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II. JIU/106, 3. lle'lKait, A . ropaH06, H. EoRH06 - llpeo6apu­
mellbHble OaHHble K-Ar oamupo6aHUR 6a3U'lHbiX nopoO /O:JIC­

Hee z. MoM'lUIIzpaoa 6 Bocmo'lHbiX Pooonax, Eo11zapuR. 
l.fccJie.D.OBaHbi BYJIKaHHTbi BocTO'IHOpO.D.OIIcKoro rraneoreHo­
soro rroHHJKeHHR BOJJie Eonrapo-rpeqecKoH rpaHHUbl. l.fc­
cne.D.oBaHo 6 rrpo6 HJMeHeHHbiX rropo.D. ocHOBHOro cocTasa 4 
.!laeK H 2 6oJiee KpYIIHblX TeJI, paCIIOJIOJKeHHbiX COOTBeTCTBeH­
HO s KarrHHOBCKOM rpa6eHe H s KywneHCKOH synKaHo-TeKTO­
HH'IeCKOH CrpyKType. K-Ar B03pacT HCCJie,[IOBaHHbiX IIOpO,l:l 
(31 - 32,5) ± 1,3 Ma OTHOCHTCll K paHHeMy OJIHroUeHy {py­
neJI).l.fHTepBaJI B03paCTa o6pa30BaHHR 3THX IIOpO.D. COOTBeT­
CTByeT B UeJIOM .D.HaiiaJOHy B03pacTa rrapaKCHJMaJibHblM ByJI­
UHH'IeCKHM co6hiTHRM s BocTO'IHOpO.D.OIICKOM synKaHH'!ec­
I:OM perHOHe. 

Abstract. Volcanic rocks from the Eastern Rhodope depres­
sion near to the Bulgarian-Greek border are investigated. Six 
samples of basic altered rocks from 4 dykes and 2 larger bod­
ies located into Kapinovo graben and Kushla volcano-tecton­
ic structure are characterized. The K-Ar age of the basic dykes 
and small bodies is (31 - 32.5) ± 1.3 Ma and they are referred 
to the Early Oligocene (Rupelian). The time-span of the for­
mation of the dykes corresponds as a whole to the time-span 
of the paroxismal volcanic events in the East Rhodope Volca­
nic Area. 
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lptroduction 

The Eastern Rhodope Paleogene magmatism is 
characterized by intrusions and extrusions controlled 
by faults and linear (E-W to WNW-ESE) dyke 
swarms (Harkovska et al., 1989). Volcanic fields and 
shield volcanoes were fed by a large number of dyke 
swarms (KocTOB, 1954; MapqeB, 1985). Recently 
Harkovska et al. (1998) published K-Ar dates for the 
Zvezdel acidic dykes, which indicate that at least a 
part of them have been intruded not after but coeval­
ty to the paroxysmal (Early Rupelian, 31-33 Ma) Ter­
tiary magmatic activity (Lilov et al., 1987). 

In this paper we present the characteristics and 
the K-Ar age determinations of basic rocks that 
have relation to paroxysmal magmatism in the 
Eastern Rhodopes both on Bulgarian (Harkovska 
et al., 1998; Lilov et al., 1987) and on Greek terri­
ory (Innocenti et al., 1984). 

Geological setting 

In this region, which extends over ca. 1 00 km2 two 
geostructural units are distinguished near to the 
Bulgarian-Greek border, and namely, Kushla vol­
cano-tectonic structure and Kapinovo graben (Fig. 
1). The Kushla volcanic structure includes one vol­
canogenic-sedimentary complex with Early 
Eocene - Oligocene age. The acid volcanics are 
predominant. The Kapinovo graben is situated be­
tween the Snejinski block (EoxHOB, ropaHOB, 
1997) and the Kesibir swell. The two geostructural 
units are situated in the southern periphery of the 
Eastern Rhodopes. The outcroping basement is 
represented by strongly tectonized and folded 
high-grade metamorphic rocks described by Ko­
)l(yxapoB (1993) and Ko)l(yxapoB H .n;p. (1995). 

The rocks studied (Fig. 1) occur as single short 
(up to 7-8 m) and thin (0.2-1 m) dykes or larger 
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Fig. 1. Geological sketch of the Paleogene deposits from the southern part of the Eastern Rhodopes, Bulgaria, and Western 
Thrace, Greece: 1 - Pre-Paleogene basement, 2 - Paleogene (Paleocene-Oligocene) sediments, volcanogenic-sedimentary and 
volcanic rocks, 3 -Acidic, intermediate and basic Paleogene volcanic dykes, 4 - Basic basaltic dykes from the Kapinovski graben, 
5- Basaltic dykes from the Kaloticho-Kushla volcano-tectonic structure, 6- Neogene-Quaternary ·cover, 7 - faults and thrusts, 8 
- names of the volcano-tectonic units, 9 - boundaries between volcano-tectonic depressions, 10 - Smolyan depression, 11 -
lasmos-Kaloticho depression, 12 - Kaloticho-Kushla depression, 13- Dzhebel depression, 14 - Zvezdel-Krumovgrad volcano­
tectonic structure, 15- Borovitsa caldera, 16- Northeastern Rhodope depression, 17 - Lozen-lbredzhek zone, 18- Bryagovo 
depression, 19 - Madzharovo depression, 20 - Eastern Thracian depression, 21 - Mandritsa depression, 22 - Orestias depression, 
23 - Alexandropoulis depression, 24- Nipsa-Petrota depression 
<l>ur. 1. reoJJOJKKa CKHI.Ia Ha IIaJJeOreHCKHTe OTJJOJKeHHJI OT IOJKHaTa 'faCT Ha l13TO'IHHTe PO,liOIIH,D'bJJTapHll HOT 3arra,l1Ha Tpa­
KHJI, r'bpi.IHJI: 1 - ,llorraneoreHCKH «flYH.llaMeHT, 2 - rraneoreHCKH frraneol.leH-OJJHrol.leHcKH/ ce,liHMeHTH, synKaHoreHHo-ce,liHMeH­
THH H BYJJKaHCKH CKaJJH, 3- KHCeJJH, Cpe,liHOKHCeJJH H 6a3H'IHH rraneoreHCKH BYJJKaHCKH ,llaHKH, 4 - 6a3H'IHH 6a3aJJTOBH ,llaHKH OT 
KarrHHOBCKHJI rpa6eH, 5 - 6a3aJJTOBH ,llaHKH OT KanoTHKo-KywneHcKaTa synKaHo-TeKTOHCKa CTPYKTYJla, 6 - HeoreH-KBaTepHep­
Ha IIOKpHBKa, 7 - pa3JJOMH H HaBJJai.IH, 8 - HaHMeHOBaHHe Ha BYJJKaHO-TeKTOHCKHTe e,liHHHI.IH, 9 - rpaHHLIH MeJK.liY BYJJKaHO-TeK­
TOHCKH ,llerrpecuu, 10 - CMOJJJIHCKa ,llerrpecHJI, 11 - 513Moc-KanoTHXO ,llerrpecHll, 12 - KanoTuxo-Kyuma ,llerrpecHJI, 13 - ,l.(JKe6en­
CKa ,llerrpecHll, 14- 3sej,llen-KpyMoBrpa,llcKa synKaHo-TeKTOHCKa CTPyKTypa, 15- liopOBHlllKa KaJJ,llepa, 16- CesepoH3TO'IHO· 
po,llorrcKa ,llerrpecHll, 17 - ll03eHcKo-116pe,liJKeKcKa 30Ha, 18 -liperoscKa ,llerrpecHJI, 19- Ma,liJKaposcKa ,llerrpeCHJI, 20 - 113TO'I­
HOTPaKHHCKa ,llerrpecHll, 21 - MaH.liPHlllKa ,llerrpecHll, 22 - ,l.(enpeCHJI OpecTHac, 23 - AneKcaH,llponynuc ,llenpecHll, 24- Hunca­
IleTPOTa ,llerrpecHll 

bodies (70-80 m long and 20-30 m wide). They 
cross a terrigenous and volcanogenic-sedimentary 
complex in the scope of the Kushla volcanic region 
around Kushla village. The dykes in the Kapinovo 
graben have a prevalent E-W direction. 
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Petrography and chemistry 

The rocks (Tables 1 and 2) from 4 dykes (samples 
14, 15, 16 and 17) in the Kapinovo graben and two 
larger bodies (samples 12 and 13) in the Kushla 



volcanic structure are melanocratic dark grey to 
black, with a fine-grained porphyritic structure 
and a volcanic habit. The examined rocks have un­
dergone postmagmatic alteration of different in­
tensity, expressed in chloritization, carbonatiza­
tion, and partly, sericitization. The primary miner~ 
al composition is best represented in the dyke out­
croping in the limits of Kapinovo graben (sample 
15). It is built up of single fine amphibole phenoc­
ryst in a fine-grained groundmass composed of 
amphibole, salic mineral (K-feldspar ?) and acces­
sory apatite. The small body of Kushla region 
(sample 12) consists of small phenocrysts ofunal­
tered clinopyroxene, plagioclase and a subordinate 
amphibole. The groundmass is built up of micro li­
tes of plagioclase and late fine-grained carbonate. 
The dyke in Kapinovski graben (sample 14) con­
sists of clinopyroxene phenocrysts and a ground­
mass of plagioclase micro lites and rare sanidine. The 
chloritization is established in the groundmass. In the 
other small body in the Kushla region (sample 13), 
the rock is built up of phenocrysts of plagioclase, ser­
pentinized phenocrysts of mafic minerals and car­
bonatized groundmass. In addition the dykes in Ka­
pinovo graben near to Dolno Kapinovo village are 
intensively carbonatized. 

The major and trace elements in the analysed 
samples (Table 1) are determined by XRF in the 
Geological Institute of BAS. The LOI values ex-

Table 1 

ceed 3 %, thus excluding the application of the of­
ficially accepted classification for the volcanic 
rocks proposed by Le Bas et al. (1968) for unal­
tered volcanics. The classification of altered rocks 
is commented in the literature (MarMaTuqecKHe 
ropHbie nopO.IJ:hi 1983, page 16). Up to now this 
problem has not been solved satisfactorily. As far 
as a partial alteration of the chemical composition 
and considerable alteration of the primary mineral 
composition in the rocks examined is possible, for 
basis is taken the nomenclature given in MarM. 
ropH. nopO.IJ;hi (1983). 

Based on the contents of Si0
2 

, Na
2
0 and ~0 

the rocks under study can be determined condi­
tionally as trachybasalts. According to the classifi­
cation (MarM. ropH. nopo.IJ;hi, 1983), shoshonites 
are also refered to the subalkalic series of basic 
volcanic rocks. The values for the sum of Nap 
and ~0 of examined rocks (from 5.62 to 7.27, 
Table 1) in combination with the contents of Si0

2 
according to respective diagram (MarM. rop. 
nopo.n:,1983; page 288, picture 46) are concentrat­
ed in the field of the shoshonites. 

The values for the Mg #considerably vary. It is 
difficult to comment these values in great detail 
because of essential postmagmatic alteration of 
the rocks examined. 

Chemical analysis of basalts from the Kaloticho 
region and Zvezdel volcano according Yanev et 

Major (wt%) and trace element (ppm) for the basic rocks from Kushla-Kaloticho regions, Kapinovski graben 
and Zvezdel volcano, Eastern Rhodopes. Mg# =100MgjMg+Fe2. Fe3jFe2=0.15 

Kushla region Kapinovski graben Zvezdel volcano Kaloticho region 

Samples No.: 12 J 13 14 1 1s I 16 I 17 3 I 7 l 9 10 Ju 
Si02 50.45 49.94 47.61 51.64 50.47 50.65 49.28 51.86 52.98 5l.l6 51.21 
Ti02 l.l4 0.97 1.17 0.80 l.l5 1.27 1.00 0.82 0.97 0.51 l.IO 
Alp3 17.52 18.98 16.17 17.52 14.41 13.88 18.55 17.24 17.21 17.85 17.74 
Fe20 3 8.33* 7.75* 8.98* 8.93* 9.46* 8.07* 4.60 3.37 2.56 3.56 4.54 
FeO 5.04 5.69 5.40 4.13 4.84 
MnO 0.19 0.11 0.17 0.24 0.16 0.14 0.20 0.22 0.13 0.15 0.19 
MgO 2.03 1.71 6.57 2.39 4.47 3.12 4.77 4.75 3.41 3.69 4.01 
CaO 10.24 8.58 8.35 2.17 6.07 5.91 7.38 8.54 7.99 9.40 7.60 
Nap 3.34 3.18 2.87 5.36 2.46 3.70 2.52 2.80 2.26 3.02 3.51 
KzO 2.28 2.84 2.85 1.91 3.49 3.55 2.12 1.28 2.79 2.38 2.38 
P20S 0.22 0.24 0.37 0.38 
Hp· 0.90 0.46 0.88 0.83 
H2o+ 2.30 2.63 1.26 3.00 
C02 1.60 0.79 1.38 
S02 0.20 0.14 
LOI 3.96 5.41 4.7 7.96 7.55 8.07 2.45 
Total 99.48 99.47 99.44 99.92 99.69 99.71 10Q.48 100.65 99.46 100.19 99.99 
Mg# 36.24 33.97 63.04 38.42 52.42 47.40 52.19 53.33 48.16 51.36 48.47 
v 65 35 105 120 205 
Cr 70 90 48 24 14 22 20 21 
Zr 154 165 141 151 181 148 154 196 
y 26 18 29 30 30 25 26 30 
Rb 54 98 Ill 133 152 62 47 143 79 
Sr 462 623 367 312 481 445 457 461 
Ba 635 1226 803 831 1028 956 723 869 

The marked with star values are total iron oxides 
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Table 2 
K-Ar dates for the basic rocks from Kapinovski graben and Kush/a region, Eastern Rhodopes 

Sample I Locality Dated LOI K 
No fraction % % 

12 Gorski Isvor w.r. 4 1.64 
14 Djerovo w.r. 4.7 2.17 
13 Gorski lsvor w.r. 5.41 2.41 
15 Dolno Kapinovo w.r. 7.91 2.49 
16 Dolno Kapinovo w.r. 7.55 2.78 
17 Gorno Kapinovo w.r. 8.07 2.92 

al.(1989) are shown in Table 1. In the Kaloticho 
region only one occurrence of basalt (sample 10) is 
known on Bulgarian territory, and another one in 
North Greece (sample 11). Only sample 3 (lava) 
and samples 7 and 9 (later dykes) from Zvezdel 
volcano are included in Table 1. 

Yanev et al.(1989, Fig. 3) have classified samples 
analysed from Zvezdel volcano and Kaloticho re­
gion as intermediate between basalts and basaltic 
andesites or shoshonites respectively because of 
their silica content (49-53 %). The volcanics from 
the Kaloticho region (samples 10 and 11) and the 
lavas from Zvezdel volcano (sample 3) are transi­
tional (shoshonitic) types while the later dykes in 
the above volcano are calc-alkaline ones (samples 
7 and 9). 

K-Ar age determination 

The samples shown in Table 2 were analyzed ac­
cording to standard techniques in the laboratories 
in Debrecen, Hungary. Atomic constants suggest­
ed by Steiger, Jager, (1977) were used for calculat­
ing age. 

The all K-Ar dates are similar but there is a neg­
ative correlation between K contents and the ages 
of the dykes located in the terrigenous complex 
(Table 2, samples 12, 13, 14 and 17). Probably the 
samples with a higher K content are more altered, 
and they have a bigger quantity of water (Table 2, 
LOI taken from Table 1). The dykes (Table 2, sam­
ples 15 and 16) cutting the basement have higher 
content of water but their ages have high valus. 
Thus, these analitical data do not allow to con­
clude whether the K-Ar dates of the investigated 
samples are real ages or they reflect some influ­
ence of hydrothermal alteration. Therefore, it is 
more correct to take time-span (31 - 32.55) ± 1.3 
Ma as the probable age for these rocks. 

According to the K-Ar determinations (Elefthe­
riadis and Lippolt, 1984) the volcanism in the Kal­
oticho region on Greece territory starts with 
andesites (about 34 Ma) and develops a main 
phase at 30 ± l Ma.The similar K-Ar determina­
tion (33 Ma, Innocenti et al.,l984) was carried out 
on an andesite lava from the Kaloticho region. The 
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40Ar rad 40Ar Age 
ccSTPfgx1o-6 % Ma 

2.066 51.7 32.11 ± 1.35 
2.640 55.5 31.03 ± 1.27 
2.949 59.4 31.21 ± 1.26 
3.214 41.4 32.90 ± 1.50 
3.582 43.8 32.84 ± 1.46 
3.518 37.4 30.73 ± 1.48 

close dates 31.5 and 33 Ma are determined respec­
tively for the monzonitic intrusion and andesite 
flow from the Zvezdel volcano (Lilov et al.,l987). 

The geographic location and the similar petro­
chemical characteristics and K-Ar dates for the 
dykes examined and the rocks from the Zvezdel 
volcano and Kaloticho region seems to confirm 
the synchronous Early Oligocene formation of 
these rocks. 

Conclusions 

The age of the basic dykes and small bodies from 
Kapinovo graben and Kushla volcano-tectonic 
structure is (31 - 32.5) ± 1.3 Ma, i.e., Early Oli­
gocene (Rupelian - Odin, 1982).They are located 
along fractures with E-W to NW -SE strike. 2).The 
time-span of the formation of the dykes corre­
sponds as a whole to the time-span of the paroxis­
mal volcanic events in the East Rhodope Volcanic 
Area (Harkovska et al., 1998; Lilov et al., 1987). 3). 
The age 30 - 33 Ma (Lilov et al., 1987) of the volu­
minous calc-alkaline and shoshonitic volcanism in 
the Bulgarian part of the Eastern Rhodopes and 33 
Ma (Innocenti et al., 1984) and 30-34 Ma (Elefthe­
riadis, Lippolt, 1984) for the similar magmatic ac­
tivity developed in the region of Ka1oticho, West­
em Thrace, fully coincide with the age of basic 
dykes and small bodies in Kapinovo graben and 
Kushla volcano-tectonic structure, respectively. 

Acknowledgements. We thank Yotzo Yanev for the microsco­
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between the Bulgarian and Hungarian Academies of Sciences. 
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