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Moon rediscovered 

Bagdassarov N.B. 

 Institut f¿r Geowissenschaften, Goethe-Universitªt, Frankfurt am Main, Germany 

 

Recent oxygen isotopic studies of lunar samples contrained a realistic model for primordial oxygen 

isotopic reservoirs. These results favor vigorous mixing during the giant impact and therefore a high-energy, 

high-angular-momentum impact between Theia (LV)  and the proto-Earth
1
.  

Lunar reflectance spectra of the near and far lunar sides explain a dichotomy of topography, crustal 

thickness, mare volcanic activity and elemental concentrations. This dichotomous difference in mafic mineral 

abundance between the near and the far sides may have originated from the solidification stage of the crust from 

the lunar magmatic ocean (LMO)
2
.  

From other side, there are new constrains of mineralogical and thermal structure of the Moon based on 

the analysis of Love-number and magneto-electric observations on the lunar surface. Therefore the thermal 

evolution of the moon beginning from the moment of the complete differentiation till today may be modeled 

using a finite difference code. For the thermal evolution model the parameters of thermal conductivity, heat 

capacity and density are taken as temperature and pressure dependent, resulting in a time-dependence of these 

properties during cooling of the Moon. Furthermore, the convection inside the Moon can be implemented using 

an effective thermal conductivity based on Nusselt number. 

Melting processes and the related latent heat of iron and silicate melting are taken into account using an effective 

heat capacity. The radiogenic heat production is modelled including a fractionation of incompatible radioactive elements 

into a temporally growing lunar crust. The derived selenotherm is used for the modeling of elastic deformation response 

due to the Earth-Moon-tides in a form of the k2 Love number and the tidal dissipation factor Q. The electrical conductivity 

of the lunar rocks is evaluated from the temperature profile in order to calculate the lunar day side magnetometer transfer 

function located on the Moon. Additionally, the electrical conductivtity measurements of lunar analogue materials have 

been carried out. The modelled results are compared with the observed lunar mass, moment of inertia, recently monitored 

k2 Love number and magnetometer transfer-function. The parameters of mineralogical boundaries between crust/upper-

mantle, upper/lower mantle and core/mantle, the lunar minerals water content and the initial temperature after 

differentiation are constrained by applying a fitting procedure to choose ñthe best possibleò lunar model. The obtained 

results imply that the lunar near side crust has a thickness of 40 Ñ3 km, the internal-mantle boundary lies in a depth of 

930 Ñ14 km below the surface and the radius of the solid core is 475 Ñ9 km. Further the initial temperature after 

differentiation is found to be likely 2910 Ñ40 K. The amount of water in the lunar mantle minerals is about 15 Ñ3 ppm.  

The lunar crust, especially on the near side, experienced a significant global stress resulted from 

relaxation of early lunar tidal and rotational bulges from despinning and orbital recessionį. Diurnal tidal stresses 

on the lunar surface are small relatively small in comparison with global contraction stress, but still result in a 

net non-isotropic compressional stress field. This non-isotropic compressional stress is expected to result in 

thrust faulting with preferred orientations on the near lunar side
4
.  
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Modern methods of igneous petrology 
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It is approximately 100 years since the pioneering work of N.L. Bowen established the idea of a magma 

chamber, a predominantly liquid-filled, crustal vat in which magmas undergo crystallisation and degassing, and 

where most magmatic differentiation occurs. Magma chambers have remained a central concept in our 

understanding of how magmatic systems work and how volcanic eruptions are driven. Recently it has become 

clear that the magma chamber concept is no longer consistent with many features of magmatic systems, 

petrologically, thermally and geophysically. Seismic and magnetotelluric surveys have failed to find any liquid-

rich cavities of significant volume beneath active volcanoes, and most igneous rocks show a complex, polybaric 

evolution. It seems likely that magmatic systems are in a mushy, partially-molten state throughout most of their 

lifetimes. Such systems may be very long-lived and traverse much of the continental crust. Periodic 

destabilisation of mush systems is predicted from a thermal and mechanical standpoint and may be critical in 

triggering volcanic eruptions. I will review some aspects of mush-rich magmatic systems and explore their 

physical and chemical consequences with reference to volcanoes in the Cascades, Andes and Lesser Antilles. 
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Multivalent elements in magmatic melts with special emphasize on ferric/ferrous ratio 

Borisov ɸ.ɸ. 

Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry (IGEM),  

Russian Academy of Sciences, aborisov@igem.ru  

 
The effect of SiO2 (Borisov and McCammon, 2010), TiO2, P2O5 (Borisov et al., 2013), total FeO, 

Al 2O3, MgO (Borisov et al., 2015), CaO, Na2O and K2O (Borisov et al., in prep.) on the ferric/ferrous ratio in 

silicate melts was investigated in model silicate melts in the temperature range 1400-1550ÁC at 1 atm total 

pressure. The experiments were done mostly in air and partially in pure CO2.  

It is demonstrated that an increase in Al2O3 content in a basic melt results in a moderate decrease of 

Fe
3+

/Fe
2+

 ratio. In contrast, the increase in Al2O3 in more silicic melts results in a much more pronounced 

decrease of Fe
3+

/Fe
2+

 ratio. The increase of MgO content in a basic melt results in a moderate increase of 

Fe
3+

/Fe
2+

 ratio but has a negligible effects in more silicic melts. The different behavior of Al2O3 and MgO in 

basic and silicic melts indicates that at constant T-fO2-conditions the effects of melt composition on 

ferric/ferrous ratio cannot be predicted accurately with Sackôs et al. (1980) model, that is as a function of ɆdiX i 

where di are empirical coefficients and Xi are mole fractions of the main oxide component in silicate melts. We 

suggest an alternative approach which accounts for the interaction of cations in complex silicate melts. 

We also found that an increase in K2O content results in essential increase of Fe
3+

/Fe
2+

 ratio both in 

peralkaline and peraluminous melts. It contradicts to previous results obtained by Dickenson and Hess (1981) in 

SiO2-Al 2O3-ñFe2O3ò-K2O system. 
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Large Igneous Provinces: links to supercontinent breakup, climate change, including extinction events, 

and major ore deposits 

Ernst R.E. 

Department of Earth Sciences of Carleton University, Canada 

 

A Large Igneous Province (LIP) represents a large volume (>0.1 Mkm
3
; frequently above >1 Mkm

3
), 

mainly mafic (-ultramafic) magmatic event of intraplate affinity, that can occur in both a continental and oceanic 

setting, and is typically of short duration (<5 m.y.) or consists of multiple short pulses over a maximum of a few 

10s of m.y.  A LIP comprises volcanic packages (flood basalts), and a plumbing system of dykes, sills and 

layered intrusions. LIPs can also be associated with silicic magmatism, carbonatites and kimberlites.  LIPs occur 

throughout the Phanerozoic and Proterozoic, at a rate of about 1 event per 20 to 30 m.y. Archean examples are 

known (as well as planetary analogues). LIP events are linked with mantle plumes, continental breakup, global 

climate change including extinction events, and represent significant reservoirs of energy and metals that can 

either drive or contribute to a variety of metallogenic systems (for  example, the Ni-Cu-PGE ores of the Norilsk 

region as part of the 251 Ma Siberian Trap LIP). In addition, LIPs can also affect hydrocarbon and aquifer 

systems. 
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Seismological and Geophysical Studies around Cairo area, Egypt 

Hassan G.S. 

Egypt, Minia University, Faculty of Engineering, Petroleum Engineering Department gseliem@yahoo.com 

 

    Cairo area plays an important role in both historical and recent seismicity. Seismic activities in and 

around Cairo suggest interested geodynamic behavior of this area due to the existence of local seismo- active 

tectonic from one side. On the other side, its location indicates the effect of the regional tectonic between the 

African plate and both the Eurasian and Arabian plates on it. 

     The main target of this study was to delineate the crustal deformation in this area using geophysical 

and geodetic measurements. These measurements over the geodetic points are carried out in the same time. The 

calculated deformation analysis shows accumulated stress and strain covered the south and southeast of the area. 

Thus, it was important to determine subsurface structures attributed to the stress-strain accumulation and its 

relation to the earthquake occurrence. Temporal gravity variations could deliver important information about the 

mass redistribution attributed to the seismological activities and can be considered as important integration of the 

geodynamic studies of this area. Local seismic activity at the southern part of Cairo is triggered under the effect 

of the regional tectonic setting around Cairo especially from the Gulf of Suez at the East and slightly from the 

northern Mediterranean. Also it is affected by the regional tectonic settings around Cairo. This conclusion was 

agreed very well with the geodetic and geophysical results.  

Key words: 
African plate, Regional tectonic setting, Arabian plate, Crustal deformation  

Tectonic setting: 

The study area is situated in the northern part of the African plate.  The distribution of the major fault 

trends in Northern Egypt, as well as the volcanic outcrops close to Dahshour area were shown in Fig.(1) . The 

first trends WNWïESE, while the second trends NW-SE. The WNW - ESE faults are of diagonal-slip 

movements, where the horizontal sense of dislocation is always of right- lateral type and the vertical 

displacements are of normal type. 

 
Fig.1 The distribution of major fault trends in northern Egypt as well as the basement outcrops  close to 

Dahshour area, the down circle points to the major faults intersections close to Dahshour   area, modified (after 

Hussein and Abd-Allah 2001). 

 Seismicity: 

The activity along the NW-SE trend is mainly attributed to the Red sea rifting and characterized by 

shallow earthquakes and micro- earthquakes (Kebeasy,1990). The high level of seismic activity in the Cairo- 

Suez district is interpreted to be a result of the interaction between the African, Arabian and Eurasian plates. 

 The focal mechanism solutions of the strong seven earthquakes, that occurred during this period, have 

been determined form the P-wave first onsets at the different Egyptian National Seismic Network (ENSN) 

stations (Badawy et al.,2003) . All solutions show normal faulting mechanism with strike-slip component 

(Fig.2).                          

 
Fig.2 Earthquake fault plane solutions of strong seven earthquakes around Cairo region. 
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New models for kimberlite parental melts: composition, temperature, ascent and emplacement 
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Kimberlites represent magmas derived from great mantle depths and are the principal source of diamonds. 

Kimberlites and their xenolith cargo have been extremely useful for determining the chemical composition, 

melting regime and evolution of the subcontinental mantle. Significant effort has gone into characterizing styles 

of emplacement, ages, petrography, mineralogy, textural and compositional characteristics, and the tectonic 

setting of kimberlites. However, a full understanding of kimberlite petrogenesis has been hampered by effects of 

pre-emplacement contamination, syn-emplacement stratification and syn/post-emplacement alteration of 

kimberlite rocks, all of which tend to hinder recognition of primary/parental kimberlite magma compositions. 

The prevailing practice of using bulk kimberlite compositions to derive parental compositions has been 

challenged by research on the Devonian Udachnaya-East pipe and other relatively fresh kimberlites worldwide. 

Since its discovery in 1956, the Udachnaya kimberlite pipe has become a ñtype localityò for geochemists 

and petrologists studying mantle rocks and mantle physical-chemical conditions. Apart from hosting a diverse 

suite of extremely well-preserved mantle xenoliths, the host kimberlite (East body) is the only known occurrence 

of fresh kimberlite, with secondary serpentine almost absent and uniquely high Na2O and Cl (up to 6.2 wt.%) 

and low H2O (< 1 wt.%) contents. The discovery of such compositional features in the only unaltered kimberlite 

has profound implications for models of parental kimberlite magma compositions, and the significance of the 

high Na and Cl abundances in the Udachnaya-East pipe has therefore been subjected to vigorous criticism. The 

main argument against a primary magmatic origin of high Na - Cl levels involves the possibility of 

contamination by salt-rich sedimentary rocks known in the subsurface of the Siberian platform, either by 

assimilation into the parental magma or by post-intrusion reaction with saline groundwaters.  

The main evidence against crustal contamination of parental kimberlite magmas is that the serpentine-free 

varieties of the Udachnaya-East kimberlite owe their petrochemical and mineralogical characteristics to a 

fortuitous lack of interaction with syn- and post-magmatic aqueous fluids. The groundmass assemblage of this 

kimberlite, as well as earlier-formed melt inclusions, contains alkali carbonate, chloride and other Na- and Cl-

bearing minerals. This mineralogy reflects enrichment of the parental melt in carbonate, chlorine and sodium. 

The combination of low H2O, high alkali-Cl abundances, lack of serpentine, and the presence of alteration-free 

mantle xenoliths all indicate that the Udachnaya-East kimberlite preserves pristine compositions in both 

kimberlite and mantle xenoliths. Evidence for broadly similar chemical signatures is found in melt inclusions 

from kimberlites in other cratons (South Africa, Canada, Finland and Greenland). We demonstrate that two 

supposedly ñclassicò characteristics of kimberlitic magmas - low sodium and high water contents - relate to 

postmagmatic alteration. The alkali- and volatile-rich compositions of melt inclusions is responsible for low-

temperature phase transformations during heating experiments, melting at <600
o
C, carbonate-chloride liquid 

immiscibility and homogenisation temperatures at ~650-800
o
C, well below the solidus of the high-Mg melt that 

is traditionally inferred to be primary kimberlite composition. Notably, records of heating stage experiments with 

melt inclusions from different kimberlites are broadly similar. 

Previously inferred high liquidus temperatures (>1400
o
C) are inconsistent with geological evidence (e.g., 

absence of thermometamorphic effects), temperatures in the potential mantle source and melt inclusion data. We 

consider the protokimberlite liquid to be low temperature near the surface (<800
o
C), virtually anhydrous, 

aluminosilicate-poor, Na-Ca carbonate, enriched in lithophile trace elements, halogens, and sulphur. Although 

kimberlite magmas are dense in crystals and deeply-derived rock fragments, they ascend to the surface extremely 

rapidly, enabling diamonds to survive. The unique physical properties of kimberlite magmas depend on the 

specific compositions of their parental melts. We explain exceptionally rapid ascent of kimberlite magma from 

mantle depths by combining empirical data on the essentially carbonatite composition of the kimberlite primary 

melts and experimental evidence on interaction of the carbonate liquids with mantle minerals. Our experimental 

study shows that orthopyroxene is completely dissolved in a Na2CO3 melt at 2.0 to 5.0 GPa and 1000-1200
o
C. 

The dissolution of orthopyroxene results in homogeneous silicate-carbonate melt at 5.0 GPa and 1200
o
C, and is 

followed by unmixing of carbonate and carbonated silicate melts and formation of stable magmatic emulsion at 

lower pressures and temperatures. The dispersed silicate melt has a significant capacity for storing a carbonate 

component in the deep mantle (13 wt% CO2 at 2.0 GPa). This component reaches saturation and is gradually 

released as CO2 bubbles, as the silicate melt globules are transported upwards through the lithosphere by the 

carbonatite magma. The globules of unmixed, CO2-rich silicate melt are continuously produced upon further 

reaction between the natrocarbonatite melt and mantle peridotite. On decompression the dispersed silicate melt 

phase ensures a continuous supply of CO2 bubbles that decrease density and increase buoyancy and promote 

rapid ascent of the magmatic emulsion, and ultimately drives crack propagation and emplacement of kimberlite 
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with its load of entrained ultramafic and crustal material into the crust. The melt saturation in olivine at low 

pressure prompts olivine crystallisation, which drives the residual melt towards the initial (protokimberlite) 

carbonatite composition. 

The solubilities of H2O and CO2 in the model (ultramafic/ultrabasic) kimberlite melt at emplacement 

pressures are not as high, as measured abundances of these volatiles in kimberlite rocks. The low H2O content of 

the kimberlite melt, as at least during emplacement in the crust, do not support fluidisation mechanism (i.e., 

rapid degassing and expansion of magmatic volatiles in an open system) of the kimberlite emplacement. 

Furthermore, a number of studies have convincingly demonstrated that kimberlite explosions were unexpectedly 

powerful for such small magma volumes. The evidence was interpreted as excavation and even emptying of 

pipes from top down to significant depths (up to 1 km), prior to filling with juvenile material and pulverised 

country rocks. Notably, eruptive activity was shown to be polyphase and span considerable time with 

intermittent episodes of violent venting out and periods of quiescence and sedimentation in crater lakes. 

Moreover, as manifested by the presence at significant depths in some pipes of relatively fresh, often uncharred 

wood fragments, plant leaves, animal and fish parts, the venting juvenile material was likely cold and even solid.  

If the kimberlite magma does not experience H2O and CO2 degassing and is disrupted at subsolidus 

conditions, what causes the kimberlite explosive eruption? We hypothesise that emplacement of the kimberlite 

magma as subsurface dykes is followed by gravitational separation and sinking of dense olivine and xenoliths, 

whereas the buoyant carbonatitic liquid is squeezed to the top of intrusive bodies. Olivine-rich cumulates with 

interstitial carbonate-rich melt form the ñroot zonesò of hypabyssal kimberlites, whereas the upper parts of dykes 

are composed of the carbonatite with scattered silicate minerals. The olivine-rich rocks worldwide are prone to 

intensive serpentinisation and associated production of H2 and CH4 through the Fischer-Tropsch synthesis. The 

amount of hydrogen produced is ~10% of the volume of serpentinised olivine. Thus the serpentisation may 

explain spontaneous outgassing of the UE kimberlite (~10
5
 m

3
/day at 50-70 atm; 52% H2) recorded in the 

boreholes at the level of the lower aquifer.  

We envisage that degrading water-soluble carbonatite in the upper parts of kimberlite intrusions was 

turned into a cavernous system that provided initial storage to the hydrogen- and methane-rich gases derived 

from serpentinisation of olivine cumulates in the kimberlite ñroot zoneò. The oxidation of these flammable gases 

and/or their pressurisation in a single spot resulted in a powerful detonation and destruction of surrounding 

rocks, and possibly caused ñchain reactionò by sending shock waves through the cavernous system and thus 

triggering numerous explosions. Subsequent detonation activity resulted in vertical and lateral explosive boring, 

and further fragmentation inside the dyke system and surrounding country rocks. This was followed by collapse 

of rocks from the top and walls and related growth of a carrot-shaped ñdiatremeò by excavation from top down 

and fragmentation on the contacts between the kimberlite and country rocks (i.e. in-situ ñcontact brecciaò). 

While the idea of post-magmatic brecciation of kimberlite rocks is not entirely new, the role of combustible 

gases in the formation of kimberlite diatremes and their pyroclastic and volcaniclastic kimberlite facies is 

proposed for the first time. 

We invite collaborations on microanalysis of individual mineral phases and phenocryst-hosted melt 

inclusions in the least altered kimberlite samples from different localities. It is important to maintain an open 

mind, to not doggedly stick to increasingly untenable orthodox views, and to analyse emerging evidence on 

merit. 

 

 

 

Ore potential of critical metals in alkaline magmatism and plume connection 
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The worldôs largest deposits of REE, Nb, Ta, Sr, Al, P are related to alkaline rocks and carbonatites. 

The interest to alkaline rocks and carbonatites has grown significantly due to the increasing consumption of 

strategic metals in industry. This is well illustrated on an example of rare earth elements during the last several 

years. This is related to the extension of the utilization of REE in nuclear industry, in the production of high 

precision weapons and in the productioon of pure energy. In the center part of Kola Penunsula (Russia) there is 

ultramafic alkaline province comprising carbonatites , ultramafic rocks and two largest of the Globe layered 

peralkaline intrusion Khibina and Lovozero (370 Ma age [1,2]).  
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The Lovozero massif, contains super-large loparite (Na, 

Ce, Ca)2 (Ti, Nb)2O6) rare-metal (Nb, Ta, REE) deposit and 

eudialyte 

(Na13(Ca,Sr,REE)6Zr3(Fe,Nb,Ti)3(Si3O9)2[Si9O24(OH,Cl,S)3]2 

ores-the valuable source of zirconium, hafnium and rare 

earth.Khibina apatite and Lovozero loparite had been mined 

during many years and constitute a world class mineral district. 

The Lovozero Pluton [1] consists of three intrusive phases: [1] 

medium-grained nepheline and hydronosean syenites; [2] 

differentiated complex of urtites, foyaites, and lujavrites; and [3] 

eudialyte lujavrites. 

The main ore mineral is loparite (Na, Ce, Ca)2 (Ti, 

Nb)2O6, In the deepest zone of the intrusion loparite forms 

anhedral grains confined to interstitial spaces. Above 800m in 

stratigrafic section loparite makes up euhedral crystals which 

were formed at the early stage of crystallization. Therefore the initial magma was undersaturated with loparite. 

After the formation of approximately one-third of the volume of the Lovozerointrusion, the melt became 

saturated with loparite and this mineral accumulated in ore layers. The composition of cumulus loparite changed 

systematically upward through the intrusion with an increase in Na, Sr, Nb, Th, U and decrease in REE, Zr, Y, 

Ba and Ti. Our investigation indicates that the formation of loparite ore was the result of several factors 

including the chemical evolution of high alkaline magmatic system and mechanical accumulation of loparite as a 

heaviest phase at the base of convecting unit (Fig. 2).  

Zirconium-hafnium-rare-earth deposit is situated in the upper part 

of Lovozero intrusion as horizontal lenticular bodies. The amount 

of Zr in eudialyte is very hight -up to 14 wt % and total REE up 

to 4 wt %. (fig.3) Morfology of eudialyte grains is changed with 

depth of Lovozero intrusion. (fig.) In the lower part of the 

intrusion eudialyte forms anhedral interstitial crystals and 

crystallised when rock-forming minerals generated well-

developed framework when convection ceased and accumulation 

of eudialyte is impossible. In the upper part of Lovozero 

stratigrafic section eudialyte forms euhedral grains which were 

formed at the early stage of crystallization. Thus the initial 

magma of Lovozero complex was undersaturated with this 

mineral. The melt became saturated with eudialyte after the 

approximately two-third of the volume of the massif solidified. 

Compositional evolution of eudialyte has been investigated 

through a 2.35 km section of the Lovozero massif using 

CAMECA microprobe and LA-ICP-MS.  

There is hidden layering in eudialyte in the crossection 

of the intrusion. The composition of cumulus eudialyte changed 

systematically upward through the third intrusion with an 

increase in Na, Sr, Nb, Th, Mn/Fe, Nb/Ta, U/Th and decrease in 

REE, Zr, V, Zn, Ba and Ti. The specific gravity of eudialyte is 

much higher then initial alkaline melt.  

Nevertheless eudialyte accumulated in the very upper 

zone of Lovozero intrusion. We suggest that eudialyte formed 

very small crystals (nanoctystals) (fig.) which were stirred in melt and under the conditions of steady-state 

convection eudialyte emerged upward. Later eudialyte crystals recrystallized and increased in size (fig.). 

The Khibina alkaline massif (Kola Peninsula, Russia) hosts the worldôs largest and economically most 

important apatite deposit. The Khibina massif is a complex multiphase body built up from a number of ring-like 

and conical intrusions. The apatite bearing intrusion is ring-like and represented by a layered body of ijolitic 

composition with a thickness of about 1-2 km. The upper zone is represented by different types of apatite ores. 

This rocks consists of 60-90% euhedral very small (tenths of mm) apatite crystals.  
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The lower zone is mostly ijolitic composition. The lower zone grades into underlying massive urtite 

consisting of 75-90% large (several mm) euhedral nepheline. Our experimental studies of systems with apatite 

demonstrated the near-eutectic nature of the apatite-bearing intrusion, resulting in practically simultaneous 

crystallization of nepheline, apatite and pyroxene. 

The mathematical model of the formation of the layered apatite-bearing intrusion based on the 

processes of sedimentation under the conditions of steady state convection taking account of crystal sizes is 

proposed. Under the conditions of steady-state convection large crystals of nepheline continuously had been 

settling forming massive underlying urtite when smaller crystals of pyroxenes, nepheline and apatite had been 

stirred in the convecting melt. During the cooling the intensity of convection decreased causing a settling of 

smaller crystals of nepheline and pyroxene and later very small crystalls of apatite in the upper part of alkaline 

magma chamber. 

   Geodynamic position of the alkaline rocks 

and carbonatites is actively discussed question during 

the last decades. Some researches link their formation 

with ascend of the large volumes of mantle melts from 

the CMB. There is certain evidence for temporal and 

spatial correlation of the carbonatites and LIPs, whose 

origin is certainly related with mantle plumes [4], as it 

was shown for carbonatites of the Polar Siberia 

(Maymecha-Kotuy province) which were formed 

simultiniusly  with the Siberian superplume 250 Ma [5]. 

We used the recent absolute plate kinematic 

model [6] to reconstruct locations of Phanerozoic 

carbonatites at the time of their origin (Fig. 7). We have 

found that 118 out of 180 carbonatites (66%) are projecting onto central or peripheral parts of African Large 

Low Shear-wave Velocity Province and this can be viewed as an evidence for linking the carbonatites with 

mantle plumes. 
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Analysis of published worldwide isotopic data for various terrestrial rocks permits to make an 

assessment of the isotopic and elemental ratios 
143
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206

Pb/
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Pb/
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Pb and Sm/Nd, Lu/Hf, Rb/Sr, U/Th/Pb in the primitive mantle.  

The model of chondritic uniform reservoir (CHUR) of DePaolo and Wasserburg (1976) cause many 

unresolvable contradictions: (1) high magmatic productiveness of the depleted mantle without any clear isotopic 

signal from the primitive mantle; (2) most of geochemically enriched rocks, specifically alkaline basalts, have 

isotopic characteristics of a depleted source; (3) HIMU source is depleted enriched in U-Th-Pb isotopic system 

but depleted in Rb-Sr and Sm-Nd systems; (4) mass-balance calculations for Sm-Nd isotopic system constraints 

a size of depleted mantle as a crustal source by 1/4 to 1/5 part of the overall mantle mass, but in this case it is 

impossible to balance Rb, K, U, Th, Pb between the depleted mantle and the crust; (5) direct melts from 

chondritic mantle source must have neodymium isotopic composition and Sm/Nd ratios close to their source 

composition, but rocks with eNd å 0 and Sm/Nd å 0.325 simultaneously are not known till now.  

These contradictions may be resolved in assumption that Sm/Nd ratio of the primitive mantle is higher 

than chondritic value by 8% and 
143

Nd/
144

Nd is higher by 8 ï 9 epsilon units. Correlations between neodymium, 

strontium, hafnium and led isotopic ratios aid to find other isotopic ratios of the primitive mantle and then 

calculate elemental ratios using isotopic ratioa as a proxy: 

eNd = +9, 
143

Nd/
144

Nd = 0.51309, Sm/Nd = 0.350; 

eHf = +14, 
176

Hf/
177

Hf = 0.28318, Lu/Hf = 0.268; 

eSr = ï22, 
87

Sr/
86

Sr = 0.7029, Rb/Sr = 0.0206; 
206

Pb/
204

Pb = 18.37; 
207

Pb/
204

Pb = 15.49; 
208

Pb/
204

Pb = 37.97; 
238

U/
204

Pb = 8.82, U/Pb = 0.1405; 
232

Th/
238

U = 3.81, Th/U = 3.68. 

Possible uncertainty of the neodymium isotopic ratio assessment is probably about Ñ1 eNd. 

The primitive mantle composition in terms of some other elements could be found from element 

correlations in various mantle-derived rocks. 

 

 

 

Lighting up the subsurface 

Ludden J. 

 Executive Director, British Geological Survey, UK. Jludden@bgs.ac.uk  

 

Global energy security throughout the next century will continue to depend significantly on fossil fuel 

and nuclear, while also unlocking the potential of renewable as well as unconventional sources. Many 

governmentôs industrial strategies highlight the importance of continuing support for the oil and gas and nuclear 

sectors, while at the same time being required to meet ambitious emissions targets. 

As geologist we will be increasingly required to work with the subsurface both as a source of energy 

and also a repository for waste products (CO2, nuclear waste) and also for storing energy (compressed air, heat 

etc.) 

To facilitate the above we propose the creation of infrastructure ñThe Energy Test Bedò , shown in 

Figure 1, to allow the subsurface to be monitored at time scales that are consistent with our use of the subsurface, 

to increase efficiency and environmental sustainability, but also to act as a catalyst to stimulate investment and 

speed new technology energy options to commercialisation. 

It will thus act as a bridge from ideas to application and would attract support and possible co-funding 

from oil and gas companies, utilities and energy and environment consultancies. 

An integrated multicomponent sub-surface monitoring infrastructure linked with the European Plate 

Observing System (EPOS) and the global energy test beds this infrastructure would underpin the following:  

1. the impact of deep shale gas drilling and hydraulic fracturing on shallow groundwater and surface 

water, on seismic activity, and on ground stability and subsidence; 

2. processes relating to the containment, confinement, and rates of solution and carbonation of subsurface 

stored CO2 in carbon capture and storage;  

3. processes relating to the containment and confinement of subsurface nuclear and other types of waste; 

movement of fluids (gas, water, solutes); 

4. studies on the impact of coal combustion products on the environment both from surface and subsurface 

operations (e.g. underground coal gasification);  

5. the role of biological mediation in the subsurface in shallow to deep environments; 

6. processes at basin and reservoir scale in reservoir stimulation and enhanced oil recovery (EOR); 

mailto:Jludden@bgs.ac.uk
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7. Ground deformation and induced seismicity associated with enhanced geothermal systems in hot-rock-

dry-rock environments. 

8. The possibility of supercritical geothermal in high geothermal gradient environments 

9. Subsurface storage of potential energy (compressed air, water) and heat 

In the UK and worldwide we need would develop a unique package of monitoring capability where 

monitoring at the surface and in the critical zone will be coupled with deep borehole monitoring of variables 

such as pressure, temperature, heat flow, seismicity, tilting, strain accumulation, fluid chemistry, pH and 

biological properties. Monitoring will also include satellite and remote sensed data such as InSAR 

(Interferometric synthetic aperture radar) and gravity, electrical, spectral and magnetic data. 

 

Fig. 1: The Geological Environments for Energy Test Beds 

 
 

As geologists we will be in a position to reassure the public that we are able to use the subsurface and 

the infrastructure that underpins this will make us better at monitoring and managing these new and continuing 

activities safely and sustainably, including optimising exploration practices. Industry would benefit in being able 

to access state-ofïtheïart monitoring data to maximise efficiency of extraction and subsurface management, as 

well as maximising environmental sustainability.  

 

Links:  

1. BGS energy test bed http://www.bgs.ac.uk/research/energy/shaleGas/esios.htm, Energy Security and 

Innovation Observing System for the Subsurface (ESIOS). 

2. European Plate Observing System http://www.epos-eu.org/ 

3. British Geological Survey http://www.bgs.ac.uk/home.html 

 

 

 

 

Structural and chemical complexity of minerals and their evolution with time 

Krivovichev S.V. 
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Complexity is one of the most interesting and rather unexplored themes in modern mineralogy. 

Recently, complexity of crystalline solids received a renewed attention from the various points of view, 

including its role in the interpretation of energy landscapes in solids [1], mathematical description of complex 

alloys [2], analysis of disordered materials [3], etc.  

According to the information-theoretic approach developed in [4-7], complexity of a crystal structure 

can be quantitatively characterized by the amount of Shannon information it contains measured in bits (binary 

digits) per atom (bits/atom) and per unit cell (bits/cell), respectively. For a crystal structure, the calculation 

involves the use of the following equations: 

IG = ï i log2 pi (bits/atom) (1), 

http://www.bgs.ac.uk/research/energy/shaleGas/esios.htm
http://www.epos-eu.org/
http://www.bgs.ac.uk/home.html
mailto:s.krivovichev@spbu.ru
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IG,total = ï v IG = ï vi log2 pi (bits/cell) (2), 

where k is the number of different crystallographic orbits (independent crystallographic Wyckoff sites) 

in the structure and pi is the random choice probability for an atom from the ith crystallographic orbit, that is: 

pi = mi / v (3), 

where mi is a multiplicity of a crystallographic orbit (i.e. the number of atoms of a specific Wyckoff site 

in the reduced unit cell), and v is the total number of atoms in the reduced unit cell. It has recently been shown 

[77] that the IG value provides a negative contribution to the configurational entropy (Scfg) of crystalline solids 

in accordance with the general principle that the increase in structural complexity corresponds to the decrease of 

the Scfg value. 

Shannon information can also be used to estimate chemical complexity of minerals.  

The fundamental questions of interest for mineralogy are: (i) how are structural and chemical 

complexities of minerals related to each other? (ii) does structural complexity influence the processes of mineral 

crystallization? (iii) how structural complexity of minerals and mineral associations changes with temperature 

and/or pressure? (iv) how structural and chemical complexity of minerals (crystalline solids of natural origin) 

evolves through the age of the Universe? These questions will be considered in our contribution. 
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Mesozoic magmatic complexes within the Lesser Caucasus have mainly developed in the Lok-Gafan 

structural-formational zone. 

This zone on the outer periphery of Lesser Caucasus and parallel to the south board of the Kura 

intermountain trough is traced from the west of Lok crystalline core-area in the east direction up to Araz River. 

This structural-formational zone according to Shikhalibeyli (1994) is separated into Lok-Agdam, Geycha-

Garabag and Gafan subzones. Within Lok-Agdam subzone Mesozoic magmatic complexes are mainly developed 

in Alaverd, Shamshadin, Murovdag and Agdam anticlinoria and in Gazakh, Dashkesan, Aghjakend and Agderin 

synclinoria. 

Mesozoic magmatic complexes are characterized as Middle Jurassic, Late Jurassic, Early Cretaceous 

and Late Cretaceous development stages of Lok- Agdam structural-formational zone and as the part of the 

above-mentioned structures. 

The earliest magmatic processes within Lok-Agdam zone in effusive-pyroclastic facies were manifested 

in Early Bajocian. The vulcanites are mainly composed by pyroclastic andesite-basalts, andesites and 

subordinate lava sheets of these rocks overlie unconformably on the sandy-clay deposits of Aalenian stage. 

These vulcanites are conformably overlain by Late Bajocian marked lava-pyroclastic facies of quartz-

plagioporphyries.  

The volcanic process was accompanied by sedimentation at the Bathonian development stage of Lok-

Agdam subzone. The part of sedimentary and volcanogenic-sedimentary formations increases sharply at the end 
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of Bathonian time. The vulcanites of Bathonian complex are composed by sequentially differentiated basalts, 

andesites, dacites and rhyolites. 

Plutonic comagmatites of Upper Bajocian and Bathonian volcanic complexes have been represented by 

Atabek-Slavyan, Gilanbir, Mekhrab, Akhnat plagiogranite and Blyuldyuz gabbro-plagiogranite intrusives. 

The plagiogranites are characteristic and most distributed petrographic rocks types of the above-

mentioned intrusives. The granophyric, porphyry, aplite-like leucocratic differences of plagiogranites are 

differed in the structural and textural peculiarities and the quantitative content of intermediate orthoclase among 

them. 

The quartz, oligoclase and albite plagioclase  take part predominantly in the composition of the 

mentioned  rocks types (An6-15). 

Generally intermediate orthoclase (2V = 80-87, dhkl201 = 4.223-4.236¡, Or83-96) as xenomorphic 

segregation is situated in the range of quartz and plagioclase. Hornblende and biotite are participated as the 

individual grains. The accessory minerals content arenôt more than 1-3% which are formed by  orthite, epidote, 

magnetite, ilmenite, apatite, zircon, sphene and etc. 

However the orthoclase content increase in the composition of subalkalic aplite-like pegmatite and 

leucocratic granite as well as the presence of tourmaline in the contact zone indicate that accompanying volatile 

components barium, potassium, rubidium, boron, flor and other were accumulated in the residual melt.  

In this regard the copper-molybdenum mineralization is observed in areola of Atabey-Slavyan intrusive 

among the metasomatic formations. Unlike the previous one Late Jurassic-Early Cretaceous magmatic 

complexes are the most productive ore-bearing. They are well represented in the Lok-Agdam, Geycha-Akeri and 

Gafan subzones of  Lok-Gafan structural-formational zone.  

The intrusives are characterized by clearly defined facial and phase diversities here. Within each phase 

the transition between petrographic rocks types is gradual i.e. due to crystallization differentiation the gabbroids 

are changed to diorite, quartz diorite. In the second phase the quartz diorite changes gradually to granodiorite, 

tonalite, banatite. Finally granites, pegmatites, alaskites are appeared in the next phase.  

Along with them picrites and picrobazalts appear within Murovdag anticlinorium. It is necessary to note 

that in the most cases diorites and their quartz differences are often changed to monozo-diorite, monzonite and 

even to syenite. More likely gold-sulphide, copper-sulphide mineralizations are connected with hydrothermal 

solutions of quartz-diorite phase of the mentioned intrusives. 

It seems likely that copper-polymetallic, barite-metallic and copper-molybdenum mineralizations are 

connected with monzonite, monzo-diorite and syenite. 

Later Cretaceous gold-polymetallic fields of Gazakh, Aghjakend and Bolnis troughs spatially are 

closely associated with albitized rhyolite and porphyric subalkalic diorite and granite. Obviously the in-

coherence of subalcalic elements was ore parent factor here as in the previous ones. In this regard they have also 

concentrated in the composition of hydrothermal solutions besides residual liquid thereby barite-copper 

polymetallic mineralizations were formed in the aureolas of subalcalic porphyric quartz diorites, granites and 

albitized rhyolites.   

In the a result of the separation of the Lok-Gafan zone into Lok-Agdam, and Gafan subzones such 

graben-shaped troughs as Khojakend, Azykh, Gochas were formed during subduction process in the south-

western and south-eastern shoulders of the mentioned zone. The alkalic and subalkalic magmatism of the main 

and intermediate composition were manifested in these troughs in Late Cretaceous time (Santonian-

Maastrichtian).  

  With petrological viewpoint the ore-forming potential of the considered intrusives, in all probability, is 

closely connected with sufficient concentration of these elements in the composition of the initial melts. In this 

regard (the accumulation of the main concentration) of the ore-forming elements in hydrothermal solutions can 

be leading factor in the evolution process of the initial melts which are controlled by different physical-chemical 

and geological-geodynamic conditions. 
 

 

 

Mineralogy of volcanic fumarole deposits: an overview and geochemical insight 

Pekov I.V. 
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Fumarolic formation is very specific in its mineralogy and geochemistry as well as in crystal chemistry of 

the minerals. More than 300 mineral species are known in volcanic fumarole deposits. About 180 from this 

number were first discovered there and the majority of them are endemic for this formation. The originality of 

fumarolic mineralization is caused by unusual for natural, mineral-forming systems conditions, namely 

combination of high temperature (from 70-100 to 1000-1100ÜC) with low pressure (close to atmospheric 

pressure) and gas transport of the most important chemical constituents (that causes, in particular, strong 
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fractionation of elements). Crystallization of minerals typically happens under extremely nonequilibrium 

conditions. The most prolific in mineral diversity fumaroles can be distinctly subdivided to two main types: 

reducing and oxidizing. The brightest examples of the former type are fumaroles related to the volcanoes 

Vulcano (Aeolian archipelago, near Sicily, Italy) and Kudryavyi (Iturup island, Kurily archipelago, Russia) 

while of the latter type are fumaroles located at the volcanoes Vesuvio (Capmania, Italy) and Tolbachik 

(Kamchatka, Russia). Tolbachik is the world ñrecord-holderò in the diversity of fumarolic minerals: >200 

including 85 (!) described as new species. Strongly oxidizing conditions are caused by the mixing of hot 

volcanic gas with atmospheric air. For such fumaroles, minerals with chemical elements in highest oxidation 

degrees are characteristic: S
6+

, Fe
3+

, V
5+

, As
5+

, Mo
6+

, Tl
3+

, etc. The most important indicator minerals there are 

sulfates and oxides; in some fumaroles arsenates, vanadates and/or molybdates are common. For fumaroles of 

the reducing type, sulfides are indicator minerals. Chlorides, fluorides and high-temperature silicates occur in 

fumarolic systems of both types. Thus, the main constituents of volcanic gases that form anions it fumarolic 

minerals are O, S, Cl and F (note: CO2 and H2O remain volatile at temperatures higher than 100-150ÜC under 

low pressures and are not fixed in high-temperature fumarole minerals). Strong fractionation of chemical 

constituents causes the formation of minerals of rare elements (including ones with minor concentrations in 

volcanic gases): Re, In, Se, Bi, Cd, Tl, Cs, Br, I, etc. Some of them form extremely rich mineralization unknown 

for other genetic types. Common components of fumarolic deposits at some volcanoes (at the first place, 

Tolbachik) are Cu, Zn, Pb, As, V, K and Na. Besides direct deposition from volcanic gas, the gas-rock 

interaction (so-called gas metasomatism) is very important mechanism of formation of fumarolic minerals. This 

process involves the constituents of host rocks having low volatilities, such as Al, Si, Mg, Ca, and Ti, and their 

minerals, including highly-alkaline silicates and aluminosilicates, are closely associated with compounds of 

chalcophile elements in fumarolic incrustaitions. 

The work was supported by the Russian Science Foundation, grant no. 14-17-00048. 
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Iron stable isotope fractionation factors for minerals and Fe-aqua complexes obtained by experimental 

and theoretical approaches are discussed. Dependence of iron isotope fractionation factors on oxidation state is 

elucidated in terms of difference in chemical bond energy of Fe atoms in ferric and ferrous species. Applications 

of stable iron isotopes to reduction-oxidation geochemical processes occurring at wide-range P ï T conditions 

are reviewed. In particular, the use of iron isotope as an indicator of the oxidation state is considered on the 

example of the redox evolution of the ocean (Rouxel et al. 2005). The enrichment of pyrite in light iron isotopes 

is discussed basis on the modern seafloor hydrothermal vents (Rouxel et al. 2008, Polyakov and Soultanov, 

2011). Iron isotope implications to the problem of genesis of band iron formations are presented following to 

Johnson et al. (2008) and Dauphas et al (2007). Iron isotope fractionation at high and ultra-high pressures 

applied to core-mantle differentiation in planetary bodies.  

 

 

 

Parameters of processes in deep geospheres assessed from mineral inclusions in sublithospheric diamonds 

Ryabchikov I.D. 
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Mantle is a silicate shell situated between the Earthôs crust and metallic core, and it comprises about 

70% of the mass of the Earth. According to geophysical data mantle is divided into 3 parts: upper mantle (lower 

boundary at 410 km), transition zone (410 ï 670 km) and lower mantle (670 ï 2900 km).  Upper mantle is 

sampled by xenoliths in alkaline basalts and kimberlites, as well as by the large blocks uplifted to the surface by 

tectonic processes. An important information concerning the composition of lower mantle and transition zone is 

provided by mineral inclusions in a rare variety of diamonds transported from sublithospheric depths.  

The most common minerals in such inclusions, demonstrating that they come from the lower mantle, 

are bridgmanite (metasilicate (Mg,Fe)SiO3 with perovskite crystalline structure), CaSiO3 with perovskite 

structure and ferropericlase (Mg,Fe)O). Comparison of the composition of these minerals with the results of 

experiments, conducted at high pressure and temperature, shows that in many cases the bulk composition of their 

primary source is similar to peridotites from the upper mantle. 
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An important problem concerns the presence of metallic alloy in the rocks of lower mantle. It stems 

from experimental data demonstrating, that at pressures above 30 GPa FeO in peridotitic phase assemblage 

should disproportionate forming Fe2O3 entering bridgmanite solid solution and Fe
0
 forming metallic phase. A 

number of geochemists suggested that disproportionation reaction is the main cause of the redox evolution of 

mantle during the early stages of the formation of the Earth.  

To assess the redox conditions and possible presence of Fe-rich alloy in the domains of lower mantle 

where sublithospheric diamonds originated I estimated position of the stability fields of carbon-bearing 

crystalline compounds coexisting with rock-forming minerals of the pyrolitic lower mantle. This diagram 

demonstrates that the field of diamond stability is separated from that of Fe-rich metallic alloy by the field of co-

existence of iron carbides with prevailing silicates and oxides. It implies that the formation of diamond in lower 

mantle requires more oxidizing conditions by comparison with the predominant part of this geosphere. 

Oxidizing conditions in some zones of lower mantle are supported by measurements of valence state of 

Fe in ferropericlase from lower mantle. fO2-values were estimated from measured Fe
3+

/ɆFe ratios in 

ferropericlases included in diamonds from lower mantle, based upon experimental data. Estimated values 

confirm relatively oxidizing conditions in the zones of diamond formation. Some fall into field of carbonates.  

It is possible that the leading role of the relatively oxidizing conditions in diamond-forming parts of 

lower mantle belongs to the effect of increasing temperature on redox reactions. This hypothesis is corroborated 

by thermodynamic calculations. It in turns supports the idea that substrate containing sublithospheric diamonds 

belonged to mantle plumes which transported heat and material from deep levels of the Earth. 

Financially supported by RScF, project no. 15-17-30019. 
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Main volume of the Earth continental crust was formed in the Early Precambrian before 1.7 Ga. 

Tectonic processes and history of growth of this early crust are the most debated questions in geological 

sciences. In the talk, these questions will be discussed for the East European Craton (EEC) ï large early 

Precambrian lithosphere block, basement of the East European (or Russian) Platform.  

Available data suggest that the EEC consists of three autonomous crustal megablocks: Fennoscandia, 

Sarmatia and Volgo-Uralia (Bogdanova et al., 2008). Two of them, Fennoscandia (exposed on the Baltic Shield) 

and Sarmatia (exposed on the Ukrainian Shield and Voronezh Massive), had fundamentally different Archean 

and Early Paleoproterozoic history that allows us to consider these megablocks as fragments of Archean 

supercratons Superia and Vaalbara.  

History of assembling the Archean blocks of the EEC is recorded in adjacent Paleoproterozoic fold 

belts.  

The Volgo-Don Belt (VDB) located between Sarmatia and Volgo-Uralia megablocks in the southeast of 

the EEC. This well-studied accretional type orogenic belt consists of 2.20ï2.10 Ga island-arc related volcano-

sedimentary sequences and igneous complexes of collision (about 2.07 Ga) and post-collision (2.07ï2.05 Ga) 

stages. 

The Central Russian Belt (CRB) separates the Fennoscandia and Volgo-Uralia megablocks in the 

central part of the EEC. The belt is covered by a thick sequence of platform sediments. We will report the results 

of interpretation of geophysical data, and of petrographic, geochemical, isotopic and geochronological studies of 

core samples from 25 deep boreholes.  

The southern part of CRB consists of Paleoproterozoic (1.95 - 2.00 Ga) juvenile volcano-sedimentary 

rocks and various granitoids with island arcs affinities. These rocks are similar in age and composition with the 

adjacent Osnitsk-Mikashevichy belt, and as the latter, it was probably formed in an active margin setting on the 

edge of the Volgo-Sarmatia megablock.  

The northern part of CRB consists of Archean (3.2 to 2.7 Ga) gneisses and granitoids and numerous ca. 

2.5 Ga intrusions of high-Ti monzodiorites and metagabbro. These intrusions have geochemical and isotope 

features typical of Phanerozoic LIPs, particularly of the Parana province, and it could be considered as an 

indicative for a 2.5 Ga rifted margin of the southern edge of the Fennoscandian megablock.  
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The boundary of Archean and Paleoproterozoic domains of the CRB is marked by a wide mylonite zone 

of granulite facies rocks that could be a result of collision of the Fennoscandia and Volgo-Sarmatia megablocks 

at 1.8- 1.7 Ga. 

Lapland-Kola-Dvina Belt (LKDB) locates within the Fennoscandia megablock. The belt is well studied 

on the Baltic Shield and traced to the Arkhangelsk province under the sedimentary platform cover using drill-

hole samples. 

In the Arkhangelsk province the LKDB consists of a juvenile Paleoproterozoic diorites, granodiorites, 

granites and calc-alkaline metagabbros (T = ca 1980 Ma, eNd(T) from +1.70 to +3.50) similar with rocks of the 

Tersk terrane of the Baltic Shield. Subordinated Sill-Gar-Bi metasedimentary gneisses also had a 

Paleoproterozoic source (TDMNd =2.33-2.38 Ga), and they are similar to kondalitic gneisses of the Umba terrane 

of the Baltic Shield. The Nd model age of felsic and mafic crustal xenoliths from kimberlitic pipes, located in the 

LKDB, vary from 1.99 to 3.13 Ga. The 
207

Pb/
206

Pb ages of zircon xenocrysts from porphyric kimberlite of 

V.Griba and Pionerskaya pipes vary from 2.7 to 0.9 Ga, and zircons of age ca 1.8, 1.5 and 1.2 Ga prevail.  

It should be noted that localization of all industrial diamondiferous kimberlites within the 

Paleoproterozoic collisional belt is an additional example of exclusion from the ñClifford ruleò. 

Conclusions: 

1. EEC includes heterogeneous Archean blocks, which can represent pieces of different Archean continents.  

2. Assembling the Archean blocks into Paleoproterozoic continent Colombia includes at least two stages.  

The first stage includes 2.2-2.1 Ga subduction processes in the Volga-Don Ocean, and its closure at 

2.07-2.05 Ga resulted in the convergence and amalgamation of the Sarmatia and Volga-Uralia megablocks.  

The second stage includes subduction processes in the Central Russian ocean that form  ca. 2.00-1.95 

Ga active margin at the edge of the Volga-Sarmatian megablock, which then collided with 1.7-1.8 Ga southern 

passive margin of Fennoscandia.  

Subduction history of the Lapland-Kola-Dvina and Central Russian orogens overlaps in time 1.95-2.00 

Ga and it possibly occurring in a single ocean basin, which opened ca 2.5 Ga ago and edged Fennoscandia 

megablock on the south and  north-east. Several questions about the unity of Archean history of the Archean 

Karelian and Kola-Murmansk cratons, separated by the Lapland-Kola-Dvina orogen, as well as for the Karelian 

Craton and adjecent Volga-Uralia block, separated by the Central Russian orogen remains unresolved. These 

issues will be the subject of our future research. 
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In terrestrial environments natural organic matter (NOM) occurs in soils, freshwater and marine 

environments, in the atmosphere and represents an exceedingly complex mixture of organic compounds that 

collectively exhibits a nearly continuous range of properties (size-reactivity continuum). In these materials, the 

ñclassicalò biogeosignatures of the (biogenic and geogenic) precursor molecules, like lipids, glycans, proteins 

and natural products have been attenuated, often beyond recognition, during a succession of biotic and abiotic 

(e.g. photo- and redox chemistry) reactions. Because of this loss of biochemical signature, these materials can be 

designated non-repetitive complex systems.  

(Ultra) High resolution analytical approaches will be presented in their application to unravel the 

chemical nature and organic signatures in terrestrial bio-geosystems and in extraterrestrial material especially in 

selected meteorites. We will focus on thermal effects in CM types of materials and describe the effect of Shock 

events on the changes in chemodiversity and the formation of unique novel organic compounds using high 

magnetic field ultrahigh resolution mass spectrometry (12 Tesla ion cyclotron resonance Fourier transform mass 

spectrometry ï ICR-FT/MS) and nuclear magnetic resonance spectroscopy (Cryo 800MHz NMR).  
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Polycyclic of Central Kazakhstan (Fig. 1) causes repeated manifestation at different times of porphyry 

copper deposits (PCD) that has been stated by I.V. Orlov in 1986. There were established the PCD of the 

following age levels: ʆ3, ʆ3-S1, D1, C1, C2, C3 (Orlov, 1989, p.86, p.98). 

 

 
Fig. 1 The main geological-structural zones of Central Kazakhstan: 1-6 ï orogenic volcano-plutonic 

belts (VPB): 1 ï initial Caledonian, "Salairian", ɭ3-ʆ1 - ʆ3;  2 ï early Caledonian, O2-3-D2; 3 ï middle 

Caledonian, "Devonian", D1-D3; 4 ï late Caledonian, D2-ʉ1; 5 ï early Hercynian, "Balkhash-Iliysky" (B) and 

"Saursky" ʉ1-ʈ1;  6 ï late Hercynian "Sayaksky", ʉ2-ʈ2; 7 ï fragments of the Proterozoic base; 8 ï Phanerozoic 

sedimentation basins; 9 ï Hercynian tectonomagmatic reactivation zones (TMR, number of zones in circles): 1 ï 

Koytasskaya, 2 ï Tleumbetskaya, 3 ï Bayanaulskaya, 4 ï Spasskaya, 5 ï Uspenskaya, 6 ï Yuzhnochingizskaya, 

7 Vostochno-Zhamansarysuyskaya, 8 ï Akbastau-Akzhalskaya, 9 ï Zhailma-Karaobinskaya, 10 ï Uytas-

Zhezkaz-ganskaya, 11 ï Kenzhebay-Zhamanaybatskye, 12 ï Susyzkarinskaya. 10 ï MZ-KZ platform cover. 
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Fig. 2 Diagram of the age ratio of Paleozoic orogenic and postorogenic plutonic series of Central 

Kazakhstan 

By now there has been significantly improved the region geology: there have been preparated the maps 

of comagmatism of VPB (Devonian and late Paleozoic), and new geological map of the 1:500 000 scale, the 

Salair stage in the caledonides with its PCD Bozshakol of ɭ3-ʆ1 age (Serykh, 2009), there has been established 

the natural ratio of ore-bearing orogenic and ore-free postorogenic plutonic series (Fig. 2), made more exact 

PCD ages. 

 

  

Fig. 3 Scheme of locating orogenic and postorogenic VPAs and PCDs in north part of the Dzhungaro-

Balkhashsky foldbelt.  

 

The PCD position relative to plutonic series is shown on the example of the Hercynian series (Fig. 3). 

The orogenic volcanic-plutonic association (VPA) is presented by comagmatic complexes here: essential 

volcanic Karkaralinsk suite of C1v-s (basalts, andesite-basalts, andesites, Na dacites, plagioriodacites) and 

plutons of the Balkhash intrusive C1v-s complex (gabbro, diorites, q. diorites, Na  granodiorites, plagiogranites). 

The orogenic stage comes to the end with the Keregetasskaya suite ʉ2 (rhyolites) and the East Kounrad intrusive 

ʉ2-3 complex (leucogranites). The postorogenic comagmatic association includes the Arkharlinskaya suite ʉ3-ʈ1 

(trachybasalts, trachyandesibaslats, trachyandesites, trachydacites, trachyriodacites) and the Kokdombaksky and 

Kokdalinsky intrusive ʈ1 complexes (syenogabbro, monzonites, q. monzonites, granosyenites, syenogranites). 

The association comes to the end with the Ayulyozekskaya suite ʈ1 and the Kyzylraysky intrusive ʈ1 complex 

(alaskites). 

PCD in Central Kazakhstan are connected genetically only with calc-alkalic plutons of the orogenic 

granodioritic formation. Independent of the age (see Fig. 2) plutons are constructed similarly: the initial phase ï 

diorites (+  gabbro sometimes), I ï q. diorites, II ï granodiorites, tonalites, III ï plagiogranites. PCD are directly 

connected with a special type of porphyric intrusions ï plutonic porphyries which are in their geological position 

additional intrusions of the II phase (Serykh, Egorychev, 1978). There is observed the certain dependence of the 

composition of porphyric intrusions on their form: plagiogranite-porphyries are characteristic of the bodies 

similar to dikes (PCD Bozshakol, Koktaszhal, Borly, etc.), plagiogranodiorite-porphyries have formed cupola-

stock bodies (Konyrat, Aktogai, etc.). In the TMR zones  (Fig. 1, 3) there are spread kali-soda and potassic 

granitoids with the porphyries corresponding to them in alkalinity (Almaly, Baiskoe, etc.). 
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The compositional and thermal heterogeneity of convecting mantle critically affect magma production 

and compositions and cannot be easily distinguished from each other. The way to resolve this ambiguity is an 

independent estimation of temperature and composition of mantle sources of various types of magma. 

Here we report application of olivine-spinel-melt geothermometers based on partition of Al, Cr, Sc, Y, 

Fe and Mg as well as direct measurement of H2O concentrations in melt for olivine hosted melt and spinel 

inclusions from different primitive lavas of MORB, OIB, LIP, Archean komatiites and SSZ. The results suggest 

significant variations of crystallization temperature for the same Fo of high magnesium olivines from different 

types of mantle-derived magmas: from the lowest (down to 1220
o
C) for MORB and SSZ to the highest (up to 

over 1500
o
C) for komatiites and Siberian meimechites. These results confirm the relatively low temperature of 

the mantle source of MORB and SSZ magmas, low to moderate amount of H2O in komatiites, high H2O contents 

of SSZ magmas and higher temperatures in the mantle plumes. 

The established liquidus temperatures and compositions of primary melts allow estimating potential 

temperatures of their mantle sources. The highest potential temperatures over 1800
 o

C are characteristic for 

Archean komatiites. For Phanerozoic age the highest potential temperatures (1650
o
C) are found for the largest 

LIPs: Siberian, North Atlantic and Caribbean. The sources of OIBs yield significant range of potential 

temperatures: 1400-1600
o
C, positively correlated with magma production rate. MORBs yield potential 

temperature between 1350-1400
o
C except those from ultra slow spreading ridges (e.g. Knipovich ridge), which 

display potential temperatures down to 1250
 o

C. Potential temperatures of SSZ mantle sources are typically 

within the range for MORB, suggesting origin of SSZ primary melts by H2O fluxing of convecting mantle 

wedge. Exceptions are some boninites, which require higher temperature and plume related sources. 

The results strongly confirm mantle plume theory and external source of H2O in SSZ mantle. The H2O 

in komatiites could be incorporated in the transitional zone. 

In particular in our recent paper [1] we report measurements of the content of water and other volatile 

components, and of major and trace elements in melt inclusions in exceptionally magnesian olivine (up to 94.5 

mole per cent forsterite). This information provides direct estimates of the composition and crystallization 

temperature of the parental melts of Archaean komatiites. We show that the parental melt for 2.7-billion-year-old 

komatiites from the Abitibi belt in Canada contained 30 per cent magnesium oxide and 0.6 per cent water by 

weight, and was depleted in highly incompatible elements. This melt began to crystallize at around 1,530 degrees 

Celsius at shallow depth and under reducing conditions, and it evolved via fractional crystallization of olivine, 

accompanied by minor crustal assimilation. As its major- and trace-element composition and low oxygen 

fugacities are inconsistent with a subduction setting, we propose that the high water content resulted from 

entrainment into the komatiite source of hydrous material from the mantle transition zone[2,3]. These results 

confirm a plume origin for komatiites and high Archaean mantle temperatures, and evoke a hydrous reservoir in 

the deep mantle early in Earthôs history. 
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Layered igneous rocks have attracted much attention and have been a topic of extensive 

multidisciplinary research since pioneering studies of the Skaergaard intrusion in East Greenland by L.R. Wager 

and his co-workers in the 1930ôs [1]. Magmatic layering of various types is a characteristic feature of many 

mafic-ultramafic intrusions, which are believed to represent fossilized magma chambers at the roots of magmatic 
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systems. Studies of magmatic layering have provided important insights to processes of magma crystallization 

and differentiation, and key results of the studies were summarized in several special volumes, the most recent of 

which published in 2015 [2, 3, 4, 5]. Layering in plutonic bodies is observed as succession of layers differing in 

terms of crystal size (grain-size layering), mineral modes (modal layering), crystal shape (textural layering) or 

mineral compositions (cryptic layering). Despite significant efforts and decades of active research, the origin of 

magmatic layering remains poorly understood and, in view of the great diversity of types and forms of layering, 

there is probably more than one mechanism of its formation.  

Of special interest, for reasons not only theoretical but also practical, is the formation of layers enriched 

in valuable minerals such as chromite, magnetite and apatite. In terms of economic geology layers strongly 

enriched in Cr-spinel with chromite modes up to 90 wt. % are synonymous to stratiform chromite deposits. The 

deposits are the main worldôs reserve of chromium for metallurgy and alumina-rich chromite for refractory 

ceramics. Some of the massive chromitite layers, such as the UG2 layer of the Bushveld Complex in South 

Africa or the J-M Reef of the Stillwater Complex in Montana, USA contain very important resources of 

platinum-group elements (PGE), which greatly exceed chromite in economic value. In addition to that, magnetite 

layers in the upper part of the Bushveld Complex host the worldôs greatest resources of vanadium.  

Early theories of magmatic layering emphasized the importance of crystal settling and sorting by 

gravity, and the origin of layering was viewed as a process similar to deposition of layered clastic sediments [2]. 

At the end of the 1970ôs those views were challenged by new petrographic observations and more accurate 

experimental measurements of magma density. New models, which were developed at that time, emphasized the 

importance of in situ crystallization and often referred to the process of double diffusive convection [3, 4]. Much 

attention in recent years has been given to processes at advanced stages of crystallization in magmatic crystal 

mush [5]. Current progress in studies of igneous layering heavily relies on new analytical methods and 

instruments, such as laser ablation mass spectrometry (LA ICP-MS) and X-ray computer tomography, and new 

mathematical approaches, such as statistical analysis of rock textures and numerical models of magma dynamics. 

Revived interest in magmatic ore deposits, and the need for better methods of ore prospecting and beneficiation 

also contributes to the growing activity in studies of layered mafic intrusions.  
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The efficiency of performed degassing procedures is determined by gas condition of unworked coal 

(pressure, gas temperature and gas capacity), properties (openness, porosity, gas discharging option, gas capacity 

and etc.), coal structure, technology of performing the mining works and economic feasibility. 

When developing beddings with gas content 15-20m
3
/t high-performing mining faces by loadings more 

than 2000t/d, there is the significant delay of preparation works from working face that leads to demurrage of 

gas. With increasing of mining works depth the natural speed of gas evolution in methane drainage boreholes 

does not provide the required level of gas extraction from bedding. It relates to low natural filtration and 

diffusion permeability, high gas capacity and low (comparing to gas collecting mains) coal porosity. 

The general mechanisms of changing the methane content are its increasing with the growth of 

stratigraphic depth of beddings and in the direction of coal rank increasing [1] (Fig 1).  
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Fig. 1 Seam gas content ʂ12 ï ʂ7 depending on the depth of its bedding in Churubai ïNurinskiy 

district: 1 ï average values, 2 ï top compound curve. 

 
 

 

 

 

 

 

The majority of researchers think that gas content increases with depth according to hyperbolic law and 

in general case it looks like Langmuir equation [2]. 
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where ʍʛ  - methane content of dry ash-free matter, m
3
/t s.b.m. W  - natural coal humidity, %; ʟA

 
- ash content of 

coal, %. 

Natural methane content of dry ashe-free coal content (ʍʛ, m
3
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where ʅ ï mining depth, ʤ; ʅ0 ï depth of gas slacking area, ʤ; c,b ï coefficients of Langmuir equation. 

The meaning of equation parameters (2) are accepted according to çClassifier of gas content of coal beds in 

Karaganda coal-mining fieldè. 

The value of residual methane content of coal is defined according to formula: 

( )ʟAWʛʦXoX --= 100..001,0 ,  m
3
/t                                       (3) 

where ʍʦ.ʛ ï residual gas content of  dry ash-free mass of coal in case of air pressure, m
3
/t s.b.m. 

If before the coal development or brought closer together to beds (layers) were overworked or  snubbed, 

then in calculating formula instead of natural methane content bed (ʍ) the residual methane content is placed 

(ʍres).  

Based on flattening of gas content isotherm of coal with high pressure of methane it can be assumed 

that with increasing the bedding depth the growth tempos of gas content slow down. 

Theoretically (I.M. Pechuk, L.N. Bykov, A. I. Pokrovskiy, ʄ.ɸ. Yermekov and others) and 

experimentally it was defined that methane pressure in coal beds increases in conformity with the law, close to 

hydrostatic: 

)(10 0

2 HHpʛ -Ö= -
, ʄʧʘ.                                                 (4) 

Dependence (4) reflects the main pressure build-up-up of gas with increasing of depth of bedding. At 

the same time, in the field there were cases of significant methane emanation from feeder of gas coal beds that 

proves the existence in coal-bearing strata of local areas with anomalous increasing of gas pressure and gas 

content comparing to adjoining sectors. 

Calculated change of natural seam gas content k7 taking into account ash-content and humidity is 

presented in Picture 2.  When calculating Langmuir coefficients ʩ and b consequently were taken 0,195 and 

0,01032, ʅʦ ï 87ʤ, ɸ
ʩ
 ï 28,7%,  W ï 4,2% . 
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Fig. 2 Calculated change of seam gas content k7 from stratification depth at Kuzembayev mine: where 

ʍ ï natural seam gas content considering the humidity and ash-content, m3/t; ʅ ï the depth of bedding, ʤ; ɸ, ɺ, 

ʉ ï empirical coefficients. 

 

 

 

Regularity of enlargement of the k7 foulness layer was determined , with the depth of 100m to 600m, 

whereas foulness level varies from 6 to 14 m
3
/t , which requires adoption of technological solutions during the 

degassing and coal mining of this layer. 
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  Due to its location between the Mediterranean and the Sahara, Tunisia is a country with semi-arid to arid 

climate over most of its territory.  

Today, demand on groundwater resources is becoming higher and higher, mainly related to the socio-

economic development, high urbanization, population growth and widespread irrigation. Moreover, climate 

change and natural conditions variations are added. 

Among the main issues related to this precious resource quality are salinization, solidification process and 

soils alkalizing. Oued Rmal groundwater, which is situated in the north-east of Tunisia, in Zaghouan 

governorate, is essentially exploited for irrigation. 

 A total of twenty-three water samples were taken in 2013 winter, so as to cover the maximum of the 

aquifer area. These samples were subjects of in field-measurements, of some physicochemical parameters 

(temperature, pH and salinity) and laboratory analysis of major elements. Several parameters were used to assess 

the quality of water designed for irrigation among others Electrical conductivity (Ec) and sodium adsorption 

ratio (SAR).  

56% of water points of Oued Rmal aquifer present low alcalinization risk which SAR is between 2 and 10 

whereas 44% have high soil destabilization risks (10 <SAR <26). Water samples for irrigation present a medium 

to high sodicity and alcalinization risk. As part of this work, we have elaborated a GIS to study spatial 

distributions of sodium adsorption ratio (SAR), the percentage of Sodium (% Na) and the Residual sodium 

carbonate (RSC) and therefore, the evaluation of water quality of Oued Rmal (good, fair and poor) regarding 

irrigation. 

 Keywords: GIS, Water resources, Water quality for irrigation, Oued Rmal groundwater, Tunisia. 
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Komatiites are the ultramafic rocks (MgO>18wt.%) that result from a high degree of mantle melting 

(commonly >30%) under extreme P-T conditions and hence represent its composition. However, the most of 

known komatiites are highly altered, and this prevents the use of their compositions to directly estimate the 

volatile and mobile element contents of their mantle source. A recent research of melt inclusions in highly 

magnesian olivines (Fo 92.4-Fo 94.2) in 2.7 Ga komatiites of the Abitibi Greenstone Belt, Canada [1] 

demonstrated an early contamination of melts by seawater inferred from the high Cl concentrations. Yet the most 

magnesian olivines (Fo 94-94.5) hosted melt inclusions unaffected by the interaction with seawater that 

contained up to 0.8 wt.% H2O pointing towards the presence of a hydrous reservoir in the Neoarchean deep 

mantle.  

Here we report the new data on the water contents, other volatile elements, major and trace elements concentrations of 

melt inclusions in a range of olivines Fo 93-95.8 and, Fo 91-92 from the komatiites of the 3.3Ga Weltevreden Formation and 

3.5Ga Komati Formation respectively in the Barberton Greenstone Belt, South Africa.  

Fresh olivine grains 0.2-0.5 mm across were heated for 5 minutes at 1400
 o

C and 1450
o
C according to their 

composition at the QFM buffer and quenched. Exposed melt inclusions were analysed by SIMS and EPMA and contain 0.2-0.8 

wt.% H2O, 60 ppm to 0.22 wt.% Cl (Fig. 1B) and 130 to 420 ppm K2O at MgO concentrations between 23-29.6 wt.%. For 

chlorine that is significantly higher than in the melt inclusions from 2.7 Ga komatiites of the Abitibi Greenstone Belt[1] and 

Belingwe Greenstone Belt [unpublished data]. Melt inclusions with high Cl contents (>0.1 wt.%) demonstrate positive 

correlation between chlorine and water contents pointing towards a possible seawater contamination whereas inclusions with 

lower Cl contents (0.03-0.1 wt.% of Cl) do not show any correlation between these components and thus may represent water 

from the  3.3-3.5 Ga mantle source. However all the inclusions with Cl over 100 ppm were affected by seawater or seawater-

derived brine contamination [2,3], which is indicated by the decrease of Na/Cl ratio together with the increase of K2O content, 

see Fig. 1A.  

Two series of melt inclusions, one with extremely high chlorine reaching 2.8 wt.% (not shown on Fig.1B) at 

moderately high K2O (0.05-0.11 wt.%) and the other with high K2O contents (0.1-0.4 wt.%) at Cl up to 0.36 wt.% hosted in Fo 

95-95.3 comprise the contaminant that affected komatiite melts at an early stage. The First series of inclusions have Cl/K2O 

between 10.5-32.4 and relatively low Na/Cl (0.2-0.8 versus average of 2-12 for the other melt inclusions in the same samples) 

and the Second series (Cl/K and Na/Cl ratios ~1) both fall in the seawater-brine field (Fig.1A) thus referring to a high degree of 

contamination.  

The majority of analyzed melt inclusions demonstrates contamination with seawater brines and cannot be used for an 

accurate reconstruction of the source water contents  but still, a number of inclusions with the lowest Cl contents (<100 ppm) 

occur in the most Mg-rich olivines from the Weltevreden Formation (Fo 95.3-95.8) and in olivine Fo 91-92 of Komati 

Formation. These melts were not affected by seawater contamination and record the composition of primary melts and their 

mantle sources.  

This paper was supported by the RSF grant 14-17-00491 

 

  
 

Fig. 1 Composition of komatiite melt. A. Na/Cl versus K2O with seawater brines field [2,3]. B. Cl 

versus MgO contents, EPMA data. 
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Nanoscale imaging visualizes shale gas plays - nanoscale gas flow in shale gas sediments. Diameter of 

pores in shale gas sediments range from a few nanometres to a few micrometres. In shale gas systems, nanopores 

play two important roles. First, for the same pore volume, the exposed surface area in nanopores is larger than in 

micropores.The phenomena of gas storage and flow in shale gas sediments are a combination of different 

controlling processes. Gas is stored as compressed gas in pores, as adsorbed gas to the pore walls and as soluble 

gas in solid organic materials, i.e., kerogen and clays. Gas flows through a network of pores with different 

diameters ranging from nanometres (nm = 10
-9
m) to Micrometres(ɛm=10

-6
m). In shale gas systems, nanopores 

play two important roles. First, for the same pore volume, the exposed surface area in nanopores is larger than in 

micropores. This is because surface area is proportional to 4/d, where d is the pore diameter. At the nanoscale 

most continuum equations, e.g. Darcy equation, may not be valid. Characterizing nanopores and obtaining new 

sets of governing equations to describe gas desorption from nanopores and gas flow in nanopores are major 

research work for shale-gas reservoirs. Nanologging (nanorobots) play a pivotal role in measurement while 

drilling.Modern fluid dynamics Knudsen law diffusion become dominant mechanism in shale gas reservoir. 

Shale rock properties are being studied by AFM.Nanoparticles are also used to obtain better quality images with 

several imaging methods currently in use, such as computed tomography scans (CT scans), Magnetic Resonance 

Imaging (MRI) and ultrasound imaging. The way in which nanoparticles help is largely by improving the 

contrast in the images.This large exposed area permits large volumes of gas desorption from the surface of the 

kerogen in nanopores. Consequently, higher mass transfer of gas molecules occurs inside the bulk kerogen. 

Secondly, gas flow in nanopores is different from the Darcy flow. Compares the pore distribution in 

conventional and unconventional (shale) reservoirs. As shown in this schematic figure, the number of nanopores 

is higher in unconventional shale gas sediments. Diameter of pores in shale gas sediments range from a few 

nanometres to a few micrometres. Probing Nano-Scale Forces/Mechanochemistry:AFM(Atomic Force 

Microscopy) to study interactions of nano-scale particles with fluid mixtures. The ability of the atomic force 

microscope (AFM) to create three-dimensional micrographs with resolution down to the nanometer and 

Angstrom scales has made it an essential tool for imaging surfaces in applications. In addition to this 

topographical imaging, however, the AFM can also probe nanomechanical and other fundamental properties of 

sample surfaces, including their local adhesive or elastic (compliance) properties. Nanoscale imaging visualizes 

shale gas plays - nanoscale gas flow in shale gas sediments. Diameter of pores in shale gas sediments ranges 

from a few nanometres to a few micrometres. In shale gas systems, nanopores play two important roles. First, for 

the same pore volume, the exposed surface area in nanopores is larger than in micropores. Probing Nano-Scale 

Forces/Mechanochemistry: AFM (Atomic Force Microscopy) to study interactions of nano-scale particles with 

fluid mixtures. The ability of the atomic force microscope (AFM) to create three-dimensional micrographs with 

resolution down to the nanometer and Angstrom scales has made it an essential tool for imaging surfaces in 

applications. In addition to this topographical imaging, however, the AFM can also probe nanomechanical and 

other fundamental properties of sample surfaces, including their local adhesive or elastic (compliance) 

properties. Syntactic/structural pattern recognition techniques can recognize the structural seismic patterns and 

improve seismic interpretations. Combinatorial Image Analysis, Image structure analysis are employed for 

nanoimaging. Third generation wavelet transform are employed in nano imaging. 

 

Key words: 
Shale gas, Atomic Force Microscope for investigation of nano-pores, Knudsen law diffusion, 

nanoimaging, MRI, Wavelet Transform, NanoFludics 
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During 2009, 2010, 2014 field works the new obtained caldera complex descripted in springheads of 

Levaya Avacha and Kavycha rivers (Eastern Range, Kamchatka) (Kuvikas & Rogozin, 2009; Leonov et al., 

2011). Natural outcrops represented by thick interbedded layers of welded tuffs and ignimbrite (>500 meters 

thickness). The interbedded layers cover nearly 10 km area (Fig. 1). Volume of pyroclastic deposits was 

calculated as 220-230 km
3
, based on size of caldera (Mason et al., 2004).  These ejected volumes correspond to 

strong explosive eruptions with VEI 7 or more. The age of caldera-forming eruption was determined by Ar-Ar 

method to be of Late Miocene (5.78~5.58 Ma BP).  

Detailed descriptions of the numerous thin sections and whole-rock geochemistry allows us to correlate 

sections of exposed outcrops from Verhneavachinskaya caldera (Fig. 2). We distinguished four main types of the 

rocks, which are characterized by different major and trace element composition, colors, textures, mineralogical 

and geochemical compositions. First types of the layers is ignimbrite of basaltic andesitic composition. 

Columnar jointing occurs at the most of the ignimbrite, exposed by active erosion process. Pyroclastic texture 

characterize most ignimbrite layers: microtexture represents by fragments of plagioclase, pyroxene 

phenocrystalls, and  matrix of the rocks contains lithified welded tuffs with numerous fiammes. Second type of 

the layers is black, dense basaltic andesite less-changed ignimbrite layers. Structure of rocks contents fragments 

of plagioclase, pyroxene phenocrysts. Matrix of rocks represents by oriented plagioclase microlites. Third type is 

altered tuffs with yellow-orange tone. These rocks characterized by significant secondary hydrothermal 

alteration of rock`s matrix with quartz micro veins. Fourth  type of the layers is volcanic breccias, which 

composed of broken different sizes rocks fragments with cemented tuffs matrix. 

Whole-rock geochemistry of ignimbrite changes from basalt to andesite (SiO2 51.2-59.5 wt. %), with 

corresponding natural decreasing FeO*, CaO, MgO, TiO2. Across the outcrops from lower to upper ignimbrite 

layers the decreasing contents of SiO2, MgO, Na2O are observed with minimum on the top of outcrop. In 

comparing with another ignimbrite fields on Kamchatka the rocks from Verhneavachinskaya caldera 

characterized by higher contents of Nb, Ta, TiO2 and MgO, lower contents of Na2O, SiO2 (Kliapitskiy, 2014).  

 New discovery of the Late Miocene Verhneavachinskaya caldera is as one of the older and mafic 

complex on Kamchatka opens many questions for origin and evolution magma in active island arc system: which 

are features of Late Miocene volcanism and how it correlate with geodynamic setting, e.g. with slab jumping and 

originated transform faults (Avdeiko, Bergal-Kuvikas, 2015). 
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Fig. 1 a) General plate tectonic position of the Kamchatka and location of the Verhneavachinskaya 

caldera (black square).  

b) Scheme of geological structure of springheads of Levaya Avacha and Kavycha rivers (Leonov et al., 

2011). Note: 1 -  Late Pleistocene-Holocene alluvium, glacial and debris deposits, arrows indicate movement 

of landslides, 2 - Pleistocene cinder comes and related lava flows, 3 ï Pliocene-Early Pleistocene andesitic 

lava flows, 4 ï Late Miocene ignimbrite deposits,  5 ï Latter Miocene diorite intrusions, 6 ï Miocene 

porphyritic basalts, agglomerate tuff, 7 - Late Cretaceous siltstones, argillites,  8 ï cliffs of Avachinsky range, 

9 - faults which are boundary graben of Srednyaya Avacha river, 10 - boundary of new-discovered caldera,  

11- location of studied outcrops of ignimbrites (1-L-2010, 2-L-2014, 3-L-2012, 4- R-2009, 5-L-2009,  please 

see details on Fig. 2), 12 ï dip of the ignimbrite layer.  

 

 

Fig. 2 Correlation of stratigraphic 

sections. Note: 1- ignimbrite layers, 2- 

marked ignimbrite layers, which are 

correlated on the sections, 3- altered tuffs with 

yellow-orange tones, 4-volcanic breccia, 5-

numbers of the section are showed on Fig. 1, 

6 ï sodded outcrope area. 
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