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ABSTRACT

The tuffs have been used as a building material for hundreds of years. The physical and mechanical properties of tuffs are affected
by the amount of pore and its geometry. The pore characteristics of the building natural stone of Seydiler and Ayazini
(Afyonkarahisar-Turkey) tuffs were investigated in this article. For determination of the mineralogical and petrographical
properties of the tuff; a polarizing optical microscope, X-ray diffractometry and scanning electron microscope (SEM) were used.
Tuffs are composed of a mineral assemblage of various crystals including quartz, feldspar; mafic mineral is biotite and rock particles
with glass cement. SEM images show the presence of numerous voids in tuffs. The mean value of effective porosity of the Ayazini
and Seydiler tuffs was 37.3% and 36.0%. Mercury porosimetry was used to determine the pore size distribution. Ayazini tuffs have
pore sizes ranging from about 200.000 to 10 nm and Seydiler tuffs ranging from about 7.000 to 10 nm.

Keywords: Tuff, porosity, pore-size distribution, mercury porosimetry, building stone.

Afyonkarahisar’da Yapitas1 Olarak Kullanilan
Volkanik Tiiflerin Gézenek Ozellikleri

0z

Tiifler yiizlerce yildir yapi malzemesi olarak kullanilmaktadir. Tiiflerin fiziksel ve mekanik ozellikleri, gézenek miktar1 ve
geometric Ozelliklerinden etkilenmektedir. Bu makalede, dogal yapi tas1 olarak kullanilan Seydiler ve Ayazini (Afyonkarahisar-
Tiirkiye) tiiflerinin gdzenek zellikleri arastirilmstir. Tiiflerin mineralojik ve petrografik 6zelliklerinin belirlenmesi i¢in; polarize
optik mikroskop, XRD analizi ve taramali elektron mikroskobu (SEM) kullanilmistir. Tiifler kuvars, feldispat kristallerinin yani
sira; mafik mineral olarak biyotit ve kayag¢ pargaciklari igermektedir. SEM goriintiileri, tiiflerde ¢ok sayida bosluk bulundugunu
gostermektedir. Ayazini ve Seydiler tiiflerinde gozenekliligin ortalama degeri % 37.3 ve % 36.0'dir. Gézenek boyut dagilimimni
belirlemek i¢in civa porozimetresi kullanilmistir. G6zenek boyutlari, Ayazini tiiflerinde yaklagik 200.000 - 10 nm ve Seydiler
tiiflerinde yaklasik 7.000 - 10 nm arasinda degismektedir.

Anahtar Kelimeler: Tiif, gozeneklilik, gozenek boyut dagilimi, civa porozimetresi, yapi tasi.

1. INTRODUCTION The village of Ayazini has many cave settlements, also
an early Christian church and tombs dating from
antiquity and the Byzantine period which is carved in the
volcanic tuff stone (Fig 1). The churches have been well
preserved despite all atmospheric effects which may
damage to the tuff constructed. Ayazini tuffs have been
traditionally used as a building material in many areas in
local building construction in the region since pre-

Tuff is a type of rock consisting of consolidated volcanic
ash ejected from vents during a volcanic eruption. Tuff
rocks can be used at construction sector and in landscape
architecture. Tuff stones used in masonry are welded
tuffs and the masonry walls made of tuff stone is more
durable than concrete and brick walls. After application
e e Taf hisorcl tmes. Most of the o bulding soe
. S ) quarries working today are located in the Ayazini region.
stones were used densely in many buildings constructed o o
in Ottoman and Seljuk Turks era in central Anatolia [1].  The most of the historical buildings such as mosques and
fountains in Afyon (Turkey) were made of tuffs by
Ottoman civilizations. This tuff rock was produced in the
stone quarries nearby Ayazini, Afyon. The parts of the
many fountains and mosques were constructed of
Ayazini tuffs which are carved easily due to being
moister inside the tuffs. After the vaporization of the
moister they became hardened. However, due to having
very high ratio of porosity in tuffs, which is the reason of
the high-water absorption feature, it’s weathered very
easily.

Great part of the Afyon region is covered by volcanic tuff
so it is easy to carve out stones to build temples and
monument. There are many open-air temples,
monuments, natural rock formation, fairy chimneys and
rock-cut churches. It is known to be used as a settlement
since the Phyrigian period.
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In the Afyon — Iscehisar — Bayat — Kirka —Suhut areas,
potassic and ultrapotassic alkaline magmatism followed
Upper Eocene - Middle Miocene calc-alkaline
volcanism, which was related to the northward
subduction of the African Plate beneath Eurasia. The
alkaline volcanism lasted from 14.8 Ma (in the north) to
4 Ma (in the south) and was associated with a presently
still active extensional tectonic regime [2, 3]. Around the
Kirka-Afyon region, a thick sequence of acid tuff
interlayered with subordinate calc-alkaline lava flows

A considerable amount of work has been done by Metin
et al [6], Kavas and Celik [7], Kus¢u and Yildiz [8],
Demir et al [9] studied the geology, industrial, physical
and engineering properties aspects of Ayazini tuffs in
Afyonkarahisar region.

Tuff stone is very porous in nature so its density, uniaxial
compressive strength and P-wave velocity is lower than
other rocks. Porosity is one of the important physical
properties that govern physical attributes of rocks such as

e | - = d B ok ML sl

Fig 1. Ancient civilizations carved great caves and underground cities out of the soft volcanic rock (a). One great example the
Oyma Church made of tuffs by the Early Christians in Ayazini (Afyon, Turkey) (b).

and breccia crops out. It is covered by a continental
sedimentary succession containing subordinate tuffs. The
tuff sequence yielded K/Ar ages between 21 + 0.4 Ma
and 15.4 1.7 Ma [4] and is overlain by basic K-alkaline
lavas. The tuffs in the north of Afyon cover an area of
about 2000 km? (Fig 2). They overlie a marked relief in
Paleozoic schist and marbles. They are laterally
intercalated with Neogene lacustrine sediments. Their
stratigraphic position is Pliocene. The tuff unit has a
maximum thickness of 300 m and consists of a basalt
main flow unit of about 200 m and 2-3 following minor
flow units [5].

Turkey

a Basic Lava
Rhyolitic Tuff
ﬂmm Trachytic Lava

30km

Fig 2. Map of the Ayazini and Seydiler rhyolitic tuff in the
region of Afyon-Turkey [5]

strength, deformability and hydraulic conductivity [10].
Effective porosity does not necessarily reflect the
durability of the tufts, and water absorption is a better
indicator. However, the sensitivity of the tuff to
weathering can be approximately estimated by analyzing
pore-size distribution; focusing on the presence of small
capillary pores or micro pores [11].

Weathering processes cause progressive changes in rock
porosity due to alterations in pore size distribution, pore
geometry, pore connectivity, pore infilling and new pore
formation. Interactions between mechanical, lithological
and pore properties of rocks, and the nature of the
weathering processes affecting them, create a complex
system [10]. Several investigators have studied
weathering of tuffs [11, 12, 13, 14, 15, 16, 17] also they
show that rock fabric characteristics, especially pore
geometry, affecting rock susceptibility to weathering.

Various investigators have studied the effect of
weathering on the engineering properties of tuffs [18,19,
20, 21, 22] many investigators have studied the effect of
porosity and weathering on the engineering properties of
different types of rock [23, 24, 25, 26, 27, 28] several
investigators have reported pore size and its distribution
of the rocks [29, 30].

Mercury intrusion characterizes a material’s porosity, its
pore size and pore volume. The test instrument typically
uses a non-wetting fluid with a high surface tension, such
as mercury, to characterize the material’s porosity. Since
the mercury porosimetry study of Ritter and Drake [31],
it has been widely used in industry. Its applications have
varied from the study of pore structure and fluid
distributions by Pickell et al [32], studied by Klavetter

102



PORE CHARACTERIZATION OF VOLCANIC TUFFS USED AS BUILDING STONE IN AFY

... Politeknik Dergisi, 2018; 21 (1) : 101-112

and Peters [33] regarding hydrologic properties of
volcanic tuff [34]. Many investigators have reported pore
size and its distribution with using mercury intrusion of
the rocks [34, 35, 36, 37, 38, 39, 40, 41] they also
describe general concepts of mercury porosimetry
measurements and determination pore size distribution
and its characterization. Vacchiano et al, [42] measured
the pore-size distribution by mercury porosimetry of
yellow and grey tuff stones of the historic buildings in
Salerno (Italy). Their purpose was treating yellow and
grey tuff stones with different polymeric materials.
Scanning electron microscope (SEM) and image
processing technologies provide new scopes for
researching the internal structure of rocks, soils and
concrete [43, 44, 45, 46, 47, 48, 49].

2. MATERIAL and METHOD

The physical and mechanical properties of tuffs are
affected by the amount of pore and its geometry. The pore
characteristics of the building natural stone of Seydiler
and Ayazini (Afyonkarahisar) tuffs were investigated in
this article. Samples from the tuff quarries of Ayazini and
Seydiler region were analyzed by using several analytical
techniques. For determination of the mineralogical and
petrographic analyses of the tuff, a polarizing optical

Closed Pores  Blind Pores

Cross-linked Pores

Method of the high pressure porosimetry is based on
phenomenon of the mercury capillary depression, where
the wettability angle is >90° and mercury leaks into pores
by the effect of pressure. Mercury volume infiltrated into
a pore system (Fig 3) is generally interpreted as total pore
volume in measured specimen. Relationship between
actual pressure p and cylinder pore radius D is expressed
by Washburn equation (1):

p= -4 y cosb/D (D)

where p [Pa] is an actual pressure, D [nm] half-length
distance of two opposite walls of a pore expressed by an

effective radius, y surface tension of mercury [480.1073
N-m™] and 0 contact angle of mercury [141.3°] [39].

3. EXPERIMENTAL INVESTIGATION and
RESULTS

3.1. Mineralogical and Petrographic Analysis

Mineralogical and petrographic properties of the Ayazini
and Seydiler tuffs were studied using a polarizing optical
microscope, X-ray diffractometry (XRD), and scanning
electron microscope (SEM).

3.1.1. Polarizing optical microscope analyses

Standard thin sections were prepared for mineralogical
and petrographic descriptions. For determination of the

Through Pores

Fig 3. Schematic representation of pores [50]

microscope and scanning electron microscope (SEM -
LEO 1430 VP in TUAM Laboratory in Afyon Kocatepe
University) were used. During the preparation of
samples, each sample was covered by a thin carbon film.

In this study, mercury porosimetry was employed for the
determination of porosity and pore-size distribution.
Mercury porosimetry relies on capillary theory and the
non-wetting property of mercury to determine porosity,
pore-size distribution and pore surface area by forcing
mercury into matrix samples under pressure. A
“Quantachrome Corporation Poremaster 60” in the
Central Laboratory of Middle East Technical University
(Ankara-Turkey) was used for the mercury intrusion
porosimetry measurements with the test conditions of a
surface tension mercury-vacuum of 480.00 erg/cm? and a
contact angle mercury-tuff of 140°.

mineralogical composition of the tuffs, a polarizing
optical microscope was used. The Ayazini tuff contains
crystals of quartz, feldspar, biotite and opaque minerals
(Fig 4). Various rock fragments and pumice are also
present. The crystals, rock fragments and pumice are
embedded in a tuffaceous matrix. In the tuffaceous
matrix, volcanic glass shards are rather common. The
optic-microscope data of these tuffs that are examined
petrographically, also conform with XRD data. The
Seydiler tuff is composed of a mineral assemblage of
various crystals including quartz, feldspar; mafic mineral
is biotite and rock particles with glass cement (Fig 5).
Physical weathering causes fracturing of feldspars,
especially along their cleavage planes, within the both
tuffs.
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G e 500 ym

Fig 4. Thin section photomicrographs of Ayazini tuffs illustrating vari
various size of pore and (P) pumice grain. Photomicrographs of 4a, b, and ¢ taken with crossed nicols, 4d with plane
polarized light

1000 pm

Fig 5. Photomicrographs of Seydiler tuff, feldspar (F), quartz (Q) and hornblende (H) minerals settled in glassy matrix,
various size of pore and (P) pumice grain. Photomicrographs of 4a, c, and d taken with crossed nicols, 4b with plane
polarized light
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3.1.2. XRD analyses

X-ray diffraction analysis was performed on Ayazini and
Seydiler tuff samples in order to determine the
mineralogical nature of their crystalline phases. XRD
analyses of the Ayazini tuff reveal that feldspar, quartz,
cristobalite and illite (mica) are present within the tuff.
XRD analyses for the Ayazini tuff indicated illite (mica)-
type clay minerals. A typical XRD pattern for an Ayazini
tuff samples are depicted in Fig. 6a. The Seydiler tuff
samples are composed of feldspar, quartz, hornblende
and illite (mica) (Fig. 6b). Cristobalite is present only in
Ayazini tuff samples and is the dominant silica phase. In
addition to these minerals, an important component of
amorphous materials (volcanic glass) constitutes the both
tuffs. Erguler [16] have indicated that volcanic glass is

3.1.3. SEM analyses

Photomicrographs of the minerals and texture identified
using the SEM is shown in Fig 7 and 8. Presences of
feldspar, quartz are smectite are detected in the Ayazini
tuffs. The Seydiler tuffs are composed of feldspar, quartz,
smectite and illite. It was determined that flaky
morphology smectite is the main clay mineral in both
tuffs. In general, smectite develops in fissures, fractures
and dissolution voids of the volcanic glass. Alteration of
feldspars results in formation of smectites. Formation of
smectite is closely related to hydrolysis of volcanic glass
and alteration of feldspar. In all tuff samples, smectite
develops on and along the edges of feldspar as well as
volcanic glass.

@ c Ayazini @ E F Seydiler
Q Quartz 4000 Q Quartz
F Feldspar F Feldspar
I lite a 1 lllite
4000 C Cristobalite H Homnblende
3000 -
§ §
= £
2000
2000 Amorphouse
Amorphouse materials
materials
1000 5 Q
F Q F F |
I F ullF FQ
0 1 U 0 1 U ' 1 ) 1
10 20 10 20 30 26 40 S0 60 70

Fig 6. X-ray diffraction (XRD) diffractogram of Ayazini (a) and Seydiler (b) tuff samples. The figures show also the
assignation of peaks to the main minerals identified in the analyzed tuffs samples

the least stable component of tuffs and decomposes more
readily than the other associated minerals phases. Overall
evaluations of the findings show that chemical
weathering produces a small amount of clay minerals,
namely illite within the Ayazini and Seydiler tuffs.
Summarizing, the characterization performed on the
samples of Ayazini and Seydiler tuff collected in
different quarries show that the stones have a similar
composition to that of the original materials.

Mag= 400KX
IProbe= 114pA EHT=20.00kV

Detector = SE1 oini 8
AKU-TUAM ayazini

3.2. Pore-Size Distribution of Tuffs
3.2.1. The influence of porosity and its importance

Total porosity is the ratio of the total void volume to the
total bulk volume. Porosity ratios traditionally are
multiplied by 100 and expressed as a percent. Total
porosity can be classified as primary or secondary.
Primary porosity is the porosity that forms when the tuff
is deposited, whereas secondary porosity is formed after
the tuff was deposited. Secondary porosity includes

Detector=SE1  Mag= 7.00KX 2
IProbe= 109pA EHT=20.00kV AKU-TUAM e

Fig 7. SEM images of Ayazini tuff, SEM images show the presence of numerous dissolution voids (P), quartz (Q) and feldspar
(plagioclase) (F) minerals in Ayazini tuffs. Platy and honeycomb textured smectite (S) developing around on the

feldspar minerals
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cavities produced by the solutioning of some minerals
and by fractures.

7 D
AKU-TUAM seydiler 7 L

IProbe= 102pA EHT=20.00 kV

micropores, materials with pores between 2 and 50 nm
are called mesopores, and material with pores greater

etector = SE1 Mag = 10.53KX . 9
robe= 76pA EHT=2000kV AKU-TUAM Seydierd

Fig 8. Scanning electron micrograph of tuff sample from Seydiler, the SEM image shows smectite (S) developing around on
the feldspar (F) minerals and illite (1) minerals in Seydiler tuffs

Several methods have been developed for determining
the surface area and the pore size distribution in porous
systems. The operations of these different methods are
generally based on different physical principles. It should
be expected, therefore, that they effectively represent
probes of different sizes and, hence, that the pore size
ranges in which they are most reliable are necessarily
different. Figure 9 compares the ranges of validity of a
selection of methods commonly used for pore
characterization [51].

Porous material is classified according to the size of
pores: material with pores less than 2 nm are called

than 50 nm are macrospores [52]

Solid particles from crushing or grinding operations and
weathering or leaching processes often will be found to
have cracks, cavities, and holes (collectively called
pores) within their structure. As well as many natural
stone especially tuffs pore structure influence the
physical properties of building stone, including porosity,
unit weight, absorption water by weight, ultrasonic pulse
velocity, strength, and failure behavior. Some physical
and mechanical test results of the Ayazini and Seydiler
tuffs are given in Table 1.

0.1 1 10 100 1000 10000 100000
. Gas adsorption |
' | ' Hg intrusion .
I 1
INeutron and X-ray scatteringI
I 1
. Electron microscopy |
I 1
. Fluid flow |
I 1
Thermoporometry _ Light microscopic image analysis
' ' ' Holography
. Scanning tunnel microscopy | Mechanical tracing
I X-ray tomography
NMR relaxometry | NMR microscopy
NMR pulsed gradient spin-echo
Micropores Mesopores Macropores: Rough poEs»
Microcapillaries Capillaries  |Macrocapillaries|
0.1 1 10 100 1000 10000 100000

Pore width (nm)

Fig 9. Measuring ranges of methods for pore size determination [51]
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Table 1. Average physical and mechanical properties of tuffs rocks [53]

Ayazini Tuff Seydiler Tuff
Tests - -
Min Max Av. Min Max Av.

Dry unit weight (kN m) 181 1.88 1.85 1.66 180 174
Density 239 244 2.42 2.27 231 229
Absorption by weight (%) 16.73 17.18 1693 | 1793 1956 1851
Absorption by volume (%) 2659 27.42 27.00 | 23.68 2524 2421
Porosity (%) 3430 39.50 37.30 | 33.60 38.70 36.00
Uniaxial compressive strength (MPa) 21.61 23.68 2221 | 17.14 20.76 19.07
Flexural strength (MPa) 1.28 1.50 1.37 0.99 1.12 1.07
Dry ultrasonic pulse velocity (km s™) 1885 2168 1990 2505 2848 2675

Mercury porosimetry is probably the most commonly 0,2000

indirect technique used to characterize the pore space = o100 ||

aIIowir}g to c_;al(;ulat_e the total connected porpsity and its %8% m — "\

pore size distribution. But mercury porosimetry only E 51000 N~ N\

measures pores access and real pore size was usually 2 om0 l\ /J ~

misestimated. Determination of the total open porosity 5 ono N

used to helium pycnometers method. The mean value of 0,0200

effective porosity of the Ayazini and Seydiler tuffs was
373% and 36.0%. A “Quantachrome Corporation
Poremaster 60” mercury porosimetry was used to
determine the pore size distribution. Incremental
intrusion volumes are used to predict the pore-size
distribution range from atmospheric pressure to 200
MPa.

3.2.2. Pore-size distribution of Ayazini tuffs

The pore size distribution study was carried out with
mercury intrusion porosimetry (MIP) testing. The
cumulative intruded pore volume curves for Ayazini
tuffs, obtained from MIP, are provided in Fig 10. Ayazini
tuffs have pore sizes ranging from about 10 nm (0,010
pm) to 20.000 nm (20 pm) (Fig 11). Fig. 12 illustrates
the results of pore-size distributions, as relative
cumulative volume. Thus, the size of pores varies widely
from nanometer to micrometer. Mercury porosimetry
results show that most of the pores (>80%) have a pore
access diameter of between 200.000 and 10 nm, mega
pores reaching up to 200.000 nm in diameter were also
observed.

0,20000
0,18000
5 016000
E 0,14000
@ 0,12000
E 010000
20
g 0,08000
2 0,06000
o
8 0,04000
0,02000
0,00000

0 25000 50000 75000 100000 125000 150000 175000 200000

Pore Size (nm)

Fig 10. Mercury intrusion porosimetry of tuff from Ayazini
tuff, plots report pore-size distributions, as relative pore
volume

0,0000

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Pore Size (nm)

Fig 11. Mercury intrusion porosimetry of tuff from Ayazini
tuff, since the size of pores varies widely from 10 nm
(0,010 pm) to 20.000 nm (20 pm)

o\
20 \
10 \\

Cumulative Volume
o
s

75000 100000 125000 150000 175000 200000
Pore Size (nm)

0 25000 50000

Fig 12. The cumulative intruded pore volume curves obtained
from MIP for Ayazini tuff

3.2.3. Pore-size distribution of Seydiler tuffs

Mercury intrusion porosimetry of tuff from Seydiler,
plots report pore-size distributions, as relative pore
volume is provided in Fig 13. Seydiler tuffs have pore
sizes ranging from about 10 nm (0,010 pm) to 4.000 nm
(4 um) (Fig 14). Fig. 15 illustrates the results of pore-size
distributions, as relative cumulative volume. Since the
size of pores varies widely from nanometer to
micrometer. Mercury porosimetry results show that most
of the pores (>80%) have a pore access diameter of
between 3.000 and 10 nm, mega pores reaching up to
10.000 nm in diameter were also observed. Seydiler tuffs
have a smaller porosity compared to that of the Ayazini
tuffs.
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13. Mercury intrusion porosimetry of tuff from Seydiler

tuff, plots report pore-size distributions, as relative pore
volume
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14. Mercury intrusion porosimetry of tuff from Seydiler

tuff, since the size of pores varies widely from 10 nm
(0,010 pm) to 4.000 nm (4 pm)
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. The cumulative intruded pore volume curves obtained
from MIP for Seydiler tuff

v

Cylindrical Holes

v

v

4. PORE CHARACTERIZATION OF TUFFS

The accuracy of pore diameter measurements by mercury
porosimetry when the pores are right circular cylinders is
exceptionally good, agreeing to at least 0.008 pm
openings. However, true circular cross-section pores or
pores of any regular geometry are rarely encountered in
real materials. On the contrary, shapes of typical pores
are slits, cracks, fissures, or highly irregular interstitial
voids between particles. In order for the mathematics of
pore characterization to be manageable, it is convenient
to treat the filling of these complex pores as if they were
right circular cylinders. This means that pore data from
mercury porosimetry should be understood and used as
equivalent cylindrical dimensions, just as the particle size
determined by sedimentation of nonspherical particles is
an equivalent spherical diameter. How pore shape alters
basic pressure-volume curves is illustrated in Figure 16a.
Figure 16b shows a typical intrusion/extrusion curve
(volume vs. pressure curve) of a porous glass with a
hysteresis loop that is typical for cylindrical pores [51,
54].

Cylindrical pores are observed for microporous solids
having relatively small external surfaces (e.g. activated
carbons, molecular sieve zeolites, and certain porous
oxides). The limiting uptake is governed by the
accessible micropore volume rather than by the internal
surface area. Fig. 17 shows volume vs. pressure curve of
Ayazini tuffs (a) and Seydiler tuffs (b). The mercury
porosimetry analysis of Ayazini and Seydiler tuffs are
observation the pore geometry as cylindrical holes in Fig
16a.

SEM images of Ayazini tuffs show the presence of
numerous pores. SEM image of the slightly collapsed
pumice fragments showing irregular vesicle shapes from
pipes to pods. Slot pores comprise a honeycomb like
structure, bounding the surfaces of flanking grains. Micro
channels exhibit elongated shapes; in general, the walls
of the micro channels appear to be irregular (Fig 18).

1200

©o
[=}
o

600

300 ; 5

Specific Hg volume intruded (mm’g™")

0 P

0.1

10

100

(:Ii) 0.01

1
Hg pressure (MPa)

Fig. 16. Characteristic hysteresis loops for cylindrical holes and for pores formed within aggregates (a), intrusion/extrusion
curve (volume vs. pressure curve) of a porous glass (b) [51]
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Spherical shapes are associated with platy minerals
(clays). This pore type has different sizes which are
distributed within the Seydiler tuff sample (Fig 19). Pores
are present mainly in volcanic glass matrix, which makes
up the intergranular cement of the tuff rock.

Mag= 250KX
IProbe= 112pA EHT =20.00 kV

Detector = SE1 )
AKU-TUAM ayazini 11

Detector = SE1
IProbe= 112pA EHT=20.00kV

and opaque minerals. Seydiler tuff is composed of a
mineral assemblage of various crystals including quartz,
feldspar; mafic mineral is biotite and rock particles with
glass cement. The optic-microscope data of these tuffs
that are examined petrographically, also conform with

Mag= 827KX ]
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Fig 18. SEM photo-micrograph of Ayazini tuffs is showing irregular pore shapes and flaky form. (scale (a): 10 microns, (b): 1
microns). This kind of welded tuffs with pores tuff (ignimbrite) is called
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5
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Fig 19. SEM photo-micrograph of Seydiler tuffs showing volcanic glass porosity (a), SEM image of the slightly collapsed
pumice fragments showing irregular vesicle shapes from pipes to pods (b), (scale 10 microns)

5. CONCLUSIONS

Physical properties such as porosity and water absorption
are good indicators of mechanical and weathering
behavior of tuff rocks. Natural materials pore structure
influence the physical and mechanical properties of
building stone, including elastic module, compressibility,
thermal conductivity, poroelastic parameters, strength,
and failure behavior. Both of Ayazini and Seydiler tuffs
are highly porous. The Ayazini and Seydiler tuffs the
mean value of effective porosity was 37.3% and 36.0%.
The pore-size distribution was measured by means of a
mercury porosimetry on all the specimens examined.
Mercury porosimetry is a very widely accepted method
for determining total volume and pore size distribution in
the mesopore and macropore ranges.

For determination of the mineralogical composition of

the tuffs, a polarizing optical microscope was used.
Avyazini tuff contains crystals of quartz, feldspar, biotite

XRD data. XRD analyses of the Ayazini tuff reveal that
feldspar, quartz, cristobalite and illite (mica) are present
within the tuff. XRD analyses for the Ayazini tuff
indicated illite (mica)-type clay minerals.

Seydiler tuff samples are composed of feldspar, quartz,
hornblende and illite (mica). Cristobalite is present only
in Ayazini tuff samples and is the dominant silica phase.
Chemical weathering produces a small amount of clay
minerals findings namely illite within the Ayazini and
Seydiler tuffs.

Photomicrographs of the minerals and texture are
identified using the SEM images. In all tuff samples,
smectite develops on and along the edges of feldspar as
well as volcanic glass.

Several methods have been developed for determining
the surface area and the pore size distribution in porous
systems. Mercury porosimetry is probably the most
commonly indirect technique used to characterize the
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pore space allowing calculating the total connected [7] Kavas T. and Celik M.Y., “Usability of the Ayazini
porosity and its pore size distribution. The pore size (Afyon) tuffs as trass material for cement production”,
distribution study was carried out with mercury intrusion Madencilik, 40(2-3):39-46. (in Turkish), (2001).
porosimetry (MIP) testing. Fig. 20 shows pore volume  [8] Kuseu M. and Yildiz A., “Usability of the Ayazini
(%) versus pore radius of tested tuff stone. Ayazini tuffs (Afyon) tuffs as building stone”, Turkey I1l. Marble
have pore sizes ranging from about 10 nm (0,010 pm) to Sympoglum Afyon, 85-98, (in Turkish), (2001).
20.000 nm (20 pm). Mercury porosimetry results show  [9] Demir L, Bagpmar M.S. and Gérhan G., “Mechanical
that most of the pores (>80%) have a pore access properties of the natural construction stone of Ayazini
diameter of between 200.000 and 10 nm (Fig. 20). IA”ffZ'IAfyor(‘jka,r\Tht‘sar’l’= Si”ER‘SéEMW.“ T;‘I’;eg V.
Seydiler tuffs have pore sizes ranging from about 10 nm arble and Natural Stone Symposium, 31-38. (in
. Turkish), (2006).
(0,010 pm) to 4.000 nm. Mercury porosimetry results 5 B .
show that most of the pores (>80%) have a pore access 10 Tugrul A., “The effect of weathering on pore geometry
diameter of between 3.000 and 10 nm (Fig. 20). Seydiler and compressive strength of selected rock types from
’ : o) Turkey”, Eng Geol, 75:215-227, (2004).
tuffs have a smaller porosity compared to that of the .
Avazini tuffs [11] Torok A., Forgo L.Z., Vogt T., Lobens S., Siegesmund S.
y ' . . L and Weiss, T. “The influence of lithology and pore-size
The mercury porosimetry analysis of Ayazini and distribution on the durability of acid volcanic tuffs,
Seydiler tuffs are the observation of the pore geometry as Hungary”, Spec Publ Geol Soc Lond, 271:251-260,
cylindrical holes. SEM images of Ayazini tuffs show the (2007).
presence of numerous pores. SEM image of the slightly ~ [12] Topal T. and Doyuran V. “Analyses of deterioration of
collapsed pumice fragments show irregular vesicle the Cappadocian tuff, Turkey”, Environ Geol, 34(1):5-
shapes from pipes to pods. Slot pores comprise a 20, (1998).
honeycomb like structure, bounding the surfaces of  [13] Topal T. and Sézmen B. “Deterioration mechanisms of
flanking grains. tuffs in Midas Monument”, Eng Geol, 68:201-223,
Ayazini Tuff Seydiler Tuff
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Fig 20. Pore volume (%) versus pore radius of Ayazini and Seydiler tuff stone
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