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INTRODUCTION 

This work reports a detailed petrological, geochemical and experimental study of lava flows belonging to 
the whole eruptive activity of the Colli Albani Volcanic District (central Italy). Colli Albani lava flows are 
particularly intriguing due to the occurrence of calcite crystals in the groundmass of some of these products. By 
exploring still unclear aspects of the origin of the investigated lava flows, the study aims at shedding light on the 
origin of calcite-bearing magmas at Colli Albani, thus providing inferences on carbonate-bearing magmas from 
other magmatic systems worldwide. 

Calcite crystals in intrusive rocks are commonly reported in hypoabyssal (e.g., Galliski et al., 2004; 
Ibrahim et al., 2010) and in kimberlitic rocks (e.g., Sparks et al., 2009 and references therein). In contrast, calcite 
crystals in effusive rocks are rarely documented, mainly occurring in alkaline lava flows (e.g., Kjarsgaard & 
Peterson, 1991; Berger et al., 2009). The presence of calcite in volcanic rocks is usually related to “mantle-
derived” carbonate (i.e., carbonatite component; Martin et al., 2012 and references therein) but rarely to magma-
crustal carbonate interaction (e.g., Demeny & Harangi, 1996 and references therein). 

In central Italy, carbonate-bearing volcanic rocks occur in several small monogenic centres along the 
Apennines chain (i.e., Intra-Apennine Province; Peccerillo, 1998, 2005; Barker, 2007) and with significant 
volumes in the Colli Albani volcanic district (Fornaseri & Turi, 1969; Freda et al., 2011). The origin of these 
carbonated effusive rocks is still controversial. One hypothesis interprets them as magmatic carbonatites formed 
by liquid immiscibility between a primitive magma and a mantle-derived carbonatite melt (Stoppa et al., 2005). 
An alternative hypothesis considers the carbonate fraction as reworked crustal carbonates (Peccerillo, 2005; 
Freda et al., 2011). 

The Colli Albani Volcanic District (hereafter CAVD) rocks are quite peculiar because of their low SiO2 
content (as low as 42 wt.%) even in highly differentiated products (Trigila et al., 1995). In particular, the  
K-foiditic composition of the differentiated products evidences that silica-undersaturated magmas may evolve 
towards minimum melt compositions even more silica-undersaturated than phonolite (e.g., Freda et al., 2011 and 
references therein). The magmatic plumbing system of CAVD is hosted by a thick carbonate sequence (Bianchi 
et al., 2008); on the basis of geochemical and experimental data, previous studies have demonstrated the central 
role of magma-carbonate interaction on the unusual liquid line of descent of CAVD magmas as well as on the 
eruptive style (Freda et al., 1997, 2008, 2011; Dallai et al., 2004; Gaeta et al., 2006, 2009; Mollo et al., 2010; 
Peccerillo et al., 2010). 

One of the most interesting features of the CAVD is the occurrence of calcite crystals in the groundmass 
of some lava flows. Although such calcite crystals in the groundmass have been frequently observed and 
reported by many authors, the petrological meaning is still under debate (Fornaseri et al., 1963; Fornaseri & Turi 
1969; Peccerillo et al., 1984; Ferrara et al., 1985; Boari et al., 2009). Recently, Freda et al. (2011) suggested a 
“magmatic” origin, meaning that calcite crystallized above the solidus conditions of the considered system 
contemporaneously with silicate mineral phases. High temperature crystallization is actually corroborated by the 
occurrence of calcite crystals in CAVD cumulates as well (Freda et al., 2006; Gaeta et al., 2006; Di Rocco et al., 
2012). 
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RESULTS AND DISCUSSION 

On the basis of the microtextural features, the studied lava flows have been divided into two groups:  
a) calcite-bearing leucitites and b) calcite-free leucitites. The first group is characterized by foiditic lava flows 
with calcite crystals in the groundmass. The second group divides into phonotephritic lava flows with olivine 
phenocrysts, named olivine leucitites, and foiditic lava flows with rare phenocrysts of leucite and clinopyroxene, 
named leucitites sensu stricto. 

Calcite occurs in the groundmass of CAVD lava flows with peculiar microtextural (Fig. 1) and 
geochemical features that give insights on the genetic processes leading to its crystallization. 

Fig. 1 - Selected photomicrographs and FESEM images of the calcite-bearing leucitites. (a) Subhedral clinopyroxene and leucite 
phenocrysts. (b) Back-scattered electron image of the groundmass of calcite-bearing lava flows with the presence of interstitial 
calcite; noteworthy is the euhedral shape of clinopyroxene at the edge with calcite. (c) Back-scattered electron image of a 
spherical ocellus of calcite and fluorite with tangentially arranged clinopyroxenes (holes were produced by LAM measurements). 
(d) Particle of calcite-nepheline intergrowth at the edge of ocellus. (e) Xenocrysts of K-feldspar with coronitic texture. (f) Calcite 
inclusion in clinopyroxene xenocryst. Cpx, clinopyroxene; Lct, leucite; Ne; nepheline; Cc, calcite; Fl, fluorite; Kfs, K-feldspar. 
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i) The spherical outline of the ocelli excludes an origin via filling of vesicles by hydrothermal fluids, as 
vesicles in a lava flow are usually elongated shaped. Notably, the absense of calcite-filled veins also exclude the 
hydrothermal origin. Other microtextural features, such as the sharp edge, and the occurrence of nepheline 
crystallized across the ocellus-lava boundary, indicate that ocelli represent globules of immiscible carbonate 
liquid formed by in situ immiscibility (Roedder, 1979; Bogoch & Magaritz, 1983; Demeny & Harangi, 1996). 
The tangential arrangement of clinopyroxene crystals around the ocelli reveals the surface tension of the 
carbonate liquid preventing the penetration of clinopyroxenes (Philpotts, 1972; Phillips, 1973). This indicates 
that calcite crystallized when the groundmass was still partially molten, i.e. above the solidus temperature of the 
lava flow. 

ii) The inhomogeneous spatial distribution of calcite in the lava flow groundmass is in accordance with 
the limited carbonate melt mobility when hosted in a silicate melt (Minarik, 1998). 

iii) Calcite-nepheline intergrowths are likely due to a simultaneous crystallization of carbonate and 
silicate phases.  

iv) the leucite + clinopyroxene + calcite + mica + nepheline + analcime corona textures observed around 
K-feldspar xenocrysts highlights magma-carbonate interaction at syn-eruptive conditions.  

v) The Sr contents measured in calcite crystals (up to 1 wt.%) are consistent with crystallization at high 
temperature (Barker 2007; Rosatelli et al., 2010). 

Although it has been experimentally demonstrated that, under dry conditions, the minimum pressure for 
calcite crystallization is 4 MPa at 1240 °C (Wyllie & Tuttle, 1960), all the above-mentioned features imply that 
calcite crystallized from a molten carbonate in the groundmass of the calcite-bearing leucitites (i.e., at 
atmospheric pressure), above the solidus temperature of the hosting lava. Actually, it has been demonstrated that 
the occurrence of small percentages of fluorine (≤ 5 wt.%) in the system allows calcite crystallization even at 
atmospheric pressure and temperature of about 1000 °C (Gittins & Jago, 1991; Jago & Gittins, 1991). 
Furthermore, if fluorine is available in the form of CaF2, the CaCO3 melting temperature decreases down to 
880 °C (Gorzkowska et al., 1998a, 1998b).  

High activity of fluorine in the CAVD lava groundmass has been already suggested (Gaeta & Freda, 
2001) and is here confirmed by the presence of fluorine-rich phases (e.g. mica, amphibole and fluorite) as well as 
of high-polymerised crystals (Si-rich, Al-poor clinopyroxenes. The crystallization of the latter, in particular, is 
favoured by the enhancement of melt polymerization as a consequence of the fluorine aptitude to form 
complexes with networking modifier cations (Foley et al., 1986; Veksler et al., 1998; Bartels et al., 2012). 
Notably, fluorite and Si-rich, Al-poor clinopyroxenes occur only in the calcite-bearing lava flows, corroborating 
the assumption of very high calcium and fluorine activity in the melt. 

Stable isotope values measured in the studied samples give insights into the nature of the carbonate melt 
producing calcite crystals in the groundmass (Fig. 2; see also Fornaseri & Turi, 1969). In particular, the δ18O 
values of calcites overlap those measured in limestone and are significantly higher than those typical of mantle 
carbonate. The δ13C values range from -18 to +5‰ PDB, whereas typical mantle values are around -7‰ PDB 
(see also Fornaseri & Turi, 1969). Therefore, the origin of calcite crystals is related to the interaction between the 
differentiated magma and the limestone wall-rock at shallow level rather than to primitive magmas and mantle-
originated carbonatite component at deep level.  

It is generally accepted that the interaction between magma and carbonate wall-rock may result in i) 
decarbonation of carbonate wall-rock with consequent CO2 addition to the magma (e.g., Behrens et al., 2009; 
Deegan et al., 2010; Dallai et al., 2011), ii) assimilation of carbonate wall-rock with consequent addition of CO2 
and CaO-rich melt to the magma (e.g., Fulignati et al., 2001; Chadwick et al., 2007; Gaeta et al., 2009; Troll et 
al., 2012), iii) melting of carbonate wall-rock (e.g., Lenz, 1999; Wenzel et al., 2002; Barnes et al., 2005). 
Moreover, it has been demonstrated that carbonate assimilation causes a decrease in the SiO2 content of alkaline 
magmas, driving the differentiation towards foidite compositions (Daly, 1910; Shand, 1930; Freda et al., 2008 
and reference therein). It is worthwhile stressing out that among CAVD lava flows, the calcite-bearing leucitites 
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show the lowest SiO2 bulk contents, the most CaO-enriched groundmass olivines (see also Melluso et al., 2010) 
and the highest δ18O values in phenocrysts. Moreover, the rough negative correlation between SiO2 and CaO 
contents of whole rocks suggests a process occurring progressively. These features highlight the significant 
interaction between magmas and carbonates during the solidification of calcite-bearing leucitites.  

The δ18O values of calcites are significantly dissimilar from those measured in silicate phases, implying 
that carbonate and silicate phases had not enough time to equilibrate (Perkins et al., 2006). This suggests that 
crustal carbonate might have been entrapped in the lava flow shortly before the eruption. In this frame, I infer 
that crustal calcite-bearing fragments (e.g., limestone) entrapped in fluorine-bearing lava flows, produced a 
CaCO3 melt, in turn, producing the calcite crystals documented in the groundmass (i.e., in the ocelli and as 
interstitial phase).  

The entrapment of crustal fragments is actually recorded by the occurrence of thermo-metamorphosed 
limestone xenoliths in the lava flows. However, even though trace element patterns measured in calcites (Fig. 3) 
mirror the typical pattern of Apennines Meso-Cenozoic limestone (Di Battistini et al., 2001), their abundances 
are significantly different. Trace element abundances in calcites, indeed, are generally higher than in limestone 
with the exception of HFSE (Ta, Nd, Zr, and Hf) and Rb that are instead significantly lower. The fractionation of 
trace elements between limestone and calcite suggests that the molten carbonate (eventually crystallizing into 
groundmass calcite) resulted from a complex, multi-steps process. In particular, trace element abundances 
measured in calcites, are higher than those typical of limestone, suggesting variable degrees of melting of the 
crustal fragments and preferential partitioning of trace elements into the melt phase.  

To quantify this process, I have calculated the theoretical trace element abundances in carbonate melts 
formed after increasing the degrees of melting of a limestone. As input data, I have used the calcite solid/melt Kd 
values (Ionov & Harmer, 2002) and the trace element abundances of the Meso-Cenozoic limestone. Results from 
calculations (Fig. 3) show that the highest trace element abundances, i.e., in the Vallerano lava flow, reflect 
partial melting of the limestone of 10 wt.%. However, according to the calculations, all trace elements should 
concentrate in the first aliquot of the melt and then decrease as the degree of melting is increased. Differently, in 
groundmass calcites, it is observed a significant decrease of HFSE and Rb in all studied lava flow samples. The 
behavior of HFSE can be explained by considering that liquid-liquid trace element partition coefficients in a 

Fig. 2 - δ18O vs. δ13C diagram 
showing stable isotope 
composition of calcite in lava 
groundmass, compared with 
calcite in CAVD skarn rocks 
(data from Di Rocco et al., 
2012). Mantle and limestone 
sediment data from Taylor et al. 
(1967) and Keller & Hoefs 
(1995). 
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carbonate-silicate system lead HFSE to strongly concentrate into the silicate phase (Veksler et al., 2012). The Rb 
depletion is, instead, explained taking into account the intergrowth crystallization of nepheline and calcite. 

 

Actually, considering the long eruptive history of the Colli Albani district (> 600 ky) and the large 
volume of erupted products (> 200 km3), it would be too simplistic to assume that the carbonate melt ensued 
from the complete fusion of single lithotype (e.g., limestone). It is, instead, more reasonable to assume that 
crustal, carbonate-bearing fragments before being entrapped in the lava flows have experienced variable degree 
of fusion, as demonstrated by trace element abundances and/or carbon loss, as corroborated by the large δ13C 
variation (Di Rocco et al., 2012). In this frame, calcite crystals with δ13C values comparable to those of Meso-
Cenozoic limestones and/or high concentration of trace elements (e.g., in Vallerano and Capo di Bove lava 
flows) would indicate the pristine nature of the entrapped fragments (i.e., a negligible carbon loss and/or fusion).  

Remarkably, Vallerano and Capo di Bove lava flows are rather voluminous, surely the most voluminous 
of the CADV (2.5 and 1 km3, respectively), and this may account for magma interaction with pristine wall rocks. 
On the contrary, calcites in small volume lava flows generally show low δ13C values in agreement with the 
entrapment of fragments that have experienced intense carbon loss, i.e., thermo-metamorphosed exoskarns 
and/or endoskarns. The occurrence of thermo-metamorphosed rocks is actually recorded by the clinopyroxene 
xenocrysts with calcite inclusions. Moreover, the significant decrease of δ13C values in calcite from the bottom 
to the top of the Vallerano and Frascati2 lava flows, records the progressive decarbonation of entrapped 
carbonate-bearing fragments, confirming the efficiency and rapidity of the decarbonation process at the syn-
eruptive time scale.  

On one hand, as generally accepted, the assimilation of carbonate at magma chamber conditions affects 
the liquid line of descent of magmas as well as triggers large explosive eruptions (e.g., Freda et al., 2008, 2011). 
On the other hand, it should be now acknowledged that magma-carbonate interaction at syn-eruptive conditions 
can form both free CO2 and molten carbonate (see also Chadwick et al., 2007), allowing the additional 

Fig. 3 - Theoretical trace element concentrations (normalized to primordial mantle; Hofmann, 1988) in a 
carbonate melt originated by partial melting of Meso-Cenozoic limestone outcropping in the Apennines 
(data from Di Battistini et al., 2001). The trace element concentrations in the carbonate melt was calculated 
using the formula: Cl = Cs/[Kd+F*(1-Kd)]. As Kd values were used the solid/melt partition coefficients of 
calcite (Ionov & Harmer, 2002). The calculated values span from the limestone values (when the fusion 
process is complete, i.e., F = 1) to higher values (decreasing the fusion degree down to F = 0.1). 
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crystallization of calcite in lava flow groundmass. The in situ immiscibility between the carbonate liquid and the 
silicate melt can have been favored by the limited ability for the two liquids to mix on syn-eruptive timescales as 
well as to localized super-saturation due to high degree of assimilation.  

 
REFERENCES 

Barker, D.S. (2007): Origin of cementing calcite in “carbonatite” tuffs. Geology, 35, 371-374. 
Barnes, C.G., Prestvick, T., Sundvoll, B., Surrat, D. (2005): Pervasive assimilation of carbonate and silicate rocks in the 

Hortavaer igneous complex, north-central Norway. Lithos, 80, 179-199. 
Bartels, A., Behrens, H., Holtz, F., Schmidt, B.C., Fechtelkord, M., Knipping, J., Crede, L., Baasner, A., Pukallus, N. (2012): 

The effect of fluorine, boron and phosphorus on the viscosity of pegmatite forming melts. Chem. Geol., 
doi:10.1016/j.chemgeo.2012.09.024. 

Behrens, H., Misiti, V., Freda, C., Vetere, F., Botcharnikov, F.E., Scarlato, P. (2009): Solubility of H2O and CO2 in 
ultrapotassic melts at 1200 and 1250 °C and pressure from 50 to 500 MPa. Am. Mineral., 94, 105-120. 

Berger, J., Ennih, N., Mercier, J.C.C., Liegeois, J.P., Demaiffe, D. (2009): The role of fractional crystallization and late-stage 
peralkaline melt segregation in the mineralogical evolution of Cenozoic nephelinites/phonolites from Saghro (SE 
Morocco). Mineral. Mag., 73, 59-82. 

Bianchi, I., Piana Agostinetti, N., De Gori, P., Chiarabba, C. (2008): Deep structure of the Colli Albani volcanic district 
(central Italy) from receiver functions analysis. J. Geophys. Res. B. Solid Earth, 113, B09313, doi: 
10.1029/2007JB005548. 

Boari, E., Avanzinelli, R., Melluso, L., Giordano, G., Mattei, M., De Benedetti, A., Morra, V., Conticelli, S. (2009): Isotope 
geochemistry (Sr-Nd-Pb) and petrogenesis of leucite-bearing volcanic rocks from “Colli Albani” volcano, Roman 
Magmatic Province, Central Italy: inferences on volcano evolution and magma genesis. Bull. Volcanol., 71, 977-
1005. 

Bogoch, R. & Magaritz, M. (1983): Immiscible silicate-carbonate liquids as evidenced from ocellar diabase dykes, southeast 
Sinai. Contrib. Mineral. Petrol., 83, 227-230. 

Chadwick, J.P., Troll, V.R., Ginibre, C., Morga, D., Gertisser, R., Waight, T.E., Davidson, J.P. (2007): Carbonate 
assimilation at Merapi Volcano, Java, Indonesia: insights from crystal isotope stratigraphy. J. Petrol., 48, 1793-1812. 

Conticelli, S., D’Antonio, M., Pinarelli, L., Civetta, L. (2002): Source contamination and mantle heterogeneity in the genesis 
of Italian potassic and ultrapotassic volcanic rocks: Sr-Nd-Pb isotope data from Roman Province and southern 
Tuscany. Mineral. Petrol., 74, 189-222. 

Dallai, L., Freda, C., Gaeta, M. (2004): Oxygen isotope geochemistry of pyroclastic clinopyroxene monitors carbonate 
contributions to Roman-type ultrapotassic magma. Contrib. Mineral. Petrol., 148, 247-263. 

Dallai, L., Cioni, R., Boschi, C., D’Oriano, C. (2011): Carbonate-derived CO2 purging magma at depth: Influence on the 
eruptive activity of Somma-Vesuvius, Italy. Earth Planet. Sci. Lett., 310, 84-95.  

Daly, R.A. (1910): Origin of alkaline rocks. Geol. Soc. Am. Bull., 21, 87-118. 
Deegan, F.M., Troll, V.R., Freda, C., Misiti, V., Chadwick, J.P., Mc Leod, C.L., Davidson, J.P. (2010): Magma-carbonate 

interaction processes and associated CO2 release at Merapi volcano, Indonesia: insights from experimental petrology. 
J. Petrol., 51, 1027-1051. 

Demeny, A. & Harangi, S. (1996): Stable isotope studies and processes of carbonate formation in Hungarian alkali basalts 
and lamprophyres: evolution of magmatic fluids and magma-sediment interactions. Lithos, 37, 335-349. 

Di Battistini, G., Montanini, A., Vernia, L., Venturelli, G., Tonarini, S. (2001): Petrology of melilite-bearing rocks from the 
Montefiascone Volcanic Complex (Roman Magmatic Province): new insights into the ultrapotassic volcanism of 
Central Italy. Lithos, 59, 1-24. 

Di Rocco, T., Freda, C., Gaeta, M., Mollo, S., Dallai, L. (2012): Magma chambers emplaced in carbonate substrate: 
petrogenesis of skarn and cumulate rocks and implication on CO2-degassing in volcanic areas. J. Petrol., 
doi:10.1093/petrology/egs051. 

Ferrara, G., Laurenzi, M.A., Taylor, H.P., Tonarini, S., Turi, B. (1985): Oxygen and strontium isotopic studies of K-rich 
volcanic rocks from the Alban Hills, Italy. Earth Planet. Sci. Lett., 5, 13-28. 

Foley, S., Taylor, W.R., Green, D.H. (1986): The role of fluorine and oxygen fugaeity in the genesis of the ultrapotassic 
rocks. Contrib. Mineral. Petrol., 94, 183-192. 

Fornaseri, M. & Turi, B. (1969): Carbon and oxygen isotopic composition of carbonates in lavas and ejectites from the Alban 
Hills, Italy. Contrib. Mineral. Petrol., 23, 244-256. 

Fornaseri, M., Scherillo, A., Ventriglia, U. (1963): La regione vulcanica dei Colli Albani. CNR, Rome, 561 p. 



PLINIUS n. 39, 2013 

Freda, C., Gaeta, M., Palladino, D.M., Trigila, R. (1997): The Villa Senni Eruption (Alban Hills, Central Italy): the role of 
H2O and CO2 on the magma chamber evolution and on the eruptive scenario. J. Volcanol. Geotherm. Res., 78, 103-
120. 

Freda, C., Gaeta, M., Karner, D.B., Marra, F., Renne, P.R., Taddeucci, J., Scarlato, P., Christensen, J.N., Dallai, L. (2006). 
Eruptive history and petrologic evolution of the Albano multiple Maar (Alban Hills, Central Italy). Bull. Volcanol., 
68, 567-591. 

Freda, C., Gaeta, M., Misiti, V., Mollo, S., Dolfi, D., Scarlato, P. (2008): Magma-carbonate interaction: an experimental 
study on ultrapotassic rocks from Alban Hills (Central Italy). Lithos, 101, 397-415. 

Freda, C., Gaeta, M., Giaccio, B., Marra, F., Palladino, D.M., Scarlato, P., Sottili, G. (2011): CO2-driven large mafic 
explosive eruptions: a case study from the Colli Albani (central Italy). Bull. Volcanol., 73, 241-256. 

Fulignati, P., Kamenetsky, V.S., Marianelli, P., Sbrana, A., Mernagh, T.P. (2001): Melt inclusion record of immiscibility 
between silicate, hydrosaline, and carbonate melts: Applications to skarn genesis at Mount Vesuvius. Geology, 29, 
1043-1046. 

Gaeta, M. & Freda, C. (2001): Strontian fluoro-magnesiohastingsite in Alban Hills lavas (Central Italy): constraints on 
crystallization conditions. Mineral. Mag., 65, 787-795. 

Gaeta, M., Freda, C., Christensen, J.N., Dallai, L., Marra, F., Karner, D.B., Scarlato, P. (2006): Time-dependent 
geochemistry of clinopyroxene from the Alban Hills (Central Italy): clues to the source and evolution of ultrapotassic 
magmas. Lithos, 86, 330-346. 

Gaeta, M., Di Rocco, T., Freda, C. (2009): Carbonate Assimilation in Open Magmatic Systems: the Role of Meltbearing 
Skarns and Cumulate-forming Processes. J. Petrol., 50, 361-385. 

Galliski, M.A., Lira, R., Dorais, M. (2004): Low-pressure differentiation of melanephelinitic magma and the origin of ijolite 
pegmatites at la Madera, Córdoba, Argentina. Can. Mineral., 42, 1799-1823. 

Gittins, J. & Jago, B.C. (1991): Extrusive carbonatites: their origins reappraised in the light of new experimental data. Geol. 
Mag., 128, 301-305. 

Gorzkowska, I., Maciejewski, M., Rudnicki, R. (1998a): Thermal decomposition of CaCO3 in the presence of calcium 
fluoride. J. Therm. Anal. Cal., 33, 983-990. 

Gorzkowska, I., Maciejewski, M., Rudnicki, R. (1998b): Application of DTA and TG to studies of the CaCO3-CaF2 phase 
diagram. J. Therm. Anal. Cal., 33, 991-995. 

Hofmann, A.W. (1988): Chemical differentiation of the Earth: the relationship between mantle, continental crust and oceanic 
crust. Earth Planet. Sci. Lett., 90, 297-314.  

Ibrahim, M.E., Saleh, G.M., Dawood, N.A., Aly, G.M. (2010): Ocellar lamprophyre dyke bearing mineralization,Wadi 
Nugrus, Eastern Desert, Egypt: Geology, mineralogy and geochemical implications. Chin. J. Geochem., 29, 383-392. 

Ionov, D. & Harmer, R.E. (2002): Trace element distribution in calcite-dolomite carbonatites from Spitskop: inferences for 
differentiation of carbonatite magmas and the origin of carbonates in mantle xenoliths. Earth Planet. Sci. Lett., 198, 
495-510. 

Jago, B.C. & Gittins, J. (1991): The role of fluorine in carbonatite magma evolution. Nature, 349, 56-58. 
Keller, J. & Hoefs, J. (1995): Stable isotope characteristics of recent natrocarbonatites from Oldoinyo Lengai. In: 

“Carbonatite volcanism: Oldoinyo Lengai and the petrogenesis of natrocarbonatites”, K. Bell & J. Keller, ed. 
Springer, Berlin Heidelberg New York, 113-123. 

Kjarsgaard, B. & Peterson, T. (1991: Nephelinite-carbonatite liquid immiscibility at Shombole volcano, East Africa: 
Petrographic and experimental evidence. Mineral. Petrol., 43, 293-314. 

Lenz, D.R. (1999): Carbonatite genesis: A reexamination of the role of intrusion-related pneumatolytic skarn processes in 
limestone melting. Geology, 27, 335-338. 

Martin, L.H.J., Schmidt, M.W., Mattsson, H.B., Ulmer, P., Hametner, K., Günther, D. (2012): Element partitioning between 
immiscible carbonatite-kamafugite melts with application to the Italian ultrapotassic suite. Chem. Geol., 320-321, 96-
112. 

Melluso, L., Conticelli, S., De’ Gennaro, R. (2010): Kirschsteinite in the Capo di Bove melilite leucitite lava (cecilite), Alban 
Hills, Italy. Mineral. Mag., 74, 887-902. 

Minarik, W.G. (1998): Complications to carbonate melt mobility due to the presence of an immiscible silicate melt. J. 
Petrol., 39, 1965-1973. 

Mollo, S., Gaeta, M., Freda, C., Di Rocco, T., Misiti, V., Scarlato, P. (2010): Carbonate assimilation in magmas: A 
reappraisal based on experimental petrology. Lithos, 114, 503-514. 

Peccerillo, A. (1998): Relationships between ultrapotassic and carbonate-rich volcanic rocks in central Italy: petrogenetic and 
geodynamic implications. Lithos, 43, 267-279. 



PLINIUS n. 39, 2013 

Peccerillo, A. (2005): Plio-Quaternary volcanism in Italy. Petrology, Geochemistry, Geodynamics. Springer, Heidelberg, 365 
p. 

Peccerillo, A., Poli, G., Tolomeo, L. (1984): Genesis, evolution and tectonic significance of K-rich volcanics from the Alban 
Hills (Roman Comagmatic Region) as inferred from trace element geochemistry. Contrib. Mineral. Petrol., 86, 230-
240. 

Peccerillo, A., Federico, M., Barbieri, M., Brilli, M., Wu, T.W. (2010): Interaction between ultrapotassic magmas and 
carbonate rocks: Evidence from geochemical and isotopic (Sr, Nd, O) compositions of granular lithic clasts from the 
Alban Hills Volcano, Central Italy. Geochim. Cosmochim. Acta, 74, 2999-3022. 

Perkins, G.B., Sharp, Z.D., Selverstone, J. (2006): Oxygen isotope evidence for subduction and rift-related mantle 
metasomatism beneath the Colorado Plateau-Rio Grande rift transition. Contrib. Mineral. Petrol., 151, 633-650. 

Phillips, W.J. (1973): Interpretation of crystalline spheroidal structures in igneous rocks. Lithos, 6, 235-244. 
Philpotts, A.R. (1972): Density, surface tension and viscosity of the immiscible phase in a basic, alkaline magma. Lithos, 5, 

1-18. 
Roedder, E. (1979): Silicate liquid immiscibility in magmas. In: “The Evolution of the Igneous Rocks”, H.S. Yoder ed. 

Fiftieth Anniversary Perspectives, Princeton University Press, 15-57. 
Rosatelli, G., Wall, F., Stoppa F., Brilli, M. (2010): Geochemical distinctions between igneous carbonate, calcite cements, 

and limestone xenoliths (Polino carbonatite, Italy): spatially resolved LAICPMS analyses. Contrib. Mineral. Petrol., 
160, 645-661.  

Shand, S.J. (1930). Limestone and the Origin of Felspathoidal Rocks: an Aftermath of the Geological Congress. Geol. Mag., 
67, 415-427. 

Sparks, R.S.J, Brooker, R.A., Field, M., Kavanagh, J., Schumacher, J.C., Walter, M.J., White, J. (2009): The nature of 
erupting kimberlite melts. Lithos, 112S, 429-438. 

Stoppa, F., Rosatelli, G., Wall, F., Jeffries, T. (2005): Geochemistry of carbonatite-silicate pairs in nature: a case history from 
Central Italy. Lithos, 85, 26-47. 

Taylor, H.P., Frechen, J., Degens, E.T. (1967): Oxygen and carbon isotopic studies of carbonatites from the Laacher See 
District, West Germany and the Alno District, Sweden. Geochim. Cosmochim. Acta, 31, 407-430. 

Trigila, R., Agosta, E., Currado, C., De Benedetti, A.A., Freda, C., Gaeta, M., Palladino, D.M., Rosa, C. (1995): Petrology. 
In: “The volcano of the Alban Hills”, R. Trigila ed. Università degli Studi “La Sapienza”, Roma, 95-165. 

Troll, V.R., Hilton, D.R., Jolis, E.M., Chadwick, J.P., Blythe, L.S., Deegan, F.M., Schwarzkopf, L.M., Zimmer, M. (2012): 
Crustal CO2 liberation during the 2006 eruption and earthquake events at Merapi volcano, Indonesia. Geophys. Res. 
Lett., 39, doi:10.1029/2012GL051307. 

Veksler, I.V., Fedorchuk, Y.M., Nielsen, T.F.D. (1998): Phase equilibria in the silica-undersaturated part of the KAlSiO4 ± 
Mg2SiO4 ± Ca2SiO4 ± SiO2 ± F system at 1 atm and the larnite-normative trend of melt evolution. Contrib. Mineral. 
Petrol., 131, 347-363. 

Veksler, I.V., Dorfman, A.M., Dulski, P., Kamenetsky, V.S., Danyushevsky, L.V., Jeffries, T., Dingwell, D.B. (2012): 
Partitioning of elements between silicate melt and immiscible fluoride, chloride, carbonate, phosphate and sulfate 
melts, with implications to the origin of natrocarbonatite. Geochim. Cosmochim. Acta, 79, 20-40. 

Wenzel, T., Baumgartner, L.P., Brugmann, G.E., Konnikov, E.G., Kislov, E.V. (2002): Partial melting and assimilation of 
dolomitic xenoliths by mafic magma: the Ioko-Dovyren intrusion (North Baikal Region, Russia): J. Petrol., 43, 2049-
2074. 

Wyllie, P.J. & Tuttle, O.F. (1960): The System CaO-CO2-H2O and the origin of carbonatites. J. Petrol., 1, 1-46. 


