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Fig. 1. A: Structural zones of Iran, showing the location of the Mardabad-Bouinzahra volcanic belt within the Urumieh-Dokhtar 
magmatic arc (after Alavi, 1991). B: Location of the Ipak deposit and other ore deposits within the Mardabad-Bouinzahra 
volcanic belt (modified after Nogole-Sadat and Houshmandzadeh, 1984). (AMA: Alborz Magmatic Arc, EIMZ: East Iranian 

Magmatic Zone, UDMA: Urumieh-Dokhtar Magmatic Arc) 
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Fig. 2. Geologic map, scale: 1:1,000 of the Ipak deposit (modified after Aghazadeh and Barati, 2006) 
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Fig. 3. Field photographs of the rock units in the Ipak deposit. A: A view of pyroxene andesite lavas of the Epa unit on the tuff and 

acidic sandy tuff sequence of the Eat unit, looking to the east. The quartz monzodiorite-pyroxene quartz monzodiorite intrusion 

(qm) is observed on the left side of the photo. B: A view of pyroxene andesite lavas of the Epa unit, tuff-lava rocks of the Etv 

unit, and andesitic lavas of the Eba unit, looking to the north. The quartz monzodiorite-pyroxene quartz monzodiorite body (qm) 

that intruded into the Etv unit is also observed. C: A view of basalt and basaltic andesite lavas of the Eba units on the Etv unit, looking 

northwest. The crushed part of basalt and andesitic basalt lavas of the Ecba unit is observed on the left side of the photo. D: A 

view of quartz monzodiorite-pyroxene quartz monzodiorite body (qm) that intruded into the basalt and basaltic andesite lavas of the Eba 

units, looking northwest. Ipak fault is observed on the left side of the photo. 
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Fig. 4. Photomicrographs (transmitted crossed polarized light, XPL) of minerals and textures of the rock units in the Ipak deposit. A. Coarse-

grained plagioclase altered to calcite along with quartz in intermediate-acidic crystal tuff to lithic crystal tuffs. B: Plagioclase and minerals 

replaced by calcite in intermediate-acidic crystal tuff to lithic crystal tuffs. C: Porphyry texture with coarse-grained plagioclase within fine-

grained matrix in basalt-andesitic basalt lavas. D: Plagioclase, chloritized pyroxene, and calcitic hornblende in basalt-andesitic basalt lavas. E: 

Hetrogranular and ophitic textures with plagioclase and clinopyroxene minerals in pyroxene quartz monzodiorite body. F: Plagioclase 

inclusion within clinopyroxene forming ophitic texture in pyroxene quartz monzodiorite body. G and H: Microgranular to porphyroid textures 

with plagioclase minerals and hornblende with opacitic rims in quartz monzodiorite body. Mineral abbreviations from Whitney and Evans 

(2010). (Cal: calcite, Chl: chlorite, Cpx: clinopyroxene, Hbl: hornblende, L: rock fragment, Opq: opaque mineral, Pl: plagioclase, Qz: 

quartz) 
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Fig. 5. Field photos of the ore zone in the Ipak deposit. A and B: Views of the ore zone cut the Eocene rock strata, looking to the north 

and west, respectively. In B, intermediate argillic alteration (Int. Arg. Alt.) halo covered the ore zone. C: A view of the old mining 

tunnel excavated on the ore zone, looking to the west. The intermediate argillic alteration halo is observed in the hanging wall of the 

ore zone. D and E: Views of intermediate argillic alteration halo around and in the hanging wall of the ore zone, both looking to the 

east. F: A close view of breccia, crustiform, and colloform textures of ore in outcrop scale.  Mineral abbreviations from Whitney and 

Evans (2010). (Brt: barite, Car: carbonate) 
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Fig. 6. Photomicrographs (transmitted crossed polarized light, XPL) of hydrothermal alteration types in the Ipak deposit. A and B: 
quartz with vein-veinlet (A) and hydrothermal breccia cement (B) in silica alteration. C: Bladed calcite within hydrothermal breccia 

cement in type-1 carbonate alteration. D: Late calcite veinlets in type-2 carbonate alteration. E: Alteration of plagioclase to sericite-

illite in intermediate argillic alteration. F: Alteration of plagioclase and mafic minerals to calcite and chlorite in propylitic alteration. 

Mineral abbreviations follow Whitney and Evans (2010). (Cal: calcite, Chl: chlorite, Qz: quartz, Ser: sericite) 
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Fig. 7. Photomicrographs (J and K, respectively, in transmitted crossed- and plane-polarized light, XPL and PPL, and the rest in reflected 

light) of the ore mineralogy and texture in the Ipak deposit. A: Alteration of pyrite to goethite along the boundaries. B: Pyrite inclusion 

within chalcopyrite. C: Alteration of chalcopyrite to goethite along the boundaries. E and F: Intergrowth of galena and sphalerite. 

Alteration of galena to cerussite and galena inclusion within sphalerite are also observed. G: Alteration of sphalerite to smithsonite.  

H: Pyrolusite and psilomelane with colloform texture. I: Pyrolusite and psilomelane with colloform and bladed textures. J: Smithsonite 

with vug infill texture. K: Malachite with vug infill texture. L: Alteration of chalcopyrite to secondary chalcocite and goethite. Mineral 

abbreviations follow Whitney and Evans (2010). (Ccp: chalcopyrite, Cer: cerussite, Cct: chalcocite, Gn: galena, Gth: goethite, Mlc: 

malachite, Ps: psilomelane, Py: pyrite, Pyr: pyrolusite, Qz: quartz, Smt: smithsonite, Sp: sphalerite) 
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Fig. 8. Photomicrographs (transmitted crossed-polarized light, XPL) of gangue minerals and textures in the Ipak deposit. A: 

Crustiform, colloform, and plumose textures of quartz. B: Cockade texture of quartz developed on the quartz fragment. C and D: 

Quartz with bladed texture (note the parts marked by black circles). E: Coarse-grained quartz crystals with plumose texture. F: 

Coarse-grained and elongated prismatic of barite. Mineral abbreviations follow Whitney and Evans (2010). (Brt: barite, Cal: calcite, 

Qz: quartz, Sm: smithsonite, Vug: open space). 
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Fig. 9. Mineralization stages in the Ipak deposit. A: Stage 1 mineralization as silicification of the host rock that is crosscut by stage s 

veinlets. Stage 3 veinlets that cut the stage 2 mineralization are also observed. B: Breccia clasts of stage 2 mineralization within the 

vein of stage 3 mineralization. C and D: Brecciation of stage 2 mineralization by stage 3 veinlets. E: Stage 2 mineralization that crosscut 

by barite veins of stage 4 mineralization. Barite veins, in turn, are cut by calcite veins of stage 5. F and G: Crosscutting of stage 3 veins 

by barite veins and veinlets of stage 4 mineralization. H: Brecciation of stage 2 quartz veinlets, and stage 3 Mn-bearing veinlets by 

quartz veinlets of stage 5 mineralization. I: Crosscutting of stage 3 calcite- Mn oxide veinlet by stage 4 barite veinlets that, in turn, are 

cut by calcite veinlets of stage 5 mineralization. Microscopic photos were taken in transmitted crossed-polarized light (XPL). Mineral 

abbreviations follow Whitney and Evans (2010). (Brt: barite, Cal: calcite, Py: pyrite, Qz: quartz) 
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Fig. 10. Paragenetic sequences showing the structure and texture of gangues and ore minerals at Ipak deposit. 
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Table 1. ICP-MS data (ppm) of ore samples and host rocks from the Ipak deposit. 

  Ag As Ba Cd Ce Cs Cu Dy Er Eu Fe Gd Hf In K 

D.L. 0.1 0.5 1 0.1 0.5 0.5 1 0.1 0.1 0.1 100 0.05 0.5 0.5 100 

IP-02 7.3 19.1 >1% 15.6 <0.5 0.6 67 0.7 0.5 4.74 15457 1.3 <0.5 <0.5 <100 

IP-09 >100 32.6 3190 3367.7 <0.5 0.7 8958 0.2 0.1 0.87 5107 0.62 0.5 <0.5 751 

IP-10 >100 20.4 1428 100 <0.5 0.7 1590 0.2 <0.1 0.44 7749 0.68 <0.5 <0.5 346 

IP-12 >100 17.6 895 11.8 <0.5 0.8 2673 0.2 <0.1 0.42 8049 0.68 <0.5 <0.5 572 

IP-16 0.8 24.5 1517 0.2 55 1.5 32 3.9 1.7 1.58 63176 4.43 2.8 <0.5 54858 

IP-17 3.8 16.2 1497 9.1 112 7.9 38 2.8 1.5 1.3 37816 3.37 4 <0.5 69915 

IP-19 0.9 12 911 0.4 59 1.5 40 5.1 2.7 1.12 37293 4.66 4.8 <0.5 23248 

IP-25 >100 62.7 1404 42.7 <0.5 0.6 47636 0.5 0.2 0.59 23887 0.95 <0.5 <0.5 <100 

IP-26 113 34.1 3841 2122.7 <0.5 0.5 6307 <0.1 <0.1 0.9 3736 0.57 <0.5 <0.5 <100 

IP-27 >100 46.2 2814 2343.7 <0.5 0.6 14043 0.2 <0.1 0.89 4617 0.59 <0.5 <0.5 <100 

IP-28 2.4 7.4 2741 3.4 <0.5 0.6 33 0.5 0.2 0.94 2422 0.78 <0.5 <0.5 <100 

  La Li Lu Mg Mn Mo Nb Nd P Pb Pr Rb S Sb Sc 

 D.L. 1 1 0.1 100 5 0.5 1 0.5 10 1 0.05 1 50 0.5 0.5 

IP-02 13 3 <0.1 155 6121 <0.5 <1 7.5 <10 2220 3.54 <1 3495 4.1 1.1 

IP-09 5 <1 <0.1 505 66 <0.5 3.5 3.8 <10 >30000 1.91 5 3919 12.4 1.1 

IP-10 7 70 <0.1 597 96 1.1 1.5 3.8 30 >30000 2.2 1 5887 <0.5 1.3 

IP-12 5 54 <0.1 638 126 1.5 1.5 3.8 <10 >30000 2.25 3 4495 1.4 1.4 

IP-16 29 14 0.3 2365 2642 0.6 18.3 22.4 2515 38 5.95 122 494 7.4 18.9 

IP-17 31 3 0.2 1862 1140 0.5 36 22 1227 937 6.79 214 188 18.7 9 

IP-19 25 19 0.5 10866 926 1.5 10.1 21.4 1272 13 5.76 69 224 1.3 13.6 

IP-25 8 18 <0.1 593 186 8.5 <1 4.4 <10 >30000 2.44 <1 1804 3.3 1.4 

IP-26 4 <1 <0.1 337 82 <0.5 1.8 3.4 16 >30000 1.81 <1 4602 35 0.9 

IP-27 5 <1 <0.1 372 88 0.7 <1 3.3 <10 >30000 1.88 <1 4689 6.5 1.1 

IP-28 4 <1 <0.1 190 1101 <0.5 <1 3.6 <10 26 1.81 <1 3442 <0.5 1.3 

  Sm Sr Ta Tb Te Th Ti Tl Tm U V Y Yb Zn Zr 

 D.L. 0.1 1 0.1 0.1 0.5 0.1 10 0.1 0.1 0.1 1 0.5 0.05 1 5 

IP-02 6.1 300.7 <0.1 0.2 <0.5 <0.1 <10 <0.1 <0.1 0.29 443 5.7 1.29 240 <5 

IP-09 1.2 499.8 0.1 <0.1 1.8 <0.1 <10 0.1 <0.1 1.1 8 1.1 <0.05 >30000 <5 

IP-10 0.6 804.4 <0.1 <0.1 0.6 <0.1 <10 0.1 <0.1 1 35 1.1 0.05 13646 <5 

IP-12 0.5 581.1 <0.1 <0.1 <0.5 <0.1 <10 0.1 <0.1 1.6 34 1 0.06 4313 <5 

IP-16 5 350.3 1.2 0.7 0.6 4.2 7847 0.8 0.3 0.8 221 12.7 1.85 27 105 

IP-17 4.1 174.6 1 0.6 1 26.7 3976 1.8 0.2 1.7 141 14.6 1.63 770 144 

IP-19 4.7 249.9 1.2 0.8 <0.5 8.6 4337 0.5 0.5 1.7 116 20.2 3.5 113 209 

IP-25 0.9 552.4 <0.1 0.1 0.9 <0.1 <10 <0.1 <0.1 14.7 92 2.1 0.39 >30000 <5 

IP-26 1.1 623.2 0.1 <0.1 2.8 <0.1 <10 <0.1 <0.1 0.9 8 0.9 <0.05 >30000 <5 

IP-27 1.1 466.4 <0.1 <0.1 1.8 <0.1 <10 <0.1 <0.1 1.3 11 1.1 <0.05 >30000 <5 

IP-28 1.1 3630.1 <0.1 0.1 1.9 <0.1 <10 <0.1 <0.1 0.2 21 2.6 <0.05 45 <5 

IP-02: Stage 3 Qz-Cal-Mn vein; IP-09, IP-10, IP-12, IP-25, IP-26, and IP-27: Stage 2 Qz-Cu-Pb-Zn vein; IP-16: Barren 
crystal tuff; IP-17: Barren Qz monzodiorite; IP-19: Barren basaltic andesite; IP-28: Stage 5 Qz-Cal vein 
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Table 2. ICP-OES data (ppm) of ore samples from the Ipak deposit (IMCO Co., 2006). 
 P-38X1 P-40X1 P-42X1 P-43X1 P-46X1 P-50X1 P-53X1 P-54X1 P-55X1 P-67X1 P-68X1 P-68X2 

Ag 1 68 8 200 1 6 7 2 1 6 2 1 

As 50 200 50 50 50 70 50 50 50 50 50 50 

Ba 1990 8840 18500 23500 2560 5170 2130 670 8560 16700 730 7160 

Cd 20 150 10 20 10 70 50 10 10 20 10 10 

Cu 19700 2970 950 4490 790 7280 1150 13300 120 360 160 180 

Mn 2350 2550 200 980 460 3040 4740 3250 11300 1890 3070 4790 

Mo 10 40 10 10 10 10 10 10 10 10 10 10 

Pb 1680 98200 22900 100000 300 10750 18000 510 160 10300 290 1800 

Zn 1420 100000 800 5580 950 11000 40000 2210 420 19100 690 540 

 P-78X1 P-87X1 Tu-1 Tu-2 Tu-3 Tu-4 Tu-5 Tu-6 Tu-7 Tu-8 Tu-9 Tu-10 

Ag 119 3 10 8 3 11 13 28 15 4 5 2 

As 50 50 50 60 50 50 90 410 80 50 50 50 

Ba 6620 7520 7280 5380 1230 2300 360 6150 1110 1400 1740 4520 

Cd 10 20 400 120 340 60 40 100 30 10 10 10 

Cu 7450 6320 790 1070 960 710 1560 2790 720 490 520 180 

Mn 1330 2630 4400 4610 4780 3300 4140 950 3920 4820 3880 3450 

Mo 10 20 10 10 10 10 10 10 30 10 10 10 

Pb 13200 2850 40000 31000 7250 31000 33000 100000 50000 8460 12000 3400 

Zn 740 2980 50000 27000 41000 47000 21000 15000 14000 12000 12500 12000 

 Tu-11 Tu-12 Tr1-3-1 Tr1-4-1 Tr1-4-2 Tr1-5-1 Tr1-5-2 Tr1-8-2 Tr1-9-1 Tr1-9-2 Tr1-10-1 Tr1-10-2 

Ag 3 5 1 2 1 1 1 1 1 1 1 1 

As 50 50 38 38 38 38 38 50 38 38 38 38 

Ba 1360 3890 2960 500 2770 2020 2110 5050 4860 3630 3390 3640 

Cd 10 10 10 8 8 10 10 8 10 8 8 8 

Cu 230 290 240 7560 1350 390 1590 210 50 140 70 50 

Mn 3570 4450 2590 2080 3630 4620 4570 2490 2160 2300 1970 1820 

Mo 10 10 8 10 8 8 8 10 10 10 10 10 

Pb 1900 3550 1010 720 1840 2180 950 920 560 660 800 460 

Zn 7410 7290 1340 490 850 1340 1520 1500 620 660 540 1110 

 Tr1-11-1 Tr1-11-2 Tr1-12-1 Tr1-12-2 Tr1-13-1 Tr1-13-2 Tr1-14-1 Tr1-14-2 Tr1-15-1 Tr1-15-2 Tr1-16-1 Tr1-16-2 

Ag 1 1 1 1 1 1 1 2 1 3 2 1 

As 38 38 38 38 38 38 38 38 38 50 38 38 

Ba 3610 4250 4640 6970 4700 4990 3870 4520 3830 2240 2070 1980 

Cd 8 8 8 8 8 8 8 8 8 8 8 8 

Cu 80 40 80 140 110 120 180 420 1040 1130 880 680 

Mn 2030 2040 1980 2470 2230 2250 2230 1880 1740 1850 2420 1470 

Mo 10 10 8 20 10 10 10 10 20 100 70 10 

Pb 1250 530 440 1110 910 1420 760 490 520 10350 4000 920 

Zn 600 620 670 2190 1200 1100 1340 3550 7150 11500 3380 690 

 Tr1-17 Tr1-18 Tr1-19-1 Tr1-19-2 Tr1-20-1 Tr1-20-2 Tr1-21-1 Tr1-21-2 Tr2-1-1 Tr2-1-2 Tr2-2-1 Tr2-2-2 

Ag 4 1 1 1 1 1 1 2 1 1 1 2 

As 38 38 38 38 38 38 50 38 38 70 100 38 

Ba 2030 1730 840 950 1270 1000 1440 3260 4810 5520 6420 4280 

Cd 40 8 8 8 8 8 10 8 8 8 8 8 

Cu 2050 1400 1980 2240 2220 3530 2160 490 310 840 300 400 

Mn 3320 4420 3210 3480 4780 5140 4620 1970 1380 2650 2080 2980 

Mo 10 10 10 10 10 10 10 10 8 10 10 10 

Pb 3920 200 610 1940 2090 1370 1400 760 200 430 590 520 

Zn 300 120 340 440 240 300 240 360 350 580 660 470 

 Tr2-3-1 Tr2-3-2 Tr2-4-1 Tr2-4-2 Tr2-6-2 Tr2-7-1 Tr2-7-2 Tr2-9 Tr2-10-1 Tr2-10-2 Tr2-10-3 Tr2-11-1 

Ag 2 1 1 1 1 1 1 1 1 1 1 3 

As 120 110 50 70 38 38 38 38 38 38 38 38 

Ba 3280 4490 12050 5210 1330 1180 990 1710 4780 3430 2850 7700 

Cd 8 8 8 8 8 10 8 8 8 10 40 80 

Cu 300 310 790 300 100 560 210 490 530 340 650 650 

Mn 2720 2850 2220 1770 950 1810 1530 2050 2150 2780 5650 9180 

Mo 10 8 10 8 10 8 8 8 8 8 10 20 

Pb 340 300 890 270 130 110 60 680 340 410 2500 6290 

Zn 480 880 520 320 150 320 250 370 1370 970 3690 3620 

 Tr2-11-2 Tr2-12-1 Tr2-12-2 Tr2-13-1 Tr2-13-2 Tr2-14-1 Tr2-14-2 Tr2-15-1 Tr2-15-2 Tr2-15-3 Tr3-9 Tr3-10 

Ag 4 2 3 19 36 9 26 14 30 34 1 1 

As 38 60 38 410 70 150 110 50 38 50 70 80 

Ba 8100 18000 14750 18450 18100 19400 12800 8390 15950 5640 2610 7050 

Cd 110 240 150 160 30 40 60 10 80 50 10 10 

Cu 570 370 400 820 1210 340 1090 440 920 930 1470 400 

Mn 7790 8860 3630 3280 570 3340 1870 1830 1900 1090 990 1650 

Mo 8 8 10 360 20 20 60 40 10 30 8 8 

Pb 2480 2860 2750 26100 66800 5340 44900 14400 32200 71400 840 380 

Zn 2690 1430 3020 47500 36100 5980 25700 18000 13100 27400 410 1050 

  

296  



��������	 ���� 
�� �
������ ����� ����18����� � 36   ��!�	 � "���# �1403   

 

 

 7�0+ ��)�)2��)� .��"l8 
�� ICP-OES )����� (�8 �� g�S ��K��9 E���) -.�) ��!��� �� X�!��� 
��1385.(  
Continued Table 2. ICP-OES data (ppm) of ore samples from the Ipak deposit (IMCO Co., 2006). 

 Tr3-11 Tr3-12 Tr3-13 Tr3-14 Tr3-15 Tr3-16 Tr3-17 Tr3-18 Tr3-19 Tr3-20 Tr3-21 Tr3-22 

Ag 1 3 3 8 1 1 1 1 1 1 1 1 

As 38 50 50 50 90 38 38 38 38 38 38 70 

Ba 3080 3000 4680 5420 10000 7090 11950 5300 4830 5260 4770 7190 

Cd 20 10 40 10 20 20 10 10 8 10 10 20 

Cu 200 210 330 870 490 190 150 610 120 110 60 190 

Mn 1300 810 2520 1120 2830 2290 1660 2380 2540 2580 1650 1910 

Mo 8 8 8 10 8 10 10 10 10 8 8 8 

Pb 290 5240 400 1210 2260 880 930 1440 790 350 160 390 

Zn 520 1140 1760 7220 1530 970 1540 2800 2270 2010 1370 2470 

 Tr3-23 Tr3-24 Tr3-25 Tr3-26 Tr3-27 Tr3-28 Tr3-29 Tr3-30 Tr3-31 Tr3-32 Tr3-33 Tr3-34 

Ag 1 1 1 1 1 1 2 1 3 3 2 1 

As 60 60 38 38 38 50 38 38 38 38 38 38 

Ba 9330 14400 7500 3220 10300 4540 21400 13450 17350 17250 18550 14750 

Cd 10 40 50 20 60 110 70 150 8 8 8 20 

Cu 500 350 320 150 220 170 370 440 250 240 220 590 

Mn 2500 2200 2580 2370 2940 4400 2620 6630 910 1800 520 2930 

Mo 8 8 8 8 8 8 10 8 10 10 8 8 

Pb 560 410 510 300 1030 2200 20100 5740 18200 4050 26000 1470 

Zn 3900 1870 2420 2830 2650 2800 6630 4500 25500 29800 12500 3230 

 Tr3-35 Tr3-37 Tr3-38 Tr3-39 Tr3-40 Tr3-41 Tr3-42 Tr3-43 Tr3-44 Tr3-45   

Ag 1 1 1 1 13 1 10 1 1 1   

As 38 38 50 90 100 50 50 38 38 38   

Ba 17000 12400 21600 17400 8870 12450 10950 14650 1730 3260   

Cd 10 10 10 50 10 50 50 170 20 10   

Cu 680 960 950 1230 860 470 1010 770 420 340   

Mn 2540 2440 2380 3490 2290 2930 1570 4450 2360 2070   

Mo 8 8 8 8 20 20 10 8 8 8   

Pb 810 1230 1290 2580 133333 10300 79000 2530 710 570   

Zn 1750 1540 2110 4060 27400 3650 16500 6310 2000 1440   
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Fig. 11. A: Chondrite–normalized (Thompson, 1982) rare elements pattern for the ore samples, quartz monzonite body, and 

barren host rocks in the Ipak deposit. B: Chondrite–normalized (McDonough and Sun, 1995) REE pattern for the ore samples, 

quartz monzonite body, and barren host rocks in the Ipak deposit. In both diagrams, detection values were chosen for below 
detection limit values. 
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Table 3. Elemental correlation coefficient (calculated based on Tables 1 and 2) for ore samples at the Ipak deposit. 

 Ag As Ba Cd Cu Mn Mo Pb Zn 

Ag 1         

As 0.07 1        

Ba 0.09 0.20 1       

Cd 0.48 -0.02 -0.06 1      

Cu 0.44 0.02 -0.15 0.24 1     

Mn -0.34 -0.02 0.00 -0.18 -0.19 1    

Mo 0.01 0.62 0.18 -0.04 -0.04 0.02 1   

Pb 0.53 0.42 0.24 0.16 0.13 -0.20 0.13 1  

Zn 0.35 0.38 0.13 0.31 0.18 -0.07 0.31 0.62 1 
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Table 4. Comparison of main characteristics of the Ipak deposit with some intermediate-sulfidation type of epithermal deposits 

in the Mardabad–Bouinzahra volcanic belt, and the Tarom-Hashtjin metallogenic belt. 
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Fig. 12. A-C: Schematic representation of mineralization evolution stages at Ipak deposit. See text for details. 
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Abstract 
The Ipak polymetal deposit is located about 14 km south of Eshtehard (Alborz Province) and is part of 

the Mardabad-Bouinzahra volcanic belt. Mineralization occurred as silica-sulfide zones (N90E/60-70N) 

hosted by Early-Middle Eocene tuff and lava units and has a close spatial relationship with the Middle 

Eocene quartz monzodiorite-pyroxene quartz monzodiorite intrusion. The main ore zone is about 1 

kilometer in length and up to 2 meters in thickness and is covered by a 3-to-0-meters1 intermediate 

argillic alteration halo. Pyrite, chalcopyrite, galena, sphalerite, pyrolusite, psilomelane, quartz, barite, 

calcite, and sericite-illite are the ore-forming minerals in the Ipak deposit. Cerussite, smithsonite, 

malachite, chalcocite, and goethite are formed during supergene processes. The ore minerals show 

disseminated, vein-veinlets, brecciated, crustiform, colloform, cockade, plumose, bladed, vug infill, and 

replacement textures. Six stages of mineralization can be distinguished at Ipak, where Cu, Pb, and Zn 

mineralization occurred as quartz-pyrite-chalcopyrite-galena-sphalerite veins and breccias in the second 

stage. Hydrothermal alteration comprises silicification, carbonate, intermediate argillic, and propylitic 

alteration. Chondrite–normalized trace elements and REE patterns of ore samples, quartz monzodiorite 

intrusion, and host rocks (crystal tuff, and basaltic andesite lava) are comparable. This specifies that 

alteration and leaching of elements from the host volcanic rocks are involved in mineralization. 

Characteristics of the Ipak polymetal deposit are similar to the intermediate-sulfidation type of 

epithermal deposits. 
 

Keywords: Cu-Pb-Zn mineralization, Intermediate-sulfidation style of epithermal deposit, Ipak, 

Eshtehard, Mardabad–Bouinzahra 
 

Introduction 
As part of the Urumieh-Dokhtar magmatic arc, 

the Mardabad-Bouinzahra volcanic belt hosts 

several Cu, Pb, Zn, and Au deposits and 

occurrences like Lak, Deh-Bala, Ipak, Kuh-e 

Jarou, Rudak, Ghomoshlou, Ghomoshdash, 

Qezel-Ahmad, Bidestan, Afshar-Abad, 

Boujafar, Guilan-Darreh, Atash-Anbar, 

Raman, Hajib, Chalambar, and 

Kourcheshmeh. These deposits are generally 

hosted by Early-Middle Eocene volcanic and 

volcaniclastic rocks and are 

temporally/spatially associated with Middle 

Eocene intrusions. 

The Ipak polymetal deposit is located about 14 

km south of Eshtehard, Alborz Province, and is 

part of the Mardabad-Bouinzahra volcanic 

belt. This deposit has been extracted as 
underground mining for the past 50 years and 

is currently inactive as an abandoned mine. 

However, no comprehensive studies have been 

conducted on the geology, mineralogy, 

geochemistry, and genesis of the Ipak deposit. 

In this paper, we investigate the detailed 

geology, mineralogy, structure and texture, 

geochemistry, and alteration styles of the Ipak 

deposit to constrain its ore genesis and 

mineralization evolution. These outcomes 

might be useful for the regional exploration of 

epithermal base and precious metal deposits in 

the Mardabad-Bouinzahra volcanic belt and 

other parts of the Urumieh-Dokhtar magmatic 

arc. 

 

Materials and methods 
This research includes two parts, field and 

laboratory studies. During the fieldwork, the 

geological map, scale 1:1,000, of the Ipak 

deposit was prepared, and approximately 
seventy samples were collected from different 

rock units and ore veins and breccias. Among 

these, eight thin and fifteen polished thin 
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sections were examined using a transmitted 

and reflected polarized light microscope in the 

laboratory of the University of Zanjan, Zanjan, 

Iran. The chemical composition of ore samples 

(n = 9), and fresh and barren host rocks (n = 3) 

was analyzed at the Zarazma Analytical 

Laboratories, Tehran, Iran using the ICP–MS 

method. 
 

Results and Discussion 
The rock units outcropped in the Ipak deposit 

belong to the Early-Middle Eocene tuff and 
lava units and include pyroxene andesite, 

andesite, andesitic basalt, and trachyandesite-

rhyodacite lavas, tuff, and ignimbrite, that 

intruded by Middle Eocene. quartz 

monzodiorite-pyroxene quartz monzodiorite 

intrusion and diabasic dykes. Mineralization at 

Ipak occurred as silica-sulfide zones within the 

early-middle Eocene tuff and lava sequence 

and is covered by 3-to-10-meter intermediate 

argillic alteration halos. The main ore zone has 

an N90E/60-70N trend and is about 1 kilometer 

in length and up to 2 meters in thickness. 

Hydrothermal alteration includes silicification, 
carbonate, intermediate argillic, and propylitic 

alteration; the first three are closely related to 

mineralization. Pyrite, chalcopyrite, galena, 

sphalerite, pyrolusite, psilomelane, quartz, 

barite, calcite, and sericite-illite are the ore-

forming minerals in the Ipak mineralization. 

Cerussite, smithsonite, malachite, chalcocite, 

and goethite are formed during supergene 

processes. The ore minerals show 

disseminated, vein-veinlets, brecciated, 

crustiform, colloform, cockade, plumose, 

bladed, vug infill, and replacement textures.  

The mineralization processes at the Ipak 

deposit can be divided into six stages. Stage 1 

is represented by the silicification of host rocks 

along with minor disseminated pyrite (often 

oxidized). Stage 2 is characterized by vein-

veinlets and breccias with quartz cement that 

contain variable amounts of pyrite, 

chalcopyrite, galena, and sphalerite. Stage 3 is 

marked by quartz and calcite along with 

manganese ores (psilomelane, pyrolusite) 

veins and breccia cement. Stage 4 is marked by 

barite vein-veinlets with no sulfide minerals. 

Stage 5 is represented by quartz and calcite as 

vein-veinlets and vug infill. Stage 6 is related 

to supergene processes. The Chondrite–

normalized trace elements and REE patterns of 

mineralized samples, quartz monzodiorite 

intrusion, and fresh host rocks (crystal tuff and 

basaltic andesite lava) are similar and indicate 

that host rocks are probably involved in 

mineralization. These patterns are almost 

similar for different ore samples, which can 

indicate they were formed by the same 

mineralization system. 

 
Conclusions 
Our data reveal that the characteristics of the 

Ipak polymetal deposit are similar to the 

intermediate-sulfidation type of epithermal 

deposits. 
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