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SILICATE MELT INCLUSIONS FROM SOUTHERN MIRDITA OPHIOLITE BELT, ALBANIA

Figure 3. (a) Thin section picture (+ nicols) of sample A05/612 with relics of olivine, spinel, cpx and groundmass; (b) BSE image of
idiomorphic spinel crystals with an alteration rim of magnetite, hosting fresh and altered silicate melt inclusions; (c) BSE
image with details of a silicate melt inclusion with post-entrapment crystallization of cpx, a glass phase, various bubbles and
sulphide blebs; (d) BSE image of a homogenized silicate melt inclusions in a chromite grain.

is 1.7 wt% and TiO, content is 0.7 wt% on average.
The studied basalt is characterized by FeO _ , content
(8.9 wt%) and has a fairly high concentration of
compatible elements, such as Cr (706 ppm), V (151.6
ppm) and Ni (468 ppm) (Table 1).

Mineral Chemistry

Olivine phenocrysts in the studied sample are
completely altered. The chromian spinels are
characterized by high Cr O, and MgO contents: the
estimated cr# [Cr/(Cr+Al)] is between 0.35-0.48, and

84

the mg# is between 0.75 and 0.78. The TiO, content
is low: 0.24-0.27 wt% and the concentration of AL,O,
is up to 36.7 wt% (Figure 4, Table 2). They have high
concentration of compatible elements: Ni ranges
between 1509 and 2018 ppm; Co is around 200 ppm
and Zn is 566-966 ppm, while V ranges between 852
and 986 ppm (Table 3).

In the groundmass the slightly altered rock-
forming clinopyroxenes (cpx) show very primitive
composition. Clinopyroxene phenocrysts have
an enstatitic composition (En= 43.9-46.0), high
Mg# (75-81), high CaO content (17.8-21.8 wt%)
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Table 1. Major and trace element composition of chromite-
bearing basalts from South Albanian ophiolites (XRF
data, total Fe as Fe,0,); n.d. not detected.

Sample A05/612 A99/026 A00/186  Alb3/98  A99/058
Massif | Stravaj Voskopoja Voskopoja  Rehove Rehove
Sio, 45.96 50.47 45.21 47.97 47.06
TiO2 0.70 1.26 0.85 0.96 0.92
ALO, 14.12 15.04 14.69 16.33 15.79
Fe,O, 9.00 9.39 8.57 8.80 9.01
MnO 0.14 0.17 0.14 0.14 0.16
MgO 13.93 8.34 12.84 9.49 11.27
CaO 10.51 9.40 12.57 10.69 10.04
Na,O 1.74 3.42 1.75 2.40 2.61
K,0 0.04 0.63 0.05 0.33 0.36
PO, 0.04 0.12 0.06 0.08 0.07
LOI 3.66 2.59 3.72 2.55 3.12
Total 99.84 100.83 100.45 99.74 100.41
Nb 2.5 2.0 1.9 0.3 0.8
Zr 32.7 81.70 61.4 53.7 46.9
Y 16.8 24.4 21.5 19.2 16.8
Sr 67.2 237.1 136.4. 125.3 157.6
Rb 0.7 6.4 3.4 n.d. 2.9
Ga 11.1 16.2 8.6 12.5 14.1
Zn 56.3 58.6 68.7 38.0 71.7
Cu 64.9 88.0 62.2. 54.8 93.1
Ni 467.8 131.8 406.6 169.4 326.5
Co 494 44.5 49.2 n.d. 48.8
Sc 14.9 31.8 21.1 34.8 259
Cr 706.2 338.2 700.7 339.2 580.3
v 151.6 207.1 156.4 182.9 164.3
Ba 26.5 26.8 21.9 10.4 36.8

while Cr,O, ranges up to 0.54 wt%. They have low
TiO, (0.78-1.53 wt%), ALO, (2.89-5.24 wt%) and
Na,0O (0.27-0.30) contents (Figure 5). The SiO,
concentration ranges between 49.3-51.8 wt% (Table
4). Clinopyroxene is commonly altered to actinolite.

Spinel-hosted Silicate Melt Inclusion Chemistry

The clinopyroxene daughter minerals within the
silicate melt inclusions have a more primitive
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Figure 4. Chromian spinel compositions in primitive basalts
from Stravaj and from the South Albanian ophiolites
(reference data for Rehove and Voskopoja according
to Hoeck et al. 2002). (a) Mg/(Mg+Fe) vs Cr/(Cr+Al)
with compositional fields after Arai (1992). (b) AL O,
vs TiO, with compositional fields after Kamenetsky et
al. (2001). LIP for large igneous provinces, OIB ocean
island basalts, MORB middle ocean ridge basalts, ARC
island arc basalts.

composition than the rock-forming clinopyroxene
phenocrysts (Figure 5). They have 49.7 wt% SiO,
concentration on average, high Mg# (82.0), 0.69
wt% TiO,, 8.03 wt% AL O,, 16.5 wt% CaO, and high
Cr,0, (0.91-1.10 wt%) content (Table 5). Based on
the analyses and the backscattered electron images
of the clinopyroxene daughter minerals, they are
unzoned (Figure 3c). The compositions of the glass
in the unheated melt inclusions vary, with 57.1-64.6
wt% Si0,, 22.5-25.8 wt% Al O,, 6.30-9.68 wt% CaO,
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Table 2. Fresh spinel composition for sample A05/612 from the
Stravaj ophiolite complex (southern Albania) including
Mg# and Cr# according to a formula calculation for 4
oxygen atoms and the calculated end members of the
spinel group. Fe** calculated by (2-Al-Cr-Ti).
Spinel 109 110 111 112 113 114  435(rim)
TiO 026 027 024 024 026 025 0.09
ALO, 3422 3158 3649 3623 3669  35.98 230
Cr,0, 3372 3699 3170 3151 3129 3186 23.64
FeO 1361 1401 1340 1330 1335 1375  60.74
MnO 012 018 013 012 009 017 1.99
NiO 020 024 024 026 026 027 0.06
MgO 1833 17.67 1859 1860 1877  18.65 0.51
Ca0 003 001 002 002 000 000 0.00
Total 100.49 10095 100.81 10028 10071 10093  89.33
Al 1147 1069 1208 1206 1214 1193  0.109
Ti 0.006  0.006 0.005 0005 0.005 0005  0.003
Cr 0758  0.840 0704 0703  0.694 0709  0.850
Fe*' 0.089 0.085 0.083 008  0.087  0.093 1.038
Fe' 0235 0251 0231 0228 0227 0231 0.900
Mn 0.003  0.004 0.003 0003 0002 0004  0.067
Ni 0.004  0.005 0.005 0006 0.006 0006  0.002
Mg 0777 0756 0778 0783 0785 0782  0.031
Mg# 077 075 077 077 078 077 0.03
Cr# 040 044 037 037 036 037 0.87
Magnetite | 445 425 416 430 433 464 51.68
Ulvospinel | 028 029 026 025 027 026 0.15
Chromite | 37.92 42.00 3519 3517 3472 3543  42.08
Pleonast | 5735 5346 6039  60.28  60.68  59.66 6.09
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Figure 5. Cpx composition in chromite-bearing basalt on a Mg/
(Mg+Fe?) vs Na,0/AL O, diagram with fields for rock-
forming clinopyroxenes and clinopyroxene daughter
mineral of the melt inclusions.

and 3.40-6.17 wt of Na,O. MgO is low, ranging up to
1.56 wt% (Table 5).

Homogenized silicate melt inclusions are uniform
and consistently basaltic in composition, containing
48.1-51.7 wt% SiO,. They have high concentrations
of MgO (9.8-12.7 wt%, Mg#: 74.6-83.2), ALO,
(14.6-17.4 wt%), FeO (5.31-7.72 wt%), CaO (12.0-
13.1 wt%) and Cr,0O, (0.81-1.07 wt%) (Table 6).
Homogenized silicate melt inclusions have 142-230
ppm V, 27-80 ppm Co, 813-122 ppm Ni, 50-390
ppm Zn content. Rare earth elements show variable
distribution, La concentration ranges between
0.21-0.34 ppm, Eu, Y and Lu concentrations range
between 0.28-0.71 ppm, 12.96-21.30 ppm and 0.25-
0.77 ppm, respectively (Figure 6a, b and Table 7): it is
more significant to report the whole REE content and
the range of La/Lu, than ranges above. Average PM-
normalized La /Lu, ratio is 1.18-0.28.

Table 3. Representative trace element composition of spinel hosted by olivine and from the groundmass in ppm, including the relative
uncertainty (10) of the LA-ICP-MS spinel measurement.

Spinel I11/3_02 I11/23_02 111/45_02 111/50_01 I11/32_02 11/16_01 lo
Nb 0.43 0.49 0.50 0.45 0.42 0.32 0.3%
Zr 0.19 0.42 0.66 0.35 0.39 0.73 0.1%
Zn 639.50 653.21 996.22 621.74 566.65 695.88 1.3%
Cu 7.79 5.50 5.26 5.56 4.50 5.38 0.7%
Ni 1983.70 2018.65 2010.91 1756.78 1578.11 1509.99 1.6%
Co 220.99 206.61 205.18 184.26 178.21 175.43 0.6%
\Y% 976.88 986.18 852.78 853.78 881.79 953.31 0.4%

86




