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The role of precise U-Pb geochronology in decipherg
the evolution of orogens

Fernando Corfu
University of Oslo, Department of Geosciences ak&D, Oslo, NORWAY

Orogenic belts such as Zagros evolve through a eunob stages involving
subduction, with development of ophiolites and matin arcs, followed by
processes related to collision and in part delati@nawhich result in the build-
up of magmatic complexes. The study of these enwmlaty stages commences
with mapping and basic geological analyses. Onlihats geochronological work
can then be employed to advance our knowledge. riamo goals of
geochronology include defining the exact timing splecific tectono-magmatic
events, and rates of magmatic and tectonic prosegsgeon is the prime mineral
commonly employed for dating a wide variety of reckith the U-Pb method,
thanks to its ubiquity, the fact that it incorp@stU but no Pb at the time of
formation, and the robustness of the mineral. Hited can have the benefit of
preserving a record of multiple stages of zircoomgh relevant for the history of
a rock, but this can also complicate the analytteak when different growth
phases cannot be easily separated. Microbeam tpawiprovide a useful
approach by allowing one to target specific domahgircon 50 to 10 micron
across, but they are handicapped by the lower sioeciachievable. The
alternative is ID-TIMS geochronology, which coutigiances the lower spatial
resolution with a superior analytical precision aechporal resolution. Besides
zircon, minerals such as titanite and monazite igeuseful temporal information.
In the recent decade there have been some impadaances in the treatment of
zircon for analysis, especially the chemical almmasnethod of Mattinson, which
now accompanies the air abrasion of Krogh and make®ssible to greatly
minimize the effects of Pb loss in zircon. Addi@bmprogress has been achieved
in modern ID-TIMS through the intercalibration o&t¢er solutions among major
laboratories, the general reduction of the blankst-picogram levels, and
advances in instrumentation, which make it posdiblanalyze small amounts of
Pb. A typical application of modern ID-TIMS is irstablishing the detailed
chronology of magmatic systems, such as large bétheemplaced piecemeal
over period of 100 ky to 10 my. Such informatiom chen be paired with
petrological and other isotopic constraints to ustd the processes of
generation and emplacement of the magmas. Anothworiant area of
application is in evaluating the evolution of metaphic complexes, both high-
pressure and high-temperature types. In such mitigtzircon can be very
complex and a resolution of the timing of specéients can greatly benefit from
the use of other geochronometers. Evolution of amgen is automatically
connected to processes of refinement and concemtrat metals, which build
economic mineral deposits. Depending on the typedeposit, dating can
contribute knowledge by constraing the age of déposof the ore, indirectly by
dating host-lithologies and cross-cutting intrusiorand directly by dating
minerals (such as rutile), which are part of the-paragenesis.
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The effects of the Zagros Simply Folded Belt on the
characteristics of karst aquifers

Ezzat Raeisi
Shiraz University, Shiraz, Iran

The Zagros orogenicbeltis divided into the Simpbtded Belt
(ZSFB), the Fold-and Thrust-Belt, the Zagros Thisgstem and the
Sanandaj-SirjanMetamorphic Belt. The ZSFBis charactd by
therepetition of long and regular anticlinaland dyral folds. The
anticlines are normallymountain ridges,mostly cstadi limestone,
and the synclines are valleys and plains. The ikaosks are
composed of limestone, dolomite, anhydrite andtdalihe main
carbonate aquifers are inthe Asmari-Jahrum, Tai®aryak, Daryian,
Fahliyan, Surmeh, Dalanand KanganFormationsin soemiral part
oflran, forming broad highlands. The Kkarstic caidten aquifers
overlay and underlay the impermeable formationdy @e top of the
anticlinesare bare,thereforeexposing thecarbonaiemations.The
typesof karstic aquifersareshallow depth unconfiaedconfined, and
oil or gas-capped deep confined. The charactesistichese aquifers
are not unigue. The exposed anticlines consist My @one main
aquifer, two aquifers on each limb, or several agbiers(Ashjari and
Raeisi, 2006; Raeisi, 2008). The general flow diomsare parallel to
the strikes toward one or both plunges of antislifeom one limb to
the other, or toward adjacent aquifers. The gerfenal route may be
less than one to tens of kilometers. The varigbilit geometryand
number of aquifers,discharging pointsand general ftirection is
dependent on the characteristics of the ZSFB,sacitsdithological
settings, folding, faulting, topography, rate qifi, faultbrecciated
rocks, outcrop of the impermeable formations in tuge of the
anticline,superimposedriver andlocal base of erosio
About 130 salt diapirsemerged in southern Iran.$hk diapirsare
poor aquifers with springsof very low discharge rédaand Raeisi,
2010). Large caves and conduits are developed nme sof the salt
diapirs, mainly transferring floodwaters. The gepbal settings of the
salt diaper regions are one of the main reasonstiendrating the
guality of the adjacent fresh-water karst and allov aquifers. The
GachsaranFormation of the ZSFB consists of altemgatinits of
anhydrite, marl and/orhalite. These lithologicattiags create small
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independent sub-aquifers,directing the water flanafel to the strike,
except under specificconditions (Raeisi, et al13Migh-pressureoil
or gas-capped deep confined aquifers are trappttk atrest of some
of the ZSFB anticlines. These types of aquifersendgveloped under
special structural settings and have special clestics in

comparisonto the shallow confined aquifers(Nadriale 2013). The
source of the brine is evaporated sea-water (Bagtteal.,2013). |t
can be concluded that the stratigraphy and straicgattings are the
main parameters, controlling characteristics of A®FB aquifers.
Detailed knowledge ofthe ZSFBgeological settingghis main key
elementtooptimum usage andprotection of the kansier resources.
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Jurassic to Cenozoic tectonics of the Zagros Orogean
northwestern Iran

M. Mohajjef and C. L. Ferguss8n

®Department of Geology, Tarbiat Modares UniversiBQ Box 14115-175,
Tehran, Iran

®School of Earth & Environmental Sciences, Univgrsitf Wollongong,
Wollongong, New South Wales 2522, Australia

The Zagros Mountains of Iran formed by continegtalision from closure of the
Neo-Tethyan Ocean. New mapping, radiometric agessamatigraphic analyses
have enabled advances in our understanding ofutessic to Cenozoic tectonic
history. The northwestern Zagros Orogen consistthi@fe belts: (1) the Zagros
Fold and Thrust Belt, divided into the outer Zag8mply Folded Belt and the
inner High Zagros Belt, (2) the Zagros Suture Zmduding radiolarite, ophiolite
and Bisotun limestone thrust sheets, and (3) thei@#j—Sirjan Zone, which
contains abundant metamorphic rocks. Major eventiude early Mesozoic
rifting, Jurassic subduction followed by a moreptry interval of subduction in
the Cretaceous, multiple ophiolite emplacementhenArabian margin in the Late
Cretaceous to Eocene and collision of central &agh the Arabian margin in the
Oligocene with final closure of the shallow Tethyseaway in the mid Miocene.
A mid to late Jurassic plutonic belt, the Qorvehgétlarz Plutonic Belt, formed a
magmatic arc with subdued topography related to aalarately NE-dipping
subduction zone under the Sanandaj—Sirjan Zone. Esaly Cretaceous
unconformity reflects limited uplift followed by wespread marine deposition
with intercalated volcanic rocks in the Sanandgjiae. Subduction continued
with a low-lying arc that underwent trenchward atha In the Late Cretaceous
to Oligoceneinterval, the Neo-Tethyan Oceanclosih @phiolite obduction over
the Arabian Peninsula margin and major shortenffected the Sanandaj—Sirjan
Zone with uplift and plutonism. Much of the forearfthe Jurassic to Cretaceous
arc system has been lost by tectonic erosion adipgr-angle Eocene subduction
zone prior to collision. Flattening of the subdaogtislab in the Late Cretaceous
and Paleogene explains the inland retreat of theicarcentral Iran. Continental
collision initiated in the Oligocene but the Tethyseaway remained open until
the mid-Miocene.

Keywords: continental collision, Northwestern Iran, Sanar&ajan Zone,
subduction, Zagros Orogen
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Zagros orogeny and the nature of derivative granitals
in central segment of Sanandaj-Sirjan zone, Iran

Amir Esna-Ashari*; Sima Peighambari
Department of geology, Payame Noor University, bRlran
* amires@pnu.ac.ir

Sandndaj-Sirjan zone (SSZ) is a subzone of theaga@rogenic belt (ZOB) of
Iran. ZOB resulted from the Arabian—Iranian micaipl continental collision
following the subduction of the Neotethys oceaniast underneath Iran (e.g.
Agard et al. 2011). SSZ mostly consists of a basgmade of low- to high-grade
metasedimentary rocks intruded by felsic to mafidibs showing geochemical
arc affinity (e.g. Ahmadi Khalaji et al. 2007).

Central segment of the SSZ characterized by imrusif Alvand, Boroujerd,
Aligoodarz and Dehno granitoid complexes all of ethhave comparable whole
rock geochemical properties. They show continusaads on harker variation
diagrams and have similar chondrite-normalized malement patterns.
Fractional crystallization is their main evolvingopess. Fractionation of biotite,
amphibole, feldspar and Fe-Ti oxides have imporédfgict on magma evolution
and generation of different magma types. All theangoid bodies have
geochemical properties similar to I-type granitomfsnormal continental arcs.
However Alvand granite has the most peculiar contipos In comparison with
other granitoids, it is enriched in Cs, Cr, RBOKand Th but depleted in Ca. All
of these features indicate the role of sedimentacks in the petrogenesis of
Alvand granite.

Sr and Nd isotopic composition of the AlvarfdSgP°Sr=0.707-0.719gNd=-1.0
to -4.5; Shahbazi et al. 2010), Boroujetd5¢ °Sr=0.7062—0.7074Nd=-3.02 to
-3.62; Ahmadi Khalaji et al. 2007) and Aligoodaf?StF°Sr=0.7074-0.7110;
eNd=-3.56 to -5.50; this study) granitoids proviaesre evidence on the nature of
these rocks. Alvand granitoids have the widest @anf) isotopic composition
probably due to the heterogenous nature of thecsowncks especially the
assimilated sedimentary rocks. So, their isotoperacteristic is comparable with
S-type granitoids. Isotopic composition of the Bgend granitoids is similar to
the I-types. Isotopic composition of the Aligoodarafic samples is similar to
those from Boroujerd and is comparable with I-tgpanitoids. However, they are
similar to S-types as Splcontent of the samples increase. These obsersation
suggest that assimilation of surrounding sedimgntacks has occurred during
magma evolution. So, assimilation and fractionaistllization are the main
evolving processes of the granitoids in the cerstegiment of the SSZ. The degree
of assimilation is not the same for the granitoodsdifferent areas. Boroujerd
granitoids show the least degree of assimilatidma@d granitoid show the widest
range of assimilation. For the Aligoodarz grani®idt increases as the magma
evolves by fractional crystallization.
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Metasomatic alteration associated with regional
metamorphism in the Almabulage Complex, NW IRAN

Mahboobeh Jamshidibadr*Jamshid Ahmadign
L2Department of Geology, Payame Noor University, BGx19395-3697 Tehran, Iran

Abstract

Almabulage Complex is located in northwestern parfanandaj-Sirjan zone of
Zagros orogen in western Iran. This area is Local®d Km to west of
Hamadan,Iran,is an example of geological regiort thes been significantly
altered by metasomatic mass-transfer processesciagsb with regional
metamorphism. Examples of metasomatically altemwtks in the Almabulage
Complex are ubiquitous and includeepidote-rich ratten zones,
hydrothermaltourmaline veins, replacement ironssoaed albite-rich alteration
zones inmetasediments and intrusive  rocks.AlmaleulagComplex
showsmetasomatism is typically associated with &mom of calcic, sodic and/or
iron-rich alteration zones and development of ®adi mineral assemblages
containing one or more of the following: quartzib actinolite—tremolite,
epidote, magnetite, hematite andtourmaline.

Keywords:Almabulage Complex,Metsomatic, Hydrothermal fluids.

Main text

The Almabolagh Complex presentation in Tuyserkaolaggcal Map|1]mainly
consists of metamorphic rocks and different ignaogks. Three main geological
units have beendefined in the metamorphic rockssisting of volcani-sediments
(Almabolagh sequence) at the lower part, carbo(@kenarsheikh sequence) in
the middle, and slate (Hamadan slate) at the upaetridentified. The rocks that
metamorphosed at green schist facies have expesedame structure.

Another rock unite are different igneous rocks thased on their lithological
features and different compositions, two suiteplatonic rocks (felsic & mafic
rocks) can be distinguished.

Mafic intrusion, the diorite to gabbros intrusion, which are crop o the
northwest and central to west of the Almabolagh mlemDating of Mafic
intrusive rocks by Rb-Sr emplacement age 1442Ma

Felsic intrusion the syenogranite to alkaligrnite intrusions, viherop out in the
central of the Almabolagh complex that a longedrnfrehout to north. Theses
massive, dome structure and have contact metansonpdind metasomatism with
the surrounding meta-volcani-sediments and metaecate. Types of
mineralization are the proximity of syenogranitérusive bodies to ore mineral,
metasomatism and the existence of calc-silicateerala such as epidote and
actinolite.Exsolution textures perthite and grangmwith together in felsic
intrusion related to magmatic condition and low ssex H20 (less than 5
Kbar). Thegeochemistry of Syenogranite shows higloneaalies of alkaline
especially Na.Their trace elements trends normalipethe primary mantel and
chonderite have similar anomaly with negative Nhkg, TTi thatrelated to
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subduction environments and I-type granite. Chehotaeldspar composition
shows anomalies of Na.

Metamorphic rocksonsist ofcalcshistes, mica-schist, semi-shistaanghibolites.
A metamorphic rock hasthreehistosityS1, S2 and S3) that S1, S2 related to M1,
M2 respectively and metamorphosed at green scawéd. M3 is a retrograde
metamorphism. This Regional metamorphism contaytsdthermal tourmaline
and quartz veins, hematite and magnetite minenats epidote-rich alteration
zones.

EvidenceMetasomatic alteration associated withorei metamorphism in the
Almabulage Complex is the same as another resedhat reported
byi3,4,5)shows epidote-rich alteration zones, hydrothetmalmaline and quartz
veins, and replacement ironstones in metasedinardsalbite-rich alteration in
intrusive rockssuggests that the majority of metasticalteration wasbroadly
contemporaneous and involved the action of hydrataéfluids.
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platinum group elements in the Zagros ophiolites
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Abstract

The Upper Cretaceous Zagros ophiolites of Iran losignificant number of
chromitite deposits and occurrences. Platinum Grglgment (PGE) anomalies
have been previously reported; however, the availatata on the PGE
mineralization are scarce. Large chromitite pods r@sidual to cumulate dunitic
lenses are restricted to the outer Zagros Neyriz Haji—Abad ophiolites with a
harzburgite-dominant mantle, because they havergade a higher degree of
partial melting than others with Iherzolite-domihamantle. Very little
information is available concerning the distributiand mineralogy of PGE in the
Zagros ophiolites. Novel mechanical separation riegles [Electric Pulse
Disaggregation (EPD) and Hydro-Separation (HS)fdfoee, should provide a
more complete picture of PGE mineralogy in chramsti In addition, in-situ
investigations of polished sections provide morecagte information on the
primary or secondary origin for Platinum Group Mie (PGM), based on their
textural position in the chromitites. Both meth@ae complementary and must be
used jointly in order to precisely determine thestmlbution of PGM in Zagros
chromitites. We propose accurate PGE mineralogittalies of Upper Cretaceous
Zagros ophiolites by combining in-situ investigation polished sections and
mechanical separation (HS or EPD with HS).
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Keywords: Zagros ophiolites, chromitite, platinum group eéss, novel

mechanical separation, in-situ investigation.

1. Introduction

Platinum Group Elements (PGEs) are consideredegiaimetals due to their
increasing use in green technologies and the s$gaofitheir sources (South
Africa and Russia supply 90% of Pt and 85% of Rekpectively; Johnson
Matthey, 2013). Stratiform chromitites in layeretframafic—-mafic complexes
such as Bushveld Complex (South Africa), Great Dyembabwe) and
Stillwater Complex (USA) constitute economic ressnof PGEs (e.g., Naldrett
and von Gruenewaldt, 1989). Ophiolitic chromititeai major scavenger of PGEs
although PGE contents in large chromite deposégyanerally low (few hundreds
of ppb; e.g., Economou-Eliopoulos, 1996). PGE dmients of (a) all PGE, (b)
Os, Ir and Ru only, and (c) Pt and/or Pd is a comrfeature of relatively
disseminated chromite and/or small chromite ocowes, of both high-Cr and
high-Al types in the uppermost parts of the mamtiel/or in the lower crust
sequences (Economou-Eliopoulos, 1996). Podifornenaftites occur in mantle
sequences of a great number of ophiolites worldwideo main reasons make
these peculiar rocks relevant from an economictpairview: 1) they represent
the second most important natural source of chromand 2) they are a potential
target for the recovery of PGEs. Podiform chromgtiare commonly enriched in
the most compatible PGE frequently referred to RGH (Iridium-subgroup of
PGE: Os, Ir and Ru) with respect to the more incatibfe ones, commonly
referred to as PPGE (Platinum-subgroup of PGE: Rhand Pd; Barnes et al.,
1985). During mantle melting, the Ir-subgroup offPt&nds to be concentrated in
the early magmatic precipitates (i.e., chromiameal)j whereas the Pt-subgroup
tends to be retained in the residual m@arnes et al., 1985; Matveev and
Ballhaus, 2002; Ballhaus et al., 2006; FinnigaaleR008). Ir-subgroup of PGE is
concentrated by Platinum Group Minerals (PGM), \Wwhare found either as
discrete inclusions in chromite or more rarely he silicate matrix interstitial to

chromite. Their mineralogical appearance, as dfior as alloys, is mainly
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controlled by the degree of partial melting, tenapare and sulfur fugacity
(Tredoux et al., 1995; Brenan and Andrews, 200hus] chromite chemistry,
geochemistry and mineralogy of PGE as well asat#i@and base metal mineral
inclusions can provide important information on tfermation of ophiolitic
chromitites. According to Gonzalez-Jiménez et 201Q3), formation of PGEs has
been attributed to new several mechanisms: (ajndasibn of pre-existing PGMs
from the host rock which suggest that PGM may Haeen scavenged from wall-
rock peridotite during migration of the parental ltmeof the chromitite and
incorporated as a solid or a solid/melt mush inegarental melts of chromitites;
(b) mantle veining that suggest PGM may have piatgd from metasomatic
fluid/melts that infiltrated and veined existingromitites; and (c) subsolidus
recrystallisation that involves partial or complelkestruction of PGMs, and their
recrystallisation, during polyphase metamorphismeatycling of the chromitites
in the deeper mantle.

Study of these features/origins was obtained bgitin-analysis of PGEs in
chromite and analysis of Os isotopes by Laser Adsatnductively Coupled
Plasma Mass Spectrometry (LA-ICP-MS) in individ@s-rich PGM. During the
last few years, novel separation techniques [Hy@kparation (HS) and Electric
Pulse Disaggregation (EPD)] have been able to ercoumerous tiny PGMs as
concentrate from low-PGE samples and thereby peo&idnore complete picture
of PGM mineralogy in chromitites (Gonzalez-Jimém¢zl., 2009). Both in-situ
and concentrate methods are complementary andbausted together in order to
have a precise look on distribution of PGM in ofitiochromitites, the origin of
the PGMs and finally, to understand the historglofomitites in the upper mantle.
The main aim of this paper is to introduce theseehtechniques and investigate
the use of the two methods, in-situ and concentriateexploration of PGE
mineralization in chromitites of the Upper Cretace@agros ophiolites.

2. Geology of Zagros ophiolites

Iranian ophiolites (Fig. 1) belong to the Tethyahiolite belt of the Middle East.
They have been divided into four groups (Takin,ZcCall, 1997), namely, (i)
ophiolites of northern Iran, considered as remnantthe Paleo-Tethys Ocean
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(e.g., Ruttner, 1993); (ii) ophiolites of the Zag®Suture Zone, including those of
Neyriz and Kermanshah (Lanphere and Rami83); (iii) ophiolites of the

Makran region, located south of the Sanandaj-Siame, including non-

fragmented complexes such as Sorkhband and Rudan MeCall, 1997); and

(iv) ophiolites enclosed as tectonic blocks in thate Cretaceous coloured
mélange along the main boundaries of the Centaldn Micro-continental (CIM)
(=Lut) block. The Zagros ophiolites have been ddddnto two ophiolitic belts

which are separated by the Sanandaj—Sirjan metdmeorferrane (Shafaii

Moghadam and Stern, 2011): (A) The Outer Zagrod Beludes three main

ophiolites with NW-SE trending, Neyriz, Kermanshaid Haji—Abad which are

separated by the Main Zagros Thrust (MZT) from Hagros Fold-Thrust Belt

(ZFTB); (B) The Inner Zagros Belt lies along thaigavest margin of the Central
Iranian block, comprising sporadic massifs from NWVSE, the Nain, Dehshir,
Shahr-e-Babak, and Balvard—Baft ophiolites. Mas#quences of both ophiolitic
belts include depleted harzburgites with diabasabbgoic dikes; melt

impregnations, chromite pods, ultramafic cumulaiiés,spegmatite gabbroic

pockets/sills and isotropic gabbro lenses (Shafkigphadam and Stern, 2011).
Crustal sequences of these ophiolites include mgabbros, sheeted dyke
complexes, pillowed lavas and felsic rocks. Thephialites are overlain by

Upper Cretaceous pelagic limestone (Shafaii Mogmealad Stern, 2011).

Ophiolites in southern and southeastern Iran inotpudNeyriz ophiolite,
Esfandagheh-Sikhuran complexes in the Esfandagisthct and the Faryab
complex (ranging from 100 to >5000 ppb, with medi@hues around 200 ppb
PGEs in all complexes; Jannessary et al., 2012¢xamples of Iranian ophiolites
with PGE anomalies. Most of Iranian ophiolites hagjreat number of chromitite
deposits. However, few of these deposits have leestigated for their PGE
contents and mineralogy in the literature (Pageakt 1979; Moore and
Rajabzadeh, 1993; Rajabzadeh, 1998; Alinia and dfabladi, 2005; Azimzadeh
et al., 2011; Jannessary et al., 2012; RajabzaddhMosavinasab, 2012). In
general, chromitite as a scavenger of the PGEngrglly absent in ophiolites
that are characterized by a lherzolite-dominant tleasection, whereas it is

present in ophiolites with a harzburgite-dominamintle because these ophiolites
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have undergone a lower degree of partial meltiag tharzburgite-dominant ones.
Although the Zagros ophiolites have remarkable wfitite occurrences, large
chromite pods and residual to cumulate dunitic dsrare restricted to the outer
Zagros Neyriz and Haji—Abad ophiolites (Shafaii Magam and Stern, 2011)
because they have undergone a high degree of Ipaiting than others with

Iherzolite-dominant mantle.

The knowledge on the distribution of PGE and PGMhiese ophiolites
and the PGE potential of chromitites is limited. wéwer, some of chromitite
occurrences of these ophiolites have been invéstigay in-situ examination of
polished thin sections by a number of researchdoo(e and Rajabzadeh, 1993;
Rajabzadeh, 1998; Alinia and Facherabadi, 2005eksary et al., 2012).
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Fig. 1. (a) Map showing distribution of Iranian dgfies and location of Urumieh—Dokhtar

magmatic arc (Eocene—Quaternary), Zagros Fold—TiBelt (ZFTB) and Main Zagros Thrust

(MZT). (b) Schematic cross-section showing theti@fships between Outer and Inner Zagros
Ophiolitic Belts, Zagros Thrust-Fold Belt, Sananr8ajan Zone, and Urumieh-Dokhtar Magmatic
Arc (Shafaii Moghadam and Stern, 2011).

3. Methods
3.1.Electric-Pulse Disaggregation (EPD)

This mineral separation technique has been usezh&xtly instead of normal
mechanical crushing. EPD liberates mineral graiomfassociated rock without
regard to its lithology or grain-size distributidsy the rending effect of an
explosion, which is produced by applying an electtrrent from a high-voltage
power source (greater than 100 kV) on a sample wat@r bath. Disintegration
occurs preferentially along grain boundaries asegoof weakness. As a result,
this technique quickly releases individual, undaedhgnineral grains in their
natural size distributions and in their originalapk. For example, Scanning
Electron Microscope (SEM) images are shown fronstalg and grains of Pt-Fe
alloys from EPD product of disseminated chromitesom dunites of Nizhniy
Tagil platiniferous massif in the Central Ural (FR) (Rudashevsky and Yefimov;
http:/Avww.cnt-mc.con), and EPD product by hydro-separation (HS) frone on
sample of Driekop Pipe (Bushveld Complex, Southio&ly (Fig. 3) (Oberthir et
al., 2008).
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Fig. 2. SEM images from crystals and grains of €tdiloys from EP-product of disseminated
chromite ores in dunites of Nizhniy Tagil massFRL isoferroplatinum, TFP: tetraferroplatinum;
Os, (Os,Ir) - Os-Ir alloys, CHR: chromite, OL: ofie; by Rudashevsky and Yefimowww.cnt-
mc.conj.

3.2 Hydro-Separation (HS)

Hydro-separators are used to process solid waseltible powdered samples that
ideally should have densities between 3 and 20 Y grain sizes of less than
0.3 mm, including industrial flotation size fraat® (-45 um) and finally produce
representative “heavy-mineral concentrates” ofiplad that follow Stokes’ law
when settling in a carefully controlled upward @tisg water stream. Hydro-
separation works using a water flow regulator whmuobdulates the water flow in
a Glass Separation Tube (GST). The hydro-separatiocess moves the light
fraction upwards in the GST with water, eventuabflecting in a beaker under
the GST. The heavy mineral concentrate collectddénshe GST at its base.
Different sizes of GST are used for separationeddmg on the grain size and
the required productivity of processing/amount bé tloaded sample. More
technical descriptions of the EPD and HS apparasusbe found atvww.cnt-

mc.com
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Fig. 3. SEM images of olivine, chromite and PGMragted from the EPD product by HS from
one sample of Driekop Pipe (Bushveld Complex, So#fhica), (A) Olivine crystals. (B)
Chromite crystals. (C) and (D) Sperrylite (Obertbtial., 2008).

4. Conclusions

Iran hosts a significant number of ophiolite comxple Chromite chemistry,
geochemistry and accurate mineralogy of PGE as agetlilicate and base metal
mineral inclusions can provide important information the formation of Iranian
ophiolitic chromitites. Novel mechanical separatieohniques (HS and EPD) can
provide a more complete overall picture of the P@lheralogy in chromitites.
Supported by in-situ investigations of polished tises, more adequate
information on the primary or secondary origin @M can be obtained based on
their textural position in the chromitites. Bothsitu and concentrate methods are
complementary; and when used in conjunction, witlvade a precise picture on
the distribution of PGMs in the Zagros chromitites.
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Plate: All figures in XPL except 4, 10, 11 in PPL, lighticroghraphs x1000; 1Sphenolithus
primus Perch-Nielsen, 1971; Zricsonia robustaBramlette and Sullivan, 1961) Perch-Nielsen,
1977; 3- Sphenolithus anarrhopu8ukry & Bramlette 1969; 4- Discoaster multiradiatus
Bramlette & Riedel (1954); 5Prinsius bisulcus(Stradner, 1963) Hay & Mohler, 1967; 6-
Braarudosphaera bigelow{iGran & Braarud 1935) Deflandre 1947; Ghiasmolithus consuetus
(Bramlette & Sullivan, 1961) Hay & Mohler, 1967; Rhomboaster cuspBramlette & Sullivan,
1961; 9- Ellipsolithus macellugBramlette and Sullivan, 1961) Sullivan, 1964; Ohiasmolithus
bidens (Bramlette & Sullivan, 1961) Hay & Mohler, 19671-1Discoaster mohlerBukry and
Percival, 1971; 12Biantholithus sparsu8ramlette & Martini, 1964; 13Heliolithus cantabriae
Perch-Nielsen, 1971; 14asciculithus tympaniformislay and Mohler in Hay et al1967; 15-
Fasciculithus lillianaePerch-Nielsen, 1971b; 1Gruciplacolithus tenuigStradner, 1961) Hay and
Mohler in Hay et al., 1967.
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Geochemical pattern of Pb-Zn mineralization in cant
part of Sanandaj-Sirjan Zone of Zagros Orogen ardying
new promising target area

Behzad Mehrabi and Ahmad Meshkani
Geochemistry Department, Kharazmi University, Taht&614

Corresponding Authomehrabi@khu.ac.ir

Abstract:

The Sanandaj-Sirjan Zone (SSZ) is a magmatic-matamm belt with NW-SE
trends which extends over 1200 km length and iatkxt between the Urmieh-
Dokhtar volcanic belt to the northeast and the Yiathophiolite zone of Zagros
in the southwest. The SSZ formed in the late Ceztas due to closure of the
Neo-Tethys and subsequent collision of the Araldanian plate. It is a major
metallogenic zone in Iran, containing lead and ,zioopper, iron and gold
mineralization. Based on its metallogenic charasties, SSZ can be divided in
the northern, central and southern subdivisiong ddntral subdivision is a well
known Pb-Zn mining district previously called MatayEsfahan Zone.
Geochemical sampling and multi-element ICP-OES yaisalvere carried out on
collected representative samples of 104 deposits @rospects, and after
preliminary data processing a database was creaféel. used clustering
techniques applied to element distribution for sifésation of lead and zinc
deposits in the central part of the SSZ. The hidmaal clustering technique was
used to characterize the elemental pattern andnetaesults were put through
the K-means and the respective deposits were fibabsinto four distinct
categories. K-means clustering reveals that themetal associations and spatial
distribution of the lead and zinc deposits exh#mihing in the central part of the
SSZ. The ratios of ore-forming elements (Sb, Cd, Zn) vs. (Pb and Ag) show
zoning along an E-W trend, while host rockformimgneents (Mn, Ca, and Mg)
vs. (Ba and Sr) show a zoning along a SE-NW tré&sdociations of elements
indicate the presence of MVT and SEDEX type mingagibn in the central SSZ.
Large and medium sized deposits occur mainly incdérger of the studied area,

which justify further exploration around occurres@nd abandoned mines in this
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area. New promising areas for future grass-rootogapon were introduced for
discovering possible target areas for large to nmadiize ore deposits.
Keywords: Pb—Zn deposits, Zagros orogen, Sanandaj—Sirjaalloggnic zone,

Cluster analysis, Spatial pattern, Iran
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Different styles of volcanism across the Zagrosidit
suture zone
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The Zagros-Bitlis suture zone was emplaced in Mitecene after the closure of
last branch of Tethys Ocean, and marks the transiftom convergence to
collision between the Arabian and Eurasian platkeshe northern part of this
1800 km-long belt, suture emplacement dates badkeoupper Miocene (e.g.
Husing et al., 2009).

It is noteworthy that in close proximity of thistate zone very abundant volcanic
activity took place, before and after the sutursednboth in the Eurasian (and
Anatolian) upper plate(s) and Arabian (and Africenwer plate(s).

In both upper and lower plates, some of these mtschave calc-alkaline affinity
and the typical geochemical characters of subduegtated rocks, whereas some
others are alkaline, strongly SiOndersaturated and reveal an intraplate-type
mantle source, and both “orogenic” and “anorogepidducts, have a time span
from 20 Ma to Recent. This means that all theseymts were emitted before and
after the onset of collision and the suture empread.

In Iranian Kurdistan Quaternary alkali basalts haeen recently reported (Allen
et al, 2013), following the Eocene-Miocene Ururaizbkhtar orogenic
magmatism (e.g. Kazmin et al., 1986) and the oetwe of subduction-related
and intraplate-type volcanic products in the sapwon is a common feature in
orogenic belts, with is also found in surroundingas, such as the Aegean-
Western Anatolian region.

However, volcanism across the north-western arethefZagros-Bitlis suture
zone have some peculiarities. Indeed, calc-alkadind sodic alkaline prodcts
have usually different time distribution: for inste in Iranian Kurdistan,
Western Anatolia, Central Aegean and Thrace c#&iahake products are
remarkably older than alkali basalts (e.g Agostinal., 2007). On the contrary, in
Eastern and South-Eastern Anatolia, calc-alkalingesites and basanites may
have the same age and being intimately space delstereover, in the Arabian
plate, alkali basaltic plateau lavas are sometineesarkably older than calk-
alkaline lavas and ignimbrites, as those arofarkisla (Turkey), dated at 15.7-
14.0 Ma ago, and south of Sivas (Turkey), whichegvAr ages of 5.1-4.8 Ma
ago.
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It is also noteworthy that all the alkali basatisirid in proximity of Zagros-Bitlis
suture were not emplaced in extensional tectongnre, which is the typical
expected tectonic context for these lavas.

Thus, a different and more complex mechanism shbelthvoked to explain the
genesis of these magmas, and the contemporaneibeetian of different mantle
sources.
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Scientific delirium vs. scientific dogma in basalt
petrogenesis

M. Lustrino

Dipartimento di scienze della Terra, Universita deéffudi di Roma La Sapienza,
P.le A. Moro, 5, 00185 Roma, Italy

In ancient Greek the “lyra” was the track left bglaugh (the “lystron”). To go
out of (or jump) the “lyra” was considered a sdriapse of reason, a raving or,
more properly, a delirium. In doing Science, it gldobe easy to distinguish
delirium (i.e., proposing unconstrained or unndtbggotheses and models) from
dogma (i.e., the basic rules governing the systeBisictly speaking, scientific
theories can be falsified, in contrast with dognf@ssumptions) which do not
need to be verified. In reality, the distinctiortleeen delirium and dogma is not
easy, particularly in the Earth Sciences.

The thermal state and chemical composition of Eartirantle are not yet well
known. Not only are the detailed structure andritstion of the chemical and
mineralogical heterogeneities unknown in detail, &so the gross features are at
best cloudy. Basic and intuitively simple conceptgh as geotherm, mantle
adiabat, potential temperature, lithosphere, asi@mere and others probably
need to be re-thought. The message given by arougneock allowing one to
infer the characteristics of its mantle sourceher tectonic setting of formation is
not yet fully understood and may not be understaledat all. There is much
chemical and geophysical evidence arguing for digibgum at different depths
in the Earth’s mantle, diminishing the importandectassical thermodynamic
approaches. The problem of the scales at whichptbeesses develop must
similarly be taken into consideration. As a conszupe, the basic assumption that
there is chemical equilibrium in the upper manté® aneeds re-thinking.

Too simplistic assumptions (e.g., the presencditbblogically homogeneous
and chemically depleted upper mantle with conshdgé# close to 90, the excess
of temperature existing at the base of the coretimdéoundary layer, the absence
of influence of plate tectonic-derived modificat®orsuch as super-continent
thermal insulation or the cooling effects of théducting plates, the olivine-only-
dominated fractionation paths of primitive basaltnelts) can lead to unreal
conclusions in geochemical and petrological modgelim this framework the
more logical scientific hypotheses (based on realessumptions) are defined as
delirium, while other “untouchable” hypotheses (d@g, such as the alleged
presence of deep mantle plumes, survive as zombifesy didactic concepts will
be presented to show how distant we probably are frue understanding of the
Earth’s mantle dynamics.



