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    Abstract


    Gossan is intensely oxidized, weathered or decomposed rock, usually the upper and exposed part of an ore deposit or mineral vein. In the 19th and 20th centuries gossans were important guides to buried ore deposits used by prospectors in their quest for metal ores. An experienced prospector could read the clues in the structure of the gossans to determine the type of mineralization likely to be found below the iron cap. Two marked types of gossans within study area are greyish red, heavy, massive limonite and light red, light and poorly porous limonite. Both of these two types are usually very hard and display local brecciated structures. The size of pieces of breccia is average 5 cm and pieces are either composed of locally earthy limonite with goethite or of fine grain quartz. They are placed in limonite matrix with some secondary quartz. There are 8 gossans outcrops in NE-SW orientation in the area of 1.6 km in length among units targeted for mineralization. The presence of these gossans indicates that here may be mineralization within the study area. Gossans located in the southwest have a higher Cu value compared to gossans in the southeast. Except for a sample collected from gossans in the northeast, remaining samples do not have lead anomaly. Samples collected from gossans in the southwest have a zinc anomaly. The presence of cobalt is a significant indicator of a VMS-type mineralization. A limited number and depth of boreholes were made to exploration for copper ore in study area, and laboratory analyses were performed on limited number of core samples from boreholes. In the study area and surroundings, metamorphic units of pelitic schist, mafic volcanoclastic targeted for VMS-type mineralization and thrusting ultramafic rocks are located to the south of study area.
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    Introduction


    The study area is located within Kastamonu and Sinop in the Central Pontides (Figure 1). A large number of rural settlements exist in the study area. The site includes rough terrains and forestlands. The area is located in the northeast to Ilgaz Mountains. The major elevation of the area is Elekdağ. The study area are contained in the Central Black Sea region and substantially represent geographical, climatic and demographical characteristics of the area. Topographically, the area appears highly rough, therefore settlements are scattered across the area.


    
      Figure 1: Formation model of massive sulfide deposits associated with plate tectonics in the Central Pontides. The upper right corner shows local position of the arch and lower right corner shows evolution order and orientation of movement and sedimentation of alkaline (magmatic) front [16]. View Figure 1

    


    The Kastamonu-Sinop area is located in the Mesozoic-Tertiary central of pontide metallogenic belt. This area was under influence of Alp-Tethyan orogenesis and important ore deposits are formed in this area. The eastern Pontide from Samsun to Trabzon is famous Cretaceous felsic dominant volcanic VMS (Volcanogenic Massive Sulfide) Cu-Au, Pb-Zn-Ag deposits. The central part of the same belt, that is Kastamonu, contains rather older mafic volcanic Cyprus-type Cu deposits. The best example would be Küre mine with 40 million ton reserve. In addition, Eti Bakir A.Ş has a smelter in Samsun. New copper deposits have been explored by exploration works performed on ophiolitic field near Kastamonu (particularly) Hanönü district over last five years. The examples would be Hanönü with estimated reserve of 20 million ton (feasibility study performed by Asya Maden İşletmeleri A.Ş), Cozoğlu mine with known reserve of 1 million tone owned by Eti Bakir A.Ş (Figure 1).


    The Kastamonu-Sinop area is on Intra-Pontid suture zone. It is composed of Paleotethys stratigraphic units and Neotethys units covering Paleotethys units. For VMS, Triassic-Jura volcanic arch, ophiolitic mélange and associated accretionary prism containing schist and covering young areas make up the targeted stratigraphy. In the area, targeted formations for VMS deposits include Akgöl and Bekirli Formations composed of phyllite, pelitic schist, carbonaceous schist, mafic volcanoclastic, gneiss, marble, calcschist and metadiabase gabbro up to 2000 m in thickness referenced in MTA (General Directorate of Mineral Research and Exploration of Turkey) and other sources.


    The model of geodynamic system formed the Central Pontides (Central Pontides) complex volcanic arch within study area is created by associating remnants of the arch based on current information of the relevant area; movements of alkaline (magmatic) front and tectonic units, movements and weathering during the evolution period of the arch. This adopted approach has facilitated opinions on spaces where axial part of complex arch and especially massive sulfide deposits are originated. Figure 1 gives a general overview of the Central Pontides complex volcanic arch which is convenient for originating of magma and ore metals in any aspect. Mineralization within study area dates back to Jurassic (Liassic) period and at that time Pontides were in the position of an island arch. The wall rock of mineralization is tholeiite basalts, the initial product of island arch volcanism, and they are derived from a hybrid magma, a mixture of materials both from oceanic shell and continental shell. Because these deposits are older (Liassic) than other massive sulfide deposits in Pontides (for example, Mesozoic Murgul deposits), this proves that they were formed during first steps of island arc process. In the study area, rocks that are locally referred to as Akgöl formation are mostly metamorphic. In general, there is a very thick black shale (claystone)-sandstone sequence on these massive sulfide-type deposits, and detritic rocks indicate a media shallower than 200 m [1].


    Faults and fractures were observed due to impact of north-to-south compression. Repeating dip-slip faults exist in the north segment and strike-slip faults and dip-slip faults exist in the center and at the edges of study area. In general, the slope of layers is in the north orientation in the study area. Gossans (surface argillisation-hematization-limonitization) outcrops of 1.6 km in the NE-SE orientation are found within prospective units. The presence of these gossans indicates that here may be mineralization within the study area. Because of the presence of gossans, detailed geochemical studies were conducted in the south section of study area.


    Geology of Study Area


    Rocks within the study area are divided into three groups (bottom-to-top): Mafic and Ultramafic Rocks Pre-Liassic period (Elekdağ Meta-ophiolite) and Domuzdağ Metamorphic complex, Liassic Akgöl formation and sediment units after Liassic period. Furthermore, there are volcanic rocks such as gabbro and diorite dykes intruded into some of these rocks. To the south of study area, Elekdağ Meta-ophiolite and Domuzdağ complex Pre-Liassic aged and volcanic-subvolcanic units referred to as Akgöl formation and metamorphosed in greenschist fasies, and to the south sediment units after Liassic age are surfaced (Figure 2, Figure 3 and Figure 4) [1].


    
      Figure 2: Stratigraphic vertical section of study area (No scale) [1]. View Figure 2

    


    
      Figure 3: Location of gossans on the geological map [1]. View Figure 3

    


    
      Figure 4: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ and scissor fault plane in NS orientation near Kirenlice-Çamlıköy. View Figure 4

    


    To the south of study area, Elekdağ Meta-ophiolite of 35 km in length and 3-4 km in width is located in SW-NE orientation with no uniform stratigraphic position, tectonic contact with each other, mafic in lenses and intermittent slices (massive metagabbro, layered gabbro lenses, and isolated diabase-microgabbro-pegmatitic gabbro dykes cutting the entire sequence) and ultramafic (serpentinite, serpentinitized peridotite). Upper section of Elekdağ Meta-ophiolite (plate dykes, mafic lavas, and pelagic sediment) is not preserved. The lower contact of Elekdağ Meta-ophiolite has blueschist of Domuzdağı Metamorphic complex associated with tectonic [1].


    Akgöl Formation, first defined by Yilmaz and Tüysüz [2], is composed of sediment-based phyllite, schist and metadiabase primarily associated with them and subsequently defined by Sütçü, et al. [3] as a formation that mostly has alkaline metalava and metatuff, and less schist and phyllite in parts. The unit is composed of metalava with abundant garnets and glaucophane, metapelitic sediment and metadetritic sediment. Akgöl Formation, located in the area between Çangaldağ and Elekdağ and defined by Ustaömer and Robertson [4] as Bayam melange, was referred to as Gökbelen Formation by Eren [5].


    Akgöl Formation tectonically obducts Elekdağ Meta-ophiolite and is inharmoniously obducted by the Upper Cretaceous Çağlayan Formation. The sequence is primarily made of alkaline metalava and metatufss at the bottom and schist and phyllite at the upper parts. Phyllites among metamorphics where the effect of foliation and folding can be seen are greenish, grey, blackish, fine grained soft-crumbly crops in the topography. Foliation is well established and nacreous due to mica minerals. The schist is yellow, grey and blackish and very well foliated [1].


    The schist seen at the lower of phyllite indicates the increased severity of metamorphism. The schist is firmer and relatively coarse grained. The main components of schist are quartz and mica, and garnets and glaucophane minerals are visible. Petrographically, lithology of chlorite-epidoteschist, chloric-micaschist, quartz micaschist is identified [6].


    Metabasites is a type of rocks that contain dark color minerals such as chlorite, epidote and amphibole as a main mineral in its green tons. In addition to schist texture partly folded, there are sections where no foliation exists. Another characteristic of Akgöl formation is that the upper parts of the sequence has marble lenses. Marble lenses are white-grey in color. The unit was defined by Sütçü, et al. [3] as the member of Demircimüezzin marble in 30-40 m thick, and correlated by Yılmaz and Tüysüz [2] as a section of Akgöl Formation. The marble is hard and very faulted and the bedding is not established.


    There is no evidence to date Akgöl Formation, however the age of the formation is considered Triassic-Liassic because it is cut by Dogger granites, stated to be 170 million years old, transitional with Permian Elekdağ Meta-ophiolite at the bottom, and because it is inharmoniously covered by Malm-Lower Cretaceous İnaltı and Çağlayan formations [3]. In the study by Yılmaz and Tüysüz [7], it was considered Pre-Liassic period. Ustaömer and Robertson [4] suggest that this formation is not well established. They consider the unit to belong to Paleo-Tethys and provide and age Pre-Jura.


    Akgöl Formation has a reverse fault over mafic and ultramafic rocks (Elekdağ Meta-ophiolite). At lower levels, basaltic volcanic rocks are massive and pillow lava upward and turns into breccia character at upper levels. To the south of study area, there are peristerite phyllite-schist with the low effect of metamorphism, to the north of study area there are black shale (claystone), siltstone, sandstone, and rarely limestone and dolomitic limestone at upper sections. The lower section of this sequence is made of very fine grained black shale and upper section is primarily made of sandstone, considered to be regressive because the grains become larger to the upper section. Basaltic volcanic rocks are particular important as they contain ore deposits, and display massive character at lower levels and pillow lava character to upper levels, the top level has a breccia character. It is partly cut by dykes. Breccia basalts have argely undergone hydrothermal alteration. Massive basalts are green, blackish green, very fine grained and has a subophitic texture. The prevailing mineral is plagioclase and between plagioclase is clinopyroxene. There are secondary quartz formations along the fractures in addition to quartz mineral. Plagioclase has albitization, sericitization and little argillisation. In addition, rock is commonly split and has little amount of epidote, prehnite and opaque minerals. Pillow lavas, indicative of undersea eruption, are greenish gray, greenish black in color. Their long axis ranges from 3-5 cm 2-3 m. The longer axis of pillows can be several fold of shorter axis in length. Pillow lavas are mainly composed of plagioclase (labrador) and clinopyroxene. Plagioclases are very fine grained, prismatic, and partly have lathes and micro-phenocrystal, and plagioclase microlites have albitization and sericitization. Partial sericitization and chloritization are also observed. Chlorite and carbonate are filled between plagioclases. The rock contains leucoxene. The top levels have breccia basalts. Pillow lavas are transitioned laterally and vertically. The greenish grey breccia structure includes fractures, calcite, chlorite, albite, chert, gypsum, iron oxide and pyrite filled [1].


    In the study area, units after Liassic period consist of Çağlayan Formation made of sedimentary units such as limestone, conglomerate, sandstone, siltstone, claystone, and mudstone; Kapanboğazı Formation; Akveren Formation; Kusuri Formation; Ilıca limestone and alluvial deposits [1].


    Gossans in Study Area


    Gossan is intensely oxidized, weathered or decomposed rock, usually the upper and exposed part of an ore deposit or mineral vein (Figure 5). In the classic gossan or iron cap all that remains is iron oxides and quartz often in the form of boxworks, quartz lined cavities retaining the shape of the dissolved ore minerals. In other cases quartz and iron oxides, limonite, goethite, and jarosite, exist as pseudomorphs replacing the pyrite and primary ore minerals. Frequently gossan appears as a red stain against the background rock and soil due to the abundance of oxidized iron and the gossan may be a topographic positive area due to the abundance of erosion resistant quartz and iron oxides. Although most gossans are red, orange, or yellow, black gossans from manganese oxides such as pyrolusite, manganite, and especially psilomelane form at the oxidized portion of Manganese-rich mineral deposits. In the 19th and 20th centuries gossans were important guides to buried ore deposits used by prospectors in their quest for metal ores. An experienced prospector could read the clues in the structure of the gossans to determine the type of mineralization likely to be found below the iron cap (wikipedia.org/wiki/Gossan).


    
      Figure 5: Schematic view of a sulfide vein (http://en.archaeometallurgie.de/gossan-iron-cap/). View Figure 5

    


    In the traditional view, supergene ore and gangue minerals are the products of reactions between hypogene sulfide minerals and descending, acidic meteoric waters; these processes take place at or near the ground surface in subaerial environments [8]. In VMS deposits, copper and other metals are mobilized from primary massive sulfide ore and reprecipitated at depth. This precipitation of Cu sulfides with high Cu/S ratios can produce an economically significant copper enrichment at the reactive redox boundary between massive sulfide protore and downward penetrating fluids. The supergene enrichment "blanket" is overlain by an intensely altered and leached Fe oxide-rich gossan (the remains of the original massive sulfide) that extends upward to the paleosurface. Studies of hydrothermal sulfide mounds and chimneys on oceanic spreading axes reveal a second type of gossan formation: oxidation of sulfide minerals by interaction with oxygen-rich ambient seawater. This process, sometimes referred to as "seafloor weathering", is accompanied by formation of secondary, low-temperature Cu sulfide minerals as well as the Cu chloride mineral atacamite at the TAG site, Mid-Atlantic Ridge [9,10]. Based on observations at TAG, bedded ocher overlying massive sulfide at Skouriotissa, Cyprus, has been reinterpreted as a submarine gossan [11].


    In deposits where the zone of weathering is well developed and preserved, the gossan may contain identifiable mineral subzones dominated by sulfates, carbonates, phosphates, or oxides [12]. The chemical compositions of oxidized minerals in gossans reflect, to some extent, the antecedent sulfide mineralogy [13]. For example, high Pb contents (Pb tends to be less mobile in these environments) and secondary Pb carbonate and sulfate minerals (cerussite, smithsonite, anglesite) occur in gossanous zones overlying VMS mineralization containing significant amounts of galena [12]. In deposits of the Bathurst mining camp and the Iberian Pyrite Belt, complex sulfates or sulfate-arsenate minerals such as plumbojarosite and beudantite also act as significant sinks for Pb in the oxidization zone [14,15].


    In the study area, metamorphic units of pelitic schist, mafic volcanoclastic targeted for VMS-type mineralization and thrusting ultramafic rocks are located to the south of study area. Units composed of claystone, limestone, sandstone, siltstone and conglomerate, which are not related to mineralization and are younger than targeted units, and quaternary deposits are located in the north to the study area.


    There are 8 gossans outcrops in NE-SW orientation in the area of 1.6 km in length among units targeted for mineralization. The presence of these gossans indicates that here may be mineralization within the study area. Chemical weatheringis also the cause of formation of gossans and underneath ore deposits. It is a yellow-red color deposit that mainly contains hydrated iron oxide and is washed by oxidation of sulfide minerals such as gossan pyrite (FeS2). Sulfuric acid is produced by melting of pyrite and other sulfide minerals, which melts other metallic minerals; and minerals containing copper, lead and zinc are formed in the water table that flow down with melt. Concentration of sulfide minerals under the water table forms the ore mass. Gossans are indicators of more important underlying ore deposits.


    The geology of study area and surrounding has been investigated by field surveys performed. The metamorphic units of pelitic schist, mafic volcanoclastic targeted for VMS-type (Volcanogenic Massive Sulfide) mineralization and thrusting ultramafic rocks are located to the south of study area. Units composed of claystone, limestone, sandstone, siltstone and conglomerate, which are not related to mineralization and are younger than targeted units, and quaternary deposits are located in the north to the study area.


    There are NE-SW-orientation outcrops of gossans that exist in parts in a length of 1.6 km within the prospective unit and was revealed by works performed on hills to the south of Çamlıköy (Figure 3). It is estimated that gossans have a thickness of maximum 30 m. Gossans crop out on the crest of Karakçı Hill facing NE on the forest road, and 250 m in the northeast of this gossan was found another outcrop of gossans that contain a little of malachite coating. There is a very small piece of gossans found immediately to the south of Tarakçı Hill; however we could not determine where it came from. To the further south, outcrop of gossans exist on the road to the northeast of Besteci hill and 300 m immediately northeast to these gossans exist small outcrops of gossans and pieces of gossans. The presence of these gossans suggest that there may a significant mineralization within study area.


    The size of gossans located within study area is not proportional to the mass of main mineralization. Normally, association of all gossans in a mine site with ore deposits can be directly compared, and in general, they do not go beyond the boundary of ore masses as they form a cover on them. Thickness of limonitic gossans varies between 1 m to 120 m. Gossans may contain some small and isolated pyritic ore masses. Two marked types of gossans within study area are greyish red, heavy, massive limonite and light red, light and poorly porous limonite. Both of these two types are usually very hard and display local brecciated structures. The size of pieces of breccia is average 5 cm and pieces are either composed of locally earthy limonite with goethite or of fine grain quartz. They are placed in limonite matrix with some secondary quartz.


    Gossan-7 is located between Çamlıköy and Kirenlice on the NE slope of Karakcı Hill (Figure 4). This gossan is contained metamorphics of Akgöl Formation, and Elekdağ thrusting sloped to NW is located approximately 2 km to the south of this gossan. Thus, the gossan is located very close to the zone where metamorphics of Akgöl Formation overthrusts on Elekdağ ophiolites, within the zone including reverse thrust faults that continue also in metamorphics of Akgöl Formation. Limonitization and hematitization are observed along this gossan.


    The gossan is formed in perpendicular to thrust fault and cut and shifted by scissor fault/strike-slip fault in N10W 85SW orientation. Each part of the gossan is located on either side of a ravine extending from N to S (Figure 6 and Figure 7). The faulting is a strike-slip fault to the right and its slope was measured as 38-40 degrees (Figure 8 and Figure 9). A brecciated structure can be seen along the fault plane.


    
      Figure 6: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ, scissor fault plane in NS orientation and slip lines near Kirenlice-Çamlıköy. View Figure 6

    


    
      Figure 7: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ, scissor fault plane in NS orientation and slip lines near Kirenlice-Çamlıköy. View Figure 7

    


    
      Figure 8: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ and close view of slip lines in NS-orientation scissor fault plane near Kirenlice-Çamlıköy.View Figure 8

    


    
      Figure 9: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ and NE-SW-orientation thrust fault near Kirenlice-Çamlıköy. View Figure 9

    


    It is considered that there is a scissor between thrust faults orientation in stages of this strike-slip faulting in N-S orientation. A similar scissor exists along the Acısu stream in the area. There are N65E 45NW-orientation reverse faults inside the gossan. A thin fault gauge is observed along the reverse faults (Figure 10 and Figure 11).


    
      Figure 10: Gossan-7 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ and close view of NE-SW-orientation thrust fault near Kirenlice-Çamlıköy. View Figure 10

    


    
      Figure 11: Gossan-6 formed concordantly with schistosity and close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ near Kirenlice-Çamlıköy. View Figure 11

    


    Gossan-6 is located between Çamlıköy and Kirenlice on the eastern slope of Karakcı Hill. The gossans are formed in the metamorphics of Akgöl Formation in concordantly with schistosity, orientation measured is N38E 70NW (Figure 11).


    Gossan-3 is located on the northeast slope of Bestici hill between Çamlıköy and Kirenlice. This gossan extends in a linear way and in stages in this area. Orientation of the gossan measured is N30E. Limonitization and hematitization are very marked along this gossan (Figure 12).


    
      Figure 12: NE-SW-orientation Gossan-3 formed close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ near Kirlenice-Çamlıköy.View Figure 12

    


    Gossan-8 is located on the eastern slope of Bestici hill between Çamlıköy and Kirenlice. This gossan has a number of caps appearing in several stages. Staged orientation of caps measured is N15E, N35E and N50E respectively. Limonitization and hematitization are very marked along these caps (Figure 13).


    
      Figure 13: NE-SW-orientation Gossan-8 formed in stages and close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ near Kirenlice-Çamlıköy. View Figure 13

    


    Gossan-2 is located approximately 1250 m in the south of Çamlıköy between Çamlıköy and Kirenlice. Orientation of this gossan measured is EW. The gossan is within metamorphics of Akgöl Formation. 1 km to the south exists Elekdağı thrusting. Limonitization and hematitization are very marked along this gossan (Figure 14 and Figure 15).


    
      Figure 14: E-W-orientation Gossan-2 formed in stages and close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ near Kirenlice-Çamlıköy. View Figure 14

    


    
      Figure 15: Close view of E-W-orientation Gossan-2 formed in stages and close to the contact of metamorphics of Akgöl Formation and ophiolites of Elekdağ near Kirenlice-Çamlıköy.View Figure 15

    


    Geochemical Studies


    Detailed geochemical surveys were performed to the south of gossans on the study area. Samples of rocks and stream sediments were collected and these samples were analyzed at ALS laboratories. Samples of rocks and stream sediments were collected by Gentor Resources Limited where necessary and these samples were analyzed at ALS laboratory (Turkey Branch) using OlympusInnov-X Delta 50 portable XRF. No samples were collected for soil chemistry and analyses were performed on the site. Table 1 shows the analysis results of chip samples from gossans. Au is present in some analysis results of chip samples from gossans. XRF is sensitive to other metals rather than Au. It shows the presence of Au in samples that contain Au. However, the Au value does not exactly reflect the reality. The readout was 111 ppm of Au with Au value in the gossans containing malachite cover. Figure 16 shows the location of samples of which 6012 and 6013 contain gold. Gossans located in the southwest have a higher Cu value compared to gossans in the southeast. Except for a sample collected from gossans in the northeast, remaining samples do not have lead anomaly. Samples collected from gossans in the southwest have a zinc anomaly. The presence of cobalt is a significant indicator of a VMS-type mineralization.


    
      Table 1: Analysis results of chip samples (Values is ppm). View Table 1

    


    
      Figure 16: Location of rock chip samples on the geology map.View Figure 16

    


    Samples of stream sediment collected with -80-mesh sieve were analyzed and analyses results are presented in Table 2. No anomalies were observed in samples of stream sediment as presented in Figure 17 by their location.


    
      Table 2: Analysis results of stream sediment (Values is ppm). View Table 2

    


    
      Figure 17: Location of rock chip samples on the geology map. View Figure 17

    


    Based on results of analyses performed on the site, Figure 18, Figure 19 and Figure 20 show thematic geology maps of soil together with results of other analyses. Although a general anomaly was observed around the gossans, it cannot be interpreted as a strong anomaly as it is near the local threshold value. Soil geochemistry is usually very effective in searching for VMS. The highest value of 270 ppm for Cu indicates a poor soil geochemistry. The anomaly of Zn is not what was expected.


    
      Figure 18: Soil geochemistry - Cu.View Figure 18

    


    
      Figure 19: Soil geochemistry - Fe.View Figure 19

    


    
      Figure 20: Soil geochemistry - Zn.View Figure 20

    


    A limited number and depth of boreholes were made to exploration for massive sulfide ores in study area, and laboratory analyses were performed on core samples (Figure 21, Figure 22 and Table 3).


    
      Figure 21: Analysis results of core samples. View Figure 21

    


    
      Figure 22: Core samples of massive sulfide ores in study area.View Figure 22

    


    
      Table 3: Analysis results of core samples of massive sulfide ores in study area. View Table 3

    


    Conclusions


    Two marked types of gossans within study area are greyish red, heavy, massive limonite and light red, light and poorly porous limonite. Both of these two types are usually very hard and display local brecciated structures. The size of pieces of breccia is average 5 cm and pieces are either composed of locally earthy limonite with goethite or of fine grain quartz. They are placed in limonite matrix with some secondary quartz. There are 8 gossans outcrops in NE-SW orientation in the area of 1.6 km in length among units targeted for mineralization. The presence of these gossans indicates that here may be mineralization within the study area. Detailed geochemical surveys were performed to the south of gossans on the study area. Gossans located in the southwest have a higher Cu value compared to gossans in the southeast. Except for a sample collected from gossans in the northeast, remaining samples do not have lead anomaly. Samples collected from gossans in the southwest have a zinc anomaly. The presence of cobalt is a significant indicator of a VMS-type mineralization. In the study area and surroundings, metamorphic units of pelitic schist, mafic volcanoclastic targeted for VMS-type mineralization and thrusting ultramafic rocks are located to the south of study area.
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