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Abstract

The ophiolititic complex in the NW of Fariman (Khorasan Razavi province) is a part of
great ophiolitic complex which lies between 59° 37' to 59° 41' East longitudes and 35° 38' to
35° 40' North latitude. A complete sequence of ophiolitic complex was recognized in the area
but due to emplacement mechanism and applied local diapirism, the complex was disordered
and can be called ophiolite mélange. Based on the abundance of the harzgurgite bodies and
relatively high amount of TiO,, the complex was connected to HOT type. The complex
underwent two separate magmatic stages. In the first stage, a suite of spinel Iherzolite was
formed as a result of partial melting to produce tholeiitic melts. During the second stage,
these spinel Iherzolites were repeatedly heated and affected by melt. This process resulted in
the formation of dunites and spinel lherzolites by melt and Iherzolite interaction. The rest of
residual rock formed depleted harzburgites. The enrichment and depletion diagrams of basalts
indicated that these rocks were originated from depleted mantle. The examination of gabbros,
sheeted dykes and pillow basalts by Harker diagram showed that these rocks have specific
genetic relationships. The presence of hydrated minerals in calk-alkaline andesite rocks and a
large amount of opacitized hornblendes in intermediate rocks showed that vapor pressure and
oxygen fugacity were played an active role during the formation of minerals in parental
magma. All of these data showed destruction of the crystal lattice of hornblendes during
magma ascending and elimination of vapor pressure in their final formation. The magma of
andesites underwent of differentiation and caused the formation of plagiogranites with
metaluminous and calk-alkaline nature. The pelagic limestones (contain Globotruncana
fossils with Campanian-Masstrischtian age) and radiolaritic cherts (contain radiolariane
fossils with Baromian age) indicated the upper Cretaceous age for the ophiolitic complex.
The electron microscopy (SEM) studies confirmed the presence of iron sulfides (pyrite) in
gabbros and Ni in serpentinites. Due to the serpentinization, Ni was released from mafic
minerals. The point analysis of spinels by SEM showed solid solution between spinel,
magnesochromite, hercyenite and chromite due to the substitution of Al, Cr, Mg and Fe

elements.



10

11

12

14

14

15

15

17

wdlao Cov 68

adllae 8 590 (Sdilaio il (om0 1 Jg! Jd
dodio -1-1
dilato ;o L3 gous pll sla,l5 5| (gl b -2-1
adlae Glaal -3-1
asdllae sloesg, -4-1
aibaie ;o Some slamal g Sl S5 -5-1
alllas 550 slocdgdl Condge 5 (S5l oSl -6-1
ailats (555)58 50555 = -1
i Shlg8 90 b slais -1-7-1
ke (558ls )90 b sl iz -2-7-1
ailate SgSs -8-1
ailaie Slodl Gldl iz 5 2l 5 Sliprsg 9 -1
aalllas 3,50 (seibie slazdlecdydl lme 3y -10-1
(Peridotites) lacsga, » -1-10-1
(Pyroxenites) lacoiwsy,m -2-10-1
(Isotropic gabbros) s g5l slsg 5 -3-10-1
(Diabasic dikes complex) s;Lbs slacols sacgoms -4-10-1
dibate SlSJy Luilsw -5-10-1

axlllas 3,90 dibaie ;o SetwdlS g uilsw -6 -10-1



YA

Y4

AR

22

23

24

24

26

26

28

29

30

31

31

34

37

37

(Plagiogranites) ol $e 53 -7-10-1

(Colored mélange) ., slao el -8-10-1

(Alteration unites) aikis slaidlecatsdl b ol on Slo 5o slaaxl-9-10-1
adllae 350 dibais ;0 ogw, ilSw -10-10-1

loriisn 5 olads slaasly -1-10-10-1

LroglSiS 30,8 (slacKiw awle Jolis o lgT sloasly -11-10-1

(mogeem st Sod s ol (6505 slooxly -12-10-1

dilaie 555155 slaasly-13-10-1
299 1 oixw Sldllae  pg Jad
doaie -1-2
oolitul 3550 (slosil g 490 51 iomiw IS Jool =2-2
Slojlsale slacsls slallas -3-2
Slojgale polas sty did )0 o (sledss, -4-2
adlllas 5,50 sailaio slolsals yslas cogas lasis -5-2
dilate (pulidee; glaasly S -6-2
dilaie sleluS S -7-2

ailis Jf sad s 535yt (s -8-2
(b S g (S 59 5 Ol pow Juad
dedio -1-3

Sl 2l sl -2-3



37

40

41

43

47

47

48

50

50

5l

53

53

56

60

61

62

63

64

65

66

67

70

71

71

oS 905, -1-2-3

Sl -2-2-3

kS gy -3-2-3

ailate slacgiil yw -3-3

Sedle slSin-4-3

lag p5-1-4-3

SeS53g, slag pl5 -2 -4-3

lag o5 5 o -3-4-3

lasLs -¥-4-3

(OPG) il S5:53 -5-3

ailaie (255 SSiw (H,55 % -6-3
lacgusl -1-6-3

dilate oo bl 2l slacdll -2-6-3
dibie slociys -7-3

locdys s yug-1-7-3

dibie 5,5k slacsys -2-7-3

o5l glacsgs -1-2-7-3

s glasys -2-2-7-3

o5l (sasgame (s (o (ren3=8-3
dilaie o slacSal wbis Joud -1-8- 3
dilaie SO slacal o ons sluls slaasss -1-1-1-3

(Miliola Lamarck) Yg.L. -2-8-3

dilaie o g )5 Sliges) oy 5 (B 5T a -9-3

aslaie 6’;%)5/9%;1) GL(’.”)’ -10-3



73

74

75

78

80

80

80

81

82

83

84

84

86

88

88

89

90

90

92

Vsidly gl Jod 30 ablie sy p ubs-11-3
wibin slo Cudgagi -12-3
S -13-3
Pior 9 ooeng; e yler S
4o -1-4
dilaie 0,8 SloSiw gunai b -2-4
Seisisly Sl (sies, -1-2-4
g Vo foges ~1-1-2-4
TAS lsges -2-1-2-4
ST loges 3 eslizal b Lol Fa 5Dl (saies, -3-1-2-4
Shand lsges lawg lacas! Fo Db (soupenis -4-1-2-4
Sl sleSis st -2-2-4
oomlogad wuslh = ming glalosel g aibie glodlil sanar b -1-2-2-4
(1962 « L 5 105) Lol soimmnds 2,k slologes -2-2-2-4
ogencls Jl3gain3-2-2-4
Sl (5 ens -3-4
(1974),.5lee Joger1-3-4
Jensen(1976) lssei-2-3-4
AFM s 05 -3-3-4

S sla lsgei Lot Lol (slaanST capisgsy ~4-4



93

93

94

95

96

97

98

99

99

99

100

102

103

103

103

104

105

106

109

MO 5 Si0; 4 s FEI03 ol s &g, (oo, ~4-4-4

= yolie sadisiy -0-4

G Slp el lye &

oS -1-1-5-4

U -2-1-5-4

p52obly -3-1-5-4

2leSlogigSs sl logei ugigibie lacadsudl S5loce) lamme S5 -6-4

aalaie le)L LSL(’:i;-“’ 6‘}:’ @L&fb}g& 6Lb)l\>9.c.3 -1-6-4

MgO- FeOr- ALOs sjles e -2-1-6-4

MnO- TiOZ' P,O5 sples )la}cj -3-1-6-4

Ti blis oV sl loges -4-1-6-4

Y blio ,oCr sl loges -5-1-6-4

Ce/Sr las ,oCr sples Jloges -6-1-6-4



109

109

112

112

112

113

113

113

113

118

119

121

126

127

130

Si0p lie ,3Ko0 Jlogas -1-2-6-4

S -1 -4

(SEM) (99 yS31 o 98w g ySwo wlaSllae oy Juad

asie -1-5

EDS nie & 5550 SEM U1 §1 Jols coleSbt-2-5

LT cysgasme -3-5

oS sl LT -4-5

s T -5-5

Sraie cilK-6-5

bl oo 55 99750 (SlaJipl ) (glalai 5 las glolll =75
by 1l5 15 35250 Sl lauls” 51 s 5JUT-8-5

el oo ) S52g0 sloaS, 5l slabais 30T -9-5

robie sy sobite & ity yu il g paie S5 5 s 5J6T-10-5

gl il o oy ool

O1lghin) g IS : i Juad
wbs-1-6

Slolgriny -2-6

b b



131 eSSl e



Jaf Jad

Al 8 590 (sdiluw (wlii a0 )

1



Aondo -1-1
L bls)l jo oS aiin JBsd gaiisf ¢ diwg S3Ll ol § Sl slSw 5l sl Jly oo 0.8
Gy 5l (iSu g Wles ST (6Kl b SiS (55) 5 ool Lul> (SOeSE Oy (il 8 slagys)
(Condie,1997,Fowler,2005, Nicholson et &gl oo &5 Sl iy gads> b le>  swgldl
3 SleiBle 5 glendshy Dol Glasin wiws Jolaie 9,0 slasle ¢l)ls lbeots8lal,2000)

(Dilek,2003) ceulsl Joses Lace 5l caliee SeisiSs sl dasome (goimailis el
el Gy 4 VU 5 a5 e (st ST ol Jlgy S S sk

MQGA J.s.iw |) LQMJJB.\S‘ &) L)“J&“J)lsT)QT g.:l.)s.w) L o‘)o.b le.;)js tw‘) ssbe

ML» <? LS’L’)J)") 6&0‘)93 9 QS’T ,Ew )b Le‘_;‘ Ja_im.» Lgom..bt.u aS ML»GA ol

e aS(Feeder dykes) cosSadss Sl (glamio sl Sils dag pl8y S ((g3LLs sl SSls -
0305 3l50 3l (65l 50 g A SBgb sl 5 s 4y pleSlo Bl 5l Sl Slge Ko Sl 3 jeae

St 2l sla 03la5 5l Ll g sl godranilis aS oS e adad |y egildl s _2Jb e
SOl g wts GlaY Ojgo 4 oS SudgesS Glag 8 L g Sloog Do a4 aS g ol slag Rl -

ol plisl Cand g anil gl adlg e a8 (CwssSs) SoLLN GopssSs glacuisayy -
S Cadgo B eud g «edg ) «2uS g5l 5l g eog awg laiaigas p oS 5 sl (oo el 1) oidgdl



o o LSl g, Slis a5 &l ad F )13 glaman sSils g g pl8 o jo Jlo3,lsS slaca a0

kel ) sl osuzmny (B9 45 9,5 00 planl S fRagoly by, 4 Lot gl 60l B30 Gloj (e
s 8 b LSl st b & by 3T (slefin b 5 alesd 55,55 K
o,y Lapgygin 5l g lws | g o ls g0l j ol 5 slacods8l.(Vaughan and Scarrow,2003)
e dedl (ol 5l (SigsSS Slllas 5 (39059, 55 @liondsh) (o i be Slalllas el » oSl
Llsd 5l alia glos! ghls s slacadgudl a5 uilove Lo (eiSThaslon] cavss asdS Jlw 30 Job
& oxa il (525 ot gl (nl 9525 Ll 62 Nlr lapaaile s o559l lertss) ( Sloisle
SIS L Lo g0 (50 50 g 3 ol U (owd pli> oty B MORB 5l (SsleSle Y g5
)50 Gy QT puaileSle Lolgs 5 IS
(Hawkins;1977,Crawford et al;1981, Stern and Bloomer;1992,Hawkins,2033)

(s lSle Cands 5 0gd (6 o)Ly LBl Cledbl wily o badsdl slasly ol b
2 sl satug 0 Jsb o Ll oVlail 5 ed 5 Olie adg 5l (SgiSS slaanl b 5 Soilegulie

i &1l aSTaolul e slalass

il yo LB gouds plol ool 5 glasess b -2-1

slodgdl Jie olocdgdl 5 cunl 00 Hlgim slacadsdl 4 Bglans ol 5,0 Jlod slacdsdl o o
5 Olead lacadgdl (S s jo a5 Wiz e wlaid )5 18wy 9590 e arjae Co i Jled s les 3

oSy (S blod 5l as o e Hhas 4y g wil wid ) 18 foin o]l slael o 4o oy el



Bl oo 5 0,lee Jolis Hlai 5590 (sadlate (55, ool plonil Clalllas asiny

obidime plojle Sl p5 w8y slamdl &)lhg jgiws 4 a4 asbw bl adlhte Saxe Jewily vy -

bla! sailaia glacadsdl g5, » (1369) Lo, )l clis )5 (salilly -

eSS Soe olelass

5 oslial b BLassT glacu gyl ats 5 (Gne slodusly (g g axlllae (1384) (sl 5 j30 55~
Slaizs 5550 ()ley 811100000 48,5 ongamme ;0 So5855 5 oord S sl AT i(slojlgnle slaosls
5 o S by T st ojlsale sloosls lawg bagygeasl Sl (o) s Ll By Gome 13
JB o8u Sw oy S 00 S cdnlin ley 3 48,5 0 ol el T 4 Conl ol wolanw
(1384) o, ol oolan 5 mulio plosls Lamst Loy olesp 5eibaeal: 100000 cass sangs -
oold s SSS9598lly e Al Gl 5o Glenyd Glacodsidl oS el skl oz Ll gaiSS
ol 40l plie Koo peime Lawg L3 glaylS 5 anl Ll ol o end plool Slalllas b 4 wloas
SoSal )3 35250 o demnd Lawgi (o o e 3l S Qlan 08 Slacadsidl 4 IS al o a5 e
~olels) SBsE (sl ,S o caibaie )0 25250 slatilses (eizen 5 ) Vnol, sl 5 SOl

el 00l ools &5l (WNLA

SBLasST 5 liiiyee; losb Ll clog,b cailaiel: 100000 gaiis (2005) o Logs 55 Shasly -



5 6,00 lawg les,d 23l (5 cudadl) STPL slacSal Saw uwliy Ko sanllas gy s -

(1387) o an

255 b (So ) plog B o Slotedsrdl s 5 G395 o) (1389) ssras BT sasl L

Adlhie Jase glo sl
laxd e Sl -3-1

1055,5 o 25 3y el S ol 5o axlllan 5,50 CElaal
wilaie S sloasly gaies, 5 28,5550 Slalllas alol -1
293 b g (i ol ale else g jols Wy (w0 e 2leSlo (6 cranns =2
5 2eSlogigrSs Lo loges 5l oslial b k5 5 )90 slagidle ol gudl (g3l e azme (s -3
295 5 G Slalllas 5 olymo oIS bags dilate lo S 3, Gens -4

SEM

astllae by —4-1

ML)GA)J) u,ol...u‘).’w.:).’dqo..\m Lg..\.uw 6&&9)9&‘)& L}AL.»:LDJGM)Q o rﬁl.’?u‘ Sladlas

Sl sady) ol -1
dilaie 5| (L3 (goad ans sl 4t 5 e SlemSe (o) -2

&‘)‘7"9 LgUbéJé;g 439,0.3 '3

SEM 3 XRF; XRD (sla ;. JUT plosil 5 oo ahaiio sas 2 4 sae 80 sgo> S50 abolio ags -4



