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Abstraet

Completions and nuances of thc previously rncntioned petrogenetic model (Seghedi e t
al. ' 1986) are brought on the basis of a new set of traee elements (42) and REE (14) analyses.
The petrographical and petmchemical variation observed along the South Harghita Mts from N
to S' from calc-alkaline to high-I( calc-alkaline characters, is achieved by magma generation
by rnore and more reduced degrees of partial melting, corresponding to ever higher dept4s of
formation. In case of the most recent eruptive products (shoshonitic rocks) magma-mixing pro-
cesses are obsen-ed between the calc-alkaline magma resulting from the lowest degree of par-
tial melting and a ncw-formed, basic magma originating in the upper mantle. The differentia-
tion processes by fractional crystallization and contamination with crustal material have not
played a significaut part in the magma evolution. The REE distribution points to the prepon-
dorent part of garnet and pyroxenes in thcir gradual fractioning as a result of partial melting.
Thc geochemical characteristics of the calc-aliialine suites are compatible rvith Nicholls and
Ringwood's (1973) and Ringwood's (1974) pctrolcnctic models.

R6surn6

Giochimie d.es tl|ments mineurs des oole aniles d"es monls llarghita d.e sud ( Carpal.hes Orien-
tales): associations calco-alcaline et slwshonitique. A, base d'une nouvelle s6rie d'analyses sur
les elcmcnts mineuns (42) et les terres rares (14) on a fait des compl6tions et des nuances pour

- . 
[l* r" q, [1'rl*lt*wugFrlc; ffi
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I. SEGHEDI Et AI.

Ie mocldle p6trogdnetique dnonc6 auparavant (Scghedi et al., 1986). La variation p6trographique

et p€irochimique observde au long des monts Harghita de sud, du nord vers le sud, des caracteres

calco-alcalins aux caractdres calco-alcalins trds potassiques, est realisee par une genCratiotr de

magmas par les degr6s de fusion partieile de plus en plus r6duits, qui correspondent ir des llro-

foncleurs de formation de plus en plus grandes. Quant aux clerniers produits €ruptifs (rocires shos-

honitiques), on a constatd l ' interventions des processus dc mr3lange entre le magma calco-alcalitr,

r6sult6 A Ia suite de plus reduit riegrO dc fusion partielle et Ie magma basique, nouvellenrent

forrn6, originaire du rnanteau supdricur. Les processus cle diff 6renciation par cristallisation frac-

tionn€e et cle contamination avec clu matdriel de crofite ont eu un r'0le insignifiant dans l 'evo-

Iution des magmas. La distribution des terres rares indique Ie rdle dondnatrt du grenat et des

p)/roxrbnes dans leur fraetionnemenL progressif observ6, rdsult6 i la suite du processus cle Iusion

partielle. Les caractdres g€ochimiques tle la s6rie calco-alcaline sont compatibles aux tnoclDles

p6trog6n6tiques de Nicholls et l i ingrvood (1973) et Ringrvood (1974).

l-. Introduetion

The special attention given lately Jo the pg-trological pr-o-ble_1t,s.o
the south Ilarghita volcanici (Peltz et- aL, 1984; Rd,dulesgu e_t al.' 1984 ;
Seghedi el, al., 1986 ; Szak6,cs, Se,ghgdi' 1986 ; Peltz 9!-al.t thisvolume)
atiests their usefulness in the elucidation of the origin of the magmas gene-

rated under subduction cond.itions in the East Carpathians.

This pa,per brings completions to the existent bulk of geocir.]"i9ul
pata UV 

""* 

^cleterminations 
bf trace elements with a view to completing

and specificating the genetical model enunciated in ?- Pr-eJious paper on
the bisis of the"distriEution of major and "incompatible" trace elements
(Seghedi et al., L986).

On the basis of the geochemieal analyses carriedout on rocksbelottg-
ing to five volcanic structures of the South EalShita Mts several con-
chisions can be d.rawn from the above-mentioned mod"el :

- the existence of two magma types which generatecl the volcanic
arc, in its southem segment : !D-p c_11-c:9,kq,Iine:nagl?' which develops
by 

'u 
gradual increase 6f SiO, KrO, Nrr9, Sr' Th' -U from {-to S; (2)

a"shoihonitic ma,gma, whose-'pr6ducts-show low values of FiO, 3"$ Fg
nighest contents"of KrO, J!-alO, Sr, Th, 9z ocgurring in two isolated-
eriptive bodies, in the Sorithernmost part of the Harghita Mts;

- the geochemical comparison of_ the -Harghita volcanics rvith
geochemieal f"eatures of island ares and continental margins.volca.li"*
("regions considered different in geotectonic respect) indicates similarities
;iih both of them. This suggests the independence of the magma genel'?-
tion in the Earghita Mts l,s a'gainst the-geotectonic conditions (in this
case of continental basement type) ;

- the particular geochemical features of the magmas have been
interpreted ai the result, of the folloying _processes : (1) parti_al melting
(the 

^most 
important), rvith an ever retluced. degree from N to S, simulta-

neously with the increase of the source clepth; (2) differentiation proces-

ses (less signifieant), by fractional crystallization rvithin intermed.iary



cv].-.

7
r - 'Gt t
l c  i . t l i  

' . " . ' . ' .

-
l !  , A t  I

L"-'\Z!J

Mn3
r7-7-V,( ,^s/ )'
t-4*o o | -

h- - r9ou l :

tT]-lriTn -
t ; r | i 4 t I t -

T--;-:-n
i  "  1 ?

l--l'
- - -  g

- t0

+ t 2

Irig. 1 - Gcological sketch of the South llarghita l lts (atter l l idulcscu 
", 

*t., 1984).

1, Quaternar5' dcposits : a, alluvia i b, rnarshes i 2 a, calc-alkaline cxtrusive domes in the

NIaInag-Bixa.J-Balvanyos zone (5a); b, intrusive domcs of shoshonitic rocks in thc \Ialna;-

Bixad zone (5 b) ; 3, Ciomadul volcanic structure (4) : a, massive volcanics ; b, pyroclastics ;
4, Pili;ca volcanic structure (3) ; 5, Cucu volcanic structure (2) : a, massive volcauics ; b, pyro-

clastics; 6, Luei and Lazu volcanic structures (7); 7, fower volcanic compartment; 8, trIesozoic

sedimentary dcposits of the Fl; 'sch Zone;9, geological boundary; 10, fault; 11, crater; 12,

eruption centre.



TABI.E 1

Sarrrrple
no. si02

I.uci-.t agul (l azu)

Sign o6* |
diagralns

c3
(,3

CR
c3
c3
(ls
c3
c4
c4
()a

I ) ! rc ; rocr . rs ls **I(2c) I.ocirtron

Valea l\lrrre l]rook
Lugo.iul Mic Brook
I.ugo.iul Mare Rrook
l,ugolul I\lic Brook
Covacius Brook
I .ugojul  Nl ic  Drool<
Lugojul iltic Brook

1  |  T151  I  57 .4$1  1 .72  |  Ls  I  p l .  Opx .  Cpx .  O l
2 J  H327 |  56.e61 1.67 |  L3 |  e t .  opx.  Cpx.  FIb
3 |  H22r  |  56.981 1.b4 I  Ls  I  t  t .  Opx.  rJpx.  l {b
4  l ! ! 3 3 e  1 5 7 . 3 0 1  1 . 7 i ,  l L ,  l r t .  o p x .  I t h .  C p x .  o r
5 I  11329 |  57.601 1.79 |  L3 |  r t .  Opx.  Cpx.  r i r )
6  |  11341  |  53 .311  1 .e1  I  L r  I  n t .  Opx .  Cpx .  O l
7 |  H335 |  60.281 2.76 |  LB I  pr .  opx.  Cpx.  Hb

8
I

1 0
7 7
7 2
1 3
1.4
1ir
1 6
7 7

Cucu

C:}
r 1278
Fi270
FI2E1
C4
T90
c22
H247
lr'276
t1273

cpx
cpx.
cpx
Opx
cpx
cpx
cpx

cpx.
cpx

5 7 . 4 1  |  1 . 6 1
5 7 . 6 4 1  1 . 8 6
5 8 . 0 e 1  1 . 7 4
5 8 . 2 5 1  r . 8 4
5 8 . 6 2 1  1 . 7 0
5 8 . 6 4 1  1 . 8 7
5 8 . 7 2 1  1 . 7 0
5 e . 1 o l  2 . 2 S
5 e . 7 6 1  2 . 7 6
6 0 . 0 o l  2 . 1 4

I r l .  t )px .  I l b .
P l .  I i b .  O p s .
Pl .  Hb.  tJpx.
P l .  I {b .  Opx .
P l .  Hh .  Opx .
P l .  Hb .  Opx .
Pl. I-Ib. 01rx.
I ' 1 .  Opx .  Hb
Pl.  F lb.  Opx.
J , I .  I i b .  Opx .

Pl. Cpx. Opx. Ol
Pl. Cpx. Opx. Ol
PI. l lb. Opx. Clrx
Pl. Opx. Cps. I"Ib
Pl .  Hb.  Ri
Pl. Opx. Cpx
Pi .  Hb.  B i
Pl. I{h. Bi
Pr. rrb. Bi

Pl. I{}r. (lpx
Pl .  Hb.  Cpx,  Bi
Pl .  I {b.  I } i .  Cpx
P l .  J { b .  R i
Pl .  I - tb.  Ri
P l .  h b .  R i
P l .  Hb .  B i
P l .  B i .  Hb
P l .  B i .  I {b
p l .  i i b .  R i

Pl. Cpx. Opx. Ol. Q. Bi.
FIb

PI. Cpx. Ol. Opx. Q. Bi.
I iti

Pl.( ,px.Ol. Opx. Q.Bi.
I r b

PI .Cpx.Ol .Opx. I3 i .  Q.
IIb

Pl .Cpx.Ol .Opx.Bi .  Q.
I{b

Pl .  E i .  I Ib .  Cpx.  Opx

Aso Brook
f)urca Brook
Cueu Sumrrrit
Durca Brook
;rso Brook
llitaci Blook
Aso Brook
Cormog Brook
l)urc:r Brook
l)urca Brook

Mita.ci Rrook
Mitaci tsrook
Olt lliver
Hollo Brook
I{ollo E}rook
Olt l l iver
Piligca Summit
Pili;ca Surnmit
Pili;ea Sulnntit

Apor Summit
Mohog Hill
Ciomadul Flill
Bixad ljrook
Olt lt iver
I.ake Sf. Ana
(.iomadul HiIl
Apor burnrnit
Bixad Brook
Cionradul Surnnrit

trlalne; 1 Quarrl.

J\Iainag 1 Quarrl'

l ialnag 2 Quarrl '

Bixed Quarn'

Il ixad Quarrs

Dlurgul trlare Hill

1 8
1 9
20
2T
,,
23
24
25
26

27
28
29
30
31
32
33
34
35
36

1-96
'I'95

\^77
T5A
T9
T33
T101
T16
"r'77

1 . 5 6
1 .6 : t
? . 0 2
2 . ' 36
2 . 6 6
2 . 3 7
2 . 7 2
2 . b 7
3 . 1 6

Pl
Pr
P3
P1

Pl
P,t

P4
P,t 1
p

A1
A4
A4
Ar
A6
A6
A6
A. ' 6

As
A6

B2

B?

R2

E.
o

B5

Iie

54.22
54.4 i
58.  95
61  .04
6 1 .
61  . 63
6r .73
62.  28
64.74

Cionradul
57.20l| 2.06
5 e . 5 5 1  2 . 7 6
6 1 . 3 2 1  3 . 1 6
6 2 . 1 8 1  3 . 3 0
63. 431 2. ert
65.O7l |  3.14
6 5 . 4 2 1  3 . 1 6
65,Bo l  3 .26
65.821 3 .53
6 6 . 0 8 1  4 . 4 6

a9
101 3.26

881 3.40

s8l 3.20

lo l  4 .06

eOl 4.12

e6l  2 .53

o o .

o i ) .

o o .

o o .

)r r .

5 0 .

37

38

39

4t)

4L

42

't70
't't25

T124
T43
T28 B
vr-- 2
T36
T67
a'44
Y I _ 3

Bixad-Maln
'r1348

'r134

T135

'tl44

T74$

1-140

* Capital letters represent the affiliation to the volcanic structures : Luci-Lazu (L);
Cucu (C) i Piliqca (P); Ciomadul (A) i Bixad-I{alnag (B) i figures represent the petrographic
type according to Peccerillo-Taylor chemical classification (1976): basaltic andesites (1),
shoshonites (2), andesites (3), high-K andesites (4), banakites (5) and high-K dacites (6).

** Pl: plagioclase, Opx: orthopyroxene, Cpx: clinopyroxenerOl: olivine, Hb: horn-
lentle, Bi: biotite, Q: quartz.

Pili;ca
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TRACE ELEMENTS GEOCHEMISTRY OF THE SOUTH HARGHITA VOLCANICS

magmatic chamtrers j (3) assimilation (less signifieant) during the magma
cessation in intermediary magmatic ehambers t.

' 
2. Geologieal Setting

Thc Sou!4 Egtelilu Mts represent the southernmost part of the
CS.limani-Gurghiu-Ilarghi_t.a Neogene eruptive chain. They consist, of
a series of NIY-SE trending volcanic structures whose products are cha,-
racterized by a 'wide petrographie and geoehemieaLvariation. These volcan-
ic structures cover i, +o th tbng area"bet$een the loealities of Miercurea-
Ciog (t_o !h9 north) and }Ialnary (to the south).Theirbasernent is composed
of folded. formations belonging to the East Carpathians Internal 

'Ilnii,s

lCrystalline-lVfesozoic Zone and fnternal Ftysch).
The mag_matic activity developed. uithin two rnain stages to .rvhich

two structural compartments correspond (Rd,tlulescu et al., 1964) r (1)
the lower volcanic golop?4m9n!_(volcano-gedirnentary), witlespread ;ti
the western border of the South Ilarghita Mts, nherc it'occupiel a great,
part of the Raraolt Basin, and less eitend.ecl on the easter.n b6rder. ol the
South llarghita lVlts, up jo the Mitaci lirook ; (zl the upper compartment,
characterizetl in volcanological respect by several volcanic strucf;rrres vith
paltiall;' superpo_sed (frorn N_ to S) products : Luci, I'agul (Lazu), (Jucu,
Pjl,iqcar Ciomadul, as rvell as by s,everal isolated. small i'olcanic apparata
(Balvanyos, Puturosul, Dealul }Iare, Murgul lvlare) or eruptive- 

^bodies

(Muryul IIic, Luget), situated in the southernmost part (lVloloi et al.,
7975; Ri,dulescu et al. ,  1984) (Fig. 1).

The rad.iogenic age data indicate a gradual "rejuvenation" of the
volcanic activity from N to S in the interval betrveen 3.? and. 1.4b iVIA
(Rddulescu, 1973 ; Peltz et ?1., lgSb).

3. Geoehernieal Data

42 spectral anal)'ses for Pb, Ca, Zn, Ga, Ni, Cr, Co, T, Sc, Zr, ff,
Yb,La, Ba, Sr, Rb (Tab.Ir2) and14 a,nalvses forBEE(Tab.3)wereeffectuat-
ed.

The analysed samples, collectecl onlv from the upper compart-
ment, were selected from a larger group of samples, being considered thcr
most representative ones. The main criterion of selection n'as the che-
mical one correlated lrith the petrographic diagnosis. One eould observe
that among the petrotypes separated. on the basis of the content of pheno-
crysts there is a gradual increase of the Rb, Sr, Zr, Th and Il values con-
comitantly with the predominance of hornblencle ancl biotite over pyro-
xene (Seghedi et al., 1986). Table 1 shows the change of the quantitative
ratios of the main phenocrysts from pyroxene-bearing types to hornblende-
bearing and biotite-bearing types. The differcnt petrograph"ic featlres
of the shoshonites and banakites from }{urgul },tic and Luget bodies
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characterized by the presence of olivine, clino- ancl orthop)'roxeno beside
magmatically corroded quartz, biotite and, hornblend.e are trninted out.
Plagioclase often shows & more basic rim (Szdke, 1963).- 

A mixed criterion was used for the plotting of the chemical d.ata on
diagfams la,king into account, on the one hand, the appurtenancg to
volcanic structures and, on the other hand, the roch diagnosis accord.ing
to Peccerillo, Taylor petrochemical classification (1976) (Tab. 1). In c-ase
of several analy-ses o1 the same petrographic tJrpe the avera,ge value
was plotted..

Figure 2 presents Ba variation versus Bb, considorscl as an indieator
of the d.egree of magmatic differenl,iation (Iiobin, 19S2). It is obvious the

Ba
(pPm)

3000

Fig. 2 - Ba(ppm) vs. Rb (PPm)

diagram. Syrnbols as in Table 1.

tend.ency of a good positive correlation closely connected. wilh soparate
petrochemical types. Shoshonites ancl banakites fall h a different area
tue to the relatiouty red.uced values of R,b (50 - 60 ppm) antl high values
of Ba (1400 - 3000 ppm).

Sr shows a clear general tend.ency of increase frotn l[ to S along the
volcanic chai:r, with maximum values for shoshonites and. banakites
(2100 - 3100 ppm). The Murgul Mare anclesite in the Bixad.-Mallaq
area displays more rectuced. values of Sr as compared. with the other ande-
sites (Flg. 3). The sud.d.en inerease of the values from the Cucu volca-
nic structure (300 - 500 ppm) to the Piliqca structure (1000 - 1500 ppm)
is quite obvious.

The same general tend.ency of increase is observecl in case of Pb
(Fig. 4). Shoshonites ancl banakites are also exceptions because of their
lower values similar to those of the basaltic and.esites and. of the high-K

|  000

Ru (ppm)
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andesites from the Piliqca_and Ciomadul structuros. The Murgul Mare
anclesites occupy a special place due to their lowest values of Pb (4.b ppm).

Fig. 3 - Variatiou of the
Sr eontent along the rrol-
canic structures. Syrnbols

as in Table 1.
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primary- magmas develop_ed (GiU, L981 ; Robin, 1gE2). Thero is a negative
correlation tendelcy^Elh of Ni and. of Cr verilus nb 1fig. b). The"small
variation intervals o{ Ni (5-lb_ppm) and cr (20-80 ppfr) aie obviouslv
in correlation ryit\ the petrochemical types. bn both tiagrams shoslioni-
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include the shoshonites and banakites into the same tenclene;.'of negative
correlation versus Rb (Fig. 6).
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Fig.  5 (a,  b)  -  Ni '  Cr (ppm) vs.  Rb

(ltrnr) diagrams. Symbois as in Table 1.
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trig. 6 - (a, b, c) - Cc, Sc, V (ppm) r's.

Ltb (ppm) diagrams. Symbols as in

Table 1.

Figure 7 shows the chondrite-normalized. BEE clistribution in 'v-ol-

canics. The continuous change of the REE distribution depends both on
the volcanic structure ancl on the petrochemical type.

The andesites belonging to Fagul and Cucu structures display a,
poor fractionation of both heavy and light REE. The andesites of the
Cucu volcanic structure have a higher total content,; one of the sample
shows a slight Eu positive anomaly. The basaltic and.esite ancl the high-K
and.esite and dacite of the Piliqca structure are differentiated by the clif-
ferent content of Ce, the higher the rnore acid the rocks are. The dacites
of the Ciomad.ul structure have ^ similar behaviour as the Piliqea daci-
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[es. All t]re anal]'sed samples indicate a sirnilar distribution; unlike othcr
rocli types thev show a positive Eu anomal)'. The REd clistribution
trend in the Murgul lt{are high-K andesite is similar r,rith that of the Cio-
rnadul high-K dacites. Shoshonites and banakites havc a similar clistri-
irution, pointing to the obvious fractionation both of the light REE and.
heav-1' ones. Banahites have a higher total content in REB than shosho-
nites; together they d.iffer fr'om the other rocks b-v the maximurn values
of. La, Ce anrl Sm.

The calc-alkaline association is characterized by the increase of the
Ira and Ce values and the decrease of the Srn ancl Yb content concomi-
tantl"l' rvith the inerease of the rock acidity.

At the samo time we plotted the banakite sample from }lurgul
IIic llill, pre-,-iously analysed by Peccerillo ancl Taylor (19T6 b). Our tlata
are in agreement x'ith thoseof Peccerillo and Taylor, confirming theaccu-
racy of the analyses effectuated in our laboratories.
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4. I)iseussion

Within the calc-alkaline rock associations the variation of the "corn-
patible" trace elements versus Rb points out the relati"i'e significance
of the partial melting processes and of d.ifferentiation by flactional crys-
tallization in the outlining of the traee elements distribution in thescr
rocks (Gill, 1981 l Robin, 1982). Thus, if the processes of partial meltins
prevailed, the rvide variation of Rb correspontls to a srnall variation
interval of the ){i, Cr, Co, etc. values. A rvide variation of Ni, Cr, Co, etc.
versus a relativelv eonstant Rb value indicates the signifieant part played
b-v thtr fractional crystallization in the magmatic differentiat,ion
process. The Ni, Criltb tliagrames (Fig. 5) for the South llarghita Mts
point out the partial melting as the nlain process responsible for the traccr
elements distribution in voleanics.

The REE distribution normalizetl at chondrites indicates that th e
fractionaL crystallization processes did not play an important part in th c
formation of the South ltarghita voleanic suite, their geochemical cha-
racters being related to the different degree of partial rnelting of the pri-
mary magma source, the only process which ean generate significant dif-
ferences of the total REE contents (Ifanson, 1980), in our case a graclual
enrichment from N to S. The absence of the Eu negative anomalv or
even of a slight positive Eu anomaly indicates high pressure cond.itions
in rvhich the partial nlelting and, possibly, the fractionalcrystallization
took place.

The REE <listribution in volcanics mal<es possible some estimations
as regards the degree in rvhich the main component minerals of the rna,g-
matic rocks are involved in the processes of partial rnelting or of fraction-
aI crystallization (Hanson, 1980). 'Ihus, the i.ncreasing fractionation
of the heavy ancl light REE along the vulcanic arc simultaneously rvith
the mentioned petrographical and geochemical ehanges indicates the
participation of garnet and, subordinatelv, of elino- and orthopyroxene
and of hornblende. The significant role playecl by garnet in the HREE
fractionation culminates in shoshonites and banakites, as previously
pointed out by Peccerillo and Taylor (1976 b). The presence of garnet,
as a residual phase, in the genesis of the primary magma, under conditions
of a gradual deerease of the clegree of partial mr:lting, eorrelated v'ith
relatively lo'rv values of the 87sri86sr ratio (0.7049 - 0.?062) (Peltz et al.,
this volume)r clearly irrdicates - at least for the calc-alkaline association
- the derivation of the rna,gmas in the upper mantle above the subcluc-
tion plane, at progressively greater depths.

The experimental petrolog;' data concerning the genesis of the calc-
alkaline magmas, in which the fusion of the upper mantle is implicated,
brings evidence for the mod.els proposecl by Nicholls and Ringwood.
(1973) and Ringwood (L974). According to these models the suite of rocks
derived from the fusion of the upper mantle has as main source the gar-
net-bearing therzolites, representing its rnain petrologic component.
Accord.ing to Ringwood (7974), the dehydration of talcum, serpentine,
brucite and even of micas from the composition of the subductecl lithos-
phere took place at 100 -200 km deep in the subd"uction zone, under

1.2
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higit temperaturc antl pressure conditions. Ilue to the iricroase of the
fusibility_ by the enrichrnent in volatiles there takcs place the partial nrelt-
ing of the roclis frorn thc suprajacent upper rnantlc ; it generates the
tnagmatic liquids, n'hich_ leave a resitlual phase 'rvittr garnets, py'rorenes
;[ amphiboles. Thc rcsulted lnagmas rcach tjro "surface and forrn calc-
alkalinc rock suites. This modcl carl erplain satisfactoril,_r- thc genesis of
the calc-allialine rocii association in tire South l{arghita"Tlts.

Due to their palticulat' pr:trographic antl geochernical ciraracters
1he shoshonitic roclis (shostrotrites and banakites) occup)' a special position
rvithin the Soutir }larghita voicanics, rvhich suggets their dif ferent genesis.

Iu geochernical resltcct, thc i;hoshonitic rocks rlisplay a ',duplica-
tivet' charactcr'. On thc onc hantl, thc hieh alkalinitv. tlrc contents of
co, sc, 'y', sr, Bzl, La, c'c assign them to ltic gcncral"geochemical trend
of the calc-alkalinc suitc. On the othcr hand, thel' atc an exception to
this trcnd tluc to the dr.creilsc of acidity, a,nci of the ]ib and Pb contents
and the increase of thc Ni, Cl and Sm r alues.

From the pctrographic viervpoint, tho shoshonitic rocks possess
particular feature,s,givcrr by the presencr: of rnagrnaticallS'corrocled cluartz,
biotite anrl Jrornblcntlc (xenocr;vsts), besicle unaffected olivine. clinopl-
roxene and orthopyro\enc. The plagioclase phenocrysts (Anru*ur) show
tnore basic rirns (An60_6b; Szdke, 1963).

Furthermore, onc can also mention the petrographic and geoche-
urical differences l:etrveen t,he shoshonitic rocks from "\Iurgul llic and
Luget boclies as rvcll as thc pctrugraphic unhornogeneities u.ithin each
of them.

The highest values of St, fra, Cc and Ita indicatc the presence of
the partial rnelting process in the genesis of thc shoshonitic rocks. In
comparison rvith the calc-alkalino rocks they r!'ere formed by the lowest
degree, of partial melting. On the other hand, the mcntionedpetrographic-
al ancl geochemical features do not correspond, at first sight, .with their
generation only by the lowest degree of partial melting of the same source
as that of the calc-alkaline rocks. Therefore, the implication of another
petrogenetic process must be admitted. If thr: chemical and isotopic data
tio not confirm_ the significant participation of the fractional cr.ystalli-
zaLion and of the contamination rrith crustal material and taking into
account the mentioned petrographical and chcurical particularitie.s, the
interrention of magma-mixing processcs represents the petrogenetic
solution for these rocks. These data arc compatible with magma-mixing
pctrogenetic mod.els (Anderson, 1976 ; Eichelberger, 1978). Therefore,
on€l can presume that the shoshonitic association rvas derived from the
same source that generated the primary calc-allialine suite, b1- the lowest
degrec of partial rnelting; this magrna rvas then rnixed, in clifferent de-
grees for the trr.o bodies, rvith a ne\v-generated basic magma, derivecl froin
thc sarnc source (the upper mantle).

In comparison rvith the existent petrogenetic interpretations, accorcl-
ing to y!!ch the South Harghita shoshonitic rocks come frorn a primarv
magma different frorn the calc-alkaline one (Peccerillo, Taylor, 7976 b;
Peltz et aI., 1984; Seghecli ct al., 1986), this hypothesis achieyes a better
concordance bctrveen the pctrographic and geochemical data.
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The general lletrographical and petrochemical charactelistic.s of
the South Harghita volcanic area are determined, in geotectonic lespect,
bI' its special position of "closing" ancl eeasing of the volcanic activity
of a volcanic chain in connection rvith the thermic and density equili-
brations betn-een thc' "r'emains" of the subducted lithosphere and tLle
surrounrling mantle (Itingrvootl, 197i, in Green, 1980).

i. Conclusions

The geochernieal featurt's of t,he studied rocks confilm, to a lalge
extent, the mentionecl geochemieal model (Seghetli et a1., 1986). It is
established the fact that the ma[fma 'n'hich generated the shoshoniti^c
rocks differs from that n'hich generatetl the calc-alkaline assor.iatiolr,
but not in the sense of a "ptirnaryt' shoshonitie magrna. They rvel'L' cleri-
ved. from the same soulce rvhich, horvever, underrrent a uruch more lertru-
eetl partial rnelting (5-10?;) aud'was later mixed u.ith a nerv-folnrr:cl
basic magma, originating in the npper rnantle. This intelpletation is
based both on geochemical and petroeraphical data.

The suceession of calc-alkaline and shoshonitic rocks, corresllourling
to a degree of partial melting of the source, gradualh' lou er frorn N t,o
S, proves a linear-type ttmigrationtt along the arc-trench svstenr. sinrilar
to the volcanic arcs from the Lesser Antiles, Papua and Nerv Guilrr:a
(Arculus, J ohnson. 1 97E).

On the basis of the REE distlibution one infelred that the rninc'r'a,ls
rvhich participatetl in their fractioning ryere : galnet, clino- and ortho-
pyroxenes and, possiblv, hornblencle. These minerals lemain in the lesi-
dual phase in lalger pelcentages correspondin.g to the decrease of the
partial melting degree. The positive Eu anomalies point to the scparation
of the a,bore -mentioned minerals at high plessule, that is undel great
depth conditions of the magma generation.

fn case of both associations there also results t,he minor implieation
of the differentiation by fractional crystallization proeesses in interrllr.-
diary magmatic chambers.

The 'values of the ETSrltsSr ratio (0.7019 _-A.7A62 i Peltz et al., this
volume) intlieate the upper mantle as source of the prirnary magrnas a,ncl
confi:rn the unsignificant implication of the assimilation proeesses.

Considering the significant participation of the partial meltine
process and, the unsignificant one of the fractional er--vstallization and :rssi-
milation in estatrlishing ther geochemical featules of the volcanies, thr:I'e
results that the rnagrna did not ltmain a long time in intctmetliarl' llrrr,e-
rnatic chambers and it clid not undergo signifieant chernical charrses
during its rising through the continental lithosphere (30-35 km).

3 Recent ly 87sr i86sr data conf i rm the insigni f icant  part ic ipat ion of  the assimi lat ior :  pro-

cesses in the conf igt t rat ion of  the nragnra conrposi t ion (Pel tz et  a l . ,  th is volume).
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GEOCIIIiVTIA EI,E}IENTBLOB }IINOIT,E TN ]rTII] CANITBLD MUN-
TII,OR ITABGHITA DE SUD (CARPAIIII ORIEI{TAI,I) : ASOCIA-

T'rrr./E OaL,COALCALINA SI SHOSHONmICA

(Rezumat)

1. Intt'oducerc

I-rncr?,refl, de fa,{L acluce c.ornpleti,ri fondului tle cla,te geochimice exis-
tent, cu noi tletennind,ri de elemente minore efectuate pe 42 probe, pi de
p5,mlnturi rare, pe 14 probe, itt inten!,ia de a completa ryi dc a nuant,il
modelul petrogenetic enunlat.intr-o lucrare anterioar5, (Seghedi et al.,
1e86).

2. Caclrul gecilogie

,\etivitatea maglnaticd, a ayut loc ln eadrul a dou[, etape prineipalt'.
cd,rora le eorespun(l dou[, eonrpart,imente structurale (Rl,t{ulescu et sl.,
1964) : (1) compart,irnent,ul inferior (vulcano-sedimentar), larg extins in
Harghita de Sud pe ranla vesticd, qi mai pulin pe cea, csticl, , i (2) cornpar'-
timentul vuleanic superior, e&ractenzat prin prezenta unor strrrctul'i
vuleanice aliniate pe direc,tia NE-SY, cu prcd.use parlial suprapuse, de la
nord. la sud. : Luci, Fagnl (Lazlu), Cucu, Piliryca, Oiomadul, precum 'i o
serie tle corpuri eruptive mici, izolate, situate in extremitatea sudied,, in
r,ona, Birad.-Malnaq (IIofoi et al., 1975 ; Rd,dulescu et al., 1984).

3. Date geoch,intice

Au fost executate un numd,r d,e 42 analize spectrale pentru Pb,
Ct, %n, Ga, Ni, Cr, Oo, Y, Sc, Zt, Y , Yb, La, Ba, Sr, Rb, ryi 14 analize
cle p[,minturi rare (tab. 1, 2, 3).

Elementele rninore eele mai reprezentative pentru intelprettiri
petrogenetice au fost proiectate intr-o serie de diagrame, in raport cu
It,b, considerat ca bun indicator al gradului cle diferenliere magmaticir,.

Ba prezintri o tendin!il, cle corelare pozitivri in cadrul rocilor calco-
alcaline, tatd,tle care rocile shoshonitice contrasteazra prin conlinutriri
inult ridieate de lla la valori reduse ale ltb (fig. 2).

Sr prezintir, o r:.larir, tenclin(d, de cre;tere de-a lungul Harghitei cle
Sucl, cu valori nraximei trrentru rocile shoshonitice (fig. 3). Aceeaqi tendinll,
generau*r, de cre;tere o prezintii ryi llb, cu excepjia rocrilor shoshonitice, cu
valori mai scfzutc (1ig. 'tr).
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Ni qi Cr au tendin{d, tle corelare negativri cu Rtr, variind in cadrul
unor intervale retluse, iar rocile shoshonitice distingindu-se prin valorile
cele mai ridicate de Ni (fig. 5). Ir, privinfa eonfinuiului in bo, Sc si V,
rocile shoshonitiee se eonforrneaa\, tentlin{ei generale de corelafie ne.ga-
tiv[, fa![, de Rb (fig. 6).

Distribulia pd,minturilorra,re, normalizate la chondrite, (fig. 7) indicfi,
variaf,ii in funcfie de apartenenfa la stmcturile vulcanice qi in func{ie de
tipudle petrogra,fice alc rocilor analizahe. Conlinutul total in ptrminturi
rare cre-$te de la nord la sud. Bocile shoshonitice se deosebesc de asociatia
de roci ealcoalcaline prin valorile cele rnai ridicate in Lia ,1i Sm.

4. Dtscttlin Si interpnetarea ilntelor

Conform modului de varialie a, elementelor minore ,,compatibile",
fafd, de lib, care indief importanla relativra a proceselor de topire parlialiu
si crist'a,lizare filactionat5, in diferenfierea rnagmaticir, a rocilor calcod,lca-
line (GiU, 1981 ; Robin, 1982), se constat5, faptul eL procesele de topire
parfiald, au jueat rolul preponderent in irnprimare& caracterelor geochimice
observate ale vulcanitelor tlin muntii Harghita dc Sutl (fig. 5, G),

I)istribu{ia pflminturilor rare indici rolul prepontlerent al granatului
si a,l piroxenilor'(Hanson,1980) in frac{ionarea progresivfi observatd,aptrmin-
t,ut'ilor Ja,rel rezultate in urma proeesului de topirc par!,ialir,, cu grad tr-r[
mai re"dus de la nord la sud.

Tri,siiturilc geochimice ale suitei calcoalcaline sint eompatibile cu
nrodelul petro.genetic al lui Nicholls ryi Ringwood (19?3) ,;i Il,ingrvootl
(19?4),.co:rform elrrria aceasta s€ forrneazl prtn topirea parfialir, a unor
porfiuni din mantlaua supertoarir de deasupra planului de subducfie, im-
bog[lite in volatile in urma deshidratitrii rocilor din componenlh litos-
ferei subduse

Pentru expliearea caraeterelor geochimice diferite ale rocilor shosho-
nitice (fig. 2,^5, 7) este nevoie sti se apeleze la ipoteza unci geneze difer{te
il, acestora. Caracterul ,,duplicitar" al eomportarnentului 

-geochimic 
al

rocilor shoshonitice (pe d.e o parte tendinla lor tle ?u se incadra in tren-
dul geoehimic al suitei calcoalcaline - Co, Sc, Y, Sr - iarpe d.ealta,ten-
dinta de a se tleosebi de acesta - Ni, Cr, Rb, Pb) ;i unele particularitl(i
mineralogiee (prezenfa cuarJ,ului, biotitului qi hornblenclei corodate mag-
matic - xenoelistale - alflturi de olivina, clino- fi ortopiroxenul nea{ec-
tate, ca ryi prezen{a unor eoroane de supracrerytere mai bazice - Atruo_.u
pe eristalele de plagioclaz - Anru-uo) sugereazfi, intervenlia procesului de
amestec de rnaglne (Anderson, 1976; Eichell:erger, 19?8). Diferenlele
geochimice observate intre cele douti corpuri de roci shoshonitice(Sr, Ba,
Zr, pilminturi rare), ca ;i neomogenitd,lile petrografice din interiorul aces-
tora, intiresc aeeastd, interpretare. Amesteeul de magme s-a produs intre
magma caleoalcalin[, eu eel mai selzut gracl de topire parfiatf qi o rnagmir,
bazici, nou fotmatil, provenitri probabil din aceearyi sur'sir, (mantaua sulre-
t'ioard,).


