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EXTENDED ABSTRACT

Introduction

Porphyry copper deposits are usually formed by
subvolcanic, hydrated, oxidized I-type granitoids
with intermediate composition (Richards, 2015).
However, not all I-type granitoids have the potential
to be fertile, and even in a deposit, multiple stocks
intrude that formed under almost the same
conditions, but only a few of them produce porphyry
copper deposits, which is very questionable?

Tin deposits are divided into porphyry, skarn,
greisen, placer, and low-temperature hydrothermal
deposits that can be emplaced in carbonate rocks.
Based on geodynamic conditions, tin mineralization
can be formed by two different types of granites: 1-
S-type granites in the continental collision zone and
2- A-type granites in the intracontinental rift
environment. Both of these granites have a
continental crustal origin. Of course, not all S- and
A-type granites have sufficient potential for tin ore
formation. So, certain conditions must prevail in the
origin and geochemistry of the resulting magma,
which will be discussed in this paper.

The aim of this paper is to investigate the genetic and
geodynamic factors affecting the formation,
reserves, and grade of Iranian porphyry copper
deposits and the classification of I-type granitoids
associated with these deposits, as well as to
investigate the important geodynamic factors and
geochemical variables in the infertility or fertility of
S-type granites for tin ore deposits.

Result

Figure 15 shows that, based on the Sr/Y ratio versus
Y content, the fertile magnetite I-type granitoids
associated with porphyry copper deposits of the
Nain-Jiroft are located in the adakite range
(granitoids have Sr/Y ratios between 70 and 170 and
Y values less than 13 ppm). In contrast, the barren
granitoids, which are mainly located in the Saveh to
Nain, are non-adakite (granitoids have Sr/Y ratios
between 5 and 15 and Y values greater than 10 ppm)
and are plotted in the normal arc field (Figure 15).
The fertile granitoids of the Dali deposit are located
in the middle and are non-adakite (granitoids have
Sr/Y ratios between 20 and 25 and Y values greater
than 15 ppm).

Figure 25 shows that the fertile adakitic I-type
granitoids associated with the porphyry copper

deposits of the Nain-Jiroft belt have a high (La/Yb)n
ratio (between 10 and 30) and an Eu/Eu* ratio of
more than 1.1. The value of the Eu/Eu* ratio can
indicate the oxidizing-reducing conditions in the
source of magma. The Eu/Eu* ratio indicates that the
mineralogical composition of the source rock and the
melting conditions were super-oxidizing. Therefore,
these granitoids originated from a super-oxidizing
source and formed at great depth (Figure 25). While
the Tertiary barren granitoids of the Saveh-Nain-
Jiroft belt, with a (La/Yb)n ratio between 1 and 7,
originated from shallow depths and the Eu/Eu* ratios
are mainly less than 1.1, indicating more reducing
conditions in origin and greater involvement of the
continental crust (Figure 25). The samples from the
Dali deposit are also in the middle, meaning that in
terms of oxidation conditions, they were oxidant but
less than the fertile granitoids of the Nain-Jiroft
magmatic belt, and in terms of depth, they are in the
middle of the fertile and barren granitoids (Figure
25).

According to Karimpour and Sadeghi (2019), the
subducted oceanic slab in the Saveh-Nain-Jiroft belt
was of the warm-cold type with a thermal gradient
between 8 and 12 °C/km (Figure 27). This is very
important and has led to the release of a smaller
amount of water in the fore-arc region (depth 30 to
50 km) and the release of more than 80% of water in
the arc region (depth 100 to 130 km) (Figure 27). The
release of water causes a decrease in the melting
point and plays an important role in the rate of partial
melting. Under water-saturated conditions, 20 to
25% partial melting occurs and a magma with a high
fluid content is produced that can carry a lot of
copper and form porphyry copper deposits with
appropriate reserves and grades.

The Rb content in the tin-bearing granites of China
is very high, so the Rb/Sr ratio is between 30 and
100, while this ratio is less than 1.5 in the barren S-
type granitoids of Iran. Also, the EUu/Eu* ratio in the
barren granitoids of Iran is between 0.3 and 0.7,
indicating a reduced environment of the continental
collision zone, but this ratio in the tin-bearing
granites of China is less than 0.04, indicating a strong
reduced origin (Figure 22).

The Y content in granite samples from tin deposits in
China is between 50 and 200 ppm, while the content
of this element in the barren S-type granitoids of Iran
is between 20 and 40 ppm (Figure 23). The barren S-
type granitoids of Iran also formed in the continental
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collision zone with Eu/Eu* values between 0.3 and
0.7 and the (3’Sr/®®Sr)i ratios are between 0.707 and
0.708, indicating the role of the continental crust in
the formation of magma. However, the tin-bearing A
and S-type granites of China with Eu/Eu* values less
than 0.04 and (¥’Sr/®®Sr)i ratios greater than 0.711
and 0.718 indicate a strong reduced origin in the
continental crust (Figure 31).

Discussion and Conclusion

Table 8 summarizes the geochemical, isotopic and
magnetic  susceptibility of I-type granitoids
associated with porphyry copper deposits in the
Saveh-Nain-Jiroft magmatic belt and eastern Iran.
Based on these characteristics, I-type granitoids can
be classified into four types: adakite-1, adakite-II,
Regular-1 and Regular-11. Several factors play key
role in the formation, grade, and storage of gold and
copper in porphyry copper deposits that can be
considered in their exploration. The most important
of these parameters are:

1 .The thermal gradient of the subducted slab, which
should be of the cold-warm type with a thermal
gradient between 8 and 12 degrees per kilometer.

2 .The percentage of partial melting for magma
production, which is suitable in the range of 15 to 25
percent.

3 .The amount of water released in the subduction
zone at suitable depths for partial melting (depths
greater than 70 km).

4.Partial melting of rocks with the suitable
composition and melting under the suitable
conditions of oxygen concentration (super-oxidant
environment and oxygen fugacity DFMQ+1.5).

5.A positive Eu anomaly and a Eu/Eu* ratio between
1 and 1.6, which indicate super-oxidant conditions in
the magma source.

6 .The number of intrusions is directly related to the
amount of reserves and grades.

7.The manner of intrusions that causes synergism.

8 Barren intrusions and their manner in which they
interfere with fertile intrusions and their temporal
relationship with fertile intrusions, causing a
decrease in grade.

9.The percentage and radius of the pyrite-bearing
zone.

10.The intensity and extension of alteration zones.
11.The intensity and extension of the gossan zone.
12 .Host rocks with suitable porosity and structures
for the concentration of ore-bearing solutions.

13.The proximity of limestone that lead to skarn
mineralization.

Some of these factors are of particular importance in
the formation of a porphyry copper deposit. For
example, the Simorgh exploration area in South
Khorasan Province (31.00 N, 59.23 E) has
superficial ~ evidence of  porphyry  copper
mineralization, but lacks copper mineralization
(Borabadi et al., 2018). Based on Figures 33 and 34
and the comparison of the geochemistry of the source
rocks of the porphyry copper deposits (NJMB) and
Simorgh, two very important issues can be
concluded: 1- The mineralogical composition and
the presence of organic matter in the source rock of
Simorgh caused partial melting and formation of
magma under hyperreductive conditions. The sulfur
content of the source rock was very good. Melting
under reduced conditions prevents copper from
entering the magma. Therefore, the amount of
oxygen fugacity during magma formation is very
important in the fertilization of intrusions. 2- The
depth of magma formation in the Simorgh granitoids
was also much lower compared to porphyry copper
deposits (NJMB). Certainly, the mineralogical
composition, copper content of the source rock, and
the percentage of partial melting played an important
role in the lack of copper and gold mineralization in
the Simorgh.

Tin deposits associated with S and A-type granitoids
have the following geochemical characteristics, and
these parameters can be important exploration keys
for the detection of fertility of intrusions:

1. The chemical composition of the intrusions must
be a silica-rich granite with a SiO, content of more
than 75%.

2. Depletion of Ba (less than 200 ppm) and
enrichment of Y (more than 60 ppm) and the Rb/Sr
ratio (more than 30) are seen.

3. A strong negative anomaly in the element Eu and
the Eu/Eu* ratio less than 0.lindicate a strong
reduced origin. The mineralogical composition of the
source rock and the presence of organic matter in
partial melting conditions causes hyper reduced
conditions in magma formation.

4. The (¥Sr/*®Sr)i ratio is greater than 0.711, which
confirms the great thickness of the continental crust
and the highly reduced origin of the magma.

5. The Rb/Sr+Y ratio in the fertile intrusions for tin
is greater than 100.
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Table 1. Different types of tin minerals (Kamilli et al., 2017)

Mineral name

Chemical formula

Location of geographic occurrence

Berndtite SnSy Cerro de Potosi, Bolivia
Canfieldite AggSnSg Bolivia; Tasmania, Australia
Cassiterite SnOy Worldwide

Colusite Cuz(As, Sn, V, Fe)Sy Butte, Montana; Australia
Cylindrite Pb3SnyFeSboSq4 Bolivia; Tasmania, Australia
Franckeite PbsSn3ShoS14 Bolivia; Tasmania, Australia

Herzenbergite SnS Bolivia

Hulsite (also called

(Fe**, Mg) (Fe®**, Sn)BO

Brooks Range and Seward Peninsula, Alaska;

Paigeite) eastern Siberia Russia
Malayaite CaSnSiOg Malaysia; Cornwall, United Kingdom
. Cug Fe Sn S . .
Mawsonite 6 New South Wales; Tasmania, Australia
Native tin is found in placer deposits and in
Native tin Sn unusual igneous intrusions. Australia has the

recognized type locality.

Nigerite (More correctly,
Ferronigerite—2N1S)

(2Zn, Mg, Fe**)(Sn,Zn)

Nigeria

Nordenskidldine

CaSnB,0g

Norway; Namibia

Ottemannite

SnyS3

Bolivia

Democratic Republic of the Congo (Congo

ieri Cuq(Fe, Ge, Zn)(S,As . o

Renierite 3( )(S,As)4 [Kinshasa]): Namibia
Sorensenite NaySnBe)SigO16(0H)4 Greenland

Stannite CupFeSnSy Worldwide

Stannomicrolite
SnyTayO

(Sukulaite) 218207 NA

Stokesite CaSnSi30g-2H-0 Cornwall, United Kingdom

Teallite PbSnS, Bolivia
Thoreaulite SnTayOg Democratic Republic of the Congo (Congo

[Kinshasa])

Varlamoffite (?)

(Sn, Fe)(O,0H)»

Democratic Republic of the Congo (Congo
[Kinshasa]); Bolivia
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Table 2. World mine reserve and production of tin in 2023 and 2024 (Mineral commodity summaries, 2025)

Mine production 2023 Mine production 2024 Reserves
(in metric tons) (in metric tons) (in metric tons)
Australia 9,850 9,900 620,000
Bolivia 18,700 21,000 400,000
Brazil 29,300 29,000 420,000
Burma 34,000 34,000 700,000
China 70,000 69,000 1,000,000
Congo (Kinshasa) 20,000 25,000 120,000
Indonesia 69,000 50,000 NA
Laos 1,700 1,500 NA
Malaysia 3,770 3,000 NA
Nigeria 7,000 7,000 NA
Peru 26,200 31,000 130,000
Russia 2,700 3,000 460,000
Rwanda 3,600 3,600 NA
Vietnam 7,600 6,700 23,000
Other countries 1,840 1,800 310,000
World total (rounded) 305,000 300,000 >4,200,000
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Fig. 2. Classification of granitoids based on source and tectonic setting (Chappell and White, 1974)
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Fig. 3. Magnetite and ilmenite compositions and different ionic charge, which show- oxidant and reduced state.

DOI: 10.22067/econg.2026.1171

Yooyl NA 0 95 NFO (ol wuw.a)


https://doi.org/10.22067/econg.2026.1171

V-G-‘@Wuﬁ)éu;}i})éﬁ)ﬁW&u)ulfgjjjb)dgzﬂLi’f)& ‘533)\.5.:20:‘&})}1?{;

VoSl j‘%%\éﬂéh%‘f}))\~~ x 18| Q}aéx%‘&}@gdjb%|éﬂdu%‘;

(F JS8) Sl Y x B s o T (S pl Sl 53 O g by e 35 bl £ 5
gl L 1) Caliies gla,lwilS” LLsyl 7 50 cla S 33 bl (6)Lb 50 lide (¥ J8) 5,05 550 5 FEP

s o DL A SS d Gl il Sl i S (g Salen 5 Sl £ 0k slas il

Granitoids
Alteration Unaltered Unaltered
Weathering Fresh Fresh
Magnetic Susceptibility >100%1075 <20%10°°

Sl 5 mKe (g m 03b 5 Sl S5 Osc (Slaa 1l S 53 pmbliie (518 50 JIie £ IS
Fig. 4. Magnetic suscepebility of unaltered and fresh magnetite and ilmenite series granitoids
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Fig. 5. I- and S-type granitoids and their relationship with different types of ore deposits
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Table 3. Location of porphyry copper deposits in the Lut Block and eastern Iran

Name Y X
Maherabad 32.501 58.988
Shadan 32.301 59.688
Gazu 33.214 57.390
Tannurjeh 35.385 58.608
Janja 31.122 60.367
Madeh Kariz 31.215 60.350
Siastgry 30.583 60.467
North Lar 29.857 60.873
South Lar 29.684 60.870
South Zahedan 29.348 60.834
Taftan 28.673 60.968
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Table 4. Location, grade, ore reserve and age of porphyry copper deposits in the Saveh-Naein belt

Ore

Deposit Reserve Cu% Mo% Au Age Coordinates Reference
name MT (ppm) Ma

Kahang 40 0.53 0.02 - 15.1 32°55'N, 52°28'E Avyati et al., 2013
Darreh 0 277 o [y ;

Zereshk 23 0.9 0.004 - 16.5 31°33'N, 53°50'E Zarasvandi et al., 2005

Ali Abad 40 0.73 0.0059 - 16.5 31° 38'N, 53° 50'E Zarasvandi et al., 2005
Dalli 8 0.5 - 0.75 21 34° 16'N, 50°19' E Avyati et al., 2013
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Table 5. Location, grade, ore reserve and age of porphyry copper deposits in the Naein-Jiroft belt

Deposit Rel\s}le_ll:ve Cu% Mo% p'?)Lrjn ﬁ/lg: g)eoor%riig?ég References

lju 74 0.31 - - 9.2 30°33'N, 54°57'E Golestani et al., 2018
Meiduk 176 0.61 0.007 0.05 12.5 30°20'N, 55°10'E  Aghazadeh et al., 2015
Dar Alu 240 0.36 0.007 0.031 12.96 29°25'N, 57°06'E  Aghazadeh et al., 2015
Sarcheshmeh 1200 0.85 0.03 0.06 13.6  29°56'N, 55°52'E Mclnnes et al., 2003
Now Chun 80 0.32 - - 13.71  29°55'N, 55°51'E  Aghazadeh et al., 2015
Darreh Zar 283 0.38 0.018 0.036 14.9 29°51'N, 55°53'E  Aghazadeh et al., 2015
Sar Kuh 16 0.46 0.003 0.038 15.14 29°55'N, 57°46'E Mirnejad et al., 2013
Bagh Khoshk 24 0.27 - - 17.85 29°49'N, 55°59'E  Aghazadeh et al., 2015
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Table 6. Location, grade, ore reserve and age of porphyry copper deposits in the Arasbaran belt

Ore reserve

MT Cu% Mo% Au (ppm) Age Coordination
Sungun 740 0.66 0.024 — 21 38°43'N, 46°42'E  Aghazadeh et al. (2015)
Masjed Daghi 240 0.34 - 2 20.5 39°8'N, 46°8'E  Aghazadeh et al. (2015)
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Fig. 8. Location of porphyry copper deposits in the Saveh-Naein-Jiroft magmatic belt, Arasharan, Lut Block and eastern
Iran
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Fig. 9. Location of porphyry copper deposits in the Saveh-Naein-Jiroft magmatic belt, Arasbaran, Lut Block and eastern
Iran on the aeromagnetic map of Iran (Source of aeromagnetic map from Saleh, 2006) (modified after Karimpour et al.,

2021a)
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Fig. 10. Demonstrating the nature of adakitis and non-adakitis of I-type granitoids of the Saveh-Naein-Jiroft magmatic
belt and their relationship with porphyry copper deposits (Source of aeromagnetic map from Saleh, 2006) (modified after
Karimpour et al., 2021a)
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Data used for normalization are from Boynton (1984)
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Fig. 14. MORB-normalized trace elements spider diagram for barren and ore-bearing Tertiary granitoids in the SNJMB.
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Fig. 18. Plot of barren S-type granitoids of the SSZ and Sn-bearing granites of China on the total alkali vs. SiO diagram
(Middlemost, 1994)
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Fig. 19. Chondrite- normalized REE patterns of barren S-type granitoids of the SSZ and Lut block and Sn-bearing granites
of China. Data used for normalization are from Boynton (1984)
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Fig. 24. Age chart of porphyry copper deposits of Iran
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Fig. 25. (La/Yb)n vs. Eu/Eu* diagram, demonstrating the oxidation state of samples. Dividing line between reducing and
oxidizing magma, and trend of increasing the depth of magmatism
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Fig. 26. A: Crustal thicknesses in structural zones of Iran determined by the combining of elevation and geoid data
(Jimenez-Munt et al., 2012). The thickness of continental crust along the Saveh-Naein magmatic belt is less than 48 km
and Naein-Jiroft magmatic belt changes from 48 to upper 58 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. 27. Cold-Warm oceanic slab dehydrates and releases most of its water within the subarc, which leads to the formation
of I-type granitoids and porphyry copper deposits (Karimpour and Sadeghi, 2019).
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Fig. 28. The Cu content in the accumulated melt during partial melting as a function of degree of partial melting under
different oxygen fugacity. 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 Sr/ 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., 2017a). The possible areas of fertile adakite magma of the NJMB, barren non-adakite
of the SNMB and Dalli deposit samples are shown.
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Table 7. The Cu content in the accumulated melt from different parts during partial melting as a function of degree of
melting under different oxygen fugacity. Data are driven from Fig. 18 (Zhang et al., 2017a).

Oxygen Partial Melting
Cu cirftéﬁfm) Fugacity at maximum ﬁunggprrnn;
(AFMQ) Cu g
0 70 120
Cu =70 1 45 160
. S=1000
Oceanic . . 10
Slab (White and Klein, 17
2013).
013) 15 30
0 23 100
Mantle _ 1.1 17 160
Wedge S L6 5 280
peridotite >2 4
Cu =30 0 30 60
S =400 1 20 110
Lower Crust Rudnick and 15 5

Fountain (1995)
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Table 8. Geochemical-isotopic-magnetic susceptibility characters and division of I-type granitoids from the Saveh-Naein-
Jiroft magmatic belt and eastern Iran

z Ore Cu
gt 5 Magnetic
Granitoids . 5 by Magnetite ol ? Reserve  Ore Name
(La/Yb)y Sr/Y EuwEu* RbSr (SrfSn)i Timeni e Susceptibility x10- Alteration Mt Grade
Addite] 520 50 113 01 <jo4s  Maguetie 500-1500 Broad- 1500 1% Sarcheshmeh
Series Intense
Additell 520 50 081 011  <gos  Magwetie 500-1000 No No  No  Najmabad
I-Type Series
Regular] 1015 812 081 051 <0705 h“gifi:‘;‘e 200-800 Broad 80 04% Dali-Kahang
Regularl 510 210 0507 051  <0.706 L“g‘g’gﬁ‘e 200-800 No No  No  Saveh-Nayein
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Fig. 29. Age chart of S-type granitoids (ilmenite series) of Iran and their relationship with Sn mineralization
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Fig. 30. Magnetic susceptibility vs. Eu/Eu* values of barren S-type granitoids of SSZ and Lut block and Sn-bearing
granites of China comparison with I-type magnetite series granitoids associated with porphyry copper deposits of the

Kerman belt
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