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Abstract

     Qareaghaj mafic-ultramafic intrusion (QMUI) is located in northwest Iran, 36 km NW from Urmia city. The QUMI is 

composed mainly of non-mineralized mafic and Fe-Ti-P-rich ultramafic rocks (FTP). The mafic rocks, mainly coarse-grained 

gabbro, microgabbro, metagabbro and ortho-amphibolite, have simple mineral assemblage (plg + cpx + ilm). Based on field 

observations, petrography and geochemistry, they are directly related to each other (comagmatic). The FTP forms numerous 

layers and sill-like bodies, ranging in thickness from ~5cm to several meters. These rocks with high proportions of olivine, 

apatite, ilmenite and magnetite, show unusual bulk composition (e.g., SiO
2
~21-30 wt%, Fe

2
O

3

t ~ 26-42 wt%, TiO
2
~5-11 wt%, 

MgO~9-20 wt%, P
2
O

5



rocks with sharp and concordant contact shows magmatic lamination and follows general NW-SE trend of the QMUI. Field 

relationship, petrography and geochemical data suggest that the FTP is not related to mafic host rocks and indeed intruded later 

into gabbros during plastic, high temperature deformation in local shear zone.
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T cgb mgb hyb ap ox ub ub

Rock type    ox-ub                                                ap-ox-ub                                                                       hyb           mgb            cgb          cgb

Sample o.             TM16          TM62             TM17      TM46       TM61       TM65       TM134      TM138      TM147                 BH2-34      BH1-14      TM18      TM35

Olivine              61.5              46.3                45.6         53.8          54.5          58.4            46             51.75          52                         32.6   

Clinopyroxene               12.2                17.2           9.6            3.9            4.2           15.5            4.8             4.4                          5.8             45.7          20.3          18

Apatite               0.1                  T                  12.3         12.7           16.2          13            13.5            12.7            13                          12.7               0.1             T

Hercynite               0.5               0.9                  0.5               0.6           1.2             0.5             0.2             0.3                         0.2  

Plagioclase               1.3               11.8                 T                                                                 2.3                         25.5           38.2            66          74.3

Hornblende              4.5               6.8 1.5           1.5            2.8           2.2             2.3              2         3                           7.1                3.4

Serpentine               5.5                   0.5           2.4             0.5    

Termolite-Actinolite   1.8                                            9.8             4.3           3.7

Chlorite                0.4                         3.6             1.2             0.5

Biotite                      0.1           0.1             0.1           0.3             0.2            0.5              0.5    

Total non opaque    75.2               79                  77.2         78.2           78.1         79.3            78             74.3           76.4                       87.5           94.9           94.6          96

Ilmenite                18               18.8                 11.8         11.4           13.8        16.3              15            15.5           16.8                         9.2             4.9             5.4            4

Magnetite               6.4               2.2 11           10.4            8.1           4.4              7              7.9              4.5                         2.1  

sulfide               0.4                      T              T               T              T               T              2.3             2.3                         1.2             0.2

Others              

Total opaque           24.8               21                  22.8         21.8           21.8         20.7            22             25.7           23.6                        12.5           5.1             5.4             4



Rock Type     ox-ub                 ap-ox-ub                                    hyb               mgb               cgb              cgb

Sample No.      TM16          TM17          TM46          TM61          TM65          TM134          TM138          TM140          TM147           BH2-34          BH1-14          TM18          TM35

SiO2                  27.4       25.1              26              22.1               24               25.4       22.6              22.2         23.1               33.5               44.9               47.4            49.2

TiO2     10.55       7.7               7.87            8.52              8.78             8.16       7.82         7.45         7.65               5.25                2.13             3.14             2.41

Al2O3      2.11      1.89              1.85            1.04              1.3               1.59        1.1         1.51         2.16                9.73                15               20.2            20.2

Fe2O3t      39.1       37.7            35.5              40.4            38.8              38.3         40        39.9         37.9                26               13.15              10.2             7.7

MnO       0.42       0.42            0.46             0.43             0.42              0.46        0.46        0.43         0.46               0.36                0.15             0.11             0.09

MgO      18.45      14.75           13.15          13.85            15.1              13.3       15.6       14.45        13.55                8.8                 8.05              4.21             4.2

CaO       1.33      8.21             9.89             6.98             6.86               8.4       6.27        7.95         8.16                9.87             12.25              9.4             10.3

Na2O       0.14      0.13             0.15             0.08              0.1               0.13       0.12        0.12         0.32                1.87              2.74               3.78           3.88

K2O       0.04       0.01            0.02             0.02              0.02             0.02       0.03        0.03         0.05               0.24               0.18               0.28            0.43

P2O5       0.07       3.97            4.25               4.6             3.81              3.94       3.93        4.89         4.54              3.88                 0.02              0.06            0.07

Ba      18.3        20              11.7              11.6              8.6              12.2       10.6       10.4        19.6               113                46.5                169             198

Nb        27        14               18                24                 21                 18         24         23          29                22                   2                    8                 6

Rb       0.7       0.3               0.3               0.7               0.5                0.4        0.5         0.6          0.6                1.6                  1.7                2.2              5.3

Cs        0.1        0.1              0.1              <0.1            <0.1               0.1        0.1         0.1          0.1                0.2                 1.1                 1.1              0.2

Sr      22.3       85.4            85.6             92.1             74.7              77.6        73.4        99.4        129.5               375                 293               754             730

Y        2.2      41.5             42.6              55               36.9              45.4       40.7        53.1        54.7               48.4               21.3                5.6             7.3

Zr      41.1       32.1            38.2             40.5             35.7              41.6       40.8        39.4         51.9              33.5                25.5                21.5            21.3

V       653       808              500              547              588               612        444        298         495               301                 368                300             224

Cr      140        90                70               60                 70                 80         50         60          70                40                 340                 70               40

Ni        12         7                 19                 8                  9                  52        46         48          41                27                 114                 41               26

Co      93.1       81.9            61.7             75.6             83.8              65.5        100        97.3        92.7                59                 47.2             38.2            24.8

Zn       281       268              244              271              242               269        231         231         249               185                  94                 74                60

Ga        10        13                12                10                10                 12          8          10          11                 15                  17                  20               19

Sn         1         1                 <1                1                  <1                 1         <1          <1           <1                 1                     1                   1                 <1

Th        <1        <1                <1                <1               <1                 <1         <1          <1           <1                 <1                  <1                 <1               <1

U      <0.5       <0.5            <0.5            <0.5             <0.5              <0.5       <0.5       <0.5         <0.5               <0.5               <0.5               <0.5            <0.5

Hf         1         1                  1                  1                  1                   1          1           1           1                 1                   1                    1                 1

Ta       2.3        1.2              1.5                2.1               1.9               1.6          2         1.9          2.3                1.6                <0.5                0.7              0.5

W         <1         1                  1                  1                 <1                 <1         <1          <1          <1                 1                   1                    1                 1

La       5.5       41.2            29.4             52.9             30.3              39.1        22.9         40.4         43.6               45.6                8.9                7.3               6.7

Ce       2.5       82.4            74.6            117.5            72.1              89.1         81        107        108.5               103                 6.1                 7.5              7.3

Pr       0.3        12              11.4             16.7             10.6              12.7       12.3        16.6          17               14.6                1.2                  1                1.1

Nd       1.7       62.7              59              82.6             54.1              65.2       60.4        80.5         81.1               71.4                7.7                4.6               5.4

Sm        0.4       14.8            14.2             19.2               13               15.9       13.8       18.3        18.2               16.4                2.7                 1.2              1.5

Eu       0.2        3.1              3.2               4.2                2.9               3.5        3.3          4          4.5                4.3                 1.1                  1                1.1

Gd        0.5      13.6             13.6             18.8             12.4       15         14         18         18.7               15.8                3.4                 1.2              1.6

Tb        0.1        1.8               1.8               2.5               1.6        2        1.9         2.5          2.7                2.1                 0.7                0.2               0.3

Dy        0.4        8.3              8.6              11.6               7.9      9.6        8.7        11.2         11.8               10.2                3.7                  1                1.4

Ho        0.1        1.6              1.6                2.1               1.4      1.8        1.5           2          2.1                1.8                 0.8                 0.2              0.3

Er        0.2        3.8              3.9               4.9                3.4      4.3          4         4.8          5.4                4.6                 2.2                 0.7              0.7

Tm      <0.1        0.4              0.4               0.5                0.3      0.4        0.4         0.5          0.6                0.4                 0.3                 0.1              0.1

Yb       0.3        2.1               2.1               2.8               1.8      2.4        2.2         2.6           3                2.5                 1.9                 0.4             0.6

Lu     <0.1        0.3              0.2               0.4                0.2      0.3        0.3         0.4          0.4                0.3                  0.3                0.1              0.1

Eu/Eu*       1.37       0.67              0.7             0.68               0.7     0.69        0.73         0.67         0.75               0.82               1.11              2.55             2.17

(La)
N
/(Sm)

N
       8.89        1.8             1.34              1.78              1.5     1.59       1.07         1.43         1.55                1.8                2.13               3.93             2.88

(La)
N
/(Yb)

N
      13.19      14.08           10.04          13.55           12.07    11.68        7.47       11.15       10.42              13.08              3.36              13.11           8.01

XFe       0.68       0.72             0.73            0.74              0.72     0.74        0.72        0.73         0.74               0.75               0.62              0.71             0.65
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