Bull. Min. Res. Exp. (2015) 151: 149-168

Bulletin of the
Mineral Research and Exploration

http://bulletin.mta.gov .tr

DIFFERENTIATION PROCESSES in LATE CRETACEOUS ULTRAPOTASSIC VOLCANICS
AROUND AMASYA

Fatma GULMEZ2* and S. Can GENC#

@ [stanbul Technical University Geological Engineering Department, 34469 Maslak, Istanbul

ABSTRACT

Late Cretaceous lithologies around Amasya region are represented by Pontide fore-arc ba-
sin units which corresponds a volcanoclastic sequence. This sequence has the products of
alkaline ultrapotassic magmatism accompanying calcalkaline lavas which are abundant
along Pontide arc. The ultrapotassic rocks which are classified as leucitite, minette and
trachyte based on their mineralogical composition, occur as dikes, stocks and rarely lava
flows as to be comprised by the Late Cretaceous Volcanoclastic Succession (LCVS). Frac-
tional crytallization accompanied by assimilation (AFC) is a low pressure processes able
to differentiate ultrapotassic parental melts to various compositions in a continental margin
tectonic setting.The trachytes are the youngest and the most evolved members of LCVS.
Therefore we performed AFC modelling using the most primitive minette sample as star-
ting composition and calculated the fractionation trends based on the theoretical mineralo-
gical compositions. We also used the Triassic metapelitic basement rocks of Central Pon-
tides as assimilant. The AFC modelling results imply that it is possible to produce trach-
ytes by adding Central Pontide basement rocks up to 5 %, begining from the most primiti-
ve phonolitic sample of Amasya. However the differentiation of leucitite and minette is
able to be explained by neither fractional nor assimilation processes.
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1. Introduction the Kirsehir Blocks in early Paleocene caused by
development of the izmir-Ankara-Erzincan Suture
Belt (IAESZ) (Sengér and Yilmaz, 1981; Okay and
Tiiystiz, 1999). Pontide arc is represented by calc-
alkaline andesitic volcanics, associated pyroclastics
and epiclastic units with the I-type granitic intrusions.
However, in the southern parts the units of IAESZ
and alkali-potassic rocks associated with forearc units
are observed. The well-known locations of these
alkaline potassic rocks are Ankara-Kalecik, Bayburt-
Maden and Amasya-Giimiishacikdy and the Sinop
(Blumenthal, 1950; Alp, 1972). Additionally,

recently discovered two outcrops in the west parts of

An arc environment is defined, which has
developed due to the northward subduction of the
Neo-Tethys Ocean, during Late Cretaceous in the
geological evolution Anatolia located in the Alp-
Himalaya orogenic belt (Sengor and Yilmaz, 1981;
Okay and Sahintiirk, 1997; Yilmaz et al., 1997; Okay
and Tiystiz, 1999; Topuz et al., 2013). East-west
trending island arc units, namely Pontide arc within
the Pontide mountain range form the central segment
of this belt that extend along Apuseni-Timok line in
Balkans at the west and Sevan-Akera suture belt
along the Armenian-Georgian boundary at the east

(Adamia et al., 1981; Yilmaz et al., 1997; Georgiev et
al., 2009; Mederer et al., 2013). The Pontide arc
formation ceased by the collision of Sakarya
continent and the Anatolide-Tauride platform or by

this belt are at around Tosya and Osmancik (Geng et
al., 2013). The Amasya region has critical importance
due to the three different type ultrapotassic rock
suites together with coeval calc alkaline andesites are
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present. These are identified petrographically as
leucitite, minette and trachyte, and are observed in the
form of dyke, stock and as lava flows within Late
Cretaceous Volcanoclastic Succession together with
calc alkaline andesites. This association is not
typically observed in aforementioned other regions,
except for the Amasya case. For example in Kalecik
region, where leucititic and lamprophyric
ultrapotassic rocks exhibit an interfingered
appearance, but there is no outcrop showing its
stratigraphical relationship between trachytic rocks
and other potassic rocks. Leucititic rocks are
observed in the form of stocks around
Giimiishacikoy. However, lamprophyric and trachytic
rocks do not exist in this region. Considering the
stratigraphical relationships and outcrop distribution,
the Amasya region is the best area unique the
potassic/ultrapotassic rock coexistence along the
whole belt.

Ultrapotassic rocks are generated in continental
rifts or under the control of the extensional tectonism
following the continental collision. Its occurrence in
active arc environments are limited (McKenzie,
1989; Foley, 1992; Mitchell and Bergman, 1991;
Rock, 1991). The best known examples of the
potassic volcanic products that accompany the calc
alkaline andesitic magmatism are observed in Sunda-
Banda, Kamchatka, Japanese and Mexican arcs (Yagi
et al., 1975; Luhr and Kyser, 1989; Nelson, 1992).
Whereas the increase of the interest and the number
of studies focusing on the ultrapotassic magmatism in
active subduction zones, there is still debate on which
processes forms the ultrapotassic magmatism in the
arc environments.

The main aim of this study is to give an example
for the rare ultrapotassic magmatism which are the
partial melting products of the special mantle sources,
in the arc environments from the Central Pontides.
The ultrapotassic rocks of the Amasya region were
mapped and defined its meaning for the regional
stratigraphy. Radiometric age datings, geochemical,
isotope and mineral chemistry analysis have been
carried out on these rocks. The data obtained from
these studies were correlated with the available
stratigraphic and paleontological data. Additionally,
Late Cretaceous ultrapotassic rocks were classified as
leucitite, minette and trachyte by their mineralogical,
petrographical and geochemical characters. The
petrological models were produced for its
differentiation processes from leucitite/minette to
trachytic rocks. In order to enlighten of their
petrological evolution and crystallization processes.

2. Geology

The very comprehensive study of Alp (1972) and
the detailed geological map of Rojay (1995) were
used for the stratigraphical relationships of Amasya
region ultrapotassic rocks with Late Cretaceous
volcanic/volcanoclastic units (Figures 1-2). The Late
Cretaceous unit including the ultrapotassic rocks
defined collectively as the Kiglacik Group, Karatepe,
Geyikozii and Findikli formation by previous studies.
It was called as the Lokman formation by Alp (1972).
The Lokman formation is known as the Everekhanlari
formation around Bayburt area at the east (Bektas and
Gedik, 1988; Alther et al., 2008). Besides, Kalecik
and GlimiigshacikOy vicinities in west form well-
known areas in which Late Cretaceous units include
leucititic rocks (Bailey and McCallien, 1950;
Blumenthal 1950; Capan, 1984; Tankut et al., 1998;
Tiiystiz, 1995; Varol, 2013; Eyiipoglu, 2010). In
addition to this ultrapotassic belt located roughly
parallel to {zmir-Ankara-Erzincan Suture; it is also
necessary to note that the Hamsaros volcanics which
contain Cretaceous ultrapotassic leucititic rocks
around Sinop (Gedik et al., 1983; Bag, 1986; Asan et
al.,2014). The volcanoclastic succession representing
the Pontide forearc basin units, is called collectively
as “Amasya Late Cretaceous Volcanoclastic
Succession (ALCVS).

The basement of ALCVS is formed from the
metamorphic rocks of the Tokat Group and overlying
Liassic to Lower Cretaceous carbonates known as
Vermis, Ferhatkaya, Sarilar, Carcurum, Sogukcam
and Vezirhan formations, and Bilecik Limestone
(Alp, 1972; Rojay, 1995; Tiiysiiz, 1996). The
ophiolitic material within Lower Cretaceous
carbonates increase towards the Upper Cretaceous
units, and turns into an “ophiolitic mélange” (Figure
2). The primary contact relationship of the mélange,
which is known as Amasya formation, and ALCVS is
documented as an angular unconformity (Alp, 1972;
Rojay, 1995; Tiiysiiz, 1996).

Tiiysiiz (1996) reported that, the pelagic carbonate
depositions began following the rift volcanism
continued until Late Jurassic in the region. He also
states that this sedimentation is similar to a passive
continental margin deposition, and could be correlated
with western part of Sakarya Continent. Rojay (1995)
subdivided the carbonates (the Amasya Group) as; the
Early Jurassic bioclastic carbonates, the Middle
Jurassic regressive carbonates containining the
Ammonitico Rosso at the bottom and the Early
Cretaceous pelagic carbonates. He also argues that the
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Figure 1- a) Location of the study area within general tectonic units of Anatolia (EAF: East Anatolian Fault Zone, IAESZ:
Izmir-Ankara-Erzincan Suture Zone, DSF: Dead Sea Fault; Okay and Tiiystiz, 1999; Ciobanu et al., 2002; Sengor
et al., 2005; Sosson et al., 2010; Mederer et al., 2013) and b) Outcrops of ALCVS ultrapotassic rocks in the
geological map prepared by Rojay (1995) (1: Rojay, 1995; 2: Alp, 1972).

platform, which gradually uplifted starting from
Liassic, began to collapse in a deepening environment
by the sudden rise of the sea level in Middle Jurassic.
Rojay also emphasizes that this depositional
environment was a passive continental margin, then
turned into a converging plate margin in Campanian-
Maastrichtian by the mélange obduction. Yilmaz et al.
(1997) pointed out the limestone deposition followed
by the red pelagic limestone, mudstone and radiolarite
deposition during Cenomanian-Turonian period.
According to these authors, this passed gradually into
a wild flysch at the top by the incorporation of older
limestone blocks and olistostromes, together with the
blocks and slices from the ophiolitic mélange (Yilmaz
etal., 1997).

ALCVS’ outcrops are seen between Lapkdoyii at
the north and Findikl: village at south (Figure 1). It is
observed that the unit begins with flysch-like
sediments at the bottom, and grades into an epiclastic
unit containing mostly andesitic lava pebbles. These
materials are badly sorted and cemented by a

mudstone, siltstone and sandstone matrix. In this
paper, “volcanoclastic sediment” or “epiclastic”
definition describe the non-volcanic products formed
from the deposition by erosion and transportation
processes (Reading, 2009). ALCVS epiclastic unit,
covers all the different rock name, such as andesitic
breccia, agglomerate, tuff/tuffite, pyroclastic and
volcanic breccia in previous studies (Alp, 1972;
Kocyigit, 1988; Tiiysiiz, 1996). The “true”
volcanic/pyroclastic units are beyond of this
description. Field studies revealed that flysch type
sediments and epiclastic units show lateral and
vertical transitions. Epiclastic rocks were formed
when large amounts of volcanic material is
transported into the basin. Decreasing of the volcanic
materials, normal flysch deposition occurred.
Although the epiclastic unit is monogenetic, it also
contains some leucitite and minette pebbles. In the
northern areas, abundant trachyte pebbles are found
to the top of the succession. Andesitic lava flows are
also widespread within the volcanoclastic succession
(Figure 2).
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Figure 2- Stratigraphic relationship between leucitite, lamprophyre and
trachytes within non-scaled, generalized stratigraphic section
of Amasya and surroundings ( after Alp, 1972).

There are abundant and reliable fossil findings
from the ALCVS to determine its age. Alp (1972)
reported the age of unit, based on macro fossils
(Actaeonella sp., Hippurite sp.) rather than micro
fossils as Campanian-Maastrichtian. However;
Kocyigit et al. (1988) dated units as Lower
Companian-Maastrichtian in age. Asan et al (2014)
carried out 49Ar/39Ar age datings from the
phlogopitic micas of two shoshonitic rocks as 82.08 +
1.13 and 81.37 + 0.81 My. These ages are in a good
agreement of the paleontological data.

3. ALCVS Magmatic Rocks
3.1. Leucitite

The outcrops of the leucitites are observed as
small stocks and dikes, along Yesilirmak valley in the
south of Bogazkdy (Figure 3a). These are generally
yellowish to white gray colored and highly altered.
These are massive and pale gray colored in relatively
more fresh outcrops. Leucite crystals are dull, and
pale pink-whitish in color, and embedded into the
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groundmass (Figure 3b). Euhedral, bright and pink
colored leucite phenocrysts, 1-2 cm in diamaters are
typical. Joint sets, beddings, columnar joints or other
structural features are not observed in stocks.
Columnar joints developed in 1.5 m wide leucitite
dike (Figure 3a). Leucitite pebbles and/or blocks are
also observed within the epiclastic rocks of the
ALCVS.

3.2. Minette

Minette type lamprophyres crop out in the form of
NW-SE or NE-SW trending dikes, located in the
south of Yesilirmak valley and cut the epiclastics, and
there are no continuations to the northern side of the
valley. The northernmost of the study area, an aphyric
minette dike cutting the trachyte dome is present. The

Figure 3- Outcrop views of ultrapotassic rocks a) columnar jointing forms in leucitite lava, b) leucitites in hand samples, c)

width of minette dykes varies between 40 cm to 2 m.
Pinkish to pale brown colors due to the feldspars and
shining views because of micas are typical in hand
specimens (Figure 3d). Minettes cut the epiclastic
rocks and interfingered with the leucititic stock
(Figure 3c). Presence of a sharp contact with
leucitites has not been identified. Possibly these two
rocks are transitional with each other, observed in the
leucitic lamprophyre and phlogopite lamprophyre
dikes of the Ankara-Kalecik area (Giilmez et al.,
2014a).

3.3. Trachyte
Trachytes, which are the youngest ultrapotassic

products of ALCVS, are observed in the form of 5 m
wide, NW-SE oriented dyke around Keligigin Hill in

RO

general outcrop view from minette stock, d) minette in hand samples, e) the contact between trachytic dome and
epiclastic units, f) the chill zone developed along the contact.
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north of Yesilirmak valley, and as a small dome
around Lapkoyii. Trachytic rocks are recognized with
their pink color, and massive appearances (Figures 3
e-f). Coarse (upto 2 cm), euhedral prismatic feldspar
phenocrystals and trachytic textures which can be
observed even in hand specimens are typical for
trachytes. It was observed that glassy, dark colored,
partly aphyric or micro crystalline margin zone
(quenching zone) at the contact of trachytic dome
with epiclastic unit (Figure 3f). This zone is
continuous along the contact and its width does not
exceed 2-5 cm. The hypabyssal and plutonic
equivalents of the unit have been documented by Alp
(1972) in the NE of Amasya.

3.4. Andesites

Andesites are observed in the form of lensoidal
lava flows having thicknesses not exceeding 1 m,
which do not exhibit lateral continuity within
epiclastic units. It alternates with the epiclastic units,
and rarely cut them. They have generally massive and
are gray colored on their fresh surfaces. On the
alteration surfaces their colors can be reddish,
brownish or greenish gray. They are also represented
by the flow breccias at the bottom of the lava flows
road between Bogazkdy and Lapkoyii. They are along
the road highly altered and characterized by
porphyric textures in hand samples with the relatively
coarse plagioclase phenocrystals.

4. Radiochronological Findings

Radiochronological studies have been made on 1
trachytic, 1 leucitic and 2 minette type rocks in order
to provide stratigraphical correlation. Sanidine and
whole rock in trachytic sample, phylogopite in
minettes, and leucites in leucitite were analyzed. The
alteration of the mineral, the presence of another
mineral or fluid inclusions, whether it exhibits
compositional zoning and changes due to reactions on
edges were taken as basis in the selection of minerals
which are suitable for analyze. Samples were
subjected to the radiation as described in the study of
Dalrymple et al. (1981) in McMaster nuclear reactor
in Ontario Hamilton for the production of 3°Ar from
39K. The radiometric 40Ar/39Ar dating analyses were
performed following the methods in the study of
Hames et al. (2009) in the laboratories of the Auburn
University (ANIMAL: Auburn Nobel Isotope Mass
Analysis Laboratory). Results were evaluated by
Microsoft Excel and Isoplot software (Ludwig,
2003).

Results of the analysis have been compatible with
the results of previously performed stratigraphical
and paleontological studies in the region. According
to the results obtained from phylogopite analyses, the
plateau ages determined for the minettes range
between 76.78 £ 0.19 and 77.43 + 0.15 My (Figures
4 a-b). The plateau age obtained from K-feldspars in
trachyte sample is 75.83 = 0.09 My (Figure 4c). In
addition, the whole rock age determination carried
out in the same sample is 70.1+ 1.3 My. The plateau
age could not be detected as the K amount of leucites
is low because of analcimization in leucitites. Total
gas age data obtained from the crystals that have
spherulitic and radial K-feldspar rims, is 75.6 + 3.7
(Figure 4d). Although there is a high error in the
radiometric data obtained due to low K amount, this
finding is also compatible with other findings and
probably point out the crystallization age of
hypocrystalline K-feldspars in groundmass.

5. Petrographical Characteristics and
Classification

In the classification of volcanic units in ALCVS,
studies of Le Maitre (2002) and Mitchell and
Bergman (1991) were taken as basis. Accordingly;
four different Late Cretaceous lithological units were
defined in Amasya.

5.1. Leucitite

The general mineralogical composition of
leucitites were determined as clinopyroxene+
leucitetalkali ~ feldspar+apatite+magnetite by
petrographical investigations. As secondary minerals;
analcime, calcite, sericite, clay and opaque minerals
were observed. Leucites are generally observed as
coarse (1-3 cm in size) and in the form of idiomorphic
phenocrysts. There are zones, made up of alkali
feldspar, which developed as a result of the reaction
with groundmass around the edges of euhedral
leucites in glassy groundmass and grew radially
(Figures 5 a-b). They typically exhibit isotropic
behavior in crossed nicols. Leucites form the
groundmass in some samples and have completely
transformed into analcime (Figures 5 c-d). In studies
of mineral geochemistry, the findings of fresh leucite
phenocrystal or microcrystal were not encountered
(Giilmez et al., 2014b). The mafic phase of leucitites
in diopsitic composition is clinopyroxene (Figures 5
c-d). They are observed in the form of idiomorphic-
hipidiomorphic, dark or pale green colored, and
fissured micro/phenocrysts. Simple, penetrative or
hourglass twinning, compositional zoning and
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Figure 4- The age spectrum for ALCVS lavas in this study (See text and spectra for explanations, BH: Box Height, MSWD:

Mean Square Weighted Distribution value).

corrosive textures, of which leucites have caused in
some crystals, are widespread. They have glass and
opaque minerals inclusions. Feldspar bearing
leucitites are rare, and these samples do not contain
feldspar as phenocrysts. Feldspar is generally
observed as a cryptocrystalline matrix phase in
leucitites, and causes development of spherulitic
reaction textures along the rims of analcimes (Figures
5 a-b). Apatites, which are the most widespread
accessory mineral of leucities are typical with their
prismatic forms, and are located in groundmass as
crystals or mainly as enclaves within phenocrysts.

Leucitites are generally observed both as
hipocrystalline porphyric texture, characterized by
the coarse leucite phenocrysts embedded in the glassy
matrix. The development of devitrification texture in
glassy groundmass and spherulitic texture along the
rims of leucites are widespread (Figures 5 a-b). The

formation of cumulate texture is also observed as a
result of clustering of leucite microcrystals.

5.2. Minette

Although minette type rocks are intermingled
with leucitites in outcrop scale, they differ from
leucitites by lack of the leucite from the point of
mineralogical composition. Their main mineralogical
compositions are as follows; clinopyroxene+mica+K-
feldspar+opaque mineral. As secondary minerals;
calcite, clay minerals, sericite and zeolites are seen.

Mafic minerals of minettes are clinopyroxene and
mica (Figures 5 e-f). Pyroxenes are the prevailing
mafic mineral phase of minettes like in leucitic rocks.
Although it is considered that some six-sided
pseudomorphs could be olivine, the finding of fresh
olivine has not been encountered. The formation of
alteration related secondary calcite, zeolite and clay
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The thin section views of ALCVS lavas (all photos were taken by 4x magnification and the scale given in
K is valid for all photos), a-b) leucite crystals under plane and cross polarized light, c-d) leucite
microphenocrystals as groundmass phases, e-f) clinopyroxenes in minettes under plane and cross
polarized light plane and cross polarized light, g) prismatic mica phenocrytals in minette, h) simple
twinning clinopyroxene phenocrystal and Kf microliths as groundmass phases in minette sample, 1-1)
trachytic texture in trachytes which contain clinopyroxene accompanies mica as mafic phase, under plane
and cross polarized light, j-k) euhedral amphiboles in amphibole-bearing trachytes, altered plagioclase
under plane polarized light and Kf microcrystals under cross polarized (Ic: leucite, cpx: clinopyroxene, Kf:
K-feldspar, pl: plagioclase, am: amphibole).
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minerals are abundant in samples. Feldspars are in the
form of prismatic rods, and they cause the rock to
appear in pink color in hand samples (Figure 5g).
They are typical with their alteration related,
yellowish, simple twins and low, double refraction
colors. Clinopyroxenes are similar to those of the
leucitite samples, and they are represented by coarse
phenocrystals or as microcrystals in groundmass.
Unequilibrium textures around the rims of coarse
pyroxene crystals and glass inclusions oriented closer
to the outer parts of the crystals, are abundant.
Zoning, simple and lamellae twinning are the other
typical characteristic of pyroxenes (Figure 5f). Micas
are generally phlogopite in composition (Giilmez et
al., 2014b), and provide minettes to be easily defined
in hand samples. In hand samples, they are observed
as golden yellow in color. It is characterized by their
perfect cleavage in one direction, strong pleochroism
and parallel extinction (Figure 5g). Magmatic
corrosion or alteration is not observed in phenocrysts.
However, the slightly alteration and opacitized rim
development is abundant in micas (in samples which
are observed as pebbles in epiclastic units). Flow
controlled bending and buckling of the micas are also
identified in thin sections. Minettes exhibit the
holocrystalline, porphyric, intergranular textures. The
development of fluidal texture originating from
feldspar laths can be seen in the groundmass. As
some samples contain very fine grained
micro/phenocrysts, they have been defined as aphyric
texture.

5.3. Trachyte

Trachytic rocks in the study area can be
characterized by the composition of feldspar+
plagioclasetamphiboletmica+clinopyroxene+apatite
+sphene+opaque minerals. They are divided into two
groups according to their mafic mineral compositions
as; a) amphibole (and minor pyroxene) trachytes, and
b) mica-pyroxene trachytes. As secondary minerals;
calcite, sericite, chlorite and clay minerals are
abundant. Sanidine is the dominant feldspar type of
trachytes (Figure 51-k). Sanidines are observed as
microliths or as prismatic phenocrysts reaching 1 cm,
and they sporadically form trachytic texture (Figure
51-1). Amphibole inclusions are observed in sanidines.
Amphiboles, which are observed as euhedral in many
samples, were defined as hornblende petrographically
(Figure 5j). Pyroxenes are present in the form of
altered phenocrysts reaching mostly 1 mm in size or
microphenocrysts within groundmass (Figure 51-i).
Fissured and altered pyroxenes are in diopsitic

composition as it was in other ultrapotassic rocks.
Micas of the trachytic rocks show similarities with
phlogopites in minettes in terms of yellowish, bronze
colors. However; it needs for mineral chemistry study
for true classification. As accessory phase, apatite
crystals, which reach 1 mm size, and wedge shaped,
prismatic or anhedral sphene minerals were
identified.

Trachytes display idomorphic-hipidiomorphic,
hipocrystalline, porphyric in texture, and trachytic
(fluidal) texture development is apparent in some
samples. Poikilitic texture, by which amphibole
inclusions, is characteristic in feldspars.

5.4. Andesite

Andesitic rocks are generally presented by
clinopyroxene+plagioclase+mica+K-feldspar+
opaque mineral assemblage. Calcite, zeolite and clay
minerals as secondary minerals accompany to those
primary minerals. The main feldspar type is the
plagioclase. In order to determine its types optical
measurements were carried out. According to
extinction angle, it was determined that plagioclases
are Anys_g( in composition. Zoning and polysynthetic
albite twinning is typical for the plagioclases. They
are observed as altered, prismatic microphenocrystals
or as microliths in the groundmass. Mica
microphenocrysts, which are observed as almost fully
opacitized, are in prismatic forms. Andesitic lavas are
hipocrystalline, porphyric and microlithic in texture.
Rarely subophitic texture which characterized by the
clinopyroxene and plagioclase interfingering is also
noted.

6. Whole Rock Geochemistry

Major and trace element analysis of whole rock
samples of ALCVS volcanic rocks are shown in the
table 1. Due to its submarine setting, the volcanic
rocks have been severely affected by various
alteration processes. Additionally some weathering
processes which are obvious on petrographic thin
sections of samples, are not unexpected after
considering the age of rocks. We selected the most
freshest representative 16 samples and prepared them
for whole rock geochemical analysis, and then sent to
ACME laboratories in Canada. Major oxides and
trace elements including rare earth elements were
analyzed by ICP-AES and ICP-MS, respectively. For
analyses, the mixture of 200 g. powdered sample and
1.5 g. LiBO, were melted in an oven under 1050°C
temperature, and the melt was then taken into 100 ml,
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5% HNO3. The solution prepared for each sample and
the international standards for the calibration were
also analyzed (W-2, AGV-1, GSP-2, BCR-2 and
STM-1).

The SiO, vs. K,O+Na,O diagram (TAS: Total
Alkali versus Silica), which the most common
classification diagram for magmatic and volcanic
samples with water-free oxide contents normalized to
100% are plotted on (Le Matire, 2002). We also
classified ALCVS volcanic rocks on TAS diagram of
Le Bas et al. (1986) (Figure 6a). However, we
avoided to calculate water-free contents not to cause
SiO, contents of the samples to increase dramatically
as it would mask the silica undersaturated nature of

the ALCVS ultrapotassic rocks, due to their high LOI
(Loss of Ignition) values (Rock, 1991). Additionally,
the readers should keep in mind TAS classification
for ALCVS ultrapotassic rocks is just for an idea at
first glance due to the fact that the diagram does not
satisfy the requirements of the ultrapotassic and high
potassium rock classification in terms of that complex
mineral paragenesis and high potassium contents of
ultrapotassic rocks (Conticelli et al., 2013). In this
diagram, leucitic of ultrapotassic rocks plot on
tephrite, tephri-phonolite fields; minettes plot on
trachy-basalt, basaltic trachy-andesite, tephri-
phonolite  fields; andesitic rocks plot on
basaltic—andesite and trachy-andesite; trachytic rocks
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Figure 6- a) The classification of ALCVS ultrapotassic rocks on total alkaline vs. silica
diagram (Le Bas, 1986), b) the variation of LOI % with K,0/Na,O ratio for
leucitites, minettes and trachytes, ¢) the variation of LOI % with MgO % for
leucitites, minettes and trachytes (gray colored area represents samples that
yield K,0/Na,O > 2 condition).



Bull. Min. Res. Exp. (2015) 151: 149-168

L1 €€ 14 S 14 11 9¢ 8 8 1T €¢ 8 8 6 S
60 90 8€°0 €70 0t°0 8I°1 8T 88°0 880 060 911 60°1 I11°1 66°1 edy
00°0 00°0 00°0 00°0 91°0 ¥0°0 00°0 750 6t°0 00°0 00°0 000 00°0 00°0 sy
00°0 00°0 00°0 960 820 00°0 LET 00°0 000 T0°1 0Z‘1 680 68 060 AIDYSA0Id
98°1 96°1 L80 00°0 00°0 11 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 oudydg
989 86°L 9 69 r8y 06°L 96°01 L19 €09 06°L r1°01 €5 L9°9 SLL Anewdy
9¢°0 r€0 0€0 9¢°0 9¢°0 850 €70 820 820 €0 170 €0 €0 9¢°0 drudtu[y
00°0 00°0 00°0 90°¢ LLE €0°S 69°¢ 66°S L9°S 0S‘1 SSy vy 1€y Ity JUIAIIO
S6°S 899 €7°0 000 00°0 91°C 00°0 000 000 00°0 000 00°0 00°0 00°0 sudystddAy
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°0 9JIU0ISE[OA\
L€ 50T €6y 08°1 00°0 00°0 SI'9C 000 00°0 94°TC IL°€T  00°€ 91°C 66°€ apisdoi(q
00°0 00°0 00°0 08°S €€’ 00°0 ST9 6°€ 98°C 18°L 8T8 €08 829 €0°01 ourpydaN
00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 00°0 000 00°0 00°0 00°0 NdY
€091  68°Cl LL61 1A LOT1 7891 LTTL 058 0LL 089 91°01 00°€1 1AR4| LTI AyjIouy
89°ce  ¢g'€T 80°91 8661 6£°0T 80°91 ST'eT  8¥'eT  €8°¢T 69°61 8181 L9T1 66°S1 T€°sT ANqrv
10°LT  9€'pI ve'LY SYLY 0I'LY S6°0F 96 89ty  1T9¥ $9°6T 96°S1 9Tt SS°TH 81°8C asoy)IQ
0zl 799 81°0 00°0 00°0 00°0 00°0 000 000 00°0 000 00°0 00°0 00°0 7yenQ
MdID

1966  £€9°66 £5°66 6566 8566 9°66 €966  L9°66  L9°66 1L°66 79°66 1966 19°66 65°66 [eI0L
9°C a3 6 9 67 S'L 9y 8¢ 6°¢ LS 9c 9's T's ‘s 101
6£°0 LT0 91°0 81°0 L1°0 S0 S0 LEO LEO 8¢°0 610 90 LY0 780 f0d
#00°0  $80°0 T00°0>  TO0'0>  TO00> 200°0> 9100 €000  €00°0 9200 1100 T00°0>  TO0'0>  TO000> 0D
LS €¥°C 10°8 €08 L6L €60 09°1 96°L 8L rey LT 6v'L L (434 o
86°¢C 9LC 61 86‘¢ 6L€ 61 1y €9°¢ e €0y 66°€ sT'e 9z‘¢ 81°S O*eN
01°S €0°6 TL'S (43 LST Sty 7501 0TC ¥0C 118 €€°6 LEY 8¢y 6LV (0150
86C 059 10°1 60C 91°C SL'E 869 €r'e ST ¥0°S 0L 66C L8C LT€ O3
L1°0 91°0 r1°0 L1°0 L1°0 LT0 0Z0 €10 €10 SI°0 610 SI°0 91°0 L1°0 OUIN
989 86°L 9 69 v8y 6'L 96°01 L19 €0°9 06°L v1°01 €59 L9°9 SLL ‘0%
LELT  9TCI 7061 L‘81 7681 6L91 66Cl 0L81  LL'8I 8cl 12°c1 T8l 78l L8LI f0Uv
$6°0 860 150 750 150 760 €0°1 L9°0 90 LLO 760 690 89°0 €L°0 ‘OLL
99%S  96°¢S LS'ES 18°¢€S 65°€S 1L°8Y €19y 96°TS  LTES 616 €00y  L8°6Y Se0s 90°6t ‘01
usapuy AAyoeI], APOUIN AMIoN| adA 1, Yooy
196T1SY 1T€01SYy  TOLLISY QTOLIISY SLTEISY  TOLIISY ¥TITISY S6TTISY 01901SE 00T01Sy  +TITISY 86v0ISH LOSOISY SLSIISY £
9999¢.  08ETHL LSI8EL  LSI8EL  L96YEL LSI8EL  €60€EL  SO8TEL €6£9€L  0¥99€L €60€EL  T¥S9EL  SSS9EL  OVOTEL X
S0 €1 IT-SINV ~ 61-SINV 8T-SINV  10-SINV ~ 6C-SINV  VEELY A9¢-LM 0€-SINV +I-SINV ~ VHE€LM TSIV 1SNV L0-SINV  ON djdureg

-9rdwres eAsewy 10J SWIOU A J[D PAAIB[NO[ED Y SISA[BUER JUIWI[S 90BI) pUR Joulw ‘Jofew Y001 [OYM -1 2[qel,

159



Petrology of the Amasya Ultrapotassic Rocks

06 6°€S 6C a3 v'e Al L 89 69 9°LT L1 9¢ "y 0L IN
['v1 S8l SYe 8yl LY1 8t 1'C1 (e 9°IC €01 1€l TIe L81 86T ad
€€ €€ €0 LEO S€0 S€0 €0 €€ 8¢°0 €0 €0 820 62°0 1€0 ny
v1°C L8] €T LTT 62T 86°C 90°C 70T r1°C SLI 6L 161 9L°1 €8°1 qx
¥€0 €0 €0 ¥€0 0t°0 LEO ¥€0 S€0 LEO 1€°0 9¢°0 1€°0 €0 €0 wp,
6v°C 7T 92T 60C 9¢°C 86°C 69°C 11°C 97T €6°1 SI°C S0°C 681 €0°C |
¥8°0 780 8L°0 80 €8°0 L6 SOl 08°0 8L°0 780 80 9L°0 780 68°0 oH
€6y LL'E SIYy LEY €Iy 1T°s WS LS'E 6L'€ €Iy 9T's S6°¢ 91y L8E Aa
L6 LLO LLO 6L°0 6L°0 66°0 121 LLO SLO ¥8°0 L6 80 18°0 6% qL
01°L 68t 1's vI‘s L8 799 16°L 20°S €8y 08°s L ¥9°s 8°G 629 PO
91°C PPl 1L PL ] €9°1 91°C 0€°C LS°1 LS°1 Ll y1°C 681 LL1 €8°1 ny
€18 (43NS $6°S LSS L9S LLL 068 98°S L8S 869 €8 €59 1T°L vhL wg
0°8¢ 06T I€ L€ 88T 9°6¢ L6€ 6°0¢€ 6°6C 80¢ 43 8°C¢ vee €L PN
09°6 §e9 €1°8 €0°8 €6°L 6 06°8 v1°8 ¥T'8 718 17°8 98 868 61°6 id
6°L8 LS vEL 6°TL 8°LL €9L 869 TLL 6°LL 1'vL §99 8IL 8¢€L ¢18 )
60 0°LT 6°cY 44 a7 Ty 9°ce 6°6€ S'1v L'LE gee 43 L°6€ 60t e
0°T L0T 6°TC 144 81T 6°9C 1°L 6°0C S61 L0T 8vC (A4 9°0C 6°1C X
8vic  TT0l L8SI 8961 LLST 9891 6°ST1 $‘991  $TLI 9°0p1 [aai! Sh1 [l S°LTI 1z
43 6C S Sy L€ 8T 0°¢ 6y 0°s v'e v'e Sy 9 L9 n
TLI LL 6°¢l rel L€l €6 '8 49! 161 901 6 911 9°C1 | L
60 9°0 L0 80 L0 L0 ¥0 1’1 60 0 9°0 60 80 S0 el
0688  1°00L 6°LLOT  ¥1€01  T'ST8 €499 6'vSy  S'8LS  1%09 6°69€ Tees 1‘16L T'see S'op8 s
8811 6FS ¥°50¢ 661 9161 6°€LI L66 L'L0T  LLIT 6°68 19 S6LT T6LT 1PEl Qi
91 LL 1Pl gel 9l I'v1 88 TLI 4] $'6 38 adl 8°GT L0T aN
I r'e (47 I'v 9°¢ v r'e 6°¢ I‘v 9°¢ a3 a3 6°C I JH
L1 Syl S8l 191 SSI 80T 861 191 L91 1€l 961 LLT 61 691 |3
0°S 9°0 Tl LLT 081 01 0y I'v Y LS ‘9 Iy LYy 6°11 o)
L81 6°S¢ 6°8 6 16 S6l LLE 91 Ssl ¥'€T ¥s¢ €LI S°LI €vC 0D

(panunuod) -1 91qeL,

160



Bull. Min. Res. Exp. (2015) 151: 149-168

plot on trachy-andesite and phonolite fields. However
the samples which plot on the fields of trachy-basalt,
basaltic trachy-andesite and trachy-andesite, satisfy
the condition of Na,O - 2 < K5O, then they were
given the names of trachy-basalt, shoshonite and
latite (Le Maitre, 2002).

Except a few andesitic samples, the ALCVS
volcanic rocks are in alkaline character. Leucitite and
minette type rocks display similar major and trace
element variations and no significant diversification
on Harker-variation diagrams while trachytic rocks
are silica-saturated and always represent the most
enriched end members. K,0O/Na,O values in all three
rock groups, are quite variable (0.4 < K,0O/Na,O <
4.2). Although leucitites, minettes and trachytes of
ALCVS display the effects of alteration since they are
the product of an old submarine volcanism, the lack
of the marked correlation between LOI with K,O
(Figure 6 b) demonstrates that high K,O % values
have not developed due to the alteration. Beside that
some of the samples with the highest MgO% (>5) and
highest LOI values, have relatively low K,0O/Na,0O (<
2) ratios, are the evidences showing the migration of
potassium to some extent (Figure 6¢). Especially, the
analcimitization was very thorough processes for
leucitites, have caused loss in potassium and gain in
sodium in significant amount. However, since there is
no any other Na-bearing mineral phase except the
analcime in leucitites, the most of Na,O % contents
of these samples could be interpreted as their primary

K,O % values. Additionally high degree
carbonatization in minettes and sericitization in
trachytes were very common. Although the variable
effects of alteration processes on rock groups and
their whole rock geochemistry, primary mineral
paragenesis of ALCVS volcanic rocks suggest that
leucitites, minettes and trachytes are obviously
ultrapotassic in character. This is also evident by the
modal mineralogical compositions estimated based
on CIPW norms that have revealed that leucitites and
minettes are Ne-normative (2.28-10.03%). In
classical potassic rock classification diagrams of
Foley et al., (1987), ALCVS leucitite, minette and
trachytes plot on the area resembles Roman Province
potassic rocks (Figures 7 a-b).

Leucitite, minette and trachytes display
significant enrichment of Large Ion Lithophile (LIL)
elements and depletion of High Field Strength (HFS)
elements on N-MORB normalized multi-element
diagrams (Figure 8). Negative anomalies of Nb and
Ta are common for each rock groups. For
comparison, one representative calcalkaline andesitic
sample is also plotted on each diagram (Figure 8).
The patterns of ALCVS ultrapotassic rocks on N-
MORB multi-element diagrams (Figure 8a-c) are
typical for subduction related rocks. They are also
similar with the Enriched Mantle (EM) and with the
Oceanic Island Basalts (OIB) in terms of their Ta/Yb
and Th/Yb ratios (Figure 9 a), and compared with arc
volcanics in terms of their Th contents with Ba/Th

30 ‘ —

20 |

CaO

15
AlO,

Figure 7- The display of leucitite, minette and trachyte rocks of ALCVS on the classical classification
diagram of Foley et al. (1987) for ultrapotassic rocks, a) whole rock CaO % vs. Al,O3 % and

b) whole rock CaO% vs. MgO% variation diagrams.
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ratios (Figure 9 b). High Th/Yb (3.6-8), Ta/Yb (0.2-
0.5) and Ba/Th (59.6-156.2) ratios and Th (7.7-17.2
ppm) values observed in all samples (including
andesites), suggest a mantle source area which was
modified by subduction processes. Another evidence
for subduction effect to mantle source comes from
negative Ti anomalies on N-MORB normalized
multi-element diagrams as it strongly indicates the
existence of the Ti-bearing phases such as sphene and
rutile in the mantle source region (Figures 8 a-c) (Sun
and McDonough, 1989). Besides, the patterns on
chondrite normalized multi-element diagrams,
suggest that LRE elements significantly enriched
compared to HREE, and negative Eu anomaly is
negligible (Eu/Eu*=0.83-0.97) (Figures 8 d-f).

7. Differentiation Processes

Trachytes, which are the youngest products of the
ALCVS ultrapotassic magmatism within the Pontide
forearc basin belt in terms of stratigraphical features
and radiochronological data, are also the most
evolved members of this magmatism based on their
Mg# values (30.22-46.93) and various elemental
concentrations (eq. Co: 8.9-9.2 ppm, Ni: 2.9-34
ppm). This is best observed on MgO% vs. major and
trace element variation diagrams. Trachytes scatter
on MgO% vs. SiO,%, K,0%, Al,03%, Yb, Th, La
and Rb diagrams as the most enriched end members,
whereas the most depleted ones on MgO% vs. TiO2,
Ca0%, Fe,03% and Sc, Co diagrams (Figure 10).
This is probably resulted from the fractionation of
various minerals. On the other hand, the studies that
focus on the related Ne-normative and Qt-normative
rocks that were crystallized from single melt, propose
that the evolution of magma composition from silica
under-saturated to saturated, could only be possible
under complicated open system processes (Wilson et
al., 1995; Panter et al., 1997).

Tosya region, within the Pontide forearc basin
belt, is the area where ultrapotassic trachytes crop out
abundantly. Tosya trachytes exhibit the primary
contact relationship with metamorphic basement
rocks. Trachytic dykes and stocks cut the basement
rocks and replace into them differently from Amasya
region. In Tosya trachytes accidental quartz
originated from basement rocks, are abundant and
these samples display quartz-normative composition
(Geng et al., 2013).

After evaluating all of the geochemical data of
Pontide forearc basin belt ultrapotassic rocks
together, it is obvious the ultrapotassic melt

differentiation that generate the three lithologies, was
achieved by crystallization processes. This is also
evident by the MgO% vs. Ta/Zr diagram. The data
points of leucititic, lamprophyric and trachytic rocks
(taken from Geng et al. 2013) seem to scatter along
both of the trend lines resemble FC and AFC
processes. The most evolved samples of Amasya
trachytes represent the end member products due to
the AFC processes whereas leucitites and
lamprophyres present no variation on this diagram
(Figure 11).

On behalf that the stratigraphical relationships
between trachytes with basement rocks and other
nepheline-normative ultrapotassic lithologies, with
their petrographical features and the geochemical
data obtained from Geng et al. (2013), assimilation
accompanied during the crystallization of quartz
normative trachytes. In order to examine this
hypothesis, we modeled adequately AFC processes to
answer the question of the degree of crustal
assimilation. For this aim, we first decided the best
two elements for modeling after checking the
correlation coefficients for various elements of our
data set and then follow the equations of DePaolo
(1981). Therefore the correlation coefficient of these
two elements is -0.92, we prefer Co and La. Co, as an
compatible element prefer to participate in the solid
mineral structure, in contrast La is an incompatible
element tend to remain in melt phase. Besides, the
sample 11-KT-33 is accepted as to represent the
ultrapotassic primitive melt composition. We
calculated the possible change of melt composition
during the crystallization of hypothetical mineral
paragenesis. We also compiled the partition
coefficients (Ky) from GERM database. Among the
hypothetical fractionation trends on Figure 12, the ry
curve suggest the lowest crustal assimilation rate. It
represents the calculated melt composition based on
the cpxy 35 + lcg 55 + phy ;o mineral paragenesis with
D¢, = 3.22 and D;, = 0.020 values. The ratio of the
crustal assimilant to crystallization rate is up to 1%
mostly. The r, melt composition is calculated
according to the cpx( o5 + amgos + phgos + kfy 4+
plgg o5 mineral composition with D, =6.83, D, , =
0.022. The assimilation rate is about 5% in case of r,
curve of melt composition change. In terms of AFC
modeling, it seems that, LCVS ultrapotassic samples
tend to follow r, curve on La vs. Co diagram (Figure
12) as indicating that the trachytes are the possible
products of accompanying assimilation during
crystallization in which the rate of assimilant is 5%.
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Figure 8- N-MORB and Chondrite normalized multi-element diagrams of ALCVS lava samples (explanations were given
within diagrams and text). N-MORB and Chondrite values were taken from Sun and McDonough (1989).
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Figure 9- a) The comparison of leucitite, minette and trachyte samples with different source
areas in Ta/Yb vs. Th/Yb diagram (Pearce et al., 2005); em and oib areas were
taken from Sun and McDonough (1987) (em: enriched source area, oib: oceanic
island basalt, dbz: subduction zone enrichment), b) the comparison of samples
with arc basalts as the products of subduction modified source areas on Th (ppm)
vs. Ba/Th diagram (Hawkesworth et al., 1997).
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Figure 11- The distribution of samples on Ta/Zr vs. MgO diagram with
the expected trend lines fractional crystallization (FC) and
assimilation fractional crystallization (AFC) processes. The
data for ultrapotassic rocks observed in the belt that
continues westward were taken from Geng et al. (2013).
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Figure 12- Co vs. La AFC modelling for ALCVS ultrapotassic rocks.
See the text for explanations (m: primary melt component, a:
pollutant, D: total participation coefficient).

Results

Our main results obtained from this study, are as
follows:

e Late Cretaceous ultrapotassic rocks which are
observed within Pontide forearc basins,
comprise leucitites, minettes and trachytes.
Amasya, as a part of Pontide belt, has a
significance that it is a location where the all
three lithologies coexist.

e Stratigraphical evidences of ALCVS suggest
that the ultrapotassic volcanism and deposition
of the succession were coeval and the trachytes
are the youngest products of this volcanism.

* Radiochronological data is compatible with
observations of local stratigraphy as the
ultrapotassic  volcanism occurred during
Campanian time. It also confirms the trachytes
are the youngest products of this volcanism.

e The ALCVS ultrapotassic rocks display

165



166

Petrology of the Amasya Ultrapotassic Rocks

geochemical similarities with subduction zone
magmatic/volcanic rocks and they associated
with each other in time and space due to their
common origin, despite they are represented by
various lithologies.

e The nepheline normative leucitite and minette
type rocks of the ALCVS is evaluated as coeval
crystallization products of ultrapotassic melts
due to the their field relationships and identical
geochemical features (see MgO vs. major and
trace element variation diagrams). The
differentation between leucitites and minettes,
were not controlled by fractional crystallization
nor accompanying assimilation processes.

e The differentiation of quartz-normative
trachytes which are the youngest products of
Late Cretaceous ultrapotassic magmatism, was
achieved by assimilation of %35 basement rocks
during the crystallization of ultrapotassic melts.
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