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Fig. 1. Accessible roads to the Bornaward- Taknar mine area
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Geological sketch map of Taknar Inlier
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Fig. 2. The Situation of Taknar zone, Lut block and important faults of East Iran(Modified after Aghanabati, 2004)
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Fig. 4. Metarhyolite- metarhyodacitic outcrops in contact to the Bornaward granitoid in northwest Bornaward village
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Fig. 6. Microscopic photos (in PPL): A)The Bornaward metarhyolite (in PPL) with alkali-feldspar and quartz
phonocrysts in matrix with somewhat oriented sericite. Altration of plagioclases to sericite and their ridged margins is
clearly visible. B)The Bornaward metarhyodacite contains of quartz, sanidineand plagioclase phonocrysts in matrix

containing of fine crystals of alkali-feldspar, quartz, plagioclase microliths and also spherolitic intergrowthof orthoclase
and quartz. Qz = Quartz, AFI = Alkali-felspar, Sc = Sericite, Sa= Sanidine.
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Fig. 7. Microscopic photo (in PPL) of Bornaward metarhyodacite shows anorthoclase phenocryst (dark) in middle and
plagioclase around of it. Pl = Plagioclase, Or = Orthoclase.
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Fig. 8. Variation diagramof K,O vs SiO; to existence of Tholeiitic, Calc- alkaline, High K-calc-alkaline and Shoshonite
series of Bornaward metarhyolite- rhyodacite rocks (Peccerillo and Taylor, 1976)
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Fig. 9. A/NK vs A/CNK and separation of Peraluminous, Metaluminous and Peralkaline fields of Bornaward
metarhyolite- rhyodacite rocks (Chappell and White, 2001)
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Fig. 10. Setting of the Bornaward metarhyolite- rhyodacitesin in the S-type granites field on CaO/Na,O vs Al,Os/TiO,
diagram (Sylvester, 1998).
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Fig. 11. Plot of the Bornaward volcanic rocks (Taknar) on TAS diagram (Middlemost, 1994).
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Fig. 13. Normalized diagram of REE vs. Chondrite for the Bornaward metarhyolite- rhyodacites — (Boynton, 1984)
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Table 1. Chemical composition of the Bornaward metarhyolite- rhyodacites

Sample No. BKCh-12 BKCh-67 BKCh-79 BKCh-103 BKCh-138
Longitude 57°50°27.4" 57°45°55.6" 57°45°51.9" 57°46°3.8" 57°50 9.2
Petrology Rhyolite Rhyodacite Rhyolite  Rhyodacite  Rhyolite

Major Oxides (% wt)
SiO; 69.6 76.9 71.8 74.7 73.4
TiO, 0.67 0.14 0.24 0.3 0.2
Al,O3 13.49 11.09 13.39 11.47 13.96
Fe,O3 3.92 2.04 2.97 5.01 3.83
MnO 0.13 0.05 0.02 0.11 0.08
MgO 2.84 0.47 0.95 0.82 1.28
Cao 1.43 0.35 0.3 1.15 0.59
Na,O 4.19 4.30 0.36 3.07 0.75
K,O 1.64 1.74 7.47 1.8 3.72
P,Os 0.18 0.12 0.26 0.05 0.06
L.O.l 1.82 2.47 2.08 1.33 2.03
Total 99.91 99.67 99.84 99.81 99.90
Trace elements (ppm)
Ba 354 219 1469 478 692
Cs 0.7 1.48 2.16 0.9 1.0
Ga 15.2 11.88 19.13 175 16.1
Hf 6.1 7.15 16.7 9.5 5.9
Nb 9.2 4.21 7.30 13.6 9.9
Rb 46.7 0.1 160 65.2 121.8
Sr 126.1 48.21 44.56 114.4 27.5
Ta 0.7 0.14 0.55 11 0.8
Th 13 18.32 28.02 19 24
Vv 95 13.56 22.51 61 48
Zr 228.2 196 214 309.5 166.4
Y 42 13.34 19.61 97 71
La 34.5 26.20 46.14 45.1 36.2
Ce 68.1 52.92 81.46 95.4 75.9
Pr 7.54 2.37 3.99 10.83 8.48
Nd 28.9 24.23 37.15 441 34.2
Sm 5.37 5.00 6.53 9.98 7.21
Eu 1.19 0.09 0.17 1.34 0.88
Gd 4.86 2.80 3.69 9.49 6.88
Th 0.76 0.19 0.36 1.80 1.31
Dy 4.24 1.20 291 10.41 7.66
Ho 0.77 0.45 0.63 2.23 1.67
Er 2.46 0.5 0.51 6.65 5.31
Tm 0.38 0.14 0.19 0.96 0.73
Yb 2.30 2.26 3.00 6.47 5.06
Lu 0.38 0.1 0.17 1.00 0.79
YREE 161.75 118.45 186.90 245.76 192.28
(La/Yb)n 10.11 7.82 10.37 4.70 4.82
Lay 111.29 84.52 148.84 145.48 116.77

Eu/Eu* 0.71 0.07 0.11 0.42 0.38
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Table 1 (Continued). Chemical composition of the Bornaward metarhyolite- rhyodacites

Sample No. BKCh-177 BKCh-180 BKCh-195 BKCh-198 BKCh-225
Longitude 57°48° 25" 57°48°6.1" 57°47 404" 57° 47 27.7" 57° 49" 51.2"
Petrology Rhyodacite  Rhyodacite Dacite Rhyodacite Rhyolite

Major Oxides (% wt)
SiO, 76.7 73.9 75.7 75.4 74.3
TiO, 0.19 0.23 0.24 0.2 0.22
Al,O4 12.96 11.52 10.6 13.03 11.13
Fe,Os 1.55 2.91 1.6 2.29 4.24
MnO 0.03 0.04 0.08 0.13 0.03
MgO 0.34 0.78 0.2 0.60 0.48
CaO 0.28 0.23 0.3 0.37 0.36
Na,O 3.43 1.89 3.6 1.77 3.00
K,O 3.27 7.09 5.8 4.63 2.62
P,Os 0.04 0.09 0.01 0.03 0.1
L.O.1 1.09 1.15 1.85 1.42 2.93
Total 99.88 99.74 99.98 99.87 99.41
Trace elements (ppm)
Ba 656 1312 949.5 931 544
Cs 0.4 2.58 25.3 11 3.57
Ga 12.4 17.80 16.5 16.6 14.67
Hf 4.7 17.29 11.2 5.1 9.56
Nb 8.4 6.93 13.2 8.7 6.46
Rb 87.8 197 176.1 170.0 86.15
Sr 70.8 60.22 41.6 63.9 48.34
Ta 0.7 0.57 0.4 0.9 1.11
Th 20 24.95 4.4 21 24.73
\Y 43 18.06 10.0 47 14.34
Zr 134.9 196 164.7 150.2 188
Y 74 51.59 44.8 62 45.50
La 43.0 43.71 19.2 14.4 38.13
Ce 73.4 79.26 37.6 25.2 76.38
Pr 10.16 3.90 6.4 3.49 4,73
Nd 38.6 32.31 21.1 13.0 32.41
Sm 8.71 6.22 3.0 3.21 6.47
Eu 0.78 0.36 0.1 0.24 0.39
Gd 7.39 4.48 2.2 3.30 4.75
Tb 1.39 0.28 0.4 0.65 0.47
Dy 7.29 9.40 8.0 4.04 9.30
Ho 151 0.71 0.59 1.00 0.75
Er 4.46 0.5 2.2 3.30 0.5
™m 0.64 0.25 0.4 0.53 0.27
Yb 4.20 5.06 3.4 3.87 5.22
Lu 0.63 0.17 0.1 0.67 0.24
>REE 202.16 186.61 104.69 76.90 180.01
(La/Yb)y 6.90 5.82 3.81 251 4.92
Lay 138.71 141.00 61.94 46.45 123.00

Eu/Eu* 0.30 0.21 0.12 0.23 0.22
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Table 1 (Continued). Chemical composition of the Bornaward metarhyolite- rhyodacites

Sample No. TK 3-5 TK 3-9
Longitude 57° 46" 34" 57° 46" 7.6”
Petrology Rhyolite Rhyolite

Major Oxides (% wt)
SiO; 75.02 73.42
TiO, 0.12 0.16
Al,O3 11.23 13.06
Fe, O3 1.62 1.66
MnO 0.03 0.06
MgO 0.01 0.52
CaO 1.91 0.53
Na,O 4.53 3.64
K,O 0.01 2.3
P,0s 0.06 0.07
L.O.l 2.08 141
Total 96.62 96.83
Trace elements (ppm)
Ba 129 634
Cs 0.2 0.8
Ga 121 14.9
Hf 4.4 55
Nb 10.2 111
Rb 19.6 90.2
Sr 55.4 36.4
Ta 0.8 0.9
Th 15.3 18.4
\Y 9 10
Zr 127.5 146.5
Y 26.2 48.5
La 20.6 34.7
Ce 48.8 76.9
Pr 5.81 9.19
Nd 21.7 35
Sm 4.77 7.58
Eu 0.41 0.78
Gd 4.39 7.47
Tb 0.81 1.42
Dy 4.68 8.75
Ho 0.97 1.72
Er 2.84 4.96
Tm 0.4 0.64
Yb 3.25 4.89
Lu 0.5 0.71
>REE 119.93 191.71
(La/Yb)n 4.27 4.78
Lay 66.45 111.94

Eu/Eu* 0.27 0.41
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Fig. 14. Cathodoluminescence photos of the zircon grains of Bornaward metarhyolite. Calculated some ages have
defined from center (white numbers) and margins (black numbers) of zircons.
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rhyolite-rhyodacites with red circles. In the diagram has been shown relative situation of depleted mantle (DM) source.
BSE: Bulk Silicate Earth (Allegre et al., 1988), HIMU: High Mantle U/Pb, PREMA: Prevalent Mantle Reservoir

1. Depleted Mantle

2. Bulk Silicate Earth

3. High Mantle U/Pb

4, Prevalent Mantle Reservoir
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Table 2. Mass spectrometer analysis U-Pb of 44 points from center and margin the Bornaward metarhyolite zircons

Spot U Th U/Th  *®Pb/”  2®ppf  2Ppff  °ppf  Age (my)+
(ppm)  (ppm) %pp 7pp %pp ¥pp  (Ma)
1R 83 32 2.6 8255 17.520 0.7353 0.0934 5759 175
1C 1052 915 1.2 108717 17.191 0.7260 0.0905 558.6 8.7
2R 132 68 1.9 12858 16.993 0.7124 0.0878 5426 359
2C 477 377 1.3 46229 17.121 0.7437 0.0923 569.4  10.3
3R 130 58 2.3 37765 16.768 0.7352 0.0894 552.1  11.0
4R 191 144 1.3 26540 18.050 0.6674 0.0873  540.0 9.7
4C 207 154 1.3 19249 17.689 0.6884 0.0883  545.6 7.4
5R 114 55 2.1 12050 17.788 0.7027 0.0906 559.4  13.9
6R 141 60 2.4 14739 16.683 0.7634 0.0923 569.6  13.3
6C 423 279 1.5 41768 17.276 0.7148 0.0895  553.0 6.4
7R 296 181 1.6 37954 17.652 0.7130 0.0913  563.2 7.7
7R’ 277 171 1.6 20591 16.974 0.7145 0.0879 543.5 6.9
8R 319 198 1.6 29539 17.154 0.7224 0.0898 554.8 7.2
8C 343 362 09 35856 17.246 0.7115 0.0890 549.6 5.4
9R 414 265 1.6 25991 16.895 0.7343 0.0899 555.4 5.7
9C 336 207 1.6 28729 17.301 0.7129 0.0894 5524  11.8
10R 145 118 1.2 21063 17.303 0.6848 0.0859 531.5  22.6
11IR 340 228 1.5 88124 17.067 0.6987 0.0864 5347  10.0
11C 126 95 1.3 815  17.547 0.6531 0.0831 5148  27.7
12R 408 161 25 57761 17.160 0.7393 0.0920 567.5  22.9
13R 553 275 2.0 52626 17.044 0.7300 0.0902 557.0  13.9
13C 628 404 1.6 56449 17.072 0.7279 0.0901 556.4  22.7
14R 194 156 1.2 17756 17.027 0.7175 0.0886 547.3  19.7
14C 181 151 1.2 20170 17.460 0.7158 0.0906 559.4  16.4
15R 170 123 1.4 9456  17.012 0.7065 0.0871 5388 8.1
15C 64 34 1.9 5215  15.415 0.8306 0.0928 5725 306
16R 257 165 1.6 2108 16.235 0.7603 0.0895 552.8  34.9
17C 666 515 1.3 46741 16721 0.7244 0.0878 542.8 4.3
18R 319 295 1.1 37783 16.675 0.7843 0.0948 5842  33.0
18C 344 295 1.2 39264 16.896 0.7375 0.0903 557.8  10.2
19R 142 61 2.3 8340 17.685 0.6878 0.0882 545.1 8.8
20R 127 76 1.7 19150 17.090 0.7280 0.0902 557.0 138
21R 74 30 2.6 7184  16.698 0.7563 0.0916 565.0  23.9
21C 242 203 1.2 32023 16.086 0.7649 0.0892 551.0  11.7
22R 384 271 14 31435 17.389 0.7256 0.0915 5645 185
23R 112 60 1.9 9368  17.348 0.6932 0.0872 539.1 215
24C 630 639 1.0 58027 17.039 0.7222 0.0892 551.2 5.6
25R 257 241 1.1 33026 16.936 0.7260 0.0891 550.7  16.1
27R 201 100 2.0 18215 16.808 0.7363 0.0897 554.2 9.3
28R 269 182 1.5 31747 17.229 0.6998 0.0874 540.4 4.1
29R 274 133 2.1 17486 17.081 0.6924 0.0857  530.5 6.4
29C 426 171 25 22357 17102 0.6826 0.0846 524.0  14.4
30R 313 184 1.7 51521 16.458 0.7606 0.0908  560.3 6.5
31R 63 40 1.6 4095 18.328 0.6588 0.0875 5412  23.0
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Table 3. Sm-Nd isotopic composition of the Bornaward metarhyolite-rhyodacites

Sample No. Sm(ppm) Nd (ppm) **'Sm/**Nd

(**Nd/***Nd)n (26)

(143Nd/144Nd)l

—

eNdss) DM
BKCh-12 5.37 28.9 0.112 0.512107+0.000012 0.511701 -4.4 1.40
BHTh-103 10.22 44.83 0.138 0.512608+0.000008  0.511781 -6.98 153
BKCh-138 7.21 34.2 0.128 0.512315+0.000012 0.511855 -1.5 1.29
BKCh-177 38.6 8.71 0.136 0.512324+0.000013 0.511832 -1.9 141
BKCh-198 13.0 3.21 0.149 0.512387+0.000014 0.511849 -1.6 1.52
895y dilaie slaculsg ) =g )lio RD-ST 5555! S 5 4 Jguzr
Table 4. Rb-Sr isotopic composition of the Bornaward metarhyolite-rhyodacites
Sample No. Rb Sr Y RbASr  (¥'Srsn), (26)  (¢'Sr/®Sr),
(ppm)  (ppm)

BKCh-12 46.7 126.1 1.07 0.722955+0.000019  0.714541

BHTh-103 65.2 114.4 1.78 0.732656+0.000009  0.718640

BKCh-138 121.8 27.5 12.9 0.790234+0.000027  0.688949

BKCh-177 87.8 70.8 3.60 0.751688+0.000020  0.723435

BKCh-198 170.0 63.9 7.73 0.754536+0.000020  0.693908
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Fig. 17. Diagram Nb/Th vs. Ti/Yb of the Bornaward metarhyolite-rhyodacites. OIB: Oceanic Island Basalts, MC:
Middle Crust, MLC: Mafic Lower Crust, CLM: Continental Lithosphere Mantle, UC: Upper Crust (Li et al., 2002)
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Fig. 18. Isotopic correlation diagram of 2°"Pb/***Ph vs ?**Pb/2**Pb show that situation of North Hemisphere Reference
Line (NHRL) and its dip is 1.77 Ma age and show geochron. Mantel sources from Zindler and Hart (1986) drow as
following: DM: Depleted Mantle, BSE: Bulk Silicate Earth, EMI and EMII: Enriched Mantle, HIMU: High Mantle
U/Pb, PREMA.: Prevalent Mantle Reservoir, EMII applicate to oceanic pelagic sediments, Upper and Lower
Continental fields and MORB field have defined by + symbole and hachure, respectively. The situation of the
Bornaward metarhyolite-rhyodacites samples has been located with black stars.
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Introduction

The Bornaward area is located in the Northeastern
Iran (in the Khorasan Razavi province) 28 km
northwest of the city of Bardaskan at 57° 46" to
57° 52" N latitude and 35° 21" to 35° 24'E
longitude. The Taknar structural zone, situated in
the North central Iranian micro continent, is part
of the Lut block (Forster, 1978). The Taknar zone
is an allochthonous block bounded by the
Darouneh and Taknar major faults. Much of this
zone consists of metarhyolite-rhyodacite volcanic
rocks, and rhyolitic tuff with interlayers of
sandstone and dolomite (Taknar Formation).

Analytical Results

ICP-MS analysis of REE and minor elements of
samples of the Bornaward metarhyolites was
carried out at the ACME Laboratory in
Vancouver, Canada. U-Pb dating of the
metarhyolites was performed on isolated zircons
in Crohn's Laser Lab, in Arizona (Gehrels et al.,
2008). Measurement of Rb, Sr, Sm and Nd
isotopes and (**Nd/***Nd); and (®'Sr/®*Sr); ratios
took place in the radioisotope laboratory of the
University of Aveiro in Portugal.

Petrography

The volcanic rocks are porphyritic, commonly
containing phenocrysts of orthoclase and rarely
sanidine, quartz and intermediate plagioclase in a
groundmass of fine-grained quartz and feldspar.
An alteration has produced oriented needles of

*Corresponding authors Email: karimpur@um.ac.ir

sericite and clay minerals, clusters of fine-grained
green biotite and clots of epidote and chlorite.
Geochemistry

The compositions of the volcanic rocks are calc
alkaline and high K- calc alkaline. The obtained
Shand index (Al,Oz/( CaO+Na,0+K,0) is above
1.1, in the peraluminous S-type granite field
(Chappell and White, 2001). Plotted on the TAS
diagram (Middlemost, 1994), all the metarhyolite-
rhyodacite samples are located in the sub-alkaline
field and the majority fall into the rhyolite group.
The metarhyolite-rhyodacites show enrichment of
LREE with a moderately ascending pattern
((La/Yb)y=2.51-10.11 and La=46.45-145.48).
Europium  shows a  negative  anomaly
(Eu/Eu*=0.23-0.71).

U-Pb zircon geochronology

Measurement of U-Pb isotopes of the Bornaward
metarhyolite zircons of sample BKCh-103,
indicates an age of 552.23+4.73,-6.62 Ma (Upper
Precambrian).

Sr-Nd isotopes

The Sr ratios of the metarhyolites *'Sr/*Sr) were
found to fall in the range of 0.688949 to 0.723435
and the Nd ratios **Nd/***Nd); were in the range
of 0.511701 to 0.511855. These values indicate
that the metarhyolites of samples BKCh-12,
BKCh-103 and BKCh-177 were affected by
hydrothermal alteration since their (¥Sr/*°Sr),
ratios are high. The Sr ratios suggest that the more
negative Nd anomaly and the more negative
eNd sy Of the samples BKCh-12, BKCh-103 and
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BKCh-177 indicate that these lavas originated in
an enriched upper mantle source and/or lower
continental crust. In contrast, two recent examples
(Xua et al., 2005) can be related to sialic
continental crust with significant contamination.
Petrogenesis

The Bornaward metarhyolite- rhyodacites show
an enriched pattern for Rb, Th, U, K, Pb, Nd and
Y relative to the primitive mantle, while Ba, P, Ti,
Sr, Zr and Nb show a reduction as a result of
fractional crystallization. Based on isotopic
correlations  of’Pb/®*Pb vs “®Pb/**Pb, the
primitive source of the Bornaward metarhyolite-
rhyodacites is the lower continental crust. This
part of the continental crust is only slightly
depleted in Pb. Consequently, it has a low
§Sr/*Sr ratio (Samples BKCh-138 and BKCh-
198). In contrast, the samples of BKCh-12,
BKCh-103 and BKCh-177 have high ®'Sr/®Sr
ratios that could be the result of significant
contamination to parts of the continental crust
with very high ®'Sr/®*Sr (Karimpour et al., 2011).

Results and Conclusions

The calc-alkaline compositions of samples BKCh-
12, BKCh-103 and BKCh-177, the high K- calc
alkaline of samples BKCh-138 and BKCh-198 of
the Bornaward metarhyolites and the higher
temperature overgrowth of plagioclase on lower
temperature microcline phenocrysts can be a
reason for entrance lavas with different
generations. The distinct isotopic characteristics
of the two groups of rhyolitic samples are the
reasons for two different sources for the
production of these lavas: 1) partial melting of an
enriched mantle reservoir or lower continental
crust, and 2) sialic continental crust with high
contamination. With respect to the Bornaward
metarhyolite- rhyodacites  with  (**Nd/***Nd);

ratios from 0.511701 to 0.511855, geochemical
characteristics and the high volume of volcanic
rocks in the area, their formation can be attributed
to a continental rift environment. This rift system
can be formed by initiation of a plume in the
upper mantle beneath East Iran during
Neoproterozoic time.
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