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Abstract: The Middle Miocene Afyon volcanic complex crops out in west-central Anatolia and comprises
products of extensive potassic-ultrapotassic volcanic activity that intrude and/or cover the sedimentary formations
of the western Taurides. Based on their stratigraphic setting, three stages of potassic and ultrapotassic volcanism
are distinguishable. Melilite-leucitite lavas are the products of the first stage and followed by lamproites that
represent the second stage of volcanism. The leucitite block- and fragment-rich Balç›khisar volcaniclastic succession
overlies the products of the first and second stage volcanism. Lacustrine sedimentary rocks cover the products of
first and second stage volcanism. Lacustrine sedimentary rocks are gradationally overlain by the Tokluk volcano-
sedimentary succession. Phonotephritic lava domes, dykes, and flows represent the third stage of volcanic activity.

Melilite leucitites from two occurrences in the Afyon volcanic province were studied. The melilite leucitites crop
out as small lava domes and spatially limited lava flows. The melilite-leucitite lavas typically have porphyritic texture
and are composed of leucite, nepheline, barium feldspar, melilite, diopside, melanite, calcite, apatite, and opaque
minerals. Melilite crystals are relatively gehlenite- to akermanite-rich. The diopsidic clinopyroxene phenocrysts are
partially and/or completely transformed to melilite aggregates.

Geochemically, the SiO2 content of the melilite leucitites varies from 44% to 47% and they are ultrapotassic
with K2O contents of 9.5 to 11.8% and average Na2O/K2O of about 2. The Al2O3 and CaO contents are rather
high (18%), whereas TiO2 contents are low (1.22%). Melilite leucitites have highly fractionated REE and
incompatible element compositions. The Ba (8745 ppm), Rb (670 ppm) and Sr (4802 ppm) contents are enriched
relative to primitive mantle and chondrites. The melilite leucitites were generated by partial melting of a primitive
mantle source or an enriched source near a subduction zone and collision processes related to an active plate
margin.

Key Words: leucite, melilite, leucicite, ultrapotassic, Afyon volcanic region, west-central Anatolia

Melilit Lösititlerin Mineralojisi ve Jeokimyas›, Balç›khisar, Afyon (Türkiye)

Özet: Bat›-Orta Anadolu’da yüzlek veren ve Bat› Toroslar’a ait sedimanter formasyonlar› kesen ve/veya örten Orta
Miyosen yafll› Afyon volkanik kompleksi genifl yay›l›m sunan potasik-ultrapotasik aktivitenin ürünlerinden
oluflmaktad›r. Stratigrafik konumlar›na dayal› olarak potasik ve ultrapotasik volkanizman›n üç evresi görülebilir.
Melilit-lösitit lavlar› ilk evre volkanik faaliyetin ürünleridir. Lamproitler ise ikinci evre volkanik faaliyeti temsil
etmektedirler. Lösitit blok ve parçalar›nca zengin olan Balç›khisar volkaniklasitik serisi birinci evre volkanik
aktivitenin ürünlerini örtmektedir. Birinci ve ikinci evre volkanizman›n ürünleri gölsel sedimanter kayalar ile
örtülmektedir. Bu gölsel sedimanter kayalar dereceli olarak Tokluk volkano-sedimanter serisi taraf›ndan
üstlenmektedir. Fonotefritik lav domlar›, dayklar› ve lav akmalar› çal›flma alan›ndaki üçünçü evre volkanik
faaliyetleri oluflturmaktad›r.

Afyon volkanik kompleksinde yeralan ve hacimsel olarak küçük lav domlar› ve lav akmalar› fleklinde yüzlek
veren iki melilit lösetit oluflumu çal›fl›lm›flt›r. Tipik olarak porfiritik doku sunan melilit-lösitit lavlar› lösit, nefelin,
baryum feldspat, melilit, diyopsid, melanit, kalsit, apatit ve opak minerallerden oluflmaktad›r. Melilit kristallerinde
genellikle gehlenit-akermanit bileflimi bask›nd›r. Diopsid bileflimindeki klinopiroksen fenokristalleri k›smen ve/veya
tamamen melilit tanelerine dönüflmüfltür. Jeokimyasal olarak %9.5–11.8 aras›ndaki K2O ve Na2O/K2O oran›n›n
ortalama 2 de¤erleri ile ultrapotasik karakterdeki melilit-lösititlerin SiO2 bilefleni %44 ile %47 aras›ndad›r. Al2O3
ve CaO bileflenleri %18 de¤erine ulafl›rken ortalama TiO2 bileflenleri %1.22 de¤erindedir. Melilit lösititler yüksek
ayr›mlaflma gösteren nadir toprak ve durays›z element bileflimlerine sahiptirler. Ba (8745 ppm), Rb (670 ppm) ve
Sr (4802 ppm) bileflenleri ilksel manto ve kondritlere göre zenginleflmifltir. Melilit lösititler, dalma–batma ve
çarp›flma süreçlerinin geliflti¤i aktif k›ta kenar›na yak›n ortamda kismi ergime ile meydana gelmifl ilksel bir eri¤iyin
üst kabuktan k›smen kirlenmesi ile oluflan bir magman›n ürünleridir.

Anahtar Sözcükler: lösit, melilit, lösitit, ultrapotasik, Afyon volkanik bölgesi, bat›-orta Anadolu



Introduction

Potassic lavas have traditionally attracted scientific
attention that is inversely proportional to their
abundances. Prevalent interest in potassic rocks focuses
on their unusual mineralogy, spectacular chemistry,
mantle source compositions, and tectonic evolution of the
lithosphere beneath potassic lava fields. Potassium-rich
volcanic rocks are limited volumetrically but are
widespread in several tectonic environments, such as
intraplate rift zones in uplift areas or behind convergent
plate margins and, to a lesser extent in oceanic intraplate
settings. In the Mediterranean region, ultrapotassic rocks
formed along the Alpine chain during the Neogene to
Quaternary period. The most well-known
potassic–ultrapotassic volcanic rocks are distributed near
continental and convergent plate margins along the Alpine
chain, and these include the Calatrava volcanic province of
central Spain (Cebria & Lopez-Ruiz 1995), the Rhön area
of Germany (Jung 1995), the Roman co-magmatic region
(Beccaluva et al. 1991; Peccerillo 1992), and the Aeolian
Islands (Clift & Blusztajn 1999) in Italy.

In Turkey, potassic to ultrapotassic volcanic rocks are
located in the Afyon volcanic province, the Isparta area
(Francalanci et al. 2000), and the Sivrihisar area (Özgenç
1993) (Figure 1). The rock suites from these areas share
many characteristics and, in general, show that
petrogenesis of potassic magma is not a singular event
but must be related to an overall or general process or
processes. The occurrence of potassium-rich volcanic
rocks in the Afyon volcanic province (Turkey) has been
known since the early 1970s (Keller & Villari 1972), but
in spite of extensive studies by several researchers, there
have been no recent mineralogical and stratigraphic
examinations of these particular rocks.

Based on geochemical data from different localities in
the K›rka-Afyon-Isparta volcanic areas, Francalanci et al.
(1990, 2000) and Savaflç›n et al. (1995) indicated that
the rocks from the K›rka-Afyon area have an orogenic
affinity, whereas those from the Isparta area exhibit
orogenic and within-plate affinities. The ultrapotassic
suite is a product of a residual, lithospheric mantle
probably metasomatised by fluids and/or melts of
different origin (subduction-related for K›rka-Afyon
rocks; deep asthenospheric origin for Isparta rocks). A
more fertile and probably deeper mantle, enriched by
subduction-related components, was the source of the
potassic rocks. Aydar et al. (1996) and Çoban et al.

(2000) assumed that the ultrapotassic volcanic rocks
were derived from a mantle enriched incompatible
elements through mantle metasomatism.

Keller (1983) suggested that the Afyon volcanic area
is a part of a Neogene volcanic belt, which follows the
Tauride fold chains, related to Late Tertiary collision and
subduction processes along the Cypriot-Taurus arc. Keller
& Villari (1972) suggested that the main volcanic activity
in the Afyon province developed at the Miocene–Pliocene
boundary. In addition to these geodynamic
interpretations, Besang et al. (1977) reported 10 K/Ar
ages from highly potassic volcanic rocks of the southern
part of Afyon region that ranges between 8.6 Ma and
14.75 Ma. The products of this Middle Miocene potassic-
ultrapotassic volcanic activity overlie and intrude the
sedimentary formations in the northeastern part of
western Taurides, including the Geyik Da¤ Unit and the
Bozk›r Unit (Özgül 1984). Geyik Da¤ Unit is the
autochthonous unit of the central Taurides and consists of
platform-type sediments starting with a Lower Palaeozoic
(Cambrian and Ordovician) basement rocks, followed by
Mesozoic–Lower Tertiary rocks, made up largely of
carbonates. The Bozk›r Unit which, corresponds to the
Beyflehir-Hoyran-Hadim Nappes of Poisson et al. (1984),
comprises a mélange of pelagic sediment, spilite, diabase
and ultramafic blocks of various sizes and ages; the age
span of the blocks is between Late Triassic and Late
Cretaceous. The Bozk›r Unit tectonically overlies the
Lutetian flysch of the Geyik Da¤ Unit as a result of later
Eocene movements (Özgül 1984). Detailed investigation
and mapping of the sedimentary basement rocks, ranging
in age from Triassic to Tertiary, was set forth by Öztürk
& Öztürk (1989). That study showed that the
northeastern most part of the western Taurides consists
of a number of tectonostratigraphic rock groups with
distinctive stratigraphical and structural features. As seen
from the geological map, the Balç›khisar Group and the
Çölovas› allochthonous units, which represent the
basement rocks of the study area, were mapped and then
compared and correlated with the classification of Öztürk
& Öztürk (1989). Each group was simplified compared to
those of Öztürk & Öztürk (1989).

The purpose of this paper is to present whole-rock
major, trace and rare-earth element chemistry of the
potassic suite and the mineral chemistries of the melilite
leucitites, to determinate their geochemical affinities
relative to probable sources and tectonic setting.
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Geological Setting

Regional Tectonics

The northward subduction of the African Plate under
Eurasia Plate resulted in an important continental
collision that occurred during the Middle–Late Miocene
(Fytikas et al. 1984). This collisional phase was followed
by an extensional tectonic regime (Koçyi¤it 1984;
Savaflç›n 1990; Savaflç›n & Güleç 1990). The area located
between the eastern part of western Anatolia and the
western part of central Anatolia is dominated by complex
structural elements (Figure 2). Koçyi¤it (1984) indicated
that several NE–SW- and NW–SE-trending cross-graben
and horst structures bounded by active normal faults
dominate the area between Afyon and the Isparta Angle.
According to Koçyi¤it (1984), the extensional tectonics
commenced during the Miocene–Late Pleistocene; this
period is interpreted as the beginning of intra-plate
rifting. Y›lmaz (1989) noted that the compressional
regime in western Anatolia was replaced by an
extensional regime and then by alkaline volcanism in
Pliocene time. Francalanci et al. (2000) argued that the
alkaline magmatism was associated with an extensional
tectonic phase and occurred along N–S-trending tectonic

line between Afyon to Isparta, named the Antalya fault
zone. Along the fault zone, silica-saturated to strongly
silica-undersaturated K-rich volcanic rocks and
ultrapotassic rocks erupted (Savaflç›n et al. 1995;
Francalanci et al. 2000).

Field Description

The study area is located in the southernmost part of the
Afyon volcanic province (Figure 2), ~6-km southwest of
the town of Balç›khisar. The stratigraphic framework of
the study is represented by (1) melilite-leucitite lavas:
they are the first products of the first volcanic activity;
they intrude and cover the limestones of the Tauride belt;
(2) leucitite blocks and a clast-rich volcaniclastic
succession namely the Balç›khisar volcaniclastic
succession: they cover the first volcanic products and
lamproitic rocks, which are one of the first products of a
second magmatic phase; (3) lacustrine sedimentary rocks:
they show gradational conformably boundary
relationships with the underlying volcaniclastic succession
and interfinger with the Tokluk volcano-sedimentary
succession; (4) phonotephritic lava domes, dykes, and
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Figure 1. Structural sketch map of the Mediterranean region and the locations of potassium-rich volcanic rocks.
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flows that characterise the third phase of volcanic activity
in the area.

Melilite leucitites, originally emplaced as domes and
spatially limited lava flows, crop out in two small creeks
around Meflebafl› Tepe and Göktepe (Figure 2). Melilite-
leucitite lavas at both locations are typically dark to light
grey and have massive texture; euhedral and/or partially
rounded leucite phenocrysts with a diameter ranging
from 5 mm to 4 cm are characteristic (Figure 3).

At the Meflebafl› location, the melilite leucitites are well
exposed. The Balç›khisar volcaniclastic deposits overlie a
leucitite dome and related lava flows (Figure 4a, b). An
unconformity between pyroclastic sequence and the
melilite leucitites can be recognised from its light grey
weathering surfaces. The thickness of the weathering
zone is about 50 cm. The components of the weathering
zone, which cause the development of the palaeosol,
include fractured individual leucite crystals and melilite-
leucitite clasts. The grains of the palaeosol are cemented
by a carbonate matrix.

The melilite-leucitite lavas are underlain by euhedral
leucite phenocryst-bearing epiclastic sandstone and
conglomerate (Figure 4a, b). The sequence is composed
of sand-sized crystal fragments of leucite, clinopyroxene,
phlogopite and melilite-leucitite lithic clasts. Crystal
fragments constitute more than 50 modal percent.

The sizes of euhedral leucite phenocrysts reach 4 cm
(Figure 4c). The other components of the sequence
consist of limestone, quartzite, and volcanic-rock
fragments. The uppermost part of the sequence is rich in

fine leucite crystals and crystal fragments. Throughout
the sequence, a calcite matrix is common.

Petrography and Mineralogy of Melilite Leucitite

The melilite-leucitite lavas show typically hypocrystalline
texture that is characterised by the presence of large
euhedral leucite and euhedral/subhedral clinopyroxene
phenocrysts (Figure 5). Melilite leucitites at both locations
are composed of leucite, nepheline, melilite, diopside,
melanite, calcite, apatite, and opaque minerals.
Microphenocrysts are mainly leucite, nepheline, melilite,
pyroxene, and rarely melanite, Ba-feldspar, and apatite.
The rest of the matrix consists completely of leucite,
melanite, apatite, clinopyroxene, and opaque microcrysts.
The < 0.1 mm equant leucite crystals that comprise the
majority of the groundmass show morphologies
consistent with dodecahedral forms. The nepheline and
leucite crystals as observed in the thin section are mantled
by secondary calcite.

Leucites

Leucite occurs as twinned, weakly anisotropic euhedral
crystals free of fluid inclusions; however, acicular apatite
inclusions are common. Although coarsely crystalline, no
chemical or optical zoning has been detected in the
leucites. Representative analyses of these leucites are
given in Table 1. The compositional range is narrow and
very close to ideal leucite stoichiometry. These leucites
have high Fe and very low Na and Ca contents relative to
the analyses of leucite tabulated by Deer et al. (1993).
Notably, significant Ba (up to 0.5 wt%) is present. The
recalculated analyses show that the compositional range
of the leucites is narrow and very close to ideal leucite in
the SiO2–NaAlSiO4–KAlSiO4 ternary diagram (Figure 6).

Ba-Feldspar

Barium feldspars, which have only been observed in the
Meflebafl› melilite leucitite, are colourless anhedral crystals
that are usually associated with leucite (Figure 7). 

Symplectite intergrowth textures characterised the
barium feldspars. Leucite crystals are probably replaced
by Ba-feldspar. The colourless minerals contain up to 23
wt% BaO (Table 1). The sums of the microprobe analyses
are close to 100 wt%, indicating that this is not hydrated.
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Figure 3. Grey-dark grey massive leucitite lavas and euhedral leucite
phenocrysts (white colour) in the melilite-leucitite lavas. The
hammer is 33-cm long.



MELILITE LEUCITITES FROM AFYON

220

Fi
gu

re
 4

.
(a

)
M

el
ili

te
-le

uc
iti

te
 la

va
s 

ov
er

lie
 e

uh
ed

ra
l l

eu
ci

te
-b

ea
ri

ng
 e

pi
cl

as
tic

 s
an

ds
to

ne
 a

nd
 c

on
gl

om
er

at
e;

 (
b)

m
el

ili
te

-le
uc

iti
te

 la
va

 f
lo

w
s;

 (
c)

eu
he

dr
al

 le
uc

ite
 p

he
no

cr
ys

ts
 in

 e
pi

cl
as

tic
 s

an
ds

to
ne

an
d 

co
ng

lo
m

er
at

e.
 P

en
 is

 1
4-

cm
 lo

ng
.



The Ba-feldspar analyses are recalculated by using
feldspar end-members, and the results were plotted onto
Or-Ab-An ternary diagrams. All analyses plot in the
orthoclase-sanidine field (Figure 8a).

Barium feldspar that coexists with leucite crystal was
analysed. The microprobe traverses from barium feldspar
to leucite show that K2O and SiO2 contents significantly
increase and BaO significantly decrease in the leucite.
However, the Al2O3 contents of the leucite are only
slightly higher than those of the Ba-feldspar (Table 1;
Figure 8b).

Nepheline

Nepheline is recognised by its square to hexagonal
crystals. In these rocks, the nepheline crystals are

typically mantled by calcite. Some of nepheline crystals
have skeletal-like structures in the calcite matrix (Figure
5). Nepheline crystals in the Meflebafl› leucitite have
compositions close to ideal nepheline (Table 1). In the
SiO2 (Q)–NaAlSiO4 (Ne)–KAlSiO4 (Ks) diagram, our
nepheline analyses are similar to those of Deer et al.
(1993) (Figure 6). 

Clinopyroxenes

Oscillatory- and sector-zoned clinopyroxene phenocrysts
are elongate prismatic, subhedral and/or anhedral
crystals, with pleochroism from pale green to pale
brownish-green in the melilite-leucitite lavas. Dark green
diopsidic microcrysts have been classified into two
subgroups; as groundmass (dark green, needle- and lath-
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Figure 5. Photomicrograph of melilite leucitites hypocrystalline texture, comprising mainly leucite phenocrysts and scarce clinopyroxene
phenocrysts (diopside in composition). The long side of the photographs are 4 mm in length, crossed-nicols.



shaped tiny, crystals), and as microcrysts that are
scattered in the groundmass. Representative analyses and
calculated full-range compositions of the clinopyroxenes
are presented in Table 2. Ferric iron contents were
calculated by assuming that the pyroxenes are
stoichiometric, with the sum of the cations equal to four
on the basis of six oxygens.

Clinopyroxene phenocrysts are scarce in the melilite
leucitite, and the analysed minerals generally plot on the
Di-Hd join. As seen in Figure 9 (Marimoto 1989), the
clinopyroxene phenocrysts in the Meflebafl› leucitite are
diopsidic, and microcrysts are salitic in composition. In
the Göktepe leucitite, the analysed microphenocrysts have
diopside-salite/salite compositions.

Melilites

Melilites are the main mineralogical component of the
Meflebafl› melilite-leucitite and are distinguished by their
peg structure patterns and clearly identified by their
orange yellow–pale blue interference colours and honey
yellow–golden yellow pleochroism (Figure 10). The
microcrystic melilites are the main components of the
matrix.

The analysed melilite compositions are rather
restricted, but one strontium-rich (up to 1.38 wt%). In
terms of end-members, variations in composition can be
represented by soda-melilite 27–31, gehlenite 25–38 and
akermanite 31–46 as shown in Table 3 and Figure 11. All
are relatively gehlenite-akermanite rich, soda-melilite
proportions are low (Figure 11a)
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Figure 6. Recalculated analyses of leucite and nepheline are plotted in terms of SiO2 (Q)-NaAlSiO4 (Ne)-KAlSiO4 (Ks). For comparison, some
nepheline data are taken from Deer et al. 1993.



The compositions of the melilites are close to those
reported by Sahama & Meyer (1958), Velde & Yoder
(1977), and Toscani et al. (1990) from the Nyirogongo
volcano and by Dunworth & Wilson (1998) from SW
Germany (Figure 11b).

At the Meflebafl› location, the clinopyroxene
phenocrysts are anhedral and completely or partially
transformed to melilite. Good examples are presented in
Figure 12. The upper left photograph (Figure 12a) shows
a partially rounded a large diopside. The upper right
photograph (Figure 12b) shows a clinopyroxene that is
partially transformed to melilite. The lower left
photograph (Figure 12c) shows clinopyroxene relicts that
are enclosed in an aggregate of melilite. The uniform
optical orientations of the clinopyroxene are preserved. In
the last picture (Figure 12d) clinopyroxene has been
completely transformed to melilite. Sahama (1968)
suggested that decreasing temperature, clinopyroxene
crystals react with the melt producing a margin of
melilite. This transformation is explained as melilitisation
of pyroxene by Borodin & Pavlenko (1974) and is a
product of a metasomatic process in the formation of
alkaline rocks. The clinopyroxenes are diopsidic. The
melilite derived from clinopyroxene has the same
composition as single melilite microphenocrysts.
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Figure 7. Barium feldspar, distinguished in thin sections by its
symplectite-like intergrowth textures between leucite and
barium feldspar. The long side of the photograph is 0.6
mm in length, crossed-nicols.
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Melanite

Melanite crystals are the main components of the melilite
leucitites (Figure 13a). The garnet data are presented in
Table 4. A notable feature is that the melanites are Ca-
and Ti-rich garnet (up to 33 wt% CaO and up to 17.88
wt% TiO2). Aluminium in the melanites is typically low
(0.3–1.7 wt% Al2O3). While SiO2, FeO, Na2O, and K2O
decrease from the core to the margins of the crystals,
TiO2 and CaO increase. 

Apatite

Apatite crystals are observed as subhedral/anhedral
crystals and as acicular, euhedral crystals.

Wollastonite
Ca2Si2O6

Enstatite
Mg2Si2O6

Fasaite (+Al)

SaliteDiopside

AugiteEn-diopsite

Ferrosalite

Ferroaugite

Ferrosilite
Fe2Si2O6

phenocryst 13.26 3.28

microcryst122 123

phenocryst 2

123123123 122122122

1 microphenocryst

3.39 3.41

111

3.263.263.26

3.283.283.28
3.393.393.39

333444
555

6663.403.403.40
222

3.413.413.41

3.273.273.27

Figure 9. The composition of the clinopyroxene phenocrysts and
microphenocrysts in the melilite-leucitite lavas.

Table 2. Representative microprobe analyses of clinopyroxene phenocrysts and microcrysts of the melilite leucitites.

c - r c r m m m m m c r m c

Sample No 27 3.26 3.28 3.40 3.39 122 123 19/a-1 19/a-2 19/a-3 19/a-4 19/a-5 19/a-6 19/a-7

SiO2 51.71 54.05 51.35 52.41 52.49 51.33 49.56 50.67 50.01 50.33 51.24 51.21 52.54 52.66
ZrO2 0.03 0.02 0.05 0.04 0.01 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.01
TiO2 0.56 0.34 0.52 0.49 0.41 0.92 1.40 1.77 1.10 1.08 0.85 0.87 0.63 0.59
Al2O3 2.32 0.99 2.44 2.06 1.20 0.99 1.63 3.33 4.09 4.08 3.50 3.33 2.29 2.11
Cr2O3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.16 0.08 0.07 0.02 0.01
FeO* 5.08 2.99 5.39 4.45 4.00 12.98 12.09 10.82 6.78 6.81 6.48 6.30 6.20 5.95
MnO 0.07 0.04 0.00 0.18 0.07 0.42 0.40 0.31 0.09 0.17 0.14 0.10 0.16 0.15
MgO 14.69 17.04 14.47 15.21 16.18 9.94 11.07 10.54 12.96 12.89 13.34 13.51 13.74 14.01
CaO 24.74 25.15 24.74 24.64 25.07 21.15 22.28 21.07 23.95 23.80 23.99 23.93 24.14 23.96
SrO 0.05 0.00 0.01 0.08 0.09 0.08 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Na2O 0.20 0.15 0.23 0.19 0.27 1.71 1.25 1.86 0.38 0.34 0.32 0.31 0.29 0.34
K2O 0.00 0.02 0.00 0.00 0.00 0.01 0.02 0.15 0.01 0.02 0.01 0.00 0.04 0.03

Total 99.44 100.83 99.18 99.95 99.88 99.52 99.83 100.52 99.42 99.67 99.95 99.63 100.50 99.82
Calculated values assuming Scation =4 on the basis of 6 Oxygen atoms
Si 1.92 1.95 1.91 1.93 1.92 1.95 1.87 1.89 1.87 1.88 1.90 1.90 1.94 1.95
Al 0.10 0.04 0.11 0.09 0.05 0.04 0.07 0.15 0.18 0.18 0.15 0.15 0.10 0.09
Ti 0.02 0.01 0.01 0.01 0.01 0.03 0.04 0.05 0.03 0.03 0.02 0.02 0.02 0.02
Cr 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Fe2+** 0.10 0.05 0.10 0.10 0.03 0.28 0.19 0.22 0.16 0.18 0.18 0.18 0.19 0.19
Fe3+** 0.05 0.04 0.06 0.04 0.09 0.13 0.19 0.12 0.05 0.03 0.02 0.02 0.00 0.00
Mn 0.00 0.00 0.00 0.01 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.01 0.00
Mg 0.81 0.92 0.80 0.83 0.88 0.56 0.62 0.59 0.72 0.72 0.74 0.75 0.76 0.77
Ca 0.98 0.97 0.98 0.97 0.98 0.86 0.90 0.84 0.96 0.95 0.95 0.95 0.96 0.95
Na 0.01 0.01 0.02 0.01 0.02 0.13 0.09 0.13 0.03 0.02 0.02 0.02 0.02 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Wo 50.29 49.09 50.41 49.87 49.38 46.55 46.96 47.43 50.58 50.44 50.27 50.14 50.06 49.69
En 41.54 46.28 41.02 42.82 44.37 30.42 32.48 33.02 38.09 38.01 38.90 39.39 39.65 40.43
Fs 8.16 4.63 8.57 7.31 6.25 23.02 20.56 19.56 11.33 11.55 10.83 10.47 10.30 9.88

c-1 .... m-10: Microprobe traverses for each phenocryst, from the central parts to the margins of the crystals
FeO*: Total iron as FeO, in the atomic ratios
Fe2+** & Fe3+** Fe2+ and Fe3+ have been recalculated after Marimoto (1989)
c: core
r: rim
m: groundmass microcrysts
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SM+Fe-SM

Fe-Ak Ak

Soda Melilite
CaNaAlSi2O7

Gehlenite
Ca2Al2SiO7

Akermanite
Ca2MgSi2O7

Melilite

Sahama & Meyer (1958), Nyirogongo
Toscani et al. (1990), Nyirogongo

3/C - Melilites in the Meflebafl›  Leucitite
Dunworth & Wilson (1998),  SW Germany

Velde & Yoder (1977), igneous melilitesMelilite+Nepheline+Melilite+Nepheline+Melilite+Nepheline+
WollastoniteWollastoniteWollastonite

ba

Figure 10. Melilite microphenocrysts and the peg structure pattern of the melilite crystals (sample from the Meflebafl› location). The
long sides of the photographs are 1.1 mm in length, crossed-nicols and plane-polarised light.

Figure 11. (a) Meflebafl› melilite compositions in terms of end-members; (b) comparison of the melilites from the Meflebafl› leucitite
with volcanic melilites in the system soda-melilite -ferro-akermanite–akermanite.



Subhedral/anhedral crystals, distinguished by their high
relief and numerous highly refringent inclusions, are
located in the groundmass (Figure 13b). Generally, the
acicular apatite crystals are found as inclusions in leucite
crystals. Chemical analyses for major elements (Table 5)
show that these apatites are relatively homogeneous in
composition (P2O5 ranges from 39 to 41 wt%, and CaO
from 54 to 56 wt%). All of the crystals are fluor-apatite,
with F ranging from 2.50 to 3.86 wt%.

Geochemistry

The major- and trace-element compositions of ten
representative melilite-leucititic lava samples, including
lava flows and lava domes, were determined by X-ray
fluorescence spectrometry (XRF) on an ARL 8420
instrument in the Geoscience Analytical Services
laboratories of Keele University (England), calibrated
against both international and internal standards. REE
were determined by ICP/MS at XRAL Laboratories (a
division of SGS Canada Inc.). 

C. AKAL

227

Figure 12. Melilite phenocrysts transformed from clinopyroxene. (a) Partly rounded large diopsidic clinopyroxene; (b) clinopyroxene, partly
transformed to melilite; (c) clinopyroxene remnants enclosed in aggregates of melilite; (d) clinopyroxene is completely transformed to
melilite aggregates. The long sides of the photographs are 1.5 mm in length, and crossed-nicols.



Quantitative analyses of mineral compositions were
obtained at the Universite Pierre et Marie Curie
(Laboratoire de Petrologie-Mineralogique), Paris using
MS-46 CAMECA electron microprobe and CAMEBAX
automated electron microprobe. Natural and synthetic
minerals were used as standards for clinopyroxenes,
amphiboles, micas, melilites, leucites, feldspars, and
apatites. Counting time was 30s; accelerating voltage was
15kV; beam current was 20–30nA; beam diameter was 5
µm.

Bulk rock major- and trace-element analyses and
CIPW norms of the representative melilite-leucitite
samples are presented in Table 6. The melilite-leucitite
lavas are highly Ba, Zr and K-rich and strongly alkaline,
and plot in the leucite field in the total alkali-silica
classification of Le Bas et al. (1986) (Figure 14a, b).

The selected representative samples are plotted on the
Ce/Zr versus Zr binary diagram of Floyd et al. (1996) for
partial melting and fractional crystallisation processes for
the melilite leucitite. The diagram uses possible crustal
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Table 3. Representative microprobe analyses of melilite microphenocrysts from the Meflebafl› leucitite.

Sample No 1.4 1.6 2.13 2.15 4.43 4.44 5.53 7.68 7.71 8.84 8.85 9.88 9.90 10.94 10.95

SiO2 42.00 42.65 42.05 42.39 42.13 42.49 42.79 43.28 42.47 42.70 42.33 43.20 43.15 42.77 42.19

TiO2 0.10 0.03 0.00 0.05 0.00 0.05 0.06 0.00 0.03 0.10 0.07 0.09 0.01 0.04 0.03

Al2O3 6.80 6.73 6.64 4.99 6.44 6.61 6.17 6.61 6.01 6.45 6.52 6.63 6.70 6.79 6.62

FeO 6.38 6.78 6.53 7.26 6.84 6.68 6.31 6.78 7.40 6.21 6.34 6.01 6.27 6.78 6.66

MnO 0.26 0.23 0.30 0.16 0.18 0.20 0.16 0.23 0.28 0.17 0.25 0.17 0.23 0.15 0.20

MgO 5.44 5.15 5.26 5.91 5.47 5.29 5.80 5.34 5.42 5.29 5.44 5.31 5.53 5.24 5.08

CaO 31.60 30.75 31.11 31.60 30.84 30.60 31.43 30.67 31.31 31.14 30.91 31.33 30.95 30.31 30.31

SrO 1.26 1.35 1.24 1.38 1.38 1.26 1.17 1.34 1.36 1.22 1.23 1.31 1.05 1.25 1.24

BaO 0.04 0.58 0.58 0.16 0.58 0.23 0.04 0.12 0.12 0.43 0.00 0.51 0.47 0.58 0.00

Na2O 4.94 4.71 4.60 3.86 4.49 4.62 4.16 4.34 4.42 4.62 4.50 4.70 4.58 4.84 4.65

K2O 0.08 0.19 0.12 0.12 0.09 0.09 0.09 0.15 0.15 0.11 0.13 0.10 0.11 0.16 0.09

Total 98.93 99.15 98.48 97.89 98.43 98.13 98.20 98.91 98.97 98.44 97.72 99.37 99.10 98.94 97.13

Si 3.89 3.97 3.94 4.01 3.95 3.99 4.01 4.04 3.96 3.99 3.98 4.00 4.01 3.98 3.99

Ti 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.00 0.00

Al 0.74 0.74 0.73 0.56 0.71 0.73 0.68 0.73 0.66 0.71 0.72 0.72 0.73 0.75 0.74

Fe3+ 0.36 0.19 0.23 0.13 0.21 0.14 0.06 0.01 0.23 0.14 0.15 0.12 0.09 0.18 0.13

Fe2+ 0.14 0.34 0.28 0.44 0.32 0.38 0.44 0.52 0.34 0.35 0.35 0.35 0.40 0.35 0.40

Mn 0.02 0.02 0.02 0.01 0.01 0.02 0.01 0.02 0.02 0.01 0.02 0.01 0.02 0.01 0.02

Mg 0.75 0.71 0.73 0.83 0.76 0.74 0.81 0.74 0.75 0.74 0.76 0.73 0.77 0.73 0.72

Ca 3.13 3.07 3.12 3.20 3.10 3.08 3.16 3.06 3.13 3.12 3.11 3.11 3.08 3.02 3.07

Sr 0.07 0.07 0.07 0.08 0.08 0.07 0.06 0.07 0.07 0.07 0.07 0.07 0.06 0.07 0.07

Ba 0.00 0.02 0.02 0.01 0.02 0.01 0.00 0.00 0.00 0.02 0.00 0.02 0.02 0.02 0.00

Na 0.89 0.85 0.84 0.71 0.82 0.84 0.76 0.79 0.80 0.84 0.82 0.84 0.82 0.87 0.85

K 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.01

SM-Fe.SM 55 47 48 35 46 43 37 36 44 44 43 43 41 46 44

Fe-AK 8 18 15 23 17 20 23 27 18 18 19 19 21 18 21

AK 37 36 37 42 38 37 41 37 37 38 38 38 38 36 36

SM 31 30 30 27 29 30 28 28 29 30 29 31 29 31 30

GEH 38 32 34 25 32 30 27 26 32 30 31 30 29 32 30

AK 31 37 36 48 39 40 46 46 40 39 40 39 41 37 39

Calculated values assuming Scation =10 on the basis of 14 Oxygen atoms

FeO*: Total iron as FeO, in the atomic ratios

Fe2+** & Fe3+**: Fe2+ and Fe3+ have been recalculated after Marimoto (1989)
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Table 4. Representative microprobe analyses of Ti-rich melanite crystals from the Göktepe and Meflebafl› leucitites.

inner-1 2 3 4 5 6 edge7 inner-1 2 edge-3

Sample No 19/A 3/C

Analyse No 56 57 58 59 60 61 1.7 4.61 4.76 4.77

SiO2 51.94 35.26 29.18 28.71 28.06 28.33 26.37 53.87 22.67 24.52

TiO2 0.62 2.26 13.56 14.71 15.13 14.97 17.01 0.10 16.32 17.49

Al2O3 0.53 0.50 0.32 0.35 0.38 0.39 0.67 23.21 1.70 1.07

FeO* 15.46 27.66 22.47 21.89 22.07 21.56 19.98 0.61 18.53 19.04

MnO 0.58 0.27 0.37 0.42 0.36 0.39 0.35 0.06 0.18 0.26

MgO 8.76 0.24 0.60 0.66 0.69 0.75 0.96 0.00 0.92 1.14

CaO 19.55 33.13 31.46 31.92 31.48 31.31 31.61 0.05 30.69 31.22

Na2O 2.61 0.08 0.44 0.43 0.51 0.44 0.36 0.00 0.04 0.16

K2O 0.12 0.02 0.00 0.01 0.00 0.00 0.00 19.97 0.00 0.00

Total 100.23 99.48 98.40 99.13 98.71 98.15 97.47 98.86 95.50 96.62

Calculated values assuming Scation =8 on the basis of 12 Oxygen atoms

Si 3.93 2.91 2.48 2.42 2.38 2.41 2.27 4.00 2.04 2.15

Ti 0.04 0.14 0.87 0.93 0.96 0.96 1.10 0.01 1.10 1.15

Al 0.05 0.05 0.03 0.03 0.04 0.04 0.07 2.03 0.18 0.11

Fe+3 0.41 1.87 1.36 1.33 1.36 1.29 1.24 -0.15 1.17 1.18

Fe+2 0.56 0.04 0.23 0.21 0.20 0.25 0.20 0.19 0.22 0.21

Mn 0.04 0.02 0.03 0.03 0.03 0.03 0.03 0.00 0.01 0.02

Mg 0.99 0.03 0.08 0.08 0.09 0.10 0.12 0.00 0.12 0.15

Ca 1.58 2.93 2.86 2.88 2.86 2.86 2.91 0.00 2.95 2.93

Na 0.38 0.01 0.07 0.07 0.08 0.07 0.06 0.00 0.01 0.03

K 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1.89 0.00 0.00

FeO*: Total iron as FeO. in the atomic ratios

Fe2+** & Fe3+**: Fe2+ and Fe3+ have been recalculated after Marimoto (1989)

Table 5. Representative microprobe analyses of apatite crystals in melilite-leucitite.

Sample No 23 24 25 26 27 28 29 30 32 33 34

SiO2 1.34 1.32 2.04 1.16 1.31 2.12 1.85 1.51 1.86 1.98 1.83

MnO 0.00 0.00 0.05 0.06 0.00 0.00 0.00 0.04 0.04 0.09 0.00

CaO 56.39 56.50 55.37 55.91 55.99 54.39 54.91 55.84 56.37 55.90 55.81

SrO 0.59 0.85 1.46 0.30 0.76 0.65 0.67 0.73 0.84 1.06 0.42

Na2O 0.05 0.03 0.04 0.05 0.06 0.04 0.07 0.05 0.05 0.06 0.05

P2O5 40.93 41.09 38.37 40.40 40.24 37.46 39.32 40.07 39.60 39.36 39.16

La2O3 0.13 0.16 0.42 0.11 0.06 0.54 0.20 0.14 0.20 0.22 0.09

Ce2O3 0.14 0.25 0.73 0.06 0.21 0.76 0.66 0.16 0.27 0.35 0.37

Nd2O3 0.00 0.11 0.28 0.15 0.27 0.35 0.13 0.29 0.07 0.29 0.06

F 2.77 2.50 2.80 3.68 3.55 3.33 3.86 3.56 3.18 3.36 3.13

Cl 0.02 0.01 0.01 0.06 0.00 0.01 0.00 0.00 0.01 0.00 0.03

Total 102.36 102.81 101.57 101.95 102.44 99.64 101.67 102.40 102.53 102.66 101.05
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Table 6. Major- (wt%), trace- (ppm) and rare-earth element compositions of selected samples of melilite leucitites with C.I.P.W. norms.

MEfiEBAfiI LOCATION GÖKTEPE LOCATION REE compositions of samples

Sample No 1a 1c 1d 2g 3b 3c 3d 18 19a 19b 19c 19a 1a

Göktepe Meflebafl›

SiO2 46.16 45.60 46.89 46.14 45.64 46.05 46.04 48.92 45.62 44.02 45.28 Au (ppb) 5 <5

TiO2 1.04 1.00 1.06 1.04 1.01 0.98 1.02 1.44 1.27 1.22 1.25 Na (ppm) >10000 >10000

Al2O3 17.96 17.52 18.05 17.74 17.44 17.57 17.55 16.80 16.45 15.80 16.13 Ca (%) 7.4 6.6

Fe2O3T 6.52 6.36 6.59 6.50 6.44 6.40 6.46 8.38 7.06 6.87 7.11 Sc (ppm) 5.4 2.7

MnO 0.12 0.11 0.12 0.12 0.11 0.12 0.12 0.17 0.13 0.13 0.14 Cr (ppm) 20 14

MgO 1.61 1.69 2.37 1.83 2.14 1.79 1.87 1.99 2.88 3.57 2.57 Fe (%) 4.45 3.7

CaO 9.76 9.61 7.48 8.07 9.07 9.91 8.84 6.41 9.36 9.17 10.59 Co (ppm) 16 12

Na2O 2.00 1.65 2.27 1.98 1.29 1.96 2.04 2.60 1.83 2.44 3.00 Ni (ppm) <100 <100

K2O 11.24 11.25 12.02 11.81 11.19 10.09 11.67 9.69 9.46 9.76 8.48 Zn (ppm) 100 60

P2O5 0.28 0.26 0.27 0.27 0.31 0.30 0.31 0.28 0.50 0.48 0.49 As (ppm) 8 5

LOI 2.56 3.47 2.41 2.48 3.47 4.62 2.27 1.88 3.98 4.28 3.14 Se (ppm) <3 <3

Total 98.97 98.53 99.55 97.98 98.13 99.78 98.17 98.56 98.53 97.74 98.17 Br (ppm) 4 4

Rb (ppm) 470 350

Cl 620 557 1048 1299 433 210 1038 827 241 1479 1403 Sr (ppm) 2200 2600

S 386 233 239 294 196 109 519 61 162 233 148 Mo (ppm) <5 <5

Cr 24 35 27 24 29 25 23 49 25 28 33 Ag (ppm) <5 <5

Cu 83 82 77 84 90 77 86 131 109 100 121 Sb (ppm) 1.2 2

Ga 22 24 24 22 22 23 24 26 24 25 27 Cs (ppm) 12 15

Nb 41 41 44 44 41 40 42 52 47 45 47 Ba (ppm) 7500 4300

Ni 10 8 11 9 9 9 11 13 16 17 21 La (ppm) 138 96

Pb 99 94 77 97 97 85 103 86 121 121 122 Ce (ppm) 243 169

Rb 433 486 656 670 505 373 506 513 480 498 518 Nd (ppm) 93 68

Sr 3227 3702 2490 3234 4802 3010 3419 3031 2222 2811 3984 Sm (ppm) 15.4 10.8

Th 54 50 58 52 55 61 51 54 72 61 61 Eu (ppm) 3.7 2.7

V 140 142 142 130 122 114 124 214 168 165 172 Tb (ppm) 1.3 0.8

Y 28 27 28 30 26 22 28 36 36 34 34 Yb (ppm) 2.4 1.6

Zn 97 96 99 95 98 97 99 110 110 109 110 Lu (ppm) 0.33 0.26

Zr 568 530 587 601 542 425 565 857 769 761 772 Hf (ppm) 15 11

Ba 4951 4976 6055 5402 5064 4701 5177 6882 8745 6618 6510 Ta (ppm) 2 2

La 77 71 80 67 71 74 64 97 116 93 103 W (ppm) 3 3

Ce 122 111 119 114 128 120 101 155 184 185 163 Ir (ppb) <20 <20

Nd 43 36 40 40 42 40 34 40 57 53 51 Hg (ppm) <1 <1

Th (ppm) 58 43

or (KAS6) 29.10 28.12 15.37 22.55 22.31 36.26 24.32 55.40 28.36 69.89 39.89 U (ppm) 19.1 18

an (CAS2) 7.50 8.01 3.84 5.12 9.85 10.46 4.68 6.22 9.94 - 6.21 Ce/Yb (ppm) 101.25 105.63

lc(KAS4) 35.18 36.95 49.71 43.98 41.56 24.47 41.65 7.62 28.19 - 13.70 Ba/Rb (ppm) 16 12

ne(NAS2) 10.19 8.55 11.52 10.21 6.72 10.15 10.48 13.53 9.63 - 15.72 Rb/Cs (ppm) 39 23

ns(NS) - - - - - - - - - 9.05 - La/Yb (ppm) 58 60

Di wo(CS) 5.42 5.75 7.83 6.39 7.27 6.09 6.31 6.88 9.85 0.35 8.79 Rb/Sr (ppm) 0.21 0.13

Di en(MS) 4.48 4.78 6.56 5.15 6.09 5.06 5.24 5.65 8.28 0.29 7.35

Di fs(FS) 0.25 0.24 0.25 0.47 0.23 0.26 0.25 0.36 0.28 0.01 0.30

Hy en(MS) - - - - - - - - - 10.53 -

Hy fs(FS) - - - - - - - - - 0.29 -

Ol fo(M2S) - - - - - - - - - 0.47 -

Ol fa(F2S) - - - - - - - - - 0.01 -

Total 92.11 92.39 95.10 93.86 94.02 92.74 92.93 95.66 94.54 90.89 91.96
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Figure 13. (a) Euhedral melanite microphenocrysts (micro-sized melanite crystals), distinguished by their dark brown colour in the groundmass; (b)
apatite microphenocrysts are determined on the basis of their high relief and numerous high refringent inclusions. The long sides of the
photographs are 0.7 mm in length, plane-polarised light.

Figure 14. (a) Variation diagram of the K2O/Na2O vs SiO2 for melilite leucitite; (b) Na2O+K2O vs SiO2 diagram from Le Bas et al. (1986) for melilite
leucitite. The dashed line approximates the transition between the alkaline and subalkaline series after MacDonald & Katsura (1964).



contamination values of the high-potassic series and non-
modal melting values for garnet lherzolite. As seen from
Figure 15, low Ce/Zr ratio-bearing leucitite can be
generated from a primitive source by a partial-melting
process (c. 10%), which is followed by fractional
crystallisation.

The incompatible element characteristics of melilite
leucitite samples as illustrated in Figure 16 indicate that
melilite leucitites are characterised by highly fractionated
patterns and strongly enrichments with respect to the
normalised values of primitive mantle (Figure 16a, b).
Melilite leucitites are depleted in Ba and Nb and relatively
enriched in Rb, Th and Sr in chondrite-normalised
diagrams of Thompson (1982) (Figure 16b). The similar
trace element patterns of both sample groups suggest
that melilite leucitites may be derived from same source.
Rogers et al. (1985) indicate that enrichment processes
of Ba, Nb and Ti occur in the mantle wedge above a
subduction zone.

Highly fractionated REE compositions of selected
representative samples of the melilite leucitite are
presented in Table 6. In Figures 17 and 18,
representative analyses of melilite leucitite are plotted on
the C1 chondrite-normalised diagrams of Sun &
McDonough (1989) and the chondrite-normalised
diagram of Nakamura (1974). The REE chondrite-

normalised patterns of both locations are similar, and are
characterised by strong relative light rare-earth element
(LREE) enrichment (Table 6). Strong enrichments of the
LREE are found in many potassic volcanic rocks, from
both convergent margins and continental rift zones
(Bachinski & Scott 1979; Foley et al. 1987). This
enrichment pattern suggests that lavas come from source
regions, which are enriched in the LREE (Frey et al.
1978; Roden 1981). The patterns of two samples are
almost parallel, implying that they could be related by the
fractional of a phase that doesn’t change the REE.

The rare-earth element compositions of some potassic
volcanic rocks from Italy (Alban Hills-Roman Comagmatic
Region) are given for comparison in Table 7. Alkaline
potassium-rich volcanic activity in Italy occurred during
the Miocene–Pleistocene (Perini et al. 2000) in an
extensional tectonic regime. These subduction-related
post-orogenic alkaline ultrapotassic rocks in Italy were
products of a low degree of partial melting of a mantle
peridotite enriched in incompatible elements (Peccerillo et
al. 1984). According to Beccaluva et al. (1991), alkaline
potassic rocks generated from mantle sources were
modified by metasomatizing components, which were
derived from subducted crustal materials at a destructive,
post-collisional plate margin. As seen from Figure 18, the
REE patterns of potassic volcanic rocks from Italy have
REE patterns similar to our samples. These comparable
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patterns suggest that the ultrapotassic volcanic rocks of
the Afyon region may have been derived from a similar
source.

Foley et al. (1987) have subdivided the ultrapotassic
(K2O > 3 wt%) rocks into three subgroups based on their
major-element chemistry, as follows:

Group I : lamproites

Group II : ultrapotassic rocks of continental rift zones

Group III : ultrapotassic rocks of active orogenic zones

As seen in Figure 19, the melilite leucitites plot in the
Group III fields of the CaO vs Al2O3 diagram. In the CaO
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Figure 17. C1 Chondrite-normalised REE patterns for selected
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Table 7. Rare-earth element contents of selected alkaline volcanic
rocks from Italy.

ITALY

Alban Hills-Roman Alban Hills-Roman 
Co-magmatic Region Co-magmatic Region

(Peccerillo 1992) (Peccerillo et al. 1984)

REE HKS-MA3 Alb-2

La (ppm) 66 111

Ce (ppm) 133 271

Nd (ppm) 62 -

Sm (ppm) 125.5 21

Eu (ppm) 2.1 4

Tb (ppm) 0.77 2

Yb (ppm) 2.13 2.4

Lu (ppm) 0.33 0.45



vs SiO2 diagrams, samples plot in the Group III field and,
in two cases, in the Group I field. The Nb vs Zr variation
diagram, supported by Thompson & Fowler (1986), is
used for distinguishing potassic and ultrapotassic rocks
related to intra-plate activity, and those authors indicated
that low Nb is a characteristic feature of all subduction-
related volcanic rocks. In the Nb vs Zr diagram (Figure
20), the samples plot in the subduction and post-collision
fields due to their low Nb contents.

Müller et al. (1992) proposed tectonic discrimination
diagrams for potassic volcanic rocks, based on immobile
elements. On the Zr/Al2O3 vs TiO2/Al2O3 and Y vs Zr
binary diagrams, the samples are scattered on the

continental arc–postcollisional-arc field (Figure 21a). On
the ternary diagram, 3Zr–50Nb–Ce/P2O5, the samples
are grouped in the postcollisional arc field (Figure 21b).

Discussion and Conclusion

Over the last 20 years, ultrapotassic lamproites have been
investigated widely for their unusual mineralogical and
geochemical characteristics. Foley et al. (1987) have
suggested that potassium-rich igneous rocks should be
termed “ultrapotassic” if they have high K2O contents (>3
wt%), MgO (>3 wt%) and K2O/Na2O (>2 wt%) ratios.
Three major chemical end-member groups were
recognised by Foley et al. (1987) based on their major-
element geochemical studies:

Group I: Lamproites

Low CaO, Al2O3 and Na2O, and high K2O/Al2O3 and Mg-
number characterise lamproites. Incompatible elements
are enriched. Mantle-derived nodules are dominated by
depleted types of harzburgite and dunite.

Group II: Ultrapotassic Rocks of Continental Rift
Zones

The rocks in this group have low SiO2 and Al2O3 and high
CaO. Incompatible elements are more depleted than in
group I and there is a positive Sr spike.
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Group III: Ultrapotassic Rocks of Active Orogenic
Zones

The rocks of Group III are distinguished by high Al2O3 and
CaO. Mg-number is often low due to fractional
crystallisation. The incompatible element patterns are
characteristic with negative spikes for Ba, Nb, and Ti.

According to Foley et al. (1987), Group I rocks
originate from a depleted mantle under H2O- and F-rich,
CO2-poor and CH4-rich conditions. The low SiO2 and high
CaO and Sr of Group II rocks suggests melting in a CO2-
rich volcanic gas. The low Ti, Nb and Ba contents of
Group III rocks are explained by the presence stable
titanate phases in the residue during partial melting, or
reactions in the subducted slab. Foley et al. (1987)
suggested that the high K2O originates from subducted
crustal material or from mantle metasomatism. The high
CaO and Al2O3 are obtained via melting a fertile mantle
source.

The debate about potassic suites has been focused on
the relative importance of enrichment of the
subcontinental mantle and crustal contamination. Most
authors agree that the ultrapotassic–potassic magmas
must be derived from a metasomatised or enriched
mantle source (e.g., Wass & Rogers 1980; Hawkesworth

et al. 1984; De Mulder et al. 1986; Rogers et al. 1985,
1987). Based on experimental studies, Wendlandt &
Eggler (1980a, b) indicate that the parental magmas of
ultrapotassic rocks were generated at different depths
from a K-rich phlogopite-bearing mantle source.
According to Beccaluva et al. (1991), the potassic-
ultrapotassic magmas were generated from mantle
sources modified by mantle metasomatism components
derived from subducted crustal materials at a destructive,
post-collisional plate margin.

The presence of ultrapotassic leucite-bearing lavas is a
typical feature of Neogene to Quaternary volcanic
provinces in the Mediterranean region, for example, the
Roman Province of central Italy. The post-orogenic,
subduction-related potassic-ultrapotassic magmatism of
the Roman Province was generated from an enriched
mantle source with subordinate amounts of crustal
contamination. Similar examples of leucite-bearing lavas
also occur in the Afyon volcanic province and the Isparta
region of western Turkey.

Savaflç›n et al. (1995) and Francalanci et al. (2000)
indicate that ultrapotassic rocks from Afyon have
primitive compositions. The lithospheric mantle source
for the ultrapotassic rocks was depleted before being
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metasomatised by subduction-related fluids or melts.
Those authors suggested that the high Sr isotope ratios
of the ultrapotassic rocks indicate that mantle
metasomatism was older than the metasomatism
affecting the more fertile mantle or the depleted mantle,
which was metasomatised by more radiogenic subducted
material.

The observed geochemical properties of ultrapotassic
melilite leucitites of the study area are similar to other
potassic–ultrapotassic rocks from Roman Province, Italy
(Peccerillo et al. 1984; Beccaluva et al. 1991; Di Girolamo
et al. 1991; Peccerillo 1992; Perini et al. 2000). Based
on geochemical data, the geodynamic setting and source
of the alkaline parental magma is thought to be related to
widespread subduction and post-collisional processes of
the Eurasian and African plates.

The undersaturated melilite-leucititic lavas of the
Afyon volcanic province are highly K-rich and strongly
alkaline. Na2O/K2O ratios are high in the melilite-leucitite
samples. Melilite leucitite can be generated from a
primitive source by low degrees of partial melting or
from a lithospheric source previously enriched by
subduction generated fluids. 
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