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Gray to purple crystal lithic tuff
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|AT8| 10 |Andesitic basalt

- N Y |AT7| 6 |Green coarse grain crystal tuff
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I.D M.N.IL | MN.12 | MIN.13 | M.N.14 | M.N.15
Si102 % | 70.72 71.77 69.33 65.32 67.52 69.96
Al203 % | 12.21 12.67 12.2 11.63 13.19 11.9
Fe203(t) | % 1.47 1.4 1.07 1.47 1.27 1.44
TiO2 % 0.21 - - 0.16 0.19 0.2
CaO % 2.11 2.54 2.58 6.42 3.26 2.81
MgO % 1.89 0.91 1.67 1.24 1.43 1.34
Na20 % 0.25 0.23 0.31 1.01 0.54 0.42
K20 % 2.12 1.8 2.16 1.65 2.1 2.29
SO3 % 0.03 0.51 0.23 Trace Trace Trace
LOI % 8.85 8.82 10.22 10.75 10.31 9.46
P205 % 0.07 0.04 0.03 0.08 0.11 0.06
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1938 | 1921 | 4521
Si02 % | 68.76 | 69.29 | 65.55
Al203 | % | 10.46 | 10.85 | 11.05
Fe203(t) | % | 1.18 | 111 | 1.31
TiO2 % | 0.17 | 0.15 | 0.39
CaO % | 3.15 | 241 | 3.57
MgO % | 23 | 178 | 1.66
Na20 % | 143 | 1.17 | 0.76
K20 % | 0.68 | 1.19 | 0.59
SO3 % | 1.8 | <0.03| 0.07
LOI % | 9.85 | 11.94 | 145
P205 % | - 0.02 :
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Si02 % 57.06
Al203 % 15.07
Fe203 % 6.6

CaO % 4.46
Na20 % 2.27
MgO | % | 4.6l

K20 % 0.81

TiO2 % 0.747
MnO % 0.111
P205 % 0.171

LOI % 7.94
Cl ppm 82
S ppm 5
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AClL | AC2 | A B2 Ct C2 D2
Si02 % | 68.04 | 70.55 | 63.35 | 61.56 | 66.98 | 69.11 | 68.58
Al203 % | 11.18 | 11.81 | 10.95 1 12.51 | 12.35 | 13.03 | 13.17
Fe203(t) % 1.03 | 0.88 | 0.92 | 1.53 | 1.37 | 131 | 1.44
Ti02 % | 0.14 | 0.15 | 0.158 | 0.202 | 0.175 | 0.205 | 0.179
Ca0 % 1.9 138 | 836 | 637 | 243 | 1.87 | 0.97
MgO % | 2.84 | 222 | 123 | 158 | 244 | 1.87 | 2.02
Na20 % | 0.16 | 044 | 0.18 | 0.72 | 0.06 | 0.28 | 0.59
K20 % | 1.55 | 254 | 213 | 1.86 | 1.41 | 2.63 | 2.31
LOI % | 12.88 | 10.11 | 12.17 ] 12.79 | 12.41 | 9.32 | 9.74
P205 % | 0.03 | 0.02 {0.017]0.015] 6.013 | 0.013 | 0.015
S0O3 ppm | 0.11 | 0.03 | 23 23 15 95 260
Cl ppm - - 20 10 5 13 126
Sr ppm - - 146 | 486 | 291 187 | 279
Ba ppm - - 458 | 506 | 640 | 1261 | 113
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Samples Z.05.1 | Z.05.3 | S.01.2 | B.O1 | N.10.1 | NS.01 | S.06 | S.07
Major Oxides (wt%)

Si02 56.33 | 56.09 | 52.77 | 49.13 | 52.52 | 54.12 | 68.63 | 68.65
Al203 2042 | 20.46 | 1754 | 1676 | 17.35 | 18.34 | 1727 173
Fe203 1.17 1.2 1.48 | 1.66 1.54 1.4 0.39 0.4
FeO 5 5.16 658 | 7.62 | 6.88 6.13 1.77 1.79
MnO 0.069 | 0.077 | 0.135 { 0.162  0.14 0.12 | 0.075 | 0.069
MgO 1.92 1.57 502 | 748 | 4.99 317 | 085 | 087
Ca0 6.92 7.2 727 11092 | 8.3 7.61 262 | 259
Na20 341 345 402 | 222 | 294 3.29 43 4.27
K20 2.64 2.66 303 | 197 | 3.13 362 | 348 | 345
TiO2 1.049 | 1.057 | 1.057 | 0.946 | 1.093 | 1.108 | 0.257 [ 0.258
P205 0.55 0.55 042 | 032 | 043 047 | 0.17 | 0.17
Total 100.04 | 100 100.1 | 100 | 100.07 | 100.06 | 100 | 100.02
Norm (CIPW)

Q(S) 7.14 6.41 0.00 | 0.00 | 0.00 0.00 | 2272 | 23.05
or (KAS6) 1570 | 15.82 | 18.05 | 11.75 | 18.64 | 21.55 | 20.62 | 20.44
ab (NAS6) 2897 | 29.31 | 31.58 ([ 18.92 | 25.02 | 27.98 | 36.41 | 36.16
an (CAS2) 3129 | 32.60 | 20.96 | 30.14 | 25.02 | 24.68 | 12.03 | 11.88
lc(KAS4) 0.00 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
ne(NAS2) 0.00 0.00 143 : 0.00 | 0.00 0.00 | 0.00 | 0.00
C(A) 0.53 0.00 0.00 | 0.00 | 0.00 000 | 202 | 218
ac(NFS4) 0.00 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 | 0.00
ns(NS) 0.00 0.00 0.00 | 0.00 | 0.00 0.00 | 0.00 { 0.00
Di wo(CS) 0.00 0.04 538 | 944 | 581 440 | 0.00 | 0.00
Di en(MS) 0.00 0.01 297 + 557 | 3.14 2.10 | 0.00 | 0.00
Di fs5(FS) 0.00 0.02 221 | 338 | 246 224 | 0.00 | 0.00
Hy en(MS) 4.83 3.93 0.00 | 0.78 | 4.83 5.31 213 | 2.18
Hy fs(FS) 6.63 6.88 0.00 | 047 | 3.79 568 | 264 | 266
Ol fo(M2S) 0.00 0.00 677 | 875 | 3.21 0.40 | 0.00 | 0.00
Ol fa(F2S) 0.00 0.00 556 | 586 | 2.78 0.47 | 0.00 | 0.00
mt(FF) 1.70 1.75 216 | 243 | 225 204 | 057 | 058
he(F) 0.00 0.00 0.00 | 0.00 | 0.00 0.00 ; 0.00 | 0.00
il(FT) 2.00 2.02 202 | 1.81 2.09 2.12 | 049 | 049
ap(CP) 1.21 1.21 092 | 070 | 0.95 1.03 037 | 037
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Samples DS.01 ;| SD.01 | D.01 | D.28 | G.0t | G.02 | N.06 T.05
Major Oxides (wt%)

Si02 63.71 63.3 52.8 | 4749 [ 51.1 | 5192} 55.1 57.33
Al203 17.8 17.76 | 17.56 | 17.37 | 17.49 | 18.29 | 19.08 17.89
Fe203 0.79 0.85 1.38 1.72 1.55 1.49 1.19 1.16
FeO 3.5 3.8 6.18 | 775 | 696 | 6.66 | 5.18 5.17
MnO 0.085 | 0.084 | 0.185 | 0.18 | 0.158 | 0.165 | 0.116 | 0.123
MgO 1.83 2.09 429 | 6.09 | 595 4.8 1.86 5.02
Ca0 3.63 3.43 1123 | 12.38 | 8.75 838 | 9.28 7.77
Na20 4.21 4.53 285 | 263 | 299 | 293 3.4 3.47
K20 32 2.86 1.62 | 2.14 2.9 3.2 2.99 0.53
TiO2 0.558 | 0.603 | 0.972 | 1.149 | 1.041 | 1.043 | 0.954 « 0.802
P205 0.29 03 028 | 032 04 0.41 0.36 0.19
Total 99.99 100 100 | 100.1 | 100.1 100 | 100.1 | 100.025
Norm (CIPW)

Q(S) 15.01 | 13.9] 1.35 { 000 | 000 | 0.00 | 2.36 9.39
or (KAS6) 19.00 | 1698 | 9.65 | 12.76 | 17.28 | 19.06 | 17.77 3.15
ab (NAS6) 35.72 | 38.44 | 2425 | 1022 | 25.03 | 2494 | 28.88 | 29.49
an (CAS2) 16.38 | 15.33 | 30.49 | 29.45 | 25.87 | 27.44 | 28.05 | 31.81
Ic(KAS4) 0.00 0.00 0.00 | 000 | 0.00 | 0.00 | 0.00 0.00
ne(NAS2) 0.00 0.00 0.00 | 660 | 0.23 0.00 | 0.00 0.00
C(A) 1.42 1.61 0.00 { 000 | 0.00 | 0.00 | 0.00 0.00
ac(NFS4) 0.00 0.00 0.00 | 000 [ 0.00 | 0.00 | 0.00 0.00
ns(NS) 0.00 0.00 0.00 | 000 | 0.00 | 0.00 | 0.00 0.00
Di wo(CS) 0.00 0.00 | 10.00 | 1277 | 647 | 5.02 | 6.73 2.44
Di en(MS) 0.00 0.00 529 | 706 | 3.69 | 2.70 | 2.68 1.45
Di fs(FS) 0.00 0.00 440 | 521 249 ) 215 | 4.12 0.86
Hy en(MS) 4.59 5.25 5.51 0.00 | 0.00 | 2.61 2.00 11.17
Hy fs(FS) 5.02 5.44 459 | 0.00 | 0.00 | 2.08 | 3.07 6.61
Ol fo(M2S) 0.00 0.00 000 | 580 | 790 | 474 | 0.00 0.00
Ol fa(F2S) 0.00 0.00 000 | 472 | 590 | 4.17 | 0.00 0.00
mt(FF) 1.15 1.24 2.01 2.51 226 | 2.18 1.73 1.68
he(F) 0.00 0.00 0.00 | 000 | 0.00 ; 0.00 | 0.00 0.00
il(FT) 1.06 1.15 1.86 | 220 1.99 | 2.00 1.82 1.53
ap(CP) 0.64 0.66 062 | 070 | 0.88 | 090 | 0.79 0.42
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Samples Z.05.1 | Z.053 | S.01.2 | B.01 | N.10.1 | NS.01 | S.06 | S.07
Trace elements (ppm)
Sc 14 13 24 36 25 20 3 3
Be 2 2 2 2 3 3 2 2
\% 118 116 216 247 233 199 13 13
Cr 15 5 70 80 80 20 15 15
Co 8 8 20 30 22 16 2 2
Ni 15 15 30 50 40 20 15 15
Cu 60 40 70 50 80 80 7.5 7.5
Zn 60 60 60 70 70 70 60 60
Ga 14 15 13 12 14 14 15 15
Ge 1.3 1.2 1.6 1.8 1.6 2 1.7 1.7
As 3.75 3.75 3.75 3.75 18 375 | 375 | 3.75
Rb 57 57 75 43 73 90 100 102
Sr 509 519 791 460 526 545 340 329
Y 29.7 28.8 22.7 19.7 24.9 244 | 19.6 | 189
Zr 201 199 142 89 156 179 216 219
Nb 12.8 12.9 12.1 6.7 13.5 14.6 11.9 | 12,7
Mo 1.5 2 1.5 1.5 1.5 2 1.5 1.5
Ag 0.375 0.38 0375 | 0.38 | 0.375 | 0.375 } 0.375 | 0.375
In 0.075 0.08 0.075 | 0.08 | 0.075 | 0.075 | 0.075 | 0.075
Sn 2 2 2 1 2 2 3 2
Sb 4.1 2.8 34 4.2 4.7 5.1 5.1 3.6
Cs 0.9 0.9 2 1.1 1.4 1.1 2.9 29
Ba 661 680 591 451 598 657 853 858
Hf 5.1 5.2 3.6 2.2 4 4.4 5.1 5.2
Ta 0.93 0.89 0.79 04 0.86 1.01 1.04 | 1.06
w 1.8 1.4 1.6 0.7 1.1 1.8 2.2 25
Tl 0.19 0.17 0.29 0.27 0.26 0.38 | 0.83 | 0.85
Pb 83 71 43 30 66 82 115 104
Bi 0.3 0.2 0.4 0.4 1.1 0.6 0.6 0.3
Th 7.23 7.28 5.62 2.44 6.35 7.59 10 10.2
U 1.84 1.87 1.66 0.71 1.87 227 | 309 | 3.18
Rare earth elements (ppm)
La 30.9 30.3 27.7 18 30 32.8 | 341 | 3438
Ce 60.9 60.1 55.1 36.8 60.6 643 | 63.7 | 64.5
Pr 7.49 7.37 6.51 4.52 7.09 7.5 6.72 | 6.77
Nd 29.8 28.6 26.2 18.9 27.7 29.5 23 23.3
Sm 6.41 6.34 5.64 4.37 5.97 6.15 | 4.19 | 415
Eu 1.79 1.76 1.65 1.42 1.71 1.72 1.07 | 1.05
Gd 6.34 6.22 5.25 4.53 5.69 5.81 3.49 | 3.52
Tb 1.05 1.03 0.81 0.71 0.89 088 | 055 | 0.55
Dy 5.58 5.55 4.55 3.97 4.91 4.91 3.17 | 3.29
Ho 1.09 1.07 0.85 0.75 0.92 0.91 0.62 | 0.64
Er 3.25 3.19 2.46 2.17 2.71 2.71 1.98 2
Tm 0.486 0.48 0.365 | 031 | 0.403 | 0.399 | 0.323 | 0.33
Yb 3.08 3.01 2.29 1.87 2.56 257 | 215 | 2.27
Lu 0.45 0.46 0346 | 027 | 0.368 | 0.376 | 0.344 | 0.343

9%




Samples DS.01 | SD.01 | D.01 | D.28 | G.01 | G.02 | N.06 | T.05
Trace elements (ppm)
Sc 7 8 28 34 27 25 19 23
Be 2 2 2 2 2 2 2 2
Vv 50 54 210 | 261 232 222 179 182
Cr 15 15 160 50 100 50 15 70
Co 5 7 24 23 23 22 13 17
Ni 15 15 60 30 60 40 15 40
Cu 7.5 7.5 40 60 70 70 40 30
Zn 50 60 70 80 80 80 60 70
Ga 13 15 14 13 13 14 14 13
Ge 1.5 1.4 1.6 1.4 1.6 1.6 1.4 1.6
As 3.75 6 27 6 3.75 8 3.75 | 375
Rb 79 77 32 38 74 83 76 9
Sr 279 284 492 | 550 538 553 576 800
Y 20.8 244 | 226 | 20.9 22 236 | 242 | 22.1
Zr 167 166 110 88 127 142 153 127
Nb 13.6 14 8.8 7.3 1.2 | 12.3 11 5.8
Mo 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Ag 0.38 {0375 {038 | 038 [ 0375 0.38 | 0.38 | 0.375
In 0.08 | 0.075 | 0.08 | 0.08 | 0.075 | 0.08 | 0.08 | 0.075
Sn 2 2 2 3 1 2 2 2
Sb 5.4 3.7 3.9 5.3 4.4 3.7 4.4 4.4
Cs 1 0.8 0.7 0.9 2.3 35 3.7 50.2
Ba 789 729 572 | 608 565 631 718 374
Hf 4.4 4.4 3.2 2.7 3.2 3.6 4 34
Ta 1.19 1.14 | 0.56 | 044 | 0.71 | 0.78 | 0.81 | 0.41
1\ 1.8 1.7 1 1 1.3 2.9 1.2 0.9
Tl 0.83 083 | 026 | 031 | 035 | 0.39 | 0.65 | 0.62
Pb 136 127 68 58 73 56 83 92
Bi 1.9 2 2.3 1.5 0.5 0.8 2.3 1.6
Th 12.6 11.7 | 594 | 403 | 491 | 5.61 | 733 | 4.84
U 3.51 3.81 1.53 | 1.14 } 142 | 1.61 | 2.05 | 2.19
Rare earth elements (ppm)
La 36.6 33.8 | 246 4§ 20.1 | 258 | 27.8 | 30.7 | 18.7
Ce 68.3 642 | 499 | 425 | 51.9 | 55.1 | 60.3 39
Pr 7.29 7.1 591 | 526 | 6.14 | 651 | 695 4.6
Nd 26.7 26.1 24 | 22.2 | 25.1 | 26.3 27 18.7
Sm 5.23 512 | 523 | 5.1 554 | 558 | 5.75 4.3
Eu 1.33 1.33 1.53 | 1.51 1.57 | 1.61 | 1.6l 1.21
Gd 4.44 456 | 495 | 483 | 5.1 | 533 | 5.28 | 427
Tb 0.7 0.71 1 0.79 | 0.76 0.8 0.81 | 0.83 0.7
Dy 3.9 4.13 | 442 | 431 4.5 4.45 4.7 4.16
| Ho 0.75 078 | 086 ) 082 | 0.85 | 0.86 | 0.88 | 0.82
Er 2.27 235 | 251 23 2.48 2.5 262 | 241
Tm 036 | 0372 | 0.37 | 0.33 | 0.366 | 0.37 | 0.39 | 0.387
Yb 2.33 243 | 232 {205 | 228 | 2.32 2.5 247
Lu 035 10367 034 | 03 |0318] 035 | 038 | 0.356
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Abstract

The Zcreshk- Soltan-Qeis area is located in 10 Km north of Qazvin in the westemn
Alborz structural zone. Volcaniclastics (Pyroclastics, Epiclastics and Autoclastics),
olivine basalts, andesitc and terachy-andesite lava tflows, terachy-andesitic and micro
monzogabbroic dikes, da citic volcanic domes and monzogabbroic bodies arc the main
lithologic units in this arca. Presence of the benthic and pelagic foraminifera
microfossils in a tuffaccous limestone layer and rockballs, indicates middle Eocene
age for the volcaniclastics. This tuffaccous limestone layer in the base of olivine
basaltic lava flows associated with scdimentary structures such as graded bedding and
cross-bedding in the Volcaniclastic rocks show that these rocks have been formed in a
shallow-depth submarine basin. Field facies studies show a change in subaqueous to
subaerial eruptive depositional environment in this area. Petrographic evidence
indicates continuous changes in these rocks. Somc of these changes are appearance
and disappearance of some mineral phases and the corrosion and sieve textures due to
processes such as fractionation, mixing and decompression. Typical difference in the
geochemical trends of dacites and trachy-andesites compared with another rocks
indicates the dacitic rocks resulted from partial melting of the continental crust by
intrusion of a high temperature basic magma. Also, belived that trachy-andesites are
produced by mixing of acidic and basic magma. Geochemical variations, spiders and
discrimination diagrams indicate high potassic calc-alkaline nature for this rocks and
their formation in a continental subduction zone. Their tectonic settings have the
volcanic arc characteristics formed in an embryonic back-arc basin affected by
Orumieh-Dokhtar magmatic arc. The enrichment of produced magma from LREE and
LILE can be attributed to intensive metasomatism of mantle source, low degree of
partial melting (%15 to %16) and crustal contamination.

Key words: Alborz zone, Qazvin, Igneous rocks, Potassic calc-alkaline magmatism,

Back-arc Basin.



