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Abstract

The Plio-Quaternary calc-alkaline magmatism in Azerbaijan, northwest Iran, occurs as stratovolcanoes, lava flows and domes
consisting of andesitic basalts, andesites, dacites, rhyodacites, and pyroclastic materials. The volcanic rocks unconformably
cover the Miocene sedimentary formations. The chemistry of the felsic-intermediate volcanic rocks indicates that the parent
magmas are medium-K calc-alkaline and metaluminous in nature, and are distinguished by Na,O/K,0> 1. The volcanic rocks
are enriched in LILE and LREE, and depleted in Y, Nb, and HREE, and display highly fractionated REE patterns, with no Eu
anomaly. They display post-collision and continental margin arcs affinities. The post collision convergence between Arabia
and Eurasia continental plates, starting in Miocene, resulted in significant shortening, thickening, and uplift of the crust in
northwestern Iran and eastern Turkey, and shaped the present Iran-Turkey Plateau.
The thermal perturbation processes in the underlying asthenospheric mantle led to partial melting at a low degree, producing
alkali- basalt magmas, with garnet remaining stable in the source region. The ascent of the basaltic magma and its emplacement
in the lower crust resulted in the partial melting of the crustal materials and development of acidic magma. These processes led
to the ascent and eruption of the felsic magmas prior to the mafic magmas. Mixing of mantle-derived mafic magmas with felsic
magmas of crustal origin, produced hybrid magmas of intermediate composition. The occurrence of inverted volcanic sequences,
where olivine-alkaline basalts are underlain by calc-alkaline felsic-intermediate rocks, are typical features of bimodal volcanic
activities in the Plio-Quaternary times in Azerbaijan.
There are mineralogical as well as geochemical evidences that AFC-type processes were involved in the evolution of the Plio-
Quaternary volcanic rocks in Azerbaijan. A comparison of geological and geochemical characteristics of the Plio-Quaternary
volcanic rocks from northwest Iran with those from eastern Turkey indicates that the two areas share similar evolution paths in

the petrogenesis of magmatic rocks.
Key words: Magmatism, Calc-alkaline, Plio-Quaternary, Azerbaijan, Bimodal Volcanism
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Sample SAHL1D SAHDT SAHMDS SAML1 SAHLE SAHL4 GHADI SOL1 50L2 50L3  50P2  S0P4
Si02 6553 6929 6941 663 665 6753 6756 5582 6544 63E6 G2 58
Tioz 044 035 03 on 041 047 033 g on 064 0es 085
Al203 1678 1614 1845 19.99 162 16 1582 172 1403 16.8 16837 1714
F203t 306 ra 213 187 268 284 289 T3 1m 402 442 67
Fe203 144 1.08 1.05 k] 13 129 128 27 188 181 167 a7
FeQ 143 09 1.04 0.3 13 128 132 407 186 a0 n 15
MnO 004 004 0.04 003 0.06 004 0.04 014 005 0.08 0.07 0.17
Mg0 043 088 1.05 081 .07 1.03 1.06 305 23 078 273 308
Ca0 8 iR 344 31 338 3% in 89 439 54 504 657
Naz0 415 455 474 484 427 459 38 N 52 422 503 402
K0 245 188 185 168 23 k] 278 185 179 178 18 161
P205 01 012 [}] 01 0.16 0.15 012 024 045 0.25 033 0.28
Total 8838 S824 10005 ST 9948 9985 9962 GBT8 G967 9847 10005 SOG4
Lot 192 034 043 0.48 b 182 12 187 145 087 14 0%
Ba L] 515 507 580 683 428 s T B89 1085 m 855
Rt 566 509 508 454 514 33 705 608 43 45 4 433
Sr 515 43 447 457 436 il 600 478 020 16 7% 566
¥ 73 51 49 44 75 48 51 44 86 157 101 188
Ir 1351 m 13 124 123 78 115 155 13% 133 124 14
Nb 14 7 TE 88 m2 69 83 98 20 83 141 86
Th 934 167 a7 B4 T 481 B4 942 983 B5 758 7.28
Pb 20 14 14 13 19 ] 12 12 14 14 12 15
Ga 239 152 1% 165 k] 237 183 188 187 185 199 178
Zn 57 k] 40 44 0 i B 108 B1 T2 63 2
Cu 42 13 n 1® ol L] 23 B4 2 13 kil a2
Ni 3| 7 5 ] 20 % 5 ] 2] 5 (] 5
v 81 #n 3 27 50 Hn n 188 82 "2 - 155
Cr w0 0 20 10 20 10 20 10 40 10 70 20
Co 78 58 61 49 6% 44 85 214 123 7 17 182
La H 0 2 il 25 164 48 %2 B3 na 273 46
Ce 50 A e e 414 267 304 508 102 a2 485 464
Pr 5.3 307 307 387 an 28 35 607 7B 455 556 552
Nd 188 102 108 121 7 108 ni B a7 185 182 208
Sm 274 188 168 183 242 i8 181 473 445 in 3% 43
Eu 088 051 053 053 074 045 081 124 8 1.0 1.08 124
Gd 25 158 168 1681 20 182 168 43 38 in ER T
o 03 02 0z 019 ] 018 021 oz 04 05 035 08
Dy 148 117 1.0 1.06 138 086 083 438 184 b 202 365
Ho 025 018018 015 024 018 019 085 031 058 0.38 074 055
Er 087 0.57 05 043 07 0.44 053 26 0.87 164 107 147
Tm on 0.08 007 007 o1 005 007 043 042 024 015 [ k]
] 0.57 043 047 0.43 081 0.42 0.47 285 0N 163 084 214
Lu 0.09 0.07 0.06 0.06 01 0.04 007 04 01 024 012 032
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1605 1876 1644 1684 183 1818 1642 153 18 1828 1805 1807 168
313 449 775 212 354 48 43 217 am 115 m 802 35
145 202 325 1.03 162 17 202 11 108 349 32 3 161
156 248 449 1.08 1.9 78 a2 108 0.4 L¥rs] kL] 454 1.74
004 007 0N 002 0.04 0054 0088 om om 017 on 018 0.05
178 289 4T k3] 112 276 02 109 08 3 32 in 175
368 B9F  TES pa:H EAL] 548 512 328 258 8 4 805 485
53 4T 4% 412 47 445 434 ar 463 3T 62 361 468
179 1% 17 195 184 178 214 a1 87 127 086 103 169
018 037 033 008 0.25 025 03 0142 o 033 035 0.2 0.27
9596 1005 10038 10045 10041 10064 10043 962 9941 954 W WM 100
064 128 215 253 419 p¥a ] 146 (1] 0.48 143 287 159 0.9
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48 B4 45 T3 n ] 43 k] 427 82 x] 5.08 4
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07z 056 135 134 079
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Si02 8302 58.17 5321 53.31 8111 Ba87 803 o100 87 598 8054 5344 58.50 58.75 5821 50.27 5528 8355
1.14 1.08 14 o8 o3 0. L1} o or o9 085 o085 o84 oes oTe
15.60 18.61 14.43 1747 7 17 1862 1781 1887 %3 1879 182 7 1085 e 172 1501
607 655 778 s541 340 1.81 474 488 533 873 704 & 873 S04 639 833
232 208 2885 ao7 25 1.78 189 241 2.2 258 302 a5 254 288 23 51 281
348 319 arr 422 28 1.50 1.53 232 238 T 320 413 365 384 347 345 am
o1 o.08 @11 o7 oo 2-r3 003 005 a 009 014 o1 018 012 oM o012 008
148 .00 a1 2 184 048 .04 227 381 333 2 2. 2.74 2 208 181
634 620 828 T5T 448 284 233 as 511 a0 441 58 a.88 658 are 596 514
£ 485 4.08 aar 4.5 538 a0 409 471 450 x L.E ] a3 342 353 338 33z
1.54 315 258 o2 204 343 @39 428 338 an arr 1.13 127 13 1.13 1.41 181
03 000 o8 o 034 a1 a8 o0y 037 037 0,35 0.3 [-+] 0.8 oz 0z o198
1001 9.9 00,67 4 o0 58 0854 10058 9947 10082 9075 B9.07 100 38 99,84 90.59 072
143 1.01 282 218 o8 124 23 113 03T o005 144 181 204 178 189 274 1.7
Ba ] 1360 1408 1288 1220 as0 20 1800 1300 TR0 1200 295 054 20 400 SR 8% are 20
Rb e e T Lok 118 a8 140 a4 T4 L] 108 181 243 T2 %S ks
Sr 520 1175 1020 eas 728 1105 53 150 mw 100 201 301 500 345 532 514 1337 522
hd 187 187 222 281 "0 12z 287 e 187 178 157 142
Zr 138 8y 2083 197 184 181 184 " 123 L 118
NE 124 381 348 153 123 45 124 12Z8 23 T8 7 108
Th are 207 259 141 1245 254 7Tz o.85 T4 5.04 508 T.33 48
P 11 27 5 O 22 a2 30 a2 3 n L) 12 T L] 13 a2 10
Ga 199 01 38 204 23T 208 ar 10 i 12 108 108 a7y 36 24 8.7 20 "
In T B8 24 s 18 5 a 5 a3 108 as kil 80 S
Cu £ 28 ™ 42 ol L] 3 2 w 20 1w L] 41 1 m 34 89 193
M 5 27 Ll 24 ° m L) 29 5 & 14
v 113 1508 153 2 s 35 118 183 118 150 11 108
Cr 10 130 30 a0 50 10 10 10 a0 a0 S0
Ca 124 177 245 s T8 2 L E 14 175 171 LR 189
La F i T30 88 e El w8 o4 301 21 0 224 228 Az 22 1.,
Ce 55 1358 14 1018 755 480 185 120 48 .7 123 815 50 380 w2 538 1M1 AL
er 834 1515 1345 122 ar 537 225 o7 a8 78 8068 7. 53 454 498 557 10 14
Nd 247 3 4 48.9 aza LR a1 i) 304 2085 173 1.7 8
sm 477 803 873 oS Bao4 306 194 574 L] 00 248 arz 288
Eu 138 213 238 21 1.48 099 085 168 175 118 107 109 113
Ga 408 T 8 T8 524 295 208 53 15 o7e 18 5.08 B84 368 aze 333 341 13,37 522
™ o8 o091 1 107 o7 038 034 o8 oar 052 0.54 5 049
Dy 54 43 473 532 287 1.8 193 493 832 274 azr 282 31
Ho 075 ore o8 1 o 038 044 98 1.00 o.58 o8 o8z 054 T o9
Er amn 2 228 298 180 a9e 121 285 302 163 196 174 167
Tm on o8 @3z 0az 028 0158 02 048 049 024 0,31 oz 024
b 202 154 187 248 188 098 13 318 287 184 214 172 188 o8 a7
Lu 034 03 025 037 08 015 o2 o oz o.e 014 044 049 o7 033 o2e 028 o118 o.18
Al el 83
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63.08 62.04 6417 6488 64 88 7026 5928 59 48 59.54 59.92 5788 6828 58.24 69.79 5683 79.15 6273 6118 6349 50.681 63684 6507
0.7 o8 LE] o7 o8 o4 073 078 073 076 082 0.56 135 053 o082 024 055 08z 0.48 081 047 0.45
14 .49 1559 14.03 1378 1464 13.48 17.72 17.98 1T .44 174 17.15 15,55 1777 15 44 18 B854 16.44 16,88 16.08 17.42 16.068 1583
425 668 628 633 589 327 583 588 6.08 518 6.1 3.04 56 233 e78 0.9 527 811 472 392 285 286
1.9 275 2.57 281 243 1.84 2.47 284 282 248 253 153 281 138 278 052 217 252 2 168 136 1.38
214 348 az27 33 308 1.5 3 288 3.07 288 3z 1.41 27 0.94 353 048 277 319 244 205 1.4 1.38
0.08 019 0.12 0.09 0.03 002 0.2 a1z 012 .1 o1 0085 0.04 0.04 013 005 012 012 o111 0.06 005 0.04
213 202 29 232 1.87 1.29 228 185 19 259 337 1.33 1.1 0.19 282 013 218 19 222 389 1.28 095
823 622 6.04 519 511 281 525 5. 537 522 6.08 297 4.07 095 822 055 567 6.05 534 8235 487 423
484 388 328 28 a1 393 4.04 409 399 387 3,55 452 4.81 4,66 amm 168 395 3.09 413 551 453 467
1.58 1.4 1.22 1.38 141 248 278 287 287 280 2.50 333 293 527 234 341 157 1887 132 084 283 228
044 028 o021 027 022 0.18 032 034 034 028 0.38 03z 0.87 012 0.38 Q.08 0.24 023 0.22 0.18 0.22 025
99.68 o088 °0.78 982 9.8 99,58 99.89 99.99 0996 99.24 29.91 99.93 041 993 9993 99,87 9983 9925 9987 29.82 99.96 99.4
209 0.95 0.84 2.08 am 1.33 1.38 1.14 105 107 182 182 248 0.83 168 4082 097 085 167 141 341 2.51
540 579 714 1081 538 ™ Te0 TER arz 700 s44 Ta4 arr T04 204 as58 885 1320 421 711 a92
8 27 32 38 A4z o5 or 6588 586 51.3 855 477 183 588 112 223 331 271 20 513 a8
1491 783 846 823 an 548 572 582 541 756 1480 158 683 211 554 535 556 819 807 594
177 191 15 159 a9 119 233 20 82 v 183 147 138 L 7a
209 197 184 190 120 175 329 187 169 112 18 120 104 135 128
194 19.7 19 218 21 314 7 17e 85 a3 ag 76 6.8 128 133
55 2 33 49 4z 18 10.85 10.45 760 738 182 158 407 8es 198 a8 71 827 %] 848 858
a8 19 1% 18 L] L] 12 12 12 14 14 13 18 12 15 14 14 10 s 10 1% 18
a7 14 81 23 1.8 v 1|7 178 7 71 181 208 182 179 128 191 233 191 218 18.1 17.4 1688
75 T2 a3 73 20 a7 az 26 ar 7 ™ a0 ar a1 TS
a34 T4 1 a8 a3 20 52 43 2 ar 5 44 k-] 43 18 13 14 14 T ar 1%
5 5 19 30 25 14 - 20 5 15 5 a8 1" 33 38
108 118 o4 109 55 133 42 141 18 88 80 a2z 130 120 52 80
10 10 30 40 20 20 10 10 10 10 20 10 290 40 40
149 15.4 14.5 181 a2 118 27 RL-X-3 18 114 18 105 134 149 83 78
22 T ° 23 19 13 43 429 a4.2 401 412 438 582 803 42 288 57.2 241 243 38.7 7.3 B4 288 284
22 20 23 43 30 14 782 752 Tas (X1 723 728 12 104 757 A5 4 928 455 431 ar.4 173 244 48.1 477
1% 13 15 T 1% 13 819 824 ae T.27 T8 7.39 13 10.35 as 427 10.4 536 483 T.04 224 322 5.08 488
2086 204 30.3 281 e 251 4T 3 307 308 132 388 204 188 258 11 132 18.8 18.8
499 518 518 4.43 477 345 723 457 589 1.87 L2 422 amm 468 288 3 267 265
1.41 1: 137 1.13 1.28 1.01 202 o081 157 038 171 1.14 1.12 1.21 082 o.e8 088 o84
1491 T.83 G406 823 a7 548 4.48 475 48 388 4.47 .24 827 467 494 1.98 6.a8 353 AT4 3668 274 258 257 257
0.87 088 o082 0.5 058 034 0.58 082 089 027 083 0.52 058 051 0.43 043 03 o
347 35 as 298 a1z 1.82 278 4.08 4.1 1.42 so0T 322 318 287 281 284 1.43 1.38
1.1 1 18 12 o9 15 o7 [} orn 0.54 081 0.3 0.48 087 082 028 1,03 [+ X-1.3 oes o8 051 057 oze 026
1.93 207 152 1.77 086 1.24 258 243 0.95 31 1.85 1.9 1.50 1.44 182 oTrr 088
0.27 (%3} oM 022 025 o1 017 0.45 034 015 043 oz28 032 022 o211 024 o1 008
1 0.4 0.2 0.9 0.2 02 213 209 21 1.49 1.49 088 1.08 287 218 1.1 285 18 177 1.48 1.52 1.44 084 oes
o.11 o.21 013 016 016 0.74 0.33 0.31 0.35 022 024 012 015 0.51 038 018 0.43 0328 03 023 0.25 022 .08 01
Z. - - w s . -
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