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Nomenclatural status

Ichnospecies Original description
P. vulgaris Nicholson, 1873
P. granosus Nicholson, 1873
P. articulatus Nicholson, 1873
P. annularis Walcott, 1890

P. congregatus Walcott, 1890

P. incipiens Walcott, 1890

P. virgatus Walcott, 1890

P. diadematum James, 1891

P. ramulosus James, 1891

P. succulens James, 1891

P. crassa James, 1891

P. flabellum James, 1891

P. radiatus James, 1891

P. rugosa James, 1891

P. tubularis James, 1891

P. asperum James, 1891

P. subangulatum James, 1891

P. corrugatus Walcott, 1899

P. superbus Walcott, 1899

P. articus Ami, 1906

P. montanus Richter, 1937

P. opihalmoides Jessen, 1950

P. rugulosus Reineck, 1955

P. vermiculare Muller, 1955

P. ballandus Webby, 1970

P. octichnus Chamberlain, 1971
P. reticulatus Alpert, 1975

P. beuerleyensis Alpert, 1975

P. striatus Alpert, 1975

P. serpens Alpert, 1975

P. rugulosus Reineck, 1955

P. punctotus Roniewicz and Pienkowski, 1977
P. reinecki Ksigzkiewicz , 1977

= P. beverleyensis

non Planolites = Alcyonuliopsis
= P. beverleyensis

distinct ichnospecies

= P. beverleyensis

= P. beverleyensis

non Planolites = Trichophycus
Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

Nomen nudum

= P. beverleyensis

= P. beuerleyensis

Nomen nudum

distinct ichnospecies

non Planolites = ?Opthalmidium
non Planolites = Scoyenia

non Planolites

= P. montanus

non Planolites = Torrowangea
non Planolites = Palaeophycus
distinct ichnospecies

non Planolites = Palacophycus
=P. montanus

non Planolites = Scoyenia

= ? P. montanus

non Planolites = ? Palaeophycus

1. Rhizocorallium jenense

2. Subichnospecies
3. Fidinichnia
4. Domichnia
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AS- 11D N36°3936"  E47°19'09"

As-11IE  N36°3936"  E47°1909" % % % % %% 0
AS-11C N36°3936"  E47°1909" BooR R R

AS-11B N36°3936"  E47°1909" % % 0 0
AS-15 N36°3729"  E47°2127" ¥ oo E 0 0 0 0

* - Major phase 0=Minor phase
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Egoze Cawl 00 il (yinSTY l5l a4 oIS
(b-F i) .l oo AF/VAL ASIYY s o IS sloanST
Si+Al+(Fe.Mg) ,log—ai (59 » ) CoplS (gdiopm—nds
o s w e o Lis (Vidal and Parra, 2000)
S5 50 5 A8l o s 5 "] S 0 alllns

RG] PO LPCON LR 1N

ladigal ;o 25,15 o SHT5dly CugSne g 9,S0be 5IUT ¥ Jgor

Plagioclase Garnet
Mineral Moscovite ASI11E AS11C AS11E
Section ASIIC Pl Pl Pl Pl Pl Pl Girt Girt Girt Girt Girt
Wty,Oxides Msl  Ms2 58.90 59.37 59.62 60.40 59.88 60.18 38.82 37.46 36.22 38.88 37.17
SiO, 44.17 45.04 BD BD BD BD BD BD 0.03 0.34 0.07 0.06 0.03
TiO, 0.50 0.37 24.50 23.76 23.00 24.69 24.45 23.45 20.88 20.57 2149 19.47 21.31
AlLO, 36.05 36.57 BD BD BD BD BD BD 30.5 28.16 294 295 3097
FeO BD 0.46 BD BD BD BD BD BD 1.21 1.18 1.01 0.98 1.09
MnO BD BD 0.09 0.09 BD 0.06 0.09  0.09 3.68 2.42 270  2.64 464
MgO 0.79  0.76 4.68 538 4091 5.08 5.15 585 3.69 7.01 6.76  6.56 1.81
CaO 0.03  0.08 9.59 946 9.27 10.21 851  8.81 BD BD BD BD BD
Na,0 1.78 1.93 0.33 0.29 0.24 0.35 0.25 0.37 BD BD BD BD BD
K0 891 8.85 98.06 98.35 97.04 100.79 98.33 98.75 98.81 97.14 97.65 98.09 97.02
Total 92.23  94.06
formula  11(0) 11(0) 8(0) 8O) 8(O) 8(0) 80) 8(0) 1200) 120 12(0) 12(0) 12(0O)
Si 3.01 3.014 2.681 2.699 2.736 2.683 2706 2.72 3.08 3.048 2951 3.136 3.019
Ti 0.026 0.019 BD BD BD BD BD BD 0.0017 0.0208 0.0042 0.0036 0.0018
Al 2.895 2.884 1.314 1.273 BD 1.293  1.302 1.249 1.961 1.972 2.064 1.851 2.04
Fe? BD  0.026 BD BD BD BD BD BD 2.032 1916 2.003 1.99 2.103
Mn BD BD BD BD BD BD BD BD 0.0816 0.813 0.0697 0.669 0.0749
Mg 0.08 0.076 0.006 0.006 BD 0.004 0.006 0.006 0.437 0.293 0.327 0.317 0.561
Ca 0.002 0.006 0.228 0.262 0.241 0.242  0.249 0.283 0.315 0.611 059 0.567 0.157
Na 0.235 0.25 0.847 0.834 0.82 0.879 0.749 0.772 BD BD BD BD BD
K 0.774  0.755 0.019 0.017 0.014 0.02  0.014 0.021 BD BD BD BD BD
Total 7.022  7.029 5.095 5.09 5.061 512 5.023 5.052 7.92 7.94 8.01 793  7.96
1. Amesite
2. Sudoite
3. Daphnite

4. Clinochlore
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Mineral

Biotite Chlorite
Section ASIIE ASI1C AS11C
WtOxides Bil Bz B3 Bt  Bt5 Bt6 Bt/ B8 Bl Btz  Chll Chl2
Si0, 3533 40.34 3923 39.80 39.23 3636 36.79 37.86 36.46 37.80  23.74 25.38
TiO, 218 205 220 235 205 120 145 147 122 138  0.05 0.05
ALO, 1773 1636 164 16804 16.67 18.57 1692 1729 16.75 1530  22.08 20.71
FeO 1778 12.63 16.63 15.908 17.29 13.09 17.59 17.39 16.11 1550  25.95 26.02
MnO 0.09 0.5 0.09 004 003 00l 006 004 007 007 0.4 020
MgO 12.82 11.04 11.68 12.203 11.94 13.10 1131 11.99 11.87 12.27  14.25 12.29
CaO 004 008 009 006 010 004 001 00l 1.10 08 020 0.14
Na,0 045 074 073 075 068 345 092 052 059 080 0.0 0.00
K,0 845 896 850 852 7.77 885 9.6 8.8  8.04 827 0.0 0.00
Total 94.87 9225 9555 96.63 95.76 94.67 94.21 9545 9221 9245  86.23 84.79
formula 1p0) 1200) 1200) 1200) 1200) 12(0) 12(0) 120) 12(0) 120)  140) 14O)
Si 2921 3309 3.172 3.7 3.159 297 3.065 3.088 3.07 3.17  2.563 2.779
Ti 0.135 0.126 0.134 140 0.124 0.074 0.09 0.09 0.077 0.087  0.004 0.004
Al 2158 1581 1.563 1578 1581 1.788 1.661 1.662 1.662 1.518  2.809 2.673
Fe? 1228 866 1.124 1.062 1.164 0844 1225 1.185 1.134 1.089  2.343 2.383
Mn 0.006 0.003 0.006 0.002 0.002 0.001 0.004 0.003 0.005 0.005 0.013 0.019
Mg 1,579 135 1.408 1449 0.433 1.596 1.405 1457 149 1531 2293 2.006
Ca 0.003 0.006 0.007 0.005 0.008 0.003 0.001 .001 0.099 0.074  0.002 0.016
Na 0.072 0.117 0.114 0.115 0.105 0.546 0.148 0.081 0.096 0.129  BD  0.00
K 0.891 0.938 0.877 0.864 0.798 0.922 0.973 0.924 .800 0.883  BD  0.00
Total 8.993 8.296 8.405 8.385 7.374 8.744 8572 8.491 843 849  10.028 9.88
(Holland and Powell, 1998) AX jl33ls i lawgi b 1S ool awsle olos glac! ¥ Jgax
Section AS11E AS11C
Mineral  Btl Bt2 Bt3 Bt4 Bt5 Bt6 Bt7 Bt8 Btl B2 Msl Ms2
Phl  0.064 0.07 0.064 0.7 0.066 0.094 0.065 0.073  0.08 0.075 -
End  Am 0019 0015 0.032 0.026 0.034 0.015 0.043 0.037 0.029 0.032 -
Member En 007 0.036 0.039 0.043 0.041 0.071 0.046 0.049  0.042 0.049 .
Ms _ _ } . B} . - - . 0.77 0.75
Cel - - . . . - . . 0.02 0.017
Mineral Grtl Grt2 Grt3 Grt4  Grts Pl P2 PI3 PIl P2 PB
Prp  0.0068 0.0032 0.004 0.0031 0.0113 - - . - -
Grs  0.002 0.0115 0.0112 0.0085 0.00031 - - . .
End  Alm 027 023 025 023 033 - - - . -
member  Sps  0.001 0.0017 0.0011 0.0084 0.0014 - - - - -
An . - . . - 035 041 - 035 039 0.37
Ab - - - - - 078 075 - 078 0.76 0.77
Sa - - . - - -~ 083 - .

sy
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K0 Mo+ Feo
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Fe
2.03
1.92
2.00
1.99

Mn
0.08
0.08
0.07
0.07

Al
1.96
1.97
2.06
1.85

Ca
0.31
0.62
0.59
0.57

Si
3.08
3.05
2.95
3.14

Mg
0.44
0.29
0.33
0.32
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Ol el s 0, IS ()28 Gybods Culigu-i )8
ly S s bawgs 15 b Ggmnl S 5l (o)
ol @ls &S cunl 00 5 ool wl Codgn-i )5 zuawles
Congole slaad ¥ Jguar 39800 oo 7 Jgaz 50
A oo s Sody diged o 1) g -cs 8 8o
“rlall 5 Sl s Fe-Mg Jols 25T
MgsAIZSiBO12+KFe3AISi3OIO(OH)2: O yguods 9w

$i,0,,+KMg,AlISi,O, (OH),
T=[4151+0.019P]/ &,y9045 (Ferry and Spear, 1978)
(Thompson,1976) .l [RLnK+1.554] + 50°C

I, T=[27.40+0.0254]/[ LnK+1.56] + 50°C aJsles

c.l.wl.‘ob ] Fe3A12

alayl, Holdaway and Lee (1977) .c—wl 00503 8,20
T=[6150+0.0246P)/ & )50t |; w55 cayd g &)l
Ol 5 asles 5 sl [RLnK+3.93] + 50°C
ze—wlod yrej 5| (Perchuk and Lavent, eva, 1983)
T=[3890+9.56P1/[2868 + LnK] JS3 4y Cusge-co, 8
Hodges and) Jols ;500 sloygul IS .l 2273
Spear, 1982 Indares and Martingnole, 1985;)
K= (Fe/Mg)®/(Fe/Mg)™"« P &¥oles plos o il o

50

B i S _rled —yLid Ll
adlaio oul 495,50 Iy
o ylid-Loo

) 995 bl gaSiw e Lid-Les (ol
sl ieSly g cdsm-cs,8 Fe-Mg Jols mwlos
Al ool Al Jolss

Codgm—<d,8 Fe-Mg Jols auwlos
09l 095 (Sebilio oS 5o
Sl )l @l Else 5 25,5 (e Fe-Mg ajss
o> Olpess aS el cdeas (Ferry and Spear, 1978)
Sl 5 05 sl S15 0550 Yol (b )°“‘3-.9)f ol ad
oS sla STy az 53 Wl oo b L 9,5
ooliiul (gl 5w oo o ;b 5l Jiine (goby 0 b
.(Thompson, 1976) e wslivs awlos lgcas
Fe-Mg Jols mmslos doguwlos po) dod (4o 5l
&lr Iy amBlioo les (pidghite (Eolgn-s)l8
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@ Ol (nl (plos Jlake (09— S35 Gizen
s . | gl
olis jomb 1y Jol> slae,l,> Martingnole, 1985)
Mn g Codgm 1o TiHlade 285 Jas s a>gi b .ows o
sle,l,> Indares and Martingnole Jowe ,o <6)8 jo

| ooy oola

(Indares and g

999 Oy e (o0 slazrawles 5l 5epobioad sl
,o (Indars and Martingnole, 1985) Jus &b &)l,>
Bblin Cuigu-o6,8 gol> 6550 slaSin lallas
.(Moazzen,1999) Jlixs lp canloalds jaseine 35 Ko

938l Syl 4z T b s L2
SVolre gl ool s los ol o )8 ol R
SYoles (ol o Gglaie sla)lid ol |13 L 2 Lixo
alaxo a5 g shailen .l oy 0ols Lid & Jgaz (o
QL )lid Ol ) (o8 (Snnly giwled (ol 90 oo
@ 0dd dwlors (slales o5 Kl 4 azgi b om0
o)luy )3 )La i Jeims) dkbar Lid 5,8 L Lad
PN o0y dumnline glod 3V (Cod guniol B s
&lp g ol Kol a0 FYQ ool dwlo slod (1 5aS g
S 5 FFFouls alos (glos (VL JbolS i
azgi b abl oo o, il a0 FOY o0l alows sleo
9 Sagm 5o Tl Sl g, 5STas jlade (28,5 1 js 0y

Calibration Thomp HandL FandS PandL HandS landM
P(Kbar)
(Highest Ti in Bt and Mg in Grt) 4.0 615.5 599.0 609.7 595.7 631.7 552.2
6.0 630.2 605.8 617.6 604.9 639.5 560.0
8.0 644.9 612.7 625.6 614.1 647.3 567.8
(Mean of T estimates) 4.0 469.1 469.5 427.0 502.0 497.0 411.6
6.0 481.4 4753 433.3 497.2 503.1 417.8
8.0 493.7 481.2 439.6 492.3 509.1 424.1
Lowest Ti in Bt and Lowest Mg in Grt) 4.0 429.1 433.2 380.2 470.4 435.5 447.9
6.0 440.7 438.7 386.1 465.8 441.2 453.8
8.0 452.3 4443 392.0 461.0 446.9 459.7

(58l es5) plaiole g (Sob Glocins 1o Cufgn § C6,5 apd Y ga

olitols ©fgiar (o) GloSiw ;5 <55 a5

Oliele oy gin ) loSis ;0 Colign 4y

Si02 37.17 36.22 38.88 Si02 39.86 39.23 36.36
TiO2 0.03 0.07 0.06 TiO2 2.35 2.05 1.20
A203 21.31 21.49 19.47 A203 16.84 16.67 18.57
FeO 30.97 29.40 25.50 FeO 15.98 17.29 13.09
MnO 1.09 1.01 0.98 MnO 0.04 0.03 0.01
MgO 4.64 2.70 2.64 MgO 12.23 11.94 13.1
Ca0 1.81 6.76 6.56 Ca0 0.06 0.10 0.04
Total 97.02 97.65 98.09 Na20 0.75 0.68 3.45
K20 8.52 7.77 8.85
Total 96.63 95.76 94.67
OseeST 12 (gl & Sigen 59 (59250 amlixa OS2 6l & 25555 55 anlons
Si 3.019 2.951 3.136 Si 3.17 3.159 2.97
Ti 0.0018 0.0042 0.0036 Ti 1.40 0.124 0.074
Al 2.04 2.064 1.851 Al 1.578 1.581 1.788
Fe 2.103 2.003 1.99 Fe2+ 1.062 1.164 0.844
Mn 0.0749 0.0697 0.669 Mn 0.002 0.002 0.001
Mg 0.561 0.327 0.317 Mg 1.449 0.433 1.596
Ca 0.157 0.59 0.567 Ca 0.005 0.008 0.003
Total 7.923 8.01 7.933 Na 0.115 0.105 0.546
K 0.864 0.798 0.922
Total 8.385 7.374 8.744
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Sample B-01 B-02 NK-01 NK-02 NK-11 NK-28 D0l D02 D03 N-06 NK27 NK-34
SiO(zW)  50.4 51.1 51.3 50.9 51.2 50.6 509 51.7 492 5045 51.5 49.2
TiO, 0.7 1.04 0.6 0.64 1.41 1.01 1.43 1.18 0.61 0.72 1.39 1.13
AlLO, 12.89 1296 14.13 1377 105 13.28 1522 1435 13.17 14.19 13.57 14.39
Fe O, 9.78 7.37 1093 11.77 159 6.59 893 935 11.2  11.55 9.25 8.2
MnO 0.1 0.23 0.1 0.09 0.13 0.16 0.16 0.14 0.2 0.08 0.13 0.12
MgO 5.71 6.54  5.12 5.92 4.1 5.61 6.8 6.32 6.15 5.34 6.84 6.73
CaO 14.84 14.16 10.76 1092 1042 16.32 11.52 10.51 12.29 10.9 11.31 13.17
Na,O 2.15 236 3.12 3.2 2.6 2.64 253 229 3.78 3.16 2.3 2.83
K,0 0.11 0.79 024  0.18 0.46 0.15 0.28 0.4 0.02 0.1 0.07
PO, 0.13 0.79 0.23 0.18 0.46 026  0.32 0.2 0.23 0.41 0.3
LOI 2 1.9 2.2 1.8 2.2 1.85 2.2 24 2.25 23 2.7
Total 98.81 99.24 98.73 99.37 9939 99.92 99.75 98.65 99.59 98.9 99.11 98.84
Ag 0.01 0.13  0.03 0.04 0.05 0.09 0.1 0.11 0.08 0.03 0.12 0.05
As 4.7 23 0.5 0.7 0.7 0.9 1.0 6.5 0.5 1.4 0.6
Ba 495 160.5 20.8 6.2 6.3 120.7 31.4 31 1314 141 15.2 7.4
Be 0.3 0.9 0.5 0.8 0.9 0.2 0.7 0.4 0.3 0.5 0.4
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Sample B-01 B-02 NK-01 NK-02 NK-11 NK-28 D-01 D-02 D03 N-06 NK-27 NK-34
Bi 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Cd 0.2 0.4 0.06 0.11 0.13 0.4 0.41 0.18 0.32 0.06 0.24 0.14
Co 25.2 36.1 22.6 21.8 23.6 35 285 299 34.1 20.4 21.5 22.5
Cr 107 124 108 25 2 106 2 3 74 15 2 11
Cs 0.1 0.8 0.1 0.2 0.1 0.4 0.1 0.1 0.7 0.1 0.1 0.3

Cu 60.9 672 383 405 33.7 86 1445 161.6 895  32.1 95.7 62.2
Hg 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.06  0.05 0.05 0.05

In 0.03 0.05 0.04 0.02 0.05 0.05 0.04 0.05 0.05 0.02 0.04 0.02
Li 19.9 18.4 0.6 12.3 6.4 18.3 19.4 6.9 10.5 7.7 4.1 7.9
Mo 0.4 1.1 0.1 0.4 0.7 1 0.7 0.5 0.6 0.3 1.1 1.1
Nb 0.5 7.6 1.2 1.4 1.7 4.2 3.9 4.2 1.2 1.3 5.5 1.8
Ni 91.9 935 724 66.9 6.3 116.7 299 263 50.6 34.7 28 63.5
Pb 1.0 2.1 1.0 3.0 2.8 2.5 8.1 2.3 6.4 0.3 3 2
Rb 1.9 24.8 1.4 3.3 3 20.5 3.5 8.8 7.9 0.3 2.4 1.6
Re 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
S 198 75 50 344 223 138 122 50 817 50 3498 735
Sb 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 1.8 0.1 0.2 0.1
Sc 14 19 12 9 10 26 9 18 17 6 23 9
Se 0.27 042 037 0.26 0.55 0.54 0.54 0.5 0.43 0.27 0.82 0.42
Sn 54 2.6 1.1 1.2 1.9 1.5 1.4 1.2 1.2 1 1.8 1.2
Sr 98.9 1804 50.7 33.8 26.6  161.6 668 334 975 30 552 52
Te 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Th 0.18 7.38 1.87 231 0.67 6.71 247  2.68 0.27 0.34 3.73 0.92
Tl 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
U 0.11 1.16  0.44 0.81 0.17 1.07 055 0.66 0.1 0.05 0.94 0.15
\% 101 126 124 62 187 131 226 190 161 117 204 108
w 0.1 0.2 0.1 0.1 0.1 0.3 0.2 0.1 0.1 0.1 0.2 0.1
Y 15.67 1638 26.87 12.02 3421 2251 21.77 2338 18.15 21.09 30.71 21.36
Zn 52 118.9  56.9 56.7 1143 120.8 101.2 106.1 136.2 49.8 108 79
Zr 44 82 9 52 48 112 38 91 13 16 162 50
Ce 795 7341 227 19.66 30.13 7429 36.05 3899 19.11 22.03 58.34 31.01
Dy 4.06 482 559 3.73 8.31 488  6.47 6.7 4.66 5.93 9.53 7.9
Er 2.63 2.45 3.5 2.2 5.33 247 417 4.2 2.79 3.49 6.01 5.13

Eu 097 221 1.33 1.02 1.92 222 1.78  1.88 1.3 1.63 2.46 1.86
Gd 3.78 7.1 552 377 8.37 731 6.63 7.01 4.8 6.11 9.61 7.68
Ho 0.98 1.01 1.33 0.87 2.01 1 1.54  1.57 1.05 1.35 2.23 1.88
La 252 498 973 8.7 11.71 61.44 173 178 796 894 28.07 12.34
Lu 0.66 035 048 035 0.85 033  0.68 0.67 0.4 0.53 0.97 0.86
Nd 7.79  38.73 1523 11.71 2228 42.64 20.72 2238 13.1 16.38 32.46 21.64
Pr 136 958  3.12 2.5 4.4 10.68 4.51 4.88 2.6 32 7.07 4.36
Sm 2.5 6.85 4 2.89 6.03 7.09 503 542 348 452 7.50 5.75
Tb 0.64 093 0.9 0.6 1.32 092 1.04 107 074 0098 1.53 1.27
Tm 0.49 0.4 0.61 0.39 0.97 042 076 077 048  0.63 1.11 0.96
Yb 266 210 3.25 2.17 5.32 209 416 419 258 342 6.10 5.23
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Abstract

Nayband Formation is composed of sandstone, coal bearing shales, siltstone, and
fossiliferous limestone in the southwest Tabas section, east central Iran. In this section, it is
1410 m in thickness and Late Triassic in age. A divers trace fossils have been found in the
middle parts of sequence as 400-600 m. These trace fossils include Lockeiaisp., Palacophycus
tubularis, Palacophycus striatus, Planolites beverleyensis, Rhizocorallium isp., Rosselia
isp., and cf. Treptichnus isp. This ichnoassemblage is attributable to Cruziana ichnofacies
with presence of Lockeia isp., Rhizocorallium isp., and, Rosselia isp. This part of Nayband

Formation was deposited in low energy conditions below fair-weather wave base.

Keywords: Cruziana ichnofacies, Sedimentary environment, Late Triassic, Nayband

formation, Tabas.
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Abstract

Similar to other deposits of this type in the world, three major stages could be considered
for mineralization in Mari copper deposit. The Mari Copper deposit is located in the
northwest of Iran and Tarom metallogenic zone in the north of Zanjan. The ore-body is strata-
bound and hosted by the Eocene mega-porphyritic andesites. The major copper sulfides
are bornite, chalcocite, and chalcopyrite associated mainly with pyrite that represent open-
space filling, disseminated, vein-veinlet, and replacement textures. The volcanic rocks of
the study area mostly represent intermediate to acidic composition with high potassium
shoshonitic magmatic series related to intra-arc rift environments. Wall rock alterations
include carbonatization, chloritization, epidotization, and sericitization. The abundances of
Cu and Ag in fresh mega-porphyritic andesite are up to 3200 and 216 ppm respectively.
Based on the main characteristics of Mari ore body such as tectonic setting, host rock,
strata-bound form, mineralogy, metal content, and wall rock alterations and comparison of
these features with Manto - type copper deposits, Mari Cu deposit can be introduced as a
Manto -type Cu deposit in NW Iran. The first stage includes submarine volcanic activity and
eruption of mega-porphyritic andesitic lava associated with regional propylitic alteration. In
the second stage, the early diagenesis and the activity of sulfate-reducing micro-organisms
resulted in the generation of pyrite in the form of open-space filling and disseminated in
the mega-porphyritic andesite. Finally, in the third stage, increasing of the thickness of
sediments, basin subsidence, and burial diagenesis accompanied with the entry of metal-
rich fluids into the reduced host rock, caused the replacement of the first stage pyrites by
copper sulfides and mineralization in the Mari deposit.

Keywords: Mari Cu deposit, Stratabound, Manto- Type, Andesite mega porphyry,
Tarom zone.
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Abstract
The Misho Mountain is a prominent topographic feature in the North-West of Iran.

This mountain is bounded with series of major active faults. Spatial array of these faults
caused an uplift in the study area, and exposure of Kahar Formation in the core of the
mountain. The active deformation affected topographic feature and changed the uplift
rate. In this research we tried to quantify variation of uplift rate by using geomorphic
indices and thermochronometry data. The analysis of stream length gradient, mountain
front morphology, valley shape, and basin morphology indicated that uplift rate decreased
from North to South and West to East. Hypsometric integral, which was calculated for
the northern and southern flanks of Misho Mountain, also shows mature stage for the
Southern flank, but in the Northern Misho tectonic activity increased and consequent;y
show unstable state. Comparing between maximum and minimum swath profile in the
west, central and east Misho indicated that in the west Misho the min and max swath profile
indicate greater difference and show rapid uplift in the west Misho. Thermochronologic
data show that rapid exhumation commenced by 21-22 Ma (Miocene), and an uplift rate
of 0.16 to 0.24 Km/Ma was estimated. We propose that the range might be exhumed
diachronously along strike and the magnitude of exhumation decreases to the ESE. This
result is supported by structural and stratighraphy of study area.

Keywords: Uplift, Geomorphicindices, Misho Complex, Exhumation, Thermochronology.
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Abstract

The Mount Argon garnet schists contain mineral assemblages of quartz, feldspar, mica
and garnet. The chemical composition of, plagioclase, biotite, muscovite and garnet in
the studied sample shows that plagioclases are albite-rich, white mica flakes are rich
in muscovite end-member, phlogopite-annite is the dominant constituent in biotite
and chemical composition of the analysed garnets shows that they are almandine and
spessartine-rich. Maximum and minimum pressure and temperature of the studied rocks
were estimated by using common calculation methods. The minimum and maximum
temperature of metamorphism was calculated using Mg-Fe exchange between garnet and
biotite. Considering a nominal pressure of 4 kbar, the highest calculated temperature was
615°C and the lowest temperature was 380°C. These were 644°C and 392°C for pressure
of 8 kbar respectively. Also using multi-equilibria calculations, temperature of 800C and
pressure of 9kbar were obtained for the peak of the metamorphism and temperature of
450°C and pressure of 7kbar was calculated for the lower part of the metamorphism. Two
phases of metamorphism and deformation affected these rocks. The second deformation
was associated with the peak of metamorphism. A decrease in temperature about 351°C
with reduced pressure of about 2 Kbars is observed in the metapelitic rocks.

Keywords: Mineral chemistry, Metapelitic rocks, Mount Argon, North West of Iran.
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Abstract

In this paper, classification of a large hydrochemical data set from Varamin plain is
done by using fuzzy c-means (FCM) and hierarchical cluster analysis (HCA) clustering
techniques. Then its application to hydrochemical facies delineation is discussed.
Groundwater samples were grouped into three classes according to the optimum number
of the classes and fuzziness exponent by using the fuzzy c-mean. The data set includes 90
deep and moderate deep well samples from groundwater data set and 9 hydrochemical
variables were used. Results from both FCM and HCA clustering produced cluster
centers that can be used to identify the physical and chemical processes creating the
variations in the water chemistries. The optimum cluster in FCM method determined
by optimization function, but in HCA method by trial and error. The FCM method is
potentially useful in establishing hydrochemical facies distribution and may provide
a better tool than HCA for clustering large data sets when overlapping or continuous
clusters exist. Plotting the cluster membership value contours on a map demonstrated the
existence of three spatially continuous, well-defined clusters of groundwater samples.
The results showed that the FCM method is more sound for investigating threshold data
rather than HCA method (that represents sharp and abrupt variations).

Keywords: Groundwater, Hydrochemical facies, Clustering, Fuzzy Logic, Varamin.
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Abstract

The Noorabad ophiolite is a part of Eastern Mediterranean-Zagros-Oman Tethyan
ophiolites, cropping out in south-southwest of the Main Zagros Thrust fault. In this
sequence of the ophiolite rocks, diabase dikes and basaltic lavas are widespread. The
chemical composition of these rocks comprise sub-alkaline basalts, andesitic basalt and
andesite. According to normalized REE diagrams to the chondrite and trace elements
normalized to the primitive mantle, these rocks show calc-alkaline series, the enrichment
of LREE and LILE and depletion of HFSE elements. The characteristics of these
ophiolites are similar to other exposed Tethyan ophiolites along Bitlis-Zagros suture

zone, and their formation is associated with supra-subduction zones.

Keywords: diabase dikes, basaltic lavas, ophiolite, supra-subduction zone, Noorabad.
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Abstract

The 1/100000 geological map of Sarchah area in southern Khorasan province lies at
59°,30" to 60°east longitude and 33°to 33°,30" north latitude. The plain is covered by a wide
spectrum of volcanic rocks with a compositional diversity from basic to acidic. In this
research he parental melt’s nature and evolutions via isotopic studies and measurements
were studied t. Isotopic correlation plots of *Nd/'"*Nd versus ¥Sr/Sr (Zindler and
Hart, 1986) showed that extrusive igneous rocks found in this area were originated from
those parts of mantle affected by subducted lithospheric slab or metasomatized by crustal
substances. As a result, it is necessary to consider the role of parameters such as crustal
mingling in dasitic - rhyolitic rocks formation Rhyolitic rocks are significantly affected

by crustal materials. These rocks are characterized by higher levels of ¥Sr/Sr and lower
levels of "*Nd/"*Nd.

Keywords: Basic, Isotopic, Lut, Rhyolitic, Sarchah, Southern khorasan and Volcanic.
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