Scientific Annals, School of Geology, Aristotle University of Thessaloniki
Proceedings of the XIX CBGA Congress, Thessaloniki, Greece

Thessaloniki

299-306 2010

Special volume 99

PRELIMINARY RESULTS ON XENOLITHS IN BASALTIC ANDESITE

SUBVOLCANIC BODY IN THE VICINITY OF KROUMOVGRAD,
EASTERN RHODOPES, BULGARIA

Nedialkov R.

Department of Mineralogy, Petrology and Economic Geology, Faculty of Geology and Geography,
Sofia University “St. Kliment Ohridski”, rned@gea.uni-sofia.bg

Abstract: The studied basaltic andesite subvolcanic body belongs to the Paleogene post-collisional vol-
canism of the Eastern Rhodopes Momchilgrad-Arda volcanic region. It intrudes acid and intermediate
pyroclastic, epiclastic rocks as well as concomitant sedimentary rocks. The subvolcanic rocks are with
dense porphyritic texture and glassy (hyalinic) ground mass. Phenocrysts are represented by clinopyrox-
ene, orthopyroxene and plagioclase. The rocks are medium-K to high-K, Q-normative and with Mg# =
65-72. Their geochemical peculiarities are similar to those from subduction related magmas, with nega-
tive anomalies for Ta, Nb, Ti, P in primordial mantle normalized spidergrams, but are probably influ-
enced by lower crust material. Three different types of deep xenoliths of granulites, plagioclasites and
cumulate clinopyroxenites are established. Granulites are metabasites with MgO = 7.15 wt. %. Basic
granulites (pyriclasites) are composed by clinopyroxene and plagioclase where titanomagnetite is an ac-
cessory phase. Plagioclasites are composed exclusively of oligoclase with a small amount of chlorite.
And finally clinopyroxenites are monomineral but with a transitional peripheral zone, where plagioclase
(anortite) appears as a reaction product. Pressure estimations for granulites and clinopyroxenites are 8-
14 kbars corresponding approximately to the crust — mantle boundary. Both xenolith types show petro-
graphic evidences for rock transformations and initial melting. They were probably the result of an inte-
raction with the ascending-basaltic to basaltic andesite mantle-derived and lower crust modified magma.

Keywords: East Rhodopes, Paleogene volcanism, subvolcanic basaltic andesites, deep coming xenoliths.

1. Introduction

The calc-alkaline to shoshonitic volcanic activity
in the Eastern Rhodopes is collision-related (Ya-
nev et al., 1989) or post-collisional (Ivanov, 1988)
with Paleogene age (Priabonian and mainly Oligo-
cene) (Lilov et al., 1987; Harkovska et al., 1989).
The investigations on the Paleogene volcanism,
based on precise geochemistry and isotopic ana-
lyses, have revealed that the magmatic source is
enriched metasomatised mantle (Marchev et al.,
1989, 1994; Nedialkov and Pe-Piper, 1998; Yanev,
2003), and that derived melts have been crustal
contaminated. The investigations on coeval alka-
line basaltic dikes of intraplate origin, disposed 20-
30 km southeast from the town of Kroumovgrad,
presented evidence for the role of the underplating
of basaltic magma for the core complex formation
and first data about the composition of the most
upper parts of the lithospheric mantle as well as the
transition to the lower crust in the Eastern Rho-
dopes (Marchev et al., 2006). Deep derived xeno-
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liths were not established until now in the collision
related volcanites. The recently discovered xeno-
liths of pyroxenites, eclogites and plagioclasites in
a basaltic andesite subvolcanic body, western of
Kroumovgrad, present the possibility to obtain new
information for the upper mantle — lower crust
transition in the region and to examine some ele-
ments (characters) of the interaction between the
melt and deep seated rocks.

2. Geological setting

In the Eastern Rhodopes the Paleogene volcanism
is emplaced in two structural depressions: the Bo-
rovitza volcanic region, situated in the North, and
the Momchilgrade-Arda volcanic region (MAVR),
being to the south. Several subvolcanic, basaltic
andesite to shoshonite bodies are disposed at the
south-eastern border of MAVR at the vicinities of
the town of Kroumovgrad (Gorna Koula, Vransko,
Loulichka, and Akpoba Kajasi). The subvolcanic
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body near the village of Gorna Koula represents a
spectacular outcrop, disposed in a small river val-
ley at 1.5 km westward of the Kroumovitza River
and the town of Kroumovgrad.

The subvolcanic body intrudes first acid volcanism
pyroclastic deposits (fall and flow) as well as py-
roclastic and epiclastic ones with intermediate
composition (Moskovski et al., 1996; Fig. 1) from
the second intermediate volcanism (Ivanov, 1960).
The acid pyroclastics are represented by agglome-
rate breccia, lapilly and coarse ash tuffs of white,
pale greenish and pale yellow color deposited in a
shallow marine basin. They associate with tuffa-
ceous siltstones and marls, conglomerates and
sandstones. The rocks of intermediate composition
are represented by andesitic tuffs, tuffites, breccias
as well as black silicic mudstones and organogenic
reef limestones. The host pyroclastic rocks were
water-rich and not well (solidified) lithificated at
the moment of the subvolcanic intrusion. The sub-
volcanic body is sill-like or lens-like, sub-
horizontal, with meridional length of approximate-
ly 1 km, width of up to 250 m and height of about
50-60 m. It has complicated internal concentric
structure resulting from two stage (2 impulses)
magma injection. The concentric zones have radial
columnar texture. The contacts with the host tuffs

are sharp, in places — curvilinear and with small
apophyses at the upper contact. Tuffs are silicified
near the contact.

Quaternary, alluvial deposits

Subvolcanic basaltic andesites to shoshonites

Formation of the epiclastics with intermediate composition
Formation of the acid tuff and twffites, marles and sandstones

Sandstones, volcanomictic sandstones and conglomerates

. .Geological schematic map of the area of the sub-
volcanic body (after Moskovski et al., 1996, simplified).

3. Methods

Whole rock major element analyses were deter-

mined by a wet chemical method at the faculty of
Geology and Geography of the Sofia University
“St. K1. Ohrodski”. For the basaltic andesites, trace
elements Ba, Rb, Sr, Y, Zr, Nb, Pb, Ga, Zn, Cu,
Ni, V and Cr were determined from pressed powd-
er pellets on a Phillips PW 1400 sequential X-ray
fluorescence spectrometer, using Rd-anode X-ray
tube and the REE and Hf, Ta, Th, U, Sc and Sc by
instrumental neutron activation analysis, at the Re-
gional Geochemical Center, Department of Geolo-
gy, St. Mary’s University, Halifax, N.S., Canada.
Trace elements Cr, Ni, Cu, Zn, Rb, Ba for the gra-
nulite, and Co and Li for all the samples were ana-
lyzed with atomic absorption analysis at the Sofia
University. Mineral chemistry was determined by
electron microprobe — JEOL — 733 Superprobe —
EDS at 15 or 25 Kev and accelerating potential for
100 seconds at EUROTEST-CONTROL P/c, Sofia.

4. Results
4.1. Petrography

The basaltic andesite has dense porphyritic texture
(phenocrysts up to 55-75% of the rock) and glassy
groundmass near the contact. The internal parts of
the body are almost holocrystaline with less than
20% recrystallized glassy ground mass. In some
places the body is represented by holocrystalline
gabbro where cracks with chilled melt (brownish
volcanic glass) are observed. Two types of volcan-
ic glass (brownish and pale rose), including skelet-
al plagioclases and ore minerals are established in
the groundmass close to the contact (Fig. 2). Basal-
tic andesite’s mineral composition is plagioclase
(70-75 %), clinopyroxene (12-18 %), orthopyrox-
ene (5 %) and titanomagnetite (2-3 %). Plagioclas-
es have inversed zonal arrangement (bitownitic
core — Angg, labradorite-andesine intermediate
zones — Anyg.ss and bitownitic rime — Ang;). The
clinopyroxene is augite (Eng4s, FS12.19, W035.44,
Acq). Orthopyroxene is enstatite (Fsyg3;). Acces-
sory minerals are titanomagnetite (TiO, — 10-14
wt. %) and apatite.

In the subvolcanic body different types of xeno-
liths are found: clinopyroxenites, clinopyroxene
granulites and plagioclasites (oligoclasites) (Fig.
3). Clinopyroxenite is dark green-grey in color,
medium grained, equigranulare, composed entirely
of pale green colored diopside (Eny.s;, Fsyo,
Woy951; Tab. 1), with slight pleochroism and
showing clearly higher content of alumina than the
basaltic andesite clinopyroxenes (Fig. 4). Around
the xenolith is observed a transitional reaction zone
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(2-5 mm thickness; Fig. 2 and 3). Plagioclase min-
eral inclusions (Ang;.q9) are found in clinopyrox-
enes (plagioclase nucleation on the expense of cli-
nopyroxene) as well as small individual plagioc-
lase grains, the composition of which gradually
decreases in anortitic component toward the host-
ing basaltic andesite (Tab. 2). Small miaroles (up
to 1.5mm) fulfilled with secondary minerals (chal-
cedony) are also observed in the transitional zone.

L W
Fig. 3. Xenoliths and miaroles in the subvolcanic basal-
tic andesites. A — xenolith of plagioclasite. B — xenolith
of a clinopyroxenite: 1 — host basaltic andesite; 2 — tran-
sition zone between the host rock and the clinopyrox-
enitic xenolith; 3 — clinopyroxenitic xenolith; scale bar
=1 cm. C — miaroles filed with chalcedony (agate).

Wy

The clinopyroxene basic granulite (pyriclasites af-
ter Fettes and Desmons, 2007) is fine- to medium-
grained and has a granoblastic texture (Fig. 2G).
Plagioclase is andesine to labradorite (Angs.ss).

uliarities of the studied rocks:

Fig. 2. Petrogfaphic‘pec

A and B — groundmass of the basaltic andesite with mi- Clinopyroxene is augite (Enszas, Fsisis, Wo37.3s,
croliths of plagioclase and two volcanic glasses: brown Acos; Tab. 1). Accessory minerals are titanomag-
glass (B gl) relatively more basic (SiO, = 62-64 wt. %) netite (TiO, — 35-37 wt. %) and rare small apatite.
and pale rose glass (P gl) with acid composition (Si0, = The granulite is a metabasite with SiO, = 47 wt. %

72 wt. %); A — crossed Nikols; B — parallel Nikols; and MgO = 7.15 wt. % (Tab. 3). In plagioclases

scale bar = 100 pm. C — skeletal plagioclase microliths be found It inclusi ilar t
(S PI) in volcanic glass. SM — miaroles with secondary can be found numerous meft melusions simtiar to

minerals  (cryptocrystalline  saponite and  chlo- those observed in plagioclases from volcanic rocks
rite/smectite (?)); I N, scale bar = 100 pm. D - Plagioc- (Fig. 21 and J). Melt-inclusions have round or irre-
lase with oligoclase composition despite the different gular shape, with dimensions of up to 35 um, oc-

grain dimensions: II N, scale bar = 1 mm. E — Clinopy-

roxenite xenolith (Pxt), fine- to medium grained with

equigranulare, paneuhedral texture, composed entirely 0.50

of clinopyroxene and the transitional zone of the xeno-

lith (TZ) composed of clinopyroxene with small pla- 0,40

gioclase inclusions, plagioclase grains and miaroles

(Mia) filed with secondary minerals, marking the begin- . 030

ning of the transitional zone; the white line show the 2

border between the Clinopyroxenite and the transitional < 520

zone; X N, scale bar = 2 mm. F — Clinopyroxenite; X N, (
scale bar = 2 mm. G — finegrained equigranulare, gra- 0.10

noblastic texture of a clinopyroxene basic granulite; P1 —

plagioclase; Cpx — clinopyroxene; X N, scale bar = 0.6 0.00 i i ‘ .
mm. H — retromorphosed granulite with saponite (Sap) 000 020 040 060 080 1.00
replacing mainly pyroxenes and occasionally plagioc-

lase; X N, scale bar = 0.6 mm. I and J — mineral-melt Mgt

inclusions in plagioclases from granulites; MI — miner-
al-melt inclusions with small fluid bubble and different Fig. 4. Al tot — Mg# diagram for the composition of cli-
small minerals (apatite, ore minerals and other unde- nopyroxenes from the host basaltic andesite (4) and from
fined phases); II N, scale bar = 60 pm. the clinopyroxenite (0) and granulite (A ) xenoliths.
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Table 1. Chemical composition (in wt %) and structural formulae (on 6 O) of pyroxenes from
subvolcanic basaltic andesites and clinopyroxenitic xenolith.

Sample  013kc3 1216 3195 013kc3 013kc3 013ke3 1216 3195 013ke3 013ke3 013ke3 013ke3 013ke3  1216x2  1216x2  1216x2 1216x2
Rock BA BA BA BA BA BA BA BA PXT PXT PXT PXT PXT granulite granulite granulite granulite
Location CPx CPx CPx CPx CPx CPx Opx Opx CPx CPx CPx CPx CPx CPx CPx CPx CPx
SiO, 49,46 51,18 51,92 53,57 4931 49,34 52,68 52,77 46,12 46,62 46,61 52,09 5047 51,38 52,52 51,67 52,49
TiO, 058 062 023 039 033 053 08 019 0,51 044 054 023 047 0,27 0,3 0,25 0,6
ALO; 4,66 246 338 19 455 3,69 2,13 163 782 6,65 68 413 531 2,2 2,34 2,15 2,43
FeO 846 11,89 7,11 10,14 10,88 11,65 188 1898 1227 12,62 1206 8,66 7,69 8,96 8,99 9,59 10,69
MnO 027 003 032 032 011 024 0 029 0,1 0,11 0,17 0 0 0,12 0,18 0,15 0,19
MgO 15,59 1546 16,16 14,66 11,92 1505 23,63 23,59 9,79 10,12 1052 13,11 14,39 15,96 159 16,25 15,61
CaO 20,6 1823 19,78 18,83 2225 17,89 2,06 181 2415 2402 2354 21,7 21,66 19,16 18,44 19,1 18,01
Na,O 0 0 092 0 0 L19 005 049 0 0 0 0 0 0,99 0,76 1,52 0
K,O0 0 0 0 0 0 0 007 0 0 0 0 0 005 0 0,09 0,04 0
Total 99,66 99,95 99,86 99,9 99,39 99,58 100,2 99,77 100,79 100,61 100,26 99,93  100,7 99,04 99,52 100,72 100,02
Si 1,85 192 192 198 1,87 187 193 195 1,76 L78 1,78 193 1,87 1,93 1,95 1,92 1,95
AlY 0,15 008 008 002 013 013 007 005 024 022 022 007 013 0,07 0,05 0,08 0,05
Al 0,05 003 006 007 008 003 002 002 0,11 0,08 009 0,11 0,10 0,02 0,05 0,01 0,05
Fe** 0,10 003 0,1 000 005 024 001 008 0,16 0,17 0,16 0,00 0,01 0,15 0,06 0,25 0,00
Ti 0,02 0,02 001 001 001 002 002 001 001 001 002 001 0,01 0,01 0,01 0,01 0,02
Fe** 016 034 011 032 030 012 057 050 022 023 022 027 022 0,12 0,22 0,04 0,33
Mn 0,01 000 001 001 000 001 000 001 0,00 0,00 001 0,00 0,00 0,00 0,01 0,00 0,01
Mg 087 086 089 081 068 08 129 130 0,56 058 060 0,72 0,79 0,89 0,88 0,90 0,86
Ca 082 0,73 078 0,75 091 072 0,08 007 098 098 09 086 0,86 0,77 0,73 0,76 0,72
Na 0,00 0,00 007 000 000 009 000 004 0,00 0,00 0,00 0,00 0,07 0,05 0,11 0,00
K 0,00 0,00 000 000 000 000 000 000 0,00 0,00 000 0,00 0,00 0,00 0,00 0,00 0,00
Mg# 084 0,72 089 072 069 087 069 072 071 072 0,73 073 0,78 0,88 0,80 0,96 0,72
Wo 41,99 37,19 3981 39,66 46,96 3572 4,15 359 51,06 50,15 4945 4642 4543 38,20 37,58 36,79 37,32
En 4422 4389 4526 4297 3501 4181 66,17 6505 2880 29,40 30,75 39,02 42,00 44,28 45,09 43,56 45,01
Fs 13,78 1893 11,58 17,36 18,04 18,17 29,51 29,61 20,14 20,45 19,80 14,56 12,57 13,95 14,52 14,34 17,67
Ac 0,00 000 335 000 000 430 0,18 1,76 0,00 0,00 000 0,00 000 3,57 2,80 5,30 0,00

BA - basaltic andesite; PXT - clinopyroxenite; CPx - clinopyroxene; Opx - orthopyroxene

curring in patches grouping 3 to 8 inclusions. They
represent chilled melt, comprising one or more
bubbles, and several very small different minerals
(apatite, ore minerals and other undetermined
phases). Granulites have undergone a partial re-
tromorphism (low temperature hydrothermal
alteration) with an occasional replacement of the
pyroxenes and plagioclases by saponite, oriented
with conformity to the schistosity (Fig. 2H).
Plagioclasites are found as angular brightly colored
xenoliths with dimensions up to 25 cm. They are
coarse grained (up to 5 mm), with brecciated and
recristalized finegrained zones. They are composed
almost solely by oligoclase (Anjono, Or;; Tab. 3)
and occasionally include small amounts of pale
and brownish chlorite.

4.2. Geochemistry

Subvolcanic basaltic andesites to shoshonites (Fig.
5) are calc-alkaline to high-K calc-alkaline rocks,
with relatively high potassium contents (medium-
to high-K; Fig. 5B), with Mg# = 62-75 and all
samples are Q-normative. Primitive mantle norma-
lized spidergrams (Sun and McDonough, 1989;
Fig. 6) show negative anomalies for Ta, Nb, P and
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Ti, typical for subduction related magmas. Chon-
drite-normalized REE patterns (Fig. 7) show
enrichment in LREE (La/Yb = 6.5 — 9) and a small
Eu anomaly (Euw/Eu* = 0.84-0.94). The studied
rocks plot close to the amphibolite fusion trend on
the Ce,/Yb,—Ce, diagram (after Gill, 1981; Fig. 8).

The temperature estimations for pyroxenites, based
on pyroxene goethermometer (Weels 1977), show
crystallizing temperatures of 1085-1095 °C. Tem-
peratures for the basaltic andesites are 1120-
1190°C. Pressure estimations we have made, based
on clinopyroxenes (Nimis, 1999; Putirka, 2008) for
granulites and pyroxenites, give very scattered un-
realistic results. The clinopyroxene’s compositions
from the pyroxenite xenolith are very similar to
those determined by Marchev et al. (2006) for py-
roxenite xenoliths from the alkaline basaltic and
lamprophyric dikes southeastern of Kroumovgrad.
They have estimated pressures of crystallization to
7.5—13 kilobars (depth — 22-38 km), which is cha-
racteristic for the lower crust or the boundary low-
er crust — lithospheric mantle. Geophysical investi-
gations have determined the Moho boundary in the
Eastern Rhodopes at a depth of 32-38 km (Velchev
et al., 1971; Yossifov and Péelarov, 1977).
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Table 2. Chemical composition (in wt. %) and structural formulae (based on 8 O) of plagioclases

from basaltic andesite and xenolithes.

Sample  013kc3 013kc3 3175 013xc3 013x3 013x3 013x3 013x3 013kcl O13xcl  1216x2  1216x2  1216x2  1216x2
Rock BA BA BA PXT PXT PXT PXT PXT Plt Plt granulite granulite granulite granulite
Location Pl Pl Pl Plin CPx Pl Pl Pl Pl Plsmall Pl Pl Pl Pl Pl
Si0, 47,37 52,67 49,75 4421 4879 46,92 51,75 5429 5997 62,9 52,16 55,17 57,88 54,07
ALO; 3296 27,99 31,26 35,65 31,98 3323 2815 28,13 24,17 2234 25,69 26,96 25,09 2748
FeO 0,81 1,10 084 0,92 1,09 0,68 08 085 0,08 0 2,38 0,66 0,42 0,43
CaO 16,41 10,83 13,68 17,96 16,58 17,04 12,77 12,33 459 471 10,64 11,83 9,53 11,37
Na,O 1,94 589 413 0,74 1,17 1,15 447 4,61 9,77 8,16 6,5 5,1 6,29 5,85
K,O 0,14 054 034 0 023 007 032 038 1,39 144 0,36 0,32 0,54 0,4
Total 99,65 99,02 100,03 99,52 99,93 99,1 9832 100,71 100 99,58 99,14 100,38 99,77 99,62
Si 2,19 243 228 2,05 224 2,18 240 245 2,70 2,81 2,46 2,50 2,61 2,47
Al 1,79 1,52 1,69 1,95 1,73 1,82 1,54 1,50 1,28 1,18 1,43 1,44 1,34 1,48
Fe(ii) 0,03 004 003 0,04 004 0,03 003 0,03 0,00 0,00 0,09 0,03 0,02 0,02
Ca 0,81 054 0,67 0,89 082 085 0064 0,60 022 023 0,54 0,57 0,46 0,56
Na 0,17 053 037 0,07 0,10 0,10 040 040 0,85 071 0,59 0,45 0,55 0,52
K 0,01 003 0,02 0,00 001 0,00 002 0,02 0,08 0,08 0,02 0,02 0,03 0,02
An 81,69 4893 63,46 93,06 87,40 88,73 60,12 5837 19,18 22,23 46,60 55,18 44,21 50,69
Ab 17,48 48,16 34,67 6,94 11,16 10,84 38,08 3949 7390 69,68 51,52 43,05 52,81 47,19
Or 0,83 291 188 0,00 144 043 179 214 6,92 8,09 1,88 1,78 2,98 2,12

BA - basaltic andesite; PXT - transitional zone of the clinopyroxenite; Plt - plagioclasite; Pl- plagioclase; CPx - clinopyroxene

5. Discussion and conclusions

The petrographic and geochemical characteristics
of the subvolcanic basaltic andesites testify that
this subvolcanic calc-alkaline to high-K calc-
alkaline magmatism is post-collisional, as post-
ulated earlier (Ivanov, 1988; Nedialkov and Pe-
Piper, 1998). The studied basaltic andesites are
close to the parental magmas for the volcanic se-
ries in the Paleogene volcanism in the Eastern
Rhodopes. The chondrite normalized REE patterns
suggests a weak fractionation of clinopyroxene and
plagioclase. The Ta, Nb, P and Ti negative anoma-
lies in spidergrams (Fig. 6) are most likely inhe-
rited from the mantle-derived basic magmas that
have heated the lower parts of the earth crust in the
region. The contents of Ta and Nb are higher than
typical subduction-related magmas and the mantle-
derived magmas are thought to be generated in
enriched mantle after the slab break-off (Yaneyv,
2003). Investigations of the volcanism in the East-
ern Rhodopes (Marchev et al., 1989; 1994; 1998),
based on Sr isotope characteristics (*'Sr/*Sr =
0.7057 — 0.7083), have pointed out the important
role of the crustal contamination. The raised REE
content ascribing amphibolites fusion origin of the
melts (Fig. 8), could be interpreted as a geochemi-
cal crustal contribution. The crustal contribution
most probably occurred during the partial melting
of rocks from the lower crust (crust — mantle tran-
sition) confirmed by the melting observations on
granulites and cumulative pyroxenites.
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Fig. 5. Systematic of the volcanic rocks after Le Maitre
et al.(1989). A — TAS classification diagram. B — Dis-
tinction of the volcanic rocks on their potassic alkalinity
using the K,O — SiO, diagram. Symbols as in fig. 4.
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Fig. 6. Primitive mantle normalized spidergram for the
trace elements in the basaltic andesites. The normaliza-
tion values are after Sun and McDonough (1989).

The established xenoliths of granulite and pyrox-
enite exhibit signs of reworking (component ex-
change with the magma and beginning of fusion)
probably provoked by the relatively more extended
in time interaction with the hot basaltic to basaltic
andesite magma. In pyroxenites, this is marked by
the appearance of the plagioclase inclusions in cli-
nopyroxenes, the small individual plagioclase
grains and the miaroles in the transitional zone of
influence. The plagioclase nuclei are probably the
result of intrapyroxene diffusion of the mineral
forming oxides (SiO,, Al,O;, Ca0). The individual
plagioclase grains in the transition zone obviously
result from an intergranular fluid-assisted diffusion
of components between the clinopyroxenite and
the magma attended with decay and shrinkage of
the pyroxene grains. The resorption of the pyrox-
ene grains and the magmatic fluids involved lead
to the formation at shallower depth of the small
miaroles into the transitional zone of the pyrox-
enite xenolith. Nucleation of plagioclase in pyrox-
enes and its formation in the transitional zone of
the clinopyroxenite presume a relatively poor in
H,O primitive mantle derived magma. At high
temperatures (>1100°C) and water content higher
than 3 wt %, plagioclase crystallization is sup-
pressed (Miintener et al., 2001; Pichavant and
Mcdonald, 2007). The anhydrous mineral associa-
tion of the granulite is disequilibrated during the
interaction with the hot, fluid-containing magma.
The mineral-melt inclusions in plagioclases (rela-
tively rich in Ab component, Ang,.ss) are probably
the result of the hosting magma influence.

The plagioclasite do not show any sign of melting
or subsequent transformation and probably these
rocks have been grabbed in relatively shallower
depth during the magma ascent. The genesis of
these plagioclasites has not been determined yet.

Basaltic andesite magma could be primary, formed
at the Moho level, as deduced by Mercer and
Johnston (2008) for the North Sister volcano. The
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Fig. 7. Chondrite-normalized REE patterns of the sub-
volcanic basaltic andesites. The normalizing values are
after Boynton (1983).

presence of more primitive volcanic and subvol-
canic rocks (basalts, absarokites, basanites, lam-
prophyres) established in the Eastern Rhodopes
(Yanev et al., 1989; Marchev et al., 2006) suggests
as a more probable case-scenario the formation of
mantle-derived magma that has undergone impor-
tant evolution and transformation at the crust — up-
per mantle boundary. The established deep xeno-
liths give information about the diversity of rocks
forming the lithospheric mantle — lower crust tran-
sition.

The ascent and the cooling of the magma were
probably rapid — a deduction based on the relative
preservation of xenoliths (especially plagioclasite),
the melt inclusions in plagioclases from the granu-
lite and the hyalinic texture of the basaltic andesite
groundmass.

The formation of saponite in basaltic andesites and
granulites postdate the intrusion of the magma in
the water rich host rocks at temperatures lower
than 110°C, as established by Shau and Peacor
(1992) for pillow basalts from DSDP Hole 504B.

amphobolite fusion

*
. - e
fractional crystallisation
T T T T T T
40 50 60 70 BO 90 100
Ce,

Fig. 8. Ce, /YD, — Ce, diagram (after Gill.1981) showing
changes of Ce and Yb contents due to different type of
melting.
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Table 3. Major (in wt %) and trace element composition (in ppm)

of the subvolcanic basaltic andesites and the granulite xenolith.

sample No 1216 4000 3185 7 3195 3194  2Kg 4K 1216 xc
rock BA BA BA BA BA BA BA BA Granulite
Si0, 5153 5299 5131 5218 5244 5295 517 5158 4743
TiO, 106 066 092 093 07 067 063 07 072
ALO, 1336 1621 166 1717 1637 1699 1656 1815  16.1
Fe,05 57 513 44 403 599 595 623 5.8 7.1
FeO 385 327 358 363 288 189 251 246 277
MnO 005 002 012 014 012 00l 015 018 0.1l
MgO 537 5.7 46 522 512 478 562 492 715
Ca0 777 884 861 903 735 7175  8I5 85 101
Na,0 377 404 283 296 256 242 267 296 256
K,0 216 168 192 192 168 24 168 108 036
P,05 027 012 021 028 013 012 008 0.1 -
H,0- 132 106 432 056 231 223 216 167 299
LOT 134 043 093 151 199 14 151 161 216
Total 100.61  100.16 10035  99.58  99.96  99.64  99.65  99.71 _ 99.55
Norm (Q) 222 037 515 369 970 829 664 679 291
Mg# 6510  69.67 6421 6723 6834 7252 7192 69.97  74.48
Cr 49 12 49 53 50 58 55 34 460
\Y 216 218 200 224 210 219 225 226
Ni 2 40 23 26 20 25 26 15 96
Co 32 26 33
Cu 37 73 42 26 72 93 40 47 19
Zn 83 81 70 76 77 76 71 68 353
Pb 28 38 10 21 36 34 33 26
Ga 19 19 12 15 19 17 17 19
Li 6 8 5 8 6 5 5 4 4
Rb 44 70 54 63 91 113 63 39 10
Sr 521 473 464 490 420 405 491 619
Ba 820 951 731 781 877 988 746 879 122
Zr 171 161 158 157 187 183 151 161
Y 27 27 27 30 24 28 27 28
Nb 9 9 8 9 9 10 9 9
Ta 0.77
Hf 425
Sc 24.89
U 338 2,7 2.8
Th 11.06 10 9.2 8.3 11 12 10 10
La 26.43 275 249
Ce 52.01 54 51
Nd 24.48 22 21
Sm 536 451 445
Eu 1.37 12 134
o 0.74 05 0.7
Yb 239 207 227
Lu 037 033 034
La/Yb 7.48 896 737
Ew/Eu* 0.83 091 093
BA - basaltic andesite
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