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ABSTRACT

In this study, the geological, petrographical properties of rhyolitic tuffs exposed around Can-Etili in the Biga Peninsula
(NW Turkey) which are pyroclastic products of Late Oligocene-Early Miocene aged Can Volcanism were investigated,
also physical and mechanical characteristics of tuffs introduced and tried to determine the impact on engineering prop-
erties of petrographical features. In the region, rhyolitic tuffs called locally “Can stone” have been used as covering and
building stones for many years. These tuffs generally have light yellowish, beige, brown colored and different patterns
with light yellowish, cream, reddish and brown colors caused by iron oxidation of hydrothermal alteration. They are
preferred as coatings and decorative stone with these patterns. Can stone which consisted of rhyolitic composition, lithic
and locally crystalline tuffs has compact structure. The mineral assemblage of tuffs is mainly composed of quartz, pla-
gioclase, rarely biotite, amphibole (hornblende) phenocrystals and opaque mineral with particles of volcanic glass and
lithic fragments. Not only petrographical and geochemical analyses were carried out but also standard rock mechanic
tests (unit weight, specific gravity, porosity, water absorption and uniaxial compressive strength) on rhyolitic tuffs sam-
ples collected from four different quarries (Hoppa Hill, Halilaga, Uzunalan, Dereoba). Simple regression analysis of test
results obtained from four different regions and correlations were found good correlation between engineering proper-
ties and the petrographical and chemical properties of rhyolitic tuffs.

Keywords: Canakkale; Can Stone; Tuff; Building Stone; Covering Stone

1. Introduction rocks are defined by alkaline magmatism series which
are abundant of basalt [3,5,13,14]. It has been suggested
the source of the mantle has significantly changed at this
stage as the asthenospheric mantle has reached into shal-
low crustal levels [13,15,16].

Study area is located in Northwestern Anatolia, Biga
Peninsula, Can district, in the south of Etili town (Figure
1). Tuffs forming the subject of study are observed as
pyroclastic products of the volcanic activity known as
Can volcanism [5] occurred in Oligocene to Middle
Miocene that early stage volcanism of Biga Peninsula.
This study has been conducted for the purpose of exam-
ining petrographical features, as well as geological fea-
tures, of tuffs processed as Can stone and investigating

Biga Peninsula of northwestern Turkey is associated with
widespread magmatism which developed in different
stage and different characters from Late Eocene to Plio-
cene. Many researchers including [1-9] separated into
two stages which magmatic activity in the region and
their chemical characteristics. The early stage of mag-
matic activity in this region is defined by post-collision
series of rocks due to the collision between Sakarya mi-
cro continent and Anatolides. The geochemical charac-
teristics of these rocks are defined by high-K calc-alka-
line magmatism series which are abundant of basalt, an-
desite and trachyandesite, latite, dacite, rhylolite and they
involve rocks with their pyroclastic associations [3,5,10].

Following to this magmatic activity the subsequent
stages of magmatic rocks are associated with extensional
tectonic regime, because the large scale plate deforma-
tion is dominated by extension at the Middle-Late Mio-
cene [6,11,12]. The geochemical characteristics of these

Copyright © 2012 SciRes.

and introducing them as building stone or coating stones.
For this purpose, geological situations and petrographical
features of the tuffs have been addressed and specimens
from tuffs which had never been studied before have
been subjected to mechanical and physical rock me-
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chanic experiments, as a result of which their character-
istics as building stone or coating stones were over-
viewed. Rhyolitic tuffs of Can volcanism in this study is
also the first time in its effects on engineering properties
of petrographic characteristics were investigated.

2. Material and Method

A geological map and stratigraphical section of the re-
gion was produced so that the diffusion and stratigraphi-
cal relationship between the rhyolitic tuffs located the
south of Can-Etili could be explored (Figure 1). Thin
sections were produced from specimens collected during
field research. The sections were then examined in detail
under a polarizing microscope and their petrographical
features were identified. In addition, specimens of 20 x
20 x 20 cm dimensions were taken from the quarries in 4
different areas (namely Hoppa Hill (1), Halilaga(2),
Uzunalan(3), Dereoba(4)—Figure 1) where Can stone
(rhyolitic tuffs) were processed and subjected to standard
rock mechanic experiments such as uniaxial compressive
strength, unit weight, specific gravity, porosity and water
absorption. Each experiment was conducted on at least
three specimens and average of the obtained values was
obtained. These experiments were conducted by prepar-
ing specimens of NX diameter core according to [17] in
Middle East Technical University (METU) Department
of Mining Engineering, Laboratory of Rock Mechanics.
In order to determine the composition of the tuffs in the
region in chemical terms, 9 samples taken from fresh
specimens were sent to ALS Chemex (Canada) labora-
tory for major element analysis which was analyzed with
ICP-AES.

3. Geological Features

The product of the magmatism where Can stone (rhyoli-
tic tuff) is widespread in the study area consists of
granodioritic rocks and volcanic and volcanoclastic rocks
of various compositions (Figure 1). Bedrocks of the
study area constitute the Evciler Pluton which consists of
Late Oligocene-Miocene [18] granite, granodiorite and
quartz diorite. Main minerals included in the composition
of the rocks that constitute this pluton are plagioclase,
quartz, orthoclase, amphibole (hornblende) and biotite,
whose patterns is one of holocrystalline, hypodiomorphic
consisting of mediocre-large crystals. Granodioritic rocks
found in this area are derivatives of calc-alkaline magma
and are in harmony in terms of chemical composition
with the volcanic rocks widely observed in the area.
Volcanic rocks which cropped in the wide areas of the
region are distinguished lava, agglomerates and tuffs in
terms of lithostratigraphic. In addition, silica formation
caused by hydrothermal solution in lava, agglomerate
and tuff volcanic community is also common. Lavas are

Copyright © 2012 SciRes.

mostly in grey, greenish, reddish brown colors consist of
andesitic, trachyandesitic and dacitic, generally massive
and have joint and crack systems which are divided into
thin layers here and there.

Main minerals of the widely-observed andesitic-com-
position lavas are plagioclase, biotite, hornblende and
opaque minerals. Agglomerates are purplish burgundy
colored volcanic products in the study area which consist
of andesitic-dacitic composition rock particles. They can
be easily identified in the field due to their color.

In addition, Kiiciikkuyu formation which consists of
Early-Middle Miocene lake sediments [19] intruded with
these volcanics and pyroclastics. Can Formation which
presents clay stone, sandstone, coal, organic shale, ag-
glomerate and tuff stratigraphy [20] is in contradiction
with the volcanic rock community which is widely ob-
served in the region (Figure 1).

Tuffs which are the subject of this study have rhyolitic
composition consist of the pyroclastic products in the
study area and are widely found in the field. In this study
they are separated from other volcanic units as lithologi-
cal for the first time and their petrographical features are
defined.

4. Petrogr aphic and Geochemical Features
of Tuffs

Rhyolitic tuffs which are found in the study area are easily
identified among other volcanic rocks with their light yel-
lowish, cream colors. Most important feature of these tuffs
is the patterns created by iron oxides (hematization and
limonite) which are developed by alteration (Figures 2(a)
and (b)). They are easily identifiable in the area with this
feature as well. In some Can stone quarries, tuffs are ob-
served massively; in some others, they are seen as sepa-
rated and with multiple cracks towards their upper sec-

Figure 2. (a), (b) Patterns of iron oxide on tuffs; (c) Massive
Can stone quarry; (d) Decompose and joint systems of tuffs.

0JG



28 O. TURKDONMEZ ET AL.

tion (Figures 2(c) and (d)). Tuffs display a compact
structure with aphanitic texture in hand samples.
Petrographical examinations which were prepared thin
sections were determined the textures and mineral com-
positions of samples. Samples for a description of each
region are presented in Table 1. This can be seen from
the table; Rhyolitic tuffs have similar petrographical pro-
perties. Their main minerals consist of quartz crystals,
feldspar crystals, rarely biotite minerals, amphibole (horn-
blende) crystals and lithic fragments (Figures 3(a) and

(b)), whose matrix is made of volcanic glass which is
devitrified in some sections. Volcanic glass displays flow-
ing texture in some areas, though not clear (Figures 3(c)
and (d)). Some quartz crystals are formed during the
formation of the rock, whereas some other are found as
having replaced other minerals due to hydrothermal al-
teration. In almost all sections it is possible to find iron
oxides developed as a result of alteration (Figure 3(€)).
Examples show hypocrystalline, vitrophyric and/or ve-
sicular texture (Figure 3(f)).

Table 1. Petrographical characteristics of Can stone.

Sample Composition*  Texture Description
. . Anhedral quartz micro-crystals, lithic fragments composed of cryptocrystalline quartz, less pla-
HT Rhyolite Hypocrystalline, gioclase, biotite and altered hornblende, widespread argillization and iron alteration.
Anhedral quartz micro-crystals are the main component. Lithic fragments composed of crypto-
HA Rhyolite Hypocrystalline, crystalline quartz. Glassy matrix was devitrified in some samples and commonly silicified. Clay
and iron alteration is observed.
. Hypocrystalline, Anhedral quartz micro-crystals, lithic fragments composed of cryptocrystalline quartz, consider-
UA Rhyolite . .
vesicular able space is observed.
DO Rhyolite Hypocrystalline, Anhedral quartz micro-crystals, lithic fragments composed of cryptocrystalline quartz, plagioclase

and hornblende minerals can be defined, glassy matrix highly argillized and silicified.

*[21] (Figure 4).

Figure 3. (a) Quartz and lithic fragments (xp); (b) Amphibole (hornblende) crystal (ppl); (c), (d) View of flowing texture on
volcanic glass (ppl-xp); (€) Iron oxidation on tuffs; (f) Vesicular tuff (xp, cross-polarized light; ppl, plane-polarized light; Q,

quartz; Lf, lithic fragment; Hb, hornblende; Vg, volcanic glass).

Copyright © 2012 SciRes.
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Major element analysis has been conducted in 9 sam-
ples of tuffs. Data belonging to these tuffs are presented
in Table 2. Major element diagram are formed in order
to be able to determine the composition of tuffs taking
their petrographical features into consideration. In total
alkali-silica diagram ((Na,0-K,0)-Si0,) in Figure 4, it
is seen that all samples are located in rhyolitic area.

5. Mechanical and Physical Features of Tuffs

Can stone in the region are generally used as outside
covering stone, decorative stone and fireplace stone
(Figures 5(a)-(c)) for many years. Determination of the
mechanical and physical features of these tuffs which are
used as building stone, coating stones and decorative
stones bear huge importance in the selection of usage
area. In this paper, Can stone tuffs found in Hoppa
Hill-HT (1), Halilaga-HA (2), Uzunalan-UA (3) and
Dereoba-DO (4), where quays are found in the study area.
Various laboratory tests were carried out on the core
specimens prepared from block samples to determine
physical and mechanical properties of Can stone. These
tests comprised the determination of unit weight (UW),
specific gravity, porosity (P), water absorption (WA),
uniaxial compressive strength (UCS) and were carried
out on at least three samples. Their average values are
presented in Table 3 as compared with similar tuff and

ignimbrite samples in use in some parts of Turkey.

Besides, one important factor in economic evaluation
of Can stone is the patterns created by iron oxide traces
(Figure 5(d)). [22] suggest to the formation mechanisms
of these patterns that aggregations of secondary pyrite
minerals were altered into iron oxide (hematite, limonite)
due to the volcanic gases which circulated within the
fault and fracture systems.

Correlation between UCS and WA, P, UW are shown
in Figures 6-8. Figure 9 indicate the relationship be-
tween P and WA. Besides, interrelationships between petro-
graphical characteristics and engineering properties of
tuffs are plotted to make a correlation. Figures 10, 11
provide the relationship between UCS and SiO, and K,O.

Looking at these graphs, the amount of SiO, which
mostly showing the presence of quartz minerals in tuffs
is increasing in direct to the UCS due to a very high
strength proportion. If the graph between the UCS and
K,0, UCS decreases with increasing K,O ratio. The rea-
son for this is thought that feldspar minerals in tuffs eas-
ily altered by clay minerals. Therefore, the value of the
UCS can be said that decrease in rock that increase of
clay minerals. In addition to, Can stones not dispersed by
the firing experiments at temperatures about 1175°C and
7.48% 1is observed a contraction [22]. These tuffs are
used in fireplaces show the fire and heat strength of their.

Table2. Major element (weight%) analyses of the Can stone.

Sample No. CT1 (HA) CT2 (HT) CT3 (UA) CT4 (UA) CT5 (DO) CT6 (HT) CT7 (HA) CT9 (DO) CT10 (HT)
Si0, 74.7 74 70.5 74.3 73.9 78.1 76.34 76.35 79.01
ALO; 13.7 13.85 14.25 13.85 15 14.45 12.86 14.51 13.86
*Fe,03 0.78 0.42 2.28 0.74 1.37 1.76 1.06 1.45 0.73
CaO 0.73 0.04 0.62 0.1 0.07 0.04 0.16 0.04 0.02
MgO 0.02 0.22 0.2 0.01 0.03 0.02 0.01 <0.01 <0.01
Na,O 1.45 0.31 3.53 0.89 0.76 0.07 0.96 0.14 0.03
K,O 6.41 4.99 6.33 7.76 3.98 0.49 4.87 1.59 0.09
TiO, 0.22 0.3 0.24 0.22 0.27 0.25 0.23 0.25 0.24
MnO 0.01 <0.01 0.18 <0.01 0.01 <0.01 <0.01 <0.01 <0.01
P,0s 0.01 0.02 0.03 0.02 0.01 0.07 0.028 0.028 0.048
SrO 0.01 0.01 0.01 0.01 <0.01 0.01 - - -
BaO 0.03 0.13 0.08 0.02 0.02 0.05 - - -
LOI 247 391 0.59 2.13 441 5.42 3.4 5.5 59
Total 100.5 98.2 98.9 100 99.8 100.5 99.89 99.91 99.93
Note: *Fe,Os is the total iron as Fe;Os. LOI is loss on ignition.
Copyright © 2012 SciRes. 0JG
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Figure 4. Total alkali (Na,O + K,0) versus SiO, (wt%) [21]
plotted of the Can stone (R; Rhyoalite).

6. Discussion and Conclusions

Detailed geological studies conducted in the area and
tuffs found in a vast area in the south of Can-Etili con-
stitute the pyroclastic last products of volcanism devel-
oped in the area. They are stratigraphically located on
lava and agglomerate which are other members of vol-
canism. Petrographical properties of Can stone show that
consist of well-merged rock particles in a glassy matrix
which is partially devitrified and quartz, plagioclase, bio-
tite and amphibole (hornblende) minerals. They have
rhyolitic composition.

The maximum value per unit weight as a result of ex-
periments Can stone samples were obtained Hoppa Hill
(Table 3). This is because both the rock forming miner-
als (opaque minerals, especially) and the presence of
lithic fragments is thought to be the impact on unit
weights. However, the porosity and opaque minerals in
samples of Uzunalan reduces the value of unit weight

Figure 5. (a) Usage of Can stone as outside covering stone; (b) Decor ative stone; (c) Fireplace stone; (d) The patterns created

by iron oxidetraces.

Copyright © 2012 SciRes.
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When the porosity and relevant water absorption situa-
tion of the specimens are examined, it can be seen that
this situation is in direct proportion with Hoppa Hill and

31

Uzunalan specimens. Uzunalan samples with highest
porosity have water absorption rate by weight is highest,
while Hoppa Hill samples with the lowest porosity val-
ues represent a water absorption rate is lowest (Table 3).

Table 3. Average values of Can Stonewith similar stone examplesin Turkey.

Sample location Unit weight (UW) Specific Porosity Water absorption Uniaxial Compressive Strength
P (gr/cm’) gravity (P) (%) (WA) (%) UCS) (kgf/em?)
HT (1) 2.14 248 13.72 6.41 277.54
Can HA (2) 1.99 253 21.27 10.68 241.8
Stone UA (3) 1.17 2.05 42.8 36.38 205.11
DO (4) 1.94 2.47 21.26 10.95 244.16
*
g;ﬁﬁﬁ?e}gl tis) 1.89 2.60 27.31 20.0 108.08
Nevsehir Stone**
(Ignimbrit.Nevsehir) 1.60 - 25.75 26.20 100.87
e ks
Cream rhyolitic tuff* 2.40 - 2421 18.63 180

(Nevsehir-Mustafa Pasa)

*[23]; *[24]; #*¥[25].
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Figure 11. The graphs between Uniaxial compressive
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Correlations between physical and mechanical proper-
ties of Can stone were examined using simple regression
analysis. The testing results have been show that there
were found good correlations between UCS-WA, UCS-P,
UCS-UW, P-WA. As can be seen from the Figure 6-9,
UCS decreases with increasing WA (Figure 6), P (Fig-
ure 7) whereas increasing UCS increases UW (Figure 8)
and WA increases with increasing P (Figure 9). As acon
sequence of these comparisons, UCS was found to follow
a decreasing polynomial relation with WA and P, and an
increasing polynomial relation with UW. Also WA has
an increasing polynomial relation with P (Figur e 10).

When petrographical and chemical features and engi-
neering features of Can stone are compared, some inter-
action has been identified. The amount of rock fragments
which filled between particles and matrix, the vacancy
rate and excess of glass particles increases the compres-
sive strength. Correlations between mechanical and geo-
chemical properties have been shown that there were
found good correlations between UCS-SiO, and UCS-
K,O (Figures 10, 11).

Copyright © 2012 SciRes.

Can stone which can be easily cut and processed, also
features color and engineering play an important role in
use of their as covering stone and decorative stone.
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