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Abstract The Cretaceous-Eocene volcano-sedimentary

units of the Zonguldak region of the western Black Sea

consist of subalkaline andesite and tuff, and sandstone

dominated by smectite, kaolinite, accessory chlorite, illite,

mordenite, and analcime associated with feldspar, quartz,

opal-CT, amphibole, and calcite. Kaolinization, chloriti-

zation, sericitization, albitization, Fe–Ti-oxidation, and the

presence of zeolite, epidote, and illite in andesitic rocks

and tuffaceous materials developed as a result of the deg-

radation of a glass shards matrix, enclosed feldspar, and

clinopyroxene-type phenocrysts, due to alteration pro-

cesses. The association of feldspar and glass with smectite

and kaolinite, and the suborientation of feldspar-edged,

subparallel kaolinite plates to fracture axes may exhibit an

authigenic smectite or kaolinite. Increased alteration de-

gree upward in which Al, Fe, and Ti are gained, and Si, Na,

K, and Ca are depleted, is due to the alteration following

possible diagenesis and hydrothermal activities. Micro-

morphologically, fibrous mordenite in the altered units and

the presence of needle-type chrysotile in the residential

buildings in which cancer cases lived were detected. In

addition, the segregation pattern of cancer susceptibility in

the region strongly suggested an environmental effect and a

genetic influence on the increased cancer incidence in the

region. The most likely diagnosis was Li-Fraumeni syn-

drome, which is one of the hereditary cancer predisposition

syndromes; however, no mutations were observed in the

p53 gene, which is the major cause of Li-Fraumeni syn-

drome. The micromorphology observed in the altered units

in which cancer cases were detected may have a role in the

expression of an unidentified gene, but does not explain

alone the occurrence of cancer as a primary cause in the

region.
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Geochemistry � Health effects � Mineralogy � Turkey �
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Introduction

The study area was situated in the Zonguldak region near

Gökçeler Village in the western Black Sea Region of

Turkey, which is composed mainly of volcano-sedimen-

tary units. These units exhibit soft morphology and sur-

face weathering. In nature, alteration minerals in different

rock units of different geological environments, such as
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marine, lacustrine, fluvial, detrital, etc., develop either by

direct precipitation from solution or transformation from

other precursor minerals and amorphous materials, or

detritally due to diagenesis, weathering, or hydrothermal

processes (Velde 1985). Hydrothermal alteration is very

common in the Eastern Black Sea Region due to vol-

canogenic massive sulfide mineralization (Çağatay 1993;

Akçay 2004; Çelik et al. 1999) and in situ alteration of

volcanic units in different parts of the region (Yalçın and

Gümüşer 2000; Abdioğlu and Arslan 2005; Arslan et al.

2006). To the best of our knowledge, no detailed min-

eralogical research concerning the alteration process and

distribution of alteration products were previously con-

ducted in the Zonguldak region. Moreover, the propor-

tional increase in human cancer in the area led us to

undertake this study with the support of Turkish Ministry

of Health. It is known that inhalation of a variety of

mineral fibers are hazardous to health, especially when

the exposure is high and continued over a long period of

time (Skinner et al. 1988). Nevertheless, domestic or

general environmental exposure is also possible and can

cause serious damage. Although the lungs and sur-

rounding tissues are the primary targets during inhalation,

there may be subsequent reactions in many other parts of

the body. The known hazardous fibers are asbestos and

the fibrous zeolite, namely erionite. There are other fibers

such as mordenite, whose contributions to human disease

are as yet not completely recognized. Amphibole asbes-

tos and erionite are considered more pathogenic than

chrysotile asbestos, or white asbestos, which is the most

common and widely used type. It has curly fibers, and is

a serpentine group mineral. Chrysotile has the fastest

clearance from the body, and it is likely that diseases are

mainly associated with amphibole exposure (Hillerdal

2003). Exposure to hazardous minerals leading to disease

is usually occupational; however, there are other possi-

bilities, such as environmental pollution due to industrial

processes, buildings containing asbestos, and the local

geological occurrence of mineral fibers. Furthermore,

many soils provide an environment for diseases due to

their chemical, physical, and mineralogical diversity,

which depend on many interrelated factors, such as

parent rock composition and mineralogy, topography,

climate, vegetation, soil moisture, organic matter content,

supply of nutrients, and many other factors (Bultman

et al. 2005). In order to understand the effect of envi-

ronment on health, the environmental media such as the

lithology of the area, air, water, and soil/food should be

studied. This study concentrated mainly on the Zongul-

dak region’s fresh and altered rocks, and their soils, with

regard to their petrography, mineralogy, and geochemis-

try. Additionally, the possible effects of environmental

geology on human health are discussed. The mineralogy

and crystallography of the concrete material used in

buildings in the residential areas of Gökçeler Village in

which human cancer cases were identified were also

studied. Since Gökçeler Village is one of the geographic

areas where the incidence of cancer differs strikingly in

comparison to the other regions of Turkey, and since

most cancers are likely to be caused by a combination of

different factors, in this study the effects of both genetic

and environmental factors are discussed.

Materials and analytical techniques

Geological techniques

Fieldwork was conducted using existing geological maps

of Gökçeler Village modified from a 1:25.000 scale map

obtained from the General Directorate of Mineral Re-

search and Exploration of Turkey (MTA) (Yergök et al.

1987). In order to identify the lateral and vertical dis-

tribution of the alteration products in Gökçeler Village

and their relationship to human cancer in the area, 59

samples were collected from different representative

lithologies of the volcano-sedimentary units for petro-

graphical, mineralogical, and geochemical determinations

(Fig. 1).

Polarized-light microscopy (Leitz Laborlux 11 Pol)

studies were carried out on fresh, partly altered, and altered

volcano-sedimentary samples. Mineralogical characteris-

tics of the representative samples were further determined

by X-ray powder diffractometry (XRD) (Rigaku-Geiger-

flex) and differential thermal analysis-thermal gravimetry

(DTA-TG-Rigaku TAS 100 E model) at MTA, and scan-

ning electron microscopy (SEM-EDX) (JEOL JSM 84A-

EDX) was conducted at the Metallurgical Engineering

Department of Middle East Technical University. XRD

analyses were performed using CuKa radiation and a

scanning speed of 1� 2h/min. Unoriented mounts of pow-

dered whole-rock samples were scanned to determine the

mineralogy of the bulk sample. Samples were prepared for

clay mineral analysis (size fraction <2 lm) by separation

of the clay fraction by sedimentation, followed by centri-

fugation of the suspension after overnight dispersion in

distilled water. The clay particles were dispersed by

ultrasonic vibration for about 15 min. Oriented specimens

of the <2-lm fraction were prepared of each sample in this

way: air drying, ethylene glycol-solution at 60�C for 2 h,

thermal treatment at 350 and 550�C for 2 h, respectively,

K-saturation (K acetate), and finally, removing K-acetate

by repeated washings and addition of ethylene glycol

without allowing the clay to dry (MacEwan and Wilson

1980; Wilson 1987). Semi-quantitative relative abundances

of rock-forming minerals were obtained by using the
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external method of Brindley (1980), whereas the relative

abundances of clay-mineral fractions were determined

using their basal reflections and the intensity factors of

Moore and Reynolds (1989). The relative error of this

method is <15%. Representative clay-dominated bulk

samples were prepared for SEM-EDX analysis by sticking

the fresh, broken surface of the sample onto an aluminum

sample holder with double-sided tape and thinly coating it

with a gold film (~350 Å). DTA-TG curves were recorded

using 10 mg of powdered sample in a Pt sample holder at

an average rate of 10�C/min, with an alumina reference.

Chemical analyses of 22 whole-rock samples were fur-

ther analyzed for major, trace, and rare earth elements

(REE) by inductively coupled plasma atomic emission

spectrometry (ICP-AES) at the Department of Geology,

Royal Holloway University of London. Si, Al, Zr, Fe, Mg,

Ca, Na, K, Ti, P, Mn, Ba, Co, Cr, Cu, Li, Ni, Pb, Sc, Sr, V,

and Zn were analyzed by ICP-AES using a Perkin Elmer

Optima 3300R. Cs, Nb, Rb, Ta, Th, Tl, U, and Y, and the

rare earth elements La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er,

Yb, and Lu were analyzed by ICP mass spectrometry using

a Perkin Elmer Elan 5000. The instruments were calibrated

with natural and synthetic standards. In the analyses,

detection limits ranged from 0.01 to 0.1 wt% for major

elements, 0.1 to 5 ppm for trace elements, and 0.01 to

0.5 ppm for REE.

Genetic evaluation

A field study was performed for pedigree analysis in

Gökçeler Village and surrounding villages. Clinical records

of cancer patients were obtained from nearby hospitals and

mainly, Numune Hospital, Ankara, Turkey. Accumulation

Fig. 1 Location of the study area (a) and simplified geological map (b) of the Zonguldak region (after Yergök et al. 1987)
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of different types of cancers in the same region was ob-

served. The p53 gene, which is the major cause of cancer

predisposition syndromes, was screened for a mutation. For

this analysis, peripheral blood was obtained from the index

patient with her consent. Genomic DNA was isolated from

whole blood with the QIAamp Blood Kit (Qiagen, Turkey),

according to the manufacturer’s instructions. Genomic

DNA was subjected to PCR amplification for exons 2–11

of the p53 gene with the specific primers. PCR products

were purified with Montage PCR96 Cleanup Kit (Millipore)

and directly sequenced. Sequencing reactions were per-

formed using an ABI310 DNA Sequencer (Perkin-Elmer

Applied Biosystems), according to the instructions of the

manufacturer.

Geological setting

The Istanbul Zone consists of various basement rock series;

a Paleozoic sedimentary sequence (Istanbul-Zonguldak

Paleozoic succession), a Triassic terrestrial sedimentary

unit, a Middle Jurassic clastic unit, and an Upper Jurassic-

Lower Cretaceous platform carbonate sequence (Tüysüz

1999; Tüysüz et al. 2004). The area that was studied around

Gökçeler Village in the Zonguldak region is within the

Zonguldak Basin of the Istanbul Zone (Fig. 1).

The Zonguldak Basin, which extends from Ereğli to

Amasra, is overlain by the latest Cretaceous-Eocene sedi-

ments of the Devrek Basin to the south, and is bounded by

the Cide Uplift in the northeast (Fig. 1). The Paleozoic

sedimentary sequences are the oldest units in the region

and are represented by the Alacaağzı Formation (claystone,

siltstone, and sandstone) and the Kozlu Formation (con-

glomerate, sandstone, claystone, and coal-rich) (Yergök

et al. 1987). Lower and Upper Cretaceous sedimentary

rocks are separated by a regional Cenomanian unconfor-

mity (Tüysüz 1999). In the studied region, according to

Yergök et al. (1987) (Fig. 1), the Lower Cretaceous se-

quences are represented by formations like Zonguldak

(limestone) and Velibey (sandstone). The Upper Creta-

ceous formations are the Cemaller Formation (sandstone,

claystone, and siltstone), the Gökçetepe Formation (sand-

stone and claystone), the Başköy Formation (marn,

claystone, and sandstone), the Dinlence Formation

(agglomerate and tuff), the _Ikse Formation (clayey lime-

stone, sandstone, and marn), the Kazpınar Formation

(andesite, tuff, and aglomerate), the Liman Formation (tuff,

aglomerate and sandstone), the Kale Formation (marn,

claystone and tuff), the Sarıkorkmaz Formation (sandstone

and claystone), and the Alaplı Formation (marn). The

Paleocene-Eocene unit is represented by the Çaycuma

Formation (sandstone, claystone and siltstone).

Results

Mineralogical results

Petrographical determinations

Andesites are usually holocrystalline and porphyritic, and

phenocrysts are commonly plagioclase (oligoclase), clino-

pyroxene (diopside and augite), biotite, and opaques

(Fig. 2a–f). Different degrees of alteration are common to

all andesites and are typically replaced by low-grade sec-

ondary assemblages. Generally, clinopyroxenes are re-

placed by hornblende and chlorite. Basaltic hornblende is

also common and is rimmed and replaced by Fe-Ti oxide

minerals. Chlorite, biotite, uralite, clay minerals, calcite,

and Fe–Ti oxide minerals are the most common alteration

products. Major groundmass minerals are plagioclase and

opaques. Albite + epidote + chlorite + calcite + zeolite

assemblages indicate greenschist facies. Rare vesicules are

filled and locally rimmed by chlorite, calcite, and zeolite

minerals. Groundmass contains volcanic glass for both

formations and is replaced by clay minerals and Fe–Ti

oxides in different amounts. Alteration types are commonly

kaolinization, biotitization, and oxidation, as well as weak

chloritization and sericitization. Zeolite is also found as a

replacement product of plagioclase. Apatite is the acces-

sory mineral phase. Groundmass consists of plagioclase,

biotite, clinopyroxene and opaques. Tuff samples are usu-

ally lithic tuff and also vitrified tuff (Fig. 2b, d). The

sample ZG40a shows flow texture.

Sandstone samples are known as arkose, sub-arkose,

and lithic arkose, according to the classification of Folk

(1974) (Fig. 2e). They usually contain plagioclase and

quartz, in addition to clinopyroxene, calcite, clay min-

erals, opaques, biotite, hornblende, and basaltic horn-

blende, and rock fragments that include volcanic rock,

quartzite, and chert. Glauconite and epidote are the rare

minerals. Cement is made up of common calcite, and

chlorite and clay minerals. Fe–Ti oxidation is very strong

and the rocks are commonly red in color. ZG25 is rep-

resented by micrite-siltstone intercalations and contains

fossils.

Soil samples from various formations contain plagio-

clase, quartz, amphibole, clinopyroxene, and opaques, as

well as rare epidote, calcite, and glauconite, and rock

fragments of siltstone, volcanic rocks, and quartzites

(Fig. 2f). Clay minerals and Fe–Ti oxides are the most

common cement materials. Opaque minerals are commonly

magnetite, hematite, pyrite, rutile, limonite, and rare mar-

casite, chalcopyrite, goethite, lepidocrosite, in addition to

some coal and organic material. Rutile is usually replaced

by leucoxene, and magnetite is replaced by hematite.
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XRD determinations

The mineralogical composition of the samples from fresh,

partly altered and altered samples, of different volcano-

sedimentary units were examined by X-ray diffraction

(Table 1). Smectite, chlorite, kaolinite, illite, mordenite,

and analcime, are the main alteration products, accompa-

nied by feldspar, quartz, opal-CT, amphibole, and calcite, as

well as accessory olivine, serpentine, and dolomite in pla-

ces. Association of these minerals, mainly with feldspar,

quartz, and opal-CT, may reveal that there is a genetic

relationship between them. Moreover, it is found that the

neoformed altered minerals increase upward of the volcano-

sedimentary units’ outcrops, where calcite is either rare or

absent. Therefore, there is an inverse relationship between

calcite, which is the dominant carbonate mineral, and

feldspar, quartz, and opal-CT, as well as alteration product

minerals. Smectite is the dominant clay mineral in the

samples and is associated with small amounts of chlorite in

places. Although kaolinite is the dominant clay mineral in

the ZG39c, ZG39d and ZG39e samples, it is rarely associ-

ated with smectite and chlorite in some samples.

Well-crystallized smectite is distinguished by a very

sharp peak of 14.7–15 Å, which expands to 17.6 Å with

ethylene glycol treatment (Fig. 3A). The sharpening of the

reflection reduced sharply to 9.2 Å upon heating to 350�C.

Additional heating to 550�C resulted in further change. The

060 d-spacing values of smectite reflect 1.50 Å, indicating

dioctahedral character.

Kaolinites are determined by broad continuous reflec-

tions at 7.2, 4.48, 3.54, 2.53, 1.68, and 1.48 Å, and the

disappearance of 4.18 and 3.84 Å peaks may indicate ei-

ther 7.3 Å-halloysite or highly disordered kaolinite rather

than ordered kaolinite (Fig. 3B), which is similar to what

was reported by MacEwan and Wilson (1980) and Wilson

(1987). The basal reflection of kaolin minerals was not

affected by ethylene glycol, but the intensity of the

reflection reduced upon heating to 350�C and collapsed at

about 550�C. The basal reflection of the mineral is moved

to 14.46 Å following treatment with strong potassium

acetate due to the presence of kaolinite. Additionally,

reflection of strong 7.3 Å and poor 11.8 Å peaks after

washing K-acetate with water and adding ethylene glycol

before drying the sample indicates the presence of domi-

Fig. 2 Photomicrographs of (a)

andesite, exhibiting

chloritization, kaolinization, and

Fe–Ti oxidation (ZG38b); (b)

altered andesite, showing

chloritization, clinopyroxene

replaced by hornblende and

basaltic hornblende, and Fe–Ti

oxidation (ZG39b); (c) vitrified

tuff, showing development of

biotite plates between

plagioclase phenocrysts, which

are exhibiting chloritization and

Fe–Ti oxidation (ZG40a); (d)

lithic tuff, showing

chloritization, clinopyroxene

replaced by hornblende, and Fe–

Ti oxidation (ZG39f); (e) lithic

arkose, showing clinopyroxene

replaced by hornblende,

plagiocalse, and quartz, and

chloritization and Fe-Ti

oxidation (ZG37a); (f) soil,

showing Fe-oxidation (ZG24)
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Table 1 Mineralogical variation through stratigraphic sections of the Gökçeler Village area

Sample no smc chl kao gibb ill mord anal tal fds qtz op-ct amp oliv serp cal dol

ZG1-A + + + ++ ++ acc

ZG 1B + acc acc ++ ++ acc

ZG 2 acc +++++ acc

ZG 3A + ++ acc +++ acc

ZG 3B + + ++ ++ acc

ZG 4 + + + + + acc ++

ZG 5 ++ acc + ++ acc +

ZG 6 ++ acc acc +++ acc acc

ZG 7 acc + acc ++++

ZG 8 ++ acc + + +++ +

ZG 9 acc acc acc ++++ +

ZG 10 + ++++

ZG 11 + + + + + + +

ZG 12 + acc acc acc acc ++++

ZG 13 +++ acc + acc + +

ZG13A acc acc + ++++ acc

ZG13B + + acc +++ acc

ZG14 + + + acc ++ acc +

ZG16 + + + + ++ + + acc +

ZG17 ++ + + + + +

ZG18 + acc + acc ++ + +

ZG19 ++ acc acc ++ acc acc + acc

ZG20 acc acc ++ acc +

ZG21 ++ + acc ++ acc

ZG22 acc acc + ++++

ZG23 ++ + acc acc ++ +

ZG24 +++ acc + + + acc +

ZG25 + acc acc + + +++

ZG26 + + acc +++ + +

ZG27 + + +++ acc +

ZG28 + acc +++ acc + +

ZG29 acc acc + + acc +++

ZG30 +++++

ZG31A + acc acc acc ++ + ++

ZG31B acc acc + +++ +

ZG32A + + acc ++ +

ZG32B +++++

ZG33A + acc acc ++ + +

ZG33B + acc acc + +++

ZG34A acc + acc acc +++

ZG34B +++++ acc + + acc

ZG35 ++ acc acc acc + + ++

ZG36A + acc acc acc ++ + ++

ZG36B ++++ acc + + + acc

ZG37A +++ acc + + + acc +

ZG37B + acc + + acc acc ++

ZG38A + + +++ + +

ZG38B + +++ + + acc
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nant kaolinite and a small amount of halloysite, respec-

tively. Increased XRD background in most of the samples

may indicate the presence of amorphous and organic

materials (Jones and Segnit 1971; Iijima 1980; Iijima and

Tada 1981). Mordenite is determined by 9.1, 4.53, 4.00,

3.48, and 3.39 Å peaks, and analcime is determined by

5.60, 3.43, and 2.92 Å peaks.

SEM-EDX determinations

Feldspar is generally characterized as very large, blocky,

and partly to highly altered, having dissolution cavities

and, in places, euhedral and exhibit zoning. Development

of alteration products on skeletal remnants of feldspar and

in dissolved cavities of feldspar layers was observed

(Fig. 4a, b). Generally, development of spongy and corn-

flakes structures of smectite in dissolution voids and micro

fractures of volcanic materials was determined (Fig. 4c–e).

The edges of smectite plates become narrower, forming

fibrous structures, which probably represent the formation

of illite from smectite by transformation mechanism. Some

of these blocks are highly degradated and form subparallel-

layered structures along the c-axis of the crystal, and fur-

ther alteration result in development of subparallel and

irregular kaolinite plates (Fig. 4f, g). The size of the plates

increased from the feldspar wall toward the central part of

the fractures, where the plates exhibit suborientation to-

ward the fracture axis.

The occurrence of subrounded aggregates having grain

sizes between 2 and 20 lm in diameter on the altered

surface possibly represents microorganisms (Fig. 4h),

based on their morphologies and compositions of mainly C

obtained by EDX analyses. These subrounded aggregates

are covered by spongy materials, and are individual and

interwoven of very thin fibers of mordenite, in places

(Fig. 4h). Furthermore, some of these fibers are developed

in the micro fracture and dissolution void of the volcanic

materials (Fig. 4i). Highly altered volcanic units (soil) have

approximately 15% porosities and enclose filamentous

structures (Fig. 4j). Moreover, oriented flexible continuous

layers were observed in the ZG13 sample, possibly

resembling the occurrence of flakes of biotite, which is

compacted between the volcano-sedimentary grains

(Fig. 4k).

It is found that some of the concrete buildings in the

residential areas of Gökçeler Village are dominated by

needle-type crystals (0.2 · 5 lm), which were determined

as chrysotile (Fig. 4l), based on petrographical, XRD, and

EDX analyses.

Differential thermal analysis-thermal gravimetry

(DTA-TG)

The DTA-TG curves of the smectite (ZG34b) sample ex-

hibit three main endothermic peaks; at 149�C (weight loss:

11.7%), 561�C (weight loss: 3.2%), and 848�C (weight

loss: 2.0%), and an exothermic ridge at 871�C (Fig. 5a).

The first large asymmetric endothermic peak is due to the

elimination of hygroscopic and zeolitic waters. The second

and third endothermic peaks are due to dehydroxylation.

The last endothermic peak is followed by an exothermic

peak due to recrystallization into a new phase, which is

possibly enstatite (MacKenzie 1957; Smykatz-Kloss 1974;

Kadir and Karakaş 2002).

The DTA-TG curves of the kaolinite (ZG39c) sample

show two endothermic peaks; at 150�C (weight loss: 3.8%)

and 552.5�C (weight loss: 7.8%), and an exothermic peak

at 927�C (weight loss: 1.8%) (Fig. 5b). The first endo-

thermic peak is small and wide, possibly due to the loss of

adsorbed water as well as some interlayer water, and the

Table 1 continued

Sample no smc chl kao gibb ill mord anal tal fds qtz op-ct amp oliv serp cal dol

ZG38C + + acc ++ + +

ZG39A acc + ++ + +

ZG39B + + acc acc acc + +

ZG39C ++++ acc

ZG39D acc +++ + ++ +

ZG39E ++++ acc + acc + +

ZG39F +++ acc ++ + + + acc

ZG40A + + + + +

ZG40B +++ + + + + acc

ZG41A + acc acc + + ++

ZG41B + + acc acc +++ +

smc smectite, chl chlorite, kao kaolinite, gibb gibbsite, ill illite, mord mordenite, anal analcime, tal talc, fds feldspar, qtz quartz, op-ct opal-ct,

amph amphibole, oliv olivine, serp serpentine, cal calcite, dol dolomite, acc accessory, + relative abundance of mineral
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large main strong symmetric endothermic peak at 552.5�C

is due to the dehydration and decomposition (dehydroxy-

lation) of the mineral, similar to what was reported by

MacKenzie (1957), Smykatz-Kloss (1974) and Paterson

and Swaffield (1987). The last medium-strong exothermic

peak is probably due to recrystallization of alumina and/or

mullite. Although the first endothermic peak may reveal

the presence of some 7 Å-halloysite, the strong, symmetric

endothermic peak of the dehydration peak is indicative of

well-crystallized kaolinite (MacKenzie 1957).

Geochemical results

General geochemistry

The results of the representative samples from the Zon-

guldak region are presented in Table 2. The major element

data from andesites and tuffs give rather high LOI as a

chemical alteration effect; therefore, incompatible ele-

ments (particularly Ti, P, Zr, Y, Hf, Th, Ta, and REE) are

used to determine the primary chemical features of these

Fig. 3 X-ray diffraction patterns of the Gökçeler Village materials. A
Smectite (ZG34b), B Kaolinite-dominated (ZG39c) samples: (a)

unoriented; (b) air-dried; (c) ethylene-glycol-solvated; (d) heated 350/

2H; (e) heated 550/2H; (f) strong K-acetate treatment; (g) removal of

K-acetate by washing and addition of ethylene glycol. smc smectite,

kaol kaolinite, hal halloysite, anal analcime, mord mordenite, fds
feldspar
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rocks. The rocks are mainly plotted in the andesite field in

the Zr/TiO2 versus Nb/Y diagram (Fig. 6a). The general

geochemical character of the samples is shown in the P2O5

versus Zr and AFM diagrams (Fig. 6b, c). The analyzed

rocks are subalkaline and exhibit a calc-alkaline trend

indicating oxidizing conditions with no early iron enrich-

ment. Based on the Leat et al. (1986) magma discrimina-

tion series, which depends on absolute Zr abundances, the

rocks have subalkaline affinity and <500 ppm Zr. Whole-

rock Zr contents of the analyzed samples ranged from 113

to 270 ppm. In general, low Zr may represent primitive

rocks, especially sample ZG6, which may be the most

primitive, representing the highest degree of melting as it

also has relatively high Ni and Cr contents.

On the basis of their petrography and geochemistry.

andesites show two main groups which both have subal-

kaline character. The samples (ZG6, ZG39a, ZG39b, and

ZG39f) from the Dinlence Formation have SiO2 content

between 54.58 and 57.67 wt% (except ZG39b with

33.76 wt% SiO2 because of the alteration effect) whereas

the samples (ZG27, ZG38a, ZG38b, ZG38c, and ZG40f)

from the Kazpınar Formation have higher SiO2 contents of

Fig. 4 SEM images of (a) feldspar blocks surrounded by spongy

alteration products; (b) dissolved feldspar blocks; (c) spongy corn-

flake-type smectite-illite, developed mainly on and between dissolved

and irregular feldspar grains; (d) development of authigenic smectite-

illite in dissolution voids; (e) development of authigenic smectite flex

in microfractures; (f) sub-parallel thick plates developed by degra-

dation of feldspar and partly surrounded by alteration products; (g)

development of irregular kaolinite plates sub-parallel to the veins and

cracks axes; (h) growth of interwoven, long mordenite fibers on

subrounded aggregates, representing microorganisms; (i) develop-

ment of interwoven, long mordenite fibers between microfracture

walls; (j) calcified filaments in soil profiles; (k) oriented flexible

continuous layers resembling biotite; (l) needle-type chrysotile

crystals in the concrete buildings

Environ Geol (2008) 54:391–409 399

123



between 61.21 and 64.71 wt%. Tuffs from the Gökçetepe

Formation (ZG11 and ZG17) have SiO2 contents of 49.21

and 51.12 wt%, respectively. Regarding the major element

variation of the samples on the Harker diagrams, there are

negative trends for TiO2, Na2O, CaO, Fe2O3*, and K2O

versus SiO2 diagrams, and positive trends for Al2O3 versus

SiO2 diagrams. The increase in TiO2 with respect to SiO2

may be due to fractionating Ti-bearing phases, like ti-

tanomagnetite, hornblende, and biotite.

The effects of alteration cause the scatter in the variation

diagrams. Samples display an increase in MnO, Fe2O3*, Sr,

and SiO2, though only slightly in MgO and CaO, while

elements like Al2O3, K2O, and Rb, correlate negatively

with LOI. There is no particular change in Na2O. Since

SiO2 is variably mobile, trace elements were plotted

against Zr as a differentiation index in order to understand

if there were any distinct chemical suites within the sam-

ples. Zr versus Nb, Y, and Th plots, as well as La versus

Nb, and TiO2 versus Zr and Th (Fig. 7) distinguish the

samples from the Dinlence and Kazpınar formations.

MORB-normalized trace element diagrams have a com-

mon pattern for all samples, showing enrichment in large ion

lithophile elements (LILE) relative to high field strength

elements (HFSE) (Fig. 8a). The sample ZG38b shows

strongly depleted Sr, which is a compatible element with

plagioclase, and sample ZG40a shows Rb depletion. In

general, samples ZG11, ZG17, and ZG40a have a more de-

pleted pattern relative to the others. Although there is a

general Nb-depletion anomaly, a trough at Th and Rb to-

gether with Nb and Ta, which suggests contamination of

magma by lower continental crustal rocks, can be seen. The

Kazpınar and Dinlence formations show the groupings that

have a slightly different MORB-normalized pattern in which

the Kazpınar Formation samples show a more enriched LILE

pattern than the Dinlence Formation samples. This feature is

also observed in chondrite-normalized diagrams (Fig. 8b),

although all the groups have a common pattern. Chondrite-

normalized diagrams display a similar pattern characterized

by enrichment in LIL elements relative to HFS elements,

indicating continental crust involvement in their genesis.

Fig. 5 DTA-TG curves for (a)

smectite sample ZG34b and (b)

kaolinite sample ZG39c
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Table 2 Representative whole-rock major trace and REE chemical analyses of andesites, tuffs, sandstones, and soil samples from the Gökçeler

Village area. Fe2O3 is total iron

(wt%) Andesite Andesite Andesite Andesite Andesite Andesite Andesite Lithic tuff Vitrified tuff Tuff Tuff

ZG6 ZG27 ZG38a ZG38b ZG38c ZG39a ZG39b ZG39f ZG40a ZG11 ZG17

SiO2 57.67 61.53 64.71 63.23 61.21 56.84 33.76 54.58 63.74 49.21 51.12

Al2O3 16.88 18.03 17.71 18.21 19.67 17.22 28.62 15.56 13.28 17.63 15.38

Fe2O3 7.62 4.64 4.34 4.60 5.39 7.68 13.32 7.05 4.05 7.87 8.81

MgO 2.70 1.05 0.96 0.93 0.89 2.48 1.56 3.52 1.15 4.51 5.11

CaO 6.06 2.11 1.29 0.92 0.32 3.29 1.25 6.06 4.36 5.81 6.94

Na2O 4.96 4.14 3.85 3.66 1.84 3.60 0.41 4.12 1.30 4.08 4.08

K2O 1.50 6.89 6.69 6.71 5.96 2.32 1.38 1.37 0.48 1.12 0.78

TiO2 0.85 0.52 0.52 0.55 0.65 0.89 1.36 0.83 0.50 0.68 0.77

P2O5 0.25 0.23 0.20 0.15 0.07 0.29 0.87 0.20 0.11 0.12 0.14

MnO 0.108 0.153 0.113 0.097 0.123 0.124 0.119 0.139 0.126 0.225 0.171

LOI 1.8 1.8 2.1 2.3 5.7 5.9 17.3 6.4 12.2 8.9 7.0

Total (ppm)

Ba 270 1258 1173 1180 1101 628 582 340 423 531 197

Co 18 5 4 5 7 17 35 22 4 18 22

Cr 254 128 147 114 67 98 121 114 55 69 160

Cu 52 52 53 17 23 44 58 42 26 115 96

Li 14 7 9 12 13 20 34 16 13 44 24

Ni 37 10 10 10 13 17 31 21 7 20 25

Sc 19 7 7 7 9 17 37 18 13 22 30

Sr 423 358 240 217 121 449 31 597 1364 1096 541

V 161 78 70 74 92 122 156 146 44 192 247

Zn 64 74 47 56 57 71 141 70 65 75 73

Zr 113 123 124 133 149 145 270 123 120 63 73

Pb 19 23 21 19 24 19 35 15 15 16 13

U 1.06 2.69 3.22 3.49 3.91 0.99 2.82 1.90 0.83 0.56 0.55

Th 4.07 9.62 9.61 10.50 10.88 4.60 8.39 4.46 3.05 2.45 2.39

Rb 41 157 192 174 173 68 36 32 8 16 15

Nb 12.3 5.6 5.6 5.9 8.1 11.3 22.2 11.8 3.5 2.6 2.6

Cs 0.81 0.86 0.57 0.46 1.46 1.07 1.17 0.89 0.33 2.39 0.30

Hf 3.18 3.32 3.10 3.49 3.90 3.50 5.95 3.22 3.61 2.02 1.99

Ta 0.73 0.35 0.33 0.35 0.53 0.68 1.25 0.70 0.24 0.18 0.16

Tl 0.1 1.1 0.9 0.8 0.9 0.7 0.3 0.3 0.1 0.1 0.2

Y 23 27 30 25 23 26 25 24 41 14 20

La 19.7 24.1 28.6 26.9 24 28.3 47.3 18.8 12.0 11.9 9.8

Ce 36.2 44.6 39.6 28.9 47.8 39.9 52.1 34.5 25.4 24.0 20.0

Pr 4.2 5.5 6.6 6.9 5.4 5.3 7.3 3.9 3.7 3.0 2.7

Nd 18.4 23.8 28.3 28.5 22.2 22.0 27.2 16.7 17.5 14.2 13.0

Sm 4.01 5.08 6.01 6.14 4.78 4.55 5.99 3.68 4.89 2.89 3.27

Eu 1.16 1.30 1.43 1.46 1.17 1.27 1.64 1.05 1.13 0.83 0.93

Gd 3.44 4.06 4.67 4.45 3.55 3.88 4.60 3.29 4.51 2.23 2.80

Dy 3.28 3.78 4.28 4.01 3.20 3.89 5.15 3.34 5.31 2.09 2.93

Ho 0.69 0.78 0.84 0.80 0.68 0.77 1.01 0.71 1.18 0.42 0.66

Er 1.85 2.14 2.28 2.06 1.92 2.09 2.69 1.89 3.30 1.15 1.62

Yb 1.93 2.65 2.55 2.49 2.29 2.41 3.50 2.16 3.82 1.29 1.88

Lu 0.32 0.43 0.43 0.41 0.39 0.41 0.55 0.35 0.60 0.20 0.31

Mo 7.0 3.4 3.5 2.8 1.6 1.4 0.8 1.9 1.1 1.0 2.0

Sn 1.1 1.0 1.4 1.1 1.2 0.9 1.4 1.0 1.3 1.0 1.1

W 0.3 1.4 0.3 1.2 1.1 0.2 0.7 4.2 0.4 0.9 0.4
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Table 2 continued

(wt%) Soil Soil Soil Soil Soil Soil Sandstone Subarkose Micrite-siltstone Lithic arkose Sandstone

ZG8 ZG24 ZG28 ZG39c ZG39d ZG40b ZG36b ZG41a ZG25 ZG37a ZG34b

SiO2 55.46 45.89 53.66 40.76 48.03 59.64 53.69 60.88 29.29 49.90 51.64

Al2O3 17.74 15.29 17.21 28.34 23.16 14.81 15.59 9.95 5.79 14.51 16.07

Fe2O3 7.68 5.49 6.44 10.99 11.72 5.30 3.94 3.58 3.38 5.99 4.69

MgO 1.96 2.92 2.01 1.03 1.03 1.69 2.72 1.67 1.00 1.90 4.08

CaO 2.39 10.50 3.10 0.31 0.34 3.87 5.08 9.06 30.77 9.83 3.58

Na2O 1.63 089 4.63 0.02 0.15 1.14 0.48 3.62 0.68 1.38 1.11

K2O 1.92 0.43 1.12 0.19 1.03 0.52 0.58 0.48 0.74 2.05 0.64

TiO2 0.71 0.58 0.66 1.08 1.43 0.58 0.46 0.38 0.20 0.57 0.48

P2O5 0.06 0.27 0.16 0.14 0.10 0.10 0.15 0.11 0.12 0.10 0.19

MnO 0.248 0.274 0.119 0.076 0.394 0.213 0.180 0.124 0.452 0.070 0.029

LOI 11.4 18.6 12.2 17.2 13.9 13.6 18.5 10.7 27.2 15.4 18.1

Total (ppm)

Ba 916 489 201 254 242 676 1115 108 320 850 473

Co 17 20 13 14 36 7 6 8 5 8 4

Cr 87 73 109 38 101 51 65 299 37 106 38

Cu 66 162 94 45 48 37 49 47 36 36 21

Li 33 37 17 36 37 14 61 25 13 31 190

Ni 26 38 15 17 44 9 15 30 26 24 7

Sc 17 14 17 28 22 17 11 13 6 12 6

Sr 408 631 413 7 34 1015 1795 110 596 768 557

V 147 144 175 189 224 70 76 126 52 103 75

Zn 81 88 64 77 110 71 56 38 42 67 63

Zr 120 97 71 218 275 124 226 145 43 134 146

Pb 31 77 16 30 36 15 30 13 40 16 26

U 1.38 0.80 0.75 2.22 3.31 0.91 4.24 1.17 0.38 1.37 2.00

Th 7.40 4.94 2.74 8.58 12.73 3.35 14.78 3.30 2.62 7.39 11.08

Rb 72 16 24 17 71 12 12 15 33 59 20

Nb 10.8 4.0 3.0 18.1 23.3 3.7 9.5 3.8 2.3 10.1 9.6

Cs 3.58 1.36 1.72 1.30 4.35 0.61 0.41 1.15 1.66 3.32 3.16

Hf 3.42 2.67 2.04 5.27 6.95 3.77 5.77 3.88 0.98 3.43 3.43

Ta 0.67 0.28 0.20 1.18 1.48 0.25 0.64 0.26 0.16 0.67 0.69

Tl 0.6 0.3 0.3 0.3 0.8 0.2 0.4 0.2 0.5 0.8 0.2

Y 33 18 17 75 23 41 31 15 19 16 24

La 32.6 10.1 10.6 65.5 28.4 13.2 26.3 12.9 16.1 16.6 23.6

Ce 56.3 22.1 21.8 103.4 80.1 27.7 57.3 25.4 22.5 32.7 49.5

Pr 7.1 3.0 2.9 15.6 5.1 4.0 6.9 3.1 3.0 3.9 5.7

Nd 30.7 14.0 13.1 66.4 19.9 18.9 28.5 13.0 12.9 16.2 24.0

Sm 6.42 3.42 3.20 13.27 3.62 4.98 6.01 2.62 2.58 3.56 4.86

Eu 1.56 0.96 0.90 3.26 0.78 1.14 0.93 0.59 0.63 0.86 1.24

Gd 5.13 2.88 2.55 11.00 3.20 4.47 4.46 2.23 2.29 2.80 3.73

Dy 4.85 2.89 2.47 10.37 3.07 5.51 4.52 1.96 2.30 2.64 3.43

Ho 1.00 0.59 0.53 2.21 0.65 1.17 0.89 0.44 0.49 0.54 0.72

Er 2.62 1.60 1.34 5.87 1.81 3.34 2.50 1.15 1.30 1.45 1.92

Yb 2.93 1.69 1.50 6.21 2.25 3.84 2.79 1.29 1.45 1.83 2.35

Lu 0.47 0.27 0.25 0.97 0.38 0.63 0.46 0.21 0.23 0.30 0.40

Mo 1.4 1.3 1.8 0.1 1.1 0.7 0.9 4.8 0.2 1.4 0.2

Sn 1.5 1.3 1.3 1.5 2.1 1.1 2.1 0.7 1.2 1.1 3.3

W 1.0 0.2 0.7 0.6 1.9 0.4 0.2 0.3 0.9 0.6 2.0
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The samples have calc-alkaline character in the Ti–Zr–

Y (except ZG39b and ZG40a) and Ti–Zr discrimination

diagrams (Fig. 9a, b). In the 2Nb-Zr/4-Y diagram (Fig. 9c),

samples are seen in the volcanic arc basalt field. Addi-

tionally, discrimination diagrams based on the immobile

HFS elements Th–Hf–Ta samples plot in the volcanic arc

basalts on the Hf/3-Th-Ta diagram (Fig. 9d). This diagram

is subdivided into the island-arc tholeiites (primitive arc

tholeiites) with an Hf/Th ratio >3.0, and calc-alkaline

basalts with an Hf/Th ratio <3.0. Zonguldak samples have

an Hf/Ta ratio <3.0, indicating calc-alkaline character.

Alteration geochemistry

The geochemical correlation products with partly altered and

fresh samples reveal that different contents of SiO2, Al2O3,

Fe2O3, MgO, CaO, Na2O, and K2O, and loss on ignition are

consistent with the mineralogical compositions (Tables 1

and 2). The SiO2 values are attributed to the presence of

smectite, chlorite, kaolinite, analcime, feldspar, quartz, and

opal-CT. The high Al2O3 values are mainly from smectite,

kaolinite, and analcime, and partially from chlorite, illite, and

feldspar. As the Fe2O3-content in the clay size fraction in-

creased in comparison to the fresh host samples, indicating

that Fe2O3 appears to be bound with alteration products, such

as smectite and kaolinite, because no evidence of other iron-

bearing phases, except traces of hematite and illite, was de-

tected by XRD in some samples and this makes it a slightly

ferriferous mineral. This may reveal that Fe substituted Al in

the octahedral of smectite- and kaolinite-type clay minerals

during physico-chemical alteration processes. The amount

of Al2O3 + Fe2O3 increased and Na2O + K2O + CaO

decreased upward of the soil profiles where the alteration

degrees increased gradually within approximately 3 m.

Fig. 6 a Zr/TiO2 versus Nb/Y diagram (after Winchester and Floyd 1977). b P2O5 versus Zr diagram (after Floyd and Winchester 1975). c AFM

diagram (after Kuno 1968) of the analyzed samples
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The gain and loss of the elements is possibly due to the

difference of element mobility and the leaching of mobile

elements downward following degradation of the minerals,

as well as the release of the elements similar to the case in

samples ZG38a, ZG38b, ZG38c, ZG40a, and ZG40b, and

especially samples ZG39a, ZG39b, ZG39c, ZG39d,

ZG39e, and ZG39f in which Na2O values have a positive

correlation with analcime and feldspar. K2O content is due

to the presence of illite. The small MgO values are possibly

representative of smectite- and chlorite-type alteration

products rather than other Mg-bearing minerals, such as

dolomite, which are either absent or occurred as accesso-

ries in some places.

Zr, U, Th, Nb, Hf, Li, Zn, V, Co, Cs, and Ta are

immobile and positively enhanced with increased alteration

processes of the volcanic units, whereas Sr, in relation to

soluble Na and Ca, is mobile and leached downward from

the soil towards the host rock. Decreased Sr in relation to

Ca with increased alteration may indicate the alteration

developed in a terrigenous environment. On the other hand,

Ba and Rb, in relation to K, exhibit a moderately mobile

character. Therefore, Ca, Na, K, and Mg content decrease,

whereas Zr, U, Th, Nb, Hf, Li, Zn, V, Co, Cs, and Ta, and

partially Ba and Rb content increase upward of the alter-

ation profile, where the alteration degree increased gradu-

ally under the influence of vadose water.

Genetical results

In the field study, various types of cancers, such as oste-

osarcoma, pancreatic cancer, gastric cancer, uterine cancer,

and lung cancers, as well as polyposis of the colon were

Fig. 7 Diagrams of the

analyzed samples. a Nb versus

Zr diagram. b Y versus Zr

diagram. c Th versus Zr

diagram. d Th versus TiO2

diagram. e Zr versus TiO2

diagram. f Nb versus La

diagram (Symbols are the same

as those in Fig. 6a)
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observed. Many individuals in the region died from dif-

ferent types of cancers at an early age. Detailed pedigree

analysis documented a high degree of consanguineous

marriages in the study population. The relationship of most

of the cancer cases with consanguineous marriage was

remarkable and suggested a genetic link to the cancer

susceptibility in the region. One large family of 85 indi-

viduals, which began with a single ancestor and additional

small pedigrees, was constructed during this analysis.

The proband had osteosarcoma with onset at the age of

20 years. Her brother had polyposis of the colon and her

father died from pancreatic cancer at the age of 41 years.

Her paternal aunt, and her three paternal uncles died from

different types of cancers, but the ages at death were un-

known for these family members. In the same pedigree,

gastric cancer, uterine cancer, and lung cancer occurred in

six distant relatives who had all died prior to the time of the

study. Although it is difficult to estimate the exact mode of

Fig. 8 a MORB-normalized

trace element diagram for the

analyzed samples with

normalizing values from Sun

and McDonough (1989). b
Chondrite-normalized REE

diagram for the analyzed

samples with normalizing

values from Taylor and

McLennan (1985) (Symbols are

the same as those in Fig. 6a)
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inheritance, this large family met the criteria for diagnosis

of Li-Fraumeni syndrome (LFS) as described by Li et al.

(1988). Li-Fraumeni syndrome is an autosomal dominant

cancer predisposition syndrome associated with soft tissue

sarcoma, breast cancer, leukemia, osteosarcoma, and mel-

anoma, as well as cancer of the colon, pancreas, adrenal

cortex, and brain. More than 70% of individuals clinically

diagnosed have an identifiable disease-causing mutation in

the p53 gene (Chompret et al. 2000); however, DNA-

sequencing analysis of the entire coding region of p53

(exons 2–11) (Varley 2003) did not demonstrate any

mutation using the peripheral blood of index osteosarcoma

case.

Discussion

The most widespread rocks in the Zonguldak region, which

is situated in the western Black Sea Region, are volcano-

sedimentary rocks, including andesite, tuff, limestone, and

sandstone. The geochemical study results suggest that the

samples analyzed have subalkaline character, demonstrate

the enrichment of incompatible elements (Cs, Ba, Rb, Th,

U, K, and light REE), and possess almost flat, heavy REE

patterns. They are comparable to island-arc calc-alkaline

suites, and the enrichment in LILE relative to HFSE, and

the depletion in Ta and Nb, with respect to adjacent ele-

ments, indicate continental crust involvement in their

Fig. 9 Diagrams of the analyzed samples. a Ti*100-Zr–Y*3 diagram

for andesites and tuffs (after Pearce and Cann 1973). b Ti versus Zr

diagram for andesites and tuffs (after Pearce and Cann 1973). c Nb*2-

Zr/4-Y diagram for andesites and tuffs (after Meschede 1986). d Hf/3-

Th-Ta diagram (after Wood 1980) (Symbols are the same as those in

Fig. 6a)
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genesis. Moreover, two petrographically and geochemi-

cally slightly different groups, which are represented by the

Kazpınar and Dinlence formations, might suggest different

magmatic sources.

Field observations and analytical determinations re-

vealed that paleoclimatic conditions, as well as biological

activities, resulted in the development of weathering pro-

cesses in the volcano-sedimentary units of the study area.

Alteration products, such as smectite, kaolinite, accessory

chlorite, illite, mordenite, and analcime, are occasionally

associated mainly with feldspar, quartz, opal-CT, amphi-

bole, and calcite, and accessory olivine, serpentine, and

dolomite. Additionally, kaolinization, chloritization, seric-

itization, and Fe–Ti-oxidation occurred in andesitic rocks

and tuffaceous materials due to the degradation of an

unstable glass shards matrix, and enclosed feldspar- and

clinopyroxene-type phenocrysts developed, possibly due to

diagenesis and hydrothermal activities followed mainly by

weathering processes. Diagenesis and hydrothermal activ-

ities were supported by the presence of epidote, albite,

zeolite, chlorite, and mica minerals (Chamley 1989).

Similar alteration products can be seen in sandstones that

are red in color due to Fe–Ti-oxidation. Micromorpho-

logically, close associations of skeletal feldspar and relict

glass shards with smectite and kaolinite, suborientation of

feldspar-edged subparallel kaolinite plates to the fracture

axes, along with the increase of plate sizes from the feld-

spar wall towards the fracture center reveal that the reac-

tion of the water with feldspar and glass shards resulted in

dissolution and precipitation of the released materials such

as authigenic smectite or kaolinite (Berner and Holdern

1979; Kadir and Karakaş 2002; Mutlu et al. 2005). Dis-

solution of feldspar and glass shards resulted in the release

of Si, Al, and Mg ions, which favored precipitation of

smectite in a stagnant environment due to the concentration

of such alkaline elements as Ca, K, and Na. Petrographical

studies (e.g., the presence of Na-, K-, and Ca-bearing

minerals) and the results of the analysis of whole-rock

geochemistry (e.g., the high abundance of Ca, K, and Na,

and high amount of LOI) are comparable with the results

obtained through XRD and SEM results. The high rain fall

and humidity of the Black Sea Region resulted in wetting

of the volcano-sedimentary units close to the ground sur-

face due to absorption, causing reduction of water flux in

the fine-grained materials due to the expandability of the

aggregate and reduction of the pores similar to what was

reported by Velde (1995). On the other hand, kaolinite was

formed in a drained acidic environment due to the removal

of mobile alkaline elements by significant pore-water flux

in large pores and desiccation cracks, possibly following

drought. The formation of organic materials as a result of

thick plant growth in the region, and the presence of cal-

cified filaments and knobby microorganisms with alteration

products may indicate that the biological processes that

produced organic acid and CO2 might have also led to the

dissolution of feldspar and glass shards, as well as the

development of kaolinite (Klappa 1979; Curtis 1983; Sur-

dam et al. 1984; Anand et al. 1985; Wright 1986; Beier

1987; Wright and Tucker 1991; Hurst and Pickering 1997).

Following the precipitation of smectite and/or kaolinite

during the continuous dissolution of feldspar provided the

pore waters with concentrations of excess K in comparison

to the mobile Na and Ca ions that are leached out of the

system. Such microenvironments may favor conversion of

smectite to illite during diagenesis, as determined by the

SEM analysis, which was also reported by Hower et al.

(1976), Robertson and Lahann (1981), Bethke and Altaner

(1986) and Rask et al. (1997). The main source of Fe and

Mg for traces of chlorite is ferromagnesian minerals, such

as pyroxene and amphibole. Changes to the Na, K, and Ca

concentrations in the environment due to their mobility and

pore water-flux, in addition to Al, may also favor precipi-

tation of mordenite and/or analcime.

Micromorphologically, the presence of fibrous minerals

like mordenite may have a possible effect on the occurrence

of cancer, although their contribution to the disease is not

completely recognized and biological studies remain to be

conducted (Klein 1993). A number of studies have gener-

ally indicated that amphibole asbestos is a more potent

carcinogen than chrysotile asbestos since amphibole fibers

penetrate deeper into the lungs, and persist in the lungs and

adjacent tissues for longer periods of time than chrysotile,

where they can trigger cancers and fibrosis (Plume et al.

2006). However, there is controversy concerning the path-

ogenicity of chrysotile, and a number of studies indicate that

both chrysotile and amphibole asbestos forms are patho-

genic (i.e., Lemen 2006). Moreover, a middle ground in this

debate (Sporn and Roggli 2004) concludes that sufficient

exposure to chrysotile may result in the development of

cancer, but low levels are not likely to increase risk.

Therefore, in our study, the presence of needle-type

chrysotile in the residential buildings inhabited by cancer

cases may have accelerated the development of the cancers.

On the other hand, cancer is a disease caused by genetic

alterations in key target genes that provide a selective

advantage to the growth of tumor cell. While cancer is a

disease of mutations, it is generally not an inherited disease,

like Duchenne muscular dystrophy or cystic fibrosis. Nearly

all cancers are thought to arise from the interplay between

inherited genetic alterations and the environment, and in the

majority of cancers, environmental and genetic components

are both involved in a complex, multifactor interaction,

which is yet to be fully understood (Chen and Hunter 2005).

Cancer accumulation in a particular region first suggests

an environmental cause. The hereditary component of such

cases should always be considered in the study design for
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such regions. In the present study, based on family history,

types of cancers observed in the region, early onset, and

aggressive course of the cases, we considered one of the

cancer predisposition syndromes, i.e., Li-Fraumeni syn-

drome. Although we did not find a germ line mutation in

the p53 gene, which is the major cause of this syndrome, it

is possible that there may be another gene that accounts for

Li-Fraumeni syndrome. One such gene is human CHK2

(Bell et al. 1999). Heterozygote germ line mutations in the

human CHK2 gene were demonstrated to be responsible

for a small portion of Li-Fraumeni patients; however, there

are many families with similar manifestations that were not

linked to either of these genes.

Conclusions

Our results clearly indicate that genetic variations in p53

gene did not influence the risk of cancer development in

presented family. On the other hand, the segregation pattern

of cancer susceptibility in the family strongly suggested a

genetic influence of the increased cancer incidence in the

region. Micromorphologically, the presence of fibrous

mordenite in the altered units and needle-type chrysotile in

the residential buildings, both of which are small enough to

be inhaled, may have had a role in the expression of an

unidentified gene, but are not the primary cause of cancer in

this family. In summary, in this study, the effects of the

geological environment on the health problems of one

family in Gökçeler Village were studied, and it was con-

cluded that the geological environment might have had a

secondary role, but that genetic factors had a primary role in

the development of disease in the region.
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Village, who together with most of his family was suffering from

cancer, for his helps during the fieldwork. The authors are greatly

indebted to Professor Gunter Doerhoefer, Editor-in-Chief, and anon-

ymous reviewers for their critical reviews and suggestions, which

improved the manuscript.

References
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