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A. llone6U'l, E. MeM06U'l, r. 3aKapuaihe, /(. Mww6a
H06U'l, C. KapaMama - EaJaAbmbt lloone<t (pauoH 
llpu6ou, 103 Cep6uR)- caMbte MOAOObte (?) 6a3aAbmo-
6bte nopoiJbt /(uHapcKozo oifjuoAumoBozo 6acceuHa. B 
J03 '!aCTH aCCOU.HaU.HH .ll:HHapCKOfO OcpHOJIHTOBOfO 
noJica, He,LJ;aJieKo oT cTaHU.HH Ilo,LJ;ne'l, o6HalKaiOTCJI 
meJIO'IHbie 6a3aJibTOBhie nopO,!l;hi. Pa3Mepbi o6HalKeHHJI: 
,!J;JIHHa - ,!l;O 1000 m H TOJIIUHHa OKOJIO 40 m. IJopO,!l;bl 
pa3MeiUeHbl B OJIHCTOCTpOMe H CJIOlKeHhl npeHMyme
CTBeHHO H3MeHeHHblMH fHaJIOKJiaCTiiTaMH, KOTOpb!e 
BKJIIO'IaiOT OKpymhie TeJia MHH,LJ;aJieKaMeHHblX (.LIO WJia
KOBH,!l;HblX) 6a3aJibTOB HJIH cpparMeHTbl 6a3aJibTOBblX Jia
BOBblX ilOTOKOB. IJo reOXHMH'IeCKOMY ilO'IepKy (no CO
,LJ;eplKaHHIO Heno.nBHlKHhiX 3JieMeHTOB-cne,LJ;OB H REE) 
3TH nopo,LJ;hi npHHa.nnelKaT K meJIO'IHhiM 6a3aJihTaM 
OKeaHH'IeCKHX OCTpOBOB. IJo BCeM CBOHM OC06eHHOCTJIM 
OHH OTJIH'IaiOTCJI OT no,LJ;yWe'IHblX JiaB, KOTOpbie B Ka
'!eCTBe cpparMeHTOB OKeaHH'IeCKOll KOpbl IIpHCYTCTBYIOT 
B OJIHCTOCTpOMe .ll:HHapCKOfO OcpHOJIHTOBOfO IIOJICa, T.e. 
6a3aJibTbl 3TH o6pa30BaHbl B ,!l;pyroll reoTeKTOHH'IeCKOH 
o6cTaHOBKe. IJo BCeii BepOJITHOCTH ilOTOKH meJIO'IHblX 
6a3aJihTOB CBJI3aHbi co cpe,LJ;HesepxHeiOpCKHM synKaHOM, 
aKTHBHOCTb KOTOpOrO npOTeKaJia B OKeaHH'IeCKOH cpe,LJ;e. 
YlKe IIOCJie CTaHOBJieHHJI 6a3aJibTOBbie IIOTOKH 6biJIH 
OTOpBaHhl OT OCHOBHOH MaCChi BYJIKaHH'IeCKHX nopO,!l; H 
6b!JIH BKJIIO'IeHbl B aCCOU.HaU.HIO Bna.[IHHbl. 

Abstract. In the SW part of the trench association of the 
Dinaridic ophiolite belt, close to the Podpec R.St., in the 
olistostromes an occurrence of alkali basaltic material 
(up to 1000 m long and around 40 m thick) is exposed. It 
consists mainly of altered hyaloclastic material with em
bedded amygdaloidal to slag-similar basaltic bails or 
fragments of basaltic lava flows. These rocks belong, ac
cording to the geochemistry (immobile trace elements 
and REE), to oceanic islands alkali basalts. They differ in 
all features from the basaltic pillow lavas which occur as 
fragments of the oceanic crust in the olistostrome of the 
Dinaridic ophiolite belt. That indicates that they origi
nated in different geotectonic environment. The alkali 
basaltic lava flow is connected probably with a Middle/ 
Upper Jurassic volcano in the oceanic realm, which was 
later detached from the main volcanic mass and incor
porated into the trench assemblage. 
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Fig. I. The position of the Pod pee basalt in the geological framework of Western Serbia. 
DIE- Drina-Ivanjica Unit; DOB- Dinaridic ophiolite belt; EBDU- East Bosnian Durmitor unit; KBR- Kopaonik 
block and ridge unit; VZWB - Vardar Zone Western belt; MVZ - Main Vardar Zone; star - the location of the 
Podpec basalt 

Introduction 

The Dinaridic ophiolite belt (DOB, Fig. I) 
represents an olistostrome melange, com
posed mainly of sandstone frasgments in a 
clayey-silty matrix, large ultramafic bodies 
and gravity slices of Triassic limestones. This 
assemblage originated in the trench during 
the closure of the Dinaridic marginal sea 
(Karamata et al., 2000). In the olistostrome 
basaltic pillow lava blocks of up to hundreds 
of meters size but also smaller ones occur, as 
pebbles of only em size (Karamata et al., 
2000) . These basaltic rocks were detached 
from the uppermost parts of the oceanic crust 
and incorporated into the melange, i.e. they 
are older than the olistostrome melange. All 
these basaltic rocks in the northwestern part 
of the DOB (at NW from the line Istok -
Srbica) are of MORB (Memovic, 1993), partly 
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of E-MORB (D. Milovanovic, pers. com.) af
finity. 

An unusual occurrence of basaltic material 
has been found by Popevic (1970) in the 
olistostrome in the roadcut in the surrounding 
of Podpec (southeast of Priboj, Fig. 1). This 
"basalt" differs in appearance and in geo
chemistry from all other basaltic rocks in the 
DOB, and it is up to now the unique such oc
currence in the whole belt. As it was found by 
later investigations, these basaltic rocks repre
sent a specific member of this olistostrome me
lange association originated during late pha
ses of the formation of the trench assemblage 
and the closing of the oceanic area. 

These basalts are magmatic rocks alien to 
the DOB magmatism, but can give new in
sights into the evolution of magmatic activity 
in the Dinaridic marginal basin (aside of the 
Vardar Ocean), the precursor of the DOB. 



Geology and petrology 

The basaltic rocks of Podpec represent, ac
cording to the exposures in the old, but also in 
the new roadcuts, parts of a (strained ?) len
said body up to 1000 meters long and up to 30 
meters thick, dipping moderately northwards. 
It is situated between olistostrome deposits, as 
a member placed over the underlaying olisto
stromes, and later covered by younger olisto
strome deposits. 

The olistostrome deposits are composed of 
cm-m sized ellipsoid fragments of sandstone, 
very subordinate chert, metabasalt and other 
rocks from the surrounding units enclosed in a 
silty-clayey matrix. Moreover, a dm-sized len
said Triassic limestone slice was pushed into 
the upper olistostrome, as well as in the di
rectly underlying upper parts of the basaltic 
rocks. This impression caused in the sur
rounding basaltic rocks along the contacts 
concentration of basaltic balls and in the 
olistostrome of rock fragments, and squeezing 
out of matrixes. 

The contacts of the basaltic body with the 
surrounding olistostrome melange are sharp at 
the base as well as on the top, a mixing of the 
basaltic material with the olistostrome mate
rial was not observed. 

The basaltic body consists dominantly of 
green soft altered basaltic hyaloclastitic groun
dmass with embedded black to dark red/violet 
basaltic balls and somethime detached frontal 
parts of lava flows . Those hard basaltic rocks 
are always amygdaloidal. 

Fig. 2. Embedded basaltic balls and the top of a lava 
tongue in the altered basaltic hyaloclastitic groundmass. 
The basaltic balls are randomly distributed. Podpec, SE 
of Priboj. Photo D. Milovanovic 

The embedded basaltic balls are in the 
lower levels bigger and randomly distributed, 
in higher levels they are rarer and smaller, 
mostly oriented according to the layering. 
Their size is from a few millimeters up to al
most one meter, when they change from cir
cular to ellipsoidal shape. The bigger bodies 
are mostly aligned or grouped sometimes in 
the shape of the top of a tongue (Fig. 2). Their 
arrangement indicates a segregation or dis
persion of a basaltic lava flow and slumping 
of material downwards with formation of 
huge masses of hyaloclastic material. Some
times in the higher levels sequences and an 
arrangement or a weakly expressed layering, 
indicating interruptions in formation, local 
redeposition and repetition of that volcanic 
material can be observed (Fig. 3). This, com
bined with the afore-mentioned mode of oc
currence, indicates that the basaltic body is a 
composite lava flow, more exactly a sequence 
of lava units over the former olistostrome de
posits . Younger olistostromes covered later 
the basaltic lava flows . The basaltic volcanic 
activity was therefore contemporaneous with 
the formation of some parts of the olisto
strome melange. 

The volcanic flow occurred probably pri
marily in a marginal part of the basin, possibly 
close to or at a flank of the trench, but not 
deeper than 1 to 2 km. Only at those depths 
such big, prevailing masses of hyaloclastic 
material and so high content of vesicles could 
be formed (Kne:Zevic, 1970). The time when the 
basalts were effused can be defined only 

Fig. 3. Altered basaltic hyaloclastitic groundmass with 
embedded basaltic balls. The layering is well-expressed, 
as well as interruptions in deposition and repetition of 
the hyalocsslastic material. Podpec, SE of Priboj. Photo 
D. Milovanovic 

23 



roughly, it was just at the beginning of the slid
ing of Triassic limestone slices into the trench, 
but before the emplacement of huge gravity 
slices, which corresponded with a late phase of 
the trench evolution. 

The basaltic balls are dark red to black, al
ways with plenty of calcite and rarely chlorite 
filled amygdals, bigger (up to 2 mm) in the 
cores and sometimes at the rims. There are, 
however, balls in which the amount of amy
gdals in marginal parts reaches up to one half 
or more of the rock mass and their size be
comes up to few millimeters. These rims, as 
well as some small balls of similar structure, 
correspond to volcanic slag. At many balls 
shelling of the outer crusts with formation of 
hyaloclastic material is visible. 

The hyaloclastitic masses consist of up to 
mm sized shards. The shards were probably 
partly welded and later replaced by chlorite, 
smectites, and less by calcite. 

The basaltic balls are porphyritic with phe
nocrysts of altered mostly albitized calcic pla
gioclase, and with thin albitic(?) overgrows, 
olivine, replaced by calcite, and rare clino
pyroxene, also mostly calcitized. The ground
mass is pilotaxitic with minute needles of al
tered (albitized) plagiocase. Accessory is fine
grained magnetite. 

The groundmass, as well as the phenocrysts, 
is impregnated with calcite which occurs as 
streams, small concentrations or as individual 
grains. 

Geochemistry 

For geochemical investigation were selected 
samples with lowest content of calcite, i.e. with 
the lowest loss on ignition (LOI). However, 
even these samples have about 20 % (mostly 
introduced, less originated by alteration in 
situ) of calcite, and because of that calcium 
cannot be considered by any interpretation. 
Due to intense alteration most of the other 
constituents are not reliable. Only the immo
bile elements can be considered for geochemi
cal conclusions. 

Three samples (LIM -7, LIM-7/1, LIM-5) 
were analyzed by XRF method on main and 
micro constituients (T Marchenko and A. 
Yakushev, IGEM, Moscow), including the 
REE, which were determined by the INAA 
method in two additional samples (KSAL-1 
and 15V) too (Dr G. M. Koslov, GEOKHI, 
Moscow). The results are given in the Tables 1, 
2 and 3. 
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Table I 
Chemical analyses of basalt balls from 
the Podpec basaltic body 

LIM-7 LIM-7/1 

Si0
2 38.14% 36.20% 

Ti0
2 

2.60 2.64 
Alp, 9.42 8.74 
Fe20 3 

10.81 8.94 
MnO 0.238 0.249 
MgO 1.44 1.14 
CaO 18.16 21.83 

~§ 2.51 2.59 
1.66 1.58 

P20 s 0.300 0.349 
s 0.03 0.04 
LOI 14.09 15.79 
SUM % 99.40 100.09 

LIM-5 

41.64 % 
1.21 
8.13 

11.33 
0.332 

1.26 
18.85 
4.38 
0.12 

0.335 
0.09 

11.17 
99.85 

Analysts: T. Marchenko and A. Yakushev, IGEM, Mos
cow 
Samples LIM-7, LIM-7/1, LIM-5: Exposure close to the 
Podpec R.St., Bistrica-Priboj road. 

To make possible a rough classification ac
cording to the major elements of the basalts of 
Podpec the contents of the major elements 
were recalculated to 100% after neglecting the 
LOI and an approximative amount of CaO as
sumed to be introduced into the rocks during 
calcitization. By such a very rough approach 
the analyzed rocks plot in the TAS diagram of 
Le Maitre et a!. (1989) into the fields of tra
chybasalts and basaltic trachyandesites. How
ever, this indicates only their basaltic charac
ter and alkalic affinity. During the seewater 
alterations jointly with the introduction of C0

2 
and Ca introduced was also Na and replaced 
K. By this process the ratio of alkalies in the 
sample LIM-5 was changed. 

More conclusions may be obtained consid
ering the microelements. E.g., on the ZrjTi -
Nb/Y diagram of Winchester and Floyd 
(1975), the data for the Podpec basalts are in 
the Alkalic basalts field (Fig.4). 

The ratios of selected trace elements give 
additional data to elucidate the character of 
these basaltic rocks and the geologic environ
ment where they originated. According to the 
Zr/Y-Zr and the Zr-Nb-Y discrimination dia
grams (after Pearce and Norry, 1979; and 
Meschede, 1986, resp.) the data plot into the 
within plate basaltic field (Fig. Sa and Sb ). 
However, these fields indicate only the within 
plate basaltic affinity without defining did 
these alkali basalts originate in a continental 
or an oceanic plate. It can be concluded only 
that the basalts of Podpec are alkali basalts of 
within plate affinity, but without possibility to 
define the type of the plate. 



Table 2 
Trace element contents in basalt balls from the Podpee basaltic body (in ppm) 

LIM-7 LIM-7/1 LIM-5 LIM-7 LIM-7/1 LIM-5 
Cr 74 68 9 y 35 31 44 
Sc 34 34 33 Zr 175 154 222 
v 154 118 144 Nb 61 56 72 
Co 23 25 11 Ba 487 407 2657 
Ni 59 52 17 Pb 12 11 11 
Cu 58 55 8 Th 1.7 0.2 2.1 
Zn 116 76 131 u 2.8 2.6 3.1 
Rb 48 43 5 Cl 123 116 120 
Sr 221 205 212 Ga 18 14 7 

Analysts: T. Marchenko and A. Yakushev, IGEM, Moscow 
Samples LIM-7, LIM-7/1, LIM-5: Exposure close to the Podpec R.St. , Bistrica-Priboj road 

Table 3 
REE contents in basaltic rocks from Podpec and the Lim valley 

LIM-7 LIM-7/1 LIM-5 KSA-1 15-V 9-V 10-V 12-V 

La 30.20 36.60 47.40 39.50 22.90 1.61 7.95 4.29 
Ce 55.70 66.70 88.90 69.70 43.00 5.00 18.60 9.08 
Pr 5.97 7.10 8.98 7.07 4.71 0.91 2.63 1.06 
Nd 22.30 25.80 33.10 24.80 17.20 0.92 12.50 4.28 
Sm 5.12 6.07 7.78 5.65 4.35 2.31 3.94 1.13 
Eu 2.36 3.13 0.95 1.66 1.99 1.25 1.68 0.57 
Gd 4.98 6.90 8.60 6.41 5.08 4.40 5.85 1.70 
Tb 0.65 1.00 1.20 0.94 0.75 0.69 0.94 0.27 
Dy 3.31 5.58 6.75 5.30 4.41 4.50 5.70 1.71 
Ho 0.63 1.20 1.38 1.17 0.95 1.11 1.32 0.42 
Er 1.49 3.13 3.60 3.10 2.53 3.40 3.97 1.23 
Tm 0.19 0.44 0.49 0.45 0.37 0.53 0.59 0.19 
Yb 0.90 2.21 2.52 2.29 1.79 3.23 3.47 1.16 
Lu 0.13 0.36 0.39 0.38 0.31 0.57 0.57 0.20 

Analyst: G . M . Koslov, GEOKHI, Moscow 
LIM-7, LIM-7/1 , LIM-5, KSA-1 , 15-V: Exposure close to the Podpec R . St. , Bistrica-Priboj road. 9-V: Pillow 
basalt, Panja glava Priboj. 10-V : Pillow basalt, v. Churchichi, r. Jarmenovac.12-V: Pillow basalt, close to Bistrica, 
Bistrica-Priboj road. 

The spider diagram presenting the contents 
of selected trace elements in the alkali basalts 
of Podpec normalized to the Ocean Island Ba
salt (Fig. 6) shows good agreement with the 
geochemisty of the basalts of oceanic islands, 
most data plot around 1. In the less altered 
samples (LIM -7 and LIM -7/1) a depletion of 
Th and Sr and an enrichment of U and Pb is 
visible. This has probably to be related to the 
source, i.e. the Upper mantle. In the more al
tered sample LIM-5 lower values of some 
highly mobile elements (Rb, Th) as well as of 
Eu (?) and higher of Ba are probably the result 
of the seawater alteration. 

Most exact for determination of the geo
chemical character of these basalts are the 
contents of the REE normalized to the chon
drite (Fig. 7) and the Ocean Island Basalt (Fig. 
8). In the diagrams are plotted the data of the 
new analyses (LIM-7, LIM-7/1 and LIM-5), 
but also of some old yet unpublished ones 
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(data of G. Zakariadze), all from the same lo
cality. Compared to the chondrite standard 
the REE plot along a trend, where the LREE 
are about 1 00 times enriched, the HREE about 
10 times only. The Eu content in the most al
tered basalt is the only one below the trend. By 
the normalisation all analyses show good cor
relation and have values similar to the Ocean 
Island Basalt, i.e. are arround 1. 

For comparison in the REE diagrams (Figs.7 
and 8) are added the values for three basaltic 
pillow lava samples, too. The pillow lavas are 
fragments of the uppermost volcanic levels of 
the oceanic crust, formed at the spreading 
ridge in the Dinaridic marginal sea from Up
per Triassic to Upper Jurassic, detached from 
the oceanic crust during subduction and in
cluded into the melange. The REE contents of 
these basalts from the oceanic bottom clearly 
differ from the basalts of Podpec in values but 
in the REE-trend, too. That is in agreement 
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Fig. 4. Zr{fi- Nb/Y classification diagram of volcanic rocks (after Winchester and Floyd, 1977) 
and the position of the Podpec basalts 
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Fig. 5. The ZrjY-Zr (after Pearce and Norry, 1979) and Zr/4-Nbx2-Y (after Meshede, 1986) discrimination diagrams 
for the alkali basalts of Pod pee. On the ZrjY -Zr dagram the fields are given; for the Zr/4-Nbx2-Y discrimination 
diagram the fields are defined as follows: AI -within plate alkali basalts; All - within plate alkali basalts and within 
plate tholeiities; B - E-type MORB; C - within plate tholeiities and volcanic arc basalts; D - N-type MORB and 
volcanic arc basalts 
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Fig. 6. Spider diagram of trace elements in the alkali 
basalts od Podpec (samples LIM-7, LIM-7/1 and LIM-5) 
normalized to Ocean Island Basalt values of Sun and 
McDonough ( 1989) 
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Fig. 7. Rare earth element (REE) pattern for the Podpec 
basalts and some pillow basalts from the Lim valley. 
Chondrite normalizing values are from Taylor and 
McLennan (1985). Points - the Podpec alkali basalts 
LIM-7, LIM-7/1 and LIM-5 ; Diamonds- the Podpec al
kali basalt KSAL-1; Triangles - the Pod pee alkali basalt 
15-V; X- Pillow basalt 9-V, Panska Glava; Lim valley; + 
- Pillow basalt 10-V, v. Churchichi, r. Jarmovchak, Lim 
valley; Circle- Pillow basalt 12-V, close to Bistrica, Bist
rica-Priboj road, Lim valley 
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with the geologic data and confirms that the 
the pillow lava basalts and the Podpec basalts 
originated in different conditions: the oceanic 
crust basalts at the spreading center of the 
Dinaridic marginal sea, the Podpec basalts at 
a place with high heat flow in the marginal 
sea. 

Discussion and conclusions 

The basaltic rocks occurring in the DOB are 
represented by blocks of pillow lava which 
originated in the spreading centre of the 
Dinaridic marginal sea, and were later during 
subduction detached from the ocenic crust 
and incorporated into the melange. In 1970 
A. Popevic discovered and described the geol
ogy and the main petrographic features of an 
unusual basaltic outcrop near the Podpec 
R. St. (SE of Priboj) as a basaltic lava flow syn
chronous with the surrounding olistostrome. 
This is until now the unique occurrence of 
such basaltic rocks and was therefore studied. 

The Podpec plate-shaped basaltic body is 
situated between olistostrome deposits, with a 
Triassic limestone lensoid olistolith impressed 
into it, which proves that it was simultaneous 
with the trench deposits, more precisely with 
the main phase of the formation of the trench 
assemblage. 

This body consists mainly of soft altered 
hyaloclastic matter with embedded basaltic 
balls or even relics of basaltic lava flows. The 
balls in the hyaloclastic matter show gradation 
and repetition which indicates that there was a 
succession of lava flows. The vesicular structure 
of the lava balls and huge masses of hyalocla
stic materials indicate the lava effused in shal
low (less of 2 km) depths in the marginal basin. 

These basaltic rocks are strongly altered by 
seawater influence but their alkali basaltic 
character is still detectable. The trace ele
ments contents and ratios and especially the 

Fig. 8. Rare earth element (REE) pattern for the Podpec 
basalts and some pillow basalts from the Lim valley. 
Ocean Island Basalt normalizing values are from Taylor 
and McLennan (1985). 
Points- the Podpec alkali basalts LIM-7, LIM-7/1 and 
LIM-5; Diamonds - the Pod pee alkali basalt KSAL-1 ; 
Triangles - the Pod pee alkali basalt 15-V; X - Pillow 
basalt 9-V, Panska Glava; Lim valley; + - Pillow basalt 
10-V, v. Churchichi, r. Jarmovchak, Lim valley; Circle
Pillow basalt 12-V, close to Bistrica, Bistrica-Priboj road, 
Lim valley 
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REE elements contents strongly argue for the 
oceanic island basaltic origin of these basalts. 

It is the first proof that the volcanic activity in 
the Dinaridic marginal sea was not related only 
to the spreading zone, but that additional vol
canic activity over a heat flow center existed too. 

The lava flow was connected probably with 
a Middle/Upper Jurassic alkali basaltic vol
cano in the marginal part of the basin, possibly 
close to or at a flank of the trench, but not 
deeper than I to 2 km. This volcanic flow oc
curred probably as one part of the volcano, 
that was later detached from the main volca
nic mass and incorporated into the trench as
semblage. 

It would be necessary to find analogous oc
currences in the DOB, but because of the 
character of these alkaly basalts (balls similar 
to other basaltic fragments and the softness of 
the hyaloclastic material) this needs very care
ful mapping and studies. 
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