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Abstract

Along the inner part of the East Carpathians, a discontinuous subduction-related volcanic arc including the Oas-Gutai
(OG), Tibles-Toroiaga-Rodna-Bargau (TTRB), and Calimani-Gurghiu-Harghita (CGH) segments, developed during
the Neogene-Quaternary. Based on extensive petrographic geochemical and isotopic data, the complex petrogenetic
processes in this arc can be summarized as follows: (1) magma with a «subduction-related» chemical signature is the
common source for all the segments. Two mantle sources were recognized: one for the South Harghita volcanics and
the other one for the remainder of the arc segments. An additional crustal source is suggested for the northern seg-
ments (OG, TTRB and Célimani from CGH); (2) mantle-derived magmas were formed by almost the same degree of
partial melting (10-15%), whilst South Harghita magmas result from gradually decreasing degrees of partial melting
along the chain; (3) in areas with large volumes of erupted magmas (Calimani, Gutai,) fractional crystallisation com-
bined with crustal assimilation are the dominant petrogenetic processes. In areas with smaller volumes of erupted
products (Oas, Tibles, Toroiaga, Rodna) extensive mixing between crustal-derived magmas in deep-seated magma
chambers is envisaged. The South Harghita volcanics suggest a complex combination of fractional crystallisation,
magma mixing and assimilation, characteristic for each volcanic structure.

1. Introduction

The East Carpathian volcanic arc (ECVA) is an impor-
tant geological structure in the East Carpathians. The
volcanic activity accompanied the complex tectonic
movements during Lower Miocene-Pleistocene times.
The arc was formed by southward and westward subduc-
tion of the Eurasian Plate beneath small continental
fragments, followed by continental collision of the Afro-
Arabian and European Plates (Sandulescu, 1988;
Royden & Burchfiel, 1989).

The ECVA volcanism, which is mainly calc-alkaline
with minor shoshonitic series rocks, shows a wide range
of petrographic types and geochemical and isotopic
variations (e.g. Peltz et al., 1974; Peccerillo & Taylor,
1976a; Borcos et al., 1979; Berza et al., 1982, 1984;
Udubasa et al., 1983; Seghedi et al., 1986, 1987; Kovacs
et al., 1992; Mason et al. , 1995; Mason et al., in press).
We present a general picture of the origin and evolution
of the ECVA magmas and focus on the implications of
important petrogenetic processes. We use extensive
published and unpublished petrographic, geochemical
and isotopic data. The study does not include the Lower
Miocene (Badenian) altered explosive acidic rocks, as
the volcanic centers of these rocks have not yet been
identified in Romania.

2. Distribution of Neogene — Quaternary magmatic
rocks in eastern Carpathian volcanic arc

The ECVA lies along the inner part of the Romanian
East Carpathians (Fig. 1). Large occurences of calc-
alkaline volcanism are clustered from north to south in
three principal segments: (1) Oas-Gutai (OG); (2) Ti-
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bles-Toroiaga-Rodna-Bargau (TTRB); (3) Cialimani-
Gurghiu-Harghita (CGH).

The OG segment is controlled by NW-SE, N-S and
W-E-oriented deep fracture zones. In Oas, calc-alkaline
rock assemblages are complex and from mainly isolated

CHAIN SEGMENTS

Fig. 1 — Sketch-map of the distribution of Neogene-
Quaternary magmatic segments in the East Carpathians
(Romania).
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structures. Petrographic types range from basaltic ande-
sites to rhyolites. K-Ar data (Pécskay et al., 1995) sug-
gest that rhyolites and dacites pre-date the andesites and
basaltic-andesites between 12 and 9 Ma. In the Gutéi
Mts., volcanic edifices are superimposed upon one
another and actually deeply eroded. Volcanic rocks are
calc-alkaline basalts, basaltic-andesites, andesites and
dacites, with a predominance of two pyroxene-bearing
andesites (Kovacs et al., 1992). Older volcanics are da-
cites in the south (13 Ma) (Pécskay et al., 1994) and
younger basalts in the central area (7-8 Ma) (Edelstein
et al., 1993).

The TTRB sector or «subvolcanic zone» is characte-
rised by shallow intrusive bodies. Rock types range from
calc-alkaline basalt to rhyolite. Rhyolite and dacites are
generally older than basalts and basaltic andesites, the
main interval of intrusions being 9 to 11 Ma (Pécskay et
al., 1995).

The CGH arc sector consists of a 160 km long con-
tinuous volcanic range, with decreasing width, height
and volume from north to south. Volcanic activity
formed stratovolcanic edifices, building up a chain of
adjoining and partially overlapping composite volcanoes
surrounded by volcaniclastic aprons (Szakics & Seghe-
di, 1995). Typical calc-alkaline rocks of the CGH, range
from basalts to rhyolites, but andesites form most of the
chain (Radulescu, 1973; Peltz et al., 1974). Some volca-
nics in the Célimani Mts. show a low-K calc-alkali trend
(Seghedi, 1987) and rocks in the southernmost segment
of the chain are shoshonitic in composition (Seghedi et
al., 1986; 1987). Volcanic activity took place between
9.5-0.2 Ma ago. A spectacular age progression is seen
for 40 km along the southernmost chain segment (4.5-
0,2 Ma) (Szakécs et al., 1993; Pécskay et al., 1995; Sza-
kacs & Seghedi, 1995).

3. Petrography

In the ECVA, lithologies range from basalts to
rhyolites, although andesites are most prevalent. There
are petrographic differences between different arc seg-
ments, but each contains most of the petrographic range
(Tab. 1).

Effusive rhyolites are extensive only in the Oag
Mountains and are slightly porphyritic with plagioclase,
biotite and quartz microphenocrysts in a mostly glassy
matrix. The Calimani Dragoiasa volcanics are similar
with a slightly rhyolitic character (Peccerillo & Taylor,
1976a; Nitoi, 1986; Mason et al., 1995), but are mainly
dacites (Nitoi, 1986; Seghedi, 1987). Similar petrog-
raphic features, but with a microcrystalline matrix, are
seen in rhyolites from the Rodna Mountains.

Dacites are the second most abundant rock type in the
ECVA. They are classified on the basis of their mafic
phenocryst assemblage: with orthopyroxene and glassy
matrix (Oas and Gutdi Mts.); with amphibole and
pyroxene (Oas, Gutdi, Rodna and North Harghita
Mts.); with amphibole, biotite and quartz (Rodna,
Toroiaga, Tibles, Célimani, South Harghita Mts.); with
biotite, amphibole, quartz, two pyroxene and olivine
(Gutai, Calimani, Harghita Mts.). This latter variety
suggests magma mixing between acid and basic end-
members. Garnet (almandine) is also present in some
amphibole-biotite dacites from Rodna intrusives.

Andesites with two pyroxenes, two pyroxene and
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Table 1 — ECVA groups of selected samples for which major,
trace element data and Sr isotope analyses are presented in
Table 2. For each group sample number, petrography and
location are shown. Analyses marked * were performed in the
U.K. Abbreviations: B-basalts; BA-basaltic andesites; A-
andesites; D-dacites; RD-rhyodacites; R-rhyolites; Sh-
shoshonites; Di-diorites; Gd-granodiorites; Mzd-
monzodiorites; Mzg-monzogabbros; G-gabbros; af-aphanitic;
h-hyalo-; m-micro; px-pyroxene; am-amphibole; ol-olivine; bi-
biotite; q-quartz.

OAS Mountains ! GUTAI Mountains

Sample no.| Petrography l _ Location 7;’Sdmi1lc n{):*r Petrography | Location
BO-75_ R | OmasulNou | BM-105 ~ Rbi ~ Danesu
BO-72 | R Orasul Nou . BM-95 i D am Plesca Mare
208 ~_Rpxam 1 Remetea . BM-106 ~ Dambi South Danesti
225 _Apx | Pratra Socu - BM-2§ _Apx | Higea Ridge
~ 2002 : mD1 px *Y ~ Calnesi ! BM-36 ! Apx | Ciurca Noua Valley
222 . Aampx | _ Barlog 7177131\133‘) i A px Baia Spric
210 Apx 1 Jclemc BM32 | Apy | “Suior
216 | Aampx | Custuru Valley 7T B - |
BO-88 Apx Tarner Valley ] 77 T N
TIBLES Mountains T . TOROIAGA Mountain
__RD i Hudin l 14 l A q.bram | Baia Borsa Quarry
mGd | Paltius Pcak 13 | Aampx Fataciunn Creck
D Buza Mlastinilor Peak r ~ 185 ’ “Aambi Colbu Creck
Mzd | North Tomnatec Peak 86 I ambr | Tiganul Creck
Mzg :’Vif&rﬂl-gaﬂlb]es Pe(i: - 518 ~ Arsita Creck
Mzd | BranPeak | ] -
G | NegruStream _ o 7” | I
i mG South Arsun Peak 4\ L 1
BT4 | G _Magura Neagra | . B
__RODNA Mountain . BARGAU Mountains
Rbi : ~ C46* b BA af 7[)6;11 Quarry
Dam | Cd4* BA am px Dorna Borcut
D am.bi —L __ Sangcorz Bai o I ) ) |
| Aambi | Vinulw Valley I |
_Aambi T Vinului Valley !
| A Cozascl Valley f
" BA px,am l Izvorul Plestlor o 75
[ i Magura llver
54 | Bpxam ,,,T,,,, _ Cormaita “7 B i -
o _77CALIMANI Mountains 'GURGHIU Mountains
1123 D bi,am __Bolovams Valley | G15* [ Aam V Salard Vallcy
c13* | D am,bi,px.0l | Pietricelul Peak 330 } _Aampx | Fancel Ridge
i J_Zg‘ B ~A px,am Tomnatcc Valley IQS__ J___Aam | Jirca Valley
5036 | A pxam Fantanclul Valley 67 ’ Apx | Padurea Cetatn Ridge
1500 Apx | PiatraDornei - G39* | a px.am | Sobasa Creck
1492 i BAE)\ O P;nggﬁglléy | GI124A ‘ A pxam,ol B ~ Kemenes Koves
5158 | BAol |  TarmtaRidge | G32* | Apvam | luhodul Draculur Valley
33717 BAolpx | Patulul Creek 183 | Apx | Magura Ridge
1925 | 78;\75).; . 7 ;7 Jhsoara 1T G619 | A px,am Sumuleu Mare Valley
| NORTI HARGHITA Mountains | 348 | Bpxol | Zespezel Peak
| m28* " Dafam | RachwisPeak | SOUTH HARGHITA Mountains
- m7r | par | VarVally | CPAP | Dambi | OV
8% | A Ellil,ﬁpj\,bli East Harglita Ciceu | H47* | Dbiam | Bradulur Valle
| 3 | A px | Stanca Bufnitel _ 82 _Apxol | Koves Valley
826 | A;x.a]n I Filo Rldéc 837 | A px | West Tekero Creek
u29* | Apxam | LbanQuamy | €77 ~ Cucu Ridge
LV73 | Apx l Harghita Siculem |~ €76 | Podul
77777 B | omr Sh _Bics:
o - o | L Apx. Harom Peak
Hii* | BA px Mitaci Creck

amphibole are the most dominant. A few aphyric ande-
sites and dacites occur in several volcanic centers of the
CGH segment. Basalts with clinopyroxene and olivine
are present in the Gutai, Cdlimani, Rodna and Bargau
Mountains. Important accessory minerals in the calc-
alkaline series include magnetite, ilmenite, apatite and
zircon (the latter mainly in acidic rocks).

Small volume shoshonitic rocks in the southernmost
part of the CGH contain plagioclase, K-feldspar, two
pyroxenes, amphibole, biotite, olivine and quartz, in a
non-equilibrium mineral assemblage. This is character-
istic of magma mixing between basic and acidic end-
members (Seghedi et al., 1987; Mason et al., in press).

Crustal xenoliths (metamorphic and sedimentary
rocks from the basement) are generally rare, but cog-
nate xenoliths, which represent accumulation of crystal
clots (plagioclase + amphibole + pyroxene + magne-
tite), are widespread in all the areas.
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4. Analytical techniques Major elements were determined by wet chemical

methods at Prospectiuni S.A. laboratory. Trace ele-
Over 700 samples were collected to investigate the ma- ments have been determined by emission spectrography
jor lithologies within the ECVA. Selected major and at the Geological Institute of Romania. The detection
trace element data and Sr isotope analyses are shown in limits were 1 ppm for Yb, 3 ppm for Cu, Pb, Zn, Cr, Co,
Tab. 2. Ni, Sc, V and 10 ppm for Nb, Zr, Y, Sr, Ba. Rb and Sr

Table 2 — Major and trace element data and Sr isotope analyses of ECVA magmatic rocks. The determination made in U.K. were
calculated on a volatile-free basis and all Fe was determined as Fe,O5. Major elements are given in wt% and trace elements in ppm.

OAS M i | GUTAI M
BO-75| BO-72 | 208 | 225 | 2002 222 | 210 | 216 | BO-88[BM-105] BM-95[BM-106] BM-25 | BM-36 | BM-39|BM-32
87Sr/865r' 0.7071] 07057 | 07083 [0.7120{ 0.7089 | 0.7107 | 0 7043 | 0 7087 | 0.7066 0.7090 07083 | 0.7080

Si02 [ 75.71 | 7535 | 71.92 | 67.57 | 66.37 | 64.56 | 61.75 | 59.06 | 5424 | 7024 | 68.90 | 6555 | 58.56 | 57.88 | 55.69 | 50.55
Ti02 0.16 | 0.20 042 | 038 | 044 | 062 0.86 0.80 1.00 0.50 0.40 0.72 0.70 0.76 0.76 | 0.98
Al203 | 1340 | 12.98 | 15.02 [ 1593 | 1548 | 15.79 | 15.24 | 16.89 | 1946 | 1440 | 14.86 | 1534 | 17.61 | 18.00 | 16.53 | 18.75
Fe203 | 0.50 | 0.85 1.55 1.76 | 400 | 3.25 410 | 429 | 342 177 2.02 2.74 439 5.61 290 | 6.12

FeO 0.00 | 0.00 0.05 1.40 | 0.59 1.85 1.44 274 | 429 0.54 1.57 1.55 3.03 497 | 409
MnO 0.00 | 0.02 0.05 0.09 | 008 | 0.11 0.10 | 0.14 | 018 0.07 0.08 0.08 0.13 0.14 0.16 | 0.16
MgO 0.17 | 0.22 0.24 048 | 0.77 2.05 234 322 1.92 0.26 185 1.40 2.80 2.61 475 | 465

S
=N

Ca0 | 101 131 200 | 362 | 327 | 454 548 | 698 | 895 4.97 2.93 444 6.70 7.26 840 | 9.50
K20 | 437 | 424 3.04 | 265 | 3.08 | 2351 2.02 2.00 | 136 1.83 2.78 2.46 1.63 1.23 0.97 1.02
Na20 | 291 3.10 3.71 3.82 | 373 | 3.16 3.21 268 | 2.73 3.00 2.60 352 2.62 2.92 233 | 226
P205 0.08 | 0.04 0.18 | 011 | 013 0.12 0.17 0.13 | 0.00 | 0.15 0.02 0.13 0.15 020 0.13 | 0.15
H20+ 1.06 1.10 1.52 184 1.61 1.09 147 117 | 203 | 146 0.70 1.55 1.02 | 094 2.00 1.32
S 028 | 0.16 0.08 | 007 | 0.08 | 0.07 0.07 | 008 | 0.18 | 0.08 0.03 0.12 0.17 | 0.16 0.29 | 0.14
Total | 99.89 | 99.71 | 99.78 | 99.72 | 9963 [ 99.72 [100.251100.18] 99.92 | 99.67 | 97.86 | 996 99.71 | 99.93 | 99.88 | 99.69
| |
Se 4 4 6 10 16 13 18 18 7 1 1n 12 11 12 19 26 24
A 4 3 22 19 14 80 135 130 160 | 60 63 88 75 140 200 225
Cr 2 335 4 6 | 13 26 55 1 13 18 8 3 3 85 15
Co 25 3 [ 3 235 6.5 85 9 11 | 435 6.5 8 8 13 22 17
Ni | 3 7 55 | 1 3.5 6 11 11 9 1 17 7 | 6 1.5 55 2 14
Cu | 55 17 10 21 5.5 13 13 21 13 | 8 95 | 4 5 | 11 | 60 30
Zn 42 75 70 78 94 78 63 | 30 65 | 30 73 1125 90 95
Ga 15 17 15 18 | 14 13 16 17 12 1 20 15 15 12 | 15 20 11
Rb 170 200 100 i 100 | 110 | 100 | 70 90 50+ 351 140 98 60 | 40 35
Sr 110 130 160 | 220 | 210 | 195 | 245 260 375 1 280 280 240 235 | 210 ¢ 185 225
Y | 26 28 334 [ 318 | 384 | 231 323 217 1 290 1 26 | 24 | 24 20 | 28 1 22 24
Zr . 130 140 | 171 : 197 | 217 136 180 127 | 130 T 140 170 135 1 70 145 1 130 43
Nb 12 12 205 1 184 | 193 16.2 4 | 158 | | 16 15 | |
Ba ' 700 830 610 | 670 600 500 550 | 500 | 370 | 450 730 460 | 300 260 | 240 180
La | 32 35 40 | 35 38 | | 36 |
Pb | 1l 21 | M4 |15 13 1 75 1 10 16 10 | 85 32 7 2 65 | 46 2
Yb | 26 29 | 32 L 36 3.3 24 | 28 19 |2 3 1.7 12 35 029 1.2
Th | 148 12 1 95 | 113 143 9 1 62 [ 107 55 | 56 | 7 71 | 42 1 46 1 13
U 126 32 1 33 ' 37 9 3.7 ! 21 23 i 18 | 28 18 | 09 153 1 21
TIBLES M i TOROIAGA Mountains
BT-37 | BT-30 | BT-40| BT-15 | BT-12| BT-8 | BT-24 | BT-7 | BT+ 14 13 185 86 | 518
87Sr/86Sr] 0.7065 |0.7100| 0.7073 | 0.7070] 0.7067 | 0.7090 | 0.7088 | 0.7076

Si02 | 71.11 | 59.21 | 58.86 [ 58.00 | 56.60 | 55.11 | 55.08 | 54.85 | 53.40 | 63.60 | 61.40 | 60.00 | 58.75 | 56.60
TiO2 0.19 | 030 | 050 | 0.60 | 0.80 | 0.90 | 0.65 0.70 055 | 057 | 0.62 | 0.75 | 0.80 | 0.86
Al203 | 16.42 | 18.22 | 16.34 | 15.29 | 19.53 [ 14.04 | 18.32 | 16.03 | 17.02 | 16.82 | 16.52 | 16.57 | 16.62 | 15.21
Fe203 | 0.68 | 254 | 3.18 | 4.05 [ 338 | 552 | 0.80 6.70 5.95 179 | 0.84 | 1.62 | 2.42 | 191
FeO 130 | 3.67 | 462 | 535 | 3.60 | 490 | 6.90 5.27 541 293 | 3.87 | 430 | 3.84 | 5.01
MnO 006 | 0.15 | 0.14 | 0.18 | 0.09 | 0.16 | 0.17 0.24 027 | 0.13 | 0.14 | 0.10 | 0.14 | 0.14
MgO 0.56 | 3.00 | 2.80 | 3.16 | 230 | 4.80 | 4.20 3.66 2.70 145 | 1.52 | 2.81 | 3.24 | 4.29
Ca0 215 | 6.16 | 644 | 563 | 6.47 | 834 | 826 6.53 808 | 495 | 517 | 5.12 | 597 | 163
K20 252 | 248 | 3.05 | 294 | 231 1.39 147 0.84 137 | 279 | 269 | 3.56 | 2.97 | 1.90
Na20 | 3.16 | 260 | 2.69 | 270 | 2.64 [ 277 | 291 2.62 270 | 331 | 338 | 349 | 3.21 | 2.86
P20S 0.05 | 020 | 0.15 | 0.14 | 0.18 | 0.18 | 0.11 0.40 020 | 023 | 0.24 | 0.28 | 0.28 | 0.23
H20+ | 147 | 068 | 0.84 | 097 | 1.08 | 1.21 0.64 1.56 1.50 167 | 142 | 1.37 | 0.87 | 2.05
S 0.65 | 0.11 0.27 0.17 | 0.06 | 0.78 0.02 | 0.56
Total | 99.70 | 99.50 |100.20{ 100.21[100.31[ 99.74 | 99.28 | 99.67 | 99.87 | 100.30| 99.32 | 100.67| 99.13 | 99.74

Sc 12 15 19 12 24 23 25 33 7 10 17 19 20
v 22 85 120 130 110 200 200 220 300 45 67 130 110 | 100
Cr 15 14 21 8 47 17 11 42 ) 4 25 33 82
Co 13 12 16 9 20 17 16 24 10 8 13 22 13
Ni 8.5 12 17 6.5 50 17 13 39 4.5 700 | 75 13 18
Cu 25 33 20 75 67 65 50 34 105 13 12 16 15 16
Zn 46 160 220 230 55 190 110 190 140 67 54 46 90 48
Ga 22 15 17 15 20 15 18 15 16 23 22 22 23 12
Rb 100 80 10 95 65 100 30 75

Sr 170 370 265 250 335 330 360 320 315 440 440 320 410 | 440
Y 20 22 24 20 20 19 23 21 25 28 28 24 23
Zr 170 185 240 165 145 110 140 100 340 260 115
Nb

Ba 500 830 380 680 730 400 320 320 300 700 940 770 750 | 580
La 30 30 48 42 30
Pb 32 73 150 133 46 55 83 21 46 30 20 11 26 3.5
Yb 24 22 24 2 2 1.6 2 1.9 25 28 2.2 23 2

Th 14 2 5.6

U 27 1.8
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Table 2 (continued).

RODNA Mountains BARGAU Mts CALIMANI M i
397 | 549 | 273 | 537 | 538 | 539 | 224A [ 545 | 544 | C46 | Ca4 | 1123 | C13 | C22 | 5036 | 1500 | 1492 | 5158 | 3377 | 1925
87Sr/86Sr[0.7070] 0.7060 | 0.7040 | 0.7070 0.7030 [0.7060 0.7090 [ 0.7100 | 0.7100 | 0 7060 | 0.7030 | 0.7050 | 0 7070 0.7050

Si02 | 73.00| 65.30 | 64.50 | 62.20 | 60.50 | 57.70 | 55.70 [ 55.70 | 50.50 | 53.59 | 51.28 | 69.37 | 63.57 | 61.48 | 61.23 | 57.10 | 54.65 | 54.21 | 53.00 | 52.01
TiO2 0.12 | 0.34 0.56 050 | 061 | 067 | 073 | 0.68 | 0.80 | 1.05| 1.05 [ 0.22 | 0.60 0.71 0.65 0.91 0.90 1.06 | 1.06 1.38
AI203 | 14.95| 1730 | 16.74 | 1560 | 1545 | 17.55 [ 17.70 | 17.25 | 17.15 | 19.17] 18.55 | 17.05| 16.32 | 16.29 | 15.91 | 16.80 | 18.65 | 18.85 | 19.70 | 18.82
Fe203 | 132 | 1.87 1.30 3.17 | 320 | 356 | 4.08 | 2.82 | 4.50 | 9.00 | 9.72 | 1.31 [ 4.80 5.97 3.39 365 | 388 | 542 | 3.24 | 459
FeO 043 | 179 2.17 225 | 237 | 2.84 | 337 | 3.51 | 420 0.34 2.28 368 | 424 | 243 | 3.58 | 4.68
MnO 0.04 | 0.11 0.15 011 | 012 | 0.14 | 0.14 [ 0.10 | 0.15 [ 0.17 [ 0.17 [ 0.03 [ 0.10 0.12 0.12 0.14 | 017 | 008 | 0.12 | 0.16
MgO 020 | 1.44 1.45 236 | 234 | 343 | 452 | 413 | 646 | 391 ] 531 [035[ 3.89 3.39 3.14 354 | 444 | 269 | 3.76 | 3.67
Ca0 223 | 5.17 5.89 395 | 518 | 605 | 814 | 790 | 955 | 868 | 9.88 | 2.58 [ 5.08 5.52 5.64 7.10 | 802 | 771 | 834 | 8.53
K20 2.77 | 0.96 1.40 3.14 | 282 | 213 | 049 | 1.64 | 1.30 [ 083 ] 061 | 3.18 [ 2.24 3.12 2.74 1.94 | 0.77 196 | 1.71 1.10
Na20 | 337 | 3.59 3.64 372 | 3.17 | 385 | 275 | 333 | 2.53 [ 335 | 3.02 [ 333 ] 3.65 3.26 3.25 3.06 | 298 | 375 | 3.63 | 3.32
P20S | 0.16 | 0.26 0.24 058 | 026 | 040 | 000 | 0.14 | 049 [0.15] 0.12 [ 0.15] 0.18 0.22 0.43 0.19 | 026 | 037 | 041 | 0.30

H20+ | 128 | 095 | 1.25 | 197 [ 066 | 059 | 134 | 1.67 | 0.96 1.70 080 [ 079 | 066 | 1.09 | 0.96 | 0.69
S 0.10 | 0.15 | 0.11 | 042 | 1.50 | 0.21 | 0.21 | 0.22 | 0.20 0.04 0.09 | 0.14 [ 0.13 [ 004 [ 002 [ 021
Total |100.20{ 100.11| 100.36 | 100.17 | 99.77 [ 100.29 | 99.65 [ 99.85 | 99.90 [ 99.90| 99.71 | 99.65 | 100.42 | 100.08 | 99.67 | 99.94 | 100.40 | 99.66 | 99.53 | 99.78
Sc 6.5 3 12 14 13 26 25 26 | 2771 333 3 13.5 | 171 22 16 18 [ 245 | 25 13
v 48 27 105 | 130 | 155 | 220 [ 230 [ 270 [251.9] 247.1 | 5 90 134 145 130 [ 150 | 220 [ 235 160
Cr 10 6.5 82 30 46 85 68 | 220 [ 2.5 | 485 2 160 62 70 34 43 43 57 45
Co 4 35 11 8.5 15 25 17 36 4 21.5 9 15 36 33 12
Ni B 4.5 15 10 13 22 19 ss [ 3.9 25 3 669 | 23 31 15 26 58 43 5.5
Cu 2 4 6.5 38 30 30 56 60 95 [ 182 [ 477 4 234 | 482 | 445 20 18 120 | 180 19
Zn 46 44 48 1230 | 70 78 44 72 46 | 92.5] 802 | 60 | 541 | 613 50 55 65 63 47 74
Ga 11 15 11 18 20 20 18 20 15 [189] 177 [ 22 [ 112 187 26 13 13 32 31 17
Rb 125 [ 50 65 115 [ 110 [ 75 30 55 40 [ 200 [ 3858 [ 110 | 79.04 | 1336 | 110 60 90 60 60
Sr 220 | 270 180 280 | 330 | 380 | 350 | 310 | 1000 [257.1] 286.4 | 285 | 362.9 | 3205 | 340 | 320 [ 320 | 330 | 330 | 250
Y 20 11 21 22 20 28 13 23 [ 264 ] 248 8 [1689] 2623 38 26 24 39 37 15
Zr 38 95 65 145 | 180 | 140 85 100 [ 80 [113.8]89.07 [ 175 [ 141.1 ] 2138 | 270 140 100 [ 185 | 195 52
Nb 644 | 505 |14.21] 10.51 | 1209
Ba 370 [ 220 220 720 | 950 | 720 | 170 | 420 [ 700 [168.6] 109.6 | 750 | 583.3 | 599.8 | 675 | 360 110 95 100 | 160
La 42 60 946 | 732 2646 | 3239 | 44 17 32 37 |
Pb 13 2.5 S 230 13 85 6.5 75 | 85 [ 772] 312 | 27 [1066] 1708 | 45 12 4 20 26 | 2
Yb 18 2.4 2.5 2.3 2.2 1.8 1.8 26 21 1.7 19 2.4 1
Th 3.2 113 [ 109 ] 66 12 47 | 21 [ 085 [ 85 | 944 | 1536-] 107 | 54 52 94 [ 106 [ 42
U 2 34 35 1.9 06 1.5 3.2 0 0 34 21 32 2.4 1.2 1
GURGHIU Mountains NORTH HARGHITA Mountains
G15 [ 330 [ 135 [ G7 G39 [G124A1 G32 183 | G19 [ 348 | H28 | H27 86 H33 [ 826 | H29 [ LV13
87Sr/86Sr 107030 0.7040 ] 0 7036 | 0.7066 | 0 7043 | 07082 | 0.7040 | 07041 [ 0 7040 0 7026 | 0.7055 | 0.7037 [ 0.7068 | 0.7030 | 0.7061 [ 0.7044
Si02 6249 161.73 | 61.31 | 5952 | 5878 | 58.06 | 57.87 | 57.00 | 55.59 [ 50.99 | 69.93 | 65.88 | 64.70 | 60.37 | 59.86 | 57.18 | 56.10
TiO2 056 i 061 | 052 | 070 | 069 | 080 | 082 [ 068 | 086 | 133 | 028 | 056 | 062 | 071 | 086 | 077 | 0.72
AI203 | 1803 ' 1791 17.11 [ 1775 | 1837 | 1730 | 17.94 [ 1831 | 18.75 [ 19.76 | 1598 | 17.01 | 16.20 | 18.07 [ 16.47 | 18.56 | 17.65
Fe203 | 537 - 426 | 207 | 340 i 639 ; 318 : 684 | 784 | 522 ;| 468 | 315 | 456 | 383 | 574 [ 246 | 7.09 | 239
FeO P 141 1 332 ] 284 | 360 ! 0.56 | 236 | 4.89 0.93 2.76 422
MnO 011 1011 | 012 1015 ] 014 1 013 : 0.13 | 016 | 0.15 | 0.17 | 0.10 | 0.08 | 007 | 012 [ 0.14 | 0.12 | 0.18
MgO 243 1 194 0 378 | 300 | 301 | 363 | 3.62 | 226 | 3.64 | 392 | 034 | 079 | 248 | 294 | 3.00 | 3.28 | 441
Ca0 620 « 555 1 624 1 614 | 692 | 708 ! 7.18 | 661 | 746 | 932 | 282 | 3.79 | 585 | 636 | 7.70 | 740 | 7.34
K20 170 1 123 © 121 | 140 | 157 | 225 1 1.4 185 | 127 | 114 | 283 | 226 | 292 | 2.09 | 225 [ 151 | 135
Na20 321 ' 368 | 297 | 355 | 353 | 335 | 3.63 354 | 318 | 269 | 428 | 4.68 | 281 | 345 [ 330 | 350 [ 3.14
P205 014 10271 020 | 013 | 015 | 011 i 019 | 026 [ 017 | 034 [ 0.11 | 022 | 020 | 0.13 | 0.10 | 0.14 | 0.20
H20+ | 056 | 1.61 | 0.87 0.55 | 131 | 136 | 0.44 2.03 0.14 1.42
S 1 018 | 021 [ 022 0.18 | 024 | 017 ] 017 0.12 0.20 0.10
Total | 100.25 | 99.54 [100.80] 99.67 | 99.55 | 100.22 | 99.65 [ 100.72 | 100.18 [100.06| 99.82 | 99.83 | 99.76 | 99.97 [ 100.09 | 99.56 | 100.02
‘ i
Sc 168 | 8 9.5 15 17.6 13 1 213 8 16 19 23 8.1 7 16.6 14 20.3 20
v 106 4 90 | 160 | 1363 | 140 I 162.6 80 160 | 220 8.2 33.1 82 100 105 [ 1532 ] %0
Cr 302 | 35 45 5 14.1 $ | 298 8.5 3 3.6 9.1 54 13.3 15 7.8 21
Co i 7 110 11 10 | 9 12 14 9 9.5 12
Ni 10.1 | | 10 7 12 3 1 139 4.5 13 25 3.2 3.2 24 6 6.5 7.4 6
Cu 157 1 9 9.5 13 78.9 20 | 33 2.5 19 32 47 13.1 17 14.6 8 20.5 B
Zn 635 | 65 73 66 67.1 80 | 75 95 71 80 656 | 78.6 70.5 75 66.3 42
Ga 166 ' 85 12 17 18.6 17 1 192 15 13 13 157 | 1717 11 18.4 15 18.7 16
Rb 5656 | 579 52 42 [ 49351 425 | 4523 54 42 37 11077 | 8129 ] 84 [ 7231 ] 105 | 4785 | 43
Sr 267.8 | 230 | 241 | 190 | 3157 | 150 | 320 530 180 | 360 | 2406 [ 274.2 | 190 | 316.2 | 320 | 347.5 | 326
Y 181 1 14 20 | 23 [ 21341 17 1 2341 25 20 20 14.85 | 2482 | 12 [ 21.73 17 [2291] 12
Zr 1259 1 95 | 115 140 | 1532 | 120 | 150.6 | 220 125 75 [ 2175 [ 2112 ] 125 [ 1565 | 120 | 1259 | 160
Nb 84 ! | 8.23 i 9.9 8.98 | 12.41 9.22 7.05
Ba 2924 1 155 | 280 | 290 | 3939 | 240 | 429.9 | 700 220 | 150 | 565.1 | 548 | 1015 | 388.1 | 340 | 320.5 | 210
La 17.98 ¢ i 30 22 2674 50 2835 | 35.11 20 32 1631
Pb 10.25 | 13 5.1 2 | 6.8 5.5 2.3 13.01 | 12.57 9.11 6 7.21 4
Yb ! I 14 1.1 12 | 1.3 1.4 1.2 1.6
Th 5.1 ! | 572 1 [ 644 | 12.12 | 1106 766 4.91
U 0 ' 0 | ) | 0 0 0 0
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Table 2 (continued).

i SOUTH HARGHITA Mountains

|CP/IP| H47 [ C82 | 837 | C17 | C76 | H3 | L18 | HIl
87Sr/86Sri 0 7060 0.7060 | 0.7050 | 0.7057 | 0.7057 | 0.7046 | 0.7080 | 0.7047
Si02 | 6598 | 64.72 | 62.40 | 61.00 | 60.50 | 59.50 | 57.92 | 57.42 | 54.90
TiO2 0.29 0.56 0.76 0.80 0.81 0.78 0.97 0.73 1.02
Al203 16.46 17.31 | 17.10 16.32 18 25 1780 | 15.74 | 17.03 | 18.54
Fe203 1.30 3.96 3.09 2.38 2.85 4.03 489 2.03 7.59
FeO 0.85 131 | 303 | 2.56 | 1.96 3.98
MnO | 004 [ 010 [ 008 [ 010 | 012 | 013 | 0.09 | 0.13 | 0.19
MgO 1.33 1.67 1.99 3.45 2.07 2.46 4.48 4.89 3.70
CaO | 298 [ 451 | 571 | 677 | 533 | 638 | 675 | 833 | 824
K20 | 363 | 254 | 220 | 216 | 181 | 1.73 | 4.03 | 1.50 | 161
Na20 | 460 | 403 [ 381 | 283 | 392 | 404 | 391 | 298 | 372
P205 | 016 | 0.14 | 057 | 014 | 044 | 070 | 052 | 0.17 | 0.17
H20+ | 0.70 078 | 090 | 136 | 028 0.95
S 0.08 0.04 | 0.13 | 004 | 008 0.08
Total | 99.62 | 99.54 | 99.84 | 100.01 | 100.06 | 99.88 | 99.28 | 100.23 | 99.68

6.5 10.2 11 155 8 8.5 13.9 20 26.7

[ |
V| 55 524 | 100 140 | 8 | 115 [ 1146 | 115 | 2027
Cr | 28 179 | 40 110 | 55 [ 65 | 1238 21 40.4
Co | 8 7 11 | 75 | 85 8.5
Ni . 18 8.6 6 6 | 55 | 55 | 357 9 18.2
Cu | 4 4.6 4 17 9 | 18 18.1 12 31
Zn | 44 46.3 50 70 55 | 66 54 48 [ 696
Ga | 28 17.4 13 30 20 | 17 18.7 16 19
Rb | 80 | 86.69 | 110 100 53 | 69 [6577] 70 | 3513
Sr i 1450 [ 5293 | 440 370 770 | 820 [2263.5] 330 | 947.5
Y ' 18 [17.01] 145 15 14 | 16 | 1847 [ 22 112526
Zr | 190 | 1387 ] 150 190 115 115 123471 160 | 107.8
Nb | 16.59 25 18.73 11.79
Ba | 900 | 771 | 560 480 950 | 700 [2694.6] 300 | 5408
La | 58 [2924] 28 31 20 | 1011 19.46
Pb | 42 [1365] 15 3 12 11 231 [ 35 | 2257
Yb ! 1.4 13 12 1.5 12 |-
Th | 124 [ 1148 114 11.2 89 | 1404 I
U | 38 0 238 26 | 22 0 L0

were determined by nondispersive XRF spectrometry
using a Si (Li) detector with 190 eV resolution at 5.9
Kev. The detection limits were 10 ppm.

87Sr/5Sr isotope analyses were determined at the In-
stitute of Nuclear Physics in Bucharest. The sample dis-
solution process used an admixture of HF and HNOj at
200°C for 24 hours. The dissolved Rb-Sr were separated
using Amberlit (G Type II 200-400 mesh) cationic resin
of analytical purity. The Sr separated from the column
was nitrated and was isotopically analysed using a CH6
VARIAN MAT mass spectrometer, using thermal
ionization.

The major and trace elements performed in the U.K.
were determined on an automated Philips PW1400 XRF
spectrometer. Sr isotope analyses were made using stan-
dard ion exchange separation technique and a VG 354
multicollector mass spectrometer at Royal Holloway,
University of London. The determination made in
Romania and the U.K. are comparable as can be seen in
Tab. 2.

5. Petrochemistry

$i0,-K;0 variations — ECVA samples mostly cover the
medium-K calcalkaline field (Fig.2). High-K calc-
alkaline samples are mainly from the CGH segment
and, to a lesser extent, from the OG and TTRB areas. A
low-K signature characterizes some early volcanic pro-
ducts in the Calimani Mountains. Andesites and dacites
prevail, followed by basaltic andesites. Basalts and
rhyolites are sparse, the TTRB rhyolites being richer in
K5O than those of the OG and CGH sectors. The Cili-
mani area covers the widest range of compositions (50-
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Fig. 2 — SiO; vs. K,O diagram of Peccerillo & Taylor (1976b),
showing fields for different ECVA segments.

1% SiO,, 0.6-3.2% K,0). In the southern Harghita,
there is a clear trend of increasing K,O and SiO, content
along the arc. The southernmost centers lie in the field

of shoshonites and banakites (Peccerillo & Taylor,
1976b).

Trace element behaviour — Sc and V are compatible,
showing well-defined trends against fractionation in-
dices, indicating fractionation of pyroxenes and amphi-
boles. The behaviour of Ni and Cr is less well-defined
with some volcanic areas showing clear compatible be-
haviour (CGH segment), whilst other exhibit more scat-
ter (OG and TTRB arc segments). Scatter may be due
to magma mixing. Olivine and clinopyroxene have a ma-
jor impact upon the Ni and Cr concentrations in a mag-
ma. Introduction of these minerals during an injection
of basic magma into an evolved magma chamber may
have created the scattered data. This can be backed up
by petrographic evidence in some samples. Fractional
crystallisation of olivine and clinopyroxene is indicated
by subtraction of Ni and Cr. Y shows incompatible be-
haviour in many basalts and basaltic andesites, but is
frequently compatible in more evolved lithologies, due
to Y removal by amphibole. Sr is broadly compatible in
many volcanic centers, but shows scatter against SiO,,
probably caused by variable plagioclase fractionation
and accumulation.

Most other trace elements are incompatible. Many
trends show scatter, but there is a lot of variation be-
tween volcanic centers. Crustal assimilation may cause
some of the variability in incompatible element con-
tents, particularly for Pb.

Sr/Ca-BalCa or SB diagram — The SB diagram (Onuma
et al., 1983) can be used to elucidate magma generation
and evolution, based on the behaviour of Ca, Sr, and
Ba. The distribution of these elements is influenced by
magmatic processes (partial melting and fractional crys-
tallisation) and reflects the nature of mantle-derived
primary magmas and the interaction between mantle
and crustal magmas (Fig. 3).

SB systematics in the ECVA is presented in Fig. 4,
showing the evolution corresponding to each segment of
the arc. The diagram reveals that trends start close to
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Fig. 3 — Schematic presentation of the relationship between
magma genesis by partial melting in mantle diapirs and Sr/Ca
and Ba/Ca ratios of generated primitive melts. The upper fi-
gure presents evolution related to different degrees of partial
melting and consequent fractional crystallization. The lower
figure shows evolution by mixing between mantle-derived
melts and crustal melts. After Onuma et al. (1983) with mod-
ifications.

the PML only in the 2™ and 3™ stages of volcanic activ-
ity in Calimani. Close proximity to the Partial Melting
Line (PML) suggests derivation of melts close to a chon-
dritic mantle source. Rodna basalts and basaltic ande-
sites are intermediate. The Oas rhyolites are most dis-
tant from the PML suggesting a different source for
these rocks, probably crustal. There is a specific Crustal
Fractionation Line (CFL) trend for each area, with the
exception of the Cédlimani, Toroiaga and South Harghita
areas which show at least two parallel trends. The South
Harghita volcanics evolved gradually from north to
south to a lower degree of partial melting along the
PML.

87Sr/%°Sr — Sr diagram — Separate diagrams are shown
for the ECVA data obtained in Romania (partially pre-
sented by Peltz et al., 1987; Kovacs et al., 1992) (Table
2) (Fig. 5a) and data obtained in the U.K. for the CGH
arc segment (partially presented in Mason et al., in
press) (Fig. 5b). The two data sets and the respective
diagrams are similar. For almost all the areas, the rocks
plot very close together between 200-400 ppm Sr, but
with a large range of ®'Sr/*°Sr (0.7030-0.7110). South
Harghita is the exception having a large variation in Sr
content (300-2500 ppm) vs. an insignificant range of
87Sr/%°Sr (0.7040-0.7050). Higher ®’Sr/*°Sr values are
typical of acid rocks in the Oas and Gutai areas, but
some high values were also found in the Calimani and
Toroiaga areas.
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6. Discussion

Complex petrogenetic processes must be taken into
account in order to identify and reconstruct the evolu-
tion of the ECVA magmas. Here we consider the domi-
nant petrogenetic processes which include fractional
crystallisation, magma mixing and assimilation, and
attempt to identify the magma sources.

The magma source problem — It is difficult to envisage
the source components of the ECVA without elimina-
tion of the later processes such as crystal fractionation,
magma mixing and assimilation. None of the ECVA
rocks, even the most basic ones, are representative of
parental or close to parental mantle-source partial
melts. Even the most depleted and uncontaminated
rocks have undergone fractionation of mafic minerals
(e.g. low Sc, Cr, Ni content corresponding to olivine
and clinopyroxene fractionation). However, general
trends suggest that most of the magmas are related to a
mantle source (e.g. 3’Sr/%°Sr-Sr, SB systematics). Using
SB systematics, the basalts and/or basaltic andesites plot
closer to the PML, but each area shows its own specific
trend (Fig. 4). The only volcanics whose trend starts
closer to the PML belong to the early stages of the Cali-
mani area, suggesting a closer-to-chondritic composition
for the mantle source of these rocks. Sr-Nd systematics
also suggest that the most primitive magmas in the CGH
arc segment are found in Célimani (Mason et al., in
press). The other groups show a generally parallel trend
with the CFL, starting at some distance from the PML,
suggesting that the original mantle material was metaso-
matically enriched. Detailed trace element and isotope
systematics seem to indicate that a second primary man-
tle reservoir existed for the South Harghita volcanics
(Mason et al., 1995; Mason et al., in press). In most of
the northern segments, but especially in the Oas, Gutai
and Rodna areas, the youngest magmatic products are
represented by basalts and basaltic andesites, whereas
the older magmatic products are of acid composition
(rhyolites in Oa§, Rodna and Calimani, dacites in Gutai,
Tibles, Toroiaga and Célimani). These rocks plot furth-
er from the PML on the SB diagram. Being the earliest
volcanic or subvolcanic products, it is very difficult to
consider these rocks as derived from basaltic magmas
through magmatic differentiation processes. It is more
likely that these small volume acid magmas were partial
melts of the lower crust. Crustal melting involves heat-
ing of the lower crust (close to the mantle-crust bound-
ary) and could be facilitated by the intrusion of mantle-
derived magmas from below. If the rhyolites could be
entirely explained by this mechanism, then at least for
part of the dacites, other contributing processes (e.g.
magma mixing, assimilation) should also be envisaged.
Another possible explanation for the first erupted acid
products could be important fractional crystallisation of
an andesitic mantle-derived magma which experienced
important assimilation in the crust prior to eruption.

Degree of partial melting — Based on SB systematics,
the degree of partial melting of primary basaltic magmas
can also be deduced (Onuma et al., 1983). Different dis-
tributions along the PML are related to different de-
grees of partial melting. The approximate range of par-
tial melting for the studied regions shows, is, with one
exception (South Harghita), a relatively constant (10-
15%) along the chain (Fig. 4). The South Harghita vol-
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canics exhibit a progressively lower degree of partial
melting (2-4%) southward along the chain (Szakécs et
al., 1993). Sometimes the same region may present
different degrees of partial melting for different sequ-
ences of volcanic evolution, interpreted as discrete
batches of magma supply (e.g. Calimani area).

Crystal fractionation — Compatible trace element be-
haviour (Ni, Sc, Co, Cr, V), incompatible element con-
centration (Rb, Th) and SB systematics support frac-
tional crystallisation as the dominant petrogenetic pro-
cess in ECVA magma evolution during storage in shal-
low magma chamber. Olivine and clinopyroxene and
sometimes amphibole are the main mafic minerals in-
volved in all areas except for the South Harghita where
amphibole dominates over clinopyroxene and olivine as
the fractionated phase (Mason et al., 1995). In the SB
diagram (Fig. 4) in almost all the areas, the parallel dis-
tribution of the plots along the CFL is obvious only be-
tween the basaltic composition and the andesite-dacite
boundary. Thereafter the plots are randomly distri-
buted. This aspect possibly relates to the involvement of
other processes such as magma mixing and/or assimila-
tion.

Evidence for crustal contamination — The presence of
crustal xenoliths is good evidence for crustal contamina-
tion. Isotopic studies suggest that crustal contamination
of primary magmas is an important process, especially in
Célimani and Gutai areas (Peltz et al., 1987; Kovics et
al., 1992; Mason et al., 1995; Mason et al., in press).
This contamination directly correlates with the large
volumes of extruded products (Fig. 1), suggesting either
long storage in shallow magma chambers or the em-
placement of sequences of magma batches that con-
tinuously allowed crustal heating and facilitated assi-
milation. Gurghiu and North Harghita volcanics are less
affected by contamination and erupted less voluminous
products. The high Sr isotopic ratio of the first erupted
acid products from Oas and Tibles (0.710-0.711) could
be related to an origin from a lower crustal source. Assi-
milation processes cannot be excluded, but may be less
important. The earliest products from the Célimani area
(Dragoiasa dacites) are similar and show high ¥Sr/**Sr
(0.710) and low 'Nd/"Nd (0.51245), suggesting a
close relation to a crustal source. Their genesis as highly
contaminated products of the depleted source of the
Calimani volcanics seems more unlikely, although this is
a possible alternative explanation. South Harghita vol-
canics have lower Sr isotope values, but modelling of
combined assimilation and fractional crystallisation
proves important contamination processes in the upper
crust (Mason et al., in press).

Types of magma mixing — Magma mixing is another im-
portant process that influenced the evolution of ECVA
magmas. Based mainly on the types of contrasting mag-
ma end-members and the extent of mixing, three kinds
of magma mixing processes can be distin-
guished in the ECVA:

(1) mixing between mantle-derived and crustal-
derived magmas in deep-seated magma chambers. This
mixing was inferred from the SB systematics in the Oas
area (Fig. 4), where intermediary plots between
rhyolites (which initiated magmatic activity from a crust-
derived source) and basaltic andesites (youngest pro-
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ducts and derived from a mantle-derived source) are
randomly distributed, suggesting mixing between crus-
tal- and mantle-type magmas. A very similar mechanism
can be envisaged for the Rodna area where acidic rocks
are older and basaltic ones are younger. This interpreta-
tion is also supported by the SB systematics (Fig. 4).
The same mechanism, but to a lesser extent, also oper-
ated in the Gutai area, where the older dacite products
may represent small volume mixing products between
crustal and mantle source melts. The dacites of Tibleg
area would be interpreted in a similar manner;

(2) magma mixing between differentiated and un-
evolved mantle-derived melts in shallow magma cham-
bers. This mechanism produced only minor volumes of
products in the final stage of volcanism in the Gutai and
Calimani areas. The rocks contain mineral assemblages
showing strong disequilibrium (commonly resorbed
quartz, amphibole and biotite together with orthopy-
roxene, clinopyroxene and olivine). A similar mechan-
ism but at greater depth can explain the generation of
the two South Hargita shoshonitic domes, which contain
crystals of Mg-olivine, clinopyroxene and corroded and/
or resorbed quartz, amphibole and biotite. Cauliform
crystal-clot inclusions with Hopper crystallisation which
contain plagioclase + amphibole + pyroxene and glass
are common in these rocks, and are characteristic of this
type of mixing processes (Eichelberger, 1978);

(3) mixing between two slightly differentiated mag-
mas. This kind of mixing is typical for some areas but
does not strongly affect geochemical composition.
Generally, the end-members are close in composition.
We explain the random distribution of plots in SB dia-
grams by this mechanism. In the Tibles, Rodna, Gur-
ghiu and South Harghita areas, mixing between melts
which have undergone different degrees of partial melt-
ing has taken place. This is supported by the parallel,
but random distribution of points when compared with
the PML (Fig. 4). However, the random distribution of
the points along the CFL, in regions other than South
Harghita could be related to the mixing of melts which
had undergone different degrees of fractionation. Pet-
rographic observations support this mainly in Gurghiu
and South Harghita areas, where some disequilibrium
mineral phases and/or different generations of the same
mineral were recognized in the rocks. Cauliform inclu-
sions are also present in these types of rocks, supporting
the mixing processes hypothesis.

7. Concluding remarks

This general comparative approach to the generation
and evolution of ECVA magmas reflects the complexity
of petrogenetic processes, which can be summarised as
follows: (1) the great bulk of the magma is mantle-
derived, affected by a «subduction-related» geochemical
signature. There are at least two mantle sources: one for
the South Harghita volcanics and other for the remain-
der of the ECVA. This latter source is a complex one. It
is most depleted and uncontaminated in the Célimani
area and probably slightly metasomatised in the rest of
the arc segments. An additional crustal-type source is
supposed for the northern segments (OG, TTRB, Cili-
mani), suggested by small volume acid magmas erupted
at the inception of magmatic activity. The South Harghi-
ta source which shows lower Sr and Pb isotopic ratios,
produced Sr and Ba-enriched magmas; (2) for most of
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the ECVA, almost constant degrees of partial melting of
10-15% are inferred, except for the South Harghita area
where magmas result from gradually lower degrees of
partial melting along the chain; (3) in areas with large
volumes of erupted magmas (Calimani, Gutai) pet-
rogenetic processes are dominated by combined frac-
tional crystallization and crustal assimilation. In areas
with smaller volume erupted products (Oas, Tibles,
Toroiaga, Rodna) extensive mixing between crustal-
and mantle-source melts in deep-seated magma cham-
bers, followed by fractional crystallisation and assimila-
tion processes in shallow magma chambers is envisaged.
The South Harghita volcanics suggest a complex com-
bination of processes such as assimilation, fractional
crystallisation and magma mixing, characteristic for
each volcanic structure.
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