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enrichment of Hf (from 0.5 to 0.8% by weight) in zirconium structures. Maximum concentrations of
Hf is richest in the third group. It is also worth mentioned that the heterogeneity of these forms and
numerous longitudinal cracks. The boundaries of adjacent crystals are crushed and blurred. This
suggests their involvement in later fluid inflow processes. A large variety of zirconium forms and
variability of their chemical composition is part of the complex history of the transformation of the
SAM mineralogy. (Ruszkowski, Wiszniewska, 2018).

Fig. 2. EDS analysis graph of zirconium-hafnium rim of the ”blown candle flame” type.
The research was financed from NCN grant no. 2015/17/B/ST10/03540 and FUW 21/04/2017.
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The team of contributors explores various aspects of the formation of hydrothermal clays on
thermal fields (t/f) of Kamchatka: chemical and mineral compositions, macro- and microstructure,
physical and mechanical properties of clays were studied; the significance of the clay sequence as a
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complex geochemical barrier in the structure of modern hydrothermal systems was demonstrated
(Rychagov et al., 2009, 2012). By an example of East-Pauzhetka thermal field (EPTF), for the first
time in the world scientific practice ever, zones with mineral ore associations were drilled at the base
of clay strata (Rychagov et al., 2017). These data stimulated the continuation of drilling of wells in
EPTF in order to study the deeper horizons of the base of the hydrothermal clay strata.
The stratum of EPTF hydrothermal clays has a zonal structure described in detail earlier
(Feofilaktov et al., 2017). Additional wells at the base of the stratum opened argillized intensively
fissured andesites and metasomatic breccias of andesites. Cement of brecciats as well as cracks and
areas reaching a thickness of 20 cm are composed of silica minerals (opal, chalcedony, quartz),
carbonates, smectites, chlorite-smectites, pyrite, iron oxide, etc. Analytical studies have identified a
complex mineral composition.
The main matrix of altered andesites, as well as the material of veinlets and geodes were
analyzed. Montmorillonite, quartz, zeolites, calcite and magnesia calcite, pyrite, clinochlore were
identifed by IR spectroscopy and diffractometry. Lomonite, stilbite, heylandite, and clinoptilolite were
detected in zeolites; predominantly calcium and Na-Ca medium- and high-silica zeolites occur. Two
groups of minerals were distinguished by detailed electron microscope studies: 1) primary magmatic
and metamorphic minerals; 2) hydrothermal-metasomatic minerals.

Fig. 1. Primary magmatic minerals and their alterations: a - pseudomorphic replacement of porphyritic
phenocrysts and the main mass of andesites with smectites, chlorite-smectites, carbonates and zeolites;
b - crystal of titanomagnetite with characteristic structures of decomposition of solid solution; c –
pseudomorphs of titanosilicate and magnetite (light bands) in amphibole (?) with inclusions of apatite
grains (white is pyrite); d – Fe-Cr-Ti-V-containing spinel with a pyrite rim; e – titanosilicate
(substitution of titanomagnetite, other minerals, or pores) in a zeolite-chlorite bulk; f – replacement of
porphyritic phenocrysts of dark-colored minerals (amphibole?) with chlorite and chlorite-smectite,
round gray grains – fluorapatite, small light crystals – pyrite. The research was carried out in Institute
of Volcanology and Seismology of FED RAS (V.M. Chubarov, analyst) using a scanning electron
microscope (SEM) VEGA 3, equipped with an energy-dispersive spectrometer (EMF) X-MAX 80.
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Primary magmatic minerals are common in the main matrix of rocks. These minerals are
augite, plagioclases of andesine-labrador series, magnetite and titanomagnetite, Mn-containing
ilmenite; grains of Mg-Al-Cr-containing spinel and rutile are traced. Pyrrhotite is in the form of small
inclusions in pyrite. Titanium-zirconium minerals containing rare and rare earth elements (Sc, Nb, Hf,
Y, Ce, Nd, Sm, Gd, Er, Th, U) were detected in ilmenite intergrowth and in the form of individual
small grains (≥ 3 mm). Other phases of complex (variable) composition, for example, titanates and
titanosilicates are traced (Fig. 1). We classify them as primarily magmatic with a certain degree of
conventionality, since they can have a metamorphic origin. Probably, as a result of metamorphic
alteration of Ti-containing minerals, silicon-titanium mixtures and sphene-containing inclusions of a
number of metals are formed.

Fig. 2. Hydrothermal metasomatic minerals: a-stilbite-Ca, which fills the pores in the chloritesmectite mass; b - radial-radiant aggregates of zeolite crystals (clinoptilolite?) in association with
montmorillonite, opal and chlorite-smectites; c - calcite crystals in montmorillonite; d - crystals of
apatite filling pores and cracks in the chlorite-smectite mass; e - radial fibrous aggregates of apatite
crystals, walls of pores are covered with globular aggregates of opal-Fe-chlorite composition; f formation of small crystals (leaves) of apatite along the aggregate of zeolite-potassium feldsparpyrite-chlorite composition; g - performance of microcracks in hydrothermal clays with
hydroxylapatite (gray) and pyrite (white). The researches was carried out in Institute of Volcanology
and Seismology of FED RAS by means of SEM equipped with EDS X-MAX 80 (a, f, g); and at the
Geological Faculty of Moscow State University with the help of SEM LEO 1450VP equipped with
EDS INCA 300 (b, c, d, e).
Hydrothermal metasomatic minerals include zeolites, apatite, smectites, potassium feldspar,
Mg-Fe-chlorites, cryptocrystalline quartz (chalcedony), opal, calcite, barite, gypsum, pyrite, marcasite,
chalcopyrite, sphalerite. Zeolites are widely distributed: in the matrix of andesites, they form scattered
small crystals and clusters of irregular shape, they replace plagioclases and cover voids with formation
of geodes and large (up to 5-7 mm thick) veins. In addition to mono-mineral precipitates, zeolites with
chalcedony, potassium feldspar, chlorite, calcite, pyrite (Fig. 2). Sometimes traces of crystal
dissolution are noticeable, they are typically replaced with smectites and chalcedony, possibly with
potassium feldspar. The zonation in the crystal structure of some zeolites, caused by the variations in
Ba concentrations in the composition of the zones, is manifested. Three types of medium- and highsilicon zeolites were identified: heylandite-Ca, stilbite-Ca and lomontite; stilbite-Ca is the most
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common. The wide occurrence of stilbite-Ca is probably due to the fact that high-silica zeolites are
among the latest minerals that are formed when the P-T parameters of solutions are reduced (Kostov,
1971). Apatite is also one of the most common minerals. Two species that differ in chemical
composition, morphology of crystals and (probably) origin were identified. Fluorapatite (as a rule,
contains chlorine) forms barrel-shaped, spindle-like and oval grains up to 0.1 mm in size – often in
place of leached pyroxene crystals or in fissured plagioclase crystals. Hydroxylapatite in the form of
brushes of columnar crystals up to 0.05 mm in size lines pores and cracks, forms monomineral or
pyrite-containing veinlets. Probably, fluorapatite is not only of late-magmatic or metamorphic origin,
but also of hydrothermal-metasomatic origin. Hydroxylapatite reflects the current process of
hydrothermal metasomatic transformation of andesites, the movement of solutions through cracks, and
the formation of hydrothermal clays. Other widespread newly-formed andesite minerals of the clay
stratum base are potassium feldspar, chlorites and chlorite-smectites, quartz and chalcedony, calcite
(magnesian calcite), sulfides.
Thus, at the base of the hydrothermal clays of the East-Pauzhetka thermal field, fractured and
brecciated andesites have been penetrated by core drilling wells. Porphyritic phenocrysts and the bulk
of andesites are almost completely replaced by secondary minerals: smectites, medium- and highsilicon Ca-Na-zeolites, Ca-Mg-carbonates, opal, chalcedony, quartz, pyrite, etc. Zeolites, carbonates,
silica minerals, apatite, chlorites, etc. fill cracks, voids and large (≤ 20 cm of thickness) zones. Primary
ore minerals are transformed into complex mixtures (for example, into titanosilicates) and are a source
of rare and rare-earth elements. Complex mineral mixtures (chlorite-smectites, etc.) are largely formed
under the influence of pore solutions. Pore solutions found in hydrothermal clays and mineralized
zones have a hydrocarbonate (up to 1500 mg/l HCO3 -) or hydrocarbonate sulfate (500-1600 mg/l
SO42-) composition. Ca2+ (200-300 mg/l), Mg2+ (100-260 mg/l) and Na+ (110-195 mg/l) prevail in the
cation composition, but the concentrations of K+ (83-106 mg/l) and NH4 + (110- 155 mg/l) are also
high. The total mineralization of pore solutions varies from 2.7 to 4.0 g/l. Mineralization, probably,
was formed in several stages. At the present stage, active cation exchange between smectites and
chlorites, zeolites-carbonates-potassium feldspar and other phases still continues. The data obtained
indicate an alkaline environment of mineral formation in the rocks at the base of the hydrothermal
clays of EPTF. Such a situation in the typical zone of acid leaching (argillization of rocks) can be
created due to the acid-alkaline evolution of a water-salt fluid deep alkaline highly mineralized
(metalliferous) hydrothermal solutions mix with meteoric waters. A similar model for the
differentiation of acidic and alkaline fluid components is proposed for hydrothermal systems with
vapour reservoirs (Zhatnuev, 2001). The Pauzhetka hydrothermal system is considered to be a waterdominating system, but EPTF is localized in the structure of the tectono-magmatic uplift of the
Kambalny Range, and the thermal waters are probably formed under the influence of its magmatic foci
(Structure …, 1993, Feofilaktov et al., 2017).
This work was supported by the RFBR (projects 16-05-00007 and 16-05-00971) and the Far
East program (project 18-2-003). The research was carried out using the equipment obtained in the
framework of the Moscow University Development Program.
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Following the classical work of Alavi (1994), the Zagros orogen of Iran is divided, from
southwest to northeast, into three tectono-stratigraphic zones, i.e., the Zagros fold and thrust belt, the
Sanandaj-Sirjan zone or Zagros imbricate zone, and the Urumieh-Dokhtar mag-matic arc. The
Sanandaj-Sirjan zone is ~1500 km long and ~150–200 km wide. The Borujerd complex is composed
of granitic intrusions with wide range of late magmatic product including pegmatites and quartz veins,
and a well- developed aureole in pelitic country rocks.The studied area includes the north east corner
of the Khoramabad quadrangle and is an area of Mesozoic schists, intrusive igneous rocks and
pegmatites (Fig 1). The oldest known exposed rocks are Precambrian, but the intrusives are emplaced
into metasediments of early Mesozoic age. Regional metamorphism reached a peak in the greenschist
facies, but subsequent thermal metamorphism has occurred locally, associated with granitoid
emplacement. Intrusions include granite, granodiorite and quartz diorite. This intrusive activity
culminated with the emplacement of the pegmatites which exhibit a north-west trend (Masoudi et al
2005). The goal of this study was to use Mineral chemistry, geothermobarometery, geocheronology,
tectono – magmatism for mineralization study.

Fig 1. Geological Map Of Iran Zones (Shakerardakani et al 2018).
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