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(Hanski et al. , 2004)
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Samples | F1 F17 F281 F28X F29 F29C F29D F36 F37
Ni 40.401 2009.321 | 1493.835 | 1994.011 | 104.099 1462.409 | 426.233 | 118.028 | 2018.088
Co 51.702 101.620 90.207 97.626 49.762 93.867 57.784 37.443 100.602
v 393.882 136.203 187.079 136.393 | 332.635 178.834 356.554 | 330.619 | 138311
Ga 21.067 6.643 8.688 6.664 14514 8.293 17.237 19.337 | 7.097
Mn 0.232 0.148 0.160 0.144 0.166 0.154 0.164 0.154 0.148
Hf 3.899 0.591 0.794 0.622 1.723 0.843 2.841 3.885 1.033
Nb 26.789 1.075 1.395 1.311 3.479 1.673 8.362 10.800 2.937
Ta 1.547 0.063 0.076 0.072 0219 0.101 0.502 0.676 0.171
Th 1.768 0.074 0.091 0.094 0.253 0.119 0.770 1.062 0.248
Pb 2.102 0.119 0.506 0.095 0.218 0.387 0.177 0319 0.039
U 0413 0.016 0.023 0.030 0.080 0.033 0.206 0.562 0.066
Cs 2.000 0.042 18.439 1.581 0.164 3.694 0.831 1.320 0.240
Rb 2208 3.687 20.363 2276 5.245 7516 1.666 29.621 | 3.189
Sr 254.339 48.148 54.970 27435 133.987 | 41.437 157.506 | 218.562 | 31.954
Ba 130.403 5.383 8.010 14.500 45.986 179.720 46.691 127.666 | 19.658
Y 30.464 7.488 10.307 7.787 20.651 10.199 24.635 | 31.030 | 8.701
Cu 70.863 69.969 89.875 67.680 222.067 | 91.119 125.856 | 104.957 | 54.444
Zn 139.814 56.249 59.112 55322 66.017 58.788 78.362 95.309 59.588
La 15.457 0.905 1.178 1.078 3.165 1.432 6.670 10.530 | 2.246
Ce 36.120 2.647 3373 3.010 8.759 4.001 16.800 | 25.974 | 5.771
Pr 5378 0.485 0.624 0.532 1.524 0.715 2792 4.011 0.964
Nd 23.668 2526 3.340 2818 8.022 3.750 13.835 19.998 | 4.819
Sm 5.670 0.741 1.075 0.830 2.459 1.151 3.812 5.542 1.254
Eu 2210 0.320 0.431 0329 0.928 0.459 1.446 1.892 0.481
Gd 6.426 1.228 1.591 1.241 3475 1.669 4819 6.479 1.656
Tb 0.952 0.205 0.284 0.209 0.583 0.280 0.730 1.014 0.268
Dy 5.400 1218 1.671 1.253 3.463 1.695 4245 5.638 1.530
Ho 1.032 0.239 0.339 0.257 0.711 0.357 0.830 1.093 0.293
Er 2557 0.646 0.893 0.688 1.847 0.911 2.100 2789 0.752
Tm 0374 0.102 0.142 0.101 0.281 0.136 0302 0.402 0.109
Yb 2.304 0.599 0.858 0.648 1.760 0.838 1.848 2.368 0.667
Lu 0350 0.094 0.133 0.101 0.261 0.132 0.274 0.370 0.092

Samples | F42 F55 F57 F89 F97 F104 StDev RSD%

Ni 1895.606 | 252.481 811.926 1850.456 | 972.755 145.282 10.65 325

Co 100.474 56.726 77873 119.657 86.137 51.143 1.63 2.62

v 168.315 253.446 191.450 122,526 | 274715 | 339.012 6.15 2.65

Ga 8.719 11.961 10.516 6.194 12.560 15.900 0.54 2.99

Mn 0.159 0.168 0.141 0.183 0.200 0.179 0.01 2.82

Hf 1.343 0.687 0.401 0.267 1.202 1.562 0.09 1.62

Nb 3.285 8.119 3.320 1.953 2.965 4.455 312 2.62

Ta 0.205 0.439 0.156 0.099 0.184 0.283 0.05 0.81

Th 0.306 0.606 0372 0216 0.291 0.405 041 3.63

Pb 0.689 0.266 0.222 0.329 0.360 0.947 0.04 1.00

U 0.130 0.136 0.086 0.045 0.100 0.146 0.12 4.64

Cs 11.356 0.577 0.881 11.626 0.344 0.521 0.03 4.05

Rb 10.806 0.149 0.132 3.079 0.246 1.237 1.65 3.49

Sr 73.730 46.631 37.234 39.650 29.438 152.074 36.83 2.70

Ba 17.154 31.152 27.244 27.847 13.120 66.522 3532 3.62

Y 10.893 16.191 14.724 8307 14.456 20.019 0.95 3.13

Cu 72.390 57.704 69.734 49.544 125.560 138.237 276 3.85

Zn 78371 60.868 59.629 84.924 79.941 112.039 6.66 5.53

La 3.136 4.103 2.065 1.999 3.130 3915 2.64 3.39

Ce 7.902 7.965 4.053 3.661 8.024 10.135 431 3.05

Pr 1.241 1.032 0.528 0.420 1.248 1.594 0.50 2.84

Nd 6.326 4.289 2297 1.746 6.487 8230 1.97 2.96

Sm 1.925 1.010 0.588 0.458 1.985 2.538 0.40 3.40

Eu 0.647 0.400 0275 0.190 0.640 0.995 0.10 2.87

Gd 2245 1.674 1.266 0.695 2405 3298 0.38 3.82

Tb 0.354 0.317 0.270 0.153 0.409 0.552 0.03 253

Dy 2.033 2233 1.960 1.078 2476 3333 0.11 1.79

Ho 0.387 0.511 0475 0.263 0.509 0.693 0.02 2.16

Er 1.013 1.537 1.405 0.845 1421 1.887 0.03 1.40

Tm 0.149 0.253 0.239 0.139 0213 0.293 0.00 1.46

Yb 0.862 1.688 1.554 0.932 1.350 1.833 0.02 1.08

Lu 0.129 0.275 0.252 0.166 0218 0.300 0.01 230

V4

Samples Fl1 F17 F28J) F28X F29 F29C F29D F36 F37
Si02 45.057 43.812 45.032 43.671 48.666 45.139 48.774 51.338 43.646
Al203 15.169 5.574 7.568 5.762 13.636 7.331 13.135 14.423 5.459
Fe203 18.900 11.807 12.316 11.779 12.572 12.878 12.852 10.636 12.150
MgO 7.397 32.771 26.731 32.202 8.316 26.094 10.447 5.908 33.081
CaO 5392 5.382 6.954 6.150 12.087 7.897 9.234 9.229 4.886
Na20 2.862 0.000 0.000 0.000 3.202 0.000 3.305 4.873 0.000
K20 0.091 0.167 0.231 0.027 0.043 0.051 0.079 1.111 0.078
TiO2 4.412 0.496 0.659 0.534 1.243 0.685 1.875 2.143 0.768
MnO 0.262 0.169 0.189 0.177 0.178 0.179 0.173 0.157 0.165
P205 0.457 0.004 0.013 0.007 0.057 0.017 0.127 0.182 0.031
Lol 6.330 6.770 8.060 9.690 3.060 7.820 4.100 3.340 9.580
Total 99.611 100.786 100.495 | 99.932 99.862 99.758 99.725 99.993 100.447
Mg- no 0.437 0.846 0.811 0.844 0.567 0.801 0.617 0.524 0.844
CaO/| 0355 0.966 0.919 1.067 0.886 1.077 0.703 0.640 0.895
Al203

Al1203/ | 3.438 11.245 11.487 10.788 10.973 10.698 7.005 6.731 7.106
TiO2

Zr 165.6 20.7 27.7 223 64.1 31 114.3 148.7 39

Cr 10.372 3403.2 27234 3375.0 207.5 22223 843.3 86.0 3035.0
Sc 433 225 27.4 20.6 38.2 20.1 38.1 31.7 18.6
Samples F42 F55 F57 F89 F97 F104 Ins.Re(o) Sam.Re | Ac.(rmsd)
Si02 44.843 46.477 48.844 43.273 48.069 49.843 0.030 0.060 0.220
Al203 6.181 14.779 12.782 7.352 11.130 14.515 0.020 0.050 0.120
Fe203 11.662 11.886 12.625 12.951 11.633 11.903 0.020 0.050 0.050
MgO 31.070 11.467 11.312 31.766 16.198 8.920 0.030 0.060 0.080
CaO 5.251 12.526 11.072 4.508 10.104 9.477 0.010 0.060 0.050
Na20 0.000 2.075 2.805 0.000 1.675 3.768 0.030 0.010 0.060
K20 0.095 0.006 0.008 0.069 0.009 0.063 0.007 0.005 0.020
TiO2 0.866 0.553 0.379 0.214 0.948 1.287 0.009 0.013 0.010
MnO 0.170 0.186 0.149 0.186 0.201 0.176 0.002 0.003 0.010
P205 0.036 0.044 0.023 0.001 0.034 0.049 0.003 0.023 0.010
LOI 8.380 4.640 3.940 9.560 3.950 3.090

Total 99.787 100.043 | 99.857 100.287 99.458 99.955

Mg- no 0.841 0.656 0.640 0.829 0.734 0.597

Ca O /| 0850 0.848 0.866 0.613 0.908 0.653

Al203

Al203/ | 7.134 26.705 33.681 34.381 11.746 11.275

TiO2

Zr 46.3 29.3 18.2 9.2 44.3 54.8 0.9 1 14.8
Cr 2488.3 7123 1616.8 4709.5 2631.4 146.4 2.1 1.1 11.0
Sc 19.4 56.5 45.8 24.8 36.7 47.1 0.9 1.5 2.4
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Sample TiO2/P205 [La/Sm], | [Th/Sm],, | La/Nb Nb/Y | Nb/Th Nb/U Th/U Zr/Nb [Zr/Nb]N | Th/Ce Ti/Zr Zr/Y
F1 9.7 1.762 1.629 0.58 0.879 15.15 64.86 4.28 6.18 0.394 0.049 159.7 5.436
F17 116.5 0.790 0.522 0.84 0.144 14.53 67.19 4.63 19.26 1.226 0.028 143.5 2.764
F28) 51.0 0.708 0.442 0.84 0.135 15.33 60.65 3.96 19.86 1.264 0.027 142.6 2.687
F28X 80.3 0.840 0.590 0.82 0.168 14.00 43.70 3.12 17.01 1.083 0.031 143.6 2.864
F29 21.9 0.832 0.537 0.91 0.168 13.75 43.49 3.16 18.42 1.173 0.029 116.2 3.104
F29C 39.4 0.804 0.540 0.86 0.164 14.06 50.70 3.61 18.53 1.180 0.030 132.5 3.040
F29D 14.8 1.131 1.055 0.80 0.339 10.86 40.59 3.74 13.67 0.870 0.046 98.3 4.640
F36 11.8 1.228 1.001 0.98 0.348 10.17 19.22 1.89 13.77 0.877 0.041 86.4 4.792
F37 24.9 1.158 1.033 0.76 0.338 11.84 44.50 3.76 13.28 0.845 0.043 118.1 4.482
F42 24.0 1.053 0.830 0.95 0.302 10.74 25.27 2.35 14.09 0.897 0.039 112.2 4.250
F55 12.6 2.625 3.134 0.51 0.501 13.40 59.70 4.46 3.61 0.230 0.076 113.2 1.810
F57 16.5 2.270 3.305 0.62 0.225 8.92 38.60 4.33 5.48 0.349 0.092 125.0 1.236
F89 194.0 2.824 2.466 1.02 0.235 9.04 43.40 4.80 4.71 0.300 0.059 139.3 1.107
Fo7 28.3 1.019 0.766 1.06 0.205 10.19 29.65 2.91 14.94 0.951 0.036 128.2 3.064
F104 26.5 0.997 0.834 0.88 0.223 11.00 30.51 2.77 12.30 0.783 0.040 140.8 2.737

Wl g 0ty o DSl N (0l S aleaS | 35500 53 mm s FA2,F37,F28X,F17 300 3 Ua s 53 s s sl 5l s o 1y 5 b g o glmonls—F Jgulor

Sample ~N SiOo2 TiO2 Al1203 Cr203 MgO CaO MnO FeO NiO Na2O K20 P205 Total
Average F17 13 40.6 0.00 O0.11 0.12 48.1 0.29 0.16 10.5 0.39 0.00 0.01 0.00 100.2
Average 28X 4 41.2 0.01 0.08 0.15 49.3 0.27 0.14 8.4 0.47 0.00 0.00 0.00 100.0
Average F37 11 40.1 0.01 0.06 0.10 47.3 0.36 0.17 11.5 0.38 0.00 0.01 0.01 100.0
Average F42 2 39.7 0.01 0.09 0.19 50.7 0.23 0.12 8.0 0.42 0.00 0.01 0.00 99.4
Max Fo in F28X 1 41.1 0.01 0.07 0.13 48.7 0.29 0.16 9.4 0.46 0.01 0.00 0.00 100.4

el dnlonn 50 5 530 5umS IYF bl a8 a0y 5518 3lad o 2 F42,F37, F28X, F17 SLol )5 (sl 03 55 0o sl sl (6ln ) b (gl 4y o5 s b 0 1o glmonla =0 J sl

Sample N Si Ti Al Cr Mg Ca Mn Fe Ni Na K P Total #Mg
Average F17 13 | 5.99 | 0.00 | 0.02 | 0.01 10.57 | 0.05 | 0.02 | 1.29 | 0.05 | 0.00 | 0.00 | 0.00 | 17.99 | 0.89
Average 28X 4 6.03 | 0.00 | 0.01 | 0.02 | 10.76 | 0.04 | 0.02 | 1.03 | 0.05 | 0.00 | 0.00 | 0.00 | 17.96 | 0.91
Average F37 11 5.97 0.00 | 0.01 0.01 10.47 | 0.06 | 0.02 1.44 0.05 0.00 0.00 0.00 18.02 0.88
Average F42 2 5.86 | 0.00 | 0.02 0.02 11.14 | 0.04 | 0.02 | 0.99 0.05 0.00 0.00 0.00 18.13 0.92
Max Fo in 1 6.02 | 0.00 | 0.01 | 0.02 | 10.96 | 0.04 | 0.01 | 0.83 | 0.06 | 0.00 | 0.00 | 0.00 | 17.96 | 0.93
F28X

(2 S 1) 3 Jalael (slail Sl (s sl - F IS
DS Bl IS s sl sl Jald (1l 2 S 0518 3L (A
(Cpx) dsle L6 5 bt 55 (6o S 5 0 58 (OD) LS 55 Sl g5l 5 I 55
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4 6 1 S ) sl s ol o oS5 8L 2 S, o515(B
(i ELTL skt 5 =g a.x,:s‘.x,ﬂ.ﬁ‘;u;,s,ﬁ,gf‘)ut}iz
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SloY 25LS I8 Gl Gl gl tie 51 pslas - ¥ S
DF s G b 5 sdate S 5 K mhaw r ((Bp S (A

Bl it ) S Sn 3L sl (B o el odalis
4 JolS ) 5b 4 &S (O) sl s JSC e B 13 IS s o slasils
i 3l gn 5 (CPX) Al 5 5 3w SLa S 5 s 5l ok 55 iy jun
4 XPL Cand g )3 g Ll VRO MM 390> )5 5 sead 2,6 (slails o (Gl)
ol oSl 5,Sn o ssl S 5 (g s Sn 3L e (Coil
S S 3 ol 5 5l o 40887 o sl IS8 S35k 5 i 5 sla sk
s o5 655 (5l 0 s (St 3l g 5 olad LT LSl ,b &S0
3l s s s SKn Ly g2s (Dlmsl 0 45 PPL Cmg 53 5 ol Y/9mm
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Thermometry and Formation Model of Carbonate-Hosted Zn-Pb
Sulfide Deposits in the Ravar-Bafgh Area Based on
Sulfur Stable Isotopes
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* Geology Department, Islamic Azad University, Science and Research Campus, Tehran, Iran
** Geology Department, Earth Science Faculty, Shahid Beheshti University, Tehran, Iran
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Abstract

Stabilization of potentially sliding terraces and natural slopes are of great importance from view point of resident security, environment protection,
river engineering and water and soil conversation. Soil reinforcement using tree toots is one of the methods being studied by many researchers.
Most of them have worked on the effect of root density and few of them on the root diameter leading to contradicting results. In this paper the
combined effect of root diameter and density on the shear resistance of soil is investigated by series of in-situ direct shear tests. Eighteen tests
were carried out on soil possessing Willow roots and the results compared with those of non rooted soil as reference. To explain the observations,
a new parameter referred to as root diameter-density index (RDDI) was defined. The results reveal that an increase in RDDI causes a significant
increase in the apparent cohesion of rooted soil, but a little decrease in the internal friction angle. In both cases the rate of variation decreases with
increasing RDDI and tends to a little value; however the extreme values of 212% and -15% are observed respectively. As general conclusion for
rooted soils, the dominance of variation of apparent cohesion with respect to that of internal friction angle results the shear resistance ameliorates
within a range of RDDI, and for further values it tends to a stabilized value. Moreover, for practical purposes, a relation was developed to be used

by designer engineers.

Key words: slope stabilization, sSoil shear resistance, apparent cohesion, internal friction angle, root diameter, root density
For Persian version see pages 3 to 10
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Petrogenetic Investigation of Ultramafic — Mafic Rocks At The
East Of Fariman, NE Iran

By: Gh. A. Moafpourian*, M. Pourmoafi*, M. Vosoughi Abedini*, M. H. Emami**, M. R. Jannessari** & S.w.Parman ***
*Shahid Beheshti University, Faculty of Earth Sciences, Department of Geology, Tehran, Iran.
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Abstract

Scattered outcrops of ultramafic — mafic rocks and interbeded sedimentary layers in the North of Fariman — Torbat-e- Jam lineament are
exposed mainly at the west of Mashhad, cast of Fariman and north of Torbat-e- Jam in Agh- Darband area. Our studies on ultramafic — mafic
rocks have revealed several fields and petrographic evidences which demonstrate their volcanic to subvolcanic origin. Moreover, observation
of various disequilibrium textures including the presence of glass, elongate and hopper pyroxene and olivine, occurring as pyroxene spinifex
and olivine microspinifex textures in mafic and ultramafic rocks, can just be explained on the basis of their volcanic origin. On the basis of
geochemical criteria, defined by IUGS for high MgO ultramafic and mafic volcanic rocks, these rocks are classified as komatiitic, picritic
and basaltic types. Essential geochemical contrasts, including various ratios of incompatible immobile trace elements and different patterns of
REE and spider diagrams, are too high to be explained on the basis of various degrees of partial melting of a uniform mantle source or AFC

processes. It is thus possible to consider the role of a heterogeneous mantle source and/or dynamic melting in petrogenesis of these rocks.
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Furthermore to the cited heterogeneity which can be explained by mantle plume assumption, position of Fariman’s samples in the diagrams of
(Nb/Th)N versus (Nb/La)N and Nb/Th versus Zr/Y which mainly plot at the OPB area, and Zr/Y versus Nb/Y which plot on or above AND line,
coincide with the same assumption. Here we have argued that disequilibrium textures had been formed by undercooling of superheated melts,
originated from an ascending mantle plume source, and rapid growth of crystals in such a melts. This arguement is favored with regard to high
Fo contents of olivines which make necessary equilibrium of these crystals to high MgO contents and hot melts. We have estimated the MgO
content and temperature of parent melt as much as 23.74% and 1470-1535°C respectively based on maximum Fo content of olivine crystal in
a komatiitic sample. These values are too high to correspond to a subduction or even a normal MORB related environments; however, similar

to a hot spot tectonic setting.

Key words: Ultramafic — Mafic , Komatiite, Disequilibrium texture, Mantle plume.
For Persian Version see pages 11 to 24
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Recognition of Favourable Groundwater Contamination Zones
with Karst Evolution Zonation Using GIS
(Case Stady : Kermanshah Province)

By: A. Maleki*
*Dept. of Geomorphology, Razi University, Kermanshah, Iran
Received: 2007 December 30 Accepted: 2008 July 19

Abstract
The Large numbers of provinces in country use Karst's water Sources as a main Source of securing water for using in different ground of drinking-
agriculture and industry. Kermanshah province with an area about 24953,286 square kilometers is located in the middle of western side of the
country which its main part is in the zones of nappe and foliated Zagross and its heights are often formed of the hard carbonated formations. The
Karsti zonations of Kermanshah province play an important role in the providing and feeding of aquiferouses; for this reason to recognize these
zonations and the rate of their modification , the zonation of the modification of the karst is done in this research and its map has been drawn too

For the purpose of acquiring of the aims of the research , first the closed superficial holes as the index of the modification of the karst were
recognized by using the topographic maps 1 / 50000 and the recognizing pictures 5 meters irs (BW) , their maps were drawn and after examining
statistically and confirm the relationship the maps with the subject , with the help of the Kay square and the rotary operation , seven factors of
height , lithologic , geomorphology , temperature , rainfall , vaporization and slope as the effective factors in the modification of the karst have
been selected . After digitalization of all of the respective data for evaluation ( giving weight ) the classes of the maps of aquired from the statistics
ways , analysis of the hierarchic ( expertizing judgement ) , condensation of the surface , the informational value , the variables weight and the
experimental way were used . Then in the environment of GIS the maps of the factor of overlapping and the maps of the zonation the modification
of the karast has been aquired with the 5 ways mentioned .Among the ways used for zonation , the way of the informational value has the most
adaption with the selected index (the closed holes) in the zone being studied .The aquired maps of zanation, beside the determinination of the zones
with different degrees of modification of the karst's from in the province, It also has detemined the feeding Limitations of underground waters
(Karst) and the favourable arcas for Pollution of these Sources in the surface of earth. Which should use Suitable Policy for protecting these areas,

Other wise many gangers will threat the feeding places.
Key words: Karst, Underground, Contamination, Kermanshah, GIS.
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