14:00 August, 4th – Departure from Novosibirsk
Arrival to “Zolotaya
Kemerovskaya oblast.

Gora”

(Gold

Mountain)

camp,

Gur’evsk,

August, 5th
Stop1 - Kamenushinskoe Cu and Salairskoe Pb-Zn deposits
Kamenushinskoe copper and Salairskoe Pb-Zn deposits are located 300 km from
Novosibirsk in the Salair Ridge (Kemerovo Region).
The deposits and ore occurrences of lead, zinc and copper are widespread in the western part
of Kemerovo region. The main polymetallic ore area where economical effective reserves of
lead, zinc, copper are located in the northeastern part of the Salair Ridge. The Cambrian volcanic
and sedimentary sequences are composed the primary basement of this region. The volcanics are
mainly represented by dacitic lavas interlayered with agglomerates and tuffs. Metamorphism,
intensive tectonics and hydrothermal alteration led to foliation of this rocks and formation of
quartz and quartz-barite metasomatites, to which are confined the main ore bodies.
The excursion will start on the Salairskoe ore field (N 54°15′04.1″/E 85°47′04.7″) where Pb,
Zn and barite were exploited until 2003. Gold and silver are concomitant components.
Polymetallic ore bodies are unevenly distributed and situated in altered sedimentary rocks and
dacites. Two types of ore are common – massive carbonate-quartz-barite ore, which form lenses,
and disseminated barite-polymetallic ore. On the upper horizons of mine, the oxidation zone is
widespread. The primary sulfides are not preserved, and the secondary minerals form very finegrained aggregate in a mixture with iron hydroxides. Here is also located quartz-barite ore dump
where were found massive barite ore and veins with fine barite crystals.
The next step is the quarry of Kamenushinskoe deposit (N 54°17′58.7″/E 85°46′48.4″).
Kamenushinskoe deposit, discovered in 1950-s, is the largest copper deposit in Kemerovo
region. The ore mineralization is hosted in the metasomatic altered schists and dacites (quartz
porphyries). Ore minerals are represented by unevenly distributed interspersed veinlets of
sulphides - mainly pyrite and chalcopyrite. Rarer occur sphalerite, galena, molybdenite,
pyrrhotite and tennantite-tetrahedrite, which are found both in bedrocks and quartz veins. Late
quartz veins contain a small amount of gold. Now the quarry is not exploited due to the
economic reasons and partially flooded. We have collected some samples of primary sulphides
and oxidized ores.
Also we are planning to visit the supergene ore zone of altered rocks where the participants
will able to find amazing crystals of azurite, malachite and chrysocolla.

11:00 Departure
22:00 ―Arrival to “Belyi Kamen” (White Stone) Camp, Gornoaltaisk,
Altai Republic

August, 6th
7:00 Departure
Stop 2. - Sinyuhinskoe gold deposit, “Vesyoliy” (“Cheerful”) mine
Sinyuhinskoe deposit, which operated by Siberia mining company, has approved resources
18.9 ton of gold and inferred resources (to a depth of 500m) 70 ton. The Sinyukhinskoe deposit
is localized in northeastern Altai, at the contact of the large (600) Sarakoksha pluton and
Cambrian volcanosedimentary strata km2 of the Ust’-Sema Formation (Shcherbakov, 1967;
Vakhrushev, 1972) (Fig. 1). In the contact zone of the Sinyukha massif, skarns of different
compositions are developed in horizons of carbonate rocks and tuffs. Wollastonite and garnetwollastonite varieties are the most widespread, and garnet-pyroxene and pyroxene ones are
scarcer. Near the contact with basic effusive bodies, small magnetite orebodies have been
revealed among garnet-pyroxene skarns. Gold mineralization occurs mainly among wollastonite,
garnet-wollastonite, and pyroxene-wollastonite skarns and is intimately associated with an
assemblage of sulfide minerals. The latter are dominated by bornite, chalcocite, chalcopyrite, and
pyrite, which compose ore zones in these rocks and are present in the form of nestdisseminations and stockworks. In local zones of actinolite-chlorite-calcite-quartz composition
we found minor amounts of sphalerite, pyrrhotite, cubanite, and tetradymite. There are also
occasional findings of rare minerals, such as siegenite (CoNi2S4), cobaltite ((CoNiFe)AsS),
melonite (NiTe2), wittichenite (Cu3BiS3), gessite (Ag2Te), petzite (AuAg3Te2), altaite (PbTe),
and clausthalite (PbSe). The total content of sulfides does not exceed 5–10%. The sulfides are
extremely unevenly distributed— from occasional dissemination to densely disseminated, almost
massive ores. The accumulation of gold-sulfide mineralization was accompanied by the
hydrothermal-metasomatic alteration of the host skarns with the formation of actinolite, chlorite,
and calcite near ore veins and nests. Magnetite ores are poorer in gold, and sulfide-free rocks
(marbles and diorite-porphyry and granite-porphyry dikes) virtually lack it. Gold often occurs in
ores as native segregations in the form of hooks, fine wires, lumps, and sheets intimately
intergrown with bornite, chalcocite, and chalcopyrite. Sometimes, native gold segregations are
observed as fine inclusions in cracks and interstices of skarn minerals, most often, wollastonite.
These gold particles are mainly no larger than hundredths of millimeter. The gold of primary
ores of the Sinyukhinskoe deposit is of high fineness varying over a narrow range of values
(911–964) (Gaskov et al., 2010). The whole-rock content of gold is up to 5-6 grams per ton.
Exploitation of the deposit started in 1952 and it has being mined in an open pit and in
underground mines (it goes down to the depth of about 200 m). Production of gold is about 400
kilograms per year. In addition to gold, the mine is producing a copper concentrate.

Fig 1. Geologic scheme of the Sinyukhinskoe deposit (compiled by Gusev (2007) and
supplemented by our data). 1, loose Quaternary deposits; 2–6, rocks of the Choya (O1cs), Elanda
(Є2-3el), Ust’-Sema (Є2us), and Upper Ynyrga (Є2vy) Formations: 2, conglomerates, 3,
siltstones, 4, sandstones, 5, limestones, 6, andesite-basaltic porphyrites; 7–9, rocks of the Yugala
(Sinyukha) complex: 7, granites and granodiorites of the early phase (γδD2-3), 8, granites of the
late phase (γD2-3), 9, dolerite and gabbro-dolerite dikes; 10, plagiogranites of the Sarakoksha
complex (ν Є2); 11, skarns; 12, sites with gold mineralization (1, Pervyi Rudnyi (First Ore), 2,
Zapadnyi (Western), 3, Faifanov, 4, West Faifanov, 5, Ynyrga, 6, Nizhnii (Lower), 7,
Tushkenek, 9, Gorbunov); 13, faults.

12:00 Departure
Stop 3. August, 6th - Natural history museum “Palaeopark”
The museum exhibits a vast range of specimens from various segments of natural history:
paleontology, mineralogy, ethnography and archeology (Fig. 2). It is the largest natural history
museum in Siberia. The collection of paleontological department exhibits dinosaur skeletons and
reconstructed skeletons of prehistorical animals. Ethnography Department shows ethnographic
exhibitions dedicated to the world's nations. All types of the ancient burials, reconstructed
petroglyphs and stone sculptures of the Altai Mountains are exhibited in the open air archeology
department of the museum. http://www.paleopark.org/ http://vk.com/paleopark

Fig. 2. Natural history museum ―Palaeopark

Stop 4. August, 6th - Cambrian - Ordovician Gornoaltaisk formation near
Elekmonar village, “Dragon’s teeth”
Cambrian – Ordovician turbidite complexes are exposed almost everywhere in Gorny Altai
(except the north-eastern part of the region) and combined in a general geological unit –
Gornoaltaisk Formation. The lower part of the Gornoaltaisk Formation (green- purple rocks) is
dominated by monotonous gray-green rhythmically bedded fine- to medium-grained sandstones
and metasilstones, predominantly consisting of quartz and plagioclase with subordinate
occurrence of disintegrated debris of mafic, intermediate and felsic volcanic rocks. The upper
part of the formation directly underlying Ordovician fossil-bearing rocks is presented by
molasse-like sequence consisting of poorly sorted coarse-grained variegated greywackes with
higher carbonate content. The Gornoaltaisk formation with angular discordance and basal
conglomerates horizon overlies the volcanic-sedimentary deposits of Chemal and Ust’-Sema
Formations, €1-2. The part of the formation near Elekmonar village is characterized by fine
rhythmic lamination with clear layers contacts and consists of dark green fine-grained
volcaniclastic sandstones with layer thickness varying from a few centimeters to a few tens of
centimeters interlayering with epidotized and chloritized siltstones of the same thickness (Fig. 3).

Fig. 3. The Outcrops of siltstones of Gornoaltaysk Formation known as ―Dragon’s Teeth‖

Arrival to “Luchkan” camp, Cheposh vlg., Chemal district.

August, 7th
Stop 5. Middle Devonian volcanites near Ongudai village.
Middle Devonian volcanism of the Altai Mountains is related with activity of the active
continental margin in western part of Altai-Sayan foldbelt. The Middle Devonian volcanites of
normal and high alkalinity form linear zones in Gorny Altai. Volcanic rocks, in some cases,
interlay with terrigene rocks. (Berzin et al., 1994; Berzin and Kungurtsev, 1996; Shokalsky et al.,
2000; Vladimirov et al., 2001; Kruk et al., 2008). Near Ongudai village (actually in Shashikman
village) the volcanic formation is presented by interbedded floods of green porphyritic andesitebasalts, andesites and tuffs. In the upper part of the section floods of porphyritic dacites occur.
Dykes of dolerites cut the volcanic rocks.

Stop 6. Middle Palaeozoic granitoids of Cheketaman massif
Famennian stage in the Altai Mountains (372 – 359 Ma) is characterized by a complete lack
of volcanic activity, and at the same time a large-scale granitoid magmatism occurs comparable
in scale to the granitoids of large igneous provinces (Kruk et al, 2011). The maximum volume of
Famennian granitoids is located in the central and western parts of the Altai Mountains (Fig. 4).
The Cheketaman massif is crossed by Chuisky high road near the pass of the same name. The
total area of the massif is about 150 km2 originated in homodromous succession (from early to
late): 1 – medium-small-grained amphibole-biotite diorites, 2 – medium coarse-grained
amphibole-biotite quartz diorites and tonalites, 3 – medium-coarse grained biotite-amphibole
granodiorites and adamellites, 4 – medium-coarse-grained biotite granites. Diorites and quartz

diorites comprise 20%, tonalites and granodiorites constitute 70-80% of the massif volume. Both
the rocks have sharp, unconformable contacts with terrigene deposits of the CambrianOrdovician Gornoaltaisky formation. U-Pb zircon age for Cheketaman granitoids is 374±3 Ma
(Vladimirov et al., 2001). All rock types are commonly intersected by zones of cataclasis,
mylonitization and autometasomatism alterations (chloritization, epidotization, albitization,
streaky microclinization). The altered granitoids are notable for variegated pinky-gree colour.
The rounded melanocrated schlieren of small size (up to 20 cm) are common. Near to saddlepoint of the pass one can see numerous dikes of black spessartites, tonalite- and granodioriteporphyres, granite-porphyres, sometimes veins of aplites and pegmatites.

Fig. 4. Famennian magmatism of the Gorny Altai. 1 – Quaternary deposit, 2 – Devonian
volcanic and volcanic-sedimentary formations, 3 – Ordovician-Silurian terrigene and terrigenecarbonate formations, 4 – Late Cambrian – Early Ordovician sediments, 5 – Neoproterozoic –
Early Cambrian volcanic and volcanic-sedimentary formations of island arcs, 6 – Neoproterozoic
– Early Cambrian oceanic formations (volcanic, carbonate, terrigene), 7 – metamorphic
complexes, undivided, 8-11 – granitoids: 8 – Late Paleozoic – Early Mesozoic, 9-10 – Late
Devonian (9 – Famennian, 10 – Frasnian), 11 – Early and Middle Devonian, undivided, 12 –
Cambrian; 13 –faults, 14-16 – areas of Famennian intrusives: 14 – ust’-belovsky and
borovlansky complexes (I – Kolyvansky area, , II – Talitsky area, III – Yalomansky area), 15 –
Rakhmanovsky complex, 16 – Kubadrinsky complex; 17 – granitic and gabbro-granitic
intrusives (1- Cheketaman, 2 – Kadrinsky, 3 – Yaloman, 4 – Rybalka, 5 – Kubadrinsky, 6 –
Rakhmanovsky).

Stop 7. Inskoy “stone garden”
The cyclic structure is one of the most specific features of catastrophic glacial megafloods
deposits (see description of Stop 9). Usually each cycle starts with the basic layer of mudflow
facies, consisting of coarse-grained rocks (coarse gravels, cobbles, boulders) with sand-gravel
matrix. Often this layer is composed of rounded in varying degrees boulders of more than 1 m in
diameter and reaches a thickness of 3 to 5-10 m. Such layer is often eroded forming extensive
(up to several square kilometers) fields of boulders "rock gardens". Such fields are often found
on the intermediate terraces along Chuya and Katun’ rivers. In stop 10 we can see Inskoy "rock
garden" (Fig. 5).

Fig. 5. General view of Inskoy ―”stone garden”.

Stop 8. The place of confluence of Chuya and Katun’ rivers
Here we can observe a sharp intrusive contact of granitoids of the Ust’-Belovsky complex
(Upper Devonian) with terrigene-carbonate deposits of the Silurian. The numerous post-granite
dikes varying in composition from dolerites up to andesites and dacites are also occured. In this
place it is possible to observe complex of intermediate and high terraces of valleys of Chuya and
Katun rivers, which are of pleistocene age (Fig. 6). The formation of high terraces is traditionally
connected with local downwarping of the ―Yalomanskaya depression‖, located between the
Terektinsky and the Aigulaksky ranges. Rather recently, it was established that the complex of
high terraces of Katun and Chuya rivers was connected with disastrous emptying of Pleistocene
paleolakes of the Kurai-Chuisky system of intermountain areas.

Fig. 6. The place of confluence of Chuya and Katun’ rivers

Stop 9. Silurian fossil-bearing limestones of Gromatukhinskaya series
Gromatukhinskaya series widely occurring in Anuy-Chuya structural-facial zone marks a
Llandovery transgressive terrigene-carbonate sedimentation cycle characterized by gradual
change from coastal-marine considerably terrigene rocks to marine terrigene-carbonate ones.
There are two types of sedimentary sections: carbonate and terrigene-carbonate having facial
transitions. The carbonate section is composed of gray, dark gray massive reefogenic, bioherm,
biostrome and bioclastic limestones as well as dark gray, black laminated and massive
pelitomorphic limestones. The clastic-carbonate section consists of interlaid light and dark gray
pelitomorphic crinoidal limestones with isolated colonies of corals and stromatoporoids, gray,
green-gray, often calcareous siltstones, marls, fine-grained sandstones. Fossils in the sections are
tabulates: Palaeofavosites rudis Sok., P. balticus (Rukhin), P. paulus Sok., Mesofavosites
fleximurinus Sok., M. obliquus Sok., Halysites pseudoorthopteroides Tchern., H. densus Miron.,
Taxopora xenia Sok., Subalveolitella repentina Sok., Multisolenia tortuosa Fritz, M. misera Tes.;
tetracorals: Holophragma mitrata Schloth., Pycnastis quelphensiformis Zhelt., Entelophyllum
caespitosum (Hall), E. articulatum (Wahl), Cyathactis tenuiseptatus Sosh., Axiphoria kanica
Tchern.,Neopaliphyllum socialis Zhelt.; heliolitides Plasmoporella kiaeri Sok.; brachiopods:
Pentamerus longiseptatus M.Boriss, P. ex gr. oblongus (Sow.), P. kamyschenskiensis Kulk.,
Protatrypa cf. lepidota Nikif. et Modzal., Schizonema sp., Mendacella sp., Eospirifer chingizicus
Borris, Nalivkinia grunewaldtiaeformis (Peetz.), Meristella cf. parva Nikif., Howelella sp.,
Carinatina cf. duanae Kulk.; trilobites: Encrinurus cf. confusevatus Howells, Warburgella cf.
obscura Yolk. In stop 9light gray crinoidal limestones are exposed.

Stop 10. Ordovician terrigene formation, ancient sculpture and
petroglyphs of Turkic peoples (9000-6000 BC)
Ordovician terrigene formation (Anuy series) mainly consists of siltstones, sandstones,
limestones and conglomerates. It unconformably overlies turbidites of the Gornoaltaisk
Formation and underlies conformably carbonate-terrigene sediments of Khankharinskaya
Formation. The Anuy series thickness is 1,100 m. In this stop one can see the Neolithic Age
(9000-6000 BC). Turkic sculpture ―stone warrior‖ and petroglyphs imaging life ofancient
people and animals (fig. 7).

Fig. 7. Neolithic Turkic sculpture ―stone warrior‖ and petroglyphs

Stop 11. Places of interest: Fragment of Old Chuya Tract and Altai
Drivers Monument
Siltstones, sandstones, limestones and conglomerates of the Ordovician Anuy series are also
exposed. In the Russian written sources the first information about the Chuya tract appeared in
1788 under Catherine II reign. In her decree it was carried out major works to improve the pack
roads for travelling larger transports. Here we can see one of the fragments of the old Chuya tract
as well as fragment of the ancient pack road. This place the Kol’ka Snegiryov Monument is
established. Kol’ka (formal russian name Nikolay) Snegiryov is a protagonist from the famous
russian song written by Mikhail Mikheev and dedicated to all drivers died on the Chuya tract
(Fig. 8).

Fig. 8. Kol’ka Snegiryov Monument

Stop 12. Waterfall Shirlak

Fig. 9. The thirty meters high beautiful waterfall

Stop 13. Early – Middle Cambrian limestones of “Red Gate”
Rock cliffs of ―Red Gate‖ are composed of dolomite and hydrothermally argillised
limestones of the Tydtuyaryk Formation (Fig. 26). Extremely intensity of the hydrothermal
alteration of limestone gives them a red color, which in general is typical for the whole zone of
the regional Aktash thrust.

Fig. 10. ―Red gate outcrop of Early – Middle Cambrian limestones

Stop 14. Blue lake near Aktash Village
Just a beautiful lake resulted from activity of a few springs with blue bottom sediments (Fig.
11). The lake depths is about 2 m and diameter is about 30 m.

Fig. 11. The Blue Lake near Aktash village.

Stop 18. Serpentine mélange near Chagan-Uzun village
Chagan - Uzun ophiolite massif is located near Chagan - Uzun village, the Chuya River left
bank (Fig. 12), and represents a lower structural unit of Kurai accretion-collision zone. It consists
of a series of tectonic sheets. The upper Chagan-Uzun massif sheet is made up of ultrabasics
with serpentinitic melange in its lower horizon. The sheets of serpentinitic mélange up to 100 m
thick contain inclusions of massive serpentinites, eclogite, garnet amphibolites and minor
greenschists. The largest bodies are composed of garnet amphibolites containing eclogite relics
(Buslov, Watanabe, 1996; Buslov et al, 2002). Ar–Ar dating of amphiboles in the Chagan-Uzun
eclogite indicate two age 627–636 Ma and 586-573 Ma (Buslov et al, 2002; Ota et al, 2007). The
Ar–Ar plateau ages of 627–636 Ma (late Cryogenian – early Ediacaran) and 586-573 Ma
represent a more reliable age for two stages of metamorphism. U-Pb zircon age of eclogite of
619±13 Ma like older Ar-Ar amphibole age represent protolite age (Gusev et al, 2012) The
phengite Ar–Ar plateau ages of 569-565 Ma and 593±3.5 Ma (Ediacaran) from sheared eclogites
indicate the retrograde metamorphism of the exsgumation stage (Buslov, Watanabe, 1996;
Volkova et al, 2007). The younger Ar-Ar amphibole age of eclogite most likely as well represent
exsgumation stage. The Chagan-Uzun ophiolite massive underlies Baratal seamount
volcanogenic-sedimentary rocks and metaolistostromes. The Pb-Pb limestone age of Baratal

seamount upper part is 570–598 Ma (Ediacaran) (Buslov et al, 2013; Nohda et al, 2003). Sheared
surfaces of the Baratal seamount are made of garnet-micaand mica schists. Ar-Ar mica age is
585±6 Ma (new data). Baratal seamount, ophiolite, serpentinitic mélange with inclusion of HProcks blocks and olistostromes are tectonic sheets structure. It is stratigraphically overlied by
Anuya-Chuya fore-arc basin sediments.

Fig. 12. Chagan-Uzun ultramafic massif. 1. metabasalt of Baratal seamount; 2. olistostrome; 3.
garnet amphibolite; 4. Serpentinite melange with eclogite blocks; 5. massive serpentinites and
schistose and massive serpentinites with gabbro-diabase dykes; 6. amphibolites; 7. N-MOR
basalts; 8. turbidites.

Arrival to “Kochevnik” (“Nomad”) camp, Chibit vlg., 781 km of Chuya
highway.

August, 8th
7:00 Departure to Novosibirsk
22:00 Arrival to Novosibirsk to Zolotzya dolina hotel and Dormitory

August, 9th
The walk through the city

