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Fig. 2 Field occurrence of the Cerruja chromitites in the Bulgiza massif
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Fig. 3 Microphotographs of chromite ores and pyroxenite dikes from the Cerruja chromitites
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Fig. 4 Compositions of clinopyroxene, amphibole and plagioclase in pyroxenite dikes and the Cerruja chromitites
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Fig. 5 Compositions of spinels of different types in the Cerruja chromitites
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Fig. 6 Normalized REE and trace element spider diagram
patterns of clinopyroxene in the Cerruja chromitites and

pyroxenite dikes (the chondrite and primitive mantle normalized

values are from Sun and McDonough, 1989)
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Fig. 7 Concentration variations of trace elements in spinels of different types in the Cerruja chromitites
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(Ti0,) = 0.07% ~0.61% ,Qiu et al., 2018 ) FY4FAE
— 3, S5 E DA R 2 T LA IR o B B, A T
J bR AE B MORB-like 9ICHT 25 2506 AR B 2 IfF i
PR THEAT T2 1) 38 2 T A AR T A | ST I 7 A 1 3 0 7Y
FEUR S T b 0 T fr) M 2 MECASE 5 2 1% 19 7= ) ( Qiu
et al., 2018) , Wi A kTP AUSK AR AT Chr-111 2 H
AR AERE, BILTF T 2R RRE, B &
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Cpx-1 fLEERY IR Z | 4578 Chr-111 7] 6 2 05 77 4 ik
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BHER ) w(TiO,) (1. 33% ~2.89% ) it i T gLk
1o B TR R 19 3 22 IO BRI AR (a0 (THO, ) = 0. 10%
~0.52% ) , W5 T Bulqiza 558 885 A BRI IR
WA (w (TiO,) =0.14% ~ 0.31%) ( Hicky and
Frey, 1982; Qiu et al., 2018; Pearce and Reagan,
2019) , R4 AL O,vs. Cr,0, Mg# vs. Cr# TiO, vs.
Cr,0, "Il .7~ Chr-IIT FIAFH 4> Che-11 HA 2
PRI AL 272 153 8 A (]l Sa-c) , SR T Ga V.,
Zn Co Fl Mn S5 it U R IE A1 5 R AR R By
BENZES  HEWORFE TR et s 5 IR
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— W P Potosi S50 IR UL RIE T 2L AY 3L
G, 3l A AR S A R R A% e S AU N 1 45
(Pujol-Sola et al., 2020)
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R ST R BB B 4, N5 o8 a4
#H ( Basch et al., 2019; Pujol-Sola et al., 2020),
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(Data fields of high-Al, high-Cr and stratiform chromitites are from Farré-de-Pablo et al., 2020)
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28 I ( Clague et al., 1981; Juster et al., 1989;
Morishita et al., 2004 ) , Lorand and Gregoire (2010)
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2 (Pujol-Solax et al., 2020) , Wi 72 5 vl 58 & A= 7E
WIAHZR A F T B 3T B P AR &R T2 ORI AR | IE
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R6 FRFFEN Cerrvja iS4 H T RPRELEIERBANEL LA-ICP-MS METXTEMXER(10°)
Table 6 Representative compositions of trace elements in spinels of different types from the Cerruja chromitites in the
Bulgiza massif by LA-ICP-MS (10°)

ZHY NS Sc Ti v Mn Co Ni Zn Ga
246-1 3.61 410 1285 1266 208 1428 530 40. 64
246-2 4.17 358 1226 1231 199 1475 532 39.74
246-3 3.63 424 1256 1246 202 1535 512 41.10
2464 3.71 411 1306 1209 205 1557 524 40. 44
P Che 246-8 3.25 426 1238 1266 200 1410 510 38.61
2469 3.52 412 1241 1229 197 1427 491 37.65
246-11 4.57 387 1236 1241 195 1445 479 36.62
246-12 2.96 361 1157 1269 192 1341 478 36.24
246-13 3.64 372 1162 1260 195 1339 465 36. 16
246-14 3.28 368 1180 1242 193 1317 477 38.30
247d-1 12.11 6372 5599 1876 185 996 680 36. 87
247d2 11.91 6394 5430 1963 185 1098 728 42.06
T 24743 12.43 6549 5718 2226 194 1120 729 40.91
247d4 11.90 7423 7370 2747 258 1113 876 43.16
247d-5 16. 81 8991 8859 2860 258 1395 956 52.14
247d-6 16.13 8879 8755 3380 267 1379 951 51.66
247d-8 16.03 25532 11277 4955 280 1364 1229 74.59
247d-9 21.23 23994 11613 4697 295 1478 1351 81.04
247d-11 18.14 23155 11400 4590 282 1469 1359 81.20
247d-12 19.36 21980 11427 5029 277 1411 1330 83.35

WA A K Che-111

247d-14 20.11 28936 11375 4538 293 1489 1284 77.73
247a-1 19.39 28102 11302 4557 296 1480 1340 78.60
247a-3 18.27 26726 11214 4586 303 1487 1363 78.52
247a-4 18.27 26574 11469 4661 303 1483 1359 83.90
N-MORB 5.30 1343 744 881 165 1766 465 52.50

¥ :N-MORB %(#55| H Page and Barnes, 2009.

TE B 22 Jo s (A G, T 55 Hh 4% Crat (BB 2R A A
RISl A MORB-like H A< 1) 3 22 JE s (A 2 ik 7
rh A I A I B AR SN 1 7 40 ( Morishita et al.,
2011) . PP - /NATE DR — B HLWE 4 (1BM) ¥ A 9RAY
WFSE R W 2o P ALK 9 1k 2% g 1 A T IR 20
YR FNBE 42 i1 R 2 8] ( Reagan et al., 2010), 7
IRFEPETT — W ek YT v B A R I B A A
S PRV, 45 G B RN OK R B e A a1
1 R 5% RN i AL o #2 A9 TN iR ( Dilek et al., 2008;
Morishita et al., 2011) ,Mﬂi]ﬂﬁ‘é% Mirdita-Pindos ¥
BAERE 28 ( ~ 165 Ma) KA TENBILAR I v, 5 2k
Ui B 1 9 A B MORB-like 9IKRT % 20 B0 1A, B
B MR AT, 7 AL A A BT MORB-like 3IHT X
ST A T 1 1) B 2 s AR e A | A A 3 1) Y

P22 m A T 9T BT I 4R 38 22 3 44 Ak 22 1)
RS A A 5 b 0 TS 17 b e ARG S B o7 A
BT B R RV R ( Chr-1, )40 Cerruja , Qaf-Dardhe
FR MR IR) o 5> MORB-like 9l 2 25t
S RTE S (Ao v it ] B 20 25 45 A U Fe 1 Ti
SFICR ERARIEIR , IF B B IR A S 50 B AR Bk K
o BRAIERTE AN B v 20 55 1 3b 2 v 22 AR [ 4%
BB (JEIK Chr-11) |, F45 fh G 2040 BRERT I 41 55
AR Rl o T O B RDEE A FARHC A 45 5,
BURMRLT Mg 1AL SE MR BOVE AT 5 K % ] i) 235
fn Cr#flk Mg BYESERT (Chr-11T) , PRI, A R 555
7 — W P R BT R e A 2 W Bl Ak S i Y
TR G 0 Ay AR AL RN W AL AT RE R AN (]
PR S50 AN TRV A o 0 AN ] B PR B okl 3 ] 4
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Petrogenesis of chromitites and its records of Ti metasomatism in crust-
mantle transition zone, Bulgiza ophiolite massif, Albania
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(1. Key Laboratory of Deep-Earth Dynamics of Minisiry of Natural Resources , Institute of Geology, Chinese Academy
of Geological Sciences, Beijing 100037, China; 2. Southern Marine Science and Engineering Guangdong
Laboratory, Guangzhou 511458, China; 3. School of Earth Sciences and Engineering , Nanjing University , Nanjing
210023, China; 4. School of Earth Sciences, China University of Geosciences, Wuhan 430074, China; 5. Jiangxi
Copper Technology Research Institute Co. , Litd, Nanchang 330096, China)

Abstract; Podiform chromitites are one of the important sources of the key metal chromium. A lot of progress has
been made on the research of podiform chromitites, but little referred to the genesis of the chromitites located in
crust-mantle transition zone of ophiolite. The Cerruja podiform chromitites and dunite wall-rocks were intruded by
pyroxenite dikes in the crust-mantle transition zone of the Bulgiza ophiolite massif, Albania. Highly brecciated
spinel and Ti-bearing minerals such as rutile, ilmenite and titanite were found in pyroxenite dikes and in the
interaction zone between pyroxenite dikes and chromitites. Such characteristics make them an ideal subject for the
study of the chromitites in the crust-mantle transition zone. Cerruja podiform chromitites are high-Al variety with Cr
# of chromitites ore varying from 0.56 to 0. 58 and of dunite wall-rocks varying from 0. 52 to 0.55. Spinels in the
interaction zone between pyroxenite dikes and chromitites and in the pyroxenite dikes are characterized by the
obviously higher Cri# value (0.57 to 0.67 and 0.72 to 0. 83, respectively) than chromitites ores. Contents of Ti,
V. Mn Sc,Co.Zn and Ga of spinels in the interaction zone are higher with the closer distance to the pyroxenite
dikes. According to the texture characteristics of spinel and the variations of mineral chemical composition, we
propose that the chromitites in the crust-mantle transition zone of Bulgiza massif is the result of a multi-stage
process; First, high-Al chromitites were produced by the reaction between peridotites and the transition melts which
has the geochemical properties both of MORB-like and boninitic, formed during the evolution of initial subduction
of the Mirdita-Pindos ocean basin ( ~ 165 Ma) ; and then, Ti-Fe-rich residual melts were produced by
intercumulus crystal fractionation of the MORB-like melt in a crystal-melt mush, metasomatizing and transforming
the surrounding high-Al chromite into high-Cr chromite, and also ecrystallizing Ti-rich minerals such as rutile,
ilmenite and titanite.
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