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Table 1. Chemical composition of the Bornaward dioritic and gabbroic rocks using XRF method for major oxides and
ICP-MS for trace elements and REE

Sample Roke type = BKCh-3 BKCh-31 BKCh-43 BKCh-47 BKCh-129 BKCh-163

Longitude 57°50" 14" 57°52° 09" 57°51740" 57°49°02" 57°507 12" 57°49° 53"
Latitude 35723739 35°23" 17" 35°24706" 35°22°50" 35°23°27" 35723712
Petrology Diorite Gabbro Gabbro Gabbro Gabbro Microdiorite
Major Oxides
(wt.%)
SiO: 55.70 54.33 52.70 53.23 54.85 53.27
TiO: 1.2 0.94 0.92 1.56 0.88 2.38
ALO; 11.73 11.93 11.85 10.88 11.31 10.11
Fe203 10.2 9.59 9.92 12.58 9.32 13.7
MnO 0.19 0.05 0.21 0.22 0.16 0.23
MgO 6.43 7.18 8.96 6.19 7.72 5.73
CaO 8.53 10.7 10.6 10.7 9.55 7.6
Na:0 2.62 2.05 1.75 1.97 2.61 2.4
K20 1.4 0.67 0.58 0.77 0.44 0.43
P20s 0.23 0.14 0.11 0.18 0.11 0.37
L.O.1 1.48 2.01 2.22 1.36 2.45 3.59
Total 99.71 99.59 99.82 99.64 99.40 99.81
Trace elements
(ppm)
Ba 301 159 140 138 134 99
Cs 1.4 2.1 8.0 0.5 1.7 0.2
Ga 13.3 11.88 14.3 17 16.1 18.4
Nb 1.9 421 1.4 2.2 3.3 11.2
Rb 25.1 0.1 17.3 19.5 11.2 12.0
Sr 210.3 48.21 162.4 178.1 209.8 201.8
Ta 0.1 0.14 0.1 0.2 0.3 0.8
Th 0 0 4.0 0 6 6
\Y% 179 143 146 238 144 235
Zr 111.7 72.1 70.3 82.4 93.9 161.1
Y 37 33 21 46 27 53
La 9.0 5.8 4.6 7.3 7.9 14.7
Ce 20.9 14.2 11.1 17.3 17.8 33.1
Pr 2.78 1.78 1.56 2.34 2.39 4.28
Nd 13.6 8.9 7.4 11.4 11.2 22.3
Sm 3.44 2.39 2.57 3.31 3.0 5.35
Eu 1.26 0.9 1.0 1.25 1.15 1.84
Gd 3.77 2.7 3.01 4.0 3.48 5.73
Tb 0.77 0.54 0.56 0.85 0.72 1.14
Dy 4.44 3.07 4.06 5.22 4.30 6.63
Ho 1.05 0.71 0.94 1.16 0.95 1.49
Er 3.22 2.05 2.55 3.37 3.11 4.02
Tm 0.38 0.27 0.35 0.48 0.43 0.56
Yb 2.82 2.12 2.22 3.04 2.85 3.79
Lu 0.45 0.3 0.36 0.48 0.46 0.55
(La/Yb)~ 1.40 1.40 1.62 1.87 2.15 2.61

EwEu* 1.04 1.10 1.05 1.09 1.07 1.03
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Table 1 (Continued). Chemical composition of the Bornaward dioritic and gabbroic rocks using XRF method for
major oxides and ICP-MS for trace elements and REE

Sample Roke type BKCh-164 BKCh-165 BKCh-169 BKCh-185 BKCh-203

Longitude 57°49748" 57°49°43" 57°49°06" 57°48°23" 5746’ 55"
Latitude 35°23°19"  35°23"24" 35°23"14" 35°23"37" 35°21°41"
Petrology Gabbro Diorite Diorite Microdiorite Diorite
Major Oxides
(wt.%)
SiO2 52.14 54.16 54.04 534 52.51
TiO: 0.69 0.28 0.75 2.55 1.66
ALO; 10.68 13.06 11.42 10.06 13.63
Fe:0; 9.35 7.84 9.34 13.29 11.74
MnO 0.16 0.18 0.18 0.37 0.21
MgO 8.97 10.24 8.56 5.9 3.97
CaO 11.3 7.82 11 8.24 9.23
Na:0 2.08 1.8 1.97 2.32 3.11
K20 0.5 1.4 0.59 0.5 1.47
P20s 0.1 0.04 0.1 0.43 0.49
L.O.1 3.56 2.97 1.75 2.72 1.66
Total 99.53 99.79 99.70 99.45 99.68
Trace elements
(ppm)
Ba 69 227 159 120 419
Cs 2.2 1.1 2.1 0.4 1.3
Ga 12.8 12.5 13.2 20.1 19.8
Nb 0.9 3.8 1.5 13.8 24.5
Rb 14.3 383 15.9 10.8 37.6
Sr 285.0 230.9 238.8 274.3 456.2
Ta 0.1 0.3 0.1 0.9 1.4
Th 4 10 0 0 9
\Y% 136 62 135 245 212
Zr 35.2 88.4 47.5 204.4 140.2
Y 18 42 38 71 32
La 3.8 10.5 4.8 16.7 23.5
Ce 8.5 234 10.2 38.6 46.8
Pr 1.24 3.01 1.47 5.13 5.28
Nd 6.5 134 6.9 24.9 22.2
Sm 2.03 3.09 2.17 6.66 4.74
Eu 0.73 0.65 0.84 2.22 1.67
Gd 2.25 3.01 2.37 7.53 5.09
Tb 0.48 0.60 0.51 1.47 0.92
Dy 2.69 3.86 3.18 8.32 5.09
Ho 0.63 0.76 0.70 1.81 1.05
Er 1.78 2.50 2.07 5.27 2.81
Tm 0.26 0.32 0.28 0.73 0.39
Yb 1.83 2.13 1.82 4.88 2.59
Lu 0.26 0.33 0.27 0.75 0.39
(La/Yb)n 3.32 1.78 2.31 6.12 1.84

EwEu* 0.65 1.13 0.96 1.04 1.08
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Fig. 15. A: Isotopic correlation diagram of ENd(T=552) and €Sr(T=552) and location of the Bornaward plutonic
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intrusive rocks (Batchelor and Bowden, 1985).
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Table 2. Mass spectrometer analysis of U-Pb of 44 points from center and margin of the Bornaward diorite zircons

Best

U Th 206Pb/2041) 206Pb/2071) 207Pb/235P 206Pb/2381) +
P ppm)  pm) UM b b b b by M)
1R 747 747 1.0 99430 17.1381 0.7458 0.0927 571.5 4.2
1C 333 333 1.0 66329 17.0497 0.7317 0.0905 558.4 9.4
2R 140 70 2.0 28780 16.8430 0.7534 0.0920 567.5 6.2
2C 371 231 1.6 104001 17.0600 0.7225 0.0894 552.0 6.2
3R 284 190 1.5 2054 16.9449 0.7024 0.0863 533.7 43
3C 179 54 33 74935 17.1937 0.7012 0.0874 540.4 8.8
4R 301 273 1.1 4449 17.1132 0.6956 0.0863 533.8 7.3
4C 296 44 6.7 2492 16.9413 0.7459 0.0916 565.3 20.3
6R 244 152 1.6 33914 17.0920 0.7237 0.0897 553.8 6.8
6C 149 114 1.3 69923 19.9442 0.7067 0.0868 536.9 13.4
7R 281 175 1.6 25566 16.6814 0.7563 0.0915 564.4 8.6
7C 208 173 1.2 1960 16.7040 0.7049 0.0882 544.8 10.9
8R 321 145 2.2 1714 16.4025 0.7475 0.0889 549.2 8.4
9R 255 182 1.4 10405 16.9391 0.7032 0.0864 534.1 7.5
9C 109 99 1.1 2751 16.5142 0.7179 0.0860 531.7 14.1
11IR 447 496 0.9 2422 16.7778 0.7217 0.0878 542.7 7.7
12R 421 382 1.1 108811 16.8680 0.7406 0.0906 559.1 9.9
12C 549 686 0.8 96292 16.9750 0.7098 0.0874 540.1 10.5
13R 310 258 1.2 73307 17.0165 0.7207 0.0889 549.3 4.6
14R 393 357 1.1 16624 15.8892 0.7841 0.0904 557.7 7.2
15R 669 669 1.0 145495 16.9534 0.7211 0.0887 547.6 7.0
16C 273 227 1.2 69923 17.0930 0.7234 0.0897 553.7 5.2
17R 227 174 1.3 63905 17.2431 0.7296 0.0912 562.9 5.7
17C 273 37 2.0 1687 16.7040 0.7455 0.0903 557.4 14.4
18R 381 346 1.1 127579 17.0716 0.7264 0.0899 555.2 6.8
18C 547 607 0.9 2304 16.8063 0.7262 0.0885 546.8 5.8
20R 407 407 1.0 161887 17.0608 0.7286 0.0902 556.5 9.7
20C 122 101 1.2 48836 16.7001 0.7550 0.914 564.1 5.4
21IR 167 96 1.7 15291 17.0019 0.7186 0.0886 547.3 7.1
21C 219 182 1.2 1953 16.4227 0.7502 0.0894 551.7 7.2
22R 384 426 0.9 92638 17.0493 0.7075 0.0875 540.6 4.7
22C 44 29 1.5 4053 15.7300 0.8118 0.0926 571.0 15.8
23R 234 212 1.1 5474 16.2706 0.7357 0.0868 536.7 8.1
24R 232 165 1.4 36251 17.0231 0.7181 0.0887 547.6 3.5
25R 603 463 1.3 124153 17.0702 0.7240 0.0896 553.4 5.1

26R 469 426 1.1 24810 17.0269 0.7052 0.0871 538.3 5.9




OS¢ 0015 ,8L colaio

FFF

3,50 adhie 6905 5 oo slSiw SM-NA gl ooS 5 .Y Jgu

Table 3. Sm-Nd isotopic composition of the Bornaward dioritic and gabbroic rocks

Sample YISm/'"N  ("Nd/'""N  ("*Nd/"*N
No. Sm (ppm) Nd (ppm) d d)m 20) d)i €tNdss2)
BKTh-03 8.39 333 0.152 06.5010206(;)18: 0.51206 2.5
BHCh-20 3.44 13.6 0.153 06.50102050912;: 0.51204 2.2
BKCh-23 2.17 6.9 0.190 06.50102070115; 0.51203 2.0
BKCh-24 6.66 24.9 0.162 06.50102070119; 0.51214 4.0
BKCh-26 2.39 8.9 0.162 06.50102060511: 0.51207 2.7
BKCh-27 2.57 7.4 0.210 06.5010208;14; 0.51209 3.1
BKCh-29 3.00 11.2 0.162 06.501020603 10; 0.51205 2.3
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Table 4. Rb-Sr isotopic composition of the Bornaward dioritic and gabbroic rocks

Sa;lr:i)le Rb (ppm) St (ppmm) STRb/ASSr (8752/;?” ¢'Sr/*Sr);
BKTh-03 46.2 108 1.24 06.7010304071? 0.7038
BHCh-20 34.3 199.7 0.497 06701000808167i 0.7070
BKCh-23 15.9 238.8 0.193 0670007080826; 0.7064
BKCh-24 10.8 274.3 0.114 06.7010404(;)11; 0.7135
BKCh-26 25.1 210.3 0.345 067010008()3245 0.7081
BKCh-27 17.3 162.4 0.308 067010008()3255 0.7084
BKCh-29 11.2 209.8 0.154  0709606% 5084

0.000020
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Fig. 17. Determination of tectonic environments of the Bornaward dioritic and gabbroic rocks based on variation of

trace elements (ppm) in the rocks (Pearce et al., 1984)
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Introduction

The study area is located in the northeast of Iran
(the Khorasan Razavi province) and 28 km
northwest of Bardaskan city and in position of 57°
46" to 57° 527 latitude and 35° 21" to 35° 24’
longitude. The study area is a part of Taknar zone.
The Taknar geological-structural zone is situated
in the north Central Iranian microcontinental and
it is a part of Lut block (Fig.1). Taknar plutonic
complex that is situated in the Taknar structural
zone is located in the northern part of Iranian
microcontinent.

Materials and methods

Chemical analysis of REE and minor elements of
samples of the Bornaward diorites and gabbro’s
took place in the ACME Lab. in Vancouver,
Canada, by the ICP-MS method (Table. 1). For
the Bornaward diorite dating by the U-Pb method,
zircon grains of material remaining in the sieve,
Bromoform were isolated from light minerals by
cleaning and were isolated with a minimum size
of 25 microns, and then studies took place in the
Crohn's Laser Lab Arizona (Gehrels et al., 2008).
Measurement of Rb, Sr, Sm and Nd isotopes and
("Nd/"*Nd) ,  (¥Sr/*°Sr); ratios and €Nd
(T=552), eNd (T=0), €Sr (T=552) and £Sr (T=0)
took place in radioisotope Laboratory, University
of Aveiro in Portugal.

Discussion

Geology of study area

The study area forms the central part of the
Bornaward plutonic complex. This complex is a
granitoid  assemblage including granite,
granodiorite, tonalite and granophyre.tscentral
part has been formed by intermediate and basic
intrusive rocks such as diorite, quartz diorite and
gabbro units (Fig. 2). From the genetic point of
view, the intermediate and mafic rocks of the
Taknar plutonic complex does not have any
relationship with  granitoid rocks of this
assemblage, and they are related to a similar
magmatic phase but are separated from this
granitoid assemblage. However, these mafic and
intermediate units are older than granitic units at
the rim of the complex that are called Bornaward
granite.

Petrography

The main minerals in the diorite and quartz diorite
rocks are plagioclase and hornblende and we can
see biotite in the quartz dioritic rocks. Quartz exist
as tiny grains and anhedral and in the matrix rock.
The amount of Quartz in the quartz diorites is 5 to
20%. Plagioclases usually have normal zoning
and are highly altered to sericite. Most of the
plagioclases were saussuritized. Altered minerals
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resulted from plagioclase and hornblende are
sericite, epidote, chlorite, zoisite and clinozoisite.
The main minerals in the gabbro are pyroxene,
hornblende, and fine grains plagioclase. Minor
minerals in the rocks are apatite, magnetite and
other opaque.

The main texture of intermediate and mafic rocks
in this assemblage is medium granular to coarse
grain and especially in the intermediate rocks and
gabbro rocks, we can see scattered poikilitic,
intersertal, sub-ophitic and porphyroid texture.

Geochemistry

The area diorite and gabbro is located locate in
Tholeiitic and Calc-alkaline series (Fig. 9). Shand
index (ALOs3/(CaO+Na,O+K,0)) is obtained
under 1.1, in Metaluminous field (Fig. 7) and I-
type granite field (Chappell and White, 2001).
Based on the TAS diagram (Middlemost, 1985),
all the diorite and gabbro samples are located in
diorite, gabbro-diorite and gabbro-norite groups
(Fig. 6). The diorite and gabbro’s show
enrichment LREE and low ascending pattern
((La/Yb)n=1.40-6.12 and Lan=12.26-75.81).

U-Pb zircon geochronology

Measurement of U-Th-Pb isotopes of the
Bornaward diorite zircons of BKCh-03 sample
(Table 2) show that its age is related to
551.96+4.32 Ma ago (Upper Precambrian
(Neoproterozoic) (Ediacaran) (Fig. 14).

Sr-Nd isotopes

The &Sr/*Sr)i and (**Nd/"“Nd)i content of
Bornaward diorite and gabbro rocks is located in
the range of 0.7038 to 0.7135 and 0.51203 to
0.51214, respectively (Tables 3 and 4). It shows
that the diorite and gabbro rocks can be affected
by hydrothermal alteration because their
(¥’Sr/*%Sr); is above (Fig. 16). The numeral
amounts of ENd(r=ss2) of Bornaward diorite and
gabbro are 2.0 to 4.0.

Petrogenesis

The Bornaward diorite and gabbro rocks show a
widespread enriched pattern of Rb, U, K, Pb, La
and Th elements than chondrite, while Ba, Ti, Ta,
Sr and Nb elements show reduction as a result of
fractional crystallization (Fig. 11). The rocks of
this complex are formed at the continental margin

and VAG environment (Fig. 18) which is related
to the subduction of the oceanic crust that exists
between the Iranian microcontinent and the
Afghan Block.

Results

This assemblage with age of Late Neoproterozoic
is the result of extensive magmatism in the
northern part of the Iranian microcontinent due to
Katangahi orogeny event. The similar magmatism
in the northern part of the Iranian microcontinent
is existing as Khaf-Kashmar-Bardeskan volcano-
plutonic belt.

Based on the geochemical investigations, the
magmatism of these rocks has been tholeiitic and
calk-alkaline and have formed the coexistent
rocks with I-type granites. Alumina saturation
index for intermediate and mafic rocks of
Bornaward complex is metalumina. These are
medium-K rocks and enriched in the LILE such as
Rb, Pb, U and Th while depleted of the Nb, Ti,
Ta, Sr and Ba. Therefore, it shows that these rocks
have resulted from the mixing by the lower crust.
The low (*’St/**Sr); Bornaward diorite and gabbro

rocks and the numeral amounts of goNdpresent) of
these rocks from -0.2 to 4.0 show that production
of such intrusive masses can be attributed to the
source of upper mantle or contaminated lower
continental crust. Environment of formation of the
intermediate and basic rocks of the Bornaward
plutonic complex is active continental margin and

volcanic arc environment.
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