 

Plate 2.1. Twinned lc crystal of a phonolitic rock. (x 45) 
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11.1. PETROGRAPHY OF THE ROCKS 

11.1.1. Introduction 

The rocks will be treated in the order of the six volcanic 

phases defined previously. Classification largely follows Streckeisen, 

rock names are indicated in Table 2.1. Mineral names are abbreviated 

as indicated in Table 2.2. 

Table 2.1. Rock classification. 

Rockname Lc Cpx Fe-ores Bi PIg San 01 

Leucitite P g P g P g (g) (g) 

Tephritic 

leucitite P g P g P g (g) g (g) 

Leucite 

tephrite P g P g P g (g) P g 

Phonolitic 

leucite 

tephrite P g P g P g (P)(g) P g g 

Leucite 

phonolite P g P g P g P P g P g 

Basanite P g P g P g (g) P g P g 

non-essential 

P phenocryst 

g groundmass 

0 
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Table 2.2. Abbreviations of mineral names. 

Leucite Lc Olivine 01 

Plagioclase PIg Sanidine San 

Clinopyroxene Cpx Nepheline Ne 

Biotite Bi Orthopyroxene Opx 

In Italy and Germany older names are still in use, such as 

vesuvite (tephritic leucitite), vicoite and viterbite, both feldspar 

bearing leucitic rocks. The name vulsinite has been used in 

Chapter I and will be used also here. This rock has a composition 

intermediate between latite and trachyte in the Streckeisen diagram. 

The name phonolite is used here for rocks that contain san 

phenocrysts as well as lc phenocrysts, and not, as sometimes is done, 

for rocks carrying Ne as an essential phase. The latter mineral is 

rarely present and it is difficult to identify when it occurs as 

an interstitial phase. 

11.1.2. The rock-series 

The rocks of the Vulsinian area can be divided into three series: 

1. Basanite - leucitite - tephrite - phonolite series. 

2. Latite - trachyte series. 

3. Ash flow series, mainly latites, trachytes and phonolites, 

all poor in mafic crystals. 

In the text these series will be referred to as potassic or leucite 

rich series (1), latitic series (2) and "the ash flow series" (3). 

In Table 2.3, the rock series for the six volcanic phases are 

indicated. 
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Table 2,,3. Scheme of volcanic phases with rock types. 

Phase Bolsena Orvieto zone Montefiascone zone	 Latera zone 

6.	 ? "basaltic" latites, tephrites, 

leucitites. 

5.	 ? ? trachytic latitic 

phonolitic. 

4.	 leucitites, tephrites, leucitites leucite tephrites, 

minor "basalts" tephrites phonolites. 

3.	 latites, trachytes basanites ? 

phonolites 

2.	 leucitites, tephrites basanites ? 

phonolites leucitites ? 

l. latites, trachytes trachytes	 trachytes 

11.1.3. Phase 1 rocks 

A dark lava flow outcrops around the village Torre A1fina. 

According to the Italian geologic map this lava is a trachybasa1t. 

The flow contains large white xenoliths of metasediments and 

aggregates of 01. Phenocrysts of 01, cpx, Fe-ores, small pIg and 

bi crystals and sometimes ghosts of bi are present. Quartz 

xenocrysts are common. The 01 (Fo 85 - 90) is partly idiomorphic, 

partly broken and corroded and sometimes skeletal, often with a 

red rim. The cpx is present in moderate amounts as small green 

crystals, with slight concentric zoning, often intergrown with 

Fe-ores. Magmatic pIg crystals, as opposed to xenolithic pIg 

crystals can be recognized by their strong concentric zoning and 

combination of simple twinning with fine lamellar tWins. Rims of 

sanidine,rich in glass inclusions occur. An contents range from 

70 - 80. 

Bi is found as fresh flaky brown crystals, sometimes with 

an altered margin (Fe-ores); pseudomorphs after bi also occur. 
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Strongly corroded quartz xenocrysts are surrounded by a corona of 

pale green cpx. 

The xenolithic aggregates of presumed metasediments consist 

of An rich pIg intergrown with cpx. Along cleavage planes and grain 

boundaries incipient melting occurred, giving strongly corroded 

crystal cores. The groundmass is made up of pIg, rimmed by san, cpx 

and ores, sometimes with a glassy base. This is a latitic to 

latitic basaltic rock type. 

The trachytic ignimbrite at the base of the series in the 

Montefiascone zone is another rock belonging to phase 1 activity. 

A drill core was furnished by Prof. Locardi. This rock consists of 

a glassy fluidal groundmass with abundant phenocrysts of san, small 

pIg, and rare, large cpx crystals. 

Bi occurs occasionally; sphene and ores are accessory. Carbonate 

fragments are present as accidental inclusions. San makes up the 

bulk of the phenocrysts as long simply twinned crystals with small 

2V. The crystals are sometimes corroded and small crystals of pIg 

are included. 

PIg (An + 70), is lamellar twinned or simple tWinned. The 

bottle-green crystals of cpx are often sector zoned and sometimes 

broken. Rare bi occurs as pale brown laths. This is a trachytic 

rock type. 

Brotzu et al., (1968) report fragments of trachytic lavas in 

the Bagnoregio (tuff) Formation. This indicates that probably 

more trachytic rocks are present low in the volcanic series in the 

eastern part of the area. These do not outcrop. 

11.1.4. Phase 2 rocks 

The phase 2 rocks all belong to the leucite rich series. 

Abundant leucite tephrites are found, together with tephritic 

leucitites, phonolitic leucite tephrites and leucite phonolites. 
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The rocks in the Bolsena - Orvieto zone will be treated first, 

followed by the Montefiascone basal rock series. See table 2.4. 

II.l.4.1. Bolsena - Qrvieto zone 

Tephritic leucitites are commonly found. The following samples 

were studied: 566B, 566A, 568, 822, 8241 and 1017. (Fig. 2.1. and 

2.2.). The rocks carry phenocrysts of cpx and lc in a groundmass 

of lc, cpx, Fe-ores with moderate to minor amounts of pIg. Cpx 

crystals tend to be pale green to clear green and both reversed 

and normal zoning in colour are found. (Normal means : rim darker 

green). Sector zoning is common, oTten with superimposed concentric 

zoning and, rarely, patchy zoning. Hollow cores are found with 

inclusions of small bi and pIg crystals. Lc crystals tend to be 

round, complex twinned, and are rarely corroded. Fe-ores are 

sometimes found intergrown with cpx. The groundmass lc has 

characteristic inclusion trails of small glass blebs and cpx 

microlites. 

~ Buonvioggio Form. 
[§]Le Velelle Form. 

Fig. 2.1. Sampling localities of phase 2 rocks. 
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Plate 2.2. Characteristic texture of tephritic leucitite (566A). x 60.
 

Plate 2.3. Leucite tephrite (452A) with sector-zoned cpx-crystal.
 

Crossed nicols. x 60.
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Leucite tephrites : 379 II, 452A - B, 566C, and 1003. The 

rocks carry phenocrysts of cpx, pIg, and ores in a groundmass of 

cpx, ores, Ie, and pIg, with occasional 01 and bi. Cpx is pale 

green, continuously zoned and in some cases sector zoned. Concentric 

zoning can be normal or reversed. Some cpx in 452A were analyzed 

with the microprobe (see Plate 2.4., and Chapter III, section 

111.4.1.2.). A scan is given in Fig. 2.3. to illustrate the zoning. 

PIg is very basic (An 80 - 90), twinned and concentrically zoned. 

Some crystals show a minute rim of san. In the scan of Fig. 2.3. 

the Ca contents in pIg are indicated, and a full analysis is given 

in table A3, appendix (452A). 

I 

D Monte Rado Form. 
o 

Fig.. 2.2. Sampling localities of phase 2 rocks. 
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· 2.3. Zoning pattern in cpx- and plg crystals. (See Plate 2.4.). 
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Lc is found as small, uncorroded crystals with complex twinning and 

often encloses aggregates of plg-cpx-ore. Fe spinel forms small, 

angular crystals. Phonolitic leucite tephrites are transitional 

between the tephrites and leucite phonolites and sometimes difficult 

to define. 993 and 937 are such rocks with abundant san in the 

groundmass but no san phenocrysts. These rocks carry phenocrysts of 

cpx, pIg, lc, Fe-ores and rare bi in a groundmass of san, pIg, 

cpx, ores and varying amounts of lc. The cpx is green to yellow 

green, with concentric zoning. Cpx is often enclosed in lc but 

contains inclusions of pIg. PIg forms corroded twinned crystals 

(An 80 - 90) and is always rimmed by san. Rare bi is present as 

strongly altered flakes. Lc forms large complex twinned crystals, 

often corroded, with rare margins of pseudoleucite (Fig. 2.4.) 

around included crystals and along cracks. The leucite phonolites 

have characteristic giant leucite aggregates up to several cms in 

size: 423, 505, 647 (Buonviaggio flow), 3791. 

Plate 2.4. Zoned cpx-crystal (AB) and plg-crystal (CD). 

Sample 452A. (x 45) 
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~ 
91& 

Fig. 2.4. Pseudoleucite (stippled) 

around an included pIg in lc. 

The rocks carry phenocrysts of pIg, san, lc, cpx, Fe-ore and bi. 

Cpx is green to yellow green with concentric zoning, and is often 

intergrown with Fe-ores. PIg (An 75 - 85) occurs in single prismatic 

crystals and aggregates. It is strongly zoned with twins according 

to albite, carlsbad and rarely baveno law and is always rimmed 

by san. Lc is complex twinned with enclosed aggregates of cpx 

pIg - Fe-ore. Strongly corroded outlines are common. San is present 

as prismatic, simple tWinned, crystals which are slightly zoned 

and. show concentric inclusion trails. Corroded outlines are 

ubiquitous. Bi is found as dark red flakes, rimmed by ore granules. 

The groundmass is made up of pIg, san, moderate amounts of cpx and 

Fe-ore and varying amounts of lc. Rutile and apatite are accessory. 

In sample 647 III, san is found enclosed in the giant lc crystals. 

II.l.4.2. Order of crystaUization and effusion sequence 

Cpx and Fe-ore were the first phases to crystallize in the mafic 

members of the series, followed by lc. In the leucite tephrites 

pIg crystallized early, possibly together with or after Fe-ore, 

followed by bi and then cpx and lc. San was a late crystallizing 

phase although in sample 647 san crystallized before lc. 

The sequence of lava types in the field is in general from 

mafic, basic types at the base to phonolitic, porphyritic types 

at the top. The samples 379 fit the reverse better as a phonolitic 

porphyritic lava flow is directly overlain by a leucite tephrite. 
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This represents probably a zoned magma column of which the zoning 

became reversed during extrusion. 

II.l.4.3. The Montefiascone zone 

The phase 2 rocks of the Montefiascone zone have been described 

by Mattias, (1965), mainly from the Commenda basin, south of 

Montefiascone. Defino and Mattias, (1965), described the Ferento 

lava flow. 

o~!-~--:2 km 

Lil Montefioscone Formation o Carpine lavas I///::.j Infernaccio Member 

Fig. 2.5. Sample localities of phase 2 rocks. 
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Several thin sections (669, 904, 908, 978, 1012, 1013), were 

studied from the localities indicated on Fig. 2.5. Table 2.4. 

displays the mineral contents in a schematic ~orm. 

Table 2.4. (part 1). 

phenocrysts 

Sample cpx 01 pIg Fe-ore Bi san 1c 

3791 x x x x x x 

379II x x x x 

423 x x x x x 

452 x x x 

505 x x x x x 

566A x x 

566B (x) (x) 

566C x (x) 

568 x 

647 x x x x x 

804 x 
!£ 

(x) (x) x 

937 x (x) (x) (x) x 

993 x x x x 

1003 x (x) (x) x 

1017 (x) (x) 

8241 x x 

824II x (x) x 

824II1 x (x) (x) (x) x 

669 x x x x 

900 x x x 

908 x x x 

978 x 
!£ 

(x) 

1012 x x 

Legenda see part 2. 
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Table 2.4. (part 2). 

groundmass 

cpx + 1c pIg san bi 01 

ore 

3791 x x x x
 

37911 x x x (x) (x)
 

423 (x) (x) xx xx
 

505 (x) (x) xx xx
 

566B x x x
 

647 (x) (x) xx xx
 

804 x x x (x)
 

937 (x) xx xx
 

993 x x xx xx
 

1003 x x xx (x)
 

978 x x x (x)
 

452 x x x (x) (x)
 

566A x x x (x)
 

566C x (x) xx (x) x
 

568 x (x) xx (x) x
 

1017 x x (x) (x)
 

8241 x x x (x) (x)
 

824II x x x
 

824II1 x x x (x) x
 

669 x x (x) x
 

900 x x (x)
 

908 x x x x
 

1012 x x x
 

Legenda (x) rare xx abundant 

x present x 
J£ 

core-rim structure. 
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The lava flows in-the Montefiascone zone are dark leucitites 

and basanites with some tephrites. Most rocks carry cpx and 01 as 

abundant phenocrysts with lc in moderate amounts. PIg is a rare 

phenocrystal phase and the groundmass is made up of lc, cpx, Fe-ores 

and minor amount of pIg, with rare bi. The cpx is pale green to 

deep green and strongly concentrically zoned. Some crystals with 

irregular outlines enclpse poikilitically small lc grains. The 

cores of the crystals tend to be hollow or irregular. 01 forms 

euhedral bipyramids as well as skeletal crystals with small cubic 

Fe spinel inclusions. Fo contents are ~ 85. Lc forms sharp crystals 

with complex twinning. 

Lava fragments are abundantly present in the Poggetto 

agglomerates. (669) These strongly porphyritic lavas carry very 

large cpx, 01 and lc phenocrysts and rarely small bi-crystals 

in a groundmass of cpx, Fe-ores, pIg, san, bi and alkalic 

amphibole. Mineral analysis are given in table A3 (Appendix), and 

the mineral chemistry will be treated in detail in Chapter III, 

section 111.4.4. (see nr. 653 in chapter III). Lava 978 was found 

near Monte Rotondo. This is a light grey flow which contains 

microphenocrysts of pIg and cpx in a groundmass of cpx, Fe-ores, 

pIg, san, and lc. The cpx is pale green with reversed and normal 

zoning. PIg, (bytownite) is present as small twinned aggregates, 

and is occassionally a bit cloudy. Glomeroporphyritic clods of 

yellow green cpx with pIg and hi intergrown with apatite prisms 

are set in a glassy mass. The rock is a phonolitic leucite tephrite. 

11.1.5. Phase 3 rocks 

II.l.5.1. Description 

The ash flows of phase three have not been studied in detail 

as Parker has a detailed study in preparation. The Lubriano ash 

flow is a phonolitic rock with phenocrysts of san and broken lc 
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crystals. The lava flows of this phase have been studied in a 

number of thin sections (4, 48, 132, 155, 157, 404, 458, 496, 765, 

788, 809, 810, 819, 885, 957, 996). The sample localities are 

indicated in Fig. 2.6. 

Vulsinites are found around Bolsena. These rocks carry 

phenocrysts of pIg, san, cpx, bi and ores in a fluidal groundmass 

of san, some pIg, minor cpx and ores and rare bi. PIg is basic 

(An 80 - 70), strongly concentrically zoned. The crystals are 

rarely twinned and are always surrounded by a rim of san (Fig. 2.7.). 

The cores are often strongly corroded. San forms l~ng simple 

twinned laths, often strongly corroded and clouded by trails of 

inclusions. 2 V is small. Cpx is present as small concentrically 

zoned Qrystals of pale green colour. 

~ Torre Alfino Formotion 

~ Gollicella Formation 

D Costel Giorgio Formation 

[]]]]] Acquopendenle Lava 

Fig. 2.6. Sample localities of the phase three rocks. 
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Fig. 2.7. Pig rimmed by san and 

san phenocrys~-'in a vuisinitic 

rock. (x 20) 

It often forms glomeroporphyritic aggregates with pIg and ores. 

Bi is found as fresh crystals with minor corrosion and alteration. 
0

The colour is dark red-brown and 2V is about 20 . 

In the Monte Segnale section remnants of a felsic flow are 

found (819), which is more pIg rich than the typical vulsinites. 

This rock contains phenocrysts of pIg, san, cpx, bi and ores in a 

groundmass of san, minor pIg, cpx, bi and ores. Secondary carbonate 

is present as an alteration product. Phenocrysts are similar to the 

ones described above except for cpx which occurs in two varieties 

dark green cpx and faint brown to colourless crystals with coarse 

twin lamellae. 

The Odinano rocks have been studied in several thin sections. 

These rocks are very rich in san. The yellow glittering plates are 

noticeable in the field. Phenocrysts of san are abundant, ~.g is 

moderate and minor amounts of cpx, 01, ore and bi also occur. 

The groundmass consists of san and pIg with minor cpx, ores and bi. 

San is present as large simple twinned prismatic crystals, with 

inclusion trails and enclosed pIg crystals. 2V is small. PIg forms 

aggregates and strongly zoned single crystals with An contents 

around 80. Rims of san are absent. Cpx is present as faint green 

crystals with slight concentric zoning and coarse twin lamellae. 

01, (Fo 70 - 80, 2V large, -). forms small pale brown crystals, 

often rimmed by cpx. 
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Lc is found as rare xenocrysts (?), which are strongly corroded. 

This rock is a trachyte. 

The rocks of the Subissone Member in the Subissone valley 

(waterfalls, 496 - 957) contain phenocrysts of pIg, rare san 

crystals and cpx, bi and ores in a groundmass of san, pIg, cpx and 

some ores. PIg is strongly zoned (An around 70), rimmed by san. The 

cores are often strongly corroded. San is present as simple tWinned 

crystals with small 2V. Cpx is light green with slight concentric 

and sector zoning and coarse twin lamellae. Bi and ores are as 

described previously. (vulsinites). These rocks are trachytic

latites. 

A latitic lava is found east of Bagnoregio, above the Lubriano 

ash flow, (388). This rock carries phenocrysts of pIg, cpx, opx, 01, 

bi and ores in a groundmass of san, pIg, minor pyroxene and ores 

in a glassy mass. PIg is abundant and is strongly zoned with 

corroded cores, (An 75 - 80), and is rimmed by san. Cpx is found 

as small crystals, sometimes skeletal, with coarse twin lamellae. 

Colour is faint green to colourless. Bronzitic opx is present 

in moderate amounts as uncorroded small crystals. This is the first 

time that opx has been indentified in the eastern Vulsinian rocks 
0

(see also section 11.1.10.1.). 01, (2V around 70 , sign = -) 
occurs as corroded large crystals and small bipyramids, rarely 

mantled by opx. Bi is strongly altered, with rims of ore granules. 

Ore is present as irregular blebs. 

The lava flow in the Cava Basaltina, (458) east of Bagnoregio 

has been described by Giametti and Beccaluva, (1968). This is a 

felsic porphyritic flow with phenocrysts of pIg, rare san, some lc, 

cpx, ores and pseudomorphs after bi in a groundmass of pIg, san, 

some cpx, ores, rare lc crystals and bi. The lc is strongly 

corroded. The cpx is yellow green with concentric zoning and is 

intergrown with bi, pIg and ores. The pIg is always rimmed by san, 

An contents are about 70 - 75. This is a leucite trachyte, or a 

leucite bearing vulsinite. 
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II.l.5.2. Petrographic remarks 

Although all these lava flows are found scattered over the 

eastern area they are petrographically a homogeneous group. The 

felsic character and scarsity or absence of leucite distinguishe~ 

them at first sight from the other rock series. The presence of 

the colourless coarsely twinned cpx seems also characteristic for 

this group. Opx occurs incidentally and 01 is found. The "Basalt ina" 

flow of Bagnoregio is intermediate between the phase three rocks 

and the leucite rich series : lc is present (scarcely and corroded) 

and the cpx is augitic instead of colourless and coarsely tWinned. 

The crystallization sequence in the latites was probably : 

PIg - bi - ores, cpx - opx, san. 

The rocks strongly resemble the phase 1 rocks (Torre Alfina) 

and the M. Rosso rocks of phase 6 (see section 11.1.10.1.). 

11.1.6. Phase 4 rocks 

II.l.6.1. BoZsena - Orvieto zone 

The rocks of phase 4 form a homogeneous group in the 

petrographic sense in the Bolsena - Orvieto zone, with one 

exception. Most rocks are basic, dark, fine grained leucitites, 

tephritic leucitites, leucite tephrites and rare phonolitic leucite 

tephrites. Near Casa Gazetta, north of Bolsena, some lava flows 

are different, however. These flows are dark, nearly aphyric rocks 

made up mainly of cpx. Most rocks are present as small lava flows, 

cinder deposits or as plateau lavas (Castel Giorgio plateau). The 

Carpine lavas, south of Montefiascone are also treated in this 

section, although their age is less certain. In table A4 (appendix) 

the sample numbers and localities are listed and Fig. 2.8. and 2.9. 

show the sample localities. Table 2.5. displays the mineral contents 

in schematic form. The mineralogy of the lavas in the Bolsena 
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Fig. 2.8. Sampling localities of phase 4 rocks. 
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w.l:ii Torre Allino Formation 

tz] Gollicello Formation 

o Castel Giorgio Formation 

[[]II Acquapendenle Lava 

Fig. 2.9. Sampling localities of phase 4 rocks. 

Orvieto zone is as follows : cpx is the most abundant mineral and 

a phenocryst phase in all lavas. It is a pale green diopsidic 

cpx with slight concentric zoning and occasional sector zoning. 

Fine lamellar twins and occasional coarse twins occur. Cpx is 

often intergrown with pIg (if present) and ores. 2V is about 30
0 

; 

cores tend to be hollow and filled with bi. The sense of zoning 

is quite variable: normal and reversed zoning are present, but 

oscillatory zoning is rare. Of interest is the presence of deep 

green cores in many cpx, which occur together with completely pale 

green crystals. They have been described by Brotzu et al., (1977) 

and some examples are shown in Fig. 2.10. These deep green cores 

are often mottled or spickled with ore grains and they can occupy 

more than 80 % of the crystal. 
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Table 2.5., part 1. Phase 4 rocks. 

phenocrysts 

Sample cpx 01 pIg Fe-ore bi san lc 

383 xJ£ 
x
 

760 x x x (x)
 

763 xJ£ x X X
 

427 x
J£
 

417 x x x x x
 

418 x x x
 

428 x (x) (x)
 

432 xJ£ x (x)
 

433 xJ£ 
x (x)
 

435 x (x) x
 

565 x
J£ 

X (x) x
 

572 xJ£ x
 

627 (x) (x) (x)
 

759 (x)
 

777 x
J£
 

779 x
 

780 x
 

814 x x x x
 

820 xJ£ (x) (x) (x) x
 

828 x x x (x) x
 

840 x x x x x
 

843 X 
J£ 

(x) x (x) x
 

847 xJ£
 

848 x x (x)
 

Legenda (x) rare xx abundant 

x present x 
J£ 

core-rim structure 
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Table 2.5., part 2. Phase 4 rocks. 

groundmass 

Sample cpx + ore lc pIg san ne bi 01 amph. 

383 x x x (x)
 

427 x x x x
 

435 x x x
 

565 x x x (x)
 

572 x x x
 

759 x x
 

814 x x x
 

843 x x x x
 

417 x x x x
 

418 x x x (x) (x)
 

428 x x x (x) (x)
 

432 x x x (x) (x)
 

433 x x x (x) (x)
 

627 x x x (x) (x)
 

760 x x x x
 

763 x x (x) (x)
 

777 x x x (x)
 

779 xx x (x) (x) (x)
 

780 xx (x) (x) (x?)
 

820 x x (x)
 

828 x x x (x) (x)
 

840 x x x (x) x
 

847 x x x
 

848 x x x (x) x (x) (x)
 

Legenda (x) rare xx abundant 
J( 

x present x core-rim structure 
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Table 2.5., part 3. Phase 4 rocks. 

phenocrysts 

sample cpx 01 pIg Fe-ore bi san lc 

II

852 x
 

854 x (x) x (x) x
 
II


855 x (x) x
 

871 (xII)
 

879 x x x x x
 
II


882 x (x) (x?) x
 

884 x x (x) x
 
II


888 x (x) x
 
II


891 x x
 

894 x x x
 

895 x x
 

914 (x
Jt 

) 

959 (x) (x) (x)
 

964 (x) (x) (x) (x) (x)
 

969 x K 
x
 

977 x
Jt 

x
 

978 x x
 

985 x x x x x
 

Legenda (x) rare xx abundant 

x present x 
K 

core-rim structure 
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Table 2.5., part 4. Phase 4 rocks. 

groundmass 

sample cpx + ore 1c p1g san ne bi 01 amph. 

852 x x (x) 

854 x x x (x) x 

855 x x (x) (x) x 

871 xx (x) (x?) (x) 

879 x x x x (x) (x) 

882 x x x (x) 

884 x x x (x) (x) 

888 x x (x) (x) 

891 x (x) (x) 

894 xx (x) x 

895 xx x x 

914 x x x (x) 

959 x x x (x) 

964 x x x (x) 

969 x x (x) 

977 x x x (x) (x) 

978 x x (x?) x? 

985 x x x (x) (x) 

Legenda (x) rare xx abundant 

x present x 
K 

core-rim structure 
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o~ 
A 

820 

B 

847 

Fig. 2.10. A 

B 

Deep green cores in cpx of phase 4. lavas. 

Deep green core of cpx with sector zoning, 

not continue in the rim. (x 30) 

(x 30) 

which does 

Euhedral cores as well as corroded ones were observed. Rarely, 

completely green crystals and only once a crystal with a pale core 

with a deep green rim were found. The green cores are slightly 

concentrically zoned or sector zoned, the latter not continueing 

in the rim (Fig. 2.108). A twinned core is mantled by a twinned rim. 

The pale rims have sometimes a superimposed zoning. These green 

cored cpx are fairly common in Italy and other alkaline rock areas 

and have been discussed by Brooks and Printzlau, (1978). The 

composition uf the pale cpx and the green cpx is given in Chapter 

III (83,84), from data of 8rotzu et al., (1977). 

Olivine is a common phenocryst and a rare groundmass phase. 

It occurs as small bipyramidal crystals, often with a red rim. 

Rarely skeletal crystals were found. Jacketing and total inclusion 

by cpx is common. Fo contents are around 85. Glomeroporphyritic 

clods of olivine are sometimes present. PIg as small twinned and 

zoned crystals and aggregates with twins according to carlsbad, 

albite and, rarely, baveno law. Cores are very basic with An 

contents about 92 - 94, rims about 80 An. Concentric zoning may be 

pronounced, but oscillatory zoning is relatively uncommon. The 

cores are clouded and some are crowded with glass inclusions. 
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Completely altered ghosts are present. Rarely a thin layer of san 

rims the crystals. Slight rounding of the pIg is common. Intergrowth 

with cpx and ores is common and sometimes the whole intergrowth is 

enclosed by lc. The association of Fe-ores with pIg is note worthy 

whenever pIg phenocrysts become abundant Fe-ores also become 

abundant. 

The ores are normally magnetitic spinels, some with lamellar 

ilmenite intergrowth. 

Lc is found as phenocrysts or fragments. Complex tWinning is 

always present, and crystal-outlines are sometimes corroded but in 

the same thin section uncorroded crystals are found. Margins of 

pseudoleucite occur around the crystals, along cracks and around 

enclosed crystals. Rarely lc is enclosed in cpx, the reverse being 

more common. 

San is not often found and when present it appears to be 

xenocrystal (corroded, unclean). 

Accessory phenocrystal phases are bi, normally strongly 

altered, and pseudomorphs of ore granules after bi are common. 

The bi ghosts are often rimmed by younger bi. Apatite is usually 

enclosed in cpx. 

The ~roundmass of the leucitites is made up of at least 50 % lc, 

the remainder being cpx and ores. The tephritic members carry pIg 

microlites and additional san or ne. Bi and amphibole occasionally 

occur and 01 is a rare groundmass phase. 

A few of the lavas in the Bolsena - Orvieto zone are completely 

different. Nearly aphyric rocks are found consisting of pale green 

cpx microlites with minor quantities of ores and pIg (776, 780, 871). 

467111 (Via Cassia sample) is remarkable on account of its 

variable texture mm wide bands of groundmass rich in pig with 

large ore crystals alternate with bands poor in pIg with small ore 

crystals. 
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II.l.6.2. Montefiascone zone 

The Carpine lavas in the zone south of Montefiascone are 

classified as phase 4 activity, although the time relations in the 

south area are less certain than those in the north area. The rocks 

(752 - 754) are fine grained dark lavas with phenocrysts of cpx 

(often megacrysts), 01, and lc in a groundmass of cpx, lc, ores and 

minor pIg. The cpx is p~le green to clear green and is strongly 

zoned. The outlines are often irregular and the cores can be hollow. 

01 forms bipyramids as well as skeletal crystals with small cubic 

Fe spinel inclusions (Plate 2.5.). The Fo content of 01 is 85 or 

slightly higher. Lc forms sharply bounded crystals with complex 

twinning. These are leucititic to tephritic leucititic rocks. 

Plate 2.5. 01 crystal in Carpine lava. (x 45) 
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11.1.7. Lower Latera lava series 

II.l.?l. Acquapendente lava group 

(, ~km 

w
 
f'-...- ~ ..····r~;-f···)~71354 I
 
~.... """" 

§J .....- I 618 I .... 

Montorio Acquapendente 

Fig. 2.11. Sample localities of the Acquapendente lava series and 

presumed stratigraphic relations between the sampled flows. 
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A lava- series is exposed in the Stridone valley, east of 

Acquapendente. These lavas are characterized by the abundance of 

em-sized leucite crystals (in Italy known as "fish eye" rock). 

The lavas continue towards the south where they crop out in shallow 

river gullies. Sample points are indicated in Fig. 2.11. The series 

comprises mafic members, leucite tephrites, which probably belong 

low in the series, followed by leucite phonolites (Fig. 2.11.). 

The mineralogical variation is given in table 2.6. 

Table 2.6., part 1. 

phenocrysts 

Sample Ie pIg ale. fsp. bi cpx ap sp 

LA 4 

618 x x x x x 

69 x x (x) x x x 

263 x x x x x x 

260 x x x x x x 

67 x x x x x x x 

612 x x x x x x x 

362 x x x x x x 

354 x x x x x x 

615 

Legenda «x» very rare x present 

(x) rare xx abundant 
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Table 2.6., part 2. 

groundmass 

Sample lc alc. pIg cpx sp bi D. I. rock type 

fsp. 

LA 4 72.76 lc tephrite 

618 x (x) x xx x x 73.25 lc tephrite 

69 (x) (x) x x x x 77.01 lc tephrite 

263 x (x) x x x lc tephrite 

260 x x x x x x 

67 x x x x x 

612 xx x (x) (x) «x» 78.11 lc phonolite 

362 (x) xx x (x) (x) 79.21 lc phonolite 

354 (x) xx x (x) (x) (x) 79.25 lc phonolite 

615 81.61 lc phonolite 

Legenda «x» very rare x present 

(x) rare xx abundant 

II.l.7.2. Mineralogy 

Lc is present as large phenocrysts (2.5 cm) with complex twins 

(Plate 2.1.) and inclusions of euhedral pIg. It often encloses 

large aggregates of cpx - pIg - ore - (bi). The crystals are 

normally strongly corroded in the felsic members and uncorroded 

in the mafic members. This is witnessed by irregular outlines of 

the crystals and the ending of inclusion trails perpendicular to 

the crystal margins. Along the margins and cracks pseudoleucite is 

sometimes encountered. A microprobe analysis of lc from sample 612 

is given in table A3 (Appendix). (Low sodium contents, some 

orthoclase in solid solution). 

PIg is present as phenocrystal aggregates and single crystals. 
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Normally it is strongly zoned, locally oscillatory zoned and a 

younger rim of san is often present. The composition is basic 

(core 93 - rim 80 An, table A3, Appendix). Albite and carlsbad 

twins are observed. 

San is present as a phenocryst in the evolved members only. It 

occurs as slightly zoned prismatic crystals, often dusted with small 

inclusions and inclusion trails, reflecting growth stages. Basic 

pIg and bi are found enclosed in san. Optical properties indicate 

a K rich composition (about 60 Or). 

Cpx is found in moderate amounts as a phenocryst. Small green 

to yellow-green crystals are present with normal and reversed 

zoning. Some large crystals display sector zoning. Cores of the 

crystals are sometimes hollow. Fe-ores, pIg and, rarely, bi are 

found as inclusions. The composition of a cpx from 612.4 is give~ 

in table 3.11. A microprobe scan over a reversed zoned crystal of 

the same sample is given in Fig. 3.17. Fe-ore is present as blocks 

of magnetitic spinel, often with exsolved ilmenite laths. 

Plate 2.6. Bi in san has escaped alteration (sample 612, x 45). 
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A microprobe analysis of doubtful quality indicates an Al rich 

(7 %) ~nd Ti poor composition. Bi is normally present as strongly 

altered crystals, often ghosts, marked by the presence of ore 

granules. In sample 67 a slightly altered flake of an orange - red 

bi was found, probably a very Ti rich mica. Bi is sometimes found 

included in san and then it has escaped alteration (Plate 2.6.). 

Apatite is found enclosed in cpx and as single crystals in sample 

263. These crystals are pink - brown. 

Groundmass composition in the mafic members: abundant lc, 

often isotropic, cpx similar to the phenocrysts and Fe-ores, with 

moderate amounts of bi and pIg, rarely san. In the felsic members 

lc is present in moderate to limited amounts, bi is absent and 

pIg with abundant san make up the groundmass with minor cpx and ores. 

Ne has not been positively identified. In sample 67 extremely small, 

intensely coloured (orange) grains of rutile were found. 

II.l.7.3. General sequence of crystallization 

The earliest generation of phenocrysts is represented by 

pIg, Fe-ore and apatite, followed by bi. Cpx is a later 

crystallizing phase, followed by lc and san was the last 

crystallizing phase. The crystallization pattern from the mafic 

members towards the felsic members can be summarized as follows 

the crystallization of lc and bi in the groundmass is replaced by 

crystallization of san towards the end members. San comes in as 

a phenocryst phase and the lc becomes concomitantly more corroded. 

11.1.8. Lava flows south of the Latera caldera 

The southern lava flows in the Latera area are presumably of 

similar age as the Acquapendente rocks. These rocks have been 

described by Trigila, (1969). Only a few samples will be described 

here, indicated on Fig. 2.12. 
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Fig. 2.12. Sample localities south of the Latera caldera. 

Most lava flows are more mafic here than around Acquapendente 

and basanites, leucitites and leucite tephrites are abundant. 

Trigila described also phonolites similar to the Acquapendente rocks. 

Around Farnese (87, 316) an extensive lava flow is found with 

phenocrysts of lc, pIg, and cpx with ores in a groundmass of san 

with rare pIg, cpx, Fe-ores and rutile. This is a phonolitic 

leucite teprite. Near Cellere and Piansano, (328 and 348), dark 

fine grained lava flows are found. The Cellere flow is a leucititic, 

consisting-of small'lc crystals with the voids between the l~filled 

with cpx and ores. Near Castel Brocco, (South of Marta) in the river 

valley a flow from the extensive lava plateau was studied. 

Phenocrysts of lc, cpx and 01 were present. Lc was found as 

uncorroded, multiple twinned crystals with enclosed cpx. 01 is often 

skeletal (Plate 2.7.), but bipyramids also occur, with Fo contents 

around 80. Cpx is very strongly zoned. Concentric zoning and patchy 

zoning were observed, reminiscent of the zoning in cpx of the nodules 
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Plate 2.7. Skeletal 01 in sample 1008 (Marta lava plateau, x 50). 

(Chapter III). The margins of the crystals are very irregular, 

sometimes poikilitically enclosing small lc grains. The groundmass 

is made up of cpx, Fe-ores, lc and pIg of intermediate composition. 

Some chlorit1c alteration products are present. 

11.1.9. Phase 5 rocks 

II.l.9.1. Latepa ash flow pocks 

The Latera ash flows have not been studied in detail. The 

reader is referred to Sparks, (1975) and Parker, (in prep.). Most 

flows are phonolitic and trachytic - latitic, some carrying lc, 

others devoid of feldspathoids. The complex volcanic rocks of Nappi, 

(1969a) and the "frothflow sheet of Locardi", 1965) have been 

described by these authors. The latter flow is a tephritic phonolite, 

best exposed in the Casa Collina quarry. In thin section a.glassy 

base is observed with broken crystals of san and lc, minor pIg and bi, 
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some ores and moderate amounts of pale green, yellow-green and 

green-cored cpx. Concentric zoning is common in the cpx. The lava 

flow near La Cantoniera (complex volcanic rock of Onano - Nappi, 

1969a) is a tephrite with low phenocryst content. PIg is present 

as small twinned crystals, the pale green cpx is concentrically 

zoned and Fe-ores and pseudomorphs after bi are rare. The groundmass 

is mainly glass. 

II.l.9.2. Montefiascone mudflows 

Around Montefiascone dark mudflows were deposited during this 

period. These chaotic deposits carry broken crystals of dark 

green as well as colourless cpx in large numbers, deformed bi, and 

rock fragments (trachytic and leucite rich rocks). Lc, pIg and 

san crystals are rare. The groundmass is glassy with many carbonate 

rock fragments, which are unaltered. (1009, Fig. 2.5.). 

II.l.lO. Phase 6 rocks 

II.l.10.l. The Latera area 

The youngest rocks in the Latera area have been described by 

Morbidelli, (1967), Trigila, (1966) and Schneider, (1965). These 

rocks are variable in composition. Schneider described trachytes, 

trachybasalts and rocks of the leucite rich series. Some flows 

will be described below, as they are very characteristic for Latera 

rocks of this period. These are the very young Selva del Lamone 

flow and the large flows from young centres south of the Latera 

caldera. On fig. 2.15. the sample localities are indicated. The 

Selva del Lamone flow (92) is a fine-grained dark flow with 

conspicuous olivine crystals. Phenocrysts are pIg, cpx, 01 and rare 

san. Cpx is concentrically zoned, some crystals have dark cores; 

01 is Mg rich (Fo 85 - 90), pIg is basic (An 70 - 90), and the 
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Plate 2.8. Coarse twin lamellae in colourless cpx in 338. (x 125). 

groundmass is made up of cpx, Fe-ores, pIg (abundant) and san. This 

was called a trachybasalt by previous authors, but it is perhaps 

better called a dark latite. Similar rocks are found in the Poggio 

Murcie (279) volcanics and around the Monte Becco (108). Monte Calvo, 

an external centre, consists of latites (Trigila, 1966) and Monte 

Rosso, near Sovana consists of leucite tephrites and "leucite 

andesites" (Morbidelli, 1967). One of our samples (338) from the 

Monte Rosso is a dark, fine-grained flow with strongly corroded 

crystals of san, (small 2V)i two types of cpx occur: dark green 

types with pale green margins as well as colourless types, the latter 

with coarse twin lamellae (Plate 2.8.). Several cpx have a core of 

cpx, as illustrated in Fig. 2.13. (Bronzite - hypersthene). PIg seems 

to be xenocrystal as rounded crystals are present, and 01 is found 

as small crystals. Lc is difficult to identify but probably present 

as small xenocrystal dusty crystals. Quartz xenocrysts are found, 

rimmed by cpx microlites (Fig. 2.14.). Bi ghosts, consisting of 

opaque granules are common. 



214 

JJ8 
Fig. 2.13. Opx, rimmed by cpx Fig. 2.14. QU xenocrysts rimmed 

in 338. (x 125) by cpx microlites. 338 (x 50) 

The groundmass is made up of pIg, cpx with Fe~ores and some san. 

These rocks strongly resemble the Torre Alfina rocks of phase 1 and 

some rocks of phase 3. 

Inside the caldera many sanidine bearing leucite tephrites are 

found as in the Poggio Pilato volcanics. (99). These rocks carry 

phenocrysts of san (small 2V), lc, cpx, and pIg, set in a groundmass 

of pIg, cpx with Fe-ores, lc and rutile. Small xenocrystal 

aggregates of cpx are present as well as carbonate grains. Near 

La Montagna (55) a leucite rich lava flow is found which contains 

microphenocrysts of pIg, cpx, pseudomorphs after bi and ores set in 

a groundmass of small round lc crystals with much cpx, Fe-ores, 

orange, probably Ti rich bi, and rare interstitial feldspar. This 

rock is a tephritic leucitite. Schneider described also ol-carrying 

flows from this centre. The extensive lava flows erupted from the 

Monte Cellere and the Monte Starnina are leucite-carrying basanites. 

The flow of the Madonna delle Salute (325) contains strongly zoned 

cpx crystals which have martiniglass sector zoning. 01 (Fo 85) is 

present and Fe-ores, set in a groundmass of lc, pIg (An 70 - 80), 

some san, cpx with Fe-ores and rare bi. The Monte Cellere flows (64) 

carry pIg as an additional phenocryst and they have less lc in the 

groundmass. 



215 

51crnm 

1'·'''"'"'' 
a 3 km, 

Fig. 2.15. 

The rocks of the Monte Starnina have been erupted periodically. 

Some cinder fragments have been studied (Val 0 - 3). They carry 

phenocrysts of cpx, Fe-ores, pIg, and 01 in a groundmass of cpx, 

Fe-ores, pIg and leucite with glass. In the lower deposits bi is 

present, but in the higher deposits only bi ghosts a~e found. 

Perhaps there is some relation between the volcanologic position 

and the freshness of the bi, but this needs a detailed study. Also 

the amount of 01 seems higher in the later deposits, probably as a 

result of 01 fractionation. Cpx occurs as colourless crystals as 

well as deep green-cored crystals. It is strongly zoned and sector 

zoning is common. PIg is simple twinned with An around 75. Cores 

are unclean and crowded with glassy inclusions. 01 (Fo 85) is often 

red rimmed. These are basanitic cinders. 
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II.l.l0.2. The Montefiascone zone 

The volcanic activity in the Montefiascone zone during phase 6 

was limited. Some cinder qones formed and minor lavas were erupted. 

These rocks have not been studied in detail, but according to the 

Italian Geological Map most rocks belong to the leucite rich series. 

Two samples (894, 895) come from a peculiar flow along the Via Cassia 

(Fig. 2.5.). This maflic flow carries small phenocrysts of 01 and 

cpx in a groundmass of cpx with some interstitial pIg and perhaps 

minor san. Ore is lacking. The rock is difficult to classify. It is 

rather similar to the "basaltic" rocks near Casa Gazetta, near 

Bolsena, erupted during phase 4. 

11.1.11. San Venanzo rocks 

The lava flow of San Venanzo, located some tens of kms northeast 

of the Vulsinian area, have been described by Mittempergher, (1965) 

and Bannister and Sahama, (1952). These rocks have a peculiar 

composition: Phenocrysts of 01 are mantled by phlogopite, and both 

together are jacketed by diopside; the groundmass consists of 

diopside, melilite, lc and kalsilite, with accessory ores and 

apatite. It is called venanzite. The relationship between the 

Vulsinian magmatism and San Venanzo is not clear, but in the 

chemical diagrams it is plotted together with the Vulsinian data. 

11.1.12. Petrologic discuss~on 

The petrographic descriptions together with the geological 

review indicate, that the evolution of the volcanics in the Vulsinian 

area cannot be characterized as the follow-up of more and more 

evolved melts from a single primitive magma. The following summary 

can be given for the Bolsena - Orvieto zone. Activity started with 

eruption of dark latitic (trachybasaltic) lavas with glomer6porphyritic 

01 clods, forming flows of limited areal extent. 
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The next phase is characterized by the effusion of a strongly 

potassic magma, mainly leucite tephrites and tephritic leucitites. 

The only possible intermediate member between phase 1 and 2 is the 

lava at the base of the series in the valley west of Rocca Ripesena 

(566), which is rich in pIg with only limited amounts of Ie. The 

potassic volcanic activity continued a long time (lavas and tUffs) 

and the eruption of phonolitic lavas concluded this phase, 2. The 

next phase is characterized by vUlsinites (potassic latites), 

trachytic lavas and phonolitic ash flows, followed by minor amounts 

of dark latites, which carry opx. The fourth phase is a rejuvenation 

of the potassic magmatism and basic rocks such as leucitites and 

leucite tephrites form a large number of small cones and flows. 

These.lavas contain "xenocrysts" of Ie, san and pIg. The green 

cored cpx can also be interpreted as xenocrysts, rimmed by 

comagmatic cpx. These xenocrysts seem to be phenocrysts of more 

evolved potassic melts, e.g. the leucite phonolites. A minor 

qua~tity of the phase 4 rocks are of different character : these 

are the "basaltic rocks" from some small centres around Bolsena. 

The activity in the Montefiascone zone started with the 

eruption of a trachytic ignimbrite, followed by a long period of 

potassic magmatic activity (tUffs and lavas), concluded by a phase 

of cinder activity and lava effusions from minor centres. The lack 

of evolved members is remarkable, compared with the development in 

the Bolsena - Orvieto zone. Most rocks are very mafic in the 

Montefiascone zone with abundant cpx and 01; some lavas are clearly 

contaminated by carbonate material. The next phase in the 

Montefiascone zone brings up chaotic mudflows (basanites) and minor 

volumes of phonolitic ash flows. A concluding stage of phreatic 

eruptions and cinder activity followed, mostly of potassic magma 

type, except for some "basaltic" rocks similar to the Bolsena rocks. 

When the activity in the east was waning, the Latera volcano 

started a four stage cycle. Acid ignimbrites, which can perhaps be 

correlated with phase 3 activity in the east, are followed by 
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potassic magmatic effusions, mainly leucite tephrites and 

phonolites. This phase is followed by phonolitic-trachytic ash 

flow eruptions (Phase 5). The sixth phase brings up once again the 

potassic magma but accompanied by a large volume of dark latitic 

rocks. 

The volume ratios of the magmas indicate that differentation 

processes such as fractional crystallization cannot explain on their 

own the large volumes of phonolites, trachytes and latites, although 

the question of volume-ratios is still a matter of discussion. It 

seems that different magmatic cycles interfered during the volcanic 

history of the Vulsinian area. In the following sections we will 

outline the chemical variation and development of these magmas. 

11.1.13. Volcanologic and tectonic setting 

KM 

III VOLCANICS 

D MAGMA 

CUMULATE CRYSTALS 

COUNTRYROCK(CARBONATE) 

MARLS 

Fig. 2.16. Sketch of the tectonic setting of the eastern zone. 
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Probably there was some influence of the volcanic structure 

on the development of the magmas. The eastern zone is 

characterized by many eruption mounds, the eruption of moderate 

amounts of evolved melts during phase 2, and evidence for mixing of 

a primitive potassic magma and a more evolved magma during phase 4. 

These three points can be accounted for in the following model. 

In thp. eastern area, which is cut by numerous faults, a central 

magma chamber is lacking but many small magma pockets exist 

where crystallizing potassic magma is present. Limited volumes of 

evolved magmas will be produced and during the fourth phase new 

primitive magma will be pushed in along the fissures, through the 

small pockets. This phase of rejuvenation will break up the 

cumulative rocks at the bottom and xenocrystic cpx will be 

abundantly present, mantled by comagmatic cpx. If batches of 

phonolitic magma are still presen~ local contamination of the 

primitive magmas might occur (Fig. 2.16.). 

I 
K'" \ 

\ 
I 

Fig. 2.17. Sketch of the tectonic setting of the Latera system. 

I. Before caldera collapse. II. After caldera collapse. 

(Legenda see Fig. 2.16.) 
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The situation in the Latera area is believed to be completely 

different. Potassic magma filled a large central magma chamber and 

during phase 4 subsequently more evolved melts were erupted. After 

the eruption of the Latera ash flows a caldera collapse followed, 

which destroyed the former magma chamber. During phase 6 the 

potassic magma had to follow a new way.up (young faults) and the 

former magma chamber, with its presumed cumulates and residual 

magmas, is avoided (Fig. 2.17.). 

The differences between the west and east areas may be 

conditioned by the local tectonic configuration : Latera is 

situated on the main fault of the Castell"Azarra horst (running 

towards Monte Amiata); the east zone is cut by many NNW - SSE and 

NE - SW faults, due to the down-faulting of the Monte Cetona horst 

structure. 
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11.2. CHEMISTRY OF THE VULSINIAN ROCKS 

11.2.1. General characteristics 

A large number of analyses is available from the Vulsinian 

area, with data on lavas and ash flows (analyses of tuffs are rare), 

taken from the following sources: Schneider, (1965), Brotzu et al., 

(1973), Giametti et al., (1968), Trigila, (1966, 1969, 1971), 

Santacroce, (1970), Sparks, (1975), Vollmer, (1976) and a number 

of new analyses by the present author. 

FeO + Fe 20 3 + MnO MgO 

10.00 9.00 800 7.00 6.00 5.00 4.00 3.00 2.00 1.00 000 
bJ,;-~-~~-~-~~-~~'-~'~-----'---~~-~~-~~~~~---+~ 

'b -S>" 

~ 
<',. 

r--,., Boisena potossic series 
~ 

o Latera potassic senes 

Ashtlows 

o ~ 
Lotilic series 

Fig. 2.18. 
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(X.R.F. analyses for major elements. wet chemical analyses for 
3+ .

Fe and flame spectrometr~c methods for potassium and sodium). The 

new analyses are listed in table A2 (Appendix) with their C.I.P.W. 

norms. The chemical variation is illustrated in some triangular 

plots (Fig. 2.18. - 2.22.). In these plots 4 fields of rock groups 

are indicated: 1. Bolsena potassic series (Phase 2 and 4 rocks). 

2. Latera potassic series (Phase 4 and 6 rocks), 3. Ash flows 

(Phase 1, 3 and 5 rocks) and 4. Latitic series (Latera latites of 

phase 6). 

In most plots a large overlap of these four groups is found. 

In the A-F-M plot it can be seen that the potassic series show an 

increase in alkalies with decreasing MgO. 

No K 
10.00 9.00 8.00 7.00 6.00 5.00 4.00 3.00 2.00 1.00 0.00 

°0 ~ 

~ <§' 
~ ~ 

'6~'\.~,~~<§' 

~ ~ o ~ 

Mol. % 

G Balsena potassic series 

o Latera potassic series 

8 Ashflows 

o Latilte series 

P - Phonolite
 

S - Vulslnlte
 
F - Basanite
 
V - Venonzite


*- M.Amioto 
igmmbrite 

Fig. 2.19. 
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The ash flows are relatively low in MgO and become enriched in 

alkalies with decreasing total (Fe + ~m). The latites do not 

show an enrichment in alkalies with decreasing MgO contents. Absolut 

iron enrichment doesnot occur in most of the series. A weak 

Fe-enrichment can be observed in the latitic series. The felsic 

components are plotted in Or - Ab - Q plots, separating the 

undersaturated potassic series (plotted on the upper margin) of 

Latera and Bolsena from the partly qt~ normative ash flows, latites 

and trachytes (the Odinano trachyte carries modal qtz Schneider, 

1965). The other plots show the particular richness in Al and 

alkalies of most rocks. 

AI20 3 Alk 
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'" 
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Mol % 

Bolsena potossic senes 
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6>
 Ashf\oW$
 

0 Latitlc series 

Fig. 2.20. 
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The Na 0 - K 0 - CaO plot shows the trend of K enrichment relative
2 2

to Ca for all groups with only limited increase in Na. 

All potassic lavas are metaluminous. The phase 1 rocks are 

all peraluminous as are ~ome of the ash flows, with normative 

corundum ranging from 0.5 % to 19.8 %. This high value is from 

pumices at the base of the Lubriano ash flows in the Subissone 

valley, which might have been weathered. For refetence it is notice 

that the Tuscan magmatic rocks are also often peraluminous. (Monte 

Amiata). All rocks of the Vulsinian area are An normative. The 

latitic series contains Q normative and Ne normative members, and 

rare Lc normative members, identical to the ash flows. 
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Fig. 2.21. 
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CoO 
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Fig. 2.22. 

11.2.2. Chemical variation diagrams 

Chemical evolution trends will be traced with the aid of a 

series of variation diagrams. The Thornton - Tuttle, (1960) 

differentiation index is plotted against the weight percentages 

of the oxides. This is displayed in Figs. 2.24. - 2.35. 

The D.l. - 8i0 plot shows a remarkable feature: if all
2 

analyses from the Bolsena zone (potassic series together with ash 

flows and trachytes) are plotted together a bimodal distribution 

is found (Fig. 2.26.). In the plot for the Latera rocks also a 

bimodal pattern is found; the two clusters are, however, linked 

by some intermediate values (Fig. 2.25.). 
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The gap between the phonolites in the Bolsena zone and the 

leucite tephrites probably represents a sampling gap. The 

bimodality can also be seen in Fig. 2.23., where the overlap 

between the high and low silica group is formed by the phonolitic 

tephrites and latites. The scarcity of D.!. values between 50 

and 70 in the potassic series is found in all plots and will not 

be mentioned each time. 

The Al 0 - D.!. plot shows a positive correlation for the
2 3 

latitic and potassic series in the Latera area. 
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Fig. 2.23. 
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Fig. 2.24. Legenda for the figures 2.25. - 2.35. 
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o 0• 00 :::J o• o· 

01 Dl 

Fig. 2.25. Samples of the Fig. 2.26. Samples of the 

Latera area. eastern zone. 

In Fig. 2.27. all analyses are plotted and also show a positive 

correlation for the Bolsena potassic rocks but there is much scatter. 

The ash flows (stippled surrounded) show no relation hetween 

A1
2

0
3 

and D.I. 

The relation between MgO and 0.1. (Fig. 2.28.) is fairly 

complicated. In all rock series MgO decrease with 0.1. but with 

different ratios in each series. In the latitic series a rapid 

decrease is observed, similar to the initial decrease of MgO in 

the potassic series. In the more evolved part of the potassic 

series the curve flattens. In the ash flow series lower absolute 

MgO contents are the rule, which decrease slowly towards the 

trachytic members. The Torre Alfina rocks plot outside every trend 

(black squares), which is the result of the large amounts of 

modal 01. 
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Fig. 2.27. A. Latera area. B. All analyses. 

Fig. 2.29. shows Fe
tot 

- D.I. with all groups plotted. In 

the potassic series Fe
tot 

seems to stay at equal level, but once 

the compositional field of the phonolites is approached, a strong 

decrease in total Fe starts. The latites show no consistent 

pattern but the ash flows display a negative correlation in the 

whole D.I. range. 

The CaO - D.I. plot is simple in all groups CaO decreases 

regularly with D.I. (Fig. 2.30.). 
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Fig. 2.28. All analyses.
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Fig. 2.30. All analyses. 
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Fig. 2.32. All analyses. 
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The K 0 - 0.1. plot (Fig. 2.31.) shows a large scatter in
2

K 0 values. The drawn line indicates roughly the border between
2

the potassic ser1es (high potassium) and the ash flows (low 

potassium). The 1atites belong to both series. Appleton, (1972) 

distinguished a high K series and a low K series in the Rocca

monfina volcanics with the aid of a Si02 - K
2

0 diagram. This plot 

is given in Fig. 2.32. At low silica values the picture looks 

similar to App1etons' but at the high silica end a single "cloud" 

forms. 
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Fig. 2.31. All analyses. 
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Fig. 2.33. All analyses. 
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The scarcity of ash flow data in the Roccamonfina area is perhaps the 

reason for the good separation of the high and low K series at the 

high silica end. 

The Ti0 - D.l. plot displays a chaotic pattern for the
2 

potassic series and the latites but the ash flows show a regular 

negative correlation (Fig. 2.33.). 

The Na 0 - D.l. plot gives a positive correlation for the
2

potassic series and ash flows but there is considerable scatter. 

The latites show no correlation (Fig. 2.34.). 

The P205 - D.l. plot gives a large scatter for all rock series. 

At higher D.l. values a sudden decrease appears. The ash flows 

are often extremely low in PZ05 and are not all plotted (Fig. 2.35.). 
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Fig. 2.35. All analyses. 
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11.2.3. Discussion 

Before presenting more diagrams we will try to give an 

interpretation of the D.I. plots, in particular for the potassium 

rich series. The other series are treated in section 11.2.5. The 

potassium rich series displays covariant relations in most diagrams 

and it seems probable that they form one comagmatic series. The 

variation in this series can probably be explained by crystal 

fractionation processes : the most mafic magma probably was 

parental to the rest of the series: basanite -- tephriticlencitite 

leucite tephrite -- phonolitic leucite tephrite -- leucite phonolite. 

The D.I. plots give an indication of the crystalline phases, 

subtracted during this process. The D.I. - Si0 plot suggests
2 

subtraction of a Si0 -poor phase and the MgO - D.I. plot indicates
2

avery MgO rich phase; 01 (Fo 85) is probably this phase. It is an 

abundant phenocryst in the mafic members. Ca also decreases during 

the early stages, suggesting that cpx was also removed. In the 

range tephritic - leucitite to le~cite - tephrite the MgO curve 

flattens (and 01 becomes a rare phenocrystal phase) so that removal 

of cpx presumably becomes a dominant mechanism of fractionation. 
tot

The Fe - D.I. plot indicates that Fe-ores were not removed in 

large amounts during the early stages (and Fe-ores are a rare 

phenocrystal phase in the mafic members). Most curves display a 

change of slope in the compositional range leucite - tephrite to 

leucite - phonolite. A1 0 increases initially, but near the
2 3 

compositional field of the phonolites the A1 0 curve flattens and
2 3 

tot
the FeO ,which initially does not vary with increasing D.I., 

begins to decrease. This suggests removal of pIg and Fe-ore in 

rather large amounts. (these two mineral phases appeared 

together as abundant phenocrysts in the evolved tephrites.) The 

composition of the phonolitic members seems to be controlled by pIg 

fractionation. 
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This qualitative discussion agrees well with the observed 

trends in the plots but must be checked with quantitative methods. 

With the aid of a computer program (With thanks to Dr. M. Barton 

and Dr. Henderson, Manchester) lava compositions are calculated 

by addition of mineral compositions to evolved members in order to 

obtain less evolved members. (Analyses are listed in table A3, 

Appendix.) 

The phenocryst compositions were taken as follows 

Cpx average core-rim composition of a cpx crystal from 452A. 

PIg microprobe analyses of a pIg with An 80 from 452A. 

Bi Cundari, (1975). 

Fe-ore Fe-ores from sample 452A. 

Lc phenocryst from 452A. 

Ap Deer, Howie and Zusmann, (1963). 

Sample number 452B	 505 

Rocktype leucite tephrite % leucite phonolite 

Vol. % 100 %	 epx 11·0 69.5 % 

pIg 13.5 

ap 0.4 

Misfit: 0.9734 Fe-ore 5.1 

The misfit is the sum of the squares of the differences between the 

observed composition and the calculated composition. 

Sample number 452A 615 

Rocktype 1eucite tephrite % 1eucite phonolite 

Vol. % 100 % p1g 10.0 57.8 % 

ap 1.1 

bi 5.2 

Fe-ore 5.0 

Misfit: 0.2692 cpx 16.3 

1c 4.4 
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From these calculations it appears likely, that the phonolites 

are produced from the leucite tephrites by fractional crystallization. 

The basic compositions, such as venanzite and some of the 

silica poor basanites from Montefiascone probably have another 

relation with the series as they cannot be explained by fractional 

crystallization processes. Computer calculations with such a 

basanite as a parental magma for leucite tephrites proved to be 

unsuccesfull. 

The fractionation series found here probably runs as follows 

tephritic leucitite ------ leucite tephrite -------

(01 carrying) 01 cpx 

cpx ap 

ap pIg 

bi (?) (Fe-ore) 

bi 

lc 

leucite phonolite ------ leucite trachyte. 

pIg 

Fe-ore 

ap 

The last step will be treated in section 11.2.4. (Leucite 

trachyte is an evolved leucite phonolite). 

This fractionation series is probably present in the phase 2 

volcanics in the Bolsena - Orvieto zone, rocks becoming more felsic 

and strongly porphyritic upwards in the stratigraphical succession. 

The phase 4 volcanics in the Bolsena - Orvieto zone do not show 

much chemical variation, except for the Castel Giorgio plateau, 

where phonolitic members are found. 

The quantitative check of the fractionation process only 

indicates the possibility that fractional crystallization was a 

major process in the evolution of the Vulsinian potassic series, 
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not that the process actually occurred. The absence of cumulative 

(cpx + pIg) nodules does not favour the postulated process. In 

other Italian volcanic areas, however, similar rock series are found 

associated with such nodules (Appleton, 1972). A similar 

interpretation of the Roman potassic rock series has been given by 

Appleton, (1972), Brotzu et al., (1973) and Cundari et al., (1974). 

Brotzu et al., also attempted to explain the origin of the trachytic 

rocks by fractional cristallization,which would seem possible at 

first sight. Calculations show that it is unlikely, however, that a 

rock such as 505 develops towards trachyte 132. The already cited 

volume-relations also remain problematical. 

11.2.4. Other plots 

The proposed fractionation series can be tested with some 

other plots. 

1 
CeO 

Coo'" MgO- Fig. 2.36. All analyses. 
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Fig. 2.37. Ash flow samples. 

Fig. 2.38. All analyses. 
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In these plots the factor CaO/CaO + MgO, (Cf) ·is used, which 

shows the relative importance of Ca vs. Mg. Those elements both 

strongly decrease during differentation. The Cf increases during 

differentiation because MgO decreases more rapidly than CaO (Fig. 

2.36.). 

The MgO rich Torre Alfina rocks plot here at the bottom of the 

fig. The line drawn is very tentative as the scatter is large. In 

Fig. 2.38 the Cf - Al 0 plot is given. The curve for the potassic
2 3 

series shows a kink. The onset of pIg fractionation is marked by 

a change in the slope of the curve towards the phonolitic series. 

The latitic series show the same trend as the phonolitic series : 

an Al containing phase, probably pIg, was removed at this stage. 
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Fig. 2.39. All analyses. 
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The ash flow series show a "non-increase" relationship on 

this plot (Fig. 2.37.) s~ here also an Al bearing phase, (pIg), is 

removed in relatively large amounts. In Fig. 2.39. the 
tot

solidification index (S.I.) is plotted vs. Sio /Fe , showing the
2

relative importance of iron enrichment vs. silica enrichment. In the 

potassic series no iron enrichment occurs and in the ash flows 
tot

Fe decreases rapidly as Si0 increases. The latitic series show,
2 

however, a completely different trend and some iron enrichment seems 

to occur. (CaO + MgO) is plotted vs. Al 0 in Fig. 2.40. showing
2 3 

a kink in the curve for the potassic series with the presumed onset 

of pIg fractionation. 
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Fig. 2.40. All analyses. 
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The asteriks at the lower right of the figure shows that cpx was 

an important phase during the early fractionation. 01 plots outside 

the figure but is positioned on the same trend. The ash flows show 

a very large scatter. The latitic series have an intermediate trend. 

In Fig. 2.41. the CaO - ~gO relations are plotted. It is evident 

that at the upper end of the curve 01 crystallization will push 

the liquid "down" and towards the right, cpx crystallization pushes 

the liquid to the left mainly, so a steep trend is obtained. In the 

middle part of the curve cpx fractionation seems the dominating 

process in the potassic series and the curve flattens towards the 

phonolites, indicating that a Ca rich phase is subtracted and 

only minor amounts of Mg rich phases. The latitic series have a 

steep trend similar to the upper end of the potassic series. 

The CaO - MgO relation of the ash flows is plotted in Fig. 

2.42. Here a rather regular linear relation is present, suggesting 

that Ca rich phases (pIg + cpx) are subtracted. 
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tot 
In figure 2.43. MgO + CaO is plotted vs. Fe Here the 

presumed onset of Fe-ore fractionation is marked by a kink in the 

curve for the potassic series. The latitic series show limited 

iron enrichment. The cpx composition plots close to the extension 

of the trend of the potassic series. 
tot

In figure 2.44. MgO is plotted vs. Fe showing similar 

relations as Fig. 2.45. The open asterisk is the normal cpx 

composition in a leucfte tephrite, the closed asterisk is a green 

core from the phase 4 leucite rocks. (Possibly representing a cpx 

from a phonolitic rock.) It can be seen that the latter cpx 

composition plots well on the trend of the phonolitic rocks and, 

together with Fe-ore fractionation, can explain the observed trends. 

The latites show iron enrichment also in this plot . 
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In Fig. 2.45. the MgO Fe
tot 

plot for the ash flows is given, 

showing a similar trend to the phonolitic rocks of the potassic series. 

In Fig. 2.46. the CaO + MgO - Na 0 plots are given and show a large
2

scatter but a distinct difference between the latitic series and the 

other rock series can be observed. 

The phonolitic rocks of the Acquapendente lava series have been 

studied in some detail. (See also section 111.4.1.). The variation 

in these rocks is given in Fig. 2.47. The MgO curve is very flat, 

indicating that subtraction of the mafic phases is of minor 
tot

importance. Fe decreases and Si0 and A1 0 show a kink in the
2 2 3 

curves. It seems that the variation can be explained by fractionation 

of pIg and Fe-ores. This has been checked by computer calculations. 

Phonolitic leucite tephrite Leucite phonolite. 

Sample number : 618 615 

Vol. % 100 % 84.7 % 

% 
Fe-ores 3.0 

pIg 9.9 

Misfit 0.9892 ap 0.6 

cpx 0.4 

This series of additional plots convincingly shows that the 

postulated model for the potassic series is a viable mechanism to 

explain the chemical variation in the intermediate and evolved 

members. As mentioned before, the variation in the most basic 

members cannot be explained by this fractionation scheme. It is 

remarkable, however, that the venanzite and basanite analyses plot 

normally on the same trend with the potassic rocks. 

The ash flows plot largely at the phonolitic end of the curve 

of the potassic series. The latitic series have a quite different 

character and plot often on a different trend compared to the other 

two series. 
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Fig. 2.47. Chemical variation in the Acquapendente lava series.
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Olpeta valley. 
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The latitic rocks have been studied in less detail but the 

chemical variation will be discussed in the following section. 

11.2.5. The latitic series 

The trends in the latitic series, as observed in the diagrams 

already given can be summarized as follows: With increasing D.I. 

8i0 increases, MgO decreases rapidly, K 0 and A1 0 increase and
2 2 2 3 

tot
Ti0 and Na 0 show no clear pattern. Fe increases but with

2 2
considerable scatter. From these data it seems possible to explain 

the chemical variation in the latitic series by fractionation of 

(01 + cpx + pIg) or (opx + cpx + pIg). No quantitative data are 

available for the mineral phase so no computer check has been 

performed. 

11.2.6. Discussion of the chemical results 

The variation trends in the potassic series agree well with 

a model of fractional crystallization from a parental basanite. 

The other members of the potassic series must be explained as 

batches of unevolved magma, which have some initial chemical 

variation. A part of the ash flow series has certa~n chemical 

similarities with the highly evolved phonolitic members of the 

potassic series and only the volume relations prohibit the direct 

derivation of these magmas from the potassic series. A less direct 

relationship probably exists, however, and will be discussed in 

section 11.5. 

The latitic series are completely different in chemical 

character and variation and clearly belong to another magma suite. 

Appleton, (1972) reached similar conclusions in the Roccamonfina 

area. He explained the difference in the low K series and high K 

series as the result of an initial difference in parental composition. 

This reasoning, however, can not be extended to the Vulsinian lavas. 
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The latitic series have their own compositional field (with 

some overlap with the potassic series) and follow a separate trend 

during their development. Lirer and Ghiara, (1977) studied the low 

K series in the Roccamonfina area and concluded that the latitic 

magmas were parental to the trachytic magmas. 

11.2.7. Trace element data of the Vulsinian rocks 

Some data on trace element distribution are available for 

the Italian rocks. The data are taken from Vollmer, (1976), Locardi, 

(1967), Locardi and Mittempergher, (1967) and Brotzu et al., (1973). 

We will consider if are differences exist between the three groups 

latitic series, potassic series and ash flows. For comparison some 

analyses of Tuscan rocks (Radicofani, Monte Amiata and Monte Cimino) 

are plotted too. 

A series of U - Th analyses has been made by the W.A.C.O.M. for 

the present author, which are listed in table A5, (Appendix). 
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I~ Fig. 2.48. the V contents are given, which are high in the whole 

potassic group and very high in the phonolitic differentiates. The 

ash flows have variable but high V contents but the latites have 

distinctly lower contents (although still very high for such mafic 

rocks). 

The Th contents of the rocks ~bow a different distribution : 

a considerable scatter in the potassic group, intermediate values 

for the ash flows and low values for the latites. (Fig. 2.49.). 

ThjV ratios are given in Fig. 2.50. They increase in the potassic 

series with 8i0 ; the latites and ash flows have rather low values
2 

and do not show a systematic variation with the 8i0 contents. If
2 

the V, Th and K contents of the potassic rocks are plotted against 

8i0 three lines are obtained with different slopes : Th very steep,
2 

V moderate and K flat, which can be explained according to Heier, 

(1964) by fractional crystallization processes. V depletion by 

perovskite fractionation (e.g. Cundari et al., 1977) seems to have 

been unimportant in these series. Perovskite has not been found. 

More detailed discussions on the V and Th distribution in the Italian 

volcanic rocks are given by Locardi, (1967) and Locardi and 

Mittempergher, (1967). 
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Fig. 2.50. Fig. 2.51. 
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In conclusior. it can be stated that the Vulsinian rocks are all 

relatively rich in U and Th compared to normal crustal or basaltic 

rocks. Rb contents are given in Fig. 2.51. The potassic series is 

very rich in Rb but a cor~elation with the 8i0 contents is absent.
2 

The latites are low in Rb, compared to the ash flows as well as to 

the potassic series. K/Rb values (Fig. 2.52.) show a large scatter 

in the ash flows without correlation with the 8i0 contents. The
2 

K/Rb values in the potassic series and latitic series show less 

scatter but also here no correlation is present. In Fig. 2.53. the 

K/Rb values are plotted against K 0 and only the potassic series
2

shows a clear correlation. Brotzu et al., (1973) found a regular 

variation between 0.1. and trace element content, which is not 

observed in the present plots. The trend for the potassic series in 

Fig. 2.53. can be explained by minor bi fractionation (bi 

crystallization impoverishes the liquid in Rb). 
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Fig. 2.52. Fig. 2.53. 



1000 

252 

The variation in the ash flow series and latitic series is less 

clear and cannot be explained by bi fractionation. 

Sr is strongly enriched in the potassic series (Fig. 2.54.) 

but is less abundant in the other two series. This difference can 

be easily be explained by pIg fractionation, as pIg is a Sr-acceptor 

and probably was fractionated in the two "low Sr" groups. The Sr/Ca 

plot shows, however, that some ash flow samples are strongly 

enriched in Sr relative to Ca. This could be the result of pIg 

fractionation from Ca poor liquids : Ca is probably more strongly 

depleted in the liquid than Sr by pIg subtraction (Fig. 2.55.). 

The latitic series have low Sr/Ca values due to their relative 

low Sr contents and high CaO contents. In Fig. 2.56. the Sr/Ca ratio 

is plotted against Ca : it can be seen that the Sr/Ca ratio 

increases during fractionation of a Ca rich phase in the latites. 
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We need, however, quantitative data for Sr in the whole rock 

samples and phenocrysts to check the fractionation processes. 

Some ash flow samples plot in the same field as the phonolites 

of the potassic series. This agrees well with the fractionation 

scheme outlined above (pIg fractionation with perhaps additional 

cpx fractionation). Some samples, however, plot much lower and the 

SrjCa relation in these ash flow samples is less clear. These could 

have originated by early pIg fractionation from a liquid richer in Ca. 
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In conclusion it can be stated that the trace-element data 

support the following statements : 

1.	 The three rock series, which can be recognized in the field 

chemically and petrograpnically are also distinct regarding 

their trace-element contents. 

2.	 The latites are low in all trace-elements considered, the 

potassic series and ash flows series have intermediate to high 

contents of trace-elements. The trace-element distribution in 

the potassic series can qualitatively be explained by fractional 

crystallization processes. In the ash flow series this is less 

clear and in the latites no clear trends can be observed for most 

trace-elements. 

3.	 All rock series are high in trace-elements compared to normal 

basaltic rocks and even to crustal rocks. 

4.	 A part of the ash flows resembles the phonolitic members of the 

potassic series. The latites form a distinct group and fall 

apart from the potassic series, and resemble the ash flow series. 

It seems possible that part of the ash flows and the potassic 

series have a common parentage. The ash flows followed different 

paths of ascent than the potassic series. The latitic series is 

clearly unrelated to the potassic series by fractional 

crystallization processes, but is perhaps related to a part of the 

ash flow series. 
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11.3. CONDITIONS OF CRYSTALLIZATION 

11.3.1. Acquapendente lava series 

The chemical variation in the Acquapendente lava series has been 

described in section·II.2.4. A fractional crystallization model 

with pIg as a major phase can explain the chemical variation in 

this series. PIg rich nodules have not been foUnd but the 

occurrence of pIg - cpx - Fe-ore - (bi) aggregates included in the 

giant lc crystals points to the former existence of mineral 

aggregates. Outside the large lc crystals no aggregates have been 

found. We can assume that these aggregates have settled due to 

gravity forces. The enclosed aggregates remained in the liquid due 

to the enclosure in the relatively light lc crystals, which prevented 

settling. The occurrence of lc as a liquidus phase points to a 

relatively low water pressure. 

2/PH 0 = 1000 kg/em
2 

PH 0 = I atm. "" 
2 

Alb 

----~ 

m "" R 
" 

NaAISi04 KAISi04 

Fig. 2.57. Bowen's residual system (after Hamilton and MacKenzie, 

1965). 
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We can estimate this partial water pressure roughly. San occurs 

in some lavas together with lc and a reaction relation exists 

between these two minerals. This means that these lavas must be 

somewhere on the line KR in the residual system of Bowen (Fig. 2.57.). 

The position of the ~ine KR in the system is dependent on the 

water pressure (Hamilton and MacKenzie, 1965). We can plot the 

composition of the lava flows with the lc - san reaction-relationship 

in the triangle by recalculating their normative constituents. This 

seems justified as the salic components make up more than 75 % of the 

rock volume. If the lavas are plotted, the resulting KR line 

indicates a partial water pressure of 1 kb during the crystallization 

along this traject. The three lava flows with high D.I. values plot 

nicely on the KR-curve : it seems that the liquid followed the 

KR-curve for some time. (the liquid-path is also influenced by pIg 

crystallization, however, which cannot be shown in this projection.) 

The crystallization of san - lc pairs has been elucidated by 

Fudali, (1969). It is tempting to correlate the inclusion trails 

in lc and san with temporary growth stops. When the liquid (coming 

out of the lc field) reaches the curve KR lc crystallization will 

stop and the crystallization of san starts. Perhaps due to a 

sluggishness of the reaction the lc is not dissolved directly and 

small crystals (pIg) become attached along the crystal outlines. 

After some time the liquid is forced back into the lc field and 

san crystallization ceases. Lc will grow till the liquid reaches 

the san-field again. Then san will crystallize and lc dissolve till 

the liquid comes in the zone around point R. Small variations in 

water pressure will make lc unstable and possibly pseudoleucite 

forms, first along the cracks and crystal boundaries. 

P - H 0 estimates with bi-stability are problematic. The 
2 

pseudomorphs of bi (ore granules) are mantled by second generation 

bi in the leucite tephrite and less evolved phonolite members. 

This suggests that the bi-decay occurred already during 

intratelluric crystallization. 
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Bi, enclosed in san, (Plate 2.6.) remained unaltered. The reaction 

San Magnetite +Annite in Bi + °2 

was not determined by P and T alone, but also by compositional 

parameters. Decreasing P - H 0 or increasing f0 can cause bi
2 2 

breakdown but another possibility exists. The bi, stable at high 

magmatic T (about 1100oC) is often F~bearing bi. If we assume that 

during crystallization the P - H 0 and f0 increased (due to increase
2 2 

of the water content of the magma), F will become diluted and the 

bi breaks down. Such an increase in water pressure and oxygen 

fugacity is in accordance with the reversed zoning in Mg - Fe in the 
2+ 3+ 

cpx phenocrysts. An increase in fO will turn more Fe into Fe 
2+ 2 

reducing the Fe activity. (See Fig. 3.17., Plate 3.10.). 

Another approach to a description of a magmatic system is the 

calculation of the activities of the components in the melt 

(Carmichael et al., 1974). These activities can be calculated with 

the aid of mineral pairs, which are assumed to have been in 

equilibrium. The strongly zoned crystals in the Acquapendente lavas 

pose difficulties, which part of the crystal to choose. For lava 

612 the reaction 

CaTs + Si0in cpx 2
liq 

(CaTs calculated according to mixing on sites, following Powell, 

(1978), assuming complete disorder, and taking a CaTs = X CaTs; 

following Wood, (1976); a An = X An )' Using data from Baconplg
and Carmichael, (1973), log aSi0 0.12.

2 
This is a rather large value for phonolitic rocks (see 

Carmichael et al., 1974); the compositions were probably not in 

equilibrium. Later the silica activity probably increased. This 

can be calculated according to the reaction 

Lc + Si0 San2
liq 



258 

but the thermodynamic data of lc do not seem to be reliable. The 

increase of silica activity in the melt is suggested by the 

decrease of Al contents of the cpx towards the margin. Probably the 

Al activity in the melt also decreases. The increase of aSi0 can
2 

be caused by an increasipg X in the melt (e.g. ~ue to pIg
Si02 

fractionation) but also by an ~crease in P - H 0.
2

Information can be obtained from the pIg phenocrysts if we 

apply the Kudo and Weill igneous pIg thermometer, refined by Mathez, 

(1973), although this thermometer has been developed for basaltic 

magmatic sytems. PIg (with An contents about 90 %) is found as free 

crystals and as included crystals. For the liquid composition we 

took the bulk rock as the pIg is probably one of the first 

crystallizing phases. Calculations resulted in a T of 1352
o

C, which 

is about 230
0 

C too high compared with the melting experiments of 

Trigila, (1969) of similar rocks. This pIg was probably not in 

equilibrium with the liquid. A liquid enriched in Ca and poor 

in Si would give better results . This is conform the fractionation 

scheme given earlier. 

As a conclusion of these calculations it can be stated: 

1.	 The pIg phenocrysts are not in equilibrium with the groundmass 

and other phenocrysts (cpx). This might have been caused by 

later fractionation processes (particularly for the pIg included 

in lc). The free pIg phenocrysts are probably xenocrysts due to 

some mixing of batches of magma. 

2.	 The P - H 0 during intratelluric crystallization was probably
2

about 1 kb. The growth of lc and san occurred as an alternation 

of growth and growth stops. The occurrence of lc - san pairs in 

reaction-relatio~ has not been described earlier from natural 

rocks. 
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11.3.2. Leucite tephrites 

Lava 452A (leucite tephrite) has been studied in some detail. 

The zoning of the cpx and pIg in this rock is peculiar. (8ee 

section 11.1.4.1., Fig. 2.3.) The increase of Al in cpx towards the 

margin must be explained by a decrease of the silica activity (or/ 

and an increase in Al activity). This decrease can be caused by anL 

tf' (/'"O~\rl.~ the water pressure or the removal of a 8i0 rich phase,
2
 

reducing the 8i0 concentration in the melt. The cores of the cpx

2 

phenocrysts in 452A have silica contents of 51.2 % while the bulk 

rock has an 8i02 content of 49.4 %. Fractionation of the cpx core 

will cause a drop in the 8i0 content of the liquid. The cpx reacts
2
 

with the magma accepting more Al in the tetrahedral sites; the
 

margin has a 8i0 content of 45.3 %. Fractionation of the cpx margin
2
 

composition will enrich the melt in silica. The water pressure
 

partially determines the a8i0 in the melt. It seems likely,
2 

therefore, that the initial water pressure determines the silica 

content of the crystallizing cpx, which by fractionation determines 

the level of silica-enrichment in or -removal from the melt. The 

statement of Dolfi and Trigila, (1978), that the reversed Al zoning 

in cpx can be explained by crystallization with decreasing water 

pressure seems'" to be true, if we consider the rim composition 

of the pIg. <:"4'" ~ ,1t.JI- Y'.IJ/,u.J!1, 
The I}lg bec0!'les mo~e basic )owards the rim, which • . 'I 

¢;~ ~~ "7~f .,.-~ ~ ~ t ~/. ~:-;..:..~ ~ r l/ ~~ .~ ."" ()r-'" Z_t"...-_.-t*" • ' V j the water pressur€) The1 I 

zoning in pIg and cpx as well as the silica trend in the magma is 

determined by compositional effects and P - H 0. The compositional
2

zoning in cpx and pIg is aiso influenced by growth rates. The 

basanitic rocks studied by Brown and Carmichael, (1969) contains 

cpx crystals with increasing Al content towards the margins, so 

perhaps it is a more universal effect in cpx in basanitic rocks. 

With the aid of the Kudo and Weill igneous pIg thermometer the 

equilibration T of the pIg during intratelluric crystallization can 
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be calculated. A P I of 1 kb is assumed; a T of l14l
o

C was 
tota 

0
obtained, which agrees well with the ll20 C for similar rocks 

found by Trigila, (1969) with experimental methods. This means that 

after crystallization of the pIg no large changes in the bulk 

chemistry of the rock have occurred. We can also calculate the 

aSi0 with the reaction
2
 

CaTs in cpx + SiO~ -+ An
..- P1 gmelt 

If we do this for core - core compositions,silica 

activities larger than 1 result, indicating that the cores have not 

been in equilibrium. Rim - rim compositions provide data which agree 

well with the data from Carmichael et al., (1974). See table 3.7. 

in section 111.6. The groundmass cpx - pIg pairs give higher Si0
2 

activities. The distinction between the core and the rim of the 

small groundmass crystals is very difficult to make during analysis, 

however. It is assumed that the 8i0 activity has increased due to
2 

the crystallization of Si poor, Al rich groundmass cpx. This result 

is contrary to the result of Brown and Carmichael, (1969), who found 

lower 8i0 activities in the groundmass assemblage.
2 

The basanitic - leucititic rock M 24 has been studied in detail, 

mainly because of its beautiful cpx crystals. These w~ll be treated 

in chapter III. The silica activity of the rock, as defined by the 

grou~~~~~a~e is log aSi0 = - 0.29. This is a lower value than
2 

the silica acUvity from gr0UJ,lcgmass p!Lase~l;.....i'1,-tg_e,!,~.wJli.tetephrite, 

and agrees well with silica concentrations in these rocks. 

Such calculations can be extended to the other phases up to the 

point that a magmatic system can be described completely by its 

component - activities. The changing of activities during the 

crystallization can be traced, as well as the changing physical 

conditions. A large amount of work remains to be done because the 

strongly porphyritic lavas of the Vulsinian area provide much 

material for detailed studies. 



~1 

11.3.3. Discussion 

Sample 452A is similar to the vesuvite studied by Dolfi and 

Trigila, (1978). Their experimental data indicate that at Ptotal 

2 kb the magma probably did not contain more than I % water and 

certainly less than 3 %. At 1 % water and 2 kb lc is the first 

crystallizing phase, followed by cpx and later by pIg. The late 

occurrence of pIg is in accordance with our observation of core 

core disequilibrium in pIg - cpx pairs and the late coprecipitation 

of these minerals. At lower pressures the relations will shift 

somewhat, but we can be rather certain that the magma chamber of 

the mafic potassic lavas in the Bolsena - Orvieto zone was 

positioned at shallow depth with total pressures between 1 and 2 kb. 

The water content of the magma was low, which agrees with the 

rare occurrence of bi as a phenocryst phase. The phonolitic lava 

flows of Acquapendente yield partial water pressures of 1 kb. We 

do not know very much about the total composition of the gas phase. 

If we assume that water was the dominant species, the Latera magma 

chamber for the potassic magmas was situated at a shallow level. 
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11.4. ISOTOPE STUDIES 

11.4.1. The isotopic composition of the Vu1sinian rocks 

18 16 87 86 206
Oxygen ( 0/ 0), Strontium ( Sri Sr) and Lead (e.g. Pb/ 

204Pb) 1sotope. stud ies h~ve been undertaken by Turi and Taylor, (1976) 

Vollmer, (1976, 1977), Barbieri et al., (1968) and Hurley et al., 

(1966). All isotope data indicate a slight crustal contamination of 

the mafic alkaline rocks and a strong crustal contamination of the 

trachytic rocks. The Sr and 0 isotope ratios (also Pb isotope ratios, 

see for a detailed discussion Vollmer, (1976» are slightly higher 

north of Rome than south of Rome. It was concluded by many authors 

that the isotope ratios of 0 and Sr ~radually increase towards the 

north, culminating in the high (crustal) isotope ratios of the 

Tuscan magmatism. If we compare, however, the isotope ratios of 

similar rocks (e.g. leucite tephrites), the increase in 0 and Sr 

isotope ratios is rather small from south to north, and perhaps 

even insignificant. The amount of rocks with higher 0 and Sr 

isotope ratios increases dramatically to the north, Turi and Taylor, 

(1976) discussed the influence of fractional crystallization on 0 

isotope ratios, and concluded that the resulting enrichment of 

180 must be nihil. A similar conclusion was reached by Garlick, 

(1966). During prolonged fractionation of a mafic mineral phase 

(cpx) and enrichment of 0.5 0/00 in 180 seems possible. As the 

scatter in the analytical determination is also around 0.5 0/00, 

a variation of 1 0/00 in a fractionated series seems acceptable. 

A much larger dispersion in O-isotope ratios is found, however, 

particularly in the area north of Rome. In the Vulsinian area the 

O-isotope ratios range from 8.09 - 11.71 0/00. (See Fig. 2.58.). 

The chemical variation in the Vulsinian rock series cannot be 

explained by fractional crystallization processes, starting from 

one parental magma with a fixed isotopic composition. 
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Fig. 2.58. Oxygen isotope ratios of the Vulsinian rocks. (Symbols 

can be found in the petrologic legenda, section 11.2.2., Fig. 2.24.). 

Fig. 2.58. provides the following evidence : Most Vulsinian rocks 

have an isotopic composition resulting from crustal contamination 

of a subcrustal melt, others have an isotopic composition close to 

the Tuscan values. Instead of a single range of values, which can 

be correlated with chemical parameters, different series can be 

distinguished, each with its own isotopic and chemical characteristics. 

The importance of small scale limestone assimilation, discussed 

by Turi and Taylor, (1976) is difficult to estimate. This process 

as well as the influx of meteoric waters during crystallization, 

can probably change the isotopic ratios of 0 considerably. 

The Sr isotope ratios have been studied by'Hurley et al., (1966), 

by Vollmer, (1976, 1977) and by Barbieri et al., (1968). Sr isotope 

ratios should be completely independent of "short term" crystal 

fractionation processes and they should represent the original values 

for the magmas. The Sr data for the Vulsinian rocks are plotted in 

Fig. 2.59., together with some data of the Vico and Sabatini 

volcanoes. All rocks have Sr isotope ratios, which can be explained 

by crustal contamination. 
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Fig. 2.59. Sr isotope ratios of Vulsinian rock samples (for 

symbols see section 11.2.2.). Some data from Vico and Sabatini 

are also plotted (triangles in circles) . 
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Three groups can be clearly distinguished : 1) a latitic series, 

with relatively low Sr isotope ratios. 2) potassic rocks with low 

to intermediate isotope ratios and 3) some Tuscan rocks, with much 

higher values. (Data from Vollmer, 1976). The Pb isotope ratios 

also indicate crustal contamination for the Vulsinian rocks. The 

reader is referred to Vollmer, (1976) for a detailed discussion. 

11.4.2. Discussion 

Although the data are scanty, some conclusions can be drawn 

from the isotopic data for the Vulsinian area. The isotopic data 

are not incompatible with the postulated fractionation series. All 

rocks are more or less contaminated by crustal material. A regular 
. 18
1ncrease of e.g. 0 with increasing silica content, due to 

increased amounts of crustal contamination, seems not to be present. 

Some series can be distinguished: 1) a latitic series, in 

which the 0 isotope ratios increase with increasing silica contents, 

2) a potassic series, with only a very slight increase in 0 isotope 

ratios during differentiation, 3) Tuscan type rocks (trachytes) 

with much higher isotope ratios. The increase in the relative 

amounts of rock types displaying higher isotope ratios to the north 

will be discussed in the following sections. 
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11.5.	 GENERAL CONCLUSIONS AND DISCUSSIONS ON THE ORIGIN AND 

DEVELOPMENT OF THE VULSINIAN VOLCANIC AREA 

11.5.1. General conclusions 

Even with the large body of data now available, the problems 

have only	 partly been solved. We will summarize shortly the results 

of our studies : 

1. The development of the volcanic activity in the Vulsinian area 

can be schematized as follows : 

Phase 1 : Local eruptions of trachytic ignimbrites and "Tuscan 

type" dark latitic rocks (trachybasalts). 

Phase 2 Large scale eruptions of potassic rock series, ranging 

in composition between tephritic leucitites and leucite 

phonolites. 

Phase 3 Ash flow eruptions (highly evolved phonolites) and 

eruptions of trachytic and vulsinitic lavas. Locally 

unevolved, dark latitic lavas are produced. 

Phase 4 A regional phase of distensive tectonics, which gave 

rise to many local eruption centres, which produce 

mafic potassic rocks. In the Latera area also more 

evolved leucite phonolites are produced. 

Phase 5 Large scale eruptions of ash flows, which range in 

composition from latite to phonolitic trachytes. 

Phase	 6 Volcanic activity produces a large variety of lavas 

and cinder cones: traChytes, potassic mafic rocks, 

latites (all in the Latera area) and extremely mafic 

rocks in the Montefiascone area (basanites). 

2. Three rock series have been recognized in the field 

a. Potassic series. 

b. Latitic series. 
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c. Ash flow series, including the trachytes and the Vulsinites. 

3.	 Petrologically also three series have been recognized 

a.	 Potassic series. 

b.	 Latitic series. 

c. Trachytes.
 

The ash flow rocks seem partially related to the potassic rocks,
 

as they are often very similar in chemical composition to the
 

highly evolved phonolites. Other ash flows, however, display
 

similarities with the latitic series.
 

4.	 The evolution of the potassic series can be explained by a 

fractional crystallization model at low pressures. 

5.	 The variation in the mafic part of the potassic series cannot 

be explained by low pressure crystal fractionation processes. 

Other processes have to be invoked. (e.g. a different degree of 

partial melting of a source rock, the degree of mixing between 

melts of different composition, etc.). 

6.	 The development of the latitic series and the ash flows follows 

certain trends, which can be explained tentatively by crystal 

fractionation processes. Detailed studies of these rocks are 

lacking at the moment, however. 

11.5.2. General conclusions from other studies 

Detailed isotopic studies, trace-element studies and general 

geologic studies provide the following data : 

a.	 The volcanism of the Vulsinian area overlaps the Tuscan volcanism 

in time and space. 

b.	 The Vulsinian area is situated in a large graben structure, 
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controlled by a regional tectonic regime, akin to rift tectonics. 

c.	 High trace-element contents (Rb, Sr, Ba, U, Th,) and intermediate 

to high isotopic ratios-point to contamination of subcrustal 

magmas by crustal material. (potassic series and ash flows) 

The latitic rocks yield lower trace element contents, and 

partially lower isotope ratios (Sr and oxygen isotopes). The 

trachytes have very high isotope ratios and high trace-element 

contents. 

The three mentioned rock series (potassic series, latites, 

ash flows) have been also recognized in other parts of Italy, e.g. 

Roccamonfina. The potassic series and the ash flows are similar 

throughout Italy. It seems justified to assume a common origin for 

these rocks. 

11.5.3. The potassic series 

II.5.3.1. Fractional crystallization processes 

The potassic series is widespread in the Vulsinian area. These 

rocks span a large range of compositions, from basanite to leucite 

trachytes. The abundance of mafic potassic rocks formed during 

phase 4 points to the existence of voluminous batches of the 

unevolved potassic magmas. An explanation would be that these magmas 

were present at larger depths and rose to the surface during 

periods of intensive tensional tectonics. The unevolved magmas 

resided over long periods in shallow magma chambers and low 

pressure fractionation series were formed (as during phase 2). 

We described a low pressure fractionation series, from 01 

carrying tephritic leucitites via leucite tephrites to leucite 

phonolites (or even leucite trachytes). Similar low pressure series 

have been recognized in other parts of Italy, e.g. in the Vico 

volcanics (Cundari and Mattias, 1974), in the Roccamonfina area 
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(Appleton,1972) and in the Vulsinian area itself by Brotzu et al., 

(1973). Potassic series have been described from other parts of the 

world, e.g. by Ferguson and Cundari, (1975), from the Bufumbira 

area in Uganda. The Australian potassic rocks in New South Wales 

have been described by Cundari, (1973). All these authors invoke 

a low pressure fractionation stage to explain the volcanic rock 

series. Dolfi and Trigila, (1978) studied the 1944 lava flow of the 

Vesuvius. They concluded that several crystallization stages must 

have been present, including a low pressure crystallization stage. 

Thompson, (1977) carried out an experimental study of a leucititic 

lava flow from the Alban Hills and concluded that its phenocrysts 

crystallized at 14 kb, just before the eruption (if anhydrous~~). 

It is possible that the leucitite studied by Thompson came directly 

from upper mantle depths, but this is not generally the case, 

neither in the Alban Hills nor in the Vulsinian area. The presence 

of many thermometamorphic nodules, evidence of reactions between 

a magma and country rocks at shallow depths, contradicts Thompsons 

statement. 

In general we can conclude that the large compositional range 

in the potassic series is the result of low pressure fractionation 

processes. Mafic potassic magmas with some variation in 

composition, were injected into shallow magma rooms, where they 

started rapid crystallization. During periods of intense tectonic 

movements mafic potassic magma probably reached the surface without 

stopping on its way. 

II.5.3.2. Additional processes 

In addition to fractional crystallization probably some other 

processes played a role as well during the development of the 

potassic series. In the phase 4 rocks abundant xenocrystic phases 

are found, mainly pIg, lc and san. The green cores of many cpx 

crystals can be explained as xenocrysts. 
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The green cored cpx crystals have been explained (section 11.1.12.) 

by the rupture of cumulate rocks or mixing of batches of magma 

with different composition, e.g. tephritic leucititic magmas which 

mix with small amounts of leucite phonolitic batches. Other authors 

favour another explanation, e.g. Brotzu et al., (1977), who 

explain the green cores as high pressure relict phases. A similar 

model has been postulated by other workers on alkaline rocks 

(e.g. Gibb and Henderson, 1978). The very common occurrence of green 

cored cpx in alkaline rocks (e.g. Duda and Schmincke, 1978) points 

to a process, generally acting during the development of alkaline 

rocks. 

The mixing processes indicated above did not play an important 

role and were of minor importance for the chemical variation in the 

series. 

A quite different situation is encountered in the Monte Rosso 

rocks (section 11.1.10.1. and Morbidelli, 1967). Here xenocrysts 

of cpx, quartz and san are found and probably the lc occurs also as 

xenocrysts. This "leucite andesite" from Morbidelli is probably 

a mixture of 1) a leucite tephritic magma, which is common in the 

lower series of the Monte Rosso, and 2) a Tuscan type magma. 

The occurrence of extremely mafic rocks near Bolsena and 

Montefiascone can be explained by a process of lc flotation. When 

a leucititic magma is present in a lava lake or shallow magma room 

lc can segregate at the top (Sahama, 1960). The rest of the magma 

will become very mafic and "pyroxenitic" rocks can result. Some 

tuffs, very rich in small lc crystals (80 %) represent perhaps the 

upper level of the magma chamber, enriched in lc. 

In many chemical variation diagrams the vulsinitic rocks plot 

near the end members of the potassic series. In the trace element 

diagrams as well as the isotope ratio plots a similar 

relationship is found. The vulsinites can probably be regarded 

as the extreme fractionation products of the potassic series. The 

occurrence of lc-bearing vulsinites supports this suggestion. 
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11.5.4. The latitic series 

The latitic series has not been studied in detail. All data 

indicate that the development in this series is quite different from 

the chemical evolution of the potassic series. The occurrence of opx 

as a phenocrystal phase in a lava near Bagnoregio indicates that 

some of the latites must be less Ca rich members. 

The large variation in 180 /160 in the latitic series puts 

some constraints on a fractional crystallization model. Ghiara and 

Lirer, (1977) studied the low K series (latite to trachyte) in the 

Roccamonfina area. They concluded that the trachytic members can 

be derived from the latitic members by fractional crystallization. 

The latitic series in the Roccamonfina area has according to these 

authors certain similarities with calc - alcaline island arc magmas. 

11.5.5. The ash flow group 

The ash flow series form a rather homogeneous group in the 

field. Chemically they display a large variation: phonolites, 

trachytes and latites are present. The phonolitic ash flows are 

similar to the phonolitic lavas in chemical and trace-element 

characteristics. The phonolitic lavas are the endmembers of the 

potassic series, so a part of the ash flow group is probably 

genetically related to the potassic series, representing evolved 

members. Other rocks have more latitic characteristics and are 

probably connected with the latitic series. The trachyte of Odinano 

has certain Tuscan features: high 0 isotope ratios, quartz 

normative. 

11.5.6. Character and origin of the magmas 

What are the characters of the magmas (potassic magma, latitic 

magma, trachytic magma), what is their origin, and how are they 

related to each other? 
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A small scale research project like the present one is not likely 

to provide the final answer to these questions. 

We can form, however, a speculative model which is in 

agreement with most of the data. First we will consider the 

potassic magma. The mafic character and the high liquidus 

temperatures (Trigila, 1974) of the unevolved potassic rocks both 

suggest a subcrustal origin for this magma (see also Barton and 

Hamilton, 1978). The intermediate to low isotopic ratios of Sr, 0 

and Pb of the potassic rocks point to a certain amount of crustal 

influence. The contamination of a subcrustal magma with crustal 

material seems a viable mechanism to explain the isotope data. The 

extremely high trace-element contents and the high K contents, 

(often much higher than trace-element contents of crustal rocks), 

would require the large scale involvement of crustal material, which 

is in contradiction with the isotope data. A selective enrichment 

in incompatible elements (including K) seems a good way out to 

explain the combination of high trace-element contents with 

moderate to low isotope ratios. Bulk melting and the assimilation 

of crustal material occurred only in limited amounts. The mobile 

elements were concentrated in the mafic melt. The variation in the 

mafic part of the potassic series can be explained by a gradually 

increasing degree of selective enrichment of the mafic magma, 

before it was injected into a shallow magma chamber. It is not a 

coincidence that the mafic members of the potassic series plot 

more or less on the continuation of the low pressure fractionation 

trend : during the low pressure fractionation the incompatible 

element contents, including K, increase too. The latitic melts have 

high liquidus temperatures (Trigila, 1974) and are often very mafic 

a subcrustal origin can be assumed. The trace-element contents 

are relatively low, although higher than normally found in basaltic 

rocks. Isotopic ratios (Sr, 0, Pb) vary strongly but the potassium 

poor latites (e.g. Selva del Lamone flow) seem to have very low 

trace-element contents and low isotopic ratios. 
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The more K rich latites (e.g. Monte Calvo) have higher 0 isotope 

ratios, even approaching the high Tuscan magma values. 

These data can be explained by a	 simple model, invoking the 

crustal contamination of a subcrustal melt. Instead of the 

selective enrichment processes, as described for the potassic 

series, a large scale fusion and	 an assimilation of crustal rocks 

occurs, producing rocks with intermediate chemical characteristics 

as well as intermediate isotopic	 ratios. The trachytic rocks can 

be regarded as related to the Tuscan magmatic series. We can even 

consider them as the endmembers of the latitic series, in which 

the crustal component of the assimilation process becomes dominant. 

In the latter case we can summarize the origin and relations 

of the Vulsinian volcanic rocks as follows : a subcrustal magma 

(of unknown composition) reacts with crustal material. If selective 

enrichment occurs a potassic magma will form; if bulk 

incorporation or assimilation occurs a latitic magma forms and 

if the crustal component in the melt becomes dominant trachytic 

magmas form which bear similarities to the Tuscan magmatic suite. 

The environment of reaction between the subcrustal component 

and the crustal material will be discussed in the following section. 

The heat capacity of the subcrustal magmas always sets 

constraints on the amount of crustal material that can be 

assimilated unless an additional heat source can be found. Heat 

transport by rising hot vapours from deep mantle levels is 

sometimes invoked (e.g. Bailey, 1970). The potassic melts, however, 

are strongly enriched in U, Th and K. These are all elements with 

radio active isotopes which produce heat during decay. Average 

values of the trace-element contents in the potassium rich rocks 

are taken from Locardi and Mittempergher, (1967). We can calculate 
3

then the heat production of the potassic magma. One cm potassic 
-4 

magma yields about 10 cal/year. When we assume a total volume of 
17 3 19

10 cm for the potassic melts,	 a total heat production of 10 cal 
6

is obtained during a period of 10 year. 
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5 3
This amount of heat is so large that 5. 10 cm of cold rock can 

be melted (giving approximately 5 % contamination), but much more 

of already warm rock. Contamination of around 20 % is easily 

accomplished with this amount of heat at lower crustal temperatures. 

Other authors have proposed many schemes to explain the 

potassic Italian magmas. The best known theory was limestone 

assimilation by a trachybasaltic magma (Schuiling, 1964a + b) and 

in Italy the selective migration hypothesis of Marinelli, (1967) 

was quite popular. Both theories can not explain all aspects of 

the rock suite and recent authors often propose mixing models 

between crustal and subcrustal rocks (or melts) or models starting 

with partial melts from anomalous upper mantle material. (See 

section 1.3.). Turi and Taylor, (1976) proposed a mixing model 

with a subcrustal member with carbonatitic affinities and a 

crustal member related to the Tuscan melts. In the foregoing 

discussions we have seen, however, that not the whole chemical 

variation can be explained by the simple mixing of melts. 

11.5.7. Geodynamic models 

In this section we will try to relate the megatectonic features 

of Italy with its recent alkaline volcanism. The reader is 

referred to section 1.2. for a review of current geotectonic 

theories dealing with the position of Italy. As a reference we 

will summarize the main points : 

a.	 Counterclockwise rotation of Italy during Middle Tertiary times 

with a pole of rotation near Malta. 

b.	 Low density upper mantle below Tuscany and Latium. 

c.	 Thin crustal section in the Tyrrhenian and Tuscan area. 

d.	 Tuscan magmatic rocks become younger towards the east. 

The thinning of the lithosphere in the Tyrrhenian area can be 

explained by a model of geothermal oceanization (Schuiling, 1969, 

1973) or by the Van Bemmelen model, (1975). 
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The reader is referred to the articles for a detailed review of 

these models; important for our explanations is that both models 

invoke a thermal "high" in the Tyrrhenian area during the Middle 

Tertiary. When this thermal "blister" was present in the Tyrrhenian 

area Italy was just subjected to a counterclockwise rotational 

movement, moving the Italian subplate into the direction of the 

centre of the hot spot. In our opinion, the requirements for the 

generation of the Italian alkaline volcanism were met during 

this period. When the Italian subplate moved towards the centre of 

the hot spot, the lower crust of Italy became heated and anatexitic 

melts formed in the lower crustal environments. These gave rise 

later to the Tuscan magmatism. As the coherence of the lower crust 

was lost crustal material became assimilated by subcrustal material. 

Perhaps slabs of crustal material were torn off during the 

westward movement. These slabs became incorporated into the 

upper mantle material, forming an intimate mixture of crust - mantle 

material. 

The rotation of Italy stopped probably before the start of 

the Pliocene (Vandenberg, pers. comm., 1979). Below the belt of 

recent alkaline volcanism a zone of contaminated mantle material 

was present in these times. The mantle - crust mixture melted 

(perhaps due to the heat production in the crustal rocks above) 

and a melt with "contaminated properties" was formed. During the 

period of tension in the early Pleistocene the melts could rise 

and settle in the crust. From now on two models are possible : 

1. The melts rose directly to shallow levels where they filled 

magma chambers in the carbonate series. 2. The melts stayed a while 

in the lower crustal environments where they reacted with the 

lower crustal rocks. Some of the lower crustal rocks could have 

been melted by contact-anatexis, due to the high heat production 

of the contaminated magma. At that stage the processes described 

in section 11.5.6. came to play an important role. 
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This model explains the following features : 

a.	 The progressive thinning of the Italian lithosphere towards 

the north, due to increased sub crustal erosion in the northern 

part of central Italy. This was caused by the larger rotated 

distance of the distal parts of the rotating unit. This distal 

part penetrated further into the "hot spot" area than the 

southern parts. 

b.	 The low density upper mantle can be explained as remnants of 

a crust - mantle mixture. 

c.	 The east-ward trend in age of the Tuscan volcanic rocks. The 

Tuscan magmatism can then be seen as induced by the heat of the 

underlying hot spot zone. 

d.	 The large scale involvement of crustai rocks in the northern 

part of central Italy due to (a). This gives rise to the higher 

isotopic ratios in the areas north of Rome. 

e.	 The presence of the Tuscan magmatism in the northern part of 

central Italy only, where the lower crustal rocks became 

strongly heated due to prolonged movement far into a hot spot 

area. 



277 

CHAPTER III 

CHEMISTRY AND PETROGENESIS OF MAFIC XENOLITHS OF TH~ VULSINIAN AREA 

Plate 3.1. Prismatic kaliophilite crystals, surrounded by tabular 

masses of melilite (white) and clinopyroxene (dark). The melilite 

is surrounded by glass rims. (Sample MIS, x 40) 
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111.1. INTRODUCTION 

Mafic nodules were found in large quantities in some mudflow 

deposits around Montefiascone. These deposits have been described' 

in section 1.4.6. In Fig. 3.1. the sample localities are indicated 

and the sample codes are given in table 3.1. 

Different types of nodules are present; the most abundant type 

being black clinopyroxenites which contain interstitial leucite or 

glass. Less abundant, but still common are deep green nodules, 

consisting of cpx with pale yellow needles of kaliophilite. Feldspar 

and latiumlte bearing nodules were found very rarely. 

The minerals latiumite (K, H 0)2(Ca, Na)6(Si, AI)100222

(C0 .S0 .H 0)2 and kaliophilite (KAISi0 ) ~re extremely rare and
3 4 2 4

up till now have only been described from Italy. Latiumite was 

described by Tilley and Henry, (1953) and later treated in detail 

by Cannillo et al., (1973), Leoni et al., (1977), Barbieri et al., 

(1970). In a few papers the closely related mineral Tuscanite was 

described, Mellini et al., (1977) and Orlandi et al., (1977). 

Kaliophilite was found for the first time in ejactamenta from the 

Vesuvius, and later described by Bannister, (1931). Smith and 

Tuttle, (1957) and Tuttle and Smith, (1958) treated the phase 

relations in the system nepheline - kalsilite, and some experimental 

data are given by Rigby "and Richardson, (1947). Recently Barbieri 

et al., (1970) reported some data for kaliophilite from the Alban 

Hills. 
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AlllJ ..... ium 

Trover ~Ine 

F6 - Lalera upper complex 
F 5 - Latera "Complex volcanites" 
F5  La:erG ash flows 

F4- Monfefloscone upper series 

Volcanological map of the 

VULS/I\lIAN AREA 

Lezio ~Jtaly 

Fig. 3.1. 
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Table 3.1. 

MFA Ml, M2.
 

MF 8 M5, M6, MIl, M12? M13, M14, M7, M8, M15, M18, M2l, M24.
 

C-Celleno -- M23.
 

VA2l0 -- Casa Collina
 

452A -- A.N.A.S. quarry along the road Orvieto to Lubriano.
 

612.4 -- Stridone valley, west of Acquapendente. 

8 -- Monte Rado area -- 81 - 84. (8rotzu et al., 1977) 

Abbrevations used for minerals 

Clinopyroxene cpx Latiumite lat 

Olivine 01 Spinel sp 

Anorthite an Sanidine san 

Phlogopite phI Leucite Ie 

Plagioclase pIg Apatite ap 

Melili te mel Amphibole amph 

Kaliophili te kph Garnet gar 

Chlorite chI 

Most authors consider kaliophilite and latiumite as 

thermometamorphic minerals. Kalsilite, one of the polymorphs of 

kaliophilite, has been described from a sedimentary xenolith by 

Philpotts et al., (1967). 

In the present study of the paragenesis of these rare minerals 

special attention is paid to the clinopyroxenes. For comparison 

some samples were studied from localities not indicated in Fi~. 3.1., 

e.g. a clinopyroxenitic rim around a calcareous fragment from 

the Casa Collina quarry and a single idiomorphic cpx crystal from the 

tuffbeds near Celleno, at a similar stratigraphic level as the 

Montefiascone mudflows. 
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In order to compare the cpx of the nodules with magmatic cpx of the 

Vulsinian lavas additional lava samples were taken: a strongly 

porphyritic lava fragment from the Montefiascone mudflows, a 

leucite tephritic lava flow from a quarry south of Orvieto and a 

leucite phonolitic lava flow from the Acquapendente lava series. 

The results of Brotzu et al., (1977) on the composition of Vulsinian 

cpx were also taken into account. 
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111.2. PETROGRAPHY OF THE SAMPLES 

The studied samples can be divided into the following groups 

A:I. Kaliophilite bearing samples: MI, M7, M14, M18. 

2. Latiumite bearing samples : M2, M15. 

3. Leucite bearing samples: M5, M6, M13, M21. 

4. Mafic samples : M8, M12, M14, M23, VA210. 

B:5. Lava flows and their phenocrysts M24, 452A, 612.4, B. 

The mineral composition of these rocks is indicated in table 

3.2. and short descriptions of the textures and pecularities are 

given below. 

Table 3.2. , part 1 

Group A1. 

Sample cpx an phI sp mel lat kph gar chI ap glass 

M1 xx x x (x) x 

M7 xx (x) (x) x x (x) x x 

M14-1 xx x x x x 

M18 xx x x x (x) x x 

Group A2. 

M2 xx (x) (x) x xx 

M15 xx xx (x) (x) xx 

Legend x present 

(x) rare
 

xx abundant
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Table 3.2. , part 2. (for legend see part 1) 

Group A3.
 

Sample cpx phI 01 sp lc glass Al-sp
 

M5 xx x (x) x
 

M6 xx x (x) (x) x
 

M13 xx (x) (x) x
 

M21 xx x (x) x
 

Group A4.
 

VA210 xx
 

M8 x x xx x xx
 

Mll xx x
 

M12 xx x x x
 

M14-2 x x x x
 

M23 xx x
 

Group B5. 

Phenocryst phases. 

Sample cpx 01 phI sp san lc pIg ap amph
 

M24 xx x x x x
 

612.4 x x x x xx x x
 

452A x x x x
 

Bl - B2 x (x)
 

B3 - B4 x (x) (x) x x
 

Groundmass 

M24 x x x x x x x
 

612.4 x x xx xx xx
 

452A x (x) x x x
 

Bl - B2 xx (x) x (x) x (x) x
 

83 - 84 x (x) x xx x x x
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AI.	 The kph is associated with an olive green to yellow green 

cpx and minor phI, apatite and Fe rich spinel. Two types 

of textures are found : Intimately intergrown cpx and kph 

in sample Ml, M7 and M18 and loosely intergrown kph and 

cpx crystals in an altered mass in sample M14. The cpx crystals 

in the latter are euhedral and strongly zoned. The mel in M18 

are of Ak - Geh composition and form tabular masses,
50 50 

intergrown with kph. The. mel grains are corroded and surrounded 

by a yellow glass mass. (Plate 3.1.). The tuffaceous envelope 

of Ml carries phenocrysts of pIg, deformed phI and dark green 

and colourless cpx, with minor ap (Plate.3.2.). 

Plate 3.2. Kph crystals in a tabular mass of patchy zoned cpx 

(samp,le Mi, x 40). 
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A2.	 Sample M2 carries abundant feathery lat present as an 

interstitial phase in this clinopyroxenitic nodule. Minor 

amounts of an and phI are intergrown with the lat. MI5 is a 

complex sample, made up mainly of dark green slightly zoned 

cpx and an, with glass as a mesostasis (Plate 3.3.). Small 

stringers of mel are present, which replace cpx and perhaps 

also the an. Mel and an are strongly corroded and surrounded 

by a colourless glass phase. Small patches of lat are found 

between an and cpx crystals. 

Plate 3.3. Sample M1S, x 40. For explanation see fig. 3.2. 

M 15 

Fig. 3.2. Explanation of Plate 3.3., mineral names. 
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A3.	 The black, lc carrying nodules display some variation: 

moderately zoned cpx crystals can be euhedral or anhedral 

and inclusions of phI and glass are common. The interstitital 

spaces are filled by'lc, which contains clouds of fluid 

inclusions (Plate 3.4.) in M6. In M13, however, a colourless 

glass phase is present as an interstitial mass. Fe rich sp 

is found only in M6 as small euhedral inclusions in the rare 

01 crystals. The crystallization sequence, as deduced from 

petrographic observation appears to be as follows : 1. 01 and 

Fe rich sp, 2. PhI, 3. Cpx, 4. Lc. 

A4.	 Most mafic samples are cpx rich, except M8, which is very rich 

in 01. VA210 is a cpx sample with large, strongly zoned crystals 

and microcrystalline cpx masses. Patchy zoning occurs in some 

crystals, marked by more intense green spots and plates within 

crystals. 

Plate 3.4. Sample MG. Mainly cpx with lc, rimmed by phl, filling the 

interstices. In the Ie a cloud of fluid inclusions. (x 30) 



287 

M23 is an idiomorphic cpx crystal with a striking type of 

"zoning" : dark green fields are intergrown with pale green 

material, which is slightly zoned and displays growth bands. 

The light green material forms the apices of the crystal. Glass 

is present along cracks. M8 is made up mainly of 2 - 3 mm sized 

01 crystals, enclosing small phI flakes and euhedral Fe rich 

spinels. The interstices between the subhedral olivine are 

composed of light green cpx, crowded with dark green hercynitic 

spinels and small phI flakes. M12 is a composite sample with 

three textural bands: (Fig. 3.3.) the main mass is composed 

of light-green zoned cpx and subhedral 01 grains, containing 

euhedral Fe rich sp with minor phI flakes. The intermediate 

zone is a 5 mm wide band made up of rounded 01 grains enclosing 

Fe rich sp, and overgrown by an optically continuous mass of phI. 

(Plate 3.5.). The outer zone contains morecpx than the 

intermediate zone. The crystallization sequence is difficult 

to determine in this nodule but 01 with Fe rich sp -appear to 

be early crystallizing phases and phI a late crystallizing phase. 

In the other samples phI is an early crystallizing phase, 

followed by 01 and cpx with hercynitic sp in the case of M8. 

A reaction relation between phI and 01 is obvious in sample 

M12 only. In all these samples phI and Fe rich sp coexist in 

the final assemblage, which is not observed in samples of 

groups Al and A3. 

B5. The lava flows are of three different types : 

452A (Leucite tephrite): Microporphyritic rock with small cpx 

crystals, some concentrically zoned, others sector zoned. 

Crystallization sequence was probably as follows: 1. cpx 

pIg - sp. j 2. Ie. 

612.4	 (Leucite phonolite): Strongly porphyritic rock with cm 

sized lc crystals often enclosing crystals of cpx, sp and 

pIg. Lc crystals are often corroded and partly overgrown 

by san. 
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Fig. 3.3. Textural banding in 

sample M12. 

M12
1 em 

Plate 3.5. 01 with included Cr rich sp, overgrown by phl (dark). 

x 30. 
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PIg	 (An 80 - 93) slightly normally zoned. PhI crystals are 

largely altered to sp grains, forming pseudomorphs. 

M24	 (01 carrying tephritic leucitite): Strongly porphyritic 

rock with extremely strongly zoned cpx and 01 crystals. 

The cpx displays growth banding (Plate 3.6.) and the hollow 

and irregular cores tend to contain other minerals like 01 

and an unidentified mineral. (See section 111.4.11.). 

The different sectors in the cpx show evidence of different 

growth rates. (Widths of growthbands, amount and size of 

glass inclusions, Plate 3.7.). Lamellar twins are abundant, 

often kinked and disturbed. Some cpx enclose poikilitically 

small lc grains. The crystallization sequence probably was 

as follows: 1. 01 - sp, 2. cpx, 3. lc, 4. phI. 

Plate 3.6. Cpx in sample M24, displaying growth banding, x 45. 
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Plate 3.7. Cpx in sample M24, displaying sector zoning in amount
 

of glass inclusions, x 45.
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111.3. ANALYTICAL METHODS 

Most minerals were analyzed with a T.P.D. microprobe at 

the Yening Meinesz laboratories, Utrecht, equipped with two 

spectrometers and a single channel recorder for scans. Operation 

conditions were as follows: 15 kY, 22 ~a, counting time 48 sec. 

As standards were used natural 01, cpx, pIg, san and pure Fe, Ti, 

Cr and Mn. Scans were made over crystals for which the core and the 

rim were analyzed separately. Corrections for dead time, drift, 

background intensity, fluorescence and absorption were made 

when necessary. 

Most minerals analyzed gave good totals (Analyses with totals 

between 98.5 % and 101.0 %.). Selected analyses (from about 400) are 

listed in Table 3.9. - 3.11. together with the analyses of sample 

M15. This sample gave totals of 96.5 % for all minerals analyzed 

(cpx, an, mel) which proved to be reproducible. The reason for 

these aberrant totals can be sought in the presence of non-analyzed 

elements (Sr, Ba, Li, etc.). Wet chemical analyses of kph were 

performed at the geochemical laboratory of the Rijksuniversiteit 

of Leiden. 

The structural formulae calculated on the basis of 24 oxygens 

often gave cation totals in excess of 16. This suggests the presence 

of ferric iron, but the analyses are presented with Fe
tot 

as FeO. 
3

In the formulae Fe + is given on the basis of charge balance. The 

analyses have not been calculated back on 24 oxygens. The quality 

of the Si analyses directly influences the calculated amount of 

ferric iron which, together with the unknown degree of stoichometry 

(Wood and Henderson, 1978) makes it unjustified to recalculate the 

analyses for ferric iron obtained by charge balance only. 
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111.4. CHEMISTRY OF THE NODULES AND PHENOCRYSTS 

111.4.1. Clinopyroxenes 

III.4.1.1. Chemistry 

The studied cpx represent a suite of Al rich and Na poor 

pyroxenes, some very rich in ferric iron. The structural formulae 

are calculated according to the next rules 

Al tot Aloct Al oct Alnc8	 - Si = AlT., _ AIT = ., AIT _ _ 2Ti = ., 
nc 3+ T' oct

Al + Na - Cr = Fe . (AI: tetrahedrally coordinated AI; Al : 
tot nc

octrahedrally coordinated AI; Al : total AI; Al : non compensated 

AI). 
The endmembers were calculated with the following scheme : 

Na was combined with an equal amount of Al and Si to form jadeite, 
T

then CaTiTs was	 calculated, followed by CaTs. The rest of AI was 
3 1II

combined with Fe + to form ferri Ts molecules (CaFe SiAl0 ).
6 

Fig. 3.5. 
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The rest was calculated as Fs, Wo and En with some excess 8i as 

a remainder. This excess 8i indicates the degree of stoichometry 
T

and/or the quality of the analysis. In Fig. 3.5. the amount of AI

is plotted against total cations, which gives a rough correlation. 
nc 3+

This can be refined by plotting the Al -(= Fe - Na + Cr) against 

cation totals, which gives an excellent correlation (Fig. 3.6.). 

As the amounts of Cr and Na are relatively unimportant in most cases 
3

it seems that Fe + causes this cation surplus. 

CaO 

40 

10 

40 '0 60 80 

Fig. 3.7. 
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3+
We can, however, calculate the cation surplus due to Fe with the 

formula cation surplus = «24 + ! Fe
3+ 

/ 24) x 16 ) - 16. 

If we plot this line in Fig. 3.6. it falls below the obtained 

correlation line. This indicates an additional factor: a surplus 

of (Ml + M2) over the Z site cations, giving non-stoichometry with 

a deficiency in the tetrahedral sites. Perhaps our Si analyses are 

systematically low, or a non stoichometry must be assumed with a 

Si-deficiency in the tetrahedral sites. 

In Fig. 3.7. the compositions of the cpx have been plotted in 

a CaO - MgO - FeO diagram. Most analyses plot above the 50 % CaO 

line and display a trend towards relative Ca- and Fe-enrichment. 

Similar trends were given by Carmichael et al., (1974) for cpx from 

phonolites, basanites and leucitites. 

Fig. 3.8. At the baseline phI (P) and 01 (symbol) are plotted. 



297 

In Fig. 3.8. a En - Fs - Wo plot is given. Most analyses fall below 

the Di - Hed join because the different Ts molecules have been 

calculated first. The arrows indicate the zoning from core to rim 

inside single crystals. Most crystals are moderately to strongly 

zoned. Those in M2 show extreme zoning : A1 0 contents vary from
2 3 

3.24 % in the core towards 16.38 % in the margin, which is the 

highest A1 0 content recorded for natural terrestrial clinopyroxenes.
2 3 

The highest content listed in the new Deer, Howie and Zussman 

(chainsilicates, part 2A) is still the Knopf and Lee, (1958) 

analysis of a cpx from a contact metasomatic rock body in Montana 

with an A1 0 content of 15.75 %.
2 3 

The cpx are always so rich in Al that only Si and Al are 

assumed to be present on the tetrahedral sites. 
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T ~ 
This Al must be compensated in the Ml site by AI, Ti, Cr and Fe . 

In Fig. 3.9. to 3.11. the amounts of these compensating ions have 
T

been plotted against AI (Cr is quantitatively unimportant). For 
T

the three compensating ions a rough increase with Al is present 

buth the rate of increase is different for different samples, e.g. 
3 3

M6 is relatively rich in Fe + and M14 is very rich in Fe +, compared 
T . T 

to samples with similar Al contents. M15 has very high Al contents 
3+ .

but Fe ~s low because Al is also the dominating compensating ion. 

(the whole mineralogy of M15 indicates an Al rich environment.) 

If we accept that Al enters the tetrahedral sites at low silica 

activities (LeBas, 1962) and/or high Al activities (both can be 

expected in this rock sUite) we can cautiously conclude that the 
3

local availability of Ti, Cr, Al and Fe + was the main determining 

factor for the Ml site occupancy . 
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This becomes also clear from Fig. 3.12. where the relative amounts 

of the Ts molecules do not have any correlation with AlT. 

1:1 

Fig. 3.11. 
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III.4.1.2. Zoning 

Several types of zoning are met with in the cpx 

A. Concentric zoning. 

B. Sector zoning. 

C. Patchy zoning. 

D. Oscillatory zoninB: 

In one crystal two types of zoning can occur together in the 

following combinations A-B, A-C, and D occurs combined with all 

other types of zoning. 
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Fig. 3.13. 
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A. Concentric zoning. 

The concentric zoning indicated in Fig. 3.13. shows three 

trends : 

1. Parallel to the Di - Hed join. 

2. Similar to the initiation of the Skaergaerd trend. 

3.	 A reversed trend. 

The third trend, a continuous reversed zoning, is fairly 

uncommon,	 although some reversed examp~es can be found in the 
2

tables of Cundari, (1975). Except for zoning in Mg - Fe + concentric 
T 3+

zoning is also observed for Al , together with zoning in Fe , Ti, 
oct

and Al . (See Fig. 3.14.) 

T
Three trends for	 AI are found 

T 
a.	 Increase of AI towards the rim. 

T
b. Decrease of AI towards the rim. 

c. Very slight to non-zoning for AlT. 

T
The AI trends can be combined with normal or reversed zoning 
2+

in Fe The samples M2, M12, M14, VA2l0, M24 and 452A show an 
T

enrichment of AI towards the rim (trend a.). A similar kind of 

zoning was found by Brown and Carmichael, (1969) for cpx of 

basainitic rocks. Most of the samples show a normal zoning for 
2+

Fe	 ,except the VA2l0 sample. Trend b. is displayed by M15, 612.4 

and 83 - 84. The latter shows a discontinuous core - rim structure 
T

(see section 11.1.6.). The reversed AI zoning is coupled with a 
2

reversed Fe + zoning in 612.4 but with a slight, normal zoning 

in M15. The other concentrically zoned samples have fairly constant 
T 2

AI contents with an increase in Fe + for M13 and a decrease in Fe + 

in M6 and MI. 

The compensating elements in the Ml sites show a coupled zoning 

pattern with AlT. Na is fairly random but invariably low and K shows 

an increasing trend towards the rim. 

2 
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Plate 3.8. Sample VA210. Complex zoned, twinned cpx crystal, x 45. 

See fig. 3.15. 

Plate 3.9. Sample VA210. Patchy zoned cpx crystals with superimposed 

concentric zoning, x 45. See fig. 3.16. 
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Fig. 3.15. (See Plate 3.8.) Fig. 3.16. (See Plate 3.9.) 



305 

Plate 3.10. Sample 612.4. Reversed zoned cpx crystal, with included
 

Fe sp and pig, x 45. See Fig. 3.17.
 

Plate 3.11. Sample 452A. Zoned cpx crystal, x 45. See Fig. 3.18.
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Plate 3.12. Sample M23. Complex patchy zoned simple cpx crystal,
 

x 45. See Fig. 3.20.
 

Plate 3.13. Sample M24. Sector zoned cpx crystal, (normal to c-axis)
 

with g~ass inclusions containing mineral X, x 45. (See Fig. 3.19.)
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Plate 3.14. Sample M1S. For explanation see Figs. 3.21., 3.22. 

(x 40) • 

Fig. 3.22. Minerals in Plate 3.14. 
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It is unknown if the K measured is really present in the lattice 

or in submicroscopic glass inclusions. Cr normally decreases towards 

the margin of the cpx crystals. In Fig. 3.15. to 3.23. some 

microprobe scans are given which illustrate the zoning patterns. 

It is obvious that Ti correlates well with AI, Al with Si, and 

Mg with Fe. 

The increasing K concentrations in cpx represent the increasing 

K in the matrix and the decrease in Cr can be explained by the 

preferential partitioning of Cr in cpx, depleting the liquid in this 

element. 

The reversed zoning in M6 is less clear, because the included 
T

glasses are very rich in Fe. M6 is unzoned with reference to AI , 

like M13 and M15. No ready explanation is available. 

Some general relations arp given in Figs. 3.24., 3.25. and 3.26. 
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T 2+
An explanation for the zoning in Al and Fe must be sought 

in compositional trends in the bulk rock systems or in diffusion 

rates of the elements. Growth rates and physical parameters can 

influence also the composition of a growing cpx crystal, however. 

First we will look at the compositional trends of the bulk rock. 
T

The extreme zoning in AI and Fe in M2 seems the result of a	 rapid 
T

depletion of these elements in the matrix. The increase of AI in 

452A is perhaps coupled with a decrease of the silica activity in 

the bulk rock crystallization of the 452A cpx core will deplete 

the liquid in silica and produce a relative enrichment of the 

liquid in AI. Simultaneous pIg crystallization will deplete the 

liquid both in Si and in AI. The latter seems, however, not to be 

the case, at least not in large amounts: the Al content nearly 
T

doubles from the core to the rim. The increase in AI is coupled 

only with a very slight increase in Al
oct 

, which indicates that 

Al contents in the matrix did not rise rapidly. So minor 

pl~gioclase crystallization, together with cpx crystallization 

·· F 2+. thOseems t h e most reasonable. The normaI zon1ng 1n e 1n 1S 

sample can be explained as a normal compositional trend, although 

the competing sp crystallization can have a slightly moderating 

influence. Ti and Cr zoning seems to be directly correlated with 

compositional trends in the matrix. 

The continuous reversed zoning in 612.4 can also be ascribed 

to compositional effects in the magma in a similar manner as in 452A. 

It is somewhat strange that the cpx of 612.4 have higher Ti contents 

than the 452A cpx although the 452A liquid was richer in Ti. The 

other samples are difficult to explain because no bulk rock data 

are available here. 

B. Sector zoning. 

Sector zoning is found in the phenocrysts of the lava M24 and 

612.4 (Plate 3.13., Fig. 3.19.). 
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The rhombic sections are enriched in AI, Ti and Fe with regard to 

the apical sections. This is the normal sector enrichment pattern 

as described by Wass, (1973), Leung, (1974) and others. Some crystals 

in M24 are beautifully ·zoned with regard to growth bands, which 

are well developed in the (011) sections and absent or very narrow 

in the (100) and (010) sectors (See Plate 3.7.). Microprobe traces 

over these growth bands indicate that enrichment in AI, Ti, and Fe 

was not more pronounced in the broad bands. 

Some cpx crystals of lavas from phase 4 (section 11.1.16.) are 

of a discontinuous core - rim type. The green core is sector zoned 

but the pale rim is not (Fig. 2.10.). The green cores are enriched 
T

in A1 (Brotzu et al., 1977) with regard to the pale margins. One
 
T


might argue that the incorporation of large amounts of AI in
 
T
 

cpx induces sector zoning. The A1 is preferentially incorporated 

in the (100) and (010) sectors. This is according to the models 

of Dowty, (1976) and Nakamura, (1973) due to growth of tetrahedral 
T

layers separately in these sectors. In the rim the A1 is less 

abundant in all sectors, so no sector zoning develops. Twin planes 

normally continue from the core to the rim in these core - rim cpx, 

which is logical from structural considerations. 

C. Patchy zoning. 

Patchy zoning was observed in the samples M23, VA210, and 

less pronounced in M1 and M14. The zoning in VA210 is shown in 

Plate 3.8. and 3.9. In the small patchy zoned crystal (B) the green 

patches are enriched in Fe, Al and Ti together with a slight 

decrease in Ca and Si. The superimposed concentric zoning in B has 

a trend towards the composition of the green patch. Crystal C 

displays larger patches, even with crystallographically determined 

bounding faces. In crystal VA210 A the field between c and d is 

patchy zoned. The differences between the composition of the patch 

and the whole crystal are given in table 3.3. 
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This is an enrichment pattern very similar to that envisaged for 

sector zoning. 

Table 3.3. 

VA210 B 

a b 

A1
T 

0.5016 1.0765 

Fe 3+ 0.0000 0.0654 

Fe2+ 0.2474 0.4412 

Ti 0.0226 0.1469 

The crystallographic orientation of the patches has not been 

determined (if at all possible). It can not be ascertained if there 

is a structural control. The extreme irregularities in the patchy 

zoning does not support this. Only Lofgren and Godey, (1977) studied 

patchy zoning in feldspars and concluded that it was difficult to 

give a comprehensive growth model. Our model for patchy zoning 

has similarities with the model of Lofgren. Due to fast growth 

constitutional supercooling (c.s.) will occur. The c.s. zone can 

be reached by growth projections into the melt, normal to 

the growing crystal face. The cpx, growing in the c.s. melt will 
T

be rich in AI and its compensating ions. In extreme cases planar 

extensions will be growing parallel to the normal growing crystal 

face in the c.s. zone giving rise to structures like VA210 C. 

The patches become surrounded by light green cpx material after 
T

continued growth. The incorporation of AI is strongly favoured by 

fast growth (growth will be very fast in the c.s. melt) as became 

clear from experimental studies by e.g. Wood, (1976). So the 

occurrence of local c.s. melt zones seems to provide an answer to 

the origin of patchy zoning. 

The patchy zoning in M1 and M14 is of simil~r kind but growth 

processes must have been different in these samples (see section 3.7.). 
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Plate 3.15. Complex patchy zoning in a single cpx crystal, M23, x 45.
 

Plate 3.16. Zoned 01 crystal in sample M24, x 45. See Fig. 3.27.
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The most difficult sample is M23, where fields of dark green cpx 

alternate with zoned fields of pale cpx (See Plate 3.15. and 3.12.). 

The chemical differences between these fields are indicated in 

table 3.4. 

Table 3.4. 

~3 

dark light 

AI
T 

0.699 0.602 

Fe 3+ 0.308 0.363 

Fe2+ 0.476 0.210 

Ti 0.092 0.063 

2+
It can be seen that Fe in particular increases dramatically in the 

dark zones. It is difficult to give a definite model of growth as 

there is also a glass phase present, which could have influenced 

the relations inside the crystal. A reequilibration of the melt, 

rich in Fe, with the Mg rich crystal does not seem impossible. 

111.4.2. Micas 

The micas have been studied in less detail. Most are Al - Mg 

rich phlogopitic micas, poor in Ti. F ha~ not been observed, so 
T 

H 0 is probably the major volatile. In several phlogopites the Al
2

3could not be balanced for charge by Fe +, Al and Ti. Perhaps Sa 
oct T T

is present. In most micas Al increases as AI decreases. AI

contents are high. Zoning is of minor importance. Analyses are 

listed in table A3 (Appendix). 

111.4.3. Olivine 

In most nodules 01 is a minor phase, except in nodules M12 and 

M8, where it is abundant. 
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Fig. 3.27. See Plate 3.16. 
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Zoning is absent in the 01 of the nodules but in the lava M24 the 

01 phenocrysts are zoned from FO - F0 (Plate 3.16., Fig. 3.27.)
S9 67 

coupled with a reverse zoning in Ni. K increases with Fe, and Ca 

is constant but >relatively high, probably due to low silica 

activities during growth (Stormer, 1973). Analyses are listed in 

table A3,(Appendix). 

111.4.4. Amphibole 

Amphibole has been found only as a late crystallizing phase in 

sample M24. Analysis showed it to be a pargasitic hbl. See table 

A3,(Appendix). 

111.4.5. Spinel 

Normally Fe rich spinels are found (magnetite - ulvospinel 

series) with varying Ti contents. The analyses are listed in table 

A3, (Appendix). The small euhedral sp in the 01 are Cr rich sp. 

The hercynitic sp in MS has not been analyzed. The ores in lava 

612.4 are partly oxydized to ilmenite - magnetite intergrowths. 

111.4.6. Plagioclase 

PIg is present as a phenocryst phase in the lavas 612.4 and 

452A. Zoning is normal and ranges between 93 % - so % An. The zoning 

of Ca in the pIg of 452A is indicated in the scan of Fig. 2.3. 

Groundmass pIg in 452A has 65.7 % An. The pIg in M15 is very An 

rich, about 9S.7 % An (all percentages mol percent). In Fig. 3.2S. 

the feldspar compositions are plotted in weight %. 
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111.4.7. Leuci te 

Some analyses of phenocryst and groundmass lc are given in 

table A3, (Appendix), together with some lc analyses from the 

nodules. In all analyses Na 0 and FeO are low, some excess silica
2

is present as orthoclase in solid solution. 

111.4.8. Melilite 

Mel has been found in M15 (analyses given in table A3, Appendix). 

The mel of M18 was not analyzed but optical properties indicate 
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111.4.9. Garnet 

Partial probe analyses show that the garnets belong to the 

andradite-grossularite series. 

111.4.10. Kaliophilite 

Kph is an extremely rare mineral, but in the studied samples 

rather abundant. Analyses are given in table A3, (Appendix), 

together with an analysis by Barbieri et al., (1970). The high Ca 

contents in our wet analysis as well as in the Barbieri analysis 

are probably due to contamination with apatite. 

111.4.11. Mineral X 

In M24 (Plate 3.13.) an inclusion of an optically undetermined 

mineral has been analyzed, giving a composition of (Ca, AI,) 

(Si, Al)03' This seems an AI-carrying wollastonite. Only one small 

grain was encountered and detailed studies proved to be impossible. 

111.4.12. Latiumite 

The mineral Latiumite has been found in Lazio, in the Alban 

Hills and in the Vulsinian area. Several spots on several grains 

have been analyzed by microprobe. Extensive zoning was not detected. 

The analyses gave conclusive evidence that the analyzed mineral 

is Lat and not the closely related mineral Tuscanite. The 

analyses give rather high sulfate contents in comparison with 

other published analyses. 
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111.5. GEOTHERMOMETRY 

111.5.1. Introduction 

Suitable minerals for detailed geothermometric calculations 

are not present in the studied samples. -The Powell and Powell, (1974) 

thermometer for 01 - cpx couples and the igneous pIg thermometer 

of Kudo and Weill, (1970) as refined by Mathez, (1973) are used. 

The results are presented in tables 3.5. and 3.6. 

The Kudo and Weill temperatures for M15 are unrealistic, whi'ch 

means that the glass and pIg were not in equilibrium, which is 

already indicated by the corroded outlines of the pIg. The calculated 

temperature for lava 452A is in agreement with experimental liquidus 

temperatures for similar rocks by Trigila, (1969). The 612.4 

temperature is too high w.r.t. the experimentally obtained 

temperature which indicates, that the pIg enclosed in lc, was nDt in 

equilibrium with the presumed melt phase. 

Powell and Powell temperatures. 

Calculations of the mol fractions of Mg and Fe on M was
l 

performed as follows MgjFe on Ml equals MgjFe in the cpx. X was
AI

3 oct
taken as the molecular amounts of Cr, Fe +, Ti and Al . 

This amount was subtracted from 4 (all based on 24 oxygens) and 
2

the relative occupation of Ml by Mg and Fe + was obtained. The 

work of Sauter, (in prep.) suggests that the Al contents have 

a large influence on the calculated T, so the accuracy will be poor. 
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Table 3.5. (P 1 kb). 

Sample no. X K TO C 
Al d 

M12 0.5613 0.616 1006 

M6 0.2795 0.603 993 

M24 (Core) 0.3224 0.287 962 

M24 (Margin) 0.5531 0.299 987 

Kudo and Weill - Mathez temperatures. 

The bulk rock analyses were taken as liquid phase, core 

compositions of the pIg were used. 

Table 3.6. 

TOSample P kb C 

452A 0 1164 

452A 1 1141 

612.4 1 1352 

M15 1 1768 
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111.6. SILICA ACTIVITY 

With the aid of thermodynamic calculations an idea of the 

silica activity during the crystallization of the lavas and 

nodules can be gained. Several pertinent reactions can be considered, 

of which we have used the reaction : 

+
CaTs + Si02 melt +in cpx S.s. s.s. 

Thermodynamic data and relations are given by Bacon and Carmichael, 

(1973). The calculation of the molfraction of CaTs in cpx is of 

considerable importance. We followed Powell, (1978) with a 

"distribution on site" model giving: X CaTs = 4 (Ca .AI 
M2 MI 

~AI .!Si ), and assuming that: X T equals a (Wood, 1976) .
. T T Ca s CaTs 

Most analyses used for the calculations are listed in table A3, 

(Appendix). The results are given in Table 3.7. Some samples gave 

an aSi0 larger than 1, which suggests that the cpx - pIg couple
2 

was not in equilibrium. This occurred in M2, where pIg clearly 

shows up as a later phase thgn cpx. In the core - core cpx 

pIg couple in 452A this was also observed, suggesting that cpx 

crystallization started earlier than pIg crystallization. 

The large scatter in aSi0 values is interesting. Low values
2 

are obtained for the nodules as compared to the lavas. 

If we compare our data with data of similar rocks by 

Carmichael et al., (1974) our aSi0 values are low. This is the
2 

result of the different way of calculation of X in cpx.
CaTs 

In broad terms they do agree, however, for the lavas, although 

the data for the groundmass phases must be handled with caution 

as equilibrium is not guaranteed. For the lavas a temperature of 

1120
0 

C is assumed, for the nodules a temperature of 1000
0 

C. 
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Table 3.7. 

Sample no. crystals X 
an 

X
CaTs 

P bars -log a Si0
2 

452A 4.1. - 2.1. 0.80 0.0156 1 ++++++ 

452A 4.2. - 2.2. 0.80 0.0536 1000 0.3326 

452A Groundmass 0.65 0.0312 1 0.2212 

612.4 B2 - F1 0.80 0.0325 1000 0.1156 

M24 Groundmass 0.80 0.0447 1 0.2869 

M15 5.4. - 6.1. 0.987 0.1220 1000 0.5984 

M15 5.4. - 6.2. 0.987 0.1270 1000 0.6164 

M2 3.3. - 3.1. 1 0.0087 1000 ++++++ 

M2 3.3. - 3.2. 1 0.1920 1000 0.8503 

++++++ aSi0
2 

larger than 1. 
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111.7. DISCUSSION OF THE RESULTS 

It is generally accepted in other studies that the kph and 

lat carrying nodules are the product of interaction between a magma 

and carbonate wall rock. The studied suite of nodules can represent 

the fragments of a reaction aureole around a magma chamber. In 

situ studies of such reaction aureoles are classical in the 

petrological literature; e.g. Tilley and Harwood, (1931) and LeBas, 

(1965). The spatial relationship between the studied nodules is lost. 

We will try to reconstruct this relationship as well as the 

processes which prevailed during the formation of the nodules 

magmatic or thermometamorphic - metasomatic processes. 

It can not be excluded that some nodules have a polyphase 

history. Some samples have a qUite obvious origin, e.g. the lavas 

612.4, 452A and B. These seem to be uncontaminated rocks (in the 

sense of wall rock contamination at shallow depths) of purely 

magmatic origin. VA210 belongs to a suite of lime-silicate 

nodules. The core of this sample consists of carbonate rock, which 

provides evidence for its genesis: a piece of limestone dropped 

in the magma, its rim became subsequently converted into cpx. 

Sample M24 displays typical magmatic textures but the large 

amounts of phenocrysts, often with "strange" mineral inclusions, 

point to aberrant conditions during crystallization: it seems 

justified to postulate that this rock formed with minor 

contamination and residual thermometamorphic minerals are "frozen 

in" in the magmatic cpx. 

MI, M7 and M18 (the kph carrying nodules) and M2 and M15 

(the lat carrying nodules) display typically metamorphic textures. 

The presence of the two rare minerals, together with considerable 

amounts of apatite does not present evidence for an isochemical 

metamorphic process. Addition of at least P and K from the magma 

seems to be necessary. 
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The two mentioned groups of rocks seem are the result of two 

different processes: thermometamorphic and magmatic processes. The 

other studied nodules show aspects of both types of processes. 

Cumulative textures were not encountered : purely magmatic cumulate 

rocks are not present. 

The calculated S10 activities also vary widely: the silica
2 

activities in the lavas are low, but the silica activity values 

in the presumed metamorphic samples are even lower. This is in 

agreement with the general fact that extremely low silica activities 

prevail during metamorphism of impure carbonates. The chemistry 

of the cpx can also be used to estimate the magmatic influences 

magmatic cpx are richer in Cr than metamorphic cpx. In our samples 

it is obvious that the lava cpx are richer in Cr than most cpx 

in the nodules, except for M12, which contains Cr rich sp and cpx. 
3+

Metamorphic pyroxenes are sometimes very rich in Fe according to 

Nockleberg, (1973), who states that the oxygen fugacity in impure 

limestones during metamorphosis can be rather high due to 

decomposition of the liberated CO , High Al contents of cpx also
2 

point to low silica activities (LeBas, 1965). The cpx, very rich 

in ferric iron or Al can be placed at the metamorphic side of the 

system and the Cr rich cpx at the magmatic side. 

Dense clouds of fluid inclusions (probably CO ) in lc
2 

crystals occur in M6 and were only very rarely observed in the 

lavas. The presence of CO is probably due to decarbonization
2 

of the limestones. 

The zoning in the cpx informs us, in general, about the matrix 

the mineral was growing from : the extreme zoning in M2 points to a 

low silica concentration in the bulk rock, which became rapidly 

much lower, due to the cpx crystallization. Sector zoning, 

however, is regarded as a typical magmatic feature in cpx. The 

growth process in metamorphic rocks is much more determined by 

solid state diffusion than by preferential site exposure or 

occupation. 
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The presence of glass in many samples, some enclosed in cpx, 

others as an interstitial mass, is evidence for 

a. high temperatures, 

b. possible magmatic invasions during formation. 

The composition of the glasses will be treated below. 

The data and interpretations given above lead to the following 

model for the genesis of the nodules. 

The carbonate rocks in the subsurface probably belong to the 

Calcare Cavernoso, a Triassic dolomitic limestone formation with 

evaporitic intercalations. A magma chamber at about 3 km depth 

is envisaged, surrounded by the Calcare Cavernoso limestones, 

unconformably overlain by Pliocene marls. A subdivision into three 

zones in and around the magma chamber is supposed (Fig. 3.29.). 

In zone A, the magma itself, magmatic processes with minor 

contamination play the most important role. Thermometamorphic 

processes with influxes of the most mobile elements only play the 

leading role in zone C. large metasomatic influxes are of major 

importance in zone B. Zone A will yield rocks with magmatic 

characteristics, although some evidence of contamination may be 

present. M24 seems to be such a rock. The addition of CaC0 to a
3 

very lime rich magma has no large scale effect on the bulk 

composition. The major influence of CaC0 addition is its heat
3 

absorbing capacity. Heat is used up by the decarbonization process. 

So the liquidus phase, stable at that composition, will crystallize 

rapidly. This process is different from the processes encountered 

when an experimental charge is quenched. In our .case a point sink 

for heat causes rapid local crystallization without lowering of 

the whole mass in temperature. The B type processes are 

characterized by magmatic addition of silica and iron mainly; 

carbonate rocks are converted into clinopyroxenites and residual 

magmabatches will crystallize lc as a late phase. 
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~ 
~ Marls ()J 

A 
3 

~ Carbonate rocks.· 

Fig. 3.29. 

During the initial fill up of a magma chamber a 

thermometamorphic aureole will be formed, overprinted later by 

metasomatic processes. Many B type rocks could have had a zone C 

origin first. Examples of rocks with a polyphase history seem to 

be M12 and M15. M12 is a B type rock with strong magmatic 

affinities. The 01 in this nodule has been overgrown in one zone 

by a continuous ·mass of phI, perhaps according to the reaction: 

Fo + K 0 + A1 0 + Si0 + vapor ..... PhI 
2 2 3 2 

Sample M15 displays cpx crystals, surrounded by mel, which can be 

regarded as the result of a progressive thermometamorphic reaction, 

due to silica depletion of the matrix. 
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The magma later invaded this rock and it corroded the an as well 

as the mel. In Ml8 a similar process occurred : the cpx was 

converted to mel during C type processes and the magma 

subsequently attacked the mel because it was unstable under 

magmatic conditions. 

The relicts of lat in M15 are not easy to explain. Lat seems 

to be overgrown by an. 

The absence of calcite in all these nodules suggests instability 

of this mineral due to the high temperatures. CaO and CO were
2 

probably present. (In the case of VA210 a magma with a lower 

temperature was probably present, so the carbonate material did 

not dissociate.) 

The presence of lat and kph has been explained as 

thermometamorphic occurrences with some supply by the magma. The 

amount of sulfate present in lat raises a question about its 

origin : was the sulfate present in the sediment prior to reaction 

or was it brought in by the magma? The first seems to be most 

probable, as gypsiferous limestones are known to exist in the 

Calcare Cavernoso. A reaction of gypsum in an Al rich environment 

with supply of K from a magmatic source may be the complicated 

way of formation of lat. 

What makes the minerals lat and kph so unique for Italy? 

The answer seems to be the metamorphism of a carbonate series, 

containing gypsum rich members, by a potassic magma. Lat and kph 

are rare even in Italy, which is explained by their C type genesis 

in distal zones, rarely fragmented and carried upwards during 

volcanic explosions. The different compositions of lat and 

tuscanite (the latter contains some water at the K sites of lat) 

might tentatively be explained as follows tuscanite is found 

in paragenesis with wollastonite, a mineral conditioned by a 

large H 0/C0 ratio in its environment. Wollastonite has not
2 2 

been encountered together with lat. 
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Perhaps the H 0/C0 ratio decides whether 1at or tuscanite will
2 2 

be formed. The higher H 0 contents of tuscanite can be seen as
2

evi~ence for this hypothesis. 

The above presented model can be tested with the aid of calculations 

concerning the composition of the glasses. The glass 1nclusions 

and interstitial glass masses can be explained by two processes 

(or a combination of both). 

1.	 The glasses are batches of residues of a contaminated magma, 

from which the nodules .crysta11ized. 

2.	 The glasses are partial melts of the sediments. 

1
0' 

Kph 

40 

~	 Lc 

91 

€;I 
01 

b ~I 

ohv 

MgO + FeOtot 10 20 30 40 50 80 90 5i02px 

Fig. 3.30. 
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In the first case the glasses must plot on a liquid line of 

descent with the contaminated magma composition, the second 

possibility is difficult to check. With the aid of a number of 

diagrams the amount of contamination of a presumed parental melt 

is deduced. As parental magma the composition of the Fiordino 

basanite has been taken, LAQ, (Schneider, 1965). The position 

of the glass compositions relative to the parental composition 

gives an indication of the magmatic versus the metamorphic influences 

that played a role during their genesis. The A type rocks are 

assumed to have a near straight line relationship between glass, 

parental magma composition and main mineral phase (Cpx). B type 

glasses will plot far from the line through cpx and LAQ and C 

type nodules even further. 
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Fig. 3.31. 
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In fig. 3.7. and figs. 3.30. to 3.33. several triangular 

plots are civen. It is obvious from these plots that the 

samples M24 and M12 need'relatively small amounts of Cao - MgO 

rich material, while samples M14 and M15 need very large amounts 

of "carbonate rocks" to get the presumed parental magma composition 

on a line with glass and cpx. 

Some calculations have been done with the composition of the 

glasses with the aid of a multivariate addition program. (See 

table 3.8.). These calculations revealed that it is impossible 

to produce the glasses directly from the parental magma by 

fractional c~ystallization of cpx. Slight addition of a dolomitic 

phase to LAQ is sufficient in the case of A type nodules to obtain 

the glass + mineral phase composition. 
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The B - C type nodules give very large misfits, indicating a large 

scale involvement of non-magmatic material. 

In conclusion we can state that the postulated model can 

explain most of the mineral associations of the nodules, their 

chemical composition and textures. The tuff beds that carry the 

nodules are of phreato-magmatic type. These deposits are normally 

explained as due to contamination of a magma with groundwaters or 

contamination of a magma by countryrocks. The explosive character 

of these tuffs might be explained by contamination of the magma with 

meteoric waters and CO from decarbonization reactions.
2 

This study indicates that the presence of mafic nodules cannot 

be seen as direct evidence for crystal settling processes (Marinelli; 

1975) and care must be taken to give any petrologic evidence to the 

occurrence of mafic nodules before they have been studied in detail. 

Fig. 3.33. 
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Table	 3.8. 

Quantitative data. 

I	 Glass composition + nodule phases + parental basanite + 

misfit (X). 

Ml2	 30 % glass + 54 % cpx + LAQ + 16 % X 

X is a phase rich in MgO, Al 0 and FeO, and thought to
2 3 

be a dolomitic rock. 

M13	 30 % glass + 63 % cpx + LAQ + 7 % X 

X is a phase rich in MgO with minor FeO. 

M6	 31 % glass + 37 % cpx + 29 % bi + LAQ + 3 % X 

X is a phase rich in Al marl ?? good fit. 

M24	 43 % glass + 54 % cpx + LAQ + 3 % X 

X is an Al rich phase good fit. 

M13	 30 % glass + 64 % cpx + LAQ + 6 % X 

X is a dolomitic phase. 



Table 3.9., part 1. 

7.1* 7.3** 2.9* 2.10** 3.1* 3.2** 6.1* 6.2** 4.3* 6.3*J( 

M1 M14 M2 M15 M6 

8i0
2 

49.84 50.01 46.58 44.94 51.58 34.65 42.09 42.23 51.69 52.06 

Ti0
2 

0.69 0.60 0.86 1.26 0.23 1.15 0.67 0.74 0.24 0.33 

Al
2

0 
3 

4.10 4.18 4.83 6.42 3.24 16.38 12.04 11.95 2.66 2.35 

FeOtot . 7.11 5.50 11.18 12.18 3.45 19.00 7.09 6.60 4.48 3.22 

MnO - - 0.13 0.15 0.07 0.42 0.17 0.11 

MgO 12.74 13.94 10.65 9.84 15.84 2.60 9.72 9.07 15.42 16.80 

CaO 25.06 25.07 24.93 25.23 24.40 23.45 24.63 24.82 24.35 24.22 

Na
2

0 0.05 - 0.14 0.01 0.08 0.23 0.09 0.14 0.21 0.04 to) 
to) 
~ 

K
2

0 0.06 0.05 0.02 - - 0.01 0.01 0.01 - 0.01 

P205 

Cr
2

0
3 

- - 0.04 0.04 - - - - 0.20 0.21 

NiO 

Total 99.65 99.36 99.64 100.08 98.89 97.88 96.51 95.67 99.24 99.25 

K one asterisk: core of the crystal ** two asterisk: rim of the crystal 



Table 3.9., part 2. 

7.1
K 

7.3
KK 

2.9
H 

2.10
HK 

3.1
K 

3.2
HK 

6.1
K 

6.2
HK 

4.3
K 

6.3
KK 

M1 M14 M2 M15 M6 

Si 

AI
T 

Al oct . 

7.484 

0.516 

0.210 

7.474 

0.526 

0.210 

7.188 

0.812 

0.066 

6.950 

1.050 

0.120 

7.641 

0.360 

0.206 

5.717 

2.283 

0.903 

6.580 

1.420 

0.799 

6.643 

1.357 

0.860 

7.672 

0.328 

0.137 

7.676 

0.324 

0.085 

Ti 

Fe2+ 

Fe3+ 

0.078 

0.728 

0.166 

0.068 

0.497 

0.191 

0.100 

0.860 

0.588 

0.146 

0.945 

0.635 

0.026 

0.302 

0.125 

0.143 

1.450 

1.172 

0.079 

0.436 

0.491 

0.088 

0.504 

0.365 

0.027 

0.382 

0.175 

0.330 

0.243 

0.154 

Mn 

Mg 

Ca 

-
2.853 

4.031 

-

3.107 

4.014 

0.013 

2.360 

4.166 

0.020 

2.269 

4.179 

0.009 

3:498 

3.873 

0.057 

0.639 

4.147 

0.023 

2.266 

4.125 

0.015 

2.126 

4.183 

3.412 

3.873 

3.693 

3.827 

w w 
00 

Na 0.014 - 0.043 0.002 0.024 0.075 0.027 0.042 0.059 0.011 

(M
1

+M
2 

) 8.09 8.10 8.29 8.32 8.06 8.59 8.25 8.18 8.09 8.08 

Formulas based on 24 oxygens. 

K one asterisk: core of the crystal xx two asterisk: rim of the cry~ta1 



Table 3.9., part 3. 

7.l
H 

Ml 

7.3
HH 

2.9
H 

Ml4 

2.l0
HH 

3.l
H 

M2 

3.2
HH 

6.l
H 

M15 

6.2
HH 4.3J! 

M6 

6.3J1J! 

Jad 

CaTiTs 

CaTs 
3+

Ca(Fe +Cr)Ts 

Fs 

En 

Wol 

Siexcess 

0.3 

1.0 

2.4 

2.3 

9.4 

37.4 

47.1 

-0.089 

0.1 

0.9 

2.6 

2.5 

6.6 

41.1 

46.1 

+0.186 

0.6 

1.3 

0.3 

7.8 

11.6 

32.4 

45.7 

-0.252 

0.04 

2.1 

1.7 

9.0 

13.6 

32.0 

41.6 

-0.321 

0.5 

0.8 

1.0 

1.7 

3.5 

45.4 

47.2 

-0.146 

1.2 

2.3 

13.1 

18.6 

23.0 

10.1 

31.8 

-0.532 

0.4 

1.2 

11.2 

7.1 

6.7 

32.9 

40.5 

-0.219 

0.6 

1.3 

11.9 

5.3 

7.6 

30.9 

42.4 

-0.14 

0.8 

0.4 

1.0 

2.6 

4.9 

44.2 

46.2 

-0.028 

0.2 

0.5 

0.9 

2.3 

3.1 

47.5 

45.5 

-0.064 

to) 
to) 
10 

Endmembers in mol %. 

H one asterisk: core of the crystal 
JfH 

two asterisk: rim of the crystal 



Table 3.10., part 1. 

D1
Jf 

83
JfJf 

1A
Jf 

1H
JfJf 

A2
Jf 

A4
JfJf 

2.4
Jf 

4.1
JfJf 

2.1
Jf 

2.2
JfJf 

M13 M12 VA210 M23 452A 

Si0
2 

Ti0
2 

A1 
2

0 
3 

FeOtot . 

46.77 

1.07 

8.43 

6.05 

46.66 

1.24 

7.80 

7.38 

53.65 

0.29 

1.80 

3.24 

49.03 

0.58 

6.52 

5.50 

46.20 

1. 58 

8.65 

4.77 

50.21 

0.25 

5.86 

3.22 

49.54 

0.56 

4.36 

4.59 

48.66 

0.81 

5.38 

6.24 

51. 23 

0.45 

4.34 

4.06 

45.29 

1.67 

8.79 

9.20 

MnO - 0.13 0.05 - 0.13 0.14 0.04 0.05 0.08 0.16 

MgO 11.77 11.43 16.49 13.64 12.96 14.49 14.61 13.15 15.18 16.17 

CaO 24.86 24.89 24.23 24.18 25.00 25.49 25.45 25.07 23.51 22.04 

Na
2

0 

K
2

0 

0.20 

-

0.14 

-

-

-
-

-

0.08 

0.03 

-
0.02 

0.14 

0.02 

0.14 

0.02 

0.15 

0.02 

0.27 

0.03 

t.) 
~ 
0 

P205 

Cr
2

0
3 

NiO 

-
-

0.04 

-
0.43 

0.05 

0.50 

0.05 

- - - 0.02 0.12 0.02 

Total 99.15 99.71 100.22 99.99 99.40 99.69 99.31 99.55 99.14 98.62 

Jf one asterisk: core of the crystal JfJf two asterisk: rim of the crystal 



Table 3.10., part 2. 

D1!( B3J(J( 1AJ( 1HJ(J( A2!( A4J(J( 2.4J( 4.1J(J( 2.1J( 2.2J(!( 

M13 M12 VA210 M23 452A 

5i 7.038 7.036 7.815 7.267 6.914 7.397 7.398 7.301 7.571 6.923 

Al
T 

0.962 0.964 0.185 0.733 1.086 0.603 0.602 0.699 0.429 1.077 

Aloct . 0.533 0.423 0.124 0.406 0.440 0.415 0.156 0.252 0.326 0.507 

Ti 0.121 0.141 0.032 0.065 0.178 0.028 0.063 0.092 0.050 0.192 
2+

Fe 0.514 0.640 0.395 0.543 0.278 0.260 0.210 0.476 0.469 0.906 

Fe3+ 0.247 0.296 - 0.139 0.319 0.138 0.363 0.308 0.033 0.270 

Mn - 0.016 0.049 - 0.016 0.018 0.005 0.007 0.010 0.020 

Mg 2.640 2.570 3.581 3.014 2.892 3.183 3.253 2.942 3.345 2.546 Co) 
tI>o 

Ca 4.008 4.020 3.782 3.840 4.009 4.024 4.073 4.031 3.724 3.604 ~ 

Na 0.060 0.042 - - 0.023 - 0.040 0.041 0.042 0.079 

(M
1

+M
2 

) 8.12 8.15 7.97 8.07 8.16 8.07 8.17 8.16 8.02 8.14 

Formulas based on 24 oxygens. 

J( one asterisk: core of the crystal J(!( two asterisk: rim of the crystal 



Table 3.10., part 3. 

DIK 

M13 

B3
KK 

lA
K 

M12 

lH
KJf 

A2
K 

A4
KK 

VA210 

2.4
K 

M23 

4.l
KK 

2.l
K 

2.2
KK 

452A 

Jad 

CaTiTs 

CaTs 
3+

Ca(Fe +Cr)Ts 

Fs 

En 

Wol 

Siexcess 

0.8 

1.7 

6.5 

3.4 

7.5 

36.4 

43.7 

-0.065 

0.6 

1.9 

5.2 

4.1 

9.0 

35.2 

43.9 

-0.112 

-
0.4 

1.6 

-
5.2 

46.1 

46.7 

+0.084 

-

0.9 

5.5 

2.7 

7.4 

40.7 

42.9 

-0.070 

0.4 

2.5 

5.7 

4.4 

4.1 

40.0 

42.9 

-0.132 

0.06 

0.4 

5.5 

1.8 

3.7 

42.5 

46.1 

-0.065 

0.6 

0.8 

1.5 

4.8 

2.8 

42.9 

46.6 

-0.123 

0.6 

1.2 

2.7 

4.1 

6.4 

39.2 

45.6 

-0.109 

0.6 

0.7 

3.7 

0.6 

6.3 

44.1 

44.1 

+0.264 

1.2 

2.7 

5.9 

3.8 

12.7 

35.8 

38.3 

-0.033 
CAl 
~ 
lI:l 

Endmembers in mol %. 

JfJf 
'It one asterisk: core of the crystal two asterisk: rim of the crystal 



Table 3.11 .• 

8i0
2 

Ti0
2 

A1 0
2 3
 
tot


FeO

MnO 

MgO 

CaO 

Na 0
2

K 0
2

P205 

Cr 0
2 3 

NiO 

Total 

part 1. 

Jf JfK
3.2 3.3

M24 

51. 78 49.56 

0.38 0.55 

2.76 7.20 

2.79 4.27 

0.06 0.06 

16.35 14.52 

23.56 23.04 

0.12 0.29 

0.07 0.12 

0.89 0.86 

0.01 0.01 

98.76 100.48 

K
F1

612.4 

46.18 

1. 37 

7.05 

9.11 

11.35 

23.66 

0.39 

0.02 

99.13 

JfK
F4

48.32 

0.86 

5.81 

7.41 

12.96 

23.92 

0.27 

0.02 

99.57 

B3* 

42.20 

1. 30 

10.73 

11.90 

9.30 

23.62 

0.32 

99.37 

B4** 

B 

46.53 

1.00 

7.07 

6.50 

13.62 

23.65 

0.28 
to) 
~ 
to) 

98.65 

* one asterisk: core of the crystal KK two asterisk: rim of the crystal 



Table 3.11.,	 part 2. 

3.21£ 

M24 

8i 7.661 

AI
T 

0.339 

Aloct . 0.142 

Ti 0.042 
2+

Fe 0.289 
3+

Fe 0.056 

Mn 0.007 

Mg 3.606 

ea 3.734 

Na 0.034 

(M
1

+M
2

) 8.03 

Formulas based on 24 

lflf
F4

7.265 

0.735 

0.295 

0.097 

0.602 

0.329 

2.905 

3.853 

0.079 

8.23 

B3
lf 

6.544 

1.456 

0.508 

0.152 

0.804 

0.740 

2.148 

3.924 

0.096 

8.37 

B4
lflf 

B 

7.052 

0.948 

0.312 

0.112 

0.328 

0.496 

3.076 

3.840 

0.084 

8.24 

c.l 
Il:
ll:

3.31£1£ 

7.252 

0.749 

0.493 

0.061 

0.386 

0.137 

0.008 

3.168 

3.613 

0.081 

8.07 

lf
F1

612.4 

7.052 

0.948 

0.321 

0.157 

0.730 

0.433 

2.584 

3.872 

0.115 

8.22 

oxygens. 

~ 
one asterisk: core of the crystal 1£1£ two asterisk: rim of the crystal 



Table 3.11., part	 3. 

K
3.2

M24 

Jad 0.6 

CaTiTs 0.6 

CaTs 1.2 
3+

Ca(Fe +Cr)Ts 2.1 

Fs 3.9 

En 46.9 

Wo1 44.7 

Siexcess +0.019 

Endmembers in mol %. 

KK
3.3

1.4 

0.8 

5.4 

3.3 

5.4 

43.5 

40.2 

-0.068 

K KKF1 F4

612.4 

1.6 1.1 

2.2 1.3 

2.8 2.8 

5.9 4.4 

10.0 8.1 

35.4 39.0 

42.2 43.2 

-0.098 -0.082 

K
B3

B 

1.4 

2.2 

5.9 

10.6 

11.5 

30.8 

37.6 

-0.276 

B4!Uf 

1.2 

1.5 

3.1 

6.8 

4.5 

42.0 

41.0 
to) 

-0.174 ~ 
Ul 

K	 KK 
one asterisk: core of the crystal two asterisk: rim of the crystal 
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Appendix, table A!. 

H
K-Ar data 

40 h	 . 40ASample mineral K radiogenic Ar atmosp er1C r	 age
 
6
 

no.	 (% Wt) (ppm Wt) (% total 40Ar) (10 year) 

1018 leucite 15.98 5.53 x 10-4 
35 

15.92 5.54 x	 10-4 
64 Q..49 + O.OS 

5.34 x 10-4 
28 I 

1020 leucite 16.78 4.08 x 10-4 
80 

0.35 + 0.0410-4 
81 l16.68 4.12 x 

809 sanidine 8.86 2.10 x 10-4 
62 

0.36 + 0.06
8.87 2.35 x 10-4 

63	 l 
768.1 leucite	 16.35 3.70 x 10-4 

41 

16.20 3.95 x	 10-4 
33 0.34 + 0.03 

3.71 x 10-4 
38 l 

768.2 leucite	 16.27 4.21 x 10-4 
33 

16.32	 3.72 x 10-4 
42 0.35 + 0.06 

10-4
3.78 x	 46 l 

H	 -10 -1 -10 -1
Used constants: AS = 5.543 x 10 a , A 0.581 x 10 a , 

e 
40

K = 0.011672 atom % total K. 

1018 leucite tephrite, near Orvieto 

1020 15 km W of Orvieto 

809 vulsinite, Nassini Quarry near Bolsena 

768.1 leucitite dike, about 1.5 km N of Bolsena 

768.2 " 10 metres from 76 

From the samples 1018, 1020, 809 and 768.2 we separated leucite, 

while sanidine was separated from 768.1. 
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Appendix, table A2 (part 1). See Fig. AI. 

Whole rock analyses 

A. Ashflow localities 

140.1 near Acquapendente 

140. II black cinder from ashflow 140.1 

255.1 yellow finegrained ashflow near S. Quirico 

255. II yellow finegrained ashflow near S. Quirico 

365 grey ashflow near Montorio 

496.1 ashflow in the Subissone valley 

496.II pumice below 496.1 

573 black cinder from ashflow west of Rocca Ripesena 

605 yellow ashflow near Montorio 

606 red sheet in the ashflow near Montorio 

613 ashflow in Acquapendente 

B. Lava localities 

69 leucite phonolite near Acquapendente 

361 leucite phonolite near Acquapendente 

132 trachyte near Odinano 

354 leucite phonolite near Acquapendente 

612 leucite phonolite near Acquapendente 

452A leucite tephrite, A.N.A.S. quarry south of Orvieto 

452B leucitite, lower flow, A.N.A.S. quarry south of Orvieto 

493 lava flow near Torre Alfina 

651 lava flow near Torre Alfina 

505 leucite phonolite, Buonviaggio 

566A upper flow I 
566B middle flow valley south west of Rocca Ripesena 

566C lower flow 

565.1 leucite tephrite near Canonica 

565.II leucite tephrite near Canonica 

568 tephrite near Porano 
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615 leucite phonolite near Acquapendente 

618 leucite phonolite near Acquapendente 

627 leucite tephrite near Castel Viscardo 

649 leucite tephrite near Castel Viscardo 

652 dark latite in Subissone valley 

celle~e - GrOlte s. Sfefano 

/" Roads 

,J Rivers 

Fig. A1 



Appendix, table A2 (part 2a) 

Ashflows 

sample 1401 140II 2551 255II 365 4961 496II 573 605 606 613 
oxide 

Si02 55.50 59.50 55.60 55.80 59.80 58.80 56.60 59.10 56.50 54.10 52.00 

A1 203 19.00 18.60 18.70 18.50 19.30 26.70 21.00 19.14 20.00 19.10 18.00 

CaO 9. 10 3.00 10.90 7.60 3.80 1.80 8.10 6.30 8.50 9.80 11.90 

K20 4. 10 8.90 5.30 6.20 8.90 2.40 4.80 5.90 2.20 3.60 4.40 

Na20 0.75 3.60 0.76 I. 10 2.70 1.00 0.90 2.80 0.85 0.87 0.87 

MgO 2.90 0.50 3.20 3.40 1.25 1.00 2.20 1.40 2.70 2.50 4.10 

Fe,203 
FeO 

6.60 

0.75 

2.90 

0.80 

6.40 

0.76 

6.10 

0.85 

2.70 

0.70 

4.60 

0.50 

6.20 

0.50 

3.90 

0.70 

7.80 

0.85 

7.40 

0.50 

6.60 

0.87 

t» 
(/1 

0 

Ti02 0.75 0.50 0.76 0.76 0.50 I. 10 0.90 0.60 0.85 0.75 0.76 

P205 0.50 0.00 0.40 0.24 0.00 O. 10 0.25 O. 10 O. 10 0.50 0.50 



Appendix, table A2 (part 2b) 

Lavas 

sample 69 361 132 354 612 452A 452B 493 651 505 566A 
oxide 

Si02 53.90 53.80 61.10 54.90 55.40 49.40 50.20 56.20 55.60 54.39 46.60 

A1 203 19.30 19.60 16.40 20.00 21.40 18.20 19.40 17.00 14.00 20.09 15.60 

CaO 4.80 3.50 2.50 3.40 3.10 7.90 7.20 4.50 5.30 3.67 9.60 

K
2
0 8.40 8.90 7.60 8.70 8.90 6.80 6.90 4.70 6.60 9.47 8.80 

Nap 5.10 4.60 3.00 4.50 4.30 3.10 3.30 2.00 2.70 3.96 2.30 

MgO 1.00 0.70 0.80 0.90 0.80 3.30 2.80 6.50 7.20 0.97 4.40 

Fe203 4.30 2.80 4.00 3.20 2.60 4.50 5.10 3.50 4.40 3.48 5.70 til 
til 
f-l 

FeO I. 50 I. 50 1.30 1.00 I. 30. 4.00 2.70 3.30 2.20 0.58 2.50 

Ti02 0.70 0.70 0.50 0.50 0.50 1.00 0.90 I. 30 I. 30 0.58 0.90 

P205 0.10 0.08 0.00 0.00 0.00 0.40 0.50 0.30 0.30 0.01 0.50 



Appendix, table A2 (part 2c) 

Lavas 

sample 
oxide 

566B 566C 5651 565II 568 615 618 627 649 652 

Si02 
A1203 
CaO 

47.50 

17.80 

10.00 

52.00 

18.20 

7.60 

48.90 

16.40 

10.90 

47.30 

16.20 

10.80 

47.70 

17.00 

9.50 

56.40 

19.00 

3.20 

52.90 

19.60 

4.70 

47.70 

19.20 

8.50 

47. 10 

18.00 

7.70 

56.30 

17.30 

5.40 

K20 

Na20 

MgO 

6.10 

1.60 

5.20 

6.20 

3.30 

3. ICi 

6.40 

2.20 

5.00 

6.40 

2.30 

5.20 

5.00 

2.70 

3.30 

8.90 

4.40 

0.90 

8.10 

4.40 

1.40 

8.80 

3.00 

2.90 

7.50 

3. 10 

3.20 

6.50 

3.70 

2.00 

Fe20
3 

FeO 

5.60 

3.00 

5.90 

1.30 

6.70 

I. 50 

5.90 

2.00 

5.30 

2.80 

2.80 

1.00 

3.70 

2.00 

5.60 

3.00 

4.90 

2.80 

4.40 

2.00 
c..l 
C1I 
~ 

Ti02 
P205 

0.90 

0.50 

0.90 

0.40 

0.80 

0.40 

0.80 

0.30 

0.50 

0.40 

0.50 

0.00 

0.70 

0.20 

0.90 

0.40 

0.80 

0.30 

0.90 

0.20 



Appendix, table A2 (part 3a) 

C1PW-norm, ashflows, percentages. 

min. 
1401 140II 2551 255II 365 4961 496II 573 605 606 613 

Qtz 14.23 0.00 7.89 6.88 1.0 1 39.52 12.88 6.74 21. II 13.75 4.99 
Or 24.23 53.50 30.47 36.44 52.78 14.47 27.96 34.89 12.96 21.46 26.00 
Ab 6.35 28.21 6.26 9.26 22.93 8.63 7.51 23.71 7.17 7.43 7.36 
An 36.39 8.45 31.10 27.08 14.31 8.45 38.00 22.25 41.37 37.91 32.22 
Lc 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Ne 0.00 1.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
C 0.00 0.00 0.00 0.00 0.00 19.82 0.19 0.00 0.00 0.00 0.00 w 
Wo 2.30 2.79 7.92 3.70 I. 93 0.00 0.00 3.50 0.00 2.99 9.84 

1:11 
w 

En 7.23 1.27 7.75 8.42 3.12 2.54 5.40 3.49 6.70 6.28 10.21 
Fs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fo 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mt 0.24 I. 15 0.24 0.53 0.81 0.00 0.00 0.52 0.28 0.00 0.60 
Hm 6.44 2.16 6.06 5.70 2.15 4.69 6. II 3.55 7.58 7.47 6.19 
II 1.43 0.97 1.40 1.44 0.95 1.08 1.04 I. 14 I. 61 1.07 1.44 
Ap 1. 19 0.00 0.92 0.57 0.00 0.24 0.58 0.24 0.24 1.20 I. 18 
Tn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.48 0.00 



Appendix, table A2 (part 3b) 

CIPW-norm, lavas, percentages. 

min. 
69 361 132 354 612 452A 452B 493 651 505 566A 

Qtz 0.00 0.00 8.97 0.00 0.00 0.00 0.00 7.59 0.00 0.00 0.00 

Or 49.44 53. I3 45.87 52.19 52.44 40.43 40.77 27.64 38.85 55.95 10.30 
Ab 9.35 10.42 25.93 13.34 13. 15 2.01 6.29 16.84 '22.76 6.89 0.00 

An 4.94 6.62 9.03 8.81 12.77 15.76 17.74 20.26 6.56 9.09 6.32 

Lc 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 
Ne 18.22 15.66 0.00 13.72 12.53 13.21 11.72 0.00 0.00 14.43 10.65 
C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 I. 15 0.00 0.00 0.00 

(.0) 

Wo 7.57 4.34 1.52 3.47 1.07 8.79 6.14 0.00 7.38 3.78 16.07 C> 
,l:o. 

En 2.48 I. 76 2.04 2.28 0.93 6.42 5.31 16. II 8.63 2.41 II . 10 

Fs 0.00 0.00 0.00 0.00 0.00 1.54 0.00 1.02 0.00 0.00 0.00 

Fo 0.00 0.00 0.00 0.00 0.74 I. 30 I. 17 0.00 6.47 0.00 0.00 

Fa 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 

Mt 2.79 2.83 2.80 1,80 2.73 6.56 6.09 5.05 3.31 0.19 5.50 
lIm 2.36 0.87 2.16 2.00 0.71 0.00 0.90 0.00 2. 10 3.35 1.96 

11 I. 32 1.34 0.97 0.96 0.95 1.91 I. 71 2.46 2.46 I. 10 I. 73 
Ap 0.24 0.19 0.00 0.00 0.00 0.95 I. 18 0.71 0.71 0.02 1.20 
Tn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.• 00 0.00 0.00 0.00 



Appendix, table A2 (part 3c) 

C1PW-norm, lavas, percentages. 

min. 
566B 566C 5651 565II 568 615 618 627 649 652 

Qtz 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Or 34.18 36.20 29.05 20.72 30.52 53.29 48.40 17.39 31.49 38.33 
Ab 0.00 13.82 0.00 0.00 10.34 17.21 9.74 0.00 0.00 28.97 

An 23.23 16.34 15.93 15.30 20.14 5.89 9.92 12.87 13.57 11.38 
Lc 1.30 0.00 6.79 14.04 0.00 0.00 0.00 26.93 11.43 0.00 
Ne 7.29 7.46 10.06 10.77 7.19 II. II 15.12 13.68 14.77 I. 23 
C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Wo 9.53 7.66 14.77 15.63 10.79 4.26 5.15 11.06 10.07 5.87 

w 
CI1 
CI1 

An 8.24 6.62 12.42 13.23 8.49 2.27 3.53 7.19 8.28 4.97 
Fs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Fo 3.25 0.71 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Fa 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mt 7.02 I. 56 2.51 4.22 7.83 1.80 4.47 7.03 6.97 3.83 

Hm 0.73 4.75 4.95 3.12 0.08 1.60 0.66 0.73 0.29 I. 75 

11 I. 70 1.69 1.52 1.55 0.98 0.96 1.34 I. 70 I. 58 I. 71 

Ap I. 18 0.94 0.95 0.73 0.98 0.00 0.48 0.94 0.74 0.47 

Tn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 



Appendix, table A3 (part la) 

Mineral analyses, oxides. 

Latiumite Kal iophili te 

LI.4 L2.3 L4.3 LA 

T.4 

MI 

2.3 

HI 

4.3 

MI 

2.7 

MI4 MIx KbxX 

Si02 
Ti02 
Al 203 

FeOtot 

29.14 

20.73 

0.39 

30.78 

18.77 

0.39 

27.92 

20.85 

0.53 

28.33 

24.67 

1.55 

37.36 

31.33 

1.08 

38.61 

30.63 

1.07 

37.25 

31.31 

1.40 

38.51 

32.04 

I. 31 

40.96 

28.62 

38.17 

31.73 

MnO 

MgO 

CaO 

-
0.53 

28.14 

-
0.64 

28.60 

-
0.53 

28.70 

-
0.76 

29.41 

'

0.12 

0.34 

-
0.10 

0.15 

-
0.64 

0.82 

-
-

0.12 

-
0.58 

3.60 

-

1.87 

til 
CJ1 
Cl 

Na20 

K20 

P205 

S03 

Cr20
3 

NiO 

1.00 

5.46 

2.05 

11.90 

0.89 

5.03 

2.40 

11.63 

0.67 

5.88 

2.63 

10.93 

I. II 

7.20 

? 

5.42 

0.69 

27.89 

0.73 

28.02 

0.58 

27.61 

0.88 

29.02 

1.00 

25.20 

2.17 

24.56 

Total 99.33 99. II 98.64 99.98 98.81 99.31 99.64 101.97 99.96 99.95 

x 
xx 

wet 
wet 

analysis 
analysis, Barbieri totFe : Itota .Iron as FeD. 



Appendix, table A3 (part Ib) 

Mineral analyses, oxides. 

Amphib. Leucite Olivine 

3.3 CI 3.2 6. I 6.2 2. I 

M24 452A 612 M6 M24 M24 M6 MI2 

Si02 40.94 54.90 54.88 54.18 41.48 37.71 39.93 41.02 

Ti02 3.01 0.13 0.08 - 0.02 

Al203 
12.19 22.91 23.51 23.12 0.44 0.59 0.06 

FeOtot 10.20 0.44 0.37 0.43 11.08 27.43 14.83 9.47 

MnO 0.19 - - - 0.23 0.76 - - (,0) 
t11 
...:J 

MgO 13.62 0.05 - - 45.07 31.67 44.50 47.07 

CaO 11.72 0.04 0.01 0.03 0.40 0.49 0.37 0.66 

Na20 2.29 0.39 0.53 0.39 - 0.09 

K
2
0 3.01 20.33 20.91 20.93 0.05 0.11 0.01 

P205 

S03 

Cr203 - - - - 0.05 0.04 

NiO - - - - 0.21 0.15 0.14 0.18 

Total 95.91 99.18 100.30 99.08 99.03 99.09 99.94 98.90 

F tote : Itota .1ron as FeO. 



Appendix, table A3 (part Ie) 

Mineral analyses, oxides. 

Biotite Fe-spinel Plagioclase 

1.2 2.2 4.2 Bi I 3.4 2.3 6D 4.2 5.4 8.5 

MI M2 M6 MI2 M24 452A MI2 452A MI5 M24 

Si0
2 

Ti02 
A1 203 

FeOtot 

MoO 

MgO 

37.82 

1.55 

15.58 

8.81 

-
20.18 

38.43 

0.16 

16.27 

2.90 

O. 19 

24.41 

36.73 

1.67 

15.71 

7.28 

-
20.93 

38.15 

0.12 

17.80 

4.98 

-
23.38 

0.36 

11.26 

2.52 

82.51 

0.70 

0.92 

2.06 

18.08 

3.97 

73.06 

-
0.68 

0.32 

0.78 

14.45 

40.26 

0.63 

10. I B 

50.10 

0.06 

30.99 

0.78 

-
0.06 

41.29 

-
35.75 

0.28 

-
0.05 

46.47 

0.05 

31.32 

0.44 

-
0.10 

t.l 
til 
oc 

CaO 0.17 0.39 0.00 0.10 0.40 0.38 0.10 15.19 19.39 14.70 

Na20 

K20 

P205 
503 
Cr203 
NiO 

-
10.27 

-
-

-
10.33 

-
-

0.21 

10.42 

-
-

0.12 

10.52 

0.03 

-

-
0.16 

-
0.07 

-
0.12 

-

-

-
-

33.16 

0.12 

2.07 

0.61 

0.15 

0.06 

I. 93 

0.39 

Total 94.39 93.09 92.95 95.21 98.90 98.30 100.00 99.86 96.97 95.40 

totFe : 1tota .lron as FeO. 



Appendix, table A3 (part 2a) 

Mineral analyses, ions. 

Latiumite Kaliophilite 

LI.4 L2.3 L4.3 LA 

T.4 

MI 

2.3 

MI 

4.3 

MI 

2.7 

MI4 MIx KbxX 

si 4.576 4.820 4.436 5.978 6.132 5.918 5.989 

Al 3.836 3.465 3.905 5.910 5.733 5.864 5.873 

Ti 

Fe 0.051 0.051 0.071 0.144 0.142 0.186 0.170 
(,I) 
tit 
to 

Mg 

Ca 

Na 

S 

P 

K 

Ni 

0.125 

4.735 

0.305 

1.403 

0.272 

1.093 

0.148 

4.800 

0.270 

1.370 

0.318 

1.005 

0.126 

4.887 

0.207 

1.303 

0.354 

1.191 

0.028 

0.058 

0.214 

5.694 

0.023 

0.025 

0.224 

5.677 

0.152 

0.140 

0.177 

5.597 

0.020 

0.266 

5.756 

x wet 

xx wet 

analysis 

analysis, Barbieri 



Appendix, table A3 (part 2b) 

Mineral analyses, ions. 

Amphib. Leucite Olivine 

3.3 CI 3.2 6. I 6.2 2. I 

M24 452A 612 M6 M24 M24 M6 MI2 

Si 6.429 8.019 7.954 7.961 6.179 6.110 6.014 6.100 

Al 2.255 3.945 4.016 4.005 0.080 0.110 0.010 

Ti 0.355 0.014 0.009 

to) 

Fe 1.340 0.054 0.045 0.056 1.380 3.716 1.868 1.240 al 
0 

Mg 3.189 0.010 - - 10.000 7.647 10.011 10.430 

Ca 1.973 0.006 0.002 0.005 0.064 0.086 0.060 0.105 

Na 0.698 O. III 0.148 0.110 - 0.030 

S 

p 

K 0.346 3.788 3.866 3.924 - 0.023 0.003 

Ni - - - - 0.035 0.020 0.017 0.005 



Appendix, table A3 (part 2c) 

Mineral analyses, ions. 

Biotite Fe-spinel Plagioclase 

1.2 

MI 

2.2 

M2 

4.2 

M6 

BI I 

MI2 

3.4 

M24 

2.3 

452A 

6D 

M12 

4.2 

452A 

5.4 

MIS 

8.5 

M24 

Si 5.558 6.074 5.465 5.452 0.093 0.489 6.892 5.933 6.689 

Al 2.699 3.032 2.756 2.999 0.762 1.113 5.025 6.055 5.313 

Ti 0.171 0.019 0.187 0.013 2.170 3.234 0.006 - 0.005 

Fe 1.083 0.384 0.906 0.595 17.680 14.532 0.089 0.034 0.053 
w 
Ol 
f-' 

Mg 

Ca 

Na 

S 

P 

K 

Ni 

Cr 

4.422 

0.027 

-

1.926 

.
-

5.751 

0.066 

-

2.083 

-
-

4.641 

-
0.060 

1.978 

-
-

4.982 

0.015 

0.032 

1.919 

-
0.004 

0.351 

0.110 

-

0.052 

0.014 

0.240 

0.097 

-

0.035 

0.012 

2.240 

0.552 

0.106 

0.012 

2.985 

0.041 

0.011 

0.022 

2.267 

0.540 

0.072 
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Appendix, table A4. 

Phase 4 rocks, localities 

127 lava, Monte Landro 

383 high lava flow, Monte Rado 

417 lava, road Biagio to Cas tel Giorgio 

418 lava, road Biagio to Castel Giorgio 

428 Country road Bolsena to Castel Giorgio 

433 Castel Giorgio lava plateau 

435 Castel Giorgio lava plateau 

536 lava, Chiara valley 

565 Canonica-Castel Giorgio lava plateau 

572 Canonica-Castel Giorgio lava plateau 

573 Canonica-Castel Giorgio lava plateau 

627 Castel Viscardo 

759 Monte Rado 

760 Monte Rado 

763 Honte Rado 

777 Casa Gazetta lava 

779 Patanesco lava 

780 Patanesco lava 

814 Pietre lanciate lava, along the Cassia 

820 Fiume Melona lava 

828 Montienzo lava 

840 Cerretella lava 

843 Cerretella lava 

847 Trebbianello lava 

848 Cerretella lava 

852 Casa Perello lava 

854 Casa Ceccorabio lava 

855 Monte Rado scorie quarry 

871 Casa Belvedere lava 

879 Casa Sassari l~va 
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Appendix, table A4. 

Phase 4 rocks, localities 

882 Casa Sassari lava 

884 Castel Giorgio lava plateau 

888 high lava flow in San Lorenzo 

891 lava near San Lorenzo churchyard 

894 lava along the Via Cassia, near Montefiascone 

895 lava along the Via Cassia, near Montefiascone 

914 Monte Rado-Carbonara lava plateau 

959 Castel Giorgio lava plateau 

964 Castel Giorgio lava plateau 

969 Castel Giorgio lava plateau 

977 Pietre lanciate, along the Cassia 

978 lava near the wartomb, Via Cassia, between Bolsena and 

Montefiascone 

985 Cerretella lava 
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Appendix, table AS.
 

Trace elements
 

Analyses made by ECN (Stichting Energieonderzoek Centrum Nederland)
 

Sample no. ppm U ppm Th 

452A 15.0 110 

566A 8.4 136 

505 22. I 250 

354 32.6 196 

651 7.4 80 

132 10.7 130 

612 32. I 211 

458 13.4 103 

92 9.5 62 

418 6. I 21 

433 18.3 76 

496.1 13.0 81 

140.1 0.4 62 
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