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Sam. 5-44 5-44 5--44 3--33 3--33 3--33 3--33 3--33
Site-Min. 1-o013 1-0l4 1-o0l5 2-013 2-0l2 2-0l4 3-ol1 3-0l2
SiO, 39.50 38.94 40.96 39.97 40.59 40.32 39.83 40.38
TiO, 0.03 0.02 0.00 0.01 0.02 0.00 0.00 0.00
Al,O4 0.00 0.00 0.01 0.04 0.05 0.03 0.00 0.03
Cr,03 0.00 0.05 0.03 0.00 0.00 0.00 0.00 0.05
FeO 14.72 14.71 15.74 16.28 16.06 16.13 16.48 15.70
MnO 0.24 0.28 0.21 0.20 0.19 0.29 0.23 0.15
MgO 41.81 45.37 43.68 42.25 44.48 42.96 43.35 44.10
Ca0 0.03 0.04 0.00 0.01 0.03 0.00 0.04 0.03
Na,O 0.07 0.06 0.00 0.03 0.02 0.00 0.01 0.01
NiO 0.19 0.34 0.34 0.47 0.40 0.45 0.43 0.27
Total 96.58 99.81 100.98 99.27 101.84 100.19 100.37 100.71
Si 1.025 0.983 1.020 1.017 1.005 1.015 1.004 1.009
Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.001
Cr 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001
Fe?* 0.320 0.310 0.328 0.346 0.333 0.340 0.347 0.328
Mn 0.005 0.006 0.005 0.004 0.004 0.006 0.005 0.003
Mg 1.617 1.707 1.620 1.603 1.641 1.613 1.629 1.642
Ca 0.001 0.001 0.000 0.000 0.001 0.000 0.001 0.001
Na 0.004 0.003 0.000 0.001 0.001 0.000 0.000 0.000
Ni 0.004 0.007 0.007 0.010 0.008 0.009 0.009 0.005
Total 2.976 3.018 2.980 2.983 2.994 2.984 2.996 2.990
Fo 83.28 84.37 82.99 82.04 82.98 82.34 82.22 83.22
Fa 16.45 15.34 16.78 17.73 16.81 17.35 17.53 16.63
Mgt 83.50 84.61 83.18 82.23 83.15 82.60 82.42 83.35

e—ilil sl S8l gl 15 (0PX) S gy 95, 9 (CPX) S g 9SSl ,olie ST Slon i S 5 -Y Jgu o
(0351 7 9 53l ¥ Loleol papfill acoloe) oSy ,m

Sam. 5-44 5-44 3-33 3-33 3-33 3-33 3-33 3-33 5-44 5-44 5-44 5-44 3-33 3-33 3-33 3-33

Site-Min. 1-cpx1 2-cpx2 1-cpx1 1-cpx3 1-cpx4 1-cpx5 4-cpxl 4-cpx2  1-opx2 2-0px2 4-opx2 4-opx3 1l-opx2 1-opx3 3-opx1 3-opx2

SiO, 5359 5399 5295 5288 5313 5296 53.19 53.04 56.74 5650 5340 56.81 56.02 5591 5651 56.58
TiO, 0.08 0.06 0.10 0.09 0.12 0.04 0.06 0.12 0.07 0.03 0.12 0.07 0.09 0.00 0.01 0.06
Al,04 2.14 2.23 2.44 2.26 2.39 2.34 2.33 2.53 1.65 1.76 1.55 1.66 2.09 1.83 1.96 2.14
Cr,04 0.28 0.45 0.63 0.57 0.51 0.65 0.65 0.64 0.31 0.39 0.22 0.26 0.31 0.44 0.37 0.53
FeO 3.89 4.44 3.76 3.25 4.02 3.92 4.19 477 10.49 9.80 9.41 9.62 9.82 10.78 1048  10.63
MnO 0.21 0.09 0.13 0.04 0.11 0.24 0.07 0.06 0.26 0.22 0.17 0.13 0.11 0.28 0.13 0.21
MgO 16,70 1695 1632 1648 17.09 1666 16,75 1714 3099 31.19 30.14 31.34 3030 3015 3029 30.25
CaO 2345 2288 2391 2437 2314 2364 2313 2248 0.94 1.42 2.56 1.33 1.47 1.15 0.93 0.73
Na,O 0.07 0.12 0.08 0.11 0.02 0.06 0.03 0.12 0.02 0.00 0.05 0.01 0.02 0.04 0.02 0.00
K0 0.01 0.01 0.01 0.00 0.01 0.01 0.03 0.00 0.03 0.03 0.03 0.00 0.00 0.00 0.04 0.05
Total 1004  101.2 1003 1000 100.6 1005 1004 1009 1015 1014 97.7 1012 100.2 1006  100.7 1012

Si 1.949 1949 1930 1928 1928 1925 1936 1.920 1967 1.959 1924 1967 1.962 1961 1971 1966
Ti 0.002 0.002 0.003 0.003 0.003 0001 0.002 0003 0.002 0001 0003 0.002 0.002 0.000 0.000 0.002
Al 0.092 0.095 0105 0.097 0102 0.100 0.100 0.108 0.068 0.072 0066 0.068 0.08 0.076 0.081 0.088

Cr 0.008 0.013 0018 0.016 0015 0.019 0019 0.018 0.008 0.011 0.006 0.007 0.009 0012 0.010 0.015
Fe* 0.002 0.000 0.018 0.033 0.021 0033 0.008 0.037 0.000 0.000 0057 0.000 0.000 0.000 0.000 0.000
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A

Sam. 5-44 5-44 3-33 3-33 3-33 3-33 3-33 3-33 5-44 5-44 5-44 5-44 3-33 3-33 3-33 3-33
Site-Min. 1-cpx1 2-cpx2 1-cpxl 1-cpx3 1-cpx4 1-cpx5 4-cpxl 4-cpx2  1-opx2 2-0px2 4-opx2 4-opx3 1l-opx2 1-opx3 3-opx1 3-0px2
Y Jgoz aolsl

Fe?* 0.116 0134 0.097 0.066 0.101 0.086 0.119 0.107 0304 0.284 0.227 0279 0.288 0316 0.306 0.309
Mn 0.007 0.003 0.004 0.001 0.004 0.007 0002 0.002 0008 0.006 0.005 0.004 0.003 0.008 0.004 0.006
Mg 0905 0912 0837 089 0925 0.903 0909 0925 1601 1.612 1619 1618 1582 1577 1575 1.567
Ca 0914 0.885 0934 0952 0900 0921 0902 0.872 0035 0.053 0.099 0049 0.055 0.043 0.035 0.027
Na 0.005 0.008 0.005 0.008 0001 0.004 0002 0.009 0002 0.000 0.004 0001 0.001 0.002 0.001 0.000
K 0.000 0.000 0.001 0.000 0.000 0.001 0001 0.000 0001 0.001 0.001 0.000 0.000 0.000 0.002 0.002
Total 4.000 4.000 4.000 4.000 4000 4.000 4001 4.000 3995 4.000 4.011 3994 3989 399 3.985 3.982
Al IV 0.051 0.051 0070 0.072 0072 0.075 0064 0.080 0.033 0.041 0.066 0.033 0.038 0.039 0.029 0.034
Al VI 0.041 0.043 0034 0.025 0031 0.025 0036 0.027 0034 0.031 0.000 0.035 0.048 0037 0.052 0.054
Wo 47.00 4575 48.16 4886 46.14 4721 4649 4486 1.79 271 4.92 2.53 2.87 2.23 181 1.42
En 46.58 4718 4572 4599 4742 4629 4683 47.60 8221 8243 8069 8298 8204 8109 8207 82.08
Fs 6.43 7.07 6.12 5.14 6.44 6.49 6.68 7.53 16.01 1486 1439 1449 1509 16.68 16.12  16.50
Mg# 88.61 87.18 90.15 9310 90.13 9128 8842 89.61 8404 8501 8771 8531 8462 8330 8375 8353

(03 # 5 095 ¥ ool

gabbronorite gabbro
Sam. 3--14 3-13 3-13 3-14 3-14 3--14 313 3--13 | 5-74 5-74 5-74 5-16 5-16 5-16 5--16 5--16
Site-Min.  4-cpx1 2-cpx2 2-cpx3 5-cpxl 1-opxl 3-opx1 5-opx1l 4-opx2 | 1-cpxl 1-cpx6 2-cpx4 3-cpx 2-cpx6 2-cpx7 2-cpx1l  3-cpx13

SiO, 52.83 52.64 53.03 53.68 54.78 5534 5485 5435 5229 5261 5309 5253 5305 5318 53.01 50.96
TiO, 0.16 0.18 0.14 0.22 0.04 0.09 0.12 0.10 0.53 0.47 045 056  0.49 0.45 0.55 0.45
Al,O3 211 2.10 1.82 1.09 1.42 1.46 1.38 1.36 2.26 2.53 2.20 2.29 2.24 242 2.49 3.24
Cr,03 0.42 0.49 0.28 0.27 0.25 0.19 0.23 0.18 0.28 0.29 0.06 0.08 0.09 0.22 0.11 0.11
FeO 6.86 6.13 6.63 6.50 1453 1420 1540 1418 5.06 5.32 547 535 543 5.74 6.06 5.72
MnO 0.12 0.21 0.23 0.15 0.29 0.30 0.36 0.27 0.15 0.12 0.09 008 0.18 0.15 0.18 0.32
MgO 16.27 1602 1629 1614 2753 2743 2627 2789 1590 1585 1629 16.17 1642 1597  16.02 15.11
CaO 2141 2205 2144 2241 161 1.50 1.60 132 2260 2253 2230 2262 2262 2265 2250 21.23
Na,O 0.12 0.15 0.12 0.12 0.08 0.05 0.02 0.01 0.35 0.34 026 027 0.29 0.37 0.36 0.30
K,0 0.00 0.00 0.01 0.00 0.01 0.00 0.00 0.01 0.00 0.03 0.04 000 0.02 0.00 0.01 0.01
Total 100.30 1 99.97 9999 100.57 100.55 100.57 100.23 99.68 99.52 100.09 100.26 99.99 100.84 101.20 101.40 97.44
Si 1938 1937 1951 1966 1.956 1.973 1.975 1.954 1926 1927 1941 1925 1927 1929 1.920 1.921
Ti 0.004 0.005 0004 0006 0001 0.003 0.003 0.003 0015 0.013 0.013 0015 0.013 0012 0.015 0.013
Al 0.091 0.091 0079 0047 0060 0.062 0.058 0.058 0.098 0.109 0.095 0.099 0.096 0.103  0.106 0.144
Cr 0.012 0.014 0008 0008 0007 0.005 0006 0.005 0.008 0.008 0.002 0.002 0.003 0.006 0.003 0.003
Fe® 0.021 0022 0012 0008 0024 0.000 0000 0.025 0.038 0.026 0.015 0.037 0.042 0.035 0.046 0.007
Fe?* 0.190 0.166 0.192 0.191 0.410 0.423 0.463 0.401 0.121 0.137 0.152 0.128 0.123 0.140 0.141 0.173
Mn 0.004 0.006 0.007 0.005 0.009 0.009 0.011 0.008 0.005 0.004 0.003 0.002 0.006 0.005 0.006 0.010
Mg 0.890 0878 0894 0881 1466 1458 1410 1495 0873 0.866 0.888 0.883 0.889 0.863  0.865 0.849
Ca 0.842 0869 0845 0879 0061 0.057 0062 0.051 0892 0.884 0.873 0.888 0.880 0.880  0.873 0.857
Na 0.009 0011 0008 0008 0006 0.003 0002 0.001 0025 0.024 0.018 0019 0.021 0026 0.025 0.022
K 0.000 0.000 0.001 0000 0001 0.000 0000 0.000 0.000 0.001 0.002 0.000 0.001 0.000 0.001 0.001
Total 4000 4.000 4.000 4.000 4.000 3.993 3991 4000 4.000 4001 4001 4.000 4.000 4.000 4.000 4.000
Al IV 0.062 0.063 0049 0034 0044 0.027 0025 0.046 0.074 0.073 0.059 0.075 0.073 0071  0.080 0.079
Al VI 0.029 0.028 0.030 0.013 0.016 0.034 0.033 0.011 0.024 0.037 0.035 0.024 0.023 0.032 0.026 0.065
Wo 4326 4475 4334 4476 3.12 2.95 3.18 2.56 46.25 46.13 4522 4581 4537 45.76 45.23 45.20
En 4573 4521 4583 4487 74.40 74.85 72.44 7549 4527 4517 4596 4556 4584  44.89 44.82 44.76
Fs 11.01 10.04 10.83 10.37 22.48 22.20 24.38 21.95 8.48 8.70 8.82 8.64 8.79 9.35 9.95 10.04
Mg# 8242 84.08 8232 8222 7814 7749 7526 7885 8780 8636 8536 8734 87.83 86.06 8599 83.05
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gabbronorite gabbro

Sam. 3--14 3--14 3--14 3--13 3--13 3--13 3--13 5--74 5--74 5--74 5--74 5--16 5--16 5--16
Site-Min. 1-pl1 1-pl2 2-pl1 3-pl2 3-pI3 4-pl1 4-pl3 5-pl2 2-pl5 2-pl2 2-pl4 2-pl6 5-pl7 5-pl8
Sio, 4413 43.71 4428 4350  44.23 44.05 44.25 47.93 4738 4787 4830 4768 4790  47.90
TiO, 0.00 0.02 0.02 0.00 0.03 0.02 0.08 0.07 0.02 0.02 0.03 0.06 0.05 0.07
Al,03 35.39 3571 3553 3508 3535 35.86 35.91 32.65 3265 3252 3292 3233 3276 32.95
Cr,03 0.06 0.15 0.03 0.07 0.04 0.01 0.12 0.07 0.00 0.00 0.05 0.00 0.00 0.00
FeO 0.41 0.40 0.40 0.40 0.50 0.42 0.42 0.40 0.37 0.38 0.42 0.30 0.29 0.40
MnO 0.00 0.00 0.00 0.02 0.05 0.02 0.03 0.00 0.05 0.00 0.05 0.08 0.00 0.08
MgO 0.01 0.12 0.07 0.16 0.05 0.10 0.08 0.08 0.04 0.06 0.07 0.05 0.06 0.06
Ca0 19.66 19.75 19.81  19.63 19.46 19.72 19.97 16.21 16.25 16.19 16.06 16.36  16.34 16.66
Na,O 0.48 0.52 0.48 0.55 0.45 0.45 0.40 253 237 2.39 2.33 2.37 2.46 215
K,0 0.01 0.03 0.00 0.06 0.04 0.02 0.01 0.01 0.03 0.04 0.06 0.02 0.00 0.04
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gabbronorite gabbro
Sam. 3--14 3--14 3--14 3--13 3--13 3--13 3--13 5--74 5--74 5--74 5--74 5--16 5--16 5--16
Site-Min. 1-pl1 1-pl2 2-pl1 3-pl2 3-pI3 4-pl1 4-pl3 5-pl2 2-pl5 2-pl2 2-pl4 2-plé 5-pl7 5-pl8
o= F oo aslol
Total 100.14 100.40 100.62 99.47  100.19  100.67 101.27 99.95 99.17 99.47  100.27 9925 99.86  100.31
Si 2.043 2.022 2.041 2.032 2.047 2.030 2.028 2.203 2.195 2.209 2.209 2207  2.202 2.195
Ti 0.000 0.001 0.001 0.000 0.001 0.001 0.003 0.002 0.001 0.001 0.001 0.002  0.002 0.002
Al 1.931 1.947 1.930 1.931 1.928 1.947 1.940 1.769 1.783 1.769 1.775 1763  1.775 1.779
Cr 0.002 0.005 0.001 0.003 0.001 0.000 0.004 0.002 0.000 0.000 0.002 0.000 0.000 0.000
Fe?* 0.016 0.015 0.015 0.016 0.019 0.016 0.016 0.015 0.014 0.015 0.016 0.012 0.011 0.015
Mn 0.000 0.000 0.000 0.001  0.002 0.001 0.001 0.000 0.002 0000 0002 0.003 0000 0.003
Mg 0.001 0.008 0.005 0.011 0.003 0.007 0.005 0.006 0.003 0.004 0.005 0.004  0.004 0.004
Ca 0.975 0.979 0.978 0.982 0.965 0.974 0.981 0.798 0.807 0.801 0.787 0.811  0.805 0.818
Na 0.043 0.046 0.043 0.050 0.041 0.040 0.036 0.225 0.213 0.214 0.207 0212  0.219 0.191
K 0.001 0.002 0.000 0.004 0.002 0.001 0.000 0.000 0.002 0.003 0.004 0.001  0.000 0.002
Total 5.012 5.025 5.014 5.028 5.009 5.017 5.015 5.022 5.020 5.014 5.007 5.016  5.018 5.010
Ab % 4.20 450 4.18 4.84 4.05 3.95 353 22.00 2088 2101 2073 2071 2138 1891
An % 95.74 95.34 95.82 94.81 95.73 95.91 96.43 77.96 78.97 78.74 78.91 79.15  78.62 80.86
Or % 0.06 0.15 0.00 0.36 0.22 0.13 0.04 0.04 0.15 0.25 0.36 0.14 0.00 0.22
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Different geodynamic settings for Sistan suture zone ophiolitic
units: discussion of textural evidences and mineral chemistry
of crustal sequence ultramafic-mafic associations

Morteza Delavari *

Department of Geochemistry, Faculty of Earth Sciences, Kharazmi University, Tehran, Iran

Abstract

Sistan suture zone ophiolitic rocks are remnants of Tethyan oceanic lithosphere between
Lut and Afghan continental blocks. This oceanic basin has been existed at least during the
Cretaceous. Mineral chemistry from crustal sequence ultramafic-mafic associations and
petrographical evidences from parts of these ophiolitic complexes (the ophiolitic rocks
located between the south of Birjand and Tchehel Kureh ophiolites) suggest distinct
geodynamic setting for the formation of oceanic lithosphere. Plutonic rocks from crustal
sequence mainly include ultramafic cumulates (dunite and pyroxenite), cumulate gabbro,
gabbronorite and isotropic gabbro. The crystallization trend in these rocks is variable
including earlier crystallization of pyroxene relative to plagioclase and vice versa which
implies SSZ (supra-subduction zone) and MORB (Mid-Oceanic Ridge Basalt) - type
trends, respectively. The composition of plagioclase in cumulate gabbros and
gabbronorite is bytownite and anorthite, respectively. Moreover, the contents of
compatible and incompatible elements of clinopyroxene and orthopyroxene in ultramafic
cumulates, cumulate gabbros and gabbronorite represent significant differences. The
chemical composition of these minerals and crystallization trends indicate that
pyroxenites-gabbronorite and troctolite-cumulate gabbros-isotropic gabbros have been
formed from two different magma series with SSZ and MORB affinities, respectively. In
the study area, it seems that the MORB-type magmatism resulted from partial melting
beneath mid ocean ridge produced a depleted mantle. Subsequently, consequence of intra-
oceanic subduction the MORB mantle has been suffered higher depletion due to fluid-
induced melting in supra subduction zone setting and produced SSZ-type magmatism.
Key words: Ultramafic-mafic rocks, Geodynamic setting, Ophiolite, Sistan suture zone,
East of Iran

* delavari@khu.ac.ir



