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Abstract: Cinopyroxene and spinel (magnetite) occur as oriented intergrowths within olivine of the dunite in the Bulqiza ophio-
lite. Albania. The size of the inclusion minerals is 1—10 pm, and some of them are nanoscale in 200—500 nm. The fresh dunite
has a mineral assemblage of olivine, spinel and cinopyroxene. The Fo content of its olivine is 94.7—96.0, and the Cr® of spinel
is about 76.5—82.4, higher than that in the spinel in common dunite from ophiolite mantle (Cr” >>60). Thus it is proposed that
previously depleted mantle harzburgite reacted with the melt containing Ti, Cr, Fe, and produced an olivine solid solution add-
ed with Ti'", A" ,Ca’", Fe*", and some of Cr’" entered interstitial chromite. Due to the fast cooling rate of the rock or rap-
id tectonic emplacement, the exsolution textures in olivine and compositional zones of chromite are preserved. Based on the
mineral compositions of chromian spinel-olivine, it is found that the relatively low partial melting degree of the harzburgite is
30% —40%, and the degree of partial melting of dunite is about 40 % , indicating a significant difference of tectonic setting. It is

suggested that the Bulqiza ophiolite had multi-stage evolution processes. When oceanic crustal slabs were trapped in mid ocean
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ridge, they were modified by tholeiitic magmas or partial melting, which occurred interaction or metasomatism, then later re-

action with boninitic magma in suprasubduction zones (SSZ) generated more Mg, Si and Cr melt, resulting in high degree of

partial melting for the mantle peridotite and dunite.
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Fig.2 Geological map of Bulgiza ophiolites in the eastern of Mirdita suture from Albania
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Table 1 Representative microprobe analyses of olivine from Bulgiza peridotite ( %))
sy BESE S0, MgO  MnO KO CrO;  CaO  ALO;  FeO  TiO; Na;O  NiO  Total Fo
AL6.4.3 41.87  52.39  0.03 0.00 0.01 0.03 0.00 4.18 0.00 0.01 0.60  99.11  95.72
\ AL6.4.3 41.57  52.53  0.05 0.01 0.03 0.02 0.00 4,17 0.00 0.00 0.63  99.00  95.74
Pff AL6.4.3 41.69  51.83  0.06 0.01 0.04 0.02 0.00 5.20 0.01 0.00 0.49  99.35  94.67
FEpan
AL6.4.3 42,04 51.74  0.11 0.03 0.00 0.00 0.00 5.33 0.02 0.00 0.59  99.86  94.54
AL6.4.3 41.05 5401  0.08 0.00 0.02 0.03 0.00 4.27 0.00 0.00 0.56  100.02  95.75
12AL3.1 41.30  50.68  0.12 0.01 0.00 0.04 0.00 8.42 0.00 0.00 0.24  100.80  91.48
Wh 12AL5.2 4139 50.72 0.1l 0.00 0.01 0.05 0.00 8.18 0.00 0.01 0.39 100.85  91.71
Kol 12A15.5 41.93  50.16  0.10 0.00 0.02 0.03 0.02 8.04 0.00 0.01 0.35 100.65  91.75
BUA 12A15.7 41.33 50.61  0.12 0.01 0.02 0.03 0.00 8.16 0.00 0.00  0.36  100.64  91.70
12AL5.8 40.96  50.45  0.12 0.03 0.03 0.00 0.00 7.86 0.01 0.00 0.37  99.82  91.96
R2 GREZFEMEFERBANEFRIIWER(%)
Table 2 Representative microprobe analyses of chromian spinels from Bulgiza peridotite ( %)
bk & CrOs  ALOs;  MgO  FeO MnO CaO  K,O NaO TiO, SiO, NiO  Total Mg®  Cr¥
12A1.6.4 5881  11.18 14.06 15.27 0.21  0.00 0.0l 0.0l 0.16 0.02 0.11 99.84 62.50 77.92
) 12AL6.4 5827 11.18 1416 15.63 0.30  0.00  0.00 0.0l  0.14 0.00 0.08 99.76 62.00 77.76
;E‘f 12A16.4 58.23 11.48 13.96 15.38 0.30 0.00 0.00 0.00 0.16 0.0l 0.17 99.69 62.13 77.28
%=
12A16.2  60.77 8.69 12.62 17.35  0.33  0.00 0.00 0.00 0.10 0.03  0.03 99.93 56.78 82.43
12A1.6.2  61.05 8.66 12.57 17.18 0.30  0.02  0.01  0.00  0.04 0.00  0.06 99.89 56.69 82.54
12AL3.1 57.18  10.65 9.72  21.07 0.40  0.00 0.00 0.04 0.15  0.05 0.06 99.31 45.66  78.27
wh 12AL3.1 56.97  10.35 9.90  21.31  0.47 0.00 0.00 0.0l 0.17 0.06 0.00 99.24 45.81  78.69
JRai 12AL5.1 56,71 11.72 8.90 21.73  0.42  0.02 001 001 0.05 0.03 0.07 99.67 42.47  76.45
A 12A15.3  55.61  10.97 8.26  23.57 0.44 000 0.0 0.00 0.7 0.09 002 99.03 38.98 77.28
12AL5.4  56.57  11.13 8.69  22.27 0.44 0.00 0.0l 0.0l 0.00 0.04 004 99.18 41.27 77.33
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Fig.8 Compositional range of olivine in different lithologies

of the Bulgiza ophiolite
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$ 780 R B Ak o R R AE L B Cr® BB Mg™ 1
T & i A% (Leblanc, 1980). 2 fr 35 4 75 MMM A
(AT 1 A 355 55 R0 RGOS 2 AR o T 34 0 W MRS 5
B BOIR A A AR 7o T A 5 B K s 3R
BE R HEIT L B A B 28 AR 3 R X S (T 9).
ANTRE AT TIO, 1 5 22 50 58 K, dlifif 5¢ #
B B B e 4R TIiO, BYHRE (B 9b,9e). K £
A MR R A B AR TiO, f1 ALO, &
0 B AR (kB 2 i AL % AR A RRAE (& 90).
93 A W 5% 2 WA 2 di A B Ak 24 4 A mT DA S 3 2
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Fig.9 Mineral chemistry of different lithologies in spinel and olivine from Bulgiza ophiolite
a AR AT FE M MO PR R AR AT I Ce® s, Mg ™ T s b, B MBS & i 8% 2R A7 19 Cr® s, TiO2 5 ¢ MU BIOBE 8 o % 2R i 47 19 AL O vs
TiO s d. WG A B8 R f A 19 Cr® v MG AT (1) Fo . 75 M MIURE 55 4% 4™ 19 8008 R IR F Xiong et al.(2015)
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A — MU MO A 1 PR R R AR AR X2 R R
A1 BT RS2 b 0 HR S e il R B OB R g A 4
(Dick and Bullen, 1984). At A HAR f A1 By Cr® F1
MO A B Mg ™ 19 0C 2 AJ DLHE I 2F 3 55 A B 3 4
JERLRR B OB B 1 K # i B8 5% (Pearce et al. s
2000) L T RN A7 — B A A A1 19 B ) 1k 2 A oAl 53
7 ME MRS A B AR R B Y R o A R R
(3020 ~4020) . BHUR LB 29 4000, i 2E M
FATEE B HL b R H LT T 5 1/ M
A7 — I A BE R A 4 i B L 46 s A (] S A 1] R O3 0
TR B A7 AE U 25 7 (IR 9D L S BT MEAME 5 > 35
BoR A A — Sl 588 3 i

TE [ AH B 5 AR 25 08 F 0B AR 254, 2 i —
AR B 5T R B HOE AR R A O 5 ) iR
Y — Fp 55 22 BT 90 A ) P4 (Ashworth and Cham-
bers, 2000) , 7E B o5 Hh W 77 18 5 3k 19 f 2 1A R
GG QA A v B ARERE 7 R AR A 1 G 1] kAR
LSRR T — b B AR IR BRI £ RS O A1
F18) S A 0 T A 235 R E MO A b 3 3 4 O B 3
RGO A P [T A S RVRECRS A 4801 23 i OB A s 2k
HME A1 (Fe’ " Fel ™ (Si0),) ML A2 B X X
SIRG 5 R g B E ST TR AR R SRR 4
Fe' " B IRAE 7 AR 5 SR R WIAAAE 3 T fE . (D)
FESR IR IR BE T . A B Fe'™ nl DL ¥ &) i 43 HOLE 4k
RS AT b s (O TR X BRE I AR IR BE T BIORE A0 19 321
GV AR+ 3E b T SiO, + =5 B A ki 2k 58
RICH T AR+ R & BT SO, 3030 ZO08 1L 2k
Wi A7+ B AR B AT 5 (3D il T FRUE Y s RO A1 — Bk
ARG Ay [ 5 A PRI B8 AR T 0k, T Bk AR Ay
PR R BIE Sl R A7 3 4> Fe' 510 2
A Fe'm fl—A~22 s B (Dyar et al., 1998).

TEARR o B AL R GG T o ol T 40% B3 £
W 1 b Fe®' S Ak, Ho s B X (Dyar er al.,
1998; Ashworth and Chambers, 2000) :

2Fei" Si0,—>2Si0°" Fe* Fei " O, +2¢~ +Fe* ",
B :3Fe; Si0, —~3Si05" Fey ™ Oy +4e +2Fe’".

A e il 7 1 i A A1 23 T i 2 4
¥ i B2 L R R 2l (Dyar et al., 1998)

Fe't (Fei™s,0. Felr ) (Si0,), —~Fef Fei™ (Si0,), +Fe}™ SiO,.

i P i P Bt

RO A1 28 3 S AR iR RS A S Bk
AR A RV RO A e R T 2 T AR B R I
HE— 20 B 73 fifk A R e R MHORE A7+ BRI A (L 2 A
EEIRARAE T Fe' (Cr®" 0l DLk AN A dl A%, 24

Tk AT BT RS A DAL S 5 g Wi 4, Fe® ™ A St
K 3 i RS g r A HE S S 2 A L E5 M R RS e L AR
AR AR b A (BGRB8 Z T AR
oA g B RSS2  h

3R35Si0, +Fei” SiO, +4X,Si0,—~2R}" Fe* O, +

BRERMIOMEE  BRMONEAT  BRBEMINEST  RERRD R

4X,Si, Og

R
Hr:R=Fe.Cr, X =Ca,Mg.Fe. 9 5 A 5255, 4
M £1 3% JC Fe,SiO,-CaFeSiO, Z [A], CaMgSiO,-
CaFeSiO, Z [i] fl Fe,Si0,-Mg, SiO, 2 [ 78 & i T
REARE N, Mg, Si0,-CaMgSiO, 2 [a] B8 % iy
ARV DX TR] , 76 T 5 i A1 1) 30 286 [ 9 1k & 1 45 i bt
HEL % (Markl et al., 2001; Petaev and Brearley,
1994). M T Ca M B F 12 Lk Fe.Mg.Mn K, i
PERREEMINE A1 b — A T BB N A Ca. RIS 7E = Tk =
JEMZAE T 5 Ca AEMS A b 9 55 d A /0. B T 0
AT R CaO —B/NT 0.5 %, 52 B BF 58 32 0 L ZE A
A — SRR R P S E R T CaO Na, O Fll Fe' ™ [ 75 &
% e B MO A v Ca B BEARLBR &7 L (R 5 e S5 T A
(R HE T 4t B 1Y R AR JE 0% (Libourel, 1999). 401
FHO AT TP AFAE =B T Ca ST R E A B
AMIASE & Ca BN A B A 1Y Ca & AR UL I 7E
R A Y Ca 7 s B R R, A P I - £,
LSS R ROmS 1 7 A B2 AR 25 0 AN B DR T ok, TRkt Ak
Vi A1 B T 5 S A SRV B G TRV A
e AR B R Y O A R A A T T A G B
2R T (Mikouchi et al., 2000).

45 G A IR AF R Al RO A 3 R
ST LU R i 2 5 % Cr AL T, Ca B I 14 41
AR AR BT MR A B T T B AR TR BT BT
AR W, HAE & Cr ALTi Ml Ca B4
(1) 58 AR WEAORSS 25 o VA0 FRAORSS A7 5 0% 1R - i, i
— 2L L (A Bl G B3 1 RS el T AR Y
KGR Fe¥' B L /D ER Fe'' .Cr*' (Ca? .
Na ™ 7] DL A B M A b, 76 & T (<2970 °C)H i
R A 45 i, TP SRR A RO A 1 A SO Ay 4 A
SR I AL AR (Ren et al., 2008). [ 25 15 & FRAK,
TS A7 S AR A3 Fe® ™ L Cr* AR AR A Al s
1M Ca®" (Na' i#F A& WA AH b, B BT 33 1 A LS
I3 fi A 1 A L S 0T IR A A v A T AR A R B
T AL N [R5 e 5 MO A b B AT S AR R O AR A
{18 I B T DR A7 R S 5% 2 i A AL 45 b THE i 2B M
JE HIXFPHT B G A7 A T4 4 0 g 2 AR B 5
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A TLEE G B ME 25 5 R L 461 0 28 A 9 25 A v i
MAMBREAME RSO RUEKRIALE
(Ren et al., 2008; B RALE,2014) . 4875 T F 4 I
s 2 S ) R 3 S VAR AR AR R AR T S e R —
R R A T A O A RRORS A v ) S AR Y AL D S
SANTRD S AT R R LR TR B T R R A L BR B
W4, oA MR ER AR AL X Rl AR R T R S B—
HORGE A1 %) 9k & A A8 45 5& (Dobrzhinetskaya et al.,
1996 ;154 F 45,2003 Song et al., 2004; Zhang et
al., 2004 ;X SCEE 4, 2006) . K I, A /K AF 35 4l B
rhRORS A7 Y S 2R A0 A, AT RE R R o BR R (SSZ) 1)
B — AR N AR BUE B Mg, Si il Cr 55 B0 14,
FUCAE b e MIOASS S v R S O3 s T O B

6 4t

(I A7 IR A3 R A MUCA 7 RO A vh A7 A 3k A= 133
WEA RO A (R D) AR B X & T 5 il
Hiu 0 Ty RS 5 5 B % AN LBR LS SR A AR R AR SR
ffifg APT [ Ca®' (Fe't \Cr i A BT A A [ i 1R
o T A B I b TR A A AR R R R A
A7 HP 33X 8 A AT R A ARRE A R % 2 it A (R R
W) S 589 S A1 45 T BT BLTE i 2

(2) A3 JR BT 15 b 88 AORYS 25 25 AH 27 R AIE T R 25 1A
11 T Z R AR RIS A S Y
b2 5 A7 T 0 S S5 1) i BR Ak 24 25 R R AR
FETEM R ER IR E I S e s A 2 —2
ST ARF e 2 o 2

Bt FHRAT MK AR LK RIF R N F
FTEEREHARASAANMI TR, B XLHEGTAE
P 535 % K % Yildirim Dilek #4% #2 e & K 35 &
% K % Paul Robinson ## # 47 7 A #H it 6. £ 3,
— R RB R E
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