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INTRODUCTION

This guide-book includes new information on geological structure and
geodynamic interpretation for the Gorny Altai area located in Central Asia
(south-western part of Siberia) near to the western cross of Russia, Mongolia
and China boundaries. The guide-book was prepared for the 4th International
Symposium on the IGCP Project 283 "Geodynamic evolution of Paleoasian
Ocean" convened in Novosibirsk (Russia) 15-18, June, 1993.

One of the most important results of this work was compilation of a
Geodynamic Map of the Paleoasian Ocean of 1:2,500,000 scale. The majority
of geodynamic environments distinguished in the map are widespread within
the territory of Gorny Altai. In the guide-book the authors tried to characterize
a variety of these environments which reflect a long evolution of the
Paleoasian ocean during the Paleozoic. Thus, the guide-book may be
considered as explanatory note to the Gorny-Altai part of the Geodynamic
Map (Berzin et al., 1993). Since, not all the structural and compositional units
have an uniform geodynamic interpretation, the materials present in the guide-
book are a good subject for discussion.

Gorny Altai relates to the western part of Altai-Sayan folded area being
one of the most complicated accretionary-collisional structures of South
Siberia (fig.1). Four major stages of formation of the Altai-Sayan folded area
can be distinguished: )

1) Vendian-Cambrian island arc stage;

2) Ordovician-Silurian collisional stage;

3) Devonian-Carboniferous stage of an active margin;

4) Late Paleozoic-Mesozoic collisional stage of the Okhotsk-Mongolian
ocean.

The first three stages characterize the evolution of Paleoasian Ocean.
The forth stage has been displayed after the Paleoasian ocean closing, when a
complicated Paleozoic structure of the region has formed. The youngest stage
is characterized by manifestation of multi-amplitude variously oriented thrust
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Fig. 1. Geodynamic complexes of South Siberia and West Mongolia (compiled by N.A Berzin and N.L.Dobretsov):

1 - Basement of Siberian craton (AR-PR,); 2 - Complexes of passive margin of craton and intercontinental rifts; 3 - Cover of craton
(V-MZ); 4 - Microcontinents of Laurasian group; 5 - Altai-Mongolian microcontinent (part of Gondwana passive margin - PR5-C); 6-9

- Island arc terranes: 6 - PR_“, 7 V-Cl, 8- —QI 2 9- £-0; 10 - Seamount and arc-related terranes (V-GI): 11 - Accretional-collisional
complexes (€-0); 12 - Collisional complex of the East Baikal type with granite metamorphic domes; 13 - Ophiolites including
ultrabasites and serpentinite melange; 14 - Belts of high-pressure rocks (blueschists, eclogites, etc.); 15 - Hercynian Paleooceanic zone

(O-S-D); 16 - MZ-KZ cover; 17 - Hercynian thrust; 18 - Boundary of Hercynian active margin; 19 - locations see fig.2-4.

and strike-slip dislocations of blocks squeezed
between Kazakhstan, Siberia and Northern China
continents. Late Paleozoic-Mesozoic collision of
continents has created the modern mosaic-block
structure of Altai-Sayan area. Only inside blocks the
fragments of deformed Paleozoic structure are
preserved which are connected with the folded areas
of linear type. The deformations of every next stage
of the Paleoasian ocean development were
superimposed on earlier formed structures.
Therefore, study of Early Paleozoic structures and
paleogeodynamic reconstructions was difficult to be
carried out. Devonian-Early Carboniferous rocks of
an active continental margin are less deformed.

Active continental margin stage

Figure 2 shows the main structural elements of
the Devonian-Carboniferous active continental
margin of Siberian continent divided by transverse
and longitudinal thrusts into several blocks. Three
systems of various age (Dl-Dzl, D22 and D3-Cy)
consisting of the back rift zone rocks, volcanic-
plutonic belts, volcanic terraces and accretionary
prisms are well recognized. Typical feature of these
systems is their eastern displacement towards the
Paleoasian ocean and left-side rotation of structures
by 909 in time (Yolkin et al., 1993). During field trip
the study of D;-D,! and D22 volcano-plutonic belts
(Stops 9-14) is suggested, where the questions on
comagmatic nature of volcanic and plutonic rocks,
their subdivision and geodynamic nature will be
discussed.
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2}: 9- rifogenic
2): 12-14 - volcano-plutonic belt (Dlz-

, 8- basalt-rhyolite
13- dacite-rhyolite volcanic rocks (D;), 14- granitoids (D _5);

3'C1), 7- granitoids (C]-Z)
: 9-10 - nonvolcanic terranes (Dl

areas (compiled by M.M.Buslov).

1 - Neogene-Quaternary sediments of Biya-Barnaul depression; 2-4 - accretionary prism complexes: 2- Late Devonian, 3- Early
Z-Dz): basalt-rhyolite volcanic rocks, gabbro diabases and sediments; 16- thrusts; 17- strike-

predominantly andesite-dacite volcanic rocks (D
slip faults: main (a), other (b); 18- direction of block movement; 19- the line of A and B routes of the excursion.

2-D31) of the axial riftogenic environment

carbonate-bearing terranes, 10- tuff-terrigenous sediments; 11- undivided volcanic terrain (D
-basalts, andesite and dacite volcanic rocks (Dlz),

high pressure rocks (garnet-glaucophane and glaucophane schists, garnet amphibolites); 5- nonvolcanic terrain (D3-C;), 6-7 -

volcano-plutonic belt (D3-C;): 6-
volcanic rocks and sediments (D,

Fig. 2. Geodynamic complexes of the Devonian active margin stage on the territory of Gorny Altai and adjacent
Carboniferous, 4- Chara ophiolite belt consisting of serpentinite melange with ophiolite sheets and blocks (O5-5; and Dq_,) and

15- the complexes of back rift zones (Dq

D;): 12- andesite

Collisional stage

The Ordovician-Silurian collisional
stage proceeded within the junction zone of
Gorno-Altai and West Sayan blocks (fig.3).
Various  collisional complexes are
widespread here: zonal granite-gneiss
domes  (the Kurai, Teletsk and
Chulyshman domes), two-mica granites,
volcanic molasse of the Erinad and Ulagan
structures, nappe-imbricated structures
with serpentinite melanges containing
blocks and sheets of gabbros, basalts and
siliceous rocks.

Far from the junction zone of the
Gorno-Altai and West Sayan blocks the
facial change of Ordovician-Silurian rocks
from continental facies through coastal sea
facies to rnarine rocks occurs. Ordovician-
Silurian flysch is typical of the West Sayan
block. Together with rocks of Early
Paleozoic basement the flysch is thrust
over collisional rocks.

During the field trip we suggest to
study the Teletsk metamorphic complex
(Stop B-9), Silurian deposits (Stop 15) and
nappe-imbricated structures (Stops 22, 24).
The question on the age and geodynamic
nature of granite-metamorphic blocks is
under discussion: Did they result from
collision and following metamorphism of
Paleozoic rocks or they are fragments of an
ancient microcontinent or both cases?

Island arc stage

The Vendian-Cambrian island arc
stage of Paleoasian ocean evolution is well






Fig. 3. Geodynamic complexes of the Ordovician-Silurian collisional stage on the territory of Gorny Altai

(compiled by M.M.Buslov):
1 - Neogene-Quaternary sediments of Biya-Barnaul depression;2-7 - Gorno-Altai block (terrane): 2 - undivided Early Caledonian

rocks, 3-5 - collisional stage sedimentary complexes (O-S;): 3 - grey marine carbonate-terrigenous deposits (O-S,), 4 - coastal-sea red

coarse rocks (O;_4), 5 - volcanic molasse (O-5,), 6-7 - granite-gneiss domes: 6 - zonal metamorphic series, 7 - granitoids; 8 - Early

Caledonian rocks of Altai-Sayan terrane; 9 - thrusts; 10 - strike-slip faults; 11 - direction,of block movement; 12 - A and B route lines.

fixed in the structural-compositional complexes of
Gorno-Altai block (terrane) and has no analogues among
other South Siberia terranes (fig.4). Inside Gorno-Altai
terrane the following geodynamic units are distinguished
(fromwest to east):

1. Primitive island arc composed of Vendian-Early
Cambrian rocks of tholeiite-boninite composition with
ophiolite affinity.

2. Accretionary wedge consisting of Early Cambrian
olistostrome and basalts. Olistostrome appearance is
comparable with the rocks of oceanic crust and
paleoseamounts according to the set of fragments.
Olistostrome includes large blocks of Vendian-Early
Cambrian seamounts (Barnaul, Biya-Katun, Kadrin and
Baratal seamounts), sheets of metaperidotites and
serpentinite melanges with high pressure rocks (the
Chagan-Uzun complex).

3. Ust-Syoma normal island arc is characterized with
various Early-Middle Cambrian volcanic series.
Stratigraphically upwards they are changed from sub-
boninite to calc-alkaline. By lateral towards the ocean
they are changed from shoshonite to tholeiite series.
Tonalite-gabbro-diorite dikes, sills and plutons are typical
of island arc, as well. Volcanic structures and plutons
formed both within primitive island arc and the Lower
Cambrian accretionary wedge.

4. Fore-arc and inter-arc troughs are filled with
Middle-Late Cambrian flysch, olistostrome and breccias
(Anui-Chuya zone).

In fig.5 the possible model of the development of the
Early Paleozoic system of Gorny Altai is shown. Five

stages are noted:

1. In the Vendian, when the Paleoasian Ocean reached
maximum dimensions a subduction zone was formed
near the Siberian continent. Its activity resulted in
formation of ophiolites of the Uymen-Lebed-Kuznets
primitive island arc superimposed on oceanic crust.
Simultaneously, seamounts with basalts of subalkaline
were formed in the centralparts of Paleoasian Ocean.
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Fig. 4. Geodynamic complexes of the Vendian-Cambrian island arc stage on
the territory of Gorny Altai and Salair (compiled by M.M.Buslov and
N.L.Dobretsov):

1- Neogene-Quaternary sediments of Biya-Barnaul depression; 2-5 - the Cambrian complexes
of normal island arc: 2- calc-alkaline volcanic rocks and sediments (C12-C3), 3- plutons and
massifs of gabbroids (€,), 4-5 - complexes of troughs (€, _3): 4 - forearc, 5 - interarc; 6-12 - the
Vendian-Early Cambrian complexes of arc-trench system and accretionary prism: 6-
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olistostrome (C]I), 78 - giant bodies of paleoseamounts: 7 - siliceous-carbonate cover, 8 -
basalts; 9 - the sheets of sedimentary-basaltic rocks of oceanic crust, 10 - the zones of
serpentinite melanges and schists, 11 - Chagan-Uzun ophiolite massif (sheets of
metaperidotites, dikes and metabasalts, serpentinite melange with the blocks of eclogites
and garnet amphibolites); 12 - Vendian-Early Cambrian rocks of primitive island arc with
tholeiite-boninite type of magmatism; 13 - undivided rocks of Early Caledonides of Altai-
Sayan terrane; 14 - thrusts; 15 - strike-slip faults; 16 - direction of block movement; 17 - A
and B route lines.

2. In the Vendian-Early Cambrian within a subduction zone high-
pressure rocks have being formed, primitive island arc has developed up to
central type volcanos, the formation of non-volcanic uplifts with the fragmental
material of the upper layer of oceanic crust began. Volcanic seamounts (Biya-
Katun, Baratal, etc.) have been getting close to a subduction zone and overlain
by a cover of siliceous-carbonate sediments.

3. In the middle of Early Cambrian in Gorny Altai the collision of
paleoseamounts with island arc occurred resulting in the squeezing of
subduction zone and the appearing of return matter currents in an accretionary
wedge. The uplift of serpentinite melanges and high-pressure rocks to the
surface of arc slope was a result of such collision. Seamounts become a part of
accretionary wedge, the simultaneous with olistostrome formation "jumping" of
subduction zone proceeding oceanwards.

4. In the end of Early Cambrian-beginning of Middle Cambrian
subduction processes resulted in the formation of volcanic-plutonic
assemblages of normal island arc, for which a transitional type crust serves as a
basement. This crust consists of accretionary wedge and pre-existing primitive
island arc.

5. In the Middle-Late Cambrian subduction processes in Gorny Altai
have ceased, and the paleo-trench of Anui-Chuya zone has been filled with
coarse-grained material consisting of the destructing Early Cambrian
olistostrome, accretionary wedge and rocks of seamounts, primitive, and
normal island arcs.

Major part of trip will be devoted to the study of Vendian-Cambrian
rocks of island arc stage. Almost all its structural and compositional units are
characterized in the guide-book. The question on the distinguishing of island
arc ophiolites characterized by tholeiite-boninite magmatism, is most
significant for discussion. Although these island arc ophiolites consist of all the
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Closing of subduction zone and reverse flows in accretionary wedge,

constituent parts of oceanic and margin sea ophiolites, they differ from the
latter in: 1) composition of magmatic rocks; 2) widespread dike-sill complexes
but not dike-sheeted complexes; 3) thick volcanic-sedimentary sections where
acid lavas and tuffs play a significant role; 4) structural position over
subduction zone.
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1V stage (Early-Middle Cambrian) - formation of a new subduction zone,
accretionary prism and normal island arc with calc-alkaline magmatism.

V stage (Middle-Upper Cambrian) - collision of island arc with continent.
Formation of molasses and flysch, forearc and interarc troughs.

Fig. 5. The model of Vendian-Cambrian arc-trench system of Gorny Altai
(compiled by M.M.Buslov, comments see in the text).

DESCRIPTION OF FIELD TRIP

Day 1. Departure to Gorny Altai: Novosibirsk-Barnaul-Biysk-
Gornoaltaisk - 450 km route. The second half of this day: study of the Early
Cambrian accretionary prism of the northern part of Gorny Altai.

13



General review (stops 1-3)

First 100 km from Novosibirsk to the south our path crosses three
geodynamic units of different age: 1) Middle Devonian-Early Carboniferous
predominantly sedimentary complex; 2) Carboniferous-Permian molasse coal-
bearing sequences of Gorlovsk basin; 3) Early Cambrian sedimentary-volcanic
island arc rocks. However, rocks are poorly exposed to be seen only in some
river-beds.

Middle Devonian-Early Carboniferous rock complex of Tom’-Kolyvan
zone is widespread in two tectonic wedges at the piece of the road from
Novosibirsk to Evsino Village (0-50 km) and near to Cherepanovo Town (70-85
km). Between these two points (50-70 km distance) the Carboniferous-Permian
sequences of Gorlovsk basin are located. Hercynian terranes are thrust onto
the Early Cambrian island arc rocks of the Salair zone which are crossed by
our route over 80-100 km.

The Middle-Devonian rocks of Tom’-Kolyvan zone represent sandstones,
mudstones, argillites, conglomerates, limestones and various volcanic rocks
with their tuffs. Upwards, there are Late Devonian-Early Carboniferous
sandstones and mudstones interpreted as the deposits of active margin.

The Late Carboniferous-Permian sediments of Gorlovsk basin consist of
gravellites, sandstones, mudstones and coals similar to the same-age deposits of
Kuzbass basin. Anthracite coals are used for the production of high-quality
electrodes in the factory of Linyovo Village.

Early Cambrian rocks are a part of the Cambrian Salair island arc and
consist of acid and andesitic volcanic rocks, conglomerates, sandstones, schists
and limestones.

After 100 km path the route crosses Barnaul Neogene-Quaternary fore-
mount depression (Steep Altai). We will cross Chumysh River near to
Talmenka Village and Biya River in Biysk City. From Biysk the route goes
along Chuya motorroad which crosses Steep and Gorny Altai for 600 km to
continue in Mongolia.

Forty kilometers from Biysk after Srostki Village the road goes upwards
and we can observe a nice panorama of wide flood-lands of Katun River lower
reaches. In clear weather one can observe the whole view of Gorny Altai where
the Bobyrgan Mountain is seen (absolute height is 1008 m) in the left bank of
Katun River and is composed of Devonian granitoids, mostly.

After this point the road goes downwards along the largest river of Gorny
Altai - Katun River. At 416 km of the route immediatelv after Surtaika Village



the Chuya motorroad goes close to the first large outcrop of Gorny Altai. Here
we begin to study the geology of the northern part of region (fig.6). The height
of mountains of this part of Gorny Altai reaches 800-1200 m. Commonly, the
northern mountain slopes are covered with woods, the southern ones being
opened for geological study. In the fig.7 the main geodynamic and structural
units of region are shown. Here, the Early Cambrian accretionary prism
penetrated with the dikes and gabbroid massifs of Early-Middle Cambrian
island arc system and the volcano-plutonic belt of Devonian active continental
margin are seen. Accretionary prism is composed of the sheets of Vendian
volcanic, sedimentary-volcanic and  siliceous-carbonate rocks of the Katun
paleoseamount, serpentinitic schists and melanges with the large blocks of
gabbro and the sheets of olistostromes. Geochemistry data for the magmatic
rocks of accretionary prism are cited in table 1.

Stop 1. Located at 414-415 km of Chuya motorroad (fig.6,7) near to
Surtaika Village. Here, a well-exposed rock precipice exposes the outcrops of
Vendian amygdaloidal pillow-lavas of the Katun paleoseamount which have
undergone greenschist metamorphism. The pillow sizes are 1-1.5 m length. The
matrix is filled with siliceous-carbonate material. The central parts of pillows
are composed of clinopyroxene metaporphirites. Commonly, pyroxene is
replaced by chlorite and epidote. Matrix mainly consists of actinolite, epidote,
chlorite and albite. The rim of some pillows is rich in calcite amygdales.
According to bulk and REE chemistry, lava is characterized ¢s seamount
subalkaline basalt (table 1,2 fig. 8-11).

Stop 2. Located at 456 km of Chuya motorroad in the outskirts of Souzga
Village (fig.6,7). The outcrops of Early Cambrian olistostrome can be observed.
They generally consist of poorly graded sandstones and gravellites with the
angular fragments of diabases, porphyrites and shales. Large blocks 1-5 m in
diameter are composed of pyroxene porphyrites and diabases. According to
bulk chemistry, they correspond to the destructive products of the basalts of
the third layer of oceanic crust and paleoseamounts (table 1, fig. 8,9).

Stop 3. Located near to 455 km of Chuya motorroad. Here, the outcrops
of the siliceous-carbonate rocks of Katun paleoseamount are found within the
left and right banks of Katun River, near the bridge to Aya Lake. Underwater-
slide siliceous-carbonate breccias relate to the slope facies of paleoseamount.
The interbeds of black siliceous rocks contain the plots enriched in pyrite.
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Fig. 7. Geodynamic complexes of the northern part of Gorny Altai (compiled
by M.M.Buslov and N.L.Dobretsov:

1 - alluvium deposits of Katun and Ishi Rivers; 2 - Quaternary sediments of Barnaul fore-
mountain depression; 3-8 - the complexes of Early Cambrian accretionary prism: 3-5 -
Vendian rocks of Katun seamount: 3 - siliceous-carbonate, 4 - carbonate-terrigenous, S -
basaltic rocks; 6 - serpentinite schists and melanges with gabbroid blocks,; 7 - greenschists
after terrigenous rocks; 8 - Early Cambrian olistostrome with blocks of serpentinites (a) and
seamount rocks (b): W'- siliceous, G - gabbroids, L - basalts, limestones; 9 - dikes and
massifs of gabbro-diabases of Early-Middle Cambrian island arc; 10 - granitoids of
Devonian active margin; 11 - lithological boundaries; 12 - faults boundaries; 13 - The Chuya

motorroad line; 14 - Stops location.
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Fig. 8. The diagram of TiO,-10MnO-10P,0s for Gorny Altai rocks at a whole
and for Stops 1 and 2 (compiled by M.M.Buslov):
14 - Katun seamount: 1- pillow lavas of Stops 1, 2 - the average values for basalts (n=17)
from the right bank of Katun River, between Siurtaika and Maima Villages, 3 - average
values for basalts (n=14) from the left bank of Katun River to the south-west from Aya
Lake (Kaimskaya suite), 4 - average values for subvolcanic bodies of gabbro-diabases from
Kaimskaya suite; S - the fragments of magmatic rocks from olistostrome of Stop 2.
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Fig. 9. The diagram of TiO,-K,O for the rocks from the northern part of
Gorny Altai at a whole and Stops 1, 3, 4, 6, 7 (compiled by V.A.Simonov and
M.M.Buslov using the diagram of Yu.V. Mironov, 1991):

1-5 - Katun seamount: 1- pillow lavas of Stop 1; 2 - average values for basalts (n=17) from
the right bank of Katun River between Siurtaika and Maima Villages, 3 - average values
for basalts (n=14) from the left bank of Katun River to the south-west from Aya Lake
(Kaimskaya suite), 4 - average values for subvolcanic bodies of gabbro-diabases from
Kaimskaya suite, S - average values for basalts of Manzherok suite (n=30) from the section
Cheposh - Ust-Syoma of Stop 3; 6 - fragments of magmatic rocks from olistostrome of Stop
3; 7-8 - oceanic basalts Ulus-Cherga suite of the lower part of Cherga-Bulukhta section: 7 -
volcanic rocks of Stop 6; 8 - average value (n =14); 9-10 - Ust-Syoma suite basalts of normal
island arc from the upper part of Cherga-Bulukhta section: 9 - volcanic rocks of Stop 7; 10 -
average value (n=9); 11-12 - Ust-Syoma basalts and dikes of gabbro-diabases from Cheposh
- Ust-Syoma section of Stop 4: 11 - average values for basalts (n=28), 12 - average values for
gabbro-diabase dikes (n=20); 13 - the fields of geodynamic environments for volcanic rocks
from: I - island arc (Ia - boninites, Ib - tholeiites, Ic - calc-alkaline and Id - alkaline rocks; II
- mid-oceanic ridge of back-arc spreading centers of intercontinental rifts; III - back-arc
spreading centers and transform faults; IV - oceanic islands; V - oceanic islands and

platform activization areas; VI - platform activization areas (flood basalts).

18
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Fig. 10. Diagram TiO,-Zr for the rocks of the northern part (Stops 1, 6, 7) and
south-eastern part (Stops 20, 21) of Gorny Altai (compiled by V.A.Simonov

1 - pillow lavas of Stop 1; 2 - basalts of Stop 6; 3 - basalts of Stop 7; 4 - pillow lavas of Stop
21; S - volcanic rock pebbles of Stop 20; 6 - amphibolites of Chagan-Uzun massif; 7-9 -
boundaries of fields (Sharaskin & Zakariadze, 1982; Tarney & March, 1991; Saunders et al.,
1980): 7 - island arc volcanic rocks, 8 - basalts of back-arc basins, 9- basalts of mid-oceanic

ridges.
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Fig. 11. Diagram of Y-Zr for rocks of the northern part (Stops 1, 6, 7) and
southeastern part (Stops 20, 21) of Gorny Altai (compiled by V.A.Simonov and
M.M.Buslov):

1 - pillow lavas of Stop 1;2 - basalts of Stop 6; 3 - basalts of Stop 7; 4- pillow lavas of Stop 21;
5 - volcanic rock pebbles of Stop 20; 6 - amphibolites of Chagan-Uzun massif; 7-9 -
boundaries of fields (Sharaskin & Zakariadze, 1982; Tarney & March, 1991; Saunders et al.,

1980): 7 - island arc volcanic rocks, 8 - basalts of back-arc basins, 9 - MORB.

Day 2. Characteristics of sedimentary-volcanic complexes of Early-
Middle Cambrian arc-trench system. Study of composition and paleontological
characteristics of the complexes mentioned and their underlaying rocks of
Early Cambrian accretionary prism.

Section Cheposh -Ust - Syoma (Stops 4-5)
Stop 4. Located 45 km from Stop 3 between Ust-Syoma and Cheposh
Villages (fig. 12). Here, one of the most representative in Altai-Sayan area

sections of Lower-Middle Cambrian island arc is observed. The lower horizons

20
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Fig. 12. The scheme of geological structure of a fragment of Early-Middle

Cambrian normal island arc (the right bank of Katun River between Ust-

Syoma and Cheposh Villages, Stops 4,5) (compiled by M.M-.Buslov using

materials of Repina & Romanenko, 1978):

1 - Quaternary deposits; 2-3 - Vendian rocks of Katun seamount: 2 - basalts of Manzherok
suite, 3 - siliceous-carbonate rocks of Baratal suite; 4-9 - the Early-Middle Cambrian rocks
of normal island arc: (4-5) - Shashkunar suite: 4 - conglomerates, 5 - sand-bearing
limestones, 6 - limestones of Cheposh suite, 7 - terrigenous-carbonate Barangol suite, 8-9 -
Ust-Syoma suite: 8 - andesite-basalt tuffs, greywackes with blocks of carbonate rocks, 9 -
basic lavas; 10 - faults; 11 - stratigraphical contacts; 12 - direction of bedding plunge; 13 - the
line of complete Cheposh - Ust-Syoma section and A -B section of Stop 4; 14 - location of
Stop S.

of section near Cheposh Village represent a fragment of Early Cambrian
accretionary prism composed of the siliceous-carbonate sequence (Baratal

®
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suite) and volcanic sequence (Manzherok suite) of Katun paleoseamount.

The Manzherok suite is composed of diabases, pyroxene basalts and
their pyroclastics, dolomites, limestones, cherts, siliceous schists and shales.
Basalts relate to tholeiite series with increased alkalinity analogous to the
basalts of oceanic islands (table 3, fig.9, 13). Dolomites and limestones contain
Vendian stromatolites and microphytolites: Algotactis. sp. Ambigolamellatus sp.,
sp., Radiosus cf. sphaericus Z.Zhur., R. cf. badius Z.Zhur. Stratifera sp., -
Osagia cf. compaosita Z.Zhur., O. aff. badius (Z.Zhur.), O.st. slobini Milst., O.
cf.tenuilamellata Reitl., Nubecularites algonkiensis Posp., Conophyton sp.
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Fig.13. Bulk composition of magmatic rocks of Manzherok and Ust-Syoma
suites in the diagram TiO,-10MnO-10P,05 for Stop 4. The points and numbers
indicate on the average value for magmatic rocks:

1 - basaltic lavas of Manzherok suite, 2 - basaltic lavas and 3 - dikes of Ust-Syoma suite

(compiled by M.M.Buslov comparable with fig.5).

Manzherok suite is connected with Baratal suite by gradual transitions.
Transitional rock pockets consists of tuff-sandstones, large-block tuff-breccias
and lavabreccias with the fragments of pyroxenites, diabases, limestones and
dolomites.
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The Baratal suite represents dolemites, dolomitized limestones,
quartzites, cherts and somewhere carbonate schists and shales. Carbonate rocks
contain stromatolites and microphytolites: Algotactis kabirsaensis Posp.,
Ambigolamellatus sp., Radiosus cf. sphaericus Z.Zhur., R. cf. badius Z.Zhur.,
Osagia sp., O cf. tenuilamellata Reitl, Conophyton sp., Occultus sp., Jasenia sp.

Stromatolites and microphillites indicate the Vendian age of Manzherok
and Baratal suites.

To the south-east in the basin of Edigan River (the right tributary of
Katun River) among the rocks of Katun seamount there are tectonic sheets of
Early Cambrian olistostrome. It is composed of chlorite and siliceous-chlorite
schists, calc-sandstones and calc-gravellites and breccias with the fragments of
stromatolite dolomites, limestones, porphyrites and phosphorites. Vendian
species are found in stromatolite fragments: Spongiostroma cf. kaizasensis
Posp., Algotactis sp., Stromatactis sp. This type stromatolite dolomites and
limestones are widespread among the rocks of Baratal and Manzherock suites
of Katun seamount. Siliceous-chlorite schists composing the olistostrome
matrix contain spicules of Early Cambrian sponges (Afonin, 1976).

Lower-Middle Cambrian sedimentary-volcanic rocks relate to normal
island arc. Through basal conglomerates they unconformly overlie the rocks of
Katun seamount. Sedimentary-volcanic section in the right bank of Katun
River is following (Repina & Romanenko, 1978):

1. Shashkunar-suite with basal conglomerates of 250 m thickness. The
pebbles of conglomerates include quartzites, volcanic rocks, schists and
limestones. In limestone pebbles from the right bank of Katun River
stromatolites and microphytolites are found: Occultus sp., Stromatactis
‘palaeozoicus Posp.,Gleocapsella sp., Paleomicrocystis sp., Renalcis sp., trilobites,
radiolarias, and spicules of sponges. In the upper horizons of conglomerates
pebbles become fine, the interlayers of bedded sandstones (from coarse to fine-
grained with carbonate cement) which pass into sand-bearing limestones and
finally into homogeneous grey, dark grey and black plated limestones are
found.

. The thickness of Shashkunar suite - 400-500 m. After 1.T.Zhuravleva
limestones contain the relics of Archaeocyata: Archaeolynthus sp.,
Vologdinocyathus  sp., Ethmophyllum cf.  caveaquadratum Vologd.,
Squamosocyathus cf. caveaquadratus (Vologd.); Trilobites: Parapagetia katunia
Rep., P. limbata Rep., P. paleoformis E.Roman. P.sp. Miraculaspis picta
E.Roman., Serrodiscus fossuliferus Rep., S. levis Rep., S. cf. spinulosus Rasetti,
S. ? sp., S. lepidus E.Roman., Parapagetia sp., II, Stigmadiscus ? sp.,
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Semadiscus sollinnis E. Roman., Neopagetina infirma Jegor., Neocobboldia
altaica Polet., Pagetia altaica Polet, P.katunica Polet., Ladadiscus limbatus
Pokr., L. sp., Tannudiscus altus Rep., Calodiscus mirus E. Roman., C. sp.
Bergeroniellus certus Jegor., B.sp., Laticephalus ? sp., Bonnia sp., B. cf. prima
Pokr., Eoptychoparia sp., Antagmidae gen. indet., Alokistocaridae gen. indet.

' Composition of the Shashkunar suite organic remnants allows
comparisen of host deposits and analogous deposits in the other sections of
Gorny Altai and to refer them to the layers with Parapagetia-Serrodiscus.
Shashkunar suite is believed to have the same age with the rocks of Lower
Cambrian Sanashtykgol horizon of Altai-Sayan folded area.

2. The Cheposh suite is composed of grey and light grey limestones
having planar texture in the lower part and massive texture in the upper part.

Four levels characterized with a definite complex of organic remnants
are distinguished in the Cheposh suite deposits (upwards) (fig.14):

2-1. Grey and dark-grey banded limestones. In the base of the suite there
are: Stromatactis paleozoicus Posp., Ambigolamellatus sp., Osagia sp., bad-
preserved remnants of Trilobites and Brachiopods. Five meters upwards the
suite base one limestone interlayer contains the remnants of Trilobites
Onchocephalina sp. The wupper part of package contains trilobites:
Bergeroniellus certus Jegor., Bergeroniaspis sp., Onchocephalina aff. p artenuis
Rep., O. cf. plana Rep., O. aff. flabilis Rep., O. cf. accuminata Rep., Laminurus
cf. insuetus Rep., Binodaspis cf. prima Pokr., Edelsteinaspis sp., Redlichina sp.,
Bathyuriscellus tersus E.Roman.; The remnants of Archeaeocyata-Ethmophyllum
Meek are rare; algae: Renalcis sp.; brachipods: Kutorgina paucicostata Aks., K
sp., Nisusia sp.; bivalve mollusk: Cambridium sp.

2-2. Massive grey limestones with high content of algae remnants.

Microphitolite remnants observed: Osagia cf. irregularis Reitl.,
Ambigolamellatus cf. horridus Z. Zhur., O.cf. poletaevae Krasn. Also, there are
Archeocyata remnants: Retecyathus sp. In thin-section the tests of Trilobites
together with Archaeocyata are found.

2-3. Light-grey, massive, marble-like limestones.

In the base of package' the Archaeocyata remnants are found:
Archaeocyathus cf. kuzmini (Vologd.), Claruscyathus sp.;, stromatolites:
Palaeomicrocystis ? sp.; algae: Renalcis cf, granosus Vologd., Botominella ? sp.;
trilobites: Parapoliella ? sp., Onchocephalina cf. partenuis Rep., O. cf. plana
Rep., O. aff. flabilis Rep.,. O.sp. II, Bathyuriscellus tersus E.Rom. Solontzella
sp.; brachipods: Kutorgina sp., Kreticostata Aks. Stratigraphically upwards
Archaeocyata remnants are found: Tegerocyathus sp., Ethmophyllum sp.;
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trilobites: Kootenia anomalica Rep., Bathyuriscellus tersus E.Roman.,
Onchocephalina sp., Ptychopariidae gen. indet., Solontzella enormis Sem.,
Onchocephalina cf. flabilis Rep., Kooteniella sp.

2-4. Massive, grey and dark-grey, marble-like limestones.

In 10-15 m from the base package the Archaeocyata are found:
Tegerocyathus aff. edelsteini (Vologd.), T. aff. abacanensis (Vologd.),
Ethmophyllum sp.; algae: Proaulopora sp., Epiphyton sp., Renalcis sp.; trilobites:
Dinesus sp., Kooteniella cf. slatkowskii (Schm.), Laminurus sp., Namanoia sp.,
Kootenia sp., Bergeroniellus certus Jegor.

The total thickness of Cheposh suite is 450-500 m.

Deposits in a section from the upper horizons of Package 1 to the top of
Package 3 contain a typical fauna complex of Solontsovsk horizon (Repina et
al,, 1964) - the layers with Onchocephalina can be considered as a separate unit
(subdivision). The deposits of package 4 contain trilobite remnants (fig.14)
which differ significantly from trilobites of previous complex due to esséntial
renewal of species and genera set. They could be correlated with the deposits of
Obruchev horizon of the Early Cambrian in other regions and with the Elansk
horizon of Siberian platform. The characteristic features of this complex
permit to distinguish the layers with Edelsteinaspis-Kooteniella.

3. The Barangol suite is connected with its underlying Cheposh suite by
gradual transitions and composed of grey and dark-grey marls, mudstones,
schists, tuffs and lavabreccias of pyroxene porphyrites with lenses of schists and
light-grey limestones. The suite thickness does not exceed 200 m. The fauna
remnants belong to lenses and blocks of limestones. Microphitolites are found
here: Renalcis sp., Proaulopora sp., Ambigolamellatus sp., Osagia sp., Renalcis sp.,
Archaeocyata: Tegerocyathus sp., Ajacicyathus sp.; Trilobites: Gaphuraspis ?
sp., Brachipods: Kutorgina sp., Wimanella sp.

At a whole the complex of organic remnants of Barangol suite is typical
of the layers with Edelsteinaspis-Kooteniella of Obruchev horizon.

4. Ust-Syoma suite unconformly overlies the Barangol suite. The thick
(35 m) horizon of lavabreccia is located in the base of suite. The blocks of
limestones from lavabreccias contain the .numerous fauna remnants of
Obruchev horizon of the Early Cambrian. Besides the above trilobites typical
of the layer with Edelsteinaspis-Kooteniella, here the Oleoides ? sp., Kootenia
magnaforms Jegor., Namanoia cf. incerta N.Tchern., N., abunda E.Roman.,
Eospencia sp., Ogygopsis sp., Chondramonocare sp. I,Ch. sp II were found.

Stratigraphically upwards the suite is made up with predominating
coarse-grained tuffs, lavabreccias and clastolites with giant blocks of limestones
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and marls somewhere containing Lower Cambrian fauna. Towards Ust-Syoma
Village the coarse-grained greywackes and tuff-like rocks appear. The basaltic
lavas have subordinate significance (up to 10-20%) and represent pyroxene-
plagioclase, pyroxene and plagioclase porphyrites mainly related to the lower
parts of suite section.

The majority of volcanic rocks have middle-coarse porphyry and
sometimes aphanite texture. Porphyry grains compose up to 30-50% of the
rock volume. Pyroxene is enstatite and clinopyroxene varying from diopside to
augite. According to petrochemistry characteristics, the volcanogenic rocks of
Ust-Syoma suite differ from Manzherok suite rocks being related to .calc-
alkaline and boninite series of island arcs (table 3, fig.9, 13, 15).
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Fig.15. Diagram of TiO,-K,O for Early-Middle Cambrian rocks and melt
inclusions from clinopyroxenes of Cheposh - Ust-Syoma section (Stops 4,5)
(compiled by V.A.Simonov using the diagram of Yu.V.Mironov, 1991).

1- basalts and porphyrites of Ust-Syoma suite; 2- average composition for Ust-Syema suite
basalts; 3- average composition for diabase dikes co-magmatic to Ust-Syoma suite (see table
3); 4- homogenized melt inclusions in clinopyroxenes from porphyrites of Ust-Syoma suite; 5-
compositional trend for rocks and melt inclusions in island arc assemblages of Teletskoye
Lake district (see Route B text); 6- magmatic rock fields from:I- island arcs (la- boninites, Ib-
tholeiites, Ic- calc-alkaline); II- mid-oceanic ridge, back-arc spreading centers and transform

faults; III- back-arc spreading centers and transform faults.
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Vendian and Early-Middle Cambrian rocks along the Katun River right
bank are crossed by numerous dikes of gabbro-diabases and diabases up to
several meters thickness. According to composition the dikes are co-magmatic
to'sub-boninites of Ust-Syoma suite (table 3, fig.9, 13, 15) and characterize the
magmatism of the initial stages of island arc development.

.. Stop 3. Located in the right bank of Katun River (fig. 12). The outcrops
of basal lavabreccias of Ust-Syoma suite are found here. The central part of
lava flow represents clinopyroxene porphyrites. Bulk composition of lava is
citéd in table 3, number 10. The edges of pyroxene crystals are often replaced
with hornblende and chlorite. Non-altered porphyric grains of clinopyroxenes
are found, as well. They contain a lot of primary melt inclusions. Chemical
compositions of three clinopyroxene crystals are cited in table 4. According to
the content of main oxides the crystals reveal compositional zoning. From the
center to the edge of U/S-92-3 crystal a significant increase of Si, Ti, Al, Cr, Fe,
Mn and Mg is observed. Only Ca-content decreases.

Poor in Ti pyroxenes are enriched in Mg. In the diagram 5102/100-
TiO,-NayO they fall on the field of pyroxenes from boninites of the modern
primitive ensimatic island arcs in the western part of Pacific Ocean (fig.16).
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Flg 16. Dlagram Si0,/100 - TiO; - NajO for clinopyroxenes from sub-boninite
lava of Ust- -Syoma suite (Stop 5) (compiled by V.A.Simonov using the data
Peive (Ed.), 1980; Bogatikov (Ed.), 1985; Meen, 1987; Vysotsky, 1989; Dobretsov
(Ed.), 1991b; Tsameryan et al., 1991).

1- pyroxenes of Ust-Syoma suite; 21- the fields of pyroxene composition: 2-I - from boninites o

Pacific ocean, 2-II - from oceanic and island arc tholeiites.

28



In the diagram Ti02-K20 (fig.15) all the compositions of homogenized
melt inclusions in clinopyroxenes (table 5) fall in the island arc fields and
exhibit a trend from tholeiites (nearby boninite field) to calc-alkaline series. A
good correlation between bulk compositions and melt inclusions data is noted.
Only decreased Ti content in inclusions compared to its content in a rock
should be mentioned. Concerning the formation of Ust-Syoma suite
porphyrites in the initial stages of island arc systems, the conclusions made
using peculiarities of clinopyroxene composition, were confirmed. According
to melt inclusions in clinopyroxenes a complete path of island arc
development was traced: from sub-boninite through tholeiite to calc-alkaline
series. Thus, the data obtained after study of melt inclusions composition in
clinopyroxenes together with the data on minerals and rocks testify to the
evolution of island arc magma of Ust-Syoma suite have essential similarities
with the Vendian-Cambrian island arc rocks in Teletskoye Lake district (see
description of Route B).

Generally, lava flow (Stop 5) which belongs to boninite series rocks
illustrates magmatism of the initial stage of normal island arc formation
appeared on the Cambrian accretionary prism.

Section Cherga-Bulukhta (Stops 6-8)

Located in the Bulukhta River and Cherga River basins to the west from
Cherga Village. Here, Cherga-Bulukhta section (fig.17) consists of three
terranes which belong to: 1) third layer of oceanic crust or back-arc basin; 2)
normal island arc and 3) fore-arc trough. Their relationships are commonly
interpreted as stratigraphic, but as it is seen in fig.10, it can represent a tectonic
combination of three terranes which characterize the various zones of island
arc.

Basaltic-sedimentary sequence of Lower Cambrian oceanic crust consists
of the interlayering pillow-lavas of pyroxene and plagioclase basalts, tuffs, tuff
sandstones, siliceous rocks, shales and limestones. In limestone the bad-
preserved Archaeocyata and Trilobites are found: Dinesidae, Dorypygidae and
Agnostidae which are comparable with those from the Lower Cambrian Elansk
horizon of Siberian platform (Volkov, 1966). Basalts of this sequence are
comparable with MORB, but taking into account the big thickness of
sedimentary sequence and occurrence of tuffogenous rocks, they can represent
a complex typical of back-arc basin. The basaltic-sedimentary sequence with
angular unconformity is overlain by lavabreccias of the Middle Cambrian Ust-
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Fig.17. Geodynamic complexes of Bulukhta and Cherga River basins (Stops 6, 7, 8) (compiled by M.M.Buslov using
materials of V.V.Volkov, 1966):

1, 2 - basaltic-sedimentary Usul-Cherga suite of Early Cambrian oceanic crust: 1 - pillow-lavas of pyroxene basalts, 2 - sandstone-
mudstone rocks with horizons of cherts (a) and limestones with Early Cambrian fauna (b); 3-7 - Middle Cambrian rocks of normal
island arc: 3-5 - lavabreccias: 3 - coarse porphyry, 4 - aphyric, S - fine porphyry; 6 - volcanic sandstones, 7 - horizons of clayish rock (a)
and limestones (b); 8-9 - Middle-Late Cambrian rocks of fore-arc trough: 8 - polymict and volcanic sandstones, mudstones and tuffs
with horizons of andesite-basaltic lavas (a) and cherts (b), 9 - olistostrome; 10 - faults: strike-slips (a) and thrusts (b); 11 - boundaries of
stratigraphical (?) overlying of Ust-Syoma suite island arc rocks over oceanic rocks of Ulus-Cherga suite; 12 - direction of bedding
plunge; 13 - location of observation points.



Syoma suite relating to normal island arc. The basal horizon of Ust-Syoma
suite of 100 m thickness consists of the fragments of basaltic porphyrites and
lying below basaltic-sedimentary sequence: siliceous and sand-schist rocks and
marble-like limestones.

The Ust-Syoma suite is predominantly composed of basaltic
lavabreccias: pyroxene, pyroxene-plagioclase and plagioclase basalts, aphyric
basalts and rarely andesite-basalts and dacites. Basalts have spilitic or
amygdaloidal texture. The thickness of some horizons of lavabreccias changes
from n meters to 10-n meters.

Somewhere, basaltic lavas are crossed by sills and dikes of gabbro-
diabases which * fragments are often included in breccias. Lavas are
interlayering with basaltic and andesite-basaltic tuffs, siliceous rocks,
mudstones and volcanic sandstones.

Together, the basaltic-sedimentary and volcanic sequences form a single
tectonic sheet, over which the rocks of Middle-Late Cambrian fore-arc trough
are thrust. They represent siliceous and clayish-siliceous rocks, sandstones,
olistostromes, breccias and sometimes lavas of pyroxene-plagioclase
porphyrites and their tuffs.

Stop 6. Located 4 km from Cherga Village (fig.17) to the west, on the left
bank of Cherga River. Here, rock cliff exposes a boundary between two lava
flows from the Lower Cambrian basaltic-sedimentary sequence (table 6). Lava
flows represent pillow-lavas in which the pillows have 1-2 m length. Lava rocks
were metamorphosed in greenschist facies. The eastern lava flow is composed
of amygdaloidal pyroxene basalt. The pseudomorphs after pyroxene filled with
epidote and chlorite are wide spread (sample 6-1). Marginal part of the western
lava flow is amygdaloidal plagioclase basalt, which towards the center of lava
bed is changed to hyalocrystalline plagioclase dolerite (sample 6-4). Amygdales
of 1 cm in diameter are filled by calcite. The boundary between flows is made
up with breccia of metabasalt. Breccia consists of epidote-chlorite matrix with
the fragments of marble-like limestones and plagioclase metcbasalts (sample
6-2).

The chemical and geochemical characteristics of basalts from the lower
part of Bulukhta-Cherga cross-section is cited in table 6. In the diagrams (fig.18
and 19) they fall in the MORB field and partly in the field of oceanic island
basalts.

The central part of pillow from the western lava flow (sample 6-3)
contains less Si, Ti, Al, Fe, alkalies, P, REE and more Mn, Mg and Ca
compared with the marginal part. l.avabreccia (sample 6-2) is intensively
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Fig.18. Diagram of TiO,-10MnO-10P,04 for basalts of Stops 6,7, Cherga-
Bulukhta section (compiled by M.M.Buslov comparable with fig.8,13):

1 - oceanic basalts of Ulus-Cherga suite (Stop 6), 2 - average value for basalts (n=14) of
Ulus-Cherga suite; 3 - island arc basalts of Ust-Syoma suite (Stop 7) 4 - average value for
Ust-Syoma suite basalts.

enriched in K, Rb and Zr and contains less Na, Mg, Fe, Ti and Sr compared
with'the main flow body. According to trace element contents (Y, Zr) the rocks
of the western lava flow correspond to MORB (fig. 10, 11).

Commonly, the oceanic characteristics predominate in basalts of the
lower part of Bulukhta-Cherga section (that is N-MORB type basalts).
Together with sedimentary rocks they are considered as the Early Cambrian
fragment of the third layer of oceanic crust of marginal sea, which was put into
the Early Cambrian accretionary prism during the last stages of its formation.

Stop 7. Located in 3 km from Stop 6 in the left bank of Bulukhta River
(fig.17). Here, rock cliff exposes lavabreccia belonging to Middle Cambrian
island arc. Major and trace element concentrations of lava flow are shown in
table 4.

32



The major volume of lava is composed of plagioclase porphyrite
(samples 7-1 and 7-2) in which a block of diabase (samples 7-1a) of 1 m length
is included. The marginal parts of lava flow are composed of lavabreccias
(sample 7-3). The lava rocks containing a lot of magnetite grains have
undergone dynamometamorphism and chloritization.

According to chemical and geochemical data, the basalts from Stop 7
significantly differ from oceanic basalts of Stop 6. In the diagrams TiO5-K,0
(fig.9) and TiO,-10MnO-10P,05 (fig.18) they fall in the field of island arc
basalts. Data on trace element concentrations (fig.10,11) confirm the island arc
type of basalts.

Stop 8. Located in 4 km from Stop 7 (fig. 17). Near to the bridge over
Bulukhta River there are outcrops of olistostromes. Debris is mainly composed
of siliceous-carbonate rocks likely of Baratal suite; the well-rounded pebbles of
basaltoids, granitoids and limestones with Archaeocyata are found, as well.

ROUTE A
Syoma Pass - Chiketaman Pass - Aktash Village - Chagan-Uzun Village

Day 3. Trip path is divided into two routes: A and B. Route A continues
along Chuya motorroad up to Kurai zone in the south-eastern part of Gorny
Altai. Route B returns to Gornoaltaisk and goes to the east for Teletskoye
Lake in the north-eastern part of Gorny Altai.

General review (stops 9-15)

The route’s length is about 300 km. The route crosses the rhythmically
bedded sand-schistose rocks of Middle-Upper Cambrian Anui-Chuya fore-arc
through, the Ordovician-Silurian terrigenous-carbonate sequences formed in
the collisional stage and the Devonian magmatic rocks of active margin.

Composition and structure of the Devonian active margin volcanic
complex can be observed in the left bank of Ursul River from Tyekta Village to
Ongudai Village. From 595 to 640 km of Chuya motorroad the sediments,
volcanic rocks, tuffs, and rocks of the vent facies of Devonian volcanos are
exposed. Here, they form the eastern part of a large syncline fold complicated
by second order folds and faults (fig.19).
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Fig.19. The scheme of geological structure of volcanic part of Hercynian active margin of Ursul River basin (Stops 9,10)
(Polyakov (Ed.), 1986):
1- Quaternary deposits; 2 - gabbro-diabases of Charysh intrusive complex. Kuratin volcanic complex: 3 - dacite porphyries, spherolites
and micro granites (bodies of vent and subvolcanic facies); Kuratin suite (D,): 4 - sandstones and mudstones, 5 - tuffs (D), 6 -
rhyolite-dacite lavas, 7 - andesite lavas; Ongudai suite (D,): 8 - andesite- basaltlc and andesite lavas; Karakudiur suite: 9 - sandstones,
conglomerates and mudstones 10 - faults; 11 - bedding elements; 12 - location of Stops 9, 10.



Volcanic complex of Hercynian active margin (stops 9-10)

Devonian volcanics relates to two complexes of various age: Early
Devonian Ongudai andesite complex and Middle Devonian Kuratin rhyolite-
dacite complex.

The rocks of the lower Ongudai complex are widespread along the
motorroad from Shishikman Village to Ongudai Village. Within this part of
the motorroad the lavas of pyroxene porphyrites together with andesitic
pyroclastic rocks form the Ongudai suite. The rocks of Ongudai suite were
folded into asymmetric fold which axis is steeply dipping to the south-west.
The limbs of this fold are made up with rocks of various facies: pyroclastic
rocks predominate in the north-western limb - coarse-grained andesitic tuffs
and lavabreccias, the lava flows occur in the south-eastern limb. The thickness
of Ongudai suite is 2500m.

The Kuratin complex is composed of the rocks of Kuratin suite and
hypabyssal intrusions which are divided into vent and subsurface intrusive
bodies. The rocks of Kuratin suite are subdivided into three subsuites in which
volcanic rocks are irregularly developed: they almost completely compose the
lower subsuite, predominate in the middle subsuite and rare in the upper
subsuite. About 70% of total rocks volume of 4500 m section relate to volcanic
rocks. Upwards, andesite rocks and tuffs are changed with acid rocks which
almost completely make up the upper parts of a section, whereas the andesitic
porphyrites are absent. Acid pyroclastic deposits are widespread in the middle
part of Kuratin suite.

The rocks of Kuratin suite are crumpled into numerous complicated and
steep additional folds which appearance makes an impression about the giant
thickness of the whole suite.

Within the right bank of Kurata River a volcano vent passes through the
pyroclastic deposits of the middle subsuite of Kuratin suite. The major body
forms a neck reaching 300-500 m in diameter. To the west the smaller lense-
like bodies are situated. All of them represent the extrusive rocks which
texture changes with the depth of occurrence: the tops of necks are felsite and
spherolite varieties of rhyolite-dacite porphyries, the lower parts of the same
bodies are crystalline microgranite-porphyries and granophyries. There is a
zonation on the plane: the central parts of bodies are composed of rhyolite
porphyries, the peripherical ones composed of spherolites and quartz-feldspar
dacite porphyries. The periphery of necks also contain compo'site fluidal and
breccia spherolite porphyries and alkaline quartz rhyolite-dacite porphyries.
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Subvolcanic intrusions -are located near to vent bodies and some are far
from them. All of them have small dimensions: from few meters to first
hundreds meters. Compared with vent facies bodies the subvolcanic intrusions
have more homogeneous structure and rock composition. They have fluidal
and taxitic textures and no predominate zonation. The dacite porphyries and
microdiorite porphyrites are mainly developed.

There are four groups of Devonian volcanic rocks having the common
comagmatic petrochemical features (table 7): 1) The earliest lavas composing
the Early Devonian Ongudai suite correspond to andesite-basalts; 2) the next
group of volcanic rocks represents andesites; 3) most spread rock group of the
second half of Middle Devonian (Kuratin suite) has dacite composition; 4) the
youngest subvolcanic bodies have rhyolite composition.

Stop 9. Located near 612 km of the Chuya motorroad. The outcrops of
the upper sedimentary sequence of Kuratin suite are exposed in the left bank
of Ursul River. The sequence is composed of interbedding dark-grey and black
calc-sandstones, shales, marls and limestones. Terrigenous rocks contain
Franian Brachiopods (Late Devonian) defined by R.T.Gratsianova: Productella
subaculeata Murch., Cyrtospirifer achmet Nal., C. tenticulum (Vern.), C.
schelonicus Nal., Lamellispirifer ales (Khalf.), Anathyris supraphalaena Khalf.,
Retzia tschernyschewi  Peetz; Bryozoans: Fistulipora  subsphaerica Nekh.,
Amplexopora devonica Nekh., Batostomella tshuensis Nekh., Fenestella
buratinensts Krasnop., F. pioneri Krasnop., Hemitrypa devonica Nekh.,
Petalotrypa perforata Nekh., Reteporina carinata Krasnop., R. carinostriata
Nekh., . Semicoscinium altaicum Nekh., S. bugusunicum Nekh., Isotrypa
tuberculata Nekh., Goniocladia antiqua Nekh. )

Terrigenous rocks have western dipping (50-60°) and contain two
cleavage systems: 1) Dipping azimuth 2909, dipping angle 75° and 2) dipping
azimuth 1009, dipping angle 15°. The first cleavage system occurs only after
schists with surface traces of ripple. Rocks include abundant pyrite grains.
Stratigraphically upwards dacite and subvolcanic rhyolite bodies are seen.

Stop 10. Located 6 km to the east from Stop 9. Here, the outcrops of
subvolcanic rhyolite porphyry (sample K-1) are found among the Kurai suite
sandstones. Porphyry represents a green-grey dense rock with cryptocrystalline
matrix in which there are some grains of quartz, rose orthoclase and
plagioclase. Orthoclase is used to be replaced with albite.
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Granitoid bodies of Hercynian active margin (stops 11-15)

The plutonic rocks of Hercynian active margin are most widespread in
the Chiketaman pass district. The Word "Chiketaman" means "plane sole"
translating from Altaian language. Height of the pass reaches 1800 m. A
panorama of the central part of Gorny Altai is well observed.

The granitoids are named as the Yaloman group. From the north to the
south the Chuya motorroad crosses Chiketaman, Kadrin, Yaloman and Ust-
Chuya plutons (fig.20). All these plutons form a single areal available for study.
They intrude into the Cambrian, Ordovician and Lower Silurian terrigenous
deposits and, somewhere, Middle Devonian sedimentary-volcanic rocks.

The first detail investigations of this group plutons were made by Yu.A.
Kuznetsov (1936,'1939). He united them into the granodiorite-tonalite complex
of Carboniferous age. Yu.A. Kuznetsov described xenoliths and phenomena of
wall rock re-working around the Yaloman group plutons. There was revealed a
lot of various hybrid quartz diorites, tonalites and other granitoids of
endocontact zone being an unique assemblage of rocks which are characterized
by unusual combination of basic zonal plagioclases with abundant quartz
(labrador tonalites, labrador quartz monzonites and other "basic” granitoid
varieties). Later Yu.A.Kuznetsov (1964) considered granodiorite-tonalite
complex of the Central Altai as an example of autochthonous batholith
formations and suggested that these plutons were formed due to magmatic
replacement of wall rocks.

Nowadays, some geologists (Kononov, 1969; Izokh et al., 1987) consider
-the Yaloman group plutons as the multi-phase igneous rock series which
correlates well with the Carboniferous (C;-C;) gabbro(diorite)-granite series of
adjacent East Kazakhstan region. There are 4 phases in their evolution: 1)
gabbro-diorite phase (gabbro, quartz, quartz-bearing and quartz-free diorites
and tonalites); 2) granodiorite phase (granodiorites and tonalites); 3)
adamellite phase (adamellites passing into essentially plagioclase granites,
granodiorites, and quartz monzonites); 4) alaskite phase (alaskites,
leucogranites and leucoadamellites).

However, there are lot of data that in these plutons at least two rock
series are combined: Devonian and Late Carboniferous-Permian. The
Devonian series includes the rocks of gabbro-diorite and granodiorite phases,
the Carboniferous-Permian series includes the rocks of adamellite and alaskite
phases, somewhere the rocks of diorite-granodiorite phases.
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Fig.20. The ge_olo%cal structure scheme of plutonic part of Hercynian active
margin (compiled by M.M.Buslov using materials of Dobretsov (Ed.), 1991a):
1 - Middle-Upper Cambrian flysch-like sequence (Gorno-Altai series); 2 - Middle-Upper
Ordovician limestone-terrigenous deposits; 3 - Lower Silurian terrigenous-limestone
deposits; 4 - Lower Devonian red terrigenous deposits; S - Lower Devonian andesites,
basalts, their tuffs, sandtones and mudstones (Ongudai suite); 6 - Middle Devonian rhyolites,
dacites, their tuffs, sandstones and mudstones (Kuratin suite); 7 - subvolcanic rhyolites and
dacites of Middle Devonian Kuratin complex; 8 - Early Devonian pre-granite hornblende
gabbro; 9-10 - Early-Middle Devonian quartz diorites and biotite-hornblende tonalites (9)
and granodiorites (10); 11 - Carboniferous granites and adamellites; 12 - Permian alaskites
and leucogranites; 13 - marking horizons of Lower Silurian limestones (a) and
conglomerates (b); 14 - geological boundaries traced (a), supgosed (b), discordant (c),
petrographical (d); 15 - faults; 16 - magnetite-bearing skarns; 17 - bedding elements; 18 -

Stops location.
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The rocks of diorite group of Chiketaman, Kadrin and Yaloman plutons
(together) occupy about 12% of total area, the rocks of granodiorite group -
25%, adamellites - 60% and alaskites - 3%. In the Chiketaman pluton
composed mainly of tonalites, quartz diorites and granodiorites, the rocks of
diorite group and granodiorite group occupy about 23% and 77% of total area,
correspondingly.

In Yaloman pluton which rock assemblage is close to Kadrin pluton,
there are following relationships: diorites - 4%, granodiorites - 23%,
adamellites - 70%, alaskites - 3%.

Within the intrusive bodies of every above listed rock group the dike-like
bodies composed of fine-grained and porphyr-like varieties are found. In
diorites they represent quartz diorite porphyries, microdiorites and diorite-
aplites, in granodiorites they are granodiorite-porphyries, microgranodiorites
and granodiorite-aplites. In the later adamellites théy are -plagiogranite
porphyries, granite porphyries, granite-aplites and pegmatites, in alaskites they
are granite porphyries, quartz porphyries and alaskite-aplites. The amount of
these dike-like bodies is higher in later intrusions having reached almost 50%
of an area of alaskite bodies. The occurrence of numerous pegmatite and aplite
veins and dikes is typical of later intrusions, as well.

In diorite and granodiorite intrusions there are xenoliths up to several
meters. There are hornfelses, diorite-like rocks and fine-grained taxite diorites.
Xenoliths which composition is different from wall rock have angular shape
with clear boundaries along which a rim of K-feldspar is often developed.
Xenoliths of the approximate to wall rock composition have round shape and
diffused outlines. Often xenoliths are enriched in biotite and hornblende. The
granodiorites of the second group often contain xenoliths of quartz diorites of
the first group. Generally, such situation and multi-phase intrusion show a
typical picture of syntexis-mixing of basic and acid magmas.

The rocks of later intrusions are two-feldspar biotite and biotite-
hornblende granites (adamellites) and their related granodiorites and quartz
monzonites. They consist of zonal oligoclase and andesine, quartz, microcline-
pertite, oligoclase-pertite, biotite and hornblende. Monzonite-like rocks occupy
about 30% of the Yaloman complex area. They include the rounded xenoliths
of 5-20 cm in diameter representing hornfelses, quartz diorites and
granodiorites.

Leucogranites and alaskites of the forth group form separate small
bodies and are commonly accompanied by aplite dikes of microcline-pertite-
quartz varieties with little amount of biotite and oligoclase.
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Petrochemical peculiarities of quartz diorite, tonalite and melanocratic
granodiorite intrusions reveal the increased aluminium and sodium contents.
The increased aluminium and potassium are typical of granodiorites and
granites of the second and third phases. Leucogranites and alaskites have
increased alkalinity and clear potassium over sodium predomination (table
8,9).

In the diagram of de La Roche (fig. 21) the possible diorite-granodiorites
of Yaloman complex form a trend which confirms the evolution of its various
groups and their relation to the Devonian volcanogenic rocks of Ongudai and
Kuratin suites.
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Fig.21. A display of selected granitoid compositions of Yaloman plutons in the
de La Roche R{-R, multocationic diagram (La Roche, 1977; Batchelor &
Bowden, 1985) (compiled by M.M.Buslov):

1-2 - points of average values for rocks from Yaloman plutons: 1 - total, 2 - Chiketaman
massif (numbers correspond to rock varieties, table 8: 1-4 - Chiketaman Devonian complex,
5-8 - Late Caroniferous-Early Permian Yaloman complex); 34 - volcanic rocks of the
Middle Devonian Ongudai and Kuratin suites: 3 - basalts, andesite-basalts and andesites, 4 -
subalkaline rhyolites; 5 - rock groups: I - mantle plagiogranite, Il - destructive active plate
margin, III - Caledonian "permitted" granites (post-collision uplift), IV - subalkaline plutons
(later orogenic), V - alkaline/peralkaline magmatism of A-type (post-orogenic), VI -
anatectic magmatism (syn-orogenic). The numbered groups I-VI relate to the

tectonomagmatic divisions postulated by Pitcher (1979, 1982).
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So, the early groups of diorites and granodiorites correspond to active
margin related magmatic rocks (field 11). Their comagmatic rocks are the Early
Devonian basalt, andesite-basalt and andesite lavas of Ongudai suite and the
Middle Devonian andesites and dacites of Kuratin suite.

The later adamellites of the third group correspond to the anatectic
granites of field 6 and have no analogues among Devonian volcanic rocks. The
rocks of adamellite group cut through Devonian rocks. The youngest alaskites
relate to A-type post-orogenic granites.

In the diagram SiO, vs oxides (fig.22) and "Al,03/(Nay0+K,0) mol vs
Aly03/(NapO+K,0+CaO) mol" obtained by Maniar and Piccoli (1989)
(fig. 23) the Chiketaman Devonian granitoids (diorites and granodiorites) fall
in the field of continental margin granitoids. But, the younger granites, dikes of
alkaline aplite-granites and aplites correspond to the field of continental-
collision granites. In the same diagram the granitoids of Kadrin massif are
located between island arc and continental-margin granitoids. The later aplite
dikes fall in the field of continental-margin granitoids, as well. On one side, the
position of Yaloman complex granitoids in the diagrams of de La Roche
(fig.21) and Maniar and Piccoli (fig.22, 23) confirms the multi-stage process of
their formation (accepted by many scientists), but on the other side the
problem on correct joining of various granitoid plutonss formed in different
geodynamic environment into a single complex arises.

The age of Yaloman group bodies was not established distinctly. Many
geoscientists continue to consider all the rocks as Carboniferous-Permian,
since the majority of radiological dates correspond to this time interval (table
10). Taking into account the high deformation of early rock groups and their
'petrochemical correlation with the Devonian volcanic rocks of Ongudai and
Kuratin suites, we can consider the age of early diorites and granodiorites as
Early-Middle Devonian, but their relation to Chiketaman complex is the topic
of current discussion. According to geologic and geochronologic data,
adamellites, alaskites and some diorites-granodiorites have been formed in
Late Carbonifeous-Early Permian and relate to Kadrin complex.

- Polymetallic skarn mineralization and quartz-molibdenite-sheelite ores
are connected with Kadrin complex. Within the area of plutons and their wall
rocks there are widespread basic and composite dikes being referred to the
Terekta Early Mesozoic complex of still not clear age. Their characteristic
feature is north-western and submeridional strike.

Thus, the geologic, radiological and petrochemistry data cited allow us to
distinguish two groups of the, granitoids of Yaloman complex various in age
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Fig.22. Chiketaman granitoids evolution diagrams "oxides vs SiO," (compiled
by N.F.Krasov, 1993).
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N.F.Krasov, 1993).

and geodynamic position: 1) Early-Middle Devonian continental-margin
diorite-granodiorite group and 2) Late Carboniferous-Early Permian continent-
collisional adamellite-alaskite group.

Stop 11. Chiketaman pluton is the first met. (fig. 21). Its tonalites and
biotite-hornblende granodiorites are exposed in the left bank of Ursul River
between 632 km (Ongudai Village) and 642 km (Uliuta Village) of the
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motorroad. Their contact with Cambrian-Ordovician rocks converted into
hornfelses can be observed in the right bank of Maly Ilgumen River. Here,
hornfels sandstones‘and schists intruded by quartz diorites, monzonites, and
granodiorites are found. Farther, these rock outcrops are met up to
Khabarovka Village where an uplift to Chiketaman pass begins.

Along all the motorroad through Chiketaman pass tonalites and
subordinate quartz diorites and granodiorites are found. They are filled with
the numerous xenoliths of variously metamorphosed rocks and abundant
secondary coarse-grained biotite-hornblende rocks. Composition and texture of
melanocratic component are highly variable.. There are abrupt and gradual
transitions between different rock varieties. Predominate tonalites and other
rocks of pluton are cut by later aplite dikes which in turn together with earlier
granitoids are cut by the numerous submeridional dikes of diabases, diabase
porphyrites, spessartites and other rocks of the Early Mesozoic Terekta
complex of various structure and composition. Unlike the later dikes the
granitoids have shistose and cataclastic texture.

At the top of Chiketaman pass (absolute elevation 1800m) tonalites are
cut by a series of diabase, diorite-porphyry and porphyry dikes. To the north
from the top of pass tonalites are cut by a composite meridional dike (2m
thickness). Its edge part is composed of diorite-porphyrites and central part of
granite-porphyries passing into granodiorite-porphyries. The latter contain
xenoliths of gabbro-diabases and diabase porphyrites. While going down the
pass such dikes are found every 5-30 m. Near the southern contact of pluton a
zone of vein hydrothermal rocks (up to 1 m thickness) made up of quartz-
aksinite aggregate is observed in quartz diorites.

' e Then, at the 666 km of motorroad there exposed a contact of tonalites
and quartz diorites of Chiketaman pluton with biotite hornfelses formed after
the sandstones and schists of “Middle-Upper Cambrian Gornoaltai series.
Hornfelses are changed gradually’to less metamorphosed terrigenous rocks of
this series. Observation of the Chiketaman massif granitoids revealed the
xenoliths- of melanocratic rocks being of high interest. In the diagrams
(fig.22,23) there are two distinct groups of xenoliths: 1) metasedimentary and
2) metabasite. The fitst one belongs to the common trend of Chiketaman
granitoids and is located among the Cambrian wall rock points taken far from
the massif. The second group is distinguished in the area of basic rocks and
differs from a common trend of granitoid rock evolution in A1203, TiO,, K70
contents and FeOt/FeOt+MgO) ratio and belong to derivation of basic magma.
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Stop 12. After Chiketaman pass the road goes along the left bank of
Bolshoy Ilgumen River. Near the mill of Kupchegen Village the south-western
contact of the Carboniferous-Permian granitoids of Kadrin pluton, which is
composed mainly of various granites (often adamellites), is exposed. The
endocontact zone of their interaction with the host Cambrian-Ordovician
flysch-like deposits is composed of quartz diorites and biotite-hornblende
granodiorites including the abundant xenoliths of altered wall rocks and biotite
and biotite-hornblende schlieres new-formed in the place of these xenoliths.
Far from the ‘contact granodiorites are changed by biotite-hornblende granites
crossed by the dikes of pegmatites, aplites, fine-grained granites, and micro
granites and later basic dikes of diabases and diabase porphyrites of Terekta
complex.

At 679 km (the junction place of Bolshoy Ilgumen and Katun Rivers) the
Chuya motorroad goes upwards the left bank of Katun River rounding the
numerous vertival rocks called "bom". Carboniferous-Permian adamellites of
the north-eastern margin of Yaloman pluton and its wall rocks are exposed
here. Korkechu and Urkosh "boms" are composed of Middle-Upper Cambrian
sand-schist deposits and their related biotite hornfelses and crossed by
regionally extend basic dikes. Kupchegen and Bichektu-Kaya "boms" are
composed of quartz diorites intruding through the Cambrian-Upper
Ordovician hornfels and skarn rocks.

Stop 13. Airy-Tash "bom" (695 km) is composed of the Devonian biotite-
hornblende granodiorites of Yaloman pluton which are changed to monzonites
cut by thin aplite dikes. Granodiorites include hornblende and biotite-
hornblende schlieres and altered diorite-like xenoliths. The later dikes of
felsite and spherolite porphyries, diorite porphyrites and diabases of Terekta
complex are found, as well.

Kyngyrara "bom" (696-967 km) exposes the north-eastern contact of
Yaloman pluton with Upper Ordovician deposits. Endocontact zone presents
Devonian biotite granites with xenoliths of altered wall limestones, schists, and
sandstones crossed by the submeridional dikes of Terekta complex. The
granites crossed by dikes have cataclized and schistose texture. Also, dikes
cross the w