15th International SGEM GeoConference on……………
3. Exploration and Mining

THE KAYENMYVAAM AU-AG PROSPECTIVE DISTRICT, CHUKCHI PENINSULA, RUSSIA: CHARACTERISTICS OF MINERALIZATION
PhD Ildar Kalko1
PhD Evgeny Vlasov1
Prof. Vsevolod Prokofiev1
Sr. Geol. Viktor Usenko2
Prof. Yury Nikolaev1
1 Lomonosov Moscow State University, Russia
2 LLC Regional Mining Company, Russia
ABSTRACT
The Kayenmyvaam prospective district is situated in the Western Chukchi Peninsula, Russia. It includes 4 main prospects: Arykevaam, Televeem, Levy Kayen and Sredny Kayen hosted by the Upper Cretaceous volcanic rocks of the Okhotsk-Chukchi Volcanic Belt (OChVB). Ore bodies are associated with N, NW and NE trending faults.

LS epithermal mineralization is predominant in the area, but there are also evidences of porphyry-style one (IS epithermal mineralization). Ore bodies occur as quartz or quartzite veinlet systems. Major alteration types are propylitic, argillic and advanced argillic. High grades of main components were determined in ore samples: over 500 ppm Au, 0.4% Ag, 4.8% Cu, 0.2% Mo, 0.5% Zn, 1.9% Pb and >0.2% Te. Gold-silver ratio varies from 10:1 to 1:300. Geochemical anomalies are widespread and their composition corresponds to the one of hypogene mineralization (Au, Ag, Mo, Cu, Pb, Zn, and others).

Gangue minerals include quartz, adularia, chlorite, kaolinite, gypsum, hydromica and calcite. Ore minerals are pyrite, galena, sphalerite, chalcopyrite, bornite, gold, electrum, polybasite-pearceite, acanthite, molybdenite, proustite-pyrargyrite, hessite, petzite, altaite and tetrahedrite-tennantite. Fluid inclusions homogenization temperatures vary from 136 to 369ºC, salinity is within the range of 0.2-1.4 wt. % NaCl equiv. Pressures estimated for fluid boiling at the temperature of 240-327ºC are 3-12 MPa and correspond to the ore formation depth of 0.1-0.5 km.

The Arykevaam is the silver prospect with low resource potential, so is the gold-silver prospect Levy Kayen. Main gold prospects are Televeem and Sredny Kayen. Ore minerals in the Televeem prospect are similar to those of the Sentyabr’sky gold-silver prospect in the Dvoynoy District.
Keywords: Gold-silver ore prospect, Chukchi District, Russia, epithermal deposit
INTRODUCTION
High rate of Au and Ag production poses new challenges for ore prospecting and assessment of previously known deposits. The Kayenmyvaam prospective district is the cluster of mineralized zones known since 1990s. It is situated in the upper reach of the Anadyr river (fig.1).
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Figure 1. Location of the Kayenmyvaam prospective district
There were several prospecting projects undertaken in the area but due to regional undeveloped infrastructure ore bodies are still not explored properly by drilling.
Soil sampling was conducted within a regular grid 250 by 50 m, the total amount of the collected geochemical samples is over 5,000. Their elemental composition was obtained by emission spectroscopic analysis (Aleksandrov, Russia). In this research we also used the results of previous geochemical surveys almost completely covering the Kayenmyvaam district at 1:50,000 – 1:10,000 scales (over 45,000 soil sample analyses). About 200 ore chip samples were analyzed by ICP-OES in the Stuart Group laboratory (Russia) and those with remarkable concentrations were selected to make thin, polished and double polished sections (total amount is about 80) for mineralogical and fluid inclusions studies. Mineralogical research was produced by the Geological Faculty of MSU, fluid inclusions were studied in the Institute of Geology of Ore Deposits, Petrography, Mineralogy and Geochemistry, Russian Academy of Sciences (Moscow). Research methods are the same as described in the work [1].

GEOLOGICAL SETTING
Volcanic and volcanoclastic rocks of Upper Cretaceous age are identified as subalkaline and alkaline mafic-felsic ones [2] (fig. 2). Composition of suites ranges from basalts to rhyolites, mainly represented by intermediate-felsic rocks. The oldest rocks are emuneret suite (felsic), the intermediate – ergyvaam suite (intermediate-felsic) and the youngest ones – enmyvaam suite (mafic-felsic). The ore bodies are spatially confined to subvolcanic and intruded rocks. Subvolcanic bodies consist of porphyry basalts, andesites, diorites and rhyolites. Rocks age is about 85-80 Ma [3].
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Figure 2. Geological map of the Kayenmyvaam prospective district [2] 1. Upper Cretaceous volcanic rocks of OChVB from the youngest to oldest suite. 2. Diorites; subvolcanic rhyolites and basalts. 3. Faults (known and proposed). 4. Quartz bodies. 5. Prospects: 1) Arykevaam, 2) Levy Kayen, 3) Sredny Kayen, 4) Televeem.
GEOCHEMICAL SURVEY
For interpolation of geochemical survey data we used the inverse distance weighting (IDW) method (Geostatistical analyst, ArcGIS) which is quick deterministic interpolation technique for large databases. The result of interpolation is a surface of elemental distribution. The IDW method is good to identify general pattern, although it leads to data smoothing. On the one hand, data smoothing decreases systematic difference of analysis, and on the other hand, it lowers maximums. In the structure of Au anomalies extended zones surrounding known ore bodies prevail (fig.3). Vast zone is identified to the south of the area within the Televeem and Sredny Kayen prospects. Narrow zone is presented within Levy Kayen. Au anomalies at the Arykevaam prospect are moderate.
[image: image3.png]©
N~
|
N
N

. s

quartz bodies

prospects

0 1 2 3km

2 mi





Figure 3. Results of the IWD interpolation of the secondary haloes gold concentration. Gold grade is given in ppb. For prospects numbers see fig.2 caption
Ag anomalies occur as wide extended N-trending zones at Arykevaam and Sredny Kayen (fig.4). Parameters of Ag haloes are moderate at Televeem. There are no distinct Ag anomalies in the interpolated surface within Levy Kayen. Its south extensions is a zone subparallel to the anomaly at Sredny Kayen.
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Figure 4. Results of the IWD interpolation of secondary haloes silver concentration. Silver grade is given in ppm. For prospects numbers see fig.2 caption
The prospects discussed here are located based on the results of geochemical survey. There is a spatial conformability between gold and silver anomalies. Some contrast anomalies are still not verified by geological sampling, thus there is high probability of detection of previously unknown ore bodies. Secondary halo parameters of Televeem and Sredny Kayen are comparable to the Kupol ones. Geochemical prospecting by secondary haloes showed informative results which should be used while planning the exploration. The number of the ore samples with high Au and Ag grades comprises over 20%. Geochemical association formed by the elements whose concentration in ore significantly exceeds their background content can be shown as sequence Au1964Ag563Te59Se8Pb6Cu4Zn3S3Mo2As2 (figures correspond to average concentration factor).
MINERALOGY AND CONDITIONS OF ORE FORMATION
Gangue minerals include quartz, adularia, chlorite, kaolinite, gypsum, hydromica and calcite. Ore minerals are pyrite, galena, sphalerite, chalcopyrite, bornite, gold, electrum, polybasite-pearceite, acanthite, molybdenite, proustite-pyrargyrite, hessite, petzite, altaite and tetrahedrite-tennantite. Stages of ore-forming process were discriminated. The earliest assemblage is represented by chalcopyrite, pyrite and molybdenite; intermediate (polymetallic) involved deposition of galena, sphalerite, chalcopyrite and bornite; and the last (gold-silver) one initiated crystallization of electrum, polybasite-pearceite, acanthite, molybdenite, proustite-pyrargyrite, hessite, petzite, altaite, melonite, sylvanite, volynskite, native tellurium and tetrahedrite-tennantite. Covellite, chlorargyrite and gold are determinated in supergene units. Gold (electrum) fineness is from 550 to 655 and 838 in supergene grains. Typical impurities are copper (0.03-0.14 wt. %) and rare mercury (up to 0.18 wt. %). Not all types of assemblages can be found within one prospect (fig. 5). The earliest and latest assemblages are characterized by the most variable composition. No molybdenite, bornite and tellurium minerals were identified at Arykevaam [4]. At Levy Kayen and Sredny Kayen there is no bornite determined in ore assemblage. Proustite-pyrargyrite is dominant mineral group of the gold-silver assemblage at Levy Kayen.
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Figure 5. Back-scattered electron images of ore samples A) acanthite (Ac) in quartz-adularia vein; B) sphalerite (Sp) and pyrite (Py) containing electrum (Au) and keeping a rim of undiagnosed silver mineral (Ag-S); C) numerous veinlets of native gold in colloformic banded acanthite and undiagnosed tellurium phase (dark zones), D) native gold (bright) in crystals of pyrite; E) altaite (Al), gold-silver telluride (Au-Ag-Te) and hessite (Hes) disintegrated in bornite; F) altaite inclusion in bornite; G) tetrahedrite-tennantite with native tellurium; H) rhythmically zonal Zn-tetrahedrite; I) undiagnosed intergrowth of Au-Te-Fe-Sb-O (bright) and Bi-Sb-Te-Fe-O (gray) phases. Location of samples: A) Arykevaam; B), C) Levy Kayen; D)-G) Televeem; H), I) Sredny Kayen
Double polished sections 0.3-0.5 mm thick were studied under a microscope. By the criteria of Roedder [5] inclusions were divided into primary, pseudosecondary and secondary. At room temperature, the fluid inclusions were divided into two types by phase composition. The first type inclusions are gas-dominated; no solid CO2 appears in them upon freezing above -120ºC. The hydrothermal system was on the two-phase equilibrium curve; the homogenization temperature of the second-type inclusions syngenetic to the gas-dominated inclusions does not require the pressure correction and corresponds to the crystallization temperature of quartz [5]. The total concentration of salts in the fluid inclusions of second type was evaluated by the melting temperature of ice on the basis of experimental data for the system NaCl-H2O [6]. The pressure was evaluated as the saturated vapor pressure of water for boiling fluid inclusions. Assessment of salt concentrations, pressures and fluid densities were carried out using the FLINCOR software [7]. Major type of primary inclusions in quartz is aqueous-gaseous. The size of inclusions ranges from 1 to 20 µm. 523 inclusions were studied in 18 samples. Fluid compositions were estimated as potassium and sodium chlorides mainly (by freezing temperature). Fluid density varies from 0.51 to 0.94 g/cm3. Homogenization temperature of fluid inclusions varies from 136 to 369ºC, salinity is within the range of 0.2-1.8 wt. % NaCl equiv (fig.6). Pressure estimated for fluid boiling at the temperature from 240 to 327ºC is 3-12MPa corresponding to the ore formation depth of 0.1-0.5 km. In figure 6 there is a congregation of ore formation conditions of gold-silver prospects and deposits in Chukchi district with the data of previous research [8], [9]. The epithermal group can be seen within narrow area of salinity less or equal 1.5 wt. % NaCl equivalent, for silver-gold prospects formation temperatures are from 200 to 370oC, statistically higher than those for gold-silver ones. The telluride Sentyabr’sky deposit was formed by more saline fluid in deeper conditions.
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Figure 6. Temperature versus salinity diagram for ore-forming fluids of the prospects and deposits
CONCLUSIONS
The Kayenmyvaam prospective district is high-potential for gold-silver mineralization. By geological position, alteration, mineral composition, composition of geochemical anomalies and ore formation conditions the prospects of research are classified as epithermal Au-Ag deposits.

The prospects discussed here are located based on the results of geochemical survey. Secondary halo parameters of the prospects are similar to those of large deposits.
The gold-silver assemblage consists of electrum, polybasite-pearceite, acanthite, molybdenite, proustite-pyrargyrite, hessite, petzite, altaite, melonite, sylvanite, volynskite, native tellurium and tetrahedrite-tennantite. 

Homogenization temperature of fluid inclusions varies from 136 to 369ºC, salinity is within the range of 0.2-1.8 wt. % NaCl equivalent (fig.6). Pressure estimated for fluid boiling at the temperature from 240 to 327ºC is 3-12MPa corresponding to the ore formation depth of 0.1-0.5 km.
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