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Abstract 

The purpose of this research is to comprehend the geological and stratigraphical
 
evolution ofFlorina, Ptolemaida, Kozani and Sarandaporo graben. This graben ex­

tends North ofthe Greek borders and is more than 150 Km long.
 
The activity ofbig and profoundfaults ofNW-SE direction, in NW Macedonia, after
 
the end o.lthe Alpine orogenesis cycle and during the Early Miocene was related to
 
the formations' deposition.
 
A large number of samples were collected from drill cores for the examination of
 
palynology, paleo/lora, fossils, and diatoms in order to determine the formations'
 
sequence and age.
 
The basement and the borders of the depression, belong to the Pelagonian geotec­

tonic zone. The deposition of the Early Neogene's series is following. During the
 
Late Pliocene the previous series, is developing into a lacustrine-marshland system,
 
resulting to the deposition ofLate Neogene's seriesformatiol1s. In the QuartenOlY
 
the following fOrmations are deposited: Proastion formation, Perdika formation,
 
terrestrial,fluvial-terrestrialformation, recentformation.
 
Four (4) phases of lignitogenesis have been specified, mainly in the Ptolemaida ­

Amynteo basin.
 
In this graben they have been deposited the most important lignite deposits of
 
Greece.
 
Key words: lignite deposits, NW Macedonia.
 

Mcra TO nipac; rov AAmKov opoyeW:TlKOV ICVKAOV ICW Kara r17 ~laplCE;za. rov KarwrE;­
pOV MUcJICWVOV, (JrJ7V nE:pLOxJj T17r; ELl MalCE:~ovia~- -onwr; ICW (Je OAO rov EAAa6lKo 
xwpo- apxi(E;1 tvac; ivrovor; p17Yflaroyovoc; wcrovl(JflOC;. AnoriAMfla avrov ICW E;¢W­
Tiar; T17r; ~pa(J17r; fley6.lwv Kat {JaBl(hv P17YflaTcuv, ICVpWr; 61WBvv(J17r; BLl-NA, 617fllOVP­
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A77VlKWV avvopwv TrpOr:; Boppo. KW tXcl fl1KOr; pcyaA/>r:cpo row 150 Km. Eva. flry6Ao 
Tr),r,8or; 6cQWY:r:wv "Ita. T'1V c!;tTacJq Tra}.aLOX)wp it5ar:;, (jWTOpWV, TrMVVOAOylKwv c(cr6.­
"CWV KW aTro},reWpo.TWV, flI;' a/(()Tro TOV aKp11J1 Trpoa(jlOp1CJflO D7r; r/}dKiar; TWV t5wrp6­
pWV UXl7flavaflcav, }.r,rpe'1Kc COTO TOVr; lWp77vSr; TWV yswrp77CJcwv. 
To VTro/Jo.epo KW W TrSpleWplo. rov /Jveiaflaror:; avTOV, ycwrSKTOVIK6. av1Kovv ert'1V 
IIdayovlK1 (caVIl. AKO},Oveei '7 aTrOeSCJl7 Tl7r:; Ko.Twrsp77r; Nwysvovr:; aSlpo.r;. Ka.rei rr/ 
(jUiplCSIO. TOV avchrspov [D.sIOKaivov, '1 TrapaTro.vw aSlpo. e(diaacrw as tva AlflVo.io ­
dwbi:,'r:; aVCJTI7fla, /-IS aTrQTD.i;,afla TlJV cmo8r:m7 W)V UX77flaTlapwv T'1r:; aVcVTE:p'1r; Nr::oyr,­
vovr:; aelpar;. LTO Tswproysvtr; aTroTiBsvWl 01 Tro.po.d1,TW aXlJparzapoi: Lx'1J.lO.TlapOC; 
IIpoaarE:iol), LX'1parzaflor; IIsp(5iKa, XPC/O.iOl, IIOUl.J.lO - xepCJaiol eJ'X'7J.La.Tlapoi, TrPO­
arparOl CJXl7panapoi. 
TtaoEprr; (4) cpo.acIC; AlyVlToytvCCJ'1r; txovv TrapaT'1p'1esi, Kvpra aTI7V },CKo.VlJ IIroAspai~ 

Jar; - Apvvraiov. 
LS aVT1 Tl7V rSKTOV1K1 racppo txovv svromaeE:i TeL Kvplorspa E}.)..'1V1Ka. AlYVlTlKo. KOl­
ro.apaw. 
Ai~w:; K).SlJui: .A.ryvlTl/ai KOlro.apaw., Bi1. Mwm)ovia. 

1. Introduction 

This work is the result of a long-lasting research (more than 55 years) carried out by several col­
leagues who worked in the Geological Institute of Greece, (previously called Geological Service, 
Institute of Geological Research of Subsoil, National Institute of Geological and Mineral Explora­
tion, Institute of Geological and Mineral Exploration), an Institute which has always beeu the main 
center for research in the Energy Resources in Greece. 

Some hundred thousands of meters of drill cores were studied and were evaluated, for better de­
termination of the formations sequence and age as well as the tectonic activity in the area. For that 
purpose a large nnmber of samples were collected from the drill cores for the examination of paly­
nology, paleoflora, fossils, and diatoms. 

2. Development - Geological evolution of Graben 

After the end of the Alpine orogenesis cycle and during the Early Miocene, an intense tectonic 
faulting begins, in NW Macedonia, as well as allover Greece. The activity of big and profound 
faults of NW-SE direction, results to the development of the Florina, Ptolemaida- Amynteo, Ko­
zani- Servia and Sarandaporo graben. This Graben extends North of the Greek borders in 
F.Y.R.O.M. (Monastiri area), and is more than 150 Km long (Fig. 1). 

In this newly created graben some areas, such as Kozani, Xino Nero - KJidi and others, (Fig. 2) are 
preexistent elevations, which under the influence of faults (NE-SW) vertical to the previous, he­
have as elevations, or as constant and durable masses in the synizesis, in reference to the other 
areas of the graben. These elevations separated the graben in many basins (Florina, Amynteo, 
Ptolemaida, Kozani and Sarandaporo), which some times were autonomous and other times com­
municated, thus having common geological development. In both cases, we observe during the 
Neocene and Quaternary, the same or homologous formations along the graben. 

The basement and the borders of the depression, belong to the Pelagonian geotectonic zone (Fig. 
3). These fonnations mainly occupy the east and south-southwest borders of the graben. The west 
and northeast borders consist of by the Paleozoic formations of the crystalline basement of the 
Pelagonian mass. 

During the Late Miocene-Early Pliocene, the graben and mainly the basins in it begin to fill with 
terrestrial, fluvial, torrential, lacustrine and marshy deposits. Thus we have the deposition of the 
Early Neogene's series (Figs 4,5), in which we find the large lignite deposits of"xylitic type". 
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Early Neocene IS LXHMA rEOTEKTONIKON ZONON THI EMAtJ.OI 
MAP OF GEOTECTONIC ZONES OF GREECE 

developing in the east ) 

borders of the graben, I 

with the known lignite 
deposits of Florina, 

) 

Komnina, Anatoliko, 
Lava etc. where its 
thickness declines gradu­
ally to the west. 

During the Late Pliocene 
the series that was 
described earlier, IS 

developing into a 
lacustrine-marshland 
system, resuLting to the 
deposition of Late 
\ieogene's series 
fonnations (Figs 4, 5). 

Due to the tectonic 
activity and the 
paleogeografical and 
paleogeomorphological 
conditions that prevailed 

(I "M E 1983)
this period, this system 'Figure 3 - The position of the Graben ("A" region) in relation 
occupies the entire PtoL­ to the Greek geotectonic zones 
emaida - Amynteo basin, 

Figure 1 - Map of Florina-Ptolemaida Figure 2 - Map of Graben with ridges 
Kozani and Sarantaporo basins 

The Early Neogene's series extends in the entire graben. Its main volume is developed in the east 
borders of the Ptolemaida- Amynteo basin where it exceeds 600m of thickness, in FLorina basin, in 
the south of Kozani-Servia basin, as well as in Sarandaporo basin. As we see in Fig. 6, the lignite 
bearing fomlation of the 
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with the exception of the east-northeast section, the Kozani-Servia basin and finally reaches in 
small endings the southeast section of Florina basin (Fig. 7). 

These formations are lake, lacustrine-swampy, and marshy deposits. Their age is determined at the 
limit of Early and Late Pliocene. 

In this series we find the known large lignite deposits of Pto]emaida-Amynteo and Kozani basins, 
such as those of "South Field", Amynteo, Petrana etc. (Fig. 8). 

The houdite and hydromagnesite deposits are locating in the upper formations of the Kozani basin. 

The thickest parts of this series, about 500m, were observed in the central and west section of the 
Ptolemaida-Amynteo basin (Proastion deposit). Also in this area the thickest lignite seam (385 m) 
and lignite bed (60 m) were observed. This is the result of the ideal conditions concerning the rela­
tion of synizesis and deposition. The depositional rate of the vegetable mater followed the rhythm 
of the synizesis leading to the big Ptolemaida-Amynteo deposits. 

A normal transition from the underlying formations of the Early Neogene's series (Late Miocene­
Early Pliocene), to the overlying formations of the Late Neogene's series (Early-Late Pliocene) is 
observed. The absence of these formations in Florina, Sarandaporo basins and the east-northeast 
section of the Ptolemaida-Amynteo basin, is due to the tectonic activity of this period, which re­
sulted to the rise of these sections of the graben. 

After the deposition of the Neogene's formations, begins the deposition of Proastion formation 
(Figs 4, 5) during the Early-Middle Pleistocene (Villafrangian). They are fluvial, fluvial - torrential 
deposits. 

HORINA B.:"51"'1 PTOl€M~13 At.!'(NTEON 6A~t"l ~_ I<OZANI·SEI1V1A MS!t~ -1-sA"lANT':"F>OROS BAS1NI-+1­
!l,l~l.1Tt ~CFl 

AN":'RGI~jKCt\lNIHA ....ROASS~ 
JllUA"'EA ""~ !'IQIANl..... AREA :SAANrrAJ'G~C$ 

AIlEA"'... """ 

/ 
/ 

/ 
/ 

aU;T;RNAR~ (G v;.~~'IS 
_NEOGE.NE: EARLY. MIDDLE PLEISTOCENE (G.V*",AAOWi!I$ _LATE MiOCENE . ~Fl1.Y PlIOCE1H: F~"mton of PIOUuon: IIt<ll '&'«s~ 

'~m.1tIo"Q'(e4()u~u:rie"S; Cot>p~.-I .. mr.'.. ~,aa.,loU"'Il_ l.b;.",.0:19I~~, ~nd.,fii;..... 
F"'fr..."lkJnofPtf'dlk,U"nd~.lor""Tfe~J 

flolft\3,lIO!l~tNrt",~~"u' s:.-l.~JmtlI.p.tMfIil;M~.C~~ 
S:~."J""'1'I.Cl'lOlfeOU~.'~d 1.1100lE PLEJSTOCENe pUnlmOIJl>M,._llIWl,)1id, 

_ FOIlI'Ixlon(J(t:ongJ_,...~t"a"'l!koi""·ti.... ~oo..u:lonl(1l'~l"f!ti;~~ 
·_·(;t)Qg~~."'l1..cl.I1·~.el(;ar"LATE PUOCEIIIE 

OI.OCENE 
S-,"""",diIp'ljri..-lftv ....ril.. 
FOtfN1kIf>ofl*tcf'Ir09'!'lM!s,wu 

- :r"':~~,:.:~~~~rtXlc 

M£SOZOfC 
TRIASSIC· JURASSIC 

I'olnution Q/ bu~melll: 

-~~::~~
lin...... 

~lJgnlt~ 

Figure 4 - Stratigraphic correlation between lignite basins of Florina, Ptolemaida -

Amynteon, Kozani and Sarantaporo
 

This formation is limited mainly in tbe Ptolemaida- Amynteo basin and the southeast section of 
tbe Florina basin (Klidi area) (Fig. 9). An unconformity witb the underlying Neogene's formations 
is observed. The main volume of this fonnation, as well as its stratigraphy, is observed in the ho­
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monymous area of Proastion. 

After the deposition of the Proastion formation, a strong, fault tectonism, of northeast-southwest 
and east-west main direction is observed, because of which new smaller basins were created inside 
the preexistent ones, for example the Ardassa-Vegoritida and Anargyroi-Petron basins. At the 
same time elevations are formed, or these that already exist amount more. Generally this tectonism 
along with the preexisting one created the present morphology of the graben. 

The deposition of Perdika formation follows (Figs 4, 5), mainly in the new basins that are formed 
within the Ptolemaida-Amynteo basin, after the tectonics that has already been described (Fig. 10). 
These are fluvial, fluvial- torrential and lacustrine-marshy deposits. A new phase of thick lignito­
genesis, with small beds of lignite and thick intermediate wastes is observed. (Fig. 11). 

During the Middle Pleistocene we have the deposition of one terrestrial, fluvial-terrestrial for­
mation (Fig. 5). This formation is stretching in the southeast section of the Florina basin, in major 
part of the Sarandaporo basin, in the southeast borders of the Ptolemaida basin and around the Ko­
zani- Servia basin. In most of Sarandaporo basin, this fonnation is corroding the Early Neocene 
series formations and acquires its major thickness (Fig. 12). 
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On the surface we observed contemporary low thickness terrestrial depositions, like eluvia man­
tles, alluvial depositions and alluvial fans. 

Likewise during the Holocene we have deposition of peat in the lakes Chimaditida, Zazari and 
Vegoritida, where we also observe the last phase of lignitogenesis (Fig. 13). 

A schematic representation of the Kozani-Servia basin's paleogeographic evolution is given in Fig. 
14, through the different geological periods. The evolution of the entire graben is about the same. 

3. Geology - Stratigraphy of the Graben 

The basement and the borders of the depression belong, as mentioned above, in the Pelagonian 
zone and consist of hemi-crystalline to crystalline Triassic-Jurassic limestones, marbles, dolomites 
and schists. In many places there are lenticular intercalations of phyllites, like in the elevation of 
Kozani. Also around the city of Kozani and in the west and south of the Kozani-Serbia basin, we 
observe Jurassic ophiolite rocks. The Pelagonian zone formations also consist of other rocks and 
occupy mainly the east and south-southwest borders of the graben. The west and northeast borders 
are composed by formations of the Paleozoic crystalline basement of the Pelagonian mass, and 
mainly consist, of gneissoschists, granitogneissous and crystalline schists. Similar rocks are also 
found on the borders of the Sarandaporo basin. We should also mention the known granites that 
can be observed on the west borders of the Florina basin. 

During the Late Miocene-Early Pliocene, the tectonic fault and mostly the basins included in it, 
begin to fill with terrestrial, fluvial- torrential, fluvial, lacustrine-Ouvial, lacustrine and marshy 
depositions. Thus indicates the deposition of the Early Neogene series (Figs 4,5,6). The series age 
is determined through the diatoms examination (E. Velitzelos), the paleobotany (Schneider and 
Velitzelos [973, 1976, 1977) and the palynologic examiuation (Ioakeim and Vasileiou 1982, 
loakeim 1985), as Late Miocene (;)- Early Pliocene and is comprised, from bottom to top, by the 
following fOTIllations: 

Figure 6 - Location map of lignite forma­ Figure 7 - Location map of late Neo­

tion of late Neogene's series gene's
 

Initially we have the deposition of talus, terrestrial and fluvial- torrential sediments (Base forma­
tion - Fig. 6) which consist of breccias, whose elements are in proportion to the underlying or 
nearby basement rocks, conglomerate, disk-shaped stones with varied size elements, in alternation 

- 166­
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with sands, clays and mud. The dominating color is red- red brown. 

This fonnation fills and smoothes the inegular surface of the first graben basement. Because of 
this the fonnation's tbickness varies from one place to the next and sometimes can vary from a 
certain minimum to several tens of meters. Indicatively we report, that the thickness in the 
Komnina area is 80m. The base fonnation expands all over the graben. 

Stratigraphically fluvial deposits lie on the previous base formatiou (Fig. 5); they consist of fine to 
coarse sands sometimes clayey, and clays in some places sandy. There are inteIierences of pebbly 
and granule bearing layers, hard sandstone horizons, as well as conglomerate layers (clastic for­
mation) (Fig. 5). Green and green-gray are the prevailing colors. Naturally, in every section of the 
fluvial system, we find the corresponding sediments. 

The lacustrine- fluvial and marsby deposits (lignite bearing formation) (Fig. 5) overlying the 
previous fonnation, consist of sands, clays with plant remains, xylite pieces and lignite beds of 
"xylitic type", in alteration with silt and rarely marl. Green and green-gray are the prevailing col­
ors. The biggest "xylitic type" lignite deposits are hosted in this formation, like those of Florina 
(Kotis et af. 1992, 1995, 1996, 1997), Komnina (Koukouzas et af. 1984), Lava etc. 

This system develops in a clearly lacustrine environment and occnpies almost entirely the graben. 
So, we bave the deposition of the sdts (Silt formation) (Figs 4, 5), with beds of sands and clays in 
some places. Frequently we observe interferences of calcareous silt - limy silt. In these sediments 
wood pieces, plant remains, leaves and mineral vivianite are observed. Gray and green-gray are the 
prevailing colors. On the top of the lignite-bearing stack lies a thin layer of calcareous silt with 
Ostracodes and operculum (calc-alkaline silt formation) is observed (Fig. 5). 

This lac'ustrine system prevails mainly on the Sarandaporo basin, the south-southeast section of tbe 
Kozani-Servia basin and the east section of the Ptolcmaida - Amynteo basin. On the west of this 
and the Florina basin, there is the prevalence of a fluvial- fluvial-lacustrine environment with the 
conesponding sediments. Instead of the silts it is finding fine to coarse sands, with interferences of 
clays and rarely silts. 

Fluvial depositions, overlying the previons fonnations, consist of alternations of sands, clays with 
beds of sandstone and siltstone, (sand-clay formation) (Fig. 5). The prevailing color is green. 

Afterwards and during the Late Pliocene, the previously mentioned lacustrine system is evolviug 
into a lacustrine-marshy system resulting to the deposition of the Late Neogene's series formation 
(Figs 4,5). 

Due to the tectonic activity and the paleogeographical and paleogeomorphological conditions that 
prevailed this period, this system occupies the entire Ptolemaida - Amynteo basin, with the excep­
tion of the east-northeast section, the Kozani-Serv ia basin and finally reaches in small endings the 
southeast section of Florina basin (Fig. 7). 

The sediments observed in the Late Neogene's series formation (Figs 4, 5) are marls, clays, sauds, 
marly limestone and earthy lignite, alternated and combined. The prevailing colors are light gray 
and gray-green. 

Fossils of gasteroides (Vetoulis 1956, Gramman 1960) such as Theodoxus macedonicus (Neritina), 
Valvata piscinalis etc., lamel gills (Gramman 1960), such as Unio sp. etc, Ostracods such as Can­
dOlla neglecta, Iliocypris gibba e.t.c. and rodents (van de Weerd, 1979) are observed. Traces of 
paleoflora were specified and pollen was analysed (Ioakim, 1985). From these analyses the age of 
these fonnations is set at the limit of Early and Late Pliocene. 

In this series the largest known .lignite deposits of Ptolemaida-Amynteo and Kozani basins are 
found, such as these of "South Field" (Anastopoulos and Koukolizas 1972), Amynteo (Koukouzas 
et at. 1979), Perana (Anastopoulos and Brousoulis 1973), etc. (Fig. 8). 
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Figure 8 - Map of late Neogene's series de- Figure 9 - Location map of Proastion 
posits (geode lignite deposits) formation 

After the Neocene formations deposition, begins the Proastion formation deposition (Fig. 5), 
during the Early-Middle Pleistocene (Villafrangian). There are fluvial, fluvial-ton-ential deposi­
tions that consist of conglomerate, mixed with well-rounded stones of various sizes, with local 
alternations of sands and clays. These fonnatiOlls are characterised by cross bedding and hard ho­
rizons. The fonnation's maximum thickness is 150 m. During the research, no fossils have been 
found in the graben, except some Unio at some places. Fine beds of lignite or marshy formations 
have been observed locally; their extension is small and has no economic interest. 

This formation is limited mainly ill the Ptolemaida-Amynteo basin and in the southeast section of 
the Florina basin (Klidi area) (Fig. 9). It is in unconformity with the underlying Neogene forma­
tions. The site with the largest volume and presentation of the formation is found in the Proastion 
area, which actually gave it its name. 

Later follows the deposition of Perdika formation (Fig. 5), mainly inside the Ptolemaida - Amy­
nteo basin in the newly created sub basins of tectonic origin as previously mentioned (Fig. 10). 
These depositions are fluvial, fluvial-torrential, lacustrine and marshy. They consist of sands, 
clays, marls and beds oflignite. 

The tectonic activity continued during the Perdika formation deposition, with extended move­
ments, so thick layers of lignite are not observed. On the contrary, many fine beds of lignite witb 
thick interferences of wastes are observed. That is why the lignite deposits of this period have no 
economic interest (Fig. 11). In tbe Ardassa area the formation reaches its top thickness at about 
350m. 

During the middle Pleistocene a terrestrial, fluvial-terrestrial formation is deposited (Fig. 5) and 
consists of cOhglomerate with various sized round stones and cobbles, of red loam beds, clays and 
sands. In some places hard horizons are observed. This formation is spread, as mentioned above, in 
the Florina basin, as well as in the Sarandaporo basin, where it acquires its maximum thickness 
(Fig. 12), in the southeast borders of the Ptolemaida - Amynteo basin and on the borders of the 
Kozani-Serbia basin. 
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Figure 10 - Location map of Perdika Figure 11 - Location map of lignite deposit 
formation in Perdika formation 

Figure 12 - Location map of Quaternary 
Figure 13 - Location map of recent peat terrestrial deposit formation 

On the surface lie fine contemporary terrestrial depositions, such as eluvia mantles, alluvial depos­
its and alluvial fans. 

We must also mention that during the Holocene peat is deposited in the remaining lakes Chimadi­
tis, Zazari and Vegoritida, where the last phase of Iignitogenesis can be observed (Fig. 13). 
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Figure 14 - Evolution of the basin from late Miocene till recently 

4. Conclusion 

The creation of the graben of Florina, Ptolemaida-Amynteo, Kozani-Serbia, as well as that of 
Sarandaporo basin, began after the Alpine cycle ended and continues stilL 

The most important lignite deposits of Greece have been deposited in this grabeu, developed inside 
marshy, lacustrine and fluvial-lacustrine depositions whose age is mainly Early Pliocene, Late 
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Miocene (;). 

In the graben and mainly in the Ptolemaida - Amynteo basin, four (4) phases of lignitogenesis 
have been specified: 

• Late Miocene - Early Pliocene (lignite "Xylitic type") 

• Early - Late Pliocene (lignite "Geode type") 

• Pleistocene (lignite - peat lignite) 

• Holocene (peat) 
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