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Fig. 1. Location of porphyry copper deposits in the Saveh-Naein-Jiroft magmatic belt, Arasbaran, and Lut Block. Blue

arraw= Alborz Magamtic Belt (AMB). Kerman porphyry copper belt is located between tow important faults of Naein
and Nayband, which is shown with more thickness.
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Table 1. Important geochemical characteristics of Adakite (Some data from Defant and Drummond, 1990)

Rock Type

Rhyolite-rhyodacite-dacite-andesite

Granite-diorite-monzonite

Tectonic setting

Volcanic arc: Subduction & Post-collision

Sr >350 ppm
Y <12 ppm. This indicates garnet was present at source.
Sr/’Y >20
(La/Yb)n >20 Enriched in LREE and very low in HREE. Garnet was present at source.
SiO2 Mostly more than 56 wt.%
ALO3 >15 wt.%
MgO <3 wt%

Source of magma

Oceanic slab or deep mantle wedge

Depth of magma Deeper than 90 Km. (La/Yb)n> 20. Garnet was present at source.
Eu/Eu* Usually higher than 1. Oxidizing condition during melting.
Low Nb and Ti This is due to present of hornblende or Ti-mineral at source.
<0.7045, ilf the source is oceanic slab).
©SESD)i It may be up to 0.707, if the source is from mantle wedge or contaminated in

the continental crust.
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Table 2. Geochemical characteristics of fertile I-type magnetite series granitoids in the SNJMB

Ore Reserve

Group Porphyry X Y M) Ore Grade
Cu=0.69
>
1 Sungun 46.70 38.70 500 Mo=250
2 Dalli 50.32 34.27 8 0.5
3 Kahang 52.47 33.92 40 0.53
4 Darreh Zereshk & Ali Abad 53.83 31.55 23 0.9
5 hju 54949  30.537 80 0.35
6 Parkam (Sara) 55.14 30.45 16 0.46
7 Meiduk 50.174 30.41 176 0.61
8 Chah Firouzeh 50.173  30.425
Cu=0.95
9 Sarcheshmeh 55.87 29.95 1200 Mo=300
10 Now Chun 55.83 29.91 80 0.32
11 Darreh Zar 55.88 29.85 283 0.38
12 Bagh Khoshk 55.99 29.82 24 0.27
13 Dar Alu 57.10 29.42 283 0.38
A Dati
Group (l\f:) M:t;:il Sr (ppm) Y (ppm) Euw/Eu* (La/Yb)n References
Aghazadeh et al. (2015);
Hassanpour et al. (2014);
1 21.3 U-Pb 760-930 11-11.5 1.1-1.2 21-29 Hezarkhani (2006);
Kamali et al. (2018)
2 21 Ar-Ar 360-410 15-19 0.88-0.92 9-13 Ayati et al. (2013)
Ayati et al. (2013);
3 15.17 Re-Os 330-500 7-10 17-24 Asadi et al. (2014)
17 Ar-Ar  820-1600 9-13 1.2-1.25 16-28 Zarasvandi et al. (2015)
5 9-9.5 U-Pb 900-1140 7-9 0.97-1.12 21-38 Golestani et al, 2018
Hassanzadeh (1993);
1 -P -1070 10-12 92-1.2 15-2
6 3 U-Pb 750-107 0 09 5-25 Alirezaei et al. (2017)
Mclnnes et al. (2003);
7 12.5 U-Pb 480-830 7-9 0.95-1.3 20-32 Alirezaei et al. (2017)
8 16.9 U-Pb 790-1120 7-9 1-1.15 33 Sori (2012)
9 13.6-13 U-Pb 470-890 7-10 0.98-1.15 24-38 Mclnnes et al. (2003)
10 13.71 U-Pb Aghazadeh et al. (2015)
11 16 U-Pb 890-970 8-9.5 0.82-1.15 25-34 Aghazadeh et al. (2015)
12 17.85 U-Pb Aghazadeh et al. (2015)

13 12.96 U-Pb Aghazadeh et al. (2015)
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Table 3. Geochemical characteristics of barren I-type magnetite series granitoids in the SNJMB

A
Location Rock Type (Nig:) Sr (ppm) Y (ppm) (La/Yb)n
Takht .
(Hamadan) Granite 16.8 230-270 20-30 6-12
Niyasar .
Diorit 17-1 230-4 20-4 -11
(Kashan) iorite 7-19 30-400 0-40 6
Niyasar .
4 1 ;
(Kashan) Granite 350-400 8 6-8
Kuh Payeh Gabbro 20 250330 10-36 4
Isfahan
Kuh Payeh Granite 130250 15-35 5
Isfahan
Nodushan Diorite-
25- 200- 15-2 -
(Yazd) Gabbro 5-30 00-500 5-25 3-8
Nodushan .
(Yazd) Granite 235 14 14
Mirabad Granodiorite  7.5-19  400-639 18 10
Tafresh Diorite 22.2 260-450 13-22
Ardestan Granodiorite 24 200-350 17-37 2-4
Location (EwEu*)  (¥Sr/Sr)i  (*Nd/'¥Nd)i  eNd(i) References
Takht 0.43-0.85 0.7068-0.7085 0.5125 1.49-2.33  Haghighi Bardineh et al. (2018)
(Hamadan) 370" . . . 49-2. ghig .
Ni
DASEE 0 6.0.8  0.7069-0.7082  0.512475 3 Honarmand et al. (2014)
(Kashan)
Ni
(K‘ay:l‘]?;) 0.8 0.70721 0.512501 2.5 Honarmand et al. (2014)
Kuh Payeh . .
ui raye 0.65 0.70552 0.51264 0.28 Sarjoughian et al. (2018)
Isfahan
Kuh Payeh . .
Isfahan 0.4 0.70555 Sarjoughian et al. (2018)
N h
(OSZE d;m 0.9 07059 0.512764 256  Shahsavari Alavijeh etal. (2019)
Nodushan . ..
1 0.70586 0.512539 1.56 Shahsavari Alavijeh et al. (2019)
(Yazd)
Mirabad 0.83 Pang et al. (2014)
Tafresh Raeisi et al. (2019)
512632 B h et al. (201
Ardestan 0708 07050706 1203 0.3-2.6 abazadeh et al. (2019)

0.512705
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Table 4. Sr and Nd isotopic data I-type magnetite series granitoids in the SNJMB and volcanic rocks

Status Location  (¥’Sr/*Sr)i (**Nd/'“Nd)i eNd(i) References

Mineralized Meiduk 0.70455 0.51275 2.18  Shafiei et al. (2009); Shafaiei (2010)

Mineralized Sarcheshmeh  0.704702 0.512716 1.52  Shafiei et al. (2009); Shafaiei (2010)

Mineralized Lju 0.704253 0.512812 3.39 Golestani et al. (2018)

Mineralized Kuh Pange 0.704623 0.512653 0.29  Shafiei et al. (2009); Shafaiei (2010)

Mineralized Sungun 0.704467 0.512751 2.67 Kamali et al. (2018)
Not mineralized Takht 0.7085 0.5125 -1.49 Haghighi Bardineh et al. (2018)
Not mineralized Takht 0.7068 233 Haghighi Bardineh et al. (2018)
Not mineralized Niasar 0.7069 -2 Honarmand et al. (2014)
Not mineralized Niyasar 0.7082 0.512475 -3 Honarmand et al. (2014)
Not mineralized =~ Kuh Payeh 0.70552 0.51264 0.28 Sarjoughian et al. (2018)

Not mineralized Nodushan 0.70586 0.512539 1.56 Shahsavari Alavijeh et al. (2019)

Not mineralized Ardestan 0.705 2.6 Babazadeh et al. (2019)
Not mineralized Ardestan 0.706 0.512632 0.3 Babazadeh et al. (2019)
Adakite volcanic =~ W-Sahand 0.7040 0.5128 Lechmann et al. (2018)
Adakite volcanic Quchan 0.7039 0.51282 3.7
Adakite volcanic ~ Chakenah 0.7043 0.512641 4.52

Gardideh et al. (2018)
Yousefi, et al. (2020)

Adakite volcanic Karkuh 0.7042 0.51288 4.6

Adakite volcanic Zohan 0.7041 0.512694 1.34




olasl Wl )

O‘)&«A})xﬁ;

£Ye

S =0l oSl dn oS 5 01l o, dled SNIMB s 0555 28T SlaanT glaeKin olad sl S0 Jouo

Table 5. Geochemical characteristics of Neogene adakitic volcanic rocks in the SNJZMB, northwestern Iran, and
Sabzevar-Quchan magmatic belt

Group Location Sr (ppm) (p:m) Eu/Eu* (La/Yb)n Age (Ma) X Y References
Nahand 515-695 110 1.3-1.726 47-78 8-10 46.50 3826  Jahangiri (2007)
Jolfa 500-610  13.0  1.31-1.4 33-40 8-10 4575  38.77  Jahangiri (2007)
Marand 524-737  10-15 1.24 17-27 16-10 4532  38.53  Jahangiri (2007)
1
Sahand 545768  6-10 0.89 26-36 3-8 4619 3783 Chalamghashet
al. (2019)
W-Sahand ~ 924-1050  6-8 1.034 27.40  LoMiocene 590 356,  Lechmannctal
Pliocene (2018)
Lechmann et al.
N-Sahand 400-529  4-5 1.209 36-56 4 4623 3792 2018)
Ghorbani and
2 Tafresh 370-660 9 0.95 35-40 ? 50.09  34.77 Bezenjani
(2011)
3 Josheghan 484925  7-15 1.014 7.3y L-Miocene gy 0 356, Khodami (2009,
Pliocene 2019)
. Sayari (2015);
4 SW-Kashan 404 4-6 0.933 36-44 Lpll\l’lo‘é’:rf;‘e 5136 33.61 Sayari and
Sharifi (2018)
5 W-Naein 551 7-8 0.982 2836 LoMiocene g, 50 3 67 Khodami (2009,
Pliocene 2019)
6 SW-Yazd 511-865  6-11 1214 1336 LoMiocene g3 00 3157 Sherafat (2009)
Pliocene
7 Share-Babak ~ 950-1200  8-9 0.978 16-20 L-Miocene ¢ o) 3949  CGhadamietal.
Pliocene (2008)
Quchan- 560 8-11 0.99 20-27 8 36.85  58.55
Esfarayen
Zohan 520 7-10 1.1 19 8-17 58.25 36.71 Gardideh et al.
g (2018);
Meshk Yousefi, et al.
gshian area 490 8-11 1.05 17-23 ? 58.06  36.92 (2020)
(S Quchan)
Chakanch 512 6-12 0.97 19-27 7-17 58.54  36.82
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Fig. 2. A: Plot of granitoids of SNJMB on the total alkali vs. SiO» diagram (Middlemost, 1994), and B: K>O vs. SiO; plot
of the porphyry-bearing and barren Miocene granitoids in the SNJMB (Peccerillo and Taylor, 1976)
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Fig. 3. MORB-normalized trace elements spider diagram for porphyry-bearing and barren Miocene granitoids in the
SNJMB. Normalizing values after Pearce (1983)

I-Type Granitoids (SNJMB), Miocene
® Cu-Porphyry (adakite) @ Dalli Cu-Porphyry 8 No Mineralization (No-adakite)

A Syn-COLG E

2. g
= —'
[+ o

=4 ]
= S - VAG 8 o ORG
B
b T T T — T T T
1 10 100 1000 1 10 100
Y+Nb Ta+Yb

SLitsT LS Lasws (Pearce et al., 1984) 01 as 5 o w5l pme ) Cand 0 0iS ¢SKK (5l 13 505 53 SNIMB gl il .8 S
0335 il § =WPG w531 0ls a iy =5l ¥ =ORG TatYb flis ,3Rb 550 B s YHND filis j3Rb Sls50 :A cdas o OLES |
Sy p L C)\Ajrh C..:a‘_)f =SyIl-COLG ‘GLZ.A..‘ZJT oLs gLf\J? =VAG cdlw

Fig. 4. Granitoids of SNJMB show affinities with volcanic arc granite on the Pearce et al. (1984) discriminant granite
tectonic setting diagrams. A: Rb vs. Y + Nb, and B: Rb vs. Ta + Yb. ORG = ocean ridge granite, WPG = within-plate
granite, VAG = volcanic arc granite, syn-COLG = syn-collisional granites
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Fig. 5. A: Chondrite- normalized REE patterns of barren and mineralized I-type magnetite series granitoids in the SNJMB.
Data used for normalization are from Boynton (1984), and B: (La/Yb)n vs. Ew/Eu* diagram, demonstrating the oxidation
state of samples. Dividing line between reducing and oxidizing magma, and trend of increasing the depth of magmatism

from Karimpour and Sadeghi (2019)
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Fig. 13. A: Crustal thicknesses in structural zones of Iran determined by the combining of elevation and geoid data
(Jim’enez-Munt et al., 2012). The thickness of continental crust along the Saveh-Naein magmatic belt is less than 46 km
and Naein-Jiroft magmatic belt changes from 48 to upper 52 km, and B: The depth of magmatism and crustal thickness
for different Miocene I-type magnetite series granitoids are estimated based on the (La/Yb)n vs. Ybn diagram.
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Fig. 15. The Cu content in the accumulated melt during partial melting as a function of degree of partial melting under
different oxygen fugacity’s. Red lines and blue dash-dot lines represent slab and lower crust melting model, respectively,
varied from AFMQ + 0, AFMQ + 1, to AFMQ + 1.5. Mantle wedge partial melting in dark blue lines of Lee et al. (2012)
is compared to slab and lower crust partial melting. The pink and blue shadows label the Cu concentration area at the
partial melting degree to produce the St/ Y and La/Yb characteristics of adakite. The light blue shadow label the Cu
concentration areas from mantle wedge partial melting to form an arc magma. The brown dash line represents the lower
limit of Cu concentration for mineralized porphyry magma. Only slab melts satisfy the condition to generate a Cu
mineralized porphyry (Zhang et al., 2017). The possible area of fertile adakite magma of NJMB, barren non-adakite of
SNMB, Dalli deposit samples, and volcanic adakite rocks is added by authors.
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Table 6. The Cu content in the accumulated melt from different parts during partial melting as a function of degree of
melting under different oxygen fugacity’s. Data are driven from Fig. 11 (Zhang et al., 2017).
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Fig. 16. Differences in biotite chemistry composition in S- and I-type granitoids in Khajehmourad, Dehnow, Najmabad
and Mahrabad areas in MgO-FeO-Al,O3; diagram (Karimpour et al., 2011b)
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Fig. 17. The SAVEH-NAEIN-JIROFT Magmatic BELT and the location of porphyry copper deposits related to adakite
I-type magnetite series granitoids between the Dorouneh and Naein faults (Naein-Jiroft Magmatic Belt), porphyry copper
deposits related to non-adakite granitoids and barren non-adakite granitoids rocks within Saveh-Naein Magmatic Belt on
Aeromagnetic map of Iran (Source of aeromagnetic map from Saleh, 2006)
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Introduction

About 75% of world copper, 50% of molybdenum,
and 20% of gold are produced from porphyry
copper deposits (Sillitoe, 2010) with an average
ore grade of 0.45-1.5% Cu, 0.007-0.04% Mo and
up to 1.5 ppm Au. Porphyry copper deposits are
commonly  associated  with  intermediate
composition arc-related igneous rocks with high
St/Y and La/YDb ratios (Richards, 2011). Igneous
rocks having ratios of St/ Y > 25 and Y < 10 ppm
are considered adakitic type.

The aim of this work is to modify the name of
Urumieh-Dokhtar magmatic belt (UDMB),
petrological studies of granitoids from Saveh to
Jiroft, determination of the genetic relationship
between porphyry copper deposits and adakitic and
non-adakitic granitoids, and comparison of
Miocene-Pliocene adakitic volcanic rock in
different parts of Iran with barren adakitic
granitoids. The role of a thermal gradient, depth of
dehydration, water content, source rock, partial
melting percentage, and oxygen fugacity in the
formation or non-formation of mineralization,
grade, and reserve of porphyry copper deposits are
also investigated.

Materials and methods
The information used can be divided into three

parts: 1) data related to I-type magnetite series
granitoids related to porphyry copper deposits of
Miocene age in Saveh-Nain-Jiroft magmatic belt
(SNJMB) which in Table 2 are presented, 2) data
related to barren I-type magnetite series granitoids
of Miocene age of SNJBM are reported in Table 3.
In addition, radiogenic isotope information of
barren and fertile SNJMB granitoids and volcanic
rocks is presented in Table 4. 3) Information
related to Miocene-Pliocene adakitic volcanic
rocks, which is shown in Table 5.

Result

Granitoids show the characteristics of subduction
zone magmas. So that the enrichment of LILE
elements and the depletion of HFSE elements can
be seen. Also, enrichment of LILE elements and
depletion of HFSE elements of fertile granitoids is
more than barren units. Dalli deposit samples show
a moderate pattern between barren and fertile
granitoids (Fig. 3). All the evidence presented
shows that all granitoids are I-type and magnetite
series.

In the fertile granitoids, the ratio of (La/Yb)n is
between 15 and 38. However, this is between 2 and
14 (mostly below 10) in barren granitoids (Tables
2 and 3, Figs. 5A and 5B). Negative anomalous
values of Eu are seen in Miocene barren granitoids
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(Eu/Eu* value between 0.43 and 1 with an average
of 0.65) (Table 3). While fertile granitoids have
positive to slightly negative Eu anomalies (Eu /
Eu* value between 0.82 and 1.3 with an average of
1.2).

The initial values of *’St/**Sr of Miocene fertile
granitoids vary between 0.704253 and 0.704702;
while in barren granitoids, it is between 0.705 and
0.7085. Fertile Miocene granitoids have positive
eNd (i) (0.29 to 3.39 mean 2.15) and in barren units
is between 3- and 2.6 (Table 4).

The value of the ratio (La/Yb)n of all volcanic units
is between 13 and 78 and mostly above 20. They
have positive to slightly negative Eu anomalies
(Eu/Eu * values between 0.89 and 1.72) (Table 5).
Figure 9 shows the fertile granitoids of the SNJMB
similar to adakite volcanic rocks are located in the
adakite field. In addition, Figure 11 show that all
samples are high silica adakitic type. However,
barren granitoids, which are mainly located
between Saveh and Nain, are non-adakitic and are
plotted within the normal arc range (Fig. 9).

Discussion and Conclusion

In this paper, the name of UDMB was changed to
Saveh-Nain-Jiroft magmatic belt (SNJMB) based
on the evidence of lack of magmatism between
Saveh to the extent of Takab and absence of air
magnet anomaly. Magmatism of Urumieh to Takab
is a continuation of the western Alborz magmatic
belt. Based on the characteristics of magmatism
and mineralization, SNJMB can be divided into
two distinct belts: 1) Saveh-Nain Magmatic Belt
(SNMB), which mainly consists of non-adakitic
barren I-type magnetic granitoids. Based on the
ratio (La/Yb)n, these granitoids originate from a
depth of 60 to 80 km, and a mantle wedge and

based on the amount of Eu/Eu*, conditions were
oxidant. The initial *’Sr / **Sr ratio indicates that
they had a lot of contamination with the continental
crust. The crustal thickness in SNMB is less than
48 km, 2) Nain-Jiroft Magmatic Belt (NJMB)
which hosts porphyry copper deposits. The
Miocene granitoids of this belt are magnetite series
and I-type adakite. Based on the ratio (La/Yb)n,
these granitoids originate from the depth of garnet
stability (more than 90 km) and partial melting of
slabs and are based on Eu/Eu* Oxidizing
conditions have been established at the place of
origin. The initial *’Sr / ¥Sr ratio indicates slight
contamination with the continental crust. The
crustal thickness in NJMB is 48 to more than 52
km.

Geochemically, adakitic volcanic rocks are similar
to the fertile adakitic granitoids of NJMB, but these
units do not contain any mineralization. The
characteristics of the oceanic slabs of Neo-Tethys
varied considerably during the SNJMB, leading to
various magmatism and mineralization. The
thermal gradient, depth of dehydration, amount of
water, source rock, and the percentage of partial
melting along the belt control the type of
magmatism and the formation of mineralization.
Note Figure 15.
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