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;‘t | Qal Alluvium in stream channels.

é [ IQ!Z Young piedmont gravel fans.

: ‘ } Qf1 Old piedomont gravel fans.
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- Eqd Quartzdiorite, quartz monzodiorite.

- Ety Intermediate to basic submarine lavas and volcanic rocks:
andesit, andesite dacite.

- Etr Massive trachyandesit, trachyandesitbasalte.

- Eda Altered dacite and dacite andesite.

- Esp Spiliticbasalte, k phyre ( trachyandesitic basalte, trachyandesit
with a few beds of sandstone.

- Eb,a Basalte, andesite-basalt, spilitich
Et,s Association of T and twfit, gypsiferous marl.
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ACP- s, & S iged VY0 (PPM) wlooS 5 o8 pobic « (1) ol yolic o] ol -Y=5 Jsoxr

OES/MS
Sample | G1.QC | G2.QC | G:.QC | QCGs | Gs.QC | QCGs | QCG7 | Ge.QC | G1.QC | QCGu | G1.QC | QCGa3
Major Oxids(wt%b)
SiO, | 6234 | 7170 | 71.94 | 67.46 | 68.09 | 57.05 | 60.61 | 64.06 | 65.05 | 62.08 | 70.55 | 56.95
Al,O4 16.45 12.77 13.17 | 1462 | 1471 | 1794 | 16.11 | 16.87 13.85 14.37 12.86 16.38
Fe,O; | 7.81 4,04 529 | 496 | 457 857 | 684 | 7.27 6.60 7.39 4.20 8.70
MgO 3.32 1.95 2.67 2.57 1.58 3.50 3.87 0.48 3.27 3.85 2.27 3.53
CaO | 2674 | 2086 | 0.798 | 3.22 | 3.388 7 4088 | 3.598 | 3.92 5.25 203 | 9.058
Na,O 3.68 3.96 3.37 3.37 3.63 2.16 4.73 3.57 3.85 3.68 453 2.92
K0 3.04 3.15 2.30 3.46 3.69 3.13 3.15 3.77 3.09 2.95 3.22 1.75
P.Os 0.50 0.21 034 | 023 | 025 | 046 | 044 | 030 0.27 0.30 0.23 0.44
MnO 0.18 0.14 0.13 0.12 0.09 0.18 0.17 0.08 0.11 0.13 0.12 0.27
Trace Elements (ppm)
As 27.07 9.36 11.38 11.9 20.19 19 16.38 | 20.16 12.93 11.78 8.53 8.93
Ba 503.9 515.9 359.6 | 589.9 530 625 | 4429 | 4434 | 4853 476.7 487.6 366.3
Be 488 1.07 107 | 121 1.16 371 | 236 | 118 1.14 3.52 2.4 0.08
Co 19.25 9.76 17.77 | 12.38 | 11.07 25 | 20.06 | 14.74 | 1578 | 18.49 | 10.81 | 22.49
Cr 21.47 | 30.15 | 3352 | 40.35 | 24.34 56 | 59.07 | 30.6 31.9 | 44.03 | 26.11 | 15.09
Cs 2.26 2.27 153 | 188 | 401 | 075 16 3.16 1.67 1.15 1.17 4,06
Cu 296.3 | 4348 | 4727 | 50.44 | 4098 | 135 | 1111 | 74.14 | 80.79 | 100.3 | 59.55 | 109.2
Hf 175 0.75 174 | 1.88 1.63 184 | 129 | 204 0.75 0.75 1.59 3.07
Li 18.66 9.81 12.68 | 12.08 | 6.73 8.12 | 125 | 4.46 5.81 524 | 1279 | 21.92
Mo 1.62 0.75 1.98 | 075 3.23 3 167 | 224 1.46 1.78 0.75 233
Nb 9.17 7.34 9.22 5.61 4.39 53 6.98 5.74 6.64 5.22 6.58 6.57
Ni 11.6 9.78 17.83 | 11.26 1 17 20 8.5 8.43 9.7 11.18 | 6.97
Pb 15.89 26.13 15.47 | 19.56 | 16.98 21 25.26 | 30.61 12.98 16.81 46.21 25.74
Rb 75.91 | 63.29 61.8 | 49.15 | 51.13 | 34.96 | 42.37 | 67.97 | 5298 | 50.44 | 59.9 391
Sh 2.92 2.07 075 | 374 | 277 1.02 | 275 | 235 1.81 191 0.75 124
Sc 11.76 6.28 7.66 8.34 8.54 19 8.98 10.55 11.54 13.87 6.47 10.89
Sn 1.16 1.98 1.92 | 207 1 1.89 1.7 152 2.62 1.9 2.09 1.91
Sr 4225 478.1 354.4 499 473.2 510 596.8 | 662.6 | 495.2 649 476 844.6
Th 1.98 5.65 477 | 6.08 3.88 328 | 297 | 5.09 6.04 4,99 4.84 3.4
Ti 0.47 0.21 0.28 0.22 0.26 0.05 0.36 0.36 0.28 0.32 0.22 0.37
u 0.75 121 139 | 177 1.12 075 | 075 | 1.25 1.43 0.75 1.42 1.05
Vv 1727 | 9546 | 100.8 | 114.8 | 119.1 | 295 133 176 163.3 | 193.1 | 86.57 | 196.7
W 0.75 1.1 113 | 104 | 075 | 075 | 0.75 | 119 113 0.75 1.13 0.75
Y 13.85 | 10.21 96 | 1132 | 12.35 1 1456 | 8.67 | 15.88 | 16.44 8.1 25.6
Zn 115 101.7 795 | 66.8 | 5241 | 110 | 82.93 | 56.87 | 40.9 | 4141 | 96.92 115
Zr 34.44 419 66.95 | 117.3 | 10199 | 36 | 92.41 | 119.1 | 28.44 | 38.78 | 76.95 144
Ga 16.63 11.38 15.46 | 8.74 8.6 14 11.46 | 14.82 13.97 13.36 13.26 18.04
Rare Earth Elements
La 30.61 | 19.69 | 21.04 | 17.23 | 1353 21 16 13.98 | 1857 | 1811 | 16.53 | 26.17
Ce 25.69 29.45 2248 | 29.2 25.37 35 32,98 | 19.54 | 21.96 20.24 20.84 44
Pr 7.14 417 515 | 3.49 3.35 393 | 387 | 338 481 455 3.48 7.25
Nd 28.41 14.8 20.59 | 14.04 | 1312 | 16.31 | 1527 | 13.16 | 20.17 | 18.71 | 1355 | 30.91




Sm 5.57 2.66 3.92 2.75 2.81 3.55 2.92 2.56 4.14 3.96 2.67 6.62
Eu 1.59 0.75 1.23 0.75 0.75 1.07 0.75 0.75 1.09 0.75 0.75 2.06
Gd 5.08 244 3.54 2.19 2.4 3.56 2.83 2.3 4.02 3.73 2.27 6.64
Dy 4.15 1.85 2.96 1.73 2.09 3.16 247 1.59 3.79 33 191 5.44
Er 1.6 0.75 121 0.75 0.75 1.34 0.75 0.75 1.54 1.37 0.75 2.28
Yb 1.99 1.04 1.58 0.75 111 1.73 1.32 0.75 2.23 1.87 1.04 3.09
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Nb/Y - Zr/Ti plot (modified by Pearce 1996)
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Molar Na2O- Al203- K20 plot
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Spider plot — Primitive Mantle (Sun and McDonough 1989)
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Spider plot — Chondrites (Thompson 1982)
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Spider plot — REE chondrite (Boynton 1984)

100

10

Sample/ REE chondrite

-oas o3dle 5 (BOYNON, 1984 ) o j0sS b s 45 anlllas 0540 sladiges S ,0b polic oS .A-F o

Ry

A4



Spider plot — REE Primitive mantle (McDonough and Sun 1995)
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As(ppm)|Au(ppb) | Ag(ppm) | Ba(ppm) | Cu(ppm) | Sr(ppm) |Pb(ppm)| Ce/Ce*
Soww 3o
o 20 5< 2.1 12700 27767 906.9 28 0.72
TSR]
b &5 4 18 7.2 29 27187 25.5 2795 1.14
V(ppm) | U(ppm) | Zn(ppm) | Zr(ppm) REE |LREE/HREE| Eu/Eu*
Soaw 3O
Tt 170 7.4 111 85 63.94 7.06 0.67
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s 45 23 1.8 626 45 65.82 11.68 25
XRF g, 4SS sladiges 10 OPM) S ol 5 e,8 yolic polie ¥-F oo
sample 1 2 3 t7 | t10 | t6 t4 | t3 | t8 t5 tl 19 12
As(ppm) | 44 82 61 2 8 26 | 41 [ 41204 7 103 | 168 | 19
Ba(ppm) | 458 | 425 | 490 | 210 [ 370 | 33 [ 412 |37 [ 104 | 287 | 19 [ 499 | 20
Ce(ppm) | 11 65 88 42 | 87 | 56 | 24 | 31| 22 9 42 | 160 | 9
Cl(ppm) | 103 | 69 | 384 | 55 | 11 | 111 [ 100 |66 | 72 | 824 | 106 | 72 | 87
Co(ppm) 9 5 7 9 11 8 8 | 3] 7 5 6 7 5
Cr(ppm) 9 9 7 9 7 5 25 | 7] 5 7 6 7 8
Cu(ppm) | 1986 | 1611 | 2631 | 2154 | 296 | 2541 | 196 | 20 | 124 | 5326 | 2895 | 997 | 325
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7 2 2 2 | 5] 3 |5 1 4 1 4
Ga(ppm) | 11 | 13 | 5 | 19 | 21 | 2 | 19 |10 | 11 | 49 | 8 | 19 | 8
La(ppm) | 5 | 19 | 34 | 19 | 40 | 32 | 15 |16 | 14 | 5 | 37 |101| 5
Mo(ppm) | 1 4 2 4 | 2 4 [ 2121 2 | 1 | 2
Nb(ppm) | 3 2 4 2 | 2 [ 1 |21 3] 2 1 | 2 | 1
Ni(ppm) | 35 | 42 | 41 | 38 | 36 | 30 | 39 | 39| 39 | 38 | 27 | 37 | 44
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0 16| 1 1
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Eu(ppm) 4.57 0.54 Th(ppm) 0.26 0.4

Fe(%) 3.93 4.26 Te(ppm) 0.3 0.15
Gd(ppm) 1.72 2.38 Th(ppm) 4.06 0.09
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Mg(ppm) 2869 762 Y (ppm) 9.6 14
Mn(ppm) 194 517 Yb(ppm) 0.6 0.9
Mo(ppm) 51 3.4 Zn(ppm) 111 626
Na(ppm) 22519 553 Zr(ppm) 85 4.5
Nb(ppm) 7.7 0.9

Wwd )3 5 4 p S P90 Slgl B L ey atugy 5o o8 pate Gueylez 5 S e i
bl b 53 paie Sy o Bl oo VY ol pail 20 5 CU ate (l olod s o)l 13 4y yolie
039 ¢ SHS Dl s e 4 hleie gloged S5y 4 dy IS (6,5 2S2) iyl
5 e+ o] bliials g (50,55 i 45 mglie ol Sutils 5 YD 5T wgd OF/FY o
Sl Llo alpe 4l D3l 05,5 50 pgiagll jlam ) 008 op ity o8 cel a2 I3l S
SUlo) 5 39800 S8l S5 loodgs ;o ok Jlade 4 allB &j90 4 oS Sl (6518 LS e

ool o (loondes) Blod 51 (Ve Ve e VAT ol 90 Jall oo (2295 (S0l 5 (So S
ol sloled 1o 1) e JU8, (s, slowSheaS" g Eh g pH &l s o lo L89S0 g by o
03gazs syl ¢yl U davwgio PH g ygumlannST Loyl 1o o e ((VAAY 05 )lin ) 0SS o0 J S
Sygods el sl bulpd St e a5 bl Sl (izren Wl (rmy Pl LB

qy




Gl 08 A e D A 0,85 (Gol> e Ly LlS ST 058 S et Ll (Al 50
bl s (SlTrgy s 4 Sy o KinllS

o351 slaKis ol yor (Sla pun )0 o  cmmdinws 45 ) (Lo gae 43 o] Cwsds o Hle (1Sl
5 el 5 40 5 TAVEY SYVYEY YVAAVL il oy e 645, (55l S oogumme g
Abioo (B 0 S VE g VA YVAD i 5y 50 ,ha5 0550 (sodgasms ©pw 5Kk (yuioren
oS Fir Assay ;U1 5l anlllas 540 dilain ,0 b jga> pac b jga> 0,5 (asie gl Mb
o azb S

a5, 4 by o i e GML §GM2 o ,)les (sladiges .0l plosil Fire Assay g, 4 50T diges g0
£aS 5 55 59 oSk VA (sl o it 2 5aiT (sloSin L ol yad (slo sms 5 o s (sl
5 ok G305 ) i Ygans SloF (sl Lusls’ ;3 O il o M 5 55 0 S ke O )
$5) 4 by OM2 wigas wisdige CEb( b 5 SIS o) siilym Slo S L lyen
s e Sz SIS 3l (e S S o5 wilige sy ke
SloSi b olyad (slo s 51 iy T ol faog el ey 5 CapusSIS (S wy i
el by ez als e sla Ll5alS o3 ade IS jsbay ewl oliiais]

SB o polis Fousis gl lagei -)-Y-F

oled S 50 oo 0,5 gl anlllas 5 009y loS polie o ok | eolaS (S olie
5 ol 425 G358 (Fojlsn sloanlp (b s polie al ) (G555 5 ey 02 5)
S| s g, diges 5l sanl Cawas REE o1 jo . aiitid S o pué Cons 0 ¢ olo )5 Sle 5o

af



Spider plot - REE Primitive mantle (McDonough and Sun 1995)
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Spider plot - REE chondrite (Boynton 1984)

8
8
- Qollehchili Vein-Type Copper Deposit i
i - Volcanic red-bed copper(Qollehchili) ]
- ob\’:
s‘:‘
@ B
5 I N\ A
£ < \
o ~a
B e
i C x"\k\
3 E ’ - - \u\
=% -
& - ey =
» e o
L -
L —
La Pr Pm Eu ™ Ho ™ w
- . L L 1 1 I ! |
T T T T I .
Ce Na Sm (] Dy Yo

o50Le 3 (BOYNTON, 1984 ) oy ,uiS &y s 45 anlllas 850 (gladigas S0l polic (oo .) V-5 S

loads

0



Aiload o5dle i (BOYNLON, 1984 ) vy j0iS 4r s a5 SiilS sladiges o8 polic oo NY-F S

Sample/ Primitive mantle

Sample/ Chondrites

100 1000 10000 100000

10

01

1000

100

Spider plot — Chondrites (Thompson 1982)
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Spider plot — Primitive mantle (McDonough and Sun 1995)
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Spider plot — REE Primitive mantle (McDonough and Sun 1995)
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Spider plot - REE Primitive mantle (McDonough and Sun 1995)
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Sample Genetic Size (um) Shape Phases | L (%) V(%) | Te(°C) Tm(ice) Th(L) (°C)
QC-SD-2-1 P 8 Unshaped L+V 90 10 -37.2 -4.5 176
QC-SD-2-2 P 5 Unshaped L+V 95 5 -3 150.9
QC-SD-2-3 P 9 Elongated L+V 95 5 -36.9 -2.8 154.3
QC-SD-2-4 P 10 PRIRES L+V 90 10 -37.6 -3.7 236.9
QC-SD-2-5 P 9 oS L+V 90 10 39.2 -6.9 160.1
QC-SD-2-6 P 10 PRIRES L+V 90 10 -35 -2.2 172.4
QC-SD-2-7 P 12 Unshaped L+V 90 10 -34.3 -2.8 154.6
QC-SD-2-8 P 7 oS L+V 90 10 -31 -3.3 141.7
QC-SD-2-9 P 8 PRIRES L+V 90 10 -34.7 -1.9 158.9
QC-SD-2-10 P 8 Unshaped L+V 90 10 -30.9 -3.2 154.2
QC-SD-2-11 P 8 Unshaped L 100 0 -33.1 -1.4
QC-SD-2-12 P 6 Subhedral L 100 0 -29.8 -2
QC-SD-3-1 P 9 PRIRES L+V 90 10 -33.7 -4.1 266
QC-SD-3-2 P 7 o0l L+V 90 10 -36.1 -1.2 132
QC-SD-3-3 P 7 Unshaped L 100 0 -28.2 -4
QC-SD-3-4 P 7 Unshaped L 100 0 -26 -14
QC-SD-3-5 P 7 Subhedral L+V 90 10 -35.6 -4.8 237.6
QC-SD-3-6 P 9 oS L+V 90 10 -30.8 219.3
QC-SD-3-7 P 7 Unshaped L+V 90 10 -28.7 -2 196.8
QC-SD-3-8 P 12 Unshaped L+V 95 5 -30.1 -2.4 168.8
QC-SD-3-9 P 8 Subhedral L+V 90 10 -33.1 -4.3 1457
QC-SD-3-10 P 8 Subhedral L+V 90 10 -7.1 142.6
QC-SD-3-11 P 10 S L+V 90 10 -3.9 149.3
QC-SD-3-12 P 9 sl L+V 90 10 -33.3 -3.7 134.1
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QC-SD-3-13 P 6 Subhedral L+V 95 5 -32.1 -2.6 137.9
QC-SD-3-14 P 6 Subhedral L+V 95 5 -27.6 -0.4 1309
Sample Salinity (wt % NaCl equiv) Host Mineral FIA
QC-SD-2-1 7.17 Quartz FIA-2-a
QC-SD-2-2 4.96 Quartz FIA-2-a
QC-SD-2-3 4.65 Quartz FIA-2-a
QC-SD-2-4 6.01 Quartz FIA-2-b
QC-SD-2-5 10.36 Quartz FIA-2-b
QC-SD-2-6 371 Quartz FIA-2-b
QC-SD-2-7 4.65 Quartz FIA-2-c
QC-SD-2-8 5.41 Quartz FIA-2-d
QC-SD-2-9 3.23 Quartz FIA-2-d
QC-SD-2-10 5.26 Quartz FIA-2-d
QC-SD-2-11 241 Quartz FIA-1-e
QC-SD-2-12 3.39 Quartz FIA-1-f
QC-SD-3-1 6.59 Quartz FIA-2-a
QC-SD-3-2 2.07 Quartz FIA-2-a
QC-SD-3-3 6.45 Quartz FIA-1-b
QC-SD-3-4 241 Quartz FIA-1-b
QC-SD-3-5 7.59 Quartz FIA-2-c
QC-SD-3-6 1 Quartz FIA-2-c
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Abstract
Qollehchili copper deposit is located in175km south of shahrood at Semnan province, in

the northeast part of the Central Iran structural zone. Lithological units in the study area,

including; Submarine lava with composition of andesite, andesite-basaltic and dacite,
pyroclastic units including; andesitic to basaltic andesite tuff and lithtic tuff and
monzodiorite. According to the geochemical studies, igneous rocks are of the calc-
alkaline nature and metaluminous, and formed in the subduction basins related to the
volcanic arc. Argillic, sericitic, epidotic and silicic are most alterations in the region.
Based on field evidence, mineralogy and geochemistry, there are two different types of
mineralization in the Qollehchili area: 1) mineralized silicic veins that are hosted with
monzodiorite masses and andesitic lava. In thise mineralization type are observed
Chalcopyrite, Pyrite, Gallon, and Sphalerite Hyposion, Chalcocyte, Covilite, Malachite,
Hematite, Goethite and Limonite Supersion ore, gangue materials are quartz, Calcite and
Clay materials. The main structure dominant are vein-veinlets and open space-filling, and
the texture dominant include vein-veinlets, open space-filling, disseminated, colloform
and replacement of this mineralization. Cu, Pb, and zinc amounts are 2.7, 0.27, 0.66,
respectively and Au 18 ppb, that copper and lead grades are significant. In the pattern of
rare earth elements, the mineralogical veins where the composition of the primary mantle
and the chondrite is normalized the LREE / HREE enrichment and the strong negative Eu
anomalies. Fluid inclusions micro-thermometry studies upon coexist quartz with vein
Mineralization display that the temperature homogenization amounts is 140° to 266 °C
(average 143°C). The salinity of ore-forming fluids vary from 0.7 to 10.61 Wt % NaCl
(4.9%). Based on temperature homogenization and salinity, Copper mineralization
occurred on 4 pressure less than 50 bars and depth about Less than 400 m. 2) Copper
mineralization with andesitic rock to andesite-basaltic rocks: The host rocks of this type
of mineralization have a red to purple brown color with an andesite to andesite-basaltic
composition. Calcocyte and pyrite from Hyposion minerals and colocytic, covellite,
malachite, azurite, chrysocolla, hematite, goethite and limonite are Supersion minerals
and gangue materials are plagioclase, amphibole, clay minerals, quartz and calcite. The
main structure dominant are vein-veinlets and open space-filling and the texture dominant
include vein-veinlets, open space-filling, disseminated of this mineralization. Copper is

the only mineral element and its content is 2.7 %. In the rare earth element pattern, that



normalized to the composition of the primary mantle and the chondrite, there is enriched
LREE / HREE and the strong positive Eu anomalies. Based on evidence of geology,
mineralogy, geochemistry and fluid inclusions of mineralized silica veins in the
Qollehchili region with are similar type of hydrothermal vein and copper mineralization

with are similar andesite to andesite-basaltic rock with VVolcanic Red Bed.

Keywords: Mineralogy, Geochemistary, Fluid inclusion,Vein copper ,Volcanic Red Bed,
Qollehchili
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