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Moon rediscovered
BagdassaroW.B.
I nstitut fg¢r Geo-Wnsesenschaftit eRraGheouhe am Mai n,

Recent oxygen isotopic studies of lunar samples contranezhlistic model foprimordial oxygen
isotopic reservoirs. Thesesults favor vigorous mixinguding thegiant impact and therefore a highergy,
high-angularmomentum impadbetweeriTheia(LV) and theproto-Eartt.

Lunar reflectance spectra of the near and far lunar sides explain a dichotomy of topography, crustal
thickness, mare volcanic actiyind elemental concentrations. This dichotomous difference in mafic ininera
abundance between the naad the faisides may have originated from the solidification stage of the crust from
the lunar magmatic ocean (LMO)

From other side, there are neanstrains of mineralogical and thermal structof¢he Moon based on
the analysis of Lowamumber and magnetelectric observations on the lunar surface. Therefore the thermal
evolution of the moorbeginning from the moment of the complete differentiatiirtoday may be modeled
using afinite difference code. For the thermal evolution model pheameters of thermal conductivity, heat
capacity and densitgretaken asemperature and pressure dependent, resulting in adéypendence ahese
propertiesduring cooling of the MoanFurthernore, the convection inside the Moon canifmelemented using
an effective thermal conductivity based on Nusselt number.

Melting processes and the related latent heat of iron and silicate melting are taken into angcameffective
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 deformatien respons
due to the EartiMoonttides in a form of the d_ove 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
k> Love number and magtometer transfdunction. 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 afiti)g@g ocedur e t o choose fithe best pos:
results imply that the lunar near side crust has a thickness 630 k m, t-rhaatle hountlaeyties i b depth of
930 N14 km below the surface 7#nN9 tkhne. rFaudrituhsero ft htehei nsalii
differentiation is found to be likely 291844 0 K. The amount of water NBppmt he | una

The lunar crust, especially on the near side, experienced a significant globalrettidtsd from
relaxation of early lunar tidal and rotational bulges from despinaitborbital recessignDiurnal tidal stresses
on the lunar surface are smadlatively smallin comparison withglobal contractiorstress, but stiltesult in a
net nonisotmopic compressional stress field. Thisnisotropic compressional stress is expected to result in
thrust faulting with preferred orientations the near lunar sidle

References:
1. Younget al.,Science 2016, 3516272: 493396.
2. Ohtake et aJ.NatureGeosciencg2012, 5: 384388
3. Melosh,1980,Icarus,43: 334i 337 4. Watterset al., Geology, 2015,43(10): 851854).

Modern methods of igneous petrology
Blundy J.
Professor at School of Earth Sciences of the University of Bristol, UK

It is gpproximately 100 years since the pioneering work of N.L. Bowen established the idea of a magma
chamber, a predominantly liqufdled, crustal vat in which magmas undergo crystallisation and degassing, and
where most magmatic differentiation occurs. Magoteambers 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 anry liquid
rich cavities of significant volume beneath active volcanoes, and most igneous rocks show a complex, polybaric
evolution. It seems likely that mamgatic systems are in a mushy, partiattplten state throughout most of their
lifetimes. Such systems may be very ldivgd and traverse much of the continental crust. Periodic
destabilisation of mush systems is predicted from a thermal and mechanicglogtd and may be critical in
triggering volcanic eruptions. | will review some aspects of mridh magmatic systems and explore their
physical and chemical consequences with reference to volcanoes in the Cascades, Andes and Lesser Antilles.



Multivalent elements in magmatic melts with special emphasize on ferric/ferrous ratio
Borisov ¢. ¢.
Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry (IGEM),
Russian Academy of Sciencalsorisov@igm.ru

The effect of SiQ (Borisov and McCammon, 2010), TiOP,Os (Borisov et al., 2013), total FeO,
Al,O3, MgO (Borisov et al., 2015), CaO, p& and KO (Borisov et al., in prep.) on the ferric/ferrous ratio in
silicate melts was investigated in modslicate melts in the temperature range 406 50 AC a't 1 atm
pressure. The experiments were done mostly in air and partially in pyre CO

It is demonstrated that an increase inGylcontent in a basic melt results in a moderate decrease of
Fe*'/Fe** ratio. In contrast, the increase in,@k in more silicic melts results in a much more pronounced
decrease of B&FE” ratio. The increase of MgO content in a basic melt results in a moderate increase of
Fe*'/Fe ratio but has a negligible effects inore silicic melts. The different behavior of 8 and MgO in
basic and silicic melts indicates that at constariOZFconditions the effects of melt composition on
ferric/ferrous ratio cannot be predictaesd actupnatiedy a
where dare empirical coefficients and, 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 foundthat an increase in & content results in essential increase of/F€* ratio both in
peralkaline and peraluminous melts. It contradicts to previous results obtained by Dickenson and Hess (1981) in
SiO,-AlL,05-A F,@30-K,0 system.
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Large Igneous Provinces: links to supercontinent breakup, climate cmge, 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°Mkeguently above >1 Mk,
mainly mafic ¢ultramafic) magratic 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 (floodals)s 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 rean Aratimples 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 cotribute to a variety of metallogenic systems (for example, th@lINPGE ores of the Norilsk
region as part of the 251 Ma Siberian Trap LIP). In addition, LIPs can also affect hydrocarbon and aquifer
systems.

Reference:
1. Ernst, R.E. (2014) Large IgneoBsovinces. Cabridge University Press, 653 p
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Seismological and Geophysical Studies around Cairo area, Egypt
HassanG.S.
Egypt, Minia University, Faculty of Engineering, Petroleum Engineering Departgsetiem@yaho.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 locaha@ismo
tectonic from one side. On thather 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
andgeodetic 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 determinebsurface structures attributed to the stssain accumulation and its
relation to the earthquake occurrence. Temporal gravity variations could deliver important information about the
mass redistribution attributed to the seismological activities anbeaonnsidered 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 &atightly 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, Arabiaatp| 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 inTig.(1) .
first trends WNWESE, while the second trends N®E. The WNW- ESE faults are of diagonalip
movements, where the horizontal sense of dislocation is always of fggbtal type and the vertical
displacements are of normal type.

3

30"

Fig.1 The distritution 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 Abdllah 2001).

Seismicity.

The activiy along the NWSE trend is mainly attributed to the Red sea rifting and characterized by
shallow earthquakes and mierearthquakes (Kebeasy,1990). The high level of seismic activity in the-Cairo
Suez district is interpreted to be a result of the intemadtetween 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-Wwave first onsets at the different Egyptian National Seismic NetworkSKBN
stations (Badawy et al.,2003) . All solutions show normal faulting mechanism witle-gfgkcomponent
(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
Kamenetsky V.3, Golovin A.V?, Maas R®, Yaxley G.M?, Kamenetsky M.B.
1 -University of Tasmania, Hobart, AustraliBima.Kamenetsky@utas.edu.au
2-V.S. Saobolev Institute of Geology avitheralogy, Novosibirsk, Russia
3 -University of Melbourne, Melbourne, Australia
2 -Australian National University, Canberra, Australia

Kimberlites represent magmas derived from great mantle depths and are the principal source of diamonds.
Kimberlites andtheir 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, mineralogyutektand compositional characteristics, and the tectonic
setting of kimberlites. However, a full understanding of kimberlite petrogenesis has been hampered by effects of
preemplacement contamination, sgmplacement stratification and syn/pestplacementalteration 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 thevonian Udachnay&ast pipe and other relatively fresh kimberlites worldwide.

Since its discovery in 1956, the Udachnaya ki mber/|
and petrologists studying mantle rocks and mantle physkeahical coniions. Apart from hosting a diverse
suite of extremely welpreserved mantle xenoliths, the host kimberlite (East bisdye only known occurrence
of fresh kimberlite, with secondary serpentine almost absent and uniquely hi@haNd CI (up to 6.2 wt.%
and low HO (< 1 wt.%) contents. The discoverysafch 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 theddtnayaEast pipe has therefore been subjected to vigorous criticism. The
main argument against a primary magmatic origin of high -N&I levels involves the possibility of
contamination by saltich sedimentary rocks known in the subsurface of the Sibesiatform, either by
assimilation into the parental magma or by posusion reaction with saline groundwaters.

The main evidence against crustal contamination of parental kimberlite magmas is that the sdrpentine
varieties of the Udachnay@ast kmberlite owe their petrochemical and mineralogical characteristics to a
fortuitous lack of interaction with syrand postmagmatic aqueous fluids. The groundmass assemblage of this
kimberlite, as well as earlidormed melt inclusions, contains alkali canate, chloride and other Nand C}
bearing minerals. This mineralogy reflects enrichment of the parental melt in carbonate, chlorine and sodium.
The combination of low KD, high alkaliCl abundances, lack of serpentine, and the presence of altefradon
mantle xenoliths all indicate that the Udachn&gst 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 (Stuffrica, Canada, Finland and Greenland). We demonstrate that two
supposedly fAclassico0o ¢ har-dowtsadium antd highsvater tontdnigetaeea | i t i ¢
postmagmatic alteration. The alka#ind volatilerich compositions of melt inclimns is responsible for low
temperature phase transformations during heating experiments, melting 4€ <6atbonatehloride liquid
immiscibility and homogenisation temperatures at ~860°C, well below the solidus of the higiig melt that
is traditiorally 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 (>1@)Care inconsistent with geologicavidence (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°®800rtually anhydrous,
aluminosilicatepoor, Na-Ca carbonate, enriched in lithophile trace elements, halogens, and sulphur. Although
kimberlite magmas are dense in crystals and dedglived rock fragments, they ascend to the surface extremely
rapidly, enabling diamonds to survive. The unique playsproperties 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 thiéit&iptmary
melts and experimental evidence on interaction of the carbonate liquids with mantle minerals. Our experimental
study shows that orthopyroxene is completely dissolved in.&®amelt at 2.0 to 5.0 GPa and 160200C.

The dissolution of orthmyroxene results in homogeneous silieedebonate melt at 5.0 GPa and 1%ZD0and is

followed by unmixing of carbonate and carbonated silicate melts and formation of stable magmatic emulsion at
lower pressures and temperatures. The dispersed silicatdasedt significant capacity for storing a carbonate
component in the deep mantle (13 wt% /G 2.0 GPa). This component reaches saturation and is gradually
released as C{bubbles, as the silicate melt globules are transported upwards through the détbhosphhe
carbonatite magma. The globules of unmixed,@ch silicate melt are continuously produced upon further
reaction between the natrocarbonatite melt and mantle peridotite. On decompression the dispersed silicate melt
phase ensures a continuouply of CQ 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 tlhistciThe melt saturation in olivine at low
pressure prompts olivine crystallisation, which drives the residual melt towards the initial (protokimberlite)
carbonatite composition.

The solubilities of HO and CQ in the model (ultramafic/ultrabasic) kimbéeimelt at emplacement
pressures are not as high, as measured abundances of these volatiles in kimberlite rocks. Jhedoteht of
the kimberlite melt, as at least during emplacement in the crust, do not support fluidisation mechanism (i.e.,
rapid degssing 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 evidencs 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 considerableittime w
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, gl and fish parts, the venting juvenile material was likely cold and even solid.

If the kimberlite magma does not experiencgdOHand CQ degassing and is disrupted at subsolidus
conditions, what causes the kimberlite explosive eruption? We hypothesisentphlacement 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.-Mdtvioemulates with
interstitial carbonate i ch mel t form the fAroot zonesodo of hypabyssa
are composed of the carbonatite with scattered silicate minerals. The -olivimecks worldwide are prone to
intensive serpentinisation amgsociated production of,tdnd CH, through the Fischefropsch synthesis. The
amount of hydrogen produced is ~10% of the volume of serpentinised oliMins.the serpentisation may
explain spontaneous outgassing of the UE kimberlite X+i%day at 5670 atm; 52% H) recorded in the
boreholes at the level of the lower aquifer.

We envisage that degrading waseduble carbonatite in the upper parts of kimberlite intrusions was
turned into a cavernous system that provided initial storage to the hydmggmethaneich gases derived

from serpentinisation of olivine cumulates in the Kkin
and/or their pressurisation in a single spot resulted in a powerful detonation and destruction of surrounding
roc k s, and possibly caused fchain reactiond by sendin

triggering numerous explosions. Subsequent detonation activity resulted in vertical and lateral explosive boring,
and further fragmentation inside thekdysystem and surrounding country rocks. This was followed by collapse
of rocks from the top and walls and related growth ofacarfota ped fAdi atremed by excava
and fragmentation on the contacts between the kimberlite and country recksté i t u ficont act br e
While the idea of posthagmatic 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
propcsed for the first time.
We invite collaborations on microanalysis of individual mineral phases and pheraogsystl melt
inclusions in the least altered kimberlite samples from different localities. It is important to maintain an open
mind, to not doggegl stick to increasingly untenable orthodox views, and to analyse emerging evidence on
merit.

Ore potential of critical metals in alkaline magmatism and plume connection
Kogarko LN.*
*V/.I. Vernadsky Institute of Geochemistry and Analytical ChemistrgsiRou Academy of Sciences, Moscow,
Russia
kogarko@geokhi.ru

The worl dbds | argest d e P arerélated to alkalindrricks, and\carhonafiies., Sr,
The interest toalkaline rocks and carbonatitéss 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 nucleastigdin 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 su@rge loparite (Na,
Ce, Ca) (Ti, Nb),O¢) raremetal (Nb, Ta, REE) deposit and
eudialyte

(Na13(Ca,Sr,REEang(Fe,Nb,Ti);(Si309)2[5i9024(OH,Cl,S);]z
oresthe \aluable 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]
mediumgrained nephatie and hydronosean syenites; [2]
differentiated complex of urtites, foyaites, and lujavrites; and [3]
eudialyte lujavrites.
. B The main ore mineral is loparite (Na, Ce, £&)i,
e Nb),Os, In the deepest zone of the intrusion loparite forms
Fig.1 Loyozero massif anhedral grains coimfed 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 approximatelpnethird 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, N&J &hd 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
heavest phasat the base of convecting ufiig. 2)
Zirconiumhafniumrare-earth deposit is situated in the upper part
of Lovozero intrusion as horizontinticularbodies The amount
of Zr in eudialyte is very hightup to 14 wt % and total REE up
to 4wt %. (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 rockorming minerals generated well
developed framew@rwhen 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 wasndersaturated with this

Fig.2 Loparite ore Fig-3 Lopante ore

mineral. The melt became saturated with eudialyte after the

w Res-Sin adMDE9 approximately twethird of the volume of the massif solidified.
USSR SIS SR S Compositional evolution of eudialyte has been investigated

through a 2.35 km section of the Lovozero nfasssing

increase in Na, Sr, Nb, Th, Mn/FepNa, 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 intrusionWe suggest that eudialyte formed
very smallcrystals (nanoctystals) (fig.) which were stirred in melt and under the conditions of-stately
convection eudialyte emerged upward. Later eudialyte crystals ta@tingsd and increased in sigig.).

The Khibina alkaline massif (Kola Peninsula, Russ) hosts the worl dds | arges
important apatite deposit. The Khibina massif is a complex multiphase body built up from a numbetiké ring
and conical intrusions. The apatite bearing intrusion is-likegand represented by a lagdrbody of ijolitic
composition with a thickness of abouRlkm. The upper zone is represented by different types of apatite ores.
This rocks consists of 680% euhedral very small (tenths of mm) apatite crystals.

000 & 3| CAMECA microprobe and LACP-MS.

E ] There is hidden layering in eudialyte in the crossection
0000 - 3| of the intrusion. The composition of cumulus eudialyte changed
mf 3| systematically upward through the third intrusion with an

laCe AR dPAnSn B GI o Dy Ho & Tm Yb Lu
Fig.4 REE pattern of eudialyte
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The lower zone is mostly ijolitic coposition. The lower zone grades into underlying massive urtite
consisting of 780% large (several mm) euhedral nepheline. Our experimental studies of systems with apatite
demonstrated the neautectic nature of the apatibearing intrusion, resultingni practically simultaneous
crystallization of nepheline, apatite and pyroxene.

The mathematical model of the formation of the layered apadiéeing intrusion based on the
processes of sedimentation under the conditions of steady state convection ¢akimgt &f crystal sizes is
proposed. Under the conditions of steatiyte convection large crystals of nepheline continuously had been
settling forming massive underlying urtite when smaller crystals of pyroxenes, nepheline and apatite had been
stirred inthe 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 othe alkaline rocks

e 500-0Ma and carbonatites is actively discussed question during
.\3 the last decades. Some researches link their formation
T bl with ascend of the large volumes of mantle melts from
W . the CMB. There is certain evidence for temporal and
.\“:;?Q spatial correlatiorof the carbonatites and LIPs, whose
p origin is certainly related with mantle plumgy, as it
il > was shown for carbonatites of the Polar Siberia
o e (MaymechaKotuy province) which were formed

simultiniusly with the Siberian superplume 250 Ma [5].

We used the kEnt absolute plate kinematic
Fig. 7 Reconstructed localities of the Phanerozoic carbonatites | 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 Shaarwave Velocity Province and this can be viewed as an evidence for linking the carbonatites with
mantle plumes.

References:
1. Kogarko L.N., Kononova V.A., Orlova M.P., Woolley A.R., 1995. Alkaline rocks and carbonatites of the
world: Part 2. Former USSR.h@pman and Hall, 225 p. (London)
2. Kramm U., Kogarko L.N., 1994. Nd and Sr isotope signatures of the Khibina and Lovozero agpaitic centers,
Kola Alkaline Province, Russia. Lithos. v. 32,225242.
3. Kogarko L. N., Lahaye Y. & Brey G. P., 2010. Pluimdated mantle source of sudarge rare metal
deposits from the Lovozero and Khibina massifs on the Kola Peninsula, Eastern part of Baltic Shield: Sr, Nd
and Hf isotope systematic. Miner Retr. 98, ta 197-208
Ernst R.E. Large Igneous Provinces. Cambridge University Press. 201d. 666
Kogarko L., Zartman R.(200Mlin Petrol.89,113132.
Torsvik T.H. et al. (2014) Proceedings of the National Academy ieh8es of the United States.1 BV 3%-
8740.
Supported by RSCF grant-15-30019.
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Isotopic constraints on the bulk silicate Earth (BSE) composition
KostitsynY.A.
Vernadsky Institute of Geochemistry and Analytical Chemistry (GEOKHI) RAS

Analysis of published worldwide isotopic data for n@us terrestrial rocks permits to make an
assessment of the isotopic and elemental raftdgd/***Nd, *"Hf/*"'Hf, 8'SrPeSr, °Pw?%Ph, 2P *Ph,
28py2%phand SN, Lu/Hf, Rb/Sr, U/Th/Pbin the primitive mantle.

The model of chondritic uniform reservoir(CHUR) of DePaoloand Wasserburg1976) 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, sadlgifalkaline basalts, have
isotopic characteristics of a depleted source; (3) HIMU source is depleted enrichéthiRlJisotopic system
but depleted in RiSr and SriNd systems; (4) madsalance calculations for Sid isotopic system constraints
a sizeof 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 neodymiisotopic composition and Sm/Nd ratios close to their source
composition, but rocks withgd O and Sm/ Nd & 0.325 simultaneously are

These contradictions may be resolved in assumption that Sm/Nd ratio of the primitive mantle is higher
than chondritic value by 8% artfNd/*4Nd is higher by 8 9 epsilon units. Correlationetween 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:

eng = +9, “Nd/Nd = 0.5139, Sm/Nd = 0.350;

ey = +14, YHf/MHf = 0.283L8, Lu/Hf = 0.26;

es, =122, ¥'SrP°Sr = 0.70®, Rb/Sr = 0.Q06;

2%p%pph = 18.3729P**Pb = 15.492%PW***Pb = 37.97;

29/2%Pp= 8.82,U/Pb= 0.1405; ***Th/***U = 3.81,Th/U = 3.68.

Possible uncertainty of the neodymium isotopi@rassessment is probably ab8ufeyg.

The primitive mantle composition in terms of some other elements could be found from element
correlations in various mantiderived rocks.

Lighting up the subsurface
Ludden J.
Executive Director, British Geologat Survey, UKJludden@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 amwertional sources. Many
government 6s industrial strategies highlight the i mpc
sectors, while at the same time being required to meet ambitious emissions targets.

As geologist we will be increasjly 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 peofEomee gyhdecsct eBteidan ,
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 alsettas a catalyst to stimulate investinand
speed new technology energy options to commercialisation.

It will thus act as a bridge from ideas to application and would attract support and possibiiding
from oil and gas companies, utilities and energy and environment consultancies.

An integrated multicomponent stdurface 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 framguon 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
operationge.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);
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7. Ground deformation and induced seisity associated with enhanced geothermal systems inolokt

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 andworldwide 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, tiltinginséccumulation, fluid chemistry, pH and
biological properties. Monitoring will also include satellite and remote sensed data such as InSAR
(Interferometric synthetic aperture radand gravity, electrical, spectral and magnetic data.

Fig. 1: The Geologcal Environments for Energy Test Beds

Asrborne surveys

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 andgontinuin
activities safely and sustainably, including optimising exploration practices. Industry would benefit in being able
to access statefi thei art monitoring data to maximise efficiency of extraction and subsurface management, as
well as maximising environnmgal sustainability.

Links:
1. BGS energy test bedttp://www.bgs.ac.uk/research/energy/shaleGas/esios.BEnergy Security and
Innovation Observing System for the Subsurface (ESIOS).
2. European Plate Observing Systéiip://www.eposeu.org/
3. British Geological Survettp://www.bgs.ac.uk/home.html

Structural and chemical complexity of minerals and theirevolution with time
KrivovichevS.V.
St.Petersburg State Universitgniversity Emb. 7/9 199034 St.Petersburg Russia
s.krivovichev@spbu.ru

Complexity is one of the most interesting and rather unexplored thémenodern 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], aralysis of disordered materials [3], etc.

According to the informatiotheoretic approach developed in{fi 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:
k

p
IG :'|'; i log2 pi (bits/atom) (1),
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PN
IG,total =7 vi=1 IG =T vilog2 pi (bits/cell) (2),

where k is tle 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 arystallographic 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 1G value provides a negative contribution to théigumational 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 complexityerlgin

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 structuralaenplexity 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 Univer3ése questions will be consréd in our contribution.
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Petrological ore content peculiarities of the Mesozoic magmatism of Lesser Caucasus
MammadovM.N., Babayevas.J., Gasanguliyevav.Ya., AbasowK.F.
Institute of Geology and Geophysics of the Azerbaijan National Academy of Sciences
musamamedov@rambler.ru

Mesozoic magmatic complexes within the Lesser Caucasus have mainly developed in-@Gafdrok
structuralformational zone.

This zone on the outer periphery of Lesser Caucasus and pavatlee south board of the Kura
intermountain trough is traced from the west of Lok crystalline-aoea in the east direction up to Araz River.

This structuraformational zone according to Shikhalibeyli (1994) is separated inteAgalam, Geycha
Garabg and Gafan subzones. Within L-élgdam 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 characterias Middle Jurassic, Late Jurassic, Early Cretaceous
and Late Cretaceous development stages of llgdam structuraformational zone and as the part of the
abovementioned structures.

The earliest magmatic processes within 1&gdam zone in effusivpyroclastic facies were manifested
in Early Bajocian. The vulcanites are mainly composed by pyroclastic antasaés, andesites and
subordinate lava sheets of these rocks overlie unconformably on thedaydieposits of Aalenian stage.
These vulcanitesare conformably overlain by Late Bajocian marked ipyeoclastic 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 volcanogedimentary 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 volcamplexes have been represented by
AtabekSlavyan, Gilanbir, Mekhrab, Akhnat plagiogranite and Blyuldyuz gaplagiogranite intrusives.

The plagiogranites are characteristic and most distributed petrographic rocks types of the above
mentioned intrusivesThe granophyric, porphyry, apldéke 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 plagioclasaket part predominantly in the composition of the
mentioned rocks types (Aky).

Generally intermediate orthoclase (2V =-8D, dhlgy, = 4.2234 . 2 3 6 4395) asOxenomorphic
segregation is situated in the range of quartz and plagioclase. Hornblentétitedare participated as the
i ndividual grains. The acces8%whichamnd forreed byl arthite, epidbte nt  ar
magnetite, ilmenite, apatite, zircon, sphene and etc.

However the orthoclase content increase in the composifisubalkalic aplitdike 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 coppenolybdenum mineralization is observed in areola of AtaBlyyan intrusive
among the metasomatic formations. Unlike the previous one Late JtEaskic Cretaceous magmatic
complexes are the most productive-bearing. They arevell represented in the Lekgdam, Geycha\keri and
Gafan subzones of Le®afan structuraformational zone.

The intrusives are characterized by clearly defined facial and phase diversities here. Within each phase
the transition between petrographic redipes igradual i.e due to crystallization differentiation the gabbroids
are changedo diorite quartz diorite. In the second phase the quartz diorite changes gradually to granodiorite,
tonalite, banatite. Finally granites, pegmatites, alaskitespgreased 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-dioritezononzonite and
even to syeite. More likely goldsulphide, coppesulphide mineralizations are connected with hydrothermal
solutions of quartdiorite phase of the mentioned intrusives.

It seems likely that coppgrolymetallic, baritemetallic and coppemolybdenum mineralizationsre
connected with monzonite, mongrite and syenite.

Later Cretaceous goldolymetallic fields of Gazakh, Aghjakend and Bolnis troughs spatially are
closely associated with albitized rhyolite and porphyric subalkalic diorite and granite. Obviouslg- the i
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 therebycdpgrie
polymetallic mineralizations wereifmed in the aureolas of subalcalic porphyric quartz diorites, granites and
albitized rhyolites.

In the a result of the separation of the t®&fan zone into Loldgdam, and Gafan subzones such
grabenshaped troughs as Khojakend, Azykh, Gochas were foueitlg subduction process in the scuth
western and souteastern 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
Maastrichtan).

With petrological viewpoint the offorming 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 accumulatiorf the main concentration) of the ef@ming elements in hydrothermal solutions can
be leading factor in the evolution process of the initial melts which are controlled by different pbisicatal
and geologicajeodynamic conditions.

Mineralogy of volcanic fumarole deposits: an overview and geochemical insight
Pekovl.V.
Faculty of Geology, Moscow State University

Fumarolic formation is very specific in its mineralogy and geochemistry as well as in crystal chemistry of
the minerals. More than 300 maral 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, miferaling systems conditions, namely
combination of high temperature (from-100 to 10001 1 0 0 UC) with |l ow pressure (
pressure) and gas transport of the most important chemical constituents (that causes, in particular, strong
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fractionation & 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 thenéortype 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) andiRolbac
(Kamchat ka, Russia). T ehl obl adcehri ok iins tthhee dwovrelrds i fi rye coofr df
including 85 (!) described as new species. Strongly oxidizing conditions are caused by the mixing of hot
volcanic gas with atmospheric air. For kutimaroles, minerals with chemical elements in highest oxidation
degrees are characterist®, F€”*, V°*, A", Mo®, TI**, etc The most important indicator minerals there are
sulfates and oxides; in some fumaroles arsenates, vanadates and/or resigibedatommon. For fumaroles of

the reducing type, sulfides are indicator minerals. Chlorides, fluorides andehnigierature 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: Cahd HO remain volatile at temperatures higher than- 10 UC under
low pressures and are not fixed in highmperature fumarole minerals). Strong fractionation of chemical
constituents causes the formation of minedlsare elements (including ones with minor concentrations in
volcanic gasesRe In, Se, Bi,Cd, Tl, Cs, Br, |,etc Some of them form extremely rich mineralization unknown

for other genetic types. Common components of fumarolic deposits at some vsl¢anhdke first place,
Tolbachik) are Cu, Zn, Pb, As, V, K and Na. Besides direct deposition from volcanic gas, tteekgas
interaction (secalled gas metasomatism) is very important mechanism of formation of fumarolic minerals. This
process involves theonstituents of host rocks having low volatilities, such as Al, Si, Mg, Ca, and Ti, and their
minerals, including highhalkaline silicates and aluminosilicates, are closely associated with compounds of
chalcophile elements in fumarolic incrustaitions.

Theworkwas supported by thHeussian Science Fouatibn, grant no. 1417-00048.

Iron stable isotope fractionation: driver forces, regularities and geochemical applications
PolyakovV.B.
Institute of experimental mineralogy, RAS
142432 Academcian Osypyarstr. 4, Chernogolovka, Moscow region, Russian Federation

Iron stable isotope fractionation factors for minerals anddte complexes obtained by experimental
and theoretical approaches are discussed. Dependence of iron isotope fractionation factioition state is
elucidated in terms of difference in chemibahd energy of Fe atoms in ferric and ferrous species. Applications
of stable iron isotopes to reductionidation geochemical processes occurring at wishgjeP 1 T conditiors
are reviewedlIn 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 seaflomirdthermal 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 anliglitrahigh pressures
applied to coremantle differentiation in planetary bodies.

Parameters of processes in deep geospheres assessed from mineral inclusions in sublithospheric diamonds
Ryabchikovl.D.
Russian Academy of Sciences, IGEMn&il: iryab@igem.ru

Mantle is a silicate sheldl situated between the |
70% of the mass of the Earth. According to geophysical data mantle is divided into 3 parts: uppeflonantle
boundary at 410 km), transition zone (41®70 km) and lower mantle (6702900 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 impantanformation 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 thesy foom the lower mantle,
are bridgmanite (metasilicate (Mg,Fe)gi@ith perovskite crystalline structure), CaQi@ith perovskite
structure and ferropericlase (Mg,Fe)O). Comparison of the composition of these minerals with the results of
experiments, condied 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.dt stem
from experimental data demonstrating, that at pressures above 30 GPa FeO in peridotitic phase assemblage
should disproportionate forming ¥, entering bridgmanite solid solution and°Ferming metallic phase. A
number of geochemists suggested thatrdigprtionation 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 presencerwhFalloy in the domains of lower mantle
where sublithospheric @monds originated estimated position of the stability fields of carbosaring
crystalline compounds coexisting with reftkming minerals of the pyrolitic lower mantle. This diagram
demonstrates thale field of diamond stability is separated from thiFerich 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 thisegeosp

Oxidizing conditions in some zones of lower mantle are supported by measurements of valence state of
Fe in ferropericlase from lower mantldéy,-values were estimated from measured®’ /e ratios in
ferropericlases included in diamonds from lowerntleg 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 diaffmndng 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 mantlplumes which transported heat and material from deep levels of the Earth.

Financially supported by RScproject no. 1517-30019.

Paleoproterozoic history of assembly of the East European CratorEvidence from basement of the
Russian Platform
Samsono\A.V.%, Spiridonow.A2 LarionovaYu.OZ, LarionovA.N.2, BibikovaE.V.*, Gerasimow.Y?
1-Institute of geology of ore deposits, petrography, mineralogy and geochemistry of Russian Academy of
Sciences (IGEM RAS) Staromonetny 35, 119017 Moscow, Russiee€pondencesamsonovigem@mail.yu
2 -VNllgeosystem, Moscow, Russia
3 - VSEGEI, St. Petersburg, Russia
4 -GEOHI RAS, Moscow, Russia
5-GIN RAS, Moscow, Russia

Main volume of the Earth continental crust wasnfied 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 Cratofi (EBE)eany
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 VolgdJralia (Bogdanova et al., 2008). Two of them, Fesuamdia (exposed on the Baltic Shield)
and Sarmatia (exposed on the Ukrainian Shield and Voronezh Massivdynidamentallydifferent Archean
and Early Paleoproterozoic history that allows us to consider these megablocks as fragments of Archean
supercratns Superia and Vaalbara.

History of assemblinghe Archean blocks of the EEC is recordadadjacent Paleoproterozoic fold
belts.

The VolgoeDon Belt (VDB)located between Sarmatia and Veldmlia megablocks in the southeast of
the EEC. This welbtudial accretional type orogenic belt consists of 200 Ga islangrc related volcano
sedimentary sequences and igneous complexes of collision (about 2.07 Ga) asullipwst (2.072.05 Ga)
stages.

The Central Russian Belt (CRBeparates the Fennoscandind VolgeUralia megablocksn 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 geochronslotigsabs
core samples from 25 deep boreholes.

The southern part of CRB consists of Paleoproterozoic (12060 Ga) juvenile volcansedimentary
rocks and various granitoids with island arcs affinities. These rocks are similar in age and compokitiba wit
adjacent Osnitsiikashevichy belt, and as the latter, it was probably formed in an active margin setting on the
edge of the Volg&sarmatia megablock.

The northern part of CRB consists of Archean (3.2 to 2.7 Ga) gneisses and granitoids and neamerous
2.5 Ga intrusions of higfii monzodiorites and metagabbrbheseintrusionshave geochemical and isotope
featurestypical of Phanerozoic LIPs, particularlgf the Parana province, anddbuld be considered as an
indicative for a 2.5 Gafted marginof the southern edge of the Fennoscandian megablock.
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The boundary of Archean and Paleoproterozoic domains of the CRB is marked by ayWeidigerzone
of granulite facies rocks that could be a result of collision of the Fennoscandia andSéoigatia medaocks
at1.8 1.7Ga.

LaplandKola-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 calalkaline metagabbros (T = ca 1980 Mgy(T) from +1.70 to +3.50) similar with rocks of the
Tersk terrane of the Baltic Shield. Subordinated -Gdl-Bi metasedimentary gneisses also had a
Paleoproterozoic source fjng =2.332.38 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 pipggdaon the
LKDB, vary from 1.99 to 3.13 Ga. Th&’Pb7°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 localiten of all industrial diamondiferous kimberlites within the
Pal eoproterozoic collisional belt is an additional e X

Conclusions:

1. EEC include$ieterogeneous Archean blockéhich can represent pieces of diffearémchean continents.
2. Assemblinghe Archean blocks into Paleoproterozoic continent Colombia includes at least two stages.

The first stage includes 221 Ga subduction processes in the Velgm Ocean, and its closure at
2.07-2.05 Ga resulted in thmonvergence and amalgamation of the Sarmatia and \irglea megablocks.

The second stage includes subduction processes in the Central Russian ocean that form1.8&. 2.00
Ga active margin at the edge of the Velggrmatian megablock, which then cddd with 1.71.8 Ga southern
passive margin of Fennoscandia.

Subduction history of the Laplafi(bla-Dvina and Central Russiarogens overlaps in time 1.9500
Ga and it possibly occurring in a single ocean basin, which opened ca 2.5 Ga ago and edgschidia
megablock on the south and nedhst.Several questions about the unity of Archean history of the Archean
Karelian and KoleMurmansk cratons, separated by the Laploth-Dvina orogen, as well as for the Karelian
Craton and adjecent Volgdaralia block, separated by the Central Russian orogen remains unresolved. These
issues will be the subject of our future research.
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Ultrahigh resolution mass spectrometry to unravel the chemical space of terrestrial and meteoritic
organic matter
SchmittKopplin Ph.
Hel mhol t z Z e rGermanmResdbycin Cehter for, Environmental Health,
Research UnifnalyticalBioGeoChemistry (BGC),
Ingolstaedter Landstrasse 1, 85764 Neuherberg, Germany
schmittkopplin@helmholtmuechen.de

In terrestrial environments natural organic matter (NOM) occurs in soilshviisger and marine
environments, in the atmosphere and represents an exceedingly complex mixture of organic compounds that
collectively exhibits a nearly continuous range of properties-fgiaetivity continuum). In these materials, the
ficl as s i csigratarestof tlhe glkdogenic 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. phote and redox chemistry) reactions. Beaao$ this loss of biochemical signature, these materials can be
designated norepetitive complex systems.

(Ultra) High resolution analytical approaches will be presented in their application to unravel the
chemical nature and organic signatures in taiedio-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 ngaeicocompounds using high
magnetic field ultrahigh resolution mass spectrometry (12 Tesla ion cyclotron resonance Fourier transform mass
spectrometry ICR-FT/MS) and nuclear magnetic resonance spectroscopy (Cryo 800MHz NMR).
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Geotectonic position and features of magmatism of porphyry copper degits of Central Kazakhstan
SerykhV.l., Makat D.K.
Karaganda state technical universijastankgtu90@mail.ru

Polycyclic of Central Kazakhstan (Fig. 1) causes repeated manifestation at different times ofyporphy
copper deposits (PCD) that has been stated by I.V. Orlov in 1986. There were established the PCD of the

following age levels{ 3, { 5-S;, D1, C, C,, G5 (Orlov, 1989, p.86, p.98).
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Fig. 1 The main geologicastructural zones of Central Kazakhstdr6 i orogenic volcangplutonic
belts (VPB):1 i initial Caledonian, "Salairian"| {1 - {3 2 T early Caledonian, ©-D,; 3 i middle
Caledonian, "Desnian", D;-Dj; 47 late Caledonian, Bd,; 51 early Hercynian, "Balkhashiysky" (B) and
"Saursky"d -t 1; 61 late Hercynian "Sayaksky¥,-t ,; 71 fragments of the Proterozoic ba8d; Phanerozoic
sedimerdtion basins9 1 Hercynian tectonomagmatic reactivation zones (TMR, number of zones in circles): 1
Koytasskaya, 2 Tleumbetskaya, B Bayanaulskaya, # Spasskaya, b Uspenskaya, & Yuzhnochingizskaya,

7 VostochneZhamansarysuyskaya, 8 AkbastauAkzhalskaya, 97 ZhailmaKaraobinskaya, 10i Uytas
Zhezkazganskaya, 11 KenzhebayZhamanaybatskye, 12Susyzkarinskayal 01 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 sifjoantly 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 Bozshakpk€f,; age (Serykh2009), there has been established
the natural ratio of orbearing orogenic and ofeee postorogenic plutonic series (Fig. 2), made more exact
PCD ages.

PCDs:
1- Ozernoe 11-Kepsham
2-Baiskoe 12-Kaskyrkazgan
3-Olginskoe 13-Kenkuduk
4-Almaly 14-West Borly
5-Shatyrsha 15-Borly
6-Besshoky 16-Konyrat
7-Korgantas 17-Karatas

. 1l | 8-Altait 18-Pribrezhnoe

D f:':\(mtl:’l 3 A 0-Zhekeduan 19-Mo ldybai

ANN| 1
“@'}l . 788, 10-Auvezbaky 20-South Berkara
: 21-Zhambas
and small

Fig. 3 Scheme of locating ogenic 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 volcaniplutonic association (VPA) is presented by comagmatic complexes here: essential
volcanic Karkaralinsk suitef Cyv-s (basalts, andesitgasalts, andesites, Na dacites, plagioriodacites) and
plutons of the Balkhash intrusive;¢es complex (gabbro, diorites, g. diorites, Na granodiorites, plagiogranites).
The orogenic stage comes to the end with the Kataegkga suited, (rhyolites) and the East Kounrad intrusive
#,.3 complex (leucogranites). The postorogenic comagmatic association includes the Arkharlinskayatsuite
(trachybasalts, trachyandesibaslats, trachyandesites, trachydacites, trachyriodacites) and thbakskgand
Kokdalinsky intrusivef ; complexes (syenogabbro, monzonites, q. monzonites, granosyenites, syiéeggra
The association comes to the end with the Ayulyozekskaya isudted the Kyzylraysky intrusivg; complex
(alaskites).

PCD in Central Kaakhstan are connected genetically only with -edlkalic plutons of the orogenic
granodioritic formation. Independent of the age (see Fig. 2) plutons are constructed similarly: the initial phase
diorites (+ gabbro sometimes)i Ig. diorites, Ili grarodiorites, tonalites, IIT plagiogranites. PCD are directly
connected with a special type of porphyric intrusibiqdutonic porphyries which are in their geological position
additional intrusions of the Il phase (Serykh, Egorychev, 1978). There is elidbry certain dependence of the
composition of porphyric intrusions on their form: plagiograpitephyries are characteristic of the bodies
similar to dikes (PCD Bozshakol, Koktaszhal, Borly, etc.), plagiogranodipoitghyries have formed cupela
stock bodies (Konyrat, Aktogai, etc.). In the TMR zones (Fig. 1, 3) there are spreazb#faliand potassic
granitoids with the porphyries corresponding to them in alkalinity (Almaly, Baiskoe, etc.).
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The temperature and HO contents of mantle derived magmas and thesources
SobolevA.V.?
1 -Russian Academy of Sciences, Vernadsky Institute of Geochemistry and Analytical Chemistry, Moscow,
Russian Federation.
2 -ISTerre, University J. Fourier, Grenoble, Franalexander.sobolev@ugrenoble.fr

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 olivirgpinetmelt geothermometers based on partition of Al, Cr, Sc, Y,

Fe and Mg as well as direct measurement gd lKoncentratios 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 olivinediffesemt

types of mantlelerived magmas: from the lowest (down to 1%20for MORB and SSZ to the highest (up to
over 1500C) for komatiites and Siberian meimechites. These results confirm the relatively low temperature of
the mantle source of MORB and BZ&agmas, low to moderate amount gfoHn komatiites, high KD 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 m#de sources. The highest potential temperatures over ABG0e characteristic for
Archean komatiites. For Phanerozoic age the highest potéatigleraturesl50C) are found for the largest
LIPs: Siberian, North Atlantic and Caribbean. The sourceOiBs vyield significant range of potential
temperatures: 1400600°C, positively correlated with magma production rate. MORBs vyield potential
temperature between 1383@00C except those from ultra slow spreading ridges (e.g. Knipovich ridge), which
display potential temperatures down to 12%D. Potential temperatures of SSZ mantle sources are typically
within the range for MORB, suggesting origin of SSZ primary melts b® Huxing of convecting mantle
wedge. Exceptions are some boninites, which requileehitemperature and plume related sources.

The results strongly confirm mantle plume theory and external sourcgoinHSSZ mantle. The 4@
in komatiites could be incorporated in the transitional zone.

In particular in our recent paper [ie report mesurements 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 compositiocryatallization
temperature of the parental melts of Archaean komatiites. We show that the parental mebifio2-yearold
komatiites from the Abitibi belt in Canada contained 30 per cent magnesium oxide and 0.6 per cent water by
weight, and was dégted 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 thajor and traceslement 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 zan€f&8$ results
confirm a plume origin for komatiites and high Archaean mantle temperatures, and evoke a hydrous reservoir in

the deep mantle early in Earthdéds history.
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Mafic layered intrusions and related ore deposits
Vekslerl.V.1?
1 -German Research Centre for Geosciences GFZ Potsdam, Geweasler@gfpotsdam.de
2 -The Department of MineralggPerm State University, Russia

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 ceworkers inthel 9306s [ 1] . Magmatic | ayering of wvarious
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 imgadriaights 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 suca#daimrs differing in
terms of crystal size (graisize 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
magnatic 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 theiforwialayers enriched
in valuable minerals such as chromite, magnetite and apltiterms of economic geology layers strongly
enriched in Gispinel with chromite modes up to 90 wt. % are synonymous to stratiform chromite deposits. The
deposits are thenai n  wor | dds r eferanetallargy @ifid alontineah roliramite for refractory
ceramics.Some of the massive chromitite layers, such as the UG2 laytie dBushveld Complex in South
Africa or the IM Reef of the Stillwater Complex in Montana, ASontain very important resources of
platinumgroup elements (PGE), which greatly exceed chromite in economic value. In addition to that, magnetite
|l ayers in the upper part of the Bushveld Complex host
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 197 0dhby nevlipetregeaphic bhsaemwations and enorec dtaudate e n g e
experimental measurements of magma density. New models, which were developed at thaighmasized the
importance ofn situ crystallization and often referred to the process of double diffusive cboré¢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 aader ablation mass spectrometry (LA 8I8) and Xray 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 tter bgethods of ore prospecting and beneficiation
also contributes to the growing activity in studies of layered mafic intrusions.
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Variation of gas content layer K; of Kuzembayeva coal mine of Karaganda coal basin
Amangeld/kyzy Al,Filimonov E.N2 Portnov V.St
1 -Karaganda State Technical University, Republic of Kazakhstaangeldykyzy@inbox.ru
2 -Coal devision degassing department, Republic of Kazakhstan, Kamgand

The eficiency 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 perforgrime mining works and economic feasibility.

When developing beddings with gas conten20&T/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 capacapnd 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 increasirfgd)(
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Fig. 1 Seam gas contept;» i s7 depending on the depth of its bedding in Churiilbairinskiy
district: 17 average values,i2top compound curve

Themajority of researchers think that gas content increases with depth according to hyperbolic law and
in general case it looks like Langmuir equation [2].

x=xG100'1‘(’)\g it (1)

wheren - methane content of dry affiee matter, rit s.o.mW - natural coal humidity, %A - ash content of

coal, %.
Natural methane content of dry ashee coal contentm, m*/t sh.m.) is definedby means of stateme

i - o)
€ 1+b(H - Hoj

whereg Tmi ni ng ddpdehbt hd&3pf g as cBilceeffidientsodangmuie eguatiods;

The meaning of equation par a assifiereof gas conteht ofgcaldedsic cept e
Karagandacoahi ni ng fi el de.

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

Xo = 0,001 X g (100- W - A ), m*t 3)

wherems igresidual gas content afry ashfree massof coal in case oéir pressurem/t s.b.m.
If before the coal development larought closer together to belayers)were overworked oisnubbed
then incalculating formula instead of natural methane conbet( mthe residuaimethane contents placed

(M.

, ntht ()

Based on flattening of gas contésbthermof coal with high pressure of methartecan be assumed
that with increasinghe bedding deptthe growth temposf gas content slow down.

Theoretically (I.M. Pechuk, L.N. Bykov, Al. Pokrovskiy, [ .¢. Yermekov and others) and
experimentally it was defined that methane pressure in coal beds increases in conformity with the law, close to
hydrostatic:

P, =10°QH - H,).f 10 @)

Depenence §) reflects the main pressure buiig-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 ceataring strata of kal areas with anomalous increasing of gas pressure and gas
content comparing to adjoining sectors.

Calculated change of natural seam gas conteriking into account astontent and humidity is
presentedn Picture2. When calculating Langmuir coeffamtsfyand b consequently were taken 0,195 and
0,01032) & 878 ¢ ™ 28,7%, Wi 4,2%.
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Fig. 2 Calculated change of seam gas conterftdm stratification depth at Kuzembayev mimvehere
M1 naturalseam gas contegbnsidering the humidity and asbntentm3f;1 it he depth ¢éf beddi n
¢ I empirical coefficients.

Regularity of enlargement of the foulness layer was determined , with the depth of 100m to 600m,
whereas foulness level varies from 6 to 1¥tmwhich requires adoptionf éechnological solutions during the
degassing and coal mining of this layer.
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Groundwater quality assessment of oued rmal aquifer (Northeasternfdunisia) for agricultural
irrigation uses, using gis technology
Ameur M., Hamzaoui AzazaF., GueddariM.
Research Unit of Geochemistry and Environmental Geology, Faculty of Science of Tunis, University of Tunis El
Manar, 2092 University campus Farhat Heed, Tunis

Due to its location between the Mediterranean and the Sahara, Tunisia is a country wihdsearid
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, solidificatéss ot
soils alkalizing. Oued Rmal groundwater, which is situated in the nes#lst of Tunisia, in Zaghouan
governorate, is essentially exploited for irrigation.

A total of twentythree water samples were taken in 2013 winter, so as to cover the magrintboen
aquifer area. These samples were subjects of in-firldddsurements, 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 farigation among other&lectrical 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 ¥¥8&)er samples for irrigation present a medium
to high sodicity and alcalinization riskAs part of this work, we have elaborated a GIS to study spatial
distributions of sodium adsorption ratio (SAR), the percentage of Sodium (% Na) afkgiialsodium
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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Early seawaterbrine contamination of 3.3-3.5 GA komatiite melts inferred from melt inclusions
AsafovE.V.}, SobolevA.V.'?, GurenkoA.A2 ArndtN. T2 BatanovaV.G.? KrasheninnikovS.P?,
WilsonA.H.* and ByerlyG.R?>
1 -Vernadsky Institute, Moscow, Russaasafov@gmail.com
2 -ISTerre, Franceglexander.sobolev@uniyrenoblealpes.fr

3-CRPG, Nancy, Francegurenko@crpg.cnrsancy.f
4 -University of the Witwatersrandillan.Wilson@wits.ac.za
5-LSU, Baton Rouge, USAalbyer@Isu.edu

Komatiites are the ultramafic rocks (MgO>18wt.%) that result frohigh degree of mantle melting
(commonly >30%) under extremeTPconditions 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 andmobile element contents of their mantle source. A recent research of melt inclusions in highly
magnesian olivines (Fo 92Eb 94.2) in 2.7 Ga komatiites of the Abitibi Greenstone Belt, Canada [1]
demonstrated an early contamination of melts by seawdéered from the high Cl concentrations. Yet the most
magnesian olivines (Fo 94.5) hosted melt inclusions unaffected by the interaction with seawater that
contained up to 0.8 wt.% J@ pointing towards the presence of a hydrous reservoir in the Neoardbepn
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®R8 and, Fo 992 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 025 mm acrossvere heated for 5 minutes at 140D and 145%C according to their
composition at the QFM buffer and quenched. Exposed meltamgusere analysed by SIMS and EPMA and contai@l.8.2
wt.% HO, 60 ppm td.22 wt.% Cl (Fig. 1B) and 130 to 420 pprgCkat MgO concentrations betweenZ86 wt.%. For
chlorinethat is significantly higher than in the melt inclusions from 2.7 Ga korsatiitthe 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 towaioisséole seawater contaminatioheneas inclusions with
lower Cl contents (0.68.1 wt.% of CI) do not show any correlation between these components and thus may represent water
from the 3.8.5 Ga mantle sourcelowever all the inclusions with Cl over 100 ppm were affected by seawatzaveater
derived brine contamination [2,3], which is indicated by the decrease of Na/Cl ratio together with the ince€aseraéht,
see Fig. 1A.

Two series of melt inclusions, one with extremely high chlorine reaching 2.8 wt.% (not shown on &ig.1B)
moderately high KO (0.050.11 wt.%) and the other with high® contents (0-0.4 wt.%) at Cl up to 0.36 wt.% hosted in Fo
9595.3 comprise the contaminant that affected komatiite melts at an early stage. The First series of inclusiongthave CI/K
betveen 10.832.4 and relatively low Na/Cl (B@28 versus average ofl2 for the other melt inclusions in the same samples)
and the Second series (CI/K axafCl ratios ~1) both fall in the seawateine 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 inalitkitims lowest CI contents (<100 ppm)
occur in the most Mgch olivines from the Weltevreden Formation (Fo @%38) and in olivineFo 9192 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 grast 280491
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Fig. 1 Composition of komatiite melt. A. Na/Cl versus® with seawater brines field [2,3]. B. Cl
versus MgO contents, EPMA data.
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Nanoscale Gas Flown Shale Gas
BanerjeeS. and BanerjeeM.
Geophysics,BHU,varanag21005,India
Sunjay_sunjay@yahoo.com,manasgp@yaho0.co.in

Nanoscale imaging visualizes shale gas playanoscale gas flow in shajas sediment®iameter 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., &gen and clays. Gas flows through a network of pores with different
diameters ranging from nanometres (nm 2P to Micrometresfm=10°m). In shale gas systems, nanopores
play two important roles. First, for the same pore volume, the exposed surface area in hanopores is larger than in
micropores. This is because surface area is proportionatitavhéred is the pore diameter. Ahe 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
researchwork for shalegas reservoirs.Nanologging fanorobots) play a pivotal role in measurement while
drilling.Modern fluid dynamicsKnudsenaw diffusion become dominant mechanism in shale gas reservoir.
Shale rock properties are being studied by ARdhoparticles are also ustmobtain 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 m the imaged.his 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 frahe 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 sedimerftemaagfew
nanometres to a few micrometre®robing NaneScale Forces/Mechanochemistry:AFM(Atomic Force
Microscopy) to study interactions of nasoale particles with fluid mixtures. The ability of the atomic force
microscope (AFM) to create threlmensonal 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 fundpropatties 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 nanometeeto 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. ProBSiogiéNano
ForcesMechanochemistryAFM (Atomic Force Microscopy}o study interactions of narsrale particles with
fluid mixtures. The ability of the atomic force microscope (AFM) to create flireensional micrographs with
resolution down to the nanometer and Angstrom scales has made it an essential tool for sSorégbeg 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/structurpattern recognition techniques can recognize the structural seismic patterns and
improve seismic interpretations. Combinatorial Image Analysigge structureanalysis areemployed for
nanoimagingThird generation wavelet transform are employed in nanaging.

Key words:
Shale gas, Atomic Force Microscope for investigation of rzoves, Knudsen law diffusion,
nanoimagingMRI, Wavelet TransformiNanoFludics
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Correlation of ignimbrite deposits from Verhneavactinskaya Caldera (Eastern rarge, Kamchatka)
0.V. BergatKuvikas, V.L. LeonoV, A.N. Rogozif,
I.N. Bindemarf, E.S. Kliapitskiy
1 -Institute of Volcanology and Seismology, Petropavidaichatsky, Russia
olgakuvikas@gmail.contvl@kscnet.rurogozin@kscnet.riKliapich@gmail.com
2 -University of Oregon, USBindeman@uoregon.edu

During 29, 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 layesgldéd tuffs and ignimbrite (>500 meters
thickness). The interbedded layers cover nearly 10 km area (Fig. 1). Volume of pyroclastic deposits was
calculated as 22030 kn?, 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 calfieraing eruption was determined by-Ar
method to be of Late Miocene (5.78~5.58 Ma BP).

Detailed descriptions of the numerous thin sections and wholegeochemistry allows us to comats
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 composition§irst 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 bymémsty 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 andesitedhaaged 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 yelloworange tone. These rocks characterized by significant secondary hydrothermal
alteration of rock’s matrix with quar micro veins. Fourth type of the layers is volcanic breccias, which
composed of broken different sizes rocks fragments with cemented tuffs matrix.

Wholerock geochemistry of ignimbrite changes from basalt to andesite 83i@59.5 wt. %), with
correspnding natural decreasing FeO*, CaO, MgO, Ji8cross the outcrops from lower to upper ignimbrite
layers the decreasing contents of Si®IgO, NgO are observed with minimum on the top of outcrop. In
comparing with another ignimbrite fields on Kamchatkae trocks from Verhneavachinskaya caldera
characterized by higher contents of Nb, Ta, JJa@d MgO, lower contents of Ma, Si0, (Kliapitskiy, 2014).

New discovery of the Late Miocene Verhneavachinskaya caldera is as one of the older and mafic
complex orKamchatka 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, Bergdlvikas, 2015).
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Fig. 1 a) General plate tectonic position of the Kdmatka and location of the Verhneavachinske
caldera (black square).

b) Scheme of geological structure of springheads of Levaya Avacha and Kavycha rivers (Leono
2011). Note: 1= Late Pleistocenélolocene alluvium, glacial and debris depositspwas indicate movemen
of landslides, 2 Pleistocene cinder comes and related lava flows,PdioceneEarly Pleistocene andesiti
lava flows, 41 Late Miocene ignimbrite deposits, 15 Latter Miocene diorite intrusions, 6 Miocene
porphyritic basaltsagglomerate tuff, 7 Late Cretaceousiltstones, argillites, 8 cliffs of Avachinsky range,
9 - faults which are boundary graben of Srednyaya Avacha river,bbindary of newdiscovered caldera
11- location of studied outcrops of ignimbrites1(12010, 2L-2014, 3L-2012, 4 R-2009, 5L-2009, please
see details on Fig. 2), I2dip of the ignimbrite layer.

Fig. 2 Correlation of stratigraphic
sections. Note: -1 ignimbrite layers, 2-
marked ignimbrite layers, which ar
correlated on the sections, dtered tuffs with
yellow-orange tones, -¢olcanic breccia, 5
numbers of the section are showed on Fig.
61 sodded outcrope area.
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