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Sample Ah-124 Ah-125 Ah-138 Ah-139 Ah-129 Ah-131 Ah-133 Ah-115 Ah-116 Ah-132 Ah-141 Ah-103 Ah-104 Ah-118 Ah-27
Rock type  AB AB AB AB TB TB TB BTA BTA BTA BTA TA TA TA TA
SiO, (wt%) 48.40 45.60 47.71 4660 48.68 4950 5050 5232 53.10 5104 5190 56.13 5390 56.69 54.70

TiO, 1.96 3.16 2.94 2.31 1.62 1.74 1.52 1.07 1.02 1.21 0.95 1.02 0.67 0.71 0.49
ALO, 15.09 1550 1497 1573 1596 1550 1740 18.05 1850 15.00 1645 18.90 1863 1855 19.40
Fe,O, 8.93 9.34 9.05 9.65 9.40 8.40 8.60 6.89 7.25 8.22 7.98 4.56 5.70 5.06 5.61
MnO 0.15 0.14 0.12 0.22 0.14 0.13 0.12 0.15 0.14 0.11 0.15 0.14 0.11 0.07 0.07
MgO 7.31 8.08 8.30 8.40 6.07 5.69 4.60 3.32 2.28 3.89 4.50 1.75 2.78 1.14 1.82
CaO 9.44 9.96 8.30 9.13 9.22 8.63 8.78 8.37 6.20 7.80 7.47 5.32 6.43 4.20 5.40
Na,O 3.66 2.40 2.56 2.61 4.20 4.22 4.10 4.60 5.02 4.33 3.64 6.36 6.20 5.09 6.09
K,0 0.97 1.56 1.48 1.58 1.95 1.60 1.36 2.76 3.10 2.87 2.25 3.04 3.36 2.73 2.177
P,O, 0.33 0.46 0.39 0.32 1.00 0.86 0.93 0.62 0.64 1.16 0.59 0.47 0.37 0.27 0.23
LOI 0.49 1.50 2.20 1.27 1.08 2.10 0.89 1.05 1.06 2.27 3.08 1.49 1.27 1.59 1.09
Total 96.73 9770 98.01 97.82 99.32 9837 9880 99.20 9831 9790 9896 99.18 9942 96.10 97.67
Cs (ppm)  1.09 0.60 0.32 0.11 1.23 0.49 0.43 1.46 2.16 0.33 0.38 2.31 1.84 3.00 2.01
Rb 35.2 33.3 37.5 34.6 40.6 39.5 40.0 43.0 45.6 44.8 44.0 54.6 51.7 57.6 49.7
Ba 335 363 520 371 707 473 568 874 1020 944 708 1058 1190 1118 1082
Th 1.48 2.29 191 1.86 2.57 2.57 3.47 4.27 3.89 3.09 5.13 5.13 7.08 5.25 7.24
Ta 1.0 11 1.2 0.9 1.6 1.3 1.2 13 13 11 1.3 11 1.7 0.7 0.8
Nb 19.3 21.0 25.6 17.1 32.5 27.6 26.1 23.8 24.1 24.7 23.1 17.7 24.9 11.8 12,5
Sr 715 830 550 422 1430 1695 1445 1190 1300 1850 1450 2324 1604 1952 2180
Pb 5 9 11 10 11 8 8 17 18 8 11 13 18 15 18
Zr 268 268 253 253 207 253 204 189 136 168 158 160 154 96 85
Hf 4.2 4.1 3.7 2.5 45 3.8 35 4.5 4.5 4.0 5.7 4.2 5.4 3.2 3.3
Y 19.3 17.4 14.2 21.6 18.8 15.8 15.6 20.2 20.8 11.7 28.0 15.5 14.2 13.0 10.1
\Y 185 186 218 268 190 212 199 182 171 203 176 176 97 107 71
Cr 320 330 347 296 291 254 209 153 109 161 155 80 74 66 90
Co 35.4 42.1 28.7 30.7 39.5 45.9 25.7 23.7 21.1 29.1 224 14.3 20.4 14.3 15.3
Ni 266 244 286 215 185 174 181 159 186 177 162 36 59 16 28
Zn 106 130 121 95 124 130 118 99 79 142 95 51 85 54 63
La 44.8 50.1 43.0 50.0 63.5 56.3 42.4 424 50.1 44.2 75.0 46.0 52.7 30.5 36.0
Ce 37.8 58.0 53.7 29.5 975 1115 1035 938 1085 1150 1280 932 1298 1048 813
Pr 5.34 7.11 5.69 397 1450 1295 11.70 1030 1190 1280 1450 9.27 9.97 7.43 6.46
Nd 22.7 33.2 26.2 18.1 57.1 50.0 449 39.9 44.9 48.3 56.2 33.0 36.7 23.1 22.8
Sm 1057 11.39  8.63 9.40 13.72 1192 8.40 8.71 9.46 866 1311 9.16 9.94 5.69 6.12
Eu 1.82 1.91 2.26 1.55 2.37 2.21 2.02 1.97 2.12 1.82 2.75 1.70 1.63 1.15 0.98
Gd 5.93 6.46 7.03 4.46 7.86 7.08 6.38 6.45 6.90 5.89 9.13 6.02 5.85 3.95 3.31
Tb 0.76 0.76 0.81 0.69 0.89 0.82 0.74 0.81 0.85 0.61 1.19 0.79 0.78 0.52 0.39
Dy 3.56 3.65 3.48 4.17 411 3.62 3.48 3.94 4.16 2.66 571 4.18 3.28 2.66 2.05
Ho 0.66 0.65 0.60 0.83 0.71 0.62 0.61 0.74 0.81 0.44 1.04 0.82 0.79 0.50 0.39
Er 1.80 1.86 1.65 241 1.96 1.64 1.71 2.16 2.27 1.23 2.96 2.46 2.34 1.46 1.12
Tm 0.23 0.23 0.18 0.32 0.24 0.18 0.19 0.27 0.30 0.14 0.37 0.31 0.33 0.19 0.13
Yb 2.73 291 2.50 2.50 3.40 2.89 2.00 1.91 2.15 2.00 3.00 1.90 2.10 1.20 1.40
Lu 0.34 0.28 0.27 0.37 0.22 0.17 0.18 0.29 0.31 0.14 0.37 0.26 0.17 0.20 0.16

\A
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sample Rb Sr 8Rb/ 87Sr/ %0 I, Sm Nd  #'Sm/ “Nd/ 26 & (0) f ® Tom

No  (ppm) (ppm)  ®Sr #Sr ®  (ppm) (ppm) *“Nd  *Nd N smig (Ga)
Ah-104 417 1035 0.1168 0.704921 9 0.70490 7.19 40.7 0.1068 0512651 8 03 -046 04 0.71
Ah-27  39.2 1220 0.0932 0.704763 9 0.70475 7.43 438 0.1026 0512649 7 02 -048 04 0.69
Ah-125 382 1430 0.0775 0.704697 10 0.70468 9.45 571 0.1001 0512742 5 20 -049 22 055
Ah-124 216 1695 0.0370 0.704463 10 0.70446 8.49 50 0.1027 0.512774 7 27 -048 28 052
Ah-131 395 1695 0.0676 0.704670 9 0.70466 11.92 50.0 0.1442 0512696 8 1.1 -0.27 1.2 1.00
Ah-116 456 1300 0.1017 0.704800 10 0.70478 9.46 449 0.1274 0512702 8 12 -035 14 0.79
Note: , = ((“*Nd/*Nd) /(“*Nd/*Nd),,,,, -1) X 10000, f, . = (“"Sm/4Sm)/('Sm/4Sm). . - 1, (“*Nd/*Nd),,, = 0.512638,

and (*Sm/*4Sm),,, . = 0.1967. The model ages were calculated using a linear isotopic ratio growth equation:

T, = lIn(L + (“Nd/*Nd), - 0.51315)/((*"Sm/*Nd), - 0.2137)).

FC (slade (sl oslinal 55 g0 (slaosls =Y Jsutr

Kd values for:

ol Cpx Amp Pl Bt Sa

B B | A A B | A A A
Th 0.04 0.03 0.0100 0.15 0.2 0.01 0.05 0.048 0.997 0.015
Ba 0.0099 0.026 0.0200 0.131 0.044 1.09 05 0.263 6.36 6
Zr 0.5 0.01 0.1620 06 4 00 0013 01 119 025

Kd values are from Rollinson (1993) and Keskin (2002).
Abbrevations: Kd = mineral/melt partition coefficient; Ol= Olivine; Cpx = clinopyroxene; plag = plagioclase;
Amp = amphibole; Bt = biotite; Sa = Sanidine

AFC (g3ledde gl oslinal 5 30 (slaosls —F Jsu

Calculated bulk partition Kd values for:
Starting - ey
composition * coefficient (Do) ol Opx Cpx Plag Mt
Nb 19.3 0.03 0.01 0.15 0.005 0.01 0.40
Ta 1.0 0.07 0.04 0.15 0.013 0.018 1.00
Yb 2.73 0.2 0.014 0.34 0.62 0.067 0.9

Kd values are from Rollinson (1993) and Keskin (1994).

Abbrevations: Kd = mineral/melt partition coefficient; Ol= Olivine; Cpx = clinopyroxene; pl = plagioclase; mt = magnetite.
* Mafic parental end-member, Sample Ah-124

** Of sample Ah-124 (Ol 8%, opx 1%, cpx 18%, plag 53%, K-spar 6%, Mt 5%)

g el (i 93 alone (g s eslinul 5 ) 50 (Glaosls =0 Jgule

Spinel-peridotite Mineral/melt partition Bulk partititon
composition (K, ) coefficients coefficients (D, )
Initial concentration ol - - - (66% ol, 24% opx,
Co (ppm) 8% cpX, 2% spinel)
Rb 1.9 0.0098 0.022 0.031 - 0.014
La 2.6 0.0067 - 0.056 0.01 0.0091
Sm 0.47 0.007 0.05 0.45 0.01 0.053
Yb 0.26 0.014 0.34 0.542 0.01 0.13

Rb, La, Sm and Yb concentrations are from McDonough (1990), modal mineralogy of the spinel-peridotite are from
Wilson (1989, p.50) and mineral/melt partition coefficients of the basaltic melts are from Fujimaki,

et al. (1984); McKenzie & O’Nions (1991); Rollinson (1993, p. 108).

Abbrevations: opx — orthopyroxene; Ol= Olivine; cpx = clinopyroxene; Sp= spinel

Yy
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Starting composition Bulk partition Calculated composition
(66% ol, 24% opx, coefficients (D, ) for fractional melting
8% cpx, 2% spinel)
Spinel-peridotite 1%6F 39%F 506F 10%F
La 2.6 0.0091 95.6418 10.3635 1.0721 0.0030
Ce 6.29 0.0082 227.5489 19.3585 1.5645 0.0023
Nd 2.67 0.0174 87.0082 27.4660 8.4644 0.3990
Sm 0.47 0.0530 7.4102 5.1459 3.5464 1.3497
Eu 0.16 0.0355 3.4276 1.9698 1.1191 0.2580
Dy 051 0.0566 7.6162 5.4215 3.8320 1.5572
Yb 0.26 0.1300 1.8699 1.6312 1.4189 0.9881
Lu 0.043 0.1466 0.2767 0.2457 0.2176 0.1588

Modal mineralogy of the spinel-peridotite as in Table 3. The mineral/melt partition coefficients of the basaltic melts
are from Fujimaki et al. (1984); McKenzie & O’Nions (1991); Rollinson (1993, p. 108).
Abbrevations: opx — orthopyroxene; cpx — clinopyroxene; ol — olivine
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Abstract

Quaternary volcanic rocks are widely developed in NW of Ahar, NW Iran. Based on geochemical data, these rocks mainly consist of alkali basalts,
trachybasalts, basaltic trachyandesites and trachyandesites. The major- and trace-element chemistry indicates that the lavas are dominantly
alkaline in character. The studied rocks display microlithic porphyritic texture with phenocrysts of olivine, clinopyroxene, and plagioclase
+ amphibole + biotite. Major and trace element abundances vary along continuous trends of increasing SiOZ, AlZOS, K,0, Na,0, Ba and Rb
decreasing CaO, Fe,0,"and Cr with decreasing MgO.The volcanic rocks in this area are characterized by the LILE and LREE enrichments
and negative HFSE anomalies. The Sr and Nd isotopic ratios vary from 0.704463 to 0.704921and from 0.512649 to 0.512774, respectively.
CaO/Al,O, ratios versus MgO, La/Sm ratios versus Rb and Ba and Zr versus Th suggest that that fractional crystallization was a major process
during the evolution of magmas. AFC modeling and isotopic data as well as microscopic evidence, clearly indicate that crustal contamination
accompanied by the fractional crystallization played an important role in petrogenesis of the trachyandesites. Also, geochemical and isotopic
compositions indicate that magma mixing was not essential process in the evolution of Ahar magmas. Alkali basaltswith high "*Nd/'"*Nd
ratio, low *’Sr/*Sr ratio and high MgO, Ni and Cr contents indicate that they crystallized from relatively primitive magmas. REE modelling

and Trace element ratios indicate that the alkali baslats were derived by small degrees (~1-3%) of partial melting from the spinel lherzolite.
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