Supplementary materials 4 (SM-4)
Brief petrographic information of selected samples of the Maksyutov complex.

This appendix presents brief petrographic characteristics of the most characteristic and informative samples of high-pressure rocks from the Maksyutov complex: descriptions and micrographs of thin sections and microprobe preparations, brief results of P-T determinations of their formation parameters, their position, and role in the formation of the complex. Of the five studied MC sites, the most interesting for the purposes of this study are the titanium eclogite site near the village of Shubino and the site of the former village of Karayanovo, 35 km north of Shubino. These sites represent the most intensely metamorphosed parts of the Maksyutov complex, where the high-pressure index minerals diamond and coesite have been discovered and studied. According to our data, the maximum formation parameters of the titanium eclogites in the Shubino area reach temperatures of up to 890-900°C at a pressure of approximately 3.5 GPa. Similar parameters (T up to 846-910°C and P ~ 3.4 GPa) were recorded in the area of ​​the village of Karayanovo (Table 2 in SM-2), which determines the heightened interest in these formations. Some samples from this collection are described below.
Shubino village location
Thin section 154a. Garnet-glaucophane eclogite. 

The rock under microscope has porphyroblastic structure and nematoblastic matrix. Porphyroblasts are brownish - red garnet, a 1 - 2 mm the crystals are shaped rhombic dodecahedron. Some porphyroblasts in thin section elongated in the chain. Grains of garnet slightly fractured, some of them intergrowth by fine grains of quartz, epidote, and glaucophane. Garnet grains account for 20% of the rock. The main part of nematoblastic groundmass is folded by glaucophane (50%), pyroxene (20%), epidote (20%), quartz (5%), and a small amount of flakes of muscovite. Glaucophane is major mineral of matrix, pale lilac, elongated prismatic habit. Thin needles of glaucophane elongated along schistosity, flow around the garnet grains. There are elongated shape (110), and the cross-section with two cleavages under angle 58o. Glaucophane is mineral with weak pleochroism - blue to purple on Ng and colorless on Nm, biaxial negative, the angle c N about 6-9o. The size of elongated grains of glaucophane is up to 0.8 mm. Pale green pyroxene has weak pleochroism, short prismatic grain shape (100) and (110), and a section with two cleavage under angle of 90 °, optically positive, the 2V axial angle is 70°, the extinction angle with Ng 50o. The optical properties of pyroxene related him to omphacite. Epidotes in the main fabric of rocks are elongated grains size 0.2 - 0.8 mm. Yellowish epidote grains have high relief and variegated high order interference colors. Quartz represented by small transparent quartz grains and their aggregates. Quartz with muscovite often confined to porphyroblast garnet. Accessory minerals: rutile and sphene. Sphene - brown granular sometimes spear shape of grains in the center of which grains of rutile are preserved. Sphene grain size of 0.1 mm, and rutile – part of millimeter. There are also pure grains of rutile, mainly in garnet porphyroblasts. Rutile in the rock is only 1%, sphene as well. 
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Fig. 1. Sample 154a Garnet-glaucophane eclogite (Shubino area), Microprobe profile of a newly formed garnet grain with progressive zoning (left). Parameters of formation (right): 3d cycle of prograde metamorphism: 405-630 oC, 1,25 GPa. 
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Fig. 2. Sample 154a-1. Progressive zoning of garnet in equilibrium with clinopyroxene records prograde conditions of the third stage of metamorphism (448-620 °C). Plagioclase inclusions in the center of the euhedral garnet grain reflect in their composition the pressure at the beginning of its crystallization - 1.19-1.26 GPa. The compositional profile of garnet in the newly formed grain repeats and intensifies the zoning up to 620 °C.

Thin section 159. Garnet-glaucophane eclogite

The rock under microscope has porphyroblastic structure, where large garnet porphyroblasts stand out from the matrix. They have brownish red color and crystalline appearance (rhombic dodecahedron), the size of 4-5 mm. Porphyroblasts of garnet are sprout by tiny minerals of groundmass: glaucophane, quartz, muscovite, epidote, chlorite, and very tiny grains of rutile. Garnet grains account for 30% of the rock volume. Base fabric of rock has nematoblastic structure; it composed of randomly arranged grains of bluish purple glaucophane (70%), pale green pyroxene (10%), epidote (10%), and rest of quartz, chlorite, muscovite, and accessory sphene and rutile. The glaucophane size grain of 0.4 - 0.6 mm. There are Gln sections extended to lengthen, and the cross section with two cleavages. Pale green pyroxene according to optical properties relate to omphacite. Omphacite grains are small size 0.2 - 0.4 mm, short prismatic habit, with a characteristic cross-sectional shape with two cleavages under angle of 89-90o, and extinction angle cN of about 70 degrees. Epidotes are rare elongated grains with characteristic colorful interference color, and size up to 0.6 mm. Generally, epidote grains are developing within of garnet porphyroblast rim together with lenses of quartz and muscovite flakes. Clean quartz grains are of mosaic image and size of 0.2 - 0.6 mm. They form lenses and layers within rim of garnet grains, like flakes of muscovite. Sphene is presented by brown granular grains with rutile inclusions in the center, because sphene is a decomposition product of rutile.


[image: image3]
Fig. 3. Thin section 159 Garnet-glaucophane eclogite (Shubino area), Maximum retrograde trend for inclusion 865-730 oC, 3,5 GPa. Rounded garnet grains highlight retrograde changes in composition.
Thin section 161. Glaucophane-garnet eclogite with rutile.

The rock has porphyroblastic structure, where porphyroblasts are brownish red garnet, a 3 - 4 mm, is 30%. Garnet grains of crystalline form, fractured. Quartz, chlorite, and muscovite are developing after them. There are quite broad rim of quartz grains with straight elongated facets and with flakes of muscovite around the garnet grains. Porphyroblasts garnet are filled by inclusions of minerals of rocks: glaucophane, epidote, muscovite, chlorite, sphene and small grains of rutile. Base fabric of rock is composed of pale green pyroxene - 40%, light purple glaucophane - 20% quartz - 20%, epidote - 10%, muscovite - 5%, rutile - 3%, chlorite - 2%, a small amount of plagioclase and sphene. The structure of the matrix is nematoblastic, it consist of prismatic grains of pyroxene, glaucophane, epidote. Pyroxene grains pale green, short prismatic habit. There are one or two (at an angle of 89o - 90o) cleavages in the different sections of the prism, which optically positive 2V - 70 degrees. Extinction angle CN - 49-50o. The optical properties relate to omphacite. The grain size of pyroxene 0.1 - 0.4 mm. Cpx on the edges of grains often replaced by violet blue glaucophane. Glaucophane - mineral prismatic shape, represent different sections in three directions: with one cleavage, with two cleavages (at an angle of 56 ° - 58o) and no cleavage. The grain size of glaucophane 0.1 - 0.5 mm. Glaucophane often replaces pyroxene on the edge of him grain. Quartz in rock is in the form of spots, lenses and rims around the garnet porphyroblasts. Pure grains of quartz have straight facets and size 0.1 - 0, 2 mm. Epidote are elongated grains prismatic shape with size 0.1 - 0.3 mm. Epidote germinate grains of garnet, pyroxene, and  have high relief and variegated interference colors. Flakes of muscovite are random and are mainly associated with garnet porphyroblasts, range in size from a millimeter to 0.4 mm. Chlorite flakes of bright green, in the form of spots fusion of multiple grains with the size of 0.4 mm. These spots of chlorite associate with garnet. Accessory minerals in the rock are sphene and rutile. Sphene develops after porphyroblasts of garnet. Rutile has a significant amount in the rock; its small grains germinate in porphyroblasts of garnet. Rutile increases in size in the matrix, has a different cross-section: elongated and rounded. Rutile is characteristic mineral of eclogites of Shubino site. The grains of plagioclase (albite number 7) are present in the rock together with quartz and chlorite.
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Fig. 4. Thin section 161. Glaucophane-garnet eclogite with rutile (Shubino area). Maximum prograde trend for deep ultramafic inclusion: 800-900 oC, ~3,5 GPa. The richness of the rock with secondary minerals and rutile inclusions emphasizes the ancient age of the rock.
Sample 88-16 (Shubino location). Glaucophane-garnet eclogite with inclusions of quartz pseudomorphs after coesite?
In two titanium eclogite samples kindly provided to us by P.M. Valizer (Ilmensky State Nature Reserve), 88-16 and 88-17, garnet zoning recorded prograde and retrograde trends with maximum P-T parameters close to those in our samples 159 and 161. All four samples show maximum temperature trends (up to 890-900 °C), close to the coesite stability region, but never reaching it. One of the retrograde samples (88-16) retains traces of radial fracturing around quartz inclusions—presumable pseudomorphs after coesite. The garnets are strongly zoned, with a distinct, highly fractured, dark-red core containing abundant inclusions of rutile, clinozoisite, quartz, and possible quartz pseudomorphs after coesite; the broad, pale pinkish-orange rims are nearly free of inclusions. Below is a micrograph of garnet from this sample.
[image: image5.emf]
Fig. 5. Thin section 88-16 Microphotographs of garnet grains from a Ti-rich eclogite sample near Shubino, Unit #1: (a) zoned crystal with inclusions of quartz pseudomorphs after coesite? (b), inclusions of rutile, and (c) inclusions of clinozoisite. Ретроградный тренд зональности граната: 875-625 оС при P ~ 3,5 GPa.
Karayanovo former village location
Another important area for studying the conditions of formation and development of the tectonic-petrological model of the Maksyutovsky complex is the area of ​​the former village of Karayanovo, which has been fairly well studied and is accessible to visitors. This area is distinguished by a great diversity of mineral assemblages and a wide range of parameters of their formation, from ultra-high results at T=845-910 oC and P~3.4 GPa to retrograde trends at T=745-615 oC and P~3.2-1.5 GPa. And yet, prograde tendencies of metamorphism (in 16 analyzed samples out of 18) prevail. At least three significant points of ultra-high-pressure bacterial mantle-crust and metasomatic inclusions are noted in this area: microdiamond inclusions in garnet (Bostic et al. 2003), ultramafic (Ol-En and En) inclusions (Valizer et al. 2013a), metasomatic ultramafic formations (Perchuk et al. 2024). Our observations also note high parameters of some educational associations, higher indicators of stability and coesite (Table 2 in Appendix 2).
Sample 271. Garnet-glaucophane-omphacite eclogite.

Grt-Gln-Omph eclogite was collected at the mouth of the left tributary of the Sakmara River among ultramafic (Ol-En) and eclogite rocks. The rocks of porphyroblastic structure composed of brownish red garnet porphyroblasts, grain size 1 - 2 mm. Garnet grains rarely retain crystalline form, are highly fragmented, with wide cracks filled with flakes of chlorite and muscovite. There are inclusions of small grains of rutile in the garnet crystals. Some grains of garnet in the center are completely filled with minerals of matrix: quartz, epidote, chlorite and muscovite. Garnet in the rock is 20%. Groundmass of rock has nematogranoblastic structure and consists of: pyroxene (40%), glaucophane (20%), quartz (7%), chlorite (7%), muscovite (5%), rutile (1%) as well as a small amount of sphene and calcite. Pyroxene is mineral of pale green, short - prismatic habit with specific sections one and two cleavages. The grain size of pyroxene is 0.2 - 0.6 mm. According to optical properties it related to omphacite. Rounded grains of quartz, muscovite flakes, elongated prisms of glaucophane and small grains of rutile develop over pyroxene. Glaucophane grains, size 0.1 - 0.8 mm have elongate prismatic habit. It has also a special zonal structure in this rock. The edges of the glaucophane grains have dark purple color, and the center of the grains bluish green, showing to difference in the composition of mineral. Quartz has isometric grains, size of 0.1 mm, occupies the space between the grains of pyroxene, glaucophane, and garnet. Green chlorite develops around garnet, fused with muscovite and delimits grains of pyroxene. Particles of chlorite, size 0.4 mm. The calcite grains size of 1 mm presence together with chlorite at the fringes of the garnet grains. Small grains of glaucophane develop over calcite. Brownish grains of sphene, small spear-shaped and unformed mass involved grains of rutile. Fine grains and brownish red rutile inclusions present in garnet, pyroxene, muscovite, and glaucophane. 
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Fig. 6. Thin section 271. Garnet-glaucophane-omphacite eclogite (Karayanovo) area.

The sample contains a well-preserved Grt-Cpx association with a distinct prograde trend from 660 to 910°C. Plagioclase is absent from the rock, making it impossible to determine the pressure order. 
Thin section 273. Garnet-glaucophane eclogite with rutile.

The rock of porphyroblastic structure where porphyroblasts brownish red garnet grains have a size of 2 - 5 mm. Garnet has crystal form. The cracks in the garnet are directed along of schistosity and filled with quartz and chlorite. Small grains of rutile are developed after garnet and directed across-the-schistosity. Garnet grains account for 30% of the rock volume. The main fabric has nematoblastic structure and composed of glaucophane elongate prismatic grains (50%), quartz (10%), chlorite (7%), rutile (2.5%), small amounts of actinolite and sphene. The main mineral in the rock is glaucophane of zonal structure that is seen in color: bright purple at edges and grayish blue at center of grains. Glaucophane has cleavage in two directions at an angle of 56 ⁰ - 58 ⁰. Extinction angle CN is 9 ⁰. Chlorite, actinolite, and rutile developed after glaucophane grains. Quartz grains have straight planes of the mosaic structure, size 0.1 mm, developed around garnet and in form of lens between the grains of glaucophane. Green chlorite, as quartz, develops at porphyroblast garnet rims. By interference colors, gray yellow, chlorite refers to clinochlore. A characteristic feature of the rock is the significant content of rutile. Rutile grain brown red has elongated and rounded images. The large grains of rutile are developing after minerals of groundmass.


[image: image7]
Fig. 7. Thin section 273. Garnet-glaucophane eclogite with rutile.

Rock of the 2nd prograde cycle: 535-775 oC, ~3.0 GPa. The P-T parameters of its formation determine the maximum level of prograde metamorphism caused by the subduction of the complex. The difference in the maximum formation temperatures of these rocks (approximately 135 oC) prevents these samples from being classified as products of a single metamorphic cycle.
Sample 216. Garnet-Glaucophane eclogite with rutile.

The rock shows porphyroblastic structure where the porphyroblasts of garnet of 3 - 4 mm have a crystal form (rhombic dodecahedron). Garnet grains are fractured and filled with quartz, glaucophane, muscovite and tiny grains of rutile. In some garnet grains the edge are preserved only, and the center of them are filled with matrix minerals. Garnet grains account for 20% of the rock. Base fabric of rocks consists of pale green pyroxene (55%), pale purple glaucophane (30%), quartz (10%), muscovite (3%) and rutile (2%). Grains of pyroxene are size of 0.1 - 0.4 mm, of pale green color, and short prismatic habit. The cross sections of the pyroxene grains have either one or two cleavages under 90 degree.  By pyroxene the glaucophane develops. Glaucophane has elongated prismatic habit, with pleochroism pale violet by Ng and colorless by Np. Grain size of glaucophane up to 0.6 mm. Fine grains of quartz, of mosaic structure in the form of lenses and layers, are confined to porphyroblast of garnet. A characteristic feature of the rock is a significant amount of rutile. The grain size of rutile in the groundmass is increased to 0.2 mm. Rutile grains brownish red in color with noticeable striation. Occasionally here are geniculated twins.

The sample is distinguished by its inversional zoning. The interior of the large grain displays retrograde zoning from 725 to 615°C at P = 1.43-1.6 GPa, while the overgrown outer zone, on the contrary, records a prograde compositional change in the range of 630-660°C at the same pressure (1.46 GPa). Evidence of retrograde alteration of the central part is clearly visible in the replacement of garnet by matrix minerals: pyroxene, glaucophane, quartz, rutile, and muscovite. Based on the temperature range, these changes in mineral composition are attributed to the second regressive stage of metamorphism. A return to the prograde stage of crystallization is very characteristic of rocks of the Maksyutov complex. 

[image: image8]
Fig. 8. Sample 216-1. (a)-(b) Contrasting inversion zoning of garnet in eclogites of the Maksyutov complex at the stage of coherent development (Sample 216-1, Karayanovo site): regressive - in the grain center 725 °C/1.6 GPa → 615 °C/1.4 GPa – Second regression cycle, and slightly progressive at the margins 630 °C/1.44 GPa → 660 °C/1.46 GPa – 3d prograde cycle. (c) Microprobe thin section with points of study and calculated P-T parameters
Thin section 267. Garnet-omphacite eclogite with rutile.

The rock of porphyroblastic structure, where porphyroblasts of brownish red garnet, by crystalline habit, size 2 - 4 mm, in the form of interrupted chains. The garnet grains are fractured and the cracks are filled by quartz grains, muscovite, glaucophane, and tiny grains of rutile. Quartz with mosaic structure and straight facets, flakes of muscovite and chlorite are formed around the garnet grains. Garnet in the rock is up to 20%. Base fabric is represented by: pyroxene (50%), quartz (15%), glaucophane (5%), chlorite (5%), muscovite (3%), and rutile (2%). The pyroxene grains are pale green, up to 1 mm, fused with each other and with the garnet porphyroblasts. Quartz and muscovite occur between the grains of pyroxene. Typical sections with cleavage (110) at a right angle characterized for pyroxene. There are twins at the (100) plane. Pyroxene is optically positive with axial angle 2V - 70, the extinction angle 47 ⁰ -50 ⁰. According to optical properties, pyroxene is classified as omphacite. Rounded grains of quartz, purple glaucophane, chlorite, and rutile are developed after grains of pyroxene. Grains of quartz, size 0.1 - 0.3 mm, confined to the garnet porphyroblasts, but there are small lenses of quartz between grains of pyroxene. Glaucophane has a purple color and marked pleochroism from dark - purple by Ng to colorless by Np. Small grains of glaucophane are formed after garnet and pyroxene. On the edge of the thin section there is gradational contact of garnet-omphacite eclogite and garnet-glaucophane schist. The glaucophane grains become elongated prismatic habit and elongated along with foliation. The grain size of glaucophane reaches 0.2 mm. Single grains of calcite observed in quartz-chlorite-glaucophane lens. Green chlorite flakes mainly developed in the garnet rims, as pyroxene. Muscovite and chlorite are developing after garnet grains and its intergrowth with quartz developed around of garnet and pyroxene. Particle size of muscovite is from a millimeter to 0.2 mm.  A characteristic feature of the rock is a noticeable number of grains of rutile. He develops after all minerals of rock and has a grain size from a fraction of a millimeter to 0.1 mm. The larger grains of rutile, brownish red in color with striations confined to the lenses of quartz.
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Fig. 9. Sample 267 (Karayanovo area). 3d prograde cycle of regional metamorphism 400-630 oC/2,0 GPa according to mineral geothermobarometry. 650 oC/2,3 GPa according to “Perplex” calculations.
Rare occurrences of radial fractures around quartz inclusions in garnet, omphacite, and glaucophane, interpreted as coesite pseudomorphs, and microdiamond aggregates in garnet identified by Raman spectroscopy, suggest that parts of the Maksyutov complex were subducted under SVD conditions (>2.8 GPa for coesite and >3.0 GPa for diamond at 600 °C) in the Late Devonian (385 Ma). To more accurately determine the petrotectonic evolution of the Maksyutov complex, we constructed isochemical phase equilibrium diagrams (pseudosections) for several representative metabasites in the NCKFMASHTO system based on bulk composition and effective volume data (Fig. 4). Data obtained using conventional thermobarometry and phase equilibrium modeling indicate higher peak equilibrium temperatures than previously reported. Isochemical phase diagrams indicate minimum conditions for prograde metamorphism: P-T 650-675°C and 2.4-2.6 GPa, while conventional thermobarometry records peak temperature conditions along the path of retrograde exhumation of the complex. However, even these peak pressure parameters turned out to be significantly lower than those required for the stability of coesite and diamond. Thus, ultra-high pressure (UHP) conditions were not achieved during the subduction of the Maksyutov complex.
[image: image10.emf]
Fig. 10. Pseudo-section of the NCKFMASHTO system for sample 267 (Karayanovo region) of the Maksyutov complex for different compositions of omphacite and phengite (a), Ca and Mg in garnet (b) and water content from 1 % (b) to 4 % (c). X marks our best estimate of peak P-T conditions near, but not within, the coesite stability field at ~725 °C and 2.5 GPa (Fedkin et al, 2020)
Участок Антинган. 
Intermediate section between the villages of Novosimbirka and Ivanovka (SM-1, Fig. 5). In the zone of the D3 and D4 sludge faults and the subsequent blastomylonite zone, 1.5 km west of the village of Antingan, isolated blocks of Grt-Gln eclogites are exposed. The samples collected include relatively fresh and altered eclogites.
Thin section 185b. Garnet-glaucophane eclogite.
Rock porphyroblastic structure where porphyroblasts are brownish red garnet grains of crystalline shape up to 3 mm. Garnet grains are fractured and are filled by inclusions of small grains of quartz, muscovite, glaucophane, epidote, chlorite, and tiny grains of rutile. Because of the wide cracks in the garnet grains, it seems that garnet pilfered and rotated. Quartz, muscovite and glaucophane developed thru the cracks. Garnet grains account for 20% of the rock volume. Base fabric nematoblastic structure represented by: glaucophane (75%), epidote (10%), quartz (10%), muscovite (3%) and sphene (2%), rutile and chlorite less than 1%. Glaucophane has blue-lilac color, elongated prismatic shape, grain size 0.2 - 0.8 mm. Glaucophane grains flow around porphyroblasts of garnet grains and grows together with epidote. Epidote grains, prismatic shape, ranging in size from 0.2 mm to 0.6 mm, yellowish-white, have high relief and variegated interference color. Quartz represented by small transparent grains of 0.1 mm. It forms accumulations around garnet grains, streams and lenses in the main fabric of the rock. Accessory minerals are rutile and sphene. Sphene brown, shapeless and granular, grain size up to 0.2 mm curved according to schistosity rock. Sometimes in the middle of sphene grains remain small grains of rutile. Sphene is a product change of rutile.

[image: image11]
Fig.  11. Thin section 185b. Garnet-glaucophane eclogite in transmitted and polarized light.

[image: image12]
Fig. 12. Prograde (a) and retrograde (b) zoning of garnet in Grt-Gln eclogite from the Antingan site. Numbers indicate the analysis number; Grt-Cpx equilibrium temperature in parentheses is in °C.
It is significant that a number of samples exhibit double zoning of garnet grains (Fig. 4). Moreover, prograde P-T trends transition to retrograde ones within the same temperature range as the former (compare samples 185v-1 and 185b-2 in Table 2 of Appendix 2). This may indicate that the change in the direction of the metamorphic regime occurred almost instantaneously, which is unusual for conventional subduction metamorphism. Samples with prograde zoning of the grain are typically heavily altered by a subsequent retrograde (or second prograde) cycle, which determines the sequence of prograde-retrograde alterations.
Thin section 185v. Altered garnet-glaucophane eclogite.

Rock has porphyroblastic structure, which is represented by garnet, brownish red in color, size 3 - 4 mm. Garnet grains are strongly fractured and are filled by minerals presented in the rock: rounded quartz grains, prisms of glaucophane and epidote, muscovite flakes and tiny grains of rutile. Porphyroblasts of garnet are surrounded by grains of quartz with mosaic structure and by flakes of muscovite. Garnet is 20% of the rock volume. Matrix has nematoblastic structure and represent by glaucophane (60%), quartz (25%), epidote (15%), sphene (4%), rutile, and muscovite less then 1%. Glaucophane grains prismatic shape, size 0.1 - 0.3 mm elongated along the schistosity. Glaucophane grains have pleochroism from pale violet on Ng, to blue on Nm, and to yellowish on Np. Extinction angle CNg 9o, some grains have the extinction angle 22o, it speaks of the development of green amphibole after the glaucophane. Epidote yellowish brown, prismatic habit is presented in the rock, as isolated grains, and as intergrowth of a few grains together. The grains size of epidote from 0.1 to 0.4 mm. Quartz in the main fabric in the form of irregular flattened along schistosity grain size 0.1 - 0.2 mm. A characteristic feature of this rock is a significant amount of sphene. Sphene grains brown color, granular appearance, developing on all minerals of groundmass. Within the grains of sphene small grains of rutile are stored. According to the description of thin sections 185b and 185v rocks are similar, the only difference in the quantitative composition of minerals and grain size.


[image: image13]
Fig. 13.  Thin section 185v. Altered garnet-glaucophane eclogite with prograde zoning of garnet 425-595 oC and 2,5 GPa (3d prograde cycle)

Novosimbirka village location. 
Thin section 230 (Novosimbirka area). Garnet-epidote-glaucophane-amphibole rock (altered garnets- glaucophane eclogite).

The rock is porphyroblastic structure where Garnet grains are highly fragmented with wide cracks filled by quartz, epidote and amphibole. Some Garnet grains in size 3-4 mm are entirely replaced by quartz, chlorite, and zoisite aggregate, retaining only part of porphyroblasts. Garnet grains account for 10% of the rock. Base fabric is folded from randomly arranged grains of epidote of prismatic habit and short prisms of zoisite (40%), needled-diverse actinolite (30%), blue violet glaucophane (10%), green chlorite (15%), and quartz (5%). The grain size of epidote 0.4 - 0.8 mm, sometimes it forms aggregations of grains. There are fine-needled glaucophane and actinolite between grains of epidote. Patches of green chlorite flakes accumulation are presented. It is of a number of pennine, dark brown interference colors.  The twinned plagioclase occurs along with quartz and chlorite. It is defined as the albite number 7 according to symmetrical extinction. The rock contains brownish granular grains of sphene size up to 0.1 mm. 
The minimum regressive trend is in the range of 544-413 oC/1.04 GPa and the progressive trend is in the range 493-545 oC/1,11 GPa corresponds to the 4th prograde cycle

[image: image14]
Fig. 14. Sample 230 (Novosimbirka area). The site near the village of Novosimbirka demonstrates the widest spread of P-T parameters at the exhumation stage of the Maksyutovsky complex: from the highest prograde temperatures of Grt-Cpx equilibrium in sample 238-2-2 - 800-900 °C to the minimum regressive parameters among all the studied rocks - 545-310 °C with H = 1.0-1.2 GPa in Sample 230-B-1 (4th metamorphic cycle). Signs of prograde alterations in this named eclogite are still present in the same range of P-T values: T = 495-545 °C, P = 1.0-1.2 GPa (SM-2, Table 2). However, they are immediately inherited by the retrograde trend and are practically not preserved in this sample.
Ivanovka location
This site includes outcrops of altered eclogites in a small quarry on the outskirts of the village of Ivanovka. Initially, garnet-glaucophane eclogites underwent pre-temperature metamorphism at the level of the 2nd-3rd cycle in the range from T = 465-470 °C to 670-720 °C and P = 1.5-2.0 GPa (Samples 238-239). At the regressive stage of metamorphism, they successively transformed into Grt-Gln schists, and then into heavily altered rocks of the 3rd and 4th retrograde levels, repeating the same temperature range of prograde alterations: from 745-690 to 470-450 °C.
Thin section 288. Garnet-glaucophane schist.

The rock of porphyroblastic structure where garnet porphyroblasts have a round shape and filled by inclusions of minerals: quartz, glaucophane, epidote, chlorite, sphene and rutile. The poikilitic germination in garnet is twisted, indicating on tectonic effects on garnet grains.  Grains of quartz and chlorite are developing along the edges of garnet grains. Base fabric is presented by grayish blue thin-needled of glaucophane and pale green needles of actinolite. Glaucophane and actinolite grains are elongated along the foliation. Between them there are lenses of quartz fine mosaic structure and stain accumulation of flakes of chlorite. Around of garnet porphyroblasts found muscovite, size up to 0.4 mm. Traces of pyroxene grains stored at main tissue between glaucophane needles. However, these grains are the entirely substituted by aggregate of epidote and chlorite.

[image: image15]
Fig. 15. Sample 288 (Ivanovka area), garnet retains distinct progressive zoning and, in equilibrium with pyroxene, displays a positive temperature trend from 460-485°C to 520-670°C. The compositions of four pyroxenes (Jd 36-38%) and Pl (0.64% An) are typical of the Karayanovo-Ivanovka eclogites. The pressure calculated using the Pl-Cpx-Qz barometer does not exceed 1.18-1.42 GPa and likely reflects the conditions of the final stages of metamorphism in the northern part of the Maksyutov complex.
Thin section 289-3-1. Garnet-epidote-actinolite-chlorite rocks (modified eclogite).

The rock of porphyroblastic structure where garnet porphyroblasts have shapeless appearance, are compressed and pilfered. Size garnet is from 0.5 mm to 4 mm. The following minerals are developed around garnet grains and along cracks: chlorite, muscovite, quartz, epidote, and sphene. Garnet porphyroblasts occupy up 20% of the rock volume. Base fabric rocks are finely scaly and fine needle unit of grains: green chlorite (30%), actinolite (10%), and yellowish grains of epidote (20%). All minerals have a direction along the schistosity. Within chlorite grains developing around garnet grains flakes of muscovite (5%) are found. They fuse with the chlorite. Quartz grains (5%) and plagioclase (albite) (5%) developed in the form of lenses and layers in the main fabric of rock. In addition to these minerals there is sphene (5%) in the rock. Sphene grains are small and have a spear-shaped form and developed in all the rock minerals.


[image: image16]
Fig. 16. Sample 289-3-1 (Ivanovka site) shows three progressive (in small grains) and three regressive (in large grains) trends (SM-2, Table 2). Large garnet grains in equilibrium with matrix clinopyroxene exhibit relatively high temperatures—up to 710-720°C. Newly formed small crystals and the edges of large grains exhibit lower temperatures—554-561°C.
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