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Arefiev  AV.}?  Podborodnikov 1.V.}?  bearing Iherzolitewas confirmed in experiments at 8
Shatskiy A.F. % Litasov K.D. * Effect of GPa and (Bré&y@0al, RG] Receny, the
potassium on the reaction controlling solidus KzMg(COs), ~ compound ~ was  found in
of carbonated peridotite at 6 GPa UDC microinclusions trapped in peridotitic diamonds

551.14:544.015.4 together with_ incIL_Jsions _of (_)rthopyroxene and
carbonatebearing highdensityfluid (Jablon, Navon,

'v.S. Sobolev Institute of Geology and Mineralogy SB 2016. Assuming typical mantle C and K abundances

RAS, Novosibirsk, of 100 and 260 ppm, resgevely (Palme, O'Neill,

“Novosibirsk State University, Novosibirsk

(arefievanton@igm.nsc. ) 2003, and assuming all K and C form carbonates,

. . the average contents obMg(CGs), and MgCQ in
Abstract . The reaction between clinopyroxene and Mg- the oxidized mantle domainseaestimated to be 740
carbonate is supposed to define the solidus of carbonated and 141 ppm, respectivelin addition to the worky

peridotite at pressure exceeding 5 GPa. To investigate the .
effect of alkalis (particularly potassium) on this reaction, (Kushiro et al., 1975Brey et al., 1988 a dearth of

subsolidus and melting phase relations in the following studies on the C”nOper_Xe*mfflgnesneeaCtio_n have
systems have been examined at 6 GPa: CaMgSO; + been made; yet, the direct impaaf potassiumon
2MgCQ (Di + 2Mgs) and CaMgSEOs + K,Mg(CO;), (Di + this reaction has not yet been studied, although

KeMg). The Di + 2Mgs system beginsto me | t at 14 h@jrebt@atdrom complex systems exigBrey et al.,
via the approximate reaction CaMgSpOg (clinopyroxene) + 201]) Furthermore, there are very few data that

2MgCGQ (magnesite) = CaMg(COs), (L) + Mg 2SkOs oo o
(orthopyroxene), whereas the system Di + K ;Mg starts to indicatehow carbonate melt coropitions change as

melt at 1050 AC O (alinopyeozeod)+ o n leERARWENCreases above the carbonated Iherzolite

2K,Mg(CQy), (solid) = Mg,SiOg (orthopyroxene) + solidus at pressures dit least 6 GPaDalton,
K,CaMg(CQ), (liquid). We suggest that the clinopyroxenei  Presnall, 1998Brey et al., 201}l To ameliorate this
Mg-carbonate reaction is very sensitive to the carbonate situation, and disclose the role of alkali elememts

composition and shifts from Lhad oifion i chbdrihtstiCate® Sysems Pive

which yields K-rich carbonate melt if the subsolidus h ductect . t n oh relations in

assembage contains the K;Mg(CG;), compound. ave C_On __UC eexperments o p ?Se elations |
CaMgSpOgl MgCO; and CaMgSiOgl K.Mg(COs),

Keywords: | rbon Ikalis, melting r ion
eywords: ~double carbonate, alkalis, melting reactions, o 1oms ot 5 pressure of 6 Garal over a range of

carbonated peridotite, mantle solidus, high-pressure

research temperatures from 900 to
High-pressure experiments have been conducted
High-pressure experimeait studies (Dalton and using a uniaxial 1500 o n press, 6D

Presnall 1998)eveal that dominant meltingaction equpped with DIAtype guide bocknstalled at the
across the solidus of magneditearing Iherzoliteat V.S. Sobolev Institute of Geology and Mineralogy

pressure upper than 4.8 GBa SB RAS in Novosibir ko R

CaMgS}Os (Cpx) + MgCQ (Mgs) = CaMg(CQ), (L) + 26-mm tungsten carbide dices with truncation edge

+ M@,Si,0s (OpX) (1) length of 12 mm were employed as Kawall
Dalton,Presnall (1998)  experimentally anvils. We used ZrOQsemisintered ceramics (QZ

determined thephase relationships in the CaAO 8C, MinoYogyo Co., Ltd) as a pressure medium
MgOi Al;Os1 SO, CO, system (CMAS-CO;) at 6 shaped as a 20.5 mm octahedron with ground edges
GPa. They found the solidus of magnesitebearinghd corners. Unfired pyrophyllite gaskets, 4.0 mm in

| her zol i t e Farther studi@&O0in rMo@.both width and thickness we used to seal the
complexsystems revealed that presenc&gd may compressed volume asdipport the anvil flanksThe
decrease the solidus temperatuoé carbonated cell contains several samples, 1 mm in diameter and
perdot i t e, do\Bneyatal, 2010 0 18rgth, loaded into graphite holders (cassettes), 3.5
solidustemperature of anhydrous Carbonated mantiam in outer diameter, surrounded by an electrically
rocks, and their resulting neasolidus melt insulating sleeves made tdlk dehydrated at 1000
composition, are largely determinedby the AC f or 1 , plugsansaited At both heater
composition of carbonate component. Therefore, théds. High temperature was generated using graphite
effect of alkalis on melting of carbonateendotite heater, 4.5/4.0 mm in outer/inner diameter and 11
depends on the hosphase, which may be mm in length. The sample temperature was
clinopyroxene or carbonate. According to monitored via a \AR@s.s0thermocoupg, 0.1 mm in
experimental ragts (Brey et al., 2011Litasov et al., diameter, inserted through the heater walls and
2013 Shatskiy et al., 2013Shatskiy et al., 2036 electrically insulated by AD; tubes. Thicker (0.3
K2Mg(CO;), could be the potential host phase of Kmm) thermocouple extensions were inserted from
in oxidized domains of theipper mantle under outside through gasket holes into the pressure

anhydrous conditions. The formation of thignedium to the point where the 8k tubes beginNo
carbonate, just above dhsolidus of magnesie
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correction for the effect of pressure on thermocouptastering in which the stage is stationary while the
electromotive force was applied. The temperatuedectron beam moves over a surface area witaf
was maintained within #gimehsionsE0esmfor mireml phases) andB00 v al u e
using temperature control modafter experiments, em (for guenched melt) at 20 kV accelerating voltage
recovered graphite cassettes were cut using a loand 1.5 nA beam current. Live counting time for
speed diamond saw to get vertical crssstions of XAray spectra was 30 s.

samples. The obtained specimens were mounted into The systenDi + 2Mgs have been studied in the
epoxy and polished in lowiscosity oil using 409 range of temperatur&3501 8 0 # (Fid\ 1a). First
1000, and 150@mesh sandpapers. The samplgne | t appears at 1400 AC. Acc
surface was cleaned using an oil spray between eagficulation the melting reaction can be presented as
step & polishing. The final polishing asdone~on follows: CaMgSyOs (Cpx)+2MgCO; (Mgs) =
satin cloth with 3 Om Mg.BimMopxdCaMyEs,)t @). At 1400/A:, tHes e d
petroleum benzene to remove oil after polishing. Th@elts has essentially @mlomitic composition
cleaned samples were stored in petroleum benzepg Vg, .LCO; and contain3.5 mol% SiO,. This

prior to coating and loading into a scanning electrofelt is similar in composition to peritectic melt
microscoge. Samples were studied using a MIRA Zestablished in th€aCQi MgCO; system at 1408u

LMU scanning electron microscope (Tescan Orsayhd Ca# = 57 (Shatskiy et al. 2018).With increasing
Holding) coupled with an INCA energyispersive of temperature, concentration of Si@ the melt
XAray microanalysis system 450 equipped with thiacreases gradually to 8.5 mol%, whereas Ca#
liquid nitrogenfree Large area EDS -Klax-80 decreases to 39 mol% at 160& (Fig.2a,d).
Silicon Drift Detector (Oxfod Instruments Consequently, concentration of $iOCdoes not
Nanoanalysis Ltd) at V.S. Sobolev IGM SB RASncrease drastically in the melt with increasing
(Novosibirsk, Russia). The enekrgdispersive ¥ray temperature to 15084 and 160044, as previously
spectra (EDS) were collected by electron beanfeported for theMASI CO, system.
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Fig 1. Modal abundances of phases in the system Cal@g$i2MgCO; (Di + Mgs) (a) and CaMg$0s + Ko-Mg(CO),
(Di + K,Mqg) (b) at 6 GPa. Modes are in mol% were determined from the bulk compositions of starting mixtures and
compositions bphases measured by electron microprobe.

The systenDi + K,Mg have bee,n studied in theconcentration of KO decreases to 16 mol%
range of temperature 90050 O ¢4 (Kig.1lb). Initial (Fig.2a,c).

melt in the system is established at 10858 We suggest that the#inopyroxen&Mg-carbonate
according to following reaction: reaction controlling the solidus of carbonated
CaMgSjp0Os (Cpx) + 2KMg(COs),=Mg,Si,Os (Opx)+ Iherzolite is very sensitive to the carbonate
+K,CaMg(CQ), (L) composition and shi@ts from
which leads to formation of ultrapotassic dolomitic’GPa yielding Krich carbonate melt

liquid with the composition [43K,COslk 5 7, MaoCO; + 0.6 mol% Siq] if

43K,COsl: 5 7,M806CO; + 0.6 mol% SiO,. Melt  subsolidus assemblage  contains ,Mg(COs),
compositions changes insignificantly between 105%bmpound. Such a decrease in solidus temperature
and 1400 A+, varying within 42i45K,COsl- 55 has been observed previously in the-righ
58Ca304M0o607COs + 0.44.3 mol% SiO,. With carbonated lherzolite systefBrey et al., 201l We
increasing temperature to 1588, the concentration also found that the partiahelt does not undergo

of Si0O, in the melt increases to 17 mol% whereasignificant changes as temperature increases to 1400
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A Getaining its Ca#, high O and low SiQ. These diamond formation in the lithospheric man¢®@oyd
observations suggest that ultrapotasdg-rich et al., 198} This idea is consistent with recent
carbonatite melts from microinclusions in fibroudinding of the K(Mg,Ca)(CQ), compound as
(Zedgenizov et al., 2007And single crystal diamondsmicroinclusions in peridotitic diamonds along with
(Jablon, Navon, 203}6worldwide could be derived inclusions of orthopyroxene and ultrapotassic
by low degree partial melting of -KIg(CGOs),- carbonatebearing higkhdensity fluid (Jablon, Navon,
bearing lherzolite at e mper at ure of201®. 1050 AC and

pressures near 6 GPa, i.e. at B conditions of

a 40+ b 1
I 50 9o
30 1 ﬁ’«
= _ Di+
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pyrope-grossular-enstatite in the presence of 5MgSiG; + CaMgAl;Si;O;; + [K;0 + 2H0] =

the H,O-KCl fluid at 5 GPa. =K2MgeAl :SigO20(OH)s + CaMgS}Os 1)
or
'Korzhinskii Institute of Experimental Mineralogy (IEM) 5En + Grt + [KO + 2H0] = Phl + Di,

RAS, Chernogolovka, butvina@iem.ac.ru

which combines two entchember reaction®-6]:

Abstract. The paper presents results on the experimental 1/2Prp + 3/2En + [1/2KO + H,0] = Phl

study of the reaction 5MgSiQ; + CaMg,ALSikO;, + [K,0 + (2)
2H,0] = K ,MgeALSigO,0(OH), + CaMgSihOg (enstatite + _ .
garnet + fluid = phlogopite + diopside) in the presence of 1/2Grs + 9/2En + [1/2)O0 + H,QO] = Phl + 3/2Di
a H,O-KCl fluid with starting X« = 0.05-0.4 at 5 GPa and 3)

temperatures of 900-1 250 AC. ~An increase i|f pfaftR peridotites, these reaction result in
concentration of KCl in a starting fluid results in a decrease

in the amount of_garnet and orthopyroxene and formation gradual trans_formationsof Original uppermantle
of phlogopite ( N d i o, posai Xdce=)0.4, phlogopite garnet lherzolites and harzburgites through garnet

becomes a dominant phase. The increase in the salt free phlogopitebearing peridotites to phlogopite

concentration stabilizes phlogopite to higher temperatures. ; : P
Experiments have demonstrated that joint variation of the wherlites. Series of xenolitwith these assemblages

Al content in orthopyroxene and Cl in phlogopite servesas ~ are well known in kimberlitef8-13].
a reliable indicator of the KCI activity in the fluid and can In the above reactions, the alkalioemponent is
be used to quantify it and, hence, the KCI concentration in taken as KO for clarity. However, in real fluids, K is
aqueous-salt fluids in the processes of the modal mantle . ) ' ’
metasomatism. present as chlorides, carbonates, @@sent study
Keywords: metasomatism, mantle, phlogopite, aqueous- shows re?UItS of the preriments aGgggnd 200
salt fluid, alkali chlorides, HP-HT experiment 12 x00k _the reaction (2) and 1 v on the
reaction (3) in presence of the®KCI fluid.
Introduction. Mantle metasomatism is the Starting  materials, experimental  and
process of transformation of mantle rocks due to theihalytical procedures To reproduce the reaction
interaction with various deepeated fluids. The (2), a mixture of pyrope gel, brucite and quartz was
concept of mantle metasomatism has been developé@d_as a starting materiaFor the study (_)f the
in the 1970- 1980s on the basis of studies of uppeieaction (3), a gel of the grossular composition was
mantle »enoliths in kimberlites and alkali basajfs ~addedto the mixtureKCl was added to produce the
4]. According to this concept, modifications of thgequiredstarting Xc = KCl/ (KCI + H,0) from 0.05
mantle rocks via their interaction with external fluidgo 0.4 (these concentrations are out of saturation of
and melts (regardless of their composition ande aqueous fluid in salt).he HO content was ~ 8
origin), which leads to the formation of mineralsvt. % in bothsystems _ .
atypical for mantle peridotites (amphiboles, The experiments were performed using a toroidal
phlogopite, apatite, carbonates, sulfides, titanit% a nwith-h o | e epressurg dpparatis4] in the

; ; : . orzhinskii Institute of Experimental Mineralogy
ilmenite etc.), was collectively classified as th AS (IEM RAS) at a pressure of 5 GPa and

modal ma_ntle _metasomatisr{ﬁ]. Moc_:lal mantle temperatures o f 900, 1000
metasomatism is usually accompanied by partighpsyles of 0.2mswall thickness were used for the
melting resultirg in formation of a wide spectrum of experiments. Run duration varied from 24 to 48
magmas, such as alkali basalts, ultrapotasiours (depending on run temperature). After
magmas, lamproites, kimberlites, carbonatites etexperiments, samples were sealed into epoxy mounts
The HO and/or CQactivities are considered to beand polished. _

the most importantagents of the modal mantle ~ Run products were analyzed using CamScan

t ti d reé therein). H MV2300 (VEGA TS 5130MM) kectron microscope
metasomatism[g] and reerences therein). However, uipped with EDS INCA Energy 350 and Tescan

mineralogical and geochemical data also indicate %%GA-II XMU microscope equipped with EDS

active role of K and Na in this process. Thesgca Energy 450 and WDS Oxford INCA Wave
components are dissolved in the mantle fluids agq

various saltsAmongthem, chlorides are of special Results of the experimentsThe conditions and
interest since they are abdant in fluid/melt results ofindividual experiments are presented in
inclusions in diamonds, kimberlite mineralsin Table 1 The products of the K&tee experiments
mineralsof spinelperidotite xenoliths in basalts fromcontain pyrope and Abearing enstatite. In the

various geodynamic environmer(tsee references in Presence of KCI in the starting fluid, phlogopite
[5-6]). appears in the products of the experiments at 1000

A characteristic mineral indicator of the moda in fi ined . g h
fle metasomatism is igopite [1-4] contain finegrained aggregates interpreted as quenc
man o _ products of a melt (Fig. 1a, b). An increase in KCl is
Appearance of this mineral in the mantle rocks asaccompanied by a decrease of the amount of pyrope
result of their interaction with potassidpearing and enstatite in the products of the experiments, so
aqueous fluids is explained by the reactie([7):  that in experiments with fluids with % = 0.4 they
arerare or absent, and phlogopite is the dominant
phase (Fig. 1a).
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Table 1.Run conditions and products of experiments on the reaction
5En + Grt + [KO + 2H,0] = Phl + Diat 5 GPa.

) duration
Run no. U, Ad hours Xkal Run goducts
PEH1 1250 24 0 Opx+Grt+Q*
PEH2 1250 24 0.05 Ol+Grt+Q
PEH3 1250 24 0.1 Opx+Ky+Q
PEH4 1250 24 0.2 Opx+Grt+Ky+Q
PEH6 1000 48 0 Opx+Grt+Q
PEHS8 1000 48 0.05 Opx+Grt+Phl+Q*
PEH7.14 1000 48 0.1 Opx+Phl+Q*
PEH-9 1000 48 0.2 Opx+Phl+Ky+Q*
PEH11 1000 48 0.4 Phl+Q*
PEH12 900 48 0.05 Opx+Grt+Phl
PEH16 900 48 0.1 Opx+Grt+Phl
PEH13 900 48 0.2 Opx+Grt+Ky+Phl
PEH15 900 48 0.4 Opx+Grt+Phl
PGEH1 1000 48 0.05 Grt+Opx+Q
PGEH2 1000 48 0.1 Grt+Phl+Opx+Cpx
PGEH3 1000 54 0 Cpx+Opx+Q+Q*
PGEH4 1000 48 04 Phl+Q
PGEH5 1000 48 0.2 Phl+Cpx+Q

Note." Q-products of melt quenching. Q*phlogopitelike quenching phases.

Fig. 1. Phases relations in
the run products on the
reactions(2) and (3) (a)
Abundant phlogopite
coexisting with quench
products in the run PEH1
(Tabl e 1) d.a
PEs XKCI = 0.4; (b)
PhlLE Q2 ) Orthopyroxene coexisting
with quench products in
the run PEHL4 (Table 1)
at T=ul B GEHNI1;
no garnet is present, only
orthopyroxene (Opx) and

Exp. PEH-14: T=1000°C,  Xka=0.1 20um

Experiments at 1 0 0 Gthk C newlhformed phlogopite witly an ingrease in she KCI
first phase to disappear as the concentration of K€bntent in the starting fluid.
in thestartingfluid increases (Fig. 1b). Subsequently In the Cabearing system an increasen the
Al-bearing enstatite gives up. These relatioroncentration of KChlsodestabilizsof the pyrope

indicate a series of reactions grossular garnet with the formation of clinopyroxene
En + 1/3Prp + [2/3KCI + 1/3kD] = 1/3Phl + and phlogopit€Fig. 2) according to the reaction (3).
+1/3CHPhI (4) Such relationships are well known in upper mantle
En + 1/5MgTs + [2/5KCI + 1/5H0] = 1/5Phl + xenoliths in kimberlites and alkali balss For
+1/5CHPhL (5), example[13]described a series garnet harzburgite

to phlogopitewehrlite xenoliths from the Lhtakane
where MgTs is the MgTschermack molecule kimberlite pipe in Botswanavhich showed gradual
(MgAI,SiQs) and CHPhl T is the KMgAISi;O,,Cl, garnet replacement by the assembl@gs + Phl N
endmember in the phlogopite solid solutiofhese Cr-Spl and a simultaneous decrease in the modal
reactions expressa regular disappearance of thedrthopyroxene.The newly formed clinopyroxene
garnet acompanied bya decrease in Al content in developed together with phlogopite in harzbuigite
orthopyroxene and an increaseCl cortent in the that had not containgatimary clinopyroxene.
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Fig. 2. Phases relations in the
run pioducts on the reactiofi):
(a) Garnet (Grt) coexisting with
orthopyroxene (Opx) in the run
PGEH1 ( Tabl e 1y
in absence of KCI; (b)
Clinopyroxene (Cpx) coexisting
with phlogopite (Phl) in the run
PGEH5 ( Tabl e 14
andXKc| =0.1.

0.3 ®T=900°C
ET=1000°C

Fig. 3. Dependence of the Adontent (a.p.f.u.) in -

orthopyroxene on the KCI content in the startir 4 T . 4
fluid at 900% and 1000 . <0 ! $
< M H
0.1 : ¢
:
450 H
0.05 XKCI
4.00 ‘ ) s
®T=900°C
220 e WT-1000°C %0 005 01 o015 02 025 03 035 04 045
o3.00
X
Ez.so
62.00
1.50
[
Loo = Fig. 4. Dependence of the &@bntent (wt. %) in
0.50 & l phlogopite on the KCI content in the starting fluid ¢
. ] i 900A+ and 1006k
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
Xel

Reaction (5) is manifested in a decrease of the observedonly in the experimenPEH-2 experiment
content in orthopyroxene with the increase i Table 1) which is a typical product of phlogopite
the starting fluid (Fig3). With the increase of ¢ in  dissolution in aqueous fluids.(g[15]).
the starting fluidthe CI content in mica increases as Discussion and onclusion The experiments
well. reaching 0.6 0.8 wt. % at %c = 0.2- 0.4 (Fig. reproduce the major reaction occurring during
4). Such CI content in the synthetic phlogopite ifransformation of uppemantle garnet peridotites in
consistent with the CI content in phlogopites ofhe course of mantle metasomatism under the
metasomatized peridotites and inclusions imfluence of the KO-KCI fluids, leading to the
diamonds (see Fige 3 in[5]). formation of phlogopitdearing assemblages. -Al

In the products of some experiments ai->e bearing orthopyroxene and garnet are not stable in
0.1, kyanite (Ky) appears. lts formatiors also the presence of J#-KCI fluid even at X¢ = 0.05.
related to the decomposition of pyrope in th&his result is comparable with the results of previous

presence of the J-KCl fluid by a reaction experimental studies, which usedert potassic fluid
Prp + [KCl + 1/2HO + 1/2SiQ] = 1/2Phl + 1/2G1 components. Thibault and Edgafl6] have
-Phl + 1/2Ky (6) experimentally studied reactions of phlogopite

The presence of SiOn the fluid can be due to formation in the model pyrolite interacting with
either the initial slight excess of this component k201 K2COs solutions at 23 GPa and 85® 5 0 A C.
the starting mixtures or the sufficiently highContent of phlogopite systematically increased
solubility of SiQ, in the fluid in equilibrium with the relative to thoseof orthopyroxeng olivine, and
Phl + Enassemblage (e.g15]). High activity of clinopyroxene as well aghe Opx/Cpx and Opx/Ol
SiG, in the saline fluid is indirectly indicated by theratios decreased, with  increasing KCOs
absence of forsterite in the run products (it wasoncentrationin the solutionsThe dominant phase
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whosedecompositiorresults in phlogopite is garnetLitvin YuA. Physicochemical studies of theefting of the
according to reaction (LHowever, authors did not 9eep matter of the Earth. Moscow: Nauka; 1991.

L ; " . Schneider ME. Eggler DH. (1986) Fluids in equilibrium
reported variations of mineral compositions with thg;it heridotite minerals: implications for mantle

fluid composition. Our results show thate Al  metasomatism. Geochimica et Cosmochimica Acta. V. 50,
content of orthopyroxene and Cl in phlogopité 5, -@#24.htfpst//tloi.org/10.1016/0016
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cell (Broadhurst, 1962)ncreasing temperature leadsgratings on the same turret. The spectra were
to rotational phase transition at 31-BB2.1 K collected at room temperature with resolution of

(Makarenko et al., 2004)n this paper we performed aPproximately 2 cr
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$ Spectra calibration was carried out using the 520.6

in situ Raman spectroscopic measurements -of ¥ 3
docosane to 29 GPa at room temperature.

Experimental details. Symmetrietype diamond

anvi | cel |

gasket was

load the nAdocosane along with a small ruby chipn;mpher of Raman modes, which could be classified

with a cul
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cm™ line of a silicon wafer. We have determined the
frequency and intensity of the Raman spectra using
Lorentzian function with approprigte background.
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The ndocosane itself acted as the quasihy@tast jyig the following groups: (1) €-C angle bending
pressure medium. The ruby fluorescence techniqygyge, (2) methyl rocking mode, (3)-C skeletal

was used to calibrate the pressure applied on Ué‘ﬁet:hing modes, (4) methylene and methyl bending

sample(Mao et al., 1986)

We used custom Raman spectrometer with tt}n%
514.5 nm line of an Aion laser (Goncharov and
Crowhurst, 2005). The spectra werellected with
the 460mm focal length /5.3 imaging spectrograp

equipped with two 1500 and 300 grooves per mm
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odes and (5) polymethylene and methyl stretching
odes. Some of these Raman modes are weak due to
the presence of the predominant fiostler diamond
fpeak from the experimental cell.

Fig. 1. Raman spectra ofn-
docosane obtained at ambier
temperatures and high pressure
upon compression to 28.5 GPe
For clarity, the spectra have bee
divided into three regions: 700
1350, 14001600 and 2703300
cm™. The 13501400 cnt region
is dominated by the diamond first
order peak and is not shown. Th
colored stars represent variou
Raman modes.
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C-C skeletal stretching region and GIEH;
The drastic changes in the Raman mode behaviarcking region (7061300 crif) The modes in the
with pressure is an indicator of a phase transitiod00-1300 cm' region are associated with the
The pressure dependency of various Raman modsgnmetric and asymmetric skeletal stretching of the
are shown at Figure 2. The mode assignment wa€-C bonds and the GHand CH rocking modes.
based on the results by Mayo et al. (2003). It wdsgure 2 shows the pressudependence of these
found that all these Raman bands shifted to higherodes. Mode at 893 chis associated with th€CHs

increasingnd group (methyl rocking mode). This mode has a

pressure, and at about B3 and 10.8.1.0 GPa positive dr/dP. The disappearance of this mode was
sudden changes occurred.

observed at 20 GPa.
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The mode at 1063 cmhas contribution from symmetric CH rocking mode. The mode has a
skeletal GC strething. This mode has a positivepositive value of #&/dP up to 28.5 GPa (Table 1).
dv/dP to 28.5 GPa (Table 1). Band at 1136°chas The mode at 1299 chrorresponds to athylene in
contribution from methyl rocking and-C stretching phase twisting. The mode has a positisgddiP. The
modes. The Dband has a gsappeatance of thisvrende was obsdrveddt®/6 GiPa
28.5 GPa (Table 1). At 11 GPa, a new mode at 1136
cm' appears on the septra. The mode is
characterized by a positive value aof/dP up to 23.5
GPa (Table 1). The band at 1173 coorresponds to

3100 i
1
i
3000 i |
u 1
u 5 :
2900 4 . ]
" Fig. 2. Raman modes
" ! of n-docosane as a
2800 : function of pressure.
T [ 1 . .
1550 ! The solid lines are the
i linear fit to the data.
LE 1 . .
= : Vertical dashed lines
= 1500 | indicate  the phase
-"{_—f) ! transition  boundaries
c " for n-docosane.
[} 1
E .
S 14504 :
T ': 1
1300{ w = :
1
1200 - i
n = |
11001 |
n u :
1000 - |
900 . = i

Pressure (GPa)

TableLFrequency (¥) of -dodosaneRral ifseessurerderi/ative ¢ddH) observed in different
phases.

Phase | (1 atm) Phase Il (> 3,8 GPa) Phase Ill (> 11,0 GPa) .

¥ () dy/dP ¥ (cm) dv/dP ¥ (e dv/dP mode assignment
893 3.8 905 2.8 924 2.5 methyl rocking mode
1063 5.0 1082 35 1107 3.8 skeletal GC stretching

1136 4.0
1136 6.3 1157 3.9 1184 2.7 CHjz rocking + GC stretching
1173 1.3 1177 0.0 symmetric CH rocking
1299 25 1310 2.8 (CH,),, in-phase twisting
1446 9.4 1473 4.1 1503 09 |2asymmetic  CH  Ch
bending

1467 7.5 CHjs deformation
2850 16.9 2917 8.8 2981 8.3 symmetricCHjz stretching
2883 125 2945 9.7 3016 7.5 symmetricCH, stretching
2935 8.8 2970 8.9 asymmetricCH, stretching
2954 15.0 3008 9.5 asymmetricCHjz stretching
2966 16.9 3027 111 asymmetridCHj; stretching

Experiment in Geosciences 201 8 Volume 24 N 1 69



CH; and CH, stretching region (2803200 crif)  Mao H., Xu JA., Bell P.Calibration of the ruby pressure

The GH stretching region is influenced by |argegauge to 800 kbar under qudsidrostatic conditions //

. . . . - Journal ofGeophysical Research: Solid Eaiiti1986.1
intramolecularinteraction and interaction between\/_gl-l- P. 46734G76.

symmetric GH stretching fundamental and themayo D. W., Miller F. A., Hannah R. \@ourse notes on
overtone of the >CHscissor mode (Kavitha and the interpretation of infrared and Raman spedétidiley.
Narayana, 2007). The armo'(giza%oé- Zr?er'%g HR%rr?ar? s(():atte ng sng:tirgosgcop'gs{nd

. . X : i . : I ic study
associated Wlth_symmetrlc Gtand CH stretching, of n-pentanaunder high pressuret- //.Aeplied saectr?saogﬁy.
respectively. The modes-,-zd*ggg-,-w_gg-l-|a_65dc5593_s| i ve ¥ up t o
28.5 GPa (Table 1). The mode at 2935'chas Shimizu H., Shimazaki I., Sasaki-Bgh-pressure Raman
contribution from asymmetric GHstretching, the study of liquid and molecular crystal ethane up to 8 GPa //
modes at 2954 and 1966 ¢nare associated with Japanese Journal of Applied Physic4989.1 V. 2871 P.

asymmetric CHl stretching. These modes have éngklgsls. A Tomi | en&abpn A. A. B

. . , . G. ,
posi tive val ue -©6GPa(¥abld E). aHdmitrofeR speBiatidh in-poor GO-H-N fluids at 6.3
At higher pressusewe observed the disappearanc&Paand 11000 400A C // S¢20e7iti fic Rep
of these modes. V.71 P.706.

: : : Spanu L., Donadio D., Hohl D., Schwegler E., Galli G.
Conclusions We have defined the shift of all Stability of hydra@arbons at deep Earth pressures and

modes of rdocosane to the higher wavelengthgmperatures // Proceedings of the National Academy of
region. We have also determined ttlisappearance Sciencesi 2011.i V.108i P.68436846.

of the Raman bands and the appearance of né&wn L., Yi W, Wang L., et &-ray diffraction studies and
modes in the pressure intervals of-3.8 and 10.8 equation of state of methane at 202 GPa // Chemical

e e Physics Leers.i 2009.i V.473i P.7274.
11.0 GPawhich indicates phase transitions of the Nzubkov, VON the probable lifting of deep hydrocarbons

docosane. It is important to note that the phaso the crustal waveguide // Doklady Earth Scientes.
transitions affect the behavior of the \dbpnal 2009.i V.4271 P. 10171019.

mode in the same way as in lighter alkanes, such as

ethane (Shimizu et al., 1989), propane (Kudryavts

et al, 2017), pentane (Qiao and Zheng, 200g?—;edkln V.V. Geachemical features of eclogites
hexane (Kavitha and Narayana, 2007) and heptai@m the Maksyu'Fov complex (South Urals)
(Kavitha and Narayana, 2006). UDC 549.6+552.16:5528
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retrograde blueschi$acies and greenschist faciesthat lithostatic pressure at the early stage of mineral
conditions by ~3635Ma. formation could reach at least 288 GPa. These
Despite the long history ofhe study of the data are confirmed by findings of jadeite eclogites in

complex, thessuesof the relationship betwedsoth  contact with ultramafic (GEnst) UHP rockgValizer
P-T-t conditions of formation of UHP rocks, theet al., 2015) and new data from mineralogical

geochemist_ry of their protolithsthe evolution (_Jf geothermobarometry (Fedkin et a2017), m the
metamorphic ~ processes and  geodynamic i of which it is assumed that the peak parameters

development of the region remain unclebr this h logiti hi d h val ;
paper, an attempt is made to generalize available dOIat e eclogitic mgtamorp ISm could reach values o
X =5507 00 AC a»=dGP& Burimy.théirkt

and to perform a comprehensive study of UHP rocks _
of the complex: to determine the nature andrses Stége of exhumation, Maksyutov rocks were

of protolith of UHP rocks based on buisick Metamorphosed at a temperature increase up to 700
chemistry, to calculate -P parameters of mineral8 00 AC, and t heh0 dfgassuea s e
formation using the microprobe data, and to deciphef 0.60.8 GPa (Beane, Leech, 2007, Valizer et al.,
the periodicity and stages of the of metamorphic argd11).

geodynamic evolution of the region. To this e, The most studied and informative part of the
representative samples of UHP rock were collectelaksyutov complex (the localities Shubing

in the southern part of the Maksyutov complex, highantingan, Novosimbirka, Karayanova and Ivanovka)
quality XRF and ICP MS butkock analyzes were wasselected for detailed study of eclogites. Eighteen
made, detailed microprobe studies of the ComDOSitiQ@presentative samples garbetring mafic rocks
and zonality of rocKorming minerals were were analyzed from different parts of large boudins,
performed and the parameters of their formatiofrom eclagitic lenses and interlayers within GBpx-
were calculated. Gln-mica schists. Higiyuality XRF and ICP MS

The Maksyutov complex is located in the zone djylk-rock analyzes orthe major, trace, and rare
the Main Ural fault at the boundary of the Ripheagarth elements were performed at the Geoanalytical
rocks of the Suvanyak complex of the East Europe@@phoratory of Washington State  University.
platform in the west and the Kempirsai hypeiteas Microprobe analysis fo the compositions of
belt, as a part of the Magnitogorsk island arc, in theexisting minerals for thermobarometry purposes
east. Three structurahaterial (lithologietectonic) \as carried out at th®.S Korzhinsky Institute of
units are diStingUiShed within thﬂ)mplex (Lennykh Experimentai Mineraiogy Russian Academy of
et al., 1995, Beane, Leech, 2007): Sciences.

(1) the lower "subcontinental” eclogite New bulkrock analyses reflect the presence of
glaucophane sa$t unit: glaucophane and feldspar MORB, OIB, and IAT basaltic and dasitic series
micaceous schists, quartzites with lenses, boudigfd their metasomatized equivalents. Wide scatter in
and interlayers of eclogites, garqtroxene and less the major, trace, and rasarth bulkrock elements
often olivineendatite rocks; probably reflects multiple metasomatic stages of

(2) upper metaophlitic unit, consisting of rocks ajteration of the basaltic protoliths in contrasting
of the oceanic crust, associatgthphite crystalline oceanic and subductiemone realms The major
schists and metagreywackspmetimes including component of the analyzed samples show a wide
bodies and lenses of serpemites, marbles and range of SiQ@ content from 41.861.12 wt. %.
metabasalt rocks; and However, all of the samples plot in the field of low

(3) an intermediate Yumaguzin unit- potassium basalts, and only some of them correspond
metasedimentary rocks (quartzites and micaceoys andesite basalts (basaltic andesites). Tament
schists, without eclogite). fractionation trends (FeO* (total) and MgO decrease

The lower unit of the CompleXiS of the most with increasing S|@ increasing Nﬂ) with
petrological interest Numerous mafic eclogite increasing SiQ FeO*MgO reverse correlation)
boudins, lenses and interlayers in host garneeflect the transition from basalt to andesite
glaucophanenica schists and the presence ofompositions. The AFM diagram (Fig.1) shows the
olivine-enstatite, quartﬁdeite and lawsonite edogite fidd with Clearly dlStlngUlShed enriphed and
associations determine thilmination of prograde depleted basalt compositions forming a single trend

metamorphism in the range 5300 0 A C -2an 8f 1 lei an_d catalkaline petrogenet_ic se_ries,
hich emphasizes a complex geodynamic setting for

SPa(Dobéetsov”et aléb3896,LLenir11ykhEet al., zlggiérmation of their protoliths. At the same time, the
eane, Lonnelly, , Leech, Ernst, Ikali - silica correlation (Fig.2) reflects typical

However, reports on mineralogical indicators of HRjitferentiation trends for a protolith of HP and UHP
and UHP conditions (coesite and diamond) sugg&gfetamorphic rocks.
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As for rare and trace elements, bulick Bulk-rock REE patterns normalized to chondrites
compositions of the analyzed samples (FB) show the same spread, but compositions of the N
overlap the fields of basalts of the oceanic idglan and Etype MORBs are not widely divergent.
(Fig. 3, OIT, OIA), the NMORB and EMORB Somewhat enrichment of the precursor rocks by light
fields, and islangrc tholeiites (Fig 3, IAT), REE suggests aombination of subduction and
demonstrating a wide range of possible ptatdonic metasomatic processes for the ocean metabasalts
settings. In such a situation, the composition of initidMost of the analyzed garnbearing rocks (with the
rocks could vary either due to the diversity oexception of one) of the Maksyutov complex
heterogeneous protoliths from a wide range of platapparently reflect transformation from a basaltic
tectonic environments from which they weregorecursor because they lack pos Eu and Sr
subducted or because of the contrasting intensity ahomalies characteristic of crustatel (moderate
metasomatic processes at different stages of thpiessure) gabbroic intrusions. The REE patterns are
recrystallization (metasomatism of the seabedjmilar to those for NVMORB and EMORB types.
progradeand/ or retrograde metamorphism during

subduction).
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Fig. 1. AFM diagram for Maksyutov eclogite compositions2 t basalt compositions: 1 depleted, 2 enriched; 3

andesite composition.

Fig. 2. Alkali vs. silica correlation of the Maksyutov eclogites.
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Fig. 3. Discrimination diagram for Maksyutov eclogites by rare and trace elements.

Fig. 4. TiO,/Yb-Nb/Yb diagram for Maksyutov eclogite compositoo(Shchipansky, Fedkin et al., 2012). The field
division and NMORB, EEMORB, OIB, PM (primitive mantle) and CC (continental crust) mean values are from Pierce

(2008).
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Thus, bulk-rock geochemistry by major, trace Mineralogical thermobarometry and the

and rareearth elements for Maksyutov eclogitePerple X modeling parameters reflect the initial

subalcaline basalts of both enriched (OIB type) a P : e :
depleted (N and EMORB types) compositions, etamorphic field gradient, within which at least

which inherited features of subduction and furthécPur episodes O.f '_[he metamorphlc evolution of the
metasomatic processes. On the other hand, modelfffjnPlex are distinguishedredkin et al., 2017).
of magma generation processes (Pierce, 2008) bas&jrograde metamorphism of the last stages, which
on eclogite bulkrock compositions clearly shows atook place under beschist and greenschist facies
possilte interaction of a mantle plume source of OlRondition was apparently accompanied by -Na

type and a depleted mantle source of MORB type metasomatism processes along the ashene
the pressure range of 1450 GPa (Fig. 4).The (efined solution paths.

possibility of such interaction is confirmed by new g be seen from Fig. 5, all the main

data on the ancient ( O5e3/o"l)htioﬁ(i$y)eveM§'| 6t tHe 'mlaflc 2AOifed & the ©

associatd with eclogites at parameters up to-800 o
% and{ > 3.24.0 GPa(Valizer et al., 2015). Maksyutov complex proceeded under conditions

According to the authors, the data give evidence 0Se to the gradient line of the metamorphic field.
the participation of the ancient substratum tectoni@nly relics of UHP minerals and manteustal
mantlecrust inclusions in the complex formation.inclusions of hyperbasitic rocks reflect the prograde
Bulk-rock geochemistry data of the eclogites of thetage of the subductigerocessThus, the final main
Maksyutov complex shows that the geodynamics elvents in the geodyndc history of the complex
the formation of their protoliths can not be reduced tgere the processes of pushing the Palsian

any simple model.This process combined threegceanic plate under the continent and its exhumation
different sources: the depletedNAORB mantle, the 5 ever the details of the geodynamic model

enriched OB mantle, and the contribution of the .

subduction component involving the process gfauire further research.
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(Gorbachev, 2000), peridotite +,8 - 3.84 GPa Polished preparations of quenching samples were
(Mibe et al., 2007, Gorbachev et al.,, 2015)studied and analyzeid the IEM RAS on CamScan
Considering the large temperature interval betwedv2300 ECM.
the solidus and the liquidus ithe systems of the Results. Representative  compositions  of
basic and ultrabasic composition, as well as tlewexisting phases are given in Table 1. In the
formation of mantle magmas with partial melting operidotiteH,O system at T = 1060300 AC
the mantle matteat wide T interval it is of great quenching samples were characterized by an
interest to investigate the critical relationshipgnomalous structure and phase compositionléTap
between the partial melts and thHlid in the Fig. 1). Their main feature is the absence of
presence of restite minerals of the refractory residuatergranular quenching silicate glassquenched
In this respect, silicate systems have been poosjlicate melt, a characteristic feature of partial
studied. The partial melting of J@-containing melting. Its absence led to their disintegration, the
peridotite and eclogite at P = 4 GPa, T = 00®@uenching material which is represented by
1400AC, cl ose t o stidedtmaompessed andtrogaabudat powdera sonsisting of
estimate the initial critical i and the features of theisolated precipitates or splices of liquidus minerals of
interaction of supercritical fluid melt with silicates. disintegrated peridotite olivine Ol, orthopyroxene
Methodology. The experiments were carried outOpx, clinopyroxene CpxAt T = 10001 1 00 AC,
at the IEM RASon the anviwith-hole apparatus separate fragments of the quenching sample close to
NL-10 using a multammule quenchilg technique. the solidis temperature of the ,B-containing
In the interval T=1004L 2 500i AAu ampoules, at peridotite were characterized by a "breccia" texture
T =1 3®i0 Au-Pd ampoules, aT=1 4 0 0 RC (Fig. 1a). In such fragments ("breccias"), the
ampoulesvere usedThestarting materialsvereGrt  peridotite association Ol + Opx was replaced by the
peridotite from the xenolith in the Obnazhennayaewly formed eclogite association @Epx
kimberlite pipe (Yakutia) tholeiitic basalt ST1, composition.In"b ecci as", t h&px ncl
chemical analogue of the Siberian trap and distilleglics is localized in the Grt + Cpx matrix of the
H,0. The weight ratio of silicatel,O varied from 6 composition. Ol from the "breccia" and the main
to 2. The temperature was measured by raass are similar isontent of Fe and Mgt higher
Pt30Rh/Pt6Rh thermocouple, the pressure at higF12001 300 AC and degrees of
temperatures was calibrated by the quadezsite with a "breccidike" texture did not occur, although
equilibrium curve. The accuracy of determining theeaction relations between Ol and Cpx were
temperature and pressure in the experiments dbserved. At these parameters, silicate glass was
estimated af\6 A C N rkimhr (Litvin, 1991). The found in the fornof isolated microglobules of ABi-
duration of the experiment was from 8 to 24 hour&a composition (Fig. 1b).

Table 1.PeridotiteH,O system. Representative compositions of coexisthages.

v = 1000Awy
Sio, TiO, Al,O3 FeO MnO MgO CaO Na,O K,0 Cr,04 Total
ol 40.51 0.0 0.32 7.89 0.21 50.95 0.11 0.16 0.00 0.0 100.17
Gr 40.95 0.21 19.19 8.31 0.38 17.66 8.80 0.21 0.08 4.15 99.95
Cpx 52.04 0.18 3.19 1.71 0.17 16.45 2151 1.28 0.04 0.56 97.11
Opx 54.64 0.0 3.70 5.23 0.29 34.52 0.83 0.23 0.00 0.32 99.76
Chr 0.46 0.25 18.63 16.62 0.0 13.45 0.43 0.23 0.07 44.81 94.95
T=110A o
ol 41.11 0.02 0.09 8.22 0.06 49.78 0.03 0.04 0.03 0.20 99.59
Gr 41.83 0.03 22.17 5.58 0.45 19.94 7.99 0.17 0.00 2.37 100.54

Cpx 52,77 0.15 2.57 2.55 0.17 1856 2152 0.05 0.05 0.70 99.10

Chr 0.71 0.17 37.38 1041 0.56 19.37  0.13 0.12 0.03 3440  103.28
T=1200A ¢

ol 40.79 0.05 0.12 4.97 0.12 5247  0.13 0.04 0.05 0.20 99.05

Cpx 50.06 0.18 5.33 5.56 0.26 16.05 1828 0.01 0.00 0.52 96.31

K-Cpx 49.62 271 13.86  9.80 0.25 4.50 13.77 1.24 1.36 0.00 97.61

Chr 0.08 0.00 4.23 9.57 0.44 15.43  0.16 0.27 0.00 68.10  98.37

Gl 73.65 0.19 6.89 0.41 0.25 4.03 2.09 0.05 0.47 0.03 88.16
T=130A ¢
ol 41.52 0.14 0.09 5.66 0.04 54.90 0.08 0.00 0.00 0.01 102.67

Cpx 53.18 0.08 3.49 4.17 0.62 20.08 19.63 0.00 0.00 0.87 102.12
Opx 54.35 0.17 5.96 8.54 0.27 31.29 231 0.07 0.03 0.00 102.99

T = 1400A o
ol 4130 0.12 0.17 0.24 0.0 57.33 0.01 0.12 0.08 0.71 100.10
Cpx 4830 0.62 1590 0.72 0.43 11.17 2379 0.27 0.0 0.28 101.52
Gl 49.78  0.44 15.84  0.17 0.05 0.02 8.56 0.28 0.41 0.08 81.82
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Fig. .BSE micrographs of quenching samplTes= 1a300TACs H1G0AC
peridotite consisting of Ol and Cpx relics and3ilglass microglobules, quenching product of supercritical-fhosd.

Table 2. The eclogiteH,O system. Representative compositions of coexisting phases.

Sio,  TiO, AlLO; FeO MnO MgO CaO NaO K,0 Cr,0;  Total
Cpx 4640 275 1261 626 031 889 2045 156 001 019  99.43

Bt 4121 245 11.77 8.13 0.11 16.13 1.67 1.20 6.57 0.15 89.38
Gl 63.06 0.14 18.84 0.48 0.03 0.02 2.87 5.82 3.83 0.00 95.08

At T = 1400AC, t he s a mmnmlthe eclogiteHsOesystemm énrthe dnteeval T z e d
by a massive texture. There was intergranular glad®001 4 00 AC, quenching sampl es
Quenching samples consisted of OI, with aby a massive texture whitcharacterigt features of
uncharacteristic e | o n g gartaldneltingll fhe matrix isrepr@gentec by silicatt o r m
cemented with silicate glass with inclusions of Cpglass of the trachyteandesite composition with
(Fig. 2a). On he polished surface of quenchingnclusions of clinopyroxeneand mica (possibly
samplesthe oriented dendritic form of @bnforma quenched) (Fig. 9c Representative compositions of
triangular or diamonghaped patter(rig. 2 b). coexisting phases agiven in Table 2.

Vega OTescan
RSMA Group IEM RAS

a) b)
Fig. 2. BSE micrographs of quenching samples: a, b) peridbiti®@ system, T = 1400AD, Tc) syst
= 1300AC.

Discussion. In most experimental studies,addition, the possibilities of theirgt method are
"remote” research methods were used, witholitnited to simplesilicate systems with low T solig,
material analysis, in which the transition fromsuch as Ab, Ne, Jd, dacigranite(Bureau, Keppler,
subcritical to supercritical state was fixed eithet999). The only exception is the study of critical
optically in "hydrothermal diamond anvils" (Shenratios in the system SKEH,O, SiO-MgO-H,0,
Keppler, 1997), orby hightemperature Xray eclogiteH,O, peridotitebasaktH,O using the
radiagraphy (Mibe et al ., 2007)The use of these quenching method in which the test of the transition
methods does not allow us to study matter. laf the silicateH,O system from subcritical pressures
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to supercritical were textures of quenching sampleSorbachev N.S., Kostyuk A.V., Soultanov
the absence of quenching glass, and the compositpmM. Nekrasov A.N. Ecologization of
of the quench phas¢&ennedy et al., 1962, Stalderperidotite at interaction with supercritical
et aI., 2001, Kessel et aI., 2005, Gorbachev, 2000). fluid -melts (fOI' experimental data). ubDC
The anomalus texture and phase composition of5q 4 02
quenching samples in the peridotiteO system in
the interval T = 1000 300 AC can b e instute g Bxpariment@ Mineralagy RAS, Chernogolovka,
the existence of critical relationships between th@oscow district. (gor@iem.ac.ru, nastya@iem.ac.ru,
partial silicate melt and the fluid. dil@iem.ac.ru, alex@iem.ac.ru)
The massive texture afuenching samples with Abstract. The eclogitization of peridotite at interaction
partial melting of peridotite and eclogitet = 1400 with supercritical fluid -melt was experimentally studied in

and1 3 0 aesp@ctively, the presence of quenchingtlhe2 %er(')d%'tg'HzoFsiSt:T ?Jt ': Zto Gf?’ T L 1h°?30' Cextur e

intergranular glass cementing the liquidus minerals {Reir |ow quality factor, absence of intergranular quenching
them, indicate that under these conditions part@llass indicate the existence of critical relationships

melting occurred wher subcritical conditionsThe between partial melts and fluid. Indivi dual fragments were
experimentally observed eclogitization of peridotiteharacterized by a "brecciated” texture, with the _
in interaction with supercritical fluid melt with replacement of the peridotite association (Ol + Opx) with

replacement of the peridotite association Ol + Op§f/odite association (GrtCpx). The minerals of quenching
nNnbrecciaso were characterized &

with eCI_Og'te Grt + Cp_X can Se"rve afs ?‘n eff_eCt'Vﬁnicroelements (Th, U, Nb, Ta, Zr, REE). The eclogitization
mechanism for overeoing the “eclogite” barrier, of peridotite at interaction with supercritical fluid -melt can

and explaining the eclogite "paradox' the joint serve as an effective mechanism for overcoming the
existence of peridotite and eclogite parageneses'ietc!l ogite barriero.

inclusions in diamonds. Keywords: peridotite, eclogite, fluid, critical relations,
experiment
The work was suppatl byRFBR grant 1705
009300 Introdu ction. Experimental study of the phase
References: relations and melting of the peridofité,O system at
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386(6618):710712. kimberlite pipe (Yakutia) and distilled J@ were
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temperature and pressure estimation in runs wawlt formed by partial melting of peridotite. The
esti matbdd alskihNUNvin, 1991) The absence of intergranular glass in quenched samples
duration of experimentsranged from 8 to 24 h. resulted in thir disintegration. The quenched
Quenching samples wemolished andanalyzed at material is represented by a pressed microgranular
the Instiute of Experimental Mineralogyon a powder composed of isolated segregations or
CamScan MV2300 scanning electron microscopatergrowths of liquidus minerals of disintegrated
and on ICP MS inthe Yaroslavl Branch of the peridotite (olivine OIl, orthopyroxene Opx,
Physical Technological Institute, Russian Academylinopyroxene Cpx, and corroded romite Cht1
of Sciences. Fig.1a). Individual fragments are characterized by a
Results. The compositions of coéting phases "brecciated" structure (Fig. 1b). Inclusions of Ol
in quenched experimental samples and concentratiaiics in such fragments ("breccias") are overgrown
of microelements are given in Table 1; theibythe Gri Cpx aggregate. In such areagactionary
photomicrographs illustrating the textural and phaséreccias”, the peridotite assatibn OFOpx
relationships are shown in Fig. 1. replaced the eclogite G@px (Fig. 1b). At T =
The quenched samples 10001 100 AC1 20 @ AC, fragments with a
characterized Y an anomalous texture and phasaot occur, although the reaction relations between Ol
composition. Their major peculiarity is the absenceand Cpx were observed (Fig. 1c).
of intergranular silicate glagsthe quenched silicate

Table 1.Representative chemical compositions of coexisting phases jretigotite H,O system.

T=1000AC T=1100AC T=1200A
ol Grt Ol Cpx Opx Ol Cpx
Sio, 38.99 41.92 41.11 52.77 54.64 41.41 51.53
TiO, 0.00 0.04 0.02 0.15 0.00 0.00 0.37
Al,O3 0.33 21.93 0.09 2.57 3.70 0.20 6.13
FeO 8.05 8.05 8.22 2.55 5.23 7.22 5.59
MnO 0.05 0.25 0.06 0.17 0.29 0.02 0.57
MgO 50.53 18.22 49.78 18.56 34.52 50.61 14.62
CaOoO 0.00 10.44 0.03 21.52 0.83 0.12 20.46
Na,O 0.02 0.03 0.04 0.05 0.23 0.07 0.01
K0 0.09 0.05 0.03 0.05 0.00 0.04 0.00
Li 0.38 0.82 0.61 1.02 1.96 0.79 4.16
Be 0.01 0.02 0.003 0.02 0.09 - 0.1
Ba 1.69 16.6 0.91 7.08 26.9 0.36 164.65
Th 2.92 1.08 0.04 0.37 0.69 0.01 0.94
0] 1.86 0.67 0.1 0.23 0.38 0.03 0.35
Nb 35.43 15.86 1.21 2.44 6.86 0.69 9.89
Ta 0.93 0.39 0.38 0.08 0.18 0.02 0.23
La 3.3 2.72 0.18 1.49 3.02 0.02 5.66
Ce 16.25 9.71 1.1 4.55 4.78 0.02 10.89
Pb 0.29 0.82 0.08 0.26 0.91 0.25 1.02
Sr 4.44 32.67 2.27 46.5 19.28 1.07 228.67
Nd 24.02 12.37 3.02 2.3 2.18 0.01 4.17
Hf 0.78 0.31 0.91 0.16 0.19 - 0.34
Sm 6.44 2.72 1.75 0.53 0.57 0.02 0.77
Eu 1.43 0.61 0.57 0.18 0.17 0.004 0.96
Gd 8.93 4.41 3.37 1.45 1.3 0.01 2.62
Ti 1181.27 730.67 549.49 248.04 393.57 51.0 416.08
Dy 2.19 1.08 3.87 0.47 0.44 - 0.54
Y 9.49 4.3 26.03 2.87 2.35 0.05 3.82
Er 1.29 0.59 3.35 0.41 0.3 - 0.38
Yb 1.25 0.68 4.1 0.47 0.43 - 0.46
\% 181.22 207.8 173 97.29 147.15 17.61 86.53
B 6.23 16.86 9.48 17.28 21.2 3.01 29.07
Zr 32.59 9.65 125 3.74 4.47 0.32 8.72
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Fig. 1. BSE micrographs of quenching experimental samples: a) general view, istilatedrges of liquidus minerals
of disintegrated peridotite (T=1000AC) with fragment:
liquidus Ol are included inthe matrix@@p x composition (T = 1100AL200AC¢) OI

The formation of Grt in the interaction of melts  Figure 3 shows PNhormalized concentrations of
with Ol and Opx is modeled by reactions3lin trace elements in Ol, Grt, Opx, and Cpx from the
which the fully mobile components are Si@) and quenched samples in comparison wittose from

Al,Os (L). peridotites of mantle xenolith&regoire, 2000). The
(M@zSiOs)or + (SIO)L = 2(MgSiO;)opx (1) minerals of quenched samples from the low
3(MgSIiOs5)opxt (Al 2035) =(Mg3Al 2SizO12)art (2) temperature (100 1 0 0 A Cand Iowi degree of
3(M@.SiOg)o+t2(Al03) +3(SiOy) = melting are characrized by high concentrations of
=2(MgsAl ,Sis015) 6t (3) traceelements (Th, U, Nb, Ta, Zr, REE) exceeding

The equilibria of the triple point Fo + En + Pyr isthe concentrations in Ol, Grt, Cpx, and Opx from
(MgzSi0,)0l + (MgSiG;)Opx + (ALOZ)L + (SIO)L  peridotite  xenoliths  (Fig. 3a,b). Ol from
= 2(Mg:AlSi;01,)Grt. The coordinates of this point experimental samples at motgigher degree of
are loga (SiO)L = -1.13d loga (Al,O5)L = -0.49 melting(T=1 2 0 OiAc@mparison wit Cpxare not

ats= 1 3 3,834 GPa(Fig. 2). characterized byuchenrichmentof trace elements
laaAl O andsimilarto Ol from peridotites of mantle xenoliths
98 7 (Fig. 3c)
Pyr
Fo Eii
. +lg a SiO,

Fig. 2. The coordinates of the triple point Fo+En+Pyr

BaTh U NbLa CePb Sr Nd Zr SmEu Ti GdDy Y Er Yb BaTh U NbLa CePb Sr Nd Zr SmEu Ti GdDy Y Er Yb BaTh U NbLa CePb SrNd Zr SmEu Ti GdDy Y Er Yb

Fig.3. The microelement concentrations normalized in primitive mante Ol , Grt, Opx, Cpx at
b) 1100AC, c) 1200AC for c 0 mp-a0t and ?-rCpx) fibm peaaidotdes of mgntlev e n
xenoliths (Gregoire, 2000).
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Discussion. The anomalousstructure and the results obtained show that as mc increases, amphibole is

" ; replaced by chlorite, orthoamphibole and cordierite. The
phase composition of quenched samples Obtamedc centrations of major petrogenic elements in coexisting

the temperature range of 10003 0 0 AC ~ M&piMtions Weke measured. More Ca and Fe and less Mg are
explained by the critical relations between the silicatdown to be removed from amphibole because Mg is re-

melt formed by partial melting of peridotite and thePrecipitated into chlorite. Asaresult of the precipi.tat.ion of

. .. ; . Ca, Fe and Mg from amphibole, the residual matrix is
aqueous fluid. The supercriticaliid-melt interacted enriched in alumina, contributing to corundum formation.
with peridotitic minerals, which resulted in theirf,, at which amphibole-plagioclase associations are
dissolution, in the formation of a reactional Grt 4succeeded by chlorite associated with gedrite orcgrdierite,
Cpx matrix around rel [egisigoves naptpgbablengngigh i
enrichment in trace elements. This enrichment istimated.
more ‘?ffecnve_ at low volume of nearsadgd Keywords : amphibole, fluid, HCI, metasomatism,
supercritical fluidmelt at low degree of melting metabasites, fluid interaction, experimental modeling.
(T=10061 100 AC) . At increase of temperature (up to
1200AC) , degree of me | Estimagon oHCHfugacityih deepeated fuids
supercritical fluidmelt this effect are decreaseis essential for an understanding of the mechanisms
(dilution effect). The eclogitization of peridotite inof chlorine transportation from the deegyérs of the
interaction  with  supercritical fluignelt with Earth. HCI is also an essential constituent of ore
replacement of peridotite association Ol+Opx witlfluids (Hedenquist and Lowenstern, 1994; Simon et
eclogite Grt+Cpx can serve as an effectival . , 2 0 BstmatdnotHatehlgrine constituent
mechanism for overcoming the "eclogite” barriefin a fluid phase is based on exchange reactions of the
explaining the eclogite "paradoxT the joint type M-OH + HCIl = M-Cl + H,0. Thefy,d/fqc ratio
existence of peridotite @neclogite parageneses inin fluid coexistingwith biotite is now calculated from
inclusions in diamonds. The enrichment of thexperimental data(Munoz & Swenson, 1981).
minerals of quenching "breccias" of trace elements,o/fyc; ratio is fluid coexisting with apatite is
indicates a high extracting and reactivity otalculated from experimental data (Korzhinsky,
nearsolidus supercritical fluichelt. 1981).fuc was estimated quantiteely more seldom

than fyo/fuc) becausdy,offiyc ratio can be estimated

The work was suppati byRFBR grant 1705 from the chemical compositions of biotite and

0093m apatite which often occur in rocks, while to calculate
References: fuc, One needs to independently estintfgtg, which
_ _ is not always possible.
Gorbachev N.S. A supercritical state in the water The interaction of amphibole with ,B-HCI

containing mantle (according to the experimental study o(%

the fluid containing peri tJ I . = K [ =
Doklady Earth Scienceg000,Vol. 371, ParB. pp. 362 he expérl?nen?atl study of the regcﬁons of amphibole

365 with HCl-bearing fluids are reported in the present
GorbachewW. S.. A. V. Kostyuk, Yu. B. Shapovalov paper. The goal of the experiments was to determine
Experimental Study of the Peridoiitd,O System at P =  and analyze the compositions of the phases formed at

3.84GPaandT=1000 4 00 AC: Cr i t i c aVaryiRgsoltion acidiy aachte calculatg, i values
Vertical Zoning of the Upper Mantle // Doklady Earth in the fluids.

olutions have not bse_n tudied earlier. T [eiu%
i

Sciences, 2015, Vol. 461, Part 2, pp. G8&BDOI: The experiments were conducted at a temperature
10.1134/S1028334X15040017 of 65(% and a pressur e of 7
Litvin Yu.A. (in rus.)Physicochemical studies of the in reference solution was 0390 mol/kg HO (m).

melting of the Earth's deep matter. M. Ixthuka 1991. The position of reference amphipole (mas. %)

: . m
CregoreM. , B. N. Moine, Suzanng do BoReb) 08s A0, %512 Fe00

Trace element residence and patrtitioning in mantle . 3 N
xenoliths metasomatd by highly alkaline, silicatand 12.08, MnO 1 0.13,MgO I 12.05,Ca01 11.74,

carbonataich melts (Kerguelen Islands, Indian Ocetin) Na&O i 1.66,K0 1 0.49, total 98.32. According to

Journal of Petrology. 2006. 4 1 .u. 477509, (Leake et al., 1997), amphibole is consistent with
tschermakite

o 25140 mg of reference amphibole were placed

Khodorevskaya L.I. Compositions  of into a vertically positoned ampoule (5 mm in

solutions and phases minerals in the diameter and 50 mm in height). HCI solutions,
amphibol-fluid system: application to the acid varying in concemation from 0.05 to 2.81m, were
metasomatismUDC 553.065.1 then poured into the ampoule. Standard 1m and 0.1m
solutions were used. Solutions with HCI
D.S. Korzhinskii Institute of Experimental Mineralogy RAS, concentration in excess of 1Im were prepared by
Chernogolovka Moscow district. khodorevskaya@mail.ru diluting certified 14 mas. % (4.46 m) HCI. -20-
Abstract. Experiments, simulating the interaction of fold excess of fluid relative to a neral sample was

amphibole and H,O-HCI solutions at a temperature of 650- . .
750‘3] and apreszsure of 7 kbar, were Condﬂcted_ The created in the ampoule to be able to diagnose the
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Mineral equilibria at high PT -parameters

number of newhformed phases. Upon filling, thelaminae. The formula of chlorites :is
ampoules were weighed, sealed, overturned a(Mg;.od € s6Al14)(SiresAl13)O010(OH)s. As  HCI
shaken vigorously for a more uniform solutimtk concentration in chlorites rises, isomorphic

distribution. The experiments were carriedt in r epl acement FeYMg, FeYAIl (
gold ampoules to avoid losses of iron in walls ah chlorites takes place, and the general formula of
ampoules. Oxygen fugacity was not controlled anchlorites at meg = 1m (experiment P4)

was assumed to be close to the buffeiNMD (Helz, (Mgs.4F€.05Al 1 57)s5.05Siz.02Al 1,09 O10(OH)s.
1976). The experiments were conducted in In addition to amphiboles and chlorites,

apparatuses with gas pressure and internal heatpiggioclase®l) Angsspowas reveal ed. F
(gas bombs) at the Institute of Experimentakpherical shapes of melt guench products of the
Mineralogy, RAS.The experiments were carried oufluid phasewer e obser ved. Afte
for 4 days, and then hardening was done. Thexperiments, carried out atygp = 0.5, 1 and 2
temperature control | i % gmollkgHO, respectivelydaanphibele pesists, bua s

the pressure measur emernts qeantityo decreases cOhsiderabyP aClustees,n
the hardening rate avs 100 A/ mi n.consikting & small sphegical forms of quar@ta),
experiments the ampoules wereweighed to see if phases of the type #8i0O, - OH and thinly
they are intact. The ampoules were opened, and fileous ALSIOs, are formed. Scarce very coarse ( >
solution extracted from the ampoules was dilute® 0 O Om ) guar taundunc @rh)or i
with 1 ml of distilled water and analyzed. Elementrystals are occasionally encountered.
analysis of the samples was doat the Analytical As the acidity of the solutions is changed,
Certification Testing Centre in the Institute ofamphibole composition varies several times the
Technology of Microelectronics and Specially Pureentre of the grains to their rimNa, Fe and Mg
Materials, RAS (ACIS IPTM RAS) using the massdecrease, while SiQincreases. In addition to €a
s p e c t-1,aHerm@ Bemental, USA) and atomicamphiboles in P3 experiment g = 0.5m), scarce
emission (ICAP6 1 , Ther mo J aY rojtHorhombigs h , ak@hibole oAmph
analytical methods. Chlorine concentration iIMgs(Mgg.s5Al 0.0 €.1055i8022(0OH), crystals, similar
solution after the experiments was not estimated. iA composition to anthophyllite or cummingtonite but
preset considerablexcess of fluid relative to the with a considerable admixture of Alreaobserved.
weighed portion amphibole aritle absence of solid Small (2-3 mp Fe oxide (ox.Fe) globules are
chlorinebearing phases after the experimentsncountered
suggestd that Cl concentration in the fluid after the Na and Ca concentrations in solutions after the
experiments did not differ greatly from the referencexperiments increase as the presgt, rises (Fig. 1).
concentration. A solid sample was extracted from tHa this case, Ca and Na, unlike other petrogenic
ampoule Each sample was then placed into alements, will completely passto solution, rather
container, was filled epoxy glue, polisheand than precipitate in newiformed mineral phases.
analyzed i a method for local Xay spectrographic Fe concentration in solutions increases by several
microanalysis using a CamScan MV2300 (VEGA T®rders of magnitude, while Mg concentration
5130MM) scanning electron microscomguipped remains low (Fig. 2). Fe concentration values in
with  an INCA350 Energy dispersionX-ray solutions within the error limits coincide with the
spectrometer (Laboratory of Electron Microscopylata presented in (Purtovatluk, 1982,3 in Fig. 2).
and Microanalysis, IEM, RAS). Theme taken for Mg concentrations in our 1m HCI solutions aré.8
spectrum collecting is 70 s for various phases. times lower than those in the studies carried out by
The main results of the experiments conducted @urtov, Yatluk, 1982) because in our experiments
6507504 are reported in (Khodorevskaya Mg is reprecipitated into  chlorite  and
Varlamov,2017). They can be described briefly asrthoamphibole. Our data and those obtained by
follows. Af t er i1 and t 2 eurtpve Yailuknshowtthat in the dilutethpnad n g e (
concentration mc = 0.05 and 0.1 mol/kg #0) Ca 0.0lm) Mg concentration values in solutions
amphibole 7 tschermakite Tsch with f = coincide within the calculation limits.
FeO/(FeO+MgO) =0.250.35 remained a clearly In all the experiments Si and Al concentrations in
dominant phase (over 90%). The amphiboles did nbardening solutions remain low (Si= 3800 ppm,
differ in composition from the initial amphibole.Al -< 40 pp m) because at H
Chlorite Chl) was present in all experiments,0.1 mol/l) amphibole is poorly dissolvedP1-P2
regardless of HCI concentration. It was present agperiments); at higher gg (P3-P2 experiments) Si
single crystals measur iamdy Al Caret not adiss®lled Ogitherp rformirgs e
up to 100 Om in size, alonmosilisatesnatiixng o f fine acic
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Fig. 1. myc T ppmca, nayfatio in solution
Fig. 2. Myci T PPMee, mg) ratio in solution: 1i Fe, 2i Mg, 3-4 1 data (Purtov, Yatluk, 1982): B Fe concentrations
equi ponderous with gidvigboncentrdtiéahy and dunite (b),; 4

HClI and HO fugacity in fluid during the (Hbl+Pl+Melt+ox.Fe) and without it
experiments was estimatéom the equationsfic= ( Cr n+ Qt z No H)b | eb@ihdd N @r dour
Xhe®0 he®Potals fr20= Xi2o™9 H2os experiments, are separatdy a dotted line. The

wh e rye® duo°are the fugacity coefficients delineated fields showHCI values in the fluids
of pure HCl and KD a n gg is tatal pressure. detached at a late magmatic stage of syenite (S) and
Jue®was estimated fr onmpo( Pharhodkitd (FC) ctyDalliftion @ nirdrusions and
from (Kestin et al.,1984). Xic, Xwo are molar host metapelites (M) (Markl, Piazolo, 1998). It
fractions of HCI and kD. As a considerable excesdollows from Fig. 3 that Igfyc - T ratio estimates at
of solutions was preset in the experiments, it isatural localities are limited dominantly by theflg,
assumed that the dissolution of amphibole and th& ratios of plagioclase resistance obtained from the
precipitation of the elements have not markedlgxperiments (dotted line fig. 3). In other words, at
changed the preset initial H€oncentration in fluid v = 6508304 fuc values in fluids that provoke
during the experimentdn other words, the authors metasomatism ar most probably limited by the
admit that X,y and X0 values depend on the ratiov al ues of O fy6 Oallesseemtoocklr gher
of the number of HCI or 0 moles to the total in nature in exceptional cases or do not occur at all.
HCI+H,0 moles in the reference solutions. Thus, as a result of amphibdhCl solution

X interaction, Ca, Fe and Mg are precipitated to a
T,C greater extent than @ind Al. Reprecipitation of Mg
from solutions into chlorite contributés Ca and Fe
accumulation in solutions. These elements then
contribute to the formation of metasomatic rocks. In
metabasic rocks, it is primarily the formation of
melanocratic veins ith minerals that contain higher
; f = FeO/(FeO+MgO)and Ca concentrations (e.qg.
S | ' elevated grossular concentration in garnet) than host
! rocks and zoisitite formation. The removal of Ca, Fe
| u&» 000 and lesser Mg results in alumina accumulation in the
residual matrixcontributing to corundum formation.
o - = = p Similar corundum in metasomatic rocks, evolving
Igf after gabbroic rocks, are described in (Serebryakov,
Hel Aristov, 2004; Khodorevskaya, Varlamov, 2018 et
al.).
Fig. 3.1g fug i v r a tii amphiboleplagioclase ) References:
associations are stable;i2plagioclasefree associations
are stable. According to (Markl, Piazolo, 1998), theHedenquist, J.W., Lowenstern, J.B. The role of magmas
composition fields of the fluids associated with syenitethe formation of hydrothermal ore deposits // Nature.
(S), charnockite (TC) and metapelite (M) are delineated994. Vol. 370. P. 51%26.
and indcated by letters. Helz R.T. Phase relations of basalts in their melting
ranges at P =5 kb as a function of oxygen fugacity. Part I.

Fig. 3 shows a IHCI- T ratio created in our Mafic phase¢/ J. Petrol. 1973. Vol. 14. P. 24802
experiments and estimated for various natural
localities. Associations with plagioclase
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Kestin J., Sengers J.V., Kamgfarsi B., Levelt Sengers  diamonds were found several dozen a year, it was
J.M.H. Thermophysical Properties of fluig®i// J. Phys.  decided to "raise the bar" to 50 ct. This condition is
Chem. Ref. Data. 1818%. Vo lkald foday. Nomihl diafhondd 4ré often called in

Khodorevskaya L. I, Varlamov D. A. Experimental  ponor of the great events. In the Soviet Union they
investigation of interaction of amphibole withO-HCI are usually called in honor of the anniversaries of the

fluid under650-7 5 0 Ukbar: application to high i .
temperature metasomatos // Trudy VESEMBTL7 October revolution, the Congress of the Communist

(Moscow: Vernadsky Institute RAS). 2017. P-8& [in party and Komsomol. So, found in 1989, the
Russian] diamond weighing 320%ct wanted to give the name

Khodorevskaya L. I., Varlamov D. A. Highemperature ~ "Unbreakable Soviet Union”, but "unbreakable"
Metasomatism of the Layered Mafldlitramafic Massif in  turned out to be a fragment of a larger stone, and

Kiy Island, Belomorian Mobile BeltlBgochem'istry moreover, pressed, and it was called "Alexander
Intern. 2018. 1888linRussién] ~ @ushkh". For%0 years of development of the Yakut
Korzhinsky M.A. Apatite solide dotion as indicator of deposits more than 200 diamond=eived names.

fugacity off u°ld  {iirhydrotermal fluids // ALROSA company notes in its sources that in recent

Geokhi mi ya. 683908.1in Russiarg . P.

Markl G., Piazolo S. Halogelpearing minerals in syenites years the number of large crystals increases. So in

and highgrade marbles of Dronning Maud Land, 2016 the ?Ompa”y ALROSA produced 7 l.mlql.Je
Antarctica: monitors of fluitompositional changes crystals weighing from 51.5 to 235.65 ct (mainly in
during latemagmatic fluidrock interaction processes //  the jubilee tube).

Contrib. Mineral. Petrol. 1998. Vol. 132. P. 2268. Large diamonds are ofeat value from the point
Mel 6ni k Yu.P. Ther mody na miofcview ofspiencet for stedyiad of wssod formation
conditions of deep petrogenesis. 1978. Kiev: Naukova and placement in diamondiferous breeds. But
Dumka, 150 pfin Russian]. ~unfortunately, mineralogists do not have the
Munoz J.L., Swenson AChloridé hydroxyl exchange in - gpportunity to study the internal features of these
biotite and estimation of relative HCI/HF activities in crystals, however, to date, there atata on the time

gﬁg?tzhzezr;nal fluids // Econ. Gedl981. Vol.76. P. and place of their production, which makes it

Purtov Jl.s., Yatluk G. M. I?O(?(Sn?itﬁler {0 aeKg ﬁsﬁquocgz?ribg% the ¢laws of

processes of mobilizatioof petrogenic components in ormation, - availability and ution of large
hydrothermal systems. 1982. Sverdlovsk: URC of the diamonds in the fields. _
USSR Academy of Sciences. [in Russian]. Modern researchers (Bogatikov et al., 2010;

Serebryakov N.S., Aristov V.V. Conditions of localization Kononova, 2009, 2011; Kaswitskiy, 2009;

of gemquality corundum in rocks of Chupa sequence of Tretyachenko, 2008; Garanin et al., 2009; etc.) in the

the Belomorian compleaf Northern Karelia // 1zvestiia selection of varieties of kimberlites preference

Visshikh Uchebnikh Zavedenii. 2004. Geol. | Razvedka, 4pdicator of the role of Ti@ The basis of the

36i 42. [in Russian]. common classification of kimberlites (Bogatikov et
al., 2007, 2010) is rooted in the pseation of

Konogorova D.V.%, Kriulina G.Yu. ¥, Garanin Kimberlites into ~ three  geochemical  type,
V.K.* Peculiar properties of the formation of conventionally called low by titaniferous (Ti€L.0

: . : wt.%) (NTT), moderately Titanic (1.0<Ti®2.5
unique russian diamonds Wt% ) (UTT) and higkTitanic (TiO>2.5 Wt.%).
M.V. Lomonosov Moscow State University, Departmentof ~ However, high by titaniferous type of kimberlite
Geology, Moscow, (diana-96perm@mail.ru). diamonditrous rock is pathetic, so are not

considered.

The object of the study was data about unique UTT. This type of kimberlites are pipe: World,
diamond Russia (more than 550 crystals weighirgnniversary, Sitakanta, Udachnaya, Zarnitsa, Aikhal
more than 50 ct) obtainedrf19592016 gg company and Komsomolskaya. As shown in work (Kriulina,
AK ALROSA (OAO) of the main handles tubes:2012), and also in experimental works on synthesis
jubilee, Udachnaya, Sitakanta, Nyurba, Zarnitsa, Miof a diamond (Synthesis of minerals, 2000) the
International, Aikhal and Komsomol. moderate conterdf the Titan in a diamontbrming

Unique diamond makes the presence dhedium renders positive influence on quality of a
characteristics such as rare color, shape, and nuggiiggnond, reducing its ability to be enriched with
weighing more than 50 ct name. Nominal diamondsitrogen and reducing supersaturation of a medium
have always been evaluated individually by a team b carbon. Usually the diamonds from kimberlites of
experts. When evaluating named diamonds, they add T (range of diamod potential from high to
always strictly related to such characteristics awpiserable), mostly colorless layers with the
unusual color and shape, as well as purity amttahedral character of the growth facets.
absence of detts. In the first years of developmenCharacterized by low content of nitrogen impurities
of the Yakut fields the names given to the stonddltot<500 at.ppm.) with a high proportion off8rm
weighing more than 15 ct. However, when suct?25-80%), which corresponds to the ditions of
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longterm hightemperature annealing. And largediamond from organosilicas to miserable) have a
diamonds from these kimberlites are characterized bgiatively low quality, due to lowelemperture
prevalence of yellow shades and crystals aonditions of formation and the shortness of the
transitional forms meet more often. The largestnnealing. And especially large diamonds in
number of nominal diamonds is recorded in the tuldémberlites NTT are characterized by transparent
Mir (189 PCs.)Diamonds weighing between 50.05translucent color and crystals of octahedral habit are
and 342.50 ct, average weight 94 ct. more frequent. Diamonds weighing 51.5 to 241.65 ct,
NTT. This type of kimberlite pipes include: with an average weight of 108 ct.
Nuremberg and International. For |éMitanic For fig. 1 we see that unique extra large
kimberlites in addition to low titanium content,diamonds are found in NTTS, but they are rare. The
characterized by low concentrations of rare elementsymber and weight of large diamonds are
such rocks are found mainly on Northern continentsharacteristic of tubes with a moderate content of
on VEP and Yakia. Perhaps this geochemicatitanium oxide. This fact testifies the existence of
feature of kimberlites reflects the globalspecific conditions for the formation of a large
heterogeneity of the earth's mantle. Usually thdiamond.
diamonds from kimberlites of NTT (range of
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Fig. 2. Graphs of the distribution of large diamonds mined at the. time
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Tube leader in the extraction of large crystals is  The semiempiricalself-consistent partially ionic
"jubilee". Since the beginning of 2017, 20 diamonditeratomic potential model (Pedone et al., 2006) was

weighing more than 50 ct have been produced @&$ed as a basis of our sei-O and GO pair
Yubileynaya. potentials from this work were used unchanged- Fe

- dFe"-O Morse type pair potentials parameters
It was noted that in recent years the number & 2NdFe = \ :
large diamond crystals extracted increasiigl ). were optimized using Xay sample structural data in

g . _ heski- Fe-majsystem [smailovaetal., 2017).
Probably, it is connected with depth of working of Vér) _ D[ej >(/—25(r(— . ))'_ \ée Py r)))]
of tubes. This fact testifies to the existence of specific P ° P 0/

superdeep conditions for the formation of a large Hererii s the inter atboimi c
diamond. dissociation bond energy (eV{i i bond softness
References: par ame} rgiroptimal interatomiaistance for

_ _ atomi c pai r'"-O (pair) interadfianr the F e

Subsoil, 1987, 26 p. . P ; ;
o ' structure fittin rocedure irski - Femaj solid
Bogatikov O. A., Kononova V. A., Nosova A. A, 9p J

. o -1 )
Kondrashov I. A. Kimberlites and lamproites of the solution: D:_P-426155 eV,ud. 620511 i
Eastern European platform: Petrology and Geochemistry= 2 . 3 9 4 1a8®for Fé‘ -O these values were as

2007.T. 15. No. 4. C. 33%60. . _ o -1 .
Garanin K. V. kimberlite Classifications / / Abstracts of follows: D=0. 07049u32. 86617 % :

-1 o
the sientific conference Lomonosov readings (Geology = 12 . 636 636: ??0-340554 eVu 2.006700
sKectlon).— M\;)s'gowBstatﬁkUnl\éeriltykZO(c)f. oL A i, ro=2. (1) 92 0:3R-0: plz 0.0423909

ononova V. A., Bogatikov O. A., Kondrashov I. A.. o ; 4. :

Kimberlites and lamproites: criteria of similarity and uz.379 .3' ¥6=3i. 618 8 Cuoff fpr. all
differences // Petrolssgy. PR8Nt iyg| s Meas -12. 0, i .35an
Kostrovitsky S. I. Mineralogy and Geochemistry of bonds according tdPedone et al. (2006&15“99
kimberlites of Western Yakutia. Abstract. dis. doctor. ~ model was assigned as 0.6. Thus the effective
gay-miner. Sciences'. Institute of Geochemistry SB RAS,charges of atoms in the model were the following:
Irkutsk, 2009. 44 PP. Z(Fd) =1,%, z(Fe") =1,8, Z(Si) =2,4, Z(0O) =
Kriulina G. Yu, V. K. Garanin, G. G. Samsonov Prediction] 2e,
quality diamond aw materials in the petrochemical fields As is seen fromFig. 1 (dashed line) this

of different type //Izvestiya of higher educational interatomic potential model allowed to reproduce all
institutions.Geology and exploration.2013.8 No. 6. experimental structural characteristicsskf- Fe-maj

V. V. Tretyachenko Mineragenic zoning of the kimberlite solid solution for all compositions using virtual
region of SoutkEastern white sea aredbstract.Diss. crystal approximation with high accuracy.

kand. gay. min. Sciences. Moscow: 2008. 28 p. However, in the virtual crystal approximation,

the crystallographic positions are statistically
1 . 2 , populated, which can greatly differ from the real

Marchenko E.I.%, Ismailova L.S” Eremin |ocal structurén the solid solution.
N.N.}, Bobrov A.V.'2 Computer modeling of Therefore, in order to accurately predict the
the influence of cation ordering effects on Properties of the solid solution, we used the

et P supercells  simulation  procedure  with the
structural  characteristics of skiagite-Fe- representational  atomic  configurations.  The

majorite solid solution. UDC 548.3 algorithm for such a configuration choose is realized
1 o in the Binarcode (Eremin et al., 2008)he supercell
M.V. Lomonosov Moscow State University, Department of dimension for configurations with different degree of

Geol M .
5 009y, VIOSCOW, . . or d e’ in thes current procedure ranged from
Vernadsky Institute of Geochemistry and Analytical 271 212 (1536 t 37 3

Chemistry RAS, Moscow (marchenko-ekaterina@bk.ru) The dependence ofa ttheo r?/glu)me 0?1 the

Abstract. The effects of Fe**, Fe** and Si cations ordering  composition of the s solution over the entire
at 16a crystallographic positions an the structure and the range of compositions, including the experimentally
elastic properties _in skiagite-F_e_majorit_e soli'd_ solution _ unimplemented Fe-maj was estimated. Figure 1
system were studied by atomistic semi-empirical modeling. demonstrates the dependence of theFskinaj unit
Keywords: skiagite-Fe-majorite, solid solution, computer ~ cell volume on the composition and degree of order.
modeling, cation ordering. As is seen from the figurehe¢ virtual crystal
approximation yields a linear dependence, which is
With the help of atomistic sereimpirical well reproduced with high accuracy by the developed
modeling using GULP code (Gale and Rohl, 2003pteratomic  potentials  model  taking into
we studied the effect of Fe F€* and Si cations Cconsideration partially populations of octahedral
ordering at 16a <cryst agoq't@gg by Diflifferent typéa%o$ gtopgote that they

: e 0 mkima; | disOrdering effects lead to ‘a sufficient increase of the
strgcture 'and the elastic properties in-B&imaj unit cell volumes and a change from the linear
solid solution system.

dependence to a nonlinear one with increasing Fe
maj component.
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in Femaj were tested:

Fig. 1. Ski - Femaj unit cell volumei
composition and order degret
dependence. The rhombuses show t
virtual crystal model results, square
represent the supercell calculations «
the disordered configurations. The
figures show the
selected atomic configation in the
supercell.

B

S

T
o
]
=]

rlelo

L1600

JWNJOA [[90 11U

r1590

(YA

r1580

1570

1560

0 02

Amount of iron majorite component

04 06

0.8

1.0

In addition to disordered configurations, variouss single layered ordering of Si@nd FeQoctahedra
variants of Fe and Si ordering by octahedral positiorfig. 2). Note that unit cell volumes of all ordered

chess ordering of S#@d comvigurations are less than disordered ones with

FeQ, octahedra in the supercell, layered ordering dfigh scattering of values. This fact can explain the
SiOs and Fe@ octaheda, layered ordering with experimental data of Akaogi and Akimoto (1977),

conjugate replacement 1Si®

1 Rand 2SiQz

2FeQ in each layer and double layered ordering. Asia j
is seen from tablé the most energetically favorable

was repod.ted

Table 1 Structure energies, unit cell volumes and bulk modulus -oh&esupercells with different atomic
configurations.

where a sufficiently smaller unit cell kone of Fe

(1558. 809

J rdering scheme

E/unitcelL eV V/ uni t3

Bulk modulus(Hill
approximation), GPa

Disorderecconfiguration( &2.7) -224397 1607.00 128.5

Chess ordering of Siand FeQ octahedra -224487 1594.65 146.1

Layered ordering of Sigand FeQ octahedra -227368 1577.57 159.1

Layered ordering of Sigand FeQ octahedrawith )

conjugate replacement 15® 1 F;é @ach layer 224364 1579.81 156.7

Layered ordering of Sigand FeQ octahedrawith )

conjugate replacement 25® 2 F; @ @ach layer 224370 1581.45 154.9
1586.78 150.4

Double layered ordering of Si@and Fe@ octahedra -224430

Fig. 2. Layered ordered Siand FeQ@ octahedra sublattice ir
ma j olr projection)s Si@oetahedeal
are shown as blue ones, Raf@tahedra are brown.
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EreminN.N, DeyanowR.Z, UrusovV.S.(2008) Choiceof the Nestola, et al., 2018, Walter, et al., 2008,

supercellwith the optimumatomicconfigurationin simulationof ; ~; ;
disorderedsolid solutions// GlassPhysicsand Chemistry Maik Zedgenizov, et al, 2014) The Gisotopic

Nauka/Interperiodic®ublishingV.3 4 . 1. Pp.9-18.DOI composition O_f the host diamondvalter, e_t al.,
10.1134/S1087659608010021 2008, Zedgenizov, et al., 201dhd Eyanomalies of
Ismaililova L., Bykov M., Bykova E., Bobrov A., Kupenko I.,  CaSiQ (Stachel, et al., 2000gttribute the Caich

Cerantola V., Vasiukov D., Dubrovinskaia N., McCammon C., Iithologiesto thesubduction processes.

Hanfland M., Glazyrin K., Liermann HR., Alexander Chumakov : : - : P
A.. andDubrovinsky L (2017) Effect of composition on Carbonate inclusions in diamonds indicate the

compressibility of skiagitée-majorite garnet // American geteroger!e_ty of the redox Cond|t|0"_“5 the mantle

mineralogist. V. 102. Pp. 1891. and possibility of the redox reactions with the
Pedone A., Malavasi G., Menziani M.C., Cormack A.N., and  formation of diamondThermodynamic calculations
Segre U(2006) A new seltonsistent empirical interatam and experiments show thatettmantle rocks may
potential model for oxides, silicates, and sHizsed glassesJ/ . . .

Phys. Chem. BV. 110.Pp. 1178G11795. contain metallic Fe or FNi alloy at ~250 km depth

and in all mantle regions belof§rost, et al., 2004)
An occurrence of metallic iron and iron carbides as
_ 12 _ 12 inclusions in diamonds(Kaminsky,Wirth, 2011,
Martirosyan N. S., Podborodnikov I.V.™,  Smith, et al., 2016]s in agreenent with this concept.
Shatskiy AF."? Litasov K. D.'?, Yoshino T2 Under such conditions, carbonates and carbonatite
Phase relations in the CaC@ olivineiFe melts will react with iron to form diamonds
system: implication for the formation of the (Palyanov, etal., 2013)

Carich inclusions in diamonds UDC In the present work, we studied Cag@vine-
551.14:544.015.4 Fe system, which allows to model phase relations in
the carbonatsilicate system in the rgsence of
! Sobolev Institute of Geology and Mineralogy SB RAS, metallic iron.
Novosibirsk, Russia (martirosyan_naira@igm.nsc.ru) Experimental Experiments were conducted at 6
% Novosibirsk State University, Pirogova st., 2, Novosibirsk GPa and 1100 3 0 0 A Crunwluratidnof 2-24 h.
630090, Russia For highpressure generation we used uniaxial split
3Ir_1stitute for Planetary Materials, Okayama University, sphere multianvil apparatus USSA00 (PM,
Misasa, Tottori 682-0193, Japan Okayama Univelisy, Misasa, Japan). Two types of
Abstract . The CaCQ-olivine-Fe system, which allows to capsules were usg@ig. 1a; g): (1) double capsule
model phase relations in the carbonate-silicate system in with 1 mm thick MgO outer capsulgrig. 1g), and

the presence of metallic iron, was studied at 6 GPa, 1100- 0.1 ®d3s thick [2gTaicapsule for c a
1300AC. Formation of merwinie&,pembhtmeret I(Fig £a). InBid GeAc@nts,

ferropericlase, graphite and silicate-bearing carbonate- synthetic CaC@ (999 %, Wako Pure Chem. Ind.,
oxide melt was observed. Crystallization of carbide and Ltd., Japan), San Carlos olivine and Fe powder (99.9
graphite occurs due to carbonatei iron redox reaction. In %, Rare Metallic Co) were loaded into the capsules
this case, carbide is an intermediate phase, which forms in layered configuration in the following orde(t)

only in excess of iron and it is further replaced by gra phite CaCQ, (2) olivine+3 wt% Fe. Au foil was placed on
upon interaction with the carbonate. The present olivine-Fe layer from both sides marking the
experimental data indicate that the interaction of boundary with carbonate and with iron capsule (Fig.
carbonate-bearing subduction rocks with Fe-bearing 1 a; g). Samples were analyzeming scanning
peridotitic mantle would lead to the crystallization of electron microscope with energispersive

diamond, merwinite, monticellite and format ion of Ca-rich
carbonatite melt at temperatures of hot subduction
geotherm. Thus, merwinite and monticellite can be

spectrometeand Raman spectroscopy.
Results In all samples, substantial amount of

considered as an indicators of the CaCQ metasomatic pure Ca(_:Qs aragonite was preserved in CW_Sta”ine
activity in the ultramafic assemblages. form (Fig. 1). Iron was detected only in the
Keywords: carbonate, redox conditions, iron, olivine, ex_pe”ment with thehortesd ur at i on (2 h
diamond, carbide, monticellite, merwinite, carbonatite melt, ~ (Fig. 1b). In the longer runs (32 4 h , 1100 A
CaCOsz metasomatic activity relicts of FeAu alloy, that formedat thecontact of

Fe apsule with Au foil, were observed, while iron
Introduction The occurrence of CaGOn the capsule all over the sample was substituted by
mantle follows from its observation in Syngeneifﬁnagnesiowustite and graphitérig. 1h, 1). The
inclusions in diamonds (Bulanova and Pavlovgormation of merwinite, monticellite, ferropericlase,
1987; Sobolev et al., 1997, 2004, 2009; Stachel et graphite ad silicatecontaining carbonatexide melt
1998; Leost et al., 2003). €arbonate is often found was obsrved. All samples have a zoned structure
together with Caich suite of mineral inesions, jth phase assemblages changing with the distance

including dolomite, merwinite, CaSiD CaTiQ, from the initial boundary between carbonate and
CaS}0s, andCaSi0,, whichindicatean existence of glivine- Fe mixture (Fig. 1).

a distinct Carich carbonatssilicate reservoir in the I n the shortest r by at( 2
sublithospheric mantle(Brenker, et al., 2007, the upper part of the capsule, iath was adjacent to
Bulanova, et al.,, 2010, Kaminsky, et aRp13, the thermocouple, we observed segregjadicate
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containing carbonatexide melt and unreactedinitial boundary betweenCaCQ and olivineFe
aragonite (Fig. 1d). The melt is calciumich mixture Its edge is marked by the presence of
(Ca#=8090) with concentration of SiD= 2i4 olivine. The predominantly olivine containing part of
wt. %; MgO = 6i 8 wt.%; and FeO = 1i2 wt.%. the sample can also be separated into three zones
Merwinite and pure CaCQwere detectecamong according to the accessory phag€sg. 1c): (1)

dendrites of quenched melt We observed monticellite+ferropericlase+graghie , 250 em t hi
monticellitegr aphi te | ayer, 2 03 (FeND)Cst mMa grke s(iFdwu s tl tae), 300
beneath the Adoil that separates carbonate andf);and@) metallic Fe, 600 em t |

silicate containing partgFig. 1b) and marks the

1300°C; 6 GPa; 2h; Ta capsule

B m—
- _Ta_ 7/ 4¢c

Au

e .C.+Mws
Ol+3 wt. % Fe Ol+(Fe,Ni),C,+Mws

Ol+Fe

P

:._,OHMtim_Fp+ .

E
Ol+3 wt. % Fe
Al

g A Ol+Mtc+Fp+Gr
e & % MJ;LF_’E_ A

10pm

Mtc+Gr

100pm

Fig. 1. Representative images and BSE microphotographs of the experimental samplés: b,td 1300AC-land 2h;
i1100AC an d schetds.of sample lpading before experiment;icafter experiment. Abbreviations: @I

olivine; Argi aragonite; CLi' silicate containing carbonatxide melt; Mtci monticellite; Mw, gMwi merwinite; Gri

graphite; F@ ferropericlase; Mw$ magnesiowustite.
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I n t he experi ment ¢ o CalDard the ekchaade reattibr® 6f Axitle withi otivime
duration of 12 h 4 zones can be distingushd) lead to the formation of ferropericlase and
unmodified pure CaCQ@ aragonite (Fig. 1j);(2) monticellite. These reactions could be accompanied
silicatecontaining carbonatexide melt with large by the generation of a higlalcium melt at
ferropericlaseand merwinite crystals (Fig. 1j){3) temperatures well below the melting point of CaCO
monticellite, ferropericlse andgraphite with relicts Merwinite in al samples is confined to the zone
of olivine (Fig. 1k); and @) layer predommantly with a melt and is found either in the form of
composed of isometric olivine crystals ih dendrites or in the form of large crystals crystallizing
monticellite, ferropericlse angraphite situated in from the melt (Fig.j). The formation of merwinite
interstices (Fig. 3l With the increase of ruduration is probably associated with the interaction of
up to 24 h monticellite is substituted by merwinite alnonticellite with asilicatebearirg carbonatexide
over the sample. No signs of carbideres detected. melt:

Composition 6 silicate-containing carbonatexide 2 CaMgSiQ (monticellite) + CaO { mel) Y
melt is similar to thatV f@4gSiOsdmeraittd 1300 AC. (4)

DiscussionBased on the experimental results, we In the recent work Sharygin et @018)argued
can further explain the observed regularities byhat the formation of merwinite, can occur in olivine
separating them into the elemental reactionst Birs alkali-carbonate melt reactiomnddr the oxidized
all, formation of oxides, graphite and carbideonditions. The present work shows another
requires occurrence of the redox reactions, thatechanism of the merwinite crystallization, which is
according to the previous experimental studies imore relevant to the redox conditions of the diamond
CaCQ -Fe system (Martirosyan, et al.,, 2015, formation. In our experiments, merwinite does not
Martirosyan, et al.,, 2016fan berepresentedas replace olivinedirectly. Its formation occursnly at

follows: the conditions of the local excess of calcium due to
CaCQ(Arg) +2Fe Y the interaction of monticellite with a carbonaede
Y Ca OL &wstde + C (@graphite or diamondy1)  melt, according to reaction (4). In turn, monticellite
CaCQ (Argimelt or fluid) + 9F e Y replaces olivinairectly, andthus forms at the local
Y Ca Ol @d&west® + FeCs (carbidd (2) Mg-, and Sirich conditions.

In the sample from the expemmt with 2 h The present experimental data indicate that at the

heating dur at i @,rarbidébeadng Oupplranartlé ¢ongitiohs, merwinite and monticellite
layer was found in contact with unreacted metallican be considered as an indicator of the CaCO
iron, while only graphite was observedear metosomatic activity in the ultramafic assemblages.
aragonite. It can be suggested, that the formation Moreover, formation of merwinite requires specific,
graphite and carbide occurs at different localarich and Mg and Sidepleted environments,
concentrations of iron and carbon: an excess which differ from the basic mantle lithologes
carbonate lads to the crystallization of graphite,(peridotie and eclogi€). Such chemical conditions
whereas in the case of irgith environment carbide can occur during interaction of carboradaring
forms. Since irthe long experiments (12 and 24 h asubduction rocks with Feearing peridotitic mantle,
1100AC) we do not det e cwhickveouldevedielly leadtto tlreanystatizatiorsai g g
that it is an intermediate phase, and under conditiodsi a mo n-gilicatesaddd formation of Ca rich
of an excess of carbonate, it is replaced by graphitecarbonatite melt at rather modest temperatures,
Cawustite, which can be formeby the redox correspondi ng to the ¢ho
reactions (1 an@) is not stable in silicateearing ( 1 1 0 0 A C(SyraBuSeRet 3l., 2010)
systems and it is replaced by monticellite, according The work was supported by Raign foundation

to the following reaction: of basic research No.1#-00104 and the RF state
Mg,SiO, (Ol) + Ca OCaMySiQ, (monticeliitd + assignment project No. 03&0160012.
+MgO (Fp) (3) Ref

Silicatebearirg carbonatexide melt with high eterences

Ca# (8090) was detected in the present experimeni§enker F. E., Volimer G., Vincze L., Vekemans B.,
already at 1100AC, whi &AymarsksA., Jarldsend I, SzhidkiW, ldsdald L Rvswig t
temperature of CaC&CaO melt formation in the W., Kaminsky F. Carbonr?telsoim the Iov;/e;/pétrt %f g

= m(Martir n |.. 2015)and transition zone or even the lower mantle // Earth an
600AC bl ow the mat6ars g AN Lo B AL IEIE o1 .

) . m . ulaho aG.nP., wallef M. J Sim .B., Kohn S. C,,
(Shatskiy, et al., 2014)t is known that the CaO Armstrong L. S., Blundy J., Gobbo L. Mineral inclusions
CaCQ at high pressure has eutectic type diagrarim sublithospheric diamonds from Collier 4 kimberlite
The difference in melting temperatures of Ca@@d Pipe, Juina, Brazil: subducted protoliths, carbonated melts
CaQ'CaCQ eutectic increas with pressure and primary kimberlite magmaitis// Contributions to

) . "Mi neral o and Netl®M88519..
reaching 200 K at 3 GR&luang,Wyllie, 1976)The pFroqip. 3, Liebskg g: Langenhorst F., McCamm%nQC.

reduction of CaCe@ occurs with the formation of A, Tronnes R. G., Rubie D. C. Experimental evidence for
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the existence of ironich metal in the Earth's lower mantle * Sobolev Institute of Geology and Mineralogy SB RAS,
/[ Nature. 20 0 &/. 4 P8I09412. o Novosibirsk

HU@;”Q W(TCL.&EWOZy”Ie (Ijl\)lj(g/lgl(t)lzn? rgéaﬂ$n§hlps//ln the 2 Novosibirsk State University, Novosibirsk

systems Ca and Mg 0 ilobars I

Geochi mica et CosmoVhidli.c a(ldan')ilr(rzmpma@.'gm'nsc'ﬂﬂ? 976 .

129132. Abstract. We have experimentally determined the phase

Kaminsky F. V., Wirth R. Iron carbide inclusions in diagram Fe-Ni-P in the compositional range of 0-33 mol% .
lowermantle diamond from Juina, Brazil // Canadian ~ Pat900-16 00 AC and 6 GPa. At subsolid
Mi neral ogi\t .4R555387@.1 1 . Metal (Me)-rich side of the ternary has three phases: Fe-Ni _
Kaminsky F. V., Wirth R., Schreiber A. Carbonatitic alloy, (Fe,Ni)s;P, where x O @P.Thefrsand ( Fe, Ni

inclusions in deep mantle diamonds from Juina, Brazi: Me! ting occurs atonadecontledt the Ni
new minerals in the carbonahalide association // by the Ni,P-Ni eutectics with composition of 18 mol% P.

- . The.mglt field expands toward Fe-P side as temperature
Canadian Miner ¥l oy G53688. 2in rg‘agesandtheFezP-Fe eutectic appears at 1

Martirpsyan N Litasov K". Shatskiy A., Ohtani E. 16 mol% P. The maximum phosphorus content in metallic
Reactions of iron with calcium carbonate at 6 GPa and e js 5 mol9s, whereas for metallic nickel it is 3 mol% P.

1273 1873 K: implications for carbonate reduction in the

deep mantle // Russian Geology and Gesphyc s . Keywpordss: . high-pressure experiments, phase diagram,
V. 5@ 13221331, iron-nickel phosphides, meteorites, core formation.
Martirosyan N. S., Yoshino T., Shatskiy A., Chanyshev ) ] ) ]
A., Litasov K. The CaC@ Fe interaction: Kinetic Introduction The FeNi-P is one of the basic

approach for carbonate sulpliage thgrams foroundehseanding ecpre Eoamatiomo s
mantle // Physics of the bpadetsesiaplahet® and asteroids. Redem firkding ofr s .
201 6 V. 2 PI-9. o high-pressure minerals in iron meteorites (Holtstam
Nestola F., Korolev N., Kopylova M., Rotiroti N., Pearsongt™ g1 2003 Litasov Podgornykh, 2017) and

D., Pamato M., Alvaro M., Perue4.., Gurney J., Moore D
A. CaSiQ perovskite in diamond indicates the recycling abundance of complex #d-P-S quench textures

of oceanic crust into the Witho V\lf'quuahwalek p(gnpqs}tionﬁaipqgcptgan 2018

V.5 5 5P. 237. importance of the study of related systems at elevated
Palyanov Y. N., Bataleva Y. V., Sokol A. G., Borzdov Y. Pressures. Although most higiessure minerals in
M., Kupriyanov I. N., Reutsky V. N., Sobolev N. V. meteorites originate under shocked conditions of

Mantle slab interaction and redox mechanism of diamondmpact during short time, static higitessure
formation // Proceedings of the National Academy of experiments are more relevaior interpretation of
SciencesV. 1PRMEB20413. these processes relative to shock wave experiments,

Sharygin I. S., Shatskiy A., Litasov K. D., Golovin A. V., where durations of shock is too short to model
Ohtani E., Pokhilenko N. P. Interaction of peridotite with meteorite impacts (ﬂ)sec).

Carich carbonatite melt at 3.1 and 6.5 GPa: Implication ; .
for merwinite formation in upper mantle, and for the Cosmahemical data indicate that about 90 % P

metasomatic origin of sublithospheric diamonds with Ca in our planet is concentrated in the cofeg.,
rich suite of inclusions // Contributions to Mineralogy and Litasov, Shatskiy 2016).Occurrence of schreibersite

Petrol ogy. 1P2218. ((Fe,NixP), allabogdanite ((Fe,NB) and perryite

Shatskiy A., Borzdov Y. M., Litasov K. D., Kupriyanov |. ; ; P i :
N.. Ohtani E., Palyanov Y. N. Phase relationthi ((Ni,FeX(Si,PY) in iron and chondritic meteorites

system FeC@CaCQat6 GPaand 900 7 0 0 A C aSHggestsithat metallic cores of other planetary bodies
relation to the system CaG®eCQ-MgCO;// American | ncl udi ng s mal | pl anetoids
Mineral ogilt .9R773285.1 4 . GPa may contain significant amount of phosphorus.

Smith E. M., Shirey S. B., Nestola F., Bullock E. S., Wan i ; in i i
3. Richardson S. H.. Wang W. Large genmtads from Typical P concentration in iron meteorites does not

metal lic liquid in Eartho&XCgedd ¥ iowgverdue tg porseiybifjtyigiron 5 ¢ 4
V. 3 P414031405. phases it form own minerals and locally its

Stachel T., Harris J. W., Brey G. P., Joswig W. Kankan concentration may exceed-30 wt% (Britvin et al.,

diamonds (Guinea) II: lower mantle inclusion parageneses02). Therefore, the study of phase relations in the

/1 /4 OPC_ng;_ ributions to 2Mi0M0&r &L\§H%ystem tindBréhlghrésbuPed s important to

Syracuse E. M., van Keken P. E., Abers G. A. The globalunderstand differentiation of phosphorus in planetary
range of subduction zone thermal models // Physics of thBodies and its possible impact on the structure of
Earth and Pl anet &r yl &3r396.r imetallic.core of gnfall flanets.

Walter M. J., Bulanova G. P., Armstrong L. S., KesBayv i ; i
Blundy J. D., Gudfinnsson G., Lord O. T., Lennie A. R., FeNi-P phase relatns were determined at 1 atm

Clark S. M., Smith C. B., Gobbo L. Primary carbonatite with phosphoru_s content range up to 26 mol% P
melt from deeply subduct e dDogng &oldsten, ¢97Q) sand up ton28t mal% P

2008/. 4 34622630. (Romig, Goldstein, 1980). Here, we present
Zedgenizov D. A., Shatskiy A., Ragozin A. L., Kagi H.,  experimental results of Fei-P system at 6 GPa.
Shatsky V. S. Merwinite in diamond from Sao Luiz, Experimental procedure Experiments were

5razi|: A new minerlal Qf the Gech mantle environment  ~5rried out using a DlAype multianvil apparatus
American Mineralogist. 2 0 1 4/. 9@ 547550 cDi scdb@0er i nSoboeV Institdte d t
Geology and Mineralogy (Novosibirsk, Russia).

Minin D.A. 1'2, Shatskiy A.F.l’z, Litasov K.D. iFuj i-Db oynd Bungsten carbide cubes with

12 The phasediagram Fe-Ni-P at 6 GPaUDC trunce_ltion edgg length of 12 mm were eoyeld as
550.4.02:544.344 015546.181.1 Kawatcell anvils. Pressure medium shaped as 20.5
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mm octahedron with cut edges and corners wekdatsuyama, Japan. The measurements were
ground from semsintered ZrQ@ ceramics. performed from the central portion of the samples
Pyrophyllite gaskets, 4.0 mm in both width andising Cu Xray source at 40 kV tube voltage and 30
thickness were used to seal the compressed volum# tube current in reflection mode and samgle of
and support th anvil flanks. 20°. The diffraction time was 60 min and collimator
The design of the cell assembly is shown in Figli a met er was 100 Om.
1. The cell contains 16 samples, 1.0 mm in diameter Results and DiscussionPhase relations in the
and |l engt h, | 0 a d,eatramicsn FedNi-P syst AE1GPa and temperature range 900
cassettes. The cassettes were made of talc dehydrated O 0 C are illustrated
by annealing at 1000 0Axksealigqd elegiron (BSMagesofsamples g

0
: showh i n~Fi . At
temperature was generated using a tubular grap t?semblages are represented by homogeneous

heater_, 4.0/4.5 mm in inner/other diameter and gregates of metals, phosphides ands,Mesolid
mm in length. The sample temperature waso| ut i on, with grain size

monitored via a WWRer-WRes thermocouple, Fi r st mel t appear-Ni,Paide, 95
inserted through the heater walls and electricallyhich extends with further temperature increasing
insulated from th heater by AlD; tubes. toward FeFeP. i

Starting materials were prepared by blending A't 900 AC the s-pesring m
reagent grade BR (99.5 %), NiP (98%), Fe (99.9 compounds: Mg, MexP and MeP. At X(P) =

g K iy = 0 =
%) and Ni (99.9 %) powders (Alfaesa) in an agate Ilzglo(llz/e(fltlgeil\lhc))o 75321” dmgcl)ﬁ)moell&)d gﬂ:goexiséoo

mortar with aceton& obtain homogeneous mixturegN- : —

- ith Me,P (Fig. 3 a,b), whereas A{P)/#Fe = 30/25
containing 2, 5, 10, 20, 25, 38nd33 mol% P.The  5nq 30/0, Mg,P solid solution coexists with Me.
mixtures were loaded as a powder into the cassettepnsequently, MgP solid solution in F&i-P
The loaded samples were covered by thin layer gfstem is controlled by Fe content from 0O to 25
MgO powder (99. 9% pur i Mmei%. AtiX(Pe < 10 artd 201ndoBo0andAs@bsolidfiso r
better sealing and closed by cup made @fonditions, the prse assemblage was represented by
3Mg O A 4, &eramics (Fig. 1). Me and MgP compounds. The Mili,P compounds

Recovered samplegere mounted into epoxy and@ré more fusible than Hes,P compounds and first

polished using anhydrous lubricants following to thgelt appears on Nili,P side atXM®s0 A

I .
procedure described by (Shatskiy et al., 201792, MOl The MeP phase remains stable up to

: : 150 AC d poet AC mi
Samples were studied using MIRA 3 LMU T4¢ MeP, on the ?\HrlilizP csoi dZ)e me Iyt(s ‘

scanning electron microscope (Tescan Orsgyhereas at #Fe = 168D mol% it still remains solid
Holding) coupled with an INCA 450 energy andonthe FEeP si de c o mpl etely
dispersive Xray microanalysis system equipped wititThe MeP phosphide on the MNi,P side is already

the liquid nitrogerfree large area EDS -Klax-80 melted, whereas on the &P sde it is still stable.
Silicon Drift Detector (Oxford Instruments The MeP phase field shrinks with increasing
Nanoanalysis Ltd) at IGM SB RAS. The runt @€ mperature and completel
products were also examined by a mitsoused x e FeFe&P side.

ray diffractometer (Rudas MicroMax007HF) at the

Geodynamic Research Center, Ehime University,

Top view

Zr0, pressure

g [@ _Na 1
medium

1 i

Ceramic cassettes - -

; Iy
with samples -

Cup

Graphite heater — I MgO powder

Fig.1. High-pressure cell
assembly. TC T
thermocouple.

T
L]

Zr0,plug

TC

Mo electrode

5.0 mm
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a. P# 900 °C 76h b. PA 1000 °C 5h

MeZP / \ X > \ MeS—xP / ) . \ i \ MeS_xP

Me,P.
20

30/ Me,P+MeP 0/ Me,P+MeP
,,,,,,,, MetMe:P ~ Me |/ MerL

Me = Fe,Ni

\ 10

- .l T T ‘I i i
Fe 10 20 30 40 50 60 70 8 9 Ni Fe 10 20 30 40 5 60 70 8 90 Ni

c. p/ 1100 °C 4h d. P/4 1200 °C 30 min
/7 A wep AT MERTON
Me,p_30 /Me, P+Me,P e Me,P NAPANALY

Fe 10 20 30 40 5 60 70 8 9 Ni Fe 10 20 30 40 5 60 70 8 9 Ni
1300 °C 20 min 1400 °C 15 min

f. /P\LMeZP

Fe 10 20 30 40 50 60 70 80 9 Ni Fe 10 20 30 40 5 60 70 8 90 Ni
g. 1500 °C 15 min h. 1600 °C 15 min

10

/ \ /
I 1 | 1 |

T T T T . )
Fe 10 20 30 40 50 60 70 8 90 Ni Fe 140 20 30 40 50 60 70 80 90 Ni

Fig.2. Isothermal sections of the #-P phase diagrams at 6 GPa.

Our results are in good agreement with the A number of tiny spots and worms;310 Om i n
melting temperature of size rreprefeateda byd N i phosphaies 8with C an d
1532 AC, respectively, sedondérysdmrent, wire absenvedaalodgéhe graimo u n't s
of P in metallic phase suggest an existence of limitémbundaries of metallic phases and phosphides in
solid solutions of P in mats under given conditions. subsolidus samples (Fig. 3). As temperature
In the temperature range of 9000 50 A C, ircrbases, i theo number of phosphate inclusions
contains 2 mol% P. The maximum phosphoruglecreases, but their size increases. In subliquidus
solubility in iron, 46 mol%, is established at 1200 runs, the phosphate gldea appear among residual
1250 AC. The phosphor usphssphide korystals tayd suspendee tira phosphide ni ¢ k
increases from2 mol% P &0 0 AC t o maixg uriudn oAt temperatures exceé
3.5 mol % P at 950 AC. FeFeP side, phosphates appear either as single

The subsolidus samples and residue crystallipdase inclusions of Mpgoor Fg(PQy), or as FeMg
phosphides in subliquidus runs were examined usipposphate melt. The total amount phosphates
microfocus Xray diffraction. Phosphides correspondraries in 13 vol.% of the sample. Taking into
to the ambient pressure phases of (FegiNiyith account that observed phosphates are immiscible
space group P62m (barringerite) (Hendricks, with phosphide and metal, this amount is not critical
Kosting, 1930; Rundqvist, 1961) and (FegRiwith for the determined FNi-P phase diagram.
space groupf4 (schreibersite) (Rundqvist, 1962;

Sk§la, C2saSovs§, 2005).
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Run No.; X(Fe/P), mol%; temperature; run duration
a. D062; 30/50; 900 °C; 76 h. b. Do62; 30/50; 900 °C; 76 h.

T R 5 T
e

Fig.3. Representative BSE images ¢
samples from subsolidus experimen
in the system F&li-P at 6 GPa. HT =
high-temperature side. LT = low
temperature side.
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As part of an investigation of those systemsand 6 GPa does not alloveliable interpolatiors
N&COsi CaCQ is important, given the Na and Cabetween these pressurBased on the phase relations
abundances in the mantlierived cabonatite melts established at 6 GPa, shortite ,8a(COs); and
(Kaminsky et al., 2009and in the groundmass ofnyerereite NzCa(CQ),, the double carbonates
fresh kimberliteg Kamenetsky et al., 2004, Golovinobserved at 0.1 GPgooper et al., 1975)are not
et al., 2017) The given system is also important irstable at the pressure and temperature conditions of
view of the Na and Ca abundances in carbonatiseiblithospheric mantléShatskiy et al., 2013At the
melt inclusions in kimberlitehosted phenocrysts same time,ihdings ofthese minerals in coexistence
(Golovin et al., 2007, Kamersity et al., 2009pnd with aragonite among daughter phases in the melt
mantle xenoliths derived from depths varying froninclusions in olivine from the sheared garnet
110115 km (spinel hatmrgite: 3.43.5 GPa, 860 peridotites (Golovin et al., 2017, Golovin et al.,

A C(Biuliani et al., 2012)o 140 km (gamet wehrlite: 2018) may indicate that their stability fields could
4.3 GPa,,antd Q89240 kinGsheared garne extend at least td-T conditions of the shallow
harzburgite and lherzolites: 5.7.3 GPa, 1230.360 mantle

A C(¥olovin et al., 2017, Golovin et al., 2018) In this paper we show preliminary data on phase

Phase relations for the join p&E0Osi CaCQ have relations in NaCO;-CaCQ system at 3 GPa. The
been previously determined at 0.1 and 6 GRsperiments were performed using multianvil
(Cooper et al.1975, Shatskiy et al., 2013lthough apparatus Discoverer 1500 installed at IGM SB RAS,
the end members, CagG@nd NaCQO;, reveal quite Novosibirsk. The details of the experiments were
high melting temperaturdki et al., 2017)which are reportedelsewhergShatskiy et al., 2018)

400800 AC higher than t heFig yshdws thésobasgcii-X phhse diagrandsr h e r m
(40 mwi/nf), the NaCO;iCaCQ system forms the NaCO;-CaCQ system, which  were

fusible intermediate compounds @{@I@ double experimentally establisheat 0.1 GPa (Cooper et al.,
carbonates) and eutectics, which are several hundrd®@95), 3 GPa (Podborodnikov et ak018) and 6

of degrees lower than melting temperatures of tl@Pa (Shatskiy et al., 2013). These data are also
end members (Fig. 1). Yet, significant difference isummarized on the-T plot in Fig. 2.

intermediate compounds stable at pressuof 0.1

TnC T T T T T T T T 1I'H T‘DC T T T T
y 310
L a 0.1 GPa L A 50 i
Ll S|
I “,:‘---tl:-:-F: 1200
L Na,Ca+L . | ]
TOO% T g b=l
872° R & 817 Cal+L ] Caltl
800 - 45 813 B 2 |
’Na)gff" 77 725 7
600 .,-‘ Naz#N8,Ca Na,Ca+Cal - w00\ N\ T
L Na,Ca,+L |
400 Na,Ca+Na,Ca, —|— 100° 900 Na,Ca,+Cal|
E 335° 7
i Na,+Na,Ca, Na,Ca,+Cal G Na,Ca,+Arg
i T / Na,+ Na,Ca,
T | T T T T T T T T T T T T T T T T
90 80 70 60 50 40 30 20 10 90 80 70 60 50 40 30 20 10
Na,CO, mol% CaCO, Na,CO, mol% CaCoO,
T°C T T T T T T T T T
1’400 _C 6 GPa =
1375° Arg |
+L
1300 i o -
1200° . . .
_ Fig. 1. Comparison ofT-X phase diagrams for the
1200 INe: Na,CatL| Arg+ | N&CGOsi CaCQ join at 0.1 GPgCooper et al., 1975)
92 70\ 52 ~1200 Na,Ca, (a), at 3 GPgPodborodnikov et al., 2018b), and at 6
i Na.Catl i GPa (Shatskiy et al.2013) (c). Abbreviations:Na, =
1100 - . sodium carbonate; N@a = Na,Ca(CQ), (nyereritg;
y Mo Cartna G 1075% 4 NaCa = NaCa(COs)s; (shortite) NaCa =
a,Ca+Na,Ca, .
1000 |- Na,+Na,Ca 5. ] NaCa(C0Os)s; NaCa = NaCa(CQ)s;; NaCay =
L fj\rga 4 Nag(?a4(§303)5; Arg = aragoniteCal = CaCQ calcite;
900 o L = liquid
T T T T T T T T
90 80 70 60 50 40 30 20 10
Na,CO, mol% CaCoO,
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According to the phase diagrams presented Na,Ca(CO;),Y N@a(CQ),+ 2CaCQ (Cal) )
Figs. 1 and, equilibrium subsolidus associations irNa,Ca,(COs), Y N@a(CO;);+ CaCQ (8)
the NaCGQO;-CaCQ binary can be summarized asNaCa(CQ),+ NaCa(COs),Y 2 )}a(COj); (9)
follows:

_ We roughly estimated the volume effects of the
At 6 GPa(Shatskiy et al., 2013) ) reactions (19) using unit cell volumes of involved
Hazgosg Naf:;(CéA)%TO Tloz 010 A C)A c phases at ambient conditioBickens et al., 1971,
2,Ca(CQ)s + NaCa(COs)s ( ) Dusek et al., 2003, Gavryushkin et al., 2014,

200
Na,Ca(COs), + CaCQ (Arg) (11759< 1300 AC) .
N&Cay(CO5), + NaCa(CO)s (T< 1175 AC) Gavryushkin et al., 2016, Rashchenko et al., 2017,

Na,Cay(COs)s + CaCQ (Arg) (T< 1175 AC) Rashchenko et al., 2018)All obtained reaction

At 3 GPa(Podborodnikov et al., 2018) volumes are positive, supporting the possibility of the
Na,CO; + NaCa(CQ),(T= 850 AC) discussed soligphase transformationspon release
Na,Ca(Q0;), + NasCa(CO),(T= 850 AC) of pressure. The latter suggest that association of
Na,Cay(COs), + CaCQ (Cal) (975<T< 1000 A C)NaCO; NaCa(CQ),, NaCa(COs), and CaC@
Na,Ca(COs)s+ CaCQ(Arg) (T< 975 AC) reported for inclusions in superdeep diamonds
N&COs + NaCa(CO3), (T< 825 AC) (Kaminsky et al. 2009), kimberlitic olivines (Golovin

At 0.1 GPCooper et al., 1975) . . .
Na&CO; + NaCa(CQ), (335 <T< 725 AC) et al. 2016), andimberlite groundmasgGolovin et

Na,Ca(CQ), + CaCQ (Cal) (400<T< 813 AC) al., 2018)may actually represent breakdown progduct

Na,Ca(CQ), + Na,Ca(CO:); (335<T< 400 AC) of high-pressure minerals identical to synthetic
Na,CO; + NaCa(CO3); (T< 335 AC) phases described here.

Na,Ca(COs);+ CaCQ(Cal) T< 400 AC) This study was financially supported by the
Russian Foundation for Basic Research (project No

17-05-00501) and partially byhe state assignment

e project no. 033@0160006.
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Litasov K.D., Shatskiy A., Ohtani E. and Yaxley G.M.  and a solvenicatalyst lowering kinetic barrier of
The solidus of alkaline carbonatite in the deep mantle /' diamond formationThe essentially carbonate melts

Geology. - 2013.- V.41.- = 1-.P.7982. : : :
Podborodnikov 1.V., Shatskiy A., Arefiev A.V.. could be derivedby partial melting of carbonated

Rashchenko S.V., Chanyshev A.D. and Litasov K.D Theeclogites subducted down to the mantle transition
system NaCO5i CaCQ at 3 GPa // Physics and ChemistryZON€ (Thomson et al., 2016)Alternatively, such

of Minerals. - 2018- V.- - - P.DOI: melts calld be generated by means of redox melting
10.1007/s0026918-0961-2. in the upwelling mantlelomains at depth @60 km
Rashchenko S.V., Bakakin V.VShatskiy A.F., where iron disproportionation reaction occurs
Gavryushkin P.N., Seryotkin Y.V. and Litasov K.D. resulting in carbon oxidation and carbonate
Noncentrosymmetric N&a,(COs)s carbonate of formation(Stagno et al., 2013)

A MM2:XYsZ0 structural type angExprinfehtdl irdconstu@idbnvet ehe cpasition
borate and carbonate structures for design of new opticalyf the deepest known melts (kimberlitéShatskiy et
["atelr'?spﬂggggﬁro‘”th & Design 2017.- V. 17.- 3| "2017)has shown thathe liquid coexisting with
"~ Sy , garnet lherzolitemineral assemblagen the mantle

R_ashchenko S.V., Shatskiy A.F., Seryotkin Y.V. and source regiorontains (mol%): SiQ= 9, FeO= 6i 7
Litasov K.D. NaCa(CQ); and carbonate analogs of MgO = 23i 26, CaO= 16 Naﬁ) -4 Kl O=1 ana
borate optical materi.als 1 _Crystal Growth & Design. CO, = 30i 35’ suggestihgessentiéllyz carbdnatitic
é(;l?.;(_VAUgﬁer re.v'?vé’ Litasov K.D.. Borzdoy v\ COMPosition of primary kimberlitenelt similar to

aIskly A .sharygin 1.5., LRAsov 1.9., Borzdov ¥.W., that”  of  kimberliteassociated — diamondiferous
Palyanov Y.N. and Ohtani E. New experimental data on magnesiocarbonatitédgashev et al., 2008) terms
phase relations for the system,8&;-CaCQ, at 6 GPa of CaQ I\igOT FeQ SiO CO, systerﬁ’

and90014 00 UC 7/ Ame r-i2@a-nV. Mi n g, al"0@ b that therecursor kimberlite melt

98.- P - P.21642171. (i.e., alkalirich carbonatite melt}can represent a

Shatskiy A., Pdborodnikov I.V., Arefiev A.V., Minin Y . .
D.A., Chanyshev A.D. and Litasov K.D. Revision of the liquid component othermochemical plumes, which

i ; ; idized thanambient mantle and
CaCQi MgCQ; phase diagram at 3 and 6 GPa // America ere more oxi ;
Mineralogist. - 2018.- V. 103.- -~ 3-.P. 441452, epleted cratonic root&Sharygin et al., 2015)F{g.

Thomson A.R., Walter M.J., Kohn S.C. and Brooker R.A 1). Infiltration of such melts in the base of
Slab melting as a barrier to deep carbon subduction //  subcontinental  lithosphier mantle should cause

Nature. - 2016.- V.529.- - - P. 7679. partial reduction of carbonate component resulting in
carbon precipitation
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Explosive eruption and loss of Kimberlite conduit Kimberlite magma
34-46 wt% CO, by kimberlite magma Kimberlite melt

Continental crust

Subcontinental )
lithosphere mantle Pyroxenites

(cold, reduced) Granular /
peridotites . .

Sheared garnet peridotites
(deformed, hot, metasomatized)

Eclogites
-_———

Redox precipitation of
fibrous diamonds

Carbonatite melt
infiltration

LAB, t1 Lithosphere erosion

Asthenosphere Plume

(hot) (very hot, oxydised) Precursor kimberlite (i.e. carbonatite) melt

Figure 1. Schematic diagram iIIustrating kimberlite origin and its relation to the pleoieontinental lithosphere mantle (SCLM)
interaction andibrous diamond genesis. Precursor kimberlite (i.e., carbonatite) melt of a deeper origin accumulates at the plume heal
Plume head meets the cratonic root and creates shear zone at theSfak®oCarbonatite melt togetherwith plume heat promotes
thermemechanical erosion of lithosphere shifting up the lithosplesthenosphere boundary. The primary kimberlite melt was in
equilibrium with the fowphase peridotitic mineral assemblage prionitsoviolent ascent. Kimberlite/carbonatite melt percolated
through shear zone causes metasomatic finations depleted mantle rocks (granular peridotites). Since only the base of SCLM is
cold enough to retain diamonds, the partial reduction of kimbeditednatite melt ffiltrated into SCLM should cause precipitation

of diamonds. Our experimental results su%gest that the primary kimberlite melt wasielkairbonatitic in composition, whereas

the kimberlite magma was a mixture of this melt and maxeleogenic material. Peridotites are predominant among the mantle
xenoliths and represent accidental inclusions of mantle rocks plucked from the magmatic conduit. An abundance of mantte xenog
material ( 35 wt%) and loss of substantial amount of CO2 &% CQ) by kimberlite magma resulted in a sificant difference in
%T?p)ositions of kimberlite rock (carbondiearing ultramfic) and primary kimberlite melt (alkatich carbonatiticYShatskiy et al.,

1500°C, 19 mol% CO,, 14.3 h,, ES348 1500°C, 23 mol% CO,, 14.3 h., ES348 1500°C, 35 mol% CO,, 14.3 h., ES348
HT side

----------------- - . Figure 2. Backscattered electron {a
; f) images of run products recovere(
from Udachnayd&ast kimberlite
melting experiments at pressure @
6.5 GPa and temp
and bulk CQ contents of 19 mol%
; (a, d), 23 mol% (b, e), 35 mol% (c, f).
Cpx+Grt+ ; _ (arc) General viewof sample cross
Mgs+lim e - sections with carbonatite melts poo

- —— (L) at hightemperature side (HT) and
residual minerals at lower
temperature side (LT). § Gravity
vector; Ol i olivine; Opx 1
orthopyroxene; CpX clinopyroxene;
Grt 1 garnet; Coel coesite; Mgsi
magnesite; llmi picroilmenite; Rti
rutile; Poi pyrrhotite; Gri graphite.
(g, h) Scanning electron micrograph:
of diamondcontaining UEK sample
with bulk CG; of 31 mol% (27 wt%)
annealed at 1600
5.5 h. (a) General view and (b) clos:
view. Diamond crystals formed at the
partial meltgraphite capsule
interface. The layer of polycrystalline
diamond formed at the partial melt
graphite capsule interface.
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6.5 GPa, 1500°C Nomenclature:

—@— L-liquid,

Q —fi Ol-olivine, Figure 3. Modal proportions of phase
2, A~ Opx- orthopyroxene, in kimberlite melting experiments at.B

g ‘ GPa pressure and temperatarfe1500
£ W Cox- Bnopymens; A CModes were determined from the
g Q- Grt-gamet, bulk compositions and phase
Q ‘ compositions measured by electro
g —(~ Coe - coesite, microprobe

Grt v —,&— lim - picroilmenite,
c e O/{}/' Cos,  —~ Ri-rtle,
P E ; é
i

01— — T T T T —f— Mgs - magnesite
15 19 23 27 3 35
Bulk CO, content (mol%)

Under high-pressures (>3 GPa) most of the geochemistry of kimberlitearbonatite assemblages, Snap

i ; Lake dyke systm, Canada // Chemical Geolody2008 i
carbonatssilicate systems havéX phase diagrams V 2551 P317.378.

with eutectic shifted to carbonate compongiree et Lee W.J., Huang W.L., Wyllie Rlelts in the mantle modeled in
al., 2000) Thus, under mantle pressures carbonagg: system Ca®g0-Si0,-CO, at 2.7 GPa // Contributions to
melts act ag solvent forrefractorysilicate minerals. Mineralogy and Petrology. 2000 i V.138.7 P199-213.
Partial reduction of carbon&e component of PalyanovY.N, Bfa'evakY-V-‘ Sokol AI.G., BOde|0_Y TM
carbonatesilicate melt duringits interaction with <uPriyanov.N., Reutsky V.N., Sobolev, Nddntlé slab

) . interaction and redox mechanism of diamond formation //
reduced iron saturated ambient mantle dec_:reases eedings of the National Academy of Scient@013.i
amount of solvent. Asa result carbonatesilicate Vv.110.i P2040820413.
melts become saturated with silicate minerals. Thu8agozin A., Shatsky., Zetgenizov D., Mityukhin Bvidence for

diamond crvstallization should be accompanied by €velution of diamond grystalllizati.on medium in eclogite xenolith
leati Y d th of silicat . Ip y from the Udachnaya kimberlite pipe, Yakutia // Doklady Earth
nucleation and growth of silicate minerals Sciencesi 2006.1 V.407.i P465468. .

Experimentalr esul t s at 6.5 syl LRk, sihi&iPA) Goiek Cohtani E.,

(Shatskiy et al., 2017%uggest that the decreasingPokhilenko NMelting phase relations of the Udachndsast
bulk CO,, which accompanies reduction, changes trﬂilésulpl kiLnberlite at3.66.5 _GPa:fexperisze(ntatl) e\I/_idencel; for |

: o . : H . alkali-carbonatite composition of primary kimberlite melts an
][nmeral assemblage qecipitating with d'émnd N implications for martl&plumes 1 Gond\&ana ReseércﬁOl&.T .

ol l owing sequence: ecl\OdipfaRia14 COe + px + rt) Y
pyroxenite (Cpx + Opx shatskyA tLifasov K D., $hdtygnn.sz, OhtanCeinpdsitiof O | +
Op x + Cpx + Grt) Y w eohprimpry kitnherlite (ne@ih a gawnet II'@r_p)Iij@ mantle sa@rgeit ) .
This would explain the formation of diamonds fro onstraints from melting phase relations in anhydrous

. . . dachnayeEast kimberlite with variable C@ontent at 6.5 GPa
group A eclogite(Shatsky et al., 20Q8vith mineral ;500 qwana Research.2017.1 V.45.1 P208227.

incl usi ons of fi mi x e d {phase agdhakig &, RaGoSiniA Szedgen¥dV €, Bn€ MitylikMhGs.
coesite + clinopyroxene (ddigsEnsFS;) inclusions Evidence for multistage evolution in a xenolith of diamond

and garnet (PepAlm/Grsy) inclusions are located at Pearing eclogite from the Udachnaya kimberlite pipe / Lithos.

- ; : 20087 V.105.i P289:300.
the central zone and olivine (&p inclusions are Stagno V., Ojwang D.O., McCammon C.A., Frost Dbk

much _Closer to peripherjRaquin et al, 2096 oxidation state of the mantle and the extraction of carbon from
Shatskiy et al. (2017pbservedclinopyroxene with Ear t hés i nti 201B.oW.493,i/P8Nat ur e .

close composition (JgDigsEnsFs;) in coexistence Thomson A.R., Walter M.J., Kohn S.C., Brooker Bl&b

with coesite at bulk COof 31 wt%, whereas olivine melting as a barrier to deep carbon subduction // Natu@016.
: - i V.529,i P76-79.

appears at bulk Cf 151 23 wt%. Fig. 2and?3). [ V.529,1 P.76:79

) . Sobolev N.VDeep seated inclusions in kimberlites and the
Thus successivedecreaseof bulk CO, during  problemof the composition of the upper mantle / American

reduction of carbonatesilicate meltshould change Geophysical Union, Washington, D.C1977.
assemblage of minerals -poecipitating with

diamond from coesitebearing eclogitic toward i o
oIivine-k()jearing peridotitic g g Spivak AV.!, Litvin Y .A.l, Zakharchenko

E.S!,  Dubrovinsky L.S?  Peritectic

The wark was supportecby the stateassignment decomposition of ringwoodite (Mg, FejSiO,

project no. 033@2016:0006 with the formation of stishovite within the
References transition zone of the mantle (experiment at
20 GPa)

Agashe A.M., Pokhilenko, N.R., Takazawa, E., McDonald, J.A.,

Vavilov, M.A., Watanabe, I., Sob_olev, I\P\ﬂ_mary melting !|nstitute of Experimental Mineralogy (IEM RAS),
sequence of a deep (> 250 km) lithospheric mantle as recorded(ﬁ?)ivak@iem.ac.ru)
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? Bavarian Research Institute of Experimental The main primary minerals in inclusionsin deep
Geocherr]mstry and Geophysics (BGI) University of diamonds coincide in modal terms with
Bayreut experimentally proved rock forming mantle minerals
Abstract. Experimental studies of phase relations of the at related depth (Akaogi, 2007). Experimental
dc':rr‘l“ﬂ“f"(fﬁ;mc'r;g }S)ggeanw'\g?fézrer%?ﬁ;cif O Clwhere  studies of subsolidus reactions in the system
- ’ 1 3 i T i 1

polythermal section (Mg,SiO, + Carb*) - ( 2 Fe QASi O Mg.SIO, i F_e_ZSIOA' (Ito_’ Takah_aShl’ 198906V6&|_€d
Carb*) at 20 GPa. In the region of high -iron compositions for PT conditions of ringwoodite stability that iron

with Mg,SiQ, contents in the range 5-25 wt. %, the component is unstable and disproportionates to
peritectic reaction of ringwoodite (Mg,Fe) ,SiO, and silicate-  stishovite and wustite. This a reason for formation
carbonate melt was established with the formation of of two stishovite containing subsolidus associations

magnesiowustite (Fe,Mg)O, stishovite SiQ, and carbonate ; ; i i i i
phases pf Na, C_Za and K. A reac_tion with formation of Ca- ]%2 r(;g]egl}:i?aostj:ﬁa((;jh:‘llggg\)lzvig?t; StISScI;II? dVIte SSIOOIEJ ti-it-)ns
perovskite CaSiQ was also realized. ., . .
Keywords: substance of the transition zone of the mantle (Mg O/ F e OZ- F ?dﬁd (2)g roggnesiowustite
magmatic evolution, stishovite paradox, parental melts- (Fe’Mg)O +StIShOVIt?SIOZ' Howgver, data on phase
solutions, carbonatite parental medium, fractional  elations at subsolidus conditions do not reveal
ultrabasite-basite evolution, physico-chemical experiment. physicachemical mechanism of a formation of the
associations.

Ringwoodite (Mg,Fe}SiO; has  provided The main goal of the work is in experimental
evidences as the main ultrabasic phase of tk@idence of the physicechemical mechanism of
transition zone of the mantleithin depths4007 660 decomposition of ringwooditaith a formation of a
km (197 24 GP3. Ringwoodites wasdentified in  stable association of stishovite and phases of solid
diamonds only as paragenetic inclusionsBasic solutions periclasevustite as a result of ultrabasic
stishovite is also discovered amomgclusionsin basic evolution at conditions within the Earth
diamonds This is a feature of ultrabasic to basigransition zone.
evolution of both, diamondiferouslicatecarbonate Experimental studies of melting phase relations
carbon melts and derivate silicate magmas of theere carriedout at 20 GPa, that corresponds to
transition zongSpivak Litvin, 2018).Mineralogical conditions of ringwoodite stability (it is stable within
researching data of syngenetic inclusions im8-24 GPa at depths 5860 km). The experiments
diamonds, which genesis is connected with relategere done using high pressthigh temperature
horizons of the Earth mantle, have theain cubic apparatus multianvil press at 20 GPa and 1000
importance at estimating of base chemical and phasa 7 000aABGI, University of Bayreuth, Germany.
composition of diamond forming media of the mantl&here was used a standard cell 7/3 with heater made
transition zone. The major minerals in inclusions inf lanthan chromitéaCrO; and a capsule made of Pt
diamonds formed at depths of the transition zone of Re foil for researching substances in experiments.
the mantle are presented with wadsleite arthe method of higivelocity quenching of samples
ringwoodite (high pressure polymorphic species afas appliedAccuracies at pressure and temperature
olivine composition) and majoritic garnet, as well ameasurementareestimatedasN  0GP&( N €0
oxidesi magnesiowustit§Fe,Mg)O and stishovite correspondingly. A complete describing of
Si0,, and carbonates oNa, Mg, Fe, Ca and K methodicalfeatures and experimental procedures is
(Kaminsky, 2012) By mineralogicaldata ultrabasic in work (Frostatal., 2004). Experimentakonditions
and basic oxidesilicate and carbonatite associationandresultsarein tablel.
arranged as derivated material of the lower mantle.

Table 1. Conditions and results of representative experiments on studying of si&iéni FeOi SiO, 1 (Na,Ca,K)
CO; at 20 GPa

Experimental results
~ sample | v S tmin | Phase SiO, |[FeO |[MgO [CaO | NaO |[K,O0 |CO* [ Sum
wt. %
| - (F&SIiO4)s2dMg2SiO4)17 {Carb*) s
L 10.47 9.79 8.70 18.57 | 18.69 | 12.47 | 21.32 100.00
68731 1700 30 Rwd 34.42 | 34.73 | 27.02 1.55 0.95 1.32 - 99.99
L 7.26 10.63 | 11.64 | 11.97 6.16 8.80 43.54 | 100.00
Rwd 33.12 | 35.20 | 25.39 2.45 1.64 2.19 - 99.98
S68801 1500 20
MWus 0.49 87.47 5.50 2.25 2.55 1.73 - 99.98
Sti 98.15 1.27 n.d. 0.14 n.d. n.d. - 99.56
L 12.64 5.40 7.79 18.33 9.32 12.72 | 33.52 100.00
Rwd 31.85 | 21.01 | 35.39 4.75 2.76 4.20 - 99.96
S687F1 1200 40
MWus 0.55 92.68 5.33 0.49 0.23 0.32 - 99.84
Sti 95.93 1.82 0.29 0.84 0.63 0.47 - 99.99
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Experimental results

~ sample | v S t,min | Phase SiO, |FeO |[MgO |CaO | NaO [KO0 [CO* | Sum
wt. %

CaPrv 48.57 1.64 0.55 46.32 0.92 1.79 - 99.97

Mgs 0.43 2.40 40.27 0.35 0.16 0.22 56.00 | 100.00

K-Arg 0.73 1.43 6.72 12.27 531 17.82 | 55.69 100.00

MWus 2.93 87.49 2.79 1.36 2.08 3.35 - 99.99

Sti 93.12 1.20 1.16 1.14 1.61 1.77 - 99.98

S68861 1000 60 CaPrv 48.70 1.27 0.24 46.26 0.99 2.13 - 99.59
Mgs 1.81 3.27 42.25 0.90 1.18 1.69 48.91 100.00

Na,K-Arg 1.44 1.68 1.03 20.21| 9.59 8.57 57.48 | 100.00
Il - (F&;Si04)66 dMQ2Si0,)3 s(Carb*) 5

L 1166 | 18.62| 194 | 10.26 | 6.66 8.89 | 41.85| 100.00

S68732 1700 30 MWus 0.82 | 9743 | 1.13 0.22 0.34 n.d - 99.95
Sti 98.43 | 1.39 n.d. n.d n.d. n.d - 99.82

L 3.19 5.74 | 2.89 19.62 | 9.58 | 11.72 | 47.26 | 100.00

S68752 1400 10 MWus 0.44 | 98.15| 0.98 0.15 0.26 n.d - 99.98
Sti 96.92 | 2.28 | nd. 0.36 0.15 0.21 - 99.92

L 11.28 | 4.39 | 3.44 17.12| 6.00 | 10.69 | 47.08 | 100.00

68772 MWus 0.50 | 97.26 | 1.46 0.39 0.16 0.17 - 99.98
1200 40 Sti 95.27 | 1.29 | 0.32 1.39 0.85 0.87 - 99.99

K-Cal 0.74 3.45 | 3.01 21.20 | 9.49 | 13.53| 48.59 | 100.00

MWus 0.62 | 92.06 | 0.79 0.20 1.05 0.41 - 99.99

Sti 97.88 | 1.06 | 0.33 0.18 n.d. 0.53 - 99.99

S68862 1000 60 Mag n.d. 4.83 | 36.94 7.33 1.10 3.60 | 46.21| 100.00
K-Cal 0.58 0.89 | 0.20 38.67| 3.04 | 14.62 | 42.01| 100.00

Na, K-Cal | 0.95 1.13 0.64 | 1951 | 15.72 | 12.18 | 49.87 (100.00

Phase relations of diamond forming oxideringwoodite stability ( within 18 24 GPa at depths
silicatecarbonate systenMgO i FeO - SiO, - 520660 km), whereas iron componeR&SiO, is
(Na,Ca,K)CQ are the most interesting in point ofunstable at the conditions and decomposes into
diamond genesis. 2F¢[ +Si0..

Model fusible composition N&,CO;-CaCQ- In results of carried out works we have received
K,CQO; (cation part of oxidesilicate components experimental samples, that we can trace the
doesnbd6t repeat) was us efdlovirgy cchand ofn aystallizatian ngf ctadied t .
Homogenized gel mixture$1g,SiO,, FeSiO, and carbonatesilicate systems by: for compositidn- L
carbonatesCaCQ, NaCO; d s.CO; of boundary + Rwd Y L+Rwd+Sti+MWus Y

compositions of binary polythermal sectionL+Rwd+Sti+MWus+Carb+CaPrv Y
(M@2SiOy)7o(Carl¥) 30 T (F&SiOs)7o(Carly) 30, where  Sti+MWus+Carb+CaPry  for composition Il -
Carbr - CaCQ 34, N&CO; 33, s,C0O; 33 Wt %) L+Sti+MWus Y L+Sti+MWus+Carlr Y

were derivate materials for starting composition$Sti+MWus+Carbf+CaPrv (table 1). They lead to a
Two experimental compositions were used:- formation of basic paragenesis containing stishovite
Mg,SiO, 17,5; FeSiO, 52,5; CaCQ 10,2; N&CO; at subsolidus conditionsOxidesilicatecarbonate
9,9;5,C0:;9,9 (Wt %) andll T Mg,Si0O,3,5; FeSiO, melts are completely miscible at melting of
66,5; CaCQ10,2;NaC0; 9,9;5,C0; 9,9 (Wt %). multicomponent oxideilicatecarbonate diamond
Experimentakampleswereinvestigatedoy scanning forming system, herewith high solubility rdbasic
electron microscopeCamScanM300 {VEGA TS minerals as well as basic oniss provided. Lower
5130MM) with spectral analyzeiLink INCA at melting temperatures of diamond forming
Institute of Experimental Mineralogy RAS. multicomponent  compositions  relatively  to
Experimental (at 20 GPa) and theoretical studiggeothermal values are substantially more significant.
of liquidus phase relations in system ringwoodite RWwor example, there observed a partial melting of both
(Mg,SiO,) i iron component(2Fe[ Bi0O,) were starting compositions at 12084. As both starting
carried outwith an emphasison physicechemical compositions are enriched in iron component,
behavior of its silicate components, especially withimagnesiowustite is a prevailing mineral in each
an are of high content of iron components. It shouléxperimental samples (excluding sam@@8731).
be accentuated that systemg,SiO, i 2Fe[ AiO, Magnesiowustitesf | seriescontainMgO upto 6.51
represents a polythermal section of a key importaned%, on an averaget.10 wt%, Il seriesi on the
for rock forming system of derivate substance of th@verage 0.99 wt% up to 2.11 wt %.
transition zone of the Earth mantle at conditions of
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The base peritectic reaction for derivate mantle
systemMg,SiO, T Fe,SiO, would belook like: L +
Rwd = Sti + MWus with a loss of ringwoodite

Rwd+L VS‘ML
®

1600 | Rwa+StHL (isti shovite .pTaareaae Hqaiduse f f
Sti+MWus+L Rwd, Sti, and subliquidus phases, as well as
¢ e subsolidus associatiorBwd + MWus + Carbr +
1400 Rwd+Sti+MWt:s+L CaPry MWus + Sti + Carbr + CaPrv demonstrate

ultrabasic to basic conversion of phase relations on
figure 1, metasomatic interaction of @arbonag

Sti+MWus

Rwd+Sti+MWus+Carb*+L\  +Carb*+L component of the researched system and silicate ones
1200 o with CaSiQ formation is also noted. Generally
RudeMWus+Sti+ Wus+Sti+Carpe receivedexperimentakesultsare in agreement with

Carb*+CaPrv+L

natural data for primary inclusions in diamonds of

Rwd+MWus the transition zone.
1000 | +sti+Carb® | © . . The work is supported by gits of RFBR16-05-
M A Wi i 00850and MD-3464.2017.5as well as program of
« (Mg,Si0,),, 70 80 90 (Fe,Si0,),, the RASI . .08.
Carb*,, Carb*,, References

Fig. 1. Melting phase relationst polythermal section Akaogi M. Phase transformations of minerals in the

; " R (o i transition zone andpper part of the lower mantle /
(M@,SiOy)7oCarb*p T ( 2 F e QAGaIb®) at 20 GPa. o h 7 )
Experimental conditions are marked by black circles~dvances in HigiPressure MineralogiOhtani E., ed:

Simbols: L - melt; Rwd 7 ringwoodite; MWus i Geol. Soc. Amer. Spec. Pdap2007.i 42171 P.1-13.

; ; et ot «. Frost D.J., Poe B.T., Tronnes R.G., Libske C., Duba F.
magnesiowustiteCaPrv - 4 &erovskite;Sti - stishovite; . ! ' = ' '
il : Rubie D.C. A new larg&olume multianvil system // Phys.
Carb* - simplified simbol for carbonates (see fext Earth Planet. Inteii. 2004.i 143.i P. 502514,

. . . . Ito E., Takahashi E. Postspinel tréorsnations in the
Ringwoodite crystals are observed in experimentgstem MgSiO,i Fe,SiO, and some geophysical
with | starting composition at conditions of a partiaimplications // Journal of Geophysical Reseaich989.i
melting. The starting compositions enriched in iroﬁ4 (B_S)-k' ';-}\?_637 }0646% he | o o of
component influences mg# of ringwoodite (0.89 Kaminsky F. Mineralogy of the lower mantle: a review o
. o . . Osugpeepd miner al i ncl &d.i ons
0.66). Stishovite is revealed in experimental saBpl@ey.j 2012.i 110.i P. 127147.
in association with magnesiowustite. -@arovskite Anna Spivak and Yuriy Litvin. Evolution of Magmatic
forms in result of a reaction of @arbonate with and DiamoneForming Systems of the Earth’s Lower
silicate component of the system at temperatures Mf“f't'e-' Springer, 20181 95p.

. vin YU.A., Spivak A.V., Simonova D.A., Dubroviskiy
1200 and 10004. On the experimentalplane, the L.S. The stishovite paradox in the evolution of lower

problem of ultrabasic tobasic evolution of mantle mantle magmas and diamefatming melts (experiments
anddiamondforming meltsacquiredan actualvalue at 24 and 26 GPd) Doclady Earth Science$ 2017.i

when its investigations in physiahemical 473(2).1 P. 444448
experiments with multicomponent multiphase deep
substance of reproduced at boundary conditiorgyak A V.1 Zakharchenko E.S!, Limanov
composition became possible. , % conditions of EV!® Bulatov K.M.Z2 Bvkov A.AJS
the lower mantke ultrabasic to basic evolution of """ 4 o i 1,2 y S
mantle and diamond forming melts is controlled b _m_allova L'ls ' Zln!n PV , Safonov 0.G7,
peritectic reacti on ifig Yu.4 o IRvESiigation atdo1 45 GPa of
magnesiowustite + stishovite (Litvin, Spivak, 2017)s0lid  solutions  of the  lowermantle
that provides a continuously ultrabasic to basi€rrobridgmanite (Mg,Fe)SiO3 in a diamond
evolution of melts at fractimal crystallization anvil cell with laser heating UDC 552.113,
regime. 552.18
Theexperimentaltesearchesevealmeltingphase

rﬁ/llatlg.rg C atlrong_, E Spgythgrmb?l fi SleCtlfon Academy of Sciences (IEM RAS), (spivak@iem.ac.ru
(MgzSIiOy)Carldso 1 (F&:SiO)Carld s (fig. 1) 0 “Scientific and Technological Center of Unique

diamonq forming system at ZQ GPa, as well 38strumentation of the Russian Academy of Sciences (STC
peritectic reaction of ringwoodite witlcsarbonate Ul RAS),

containing meltthat basic association of stishovite,*National Research University "Moscow Power
magnesiowustite, and carbonates forms in results &figineering Institute”,

In this case the peritectic reactidﬁ) @s represented 4Autonomic noncommercial organization of high education

as L + ringwoodite Rwd + magnesiowustite MWus £ The Skol kovo Institute of Scie

stishovite Sti + Cq)erovskite Cal¥ + carbonate Abstract. We report Raman spectroscopic and microprobe
mineralsCarb. studies of solid solutions of MgSiO;-FeSiO; system obtained

YInstitute of experimental mineralogy of the Russian
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in DAC with laser heating at 25-40 GPa. The studies are Experimental researches of a solubility of iron
aimed on determining the solubility limit of iron component componenfeSiQ in ferrobridgmanite solid solution
of FeSiQ_ i_n_ferrobridgmanite, when a peritectic reaction (Mg,Fe)SiQ were carried out at pressure 2645
must be initiated. GPa that corresponds to conditions of bridgmanite
Ultabasic.basic evalution, perfiectic reaction, physicar and  StaCilty. The experiments were done using diamond
chemical experiment, hig’hppressures, diamc’)npd yanvil cell, anvil celli DAC with laser heatingLH-DAC) 17QO
material were homogenized gel mixturesvif,SiO;,

Bridgmanite (Mg,Fe)SiQ with a structure of FeSiO, with 70/30, 80/20 and 90/10 wt%
perovskite(Tschauner, at al 2@} is justified as one proportions.Experimental conditions and results are
among the main lower mantle minerals at depths ovgfiown in table 1A starting sample is placed into a
660 km(>24 GP9 (Ringwood, 1975)It alsooccurs OGOIe of diameter of 1008 20 Om in renium

in paragenetic inclusions in lower mantle diamon etween NaCl layers. The Rsket is clamped by

gfgm![?;rt( 4 0?01,[7%;3“ |0Fngessrﬁ§m|gf rgﬁgént;ﬁlcdiamond anvils with working surfaces 3205 0 O m.

ferrobridgmanitedecomposesn peritectic reaction 'he sample is heated by focused continuous laser

with a melt and magnesiowustite and stishovite forfiadiation with a wavelengh of 1. 064 em (N
(Astishovite (utvinreaal. o2016). dasef) efc poywer from 10 to 100 W, radiation is

Based on earlier experimental data, ferrobridgmanitetroduced through anvil areas, the laser beam
mayincludeupto5-10 mol % of FeSiQ - compnent  diameter on the surface of the sample can be focused

into its composition aPT conditions of the upperj n t he range from 5 to 100 ¢
part of the lower mantlgWood and Rubie, 1996; o, the principle of absorptioof infrared laser light

K lto, 1 relimi rimentabnd . -
m%tdsglradg?g ;ﬁbwge:%w;e I|cr:c])Itr:earl{t)i/a?lXpdeelpeerlldence oft @ samp_le af';er light passes through one of the
diamonds in a diamond anvil.

solubility of iron component on pressut&ifune, : , _ _
2007; T)gnge, 2009X:r)rl)stal chemistryand stability The ms_tallatlon of the LHDAC (Fig. 1) consists '

of ferrobridgmanite =~ at high pressures an@f: (1) a high pressure cell attachment system with
temperatures have a crucial meaning fdhe ability to remotely move the sample along the
understanding of structure, dynamic, and magmatisttiree coordinate axes xyz; (2) the optical system to
evolution of our planet. Conditions of stability anchbtain a sample image in the DAC; (3) the laser
reactive interaction of minerals with melts of theragiation control system for heating the sample. A

lower mantle are important for understanding the i wer conti nuous | aser with

processes of diamond formation at these dept d: YAG fiber laser from IPG Photonics) is used

:g:llveesr“?ﬁgr?{re()fb?famglnpgggﬁ;lzl %?mups?rr:g n:)sf O;i;h or provide heating of the sample. The radiation from

pressure diamondnail cells and laser heating with [aser is reflected from the mirrors M1, M2, M3
using of Ramanand Xray-spectroscopy, herewith (mirrors on reflection in the range 10470064 nm,

studies of the lower mantie ferrobridgmanite becan#e5 A) . Mirrors are used for
most relevant. Thgoalof thework is targetedstudy radiation. The largscale imaging system is based on
¥ C 2BDAC1I]DI]3-Apr-2I]1BZm2t
LP 2200
‘ 2000
L 1800
TAOF 1600
1400
@ EJ4B_S> 1200

i >
: M3

Laser Obij
A=1064 nm, P=100 W [ il :
M] Y Samp|e BDD 10 20 30 40 50 B0
z . }’z into DAC e
Fig. 2. An image of temperature distribution within
Fig. 1. Apparatus LHDAC sample volume at laser heating

of ultimate composition of limited solid solution of the Obj lens (10x, M, Plan Apo, L, NA = 0.28, f = 20
ferrobridgmaite. mm, Mitutoyo infrared lens, USA) with continus
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Mineral equilibria at high PT -parameters

Cprrectlon of long Wor'klng Table 1.Experimental conditions and results of researches of the lower r
distance and narrowand light  ferrobridgmanite solid solutions (Mg,Fe)SiO
source LS (60B60 nm.). To

precisely control the shape and sizé sample (F;Pa T, % fcg?r:gggition phaseassociation
of the laser spot, a -|shaper_ is (M>Si04)70

used, located between the mirrofd17F3-1 40 2000 (e siog)s FBrd+Si+MWus
M2 and M3. The radiation from M7E32 32 1800  (MgzSiO)7o FBrd+Si+MW
the sample is directed through the (F&Si0s)30 f us
optical path through the mor | ... 45 1800 (Mg:SiO;)70 FBrd+Si+MWus
M3. The image acquisition ang (Fe:SiOy)z0 !
processing system consists of: |a7r3.4 28 1900 (Mg2$(|)o4)7o FBrd+Si+MWus
tunable dual acoustoptical filter (l\FAeZSS', (4))30

(TAOF), which allows | MeF2-1 37 1700 EF gzsi(');)m FBrd
multispectral imaging of the (Meg;zSiéjzo

sample in the range from 590 nmMM8F2-2 30 2000 (F&SiO)20 FBrd+Si+MWus
to 1000 nm with a bandwidth of 2 (Mg,SiOy)so

nm; C camera (Allied Vision Mako M8F23 29 2000 (Fe S0 FBrd+Si+MWus
G-030B), this camera can work at (Mg,SiOs) g0

a speed of 300 frames per seco hifioFL-1 35 1800 (F&:SiOs)10 FBrd

with a resolutiig@gmLf 649 (ddg (MoSO8.A FBrd

(V) pixels; long focal lens L (f = (F&SiOs)10

500 mm), used to focus radiation*experimental results by Ramapectroscopy and electron microscc

from the sample to the camera@nalyses
detector. Just before the acousto

optic filter, a dichroic mior D of systemMgSIiO; 1 FeSiQ, especially boundaries
(1047 - 1064 nm) is provided, which does not pasBetween subsolidus phase fields ferrobridgmanite
the laser spectrum.Accuracy of temperature ferrobridgmanite + stishovite + magnesiowustite
estimation at the method is abdlt " .0Heating stishovite + magnesiowustiteThere is a boundary
durationwas about5 min. There was carried out aline (plotted by dashed line) between tvphase
local heatingof partsof a samplewith diameter~ 50 fields ferrobridgmanite / ferrobridgmanite +

O muntouched areas were convenient for comparisetishovite + magnesiowustite on fig3, it is a

of changed parts with initial ones Pressurein solubility curve of FeSiQ component in
sampleis determinedby luminescent line shift of ferrobridgmanite

ruby, for this ruby grain with sizee5Om i s pl aced

inside the sample. Experimental samples we 0 )
investgated by the scanning electron microscop '
CamScanM300 VEGA TS 5130MM) with spectral '
analyzerLink INCA at the Institute of Experimental i
Mineralogy RAS '

Ramaii spectraof the experimentabamplesvere a | FBrd
measuredin geometry of backscatteringsing the
apparatus  consisting of  spectrographActon $: FBrd+Sti+MWus
SpectraPreé2500i with detectorcooling up to-70 °C 35 1 % /
CCD Pixis2K and the microscop®lympus with .
continuous soligstate monomeric laser with / {
radiation wave lengt632nm and diode pumping at ~ *° | ; ;'%

IEM RAS. / {

By preliminary experimentaldata,solid solution - . ! ;
(MgS|O3 AFGSIQ,)SS is limited by ~20 wt% of iron 0 10 20 30 40 50
component at pressur@8-40 GPa A dependence of ~ MesiO, wek FeSio; —
solubility of iron component on pressure is
confirmed. Solubilityimit of iron componenFeSiQ Fig. 3 Subsolidus scheriagram MgSiQi FeSiQ
in ferrobridgmanite corern to ferrobridgmanite Wi?ﬁ inserted preliminary bogndary (?:Iashéde) of a

composition in peritectic association in system MgQqyrve of a solubility of iron component FeSiGn
FeOSiO, ferrobridgmanite +  stishovite + ferrobridgmanite

magnesiowustite- melt, that is justified at pressures  The work is supported by RFBR grant@05-
24-26 GPa (Litvin et al, 2016). The physice 00850 and MD-3464.2017.5,as well as the RAS
chemical mechanism controls subsolidissociations programl.l .08.
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