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ABSTRACT

Pleistocene fossil localities on Crete were relocated and studied for their 

potential to address the timing of and causality for the extinction of island 

endemic taxa. Two opposing hypotheses for the extinction were evaluated, one 

implicating climatic and insular biogeographic factors, the other 

anthropogenic factors.

This study identified localities containing fossils of various periods of 

the Quaternary, including several in the region of Rethymnon which held 

both archaeological remains of Neolithic Age and fossils of endemic animals. 

These sites, as well as paleoenvironmental data bases, suggest something of the 

extinction event, but do not truely clarify the situation. Future excavation of 

these localities may provide useful information concerning the extinction

mechanism.



INTRODUCTION

For the past thirty years, the idea that humans may have been 

responsible for the extinction of Pleistocene megafauna has been supported 

and attacked in the circle of Quaternary scientists. During this time, this 

hypothesis has been expanded from a North American perspective to a global 

one, from continental contexts to oceanic islands. In island settings, as on 

continents, the first step in establishing human-induced extinction is 

demonstrating synehronicity of earliest human arrival and last occurrence of 

extinct fauna. The Pleistocene fossil record of the Mediterranean islands is

rich in endemic tax a such as pygmy hippopotamus and dwarf elephant, but it 

commonly lacks evidence of simultaneous human occupation or even 

visitation. In particular, Crete Island has produced a detailed paleontological 

record of Pleistocene faunal evolution and succession, while there is little 

chronological overlap between the paleontological and archaeological records.

According to Dermitzakis (1977), 63 paleontological localities on Crete 

have been identified and/or explored over the past century. Additional 

localities have been described before and since this publication. Despite the 

quantity of known sites,, few have been subject to the detailed stratigraphic 

investigation necessary to evaluate hypotheses concerning the causality for 

extinction of the Pleistocene faunas. Relocation of sites during fieldwork 

associated with this thesis resulted in the accumulation of data pertinent to the 

evaluation of extinction causality hypotheses; the primary result of this work

is a gazetteer of sites which comprises the bulk of this thesis (see Appendix A). 

This gazetteer is a valuable tool for this study and is meant to be so for future

investigations as well. However, it cannot be looked upon as a comprehensive

catalogue of all Cretan Pleistocene paleontological localities - there are simply



too many caves on the island for one investigator to state they have all been 

studied.

The overall aim of this study was to resurvey known Pleistocene 

localities on Crete, focusing on sites which possess both archaeological and 

paleontological components. The ultimate goal of this work was to attempt to 

establish a radiometric chronology that clearly defines the relationship 

between the arrival of human populations and the disappearance of 

Pleistocene fauna. Two alternative hypotheses were explored: 1) the

disappearance of the Pleistocene fauna occurred prior to the arrival of 

humans on Crete and thus is best explained by fluctuations in climate or 

insular biogeographic factors, and 2) the disappearance occurred coincident 

with the arrival of humans on the island and can best be explained by human 

impact on their populations, either directly by predation or indirectly by 

altering their habitat. A third hypothesis, that the Pleistocene fauna 

disappeared following human arrival to the island, resulting from a 

combination of climatic and anthropogenic factors, was not indicated by a 

literature search prior to fieldwork (in retrospect, this third hypothesis was 

partially validated by subsequently discovered information and so it became 

incorporated into the two other hypotheses).

In order to properly address these two hypotheses, a significant body of 

information concerning the island was accumulated. The section of this thesis 

which follows, Environmental Setting, is in large part an overview of the 

kinds of data which feed back onto the issue of extinction. Though this is a 

somewhat lengthy discussion, it is important to understand the overall 

Quaternary history of Crete as best as possible before evaluating extinction 

causality. With this data in place, the thesis then turns to the available 

archaeological record - what do we know about human visitation/colonization



of the Mediterranean islands in general and of Crete in particular? Finally, 

detailed information concerning the history of Cretan paleontological 

research. Pleistocene faunal succession, and dating of Cretan Pleistocene 

fossils is presented. The combination of these various data bases, some of which 

are unfortunately quite limited, in turn leads to a discussion and evaluation of 

the two opposing hypotheses concerning extinction of the Pleistocene fauna.



ENVIRONMENTAL SETTING

G eography

The island of Crete lies approximately midway between continental 

Greece and the north coast of Africa. (Figure 1). Crete is divided into four Greek 

geopolitical states and numerous districts; from west to east the states are 

Nomos Khania, Nomos Rethymnon, Nomos Iraklion, and Nomos Lassethi. The

largest city on the island is Iraklion, while Khania, Rethymnon, Sitia,

lerapetra are somewhat smaller population centers.

Crete is the fourth largest island in the Mediterranean Sea and covers an 

area of 8259 square kilometers; it is approximately 245km long and 12-52km

wide. The island is punctuated by four major mountainous regions trending 

from west to east (White Mountains, Ida/Psiloritis Massiff, Lassethi/Dhikti 

Mountains, and Sitia/Thripte Mountains), the highest of which rises to a peak
i

of 2456 meters (Mt. Ida). These mountainous regions generally plunge into the 

sea on the south side of the island, while on the north their tilting has resulted 

in broad coastal plains. Steep narrow gorges known as ‘farangi’ travel from 

high in the mountains to the sea; the most famous of which is the 17km long 

Samaria Gorge of the White Mountains. Surface waters are rare, as most rivers 

are ephemeral and spring discharges vary greatly from year to year and 

season to season. Exceptions are the Kerites River (Nomos Khania),

Milopotamos River (Nomos Rethymnon), Yeropotamos River (Nomos Iraklion), 

and Anapdharis River (Nomos Iraklion). Lake Koumas, Nomos Khania, is the 

only freshwater lake on the island.
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G eology

B edrock

The vast majority of the exposed rock on Crete is sedimentary (marl, 

limestone, dolomite, sandstone, and conglomerate), but the occurrence of 

igneous (serpentine, diabase, pillow lavas) and metamorphic (schists, slate, 

marble, and quartzite) -rocks alludes to the dynamic history of the island 

(Figure 2).

Following Zohary and Orshan (1965), five main rock types can be 

identified:

1) IGNEOUS ROCKS: Jurassic and Cretaceous in age, these rocks have only 

slight surface exposures.

2) MET AMORPHIC ROCKS: Mainly Trias sic in age, these rocks form the 

basement of the island and are found as outcrops on lower mountain slopes or 

where overlying limestone deposits have eroded away. Such deposits are widely 

exposed in the western portion of the island.

3) HARD LIMESTONES: Jurassic, Cretaceous, and Eocene in age, these 

rocks make up much of the main mountain areas of the island. Karstic features 

are common within these units, inclusive of caves and underground drainage 

systems.

4) CHALKS & MARLS: Tertiary and Quaternary in age, these rocks are of

both marine and continental origin. They predominant in the lower elevations

of the island.

5) CONGLOMERATE: Pliocene and Quaternary in age, these rocks occur

widely as foothills and colluvium throughout the island.

In addition, it is important to mention that a sixth rock type,

aeolianite/poros, occurs widely along the coastal regions of Crete. This rock
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results from the lithification of fossil sand dunes which are Quaternary in age; 

the most recent of the aeolianite deposits are presumed to date to the last glacial 

maximum of 18,000BP. Though scattered and discontinuous in its distribution, 

the presence of aeolianite along the north coast of Crete is valuable for 

relative dating of paleosols which occur in the same areas.

S o ils

Soil types identified on Crete appear to be typical of the Mediterranean 

region, though studies of Cretan soils have been rare (Nevros and Zvorykin, 

1939; Catacousinos, 1963). A general soil map of the island developed by Nevros 

and Zvorykin (1939) and adapted by Allbaugh (1953) is included as Figure 3. 

Soils consist of terra rossa, rendzina, carbonate free soil derived from shales, 

doline soil, alluvial soil, and saline soil. One would expect terra rossa soils to be 

widespread, as these soils form on the hard limestones which dominate the 

exposed bedrock of the island. This soil is deep red in color and generally quite 

clayey. As in many parts of the Mediterranean Basin, there is some question as 

to whether Cretan soils have formed in-situ or via aeolian deposition. Rapp and 

Nihlen (1986) and Nihlen and Zoltan (1989) believe that a substantial

component of the soil is aeolian in origin, and note that each year tremendous 

dust storms called ‘Notia’ deposit sediments on the island deriving from North

Africa. The author, having experienced these storms, would agree that dust is a

major contributor to island sedimentation.

Due to the paucity of Cretan soil studies, the author undertook study of 

soils from numerous localities in west Crete. Many soil samples were merely Ap 

horizon grab samples, but some samples are paleosols found above and below 

the 18.000BP aeolianite layer, while others are complete soil columns studied in 

building excavations, road cuts, etc. Currently, much of this information



a LOAM STONEY SOIL LACKING LIME

b SAND y STONEY SOIL WITH LIME

oo



remains in the form of raw data (see Appendix B), though ultimately these data 

may be utilized to establish a relative chronology for land surfaces based on 

soil development characteristics. More optimistically, an absolute • chronology 

based on the presence/absence of volcanic fragments from known (dated) 

eruptions on the nearby island of Santorini can be developed (following the 

work of Boekschoten, 1971). Thus far, soils fieldwork in the coastal region to 

the east of the city of Rethymnon has revealed a sequence of at least 10 units of 

deposition and erosion, including at minimum two levels of aeolianite, several 

well-developed buried B horizons indicative of paleosols, cut and fill stream 

channels containing fossils, and extensive deposition of sediment during/after 

the Roman Period (Figure 4).

S ed im e n ta tio n

According to Vita-Finzi (1969) and others, Pleistocene alluviation in the 

Mediterranean Basin is represented by only two phases: 1) The Older Fill,

deposited during the last glacial maximum (~18,000BP), and 2) The Younger Fill, 

deposited during the Little Ice Age ("17th-19th centuries). More recently, Pope 

and Van Andel (1984) recognized seven alluvial events in a restricted area of 

the southern Argolid, Peloponnese, Greece. Their study suggest that climatic 

controls on alluviation are only a part of the overall story, and that since 

4500BP, alluviation is primarily controled by anthropogenic activities (such as 

agriculture and herding).

On Crete, Postma (n.d.) believes that climate is controling the 

entrenchment of alluvial fans on the southwest end of the island; that pulses of 

high discharge from the White Mountains are mainly responsible for fan 

sediment movement. He states that although this area has been tectonically 

active since the mid-Holocene, he does not believe earthquake activity has lead
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to changes in sedimentation patterns. In contrast. Moody (1987) notes 

sedimentation of between 2 and 6 meters occurring in the Khania coastal plain 

at AD400; she does not believe that we can distinguish causality for this event 

between the possibilities of climatic change, changes in anthropogenic 

activities, or tectonics associated with the 1550BP uplift of west Crete 

(Thommeret et al., 1981). The author’s own fieldwork resulted in locating 

colluvium both interfingering with and underlying aeolianite deposits which 

are thought to have been deposited during periods of extensive glaciation. This 

fieldwork would suggest that there is not a correlation between climate shifts 

and sedimentation.

Tectonic History

Crete Island lies within the Hellenic Island Arc, i.e. a zone of non-

volcanic orogeny which occurs north of a deep sea subduction trench 

(Hellenic Trench) and south of a volcanic island arc (Aegean Volcanic Island 

Arc). As such, it represents a part of the southern plate margin of Europe and 

overthrusts the African Plate lying to the south. Crete itself is . cut by 4 major 

faults which are oriented north-south and result in a horst-grabben sequence 

of blocks aligned from west to east. These blocks are thought to move 

independently and at different rates (Zamani and Maroukian, 1981) (Figure 5).

The tectonic history of the island is complex, but can be broken down

into 6 phases of activity:

1) PREOROGENIC (early to mid-Mesozoic, 225-140mya): Most of Greece lies 

beneath the Tethys Sea, resulting in great accumulations of marine sediments.

2) ALPINE OROGENY (Cretaceous to mid-Tertiary): This uplift forms much

of the Greek Mainland, the Cyclades Islands, and Crete. Emergence commences 

in the east during the Cretaceous and ends in the west by the mid-Tertiary
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(Miocene, 23mya). Initially, the Mainland, the Cyclades, and Crete form what is 

essentially a single landmass.

3) MIOCENE BREAKUP (Miocene to early Pliocene): The Mainland, 

Cyclades, and Crete break up, with Crete resubmerging into the Tethys Sea 

except for its mountain peaks. This is the period of deposition of Neogene marls 

and limestones. Submergence continues until the early Pliocene (3-4mya). An 

exception to this period of submergence is the Messinian Salinity Crisis (6.5- 

5mya), during which time evaporites (gypsum) are deposited on the island.

4) GREAT DISPLACEMENT (late Pliocene to early Pleistocene): Extensive 

block faulting results in displacements of up to 800m of the island blocks, thus 

leading to the current island configuration.

5) QUIESCENCE (mid-Pleistocene to mid-Holocene, i.e. 600,000 - 5,000BP): 

This is a period of minimal tectonic activity (Moody, 1987; Mercier, 1977).

6) RENEWED TECTONISM (4,200BP to Present): Evidence from wave-cut 

notches and raised beaches indicate subsidence and uplift in west Crete of up to 

9m (Thommeret et ah, 1981; Zamini and Maroukian, 1981).

Sea Level Changes

Evidence from terraces and wave-cut notches in west Crete indicates the 

following history of sea levels throughout the Quaternary:

1) +80-100m Sea Level: This sea level is documented by a terrace on the 

Akrotiri Peninsula, Nomos Khania (Zamani and Maroukian, 1981). The terrace 

is indicative of a long sea level stand occurring more recently than the mid- 

Pleistocene and is presumed to date to the Gunz-Mindel Interglacial.

2) +40-60m Sea Level: This sea level is documented by terraces on the 

Akrotiri Peninsula (Zamini and Maroukian, 1981) and in the vicinity of the



city of Rethymnon, Nomos Rethymnon (Kuss, 1970). Kuss states that the 

Rethymnon terrace is Milazzien in age, i.e. of the Mindel-Riss Interglacial.

3) +16-20m Sea Level: This ‘sea level is documented by terraces on the

Akrotiri Peninsula and by wave-cut notches west of Rethymnon. This feature

is thought to date to the last Interglacial (Riss-Wurm), i.e. Tyrrhenian II (= 

Eutyrrhenian, 70-90,000BP).

4) Regression: Aeolianite deposits in west Crete indicate a glacial 

regression during the Wurm (Kerauden, 1971). The extent of this regression in 

terms of meters below current sea level is not known.

5) +5-7m Sea Level: This sea level is documented by terraces on the 

Akrotiri Peninsula and by wave-cut notches west of Rethymnon. This feature

is thought to date to the Tyrrhenian III, or Neotyrrhenian (25-50,000BP).

6) -130m Sea Level: According to Van Andel and Shackleton (1981), sea 

level was lowered by 130m during the last glacial maximum (18,000BP). This 

corresponds to the Wurm II (10-25,000BP). This regression is also indicated by 

aeolianite/poros deposits on the island, primarily along the north coast 

(Kerauden, 1971).

7) Present Sea Level: During the last 10,000 years, sea level has risen 

from -130m.

8) +0-9m wave-cut notch: Transgressive in height above current sea 

level, this wave-cut notch is thought to correspond to the uplift event in west 

Crete at 1550BP (Thommeret et al., 1981)(Figure 6); it does not represent a sea 

level differing from the present one.

The ability to relatively date these sea level fluctuations is significant 

for at least two reasons. First, knowledge of changes in sea level identify broad 

periods of colder and warmer conditions on the island. Second, and perhaps of 

greater value, the presence of datable wave-cut notches on the cave walls of
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Pleistocene fossil localities allows one to place time constraints on the ages of 

fossils. For example, if a coastal cave possesses a +5m asl wave-cut notch, it is 

known that that particular cave existed by the Neotyrrhenian (25 - 50,000BP) 

but presumably not in the Eutyrrhenian (70 - 90,0ti0BP); hence the fossil taxa 

within must be younger than the Eutyrrhenian. Because few radiometric dates 

of Cretan Pleistocene fauna exist, such chronological clues are invaluable. In 

Appendix A, the Gazetteer of Crete Paleontological Localities, wave-cut notch 

elevations are recorded as they occurred in coastal caves.

G laciation

A study by Fabre and Maire (1982) indicates the presence of glacial 

features such as cirques and moraines on the northeast face of Mt. Ida. These 

features are thought to date to 10-12,000BP; as such, they are the most southerly 

glacial features of Europe attributable to the late Pleistocene. More recently, 

Nixon et al. (1990, in press) found periglacial conditions occurred in the White 

Mountains of west Crete, but no glacial features. These authors presume that 

although climatic conditions could have sustained glaciers, the bedrock 

topography and geology of this mountain range could not. The mountains in 

the east of Crete (Lassethi and Sitia Mountains) are not high enough to have 

supported mountain glaciers.

Climate: Temperature and Precipitation

Crete has a highly developed network of climatic stations belonging to 

three different governmental agencies: 1) YIIAE/YEB: Land Reclamation Service 

of the Ministry of Agriculture, 2) EMY: National Weather Service, and 3) YflFE: 

Ministry of Agriculture, Agricultural Weather Stations. Some of these climatic 

stations record both temperature and rainfall, while others measure only one
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of these two climatic indices. While some stations have operated continuously 

for close to 100 years, most are only recently in operation or were in operation 

for only short periods of time. None the less, a fairly detailed picture of modem 

Crete’s temperature and precipitation regime could be developed from the 

available data base.

Average temperature on Crete ranges from summer maximums on the 

order of 28°C along the coast (lerapetra, July average) to winter minimums of 

approximately 5°C in the mountains (Anogia, January average)(Table 1). 

Yearly temperature ranges tend to be slightly less than on the Greek mainland; 

this is attributable to insularity effects and the island’s slightly more southerly 

lattitude than the mainland.

Generally speaking, coastal weather stations in Crete record comparable 

yearly temperature ranges and monthly averages, with temperatures in east 

Crete perhaps being a little higher on average. As one increases in elevation, 

temperatures necessarily drop (compare data from Khania (~0m) with Anogia 

(~790m)). Though temperatures may be similar throughout the island at any 

given elevation in any given year, temperatures fluctuate substantially from 

year to year.

Thunell (1979) quantified sea surface temperatures and salinity values 

in the eastern Mediterranean at the glacial maximum of 18,000BP via 

planktonic foraminifera found in deep sea cores. He discovered that maximum 

summer sea surface temperature decreased from present values by 2° - 4°C 

south of the island of Crete, whereas maximum winter sea surface temperature 

dropped by 6°C north of Crete. Assuming that sea surface temperature 

anomalies are less than terrestrial ones, one could also imagine a Pleistocene 

Crete much colder than the present one. The presence of mountain glaciers 

and periglacial conditions would seem to verify this suggestion, as would the
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TABLE 1:
MONTHLY TEMPERATURE AVERAGES 
FOR 5 WEATHER STATIONS ON CRETE

Station

Month
Khania Rethymnon Anogia Iraklion lerapetra

JAN 10.9 13.0 7.4 12.2 13.1

FEB 11.1 13.0 7.5 12.4 13.2

MAR 12.7 14.2 9.5 13.5 14.7

APR 15.7 17.0 13.4 16.5 17.4

MAY 20.1 20.7 18.0 20.3 21.1

JUN 24.4 24.7 22.2 24.3 28.9

JUL 26.3 26.6 23.6 26.1 28.9

AUG 25.9 26.6 22.8 26.0 21.3

SEP 22.8 24.0 19.7 23.4 22.4

OCT 19.0 20.6 15.7 20.0 22.6

NOV 15.7 17.6 11.7 16.8 18.2

EEC 12.7 14.9 8.9 13.9 14.8

Temperatures are in degrees Celsius

Station Information:

Khania: 152m asl (above sea level), data averaged from 1958-86
Rethymnon: 5m asl, data averaged from 1957-87
Anogia: 740m asl, data averaged from 1975-87
Iraklion: 39m asl, data averaged from 1955-87
lerapetra: ?m asl, data averaged from 1932-39
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presence of .Pleistocene avian tax a which prefer cooler conditions than the 

present one (Malatesta, 1980; Weesie, 1987).

Precipitation occurs almost exclusively in a single rainy season which 

stretches from October to March, while the overall quantity of precipitation 

decreases in general from the west (70.69cm annual precipitation at Khania 

Station) to the east (20.68cm annual precipitation at lerapetra Station) (Table 2, 

adapted from Allbaugh, 1953). Snow often covers the highest peaks of the two 

western-most mountain ranges (White Mountains and Ida Mountains) until 

July. As with temperature, precipitation is extremely variable from year to 

year and no doubt is responsible for great fluctuations observed in the 

availability of surface water and spring discharge on the island (Figure 7). 

This unpredictability of water availability has spurred IGME (Institute for 

Geology and Mineral Exploration) to establish an island wide project of water 

well drilling.

F lora

The modern flora of Crete is typical of the Mediterranean region in that 

it is largely composed of four basic vegetational groups: coniferous forest, 

deciduous forest, evergreen maquis, and garigue. Minor occurrences of 

wetland and steppe occur on the island, but they are rare. The flora is known to 

include components from Africa, Asia, and Europe, as well as to contain a high 

percentage of endemic forms (Greuter, 1971, 1972, and 1979; Zohary and 

Orshan, 1965). Greuter (1979) suggests that much of the Cretan flora, and that 

of the Mediterranean in general, is heavily influenced by the Messinian 

Period of approximately 6.5 to 5.0 million years ago, i.e. that period in which 

the Mediterranean Sea was cyclically drying up and refilling. On a shorter 

time scale, much of the flora has been disturbed due to human alterations to
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TABLE 2:
MONTHLY PRECIPITATION AVERAGES 
FOR 5 WEATHER STATIONS ON CRETE

Station

M onth
Khania R ethym non A nogia Iraklion lera p etra

JAN 154.6 142.0 207.6 97.4 136.1

FEB 115.8 96,4 200.3 72.7 61.7

MAR 79.0 76.2 138.5 55.5 36.6

APR 37.2 42.7 67.6 32.4 14.8

MAY 13.8 13.7 21.8 14.4 8.1

JUN 6.1 7.8 18.6 3.8 1.3

JUL 1.4 ‘ 0.5 10.3 1.2 0.0

AUG 0.8 2.0 4.2 0.8 1.3

SEP 19.4 18,7 54.4 20.8 2.5

OCT 80.6 95.6 84.2 75.1 32.5

NOV 67.7 72.9 152.2 55.3 80.3

DEC 103.5 107.3 210.6 81.5 89.2

Precipitation is in millimeters (mm)

Station Information:

Khania: 152m asl (above sea level), data averaged from 1958-86
Rethymnon: 5m asl, data averaged from 1957-87
Anogia: 740m asl, data averaged from 1975-87
Iraklion: 39m asl, data averaged from 1955-87
lerapetra: ?m asl, data averaged from 1932-39
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the island ecology; Greuter (1979) suggests that approximately one third of the 

flora results from anthropogenic introductions.

Coniferous forests found on Crete are usually dominated by either 

Calabrian Pine (Finns brutid) or Cypress (Cupressus sempervirens), or rarely 

by Sea Juniper (Juniperus macrocarpa). These forests most commonly occur as 

remnants in the mountainous regions of the island, but are opportunistic and 

appear to be expanding in their distributions due to destruction of broad-leaf 

forest and maquis. Because of their range expansion, such forests can now be 

found from sea level to 1500m.

Deciduous forests are dominated by one of the three following tree 

species: Downy/White Oak (Quercus pubescens), Valonea Oak (Quercus  

macrolepis), or Cretan Maple (Acer orientate). Of these three, the White Oak is 

the most common, occurring widely over the north half of the island from 0- 

850m. In contrast, the Valonea Oak is limited to the coastal area of north Crete 

near the city of Rethymnon; it has been suggested that this tree was introduced 

to the island for its economic value (Moody, 1987). Cretan Maple occurs mainly 

from 900-1500m, occurring rarely as small groves in the heights of the White 

Mountains, Mt. Ida, and the Lassethi Mountains. Deciduous woods are restricted 

today primarily to cliffs, areas of deep soils, and areas of high rainfall. This 

distribution is though to reflect anthropogenic pressures of various types, and 

not the natural ecology of the trees (Moody, 1987).

Evergreen maquis is the most common and characteristic vegetation 

type on the island. Maquis is composed of a variety of low trees and shrubs, not 

exceeding 5m in height. These forms may include Olive (Olea),  Pistachio 

(Pistacia), Oak (Quercus), Strawberry Tree (Arbutus), Carob (Ceratonia), Pear 

(Pyrus), Almond (Amygdalus),  and Hawthorn (Crataegus). Maquis is of two 

general types, 1) dominated by Pistachio-Carob (P is ta c h ia -C e ra to n ia ) ,
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occurring at lower elevations and on coastal plains (0-400m), and 2) dominated 

by Holly Oak (Quercus coccifera), occurring mainly from 300-1000m. It has 

been proposed that maquis differs from woodland only in its height, not in its 

species composition; its height being limited by browsing, burning, 

woodcutting, etc. With current reductions in herding and agriculture on the 

island, maquis is now seen to be growing into woodland.

Garigue occurs in the most arid zones of Crete, forming a discontinuous 

carpet of vegetation that does not exceed 1m in height. Garigue consists of 

annuals and many aromatic forms, including Sage (Salvia), Phlomis (Phlomis), 

Rock Rose (Cystis), and Thorny Burnet (Poterium). Zohary and Orshan (1965) 

view this as a vegetation zone representing an arrested stage of community 

development, one that is kept from reaching its climax by its usage as pasture 

and for fuel. In contrast. Moody (1987) states that the plants of this zone are 

poor as fuel sources and as browse, which would suggest that this vegetation 

type is not retarded in its development by anthropogenic factors.

Information concerning the ecology of Crete during the Quaternary is 

sparse, limited to a few botanical studies from pollen cores, archaeological 

investigations, and paleontological work. Data concerning the historical 

ecology of Crete is available from the 16th century onward in the form of 

traveler’s accounts (Belons du Mans, 1547; Tournefort, 1718; Pashley, 1837; 

Spratt, 1865; Raulin, 1869; and Trevor-Battye, 1913); this large body of work is 

quite variable in its depth and accuracy.

A reported find of Lower Pliocene/Miocene Mastodon remains from 

Nomos Khania, Crete (Benda et al., 1969) includes a discussion of pollen 

recovered from these same deposits. Arboreal species identified from this 

material include Pine (Pinus), Fir (Picea), Hornbeam (C arp inus).  Oak 

(Quercus), Elm (Ulmus), Alder (Alnus), Willow (Salix), and Hazel (Corylus). Non-
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arboreal species are also represented in the pollen spectrum, but in

insignificant percentages. These deposits, belonging to the Pandanassa 

Formation, are mentioned by other researchers to include abundant plant 

remains (Meulenkamp, 1969), but no species listings have been published.

A more recent pollen record comes from analysis of pollen recovered

within the matrix of a human skull found in cave sediment on the north coast 

of Crete near the city of Rethymnon. The skull, tentatively dated to

51 ,000±_12,000BP (Protactinium/Uranium Method) (Accorsi and Bandini 

Mazzanti, 1988), contained a wide variety of arboreal and non-arboreal taxa

(Table 3). This pollen spectrum would suggest a more wooded island during the 

Wurm, but unfortunately the dating of this skull must be questioned for the

present; the age of this skull predates any currently known occupation of

Crete by at minimum 31,000 years!

A pollen core taken at the mouth of the Platys River near Aghia Galini 

(on the border of Nomos Rethymnon and Nomos Iraklion, south central Crete) 

and analyzed for fossil pollen yielded a record from 10,090 to 4,650BP. This core 

suggested that Crete was covered in forest prior to its occupation by Neolithic 

settlers (Bottema, 1980). Relatively common mainland forest trees such as

Betula (birch), CarpinuslOstrya (hornbeam), Fagus (beech), and Abies (fir), 

were not recovered and wild olive {Olea) was much more limited than today 

(Figure 8). Moody (1987) reports on pollen recovered from cores taken in two 

sinkholes on the Akrotiri Penninsula, Nomos Khania (J. Moody and others have 

cored a number of other localities on Crete, but none of this work has been 

published (Moody, pers. com.)). Of the two cores, the one from the site known 

as Tersana i s . better documented, yielding a discontinuous vegetational history 

of the Akrotiri from 8,600BP until the present (this age range is an 

extrapolation by this author from sedimentation rate data)(Figure 9). Early
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TABLE 3:
POLLEN FOUND IN A H om o sapiens SKULL 

DATED TO 51,000±12,000BP

ARBOREAL:
Quercus pubescens
Q. ilex
Q. coccifera
Olea
Pistacia
Phillyrea
Arbutus
Erica
Juniperus
Pinus (brutial)
Carpinus betulus /orientalis
Ostrya
Castanea
Juglans
Alnus
Platanus
Betula

HERACEOUS:
Gramineae
Cichorioidae
Artemisia
Helianthenum
Asphodelus
Umbelliferae
Chenopodiaceae

Data is from Accorsi and Bandini
published, nor pollen percentages.
The Protactinium/Uranium Method w

White/Downy Oak
Holm Oak
Holly Oak
Olive
Pistacio
Privet
Strawberry Tree
H eather
Jun iper
Calabrian Pine
Hornbeam
Hop-Hornbeam
Chestnut
Walnut
Alder
Plane Tree
B irch

Mazzanti, 1988. No pollen spectrum was 

s used to radiometrically date the skull.
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Neolithic (5,700-3,800BC) vegetation appears to be a mosaic of garigue-steppe- 

woodl and/m aquis. The presence of linden (T i l ia )  and hornbeam

(C arpinus/O styrea)  suggests a climate slightly cooler and wetter than the 

present. Flecks of charcoal indicate periodic fires, most likely of small size and 

non-human origin. The vegetation remains constant throughout the Middle 

Neolithic (3,800-3,500BC), whereas by the Late Neolithic (3,500-2,800BC) the 

abundance of Olive (Olea) pollen indicates extensive clearance of oak 

wood land/m aquis for cultivation. From this point in time onward, 

manipulation of the vegetation by humans impeds most attempts at 

reconstructing natural vegetation, though continued presence of deciduous 

trees such as linden and hornbeam suggest a climate that continued to be 

wetter than the present one. Rackham (1972) suggested that in the Bronze Age 

(~2500BC) the archaeological site of Myrtos (Nomos Lassethi, southeastern 

Crete) was surrounded by “interrupted evergreen woodlands dominated by 

Quercus ilex (Holm Oak)” while south-facing slopes would have been more 

scrubby woodland of the wild olive or Juniperus phoenicea (P h o en ic ian  

Juniper). Moody (1987) states that though the climate of Crete may have begun 

its trend toward modern conditions beginning in the Early Bronze age 

(~2,500BC), it is important to realize that minor fluctuations in climate away 

from this trend may have occurred in the intervening period of time.

Fauna

The modern fauna has been relatively well reported over the past 

century, the mammalian taxa by Barrett-Hamilton (1899, 1903), Bate (1905a, 

1913b), and Ondrias (1965), the avian taxa by Drummond (1843), Lynes (1912), 

Meinertzhagen (1921), White (1939), Stressman (1956), Watson (1964), and 

Valianos (1984), while the amphibian and reptilian taxa have been reported on
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by Werner (1930). As would be expected in an island setting, the fauna is 

underrepresented in mammalina taxa (Bate, 1913b, noted only 17 species) and 

in amphibians and reptiles (Werner, 1930, noted only 13 species), while it is 

relatively rich in birds (Vallianos, 1984, noted 224 species).

The vertebrate fossil record of Crete is well known and exceedingly rich 

for an oceanic island. Sondaar et al. (1986) summerizes reports of numerous 

fossil localities dating to the early Neogene; these localities contain remains of 

Mastodon, artidactyls, suids, and rodents. Together they indicate a balanced 

continental fauna occurred on Crete during the Miocene. Despite the 

occurrence of Neogene fossil taxa on the island, it is the Pleistocene fossil 

forms which are best known. These include mammals such as elephant

(Elephas creticus, E. antiquus, E. creutzburgi) (Figure 10), hippopotamus

(Hippopotamus creutzburgi creutzburgi, H. cr. parvus) (Figure 11), deer 

(Candiacervus spp. I - VI) (Figure 12), otter (Lutrogale cretensis), shrew 

(Crocidura zimmermanni), and mouse (Mus bateae, M. minotaurus, Kritimys 

catreus, K. kiridus), as well as over 65 species of birds and several different 

taxa of amphibians and reptiles (Table 4). As is typical of insular settings,

many of the larger species exist in either dwarf or pygmy form (hippopotamus

and elephant), while the smaller taxa have enlarged in size (mouse and shrew). 

In addition, the endemic deer ‘radiated*, resulting in the presence of eight 

different morphotypes of cervids on the island. These changes in morphology 

would tend to indicate ‘ecological release* and that competition between species 

was not occurring, except during limited periods of time. Equally,

morphological changes such as shortening of limbs and fusion of leg bones 

occur which are indicative of an island setting devoid of large carnivores with 

highly developed predatory skills.



Figure 10: Pleistocene elephants of Crete. From left to right: Elephas antiquus, Elephas 
creticus, and Elephas creutzburgi (after Dermitzakis and DeVos, 1987)
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Figure 11: Pleistocene hippopotamus of Crete. Reconstruction of Hippopotamus
creutzburgi creutzburgi (middle) and Hippopotamus creutzburgi parvus 
(lower) as compared to Hippopotamus amphibius (upper)
(after Dermitzakis and DeVos, 1987)



Figure 12: Pleistocene deer of Crete. From left to right; the larger forms:
Candiacervus sp. VI, Candiacervus sp. V, and Candiacervus rethymnensis. 
The smaller forms from left to right: Candiacervus sp. lie, Candiacervus 
sp. Ha, Candiacervus ropalophorus, and Candiacervus sp. lib 
(after Dermilzakis and DeVos, 1987)



TABLE 4:
MAMMALIAN FAUNA ON CRETE 

FROM THE PLEISTOCENE TO THE RECENT

TAXON P AN EN MN LN M MR PM MO

E r i n a c e u s  n e s i o t e s X X
C r o c i d u r a  s u a v e o l e n s X
C r o c i d u r a  z i m m e r m a n n i X X
Insectivora indet. X
R h i n o l o p h u s X

f e r r u m - e q u i n u m
R h i n o l o p h u s X

h i p p o c i d e r o s
M y o t i s  o x y g n a t h u s X
M i n o p t e r u s X

s c h r e i b e r s i i
Ghiroptera indet. X
L e p u s  sp. ? X X X X
O r y c t o l a g u s X

c u n ic u lu s
K r i t i m y s  c a t r e u s X ;

K r i t i m y s  k i r i d u s X
G l i s  g l i s X
M i c r o t u s  sp. X
A p o d e m u s  s y l v a t i c u s X
A p o d e m u s  sp. x .
R a t t u s  r a t t u s X
M u s  b a t e a e X
M u s  m i n o t a u r u s X ? ?
M u s  m u s  c u i u s ? ? X
A c o m y s  m i n o u s X
C a n i s  f a m i l i a r i s X X X X X X X X
M u s t e l a  n i v a l i s X
M a r t e s  f o i n a ? X X X
L u t r o g a l e  c r e t e n s i s X
M e l e s  m e le s ? X X X X X X X X
F e l i s  sp. X
E l e p h a s  spp. X
E q u u s  c a b a l l u s X X X X
E q u u s  a s i n u s ? X X X X
S u s  s c r o f a X X X X X X X X
H i p p o p o t a m u s  spp. X
C a n d i a c e r v u s  spp. x s ?
D a m a  d a m a X X X
C e r v u s  e l a p h u s X ?
B o s  ta u r u s X X X X X X X X
C a p r a  a e g a g r u s ? X X X X
C a p r a  h i r c u s X X X X X X X X
O v i s  a r i e s X X X X X X X X

P=Pleistocene; AN= A ceramic Neolithic; EN=Early Neolithic; MN=Middle 
Neolithic; LN=Late Neolithic; M=Minoan; MR=Minoan/Roman; PM=Post 
Roman; MO=Modem (after Jarman, n.d., with additional data from
Symeonides and Sondaar, 1975; Malatesta, 1980; Reumer, 1986)
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Faunal data in the form of presumed habitat preferences of fossil vertebrates 

supplements our botanical knowledge of the Pleistocene paleoenvironmental 

conditions of Crete. For example, the occurrence of fossil hippopotamus is 

taken to mean that extensive watery and grassy environments must have 

existed in places on the island in the past; this is borne out by the discovery of 

hippopotamus remains in lacustrine deposits of the Katharo Basin (see 

Appendix A, Katharo Basin). The Pleistocene elephant, Elephas antiquus, is 

thought to have occupied parkland and forest environments on the European 

mainland and it is likely that these elephants found similar habitat on Crete. 

An abundance of cervids is indicative of forest and open woodland habitats; 

tooth wear patterns of fossil Cretan deer suggest that they were consuming 

grass, small twigs, and leaves. Weesie’s recent dissertation (1987) on the 

Pleistocene avifauna of the island identifies bird species that indicate 

somewhat colder conditions than at present and a more forested island overall.
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THE QUESTION OF INITIAL ISLAND COLONIZATION

Colonization of the M editerranean Islands

Archaeological research on the Mediterranean islands suggests that 

occupation of these islands did not generally occur prior to the Neolithic 

period. Evans (1977) suggests that occupation of Mediterranean islands 

occurred at this time because island resources were attractive to early 

agriculturalists, and not so to their predecessors who were primarily hunter- 

gatherers. Cherry (1981, 1985) proposes that occupation of the islands 

reproduces a pattern expected by the suppositions of MacArthur and Wilson’s 

The Theory of Island Bio geography (1967), that is to say that island occupation 

is greatly influenced by an interplay of island area and island distance from 

the mainland (Table 5). According to Cherry (1981), exception to the general 

pattern of no pre-Neolithic occupation is conclusively demonstrated only in 

seven instances (on the islands of Halonnisos, Eubois, Corfu, Sicily, Egadi 

Islands, Corsica, and Elba) (Figures 13a & 13b). More recently, Sondaar et al. 

(1986) indicate that they have found pre-Neolithic occupation on Sardinia, 

while current investigations on Cyprus may prove such occurrence for this 

island (Simmons, 1986, 1988).

At the glacial maximum of 18.000BP, a sea level drop of approximately 

130 meters is thought to have dramatically altered paleo-coastlines on both the 

mainland and the islands of the eastern Mediterranean (Van Andel and 

Shackleton, 1982) (Figure 14). Of the Mediterranean islands which were 

conclusively occupied prior to the Neolithic, only Corsica was never connected 

to the mainland during the Pleistocene (Cherry, 1981). This fact has lead some 

to suspect that a compounding barrier to occupation of the islands, was a lack of 

appropriate vessels to reach them (Evans, 1977). However, this idea may be
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TABLE 5:
A SAMPLING OF MEDITERRANEAN ISLANDS: 

ISLAND AREAS, ISLAND DISTANCES TO THE MAINLAND, 
AND DATES OF INITIAL OCCUPATION

ISLAND SIZE (km2)
DISTANCE TO 

MAINLAND (in km)
PROBABLE DATE 
OF OCCUPATION

CORFU 593 5 7th millenium BC

CORSICA 8,722 87 7th millenium BC

CRETE 8259 102 7th millenium BC

CYPRUS 9,251 60 10,000BP

MAJORCA 3,740 167 ~6,000BP

MALTA 237 250 ~6,200BP

RHODES 1400 19 4/3rd mill. BC

SARDINIA 24,089 205 6th millenium BC

SANTORINI 76 180 3rd millenium BC

SICILY 25,708 3 M id-Aurignacian

Data adapted from Cherry, 1981
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Figure 13A: Mediterranean Islands with pre-Neolithic Occupation 
(after Cherry, 1981)
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Figure 13B: Colonization Pattern of the Aegean Islands 
(after Cherry, 1981)
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The Aegean coast during the 
tow stand of the sea at the end of the 
last glacial maximum. Coastline is based 
on the 130-m. isobath. Heavy line 
marks present coast Coastal plains and 
land below present 300 m. elevation are 
stippled, mountain areas in black (as 
well as all present islands) after the 
Times Atlas vol. 4, and from "Greece.
3: Regional Geography." 
CeogrHandbookSer Naval Intelligence 
Division (London, 1945). For Crete, no 
ancient shore is shown because of its 
tectonic instability Spelling of place 
names is after U S Hydrographic chans

The Aegean coast at about 
9,000 b p near the end of the rapid pan 
of the post-glacial sea-level nse, based 
on 36 -m isobath

Figure 14: 9,000 and 18.000BP Sea Levels in the Aegean Sea 
(after Van Andel and Shackleton, 1982)
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discarded due to the presence of island obsidian (from the Aegean island of 

Melos) in Mesolithic deposits dated to 10,880±.160BC on the Greek mainland at 

Franchthi Cave (Perles, 1979). Despite this indirect evidence of Aegean Sea 

travel and the utilization of Melian obsidian prior to the Neolithic, intensive 

survey of Melos has not resulted in the discovery of pre-Neolithic habitation 

on this island (Cherry, 1982).

Archaeological Evidence for the Peopling of Crete

A number of investigators have presented evidence for the pre-

Neolithic visitation/occupation of Crete, but thus far none of this evidence has 

been widely accepted or substantiated. For example, Poulianos (1968) proposed 

the occurrence of Paleolithic peoples on Crete, identifying both bone tools and

human skeletal remains from a cave in northwest Crete (see Appendix A, 

Kolymbari/Afrata Road entry). Kuss (1969) agreed with Poulianos on the 

presence of Paleolithic peoples on Crete, stating that the localities Kalo Chorafi 

and Gumbes Cave II/Grida Avlaki (see Appendix A for these entries) contained 

bone tools of an ‘osteokeratic’ tool industry, but dismissed Poulianos’ 

identification of a ‘human skull’ as that of a cervid, Cervus cretensis. Recent

work by Sutcliffe (1973, 1977, 1988) indicates that Kuss’ ‘bone tools’ are merely 

the remains of deer bones which have been chewed by other cervids as a 

means of supplementing their diets with much needed calcium and 

phosphorus.

More recently, two Italian scientists (Facchini and Giusberti, 1988) have 

radiometrically dated a human skull from the north coast of the island to 

5 1 ,000+_12,000BP; as noted previously, this would predate any currently 

accepted presence of humans on the island by at least 31,000 years. In 1982,

Mortensen tentatively identified a Mesolithic site high in the White Mountains
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(referred to in Moody, 1987); however, investigation of this site during the

spring of 1989 by Nixon et al. (1990) resulted in a determination that this 'site' 

was in fact produced by the feet of tourists crushing flakes of gray chert.

Nixon et al. (1990) thoroughly investigated the Samaria Gorge of the White 

Mountains and again found no evidence for pre-Neolithic occupation; they 

suggest that the steep gorges of the south coast do not provide the habitat

necessary for pre-Neolithic inhabitants, and that the more gently sloping and 

relatively broader gorges of the northwest coast are more likely spots for early 

inhabitants to the island.

At present, the earliest archaeological deposit on Crete is the basal 

Neolithic level at Knossos (Stratum X), which has been radiometrically dated to 

8,100±_180BP (Evans, 1968). This deposit reflects little in the way of long 

established residency, but rather of newly arrived colonists. In progressively 

higher Neolithic levels at this site is found evidence of substantial mudbrick

architecture and a developed farming economy based on domesticated plants

and animals. Other than Knossos, Early Neolithic sites (5,700-3,800BC) are 

unknown, and it is only with the Middle Neolithic (3800-3500BC) and mainly

the Late Neolithic (3,500-2,800BC) that there was geographical expansion in the 

occupation of Crete (Sakellarakis, 1973) (Figure 15). As a word of caution to the 

above stated generality, it should be noted that archaeological research in 

Crete has not generally focused on pre-Minoan civilization, and intensive 

surveys have only rarely been undertaken to locate cultural remains deriving 

from all cultural time periods (exceptions are Moody, 1983, 1987; Blackman and 

Branigan, 1977)(I might also mention two just completed survey projects of J. 

Moody: 1) Sphakia, southeast Nomos Khania, and 2) Vrokastro, southcentral

Nomos Lassethi. Neither of these intensive surveys found pre-Neolithic

remains (Moody, pers. com.)).



FIGURE 15: NEOLITHIC ARCHAEOLOGICAL SITES ON CRETE
(after Sakellarakis, 1973)
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PLEISTOCENE PALEONTOLOGICAL RESEARCH IN CRETE:

HISTORY

Beginning with Pococke (1745) and his description of a fossiliferous 

cave in the region of the Khania Akrotiri, there has been a long tradition of 

investigating the fossils found in the caves and karstic holes of Crete. During 

the 19th century, Spratt (1865) noted the presence of hippopotamus in the 

Katharo Basin, Lassethi Mountains, as well as fossiliferous caves near Gonia 

Monastery and Souda Bay which contained the remains of small mammals such 

as Myoxus. Like Spratt, Raulin (1869) describes hippopotamus bones recovered 

from the Katharo Basin. Late in the century, Simonelli (1894) reported the 

presence of indeterminant Cervidae and Elephas priscus {Elephas antiquus) in 

caves on the north coast of Crete near the city of Rethymnon. Early in the 

twentieth century, this same scientist (Simonelli, 1907, 1908) described these 

Cervidae as the species Anoglochis cretensis and reported on the presence of 

large elephant remains in an eroded cleft at Grida Avlaki (Gumbes II) (Nomos 

Rethym non).

Perhaps the most influential of the early investigators was Dorothea 

Bate, a British paleontologist who traveled extensively in Crete, relocating 

fossiliferous localities of Spratt and Raulin as well as finding a large number of 

new localities (Bate, 1905b, 1907, 1912). She described the presence of deer, 

antelope, elephant (both large and dwarf), dwarf hippopotamus, and various 

types of small mammals (Muridae: Rattus and Acomys). Later, Bate revised her 

naming of these small-sized mammals to Rattus kiridus and Mus minotaurus 

(Bate, 1942).

Following Bate’s work in the early part of the century, few works 

concerning the fauna of Crete were undertaken until the 1960’s (an exception 

being Vaufrey, 1929). From the 1960’s onward, a plethora of investigations and
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publications have appeared. These recent investigations continue to report on 

the discovery and identification of specimens, culminating in Dermitzakis’ 

review of known Cretan caves and karstic holes (1977), but more and more 

scientific studies have become systematic concerning taxonomic evolutionary 

histories (DeVos and Dermitzakis, 1986; Dermitzakis and DeVos, 1987) and the 

means by which the various forms dispersed to island settings (Sondaar and 

Boekschoten* 1967; Dermitzakis and Sondaar, 1978; Sondaar et al., 1986).

In this period of more recent scientific investigation, members of the 

genera Kritimys, Mus, and Crocidura have been studied in detail by Kuss and 

Missone (1968), Kuss (1970), Mayhew (1977), and Reumer (1986). Symeonidis 

and Sondaar (1975), as well as Willemsen (1980, 1990), have reported on the 

endemic Pleistocene otter, Lutrogale cretensis (= Isolutra cretensis). Badger 

(Meles meles) and beech marten (Martes foina) remains have been excavated 

from supposedly Pleistocene levels at Simonelli Cave (Malatesta, 1980). 

Boekschoten and Sondaar (1966) have studied hippopotamus remains from the 

Katharo Basin of eastern Crete. Elephant fossils have been reported and 

analysed by Symeonidis and Theodorou (1982) and Theodorou (1986). Kuss 

(1965, 1975), DeVos (1979, 1984), and DeVos and Dermitzakis (1986) have studied 

and discussed the multitude of Pleistocene cervids known to have inhabited 

Crete. Avian remains from several localities have been the subject of papers by 

Weesie (1982, 1985, 1987) in which he has identified 65 species of Pleistocene 

birds, including an endemic owl, Athene cretensis, and a giant endemic eagle, 

Aquila chrysaetus simurgh n. ssp. Bachmayer et al. (1975) have studied 

Pleistocene tortoise remains belonging to a new subspecies Testudo marginata 

cretensis.
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FAUNAL SUCCESSION AND EVOLUTIONARY HISTORIES OF 
CRETAN PLEISTOCENE MAMMALS

Dermitzakis and DeVos (1987) represents the current view on 

Pleistocene faunal succession and evolution on Crete Island. These authors 

view Kritimys aff. kiridus as the first • arrival to the island. This murid was 

followed by the ancestor of the pygmy elephant Elephas creticus. 

Subsequently, Kritimys aff. kiridus evolved into K. kiridus and eventually to K . 

catreus. While K. catreus persisted, hippopotamus (Hippopotamus creutzbergi 

creutzbergi) and deer (Candiacervus sp- indet) arrived on the island. Elephas  

creticus has not been recovered with hippopotamus or deer remains, though 

its extinction cannot be conclusively tied to the arrival of these forms to the 

island. With time, the hippopotamus became smaller in size (Hippopotamus  

creutzbergi parvus) and there was a radiation of the ceryids (Candiacervus sp. 

I - III). Further invasions to the island brought the genus Mus (in the form of 

Mus battae, which evolved into Mus minotaurus), other elephants (E. antiquus, 

which evolved into E. creutzburgi), and a second invasion and radiation of deer 

(Candiacervus sp. IV - VI) (Figure 16). Mayhew (1977) hypothesized that the 

Mus fauna arrived following that of the cervids and was contemporary with 

the extinction of Elephas, Hippopotamus, and Kritimys. The extinction of the 

remaining Pleistocene forms (Candiacervus, Mus, and later forms of Elephas) is 

thought to have occurred just prior to or immediately following the arrival of 

Neolithic peoples to the island and their introduction of domesticated and 

commensal animals (Figure 17).
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Figure 16: Evolutionary Sequence of Cretan Pleistocene Cervids 
Two invasion - two radiation model (after DeVos and 
Dermitzakis, 1986)
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DATING (OF CRETAN PLEISTOCENE FOSSILS: 
RADIOMETRIC AND RELATIVE DATING IN PALEONTOLOGICAL  

AND ARCHAEOLOGICAL DEPOSITS.

Several attempts have been made to radiocarbon date Cretan Pleistocene 

fossil localities. Kuss (1970) tried to analyze charcoal from Zourida Cave and 

limestone (calcite) from Kalo Chorafi, but without results. In 1973, Kuss 

recorded a date of 43,000BP (+6-3400) from Gerani Cave IV on limestone

(calcite) material and 5,320±.100BP on charcoal derived from sediment of the 

Rethymnon Fissure. Mayhew (1977) disputes the accuracy of these dates, in the 

first instance due to its approach of the limit of the l^C  method, and in the 

second due to mixing of the sediment from which the charcoal was extracted.

Sondaar tried l^C  analysis of bones from Likotinarea Cave, but received 

no results due to a lack of collagen in the bones. Weesie (1987) made similar 

attempts to date avian material from this cave, again with no results.

Recently, Bachmayer and Zapfe (1985) published a date of 12,135+485BP 

on hippopotamus bones from the Katharo Basin, Lassethi Mountains. This date

indicates a relatively recent presence of Pleistocene taxa on Crete, a presence 

long after the disappearance of their continental relatives. Assuming the

accuracy of this date, then the extinction of many of the Pleistocene taxa must 

be very recent if the pattern of faunal succession outlined in Dermitzakis and 

DeVos (1987) is correct.

J. Clutton-Brock (per. com.) has attempted to date Cretan fossil material 

housed at the British Museum of Natural History, London (collected by Dorothea 

Bate) using the tandem accelerator at Oxford University, but without result. 

This material is said to contain too little collagen for accurate dating. Finally, 

several samples collected by this investigator from localities described in 

Appendices A and B were evaluated at the University of Arizona for their



58

radiometric dating potential. None of these samples proved to have sufficiently 

high percentages of amino acids for accelerator dating.

In addition to radiocarbon dates, the published literature also contains 

several aspartic acid racemization dates on bone from Cretan localities. This 

osteological material derives from Bate Cave and Simonelli Cave (Belluomini 

and Delitala, 1983). These dates, on various cervid and elephant remains, cover 

a time range from 21,500BP to 69,OOOBP and generally agree with the 

evolutionary scheme presented by DeVos (1984). However, the insufficient 

amounts of amino acids in bone samples studied at the University of Arizona 

for accelerator dating may call into question the accuracy of these aspartic 

acid dates.

A number of Cretan localities are known to contain both Pleistocene 

fauna and archaeological remains (Skaleta, Gumbes Cave III, Simonelli Cave, 

Gerani Caves II, III, and IV). At Gerani Cave III near Rethymnon, Tzedakis 

(1970) reported the presence of bones from extinct cervids within deposits that 

also contained Neolithic artifacts. Though skepticism has been arroused 

concerning the contemporaneity of these particular findings (Jarman, n.d.), 

others (DeVos, 1984; Dermitzakis and DeVos, 1987) have expressed their belief 

that at least the last of the eight forms of deer reported on Crete, Candiacervus 

ropalophorus, survived until the introduction of domesticated animals to the 

island around 8,000BP. These . same authors suggest that Mus minotaurus 

persisted even longer, becoming extinct due to competition with introduced 

forms of Rattus and Mus\ this suggestion would seem to be confirmed by Kuss’ 

(1973) finding of Mus minotaurus in historical context as well as its probable 

occurrence in Neolithic deposits at Knossos (Jarman, n.d.). Weesie (1982) 

hypothesizes that the extinction of the owl, Athene cretensis, may be attributed
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to the extinction of its prey (Mus minotaurus) or the arrival of larger 

carnivores with humans.



DISCUSSION:
WHO, WHAT, AND WHEN: CAUSALITY FOR THE EXTINCTION OF THE 

PLEISTOCENE MEGAFAUNA OF CRETE

Endemic Pleistocene vertebrate faunas containing a variety of tax a have 

been discovered on the large islands of the Mediterranean as well as on a good 

number of the smaller islands (Figures 18 & Table 6). Co-occurrence of these 

tax a with humans has been demonstrated for the Balearics (Waldren, 1982), and 

perhaps for Sardinia (Sondaar et al., 1986) and Cyprus (Simmons, 1986, 1988); in 

other oceanic settings similar documentation of humans and extinct island 

faunas has occurred (for example, Steadman and Olson, 1985; Dewar, 1984). The 

possibility exists that this may be documented for Crete since it is known that 

there are localities on the island which possess both archaeological and 

paleontological strata. Based on this knowledge, one can attempt to document 

the co-occurrence of humans with the Pleistocene insular fauna of the island,

and to hypothesize as to the causality for the extinction of the endemic fauna.

Extinction of the Pleistocene vertebrate megafauna of Crete may result 

from four different processes which can be examined under the two 

hypotheses which were presented in the introduction to this thesis. Listed

below are these two hypotheses and the four processes of extinction which lie 

within them. Under each process is a listing of what kinds of supporting

information would constitute evidence that that process led to the extinction of 

the Cretan endemic fauna. In turn, each of these items of hypothetical 

supporting evidence is evaluated on the basis of currently existing 

information. Finally, each process is evaluated as a whole to determine its

compatibility with the existing data bases.
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HYPOTHESIS 1: The disappearance of the Pleistocene fauna occurred prior to 

the arrival of humans on Crete and thus is best explained by 

fluctuations in climate or insular biogeographic factors.

PROCESS I: Climatically Induced Extinction

Supporting  Evidence

A) Extensive erosion indicative of substantial climatic change occurred, but

not at the time of initial human colonization of Crete.

E v a lu a tio n :
Information presented earlier in this thesis indicates that extensive 
erosion and deposition has occurred at various times on Crete 
throughout the Quaternary, and has been linked to climatic shifts by at
least one investigator (Postma, 1988). However, other investigators in 
the eastern Mediterranean Basin are more cautious to link
sedimentation with climatic fluctuations (for example. Pope and Van 
Andel, 1984). Thus one is left with the unsatisfying possibility of
extensive erosion and deposition occurring prior to human arrival on 
Crete, but perhaps resulting from non-climatic factors such as 
tectonism.

B) Data derived from pollen cores indicates substantial changes in the biota at 

the time of the extinction of the fauna, and this point in time does not 

correspond to the date of initial island visitation/colonization by human 

populations.

Ev a lua t i on :
Available pollen data for Crete is inconclusive as to the possibility, of 
linking floral change with megafaunal extinction. This situation exists 
for two reasons. First, if one assumes pre-Holocene extinction dates, the 
pollen record for the island does not go far enough back into the 
Quaternary to adequately evaluate this proposition. The available pollen 
record only illustrates dramatic changes in the pollen record during the 
known period of human occupation and this is thought to indicate 
extensive land clearance associated with agricultural practices. Second, 
too few radiometric dates on Pleistocene vertebrate fossil material exists 
to pinpoint the extinction of the endemic fauna.



64

C) Presence of fossil taxa which indicate substantial' environmental 

differences between the present and earlier periods of the Quaternary. 

E v a l u a t i o n :
The modern biotopes of Crete could support the deer, hippopotamus, and 
elephant which occupied the island during various periods of the 
Quaternary. Although environmental differences do occur between the 
past and present, the Pleistocene forms would not have been driven to 
extinction due to biotic changes.

D) Presence of ash beds immediately beneath deposits of Pleistocene fauna, 

indicative of a volcanic eruption on the nearby island of Santorini and 

resulting in a major decrease in Cretan biotic productivity levels, and as a 

consequence, a lack of food for Pleistocene taxa.

E va l ua t i o n :
The island of Santorini is known to have erupted several times during 
the Quaternary besides during the Minoan Period (~1500BC). Most
significant for this study is the 18,000BP eruption documented by an ash 
lens in deep sea cores (Keller and Ninkovich, 1972) and large-scale 
deposits on the island of Anaphi (Keller, 1978) to the east of Santorini. 
Unfortunately, preliminary analysis of aeolianite deposits from the 
northwest coast of Crete, and thought to date to the glacial maximum of 
18,000BP, have not revealed the presence of volcanic minerals (samples 
are from the following localities: 1) Avlaki (N. Khania), and 2) Vothro, 3) 
hear to Simonelli Cave, 4) The Tannery, 5) near the village of Gumbes, 
and 6) Skaleta (N. Rethymnon)). This lack of evidence may indicate that 
the ash fall was 1) small, 2) did not fall on west Crete, or 3) was quickly 
eroded. In sum, this preliminary study does not indicate an ash fall
occurring on Crete that could have reduced bioproductivity.
Consequently, there is no evidence for the demise of the endemic 
mammals’ food supply and, indirectly, the endemic fauna, by this
scenario.

E) The extinction date of the Pleistocene endemic fauna does not correspond in 

time to the date of the initial human visitation/colonization of Crete. 

Eva lu a t i on :
The limited number of dates for the Pleistocene fauna do not generally 
support an overlap in time of initial visitation/occupation of Crete and 
the extinction of its insular fauna. However, Dermitzakis and DeVos 
(1987) suggest that the strata at Gerani Cave II (see Appendix A) do 
indicate an overlap of Candiacervus ropalophorus with Neolithic 
occupation of this cave. In addition, Mus minotaurus has been recovered
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from archaeological contexts as well (Jarman, n.d.; Kuss, 1973; 
Dermitzakis and DeVos, 1987).
One generally assumes initial occupation was in the form of sedentary 
agriculturalists during the Neolithic and not by earlier Paleolithic 
hunter-gatherers. Unfortunately, at present we have no record of pre- 
Neolithic visitors to Crete, only the alluring possibility that such 
occurred, i.e. the Mesolithic obsidian from Franchthi Cave which is 
known to have come from the island of Melos (and indicating pre- 
Neolithic sea travel in the Aegean Basin). If pre-Neolithic visitation of 
the island occurred, its mark in the archaeological record would be 
small though its potential impact on the endemic fauna would have been 
great.

F) Eustatic- sea level rise in the post-Pleistocene reduces Crete island area and 

thus reduces the number of species which the island can accomodate. 

E v a lu a tio n ;
Eustatic sea level rise at the close of the Pleistocene would have raised 
sea level by approximately 130m and cause the area of Crete to decrease 
significantly. Unfortunately it is unclear whether a change of this 
magnitude would have been enough to cause the' extinction of the 
island’s megafauna due to area constraints.

Conclusions; Not enough data currently exists to properly evaluate this 

hypothesis. Certainly the climate of Crete has changed throughout the 

Quaternary, but it is clear that what is currently known about the 

climate does not indicate causality for the demise of the Pleistocene 

endemic fauna. At present, only one of the larger endemic forms, C . 

ropa lophorus, is thought to have survived the Holocene/Pleistocene 

boundary, the others presumably becoming extinct earlier in the 

Pleistocene. Much younger finds of elephants on the eastern Aegean 

island of Tilos suggest that elephants on that island did survive into the 

Holocene and only became extinct at the time of the Neolithic occupation 

of that island (Bachmayer et al., 1976; Marinos and Symeonides, 1977). 

This would suggest that climatic change in and of itself did not lead to
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the extinction of the most recently occurring forms of the Cretan 

endemic fauna.

PROCESS II: MAC ARTHUR-WILS ON ISLAND BIOGEOGRAPHIC 
EXTINCTION

Supporting  Evidence

A) Colonization rates = Extinction rates of island tax a. Stratigraphy and dating 

of extinction reveals replacement of one tax a by another.

E v a lu a tio n :
There is no quantitative data available to evaluate this possibility. 
However, qualitatively one can see that one Pleistocene fauna on Crete 
replaced another one (Kritimys by M us), assuming that the faunal 
succession data of Dermitzakis and DeVos (1987) is correct. ,

B) Extinction rate due to relaxation of the fauna from continental to island 

conditions is as expected and varies between taxonomic classes (assumes 

that Crete has been an island since the Miocene).

E v a lu a tio n :
There is no quantitative data available to evaluate this possibility. The 
fossil record is too limited for the pre-Pleistocene to accurately 
determine expectations and reality.

C) Eustatic sea level rise in the post-Pleistocene reduces Crete island area and 

thus reduces the number of species which the island can accommodate. 

E v a lu a tio n :
Eustatic sea level rise at the close of the Pleistocene would have 
significantly reduced the area of Crete. It is unclear whether or not this 
decrease in area could have resulted in extinctions.

Conclusions: This hypothesis is nearly impossible to evaluate without tight

chronological controls. The available data is strictly qualitative. Yes, the
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earlier Pleistocene fauna (Kritimys) does seem to be replaced by a later 

one (Mus) with generally the same number of species (Dermitzakis and 

DeVos, 1987), but later there is a radiation of cervid forms which does 

not seem to validate the MacArthur-Wilson Theory.

Relaxation rates are impossible to calculate due to the dynamic 

tectonic history of Crete. Prior to the Miocene we have no record of the 

vertebrate fauna of Crete. Early in the Miocene, the island contained a 

balanced continental fauna (Sondaar et al. 1986), but later Crete was 

subdivided into at least four small islands (with the exception of the 

Messinian Period) and was most probably devoid of fauna. Subsequent 

uplift in the late Pliocene to early Pleistocene led to the island’s current 

configuration, at which time Crete was repopulated with mammalian 

tax a via sweepstakes route arrivals.

Study of Cretan fossil birds indicates that the greatest faunal
i

turnover has resulted from habitat destruction and appearance of new 

habitat produced by anthropogenic activities (Lax, n.d.).

In sum, the MacArthur-Wilson theory of island biogeography 

may explain the extinction of some Quaternary vertebrates on Crete, but 

the faunal history appears to be much more complicated than this 

theory accommodates.

PROCESS III: COMPETITION DRIVEN EXTINCTION 

Supporting Evidence

A) Stratigraphy and dating of extinction reveals the direct replacement of one 

tax a by another.
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E v a lu a tio n :
There is replacement of one fauna on Crete by another during the 
Pleistocene (Kritimys by Mu s ,  see Figure 17), but without tight
chronological controls it is impossible to say that one fauna directly 
replaced the other.

B) Island species are not known to divide up ‘niche dimensions’, thus 

resulting in direct competition. Species compete with one another in terms 

of space, food, or time of activity.

E v a lu a tio n :
Though it is unlikely that deer, hippopotamus, and elephant would have 
directly competed for food or activity, space limitations on the island 
could have resulted in this type of competition.

C) Lack of evidence for ‘ecological release’ typical of island settings and 

indicative of lack of competition.

E v a lu a t io n :
Ecological release is evidenced by the radiation of 8 species of deer on 
the island; this would seem to indicate that at least when the deer were 
on the island, competition was not a factor. As presented in the work of 
Dermitzakis and DeVos (1987), it is known that these deer occur on the 
island together with the dwarf elephant and pygmy hippopotamus, 
whereas the elephant and hippopotamus are not known to occur at the 
same time.

D) Extinction due to introduction of mainland taxa which outcompete endemic 

species.

E v a lu a tio n :
At present there are no indications of overlap in time between 
domesticated introductions (such as sheep and goat) and the majority of 
the Pleistocene endemics of the island (exceptions seems to be 
Candiacervus ropalophorus and Mus minotaurus)-, this may indicate that 
introduced forms outcompeted the endemic taxa in a short period of time 
which is ‘invisible’ in the geologic record or that the majority of 
endemic taxa Were already extinct at the time of these introduction.
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Conclusions: Of the four possibilities regarding the causality for extinction,

this one appears to be likely. Competition may be responsible for faunal 

turnover and the extinction of earlier Pleistocene taxa on Crete, and it is 

possible that competition with introduced animals led to the demise of 

the surviving endemic taxa. If this later possibility is granted, then 

anthropogenic factors are at least partially responsible for the

extinction event. One may account for ‘ecological release’ and the 

radiation of deer on the island as an occurrence during a period devoid 

of competition.

HYPOTHESIS 2: The disappearance of Pleistocene fauna on Crete occurred 

coincident with the arrival of humans on the island and can 

best be explained by human impact on their populations, 

either directly by predation or indirectly by altering their 

habitat.

PROCESS IV: HUMAN-INDUCED EXTINCTION

Supporting Evidence

A) Occurrence of Pleistocene endemic fauna in earliest human occupation 

sites on the island, but not in archaeological sites of more recent age. 

E v a lu a tio n :
Although Pleistocene endemic fauna is found in localities with 
archaeological deposits, well documented cases of stratigraphic
continuity between these two types of deposits rarely occur, if at all. 
Exceptions may be Gerani Cave II and Gerani Cave III (see Appendix A). 
This is not to state that these types of localities do not exist on Crete, but 
that they have not been found at present. Currently, no evidence exists 
for hippopotanius or elephant occurring in archaeological contexts, 
although other Pleistocene forms apparently do occur in these contexts 
(Mus, Crocidura, Candiacervus). There is no evidence for Pleistocene 
taxa occurring in sites dating to archaeological periods later than the 
Neolithic (Table 4).
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B) Evidence of butchering and burning of endemic taxa by human 
populations.

E v a lu a tio n :
At present, there is no evidence of butchering and/of burning of 
Pleistocene endemic taxa.

C) Extensive erosion of the Cretan landscape due to human factors, i.e. field

clearance, indicative of habitat destruction at the time of initial occupation 

of the island.

E v a lu a t io n :
Pollen core data do not indicate extensive land clearance occurring at 
the time of the initial colonization of Crete by Neolithic farmers. Rather 
it is only in the Middle and Late Neolithic that we see an extremely high 
value for olive pollen and presumed clearance of vast tracts of the 
island. This pollen record appears to correspond well with the
archaeological data indicating little in the way of Early Neolithic
occupation of the island (Sakellarakis, 1973). Apparently one must
dismiss the idea that Early Neolithic farmers ‘killed off’ the Pleistocene 
megafauna of the island via their clearance of land for agriculture.

D) No evidence for climatic change at the date of initial occupation of Crete. 

E v a lu a tio n :
The available pollen data for Crete does not indicate strong 
environmental fluctuations at the time of initial occupation of Crete by 
Neolithic farmers (this assumes that the first occupation of Crete was 
during the Neolithic).

E) Introduction of domesticated species which ‘outcompeted’ native endemic 

taxa.

E v a lu a tio n :
Sheep and goat were introduced by Neolithic inhabitants of Crete and 
these domesticated forms could have outcompeted Pleistocene endemic 
forms; evidence from Gerani Cave II supports the idea that these 
introduced forms co-occurred with Candiacervus ropalophorus. In 
addition, Mus minotaurus co-occurred with introduced commensal 
rodents which presumably outcompeted the endemic form.
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Conclusions: The available data base allows for this hypothesis to remain a 

possibility. Though habitat destruction by Early Neolithic farmers does 

not appear to have led to the demise of the surviving endemic taxa, the 

introduction of domesticated animals and commensals may have led to 

their eventual extinction. At present, there is no evidence for direct 

utilization of endemics by early inhabitants of Crete; no butchery or 

burning has been recognized.
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SUMMARY AND CONCLUSIONS

Currently available stratigraphic information and radiometric dates of

the Cretan fossils suggest that the extinction of the endemic tax a on Crete was 

an ongoing process throughout the Pleistocene and not a phenomenon

associated strictly with the visitation/occupation of the island by human 

populations. At times during the Quaternary, faunal colonization rates 

approximate the extinction rates of island taxa, lending credence to a

MacArthur-Wilson formulation for these faunal extinctions. At other times, 

competition likely has driven extinction; this is indicated by the presence of 

few taxa of the same general size and ecological requirements on the island at 

any one point in time. However, competition has not always reigned, for if it 

had one cannot explain the radiation of deer species on the island nor the 

morphological adaptations of hippopotamus, elephant, and deer; certainly 

adaptations made by these taxa to the vegetation, rocky biotope, and size of

Crete Island would not have aided them in escaping predators.

At present, there is no record of pre-Neolithic visitation of Crete nor kill 

sites of Pleistocene fauna by Neolithic inhabitants. Rarely do Pleistocene 

endemic taxa occur in archaeological contexts, and these few instances (Gerani 

Caves II & III) must be viewed with skepticism due to the manner in which 

these sites were excavated. The current lack of data pointing toward 

synchronicity is thought provoking, but at the same time it must be looked at 

cautiously; there are an enormous number of caves on Crete still to be explored 

and a traditional lack of interest on the part of archaeologists in the Neolithic 

occupation of the island.
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Rather than directly killing endemics via predation or indirectly via 

destruction of their habitat, it is likely that humans ‘engineered’ the 

extinction the Holocene survivors of the Pleistocene fauna via direct or

indirect competition with their introduced taxa. For example, one can make a 

case that Candiacervus ropalophorus was directly outcompeted by introduced 

sheep and goat, as was Mus minotaurus by introduced commensal rodents. 

Indirectly, the owl, Athene cretensis, was outcompeted because its favored 

prey, Mus minotaurus, was headed for extinction.

What is readily apparent form the Discussion Section of this thesis is the 

overall lack of data to properly evaluate the hypotheses laid down at the 

beginning of this study. Though the original intent was to conduct fieldwork 

in such a way as to address these issues, the inability of the author to gain

permission from Greek authorities to excavate paleontological localities 

severely limited the gathering of new data. In the end, this work could 

determine the appropriateness/inappropriateness of localities for future 

fieldwork, but could not go the further step of actually conducting excavations.

If the opportunity arose, the following recommendations for future 

fieldwork should be actualized. First, it is apparent from the resurvey of known 

paleontological sites on Crete that those which contain both archaeological 

remains and bones of Pleistocene endemic taxa are located along a 7km stretch 

of coast immediately west of the city of Rethymnon. Some of these caves have 

been partially excavated, but not with the stratigraphic controls necessary to

demonstrate linkages between Pleistocene taxa and cultural remains. As a start, 

I would recommend new excavations in Gerani Caves II, III, and IV to clarify

the stratigraphic relationships of these deposits. Other localities in this region 

may hold valuable information as well, but these sites are the ones which 

appear to be the most critical.



Associated with this work is the necessity of a program for 

radiometrically dating the materials from paleontological deposits. One cannot 

understated the need for establishing a radiometric chronology for the 

disappearance of the Pleistocene fauna. Although most previous attempts to 

date remains of Pleistocene endemics on Crete have failed, it is imperative to 

continue such attempts.

At a more general level, additional paleoclimatic data is necessary. This 

must include work with pollen and soils. Current fieldwork by J. Moody and O. 

Rackham on the desertification of Crete will include information from pollen 

sites not yet published in the literature and should fill in some gaps in our 

current knowledge. An on-going pollen coring program should be established. 

Soil and geomorphological work can lead to the identification of island soils 

and establish paleosol sequences on the island which are radiometrically 

datable and yield information concerning paleoclimate, i.e. identify wet and 

dry periods, periods of loess accumulation, etc.

Though this thesis has done little to clarify the hypotheses it intended to 

address, it has established our current state of knowledge and the direction

future studies must take.
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APPENDIX A:

GAZETTEER OF CRETE PALEONTOLOGICAL LOCALITIES 

I n t r o d u c t i o n

The main focus of fieldwork undertaken in Crete was to relocate known 

Pleistocene fossil localities and explore their potential for addressing the issue 

of extinction of the Pleistocene endemic fauna of the island. Although data 

concerning many sites have been published, the manner of publication was 

not always amenable to readily finding localities. In some instances no 

directions to the locality were published, while more commonly directions 

were vague or incorrect. Maps published within articles sometimes 

incorrectly identified the geographical position of sites. A few localities have 

been published under more than one name. Because of these difficulties 

encountered during fieldwork, not all published sites were relocated. At the 

same time, new localities were occassionally found, and presumably many 

others remain to be discovered.

Many of the fossil localities are caves or former caves, though a 

significant percentage are colluvial deposits. Fossils found in caves or 

collapsed caves appear to have accumulated by at least two mechanisms: 1) 

animals were using the caves as ‘housing* and died within, for example the 

Kharoumbes localities, and 2) hidden karstic holes on the surface of marine 

terraces acted as natural traps, resulting in mammals falling in and dying, for 

example the Mavromouri localities. Fossils found in colluvium are widely 

scattered and appear to be present as a result of an animal dying on the 

surface and fortuitously being buried by further colluvial deposition, as at
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Avlaki. Finally, fossils found in lake deposits at Katharo are invariably the 

remains of vertebrates that died in that lake.

E ntry Form at

Localities are entered in the Gazetteer in a sequence that proceeds from

west to east across the island (with few exceptions). Localities are ‘filed’ within 

the Nomos and Eparchy in which they occur, i.e. their ‘state’ and ‘district’,

respectively, on the island (see Figure 1). The following is a brief explanation 

for the format utilized in the Gazetteer:

A) SITE IDENTIFICATION: Each site is noted by its published name or 

names. Figure 19 (p.79) indicates the locations of all sites found in the 

gazetteer.

B) ALTITUDE: As precisely as possible, elevation above current sea level

was recorded. In some instances this is accurate information verified by 

fieldwork. In cases where a site could not be located, published elevations were 

utilized and their accuracy assumed. In cases where the site could not be

located nor was published data available, the elevation is noted by a question

m ark.

C) MAP REFERENCE: The British Military Maps of Crete (1943) are utilized 

to indicate the geographic positions of sites. The map number within the series 

of maps is noted first, followed by the position north (N) and east (E). These 

north and east coordinates refer to the boxes on the individual British Military 

Maps, and are not to be taken as longitudes and latitudes. For sites which could 

not be located, presumed locations are recorded by a range of coordinates. 

Visited localities are recorded as accurately as possible to aid future
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researchers.

D) LOCATION: This is a short geographical description of the position of 

the site, i.e. its location relative to significant topographic features and nearby 

villages.

E) SITE TYPE: Indicates whether a site is a cave, former cave, colluvium,

etc.

F) GENERAL GEOLOGY: A description of the bedrock geology of the site. 

Geological Maps of Greece, Crete Series, 1:50.000, were utilized where available. 

When these more detailed maps were not available, the Geological Map of Crete, 

1:200.000, was employed (Creutzburg et al., 1977).

G) ORIGINAL REPORT: Indicates the first published reference of the 

locality.

H) EXCAVATIONS: Indicates who has collected fossils from the site and 

whether formal excavations have taken place. In many cases this is unknown, 

though collections no doubt exist.

I) REFERENCES: This is a complete listing of publications concerning the 

locality, organized from first report to most recent.

J) CONDITION: This refers to the present status of the locality. If visited, 

this is based on personal observation. If the site was not visited, condition is 

based on published reference or is unknown.

K) SPECIES IDENTIFIED: This is a listing of the vertebrate fauna 

identified in the deposits. If the site is a Type Locality, this is noted. Taxa are 

generally listed by their currently accepted names, unless otherwise 

indicated.

L) CULTURAL ASSOCIATION: This refers to the issue of whether or not
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archaeological remains have been found within the locality. Exact cultural

affiliations are noted if known.

M) MATERIALS: This is a listing of the museums which hold collections

from the site. This listing is far from complete due to the rarity with which

location of holdings is published in articles. Educated guesses could be made in 

many instances, i.e. Dutch scientific studies result in collections held at IVAU, 

Greek investigations hold collections in Athens, etc. However, guesses have 

been avoided ■ to eliminate the possibility of error; thus the location of

materials is often listed as unknown.

The following names and abbreviations for museums have been used:

ATHENS: Department of Geology and Paleontology, University of Athens

BMNH: British Museum of Natural History

GPIF: Geologisch - Palaontologischen Institut Freiburg

ITALY: Natural History Museum?

IVAU: Instituut voor Aardwetenschappen, Rijksuniversiteit Utrecht,
Utrecht, The Netherlands

MHNP: Museum d’Histoire Naturelle, Paris

RETHYMNON: Cretan Paleontological Museum ?

N) OBSERVATIONS: These are general comments about the materials, 

conditions, and analysis of the particular site. This information is derived from 

preexisting literature and the author’s visit(s) to the locality.

O) VISITED: This is simply a record of whether or not the site was visited, 

and if so, on what date or dates. Note that dates are recorded day-month-year.
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FIGURE 19: QUATERNARY PALEONTOLOGICAL LOCALITIES ON CRETE

KEY: I. Sphinari Cave 2. Akroliri Kutri Cave A 3. Akrotiri Kutri Cave B 4. Ravdouha Cave 5 . Tripiti Cave 6. Kolymbari/Afrata Road 7. Kalathas 
Place I. Stavros Cave 9. Stavros Cave - Macro 10. Suvros Cave - Micro 11. Aghios Georgos Cave 12. Arkoudiotisa Cave 13. Aghios loannis 14.
Avlaki 15. Akrotiri Melekas Cave 1 16. Akrotiri Melekas Cave 2 17. Akrotiri Mclekas Cave 3 18. Marathi Cave 19. Khania Deposits 20. Melidoni 
Place 21. Eapolis Place 22. Likotinarea Cave 23. Gerani Cave I 24. Gerani Cave II 25. Gerani Cave III 26. Gerani Cave IV 27. Gerani Cave V 28.
Gerani Cave VI 29. Bate Cave 30. Zourida Cave 31. Mavromouri Cave I 32. Mavromouri Cave II 33. Mavromouri Cave III 34. Mavromouri Cave IV 35.
Mavromouri Cave V 36. Mavromouri Cave VI 37. Mavromouri Cave VII 38. Mavromouri Cave VIII 39. Simonclli Cave 40. Gumbes Cave 1 41. Gumbes
Cave II 42. Gumbes Cave III 43. Panayia Cave II 44. Panayia Cave I 45. Rethymnon Fissure 46. Skaleta Cave 47. Peristeri Cave 48. Akrotiri Korakas 40
Cave 49. Bali Cave I 50. Bali Cave II 51. Siphounas Cave 52. Panayia Place 53. Kalo Chorafi Cave 54. Milatos Cave I 55. Milatos Cave 11 56. Milatos
Cave III 57. Milatos Cave IV 58. Katharo Basin 59. Sitia Place 60. Karoumbes VII 61. Karoumbes VI 62. Karoumbcs V 63. Karoumbes IV 64.
Karoumbes III 65. Karoumbes II 66. Karoumbes I 67. Kato Zakros Place 68. Xerokampos 69. Xeros.
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NOMOS KHANIA  

EPARCHY MSSAMOS

SPHINARI CAVE near sea level

Map: BM#4, 46-47N/68-70E
Location: Littoral, just south of Sphinari village. Bate (1912) states that 

specimens “were obtained from a cave-deposit on the southside of the 
little bay of Sphinari”.

Site Type: Cave.
General Geology: Gavrovo-Tripolis Series, (Ts?-E) Jurassic-Eocene (very

questionably in Upper Triassic), limestone and dolomite, thick bedded to 
massive, usually gray, locally brecciated (Creutzburg et al., 1977).

Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate, 1905.
References: D. Bate, 1905, 1912; D. Mayhew, 1977; M. Dermitzakis, 1977.
Condition: Unknown. Perhaps it has been completely eroded or covered with 

sand.
Species Identified: This is the type locality for Mus catreus (Bate, 1912). Bate 

found bones and teeth belonging to deer and micromammals.
Cultural Assn: None.
Materials: BMNH
Observations: According to Bate (1905), the cave and its red bonebeds give the 

appearance that they preexisted at sea level. Dermitzakis (1977) states 
that he could not find this site.

Visited: Attempted to locate on 24-2-89, but was unable to find it.

AKROTIRI KUTRI CAVE A ca. 2.5m

Map: BM#1, 57-59N/70-71E
Location: Littoral, on the west side of Gramvousa Peninsula and north of the 

archaeological site of Phalasama. On the north side of the hill known as 
Akrotiri Kutri is found Cave A.

Site Type: Cave.
General Geology: The Akrotiri Kutri is composed of Tripolis Zone undivided 

Mesozoic limestone (Mu) (mostly Jurassic), white to bluish, 
microcrystalline (Karageorgiou, 1970).

Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate, 1905. According to Dermitzakis (1977) 

explosives were utilized at some point in time.
References: D. Bate, 1905; S. Kuss, 1965; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Bate, 1905, states that this locality is highly eroded and broken up. 

According to Dermitzakis (1977), the use of explosives at this site has
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made it not suitable for scientific investigation.
Species Identified: DeVos (1984), following Bate (1905), states that this site 

contains ‘antelope* and ‘horns and teeth of deer*. Dermitzakis (1977) 
states that the cave contains bone and teeth of Cervidae, antelope, and 
small mammals.

Cultural Assn: None.
Materials: BMNH.
Observations: Bate (1905) states that the bonebed starts at 10ft asl (above sea 

level). According to Kuss (1965), the thickness of the strata in this cave 
reached 5m (Bate, 1905, states that they are 15ft thick). In contrast, 
Dermitzakis (1977), states that he is doubtful that the thickness reached 

_ 5m, based on the irregular layering of the bonebeds. At various times in 
the past the cave deposits were covered by the sea; this fact is verified 
by traces of paleocoastlines observed on the walls of the cave and by the 
presence of holes of Lithophaga drilled into the local limestone bedrock 
both inside and outside of the cave. Bate (1905) noted a paleocoastline 
marked in the cave walls at 20ft (-7m) asl; this would correspond to the 
coastal uplift of west Crete which occurred 1550BP (Thommeret et al., 
1981). One of the locals who helped Bate early in the century described 
to Dermitzakis (1977) that half the floor of the cave was under water at 
the time of Bate’s investigations.

Visited: Attempted to locate this site on 24-2-89, but was unable to find it. A 
second attempt was made on 4-3-89 with the same lack of success.

AKROTIRI KUTRI CAVE B ? m

Map: BM#1, 57-59N/70-71E.
Location: Littoral, on the west side of Gramvousa Peninsula and north of the 

archaeological site of Phalasama. On the north side of the hill known 
as Akrotiri Kutri is found Cave B. According to Bate (1905), this site is 
found less than 100 yards southwest of Kutri Cave A.

Site Type: Cave.
General Geology: The Akrotiri Kutri is composed of Tripolis Zone undivided 

Mesozoic limestone (Mu) (mostly Jurassic), white to bluish, 
microcrystalline (Karageorgiou, 1970).

Original Report: D. Bate, 1905.
Excavations: Unknown.
References: D. Bate, 1905; M. Dermitzakis, 1977.
Condition: Unknown, but according to Bate (1905) it can only be reached by 

the sea.
Species Identified: Unnamed vertebrates.
Cultural Assn: None.
Materials: Unknown, j
Observations: This cave is located about 60-70 meters southwest of Akrotiri 

Kutri Cave A and at a much higher elevation. This cave is also smaller 
and narrower that the preceding one. According to Bate (1905), this 
locality had very few remains of vertebrates.



82

Visited: Attempted to visit oil 24-2-89 and 4-3-89, but without success.

RAVBOUHA CAVE near sea level

Map: BM#2, 59-60N/84-85E.
Location: Littoral, on the steep coast below the village of Kamara Koukouli and

southwest of the village of Ravdouha (at Akrotiri Sideris ?).
Site Type: Cave.
General Geology: The Akrotiri Sideris consists of deposits which are Middle 

Miocene (Vindobonian) (Mi mk), marly limestone, compact, brownish to 
yellowish in color (Karageorgiou, 1970).

Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate, 1905.
References: D. Bate, 1905; S. Kuss, 1965; M. Dermitzakis, 1977.
Condition: Stalagmitic floor broken up by wave action (Bate, 1905).
Species Identified: Bate (1905) states that she collected a few mammal remains

belonging to two species of ruminants (presumably she means goat and 
roebuck).

Cultural Assn: None.
Materials: BMNH
Observations: According to Bate, this is a small cave found a few meters above 

sea level and continues a short distance below sea level. The bonebed 
consists of red colored sediment which Kuss (1965) hypothesized 
continued below the current sea level. Kuss collected two species (of 
what?) from this locality. On the Akrotiri Sideris is a wave-cut notch at 
6m asl; presumably this is the result of the 1550BP uplift of west Crete 
(Thommeret et al., 1981).

Visited: Visited this area on 16-2-89 (from the village of Ravdouha) and on 25- 
2-89 (from the village of Nopigia) but was unable to locate this site.

TRIPITI CAVE ca. 30m

Map: BM#2, 62.2N/89.5E.
Location: Found on the north edge of the property of the Orthodox School of 

Crete on a hillside just above the road that runs between the villages of 
Kolymbari and Afrata on the Rodopou Peninsula.

Site Type: Cave.
General Geology: This locality occurs at the contact of the following two 

geologic units: 1) Upper Miocene (Tmk) yellowish limestone, usually
marly, and 2) Pliocene (Tpk) limestone, microcrystalline and in places 
marly (Martini, 1956).

Original Report: T.A.B. Spratt, 1865.
Excavations: Fossils collected by Bate, 1905.
References: T.A.B. Spratt, 1865; D. Bate, 1905; M. Dermitzakis, 1977; J. DeVos, 

1984.
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Condition: Cave appears to be completely devoid of bonebed. Access is easy via 
the Orthodox School of Crete.

Species Identified: Falconer was given the bones and teeth collected by Spratt 
.(1865) and he identified. the remains as those of a goat, a roebuck or 
stag, and a small mouse (Myoxus). There is no record that Falconer ever 
published on these remains. Bate (1905) also collected from this cave, 
but does not identify the species recovered. DeVos (1984) states that this 
site has ruminants and rodents.

Cultural Assn: None.
Materials: Unknown.
Observations: This cave has two entrances and extends via a 45m long natural 

tunnel through the middle of a steep limestone cliff. The floor of the 
cave and the front portion of the cave is partially covered by 
stalagmitic bone-bearing breccia. There is also a similar deposit outside 
of the cave. Bate (1905) worked at this cave for several days, but found 
the bonebed very hard and good specimens difficult to obtain. The Greek 
Speleological Society has catalogued this as Crete Cave #358.

Visited: Visited and matched photograph of locality in Bate (1905) on 24-2-89.

KQLYMBARI/AFRATA ROAD ? m

Map: BM#2, ?N/?E.
Location: On the road between the villages of Kolymbari and Afrata, a little 

north of the Gonia Monastery.
Site Type: Unknown.
General Geology: The geology of this region is primarily Upper Miocene (Tmk) 

yellowish limestone, usually marly, and Tripolis Series (Tk-t) limestone 
(Martini, 1956).

Original Report: A. Poulianos, 1968.
Excavations: Fossils recovered during road construction.
References: A. Poulianos, 1968; S. Kuss, 1969; M. Dermitzakis, 1977; L DeVos, 

1984; S. Spinakis, 19??.
Condition: Presumably this locality is currently buried beneath the pavement 

of the above mentioned road.
Species Identified: Poulianos (1968) states that the locality contains human 

remains. Kuss (1969) states that these remains are not of humans, but 
rather of Cervus cretensis. DeVos (1984) states that this locality contains 
Candiacervus sp. indet. (note that DeVos’ Candiacervus sp. indet. = 
Cervus cretensis of Kuss).

Cultural Assn: Poulianos (1968) states that locality is Paleolithic in age, dated to 
10,000BP. Kuss (1969) agreed with this Paleolithic age, but currently 
there is no data available to substantiate this claim of antiquity.

Materials: Unknown.
Observations: Poulianos’ identifications of 1968 have been discredited; there 

are no human remains found at this site. In addition, his and Kuss’ 
notion that the site is Paleolithic in age is equally unsubstantiated. As 
this site is now presumably buried by the road, there is no way to know 
more about this site.
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Visited: Attempted to find on 16-2-89, but could not located a cave along the 
road between Kolymbari and Afrata that could be this locality.

EPARCHY KYBQNIA

KALATHAS PLACE ca, 0-3m

Map: BM#3, 61.2N/17.3E.
Location: On the Akrotiri Peninsula just below the village of Kalathas at the 

sea.
Site Type: Colluvium.
General Geology: This locality occurs in an area composed of the following 

units: 1) Miocene (Mik) marly limestone, compact, white-yellow to
white-gray, includes sea fossils, 2) Miocene (Mim) marls, yellow-brown 
to white-yellow,, and 3) Pleistocene (Q + M) sandstone (aeolianite/poros) 
(Karageorgiou, 1971).

Original Report: This report.
Excavations: None.
References: This report.
Condition: Partially eroded by the sea. Easily accessible along the seashore.
Species Identified: Fragmented remains of cervids.
Cultural Assn: There are many archaeological sites in this area, dating from 

the Final Neolithic onward.
Materials: None collected.
Observations: This locality consists of fairly widely scattered deposits of red 

clay sediment underlying Pleistocene aeolianite/poros deposits. Fossils 
are found in the red sediment. This aeolianite is the same as/similar to 
that which occurs widely in west Crete and presumably dates to the last 
glacial maximum of 18,000BP. The bone preservation at this locality is 
poor at best. Data collected on the soft sediment of this locality can be 
found in Appendix B, listed under Kalathas I and Kalathas II.

Visited: Numerous occasions during 2/89.

STAYROS CAVE ca. 150m

Map: BM#3, 65.2N/19.2E.
Location: Immediately east of the village of Stavros on the Akrotiri Peninsula.

Found on the west side of the hill known as Vardhis (340m).
Site Type: Cave.
General Geology: This locality is found within Paleozoic-Mesozoic (?),

Metamorphic Basement limestone (Pz-Mzk), compact, crystalline, white 
to blackish, at times dolomitic. Nearby is the contact with the Tripolis
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Zone, Triassic-Cretaceous (Tr-Kk) limestone, compact, white-gray to 
bluish, m icrocrystalline to aphanitic, strongly karstified
(Karageorgiou, 1971).

Original Report: S. Kuss & X. Missone, 1968.
Excavations: Dermitzakis (1977) mentions a program of excavation within this 

cave to its bottom, attempting to stratigraphically place the fossils of 
this cave and correlate them with findings in neighboring caves.

References: S. Kuss & X Missone, 1968; S. Kuss, 1970; D. Mayhew, 1977; M. 
Dermitzakis, 1977; J. DeVos, 1984; J.W.F. Reumer, 1986.

Condition: This locality appears to have been excavated at least once, but red 
colored bonebeds still remain in places.

Species Identified: Elephant, Hippopotamus creutzburgi parvus, K ritim ys
catreus, Crocidura zimmermanni, Mus minotaurus.

Cultural Assn: None.
Materials: IVAU.
Observations: This cave has three distinct entrances and is currently used as a 

sheepfold. The three entrances to the cave result from the presence of
two gray/brown travertine columns which subdivide the mouth of the 
cave. Three parts of the cave floor are covered with bone-bearing 
sediments: 1) the floor of the cave exterior to the columns contains
remains of elephant and hippopotamus (Kuss, 1970), 2) south of the 
columns and still outside the cave are layers of strongly cemented silts 
which contain abundant bones of the genus Kritimys and 3) inside of
the travertine columns marking the cave entrance, Mayhew (1977)
identified the presence of the genus Kritimys in cave floor deposits of 
weakly cemented red silt. The hippopotamus bearing deposits outside of 
the cave underlie those containing Kritimys, but relations between 
deposits inside and outside of the cave are unclear.

Visited: Visited on 16-2-89.

STAVRQS CAVE - MACRO ca. 150m

Map: BM#3, 65.2N/19.2E.
Location: Generally the same as Stavros Cave, but 20 meters to the north.
Site Type: Cave.
General Geology: Geology is the same as for Stavros Cave.
Original Report: D. Mayhew, 1977.
Excavations: Unknown.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded.
Species Identified: Kritimys catreus, Crocidura sp.. Hippopotamus creutzburgi 

parvus, Candiacervus sp. II.
Cultural Assn: None.
Materials: Unknown.
Observations: A bone breccia containing remains of large mammals covers the 

walls of the cave; hence the cave name - Macro.
Visited: Visited on 16-2-89.
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STAVROS CAVE - MICRO ca„ 150m

Map: BM#3, 65.2N/19.2E.
Location: Stavros Cave - Micro is found between 2 and 10 meters below Stavros 

Cave - Macro.
Site Type: Cave.
General Geology: Geology is the same as for Stavros Cave.
Original Report: D. Mayhew, 1977.
Excavations: Unknown.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984; J.F.W. 

Reumer, 1986.
Condition: Partially eroded.
Species Identified: Hippopotamus sp., Kritimys catreus, Crocidura

zimmermanni., dormouse (Gliridae), and a small murid intermediate in 
size between Mus minotaurus and Mus musculus.

Cultural Assn: None.
Materials: IVAU.
Observations: This cave is termed ‘micro* because of the predominance of 

micromammals found in its floor deposits. The ceiling of the cave is now 
destroyed and only the walls and floor deposits remain. Today, the site 
consists of cemented red beds running down the steep slope below 
Stavros Cave - Macro. In its lower deposits are found the bones and teeth 
of Hippopotamus. Micromammal remains include both bones and teeth.

Visited: Visited on 16-2-89.

AGHIOS GEORGEOS CAVE ca. 170m

Map: BM#3, 65.4N/20.4E.
Location: This cave is found in the mountains in the northern portion of the 

Akrotiri Peninsula at the ruined village of Aghios Georgeos.
Site Type: Cave.
General Geology: Geology is the same as for Stavros Cave.
Original Report: R. Pococke, 1745.
Excavations: Unknown.
References: R. Pococke, 1745; V. Raulin, 1867; D. Bate, 1905; M. Dermitzakis, 

1977; J. Moody, 1987.
Condition: Bate (1905) speaks of the cave being used as a sheep fold during the 

winter months.
Species Identified: Bate (1905) states that she found the fossilized bones, teeth, 

and horn, of ruminating animals, but she is not more specific. In the 
author’s visit to the site, bones of modem goat were found on the cave 
floor and fossilized bones of ruminants at the base of the cave walls.

Cultural Assn: None.
Materials: Unknown.
Observations: This cave consists of two chambers, one of which houses the 

church of Aghios Georgeos. Raulin’s work (1867), which originates
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from that of Pococke (1745), reports that the floor of the cave contains 
unusual large mammal bones. When Bate visited this cave, she noted the 
remains of fossilized bone in the walls of the cave. Currently, a few 
remains can still be found in the bone breccia along the walls of the 
cave.

Visit: Visited this cave on 12-2-89.

AMKOUDIOTISSA/PANAYIA/ARKALOU CAVE ca. 220m

Map: BM#3, 64.9N/22.9E.
Location: This cave is found a short distance down a trail with originates from 

the parking area of the Monastery Gouvemeto and leads into the gorge 
known as ‘Avlaki’.

Site Type: Cave.
General Geology: Tripolis Zone, Triassic-Cretaceous (Tr-Kk) limestone, compact, 

white-gray to bluish, micorcrystalline to aphanitic, strongly karstified 
(Karageorgiou, i 1971).

Original Report: R. Pococke, 1745.
Excavation: Archaeological excavations by Davaras, 1969.
References: R. Pococke, 1745; R. Pashley, 1837; D. Bate, 1905; C. Davaras, 1969; M. 

Dermitzakis, 1977; J. Moody, 1987; S. Spinakis, 19??.
Condition: Cave currently contains a small church/shrine and a water basin.
Species Identified: None.
Cultural Assn: This cave contains ceramics dating from the Late Neolithic 

through the Minoan Period.
Materials: Cave contains no fossils.
Observations: Bate (1905) visited this cave and found no evidence of fossil 

remains. Pococke (1745) called this cave by the name ‘Cave of the 
Arkalou’, which may mean bear (arkoudhes) or badger (arkalos). Moody 
(1987) states that this cave is also known as Arkoudiotisa or Panayia 
Cave. A small chapel built at the entrance of the cave dates to 1548. At 
the entrance, the cave measures 27m wide and 4m high; it has a depth of 
30m. Davaras (1969) includes a plan view of this cave (Figure 20). The 
Greek Speleological Society has cataloged this as Crete Cave #56.

Visited: Visited on numerous occasions in 2-89.

AGHIOS lOANNIS/KATHOLIKO/GOUVERNETO ca. 100m

Map: BM#3, 65.2N/22.8E.
Location: This locality is found at the ruined Monastery Aghios loannis the 

Foreigner in the gorge known as ‘Avlaki’. It can be reached via a path 
that starts fro^n the parking area at the Monastery Gouvemeto at the 
northeast end of the Akrotiri Peninsula.

Site Type: Cave.
General Geology: Geology is the same as Arkoudiotissa Cave.
Original Report: R. Pococke, 1745.
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Figure 20: Map of A r k o u d i o l i s s a  Cave (after Davaras, 1969)



8 9

Excavations: None.
References: R. Pococke, 1745; R. Pashley, 1837; D. Bate, 1905; A. Petrocheilou, 

1963; M. Dermitzakis, 1977: J. Moody, 1987; S. Spinakis, 19??.
Condition: Cave is currently visited by ‘curious’ tourists.
Species Identified: None.
Cultural Assn: Neolithic? Minoan? Very few artifacts.
Materials: Cave contains no fossils.
Observations: Bate (1905) mistakenly identified Aghios loannis by the name 

Gpuverneto and vice versa, and thus it has become ingrained in the 
literature as such. As far as the author is able to determine, Gouvemeto 
refers to the active monastery at the top of Avlaki Gorge, and not to any 
ruins within the gorge. The Monastery Aghios loannis of Ermiti or 
Ksenos is also known by the name Katholiko. This ruined monastery 
spans over Avlaki Gorge. To the left of the main church of the 
monastery is the entrance to the cave, in which lived and died the 
founder of the monastery. Petrocheilou (1963) states that the cave 
extends in the direction from southwest to northeast and occupies an 
area of 1500m2 it has an entrance height of 1.8m, a width of 2m, and a 
length of 135m. Petrocheilou (1963) contains a plan view of this locality 
(Figure 21). Bate (1905) did not find any fossils in this cave. The Greek 
Speleological Society has cataloged this as Crete Cave #37.

Visited: Visited on numerous occasions in 2-89.

AVLAKI ca. 5 .75m

Map: BM#3, 65.7N/23.4E.
Location: This site is found at the exit of the gorge known as ‘Avlaki’ and just

above the sea. It can be reached via the footpath that starts at the
parking area of Monastery Gouvemeto at the northeast end of the
Akrotiri Peninsula.

Site Type: Colluvium.
General Geology: Bedrock geology is the same as at Arkoudiotisa Cave. Atop

these bedrock deposits. Pleistocene redbeds lie stratigraphically 
beneath Pleistocene aeolianite/poros deposits; presumably these 
aeolianite deposits date to the last glacial maximum of 18.000BP.

Original Report: D. Bate, 1905
Excavation: Collections by Bate and the author.
References: D. Bate, 1905; M. Dermitzakis, 1977; J. Moody, 1987.
Condition: The locality faces out to the sea and is currently being eroded by the 

sea.
Species Identified: Bate (1905) collected bones belonging to large mammals. 

This author noted the presence of runimants, most likely belonging to 
the genus Candiacervus.

Cultural Assn: None
Materials: Unknown.
Observations: Bate (1905) called this a fossiliferous stratum which covered the 

ground of a preexisting and now destroyed cave. In the author’s 
investigation, he found this locality to be a colluvial unit which
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currently lies beneath a layer of Late Pleistocene aeolianite. This 
aeolianite has been quarried at earliest during the Bronze Age (Moody, 
1987), and is probably the stone source for Katholiko and Gouvemeto 
Monasteries. The bonebed itself contains very scattered bones and teeth 
of cervids, is red in color* and contains extensive lenses of poorly sorted 
angular cobbles. It is the author’s suggestion that the aeolianite layer 
dates to the last glacial maximum, i.e. 18000 BP, and that the colluvium 
containing the fossils dates to the Neotyrrhenian. Data collected on the 
soft sediment of this locality can be found in Appendix B. Cervid bone 
collected from this site was studied at the University of Arizona for its 
dating potential, but was found to be too depleted in amino acids for 
accelerator dating.

Visited: Visited on 14-2-89.

AKRQTIRI MELEKAS CAVE 1 ca. 5-10m

Map: BM#3, 65-66N/23.5-25E.
Location: This site is found along the coast of the Akrotiri Peninsula 

immediately north of Akrotiri Melekas/Cape Kiamou.
Site Type: Former Cave.
General Geology: Tripolis Zone, Triassic-Cretaceous (Tr-Kk), compact limestone, 

white gray to: bluish, microcrystalline to aphanitic, strongly karstified 
(Karageorgiou, 1971)

Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate, 1905.
References: D. Bate, 1905, 1907, 1942; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: According to Bate, the cave was somewhat destroyed.
Species Identified: Bate (1905) states that the site contains fossil bones of 

elephant, muridae, and fish. Later, she speaks of a small elephant, 
Elephas creticus, and Rattus kiridus (= Kritimys kiridus); in 1907, Bate 
describes in greater detail the elephant remains. In the collections of 
the BMNH are teeth labeled Acomys minous (M. 10554), Cape Melekas, 
Crete. DeVos (1984) states that the locality contains Elephas creticus and 
Kritimys kiridus.

Cultural Assn: None.
Materials: BMNH.
Observations: Bate describes the fossils as occurring in compact brown colored 

sediment which covered the ground of a former cave. The author’s 
general view of this region is that it contains numerous eroded clefts in 
the limestone bedrock which are partially filled by colluvium; perhaps 
this cave is in fact cemented colluvium in an eroded cleft.

Visited: Attempted to locate on 13-2-89, but was unsuccessful in finding it.

AKROTIRI MELEKAS CAVE 2 ca. 12m

Map: BM#3, 65-66N/23.5-25E.
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Location: This locality is found at half the distance between the exit of the 
Avlaki Gorge to the sea and the Akrotiri Melekas of the Akrotiri 
Peninsula.

Site Type: Limestone cleft filled with colluvium.
General Geology: The same geology as Akrotiri Melekas Cave 1.
Original Report: S. Kuss and X. Missone, 1968.
Excavations: Fossils collected by Kuss and Missone, 1968.
References: S. Kuss and X. Missone, 1968; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Eroded.
Species Identified: Both Kuss & Missone (1968) and DeVos (1984) identify the 

presence of Kritimys catreus and Kritimys kiridus.
Cultural Assn: None.
Materials: Unknown.
Observations: The site is a gaping cleft filled in with fossilized mammal bone. 

The material in the cleft occupies a thickness of 10cm and extends 
toward the wave eroded steep coast of this part of the Akrotiri 
Peninsula.

Visited: Visited the area on 13-2-89, but was unable to locate the site.

AKROTIRI MELEKAS CAVE 3 >12m

Map: BM#3, 65-66N/23.5-25E.
Location: This site is near to Akrotiri Melekas Cave 2, but at a slightly higher

elevation above the sea.
Site Type: Limestone cleft filled with colluvium.
General Geology: The same geology as Akrotiri Melekas Cave 1.
Original Report: D. Mayhew, 1977.
Excavations: Fossils collected by Mayhew, 1977.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984;
Condition: Unknown.
Species Identified: Both Mayhew (1977) and DeVos (1984) identify bones of 

Kritimys kiridus, while Mayhew alludes to the presence of large 
mammals as well.

Cultural Assn: None.
Materials: Unknown.
Observations: This locality is a small gaping cleft along the steep limestone 

coast. The site has filled with cemented material poor in fossils.
Visited: Visited this area on 13-2-89, but was unable to find this site.

MARATHI CAVE ca. 40-45m

Map: BM#3, 55.5-56.5N/25-26.3E.
Location: This site is found at the southeast edge of the Akrotiri Peninsula 

opposite the small island known as Paleo Souda/Marathi Islet. It is 
approximately 500-600 inland from the coast.

Site Type: Cave.
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General Geology: This cave occurs in an area dominated by Miocene marly 
limestone (Mik) compact, white-yellow to white-gray, includes sea 
fossils. Also present in the area are Miocene marls (Mim), yellow-brown 
to white-yellow (Karageorgiou, 1971).

Original Report: S. Kuss, 1965.
Excavations: No formal excavations.
References: S. Kuss, 1965; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) states that this locality contains remains of 

Candiacervus sp. indet.
Cultural Assn: None.
Materials: Unknown.
Observations: N. Creutzberg reported and described this cave to Kuss, who 

discovered a few bones of cervids in a layer of very compact red clay 
which covers the floor of the cave.

Visited: This cave is located on the NATO base found on the Akrotiri Peninsula 
and was inaccessible to the author.

EHANIA/SOtiDA CAVE DEPOSITS <20m

Map: BM#3?#6?
Location: Bate. (1905) states that this deposit is “at the edge of the limestone 

forming the base of the Akrotiri at the point where it joins the fertile 
plain of Khania...” Later, Bate (1942), states that it is between Khania 
and Souda and that it is sufficiently near the end of a footpath which 
leads to Souda.

Site Type: Cave.
General Geology: Miocene marly limestone (Mik), compact, white-yellow to 

white gray, includes sea fossils (Karageorgiou, 1971).
Original Report: T.A.B. Spratt, 1865.
Excavations: Fossils collected by Bate, 1905.
References: T.A.B. Spratt, 1865; D. Bate, 1905, 1942; S. Kuss, 1965; M. Dermitzakis, 

1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: This is the type locality for Mus minotaurus (Bate, 1942). 

Kuss (1965) states that this site encloses bones belonging to ruminants,
rodents, etc. DeVos (1984) states that it contains bones from ruminants,
rodents, a shrew, and Mus minotaurus. At BMNH is a specimen labeled 
Crocidura cf. russula (M13191) from a cave between Khania and Souda; 
presumably this is the shrew spoken of by DeVos (1984).

Cultural Assn: None.
Materials: BMNH.
Observations: Bate describes this locality as consisting of two small limestone

caves as well as a smooth area of fossiliferous levels which stretch for a 
length of 40 yards. Kuss (1965) believes that the area which Bate reports 
is the same as one described by Spratt (1865) and that the fossiliferous
strata stretch for 36m.

Visited: The author on numerous occasions (2/89) attempted to locate a

I
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limestone ridge in the plain south of Khania and along the old road 
between Khania and Souda, but was never able to locate this site.

EPARCHY APOKORONOU

MELIDONI PLACE ca. 200-250m

Map: BM#6, 43N/19.9E.
Location: This locality is found southwest of the village of Melidoni on the 

slopes of the Lefka Ora/White Mountains.
Site Type: Karstic Hole.
General Geology: Miocene marls (Mim), yellowish-brown to white-yellow

(Karageorgiou, 1971)
Original Report: S. Kuss, 1965.
Excavations: Unknown.
References: S. Kuss, 1965; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: According to Kuss (1965), this locality contains bone and 

teeth of Megaceros cretensis. According to DeVos (1984), these same 
remains are those of Candiacervus sp. indet.

Cultural Assn: None.
Materials: Unknown.
Observations: The locality is a round karstic hole which was originally 

discovered by N. Creutzberg and subsequently reported on by Kuss 
(1965). On the IGME Geologic Map, Khania Sheet, 1:50,000 (Karageorgiou, 
1971), two sinkholes are indicated just southeast of the village of 
Melidoni.

Visited: Attempted to locate this site on 19-2-89, but was unable to find it.

EXOPOLIS PLACE ? m

Map: BM#7, 41.2N/31.5E.
Location: This locality is found at an elevation 25m above the road between the 

villages of Vamos and Exopolis near some small ‘remas’, i.e. small stream 
beds.

Site Type: Kuss (1965) terms it an ‘abri’ or rockshelter.
General Geology: Miocene marly limestone (Mik), compact, white-yellow to 

white-gray, includes sea fossils (Karageorgiou, 1971). This unit has also 
been named the Gallou Formation <Neogene> (Meulenkamp, 1969).

Original Report: S. Kuss, 1965.
Excavations: Unknown.
References: S. Kuss, 1965; M. Dermitzakis, 1977; J DeVos, 1984.
Condition: Unknown.
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Species Identified: Kuss (1965) identified Megaceros cretensis and fossils of 
Muridae. DeVos (1984) states that the site includes Candiacervus sp. 
indet., Elephas sp., and murids.

Cultural Assn: None.
Materials: Unknown.
Observations: The literature is very confusing as to where exactly this site is 

found. Kuss (1965) states that the ‘abrF is found 10km south of Cape 
Drepanou, 3km northwest of the village of Georgioupolis, north of the 
road between Vamos and Exopolis, and 400m past a road cut. In contrast, 
Dermitzakis (1977) states that the site is located 9km northwest of 
Georgioupolis at the north end of the Vrises-Georgioupolis valley. The 
locality was originally found by N. Creutzberg, but first reported by 
Kuss (1965). The fossils occur in a bone-bearing breccia.

Visited: Attempted to locate on 31-5-89, but was not successful.

LIKOTINAREA CAYE/KOPRANOU CAVE ca. 1.5m

Map: BM#7, 43.3N/33.1E
Location: This cave is found just above sea level on the east coast of Cape 

Drepano, immediately below the village of Likotinarea.
Site Type: Coastal sea cave produced by erosion of cemented colluvium.
General Geology: Para-Autochthonous Series, Ionian Zone, Middle Triassic- 

Lower Jurassic (Ts-Jjd,kd), dolomite and dolomitic limestone, white to
dark color, includes fossils (Mylonakis, 1984).

Original Report: N. Symebnides and P. Sondaar, 1975.
Excavations: Extensive excavations have been conducted by Dutch

paleontologists from the Geologisch Instituut, Rijksuniversiteit Utrecht, 
Utrecht, The Netherlands, and by Greek paleontologists from the 
Department of Geology and Paleontology of Athens University.

References: N. Symeonides and P. Sondaar, 1975; D. Mayhew, 1977; M. 
Dermitzakis, 1977; G. Willemsen, 1980, 1990; P. Weesie, 1982, 1987; J. 
DeVos, 1984;

Condition: Continually eroded by the sea. Access is not difficult via path from 
the village of IKephalas.

Species Identified: The cave contains at least 65 species of birds, as well as the 
remains of cervids, bats, and micromammals. These tax a include M us 
minotaurus, Crocidura sp., Candiacervus spp. Ha, lib, lie, Candiacervus 
cretensis, Candiacervus rethymnensis, Candiacervus sp. VI, Isolutra 
cretensis, Athene cretensis. The site is the type locality for Iso lu tra  
cretensis (Symeonides and Sondaar, 1975)(Willemsen, 1990 renames this 
taxon Lutrogale cretensis) and Athene cretensis (Weesie, 1982).

Cultural Assn: None.
Materials: Athens, IVAU.
Observations: There is confusion in the literature whether Likotinarea Cave 

and Kopranou ' Cave are different caves or the same cave. Based on 
personal communication with P. Sondaar, the author now understands 
that they are in fact the same locality (the local name is Kopranou while 
Sondaar gave it the name Liko). The cave has a length of 15m, a width of
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about 5m, and a height of 8-10m. On the sides of the cave up to a height 
of 3m are found holes produced by stone-eating sea organisms
(Lithophaga) - indicating a higher sea level in the past. In addition, the
base of the cave sits on a raised wave-cut platform at 1.5m asl which
presumably was uplifted at approximately 1550BP (Thommeret et al., 
1981). Cave sediment is described in Appendix B. The cave is important 
in that it is one of the few in Crete which was excavated with
stratigraphic controls sufficient to show faunal succession. DeVos 
(1979) states that between 1973 and 1975, material was excavated to a 
depth of 75cm; since then (i.e. up to 1979) excavation has preceded to 
1.5m. Symeonides and Sondaar (1975) state that the otter, Isolutra 
cretensis (=Lutrogale cretensis), is Pleistocene in age, derived from 
continental origins, and had adapted to a terrestrial lifeway on the 
island. This is the first otter found on the island and represents the only 
widely accepted carnivorous mammal of the Pleistocene of Crete. Weesie 
(1982, 1985, 1987) has done extensive work on the avian remains from 
this locality, including naming a new Pleistocene endemic owl, Athene  
cretensis. This owl, like the otter, is thought to be more terrestrially 
adapted than its continental relatives. Weesie’s work has shown that the 
island of Crete was more heavily forested during the Pleistocene than at 
present. He suggests that the site of Likotinarea was an owl roost for A . 
cretensis', evidence for this includes the presence of fossil owl pellets 
containing the remains of Mus minotaurus. Sondaar (Mayhew, 1977)
attempted to ^ C  date this locality, but he was unsuccessful due to a lack 
of collagen in his bone samples.

Visited: Visited on 26-2-89.

NOMOS METMYMNON 

EPARCHY RETHYMNON

GERANI CAVE I ca. 16m

Map: BM#7, 39.8N/46.4E.
Location: This cave is found on the west side of the small bay of Gerani below 

the National Road that runs between Rethymnon and Khania.
Site Type: Cave. -•
General Geology: Miocene (M) conglomerate/marl/clay/organogenic

limestone (Mylonakis, 1984). This unit is also named the Gallou 
Formation <Neogene> (Meulenkamp, 1969). Aeolianite deposits in the 
area are Pleistocene in age.

Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Conditions: Currently it is being utilized as a sheepfold.



Species Identified: Kuss (1970) states that the site contains the remains of 
various mammals. DeVos (1984) states that it contains Candiacervus sp. 
indet.

Cultural Assn: None.
Materials: Unknown.
Observations: This is a small cave with a length of approximately 10m and a 

width of 4m. Kuss (1970) states that the bonebed covers the floor of the 
cave. In addition, he notes that aeolianite/poros deposits overlie the 
cave sediments at approximately 20m asl.

Visited: Visited on 28-5-89 and on numerous other occasions.

GERANE CAVE II ca. 8.5m

Map: BM#7 39.8N/46.4E.
Location: On the west end of the small Gerani Bay and below the National Road 

that runs between Rethymnon and Khania.
Site Type: Cave.
General Geology: The geology is the same as for Gerani Cave I.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; D. Mayhew, 1977; M. Dermitzakis, 1977; P. Weesie, 

1982, 1985; J. DeVos, 1984; M. Dermitzakis and J. DeVos, 1987.
Condition: Generally undisturbed since period of fossil collecting, though in 

winter may be eroded by the sea.
Species Identified: Species include the following by excavation level: Level 2) 

Mus minotaurus, Crocidura sp., Rattus sp., Oryctolagus; Level 3) M us
minotaurus, Candiacervus ropalophorus, Crocidura sp. Level 4) M us  
minotaurus, Candiacervus ropalophorus, Candiacervus rethymnensis, 
Crocidura sp. Weesie (1982) states that this locality contains Athene 
cretensis in it$ upper layer (Level 2?) and that it also contains Puffinus 
puffinus, Columba oenas/livia, Asia flammeus, Garrulus glandarius 
(Level ?) (Weesie, 1985).

Cultural Assn: The tipper layers of the cave consist of brown colored clay 
which contains ceramic sherds; these sherds appear to be Neolithic in 
age.

Materials: IVAU, and ?
Observations: The location of this cave is incorrectly indicated on the map 

provided by Dermitzakis (1977). The author believes that this cave is in 
fact the exterior room to the cave which has been published as Gerani 
Cave IV; personal communication with P. Sondaar refutes this idea, but 
the author did not find any other cave in this immediate area which met 
the description of Gerani Cave II. This cave measures 4m in length by 
4m in width. The fossils and cultural materials occur in red colored clay 
deposits. This is one of the few Cretan localities that has good 
stratigraphic control on Pleistocene fossils. Dermitzakis and DeVos 
(1987) state that there is no clear sedimentary break between Level 2 
and Level 3 deposits, indicating that Candiacervus ropalophorus 
survived into the Holocene. They believe that the extinction of this
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cervid came with the arrival of humans to the island and the 
introduction of domesticated animals.

Visited: Visited on 28-5-89

GERANH CAVE HE ca. 23m

Map: BM#7, 39.7N/46.5E.
Location: On the interior of Gerani Bay and immediately below the National 

Road running between Rethymnon and Khania at the bridge over the 
Rema Mavro Spili. The site is locked closed by the Greek Archaeological 
Service.

Site Type: Cave.
General Geology: The geology is the same as at Gerani Cave I.
Original Report: C. Makri, 1969.
Excavations: Formal excavations conducted by the Greek Archaeological

Service, Khania Ephoreia.
References: C. Makri, 1969; J. Tzedakis, 1970, 19??; S. Kuss, 1970; M. Dermitzakis, 

1977; A. Petrocheilou, 1980; J. DeVos, 1984.
Condition: Unknown.
Species Identified: Candiacervus sp., Homo sapiens,, bovids, hare, and dog 

(DeVos, 1984).
Cultural Assn: Artifacts found within the cave indicate that the deposits 

include Neolithic remains.
Materials: Unknown.
Observations: This is Cretan Cave #3553 in the catalog of the Greek

Speleological Society. Petrocheilou (1980) provides a plan view map of 
this locality (Figure 22). Potentially this is one of the most interesting 

-eaves on Crete for addressing the issue of the timing of the extinction of 
the island’s Pleistocene fauna, due to the fact that it contains both 
archaeological and paleontological strata. According to Kuss (1970), 
remains of endemic deer were found together with Neolithic artifacts 
and the bones of domesticated and wild animals. However, the 
archaeological excavations which occurred here were not so tightly 
controled so as to address this issue and whatever deposits still remain to 
be excavated inside of this cave are an unknown since the cave is locked 
up.

Visited: Visited on 4-4-89.

GERANI CAVE IV ca. 8.5m

Map: BM#7, 39.8N/46.4E.
Location: This cave is found approximately 35m to the west of the small church 

which is found on the interior of Gerani Bay and beneath the National 
Road running between Rethymnon and Chania.

Site Type: Cave.
General Geology: The geology is the same as for Gerani Cave I.
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Original Report: S. Kuss, 1973.
Excavations: Fossils collected by Bachmayer et al., 1975.
References: S. Kuss, 1973; F: Bachmayer et al., 1975; D. Mayhew, 1977; M. 

Dermitzakis, 1977; A. Biskop, 1978; J. DeVos, 1979, 1984; P. Weesie, 1985; M. 
Dermitzakis and P. Sondaar, 1987.

Condition: Apparently undisturbed since the time of fossil collection.
Species Identified: This is the type locality for Testudo marginata cretensis 

(Bachmayer et al., 1975). In addition, finds include fossil remains of M us 
minotaurus, Candiacervus ropalophorus, Candiacervus sp. lie, Crocidura 
sp., Gypaetus Ibarbatus, Scopolax rusticola, Pyrrho corax graculus, and 
Corvus monediila.

Cultural Assn: Contains archaeological ceramics which are Neolithic in age.
Materials: Athens, IVAU.
Observations: This locality is mislocated on the map provided by Dermitzakis 

(1977). Bachmayer et al. (1975) report that the cave of Gerani IV is 
found within an opening of Neogene Limestone after passing through a 
narrow passageway of about 4m. At the end of this passageway is found 
a small room in which the floor is covered in loose clay. It is here that 
the fossils are found. Because of the similarity of this description to that 
actually found within Gerani Cave II, the author believes that Gerani 
Cave II is the exterior room of Gerani Cave IV (despite the fact that pers. 
comm, with P. Sondaar disputes this idea). According to DeVos (1979), the 
material from this cave was collected in the upper 40cm of fill and 
clearly represents one stratigraphic level. Most of the skeletal remains 
were disarticulated. Biskop’s 1978 doctoral thesis is unavailable, but 
DeVos (1979) states that this work involves studying the age structure 
and male/female sex ratios of the remains of Candiacervus ropalophorus 
within the cave. Dermitzakis and Sondaar (1987) include a bar graph of 
such data that indicates that young and old individuals predominate in 
the bone assemblage, and DeVos (1979) states that the cave contains the 
remains of one herd of endemic Pleistocene cervids which died of a 
natural disaster. Kuss (1973) tried to radiometrically date 
limestone/calcite from this locality, and he received a date of 43,000BP 
(+6000/-3400). Note that although Kuss (1973) reports this date, he had 
nothing to do with the collecting or dating of this sediment. Mayhew
(1977) contests this date because it is at the limits of 14C method.

Visited: Visited on 10-3-89, 4-4-89, and 28-5-89.

GERANI CAVE V ca. 15m

Map: BM#7, ?N/?E.
Location: This locality is found 250m east of Panayia Church on the interior of 

Gerani Bay.
Site Type: Cave. :
General Geology: The geology is the same as at Gerani Cave I.
Original Report: J. DeVos, 1979.
Excavations: Unknown.
References: J. DeVos, 1979; M. Dermitzakis and J. DeVos, 1987.



101

Condition: Cave is collapsed.
Species Identified: Candiacervus ropalophorus.
Cultural Assn: None.
Materials: Unknown.
Observations: DeVos (1979) states that the fossils occur in a brownish clay and 

that the site might be the remains of a sediment filled cave which has 
subsequently collapsed.

Visited: No attempt was made to visit this locality as it was noted in the 
literature following the author’s fieldwork.

G ERANI CAVE VI ?m

Map: BM#7, ?N/?E.
Location: This site is found approximately 10m north of Gerani Cave 5.
Site Type: Cave.
General Geology: The geology is the same as at Gerani Cave I.
Original Report: J. DeVos, 1979.
Excavations: Unknown.
References: J. DeVos, 1979; M. Dermitzakis and J. DeVos, 1987.
Condition: Cave is collapsed.
Species Identified: Candiacervus ropalophorus.
Cultural Assn: None.
Materials: Unknown.
Observations: These deposits are most likely derived from the same collapsed 

cave as Gerani Cave V.
Visited: No. This locality was discovered in the literature following the author’s 

fieldwork.

BATE CAVE 2 0 m ?

Map: BM#7, 40.1N/47.2E.
Location: This site is located approximately 400m to the west of Zourida Gorge 

in the cliffs below the National Road between Rethymnon and Chania. 
Site Type: Cave.
General Geology: Tripolis Zone, Upper Triassic-Middle Jurassic (Ts-Jm .k.d),

dolotomized limestone to dolomite, intensively tectonized, locally broken 
into pieces, karstic (Mylonakis, 1984). This region also contains the 
Gallon Formation <Neogene> (Meulenkamp, 1969).

Original Report: T. Kotsakis et al., 1976.
Excavations: Formal excavations by T. Kotsakis et al., 1976.
References: T. Kotsakis et al., 1976; T. Kotsakis, 1977; M. Dermitzakis, 1977; G.

Belluomini and L. Delitala, 1983; J. DeVos, 1984.
Condition: Partially eroded, but previously excavated section is clearly visible 

at cave entrance.
Species Identified: Fossils belonging to birds, bats, snakes, and cervids have
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been recovered, including Mus minotaurus, Candiacervus sp. V , 
Candiacervus sp. VI, Candiacervus sp. indet., Crocidura sp., Bufo viridus.

Cultural Assn: None.
Materials: Unknown.
Observations: This cave is named after the famous British paleontologist 

Dorothea Bate. The cave has a length of 36m and a maximum width of 
9m. Data on the cave sediment can be found in Appendix B. M egaceros 
cretensis is the name the excavators gave to the cervid finds from this 
cave; presumably this name corresponds to DeVos’ taxa of Candiacervus. 
sp. V and Candiacervus sp. VI. Belluomini and Delitala (1983) "dated teeth 
of Megaceros cretensis from this cave and received dates of 64,000 and 
69,000BP by the aspartic acid racemization method. This suggests that 
these larger Cretan endemic cervids became extinct earlier in the 
Pleistocene than the smaller forms; note that this suggestion agrees 
with ideas presented by DeVos (1984). Bone collected from this site was 
studied at the University of Arizona for its dating potential, but the 
small percentage of amino acids in this bone prohibits accelerator 
dating.

Visited: Visited on 10-3-89.

ZOURIBA CAVE ca. 1m

Map: BM#7, 40.5N/47.4E.
Location: Littoral, just to the west of the exit of the small gorge known as 

Zourida (or Rema Pangialou). This gorge enters the sea beneath the 
National Road between Rethymnon and the village of Gerani.

Site Type: Cave/Eroded Cleft.
General Geology: Cave is located in the same Miocene (M) unit as Gerani Cave I, 

however immediately to the east of this locality and the Rema Pangialou 
are bedrock deposits like those of Bate Cave (Ts-Jm .k.d).

Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; F. Bachmayer et al., 1975; D. Mayhew, 1977; M. 

Dermitzakis, 1977; J. DeVos, 1984; P. Weesie, 1985.
Condition: Eroded by the sea; difficult to reach due to cliffs and wild dogs.
Species Identified: Bachmayer et al. (1975) identified the remains of a fossilized 

tortoise, Testudo marginata cretensis. DeVos (1984) states that this 
locality contains Mus minotaurus, Elephas creutzburgi, Candiacervus 
ropalophorus, Candiacervus sp. II, Candiacervus rethymnensis. W eesie 
(1985) notes the presence of Buteo buteo, Aquila chrysaetos, and Corvus 
monedula.

Cultural Assn: None.
Materials: IVAU, and ?
Observations: This site consists of an eroded cleft in the local limestone 

bedrock as well as a colluvial deposit which both fronts and fills this 
cleft. The colluvium has been extensively eroded by the sea, leaving a 
portion of the cemented colluvium attached to the limestone cliff face 
and a portion projecting out of the sea as a small islet. In the ceiling of
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the cave/cleft is observed an abundance of bones including an elephant 
cranium. Kuss (1970) notes a wave cut notch in the cave at 1m asl; 
presumably thiA corresponds to the uplift of the west end of Crete in 
1550BP (Thommeret et al., 1981). Kuss (1970) tried to date charcoal from 
this locality, but was not successful. Bone collected from this locality 
was studied at the University of Arizona for its dating potential, but lack 
of amino acids prohibits accelerator dating of this material.

Visited: Visited on 26-4-89.

M AVROM OUM  DISTRICT

General Comments: Along the coast west of Rethymnon and immediately east of 
Akrotiri Mavromouri is a series of caves occurring in the limestone 
cliff face. These caves, or clefts, are filled with red clay sediment and 
breccia which contains fossil remains. These localities have been 
eroded to greater and lesser extents by the action of the sea. 
Mavromouri Caves II - VII are typical karstic features in which the 
seaward face of the cavity has split off into the sea, exposing a cave 
mouth in the jprocess. This region is highly faulted. It may be from 
these caves near to Rethymnon that Kuss (1969) reported on the 
presence of numerous bone tools; in reality, these tools are bones which 
have been eaten by other ruminants as a source of minerals (Sutcliffe, 
1973, 1977, 1988). Weesie (1985) reports the presence of the following 
species of birds from the Mavromouri Caves, but does not specify which 
cave contains which birds: Gypaetus barbatus, Garrulus glandularis,
Corvus monedula. Some fossil material from the Mavromouri District can 
be found in the collections in Utrecht.

MAVROMOURI CAVE I ca. 15m

Map: BM#7, 40.7N/47.7E.
Location: This site is found in the cliff face immediately east of the Akrotiri 

Mavromouri. This akrotiri is found by the sea below the National Road 
between Rethymnon and the village of Gerani.

Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Periodically, in use as a sheepfold.
Species Identified: DeVos (1984) states that it contains Candiacervus sp. indet.
Cultural Assn: None.
Materials: Unknown.
Observations: Dermitzakis (1977) states that this cave is located to the west of 

the Akrotiri Mavromouri when in fact it is located to the east of this 
cape. This mislocation is documented by matching the photograph of



Mavromouri Cave I from Kuss (1970). This is a large two room cavern 
with a modem stone wall at the entrance of the cave In the front of the 
cave are preserved the fossil remains in red bonebeds. Kuss (1970) states 
that this cave has bore holes and a wave cut notch at 18m asl; this 
indicates that the cave was open to the sea as early as the Eutyrrhenian.

Visited: Visited on 15-3-89 and 25-4-89.

MAVROMOURI CAVE II ca. 10m

Map: BM#7, 40.6N/47.7E.
Location: This cave is found near to the previous one, a few meters to the east 

of Mavromouri Cave I.
Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded.
Species Identified: DeVos(1984) states that this site contains Candiacervus sp. 

indet.
Cultural Assn: None. .
Materials: Unknown.
Observations: The entire section of this cave is ~5m in height. This cave 

contains red colored bonebeds. It is an old karstic hole, the lower section 
of which remains preserved today. Kuss (1970) notes the presence of 
boreholes from Lithophaga at 5.5m asl; perhaps this corresponds to the 
Eutyrrhenian sea level. In addition, Kuss comments on the occurrence 
of aeolianite/poros with stones embedded in it.

Visited: Visited on 25-4-89.

MAVROMOURI CAVE III ca. 3m

Map: BM#7, 40.6N/47.8E.
Location: Immediately to the east of Mavromouri Cave II.
Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded.
Species Identified: DeVos(1984) states that this site contains Candiacervus sp. 

indet.
Cultural Assn: None.
Materials: Unknown.
Observations: Dermitzakis (1977) states that the floor of this cave is covered 

with clay sediments of red-yellow color, loosely connected and not
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containing any fossils. In the front of the cave is seen a layer of red 
breccia (20-30cm thick) containing the remains of cervids. Kuss (1970) 
states that aeolianite/poros forms the bottom of this cave at 3m asl and is 
overlain by bone breccia. Kuss (1970) notes the presence of boreholes 
and aeolianite occurring within the cave at approximately 15m asl 
(Eutyrrhenian sea level). He reports that the aeolianite consists of sand 
grains typical of beach sand.

Visited: Visited on 25-4-89.

M AVEOMOURI CAVE EV <5m

Map: BM#7, 40.6N/47.8E.
Location: On the coast immediately to the east of Mavromouri Cave III.
Site Type: Cave.
General Geology: The geology is the same as with Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded; impossible to reach this locality without ropes or a 

small boat.
Species Identified: DeVos (1984) states that this site has a “few fossils”, but that 

Mavromouri Cave IVc contains Mus minotaurus, Elephas creutzburgi, 
Candiacervus ropalophorus, Candiacervus sp. II, Candiacervus cretensis, 
and Candiacervus rethymnensis (the author has found no other 
references for a Mavromouri Cave IVc, thus it is assumed to be the same 
cave as Mavromouri Cave IV).

Cultural Assn: None.
Materials: GPIF.
Observations: This is a cave of medium size, the ceiling of which has collapsed. 

On the east wall of the cave are traces of a wave-cut notch (7-8m asl) 
which Kuss (1970) considers is Milazzien in age; more likely this notch 
is Neotyrrhenian in age. On the floor of the cave are preserved 
sediments with an inclination of 20-30 degrees to the northeast (to the 
sea). These strata are a red clay layer alternating with yellow colored 
horizons containing pebbles and mammal remains. In the eastern part 
of the cave were found abundant remains of elephant.

Visited: Visited on 25-4-89.

MAVROMOURI CAVE V ' <5m

Map: BM#7, 40.6N/47.9E.
Location: Just to the east of Mavromouri Cave IV in a small cove.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
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Conditions: Partially eroded.
Species Identified: None identified, only a few indications of fossilized bone. 
Cultural Assn: None.
Materials: Unknown.
Observations: Kuss (1970) states that within this cave is a wave-cut notch at 7- 

8m asl; this corresponds to the Neotyrrhenian sea level.
Visited: Visited on 25-4-89.

M AVROM OUM  CAVE. VI ca. 8m

Map: BM#7, 40.6N/47.9E.
Location: This cave is located immediately to the east of Mavromouri Cave V.
Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: A small excavation by Kuss, 1970.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded, impossible to reach without ropes from the cliff 

above or a boat from the sea.
Species Identified: Kuss (1970) states that the findings were not rich and DeVos 

(1984) states that no data was given for this site.
Cultural Assn: None.
Materials: Unknown.
Observations: This is a former cave which today has been destroyed by natural 

processes. The floor of this cave starts at 8m asl and the cave reaches a 
height of 15m asl.

Visited: Visited on 25-4-89.

MAVROMOURI CAVE VII near, sea level

Map: BM#7, 40.5N/48.0E.
Locations: This cave is located just to the east of Mavromouri Cave VI and 

approximately , 100m to the west of the church known as Aghios 
Anthony/Andonis.

Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded by the sea.
Species Identified: DeVos (1984) states that no data is given.
Cultural Assn: None.
Materials: Unknown.
Observations: Hillslope colluvium projects out over this locality. The floor of 

this cave starts at sea level and continues to an elevation of 4m asl. The 
length of the cave is about 10m and the width is 6-7m. The floor of the
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cave is covered with aeolianite/poros deposits which intercalate with 
fossiliferous redbeds; these redbeds are both uncemented and cemented. 
Also present are stalagtites and stalagmites. The walls of the cave 
contain holes from Lithophaga  and there is evidence of a wave-cut 
notch at 4m asl; presumably this is an indication of the Neotyrrhenian 
sea level.

Visited: Visited on 25-4-89.

MAVRQMQURI CAVE VIII ca. 20m

Map: BM#7, 40.5N/48.1E.
Location: This cave is found to the east of Mavromouri Cave VII and about 100m 

east of the little church known as Aghios Anthony/Andonis.
Site Type: Cave.
General Geology: The geology is the same as at Bate Cave.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Locality appears to be undisturbed since work of Kuss (1970).
Species Identified: Kuss (1970) states that he recovered contempory bones of 

sheep, hare, bird and tortoise. DeVos (1984) states that this site contains 
subrecent animals.

Cultural Assn: Unknown.
Materials: Unknown.
Observations: Kuss (1970) notes that at the entrance of the cave are holes made 

by Lithophaga. Although it is unclear from Kuss' publication (1970), a 
photo in this work depicts a cave to the east of Aghios Anthony which is 
labeled with the number EZEE 1283; presumably this is Mavromouri Cave 
VIII and this is the number designated for the cave by the Greek 
Speleological Society.

Visited: Visited on 25-4-89.

SIMONELLI CAVE ca. 15m

Map: BM#7, 40.5N/48.7E.
Location: This locality is found in the cliff face below the National Road 

approximately 4km west of Rethymnon.
Site Type: Cave.
General Geology: Miocene (M) conglom erate/marl/clay/organogenic

limestone (Mylonakis, 1984). This unit is also referred to as the Gallon 
Formation <Neogene> (Meulenkamp, 1969).

Original Report: V. Simonelli, 1907.
Excavations: Formal excavations were conducted by the University of Rome in 

1971 and 1972.
References: V. Simonelli, 1907, 1908; G.J. Boekschoten, 1971; B. Accordi, 1972; J. 

Melentis, 1974; S. Kuss, 1975; M. Dermitzakis, 1977; A. Malatesta, 1980; P.
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Weesie, 1982, 1985; G. Belluomini and L. Delitala, 1983; J. DeVos, 1984.
Condition: Excavated area has partially filled with slump material.
Species Identified: DeVos (1984) states that this locality contains Candiacervus 

ropalophprus, Candiacervus sp. II, Candiacervus sp. IV, E le p h a s  
c re u tzb u rg i  (Malatesta, 1981, calls this species P a la e o lo x o d o n  
creutzburgi). In addition, Acctirdi (1972) notes the presence of M us  
minotaurus, Malatesta (1981) notes the presence of Martes foina, Meles 
meles, Testudo marginata, Uromastic spinipes, Anser albifrons, and Sula  
bassana, while Mangilli (in Malatesta, 1981) indicates the presence of
Mauremys caspica and Testudo sp. Weesie (1982, 1985) notes the
presence of Athene cretensis (?) and Gyps melitensis.

Cultural Assn: This cave contains Neolithic remains in its upper stratum.
Materials: BMNH, Italy, IVAU, Rethymnon.
Observations: Painted on the cave wall are the words “Univ Roma 1971” and 

below the cave is a large spoil pile from excavations. Malatesta (1981) 
provides a crossectional view of the cave (Figure 23). According to 
Dermitzakis (1977), Accord! (1972) carried out excavations in such a 
manner that he only collected bones of large mammals, in particular 
cervids. However, Malatesta (1981) speaks of sieving the sand of the 
cave deposits and that he found bones of birds and lizards, so the 
accuracy of Dermitzakis’ statement is in question. Accord! (1972)
believes this is the cave that Simonelli described in his publications 
(1907, 1908), but Kuss (1975) disputes this claim. Malatesta (1981) states 
that there is evidence of a wave cut notch in the walls of the cave at 16m 
asl, thus indicating that this cave was open to the sea during the 
Eutyrrhenian. All indications, suggest that this locality spans the Late
Pleistocene and Holocene. Belluomini and Delitia (1983) dated bones 
from this cave via the aspartic acid racemization method. They dated a 
mid-sized deer metatarsal to 21.500BP, a tibia from Megaceros cretensis 
to 24,000BP, and a femur from Elephas creutzburgi Kuss to 49,000BP. In 
the DeVos (1984) classification scheme, a mid-sized deer is equivalent to 
Candiacervus sp. II, while Megaceros Cretensis must be equivalent to 
Candiacervus rethymensis (= Candiacervus sp. IV) since this is the 
largest deer found at Simonelli Cave. J. Clutton-Brock (per. com.) states 
that a bone sample of Megaceros cretensis deriving from the work of
Simonelli and held in the collections of the BMNH was tested for 14C 
accelerator dating at Oxford University and found not to contain any 
collagen. The presence of the avian taxa listed above hint that Crete
during the Late Pleistocene was colder than at present, since the 
distributions of such taxa is much further to the north today. 
Boekschoten (1971) may provide information concerning Simonelli 
Cave, stating that in a cave to the west of Rethymnon, no volcanic 
remains are found in the fossil bonebeds, but that there are volcanics 
present in the archaeological sediments of the cave. Presumably these 
volcanics would be those resulting from the Bronze Age eruption of the 
island of Santorini.

Visited: Visited on 9-3-89 and 4-4-89.
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GUMBES DISTRICT

General Comments: There are a few bits of information concerning the 
Gumbes district which, are not clearly associated with any of the three 
Gumbes localities noted below. First, Weesie (1982) states that one of the 
Gumbes caves contains remains of Athene cretensis, but does not 
specify which one. Second, there is a publication by Symeonides and 
Theodorou (1982) which discusses a Gumbes locality which may or may 
not be one of the three mentioned below. This cave is located on a 
military base and contains the remains of elephant; potentially it is 
Gumbes Cave III. Finally, Mayhew (1977) discusses Gumbes B, a large 
cave on the cliffs between the church of Aghios Nikolaos and the town 
of Rethymnon, and near to Gumbes I, II, and III of Kuss (1970). This 
locality contains Mus minotaurus within exposed deposits of 
unconsolidated sand and clay.

GUMBES CAVE I <10m

Map: BM#7, 40.5N/49.4E.
Location: This site is . located below the National Road west of Rethymnon and a 

few meters to the west of the small gorge known as Grida Avlaki. It is 
found no more than 100m to the west of Gumbes Cave II.

Site Type: Cave and colluvium.
General Geology: The jgeology is the same as at Gerani Cave I.
Original Report: S. Kuss and X. Missone, 1968.
Excavations: Unknown.
References: S. Kuss and X..Missone, 1968; S. Kuss, 1970; M. Dermitzakis, 1977; J. 

DeVos, 1984.
Condition: Partially eroded by the sea.
Species Identified: Kuss (1970) states that this site contains primarily the 

remains of Cervus cretensis, while DeVos (1984) mentions the presence 
of Mus minotaurus.

Cultural Assn: None.
Materials: Unknown.
Observations: This is a small cave which contains both red clay and cemented 

colluvium. The fossils seen by the author were mainly teeth. Sediment 
from this locality is described in Appendix B. Bones collected from this 
site were studied at the University of Arizona for their dating potential, 
but none contained sufficient quantities of amino acids to allow for 
acceleration dating.

Visited: Visited on 13-3-89 and 28-3-89.

GUMBES CAVE II/GRIOA AVLAKI <10m

Map: BM#7, 40.5N/49.5E.



Location: This locality is immediately to the west of the small gorge named 
Grida Avlaki and immediately to the east of Gumbes Cave I.

Site Type: Cave.
General Geology: The geology is the same as at Gerani Cave I, though to the east 

of the gorge named Grida Avlaki is found bedrock as at Bate Cave (Ts-
Jjn-k-d).

Original Report: V. Simonelli, 1894.
Excavations: Unknown.
References: V. Simonelli, 1894, 1907; R. Vaufrey, 1929; S. Kuss, 1965, 1969, 1970; 

S. Kuss and X. Missone, 1968; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded by the sea.
Species Identified: DeVos (1984) states that the site contains Mus minotaurus, 

Candiacervus sp. indet., and Homo sapiens. Vaufrey (1929) mentions that 
Simonelli (1894) states that the site contains Elephas priscus (= Elephas 
antiquus).

Cultural Assn: Contains archaeological remains of unknown age.
Materials: Unknown.
Observations: The site is an eroded gap/chasm in the limestone bedrock that 

has been filled with red colored clay breccia. Kuss (1970) states that 
there is evidence of a wave-cut notch in the chasm at 17m asl, thus 
indicating that the cave was open to the sea as early as the 
Eutyrrhenian. Vaufrey (1929) states that Elephas antiquus found by 
Simonelli (1894) is from Grida Avlaki located between Rethymnon and 
Mavromouri. These remains include a mandible with back molars, a 
humerus, and an atlas. Kuss (1969) states that this locality contains bone 
tools of an ‘osteokeratic’ tool industry; however these tools have been 
subsequently identified as bones chewed by endemic cervids (Sutcliffe, 
1973, 1977, 1988).

Visited: Visited on 13-3-89.

GUMBES CAVE HI • <25m

Map: BM#7, 40.7N/49.8E.
Location: This site is located to the west of the small rema named Kefalou and to 

the east of the small gorge known as Grida Avlaki. The site is in the 
cliffs below the training ground of the military compound just west of 
Rethym non.

Site Type: Cave.
General Geology: Tripolis Zone, Upper Triassic-Middle Jurassic (Ts-Jm .k.d)

dolotimized limestone/dolomite, intensively tectonized, locally broken 
into pieces, karstic (Mylonakis, 1984). This area is also referred to the 
Gallou Formation <Neogene> (Meulenkamp, 1969).

Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984; P. Weesie, 1985. 
Condition: Currently utilized as a sheepfold.
Species Identified: DeVos (1984) notes the presence of elephant bones and
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Candiacervus sp. indet. Weesie (1985) states that the site Gumbes C 
contains the following avian fauna: Corvus monedula. Anas
querquedula, Columba oenas, Colomba oenasllivia , Otus scops, Athene 
cretensis, Asio flammeus, Dendrocopus leucotos, Garrulus glandularis. 
Since there are no other references in the literature to a Gumbes C, the 
author presumes that Gumbes C is equivalent to Gumbes III.

Cultural Assn: Contains archaeological materials of unknown age.
Materials: Unknown.
Observations: This is a large cave with archaeological finds in its upper levels. 

Assuming that the photograph in Kuss (1970) is accurate, the cave 
depicted in this photograph is not located in the position it is marked on 
the maps found in Kuss (1970) and Dermitzakis (1977); rather this cave 
is located further to the east of Grida Avlaki and much closer to Rema 
Kefalou. '

Visited: Visited on 13-3-89 and 25-4-89.

PANAYEA CAVE II ca. 3.5m

Map: BM#7, 40.7N/50.2E.
Location: This cave is found by the sea to the east of the church of Zoodoxo 

Spring and to the west of the village of Gumbes. This cave is on the 
property of the; Greek Military to the west of Rethymnon.

Site Type: Cave.
General Geology: The geology is the same as at Gerani Cave I.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Partially eroded by the sea and its entrance has been altered 

artificially so tljiat boats can be stored in it.
Species Identified: There is no data available on species discovered here.
Cultural Assn: None.
Materials: Unknown.
Observations: This is a small cave which is 4-7m wide and 3m high. The red 

colored bone breccia was opened up due to the building of the artificial 
boat structure. This breccia contains few bones (Kuss, 1970). The lower 
portion of the walls of the cave contain holes drilled by E%acrpaTo|3poy%ia 
(Lithophaga). Kuss (1970) states that there is a wave cut notch at 4m asl, 
which would correspond to the Neotyrrhenian sea level. The interior of 
the cave is decorated with small stalactites and a large stalactite column; 
these growths do not show evidence of drilled holes. Most of the red 
sediment covering the floor of the cave has washed away and only on 
the walls remain evidence for three successive horizons of sediment. 
Kuss (1970) also states that this locality has colluvium extending out 
seaward of the cave.

Visited: Visited the area of this site on 13-3-89, but was unable to reach the site 
due to its occurrence on the grounds of the Greek Military Station.
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PANAYIA CAVE I <5m

Map: BM#7, 40.7N/50.2E.
Location: This cave is found immediately to the east of Panayia Cave II, and 

1km northwest of the village of GumbeS.
Site Type: Cave.
General Geology: The geology is the same as at Gerani Cave I.
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Mostly eroded by the sea and the ceiling has fallen. Entrance into 

this cave is difficult and very dangerous (Dermitzakis, 1977).
Species Identified: Elephas antiquus (Kuss, 1970).
Cultural Assn: None.
Materials: Unknown.
Observations: In the past this cave presumably had large dimensions 

considering the size of its perpendicular walls. The floor has been 
completely eroded away by the action of the sea. Despite this, Kuss 
(1970) states that this locality contains a vast quantity of elephant bone.

Visited: Visited the area of this site on 13.-3-89, but was unable to reach the site 
due to its occurrence on the grounds of the Greek Military Station.

RETHYMNON FISSURE ? m

Map: BM#7, 40.0-40.2N/51.5-52E.
Location: South of the National Road approximately 2km west of Rethymnon. 

Dermitzakis (1977) shows this fissure to be located inland and on the east 
side of the small gorge known as Gallos Farangi.

Site Type: Fissure or cleft.
General Geology: The geology is the same as at Gerani Cave I.
Original Report: S. Kuss, 1973.
Excavations: Fossils collected by Kuss, 1973.
References: S. Kuss, 1973; D. Mayhew, 1977; M. Dermitzakis, 1977; P. Weesie, 

1982, 1985; J. DeVos, 1984; J.F.W. Reumer, 1986.
Condition: Probably buried beneath a paved road.
Species Identified: DeVos (1984) states that the site contains remains of M us  

minotaurus, Crocidura sp., Elephas creutzburgi, Candiacervus 
ropalophorus, Candiacervus sp. II, Candiacervus cretensis, a n d  
Candiacervus rethymnensis. Reumer (1986) states the site contains 
Crocidura zimmermanni. Weesie (1982, 1985) notes that this site contains 
Athene cretensis , Gyps fulvus, and Asio flammeus.

Cultural Assn: None.
Materials: IVAU.
Observations: Mayhew (1977) states that a number of fissures were exposed 

during cutting for a new road which winds up a small hill 2km west of 
Rethymnon and that one of these fissures is Rethymnon Fissure. These 
clefts in the limestone bedrock have filled with red clay sediment
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and/or loosely cemented breccia. Kuss (1973) has a charcoal date from 
this place of 5320±_100 BP; the validity of this date is questioned by 
Mayhew (1977) because he believes the sediment at this locality is 
mixed.

Visited: Visited oh 11-3-89 and numerous occasions in 4-89, but at no time was 
the author able to locate this site; perhaps it has been buried by 
construction of the road mentioned above and/or by recent housing 
construction along this road.

EPARCHY MYLOPOTAMOS

SKALETA CAVE near sea level

Map: BM#8, 43.5-44.1N/65.5-66E.
Location: This is a small akrotiri north of the village of Prinos and about 12km 

east of Rethymnon.
Site Type: Colluvium
General Geology: Upper Miocene - Lower Pliocene (Ms-Pli), bioclastic and 

recifal limestone alternating with white to yellow marls, locally 
eyaporites (Creutzburg et al., 1977). This unit is also referred to as the 
Gallon Formation <Neogene> (Meulenkamp, 1969).

Original Report: S. Kuss and X. Missone, 1968.
Excavations: Fossils collected by Kuss and Missone, 1968.
References: S. Kuss and X. Missone, 1968; S. Kuss, 1970; M. Dermitzakis, 1977; J. 

DeVos, 1984.
Condition: Partially eroded by the sea and potentially overlain by sediment 

during the construction of the National Road which runs atop this 
akrotiri.

Species Identified: According to Kuss and Missone (1968) this site contains M us 
minotaurus, Megaceros cretensis, and Loxodonta creutzburgi. D eV os 
(1984) states that the site contains Mus minotaurus, Candiacervus sp. 
indet, and Sus sp.,

Cultural Assn: DeVos (1984) states that the site contains Minoan pottery.
Materials: Unknown.
Observations: It is a misnomer to call this locality a cave, rather it is a colluvial 

pile which has been eroded by the sea. Along this akrotiri, 
aeolianite/poros deposits are overlain by red colored clays and breccias. 
Kuss (1970) states that the poros and colluvium are contemporaneous; 
the author agrees. The fossils in these deposits are well scattered and 
scarce.

Visited: On 26-3-89 and on numerous other occasions the author visited this 
akrotiri, but at no time did the author feel confident that he had located 
the exact place of Skaleta Cave.
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PERISTEEI CAVE ? m

Map: BM#8, 44N/66E?
Location: This site is found about 500m to the east of Skaleta Cave, also along 

the coast.
Site Type: Cave.
General Geology: The geology is the same as at Skaleta Cave.
Originial Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: Kuss (1970) states that a few fossils have been identified.
Cultural Assn: None.
Materials: Unknown.
Observations: There is little or no information available about this locality. The 

author notes that if this site is indeed 500m to the east of Skaleta Cave, 
then most likely this cave is similar to Skaleta and in fact a colluvial 
deposit.

Visited: Attempted to located this site on 26-3-89, but could not find it.

Map: BM#9, 46.3N/78.5E (location of Akrotiri Korakas).
Location: This site is located near to Akrotiri Korakas.
Site Type: Cave.
General Geology: Phyllite-Quartzite Series, mainly Permian - Triassic (Phq), 

shales, phyllites, quartzites, and locally marls and conglomerate 
(Creutzburg et al., 1977).

Original Report: S. Kuss, 1965.
Excavations: Unknown.
References: S. Kuss, 1965; M. Dermitzakis, 1977.
Condition: Unknown.
Species Identified: Kuss (1965) states that the cave contains fossilized mammal 

rem ains.
Cultural Assn: None.
Materials: Unknown.
Observations: This is a small cave in which holes have been drilled into the 

cave walls by Lithophaga. The fossils are preserved in reddish brown 
colored breccia which is found on the walls and floor of the cave.

Visited: No attempt was made to visit this locality.

AKROTIRI KORAKAS CAVE ca. 10-12m

BALI CAVE I ca. 4-8m

Location: This cave is located 300m east of the village of Bali, which lies along
Map: BM#9, 45N/81.5E?



the north coast of the island between Iraklion and Rethymnon .
Site Type: Cave.
General Geology: On the west side of the Bay of Bali is found the Permo - 

Triassic unit (Phq) of Akrotiri Korakas Cave, while on the east side of
this bay is found the Fodele Formation, Permian - Lower Triassic (P - 
Ti?), crystalline limestone with rare intercalations of phyllites 
(Creutzburg et al., 1977).

Original Report: S. Kuss and X. Missone, 1968.
Excavations: Unknown.
References: S. Kuss and X. Missone, 1968; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: Kuss and Missone (1968) identified remains of K ritim ys  

catreus, Kritimys kiridus, and cervids.
Cultural Assn: None.
Materials: Unknown.
Observations: If the directions to the cave listed above are correct, than this 

site. is located in the middle of the Bay of Bali; thus one can assume that 
Dermitzakis’ (1977) directions to this locality are incorrect. However, 
the map provided by Dermitzakis (1977) indicates that this locality is 
found northwest of the village of Bali on the Akrotiri Angelados. In
sum, it is unclear where this site is to be found. The site is described as
red bonebeds which have filled an old karstic hole.

Visited: The author was unable to locate this cave during a thorough search of
the area on 8-4-89 and on other occasions.

BALI CAVE II ca. 2m

Map: BM#9, 45N/81.5E?
Location: This cave is found half way along the east side of the small 

promontory forming the east side of the Bay of Bali.
Site Type: Cave.
General Geology: Fodele Formation, Permian - Lower Triassic (P-Ti?),

crystalline limestone with rare intercalations of phyllites (Creutzburg 
et al., 1977).

Original Report: D. Mayhew, 1977.
Excavations: Fossils collected by Mayhew, 1977.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Heavily eroded by the sea.
Species Identified: Mayhew (1977) states that the site contains remains of 

tortoise, bird, deer, and of the genera Kritimys and Crocidura. D eV os 
(1984) states that it contains Kritimys catreus and Crocidura sp.

Cultural Assn: None.
Materials: Unknown.
Observations: This bonebed comprises the floor of a former cave which has 

been destroyed by the action of the sea. There is travertine flowing 
through the bonebed, which is red in color.

Visited: The author was unable to locate this cave during a thorough search of 
the area on 8-4-89 and on other occasions.
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SIPHOUNAS'CAVE ? m

Map: BM#8?, 45N/83E?
Location: This cave is found near to Akrotiri Chondros.
Site Type: Cave.
General Geology: The geology is the same as at Bali Cave II.
Original Report: S. Kuss, 1970.
Excavations: None.
References: S. Kuss, 1970; M. Dermitzakis, 1977.
Condition: Unknown,
Species Identified: None.
Cultural Assn: None.
Materials: None.
Observations: Kuss (1970) notes the presence of this locality, but states that it 

has not yet been explored. No further references speak of its 
exploration.

Visited: No attempt to visit this cave was made because the directions were so 
vague.

PANAYIA PLACE ? m

Map: BM#8, 44.7N/83.7E.
Location: This site is found on the beach 2km west of Kalo Chorafi and 4km east 

of the village of Bali.
Site Type: Cave.
General Geology: The geology is the same as at Bali Cave II.
Original Report: V. Simonelli, 1907?, S. Kuss, 1965.
Excavations: ; Unknown.
References: V. Simonelli, 1907; S. Kuss, 1965,1970; M. Dermitzakis, 1977.
Condition: Unknown.
Species Identified: Megaceros cretensis (Kuss, 1970).
Cultural Assn: None.
Materials: Unknown.
Observations: It is possible that this site is the Panayia which Simonelli refers 

to in his 1907 publication, however it is important to note that there are 
many place names “Panayia” in Crete. Kuss (1970) suggests that the 
cervid remains found at Panayia resemble those from the cave Kalo 
Chorafi.

Visited: Visited the church of Panayia and the area surrounding it on 27-3-89, 
but could not locate the site.

? mKALO CHORAFI CAVE



1 1 8

Map: BM#8, 44.6N/86.2E?
Location: This site is found west of the village of Sisses and beside the sea. Kuss

(1965) gives exact coordinates of 35o24,20”N/24°50,20”E.
Site Type: Cave/Colluvium.
General Geology: The geology is the same as at Bali Cave II.
Original Report: S. Kuss, 1965.
Excavations: Unknown.
References: S. Kuss, 1965, 1969, 1970; P. Ambrosseti, 1968; M. Dermitzakis, 1977; 

J. DeVos, 1984.
Condition: According to Dermitzakis (1977) this is a demolished cave.
Species Identified: Kuss (1965) states that this locality contains Loxodonta  

creutzburgi n.sp., Megaceros cretensis, Columba sp., Bovidae?, Muridae, 
and Testudinae. DeVos (1984) states that it contains Mus minotailrus, 
Elephas creutzburgi, and Candiacervus ropalophorus.

Cultural Assn: None.
Materials: GPIF.
Observations: The eastern side of this cave persists, whereas the western side 

has collapsed. Kuss (1965) describes the section as thick, reaching up to 
7m. In the upper portion of the deposits are found mostly isolated finds 
of mammalian skeletons, including complete crania and coprolites 
belonging to Megaceros cretensis and Loxodonta creutzburgi. The 
author has found no further reference to these coprolites and can only 
wonder why they were not analysed or what became of them. 
Ambrosseti (1968) states that there is no morphological reason for 
establishing a new species called Loxodonta creutzburgi, and that P. 
Sondaar (per. com.) believes that the specimens from this site belong to 
the species Elephas cf. antiquus. The tusks of this elephant have highly 
distinctive indentations; these are due to the way in which they cut the 
roots of the plhnts on which they fed. Kuss (1969) suggests that this site 
contains many bone tools indicative of a bone tool industry produced by 
very early inhabitants of the island of Crete. However, the reality is that 
such ‘bone-tools’ are produced by other cervids chewing bones to gain 
minerals and hence reduce/eliminate some type of dietary deficiency 
(Sutcliffe, 1973, 1977, 1988). Kuss (1970) tried to radiometrically date 
limestone (calcite) from this locality, but he received no results. Kuss 
(1965) states that the fauna is young in age, possibly Upper Pleistocene.

Visited: Visited this area on 27-3-89, but could not locate this site.

NOMOS LASSETHI 

EPARCHY MIRABELLO

? mMILATOS CAVE I
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Map: BM#12, 33N/53E?
Location: This cave is located between the village of Milatos and the beach at 

Eparchy Mirabello. Bate (1905) states that it is northwest of the village 
on a limestone hill.

Site Type: Cave.
General Geology: Pliocene marls and marly limestones (Plmk), thin to medium 

bedded, white to yellowish, homogenous with local travertine 
(Knithakis et al., 1986).

Original Report: D. Bate, 1905.
Excavations: Unknown.
References: D. Bate, 1905; S. Kuss and X. Missone, 1968; S. Kuss, 1970; D. 

Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: The bonebed of this cave is nearly destroyed.
Species Identified: Bate (1905) discovered the bones of dwarf hippopotamus. 

DeVos (1984) states that the site contains Kritimys catreus.
Cultural Assn: None.
Materials: Unknown.
Observations: Mayhew (1977) states that there may be no correspondence 

between Milatos Cave I of Kuss and Missone (1968) and Milatos of Bate 
(1905). Only the floor remains of what was a cave. The floor is composed 
of a red clay which is covered by stalagmitic material (i.e. travertine).

Visited: Visited this area on 1-5-89, but could not locate this site.

MILATOS CAVE II ? mI

Map: BM#12, 33N/53E?
Location: This site is located east of the village of Milatos on the edge of a 

limestone hill.
Site Type: Cave.
General Geology; 1) To the southeast of the village: Autochthonous Series of 

Crete, Ionian Zone, Middle Jurassic - Eocene (Jm -E SK i), crystalline
limestone and locally marbles, medium to coarsely crystalline, gray to 
black/gray, mid-lower member with chert , and 2) To the northeast of 
the village: Autochthonous Series of Crete, Ionian Zone, Middle Jurassic 
- Eocene (Jm -ESK2), as with 1) above, but rarely with chert (Knithakis et
al., 1986).

Original Report: D. Mayhew, 1977.
Excavations: Fossils collected by Mayhew, 1977.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984; J.F.W. 

Reumer, 1986.
Condition: This cave is mostly destroyed.
Species Identified: Mayhew (1977) identified Mus minotaurus and Crocidura sp.

Reumer (1986) states that the site contains Crocidura zimmermanni. 
Cultural Assn: None.
Materials: IVAU.
Observations: Mayhew (1977) states that these are cemented deposits in a small
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rock shelter found a few meters above a streambed. According to 
Dermitzakis (1977), the bonebeds found at this locality give the 
impression that they filled a previously existing cave which has now 
been destroyed.

Visited: Visited this area on 1-5-89, but was unable to locate this site.

MKLATOS CAVE HI ? m .

Map: BM#12, 33N/53E?
Location: This cave is found on the north side of a steep gorge located to the 

east of the village of Milatos.
Site Type: Cave.
General Geology: The geology is the same as at Milatos Cave II, most likely at 

the contact of the two units listed for that cave.
Original Report: D. Mayhew, 1977.
Excavations: Unknown.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.|
Species Identified: This site contains Candiacervus sp. indet., Kritimys catreus 

(within stalagmitic column), Mus minotaurus (within upper layer), 
Kritimys catreus (within lower layer), and Crocidura sp. (w ith in  
unknown layer).

Cultural Assn: None.
Materials: Unknown.
Observations: The entrance to this cave is subdivided into two openings by 

columns of stalagmitic growth. It is inside of this travertine that the 
remains of Kritimys catreus are found. Remains of this same genus are 
found within the sediments of the cave floor. In higher deposits, 
Mayhew (1977) describes finds of contemporary animals and M u s 
m inotaurus. Mayhew adds that Kritimys clearly predates Mus in these 
cave deposits.

Visited: Visited this area on 1-5-89, but was unable to locate this cave.

MILATOS CAVE IV ca. 70m

Map: BM#12, 33.9N/53E.
Location: This cave is found east of the village of Milatos on the road which 

passes to the village of Kounali. A sign on the road clearly marks the 
start of a path to the cave. The cave is found by following this well 
marked path to the small church of Aghios Thomas, which is situated 
within this cave.

Site Type: Cave.
General Geology: The geology is the same as Milatos Cave III.
Original Report: A. Petrocheilou, 1970.
Excavations: Unknown.
References: A. Petrocheilou, 1970; D. Mayhew, 1977; M. Dermitzakis, 1977; J.
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DeVos, 1984.
Condition: This cave is frequented by many individuals and is very easy to 

reach.
Species Identified: This site contains remains of Mus minotaurus sad Crocidura 

sp. Mayhew (1977) also states that there are bones from large mammals 
present. 1

Cultural Assn: None.
Materials: Unknown.
Observations: This is Cretan cave #55 in the catalog of the Greek Speleological 

Society. This is a very large cave with many rooms. The floor of the cave 
is composed of clay with a scatter of small fossilized bones. Bone 
fragments were also noted at the entrance and outside of this cave. This 
cave is famous from recent Greek history because the Turks killed a 
woman and child here. Petrocheilou (1970) includes a plan view map of 
this cave.

Visited: Visited on 1-5-89.

KATHARO BASIN ca. 1120m

Map: BM#21, 15.9N/51.9E.
Location: In the upland basin known as Katharo which is above from the 

village of Kritsa.
Site Type: Lacustrine deposits.
General Geology: The geology of this region consists primarily of the 

following rock units: 1) To the South: Tripolis Zone, tectonic nappe. 
Upper Eocene - Oligocene (ft), flysch - alternation of brown and red 
shales and sandstones, 2) To the North: Phyllite-Quartzite Series, tectonic 
nappe, Permian - Upper .Triassic (P-T?ph), low metamorphic phyllites, 
quartzites, and shales, and 3) also To the North: Tripolis Zone, tectonic 
nappe. Upper Triassic - Upper Jurassic (Ts-Jsk,d), limestone, dolomite,
karstic (Knithakis et al„ 1986).

Original Report: Blaiiiville, 1847.
Excavations: Fossils collected by Bate, 1905 and Boekschoten and Sondaar, 1966.
References: Blainville, 1847; T.A.B. Spratt, 1865; V. Raulin, 1869; R. Lyddeker, 

1885; D. Bate, 1905, 1907; G. Boekschoten and P. Sondaar, 1966; F. 
Bachmayer and' H. Zapfe, 1985.

Condition: The basin is currently being reworked by modern stream action. 
Easy access to .this upland basin via dirt road.

Species Identified: Hippopotamus creutzburgi creutzburgi.
Cultural Assn: None.
Materials: BMNH, MHNP.
Observations: A series of fossiliferous deposits have been found in the Katharo 

Basin; Boekschoten and Sondaar (1966) include a map illustrating the 
location of these deposits (Figure 24). The basin measures 4km by 1km 
and is a classic polje. Sediment filling the basin consists of 
approximately 20m of Pleistocene clays, clayey sands, and angular 
gravels. The subsoil is strongly weathered flysch slates and sandstones. 
Lacustrine deposits indicate that this basin was a lake during portions of
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Figure 24: Map of the Katharo Basin and the locations of its 
fossil hippopotamus sites (after Boekschoten and 
Sondaar, 1966)
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the Pleistocene. According to Spratt (1865), the first information on
hippopotamus from Katharo (Kritsa District) was in reference to a 
Hippopotamus minor, obtained via Captain Graves from a Mr. Ittas of 
Candia (Heraklion) in 1842. These fossil teeth were given to a Professor
Owen, who deposited them in the Museum of the College of Surgeons
(England). Spratt knew of no other hippopotamus localities on the 
island. Recently, Bachmayer and Zapfe (1985) received a l^C date of 
12,135+485 BP on hippopotamus remains from the basin. Bone recovered 
from this area was studied at the University of Arizona for its dating
potential, however insufficient quantities of amino acids were found in 
this material to allow for accelerator dating.

Visited: Visited this locality 9-86 and 6-88.

EPA 1C H Y  SITEA

SITIA PLACE <20m

Map: BM#23, 21.5N/.9E.
Location: This site is located approximately 1.5km south of Sitia on the road 

toward Piskokephalo.
Site Type: Lacustrian \ deposits.
General Geology: Pleistocene (dl-cl) diluvium, marine terraces, and

conglomerate (Papastamatiou et al., 1959). Gradstein (1972) terms this 
the Sitia Formation, which includes clays/silts/sands/conglomerates, 
brackish to shallow marine, fluvial to lacustrine deposits.

Original Report: D. Mayhew, 1977.
Excavations: Unknown.
References: D. Mayhew, 1977; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: exposed roadcut.
Species Identified: Kritimys aff. kiridus and Apodemus sp. Mayhew (1977) 

reports that vertebrates were collected by DeBruijn which are the 
remains of birds, turtle, lizard, a mouse-like organism (murid), fish, and 
a large mammal rib.

Cultural Assn: None.
Materials: Unknown.
Observations: This site consists of lacustrian deposits interbedded with 

brackish/salty water deposits. The layers of the section consist of limey
silts and clays with interbedded nodular limestone. The beds tilt ~45°N. 
Dermitzakis (1977) considers that this deposit is definitely Pleistocene in 
age, and most likely Upper Pleistocene; Gradstein (1972) states, with a 
question mark, that this Sitia Formation is Early to Middle Pleistocene in 
age.

Visited: Visited on 29-4-89.
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k a r o u m b .e s  VII ca. 60m

Map: BM#23, 19.5N/17.5E.
Location: At the far north end of the Karoumbes Gulf.
Site Type: Cave/Karstic Hole.
General Geology: Tripolis Series, Triassic (Tro-D), dolomite, gray to black, 

bituminous odor when broken, sometimes with oolites (Papastamatiou et 
al., 1959).

Original Report: S.Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, J. DeVos, 1984.
Condition: Unknown.
Species Identified: Candiacervus sp. indet. and Kritimys sp.
Cultural Assn: None.
Materials: Unknown.
Observations: This is a karstic hole which has filled with red colored breccia 

and is cut through by clefts filled with travertine. The surface exposure 
of the red breccia is a 30m by 3m area. Both bones and teeth have been 
recovered from this locality.

Visited: Visited what is believed to be the site on 27-4-89, but was unable to 
confirm this impression via previous publications.

Map: BM#23, 19.3N/17.1E.
Location: This locality is located at the north end of the Karoumbes Gulf.
Site Type: Cave/Karstic Hole.
General Geology: Miocene (Mi-mk) marly limestone, containing fossils 

(Papastamatiou et al., 1959).
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977.
Condition: Unknown. '
Species Identified: Kritimys sp. (Kuss, 1970).
Cultural Assn: None.
Materials: Unknown.
Observations: This is a red clay bonebed 3m in width containing abundant 

fossil remains,
Visited: Visited area on 27-4-89, but unable to find the locality.

KAROUMBES VI ca. 30m

KAROUMBES V ca. 2-7m

Map: BM#23, 17.3N/16.9E.
Location: Found in the middle of the Karoumbes Gulf. 
Site Type: Karstic Hole.
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General Geolbgy: Tripolis Series, Upper Cretaceous (Kr.o-k), limestone, dark 
gray to black, thick bedded (Papastamatiou et al., 1959).

Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) notes the presence of Candiacervus sp. indet., 

Kritimys catreus, and Hippopotamus creutzburgi creutzburgi. Kuss 
(1970) also reports the presence of birds and bats.

Cultural Assn: None.
Materials: Unknown.
Observations: Red breccia derived from red clay has filled this karstic hole. 

Above this spot at 20m asl is a small deposit of red breccia containing 
abundant remains of the genus Kritimys.

Visited: Visited this area on 27-4-89, but did not find this site.

KAROUMBES IV ca. 11m

Map: BM#24, 15.7N/17.1E.
Location: This locality is found on the northeastern edge of the mountain 

known as Tragostalos (515m).
Site Type: Colluvium/Conglomerate.
General Geology: Geology is the same as Karoumbes V. Also present is 

aeolianite <Pleistocene>.
Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate (1905) and Kuss (1970)(?).
References: D. Bate, 1905; S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Eroded colluvium. Fossils partially decalcified and difficult to 

extract.
Species Identified: DeVos (1984) notes the presence of Candiacervus sp. indet., 

Kritimys catreus, and Hippopotamus creutzburgi creutzburgi.
Cultural Assn: None.
Materials: BMNH.
Observations: The section is approximately 20m long and at most 2m thick. The 

site occurs on ,a steep stretch of coast which is highly eroded due to the 
action ' of the sea. The fossils are widely scattered and found in a highly 
cemented red breccia; the fossils occur most frequently at the base of 
the deposit, just atop the limestone bedrock.

Visited: Visited on 28-4-89.

KAROUMBES III , ca. 5m

Map: BM#24, 15.7N/17.1E.
Location: This locality, like Karoumbes IV, is found along the sea on the north 

end of the mountain known as Tragostalos and about 150m south of 
Karoumbes IV.
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Site Type: Colluvium/Conglomerate.
General Geology: The geology is the same as at Karoumbes V.
Original Report: D. Bate, 1905.
Excavations: Fossils collected by Bate, 1905.
References: D. Bate, 1905, 1907; S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 

1984.
Condition: Highly eroded due to the action of the sea. This locality is extremely 

difficult to reach by land.
Species Identified: Elephas antiquus and Candiacervus sp. indet.
Cultural Assn: None.
Materials: BMNH.
Observations: Inside of the cave and at its eastern edge is found the place 

where Bate excavated. Today at this place can be seen the bones and jaw 
of Elephas antiquus.

Visited: Visited on 28-4-89.

KAROUMBES A ca. 50m

Map: BM#24, 15-16N/17-18E.
Location: This locality is found approximately 300m south of Karoumbes III.
Site Type: Cave.
General Geology: Unknown.
Original Report: D. Mayhew, 1977.
Excavations: Fossils collected by Mayhew, 1977.
References: D. Mayhew, 1977.
Condition: Unknown.
Species Identified: Kritimys sp. and Crocidura sp.
Cultural Assn: None.
Materials: IVAU.
Observations: Abundant fossil remains occur in a light colored travertine

section. The nature of the accumulation suggests that an avian predator 
was involved.

Visited: No attempt was made as this locality was only discovered in the 
literature following fieldwork.

KAROUMBES II >50m

Map: BM#24, 15-16N/17-18E.
Location: This locality is found near to Karoumbes I on the eastern edge of the 

mountain named Tragostalos and at a slightly higher elevation than 
Karoumbes I (50m asl).

Site Type: Unknown.
General Geology: This site occurs at the contact between the following two 

units: 1) Tripolis Series, Upper Cretaceous (Kr.o-k) limestone, dark gray 
to black, thickly bedded, and 2) Tripolis Series, Ypresian - Lower 
Priabonian (Eocene)(e-k), limestone, gray to black, bituminous odor
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when crushed (Papastamatiou et al., 1959). -
Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) states that this site contains Candiacervus sp.

II and Candiacervus cretensis. -
Cultural Assn: None.
Materials: Unknown.
Observations: This is a red colored bonebed containing a few fossils.
Visited: Visited the area of Tragostalos on 28-4-89, but did not locate this site.

KARQUMBES I/OSTERETA ca. 50m

Map: BM#24, 15-16N/17-18E.
Location: This cave is found on the east side of Tragostalos.
Site Type: Cave.
General Geology: The geology is the same as at Karoumbes II.
Original Report: S. Ku,ss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) states that this site contains Kritimys catreus 

and Hippopotamus creutzburgi creutzburgi.
Cultural Assn: None.
Materials: Unknown.
Observations: This is <a red colored bonebed which lies in front of the entrance 

to the cave. According to Kuss (1970), this cave connects to the sea via a 
vertical tunnel.

Visited: 28-4-89 visited the area of Tragostalos, but did not locate this site.

KATO ZAKROS PLACE ? m

Map: BM#24, 10.8N/15.7E.
Location: This locality, is found on the southwest end of the gulf with the same 

name. In actuality, this ‘place’ is more than one place; i.e. it is a series 
of deposits in this area.

Site Type: Colluvium.
General Geology: Tripolis Series, Ypresian - Lower Priabonian (Eocene)(e-k), 

limestone, gray to black, bituminous odor when crushed (Papastamatiou 
et al., 1959).

Original Report: S. Kuss, 1970.
Excavations: Unknown.
References: S. Kuss, 1970; M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) states that this site contains Kritimys catreus
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and Hippopotamus creutzb.urgi parvus.
Cultural Assn: None.
Materials: GPIF.
Observations: Apparently these localities were originally found by N.

Creutzberg, who then communicated his finds to S. Kuss, who in turn 
reported on them (Kuss, 1970). According to Kuss, the fossil material 
occurs in a red colored breccia that has rolled on the surface. These 
finds are not from karstic features but evidently from surficial deposits. 
Kuss (1970) considered the remains of Kritimys to be like those found at 
Stavros in the Akrotirir Peninsula, Nomos Khania.

Visited: Visited the area of Kato Zakros on 27-4-89, but could not locate these 
sites.

XEROKAMPOS ca. 110m

Map: BM#24, 5.7N/13.1E (location of the village of Xerokampos).
Location: This site is found on the hillslope to the northwest of the village of 

Xerokampos.
Site Type: Karstic Hole.
General Geology: The geology is the same as Kato Zakros.
Original Report: M. Dermitzakis, 1977;
Excavations: Unknown.
References: M. Dermitzakis, 1977; J. DeVos, 1984.
Condition: Unknown.
Species Identified: DeVos (1984) states that this locality contains K ritim ys  

catreus and Crocidura sp.
Cultural Assn: None. ,
Materials: Unknown.
Observations: The site consists of a karstic hole which has filled with a red 

colored compact clay which is highly fossiliferous. The fossils are only 
those of micromammals. Dermitzakis (1977) states that this fossil 
material is under study, but no more recent publications refer to this 
locality and its work. Study of this material is being conducted 
cooperatively between the University of Athens and the Natural History 
Museum of Vienna, Austria.

Visited: Visited the area of Xerokampos on 28-4-89, but was unable to locate this 
site.

XEROS ? m

Map: BM#24, 5.6N/13.1E.
Location: Approximately 100m south of the cave (Xerokampos?) in the

escarpment overlooking the village of Xerokampos.
Site Type: Colluvium/Conglomerate.
General Geology: The geology is the same as at Xerokampos.
Original Report: D. Mayhew, 1977.
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Excavations: Fossils collected by Mayhew, 1977.
References: Mayhew, 1977; J.F.W. Reumer, 1986.
Condition: Unknown..
Species Identified: Kritimys sp. and Crocidura zimmermanni.
Cultural Assn: None.
Materials: IVAU.
Observations: These deposits are reddish brown in color, fine grained, and 

cemented.
Visited: No. Locality was found in the literature following fieldwork.
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APPENDIX B;

SOILS OF WEST CRETE

In tr o d u c ft io n

In the course of fieldwork aimed at relocating Pleistocene

paleontological localities, soils of west Crete were studied for baseline data as 

well as in hopes of gathering information concerning Quaternary 

paleoenvironmental conditions on the island. In sum, soil data were collected 

from over 60 localities; at times this data was comprehensive, at times minimal. 

The location of these soil sites were predominately in the north coastal region 

of the Nomos Rethymnon, but sites are also scattered elsewhere within the 

Nomos Rethymnon and in the Nomos Khania (see Figure 25, p.132, for location 

of sites).

Soil data were gathered from a variety of contexts, ranging from 

agricultural fields to colluvium to cave deposits. Soil types were determined 

when possible, i.e. in those instances where entire soil columns could be 

described. Soil classification was based on Kevs to Soil Taxonomy (1987). After 

gathering a significant quantity of climatic data, it was determined that the 

moisture regime was xeric for all of the soil localities studied.

The data incorporated into this appendix is organized by site, map 

location, general context, date of data collection, and soil horizons or units 

within sites. Dates are recorded day-month-year. Information covers the 

following soil attributes (and is listed in the order presented here): Depth of 

soil horizon or unit; Color (dry and wet Munsell Colors); Textural Class; CaCC>3% ; 

Consistence (dry and wet <stickiness and plasticity>); Structure (shape, size, and 

grade); Reactivity to HC1, and Horizon Boundaries (distinctiveness and
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topography). The following abbreviations are utilized in describing the soil 

attributes listed above:

Consistence: sli hard = slightly hard; v. hard = very hard; no sti = not 

sticky; v. sli sti = very slightly sticky; sli sti = slightly sticky; sti = sticky; v. sti = 

very sticky; no plas = not plastic; v. sli plas = very slightly plastic; sli plas = 

slightly plastic; plas = plastic; v. plas = very plastic.

Structure: subang blocky = subangular blocky; ang blocky = angular 

blocky; med = medium; mod = moderate; stro = strong.

Reactivity to HO: no effer = no effervesence; stro effer = strong 

effervesence; viol effer = violent effervesence.
i

Horizon Boundaries: smo = smooth; grad = gradual; abru = abrupt; dist = 

distinct.

All data is field data, except for 1) Textural Class information which 

results from laboratory particle size analysis, and 2) CaCOg percentages, which 

results from laboratory analysis utilizing the Volumetric Calcimeter Method. 

Both of these laboratory analyses were conducted in the Department of 

Agriculture, University of Arizona.
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FIGURE 25:
SOIL SAMPLE LOCATIONS IN WEST CRETE

KEY: 1. Omilos I 2. Omalos 3. Alikianou 4. Foumcs 5. Ncrokourou 6. Kalathas I 7. Kalaihas II 8. Esiravromcnos 9. Avlaki 10. Kofliarii River 
Alluvium 11. Likolinarea 12. Kalikrati 13. Spilou Lakkou 14. Rapandhi I 15. Rapandhi II 16. Kavros 17. Mouseli 18. Mesomira 19. Episkopi II 
20. Episkopi 1 21. Episkopi III 22. Bale Cave 23. Western Islet 24. Aghios Nikolaos Ruins 25. Aghios Nikolaos Coast 26. The Tannery 27. Gumbes l 
28. Frantzeskiana 29. Gonia 30. Platanes I 31. Platanes 111 32. Platanes IV 33. Platanes II 34. Adele I 35. B.P. Gas Station 36. Adele II 37. 
Apartment Andy 38. Pirgos I 39. Pirgos II 40. Amnissos Hotel 41. T. Ouzo 42. Plaka I 43. Rousa 44. Rousa 1 45. Slave I 46. Stavromenos 47. 
Stavromcnos Village 48. Creta Star Hotel 49. Skaleta 50. Koules 51. Armcni 11 52. Armeni 1 53. Armcni Pliocene Sand 54. Kares 55. Prasies
Farangi 56. Prasies Farangi Mud 57. Profuis Ilias 58. Aghios Kiriakis 59. Moni Arkadi 60. Veni 61. Yus Kampos 62. Kardhaki 63. Aghios Petras 
64. Moni Asomatos 65. Perama 1 66. Perama II 67. Perama III 68. Kourouna 69. Nida 70. Vosakou 71. Almiros 72. Damasta 1 73. Damasta II.
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©H ALO S I

Map: BM#3, 37.2N/0.1E
General Context: Located in the middle of the Omalos Plain, -1000m asl, toe of 

alluvial fan, roadcut, bracken grows on surface; this basin was a lake in 
the past, as recently as Venetian times.

Date of Data Collection: 3-3-89

HORIZON
A

Bw

Btl

Bt2

DEPTH DATA
0-12cm Dark Yellowish Brown, 10YR 4/6, 10YR3/4;

Loam; 0% CaCOg; soft, v. sli sti, v. sli pi as;
crumbly, fine, weak; no effer; clear, wavy.

12-38cm Yellowish Brown, 10YR 5/6, 10YR 4/4; Silt
Loam; 0% CaCOg; soft, sli sti, sli plas; platy, fi- 
med, mod; no effer; clear, wavy, (root 
casts)(gleyed?)

38-118cm Dark Yellowish Brown, 10YR 4/6, 10YR 4/4;
Silt Loam; 0% CaCOg; sli hard, sli sti, plas; platy, 
mod, mod-str; no effer; clear, smo. (root 
casts)(gleyed?)

118-?cm Brownish Yellow, 10YR 6/6 , 10YR 7/6; Silt
Loam; 0% CaCOg; sli hard, sti, plas; massive; no 
effer; N/A.

Soil Type: Typic Xerochrept

OMALOS

Map: BM#3, 36.0N/1.0E
General Context: Alluvial fan material entering into the Omalos Basin from the 

south; sample taken from dry stream channel just at washed out dirt 
road.

Date of Data Collection: 3-3-89

HORIZON DEPTH
Unit 1 surface

DATA
Yellowish Brown, 10YR 5/4, 7.5YR 3/4; Silt 
Loam; 0% CaCOg; soft, sti, plas; N/A; no effer; 
N/A.

A LIK IA N O U

Map: BM#5, 50.2N/2.3E
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General Context: Floodplain of Keritis River, west bank, planted in orange 

groves, section was moist, so no dry colors or consistence could be 
recorded.

Date of Data Collection: 21-2-89

HORIZON DEPTH DATA
A 0-50cm Dark Gray, 10YR 4/1, 10YR 3/1; Loamy Sand; 

3% CaCOg; loose, sli sti, sli plas; structureless; 
no effer; abru, smo.

A 50-75cm Gray, 10YR 5/1, 10YR 3/1; Sand; 1% CaCOg; 
loose, sli sti, sli plas; structureless; sli effer; 
abru, smo.

A 75-90cm Dark Gray, 10YR 4/1, 10YR 3/1; Loamy Sand; 
0% CaCOg; loose, sli sti, sli plas; structureless; 
sli effer; abru, smo.

A 90-210cm Gray, 10YR 5/1, 10YR 3/1; Sand; 0% CACOg; 
loose, sli sti, sli plas; structureless, sli effer; 
N/A.

Soil Type: Typic Xerofluvent

FOURNES •

Map: BM#5, 48.2N/4.3E
General Context: Floodplain of Keritis River, planted in orange groves, recently 

plowed, 100m east of the river.
Date of Data Collection: 21-2-89

HORIZON DEPTH DATA
Ap surface Grayish Brown, 10YR 5/2, 10YR 3/2; Sandy 

Loam; 0% CaCOg; soft, sli sti, sli plas; N/A; no
effer; N/A.

NERQKOUROU

Map: BM#6, 53.7N/13.0E
General Context: 200m north of village of Nerokourou, just south of National 

Road; plowed olive grove.
Date of Data Collection: 11-3-89

HORIZON DEPTH DATA
Ap 0-20cm Yellowish Red, SYR 4/6, 7.SYR 4/4; Sandy 

Loam; 0% CaCOg; soft, sli sti, sli plas; crumbly, 
v. fine, weak; no effer; clear, smo.

Bw 20-44cm■ i Red, 2.SYR 4/6, SYR 4/6; Sandy Clay Loam; 0% 
CaCOg; soft, sli sti, sli plas; crumbly, fine, 
weak-mod; no effer; abru, wavy.



135
Btl 44-78cm Dark Red, 2.5YR 3/6, 2.5YR 4/6; Clay; 0% CaCOg; 

hard, v. sti, plas; ang. blocky, coarse, strong; 
no effer; abru, smo.

Bt2 78-95cm Dark Red, 2 .5YR 3/6, 5 YR 4/6; Clay Loam; 0% 
CaCOg; hard, v. sti, plas; ang. blocky, med, 
strong; no effer; abru, smo.

C 95-?cm Red, 2.5YR 4/6, SYR 4/6; Clay Loam; 0% CaCOg; 
hard, sti, plas; subang. blocky, coarse, mod; no 
effer; N/A.

Soil Type: Typic Haploxeralf

KALATHAS I

Map: BM#3, 61.2N/17.0E
General Context: 75m from the sea; hillslope vegetated in garigue; active

erosion at the site; karstic topography.
Date of Data Collection: 20-2-89

HORIZON DEPTH DATA
A 0 -2 cm Yellowish Red, 5YR 4/6, 5YR 3/4; Sandy Loam; 

loose, no sti, no plas; structureless; no effer; 
clear, wavy.

Bw 2-30cm Dark Reddish Brown, 5YR 3/3, 2.SYR 3/2; 
Loamy Sand; soft, v. sli sti, sli plas; massive; no 
effer; clear, wavy, (contains flecks of 
charcoal) (overlies aeolianite)

Bt >lm Dark Reddish Brown, 2.5YR 3/4, 2.5YR 4/6;
Sandy Clay Loam; v. hard, sti, plas; ang blocky, 
med, stro; no offer; unknown boundary with 
older Pleistocene conglomerate, (underlies 
aeolianite, buried Bt horizon)

KALATHAS II

Map: BM#3,
General Context: Contains poorly preserved fossils; see Appendix A, Kalathas.

Sediment lying between two aeolianite units.
Date of Data Collection: 2-3-89

HORIZON DEPTH DATA
Unit 1 surface Red, 2.5YR 4/6, 2.5YR 3/6; Loamy Sand; soft, no

sti, no plas; N/A; sli effer; N/A.

ESTAVROMENOS

Map: BM#3, 63.1N/20.3E
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General Context: In zone of terra rossa; Pleistocene in age?; soil quarry on edge 

of agricultural fields (vineyards, olive trees).

DATA
Dark Red, 2.5YR 3/6, 2.5YR 3/6; Clay; 44% 
CaCOj; v. hard, v.; sti, plas; blocky, med, stro; no 
effer; N/A .(no horizontal boundaries) 
Yellowish Red, SYR 5/8, SYR 4/6; Loamy Sand; 
64% CaCOs; soft, no sti, no plas; massive; no 
effer; N/A.(no horizontal boundaries) 
Yellowish Red, SYR 4/6, 2.5YR 4/8; Sand; 56% 
CaCOg; soft, no sti, no plas; massive; no effer; 
dist, broken.

Date of Data Collection: 17-2-89

HORIZON DEPTH
Unit 1 0-7m

Unit 2 0-7m

Unit 3 0-50cm

A V L A K I

Map: BM#3, 65.7N/23.5E
General Context: 23m inland, 6m asl; section lies beneath Pleistocene aeolianite; 

contains fossils of Pleistocene fauna (see Appendix A, Avlaki); 
colluvium.

Date of Data Collectioti: 14-2-89 and 30-5-89

HORIZON DEPTH DATA
Unit 1 surface Dark Red, 2.SYR 3/6, 2.SYR 3/6; Clay

(fieldnotes); 0% CaCOg; sli hard, sti. plas;
unstructured; no effer; N/A.

EPARCHY APOKORONOU

KOFLIARIS RIVER ALLUVIUM

Map: BM#6, ?N/?E
General Context: Alluvium from plowed field in orange groves.
Date of Data Collection: 1-3-89

HORIZON DEPTH DATA
Ap surface Brown/Dark Brown, 10YR 4/3, 10YR 3/2; Silt

Loam; 77% CaCOg; soft, sli sti, sli plas; N/A; viol
effer; N/A,

LIKOTINAREA



1 37

Map: BM#7, 43.2N/33.0E
General Context: Within a coastal cave known as Liko; cave contains

Pleistocene fossils (see Appendix A, Likotinarea)
Date of Data Collection: 26-2-89

HORIZON DEPTH DATA
Cave Sediment surface Reddish Brown, SYR 4/4, SYR 3/3; Clay Loam;

41% CaCOg; soft, sli sti, sli plas; N/A; viol effer; 
N/A.

EPARCHY SFAKEA

3KALIKRATI

Map: BM#16, 26.4N/32.4E
General Context: Upland basin of Kalikrati; vegetation is bracken, no evidence 

for agriculture; sediment is aeolian in origin?; basin floor is flat, no 
alluvial fans entering into this portion of the basin.

Date of Data Collection: 3-5-89

HORIZON DEPTH
A surface

SPILIOU LAKKQU

Map: BM#16, 25.5N/36.0E 
General Context: Located south of and above the village of Mirokefala;

vegetation is heavily browsed garigue.
Date of Data Collection: 15-5-89

HORIZON DEPTH DATA
A surface Dark Yellowish Brown, 10YR 4/4, 10YR 3/2; 

Loam; 0% CaCOg; soft, sli sti, sli plas; N/A; no 
effer; N/A.

DATA
Brown/Dark Brown, 10YR 4/3, 10YR 3/3; Silt 
Loam; 14% CaCOg; soft, sli sti, sli plas; N/A; no 
effer; N/A.

NOMOS RETHYMNON 

EPARCHY RETHYMNON
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RAPANBH I I

Map: BM#7, 38.2N/36.0E
General Context: Site ' is north of old road between Episkopi and Georgioupolis; 

plowed field; on east side of Delphinos Remma; soil is a combination of 
eroded/plowed marl and alluvium.

Date of Data Collection: 16-5-89

HORIZON DEPTH
Ap surface

RAPANDH I II

Map: BM#7, 38.7N/36.3E
General Context: Recent alluvium/colluvium with aeolian sand.
Date of Data Collection: 16-5-89

HORIZON DEPTH DATA
Ap surface Strong Brown, 7.SYR 4/6, 7.SYR 4/6; Sandy

Loam; 19% CaCOg; hard, no sti, no plas; N/A; no 
effer; N/A.

KAVROS

Map: BM#7, 38.7N/37.1E
General Context: Immediately south of the National Road between Khania and 

Rethymnon; slightly east and uphill of Remma; plowed field - unplanted;
Date of Data Collection: 17-5-89

HORIZON DEPTH DATA .
Ap surface Brown, 10YR 5/3, 2.5YR 4/2; Loam; 23% CaCOg;

hard, sti, plas; N/A; no effer; N/A.

M OUSELI |

Map: BM#7, 38.7N/38.4E
General Context: Freshly plowed hillslope field; immediately south of National 

Road and east of Mouseli River.
Date of Data Collection: 17-5-89

HORIZON DEPTH
Ap surface

DATA
Dark Yellowish Brown; 10YR 4/4, 10YR 4/4; 
Loam; 0% CaC03; sli hard, sti, plas; N/A; no 
effer; N/A.

DATA
Pale Red, 2.5YR 6/2, 2.5YR 4/2; Silt Loam; 31% 
CaCOg; hard, sli sti, plas; N/A; viol effer, N/A.
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M ESOM IRA

Map: BM#7, 38.7N/39.4E
General Context: Plowed field, recent alluvium and aeolian sand, on a slight

hillslope; south of National Road, east of unnamed remma which is west 
of Remma.

Date of Data Collection: 17-5-89

HORIZON DEPTH DATA
Ap surface Reddish Brown, 2.5YR 5/4, 2.SYR 5/4; Sandy

Loam; 43% CaCOg; soft, no sti, sli plas; N/A; viol 
effer; N/A.

EPISKOPI II

Map: BM#7, 38.1N/40.1E ,
General Context: Plowed marl bedrock; olive orchard; near ridgecrest.
Date of Data Collection: 16-5-89

HORIZON DEPTH DATA
Ap surface Pinkish Gray, 2.5YR 7/2, 2.5YR 6/2; Silt Clay;

48% CaCOg; hard, v. sti, v. plas; N/A; viol effer; 
N/A.

EPISKOPI I

Map: BM#7, 38.5N/40.2E
General Context: Alluvium from nearby marly hillslopes; plowed field below 

olive orchards.
Date of Data Collection: 16-5-89

HORIZON . DEPTH DATA
Ap surface Reddish Brown, 2.SYR 5/4, 2.SYR 4/4; Loam;

42% CaCOg; soft, sti, plas; N/A; viol effer; N/A.

EPISK O PI III

Map: BM#7, 38.7N/40.7E
General Context: Fossilized sand dune immediately south of National Road; 

18,000BP sand?
Date of Data Collection: 16-5-89

HORIZON DEPTH DATA
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Unit 1 surface Yellowish Red, SYR 4/6, SYR 3/4; Loamy

Sand/Sand; 2-3% CaCOg; loose, no sti, no plas; 
N/A; no effer; N/A.

BATE CAVE

Map: BM#7, •
General Context: Cave in coastal cliff west of Rethymnon; contains remains of 
Pleistocene fauna (see Appendix A, Bate Cave). No sediment collected due to 
permit restrictions.Date of Data Collection: 28-5-89

HORIZON DEPTH DATA
Cave Sediment surface Reddish Brown, SYR 4/4, SYR 4/6; Clay

(fieldnotes); sli hard, v. sti, v. plas; N/A; viol 
effer; N/A.

WESTERN ISLET

Map: BM#7, 40.5N/48.4E
General Context: Colluvium below coastal rockshelter, ~4m asl; some

anthropogenic remains found in units.
Date of Data Collection: 29-3-89

HORIZON DEPTH DATA
Unit 1 0-36cm Reddish Brown, SYR 4/4, SYR 4/4; Clay Loam; 

0% CaCOg; sli hard, sli sti, sli plas; crumbly, no 
effer; clear, smo.

Unit 2 36-137cm Reddish Brown, SYR 4/4, SYR 4/4; Sandy Clay; 
0% CaCOg; sli hard, sti, plas; subang blocky, 
med, weak-mod; no effer; clear, smo.

Unit 3 137-?cm Dark Reddish Brown, SYR 3/4, SYR 4/4; Clay; 
0% CaCOg; sli hard, v. sti, v. plas; subang 
blocky, coarse, stro; no effer; N/A.

AGHIOS NIKOLAOS RUINS

Map: BM#7, 40.5N/48.5E
General Context: 3m asl; colluvium from coastal cliffs; anthropogenic materials 

in upper two units; upper two units deposited following construction of 
old Aghios Nikolaos church.

Date of Data Collection: 29-3-89
' I

HORIZON DEPTH
Unit 1 0-14cm

DATA
Dark Reddish Brown, SYR 3/4, SYR 4/4; Clay 
Loam; 10% C&COy, sli hard, sti, plas; subang 
blocky, med, mod; no effer; clear, smo.
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Unit 2 14-124cm Dark Reddish Brown, SYR 3/4, SYR 4/4; Clay

Loam; 0% CaCOg; sli hard, sti, plas; subang 
blocky, fine, mod; no effer; clear, smo.

Unit 3 124-?cm Dark Reddish Brown, SYR 3/4, SYR 4/4; Clay;
0% CaCOg; sli hard, sti, plas; subang blocky, 

1 med, mod; no effer; N/A.

AGHIOS NIKOLAOS COAST

Map: BM#7, 40.5N/48.5E
General Context: Cliff face by the sea; units a mix of within karst, terra rossa, 

and colluvium. Note that Unit 1 is at the bottom of the section, Unit 7 at 
the top; thicknesses only are given here, not depths below surface; total 
section is 5m high.

Date of Data Collection: 22-3-89

HORIZON THICKNESS DATA
Unit 7 1 10cm Dark Red, 2.5YR 3/6, SYR 4/6; Clay; 31% CaCOg; 

sli hard, v. sti, v. plas; subang blocky, med, 
weak; stro effer; bounded top and bottom by 
bedrock (Miocene limestone)

Unit 6 80cm Reddish Brown, SYR 4/4, SYR 4/4; Clay Loam; 
49% CaCOg; hard, v. sti, v. plas; subang blocky, 
coarse, stro; stro effer; clear, smo.

Unit 5 100cm Reddish Brown, SYR 4/4, SYR 4/6; Clay; 50% 
CaCOg; sli hard, v. sti, v. plas; subang blocky, 
coarse, stro; no effer; clear, smo.

Unit 4 35cm Reddish Brown, SYR 4/4, SYR 4/6; Clay Loam; 
48% CaCOg; sli hard, v. sti, v. plas; subang 
blocky, coarse, stro; no effer; clear, smo.

Unit 3 35cm Dark Reddish Brown, 2.5YR 3/4, SYR 4/4; Clay; 
45% CaCOg; soft, sti, plas; subang blocky, med.
mod; stro effer; clear, smo.

Unit 2 2 0 cm Strong Brown, 7.5YR 5/6, 7.SYR 4/6; Sandy 
Loam; 4% CaCOg; loose, no sti, no plas; massive; 
viol effer; clear, smo.

Unit 1 50cm Strong Brown, 7.5YR 4/6, 7.SYR 4/6; Sandy 
Loam; 2% CaCOg; soft, v. sli, v. sli; massive; viol.
effer; N/A

THE TANNERY

Map: BM 7, 40.5N/49.1E
General Context: Site consists of two colluvial sections near the sea; sediment 

units is from above and below aeolianite. Bone (cervid and testudo) 
collected from this site was evaluated for its dating potential, but was 
found to contain too low a percentage of amino acids for accelerator 
dating.

Date of Data Collection: 28-3-89
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HORIZON
Unit 1

Unit 2

Unit 3

Unit 4

THICKNESS
70cm

90cm

40cm

40cm

DATA
Dark Red, 2.5YR 3/6, SYR 4/6; Clay Loam; 5% 
C&COy, sli hard, v. sti, v. plas; subang blocky, 
coarse, stro; sli effer; N/A.(sediment found 
beneath aeolianite)
Dark Reddish Brown, SYR 3/4, SYR 4/4; Sandy 
Clay Loam; 2% CaCOg; soft, sti, plas; subang 
blocky, coarse, mod; no effer; N/A.(Colluvium 
# 1 )
Reddish Brown, SYR 4/4, 7.5YR 4/4; Sandy Clay 
Loam; 10% CaCOg; soft, sli sti, sli plas; crumbly; 
no effer; N/A. (Colluvium #2, Unit 1)
Reddish Brown, SYR 4/4, SYR 4/4; Sandy Clay 
Loam; 6% CaCOg; soft, sli sti, sli plas; crumbly; 
v. sli effer; N/A (Colluvium #2, Unit 2)

GUMBES I

Map: BM#7, 40.5N/49.5E
General Context: Cave and colluvium near the sea; contains the remains of 

Pleistocene fauna (see Appendix A, Gumbes Cave I). Bone collected from 
this site was evaluated for its dating potential, but was found to contain 
too low a percentage of amino acids to permit accelerator dating.

Date of Data Collection: 28-3-89

HORIZON DEPTH DATA
Cave Sediment surface Reddish Brown, SYR 4/4, 2.5YR 3/6; Clay; 0%

CaCOg; sli hard, sti, plas; blocky, coarse, stro; 
no effer; N/A.

FRANTZESEEANA

Map: BM#7, 35.4N/46.5E
General Context: Immediately west of paved road to Frantzeskiana and 700m 

north of old road to Rethymnon; plowed field in olive orchard.
Date of Data Collection: 25-5-89

HORIZON DEPTH DATA
Ap surface Brown/Dark Brown, 10YR 4/3, 10YR 3/3; Silt

Loam; 30% CaCOg; sli hard, sli sti, sli plas; N/A;
viol effer; N/A.

GONIA

Map: BM#7, 35.8N/47.7E
General Context: Plowed field, olive orchard; alluvium; west of old Rethymnon 

road and south of dirt road leading from village of Gonia plateia.
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Date of Data Collection: 25-5-89

HORIZON BERTH BATA
Ap surface Strong Brown, 7.5YR 4/6, 7.5YR 3/4; Loam; 6%

CaCOg; sli hard, no sti, sli plas; N/A; no effer; 
N/A.

PLATANES I

Map: BM#8, 40.5N/56.8E
General Context: Plowed field; north of old coastal road and immediately east of 

Eko Gas Station.
Date of Data Collection: 19-5-89

HORIZON BERTH BATA
Ap surface Light Reddish Brown, 2.SYR 6/4, 2.5YR 4/4;

Silt Loam; 15% CaCOg; soft, sli sti, sli plas; N/A; 
viol effer; N/A.

PLATANES III

Map: BM#8, 39.6N/57.0E
General Context: Plowed field, contained potatoes; south of old coastal road and 

west of Sfakoriako River; alluvium.
Date of Data Collection: 22-5-89

HORIZON . DEPTH BATA
Ap surface Brown, 10YR 5/3, 10YR 4/3; Sandy Loam; 4%

CaCOg; soft, no sti, sli plas; N/A; viol effer; N/A.

PLATANES IV

Map: BM#8, 40.0N/57.4E
General Context: Plowed field next to olive orchard; ~200m east of Sfakoriako 
River.
Date of Data Collection: 22-5-89

HORIZON
Ap

DEPTH
surface

DATA
Brown, 10YR 5/3, 
CaCOg; soft, no sti.

10YR 3/3; Sandy Loam; 2% 
sli plas; N/A; viol effer; N/A.

PLATANES II

Map: BM#8, 40.6N/57.8E
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General Context: Plowed field; north of old coastal road on east end of Platanes 

village.
Date of Data Collection: 19-5-89

HORIZON BERTH BATA.
Ap surface Yellowish Brown, 10YR 5/4, 10YR 4/4; Sandy

Loam; 4% CaCOg; soft, sli sti, sli plas; N/A; viol 
effer; N/A.

ABELE E

Map: BM#8, 40.7N/58.3E
General Context: Plowed field north of National Road, south of old coastal road, 

slightly east of Golden Beach Hotel; recent alluvium.
Date of Data Collection: 19-5-89

HORIZON BERTH
Ap surface

B.P. GAS STATION

Map: BM#8, 40.8N/59.1E 
General Context: Hillside which contains what is thought to be Pleistocene sand 

deposits which date to the last glacial maximum, i.e. 18,000BP.
Date of Data Collection: 19-5-89

HORIZON DEPTH DATA
Unit 1 surface Pale Brown, 10YR 6/3, 10YR 5/4; Sand; 6%

CaCOg; loose, no sti, no plas; N/A; viol effer; 
N/A.

APELE EE

Map: BM#8, 41.0N/59.4E
General Context: Plowed field, contains grape vines and peach trees;

immediately north of National Road and west of road to Adele village.
Date of Data Collection: 19-5-89

HORIZON BERTH DATA
Ap surface Light Reddish Brown, 2.5YR 6/4, 10YR 5/3;

Loam; 19% CaCOg; sli hard, sti, v. plas; N/A; viol 
effer; N/A.

DATA
Strong Brown, 7.SYR 4/6, 7.SYR 4/4; Clay 
Loam; 18% CaCOg; sli hard, sli sti, sli plas; N/A; 
viol effer; N/A.
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APARTMENT ANDY

Map: BM#8, 41.1N/59.7E
General Context: Building excavations immediately north of Old National Road, 

immediately east of Apartment Andy, 100m east of the turn off for the 
road inland to Adele; grass on the surface.

Date of Data Collection: 31-3-89

HORIZON DEPTH DATA
A 0-56cm Brown, 10YR 5/3, 10YR 5/3; Sandy Loam; 12% 

CaCOg; soft, sli sti, sli plas; subang blocky, med, 
weak; viol effer; abru, smo.

C 56-87cm Yellowish Brown, 10YR 5/4, 10YR 5/4: Sand; 
3% CaCOg; loose, non-sti, non-plas; crumbly; 
viol effer; abru, smo.

Bt 87-177cm Light Yellowish Brown, 10YR 6/4, 10YR 5/4; 
Silty Clay; 33% CaCOg; sli hard, sti, plas; subang 
blocky, coarse, mod; viol effer; abru, 
smo.(redeposited marl)

Bt 177-?cm Yellowish Red, SYR 4/6, SYR 4/6; Sandy Clay 
loam; 0% CaCOg; hard, sli sti, plas; subang 
blocky, coarse, mod; stro effer; N/A. (buried
Bt)

Soil Type: Typic Xerochrept

PIRGOS I

Map: BM#8, 41.1N/60.4E
General Context: Plowed field; north of National Road and immediately west of 

Pigi road.
Date of Data Collection: 20-5-89 

HORIZON DEPTH DATA
Ap surface Light Yellowish Brown, 2.5Y 6/4, 10YR 5/3;

Silt Loam; 33% CaCOg; sli hard, sli sti, sli plas; 
N/A; viol effer; N/A.

PIRGOS II

Map: BM#8, 41.4N/60.8E
General Context: Plowed field immediately south of old coastal road at El Greco 

Hotel and just west of small remma.
Date of Data Collection: 20-5-89

HORIZON DEPTH DATA
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Ap surface Strong Brown, 7.5YR 4/6, 7.SYR 4/4; Sandy

Loam; 0% CaCOg; sli hard, sli sti, sli plas; N/A; 
viol effer; N/A.

AMNISSOS HOTEL

Map: BM#8, 41.6N/60.8E
General Context: Building excavation immediately north of Old National Road, 

across the road from Amnissos Hotel; 100m south of coast; grass on 
surface.

Date of Data Collection: 31-3-89

HORIZON DEPTH DATA
A 0-36cm Brown/Dark Brown, 7.5YR 4/4, 7.5YR 4/4; 

Loam; 11% CaCOg; soft, sli sti, sli plas; crumbly; 
viol effer; grad, smo.

AB 36-56cm Brown/Dark Brown, 7.SYR 4/4, 7.SYR 4/6; 
Loam; 9% CaCOg; soft, sli sti, sli plas; subang 
blocky, med, weak; viol effer; clear, smo.

Btl 56-83cm Reddish Brown, SYR 4/4, 7.5YR 4/4; Clay Loam; 
7% CaCOg; hard, sti, sli plas; subang blocky, 
coarse, mod; viol effer; grad, smo.

Bt2 83-110cm Reddish Brown, SYR 4/4, SYR 4/4; Clay Loam; 
4% CaCOg; hard, sti, sli plas; subang blocky, 
coarse, mod; viol effer; N/A.

Bt 170-?cm Dark Red, 2.5YR 3/6, SYR 5/6; Clay; 0% CaCOg; 
v. hard, v. sti. v. plas; ang blocky, coarse, stro; 
no effer; N/A. (buried B; gap between Units 4 
& 5 due to large amount of slump)

Soil Type: Typic Xerochrept

T. OUZO

Map: BM#8, 41.8N/61.2E
General Context: 2m asl; 5m inland; site is located by the sea north of the Old 

National Road by a large billboard.
Date of Data Collection: 4-4-89

HORIZON DEPTH DATA
A 0 -2 1 cm Strong Brown, 7.5YR 4/6, 10YR 4/4; Loam; 3% 

CaCOg; soft, sli sti, sli plas; crumbly; viol effer;
clear, smo.

Bt 21-51cm Strong Brown, 7.5YR 4/6, 10YR 4/4; Clay Loam; 
2% CaCOg; sli hard, sti, plas; subang blocky, 
med, weak; viol effer; clear, smo.

Btk 51-94cm Strong Brown, 7.SYR 4/6, 7.5YR 4/6; Clay 
Loam; 14% CaCOg; sli hard, sti, v. plas; subang
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blocky, med, mod; viol offer; grad, smo. 
(redeposited marl)
Brownish Yellow, 10YR 6/6 , 10YR 5/6; Clay 
Loam; 14% CaCOg; sli hard, sti, v. plas; subang 
blocky, med, mod; viol effer; clear, 
smo.(redeposited marl)
Strong Brown, 7.5YR 5/6, 7.5YR 4/6; Clay 
Loam; 2% CaCOg; sli hard, sti, v. plas; subang 
blocky, med, mod; viol effer; clear, smo. 
Brownish Yellow, 10YR 6/6 , 10YR 5/6; Clay 
Loam; 19% CaCOg; soft, sti, pi a; ang blocky, 
med, mod; viol effer, clear, smo.
Yellowish Red, SYR 4/6, SYR 4/6; Clay Loam; 
0% CaCOg; hard, v. sti, v. plas; ang blocky, med, 
mod; no effer; abm, irreg.(buried B)
Red, 2.5YR 4/6, 2.5YR 4/6; Sandy Clay Loam; 
3% CaCOg; sli hard, sli, no plas; subang blocky, 
med, mod; no effer; N/A. (old sand beach with 
clay)

Soil Type : Typic Haploxeralf (upper units)

PLAKA 1

Map: BM#8, 41.9N/62.2E
General Context: Plowed field immediately south of National Road and - l 00m 

east of place where old coastal road passes under National Road.
Date of Data Collection: 20-5-89

HORIZON DEPTH DATA
Ap surface Light Reddish Brown, 2.SYR 6/4, 10YR 5/3;

Loam; 16% CaCOg; sli hard, sli sti, sli plas; N/A; 
viol effer; N/A.

ROUSA

Map: BM#8, 42.1N/62.5E
General Context: Long scarp of ~400m; located at the sea; units are variable in 

thickness and expression; fields with tomato greenhouses. Bone collected 
from Unit 4 was studied at the University of Arizona for its dating 
potential, however it contained too low a percentage of amino acids to 
permit accelerator dating.

Date of Data Collection: 5-4-89 & 13-4-89

HORIZON THICKNESS DATA
Unit la (A) 0-60cm Yellowish Brown, 10YR 5/6, 10YR 4/6; Loamy

Sand; 5% CaCOg; loose, no sti, no plas; 
structureless; viol effer; abm, smo. (rests atop 
archaeological Unit lb; post-Roman age)

Bt 94-129cm

Bt 129-152cm

C 152-189cm

Bt 189-220cm

Unit 8 2 2 0 -?cm
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Unit lb 54cm(max)

Unit 3 (Bt)
I

45c'm(max)

Unit 4 90cm(max)

Unit 6 (Bt) 50cm(max)

Unit 8 (Bt) 1 lOcm(max)

Strong Brown, 7.5YR 4/6, 7.5YR 4/6; Sandy 
Clay Loam; 4% CaCOg; sli hard, sli sti, plas; 
subang blocky, coarse, mod; viol effer; N/A. 
(unconformity to redeposited marl)(this is an 
archaeological unit;Roman to post-Roman in 
age?)
Yellowish Red, SYR 4/6, 7.5YR 4/6; Clay; 9% 
CaCOg; v. hard, sti, v. plas; ang blocky, coarse; 
stro; no effer; abru, smo.(to Unit 4)
Strong Brown, 7.5YR 4/6, 7.5YR 4/6; Loam; 
21% CaCOg; soft, sli sti, sli plas; subang blocky, 
med, weak; viol effer; abru, smo.(to Unit 6) 
Yellowish Red, SYR 4/6, SYR 4/6; Clay; 0% 
C aC O 3 ; v. hard, v. sti, v. plas; ang blocky, 
coarse, stro; no effer; abru, smo.(to Unit 8) 
Yellowish Red, SYR 4/6, SYR 4/6; Clay Loam; 
47% CaCOg; sli hard, sti, plas; subang blocky, 
med, mod; viol effer; abru to aeolianite below.

ROUSA I

Map: BM#8, 41.9N/62.8E
General Context: Plowed field immediately north of National Road and old

coastal road. !
Date of Data Collection: 20-5-89 

HORIZON DEPTH DATA
Ap surface Yellowish Brown, 10YR 5/6, 10YR 5/4; Clay

Loam; 10% CaCOg; sli hard, sli sti, sli plas; N/A; 
viol effer; N/A.

STAVE I

Map: BM#8, 42.4N/63.5E
General Context: Plowed field near tomato greenhouses; near the sea and north 

of the National Road.
Date of Data Collection: 20-5-89

DATA
Yellowish Brown, 10YR 5/4, 10YR 4/4; Loam; 
0% CaCOg; sli hard, sli sti, sli plas; N/A; viol 
effer; N/A.

STAVRQMENOS VILLAGE

Map: BM#8, 42.0N/63.0E
General Context: Building excavation in the village of Stavromenos. 
Date of Data Collection: 18-5-89

HORIZON DEPTH
Ap surface



149

DEPTH DATA
0-80cm Redeposited marl.
80-150cm Very Pale Brown, 10YR 7/4, 10YR 6/6; Sandy

Loam; 32% CaCOg; soft, sli sti, sli plas; N/A; viol 
effer; N/A.

150-?cm Fossil sand dune deposit.

GRETA STAR HOTEL

Map: BM#8, 42.7N/64.4E
General Context: Plowed field north of National Road and -100m west of Creta 

Star Hotel.
Date of Data Collection: 20-5-89

HORIZON / DEPTH 
Ap surface

SKALETA

Map: BM#8, 43.4N/65.4E 
General Context: 1m asl, 3m from the sea; old alluvium which continues south to 

the National Road and into the small farangi of Prinis. Note that units 
described below occur over an area of a few hundred meters and do not 
always occur together; despite the odd order of unit listing, Unit 11 is 
atop the section. Unit 17 at the bottom.

Date of Data Collection: 30-3-89

HORIZON DEPTH DATA
Unit 11 Recent sand.
Unit 12 Redeposited marl.
Unit 2 (Bt) 33-132cm Yellowish Red, SYR 4/6, SYR 4/6; Clay Loam; 

0% CaCOg; v. hard, sti, plas; ang blocky, coarse.
stro; no effer; abru, smo.

Unit 4 (Bt) 132-?cm Yellowish Red, SYR 5/8, SYR 4/6; Loam; 0% 
CaCOg; sli hard, sli sti, sli plas; ang blocky, 
med, mod; no effer; N/A.

Unit 13 ‘Younger* aeolianite.
Unit 14 Rocks and cobbles.
Unit 15 (Bt) 2 0 cm(max) Yellowish Red, SYR 4/6, SYR 4/6; Clay; 0% 

CaCO g; v. hard, v. sti, v. plas; ang blocky, 
coarse, stro; no effer; clear, smo.(buried B)

Unit 16 Redeposited marl.
Unit 17 Yellowish Red, SYR 4/6, SYR 4/6; Loamy Sand; 

6% CaCOg; loose, no sti, no plas; crumbly; no
effer; N/A(old aeolianite/red sand)

DATA
Dark Yellowish Brown, 10YR 4/6, 10YR 4/4; 
Clay Loam; 0% CaCOg; sli hard, sli sti, sli plas; 
N/A; no effer; N/A.

HORIZON
Unit 1 
Unit 2

Unit 3
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KOULES

Map: BM#8, 43.3N/67.4E
General Context: Plowed field located southwest of dirt road intersection near 

Koules Hill.
Date of Data Collection: 27-5-89 

HORIZON DEPTH DATA
Ap surface Red, 2.5YR 4/6, 2.5YR 3/6; Clay; 0% CaCOg; sli

hard, sti, plas; N/A; sli effer; N/A.

ARMENE II

Map: BM#16, 32.9N/51.2E
General Context: Plowed field in an area of olive trees, grape vines, and oaks.

Site is - .75km west of village of Armeni.
Date of Data Collection: 25-5-89

HORIZON DEPTH DATA
Ap surface Light Yellowish Brown, 10YR 6/4, 10YR 4/4;

I
ARM ENI I

Map: BM#16, 34.2N/51.2E

Loam; 0% CaCOg; sli hard, sli 
no effer; N/A.

sti, sli plas; N/A;

General Context: Plowed field surrounded by olive and oak trees. Site is located
-.5km west of Rethymnon-Spili road and immediately south of road to 
Kastellos.

Date of Data Collection: 25-5-89

HORIZON DEPTH DATA
Ap surface Light Yellowish Brown, 10YR 6/4, 10YR 3/3;

Loam; 0% CaCOg; soft, sli sti, sli plas; N/A; no
effer; N/A.

ARMENI PLIOCENE SAND

Map: BM#7, 35.7N/51.8E
General Context: Site located immediately north of Armeni village on the east 

side of the Rethymnon-Spili road.
Date of Data Collection: 25-5-89

. HORIZON DEPTH DATA
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Unit 1 surface Brownish Yellow, 10YR 6/6 , 10YR 5/6; Sandy

Loam; 0% CaCOg; loose, no sti, no plas; N/A; no 
effer; N/A.

KARES

Map: BM#8, 32.2N/52.6E
General Context: Plowed olive orchard, immediately south of the road to Kares. 
Date of Data Collection: 25-5-89

HORIZON DEPTH DATA
Ap surface Brown, 10YR 5/3, 10YR 3/3; Loam; 0% CaCOg;

sli hard, sli sti, sli plas; N/A; no effer; N/A.

PRASEES FARANGE

Map: BM#8, -35.0N/58.9E
General Context: Alluvium from within the narrow Prasies Farangi.
Date of Data Collection: 26-5-89

HORIZON DEPTH DATA
Unit 1 surface Light Brownish Gray, 2.5Y 6/2, 2.5Y 4/2; Sand;

0% CaCOg; soft, no sti, no plas; N/A; stro effer; 
N/A.

PRASEES FARANGE MUD

Map: BM#8, 35.5N/58.5E
General Context: Alluvium from within the narrow Prasies Farangi.
Date of Data Collection: 26-5-89

HORIZON DEPTH DATA
Unit 1 surface Light Olive Brown, 2.5Y 5/4, 2.5Y 4/4; Silt

Loam; 7% CaCOg; soft, sli sti, sli plas; N/A; viol 
effer; N/A.

PROFETES ELEAS

Map: BM#8, 32.5N/59.8E
General Context: Plowed field; alluvium from Sfakoriako River.
Date of Data Collection: 13-5-89

HORIZON DEPTH DATA
Ap surface 10YR 5/3, 10YR 4/3; Sandy Loam; 0% CaCOg; sli

hard, no sti, no plas; N/A; viol effer; N/A,
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I

AGHIOS KIMIAKIS

Map: BM#8, 30.9N/61.1E
General Context: Alluvium in river valley; surface is freshly plowed field;

section is _a backhoe trench for irrigation pipes.
Date of Data Collection: 12-5-89

HORIZON DEPTH
Ap 0-20cm

Bk 20-58cm

B/Ck 58-100cm

Soil Type: Typic Calcixeroll

MONI ARKADI

Map: BM#8, 33.0N/66.9E 
General Context: Fresh road cut ~lkm south of Moni Arkadi; vegetation is 

scattered oak woodland; rolling topography.
Date of Data Collection: 18-5-89

DATA
Brown/Dark Brown, 7.SYR 4/4, 7.SYR 3/4; 
Clay; 4% CaCOg; sli hard, sli sti, sli plas; subang 
blocky, med, mod; no effer; clear, smo.
Dark Red, 2.5YR 3/6, SYR 4/6; Clay; 3% CaCOg; 
sli hard, v. sti, v. plas; ang blocky, coarse, stro; 
no effer; N/A.

HORIZON
A

Bt

DEPTH
0-28cm

28-105cm

. i

Soil Type: Typic Argixeroll

DATA
Brown, 10YR 5/3, 10YR 3/3; Silt Loam; 40% 
CaCOs; soft, sli sti, sli plas; crumbly; no effer; 
clear, wavy.
Yellowish Brown, 10YR 5/4, 10YR 3/6; Loam; 
49% CaCOg; -, sli sti, sli plas; massive; no effer; 
grad, smo.
Yellowish Brown, 10YR 5/4, 10YR 3/6; Loam; 
46% CaCOg; sli hard, sli sti, sli plas; massive; 
viol effer; N/A.

EPARCHY AGHIOS YASSILIS

V E N I

Map: BM#16, 24.8N/43.3E
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General Context: Plowed field in wheat cultivation; recent alluvium; upland 

region near the village of Kali Sikia.
Date of Data Collection: 21-5-89

DEPTH DATA
surface Light Brownish Gray, 10YR 6/2, 10YR 3/2; Silt

Loam; 0% CaCOg; sli hard, sli sti, sli plas; N/A; 
no effer; N/A.

EPARCHY AMARI

YUS KAMPOS

Map: BM#17, 23.2N/61.5E
General Context: Plowed field; upland basin of Mt. Kedros, on road between Spili 

and Gerakari.
Date of Data Collection: 13-5-89

HORIZON DEPTH DATA
Ap surface Pale Olive, 5Y 6/3, 5Y 5/3; Loam; 0% CaCOg; soft,

sli sti, sli plas; N/A; no effer; N/A.

KARBHAKI

Map: BM#17, 23.0N/61.5E (66.5E?)
General Context: Recent alluvium in olive orchard; plowed field.
Date of Data Collection: 12-5-89

DEPTH DATA
surface Light Olive Brown, 2.5Y 5/4, 2.5Y 4/4; Loam;

0% CaCOg; sli hard, sli sti, sli plas; N/A; no 
effer; N/A.

AGHIOS PETRAS ;

Map: BM#17, 23.9N/67.8E
General Context: Sinkhole filled with alluvium; plowed field.
Date of Data Collection: 12-5-89

HORIZON DEPTH DATA
Ap surface Brown, 10YR 5/3, 10YR 3/3; Loam; 0% CaCOg;

sli hard, sli sti, sli plas; N/A; no effer; N/A.

HORIZON
Ap

HORIZON
Ap
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M ONI ASOMATOS

Map: BM#17, 26.3N/69.7E
General Context: Plowed field just north of Yendianos River and beside road to 

M onastiraki.
Date of Data Collection: 12-5-89

HORIZON DEPTH . DATA
Ap surface Brown, 10YR 5/3, 10YR 3/3; Sandy Loam; 0%

CaCOg; soft, sli sti, sli plas; N/A; no effer; N/A.

EPARCHY MYLOPOTAMOS

PERAM A 1

Map: BM#8, 45.0N/70.5E
General Context: Sandpit on west side of Yeropotamos River.
Date of Data Collection: 11-5-89

HORIZON THICKNESS DATA
A >90cm Light Yellowish Brown, 10YR 6/4, 10YR 5/4;

Loamy Sand; 7% CaCOg; loose, no sti, no plas; 
N/A; viol effer; N/A.

PERAM A II

Map: BM#8, 44.5N/71.8E
General Context: Plowed field; alluvium upstream from Perama I.
Date of Data Collection: 11-5-89

HORIZON DEPTH DATA
Ap surface Brown, 10YR 5/3, 10YR 4/4; Loam; 5% CaCOg;

soft, sli sti, sli plas; N/A; viol effer; N/A.

PERAM A III

Map: BM#8, 41.0N/73.5E
General Context: Recent alluvium in plowed field; immediately north of village 

of Perama.
Date of Data Collection: 11-5-89

HORIZON DEPTH DATA
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Ap surface Yellowish Brown, 10YR 5/4, 10YR 4/4; Loam;

31% CaCOg; sli hard, sli sti, sli plas; N/A; viol 
effer; N/A.

KOUMOUNA

Map: BM#18, 26.8N/79.8E
General Context: Colluvium; upland valley between Mt. Ida and Mt. Kourouna. 

Colluvium should be a product of 10-12,000BP glaciation on NE face of Mt. 
Ida.

Date of Data Collection: 4-6-89

HORIZON BERTH BATA
A surface Yellowish Brown, 10YR 5/4, 7.5YR 3/4; Silty

Clay Loam; 0% CaCOg; soft, sli sti, sli plas; N/A; 
no effer; N/A.

N IB  A

Map: BM#18, 22.4N/86.1E
General Context: Site is in middle of upland basin; vegetation is short grass, 

heavily browsed by sheep; sediment is aeolian in origin?
Date of Data Collection: 22-5-89

HORIZON BERTH DATA
A 0-27cm Yellowish Brown, 10YR 5/4, 10YR 4/4; Silty 

Clay Loam; 13% CaCOg; sli hard, no sti, sli plas; 
crumbly; no effer; clear, smo.

B1 27-84cm Light Yellowish Brown, 10YR 6/4, 10YR 4/4; 
Silty Clay Loam; 0% CaCOg; soft, sli sti, sli plas; 
ang blocky, med, mod; no effer; grad, smo.

B2 84-134cm Light Yellowish Brown, 10YR 6/4, 10YR 4/4; 
Silty Clay Loam; 0% CaCOg; sli hard, sti, sli plas; 
ang blocky, med, mod; no effer; N/A.

Soil Type: Typic Xerochrept

VOSAECOU

Map: BM#9, 42.0N/85.0E
General Context: Upland basin immediately west of Moni Vosakou; vegetation 

on surrounding hillslopes is pistachio, carob, and strawberry tree.
Date of Data Collection: 14-4-89

HORIZON BERTH DATA
A surface Yellowish Red, SYR 4/6, SYR 3/4; Clay; 2%

CaCOg; sli hard, sti, plas; N/A; no effer; N/A.
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ALM IEO S

Map: BM#9, 44.9N/89.0E
General Context: Field of grass and juncus; near to almiros channel, ~75m

inland.
Date of Data Collection: 1-6-89

HORIZON DEPTH DATA
A surface Brown, 10YR 5/3, 10YR 4/3; Silt Loam; 8%

CaCOg; soft, sli sti, sli plas; N/A; stro effer; N/A.

DAM  AST A I

Map: BM#9, 38.9N/92.5E
General Context: Sinkhole sediments.
Date of Data Collection: 14-4-89

HORIZON , DEPTH DATA
Ap surface Yellowish Brown, 10YR 5/6, 10YR 3/6; Silt

. . . . . . . . Loam; 2% 
N/A.

CaCOg; soft, sti, plas; N/A; sli effer;

DAM ASTA H  ■

Map: BM#9, 38.9N/92.5E
General Context: Sinkhole sediments. 
Date of Data Collection: 14-4-89

HORIZON DEPTH DATA
Ap surface Yellowish Red, SYR 

Loam; 3% CaCOg; 
effer; N/A.

5/6, SYR 3/4; Sandy Clay 
sli hard, sti, plas; N/A; sli

!



157

REFERENCES

ACCORDI, B., 1972, Lo scavo della “grotte Simonelli” con cervi nani del 
Quatemario, effettuato a (reta nel 1971 dell Instituto di Geologia e Paleontologia 
dell Universita di Roma con il finanziamento dell Accademia Nazionale dei 
Lincei); Quad. Accad. Naz. Lincei, v. 167, p. 1-17.

ACCORSI, C.A. and BANDINI MAZZANTI, M., 1988, Analisi Polliniche Correlate a 
una carotta cranica di Homo sapiens sapiens Proveniente Dall’isola di Creta, 
Abstracts to International Conference, Early Man in Island Environments, 
Sardinia, 25/9 - 2/10/88, p. 148-149.

ALLBAUGH, L.G., 1953, Crete: A Case Study of an Underdeveloped Area, 
Princeton University Press, Princeton, N.J.

AMBROSSETI, P, 1968, The Pleistocene Dwarf Elephants of Spinagalo (Siracusa, 
southeastern Sicily), Geol. Roma, v. 8, p. 277-398.

AZZAROLI, A., 1961, II Nanismo nei Cervi Insulari, Paleontogr. Italica, v. 56, p. 
1-32.

BACHMAYER, F., and ZAPFE, H., 1985, Ein Absolutes Altersdatum fur die fossilen 
Zwergflusspferde der Insel Krete, Anzeiger der Osterreichischen Akademie der 
Wissenschaften, Mathematisch Naturwissenschaftliche, v. 8, p. 165-166.

BACHMAYER, F. ET AL., 1975, Pleistozane Schildkroten aus Hohlen der Insel 
Kreta, Ann. Geol. de Pays Hellen., v.27, p. 110-122.

BACHMAYER, F. ET AL., 1976, Die Ausgrabungen in der Zwergelefantenhole 
“Charkadio” auf den Insel Tilos, Ann. Naturhist. Mus. Wien., v. 80, p. 113-144.

BACHMAYER, F. ET AL., 1983, Die Ausgrabungen in der Zwergelefantenhohle 
der Insel Tilos (Dodekanes, Griechenland), Osterr. Akad. der Wissenschaften 
Mathem. Naturw. kl„ Abt. I, v. 193(6), p. 321-328.

BARRETT-HAMILTON, G., 1899, Note on the Beech Marten and Badger of Crete, 
Ann. and Mag. Nat. Hist. (London), v. 7(4), p. 383-384.

BARRETT-HAMILTON, G., 1903, Hares of Crete and Cyprus, Ann. and Mag. Nat. 
Hist. (London), v. 11(7), p. 126-127.

BATE, D.M.A., 1905a, On the Mammals of Crete, Proc. Zool. Soc. London, 1905, p. 
315-323.

BATE, D.M.A., 1905b, Four and a half months in Crete in search of Pleistocene 
Mammalian Remains, Geol. Mag., decade V, v. 2(V), p. 193-203.

BATE, D.M.A., 1907, On Elephant Remains from Crete, with Description of 
Elephas creticus sp.n., Proc. Zool. Soc. London, 1907, p. 238-250.

BATE, D.M.A., 1912, On a New Species of Mouse and other Rodent Remains from 
Crete, Geol. Mag., decade V, v. 9, p. 4-6.



1 5 8

BATE, D.M.A., 1913a, The Caves of Crete, in Camping in Crete, A. Trevor-Battye, 
Witherby and Co., London, p. 239-253.

BATE, D.M.A, 1913b, Mammals of Crete, in Camping in Crete, A. Trevor-Battye, 
Witherby and Co., London, p. 254-263.

BATE, D.M.A., 1942, New Pleistocene Murinae from Crete, Ann. and Mag. Nat. 
Hist. (London), series 11, v. 9, p. 41-49.

BELLUOMINI, G., and DELITALA, L., 1983, Datazione di resti ossei e denti del 
Pleistocene Superiore e dell’Olocene dell’area Mediterranea con il methodo 
della racemizzazione degli amino acidi, Geogr. Fis. Dinam. Quat., v. 6, p. 21-30.

BELON du MANS, P., 1547, Voyage en Egypt, 3 volumes, Paris.

BENDA, L. ET AL., 1969, Der Erste Mastodon - fund der insel Kreta, Ann. Geol. des 
Pays Hellen., v. 21, p. 167-177.

BISKOP, A., 1978, unknown title, unpublished Ph D. dissertation. University of 
Utrecht, Utrecht, The Netherlands.

BLACKMAN, D.K., and BRANIGAN, K., An Archaeological Survey of the lower 
catchment of the Ayiofarangi Valley, Ann. Brit. School Athens, v. 72, p. 13-84.

BLAINVILLE, H. M.D. de, 1847, Osteographie etc, des cinq classes d’animaux 
vertebrates - Fasc. 22 Hippopotamus et Sus, Paris.

BOEKSCHOTEN, G.J., 1963, Some Geological Observations on the coasts of Crete, 
Geologic en Mijnbouw, v. 42, p. 241-247.

BOEKSCHOTEN, G.J., 1971, Quaternary Tephra on Crete and the eruptions of the 
Santorini volcano, Opera Bot., v. 30, p. 40-48.

BOEKSCHOTEN, G.J., and SONDAAR, P.Y., 1966, The Pleistocene of the Katharo 
Basin (Crete) and its Hippopotamus, Bijdragen tot de Dierkunde, v. 36, p. 17-44.

BOTTEMA, S., 1980, Palynological Investigations in Crete, Rev. Palaeobot. 
Palynol., v. 31, p. 193-218.

CAT ACOU SIN OS, DC., 1963, Les Sols de Grece, Science du Sol, v. 1, p.67-85.

CHERRY, J.F., 1981, Early Colonization on the Mediterranean Islands, Proc. 
Prehis. Soc., v. 47, p. 41-68.

CHERRY, J.F., 1982, The Earliest Prehistory of Melos, in An Island Polity: The 
Archaeology of Exploitation on Melos, C. Renfrew and J.M. Wagstaff eds.. 
University of Cambridge Press, Cambridge, U.K., p. 24-34.

CHERRY, J.F., 1985, Islands out of the Stream: Isolation and Interaction in Early 
East Mediterranean Insular Prehistory, in Prehistoric Production and 
Exchange, the Aegean and Eastern Mediterranean, A.B. Knapp and T. Stech eds., 
UCLA Institute of Archaeology, Monograph 25, Los Angeles, p. 12-29.



159

CREUTZBURG, N. ET AL., 1977, General Geological Map of Greece, Crete Island, 
1:200.000, Institute for Geological and Mining Research, Athens, Greece.

DAVARAS, C., 1969, Archaiotites kai Mnemeia tis Dytikis Kritis, Archaiologikon 
Deltion, v. 22B(2), p. 495-501.

DAVIS, S., 1985, Tiny Elephants and Giant Mice, New Scientist, v. 3, p. 25-27.

DERMITZAKIS, M.D., 1972, Pleistocene deposits and old strandlines in the 
Peninsula of Grambousa, in relation to the recent tectonic movements of Crete 
Island, Ann. Geol. des Pays Hellen., v. 24, p. 205-240.

DERMITZ AKIS, M.D., 1973, Thomas A.B. Spratt, the English Admiral of the last 
century and some of his Geologic Opinions about Crete Island, Hell. Ocean, and 
Limnol., v. 11, p. 91-120.

DERMITZAKIS, M.D., 1977, The Quaternary fossil mammals in Caves and Karstic 
Holes of Crete Island and their Significance, Bull, de la Soc. Speleo. de Grece, v. 
XIV, p. 152-190.

DERMITZAKIS, M.D., and DEVOS, J., 1987, Faunal Succession and the Evolution of 
Mammals in Crete during the Pleistocene, N.Jb. Geol. Paleont., v,173(3), p. 377- 
408.

DERMITZAKIS, M.D., and SONDAAR, P.Y., 1978, The Importance of fossil mammals 
in reconstructing paleogeography with special reference to the Pleistocene 
Aegean Archipeligo, Ann. Geol. des Pays Hellen., v. 29, p. 808-840.

DERMITZAKIS, M.D., and SONDAAR, P.Y., 1987, The Paleolithic Man in the 
Mediterranean and extinct animals. New Ecology (Athens), January 1987, p. 24- 
31.

DEVOS, J., 1979, The endemic Pleistocene deer of Crete, I and II, Proc. Kon. 
Neder. Akad. Weten, Series B, v. 82(1), p. 59-90.

DEVOS, J., 1984, The Endemic Pleistocene Deer of Crete, Verb, der Konigl Neder. 
Akad. van Weten., Afd. Natuurkunde, Eerste Reeks, Deel 31, North-Holland 
Publishing Co., Amsterdam.

DEVOS, J., and DERMITZAKIS, M.D., 1986, Models of the Development of 
Pleistocene deer on Crete (Greece), Mod. Geo., v. 10(2+3), p. 243-248.

DEWAR, R.E., 1984, Extinctions in Madagascar: The loss of the Subfossil Fauna, in 
Quaternary Extinctions, P S. Martin and R.G. Klein eds.. University of Arizona 
Press, Tucson, p. 574-593.

DRUMMOND, H.M., 1843, List of the birds of the island of Crete from 
observations made during a stay of nearly two months from the 27th April to 
18th June 1843, Ann. Nat. Hist., v. 12, p. 423-427.

EVANS, J.D., 1964, Excavations in the Neolithic Settlement of Knossos, 1957-1960, 
Part I, Ann. Brit. School Athens, v. 559, p. 132-240.



160

EVANS, J.D., 1968, Knossos Neolithic, Part II: Summary and Conclusions, Ann. 
Brit. School Athens, v. 63, p. 267-276.

EVANS, I D., 1971, Neolithic Knossos: Growth of a Settlement, Proc. Prehist. Soc., 
v. 37(2), p. 95-117.

EVANS, J.D., 1977, Island Archaeology in the Mediterranean: Problems and 
Opportunities, World Archaeology, v. 9, p. 12-26.

FACCHINI, F. and GIUSBERTI, G., 1988, Sur la presence de FHomme dans File de 
Crete au cours du Wurm Moyen, Abstracts to International Conference, Early 
Man in Island Environments, Sardinia, 25/9 - 2/10/88, p. 147.

GRADSTEIN, F., 1972, The Neogene and Quaternary Deposits in the Sitia District 
of Eastern Crete, Ann. Geol. de Pays. Hellen., v. 24, p. 527-572.

GREUTER, W., 1971, L’apport de Fhomme a la flore spontanee de la Crete, 
Boissiera, v. 19, p. 329-337.

GREUTER, W. 1972, The relict element of the flora of Crete and its evolutionary 
significance, in Taxonomy, Phytogeography, and Evolution, D.H. Valentine ed.. 
Academic Press, New York, p. 161-177.

GREUTER, W„ 1979, The origins and evolution of island floras as exemplified by 
the Aegean Archipelago, in Plants and Islands, D. Bramwell ed., Academic 
Press, New York, p. 87-106.

HONE A, K., 1975, Prehistoric Remains on the Island of Kythnos, Amer. Jour. 
Arch., v. 79, p, 277-279.

HSU, K., 1972, When the Mediterranean Dried Up, Sci. Amer., v. 227, p. 27-36.

HUNTLEY, B., and BIRKES, H., 1983, Atlas of Past and Present Pollen Maps for 
Europe: 0-13,000BP, University of Cambridge Press, Cambridge, UK.

JACOBSEN, T.W., 1976, 17,000 Years of Greek Prehistory, Sci. Amer., v. 234, p. 76- 
87.

JARMAN, M.R., n.d.. Human Influence in the Development of the Cretan 
mammalian fauna, unpublished Ms.

JARMAN, M.R., and JARMAN, H.N., 1968, The Fauna and Economy of Early 
Neolithic Knossos, Ann. Brit. School Athens, v. 63, p. 241-264.

KARAGEORGIOU, E D. ET AL., 1970, Geological Map of Greece, Kastelli Sheet, 
1:50.000, Institute for Geology and Subsurface Research, Athens, Greece.

KARAGEORGIOU, E D. ET AL., 1971, Geological Map of Greece, Khania Sheet, 
1:50.000, Institute for Geology and Subsurface Research, Athens, Greece.

KELLER, J„ 1978, Prehistoric Pumice Tephra on Aegean Islands, in Thera in the 
Aegean World, Volufne I, C. Doumas ed., International Scientific Congress, 
Santorini, Greece, August 1978, p. 49-56.



161

KELLER, J. and NINKOVICH, D., Tephra-Lagen in der Agais, Z. Deutsch. Geol. Ges., 
v. 123, p. 579-587.

KERAUDEN, B., Les formations quatemaires marines de la Grece, Bull, du Musee 
D’Anthropologic Prehistorique de Monaco, v. 17(2), p. 87-169.

KEYS TO SOIL TAXONOMY, 1987, Soil Survey Staff, Agency for International 
Development, United States Department of Agriculture, SMSS Technical 
Monograph No. 6, Cornell University, Ithaca, N.Y.

KNITHAKIS, E. ET AL., 1986, Geological Map of Greece, Ayios Nikolaos Sheet, 
1:50.000, Institute for Geology and Subsurface Research, Athens, Greece.

KORENEVA, E.V., 1971, Spores and Pollen in Mediterranean Bottom Sediments, in 
The Micropaleontology of Oceans, B.M. Funnel and W.R. Riedel eds.. University 
of Cambridge Press, Cambridge, UK, p. 316-371.

KOTSAKlS, T., 1977, I resti di anfibi e rettili pleistocenici della grotta “Bate” 
Rethymnon (Greta), Rendic. Acc. Naz. Lincei, v. 8, p. 63.

KOTSAKlS, T. ET AL., 1976, Seconda spedizione paleontological Lincea nell’isola 
di Crete (1975), Accad. Nat. dei Lincei, v. 223, p. 3-10.

KOTSAKlS, T. ET AL., 1979, The Quaternary Vertebrates of the Aegean Islands, 
Paleogeographic Implications Athenes, Ann. Geol. de Pays Hellen., v. 30(1), p. 
31-64. ' I

KUSS, S.E., 1965, Eine pleistozane saugertierfauna der Insel Kreta, Ber. Naturf.
Ges. Freiburg, v. 55(2), p. 271-348.

KUSS, S.E., 1966, Beitrage zur Pleistozane-Fauna der Insel Kreta, Ber. Naturf.
Ges. Freiburg, v. 56(2), p. 169-181.

KUSS, S.E., 1969, Die Paleolithische osteokeratische ‘Kultur’ der Insel Kreta
(Griechenland), Ber. Naturf. Ges. Freiburg, v. 59(2), p. 137-168.

KUSS, S.E., 1970, Abfolge und Alter der Pleistozanen Saugetierfaunen der Insel 
Kreta, Ber. Naturf. Ges. Freiburg, v. 60(1), p. 35-83.

KUSS, S.E., 1973, Die Pleistozanen Saugetierfaunen der Ostmediterranen Inseln, 
Ber. Naturf. Ges. Freiburg, v. 63(1+2), p. 49-71.

KUSS, S.E., 1975, Hippopotamus creutzburgi parvus n. ssp., ein Pleistozanes
Zwergflubpferd von der Insel Kreta, Ber. Naturf. Ges. Freiburg, v. 65, p. 5-24.

KUSS, S.E., 1975, Die Pleistozanen Hirche der Ostmediterranen Inseln Kreta, 
Kasos, Karpathos, und Rhodes (Griechenland), Ber. Naturf. Ges. Freiburg, v. 65, 
p. 25-79.

KUSS, S.E., 1977, Fossil Mammals of Southern Aegean Islands and their relations 
to geodynamics of the, Aegean area, Ber. Naturf. Ges. Freiburg, V. 67, p. 143-146.

KUSS, S.E., and MISSONE, X., 1968, Pleistozane Muriden der Insel Kreta, N. Jb. 
Geol. Paleont, v. 132, p. 55-59.



162

LAX, E., n.d., Potential Value of Avian Fossils for Island Biogeography Studies: 
Pleistocene Birds from Crete Island, Greece.

LYDEKKER, R., 1885, Catalogue of the fossil mammalia in the British Museum, 
part II. Containing the Order Ungulata, suborder Artiodactyla. XXII. London.

LYNES, C.H., 1912, Field notes on a collection of birds from the Mediterranean, 
Ibis, series 9, v. 6, p. 121-187.

MACARTHUR, R.H. and WILSON, E.O., 1967, The Theory of Island Biogeography, 
Princeton University Press, Princeton, N.J.

MAKRI, C., 1969, To Spilion “Gerani” Rethymnis (Arithmos 3553), Bull. Soc. 
Speleo. Grece, v. X(3+4), p. 95-101.

MALATESTA, A., 1980, Dwarf Deer and other Late Pleistocene Fauna of the 
Simonelli Cave in Crete, Accademia Nazionale dei Lincei, Quademo N. 249.

MARIANOS, G. and SYMEONIDIS, N., 1977, Island populations of dwarf mammals 
on the Aegean Archipelago during the Quaternary, Ann. Geol. de Pays Hellen., 
v. 28, p. 352-367.

MARTIN, P. and KLEIN, R., 1984, Quaternary Extinctions, University of Arizona 
Press, Tucson.

MARTINI, H.J., 1956, Geological Map of Greece, Platanias Sheet, 1:50.000, 
Institute for Geology and Subsurface Research, Athens, Greece.

MAYHEW, D.F., 1977, The endemic Pleistocene murids of Crete, I and II, Proc. 
Kon. Neder. Akad. Weten., Series B, v. 80(3), p. 182-214.

MEINERTZHAGEN, C.R., 1921, A note on the breeding birds of Crete, Ibis, series 
11, v. 3(1), p. 126-139.

MEULENKAMP, J.E., 1969, Stratigraphy of Neogene Deposits in the Rethymnon 
Province Crete, with special reference to the phylogeny of uniserial Uvigerina 
from the Mediterranean Region, Utrecht Micropaleontological Bulletin, 
Number 2.

MELENTIS, J., 1974, Paleontologikai aneskafai eis ta spilia tis perioxi Rethymnou 
Kritis, Epist. Epitipis Fis/kis Skolis Panepistimiou Thessalonikis, v. 14(17), p. 17- 
24.

MERCIER, J.L., 1977, Principal results of a neotectonic study of the Aegean Arc 
and its localization within the eastern Mediterranean, VI Colloquium on the 
Geology of the Aegean Region, Athens, v. Ill, p. 1281-1291.

MOODY, J., 1983, Khania Archaeological Survey, in Archaeological Survey in 
the Mediterranean Basin, D.R. Keller and D.W. Rapp eds., BAR International 
Series 155, Oxford, UK, p.301-302.



163

MOODY, J., 1987, The Environmental and Cultural Prehistory of the Khania 
Region of West Crete: Neolithic through Late Minoan III, unpublished Ph.D., 
University of Minnesota, Minneapolis.

MYLONAKIS, L, 1984, Geological Map of Greece, Rethymno Sheet, 1:50.000, 
Institute of Geology and Mineral Exploration, Athens, Greece.

NEVROS, K. and ZVORYKIN, I., Zur kenntnis der Boden der Insel Kreta 
(Griechenland), Soil Research, v. 6, p.242-307.

NIHLEN, T. and ZOLTAN, S., 1989, Possible influence of Saharan dust on soils in 
Crete, Geologiska foreningens i Stockholm Forhandlingar, v. 111(1), p. 25-33.

NIXON, L. ET AL., 1990, Archaeological Survey in Sphakia, Crete, 1989, Echos du 
Monde Classique/Classical Views, v. 34, n.s. 9, in press.

OLAUSSON, E., 1971, Tephrachronology and the Late Pleistocene of the Aegean 
Sea, Opera Bot., v. 30, p. 29-39.

ONDRIAS, V.J.C., 1965, Die Saugetiere Griechenlands, Saugetierkundliche
Mitteilungen, v. 13(3), p. 109-127.

OWEN, R., 1845, Catalogue of the fossil organic remains of Mammalia and Aves 
in the Museum of the Royal College of Surgeons of England, London.

PAPASTAMATIOU, J. , ET AL., 1959, Geological Map of Greece, Sitea Sheet, 
1:50.000, Institute for Geology and Subsurface Research, Athens, Greece.

PAPASTAMATIOU, J., ET AL., 1959, Geological Map of Greece, Ziros Sheet, 
1:50.000, Institute for Geology and Subsurface Research, Athens, Greece.

PASHLEY, R., 1837, Travels in Crete, 2 volumes, London.

PAYNE, S., 1985, Zoo archaeology in Greece: A Reader’s Guide, in Contributions 
to Aegean Archaeology, N.C. Wilkie and W.D. Coulsen eds., Center for Ancient 
Studies, University of Minnesota, Minneapolis, p. 211-244.

PERLES, C., 1979, Des navigateurs Mediterraneens il y a 10,000 ans, La 
Recherche, v. 10(96), p. 82-83.

PERNIER, L., 1935, II palazzo minoico de Festos. 1: Gli Strati piu antichi e il primo 
palazzo, Libreria dello Stato.

PETROCHEILOU, A., 1963, Spileo Gouvemeto Khanion Kritis, Bull. Soc. Speleo. 
Grece, v. VII(l), p. 19-24.

PETROCHEILOU, A., 1970, Spileon Milatou Mirambellou (Arithmos 55), Bull. Soc. 
Speleo. Grece, v. XI(5), p. 34-39.

PETROCHEILOU, A., 1980, Spileo Geranou Rethymnou Kritis, Bull. Soc. Speleo. 
Grece, v. XVII(l), p. 51-58.

POCOCKE, R., 1745, A Description of the East, 2 volumes, London.



164

POPE, K. and VAN ANDEL, T., 1984, Late Quaternary Alluviation and Soil 
Formation in the Southern Argolid: Its History, Causes, and Archaeological 
Implications, Jour. Arch. Sci., v. 11, p. 281-306.

POSTMA, G., n.d., Climatic and Tectonic Control of Sedimentation of Holocene 
Fan-Deltas, Brief Statement of Results and Preliminary Conclusions of our 
Investigations in Western Crete in the Summer of 1988, Sphakia Survey 
Project.

POULIANOS, A., 1968, Ein paleolithischer Fund auf Kreta, Elliniki
Anthropologiki Etairia (Praktika), p. 51-53.

RACKHAM, O., 1972, The Vegetation of the Myrtos Region, in Myrtos, an Early 
Bronze Age Settlement in Crete, P. Warren ed., British School of Archaeology, 
Athens, Thames and Hudson, Oxford, UK, p. 283-299.

RAPP, A. and NIHLEN, T., 1986, Dust Storms and Eolian Deposits in North Africa 
and the Mediterranean, Geookoodynamik, v. 7(1/2), p. 41-62.

RAULIN, V., 1869, Description Physique de ITle de Crete, 2 volumes + atlas, 
Paris.

REESE, D., 1975, Men, Saints, and Dragons, Expedition, v. 17, p. 26-30.

RENFREW, C., 1972, The Emergence of Civilization, London.

REUMER, J.W.F, 1986, Notes on the Soricidae (Insectivora, Mammalia) from 
Crete. I. The Pleistocene species Crocidura zimmermanni, Bonn. Zool. Beitr., v. 
37, p. 161-171.

SAKELLARAKIS, J.A., 1973, Neolithic Crete, in Neolithic Greece, D.R. Theocharis 
ed.. National Bank of Greece, Athens, Greece, p. 131-146.

SIMMONS, A., 1986, An Interdisciplinary Investigation into Early Cypriote 
Prehistory - Excavation and Analysis at Akrotiri-Aetokremnos, NSF Proposal.

SIMMONS, A., 1988, Extinct pygmy hippopotamus and early man in Cyprus, 
Nature, v. 333(6173), p. 554-557.

SIMONELLI, V., 1894, Appunti sopra i terreni neogenici e quatemari dellTsola 
di Candia, Atti Accad. Naz. Lincei, v. 3(2), p. 265-268.

SIMONELLI, V., 1907, Mammiferi quatemari dellTsola di Candia, Mem. Accad. 
Sci. Inst. Bologna, Cl. Sci. , v. VI(4), p. 455-471.

SIMONELLI, V., 1908, Mammiferi quartemari dellTsola di Candia II, Mem. Accad. 
Sci. Inst. Bologna, Cl. Sci., v. VI(5), p. 397-405.

SONDAAR, P.Y., 1971, Paleozoogeography of the Pleistocene mammals from the 
Aegean, Opera Botanica, v. 30, p. 60-70.



165

SONDAAR, P.Y., 1977, Insularity and its effects on mammal evolution, in Major 
Patterns in Vertebrate Evolution, M. Hecht et al. eds., Plenum Press, New York, 
p. 671-707.

SONDAAR, P.Y., and BOEKSCHOTEN, G.J., 1967, Quaternary Mammals in the South 
Aegean Island Arc, Proc. Kon. Neder. Akad. Weten., Series B, v. 70, p. 556-576.

SONDAAR, P.Y., and DERMITZAKIS, M.D., 1981, Relation Migration Land 
Vertebrates, Paleogeography, and Tectonics, in International Symposium on 
the Hellenic Arc and Trench (H.E.A.T.), April 8-10, 1981, Athens, Greece, X.L. 
Pichon et al. eds. (Proceedings), v. 2, p. 283-308.

SONDAAR, P.Y. ET AL., 1986, Pleistocene deer hunters of Sardinia, Geobios, v. 
19(1), p. 17-25.

SONDAAR, P.Y. ET AL., 1986, Late Genozoic faunal evolution and Paleogeography 
of the South Aegean Island Arc, Mod. Geo., v. 10(2+3), p. 249-260.

SPINAKIS, S., 19 , H Kriti: Touristikos - Istorikos - Archaiologikos Odigos, B’
Ditikis Kriti, V.A. Sfakianaki Publisher, Iraklion, Crete, Greece.

SPRATT, T.A.B., 1865, Travels and Researches in Crete, London.

SPRlNGHORN, R., and KACHEL, G , 1981, First identification of a live etruscan 
shrew (Suncus etruscus), insectivora Soricidae, on Crete, Greece, Z. 
Saeugetierkd, v. 46(1), p. 55-56.

STEADMAN, D., and OLSON, S., 1985, Bird Remains from an archaeological site on 
Henderson Island, South Pacific: Man-caused extinctions on an ‘uninhabited’ 
island, Proc. Natl. Acad. Sci., v.82, p.6191-6195.

STRESSMAN, E., 1956, Bausteine zu einer Omithologie von Kreta (H. Sielman), J. 
fur Omth., v. 97(1), p. 44-72.

SUTCLIFFE, J., 1973, Similarity of bones and antlers gnawed by deer to human 
artifacts. Nature, v. 246(5433), p. 428-430.

SUTCLIFFE, J., 1977, Further notes on bones and antlers chewed by deer and 
other ungulates, Deer, y. 4(2), p. 73-82.

SUTCLIFFE, J., 1988, Chewing of Bones by Deer, Abstracts to International 
Conference, Early Man in Island Environments, Sardinia, 25/9 - 2/10/88, p. 157.

SYMEONIDES, N., and SONDAAR, P.Y., 1975, A new otter from the Pleistocene of 
Crete, Ann. Geol. de Pays Hellen., v. 27, p. 11-24.

SYMEONIDES, N., and THEODOROU, G., 1982-83, New findings of fossils elephants 
on Crete Island, Ann. Geol. de Pays Hellen., v. 31, p. 113-129.

THEODOROU, G., 1986, Pleistocene Elephants from Crete (Greece), Mod. Geo., v. 
10(2+3), p. 235-242.



1 6 6

THOMMERET, Y., ET AL., 1981, Late Holocene shoreline changes and seismo- 
tectonic displacements in western Crete (Greece), Zeit. Geomorph., Suppliment 
No. 40, p. 127-149.

THUNELL, R., 1979, Eastern Mediterranean Sea during the last Glacial Maximum: 
an 18,OOOBP Reconstruction, Quat. Res., v. 11, p. 353-372.

TOURNEFORT, M.P., 1718, Relations d’un Voyage du Levant.

TREVOR-BATTYE, A., 1913, Camping in Crete, London.

TZEDAKIS, J., 1970, Arkhaiotites kai mnemeia Dytikis Kritis, Archaiologikon 
Deltion, v. 25B(2), p. 465-478.

VALLIANOS, C., 1984, Les oiseaus observes en Crete, Bio. Gallo-Hell., v. 11(1), p. 
111-129.

VAN ANDEL, T., and SHACKLETON, J., 1982, Late Paleolithic and Mesolithic 
Coastlines of Greece, J. Field Arch., v. 9(4), p. 445-454.

VAUFREY, R., 1929, Les Elephants nains des iles Mediterraneennes et la 
question des isthmes pleistocenes. Archives de L'institute de Paleontologie 
Humains, Memoire, v. 6, p. 1-220.

VITA-FINZI, C. 1969, The Mediterranean Valleys, University of Cambridge Press, 
Cambridge, UK.

WALDREN, W.H., 1982, Balearic Prehistoric Ecology and Culture, BAR
International Series 149, Oxford, UK.

WATSON, G.E., 1964, Ecology and Evolution of Passerine Birds on the islands of 
the Aegean Sea, unpublished Ph.D., Yale University, New Haven.

WEINBERG, S.S., 1970, The Stone Age in the Aegean, in Cambridge Ancient 
History (2nd edition), University of Cambridge Press, Cambridge, UK, v. 1, p. 
557-618.

WERNER, F., 1930, Contributions to the knowledge of the Reptiles and 
Amphibians of Greece, especially the Aegean Islands, Occassional Paper of the 
Museum of Zoology, University of Michigan, Ann Arbor, Number 211.

WEESIE, P.D.M., 1982, A Pleistocene endemic island form within the genus 
Athene: Athene cretensis n.sp. (Aves, Strigiformes) from Crete, Proc. Kon. 
Neder. Akad. Weten., Series B, v. 85(3), p. 323-336.

WEESIE, P.D.M., 1985, Preliminary Report on the Pleistocene Birds from Crete, 
in L’Evolution des Oiseaux d'apres le temoignage des Fossiles, C. Mourer- 
Chauvire (coord). Table Ronde internationale du CNRS, Lyons-Villeurbanne, 
18-21 Septembre 1985, p. 197-200.

WEESIE, P.D.M., 1987, Quaternary Avifauna of Crete, Greece, unpublished Ph.D. 
dissertation, Utrecht University, Utrecht, The Netherlands.



167

WHITE, C.M.N., 1939, A contribution to Ornithology of Crete, Ibis, v. 3, p. 106-136.

WILLEMSEN, G.F., 1980, Comparative study of the functional morphology of 
some Lutrinae, especially Lutra lutra, lutrogale perspicillata, and the 
Pleistocene Isolutra cretensis, Proc. Kon. Neder. Akad. Weten., Series B, v. 86(3), 
p. 289-326.

i '
WILLEMSEN, G.F., 1990, A Revision of the Pliocene and Quaternary Lutrinae 
from Europe, unpublished Ph.D. dissertation, University of Utrecht, Utrecht, 
The Netherlands.

ZAMANI, A. and MAROUKIAN, H.< A morphotectonic investigation in 
northwestern Crete: the peninsula of Akrotiri, Z. Geomorph. N.F., Suppli. v. 40. 
p. 151-164.

ZOHARY, M., and ORSHAN, G., 1965, An Outline of the Geobotany of Crete, Israel 
Jour. Bot., v. 14(suppliment), p. 1-49.


