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Fig. 1. Simplified regional geological map of the Agkand area (modified from the Hashtjin geology map 1:100000,

Faridi and Anvari, 2000)
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Fig. 2. A: View of volcanic units at the Agkand area (view to the north). The rhyolitic-rhyodacitic dome and perlite
mine are observed in the center of the photo, B: A close view of the bedding in rhyolite-rhyodacite lavas, C: Oligocene
rhyolitic-rhyodacitic tuffs, and D: Ignimbrite layers at the Aqkand area (view to the northeast)
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Fig. 3. View of Cu-bearing quartz-fluorite vein at the Agkand area (view to the southwest). Rhyolitic dome is observed
at the top right corner of the photo
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Fig. 4. Stage-1 and stage-2 mineralization at the Agkand Cu occurrence. A: stage-1 fluorite veinlet cutting by stage-2
quartz-sulfide and stage-6 malachite veinlets. B: Subrounded clast of stage-1 fluorite in quartz-sulfide cement of stage-2
mineralization. The clast is overgrown by cockade bands of quartz. Stage-5 chlorite veinlet crosscutting the previous
stages is also observed. C and D: stage-2 quartz-sulfide veins crosscutting the stage-1 fluorite veinlet. The veins contain
angular to subrounded clasts of stage-1 fluorite. In both photos, vugs are filled by stage-5 chlorite. Crustiform and
colloform as well as colloform and plumose textures of quartz are also observed in C and D, respectively. E and F:
stage-2 mineralization as hydrothermal cement in host rock breccia (E) and stage-1 fluorite clasts (F). All
photomicrographs are taken in transmitted polarized-light, XPL. All mineral abbreviations follow Whitney and Evans
(2010). (A-L= andesitic basalt lithic, Ccp= chalcopyrite, Chl= chlorite, FlI= fluorite, Gth= goethite, Mlc= malachite,
Qz= quartz)
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Fig. 5. Stage-3 and stage-4 mineralization at the Agkand Cu occurrence. A and B: stage-3 mineralization as quartz-
specularite vein- veinlets which are crosscutting the stage-2 veins (B) and are crosscut by stage-4 quartz veinlets (A), C:
stage-4 quartz veinlets crosscutting the stage-1 fluorite vein and D: stage-4 quartz veinlets surrounding the stage-2
chalcopyrite clast. All photomicrographs are taken in transmitted polarized-light, XPL. All mineral abbreviations follow
Whitney and Evans (2010). (Ccp= chalcopyrite, Fl= fluorite, Qz= quartz, Spc= specularite)
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Fig. 6. Stage-5 and stage-6 mineralization at the Agkand Cu occurrence. A: stage-5 chlorite veinlet crosscutting the
stage-4 quartz vein, B: stage-5 chlorite filling the vugs of stage-2 quartz cement, C: stage-6 malachite veinlet
crosscutting the stage-1 fluorite vein. At the top left corner of the photo, vugs of stage-2 quartz-sulfide vein are filled by
stage-5 chlorite, and D: stage-6 malachite filling the vugs of stage-2 quartz-sulfide cement. All photomicrographs are
taken in transmitted polarized-light, XPL. All mineral abbreviations follow Whitney and Evans (2010). (Ccp=
chalcopyrite, Chl= chlorite, Fl= fluorite, Mlc= malachite, Qz= quartz)
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Fig. 7. Propylitic alteration at the Agkand Cu occurrence. A and B: Alteration of plagioclase to sericite, calcite and
epidote, C and D: Alteration of pyroxene to calcite, epidote and quartz. All photomicrographs are taken in transmitted
polarized-light, XPL. All mineral abbreviations follow Whitney and Evans (2010). (Cal= calcite, Ep= epidote, Pl=

plagioclase, Px= pyroxene, Qz= quartz, Ser= sericite)
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Fig. 8. Types of ore and gangue textures at the Agkand Cu occurrence. A and B: Breccia texture of ore, C and D: Vug
infill texture along with colloform and crustiform textures of ore and gangue minerals. Fluorite clast with breccia
texture is also observed in D. E and F: Crustiform and colloform textures of ore and gangue minerals. All mineral

abbreviations follow Whitney and Evans (2010). (A-L= andesitic basalt lithic, Ccp= chalcopyrite, Fl= fluorite, Mlc=
malachite, Qz= quartz)
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Fig. 9. Photomicrographs (A[IC: reflected light, D: plane polarized transmitted light) of ore mineralogy at the Aqkand
Cu occurrence. A and B: Anhedral crystals of chalcopyrite repaced by goethite and lepidocrocite supergene minerals, C:
Bladed crystals of oligist, and D: Malachite with vug infill texture of quartz crystals. All mineral abbreviations follow
Whitney and Evans (2010). (Ccp= chalcopyrite, Gth= goethite, Lpc= lepidocrocite, Mlc= malachite, Qz= quartz, Spc=

specularite)
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Fig. 10. Types of quartz at the Agkand Cu occurrence. A and B: Microcrystalline quartz with colloform texture. C:
Coarse- grained quartz crystals with crustiform texture, and D: Coarse- grained quartz crystals with plumose texture.
All photomicrographs are taken in cross-polar transmitted light. All mineral abbreviations follow Whitney and Evans
(2010). (A-L= andesitic basalt lithic, Chl= chlorite, Fl= fluorite, C-Qz= Microcrystalline quartz, M-Qz= coarse
crystalline quartz)
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Fig. 11. Paragenetic scheme showing the relative abundance, structure and texture of gangues and ore minerals at the
Agkand Cu occurrence
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Fig. 12. A: Chondrite-normalized REE pattern (Nakamura, 1974) for the ore zones at the Agkand Cu occurrence, and

B: Chondrite-normalized REE pattern (Nakamura, 1974) for fresh and barren Eocene andesitic basalt lavas and
Oligocene rhyolite-rhyodacite lavas at the Agkand Cu occurrence



AIR

;x;Sg_gyl o P oF ) condicpe 5 (23S owlid e

(Y20 JL) ¥ ojless A ul>

7&5""’5“) LgL.lbo)L)._f s(AQ'14 4._19.4.1) u..w}j‘ u’;u)d._)" u_”)l; Lsleo)L)f L;‘)" G{b )QU 9 g_)L..oS )mL& @L\A.A.w 6[.‘!)4.1)24 CJLAJ Al Js-\?
S 5] e e g, 1o (AQ-32 5 AQ-26, AQ-268, AQ-30 sladiigai) JoaslS sleiide 5 (AQ-24 Ligas) cysSell tlsgs,

A (PPM) 5 58 0,5 o bools soles

Table 1. Geochemical data of trace and rare earth elements for Eocene andesitic basalt lavas (sample AQ-14),
Oligocene rhyolitic-rhyodacitic lavas (samples AQ-24) and ore zones (samples AQ-26, AQ-26a, AQ-30 and AQ-32)

from the Agkand Cu occurrence. All data in ppm.

Ba Y Th Zn \Y Cs Co Rb Zr Pb Cu Cr
D.L. 1 0.1 0.2 1 8 0.1 0.2 0.1 0.1 0.1 0.1 0.1
AQ-14 130.76 1822 272 20.69 123.35 221 2799 52.87 7460 7.34 69.01 66.23
AQ-24 580.07 27.45 3.79 143.6 130.03 198 894 140.61 149.6 50.22 13.5 23.45
AQ-26 198.46 19.7 3.15 9886 2164 248 13.87 4567 97.62 4937 6537 23.45
AQ-26a 689.8 29.87 538 1648 3458 1.87 2946 16734 2658 54.64 1879 89.46
AQ-30 684.75 2947 7.84 268.7 3974 137 494 186.7 2684 78.58 98.7 1274
AQ-32 7694 3764 648 2346 389.5 098 3824 1548 2394 6946 1357 138.7
Sc Li Sr Nb Ga Ni Hf Ta Be La Ce Pr
D.L. 0.2 0.2 0.5 0.1 0.5 0.1 0.1 0.1 1 0.1 0.1 0.02
AQ-14 2940 1937 17798 780 10.73 15.16 1.81 0.31 1.16 1562 2441 335
AQ-24 2033 2621 2048 9.87 141 2448 1.54 0.32 1.44 12641 106.79 13.86
AQ-26 2434 3834 2048 987 1937 1438 198 0.54 348 1848 27.68 4.65
AQ-26a 1347 28.67 25477 1023 15.64 46.57 3.45 0.65 2.18 98.67 13948 10.78
AQ-30 12.4  40.58 1764 1134 16.7 684 648 0.78 3.79 98.7 14927 13.82
AQ-32 948 3945 1834 1234 1426 5634 539 1.34 231 1234 1564 12.34
Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
D.L. 0.3 0.05 0.2 0.05 0.01 0.05 0.02 0.03 0.01 0.05 0.01
AQ-14 16.11 3.52 1.70 3.75 0.45 434  0.75 1.15 0.13 0.87 0.15
AQ-24 3314 1376 137 1947 1.57 547  2.64 4.32 0.79 347 0.86
AQ-26 16.84 321 1.32 6.23 0.65 6.64 049 0.98 0.12 1.03 0.13
AQ-26a 4234 1234 134 13.14 123 6.87 4.53 4.36 0.68 2.38 0.42
AQ-30 48.61 1647 0.84 1947 1.78 948 5.64 5.48 0.64 3.48 0.89
AQ-32 5341 13.75 0.98 8.34 2.04 7.68  3.68 6.47 1.05 2.84 0.67

AQ-26: Host andesitic basalt with disseminated chalcopyrite; AQ-26a: Stage-1 fluorite vein, AQ-30: Stage-2 quartz-

sulfide vein; AQ-32: Stage-3 quartz-specularite vein.
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Fig. 13. A: Histogram of trace elements in ore zones at Aqkand Cu occurrence, normalized against fresh and barren
Eocene andesitic basalt lava (sample AQ-14, Table 1), and B: Histogram of rare earth elements in ore zones at Agkand
Cu occurrence, normalized against fresh and barren Eocene andesitic basalt lava (sample AQ-14, Table 1).
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Fig. 14. A: Histogram of trace elements in ore zones at Agkand Cu occurrence, normalized against fresh Oligocene
rhyolitic-rhyodacitic lava (sample AQ-24, Table 1), and B: Histogram of rare earth elements in ore zones at Aqkand Cu
occurrence, normalized against fresh Oligocene rhyolitic-rthyodacitic lava (sample AQ-24, Table 1).
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Fig. 15. Schematic representation of mineralization evolution stages at Aqkand Cu occurrence. A: Formation of Eocene
volcanic units, B: Folding and development of fissures and cracks in Eocene rock units, C: Oligocene granitoid plutons
intruded into the Eocene units. These bodies are exposed as rhyolitic-rhyodacitic domes as well as its equivalent
volcaniclastic units. Intrusion of these plutons and domes caused circulation of meteoric waters and formation of copper
mineralization as Cu-bearing quartz-fluorite veins within Eocene andesitic basalt lavas, and D: Regional exhumation

and development of weathering and erosion processes
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Introduction

The Agkand Cu occurrence, 48 km north of
Zanjan, is located in the Tarom subzone of the
Western Alborz-Azerbaijan structural zone. Apart
from small scale geological maps of the area, i.e.,
1:250,000 geological maps of Bandar-e-Anzali
(Davies, 1977) and 1:100,000 geological maps of
Hashtjin (Faridi and Anvari, 2000) and a number
of unpublished perlite exploration reports, prior to
this research no work has been done on Cu
mineralization at Agkand. The present paper
provides an overview of the geological
framework, the mineralization characteristics, and
the results of geochemistry study of the Agkand
Cu occurrence with an application to the ore
genesis. Identification of these characteristics can
be used as a model for exploration of this type of
copper mineralization in the Tarom area and
elsewhere.

Materials and methods

Detailed field work has been carried out at
different scales in the Agkand area. About 35
polished thin and thin sections from host rocks
and mineralized and altered zones were studied by
conventional  petrographic and  mineralogic
methods at the University of Zanjan. In addition, a
total of 6 samples from ore zones at the Agkand
occurrence were analyzed by ICP-MS for trace
elements and REE compositions at Kimia Pazhuh
Alborz Co., Isfahan, Iran.

Results and Discussion

The oldest units exposed in the Agkand area are
Eocene volcanic rocks which are overlain
unconformably by Oligocene acidic rocks. The

Eocene units consist of lithic and vitric tuff with
intercalations of andesitic basalt lavas (equal to
Karaj Formation, Hirayama et al., 1966). The
andesitic basalt lavas show porphyritic texture
consisting of  plagioclase  and  altered
ferromagnesian minerals set in a fine-grained
groundmass. The Oligocene acidic rocks consist
of rhyolite-rhyodacite, perlite, pitchstone and
ignimbrite. These rocks are exposed as domes and
lava flows. The rhyolite-rhyodacite lavas usually
show onion-skin weathering and locally display
flow bands. Rapid cooling of rhyolitic-rhyodacitic
lavas has resulted in the formation of volcanic
glasses (obsidian). Hydration of these volcanic
glasses by hydrothermal fluids caused perlite
formation which is located in the lower parts of
the rhyolitic-rhyodacitic domes.

Copper mineralization at Agkand occurs as Cu-
bearing quartz-fluorite veins in Eocene andesitic
basalt lavas. The main ore vein reaches up to 50 m
in length and average of 2 m in width. It has NW-
trend and mostly dips NE. Six stages of
mineralization can be distinguished at the Agkand
Cu occurrence. Stage-1 is characterized by <5 mm
fluorite vein-veinlets. Clast of this stage have
been recognized in the hydrothermal cements of
stage-2. Stage-2 is the most abundant, widespread,
and economically important ore forming stage at
Agkand and is represented by quartz and
chalcopyrite veins (up to 10 mm wide) and
breccias cement. Stage-3 is marked by <2 mm
wide vein and veinlets of quartz with oligist that
usually cut stage-2 mineralization, and, in turn,
are cut by stage-4 quartz wveins. Stage-4 is
represented by 2 mm wide individual or sets of
quartz veins. No sulfide minerals are recognized
with stage-4. Stage-5 is dominated by chlorite as
vein-veinlets and vug infill. Malachite, azurite and
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Fe-hydroxides formed during the supergene stage
(Stage-6). They are usually show vein-veinlet and
vug infill textures.

The hydrothermal alteration assemblages at
Agkand grade from proximal quartz and chlorite
to distal sericite, epidote, calcite and chlorite
(propylitic alteration). The quartz and chlorite
alteration types are spatially and temporally
closely associated with Cu mineralization. The
propylitic alteration marks the outer limit of the
hydrothermal system.

The ore minerals at Agkand formed as vein-
veinlet and hydrothermal breccia cements, and
show vein-veinlet and disseminated textures.
Chalcopyrite is the main ore which s
accompanied by minor oligist. Malachite, goethite
and lepidocrocite are supergene minerals. Quartz,
fluorite and chlorite are present in the gangue
minerals that represent vein-veinlet, breccia, vug
infill, replacement, colloform, cockade, crustiform
and plumose textures.

Comparison of Chondrite normalized (Nakamura,
1974) REE patterns of Eocene fresh and barren
andesitic basalt lavas, Oligocene rhyolitic-
rhyodacitic lavas and the mineralized samples at
Agkand indicate that ore-forming fluids are
probably related to Oligocene rhyolitic-
rhyodacitic lavas. However, leaching of some
elements from the host andesitic basalt lavas may
have also been involved in mineralization.

The geological, mineralogical, geochemical,
textural and structural characteristics of the

Agkand  occurrence  reveals that  copper
mineralization at Agkand is an example of
epithermal base metal mineralization within the
Tarom-Hashtjin zone.
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