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2.5 UHP metamorphism in the Rhodope Massif
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2.7 Area of Study
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2.8 Proposed geodynamic
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Chapter 3 Petrogenesis of Kyanite-Garnet schist

from the Rhodope Massif
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3.5 Mineral Chemistry
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3.5.2 White mica
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3.5.3 Biotite
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3.6 Constraining P-T conditions

3.6.1 Petrological constraints on P-T conditions
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3.6.2 Thermobarometry
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3.6.3.2 Garnet Biotite thermometry
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2-1-10 [3-1-10 [25-1-10 |38-1-11 2-1-10 |[3-1-10 [25-110 [38111
Sio, |4871 5205 4941 - Zr |213.06 184.10 192.79 1.82*
A0, | 2818 2411 2718 - Nb* | 36.66*  26.77*  28.96* 0.28*
FeO |12.89  11.03  16.18 - Cs* | 1.49* 7.92%  2.45¢ 0.05*
S [ Mgo | 2.94 2.49 3.45 - Ba |68555 591.44 212.11 523.40*
i« MnO |o0.11 0.13 0.23 - La |89.94 7521  108.09 40.42
W |cao |0.41 0.31 0.89 - Ce |166.21 14121  206.95 86.96
d | KO |354 3.57 1.33 - Pr |18.66 15.67  22.66 9.92
Na,0 |0.31 0.09 0.17 - Nd |71.87 60.70  85.42 37.18
TiO, | 1.49 1.24 1.19 - Sm | 13.43 11.87  15.08 7.40
P205 | 0.11 0.12 0.13 - Eu |2.32 2.25 1.91 1.63
Li 13.33  59.89  14.46  21.01* Gd |11.13 9.29 11.84 5.79
Sc 2499 2519 3059  1477* | = |Tb |1.87 1.56 1.86 0.84
Tl 0.76*  0.97* 0.38* - & |py |952 8.03 8.87 4.94
v 130.41 14886 8533  12966* | £ |Ho |1.83 1.62 1.84 1.04
% Cr 7819 9418 6214  96.09* | d |Er |484 4.51 5.21 3.06
& | co 27.72 2930 2438 2635 |~ [Tm |0.72 0.68 0.86 2.98
W N 64.28 6894 4890  71.44* Yb |4.53 4.51 5.95 0.45
& | cu 3445 3297  29.00  42.97* Lu |0.61 0.59 0.83 0.07
Zn 141.90 15450 143.02  99.46* Hf | 5.79 5.07 5.17 0.04
Rb 175.65* 193.49* 56.75*  13.39* Ta |2.62 1.95 2.60 12.17
Sr 66.03  14.84  20.28  170.76* Th | 30.90 26.19  42.06 11.44
Y 54.65  47.79 5340  29.20* U |318 3.27 3.06 1.60
Mg# |0.19 0.18 0.18
Y% *11% 3 + 5 (1 + 3+ (
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3.8 The Eastern Rhodope metapelites
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Sr 58.5 Eu 24 Th 36.0
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Chapter 4 : Petrogenesis of Metabasic units of the

Rhodope Massif
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4.3 Metabasic samples of the Central Rhodope Mts.

4.3.1 Overview of previous research

4.3.1.1 Metabasic samples from the Arda 2 Gneiss
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4.3.3 Central Rhodope Mts. Petrology

4.3.3.1 Metabasic samples from the Arda 2 garnet gn

@
@.
%

@
-Gt

%

6&

@uUG,, V
- Q.
A%

-DI % Al

@#
IcA!

%

@. -DIA
++D'D",% 4
-D- Al
%

-DI %

A%
A%

-pc-A%

%
%

( +(

F/
eiss
" # +
%
+,D-,W
'S 4%
@. -D- A

%




71

/ <+ ( : + : + ( <%
+ ( 3 ( ( + 3(+ 7 ( ;;9=0%
+ 3 ( o + 7 (7,9 <D
+ + 7(?;;,9=<% 6 +
7 ( ?;;,9=<D + ( 7 ( ;9= 3
+ + 7,9
2 % ' @ + A
@. -DIA% W !
@. -DI Al -G D'D"
$ 1 2 1%

@. -D-%A!



72

/ <+ - ( ( <C(+
+ : ( ?;;,=0<" + + : ( ;<
& +3 + + = ;= <&  ((3 (
% %
12
%
@. -DI% %. -DG%%A!1
-DG A%
4 @. -DG Al @-GD'D" --D'D"A
%',8G, V

@. -DG%A!

>



73

( :9=0< D
9=< <) +

< + 3(+
0 + (2

4.3.3.1.1 Petrological evidence for Eclogite facies

%
@/

Q

-D- AA%

%

Q

% +,"Al

Q

metamorphism
%

%
@5 IGD
@.
%



74

% @ %
"((A!

&D [N
-G DD"@. -D-% A
%

4.3.3.2 Arda 2 non garnet bearing metabasic samples

% !
# % : 4
% 4%

# 4 + WV
@. -DH%A!'7 % 4

% %

C@. -DH A! % "D 'D1%

@, - DH A!

/ <) | ( +3 : (2 ;o =0</

( ( + « 7= </ 3
( +3 ( = + | 6



4.3.3.3 Garnet bearing metabasic samples from withi

Shear Zone
# %
IDIDlI
# @ -MNI'"A%
% UG,V %
%
| #
! HD'D'l % %
| @. -DJA
'D'D" I #
%
% 4 ',V
@. -DJ Al %
! @
%
@. -DJA
I, DIDII
@. -DJ Al ? % -
% 4

@U, VA

%

75

n the Chepelare

E |
%
@. -DJ % Al
4@. -DJA
%
@. -DJA!
8 + %
GA 4 %
4

%
%

12%

@. -DJA!



76

< + ( . ( he
= ( 7;=0< ¢ (
;;?= <D ( + 3T T
+ = (7= < o +3
C s s +o (5 =)<
; .3 | 6




4.3.3.4 Garnet free amphibolites within the Chepela

re Shear Zone
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4.3.5.3 Plagioclase
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4.3.7.2 Chondrite normalised REE diagrams
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4.3.7.3 MORB normalised trace element diagrams
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4.3.7.4 Radiogenic Isotope Geochemistry
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4.3.7.5 Key findings of geochemical analysis
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4.4.3.5 Implications of petrographical observations
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4.4.4.3 Plagioclase
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4.4.4.5 Summary of key observation and implications for P-T history

of samples
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4.4.5.2 Chondrite normalised REE diagrams
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4.4.5.5 Synthesis of whole rock geochemistry
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4.5 Comparison of metabasic samples from the Central an
Eastern Rhodope Mts.
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4.6 Chapter Summary
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Chapter 5 : Timing of UHP metamorphism across the
Rhodope Massif

5.1 Introduction
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5.2 Overview of existing geochronolgical data
5.2.1 The Rhodope Massif

1 2 % | #
12
GD'% . GD
719 719 °% 3 D , SE
GHJ $D12/ 06 D? @ | !%+.JA
10,
I, 2 D12/ D& 4 @3 %
+,1A
I, $D12/ D6 D? @ | 1%+.JA
' @l
H $DI2 $ D& 2 4 %44 A
' DI12|$ D& 4 @ |% £ IA
H, DI2$ D& 4 @ | 1%+,IA
H, | > DI2 $ D& 4 @ | % +,IA
1 1 ) @; 0/0
G, DI2 $ D& 4 @ | 1%+ A
G, 2 $D12/ D&2 4 @ 1% +, A
D) e 3 $D12 $ D&l 4 @ P+, .GA
TN & $D12 $ D& 4 @ %+  GA
NTRT $D12 $ D& 4 @ %+.G A
2 $D12/ D& 4 @ | 1%+ A
j @1
5 2 $D12 $ D> A
1 2 $D12 $ D& 4 @ | 1%+'A
. 10,
YHO| $D12/ Db +@,,'+ A 1%




125

719 719 °% 3 D , SE
@7 4 4
11} | .
( IG D& : D12/$ D> 2 %(QA
"J I( D12 $ |D& 4 @ 19 +,,+A
"G D12 $ D& 4 @/ 1% +,, JA
) 3 $D12 $ D&|4 @ W%+, GA
J( | D12 $ D& 4 @/ 1% +, JA
JJ & $D12 $ D& 4 @/ 1% +,,(A
N[ [TE)! D12 %3 D& 4 @ 1% +,"A
JIIG - # D12| $ D& 4 @ 19 +,,+A
J+Y( i & D12 $ D& |4 @ 1% +,,+A
J'l- ' ? D12 |$ D& 4 @ 1% +,"A
A S 1%
GG/( J+ ? $D12/ D& 4 + HA
' 1 @ %
G 4 $D12 $ | D& 4 + GA
G, 2 $D12/ D& 4 @" 1% + +A
-(r H 2 D12/ D& 4 @/ ! % +,", A
@; 1%
-1 $p12/ D6 A
-+l- I- & $D12 $ D&l 4 @ 1% +,"A
++ | # $D12 $ D& |4 @ 1% +,,+A
-+!' "1+ & $D12/ D& 2 4 @/ 1% +,,(A
- $D12 $ D& 4 @ 1% +,,+A
- 2 $D12/ D& 2 4 @/ 1% +,' A
1(\J 1+ $D12 $ D& 4 @ %+,G A
oo " $D12 $ | D& 4 D % +,,GA
;<% 3 ( (+ 5 (1 : .51<
. 5 (1 =;51I< 5 =) <) +=0)<0 =Cl< (+ =
) <)
GD' GD'
121 # % 12
@ A%
| # @ 1% +,"A
GD' %
6& ! 1'G, 2% 'JI 2 % 1G 2 % -+ 2! #
GD'% 3 D& 4 | #
%
@ 1% "(JA% %

%




126

! B
1
@1 % +,+A! B 6&
6& % 6& 4
@ 1% +,"Al
’_) _
T
@ -
719
/ ;< - : (3 ; ? + ( F + ( :
749- | = (, 1+ + 1=B1S 1 0
6< 1
I @+,"A 5 @ ! 'G,2 A
6& % : 4 1'G,
24 % : 6& !
5 6& :
%
6& !
% 6& 12
% GHI2% -,2! > 4
$ &
# 6 ? @% 1% +,, G% 1% +,,JA
/ > @
19% +,,'Al 6& !
4 3



6& 12 @1 ;
2 1
? "(2
2 % (A
@
@ AB&
$ @ AB&

% +,,+ A%

@7 4
J2
% +,,+A%

5.2.2 Geochronology of the Bulgarian Central Rhodop
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5.4 Overview of garnet geochronology
5.4.1 Why date garnet?
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5.4.2 Common problems associated with garnet geochr  onology
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5.4.3 Advantage of analysis of garnet as NdO+
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5.5 Laboratory technique

132

5.5.1 Sample preparation and partial dissolution
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5.5.2 Chemical separation of Sm and Nd
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5.6.2 Single Zoned Crystal
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5.7 Results — Eastern Rhodope Mts.

1 D> 1
GDH % GDH! /
- > %
!
++D'D" 4
% > I
% ++D'D" $ 1
2% D> Ji- - 21 D % "D'D"
IJIH_ '+ 2!
% D& B
# 1 )s
% 4
)4 #D $&D2
/ # #
| @+,'+Al # & "1$D $&D2 >7 &(.%
'$ 4
GD)! # GDH$% $
GDJ! %
& 4 D$ $ % &
+(%JG I-2
/"< o+
(
B6 + 3
( 7B;; 9:
.5 (
1=+ ( 3
( =
"1



% ( % 7((9 # 7((9 # %A # V %. 7((9 "#A # V %. 7((9
: "D'D"/ 1G)GI+( JMHHJIH G!--,GG +1)-(,I( 1, HGG NG'+(,, Lot
|ID'D|I 71 G'(+Hl|) Illy)Jnl G_LH‘]\]I a!"GI'+ !!!Hl+‘] a!Gl+++) a!nny‘]
++D'D"/ A (H+ RNEN])) A)1+,) "133JJIH NI ( IG'IGGI
++D'D" 71 JHIGH, (- JH-(CHB)I( -1+, J+GH+-+ A, +H 1G'+) Loy
G+ | 'A’4 Y ‘A4 Y ‘A4 Y
"D'D" ' ' (- 1,6 AR At B "J
| |
S o | (- 1GG) LK 1)) . LIHI
++DD J- ml + JGHIH LHJ( 1,GJ- L ? )]
C NJ+H+ A, -H( A),( AH (l+
H JGHII 1IG- JH+ A+ ?BB Ji(
) A+ 1,H) N(E Ad -1(
( a!uH_) !!H‘]_ !!H_( a-n1+ ’? al(l
- 1!"‘]1 1!11‘]( ’!1"‘] 1!’”+ " |!G‘
< <%#H + + ) 5 ( ( 70<0, = 25< 2 +, (9=0< + +
%# ( + =< N ( + o+ oo ( B : =

143



35 ++ +

D;*1% (

144



145

5.8 Discussion

5.8.1 Metamorphic growth ages or thermal resetting of Sm-Nd
age?
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5.8.3 How significant are these ages relative to pu blished data
from both the Central Rhodope Mts. and the entre R~ M?
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Chapter 6 : Discussion

6.1 Geodynamic implications of Late-Cretaceous

UHP metamorphism on formation of the RM
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6.2 Constraints on exhumation mechanism of UHP unit
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Chapter 7 : Conclusions and Future Work
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Appendix A: sample location
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Appendix B: Details of Sr and Nd Isotope Geochemist  ry
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Analytical Precision
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