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of quartz, alkali feldspar and plagioclase. Whole rock geochemical data indicate that
the samples are metaluminous with high FeO/MgO ratio, Na,O+K;0 and HFSE, and
low CaO, Ba and Eu contents that are in line with geochemical characteristics of
anorogenic granites. According to the tectonic discrimination diagrams, the felsic
rocks of the Rizu Formation were formed in within plate to continental rift settings.
They show the same geochemical signatures as those of anorogenic rhyolites of the
East African rift and Basin and Range province of the west coast of North America.
In addition, the rhyolite-trachytes of the Rizu Formation suggest an Al subtype on
the basis of anorogenic granite discrimination diagrams, derived from fractional
crystallization of an OIB-type mantle melt in a within plate (failed rift) environment.
Their association with microgabbros is also reminiscent of bimodal magmatism in a
continental back arc rift formed by the subduction of Prototethys beneath the Iranian
plate during the Late Neoproterozoic-Cambrian.
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EXTENDED ABSTRACT

Introduction
Rhyolites occur in almost all types of

tectonic settings, although their proportion
varies greatly from one setting to another.
Combination of two end-member mechanisms
is commonly invoked to explain the
generation of rhyolites: 1) anatectic melting of
crustal materials (Riley et al.,, 2001) and
remelting of solidified basalt underplated to
the lower crust (Miller and Harris, 2007). 2)
Fractional crystallization of a more mafic
magma with or without crustal contamination
(Hutchison et al., 2018).

There are relatively extensive outcrops of
felsic ~ (rhyolite-trachyte) and  mafic
(microgabbro) magmatic rocks in the Rizu
Formation of Zarand area (NW Kerman),
where they are overlain by dolomites of the
Desu Formation.

In order to define the petrogenesis and
tectonic setting of felsic magmatism of the
Rizu Formation, this study focuses on the
petrochemistry of rhyolite-trachyte suites. Our
data suggest their formation in a continental
back-arc rift during the Late Neoproterozoic-
Cambrian subduction of Prototethys beneath
the Iranian plate.

Material and methods

In this contribution, we investigate the
geochemistry of felsic magmatic rocks
(rhyolite-trachyte) of the Rizu Formation as a
tool to constrain their petrogenesis and
paleotectonic setting. We integrate field
investigations and microscopic observations
with laboratory work through whole-rock
chemistry of 10 samples. Whole rock
geochemical data were obtained from ICP-
OES and ICP-MS analyses performed at Zar
Azma Company, Thran.
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Results and discussion

The investigated volcanic rocks show
porphyritic and amygdaloidal textures. Alkali
feldspar microphenocrysts set in a fine-
grained and felsitic matrix that composed of
quartz + alkali feldspar + plagioclase
assemblage.  Amygdaloidal  texture s
characterized by the wvesicles filled with
quartz, calcite and tourmaline.

In the studied rhyolite-trachytes, the SiO;
content ranges from 67.26 to 70.15 wt. %. K,O
(0.85-6.92 wt.%) and Na2O (3.63-7.09 wt.%),
and total alkaline (Na;O + K;O = 7.94-10.63
wt.%) display high ranges associated with
relatively high content of Al,O; (14.73-15.72
wt.%), and, except for two samples, very low
Mg# (9-13). They show metaluminous
character and most of them fall in the alkaline
to shoshonitic fields.

The chondrite-normalized rare earth
element (REE) patterns exhibit negatively
sloped trends with light (L) REE enrichment
relative to heavy (H) REE and, a pronounced
negative Eu anomaly. The primitive mantle-
normalized trace element spider diagrams
indicate relative enrichment in large ion
lithophile elements (except for Ba) and
depletion in high field strength elements, such
as Sr, P, Ti, and Zr. The REE and spider
diagram patterns of the investigated samples
display considerable compositional overlap
with those of felsic volcanics of the East
African rift, Basin and Rang rhyolites from the
western North America and Alamdar rhyolites
of NW Iran.

As shown in the tectonic discriminating
diagrams, most of the samples have within
plate and continental rift geochemical
signatures. According to granitoid
discrimination diagrams, the samples mainly
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fall into A-type field. They also correspond
mainly to the Al subgroup and overlap with
the OIB field, which is compatible with an
intraplate setting. Numerous case studies have
documented that fractional crystallization of
basaltic parental melts produces ferroan,
metaluminous peralkalic, alkalic to alkali—
calcic granites with OIB-like trace element
characteristics of Al-subgroup (Frost and
Frost, 2011).

Vesali et al., (2018) and Sepidbar et al.,
(2020) pointed out mafic magmatism of the
Rizu Formation in the Zarand region (like
those cropped out in the Badiz area)
characterized by geochemical signatures
similar to alkali basalt with enriched character
of OIB sources in a failed continental rift
setting.

Finally, we propose that the rhyolite-
trachytes associated with microgabbros in the
Rizu Formation are reminiscent of bimodal
magmatism in a continental back-arc rift
formed by Prototethys subduction beneath the
Iranian plate during the Late Neoproterozoic-
Cambrian.
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Fig. 4. Classification and nomenclature diagrams of the felsic magmatic samples from the Rizu Formation in

the Badiz district. a) Total alkali versus SiO, diagram (LeBas et al., 1986). The alkaline-subalkaline dividing
line of Irvine and Baragar (1971) is shown as well. b) Nb/Y versus Zr/TiO, diagram (Winchester and Floyd.,
1977). ¢) Normative Ab—An—Or classification diagram (Barker, 1979). The fields of felsic volcanics of the East
African rift (Ayalew et al., 2019), rhyolites of the Basin and Rang province from the North America (Camp et
al., 2003) and Alamdar rhyolites of NW Iran (Moayyed and Hajialioghli, 2018) are shown for comparison.
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Table 1. Whole rock chemistry of Major (wt. %) and trace (ppm) elements for the felsic volcanic samples from

the Rizu Formation.

Sample Grl Gr2 Grl7 Gr20 Gr25 Gr26 Gr28 Gr44 Gr46 Gr54
Rock trachyte rhyolite trachyte trachyte rhyolite rhyolite rhyolite rhyolite rhyolite rhyolite
type
SiO2 68.42 70.15 67.26 68.86 68.51 69.19 69.23 69.72 69.37 69.81
TiO2 <0.01 0.08 0.07 0.06 0.08 0.07 0.05 <0.01 0.07 0.05
Al203 14.73 15.39 15.39 15.07 15.65 15.72 15.23 15.23 15.34 15.21
Fe 030 1.19 0.40 1.80 1.66 1.05 1.13 1.28 0.8 1.85 1.33
MnO 0.13 0.13 0.05 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
MgO 0.16 0.37 0.23 0.16 0.10 0.10 0.19 0.29 0.15 0.20
CaO 3.21 2.56 1.58 0.71 1.50 0.90 0.96 1.83 0.78 0.93
Na2O 7.09 7.04 4.37 4.71 5.10 5.43 4.78 6.55 3.68 5.03
K20 0.85 0.92 5.13 5.54 5.53 5.18 5.32 1.67 6.92 5.14
Lol. 2.86 2.42 2.18 1.41 1.28 0.89 1.34 2.71 1.15 0.84
Sum 98.64 99.38 98.02 98.19 98.80 98.63 98.38 98.84 98.65 98.45
Mg# 12 47 13 9 9 8 13 77 11 13
Trace element(ppm)
Sc 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
A" 8 12 6 7 7 7 7 7 9 9
Cr 10 3 8 3 6 9 16 2 1 11
Co 1 1.50 1.20 1 1 1.30 1.40 1 1.50 1.20
Ni 8 10 7 5 8 8 14 8 5 9
Cu 1 28 1 5 9 5 9 2 2 4
Zn 13 9 21 77 34 71 21 13 25 34
Rb 33 38 186 249 209 229 207 82 316 203
Sr 25.50 37.10 28.60 22.70 24.50 23.70 30.90 26.50 21.90 47
Y 35.70 54.90 37.10 105 82.30 95.80 80.30 49.60 82.40 66.80
Zr 94 75 87 71 52 55 67 164 48 159
Nb 63.30 26.90 26 82.30 90.70 96.30 89.10 108 96.90 99.20
Mo 1.90 0.90 2.20 7.40 5.90 3.20 2.80 1.40 4.10 2.30
Cs 0.50 0.60 0.80 1.20 1 1 0.80 0.50 1.10 1.10
Ba 20 17 27 70 107 86 148 20 100 39
La 68 63 96 130 142 133 85 53 55 92
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Ce 161 155 209 256 286 149 181 131 125 191
Pr 12.11 11.30 17.68 20.62 24 23 15.32 10.88 10.60 16.92
Nd 56.20 41 64.90 52.40 79.40 79.40 31.90 19.80 50 32
Sm 11.40 12 13.40 18 19.80 15.60 10.90 9.70 9.70 11.40
Eu 0.34 0.54 0.55 1.10 0.90 0.68 0.61 0.28 0.38 0.46
Gd 9.91 10.34 13.07 14.47 16.39 13.47 11.37 9.34 10.78 11.32
Tb 1.50 2.40 2.70 4.60 4.20 4.40 3.50 2.20 3.40 3.40
Dy 7.60 11.40 10.20 19.80 15.70 18.10 15.80 10.80 16.50 13.80
Er 4.30 6.10 4.50 10.10 8.90 8.30 8.10 5.70 8.50 7.10
Tm 0.40 0.50 0.60 10 0.90 0.80 0.80 0.60 0.90 0.80
Yb 3.98 421 2.92 7.63 5.92 5.57 6.17 445 6.58 5.37
Lu 0.80 0.80 0.50 1.20 10 0.80 0.90 0.70 0.90 0.70
Hf 3.40 2.60 3.20 2.30 1.90 2.10 2.10 5.10 1.80 4.30
Ta 1 0.50 0.60 4.20 1.30 2.60 2 3.50 2.60 2.50
Pb 1 1 17 11 8 15 10 3 2 1
Th 24.40 24.40 31.60 29.90 31.80 29.70 30.50 29.40 28.80 31
U 3.90 1.70 3.80 2.10 2.40 3.10 7.40 5.60 4.80 4.30
saises  «(Shand, 1943) Al/(Ca+Na+K) Peccerillo and ) SiOz pl» ;0 K2O logas 4o
sl lie £ 5 Boas g3, 0ijle Sends Sleazs] Sy0 Sloaiges WSl s, «(Taylor, 1976
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s ] gla gy 5 o 31 Gy iy Sl 5y S, Sedd laias] slaSin LS
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Fig. 5. a) K20 versus SiO: diagram (Peccerillo and Taylor 1976), showing shoshonite affinity of felsic volcanics of the Rizu
Formation. b) A/CNK versus A/NK diagram (Shand, 1943) showing that the investigated samples have largely
metaluminous nature.
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Fig. 6. Chondrite normalized REE spider diagram (Normalization values after Sun and McDonough, 1989) for
felsic volcanic samples of the Rizu formation. b) Primitive mantle normalized multielement spider diagram
(Normalization values after Sun and McDonough, 1989) for felsic volcanic samples of the Rizu formation. The
fields of felsic volcanic of the East African rift (Ayalew et al., 2019), Basin and Rang rhyolites from the western
North America (Camp et al., 2003) and Alamdar rhyolites in the NW Iran (Moayyed and Hajialioghli, 2018)
are shown for comparison.
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Fig. 8. Tectonic discrimination diagrams. a) Ta versus Yb diagram (Pearce et al., 1984). b) Nb versus Y diagram
(Pearce et al., 1984). ¢) La/Yb ratio versus SiO; diagram (Ayalew and Ishiwatari, 2011). d) Sr versus Rb diagram
(Ayalew and Ishiwatari, 2011). ORG: mid-ocean ridges granites, WPG: within plate granites, VAG: volcanic

arc granites, Syn-COLG: syn-collision granites.
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