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New data on the geochemistry of metabasic rocks
from the eastern marginal part of the Madan-
Davidkovo Structure, Central Rhodope

Lilan Daieva, Stefka Pristavova

Abstract. Metabasites from the eastern periphery of the Madan-Davidkovo Structure (MDS) are an interesting exam-
ple of magmatic activity in the Rhodope crystalline complex. These rocks occur as several small bodies southeast of
the village of Galabovo (Ahryane). They are hosted within the metamorphites of the Vishnevo Formation (Arda
Group). The metabasite bodies show well preserved igneous texture and mineral composition. The high MgO, Ni and
Cr abundances at intermediate Si0O, and low Ti, Zr, and HREE are the most striking features of the rocks. Comparison
of the MDS metabasites with petrographically and chemically analogous rocks from other regions shows their com-
plicated geochemical character. According to their CaO/Al,0,, CaO(TiO, and Al,O,/TiO, ratios, Nb, Ti contents and
REE patterns the studied rocks are close to boninites whereas the TifZr, TifY and Zr/Y ratics are typical of island arc
tholeiites (IAT). The MDS metabasites show close similarity to IAT-like orthoamphibolites from the northern part of
the Central Rhodope Mits. tco. The geochemical features described define the rocks as transitional between boninites
and IAT. Anzalogous composition is typical of some Precambrian high magnesian series with specific isotopic charac-
teristics.
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Hanera,J,C.llpucTasoseal998 Hoed qagHu 32 reOXMMHENTA Ha MeTala3suTi OT H3TOYHATA NepHdepus Ha
Manan-asunkosckata cTpyxrypa, [leaTpanan Pononu. - Teoxus., munepaa. u nempoa., 35, 47-54

MeTabasnrute OT H3TO4YHATa NepudepHs Ha Manman-Jasunkosckara crpykTypa (MIAC) ce cuurar 3a egua oOT
HHTEPECHHTS MarMaTHYHd OpOABH B PonomckHs KpHCcTaluH. Te3n CKald ¢ PasKpHBaT KAaTO HAKOJKO MAalKM Tela
OroH3ToYHO OT ¢. [BaBb0oB0O (Axpsane). BMecTenn ca B MeTamopduTETE OT BUllHeBCKaTa cBHTA (APICHCKA Fpyma).
MeTabasHTOBUTE TeNa NPHTEKABAT A00pE 3aa3eHa MarMaTHYHa CTPYKTYpa 4 MuHepaiel cberas. Hali-xapakTepHata
0CoBEeHOCT 32 TAX ca BACOKHTE ChabpxaHuA Ka MgO, Niu Cr npy cpenno cbabpxanue Ha Si0, 1 HHCKM CHABPKAHHA
Ha Ti, Zr u Texxe pegku 3emd. CpasaaBaseTo Ha meTabasuture of MJIC ¢ noao0ru B neTporpadcko U reoXMMHYHO
OTHOIICHME CKANK OT PAIHYHM pafoHY IOKa3ea TeXHHA KOMMJNHUUpaH reoximuuen xapakrtep. [lo OTHOIEHHATA
Ca0/Al,0,, CaO[TiO, u Al,04/TiO, ceaspxadusTa Ha Nb, Ti u pasnpenenesusta na P3E uscnexsannte ckamm ca
nonoGHK HA GOHKanmre OTHOUjeHHHTa Ti/Zr, Ti/Y and Zr/Y B T3X ca THOHYHE 338 OCTPOBHOIBroBH TONeHTH (TAT).
Merabasutute o1 MIOC ca 6nu3ke cewo ¥ o nonotHeTe Ha IAT oproamdubonsTe oOT cepepHaTa 4acT Ha
LenTpanaute Ponomn. Tesd reoxuMuubH OCOGEHOCTH OMPEIENAT M3CACABAHUTE CKAIM XATO NPEXOJHH MEMCIY
OOMHHMTHTE H OCTPOBHO-IBIOBUTEe TOJNEHTH. ITonoOeH ¢BCTAaB € THOHYMEH 32 HAKOH HJOXaMOpDMECKH BUCOKO
MArHe3HaJHYE CePHHM ChC CIeNH(MHYHY H3OTONHN XapaKTePHCTHKH,

Kawuosu rymu: Meraradpo, REE, eneMeHTH CIeRH, OCTPOBHO JBrOBH TONEHTH, OoHuHuTH, LenTpannu Pononu
Adpec: Teonorryecks MuCTUTYT, Bharapcxa axaneMus Ha Hayxute, 1113 Codus
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Introduction

The presence of basic magmatic relics in the
polymetamorphic Rhodopian complex is well
known in the geological literature
(Kozhoukharov, 1966, and others). The
metabasic rocks from the eastern periphery of
the Madan Davidkovo Structure (MDS) are
considered as an interesting example of the
magmatic activity in the Rhodope crystalline
complex. Several authors have studied these
rocks from petrological and mineralogical
point of view (Toprakchieva, 1963; Pristavova,
1996). Toprakchieva (1963) described them as
Paleozoic magmatites intruded in the amphi-
bolites. Kozhoukharova and Kozhoukharov
(1978) included these metabasites in the
Rhodopian magmatic complex. Zagorchev
(1976) considered them as an important
marker and element of the metamorphic evo-
lution of the Rhodope crystalline complex.
Special attention has been paid to the corona
texture formation and processes of eclogitiza-
tion of the rocks by Pristavova (1996). The
metabasites from MDS contain magmatic
minerals (olivine, plagioclase, ortho- and
clinopyroxene, amphibole, biotite, and
spinel), corona textures and geochemical
parameters defining them as gabbro, gab-
bronorites and troctolites. These characteris-
tics are similar to those of the druzites from
the Baltic shield and some basites with typical
corona textures from Norway and Canada
shield. The published data on the metabasic
rocks studied (Zakariadze et al., 1993;
Pristavova, 1996) are insufficient to determine
their specific geochemical character.

In this paper we give some new data for the
composition of the MDS metagabbros. By
comparing their geochemical features with
those of analogous rocks from other regions
we make an attempt to clarify their geochem-
ical specialization and probable geodynamic
setting.

Geological position and petrographic
characteristics

The metabasites studied in this work occur as
several small bodies in the eastern periphery
of MDS southeast of the village of Galabovo
(Fig. 1). They are hosted within the amphibo-
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lites belonging to the metamorphites of the
Vishnevo Formation (Arda Group) as defined
by Kozhoukharov (1984). The Vishnevo
Formation is build up of gneisses affected by
granitization and migmatization, intercalated
by beds of amphibolites of different thickness,
two-mica and muscovite schists as well as sil-
limanite schists. The metabasites are of lens-
like, boudin shapes extended conformably to
the foliation of the host metamorphites. They
are characterized by fine-grained massive tex-
ture and dark green colour. Xenoliths from
the amphibolites can be observed in the
metagabbros. Two different types of cross-
cutting pegmatites in the metagabbroids and
host rocks are common.

The metabasite bodies are of well preserved
igneous texture and mineral composition in
their central parts. Magmatic minerals and
textures gradually decrease and disappear
towards their periphery. Gabbros, gab-
bronorites and troctolites - gabbro-amphibo-
lites (intermediate phase) - amphibolites can
be recognized from the central to the periph-
eral parts. The magmatic assemblage is repre-
sented by Mg-rich olivine, plagioclase, ortho-
and clinopyroxene, biotite (high-Ti phlogo-
pite) and spinel. All these minerals with gar-
net (pyrope type) form typical corona tex-
tures. Magmatic temperature of about 1160-
1170°C/7 kbar has been determined for the
metabasites (Pristavova, 1996). Garnet (prob-
ably indicating initial eclogitization), amphi-
bole (hastingsite}, plagioclase (andesine),
titanite and chlorite replaced the primary
mineral assemblage during a subsequent
metamorphism at 550-570°C/6 kbar deter-
mined in the host amphibolites (Pristavova,
1996). The rocks analyzed in this work are
from the well preserved magmatic relics.

Geochemistry

Major and trace elements of the rocks studied
are listed in Table 1. The high MgO, Ni and
Cr abundances at intermediate SiO, and low
Ti, Zr, and HREE are the most striking fea-
tures of these rocks. They have various mag-
nesian contents (Pristavova, 1996) but the
value of the MgO/MgO + FeQ -ratio varies
from 0.60 to 0.70 and shows that they are very
close to the primitive mantle derived magmas
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Fig. 1. Sketch map of the region with outcrops of magmatic basic relics
Pur. 1. Teonoxka cxema Ha pafioHa ¢ PA3KPHTHATA HAa PENIHKTH OT DA3UYHH MarMaTHTH

(Bloomer, Hawkins, 1987). This primitive
character is also supported by the contents of
Cr and Ni in the most magnesian metabasic
rocks (G-3 and G-18, Table 1), which
approach those of some ultrabasites from the
Rhodope Mts. (Zheljazkova-Panajotova et al.,
1978).

On the AFM-diagram the samples studied
and earlier data (G-2, G-3a, G-11, G-17) after
Pristavova (1996) plot close to the differentia-
tion trend of Proterozoic druzites from the
Karelia region, Baltic sheild (Sharkov et al,,
1994) which we use for comparison, and also
they are near to the differentiation trend of
modern boninites (Fig.2; Bloomer, Hawkins,
1987). The low concentration of TiO, and rel-
atively high values of CaO/TiO, and
Al,0,/TiO, ratios distinguish the rocks com-
pared in this study from MORB. On the dia-
grams (Fig. 3 a, b) they plot inside or very
close to the field of modern boninites and
high-magnesian andesites (HMA). Two norit-

ic parental magma compositions (B1, B2, Fig.
3 a, b) of the Bushveld complex (Hall,
Hughes,1987) are situated in the same way.
Because of the low K,O contents in the
metabasic rocks the ratio K,O/Ti,O
approaches that of primordial mantle - M
(Fig. 3 c; Hall, Hughes, 1987). Similarly but
closer to MORB are situated the IAT-like
orthoamphibolites from the northern part of
the Central Rhodope (Kozhoukharova,
Daieva, 1990; samples 515, 724, 727b, 360b)
chosen by their Ti,O contents. Only one
metabasic rock (sample 606, Galabovo
region) falls in the MORB field because of the
very high TiO, content (0.77%), near that of
magnesian MORB - 0.55% (Hall, Hughes,
1987). The Ti/Zr ratio in the samples from the
MDS and IAT-like orthoamphibolites from
the northern part of Central Rhodope Mits.
shows different values typical for boninites
(30-60) as well as for MORB (60-120; Fig. 4a,
Hall, Hughes, 1987). On the same diagram
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Table 1

Chemical composition of the metabasites
Tadonuna 1

Xumuuen cocmas Ha memabasumunie

Sample | G3 | G5 | G117 | G118 | 606 | 610 | 704 | 705 [ 706 |
Si0, 43.71 46.58 45.14 4351 50.38 47.47 47,67 50.42 51.85
TiO, 0.30 0.32 0.30 0.29 0.77 0.34 0.31 0.43 0.45
ALO; 11.64 18.09 1750  11.08 16.84 18.10 7.78 11.29 14.87
FeOt 10.40 7.18 9.00 10.85 6.44 8.21 11.36 9.30 9.88
MnO 0.29 0.11 0.15 0.18 0.13 0.12 0.15 0.14 0.14
MgO 24.18 14.56 13.36 2435 9.06 12.65 23.76 16.23 8.63
Ca0 7.47 10.72 10.06 721 12.35 10.03 436 7.11 7.70
Naz,0 0.94 1.60 1.48 1.69 2.07 1.75 0.85 2.11 3.78
K,0 0.22 021 0.29 0.22 0.36 0.15 0.36 0.47 0.80
P05 0.04 0.03 0.04 0.03 0.12 0.10 0.09 0.13 0.12
Total 99.21 99.41 9736  99.43 9929  100.26 97.63 97.97 98.68
ppm

Zr 26 15 28 16 48 33 46 65 59
Y 11 11 10 9 18 14 3 3 3
Sr 205 290 289 180 242 298 92 141 226
Rb 8 6 7 6 4 3 14 15 16
Cr 1382 212 293 1429 2883 196 nd. nd. n.d.
Ni 671 336 542 654 55 236 nd. nd. n.d.
Ba 96 58 91 47 n.d. nd. 160 233 288
La 3.13 2.74 3.25 nd. 3.16 3.37 5.50 8.78 7.97
Ce 6.19 6.05 6.89 nd. 8.01 6.10 13.95 21.02 17.30
Pr 0.90 0.89 1.04 n.d. 1.10 0.72 n.d. nd. nd.
Nd 3.62 3.40 4.04 n.d. 5.40 3.00 3.84 831 8.18
Sm 0.87 0.89 0.95 n.d. 1.62 0.70 1.26 1.98 1.84
Eu 0.36 0.47 0.47 n.d. 0.63 0.48 0.38 0.55 0.76
Tb 0.16 0.15 0.16 nd. 0.34 0.17 0.14 0.69 027
Gd 0.88 0.88 1.06 n.d. 2.00 0.93 - - -
Dy 0.99 0.93 0.90 nd. 2.00 1.10 ; - -
Ho 0.21 0.21 0.18 n.d. 0.48 0.29 n.d. n.d. nd.
Er 0.52 0.56 0.49 nd. 130 0.94 - - -
Yb 0.52 0.55 0.46 n.d. 1.15 0.94 . - -
Lu 0.01 0.09 0.09 nd. 021 0.20 0.11 0.17 0.17
Hf 0.28 0.40 0.46 nd. - 0.30 nd. nd. nd.
Nb 0.81 0.88 13.41 nd. n.d n.d. 8 10 13

G-3 and G-18 - olivine gabbro - troctolites; G-5 and G-17- gabbronorites from MDS; 606 - gabbro-amphibolites; 61¢
- olivine gabbro from MDS after Zakariadze et al. (1993); 704 - lhertzolite; 705 - olivine gabbronorite; 706 - hypers-
thene porphiryte after Sharkov et al. (1994). Major and trace elements of gabbroids from MDS - XRA carried out at
the Dept. of Geology, University of Glasgow , REE and Nb - ICP-MS analyses at the SURRC, East Kilbride.

G -3 1 G -18 - onusuuHOBY rabpa-TpoxronuTy o MJAC: G -5 u G -17 - rabpo-nopuru or MAC, 606 - rabpo-
ampubonut or MIAC no Zakariadze et al. (1993); 610 - onusurOBO rabpo ot MIC no Zakariadze et al. (1993); 705 -
onusHHOB rabpoHopuT 1o Sharkov et al. {1994); 706 - xunepeTeHor nopdhupuT no Sharkov et al. (1994).
MakpochcTas ¥ eneMeHTH cnelH - XRA ca usBespluesy B PakyiITeT N0 reoNorns Ha YaupepcuTeTa r.liasroy;

P3E u Nb - ICP-MS s SURRC, Hiict Kunbpaiig

metabasites from the Karelia region lie in the
field of boninites. The relative abundances of
Zr and Y in the Rhodope metagabbroids cor-
respond closely to those in boninites and
island-arc tholeiites (Fig. 4b). The metabasites
from Karelia, Baltic shield fall outside this
diagram because of their very low Y contents
and high Zr/Y ratios.

The chondrite-normalized REE pattern of
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the metabasites (Fig. 5) is characterized by
varying LREE enrichment (La/Sm ratio varies
from 2.0 to 4.4) and flat or slightly U-shaped
HREE pattern. The latter has been noted by
several workers (Sun, Nesbit, 1978; Bloomer,
Hawkins, 1987) and seems to be characteristic
of boninites. In Fig. 5 it can be seen that the
metabasites from Karelia region are more
enriched in LREE than the rocks studied.
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Fig. 2. AFM-diagram of metabasic rocks from the MDS
and Karelia regions: I — line separating the tholeiite and
calc-alkaline fields (Irvine, Baragar, 1971); II - differenti-
ation trend of druzites (Sharkov et al., 1994); III - differ-
entiation trend of boninites (Bloomer, Hawkins, 1987);
crosses - samples 3515, 724, 727b, 360b after
Kozhoukharova and Daieva (1990); dotted circles - sam-
ples G-2, G-3a, G-11, G-17 after Pristavova (1996).
Symbols are valid for all diagrams

Qur. 2. AFM anarpama Ha Merabasuture or MAC 1
Kapenus: I - oTnens TOMEHTOBO OT KaJIMEBOAJKANHO
none (Irvine, Baragar, 1971); II - TpeHs Ha
nudepennuanys Ha apyzutu (Sharkov et al., 1994); IIT -
TpeHn Ha gudepennuauds Ha OGorHuHuTH (Bloomer,
Hawkins, 1987); kpecTueTa - obpasuu 515, 724, 727D,
360b nmo Kozhoukharova, Daieva (1990); kpwruera c
Toyxa - obpasum G-2, G-3a, G-11, G-17 no Pristavova
(1996). CuMBOJIHTE Ca BalUWAHH 33 BCHYKH JHATPAMH

Compared to the fields of micropyroxenites
from the Bushveld massif and boninites from
the Izu-Bonin island arc (Sharkov et al., 1994)
the rocks from the MDS and the IAT-like
orthoamphibolites from the northern part of
Central Rhodope lie in the field of boninites
and partly of micropiroxenites while the rocks
from Karelia region lie predominantly in the
field of the Bushveld micropyroxenites.

The MORB-normalized (Taylor, McLenn-
an, 1984) trace element patterns (Fig. 6) show
clear LILE enrichment (Sr, Rb, Ba) and HFSE
depletion (Zr, Ti, Y), characteristic of
boninites. The patterns of MDS are in the field
of boninites from the Pacific Ocean. The
Baltic shield metabasites lie in the boninite
fieid as well as in the island-arc tholeiite field
{Sharkov et al., 1994).

The Zr/Sm - La/Sm diagram (Fig. 7) shows
the fields of different types of Pacific Ocean
boninites (Sharkov et al., 1994). Although the
metabasites from MDS and Karelia regions
are situated outside these fields they are clos-
er to boninites than to tholeiites. The tholei-

Ca0
TiOy |

30+

TiO

[
boninites + HIMA
0.5 1.0 1.5
wt% Ti0,2

Fig. 3. CaO/Ti0,, AL,O,/Ti0, and K,0/TiO, in relation
to TiO, content in the metabasites from MDS, Karelia
region and IAT-like orthoamphibolites from the northern
part of Central Rhodope. Fields, B1-, B2- and M compo-
sitions after Hall, Hughes (1987) )
®ur. 3. CaO[TiO,, Al,0,/TiO, and K,O/TiO, mo
otxowenne #a Ti0, cpabpxanue B MeTadasuTHTE OT
MAC, Kapenus u IAT nomobru oproamduboanat oT
cesepHata yacT Ha Llentpaneu Pomonu. Ionerara, Bl-,
B2- u M ceerasute ca no Hall, Hughes (1987)

ites lie in the left lower corner of this diagram
(Sharkov at al., 1994). The IAT-like rocks
from the northern part of Central Rhodope
Mts are closer to the field of boninites and
tholeiites from Mariana fore-arc zone (Fig. 7).

The above mentioned facts about the MDS
metabasic rocks show that they are situated in
various fields (MORB, IAT, boninites) on the
used diagrams. The diversity of their character
can be clearly seen in Table 2 where we com-
pare the values of some indicative ratios for
the metagabbros and those of druzite, bonni-
nite, island-arc tholeiite, MORB and primitive
mantle.
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Fig. 4. a - TiO,(wt%) - Zr(ppm); & - Zr/Y(ppm) - Ztr(ppm) in the metabasites from MDS, Karelia region and IAT-like
orthoamphibolites from the northern part of Central Rhodope. Fields and trends after Hall, Hughes (1987)

®ur. 4 a - TiO(wt%) - Zr(ppm); b - Zr/Y(ppm) - Zr(ppm) B metabazutute or MIAC, Kapenns u IAT nozoCuu
oproamdubonuTy OT cepepHata yacT Ha UenTpanuu Pononu. Ilonerara u tpennosete ca no Hali, Hughes (1987)
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Fig. 5. Chondrite-normalized REE patterns in metabasites from MDS and Karelia region: 1 - field of micropyroxenites
from the Bushveld massif; 2 - field of boninites from the Izu-Bonin island arc. Fields after Sharkov et al. (1994)
Gur. 5. XounpuT-HOpMHpaHo pasnpenenesue Ha P3E B metabasurure or MIAC u Kapemms: 1 - moge Ha

MHKDOTIHPOKCEHHTHTE OT Macusa Bymseng; 2 - none na GonuaurHre o1 Msy-bounrckaTa ocrpossa gpra. ITonera no
Sharkov et al. {1994)
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Fig. 6. MORB-normalized trace element patterns in metabasites from MDS and Karelia region: 1 - field of Mariana
volcanic-arc tholeiites; 2 - field of Pacific Ocean boninites. MORB data after Taylor, McLennan (1985); fields after

Sharkov et al. (1994)

®ur. 6. MORB-HOpMHPAHO pa3npeleneHne Ha PeOKKUTE H pazcesHy eleMeHTd B Merabasuture ot MJC u Kapenusa:
1 - moJie Ha ToIeuTHTE OT MapuaHcKaTa BYJIKARHCKA ABIa; 2 - noie Ha OoRuuuTHTe 0T Tuxpa okeal. Januu 3a MORB
o Taylor, McLennan (1985); nonera oo Sharkov et al. (1994)
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Fig. 7. La/Sm - Zr/Sm - diagram for metabasites from
MDS and Karelia region: I -field of Mariana Trench
boninites and Izu-Bonin fore-arc zome; II - field of
boninites and tholeiites from the Mariana fore-arc zone;
11 - field of Guam boninites; IV - field of boninites from
the Mariana active volcanic arc. Fields after Sharkov et
al. (1994)
®ur. 7. LafSm - Zr/Sm - guarpama 3a MeTaba3uTute o7
MJAC, Kapenus u IAT oT cesepraTa yacT Ha [IenTpanuu
Poponu: I - none na SoapHuTH 0T MapHaHCKRA Xeb U
WNzy-bornnckata npenasrosa 3o0Ha; II - Tloae Ha
GOHHHHTHTE ¥ TONeHTHUTE OT MapHaHckaTa npeaTbrosa
aoua; III - oone na Goummautrre OT IvaMm; IV - none Ha
GounHMTHTE OT MapuaHcKaTa akTHBHA BYAKZHCKa OBra.
onera mo Sharkov et al. (1994)

Conclusion

The content of major, some trace elements
and REE of the rocks from MDS, their
CaO/AlL,0,, CaO[TiO, and Al,O,/TiO, ratios
(Table 2), the negative Nb- and Ti-anomalies
in the spidergrams (Fig. 5) are typical of mod-
ern boninitic lavas. Boninites are one of the
few arc-volcanic rocks that have petrographic
and chemical characteristics of primitive
mantle-derived magmas. By their Ti/Zr, Ti/Y
and Zr/Y ratios (Table 2) the metabasic rocks
from MDS are closer to IAT. They are also
similar to IAT-like orthoamphibolites from
the northern part of Central Rhodope Mits.
The geochemical characteristics of the MDS
metabasites define them as transitional
between modern boninite rocks and island-arc
tholeiites and show their marked affinity to
primitive island-arc rocks.

Hall and Hughes (1987) and Sharkov et al.
(1994) have pointed out that analogous transi-
tional compositions are typical of the Early
Proterozoic high-magnesian series from a
number of Precambrian terrains. The most dis-
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Table2
Indicative ratios for the studied rocks

Tabnuua?l
Huouxamopru omHOWCHUA 3¢ U3CACOGAHUME CKAAU
Ratios gabbro | gabbro | gabbro 606 610 704 |boninite | IAT | MORB | primitive
G3 G5 Gl17 50-28-r | D27-3 mantle
this  study Zakariadze et al.,, |Sharéov[Bloomer, Hawkins, | Taylor, McLennan,
1993 et al., 1987 1985
1994
Ca0/AlL 0, 0.64 0.59 0.57 0.73 0.55 0.56 0.58 0.58 1.04 0.82
Ca0/Ti0, 24 33 a3 16 29 14 28 9 5.9 16
ALOyTIO, 38 56 57 22 53 25 48 16 5.6 20
Ti/Zr 70 130 65 96 62 40 34 88 112 110
TirY 166 177 182 256 145 619 263 184 281 291
Y 2.4 14 2.8 2.7 2.4 15.3 7.8 2.1 2.5 2.5
Zr/Nb 32.1 17.1 2.1 - - 5.8 7.8 16 364 15
Y/Nb 14 12 0.8 - - 0.4 I 7.5 14.5 6
Sr'Y 19 26 29 13 21 31 7.8 4.7 4.1 5
La/Ce 0.50 0.40 0.47 0.39 0.55 0.39 - - 0.32 0.39

tinctive features of the Precambrian high-mag-
nesian series are their isotopic characteristics,
displaying ancient sialic crustal contamina-
tion. Further isotopic analyses of the MDS
metabasic rocks can determine their relation
to the Precambrian magmatic activity.
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