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ABSTRACT

This study examines the degradation type, the morphology and the corrosion degree of petri-
fied samples coming from different geographical areas of Greece. Each area (continental and insu-
lar) is characterized by a different degree of fossilization, but a similar morphology, as different en-
vironmental parameters are prevailing.

Sampies have been examined with S.EM, - E.D.A X, X-R.D. and micrescopy techniques in
order to correlate degradation type, morphelogy and degree with fossilization process and environ-
mental factors {temperature and humidity variation, soluble salts crystallization, biclogical deposi-
tions and frost damage).

Keywords: petrified forests, corresion, deterioration, seluble salts crystallisation, frost action,
conservation, preservation.
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1, INTRODUCTION - HISTORICAL DATA
Greece is famous in Europe because of the occurrence of real in-situ fossil forests, mainly in vol-
canoclastic sediments. Fossilized woods are commeon in many countries of Europe, North Africa or
Asla, and many fossil sites are called “fossil forests”, but reality is quite different. Some new ideas
about fossil forests you may read in VELITZELOS:; GREGOR & HOLLEIS 2003.

1.1 Lesvos Island

The fosstlized - petrified forest of Lesvos (see fig. 1), which is dated in Lower Miocene {(~20
million years), is located in the area of the north-western part of the island, and according to recent
research, it occupies half of the area defined by the imaginary line between Molyvos - Plomari. It is
one of the most important natural sites in Eurepe and a national museum exhibition/display will be
created soon, in Sign (Velitzelos et al., 1997, 1996, 1981b, 1981a, 1988, 1978, Selmeier A., Velit-
zelos E., 2000).

The fossilized trunks are in compact sentiments and the degree of fossilisation is complete
(see fip. 2, 3,4, 5, 6}




Fig, 1. Map of Greece with the fossihized forest of Fig. 2. Fossilized trunk from Lesvos.
Lesvos (1),

FT'_:,

[1g. 3. Fossilized trunk from Lesvos, Fig. 4. Fossilized trunk from Lesvos.

Fig, 5. Fossilized trunk from Lesvos. Fig. 6. Fossilized trunk from Lesvos.

1.2 Kastoria
The fossilized - petrified forest of the Kastora (see hg. 7), which 1s dated in Lower Miocene

(20 miflion years), covers an extended area in the regions of Nostimo and Asproklisia. The fossil-
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1zed trunks are in not so compact sentiments and the degree of fossilisation 1s cither complete or
partial (see tig. 8,9, 10, 11, 12).

..drii;;i.
.. = :".rb
Yot

DR R il
1 a4 -r - ub

. .1'=';I . o AN
" TR
e 'J}ﬂﬁ‘l ; :'-Il.r'. ;
Wy LA Ml -1 r
o '.}..{Hﬂd oy L';
. Pl I |'_ll I: {_-

" e L= AT e JF F
il . 'i-'r' . . .I." " " .
] -1- T, I i' h |' ! 1 .’ wh

1 T 48
d :

LT

-1
_'l" =,

f Nl SN
= e

- )
W

Fig. 7. Map of Greece with the fossihzed forest Fig. 8. Fossilized trunk from Kastora.
of Kastoria (2).

Fig. 1. Fossilized trunk trom Kastora. Fig. 12. Fossilized trunk from Kastoria.

1.3 Evros
The fossilized - petrified torest of the Evros (see fig. 13), which is dated in Upper Oligocene

(~25 million years), covers an extended area in the regions of south-eastern Thraki (SELMEIER A,
VELITZELOS E., 2000, VELITZELOS E.. KVACEK 7., VELITZELOS D., 2002). The fossilized
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trunks are n not so compact sentiments and the degree of fossilisation 1s either complete or partial
(see fig. 14, 15, 16, 17, 18).

Fig. 13, Map of Greece wiath the fossihzed forest Fig. 14. Fossihized trunk from Evros.
of BEvros (3).

Fig. 17. Fossihized frunk trom Evros, Fig. 18. Fossihized trunk from Evros.

1.4 Evia Island
The fossilized - petrified torest of the Evia (see fig. 19), which 1s dated in Upper Miocene (—35
- 9 million years), covers an extended area in the regions of north-western Evia (VELITZELOS et
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al. 2002). The fossihized trunks are in not so compact sentiments and the degree of fossilisation is
either complete or partial (see fig. 20, 21, 22, 23, 24).

Fig. 19, Map of Greece with the fossihized torest Fig. 20. Fossilized trunk from Evia.
of Evia (4).

Fig. 23, Fossilized trunk from Evia. Fig. 24, Fossilized tunks from Ewvia.

1.5 Limnos Island
The fossilized - petrified forest of the Limnos (see fig. 25), which 1s dated Lower Miocene
(~20 mullion years), covers an extended area in the region of Moundros in southern Limnos (SUSS
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H., VELITZELOS E., 1993). The fossilized trunks are in compact sentiments and the degree of fos-
silisation is complete (see fig. 26, 27, 28, 29, 30).

Fig. 25. Map of Greece with the fossilized forest
ot Limnos (5).

Fig. 29, Fossilized trunk from Limnos. Fig. 30. Fossihized trunk from Limnos.

1.6 Protection of the fossil forests

The great importance of the above natural monuments leads to the necessity of a study for the
conservation, protection and publicity of those fossilized - petrified forests. The main deterioration

factors affecting those materials are soluble salts crystallisation, temperature variations and frost
damage n the fossilized forest material.



2. PHYSICOCHEMICAL DATA - ANALYSIS OF THE FOSSILIZED MATERIALS -
MAIN FACTORS OF CORROSION

2.1 Common data (fossilisation, degree, porosity, hardness)
Totally, for all fossilized forests of Greece, therc are the following data:

I. Procedure of fossilization:
Volcanic action - [on exchanpe between Si and C {replacement of C of wood by Si).

2. Degree of fossilization:
1. Lesvos: Very high - High.
2. Kastoria: High - Medium.
3. Evros:; High.

4. Evia: High - Medmum,

5. Limmones; Very high - High.

3. Porosity (average):

I. Lesvos: 19,24 mm3fgr.
2. Kastoria: 22,1 mm'/gr.
3. Evros: 204 mm‘!’;’gr.

4. Evia: 22,7 mm’/gr.

5. Limnos: 17,2 mm'/gr.
4. Hardness (average):

1. Lesves: 7,2 Mohs.

2. Kastoria: 6,9 Mohs.

3. Evros: 7,1 Mohs.

4. LEwvia: 6,8 Mohs.

5. Limnos: 7.4 Mohs,

1.2 Special data {SEM - XRDj}

Tests were done on 7 samples of fossilized material, for estimation of physicoechemical prop-
erties and analysis of structure material {S.E.M., X-R.[D}., optical microscopy, chemical analysis,
water absorption, porosity and hardness).

The samples consist of 95% Si0O,, which is mostly in the presence mamly of quartz and small
amounts of tridymite and christobalite. Therc are also in small quantity oxides of Fe, Al, K, Na, (1,
T1, Ca, Mg, Mn:



2,2.1 X-R.D. Analysis
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2.2.2 8. E.M. - E.D.X_A. Analysis
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Scluble salts are one of the mamn deterioration factors for stone materials and fossils {TOR-
RACA 1988, LAMPROPQULOS 1993, CHILD 1994}, Most important are the actions of sodium
chloride and sodium sulphate, which under varying temperature and humidity cenditions are crys-
tallised into the pores of the material thus developing mechanical stresses.

The action of soluble salts 1s very decisive for porous materials like fossils (AMOROSO &
FASINA 1983, CHILD 1994). Soluble salts that may enter into the pores of the material, are mainly
chlorides and sulphates and secondly the carbonates, nitrates and nitrites of alkalis and alkaline
earths, Their provenance may be (LAMPROPOULQS 1993, CHILD 1994} in the case of fossilized
- petrified forests:

- The sea, where sodium chloride 15 contained in a percentage of 3,5% w/v and m non-
polluted sea the ratio of sulphate 1ons to chloride ions is around 0,139. For distances of about 15 km
away from the sea, salts can be transported by saltspray phenomenon.,

- Underground water, where the sofuble salts rise through capillary ascension of water from
the underground via the rocks, carrying along -through the soil- the soluble components of alumm-
ium - silica rocks 1n particular, and other rocks as well, containtng diluted salts i various concen-

trations (see Table 1).

- sodium (Na')
_J}otasslum {I{‘L} i

- magnesium (Mg™ ")
- calcium (Ca®)

- sulphates (S'Df')

- carbonates (CO:")
- chlorides {C17)

- silicates [Siﬂ;z')

Table 1. List of 1ons of several soluble salts in underground water.



13

- Possible contact with structure materials or plasters-mortars, i.e. cements, which are impot-
tant sources of soluble sulphates, carbonates and silicates salts. Additionaily, possible contacts of
the fossilized material with cement, i.e. from fillings of missing parts, may cause a flow of sulphate
salts into the pores of the material.

The most common seluble salts that may form efflorescences (WHEELER, 1993) on the sur-
face and circulate in the pores of the fossilized material are presented (see Table 2).

- sylbite KCi
- pikromerite KaMg(504)..6H-0
-sygenite | KyCa(SOa),
- glasserite {Na,K}.50,
- polyalite _ 1 KaCapMe(S04)4.2H0
- arkanite K250,
- halite | Na(Ci
- nitratite | NaNO,
- thermonatrite Na,COs. HO B
- Ilﬂt]'lEE: Nﬂzc_ﬂ;i 10H,0
- tenardite Na,30,
- mirabilite Na>304.10H,0
- nitrocalcite Ca(NO;);.4H,0
- antarkficite CaCl,..6H,0
- gypsum CaS0,.2H,0
| - bassanite CaS0,.1/2H,0 _
- nutromagnesite Mg(NO3),.6H:0O
| - hydromagnesite Mgs(OH(CO3)):.4H,0
- astrakanite Mg804.Na,804. 4H,0O
- magnesife Me(CO;
- kieserite MgS0,.H,O
- heskeonite MgCOs.3H,0
- epsomite MgS0,.7H,0
- hissohte MgCl,.6H:0
- kalikinite KHCO;
- ammonium nitrate ) NH,NQO;
- hexadrite MgS0,4.6H,0
- nitre KINO;

Table 2. The most common soluble salts that may form efflorescences.

When dilution of varicus salts happens in the pores of a porous matenial, under saturation or
over-saturation point conditions, these salt crystals start to be formed inside the pores. These crys-
fals increase in volume, as they are supplied by the continuous dilution in the capillary network and
thus generate/impose pressure - stresses on the pore walls. This pressure - stresses will increase, the
larger the relation will be between the existing salt concentration and its concentration of saturation

and it 15 given by the formula (1):
P =({RT/UsyIn(C/Cs) (1)
Where:

P = crystallisation pressure in Atimns.
R = constant of noble gases which equals 0.082 Itatm/mole'grad.
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T = absolute temperature in "K.

Us = molecular volume of solid salt in It/mole.
C = present concentration of the salt in moles/It.
Cs = concentration of the saturated salt moles/It.

Sodium sulphate which comes in contact with water, inside the pores, at 32,4 °C, is trans-
formed from rhombohedric tenardite into monoclinic mirabilite, in according to the following reac-
tion:

Na,50y + 10HO0 = Na:S504 10HO

At this time there is a corresponding volume increase of 308%, while in the atmosphere this
transformation happens in a lower temperature and the maximum of mechanical stresses - pressures
occurs at 20 °C (AMOROSO AND FASINA 1983, LAMPROPOULOS 1993).

The volume increase which follows the above mentioned transformations, produces very large
mechanical pressures - stresses in the pores, many times greater than the matenial’s resistance, thus

resulting in surface fractures and degradation of the material.

Chloride alkalis or alkaline earths salts, due to their greater mobility in relation to sulphate
and carbonates, penetrate the pores of the material, where they crystallise and loosen many crystal-
line structures. They also cause “digestion”, that is the dilution of colloidal parts of clays in water
and thus facilitate more the dilution of magnesium, which originates from the matenal.

The deposition of insoluble salts, like siliceous, carbonate, sulphate, on the fossil’s surface,
apart from causing aesthetic alteration to the material, also creates mechanical stresses on the cou-
duction area by contraction - expansion, and thus leading to degradation of the material.

Exposure in open air may cause degradation of the petrographic material, according to the fol-
lowing procedure:

Under certain conditions of temperature and humidity, soluble salts, which are contained in-
side tite pores, are crystallised, thus resulting in mechanical stresses and fractures, according to the
previously mentioned mechanisms (see fig. 2,4, 7, 12, 19, 20).

Finally the frost damage, with the increase of the volume of the water about 9.2%, from the
fluid to the solid and temperature variations, creates mechanical stresses in the porosity of the mate-

rial (see fig. 6, 8, 14, 12, 14, 19)}.
3. OBJECTIVE

The present paper, contributes to developing non-destructive methods for the determining of
the degradation patierns like the frost damage and the presence and crystallisation of soluble salts in
the petrographic material of the fossilized forest of Lesvos, Kastoria, Evros, Evia and Limnos, so
that a conservation strategy can be developed and a formation of a program of action te protect this
material. The development of non-destructive methods of determination of the degree and the pa-
rameters of degradation - deterioration of monuments of our natural heritage is considered of criti-
cal importance for their effective management. An extensive list of accurate 1dentification methods
of susceptible minerals has been presented (HOWIE 1992).

4. MATERIALS AND METHODS

The presence of soluble salts in the petrographic material of the fossilized forest of Lesvos,
Kastoria, Evros, Evia and Limnos, was determined by the application of neutral paper pulps wetted
in de-ionised water, in various surfaces for one hour and then by analysing the absorbed ions, chlo-
ride (CIN) and sulphate (SO,7), by the use of Analytical Chemistry determination methods, per-
formed in the Laboratory of Inorganic Chemical Analysis of the Food Technology department in
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T.E.}. of Athens. The measuring of the specific electrical conductivity of the obtained sam-
plesisolutions was done in the laboratory of Conservation of Ceramics/Glass-Organic matenals 1o
the Department of Conservation of Antiquities and Works of Art, in T.E.L. of Athens. Sample 5 is
de-1onised water and was used as a comparison towards the other results of the study.

From the next Tables 3, 4, 5, 6, 7, it is clear that important quantities of soluble chloride and
sulphate salts exist on the surface and the pores of the material of the fossilized forests of Lesvos
and Limnos and it is elear that low quantities of soluble chlornide and sulphate salts exist on the sur-
face and the pores of the material of the fossilized forests of Kastoria, Evia and Evros.

Table 3. Results of chemical analysis in paper pulps from fossilized trunks of Sigri - Lesvos.

Lesvos
1/n Cd {};S;’cmz_] Cl (ppm) 504" (ppm)
Sample 1 204 20,5 4,5
Sample 2 258 30.5 35
Sample 3 153 31,5 6
Sample 4 219 16 15
Sample 5 5 1 0
Table 4. Results of chemical analysis in paper pulps from fossilized trunks of Nostimo - Kas-
toria.
Kastoria
I/n Cd (uS/em?) CI (ppm) S04~ (ppm)
Sample 1 122 12,5 1,2
Sample 2 135 19.5 1,7
Sample 3 96 21 1,3
Sample 4 127 8.5 {.9
Sample § 5 1 \J

Table 5, Results of chemical analysis in paper pulps from fossilized trunks of Evros.

Evros
I/n Cd (pS/cm’) CI (ppm) SO, (ppm)
sample 1 118 13 1.4
Sample 2 113 17,9 1,8
Sample 3 102 15,3 1,2
Sample 4 121 11.1 1.1
Sample 5 5 ! 0

Table 6. Results of chemical analysis in paper pulps from fossilized trunks of Evia,

Evia
I/n Cd (uS/em’) CI' (ppm) $0.° (ppm)
Sampie 1 159 18,6 33
Sample 2 164 17,1 2,7
Sample 3 168 21.6 3.5
Sample 4 147 16,4 2.9
Sample 5 3 1 0
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Table 7. Resuits of chemical analysis in paper pulps from fossilized trunks of Limnos.

Limnos )

I'n | Cd (uS/em’) CI' (ppm) SO4" (ppm)
Sample ] 222 25.6 3,2
Sample 2 236 38.1 6,3
Sample 3 198 36,2 4,9
Sample 4 172 2.8 5.4
Sample 5 | 5 1 0

Additionally, chmatological data of thc areas were gathered and tables of temperature and
relative humidity were drawn, in order to establish the areas of soluble salt crystallisation and the
presence of frost (sce fig. 31). Temperature and humidity variations, which are present as is shown
from the next diagrams, create mechanical stresses in the porosity of the materials.
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Figure 31. Diagram of mean temperature and relative humidity per month of Lesvos, Kas-
toria, Evros, Evia aud Limnos regions for the period from 1955 to £997.

Then these diagrams were correlated with the V. Furlan diagram, to establish the areas of
crystallisation of sodium sulphate, for each month of the year and for the period 1955 - 1997 (see

fig. 32 — 36).
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during the years 1955 - 1997, Every point month during the vears 1955 - 1997, Every
represents a different month, point represents a different month.
R % Y R H % &
M vl

70} 0 |

B0 60 |-

=0 F =0 b

. I AT S— > TI*C) . . E e . e T 1°C)
0 10 20 G 10 30
Figure 34, Furlan diagram of fossilized forest Figure 33. Furlan diagram of fossilized forest
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during the years 1955 - 1997. Every point month during the years 1955 - 1997, Every
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5 RESULTS

The macrascopic study of the fossilized forest tree trunks showed the existence of the pattern
of alveolar corrosion in many parts of the surface, as well as a large number of fractures (s¢e fig. 2,
4, 5. 6,23, 24, 28, 29). The processing of the climatological data is shown in the previous diagrams
for temperature and relative humidity.

Finally the frost damage, during the months January, February and December and temperature
- humidity variations, which are present as is shown from the previous diagrams, creates mechanical

stresses in the porosity of the materials (see fig. 8, 9, 10, 11, 12, 14, 16, 17, 18).
6. DISCUSSION - CONCLUSIONS

In the case of fossilized forests of Lesvos and Limnos the action of soluble salts is primarily
obvious by macroscopic observation of the alveolar corrosion pattern and efflorescences in many
parts of the surface of the tree trunks from the fossilized forests. Then, the presence of soluble salts
is also apparent by the presence of chloride and sulphate ions on the surface and in the pores of the
material of the fossilized forests. Their crystallisation and their actions are shown in the V. Furlan
diagrams, for all average months of the year and for the pertod 1953 - 1997.

From the previous diagrams, in the case of fossilized forest of Lesvos and Limnos, it 1s shown
in Fourlan diagrams that during the months January, February, March, October, November and De-
cember, most plotted dots - combinations of temperature and relative humidrty - are falling over the
curve and therefore crystallisation of sodium sulphate occurs during these months in the pores of
the material of the fossilized forests of Lesvos and Limnos. The transportation of soluble salts to the
material of the fossilized forest of Lesvas and Limnos takes place due to the saltspray phenomenon.
in most tree trunks of the fossilized forests of Lesvos and Limnos, there are cracks, which are due to
the physical disintegration along the wood rays, but also to human intervention fact, which multi-

plies the above phenomena.
The relatively high porosity of the petrographic material of the fossilized forests of Lesvos

and Limnos (LAMPROPQULOS ET al., 1997, 1999a) favours the penetration and crystallisation of
soluble salts in the structure material of the fossilized forests.

The same material shows in several parts relatively high hardness (Lampropoulos et al., 1997,
1999a) fact, which results to a great sensitivity. Additionally, it consists of various different miner-
als (quartz, iridymite, christobalite), (LAMPROPOULOS et al., 1997, 199%a), which results to dis-
continuities in the structure and the formation of cracks produced by mechanical stresses caused by
the crystallisation of soluble salts.

Totally, the petrified forests of Lesvos and Limnos seem to be in good situation, as they pre-
sent high degree of fossilization, very low porosity and very high hardness. Additionally the frost
damage is totally absent and the range of RH% is in normal level. The concentration of soluble salts
is very high and the temperature variations in a day (15 - 35 °C during the summer) are very often.

In the case of fossilized forests of Kastoria and Evia the action of soluble salts is primarily
obvious by macroscopic observation of the alveolar corrosion pattern in many parts of the surface
of the tree trunks from the fossilized forests, but in lower [evel than the case of Lesvos and Limnos.
Then, the presence of soluble salts is also apparent by the presence of chloride and sulphate ions on
the surface and in the pores of the material of the fossilized forest. Their crystallisation and their
actions are shown in the Furlan diagrams, for all months each year and for the period 1955 - 1997.

From the previous diagrams, in the case of fossilized forest of Kastoria and Evia, 1t 1s shown
in Fourlan diagrams that during the months January, February, Maich, April, November and De-
cember, most plotted dots - combinations of temperature and relative humidity - are falling over the
curve and therefore erystallisation of sodium sulphate occurs during these months in the pores of

the material of the fossilized forests of Kastoria and Evia.
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Also, the presence of the frost damage and biological microorganisms was cbserved, mostly
of lichens and moss and as well as the presence of cracking possibly caused by the frost action. T is
also possible that soluble salts are transferred by the capillary rising from underground waters.

The relatively high porosity of the petrographic material of the fossilized forest of Kastoeria
and Evia (LAMPROPOULQOS et al. 1999b) favours the penetration and crystallisation of soluble

salts in the siructure material of the fossilized forests.
The same material shows in several parts relatively high hardness (Lampropoulos et al.

1999h) fact, which results to a great sensitivity. Additionally, it consists of various different miner-
als {quartz and tridymite), (LAMPROPOULOS et al, 1999b), which results to discontinuities in the
structure and the formation of cracks produced by mechanical stresses caused by the crystallisation
of soluble salts,

Totally, the petrified forests of Kastoria and Evia seem to be vulnerable, as they present low
degree of fosstlization, high porosity and low hardness. Although the frost damage is presented very
often in the petrified forest of Kastoria during the wanter, it is totally absent in the case of petrified
forest of Evia. The range of RH%, in both cases varies in normal level. The concentration of soluble
salts is high and the temperature variations during the day (15 - 35 °C during the summer) are very
often.

In the case of fossilized forest of Evros the action of soluble salts is primarily obvious by
macroscopic observaticn of the alveolar corrosion pattern in many parts of the surface of the tree
trunks from the fossilized forests, but in lower level than the case of Lesvos and Limnos. Then, the
presence of soluble salts is also apparent by the presence of chloride and sulphate ions on the sur-
face and in the pores of the material of the fossilized forest. Their crystallisation and their actions
are shown in the Furlan diagrams, for all months each vear and for the period 1955 - 1997,

From the previcus diagrams, in the case of fossilized forest of Evros, it is shown in Fourlan
diagrams that during the mounths January, February, March, April, May, September, October, No-
vember and December, most plotted dots - combinations of temperature and relative humidity - are
falling over the curve and therefore crystallisation of sodium sulphate occurs during these months in
the pores of the material of the fossilized forests of Evros.

Also, the presence of the frost damage and biological microorganisms was observed, mostly
of lichens and moss and as well as the presence of cracking possibly caused by the frost action, It 15
also possible that soluble salts are transferred by the capillary rising from underground waters.

The petrified forest of Evros seems to be in good situation, as presents intermediate degree of
fossilization, low porosity and high hardness. More over the frost damage is present very often in
the winter and the range of RH% is in normal level, The concentration of soluble salts is very low
and the temperature variations in a day are not very often.

Totally the degradation morphology of the fossilized matertals seems to be:

1. Temperature and humidity variation.

Expansion and shrinkage - cracking and exfoliation.

2. Soluble salts crystallization.

Mechanical stress - cracking and exfoliation.

3. Biological depositions.

Mechanical stress - Acidic and alkaline action - degradation.

4. Frost damage.

Mechanical stress - cracking and extoliation.
Based on the above mentioned results, the need for a direct study and application of a plan for

conservation and protection of the tree-trunks of the fossilized forests of Greece, which will be
based on thoroughly - detailed study and research of materials and methods for the necessary inter-
ventions, hecomes obvious and essential, The specific actions should become a priority, in the gen-

eral prescntation policy of the fossilized forests of Greece.



20

REFERENCES

AMOROSO, G.G & FASINA, V. (1983): Stone decay and conservation,.- Elsevier, Amsterdam

CHILD, R.E. (1994): Salt efflorescence and damage. Conservation of geological collections.- Ar-
chetype publications Ltd, London, p. 18 — 22, London

HOWIE, F.M. (1992): The Care and Conservation of Geological Material.- Butterworth - Heine-
mann

LAMPROPOQULOS, V. (1993): Corrosion and Conservation of Stone.- Athen

LAMPROPOULOS, V., PANAGIARIS, G. & VELITZELOS, E. (1997): Deterioration aspects of
petrified material from the fossilized forest of Lesvos, from frost damage and soluble salts.-
Proceedings 2™ International Symposium: Monuments of Nature and Geological Heritage.
Molyvos - Lesvos, p. 214 - 230,

LAMPROPOULOS, V., PANAGIARIS, G. & VELITZELOS, E. (1999): Methods used for the de-
termination of soluble salts into the material of fossilized trees. Case study of the fossilized
trees. Case study of the fossilized forest in Lesvos Island - Proceedings 6™ International Con-
ference: Non-Destructive Testing and Microanalysis for the Diagnostics and Conservation of
the Cultural and Environmental Heritage, Rome, p. 1825 - 1837,

LAMPROPOULOS, V., PANAGIARIS, G., TSAMASFYROU, L, BIKA, D. & VELITZELOS, E.
(1999): Protection study of the material of the fossilized forest of Kastoria.- International
Congress: Protecting natural sites and environmental education, Sigri - Lesvos

SELMEIER A. & VELITZELOS E. (2000): Neue Aufsammlungen von verkieselten Holzresten aus
tertidren Schichten Griechenlands (Lesbos, Kastoria, Thrakien).- Mitt. Bayer. Staatsslg, Pali-
ont. hist. Geol, 40: 213 — 227 10 Abb,, 3 Tab., Miinchen

SUSS, H. & VELITZELOS, E. (1993): Eine neue Proto-Pinaceae der Formgattung Piroxyion
KNOWLTON emend. READ, P, parenchymatosum sp. nov., aus tertidren Schichten der Insel
Limnos, Griechenland.- Feddes Rep., 104, 5-6: 335 — 341, Berlin

SUUSS, H. & VELITZELOS, E. (1994): Ein neues fossiles Koniferenholz, Taxaceoxylon biseriatum
sp. Nov., aus tertiiren Schichten der Insel Lesbos, Griechenland.- Feddes Rep., 103, 5-6: 257-
269, 3 Abb., 1 Tab,, 2 Taf., Berlin

SUSS, H. & VELITZELOS, E. (1997): Fossile Holzer der Familie Taxodiaceae aus tertidren
Schichten des Versteinerten Waldes von Lesbos, Griechenland.- Feddes Rep., 108, 1-2; 1-30,
5 Abb., 7 Taf., Berlin

SUSS, H. & VELITZELOS, E. (1997): Tetraclinoxylon velitzelosi sp. Nova, ein neues fossiles Holz
aus tertiiren Schichten des Versteinerten Waldes von Lesbos, Griechenland.- Feddes Rep.,
108, 5-6: 289-298, 4 Abb._, 2 Taf., Berlin

SUISS, H. & VELITZELOS, E. (1998): Thujoxylon antissum sp. nova, ein fossiles Wurzelholz aus
tertidren Schichten des Versteinerten Waldes von Lesbos, Griechenland.- Feddes Rep., 109,

5-6: 341-350, 3 Abb., 1 Taf., Berlin

SUSS, H. & VELITZELQOS, E. (1999): Chimaircidoxylon lesboense gen. nov. sp. nova, ein ende-
misches Holzfossil aus dem Tertitir vor Lesbos, Griechenland.- Feddes Rep., 110, 5-6: 329-
339, 3Abb., 3 Taf., Berlin

SUSS H. & VELITZELOS, E. (2000): Zwei neue fossile Holzer der Formgattung Podocarpoxylon
GOTHAN aus tertiiren Schichten der Insel Lesbos, Griechenland.- Feddes Rep., 111, 3-4:
135-149, 1 Abb., 4 Taf,, Berlin



21

SUSS, H. & VELITZELOS, E. (2001); Chimairoidoxylon conspicuum sp. nova, ein neues fossiles
Holz der Formgattung Chimairoidoxyion SUSS & VELITZELOS emend. SUSS, mit einer
Ubersicht iiber das Vorkommen fossiler Hilzer auf der Insel Lesbos, Griechenland.- Feddes

Rep., 112, 3-4: 149-157, 2 Taf,, Berlin
TORRACA, G. (1988): Porous building materials.- [CCROM - Rome

VELITZELOS, E. (1993}): Neue Palaofloristische Daten zu kiinophytischen Floren Griechenlands.-
Documenia natutae, 78: 1 — 17, Miinchen

VELITZELOS, E. (1996): The petrified forest of Lesvos, a rare natural and geological monument
(in Greek).- Proc. 1% Symposium on the Petrified forest of Lesvos — Mytilene, p. 35 - 42,

VELITZELOS, E., KVACEK, Z., DENK, TH., VELITZELOS, D,, KOTTIS, TH. & CHRYS-
SANTI, 1. (2002): Field Guide to the Neogene of the Island of Evia — Early Miocene flora of
Kymt.- Figld Guide, 6" Europ. Palacobotany — Palynalogy Conf. (IOP), {D. VELITZELOS
ed.), 25 pp., 17 pls., University of Athens

VELITZELOS, E., KVACEK, Z. & VELITZELOS, B, (2000): Kinophytische Floren Gnechen-
lands.- Rundbrief Arbeitskreis Paldobot. Palyn., Miinster, p. 68 — 69, Frankfurt a.M.

VELITZELOS, E., KVACEK, Z. & VELITZELOS, D. {(2002): New Oligocene Leaf Floras from
Volcanic Complex of the Evros Mountains.- Abstracts 6™ European Paleobotany - Palynology
Conference (August 29 - September 2), Athens, Greece, p. 185 — 186, Athens

VELITZELOS, E., KVACEK, 7. & WALTER, H. (1999): Erster Nachweis von Eofrigonobalanus
furcinervis (ROSSM.) WALTER & KVACEK (Fagaceae) in Griechenland.- Feddes Rep.,

110, 5-6: 349-358, Berlin

VELITZELOS, E., PETRESCU, 1. & SYMEONIDIS, N (1981) : Tertiare Pflanzenreste aus Agats -
Die Makroflora der Insel Lesvos (Griechenland).- Ann, Geol. Pays Hellen., 30: 500 — 514,

Athens

VELITZELOS, E., PETRESCU, I. & SYMEONIDIS, N, (1981): Tertiare PHlanzenreste von der -
giischen Insel Lesvos (Griechenland).- Cour. Forsch. Inst. Senckenberg, 50: 49 — 50, Frank-

furt a.M.

VELITZELOS, E. & SYMEONIDIS, N. (1978): Der verkieselte Wald von Lesvos {Griechenland),
ain Naturschutzebiet.- Vortags-Kurzfass, Arbeitskreis Paleobot. Palynol,, p. 17 — 19, Frank-
furt a.M.

VELITZELOS, E. & ZOUROS, N. (1988): The Petrified Forest of Lesvos. Natural History Mu-
seum of the Lesvos Petrified Forest.- Sign -Lesvos, Greece

VELITZELOS, E. & ZOURQOS, N. {(1997): The Petrified forest of Lesvos - Protected Natural
Monument. Proc. Internat.- Sympos. on Engineering Geology and the Environment, Athens,

p. 3037 — 3043, Athens

WHEELER, G.S5. & WYPYSKI, M.T. (1993): An Unusual Efflorescence on Greek Ceramics.-
Studies in Conservation, 38; 55 -62



