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Chromites from Late Vendian K-alkali Volcanics in the Olenek Uplift

(Northeastern Siberian Craton)
Afanasiev V.P., Nikolenko E.I., Egorova E.O.
Institute of Geology and Mineralogy, Siberian Brarof the Russian Academy of Sciences, Novosibirsk,
Russia
avp-diamond@mail.ru

Placer chromites of a particular variety discovemedthe Siberian craton were interpreted as false
kimberlite indicators and called Kungur-type chrtemafter the place of their first find. Althoughexapping
with kimberlite compositions (Afanasiev et al., B)0they crystallized in different conditions am@nce, differ
in crystal morphology. The sources of the Kurungetychromites remained unknown until recently, bet w
found the primary deposits in the northeastern pfthe craton: on the northern slope of the Olenglft, in
the Beenchime and Kuoika catchments south of Oleae#f among Triassic sediments along the Lena River
(fields 1, 2, and 3, respectively, in Fig. 1). Tdteomites are identical over the whole territorgl anay have a
still wider spread. Search for their sources rexaheir similarity with chromites from Vendian Hkali
volcanic pipes (Shpunt and Shamshina, 1989) inctest of the Olenek uplift (Figs. 1, 2). The pipgsre
observed within an area of 2000 ksnbut may exist over a much larger territory bufetheath Phanerozoic
sediments, judging by the great extent of the deriplacer chromites. Therefore, Vendian potassialial
magmatism in the northeastern Siberian craton wasmgortant geological and metallogenic event which
provided large-scale chromite mineralization of ¥iam-Early Cambrian rocks.
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Fig. 2. Major-element compositions of chromitestdDan pipe compositions are from (Shpunt and Sharash
1989). 1, 2, 3 refer to samples from the respediremite fields in Fig. 1.
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The placer chromites coexist with placer diamonfi®xmtic varieties (V-VII and Il according to the
classification of Orlov): rounded dodechedroidsmeowith fine fibrous structure and with dissolution
signatures) which are either absent from kimbediteoccur in minor amounts. The diamonds may béveer
from Precambrian non-kimberlite sources (Afanasgval., 2009, 2011) and involved in Phanerozoic
sedimentation in the latest Triassic, together wfth discovered placer chromites. The Vendian chesn
abundant in younger placers, became “hydraulic @mgms” of non-kimberlite diamonds in the latesia$sic
when the crest of the rapidly growing Olenek uplifas exposed to erosion. The erosion affected \aendi
sediments, including conglomerates and gravelstohéise Turkut and Khatyspyt formations, which niewe
been intermediate reservoirs of exotic placer diaso This provides another proof for the originesitic
diamonds from Precambrian primary deposits (Afanast al., 2009).
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Paleozoic magmatism of the Fennoscandian Shield:dim tholeiites to carbonatites and
agpaitic syenites
Arzamastsev A.A.
Institute of Precambrian Geology and GeochronoldgfyPetersburg, Russia,
e-mail: arzamas@ipgg.ru

The Kola Paleozoic alkaline province, formed in tie@rtheastern part of the Fennoscandian Shield is
characterized by features, which give logical reasm consider them as the typical manifestatidnglame
magmatism. Province includes large plutons, madefuggpaitic syenites, carbonatite intrusions, ancherous
dikes of alkaline rocks, as well as remnants oftkadine and alkaline extrusives.

The earliest manifestations of Paleozoic magmaiisthe region are represented by the normal delerit
dikes forming three swarms: Pechenga, the Bareds &d East Kola. These swarms include a seriksgef
vertical dikes of submeridional trend (NE 10°), soof which have been traced to a distance of niwaa 80
km. The largest dykes are 10-40 m thick; they cedisthe Precambrian structures. Based'%®m/*°Ar dating,
the biotite and plagioclase fractions from sevesdles of the three Barents Coast swarms yieldecdbf85 +
15 Ma. These data are the same as those obtaitiedhei°Ar/3**Ar method for dolerite dikes in the Varanger
Peninsula.

The next stage of Paleozoic magmatism is repregdmntesubalkaline volcanics which are exposed in the
Kontozero caldera and in the roof of the Lovozdialane massif and subalkaline intrusion Kurga. Taier
exhibit the U-Pb zircon age of 387+7 Ma [Arzamastsk al., 1999]. The main stage of Paleozoic magma
activity is represented by ultrabasic alkaline rifassith carbonatites and agpaitic syenite plutofsiong the
19 ultrabasic alkaline massifs of the Kola provinttee Vuoriyarvi and Kovdor massifs, ultrabasic cdite
complex of the Khibiny Massif, and intrusions oétkKhabozero group were chosen for U-Pb geochroiualbg
investigations. The Khabozero intrusions were chdszrause each of them is represented by a sihgkemnd
composed of more than 90% of a single rock typinile (Lesnaya Varaka Massif), pyroxenite (Afrilda
Massif), and foidolite (Ozernaya Varaka Massif)eTdeological and petrological data suggest thahallbove
intrusions are complementary and were formed duaisingle differentiation process of the parenteltsnof the
ultrabasic alkaline series. In contrast to typicatbonatite massifs with alkaline ultramafic rocks,which
ultrabasic and, then, ultrabasic alkaline meltsewigjected through a common conduit, derivativesthsf
Khabozero group were sequentially emplaced thraliffarent conduits, which resulted in the formatioha
group of intrusions spaced apart by 5—- 8 km. Wéebelthat the absence in each of these intrusibester
derivatives of the ultrabasic alkaline series minas the probability of the disturbance of isotopystems of
early differentiates and allows us to obtain theshomrrect age estimates. Fifteen mineral sepacdtesrovskite
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representing all rocks varieties of the ultrabadi@line series were chosen for U-Pb dating. Imatance with
the geological data, the oldest ages were obtdorggerovskite from the olivinites and pyroxenitgsking into
account the errors, their age is 385-377 Ma. Agienates for perovskite from the more evolved rookshe
series range from 376 to 367 Ma. The age of perta/élom sample 13-OV appeared to be significaother
compared with perovskites from the other foidolitestrographic examination showed that this samspdedike
rock similar in composition to olivine melanephéknand contains numerous xenocrysts of olivineb€&aring
clinopyroxene, garnet, and perovskite. It is reabtsto suppose that the perovskite analyzed dmifdrmed at
an earlier stage of differentiation of the ultrabaskaline series. The analysis of rare perovsiitens from the
rocks of the Khibiny Massif revealed significantfediences between the ages of the pyroxenite andlixies of
ultrabasic alkaline rocks (383 + 7 Ma) and apatitggheline ores (370 + 3 Ma), which is consisterthwi
geological observations of rock relationships.

The age estimates reported here for perovskite fitwenolivinite, pyroxenite, and perovskite bearing
pyroxenite (perovskite ore) of the Lesnaya Vara&fakanda, and Kovdor massifs fall within the rarg@s—377
Ma. A slightly younger age of 376-367 Ma was obtdirfor perovskite from the foidolite members of the
ultrabasic alkaline series, which is in generalsistent with geological observations indicatingt tthee ijolite—
melteigite intrusions cross cut the pyroxenites alinnites. The analysis of data for differentruive phases
from a single massif suggests that each multiplisasion developed autonomously within a specige
interval. For instance, the similarity of ages lbé tearly ultrabasic rocks and late carbonatitethefKovdor
Massif indicates that it was formed within the ran880-378 Ma. On the other hand, the formationhef t
Vuoriyarvi Massif occurred approximately 368-361 Mao. The analysis of the published data and
geochronological estimates obtained here suggbatsmost of the ultrabasic alkaline massifs of Kada
province were formed at 379 + 5 Ma. A comparisontliése data with Rb—Sr isochron ages indicates
significantly younger ages of the agpaitic syendeKhibiny (367 £ 5 Ma) and Lovozero (370 + 7 M&amm
and Kogarko, 1994]. Additionat®Ar/3°Ar age determinations for phlogopite from a diateeutting the
nepheline syenite of Khibiny (363 + 5 Ma) [Arzans&st et al., 2009] and zircons from the contact@are359
+ 5 Ma) and zircon bearing alkaline syenites of tlwozero Massif (347 £ 8 Ma) [Arzamastsev et 2007]
suggest that magmatic activity within these gidkaline plutons continued for at least several ionllyears
after the formation of the main rock complexes.ttie light of the available isotopic evidence, thye af
perovskite from pyroxenite xenoliths at Khibiny @& 7 Ma) coincides with the age of formation o€ th
ultrabasic alkaline series of carbonatite intrusiaf the Kola province. In contrast, the obtainepk af
perovskite from the apatite—nephelioie of Khibiny (370 + 3 Ma) corresponds to the emgpiment of agpaitic
syenites. This provides indirect evidence that dpatite mineralization of Khibiny is linked to ttagpaitic
series, which is represented by a complex of pimtasepheline syenites (rischorrites) and massitieesr rather
than to the ultrabasic alkaline series [Arzamastdeal., 1987].

The existing geochronological database includesemban 120 age estimates obtained by different
methods. Almost all the massifs of the Kola alkalprovince, as well as dike complexes and volcawee
dated with varying accuracy. Together with geolagiobservations, these data allow us to distingtih
following stages of Paleozoic magmatism in the meaistern Fennoscandian Shield.

393-381 MaEmplacement of subalkaline dolerite dikes in th&talizone adjacent to the Barents Sea
region of the Kola—Kanin monocline [Arzamastsewlet2009; Baluev et al., 2012].

387 +7 Ma.Origination of a series of faults in Late Archeanalites, trondhjemites, and granodiorites;
formation of the Kurga Massif [Arzamastsev et 4/999] and ultrabasic and subalkaline volcanicshia t
northeastern part of the future Lovozero ring stree

388 + 6 Ma.Formation of a series of ring faults and the originthe Khibiny sagging caldera at the
contact of the Late Archean complex of tonalitesndhjemites, and granodiorites and the Paleoppbér
Pechenga—Imandra—Varzuga paleorift complex; irgactf the first portions of melanephelinite magnmal a
formation of framing ring dikes [Arzamastsev et 2D09].

383 £ 7 Ma.Emplacement of ultrabasic alkaline melts in thettnenn part of the Khibiny caldera and the
northeastern part of the Lovozero caldera; fornmatd olivine pyroxenite, melilitolite, and olivinmelteigite
bodies.

379 +5 Ma.Formation of ultrabasic alkaline complexes withbzaratites in the Kovdor Massif, as well
as the Turiy Mys, Afrikanda, Lesnaya Varaka, Ozgandaraka, lvanovka, Pesochnyi, and other massifs.

372-367 Ma.Development of the main plutonic complexes of atipadyenites in the Khibiny and
Lovozero calderas. Khibiny: (a) emplacement of &gpayenites along outer cone shaped faults (kiitidi
intrusion); (b) continuing sagging of the calderal dormation of a layered ijolite—melteigite conwlalong a
system of ring faults; (c) formation of coneshagadlts in the rocks of the ijolite—melteigite corapland
emplacement of an apatite bearing urtite—juvitesikid syenite intrusion along them (370 = 7 Majda(d)
breakup of the central part of the caldera and aogphent of nepheline syenite melts, which formedctire of
the massif (foyaite intrusion). Lovozero: (a) fifj of the entire depression with agpaitic magmakfarmation
of a layered loparite bearing lujavrite—foyaitedtercomplex; (b) breakup of the central part of thassif and
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formation of a shallow intrusion of eudialyte lujdes; and (c) emplacement of an alkali syenitelagkite)
intrusion in the central part of the Lovozero catide

367-366 Malntrusion of carbonatite and pulaskite stocks méhstern part of the Khibiny caldera.

377-362 Ma.Formation of postintrusion dike swarms in the fragniof the agpaitic and ultrabasic
alkaline massifs. Emplacement of autonomous dikes farmation of diatremes of alkali picrite, kimb,
olivine melanephelinite, nephelinite, and phonatitainly in the framing of the Kandalaksha palegsifticture.

359 + 5 Ma.Formation of late microcline—albite veins with ilmte and zircon in the framing of the
Lovozero Massif.

347 + 8 Ma.Late magmatic processes in the alkali syeniteh@fcentral part of the Lovozero Massif
marking the termination of magmatic activity in tkkibiny and Lovozero calderas.

Financial support: Russian Foundation for Basic &&sh (Grant 15-05-02114) and St.Petersburg State
University grant 3.38.224.2015).

Types of carbonatite and relative associated siliterocks groups — by re-analysisis of

the Database Woolley and Kjarsgaard
Asavin A.M.
Vernadsky Institute of Geochemistry and Analytigiaémistry RAS, Moscow, Russia, Moscow
aalex06@inbox.ru

The development of metallogenic deposits datatsaaenew, underdeveloped approach in the field ®f or
geochemistry. The carbonatites is one of the luoloeption of the present state in the Earth ofrii®ee

Now published and open databases "World Carbohdiolley & Kjarsgaard 2009, Woolley &
Kjarsgaard 2008] and "Carbonatite and Kimberlité*roJov et al. 2006, Burmistrov et al. 2008] and
“Metallogenic of the intraplate magmatism compléxeditor by Mejelovski et al. 2001 [Bagdasarov E2@01].

This gives us unique chance to analyze the mefatiogrelationships in this type of deposit on the
quantitative level.

Only the single attempt to analyze information fréWorld Carbonatite" was made by Woolley and
Kjarsgaard in 2008 year.

The authors created the classification of assaciatiof silicate rocks linking with carbonatites. It
highlighted several associations (10-12) [WoolleyKgarsgaard 2008]. These associations were raniead f
different paragenetic types of carbonatite locati@nin different geodynamic structures. It allowtedbuild a
reasonable model of carbonatite genesis.

The disadvantages of this work are in two facttive:fact that classification was performed sepérdite
two (hydrothermal and intrusive) independent groopsarbonatites. While a further analysis showweat, tthis
kind of separation does not work. And the secorad fhat they did not attempt to divide carbonatibgs
chemical composition. This approach prevents tolexrsgze certain ore associations of carbonatites@ifidd
links to paragenesis of silicate, intrusive roaksliépend of this factor.

In addition, selected group are mixed in hypabyssal intrusive rock types. Several types of rocks
(syenite for example) add in 5 of the 12 groupddicates a large variation within the selectenugs.

The accumulated information allows us after 7 yeapeat a re-analysis of data from public databases
and appreciate the sustainability of receiving tasions. The development of information processing
techniques gives us the efficient possibilitiesdaiming new information from databases.

Table 1. Classification plutonic associations frcanbonatite localities (M- mono phase associattwly_ -
poly phases association more then 3-4 types afioitks).

This work Woolley & Kjarsgaard 2008

M-dunite-olivinite

M-pyroxenite

Poly UO OI-Pyx uo rock + syenite

Poly_UO_melilitolite

Poly melilitolite

M-melilitolite Melilitolite
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melilitolite-Ne-syenite Melilitite, melillite-nepHimmite extrusive (xMelilitolite) 4
Dunite-ijolite-Ne-syenite
Dunite-pyroxenite-ijolite
ijolite-urtite-Ne-syenite 6
ijolite-urtite-Ne-syenite(Px) 5
ijolite-urtite-Ne-syenite(Px-

gabbro) 6
ijolite-urtite-Ne-syenite(granite)
M-ijolite-urtite 3
M-ijolite-urtite(Px) Melteigute-ijolite-Urtite (zuaock syenite) 7
M-ijolite-urtite(Px-gabbro) Nephelinite extrusive |1-1-U) 8
M-gabbro
gabbro-syenite 0 Basanite, tephrite alkaline gabbro essexite
gabbro-syenite(Px)
gabbro-syenite-granite(Px)
syenite-Ne-syenite 6 Phonolite, FSp syenite 8
Ne-syenite(Px) 3 Pyroxenite+syenite 3
syenite-Ne-syenite-granite(Px) 6 Trachyte, Q-trachyte, syenite, Q-syenite 3
granite
Total massive 15 03

Results of re-analysis of database "World CarbteiafiVoolley & Kjarsgaard 2009] and other database
are shown in tabl.1 (also compared with classificatschema Woolley & Kjarsgaard 2008) The main
peculiarities of our classification are that we dasentified mono phase (M-) massive (with 1-2 ty/pd the
rocks) and poly phases massive. This is the efbéécstrong detalization of our classification. Inettold
classification mono association is absent (tabtight off columns). Also on the histogram (Fig.1e wan
observe gradual frontiers between different groafithe rocks. We believed that this picture is elts the real
nature of carbonatite massives. The histogram raiflects the view of previous studies about thecaltion of
the three major formations: ultramafic-alkaline,blgep, and miaskitic syenite-granite [Bagdasarov 7200
Ternovoy 1977]. Relatively recently selected grofitinear carbonatite bodies can be attributedhéorhiaskitic
syenite-granite group apparently [Rass 2011, Ndanse2007].
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Fig. 1. Histogram of plutonic association from aarhbtite localities as result of databases re-aizlys
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In the next stage of work, we evaluate the distidruof carbonatites types from occurrences (Figig
calculating methods of the frequency of differgmtets of carbonatites in occurrences also were dpedlbased
on database re-analysis. Main minerals includedssociation are : CC — calcite, Dol — dolomite kAn
ankerite. The types of rocks: sill — silico-carbtitea Phosc — phoscorite (also include nelsonitagmetitolite),
hydro — calcite vein with TR-minerals, Ba-TR_CC enbtonite bearing with bastnesite and calcite. Vdmt
majority sevite, mono calcite carbonatite type (286urrences) is shown in the histogram off scala arrow
(gray column).

an A
b T
C 238

Fig. 2. Histogram of distribution of carbonatitesaciation in occurrences as result of databases re
analysis (detail legend see in text).

Calcite carbonatites are permanent members of ghecation with other types of carbonatite. This is
emphasized by the presence of large number (236)calities in which contains only sevite carbotesti
Therefore, we can consider the binary associatibwsqorite-sevite, silico-carbonatite-sevite as mono
association. Which is reflected in the histograntkmd. 2type and 3type marks on histogram axis mdutke
arrays were present the association consisting &ofnadditional types of carbonatites.

We have developed the classification mainly basedtte division of the main mineral types of
carbonatites, but this is a first approximation. fatt, sevite carbonatites allocate several typesatcite
generations with different ore contents. It shdwddconsidered in the future.

Table 2. Classification of carbonatite associatimom carbonatite localities (M- mono phase asgamia2type,
3type - poly phases association with more thertypds of the carbonatite).

Petrography association Count Legend on histogram

Phoscorite (nelsonite, magnetitolite)+sevite 28 PRbsc-CC
Silicocarbonatite+sevite 15 M-sill-CC
Sevite+Dolomite+phoscorite 11 3type_CC-Dol_Phosc
Sevite+Dolomite+ankerite+phoscorite 7 3type_CC-Bok_Phosc
Sevite+ankerite+phoscorite 4 3type_CC-Ank_Phosc

| Silicocarbonatite+sevite+Dolomite 2 | sill-CC-Dol
Silicocarbonatite+sevite+Dolomite+ankerite 2 3tyike-CC-Dol-Ank
Silicocarbonatite+sevite+ankerite 2 sill-CC-Ank
Sevite 236 M-sevite-CC
Sevite+Dolomite 37 2type_CC-Dol

| Sevite+Dolomite+ankerite | 15 | 2type_Dol-Ank
Sevite+Dolomite+ankerite 23 3type_CC-Dol-Ank
Dolomite (rauhaugite, beforcite) 24 M-Dol

‘ Sevite+ankerite | 27 | 2type_CC-Ank
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‘ Ankerite | 22 | M-Ank

| Benstonite-bearing carbonatites+ Sevite+ Bastnesite 1 | Ba-TR_CC
Benstonite-bearing carbonatites+ Sevite+ Ankerite 2 Ba-TR_CC_Ank
Benstonite-bearing carbonatites+ Sevite+ Dolomite 1 Ba-TR_CC_Dol-Ank
+Ankerite
Hydrothermal calcite vein with REE (Fluorite-rich 5 M-hydro-CC-TR
sevite)
Hydrothermal calcite vein with REE, +Dolomite 2 Mero-CC-TR_Dol
Hydrothermal calcite vein with REE,+ankerite 4 Medng-CC-TR_Ank
| Total | 470 |

The histogram gives sufficient evidence of a clgametic separation of phoscorite phase from thex mai
sevite phase. On the histogram phoscorites and dlmghem rocks are separated from the sevite bype
significant gap. The same conclusion can be madéyidrothermal calcite veins and barium carbonsuwtéh
TR mineralization. On the other hand the link betwealcite (sevite) and dolomite (beforsite) cadiita types
very close. This is indicated by a large numbersadurrences with intermediate types associatia@taden
these extreme members.

Unfortunately, the volume of abstract does notvalforther analysis of the spatial distribution efexted
association types for different geodynamic condgioof localities. But this question is quite intneg.
Possible, if we use our classification the restilt e better than the fuzzy picture obtained byrmistrov
[Burmistrov et al., 2008].

The next question is whether there is a link betwie types of carbonatite and association types of
igneous rock? Our preliminary analysis shows thatl-sevite type meets with all associations, libéomore
rare types of carbonatites are still mostly asdediavith certain types of associations silicateksoc

Further development of the information contentatathase allows us to receive new, not obvious
conclusions. But we need to perform a re-analysieedatabase, perform data mining, as well asdate new
algorithms.
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Neoarhaean alkaline magmatism of Fennoscandian Shaeof Arctic region

is an oldest plume in the history of the Earth?
Bayanova T.B., Chshashin V.V., Kudryashov N.M., Erov D.V., Serov P.A.
Geological Institute of Kola Science Centre RASatiyg Russia, tamara@geoksc.apatity.ru

In the N-E part of the Baltic of Fennoscandian #hibere are about 30 massifs of high Ba, Sr, LREE
sanukitoids. Isotope U-Pb data on zircon from sd#oids granites of Karelia region (massifs Nukokegrs
Xaytavaarsky, Elliysky et set.) and eastern Finlgnubssifs Kiiittila, Silvevaara, Tasanvaara et )send
connected with sanukitoids lamprophyres dykes (%63 have yielded Neoarhean age interval origimfé&a74-
to 2.70 Ga (Chekulaev et all., 2004, Lobach-Zhukbest all., 2005; Kudryashov et al., 2013). Saraillg in
genesis are result of enriched mantle reservoibgcb-Zhuchenko et all., 2005; Egorova, 2014).

For the first time in Murmansk domene zircon froliite syenite of Paneavrsky massif yielded U-Pb age
with 265319 Ma (Petrovsky et.all, 2009). New U-Pgea 2668+7Ma on zircon gave for eugerin-auvgite
granosyenite Mt.Sylngyraz (Table 1).

In Keivy terrane Neoarhean alkaline granite andigeare widespread with massifs Belaya Tundra fU-P
age on zircon 2654+5Ma), Zapadno-Keivsky (267416 ,MEaharjok, Ponoisky et.set. For zircon from Sgatkar
massif with zircon deposit has been yielded 261326for late phase of nepheline syenite. The U-§b @n
zircon from yearly phase of the massif is 2682+18. Mor the first time baddeleyite have been sepdrtom
carbonatites of Siilinjarvy (Finland) and U-Pb agere 2613118 Ma which are coeval on U-Pb age orzibogn
crystal with 2611+10 Ma (Bayanova, 2006).

Table 1. Summarizing of U-Pb and Sm-Nd data foradkean basite and alkaline rocks of FennoscandigidS
(from Bayanova, 2004).

U-Pb, Ma

(zircon, baddeleyite) Sm-Nd

Rocks

Murmansk domene

Paneavrsky (albite syenite) 265319 oml= 3.1 Ga;end(T) =-1.5—-4.0

Sylnguraz (subalkaline eugerine- avgite

granosyenite) 2668+7 Tom = 3.1 Ga;eng(T) = -2.0
Keivy structure
Tsaga (monzogabbro) 2668+10
(gabbro-norite) 266080 Tom = 3.0 Ga;end(T) = +2
(monzonite) 2659+3
Medvezhje-Schuchieozersky (anorthosite) 2663+7 - -
Achinsky (anorthosite) 2678116 -
Western-Keivsky (granosienite) 26746 -
White Tundra (alkaline granites) 2654+3 pml= 3.1 Ga;end(T) = -1.4
Sakharijok (nepheline syenite) 2682+10 -
Sakharijok (alkaline syenite) 2613+35 -
Central-Kola domene
Kanozero (alkaline granites) | | of=3.0Ga;end(T) =-1.2
Finland
Siilinjarvi (carbonatite) 2611+10 oh = 3.1 Ga;end(T) = +0.4
Siilinjarvi (carbonatite) 2613+18 2615+5%jq(T) = +0.4 — +0.2

Kanozersky massif of alkaline granite lies in CahtfKola Arhean domene and zircon yielded U-Pb age
2667+16 Ma. Therefore take into account all U-Ritdpe data on zircon and baddeleyite duration afax@ean
alkaline magmatism are more than 60 Ma from inte2v@l to 2.67 Ga (Table 1).

All isotope data for alkaline granites-syenites aadukitoids of Fennoscandian Shield of Arctic oegbf
Neoarhean structures and carbonatites of Siiligjavisich based osNd, ISr, REE and HéHe* data belong to
enriched mantle EM-2 reservoir according to (Zoaubt all., 2007; Egorova, 2014). This epoch (130 Ma
formation from 2.74 to 2.61 Ga of alkaline, subéihe, basite and carbonatite magmatism is corredpdrime
of origin Kenorland supercontinent according toeistigation (Lubnina, 2009).

All investigations are in frame in the IGCP-SIDAS59
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Effects of sodium on ferric/ferrous ratio in silicae melts: an experimental study
BorisovA.4.
Institute of Geology of Ore Deposits, Petrograpfineralogy, and Geochemistry (IGEM),
Russian Academy of Sciences, Moscow, Russia.
aborisov@igem.ru.

Our understanding of the ferric/ferrous ratio inunal magmas is primary based on experimental vabrk
Carmichael’ s group (Sack et al., 1980; Kilinc &t 4983, etc.) who suggested an empirical equatiothe
form:

In(FeOs/FeO) = a:In(fQ) + b/T +ZdiX; + ¢ (1),

where T in K, a, b and ¢ = const; Are mole fractions of petrogenic oxides andak empirical
coefficients. However, as it was shown recently r{8uw et al., 2015), the effects of melt composition
ferric/ferrous ratio cannot be predicted accurateya function otdX; while silicate melts seem to be more
complex than symmetric regular solutions. In theadime the strict application of the model of agyetric
regular solutions to predict the ferric/ferrousiagtin multicomponent systems is not realistic {B&raction
terms would be necessary to apply this approachafoB8-component melt). Instead, we propose to hse t
simple Y'diX; expression but with a few additional terms for sofwritical” components. Such “critical”
components need to be identified on the base aéxtperimental studies.

During last a few years we have experimentally isdidhe effects of main network-forming oxides
(Si0Oy, TiO,, Al20Os, P:0Os) on ferric/ferrous ratio. One network-modifier (Y was also studied (Borisov et al.,
2013; 2015). Two components ¢8&s and MgO) were found to be “critical”. For examplilee increase of MgO
concentration in a basaltic melt results in a matieincrease of E#Fe?* ratio but has a negligible effects in
more silicic melts. We demonstrated that two add#i terms in eq. (1) are necessarysi¥a203Xsio2 and
dwgsiXmgoXsioz2 (Borisov et al., 2015).

The aim of present investigation is to further ekpentally study the effects of melt composition on
ferric/ferrous ratio with more emphasize on stroetwork-modifiers, first of all, sodium.

The earlier investigations with sodium have beendcated in rather simple systems, e.g..0¢&eQ-
SiO, (Lange and Carmichael, 1989). To the best our kedge the only similar study in multicomponent niglt
the paper of Thornber et al. (1980). These invattig modified an initial diabase composition bgr@asing
NaO up to 8.5 wt %. They found an increase of*fFe®* value with Na increasing. However, the scatter of
experimental points is very big and the experimenith only one basic melt composition do not allow
clarifying if Na&:O is “critical” components or not.

We have studied F#Fe&* ratio in DA+Fe03+SiO*+Al,03 melts (DA = Di-An eutectic compositions)
modified with different amount of N®. The experiments were done at 1500°C in a onesghere vertical
tube furnace with the loop technique. We have amalythe ferric/ferrous ratios in experimental gissky wet-
chemical method (Wilson, 1960) in modification ahBessler et al. (2008).

We worked at air condition where the loss of akkétom silicate melts at 1 atm total pressure isa®
dramatic as at more reducing conditions (e.g., $eriet al., 2006). Nevertheless, working with aploo
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technique, one must expect some alkali exchangeeeet high- and low-alkali melt samples occurrirdesby
side in a single run (Borisov, 2008). However, wapéd that ferric/ferrous reequilibration in the gdes is
faster than Na lost or Na gain. Fig. 1 supports itdhea.

It was found that the increase of sodium conterdlircompositions results in an essential increase
ferric/ferrous ratio (Fig. 2). The slopes of logt{#E€*) vs. Xuazo in silicic and more basic melts (including
alumina-rich ones) are slightly different (2.6+028,and 3.4+0.3, & correspondently). However, this difference
is not very large and we expect thats Xnazo term in type (1) equation may be sufficient to atidge the
effects of sodium on ferric/ferrous ratio.
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Fig. 1. Ferric/ferrous equilibrium in air at 1500fCsilicic melts (DAFS+Na series) suffering Natid& gain.
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Fig. 2. Effects of sodium on ferric/ferrous ratiosilicate melts at air conditions and 1500°C.
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About metasomatic nature Khibiny apatite-nephelinedeposits
Borutzky B.Ye.
Mineralogical Museum of A.Ye. Fersman, Russian Aeadof Sciences, Moscow, Russia.
borborutzky2012@yandex.ru

Famous apatite deposits in the Khibiny massif anKlola Peninsula is unique for its unusual mineral
composition (apatite + nepheline), the quality o @ontaining phosphorus, strontium, rare eartimetdgs,
fluorine, aluminum, rare alkaline elements, niobjueic., and huge reserves. Apatite-nepheline racks
industrial deposits not yet found anywhere in tterlty especially on such a scale. What is so wnidquits
composition and ore reserves are set in the akatiassifs composed agpaitic nepheline syenitegshwid
never been associated elevated concentrationsosppbrus, indicates the non-triviality and the ueigess and
the conditions of their formation.

The theses of this report it is impossible to cauy a detailed analysis of all khibiny problem#gghe
vast amount of literature the Khibiny, and the $ipedetails and references, we refer to some alplipations
(Borutzky, 1988, 2004, 2010, 2012), based on a ewmizpn data of geological and petrological withadaf
mineralogical and geochemical researches.

Detailed geological and petrological analysis of thhibiny massif became possible since the initial
“hand-written” (1930) map by B.M. Kupletskiy, V¥lodavets and O.A. Vorob’eva was refined after ggatal
mapping that took place in 1931-1936s by a teamsciéntists from Academy of Sciences, “Apatite” trus
Leningrad geological trust, Scientific-researchtitoge of fertilizers, Sevzapsoyuzredmetrazvedk&NIGRI
institute, “Arctica” institute etc (A.S. Amelando¥.V. Volodin, N.A. Volotovskaya, O.A.Vorob'eva, IE.
Denisov, E.N. Egorova, N.P. Lupanova, P.M. Murzaé\, Namoyuschko, V.N. Numerov, |.S. Ozhinskiy KK.
Sudislavlev et al) at scale of 1:25000 and lates weduced N.A. Eliseev, |.S. Ozhinskiy and E.N. ddbh
(1939) to the sketch 1:75000 map. As conceptualainoidformation of the Khibiny massif N.A. Eliseapplied
the concept of the “intrusions of central type” Byglish geologist E.M. Anderson and method of $tme
analysis of plutonic bodies by G. Kloos — A.A. Paibv. According to this dynamic model, the Khibjsiyton
was formed as a result of magmatic intrusion ohlitle magma along the system of alternate circarhar conic
faults sequentially from the periphery towardsaéntral core (from west to east) as a series ohdpheline
syenite intrusions. According to this model meliteigirtites were trapped in the time between plagheline
syenites, what is not usual. Conception N.A. Elissehe “official” for more than 70 years.

The ideas by N.A. Eliseev were fully shared by Z&k, N.M. Abramov, V.N. Bolysheva, M.M.
Kalinkin, Ye.A. Kamenev, F.V. Minakov and other doyees of Sevzapgeolupravleniye, that conducted new
geological mapping of the massif in 1957-1960s afcale 1:50000 and in 1959-1963s — mapping of the
productive ijolite-urtite intrusion at scale 1:1@with detailed prospecting for apatite by F.V.nistov, A.l.
Alexandrov, Ye.A. Kamenev, A.l. Konovalova, I.I. iekrest et al. (Zak et al., 1972). In this intrusifplite-
urtites was divided into 3 subphase: early and {gteesented finely/medium trachytoid (gneissic)ltaigite-
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ijolites, and the average - folded coarse-grainedgive urtites, feldspar urtites and juvitts, whidiserved the
spatial (and possibly genetic) relationship witlt#p-nepheline deposits.

Return to the question on genesis the Khibiny &pagpheline deposits. Using advances in the
enrichment technology apatite from nepheline, AFersman wrote in 1931: “Flotation repeats the peotcal
process, which took place in the nature. It raibesconcentrate upward, i.e, apatite and partlgsphimmerses
nepheline to the bottom, and further flotation loé thepheline tails results in purified nephelinecantrate,
which sinks to bottom as a sediment, which corredpdo the best and most pure sort of urtite roffketsman,
1959, p. 758). This is the reason, the massiveseegrained urtites, underlying apatite deposits, that
significant for genesis and prospecting.

After “conditioned” geological mapping the massifnamber of different hypotheses of magmatic,
metamorphic and metasomatic origin of apatite wamgposed. The most detailed apatite problem dealt T
Ivanova. She suggested the idea of a Second Khghibyulkane (lvanova, 1963) and divided melteigitites
into 5 sub-phase (three pre-ore - trachytoidal madsive fine-grained and massive medium-grainedtheg
with apatite-nepheline rocks, ristshorrites an@vrties in the Western sub-vulkane and two post-orest of
trachytoidal ijolites, massive medium-grained felals urtites and juvites in the Eastern sub-vulkahe)her
opinion, formation of apatite-nepheline rocks reddrto independent intrusion of agile “apatite” mmegwhich
penetrated into thin cracks, rich in volatiles, Htjg mobile, able to recrystallize surrounding roc&ed
genetically unrelated to ijolite-urtite. That isiessubscribe to opinion F.U. Levinson-Lessing, ALbuntsov,
B.M. Kupletskiy, M.P. Fiehweg, V.I. Vlodavets, L.Bintonov and B.M. Melent’ev on the existenceapiatite
magma in contrast to opinions N.N. Gutkova linking apaformation with the residual pegmatite melt, A.S
Amelandov on pneumatolytic-hydrothermal genesisapétite (lvanova, 1969). She did not agree with the
metasomatic hypothesis origin of apatite ores Byl. Kurbatov and L.L. Solodovnikova from hydrothedma
solutions, although observed substitution of oddji@megirine-diopside by apatite in lenses of finakged ijolite
and partly by nepheline during they collective ystallization, but at the same time, recognizerttetasomatic
genesis of apatite deposits Poachvumchorr, assuminlgis case replacement of nepheline and feldsyar
apatite in ristchorrites.

Modern views on the geology of the Khibiny masséfreszchanged. The interpretationtcgfchytoidal and
banding structures, by N.A. Eliseev as a resula ahelt intrusion alongside circular faults, becatogbtful.
Thus, G.M. Virovlyanskiy demonstrated that it isedited not from below upwards but from above dowdwa
and that the rocks of the Khibiny pluton sunk istabsidence caldera for 1.5-2 km alongside a nuraber
cylindrical faults, and between blocks were clampédarious ancient roof rocks as xenoliths. Sueholiths
between massive and trachytoidal khibinites weagmnibsed as paleovulcanic (rhomben-porphyres arat)dth
the "Western Arc" of the Khibiny massif and wersaafound within lyavochorrites (Borutsky, 1988).iNerous
xenoliths of alkaline-ultrabasic rocks, were eartlescribed by A.V. Galakhov. Paleovulcanites wagscribed
by A.l. Serebritsky in foyaites of central parttbé massif and were found by V.P. Pavlov, I.I. Regst, V.V.
Smirnov and others within nepheline syenites durstguctural deep drilling. In the Khibiny were also
discovered the tubes explosion and carbonatites.

The new principal data were obtained on the natomposition and structure of the Khibiny meltedgit
urtites of the "Central arch" massif. Their stiatifion was determined even earlier by N.A. Elis€E9339), but
this fact was not taken into account. Accordingh® detailed mineralogical-petrological investigas by E.A.
Kamenev, F.V. Minakov, V.N. Titov, I.I. Perekre#,D. Kozlowskiy, S.M. Kravchenko, V.l. Nozdrya, T.N
Ivanova, A.A. Arzamastsev, A.N. Korobeynikov, anthers the rocks from melteigite-urtite series ten
divided into two complexes by the chemical composiiof the rock-forming minerals and structuralttesal
features. They are: early, differentiated fine/rnedigrained trachytoidal melteigite-urtites and latarse-
grained massive urtites, and the latter may beednitto one complex with feldspar-urtites, juvitasd
ristschorrites, similar by chemical compositiomusture and typomorphic features of the mineralstaioed.
The rocks of the first complex is close to the camnalkaline-ultrabasic rocks, enriched by sodiurd aon
(with high agpaitic coefficients), and according ByM. Kravchenko, D.A. Mineev, A.Ye.Belyakov, L.N.
Kogarko and others took plase after intrusion kékhe-ultrabasic rocks into surrounding nephebgenites "in
situ”, by crystallized or gravitatively-crystallidalifferentiation. The scientist were not confubgdhe fact, that
stratification of the rocks strikes not horizongalhs usual does in stratified rocks, but dropsatole the center
of the massif under the angle of 15-30 to 40-5@Ptanthe fact, that according to the drilling datanducted by
geologist from the Khibinogorsk party (V.P. Pavld¥, Perekrest, V.V. Smirnov and others), stiatifrocks
this complex disappear with the depth, are undithie khibinites, and cut abruptly by lyavochorriteég. this
stratum is not an intrusion, but was entrapped dépheline syenites as a giant bow-shaped xenolithefizt),
similar by its geological position to xenoliths pdleovulcanites. The rocks of the second complase-specific
feldsparbearing coarse-grained with unusual pdikilstructure, enriched with potassium and silicdine
authors consider them as a consequently intrudekisyavhich were formed within an independent magmat
chamber during the directed crystallized differatitin trend: coarse-grained urtitesfeldspar urtites— juvites
— ristschorrites.
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Nevertheless according the investigations by S.Mrbigtov (1948), L.L. Solodovnikova, S.A. Rudenko,
V.N. Titov, G.M. Kuznetsov and athor of this repattis more likely that giant-grained rocks of thstchorrite
complex are metasomatic rocks arising by effealkdline fluid solutions, split from nepheline-sytenmagma
(i.e. fenitization) as a result of recrystallizatiand subsequent K-feldspathization ijolite-urtitgéth the scheme:
coarse-grained urtite> juvite — ristchorrite (Borutzky, 1988).

In accordance with the considered views of the neatd the rocks the"Central arc" we believe that th
Khibiny apatite formed as a result of substitutmegirine-diopside inlenses of fine-grained ijoliees earlier
intended S.M. Kurbatov (1948), during fenitizatithe relic melteigite-urtites when exposed to flyigglit off
from the nepheline syenite magma (Zotov, 1989; Bimy Zotov, 2010), followed by recrystallizationder the
influence of alkaline solutions with enrichment frrand La relatively Ce. It is assumed that phosgs brings
a potassium (and optionally sodium) fluoride-pha@gplcomplexes.
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HREE-enrichment in late-stage apatite from carbonates; comparison of apatite from

the Songwe, Tundulu and Kangankunde carbonatites, Elawi
Broom-Fendley S.L.*, Wall F.*, Gunn A.G.**, Brady AE.***
*Camborne School of Mines, University of Exeterjteh Kingdom, s.broom-fendley@ex.ac.uk
**British Geological Survey, Keyworth, Nottingham
***Mkango Resources Ltd., Suite 1400, 700 - 2n@&tSW, Calgary, Alberta, Canada

Rare-earth element (REE)-minerals currently exédctfrom carbonatites (such as the REE-
fluorcarbonates and monazite-(Ce)) are typicatth iin light (L)REE and poor in heavy (H)REE, whéfREE
denotes La—Sm and HREE denotes Eu—Lu + Y (Wall420The price of the LREE has been decreasing since
the peak of 2011, and so carbonatites have becessealtractive to exploration companies. Heavy RE€es
have also dropped since 2011 but they are stilttwwo orders of magnitude more than the LREE. Thany
mechanism to increase the percentage of extradtdREEE from carbonatite deposits would greatly iaseethe
value of the REE resource.

Fluorapatite (C{PQu)sF), which is ubiquitous in carbonatites, usuallyngoises 2-5 modal % of the
rock and can be the main REE host. It is typicallyiquidus phase, but can occur throughout carlitenat
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emplacement, from early magmatic, through to latdréthermal stages (Hogarth, 1989). It is a remalgka
tolerant mineral to structural distortion and cheshisubstitution, being able to accept many difiedements
into its structure, including the REE. Concentrasimf up to 5 wt. % REE in apatite have led toghggestion
that it may be a viable by-product or co-producpbbsphate extraction, although the REE-distrilsuiooften

LREE-enriched (e.g. Mariano & Mariano, 2012).

Ngwenya (1994), Ting et al. (1994), Walter et 4Pg5), Wall & Mariano (1996) and Broom-Fendley et
al. (2013; 2015n prep have described late-stage apatite from the Tund®ikulu, Juquia, Kangankunde and
Songwe carbonatites, respectively. In these exasmggbatite grains often have distinct turbid coned elear
rims, although a fine-grained, anhedral textursm@e prominent in the apatite at Sukulu and Sondvigtinct
enrichment in SrO, REE and p@is present in the late stage apatite relativeattier-crystallised apatite, which
often forms cores or euhedral/ovoid grains. Anayskapatite from Tundulu and Juquia also disphagence
of HREE-enrichment in the late-stage apatite rimiile Wall & Mariano (1996) described crystalligati of
xenotime-(Y) in association with the apatite rimiskangankunde. However, evidence of HREE-enrichnient
late-stage apatite has been limited to inferencas bulk-rock REE analyses and EPMA analyses ava df
the REE. The REE-distribution of late-stage apasiteot fully understood. In this study it is sugtgsl that late-
stage apatite in carbonatites can host the HRE&Enpally up to economically significant concenioas. It is
also proposed that the changing REE and trace-eleamntents of apatite, through the different paregic
stages, can be used to infer REE behaviour duh@dgist vestiges of carbonatite emplacement.

To test the proposed hypotheses, late-stage afratite Tundulu and Kangankunde is re-examined, and
new apatite data from the Songwe Hill carbonatieepaesented. Optical microscopy, cold-cathodol@sience
(CL), BSE-imaging and EDS mapping are used to dhtei upon the complex paragenesis of the apatiteess
localities. Spatially-resolved REE, major and traébement analyses from EPMA and LA-ICP-MS have been
acquired from each site in order to better undadsthe evolution of REE, Sr, Na, U and Th from w0l late-
stage apatite.

Fluorapatite from Kangankunde and Tundulu are teXtu similar, with turbid cores and clear
overgrowths, confirming previous work (Styles, 1988wenya, 1994; Wall & Mariano, 1996). CL imagerfy
the Kangankunde cores and rims emphasises theraexdifference, with cores displaying green—uviolet
luminescence and rims showing muted brown/purpleuts. CL imagery of the Tundulu apatite, however,
reveals a much more complex crystallisation histevigh luminescence colours varying from (coregitos)
bright-blue, green, maroon and mauve. These chgnf@liminescence colours are attributed to changing
proportions of the CL-activators: €e(violet); Dy**, Tb** and Mr#* (yellow); and Srit (red/orange).
Additionally, at Tundulu, new petrographic obseiwas indicate that the LREE-fluorcarbonates cryistd
after the development of apatite rims. Apatite from Seagloes not display core/rim textures and can be
broadly subdivided into two textures: early, ovgi@ins and late fine-grained, anhedral stringesslyEapatite
luminesces violet, while late-apatite is typicallyeamy/brilliant white. At Songwe the late-stageatip
crystallised prior to the crystallisation of the RBuorcarbonate synchysite-(Ce). Very late-stagatite at
Songwe is associated with xenotime overgrowths.

Major and trace element analyses and spatiallylredoX-ray maps of Kangankunde and Tundulu
confirm the results of the previous analyses, with later-stage apatite crystallisation broadlypkdiging
enrichment in SrO, REE and P& At Kangankunde, REE concentrations are greatéra rims than the cores,
but both core and rim REE distributions are LREEa&®d, peaking at Sm. At Tundulu, however, REE
distribution is considerably more complex. Sevatifflerent distribution patterns are observableha tores,
with a LREE-rich distribution, a curved, convex-WpREE-enriched distribution and a LREE-poor, HREhr
distribution. In some cases the HREE concentratamreach 1 wt. %. The complexity of the REE-distiion
in the cores contrasts with analyses from the witrere most analyses are MREE-enriched with a steepease
towards the HREE. However, maroon-luminescent rfrosn Tundulu are chemically different to all the
previously described occurrences of late-stagatap@hese rims are enriched in Na, but do not stimaSr and
REE enrichment observed at other localities. Indeede of the elements analysed were positivelyetated
with Na. Such high Na concentrations are unlikeltheut a charge-balancing coupled-substitution.e8asn
infrared spectrometry of a similar sample from Tulnd(Styles, 1988), the increased Na concentratiothis
apatite type is, therefore, interpreted to be dua toupled-substitution with GOWhile they have low REE
concentrations, these rims display flat to HREEet®d REE distribution patterns. A negative Y-anbma
observable in the distribution of both cores amdsriof the apatite from both localities. At Songwejor and
trace element analyses reveal a complex crystadiisehistory. Early, ovoid, apatite is LREE-enricheas
observed in liquidus apatite from many carbonatité® late, anhedral, apatite at Songwe, howesdiREE-
enriched, reaching up to 2.5 wt. % HREE. REE distions are varied, ranging from flat; convex-upREE-
enriched; through to prominently LREE-depleted &REE-enriched. As observed in late-stage apatden fr
other carbonatites, the increase in REE conceotrati associated with a concomitant increase inah Sr
concentration. At Songwe, Tundulu and Kangankutniereasing HREE concentration is associated with an
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increase in U and Th. Interestingly, in comparisoate apatite from Kangankunde and Tundulu, noinghe
apatite from Songwe displays a Y-anomaly.

Comparison of these apatite analyses with publist@tionatite-derived and granitoid-derived apatite
shows that carbonatite-hosted apatite can readmehigegrees of HREE-concentration in the late-stagfe
carbonatite emplacement. Late-stage apatite fromg&iakunde appears to have anomalously low HREE
concentrations compared to late-stage apatite fRongwe and Tundulu. However, co-crystallisation of
xenotime-(Y), as observed by Wall & Mariano (1998)likely to preferentially partition the HREE anthe
xenotime structure and would explain the relatively HREE concentration in apatite from this logaliThe
composition of the analysed apatite extends thevhkn@nge of HREE content in carbonatitic apatitéeteels
hitherto occupied only by granitoids. This suggéiséd carbonatites are potential sources of theREB, which
are currently in great demand for new and greenniglogies. Indeed, mineral processing test worduisently
underway to beneficiate apatite and synchysite-{@e) the Songwe Hill carbonatite (Brady et al. 201

The similarities of increasing HREE, Sr and Na @miation in late-stage apatite, and the tendeificy o
this late-stage apatite to form prior to LREE-flearbonates, in many different carbonatite complexegyests
that all of these intrusions are subject to simgescesses. It is suggested that the apatite digsthfrom a
hydrothermal fluid and it can be inferred, basedassociated mineralogy, that this fluid was richFinCQ, P
and SQ, although a Cl-rich fluid cannot be ruled out. Quassibility is that of a fenitising fluid; theseea
commonly inferred to be Na- and F-rich and causgelscale hydrothermal alteration of country-rocks
surrounding carbonatites. Comparison with apatiienffenite at Songwe, however, indicates that #ite-$tage
fluids which led to apatite crystallisation are Ipably not related to fenitising fluids. Apatite ted from fenite
is LREE-enriched, with a chondrite-normalised dlsttion sloping towards low HREE concentrationsd an
displays a prominent negative Eu-anomaly. Suclstillition has been described for fenite-deriveatiggpfrom
other carbonatites and is interpreted to be angisfienite signature (Dowman, 2014). This contrastshe
HREE-enriched apatite observed in the Malawiarb@aatites. Rather, the crystallisation of the kthge
apatite in these examples is interpreted to be ethusy carbonatite-derived fluids expelled late he t
crystallisation sequence. It is suggested that ¢exagion by F, CQ P and/or S@could be potential transport
mechanisms for the REE.

This study was supported by a BUFI (BGS) NERC ststig to SBF and a NERC SoS grant to FW.
Thanks are also due to M Styles and JD Appletorsdone Tundulu samples and to S Chenery and L faeld
analytical assistance.
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Primordial and radiogenic noble gases in fluid inalsions in Seblyavr massive

carbonatites and pyroxenites
Buikin A.L.* ** Hopp J.**, Sorokhtina N.V.*, Trieloff M.** *** Kogarko L.N.*
*VVernadsky Institute of Geochemistry and Analyticaemistry RAS, Moscow, Russia
**|nstitut fir Geowissenschaften, Universitat Hdlolerg, Heidelberg, Germany
***K|aus-Tschira-Labor fiir Kosmochemie, Universitdeidelberg, Heidelberg, Germany

The alkaline—ultramafic Seblyavr ring intrusion orxin the NW part of the Kola Peninsula (68°K2
32°08 E). Covering an area of approximately 20%kithis Paleozoic massif is one of the largest ftype
within the Kola Alkaline Provinces. The Seblyavr sséi has a concentric-zone structure and consistheo
following rocks (listed in order from older to yoger): olivinites, clinopyroxenites, ijolite—meltéigs,
phoscorite and carbonatite series of rocks, nunsemastmagmatic rocks and fenites formed after cgunt
Archean gneiss [Afanas’ev, 2011].

The majority of magmatic rock types show tracesndénse hydrothermal alteration and thin veinletthw
dolomite—strontianite—ancylite-(Ce)-sulfide minération ubiquitously developed in contact zonesveen the
carbonatites and earlier magmatic host rocks. Wielode that fluid phases played an active roleughout the
whole course of rock formation and subsequentatlter. To better understand the sources and ewalwdf
fluid phases we performed noble gas isotope amalggtracting gases by stepwise crushing of threermai
separates: diopside from clinopyroxenite (Sbl97y7Pcalcite from a carbonatite vein cutting the
clinopyroxenite (Sbl97-47Cal) and calcite from d@eamphibole carbonatite (Sbl97-11Cal). The samplere
collected from different drill sites, with depthktbhe samples ranging from 40 to 65 meters.

The “*He concentrations vary less than an order of madeitand are slightly higher in Sbl97-47Px
(3.8x10° cc/g) compared to the calcites (9.8%1€c/g and 5.6x10 cc/g) in Sbl97-47Cal and Sbl97-11Cal
respectively. The variations of concentrations inprdial *He are much higher — up to 3 orders of magnitude
(9.0x10% cc/g, 7.2x16* cc/g and 8.1x1& cc/g) for Sbl97-47Px, Sbl97-47Cal and Sbl97-11@spectively.
This is reflected irfHefHe ratios which vary from typical values of deepntfé plumes (around 20000-30000
[Trieloff et al. 2000, Marty et al. 1998]) to essially radiogenic values typical for crustal magdsi The higher
the 3He concentration (Fig. 1), the lower thdefHe ratios, which approach the Kola plume valueddffidin
et al. 2002, Marty et al. 1998].
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Fig. 1. Dependence éflefHe ratios orfHe concentrations.

It is worth noting thatHefHe ratios increase with progressive crushing wiiamost probably the result
of addition ofin situ radiogenic helium fronin situ U+Th decay that is extracted with increasing nunidfe
strokes while
primordial helium is decreasing. The highttdefHe ratios are observed in Sbl97-11Cal, wheréellteecontent
is three orders of magnitude lower than in Sbl9P»7Interestingly, théHe concentration in calcite (Sbl97-
47Cal) from the later calcite vein is ten times éowhan in pyroxene from the same pyroxenite, wiiichld
point to He escape from the magmatic system.

Neon results are shown in Fig. 2. The data poifthe very first crushing steps of 97-47 Px and Cal
samples plot close to the Reunion mixing line [élgpp et al. 2005]. Further, with progressive cimghas also
for He) one can observe an increase of the nucteog®mponent in the neon budget. Only for Sbl9T4l1
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(which is the least contaminated by atmospheric mmtieogenic components) we obtained a well caadla
mixing line and evaluated tR&Ne”?Ne mantle end member @ENefNe = 12.5) as 0.0426+0.0019.

The argon isotopic composition is in good agreemetit our previous data on these samples [Buikin et
al. 2014]. Very higHCAr/3éAr ratios in Sbl97-47Px (up to 30000) well correlatith high*HefHe ratios (Fig.

3), and thus cannot be explained by a MORB-typetlmasomponent. Most probably, they are the restilt o
redistribution ofin situradiogenic argon from phlogopite grains which draralant in the host pyroxene. Due to
the dominating neon and argon mantle componenbi@7s11Cal we could evaluate the mantle end-member
40Ar/38Ar ratio of the Kola plume. Extrapolation of thegression line (Fig. 4) to mantle N€Nef?Ne = 12.5)
yields 4°Ar/3Ar = 45794342 (1), which is consistent with the value of 5000+10@Ported by Marty et al.
(1998) but more precise.

Thus, on the base of new high precision and welletated neon and argon isotope data we obtained a
better evaluation of thé°Ar/%®Ar ratio of the Kola mantle plume source (4579+34Zhe correlation of
radiogenic argon and helium (and nucleogenic n@ocjushing steps of Sbl97-47Px allowed us to edelthe
presence of a MORB-type mantle component in Seblggroxenites. The most plausible source of radiige
helium and argon and nucleogenic neon in progressiushing steps of Sbl97-47Px are redistribueditu
radiogenic/nucleogenic gases, but we still cantlwke the presence of abundant very small fluidusions
carrying crustal noble gas components (i.e. exarhbly circulating waters from wall Archean gneijses
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Fig. 2. Neon three isotope diagram. Mixing linesReunion plume, MORB and SCLM as well as cumutativ
number of strokes and trend of crustal (nucleogem®@on component are indicated.
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Fig. 3. Correlation of radiogenic to non-radiogenic Fig. 4. Argon-neon isotope systematic of Shl97-11Ca
isotope ratios of helium and argon indicates ctusta The data reflects mixing between atmospheric and
or in situ radiogenic nature of higPAr/3éAr ratios mantle components of neon and argon.

in late crushing steps of Sbl97-47Px.

The authors acknowledge support by Klaus Tschiftu8y gGmb, RFBR graurit13-05-01009,

Program of the RAS Presidium “Basic scientific mshes for the development of the Arctic zone ®Rhssian
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Towards the issue about the source of carbonic mait in paleozoic ultrabasic dykes

within Spitsbergen Archipelago
Burnaeva M.Yu.
FGUP VNIIOkeangeologia named after I.S. GrambetgP8tersburg, Russia

Today we know over 30 ultrabasic dykes within Wegitsbergen Archipelago (east and south of Andre
Earth — western coast of Vejde-Fiord nearby Kroesgy and Petermann capes, Purpurdallen Valleyheiort
coast of Ekmanfiord, and nearby Rubinbreen Glaeietaakon Earth VII) which occur as both singuladies
and accumulations. These dykes lie across low-Dawoterrigenic rocks of Wood Bay and Grey Hook eslit
All the dykes are of submeridional and meridionaikes, subvertical and vertical gradients. Thicksa@nd
visible length are 0.3 to 1.5 m and up to 1.5 kespectively. Macroscopically, the dykes are comgdse
picrite-like fine-grained dense massive and almshaped carbonized rocks dark-grey to black in c@odies
with coarse impregnations of clinopyroxene and naind bodies with inclusions of deep xenolithes taleee.
Recorded among the dykes are both differentiatet poorly differentiated bodies. Prominent amohg t
differentiated dykes are decolorized fine-graineldages (up to 5-7 cm in size) and coarse-graiesdral part
deeper in color. No visible differentiation is obsed in the other dykes, but phlogopite megacrisia¢o 5 cm
large are present (1). The bodies intruded in posgienic epi-Caledonian development stage of tbkipelago
are structurally related to a subzone of majoketslip oblique faults of submeridional strike withthe Vejde-
and Aust-fiords fault zone. The low-Devonian teenic rocks of Wood Bay and Grey Hook suits serve an
enclosing strata.

The rocks show ultrabasic composition and are destrin more detail in (1). Prominent among the
dykes are both bodies with preserved primary dtreceind composition and those all-carbonized. psoto
studies have been carried out in order to defiseuace of dyke carbonization.

The isotope analysis was carried out at VSEGEbs®tResearch Center by IRM-MS methods with the
use of DELTA plus XL mass-spectrometer (ThermoFgani Germany, Bremen) supplied by Gasbench
preparative add-on device. All the values6f/*2C and*®0/¢0 isotope ratios are presented as their bigsC (
ands®0) relative to the standard (PDB or VSMOW). Inaceyraf measurements ¢l was within 0.1-0.2%o for
carbon and 0.1-0.3%. for oxygen.

The isotope analysis fé#°C and$'®0 was carried out for core samples from 7 dykes. @irthe dykes is
composed by ankaramite, one by basalt and fivedritglike rock. Two of the latter five dykes asaturated by
almond-shaped bodies and contain coarse enoughsfooally up to 5 cm large) biotite, and the ottieee
contain inclusions of deep xenolyths. Carbonatehgélrothermal veins and fine-grained rock-saturating
carbonate were analyzed for two of the dykes. Tdlees obtained mainly vary between: -2.7 and -8t3*fC,
15.1 and 20.0 foB*0O (table 1, fig.1). Fallen out of the total isotopalues are ankaramite dyke (2464-1)
characterized by carbon (-6.8) and oxygen (13g)Hiveight relative to the other dykes and alsdcaate from
a carbonate vein of basalt dyke 1455 wherein thtec of53C was recorded as maximum among the other
values obtained.
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Table 1. Isotope composition of oxygen and carimodykes.

5 13C, 5 180'
N N sample °/o0, PDB °/o0,vsMow
1 222-7 -3.6 16.2
2 222-7* 2.7 15.1
3 41-04 -2.9 18.0
4 7-1 -3.3 17.3
5 2464-1 -6.8 13.8
6 2743-1 -3.3 18.7
7 1455* -1.8 19.0
8 1455 -3.9 20.0
9 2686 -3.8 17.0

*- carbonate from veins.
1455 - basalt, 2464 — ankaramite, the rest dykes ar
composed by picrite-like rock.

Analyzed for two core samples (222-7 and 1455) weoth fine-grained carbonate saturating the
groundmass and coarser carbonate from veins. Tdetigrmal carbonate contains relatively heaviebaa
and somewhat light-weight oxygen.

Deep-seated rocks and ordinary chondrites mainbwshalues of5*%0 to vary within 5 to 6. Isotope
composition of oxygen in carbonatites mainly varletween 6 and 9 fo3'®0 (2). These values are the
benchmark for interpreting isotope variations whgeological processes. The main valuesdbiC for
carbonatite carbon vary within -8 to -6 and coieciith isotope composition of diamond carbon (3r F
carbonic product these values represent the anitexf a pattern of the mantle (fig.1). Among theeceamples
studied, none of the values falls within the mairterval for oxygen. For carbon, isotope compositof this
element is shown only by the ankaramite dyke. Basedhe above, we may suggest crustal nature of the
carbonate product and significant assimilation kybonate dykes from enclosing and superposing rotks
sedimentary genesis. The values obtained alsottendry that suggests different degree of assiiitatin the
diagram, the values for the carbonate from veiesadnove isotope parameters obtained for the carbdirtan
groundmass of the same dyke that may also be ideree for its primary sedimentary genesis (indagtl).
Enrichment of the dykes in crustal products is asimlenced by’SrféSr = 0.710 obtained before for samples
222-7 and 41 (1).
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The diagram shows the fields of compositio®dC ("primary igneous carbonatites”) — primary
magmatogenic carbonatites (6); NSC ("normal sediargncarbonates") — marine normal sedimentary
carbonates, SC ("soil carbonates") soil carbonggsvariations in composition relative to increasirole of
crustal products, and the insert showing the imfbgeof different processes to variations in isotopposition
of primary carbonatite product (4, 7).
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Geochemistry of the basanite dyke Swarms, South At@ia (Kahramanmaras/Turkey)
Cansu Z., Oztirk H.
Istanbul University Department of Geolodstanbul, Turkey.
zeynep.oru@istanbul.edu.tr

The Sekeroba (Turkglu-Kahramanmarg barite deposit which is one of the biggest andestu(high

quality) barite deposit in Turkey is accompaniedatialine dyke /sill swarms. These alkaline dykkegsiarms,
which only seen on underground mining gallery doowdcrop on the surface, have 0,5-1,20 m thickaesk5-
10 m length. They are also so fresh, dense, kakdured rocks and mainly consist of feldsparddpatoid (
some sections include more losite) , titanaugiteyine, alkali amphiboles, titanian magnetite atie and
secondary calcite and barite in amygdaloidal casitThe age of these rocks determined as Miocéh2 £10.5
and 15.8 + 1.0 Ma #2) by K-Ar Method (Oztiurk et al. 2014).

Geochemical analysis of 10 samples from 5 locati@ne analysed by ICP-MS. Mean major oxide
values of the ten basanite samples are determaimdallows(%); Si@42,12 AbOs. 13,39, Fe0s3:12,86, MgO:
8,31 CaO: 8,29, N®:2,78, KO: 1,6, TiQ. 2,55, MnO: 0,15, ¥s. 0,76. These values locate tephrite/basanite,
trachy basalt and basalt field on silica vetste alkali diagram (TAS) (Fig.1).
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Fig 1.Sekeroba alkaline porphiritic rocks ploted on tathdali versus silica classification diagrams.
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Basanite dyke/sill swarms unexpectedly haven'tisb for REE composition. They show so lineer
patern with a depletion from L-REE to H-REE on tte®ndrite normalised REE diagrams(Fig.2). Thereais
any of rare earth element anomaly. Mean value®fdtal REEs of the basanite is 176,45 ppm.
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Fig 2. Chondrite-normalised REE patern of basarfiitesmalization values of Boynton, 1984).

The trace element composition of the basanite sssrgule also interpreted and ploted on THE tectonic
discrimination diagrams. They are mainly fall iithin plate alkaline rocks’ area in Th-Hf/3-Nb/1&h-Zr/117-
Nb/16, Th-Hf/3-Ta ternary diagrams(Fig.3) (Wood Q8
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Fig 3. Th—Hf-Ta tectonomagmatic classification déms (Wood,1980) and plots $¢keroba basanites.

This Miocene aged basanites should have begnded into the Ordovician aged clastic rocks,
possibly by mantle plumes under the localsimal conditions.
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Precambrian carbonatitic magmatism in Manitoba (certral Canada): an overview
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Prior to the discovery of carbonatites at Eden L&Wdemin, 2002), this type of rocks had not been

recognized in the Province of Manitoba, central &k in striking contrast to the adjacent partthefSuperior
craton in Ontario, where carbonatitic magmatism lieen known for at least 60 years, and used aspariant
source of information for the development of isatomodels for carbonatites (Bell et al., 1982; Rokhand
Bell, 2010). In Precambrian settings affected bfoxeation and metamorphism, igneous carbonate roeks
easily pass unrecognized during routine regionalesmapping due to their small size, metamorpHhici¢a and
obscured exposure, particularly in a wet tempecéiteate. Most of the discoveries in Ontario weredmdy
mineral exploration companies pursuing large aemredc anomalies, such as the %55 km cluster of
anomalies at Nemegosenda Lake that turned outpiegent a ring complex composed of magnetite-bgarin
feldspathoid rocks cut by carbonatite dikes (Sd§87). Whereas geophysical methods, such as magaradi
vertical-gradient gravity surveys, are effectiveplexation tools in the search for magnetite-, iliteenand
pyrochlore-bearing carbonatites emplaced in intnéinental extensional settings (e.g., Drenth, 20ty do not
work very well for carbonatites emplaced in orogesettings, and typically lacking the aforementbngnerals.
In addition, this latter type of carbonatites conmiyoundergo deformation and low-grade metamorphiisithe
waning stages of, or following, the orogeny to proel a metacarbonate rock that can be easily mistimkepart
of a supracrustal sequence unrelated to any mara@matism. In the absence of a robust U-Pb geoohreter
(such as zircon), the age of such rocks and tleeiect placement in a geodynamic context are bolijest to
uncertainty due to thermal resetting. These chgélsrrequire the development of a completely newoeafion
approach applying geochemical and mineralogicakema to the search for (post)orogenic carbonaténd
associated deposits of rare earth elements (REE).

The fortuitous discovery of carbonatite outcropamtya scoping study funded by Rare Earth MetalgpCo
(Vancouver, Canada) in the eastern part of Edem liakorthern Manitoba (Mumin, 2002) was a turnpugnt,
in that the Trans-Hudson Orogen (THO) began to geas the area of Precambrian carbonatitic magmaaisd
that our understanding of carbon cycling had todwsed to account for this and other occurrenceslated to
continental rifting. At Eden Lake, dikes of sdvitetruded postorogenic silica-saturated syeniticksoof
shoshonitic affinity, which were transformed intmacse-grained tinatitt@ndradite)-bearing fenites at the contact
(Chakhmouradian et al., 2008). Both silicate andbamaate rocks were emplaced after the closure ef th
Paleoproterozoic Manikewan Ocean and assemblyeofidithern part of the THO 18%#58/15 Ma (U-Pb zircon
and titanite ages, respectively). The postorogsuiie is crosscut by aplites and granitic pegnmtifeanorogenic
affinity, which manifest far-field effects of cdliional processes elsewhere in the Orogen ca. 175Qréset
titanite age). The most remarkable mineralogicaratteristics of the Eden Lake soOvite are the peEsef
microcline and aegirine-augite megacrysts and ewieeof post-emplacement ductile flow accompanied by
remobilization of REE from the primary igneous mggaesis (fluorapatite and calcite) to form allanké&hough
REE are locally present here in high concentrat{opsto 16.7 wt.% total REE oxide), the mineralstig these
elements are not amenable to economic REE recowiigh led to a halt in exploration activities iQ2L.

Subsequently (Couéslan, 2008), postorogenic catibesavere recognized Paint Lake in central Maritob
in a completely different structural setting coefinto the northwestern margin of the Superior créito present-
day coordinates) deformed during its collision witle Reindeer Zone and the consolidation of the TAQhis
occurrence, calcite-dolomite and calcite carboasiitostdate the final stage of the Hudsonian osoggr-30 Ma
(a Rb-Sr isochron based on phlogopite samples §&@8+ 15 Ma) and are not associated with any alkaline
silicate rocks. Trace-element data suggest that tomk types originated from the same mantle-deridelomitic
magma by fractionation. Their closest “contempdtaapalogue is Cenozoic carbonatites of the Himalaya
Mianning-Dechang Belt in China (Hou et al., 2009).

Our recent work in eastern Manitoba indicated t@bonatitic magmatism linked to collisional tegtsn
occurred already during the assembly of the Supéiaton in the Late Archean. At Cinder Lake in @xford
Lake — Knee Lake greenstone belt, veinlets of tmalcarbonatite crosscut cumulate syenites assdciaith
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diverse feldspathoid syenites. The veinlets wesmntified as igneous on the basis of their traceietg and
isotopic characteristics, and the presence of REtenmals (monazite and britholite) in associatiothwsr-REE-
rich calcite. The areas of carbonatite distributeme surrounded by extensive metasomatic halos rGsimg
albite, muscovite (sericitized feldspar) and, ild$pathoid rocks, andradite. U-Pb geochronologyimon from
the silicate rocks and of andradite associated thighrcarbonatites shows that the two rock suitecaeval within
the error (2705 2 and 271Gt 5 Ma, respectively). The emplacement of these gacka Neoarchean collision
zone between the North Caribou and North Superioravontinents heralded the consolidation of theeBior
craton; carbonatites of broadly similar age (2.6392Ga) have been previously identified in the Elavaton,
northern Quebec, Greenland and Finland. However Qimder lake carbonatite is at present the olkiestvn
occurrence of such rocks in the world. Some 60 k@VWof Cinder Lake within the same Neoarchean Oxford
Lake — Knee Lake greenstone belt, orthometamorpiiks of the Bayly Lake complex (> 2.73 Ga) host an
unusual dike (Anderson et al.,, 2013) that was pmeged as primary dolomite carbonatite fragmentad a
incorporated into a somewhat younger calcite caatien The two rock types are cogenetic, but deedo
independently, as suggested by trace-element liiths in the principal rocks-forming minerals I¢ite,
dolomite, amphibole and phlogopite). This dike usdoubtedly, a manifestation of voluminous postslhal
mantle-derived igneous activity in the Oxford-Stdbmain, and further discoveries of similar rocks to be
expected elsewhere in Neoarchean greenstone hé¢fts Superior and other cratons.

The above discoveries are important because they #at carbonatitic magmas are a relatively common
product of melting processes in the mantle assetiafith, and probably triggered by, subduction. &keent of
carbonate melts is related to relaxation, eithex franstensional regime, or in response to posttogelaxation.

Our findings also suggest that plate tectonics @a&mow it was already operating 2.7 billion yeage.a

The only occurrence of anorogenic carbonatite imidda known at present is at Wekusko Lake, where
dikes of macrocrystic beforsite intruded Paleopueic supracrustal rocks long after the consaliadf the
THO (U-Pb measurements on zircon macrocrysts g&@&+54 Ma). The dikes contain spinel and ilmenite
macrocrysts compositionally similar to those fouimd kimberlites, but the rest of its mineralogy and
geochemistry is more consistent with carbonati@sakhmouradian et al., 2009). The Wekusko Lakerbiéo
is interpreted to have crystallized from primaryntie-derived melts produced by localized extensionhe
THO probably in response to far-field stressestedldo the breakup of Rodinia in the Neoproterozdiuis
locality is the youngest known expression of igreeaativity in Manitoba.

The present work was funded by the Natural Scieacds€Engineering Research Council of Canada and
Manitoba Geological Survey.
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The new demand paradigm: environmentally progressie rare earths —

Mountain Pass mine, California, USA
Cordier D., Landreth J., Sims J.
“Molycorp Inc,” Greenwood Village, Colorado,USA
Dan.Cordier@Molycorp.com

Today's rare earth industry is undergoing significand rapid evolutionary change toward greater
reliability and diversity of supply, increased segu of supply chains, and better price predictiil In
particular, technology innovation is helping proeise such as Molycorp meet the growing demand by
downstream consumers for rare earth materials mdttieenvironmentally progressive processes. Adearn
rare earth material science are lessening the fugecklatively scarce heavy rare earths in highfgranance
neodymium-iron-boron (NdFeB) permanent rare eartbigmets, which is making more NdFeB magnetic
materials available for a broader range of dowastrapplications and markets. This is especiallyoirtant to
applications in the clean energy and energy effiiyespaces, where the use of NdFeB magnets dritter be
performance, greater energy savings, and assogiadedtions in air emissions. All of these treads helping
to restore the confidence of customers and otladebblders in the rare earth space. That increamafidence
is likely to drive both additional global demandr frare earth materials and increased utilizationthefse
remarkable materials.

Critical factors in the rare earth market
Cox C.
The Anchor House, Inc., Chicago, USA

The rare earth element (REE) market has been eslyerlatile over the last decade, and it has becom
very difficult to predict future market growth ratand prices for each of the elements. The fututldak of the
market directly affects the financing of potenfialure supplies. There are a number of factorsottsitier when
seeking to understand the direction of the mariketuding: the world economy, Chinese policy, retiut &
replacement of REE usage, new applications, newgssing methods, and new REE resources outsidhindC
Each of these factors will be examined and plaoekistorical context, as they each have the capabil shift
the market.

World Economy

REE demand is closely linked to world economic glowVhen the world economy declined sharply in
2008-2009, the rare earth market declined along ivilThe purchase of products that utilize ramhesafluctuates
as the world market expands and contracts.

Chinese Policy

Chinese policy has a profound affect on the REEkataExport and production quotas have been used to
control the REE market—so much so that Japan, theaBd the USA field and won a World Trade Orgatiiza
(WTO) complaint. Chinese response to the WTO’sngulwill shift the market and its regulation. Alsts new
leadership has come to power in China, it will leeywvimportant to see how they treat rare earttthéir new 5-
year plan.

Rare Earth Crisis of 2010 and Aftermath

Much of the attention focused on the rare earthketas due to the crisis of 2010 and following. Dgr
2010, the Chinese drastically cut export quotasJapinese companies had some difficulty in acquimaterial
from China. The market response included a prideesfand subsequent drop), end-users re-evalueditegearth
usage in their products, and an explosion in thralbr of prospective rare earth projects outsidétoha.

Reduction & Replacement of REE Usage

As a result of the rare earth crisis, many sectbat use rare earths have lessened or replaced thei
dependence on REEs. The polishing industry hasdeato recycle much more efficiently, magnet maciufieers
have reduced or eliminated the use of dysprosiuraravipossible, and the phosphor industry has sogmifiy
reduced usage (perhaps as much from the acceptdideD lighting—which uses less REEs—as intentional
reduction).

New Processing Methods

Many new methods for processing rare earths haga bmuted over the last decade. However, many of
these methods re-visit older technologies and dgravide any new or substantial economic advantabere
has been some increased efficiency introduced secnasy rare earth processing steps, but these thamsefar,
provided only incremental improvements.
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New REE Resources Outside of China

The industry has been closely following the progres Molycorp’s Mountain Pass project and Lynas’
Mount Weld project, to see if there will be viabt®mpetitive REE production outside of China omargé scale.
In addition to these companies, there are a nurabether junior miners, and potential possibilitifes by-
product production.

Rare earth elements in charoite rocks, Murun comple
Dokuchits E.Yu., Vladykin N.V.
Institute of Geochemistry SB RAS, Irkutsk, Russiar@rambler.rwvlad @igc.irk.ru

The Murun alkaline complex is the largest complé&patassic agpaitic rocks, that is located in north
west part of Aldan shield (the border of Irkutsktstand Yakutia). This complex is one of Mesozdkalme
complexes of Aldan alkaline province and doesnitehany analogues in the world.

Main minerals of charoite rocks are charoite, quamicrocline, K-arfvedsonite, tinaksite, fedorite,
apophyllite, frankamenite, pectolite phenocrystbeyl are rimmed by charoite, charoite-pyroxene-titak
aggregate in cases with calcite. There are someearadt even unique minerals in charoite rocks. [yhauet al.
1983].

Charoite rocks are composed of these main petrogeleiments: Si, K, Na, Ca, Ba, Sr and water.
Variations of these elements in particular deteenihemical composition of charoite rocks.

[Rozhdestvenskaya et al. 2010] deciphered thetsteiof charoite:

(K,Sr,Ba,Mn)1s.1dCa,Na)2[(Si7o (O,0H)1s0)] (OH,F)4.0xnH20

The completed crystal chemical formula of charoda be written as:

(K 13.885r.0Ba0.32MNg 36) 1556 Caps 64N 36 36) 32
[(Sig011(O,0H))2(Si12018(0,0OH)12)2( Si17025(0,0H)ig)2] (OH,F).0%3.18HO

Double correlation plots of petrogenic elementg.(fi) show common trends of composition changes.
Divergence of some dots from a trend line is causedmall volume of samples (1 kg), and by procesde
melt-fluid differentiation, which continued, whitharoite rocks crystallized [Dokuchits. 2014].
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Fig. 1 Double correlation plots of petrogenic eletseof charoite rocks.
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We investigated a behavior of rare earth elementharoite rocks. On fig. 2 shown ternary correlati
plots of rare-erath elements inside whole grouthete elements (with and without Y) in charoiteksocClear
correlation dependences between elements are abdmved, that explain genesis of charoite roaks fmelt-
fluid.
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Fig. 2. Ternary correlation plots of charoite racks

The fig. 3 presents double correlation plots oé+earth elements. Clear straight correlation depeces
with quiet wide diapason of concentration of theknents are to be observed. The same dependences f
another rare elements (Ba, Sr, Zr, Hf, Nb, Ta,Zh,Sn, Be) may be observed in fig. 4.
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The regular behavior of petrogenic and rare elesnémtcharoite rocks is evidence of quite stable
conditions of crystallization of these rocks froiticate-carbonate melt-fluid. These patterns ofdimt of rare
elements in charoite rocks are close to those efstme elements in silicate rocks of Murun complexich
witness of their common genetic relation.
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Role of tectonics during formation of alkaline rockassociations of South-Western part

of Russian Platform
Donskoy A.N._Donskoy N.A., Legkaya L.I.
N.P. Semenenko Institute of Geochemistry, Mineyadogl Ore Formation, Kiev, Ukraine
donick_gg@mail.ru

About twenty nepheline rock massifs of Proterozoid Paleozoic series are indicated on the terribry
South-Western part of Russian Platform. Most ofittare on the territory of Ukraine, Belarus and uithia.
There are some preconditions of findings in Rostiolast’ of Russia and Poland [1-5].

Similarity of petrological, geochemical and minezagal features by means of comparison of main
peculiarities of alkaline rocks of Proterozoic syerseries and Devonian basic-ultrabasic onesdiated. It
can note the following points.

Both series related to tectonic active zones of&mirian geologic structures were formed at fitegass
of Proterozoic and Devonian tectonic activity. Alka magmatic melts’ generating, alkaline fluidsnfation
and their migration in lithosphere, their compasitil ratio with host rocks are due generally todysamics of
tectonic activity of certain consolidated structire

Alkaline rocks of Proterozoic syenite series hawadafined difference between magmatism products and
metasomatism ones. There are no effusive and @&sruscks. Pegmatate process is widespread. THes maic
sodium and sodium-potassium branches are prevaileckasing of rare elements’ content associatdaisg
aluminum content with total alkali. Among the rockikaline syenites are more widespread. Carbosadite
indicated.

In Devonian series in addition to plutonic rocke thffusive and extrusive ones are widespread. So,
including kimberlites which are likely to be assaed with diamond formation. Potassium branch raates
prevailed. Comparing Proterozoic and Devonian rpfikst ones have higher K, Ti, F, Ba contents; @@an
metasomatites have increased Nb and Be contents\dZfa are practically absent.

Alkaline rock association of Proterozoic and Dewamnage contain deposits of nepheline ores, raralmet
(Zr, Nb, Ta, Be and etc.) metasomatites and TR.ofkesvell as increased K, Na, P, Ti, Sr, Ba, Ph, Cn, F
concentrations.

Comparison of alkaline rock associations of theiaegvith other regions of the world indicates the
following.

Nepheline syenite massifs associate ancient Pamr@latforms, such structures as the Ukrainiath an
Baltic Shields, and Canadian platform. Besides abkpé series emergence meets eras of tectonic agahatic
activity which correspond periods of global Eanthst alteration. All massifs of syenite series wierened after
an end of Archean and Early Proterozoic foldingeyassociate lifted early consolidated blocks afeedones
of Proterozoic faults, usually intersection of fhalts which approach lower part of earth’s crusd anantle. On
the platforms they associate lineaments which parisfluids from the depth. Simultaneous with aiikel
massifs of the region are Saharjok, Eletozero amim@akha-Vyrmes massifs of the Baltic Shield, YeHaife,
Kaminak, Haliburton Bancroft, Blue Mountain of tianadian Shield, Palabora, Spitzkoppe of the Sauthe
Africa region [6].

The middle Paleozoic era is characterized by witlgmif regions of the alkaline rock series and their
diversity. Among Hercynian orogenic structures loé Urals the miascite massifs were formed, the kexm
and Khibiny plutons on the Baltic Shield in paldébzone. Middle Paleozoic magmatism associatedaimocks
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in Kazakhstan, Central Asia, Altai-Sayan regionthidéon Mongolia, Transbaikalia and Nothern Baikajioe
[7-9].
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Crystal chemistry and genesis of organic mineralghe interaction between organic

molecules and heavy metals in hydrothermal environents
Echigo T.,* Kimata M.**
*Faculty of International Resource Sciences, Akltaversity, Akita, JAPAN, tak.echigo@gmail.com
**Graduate School of Life and Environmental Scies)dgniversity of Tsukuba, Tsukuba, JAPAN

Organic minerals are natural organic compounds Wwitth a well-defined chemical composition and
crystallographic properties; their occurrences aétraces of the high concentration of certain noigaompounds
in natural environments. 45 species of organic naigeare approved by the Commission on New Mingerals
Nomenclature and Classification of Internationalnbfialogical Association (IMA/CNMNC); these minerals
consist of the structural units containing carbarbon covalent bonds, for example, hydrocarbon cubds and
organic acid anions (Gaines et al. 1996, Bojal.2G10). Echigo & Kimata (2010) divided the orgamiinerals
(45 species) into the following two groups: (1) immrganic minerals, in which organic anions andiouss
cations are mainly held together by ionic bonds] &) molecular organic minerals, in which eleateastral
organic molecules are bonded by weak intermolecinlig@ractions. The former group contains 27 speoies
organic minerals and the latter comprises 18 speéehigo & Kimata 2010). The most typical ioniganic
minerals are oxalate minerals that contain oxalioma (Fig. 1a), various cations and water molecu&sronene
(CaaH12: Fig. 1b) and picene (eH14: Fig. 1¢) molecules, which are polycyclic aromdtyarocarbons (PAHSs), are
bonded by van Deer Waals forces and make up th&tatrgtructures of the most typical molecular organ
minerals, karpatite and idrialite, respectivelylfgo et al. 2007, 2009).

(a) 0 (o) 2- (b) OO (C)

\ /

o) U0 Q9
¢ o oxy
Fig. 1. Chemical structures of (a) oxalate anibh.cpronene and (c) picene.
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In general, organic minerals occur in low-tempe&tanvironments, e.g., marine sediments, carbonate
concretion and coal. However, both whewellite [C&ig- H.O] and natroxalate [N&C2O4)], the most typical
oxalate minerals, also occur in the late hydrottedrstages of peralkaline pegmatites of the Khiband
Lovozero agpaitic massifs at Kola peninsula, Rugsig., Khomyakov et al. 1996). Not only these atal
minerals, but also complex non-crystalline organatters called solid bituminous matters (SBMs) odowsuch
peralkaline pegmatites (Chukanov et al. 2007). &l®B8Ms are characterized by the association withalhld rare
earth elements (REEs) minerals that show relatii@ concentration of Ce, La, Nd, Y, Sr, Th, U, Wb and
Ba, and hence the role of such organic mattersaniransportation of REEs in hydrothermal fluidswsgudied in
detail (e.g., Chukanov et al. 2005). In additidre most typical molecular organic minerals, katpatnolecular
crystal of coronene, Fig. 1b) and idrialite (maillee crystal of picene, Fig. 1c) occur in some legrimal Au-Hg
deposits in California, USA (Sherlock 2000). Thilrg effects of organic molecules in hydrothermaid$ on the
capturing of heavy metal elements/cations have desmmssed for long time.

We studied the crystal chemistry and genesis di batlate and PAH minerals in detail because they a
the most typical ionic and molecular organic mifereespectively (e.g., Echigo et al. 2005, 200009. These
studies have revealed that the cations and oxatates (GOs%) in oxalate minerals are strongly bonded to form
fundamental building blocks (FBBSs) in their cryssfiductures and that FBBs in PAH minerals are iidial PAH
molecules and these are loosely bonded by weakniotecular interactions. In addition, carbon is@aptios of
karpatite (GsH12) and idrialite (Gz:H14) occurring in mercury deposits in California, USWere analyzed and
suggested that these PAH minerals derive theirirarigrom hydrothermal alternation of biogenic origan
substances in oceanic sediments (hydrothermallpatn) (Echigo et al. 2007, 2009). Itomuka mercugpaskit in
Hokkaido, Japan formed by Neogene/Quaternary valcactivities in subduction zone is similar to manc
deposits in California that produce PAH mineralse Wvestigated the mercury ore from Itomuka ming faund
out some solid organic matters associated withtguamd native mercury (Fig. 2c). Our study indisatkat
organic molecules in hydrothermal fluids play anffigant role in the concentration of Hg (and Am)subduction
zone, as well as peralkaline pegmatites in Kolarizeia.

Fig. 2. Organic minerals/matters occurring in hyleomal mercury deposits: (a) karpatite from Sanit®e
mercury deposit (Ka: karpatite, Cin: cinnabar, Mgsignesite, Qtz: quartz), (b) idrialite from Ska&gsings
mercury deposit (Idr: idrialite) and (c) organicttaa from Itomuka mercury deposit (Qtz: quartz).

Source of financial support (if applicable). T.Eckaowledges supports from the Japan Society for the
Promotion of Science, Grant-in-Aid for Grant-in-Aa Young Scientists (B) (#25871090).
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Leaching of rare-earth and radioactive elements fro lovozerite lujavrite

(Lovozero alkaline massif, Kola Peninsula)
Ermolaeva V.N.*, Mikhailova A.V.**, Kogarko L.N.**
* |[EM RAS, Chernogolovka, Russia
* GEOKHI RAS, Moscow, Russia
cvera@mail.ru

We studied leaching of rare-earth and radioactieenents from lovozerite lujavrite, which is raretale
ore, with different reagents in order to deterntime most effective ones. As a reagents for leaghilegused 4%
solution of HCI, 2% solutions of ammonium oxalat@pn B and ammonium difluoride, as well as mixsr
(1:1) of HCI solution with 2% solutions of ammoniuoxalate, trilon B and ammonium difluoride. The
determination of the elements was carried out bygusf ICP MS method. The results of leaching shtwat
REEand Th from lovozerite lujavrite are leached mefféctive by mixtures of HCI solution with ammonium
oxalate, trilon B and ammonium difluoride solutipas well as by HCI solution. Somewhat smaller dtian of
REEand Th are leached by solutions of ammonium ogalzifon B and ammonium difluoride. U are leached
most effective by mixtures of HCI solution with ammmum oxalate, trilon B and ammonium difluoride
solutions, as well as by HCI and ammonium difluergblutions. Thus a mixtures of HCI solution wititoh B
and ammonium difluoride more effective extradcREE, and mixture of HCI solution with ammonium oxalate
HREE (table 1, figure 1).

This work is important from the practical point\@éw: the high contents of rare (including raretepr
elements in alkaline rocks of Lovozero massif mikeossible to consider it as potential object tbeir
industrial extraction.

Table 1. Element contents (ppm) and leaching re$rdin lovozerite lujavrite (Lovozero alkaline miss
Kola Peninsula), ICP MS method. Experiments werdanaithout volume control of the analyzed solutions

Leaching results (in % from total content)
Contents
Element| in sample, 206 ooy 4% HCI 4% HCI 4|%'HC|
ppm ammo- 2% 0 aMMo-| <) tion +2%| solution solution +
4% HCI . . nium . 2%
. nium trilon B . . ammonium + 2% .
solution . difluoride . ammonium
oxalate | solution . oxalate trilon B . .
; solution . ) difluoride
solution solution solution solution
La 413.60 62.62 5.46 17.6Q 2.63 85.55 87.98 ~100
Ce 738.96 73.84 6.27 21.87 3.34 90.25 ~100 ~100
Pr 89.47 77.93 7.56 24.77 3.29 87.41 ~100 ~100
Nd 331.09 85.74 8.86 28.74 3.58 91.12 ~100 ~100
Sm 69.11 96.05 11.06 34.34 3.67 95.93 ~100 ~100
Eu 20.89 92.09 12.30 33.47 3.24 ~100 ~100 ~100
Gd 66.96 92.42 11.79 32.67 3.29 95.99 ~100 ~100
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Th 12.32 82.89 11.20 28.47 2.65 91.44 97.76 94.02
Dy 71.75 88.36 13.23 28.41 3.70 ~100 ~10( ~100
Ho 15.47 80.94 12.35 23.79 3.37 ~100 96.2D 93.44
Er 50.96 79.22 12.42 21.9¢ 3.50 ~100 93.2p 91.15
m 7.21 76.79 10.48 19.33 2.75 ~100 90.23 89.18
Yb 41.20 80.25 11.51 20.47 4.10 ~100 92.5b 91.74
Lu 5.09 75.65 9.64 18.54 2.40 ~100 88.11 88.39
Th 338.91 81.13 8.50 25.54 4.75 93.66 93.88 ~100
U 103.92 82.12 9.82 19.47 77.97 ~100 94.7b 94.45

% of leaching
1000

100 +

10 ~

4

La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Th U

Figure 1. Results dREE Th and U leaching (in % from total content) fréowozerite lujavrite
(Lovozero massif, Kola Peninsula) with solutions: HCI, 2 — ammonium oxalate; 3 — trilon B, 4 - aomum
difluoride, 5 — HCl+ammonium oxalate, 6 - HCI+ aril B, 7 - HCl+ammonium difluoride. ICP MS data.

% of leaching

1000 ~

100 -
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la Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Ybh Lu Th U

Figure 2. Results dREE, Th and U leaching (in % from total content) froorjphyric lujavrite (Lovozero
massif, Kola Peninsula) with solutions: 1 — HCk 2mmonium oxalate; 3 — trilon B, 4 - ammoniumulbfiide,
5 — HCl+ammonium oxalate, 6 - HCI+ trilon B, 7 - H@mmonium difluoride. ICP MS data.

In comparison with porphyric lujavrite (Ermolaeviat., 1014) single solutions of ammonium oxalate,
trilon B and ammonium difluoride leaching some deraduantities oREE,Th and U. In case of leaching with
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other solutions we observe similar result for lomiz and porphyric lujavrite. Unlike lovozeritejdurite for
porphyric lujavrite we can see Ce maximum for amiwon difluoride leaching and Th minimum for
HCl+ammonium difluoride solution.
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Mantle carbonatites or crustal metacarbonates? Ch#&nge from carbonate-dykes in the

Ivrea-Verbano Zone (NW ltaly / S Switzerland)
Galli A., Grassi D.N., Gianola O.A., Rickli J.
Department of Earth Sciences, ETH Zurich, Sonnagsé 5, 8092 Zurich, Switzerland
andgalli@hotmail.com

In the Ivrea-Verbano Zone (NW ltaly / S Switzerlpothe of the best mantle-crust sections worldwide i
exposed. The geological evolution of the IVZ hasrbecharacterized by the Permian underplating of
voluminous, mantle-derived basic magmas (,Mafic @txr“) in to the amphibolites to granulite facies
basement of the Southern Alps (,Kinzingite Formafjo

In the Ivrea-Verbano Zone, numerous marble andsit@iate-bodies are present as concordant bodies
intercalated with metasediments of the Kinzingiéerfation, or as up to 40 m thick, partly discordeartoonate-
dykes associated with different rock types, suchupger amphibolites to granulite facies paragneiss®d
micaschists, mafic granulites, gabbros and ultraanedcks. Usually, these carbonate-dykes displagrsh
contacts to the host rocks without any evidencegxténsive alteration zones. Typical mineral assegeb
consists of calcite, scapolite, diopside, sphenetd b0 cm large, angular or rounded xenolithheftiost rocks,
in part disrupted and/or metasomatised, are erthagthin the dykes.

Nevertheless, in Val Mastallone (western 1VZ) andvial Fiorina (northern 1VZ) the carbonate-dykes
show distinct characteristics, different from thibey dykes of the IVZ. In Val Mastallone (VM), ap to 40 m
thick carbonate-dyke occurs within mafic granulitdhis dyke is composed of coarse-grained calciteé a
contains numerous clinopyroxene clasts. The cantacthe host granulite are outlined by a 1.5 roktlzione of
alteration constituted of actinolite, chlorite,ndiroisite, plagioclase, calcite, apatite, spherditd, quartz and
opaques. Up to 10-15 cm thick carbonate-apophydagle the host granulite. The VM dyke displaysa@ m
large xenoliths of black, coarse-grained, spineglrlmg clinopyroxenite, with strong petrological and
geochemical affinities to late Permian pyroxenitglies described in the area and interpreted asirekdM
pipe. This suggests that the clinopyroxenite wasssported from a remarkable distance.

The carbonate-dyke of Val Fiorina (VF) is spatialiglated to phlogopite-bearing peridotites,
hornblendites and garnet-bearing clinopyroxenit&siaing as pipes within stronalites and mafic giges. The
dyke is mostly composed of calcite and enclosesenaus, polymict inclusions of stronalite, mafic muéte,
hornblendite, clinopyroxenite and Triassic oligeife.

Geochemical investigations revealed compositiorfférénces between the VM and VF dykes and the
other carbonates dykes of the IVZ. Both VM and \#fbonate-dykes are richer in REE REEm: 338 ppm;
REE/s: 202 ppm; RERz: 55-192 ppm), are rich in Sr (W 1458 ppm; St: 3950 ppm; Svz: 207-5100 ppm)
and display a primitive mantle-like Y/Ho ratio (Yékdi: 27; Y/Hour: 29; Y/Havz: 25-40). On the chondrite
normalized REE abundances diagram, both VM and YWesl show no Eu anomaly, in contrast to the otWer |
carbonates, which display a prominent Eu anomalhe primitive mantle-normalized pattern of both Vida
VF dykes show negative anomalies at Cs, Rb, K,RIiErand Ti and a positive Ba anomaly. Instead, dther
IVZ carbonate-dykes are characterized by positisg Bb and Sr anomalies, as well as by a strongoBie
anomaly.

General concentrations and pattern of the IVZ caabes are consistent with a sedimentary origin.
Instead, the VM and VF dykes have strong geochdminglarities with the “world average carbonatitdsit,
in comparison with them, the dykes show lower alisotrace element concentrations. Nevertheless, the
measured values are significantly higher than glpitmestone compositions and similar to cumulate
carbonatites found elsewhere in the world (e.gialn@hina and Brazil).

Therefore, we propose that the IVZ carbonate-dgkespartly molten crustal sediments formed by local
thermal anomalies and fluid flux during the emptaeat and crystallization of alkaline UM pipes. Cersely,
the VM and VF carbonate-dykes are carbonatitestalfized in the lower crust as carbonate “cumulates
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probably related to the alkaline UM pipes. Thisbecaratitic magmatism is related to the Permo-Tra€XD2-
bearing alkaline magmatism and metasomatism ocquin the Ivrea-Verbano Zone during the early stafye
the opening of the Thetyan Ocean.

Further Nd-Sr isotopic investigations should elatéthe nature of the different types of carbonate-
dykes, indicating if the VM and VF carbonate-dykes in fact primary carbonatites arising from thentre.

Natural diamonds in space and time
Garanin V.K.*** Garanin K.V.**
*A.E. Fersman Mineralogical Museum of RAS, MosdRussia;
**Geological Faculty, M.V. Lomonosov Moscow Statauegrsity, Moscow, Russia
vgaranin@mail.ru

Various types of natural diamond-bearing rocks frmyamic objects to the Earth's crustal rocks aé we
known now. There are gigantic cosmic bodies compadediamond substance, meteorites, impactites tlan
peridotites and eclogites (from depths 150-200 kmitra-high pressure rocks (from depths up to 769,k
kimberlites and lamproites, ophiolites, metamorphicks, calc-alkaline lamprophyres, komatiites,iafi@d
plutonic rocks, and carbonatite complexes. All bese rocks were formed at different time intervals,
environment, physical and chemical conditions ofkeo and minerals crystallization, including diamond
Diamonds are varying consequently in size, shapmposition, structure, physical properties, adnmbgi etc.

Cosmic diamond objecty giant diamonds (white dwarfs) with large-diaergfat least one has diameter
~ 4000 km), distanced 50-900 light-years away frima Earth according to National Radio Astronomy
Observatory’s (NRAO) astrophysics. Such objectstheemost ancient cold bodies, and one of themnfeons
diamond PSR J2222-0137) is about 11 billion yedds ib has the same age as the Milky Way (Dellealet
2013). Among these cosmic diamonds, are interstdllack hydrogen-rich diamonds (mostly carbonado)
crystallized in space and delivered to the Earthabteroids fall (Garai et al., 2006). Initially suasteroids
generated in a process of supernova stars expfsion

Diamonds from meteoriteare dated at 4.5 Ga. These diamonds discoveratl igpes of meteorites
crystallized in the Fe-Ni system (camacite, tagniteassociation with troilite. Such diamonds prasd by
small cubic, octahedral and cubic-octahedral cltysta to 1 mm (usually <100 um), with a huge exa#gssble
gases, an#’N concentration is three times higher in these diaas than the concentration of this isotope within
the Earth.

Diamonds from impactiteare small (up to several mm), irregularly shapledidy grains and aggregates
with fragmental outlook. Mostly these diamonds preéed by lonsdaleite (hexagonal modification ofbom).
Polyphase aggregates composed by diamond, lontsdated graphite. They do not contain nitrogen, reategh
hardness, isotopically light and characterized byufficiently sustained'C range from -13.2 to -18,7 %o,
enriched by radioactive (uranium, thorium), anderaarth (RE) elements. One of the most famous impac
structure is the Popigay crater (ring-structurahwiuge diamond resources formed 37 Ma ago.

Mantle diamonddiscovered in mantle rocks (peridotites and etdsyiand phenocrysts kimberlites
and lamproitesTheir size ranges from um to cm. They have prédantly octahedral, dodecahedral, and cubic
habit. The content of diamonds is varying in fragiseof these rocks from single to hundreds. Mantle
diamondiferous eclogite-peridotite rocks are sidaat 150-200 km depths and transported by kintbeaind
lamproite rocks intrusions to the Earth's surfdagthermore, kimberlites and lamproites are alsos of its
own diamonds (mostly small octahedrons). The cdraénliamonds in kimberlites and lamproites rangarf
<0.1 to 8 ct/t, with average grade 0.5-2 ct/t fadustrial kimberlitic pipes (deposits). Researcbvehthat most
diamonds range in age between 1 and 3.3 Ga.

Diamonds from ultra-high pressure rock$ Transition and Lower Mantle (from depths 20@®7#m).
These diamonds content of unique mineral inclusiavith superdense crystal structures: wadsleyite,
ringwoodite, majorite Mg-wostite, Mg-perovskite, parovskite and others The mantle is diamond-bgarin
substrate at depths of 150-700 km. These anciantatids are not cosmic origin, but formed in thetliepf the
Earth during its formation and evolution.

Diamonds from ophiolitebave been extracted from peridotites and chromititeophiolites in China,
Myanmar, and Russia (Yang, 2014). These diamonesaacompanied by a wide range of highly reduced
minerals, such as Ni-Mn-Co alloys, Fe-Si and Fekhases, and moissanite (SiC); these have been fasind
either mineral separates or inclusions in diamomag indicate growth under superreducing conditidree
diamond-bearing chromite grains likely formed nibgr mantle transition zone and were then brougbh#dlow
levels in the upper mantle to form podiform chrateg in oceanic lithosphere.

Diamonds in metamorphic rockliscovered in different regions of the World. Eafirchean diamonds
discovered in the inclusions in zircon from JacklHmetasedimentary belt of the Yilgarn craton, Wes
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Australia (Menneken et al., 2007). These highlyéa zircons are dated at 3-4 Ga (U-Pb dating). Drain
inclusions with size 3-50 um were identified in ZiEcon in association with graphite, apatite andrtgs These
diamonds are oldest found in terrestrial rocks.

Diamond microcrystals (size 15-700 um, cubic, datlend spheroid habit) have been also discovered i
felsic gneisses (age 374-378, 408-425 Ma) in tea af continental collision in Fjgrtoft, Westernéiss region,
Norway (Dobrzhinetskaya et al., 1993); the garnarite schists and eclogite samples from Rhodope
Metamorphic Massif (age 186-42 Ma) in Bulgaria &mece (Mposkos, Kostopoulos, 2001), in gneissgs (a
340 Ma) of Erzgebirge, Saxony, Germany (Masson889), metasediments including garnet-biotite gresiss
and schists, garnet-phengite-kyanite schists, t¢goyrexene rocks and dolomitic marbles (530 Ma) of
Kokchetav massif (Dobrzhinetskaya et al., 1994y §220-240 Ma) at eclogite, garnet-pyroxenite aadkjtite
of Dhabi Shan and Su-Lu Metamorphic rocks, China @f al., 1993). Scattered UHP rocks are preserved
mainly in eclogites and garnet peridotites enclase@ods and slabs within metamorphic rocks.

Diamonds in calc-alkaline lamprophyres (minetteéycovered in Wawa subprovince of the Southern
Superior Craton, Canada (Lefebvre, 2005). Theydated at 2.67-2.7 Ga and comprise part of a ckidiat
volcanic sequence of the Michipicoten Greenstonk. Béinettes represented by dikes with average dizgin
grade 0.2-1 ct/t. This is alkaline ultra-potassick (amount of alkali - 9-13%) with low silica cent (40-45%).
Holocrystalline massive black rock consists of rhaithree minerals K-feldspar (55%), biotite (35%nhd
apatite (10%). The average size of diamond cryst&l®9.5 mm. Habit of crystals is different: round
dodecahedron, tetrahexahedron, cubes, and conairfatims with rare octahedron and octahedra sjinek.
Almost all of the crystals are colored: yellow-gneeyellow-brown, green, black and other colors. oar
isotopic composition of diamonds rang&SC = -2,0 %. and -18,0 %o at two maxims -5,0 %o and 01%:.

Diamonds in komatiiteare discovered Dachine region in French Guianawfoich the host rock is
volcaniclastic komatiite (age 1.9 Ga) - an unusypaé of volcanic rock whose composition and origie quite
unlike those of kimberlite and lamproite. (Capdayil999). The quantity of diamonds in samples iyiug
from 1 to 77 per kg. Most grains are microdiamonioist there are some larger (> 1 mm) crystals. The
appearance of crystals (the presence of a cubbeua), as well as low ratio of carbon isotop&$Q is
generally -23-27 %o) suggest their genesis in tymctogite formation conditions.

Diamonds in carbonatitehave been discovered in Chagatai trachyte-carttermimplex of Southern
Nuratau, Western Uzbekistan (Divaev, 2000). Theaskic age complex formed by a swarm of carbonatites
dikes associated with volcanic diatremes. More %@ grains of diamonds (size 0.02-0.1 mm) extchétem
matrix of melanocratic carbonatite. Diamonds amesthy presented by yellowish-greenish octahedrdteno
distorted.

After consideration of different genetic types daérdonds it is possible to conclude: there are 8lpic
spatial and timing scales of these diamond genesis.

According to the spatial scale there are: 1. Diagisowith genesis associated with evolution of cosmic
space (cosmic, meteoritic and impact diamonds)Di2monds with genesis associated with geodynamical
processes of the Earth evolution (the whole ranfediamonds from mantle, kimberlites, lamproites,
metamorphic rock, lamprophyres, komatiites and @aakite complexes).

Accordingly it is possible to suggest a timing scfar these spatial groups: 1. Giant cosmic diaradmd
Ga) — diamonds from meteorites (4-5 Ga) impact diamonds (37 Ma — Popigay structure ageMantle
diamonds (4 Ga — diamonds} metamorphic diamonds (4-0.42 Ga, limited by th&dential time of crustal
rocks within mantle depths)— diamonds from kimberlites and lamproites (3.3-0@&) — diamonds from
lamprophyres (2.67-2.7 Gay diamonds from komatiites (1.9 Ga} diamonds from carbonatite complexes
(0.25-0.2 Ga).

Undoubtedly, this is approximate assessment, butiwegoing to estimate a timing scale of different
diamond types genesis with the improvement of suovkedge about the processes of different rockmdtion,
their composition, Pt-conditions and other paranseteore and more closer to the time of formatiohiclv can
be proven accurately.
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Kimberlite emplacement temperatures: insights frominteraction between carbonate-

evaporite xenoliths and kimberlites of various volanic facies
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**|nstitute of Geochemistry, Irkutsk, Russia
***|nstitute of Geology of Ore Deposits, PetrograptMineralogy and Geochemistry, Moscow, Russia

Temperatures of the near-surface emplacement obedlites is poorly constrained due to lack of
observable kimberlite eruptions and impossibildyéproduce kimberlite crystallization experimelytaDne of
the indirect ways to have some insights on the tratpre of kimberlite melt at the surface is tadgthow the
melt interacts with country rock xenoliths. We saatl interaction of carbonate-evaporite xenolithsl dine
Udachnaya East kimberlite of hypabyssal (HK) anabphastic (PK) volcanic facies.

The Late Devonian Udachnaya kimberlite, locatedhim Yakutian kimberlite province, was emplaced
through Late Neoproterozoic- Silurian carbonate ewaporite sequences of the Siberian Platform. biukga
HKs contain moderately to strongly serpentinizedvioé macrocrysts and phenocrysts in a fine-grained
coherent, crystalline groundmass of calcite, phpitgoand lesser serpentine with uniformly distrézlispinel,
perovskite and magnetite. Udachnaya PKs contay fresh, angular, deformed olivine macrocrysts, alinne
phenocrysts, in an interclast matrix of irreguladistributed phlogopite, Na-carbonate and lessénegp
perovskite, magnetite, chromite, +/- crustal clilerkenocrysts, with late deuteric calcite and misenpentine.
PKs show significant heterogeneity in the distiibntand mineralogy of the interclast matrix, shogvstrong
correlation with the mineralogy of crustal xendditbn a local millimeter scale. When salt-bearingoli¢hs are
not present in the PK, halite is absent from tloallinterclast matrix. It is therefore suggestetieéaderived from
the disaggregation of crustal xenoliths during exopiment, controlled by abundances of xenolith types

Four types of upper crustal xenoliths are commohdth hypabyssal and pyroclastic kimberlites. These
are 1). limestone xenoliths (with minor silicatesdaNa-carbonates), which may be fossiliferous, ledddr
massive;

2). Phlogopite+Na-carbonate - dominated xenoli)s; Massive halite-dominated xenoliths; and 4).
Dolomite xenoliths with calcite + barian-celestmms. Halite-dominated xenoliths show 1-3 mm reattims
in HKs but not in PKs. The margins of the xenolii®w textures typical of salt recrystallizationri€hina et
al., 2014), with round sylvite blebs in monominehellite. Broken fragments of these xenolith margine
present in PKs. Limestone xenoliths show a widelgying mineralogy interpreted as progressive deraknt
of silicates and alkaline carbonates due to intemacwith kimberlite melt. The development leads to
crystallization of Na-carbonates, wollastonite, pdime, phlogopite and kalsilite. The reaction riongists of
zones of halite + sylvite, calcite, anhydrite + @te and Ba-celestine. Additionally, olivine maansts and
phenocrysts in HK's, proximal to chloride-bearirgywliths, record a progressive enrichment of Gerpentine
during serpentinization of olivine from rim to cor&@hese observations suggest a higher temperature o
interaction between HK and the carbonate-evapagt®liths than between PK and the xenoliths. Tlyndri
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temperature enabled incorporation of Cl in thectme of late deuteric serpentine only in coheteémiberlite,
but not in colder pyroclastic kimberlite. We alsonfirm the previous conclusion (Kopylova et al., 13D that
chlorides and alkalis were not a significant congunof the primary kimberlite melt, as they do fatm
halides or alkali-carbonate mineral assemblagésamgroundmass of HK.

The study is supported by an NSERC Discovery Gaoakftaya G Kopylova.
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European REE resources: alkaline magmatism and beyal
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Europe has resources of many of the critical metadsticularly the rare earth elements (REE); yet
economic, environmental and accessibility issuege l@mbined to slow progress toward the exploitatid
these resources. The EURARE project, funded byEths Seventh Framework programme, brings together a
number of partners from across Europe to assesspEsrREE resources and to set the basis for anpEan
REE industry. This talk will describe new reseaochsome of the wide range of potential REE resauvgéhin
Europe and showcase the diversity of resourcesailai

The most well-known REE resources in Europe arecst®d with alkaline magmatism and carbonatites.
Recent research and exploration have focused oagaitic syenites, including Mesoproterozoic igibns of
the Gardar Province in south Greenland and Norma Kasouthern Sweden, and the Devonian plutonthef
Kola Province; and 2) Palaeozoic to Mesozoic caaties across Scandinavia and west Greenland.

However, reviews of European REE resources shotettiange of alternative deposit types are also of
interest for their REE enrichment. In many cases,REE in these localities could be produced agpraduct
of another commodity, and these might thereforeasgmt important opportunities to diversify Eurap&EE
supply. Such deposit types include hydrothermalengilisation associated with alkaline magmatismceais
associated with alkaline magmatism; and bauxites.

Hydrothermal mineralisation associated with alkalimagmatism

The largest REE deposits known in Europe are aassativith large bodies of agpaitic syenite. Howgver
many alkaline intrusions across Europe are miaskiticomposition and thus REE minerals are limiethin
the main body of the intrusion. Such intrusions pwnly include late-stage pegmatitic sheets and/or
hydrothermal veins that may be enriched in REE maise A classic example is the Triassic BitrAlkaline
Complex in Romania, which has late-stage REE-richenal veins that include minerals such as badmasi
parisite, synchysite, apatite, allanite, monazitd &enotime in association with sulfides, carbonated a wide
range of other minerals. Our ongoing research vedtigating the origin of these mineral veins ahdirt
relationship to the host alkaline magmatism.

Placers associated with alkaline magmatism

Intraplate, alkaline magmatism has developed tHioug much of Europe during the Cenozoic,
particularly around the margins of the Alpine itihal zone and along the Mediterranean. The sairfac
expression of this alkaline magmatism commonly udek volcanic rocks of basanitic and alkali basalti
composition, and associated pyroclastic rocks. amyrareas these eruptive products contained a &riyzavy
minerals that have been concentrated into fluuia marine sediments: a well-known example is th&éude
placers in Italy. In Turkey, heavy minerals derivieoim the Golciik alkaline volcano are thought teéhdeen
concentrated in the placer deposit at Canakli, vhias been explored by AMR Mineral Metal Inc. foraage
of metals. Our ongoing research looks at the liekveen the placer and the volcano, in order tosaste
potential for low-grade REE enrichment in the widezas around alkaline volcanoes.

Bauxites

Large resources of bauxite are well known acrossg) particularly in the Mediterranean region. $tar
type bauxites typically contain elevated concertrat of REE, in the form of authigenic REE-bearinterals
formed during the process of bauxitisation. Thecpssing of bauxite to alumina, through the Bayercess,
produces a vast quantity of waste material knowmedsmud, which is stored in large onshore tailrogds
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across Europe. REE originally in the bauxite oeeteainsferred to these red muds and hence repegaténtial
unexploited REE resource for Europe. Our ongoirggaiech is investigating the potential low-gradeghhi
tonnage REE resources found in red mud, with acqoéeit focus on deposits in Turkey and Greece.

This research is funded by the European Union’sB8gvFramework programme through the EURARE
Project (www.eurare.eu).

Petrogenesis of EL-Kahfa Ring Complex Eastern DesgrEgypt
Hegazy H.A.
Geology Department - Assiut University, Egypt
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Mobile: +201227831604

El kahfa Ring Complex (ERC) is a member of an afieaprovince including complexes of similar size,
structure and composition which crop out along whestern margin of the Red Sea in Egypt. ERC (5x§ km
occurs as oval intrusion, rising up to 1018 m.aat.lthe intersection of latitude 24°/G8’and longitude 34°
3855’ belongs to the youngest group of Phanerozoic comgplexes having an emplacement age of 92+5 Ma
(Serecsists et al. 1981; lutz et. al. 1988). related to structural lineament trending N 30 Waflal to the Red
Sea and was controlled by pre-existing deep crlises of weakness in the basement complex.

Field investigation revealed that ERC is compodetivo intrusive phases, i.e. oldest one represebied
essexite gabbros, intruded later by syenitic rddie latter formed of inner zone of undersaturatezhies (i.e.
Litchlleldite and cancrinite syenites), while thater ring massif is composed of silica oversaadatyenites.
The extrusive rocks of trachyte, basalt and rhgdtirm plugs, sheets and ring dykes.

The mineralogical and chemical features show thase rocks belong to anorogenic interplate A-type
alkaline suite (i.e. enriched in alkalis and HF&neénts, Nb, Ta, Zr, Hf, Y, HREE). The Y/Nb and Ce/fdtios
suggest fractional crystallization of primary sauaf picritic-like basaltic magma in the asthenasphmantle.
Oversaturated liquid is an excellent demonstratidnthe strong fractionation of saturated magma, lavhi
undersaturated magma may evolve in a rather similar dominantly by fractionation of feldspar uritile
nepheline feldspar coetectic is reached. Later-iircin sodic (amphibole and pyroxene) and potassicds)
minerals are of intercumulus origin and the resfilmagmatic differentiation; they appear often abselidus
assemblages, sensitive to oxygen fugacity and @owthter content of vapor phase. Simplified modeliig
magma evolution within Petrogeny's Residue Systemahstrates the ability of ACF processes to cause a
critically undersaturated magma to evolve acrosdéeldspar join and produce oversaturated rocks.

The gemstone (diamond and sapphire) potential of taprophyres in the North Atlantic

Craton — examples from Northwest Scotland
Hughes J.W.*, Faithfull J.**
*University of St Andrews, Fife, United Kingdom
**The Hunterian Museum, University of Glasgow, ldaitKingdom
Author E-mail: josh_hughes25@hotmail.com

In recent decades there has been a realisatiotathatophyres are associated with a variety of maine
deposits including diamond, gold, sapphire and ipbsseven PGE (e.g. Rock and Groves, 1988). The
occurrence of diamond in any other rock than kiriteewas for many years treated as a mineralogidality
rather than of any commercial importance. This faally laid to rest by discovery of the diamondides
Argyle lamproites in Australia, a classic examplean obscure and largely ignored rock type jumpiag
prominence after being found to have major econaigaificance. In the last 30 years, further disries of
diamond in other host rocks, including lamprophytess highlighted that there is a substantial lefckesearch
into determining how far the field of diamondifesotocks extends and what implications this hagadittonal
exploration techniques.

This is further complicated by the confused clasaifon of lamprophyres; the result of nearly two
centuries of misunderstanding in which the termpeophyre was applied to any porphyritic mafic igneoock
that could not be easily classified. This resulted proliferation of locality-specific rock typedn part this is
due to each individual craton having its own “flavf whereby its magmatism is a combination of thatons
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metasomatic history, along with additions from tharounding asthenospheric mantle. The North Attant
Craton (NAC) is typified by the predominance oflikile (the carbonate-rich endmember of the ultrma
lamprophyre clan), which macroscopically resembidesberlite and is commonly associated with, ancdgrg
into carbonatite. Despite aillikite not being a eentional primary diamond host rock, there are maile
examples of aillikite-hosted diamond deposits witthe NAC, some of which host sub-economic grattes,
example in West Greenland (e.g. Hutchison and R28Q)9) and Labrador (e.g. Digonnet et al., 2000),
demonstrating that aillikite magmatism has the pidéto sample diamondiferous portions of the SCOMppe

et al (2011) coined the term th&feenland-Labrador Diamond Provincéor GLDP), on account of both
diamondiferous regions representing fragments@NAC.

The Glen Gollaidh aillikite dyke has intruded psammites of the Moine Supergrowpnakin east of the
Moine Thrust at Glen Gollaidh in the NW HighlandsSzotland. Trending ESE-WNW, the dyke ranges from
0.2 — 1 metre in width and is exposed in a serfie@samndering stream cuts over a distance of n&&lymetres.
Although not strictly “on-craton”, the location dhe dyke within the marginal cratonic cover seq@snc
rationally implies that it is underlain by Archae&®CLM. The dyke represents the closest analogua to
potentially diamond-bearing intrusion describednfrahe United Kingdom (UK) to date. With further
exploration the potential exists for an extensiérthe GLDP, to include the Scottish fragment of tHAC,
hence theGreenland-Labrador-Scotland Diamond Provihce

We have shown unambiguously, based upon geochgmisineralogy and mineral chemistry, the dyke
classifies as an aillikite permitting to the straciteria defined in the recently proposed ultramémprophyre
classification scheme of Tapp al (2005). It is a composite and shows consideraiiternal variation in
mineralogy and texture along strike, from carbospader lithologies with fresh olivine macrocrystsading into
silico-carbonatite. The mineralogy encompassegfentinised and carbonated (occasionally unaltex@dne
macrocrysts and phenocrysts, primary carbonate,ogpbite zoned to tetraferriphlogopite, apatite,
magnesiochromite-magnetite spinels, diopsode, g&ity ilmenite, barite, pyrite and various othgraque
phases some of which are Ti, REE and Zr-rich. e also contains abundant spinel lherzolite xémsliup to
3 cm in width and in various stages of disaggregathAlthough REE geochemistry indicates the dykg heave
originated from within the garnet stability field\r-Ar dating of phlogopite has yielded a plateale agf
357+7Ma (Carboniferous), which does not match amyently reported dates for similar rocks from Gieed
or Labrador, or for any Scottish alkaline intrugphut may suggest an association with the earth@@éferous
Birrenswark lavas in the Scottish Borders, and geshwith altered ultramafic/carbonate-rich rockgoréed
from western Ireland. Sr and Nd isotopes suggestceomantle similarities to those recorded in tbenger
Streap Comhlaidh and Loch Roag dykes of NW Scotland

The Loch Roag monchiquite dykeintruded Archaean Lewisian gneisses near Carishaé¢he Isle of
Lewis, Scotland. Trending ENE-WSW, the dyke ranges) 0.5 to 1.5 metres in width. The marginal s
of the dyke are fine-grained and aphanitic while &xial zone is crowded with xenoliths of assopiettology
and a diverse suite of xenocryts (Menz¢sl, 1987). The Loch Roag has been shown to con&ieocrysts of
euhedral sapphire, generally ranging from 1-3 crmostly gem quality although their colour can beialale.
Generally the smaller crystals are of the desiied blue colour, becoming more variable throughréasing
size with regions of green, blue and occasionaloy. The largest sapphire recorded was 39 cgpatsiucing
a 9.6 carat cut stone of fine blue colour knowrtlees ‘Saltire Sapphire which in 1995 sold for a reported
£65,000.

Menzieset al (1989) report a biotite K-Ar age of 46.9 Ma (Epneg rendering it the youngest onshore
igneous intrusion in the UK. The age has been etedeon account of the composition and orientalieimg
more typical of Permian dykes that are prevalerduph the NW Highlands of Scotland. However the hae
been confirmed by recent re-dating (Faithétlal, in pres$. This demonstrates that enriched SCLM was able to
survive beneath NW Scotland unaffected by the méigmeof the British Palaeogene Igneous Provincendur
the opening of the Atlantic. The sapphires have alsen dated and shown to be broadly coeval weltditke
itself, implying that they crystallised from a pkerainous precursor melt at, or shortly before, itlegitrainment
by the monchiquite magma. Etching and resorptiatutes indicate that the sapphires were out ofldeuim
with the carrier melt. The Loch Roag and Glen GdHadykes, along with other lamprophyres in nortbive
Scotland are typically enriched in Nb. This is ontrast to the calc-alkaline Caledonian lampropsy&lurian -
early Devonian) of Scotland that have negative Ninaalies typical of subduction zone settings.
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Meyer and Mitchell (1987) describe a similar lanmgirgre-hosted sapphire deposit at Yogo Gulch,
Montana, U.S.A. hosted in ouachitite (a biotitérrimonchiquite lamprophyre). This occurrence is ofithe
few igneous rocks from which sapphire is mined;rtagority of the world’s sapphire production isrfralluvial
deposits. However the Yogo sapphires are attributedthe re-crystallisation of aluminous mudstones
incorporated into the melt at depth, analogousht formation of the Loch Scridain sapphires fromliMu
Scotland that formed from the contact metamorphi$nalumina-rich shales. Unlike Yogo Gulch and Loch
Scridain, the Loch Roag sapphires are believediginate from the break up of peraluminous pegreatih the
upper mantle or lower crust (Uptenal, 2009).
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The Qeqgertaasaq (formerly “Qagarssuk”) carbonatimplex is located 135 km NE of the Greenlandic
capital, Nuuk near the town of Maniitsoq. The coenpis situated within the Fiskefjord Block of thechaean
(3.8 — 2.55 Ga) West Greenland North Atlantic Qnale/G-NAC; Windley and Garde, 2009). The NAC iscals
exposed in the Nain Province of Labrador and theisian of North West Scotland. The WG-NAC has been
subject to extensive and prolonged, yet episodialime magmatism, this includes several large aqaabite
complexes and extensive ultramafic lamprophyre. (@glikite) and rare kimberlitesensu stricth From North
to South, the carbonatite complexes compBsefartdq (564 Ma; Secheet al, 2009), Tupertalik (3 Ga;
Bizzarro, 2002)Qeqgertaasaq(165 Ma; Secheet al, 2009) andlikiusaaq (158-155 Ma; Tappet al, 2009).
Tupertalik is acknowledged as the world’s oldestwkn carbonatite (Bizzarro, 2002) and is broadlyvede&vith
the Maniitsoq impact structure (Garde et al., 2012)

The Jurassic Qegertaasaq and Tikiusaaq complegeb@ught to result from continental rifting pritr
the opening of the Labrador Sea (Sedteal, 2009; Tappet al, 2009) with evidence that both complexes were
emplaced in zones of active deformation. Qegertpasss emplaced at the boundary between Archaean TTG
basement gneisses and the younger Finnefield Domhich was recently interpreted as the remainshef t
world’s oldest (2975 Ma) and most deeply erodedaaystructure (Gardet al, 2012). The Greenland Norite
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Belt (GNB) and post-kinematic diorites form a 785% km curvilinear belt east of the impact centrenfstally
contaminated mantle melts considered to have beggeted by impact (Gardet al, 2012). The GNB is
currently the focus of Ni-Cu-PGE exploration by MoAmerican Nickel Inc. The GNB appears to havenbee
emplaced into a magma conduit system that follodeep seated structures, which were likely indugethb
impact event. These deep seated structures wererdgictivated during extensional tectonics inJimassic and
exploited by the carbonatite magmas at Qegertaasaq.

Since 2009, Greenlandic exploration company Nunakdils A/S and exploration partner Korea
Resources Corporation, have been exploring Qecagator rare earths elements (REE) and niobiumh(wit
phlogopite mica, phosphorous, tantalum, strontimch Zirconium as important potential by-products).

Original mapping of Qegertaasaq by Knudsen (19@djcated that the 3 x 5 kilometre complex was
formed of arcuate to subcircular intrusions of caudtite in a composite quasi-ring dyke pattern $sed upon
two intrusive centres situated in the SE and NWhefcomplex with varying amounts of alkali metastiama
(fenitisation) of the screens of basement gneiswdmn the carbonatite dykes. Knudsen (1991) adedctiat
all silicate rocks within the complex representediably fenitised basement. The complex is rel&fiymorly
exposed in comparison to the surrounding gneisgitis,the carbonatite lithologies weathering to foanthick
soil profile that tends to be highly vegetated tuéhe high phosphorous content. Recent mappintédputhors
suggests that the individual units cannot be mappgdvith the level of certainty inferred by Knudsgl991),
and the complex is transected by major faults wWext not previously recognised by earlier worké&fse whole
of the complex is cut by late faults which form ordjneaments, in places clearly observed offsgttjaological
units. The dominant trend is ENE-WSW, which is tgbifor this part of the WG-NAC and represents taoe
faults and shear zones that have been reactivatdipi® times. The most significant faults in theneplex
(namely the “Banana Lake North” & “Banana Lake $3utults) are considered to be an important cdrdro
the migration of later magmas and fluids through¢bmplex.

The reappraisal has also shown that the carbosatie be divided into two principal suites. Thetn
part of the complex is dominated by banded andtiedi calcite-phlogopite carbonatites and silicocasbites,
and ultramafic rocks dominated by phlogopite an@l&ali amphiboles. Together these are termed daly-
carbonatite suité This suite forms a major sill (or set of sillsitruded into the basement gneisses forming a
broad dome with its core on the north shore of Bankake. The banding dips away from the core in all
directions and in some areas the banding is foldtdthe development of a second cleavage indigatiat the
early carbonatite suite was deformed during aner afplacement, probably due to uplift on the ENBWV
faults. Intensely sheared carbonatites around thegims of the complex form sheets cutting throubé t
basement gneiss and enclosing abundant basemetiitbgnthese are termed theeholithic carbonatite suite
The xenolithic suite is considered to represenhyways through which the carbonatite magma roseghbeh
levels in the crust yielding the early carbonatitéte. Marginal selvages around basement xendiitthicate
crustal assimilation occured. All of the lithologiare cut by a series of discreet sheets and vHisearliest of
these are thedttinolite-magnetite-calcite (AMC) carbonatite st®&ethemselves commonly strongly foliated
and containing appreciable concentrations of nimbivith coarse grained visible pyrochlore group maife
(PyGM). The AMC sheets are concentrated along tweaBa Lake South Fault, broadly parallel with theltf
but with shallower dips. Later undeformed sheets #re observed cutting earlier carbonatites, delcoarse-
grained calcite carbonatites (late sovites) andylasiggy carbohydrothermal REE veins. An undefadme
xenolith-rich lamprophyre dyke is observed cuttthg xenolithic carbonatite at a high angle in th& Nf the
complex and clearly post-dating all deformationeTéte stage sdvites host a titanomagnetite-agattitegopite-
alkali amphibole-PyGM-zircon-carbonate rock thaembles phoscorite (locally up to 15 wit%:8p 35% ROs
and 4.7 % Zr).

The REE-veins are predominantly focused to thehnoftthe Banana Lake Faults within the core of the
complex, and trend parallel or perpendicular to BME-WSW faults clearly exploiting existing strucal
weaknesses. The REE-rich fluids are thought to Inaigeated from the Banana Lake faults, rising ugh®core
of the complex into the early carbonatite suite rapgped below a cap of basement gneiss forming REES.
The REE veins occur as steeply dipping veins ugete@ral metres in width (rarely swell to tens otne® and
can be traced in drill core several hundred matrestrike, with a maximum grade of 13.2% total raaeth
oxides (TREO) recorded. The REE-veins are thoughtepresent the transition from late-stage magmtatic
hydrothermal, typically characterised by the foliogy assemblagdi] a tetraferriphlogopite reaction selvedge
when in contact with fenitised gneiss (generallgaati where cutting earlier phases of carbonafitgexturally
variable, coarse grained calcite-dolomite carbé@atepresenting the inferred magmatic componenthef
mineralisation, with accessory quantities of the r@arth minerals (REM) ancylite-(Ce) and donnafitg [iii]
transition of the calcite-dolomite carbonatite imgose-pink, vuggy, predominantly massive LREE-ohated
carbohydrothermal product, consisting chiefly ainrately intergrown paralstonite and ancylite-(Ge)ming
irregular, porous aggregates with accessory qaagjdtesCe) [BaCe(Cg).F], alstonite, strontianite, barite and a
later generation of calcite, markedly enriched ia &d Sr. SEM analysis reveals botroyoidal clustdrs
paralstonite in[iiil suggesting rapid precipitation from a fluid domathtsystem. The -calcite-dolomite
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carbonatite componerti], commonly contains ‘dogstooth’ calcite up to 10@mlength, with fan-shaped
extinction and occasional exsolution blebs of thEMR ancylite-(Ce) and burbankite. The crystals form
perpendicular to the margin of the veins (reminigad unidirectional solidification textures obsedvin granitic
pegmatites) indicating crystallisation from a vidéatich melt. The REE-veins also contain variable
concentrations of pyrite, galena, sphalerite, pytite, chalcopyrite and hessite [Ag] with some unidentified
sulphides. The Qegertaasaq carbonatite complekdstype locality for the REM, gaqarssukite-(Ce)stfir
described by Grincet al. (2006). Zonation of gagarssukite-(Ce) records gerechemical evolution of the
carbohydrothermal fluids, with a MREE-enriched carel LREE-rich, MREE-poor rim. However ancylite-jCe
is the principal REM at Qeqgertaasaq. REE-veins @oeous and possess an increased susceptibility to
weathering in comparison to earlier carbonatiteolibgies, hence outcropping REE-veins are inteeplrdb
grossly underestimate the true volume of REE mirsatiéon.
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The first results of the melt inclusion study of plonolite dykes from Kovdor massif

(Kola Peninsula)
Isakova A.T.*, Arzamastsev A.A.**, Rokosova E.Yu.*
*\/.S. Sobolev Institute of geology and mineralody BAS, Novosibirsk, Russia,
**|nstitute of Precambrian Geology and GeochrongldgAS, Saint-Petersburg, Russia
atnikolaeva@igm.nsc.ru

The Paleozoic dykes within Kovdor massif are latatethe exocontact aureole of fenites and areiretfto
the system of ring and conical faults, dipping tmigathe intrusion at steep angles (Arzamastsel,,2099). The
object of our study is the phonolite dyke. At thegent time, the methods of the thermobarogeochgntiiselt
inclusion study) are widely used to obtain inforimatabout the genesis of rocks and the physico-amonditions
of crystallization.

This type of information has been received for firg time for the dyke phonolite of the massif,igthare
composed of phenocrysts of clinopyroxene, nephetipatite, mica and groundmass, including predantijnghese
minerals as well as potassium feldspar and oreraig:d he chemical composition of the rock varies eontains 47.5-
52.4 wt.% SiQ, 0.5-0.8 wt.% Ti@ 16-18.3 wt.% AlOs, 4.8-4.9 wt.% FeO, 0.1-0.2 wt.% MnO, 1.5-2.8 wiMgO,
3.7-6.6 wt.% CaO, 9.1-9.7 wt.% p@ 3.4-4.2 wt.% KO, and 0.5-1.1 wt.% Bs. This variation in the chemical
composition is explained by the different propartiof the same minerals in analyzed samples. Themfroxene
phenocrysts in the considered rock has an elongaitstiatic form, varying composition from diopsifddg/Mg+Fe
62-64), and augite (Mg/Mg+Fe 55-67) to aegirinef@ufMo/Mg+Fe 47-54, 17-21 % aegirine and 6-9 %ej&d
components). Phenocrysts of nepheline are less oanmthe rock, their composition is 76.5-79 % 1@5-23.4 %
Ks, 0.1-1.5 % Q. Mica is represented by biotitenwitg/Mg+Fe 49-54 in the rock. Apatite comprises@9 wt.% SrO
and 1.7-2.1 wt.% F.
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Figure 1. The primary melt inclusions in the cligagxene phenocrysts. Transmitted light image.

Phenocrysts of clinopyroxene contain primary madtusions, which are found singly and within thevgh
zones of the host mineral (fig. 1). They are stlidhg us in order to obtain the information aboittahmelts. The size
of melt inclusions is about 10-20m, the form is close to the elongated oval (fig. The melt inclusions in
clinopyroxene are crystallized. The scanning edecimicroscope identified the following crystallideughter phases in
inclusions: biotite, nepheline, potassium feldspad apatite.

During heating experiments at 550-6%0the contents of the inclusions begin to melt. 80-750 T the gas
phase is transformed into a bubble, which begishiimk at 1050-1100C. At higher temperatures (1100-1150 °C) the
heating experiment is stopped because of the [agsids the inclusion decrepitation. Hence, thestallization of
clinopyroxene phenocriysts occurred at obviousijhér temperatures.

The chemical composition of the homogeneous glagseached at the mentioned temperature varies and
contains (wt.%) 50.2-58.5 Si(0.4-0.8 TiQ, 14.1-20.2 AlO3, 4.4-7.7 FeO, 0.7-2.1 M@0, 2-5.4 Ca0, 6.3-10.1(Na
1.6-4.8 kO, as well as up to 0.3 MnO, up to 0.5 BaO, up.BoR0s, up to 0.3 S§ up to 0.3 Cl. This composition
corresponds to that of the average nepheline-lgeghianolite (Andreeva et al., 1883). This is cleaden in the binary
diagram (fig. 2), where the content of the main ponents in the glasses with low Si® consistent with that of the
considered rock. In addition, the amount of@l and CaO increases and that of J#&hd KO decreases in the
chemical composition of glasses with an increassi@®. This reflects the fractional crystallization pesses in the
melt.

It should be noted that phenocrysts of clinopyrexeontain secondary melt inclusions, which areptdp
during the healing of the fractures. Their chem@mahposition compared to that of primary melt is@as contains
similar NaO (4.7-10.8 wt.%), more SiJ59.8-67.6 wt.%), ADs (17.4-21.8 wt.%), KO (2-6.8 wt.%), and less FeO
(0.4-1.5 wt.%), MgO (0.5-0.7 wt.%), and CaO (0.3-2t.%). Hence, the composition of melt inclusi@sbviously
much more differentiated.

Therefore, melt inclusion study suggest that theoplroxene crystallized at temperatures highen thEOO-
1150 °C from phonolitic melt. The composition oitiad melt varies during crystallization with inaging of SiGQ,
Al,0s, and KO contents and decreasing FeO, MgOaO contents.
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Figure 2. Relationship between the concentratié®@ and major oxides in glasses of heated melt
inclusions of clinopyroxene (circles) and considadgke phonolite (crosses) of the Kovdor massif.
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Deep carbon connection to long-term enrichment ofare earth elements in the Earth’s

crust
Jones A.P.
Dept. of Earth Sciences, University College Lond@oywer St, London WC1E 6BT UK
adrian.jones@ucl.ac.uk

The mobility of carbonatitic melts and fluids inettmantle has been linked to metasomatism, alkaline
magmatism and the transport of incompatible elemgmuding the REE, and Nizor example, residual low-
temperature carbonatite melts become enrichedlatides, and can have a high solubility for rarette@lements
(REE), enabling precipitation of primary magmatiEERphasesA brief review of the Earth’s deep carbon will
draw attention to the international effort beingd@&o quantify the fluxes and reservoirs for carboough time

(The Deep Carbon Observatory, DC@Qt a planetary perspective there is growing evigefoc heterogeneous
accretion of the Earth and a complex delivery datites, which now include newly recognised hydrphsses
like shocked-clay minerals in meteorites. The cocaped geological processes recorded in the lithexspand
crust are widely explained by internal endogenimcpsses and mantle geodynamics related to pluraeshéo
survival of impact heterogeneities from the latenhebombardment also need to be considered, imguttie
role of impact structures in the formation of sogiant economic deposits (eg: Sudbury, Canadiégjor
geological exploration programs which combine rawitric age-dating with mineralogical and geocheimica
observations of natural systems are very impott@identify significant regional events, and toaddish global
correlations in Earth history, which ultimately hasnnect with Earth system models.

A brief description of Greenland alkaline magmatiemthe Gardar Province provides an important
comparison with Kola peninsula, and the detailedi@gical processes which lead to lujavrites andneadc
mineralization.In Greenland, a supra-crustal sequence of conteanpoalkaline volcanism suggests

development of an ancient alkaline rift with mangitarities to modern continental riftddowever, we may
question if it is sufficient to understand only @tqogenetic model for the development of economic
mineralization, or whether new techniques mightdeweloped to determine whether or not such regional
mineralization might also be relics of more ancighbspheric heterogeneities?
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New models for kimberlite parental melts: compositn, temperature, ascent and

emplacement
Kamenetsky V.S.*, Golovin A.V.**, Maas R.***, YaxijeG.M.**** Kamenetsky M.B.*
*University of Tasmania, Hobart, Australia, Dimadanetsky@utas.edu.au
**\/.S. Sobolev Institute of Geology and Mineralodyovosibirsk, Russia
***Jniversity of Melbourne, Melbourne, Australia
**xAustralian National University, Canberra, Austlia

Kimberlites represent magmas derived from greattimalepths and are the principal source of diamonds
Kimberlites and their xenolith cargo have been emily useful for determining the chemical compositi
melting regime and evolution of the subcontinentahtle. Significant effort has gone into characiag styles
of emplacement, ages, petrography, mineralogyutaktand compositional characteristics, and théotec
setting of kimberlites. However, a full understargipf kimberlite petrogenesis has been hamperezffbgts of
pre-emplacement contamination, syn-emplacementtifetaéion and syn/post-emplacement alteration of
kimberlite rocks, all of which tend to hinder reoigpn of primary/parental kimberlite magma compiosis.
The prevailing practice of using bulk kimberlite nepositions to derive parental compositions has been
challenged by research on the Devonian Udachnagtgize and other relatively fresh kimberlites wavide.

Since its discovery in 1956, the Udachnaya kimteegipe has become a “type locality” for geochesmist
and petrologists studying mantle rocks and martilgsical-chemical conditions. Apart from hosting igetse
suite of extremely well-preserved mantle xenolithg, host kimberlite (East body) is the only knowaturrence
of fresh kimberlite, with secondary serpentine atmabsent and uniquely high Xaand Cl (up to 6.2 wt.%)
and low BO (< 1 wt.%) contents. The discovery of such coritfwrsl features in the only unaltered kimberlite
has profound implications for models of parentahierlite magma compositions, and the significancéhe
high Na and Cl abundances in the Udachnaya-Easthap therefore been subjected to vigorous criticithe
main argument against a primary magmatic originhadh Na - Cl levels involves the possibility of
contamination by salt-rich sedimentary rocks knownthe subsurface of the Siberian platform, eithgr
assimilation into the parental magma or by postisibn reaction with saline groundwaters.

The main evidence against crustal contaminatigmaoéntal kimberlite magmas is that the serpentiae-f
varieties of the Udachnaya-East kimberlite owe rthggtrochemical and mineralogical characteristizsat
fortuitous lack of interaction with syn- and posaégmatic aqueous fluids. The groundmass assembfathgso
kimberlite, as well as earlier-formed melt inclussp contains alkali carbonate, chloride and othaer &hd Cl-
bearing minerals. This mineralogy reflects enrichtnaf the parental melt in carbonate, chlorine andium.
The combination of low kD, high alkali-Cl abundances, lack of serpentimel the presence of alteration-free
mantle xenoliths all indicate that the UdachnayatEldmberlite preserves pristine compositions irthbo
kimberlite and mantle xenoliths. Evidence for bigagimilar chemical signatures is found in meltlisions
from kimberlites in other cratons (South Africa,@da, Finland and Greenland). We demonstrate that t
supposedly “classic” characteristics of kimberlitagmas - low sodium and high water contents tadia
postmagmatic alteration. The alkali- and volatitdircompositions of melt inclusions is responsifile low-
temperature phase transformations during heatimpgrarnents, melting at <600, carbonate-chloride liquid
immiscibility and homogenisation temperatures &0-800C, well below the solidus of the high-Mg melt that
is traditionally inferred to be primary kimberlitemposition. Notably, records of heating stage grpents with
melt inclusions from different kimberlites are bdbasimilar.

Previously inferred high liquidus temperatures (@®€) are inconsistent with geological evidence (e.qg.,
absence of thermometamorphic effects), temperatnré® potential mantle source and melt inclusiata. We
consider the protokimberlite liquid to be low temgere near the surface (<8Q), virtually anhydrous,
aluminosilicate-poor, Na-Ca carbonate, enrichedtimophile trace elements, halogens, and sulphithodgh
kimberlite magmas are dense in crystals and dedgfiyed rock fragments, they ascend to the sudatemely
rapidly, enabling diamonds to survive. The uniqunygical properties of kimberlite magmas depend ton t
specific compositions of their parental melts. Welain exceptionally rapid ascent of kimberlite meagfrom
mantle depths by combining empirical data on tleeetally carbonatite composition of the kimber{iémary
melts and experimental evidence on interactiorhefdarbonate liquids with mantle minerals. Our expental
study shows that orthopyroxene is completely dissblin a NaCO; melt at 2.0 to 5.0 GPa and 1000-1ZD0
The dissolution of orthopyroxene results in homagers silicate-carbonate melt at 5.0 GPa and 120énd is
followed by unmixing of carbonate and carbonatéidage melts and formation of stable magmatic efuolst
lower pressures and temperatures. The dispersedtsimelt has a significant capacity for storingasbonate
component in the deep mantle (13 wt% G 2.0 GPa). This component reaches saturatiorisagchdually
released as G{hubbles, as the silicate melt globules are traisgoupwards through the lithosphere by the
carbonatite magma. The globules of unmixed-@¢h silicate melt are continuously produced ugorther
reaction between the natrocarbonatite melt and Imgetridotite. On decompression the dispersedasdicnelt
phase ensures a continuous supply ot ®0bbles that decrease density and increase bupyant promote
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rapid ascent of the magmatic emulsion, and ultilpataves crack propagation and emplacement of kirite
with its load of entrained ultramafic and crustadterial into the crust. The melt saturation in ioléev at low
pressure prompts olivine crystallisation, whichvds the residual melt towards the initial (protoberiite)
carbonatite composition.

The solubilities of HO and CQ in the model (ultramafic/ultrabasic) kimberlite Inat emplacement
pressures are not as high, as measured abunddribesevolatiles in kimberlite rocks. The low® content of
the kimberlite melt, as at least during emplacemerthe crust, do not support fluidisation mechani§.e.,
rapid degassing and expansion of magmatic volatilean open system) of the kimberlite emplacement.
Furthermore, a number of studies have convincidgiyonstrated that kimberlite explosions were uneteuity
powerful for such small magma volumes. The evidemes interpreted as excavation and even emptying of
pipes from top down to significant depths (up t&r), prior to filling with juvenile material and fuerised
country rocks. Notably, eruptive activity was showm be polyphase and span considerable time with
intermittent episodes of violent venting out andigds of quiescence and sedimentation in crateedak
Moreover, as manifested by the presence at signifidepths in some pipes of relatively fresh, oftanharred
wood fragments, plant leaves, animal and fish p#résventing juvenile material was likely cold aagen solid.

If the kimberlite magma does not experiencgOHand CQ degassing and is disrupted at subsolidus
conditions, what causes the kimberlite explosiugpton? We hypothesise that emplacement of the édlité
magma as subsurface dykes is followed by gravitatiseparation and sinking of dense olivine andhts,
whereas the buoyant carbonatitic liquid is squedadthe top of intrusive bodies. Olivine-rich curatds with
interstitial carbonate-rich melt form the “root &% of hypabyssal kimberlites, whereas the uppés ud dykes
are composed of the carbonatite with scatteredasliminerals. The olivine-rich rocks worldwide @rene to
intensive serpentinisation and associated produatfdd, and CH through the Fischer-Tropsch synthesis. The
amount of hydrogen produced is ~10% of the volurheeaypentinised olivine. thus the serpentisatiory ma
explain spontaneous outgassing of the UE kimbefte® m3/day at 50-70 atm; 52% JH recorded in the
boreholes at the level of the lower aquifer.

We envisage that degrading water-soluble carbenatitthe upper parts of kimberlite intrusions was
turned into a cavernous system that provided Ingiarage to the hydrogen- and methane-rich gaseased
from serpentinisation of olivine cumulates in thmkerlite “root zone”. The oxidation of these flarable gases
and/or their pressurisation in a single spot resuih a powerful detonation and destruction of aumding
rocks, and possibly caused “chain reaction” by senghock waves through the cavernous system aml th
triggering numerous explosions. Subsequent detamaiitivity resulted in vertical and lateral expasboring,
and further fragmentation inside the dyke systech@mrounding country rocks. This was followed lpjlapse
of rocks from the top and walls and related groeftla carrot-shaped “diatreme” by excavation from ttmwn
and fragmentation on the contacts between the kiitdbbeand country rocks (i.e. in-situ “contact bec&r).
While the idea of post-magmatic brecciation of karilte rocks is not entirely new, the role of corstibile
gases in the formation of kimberlite diatremes &nelir pyroclastic and volcaniclastic kimberlite i is
proposed for the first time.

We invite collaborations on microanalysis of indiwval mineral phases and phenocryst-hosted melt
inclusions in the least altered kimberlite samgdtesn different localities. It is important to madih an open
mind, to not doggedly stick to increasingly untdeabrthodox views, and to analyse emerging evideste
merit.

Metasomatic processes in peridotite xenoliths, Grilpipe, Arkhangelsk province, Russia
Kargin A.V., Sazonova L.V., Nosova A.A., KovalchBK/., Minevrina E.A.
Institute of Geology of Ore Deposits, Petrograpflineralogy and Geochemistry Russian Academy of
Sciences (IGEM RAS), Moscow, Russia, kargin@igem.ru

The Arkhangelsk diamond province is situated in loethern East European craton. Several fields of
kimberlites and related rocks were distinguishethiwithe province. The Grib pipe is located in taemtral part
of the Arkhangelsk diamond province. The Grib kimibee was dated at 374 + 1.3 Ma (Rb-Sr isotope oath
(Lebedeva et al., 2014). They are assigned to ¢hdiFseries (1.0-2.0 wt. % TiDwith strongly fractionated
REE pattern, (La/Yk)= 38-87 and haveNdr is from —0.4 to +1.8, and®Grf®Sr)r is 0.7042-0.7069
(Kononova et al., 2007).

The geochemical (Jeol JXA-8200 electron microprol®MS; LA-ICP-MS) composition of
clinopyroxene and garnet from mantle-derived xehsl{19 samples) of the Grib kimberlite pipe waslid to
provide new insights into metasomatic processéisérmantle beneath the Arkhangelsk diamond province
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Petrography. Xenoliths have a size from 0.5 to 10 cm and cor3& (3-5 to 15%); Ol (60-85%); Opx
(5-15%); Cpx (0-25%). Majority of Griba peridotiteenoliths are garnet Iherzolites. Textural and citmal
characteristics were described in detail by. (Sazaret al., 2015).

Garnets commonly form zoned porphyroblasts. Rimezdmave are uneven, often maculose shapes and
consist of garnet with metasomatic origin. Oftearrmgts become overgrown the later aggregate ofegarn
phlogopite, Cr-spinel, carbonate and amphibolendplyroxene mainly form an anhedral phase between th
crystals of olivine and orthopyroxene, sometimderadl the latter. Less common clinopyroxene forine-f
grained crystals up to 1-3 mm in size. Sometima@noplroxene was altered by a later aggregate of
clinopyroxene and phlogopite.

P-T estimates The mineral assemblage of peridotites was inlibgiai with T - 730-842C and P - 22-44
kbar, except for the sample deformed peridotite {I60-1200C and P - 55-62 kbar) (Sazonova et al., 2015).

Based on both major (Ca and Cr) and trace elent®BE( Ti, Zr-Hf) data, five geochemical groups of
peridotitic garnet were distinguished.

Major elements composition.Garnet. In general garnets are presented by @ppyfthe proportion of
the pyrope member is from 63 to 76%) with largegenf CpO3 (1.30-12.20 wt. %), CaO (2.82-7.92 wt. %),
TiO2 (up to 0.94 wt. %) content and Mg-number. In the@aber nomenclature of the classification scheme
(Fig. 1) the majority of garnets are plotting withthe lherzolite field (G9). In contrast, two sasgform group
Il are plotting within the harzburgitic field (G)0one sample from V group have an intermediatepmsition
between Iherzolite and harzburgitic fields (G9-G1®arnet of | group have intermediate compositietween
Iherzolite and wehrlitic fields (G9-G12).
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Fig. 1. G-number nomenclature of the classificadoheme (Grutter et al., 2004). G1 — low-Cr
megacrysts (are separated from G4, G5, G9 by hi@a-Jomposition); G3 — eclogitic garnets; G4, G5 —
pyroxenitic garnets (Group G5 garnets are sepafetet G9 garnets by a Mg-number < 0.7 threshol® -G
Iherzolitic garnets; G10 — harzburgitic garnets2Glwehrlitic garnets; GO — unclassified categ@mygOs;and
CaO in wt. %

Clinopyroxene from Grib peridotite xenoliths aregented by diopside with the jadeite member content
up to 14 mol. %. The Mg-number is range from 0@®.95 within the wide variation of &b (0.69-3.93 wt.
%), TiO, (0.06-0.84 wt. %) and ADs (0.47-5.61 wt. %) contents.

Garnet trace elements composition.Garnet central zones are distinguish by C1-nomedliREE
patterns and the level of enrichment trace elem@igs 2a-c):

(i) — garnets that have “normal” (like as megagy€l1-normalized REE profiles with increasing value
from La to Lu (Il and IV groups);

(i) garnets that have “sinusoidal” Cl-normalizedER profiles enriched in LREE-MREE with a
maximum at Nd-Sm and Yb-Lu and with a minimum at(Diyand V groups);

(i) garnets that have high enriched in LREE (oplbxC1) with C1-normalized profiles for MREE and
HREE typical for megacrysts (I group Fig. 2a).

In additional garnets are distinguish by Ti, Zr, ¢¢intents (Fig. 2d-f): enriched in these HFSE eleme
like as megacrysts (Il group and some garnets Wognoup) and garnets with poor Ti, Zr, Hf conte(its V-V

groups).
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Fig. 2. Cl-normalized REE patterns and PM-normdli&un & McDonough, 1989) trace element patterns
for garnets and megacrysts garnets from Griba pipe.

Discussion The interpretation of the major and trace elesienimposition of garnet and clinopyroxene
from Grib peridotite xenoliths based on the gamigtepyroxene equilibria and the theoretical conipos of
metasomatizing melts led to next conclusions:

1) Mantle garnet peridotites were in equilibria mgmimum with two metasomatic melts that were
presented different protokimberlitic melts:

a) early melt had enriched in REE and Fe-Ti (HF&&rjtent and had mostly carbonate composition (the
high carbonate/silicate ratio). This protokimbéclimelt was existed until the crystallization oetimegacrysts
assemblage (garnet, clinopyroxene, olivine, spiflalenite) within the evolutionary increasing inlicite
components. This melt was metasomatic agent fadgtite xenoliths of I, Il groups and some samptevo
group;

b) later, Fe-Ti-depleted melt with low carbonaliefte ratio. This protokimberlitic melt was exibtafter the
crystallization of the megacrysts assemblage.mblswas metasomatic agent for peridotite xendtitt, IV, V groups.

2) The different Cl-normalized REE patterns (“soidal” and “normal”) in garnet of Ill, IV, V groups
peridotite xenoliths may be explained by the marfehelt injection and percolation through a refomgtmantle
column. In this model, the melt progressively ctesmigs composition owing to chromatographic ionhexwge,
fractional crystallization and assimilation of phgiitic minerals, under decreasing melt/rock ratidberna et
al., 2013). In the proximity to the source of piatberlitic melt, the peridotite garnet has C1-natized REE
patterns close to megacrysts (Il and IV groupskpRetively, at a distance from the source the pétalgarnet
has C1l-normalized “sinusoidal” REE patterns (lltlahgroups).

This study was financially supported by the Russiaundation for Basic Research, project nos. 13-05-
00644-a and 15-05-03778-a.
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Geochemical models of superlarge deposits of strafieal metals in alkaline rocks
(Eastern Fennoscandia)
Kogarko L.N.
V.l. Vernadsky Institute of Geochemistry and Anadgt Chemistry, Russian Academy of Sciences,
Moscow, Russia
kogarko@geokhi.ru

The world's largest deposits of REE, Nb, Ta, Si,RAlare related to alkaline rocks and carbonafithe.
interest to alkaline rocks and carbonatites haw/grsignificantly due to the increasing consumpidstrategic
metals in industry most especially of REE. In tlemter part of Kola Penunsula (Russia) there isaml#fic
alkaline province comprising carbonatites, ultramabcks and two largest of the Globe layered pataie

intrusion Khibina and Lovozero (370 Ma age [1,2§.(1)).

- Flacnzaic napheling syenin:
Barents Sea
- Palnpooic-sediments

Mot and Neaproterzoe
- E I G :
| Prducapriteioeniv rit besius
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Fig. 1.Kola Alkaline Province Paleozoic nepheline syeikitgbina. Lovozero massifs.

The Lovozero massif, contains super-large lopariee-metal (Nb, Ta, REE) deposit (fig. 2) and
eudialyte ores (fig. 3) the valuable source ofaiiam, hafnium and rare earth. (fig. 4,7). Khibayaatite and
Lovozero loparite had been mined during many yaatsconstitute a world class mineral district.

Fig. 2. Loparite ore x12. Fig. 3. Eudialite ore x4.
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Fig. 4. REE pattern Lovozero loparite.

The main ore mineral is loparite (Na, Ce, £@)i, Nb).Oe, (fig. 2). In the deepest zone of the intrusion
loparite forms anhedral grains confined to intéedtspaces. Above 800m in stratigrafic sectioraiite makes
up euhedral crystals which were formed at the estdge of crystallization. Therefore the initial gnaa was
undersaturated with loparite. After the formatiohapproximately one-third of the volume of the Laeoo
intrusion, the melt became saturated with lopanite this mineral accumulated in ore layers. Thepmsition of
cumulus loparite changed systematically upwarduthothe intrusion with an increase in Na, Sr, Nib, U and
decrease in REE, Zr, Y, Ba and Ti. Our investigatiwdicates that the formation of loparite ore Waesresult of
several factors including the chemical evolutiorhigfh alkaline magmatic system and mechanical aotation
of loparite as a heaviest phase at the base ofcting unit.

Zirconium-hafnium-rare-earth deposit is situatedhe upper part of Lovozero intrusion as horizontal
lenticularbodies.

The amount of Zr in eudialyte is very hight -up 1é wt % and total REE up to 4 wt %. (fig. 7)
Morfology of eudialyte grains is changed with depthLovozero intrusion. In the lower part of thdrirsion
eudialyte forms anhedral interstitial crystals (i) and crystallised when rock-forming mineralsg®ated well-
developed framework when convection ceased andradation of eudialyte is impossible. In the uppartof
Lovozero stratigrafic section eudialyte forms euhédyrains which were formed at the early stage of
crystallization. Thus the initial magma of Lovozeromplex was undersaturated with this mineral. Tiedt
became saturated with eudialyte after the appraeipawo-third of the volume of the massif soligid.

There is hidden layering in eudialyte in the croise of the intrusion. The composition of cumulus
eudialyte changed systematically upward througheth@ialyte intrusion with an increase in Na, Sr, Nb,
Mn/Fe, Nb/Ta, U/Th and decrease in REE, Zr, V,Ba,and Ti. The specific gravity of eudialyte is rhudgher
then initial alkaline melt. Nevertheless eudialsgtezumulated in the very upper zone of Lovozeraigitm. We
suggest that eudialyte formed very small crystagm@ctystals) (fig. 6) which were stirred in maidaunder the
conditions of steady-state convection eudialyte rged upward. Later eudialyte crystals recrystadliznd
increased in size (fig. 6).

o Wik
18 rran
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Fig. 5. Interstitial eudialyte. Fig. 6. Recrystallized eudialyt@00um.
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Fig. 7. REE pattern of eudialyte. Fig. 8. REE pattern Khibina apatite.

The Khibina alkaline massif (Kola Peninsula, Russ$iasts the world’s largest and economically most
important apatite deposit. The Khibina massif moaplex multiphase body built up from a numberin§ike
and conical intrusions. The apatite bearing intmss ring-like and represented by a layered boidijotitic
composition with a thickness of about 1-2 km. Tipper zone is represented by different types ofiipates.
This rocks consists of 60-90% euhedral very sntaliths of mm) apatite crystals. The lower zone @stig
jjolitic composition. The lower zone grades intodanlying massive urtite consisting of 75-90% lafgeveral
mm) euhedral nepheline. Our experimental studiesystems with apatite demonstrated the near-ecteature
of the apatite-bearing intrusion, resulting in pically simultaneous crystallization of nephelirapatite and
pyroxene. Khibina apatite is rich in REE fig. 8.
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Fig. 9.eNd versug:Sr isotopic composition of Fig. 10.eNd versugHf isotopic composition of the
Lovozero and Khibina rocks. Lovozero and Khibina ore minerals.

The mathematical model of the formation of the tageapatite-bearing intrusion based on the prosesse
of sedimentation under the conditions of steadjestanvection taking account of crystal sizes isppsed.
Under the conditions of steady-state convectiogdacrystals of nepheline continuously had beenirsptt
forming massive underlying urtite when smaller tais of pyroxenes, nepheline and apatite had bieadsin
the convecting melt. During the cooling the intensif convection decreased causing a settling odllem
crystals of nepheline and pyroxene and later vergliscrystalls of apatite in the upper part of &k magma
chamber.
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Use of RHA language for ordering rocks on their miral composition
Krasnova N.l.*, Burnaeva M.Yu.**
* St.-Petersburg State University, Russia
* FGUP “BNIIOkeangeologia”, St.-Petersburg, Russia
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The geology deals with high variety of objects, ihgwifferent composition, among which are minerals
rocks, formation complexes, and waters, gasess, stit. Between these objects, it is possible tigdate the
general features. 1) All these geological objectssist of atoms, molecules and their various aasocis. 2)
Between chemical, and other compositions of "d#ffét objects, do not exist natural borders, in ipaldr,
between compositions of different species in isgrhir rows of minerals, and between compositionsooks.
Therefore, in one classification family, the limdéfluctuations of different components usuallyedap, and in
this connection, definition of separate speciemdastly difficult. In addition, different classifitans of rocks
often are based on various principles: on minerad-@a chemical composition, on texture and strugtur
genetically definition, that gives some miscellameoesults sometimes complicating even simple distigs of
studied object. 3) Motion of a substance, its ti@msation and the different processes occurrin, idepend to
the certain laws, which knowledge, obviously, ispenportant. 4) On objective representation of teurestrial
object’s composition, and also the laws operatirairtevolutionary processes depends not only utaledsg of
the various natural phenomena, but also an opptytahuse of our knowledge for the most variougade of
mankind.

An actual problem of prompting of the uniform orderdata of chemical and mineral composition of
geological objects, in particular, in petrograpkists up to now. The order, which would not dependyenesis,
forms of individuals or their aggregates, a degrtheir transformation, a priori allocated compotseand other
specific properties of objects and their compositiBarlier based on method RHA, the principle afeving of
any objects [1] on their chemical composition hasrbworked out: rocks [2], minerals [3], and crista and
holocrystalline rocks and on modal and normativearal to composition [4]. Use of this method allows
identifying any rocks more definitely. The collemtifor chemical composition of rocks (Rchem) falay totals
more than 7000 inputs.

At work with rocks, it is important to consider thenineral composition, and then the components are
minerals. Ranging them (or their abbreviations)desrease molecular (or, more often — volumetricL@ets,
we shall receive the rank formula of mineral conifpms (Rmin). Rank formulas of mineral compositiof
geological objects — Rmin — settle down under "alt". Here the sequence of minerals — R — we &adoep
"word", ordered in decreasing of their quantitietere "letters" are names of minerals. As the «ph», the
sequence of these minerals received in their ct@rieclassification, or the R-catalogue of composibof all
minerals [4] serves. The rank formula represerggillution of components on their importance; inestwords,
it is the formula of component’s rating. Other paeders of the RHA method (entropy and anentropffgat
character of distribution of content of componeritte entropy (H) reflects a degree of complexity, o
uniformity of distribution of content, and anentyopA) — a degree of composition purity, a degreeths
smallness of small components, "admixtures” inrtirk formula. The RHA-system is a way for curtdiltioe
information on rather full analyses, i.e. which signtlose to 100 %. Rank formulas — Rmin’s — anevenient
for creation of names of rocks and specificatiotheir nomenclature. If we will limit only to thé&$t mineral in
Rmin for rocks of, e.g., phoscorite-carbonatiteieserwe shall have names forsteritite, magnetitifgatitite,
calcititite, etc. For more detailed name of anykratis possible to use two and more symbols efrttinerals in
decreasing order of their quantity in correspond®mgin (unlike the IUGC recommendations). For theisien
of a specific target, the classification of minecaimposition of any group of objects the R-catatogan be
made of rank formulas of all composing it minerads. a result of such ordering for mineral compositof
rocks, the rank formulas — sequences of mineratd) as OlivBiotDipsMagt can be received, that cgpomnds to
volume fractions (Vol. %) minerals in rock: Oliviid> Dips> Magt.

We had composed the RHA-table for mineral comparsitif crystalline rocks for more than 900 modal
analyses, using the data published mainly up t @&0the last century (fragment see in Tab. 1). Nbw
problem to receive such data considerably facdatn opportunity of automatic scanning of polisiigd
sections under an electronic microscope. As atdsig possible to receive the ready rank fornfolaeveryone
thin section, ordering their modal composition &crkasing of the mineral’s content. The problerardéring of
such results and their comparisons to the datavesté¢he last years, will give us greater oppottasi Among
them are: 1) the identification of some not namedky 2) finding the analogues of rock on their mate
composition; 3) revealing of new species of rockthwnique mineral composition; 4) finding of syryoms of
some local and rare rock names and use this métinade discontinuing of them; 5) composition oé thimple
(monosemantical) classifications of mineral rocknpositions. It is possible to draw the borders leetwrock
varieties on the presence of some changes inh@or example, by appearance of new componerttseimank
formulas, or by rearrangement of components in R).
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RHA_ Modal Min.Comp.different rocks Vol% Description
Noin DB rock name
6-221845_peridotite
11-260-121_alivinite
23:960-121_wehdlite
096 |21-960421 _lherzolits

~ |17-960-121 hambusgite

395.960-421_leucogranite 2Fsp

Table 1. Fragment of tHRHA table for some rock types.
Note: The alphabet for the Rmin’s ordering corregfsoto the order of minerals in their R-catalodiie [

There exist some more difficulties in the diagmostind ordering of porphyritic rocks with non-
completely crystalline, or a glassy matrix, in caripon with the same tasks for crystalline rock@nevals of
phenocrysts, as a rule, we define or opticallybprsome exact methods on their chemical composifitie
mineralogical diagnostics by optical methods of tlenposition of matrix is often impossible becao$d¢he
small sizes of individuals. The proposed resultoigssification is based on the mineral compositain
porphyritic phenocrysts and norm mineral compositid the matrix. The last we can calculate fromdhé& on
scanning of matrix in the form of areas under agctebnic microscope [4]. Rocks are ordered firstRN
composition of phenocrysts, and in case of theinadence — on R derived from normative compositdra
matrix. Our results we compared with the rank fdamaueceived for 92 mineral compositions of thephgritic
rocks resulted in work [5]. It has been establishtédt studied dike rocks from Spitsbergen show rtost
similarity on their R to composition of picrites][4Presentation of results and unambiguity of drdgrof
mineral compositions of rocks an offered methodilifates identification complex for definition ofom
holocrystalline rocks.

Let us note, that most close to our decision of gioblem offered R.H. Mitchell who had “suggested
change historical rock names (in his case — lartgspnot reflecting the material composition by tleenposite
names based on prevalence” in rock of some rockf@yminerals. The members of a Subcommission on the
Systematics of Igneous Rocks of the IUGS, howevexd not accept this offer, as giving excessively
complicated description [6, p. 153]. Our methodnfalizes the standard, traditionally developed [ipies at
rock nomenclature: to give the rock names on mea#d{ng) minerals (the R — rank formula), with @ezount
of complexity of rock (using H). The most simple rotcks (with low H, i.e. — monomineral) it is pdss to
name using the slightly changed title of a pred@mirmineral, for example, apatitite, olivinite, magjtite, etc.
Use these suggested method allows making detertsimdircrystalline rocks — on their mineral compiosit
glassy — on their normative composition, and of-nompletely crystalline rocks — on a combinatiorttefse of
two. Among preliminary tasks is the creation of tis¢ of name abbreviations of rockforming mineréds all
spectrums of rocks. Creation of the representaiMé\-catalogue of such full data for all rocks willovide an
opportunity of their identification on real minerabmposition. Such catalogue is opened for additibnew,
before unknown rock types. Such rank formulas, umn opinion, are especially actually to use for thek
groups, which have no accepted and approved noatere] as, for example, for phoscorites. For rogkich
have the traditional and standard names, suclgesnite”, “gabbro”, “diorite”, etc., it will be ratnal to use the
rank formulas such as granite muscovite (OrtQut#Alsc), in difference, for example, from a grartietite
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(OrtQutzAlbtBiot). In the simplified variant: grari (Musc) and a granite (Biot), if, parities of@ékrother main
minerals in their composition have the same suames®rt>Qutz>Albt in R. This attempt is quite easyd does
not much differ from creating of traditional rockmes. In the future, such classification of allkoon RHA
method can become a perspective theme for diffepentps of geologists. For these purposes, possthhill
be convenient to create on the Internet a sitd, dbald be similar to the site: mindat.org. Thediion and
problems of such web site could be developed apdoapd by the International union of geologicalescies
(IUGS).
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Minerals and sources of rare-earth elements in Kal&a
Kuleshevich L.V., Dmitrieva4.V.
IG KarRC RAS, Petrozavodsk, Russia
kuleshev@krc.karelia.rumitrievaa-v@yandex.ru

In the last few years rare-earth elements (REEgHaeen widely used in various industries. Their
production and application are growing. In RusHi®, prospecting of rare and rare-earth elementtrategic
raw materials is a priority. Analysis performed Karelia shows that the highest REE concentratiaes a
associated with alkaline and metasomatic rockdjtepme and some other ore types [1-6].

Examples are: 1 — ultramafic alkaline4 rocks atahtie-apatite ores of the Elisenvaara compleREE
0.22-1.7 %); 2 — ultramafic alkaline rocks, carktiitea and apatite ores of the Tiksheozero complex
(>REE~0.36 %); 3 — moderately alkaline gabbro-pyrdesn monzonites and titanite-apatite ores of the
Syargozero complex, Central Karelia; 4 — apatitesmedite ores (West Rybozero occurrence); 5 — sabatk
granites, pegmatites and metasomatic rocks of Archi8.13-0.41 %) age; 6 — Riphean rapakivi grarates
alkaline metasomatic rocks in their halo (northkake Ladoga area, 0.12-0.63 %); 7 — alkaline metasic
rocks and associated Pd-Cu-Se-U and Cu-Se-U-V (&5, Srednyaya Padma, Svetloye); 8 — quartz
gravelstones with Y-U-Th-mineralization (Cherny &k, Tedrilampi).

High REE concentrations are associated with ladi@galtoensbergites and Ba-Sr-P-Ti ores of the
Elisenvaara massif of RRge (Kaivoméki and Raivimaki occurrences (locahea are used after [5-6]). REE
are concentrated in monazite, orthite, epidotetit@pand titanite and lesser in more recent cartasnauch as
lantanite, bastnaesite and Ca-Sr-Ce-carbonateshwdnie separated with chlorite, sulphides, Sr-baaitel
celestine [4]3REE in rocks is as high as 0.22-1.04 YREE in titanites is 1-1.7 % and in apatite concars
is 0.45-1.36 %. The rocks of the Elisenvaara compmtain 0.13-1.3 % Ba, 0.5-1.2 % Sr, 220-940 ppin2-

14 ppm Hf, 190-346 ppm Ga, 36-170 ppm Y, 10-28 ks commonly up to 128 ppm, and 10-77 ppm Th (ISP-
MS analysis). Apatite contains 1.2-1.7 % Sr, whgchs isomorphic constituent, and strontiobaritel aelestine
microinclusions. Apatite is cross-cut and is ovevgn by orthite and monazite. The light cores ofaapatites
and titanites contain up to 1.3-1.63 G6. Apatite and apatite-titanite ores are most eedcin REE. REE
resources are estimated at 15 Mt, their averageecdration in ladogalites being 0.25 % [4, 6].

Phosphates and carbonates (monazite, xenotimenesiiet and parisit), apatite, titanite and morecgca
Sr-Ce minerals in the carbonatites of the 1.8 Gafidozero massif, North Karelia, are REE concesgrdREE
minerals and elevated lanthanide concentrations cafined to apatite oresy REE in disseminated
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mineralization in carbonatites is 600-1260 ppm.b@aatites contain 0.24-0.44 % Sr, 200-626 ppm Batd
411-930 ppm Nb, 1-14 ppm Ta, 14-48 ppm Y, 8-148 @ and 3-30 ppm Th.

The West Rybozero apatite-magnetite ore occurréiBe) in carbonate-tremolite schist, overprinted by
disseminated-veilet Pd-Cu-Ni-S mineralization, isusmusual representative of REE mineralizationinlturn, is
cross-cut by more recent REE-carbonate veinletsitated by bastnaesite and parisite associatedmatiazite
and lesser xenotime.

The moderately alkaline intrusives of the Syargozsymplex (AR), Central Karelia, are differentiated
from gabbro-pyroxenites to monzonites and syeniRasnozero, Syargozero, Torosozero and Sharavalampi
massifs). They contain elevated REE concentratignso 1314 ppm, ZrBa, Sr [1]. REE are concentrated in
monazite, orthite-epidote, apatite, titanite, Cerite (up to 7 % Ce), parisite and bastnaesite.

The rapakivi granites of the Salmi massif (~1.5,Geythern Lake Ladoga area, metasomatic rocks in
them and greysens in their halo display elevated RBncentrations. In phase-1 porphyraceous rapakivi
granite8 Y REE (218-432 ppm) increases in altered rock zomd®46 ppm, Ba concentration varies from 65 to
1400 ppm, Sris 21-100 ppm, Rb 240-314 ppm, Y 5&49@, Zr 51-250 ppm and Nb 24-90. Y concentration i
phase-2 granites rises to 325 ppm (up to 0.1 %r §B1). They are accompanied by greysens with \W-&iAs
mineralization, Y-Ce-U mineralization is well-degpked in the Lypikko occurrence (uraninite, monazite
xenotime and bastnesite), and Be increases to 323-bpm. REE carbonatites are encountered in the
weathering crust of the Salmi massif and in ovedyiocks in the Karku uranium deposit.

Alkaline and associated Fe-Mg metasomatic rockd ®it-S, Cu-Se-U and Cu-Se-U-V ores with noble
metals (Svetloye, Srednyaya Padma and other ocmaseof the Padma group) are formed in late fagiltin
folding zones in Proterozoic units of BiRd age such as basalts, carbonate rocks andeat ¢dontacts with
gabbro-dolerite sills. The Pd-Cu-Se-U ores of thet®e occurrence contajREE 457-660 ppm, 210-400 ppm
Y and their concentrate minerals such as REE-catlesn monazite, xenotime and and thoritophosphates.
Elevated Zr, Y and Th concentrations are encoudtareéhe quartz conglomerates and gravelstonegjtgpBf
some occurrences in Central Karelia such as Chdawplok and Tedrilampi. These elements are conataur
in zircon, thorite, thoritophosphates and monazitdow REE concentrations the strata-bound extenpattern
of quartz gravelstone deposits with local defororationes could be of interest in prospecting.
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Monzogabbro "Uborok"of the south-east of Belarus (\oronezh crystalline massif)
Kuzmenkova O.*, Ryborak M.**, Tolkachikova A.*, Tan L.*, Al'bekov A.**, Levy M.*
*State Enterprise “Research and Production CenterGeology”, Minsk, Belarus
**\/oronezh State Universityyoronezh, Russia
e-mail: kuzmenkovaof@mail.ru, maximm.r@gmail.cok@myeology.org.by, taran@geology.org.by,
sashaalb@list.ru

The positive magnetic anomaly "Uborok" (Dobrushtritis Gomel region) was verified by drilling (well
785, depth 544 m) in 2013 - 2014. An anomaly-fogriidy is represented by the elongated northeask sif
monzogabbro with size of 1.1 x 2.2 km. The intgnsit the magnetic anomaly in the epicenter is 22T
(ground verification of the aeromagnetic survey510). Crystalline basement of the area lies dépth of
about 500 m and it is overlaped by the terrigensediments of Riphean, Triassic, Jurassic, Cretaceod
Quaternary.

The stock of monzogabbro "Uborok" is located atjthestion of the northeast trending strike struesu-
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Gremyachsky Entombed ledge and Klintsovsky graliehe Voronezh Anteclise. The deep northeast tregndi
faults are dominated here. The stock is interestimgts position on the border between Belarus Rudsia
where in the crystalline basement are distinguistiedfollowing structures: the Bragin Granulite Mifisn
Belarus [1], the Bryansk granulite gneissic megakloin Russia [4, 5]. Obviously, these structuaes mutually
connected in the space, and form the Bragin-Bry&rsinulite block (BBGB) because composed of thalaim
types of intensively migmatizated high-alumina gd+biotite gneisses sometimes sillimanite- and ieoite-
bearing. They belong to the Kulazhin series in BReand to Oboyansky complex in Russia. The gneiskthe
Kulazhin series also are fragmentary distributethtowest of BBGB where they form a rare blocks agnthe
Central Belarus suture zone and Osnitsk-Mikashgviaticanoplutonic belt which have been formed oa th
northwest edge of Sarmatia about 2.0 billion yegs.

Migmatite, plagioclase granites and granites of Sadtykovsky complex as well as the moderately-
alkaline granites of the Atamansky complex [4, B distributed in the Bryansk megablock. Migmatied
granites of the Barsukovsky complex and also gramitéls of the Kopansky complex compose the Brairck
[6]. In addition, within of the BBGB a lot of smabodies, presumably basic-ultrabasic compositior, a
highlighted from the geophysical data. The stockhef moderately-alkaline monzogabbro "Uborok" is finst
such body in the area that has been opened bingrill

Rocks belonging to moderately-alkaline series afindd by the total content of alkalis ()a+ KO =
4.42 -6.30%), significant contents of Ba and Sr £St212.00 ppm, Ba = 1090.00-1559.00 ppm). Bariam i
mostly included in biotite while strontium isomorpélly enters into the crystal lattice of plagics#a The
chemical composition of rocks is SI© 47.00 - 50.06 %, Ti©= 1.23 - 1.70 %, Az =19.05 - 19.69 %, KOst
=7.11-12.40 %, MnO = 0.06 - 0.14 %, MgO = 3.7076 %, CaO = 8.09 - 8.80 %, Xa= 2.90 - 3.40 %, ¥O
=1.22 - 2.90 %, s = 1.16 - 1.54 %. Total REE content varies from.231ppm in montzogabbro-norite to
291.100 ppm in monzogabbro and a significant predante of LREE over the medium and heavy ratios of
La/Sm, = 4.44 - 4.48, LadYbn — 30.22 - 30.63) respectively (figure).

The unusual geochemical features of the rocksestiugiie a high alumina content and low — titaniumt wi
a high content of phosphorus which is probably raafi by the significant presence of apatite (up )2
Absence of the orthoclase in montzogabbro-noriteatamanifested by the lowering of the potassiulatieeslly
the monzogabbro because it is likely explained ighdr potassium content in biotite from montzogabhorite
(K20 =9.24 - 9.33 %) if compare to monzogabbredik= 7.80 - 8.40 %).

The biotite is rather chemically close to biotiterh charnockites by the content of iron, titaniunda
potassium, but contain more titanium (%i© 4.50 - 5.82 %) that is compatible biotite frotkadine rocks.
Moreover, there is positive correlation betwemiitsn and potassium.

Compositionally clinopyroxene is similar to thaorfin shonkinites. Its composition varies from saiite
the center of large grains to ferrosalite in thegimeal part and ferroavgite in small grains. Thestnmagnesian
salite is fixed in the center of the grains andtams more calcium.

The plagioclase contains in 50 — 55 % in the magdbbro-norite, 45 — 50 % in monzogabbro, and forms
two generations. The porphyry normally-zoned graifithe first generation has the tabular form (1350 mm)
namely the basic labrador ArveAbso-310r: is founded the central parts of the grains (FeQ.E8 - 0.39 %),
while acid labrador Ag2-s5Abss. 47011 forms the marginal parts of the grains (FeO = 0.8387 %). The short-
prismatic grains of the second generation (0.2x0) forms the clusters That plagioclase has theeracidic
composition which is similar to those composingutiary parts of the grains of porphyry allocatiens
andesine Am.s0AbagOrs.z-acid labrador Am.s, suggesting a simultaneous crystallization. Thagiplclase is
idiomorphic in association with the biotite and @yene while it is always idiomorphic relatively tbehoclase.
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The irregular form of grains of orthoclase o&Abe.110rgs-93 (0.4x0.5 mm to 3.0x4.0 mm) is strongly
pronounced in monzogabbro. It defines the monzatitecture of the rock. The mineral is distributagbqually
in rocks. The host rock "engorged" by the ortholasareas where it often forms aggregates. Théenbof
orthoclase ApiAb7.120rs7.03 I pegmatites is about 40 — 60 %. Increasing efitbn content is characteristic
feature of the marginal parts of grains of ortheelaOrthoclase with MgO up to 0.62% is fixed in temtral
part of the grains of orthoclase in monzogabbro.

The magnetite and the ilmenite of the monzogablme monzogabbro-norite contain up to 1.16 % of
V205 which is characteristic feature of basic rockgyiHtontents of chromium and nickel in the ore matseof
pegmatite indicate on the common source of the péitgrforming fluides connecting with the basicraitasic
melts.

Geochemical data suggest that the fractional diigstéon occurred on the melt consolidation insitie
magmatic chamber. This led to the bundle of theugibn and formation of the two petrographic vaetof
rocks: orthoclase-containing (10 - 15%) monzogabiorche upper part of the body and orthoclase pure
monzogabbro-norite in the low part of the body. Plgmatite veins were probably formed by the redicuelts
rising from the basitic magma chamber.

Analogs of the studied monzogabbro has not stithldished in Belarus as in adjacent areas of the
Ukraine and Russia within Paleoproterozoic commexghe studied monzogabbro show the geochemical
similarities with the alkaline pyroxenite of the lravinskiy complex of the Voronezh Crystalline Maskat
has been formed on the final stage of the Earlgdpabterozoic stabilization phase of the Kursk klot the
Sarmatia [2, 3, 6].
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Evolution of carbonatites and associated rare-eartimineralization in the
Lugiin Gol complex, Mongolia
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A large suite of fresh and metasomatically modifeedbonatites from the Lugiin Gol complex in South
Gobi, Mongolia, was examined. The carbonatite samplere sampled from outcrops and drill-core maiteri
(down to a depth of 1000 m). The carbonatites amresented predominantly by coarse-grained sovite,
consisting of magmatic calcite, minor to accessdeySr-REE-bearing apatite, and a parageneticailgrde
suite of rare-earth carbonates whose modal comteatly reaches 30 vol.%. The latter group incluthesh
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primary carbonates (burbankite—calcioburbankitéesesind fluorocarbonates of rare-earth elements;)REd
hydrothermally or metasomatically formed phase®cated with strontianite, fluorite, barite, celast and
quartz. The primary fluorocarbonates are repredebyezoned synchysite-(Ce) (synchysite I) with |Hawe of
bastnasite-(Ce) and rdntgenite-(Ce). Some samplemia phenocrysts of euhedral parisite-(Ce) wiligchlso
present as cores overgrown by a zone of synchiytening an hour-glass microstructure. The primsaytures
and parageneses are partially modified and ovedgatiby recrystallization of calcite, alteration apatite,
breakdown and replacement of burbankite and othey-erystallized carbonates, followed by the ppéeition
of secondary carbonate parageneses.

Several carbonatites are zoned and exhibit a peg#égxture. The selvage of these zoned bodies
comprises fine-grained calcite and fluorite angbriactically devoid of fluorocarbonates. This zomadgs to a
medium- to coarse- grained (locally extremely sa)rblankite-bearing zone also containing primary
fluorocarbonate crystals. Somewhat similar, bunewere spectacular textures were found recenttirilhcore,
where carbonatites contain very coarse-grainede8ritg calcite forming intimate symplectitic intesgths
with fluorite. These textures, not previously rdpdrin carbonatites, are interpreted as evidencenfelt
immiscibility. This process could have contributed¢he development of REE mineralization at Luggial.

The Lugiin Gol carbonatites have a recognized,oalifin largely unexplored economic potential because
of their overall enrichment in REE, coupled witte tlack of understanding of lithologic and structumantrols
over mineralization. The deposit is currently umgabéng re-evaluation. All of the examined carbomstiexhibit
chondrite-normalized REE profiles with a steep tiggaslope and lacking any anomalies. In additibmese
carbonatites are characterized by extremely higin@dnces of Ba and Sr, coupled with low levelsNif, Ta,

Ti, K, Rb and Cs. Their age of emplacement has lble¢ermined by U-Pb dating of zircon as Triass& @40
Ma). Thus, in the context of regional geodynamit®se rocks are interpreted as post-orogenic, wisich
consistent with their geochemical signature. Thebaaatites have an averag&Cy.pps value of -8.6%. and
5%0v-smow 0f 10.4%o, indicating contamination of their margtsurce by subducted crustal material.

This work was supported by the European Regionave@@ment Fund, project “CEITEC”
(CZ.1.05/1.1.00/02.0068).

Rare metals — the first step to richest ore compleaf massif Tomtor
Lapin A.V.*, Tolstov A.V.**
*IMGRE, lapin@imgre.ruMoscow, Russia
*|GM SB RAStols61@mail.ruNovosibirsk, Russia

Tomtor massif that located in the north of Yakusaone of the biggest carbonatite complex in the
world (S= 250km?) and containing the most significant carbonateyb@dnee 30 xm?). Massif has a rounded
shape on plane and concentric zoned structureaaithonatites in core surrounded by alkaline andhelmtic
syenite rocks. Carbonatized ijolites are less dgped comparing to syenites present as semilunay ot
divide syenites and carbonatites. Massif Tomt@ni€xample of high productivity of carbonatite cdempes that
includes exogenous and endogenous deposits of spmitra ores of metallic and nonmetallic minerabueces
and is the main source of REE resources. Tomtohasacterized by well developed supergene zonauprid
400m thick weathering crust. Geological exploratafncarbonatite weathering crust has revealed thique
complex rare metals ores that parameters signtficenceeds the ores of well known deposits sucAraba ?
and Mount-Weld? (Lapin, Tolstov 1995).

The unique features of Tomtor deposit and its ampimigh concentrations of ore components could be
explained by complex history of carbonatite weatigercrust formation and two successive episodes of
gypergenesis comparative to other deposits of syms. At the first stage under the oxidation emwvnent of
near-surface weathering the common profile of isteweathering was formed. At this stage the mai o
concentration processes were residual concentrafionert metals along with Fe and Mn by dissolati&nd
removal of carbonates and formation of secondagpiitzhment zone by accumulation of P on the deejzdws
of laterite profile. Second stage is epigenetict thtarts to operate after crust overlapping by -bearing
sediments and is connected with influence of redw®xic water that percolated through coal sedimekt
this stage the strong ore-concentration effectus t the reducing of inert at the first stage e Bn which
became mobile and washed out making sharp repeatmeéntration of rare metals and other inert coraptm

As the result, a total degree of concentrationawé rmetals in the ores increases up to 15-20 times
compared to parent carbonatites. Typical carbaoatite components such as Nb, La and Ce are becames
anomalously high concentrated like rock-formingd®d. Concentrations of range of trace componers th
usually do not have a practical interest (P, Ti,S¢, Y, Sr, Ba, Ga, Pb, Zn ans others) are incteageto
economically valuable level. Overall, successiverafion of two stages of gypergenesis and theimsairy ore-
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concentrating effect determine the unique parameiéiTomtor rare-metal ores and complex charadtehe
deposit. Average concentrations of main and aswatieomponents in the ores in wt.% are as followwsOx-
6,71;TR0O312,48;Y,03-0,75;S603-0,06; TiO-7,0;V205-1,0;R0s-13,5;AL0s-13,0;2r02-0,65;SrO-3,0;Ba0-3,7.
Total amount of useful components is over than 5¥%re weight. Tompor ore resources can uploadahe
metals processing enterprise for 500 years of works

On the state balance resources of Nb, Y, Sc, La,ReeNd, Eu, Sm are registered. Excepts those
components in the contour of Nb ores resources,of ] TAIl, P, Zr, Sr, U, TRY (Gd, Tb, Dy, Er, Tm, Ylu) are
evaluated. However, for the number of associatedpoments only author estimation of average contants
resources that based on geochemical data and imeddtailization is present. The new geochemicalks@an
increase potential of unique Tomtop ore complexnmusion of new component in the estimated resesirc
Moreover, it is clear that possibility to obtaineoar another component as economical products dspamthe
technologies of ore processing that must be orkerite maximum extraction of ore components. The
technological process that developed by (VIMS,GIREEY) suggests two stages of hydro-metallurgical
processing: 1- alkaline decomposition with P extoag 2- dissolution by hydrochloric acid with chieation of
hard residue and extraction of REE group. Thisneldgy suggests obtaining of ply (extraction 83,1%);
TiO2 (87,8); Y.0s (60); SeOs (71,3); La0Os (72,5); CeQ (72,5); PsOs (72,5); NdOs (72,5); EuOs(73);
SmpO3(72,5) as economical products. Additionally, tldshinology allows to extracts P, Al, Sr and Ba.

The ore potential of Tomtor massif is not restrcte discussed above unique rare metal ores therefo
an investment to this ores exploration is onlytfatep to Tomtor complex (Tolstov et al, 2014) sEof all, the
unique Tomtor rare metal ores is underlayered byPNfe ores in carbonatite weathering crust and Hiéérite
enriched varieties. Resources of those ores andisantly higher than that of explored rare-meisds. Average
contents of NEOs is 0,7-0,8% and s is 16,5% with resources of.® approximately 500 min tons. In
addition, rare metal ores is overlayered by Perraige sediments that contain significant resourédsaaline
rocks and 10 m sick layers of brawn coal with resesi approximately 20 Min tons. To the north froordhnyi
area the big deposit of magnetite ores that geaiiticelated to carbonatites and are analogue tsgirite or
camaforite is located. Prognostic resources ofetloges that by 80% composed by magnetite is estdreas 1
BIn tons. And finally, there is high probability foxd economical Pt group element resources coedegith
alkaline and ultramafic rocks of Tomtor massif (§tol, 2014). All those factors multiple perspecsivef
Tomtor ore filed.

As a conclusion we emphasize that investments pdoeation of unique Tomtor ores with first of all
stimulated by interest to their REE contents ndy @movide access to this rare-metal ore complexdmens a
new perspectives for other rich deposits of Tonmaissif. Thus we at the beginning point of new stagge
history Tomtor ore field exploration. Some goalstlit new stage can be formulated as follow: Astfit is
necessary to conduct the detailed mineralogical gewthemical investigation of ultrarich rare méfamtor
ores for full identification and evaluation of adissociated components complex and identificatiod an
contouring of ore blocks that rich in Y, Sc and hWe®EE. Secondly, perform the exploration of raretah
deposit flanks with the purposes to follow the tager spread and increasing known resources. hd,tid
develops ore processing industrial technology fostfull extraction of all ore components. As tlesult those
steps will allow to estimate all Tomtor are filedtential including rocks that underlie and ovetig@que rare-
metal deposit and the flanks of ore field.
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On the problem of Y-mineralization of complex Nb-TRSc Tomtor deposit ores
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The unique rare-metal ores of Tomtor deposit asrattierized by common for carbonatite weathering

crust domination Ce-group in REE composition anatents of Y and Sc are connected with total comeénns
of TR in carbonatites (Lapin and Tolstov 1992, Tms2006). However, recently conducted detailedyeim
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reveal significant variations of TR compositiontarms of Ce/Y ratio (2.4-81, average 10-12) witthie ore
body. In some parts of ore body Ce/Y ratio dropstau 1-2 and concentrations of light REE and heR&EE
became comparable. It is known that prices of iiddial TR elements are different by 1-2 orders ofjnitude
and heavy REE, Y and Sc are much expensive thdm REEE. Bearing that price difference in mind, the
investment attraction of Tomtor ores strongly defseon contents of most valuable components firsalbf
middle and heavy REE, Y and Sc (Tolstov et al, 3014

Within the Tomtop deposit a significantly enrichiady, Sc and HREE units can be divided. Parameters
of one of those units are provided in table 1, wharerage contents of components in three 10 mibieksdrill
interceptions of ore body are shown. The averageects of Y oxide in the interceptions rich up tw6 and
more and have L®s/Y Oz ratios of 4.8-8 comparing to 20-30 in the main Tondre body. The ratios Ce/Y are
also decreases to 2-6 that indicates increasirgabHREE in ore composition. This fact in turn raakp new
principal situation under with the extraction of shaleficite and expensive HRE and Y became ecoraliyic
profitable and may strongly influence the pricexdfhing production.

Table 1.
NoNe Parameters Hole 5655 Hole 5755 Hole 5855 Averdge
1 H, M 30,4 23,8 315 28,6
2 M, M 12,6 12,4 10,1 11,7
3 NbOs% 9,47 9,08 5,85 8,13
4 Y20:% 2,223 2,067 1,668 2,00
5 Se0s% 0,136 0,150 0,108 0,13
6 Ln203% 10.65 14,28 13,41 12,78
7 LnO4/Y 203 4,79 6,91 8,04 6,44

Notes:H — depth of position of ore body top below the acef
M — sickness of ore body
LnOs- sum of light REE contents

In the enriched Y and HREE units a common corretabetween Y, Sc and TR are disturbed. On the
correlation plot the field of points with high camtration of Y and Sc that not correlate with LRERppeared.
This feature points to presence in the ore of atdit REE-bearing phase with different REE compositThe
presence of additional phase is also confirmed doyetation between Y,Sc and Zr contents that uruara
main ore body. Mineralogical and geochemical sttelyealed the presence of late epigenetic Y-Zr rainetr
xenotime with domination of middle and heavy REEits composition. Position of xenotime in the rocks
structure indicates its relation to one of latéaes of rocks epigenetic alteration. This staget®mpanied by
their recrystallization and development of Al-phloafe and Ti- minerals (mostly ilmenorutile) ricmes around
of fluidal and banded xenotime allocations.

The features of textural and structural positioxeriotime in the ores and clearly late stage charad
Y-mineralization allows to define specific stage Yyimineralization within the prolonged in time padi of
epigenetic alteration of carbonatite weatheringdpats (Lapin and Tolstov, this issue). The proceséehis late
stage led to significant shift in ores REE compositoward Y, middle and heavy REE and enrichmansc
and Th. Overall, comparing to residual enrichmesdapemical behavior of LREE in epigenetic alteratid
carbonatite weathering products, for Y, Sc, HREHE &h the important role plays their introductiondies by
epigenetic solutions. Firstly epigenetic generatidrmonazite and florensite increase Y, Sc, HREH @h
concentrations and at the late epigenetic stag¥-timéneral Zr-xenotime is appeared in the ores.

The final result of evolution of TR compositiontime epigenetic process is appearance of HREE, Y, Sc
enriched blocks within mostly LREE-rich ore bodyig stage of Y- epigenetic mineralization are int@or for
economical evaluation of complex TR ores and ddtegrthe needs to more detailed study of ores coitipoal
variations, mapping and contouring the ore bloais in Y, Sc and HREE on the preliminary explorea&nyi
area as well as on the North and south parts dieltethat are under exploration in present time.
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Rare beryllium silicates - meliphanite and leucophaite - from nepheline-feldspar

pegmatite, Sakharjok massif, Kola Peninsula
Lyalina L., Zozulya D., Selivanova E., Savchenko.Ye
Geological Institute, Kola Science Centre RAS, typaRussialialina@geoksc.apatity.ru

Meliphanite Ca(Na,Ca)BesAlSizO24(F,Ok and leucophanite NaCaBeSiF are studied from pegmatite
body on the contact between alkaline gabbro andealg® syenite, and from micaceous rim of the same
pegmatite. The pegmatite body outcrops up to 30inmarea and exhibits a complex internal structane
consists mainly of blocky nepheline, albite and leinge, and of intersticious aggregates of leucacrat
(analcime, thomsonite, albite, nepheline) and nueatic (phlogopite-annite series, aegirine-augité)erals
(Batieva and Bel'’kov, 1984). The characteristiddea of pegmatite is the development of micaceoudk at the
contact to host rock. Pegmatite is remarkable foundant Be, REE and chalcophile mineralizationislt
represented by meliphanite, leucophanite, behgaeplinite, britholite group minerals, REE bearimpggatite,
mimetite, nickeline, molybdenite and unidentifidibges of lead (Lyalina et. al., 2010).

Meliphanite from pegmatite forms as independentstadg and grains, and irregularly oriented and
radiating aggregates. The subidiomorphic platytatgsof meliphanite reach of 2-3 cm size with timeks up to
5 mm. Coarse grains are transparent and of diffey@tiow colors. Numerous mineral inclusions are
characteristics of meliphanite, the most abundd&rthem are biotite, pyroxene, amphibole, apatitéhblite,
fluorite. Often meliphanite grains have poikilitexture. Thus, it can be suggested that meliphamitstallizes
on the late stages of pegmatite formation.

Meliphanite from micaceous rock exibits the potidlicrystals and grains up to 5 cm size. Meliptraist
non-transparent and semi-transparent, of grayiskrgcolor. Often the grains are resorbed and Heverneven
boundaries. These grains are often intergrown leititcophanite. The last one forms outer zones dfilfm
meliphanite. Both minerals are not visually distiigiable. Leucophanite was identified by microprabd X-
ray analysis. The boundary between meliphanitel@ntbphanite is uneven and, somewhere, sutural {frig
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Fig. 1. Fragment of poikilitic meliphanite crystalith outer zone, composed of leucophanite (a),
morphology of boundary between meliphanite anddpbanite (b). BSE images.

The chemical compositions of minerals are simitathose from other occurrences, early published in
literature.

Meliphanite from pegmatite is characterized by ager composition (N=7, wt. %): Na=8.55,
Ca0=28.83, BeQ=8.91, Fe0=0.05, Si43.30, AbO3=5.07, F=5.41. Meliphanite from micaceous rockfis o
similar composition (N=3): N#®=8.38, Ca0=28.80, Be&=9.66, FeO0=0.07, Si243.62, AbOs=4.06, F=5.40.

Leucophanite is characterized by average compasifid=3, wt. %): Na0=12.17, Ca0=23.39,
BeQ.a=9.03, Fe0=0.00, Si249.67, AbOs=0.00, F=5.74.

The data obtained encourage us for further sedrétE&-bearing leucophanite, taking into account the
development of Y-REE mineralization in pegmatitedstd.

Of great interest is the fact that both meliphaaitel leucophanite are established not only in #mes
occurrence but also as intergrowth. Earlier, thexistence of both minerals was abandoned due fereiift
geochemical media for their crystallization. Acdagdto J.D. Grice and F.C. Hawthorne (2002) “diffieces in
the activity of Al in the environment of growth tifese minerals seem critical in their paragenesis”.
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The rare earth metals resource potential of the Ka Peninsula
Masloboev V.A.
Kola Science Center of the Russian Academy of Gxden
masloboev@ksc.ru

Rare-earth metals belong to the group of strategiteral resources in all developed countries. These
metals are being actively applied in high-tech btdas; they are irreplaceable in contemporary tamyi
equipment. Their consumption grows 8-10 % per ymoad and in some high-tech fields — up to 30%ypar.
The unique structure of their electron shell mattesm irreplaceable in many spheres; any substitutid|
deteriorate the quality of the final product. Fomample, one of conventional filed of their apption is oil
catalytic cracking where lanthanum is used andondt sustains the catalyzer, but increases theiefity of the
cracking device on 7%, thus sparing the oil adrfi@l non-renewable resource.

Russia possesses no less than 20% of the worldvessef rare earth metals, though their extractn
about 2% and their application in production isldgan 1%. The peculiar feature about the minedurce base
of our country is that it is mainly representeddeynplex ores containing the rare earth metals iitiqudar.

The reserves of the rare earth metals in Russigegistered in the ores of 14 deposits, and thainrpart
(60,2 %) is found in apatite-nepheline ores of Kida Peninsula. The rare earth metals are not eiladuring
the processing of these ores. The licenses belongosagro Company. The company develops 6 deposits:
Kukisvumchorr, Yukspor, Apatity Circus, Rasvumch@iateau, Koashva and Nyurkpah. In situ resenfes o
apatite-nepheline ores in the deposits under dpwedot were 2 085 040 tons at 01.01.2011. Regaritiag
current level of production of the apatite concatetithe company is supplied by the resources fer 8% years.
The deposits are worked out at 4 mines (Kirovskdgsvumcijorr, Central and Eastern mines). Theirl tote
production capacity is 27 min. tons per year. €bmpany is planning to produce new products basechie
earth metals in the medium term.

Large reserves of rare earth metals are foundparite ores of the Lovozero deposit containing aliéa
of the oxides of the rare earth metals. The produoparite concentrates contain 30% of oxides ef REM
represented mainly by cerium group. The productiolume of the loparite concentrate in Lovozers&@®K
(mining and processing company) is 10 thous. toes year and is limited by production capacity oé th
Solikamsk magnesium production plant. In recentyelae plant has been producing about 6 thous. dbtise
loparite concentrate per year and has been proglatiout 2,5 thous. tons of the rare-earth metadasoducts
(carbonates of the rare earth metals) in the amofuabout 1 billion rubles. About 98 % of the prothiwere
exported.

The rest reserves belong to rare-earth-apatite afréise Seligradskoe deposit in the Republic ofgak
Yakutia (22,8%) and in the form of by-components faund in rare-metal ores of the Ulug-Tanzekskodémand
oil-bearing sandstones of the Yaregskoe depositeiRly the Tomtorskoe deposit, which is the largefF rare-
metal deposit, was discovered and preliminarilylesgal in the North of the Republic of Sakha Yakufide
deposit is represented by re-deposited crust oftheeiag of pyrochlore-monacite-crandallite ores ard
remarkable for the highest concentrations of raréhemetal oxide (13-14%).

In the presentation is analysed the rare earthlsnetaource potential of the Kola Peninsula, inicigd
such promising deposits and mineral occurrencesudsalute ores of the Lovozero alkaline massiftiwtt-
briolite ores of the Sakhar-jok deposit, etc.
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Using noble gas isotope signatures to unveil theigin of carbon from the Cape Verde

oceanic carbonatites
Mata J.*, Mourdo C.*, Moreira M.**, Martins S.*
*Instituto Dom Luiz, Faculdade de Ciéncias, Univdesle de Lisboa, 1749-016 Lisboa,
Portugal
**|nstitut de Physique du Globe de Paris, France

It is consensual that carbonatites are rocks forimedrystallization of carbonate-rich mantle meltess
clear is the origin of carbon and a debate existsvéen those invoking the involvement of crustalboa
recycled to the mantle and those proposing thdtoraat the origin of carbonatite melts is “prima@itiiand has
been stored at the deepest levels of the mantidaBly these hypotheses are not mutually exclusndthere
are carbonatites and carbonatites

The Cape Verde archipelago is a plume-related botepated or=140 Ma Atlantic oceanic crust, west of
the West African craton and at 600 km of the Sehegast. It is the most important of the very feecorrences
of oceanic carbonatites, with outcrops of theseesypf rocks being recognized in 5 islands and tsets.
Calcium-carbonatites, magnesium-carbonatites, siteu and extrusive occurrences have been described
(Assuncdo et al., 1965; Silva et al., 1981; Mouefi@l., 2010; Hoernle et al., 2002; Kogarko et1893) and
interpreted as the result of nephelinitic-carbditathagma immiscibility (Mouréo et al., 2010; 201Eyvidence
for sub-Cape Verde lithosphere carbonatite metassemas portrayed by the geochemistry of silicateals from
Santiago Island, as described by Martins et alL@20

We review noble gas and carbon isotope signaturésedCape Verde carbonatites in order to dischiss t
origin of carbon.

Cape Verde calcium-carbonatites are characterizede (-7.8 to -4.2 %o) and@*O values (usually <
8.5%0) typical of mantle rocks, while magnesium-caratites present significantly heavier carbon arggen
isotope signatures (up to -0.5%. and 21%o, respdgjigiggesting that these rocks were affected loprsdary
processes (Hoernle et al., 2002; Mata et al., 20800 this reason we will restrict the discussiombble gas
analyses performed for calcium-carbonatites.

The studied carbonatites, are characterized by*ttafHe ratios (down to 46,700; R/Ra up to 15.5) which
are considered to be primary, given that therenarevidences supporting significant cosmogéhie additions.
Such low ratios reflect sampling by carbonatite mag of a reservoir characterised by low time-iratsg
(U+Th)fHe, which we interpret as being localized in themkst levels of the lower mantle. Considering that,
according to experimental work, crustal carbonates unlikely to be transported by subducting shabsleep
lower mantle depths, as a consequence of theirvanty melting reactions, the above mentioned Hxojse
signatures point to a non-recycled origin for carlfdata et al., 2010; Mouré&o et al., 2012)

In the Cape Verde carbonatit€¥Xe anomalies °Xe/**%Xe up to 6.84), relatively to the present day
atmosphere!t®Xe/*Xe = 6.50), also cannot be explained by carbonatgcting. Indeed, if crustal carbonates
could be characterised by high concentrations ofrie Ba, these would simultaneously increase it both
the?°Xe and'®°%Xe. This allows the interpretation of these anoesahs produced by decay of the now exfifftt
(Mata et al., 2010).

The studied oceanic carbonatites would be chaiaetgrbefore degassing, bHe°Ar* ratios (< 0.3)
which are significantly lower than the instantaneétde/*°Ar* mantle production ratio (around 4 to 5) or the
long-term (>1 Ga) accumulatéde/*°Ar* (1 to 2; e.g. Yamamoto et al. 2009). This reftethe involvement of a
mantle domain evolving under very high K/U whichnist compatible with models invoking the recycliofy
crustal carbonates to explain the origin of carlitem In fact, a model invoking the recycling dfesed
(carbonated) oceanic crust at circa 1.6 Ga woulglyinthe need of an evolution under K/U ratios ofmgo
110,000. This value is two orders of magnitude éigihan the K/U ratio of deeply recycled subductiteps
(see for example Becker et al., 2000; Lassiter 420biterestingly such value is also more tham@#8 higher
than the estimated for the Bulk Silicate Earth teodorsing the idea of the sampling by carbonatifes long-
term isolated “primordial” reservoir probably loedtat the base of mantle in the D” layer (Mouréalet2012)

In conclusion, despite that some models for theegisnof Cape Verde carbonatites invoke the negessit
of the involvement of crustal carbonates recyctedhe mantle (Hoernle et al., 2002; Doucelancd.ef810;
Doucelance et al., 2014), the conjugated use arakmoble gas isotopic systems deny such hypatlaesi lend
support to an important role of carbon which reradimsolated at an infra-mantle reservoir since ehadiest
stages of the Earth’s history.

This work was financed by FCT/FEDER through projettNT (POCTI/CTA/45802/2002) and by IDL
(UID/GEO/50019/2003).
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Native lamproitic melts and their evolution: a stud/ of subglacial glasses from

Gaussberg volcano (West Antarctica)
Migdisova N.A., Portnyagin M.V., Suschshevskaya N.M
Vernadsky Institute for Geochemistry and Analyti€aémistry, Russian Academy of Sciences Moscow,
Russian Federatiomat-mig@yandex.ru

Extinct Gaussberg volcano on the West Antarcticsioeet coast is composed by lamproites of the late
Cenozoic age (56+5 ky [Tingey et al., 1983]). Thigio and evolution of these continental alkalinelt® is
under discussion since 80th [Foley et al., 198Teyd/enturelli, 1989; Mitchell, Bergman, 1991; Eg) 2008].
Gaussberg volcano is a unique object to studyialkalontinental magmatism due to its subglacigbons and
excellent preservation of rocks often containinfc&oic glass. Several pulses of such eruptionggreessed by
terraces building a 370 m high volcanic edifice.

We present here the results of study of 20 quenghasses from Gaussberg rock samples collected
during the 2 Soviet Antarctic Expedition in 1957-1958. The stespare fragments of glassy rims of pillow
lavas [Vyalov & Sobolev, 1959]. We present also thsults of analysis of melt inclusions (MI) inwtie (Ol)
and leucite (Lc) phenocrysts. Major elements aridtite components (S, Cl, F) in the glasses wesdyaed by
electron microprobe at Max-Plank Institute fur ChefMainz, Germany) and GEOMAR Helmholtz Centre for
Ocean Research (Kiel, Germany). Trace elements el@egned by LA-ICP-MS in the Institute for Geosuies
at the Christian-Albrecht University (Kiel, Germany

Mineral phenocryst assemblage of the Gaussbergrtitep is represented by 20-40% Lc, 10% Ol, and
5% Cpx. Leucite, diopside, phlogopite and apatiierotiths are present in glassy matrix (Fig. 1Adn$le #464
(trachy-andesite) contains ortho- and clinopyroxeanagnetite, ilmenite, olivine, pyrrhotite sulfulogules and
rare large rounded grains of ilmenite, apatite zintbn in glassy matrix (Fig.1B).
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Fig. 1. Microphotographs of Gaussberg pillow lavas quenched rims fragments.
A — prevalent lamproitic type, B — trachy-andesite sample 7464,

The composition of the Gaussberg glasses compnisegtoups (Fig. 2): (1) predominating group of
lamproitic glasses, and (2) high-Si evolved glagsas sample #464. MgO in group 1 varies from ®m5Lt5
wt%. With decreasing of the MgO content, $iB0-55 wt%), TiQ (5.5-7.8 wt%), NgD (3-5 wt%) increase;
K20 (11-12 wt%) remains nearly constant, angQal(5-7 wt%), CaO (1-7 wt%), s (0.3-1.6 wt%) decrease.
FeO content (7.5-9 wt%) increases in the most Migh-glasses and then remains constant. Cl (0.1809t%0)
and S (0.05-0.11 wt%) concentrations increase a® kecreases due to their incompatibility with tlogiidus
crystal phases. In contrast to S and C, F conteaf{0.45 wt%) drops in more evolved glasses, Yikkle to
phlogopite and apatite crystallization,® content does not exceed 1-2 wt%. The most prieniglasses have
low CI (0.13 wt%), S (0.05-0.1 wt%) and high F (&wB%) and P (1.5-2 wt%), which may be characterisfi
primary lamproitic melts. Group 2 glasses from sknipl64 are remarkably evolved and heterogenedus. T
glasses have trachyandesitic (5i© 57-72, NaO = 2.5-4, KO = 5-7.5 wt%), high-AlOs; (10-20 wt%)
compositions, which fall off the main fractionatitnend of the lamproite melts (Pic.2).
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Fig.2. Major elements in quenched glasses and bulk rocks from Gaussberg volcano.

Gaussberg lamproites exhibit highly enriched in BREtrongly fractionated spectra (Laid 80,
Dy/Ybn = 2.2, Sm/Nd= 0.4). Characteristic features of the lamproitesaiso Zr, Hf, Ba and Pb maxima and K
(not shown), Rb, U, Nb, Ta minima relative to REE the PM-normalized patterns. Sample #464 has
distinctively lower LREE, higher HREE, low Ba, SIfi and Eu, and no Zr-Hf maximum compared to more
mafic samples (Pic.3).
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Major conclusions of the study are:

1. Major elements in the Gaussberg glasses main etsrf@m continuous series ranging from 6
to 2 wt% MgO and reflecting ~50% crystal differetion of olivine, leucite, clinopyroxene, phlogapitand
apatite from the primary lamproite melts havingsomeably ~8.5wt% MgO (similar to WR samples). Sample
#464 has likely a hybrid origin via assimilationsgfdimentary bedrocks (sandstones) by mafic lariprokelts.

2. Gaussberg lamproitic primary melts are enricheddlatiles (HO, Cl, F, S) compared with
typical oceanic basalts. F concentrations are hewsignificantly lower than in the West Australiamproites,
similar in major, trace element and isotope contpmsito those from Gaussber volcano [Sobolev et1889].
The lack of sulfide phases in Gaussberg mafic laitgs suggests a deep magma origin in the garabilist
field or possible oxidation of lamproites duringithascent to the surface [Mavrogenes, O’Neil, 1999
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Compositional variation in the pyroxenes and amphibles of the Abu Khruq ring

complex, Egypt
Mogahed M.M., Rashwan A.A.
Department of Geology, Faculty of Science, Benhaeisity, Benha, Egypt.
MUSTAFA.AHMEDO1@fsc.bu.edu.eg

Alkaline ring complexes display many paradoxicahrelteristics. Some tend to have mantle origin,
indicated by the presence of alkaline rocks in e@anic environment and confirmed by their assamatuith
basic lava. While other complexes, display crustaiopic signatures in hydrothermally altered arideralized
zones.

The Abu Khrug alkaline ring complex (ARC) is one alfout fifteen alkaline ring complexes intruding
Precambrian rocks of the Arabo-Nubian shield ingbath Eastern Desert of Egypt (Fig. 1) and rangingge
from Silurian to Late Cretaceous (Serencsits el @f9). ARC is an epizonal, multi —intrusion alkaliring
complex that exhibit the association of silica satied, under- and oversaturated rodke are undertaking more
detailed mineralogical and chemical studies, anelsgmt here an electron microprobe investigatiorthef
pyroxenes and amphiboles of the intrusion. The tgurocks immediately surrounding the ARC are mainl
consist of a series of highly grade metamorphiksoahich grades gradually from hornblende gneissts
greenish actinolite schists that were subsequéanttiyded by granite.

-
™

Fig. 1. Geological map
of Abn Khrng Ring
complex area (modified
after L1 Afandy and
Abdalla 2001).
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At the scale of the handspecimen and thin sectiorst volcanic rocks have a porphyritic texture with
variable modes of phenocrysts (and rare xenocipssome samples) in an aphanitic groundmass. Pienol
represents the dominant volcanic rock unit in tH€CAand it is mainly massive and varies from darkygto
greenish greyAlkali gabbro is massive, medium to coarse-grained, and chaizeteby dark to light grey
colours consisting predominantly of plagioclasen@iag from oligoclase to labradorite), perthiticthmrclase,
aegirine-augite, calcic amphibole and Fe-Ti oxid@mtite, nepheline and apatite occur in variabbeessory
amountsQuartz syenitesare medium to coarse grained, white-yellow to ligltwn rocks and composed mainly
of zoned grey euhedral perthitic orthoclase lathd iaaterstitial quartz in clusters with sodic-caleimphiboles,
aegirine-augite and accessory magnetite, ilmetitsmite, apatite and zircolkali syenites are pinkish gray,
medium- to coarse-grained nepheline bearing alf@tispar syenites. They consist mainly of euhedoal
subhedral perthitic orthoclase, interstitial, zoreuiphibole, biotite, light green aegirine-augited ditanite.
Nepheline syenitesare medium-grained grey rocks with euhedral to edhdd, coarse perthitic alkali feldspar
with many minute inclusions, euhedral to subhedegdheline, sodalite, aegirine-augite and melarateaf with
subordinate biotite and alkali amphibole. The lagmatic evolution of ARC is represented by theniation of
nepheline syenitipegmatitic veinsthat cut the nepheline syenite at the east andheastern part of the complex
and trending NNW-SSE. They contain the same miress¢émblages as the enclosing nepheline syenite.

The chemistry of the pyroxene can be illustratddgidiagrams of the figures 2 through 4. Both camed
rim of the pyroxene for the alkali gabbro and ndipleesyenite are calcic-sodic aegirine-augite wialkali
syenite and quartz syenite are scattered betwagiteaund aegirine-augite (Fig. 2). The analyseaysme form a
trend from the augite to the pigeonite fields (AY. Pyroxene trend is characterized by a progressrichment
in Na towards the aegirine corner, with no sigaificenrichment in hedenbergite (Fig. 4). The oVgrgloxene
trend is suggestive that fractionation involvedhie| progressive increase in Na. Microprobe arglsisows that
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the earliest-formed pyroxenes in most units arehmess acmitic in composition. Mg-number pyroxeimesease
markedly from the Alkali syenite to quartz syenienepheline syenite and get the highest valuékadiayabbro.
The amphiboles distribution in the ARC rock unite eestricted mainly to syenite and quartz syenttde
it is less common in nepheline syenite. The rimgMimber of zoned amphiboles is consistently lotlvan the
cores. The amphibole are ranging from calcic imkalgabbro to sodic calcic and sodic in both syeaid quartz
syenite. All analysed amphiboles are characteriazgdhigh SiQ, low Al,Os; and TiQ contents, and low
MgO/FeO* ratios. The composition of the analyseghimole samples are compositionally similar to aibples
from typical differentiated peralkaline suites, Bws those from the Rallier-du-Baty Peninsula, Kelgn (Giret
et al. 1980). According to Leake's classification (1978RC amphiboles from syenite and alkali gabbro are
ranging from arfvedsonite to ferro-eckermannitewtnchite, to katophorite, to hastingsite and lastl pargasite,
involving (K,Na), Fé*, Fé* substitution, under reducing conditions (Gie¢tal. 1980). These authors noted that
there is a close relationship between amphibolepositional trends and agpaitic coefficient of tharst rocks:
the more differentiated the magma, the more siiicla-the amphiboles. According to them, these ailiand
alkali-rich amphiboles crystallize only in a vegté magmatic stage, usually later than alkali feddsor during
hydrothermal stages. Amphiboles from gabbro dispiaited Ca+Al versus Si+Na+K substitution and plot next
to the fields of amphibole from gabbro with normaathepheline defined by Bedard (1988; fig.5). Tdngphibole
is richer in Ca+Al than that from syenite and quartz syenite amphibol
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The REE patterns of ARC rocks (Figs. 6A to 6C) stowerall enrichment of the REE contents from alkali
gabbro and nepheline syenite with intermediate ergst of alkali syenite and volcanics. Almost alinpdes
showed similar REE patterns suggesting that they lsacogenetic relationship. The chondrite-norredliREE
distribution patterns (Figure 6) illustrate that @Rocks are characterized by enrichment in LREE daletion
in HREE with well-defined Eu-negative anomaly whictay be related to the later formation of this uston
body and strong differentiation during crystallinat The enrichment of LREE relative to HREE fdrthe rocks
from ARC is significantly different from the REE dfiibution pattern in normal mantle-derived roclesg(
MORB), which should usually be enriched in HREE.isTindicates that the magma sources of ARC are not
derived from normal primitive mantle. Also it isaskin from the REE pattern that this pluton is highREEsS,
with enrichment of LREE and depletion of HREE, sesfing that the mantle source of the rock is eigmeiched

or juvenile.
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Conclusions

Abu Khrug ring complex represents alkaline mafilsife intrusion formed of cogenetic alkaline rocks,
ranging from alkali gabbroic and intermediate cosifons to syenites, quartz syenite and nepheljenites.
All samples are enriched in LREE with moderate t@ep fractionated patterns and possess a Eu negativ
anomaly. The whole complex is inferred to haveiaetgd from alkali basaltic to basanitic magma®tB-like
character. The general increasing of the amphiantebiotite among the different rocks of the compleflects
the hydrous nature of ARC magmas. The phonolitigmmeas from which the nepheline syenites crystallisece
produced as fractionation residues from basanidcem magmas which experienced insignificant ctusta
assimilation. Crustal contamination led to the fation of the quartz syenite at the expense of theas
undersaturated syenitic magma.
Acknowledgements. The authors acknowledge Benheetdity, Egypt for the funding of field work and
chemical analyses.
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Rb-Sr, Sm-Nd, Pb-Pb, Lu-Hf isotope systems as a sigture of sources of alkaline-

carbonatite magmatism (by the example of Urals an@iman complexes, Russia)
Nedosekova I.L.
Zavaritsky Institute of Geology and GeochemistryRASS, Ekaterinburg, Russitadi49@yandex.ru

Various isotope systems (Rb-Sr, Sm-Nd, U-Pb, PbaR®, Lu-Hf) in the rocks and minerals of the Urals
and Timan alkaline-carbonatite complexes are ingattd. They are also compared to alkaline-carlitenat
magmatism types existing in various structureshef Earth: (a) with the carbonatite complex cratand
platforms framing Na-ultramafic-alkaline-carbonatformation (UAC) — by the example of the complerés
Maimecha-Kotui, East Sayan, East Aldan, Sette-DgBé#verian Platform and its framing), Karelian-Kalad
the East African Provinces; (b) with K-alkalinedsanatite complexes of rift zones of shields (byekample of
the Aldan Shield complexes); (c) with the carbdeatiomplex fold zones (by the example of the ARaisan,
South Tien Shan, Himalayan fold regions).

We have obtained isotopic parameters for the ramkdlmeno-Vishnevogorsky alkaline-carbonatite
complex (IVAC), Urals fold belt®’Sr/ &S = 0.70336-0.703806Nda40 (+ 2.9 ... + 5.8)gHfaso (+ 4.7 ... +
11.4),29%PpPoPhyygt = 18.54 -20.629Ph/?%Physg* = 15.53-15.66 (Vishnevogorsky carbonatite-miaskitassif)
and87SrPGSr44o= 0.70421-0.70470:,Nd44o (+ 0.7 ... -2.8),206Pb/204pb;40 = 18.04-19.91,207PbF04Pb140* = 15.65-
15.93 andgHfa40 (0 ... -2) (Buldym carbonatite-ultrabasic massifhese values correspond to moderately
depleted mantle compositions (Vishnevogorsky caabitexmiaskite massif) and moderately enriched feant
EM1 (Buldym carbonatite-ultrabasic massif). Similsotopic compositions are typical for ultramafikadine-
carbonatite complexes located on the edge of titéopin and the Precambrian cratons (Fig. 1).
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Fig.1. DiagranmeNd vs.87Srf8Sy of carbonatites and alkaline rocks of the IVAC &udym (Urals) in respect to the
mantle sources DM, HIMU, FOZO, EM1, EM2, MORB and Q8B as well as Kola (KCL) [7], Eastern African (EAL
[4], Siberia [1, 3], Aldan [1] carbonatite complekplatforms and shields and Himalayas, Tian SiAdaj, Mongolia
collision carbonatite complex of fold regions [1 52

On theeNd vs.87SrFeSr (T) diagram the data points of of the IVAC miaskitend carbonatites fit the
mantle array along the line connecting depleted J[@kd enriched (EMI-like) mantle. A similar evoloti line
is marked for the carbonatite complex of Karelid&k@rovince and shows mixing of two mantle reses/oi
FOZO and EM1 in the processes of magma generadion]| Carbonatite complexes on the edge of ther&ib
Platform (Maimecha-Kotuiskaya and Eastern Aldanviprces) also have similar isotopic compositions 3L,
Sr-Nd isotopic compositions of Buldym carbonatitesrespond to the enriched mantle EM1 and the catite
complexes of rift zones of shields with the deepestle sources (complexes of the East African Rift Aldan
and Angarsk shields), formed with a substantiatrdiontion of the HIMU component [4]. It should beted that
the IVAC differs by Sr-Nd-isotopic composition frothe collision carbonatite complexes with mixed tren
crustal source EM2 (Himalayas, Tien Shan, Altai,ngalia fold areas) [1, 2, 5] (see fig. 1).

On the?%PbP%Pb vs.eNd diagram, compositions of IVAC rocks are on a&icomponent mixing line
with DM-, EM1- and HIMU-components (similar comptieh is marked for platform ultramafic-alkaline-
carbonatite complexes of Karelia-Kola-Scandinayaovince) and on the mixing line HIMU-EM1 (which i
similar to the carbonatite isotopic compositionghe East African Rift). It should be noted in thisgram that
the isotopic compositions of collision carbonatitemplexes are outside of the «mantle triangle DM1EM
HIMU». Thus, Pb-Nd-systematic of IVAC illustratdsetabsence of the two-component mixing DM-EM1 il th
IVAC rocks and the need of participation enrichednponent, which usually correlates with the plutdéMU
or others). The nature of the enriched componeatsidurther studies, but at the moment we can lsatythe
IVAC constitutes lines of Pb-Nd isotopic evolutiawhich are similar to platform ultramafic-alkalimarbonatite
complex.

Hf-Nd systematic also confirms a mantle sourcehefly AC magma. Early zircon compositions of the
IVAC plot in the field of moderately depleted man#éind lower crust rocks. Considerable variatiorthéninitial
Hf isotope ratios in these zircons are likely te the heterogeneity of primary magmatic sowand may be
indicative of the participation in the crystallimat of IVAC zircon new portions of melts with diffent isotopic
composition determined by mixing materials at tlsiurce. The Hf isotopic composition of later medaphic
zircons shows that they were formed during rectystion of the early zircon without substantialditional
supply of trace elements. Thus, Hf-isotope dat&/#&C confirm the participation of DM and more erirad
nonradiogenic Hf source (probably representingwetocrustal component LC) in the magma generation.
should be noted that Nd-Sr-isotopic mixing lines 1Dk also shows the presence of the lower crust covapts
in the IVAC rocks (see fig. 1).

Isotopic parameters for Chetlassky dyke alkalirteaatafic-carbonatite complex (Timan): initial ispto
ratio of carbonatites {{Srf8Sr)i = 0.70336-0.7036%Nd = 5.07-5.71) are close to lamprophyres and teiri
((®’SrpeSr)i = 0.7037-0.7043sNd = 5.42-6.19), which may indicate "primary" camates and single mantle
source of the Chetlassky complex rocks with a sraddition of crustal component (probably metamarphi
fluid). The source of crustal fluid could be Riphelaost sedimentary carbonate series, having thiegawic
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isotope composition SE'Sr /8%Sr)i = 0.7138 and "heavy" isotope composition adrel O —5°C (from -4.5 to

0.5 %0) and&'®0 (from 18.1 to 25.7 %o). Nd-Sr-isotope mixing lifi@M-UC (upper crust, Riphean host
sedimentary carbonate rocks) shows, that the Gsstjacarbonatites have more, than 95% of the mantle
component and less, than 5% of the upper crust coem.

Thus, the study of Sm-Nd, Rb-Sr, Lu-Hf, Pb-Pb-ipidcsystems of Urals and Timan alkaline-carbonatite
complexes and their comparison to alkaline-carbtmatagmatism types, existing in various structwtshe
Earth, showed that the Urals and Timan alkalinbaaatite complexes are similar to those carbonatite
complexes, localized on the edge of the platforith(\imoderately depleted sources) and Precambriziorcs
(with the deepest mantle sources such as EM1 andUHl and differ from the carbonatite complexes of
consolidated fold regions (usually with mixed marttustal source such as EM2).
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Major, minor and trace element and oxygen isotopicomposition of olivine from

kimberlites of the Arkhangelsk Diamond Province, Rigsia
Nosova A.A.*, Sazonova L.V.**, Kargin A.V.*, Borissky S.E.*, Khvostikov V.A.**, Burmiy J.P.*,
Kondrashov |.A.*
*Institute of Geology of Ore Deposits, PetrograpMmeralogy, and Geochemistry (IGEM), Russian
Academy of Sciences, Moscow, Russia
**|nstitute of Microelectronics Technology and Higturity Materials (IMT), Russian Academy of
Science, Chernogolovka, Russia

This study presents the first systematic petrogcabhgeochemical and stable isotopic investigaion
different textural varieties of olivine (olivinedm peridotite xenoliths, macrocryst-type (Ol-1),daphenocryst-
type zoned (OI-1l) from two diamondiferous kimbezlipipes (V. Grib and Pionerskaya) of the Arkhaskel
diamond province (ADP), which differ in geologidtseg, geochemical and isotopic characteristicsl diamond
content.

The problem of the origin of olivine in kimberlite hotly debated. The main unsolved question istindre
large rounded or subrounded crystals (Ol-1) areogeystic (i.e. mantle-derived) or represent pheystsrcognate
to the kimberlite melt. Smaller euhedral or subhediten zoned grains (OI-Il) may consist of xerystic core
and rim crystallized from kimberlite melt. Someeatstudies (Arndt et al., 2010; Brett et al., 2008menetsky
et al., 2008; Pilbeam et al., 2013; Bussweiler leR@L5; Sazonova et al., 2015) demonstrated a @mpl
crystallization history of the kimberlitic olivin€®ur results support a diversity of olivine origmthe kimberlites
and show that there is no single mechanism ofr@ivormation.

Geological setting and samplesThe Arkhangelsk diamond province is situated ia ttorthern East
European Craton. Several fields of kimberlites asldted rocks were distinguished within the proein@he
Pionerskaya pipe is located in the Zolotitsa kirfiteeffield and, together with the Arkhangelsk, Kiagky-1,
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Karpinsky-2, and Lomonsov pipes, assigned to thediwosov diamond deposit. The V. Grib pipe is lodate
the central part of the Arkhangelsk diamond proejr&0 km northeast of the Pionerskaya pipe, anzhigsito the
Verkhotina or Chernoozerskoe kimberlite field.

Deep borehole no. 1490 in the northwestern pati@Pionerskaya pipe penetrated porphyritic kinitesr
(perhaps, dikes) with fresh olivine at depths o4@-61050 m (Mahotkin et al., 2000). We studied olkvirom this
depth interval. Some boreholes (nos. 106 and 1ledrin the V. Grib pipe penetrated autolithic ksi@cor
porphyritic kimberlite at depths of 600—750 m; the®cks contain almost unserpentinized or weakigred
olivine, which was used in our study. Olivines ¢palor completely preserved) were also analyzediia
peridotite xenoliths from the V. Grib kimberliteBour xenoliths are garnet Iherzolites, including aeformed
peridotite, and one sample is a garnet harzburgite.

The presence of two olivine types (generationsthie Pionerskaya kimberlites was noted previously
(Mahotkin et al., 2000; Parsadanyan et al., 1996),they were not studied in detail; in the V. Gkimberlites,
olivine was studied only in peridotite xenolithgdanclusions in diamond (Malkovets et al., 2011).

Methods. Analyses of major and minor element compositiohslivines were performed on polished
thin sections of kimberlites and xenoliths and @o»y mounts with olivine grains separated from bad
kimberlite samples and deformed peridotite xenolith

Olivine (approximately 550 grains) was analyzedthg electron microprobe (EPMA) technique using
the high precision method developed by Sobolevl.e(2807) and adapted at the IGEM RAS (Moscow) by
Kargin et al. (2014). This method was designedHerhigh precision analysis of both major and miglements
in olivine. Our results of the measurements of $lam Carlos olivine standard (Jarosewich et al.01@8ring
the investigation of olivine from the kimberliteEthe ADP are consistent with published data, dwderror for
the Mg# value of olivine is smaller than 0.1% redat(2c). Laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) was performed to deterntime trace element compositions of olivines (65y=es
for macrocryst-type olivine (OI-)) using the Newawe Research UP266 MACRO laser ablation system
coupled to an Thermo ScientifSeries Il plasma-mass spectrometer equipped wjtladrupole mass analyzer
at the IMT RAS (Chernogolovka). The oxygen isotamemposition of olivine was analyzed in 10 olivine
microsamples at the Laboratory of Isotopic Geockémiand Geochronology of the IGEM RAS by fluorinat
using laser heating. The reproducibility’éfO was +0.1%o (&).

Results. A significant portion ofOl-I from the V. Grib kimberlitesvith Mg# = 92.9+0.005, high Cr
(132+£28 ppm) and Ca (157+45 ppm) and low Ti (und@rppm) contents falls within the field of olivine
megacrysts (macrocrysts) from the Udachnaya pipg#(M 92.7 + 0.8; Sobolev et al., 2009). They are
characterized by high Ni (28251243 ppm) concerdratNbu Zr show wide variations, with Nb/Zr ratio from
0.2 to 3.6. A distinctive feature of FRTE (Zn, iy, V, etc.) distribution is elevated Cu (up to dfim) and
moderate Zn (~ 50 ppm) concentrations and the loiCd ratio (average 9.1). The olivine is also chtmazed
by high Na concentration (up 220 ppm) and the ldwesoncentration among all studied olivines. Tadue of
5180 in olivine is 5.6%o. Such olivines account for ~7@%the V. Grib kimberlites dataset.

The second group of OI-I grains from the V. Grimkierlites is characterized by high Ti (181+28 ppm)
and low Cr and Ca contents. These olivines accfmuint20% of the dataset and fall within the fielafsolivine
porphyroclasts and neoblasts from deformed petastimple.

The OI-I grains from the Pionerskaya kimberlit€s60%) are subdivided into two groups, one of Wwhic
consists of colorless low-Ti (31+28 ppm) crystatsl ather group includes yellow high-Ti (177+28 ppomes.
Colorless olivine shows Mg# = 92.1+0.01 and highaNil Cr concentrations. Yellow olivine is charaized by
Mg# = 91.7+0.01 and high B, Li, Nb and Zr concetinas, and Nb/Zr ratio from 0.2 to 3.6. They diffeom
the Ol-l in the V. Grib kimberlitegn high Zn/Cu ratio (averages of 15 colorlessiolg and 28 yellow olivines).
The values 0860 in olivine are 5.3%o.

The deformed peridotitshows porphyroclastic textures. Olivine porphyasts (~50%) are embedded in
a mosaic matrix of small olivine neoblasts. Thdelat have high Ti concentration (241+46 ppm) andy ve
narrow Mg# variations around 89.5. As compared witkines from kimberlite, the neoblasts are engithn
Mn, Zn, V and are depleted in B, Li, Nb, Zr, Ni a@d The values a§*€0 in olivine are 5.0-5.1%o.

In harzburgite Mg# of olivine is almost always within the rang2.3-92.4; olivines from thgarnet
Iherzolites are different: their Mg# values are strongly abaté from 89.0 to 93.0 with a maximum at the most
magnesian compositions (92—-93). The valueg-%d in peridotitic olivine are 5.3-5.4%o.

Thecores of Ol-lIfrom kimberlites of V. Grib and Pionerskaya pigee chemically very similar to Ol-I,
which is supported by statistical analysis. A chteastic feature of OI-1l from the V. Grib pipetise absence of
cores corresponding to high-Ti OI-1.

Theouter zones of Ol-iirom the V. Grib kimberlites, as well as small gndmass olivines, are different
from the cores of these crystals in, first, lowad almost constant Mg# values, averaging 90.5 +<k8ond,
higher Ti, Mn, and Cr and lower Ni contents at adiiovariant Ca contents; and, third, strong vame in trace
element contents within a narrow Mg# range. InMt@rib kimberlites the ranges of minor elementtenits in
the cores of Ol-1l outer zones and neoblasts freforined peridotite are either identical or veryselo
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We used the V-in-olivine oxybarometer (MallmannN®&ill, 2013) in order to estimate oxygen fugacity
for V. Grib and Pionerskaya kimberlites. Calculasagive QFM-0.5 to olivines from former and QFM-2al
olivines from latter.

Discussion and ConclusionsFRTE distribution in olivines is an indicator sfich petrogenetic processes as
partial melting of peridotite or pyroxenite sourpeesence of sulfide phase (mss or sulfide liquadgd oxygen
fugacity.

It was found that the generation and compositienalution of olivine types identified in the studikimberlites
was controlled by the following processes: 1) Fdioma of xenocrysts via fragmentation of peridotites
metasomatized by melts from a pyroxenite sourcdalémvs from Cu-Zn-Ni relations) is important ftow-Ti
Ol-1 macrocrysts and some cores of Ol-ll from thenRrskaya kimberlites. 2) Macrocrystic olivineslazores

of OI-ll from the V. Grib pipe represent protoxengst recrystallized under a carbonate rich protdiarlite
melt contaminated by orthopyroxene. 3) The shdffereince of outer zones of Ol-Il from the coresOdfll and
Ol-I grains in minor element contents and distiidsutindicates their different nature. It can bggested that
the high-Ti rim zones of olivine and groundmaswiok crystallized from evolved, probably water-begr
kimberlite melts enriched in Ti. 4) The compositmithe high Ti neoblastic olivines in deformed idetite and
the high Ti rim zones of Ol-ll is identical excadg#. One can assume that neoblasts were crysthifioen a
protokimberlite melt at the early stage of kimiterfiormation after wall peridotites were deformedhably by
ascending melts. Oxygen isotope composition oftalllied olivines fall within ranges typical of memnolivines.
There is no single mechanism of olivine formatinrkimberlites.

This study was financially supported by the Rus$tanndation for Basic Research, Projects 13-05-
00644-a and 15-05-03778-a.
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Magmatism and metallogeny of the western Anatolial urkey, associated with
subduction rollback and trench retreat: a comparism with the Basin and Range

province, USA - Mexico
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Istanbul University, Department of Geology, Avc@ampus, Avcilaristanbul, Turkey email:
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Calc alkaline and alkaline magmatic activity imetwestern Anatolia has been associated with
extensional tectonic regime in relation with sudtibn retreat and rollback in the Aegean Sepe@ally in
the Miocene which resulted in formation of aedfic type of mineral deposits. Bimodal magmaticks of
this rifted arc setting of the Aegean Sea andwbstern Anatolia are composed of hypabyssal stodi&es,
lava or eruption products of andesite, basalphtite, phonolite, basanite, kulaite, nefelinitegven
carbonatites. These alkaline - calc alkaline ksoare associated with the Oligocene - Miocene agprld
class mineral deposits including B, Au, Ag, Hai, (REE + Ba + Th + F), Ba, Sr and trona.

Very recent radiometric studies have been madpecially in the western Anatolian ore deposits
namely the carbonatite - hosted Kizilcatren RIB&A +F + Th deposit and the shale - basanisteld
Sekeroba barite deposit , porphyry -typeslddas gold deposit and the Kitahya silver deposge
determinations by both Sr/Nd and K/ Ar andA&r/methods gave age of 24-25 Ma for theillkadren (
Nikoforov et al. 2014a-b) and age of 13 - 15 (Maztirk at al. 2014) for thekeroba Ba deposit. The
porphyr - type Kgladaz Au deposit in western Anatolia which is assaamainly with extrusive caldera
complex, indicated 11 Ma age by K/ Ar metti@yman and Dyar, 2007).

The Basin and Range province is another extansielated metamorphic core complex regiorhi t
world like to the western Anatolia and includesore or less similar type bimodal magmaticksand
similar type mineral deposits to the western Aliatsuch as REEs + B+ trona+ Au + Ag + Hg (€@ahia -
Nevada - Arizona region) Ag +Au+ F+ Ba+ Sr depo@iincantada - Buenavista Region, Northern Mexico).

Formation of these mineral deposits of the incatilyle elements both in the western Anatolia ted
Basin and Range province in a short period ofmetduring the Oligocene and the Miocene indEah)
mantle related metallogeny for both Anatolia dlne Basin and Range province under a N -BEkW
extensional regime, respectively b) a metamorgiuce complex development associated with ackiof the
Create and Pacific subduction, and ¢) migratibthe arc volcanism from the north to the soutbstito east,
respectively and d) passing from calc alkalineatkaline magmatic products.

The alkaline - calc alkaline magmatism and coevalneral depositions are associated with an
extensional tectonic episode both in the westaratolia and the Basin and Range province shbalé been
formed related to subduction rollback triggeredeccomplex mechanism instead of a slab break Affcient
equivalents of such back arc rift basins carfindeprovided that the three distinctive featurésgether;
association of Au, Ag, Cu, REE deposits, strongmsional tectonic — metamorphic core complexegation
and bimodal volcanics.
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New data about the genesis of potassic lamprophyod the Tomtor massif based on melt

inclusions
Panina L.I., Rokosova E.Yu., Isakova A.T., Tolstéw.
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The Tomtor massif (north of the Siberian Platfomefers to volcano-plutonic complexes of centraletyp
and is the largest rare-metal Sc-TR-Y-Nb depodith®world. Geophysical data evidence that itiswt 10 km
in depth and about 300 Krin the area. The shape of the massif is isomdtsqeripheral zone is composed of
nepheline and alkaline syenites represented byopmetantly potassium (rischorite) and more rarelgism
(khibinite) types, whereas the center is compodedatbonatite stock, with a ring intrusion of jadamgite-
urtites between them (Lapin, Tolstov, 1993). Thadieries of alkaline-ultrabasic rocks intrude ¢hebonatite
stock as well as alkaline rocks of the massif amchfdifficult carbonate-silicate alternation (Krénemko, 2003).
Among dyke rocks there occur alkaline picrites, ititeglimburgites, melanephelinites, monchikitebppolites,
alkaline trachytes. Entin and coauthors (1990) reghat the time interval of the formation of therfitor massif
is 800-240 Ma, and the data of Vladykin et al. @04uggest two stages of formation of magmatic sawfkthe
massif — 701-675 Ma and 414-387 Ma.

Previously the main attention was paid to the itigation of the massif geology, its rocks and,tfw$
all, the evaluation of its unique hypergene ordg most poorly studied are the genetic problemseming the
physicochemical conditions of formation of rockejrposition of their initial melts, fluid saturatioaevolution,
enrichment in trace elements, PT-parameters ofalliystion and magma sources.

To obtain genetic information, we have studied rdually unaltered pyroxene amphibole dyke rock with
analcime, orthoclase, and phlogopite from the-tidle cores No0.1625 (depth 114 m), localized in lbdy of
jacupirangite-urtites. The rock is inequigranul@grphyric, glomeroporphyric, due to the accumutatioof
clinopyroxene and amphibole. Phenocrysts are reptes by diopside, kaersutite, analcime, less diyephlogopite
and ore minerals.Groundmass is fine-crystallized aansists of small (10-5@m) grains of clinopyroxene,
phlogopite, amphibole, potassium feldspar, ore ralegand carbonate. Phenocrysts of clinopyroxeadyaically
zoned in composition. There are high-manganic ¢(0.83 wt.% MnQO) clinopyroxene varieties with a I¢t+1.9
wt.%) content of Ti@and high (6-7%) content of jadeite component dsagdow-manganic (0.07-0.1 wt.% MnO)
clinopyroxene varieties with high (3-6 wt.%) Ti@nd low (1-2%) content of jadeite component. Aagraumber of
intermediate clinopyroxene varieties were obsebatdeen them. The cores of phenocrysts are repeesiey high-
manganic clinopyroxene varieties and rarely by ke-fdiopside. Alternation of zones in the phendsrigstypically
multiple, often unsystematic. Apatite phenocrystsveell faceted and contain 2-3 wt.% F, to 0.2 wEP&nd most of
them are rich in SrO (1.3-1.7 wt.%). In mineral amgmical composition (wt.%: 39.4 SiCB.6 TiQ, 11.9 AbO;,
12.6 FeOs, 0.26Mn0O, 5.8 MgO, 11.5 CaO, 3.4 M3, 3.8 kO, 1.05 ROs, 0.7Ba0, 0.5 SE) the rock corresponds to
lamprophyre of potassium type of alkalinity. Itvi®rth noting that the rocks of the same compositind from the
same drill-hole cores N0.1625 and drill-hole cones7264 are referred by some researchers (Kravoheétlo3;
Vladykin, Torbeev, 2005) to lamproites.

Primary melt inclusions were found in the phendsrys clinopyroxene, apatite, and sphene. The simhs
are scarce, occur as single or, less often, byirgl8sions in the field of microscope. All the inslons in the
phenocrysts of diopside and apatite are crystdllizhe daughter phases of inclusions in diopsidaast phenocrysts
are dominated by analcime, biotite, apatite, @l@nd ore minerals. Low-manganic diopsides coristallized
inclusions with such daughter phases as potassilaisphr, pseudoleucite, ankerite, amphibole, bjatihd albite. In
Sr-bearing apatite the inclusions contain analcieggjirine, calcite, and magnetite. In Sr-free #patnclusions
contain potassium feldspar, biotite, amphibolegilite, and pyrite. Inclusions in sphene consigtesfdual glass,
leucite and potassium feldspar. The homogenizétiomperature of inclusions in clinopyroxene is dlighigher than
1200 €, and in apatite is about or somewhat higher t&9-1.090 €.

Fig. Primary melt inclusions: a, b - unheated is@us in clinopyroxene:, d - heated inclusions in apatite.
Back-scattered electron images. Amp, amphibolek, Ankerite; Anl, analcime; Bt, biotite; Cal, cié; Lct,
pseudoleucite; Py, pyrite; gl - glass; g. - akble.
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Table. 1. Chemical composition of homogenized mnelusions, wt.%

Host
minerals
NeNe 1 2 3 4 5 6 7 8 9 10 11 12 13 14
SiO, 49,50 51,34|52,85| 54,00 55,64| 53,21| 54,32 50,80/ 53,02 46,92 | 52,8753,25/ 58,39 53,85
TiO; 239|2,14| 1,44 1,37 1,79 1,581,43| 1,07/ 1,53| 2,54| 1,33 1,001,03| 3,15
Al20s 15,17/16,57/16,69 16,93/ 18,62/ 16,89/ 16,33/ 17,52/ 18,14 17,06 | 16,4917,82/18,01/ 17,33
FeO 6,92| 6,93| 5,24| 513 4,39 4,305,07| 4,74/ 567| 7,92| 581 298287| 4,35
MnO b.d.l.| 0,31| b.d.l{ b.d.l.| 0,23 ]| b.d.l{ b.d.l.| b.d.l.| b.d.l.| 0,17 | b.d.l| b.d.l.| b.d.l.| 0,32
MgO 1,49/ 0,95| 0,61 0,60 0,61 0,951,84| 0,60/ 0,78| 3,23| 159 1,140,18| 0,22
CaO 8,071 5,99| 2,39 2,52 2,98 4,034,27| 7,51 3,89| 8,86| 2,54 4,91234]| 4,31
NaO 5,76/ 5,90| 7,36 7,33 6,89 5,247,00| 7,88/ 7,53| 6,48| 7,33 5,614,72| 8,86
K20 3,90| 4,20| 5,59 5,74 5,68 5,106,81| 5,50/ 529| 4,83| 7,29 6,309,29| 5,54
P20s b.dl.|b.dl|bd.l|b.dl|0,32]| b.d.l|b.dl|?219|0,85| 2,61| 2,45 1,72b.d.l.|b.d.l
Cl 0,37/ 0,35| 0,34 0,33 0,34 0,3m.d.l.|b.dl.| 0,24| b.d.l.| b.d.lb.d.l|b.d.l| 0,31
Total 93,58 94,69 92,48 93,97/97,43 91,66/ 97,06/ 97,78/ 96,92 100,92 96,65 94,73 96,81| 98,23
N&O/K,O | 1,48|1,40| 1,32 1,29 1,22 1,031,03| 1,43/ 1,42| 1,34| 1,00 0,890,51| 1,60
Note. * - in inclusion are also present leucite godassic feldspar. ** - inclusion from sphene joliies of
Tomtor massif. Also take into account the presesfc80s: No5 — 0,22 wt.%u Ne9 — 0,24 wt.%. B.d.l. = below
detection limit.

Clinopyroxene Apatite Sphene

The chemical composition of heated inclusions inaallyzed minerals is alkaline-basic. In diopside
phenocrysts it is mainly of Na-type of alkalinity. high-manganic diopsides the XHK,O value varies from
1.5 to 1.2, whereas in Mn-free diopsides it iselts 1 (Table 1, ans. 1-5 and 6, 7, respectivétypr-bearing
apatite the composition of melts conserved in isidos is also high sodium (M/K.O = 1.42-1.43), and in Sr-
free apatite, it is highly potassium: X¥K,O = 0.89 (Table 1, ans. 8-10 and 11, 12, respdg}ivieesidual glass
from inclusions in sphene is also highly potassittaO/K,O = 0.5 (Table 1., an. 13). On the whole, compared
to the potassium melts, the conserved melts ofyida-bf alkalinity have higher iron and alumina orts,
lower silica content and are enriched in Mn, Cl3zS00,, and P. Melt inclusions of such chemical compositi
were also found in the sphene of ijolites from Timentor massif (Table 1, an. 14). The obtained datmest that
the phenocrysts of diopside in the studied potasdampropyres began to crystallize from Na alkalasic
deep melts, with the composition similar to the tsiélom which ijolites of the Tomtor massif crysiztd. As it
is known, the chemical composition of primary irgtans in the early crystallized minerals must beststent
with the composition of melt from which a rock dafized, and the type of alkalinity depends on tyyge of
magma. However, in our case, this composition nsilai to the composition of magma with a Na-type of
alkalinity, from which at early stages, in addititmdiopside, analcime, calcite and ores crystdliZ’otassium
melts appeared at late crystallization stages @pside and their mixing with Na melts led to criigtation of
amphibole, biotite and leucite.

This produces an impression that lamprophyres ohtdo massif formed from hybrid magma in the
conditions of ascending movements caused by tectmtivity. Crystallization of diopside phenocrystarted
with high-manganic varieties in depth (which is gested by the presence of jadeite component imtheral)
from Na alkaline-basic melt. At the later crystadliion stage of diopside, during the rise of melthe surface,
inflow of higher-Mg K-magma into the chamber todkrqe. Most likely, the inflow was multiple and nixj of
melt was irregular.

The work was supported by interdisciplinary inte@ra projectie 40.
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The crystal chemistry and origin of alexkhomyakovie, a new potassic chlorocarbonate
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Unlike sodium carbonates that are numerous in eaad some of them form large deposits, carbonate
minerals with species-defining potassium were urgiently represented by only seven very rare speci
namely baylissite BMg(COs)2#4H,0, bitschliite KCa(CQ). (trigonal), fairchildite kKCa(CQ). (hexagonal),
kalicinite KHCO; and three uranyl-bearing species: agricolaite 4(UK,)(CQOs)s, grimselite
K3Na(U02)(C@)5'H20 and linekite KC&;[(UOQ)(COs,)s]f?Hzo.

A new structurally unusual natural potassic chlarbonate alexkhomyakovite, ideally
Ks(CaNa)(CQ)sCle6H,O (IMA2015-013), was discovered at Mt. Koashva, iy, Kola peninsula, Russia,
and named in honour of the Russian mineralogiskaider Petrovich Khomyakov (1933-2012), a well-know
specialist in the mineralogy of peralkaline rocksownade a great contribution to the mineralogyhefKhibiny
and Lovozero alkaline complexes. It was found gniicant amount in a hyperagpaitic pegmatite tbgetvith
villiaumite, natrite, potassic feldspar, pectolisndalite, biotite, lamprophyllite, titanite, watkei yuksporite,
fluorapatite, burbankitestc. The most commonly alexkhomyakovite occurs asurtéss to white or grey fine-
grained aggregates forming intimate intergrowththwithers minerals inside the pseudomorphs aftgeléup
to 3 x 5 x 15 cm) delhayelite crystals. It was allsond as grains, sometimes abundant, includedassive
natrite in natrite-villiaumite nests closely assted with the pseudomorphs after delhayelite. Timpigcal
formula of the new mineral, based on 9 catipfis [EMPA data, HO is calculated by stoichiometry], is:
Ks.90Ca.0MNay. 0 CO3)5(SQi)0.0100.05Clo.9576 H2O.

The crystal structure of alexkhomyakovite was stddising the single-crystal XRD data. The minesal i
hexagonalP6s/mcm a = 9.2691(2)¢ = 15.8419(4) AV = 1178.72(5) A Z = 2. The structure was solved by
direct methods and refined o= 0.0578 on the basis of 555 independent reflestigithl > 25(1). The structure
of alexkhomyakovite (Figure 1) is unique. It is a®on the (001) heteropolyhedral layers of theN@gcentred
pentagonal bipyramids (Ca,Na&)(®20). connected with each othgia common O vertices shared with the
triangular carbonate groups C(2)@nd C(3)Q@. These groups play different role in the constaictof the
heteropolyhedral layer: the C(2)-centred triandiarss all three edges with three (Ca,Na)-centredagenal
bipyramids while the C(3)-centred triangle sharét whe (Ca,Na)-centred polyhedra only three vesifFigure
2a). H atoms of ED molecules involved in the formation of the (CaJdantred polyhedra are oriented to the
interlayer space where the C(%k)@iangles are located. Thus the system of hydrdgerds O(4)-H.....O(2) is
formed [O(4)-0(2) distance is 2.624(4) A] is form@dgure 2b). K cations occur between thgdHnolecules
located in the vertices of the (Ca,Na)-centred lpetira from both sides of the heteropolyhedral kyard
occupy the ten-fold polyhedra KOI(H20)s.

Figure 1. The crystal structure of alexkhomyakavii®; groups are black triangles, K cations are bigtlgtey
spheres, Cl anions are medium-grey spheres, O saai@nsmall grey circles and H atoms are small gmejes. The
unit cell is outlined.
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a) b)

Figure 2. Heteropolyhedral layer formed by the {@a(Os(H-0). pentagonal bipyramids and the C(2)and
C(3)Gs triangles (a) and the system of hydrogen bondswahas dashed lines) (C(1y®iangles located in the
interlayer space are shown) (b) in alexkhomyakovite

In spite of the great diversity of carbonates, frone hand, and of potassium minerals, from othadha
in peralkaline postmagmatic assemblages of Khibimy, potassic carbonate was known here before the
discovery of alexkhomyakovite. This obviously hythermal mineral was formed at late stage of evoltutf a
potassium-rich peralkaline pegmatite, probably undsy specific conditions when*Kwas not too mobile.
Alexkhomyakovite mainly occurs inside pseudomorppmymineralic aggregates after completely altered
crystals of delhayelite (that are easily recogniagdheir typical morphology and mineral associatidn some
areas (up to 2 x 4 cm) of the pseudomorphs itsestsaB0-40 vol.%. Delhayelite s/KaCa(AlSizO1g)F2Cl is
widespread in K-rich hyperagpaitic pegmatites aibity. In the hydrothermally altered bodies, pdrtia
complete pseudomorphs after delhayelite are comamoinare diverse in mineral composition. In the uised
pegmatite, early, high-temperature, anhydrous ralndelhayelite most likely underwent an influencké o
peralkaline hydrothermal solutions strongly enrithia Na, CQ, and F and was altered to aggregates of
alkali/calc-alkali silicates, alkali/calc-alkali dBonates and villiaumite. The natrite-villiaumitests saturated
with alexkhomyakovite were formed probably in ttene stage between altered crystals of delhayatite a
aggregates of unaltered, more stable primary péticnaninerals: potassic feldspar, sodalite, bigtite
lamprophyllite and coarse-crystalline pectoliteeTgrocess of the hydrothermal alteration of delligy@n this
pegmatite can be schematically presented as falldalbayelite KNaCa(AlSi7O19)F.Cl + [H20, N&, CO:%, F
] — alexkhomyakovite K(CaNa)(CQ)sCls6H,O + pectolite (secondary, fibrous) NaH(2i;0g) + potassic
feldspar (secondary, fine-grained) K(AISE) + villiaumite NaF + natrite N&LOs. Metal cations and chlorine
for alexkhomyakovite could be directly inheritedrin delhayelite.

This study was supported by the Russian Foundé&tioBasic Research, grants nos. 13-05-12021_ofi_m
and 15-05-02051-a, and by the Foundation of thesient of the Russian Federation, grants nos. NSh-
1130.2014.5 and MD-2088.2014.5.

New data on metallogeny of rare metals occurences Romania
Popescu G.C., Neau A., Petrescu L.
Dept. of Mineralogy, Faculty of Geology and Geaiby, University of Bucharest, 1 NzlBescu Blvd.,
010041 Bucharest, Romania; ghpop@geo.edu.ro

According to the geological structure of Romanianitory, its metallogeny is different as formingda
organisation. Geologic and metallogenic charadtesi®f the Romanian territory offer many argumentsrder
to understand the rare metal forming processesttaid spread, and also to discovery new ore depoEhis
kind of accumulation was formed both intracontiémift stage - case of the Ditr Massif, East Carpathians,
whith some rare and radioactive metal occurences ZN Y, Th, U), and during the collision betwethie Getic
Unit and the Danubian Realm, when conditions faregating RMs (Nb, Y, Zr) and radioactive metalshe
shear zone of Getic ,blocks” from the South Carjzath have been developed.

RM deposits in relationship with the intracontinental rift stage. There is a well-known metallogenesis
only in the Ditau Alkaline Massif zone, consisting of Mo and caratite-type REE concentrations. There is an
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intrusive alkaline massif with a quasi-ring struetuwhere central part is represented by foidikspfollowed
discontinuously to the periphery by syenites, maoites, monzodiorites, granites and alkaline-graniteal-
Molnér et al., 2010) (Fig. 1).

New petrological studies revealed that the fornmatié the Dit&iu Alkaline Massif can be related to a
continental magmatic activation started in the Neddriassic at the southern passive edge of the@faan
continent in an extensional tectonic environmenthgyuplift of mantle-origin magma.

Two metallogenic sectors are drawn (Fig.1): theheon Jolotca-Targ Sector, and the southern Aurora-
Hereb Sector.

-The Jolotca-Tarnja Sector includes “primary” Fe, Ti, P, V, Ta minézalion, related to ultramafites,
mafites and diorites, represented by disseminatmmd nests of vanadiferous magnetite, ilmenite.esph
apatite; it includes also postmagmatic mineraloratof Mo, REESs, Ti, Nb, Pb, Zn, spatially assodate vein
rocks (lamprophyres, albitites, carbonatites). Lrasteralization contains a quasiparalel systemsyebut also
disseminations and net veinlets with molybdenitnotime, loparite, monazite, ilmenite, pyrite, dphte and
galena;

- The Aurorafield contains Th, V, REE, Zr, F, and Mo vein minerdiiza, spatially associated to
lamprophyre veins, syenites, granites and cryetlchists. Mineralization includes pyroclor, bassite,
thorite, xenotime, niobiotantalite, zircon, flucgirand Pb, Zn sulphides.

Metallogenesis associated to the RitrAlkaline Massif is complex, its main charactacdbeing the
presence of RMse(g.,Zr, Ti, Nb, Th, Mo), and REEs. From the genetiinpof view, primary concentrations
formed by magmatic segregation are seen, relatéluetd arnja Complex magmatites, represented by Fe, Ti, P,
V, Ta, and postmagmatic mineralization relatedytenges and foidite syenites,g.,Zr, P, Nb, Th, REEs, Mo,
Pb, Zn.

A modern and detailed mineralogical study of RMafrthe Ditau Massif is published by Hartopanu et
al., 2010. On this occasion, more than 100 new raisevere described for the first time in Romaniad were
added to the 85 already described REE, Y, andTistJ, Nb, Ta, Zr minerals.
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Fig. 1. Geological sketch of the Ditn Massif and associated metallogenesis (accordi@phstantinescu et
al., 1983, with additions).

Occurrences of RMs and minor elements, Gidistea de Munte along the CioclovinaSugag shear
zone, in the northern part of the Sebg Mountains (Fig. 2A). Evidences of the dismembering of the-pre
Alpine metallogeny are observed in the South Chipas, in the SelgdMountains,.e. Gradistea de Munte area,
as a result of the collision between the Getic @nid the Moesian Platform. The most significantathegenic
result is the dismembering of the Pre-Alpine metghic unit related to the Getic crystalline ro¢hkemnganese
and iron metallogenic unit), so relicts of manganeetallogenesis are found within the Getic ,bldckseated
as a result of the collision process (Fig. 2). Taion of the Getic blocks has been realised atérely on E-
W and NE-SW directions, resulting strike-slip faulivhich prolonged within some blocks as shear gone
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having a metallotect role, especially for Au-Ag emalization, but also for RMs, all these formingwAlpine
metallogenic units, with a liniamentary dispositigRig. 2B). Another result is the presence of Au-Ag
mineralization and some rare and radioactive nmta@lirences (Li, Nb, Zr, Y, Th, U).

Mineralization of Giidistea de Munte is included within one of this bodgyihg a tabular-like aspect, a
thickness between 5-6 m and till 35 m long. Oreodégs concordant with surrounded formations, hgvi-W
trending and 75-80lips, sometimes vertically disposed. The explonatiotivity evidentiated RMs (Zr, Nb, Th,
U, Rb, Sn) and REEs (Y, Ce, La). These elements fthreir own minerals, but they are also included as
isomorphic substituents in other mineral networkuctures. RM and REE minerals have been identified
(Popescu et al., 2003.g., zircon, monazite, xenotime, allanitérnebohmite, pyroclor, fergusonite, thorite,
cassiterite,etc, as hypidiomorphic to xenomorphic grains, withrywvesmall sizes, even microscopic ones,
extremely difficult to detect. Genesis of mineration is due to pneumatolitic process, as a coreseguof rich
in potassium supracritic solutions transport alahg Subcetatedpéalna shear zone, and with regional
development in the northern part of the Sdideuntains (Popescu et al., 2003).

In sum, there are two RMs metallogenesis in Romaglated to alkaline magmatitas. Ditrau Massif,
Eastern Carpathians, and related to shear zoeeGradistea de Munte, South Carpathians.
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Fig.2A. Getic ,blocks” resulting by collision process beem the Getic Domain and the Moesian Platform, and
share zone mineralizatioBB.The Getic Domain before the collision process whh Danubian Domain (strike
slip faults who facilitate the Getic Domain dismearihg are observed) (Popescimies-Badescu, 1998 with
additions).
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Temporal variations of hydrogen emission in the Lowzero rare-metal deposit
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Recently an interest is growing for the problentha lithosphere molecular hydrogen emission, bdimg,
particular, stipulated by the necessity to undecstds role in the earthquake preparation conditiamd its
occurrence, in the stratosphere ozone layer depleis well as by the perspectives to use the glaase
variations as precursors of unfavourable naturatgsses. The Lovozero alkaline massif is one oflémalities
known for its relatively concentrated hydrogetease and is the second in significance (after amt)
sometimes even dominating, component in the gaseplcomposition [Nivin, 2006]. It is also impoitdan
understand the dynamics of combustiblg and CHs because of the necessity to secure gas safetyinimgn
operations carried out within the deposit.

The paper reports the results of the analysisamfirdinuous temporal series of the hydrogen conatotrs
structure in the atmosphere in the blind part bbezontal underground working (crosscut) separated brick
dam with a door. The measurements were performddayortable hydrogen analyzer VG-3B (Nikolayewalet
2007). The resolution ability of the device is @AOvol. %, a relative error is +5 %. The measunaimavere
performed within the discretization interval of Snutes. The relative increments mV measured withdavice
were transformed to the corresponding incrementkeof’olume concentration, ppm.

Figure 1 shows the temporal series of the hydrageentrations obtained within the time intervainfir
June 1, 2008 till November 7, 2012 (the measuresneete not performed in the period from SeptemigetilP
November 2, 2010 due to technical reasons).
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Fig.1. The temporal series of the molecular hydnogncentrations
1 — concentration 1 2 — smoothing the set by the local moving weighens by the Gaussian kernel
with the width of a window of one day; 3 - the tderegression line.

In a general view the H2-concentration variatiores @ curve with alternating regions of two typdgse
presented by subhorizontal lines correspondingot (background) levels of concentration, which,aasule,
exceed several times the H2-content in the atmeosplend those of spikes against the backgrouncd ofte
presented by a combination of convexities, peakiscamcavities.

The analysis has shown the inconsistence betweeartipirical distribution of the data obtained ang a
classical distribution function. So to verify van®statistical hypotheses, non-parametric tests wamried out.

The temporal series is characterized by the folhgwdescriptive statistics (ppm): the mean valuk7i45,

a median is 10.98, the geometric average is 1@®&2minimum value is 0.72, the maximum value is.80&he
interquartile range is 18.45.

The hypothesis of temporal series stationaritylieen verified by the augmented Dicke-Fuller tegtiag
to a version when the series has a constant aikar ltrend. The test has revealed the presentieedseries
stationarity of 1 % of significance. The establidlpgoperty of stationarity allows us not to be siggd with the
inadequate results obtained from the Fourier aigliaking these as normal in future.

Established in the series structure is a commonetary to decrease (Fig. 1), a random noise compoaen
seasonal and other cyclic components.
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The noise component is expressed by a set of egtyeminor abrupt changes of a signal near some
average level within the corresponding local inéérvihe amplitude of the abrupt changes never ebscéiee
specified resolution capability of the gas analyZsue to the negligible contribution of the noiseat common
signal, we do not take it into account and use @ntkited series with the interval of discretizatagual to one
hour.

The temporal gas release series clearly reveadmsonal component. The greatest contribution mgde b
gas release falls approximately at the period fdome till November.

The Cox-Stuart test revealed the trend (the fimal mitial values of the trend are 11.98 and 21ppfn,
respectively) in the temporal series with the digance level being equal to 0.1 %. The trend caml&termined
by the influence exerted by man-made factors akelyliby some tendency of the gas analyser susdéytiio
change.

In order to detect other, but seasonal, regularpoomants, the spectral analysis methods based diaghe
Fourier transformation algorithm were used. Thesdintrend has been preliminary eliminated and ta& d
sequence gained has been centred. The periodogvarassmoothed by the Blackman-Tukey method, with th
Hanning window. The periodograms smoothed withstineothening degree parameter 0.1N, are shown irRFig
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Fig. 2. The smoothed periodograms for the harmgméce®ds not exceeding two days.

According to the spectral analysis results themesst of the different periods ( shown in bold thee most
distinctive ones): 8.011.6, 12.418.0, 18.7, 19.4, 20.£2.4, 24.0, 24.8, 25.8f an hour, 1.2, 1.3, 1.4, 1.5, 1.6,
1.8,1.9,23,25,3.3,4.7,5.3,5.5, 6.5, 78132f a day - for the first part of the set; 111.8,0, 12.4, 17.1, 17.8,
19.0, 20.122.3 24.2,25.90f an hour, 1.1, 1.6, 1.7, 2.5, 3.5, 3.7, 4.3, 5.4, 6.9, 29.4 of a day - for the second
part of the set. The distinguishing of harmonicsitiple of the basic daily harmonics, is likely lte the result of
the resolution into sinusoids with frequencies ipidt of the basic frequency of the periodic rathigan the
harmonic component of the signal [Dikanev T.V., 2DTThe presence of several subday peaks seenastify t
the quasiperiodicy of the process inducing the peak

The Fourier transformation is the tool to be usedtudy the periodic processes in the frequendd fie
whose properties do not change in the course df.tifinerefore to further study the hydrogen dynajriics
necessary to use the frequency-and-temporal apddgsied on the Wavelet transformations.

The authors express sincere gratitude to A.N. SbeytE.V.Martynov and D.G.Stepenshchikov, the
colleagues at Geological Institute, for advisorsiatance rendered in making the mathematical arsalyche
study has been carried out under the partial suppbthe grant of the Russian Foundation for Ba®#&searches
09-05-00754 and Program "Arctic”, Project 6 of the Presidiumithe Russian Academy of Sciences.

References:

Dikanev T.V.The spectral analysis of signals. The text-bamkstudents of the Faculty of nano-and
biomedical technologies. Saratov, 2011. 24 pp.

Nivin V.A.The free phase hydrocarbon gases in nephelindgtsganagmatic complexes as a product of
natural abiogenic synthesis // The genesis of lpattmon fluids and deposits M.: GEOS. 2006. P. 138-1

Nikolayev I.N., Litvinov A.V., Yemelin E.Vhe availabilities of MDC-sensors applying as #eres
elements of gas analyzers // Sensors and syst&@is.®5. P. 66-73.

91



Phoscorites-carbonatite relations in the Kovdor complex
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The crustal differentiation of primary magmas ted been derived from mantle material at low-depeztal
melting is known to be able produce mineral depasitsuch strategically important metals as Zr, RBE, and Sr
[Kogarko, 1977; Kogarko et al., 1988]. AccordingRayleigh's differentiation model of primary magiaactional
crystallization in closed systems at more or lemsst@ant bulk distribution coefficients of trace reéts can be
described by the equationt G G(MYM)¥L, where G is the initial concentration of an element; & the
concentration of this elements in the liquid phasis, its bulk distribution coefficient, and (M) is the degree of
differentiation, which is evaluated as the ratidraf weight concentration of the liquid phase ®tttal mass of the
system [Mclintire, 1963]. Since the distribution ffiseents of incompatible elements are very smBliy zriace
Ol/silicate melt < 0.0001 [Green, 1994], these elet® progressively enrich successive derivatives.

Alkaline ultramafic massifs containing alkaline kechat are derivatives of mantle magmas are gatigti
related to carbonatites, which are characterized bgst ore-bearing potential. It was thought uatily that the
uniquely high concentrations of Nb, Zr, and REEcafbonatites in alkaline-ultramafic complexes axapced by
liquid immiscibility between carbonate and silicatagmas at a high enough degree of differentiatidhe primary
alkaline ultramafic melts. However, recent experitaeaimed at evaluating the distribution coeffitsenf elements
between immiscible silicate magma and magmas @i atbmposition [Veksler et al., 2012] have provest these
elements are preferably concentrated in the sliligtiid compared to the carbonate one and alsdhbse elements
can be concentrated in fluorite and phosphaterittutarbonate) melts as compared to the silicas. dixperimental
data on the distribution of REE in the course atiglamelting in the peridotite-carbonate-phosphatstem have
discovered immiscibility between the silicate afmbgphate-bearing carbonatite melts at high pres¢R€e30 kbar)
and temperatures 950-1000Ryabchikov et al., 1989, 1993] and concentratibREE and Ti(?) in the latter.

The Kovdor massif is a typical (and one of the mthsiroughly studied) ring complexes of alkaline-
ultramafic rocks, carbonatites, and phoscoritehpits a unique magnetite-apatite-rare-metal deposimplex
Ti, Nb, and Zr oxides and minerals of the perowskgyrochlore, and ilmenite groups are the prirlcREE
concentrators [Chakhmouradian, Williams, 2004; Gma&uradian, 2006], and their contents in the phateso
are higher than in the carbonatites.

We have analyzed seven phoscorite and six carbenatimples by XRF and ICP. These rocks
crystallized during successive evolutionary stagéthe Kovdor phoscorite-carbonatite complex thagrev
distinguished in [Krasnova et a2Q04]. The highest Sr concentrations were fourtthiéncalcite carbonatite. The
Zr and Nb concentrations in the phoscorites arabigthigher than in the coeval carbonatites. TheERE
concentrations in the rocks of both types are coaipe.

The plots of logarithmic concentrations of pairsraompatible elements (for example, of Zr andryjhHese
rocks show two different evolutionary trends, nofe/hich follows the trends in silicate alkalingramafic rocks.

According to the hypothesis of local equilibriumdihinskii, 1973], thermodynamic equilibrium is
reached at any point of a system at any given mobuwoietime in the course of an irreversible procédke rate
of this process (such as fractional crystallizatisolution filtration, or diffusion of a componeri) lower that
the rate of establishing equilibrium between th&eounost portion of the solid phase and the liqeither melt
or solution). The sequence of equilibria establishetween the outermost part of the solid phasddiquid is
"recorded” in the zoning of the minerals. This zgniprovides information on the evolution of the
physicochemical conditions under which the minergbtals grew. Data on the zoning of equilibriummerals
and the principle of phase coexistence [PerchukRyabchikov, 1976] provide insight into relationstiveen
the zoning of minerals, physicochemical paramedéthe mineral-forming processes (P, T2fPCQG aSiOy),
and their kinetic characteristics in magmatic arelasomatic rocks.

Differences in the compositions and zoning of ahtiiim rock-forming magnetite, apatite, calcitedan
dolomite (and, where possible, also accessory itmebaddeleyite, and pyrochlore) were examinedusing
microprobe analyses of these minerals from carlitesaand phoscorites. The Ti concentration deceefisen
the cores to their margins of magnetite grainsaibenatites. The ADs concentrations are at a maximum (>2 wt
%) in magnetite from some phoscorites and decr&ase the cores to margins of the crystals. The \&gh
contents of the magnesioferrite component, up .owWwt.% MgO, are fixed in magnetites from phoscarite
whereas MgO concentrations in magnetites from caatii@s are < 2.6 wt.%. The ilmenite-magnetite [®ee
and Lindsley, 1981] crystallization temperaturé&4s°C at log f&Q = -18 for the older phoscorite and 4Z4for
the younger one. Some of the analyzed ilmenitengravere rejected from the set used to determine the
parameters because of their anomalously high caratems of MgO (up to 25%) or MnO (13.6%).

The apatite of the phoscorites and carbonatitdsapatite, and its F concentrations vary from 1®9
2.12 wt % in the phoscorites and from 1.35 to 28@0% in the carbonatites. Practically all apatitaigs are
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zoned, with their F concentrations increasing fraones to margins. The SrO concentrations of theiserals
are practically equal and vary within the rang®.@0-0.44 wt %, except only for two samples withoaal SrO
distribution: 0.23 in the cores and 0.37 wt % ie tmargins. The concentrations of this componegh#ii
decreases from older to younger phoscorites. Thg4{eoncentration of apatite in the phoscorites and
carbonatites are also closely similar and mildigrémse from older to younger rock varieties. Thkisnss to be
consistent with the fact th&td Sr Ap/carbonatite melt = 2.4 aidl CeOs; Ap/ carbonatite melt = 0.49 [Klemme
and Dalpe, 2003]. Compared to the coexisting apathie calcite is poorer in REE and richer in SheT
apatite/calcite distribution coefficients of SrOda@eOs are equal in the older phoscorites and carbogatite
0.43-0.46 and 1.95-2.11, respectively. The mageettcite distribution coefficients of MNnO and Mgfe also
equal in the older phoscorites and carbonatit&f-5.00 and 2.79-2.77, respectively.

Geology of the Kovdor magnetite-apatite-rare mdéegosit [Rimskaya-Korsakova and Krasnova, 2002;
Krasnova et al., 2004], data on pyrochlore zoninthe Sokli phoscorite-carbonatite complex, Finlfrek et al.,
2006], and our petrochemical data suggest liquichisuibility between the phosphate-magnetite antarmatite
liquids at lower temperatures, likely slightly aleothe solidus temperature of carbonatite magmaeédnig
immiscibility between phosphate and carbonatitauitlg was first detected in melt inclusions [Andev
Kovalenko, 2003] within the likely temperature rangf 500 < T < 90%. Experimental data on the maximum Zr
solubility in fluorite complexes [Migdisov et al2011] provide support for the hypothesis of possilidjuid
immiscibility between phosphate and carbonate maftd our data on zoning of equilibrium magnetisgtite and
calcite in the Kovdor phoscorites and carbonatitesalso consistent with this hypothesis.
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Ratnakar and Leelanandam (1989) and Ratnakar (20@6& shown the distribution of Precambrian
alkaline rocks and carbonatites in the easternsmuthern peninsular India. The locations of thdkeliae
plutons have eventually provided clues to identifymajor Precambrian suturewhich coincides with the
‘Great Indian Proterozoic fold belt' (Leelanandaet, al., 2006). A Proterozoic igneous province chlle
‘Prakasam alkaline province’ (Leelanandam, 1989yksiaa segment of this Precambrian suture in the
GIPFOB. The suture marks boundargne between low-grade (amphibolie-greenschist facieaytern
Dharwar craton on the west and high-grade (grantéities) Eastern Ghats belt on the east. The Btlam
alkaline complex (Leelanandam and Ratnakar, 19&8ndkar and Leelanandam, 1989) is located in the
Prakasam alkaline province and it occupies an@frea7 sq km. The alkaline intrusion is situatedk2® SSW
of Elchuru alkaline complex and 35 km NNE of Uppedu alkaline complex (Ratnakar, 2006a). The Rb-Sr
isochron age of the Purimetla alkaline complex3§%33 Ma with initial ratio Sris 0.70409 (Sarkar et al.,
1994).

The Purimetla alkaline complex is chiefly compos#dnepheline syenite with minor hornblende
syenite and quartz syenite, and rare malignite.cmaplex is traversed by a few ocellar lampropldykes of
camptonite-sannite clan. Nepheline is the sole; folishopyroxene isot ubiquitous, amphibole is the most
abundant ferromagnesian silicate, and biotitguigjuitous Calcite, zircon, sphene, apatite and opaquethare
conspicuous accessories in the complex. This miogy reflectaniaskiticcharacter of the nepheline syenites
(Ratnakar, 2006b). Major and trace element variatim the rock types of the complex are consistéttt
those normally expected for a differentiated ali@limagmatic suite. The rocks of the complex define
reciprocal relationship between CaO and MeK»O) suggesting their igneous origin. Excepting thartg
syenites, all other rocks have normatiweand ne The Peacock’s alkali-lime index of this comagmati
alkaline series is 47. The peralkaline index (Da K>O) / Al,Os (mol. prop.) of the nepheline syenites
ranges from 0.69 to 0.75 suggestingaskitic character that is acquired by unscrambled maindtref
differentiation which is considered to have beerdufated by thickened continental crust (Ratnak@féd).
The Fe®MgO-(NaO+K,0) and CaO-N#g-K,O variation in themalignite-hornblende syenite-nepheline
syenite-quartz syenite serie$ Purimetla complex resembles thathafsanite-trachyte-phonolite series with
additional rhyolite.

The parental magma of basanitic composition, upiffierdntiation, followed two lineages: a main
undersaturated trendorming malignite, hornblende syenite and nepleebgenite in that order, and another
oversaturated (offshoot) trengimerging from the hornblende syenitic stage leadinguartz syenite. The
hornblende syenitic liquids, which were develope&amthe critical plane of undersaturation in theaita
tetrahedron, remained critically undersaturateduphout the low temperature regime, and deliveesitinal
liquids with a broad range of silica saturatiomnfrundersaturated to oversaturated compositiamsn ¥vhich
nepheline syenite and quartz syenite were formedn@kar and Vijaya Kumar, 1995). The main tren&iof
undersaturation (malignite-hbl.syenite-ne.syenite)onsidered to be controlled by fractionation no&fic
phases at an early stage of differentiation folldvg fractionation of Si-saturated K-feldspar tdapleted
silica in the residues. Theffshoot trend of Si-oversaturation (hbl.syenitesgenite)is considered to be
achieved by ‘assimilation fractional crystallizatio(AFC). In the Ne-Ks-Qz system, the passage of
undersaturated hornblende syenitic liquids to aterated portion through the thermal barrier -the-QGy
join, may have been largely favoured by an incréadg®.o which depressed tHgjuidus temperaturas well
as thethermal minimum of the feldspaystem. Thus, the silica undersaturated and -owsaad syenites of
the Purimetla are formed from a middle stage hemié syenitic magma by branching differentiation
mechanism aided by crustal contamination.
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Sr-Nd isotope data for carbonatite and related UHRocks from Tromso nappe,

Northern Scandinavian Caledonides
Ravna E.J.K.*, Zozulya D.R.**, Kullerud K.*, *** Serov P.**
*Department of Geology, University of Tromsg, N-B@3omsg, Norway
**Geological Institute, Kola Science Centre, 184288atity, Russia
***Norwegian Mining Museum, N-3602 Kongsberg, Noywa
e-mail: zozulya@geoksc.apatity.ru

The carbonatite is associated with eclogite andeitsograde products, garnet clinopyroxenite (Chyi
and glimmerite, country-rock marble and garnet-gfiterschist. It penetrates the country rock assvaimd small
dikes, locally cross-cutting the UHP fabric in egite and causing local metasomatism. Carbonatie @atcurs
in direct contact with marble, with a sharp boundarhe country-rock marble is strongly foliated aotied,
and locally contains trains of numerous pods amdde of retrograded eclogite. The carbonatite apgzears
interlayered with Cr-rich (locally garnet-bearing)inopyroxenite. Eclogite associated with carbdeatis
commonly metasomatized (phlogopite-rich) and caalxeh

Carbonatite generally have a coarse-grained isatrigbric with clusters of mafic silicates. Primary
minerals in the carbonatite-like rock are Mg-Fezital+ Fe-dolomite + ternary garnet + omphaciticgxgne +
phlogopite + apatite + rutile + ilmenite. Carboteaticcurs as two different types. The major typk, i€ silicate-
rich. Type C2 is silicate-poor and occurs as vaimd patches within type 1.

The field relations, overall texture, presence dfecent types exsolution textures suggest that the
carbonatitic rock crystallized from a melt.

The carbonatite-like rocks are strongly enrichedBa, Sr and LREE. Their chondrite-normalized
incompatible elements’ and REE patterns are sirtdl@ommon carbonatite.

Here we present the Sr-Nd isotope data for cariieraatd related rocks (carbonated and metasomatized
eclogites, marble). The radiogenic isotope sigmatidithe type C1 carbonatite is similar to thathef country-
rock marbles with values mostly around 0.705-0.f1087Srf8Sr and -1 to -2 foeng, but there are values -11 to
-13 foreng. One sample of type C2 carbonatite has similarubalmore negative Nd value (3.3). Eclogite has
the most radiogenic Sr (0.708-0.710) and unradieged (-2.4 to -3.3). The carbonated eclogite hasrdlar Sr
value as the carbonatite kit is closer to the eclogite values, the relativenalaunces of Sr and Nd suggesting
that carbonation added Sr but essentially no Ntéceclogite. The metasomatized eclogite is distmbaving
most radiogenieng value (0.1) and 0.7067 for Sr. This implies tiet metasomatic fluid was compositionally
more primitive than the carbonatitic-like magmasthat the latter have been isotopically modifigd b
interaction with the crust. Overall the compositiaf the Tromsg occurrence falls close to thosmoofe of the
orogenic occurrences such as northern Pakistasogatral India and Qinling, northern China (Tiltenal,

1998; Simonetti et al, 1995; Xu et al, 2011) anafithe crustal end of the general trend defineddsbonatites.
The latter is commonly explained in terms of exiatof the carbonatitic melt from enriched marmttamains
(HIMU, EM1 and EMZ2; e.g. Bell and Simonetti (2010))

Noteworthy, that carbonatites and carbonated artdsomatised eclogites form the Rb-Sr errorchrone
with age (ca. 470 Ma) which is closed to the U-RPban age of both carbonatite and eclogite. Thigaapntly
confirms that the rocks are isotopically homogen@mother word, carbonatites and altered eclogitef the
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same source and genetically related). The petréigahenodel for carbonatite by partial melting afrbonated
eclogite is suggested.
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Major and trace elements in calcite and dolomite fom carbonatites

and the stories they tell
Reguir E.P., Chakhmouradian A.R.
Department of Geological Sciences, University ohi#a, Winnipeg, Manitoba, Canada

Carbonate minerals are the principal constituenintfisive carbonatites; their content ranges fis0n
modal %, which is accepted as a nominal threshotdttis rock type, to well over 90% in some vasgsti
interpreted as cumulates (e.g., Xu et al., 200PpraAximately 60% of intrusive carbonatites worldevidre
predominantly calcitic; most of the remaining 408énprise members of the dolomite-ankerite series. [@tier
cover a compositional range from nil to ~23 wt.%OFer 70 mol.% CaFe(C£, i.e. approach the solubility
limit established for these minerals empiricallye@@er and Dollase, 1989). Notably, ankerite setrgiics[> 18
wt.% FeO or 50 mol.% CaFe(G)J is restricted to late-stage postmagmatic paraggsieThe Ca content of
igneous dolomite does not deviate from the idezdtbtometric value by more than 0.04 atoms per fdenunit
(apfu) in ~90% of the published and our own datsis Bmount of variation is consistent with the \idff the
dolomite intersolvus field in the binary system @a@1gCQs. At the same time, the proportion of Mggthat
can be incorporated in calcite is much greater. dasa show that up to 4.3 wt.% MgO (~11 mol.% MgLC€an
be present in early calcite associated with sulnsobolomite in some carbonatites (e.g., Goldrayna@a).
Based on these considerations, it is obvious tkablation of dolomite from Mg-rich calcite will ba much
more common phenomenon in carbonatites than exsolaf calcite from Ca-rich dolomite. In both caéand
dolomite, the divalent cations are coordinated iRyatoms of oxygen, but the Ca site is more spaciouthe
latter, which accounts for complete miscibility Wween CaMg(C@). and SrMg(C@). in synthetic systems
(Brice and Chang, 1973), but only limited incorgama of Sr in calcite. Under experimental conditpn
equilibrated dolomite and calcite appear to haweparable Sr contents. The highest levels of SrBadup to
13 mol.% SrC®@and 1.5 mol.% BaC#£) occur in the so-called “strontium-barium” carbbites, where calcite
formed by exsolution of an unknown ternary Ca-SreBebonate (Wall et al., 1993; Konev et al., 199&pad is
low in primary calcite € 140 ppm: Xu et al., 2007), but reaches 370 pprate-stage calcite formed in an
oxidizing environment at Eh levels too low to stialei P4*. Consistently lower Sr, Ba and Pb levels in dotemi
(including that associated with calcite) appeabéoat variance with experimental data (see abderruse the
Ca site in the dolomite structure is 2-3% largeaanthn calcite (Reeder and Dollase, 1989). Theretlaree
possible explanations for this discrepancy: (1)pdute crystallizes from melts impoverished in Sg &d Pb
relative to their Ca-rich counterparts; (2) dolamito-crystallizes with other minerals that are melffecient at
scavenging large-ion lithophile elements than ddalenor (3) partitioning of these elements betweaitite
(dolomite) and a carbonate melt differs signifitafitom experimental results based on solid-stagetions.

The incorporation of non-divalent cations in igngocarbonates is problematic because it requires
coupled substitutions in proximal sites to avoidiem or overbonding of oxygens in carbonate groumpshis
work, the highest levels of REE (1840 ppm) weredietd in primary calcite from Aley, Canada. Abo8%®of
analyses contaig 1400 ppm REE. The lowest levels of REE (60-90 ppme) observed in the Magnet Cove
carbonatite (USA). This sample contains a large@rion of cumulus andradite, which probably acdeuor
early depletion of the parental carbonatitic magimaREE. The patterns of REE distribution in calcite
normalized to the chondrite composition vary frortremely steep negatively sloping with a high (L)X
ratio (up to 1740 at Turiy Mys, Kola) to nearlytfledl-5 at Cinder Lake, Canada). The highest reabiREE
contents in dolomite are close to 600 ppm, anccane@monly observed in the products of calcite dot@aiion.
For a given locality, dolomite is appreciably paoie REE relative to cogenetic calcite. The chotedri
normalized patterns range from negatively slopighttREE-enriched to flat in the LREE range, buipshg
either down (prevalent type) or up toward HREE. &kailable analyses cover a (La/¥%pbjange of 0.3 to 303,
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but ~80% of the data fall within a much smallergan(20-150). Positive correlation between (Lat¥and
REE, clearly expressed in rock-forming carbonatesnfsome localities (e.g., Aley, Canada) , resfrisn
preferential partitioning of REE into fractionatiagatite, which is a common cumulus mineral in oadtites.
The greater affinity of apatite for light REE rélat to heavy lanthanides and Y drives the compmsitif rock-
forming carbonates to progressively lower (La/ybpatios. Early crystallization of other mineralspable of
scavenging REE will change the vector of geochelngizalution. Fractionation of monazite or fluorobanates,
for example, will yield an even steeper REE evolugiry trend with respect to the (La/¥baxis.

Despite their extensive variation in the conteninofividual trace elements, early-crystallizingoitel and
dolomite from carbonatites exhibit fairly consigtestios between some of the elements, espedmletsensitive to
redox conditions (Ce/Ce*, Eu/Eu*). The Y/Ho valwantrolled by cation complexation in agueous system
volatile-rich melts, is somewhat less consisteuitjfocommon with the redox-sensitive parametsriygically within
the error of the primitive-mantle values. An imjaaott telltale sign of hydrothermal reworking is deidn from the
primary, chondrite-like REE ratios, accompaniedabyariety of other compositional changes dependimthe redox
state of the fluid (e.g., depletion of carbonate®in owing to its oxidation and sequestration byoselary oxides).
Hydrothermal processes do not produce a uniquehgeacal fingerprint, leading instead to a varietgwlutionary
trends that range from light-REE-Sr-Ba enrichm@&niriy Mys) to heavy-REE enrichment and Sr-Ba démte(Bear
Lodge, USA). Supergene oxidation is typically mestiéd in extreme depletion of rhombohedral carlesniat Mn
and Ce, ultimately leading to a strong negative@amaly and very high Mg/Mn ratios.

A number of important questions regarding the afysthemistry of calcite and dolomite from
carbonatites (and in general), and their trace-eigntharacteristics remain outstanding. These decl1)
structural mechanisms of REE uptake by these nigle(g) partitioning of REE, Sr, Ba and Pb between
cogenetic calcite and dolomite; (3) the effectsapfatite, phlogopite and pyrochlore fractionation the
compositional evolution of magmatic carbonates; add the relations between fluid chemistry and
compositional changes in hydrothermal carbonates.

The present work was supported by the Narural $eieand Engineering Research Council of Canada.
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Formation conditions of potassium mafic rocks fromYllymakh,
Ryabinovy and Inagli Massifs, Central Aldan
Rokosova E. Yu., Sokolova E.N.
V.S. Sobolev Institute of Geology and MineralogyR®3&, Novosibirsk, Russia
rokosovae@gmail.com

Yllymakh, Ryabinovy and Inagli alkaline massifs (@l Aldan) of Mesozoic age belong to an intricate
volcano-plutonic structures. These massifs comgigttrusive, volcanic and dike rocks of potassciess. They
are about 20-50 kfrin area. In these massifs, almost the entire rarigecks was found, from the potassic
alkaline ultrabasic rocks through basic and inteliate ones to alkaline granosyenites and granitée
formation of massifs related to the activity of tlesozoic rift structure of the Aldanian Shield. IMaclusions
in clinopyroxenes and olivines were studied to find the formation conditions of potassium mafick®

Primary completely crystallized silicate-carbonsadt- inclusions were studied in diopside of theving
shonkinites from INAGLI massif. It was found thdippside crystallized from homogeneous carbondtesifiaate
melt at 1170-1190°C. Homogeneous carbonate-satatsil melt was separated into silicate and carleeseit
fractions at cooling to 1150-1160°C. The compositad silicate fraction evolves from alkali-basait alkali-
trachyte. Carbonate-salt fraction has an alkab@aatite composition and were enriched ir, 3.

At the crystallization stage of diopside (1120-1%4@0of the biotite shonkinites from RYABINOVYJ
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massif the melt was heterogeneous and consistadnoiscible silicate, carbonate-salt, and carboffi@etions.
The composition of silicate fractions evolves fratkali-basalt to melaphonolite-alkali trachyte. Té¢@rbonate-
salt and carbonate melts separated from silicaggmaavere enriched in Ca, alkalies, £6, Cl.

By studying the glassy and partly crystallized nmadtusions in in diopside and olivine of the alkatbasic
dike rock of the YLLYMAKH massif, it was found thatliopside crystallized from homogeneous tephrifuotite
melt at 1200-1240°C. The tephri-phonolite melt wemgched in Cl, S, F, Ba, and then evolved to plienmelt.

It is important that silicate melts from inclusiois olivine shonkinites of the Inagli massif, bieti
shonkinites of the Ryabinovyj massif and alkaliresib dike rocks of the Yllymakh massif evolve ie ttame
direction and form a single trend with decreasemgperature and crystallization minerals (Fig. fLjs keen that
crystallization of the melts was accompanied bydberease in the contents of calcium, iron, magnesand
increase in aluminum, silica, alkalis, which isitg) of the fractional crystallization of alkaliresaltoid melts.
The chemical compositions of igneous rocks thanfyillymakh and Inagli massifs, as well as the cosifans
of biotite shonkinites, alkaline picrites and miestof the Ryabinovyj massif are also plotted mttiend. Such a
trend may indicate that studied rocks of the Yll\maRyabinovy and Inagli massifs were formed assault of
fractional crystallization of parental alkali-batskike magmas.

Besides, all studied rocks have similar trace efgmand significant enrichment relative to pringtiv
mantle. Incompatible trace element distributionsnmadized to the primitive mantle of Sun and McDogbu
(1989) show almost identical patterns for all stadiocks and negative slope (Fig. 2a). High LILEteat, the
relative overweight of LREE over HREE and markedjyatzve HFSE Ta, Nb, Hf, Zr), Ti anomalies are
characterized for all studied rocks.

Homogenized melt inclusions in minerals of alkalbesic dike rocks of the Yllymakh massif and olevin
shonkinites of the Inagli massif are significantiyriched in trace elements relative to primitive ntfte
Incompatible trace element distributions normalizedhe primitive mantle of Sun and McDonough (1989
show almost identical patterns for all glass indas (Fig. 2b). The enrichment of the LILE, theatele
overweight of LREE over HREE and marked negative, Nb anomalies and positive Sr anomaly are
characterized for all glass inclusions.

Rare earth elements distributions normalized tattomdrite of Anders and Grevesse (1989) show almost
identical patterns for clinopyroxenes from studiedks (Fig. 2c). REE patterns of clinopyroxenegldig the
relative overweight of LREE over HREE.

Almost identical trace elements patterns for alldsd rocks, glass inclusions and clinopyroxenes
indicates that parental magmas were generated $omces with similar compositions. High concentnagi of
LILE (K, Rb, Ba) and LREE, probably indicates tariehed mantle sources. The relative overweight REE
over HREE for studied rocks, glass inclusions afidopyroxenes indicates that the sources of magma
apparently located in the mantle at depths of erist of garnet-bearing associations.
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Fig. 1. Compositions of rocks and glass inclusionsinerals of studied rocks in the system
Al03 - (FeO + MgO + Ca0) - (N® + K0).
1-10 - rocks: 1-4 - Yllymakh massif (1 — alkalinasiz dike rocks, 2 — malignites*, 3 — pseudoleucite
phonolites*, 4 — pulaskites*); 5-7 - Ryabinvy m&gsi— minettes, 6 — alkaline picrites**, 7 — btetshonkinites); 8-
10 - Inagli massif (8 — olivine shonkinites, 9 kadine gabbroid rocks*, 10 — pulaskites*).
* - composition of rocks by V.P. Kostyuk et al (099** - composition of rocks by V.V. Sharygin (139
11-17 - glass inclusions: 11-15 — in alkaline-babie rocks of the Yllymakh massif (11 — secondary
unheated inclusions in olivine, 12 — secondarydubatclusions in olivine, 13 — primary unheatedts®ns in
clinopyroxene, 14 — primary heated inclusions irecaf the clinopyroxene, 15 — primary heated incls in
rim of the clinopyroxene; 16 — primary heated isadins in clinopyroxene of biotite shonkinites of th
Ryabinvy massif; 17 — primary heated inclusionslinopyroxene of olivine shonkinites of the Inaglassif.
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Fig. 2. a) Primitive mantle-normalizedo Sun, McDonough, 1989) trace element diagrams tfatied
rocks of Central Aldan: 1 — biotite shonkinitestioé Ryabinvy massif, 2 — minettes of the Ryabinassif, 3 —
olivine shonkinites of the Inagli massif, 4 — alkalbasic dike rocks of the Yllymakh massif.

b) Primitive mantle-normalizedi¢ Sun, McDonough, 1989) trace element diagrams lassgnclusions:
1 — from olivine shonkinites of the Inagli masgf4 — from minerals of the alkaline-basic dike ek the
Yllymakh massif (2 - from intermediate zone of timopyroxene, 3 — from rim of the clinopyroxene;-4rom
olivine).

¢) Chondrite-normalizedip Anders, Grevesse, 1989) REE diagrams for clinommes of the studied
rocks: 1-2 - Yllymakh massif, 3-4 - Ryabinvy mag5sif Inagli massif.

The work is supported by RFBR grant 14-05-31074.
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Carbonatite magmas in Lower Mantle
Ryabchikov 1.D.
Russian Academy of Sciences, IGEM RAS
iryab@igem.ru

It has been experimentally demonstrated that ap&ameters of sublithospheric zones substantialgpar
ferrous iron in peridotitic material must be digpoctionated with the formation of F@s; and iron-rich metallic
alloy. Under these conditions carbonate componshtuld be reduced with the formation of diamond or
carbides. Nonetheless, the presence of carborditennelts in lower mantle is confirmed by the stedaf
mineral inclusions in the diamonds of lower-mantieurce [1]. It demonstrates that lower mantle is
heterogeneous with respect to redox characteristics

In order to assess redox-potential of lower mamtileeral-forming systems | performed thermodynamic
analysis of phase equilibria of rock-forming mireraf pyrolitic lower mantle with carbon-bearingystalline
compounds demonstrated that the field of diamoadildy is separated from that of Fe-rich metalitoy by
the field of co-existence of iron carbides with yai#ing silicates and oxides (Fig. 1). It impliesat the
formation of diamond in lower mantle requires morédizing conditions by comparison with the predoanit
part of this geosphere.

The absence of metallic phase among the mineralfowfmantle diamond-bearing paragenesis is
consistent with the high (about 1% - Fig. 2) Ni temis in ferropericlases trapped by diamond (Niusthdoe
intensely extracted by Fe-rich alloy). The elevatedox potential is corroborated by the measuresneht
Fe3+EFe values in ferropericlases included in diamonassported from lower mantle [2].
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Fig. 1. Stability fields of lower mantle mineralsasnblages (oxygen fugacity is normalized by iron
wuestite buffer). FP is ferropericlase, MPv is Mcfrsilicate perovskite, CPv is Ca-rich silicate@eskite,
Dia is diamond and Met is Fe-rich metallic alloy.
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Fig. 2. FP inclusions in diamonds of lower mantle origin witfig-numbers appropriate for
metaperidotite bulk composition all cluster arouhd of Ni. Some outliers may correspond to lowgr f
values.

The most likely cause of increasing oxygen fugasitis the displacement of redox equilibria with the
growing temperature towards the decreasing amdurfe-oich alloy and finally its complete disappe@ra (Fig.
3). An important role in the genesis of diamondg rha played by the appearance of carbonate-phaesaimat
silicate melts their migration and interaction wiltle surrounding rocks.
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Fig. 3. Effect of temperature on redox equilibridawer mantle of pyrolitic composition. Left verdil
axis is logarithm of oxygen fugacity normalized¥é buffer, right vertical axis is a number of¥atoms in
MPv per one oxygen.

The link of sublithospheric diamond formation wittigh temperature conditions follows from the
confinement of such processes and to mantle pluidgsberlites are also related to the mantle plume
environment.

Relatively oxidizing conditions related to mantleimpes are also manifested in the high level of exyg
fugacitiy typical for some ultramafic-alkaline magtit rocks such as meimechites and intrusive ratkhe
Maimecha-Kotuy Province (Polar Siberia).

The work has been financially supported by Rus$ianndation for Basic Research (grant 13—05—
1202Xfi-m).
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Findings related the project of Turkey Ophiolite Inventory of Geological Survey of

Turkey
Sarifakioglu E.*, Timur E.*, Dilek Y.**
*The General Directorate of Mineral Research anglexation (MTA), Geological Research
Department, Ankara, Turkey
**Department of Geology & Env. Earth Science, Middmiversity, Oxford, OH, 45056, USA

Turkey, in Alp-Himalaya-Tibet orogenic belt, contaialots tectonic units and ophiolitic rocks amémgm. The
studies related inner structure, stratigraphicgusece, chemical features and tectonic evolutionpsfiolitic
rocks because of determination of their ages oflaoepnent and formation is very important to progbtime
geodynamic evolution of tectonic units and ophédit The ophiolites in Turkey are mainly classifiadfour
suture zones. These are Intra-Pontide Suture 48¥8Z}, Izmir-Ankara-Erzincan Suture Zone (IAESZ)nér-
Tauride Suture Zone (ITSZ) and Bitlis-Zagros Sutdome (BZSZ) from North to South. Two objectiveg ar
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defined for the project dfTurkey Ophiolite Inventory" belonging to the Gegical Research Department of the
General Directorate of Mineral Research and Expimma(MTA). One is tocollect the information gathered
from the MTA projectin digital data base of Geographic Information 8yt (GIS)in order to be associated
with each other Other isto prepare a reporsummarizing all information related to ophiolite Trurkey
(lithology, paleontological age, radiometric, geectistry, mineralization).

In previous studies, most of ophiolites in Turkegre reported to be late Cretaceous SSZ (suprastitnauc
zoneHype characteristics (Parlak et al. 2013) while sarhthose was emphasized as MORB (mid ocean ridge
basalti-type ophiolitic blocks within ophiolitic mélangesanging from late Triassic to late Cretaceous
(Goncuglu et al. 2001). However, in recent years, some-3f& ophiolitic rocks along Izm#Ankara-
Erzincan Suture Zone (IAESZ) were determined aasyic age of their formation representing the rertmaf
the northern Neotethys (Dilek and Thy, 2006; S&iifglu et al. 2014; Uysal et al. 2018jigure 1).

Here, it will be summarized the findings obtainedridg the studies related "Turkey Ophiolite Inveyto
especially along IAESZt extends from west to east, connecting Vardaui®uin west and Sevan—Akera Suture
Zone to Tethyan Himalaya Belt in east representivg suture of a Tethyan ocean from Late Palaeazoic
earliest mid—Eocené&.he presence of late Permiéz56.9+8.0 Ma) amphibole—epidote schist blocks withe
ophiolitic mélange, and late Triassic (201-204MarrfrAr—Ar age dating) gabbro, Lias plagiogranite Q&
from U—Pb zircon age dating) and Cretaceous (1319%a to 118.3+3.4Ma from Ar—Ar age dating) diabas
and basalt within various ophiolite sequences al@tiSZ may indicate the existence of northern Negten
ocean in late Permian at least, and southwardatéigeof subduction zone in the intra—oceanic emuinent of
northern Neotethyan ocean during Mesozoic era. & bphiolite sequences contain ultrabasic—basicelzatic
rocks and are covered by deep sea sedimentary (obkst, radiolarite, pelagic limestone, mudstone)e
(Figure 2). Also, these ophiolitic rocks someting@e found together with island-arc rocks, oceanatepu
volcanics and seamount volcanics.

Some findings, especially Jurassic and Cretacephsolitic rocks were obtained in Balkan Peninsulang
Vardar Zone and in Armenia along SevARera Suture Zone (Koglin, 2008Btassig et. al. 2013).
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Figure 1. The representative geochronological and paleogimdd data from opiolitic rocks and methamorphitesocks along the IAESZ.




Figure 2. The ophiolitic rocks along IAESZ (a: TO; b: OR; eed EO; f: RO; g—h: EO; du: dunite; gb:
gabbro; db: diabase; pg: plagiogranite; dss: deamedimentary rocks).
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New discoveries of REE-mineralization in the llimawgsaq intrusion, South Greenland
Schonwandt H.K.V.
Tanbreez Mining Greenland A/S

A decade of continuous exploration on the Illimagssarusion, South Greenland has revealed several
new styles of mineralization within the intrusiveneplex. The type of mineralization is not unusuai f
mineralization associated with alkaline to perafi@lcomplexes. Three new types of mineral occugsrimm
the southern part (south of Tunulliarfik Fjord)toe complex is described. (1) A U-REE deposit dfikir type
as the Kvanefjeld deposit in the northern parheflimaussag complex. Aerial geophysical prograowed an
80-hectar uranium anomaly associated with arfveitisdujavrite. 250 grab samples returned an avecd@t0
ppm U308 and 1.3% TREO. (2) Eudialyte dominatednpage associated with lujavrite sill’s intruding
naujaite. The eudialyte pegmatite is envelopingufavrite sills and at the same time replacingribgjaite. The
nearly mono-mineral eudialyte mineralization asga9e8% ZrO2 and 2.7% TREO. (3) A large hydrothermal
deposit was intersected by drilling. The hydrotha&rsystem has a vertical extent of more than 308nch a
grade of 0.9% TREO of which 20% is heavy REE.

Some of these deposits have potential for hundoédsillion tons of ore and are significant discaesr
and possibley relevant to other similar intrusions.

Silicate-salt inclusions in diopside of Oldoinyo Ligai ijolites, Tanzania
Sekisova V.S., Sharygin V.V.
Novosibirsk State University, Novosibirsk, Russia
V.S. Sobolev Institute of Geology and MineralogyR®&, Novosibirsk, Russia, vikasekisova@mail.ru

ljolites sometimes occur as xenoliths in the Olgoihengai pyroclastic rocks of nephelinite composit
[Dawson, 1962; Dawson et al., 1995]. Diopside is ofi the main minerals in these rocks. It formsezinhl
crystals (up to 2 mm in size) and shows pronournsillatory zoning. Its chemical composition striyngaries
(in wt.%): SiQ (49.3-54.6), FeQ4.8-20.0), MgO (6.8-15.9), N@ (0.6-3.8) and CaO (18.2-24.3). The marginal
zones of diopside contain numerous crystal inchsiaepresented by nepheline, fluorapatite, Ti-reéitgn
perovskite, titanite and phlogopite.

Primary melt inclusions with silicate-carbonate imsaibility are most common in nepheline and Ti-
magnetite of ijolites. Other minerals (clinopyrogenetc.) rarely contain primary inclusions with the
immiscibility; fluorapatite bears primary natrocaratite inclusions. Majority of nepheline-hostedlisions (5-
100 um) has the following phase composition: silicglass + vapor-carbonate globule + daughter/adpp
crystals * sulphide bleb. Some inclusions may atsttain numerous micron-sized carbonate globulsdicate
glass. Vapor-carbonate globule (up to 20 um) ctmsi gas bubble (60 vol.%) and nyerereite-ricthoaate
aggregate (40 vol.%) [Sekisova et al., 2013].

Diopside rarely contains primary silicate melt ugibns (size 10-30 um), which usually occur ind¢bee
of the host. Their phase composition is silicat@sgl+ gas bubble + daughter crystals, representdd-tich
magnetite, fluorite and baryte. Primary inclusiavith silicate-carbonate immiscibility are scarce.

In addition to primary silicate-melt inclusions geide also contains secondary silicate-salt anghsig
inclusions. They form trails, crossing the cengahes in the host mineral. Sulphides are repredgntehotite,
rarely pentlandite, chalcopyrite, djerfisheritelege, bornite (?) and Ag-bearing phases. Silicateisclusions
are completely crystallized (Fig. 1).
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Figure 1.Backscattered electron images (BSE) of secondarjicate-salt melt inclusions in diopside.
Symbols: Nye — nyerereite; Ap — fluorapatite; Ngheighborite, Wth — witherite, Phl — phlogopite,
Kgr — kogarkoite, Mgt — Ti-magnetite, NCP — Na-Caspphate, Cpx - clinopyroxene.

Their sizes vary from 10 to 40 um. Their phase cwogitjpn strongly varies and silicate constituent is
minor in respect to other phases (carbonates, atdph phosphates, etc.). Silicate-salt inclusiomstain
nyerereite, fluorapatite, nepheline, phlogopitentrdite, sylvite, Ti-magnetite, neighborite, léaq?), baryte,
witherite, kogarkoite, Na-Ca-rich sulphates and gugiates. Identification of the daughter phases imith
inclusions was supported by EDS, elemental mapapmgRaman spectra.

Nyerereite of the secondary diopside-hosted melusions is a dominant phase (Fig. 1); its chemical
composition is shown in Table 1. In general, itsimilar in composition to nyerereite from the Lehga
natrocarbonatite [Zaitsev et al., 2009]. Rare alkalphate, kogarkoite NESOy)F, was identified in some
diopside-hosted inclusions. It is close to the lideamposition. Its Raman spectrum is characterizgdhe
presence of the strong peak at 997'smhich corresponds to (S§-group. Earlier kogarkoite was detected
only in inactive natrocarbonatite hornitos at Otda Lengai [Mitchell, 2006].

It should be noted that secondary silicate-melugions with similar phase composition were preslgu
found in the Lengai ijolite forsterite. However, the case of forsterite silicate part of the inidos is more
essential [Sekisova et al., 2014].

Table 1. Chemical composition (EDS, wt.%) of soraaghter phases from secondary silicate-salt inmhssin

diopside.

CaO NaO KO MgO MnO FeO PBOs SO Cl F SrtO BaO Si@ Cymma
1|21.84 18.18 3.95 - 050 087 154 190 0.79 - 71.60.83 - 52.07
212179 1920 396 022 031 117 126 235 043 56 1.09 - 53.34
32156 2014 641 022 040 109 282 425 0.76 203 1.25 - 60.93
412436 1526 6.05 - 018 044 076 110 049 0.9853 0.56 - 51.71
5| 0.39 53.16 0.14 - - - 0.25 4255 - 1141 - - - 7.920
6 | 50.72  1.47 - - - - 3856 037 201 218 156 - 411. 98.29

1 — 4 — nyerereite, 5 — kogarkoite, 6 — fluoragatit

The study of secondary silicate-salt inclusions diopside is evidenced that carbonate-salt
(natrocarbonatite) portions of melt existed up d@telstages of ijolite crystallization. Such meklisions in
diopside were completely crystallized into fineigedl aggregate of carbonates, sulphates, halogeridd
silicates with temperature decreasing.

This study was supported by the Russian Foundafi@asic Researches (grant 14-05-00391).
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Mid-Paleoproterozoic titaniferous Elet'ozersky compex of ultramafic-mafic-alkaline
rocks in Northern Karelia (Russia) as transitionalchamber of Fe-Ti-alkali basaltic

magmatic system
Sharkov E.V.*, Shchiptsov V.V.** Chistyakov A.V.Bogina M.M.*
*Institute Geology of Ore Deposits, Petrographynbtialogy and Geochemistry RAS, Moscow’
** |nstitute of Geology, Karelian Scientific CentRAS, Petrozavodsk

The Eletozero complex in Northern Karelia is onktbe largest (about 100 Kinlayered mafic-
ultramafic intrusions with alkaline core, as theefdyakha-Vermes Complex at the Kola Peninsula. These
intrusive complexes belong to the Mid-Paleoproteiwzlatulian-Ludicovian large igneous province fre t
eastern Fennoscandian Shield, which additionalhains alkali Fe-Ti basalts and tholeiitic basalith variable
Ti-content (Sharkov, Bogina, 2006). However, theldfitic basalts are predominant rocks, whereasliai&
volcanics were found only in the Kuetsjarvi GroBgchenga structure (Kola Peninsusula).

The periphery of the Elet'ozrsky complex is maimhade up of fine-grained marginal gabbros, while
prevailing inner portion (Layered Series) is reprged by alternation of ferroclinopyroxenite, ferabbros
(olivine gabbro, gabbro, gabbro-anorthosite, ad aglbrthoclase gabbro, phlogopite gabbro, etc)theil ore-
bearing varieties (Bogachev et al., 1963; Kukhaoeak al., 1969; Shchiptsov et al., 2007). All roaKsthe
layered series are variably enriched in Fe-Ti-oxi{l@agnetite, titanomagnetite and ilmenite), amiognip to
30-40 vol.% and more in ore varieties, averagingveD%. The core of the massif (about 10% of theaar
consists of alkaline rocks: nepheline syenites Madearing syenites which cross-cut ferrogabbresb@natite
veins and diatreme with xenoliths of the massibisks also occur there. During the Svecofennian emgg
(1900-1800 Ma), the complex was unevemy deformed metamorphosed under the amphibolites-facies
conditions.

According to our data (Sharkov et al., 2015), thalne and mafic rocks of the complex contain two
major types of zircon: oscillatory zoned magmatican and porous zircon (hydrozircon) partly or qdetely
developed after the former. Isotopic-geochronolalgitata show that mafic and alkaline rocks werentmt
almost simultaneously, at about 2080+30 Ma (zir¢b#b method, SHRIMP-II datakndeioe) = +3.4; the
formation of hydrozircon was presumably relatedthe amphibolite metamorphism of the complex during
Svecofennian orogeny.

Thus, the Elet'ozero Complex is the oldest mardficst of the intrusive high-Ti mafic-alkaline
magmatism at the Karelian Craton. At the same tthere are no any volcanics of such compositionagedin
Karelia. On the other hand it was found that thet’Bfero cumulates are close in REE pattern tatkai
basalts of the Kuetsjarvi Group, but strongly diffem tholeiitic volcanics of the Central Kareligig. 1).
However, their spidergrams are different, in pattc, the Ti, Eu, and Ba contents in the cumulateshigher
than those in lavas, and U, Th, Nb, Eu, Sr, lower.
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Fig. 1. Trace element patterns for the rocks of &ero complex (contour) as compared to thosdoleiitic
volcanics from the Central Karelia (upper plotsil &e-Ti alkali basalts of the Kuetsjarvi Group (Renga
structure, Kola Peninsula, lower plots).

These differences are presumably related to tlmtieh of some components in transitional chamber i
cumulates and transportation of others to the serfsith lavas. For example, cumulates are ofteiclead in
Ba, Sr, and Eu, as well as Nb and Ta, which lethé¢odepletion of lavas in these components; as#mee time
cumulates are depleted in U, Th, Nb, and REE, whadhto the enrichment of lavas in these eleme3us.it is
highly probable that the Elet'ozero complex andTiedkali were derived from a common source, repnisig,
correspondingly, a transitional magma chamber aicawic counterpart of a single magmatic system.
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Fig.2. Trace-element distribution patterns of Tifitm the Elet'ozero’s ferrogabbros.

The Elet'ozero complex is an important source offi~exide ores. The analysis of these oxides showed
that they are enriched in Nb and Ta (Fig. 2) ang ima also considered as Nb-Ta ores. Besides, indepé
rare-metal and REE mineralization was found in\bms of alkaline pegmatites, associated with Fexide
ores.

Acknowledgements. The work was partly supportegréoyt RFBR # 14-95-00468
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Silicate-carbonate liquid immiscibility in melilito lite from Pian di Celle volcano

(Umbria, Italy)
Sharygin V.V.
V.S. Sobolev Institute of Geology and MineralogyR®3, Novosibirsk, Russia, sharygin@igm.nsc.ru

Melilitolites represent the final event in the sityi of the late Pleistocene Pian di Celle tufigriand lava flow
volcano (Stoppa, 1996). They form a 1-m-thick ailld dykelet swarm in the NE flow-front of the Leh@eelle
venanzite lava. The rocks contain phenocrystallitaefup to 5 cm), olivine, leucite, phlogopite afidmagnetite as
essential minerals that resemble in moda to fiaggd groundmass of the country venanzites. Thediained
groundmass consists of Ti-magnetite, fluorapdtiterophlogopite, nepheline, kalsilite, clinopyraxee Zr-cuspidine,
gobtzenite, umbrianite, khibinskite, Co-Ni-rich werseldite, sulphides (pyrrhotite, bartonite-chladbnite, galena),
Fe-monticellite - Mg-kirschsteinitdlmenite, Na-rich pyroxene and amphibole (Zr-begraegirine, arfvedsonite),
bario-olgite, bafertisite, and brown or green gig&isarygin et al. 1996; 2013; Stoppa et al. 19%ian®)in, 2012).
Numerous irregular vugs (up to 3 cm) with well-feckecrystals of the above minerals are observéismock. The
glassy blebs sometimes occur on the surface abtsya the vugs. The groundmass glass commonbaicenCa-rich
carbonate ocelli with high Sr, Ba and REE (Stopwaplley, 1997) or carbonate-fluorite globules. bid#éion the
presence of carbonate globules is fixed in mirleoated inclusions (see Figure 1).

Melt inclusions (5-70 um) have been identified ottbphenocrystal and groundmass minerals of the Pia
di Celle melilitolite (Sharygin et al., 1996; Stappt al., 1997; Sharygin, 1999, 2001). In phendsrgmelilite,
olivine, leucite), the silicate-melt inclusions amainly localized in the outer zones, whereashegroundmass
minerals (nepheline, kalsilite, fluorapatite andhest), they are situated in the central zones. rTpease
composition is green glass + shrinkage fluid bubbt@rbonate globule + trapped/daughter crystatsb@nate
globule (CaC@or CaCQ@+CakR) was identified in melt inclusions from all metidlite minerals, but it is clearly
fixed in olivine-, melilite- and kalsilite-hosteddlusions (see Figure 1).

——

Figure 1. Calcite-fluorite globule in groundmasasgl A, BSE image) and silicate-melt inclusions with
carbonate globule in the outer zones of meliBedrdinary light) and olivine, ordinary light) from the Pian
di Celle melilitolite.Symbols: Lc - leucite; Ks — kalsilite; Umb — umbnite; M — macdonaldite ?; Ap — fluorapatite; Ae —
aegirine; Gl — glass; Phl — fluorophlogopite; Mghi-magnetite; Cc - carbonate or carbonate-CGaébule; g - low-density

fluid bubble.
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Homogenization temperatures of inclusions are highan 1008C in phenocrysts and 830-8Din
groundmass kalsilite, nepheline and cuspidine (&opt al.,, 1997; Sharygin, 1999, 2001). The heating
experiments with melilite- and kalsilite-hosted lircions have shown the following main events: mgltof
silicate glass occurred at 560-820 carbonate globule began fusing at 600°65@ulphides, westerveldite and
one of colourless phases (umbrianite ?) melt at8&BC. In melilite-hosted inclusions, the colourlesagds
(cuspidine, kalsilite, nepheline) disappear at 880°C, melting of phlogopite occurs at 950-106QStoppa et
al., 1997; Sharygin, 1999, 2001) and over®@additional carbonatitic liquid droplets sepatateniscibly from
silicate liquid and clinopyroxene crystals appeaaside inclusions. Thus, the existence of carbositste
liquid immiscibility observed in the melilitolite imerals has been fixed in the 670-1800ange.

Recent geological and petrological data for thenRiiaCelle volcano (Stoppa, 1996; Stoppa et al9719
Stoppa, Cundari, 1998) show that initial melilitelimelt represents a residual venanzite liquidcéed in
volatiles (mainly in CQ, F, Cl) and trace elements (REE, Nb, Zr, Ba, SiiBBe). In general, the evolution of
the initial melilitolite melt had a phonolitic pdkaline character and was directed towards gratheaease of
SiO,, FeQ, alkalis, light elements (B, Be, Li), Ba, S, F, @bssibly HO, and decrease of A3, MgO, CaO
(Sharygin, 1999, 2001). Crystallization of earlynevals, separation of carbonatite liquid and pdssRO;
degassing seem to be responsible for the accumnilafi trace elements and volatile components ifduas
peralkaline melts with (K+Na)/Al>5. These factotsrailated the decrease of solidus temperature efntlelt
(down to 500-60%C) and resulted in formation of specific phases Hrtiamite, westerveldite, bartonite-
chlorobartonite, bario-olgite, bafertisite, etcuritig the latest stage. However, crystallizatiorCafrich silicates
(melilite, Zr-cuspidine, gétzenite, clinopyroxerm@pbably prevented abundant separation of carltankjuid
at high temperatures. The modal abundance of catboglobule in silicate-melt inclusions suggestat th
widespread separation of carbonatite occurred aterdotemperatures after crystallization of kalsilite
(approximately at 800°C). In addition to inclusidhg extraction of carbonatite liquid and £d®gassing in the
Pian di Celle melilitolite are also based on sonieenalogical data: the appearance of rim of Fe-iaefiite -
Mg-kirschsteinite around olivine; the existence vadsterveldite instead of arsenopyrite; the preserfck-
sulfides.

It should be mentioned that mechanism of separatforarbonate-salt liquid from silicate melt foreth
Pian di Celle melilitolites is very similar to thiatr other peralkaline volcanic rocks, in partiaular nephelinites
of the Gregory Rift, Tanzania (Sharygin et al., 2(04aitsev et al., 2012 and other works).

This study was supported by the Russian Foundafi@asic Researches (grant 14-05-00391).
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Delhayelite-group minerals from Sadiman nephelinitg§ Tanzania) and Saghro phonolite

(SE Morocco)
Sharygin V.V.*, Zaitsev A.N.**, Berger J.***
*V/.S. Sobolev Institute of Geology and Mineralo8yFAS, Novosibirsk, Russia, sharygin@igm.nsc.ru
**Saint Petersburg State University, Saint PeterghiRussia
***Université de Toulouse, Toulouse, France

Double-layered (delhayelite) and triple-layered kuiainite) alkali-halogen-rich silicates are sometim
formed in young K-rich peralkaline volcanic and galzanic rocks and in large peralkaline plutonienpbexes
(Khibiny). They commonly occur as late-magmaticugrdmass minerals (Sahama, Hytonen, 1959; Pekdy, et a
2009; Andersen et al., 2014; Sharygin et al., 2@D2;3). However, some volcanic rocks may also ¢orather
minerals, which can be structurally related to dg#lite or umbrianite. The phases close to
KNa,Ca[AlSi7O17OH),]JF(CI,OH) were recently described in K-rich perdika rocks in Morocco and
Tanzania (Berger et al., 2009; Zaitsev et al., 204/2d seem to be intermediate between delhayefite a
hydrodelhayelite. Our short communication is desidtea more chemical and structural informationulbese
minerals from Morocco and Tanzania.

At the Sadiman volcano, Tanzania, a delhayeliteygrmineral was found as a principal groundmass
phase in sanidine-poor nephelinite (Il type, Zaite¢ al., 2012). It seems to be a primary phasimwithe
groundmass and also occurs as a daughter phasemarp completely crystallized inclusions in nephel
phenocrysts. It is closely associated with aegiforeaegirine-augite) and potassic arfvedsonitg.(E). Other
minerals in groundmass and inclusions are presdmyedollastonite, sanidine, nepheline, sodalitetzgnite,
canasite, sulfides (pyrite, pyrrhotite, djerfistbe)j lamprophyllite, fluorapatite, titanite, pedte] Ba-Sr-
phospates and zeolites.

Sanidine-rich lava-flow phonolite (sample BAG-2prin Sahgro, SE Morocco, contains small grains of a
delhayelite-group mineral (Berger et al., 2009).isltrelated to groundmass association also congisii
sanidine, aegirine-augite, nepheline, fluorapatREE-rich gétzenite-hainite, titanite, eudialytedaits Ti-
analogue, pyrite, pyrrhotite, cancrinite (?), larenite and zeolites. The relations of mineral & ghoundmass
have shown that delhayelite-like phase is a latereral and commonly contain inclusions of other enats

(Fig. 1).

Nephelinite, Sadiman Pkgnolire_‘ Sangro

50mEm ' ' 90um

Figure 1. Delhayelite-group minerals in groundmass of peiatle rocks from Tanzania and Morocco
(BSE images).
DIh — delhayelite-group mineral; Ne — nephelinef -Apotassic arfvedsonite; Cpx — aegirine-augiteyl Zezeolite
(former glass ?); San — sanidine; Eud — eudialyte.

In chemical composition both delhayelite-like mialerdrastically differ from delhayelite in lower®, F
and Cl and higher CaO, da and SiQ (Table 1). In general, the Sadiman mineral is cositppnally similar to
the Sahgro sample, but contains lower alkalis agen CaO, HO and FgOs. Of course, chemical data do not
give any severe grounds to relate these mineraldetbaylite- (double-layer) or umbrianite- (trigkeyer)
structural type of Si-Atetrahedral blocksHowever, the HRTEM data for the Sadiman sample l=nown thab
parameter is- 24.1 A (Sharygin et al., 2013) what is very clésehat of delhayelite (Pekov et al., 2009). In
addition the Raman spectra for the Khibiny delhigeind the Sadiman mineral (Fig. 2) show the itheint the
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200-1200 cr region (vibration modes in tetrahedral and octadlesites) differing only in band suite for the
2500-4000 cm region (vibration modes for OH-group and®). Assuming the data above, the formulae for the
Sadiman and Sahgro minerals may be written as yeitexbased [AISO1g):
K1.20Na.06C a0 3 F€**0.10Al 0.96Si7.00018.d OH)1.0F1.08Clo.4{OH)o.3150.02 and

K1.3MNa.21Ca.14F€>*0.09Al 0.92S17.09018 5 OH)0.5]F 1.08Clo.46( OH)o.3650.02

Table 1.Chemical composition (EMPA+SIMS, wt.%) of delhdieslgroup minerals from Tanzanid) (@and
Morocco @) and delhayelite from Khibinyaj.

1 2 3 1 2 3
Sample Sd-11 BAG-2 Khib Sd-11 BAG-2 Khib
n 11 14 Formula based on (Si+Al+F¢)=8
SiOz 54.72 55.05 47.12 Si 7.00 7.05 6.91
TiO2 0.03 0.04 0.04 Al 0.90 0.92 1.06
B20s sims 0.001 0.006 0.04 ke 0.10 0.03 0.02
Al203 5.95 6.09 6.14 B 0.000 0.000 0.01
FeOs 1.00 0.31 0.17 Be 0.000 0.000
MnO 0.08 0.17 0.13 SumT 8.00 8.00 8.00
MgO 0.06 0.00 0.04 Ti 0.003 0.004 0.005
CaOo 16.75 15.81 13.44 Mn 0.01 0.02 0.02
BaO 0.17 0.02 0.01 Mg 0.01 0.001 0.01
SrO 0.52 0.67 0.28 Ca 2.30 2.17 211
NaO 7.96 8.91 6.84 Sr 0.04 0.05 0.02
K20 7.37 8.38 19.91 Ba 0.01 0.001 0.000
R0 sims 0.014 0.27 Na 1.98 2.21 1.95
Li2O sivs 0.07 0.15 0.000 K 1.20 1.37 3.73
BeOsivs 0.007 0.008 Rb 0.001 0.025
F 2.69 2.68 4.38 Li 0.003 0.007 0.000
Cl 1.98 211 3.78 Sum K 5.55 5.84 7.86
S 0.08 0.08 0.16 Sum cat 13.55 13.84 13.86
H20 sims 1.53 1.04 0.86 F 1.09 1.09 2.03
Sum 100.96 101.54 103.60 Cl 0.43 0.46 0.94
O=F,Cl,S 1.62 1.65 2.70 S 0.02 0.02 0.04
Sum 99.35 99.90 100.83 *H 1.31 0.88 0.84

Data for delhayelite-like phases are given formgahown in Figure 1. Composition of the Khibinytdglelite is
quoted from Sharygin et al. (2013).
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Figure 2. Raman spectra for delhayelite-group mineral frcemZania and delhayelite from Khibiny.

Delhayelite, KNaxCa[AISi7O1F.Cl, is very unstable in post-magmatic aqueous &wist especially
under weakly alkaline conditions, and alters t@dite, KiCa[AlSi7017(02xOHy)][(H20).-xOHK]CI, and further
to hydrodelhayelite, KGBAISi7O17(OH),]*(6-x)H20, which is accompanied by leaching of alkali aasiand
halogen anions and hydration. In the course ofethiesformations, the CaAISiO motif remains stdBlekov
et al., 2011). In summary, the mineral from Sadimamd Sahgro with generalized formula
K2NaCa[AISi7O15(OH)]F(CI,OH) is a new potential mineral speciesish is intermediate between delhayelite
and hydrodelhayelite. This mineral may be crystadi directly from a silicate melt slightly rich K20 like
nephelinite or phonolite peralkaline melt.
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Ore depositions in connection with the Phanerozoialkaline magmatism of East Azov
region (Ukrainian shield)
Sheremet E.M.
M.P. Semenenko Institute of geochemistry, mineyadogl ore formation of the National Academy of
sciences of Ukraine, Kiev
EvgSheremet@yandex.ru

Alkaline-ultrabasic-alkaline basaltoids of Devoniformation developed at the junction of the folded
Donbas with Priazovsky crystalline massif. It irds the following series of rocks presumably fréwn dlder to
the younger: 1. Alkaline-ultrabasic: wehrlites, @yenites, ore pyroxenites, gabbro-pyroxenites aabbop
composing shtoko shaped intrusion. Vein analogdeth@se rocks are monchikites, avgitites, campésnit
odinites, plagioclasites. 2. Alkaline basalts presd of limburgites, avgititites, picrite-basak#kaline basalts,
and pseudo- epileucitic basaltoids, trachytes phryoes). 3. Alkaline rocks: nepheline syenite, grates and
syngenetic them subvolcanic fonolitoid rocks. 4plesive rocks (kimberlite pipes).

With alkaline-ultrabasic series of rocks associa®mkrovo-Kireevsky vanadium containing ilmenite-
titanium-magnetite deposit. Ore bearing are babiehasites of Pryazovsky complex composing three
tectonically separate massifs — Kumachevsky, Ckatré Northern. Thickness of ore bodies within thassifs
ranges from 100 to 600 m. Ore bodies are smallnaedium disseminated, finely schlieren. The basissra
titanomagnetite and ilmenite is in the intergranidpaces ferruginous silicates. The ores are repred by
squalid differences (Ti© up to 5 %) and poor (Tip to 5-7 %), to medium (7-10 % Tioand less rich (over
10 % TiQ). There is an alternation of the rich, middle gmobr ore deposits in within the ore-bearing
ultrabasite-basite rocks.

East Azov Region to the wide dissemination of finerin igneous rocks is fluorine metallogenic regio
In the Phanerozoic stands out: a) the group of Gakedonian-early Hercynian fluorite formations casated
with Devonian alkaline-ultrabasic-alkaline-basaltiomplex; b) the group of late Paleozoic-early Mmso
associated with post Carbon activation of tectormmmatic activity (it is the intercession Pokrovaé&vsky
deposit of fluorite). The source of fluorine wasstip rocks of Devonian magmatic complex, especiait/later
differentiates from which fluorine was leached disli About 50 % of total content of fluorine in tBevonian
rocks associated with calcium rinkite attributed dayalogy with the known array of alkaline rocks [$&y
peninsula) to the formations of late-magmatic st&@grurences of fluorite known in the East Azov iRegfall
into two main formations — carbonate-fluorite angadz-fluorite, each of which are allocated separare
subtypes. Pokrovo-Kireevsky deposit refers to yipe of dissent metasomatic deposits encounteredrbonate
rocks near low-amplitude thrust. The deposit isrfed at shallow depths (probably no more than 1,5riom
the surface).
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Gold occurrences are located in the lower Carbomife thicker of Carbon. The main ore-controlling
structure is a tectonic melange. There are twostyplegold mineralization — endogenous, associatéd w
hydrothermal-metasomatic processes and exogenssagciated with karst formation. Gold-bearing roeks
jasperoides, argilizites, sulfidized and dolomitizéerrigenous-carbonate formation, silicified madsd
limestones. Found native gold mercuriferous andrifarpus species. In addition to gold mineralizatio
encountered silver-polymetallic and molybdenum reetations.

Rare earth mineralization is widespread in the zofharticulation of the Donbas fold with Priazovsky
crystalline massif and is localized within the nmgja lower Carboniferous strata of carbonate radighlighted
promising areas — Zhogolevskaya, Stylskaya, Dalndgatochnaya, Dokuchaevskaya, Novotroitskaya. & er
developed the body of pyroxenites and gabbro-pyribee lower Devonian, volcanogenic and volcanogenic
sedimentary formations Antonovskaya formation & tipper Devonian, sediments Razdolnenskaya formatio
of the upper Devonian, terrigenous-sedimentary sigp@f the Lower Carboniferous. The most invesdda
Zhogolevskoe occurence. In it the ore-bearing r@cksargillisites — clay rocks, developed in therf@f bodies
of irregular shape with sharp geological boundari@s2 manifestation is classified as ionic gengtioup
yttrium-rare earth formations in alumosilicate reckhe average content of trioxide of rare eamhargillite is
0,144 % at maximum contents to 1,03 %. The cord€rare earth elements of the cerium group is 6647and
yttrium group — 33,23 %.

Polymetallic ore mineralization within the squaralitius of East Azov Region refers to veinlet-
disseminated type. Ore-metasomatic zones are deutrdoy zones of feldspathization, silicification,
argillization, muscovitization, pyritization and tasomatic magnetitization, probably, associatedh wit
subvolcanic bodies trachyte-trachyandesite andilgpéormation of Paleozoic age. Identified molybden ore
(Novoselovsky, Kalanovsky areas) lead (Kichiksuyngsten (Verbov area), molybdenum and tungsten
(Kirillovsky area).

Diamond and nondiamondiferous kimberlites (pipesadid”, "Yuzhnaja", "Novolaspinskaya”, dike
"Novolaspinskaya" and dike rocks comagmatic thebidgrtite rocks) are located in the northern parthef East
Azov subblockUkrainian Shield (USh), in the area of dynamic influence on the Dniepené&lsk aulacogen
on the Azov megablock. Pipe "Petrovckaya" and kiritie occurence of "Gorniatskoe", are located e t
junction zone of the Donbas with Azov crystallinassif in the field development of Devonian volcasoig-
sedimentary rocks.

Considered Phanerozoic magmatism and related comseof minerals in the Azov megablock due to
the onset of tensile stresses in a collision atetid of the Carboniferous Epipaleozoic West Silpepktform
with Russian platform. At the junction of the Azomegablock with Dnieper-Donetsk depression formedtga
stretching are the natural channels out of deepnma@evonian alkaline-ultrabasic-alkaline basaltid a
kimberlite compositions on the surface of the Earthey were followed by the arrival of magmatic pldleiids
that formed during the processes of tectogenegiseimost rock occurrences and deposits of a rahd#ferent
ore minerals.

On the origin of high potassium magmas in subductio zones
Simakin A.G.*, Salova T.P.*
* |[EM RAS, Chernogolovka, Russia
simakin@iem.ac.ru

Typical magmas of subduction zones have normallinigaand sodium specification (Na/K>1). Their
origin is connected with water fluid released & dkehydration of the descending oceanic slab. imesoccasions
the potassic subalkaline or alkaline magmas apaeéne active continental margins. Decade and dgdf no
clear source of such magmas was proposed (Priag, €t999). Recently role of GOn the potassic magmas
formation is becoming accepted (Gupta, 2015).

We perform experiments that directly demonstratz@ss of the potassic melt assembling on the eivin
Spl matrix from the components transported by therdduced C®fluid from the basaltic source at the crustal
pressures 2-5 Kbar and T=900-1000 Novel technique was applied. Carbonic fluid vggenerated during
experiment by the decomposition of the (Fe,MgjC&cording to the reactions: Fe&®Be0,+CO+CQ
MgCO;=MgO+CGO,

Natural siderite was placed into the small opersabgpwhile source material (spilitized basalt) ywéeced
into the main capsule hosting small one. Naturdériie aggregate contains quartz and feldspar gramthe
experiment these grains become the centers of #iénm Fluid transfer dissolved components fronurse
basalt towards oxide matrix. As a result of tham#fer olivines and spinels (predominantly MgB8 form. Melt
domains expand by consuming first of afdXand AbOs from the dry reduced carbonic fluid. Compositiofigll
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components of the studied system are charactebygd@P-MS (siderite), XRF (basalt) and SIMS (experntal
products).
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Fig. 1.Composition of the fluid modified oxide matrix ajtassium enrichment relative albite and basaltcss
b) composition of the glass + crystals mixture v8iMS normalized on the initial oxides matrix corsjtimn.

Experiments with basalt and albite sources dematgsthat melt formed in the oxide matrix has K/Na
ratio that is 25-28 time higher than in the sourasalt. Fluid mediated melt has rather high Rb, ER&ntents.
Ba, Sr, Yb enrichments relative source are modefatshows the least mobility among studied elemestnce
HFSE (Zr, Hf) contents in the spilite appears tdbbow high determination limit for of ICP-MS methsource
of these elements in the matrix melt is unclearnelef Zr content (no more than 50-60 ppm) is samisally
lower than usually registered in the high-K basé30-350 ppm). We explain this fact by the invohent of
fluorine in the HFSE transport. As shown by theulissof our thermodynamic modeling and petrologatad
reduced carbonic fluid would accumulate fluorinenfrthe melt.

Gupta (2015) declared universal connection of flgl potassic low silica magmas with contaminatién o
the mantle with crustal carbon. At the routine sthosubduction only small fraction of the sedimeigs
transported with descending slab. Large fractionasbon sinks into the lower mantle due to slakihgaslower
than pressurization that keeps carbonates stabléheAsame time continent arc collision and acsreivents
creates dynamic irregularities that greatly enham@ntle contamination with the crustal material. the
numerical study (Simakin, 2014) it was shown tleatporary reversal of the subduction direction caate and
push large pieces of the continental of islandtanader the mantle wedge.

/.

Fig. 2. Break of the accreted terrain edge during subdogstarting (to the right island, to the left acie plate),
numerical modeling from (Simakin, 2014). Resultshef analogous modeling from (Boutelier and Cherag2611)
are in the inset.

We anticipate that Kronotsky paleo-arc accretioi&mchatka 5-10 Mys ago put carbonates and organic
material (coal) under mantle wedge. Several kilemseblocks of carbonaceous and siliceous rocklsamtantle
are gravitationaly unstable and have extremely telative viscosity that empowers their pluming ahyking
propagation upwards. For the mechanical failurhatzone of collision it is essential that lockioigsubduction
is local and slab continues to descend aside. iamelts produced in the carbonatized mantle under
Klyuchevskaya group of volcanoes can contributght basalts erupted in Tolbachik 2012-2013 voluméno
fissure eruption. In the described by Pirce el@BQ) case with high-K volcanism in North Islande{iNZealand)
direction of subduction is reversed along the NEm@land Plate Boundary. Pacific plate subductiapagates
westwards and delamination of Australian crushigcgated (Furlong, 2015) similar to N.Kamchatlese.
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REE mineralogy of the Lofdal carbonatite, Namibia
Sitnikova M.A.*, DoCabo V.N.**, Wall F.*** Graupne T.*
*BGR, Hannover, Germany
**Namibian Geological Survey, Windhoek, Namibia
***Camborne Scholl of Mines, University of Exetei
maria.sitnikova@bgr.de

The Lofdal Alkaline Carbonatite Complex, which éehted 36 km northwest of Khorixas in Damaraland,
Kunene Region, Namibia, occupies an area of abéWnZ. The complex is composed of nepheline syenites,
carbonatite plugs and dykes, phonolite dykes aeddisis associated with the intrusions. Some mafiesalso
occur, including one possible lamprophyre. Althowmtposed within pre-Damara basement and lacking any
contact with Damara rocks, the Lofdal intrusiondogjs to an early magmatic event and is pre-orogetéted
to an intra-continental rift environment (Miller983).

The carbonatite forms at least three central fikey-bodies composed of coarse-grained calcite
carbonatite (sévite) with scattered concentratminapatite, magnetite and pyrite. The carbonatfitenogives an
anomalous radiometric response due to its elevidtmdum contents. These carbonatite bodies occutdse
vicinity to the syenite intrusions. The carbonatitgkes at Lofdal form part of a swarm of about dnmdred
carbonatite and phonolite dykes. Some of the dglxesed five meters in width with an extension imgt of
usually several hundred meters; however, they meagh a linear extension of up to 15 km. The cartitena
dykes clearly cross-cut all the other dykes andsequently, represent the youngest intrusion event.

Carbonatites at Lofdal are recently classified iight main carbonatite groups based on field endgde
and their petrographical, geochemical and mineresdgharacteristics (DoCabo, 2013).

The carbonatites vary significantly in their whoteek REE concentrations. The sovite in the plug$ an
large calcite carbonatite dykes are almost devéidignificant quantities of rare earth minerals ammhtain
different rare earth phases than all other carlitendykes. Rarely, they contain accessory burbankirdylite-
(Ce), carbocernaite, and monazite-(Ce). Some wusirdeoss-cutting the early magmatic carbonatitetaion
hydrothermal rare earth minerals — synchysite-(@e)iste-(Ce) and ancylite-(Ce). Late carbonatjfees are
represented by highly sheared carbonatite dykesalgite, dolomite or ankerite lithology, overpridtdy a
multi-stage hydrothermal assemblage having signitily elevated REE concentrations of up to 8 wt.#ER
(average REE is 1.2 wt.%) or 2.8 wt.% of heavy REEhese rocks the hydrothermal assemblage censist
both, LREE and HREE-bearing minerals, which areasgnted by synchysite-(Ce), parisite-(Ce), morazit
(Ce), xenotime-(Y) and fluorite.

Some of the dykes are of particular interest bexzafisheir contents of substantial amounts of xiemot
(Y) (Wall et al., 2008) and their elevated heavyigbt rare earths ratios (HREE / LREE). Xenotin¥g-forms a
number of mineral paragenesis and assemblagesngarighm magmatic to metasomatic stages in Lofdal
carbonatites.

The majority of rare earth minerals formed durihg hydrothermal / carbothermal stages of carb@natit
formation. REE mineralisation in carbonatite dykeshighly variable following sub-parallel zones. cBu
mineralisation probably formed by multiple stagéshwpdrothermal / metasomatic overprinting of théary
carbonatite by fluids at variable intensities. Afgatind fluorite represent two important ganguearafs, which
possibly played an important role in the transgamteand deposition of the REE at Lofdal.
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The location of the HREE-mineralisation is strongigntrolled by intensive shearing within the
carbonatites dykes. In addition, HREE precipitatiantly took place in the fractured albitised coymbcks and
carbonatite-free shear zones. Thus, at least sdntkeothe xenotime mineralisation in the Lofdal aike
complex seems to trace back to intensive interaaifoan HREE-rich hydrothermal fluid with the canadites.
Fractionation of REE during hydrothermal activigncproduce an enrichment of mid-atomic number Réitts
Y in carbonatites (Mariano, 1989). This hydrothelrifractionation seems to have caused the unusinidly
HREE/LREE ratios in the Lofdal carbonatites. Theboaatites at Lofdal generally show higher HREE
concentrations than most other carbonatites. Th&HRoncentration considerably increases from théy ea
magmatic to the hydrothermal stages of mineratisatit culminates in the formation of a xenotimeneat in
the brecciated dolomite carbonatites.
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Characterisation of zirconolite from alkaline pegmadites of the Larvik plutonic complex,

south Norway
Skoda R., Haifler J., Hénig S.
Department of Geological Sciences, Masaryk Unitgr&iotla'ska 267/2, Brno, Czech Republic,
rskoda@sci.muni.cz

Zirconolite, ideally CaZrTiO; is an accessory mineral occurring in silica-pagocks such as
carbonatites, alkaline rocks and their pegmatitewell as in contaminated marbles. Minerals witmposition
close to CaZrhiO; were called zirconolite, polymignite or zirkelite the past. Currently, polytypoids with
fluorite-type structure should be called zircoret®M, -3T or -30 depending on their symmetry. Zirkelite should
be a cubic mineral with formula (Ti,Ca,ZnQ However, the exact relationships between ziratol
polytypoids and zirkelite is still not well undessd.

Zirconolite from alkaline pegmatites of the Larvifutonic complex in Norway, localities Stalaker,
Hakestad, and Agnes, has been examined. Zircorfotites euhedral black lathy crystals up to 3 cnglavith
striated prismatic and pinacoidal faces in thosgnpaites. Associating minerals are mainly albitefellispar,
biotite, magnetite, britholite-(Ce), zircon, pyréote, nepheline, and aegirine. All samples are equit
homogeneous in BSE image without any significamiation or alteration, the only narrow altered zolives the
old fractures of zirconolite. Electron probe mianalysis in WDS mode give analytical totals of 97%298.9
wt% for the fresh parts. Mineral formula and?*#Ee** ratio was calculated on the basis of 4 cations and
anions. Chemical composition of zirconolite is $&miin the range of a single crystal as well as gnall
localities examined, whereas the highest varighdtiows zirconolite from Agnes, see Fig 1. Zircimofrom
Larvik Plutonic complex is enriched in Y+REE, Nka @nd Fe giving the resulting formulae as follows:

Stalaker

(Cav.45-0.50REE*0 44-0.48 N0.04-0.08J0.01-0.03(ZT'0.94-0.9Hf0.01) (Ti0.91-0.98ND0.46-0.5F 80.01-0.0M€%*0.45-0 55 €**0.04-0.1) O7.00,
Hakestad

(Cav.55-0.58REE**0 36-0 33 N0.04-0.08J0.01) (Z0.94-0.96H0.01) (Ti0.93-0.9Nbo.50-0.59 0.0dME%*0.47-0 56€>*0.05-0.09 O7.00,

and Agnes

(Can.50-0.60REE**0.34-0.39 N0.05-0.08J0.02-0.04 (Zr0.95-1.0Hf0.01) (Ti0.97-1.1N00.36-0.49 80.020M€?%0.43-0.56-€%%0.04-0.1 O7.00,

where REE* are represented by Ce>Nd>Y>La dominating overSar, Gd, Dy, Er, Yb; M& includes
most of Fe dominating over Mn, and Mg. The caledaFé&*/(Fe*+Fe**) ratio vary from 0.79-0.92 with the
average of 0.88 for Stalaker, 0.86 for Hakestad Agdes is with a very good agreement with the tesul
obtained from Md&ssbauer spectroscopy (0.83). THmbte determination of the substitution vectors is
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complicated by a quite homogenous chemical comiposiind many variables, but the positive correfatbthe
Me?* vs. Mé*, Me?* vs. REE* and Mé* vs. REE could indicate substitution involving REEZ>*Me?*O; end-
member. The only zirconolite from Agnes corresmotadthe Ca-, Zr-, and Ti-dominated compositiontédvial
from Hakestad shows prevalence of SéMe?* over Ti**. Similarly Me&*+Me?**-enriched, but REE-poorer
zirconolite were described from the Kovdor carbiiaagwilliams 1996). Some analyses from Stalakesvsh
also the prevalence of Nfa-Me?* over T as well as the slight prevalence of REE over Gaesponding to
about (51 %) REEZrM&Me?*0O; end-member. Similar composition with slightly domnt REEZrMeé*Me?*0;
molecule also described Della Ventetaal. (2000) from Eifel (Germany), but their analysis éawn>Fe.

The radiation dose the zirconolite have suffereduming the geological age of 295 Ma, is about 2.0-
2.8 x 13% o decays/mg, which is one order of magnitude highan is the transition from crystalline zirconolite
to metamict (Lumpkiret al., 1997a,b). XRPD study also confirms its metamicureat The annealing of the
zirconolite powder from Hakestad under an inertagphere at 800°C caused recrystallization to aephth
the cubic space groupm3m and with the cell parameter a = 5.104(3) A thatlisse to the cubic ZrQ
tazheranite, (CaTiZ0s) phase or zirkelite. This result is very similarthat which was gained by Bulaki al.
(1998), but their specimen was described as ziekélecause of its cubic morphology. Crystal morpgplof
the metamict zirconolite (polymignite) from Larvitutonic complex is of the orthorhombic symmetryafsen
2010). During the heating to 900°C the cubic striieturned to the orthorhombic symmetry and th&atifion
pattern corresponds to zirconolite-30, which cantlticate the heating at 900°C recovered its origtraicture.

Some narrow zones along the rim or the cracks wmithie crystal were altered by penetrating
hydrothermal fluid that significantly affected tbkemical composition of these zones. The mostdisthanges
are the enrichment of Sid@from nearly Si-free fresh parts increased to alBe® wt.% SiQ in altered region),
Al>O3 (increased from 0.14 to 0.27 wt.%), W(ncreased from nearly W-free to 0.3-0.4 wt.%Yiriereased
from 0.3 to 0.5 wt.%) and the content of actiniéesl lanthanides is also relatively slightly higlreraltered
parts. The hydration of the mineral is also probafiin the other hand there is a great loss of Eerédsed from
about 7.6 wt.% FeO to about 1 wt.%), quite distinss of Ca (decreased from 7 to 4 wt.% CaO), &éc(dased
from 20.5 to 18 wt.% Tig), Zr (decreased from 28 to 26.5 wt.% ZyCand lower disparities in Pb, Mg and Mn
content. This behaviour during alteration is inesgnent with published data (Bulakhal, 1998). The content
of U, Th and Y+REE does not seems significantlgetéfd by the alteration.

REE Nb+Ta

O Stalaker
O Hakestad
o Agnes

x Kovdor
A Eifel

Ca U+Th Ti Mn+Fe,,

Figure 1: Chemical composition of the zirconoliterh Larvik Plutonic complex (Stalaker, Hakestadj an
Agnes) and another localities is plotted in twanéey plots.

This project was supported by the specific rese@rdgram of Masaryk University 1451/2014.

References

Bulakh A.G., Nesterov A.R., Williams C.T. & Anisimol.S. Zirkelite from the Sebl'yavr carbonatite
complex, Kola Peninsula, Russia: an X-ray and mecmicroprobe study of a partially metamict midera
Mineralogical Magazine, (1998), 62: 837—846.

Della Ventura G., Bellatreccia F., & Williams C.Zirconolite with significant REEZrNb(Mn,Fe)drom
a xenoliths of the Laacher see eruptive centegl Eiblcanic region, Germany. Canadian Mineralod000),
38: 57-65.

Larsen A.O. The Langesundsfjord, Bode Verlag GmBErmany, (2010), 239

Lumpkin, G.R. — Smith, K.L. — Gieré, R. Applicatiari analytical electron microscopy to the study of
radiation damage in the complex oxide mineral zigtite. — Micron. (1997a), 28 (15,/-68.

118



Lumpkin G.R., Smith K.L., Blackford M.G., Gieré Rnd Williams C.T. The Crystalline-Amorphous
Transformation in Natural Zirconolite: Evidence fasng-Term Annealing. In: McKinley, I. G — McCombi€.
(eds.): MRS Proceedings. (1997b), 5065-222.

Williams T.S. The occurence of niobian zirconolipgrochlore and baddeleyite in the Kovdor carbdeati
complex, Kola Peninsula, Russia. Mineralogical Mzage, (1996), 60, 639-646.

Specific features of eudialyte decomposition in oka acid
Smirnova T.N.*, Pekov I.V.** Varlamov D.A.***, Kovalskaya T.N.*** Bychkov AY.*,
Bychkova Y.V ****
*Faculty of Geology, Moscow State University, MagcRussia
**Vernadsky Institute of Geochemistry and AnaltiCaemistry RAS, Moscow, Russia
***|nstitute of Experimental Mineralogy RAS, Chegualovka, Russia
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Russia

One of the main aspects of a possible practicalafiseudialyte today is extracting of Zr, HREE
(especiallyHREE) and U. Numerous attempts to solve this problemgufull decomposition of eudialyte by
strong inorganic acids were not successful in teldgical aspect: silicon converts into solutionnfing a
filterable gel which strongly hampers any procesgesolation and purification of valuable compotgn

We have studied the processes and products oflgteddecomposition in dilute oxalic acid 2€EbOa,
and for comparison in HCI &t <100C. For the experiments, two eudialyte varietiesewased: (1) from
rischorritic pegmatite, the Oleniy Ruchey apatigpasit (sample OLE-9), Khibiny, and (2) from natigai
pegmatite, Mt. Alluaiv (sample UMB-2), Lovozero (hoKola peninsula, Russia). The Lovozero eudialgte
enriched withREEand Zr and has, according to our data, more deéectystal structure in comparison with the
Khibiny sample.

Experiments with 1 and 3%.8,04 gave similar results for the Khibiny eudialytealters only from
the surface to opal-like phase with overgrowingstais (Fig. 1). Using the EMPA and IR spectroscdata, we
undoubtedly identified these crystals as Ca-Zr atesl. In experiments with 7%,€04 the Khibiny eudialyte
completely decomposes with the formation of a ged-bpal phase closely associated with crystaliixelates of
Ca and Zr with admixeREE

The Lovozero eudialyte fully decomposes in 3, 5 @#@ HC>O4. On the surface of the formed opal
phase, crystals (up to 40n) of both Ca-Zr andREE oxalates (Fig. 2) are abundant. Two type®RBE oxalates
occur: (1) with essentially yttrium cationic compms (enriched also witHlREE) and (2)LREE-rich.

Thus, after the decomposition of eudialyte #ChO4 REE separate from other cations fotming Hudid
crystalline phases, oxalate$hey are almost insoluble in water and oxalicdaeind release dREE into the
solution is minor, unlike a system with HCI. It se® very important for further extraction BEE because we
see a relatively easy way to convert them intorttedecular (rather than colloid!) solution using @ plexing
agent without any reaction with opal, a dried ailgel. It seems also important that a dilute sotutf HC;04 is
used: oxalic acid is a chemical which, unlike ceive and volatile mineral acids, may be easilygpamted and
stored in an environmentally safe solid form.

Extraction of Zr (and Hf) into solution in experinmts with HC,O, is reduced as compared to HCI, but
still significant. Also note the solubility of ewadyte significantly depends on the perfection efstructure (Ca-
Fe-Zr-Si heteropolyhedral framework): the Khibirgnmgple is considerably more resistant to acid degiaial
than the Lovozero mineral.
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Fig. 1. The Khibiny eudialyte after the experimevith 1% HC>O.. On section (a), an opal-like phase
(p.29) and Ca-Zr oxalate crusts (30) overgrowingltened eudialyte (28) are observed. On the rougface
(b), Ca-Zr oxalate crystals are abundant. SEM imé@eBSE, (b) SE.
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Fig. 2. Surface of the opal-like product formedaaesult of full decomposition of eudialyte in 78§ (
and 5% (b) HC,O. [SEM (BSE) image]. White zones correspondRteE oxalates and light gray zones to Ca-
Zr-oxalates.
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Table.Contents of rare elements and Ti (ppm) in thousaddfiluted solutions after the experiments withIHC
and HC;04 of different concentrations and eudialyte from idhy (OLE-9) and Lovozero (UMB-2). ICP MS
data; bdl — below detection limit; dash — not asaty.

HCI H.C.O

27274

OLE-9 UMB-2 OLE-9 UMB-2
10%| 7% | 2% | 10% | 7% | 2% | 7% | 5% | 3% | 1% | 7% 5% 3%
zr 2486 | 1671 | 135| 1600 | 1528 | 390 | 306 | 260 | 477|122 | 1100 | 1739 | 1311

Hf 36 20 |12 28 26 5 - bdl - 118 22 35 28
Ti 93 91 - 79 72 41 - - - - - 85 57
Ta badl 0.1 | bdl| bdl 0.3 | 0.6 - - - 107 4 5 0.7

Th 08| 08 |03 08| 1.1 | 0.4 | bdl | bdl | bdl | bdl | 0.2 0.6 0.3
U 15| 16 |05/ 05| 07 | 03 |04| 03 |05]03]| 02 0.6 0.5
Sr 176 | 182 | 56 | 210 | 157 | 94 5 4 4 3 5 55 55
Ba 44 45 | 13 2 1.8 2 10 7 6 4 0.8 0.6 0.1
Y 43 44 | 12 | 107 | 86 53 | 04| 0.2 | bdl | bdl | 0.9 11 0.9
La 25 26 7 49 5 24 | 0.7 ] 0.3 | bdl | bdl 1 1.8 0.1
Ce 32 31 |14 | 101 | 87 50 1 |04 bdl|01] 09 1.2 0.2
Pr 55| 55 |15 13 18 6 | bd | bd | bdl| bdl | bdl 0.1 bdl
Nd 22 23 6 58 79 28 [ 0.3|0.15 | bdl | bdl | bdl 0.1 bdl
Sm 5 15| 17 24 9 | bd | bd | bdl| bdl | bdl badl bal
Eu 2 2 |05| 6 8 2.9 | bd | bdl | bdl | bdl | bdl bdl bal
Gd | 65| 65 |15 18 27 85 | 0.1 | bdl | bdl| bdl | bdl bdl bdl
Tb 12| 12 |03 38 5 2 | bd | bd | bdl| bdl | bdl bdl bal
Dy 8 8 2 24 32 12 | bdl | bdl | bdl | bdl | bdl bdl 0.1
Ho 18| 18 |05 46 | 65 2 | bd | bdl | bdl | bdl | bdl bdl bdl
Er 55 6 15| 14 20 7 | bd | bd | bdl| bdl | bdl 0.1 0.1

1

6

(&)

Tm | 0.8 | 09 |02 2 2.8 bdl | bdl | bdl | bdl | bdl bdl bal
Yb 5 5 15| 12 17 bdl | bdl | bdl | bdl | 0.2 | 0.4 | 0.3
Lu 12 8 02| 17 17 0.8 | bdl | bdl | bdl | bdl | bdl 8.5 7

This work was supported by Russian Foundation &mi®Research, grant no. 13-05-12021_ofi_m.

Thermal analysis of carbonaceous shales as a wayftwecasting of gold mineralization

(at the example of Beloretsk metamorphic dome, Somern Urals)
Snachev A.V.
Institute of geology of the Ufa centre of scientthe Russian Academy of Science,
Ufa, the Russian Federation
EMail: SAVant@rambler.ru

The Beloretsk zonal methamorphic complex is s#dain the eastern part of the Bashkirian
meganticlinorium in the limits of Mayardak antiaifnum. It bends in a horseshoe way around theheaomt
periclinal end of the Zilair synclinorium and gtiees in the northeastern direction at a distaricbout 120
km, being 20 to 40 km wide. The complex is composédhe Lower- to Upper Riphean deposits, with a
thickness of 4 — 5 km (Alexeev et al, 1984).

The initial rocks of the complex are mainly sandgHéaceous, carbonate and carbonaceous terrigenou
deposits, and much less often - intrusive bodiesedfusions of basic composition. In the Latentfian (?)
time the rocks have been exposed to a metamorpiisrted by a deep-seated large granite or granite-
migmatite intrusive body, reliably fixed by geopigal methods. Therefore a zonal metamorphic coxnwbes
formed, with a core (diameter of 7-8 km) composktboks of eclogite facies; the intermediate zonilth of
2-10 km) belongs to amphibolitic and external (Widf 15-20 km) — to greenschist facies (Alexé&ewl.,
2009). The carbonaceous deposits are developétein Yusha, Mashak, Zigalga and Zigazino-Komarovo
Formations. Their position in sections and litlgdd@l character are described in detail in a moaplgr
(Snachev et al. 2012) and are not considered Ml most widely developed are the carbonacediistsdn
the Zigazino-Komarovo Formation (R#). They are combined in  various proportionghwhlorite-sericite-
quartz, micaceous-quartz, micaceous-fieldspar-guathists, quartz siltstones and sandstones,heariwith
carbonaceous substance; by their petrochemicalrésatthey can be attributed to a terrigenoubesaceous
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complex (Snachev, 2015). In schists a sulphidipat® very frequently observed, varying from indivad
interspersed grains of pyrite to sulphidic veipsta 1 cm thick; the content of sulfides in theks may reach
25-30 %. More often in exposures and eluvial-dellidebris, weathered rocks are developed in which
place of initial sulfides remain either hollows &f cubic habitus, or zones of cavernous strusfuntensely
ferruginous. The further weathering of such rdelegls to a formation of limonite crusts.

The results of thermal (Rock-Eval) analysis of rbomaceous schists of the Zigazino-Komarovo
Fotmation from the Beloretsk methamorphic complaxehshown &4 contents from 0,76 up to 7,22 % that
allows to relate them to low carbonaceous, anddéss to carbonaceous types. Geneticaly, theocedeous
substance of the considered rocks belongs to imeathry-diagenetic type and is represented fipely
dispersed form of allocation. Particles with aesid no more than 0,005 mm impregnate in a regukamner all
mass of the rocks or concentrate as spots, imegahd lenticular accumulations. Such a form pfesence of
carbonaceous substance testifies for a syngeletindial Corq matter and a deposit (Sidorenko, Sidorenko,
1971). As a result of study of carbonaceous sedsnehdifferent age in the Far East by V.P. lvanéval
(1974), a dependence between temperature of bumimgof dispersed organic substance and a degree of
metamorphism of rocks was established. In a psoéincrease of a regional metamorphism the teatper
Corg Of burning out is naturally increased.

The thermogravimetric analysis of carbonaceoudssbisZigazino-Komarovo Formation was carried out
on a derivatograph Q-1500 (Hungary) (analyst THe@ikova, IG USC, Russian Academy of Scienceg Th
heating was accomplished on air under a temperdtare 20 to 1000 C with a speed of 10 °C/min. The
samples of the least changed rocks outside zoniesra$ive exocontacts and intensive tectonic réwwgy were
selected for the analysis, which allowed to excltige influence of local factors and to recondtaudegree of
the regional metamorphism.

For the schists of the Zigazino-Komarovo Formatidhe exothermal effect occurs in the range 630-730
°C, that corresponds to a biotite-muscovite greliss facies and is close to a staurolite-andudtisivtite level
of metamorphism (epidote-amphibolite facies) (Blurehal, 1974).

It is necessary to note, that the greater inteiesepresented not by absolute numbers, neithea by
distribution of temperatures on the area. Bildithge map of isopleths of temperatures of exothereiifect (a
method of interpolation Kriging) allows, using thesults of termogravimetrical analysis, to estdiblienes with
various degrees of metamorphic transformations. Bdwndary between a greenschist and epidote-awigbib
facies for the Zigazino-Komarovo Formation, reeeivn a such way, coincide with an isopleth 080 8C, and
it is well coordinated with the results receivAdA. Alekseev who constructed a map of a metamiorph
zonation of the Beloretsk dome. The boundary betveeephibolite and greenschist facies was tstaldishiethe
isograde of granate, and external border of thermgehist facies — along the isograde of biotiteexakv & al,
1984).

Moreover, in the result of a processing and sunuiragiof the collected, published and archive materi
on gold-bearing carbonaceous sediments of the 8slomethamorphic complex and its frame, includica.
200 our own analyses of piece and groove sampiey, precise regularity in localization of elewate
concentrations of gold has come to light: all p@iwith industrial values of gold are situated lve t area of
development of rocks of greenschist facies of nmatr@hism (Snaciv, Snackv, 2014).

The mechanism of redistribution of precious metalsonsidered in detail in an experimental work of
L.P. Pljusnina et al (2011). The metamorphism agboraceous substance is accompanied by a geneadtion
water-organic oleophilic fluid-mobilizate, gas peasind solid kerogen. In this process, a partedipus metals
migrate beyond limits of host rocks together with tmobilizate, and the part concentrates in tedual volume
of kerogen. The process is finished by a crygttion of graphite at the expense of kerogen apégaiure of
500 °C. At that, its sorption capacity reaches thaximum at 2700 g/t and 1000 g/t for Au and Pt
correspondingly. In the graphite itself, under deg®n, pores and hollows from 200 up to 500 misram
dimensions are formed, creating a fine-meshedysofamework. As a consequence, the layers of radtksa
similar graphite are loosened, that raises theimpability for ore-bearing solutions, and reduceunditions
promote an ore mineralization and favour an ohicgion of metallo-fullerenes between the plan€@2)0

According to data of A.l. Hanchuk et al. (2009)e tearly form of segregation of platinum are finely
dispersed agglomerates, with dimensions of orerte microns, containing in its structure carbod arplenty
of other elements. The subsequent progress ofmmogpdism and, probably, redeposition lead to aigdart
purification of precious metals and to formatiorlarhellar and crystal forms.

Thus, the work that had been carried out showspporunity of use thermogravimetric analysis which
is cheap enough, in the aim of a forecasting odl goineralization in metamorphosed carbonaceougptExes.
Gold-ore objects, having a precise confinemerihéogreenschist facies (Snachev & al, 2013), introases are
concentrated close or almost on the boundary bettegreenschist and amphibolite facies of metahism.

This work is executed owing to a financial suppdfRFBR-Povolzhje grant 14-05-97005.
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Composition and thermodynamic parameters of the meisomatic agent beneath east

Antarctica from results of study inclusions
Solovova I.P.*, Kogarko L.N.**
*Institute of the Geology of Ore Deposits, Petrqgrg, Mineralogy, and Geochemistry (IGEM), Russian
Academy of Sciences, Staromonetnyi per. 35, Mosd@®017 Russia. solovova@igem.ru
**\/ernadsky Institute of Geochemistry and AnalttiCaemistry, Russian Academy of Sciences, ul.
Kosygina 19, Moscow, 119991 Russia. kogarko@geakhi.

We investigated deformed xenoliths of garnet-spipetidotites from alkaline mafic and ultramafic
bodies from oasis Jetty (East Antarctica). Isotgpeehemical investigation of these xenolithgansckuii u
ap., 1998) demonstrated that during the range of 202340 Ma mantle material was metasomatised wibith
to the enrichment of the generated alkaline magmasause of this, the investigation of the compmsiand
evolution of fluids and products of their interactiwith mantle peridotites is of certain interddte findings of
fluid inclusions in the rock-forming minerals prevéhe presence of free fluid at great depths, ardepce of
sulfides concentrating transitional and preciougafse(Ni, Cu, Pt, Pdi Au) suggests high concentrations of
sulfur.

The minerals of the investigated xenoliths contaiaxisting sulfide and fluid inclusions of high dég. The
evidence of partial loss of material (haloes) atbuacuoles appear during their partial dehermeétinaat the
decompression. Therefore, the estimated from thaysdf inclusions P-T parameters correspond to afrthe
stages of the mantle material evolution.

Sulfide inclusions represent isolated one- and pase drop-like grains grouping into clusters. Thei
compositions on the Ni — M/S plot form two divergitrends with positive and negative correlationsc@xding
to the experimental data (Ballhaus et al., 200&)iticlusions represent coexisting sulfide melt Birénriched
monosulfide solid solutionn{ss)(puc. 1). Ni partition coefficient (Rmsselt) permitted to evaluate minimal
temperature of the stabilization of two-phase delfissemblage in the range 10602920
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Fig. 1. Two evolution trends of the compositiorsaffide inclusions.

The investigation of fluid inclusions by thermobgeochemical method and Raman-spectroscopy
demonstrated that fluid is characterized by polygonent composition €02, N2, H>S u H>O; mole fractions
were estimated agak ~ 0.7 CO,, 0.15-0.2 N u 0.1 HS. The presence of water has been established
cryometrically. Our isotope studies confirmed mamtigin of fluid (Buikin et al., 2014). The measdrdensity
of fluid of partially decrepitated inclusions yield calculated pressure of 1.1-1.5 GPa.

Using the results of our studies and experimentshablished fields of coexistence of mss+sulfiddt m
and peridotite solidus at -@C®, + 0.1H,O as well as the positions of isochores of(@Wg+0.2N; fluid the
reconstructed initial temperature and pressur@efttion of metasomatizing substance on mantlermahtvere
estimated as 1270-1280u ~2.2 GPajfuc. 2).

In spite of the relatively minor contribution obNH>S u H2O into the overall budget of deep fluids these
volatiles play an important role in the processemantle metasomatism, and it is reflected in teeapemical
features of generated magmas. Not only H20 butr@bmponents as well transport significant amowfitsre
metals and REE. For example;Sdbearing fluid in the presernce of®lis capable of the transporting of Zr, Ti
and REE. The appearance in xenoliths of intergearudinlets of glass with the immersed newly formegstals
of clinopyroxene, spinel, Ba-Ti phlogopite, oliving-bearing chlorapatite, henrymeyerite, calcité dalomite
is related to the metasomatism (Kogarko et al.,7200

100

InyOuHa, KM

th
—
[

P 11la

800 1000 1200 1400
1,C
Fig. 2. Temperature and pressure of the evolutiaulfide fluid association. Dash-point line isisois
of peridotite -0.€0, +0.1H20. L-sf— liquidus andS-sf— solidus of sulfide system (dashed limags-sf melt —
field of the coexistence of monosulfide solid smotand sulfide melt. Dotted lines — isochoreshef fluid

0.8CQ+0.2N.. 1 - startingPT-parameters of sulfide fluid assemblage, 2ZT-parameters of partially
decrepitated inclusions, 3 — the field of the dighdf intergranular sulfide aggregates.
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The active carbonate metasomatism of mantle péedahich resulted in the formation of calcite and
dolomite in the metasomatized zones, took placerdatg to the following reactions

2 Mg25i04 + CaMgSjOe + 2CQ = 2 M@SizOe + CaMg(CQ)z (1)
olivine clinopyroxene fluid orthopyroxene melt
3 CaMg(CQ); + CaMgSiOs = 4 CaCQ + 2 MgSIOs + CQ (2
melt clinopyroxene calcite  olivine fluid

The metasomatic character of sulfide mineralizatibthe investigated mantle material is confirmed b
the elevated concentrations of chalcophile andrsjiléle elements. It was set that concentrationnCu5 times
higher by comparison with the mantle (Palme, O’'N2D03), Ag in 83 times, As in 8 times, Au in 2ifes and
Ir in 1.7 times. The introduced character of s@fids consistent with the high sulfur concentratiorthe
investigated xenolith (1400 ppm, which is 7 timéshler by comparison with the S content in the nsantl
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Magnesite mineralization of the Safianovskoe mass\sulfide deposit

(Middle Ural, Russia)
Soroka E.lI., Pritchin M.R.
Institute of geology and geochemistry Ural Bran€fRAS, Ekaterinburg, Russia, soroka@igg.uran.ru

In our work the results of a physic-chemical stefligarbonate mineralization occur in ore-bearinckso
of the Safianovskoe copper sulfide ore depositcaresidered (the Middle Urals, Russia). Safianovsiegosit
is situated in the southern part of the Rezhevskagtmnic structural zone. At the present time rvaspyrite-
chalcopyrite, pyrite-sphalerite and sulfide impratgu obtained by quarrying.

Ore-bearing series of the deposit consist of thdrdthermal altered volcanic and volcanic-sedimegntar
rocks of the Devonian age. Carbonates in ore-bgadoks are presented by Mg-Fe (MgG@eCQ) varieties
of magnesite (breunnerite, siderite) and dolonfecording Mg-Fe content and morphological charastes
the four types of magnesite (breunnerite) mineasilin have been distinguished at the eastern-sougizat of a
deposit near the large ore bodies. Each type liafigite mineral association. It's shown a relasioip between
a carbonate mineralization and ores. The most darouws type of breunnerite mineralization (with esitk)
occurs at a contact with pyrite-sphalerite ore bsdi

A sequence of Fe-magnesite mineralization has deéned: 1) an earlier mineralization — impregnatio
and fine veins of breunnerite in a whole ore-begariock and breunnerite-siderite in pyrite-sphateote; 2)
incrustation breunnerite mineralization of veing; dblomitic mineralization in the cavities of carate
(breunnerite) veins; 4) a late mineralization — megite veins with quartz and kaolinite.

In carbonate veins’ monofractions (magnesite, whit), hand-selected by the binocular Loupe, were
analysed stable isotop&SC, 5180 (Group of isotopic studies, the Institute of gepl@f the Komi UB of RAS).
The decomposition of carbonates in the phospharid and the measurement of the isotopic composition
carbon and oxygen flow mass spectrometry methatleérmode of continuous flow of helium (CF-IRMS) wer
produced on the analytical complex company Thernshe¥ Scientific (Bremen, Germany), which includes
training and sample input Gas Bench I, connectethé mass spectrometer DELTAV Advantage. Values of
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513C are given in ppm relative to the PDB standaté) -standard SMOW. Sizing used international starslard
NBS NBS 19 and 1&%3C and&*®0 definition error is + 0.1 %o ). The results are shown in table 1.

Table 1. Data of O, C isotopic composition of tlegnvcarbonates of the Safianovskoe copper sulptegesit

(%o).
Ne Samples Mineral 8*°C, 87°C, 8%0, 8%0, SMOW
PDB PDB, CO; SMOW H20
1 2/14 magnesite -3.9 16.8 6.7
2 3/14 magnesite -4.3 16.7 6.6
3 7/14(m) magnesite -5.9 19.4 9.3
4 7/14(d) dolomite -5.1 -5.9 22.9 12.9
6 6/14(m) magnesite -5.9 19.0 8.9
7 6/14(d) dolomite -5.7 -6.3 19.3 9.3
8 8/14 magnesite, siderite -0.6 27.8

Analyses were carried out in the EEC "Geonaukaitinie of geology of the Komi UB RAS. Analyst
I.V. Smoleva.

Isotopic studies of carbonates have shown (tahléha) theirs*3C are in the values area of the carbon
granite magma chambers (-8.0 to -5 %) (Ohmoto, Gaibér, 1997) and in the sample 8/14 (siderite-
breunnerite)-close to carbon of marine limestosé¥(about 0 %0). In magnezite veins and the dolomites (
third type of mineralization) is a noticeable rélaf the isotopic composition of oxygen comparedhvwi'®O
marine carbonates (for sedimentary carbondt®3s > +20 %.). Values 0680 = 27.8 %o in a sample 8/14 are
values marine carbonates. Ratios of isotopes invtter and carbonic acid contained in fluids, egaiim with
carbonates (table 1), calculated according to tieations of fractionation in dolomite, G@QOhmoto, Rye,
1979; Sheppard, Schwarcz, 1970) and magnesie-Holomite -HO (Zheng, 1999) subject to mineralization
temperature 200° C. Fluid contains light isot80€8'*Ccoz = -5.9410 -6.3%0). 5%0H20iS 6.6 - 12.9%o.

According to isotope studies of carbonates (magmesiiolomite, breunnerite-siderite) of the
Safianovskoe deposit fluid was enriched by ligbtapes because of the probably ratio of isotopdhkiid was
interconnected with the composition of the enclgsiacks that previously noted (Murzin et al., 20@2)the
Mindyak gold deposit (the Southern Ural). At thdi&sovskoe deposit ore-bearing rocks contain rhgids. In
fluid equilibrium with a maximum value 6f*Cco2 is similar to carbon dating of magmatic origin(&*C= -5 to
-10 %o). There is a possibility of participationafleep fluid ore mineralization with ¥y

This paper was supported b\B RASWe 15-11-5-17.
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Au and Ag in carbonatites of the Guli Massif (PolarSiberia)
Sorokhtina N.V., Kogarko L.N.
Vernadsky Institute of Geochemistry and Analytiglaémistry RAS, Moscow
nat_sor@rambler.ru

The average Au and Ag contents in samples frondepmsits were estimated from 1 to 5 ppm and from
10 to 100 ppm, respectively [Avdonin et al., 1998cording to Gavrilenko et al. (2002) average @oniation
of these elements in carbonatites are significdotiyer than in noble metals ores (Au up to 0.00Bh@nd Ag
up to 0.1 ppm, respectively). Sulphide-bearing cadtites and flotation concentrates of the sulpimtieerals
from carbonatites are enriched in Au and Ag atrfesst. This is typical for the carbonatite ores oblekop
deposit (Phalaborwa massif, South Africa) and ddkptbearing carbonatites of Kovdor, Vuoriyarvi, I8alatvi
and others alkaline massifs of the Kola Penind@avrilenko et al., 2002, Rudashevsky et al., 2A®B5]. For
example, flotation concentrates of chalcopyriterfridovdor shows 8.7 ppm gold323 ppm silver [Gavrilenko
et al., 2002, Putintseva et al., 1997]. Accordiaghte geochemical mapping of the Karelian-Kola oagior
noble metals, different formational types have bilemtified [Sokolov et al., 2011]. Platinum-titanagnetite
type is located in the basic-ultrabasic rocks Kiaelian region (Elet'ozero, Gremyakha-Vyrmes, lasn
Varaka, Afrikanda, Salmagora, Vuoriyarvi). Au-Ag-8ilphide type is known in phoscorites and carhbtesat
(Kovdor, Seblyavr, Vuoriyarvi, Sallanlatvi), in @kne rocks and metasomatic rocks, which contaetéd
foidolites (Salmagora). The fact that the sulfithages exhibit enrichments in the gold and silveickvbuggests
that carbonatite deposits of this type should besicered as possible noble metal deposits. The Auigand Ag
contents are presented in metasomatic altered ewites, sulphide-bearing foidolites and U-REE-raretal
carbonatites of Ingiliyski massif of the Aldan Alke Province [Goroshko & Gur’yanov, 2004], in shige-
bearing calcite carbonatites of the Taimyr ProvifRm®skurnin et al., 2010]. Significant quantit@sAu and Ag
are detected in melilites (Au up to 7 ppm, Ag u®td ppm) and sulphide-bearing carbonatites (Atou@.09
ppm, Ag up to 1.8 ppm) of Krestovsky intrusion lo¢ tMaymecha-Kotuy Province [Sazonov et al., 2001].

Guli massif of alkaline-ultrabasic rocks is theglest among the same massifs in the Maymecha—Kotuy
Province. This massif consists of the following ksic clinopyroxenites, dunites, picrite melaneplitdi)
ijolites, phoscorites and carbonatites. PGE mieatbn was genetically related to dunite and chitisenof the
Guli massif. The PGE and gold minerals from alllidaposits are located within valleys of rivers amdeks
draining rocks of the Guli massif [Malitch, 199%ecently, the inclusion of zirconolite and someactyrphic
minerals of carbonatites we found in Guli nativédgaVe believe that the carbonatites may be souwtgsld-
bearing placers [Malitch et al., 2013].

The Au and Ag contents detected in some samplesty calcite carbonatite of the Guli massif and in
magnetite and sulphide concentrates of these catibes by neutron-activation methods (Table 1). €tudy
indicates that the bulk noble metal abundanceaiiphle concentrates are higher than the concémtratf
these elements in carbonatites and magnetite cvates

Table 1 Au and Ag contents in rocks and sulfidecemrates of Guli massif (ppm).

calcite carbonatite magnetite concentrate Pytdrpiyrite-chalcopyrite concentrate
85-109| 85-133| 87-58 85-125 85-112 85-109 85-133 1B5L- 85-109| 85-133 87-58 85-125 85-1112

sample

Au 0.001 0.014| 0.002 0.0004 0.00p  0.00p2 0.0p1 0&OP 0.022 0.062| 0.008 0.00¢ 0.011

Ag 0.015 0.36 0.17 0.09 0.08 0.038 0.2 0.08 0.T2 451 0.84 0.77 3.64

The silver and gold is mainly impurity componentatcurs in pyrite, pyrrhotite, chalcopyrite, artiey
copper sulphides. Pyrrhotite, djerfisherite, pyadted chalcopyrite are the most common among subshaf
carbonatites of the Guli massif and the major semirof noble metals. These sulphides may accommodate
significant concentrations of Au and Agable 2). Pyrite and pyrrhotite from carbonatitestamed up to 0.3
wt.% Ag and 0.2 wt.% Au. Chalcopyrite, djerfisheritlenaite (Agl.21Fel.20Al0.03S2), argentopyrite
(Ag0.71Fe2.30A10.02C00.01S3) and Fe-Ag phases parate significant quantities of silver (Table Zhe
composition of different specimens of djerfisherieows a strong range in silver content. Accordimga
diagram (fig.1) Ag-rich djerfisherite (up to 3.73.% Ag) is occupied a separate field of compos#idPerhaps
this mineral is a potentially new mineral specig#ver sulphides were found in multiphase carbosatéde-
magnetite inclusions in pyrrhotite from the calgitdogopite carbonatite.
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Table 2 Compositions (wt.%) of Ag-rich sulfides drelAg phase from calcite carbonatites of the Gassif

Sample
Mineral / analyses K Na Fe Cu Ni Co Ag Au Pb Cd Cl S Total
(n
o7-57(7) | 838 001 %% | 1201 001 | 007| 347] 017 o007 nd 125°)° | 9°
djerfisherite
G1555(5)| 859| nd| 33°| 1281 001 | 007| 060 nd| 017 nd 13310 973
chalcopyrite | 97-57(1)| nd| nd| “T3 | 124 003 | 01| 256 016 nd| ndl nd 338 | 985
lenaite 9o757(7)| nd| nd| *07| 005| nd | 009| °3%| 007 | nd | 040| nda| 33| %25
argentopyrite | 9757(3)|  nd|  ndl 57| 002 | 002| 020 *5*| 006 | nd | 002| nd| 34| 939
72.7 75.3
Fe-Agphase* | 9757(3)| nd| nd 108 003 nd opr5’| 007 | nd | 074 004 o064 "2

*Included 0.02 Mg, 0.08 Zn, nd — not detected

On the basis of phase relations of sulphide miseralcarbonatite deposits, noble metal minerals are
crystallized under hydrothermal conditions betw88fC and 480€ for Phalaborwa [Rudashevsky et al., 2001],
between 470C and 500€ for Kovdor [Rudashevsky et al., 1995], betweeb°t0and 300C for Vuoriyarvi
[Shpachenko & Savchenko, 2004]. According to thpeeixnental data [Taylor 1970] the assemblages gitgen
+ pyrrhotite and argentite + pyrite become stabligh decreasing temperature, at 622 + 2 °C and 6D7€,
respectively.
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Fig. 1. Chemical variation of Ag in djerfisheritef carbonatites of the Guli massif.

In this case, less than 0.05 and 0.1 at.% Ag dublksoin pyrite and pyrrhotite. The phase relationthe
Ag-Fe-S system remain essentially unchanged frogh ®3to 320 °C. Native silver and pyrite are fodme
below 248 °C. Argentopyrite is stable close to 164 Taylor 1970]. We concluded that the range apterature
of Ag-rich sulphides in carbonatite of the Guli mid€an be estimated by stability of the Ag phalsesveen
150C and 600€. The sulphide-bearing carbonatites of Guli massihmonly contain elevated amounts of both
gold and silver. The fact that the sulphide phasdsbit enrichments in the two precious metals sstg that
deposits of this type should be considered as lplessoble metal deposits.

The authors acknowledge support by Program of th8 Rresidium.
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Ba-dominant fluoroaluminates from the Katugin rare-metal deposit (Transbaikalia,

Russia): chemical and Raman data
Starikova A.E., Sharygin V.V.
V.S. Sobolev Institute of Geology and MineralogyR®&, Novosibirsk, Russia, a_sklr@mail.ru

The Katugin rare-metal deposit is located at th&Kdistrict in northern Zabaikalskii region. Itase of
the largest Precambrian Ta-Nb-Y deposits in Ruasth belongs to the category of unique depositsataing
industrial concentrations of Zr, Nb, Ta, U, REE amgolite. The source of ore and host rocks genmssstill
actively debatable. Some authors classify themlkelime metamorphic metasomatites which are relded
deep-seated faults without any connection with metgem (Arkhangelskaya et al., 1993; 2012). Howevrer,
recent publications the host rocks are considecetet alkali granites and ore mineralization is texlato
magmatic or early post-magmatic stage (Levashowd..e2014). According to the recent data, the Uagbe of
the Katugin alkali granites is 2066 + 6 Ma (Lartraé, 2002).

Alkali granites of the Katugin deposit are mainlgngposed by quartz-albite-K-feldspar association.
Mafic minerals (arfvedsonite, aegirine, fluorannitstrophyllite) are in principal amounts and iadéc a
zonation in the host rocks of the deposit (Arkhdsigeya et al., 1993; 2012). From rim to centerhaf bre body
annite and annite-arfvedsonite-bearing granitesiuglly pass into arfvedsonite-bearing and than raegi
arfvedsonite and aegirite-bearing species. Pyroehlpircon, REE-rich fluorides and cryolite are maire
components. Cryolite NAIFs commonly forms small isolations in granites andjéa veins or lenticular bodies
of cryolite-rich (>30-50 vol.%) rocks (Arkhangelskaet al., 1993; 2012). This mineral is associatét other
fluoroaluminates and fluorides (weberite:M@AIF7, chiolite NaAlsFi4, neighborite NaMg§; fluorite, tveitite-
(Y), fluocerite-(Ce), gagarinite-(Y), yttrofluoriteelpasolite KNaAlFs, simmonsite Nz iAlF ) and products of
their alteration (gearksutite CaA(®H)*H,O, prosopite CaA(F,0OH), thomsenolite NaCaAlH->0, pachnolite
NaCaAlr*H,0, ralstonite N@VgxAl»«(F,OH)*H,0) (Bykov, Arkhangelskaya, 1995; Arkhangelskayaakt
2012; Sharygin, Vladykin, 2014).
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In aegirine-arfvedsonite granites we have foundviddal fluoroaluminate segregations, which are
dominant in Ba-rich fluoroaluminates (Fig.1a). Theizes are up to 1 cm and they are red-coloredtaluke
presence of iron oxides and hydroxides. Three Bdatoing fluoroaluminates were identified in the
segregations: usovite BaaMgAkF14, BaAlF(OH) (possible Ba-analogue of jakobssonite Ca@H)-CaAlFs)
and BaCgAlFg (Table, Fig. 1). It should be noted that thesenBaerals have never been described in the
Katugin rocks, and the two last phases are fifstiynd in natural conditions, although their syniheihalogues
are known (Weil et al., 2001; GroR3 et al., 20073-righ phases are associated with minor cryolitebevite,
prosopite, pachnolite, thomsenolite and fluoritel @e@em to be primary in the fluoroaluminate sedregs.
Silicates are absent in these segregations. Usisvitlose to ideal composition. The BaAlBH) phase forms
prismatic or splintery grains and contains up ®-®wt.% oxygen (Table). Raman data confirm thes@nee of
OH-group: all spectra show strong stretching vibratbands in the 3500-3600 cmegion (Fig. 2). Four
modifications are known for synthetic BaAlfWeil et al., 2001). Assuming geological condigprphase
transitions and phase stability for Ba4|lfve suggest that the Katugin Ba#lBH) phase is seems to bipha
or beta polymorph. The BaGalFy phase was identified around weberite grains in @nsegregations and it
forms intergrowths with fluorite (Fig.1b). Microgre analyses did not indicate the presence of oxygen
Unfortunately, we failed to determine the preseocabsence of the OH-group os®in the structure of this
mineral due to high luminescence under Raman lagee 2000-4000 cnregion.

The work was supported by the Russian Science Rtiondproject 14-17-00325).

Table. Chemical composition (EDS, wt.%) of Ba-dominanbfloaluminates from the Katugin deposit.

Phase Usovite BaCaMgAl2zF14 BaAlF4(OH) BaCazAlF ¢

1 2 3 4 5 6 7 8 9 10 11
Si 0.14 0.22 0.24 0.32 0.19 0.16 0.24 0]18 0.16 0.27 220
Al 7.63 7.50 7.91 7.68 10.11 10.18 9.99 1010 6.61 76.2 6.59
Mg 3.26 3.23 332 324 - - - - - - -
Ca 5.97 5.94 5.83 5.92 - - - - 19.03 19.98 18.85
Ba 43.08 43.03 4224 4230 53.32 53.34 53.08 53.59 5833.32.40 34.30
Sr - - 0.37 0.42 - - - 1 0.65 0.62 -
F 40.57 39.15 40.49 39.90 30.81 30.74 30.71 30.34 9741. 41.73 41.46
O - - - - 5.71 5.45 577 5.78 - - -

Total | 100.65 99.07 100.40 99.18 100.14 99.87 99.79 9pBa2.00 101.27 101.42
Note: Na, Fe, Mn, K are below detection limits (k0ut.%).

[ i _
“n SRR s

Figure 1. BSE images of fluoroaluminate segregati@a - BaAlF,(OH), B& - BaCaAlFs, Prs —
prosopite, Whbr- weberite, Uso — usovite, Fl — fiteyrAb — albite, Aeg — aegirine, Fe - iron oxidasl
hydroxides, Kfs — K-feldspar, Q — quartz.
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Figure 2. Raman spectra of BaA®BH) and BaCgAlIFsphases.
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Adakites: compositions of melts, residual glassesid rocks
Tolstykh M.L., Naumov V.B.
V.l. Vernadskinstitute of Geochemistry and Analytical ChemisifyRussian Academof Sciences
Russia, Moscow, mashtol@mail.ru

The assumption was based on geodynamic locatiomagfmatic centersk@y, 1978, Yogodzinsky,
Kelemen, 1998)as well as on the results of experiments on #réigh melting of basic rockBgard, Lofgren,
1991; Rapp, 1995)

This term have become popular, there are more H¥hanalyses of adakites in the GEOROCK
database (www.georoc.mpch-maigwdg.de). These raoks located in different geodynamic conditions:
subduction, collision, continents, orogens, eto. fdct, the adakites are most widely presentedhetkiurile-
Kamchatkan, Aleutian, Filipine island arcs, anthat Chinese greenstone belts.

Now we have several different assumptions aboutiaorigin (Castillo, 2012).

- melting of oceanic crust
- melting of mantle wedge, metasomatized by subdugtielt or fluid
- melting of mafic lower crust
- differentiation of parental basaltic magma
All points of view are based on ideas about adakitemelts of different genesis. But it's not asyea
problem to find an adakitic melt.
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Fig.1. Adakitic melts among another types of glagdaumov et al., 2010)
a) The ratio of the total number of glasses ifedént rocks and adakitic glasgesly analyses with
reported trace element composition were used fsrptiot).
b) Variation diagram for all types of glasses
1 - andesitic and dacitic glasses; 2 — glassesthétadakitic mark”; 3 — melt inclusion (average
value) from andesites of Sheveluch volcano (Kana)a#t — rocks (average value) from Sheveluch; 5 —
field of adakites (Castillo, 2012).

Andesitic and dacitic melts with the high Sr anev ¥ content were not detected in the GEOROCK
database among 20000 assays of glasses. In alg@ecidatabase of glasses (Naumov et al., 201G) 50l
adakitic melts were found among 65000 analysesl{fi@2 analysis are glasses of the melt inclusithesothers
are “vein glass” and “pocket melts” of mantle xkthes and groundmass residual glasses. We cageird the
xenolithic glasses as rudiments of the initial mieéicause they are most likely the result of tre@séary non-
equilibrium melting (Borisov, 2011). The residualags of volcanic rocks groundmass is a result of
differentiation of the rock-forming melt. Conseqtlgnthe true adakitic melts are currently représdrby 22
melt inclusions from volcanic rocks of the Saintkétes, Shasta, Paricutin, Colima (North and Cemraérica).
Thus, adakitic melts are extremely rare in the afdghe finding adakitic rocks.

For example, on the Sheveluch volcanic massif degpiabundance of the adakitic rocks (Volynetalgt
2000) adakitic melts are not detected (Tolstyklalet 2015) (Fig. 1b). Howewer these rocks could the
adakitic mark in a processes of accumulation o$tadline phases, if we consider andesites as cuivielleocks
with a predominance of plagioclase (fig.2).
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Fig.2. Sr-Y, La-Yb, La, Si@MgO diagrams for melts and natural and modele# omenpositions.
1 — melt (measured), 2 — rock (measured), 3 — (oakulated): glass 18vol.% +Amph vol. 30%+ Cpx
9vol. % + Pl 42vol.% + (Mt+Sp) 2 vol.% +OI 1 vol%?=0.99.
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Based on the analysis of the available literatuata cand our own research, we propose the following
conclusions:

1. Distribution of adakitic melts are extremely iied and rarely coincides with the distribution of
adakitic rocks.

2. ldeas about the genesis of adakites associaitbdtive crystallization of adakitic melts are rarel
reflected in reality.

3. "Adakite mark” in rocks may be the result ofchianation/accumulation of mineral phases.

4. The using of the term "adakite" as a marker afedain geodynamic conditions (f.e. collision or
subduction) may be unjustified.
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Formational typification of Early-Hercynian volcanic complexes in Archangelsk
kimberlite-picrite province
Tretyachenko V.V.*, Garanin V.K.**** Bovkun A.V.*** Garanin K.V.***
*SRGE SC “ALROSA”, Archangelsk, Russia;
**A_E. Fersman Mineralogical Museum of RAS, MoscBwssia;
***Geological Faculty, M.V. Lomonosov Moscow Stakeiversity, Moscow, Russia
VTretiyachenko@severalmaz.ru

The first in Europe discovery of primary/kimbeditiliamond deposits at the Winter Coast of White: Sea
named after M.V. Lomonosov and V. Grib, predeterdithe region as the global impact source of diateon
Currently, more than one hundred kimberlites, @awerged rocks and tholeiitic basalts have disaxvevithin
the White Sea-Kuloskoye plateau and Onega Peni(Bolgatikov et al., 1999). The largest regionahfational
taxon specified accordingly (Tretyachenko, 2008)mieberezhny Mega-Complex of kimberlites and non-
pyroxene alkaline picrites, Nenokso-Chidvinsky Meégamplex of feldspar picrites-olivine melilititesind
Soyana-Pinezhsky dolerite-basalt Complex (Fig. 1).

1. Diamondiferous kimberlites of Zimneberezhny Me@amplex presentedby Zolotitsky Complex
(Mg-Al) and Chernoozersky Complex (Fe-Ti). ZoldtgsComplex includes of 10 pipes (Fig. 1) where five
pipes (Archangelskaya, Karpinskogo-1, KarpinskogoP2onerskaya, Lomonosovskaya) are among M.V.
Lomonosov diamond deposit. Chernoozersky Complegty@chenko, 2008) is presented by a single V. Grip
pipe/diamond deposit.
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Diamondiferous kimberlites have following petrocheah characteristics: high magnesium content,
low concentrations of alumina, almost a total absesf silicate calcareous earth and Ca-Na typékafinity.
Zolotitsky Complex kimberlites belong to type-I \ietitaniferous) and V. Grib kimberlites belong tgpé-II
(moderately-titaniferous) according to Ti-conteBobg¢atikov et al., 2007).

There is a significant domination of olivine-I pleenysts within these kimberlites matrix. Cr-diopesid
pyrope-chromite assemble is peculiar to Zolotit€lgmplex and pyrope-picroilmenite assemble is pacut
V. Grib pipe kimberlites among high-barophilic assery minerals of kimberlites. An important featafe
diamondiferous kimberlites is typomorphic specmtii@an of groundmass microcrystalline oxides: chtesi
prevail within Zolotitsy Complex kimberlites, buicpoilmenites-chromites are dominated in V. Grilpepi
kimberlites groundmass.

Zolotitsky and Chernoozersky Complexes kimberliga® significantly different from other non-
diamondiferous rocks of the region according to Nimd Zr-contents, Sm-Nd and Rb-Sr parameters
(Tretyachenko et al., 2010). Generally Zolotitskyniplex kimberlites are similar to diamondiferoumkierlites
of Srednemarkhinsky district, Yakutian DiamondifesaProvince and Chernoozersky Complex kimberlites a
similar to kimberlites of Malo-Botuobinsky and Dwgitb-Alakitsky districts, Yakutian Diamondiferous
Province. Zolotitsy and Chernoozersky Complexesbkrites hold transitional position between Groupsd
Il of South African kimberlites, and, thus, areidefl in individual Zolotitsky type (Bogatikov et a2007).

2. Non-diamondiferous and poor-diamondiferous kimbdds and alkaline picrites of Zimneberezhny
Mega-Complex (Mg-Al rocks of Verkhotinsky and Fe-Tiocks of Kepinsky, Megorsky, and Melsky
Complexes) and Mg-Al-feldspar picrites-olivine méltes Nenoksko-Chidvinsky Mega-Complex (Nenoksky,
Chidvinsko-lzhmozersky and Suksomsky Complex@s)contrast to the above-described diamondiferous
kimberlites are characterized by clear predominawfcelivine-Il phenocrysts, as well as the present a
significant variable number of melilite, nepheliaved clinopyroxene microliths.

Monticellite and richterite are identified in som@pes of Chidvinsko-lzhmozersky Complex.
Clinopyroxene phenocrysts are dominated among rociBix of Nenoksky Complex pipes. Wide-spread
occurrence of phlogopite phenocrysts is one of tfest important features of Verkhotinsky and Melsky
Complexes picrites. Fe-Ti kimberlites and picritdKepinsky and Megorsky Complexes are characterine
elevated and high concentrations of total Fe andthEse rocks are attributed to type-Ill (high+tifarous)
according to Bogatikov et al. classification (Bdkgav et al., 2007). Mg-Al-picrites of Verkhotinsk§omplex
are characterized by low-magnesium content andatddvcontents of aluminous and silicate calcareauth.
Generally, Nenoksko-Chidvinsky Mega-Complex voltesihave significant  contents of alumina, siéicat
calcareous earth and total alkali with stable pleneae of sodium over potassium, and low magnesiomect.

Picroilmenite concentrations are significantly héghthan pyrope concentrations in high-barophilic
accessory minerals of kimberlites of Kepinsky Coemplbut chromite is dominated in picrites of Kepins
Complex and Nenoksko-Chidvinsky Mega-Complex volesn Non-diamondiferous volcanites are
characterized by titanomagnetite-rutile specialkimabf groundmass microcrystalline oxides withinHeype
rocks matrix, and chromite-titanomagnetite spezddion is a feature of Mg-Al-type rocks matrix.

Generally, indicative characteristics of non-diaatiferous Fe-Ti-kimberlites and non-pyroxene piaite
of Zimneberezhny Mega-Complex allow to assign theseks with Group | of South African kimberlites,
kimberlites and picrites of northern fields of Yaikm Diamondiferous Province. These rocks are edl&d type-

Il (high-titaniferous) kimberlites (Bogatikov et.a22007). Feldspar picrites and olivine meliliitef Nenoksko-
Chidvinsky Mega-Complex are similar to alnoite-fies, and attracted to Group Il kimberlites of $oafrica
according to Sm-Nd and Rb-Sr isotopic systems parans.

3. Soyana-Pinezhsky dolerite-basaltic Compjein three groups of pipes in eastern part of Widleast
of White Sea: Soyanskaya, Kovalgsko-Poltozersk@aplega-Pinezhskaya (Fig. 1). Petrological featwe
these rocks are similar to tholeiitic basalts dfarplatform continental environment, it allowsdonsider this
Complex in the structure of Early-Hercynian dokettitasaltic formation of Eastern-Europian platform
(Tretyachenko, 2008; Tretyachenko et al., 2010).

It should be pointed that diamondiferous kimbeslité Zolotitsky and Chernoozersky Complexes have
been formed during Late Devonian-Early Carbonifer&was (Fammenian-Visean Age, 370-340 ma), sirtolar
kimberlites of Malo-Botuobinsky, Daldyno-Alakitskand Verkhnemunsky districts (Yakutian Diamondifesou
Province). The other bodies of kimberlites, itswenged rocks and tholeiitic basalts have been fdrewlier:
Pragian-Frasnian Age, 410-375 ma (Kepinsky, Megorsiad Melsky Complexes), Zhivetian-Frasnian Age,
387-375 ma (pipes of Nenoksko-Chidvinsky Mega-Caxmnd Soyana-Pinezhsky Complex) (Tretyachenko,
2008; Tretyachenko et al., 2010).
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Fig. 1. The location of kimberlites, its convergedks and basaltic diatremes of Early-Hercynian
complexes within Southern-Eastern White Sea redie- Zimneberezhny Mega-Complex: 1 — Fe-Ti type

(Kepinsky, Megorsy, Melsky, Chernoozersky Complgxgs- Mg-Al type (Zolotitsky, Verkhotinsky
Complexes); 3 — Diamond deposits (1 — M.V. Lomong&o- V. Grib); 4 — Nenoksko-Chidvinsky

Megacoplex (Nenoksky, Chidvinsko-lzhmozersky, Smksky Complexes); 5 — Soyana-Pinezhsky basaltic

Complex pipes groups (Soyanskaya, Kovalgsko-Palttaga, Chuplega-Pinezhskaya); 6 — Diatremes: a —

kimberlites, picrites, olivine melilitites, b — theditic basalts.
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Composition of mineral-forming environment of Kulemshor rare metal occurrence

(Subpolar Urals)
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**|E M RAS, Chernogolovka, Russia
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Rare, REE, radioactive metal mineralization is lizeal in cataclased and albitized granites in the
Kulemshor area in the southern part of Torgov-Keltaranite massif (upper courses of the TorgovBixer,
Subpolar Urals) (Udoratina et al., 2014b).

Ore-bearing granitoids are located in Riphean metphites of Central Ural uplift (southern part of
Lyapinsky anticlinorium). The granitoids show charmggmicrostructures from graphitic granite to stures of
initial cataclase and to emergence of signs ofainihilonitization. Dynamometric transformationseatefining
for localization of complex mineralization.

The sampled rocks were studied in transparentsthitions made on epoxy base and polished sections,
because the crushed samples do not reveal oreaisinéiarge quantity of zircon is observed togetiéh
uranium-thorium, rare metal and REE minerals, whishdispersed inside veinlets and composed of
micrograined (1-10 mcm) aggregates.

Minerals, forming the rare metal-rare earth mineedion, are as follows (Udoratina, 2014d): (a) mai
fergusonite, yttrialite, aeshynite, baestnesit; réver: thorite, fergusonite (including Yb- or Dgelectively
enriched), xenotime, monacite, synchysite, calaighie, brannerite, policrase, columbite, Nb-rutile
baddeleyite; (c) single: herenite-(Y), thorianitarious thorium phosphatosilicates. Primary mirgecdIniobium
are fergusonite, columbite, Nb-rutile as inclusiom8menite or small separate individuals, forfilnon — thorite
(inclusions in primary zircon). REE primary mineyare monacite, xenotime and zircon. Imposed mnara
observed as fringes and margins of grains of rockiing minerals and also fill the fractures anckigtanular
space. Imposed mineralization formed as a resulprohary accessories transformation — allanitegnite,
apatite, zircon under influence of potassium-carthoside metasomatosis.

BSE images revealed relation between rare metamimerals with zircon generation without certain
crystalline shape and with rather specific look ¢titina et al., 2014a). Distribution of ore minsrahd zircon
underlines cataclastic microstructure of the rothghese local zones, enriched by ore accessdoites, Th+U,
Nb+Ta, Zr, HREE content sharply, in tens timesréases.

Two types of zircons were found: primary crystate.4fig. 1, a), and plumose-lens-like aggregates of
small crystallites Zrnlocated in intercataclase space and with a complEk(fig. 1, b). We consider this zircon
as newly formed.
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Fig.1 Examples of morphology of crystals and zireggregates: a — crystals of primary cataclasedzi£Zrn; b —
"flowing" structure generated by regenerated ctgsifizircon Zrn, their intrusion in minerals; — view of the regenerated
crystals of zircons; d — regenerated crystals ifrthe alumosilicate matrix

136



The conducted isotope-geochemical studies revedlddratina et al., 2014c) that apart from newly
formed crystallites Zrnthe newly formed (non-cataclized) crystalline amcZrrs (grey in cathodoluminescent
imaging) occurs here. The studies revealed that drbstance was inherited and redistributed, butynfasmed
Zrnz shows sharply increased content of light rareheaktments. The age of magmatic (primary, catatlase
zircon Zrn is 540.0+£8.1 Ma, the age of newly formed crystiedliZrn is impossible to determine due to small
sizes less 20 mkm, the age of newly formed (noaetased) zircon Zgis 249.0+30 Ma.

Thus, we determine that the observed zircon strestéiormed in the process of metamorphic and
hydrothermal-metasomatic transformation of primargon as result of cataclase (1), insignificaansfer (2)
and regeneration of fragments to full crystals (3).

We studied environment where newly formed zircorsils, associated with ore (radioactive - rar¢hear

- rare metal) minerals, were located. Accordingricroprobe studies it is a heterogeneous pseudqdmos
phase, in which alumosilicate matrix was observexdind scanning. In some of analytic points albite guartz
was determined, but it was often impossible to mieitee the composition of alumosilicate, in whichcainium
content is increased — protosubstance for its altittion from heterogeneous solution (fig. 1 c-dje think
that the heterogeneous solution (suspension) gamesfin intergranular space and fractures, foratezhtaclase,
and liquid and solid phases occurred within thisitson. The crystallization of newly formed zircenystallites
occurred from hydrothermal solution enriched wite elements and existing at temperatures and pessthat
not exceeded level of epidote-amphibole and evearghist faces.
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Titanium behavior in the Kryvbas rocks (Ukraine)
Velikanov Y.F., Velykanova O.Y.
M.P. Semenenko Institute of geochemistry, mineyadogl ore formation of NAS of Ukraine, Kiev,
Ukraine
olgavelikanoval@rambler.ru

The Kryvy Rig iron basin is a complicated Precamibrstructure composed by the Kryvy Rig series atrat
including volcanogenic, terrigenous, sedimentarigaoogenic and terrigenous-chemogenic  beds
metamorphosed at different stages of regional matpinism. The Kryvy Rig series consists of five esit

The dominantly volcanogenic beds of the New Kryig Ruite covering the Archean granitoids represeat
oldest beds of the series. The New Kryvy Rig suifeto 1500 m in thickness, occurs as amphibodites basic
schists resulted from the amphibolite alterationsnd) later metasomatism and metamorphism. TheeS&tdk
suite represents arkose-fillite beds covering tlevNKryvy Rig rocks. These formations occur as olgshic
(metasandstones, metagravelites, metaconglomegatddillitic (quartz-sericite and quartz-chlorgehists) beds,
but also as talc-carbonate metamorphic schists/eterirom ultrabasic volcanic rocks. The Skelevadsiite
thickness varies from tens to 300-400 m. The Salsagite, up to 1500 m thick, covers the Skelevaisks and
represents the strata of sedimentary-volcanogewicchemogenic-sedimentary rocks consisting of seehistose
horizons divided by seven ferrous horizons. TherBiauite covers different horizons of the weageBaksagan
beds represented by metaconglomerates, metasagsistord calcareous and mica schists. Marbles asdzeu
calcareous rocks are of limited occurrence in thsThe Gdantsi suite thickness reaches 2000 .Lppermost
Gleyevatsk suite units terrigenous beds consistfrigetasandstones, microgneisses and quartz-calsarecks in
the bottom section and metasandstones, metagesvalil metaconglomerates in the top section.
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The Kryvbas is surrounded by the Archaean and Rrodéc granitoid terrains. To the east, the Saksagal
Demurinsky granitoid complexes bound the Kryvy Raglimentary-volcanogenic formations. To the wéds, t
structure abuts on the Ingulets plagiograniteskinivograd granites.

The ultrabasic rocks are developed in the Devladauti zone and Vysokopilska structure.

The Kryvy Rig structure and surrounding complexesrtiude neither Ti deposits nor big Ti ore shaygn
although geochemical behavior of Ti in the rockgrizspective.

Mineralogical-geochemical specialization and ordéeptial of Ti are different for different petrogtap
groups of the rocks, depending on their mineral pasition, geotectonic history, and grade of metgohiorand
metasomatic alterations. Geochemically, Ti alwagsitively correlates with iron and is incorporateth many
minerals. Many scientists have proved that Ti @esconcentrated in supergene zones of magmatis tmd
also in Ti placers. The magmatic deposits are alhatand genetically connected with ultrabasic,itaalkali
and carbonatite intrusions. Ultrabasites and valearof different complexes are different by Ti centration.
The highest Ti concentrations are related to theanic tholeiitic basalts.

In the metabasites of Kryvbass, V.V. Pokalyuk anéd.YKulish (2004) and other researchers established
range of volcanic associations including tholeiitematiite-tholeiite and basite-andesite assodaiatio

The metamorphosed hyperbasites are less enrich@dtman cumulative hyperbasites. Concentration and
distribution of Ti in the rocks of the region sifoantly depends on its concentration in Ti-beannigerals and
their abundance. Ti forms ore minerals (ilmenitgnbmagnetite, rutile, titanite etc.) and is isopiocally
incorporated into many accessories up to severakpés.

Ti content in the ultrabasites of the Devladovoiaagl scale tectonic fault zone varies widely. Aage and
maximum concentrations of TiOn ultrabasites of the Ternovka massif is 0.19 ar®P %, Veseloternovka
massif — 0.8 and 0.88 %, Promijny massif — 0.12 aridt %, Pryvorotnensky massif — 0.1 and 2.15 %,
Kodaksky massif — 0.09 % and 0.34 %, Vodyansky ihas3.43 and 0.49 %, Devladovo massif — 0.27 @&
%, Krasnoyarsky massif — 0.03 and 0.05 %, Gulajpoimassif — 0.31 and 0.42 %.

Olivines, ortho- and clinopyroxenes, chlorites,fidende, kersutite and accessory chrome spinedicedi-
bearing minerals in the ultrabasites of the abasteeh massifs.

High-Ti monoclinic amphibole kersutite was at firitne established during detailed mineralogical-
petrographical investigations in the contact zohthe Devladovo massif with the host Demurino pgrpHike
granites. Kersutite replaces pyroxene or fillsiistiials of the rock-forming minerals.

In the host granitoids Ti content is usually lekant 1 % at maximum of 0.75 % in granitoids of the
Demurino complex. Ti is incorporated into titanomatte, feldspars, biotite, amphibole, epidote etc.

In the New Kryvy Rig metabasites, Ti content variiesn 0.46 to 2.91 %. Ti is incorporated into ilniten
titanomagnetite, titanite, biotite, but also intarfiblende, tremolite, chlorite etc.

Average Ti concentrations in the rocks of the Skatiek suite is 0.3 % at maximum of 1 %. Obviously,
major Ti minerals are mica, garnet, chlorite, mdigme titanomagnetite and other accessory mineddls
terrigenous origin.

The lowest Ti concentrations (0.07%) were foundiron horizons of the Saksagan beds whereas the
schistose horizons contain up to 0.5 % of Ti. Ttlistose horizon K¢ of the Karl Liebknecht, Komintern and
Frunze mines is especially enriched in Ti (up #%)8 Magnetite, hematite, actinolite and chlorite #re major
Ti concentrators in this horizon.

Carbonaceous and quartz-biotite schists of the Sdanite near the Lenin mine contain up to 1 % Ti.
Magnetite, titanomagnetite, biotite, sericite @@ the major Ti concentrators in these rocks.

Ti content in mica schists, metasandstones andognetisses of the Gleyevatsk suite reaches 2.6519%. T
incorporated into garnet, biotite, muscovite, sexietc.

Summarizing, the highest and spatially most stdbleoncentrations are related to metabasites o\
Kryvy Rig suite. With the aim to investigate geoctieal properties and Ti behavior in the volcanick®) a set
of 165 chemical analyses of the rock samples witltohtents varying from 0.46 to 2.91 % from differe
location along the Kryvy Rig structure were geocluatly investigated.

Petrochemical coefficients calculated from the psed data show their basaltic, tholeiitic, thodeiit
komatiitic and andesite-basaltic composition. Thessks form different beds of the strata, vary freaveral to
several tens meters, with no visible regularitiesheir alternation. The andesite-basaltic associdtas higher
alkalinity, contents of total Fe and Ti at decrehsentents of MgO, CaO and A8l comparatively to the
komatiite-tholeiitic and tholeiitic associations.

Multiple alteration of the rocks in the sectionsried thickness of the petrochemical groups oflibds,
interbedding of amigdaloid and massive metabasii@g reflect recurrent volcanic activity in the rexgi

K20-Ng&O diagram demonstrates three major petrochemiaalpgr of the rocks: high, normal and low
alkalinity groups.

In summary, chemically different rocks of the Kraghcontain numerous locations of anomalous Ti
concentrations with their dominance in the metdbasif the New Kryvy Rig suite.
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Nd and Sr isotopic composition of mineralized carboatites
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In this study we utilize Nd and Sr isotopic compiosis from a suite of mineralized carbonatites to
constrain the nature of the source of these magaittmugh radiogenic isotopic studies of carbomatitlearly
point to a mantle origin, the wide range in isotopbmpositions has led to contrasting views foralvhinantle
reservoir or reservoirs are responsible for carbma In recent years a renewed interest in caatiten
magmatism has occurred because carbonatite-relegedieposits are the principal source of the wentdobium
and light rare earth elements (REEs) including Gg, Pr, and Nd. Carbonatites primarily occur in
intracontinental settings associated with crudtétrting but have been identified in convergent rima@nd
ocean island settings. Although there are more H@hknown carbonatites in the world, currentlyyoiolur are
being mined for REEs and three for Nb. To achiereegrade REE enrichment, the initial carbonatit@gma
requires an adequate endowment of Nb and REEs eedsrio evolve in such a way that these elemeats ar
concentrated in Nb- or REE-bearing mineral phases.

Carbonatite samples evaluated in this study am ficur continents and span a wide range in age (~51
Ma to 1385 Ma), Nd concentrations (1,690 to 18,0pfh), and Sr concentrations (2,290 to 159,500 p@rj.

new Nd and Sr isotopic data includes multiple sa&®gbr Mountain Pass (USA&nd = -3.2 to -3.7, Sr=
0.70512 to 0.70594) and Elk Creek (USAnar = 1.7, Sr= 0.7035) and one sample each from Bear Lodge
(USA; €nai = 0.1, Sr= 0.70441), Kangankunde (Malawgngi = 3.3, Sr= 0.70310), Adiouned] (Mali€ngi = -
0.1, Sr=0.70558), Mushgai Khudag (Mongoliéyq = -1.3, Sr= 0.70636), and Araxa (Brazing = -4.4, Sr=
0.70495). Of this suite, only Mountain Pass andxArare mineralized carbonates currently in produacfor
REEs and Nb respectively, with Araxa being the d@amt source of the world’s Nb. Other current priynar
carbonatite sources of light REEs are Bayan ObpefitMongolia, China) and the Maoniuping and Dalucao
(Daluxiang) deposits (Sichuan, China). Xu et alo@0published Nd and Sr isotopic data for fluogengue
minerals from Maoniuping€ua = -3.7 to -4.3, SE 0.70603 to 0.70624). For this analysis we hawanwuded
isotopic data from Bayan Obo because it is an médhg complex deposit such that published isotogitads
difficult to evaluate. Interestingly, isotopic ddt@m the 3 producing carbonatite REE/Nb depoditsuntain
Pass, Araxa, and Maoniuping) have broadly simgatapic compositions€{qi =-3.2 to -4.4 and $r0.7051 to
0.7062). These isotopic compositions clearly painta carbonated source within the lithospheric teafur
these REE and Nb carbonatite-related ore depdsits.other mineralized but unmined carbonatites lagieer

Nd initial isotopic compositionsEsi = -1.3 to 3.3) and a wider range in Sr isotopimpositions (S=0.70310

to 0.70637), but these data are consistent witlintlt@vement of a lithospheric mantle reservoimal.

This work was funded by the US Geological SurvayeMi Resources Program in part through their
External Research Program.
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Petrology, geochemistry and composition rare-metallkaline rocks in the

South Gobi Desert, Mongolia
Vladykin N.V., Radomskaja T.A.
Institute of Geochemistry, Siberian Branch of thisdtan Academy of Sciences, Russia
E-mail: vlad@igc.irk.ru

Earlier, a belt of alkali-granite plutons and abcaratite province were discovered in the South Gmsert,
Mongolia. The Lugingol pluton of pseudoleucitic siges with carbonatites was assigned to the adkaliite belt
(Fig.1). However, new dating showed that it is 49r Mbunger than the Khan-Bogdo pluton and a laagét Eeparates
it from the alkali-granite belt. In the same pdrthe South Gobi Desert, a dike series of alkafirghonkinites with a
rare-metal carbonatite vein was found by V.I. Kem#b west of the Lugingol pluton, near Mt. Baruusskl Uula,
and a dike series of alkali and nepheline syenitesfound by us northeast of the Lugingol pluton.

These data give grounds to distinguish an intrusbraplex of K-alkaline shonkinites and leucitic sies
with Late Paleozoic REE-bearing carbonatites. Thhsee alkaline-rock complexes of different ages ar
distinguished in the South Gobi Desert. We pressfitied geological maps of these complexes. Thepuof all
three complexes are deposits of trace elements,(REEZr, Y, P). The chemical composition of thicate rocks
of the complex, rare-metal agpaitic pegmatites, Gartdonatite and apatite rare-metal ores was ceresldn detail.
Shonkinites from Mt. Baruun Hasar Uula and the MaimPass mine (United States) and their carbasatitiong
with the Lugingol carbonatites, belong to a siragsociation of K-alkaline rocks and carbonatites\adenced by
their identical chemical, mineral, and geochemiaak-metal compositions. Rare-earth element pattard
spidergrams show similarities and differences betwéhe rare-metal rocks of three complexes as aell
paragenetic differences between their rare-metaérais. A rare process is described—the amorpbizati rare-
metal minerals, related to their high-temperatugstallization in a medium with abnormal silica temts of the
Khan-Bogdo pegmatites. Three rare-metal compleXeslifterent ages, associated with large trace-efeme
deposits, are distinguished in the South Gobi De$hey are characterized by different behaviarade elements
during ore formation and different assemblagesiokrals concentrating trace elements.
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Fig. 1. Arrangement of alkaline plutons in the $0@bbi areal, alkali granites2, plutons of a MZ-

carbonatite complex, plutons of a PZ-carbonatite complex: M, Mushughitduk; KB, Khan-Bogdo; L,
Lugingol; 4, tectonic-block boundaries.

The Mushugai-Khuduk and Lugingol carbonatite comete like the large Mountain Pass and Baiyun
Obo deposits, have many common geochemical featardbe trace-element behavior and belong to the
association of K-alkaline rocks. The volcanic-tpfbcess in the Mushugai-Khuduk complex producesilzc
enriched rocks with Pb, REE, F, and Ba mineralizatiThe parental magmas of the alkali-carbonatite
complexes were generated from the EM-2 contaminatedtle that had undergone recycling, whereas the
parental magmas of the Khan-Bogdo agpaitic alkalhijes were produced from depleted mantle.
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Rare earth elements in hot water
Williams-Jones A.E.
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Although REE ore-formation is commonly dominated rhaggmatic processes, in many cases the REE
have been remobilised by hydrothermal fluids andsome cases the deposits are almost exclusively
hydrothermal in origin. Genetic models for the hottiermal transport and deposition of the REE hareetally
assumed that the REE are transported mainly asideicomplexes. Partly, this is because of a common
association of the hydrothermal REE mineralisatiath fluorite and partly because aqueous REE-fll®ri
complexes are orders of magnitude more stable Rih species involving most other plausible ligarfs.a
result, the potential role of these other ligand$ransporting the REE to the sites of ore fornmatias largely
been ignored. This contribution evaluates the neatdi hydrothermal REE transport and the proces§&EE
mineral deposition in chlorine-, fluorine-, andzhate-bearing hydrothermal fluids.

To provide a context for this study, features ofirfaleposits that have been the subject of detailed
investigation by the author and his students areeweed. The Gallinas Mountains deposit, New Mexio&A,
is an exclusively hydrothermal light REE depositnedrginal economic interest in which a fluoritetnésite-
(Ce)-barite assemblage cemented quartz-syenitesandstone breccias. Based on a detailed studyuiaf fl
inclusions, the deposit is interpreted to have frbetween 300 and 400 °C from brines containingp1P8
wt% NaCl equivalent (Williams-Jones et al., 2000he Lofdal deposit, Namibia, is of considerably ajes
economic interest because it hosts a potentiathp@aic resource containing 1.7 million tons of oomtaining
0.6 wt% of heavy REE (HREE) oxide in the form ofgéme-(Y). An earlier study (Wall et al. 2008) had
interpreted the ores to be hosted by carbonatiesvever, our observations show that the mineratinais
concentrated in xenotime-(Y) veinlets that cut titké developed along curvilinear structures areliarturn
overprinted by calcite and/or dolomite. Signifidgnthe xenotime-(Y) grades outward and along stiikto a
monazite-(Ce)-rich halo. A carbonatite is infertedoe the source of the fluids. The Wicheeda depBsitish
Columbia, Canada, is an example of potentially eain light REE mineralization (LREE), 11.3 millidons,
grading 1.95 wt.% REE oxide hosted by carbonatifeofanenko et al., in press). However, the REE
mineralisation, dominantly bastnasite-(Ce), oceuth dolomite and fluorite in vugs and veins, andtbe basis
of C and O isotopic data, is clearly hydrothermalcarbo-hydrothermal. The fluids are inferred tovéha
originated from the carbonatite magma and deposhedores at a temperature between 300 and°@00n
addition to these dominantly hydrothermal depositere are a number of important deposits in which
hydrothermal fluids remobilised magmatically corttated REE. Among these are the Nechalacho anddgtra
Lake deposits in Canada. Both are characteriseappyeciable proportions of HREE. The Nechalachmsiep
contains a resource of 62 million tons grading M686 REE oxide (22% HREE) and 0.4 wt.% Nb oxidein
layered, silica-undersaturated alkaline complewlich the primary magmatic REE mineralisation fodnas a
result of gravity settling of eudialyte (a compleikconosilicate containing ~ 7 wt% REBs;) and zircon
(containing ~ 3 wt.% REMs) (Sheard et al 2012). Hydrothermal fluids subsetjyelissolved these minerals
and re-precipitated the REE as fergusonite-(Y)psdary zircon, allanite-(Ce), bastnasite-(Ce) armhazite-
(Ce) together with fluorite. The HREE were depasbipgoximal to the precursor minerals, whereas tREE
were mobilised on a scale of metres and perhap®flAwetres. At Strange Lake, the REE deposit (20ami
tons grading 1.44 wt% REE, of which 50% are HREig] 6.3 wt.% Nb) is hosted by rare metal pegmaines
peralkaline granite pluton, and was the producthef product of late stage accumulation of an imibiec
fluoride melt into which the REE were preferentiapartitioned (Vasyukova and Williams-Jones, 2014).
Hydrothermal fluids remobilised a complex assemblafprimary REE minerals and deposited the LREE as
bastnasite-(Ce) and fluocerite-(Ce) and the HREE>adolinite group minerals (Gysi and Williams-Jgnes
2013). The remobilisation was effected by brinestaiming 26 wt% NaCl eq. at temperatures betweénhatl
<150°C (Salvi and Williams-Jones, 1990, 1992).

Experimental studies have shown that the REE foemy \stable fluoride complexes in hydrothermal
fluids, that REE-sulphate complexes have loweritaland that REE complexes with chloride ions #es
stable than with the other two ligands (Migdisod afilliams-Jones, 2008; Migdisov et al., 2009). fichare no
experimental data on the stability of other potdhtiimportant REE complexes, e.g., those involviagbonate.
Theoretical calculations suggest, however, thatsthbility of REE-carbonate complexes is comparablthat
of REE-fluoride complexes. The Experimental studiase shown that the stability of the REE fluorated
chloride complexes decreases with increasing atemmber of the lanthanides, implying that the LR&i€e
likely to be more mobile than the HREE. This effdmiwever, is not observed with sulphate complexes.

From our earlier description of a selection of Rigposits in which hydrothermal fluids played a riole
REE concentration, it is evident that in some caddeast the fluids were chloride-bearing brined &om the
association of the ores with fluorite and in sorases barite, that they may have contained signifitaorine
and sulphate ions. Unfortunately, the only reliafleasurements of the fluorine and sulphate coretéons of
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fluids known to have precipitated REE minerals these of Banks et al. (1994). These fluids conthin800
ppm F and 2 wt.% SG4 We have modelled the transport of the REE fduia tontaining these concentrations
of fluoride and sulphate and a concentration ofGtie equivalent to 10 wt.% NacCl, and temperatug$o 400
°C. From this modelling, it is evident that sign#fit concentrations of REE can only be transporsechéoride
complexes and at low pH, or as sulphate complekesildly acidic pH and high temperature. There ace
conditions at which fluoride complexes can transp@nificant REE, and the reason for this is takow pH,
fluoride activity is low because HF is a weak aaidl at higher pH, saturation of the fluid with fbeosite buffers
fluoride activity to very low values. The modellisgowed that REE ore deposition is promoted bycaedse in
temperature and an increase in pH. Earlier, wedntitat the REE form very stable complexes with cadbe
ions. We do not believe, however, that carbonataptexes are significant in REE transport. On thetr@oy,
because of the very low solubility of bastnasiteillfdms-Jones, et al., 2012; Migdisov and Williadsaes,
2014), the main role of carbonate ions is to pr@enREE ore deposition. To conclude, a strong casdeanade
that in many REE ore-forming environments, the REfe transported predominantly as REE-chloride
complexes, that deposition is promoted by proceseisncrease pH and decrease temperature anddbatise
of the greater stability of LREE chloride complexbgdrothermal processes will tend to preferentiadbbilise
the LREE, thereby explaining why in some deposR&E are concentrated distally to HREE.
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The Catanda carbonatites from the Cuanza Sul prevof W Angola and other carbonatite massifs
hitherto identified in that country belong to ther@ha-Angola-Namibia large igneous province charamd by
intrusions ranging in age from the Early to Latet@ceous and even Paleocene in the case of NafGibiaes
et al., 2006). Carbonatites of that igneous pravirepresent intrusive bodies located in centrakpafralkaline
complexes or sometimes products of extrusive ousefé volcanic activity.  The igneous and volcanic
phenomena were related to tectonic activity in degystal propagating faults cutting the South Ainzer and
African platforms far landward. In Angolan, bothteisive and intrusive carbonatites are exceptignail|
exposed due to fault tectonics combined with adednweathering and deep erosion. In some carbonatite
complexes, weathering processes led to origin aEnal deposits of high economic value.

In the vicinities of Catanda, there are exposeitgebf deeply eroded volcanic structures built of
pyroclastic and lava carbonatite rocks. These ahdracarbonatite complexes found in that countmmfa
lithological unit related to the crossing of foauft systems of a NE-SW oriented Lucapa transcenta rift
structure (Lapido-Loureiro, 1973). On the basiglatings of co-occurring alcaline rocks, both thisigture and
the whole lithological unit are assumed to be ef @retaceous age, from 138 to 109 My old (IsseoFill991)
or even only c. 92 My old (Silva, 1973).

The studies covered 40 samples of rocks of the imd&ssamples of pyroclatic rocks (tuffs) and 22 o
lavas. Concentrations of elements in these rocke vestablished using the ICP-OES, ICP-MS and XRF
methods.

Contents of REE in the studied rocks range from #69,564 mg/kg. Mean content of REE in lavas
equals 2184 mg/kg, being markedly lower than ifstef3331.5 mg/kg. The levels of REE in lavas sistnang
positive correlation with those of MnO, CaO andrid aegative correlation with SiGnd AbOs contents. In
turn, the levels of REE in tuffs show strong caatign with contents of MnO but it should be notkdttlevels of
HREE exhibit strong positive correlation with camite of FeOs, MgO, BOs and F.

Nb concentrations range from 14 to 652 ppm, witamievels equal 383 ppm for tuffs and 285 ppm for
carbonatite lavas. Li concentrations range froro 83 ppm, attaining 21 ppm at the average. Cr auretgons
range from 25 to 161 ppm, being markedly highetuiiis (49 ppm) than in carbonatite lavas (33 pp@).
concentrations range from 11 to 356 ppm, being nbossier in tuffs than in carbonatite lavas (29 a@dppm at
the average, respectively). V concentrations rafrgen 33 to 222 ppm (98 ppm at the average). Zn
concentrations change from 57 to 551 (124 ppm atatrerage). Ba concentrations change from 250 @0 17
ppm (950 ppm at the average). Sr concentrationsgehfrom 0,08 to 0,54%, with mean levels clearlyhler in
carbonatite lavas (0.21%) than in tuffs (0.16%)n€&mtrations of Ga, Hf, Ni, Pb, As and Co are lod poorly
differentiated as they appear generally unrelatquetrology. The studied rocks are relatively poaadioactive
elements. Contents of uranium range from 1 to 2tkgn@5.8 mg/kg at the average), being higher irfstttian
lavas (8.4 and 5.9 mg/kg at the average). Contantisorium range from 5 to 52 mg/kg, being very igamin
lavas and tuffs (30.4 and 30.6 mg/kg at the avenagpectively).

Conclusions

Carbonatite lavas of the Catanda Massif are cheniaetl by higher mean levels of Cu, Zr, Th and HREE
and the tuffs — by higher mean levels of Cr, URW, Mo, Zn, Nb, Li and LREE. In turn, concentrasoof As,
Ba, Ga, Hf, Ni, Pb, Y and Sc appeared not relateti¢ types of rocks of that massif.

Acknowledgements.

Studies were conducted as a part of Grant no. 84.2801.00.0 financed by the Ministry of Sciencd an
Higher Education.

References

1. Gomes C. B., Comin Chiaramonti P., Ruberti., AzzBn&., 2006 - A review of the carbonatitic
magmatism in the Parana-Angola-Namibia Province.
http://www.vssagi.com/igcp478/AbstractsVSSAGI/418.p

2. lIssa Filho A., Dos Santos A. B. R. M. D., Riffel B., Lapido-Loureiro F. E. V., Mc Reath [., 1991.
Aspect of the geology, petrology and chemistryarhe Angolan carbonatites. In: Rose A. w., Taufen
P. M. (Editors), Geochemical Exploration 1989. éo€hem. Explor., 40: 205-226

3. Lapido-Loureiro F. E. 1973. Carbonatitos de Angdlall: Memdrias e Trabalhos, Instituto de
Investigacdo Cientifica de Angola, Instituto dedstigacéo Cientifica de Angola, 242 p Lloyd F. E.,

4. Silva, M. V. 1973.Edrutura vutanica-carbonatiticade Catada(Angola) SevoGeol.Min. Angola, 24,
pp. 5-14

143



Magnetite-hosted multiphase inclusions in phoscoms and carbonatites of the

Kovdor complex, Kola alkaline province
Zaitsev A.N.*, Kamenetsky V.S.**, ChakhmouradianR***
*Department of Mineralogy, St. Petersburg Statevdrsity, St. Petersburg, Russia
**School of Physical Sciences, University of TasiaaHobart, Australia
***Department of Geological Sciences, UniversityMid@nitoba, Winnipeg, Canada

Kovdor is a Devonian plutonic complex in the Kolankhsula, Russia, consisting of various ultrabasic
and alkaline rocks that include olivinites, clinopyenites, melilitolites, ijolite-urtites, phoscta$ and
carbonatites (Kukharenko et al., 1965). Phoscosded carbonatites occur in the south-western pathe®
complex, at the contact between clinopyroxenites igolite-urtites, and form a multistage pipe-liseockwork
approximately 2 km from north to south, 0.5-1 kronfr east to west and up to 1.5 km deep (Krasnowd. et
2004).

Phoscorites are mineralogically diverse rocks thlaintain variable proportions of forsterite,
hydroxylapatite, magnetite, phlogopite, tetrafeétigopite with subordinate calcite and/or dolomiBzveral
varieties of phoscorites are distinguished on theisbof their mineralogy and emplacement ages. dbathies
are represented by calcite, calcite-dolomite andrdite varieties containing subordinate magnefitesterite,
phlogopite, tetraferriphlogopite and hydroxylapatiiKrasnova et al., 2004). The Kovdor phoscorited a
carbonatites were formed between 380 and 376 Mhasnobviously genetically related, but the exeature of
that relationship (e.g., fractional crystallisatiersus liquid immiscibility) is still under discsisn.

In this work, we studied one variety of phoscofitalcite-forsterite-magnetite phoscorite) and oagety
of carbonatite (calcite carbonatite with magnetfitielogopite, forsterite and apatite). Both rocksev®rmed at
an early stage of phoscorite-carbonatite formatind show no sign of hydrothermal alteration. Mait@eas a
major to minor mineral in the studied samples. Battks types commonly contain euhedral ({1#1}110})
magnetite crystals up to 1 cm in size. Publishel# luet chemistry data show that the mineral is a/GFAI-
enriched variety (1.3-4.2, 1.4-6.1, 0.6-2.6 wt.%ypective oxides), whereas other components, subin@s are
present at lower levels (Krasnova et al., 2004)gihdite in the early stage calcite phoscorites @aronatites
contains numerous inclusions of spinel due to exsmi during cooling. Exsolved spinel typically acs as
equant inclusions up to 10 um, with rare largergraeaching 20 um across. Also, spindle-like iroks and
their cross-like intergrowths are observed.

An SEM study of this magnetite revealed the presasfcabundant mono-, bi- and polymineralic solid
inclusions (Fig. 1). The inclusions are randomistidibuted within the host magnetite crystal and/vfewm 20x
20 to 150x 200 um. The majority of inclusions are characeatiby well-faceted shape and sharp boundaries
with the host magnetite and can be classified gathee crystals. Our interpretation is that smalitipns of a
conjugate melt were trapped by magnetite duringgitswth, and subsequently solidified to form vasou
minerals. Few inclusions can be identified as ¢mea crystals of early-crystallising phases (foitgte
phlogopite, apatite, calcite and dolomite).

Figure 1. A negative crystal composed of euhedsades (Sp), brucite (Brc) and nyerereite (Nr) ingnatite
(Mag) from calcite carbonatite.
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Data from SEM/EDS analyses and Raman spectrosecmligaite that the inclusions host a great diversity
of carbonate minerals (see below, under 1), accoiegaby non-carbonate minerals commonly found in
carbonatites and present in the host rock (e.gstdate), and several oxysalt-, halide- and hyittesbearing
species that have not been previously reported flosnenvironment. These constituent phases cagrdagoed
chemically into:

(1) carbonates — nyerereite a(CQ)., calcite Ca(Cg), dolomite CaMg(CG)2, shortite NaCa(COs)s,
eitelite NaMg(CQs),, norsethite BaMg(Ce);

(2) carbonates with additional anions — bradleyitasMg(PQy)(CQs), tychite NaMgx(SQs)(COs)4,
northupite NaMg(C0Os).Cl;

(3) oxides — spinel MgAD., baddeleyite Zr@ pyrochlore CaNaNi®eF;

(4) hydroxides — brucite Mg(OHt)

(5) silicates — forsterite M¢SiOs), phlogopite KMg(AISizO10)(OH)y;

(6) phosphates — hydroxylapatites(RQs)3(OH);

(7) sulphates — tenardite N&Qy);

(8) halides — sylvite KCI; and

(9) a number of rare phases whose identificationomy tentative at this point — burbankite
(Na,Ca)(Sr,Ca,REE,BaJCOy)s, fairchildite K:Ca(CQ),, wistite FeO, valleriite 4(Fe,Cu)S+3(Mg,Al)(O+Hnd
quintinite MgAl2(COs)(OH)1223H.0.

Mineral parageneses vary among the inclusions. Mama bimineralic inclusions contain calcite,
dolomite, apatite, calcite+apatite, nyerereite+spirbrucite+spinel. Those observed in polymineraiclusions
consist of calcite+dolomite+spinel, spinel+nyere€brucite, etc. Statistically, only three mineratzur in the
majority of the examined inclusions: spinel (ab80t% of all inclusions), nyerereite (65 %) and litei¢60 %).
No reaction between the constituent minerals waemoied (Fig. 1), which implies no addition or rermabwf
components after these inclusions crystallised.

The mineral assemblages documented in the inclsigiom the Kovdor carbonatites and phoscorites and
in particular, the association of primary brucitgerereite and spinel, indicate the existence lojdrous, Mg-
and alkali-rich, phosphate-sulphate-bearing carteonaelt, which gave rise to the early carbonatiticks at
Kovdor. This melt can be considered a hydrous anedoof the Kerimasi/Tinderet-type Ca-alkali-Mg-rich
carbonatitic magma. The Oldoinyo Lengai natrocaabites, although showing some similarities to theltm
inclusions described here, appear have derived fneits distinct from those that produced the Kowaaks.
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Some notes about LIP (large ignieos provinces) teropal distribution in Earth history.
Zaitsev V.A.
Vernadsky Institute of Geochemistry and Analyt@aeémistry RAS, Moscow
va_zaitsev@inbox.ru

The concept of mantle plumes is one of the ceideals in geological sciences during resents decades
It is widely believed that plumes result in intraj@ magmatic events like large igneous provincd®q),
alkaline-ultramafic formations with carbonatitethrkerlirtes and limproites (even if someone do Imgiteve to
plumes, he relate these magmatic events to theaspeaditions in the earth mantle). From thesenpof view,
analysis of they temporal distribution looks amaattive way to study the Earth mantle history. pitesof plenty
of papers, dedicated to the geological interpratatf intraplate magmas ages distribution, pubtishg the
several authors (Ernst, Condy, etc), temporalitligion was not examine as stochastic processillTthi§ gape
we use database, published by Large Igneous Pewir@ommission of International Association of
Volcanology and Chemistry of the Earth's Interiotty://www.largeigneousprovinces.org/downloads).

The most popular form of LIP record is histogramages (diagram, where quantity of events in each
time interval — N(t) plotted vs. the age of thugemal-t ). It is clear, that quantities of LIP iime intervals
depend on the splitting, and for each splittinga@e count intervals, containing 1, 2, 3... LIPs (inés with
N(t)=1, 2, 3...). From the other hand, it is possitdeestimate these quantities of intervals from Rloésson’s
law, on the assumption of random distribution d? ldvents in geological time.
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12 —test was used to determine whether there isnifisamt difference between the observed and eggect
guantitys of time intervals containing 1, 2, 3...#&l It was found that for the different splittitigne step from 10 to
100 Ma) the distributions are quite close to thes$m's law, especially if only the best known pafrigeological
history is taken into account (1-1,5-2 Ga). Thee anly few exclusions: 75-150 Ma, 1000, 1100, 12800 and
1900 Ma. First of they may be explaned by presefcentain oceanic LIPs, which mainly do not presdor older
parts. The excesses of 1000, 1100 and 1250 Ma todses attributed to the effect of rounding of ppalated events
(like 1Ga, 1.1Ga, 1-1.5 Ga) the nature of 1800 @D Ma excesses need to be understood. On tHEBfighowed
example of LIP number distribution for 25 Ma tinegs we have also tested all time-steps from @4, some of
biger time-steps, and some splitting moved frong@-&n all cases we received the similar results.
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Fig. 1 A- Histogram of LIP ages (time interval 2%Mand its statistical characteristics: B- disttibn of
time intervals by number of LIPs (splitting 25Majd corellogram

One of the very popular ideas is cycling of geatagiprocesses cycles with periods 30, 100, 170,330,
550-700. For strict validation whether Earth atyivin LIP generation in time have regular recuresnae
calculate autocorrelation coefficients (correlatmefficients N(t) vs N(tAt)) with At (time lag) 0-1500 Ma for
LIP histograms with 20, 25, 40, 50, 80, 100 Mattiplj. Autocorrelation coefficients, plotted agditisne lag
(correlogram) showed on the fig. 1. Autocorrelatomefficients quickly decrease, significant valé@snd only
for lags<100 Ma. It shows that there is no regutguetition of plume activity of the Earth. High acbrrelation
coefficients for small lags connected with obvitnend of LIP quantity grown during geological time.

So, our statistical tests evident that LIP format{plume events as soon as we consider LIP a figftec
of mantle plumes) in geological time can be congideas a continuous-time stochastic process ofaaats.
This fact is not to deny the importance of plumes dontinental breake-up, ore-deposit formation Erom
other hand, this fact give additional limitatiorr flume origin models: birth of plumes must be gmgiicant for
energy and material balance in plume-generatintgsysbhut this process must need trigger, which beayesult
of some rare combination of conditions.

This investigation was supported by the RussiannBation for Basic Research (project nds3-05-

1202).
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Typomorphic features of allanite in rocks of the Takhirin site of the Khaldzan-

Buregteg alkali-granite complex (Western Mongolia)
Zenina K.S., Konovalenko S.I.

National Research Tomsk State University, TomsgsiRu
kseniazenina@ngs.ru

The Khaldzan-Buregteg alkali-granite massive wite same-name rare-metal deposit and the Tsakhirin
occurrence is located in Western Mongolia in theezof a regional fault separating Caledonian stimest of the
Mongolian Altai and the Early Caledonian structumdsthe Ozernaya zone. Tsakhirin Y-Zr-Nb occurrence
located is in exocontact metasomatic zone of Nomttmutcrop of Khaldzan Buragtag alkaline massife Th
deposit is represented by two linear ore zones &vesind Eastern, located some Northern of Mt. Wiaren.
The occurrence is represented by two genetic tgpasineralized pegmatite and pneumatolytic-hydrotied.
Pegmatites mainly developed in endocontact arragherNorthern slope of the mountain Ulan-Huren agnon
first phase and alkaline granites second. Metasteaassociated with pneumatolytic-hydrothermakpss, on
the contrary concentrated in the exocontact ofatinay are more effusive rocks of the ophiolite ctarmf the
frame. The ore minerals are allanite, zircon, feomite, chevkinite, ilmenite, etc.

Allanite is most widely developed in pegmatites anetasomatites of the Tsakhirin site. The minesal i
metamict, optically isotropic, with variable chealicomposition. Al and Fe grades vary most sigaiftty, which
testifies to the fact that the main isomorphic stlt®ns occur in the octahedral position of tiesture of the
mineral. Meanwhile, it is common knowledge that thain isomorphic substitution in minerals of th&ite
group occurs by the aliovalent pattern and is aatmtwith substitution of Gzand AF* by Fé* with TR®*. In this
relation the F& to TR ratio in allanites shall not exceed 1 theoretjcaflowever it is much higher in recalculated
microprobe analyses and makes 1.48-2.2 in pegmatitd metasomatites respectively. The current ledye of
allanite crystal chemistry does not allow for usihg direct calculation of formulas on the basisxfgen with the
supposition that whole iron in the mineral is préed by a bivalent form only. It is explained by tfact that a
specific part of F& cations occupying thal3* position in the crystal lattice of the mineral sheompensates the
excess of cation charges occurring wi@d* is substituted by TR. The scale of such substitution is evidently
sometimes extremely significant, and the valuehaf FeOs/FeO ratio in the mineral will fall abruptly. The
guantitative prevalence of ®eover Fé* in the studied allanite is likely preconditioneg hot only structural
features of the mineral but also increased backgtaif alkalinity, when a trivalent form of iron ike one that is
active. Therefore, a part of total iron in sampakulated for a bivalent form is undoubtedly retato a trivalent
form. One should also remember that the significprantity of allanite inclusions, as the observaishow, is
formed by means of substitution of epidote preagdirin which whole iron is presented by a trivaléorm.

Crystallochemical formula allanite array data frdhee chemical analysis, has the following form:
(Ca1,15Ce,3d-80,20Ndo,1)1,78(Al 1 65-€1,36T10,01)3,04 Si207][Si04] (O0,440Ho 56 (OH).

The content of lanthanides varies in samples a$, \@&ITRO; 10.6-24.0 % wt), falling within the
interval typical for the mineral. The rare earttesjpum remains unchanged. Ce always prevails ihaitjs
second and Nd is third. The Ce/Nd, La/Nd and Cefatio variations make respectively 8.3; 2.8; 2.9 in
pegmatite allanite and 2.44; 1.11; 2.18 in metasibenallanite.

For allanite metasomatites radiographs were olatata&en before calcination after calcination @°30 and
1000°C. Crystal structure of a mineral is recovered duannealing up to 900° C. In this case, when shgptie
gives the diffraction pattern close to the refeeei@alculated according to the parameters of theeilhis equal toag
=8,97A; b = 5,70A;c0 = 10,13A; = 115°0Q Upon further heating of allanite (above 1000a&)ording diffraction
pattern, becomes a mixture of the oxides presettteéncomposition of chemical elements (CE, Fe).ef@n the
differential curve of heating allanite found threell-defined exothermic peaks: 273, 772 and 80Fifst effect at a
temperature of 273°C is likely to be associatedh Wi oxidation of F&. Two high-temperature peaks (803 and
772°C) obviously, related to the processes of stallization and the transition of the mineral icrgstalline state.

Spectral analysis established the impurity elemiisted in Table.

Table. The content of trace elements in allanite.

Element Content Element Content

Pb 11 U 100

Cu 15 Th 100

Ti 3000 Be* 50

Mn 250 p* 2000

Sr 1000 Y* 5000

Ba 260 Yb* 100

Nb* 5000 Zr 4450

Note: * - semiquantitative determination; 1 g/t 8@01%

Analyst Agapova E.D., Center for collective use atical Center geochemistry of natural systems'
Tomsk State University.
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Studies allanite manifestations Tsahirin show that main of typomorphic its feature composition is
abnormal iron content with increased role of trévdl element. This, apparently, reflects the spatjfiof the
process of mineralization in the area, charactdrigehigh levels of alkalinity, when the active foof trivalent
iron. allanite characterized by a relatively hagmntent of impurity components: Zr, Sr, Nb, Y, ¥,U and Th.
This list reflects all metallogenic the specific mfastation specialized in relation to Zr, TR, Niartly, Be and
Th.
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Geodynamic Reconstruction of the Palaeozoic Kola Réline Large Igneous Province
Zhirov D.V.
Geological Institute of Kola Science Centre RAS tyy Russia, zhirov@geoksc.apatity.ru

The Palaeozoic Kola Alkaline Large Igneous Provifid®) is one of the best studied and represergativ
terms of number and manifestation forms of alkaliiteamafic magmatism with carbonatites (AUC). The
origination of this province was dominated by pluarel relevant mantle-lithospheric geodynamics [IL-$0ch
conclusions were mainly drawn based on substariderses (mantle genesis indicators). And the detsonis of
the Palaeozoic plume tectonics and geodynamicgemerally illustrated by simplified figures of ams@ntional
Newton (mushroom-like) plume with such controllifagtors as thermal gradient, number and depth afrmaa
generating hearths [1,4,9]. Alongside, studies afdemn (young) plumes and accompanying processes hav
provided abundant material for laws of plume ordion and evolution, and allowed modelling theiajsé and
surface topography in detail. All these data derrates quite a complicated nature of plume geodynarand
interaction with the lithosphere [11]. This meahnattthe description of the Kola alkaline LIP alsquires a more
detailed and complicated model, and any compreheragtempts to reconstruct the specifics of itsdgeamics
are still relevant and of scientific interest.

This research represents results of morphometrit tactonophysical analysis of the Palaeozoic AUC
intrusions in order to reconstruct geodynamics ewolution of the whole LIP. The analysis was basadche
following geological background and logics of reaisg:

The origination of geological bodies (AUC intrus&)riook place at a depth of 0-8 km from the surf&ce
5 on the average). With due regard to heterogenandssign-variable differentiated vertical motiofisither
erosion yields a modern range of represented iotmuerigination depths from 0 to 10 km (4-7 km dret
average). The shape of intrusion and individuale@rs phases reflects tectonophysical conditionghef
Palaeozoic upper crust with variability and homaar/ heterogeneity along the whole LIP. It isaldfed that
the tectonophysical conditions and crust tectomwese caused by plume tectonics (or mantle — lithesp
processes). These processes were recorded indpe sind sizes of intrusions, and in relationshipgmeous
phases. The heterogeneity and contrast natureeofdhditions are namely most informative. Thuspvecy of
structural laws for alkaline-ultramafic intrusioasd their shape varying with time dynamics of igmephase
origination shall describe features of the Kola lgPodynamics. This, in turn, provides prerequisftasthe
reconstruction. Very tentatively, the sequence @inmigneous phases in the AUC intrusion originatien
conditionally represented as follows (from anciemtyoung): ultramafic— alkaline— carbonatite stages. The
majority of the Kola LIP AUC intrusions show minimutwo of three above stages with the relative secgle
being always persistent. Upon the completion ofRa&eozoic tectonomagmatic activity, the regiaalution
was due to differentiated vertical (modular andtdmdike) motions with no significant lateral (ootizontal)
movements and deformations. The boundaries ofdlges$t geological bodies and structures presemviddl i
contours, shape, and relative position up to ptesen

The analysis of each individual AUC intrusion dieit into certain igneous phases has identified the
geometric center and axes of the maximum and mimrbody length in the horizontal section, orientatiand
ratio. During further events, the center offsetdiions and axis swivel were detected. The maxiralongation
axis was taken as a direction of the quasi-prin@penpression (minimum extension) in the horizoptahe. The
orthogonal direction, or the minimum length axisasaconsidered as a direction of maximum extenside.
resultant information was applied to the geologlmasis [12], grouped and analyzed both individufdlyeach
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igneous stage, and in general. In the course of Ati@ision grouping, a few single-point, areal, dimbar
controlling factors that regularly unite groupsimtirusions in terms of tectonophysical features dydamics of
variation in igneous phases were substantiated. (Eig The analysis has allowed identifying and &hgp
structures that control magmatism in the Kola LIRd asignificantly complicate, extend, and sometimes
fundamentally differ from those earlier acceptegke(§igure 1). In the Kukharenko zone (Kuh), theeeseveral
clear sub-zones varying in study features (seé Mlith one representing a near east-west branclarfm). The
Kandalaksha rift zone is less relevant than it eaier supposed. The identification of near easstvstretching
east-south-east) linear zone L1 along the Salkedsuoriyarvi-Kovdozero-Tury Mys-Zimny Bereg line
regularly and sequentially manifested in all stagfethe Kola LIP evolution.

The revealed magmatism-controlling elements anacstres are interpreted as follows: elongated zones
are correlated with comb-shaped protrusions/raytherplume surface, linear zones with deep-seatelisfthat
constrain the rift zone of a plume, and maximuneesion directions correspond to vectors of heat raads
transfer of convective motion. Thus, the geodynanatthe Palaeozoic Kola LIP was caused by a pluiitie
complicated morphology and surface topography. d&irf@near areal) and single-point plume elemengsenof
main importance. The results obtained may be int¢ed by a few options of geodynamics, of whichttivee-
ray plume origination model with rare apophysethi form of hot spots is simplest and consistethatcurrent
level of knowledge. The plume center located neamrezl, from which heat and mass transfer flows are
radially along the Kukharenko zone (Il and Ill) kvia turn along the Linear zone L2. A deep-seatett &and
linear zone L1 are of key importance. This is nstbably a normal deep-seated fault that constrihi@sift in
accordance with a regular quasi-parallel arrangéneénAUC intrusions (maximum extension direction is
perpendicular). Extending, it is traced eastwai®ugh the Tersky shore explosion pipes to the tdsto
kimberlite fields. This gives reasons to furtheteexd boundaries of the kola alkaline LIP.

This investigation was supported by the RussiannBation for Basic Research (project nos. 13-05-
12055).
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Figure 1. Zoning and controlling factors for the @Untrusions location in the Kola LIBummary chart fc
alkaline and carbonatite stages. Legend: 1 — lenghort intrusion side ratio along the outlinedpsk; 2 —
maximum stretching direction; 3 — zones for grogpiareal type intrusions: | — Khibiny-Lovozero, Il -
Kontozero-lvanovka, Il - Sokli-Kovdor-Niva-Salmagg IV - Seblyavr; 4 — AUC intrusion; 5 — carbomesi 6 —
explosion pipes (kimberlites); 7 — linear zonesdefep faults: Kuh — Kukharenko zone, L1 — Salla@atv
Vuoriyarvi-Tury-Mela/Zolotitsa fault, L2 — assumedfrikanda-Ozernaya Varaka-Ingozero-PesocEiyny
Bereg fault; 8 — rough boundaries of the Kola 19R; main lineament of the Kandalaksha Graben.
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Magnetoelastic effects in the magnetitealcity rocks of the Kovdor massif
Zhirova A.M.
Geological Institute of the KSC of the RAS, ApaRtyssia
anzhelaz@geoksc.apatity.ru

INTRODUCTION

The work is devoted to studying of the magnetomlasffects in the magnetite-containing rocks of the
Kovdor massif. The features of influence of anadtmic wave radiation on magnetization of rocksha
conditions of change of parameters of radiation @msidered. It is known that magnetoelastic effeante
characteristic for ferrites (for example, the ytin ferrite-garnet). However natural ferriferousdes with other
chemical composition can have properties of fesriddso. Within the Kovdor massif the calcite-ferit
magnetite, magnetite and other ores are markedsékhn et al., 1980). The main minerals composhesée
varieties are magnetite and other ferriferous nailser ilmenite, hematite, maggemit, pseudo-brookite.
Magnetoacoustic researches consist in studyingfifeince of ultrasonic fluctuations on residual metization
of the magnetite-containing rocks. Thus the infeeon residual magnetization of such parametetsres of
radiation and the direction of mechanical osciflasi is studied. The researches are conducted alagevent of
the works begun by V.A. Tyuremnov (Glaznev et aDP8). V.A.Tyuremnov has revealed that the residual
magnetization and its direction change dependintherfrequency of fluctuations and from a magnstite of
rocks.

The received results and further researches inatéa present undoubted interest in development of
problems of nonlinear geophysics, and in the smubf some questions in science of materials disdhis
research the magnetoacoustic experiment is caoigdin two directions. These are the "Influencetlod
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direction of ultrasonic radiation concerning thetee of residual magnetization for strongly magne@mples
of Kovdor in the conditions of cyclic radiation amttmagnetization" and "Influence of time of ultnaiso
radiation on residual magnetization of strongly metgc samples of Kovdor".

EXPERIMENT AND RESULTS

1. "Influence of the direction of ultrasonic radiet concerning the vector of residual magnetizafimm
strongly magnetic samples of Kovdor in the condiiof cyclic radiation and demagnetization"

The purpose of experiment is research of the plessidation between the direction of ultrasonic
radiation and magnetization of the samples. The®gx@nt consists in cyclic ultrasonic radiatiortioé samples
previously demagnetized under following conditiomadiation time - 60 s, the frequency of ultrasonic
fluctuations - 100kHz. The feature of experimentlignge of parameters of radiation: ultrasonicatiah is
carried out in the direction of the maximum axismégnetization and against it. Magnetic cleaninghef
sample consists in influence of the sinusoidal meéigrfield (variable on amplitude).

On the basis of the first studies of influencetd tirection of ultrasonic radiation concerning tleetor
of residual magnetization for the strongly magnetamples of Kovdor massif at the cyclic radiatiord a
demagnetization the following conclusions are nesi

1. Ultrasonic radiation influences the vector of residmagnetization of the magnetitelity
rocks. The change of residual magnetization (thduleoand component), and its spatial situation Ktlagnetic
variation and inclination).

2. Changes of parameters of the vector of residualnetéation are significant, i.e. exceeding
inaccuracy of the measurements on the magnetometer.
3. In general it is possible to note growth of valoéthe module of the vector of residual

magnetization during the ultrasonic radiation ia threction of the maximum axis of magnetizatiohaf
correlates with results of other researchers (@&azt al., 2008). During ultrasonic radiation agathe
direction of magnetization the results are ambiguou

16
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Fig. 1. Change of value of the module of residuagnetization vector during carrying out series of
ultrasonic wave radiations (UWR) in the directidrtte vector and demagnetization (DM) of the KV01/3
and KV01/4 samples

4. The spatial behavior of the vector of residual nedigation at the ultrasonic radiation has
ambiguous character. Return of the vector of mazgtatn of the samples (after demagnetization)rtangtial
state is not observed.

2."Influence of time of ultrasonic radiation onicksal magnetization of magnetic samples of Kovdor".
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Fig. 2. Change of value of the module of residuagirmetization vector in terms of increasing timéhef
ultrasonic wave radiation of the KvV01/8, KV01/9, B¥/10 samples

One of the issues of the magnetoacoustic reseashmentioned above, is to studying the possible
relationship between the time of the ultrasonic eveadiation and magnetization of the samples. Egcle is
ultrasonic radiation in the direction of vectortbe remanent magnetization with increasing timénfitience:
1s-5s5-10s-60s-30s. On the basis of the first studieinfluence of time of ultrasonic radiation oasidual
magnetization of magnetic samples of the Kovdor sifaat the cyclic radiation and demagnetization the
following conclusions are received:

1. In the process of ultrasonic radiation of samplesncrease of modulus of vector of the remaneck ro
magnetization is revealed.

2. It was found that the first cycle of acoustic waegliation the increase of modulus of vector of the
remanent rock magnetization is more significantcmparison with other cycles). And in subsequgntes: an
abrupt increase of the modulus with increasing tirieltrasonic sounding from 30 s to 60 s is obsdr{fig.2).

3. The clear relationship between the spatial behafithe magnetization vector and the time of
the ultrasonic radiation is not found.

This study was supported by the Russian Sciencd froject nos. 14-17-00751).
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The geochemical features of melilite-bearing rockand initial magmas of

Cupaello and Colle Fabbri (Central Italy)
Isakova A.T.
V.S. Sobolev Institute of geology and mineralogR8B, Novosibirsk, Russia,
atnikolaeva@igm.nsc.ru

Kamafugites being Ca-rich potassic alkaline ultrBenacks are common in Central Italy within Apenai
range. There are small volcanic centers such asdllapava, Colle Fabbri stock, San Venanzo volcdaino
diatreme and others (Stoppa, Lavecchia, 1992; Ichieeet al., 2006), which are found in the Pleistec/ Quaternary
continental tectonic depressions which cross elPtlocene Apennine thrust-fold system.

Currently researchers obtained a lot of data (QunBarguson, 1991; Stoppa, Lavecchia, 1992; Stoppa
Cundari, 1995; Stoppa et al., 2003 and others)emtogical setting and petrographic compositionhaf italian
kamafugites. The melt inclusion study in minerdismelilite-bearing rocks from Cupaello volcano (Ni&eva,
2012 et al.), Pian di Celle volcano (Panina et24lQ3), and Colle Fabbri stock (Stoppa, Sharydd92 Panina et
al.,, 2013) indicates that the high temperature @320 ) melilitite magma is initial for the considered
kamafugites. It was found that the silicate-carbersalt immiscibility occurred in this magma at Ew
temperature. Moreover sources of magma, which fdritedian kamafugite-carbonatite complexes congjstf
rocks of unusual composition and isotopic charaties, are under discussion. In order to obtaiditamhal
information for explanation of this question, geewtical studies were conducted: trace-element coitigras of
kalsilite (Ks) melilitite and carbonatite tuff froi@upaello volcano, leucite-wollastonite (Lc-Wo) itikellite and
contact rock from Colle Fabbri stock as well astrimellusions conserved in rock-forming minerals evstudied.

This study evidences that the content of trace efgrim Ks melilitite and carbonatite tuff from Cughia
is significantly higher than the mantle norm: tlmntent of LILE (Rb, Ba) is 2.5-3.5 orders highemdahat of
HFSE (Zr, Hf, Ta, Nb) is 1-2 orders higher than pgranitive mantle values (McDonough, Sun, 1995)eTh
content of REE in the rocks is higher than in thieniive mantle: they are more than 2-2.5 ordecher in
LREE, 1.5-2 orders richer in MREE, and less tharoatter in HREE. Besides Ks melilitite is enrichedtiace
elements more than carbonatite tuff. Primitive fenbrmalized spidergrams of Ks melilitite and caratite
tuff of Cupaello have a negative slop (fig. 1). TteYb, ratio is 64-71 for Ks melilitite and 57 for carlaiite
tuff. Both spidergrams have a deep negative Ta, Tilband K and the small Eu anomalies (EU#iEs 0.62-
0.65). It should be noted that the presence of @ld8u/El, negative anomaly is believed (Balashov, 1976) to
be the result of fractional crystallization, in whiplagioclase or melilite is involved.

The content of trace elements in Lc-Wo melilitolitem Colle Fabbri is also predominantly higherrtha
the mantle norm: the content of LILE (Rb, Ba) i®tarders higher, and that of HFSE (Zr, Hf, Ta, lbdn order
higher than the primitive mantle values (McDonoughn, 1995), the content of REE in the rock is ntbesm an
order richer in LREE and MREE and less than anroridber in HREE (Panina et al., 2013). Primitivamtie-
normalized (McDonough, Sun, 1995) spidergram of @udle Fabbri Lc-Wo melilitolite (fig. 1) has a siliar
pattern if compared to the Ks melilitite from Cuff@aend a negative slope. The Laivfatio is 8-10 for Lc-Wo
melilitolite. The spidergram of Cupaello Ks meltktis localized an order higher than that of Céiébbri Lc-Wo
melilitolite. The spidergram of Colle Fabbri rock @ell as Cupaello rocks has a deep negative TaHNIZr,
and Ti and positive Ba anomalies. The EU/Eatio is 0.6-0.7 for Lc-Wo melilitolite (Stoppah&rygin, 2009).

10000

Figure 1. Primitive mantle-normalized
trace element spidergram (McDonough, Sun,
1995): 1 — glass of melt inclusion hosted in
diopside from Cupaello Ks melilitite; 2 —
Cupaello Ks melilitite; 3 — Cupaello
carbonatite tuff; 4 - glass of melt inclusion
hosted in melilite from Colle Fabbri Lc-Wo
i melilitolite; 5 — Colle Fabbri Lc-Wo
= ' ' A - - - melilitolite.
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The observed contents of rare and rare-earth eterimetie glass (fig. 1) of the homogenized mallisions in
clinopyroxene from Cupaello Ks-melilitite and in litiee from Colle Fabbri Lc-Wo melilitolite reflecan increased
trace element contents of initial melts for thesidered rocks. Primitive mantle-normalized traegreint spidergrams
of initial melts show the noncoherent element dnrient and is similar to that of Ks melilitite and-Wo
melilitolite, respectively. This fact shows thaettrace element composition of considered rocKeatsf that of
initial melts. The La/Yh and EU/Eilj ratios are 67-70 and 0.65-0.72 for the glass imloplyroxene-hosted melt
inclusion in Ks melilitite, respectively. The La/yYand Eu/El}, ratios are 9 and 0.53 for glasses of melilite-dubst
melt inclusion in Lc-Wo melilitolite, respectively.
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Thus, the key feature of the studied rocks froma&lip and Colle Fabbri and melts conserved in naiser
is a strong enrichment in LILE and LREE and legmigicant in HREE, which indicates the presencemfched
mantle source. The relative HREE depletion and Highyb, value of considered rocks and glass of melt
inclusions conserved in minerals are usually assediwith the possible presence of a garnet in@tlenaource.
The content of LREE usually increases in primitaagma and the content of HREE remains in garneisaat
degree of partial melting of the mantle source.n@&bearing mantle source is located at a dep@0es0 km.
The distinctive feature of studied rocks and misltthe presence of HFSE and Ti negative anomaligsimitive
mantle-normalized pattern. The similar anomaliestgpical for most continental flood basalts. loshl be noted
that the trace element enrichment and such anosnatie observed not only in Cupaello Ks melilititel &Colle
Fabbri Lc-Wo melilitolite but in almost all kamafilgs and associated with them carbonatites in @kttaly.
The considered rocks are characterized by Ri@nf°Sr and low*Nd/**Nd isotopic ratios: for example,
87SrPeSr — 0.71122Nd/A*Nd — 0.5121 for Cupaello Ks melilitit€’Srf8Sr — 0.709714Nd/ 4Nd — 0.51207 for
Colle Fabbri Lc-Wo melilitolite (Stoppa et al., Z)®Bell et al., 2006).

These unique features of rocks from Central Itadyexplained by either crustal contamination of &argite
magma (Turi, Taylor, 1976; Peccerillo, 2004) orgarece of ITEM source (Italian Enriched Mantle; Bxtlal., 2006,
2013; Lavecchia, Bell, 2012). The version of crustantamination for italian kamafugites is not dstent with the
thermobarogeochemical studies and, in additionpna@aexplain systematically observed Nb negativenaiyp and
very high®SrFeSr ratio (Bailey, 2005; Boari et al., 2012). lnwre likely that these anomalies are related taMTE
source, which has the highé8srfeSr (> 0.7200), low*3Nd/*Nd (0.5118) and intermediat&PbF*Pb (18.70)
isotopic ratios (Bell et al., 2006, 2013). The ezshers (Bell et al., 2006, 2013; Lavecchia, B#Il1 2) believe that
ITEM could be produced by either partial meltingaotient pre-Alpine continental crust, which wasimed in the
mantle, or metasomatic activity caused by the pieesef deep plume.

This work was supported by the grant RFBRLE-05-31096v01_a).
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The chemical composition of lamprophyllite group minerals and crystal structure of a
new fluorine-rich barytolamprophyllite from the agpaitic dyke, area " Mokhnatye

Roga" (Kola Peninsula)
Filina M.I. 1, Aksenov S.M, Sorokhtina N. V.1, Kogarko L.N.%, Kononkova N.N1
Wernadsky Institute of Geochemistry and Analyt@aémistry RAS,
2Shubnikov Institute of Crystallography RAS
makimm@mail.ru

Explore a unique mineral association agpaitic dgtea “Mokhnatye Roga” (Kola Peninsula), located
55 km to the southeast of the Kovdor massif (67N,531°30 E) [1], in which one of the rock-forming minerals
are the lamprophyllite group minerals (LGM). LGMystallize during of formation of the dikes and foin
generations, differ in their chemical composition Talfle 1) and morphology.

Lamprophyllite-1 formed large zonal compositionspnatic crystals. SrO content ranges - 8.5 to 12.57
wt.%. Crystals enriched Sr in the central zone, Ba/Sr relationsachieve value 2/1. The content of BaO
increases in the boundary zones - from 6.71 to3L&3%. Lamprophyllite-l is characterized by a nmaxim
content of F - 3.22 and MgO - 1.63 wt. %. Si@ntent of 30.50 wt. % With a minimum content d2@3 - 0.14
wt. %. Established the following limits concentoatiof impurity elements: Nfs - 0.78, TaOs - 0.25, ZrQ -
0.41, ThQ - 0.24, UQ - 0.32 (wt.%).

Lamprophyllite-Il form interstitial crystals charterized by isolation and content is reduced nedatd
Sr Ba. The limits of variations content (wt.%): Sf@m 4.21 to 8.49, and BaO - from 10.57 to 16.08 (
marginal parts), F to 2.52 wt. %. The proportionimpurity components as a whole is growing: MgO.95)
Nb2Os - 1.05, TaOs - 0.17, ZrQ - 0.42, UQ - 0.95, ThQ - 0.32, AbOs - 0.48 (wt.%).

Lamprophyllite-1ll forms a small needle crystaisdatheir intergrowths formed together with the late
Association - quartz-organic globules, Nb-rutil¢raghyllite, shcherbakovite, carbonates Mn, sudphj barite.
SrO content varies from 5.17 to 5.54, BaO up t@96F concentration drops to 1.2 wt. %. The conation of
impurity components in general decrease changieig telationship - the MgO content is reduced &60ut. %,
With a decrease in the content of,NaK,0 increases to 3.11 wt. %, Zr, Ta, Th are clogbéaletection limit, U
is not detected. FeO grow to 7.01, Nb205 to 1.6%0wt

According to variations in the chemical compositithe fluorine content and the ratio Ba / Sr can
distinguish four types of LGM. When variations teaship Ba / Sr from 0.4 to 0.97 and the fluorgwntent
below 2.33 wt. % - to lamprophyllite, when Ba /fBm 0.4 to 0.88 and F> 2.38 wt. % of such phaseshe
classified as fluorlamprophyllite. If the ratio B&r varies from 1.03 to 2.6, with a fluorine cemitbelow 2.31 -
mineral relates to barytolamprophyllite, when B&r/- 1.08 and F> 2.43 wt. % -fluorbarytolampropite!

The crystal structure of fluorine-rich barytolarmophyllite from generation was studied using single
crystal X-ray analysis. The structure is similartbat of other monoclinic members of lamprophyligeoup
which are corresponding to type(2M-polytype) [2]. The main structural features arflected in its crystal
chemical formula Z = 2): A(Bao.36Sf.33o.16Ca.00Na0.01)2 [MNay.0"*(Nao.787€.21MNo.04)2 M¥(Tio.eaMgo.167€0.09)
X(Fy1.0800.500H0.43)] [-Ti2(Si07)20z], where square brackets are denote the main stalatnits:O-layer of edge-
shared M(1-3)-octahedra and heteropolyhedral net which dsméd by L-semi-octahedra and (8k)-
diorthogroups. Fluorine-rich barytolamprophyllitéffers from barytolamprophyllite be the predominanaf
fluorine over oxygen as well aas OH-groups in aitiofisite. It makes studied mineral a potential new tmem
of the lamprophyllite group named “fluorbarytolaraphyllite” in analogues with fluorlamprophyllite J|3
Idealized formula  of  “fluorbarytolamprophyllite” ehld be writen as 24 = 2):
(Ba,Sr)g[(Na,Fe);(Ti,Mg)Fz][Ti 2(5i207)202].

Sequential formation of all generations of LGM stualgpaitic syenite held in conditions of rapid
crystallization without interruption in time, theeth composition changed from high-sodium and maigneso
high-potassium and high-niobium, and barium flueri¢ontent throughout remained extremely high.
Comparison of the obtained and published data ercémposition and properties of LGM [4-8] of thepdsits
in the world has shown that agpaitic associatidnas elatively rapid crystallization of rocks caormh high-F
and high-Ba member of this group of minerals tmatpotentially new mineral species.
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Table 1. Representative compaositions of LGM frorpaitic dyke (wt %).

| generation Il generation Ill generation
Component

C | R C [ R
SiO; 29.85| 29.7 | 29.69 29.98 294 29.y9 27.63
TiO2 27.9 | 27.53| 2794 27.28 27.57 28.p1 25.48
Al203 0.18 | 018 | 0.17| 0.25 0.2 0.35 0.39
FeO 459 | 433| 482 5.2 4.71] 514 6.23
MnO 0.77 | 0.71| 0.87| 0.87 091 065 04
MgO 124 | 1.17 | 0.95| 0.76 0.74 058 0.35
CaO 096 | 091| 102 0.86 0.96 0.79 0.54
NaO 9.91 | 9.98 | 9.72| 9.36 951 832 8.61
K20 1.67 | 163 | 2.04| 2.36 234 318 3.02
BaO 947 | 941 | 10.7Y 1348 12.72 1457 15.16
SrO 10.11|] 10.39 9.05| 7.18 744 505 5.36
ZrOz 0.11 | 0.2 0.06 | 0.11 0.22] 0.04 0.04
Nb20s 0.22 | 04 0.19| 0.26 0.67 0.61 1.61
Ta0s 0.08 | 0.08 | 0.07| 0.08 0.05 0.0% 0.09
ThG, 0.06 | 0.01 | 0.01| 0.01 0.09 0.02 0.07
uo2 0.01 | B.d.l.| B.dl| 0.24 B.dlf 0.6 B.d.l.
F 229 | 224 | 214 2.02 203 201 1.68
Total 99.42| 98.87 99.47 100.30 99.48 99|75 96.53
O=F 096 | 0.94| 0.90| 0.8 0.85 0.8 0.71
Total (recalculated for
the concentration
of fluorine) 98.46| 97.93 98.5f 99.41 98.63 98/90 .825
The average of X analysgsy12 | ¥16 | >6 >5 >3 >4 >2

Microprobe analyses were performed at the laboyatdrVernadsky Institute of Geochemistry and Aniaiit
Chemistry RAS (Cameca SX-100). Grain zones: (C) ce(®@mim; (I) intermediate zone. B.d.l., below thetekttion limits.
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