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(2017), employing NIST SRM614 and WC-1 calcite as 
primary reference materials. Spot sizes of 110 μm and a 
pulse rate of 5 Hz with an energy density of 2 J cm–2 were 
used, adhering to the methodologies outlined by Guillong 
et al. (2020). U-Pb ages were determined using Tera-
Wasserburg concordia lower intercepts and the IsoplotR 
software package (Vermeesch, 2018). A long-term excess 
variance of 2% relative was added quadratically to the 
uncertainty of individual lower intercept dates, as per 
Guillong et al. (2020). Validation of the results was carried 
out using secondary reference materials ASH-15 (Nuriel et 
al., 2020), JT (Guillong et al., 2020), B6 (Pagel et al., 2018), 
and an additional in-house standard, PDF-9B, as detailed 
in the supporting information. Corrections for calcite 
matrix effects were made using WC-1 with anchoring to 
an initial common-lead value of 0.85, whereas the samples 
and secondary reference materials were not anchored. 
No corrections for disequilibrium were applied. All 
uncertainties are reported at the 95% confidence level. 
All U-Pb raw and WC-1 corrected data are reported in 
Supplementary Table 2 and Tera-Wasserburg plots for 
each individual sample are presented in related section.

4. Results
4.1. Mineralogy and petrography
There are two different types of marble in the İznik region, 
white and grey, which were exploited in ancient times. Grey 
marbles consist of almost 90%–95% medium- to coarse-
grained calcite, and have granoblastic and/or heteroblastic 
textures (Figures 4a, 4b). A small amount of organic matter 
converted into graphite in the rock is noticeable in thin 
sections. Graphite is mostly concentrated along fracture 
and crack planes and its proportion is about 1%–2% in the 
rock. The white marbles are fine to medium grained, and 
the granoblastic and heteroblastic texture is characteristic. 
Although the white marbles are composed mainly of 
calcite, locally hematite-limonite (~2%–3%) staining is 
observed (Figures 4c, 4d). These marbles are also known as 
yellow-spotted marbles, as the hematite-limonite content 
in them gives the rock a yellowish-brown colour in hand 
samples. The maximum grain size of grey marbles varies 
between 0.3–3.1 mm, and the grain size of white marbles 
varies between 0.5–2.5 mm. Although mainly composed 

Figure 4. a–b) Heteroblastic texture and organic matter residues transformed into graphite in the grey marbles 
of the İznik region (a: plain polarized (PPL), b: crossed polarized light (CPL)). c–d) Hematite-limonite minerals 
that give the rock a yellowish colour in marbles with a granoblastic and/or heteroblastic texture (c: PPL, d: CPL). 
Abbreviations: Cal: calcite; Dol: dolomite; Hem: hematite; Gr: graphite; Lm: limonite (Whitney and Evans, 2010).
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of calcite, it has been found in the XRD patterns of gray 
marbles to contain a small amount of dolomite (~1%–2%) 
and quartz (~1%–2%) (Figure 5).
4.2. EPR results
The EPR data allows people to create a database to use in the 
provenance studies for detecting the traces of paramagnetic 
ions such as Manganese (Mn2+), Cobalt (Co2+), and Iron 
(Fe3+) ions (Poretti, 2016). Due to the paramagnetic nature 
of the transient metal ions, a clear resonance signal can 
be recognized and used for the characterization of the 

marble samples (Duliu et al., 2019). Nearly all natural 
carbonates include Mn, via EPR spectroscopy the Mn2+ 
can be observable with other impurities (Poretti, 2016; 
Duliu et al., 2019). Figure 6 shows the EPR spectra of the 
marble samples labelled as Deliktaş, OC-1, OC-6, OC-10, 
and OC-12. 
4.3. Whole-rock geochemistry
Whole-rock major oxide, trace element, and REE data of 
twenty-five samples from İznik grey and white marbles are 
listed in Supplementary Table 1. CaO content is generally 

Table 2. 87Sr/86Sr, δ13C and δ18O isotope values of İznik white and grey marbles.
87Sr/86Sr isotope ratios

Sample ID Sr88(v) Rb85 87Sr/86Sr 2σ

Deliktaş 40.19 ±0.0000491 0.70839 ±0.0000081 İznik grey

OC-1 37.93 ±0.0000061 0.70874 ±0.0000067 İznik grey

OC-6 39.02 ±0.0000052 0.70830 ±0.0000059 İznik grey

OC-10 37.83 ±0.0000218 0.70805 ±0.0000062 İznik white

OC-12 33.87 ±0.0000030 0.70756 ±0.0000058 İznik white

C-O isotope ratios

Sample ID δ13C VPDB 1σ δ18O VPDB 1σ

Deliktaş 2.93 ±0.08 –4.85 ±0.10 İznik grey

OC-12 1.94 ±0.08 –7.53 ±0.10 İznik white

Figure 5. XRD diffraction pattern of İznik 
marbles and the defined mineral paragenesis.
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Figure 6. The EPR spectra of the Deliktaş, OC-1, OC-6, 
OC-10, and OC-12 samples recorded at room temperature.

above 50 wt.% (52.13–55.99 wt.%) in both groups of 
marble (Figure 7). In only two samples of grey marble 
these values ​​were measured as 26.40 and 33.28 wt.%. While 
SiO2 contents are generally in the range of 0.03–0.3 wt.%, it 
is above 1 wt.% (1.310–3.46 wt.%) in only five samples of 
grey marbles. TiO2 values of both groups of marbles were 
below the detection limit. In only two samples of grey 
marble, this value could be measured as 0.01 wt.%. Al2O3 
contents are generally between 0.01–0.37 wt.%. In two 
samples of grey marble, this value was measured above 1 
wt.% (1.42–2.35 wt.%). Fe2O3 contents are generally in the 
range of 0.03–0.08 wt.% for the two groups. A group of 
samples, mostly consisting of grey marbles, has relatively 
higher values, between 0.13% and 0.68 wt.%. Like TiO2, 
MnO, Na2O, K2O, and P2O5 values ​​are mostly below the 
detection limits in both groups of marble. A limited 
number of measurements could be made for both major 
element oxides (0.005–0.12 wt.% MnO; 0.023–0.04 wt.% 
Na2O; 0.01–0.68 wt.% K2O; 0.01–0.253 wt.% P2O5). Trace 
element values for both grey & white marble groups 
(Figure 7) are as follows: Sc 0.02–2.37 ppm & 0.01–4.32 
ppm, V 0.01–40.91 ppm & 0.01–13.30 ppm, Co 0.06–0.58 
ppm & 0.06–3.00 ppm, Ni 0.01–3.74 ppm & 0.17–2.54 
ppm, Cs 0.01–1.57 ppm & 0.01–0.17 ppm, Rb 0.007–26.86 
ppm & 0.004–0.36 ppm, Ba 3.60–287.69 ppm & 0.65–
116.55 ppm, Sr 120.87–917.31 ppm & 86.02–176.613 ppm, 
Y 1.22–4.287 ppm & 3.008–18.90 ppm, Zr 0.07–10.52 ppm 
& 0.02–16.66 ppm and ƩREE 4.74–11.17 ppm & 19.37–
44.20 ppm.

4.4. C-O-Sr isotope geochemistry
The 87Sr/86Sr isotope ratios of grey marble whole-rock 
samples are between 0.70830 (± 0.0000081) and 0.70874 
(±0.0000059) while white marble samples values ​are 
between 0.70756 (±0.000058) and 0.70805 (±0.0000062). 
δ13C and δ18O isotopes were also measured in İznik 
marbles. The δ13C isotopes were determined between 
1.94 (± 0.08) and 2.93 (±0.08) ‰ (VPDB-Vienna Peedee 
Belemnite). The δ18O isotopes also were determined 
between –4.85 (±0.10) and –7.53 (±0.10) ‰ (VPDB). All 
isotope geochemistry results are given in Table 2.
4.5. U-Pb calcite geochronology
U-Pb calcite dating was performed on two samples of 
grey marble (Deliktaş and OC-6 samples) and one sample 
of white marble (sample OC-10) in the İznik region. 
Measurements were made at a total of 43 points on the 
grey marble sample taken from the Deliktaş ancient 
marble quarry. When we plotted 39 of the 43 measured 
points on the Tera-Wasserburg diagram, a lower intercept 
age of 94.84 ± 1.41 Ma (MSWD: 4.9) was obtained from 
Deliktaş grey marble (Figure 8a). Measurements were 
made at a total of 53 points on the grey marble sample 
taken from the OC-6 ancient marble quarry. As a result of 
the measurements, lower intercept age of 88.03 ± 2.13 Ma 
(MSWD: 3.7) was obtained from the OC-6 sample (Figure 
8b). In the white marble sample from the OC-10 ancient 
marble quarry, measurements were taken at a total of 35 
points. Among these measurements, those from 28 points 
yielded a lower intercept age of 93.06 ± 8.55 Ma (MSWD: 
1.6; Figure 8c). 
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5. Discussion
5.1. Description of ancient white and grey marbles 
Many white, white-grey and grey marbles around the 
Mediterranean provinces were exploited during ancient 
times, traded in wide areas, and has been used in many 
historical buildings and artefacts. Determining the 
sources of these marbles, which predominantly contain 
calcite and dolomite, and have similar lithological and 
petrographic features is more problematic than coloured 
marbles. Some of the white marbles commonly used in 
the Mediterranean province are; Proconesos, Docimium, 
Aphrodisias, Göktepe, Hasançavuşlar (Türkiye-Asia 
Minor), Carrara (Italy), Naxos, Paros, Thasos, Pentelicon, 
Hymettus (Greece). While most of the white marbles were 
used as columns, column capitals, covering and paving 
stones, some were used in the production of sculptures 
and other artefacts. Proconnesian marble was one of 
the most famous and widely used marbles of the ancient 
world. The quarries, which cover a very large area on the 
Marmara Island, are mostly located in the northern part 

of the island, proceeding from east to west, in Altıntaş, 
Saraylar Village, Çamlık and Mandıra localities and in 
the Silinte Harmantaş region (Asgari, 1973; Poretti, 2016). 
Another important source of marble in Türkiye is the 
quarries around Afyonkarahisar city. Marble quarries 
were exploited from the quarries near the İscehisar district 
(ancient Dokimeion or Docimium) and are still operated 
today (Yavuz Çelik and Sabah, 2008; Bağcı, 2020). Due to 
these features, they are similar to the white marbles of the 
İznik region. Other important white marble sources are 
Aphrodisian and Göktepe marbles. The city of Aphrodisias 
was close to marble quarries and workshops that produced 
low-cost sculptural and architectural marble elements 
(Monna and Pensabene, 1977).  Both white and dark grey-
black marbles are found in the Göktepe quarries. Göktepe 
white marble is a fine-grained white marble. It is located 
in Muğla Province, approximately 40 km southwest 
of Aphrodisias, and contains traces of ancient mining 
activities (incomplete works, inscriptions, buildings, ...) 
(Yavuz et al. (2009; Attanasio et al., 2015a; Brilli et al., 

Figure 7. Box and whiskers plot for major oxides and trace elements of İznik marbles.
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Figure 8. Tera-Wasserburg diagrams for the İznik marbles: a) 
Deliktaş grey marble, b) OC-6 grey marble, c) OC-10 white marble.

2018; Al-Bashaireh, 2021). Göktepe white marble is very 
similar to Carrara marbles in Italy in terms of crystal size 
and colour, and is a marble composed almost entirely of 
calcite minerals (Brilli et al., 2018; Wielgosz-Rondolino 
et al., 2020). Another marble that is not as white as the 
Göktepe white marbles but attracts attention with its grey 
spotted structure comes from the Hasançavuşlar (Muğla 
province) region. This marble, called Greco scritto, was 
produced from the quarries in and around Hasançavuşlar 
village near the ancient city of Ephesus (Attanasio et al., 
2012).

One of the important white marbles is Carrara marble. 
Due to its white colour and high quality, it was used 
especially in sculpture from the 5th century BC onwards; 
later, in the middle of the 1st century BC, it was exploited 
by the Romans for use in sculpture and architectural 
elements, and reached the peak of its production, 
replacing the Greek marbles used in Rome during the 
reign of Trajan (Dolci and Nistri, 1980; Herz and Dean, 
1986; Dolci, 1988; Attanasio et al., 2006; Al-Bashaireh, 
2021). Many of the white marbles found within the 

borders of Greece today were used extensively throughout 
ancient times. Naxos marble is one of the oldest used of 
these marbles. Parian (Paros) marble is the most famous 
crystal white marble of classical times. It is extracted 
from different parts of Paros island. Snow-white pure 
dolomitic marbles of the Thassos region were one of the 
most important marble sources in ancient times. Bruno et 
al. (2002) divided Thasos marbles into two main groups: 
calcitic and dolomitic marbles. Poretti (2016) pointed out 
that both marble groups, in his studies on calcitic and 
dolomitic marbles, have heteroblastic and mosaic texture, 
and generally exhibit an isotropic structure characterized 
by a lineated and stressed microstructure. He also implied 
that the maximum grain size of calcitic marbles is 5 mm, 
while the grain size of dolomitic marbles varies between 
0.9 mm and 1.5 mm. Since classical antiquity, the quarries 
at Mount Hymettus and Mount Pentelicon have been 
the primary source of Greece’s white marble (Pike, 2009; 
Poretti, 2016). Poretti (2016) suggested that calcite crystals 
show saturated to embayed shapes, and that the polygonal 
texture representing equilibrium conditions has almost 
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completely disappeared and the calcite mineral boundaries 
are very irregular. Hymetian marbles (quarries are located 
on Mount Hymettus, southeast of Athens) are bluish-grey, 
grey in colour, fine-grained and emit a sulphur odour 
when ground (Goette et al., 1999; Attanasio et al., 2006). 
The sulphur odour easily distinguishes these marbles from 
many other similar marble groups. Although İznik white 
marbles are similar to many white marbles used in ancient 
times in terms of mineralogical and textural properties, 
they are more similar to Docimium (Afyon honey) marble, 
one of the ancient marble groups mentioned above. Both 
marbles have a yellowish colour due to the hematite/
limonite minerals, and have yellow spots and/or veins. 
With these features, they differ from other white marbles. 

In ancient times, the use of grey marble was more limited 
than white marble. Although Proconessos-like white-grey 
banded marbles are common, the use of homogeneous 
grey marble is relatively less. The most famous grey marble 
of the ancient period is the marble known as “Bigio antico”. 
According to Borghini (1997), the term “Bigio antico” is 
defined for medium- to coarse-grained grey marbles with 
different colour tones from light grey to almost black 
and mostly with mottled effects and fossil fragments. 
However, this definition also fits many varieties of bigio; 
Among these, “bigio antico”, quarried near Moria on 
Lesbos Island, is thought to be the most important grey 
coloured marble used in ancient times, according to its 
macroscopic and archaeometric characteristics (Leka and 
Zachos 2015). This important marble on the island of 
Lesbos is a grey coloured fossiliferous limestone known 
as “Marmor Lesbium”, “Bigio antico”, “Marmor Batthium”, 
“Battio” and Bigio lumachellato scuro”. The term “Marmor 
Lesbium” appears quite frequently in archaeological 
literature. It generally includes Megalodon fossils (6 to 
12 cm in diameter) and other microfossils (Crinoidea 
and Biomikrite, Bivalves and Corals) (Leka and Zachos, 
2015). In their study, Attanasio et al. (2015b) investigated 
the problem of the origin of grey marble, and found that 
the grey marble used in most sculptures and architectural 
elements comes from Lesbos, Rhodos, Jebel Aziz, Jebel 
Oust, Göktepe, Mountanistika, Teos, Belevi and İznik. 
Yavuz et al. (2009) stated that most of the grey marble 
produced as a result of their work in the ancient buildings 
and ancient marble quarries around İznik may have been 
used in the region, but a significant amount of marble 
must have been exported.

As conclusion, it is difficult to say the origins of all these 
marbles without detailed archaeometric studies. Therefore, 
such studies have been carried out for the grey marbles of 
the İznik region, which are the main subject of this study, 
and a series of suggestions that may help distinguish them 
from other grey-coloured marbles are presented below.
5.2. Characterization for provenance analysis 
There are many large and small ancient marble quarries 
in the İznik region. Both white and grey marbles were 
extracted from these marble quarries in ancient times 

(Yavuz et al., 2009). The largest marble quarries were 
generally set up for grey marble. The quarries developed 
from white marble were limited to smaller sizes compared 
to grey marble, as the marble is very fractured and cracked. 
There have been attempts to reoperate some ancient marble 
quarries today, but most of the quarries were abandoned 
after small excavations. Yavuz et al. (2009) announced the 
İznik region as a new Bigio antico marble area with their 
study. They described the quarries in the region in detail 
for the first time, considering that the solid grey marbles 
that formed the main structure of İznik’s Roman Theater 
(ancient Nicea) might have been brought from a nearby 
area and in the light of the local information’s. Maximum 
grain size measurements (MGS) values ​​of İznik grey and 
white marbles are very close to each other. According to 
the maximum grain size measurements made on thin 
sections, grey marbles have maximum grain sizes between 
0.3–3.1 mm, and white marbles have maximum grain sizes 
between 0.5–2.5 mm. When these values ​​are compared 
with the MGS values ​​of the marbles analysed by Antonelli 
and Lazzarini (2015), it is seen that they are similar to other 
ancient marbles around the Mediterranean (Figure 9), 
except for the coarse-grained Naxos marbles. But, it seems 
quite difficult to distinguish both grey and white marbles 
from other marbles using grain size values. According to 
Yavuz et al. (2009), İznik grey marble is a granoblastic 
textured, coarse-grained marble in colours ranging from 
grey to dark grey, heavily sprinkled with whitish spots 
and veins. They claimed that although it is texturally very 
similar to the Bigio Antico (Lesbos marble), which was 
widely used in ancient times, the most obvious difference 
is that there are no fossils in this marble. Although this 
feature distinguishes İznik grey marble only from Lesbos 
marbles, it is not valid for other bigio types.

EPR spectra of all five samples show six hyperfine 
structure lines that are characteristic of Mn2+. Since Mn 
has an atomic number of 25, Mn2+ has an electronic 
configuration that ends up with 3d5 (Bulka et al., 1991; 
Weihe et al., 2009; Duliu et al., 2019). The five unpaired 
electrons of Mn2+ at its last orbital lead to a nuclear spin 
number of I = 5/2 and an electronic spin number of S = 
5/2 (Bulka et al., 1991; Weihe et al., 2009; Duliu et al., 
2019). When an external magnetic field is applied, six 
hyperfine transitions, which are 5/2 ↔ 3/2, 3/2 ↔ 1/2, 1/2 
↔ −1/2, −1/2 ↔ −3/2, and −3/2 ↔ −5/2 will occur due 
to the Zeeman effect (Wildeman, 1970; Bulka et al., 1991; 
Weihe et al., 2009; Duliu et al., 2019). The EPR spectra of 
all these marbles present dominant as well as sharp Mn2+ 
peaks and it can be concluded that the concentration of 
the Mn2+ is lower than 1% (Fujiwara, 1964). This situation 
is also compatible with geochemical analyses. Mn contents 
in both grey marbles and white marbles are <1 wt.%. The 
EPR spectra of all these marbles present dominant as well 
as sharp Mn2+ peaks. Although the XRD results indicate 
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that the grey marbles, which are Deliktaş, OC-1, and OC-
6, have a small amount of dolomites and quartz, there is no 
clear signal showing the existence of dolomites as given in 
other works (Weihe et al., 2009; Covaci and Duliu, 2013).

Geochemical analyses and isotope geochemistry data 
also make an important contribution to determining the 
source areas of marbles. However, today there is no marble 
geochemistry analysis database that will allow comparison 
of all marble types. Using the limited geochemistry data in 
the literature, we made a comparison between the Fe, Mg, 
Mn, and Sr values ​​of İznik, Göktepe, and Carrara marbles 
(Figure 10). Although the Fe contents of İznik grey and 
white marbles are in similar ranges to Carrara marbles, the 
Fe contents of Göktepe marbles, which consist of very pure 

calcite crystals, are quite low. While Mg and Mn contents 
are in a wide range in İznik grey marbles, they are in a 
narrower range in white marbles. However, in Göktepe 
marbles, both Mg and Mn are in an almost very narrow 
range. The relatively more abundant Mn and Mg content 
in Carrara marbles is noteworthy. İznik grey marbles have 
the highest Sr content compared to the other four marbles 
(İznik white, Carrara and Göktepe 2&3–4). İznik white 
and Carrara marbles have low Sr values. Göktepe marbles 
are represented by an Sr value, which is the average of two 
marble groups. 

REE+Y spider plots (Figures 11a, 11b) normalized to 
chondrite and Post-Archaean Australian Shale (PAAS: 
Taylor and McLennan 1985). provide important clues in 

Figure 9. Comparison of MGS values ​​recommended by Antonelli and Lazzarini (2015) for 
İznik marbles (this study) with Mediterranean marbles (values taken from Poretti, 2016).

Figure 10. Box and whisker diagrams showing the comparison of Fe, Mg, Mn and Sr contents of İznik marbles 
with Göktepe and Carrara marbles (Göktepe and Carrara data are from Wielgosz-Rondolino et al., 2020).
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distinguishing between limestones deposited in different 
geological environments. REE+Y patterns are a widely 
used technique to understand the environments in which 
carbonate rocks were deposited. Because the REE+Y 
counter pattern of modern seawater is similar to the pattern 
of carbonates. In the PAAS-normalized REE+Y diagram, 
it is seen that both grey and white marbles present a 
similar pattern to the modern sea and are located between 
modern sea water and North American Shale Composite 
(NASC) values (Gromet et al., 1984). Moreover, it is seen 
that the REE+Y contents of grey marbles are almost ten 
times richer than white marbles. In these diagrams, HREE 
enrichment and positive La and negative Ce anomalies 
are clearly observed. This type of REE pattern typically 
resembles the seawater REE pattern (e.g., De Baar et al., 
1991; Bau and Dulski, 1996). This suggests that scavenging 
from seawater is a dominant mechanism in the recovery of 
limestone REE from open ocean environments (Zhang et 
al., 2017). According to Shields and Webb (2004), a small 
fraction of these have slight MREE enrichment, which 
can be attributed to the preferential adsorption of LREEs 
and HREEs to Mn- and Fe-oxyhydroxides. However, a 
distinct Y positive anomaly is observed, which is a result 
of the clastic material coming into the environment. It is 
also clear that REE+Y values ​​are compatible with Indian 
floor, Pacific floor and Walvis ridge (Atlantic). The Rb - 
Sr -Ba triangular diagram (Figure 12) is a useful tool to 
distinguish inland freshwater limestones, continental 
margin limestones, and open ocean limestones (Zhang et 
al., 2017). In this diagram, it can be seen that İznik marbles 
are mostly traced to the open ocean environment, and 
very few examples are located in the inner environment 
and marginal areas.

The Sr isotope values ​​of İznik marbles are between 
0.70830 (±0.0000081) and 0.70874 (±0.0000059), and 
the values ​​of white marble samples are between 0.70756 
(±0.000058) and 0.70805 (±0.0000062). A comparison of 
the Sr isotope values ​​of İznik marbles (Figure 13) with 
other marbles known in the Mediterranean region (Barbin 
et al., 1992; Brilli et al., 2005; Wielgosz-Rondolino et al., 
2020) shows that grey marbles have a higher 87Sr/86Sr 
isotope ratio than all other marbles. On the other hand, 
white marbles have 87Sr/86Sr values in similar ranges as 
Carrara, Thasos, Naxos, Aphrodisias, and Proconessos 
marbles. This difference between the white and grey 
marbles of the İznik region is probably due to the detrital 
materials in the grey marbles.

The δ13C and the δ18O isotope values ​​of İznik marbles 
are 1.94 (±0.08) –2.93 (± 0.08), and – –4.85 (±0.10)– –7.53 
(±0.10) ‰ (VPDB), respectively. These values ​​are close to 
the typical values ​​of marine limestones. When we compare 
the C-O isotope values ​​of İznik marbles with other well-
known marble types from the Mediterranean region, 
we see that there is no significant difference (Figure 14). 
When İznik marbles are compared to other carbonate 
marbles, both Sr and C-O isotopes do not present a very 
clear distinction. In this study, U-Pb calcite ages were 
obtained from İznik marbles for the first time. U-Pb 
calcite ages of 94.84 ± 1.41 Ma (MSWD: 4.9) and 88.03 ± 
2.13 Ma (MSWD: 3.7) were obtained from grey marbles, 
and 93.06 ± 8.55 Ma (MSWD: 1.6) from white marbles. 
These ages represent the crystallization ages of calcite 
minerals and probably correspond to the metamorphism 
that formed marbles. These ages are between 94.84 ± 1.41 
Ma and 88.03 ± 2.13 Ma, and correspond to the Upper 
Cretaceous (Cenomanian-Coniacian) period. Özer (2018) 

Figure 11. a) REE+Y concentrations of İznik marbles normalized to chondrite (Sun and McDonough, 1989). b) REE+Y 
diagrams for İznik marbles normalized to PAAS (Taylor and McLennan,1985). Other data sources: Pacific Ocean floor–Liu 
et al., 1988; Indian Ocean floor–Liu and Schmitt, 1990; Walvis Ridge–Liu and Schmitt, 1984; Meso-Tethyan ocean plateau- 
Zhang et al., 2017; Modern Sea water- Zhang and Nozaki,1996; NASC- Gromet et al., 1984.
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Figure 12. Rb–Sr–Ba triangular diagram of limestones deposited 
in various depositional environments (Zhang et al., 2017).

detected recrystallized limestones containing rudist fossils 
alternating three or four times in the upper parts of the 
900 m thick dolomitic and recrystallized limestones that 
unconformably overlie the Late Triassic metasediments in 
Aluç Plateau (Elmalı village), northeast of İznik. He said 
that the rudists were in their original living position and 
formed a biostrome with a thickness of 3–5 m. Moreover, 
in the Rudist fauna, auvagesia sharpei, Sauvagesia sp., 
Bournonia africana, Durania arnaudi, Radiolites aff. 
trigeri, Radiolites sp. ve Hippurites aff. nabresinensis species 

indicating the middle-late Turonian, and emphasized that 
these levels contained very poorly preserved foraminifera. 
The fact that both fossil and U-Pb calcite ages indicate 
the same period will allow a clearer understanding of the 
formation ages of marbles, which are thought to be older.

6. Conclusion
In the ancient buildings of İznik, marble extracted from the 
surrounding marble quarries was used in the construction 
of the walls and gates. In the east of İznik, around the 

Figure 13. 87Sr/86Sr isotope diagrams for İznik grey and white marbles (this 
study), and other well-known marbles from the Mediterranean region (Brilli et 
al., 2005; Barbin et al., 1992; Wielgosz-Rondolino et al., 2020).
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Figure 14. Stable C and O isotope diagrams for İznik marbles and comparison 
with well-known marbles of the Mediterranean region (after Antonelli and 
Lazzarini, 2015; modified by Al-Bashaireh, 2021).

Ömerli and İnikli villages, and the Deliktas and Saritas 
hills, approximately twenty marble quarries have been 
identified where grey and white marbles were produced.

The main mineral is calcite for both marble groups. 
White marbles also contain hematite-limonite staining 
locally while grey marbles have a small amount of dolomite 
and quartz according to XRD patterns. Both groups have 
granoblastic and heteroblastic textures. Maximum grain 
size values (MGS) of İznik white and grey marbles are very 
close to each other (between 0.5–2.5 mm and 0.3–3.1 mm 
respectively). 

CaO content is generally above 50 wt.% (52.13–55–99 
wt.%) in both groups of marble, while SiO2 contents are 
generally in the range of 0.03–0.3 wt.%. The Fe contents of 
İznik grey and white marbles in the range of 0.02–0.47 wt.%. 
While Mg and Mn contents are in a wide range in İznik 
grey marbles (0.02–13.72; 0.01–0.09 ppm respectively), 
they are in a narrower range in white marbles (0.01–0.45; 
0.01–0.09 ppm respectively). The EPR spectra of all these 
marbles present dominant as well as sharp Mn2+ peaks. 

REE pattern of the two group of İznik marbles 
suggests that scavenging from seawater is a dominant 
mechanism in the recovery of limestone from open ocean 
environments. The other geochemical characteristics of 

the marbles of İznik are also mostly indicated to the open 
ocean environment.

While grey marbles have high 87Sr/86Sr isotope ratios 
between 0.70830 and 0.70874, white marbles have 87Sr/86Sr 
isotope ratios between 0.70756 ± 0.70805.

The δ13C isotopes were determined between 1.94 
and 2.93, while the δ18O isotopes also were determined 
between –4.85 and –7.53.

U-Pb calcite ages of 94.84 ± 1.41 Ma (MSWD: 4.9) and 
88.03 ± 2.13 Ma (MSWD: 3.7) were obtained from grey 
marbles, and 93.06 ± 8.55 Ma (MSWD: 1.6) from white 
marbles. These ages correspond to the Upper Cretaceous 
(Cenomanian-Coniacian) period.

All geochemical, petrographic, and geochronological 
data obtained during this study aimed to correlate the 
data which is collected from different marbles from 
Mediterranean provinces (both cities and quarries). 
However, it still needs to be conducted, especially on 
geochemistry from different localities, to compare the 
present data.
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