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In this article, metabasic and gneissic rocks of Gelmandeh and Zamanabad mountain (Boneh-Shurow
complex, Saghand region) have been used for U-Pb dating. Analyses of zircon crystals yielded
concordant U-Pb ages with weighted mean 2Pb/>*8U ages of 545.4 £3.6 Ma (MSDW=1.7) for garnet
amphibolite, 541.2 + 4.4 Ma (MSDW=1.8) for metagabbro, 541.3 £3.5 Ma (MSDW=0.26) for quartz-
feldspatic gneiss and 549.2 + 2.6 Ma (MSDW=0.28) for amphibole- biotite gneiss. The studied zircon
crystals has continental, crustal nature and show a strong affinity to magmatic zircons in Chondrite-
normalized patterns. The ages that approximately ranges between 541-549 Ma are interpreted as the
Crystalline age of the garnet amphibolite and gneissic parental magma. These ages previously assumed
as the timing of peak-metamorphism of the Boneh-Shurow garnet-amphibolite and emplacement ages

for the granitic precursor of gneissic rocks.

1. Introduction
The Precambrian (about 4.6 billion to 542 million years ago) is a
broad time period that has occupied most of the Earth’s life. This part
of the Earth’s events is still not well known and its secrets lie in the
rocks, the remaining evidences of that time. The oldest reported rocks
of Iran, are belonged to the late Neoprotrozoic — Infracambrian, the
upper parts of Precambrian (Stocklin, 1968; Berberian and King, 1981;
Ramezani and Tucker, 2003; Hassanzadeh et al., 2008).

The oldest documented rocks in Iran belong to the Saghand region.
In this area the most extensive documented outcrops of basement
rocks in central Iran are exposed and its metamorphic, deformation
and tectonothermal events always has been attracted the geologists

(Aghanabati, 1383; Haghipour, 1974). There has been no consensus

about the process, consequence and especially the “time” of the
metamorphism of rocks attributed to the Precambrian of Saghand
Posht-e-Badam area.

Based on Haghipour’s report (Haghipour, 1974), without considering
possible older metamorphism, the most known Precambrian
metamorphism of the region includes two successive phases, which
result in metamorphism, migmatitization, and intense granitization
of Precambrian rocks. He believes that in addition to the mentioned
two-phase minerals, there are some minerals of younger metamorphic
events that belong to post-Precambrian metamorphisms. Therefore, it is
accepted that in the Precambrian rocks of Sagand-Pesht badam, there is

multiple metamorphism. Haghipour (1974) believes in 6 metamorphic
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phases, two of which occurred in the Precambrian (Aghanabati, 1383).
Samani (1367) ruled out the Precambrian metamorphism and considers
the metamorphic of Saghand region complexes to be the product of the
dynamo-thermal metamorphism of the Cimmerian orogeny (180-200
million years) and migmatization, granitization due to the hydrothermal
metamorphism of the beginning of the Tertiary (52 million years).The
mentioned dynamothermal (Simmerian) and thermal (Tertiary) phases
can be the younger phases that Haghipour called them younger phases
than the Precambrian (Aghanabati, 1383).

According new U-Pb ages and geochemical data from the magmatic,
metamorphic and siliciclastic rocks of the Saghand area, Ramezani and
tucker (1997) believe that unravel three main episodes of orogenic
activity in the latest Neoproterozoic-Early Cambrian, the Late Triassic,
and the Eocene. Geologic events in the oldest episode include in
chronological order, low- to medium-grade metamorphism, calc-
alkaline plutonism, rhyolitic to andesitic volcanism, and widespread
trondhjemite emplacement, from 547 Ma to 525 Ma. The Late Triassic
event (approximately 220-213 Ma) is characterized by the emplacement
of granite-tonalite plutons. The extensive, high-grade metamorphic
rocks, migmatites and post-kinematic intrusions of Eocene age (47-44
Ma) occur in a distinct domain, in the western part of the Saghand area.
The report of late Neoproterozoic-early Cambrian metamorphism by
Ramezani and Tucker (Ramezani and Tucker, 2003) as the age of the
peak of metamorphism is based on U-Pb dating of zircon crystals of
Golmandeh garnet amphibolite located in the Beneshoro metamorphic
complex (the largest metamorphic complex of Saghand). The most
important criterion in attributing this age to the peak of metamorphism
in the mentioned study was the morphology of zircon crystals. They
divided the zircons in the investigated garnet amphibolites into two
groups based on their morphology under the binocular microscope. The
first group, small and transparent round zircons and the second group,
large block zircons (diameter 0.2 mm) in amber color. They believe that
the mentioned morphologies, along with the mafic composition of the
rock and the metamorphic degree of garnet-amphibolite, most likely
indicate the origin of the studied zircons.

New apatite and zircon (U-Th)/He thermochronometry is used to
constrain the late-stage cooling history of the Chapedony metamorphic
core complex in the Saghand region by Kargaranbafghi et al. (2012).
The new data require that the Chapedony metamorphic core
complex cooled from ~750 °C to ~60 °C. Exhumation of the core
complex occurred during the main phase of subduction of the distal
Arabianmargin beneath the Central Iranian Plate at 49 to 30Ma.
Zircon He ages from the hangingwall units of the complex suggest
an earlier pulse of exhumation in Middle-Late Cretaceous. Apatite
He ages from the hangingwall (22-30 Ma) are significantly younger
than the core complex exhumation but is consistent with the regional
timing of initial Eurasia—Arabia collision. Detailed structural analysis
and mapping of the metamorphic basement rocks of the KKTZ on the
Boneh-Shurow, Tashk, Saghand and Sarkuh Metamorphic Complexes,
as well as **Ar/*Ar cooling ages on the Boneh-Shurow Metamorphic
Complex by Masoodi et al. (2013) indicate three deformation stages in
the tectonometamorphic evolution of the KKTZ during the Cimmerian
orogeny. The D1-1 event corresponds to continental accretion through
the progressive formation of dextral shear zones, which is equivalent to

an Early Cimmerian event during Late Triassic—Early Jurassic times.
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The D1-2 event is characterized by top-to-NE normal shear zones due
to syn-collisional exhumation within the KKTZ and is considered to
be a Mid-Cimmerian Middle Jurassic event. The progressive regional
compressional deformation is continued by the D2—1 and D2-2 events
through formation of reverse shear zones and faults during Early
Cretaceous.

Therefore, based on the studies that have been done so far, the
oldest metamorphic event of the Sagand region has been reported by
Ramezani and Tucker (2003) and attributed to the late Neoproterozoic-
Infracambrian time. However, the criteria for assigning this age to
the time of peak metamorphism (zircon morphology, mafic rock
composition, and metamorphism degree) are not valid criteria.

Some recent studies indicate that even the use of accurate
cathodoluminescence images and Th/U ratio alone and without
integration with zircon crystal chemistry data may lead to incorrect
analysis of the nature of the studied zircons (Castifieiras et al., 2020).
Therefore, in the present study, the uranium-lead age data of zircon
crystals obtained from metabasites and gneisses of Boneh-Shurow
complex were interpreted based on crystal chemistry and compared

with previous findings.

2. Geological Setting

The studied area is a part of Boneh-Shurow complex and located at
cast of Saghand, Central Iran (Fig. la,b). This complex consisting of
quartz-feldspathic gneiss, amphibole-biotite gneiss, hornblendite,
amphibolites, amphibole schist, metagabbro, pelitic and semipelitic
schists and subordinate marble and quartzite, together with their host

rocks have retrogressed to lower amphibolite facies.

3. Field Relationships

Metabasic rocks: According to the IUGS subcommissionon the
systematics of metamorphic rocks (Schmid et al., 2007). Metabasic rocks
can be subdivided into four groups: metagabbro, (garnet) hornblendite,
(garnet) amphibolite and (garnet) amphibole schist. Metabasites appear
mostly as enclaves and sheet-like bodies in the geneissic rocks (fig. 2a).
The small lenses exist in the pelitic schists (fig. 2b), thin or thick layers
in the sharp contact with gneisses and marbles and parallel to the main
foliation (fig. 2¢) and metagabbro (fig. 2d).

Quartz feldspathic gneiss: Quartz feldspathic gneisses appears as
veins with dimensions of millimeters to several tens of centimeters
along the schistosity of other rock units that have been folded locally
along with the host rock (fig. 3a). One of the notable features of this
rock group is the presence of amphibole-biotite gneiss fragments
(Fig. 4d) and amphibolite (Fig. 3b) with dextral sense of shear.
Amphibole-biotite gneiss: These lithologies are seen in the vicinity of
garnet amphibolite and amphibolite and sometimes from their gradual
change (Fig. 4a). Some outcrops of amphibole-biotite gneiss contain
fragments of metabasites (Fig. 4b) and sometimes they are seen as
lenses with not very clear boundaries, within quartz-feldspar gneiss

units (Fig. 4c).

4. Petrography

Metabasic rocks: The general paragenesis of metabasics consists of

hornblende + plagioclase + garnet + epidote + quartz + biotite + epidote

+ rutile + sphene + ilmenite + relic magmatic pyroxene. The only
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real difference between samples is the modal percent of the minerals.
Foliation define by crystallographic preferred orientation of grains such
as amphibole and plagioclase (fig. 5a). Porphyroblastic texture exists
in the samples containing garnet. Relicts of Magmatic clinopyroxenes
exist in metagabbro (fig. 5b) and the clinopyroxene rims have been
affected by metamorphism and changed into actinolite and termolite.
Crenulation microstructure are common in metabasites (fig. Sc)
Quartz feldspathic gneiss: They are consisted of quartz+ feldspare
+ biotite flakes + amphibole + garnet + epidote =+ titanit. Most of
them exhibit foliated textures and mylonitic texture. Cataclastic
texture (fig. 6b), Crenulation (fig. 6¢) is visible in some thin sections.
Amphibole-biotite gneiss: These gneissic rocks are consisted of
quartz+ feldspare =+ biotite flakes + amphibole + garnet + zircon +clorite
+calcite £clay mineral. Most of thin sections exhibit foliated textures
and in some of them mylonitic texture (fig. 6a) is visible. Alternation
of slightly elongate feldspar and quartz and oriented mica-amphibole

bands defines a penetrative foliation.

5. Analytical Method

After field and microscopic studies 30 Kg of garnet amphibolites
(sample44), metagabbro (sample 172), amphibole-biotite gneiss (sample
184) and 10 Kg of quartz feldspathic gneiss (sample 500) have choose
for age dating analyses. Zircon U/Pb geochronology and trace element
data were acquired simultaneously using a laser ablation ‘split stream’
setup consisting of a Photon Machines Excimer 193 nm laser ablation
unit coupled to a Nu Instruments, ‘Nu Plasma’ multicollector ICP-MS
(to measure U, Th, and Pb isotopes) and an Agilent 7700S quadrupole
ICP-MS (to measure trace elements), housed at the University of
Santa Barbara, California (for detailed methodology see
Cottle et al. 2013; Kylander-Clark et al., 2013; with modifications as
described in McKinney et al. 2015). Samples were analysed for 20 s
using a fluence of 1.5 J cm™, a frequency of 4 Hz and spot size of 20 pm
diameter resulting in crater depths of ~9 pm. Utilizing a standard-sample
bracketing technique, analyses of reference materials with known
isotopic compositions were measured before and after each set of seven
unknown analyses. Data reduction, including corrections for baseline,
instrumental drift, mass bias, down-hole fractionation and age and trace
element concentration calculations were carried out using Iolite v. 2.1.2
(Paton et al., 2010). A 207Pb-based correction was applied to the data
using a common lead composition derived from the single-stage model
of Stacey and Kramers (1975) at the inferred crystallization age. The
uncertainty on the 207Pb corrected age incorporates uncertainties on
the measured 206Pb/238U and 207Pb/206Pb ratios as well as a 1%
uncertainty on the assumed common lead composition. ‘91500’ zircon
(1065.4 £+ 0.3 Ma 207Pb/206Pb ID-TIMS age and 1062.4 + 0.4 Ma
206Pb/238U ID-TIMS age, Wiedenbeck et al. 1995) served as the
primary reference material to monitor and correct for mass bias as
well as Pb/U down-hole fractionation and to calibrate concentration
data, while ‘GJ-1" zircon (608.5 + 0.4 Ma 207Pb/206Pb and 601.7
+ 1.3 Ma 2*Pb/>*U ID-TIMS ages, Jackson et al., 2004) was treated
as an unknown in order to assess accuracy and precision. Twenty-
two analyses of GJ-1 zircon throughout the analytical session yield a
weighted mean 207Pb/206Pb date of 601 + 3 Ma, MSWD = 0.8 and
a weighted mean 206Pb/238U date of 599 + 0.8 Ma, MSWD = 0.8.
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Concordia and weighted mean date plots were calculated in Isoplot v2.4
(Ludwig, 2000) using the 238U, and 235U decay constants of Steiger
and Jager (1977). All uncertainties are quoted at the 95% confidence or
2 s level and include contributions from the external reproducibility of
the primary reference material for the 207Pb/206Pb and 206Pb/238U
ratios; brief results are summarized in Table 1 and 2.

Analyses of zircon crystals yielded concordant U-Pb ages with
weighted mean 2Pb/?*U ages of 545.4 +3.6 Ma (MSDW=1.7) for
garnet amphibolite, 541.2 £ 4.4 Ma (MSDW=1.8) for metagabbro,
541.3 £3.5 Ma (MSDW=0.26) for quartz-feldspatic gneiss and 549.2 +
2.6 Ma (MSDW=0.28) for amphibole- biotite gneiss (fig.7). According
to chemistry of zircon, The Ti contents are (2.2-7.5) in (garnet)
amphibolites, (0.51-3.4) metagabbroes, (1.2 to 63) quartz-feldspathic
gneisses, (0.9 to 12.7) amphibole-biotite gneiss. Ce abundances are
in the (garnet) amphibolites (7.36-15.54), metagabbros (10.3 to 27.8),
quartz feldspathic gneisses (12.2 to 14.5), amphibol-biotite gneisses
(1.12t0 40.5). Th/U ratios are (0.52-0.69) in garnet amphibolites, (0.43-
0.64) in quartz-feldspathic gneiss, (0.37-0.64) amphibole-biotite gneiss
and (0.51-0.58) in metagabbro.Total REE abundances (XREE) are about
(1672.59 to 1174.30) in the (garnet) amphibolites, (674.88 to 1095.88)
in metagabbros, (719.98 to 1273.70) in quartz-feldspathic gneisses,
(615.82 t02048.22) in amphibole-biotite gneisses (table 2).Chondrite
normalized patterns of the studied zircons have been shown in fig.8.
They are characterized by a steeply- rising slope from the LREE to the

HREE with a negative Eu and positive Ce anomalies.

6. Discussion

Th/U values indicate a magmatic source for the studied zircons. Generally,
this ratio is less than 0.1 for metamorphic zircons and between 0.1-1 for
magmatic zircons (Hoskin and Schaltegger, 2003) and about 4 for crustal
zircons (Belousova et al., 2002). Then Th/U values indicate a magmatic
source for the studied zircons. Ce abundances are less than about 50 ppm
which is typical for magmatic zircons (hoskin and Schaltegger, 2003).
Ti values are consistent with the abundances of Ti values reported for
magmatic zircons (<75, hoskin and Schaltegger, 2003). Chondrite
normalized patterns of the studied zircons is characteristic of unaltered
igneous zircons (Hoskin and Schaltegger, 2003). Compared with
chondritic aboundances, the studied zircons have LREE abundances
less than 101xchondrite, MREE from 100% to 102xchondrite and HREE
range between 103x to 104xchondrite. This amounts also indicate
unaltered igneous zircon (Hoskin and Schaltegger, 2003).

Total REE abundances (XREE, table 2) are similar to those reported for
crustal zircons (250 — 5000ppm, Hoskin and Schaltegger, 2003). In the
U/Yb vs Y tectonic discrimination diagram (Carley et al., 2014), the

studied zircons show a strong affinity to crustal zircons (fig. 9).

7. Conclusion

The study of the chemistry of the studied zircon crystals shows the
magmatic, continental and crustal nature of zircon minerals. Based
on this, The ages that approximately ranges between 541-549 Ma
are interpreted as the Crystalline age of the garnet amphibolite and
gneissic parental magma. These ages previously assumed as the timing
of peak-metamorphism of the Boneh-Shurow garnet-amphibolite and

emplacement ages for the granitic precursor of gneissic rocks.
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Figure 1. a) Location of the Saghand area, Central Iran and Kerman — Kashmar tectonic zone. The fault, S location and the boundary

of different tectonic zones are taken from Aghanabati (2010); b) The geological map of study area.
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Figure 2. a) Angular amphibolitic fragments, parallel to the foliation of amphibole biotite gneisses (A.B. Gneisses) units; b) Small amphibolitic
lenses in the pellitic schist; ¢) Metabasic units with sharp contact with quartz feldspathic gneiss (Q.F.Gneiss); d) Metagabbroic intrusion in the

vicinity of quartz feldspathic gneiss.
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Figure 3. a) Quartz feldspathic veins in the amphibole schist outcrop; b) Presence of the deformed amphibolitic lenses in the quartz

feldspathic gneiss. (See fig. 2 for abbreviations).
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Figure 4. a) Amphibole biotite gneiss outcrop in contact with garnet amphibolite; b) Metabasic fragments and lenses
in amphibole biotite gneiss; ¢c) Amphibole biotite gneiss lense without sharp boundary in the quartz feldspathic gneiss;

d) Mantle —core structure of plagioclase in amphibole biotite gneiss. (See fig. 2 for abbreviations).
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Figure 5. microscopic features of metabasic rocks: a) Preferred orientation of plagioclase and amphibole in amphibolite; b) Residual igneous clinopyroxene in

metagabbro has been altered to termolite and actinolite in the margin; ¢) Crenulation microstructure in hornblendite.
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Figure 6. a) Microscopic features of amphibole- biotite gneisses; b) mylonitic fabric and preferred orientation texture; ¢) Cataclastic shear zone in microscopic scale;

d) Crenulation microstructure.
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Figure 7. a, b, ¢, d) Concordant ages of garnet amphibolite, metagabbro, amphibole biotite gneiss and quartz feldspathic gneiss,

respectively.
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Figure 8. Rare earth element composition of studied zircon compared to magmatic and hydrothermal (Hoskin, 2005), low-pressure (Rubatto, 2007),

high pressure (Rubatto, 2007) and very high pressure (Hermann et al., 2001) metamorphic zircons.
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Tablel. Part of Zircon U-Pb age data from rock units of the studied area that have been used in concordia diagrams.

Sample | Final207_235 | 25s. % | Final206_238 2s.% Rho Sample Final207_235 | 2s. % Final206_238 2s. % Rho
500-1 0.7080 1.90 0.0871 1.68 0.88 184-5 0.7170 1.85 0.0890 1.65 0.89
500-2 0.7030 1.90 0.0876 1.67 0.88 184-6 0.7440 2.60 0.0922 2.44 0.94
500-3 0.7020 1.89 0.0875 1.68 0.89 184-7 0.7160 1.69 0.0889 1.44 0.85
500-4 0.7090 1.91 0.0876 1.67 0.88 184-8 0.7250 2.75 0.0893 2.62 0.95
500-5 0.7011 1.67 0.0878 1.46 0.87 184-9 0.7070 2.40 0.0880 222 0.92
172-1 0.7060 1.99 0.0877 1.78 0.90 184-10 0.7530 2.40 0.0926 222 0.92
172-2 0.7130 2.17 0.0882 1.99 0.92 184-11 0.7210 2.36 0.0890 2.19 0.93
172-3 0.7000 1.91 0.0868 1.69 0.88 184-12 0.7170 248 0.0893 2.29 0.93
172-4 0.6990 222 0.0868 2.02 0.91 184-13 0.7150 2.07 0.0889 1.87 0.90
44-1 0.6990 1.84 0.0874 1.46 0.79 184-14 0.7240 2.49 0.0900 2.28 0.92
44-2 0.7190 1.87 0.0898 1.64 0.87 184-15 0.7200 232 0.0883 2.10 0.90
44-3 0.7050 235 0.0876 2.11 0.90 184-16 0.7140 2.16 0.0889 1.98 0.91
44-4 0.7184 1.58 0.0892 1.23 0.78 184-17 0.7000 2.10 0.0868 1.91 0.91
44-5 0.7000 2.56 0.0870 224 0.87 184-18 0.7110 227 0.0886 2.09 0.92
184-1 0.7080 2.05 0.0883 1.88 0.92 184-19 0.7120 2.17 0.0886 1.98 0.91
184-2 0.7190 235 0.0886 2.20 0.94 184-20 0.7130 1.69 0.0887 1.44 0.86
184-3 0.7280 1.93 0.0898 1.74 0.90 184-21 0.7120 2.08 0.0889 1.87 0.90
184-4 0.7220 242 0.0903 227 0.94 184-22 0.7120 2.56 0.0890 2.41 0.94
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Table 2. Elements and element ratios that have been used in determining the zircons nature in studied area.
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Sample Ti (ppm) Ce (ppm) Th/U XREE (ppm) Sample Ti (ppm) Ce (ppm) Th/U XREE (ppm)
500-1 1.40 12.20 0.43 719.98 184-5 2.80 23.50 0.70 972.59
500-2 2.40 10.69 0.48 764.49 184-6 2.60 11.20 0.47 817.88
500-3 63.00 14.30 0.53 1030.31 184-7 3.00 9.70 0.50 866.23
500-4 1.20 14.40 0.48 992.50 184-8 3.00 75.00 0.65 1543.75
500-5 2.00 14.50 0.64 1273.71 184-9 101.00 7.90 0.45 615.82
172-1 4.80 7.36 0.52 672.59 184-10 1.50 86.00 0.45 1033.19
172-2 2.20 9.53 0.56 1114.84 184-11 3.10 8.04 0.41 550.30
172-3 4.60 7.65 0.56 1174.31 184-12 1.60 9.60 0.37 755.11
172-4 2.30 10.00 0.59 967.69 184-13 3.70 8.47 0.47 800.59
44-1 7.50 15.40 0.69 1275.06 184-14 1.90 19.60 0.40 1588.53
44-2 3.40 27.80 0.51 674.88 184-15 2.18 18.40 0.40 877.03
44-3 0.51 12.30 0.57 1095.70 184-16 1.90 14.50 0.39 1238.31
44-4 1.50 12.60 0.58 1995.88 184-17 2.70 11.79 0.51 684.14
44-5 2.70 10.30 0.57 1088.02 184-18 2.00 9.30 0.43 803.57
184-1 2.80 13.74 0.64 1161.38 184-19 2.60 13.50 0.41 975.18
184-2 1.90 16.80 0.63 1611.34 184-20 12.70 40.50 0.58 1698.02
184-3 0.90 12.67 0.56 716.73 184-21 1.60 9.88 0.46 832.47
184-4 1.70 14.10 0.38 984.60 184-22 1.90 1.12 0.49 2048.22
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Figure 9. a) U/Yb vs Hf diagram, discriminating between oceanic and continental environment.
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