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ABSTRACT


A long discussion regarding the chronology of the Petralona cave findings (human, animal fossils, manufactures, etc) has been ongoing since the skull of a prehistoric man was found 45 years ago. Both relative and absolute datings have been very controversial among various scholars. The relative datings have suggested that the findings date back to the Early Middle Pleistocene. Absolute datings such as U/Th, ESR, TL, aminoacids, palaeomag, etc have led to several measurable results which are not always concordant. A synthesis of up today efforts and an interpretation of the contradictory results are given herewith.

STRATIGRAPHY AND RELATIVE DATINGS 


On September 16th 1960 a human skull of a male individual was found at Petralona cave covered by stalagmitic sinter. Its age, along with the faunal remains, was initially attributed to the Upper Pleistocene (50,000-70,000 years ago). During 1968 A. Poulianos (1968, 1971) started excavating the site and, according mainly to palaeolithic – stratigraphic data, the age of the Petralona findings were reassessed at about 0,5-0,9 m.y.a. He also founded in 1971 the Anthropological Association of Greece which has taken the initiative of the site’s investigation. Summarizing the present evidence, the following picture is obtained: In the northern cave compartment 34 geological layers have being revealed, while in the southern compartment only those beneath the 11th stratum. On the ground surface of the southern compartment, in a chamber named Mausoleum, the Petralona man was found who therefore lived during the formation of the 11th layer (or at most the 14th). Two are the main stalagmitic layers developed in the cave stratigraphy which concern absolute datings: the 1st (upper) and the 10th. The faunal evidence, despite several discordances, confirmed the aforementioned chronology given by A. Poulianos. Note: Because of space limitation in the present paper, palaeolithic, statigraphic and faunal data are not further discussed (for more details see A. Poulianos, 1982a and N. Poulianos, 1989, 1995). 

ABSOLUTE DATINGS

     
Specialised laboratories have used different methods in order to achieve the absolute chronology of various materials coming from the Petralona cave sediments. A summary of the up today results follows.

Uranium / Thorium

     
Sample No. 75022 was the first to be dated with the U-234/Th-230 method, by Prof. H. P. Schwarcz (see A. Poulianos 1977). This sample comes from the 1st stalagmitic layer of Section Alfa and its age was calculated to be of about 0.3 m.y.a. Surprisingly another sample coming from the 10th layer of the same Section was calculated to be at a younger age (~0.2m.y.). The second sample should indicate an elder age compared to the first one. This contradiction is a good example of the difficulties and the limits of the absolute dating methods used for spelaeothems. Regarding the surface stalagmitic material of the Mausoleum, the maximum possible estimation of the method was made, i.e. 0.35 m.y.a.. More material was subsequently dated to improve the accuracy of the results. Schwarcz et al. (1980) analyzed a number of samples.

     
A sample collected by H. P. Schwarcz himself, from the lower part of a stalagmitic column of Section Alfa, was dated at 277.000+160.000 or 277.000-70.000 years, containing a concentration of 0.11 ppm of Uranium. Another sample presented a younger age because the analogy between U-234/Th-230 was 0.8 ppm, and a third sample over-passed the equilibrium value indicating an “infinite” age (>350.000 years). A micro-section taken from a higher level of the same stalagmitic column showed to be of a more recent age (69.000 + 21.000 years), while two other samples, taken from adjacent columns of Section Alfa, presented values extraordinarily high (8.4 and 2.7 ppm). According to Schwarcz et al. (1980), these samples, curiously, did not seem to be chemically disturbed and the uncertainties of the chronological results were attributed to the relatively low Uranium content. The same authors pointed out the large isotopic variation in the samples, despite being only 4 cm apart and coming from the same stalagmitic layer. They concluded that it was impossible to have a precise result for the middle part of the 1st layer, while its lower part indicated an age that reached the limit of the method, i.e. 0.35 m.y.a.

     
Samples from the 10th layer of Section Alfa indicated again an age of about 0.2 m.y.a. Another sample from the same layer, which contained very low Uranium concentration, corresponded only to 0.14 m.y.a.  These results are contradictory with previous findings and thus Schwarcz et al. (1980) considered the estimated age of this layer to not be representative of its actual age. An explanation regarding the results of this stratum must probably lie with the fact that it has been influenced by a more recent sinter flowstone. This flowstone probably followed the limestone wall of the cave in Theophrastus hall, penetrating the empty space that was created between its wall and the sediments in post deposition times, during arid periods when the phenomenon of sediments’ subsidence occurred. The travertine floor of the Mausoleum that is mainly composed of two surface stalagmitic layers (i.e. the 1st and the 10th), was found to be of an age between 0.28-0.6 m.y.a. (the later extrapolated), i.e. focusing on a medium of 0.45 m.y.a. 

     
Other results were provided by Henning et al. (1980) for 22 samples, which were mainly dated by the U-234/Th-230 method. The numbering of the samples follows the order in which they were collected. Generally samples coming from the 1st layer showed various chronologies, from 65.000 to more than 350.000 years ago. The latter value also corresponds to the Mausoleum surface. Again these estimations are a compromise between the more recent stalagmitic formation and the limit of the method. The samples 4, 5, 11, 13, and 17 which correspond to the layers 11-16/20, present very similar isotopic analogy indicating their close chronology. This result is in accordance with the biostratigraphical data.

     
Liritzis (1980) tried to extend the limit of 0.35 m.y.a. by calculating the analogies between Th-230/Th-232 and U-234/U-238. However, extrapolating the datings he indicated that the standard errors might reach even 1-2 sigma (30-60%). Liritzis’ (1980) results regarding the chronology and the gamma dosimetry are summarised below:

     
a) The 1st layer gave an age between 0.075 and >0.35 m.y.a.

     
b) The intermediate travertine of Section Alfa (10th layer) showed a medium age of about 0.3 m.y.a., presenting an extrapolated maximum estimation of 0.75 m.y.a.

     
c) The middle-upper portion of the stalagmitic travertine from Mausoleum revealed an age between 154.000 - 250.000 years and the lower one between 400 - 650.000 years. The travertine from the adjacent Mediterranean hall in the upper part was estimated at about 159.000 years and the middle-lower from 350.000 to 600.000 years. Here, the remarkable coincidence of the values of chemical and chronological compositions of both travertine layers of the Mausoleum and the Mediterranean halls must be noted, confirming again the stratigraphical observations.

     
Liritzis (1980) also noted a vacuum of the calcite formation between 0.2 and 0.35 m.y.a., which was attributed to this period’s climatic changes, correlated to the Shackleton & Opdyke (1976) stages 6-10. Furthermore Liritzis (1980) affirmed that the sinter formation of the 1st and the 10th layer proceeded mainly during 0.07, 0.17-0.2, 0.35, 0.45 and 0.6 m.y.a. This result is a very interesting observation for Pleistocene palaeocology, palaeoanthropolgy, as well as palaeontology, because indicating the main world’s humid periods during the last half m.y.a. 

     
In respect to the above datings, it is possible to give a hypothetical example regarding the deposition of remains within the various stalagmitic layers: A fossil is just penetrating the surface of a travertine of 0.6 m.y.a. and it is covered by sinter of 0.45-0.2 m.y.a. If the age of the fossil is considered by dating the stalagmitic material that surrounds it with a mean of about 0.3 m.y.a., a wrong chronology would be given. It would be even more wrong if it was dated at 0.2 m.y.a. The correct chronology of the fossil, instead, should be the dating of its deposition at the stratigraphical level, i.e. that of at least 0.6 m.y.a.

Thermoluminescence (TL)

     
In ideal cases and for materials relatively recent, the standard error of this method is about 10%.  Beyond an age of 0.3 m.y.a. the standard error increases considerably.

     
According to Ikeya (1977), the minimum age obtained by this method for the surface stalagmite of Section Alfa-1 is 0.25 m.y.a. The same method was applied by Liritzis (1979, 1980) on feldspatic sands embedded in burned out argyle from the 4th layer. The results indicated a maximum age of 0.67-0.7 m.y.a.  Liritzis (1980, 1986) did not consider these results to be representative of the actual age. Thus, he indicated an age of 0.3-0.35 m.y.a. as more probable because this is the dating usually obtained for the 1st layer as it is closer to the 4th one. The author’s opinion though is that for the first time by the absolute datings was revealed that the 4th layer tends to have an age of 0.7 m.y.a.

Fission track detection

     
Dating the stalagmite of Section Alfa-1 by the fission track method did not provide reliable results (Ikeya 1977). This is again due to the fact that the U-238 concentration is very low (0.12 ppm), a value which is much lower than that obtained by the gamma ray spectroscopy of the Ra-226 (0.57 ppm). M. Ikeya hypothesised that this difference may be due to Radon, which is not derived from Uranium. Ikeya (1977) thus concluded that the Petralona stalagmites could be dated by this method only if it were to have an age of more than 3 m.y.a.

E.S.R. - Electron Spin Resonance

     
E.S.R., a dating method discovered by Ikeya (1975, 1978a) at Jamaguci University, was first applied to date prehistoric remains from Petralona cave. E.S.R. requires the sample to be exposed to gamma rays. The effects of the rays on the irradiated points are recorded and the spin angles of the out-coming electrons are measured. Its advantages compared to other radiometric methods used in caves are: 1) only a small sample amount is needed (10-20 mg), 2) theoretically its maximum age limit is much higher compare to other methods, and 3) lately, it has been perfected and may also be used as a method which does not destroy the samples. 

     
Initially E.S.R. was applied on a cross section at the base of a stalagmitic column from Section Alfa-1. The central part of the sample presented a white colour, while the rest of it, towards its periphery presented a brown one. Their contact point was calculated to have an age of about 68.000 years and a radial increase of 0.2 micromillimeters/year. Assuming that the increasing rhythm was stable, a minimum age of 0.25 m.y.a. for the centre of the stalagmite was calculated. Similar results were obtained by Ikeya (1977) on stalagmitic samples from Akiyoshi cave in Japan leading him to conclude that a world-wide simultaneous change of climate humidity occurred.

     
Precise measurements regarding the radiation per year (annual dose) of the Petralona cave were needed for better estimations of age. This parameter was initially obtained by introducing sensitive capsules of Phosphorum and CaSO4 (Tm) inside the cave sediments. They showed an external dose of 50 mr/year, corresponding to a total annual dose of 200 mr/year (Ikeya 1977). Furthermore, Ikeya (1978b) dated another sample from the surface of Section Alfa, which gave an age of 0.34 m.y.a., on the basis of a total annual dose of 0.2 rad/year and the external dose of 87 (+ 20) mr/year.

     
Next, Ikeya & A. Poulianos (1979) presented datings of ashes attached to stalagmitic material coming from the layer 23-24 of the newly excavated Section Gamma  (see also A. Poulianos 1980a). The stalagmitic material was probably affected by the same fire that produced the ashes. The archaeological dose (before exposing the samples to radiation) was calculated to be of about 210-230 Krad. Considering the annual dose of 0.2-0.3 rad/y, an absolute dating of 0.7-1 m.y.a. was indicated. However, it was observed that the ashes radiated more than the stalagmites. Thus, the value of the (average) annual dose of 0.2 rad/year could be in fact higher by 0.1 rad/year, or even half (i.e. 0.1 rad/year, see Ikeya & A. Poulianos 1979).

     
A large variation in the obtained values was again observed within the same sample.  This variation, according to Ikeya (1980), is probably due to the variation quantity of the radionucelotides contained inside the samples which influence the values of the annual dose. The eventual carbonate impurity of the stalagmitic material, probably due to a re-crystallisation process and to its porous structure, prompted Ikeya to claim the need of further research. As regards the 10th stalagmitic layer of Section Beta, the same author considered an age of 0.67 m.y.a. as more probable. 

     
More E.S.R. results were presented by Henning et al. (1981b). They used five samples, three of which (b, d, e) had been already dated by the U/Th method (Henning et al. 1980, 1981a), an act criticised by Karakostanoglou (1981a, b) on the level of professional ethics, mainly because they did not previously contact and/or notify the director of the excavations. Since Henning et al.  (1981b) did not indicate the precise cave location of the samples (b, d, e),  a comparison of the chemical composition between Henning et al. (1980) and Henning et al. (1981b) suggests that they belong to the southern abovementioned cave compartment (Mediterraneum-Mausoleum). The five samples in detail are:

     
a) Calcite covering the human skull, dated at 0.2 m.y.a., which according to Henning et al. (1981b) indicates the minimum possible age of the Petralona man. 

     
b) Upper level of the stalagmitic floor (Mediterranean - Mausoleum), again at 0.2 m.y.a.

     
c) Bone fragments of the human skull, which were removed along with stalagmitic material during cleaning, are dated at 127.000 years (between a minimum of 0.1 m.y.a. and a maximum of 0.16 m.y.a.). It must be however noted that unfortunately the quantity of the removed bone fragments is not indicated.

     
d) A calcite sample taken 3-4 mm below sample (b), was dated at 0.2 m.y.a., which according to Henning et al. (1981b) should indicate the maximum age of the hominid (although no explanation provided). On purely stratigraphical reasoning, this dating indicates instead the minimum age, while for the same reasons the maximum age is obtained from sample (e).

     
e) Calcite sample taken 30-40 mm below sample (b), dated at 650 + 280.000 years.

     
It is evident that 4 out of 5 datings of Henning et al. (1981b) show more recent chronologies than those suggested by previous researchers (along with those of Henning et al., 1980, 1981a). According to Ikeya (1982) this discrepancy is due to different conclusions of the total annual dose of radioactivity received by the samples; thus p. ex. considering the annual external dose as double, the absolute age falls down to half.

     
A discussion on the various aspects of these datings was brought up in “Nature”: 

A. Poulianos (1982b) drew the attention to the stratigraphical and cultural position of the Petralona man, which along with the study of the carnivore remains (see Kurtén & A. Poulianos, 1977, 1981) indicated an age corresponding to the end of the Lower Pleistocene (~0,7 m.y.a.). 

Liritzis (1982) noted that he also had discovered more recent ages, but only in the upper and external parts of the Mausoleum concretions.

     
Ikeya (1982) stated that his E.S.R. method was further perfected beyond the first datings, discussing also the influence of Radon on the samples. The age of 0.6 - 0.7 m.y.a. for the Petralona man (even on the basis of the results obtained for the internal annual dose by Henning et al., 1981b) was indicated as the most representative and very close to that determined for Mauer (see also Ikeya & Miki 1981, Ikeya 1990a, 1990b, 1993).

     
Kurtén (1982) pointed out that the calcite covering the skull cannot be more ancient than the skull itself, since Henning et al.’s  (1981b) sample-a (200,000 years) is indicated to be of an older age than sample-c (127,000 years). After all, it is obvious that a skull may not be “intruded” into elder stalagmitic material in relation to the time the individual was alive.

     
Henning et al. (1982) in a reply which did not disrespect the above A. Poulianos, Liritzis,  Ikeya, Kurtén statements but which was nevertheless misleading, wrote the following in the same volume of “Nature”: 

1) Henning et al. (1982) claimed to be “the first to date samples of the recent brown calcite’s surface”.

     
It is enough to recall the comparison done by Ikeya (1977) of the brown and white regions of the Petralona stalagmite to those of Akiyoshi cave to realise that Ikeya was the first to identify the brown coloured stalagmitic material of 68,000 years old.

     
2) “The postcranial remains, published by A.  Poulianos (1980c), do not belong to a human” (although Henning et al., 1982, never studied them) and they accused A. Poulianos of contradiction, since he “in 1971, stated that the postcranial skeleton was lost for the science”.

     
Here, I would like to note that when the 1977 excavation proceeded in the Mausoleum for the identification of its stratigraphy, to the excavators’ amazement many abandoned fossils (although in a bad state and fragmented) were found inside the sediments.  These fossils were either free or attached to stalagmitic concretions, enabling A. Poulianos (1980c) to study them. These same bone fragments were further investigated and verified to be human by the medical jurisprudent Jamarellos (see in A. Poulianos, 1981), who had the opportunity to examine them. Among with the damaged fossils, an electric battery of 1960 was also abandoned (belonging to the site’s Anthropological Museum collections). This fact verifies the careless way of colleting data during the year of the Petralona man’s discovery. According to a statement made in a notary office by the late Christos Sariannidis (i.e. the person who found the skull, also an experienced worker of excavations), several postcranial human bones were initially collected and many were broken in situ during 1960. Therefore it is true that at least for the major part, the postcranial bones are lost for the science while others may appear somehow in the future. Efforts today focus on the recollection of the lost information as much as possible. Besides the above, this specific Henning et al. (1982) reply is misleading because it has little to do with the absolute datings discussion, provoking further confusion on the subject. 

     
3) “The more recent brown coloured (very thin layer of) stalagmitic material (sample a), is in direct contact to the skull, meaning that its age is 0.1-0.16 years”.

     
Such a statement could have merit if the entire skull was covered by similar sinter at the time when Henning et al. (1981b) studied it. Unfortunately after the removal of most of the stalagmitic material (1960-1978), the only part of the skull which remained covered was that of its base. In fact: a) the upper part of the skull was covered by a much thicker sinter formation than at its base (judging from the first photos), and b) the travertine fragments found inside the disturbed Mausoleum soil are composed by both brown (thin) and white (thick) stalagmitic layers. These findings very likely indicate also that the skull was covered by brown and white sinter. Thus, before the subsidence of the cave sediments, since the skull was laying on the ground, the first (white) stalagmitic layer which concretioned it on the sidewall, could only cover its upper part. After the subsidence, the skull remained hanging and stuck on the wall and its base which was no longer laying on the ground, was exposed to the more recent brown sinter.  Thus brown sinter could finally cover the skull even at its base (i.e. without any white stalagmitic crust in this part of the skull). 

     
4) “Sickenberg (1964) attributed the Petralona fauna to the age of Riss/Wurm”. 

     
In his revision, Sickenberg (1971) corrected his 1964 estimation attributing the Petralona fauna to the Biharian age after the A. Poulianos 1968 excavations. Chosen bibliographical data do not really help anyone understanding the cave’s scientific issues.     

     
5)  “The dosimetry considered by Ikeya (1977) to obtain the age is different from that of Ikeya (1980)”. 

     
Prof. M. Ikeya always indicated two possible values for the annual dose, as well as the need for further measurements and perfection of E.S.R. method. 

The difficulties of the dating results have being also summarised by a number of scholars who nevertheless did not analyze the details and/or include all of the available bibliographical data (see Wintle & Jacobs, 1982, Cook et al. 1982 and Grün, 1996). 

A study published by Shen Guanjun & Yokoyama (1986) contradicted the results of Henning et al. (1981b). Their main conclusion was that all the cave sediments along with the lower part of the 1st stalagmitic layer have an age not less than 0.35 m.y.a. This study was based on samples taken in 1982 by A. Poulianos, Prof. H. de Lumley and the author. 

    
However, in order to obtain a more precise estimation of the annual dose, in 1983, a few months before a violent and illegal interruption of Poulianos excavations at Petralona, a geophysical team of Thessaloniki University, guided by Prof. S. Charalambous, collaborated with Anthropological Association of Greece. Modern dosimeters were introduced in various cave halls. A year later some of the dosimeters were replaced by new ones for further verification and study (i.e. regarding not only observations of a complete year, but also for even longer periods of time). The Papastefanou et al. (1986) results were quite different from those indicated by Henning et al. (1981b, 1982) and were closer to those determined by Ikeya (1980) and Ikeya & Miki (1981). 

     
Ikeya (1990a, 1990b) noted that the Greek researchers, being polite had not calculated the E.S.R. chronology. Thus, based on their study, M. Ikeya observed the following:

     
1) The annual dose of 0.1 and 0.2 rad/year as previously determined corresponds to an age of 0.68 and 0.34 m.y.a. respectively. Therefore, it was just enough to verify the exact dose.

     
2) The most probable dose seems to be that of 100 mrd/y, since the Uranium content is very low and the external dose of the gamma rays was calculated to be 50 mrd/y in Ikeya (1977), 87 mrd/y in Ikeya (1978b) and about 40 mrd/y in Ikeya & Miki  (1981). Also, the total dose received by the bones is between 10 Krad/year, for bones of the 16th layer covered by a very thin stalagmitic layer, and 86 Krad/y for bones found in the Mausoleum soil not covered by concretions (Ikeya 1978b).

     
3) The internal dose of 21-43 mrd/year is observed and accepted by all the authors, Henning et al.  (1981b) included, who wrongly estimated the annual dose of 170-190 mrd/year, instead of 100 mrd/year.

     
4) Papastefanou et al.  (1986) measured the external dose of the gamma rays to be of an average of 35 mrd/year for the entire cave and 68 (+5) mrd/year for the surface of the Mausoleum. The above values are close to the 40-50 mrd/year given by Ikeya (1977) and Ikeya & Miki (1981). 

Ikeya (1990) concluded that the average rhythm of the annual radiation dose received by the samples at Petralona, in most of the cases, is of about 0.1 rad/year. This value is calculated by using the medium dose of 56 mrd/year, which is obtained by adding 21 mrd/year of the internal dose (from Henning et al., 1981b) to the most probable external dose of 35 mrd/year (from Papastephanou et al., 1986). This gives an age of 745.000 years for the human skull. Since it was however covered by stalagmitic concretions, the dose of 56 mrd/year, absorbed by the skull, needs to be reduced down to 49 mrd/year, resulting in an age of about 590.000 - 675.000 years (see also Ikeya, 1993). 

Aminoacid epimerization


Another relatively recently developed method measures the aminoacid content inside fossil remains (see Bada 1971, Bada & Schroeder, 1975). This technique is based on the fact that the aminoacids present in the proteins and the bones of the living organisms are exclusively made as enantiomers in the form of L. During fossilisation the racemization process takes place and gradually they are converted to the corresponding enantiomers of the form D. Thus in the fossils, the enantiomers L and D tends towards 50% equilibrium as their age increases.


This method during the ’70s could date materials of an age no more than 0.1-0.2 m.y.a. For this reason such an attempt proceeded by Bada (referred in A. Poulianos, 1980a) on an Ursus mandible fragment was not fruitful. Likewise the related results of Melentis (1980) and Protsch et al. (1982) must also be dismissed. Nonetheless, Protsch (1983, 1986) himself recognized that for its major part the Petralona scientific questions were already solved by A. Poulianos. During the ’80s, through the epimerization of isoleucine (see Belluomini & Bada 1985), the dating capabilities of the method were increased to ~1 m.y.a. with a standard error of ~30%

Temperature is the major factor that influences the epimerization process. Consequently, before determining the D/L enantiomeric ratio of a sample, it is very important to verify that it has not been exposed to any heating. Otherwise the samples present a high degree of epimerization and provide inaccurate estimations (i.e. of more recent chronology).  Other parameters such as pH and humidity have minimal influence on the velocity of the epimerization reaction. However, it is always best to consider their effects.

     
For the dating of various Petralona layers, the epimerization method was conducted on enamel samples of animal teeth that did not present any signs of heating. The average surrounding temperature out of the cave, of 16,5o C was used for the dating (on the basis of National Meteorological Service, 1987, Thessaloniki airport), which almost coincides with the inner average cave temperature (A. Poulianos, 1980a). The dating calculation (table 1) was calibrated by isoleucine epimerization measured on elephant teeth from Isernia (Italy), site that is dated by palaeomagnetism, as well as by K/Ar at about 0.7 m.y.a. (Coltorti et al., 1982). 

     
The results from Petralona indicated an age between 0.5 and 0.7 m.y.a., with an average of 0,.6 m.y.a. (Belluomini et al., 1990). However, the calibration of the method still needs some improvement since strata 14-16 appeared slightly younger than the 11th. Also, it is probable that the temperature difference calculated between Petralona and Isernia (~ 4o C) might be a little less, thus approaching even further the age of the two sites. Such a hypothesis is strengthened by the similar faunal composition of the two sites (see N. Poulianos, 1989, 1995).
Table 1: Datings of animal fossil teeth from Petralona and Isernia by the isoleucine epimerization; from Belluomini et al. (1990).

	Site
	Sample  
	Layer
	Enantiomeric analogy
	Age (years x 1000)

	Petralona 
	203D120a - Section Beta
	11
	0,20
	530 - 650

	Petralona
	M1 (Mausoleum)
	11
	0,22
	600 - 700

	Petralona
	809 - Section Gamma
	14-16
	0,18
	480 - 600

	Isernia
	Elephas antiquus 
	
	0,15
	730


Palaeomagnetism

     
Earth’s change of magnetic polarity is one of the dating methods widely applied in archaeometry. The first two related results arrived by mail in Athens almost at the same time:  a) From S.  Papamarinopoulos in 25-5-1977 (specialised next to Prof. K. Greer in Edinburgh), on samples taken by A. Poulianos, S. Papamarinopoulos and the author from Sections Alfa & Gamma. b) From V. Bucha in 15-5-1978 (Geophysical Institute of Prague), on samples taken by the excavators in Section Beta (see A. Poulianos, 1980d).

     
Negative (i.e. reversed) palaeomagnetic declinations have been observed mainly in the layers 24/25 of Sections Beta & Gamma. Although not well marked, another appears in the 11th layer of Section Beta. Layer 26 presents again normal polarity.

     
Papamarinopoulos (1978) for the first 16 layers of Section Alfa did not observe any negative sample and that, according to A. Poulianos (1980d), is probably due to the fact that its layers were excavated many years before sampling (i.e. at 1968). Alternatively, “fresh” samples from the undisturbed soil of the inner Mausoleum (layers 11-16) presented an unstable palaeomagnetism (A. Latham, personal communication, August 1989). These samples were taken by himself and A. Poulianos, and the results were similar to those observed by Bucha for the 11th layer of Section Beta. Another attempt to measure the palaeomagnetism of the layers 1-16 from Section Alfa, by Papamarinopoulos et al. (1987), gave again the same results to those of Papamarinopoulos (1978). Unfortunately it is unknown whether the Papamarinopoulos et al. (1987) samples are the same with those published by Papamarinopoulos (1978) or they are new ones, since the Anthropological Association of Greece was illegally expelled from Petralona cave during the years 1983-1997. It is also unclear why Papamarinopoulos et al. (1987) stopped sampling beneath layer 16 or did not eventually publish the relative results in case that proceeded any further (i.e. beneath layer 16).   

     
The above palaeomagnetic “behaviour” may be interpreted as: a) the layers above the 11th belong to the Brunhes epoch and the unstable unit of layers 11-23 is announcing the beginning of the Matuyama epoch, as it was similarly observed in other sites, p.ex. Stranska Skala (see Kukla, 1975); and b) the unstable unit of layers is only that of 11/16-18. It is very difficult to verify the data coming from the eroded layers 19-23 because of the presence of many sands. If the very humid palaeocological period, reflected in the layers 19-23 (Elaeochorian), represents a universal phenomenon, similar interpretative difficulties must be expected in other sites too. According however to data from micromammals, layer 24/25 corresponds to an age of 0,73 m.y.a., fitting well to Brunhes/Matuyama boundary. As far as the normal polarity of the layer 26 is concerned, there is yet one more uncertainty: this evidence indicates either the Jaramillo event (0.9 m.y.a., initially supported by Papamarinopoulos, 1977) or a normal polarity within Matuyama, which had escaped observations at other sites.

Table 2: Summarized dating results of Petralona cave sediments & fossils.

	LAYER
	LEVEL / FUSED
	SECTION
	AGE (yrs x 1000)
	METHOD

	1
	SUP.
	Alfa
	0 - 70
	U/TH, ESR

	1
	MED.
	Alfa
	250
	U/TH, TL, ESR

	1
	INF.
	Alfa
	>350
	U/TH, E.S.R.

	4
	
	Alfa
	max.  670
	  TL

	10
	(+1?)
	Alfa
	? 200
	      U/TH, E.S.R.

	10
	
	Beta
	>350
	      U/TH, E.S.R.

	10
	
	Beta
	670
	           E.S.R.

	10
	
	Beta
	350 - 670
	U/TH (EXTRAP.), E.S.R.  

	10
	(+1)
	MEDITER.
	>350
	        U/TH, E.S.R.

	10
	(+1)
	MAUSOL.
	300 - 600
	U/TH, E.S.R.

	11
	
	Beta
	530 - 650
	AMINO ACID

	11
	
	MAUSOL.
	600 - 675
	AMINO ACID, ESR, PALAEOMAG

	14 -16
	
	Beta
	600 - 700
	AMINO ACID

	24 - 25
	
	Beta, Gamma
	730
	     PALAEOMAG., E.S.R

	26
	
	Beta
	>730 -?
	PALAEOMAG.

	28 - 34
	
	Beta
	?
	     -


From the above discussion it is possible to conclude that the absolute datings applied to materials from Petralona cave are between 0.35 m.y.a. and 1 m.y.a., mainly focussing on the time interval of 0.6 and 0.7 m.y.a.. The surface stalagmitic travertines are however influenced by the formation of more recent concretions. The Petralona skull also appears to have an age of about 0.7 m.y.a. These absolute datings are in concordance with recent palaeoanthopological (mainly palaeolithic), palaeocological and palaeontological studies.

More future analyses are greatly anticipated. The help of the Greek Ministry of Culture and the International Scientific Community may be of significant importance. As always, the Anthropological Association of Greece remains welcoming to collaborations with institutions and scholars all over the world. 
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