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Abstract

Kermanshalophiolite is an extremely crusheagbhiolitic complex in which a completaphiolitic
sequence is not observed. Gabbdmoritc dikes and mostlgerpentinize peridotites are among

the most important constituents of theghiolitic set. Pridotites existing in the study area are of
metamorphosized types that have been severely affected by the hydrothermal solutions due to their
extremely crushed conditions ahdve tolerated almost a severe alteration. Such decompositions
and destructions result in creation of secondary minerals ofsdfgentine group ligardite,
chrysotile antigorite), clorite, talc, magnesitejddingsite andorusite). A survey of the secoay

minerals existing in theridotites show that the study area has been undergone a low temperature
metasomatism at the green schist face level and then the region temperature has risen up to the
amphibiolitic face level due to metamorphosization. Irs thaper the conditions and the reactions
relating to the formation procedure of any of the above said minerals have been surveyed.
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1- Introduction

The AlpineHimalayan system, having beenwith systematic sampling of the specified
created inmesozoie cenozoic era, is a classicsections were performed. A number of 65
system of continent junction (Yin, 2006). Thissamples out of the whole gathered samples were
orogeny band has been constituted fromelected and thin sections of them were
numerous ophiolitic sets that have beenprovided for accurate petrographic studies and
identified and studied in Iran and the vicinitydetermining the ore tys existing in the region
areas (Figl). The study area is a part of the seds well as investigating the secondary minerals
renowned as Kermanshabphiolite-radiolite contained in them usinglarizan microscope.
band that starts from the Sahrdarsin region, Finally chemical analyses of 16 samples were
southeast of Kermanshah province, andarried out using XRF method atdo samples
continuous towards the nofthest, running using XRD method . The analysis results then
parallel to the Zagros trust. Hence, thistem were given to the Newpet and JCD Kit software
is known also by the independent name @nd the related graphs were produced (Fig. 2).

Sahnetophiolite. Little information exists about the nature of the

transfers among the hydrotherrmahgma
solutions, in oceanic hydrothermal systems, and
especially in new oceanic ust (Gills and

Inlthl 'fleld works like preliminary visit and Robert, 1998). Meanwhile petrological and
providing photos from the area for better . e .
.geochemical study ajphiolites in interoceanic

recognition of the region were done. Next, mai : . .
. mounds is an important key for understanding
visits of the whole area undestudy together
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the alteration/hydrothermal  metasomatisrprocesses (Shibuyt al, 2007)
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Figure 1)scatteringmap ofthe Iranophiolites and distribution scheme of the cretaceous neotgilselites
running in the direction of ZagreBetlise zone (Modified from Ghazi and Hassani Paak, 2000)
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Figure 2) 1:50000geologcal map of the study area, sampling points andahalyses performedodified
from Hosseinidoust, 1385)

ophiolites are important resources of acquiringceanic crust. Considering the fact that the
information about the hydrothermal processes ophiolitic set of Iran in most parts, especially in
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study area is extremely crushed, it has begmaper for better understanding of the
intensely influenced by the hydrothermametamorphic processes of the oceanic floor.

solutions and has tolerated severe alterations.
This decompositions and destructions have
resulted in creation of secondary ores and
minerals. Studying the type and progresshef

secondary minerals can help in estimating the
alteration and metamorphosization degree of the
ophiolites in the region. The analysis results
(Table 1) of thepridotites of the region under

study shows that the ultramafic samples are

Al203

amopriad drydiowed N

categorized under the metamorphosized
Pridotites category taking notice of the ] :
secondary mineralogy combination. These ©%© 3 MgO

Pridotites, having been metamorphosized inigure 3) Al20s- MgO- CaO graph for studying the
orogeny regions, are known as Alpine Pridotitg&ridotites of the area under study

(Fig. 3). Based on this, the most important

secondary minerals nd their chemical

properties in ultramafiophiolites ores of the

SahnekHarsin are studied in this section of the

Table 1) Main Oxides and rare elements concentrations in ultramafic samples (XRF).

Oxides 7-B-S  5-B-S 24-C-S 4-A-S 16-B-S 4-F-H 21-F-H
Si{e 4139 41.26 39.71 39.67 41.41 37.61 38.13
TiO, 0.02 0.01 0.01 0.49 0.01 0.02 0.51
Al,0s 0.74 0.11 0.69 451 0.33 0.56 3.92
Fe0s 9.71 8.24 7.63 12.41 9.60 8.30 6.18
MgO 3498 35.94 37.29 27.73 40.65 39.38 36.56
MnO 0.14 0.12 0.11 0.17 0.13 0.11 0.22
CaO 3.25 0.19 0.56 7.52 0.92 1.30 0.86
Na,O 0.01 0.01 0.01 0.41 0.10 0.10 0.08
K20 0.01 0.01 0.01 0.10 0.01 0.01 0.01
P>0s 0.01 0.01 0.00 0.02 - - 0.01
LOI 8.64 9.24 9.32 5.51 5.82 9.73 10.5
Total 98.91 95.24 95.34 98.54 98.98 97.12 96.98
Trace Elemengppm)

Ni 2432 2744 2339 0.09 0.24 0.16
Pb 7 6 3 - - -

Rb 6 6 3 - -

Sr 61 9 9 0.01 -

\Y 45 34 42 0.02 -

W - - - - -

Y 6 6 7 - -
Zr 10 8 8 - - 0.02
Zn 47 43 42 0.01 - - 0.01
Ba 12 - - 0.08 0.07 0.06 0.06
La - - - - -
Cs - -

Ce - 29 - - - -
Co 84 84 72 0.02 0.02 0.01 0.01
Cr 2441 2166 2315 0.34 0.41 0.33 0.11
Cu 3 - - 0.01 0.01 0.01 0.01
Nb 0 4 - - - - -
Mo 4 1 3 -

U 6 5 - -

Th - - 1 - - - -
Cl 70 145 125 0.08 0.03 0.15 0.04

3- Mineralogy and chemical properties of the

secondary minerals

This section deals with thiypes of secondary

minerals and their formation procedure under
the static conditions. The predominant minerals
of the region includethe serpentine group
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minerals (izardite,chrysotile antigorite), and to area has probably risen up to the greensschi
a limited extent, other secondary minerals sudhce kvel. Presence of tharysotiles in form of
as talc, chlorite, carbonates, rusites, and crossing fibers in otherserpentine minerals
iddingsite. context indictes retardant formation of the
chrysotiles under the static conditions (Azar and

Khalil, 2005), again obviously observable in
mainly includechrysotileand to a lesser extent,

lizardite andantigorite which is observable in
serpentinite sections of the region, Hewaith
below in one by one discussion of the minerals [j§

4.1.1 Lizardite

4.1- Serpentine

Lizardites introduce low  temperature
serpentinites, usually stable in temperature
below 250°C and frequently visible in low
grade metamorphosizations at green schist fa
level, that transform into high temperature
polymorphs (Serpentine) due to progressiv
metamorphosization, just above the green sch
face level. Lizardites in microscopic section:
mostly appear as disordered layers (Azar ar
Khalil, 2005). In microscopic sectiofigzardites
can be seen as white layers with little frequenc
(Fig. 4a).

4.12- chrysotile

In thin sections of the sampleshrysotile is
seen as green crossing fibers, causing a latt
texture. Such textures are secondary and ha\
taken formdue to recrydallization (Hg. 4b).
chrysotiles also take form in low temperature
static  alteration  process because
hydrothermal solions with mafic minerals like
olivine and pyroxenechrysotiles formed under
Figure 4) Microscopic illustration a) Lizardite

the intermediate green schist face conditions

§nd chrysotile; b) minerals in expentinites
and thencreate high temperature polymorph o

. . . sections of the study ar€¢dPL).

serpentine dntigorite) under the progressive
alteration up to above green schist fac&€he following potential reactianare proposed
(Ouzbendet al, 2006). It must be nméioned for chrysotile formation from olivine and
that chrysotiles are the gedominant mineral of enstatite in ultramafic @s of the region:
the mass_esrp.entlnltes (Azar an Khalik005), 1- Mg,SiQ: (Fo) + 2H,0 - 2Mg'>+ SiO» (aq)
a fact which is also confirmed in the study area. + 40H
Considering the point that the predominant
serpentine mineral in the region ishrysotile it
can be inferred that the temperature in the study

2- MgSIiO3 (En) + HO - Mg*, + SiO; (aq) +
20H
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3- 3Mg', + 2SiG, (aq) + 5H.O -  metasomatism at green schist face level and
MgsSkOs(OH)4 (Chry) + 6H then have been converted irdaotigorite due to

In the above reaction, together with decrease Bfétamorphsization up to Amphibolite face
Si0; and increase oftP thechrysotile isformed level (Leeet al, 2004). Considering the fact that

in retardation phase and under the statfrpentinites of the region under study show a
conditions. lattice and bassetitic texture, it can be infer that

the bedrock of theserpentinites must be
harzburgite. Inserpentinites wth harzburgite
Antigorites shape in high temperature regiondledrock, theantigorites are found with lesser
metamorphosization; in other wordmtigorite frequency; meanwhile the polymorphic
serpentinization takes place as a result @hrysotiles are predominant in them (Gehédin
ultramafic minerals reaction with deegtered al., 2006). In microscopic sections, this mineral
hydrothermal solutions (Dyyret al, 2004). In is seen as knife and needle shaped white crystals
the area under study thieardite andchrysotile (Fig. 5).
have first been created under low temperature

4.13- Antigorite

Figure 5) Microscopic image of thantigorite mineral inserpentinites of the region under studyPQ).

The following reaction is proposed for4.2- Talc

antigorite formation of the study area: Talk is an aqueous magnesium silicate with

MgsSkO1o(OH). (Tlc) + 45MgCQ(Mgs) + 45H0  MQsSisO10 (OH). In ultramafic ores of th¢éhe

- 2MgSkOs(OH)4 (Atg) + CO study areg, thetalc is formed by hydrothermal
So theantigorites have taken form in low XGO cycles and under the low temperature conditions
and water rich fluid conditions in approx. 350°CtiP t0 the green schist face level, mostly in shear
temperature. As the Jfermation of the ZON€s (Bouschet al, 2006). In other words,
forsterites an@nstatites fromantigorites need a SIMPly as a result of CO addition, the
temperature more than 350°C, and because ffPentine set can be convertedoi Talk. The
evidence has been fodimegarding réormation talk mineral in microscopic sections of the
of such minerals in the region under study, so $erpentinites of the area under study is found in

can be said that the temperature might not haligle amount in white laminated form among
gone higher than 350°C. serpentine minerals (Fig. 6). The proposed
reaction for talk formation in the region is

described below:
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MgsSi:Os(OH)4(Chry) + 3CQ - 3MgsSisO10(OH), CO and producing carbonate minerals (Cipoli
(Tlc) + 3MgCQ (Mgs) et al, 2004). CQ rich fluids are altered from
4.3- Carbonate minerals the oceanic shell and move in depth towards the

) ) _ ) serpentinite mass and react with them. As the
Carbon mineral in earth mantle exists in th§erpentinites are Mg rich ores dirhave great

form of hydrothermal fluid solutions that havepotential for reacting with C£they react with

taken form in upper mantle as the result th:Oz fich hydrothermal fluids, the most
interaction between Cexising in these fluids . yominant product of which being the
with silicates andcarbonates which are the mosﬁmgnesite carbonate minerals visible in the

|mpqrtant form of.car.bon (Liu, 2004.')'. Ca ancgections of the region under study, especially
Mg rich ores likepridotites andserpentinites are theserpentinites (Fig. 6

needed for producing large amounts of

carbonate minerals; so that ores with high

content ofMgO are suitable for reaction with

: Vit L'
‘.\\.‘,‘ 'e"

\ \ Anti

’

Figure 6) Microscopic image of thelk andmagnesite mineral in serpentinites sampleXPL).

The following reaction is proposed for4.5- Brucite

magnesite formation in sections of the StUdﬁrucite with Mg(OH) formula is a secondary

area. mineral which is created because of the
MgsSkOs(OH)s (Srp) + 3CQ - 3MgCQs (Mgs) + alteration process in theerpentinites, Talk
2SiQ + 2H.0 schists andhlorite schists (Perkins, 2002). The
4 4- 1d dingsite brucite mineral in the study area has taken form
o ) _ in serpentinite oresTherefore,the presence of
lddingsite  with Mg, FeOs, 3SIQ, 4H0 the brucite is evidence showing that the

for_mgla _'S among  the secqndary _m'nera|§erpentinization process takes place at the price
existing in the study area sections being tOta"cyf olivine mineral. Theharzburgite with more
or partially pseudomorplivine. Iddingsites in - yvine content tharthe pyroxene creates some
serpentinite sections are seen in form of th'Brucite during serpentinization (Choleman,
brown knives with or Whout average 197gy For the same reason dunites and
birefringence besides tratigorites (Fig. 7b). harzburgite, high concentrations dfvine form
the serpentinebrucites (Paoliet al, 2006).
Gonarsoret al, determined that tharucite may
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take form in thermal range of 5 to 380 In brucite is seen as circular colorless mineral (Fig.
serpentinite sections of the area under study, tBg.

Figure 7) Macroscopic (a) and microscopic image (b) of the Iddingsite minesatpentiniteharzbumgite in
study area (XPL).

Figure 8) Microscopic image taken from thH®usite vein inserpentinites of the area under study (Bru:
Brucite, XPL).

The following reaction is proposed forusite 4.6- Chlorite

formation in sections of the study area: Chlorites of the area under study are of

2MgSiQs (Ol) + 3H,0 - MgsSkOs (OH)s (Srp) +  magnesium richchlorites like penantite and
Mg(OH). (Bru) clinochlores (Fig. 9). In other words, The
chlorites compounds in ultrabasic ores of the
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