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New Rb-Sr data on the bottom and top lava flow
of the Madjarovo volcano: Inferences for the age
and genesis of the lavas

Peter Marchev, Graeme Rogers

Abstract. Rb-Sr mineral isochrons have been obtained for the bottom and top flows of the Madjarovo
volcano. The analysed whole-rock and mineral separates (plagioclase and biotite) from the bottom latitic
flow form a good linear Rb-Sr array which is interpreted as an isochron yielding an age of 31.6+£1.2 Ma
and an initial 87Sr/86Sr of 0.70862%5. The analysed phases of the top quartzlatite flow (plagioclase,
clinopyroxene, sanidine and biotite) yield an age of 32.310.6 Ma and initial 37Sr/%6Sr of 0.70789+7. The
Sr isotope data of these two lavas do not confirm an origin by simple fractional crystallization. Rather,
they have suffered different degrees of crustal contamination.
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[Tonysenu ca Rb-Sr MHHEpanHH H30XPOHHU 3a IIbPBUS W MOCJEIHAS HOTOIM Ha MalDKapOBCKUs BYJIKAH.
Ananusumpanara ofmia ckajgHa mpoda U MOHOMHHEPAJHH TIPOOH OT IUIar#oKia3 ¥ OGHOTHT OT WHPBHA
notox odopmiar nobpa Rb-Sr penmiua, KOfTo ce MHTepNpeTHpPa KATO M30XPOHA JaBalla BB3PACT OT
31,6+1,2 Ma u navanuo ortromenue 87Sr/86Sr 0,70862+5. Ananusupanure Gasu HA IOCIEIHHS NOTOK
(mjaruokias, KIMHONKMPOKCEH, CAaHMAMH K OHOTHT) AaBa BB3pacT oT 32,310,6 Ma ¥ HayaiHO OTHOIIEHHE
873r/86Sr 0,70789+7. Mi30TOMHMTE JAHHM Ha ST B Te3H [BE JaBM He MOTBLPKIABAT QOPMUPAHETO UM Upe3
¢dpakilMOoHHA KpUcTanu3alus. I1o-ckopo, Te ca MPeTHPIE/IM PasIHYHA CTelleH HA KOPOBa KOHTAMHHAIHA
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Introduction for 12 whole-rock samples range from 33.5

to 31.0 Ma. The thorogenic Pb model age
The age of the Madjarovo volcano is of galenas from the base metal veins,
controversial. K-Ar ages (Lilov et al., 1987) (Amov et al, 1979) is 50+10 Ma. At the
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same time, corals (Corallinacaea) from
organogenic limestones at the base of the
volcanic sequence in the southern part of
the Madjarovo volcano were determined to
be of Miocene age (Bakalova, 1980). An
attempt to determine the age of the
Madjarovo volcanics using the Rb-Sr
whole-rock isochron method was made by
Plyusnin et al., (1988). The age computed
for nine lavas is 28.1£1.6 Ma with 87Sr/86Sr
0.7078%2.

In the last few years, the Madjarovo
volcano has been the subject of a large scale
project including mapping on a scale of 1:10
000, and extensive petrological and
geochemical studies. In this paper we report
newly obtained Rb-Sr ages for the
Madjarovo bottom and top lavas in order to
determine the time span of volcanic activity
and to discuss briefly the petrogenetic
significance of the Sr isotopic data.

Geological setting

The Madjarovo volcano covers an area of
about 120 km? in the Eastern part of the
Eastern Rhodope volcanic district which
represents a part of the Macedonian-
Rhodope-North Aegean Magmatic Belt
(MRNAMB; Harkovska et al., 1989;
Marchev et al.,, 1989b). The basement rocks
crop out south, west and east of the volcanic
pile and belong to the Rhodope crystalline
basement. The volcanic activity is of

predominantly fissure type which formed a

shield volcano (Ivanov, 1960). Although it
is difficult to calculate the total volume of
magma erupted due to uncertainties in
erosional losses, particularly in the southern
part, an estimate of 60 £10 km3 is reasona-
ble. The Arda river, exploiting a large fault,
flows from west to east and dissects the
central part of the volcano. The erosion
here provides about 700 m of vertical relief
and access to the deep stratigraphical
levels. Several drill holes in the central part
provide an additional 100-200 m of vertical
exposure.

The unaltered volcanic rocks (Marchev et
al., 1989a) have the composition of high-K
calc alkaline and shoshonitic basic to
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intermediate varieties with latites being the
most voluminous rock type. The most
evolved rocks are of quartztrachyte compo-
sition. On the basis of O and Sr 1sotope ratios
Marchev et al. (1997 and unpubl. data)
distinguished two sharply distinctive periods
in the evolution of the Madjarovo volcano.
The first 1s characterized by alternating thick
(up to 150 m) latitic lava flows (sheets) with
1 to 4-5 thinner more basic high-K basalts,
basaltic andesites and andesites. During this
stage the Madjarovo magma system evolved
as an open-system dominated by the mixing
of latitic and basaltic magmas. The second
period includes the last 3 consecutive lava
flows ranging in composition from high-K,
high-Al basalts through high-K latites to
quartziatites. They evolved by almost closed-
system fractional crystallization processes.
There is a notable increase 1 K in the second
evolutionary period.

The dated rocks are from the bottom
and top flows of the Madjarovo volcano.
Following the discrimination diagram of
Peccerillo and Taylor (1976), as modified
by Marchev (1986), these rocks are termed
latite and quartzlatite. The bottom flow has
Si0, 59.6 wt. % and K,0 4.0 wt.%. It is a
porphyritic rock, with phenocrysts and
microphenocrysts of plagioclase as the most
abundant phase. The plagioclase is zoned
with a more calcic, strongly corroded core
(Ans;5.7;) surrounded by a distinct,
oscillatory zoned outer rim (Angs.s;) with a
trend of decreasing calcium towards to
outer rim. Rounded or irregular brown
glass inclusions of various size occur within
the cores of the plagioclase. Clinopyroxene
(augite with Mg# 76.4-75.0), orthopyroxene
(Mg# 72.2-69.9), titanomagnetite (110, 10-
12% wt.% and MgO 1 wt.%), biotite (Mg#
69-68 and TiO, 4.9 wt.%), and amphibole
(Mg# 65.6 and TiO, 3.26 wt.%) and apatite
are subordinate. The groundmass contains
the same phases which occur as phenocrysts
with the exception of biotite. The glassy
portion represents about half of the volume
of the groundmass. ‘

The top lava flow is the most acid rock
in the Madjarovo volcano with S10, 65.8
wt.% and K,O 4.5 wt.%. It is a coarse-
grained, porphyritic rock. The phenocryst



mineralogy is dominated by plagioclase
(Ansy 5.4;0) with rare, strongly corroded
cores of bytownite (Angss) and sanidine
(Or75.1.724 Aby1oag An; Cnyggs), asso-
ciated with low- and high-Mg clinopyro-
xene (Mg# 79-75.4 and 86-81, respectively);
rare orthopyroxene (Mg# 69.8-68.2), always
jacketed by clinopyroxene (Mg# 74.5),
biotite (Mg# 61 with TiO, 4.4-5.5 wt.%),
titanomagnetite (TiO, 7 wt.%) and apatite.
Zircon is an accessory mineral. The
groundmass 1s glassy (perlitic) or holocrys-
talline, composed of plagioclase, sanidine,
quartz and titanomagnetite dust.

Analytical procedures

The mineral separates were extracted using
standard mineral separation techniques
including heavy liquids, magnetic separator,
and further purification by hand picking
under alcohol until pure mineral fractions

were obtained.

87S8r/86Sr ratios were determined on
spiked samples at the Scottish Universities
Research and Reactor Centre (SURRC)
East Kilbride, Scotland. Rb and Sr were
separated by standard procedures
(Dempster et al., 1995). Rb and Sr were run
on VG MM30 and VG 54E thermal
lonization mass spectrometers respectively.
87Sr/%68r ratios were corrected for mass
fractionation using 86S1/88Sr 0.1194. During
the period of analysis NBS987 gave
87Sr/30Sr 0.71028 £ 2 (20).

In the isochron calculations a precision
of 0.7% (20) was assigned to the 87Rb/86Sr
ratios whereas the measured 2c error was
assigned to the 87Sr/86Sr ratios.

Results and discussions

Table 1 gives the results of Rb-Sr mineral
and whole-rock 1sotope data for the bottom

Madjarovo lower flow
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Fig. 1. Rb-Sr isochron diagram showing the three-point-isochron of whole-rock, plagioclase and biotite from the

bottom flow

®ur.1. Rb-Sr n30XpoHHa NHarpaMa nokaspallia TPUTOYKOBA H30XPOHA OT BAJOB CLCTAB, IUIATMOKIIA3 W GHOTHTH Ha

AOJIHHA NTOTOK
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‘Madjarovo upper flow
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Fig. 2. Rb-Sr errorchron diagram showing the four-point errorchron of plagioclase, clinopyroxene, sanidine and biotite

from the top flow

dur.2, Rb-Sr epoxponHa JyarpamMa N0KasBalld YeTHPUTOYKOBA EPOXPOHA OT IIIATMOKIA3, KIHHONHPOKCEH, CRHHIHH

H ODHOTHT OT TOPHUA IOTOK

and the top flows obtained in this study.
The analysed minerals (plagioclase and
biotite) and the whole-rock of the bottom
latitic flow form a good linear Rb-Sr array
(Fig. 1) which is interpreted as an isochron
yielding an age of 31.6+1.2 Ma and an
initial 87Sr/86Sr 0.70862+5. The MSWD is
low (2.4) mndicating that the deviations of
the samples from the isochron are small
and may be attributed to analytical
uncertainties. Thus, the first latite flow
appears to have been isotopically uniform
at the time of emplacement. The mineral
separates (plagioclase, clinopyroxene,
sanidine and biotite) from the top
quartzlatite flow (Fig.2) yield an errorchron
age of 32.320.6 Ma and initial 87Sr/86Sr
0.70789+7 (MSWD 6.8). Although there is
a little scatter of the data on the isochron
diagram, these phases also seem to have
been in isotopic equilibrium at the time of
crystallization.

The results from this work define the age
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relationships for the Madjarovo volcano.
The mineral ages from the youngest and the
oldest flows are within error of each other.
These data show that the volcanic activity at
the Madjarovo paleovolcano took place at
about 32 Ma and lasted no more than 2 Ma,
and most probably less than 1 Ma.
Conventional K-Ar dates (Lilov et al., 1987)
for 12 whole-rock samples (33.5-31.0 Ma)
give an average 32.3 Ma. The Rb-Sr results
are thus in excellent agreement with the K-
Ar data not only in terms in their age but
also in the respect of showing that the time
span of emplacement is shorter than can be
resolved by the data. An Rb-Sr age (28.1£1.6
Ma), obtained by Pljusnin et al. (1988), is 2-
4 Ma younger than our mineral isochron
data. The initial 87Sr/8Sr of 0.7078:+0.0002,
estimated from the 9 whole-rock samples of
Plyusnin et al. (1988), is similar to that of the
quartzlatite flow given above. For the
bottom latitic flow, these authors also found
higher 87S1/86Sr1 (0.70834), although slightly



Table 1

Rb-Sr data and Sr isotope ratios measured for the botlom and top Madjarovo lava flows

Tatnuma 1

Rb-Sr dannu u usomonnu omuowenusn na Sv usmepenu 8 doaHus u copitus 1a8o8 nomok na Madxcaposo

Sample Rb (ppm) Sr (ppm) 87Rb/86sy 875r/86gy
Top Flow

M88-268 Bi 642.9 20.2 92.1922 0.75017 = 8
M88-268 San 310.3 725.5 1.2374 0.70848 + 3
MB88-268 Cpx 8.9 325 0.7936 0.70799 + 4
M88-268 Plag 79.7 1124 4 0.2050 0.70793 + 5
Bottom Flow

M89-202 Bi 290.6 67.1 12.5293 0.71422 + 13
M89-202 WR 194.6 407.8 1.3811 0.70926 + 4
M89-202 Plag 12.5 1276.5 0.0284 0.70861 + 4

lower than our value.

The relatively radiogenic strontium
isotopic compositions of the Madjarovo
lavas were interpreted by Plyusnin et al.
(1988) as indicating that metasomatic
fluids, introducing alkalies into the zone of
melting at deep mantle levels, participated
in the generation of the Madjarovo
shoshonitic magmas. The difference
between the latites and the 9 other samples
was thought to reflect isotopic hetero-
geneity in the mantle melts.

It is not the aim of this paper to consider
the genesis of Madjarovo lavas in detail
However, several important conclusions
can be drawn.

1. The initial ratios of the two lava flows,
as well the rest of the measured lavas
(Marchev, Rogers, unpubl. data) are
enriched relative to the OIB asthenospheric
source beneath the Rhodope Massif
(Marchev et al., 1998) as well as to the
depleted lithospheric mantle in Bulgaria
(Vaselli et al., 1997) and indicate the
involvement of considerable amount of
crustal component. In several consecutive
works (Marchev et al., 1989; 1994) showed
an impressive correlation between Sr, Nd,

O and Pb isotope variations and the crustal
thickness in the whole Rhodope Massif
which was interpreted as reflecting an
increasing addition of crustal material to
mantle magmas in the areas of thicker
crust. In these papers the Madjarovo lavas
were estimated to have been contaminated
by 25-30% crustal material.

2. It is noteworthy that among all 8
measured whole-rock samples of Marchev
and Rogers (unpubl. data), the 87Sr/86S5i
ratio of the bottom flow has the highest
value whereas the top flow is amongst the
lowest measured values in the whole set of
data. The difference between the initial
87S8r/86Sr ratio of the two flows is much
larger than their 2¢ errors which suggests a
real isotopic difference between them. This
difference precludes an origin of the
quartzlatites from the latites by simple
fractional crystallization. Rather it indicates
that (1) either the samples investigated
originate from different parental magmas
or (2) they bave suffered different degrees
of crustal contamination. The origin of
these isotopic differences could be inter-
preted as reflecting two-stage contami-
nation as suggested by Marchev et al.
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(1995) for the neighbouring large Borovitsa
volcanic area: (1) lower crustal MASH
processes operating on magmas with an
OIB-like Sr isotopic composition to
produce a base level Sr isotopic signature of
about 0.7079; (2) fractionation and
additional assimilation of the ascending
basic magmas in the upper crust leading to
intermediate (latitic) compositions and
small changes (0.7086) in the Sr isotopic
composition of the first lava flow. Other
workers (Myers et al., 1985) have also
proposed that the amount of assimilation
will be greatest during the early stages of
the development of a magmatic plumbing
system.
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