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ABSTRACT. An assessment was made of the possibility of using olivine thermobarometry for xenoliths of depleted
peridotites from the Udachnaya pipe (Yakutia), represented by 76 megacrystalline dunites and 5 megacrystalline harz-
burgites. Specially developed and tested method of microprobe analysis was used to determine Al and Ca microimpuri-
ties in the olivine samples studied. PT-parameters of megacrystalline dunite xenoliths were calculated using the equa-
tions of olivine, garnet, and olivine-garnet thermobarometers. Enstatite geobarometers were additionally used for some
megacrystalline harzburgites. Comparison of the obtained data showed that the geothermobarometric pair of Finnerty-
Rigden barometer (Ca in olivine) for wide PT-range peridotites and thermometer [Bussweiler et al., 2017] (Al in olivine)
for garnet peridotites is most suitable for assessing the PT-parameters of the megacrystalline dunite collection studied,
though some of the high PT-parameters (>60 kbar and 1200 °C) are questionable. Garnet barometer [Griitter et al., 2006]
(CaO0 - Cr,0, ratio in pyrope) does not always agree with olivine geothermometers. This may be caused by the necessity
to adjust the barometer equations for a wider range of compositions, as well as by the possible imbalance between garnet
and olivine. We admit that more accurate results can be obtained by using this barometer in combination with garnet
thermometers based on the determination of Ni in garnet. There is not enough data on harzburgites to draw certain con-
clusions. However, it should be recognized that the traditional pair of McGregor enstatite barometer and O’Neill-Wood
garnet-olivine thermometer still remains the most acceptable for estimating the PT-parameters of megacrystalline harz-
burgites, though with some temperature underestimation.
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TEPMOBAPOMETPUA AENJIETUPOBAHHBIX IIEPUJOTUTOB
JI.H. loxunenko', B.H. Koposok?, H.II. [loxusneHko'

'WHcTUuTyT reosioruu u MuHepasioruu um. B.C. Co6osieBa CO PAH, 630090, HoBocu6upck, np-T Akagemuka KonTiora,
3, Poccusa
2HoBocubGupcKui rocyjapctBeHHbl yHuBepcutet, 630090, HoBocubupck, yu. [Tuporoga, 1, Poccus

AHHOTALMAL. [IpoBeieHa olleHKA BO3MOXKHOCTH HUCIOJIb30BaHUS OJIMBUHOBOM TepMO6ApPOMETPUH Jis1 KCEHOJIU-
TOB JlelJIETUPOBAHHbBIX NEPUAOTUTOB U3 TPYOKU YaauHoH (fkyTHs), npejcTaBJeHHbIX 76 MerakpUCTaaJIn4eCKUMHU
JYHATaMM U 5 MerakpucTa/JJIn4eCKUMU rapuoyprutaMi. Ilo cnenyaibHO pa3paboTaHHON U IpOBEepeHHON MeToAu-
Ke C IOMOIIIbI0 MUKPO30HJ0BOI0 aHa/M3a onpe/eneHbl MUKponpuMecu Al u Ca B oJIMBUHAX KMcCaeyeMbIX 06pa31ioB.
PT-napamMeTpbl KCEHOTUTOB MeTraKpUCTA/NIMYECKUX [YHUTOB PacCYMTaHbI 10 YPaBHEHUSIM OJIMBUHOBBIX, TPAHATOBBIX,
OJIMBUH-TPAHATOBbIX TEPM06apOMeTpoB. JIJ11 HECKOJIbKHX MeraKpHUCTa/NIM4eCKUX rapl0ypruToB JAONOJHUTENbHO HC-
M10J1b30BaJINCh IHCTATUTOBBIE reobapoMeTphl. [I[pou3BeieHHOE CpaBHEHH e N10JIy4YeHHbIX JAHHBIX [I0Ka3aJ1o, YTO Haubo-
Jlee ofxoAsLel g olleHKH PT-napaMeTpoB U3y4eHHOM KOJLJIEKLUU MerakpuCTalJIM4ecKUX JYHUTOB OKa3blBaeTCsl
reorepMmob6apoMeTpryeckas napa 6apometp PuHHepTU-PupKeHa (Ca B o/IMBHHE) AJ1 NEPUOTUTOB LIMPOKOT0 AUana-
30Ha PT u TepmomeTp [Bussweiler et al., 2017] (Al B o1uBHHE) AJis TpPaHATOBBIX IEPUAOTUTOB, XOTsI HEGOIbIIAS YaCTh
JlaHHBIX U3 06s1acTU Bbicokux PT (>60 k6ap u 1200 °C) BbI3bIBaeT cOMHeHUe. [(paHaToBbIN 6apomeTp [Griitter et al.,
2006] (cootHomenue CaO - Cr,0, B mupore) He BCerja CoriacyeTcs ¢ OJIMBUHOBBIMU re0TepMOMeTPaMu. ITO MOXKET
ObITh CBSI3aHO C HEOOXOAMMOCTBI0 KOPPEKTUPOBKU YpaBHEHUH 6apoMeTpa AJist 60/iee MIUPOKOTO CeKTpa COCTaBOB, a
TaK>Ke C BO3MOXXHbIM HapyllleHHeM paBHOBECHS MeX/ly 'PaHAaTOM U OJIMBUHOM. ABTOPBI I0NIyCKAIOT, YTO 60Jiee TOUHbIE
pe3yJIbTaThl MOT'YT ObITh NOJy4YeHbI IPY UCM0Jb30BaHUU 3TOI'0 6apoMeTpa B COUeTAHUM C FPaHAaTOBBIMU TePMOMeTpa-
MU, OCHOBAaHHBIMU Ha onpejiesieHuHU Ni B rpaHaTe. [/ cepbe3HbIX BbIBOJOB JAaHHBIX 10 rapL0ypruTaM HeJ0CTaTO4YHO.
OpHako ciefyeT NPU3HATh, YTO TPaJULMOHHAs Napa 3HCTaTUTOBOro 6apoMeTpa Makrperopa 1 rpaHaT-0JIMBUHOBOIO
TepmoMeTpa O'Heltn-Byzna noka octaeTcst HanboJiee npyueMaeMoi Ji1g olleHKH PT-napaMeTpoB MerakpucTalJlnyecKux
rapuoypruToB, XOTs1 M C HEKOTOPBIM 3aHMXKEHHEeM TeMIepaTyp.

KJ/IIOYEBBIE C/IOBA: reo6apoMeTp; reoTeEpMOMETP; OJIMBUH; MeTaKpUCTA/L/INYeCKHUe AYHUTBI; MerakpucTalJnye-
CKHe rapL0ypruThl; MUKpONIpUMecH; TpyOKa YaauHas

®UHAHCHUPOBAHME: Pa6oTa BbINlOJIHEHA 0 rocyAapcTBeHHOMY 3ajaHuto UI'M CO PAH (Ne 122041400157-9).

1. BBEIEHUE

TepMo6GapoMeTpHs NOPOJ B 11eJI0M Y Ipe/iCTaB AKX
WHTepecC /AJ51 aBTOPOB KPAaTOHHbIX MAaHTUHWHBIX NTePUJ0-
TUTOB B YaCTHOCTH sIBJIsIeTCS KaK OZJHOM U3 NepBOCTelNeH-
HBIX 33/la4 B ONpe/ie/IeHUH YCA0BUM GOpMUpPOBaHHUA NO-
poJ, TaK M BaXKHEHUIIUM HHCTPYMEHTOM, M103BOJISIOLUIUM
MpOCJIeIUTh NIPOLECCh], OTBETCTBEHHbIE 32 3TO GOPMUPO-
BaHHUe. boJibl0e KOJIMYeCTBO KaueCTBEHHBIX U YJJ0OHBIX,
NpHUMeHseMbIX [0 CUX IOP TepPMOMETPOB U 6apoMeTpOB
6bL710 co3sjaHo B 70-X 1 80-x roziax NpouULIOro BeKa Npu
3KCIIepMMEeHTa/IbHOM U3y4eHUH IPOCThIX CUJIMKATHBIX CU-
creMm tuna MgO - ALO3 - SiO, (Hanpumep [O'Neill, Wood,
1979]), CaO - MgO - AL O, - Si0, (nanpumep [Ellis, Green,
1979]), Ca0 - MgO - FeO - Al 0O, - SiO, (Hanpumep [Finnerty,
Boyd, 1987]). BasupoBaJsiuch TepM0oGapoMeTphl JIU60 HA
pPaBHOBECHHU COCYLIECTBYIOIIUX MUHEpPasoB, pacCMaTpHU-
BaeMbIX KaK U/ieajibHble TBep/ible paCTBOPbI C U3BECTHLIM
COOTHOLIEHHWEeM aKTUBHOCTb — COCTaB (KOMIOHEHTHBIN
06MeH MeX/Ay ABYyMs MUHepasaMu, HanpuMep [Harley,
19841]), 1160 Ha BXOXK/JeHUU KAaKOT'0-TO KOMIIOHEHTA B MU-
HepauJl B Ollpe/ieJIeHHbIX KOJIMYeCTBaxX IpHU oNpesiesleHHbIX
PT-ycsioBUsX (MOHOMHHepaJbHble TepMOOapoMeTphl (Ha-
npumep [McGregor, 1974]). [lonyyeHHble TAKUM 06pa3oM
JaHHble PT He Bcersia 6eccriopHbl U3-32 HETOYHOCTH TEPMO-

JAMHAMHUYeCKUX KOHCTAHT, NPUOIMKEHHOCTHU pacyeTHBIX
dopMy1, norpeltHOCTeN aHaIMTUKY U T.A. [Vaganov, Soko-
lov, 1988], moaToMy npuMeHeHUE HECKOJIbKHUX TeEPMOMe-
TPOB M 6apOMETPOB K 0JJHOM MHUHepaJbHOM accoupanuu
JL0/KHO YBeJIMYMBaTh TOYHOCTb onpefeneHus PT ¢opmu-
pOBaHUsA 3TOM accolMalMy, KOHEYHO, JIULIb B CJ1y4ae paB-
HOBecHsl BCeX ee MUHepaJsIoB ApPYT c JpyroM. B ycioBusax
BepxHell MaHTHU paBHOBECHble MHHepaJbHble accolya-
LIMHY, He 3aTPOHYTble METaCOMaTUYeCKUMH H3MeHEHHUSIMH,
Hab6JII0JAl0TCsl He BCET/Ia, YTO HepeIKO Co3/1aeT pobieMy
JJ1s1 OJHO3HAYHOTO onpefiesieHus PT-napameTpoB MaH-
TUHHBIX NOpo/. He MeHee npo6yieMaTUYHBIM SIBJISIETCS OT-
CYyTCTBMeE NOJHOM MUHepaJbHOU acconuanui. Tak, ecau
JLJIS1 JIEpLIOJIMTOB acCOLiMalius NMpescTaBeHa 0JMBHUHOM,
MOHOKJIMHHBIM U pOMOHUYEeCKUM ITMPOKCEHAMH, FpaHaTOM/
HINHWHEJIbI0, TO B rapLioypruTax MOHOKJIUHHOTO MUPOKCe-
Ha y>Ke HeT, a ;IYHUTHI COCTOSAT U3 OJIUBHHA C eJUHUYHBI-
MU 3epHaMU rpaHaTa/mnuHenu (a vHorjaa 6e3 Hux). Takoi
COCTaB CUJILHO Cy>KaeT paMKHU TepM0OO6apOMeTPHUHU B OLieH-
ke PT-mapamMeTpoB JieNnjeTHPOBaHHbIX NEPUOTUTOB, I10-
3TOMY B laHHOW paboTe OCHOBHOe BHUMaHUe y/eJeHO
MOHOMUHepPaJbHON 0JIMBUHOBON TEPMOGAapoOMeTpUH, 6a-
3UpyloLeicsl Ha BXOXJeHUN MUKpONpUMecel B COCTaB
OJINBMHA B OIpe/ieJIeHHbIX MAHTUHHBIX 00CTaHOBKaX.
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2. METOAbI U MATEPUAJIBI

Kosnekuys ucciejoBaHHbIX 06pasLioB U3 TPYOKU Yaau-
HOW-BocTouHOU npeJcTaBieHa rpaHAaTOBbIMU JleMNJeTH-
POBaHHBIMU NNEPUAOTUTAMU: 76 MerakpUCTaJIMyeCKUMHU
JYHUTaMH (OJIUBUH + UPOI) U 5 MerakpucTaUIH4eCKUMHU
rapu6yprutamMmu (0OJIMBUH + MUPOIN + 3HCTATUT). OJIUBUH
dopmupyeT 95 % 3TuX TOPOJ, 3epHa NMpPOTA U SHCTATUTA
eIUHUYHBI (puc. 1).

MuHepaJbl enjeTUpOBaHHbBIX NEPUAOTUTOB ObIIU
MpOaHaJIM3UPOBaHbI C IOMOIIbIO 3JIEKTPOHHOI'O MUKPO-
3oH/a JEOL JXA-8100 (JEOL, r. Tokuo, finoHus) npu ycko-
pswoleMcsa HanpsbkeHUU 20 kB, Toke cpoKycHpoBaHHOTO
ny4yka 10 HA v BpemeHu cyeta 20-30 c. AHa/u3 npose-
JeH B LIKII MHOroasieMeHTHBIX U U30TOMHBIX UCC/Ie/l0Ba-
Huii CO PAH (MI'M CO PAH, r. HoBocu6upck). MeToguka
aHasIM3a JileTaJlbHO HU3J0XKeHa B pabote [Korolyuk et al,,
2008]. Onpenenenue mukponpumeceit Al u Ca B oiuBU-
Hax OblJI0 IPOBEJEHO MO ClIellMaJlbHON MeTOAMKE, KOTO-
pas 6bLJa onucaHa ¥ anpobupoBaHa B paboTe [Korolyuk,
Pokhilenko, 2016].

3. PE3YJIBTATbI UCCJIEJOBAHUA

CocTaBbl IPOaHaIM3UPOBAHHBIX TPAHATOB M3 UCCJIE[0-
BaHHBIX MeraKpUCTaJJINYeCKUX IepUA0TUTOB NOKa3aHbl
Ha puc. 2. Ha knacupukannontou guarpamme CaO - Cr,0,
[Sobolev et al.,, 1973] oHu pacnoJsiaratoTcsi B JYHUTOBOM
rioJie B 06J1aCTH BbICOKUX 3Ha4eHuH Cr,0,. B cooTBeTCTBUM
C MUHepaJoTUYeCKUMU KPUTEPUAMU aJIMa30HOCHOCTH
[Pokhilenko, Sobolev, 1995] Takue cocTaBbl XapaKTepHbI
JLJ1S IOTeHLMa/IbHO aJIMa30HOCHBIX Topo/. CocTaBbl 0/11-
BUHOB YaCTUYHO NpUBeJieHbl B Ta01. 1.

[lepBoouepenHot 3a/1aueit aBTOpOB 6bL1 pacyeT PT-na-
paMeTpOB paBHOBeCHs MeTaKpPUCTALINIECKUX JYHUTOB C
MOMOILbI0 TEPMOMETPOB U 6APOMETPOB, OCHOBAHHBIX Ha

Puc. 1. Merakpucraainyeckui rapuoyprut JIYB834/09.

KOppeJssiliuU coflepKaHUM BbllleyKa3aHHbIX MUKPOIPU-
Mecell B OJIUBUHE C ONpeJieJleHHbIMU YCI0BUSIMU BepX-
Hell MaHTHU. K ofHUM K3 HauboJiee paHHUX reobapome-
TPOB TaKOro THIIAa MOXXHO OTHeCTH reobapometp OuH-
HepTU-PUKeHa /15 IepUA0TUTOB IIKMPOKOI0 AMana3oHa
PT [Finnerty, Rigden, 1981], 6a3upytoliuiics Ha NTpUMecu
Ca B o/1MBUHE:!
P(kbar)=(-2586-Ca(ppmw)+3.00T(K))/23.1.

Kak BuZHO U3 npejcTaBaeHHON GOPMYJbl, pacyeT-
HOe JlaBJIieHre 3aBUCUT OT TeMIepaTyphl. K onpesenenuo
TeMIepaTyphbl, He 3aBUCAILEN OT JaBJieHUs, OblJI IPUBJIe-
yeH reoTepMOMeTD JJisl TapLOypruToB U3 paboTsl [De
Hoog, Gall, 2005], B koTopoM onpejessieMas TeMIepary-
pa 3aBUCUT TOJIbKO OT KOJIMYeCTBAa MUKpolnpruMecu Al B
OJIUBUHE:

T°C=11390/(12.52-In(ppmAl))-273.

[Janee 151 pacCYMTaHHBIX aBjeHUl Oblla onpejeJe-
Ha TeMIlepaTypa C NOMOILbI0 JIBYX 6ap03aBUCHUMBIX r'eo-
TEepMOMETPOB A5l NepUO0TUTOB U3 paboThl [De Hoog et
al,, 2010]:

T °C=(10539+79.8-P)/(15.45-InCa-01)-273,
T °C=(11959+55.6-P)/(14.530-InAl-01)-273
Y reoTepMoMeTpa [Jisi TPaHAaTOBbIX NEPULOTUTOB, IpeJ-
JIOXKEHHOTO B paboTe [Bussweiler et al.,, 2017]:
T °C=(11245+46-Pkbar)/(13.68-In(Alppm))-273
(puc. 3, a).

Ha puc. 3, a, npecTaB/eHbl TakXe JaHHbIE, pacCiu-
TaHHbIE C IOMOIbI0 6a30BOT0 AJIs JYHUTOB reoTepMo-
MeTpa [O’Neill, Wood, 1979] no cogepxkanuto Fe-Mg-Ca B
rpaHare u Fe-Mg B osinBUHe:

T °C=(902+(XMg-01-XFe-0l)-(498+
+1.51(P-30))-98(XMg-Grt-XFe-Grt)+
+1347XCa-Grt) /(In(XMg-Ol-XFe-Grt/XFe-0l-XMg-Grt) +

+0.357)-273.

L { .\ \
Op'!"oﬁ<p0|<<;e\p‘( \

(@) - npunoJNpPOBaHHBIN KCEHOJIUT, SABJASIOLINNACA MOHOKPUCTAIJIOM CJIerkKa pacTpecKaHHOTO CBeXero 0JIMBUHA; (6) - dparMeHT
IJIACTHHBI C OTYET/INBO BbIJIJIAIOIMMHUCA MeJKUMH 3epHaMH OPTONMPOKCeHa U TpaHaTa.

Fig. 1. Megacrystalline harzburgite LUV834/09.

(a) - polished xenolith, which is a single crystal of slightly fractured fresh olivine; (6) - a slab fragment with clearly visible small grains

of orthopyroxene and garnet.
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OnucaHHbIe Bblllle TEPMOMETPHI ObIIM OPO6OBAaHBI B
COYeTaHHUU C reo6apoMeTPOM JJil FPaHaTOBBIX rapLoyp-
ruToB appuKaHckon Tpyoku PobepTc BukTop U3 paboThl
[Griitter et al., 2006], 6a3upyrOLIMMCS Ha COOTHOLIEHUHU
Ca0 - Cr,0, B mupore:

ecau Cr20320.94CaO+5,
To P (kbar)=26.9+3.22 Cr,0,-3.03Ca0,
WJIN eCcJI Cr203<0.94Ca0+5,

To P (kbar)=9.2+36[(Cr,0,+1.6)/(Ca0+7.02)] (puc. 3, 6).

16 1
O [OyHuTtbl

14 1 ® [apubypruThbl

12 4

10 4

Ca0, mac. %

[TopaBastouee 60JbILIMHCTBO TOYEK AYHUTOB, pac-
CYUTAHHBIX 10 OJIMBUHOBBIM TEPMOMeTpPaM, 00pasyoT Ha
puc. 3, 6, pa3MbITOe 06J1aK0 B BEICOKOTEMIIEpaTyPHOM 06-
JIaCTH yCTOMYMBOCTH aJiMa3a, lepecekas reoTepMy Tell-
soBoro notoka 40 MmBT/m?% [Ipu 3TOM 4acTb TOYEK CO-
CTaBOB Ha puc. 3, 6, monagaeT B 06J1aCTb CTAOUIbHOCTH
rpadurta.

PT-napameTpbl paBHOBecHs NATH rapl0ypruToB ObLIN
OlLleHeHbI KaK C IOMOLIbI0 TpaJULMOHHOM napsl [McGregor,

Bepnutbl

Cr,0,, Mmac. %

Puc. 2. CocTaBbl paHAaTOB METaKPUCTA/IIMIECKUX IEPUAOTUTOB Ha KaacudpuKaMoHHoH guarpamMme Ca0 - Cr,0,.

Fig. 2. Compositions of garnets of megacrystalline peridotites on the CaO - Cr,0, classification diagram.

Ta6smua 1. [pesicTaBUTE/IbHBIE aHAJIU3bI OJIMBUHOB MEraKpUCTAIJINYECKUX NIEPUJOTUTOB U3 TPYOKH YaadyHoW-BocTouHoM
Table 1. Representative analyzes of olivines of megacrystalline peridotites of the Udachnaya-Vostochnaya pipe

O6pasiisi/ si0, Cr,0, FeO MnO Mgo NiO Total Al* Ca*
JIYB 708/11 (n) 41.32 0.05 6.82 0.08 51.66 0.34 100.29 519 101.5
JIYB 2/09 (1) 41.18 0.04 7.16 0.09 51.29 0.34 100.10 25.9 98.6
JIYB 26/10-1 () 41.37 0.04 7.22 0.09 51.09 0.38 100.19 49.7 92.2
JIYB70/01 (m) 41.32 0.05 7.12 0.08 51.43 0.39 100.39 47.1 67.9
JIYB 850/09 (&) 41.06 0.05 6.92 0.09 51.36 0.35 99.84 51.3 125.8
JIYB 517/11 () 41.17 0.04 6.71 0.09 51.47 0.34 99.83 32.3 96.5
JIYB 588/11 (n) 40.54 0.02 7.31 0.10 50.91 0.37 99.24 32.8 81.5
JIYB71/10 (&) 41.50 0.04 7.21 0.09 51.68 0.36 100.88 34.4 73.6
JIYB 371/89 (r) 41.14 0.02 7.09 0.09 50.62 0.34 99.30 H.O. 71.5
JIYB 834/09 (r) 40.55 0.04 9.06 0.11 49.41 0.32 99.55 58.2 135.8
JIYB 49/10 (r) 41.39 0.04 6.69 0.10 51.54 0.32 100.09 30.2 58.6
JIYB 17/91 (r) 41.26 0.03 7.40 0.08 50.81 0.34 99.92 H.O. 50.0

[IpumeuaHue. OCHOBHbIE OKHCJIbI IaHbl B Mac. %; * - r/T; A - AYHUT; T - TapLOyPrUT; H.0. — He ONPe/esa0Ch.
Note. The main oxides are given in wt. %; * - ppm; x - dunite; r - harzburgite; H.0. - undetermined.
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Puc. 3. PT-napaMeTphbl ieNn/IeTHPOBaHHBIX JYHUTOB U3 TPYOKU YaauHoH-BocTouHoMH, paccdMTaHHbIE C TOMOIbI0 6apOMETPOB.
(a) - [Finnerty, Rigden, 1981]; (6) - [Griitter et al.,, 2006]. Mcrioap30BaHHbIe TEPMOMETPbI yKa3aHbl B Jierensie. HaneceHa 11Hus nepe-
xoza rpadut (G) - anmas (D) [Kennedy C.S., Kennedy G.C., 1976] u reotepMbl TensioBoro notoka 40 u 35 MBt/m? [Pollack, Chapman,

1977]. llosicHeHHs CM B TEKCTe.

Fig. 3. PT-parameters (pressure (kbar, abscissa), temperature (°C, ordinate) of depleted dunites from the Udachnaya-Vostochnaya

pipe, calculated with the help of barometers.

(a) - [Finnerty, Rigden, 1981]; (6) - [Griitter et al,, 2006]. Thermometers used are indicated in the legend. Curves have been plotted
for graphite (G) to diamond (D) transition [Kennedy C.S., Kennedy G.C., 1976] and 40 mW/m? and 35 mW/m? geothermal heat flow

[Pollack, Chapman, 1977]. See text for explanations.

1974; O'Neill, Wood, 1979] (puc. 4, a), Tak 1 yKa3aHHbIMU
Bblllle (/11 JYHUTOB) reoTepMo6apoMeTpaMy, a TaKxke C
HCI0JIb30BAaHUEM 3THUX Fe0TePMOMETPOB HapsiAy € IHCTa-
TUTOBBIM reo6apomeTtpoM [Finnerty, Boyd, 1987] (puc. 4,
6-r). [lns Tpex rapu0ypruToB TeMiepaTypa 6bljia ole-
HeHa TakXe 1o reorepmomeTtpy [Harley, 1984], 6asupy-
touieMycs Ha Fe-Mg pacnpesiesieHuu Mex/ly TpaHaTOM U
OPTONMMUPOKCEHOM:

T °C=(3740+1400-(Ca-Grt/(Ca+Mn+Fe**+Mg))+
+22.86-P)/(R:In((Fe/Mg)-Grt/(Fe/Mg)-Opx)+
+1.96)-273.

Ha puc. 4, a, 4epHBIMM KpPY>KKaMHU JJ1s1 CpaBHEHUs Ha-
HeceHbl JaHHbIe 110 rapuoyprutam us pabotsl [Pokhilenko
etal, 1993], B koTOpo# 0TMeYanoch, YTO TOYKH MEraKpHU-
CTaJIINYeCKUX rapl0ypruToB JieXkaT HUKe re0TepMbl Te-
mioBoro noroka 40 MmBt/m2

4. OBCYKJEHHUE

Kak BugHO U3 puc. 3, a, TepMOMeTPbl, OCHOBAaHHbIE Ha
onpezeseHnu Mukponpumeceit Al u Ca B oJIMBHHE, XOpO-
1110 COYEeTATCs C 6apoMeTpOM, 6a3UPYIOLIMMCS Ha COZlep-
>kaHuu Ca B osiMBuHe. OJJHAaKO, eC/IM TOYKH JyHUTOB, pac-
CYMTaHHbIEe 110 TepMoMeTpaM u3 paboThsl [De Hoog et al,,
2010], pacnosiaratroTcst BA0Jib Fre0TEPMbI TEMJIOBOTO MO-
Toka 40 MBT/M?, To AaHHbIe /1J151 TeX e 06pa310B, TOCYU-
TaHHbIe C MoMolllblo TepMoMeTpoB [De Hoog, Gall, 2005;
Bussweiler et al., 2017], AeMOHCTPUPYIOT TEMIEPATYPY
HMKe Ha 100° ¥ MOJTHOCTBIO JIeXaT B 06J1aCTH CTaOUJ/Ib-

HOCTHU a/IMasa, ONpaB/AbIBasd 0XMJaHUsl, OCHOBaHHbIe Ha
COCTaBe TPaHATOB U3 3TUX 00pa3uoB (cM. puc. 2). Touku
JYHUTOB, paccyuTaHHble o TepMoMeTpy [O’Neill, Wood,
1979], bopMupyroT 06J1aK0, 60OJIbIIEN YACThIO JieKalllee B
paiioHe U HUXKe re0TepMbl TEIJIOBOTO MOTOKa 35 MBT/M?,
Y TOXKe pacnoJiaraloTcsl B 06/1aCTH CTaOU/IBHOCTH aiMa3a.
OnHako He06XOAMMO 3aMEeTHUTD, YTO TPyINa 3HaYeHUH BbI-
XOAUT 3a paboyre paMKu TeEpMOMeTpPOB AJis [Bussweiler
etal,2017]: T (°C) 1000-1300, P (x6ap) 28-60; a5 [O’Neill,
Wood, 1979] T (°C) 900-1400, P (x6ap) 30-60.

Touku PT-o11eHOK IYHUTOB 10 pa3HbIM TEPMOMeETpPaM B
coyeTaHUU ¢ 6apomeTpoM [Griitter et al., 2006] Ha puc. 3, 6,
He 06pa3yloT TPEH/I0B B/l0J1b TeOTEPM TEINJIOBOI0 OTOKa.
BecdopmeHHOe 06/1aK0 JaHHBIX, CKOPee BCEeTo, CBU/eTe lb-
CTBYET O IJIOXOH COYeTaeMOCTH JJaHHOIr0 6apoMeTpa C Mo-
HOMHHepPaJbHbIMU OJIMBUHOBBIMU TEPMOMETPAMH.

Touyku cocTaBOB JYHUTOB, IOCYUTAHHbIE [10 TEPMOMe-
Tpy [O’Neill, Wood, 1979], 3aHuMarT Ha 060ux rpadpukax
OuYeHb GJIM3KUHM TeMIlepaTypHbIM [1ana3oH B palioHe reo-
TepMbl TeMJ0BOro notoka 35 mBt/m? (cMm. puc. 3, a, 6).

Ouenku PT mapamMeTpoB rapi0ypruToB NOKa3blBalOT
MIMPOKUH Uana3oH AaBJjeHUH (42-68 kb6ap) s onpe-
geneHuit no [McGregor, 1974] (puc. 4, a), u y3kuit (48-
53 k6ap) npu pacuetax 1o [Griitter et al., 2006] (puc. 4, B)
u [Finnerty, Boyd, 1987] (puc. 4, r). PacueT naBsieHus aJs
OJIHOTO U3 TpeX rapubyprutoB 1o [Finnerty, Rigden, 1981]
(puc. 4, 6) AeMOHCTPUPYET SIBHO 3aBbIIIEHHYIO OIl€HKY
(70 x6ap).
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Puc. 4. PT-napaMeTpb! Jien/IeTUPOBAaHHBIX FapLOypPruTOB U3 TPYOKHU YaauHOU-BoCTOUHOH, paccuMTaHHbIEe € HOMOLIbI0 6apOMeTPOB.

(a) - mo [McGregor, 1974]; (6) - mo [Finnerty, Rigden, 1981]; (8) - mo [Griitter et al., 2006]; (2) - no [Finnerty, Boyd, 1987]. UcnoJb-
30BaHHble TEPMOMETPHI yKa3aHb! B JIeTeH/e K puc. 3; 3ejleHble KBaipaThl — TeMnepartypa no [Harley, 1984]. Hanecena sinHus nepe-
xoza rpadut (G) - anmas (D) [Kennedy C.S., Kennedy G.C., 1976] u reotepMbl TensioBoro notoka 40 u 35 MBt/m? [Pollack, Chapman,
1977]. Touku rapyoypruToB U3 pa6otsl [Pokhilenko et al.,, 1993] nokasaHbl Y4epHBIMU Kpy>KKaMu. [losicHEHUS CM B TeKCTe.

Fig. 4. PT-parameters (pressure (kbar, abscissa), temperature (°C, ordinate)) of depleted harzburgites from the Udachnaya-Vostochnaya
pipe, calculated with the help of barometers.

(a) - [McGregor, 1974]; (6) - [Finnerty, Rigden, 1981]; (8) - [Griitter et al.,, 2006]; (2) - [Finnerty, Boyd, 1987]. The thermometers
used are indicated in the legend to Fig. 3; green squares stand for temperature according to [Harley, 1984]. Curves have been plotted
for graphite (G) to diamond (D) transition [Kennedy C.S., Kennedy G.C., 1976] and 40 mW/m? and 35 mW/m? geothermal heat flow

[Pollack, Chapman, 1977]. Harzburgite points from [Pokhilenko et al., 1993] are shown in black circles. See text for explanation.

5. 3AKVIIOYEHHUE

O1neHKH laBJIeHUs] OJHUX U TeX XKe JelJIeTHPOBAHHbIX
MepUI0TUTOB I10 MOHOMUHEPa/IbHbIM 6apoMeTpaM He co-
BNa/AIOT.

Jnis ouenku PT-napaMeTpoB nocJie/JHET0 paBHOBECUS
MerakpucTaJJuyecKUX AYHUTOB, IpeACTaBJIE€HHbBIX 110
GoJIblLIEH YaCTU OJJMBUHOM, HauboJiee NOAX0AAIeH, 110
MHEHHIO aBTOPOB, OKa3bIBaeTCs reoTepMobapoMeTpuye-
ckasi napa 6apomeTp PuHHepTU-PukeHa (Ca B 0/1MBHHE)
JLJIsl IEpUIOTUTOB KUpoKoro Auana3ona PT [Finnerty,

Rigden, 1981] - TepmomeTp BycBeitnepa c coaBTopamu (Al
B OJIMBUHE) JI/1s1 FPAaHATOBBIX NepUJOTUTOB [Bussweiler et
al., 2017], xoTs1 He6oJIbIlIasA YACTh JAaHHbBIX U3 06JIACTU BbI-
cokux PT (>60 k6ap u 1200 °C) BbI3bIBaeT COMHEHHUE.
Tepmo6apomeTp ['proTTepa ¢ cOaBTOpaMH, OCHOBAH-
HbIA Ha cooTHomenuu Ca0 - Cr,0, B nupore U Co3/laHHbIA
J1JIsl TPAHATOBBIX rapLOYPruTOB adpUKAHCKONU TPYOKHU
Po6epTtc Buktop [Griitter et al.,, 2006], He Bcerga corsa-
CyeTCsl C 0JIMBUHOBBIMU reoTepMoMeTpaMu. [IpyduH Mo-
KeT GbITh HECKOJIbKO: 1) He06X04MMOCTb KOPPEKTUPOBKHU
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ypaBHeHUI 6apoMeTpa [iJjig 60Jiee LIHPOKOr0 KOMIIOHEHT-
HOI'0 CIIeKTpa COCTAaBOB; 2) HapylleHWe paBHOBeCHUs Me-
Ky FpaHaTOM U OJIMBUHOM; 3) IpeANnoYTeHHe B UCIIOJIb-
30BaHUU 3TOro 6apoMeTpa B COUETAHUU C TPaHATOBBIMU
TepMoMeTpaMH (6a3UpyOLUIMMUCA Ha ONpe/ieJIeHUH COo-
JepxaHus Ni B rpaHaTe) U T.A,.

Bbi60opKa rapi0ypruToB CIMILIKOM MaJla, I03TOMY JaH-
HBIX HEeJIOCTATOYHO /IJIs Cepbe3HbIX BbIBOZ0B. OZiHAKO CJle-
JlyeT IPU3HATh, UTO TPaAULIMOHHAas mapa [MacGregor, 1974;
O’Neill, Wood, 1979] noka ocTtaeTcst HauboJjiee npuemje-
MO AJis1 olleHKU PT-mapaMeTpoB MerakpucTalJlnyecKux
rapiu0ypruToB € y4eTOM HEKOTOPOTO 3aHHUKEHUsI TEM-

neparyp.

6. BJIATOJAPHOCTH
ABTOpBI MCKpeHHe 6J1ar0ZapHbl peJaKLUHU U pelleH-
3€HTaM 3a IleHHble COBETHI U 3aMeYaHusl, HO3BOJIUBLINE
CYIeCTBEHHO YIYYLIUTDb CTAThIO.

7. 3AABJIEHHBIN BKJIAJ ABTOPOB / CONTRIBUTION
OF THE AUTHORS
Bce aBTOpBI BHEC/IM 3KBUBAJEHTHBIN BKJIAJ, B OJrO-
TOBKY PYKOIIHMCH, IPOYJIH U 0406pUIn GpUHANBbHYIO BEp-
CHIO0 Mlepe/, MyOauKanue.
All authors made an equivalent contribution to this ar-
ticle, read and approved the final manuscript.

8. PACKPBITUE UH®OPMALIUH /
DISCLOSURE
ABTODBI 3aABJASAIOT 06 OTCYTCTBUU KOHPJIUKTA HUHTE-
pECOoB, CBSI3aHHOTI'0 C 3TOW PYKOMUCHIO.
The authors declare that they have no conflicts of in-
terest relevant to this manuscript.

9. IUTEPATYPA / REFERENCES

Bussweiler Y, Brey G.P, Pearson D.G., Stachel T, Stern R.A,,
Hardman M.F, Kjarsgaard B.A., Jackson S.E., 2017. The Alu-
minum-in-Olivine Thermometer for Mantle Peridotites -
Experimental versus Empirical Calibration and Potential
Applications. Lithos 272-273, 301-314. https://doi.org/
10.1016/j.lithos.2016.12.015.

De Hoog ]J.C.M,, Gall L., 2005. Trace Element Geochem-
istry of Mantle Olivine and Its Application to Geothermome-
try. Ofioliti 30 (2), 182-183.

De Hoog].C.M,, Gall L., Cornell D.H., 2010. Trace-Element
Geochemistry of Mantle Olivine and Application to Mantle
Petrogenesis and Geothermobarometry. Chemical Geology
270 (1-4), 196-215. https://doi.org/10.1016/j.chemgeo.
2009.11.017.

Ellis D.J., Green D.H., 1979. An Experimental Study of the
Effect of Ca upon Garnet-Clinopyroxene Fe-Mg Exchange
Equilibria. Contributions to Mineralogy and Petrology 71,
13-22. https://doi.org/10.1007/BF00371878.

Finnerty A.A., Boyd FER., 1987. Thermobarometry for
Garnet Peridotites: Basis for the Determination of Ther-
mal and Compositional Structure of the Upper Mantle. In:

P.H. Nixon (Ed.), Mantle Xenoliths. Wiley-Interscience, New
York, p. 381-402.

Finnerty A.A., Rigden S.M., 1981. Olivine Barometry Ap-
plication to Pressure Estimation for Terrestrial and Lunar
Rocks. Lunar and Planetary Science XII, 279-281.

Grutter H.S, Latti D, Menzies A, 2006. Cr-Saturation Arrays
in Concentrate Garnet Compositions from Kimberlite and
Their Use in Mantle Barometry. Journal of Petrology 47 (4),
801-820. https://doi.org/10.1093 /petrology/egi096.

Harley S.L., 1984. An Experimental Study of the Parti-
tioning of Fe and Mg between Garnet and Orthopyroxene.
Contributions to Mineralogy and Petrology 86, 359-373.
https://doi.org/10.1007/BF01187140.

Kennedy C.S., Kennedy G.C., 1976. The Equilibrium Bound-
ary Between Graphite and Diamond. Journal of Geophysical
Research 81 (14), 2467-2470. https://doi.org/10.1029/
JB081i014p02467.

Korolyuk V.N,, Lavrent’ev Y.G., Usova L.V, Nigmatulina E.N.,
2008.]XA-8100 Microanalyzer: Accuracy of Analysis of Rock-
Forming Minerals. Russian Geology and Geophysics 49 (3),
165-168. https://doi.org/10.1016/j.rgg.2007.07.005.

Korolyuk V.N., Pokhilenko L.N., 2016. Electron Probe De-
termination of Trace Elements in Olivine: Thermometry of De-
pleted Peridotites. Russian Geology and Geophysics 57 (12),
1750-1758. https://doi.org/10.1016/j.rgg.2016.04.011.

McGregor 1.D.,, 1974. The System Mg0-Si0,-Al0,: Solu-
bility of AL,O, in Enstatite for Spinel and Garnet Peridotite
Compositions. American Mineralogist 59, 110-119.

O’Neill H.S.C., Wood B.]., 1979. An Experimental Study
of Fe-Mg Partitioning between Garnet and Olivine and Its
Calibration as a Geothermometer. Contributions to Miner-
alogy and Petrology 70, 59-70. https://doi.org/10.1007/
BF00371872.

Pokhilenko N.P, Sobolev N.V,, 1995. Mineralogical Crite-
ria for Kimberlite Diamond Grade. In: Sobolev N.V,, Zuev V.M.,
Pokhilenko N.P, Zinchuk N.N. (Eds), Kimberlites of Yakutia.
Field Guide Book. Sixth International Kimberlite Conference.
Novosibirsk, p. 79-81.

Pokhilenko N.P, Sobolev N.V,, Boyd E.R., Pearson D.G.,
Shimizu N., 1993. Megacrystalline Pyrope Peridotites in the
Lithosphere of the Siberian Platform: Mineralogy, Geochem-
ical Peculiarities and the Problem of Their Origin. Russian
Geology and Geophysics 34 (1), 71-84.

Pollack H.N., Chapman D.S., 1977. On the Regional Varia-
tion of Heat Flow, Geotherms and Lithospheric Thickness.
Tectonophysics 38 (3-4), 279-296. https://doi.org/10.10
16/0040-1951(77)90215-3.

Sobolev N.V., Lavrent’ev Yu.G., Pokhilenko N.P., Uso-
va L.V,, 1973. Chrome-Rich Garnets from the Kimberlites
of Yakutia and Their Parageneses. Contributions to Miner-
alogy and Petrology 40, 39-52. https://doi.org/10.1007/
BF00371762.

Vaganov V.1, Sokolov S.V,, 1988. Themobarometry of Ul-
trabasic Parageneses. Nedra, Moscow, 149 p. (in Russian)
[Baranos B.U., CokosioB C.B. TepMmo6apoMeTpus yabTpa-
OCHOBHBIX napareHe3ucoB. M.: Hezpa, 1988. 149 c.].

https://www.gt-crust.ru


https://www.gt-crust.ru
https://doi.org/10.1016/j.lithos.2016.12.015
https://doi.org/10.1016/j.lithos.2016.12.015
https://doi.org/10.1016/j.chemgeo.2009.11.017
https://doi.org/10.1016/j.chemgeo.2009.11.017
https://doi.org/10.1007/BF00371878
https://doi.org/10.1093/petrology/egi096
https://doi.org/10.1007/BF01187140
https://doi.org/10.1029/JB081i014p02467
https://doi.org/10.1029/JB081i014p02467
https://doi.org/10.1016/j.rgg.2007.07.005
https://doi.org/10.1016/j.rgg.2016.04.011
https://doi.org/10.1007/BF00371872
https://doi.org/10.1007/BF00371872
https://doi.org/10.1016/0040-1951(77)90215-3
https://doi.org/10.1016/0040-1951(77)90215-3
https://doi.org/10.1007/BF00371762
https://doi.org/10.1007/BF00371762

