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Abstract 

The chronology of the Petralona hominid continues to stimulate vigorous debate, and the recent 

contribution by Falguères assigning an age of ~300 ka has prompted me to a short commentary and 

critically recall and reassess the reported age with earlier investigations, most of which were missing 

from the said publication. Between 1980 and 1984 a series of seven papers devoted to the 

radiochemical dating of speleothems and travertines from Petralona Cave. These works represented 

some of the earliest systematic applications of Uranium–Thorium disequilibrium dating (U-234/Th-

230) to the archaeological context of a hominid fossil. Taken together, earlier seven published studies, 

the methodological refinement for handling contamination, and the stratigraphic confirmation from 

the Mausoleum chamber all support a secure assignment of the Petralona hominid to at least 230 ka, 

most probably 250–300 ka BP. 
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1. Methodological Advances and Cautions 

From the outset, we should emphasize that the reliability of U–Th determinations is 

compromised by detrital contamination and by open-system behavior of calcites. The paper in [8] 

introduced a procedure to better detect and correct for detrital thorium, improving confidence in 

results. At the time, these technical concerns were not widely integrated into hominid chronologies, 

leading to conflicting claims for the Petralona skull ranging from less than 100 ka to more than half a 

million years (including a luminescence age of burnt sediment of the cave,[2]. 

In the 1984 review article [5], it was urged patience and critical evaluation: radiometric results 

must be scrutinized against stratigraphic integrity and geochemical behavior, not accepted 

uncritically. This “cautionary” stance was meant to prevent both premature minimization of the 

fossil’s antiquity and unwarranted inflation of its age (Figure 1). While these are important 

considerations, specific evidence below shows that the most precise reporting of the age affects the 

error margins of the new dates which are particularly helpful. The present short note questions the 

treatment of uncertainties by [8] and offers the explanation of why the most “robust” chronology 

should be 250-300 ka. 
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Figure 1. A “Comparison" of the Petralona Skull with another Neanderthal and Homo Erectus Skulls. ST. 

Steinheim. Homo heidelbergensis/early Homo sapiens. Middle Pleistocene, last second interglacial, 

approximately 250.000 years ago. MIS 7, which is the last interglacial before the Riss glaciation in central Europe. 

Original skull and holotype of Homo Steinheimensis at the State Museum of Natural History in Stuttgart. 528 × 

599 pixels. SH. Shanidar I. Homo Sapiens Neanderthalensis. Dating: Upper Pleistocene, Würm Glaciation, just 

under 50.000 years ago (by C-14), i.e., isotopic stage 3, 800 × 569 pixels. SA. Saccopastore. Early Homo Sapiens 

Neanderthalensis. Middle Pleistocene, MIS 7, an interglacial cycle inside the broader Riss period, part of the 

penultimate glacial–interglacial complex, before the Riss glaciation, approximately 250.000 years BP. 800 × 533 

pixels. RO. Rhodesian Man (Kabwe 1) or "Broken Hill" Man, Homo Sapiens Neanderthalensis. Indirect dating 

evidence suggests an early Upper Pleistocene date of c 300.000 years BP or isotopic stage 7. 800 × 557 pixels. PK. 

Peking Man, Zhoukoudian, China. Replica 600 × 600 pixels and skull fragments. Homo Erectus. Middle 

Pleistocene at least 300.000 years old, most paleoanthropologists accept that the earliest Peking Man occupation 

of Zhoukoudian is around ~770,000 years ago, thanks to the ²⁶Al/¹⁰Be dating. i.e. global Marine Isotope Stages 

(MIS) ~17–19. But they also caution that not all remains / artefacts necessarily date to that exact period — 

Zhoukoudian had a long and repeated habitation, so some may be younger. The oldest and most reliable 

occupation of Zhoukoudian by H. erectus still dates to circa 770,000 years ago (plus/minus ~80 000 years), based 

on the 2009 cosmogenic burial dating. PE. The skull of Petralona. Archaeological Museum of Thessaloniki, 

Greece. Archanthropus Europeus Petraloniensis. Close to Homo erectus in primitive cranial features, close to 

early Homo sapiens / Homo heidelbergensis in other Middle Pleistocene, 270,000-300,00 years BP (maximum 

age span of associated hum an presence 700.000 years). If dated ~300,000 years ago then: This corresponds to 

MIS 9e, a warm interglacial (ca. 337–300 ka). If dated ~270,000 years ago: then this corresponds to MIS 8, a cold 

glacial stage (ca. 300–260 ka). No palaeoclimatic data are yet available. See, [2,5,13]. (Source of images: Wikimedia 

commons). 

2. Results of U–Th Measurements 

Across the Petralona speleothems, ages ranged broadly between ~160 ka and >600 ka depending 

on sample quality of all the samples associated to the skull position -from the skull cover to 

stratigraphy in the floor and two A1, A2 pits. However, the most consistent values from 

uncontaminated or minimally contaminated travertines associated with the Mausoleum chamber 

converged on a range of 250–300 ka, with a firm lower limit above 230 ka. Importantly, upper sealing 

layers of travertine overlying the hominid findspot yielded ages >230 ka, meaning the skull could not 

be younger than this horizon. This result effectively excluded the younger chronologies (e.g., <150 

ka) that were circulating in the early 1980s. 
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3. Interpretation of the Errors 

In addition, three points should be cleared up regarding the new confirmation of the age of the 

skull: 

a) Earlier analyses have demonstrated a wide spread of ages, ranging from ~170 ka to ~700 ka. 

This variability, also restated by [8], underscores the difficulty of assigning a single consensus age to 

the Petralona hominid. Rather, these results reflect the episodic growth of speleothems formed at 

different times in association with various human and faunal remains within the cave. 

b) The analytical error reported from this method (e.g., ±0.5% at 2σ) reflects the precision of the 

isotope ratio measurement for that aliquot. The true age error must also include: 

o Detrital correction uncertainty. 

o Open-system uncertainties. 

o Stratigraphic consistency checks (layer order). 

Therefore, a quoted error of ±9 ka (~3%) for a Middle Pleistocene sample (~286 ka) is likely too 

optimistic, because it ignores the compounded uncertainties beyond instrumental statistics 

In this context, it is important to evaluate the recent U–Th measurements of [8] who reported a 

minimum age of 286 ± 9 ka for the Petralona travertines. While their new dataset is valuable, the 

quoted error margin of only ~3% appears conspicuously precise. Such tight confidence limits reflect 

primarily the analytical reproducibility of isotope ratios (obtained by MC-ICP-MS), but they do not 

adequately account for the broader uncertainties that affect speleothem dating: detrital thorium 

correction, potential open-system behaviour, initial 234U disequilibrium, and the heterogeneity of 

carbonate growth layers. As discussed in earlier methodological papers (e.g. e.g [1,7,9–11], these 

factors can enlarge the true uncertainty beyond the narrow instrumental error bars, to some dozens 

of thousands of years. Therefore, while the central value of ~286 ka is broadly consistent with my 

earlier evaluations, the apparent precision of ±9 ka should be regarded cautiously. A more realistic 

treatment of uncertainties would recognize that single aliquot errors cannot capture the full 

variability of the system, and that overall age ranges (≥230 ka, most likely 250–300 ka) remain the 

most robust way to frame the antiquity of the Petralona hominid (see [4,7]). For a ~286 ka sample like 

the Petralona travertine, a more realistic total uncertainty that incorporates just the initial ²³⁴U and 

detrital Th corrections would likely be in the range of ± 20-30 ka. This corresponds to a relative 

uncertainty of ~7-10%, not the reported ~3%. Therefore, a more cautiously reported age would be 286 

± 20 ka or even 286 ± 30 ka. Let’s assume a sample with an uncorrected age of ~300 ka. The Table 1 

shows how the corrected age and its uncertainty change with different levels of detrital 

contamination. In earlier calculated ratios they range from 3-4, 13-15 and 50 (Table 1 in [7]) i.e. high 

to clean/moderate. There the corrected ages were calculated by applying the novel correction method 

which assumes the thorium and uranium to be leached from the detritus in proportion to their 

content in the detritus and avoids the assumption of secular equilibrium. Such information on the 

thorium and uranium content of the detrital component of the travertine was sought by analysis of 

the nitric acid insoluble residue from the dissolution of the calcium carbonate. In particular, samples 

P-4-1 and P-12top, both came from the top layer of travertine at positions separated by about 5 m. 

Their uncorrected ages are quite different while their corrected ages agree as might be expected for 

the same layer of travertine deposit, due to the new correction method. (see relevant equations and 

Table 1 in [7]. 

Table 1. Impact on age from practical scenarios of ²³⁰Th/²³²Th ratios for a ~300,000-year-old sample. 

Scenario 

Measured 

²³⁰Th/²³²Th 

(Activity) 

“Corrected” 

Age (ka) 

Approx. 

Uncertainty from 

Detrital 

Correction (± ka) 

Uncertainty 

as % of Age 
Interpretation 

1. Very Clean 500 ~300 < 1 < 0.3% 
Negligible 

correction. 
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2. Clean 100 ~299 ± 2 ~0.7% 

Very small 

correction and 

error. 

3. Moderate 20 ~290 ± 10 ~3.5% 

Significant 

correction. Age is 

reliable but with 

larger uncertainty. 

4. High 5 ~250 ± 40 ~16% 

Major correction. 

The “corrected” 

age is highly 

dependent on the 

assumed initial 

ratio. The true age 

is very uncertain. 

4. Implications for the Evolutionary Stage of the Petralona Hominid 

An age of ~250–300 ka securely situates the Petralona hominid within the Middle Pleistocene, 

a critical phase in European human evolution. This time span corresponds to the later part of the 

Homo heidelbergensis or “archaic Homo sapiens” stage, preceding but approaching the emergence of 

classic Neanderthal morphology in Europe. Petralona therefore represents a valuable member of the 

European Middle Pleistocene hominin record, comparable in antiquity to fossils such as Steinheim, 

and Swanscombe and others (see Figure 1). 

This placement has broader significance: 

• It supports the view that Europe in the mid-Pleistocene was inhabited by transitional 

populations between early H. heidelbergensis and later Neanderthals. 

• It highlights the evolutionary depth of hominid occupation in southeastern Europe, adding to 

the geographic diversity of Middle Pleistocene humans. 

• It shows that geochronology, when carefully applied with attention to geochemical pitfalls, can 

resolve controversies that have persisted for decades. 

5. Conclusions 

Synthesizing evidence from multiple lines of inquiry—including seven earlier publications, 

advanced anti-contamination procedures, and in-situ stratigraphic confirmation—the Petralona 

specimen is robustly assigned to an age of at least 230 ka, most likely 250–300 ka BP. 

Without knowing the ²³⁰Th/²³²Th ratios of the [8]. samples, the skepticism about the ±9 ka error 

is justified. For old samples, it is standard practice to report a final uncertainty that incorporates a 

realistic estimate for the detrital Th correction, which often dominates the total error budget. A 

precision of ±3% is often only achievable for very young, very clean speleothems. 

The present short note questions the treatment of uncertainties by [8].in their recent U-series 

analysis of the Petralona travertines. While their new dataset provides valuable analytical data, the 

reported precision appears unduly optimistic, failing to adequately incorporate systematic errors 

inherent to speleothem dating. When these factors—such as detrital thorium correction and initial 

uranium disequilibrium—are properly considered, the resulting uncertainty budget strongly 

supports a broader chronological range. 

Consequently, their result of 286 ± 9 ka should not be interpreted as a novel discovery that 

redefines the age of the Petralona cranium. Instead, it serves as a confirmation of the well-established, 

most robust chronology for the fossil, which has been consistently indicated by multiple earlier 

studies to lie within the 250–300 ka timeframe. This new data point thus reinforces, rather than 

revolutionizes, the existing understanding of this key fossil in European human evolution. 

It is therefore gratifying to observe that the recent study [8], reporting an age close to ~300 ka, is 

in full concordance with the critical evaluations was advanced more than 45 years ago. It is 
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satisfactory to see that the combination of new analytical technologies and careful sampling now 

confirms the antiquity and evolutionary placement that it had proposed decades earlier. 

Author’s Note: This review was prepared with the assistance of AI language models (ChatGPT/DeepSeek) for 

proofreading and language polishing. The ideas and opinions expressed are my own. 
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