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II. JTunos, 3. euxati, A. I'opanos, H. Bosnos - IIpedsapu-
meabHuble dannble K-Ar damuposanusn 6a3uuHbIX nopoo Hdxc-
Hee 2. Momuunzpada e Bocmounvix Podonax, Foazapus.
HccnenoBaHsl ByJIKaHHTEl BOCTOYHOPOONCKOrO NajeoreHo-
BOrO NMOHMWXeHHUA Bo3yie Bonrapo-I'peueckoil rpanuusl. Mc-
cenoBaHo 6 npo6 U3MEHEHHBIX TOPOA OCHOBHOTO COCTaBa 4
naek ¥ 2 6oJee KpYMHBIX TeJl, PACIOJIOKEHHBIX COOTBETCTBEH-
Ho B KanuHoBckoMm rpa6ene u B KyluieHCKO# BykaHO-TEKTO-
HHYecKo# cTpykType. K-Ar BO3pacT HCCHEeNOBaHHLEIX MOPOL
(31 - 32,5) £+ 1,3 Ma OTHOCHTCH K paHHEMY OJIMTOLEHy (py-
nes). MHTepBan Bo3pacta 06pa3oBaHus 3THX NOPOA COOTBET-
CTBYET B LI€JIOM AHMAaNa30Hy BO3pacTa MapakCH3MaJIbHEIM BYJI-
KaHHYECKHM COOLITHAM B BOCTOYHOPONONCKOM ByJIKaHHYEC-
KOM DETHOHE.

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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Introduction

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 (Koctos, 1954; Mapues, 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-
ly to the paroxysmal (Early Rupelian, 31-33 Ma) Ter-
uary 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-
tory (Innocenti et al., 1984).

Geological setting

In this region, which extends over ca. 100 km? 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 (BosHos, I'opanos,
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-
xyxapoB (1993) and Koxyxapos u ap. (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 -
Iasmos-Kaloticho depression, 12 - Kaloticho-Kushla depression, 13 - Dzhebel depression, 14 - Zvezdel-Krumovgrad volcano-
tectonic structure, 15 - Borovitsa caldera, 16 - Northeastern Rhodope depression, 17 - Lozen-Ibredzhek zone, 18 - Bryagovo
depression, 19 - Madzharovo depression, 20 - Eastern Thracian depression, 21 - Mandritsa depression, 22 - Orestias depression,
23 - Alexandropoulis depression, 24 - Nipsa-Petrota depression

@ur. 1. Teonoxka ckuIa Ha MAJIEOTEHCKUTE OTJIOKEHHUS OT I0XkHaTa YacT Ha M3Tounute Pononu, Bunrapus u ot 3ananua Tpa-
kust, ['bpuus: 1 - fomaneoreHcku GyHAaMEHT, 2 - aJICOTeHCKH /MaJIeOIeH-OJIMrOLlEHCKH/ CEAUMEHTH, BYJIKAHOT€HHO-CEINMEH -
THH ¥ BYJIKAHCKH CKaJIH, 3 - KHCEJIH, CPEIHOKHCENHN U Ga3HYHH MaleOreHCKH BYJIKAHCKH AalKH, 4 - 6asuyHu 6a3ay1TOBH Naku OT
Kanunosckus rpaben, 5 - 6azantosu naiiku ot Kanotuko-KynuienckaTa ByJIkaHO-TEKTOHCKA CTPYKTYpa, 6 - HEOreH-KBaTEPHEP-
Ha MOKPHUBKA, 7 - pa3JIOMHU U HaBJally, 8 - HAUMEHOBaHHE HA BYJIKAHO-TEKTOHCKHUTE €AMHUIM, 9 - TPaHHIM MEXIY BYJIKaHO-TEK-
TOHCKHM fnenpecuH, 10 - CMonaHcka aenpecus, 11 - SIamoc-Kanoruxo nenpecus, 12 - Kanotuxo-Kyuuia nenpecus, 13 - Txe6en-
cka fenpecus, 14 - 3se3nen-KpyMoBrpazacka ByJikaHO-TEKTOHCKa CTPYKTYpa, 15 - Boposuiika kannepa, 16 - CeBepon3TouHO-
pononcka nenpecus, 17 - Jlozencko-U6penxkekcka 30Ha, 18 - Bperoscka nenpecus, 19 - Mamxaposcka aenpecus, 20 - Ustou-
HOTpakuiicka genpecus, 21 - Manapuuika genpecus, 22 - lenpecust Opectuac, 23 - Asekcannponyiuc aenpecus, 24 - Hunca-
Iletpora menmpecus

bodies (70-80 m long and 20-30 m wide). They Petrography and chemistry

cross a terrigenous and volcanogenic-sedimentary

complex in the scope of the Kushla volcanic region The rocks (Tables 1 and 2) from 4 dykes (samples
around Kushla village. The dykes in the Kapinovo 14, 15, 16 and 17) in the Kapinovo graben and two
graben have a prevalent E-W direction. larger bodies (samples 12 and 13) in the Kushla

14



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 of unal-
tered clinopyroxene, plagioclase and a subordinate
amphibole. The groundmass is built up of microli-
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 microlites 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 (MarmaTu4eckue
ropHsie nopoasl 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. noponst (1983).

Based on the contents of SiO, , Na,O and K,0
the rocks under study can be determined condi-
tionally as trachybasalts. According to the classifi-
cation (Marm. rops. nmoponasl, 1983), shoshonites
are also refered to the subalkalic series of basic
volcanic rocks. The values for the sum of Na,O
and K,0O of examined rocks (from 5.62 to 7.27,
Table 1) in combination with the contents of SiO,
according to respective diagram (Marm. rop.
nopox,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# = 100Mg/Mg+Fe*. Fe’|Fe*=0.15

Kushla region Kapinovski graben Zvezdel volcano Kaloticho region
SamplesNo.: | 12 | 13 4 |15 |16 |1 IERE R
SiO, 5045 49.94 47.61 51.64 5047 50.65 49.28 51.86 5298 51.16 51.21
TiO, 1.14 0.97 1.17 0.80 1.15 1.27 1.00 0.82 0.97 0.51 1.10
ALO, 1752  18.98 16.17 17.52 1441 13.88 1855 1724 1721 17.85 17.74
Fe,0, 8.33*  7.75* 8.98* 893* 946* 8.07* 4.60 3.37 2.56 3.56 4.54
FeO 5.04 5.69 5.40 413 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 4717 475 3.41 3.69 4.01
CaO 10.24 8.58 8.35 217 6.07 5.91 7.38 8.54 7.99 9.40 7.60
Na,0 3.34 3.18 2.87 5.36 2.46 3.70 2.52 2.80 2.26 3.02 3.51
K,0 228 2.84 2.85 1.91 3.49 3.55 2.12 1.28 2.79 2.38 2.38
PZO5 0.22 0.24 0.37 0.38
H,O 0.90 0.46 0.88 0.83
H,0* 2.30 2.63 1.26 3.00
Co, 1.60 0.79 1.38
SO, 0.20 0.14
LOI 3.96 5.41 4.7 7.96 7.55 8.07 245
Total 99.48 9947 9944 9992 99.69 99.71 10048 100.65 9946 100.19 99.99
Mg # 36.24 3397 63.04 3842 5242 4740 52.19 5333 48.16 51.36  48.47

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 98 111 133 152 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 Kushla region, Eastern Rhodopes

Sample Locality Dated LOI K “Ar rad “Ar Age

No fraction | % % ccSTP/gx1076 % Ma

12 Gorski Isvor W.I. 4 1.64 2.066 51.7 3211 +£1.35
14 Djerovo W.I. 4.7 2.17 2.640 55.5 31.03 £ 1.27
13 Gorski Isvor W.I. 5.41 2.41 2.949 59.4 31.21 £ 1.26
15 Dolno Kapinovo W.I. 7.91 2.49 3.214 414 3290 £ 1.50
16 Dolno Kapinovo W.I. 7.55 2.78 3.582 438 32.84 + 1.46
17 Gorno Kapinovo W.T. 8.07 292 3.518 374 30.73 £ 148

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 + 1 Ma.The similar K-Ar determina-
tion (33 Ma, Innocenti et al.,1984 ) was carried out
on an andesitc lava from the Kaloticho region. The
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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.,1987).

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 Kaloticho, West-
ern Thrace, fully coincide with the age of basic
dykes and small bodies in Kapinovo graben and
Kushla volcano-tectonic structure, respectively.
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