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Abstract

The river system of West Macedonia comprises the headwaters and western
extent of the Aliakmon watershed. This region has a unique and highly complex
geologic history (Rassios, 2008; Rassios, 2011), many aspects of which can be
inferred by examining conglomerate (river-cobble) formations in the region. These
Publication History: formations contain all rock types found within the modern-day river basin, as well as
some which are not found within today's basin. River-deposited sediments and cobbles
found along today’s Aliakmon and Venetikos River systems trace the courses of
ancient river flows, and thus provide information about past climatic conditions and
tectonic events. The sediments making up conglomerate formations in the region are
mature, containing cobbles which have been transported, consolidated, eroded and
redeposited up to five times (Rassios and Grivas, 1998). This recycling of cobbles
leaves only the most durable rocks while softer rocks are destroyed via abrasion.

Prehistoric peoples availed themselves of this concentrated and convenient selection
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of high-quality stones for the purpose of fashioning tools and weapons.
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To motdyio ovatnuo. ¢ Avtikng Maxedoviag wepilopfaver Tnyés vootog kabwg Kot

Iepiinyn

OVTIKI] EMEKTOON THS DOPOAOYIKNG Aekavng tov Alidruova. Avty n mepioyn Exel o
novookn kou eloupetikd oovletn yewloyiky iotopio. (Rassios 2008, Rassios 2011),
TOAAES TTVYES THG OTolag UTopodY vo. cvvoyBody ue v e£éTaoch TV KPOKALOTAYWY
(rotdpiwv-Aibivav) oyxnuatioumy oty mepioxy. Avtol o1 GYquUoTIGUOT TEPIEYOVY OLOVG
TOVG TOTOVS TETPWUATWY TOV PPIOKOVTIOL OTH AEKAVY OTOPPONS TOD TOYYPOVOD TOTOLUOD,
Kabag kor opiouevovg mov dev Ppickovion uéoo. oty onuepvyy Aexavy. To i{uazo.
oty arobéaewv kot o1 Aiot wov Ppédnray ota anueptva ovotiuate Tov AAiKuova.
Kar Tov Bevétikov motauod eviomi{ovy TIC TOPEIES TWV apYaimV POMV TWV TOTOUMDY KOl
TOPEYOVY TANPOPOPIES VIO, TOAGIOTEPES KAIUATIKES OVVONKES Kl TEKTOVIKG, Yeyovota. Ta
1{nuoto. Tov oYnUOTILOVY KPOKOAOTAYEIS CYNUATIOUODS OTHV TEPLOXN EIVAL MPIUO,
TEPIEYOVY KPOKAAES OV EYovy uetapeplet, ovumayomonbel, oiofpwlei ko evamoreOsi
uéypr wévre popéc (Rassios and Grivas, 1998). Avti 1 avoaxdkiwon twv KpokoAdy
OQPNVEL UOVOV TO. TIO OVOEKTIKG TETPOUATA, EVO TO. UOLOKOTEPO TETPMDUOTO.
Karootpépoviar drauéoov s tpifns. O1 mpoiotopixol looi exwpernbnkoy ovths e
OVYKEVIPWUEVNS KoL PLOAKNG ETIAOYIG DWHING TOLOTHTOS TETPWUCTOV UE OKOTO THV

KOTOOKEDY] EPYOLEIWV KO OTAWV.

Aé&Earg kKhewona: Aifoi, [lotdpues amobéoeis, Avtikny Maxedovia, 'ewloyikn lotopio

1. Scope of the Present Paper

The present study is a synthesis of published and unpublished geoenvironmental,
archeological and industrial research and general observations of the cobbles
found in the Aliakmon-Venetikos drainage basin of West Macedonia, Greece.
Our intent is to present an accessible introduction and summary of this
information for geoscientists of various specialty fields and experience, as well
as archeological interests. These river deposits also make for popular

destinations of geotouristic interest.

2. The Setting
The drainage basin of the Aliakmon River and Venetikos River systems of West
Macedonia (Greece) contains the headwaters and western reaches of these river

systems (Figure 1): the drainage basin is bordered to the west by the Pindos
21
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Mountain range, and to the east by the VVourinos range. The Aliakmon River
flows south-southeastward between these two cordilleras within the geologic
terrain referred to as the Mesohellenic Trough, a subsiding piggyback basin of
Paleocene to mid-Miocene age (Vamvaka et al., 2006; Brunn, 1956). The
surface geomorphology of this basin today is characterized by a topography of
flat-topped buttes and steep-walled stream valleys. Downstream from the
confluence of the Aliakmon and Venetikos Rivers, the Aliakmon curves
eastward towards Mt. Vounassa (Fig. 1), then northward towards Mt. Vourinos
and finally bends northeastward and continues into the neighboring province of
Central Macedonia, where it empties into the Thermaic Gulf along the Aegean

Sea.

The lithology of the Mesohellenic Trough in the region of the catchment basin
of these river systems consists of a thick (up to 5 km) sequence of sedimentary
rocks. The oldest rocks at the base of the sequence were deposited in the
Paleocene on the remnant floor of an ancient ocean, the Tethys, which itself

dates from the Triassic.

The base of the Mesohellenic Trough sedimentary sequence consists of
conglomerate deposits including clasts as large as ~4 m down to several cm. As
the Tethys ocean slowly receded, the environment transitioned from deep sea to
shallow coast, then to tidal flats and deltas by the Miocene, and finally to a
completely continental environment where rivers were the defining hydrous
feature. Conglomerate interlayers are common throughout the Mesohellenic

section (Ferriere et al., 2004).
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Fig. 1: Geological map of West Macedonia with the Aliakmon River and

tributaries. Box shows the area of detailed in Figure 4.

3. The Action of Water

Rivers erode, accumulate, shape, transport, deposit and recycle rock material.
They are one of the most powerful forces on Earth. The land around rivers is
continuously shifting as river banks grow, shrink, jump or collapse. Unlike the
annually miniscule movements of plate tectonics, the effects of rivers on the
landscape are observable by everyone over the human lifespan. On a short term,
rivers can break out in a terrifying spectacle of catastrophe; their day-to-day
action is an endless process of carrying material away and putting it elsewhere.
Water will pick up anything it can, carry it as far as it can, and drop it when it
becomes too burdensome for its flow to support. This simple, prosaic property
of moving water creates the different kinds of sedimentary rock of West
Macedonia: the finely bedded mudstones are the work of “lazy” water, while the

coarse conglomerates were formed by more “energetic” water.
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Fig. 2: (a) Loose cobbles along the Aliakmon River. (b) Same image, ages of

cobbles labeled.

Thus, the type of sediment in a rock formation is indicative of the environmental
conditions at the time it was being deposited. Large cobbles or boulders were
dislodged and carried by highly energetic flows such as floods or rapids. The
abrasion of larger rocks produces fine sand and silt—tiny particles which can be
carried great distances, suspended in the water in low-energy, meandering rivers.
This material is eventually deposited in sand bars or large deltas (Reineck and
Singh, 1973).

Thick sedimentary sequences made up of huge volumes of coarse-grained rock
indicate rapid changes in the environment such as uplift (mountains rising) or
the retreat of glaciers, which would have released torrents of water and sediment
down the mountain slopes as the Ice Ages waned (Blatt et al, 1972). The water
of ancient rivers has long since been dispersed, but the rocks and sediment left

behind can shed light on the conditions of the past (Figure 2).

We can take an overview of the history of tectonic plate movements and climatic
change by examining river cobble deposits, making them a valuable first stop at

the beginning of any geologic investigation of this region.
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Fig. 3: Conglomerate formations in various stages and types of abrasion,

forming new cobble deposits alongside the Venetikos River.

(@) Outcrop of mature consolidated conglomerate (Tertiary) along the Venetikos
River, with stream erosion channels. Cobbles are mainly derived from
crystalline rock units within or adjacent to the Pindos ophiolite.

(b) Close-up of the clast-supported conglomerate within 3a.

(c) Aerially exposed section of the conglomerate showing facies changes and
erosion of vertical joints, creating vertical cliffs.

(d) Close-up of aerially exposed section showing distinctive erosion by
precipitation.

(e) Cobble (Tertiary erosion) of older conglomerate. This formation has been

recycled numerous times, leaving only the most resistant material.

4. History of the Stones

River stones in West Macedonia have been through the cycle of erosion,
transport and deposition many times (Figure 3). As ancient rivers shifted their
banks, dried up or changed direction, the same cobbles were again and again
eroded from their beds and tumbled downstream, eventually dropping to become
part of a new sedimentary conglomerate formation. Mapping the location and
extent of these formations, we can see the courses of ancient rivers which flowed
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in directions different from those of today. Some of the cobbles we see along

today's river banks have been recycled up to five times (Figure 4).
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Fig. 4: Map of a section of the Venetikos River (see Fig. 1), a tributary of the
Aliakmon. Much of the modern, unlithified sediment (cobbles, gravel and sand)
along the banks of the current river is derived from conglomerates of the Plio-
Pleistocene, which were derived from still older conglomerate formations. “Q1”
is the present cobble formation within the river banks. “Q2” consists of a soil-
sediment formation covering parts of “Q1.” “Q3” is talus, including cobbles,
from hillside erosion of older rock formations. Pl — Plst are Plio-Pleistocene
layered rocks, including cobble-bearing conglomerate horizons. “Mo” is
Tertiary-age Mesohellenic Sediments, well-layered series of sand and
mudstones with cobble-bearing horizons. From these relations, the present
cobble formation is exposed and covered in the areas of Q1, Q2, and Q3. From
Rassios and Grivas, (1998).

West Macedonia has a diverse geological profile, including lithologies dating
from the late Precambrian, upper Paleozoic metamorphics, limestone dating

from the Cretaceous, lithospheric rocks of the Jurassic ophiolitic units of region
Geological Society of Greece 26
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(mantle peridotite, ultramafic and mafic cumulate rocks, lavas, cherts and ocean
floor sediments) (Figure 5): these are overlain by Tertiary and Quaternary
sandstones and mudstones. Non-metamorphosed sedimentary rocks formed in
the vast, ancient ocean Tethys, which disappeared from this area about 40
million years ago. In the eastern part of the province are metamorphic rocks of
the Pelagonia massif, an even more ancient (oldest rocks identified so far at
nearly one billion years old; Zlatkin et al., 2014) continental fragment. River-
deposited formations are therefore a “rock salad” with cobbles derived from all
rock types in the region (Figure 5). A person walking along the banks of the
present-day Aliakmon or one of its tributaries may pick up cobbles derived from
rocks that were originally far apart geographically, geologically, and

chronologically.

When a piece of rock is eroded from its parent rock and picked up by moving
water, the tumbling and scouring action of the water and suspended sediments
wears down the rock until it becomes nearly spherical (Domokos et al., 2014).
Only the most durable rocks can withstand repeated cycles of erosion and
transport, while softer rocks disintegrate quickly, thus “winnowing” the variety
of rock types down to leave only the hardest cobbles (as exemplified in the
representative cobble count shown in Figure 6). Mature conglomerates such as
those along the Venetikos River are made up of highly rounded cobbles of hard
crystalline rocks in a sandy matrix composed of remnants of softer rock units.
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Fig 5: Representative river cobbles of major provenance areas in West
Macedonia, Greece.

(@) Late Proterozoic granitic rock (unakite) from the Pelagonian formation.
Recovered from Sourtsa River.

(b) Granite of Paleozoic age, Pelagonian Formation. Recovered from Venetikos
River.

(c) Greywacke conglomerate cobble from Pelagonian formation (Permian?)
Recovered from Aliakmon River.

(d) Cobble derived from a late Permian quartz vein, provenance Pelagonian
formation. Recovered from Venetikos River system.

(e) Mid-Triassic chert of early Tethyan. Recovered from Aliakmon River.

(f) Jurassic basalt from the Pindos ophiolite upper lithospheric section.
Recovered from Venetikos River.

(g) Late Jurassic (?) oceanic conglomerate derived from the VVourinos Ophiolite.
(h) Jet (gem-quality lignite) from Aliakmon River, source rock Mesohellenic
Sediments near Felli Village.

(i) Consolidated breccia-conglomerate from late Pleistocene debris fall of Mt
Vounassa (Deskati). From Aliakmon river cobble deposit.
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We estimate the following periods of erosion of material from provenance
localities, formation of cobble deposits and conglomerates, and periodic
recycling of cobbles:

1. Permian (?): The Pelagonian formation (Proterozoic — Jurassic) was eroded
and contributed lithologies to the conglomerate formations in both recent (Plio-
Pleistocene) and Miocene eras. Intraformational conglomerate deposits, such as
the wackestone of Figure 5c date to even older erosional events.

2. Jurassic-Cretaceous Unconformity: The ophiolitic massifs of Vourinos and
the Pindos were rotated prior to deposition of Cretaceous reefal formations.
Conglomerate formations are noted along this horizon.

3. Cretaceous: Reefal limestone has been eroded both in geologically recent
times (within the Orliakas area, during Portitsa Gorge formation), and includes
several horizons of presumably late Tethyan period intraformational
conglomerate or debris flows.

4. Miocene: The base of the Miocene within the Mesohellenic Trough consists
of coarse conglomerates derived from the lithologies onto which they were
deposited. For example, above a gabbroic formation, the cobbles within the
conglomerate at the Mesohellenic base are gabbroic.

5. Plio-Pleistocene: Base of Plio-Pleistocene consists of gravel-cobble rich
deposit that comprises the regional aquifer of the area.

6. Quaternary: Quaternary cobble deposits include material from at least three
phases of erosion of parent rocks (including Tertiary and Plio-Pleistocene
deposits) as well as recycling and redepositing pre-existing (pre Tertiary and

older Quaternary) cobble formations.

Site #1: Near Old Paliouria Bridge

[[] Chert

[l Calcite (veins)

[l Conglomerate

[l Basalt(Diabase)

[ Gabbro

[[] Gneiss/Mica/Gamet Schist

[l Greenschist/Amphibolite/Green
rock(?)

[l Harzburgite, Serpentinised
[l Limestone

[ Marble

I Marl

[ Peridotite

Gneiss/Garnet or
Mica Schist

[ Quartzite
 Phyliite

[l Sandstone/Siltstone
[[] spillite

[l Serpentinite

[H Troctolite

Base Point:

Site #2: South Side of River from Panayia Monastery

Base Point:
USR 82958 25426 | N39°58.780° E21°45.422' Elevation 342m USR 87648 28855 | N40°00.640' E21°48.720' Elevation 345m

Fig. 6: An example of a cobble-counting study from two locales along the
Aliakmon River. From Lau, 2006. Students used the results of cobble counts

to pinpoint in situ outcrops and contacts that were obscured by vegetation.

29




Owing to the constant recycling of conglomerate deposits within previous river
formations, today’s river sometimes contains rocks from outside the modern-
day river basin. One example is the occurrence of occasional gneissic or granitic
cobbles found along the Venetikos River, a west-east-flowing tributary of the
Aliakmon (Figures 1, 4), that have provenance to the east of the Aliakmon within
the Paleozoic rocks of the Pelagonian (near Deskati) and even perhaps from as
far as Florina: that is, far from the drainage basin of the Venetikos. Today, the
Venetikos flows west to east, into the Aliakmon and thence to the Aegean. These
scattered Paleozoic-late Precambrian cobbles were therefore carried away from
their parent rocks in the east and deposited by a predecessor river (or perhaps
many predecessors) that flowed east to west, likely into the lonian Sea. This
older contrary stream flow implies that “something” caused the predecessor
Venetikos to change flow direction: it seems that this “something” most likely
correlates with the tectonic uplift of the Pindos Mountains during the lower
Tertiary. Thus, the distribution of cobble lithology and provenance is related to

the uplift of the Pindos range.

6. River Stones and Humans

Hominids inhabiting the West Macedonia area during the Pleistocene and
onwards certainly took advantage of the proximity of rivers for water, food and
migration corridors (Panagopoulou et al., 2006), but they also benefited from
the condensed mixture of durable rocks to be found among the local river
cobbles, compared with many other cobble-poor regions of Greece (Wilke and
Savina, 1997). They would have been able to choose from among a variety of
stones with different properties, suitable for making various tools, and already
of a convenient, transportable size and shape. Coarsely crystalline rocks like
granite or gabbro would have been ideal for grinding and pounding tools, while
fine-grained rocks like chert and serpentinite were suitable for shaping into
delicate blades or the heads of weapons. In particular, stone tools made of
ophiolitic-source plagiogranite are common within the Neolithic museum
collections across Greece. While plagiogranite occurrences are somewhat rare
(limited to minor regions within the Vourinos and Pindos ophiolites regionally),
they are originally a hard lithology of small homogeneous grainsize (feldspar,
quartz, amphibole; ~0,3 — 1 mm; Rassios, 1981) and are well-represented in the
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cobble deposits along Aliakmon and Venetikos River (Figure 7). Plagiogranite

stone tools in other regions of Greece lacking plagiogranite provenance rocks
suggest early trade among prehistoric populations. The river bank would have
been in effect a Stone-age hardware store where people could pick and choose

from all the available compositions, sizes and shapes of rock, in one location.

In 1998, the Institute for Geologic and Mineral Exploration (IGME) of Greece
conducted a study of various rock units of West Macedonia, including
Quaternary cobble deposits along the Venetikos River, to determine their
suitability for high-friction surfacing material (highways and rail lines). Various
abrasion tests and environmental/feasibility studies ultimately rejected the
cobble deposits for this use, but the abrasion tests showed that as a bulk material,
the cobbles are highly resistant to abrasion, and were even reported to have
broken the testing apparatus (eg., Test LA Abrasion 20.3 — 24.8% and Micro-
deval; Grivas and Rassios, 1998). Our manmade contraptions are no match for
rocks that have passed Nature’s abrasion tests for so many millions of years.

They are the toughest of the tough.

Fig. 7: Neolithic Hand Axe. (a) Macrophoto of plagiogranite within cracked
surface. Plagiogranite is an isotopic-fabric lithology, all minerals (quartz,
feldspars) with hardness of 6-7 on Moh’s hardness scale. (b) Remnant of
Neolithic hand axe found along banks of Venetikos Rivers (M. Wilke pers.

comm.)
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7. Conclusion

River-deposited formations in the west Macedonia region reflect the complexity
of the area’s geology and offer many clues to past tectonic and climatic events.
Cobbles from this region have also had an impact on the history of human

civilization and modern industry.

The sedimentary deposits left behind by rivers in this region tell the story of the
Earth, from the remains of billion-year-old landmasses and lost oceans, to the
rise of mountains, the Ice Ages, and the dawn of human civilization. Pieces
from these old chapters in the story are continually finding their way into the

new chapter, recycled by the relentless action of moving water.
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