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A b s t r a c t :  The granitoid plutons are referred to four  groups of rela­
tively different age: Spanchevo Pluton (Upper Proterozoic ?), Bezbog 
Pluton (Hercynian) and young, Middle Alpine plutons - Central Pirin 
(Dautovo-Kresna, Central Pirin) and South Pirin (Teshovo, Goleshovo, 
Lehovo) Plutons. They show deficiency in £TR, Ce character of the 
lanthanoids and negative Eu anomaly. The young plutons exhibit above 
clark contents of W, Mo, Sn, Cu, Pb, Zn, As, Li, F. Specialization of rare 
metals is typical of them. The plutons form the Pirin ore region and its 
Teshovo ore ring. Twelve metallic and nonmetallic ore formations are 
established. Exoskarns with superimposed W-Mo mineralizations, vein 
and metasomatic polymetallic ores are of interest. Greisenization zones 
are also found. 

P e 3 K) M e :  rpaHMTOMflHbie njiyroHbi npe/iCTaB.ueHhi HeTwpeMM rpynnaMM OT-
HOCMTejibHO paaHOro B03pacTa: CnanqcBCKHň miyTOH (ncpxiiMn Hp0TCp030M ?), 
Be36orcKMM njiyrOH (repijMHCKMM) M Mojio^we, cpe/iHeaJibnnMCKne njiyroHb] 
— IJeHTpajibHonMpMHCKHe (AayTOBCKo-KpecHeHCKuň, IleHTpajibHOnMpMHCKMň) 
M lOaCHOnHpMHCKMM (TeiIIOBCKMM, rOJieiIIOBCKHM, JleXOBCKMW) IIJiyTOHbl. OHM 
OTHOCHTCH M-REHETMNECKOMY Tuny. OTJimiawTca /TECFRMIMTOM s TR, ijepiie-
BHM xapaKTepoM jiaHTanonflOB M OTprnjaTeJibHOM EM AHOMAJIMEŇ. fljia MOJIO-
«bix nJiyTOHOB xapaKTepHbi Ha«KJiapKOBbie coflepxcaHHa w;, Mo, Sn, Cu,  Pb,  
Zn, As, Lá, F .  FLJIA HMX xapaKTepHa CNEMIAJIM3AIJMH HA pe«Kne METAJUIBR 
njiyTOHhi oSycjiaBJíMBaeT cymecTBOBaHMe nnpMHCKoro py^Horo paňoHa M e r o  
TemoBCKoro pyzjHoro Kojihna. yeraHOBJíeHo 12 MeTajuiHiecKMx M HeMeraji-
jiMqecKMx py/iHbix (JjopMaijMň. MHrepec npcflCTaBJíaiOT 3K30CKapHbi c Hajio-
aCeHHblMM W-Mo MMHepaJIH3aiIMHMM, >KMJIbHbIMK M MeTaCOMaTMqeCKMMM nO-
JIMMeTajIJIMHeCKMMM Opŷ eHCHMilMH. ÉbiaBJíeHbl 3 0 H H  rpCM3CHH3auHH. 

Introduction 

T h e  Pir in  horst-ant ic l inor ium covers  t h e  s o u t h w e s t e r n  p a r t s  of  t h e  R h o d o p e  
Massif. To  t h e  west ,  n o r t h  a n d  east i t  i s  b o u n d e d  b y  t h e  W e s t  Pir in,  P r e d e l a  
a n d  Mesta f a u l t  sys tems  f r o m  t h e  Struma,  Razlog  a n d  Mesta g r a b e n s  (B o-
y a d j i e v ,  1971); to  t h e  south, i n  t h e  area  of  t h e  f r o n t i e r  w i t h  Greece, i t  
is  b o u n d e d  b y  t h e  P a r i l  Saddle.  I n  t h e s e  b o u n d a r i e s  P i r i n  Mounta in  covers  a n  
area of a b o u t  2600 sq. k m .  a n d  a long  w i t h  t h e  a d j a c e n t  Stargach a n d  S l a v -
j a n k a  Mts. - a b o u t  2700 sq. k m .  

A l a r g e  p a r t  of P i r i n  reg ion  i s  m a d e  of P r e c a m b r i a n  crysta l l ine  b a s e m e n t  
m a i n l y  of t h e  R h o d o p e  (Proterozoic) a n d  i n  parts  of t h e  p r a - R h o d o p e  (Archean)  
m e t a m o r p h i c  s u p e r g r o u p s  ( K o z u h a r o v ,  1984). A characteristic f e a t u r e  of 
t h e  crystal l ine  complex,  f o r m i n g  t h e  hos t  rocks  of t h e  discussed granitoids,  
i s  t h e  w i d e  d i s t r ibut ion  of t h e  marb le-carbonate  format ion,  t h e  so-called 
lower,  m i d d l e  a n d  u p p e r  "var iegated"  un i t s  i n  w h i c h  m a r b l e s  a n d  a m p h i b o l i t e s  
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a r e  m a j o r  components.  T h e  crystal l ine  b a s e m e n t  is  i n t r u d e d  b y  a b u n d a n t  
gran i to id  p l u t o n s  of d i f f e r e n t  a g e  (Fig. 1). T h e  y o u n g ,  A l p i n e  t y p e  g r a n i ­
toids are of particular interest i n  genetic and practical respect. They  exhibit 
a REE specialization and are t h e  m a i n  energetic source f o r  t h e  diverse m i n e ­
ralizations i n  t h e  Pirin ore region. 

Fig. 1. Geological map of the Pirin Mountain. 
1 — Quaternary and  Neogene deposits; 2 — Paleogene sediments (a) and volcanic 
rocks (b); 3—6 — Pirin granitoids: 3 — Dautovo-Kresna and Central Pirin Plutons; 
4 — South Pirin (Teshovo, Goleshovo and Lehovo) Plutons; 5 — Bezbog Pluton; 
6 — Spanchevo Pluton; 7 — serpentinized ultrabasic rocks; 8—10 — Rhodope 
(Proterozoic) Metamorphic Supergroup: 8 — marble  formation; 9 — lower, midd le  
and  upper variegated formations (a), mainly  amphibolites (b), 10 — undiv ided  for ­
mations dominantly of gneiss composition; 11 — pra-Rhodope (Archean) Supergroup;. 
12 — main  faults. 
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Problems of the temporal development of the granitoids in the Pirin Mountain 

T h e  ideas  o n  t h e  a g e  of t h e  P i r i n  gran i to id  p l u t o n s  a r e  controversial.  
D i m i t r o v  (1946) r e f e r r e d  t h e m  t o  t h e  g r o u p  of "South  Bu lgar ian  grani tes"  
a n d  advocated  t h e i r  Paleozoic a n d  Later  Caledonian  a g e  ( D i m i t r o v ,  1958). 
O n  t h e  bas is  of  t h e  concept of t h e  " ident i ty  of t h e  structural-optical  t y p e  of 
K - f e l d s p a r "  phenocrysts,  in terpreted  as a resu l t  of  endoblastesis,  D i m i t -
r o v a (1971) a s s u m e d  t h e  s a m e  age. T h i s  concept w a s  a r g u e d  b y  A r n a u d o v  
et al. (1988). Other  authors  ( B o y a d j i e v ,  1959; S l a v o v  et al., 1976) 
d i v i d e d  f o u r  g r o u p s  of p l u t o n s  of  re la t i ve ly  d i f f e r e n t  a g e  o n  t h e  bas is  of f i e l d  
w o r k s .  

T h e  resu l ts  of radiogeochronological  s tud ies  d i d  n o t  contr ibute  to  t h e  
resolut ion  of  t h e  p r o b l e m .  O n  t h e  bas is  of  t h e s e  data  t h r e e  d i f f e r e n t  ideas  
w e r e  p r o p o s e d :  Pa leogene  a g e  of a l l  grani to ids  ( A r n a u d o v  — A r n a u ­
d o v  a, 1981); Early Senonian and Eocene age  ( Z a g o r c e v  et al., 1987); 
B o y a d j i e v  (1974) i s  of t h e  opinion that this  is a case of t h e  so-called 
"mixed" data as a result of general  and different  i n  extent  "radiogenic re­
juvenation". 

O n  t h e  basis of t h e  f ie ld  relationships be tween  t h e  individual plutons and 
some  petrochemical and metallogenic features ( B o y a d j i e v  et al., 1988) 
t h e  fol lowing scheme f o r  t h e  temporal  evolution of t h e  granitoid magmatism 
i n  Pirin Mountain has  been  proposed: Spanchevo Pluton of Caledonian age, 
Bezbog Pluton - synonym of the  Rila-Rhodope t y p e  granitoids of most  probable 
Hercynian a g e  and Middle Alpine  (Laramide) granitoids represented b y  t h e  
South  Pirin (Teshovo, Goleshovo, Lehovo) and Central Pirin (Dautovo-Kresna 
and Central Pirin) Plutons. T h e  relatively different  a g e  of these  plutons i s  
determined also b y  t h e  thermo-luminiscence method ( S t o i n o v  — B o y a ­
d j i e v ,  1972) as  w e l l  as  b y  petrophysical and paleomagnetic data ( N o z h a r o v  
— D o l a p c h i e v a ,  1988). The Bezbog and Spanchevo Plutons s h o w  low 
magnet ic  susceptibility and  negat ive  magnet ic  anomaly and t h e  young  grani­
toid plutons - h igh  and intermediate magnet ic  susceptibility and positive 
magnet ic  anomaly.  

Al l  plutons are implaced i n  t h e  Rhodope metamorphic supergroup which  
hampers t h e  determination of their geological age. Both  these  plutons and their 
metamorphic host rocks are cut b y  different i n  thickness intermediate to  
acid dyke  rocks of unknown age. 

Petrographic characteristics and nomenclature of the Pirin granitoids 

On t h e  basis of microscopic analysis, mesonormative recalculations (after 
V i l i n o v i č  — P e t r i  k ' s  method, 1982) and respective graphical construc­
tions (Fig. 2) t h e  above  mentioned granitoid groups m a y  b e  described as  fol lows.  

S p a n c h e v o  P l u t o n .  It i s  located northwest  of t h e  vi l lage of Pirin 
and covers a n  area of about 80 sq. k m  (Fig. 1). It  consists of homblende-
-biotite granodiorites w h i c h  gradually pass  into biotite granites towards t h e  
central parts of the  body. A s  a result of marked quantitative variations of 
porphyroblastic feldspars (according to  t h e  parameters of t h e  diagrams used) 
local tonalites to  monzogranites m a y  b e  deduced (Fig. 2 - A,  C, D). I n  con-



8 6  BOYADJIEV 

G D  , G 1 1G 

52 58 64 70 Si 02°/, 
(intermediate I ac id  

70 ANOR 

1 0 0 0  

500 

2 0 0 0  3000 10 

Kž Dli KHPI2 
Fig. 2. Classification diagrams for  the Pirin granitoids. 

A .  Si0 2/Na 20 + K 2 0  diagram (after A n d r e e v a  et al., 1981); B. A/NaaO + K 2 0/F 
(FeO +0.8998 Fe203> — M(MgO) diagram; C. R,—R2 diagram (after De l a  R o c h e  
et al., 1980) based on mesonormative content. D. Q-ANOR diagram (after S t r e c -
k e i s e n  — L a  M a i t r e ,  1979), based on mesonormative content. 
1 — South Pirin Plutons; 2 — Central Pirin Plutons; 3 — Bezbog Pluton; 4 — Span-
chevo Pluton; 5 — crystallization differentiation trend. The  mesonormative content 
is calculated b y  the M i e l k e  — W i n k l e r ' s  method (1979) adapted b y  V i 1 i-
n o v i č  — P e t ř í k  (1982). 

trast  t o  t h e  o t h e r  p lutons,  t h e  S p a n c h e v o  b o d y  i s  r i c h  a n d  f r e q u e n t l y  cut  
b y  apl i te-pegmat i te  v e i n s  i n t r u d e d  d o m i n a n t l y  para l le l  t o  t h e  "schistosity" 
of  t h e  rocks. 

T h e  rocks  of  S p a n c h e v o  P l u t o n  s h o w  m a i n l y  gneiss ic  t o  micro- fo ld  s tructure  
(gneiss-granites), w h i c h  g r a d u a l l y  g r a d e s  in to  pract ical ly  m a s s i v e  t o w a r d s  
t h e  central  parts  of  t h e  b o d y .  T h e  t e x t u r e  i s  m a i n l y  gran i t i c  t o  lep idograno-
blast ic  a n d  to d i f f e r e n t  d e g r e e  p o r p h y r i c  a f t e r  fe ldspars .  T h e  porphyrob las ts  
a r e  a b o u t  2 c m  l o n g  a n d  f o r m  20—30 to  70 % of t h e  rock.  

T h e  m i n e r a l  composi t ion  o f  t h i s  a n d  t h e  other  p lutons,  b a s e d  o n  petrograph ic  
analysis,  is  s h o w n  i n  Tab.  1. 

B e z b o g  P l u t o n .  It i s  located b e t w e e n  t h e  t o w n s  of  Bansko  a n d  Dobr i-
n i s h t e  w h i l e  isolated f r a g m e n t s  occur n o r t h w e s t  of  P i r i n  Vi l lage,  w e s t  of 
Brezni tsa  a n d  others.  It covers  a n  area of  a total  of  160 sq.  k m .  T h e  rocks  
a r e  m e d i u m -  to  coarse-grained grani tes  to  granodiorites,  i n  p a r t s  tonal i tes  
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w i t h  K - f e l d s p a r  phenocrysts.  T h e  l a r g e  q u a n t i t a t i v e  var ia t ion  of  t h e  p h e n o -
crysts (30—40 t o  70—90 % )  is  respons ib le  f o r  transi t ions  t o  s u b a l k a l i n e  ana lo ­
gues  and monzogranites (Fig. 2 - A,  C, D). T h e  structure i s  mass ive  and t h e  
texture  - porphyric after  t h e  feldspars. 

Aplite-pegmatite  ve ins  and lenses are relatively rare, thin, of muscovite  type.  
C e n t r a l  P i r i n  g r a n i t o i d s .  They  are represented b y  Dautovo-

-Kresna (east of Brezani Village) and Central Pirin (between Bansko and 
Pirin Village) Plutons. They  cover a n  area of 270 and 170 sq. km, respectively 
It i s  supposed that  t h e y  are parts of a larger batholith. Their rock composition 
is identical: f i n e -  t o  medium-grained, aphyric t o  t h e  nacked eye, dominantly 
hornblende-biotite granodiorites t o  biotite granites of adamelitic type,  locally 
t o  tonalites. T h e  partial variations of t h e  feldspars lead t o  transitions t o  sub-
alkaline equivalents and  monzogranites (Fig. 2 - A,  C, D). T h e  structure i s  
mass ive  and  the  texture  - main ly  hypidiomorphic-granular. granitic, i n  parts 
monzonitic. 

T h e  aplite-pegmatite phase  i s  relatively poor and i s  related main ly  t o  t h e  
peripheral parts of t h e  bodies. 

S o u t h  P i r i n  g r a n i t o i d s .  They include Teshovo (south of Gotse 
Delchev),  Goleshovo (northeast) and Lehovo (south of Petrovo Village) 
Plutons.  T h e y  cover a n  area of about 130, 6 and 2 sq. km,  respectively. 
T h e  dif ferent  erosion leve l  i n  individual plutons i s  responsible f o r  t h e  relative 
differences i n  t h e  spatial distribution of t h e  identical rock composition. They 
are m a d e  dominantly of hornblende-biotite granodiorites t o  tonalites w i t h  
transitions t o  granites. T h e  superimposed and variable K -  and i n  parts 
Ca-Na autometasomatism ( M a r i n o v a  e t  al., 1964; B o y a d j i e v  et al., 
1988) leads to  irregular development of monzogranites and transitions to  
subalkaline varieties (Fig. 2 - A,  C, D). T h e  structure of t h e  rocks i s  domi­
nantly  heterogranular, hypidiomorphic-granular to  monzonitic. 

T h e  aplite-pegmatite phase  i s  represented b y  th in  ve ins  and lenses, i n  places 
wi th  zonal structure and beryl, orthite, tourmaline and apatite, visible 
w i t h  nacked eye. There are also different in  thickness ve ins  w i t h  rock crystal, 
morion and amethyst.  

Petrogeochemical features of the Pirin granitoids 

According to  N i g g 1 i' s classification t h e  Pirin granitoids belong t o  t h e  
Ca-alkaline series, granitic and  granodioritic groups, oversaturated i n  S i 0 2 ;  
k $ 0.40. T h e  subalkaline tendency i s  a result of t h e  relatively irregular 
distribution of t h e  porphyric K-feldspar generation which  i n  places defines a 
monzonitic  texture. O n  t h e  background of this  general pattern there  are  
some  specif ic features:  dominantly granitic composition w i t h  partial transi­
t ions (in t h e  peripheral parts of t h e  bodies) to  granodiorites i n  Spanchevo 
and Bezbog Plutons, and predominating granodioritic character w i t h  transitions 
to  tonalites i n  t h e  young  South  and Central Pirin Plutons (Fig. 2, C). This i s  a 
result of t h e  l imited i n  t h e  older and relatively wider  magmatic  dif feren­
tiation i n  t h e  younger  plutons. I n  this  respect t h e  analogy between  t h e  
Central and South  Pirin Plutons i s  remarkable (Fig. 2, B). 
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T h e  crystal l ization d i f f e r e n t i a t i o n  i n  a l l  p l u t o n s  i s  normal ,  h o m o d r o m o u s ,  
as a result  of w h i c h  t h e  b o u n d a r i e s  b e t w e e n  t h e  i n d i v i d u a l  rock  var iet ies  a r e  
transit ional.  T h i s  d i f f e r e n t i a t i o n  is  re lated  to  a constant acidif ication, g r a d u a l  
decrease of  F e  a n d  para l le l  increase  of  a lkal ies;  t h e  r o l e  of MgO i s  l i m i t e d  
(Fig. 2, B). 

T h e  content of  O, C a n d  S isotopes indicates  that  t h e  d iscussed p l u t o n s  m a y  
b e  r e f e r r e d  to  t h e  specif ic,  transit ional  M-genetic t y p e  ( P o p o v ,  1983). A c c o r ­
ding t o  t h e  nomenclature of T a u s o n (1988) t h e  young  granitoids o n  their 
hand l ikewise  exhibit features of transitional character  — b e t w e e n  p a l y n g e n i c  
gran i to ids  of t h e  Ca-alkal ine  series a n d  t h e  p l u m a s i t e  r a r e  m e t a l  geochemical  
types.  

Content of rare and trace elements. T h e  o l d  a n d  y o u n g  gran i to id  p l u t o n s  
s h o w  cons iderable  d i f f e r e n c e  i n  respect  of r a r e  a n d  t race  e lements.  T h e  rock 
var iet ies  of  Spanchevo  a n d  Bezbog  Plutons  h a v e  content of  m a i n  microcom-
p o n e n t s  a r o u n d  clark v a l u e s ;  t h e  local  a n d  i r regu lar  p e a k  contents  i n  s o m e  
isolated cases result  f r o m  later s u p e r i m p o s e d  h y d r o t h e r m a l  metasomat ic  a n d  
o r e  processes. However ,  t h e  data  o n  t h e  y o u n g  gran i to ids  (Tab. 2) d e m o n ­
strate a stable tendency to  above  clark contents (compared after  B e u s — 
G r i g o r i a n, 1975) f o r :  W (3—5 X),  Mo (4 X ) ,  S n  (up to  3 X),  C u  (2—3 X ) ,  
P b  (up to  2 X),  A s  (3 X),  Cr  (5—10 X),  N i  (up t o  2 X),  Li  (2 X),  F (2 X ) .  
T h i s  l eads  to  t h e  conclusion t h a t  genet ical ly  predes t ined  a n d  indicator  c o m ­
ponents  f o r  the  South and Central Pirin Plutons are: lithophilic f luids  F, Li, 
ore-chalcophilic and oxiphil ic microcomponents: W, Mo, Sn,  Cu, As,  Pb,  Zn. 
T h e  statistical analysis of t h e  trace elements  shows  t h e  fol lowing versions 
of positive correlation - for  t h e  South  Pirin granitoids: W-Sn,  Mo-Cu-As, 
Mo-Pb (Cu, As), F-Zn, F-Be;  for  the  Central Pirin granitoids: W-Mo-Cu, 
Cu-Zn-F, Li-As, Sb-B.  T h e  subclark content of Sr  and Ba  i s  symptomatic i n  
both cases. 

T h e  above  clark contents and correlations suggest  a genetically motivated 
rare meta l  and  polymetal  specialization of t h e  generating magmas  and their  
potential metal  content. T h e  above  clark contents of t h e  siderophilic group 
of elements i n  both groups of young  plutons i s  evidently inherited from ana-
tectically reworked substratum but  without  concentrations which  govern t h e  
respective metallogenic specialization of t h e  respective magmas.  

I n  this  respect t h e  higher contents of some  microcomponents i n  t h e  South  
Pirin granitoids versus the  Central Pirin i s  indicative. This i s  in  correlative 
l inks w i t h  their specific metal logeny as: A s  - presence of gold-bearing pyrite-
-arsenopyrite mineralizations; Cu - practically constant presence of chalco-
pyrite i n  hydrothermal ore associations; B - presence of tourmaline i n  the  
skarns and pegmatites related to  these  plutons. 

The  specif ic rare metal  specialization of t h e  young granitoid plutons is 
suggested also b y  t h e  symptomatically higher content of t h e  fol lowing acces­
sories: magnet i te  u p  to  6000 g / t  and  apatite over 0.5°  0 f o r  t h e  South  P i r i n  g r a ­
nitoids, sphene, monazite,  thorite and occurrence of fluorine. T h e  higher  
content of F and REE i n  t h e  accessories formed during t h e  autometasomatic 
process (M a r i n o v a et al., 1964) i s  also remarkable. 

A t  t h e  same  t ime  t h e  extremely l o w  content (below t h e  sensitivity of t h e  
method) of a number of microcomponents i n  t h e  rock varieties of t h e  adjacent 
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T a b l e  2 

Content of rare and trace elements (statistical m e a n  values i n  ppm) i n  the granitoids of Pir in  area a n d  the  volcanics of 
Mesta extrusive complex 

Elements, clark content 
Plutons, volcanics 

(number of samples, 

PU 

Ä -4-3 
3 o l/l 

s . s  
c £ 
ô *  

u x td -a <u B r—t w cd ft 
š - y  g 
g o s 

> o 

Teshovo (6) 

Goleshevo (2) 

Lehovo (2) 

Lithophile 

Central 
Pirin (7) _ 
Dautov-Kresna 
(3) 
Extrusive 
facies (4) 
Subvolcanic 
facies (11) 

Li 
30— 

40 

70 

35 

70 

20 

23 

57 

34 

R b  
160— 

210 

170 

150 

157 

169 

197 

227 

224 

Cs 
3.8— 

5.2 

2.3 

3.3 

6 

4.4 

6 

Ba 
450— 

840 

617 

705 

600 

561 

227 

Be 
2.5— 
3.5 

621 

744 

Chalcophile 
Sr 

200— 
400 

F 
630— 

830 

B 
12— 

15 

P b  
15— 

19 

Zn 
39— 

56 

C u  
10— 

26 

Sn 
2.5— 

3 
Ga 

20— 
A s  

1.5— 
1.9 

Sb 
0.2— 

244 2500 10 47 53 77 5 30 2.6 0.89 

150 1000 10 30 85 40 4.6 30 51.0 0.25 

233 850 10 30 85 360 3 30 4.9 0.30 

454 1700 3 27 103 27 9 24 1 0.31 

227 1000 — 27 80 18 3.7 30 2 0.20 

— 862 — — 65 — — 28 2 1 

— 830 — — 42 — — 24 2 2 
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Continuation of Tab. 2 

Elements, clark content Siderophile Radioactive Oxiphi le  
Plutons, volcanics 

(number of samples) 
Cr 

10—2.2 
Co 

1—7 
Ni 

4—15 
V 

44— 
88 

U 
2.6—3 

Th 
12— 

17 
W 

1.7—2.2 
Mo 

1.2—1.3 
Zr  

160— 
180 

Ta 
1.8— 
2.5 

Hf 
3.2— 

3.9 
Sc 

7—14 
c 
'u 

Teshovo (6) 114 10 14 63 6 20 10.7 4 102 2 4 10 
S 
-C 
D 

Goleshevo (2) 150 7 7.5 75 3.1 15.4 3.4 4 97.5 1.6 4.2 7.8 
O 

C/3 Lehovo (2) 117 10 3 60 2.9 20 5.5 27 95 1.2 3.3 8.9 

, 
C

en
tr

a]
 

; 
P

ir
in

 Central 
Pirin (7) 
Dautov-Kresna 
(3) 

160 8 14 54 4 16 6.1 6.2 100 2 4 7 

, 
C
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tr

a]
 

; 
P
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in

 Central 
Pirin (7) 
Dautov-Kresna 
(3) 100 6 9.7 43 6.7 21 8.2 2.3 123 1.6 4.7 7.8 
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Extrusive 
facies (4) 15 5 — — 9 26 8 3 — 2 4 5 

M
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m
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Subvolcanic 
facies (11) 13 5 — 

~ 
9 31 10 4 — 2 4 5 

ľ Í l e h S , f ^ P l ^  3 r e  a n a l y z e d  b - v : ,atom-absorbtion analysis f o r  Pb, Cu, Zn, Sr i n  the  Geological Institute, Bulg A c a d  of Scien­
ces by A. T o m  o v a ;  spectral semiquantitative analysis for V, Ni, Li, F, B, Sn, Be Ga by  R R a s h k o v a  and neutron 
m ľ t é r f ô r n G e o k e v ) S  Data* for  e l e a f e n t a  ^ D -  M a t a n o v  and  B. M a r i n o  v (Geochemical Laboratories, Com-
mitee tor ueology).  Data for  Mesta extrusive complex are f r o m :  H a r k o v s k a  e t a l  (1983) E s k e n a s i  e t a l  HQa4* 
Clark contents for  granodiorites a n d  granites are of t h e  B e u s  — G r i g o r i a n  (1975) ThesvrTihnl 
the  content of the respective e lement  is b e l o w  the  sensitivity of t h e  method  Y 3 8  m d i c a t e s  t h a t  
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T a b l e  3 

Content (mean va lues  in p p m )  of REE i n  the  Pirin granitoid plutons 

Elements 
clark contens 

Plutons \ 
(number of N ^ 
samples)  x 

La 
40—50 

Ce 
80—93 

S m  
8.3—10 

Eu 
1.4—1.6 

Tb  
1.4—1.6 

Y b  
3.2—4 

L u  
1—1.2 

Y 
34—40 £ TR EÚ* Ľ Ce 

Ľ Y 
La 
Yb~ 

Teshovo (7) 50.6 106 5.8 1.23 1.1 2.2 0.71 13 180.6 0.31 9.7 23.3 

Goleshevo (2) 34.6 82 3.1 0.7 0.6 1.8 0.46 15 138.6 0.34 6.7 19.2 

Lehovo (2) 37.1 110 3.3 1.0 0.7 2.2 0.44 17 171.7 0.43 7.3 16.8 

Central Pir in  (3) 57.3 111.3 6.1 1.47 1.1 2.5 0.48 12.3 192.6 0.37 9.5 25.6 

Dautovo-
Kresna (3) 

Bezbog (3) 

53.6 

56.3 

106 

98.2 

5.6 

6.2 

1.07 

0.95 

1.0 

1.2 

2.1 

2.3 

0.81 

1.13 

10 

11.7 

180.2 

178.1 

0.30 

0.22 

11.9 

11.9 

25.1 

26.0 

Spanchevo (5) 41.0 87.6 3.7 0.80 0.8 1.9 0.45 
1 

9.6 145.9 0.29 9.4 20.0 

Remark: T h e  samples are studied b y  neutron-activation 
D. M a t a n o v  and B. M a r i n o v .  The content of N d  
b e l o w  10%.  Clark contens (for granodiorite-granites) are  

* Europium anomaly is theoretically calculated. 

analysis i n  the  Laboratory of the Committee f o r  Geology b y  
is be low the  sensitivity of the  method. The  m a x i m u m  error i s  
after B e u s s  — G r i g o r i a n  (1975). 
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Mesta vo lcan ic  complex,  as  c o m p a r e d  to  t h e  Central  P i r i n  P lutons  (Tab. 2), 
i s  also symptomat ic .  

These  f e a t u r e s  a r e  i n  f a v o u r  of t h e  concept o n  t h e i r  c o m m o n  "vo lcano-plu-
tonic  d e v e l o p m e n t "  ( A r n a u d o v  — A r n a u d o v a .  1981; Z a g o r c e v  et  
al., 1987). I n  t h e  volcanics  t h e  content  o f  Cr, i n  p a r t s  Co, Ni, V i s  also v e r y  l o w .  
A t  t h e  s a m e  t i m e  t h e s e  volcanics  s h o w  h i g h e r  content  of  U a n d  T h  w h i c h  
suggests  t h e  poss ib i l i ty  f o r  a t e m p o r a l  paragenet ic  l i n k  b e t w e e n  t h e  u r a n i u m  
minera l i zat ions  a n d  t h e  Late  A l p i n e  tectono-magmatic  act iv izat ion of t h e  R h o -
d o p e  Massif. 

La C t  Sm E u  T b  Yb L u  Y 

Fig. 3. REE fractionation diagram for  the Pirin granitoids (based on data f r o m  Tab. 2) 
1 — Spanchevo Pluton; 2 — Bezbog Pluton; 3 — Central Pirin Plutons; 4 — South 
Pir in  Plutons. 

Content of rare earth elements. O n  t h e  bas is  of  t h e  a v a i l a b l e  data  (Tab. 3) a n d  
t h e  constructed chondr i te-normal ized  c u r v e s  f o r  t h e  l a n t h a n o i d e  f ract ionat ion  
(Fig. 3) t h e  f o l l o w i n g  f e a t u r e s  a r e  estab l i shed:  

1. Def ic iency  i n  £ T R  i n  a l l  gran i to ids  i n  respect  o f  a l l  e q u i v a l e n t  rock  t y p e s  
(after  A l e x i e v ,  1974 = 263 p p m ;  a f t e r  B a l a s h o v ,  1974 = 249 p p m ) .  It 
i s  t w o  t i m e s  l o w e r  i n  S p a n c h e v o  Pluton.  A t  t h e  s a m e  t i m e  t h e r e  i s  a comple te  
a n a l o g y  b e t w e e n  t h e  g r o u p  of Central  P i r i n  P lutons  w h i c h  i s  i n  s u p p o r t  of  t h e  
i d e a  o n  t h e i r  p e n o l o g i c a l  a n d  e v i d e n t l y  chronological  u n i t y .  T h e  par t ia l  v a r i a ­
t ion in  t h e  South  Pirin Plutons i s  probably a result of the  variable amount 
of K-feldspar as  o n e  of t h e  ma in  concentrators of REE. 

2. T h e  moderate slopes of t h e  chondrite-normalized curves is in  co-variant 
link w i t h  t h e  l imited crystallization differentiation (granodiorites to  granites). 
The  close features  and symmetry  of t h e  curves for  Central Pirin and Dautovo-
-Kresna Plutons, parallel t o  t h e  penological  unity, i s  again i n  support of t h e  
idea o n  their spatial connection i n  depth i n  a single granitoid batholith 

. ( B o y a d j i e v ,  1988). 
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3. I n  a l l  g ran i to id  p l u t o n s  R E E  a r e  of  m a r k e d  Ce  character:  6 — 7  t i m e s  
h i g h e r  content  of l i g h t  i n  respect  of i n t e r m e d i a t e  a n d  h e a v y  l a n t h a n o i d s  
(Tab. 2) w h i c h  i s  d u e  t o  t h e  r e l a t i v e l y  h i g h e r  genera l  a n d  i n  parts  K - a l k a l i n i t y  
as w e l l  as  t o  t h e  content  o f  accessories, Mg- orthite,  thorite,  m o n a z i t e  (Tab. 1). 

T h e  La/Yb rat io  i s  of part icu lar  interest  a n d  according  t o  L u t c h (1974) 
indicates  t h e  d e p t h  of  m a g m a  generat ion.  T h e  a v a i l a b l e  d a t a  suggest  a n a l o g o u s  
(Tab. 2) d e p t h  f o r  anatect ic  f o r m a t i o n  of  t h e  m a g m a  of a l l  g ran i to id  p l u t o n s  
w h i c h  e x p l a i n s  s o m e  of t h e i r  c o m m o n  petrological  features .  

4. T h e  cons iderable  var ia t ions  i n  t h e  E u  content  ind icate  repeated  i n v e r s i o n s  
i n  t h e  l a n t h a n o i d  f ract ionat ion  a n d  t h e  respect i ve  absence  of  a direct  c h r o n o ­
logical link between  t h e  above  mentioned groups of plutons. The  values  of t h e  
negat ive  E u  anomaly  (Eú) a r e  also indicat ive.  T h e y  e v i d e n t l y  demonstrate  t h e  
invers ions  i n  t h e  o l d  p lutons.  T h i s  i s  a g a i n  i n  s u p p o r t  of  t h e  i d e a  o n  t h e  process  
of l a n t h a n o i d  fract ionat ion,  i.e. t h e  d i scont inu i ty  o f  t h e  g r a n i t e  generat ion  
i n  P i r i n  area. B o t h  t h e  contents of  E u  a n d  E ú  a r e  a n  ind i rect  cr i ter ium f o r  t h e  
lack  of  chronological  l i n k s  b e t w e e n  t h e  d iscussed  g r o u p s  of p l u t o n s  i r respect ive  
of t h e i r  ana logous  gran i to ide  character. 

C o n s e q u e n t l y  t h e  q u a n t i t a t i v e  re lat ions  of  REE a n d  t h e  t y p e  of  l a n t h a n o i d  
f ract ionat ion  a r e  i n  s u p p o r t  of a n u m b e r  of  petrological  a n d  m e t a l l o g e n i c  
considerations o n  t h e  f o r m a t i o n  of  P i r i n  gran i to id  p l u t o n s :  ana logous  in it ia l  
m a t e r i a l  f o r  t h e  p r i m a r y  anatectic  m a g m a  generat ion;  d i s tant  i n  t i m e  g r a n i t e  
generat ion  respons ib le  f o r  t h e  f o r m a t i o n  of chronological ly  d i f f e r e n t  g r o u p s  
of g ran i to id  p lutons.  

Metallogenic specialization and potential of the Pirin granitoids 

A b o u t  170 o r e  occurrences a r e  k n o w n  i n  P i r i n  region.  T h e i r  structural  a n d  
spat ia l  l i n k s  s h o w  t h a t  t h e  m a i n  o r e  g e n e r a t i n g  f a c t o r  a r e  t h e  y o u n g  grani to id  
p l u t o n s  w h i c h  d e f i n e  t h e  spec i f ic  f e a t u r e s  of  P i r i n  o r e  r e g i o n  (B o y a d j i e v 
et al., 1988). S p a n c h e v o  a n d  B e z b o g  Plutons  a r e  i n  genet ic  respect  n o t  of  m e t a l l o ­
genic  interest.  T h e  h igh  concentration (about 100) of ore  occurrences, laterally 
and genetically related to  t h e  South  Pirin Plutons, def ines  t h e  Teshovo ore ring; 
t h e  southern segment  of t h e  r ing l ies o n  t h e  territory of Greece and  i s  related 
to  Ser-Drama Pluton ( T h e o d o r a k i s ,  1983) which  i s  similar i n  magmat ic  
and metallogenic respect to t h e  South  Pirin granitoids. 

Main ore elements  f o r  t h e  magmatic  mineralizations i n  t h e  region are: W,  
Mo, Pb, Zn and subordinate - Cu, A g  (dominantly w i t h  polymetall ic  minerali­
zations), A u  (with pyrite-arsenopyrite mineralizations), Cd (isomorphic w i t h  
sphalerite), Bi, Sb,  As. 

A t  t h e  present s tate  of knowledge  12 mineralogic-geochemical types  of meta l ­
l ic  and  nonmetall ic formations m a y  b e  distinguished: muscovite-quartz-oligo-
clase, quartz-tourmaline-beryl, quartz-amethyst-morion, quartz-molybdenite 
("Sinanitsa" greissen type),  skarn-magnetite,  quartz-feldspar-molybdenite, 
quartz-molybdenite-sheelite, gold-pyrite-arsenopyrite, quartz-chalcopyrite, 
quartz-bismutite-chalcopyrite, quartz-pyrrhotine-chalcopyrite, quartz-galena-
-sphalerite, quartz-sulphoantimonite-sphalerite. In  the  area of the  young  plutons 
and their  host rocks there  i s  a zoning in  t h e  distribution of t h e  endogenic m i ­
neralizations ( M ä n k o v  i n  B o y a d j i e v  et  al., 1988). 
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Direct bearers  a n d  concentrators of  r a r e  m e t a l  (W-Mo) a n d  o t h e r  s u p e r i m p o ­
sed  hylrothermal ore associations are the  exoskarns where  scheelite and  m o ­
lybdenite  are  dominantly i n  t h e  f o r m  of f ine-grained crystals or  aggregates. 
T h e  process of additional remobilization i s  responsible for  t h e  formation of 
different i n  thickness quartz-scheelite ( ± M o )  veinlets.  Ca-skarns are predomi­
nant  and contain: garnet (andradite t o  andradite-grossular, rarely uvarovite) 
diopside, hornblende and tremolite-type amphibole, vesuvian, epidote, zoisite' 
tourmaline (schorl.), + K-feldspar, phlogopite, wollastonite,  skapolite, magnetite! 
apatite, titanite, orthite. Relatively thick zones of hornfelses and skarnoids of 
analogous mineral  composition are also related mainly  t o  t h e  Central Pirin 
granitoids. Magnesium skarns are of l imited size and contain olivine respec­
t ive ly  serpentine, phlogopite. 

T h e  factors which favour  t h e  processes of ore  deposition and regional m e -
tallogenic forecasts are: repeated granitoid intrusions i n  t h e  crystalline base­
m e n t  of t h e  region as  a criterium f o r  h igh  extent  of crustal mobilization of ore 
components m t h e  host  rocks; Alp ine  granitoid magmatism w i t h  expressed 
rare metal  and polymetall ic  specialization; carbonate host rocks which  favour  
t h e  ore processes and concentration of ore  components; pulsating development 
of ore controling fault  structures; direct spatial relation of skarn and ve in  
ore zones to  t h e  young  plutons; characteristic hydro-  and lithogeochemical 
anomahes (W, Mo, Cu, Pb-Zn) spatially related t o  particular ore  occurrences, 

h e  rare meta l  specialization and potential  perspectives of t h e  young  plutons 
i r e , d ™ t r a t e d  a l s 0  o n  K o z l ° v ' s  diagram (1974) w h e r e  t h e y  fa l l  wi th in  
t h e  f ie ld  of "ore-bearing granitoids". 

Conclusions 

T h e  specif ic features  o f  t h e  ma in  petrochemical parameters, t h e  content of 
O, C and S isotopes, t h e  initial  8 7Sr/8 6Sr ratios, t h e  content of REE and t h e  
type  of their  fractionation, t h e  specif ic higher content of m a n y  microcom-
ponents  def ine  both s o m e  general  and specif ic petrogeochemical and metal lo-
genic  features of t h e  discussed plutons. A general crustal genesis  w i t h  mobi l i ­
zation of components of mixed,  sedimentary-volcanogenic t y p e  i s  suggested. 
T h e  source of t h e  "anatectic" magmas  i s  a substance w i t h  t h e  features o f  t h e  
Precambnan crystalline basement. This i s  responsible f o r  t h e  granitoid cha­
racter of t h e  produced magmas  and their intermediate M-genetic  type;  t h e  
partially higher content of siderophilic elements indicates local involvement  
also of ultrabasic derivatives of primary mant le  genesis.  

A t  t h e  s a m e  t i m e  t h e  granite  generation process developed during a long t ime  
interval and  this  governed t h e  specif ic features of the  respective granitoid 
magmas.  O n  t h e  basis of geophysical ( N o z h a r o v  — D o l a p c h i e v a ,  1988), 
structural ( S l a v o v  e t  al., 1976), radiogeochronological ( Z a g o r c e v  e t  al., 
1987) and geochemical ( A r n a u d o v  — A r n a u d o v a ,  1981) data different  
levels  of m a g m a  generation and crystallization are  suggested; t h e  crystallization 
differentiation of t h e  young  plutons occurred at hypabyssal  level  and  that 
of Spanchevo and Bezbog Plutons - i n  t h e  cata- and mesozone, respectively. 
T h e  discontinuity in  t h e  granite generation and t h e  relatively different level  
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of m a g m a  f o r m a t i o n  a n d  crystal l izat ion p r e d e s t i n e  s o m e  of t h e i r  spec i f ic  
petrogeochemical  f e a t u r e s  i n c l u d i n g  also t h e i r  meta l logen ic  specialization. 
Each  s u b s e q u e n t  d e e p  m a g m a t i c  act iv izat ion i s  e v i d e n t l y  accompanied  b y  t h e  
t e n d e n c y  of  g r a d u a l  accumulat ion  a n d  increasing K-potent ia l  a n d  para l le l  
meta l logen ic  concentration of o r e  components  of  crustal  origin.  T h i s  t e n d e n c y  
i s  par t icu lar ly  w e l l  expressed  i n  t h e  y o u n g  grani to ids  w h i c h  s h o w  a r a r e  
m e t a l  special izat ion a n d  t h e  S o u t h  P i r i n  grani to ids  - also K-autometasomat ic  
processes. Th i s  t e n d e n c y  i s  r e f l e c t e d  i n  t h e  t e m p o r a l  paragenes is  of  t h e  h y d r o -
t h e r m a l  ore  minera l ia tz ions  w i t h  t h e  f i n a l  stages of  p l u t o n i c  act iv i ty  - t h e  
d y k e  f o r m a t i o n .  T h e  A l p i n e  m a g m a t i c  activation, as w e l l  t h e  h y p a b y s s a l  t o  
s u b v o l c a n i c  l e v e l  of  t h e  crystal l izat ion d i f f e r e n t i a t i o n  d e t e r m i n e d  a repeated  
a n d  r e l a t i v e l y  r a p i d  depos i t ion  of t h e  o r e  components.  T h i s  exp la ins  t h e  
pu l sa t ion  character of  t h e  o r e  depos i t ion  a n d  part icu lar ly  t h e  p o l y c o m p o n e n t  
character  of t h e  s k a r n  zones. 

T h e  Pa leogene  m a g m a t i c  act iv i ty  e v i d e n t l y  p l a y e d  s o m e  p a r t  i n  t h e  f o r ­
mat ion  of polymetall ic  mineralizations. T h e  product of th is  activity is t h e  
Mesta volcanic complex. T h e  uranium mineralizations and t h e  total radio­
genic  rejuvenation of t h e  granitoid-consolidated crystalline basement of t h e  
Rhodope Massif (B o y a d j i e v, 1974) are  probably also related to  the  Late 
Alpine tectonomagmatic "autonomous" (S h t e g 1 o v ,  1967) activization. 
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