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(Deep-seated magmatism, its sources and plumes)
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Enriched mantle reservoirs as a source of the largest apatite
and rare-metal deposits

L. N. Kogarko
Vernadsky Institute of Geochemistry and Analytical Chemistry, ul. Kosygina 19, Moscow,
119991 Russia-mail: kogarko@geokhi.ru

Abstract. Alkaline magmatism has occurred sincei 2.3 Ga andts abundance has
continuously increased throughout the Ea
the Earth with changes in the geodynamic regime of our planet, i.e., when plume
tectonics was supplemented by plate tectonics. Gltale development gilate
tectonics at the Arche&Rroterozoic boundary initiated subduction of already
significantly oxidized oceanic crust enriched in volatiles and faogde mantle
metasomatism caused the formation of enriched reservoirs as sources of alkaline and
carboratite magmatism. Study of metasomatized mantle material showed the
occurrence of traces of primary carbonatite melts, which are strongly enriched in rare
elements, according to ionmicroprobe analyses. The results obtained allowed us to
propose a new twetage genetic model for @&ch carbonatites including (1)
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metasomatic wehrlitization and carbonatization of mantle material and (2) partial
melting of wehrlitized mantle with formation of carbonatEh melts or three
immiscible liquids (at high alkali coaents), i.e., silicate, carbonatitic, and sulfide (at
high sulfur activity).
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Abstract. The ore specialization of carbonatite complexes of Uratsan region has
been established: niobium and rare eardbium i f or the Uralso c
complexes, tb rareearthi for carbonatites of Timan. The carbonatites of Il'teen
Vishnevogorsky miaskitearbonatite complex (Southern Urals) are industrial
niobium type deposits (pyrochlore type of ores). The Buldym ultrafcastmonatite
complex (Southern Urals)arare eartimiobium type deposits (monazgeschynite
columbitepyrochlore type of ores). The Chetlassky carbonatite complex (Middle
Timan) are cerium type deposits of bastnesite carbonatites (with mebagitessite

type of ores). The RB r ¢fNd Ssaiope characteristics of the Ural carbonatite
complexes confirm their mantle source and are similar to those of the ultrabasic
alkalinecarbonatite complexes located in the marginal parts of the platforms (with
mantle sources of the moderately depleted D BOZO types) and in Precambrian
cratons (with the deepest mantle sources of the EM1 typeg. Chetlassky
carbonatite complex (Middle Timan) has a mantle source with an insignificant
addition of a recycled crust component.

Keywords: pyrochlore carbonagis, bastnesite carbonatites, niobium and rare earths
deposits, Risr and SrNd isotopic systematics, Urals, Timan
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Indicators of a plume magmatic activity in a middle part of
the Russianplatform (Ustyanskydiamond potential region)

SablukovS.M.,! Sablukoval..l.,> BelovA.V.?, ErmakovN.S.2, LeshukovsS.l.?
1000 | NPK ¢ RUSGEO¢; satikosidraoivler.ru Ru s si a
2000¢Diamonds of ArkhamgelékArkhamgelsk, Russia

Abstract Pr edi cti ve and prospecting research is =
taske according to preliminary spatial | oca
activity, prediction and estiation of ore potential of one region in a middle part of

the Russian platform. The Ustyansky potential region is characterized by coinciding

of all the advantageous regional and local searching suppositions in space
(morphostructural, tectonic, geologgtratigpaphical, geophysical, morphometrical,

mineralogical) and search features. It can be caused by implementing of mantle

diapir (plume) and can be accompanied by diartmerying kimberlitemagmatism.

Heavy diamond concentrate contents (most of all @ip{i206 grains), not so many

of pycroilmenite, chromespinelide, olivine, chromedyopside) in alluvion of the

region is 35 times higher than in the ZimnyBereg diamdyehring region.

Furthermore, contents of pirop of diamond paragenesis of the G10 grabpus

10%. In stream sediment samples of minimum amounts, taken from alluvial and

quaternary deposits, nine diamond crystals had been founded. Six of them
(octahedrons and dodecahedrons with sizes up to 3,8 mm and weight up to 52 mg)

had been Seuerdeadeenkimberlite potenti al fiel
of morphological and physical features all diamonds of the Ustyansky region occupy

a completely outlier position and have almost no analogues among the diamonds of

large known deposits and minkcurrences of Arkhangelsk, Finland, Urals and

Timan, This might indicate to crystals flowing from a new, still unknown native

source (or sources) of kimberlite. This new native source of kimberlite may be

heightened diamond potential and may contaim-aigality and bigsize diamonds.

Detection of this new native source will be a final confirmation of predictable

selection of the Ustyansky region as a region of a plume activity. Features of possible

similarity of the Arkhangelsk diamorgearing provinceo the Yakutsk diamonrd

bearing province in relation to patterns of kimberlite position and morphological

features of diamond crystals, confirm great prospects of diaibheadnce of central

regions of the European part of Russia at all, and particulathedfstyansky region

with ¢Severnoyee kimberlite potential field.
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d0BMiste®S I lsOls! j tOMMEOtedo Oj kMY ¢ jsdsedyj NS s
BOMMmde O, jets oL oM. { OLEOB OO M3 j BO
fsHilso jtey Hj dzad™w §tcOo ddz' detsfylsd Maj B HBOCBOdL BO
Ctototed dgWjIpdeds G j dzdz" - L dzj d3j dzlstse o  StetsH O dBOMMd o (
JHddzr 2 btojdzH MsMisOeatse §HEFAIsStcdad d BH Yls fifif OQ ta ¢
Hd OG tc ©d3d3’ CtdpyJ degstcOyd?2 tjHSdRr {dzj d&3j delstse o
kdlsOdz wWodwe lsmw toO datied I s § g fpdidsf ®dz dOEdgg p @ls to ez j Is i
o Iktejn ®IdzjtcOkOR: IdkOdts®kOcEdzjsdlsj, ddz &) dzqls
sdlsOdzso i J jeRaMC fds@Misjd Isd 5 o r dHB2ME s
RMAGHY dL citsoidddd dLslssftse Sr d Nd, HJ d&Ojls
fjteodydets? dzOEd3¥ 3O

The Zhidoy massif of ultrabasicalkaline rocks and
carbonatites: its geochemical features, sources and ore
potential.

Vladykin N.V., Alymova N.V.

Institute of Geochemistry SB RAR | ASB RAS E-mail: vlad@igc.irk.ru

Abstract. The article describes geological structure of Jidoi massif and its age. The
scheme of the massif magmatism has been constructed. Double correlation plots of
petrogenic elements of rocks of the massif in which the unified trend of rock
structures is observed, are given for verification of correctness of the scheme of
magmatism. Spectra of TR and spider diagrams of concentrations of rare elements in
rocks of the massif are given. Piroxenites, early rocks of the massif are ores on
titanium. Titanium concentrates in three minerals: titanomagnetite, ilmenite and
perovskite. The main type of titanium ores is perovskitic type, it is known only in
Jidoi massif. Mantle sources of primary magma of the massif is concluded on the
basic of geochemiisy of isotopes of Sr and Nd.
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mdaBdud M d?2 MisMisOs f stese OB drdf 5@ f)
- mSe/ & Si02 | Tio2 | A203 | Fe203 | Mno | Mgo | cao | Na2o | K20 | P205
1R [SH[1 R
"1-/45" 2697 | 86 | 337 | 1626 | 0,17 | 895 | 2026 | 09 |o086 | 3,73
"11/72" 27,36 | 904 | 478 | 1586 | 0,19 | 588 | 1628 | 09 | 176 | 2,32
"11/285" 28,99 | 654 | 706 | 16,01 | 017 | 949 | 1495 | 11 [277 | 3,38
"11/80" 2757 | 849 | 542 | 17,79 | 0,18 | 861 | 1601 | 08 | 204 | 3,09
"10/35a" 22,02 [ 1150 | 1,88 | 37,96 | 0,29 | 6,77 | 1028 | 04 | 028 | 1,05
"11/270" 3578 | 533 | 794 | 17,86 | 03 | 566 | 1331 | 22 | 148 | 156
"11/228" 3001 | 76 | 375 | 21,80 | 025 | 569 | 1558 | 1 | 0,78 | 248
"10/300" 31,66 | 551 | 989 | 1562 | 027 | 512 | 1541 | 33 [224 | 186
"11/559" 3792 | 539 | 989 | 1402 | 03 | 329 | 1283 22 | 28 | 115
"11/698" 289 | 388 | 7,79 | 1507 | 037 | 7,19 | 1794 | 18 [072] 161
"10/350" 30,84 | 563 | 889 | 16,32 | 029 | 4,38 | 1592 | 33 | 1,3 | 205
"10/417v" 31,07 | 489 | 661 | 1344 | 024 | 57 | 194 | 22 016 ]| 212
"10/126a" 36,44 | 2,25 | 21,32 | 1032 | 022 | 2,4 | 1021 | 12 [389 ] 0,28
"10/630" 35,75 | 355 | 14,47 | 12,25 | 023 | 4,26 | 1604 | 62 | 011 | 1,08
"10/870" 1823 | 81 | 085 | 2881 | 0,25 [ 6,71 | 2092 | 04 | 008 | 845
“10/417(3197| 656 | 245 | 1583 | 03 | 619 [ 2028 | 07 |003| 181
"10/756" 3328 | 405 | 629 | 1761 | 025 | 919 [ 1431 | 13 | 115 083
"10/520" 31,89 | 593 | 1,03 | 2065 | 02 | 116 | 1924 | 07 | 02 | 259
"10/128" 28,89 | 754 | 422 | 1594 | 0,29 | 11,7 | 1804 | 08 [ 158 | 346
"10/950" 30,86 | 656 | 2,64 | 17,81 | 018 | 11,3 | 2004 | 06 | 0,28 | 3,79
"11/87" 26,53 | 11,96 | 056 | 16,97 | 0,23 | 498 | 1691 | 07 [o0414 | 317
"10/35" 26,72 | 94 | 183 | 16,89 | 0,15 | 824 | 21,14 | 04 [o016 | 387
"10/114" 2831 | 822 | 381 | 17,73 | 0,22 | 105 | 1886 | 08 [ 136 | 356
"11/200" 28,89 | 857 | 353 | 1863 | 02 [ 702 |1683] 1 o058 297
"11/240" 3076 | 73 | 547 | 17,99 | 02 | 767 | 1469 | 12 [166 | 27
"316/7" 39,02 | 422 | 948 | 1004 | 042 | 386 | 150 | 25 |o072 | 099
"10/420" 33,73 | 564 | 402 | 1300 | 027 | 68 | 216 | 15 | 01 | 2,29
"10/550" 3207 | 236 | 1251 | 7,78 [ 014 | 10 [2575]| 08 | 033 661
"10/730" 36 | 38L | 694 | 17,88 | 0,25 | 103 | 1489 | 1,8 |091 | 1,05
"328" 2085 | 11,21 | 472 | 1838 | 0,23 | 964 | 2254 | 08 [004 | 233
"330" 36,38 | 045 | 0,28 52 | 016|457 | 472 | 25 |o016] 0,29
"334" 3353 | 587 | 419 | 2118 | 022 | 109 | 2029 | 09 [024 | 277
"335" 3401 | 563 | 412 | 2101 | 022 | 111 | 203 | 09 [018 ]| 257
"315/10" 454 | 084 | 745 | 12,81 | 018 | 23,6 | 6,31 1 [o71] 027
"10/450" 33,46 | 554 | 446 | 2145 | 023 | 106 | 2001 | 1 | 036 | 288
"10/733" 39,66 | 368 | 486 | 1989 | 029 | 9,88 [ 1879 | 13 |o037 ] 105
RE[JJRUZ
"10/375" 43,48 | 1,98 | 1067 | 1426 [ 032 | 878 [ 1403 | 32 [ 1,36 ] 066
"315/22" 4339 | 465 | 135 | 1397 | 031 | 434 | 1112 | 38 |228| 1
"331" 436 | 376 | 1424 | 1218 | 0,38 | 313 | 10,77 | 49 | 351 | 059
"11/460" 41,15 | 338 | 9,02 | 17,69 | 038 | 472 | 1198 | 27 [3,02 ] 151
"326" 38,79 | 312 | 1515 | 13,08 | 027 | 416 | 1217 | 76 | 287 | 113
"315/11" 48,95 | 1,33 | 12,81 | 1435 | 019 | 109 | 8 22 | 089 ] 05
"315/17" 48,03 | 015 | 27,72 | 281 | 004 | 26 | 1269 | 21 [365]| 0,02
"10/126" 39 | 313 [ 1824 [ 1092 | 0,21 | 227 | 1005 10 [072] 0,38
"10/417b" 38,28 | 2,97 | 17,97 | 11,29 | 019 | 301 | 118 | 46 | 238 | 084
"11/496a" 4521 | 391 | 1312 | 1325 | 0,39 | 2,68 | 1098 | 48 [ 195 ]| 072
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l tesHisdzy J dzgdd 1sOB dzd U

"11/407" 4748 | 039 | 1379 | 289 [ 002 ] 09 | 937 | 45 | 5 | o011
HR[]1 RU3Z
"10/325" 5345 | 091 | 1543 | 782 [ 012 | 568 ] 574 | 43 [301] 031
"11/405" 52,72 | 0,98 | 1518 | 605 | 007 | 232 | 576 | 53 | 489 | 034
"11/513" 5152 | 2,23 | 1348 | 1182 | 014 | 398 | 69 | 45 [319] 013
"11/700" 51,48 | 1,19 | 143 | 971 [ o014 | 664 | 665 | 37 | 29 | 041
"11/390" 5297 | 1,44 | 154 | 928 | o018 | 373 ] 377 | 62 |288] 056
"11/525" 53 | 058 | 174 | 676 | 016 | 224 | 439 | 37 | 82 | 022
"11/532" 54,04 | 0,26 | 2345 | 349 | 009 | 016 | 1,19 | 76 |691 ] 008
"11/330" 5484 | 073 | 1654 | 63 | 007 | 239 | 467 | 64 |337] 024
"11/539" 5707 | 071 | 185 | 454 [ o012 | 118 | 337 | 55 |612 ] 009
"11/580" 59,77 | 022 | 16,87 | 472 | 003 | 1,28 | 29 | 43 [829] 001
"10/600" 54,06 | 0,33 | 1923 [ 375 | 01 | 079 [ 326 | 11 [ 103 ] 037
"11/435" 50,6 | 1,08 | 12,9 | 1269 | 0,19 | 646 | 845 | 45 [184| 01
"11/539" 5758 | 07 | 1859 | 43 [o011] 08 [ 314 | 6 |599]| 009
"11/532" 53,34 | 0,26 | 22,97 | 358 | 008 | 056 | 1,36 | 7.9 | 681 | 007
"10/163" 4923 | 0,36 | 2285 | 594 | 014 | 085 | 32 | 97 |043] 012
"10/164" 5321 | 0,21 | 1964 | 579 | 015 | 112 | 37 11 [123] o041
"10/36" 4831 | 038 | 2255 | 542 | 01 | 053] 1,36 | 11 | 357 | o041
"10/36a" 50,66 | 0,66 | 19,84 | 407 | 009 | 093 | 428 | 61 |632] 011
"10/185" 499 | 075 | 186 | 492 | 013|123 [ 527 | 89 [297] 05
"315/4" 53,03 | 146 | 17,81 | 619 | 013 | 215 | & 2 [822] 018
"315/18" 51,26 | 025 | 2328 | 464 | 007 | 352 | 1071 | 26 | 236 | 0,04
"315/20" 55093 | 271 | 151 [ 1483 [ 022 | 349 | 794 | 4 |o005]| 094
"317/9" 5554 | 09 | 1881 | 556 | 016 | 059 | 302 | 66 | 664 013
"329" 53,36 | 053 | 2252 | 529 |o008] 03 | 128 | 71 |769 | 003
"332" 55,89 | 0,22 | 2086 | 4,16 | 0,09 | 022 | 1,16 | 7,8 | 7,07 | 003
"315/2" 50022 | 1,7 | 1845 | 677 | 021|142 | 474 | 55 |500 ]| 024
"316/4" 5710 | 01 | 2324 | 302 | 013 ] 029 | 1,32 | 58 |732] 003
"16/175" 52,58 | 0,22 | 2004 | 284 | 012|069 | 395 | 12 |127 ] 027
"317/8" 63,12 | 023 | 17,88 | 261 | 007 | 062 | 224 | 56 | 684 005
"317/17" 5523 | 0,84 | 1893 | 554 | 013|068 ] 65 | 41 |541] 014
AL1RUZ
3368 53,64 | 1,37 | 1547 | 1009 | 013 [ 463 | 7,11 | 34 | 248 ] 059

lted d3d u@dadigde" | OdzOdzdL © tAd, RIM &f 61, 2018 @,

2 . 1 OHjdzedd J et kisQias Okds.0 (fisHydsddj Cds) tddsls
ftctsB ztcj dzdzOW MCoOYddzO oM dzO o Isj d&zs € Ote
l 5L d3ts y dats, sdz0 ftesBbktej 2O §t5  OHj ded® H (
s OB sdzOIs d Is T COdz ydqlbstsor j, fMtsH j o) Ols dzj B
fdtesCMjdO d Of Odty{dgOlsj dzj f Ge@BHEGEOs dIsO d d3.
Yydofmdets s dzstetso 5?2 diddzj eOdzdL Oydj2, O o dzd
fjtcjatsHdls € Ogg RdZOB Az  StetsHEz, MiHj ey Oh Izt

100



| ZOHT Sddz 1. 1/ O dz' Bwse O
bputdmRERY USSR Jufipiifusr V00T |
mddBdud M d2 mMemisOs 3PgEa Or s ME B8 tz)
I OctcORBO f Otcdz" = Ctstotej dzw yd2 f SteH St
BOMMdoe © ftcdo jH ] O dO toedfm. 2

10BdzE HOjIspw Bhd2 ftojdzH MshMisOotse
ofMmMjrmr foteHOR rdHB2MEBE BOMMdoe O, ubs
Is d . stcjHd HdtesCmjddlstse fs ftdhkzlsmls
Or Hjdzj dats TSP PN ] IsdlsOdasdizZOc dzj Isd Is,
fjtesomMCdls d MW jdeser | tOLdtseodHddsMisd.
¢ md o J tcdzts Bz Cdzls OC Iskz BOMMd octd Is s dz3d to
olststetsmisj § j dedz’ ~ Bddzj cOdzso fJtodmbkzlsmilse zj
COdzr ydils. RrRL OSydmMimtededr » Bddzj cOdzso s
Of Olsd Is. l ¢ % ssdHdz" = wOL dzso dH detsylsw
o j dzdude Ojlsmw d td dzjfdmig" Hfn lof@izlsagtg)jldn ] tdtg c

LtdMmRI{RY[HSR[ [&[Jar1r v {deuvr P [t Lr rrRrlBes.
lteso jHjdr dMMmdzi Hse OdedY Ctsdzyj delsteOyd

BOMMdeo © BIMEBHER MCR[ 61, OdzOdzdlsds ¢
Csltster j ftojHMisOo dzj dz¥ o IsOBdz.t dzp &) dalst

ftcdojHjdzr dzO tedfmy. 3.

sOC o9dHd dqL HJOGCtOMM , mMf J CIlster tcJ |
BZOMMdoeo © dHJ dzlsd ydz |, Yls s BOQxJ mModHjIs]
1 ©0der mhdj Ctdeyj delstceOydd dr dzOB dz¥ H O8 Is
2Od i3j dz' " ddpd s®~ MdJ MdJ dzdlsO~, d2Oyd dzow
oL cOMIsOdzdj Stdzyj desteOyd?2 kwy jdr o dzO dzk

ANcOCydsdzdtetso Oded ] Jjotestfdw f§tsylsd dzj ¢

4 O2HjtcHdOGCttOd3d3r Htedeo jHjdzgm dzO tod M.
U'CftGBanJdZO[ Or d d2 ts5dzd s OdO efddsjHj A Isifrts Hidnds
dz" J s d30 dzd Mo ddzey0O, Mbtesdzydw o ydts

q
Q&dar ] twjHSCBL J d3j dz @r: 1 dzj oz delstse . 1l MM
mJLQdJ fedzsy dlsjdz? dzr §| OdesdZ3Odzdd Mmistetsdzy
Ylsts few L Odztg dembMJmm¢Oudd d dzO¢ s dzj
f sL Hded m 1fffitpdejsdadis:O - . t OmMftcjHjdzj ded] toj H'
slsdzd yojlsmw wls drn OMftejHjdzj dzd¥ © dBOGC

frRutt oS LA rRYyrwsrRr Juofarr1rdeor L0 dT

rrRrfes {1l [ouurl ¢

s sMlsOor aB3d dzj tc ARztslpd € fots L B @dAdzd s ts OdzOd
Is OB dzd Yy J 2 . J dzj W j dzd detso r n mdJ dzd Is O
COdzS toj dzd Is . ldesSimjdz 9 dzdr Oocdlstsotsc
~nOtcOCIsjtc] dz- s ClsdEe Iz dddz' B d Is d-0O atfc(tdstdsCo fits
Msmis e O. 1 fdf2esskdng @ o 6 d kBazs G s Misiils O¢

101



| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

BOcdzj L JOd dzF 2 B (sl ddsj dBdsO,dzd@fso 18 d Is o dZ0 |
gtég{%;fm NjdzjLO. 1 fdsShmjddson mitjd M
d

| ion, &

£ "‘i -l-

”“.t_l..‘ . ‘ < M .- .
® = g n:.,_,. - B n "u L] 1 M'I:-‘ F . =
n . - 12 A*.-
= . l.“‘ L m! ;

m = [~ ] ik {: I‘ ' ‘
15 " p P
SR S
S N. uu g 1" * 15 .1 = =
" ? * m:-li N " " MLt
o * X - FI": 1 .
glu %‘!' = ;“- % ':. -_ [ |
104 L l‘.'-:.l ] = -i a m ®
R . U R P,
‘u = 3 e M ] b o * mt-“‘ = = u
Bl %
p -
= at
H E -
- ] - »
i ok AP P o] ?&':" ‘
G T e, Glewsd
i 3 -} F] a ) ™ L [ ] o2 [ 04 L]
P — M0 uec
]
f & ™
s L 't--l'-{ iau -
. -l‘f + . . =
51 -ﬂ‘. .:“' o ] i::: ‘-.h“;.-w'r-
J‘ B o :

g H 1 1E
Hﬂu:"l

tdf}.@eder j Cttej &Yy ydd fstesHSSBEOORE R 4
BOMMd-of @:tc 5K M daffdsts dzd @M dd dif s’

102



Il dzOur €ddz 1. 1., ¢dz@ dstsea O
10000,0
1000,0

b

o

£

o

x

8 10,0 |

14

1,0 ol I L L n L n "
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Yb Lu
tdm. 3 vff JCIster toj HEBSL j o3 dz' dzr = L dzj A3 dzlstseo o
Lidzse dz' § B SIf k®®S dgd WAt dzd R | dzG s *
v OB dzd yo
dtsHjtoy OdedWw tojHS R 1 dzj d3gj dzls tfnfrpd ofGstctsH O R
1 2 3 4 5 6 7 8 9

\Y 434.7 654.0 | 186.9 68.27 | 323.0 66.43 | 103.3 |446.5 |189.2
Cr |6.78 1 1 43.79 | 4.47 2.84 1194 64.39 | 139.9
Co | 37.72 4717 | 4.12 13.94 | 15.20 3.77 |2.36 87.02 |33.45
Ni |8.47 1428 | 5.56 24,95 |9.08 3.57 |2.53 42.22 | 33.09
Cu | 84.32 94.14 | 11.88 21.95 |20.02 7.94 |6.55 216.0 |28.71
Zn |170.2 297.5 62.04 74.57 |218.1 63.64 | 54.02 205.4 111.0
Ga | 30.56 27.19 |43.11 9.55 34.61 44,88 | 38.60 |20.58 | 25.00
Ge |1.64 2.93 0.72 4.5 2.27 0.84 |0.89 1.98 1.83
Rb | 27.84 1.92 98.93 3.00 56.41 91.60 | 105.3 | 4.78 75.68
Sr | 1438 979 1909 100 3841 1865 | 1202 628 1601
Y 44.24 78.42 |6.19 12.80 | 80.62 5.68 |5.85 31.44 | 42.04
Zr 9134 |606.3 |268.2 |3.08 19545 |475 |680.7 |3425 |376.0
Nb | 271.89 |349.58 | 66.60 |8.38 446.7 52.07 | 82.16 |17.55 |21.24
Sn | 5.32 10.20 |1.81 1.55 8.69 1.09 |2.37 4,71 2.80
Cs |0.43 0.74 1.24 0.82 0.53 1.77 | 1.96 1.06 0.59
Ba | 244 57.25 | 3265 94.96 | 3224 1660 | 725 81.58 | 1850
La | 130.2 360.5 |11.98 11.69 | 326.6 13.85 | 12.36 | 63.58 |134.1
Ce |276.80 |[943.5 |23.94 25.10 | 764.5 28.08 | 31.61 |163.4 |257.6
Pr | 32.57 100.3 | 2.84 3.48 74.81 287 |4.14 24.15 | 29.79
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l esHisd)y Jded § IsOB dzd

Nd | 113.3 377.9 [9.52 13.21 | 254.0 9.85 |15.83 |108.2 |105.5

Sm | 18.77 66.08 |1.34 2.62 37.75 158 |2.85 2094 |16.86

Eu |5.51 19.00 |0.78 0.76 10.76 0.68 |0.81 5.57 3.66

Gd |[15.24 50.53 [1.48 2.73 27.87 1.30 |181 16.58 |12.95

Th |[2.13 6.13 0.21 0.40 3.64 0.18 |0.34 1.98 1.66

Dy |10.10 25.46 |0.96 1.86 17.31 1.05 |1.23 8.60 8.12

Ho | 1.55 3.80 0.28 0.40 3.15 0.17 ]0.20 1.22 1.47
Er |3.87 777 0.62 0.91 8.04 0.73 [0.69 2.64 4.04
Tm | 0.45 0.79 0.12 0.16 0.98 0.11 |0.14 0.30 0.59
Yb | 2.64 3.59 0.69 1.08 5.80 0.81 |[1.19 1.77 3.58
Lu (041 0.47 0.11 0.18 0.74 0.13 [0.24 0.22 0.47

Hf | 16.39 19.68 | 3.69 0.21 29.44 6.54 |11.20 |10.83 |7.00

Ta | 8.12 3934 |1.06 0.30 20.33 046 [1.36 1.77 1.09

W |0.56 2.37 0.17 0.94 8.00 1.64 |0.69 0.24 1.41

Tl ]0.02 0.03 0.08 0.05 0.01 0.07 [0.17 0.04 0.08

Pb |6.15 13.87 | 3.37 0.78 8.97 10.78 | 3.95 0.73 22.86

Th [9.49 2533 291 0.39 19.54 10.92 | 4.95 1.87 16.06

U 1.69 8.16 0.97 0.14 3.47 1.85 |1.31 0.31 1.69

l esB’ f esOdzOdzd L JAPMIS ozy | Rgeties B SREZOL di37 , A
R&zMIsdlsksO ¢jsndadd sf 1 61, OdzOdzdIsd§ [ L

v OB d&ZdyoO 3
mdadud Mcd?2 mMtsmMisOe dddzj tOdzse r JHB2MESEts
. %)

1 2 3 4 5 8] 7 8 of 10| 11| 12| 13| 14| 15
Si02 | 429 46 4317| 41,07| 64,14/ 66,22 53,68| 50,38| 43,23 3526 3839 2,83 317 3147 0
Tio2 | 017 0 0 0 of o 0 0| 525 325 668 0 0 35,24| 58,25
A203 | 33 345|3292| 3147 1871|2163 2,53 215 7,03 13,64 0 0 052 1,47 0
Fe203| 085 0 0 0 of o 0| 27,43 0 0 10,29 0 288 3,07 0
FeO 0 0 0 0 0| 0 1339 0| 12,72 2561 0 0 0 0 0
MnO 0 o0 0 0 of o 0 0 0 0 0 0 0 0 0
Mg0 | 0,91 0 0 0 0of 0 941 251 0 10,76 10,78 0 0 0 0
CaO | 024 0 299 841 0,55 0 19,5 874| 2956 0 33,87| 54,12 53,54 2874| 4175
Na20 | 149 131 17,92| 1545 262|126 ol 88| 08 0 0 0 0,13 0 0
K20 | 7,06 6,41 0 0 1398 0 0 0 0 863 0 0 0 0 0
cr203] 0 0 0 0 of o 0 0 0 0 0 0 0 0 0
NiO2 0 0 0 0 o o0 0 0 0 0 0 0 0 0 0
TOTAL| 100 100] 97| 96,4 100 100 9851] 100] 9859 97,15 100| 100 60,24 9999 100

) toq d3j U Ol2d jdzj W j -dzd 2,0 dz8 tedk A tsts S ebcfiriz,e B ¢ d ¥, ¢ dE& d dz

Oo ¢ dldsq s @dz0 o & df tsls AL OO-AHD 52O dzell |8, OW 20 Y boaf § LHo M d Is

[ ddzj eOdzr  dL: dgj W jlzd2gtsd," £, 7d j dddBdse8 dzr = e
JAtsdzfPlstsol 0, 11, 13,-121,4, 15 dsdhgeaftsdzotso
zddzh dedlp j efpdlsjls, cftsddw 2018 ¢
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1 2 3 4 5 6 T 8 9 10
329 |326 (331 [333 (328 334 335 |[326a [328a [336
Y 210 | 370 | 760 | 520 | 640 | 210 | 240 | 430 | 230 [1200
La 510 | 620 | 2000 | 860 | 4000 | 640 | 810 | 1800 | 520 |3000
Ce | 1000 |1400 | 4000 |2200 | 8400 | 1300 | 1600 | 3600 | 800 |6900
Nd 540 | 800 |2000 (1100 | 4100 | 910 | 1000 | 1300 | 360 |3800
Sm 120 | 140 | 590 | 330 | 790 | 300 | 240 | 340 77 | 890

Eu 50 31 42 90 200 64 40 120 20 140
Gd 100 100 380 | 100 900 150 130 140 90 600
Dy 70 96 230 | 220 210 %0 100 150 70 370
Ho 1 2 10 10 20 14 16 24 13 %0
Yb 24 36 83 57 34 14 11 25 8 100
Lu 24 36 83 57 34 14 11 25 8 100
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My dzO0 A dL fdqesSmy dzdIstse, ftedlssdz o dzd n
Of OlsdIsO~A , O 9 d2dzdlsOr ttBtOISdOY CCOtls
mModsr § o' MtsCdy MsHjy OdzedWw twJHSECESL J d3g dz!
dstsslsdetsh jdzgdwVY Gtk twWjHEBL jd3j dz2 dgr 7 12dgiCdsjcdsls
BZOMMdoea O o MWjdOr d OfOlsdlsOrn fHtedeojH]jd dzO to
mMWjdz d OfOlsdlkr dL fdqtestfmj ddlstse .
RYJull130 RegfrrfloLRe
JiftejHjdzjddY dJqLBlssftses o, [, Nd d Sr |
ftotso j Hj dats zOB stc Olststof I O, zd@zflq’dzdwdzd[e
ftcj HMIsOo dzj dz@ o IsOB dzd y4 5 (d
UOBdZC['l.{O
1 20 yj dzdv dLtsltsftse CdMdzstesHO
9 CO0wBB®OIsdIsOr dOMMdo O
"~ ff /| Mineral | d® | df[
1 calcite |-5,8 7,2
2 calcite |-5,6 7,5
3 calcite |-5,5 7.1
4 calcite |-5,2 7,5
5 dolomite| -4,9 7.3

uolisdzsh j dzd?2 dLBksftse SdMdsesHO d kB¢

(tedMm) 5 | &Oyjddy 1Isdn dLlsfss o § O
f sf OH O8 Is ) 3O dzls d 2 dzr 2 CoOHOIs, yls ts
ftesdmMratyHjddd  jtecodydes?2 dBOcd3r rr dHE2 MS
_:’:4 " T T T Al :; 5 "’:C‘ T T T
- +3 vs PDB B 1
61 2 . ";: 4 F (%) A 2 A
\) ,\:‘*\_ | ?7
X% ¥ o o
1 &1 188 6r ; >
1\";;—-._ e 12
.:‘\q T | 8 Mant |e
I e T 0 '¥0 vs SMOW (%)
87Sri86ST 10— T | o l =
0,702 0 :03 0;04 ) 0 ;05 i 0:0‘ o707 6 8 I 0 ] 2 '4
t dMo-RE . BIsSFNd BB sdzZOIs s Or tBtcOddzj dzdWw w dB d tofr
[ OmMMmMdey OH B jrynmj22), zdadi,R dzb d didp,tc Bt Ofijls B dzts§ [ L J

7isd2mMC @ Qls @tc MiCidj2dzOW9 ichdsQ ,H dAv OV
RLEBIstsfdizst€tghi® d EkEcedzj tesHO o
d2tsdzdlsr .

NudQigQizO r1dle B2 , 1
i tstc t5-HCQGAtG B s dlz®ts 2 fig €
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BOGC BOIsd L d,

Gt diissydedsd d

10 HJOCG #$Odgd§ydzj Inj dz' HOdzdzr | 5 MNigfslsdztsh §
Slsdsh j dzgdv dJLGksfse Mlstesdydw ¢ Ot 5dzOs
f ZOlsW steds” dz0 oL ©OMIs 650 Edogts ddgQdnmdo Ots e
Ilsdds L dzOYj dzd"w &5 tcOMYf sdztsc Os Ismw B dzdy j ofMj ¢t
(1 jdOw, MmejHdvw 1dB0 d uvOed&o), st &30
1 2Oy jdedw dLtslstsftse Hdzw ofjr S OtcBBdzOIsdIstso
fsf OH O s o sBeOdMBdzdztsA j 30 dsls(d d ,
MeeHESYdj2 §sH §d&OkWstkdz Hjfdjlsdtse Odzd
RLBIss dzr j H Odzdz" J fsHIso jtey HOB s BB3Odzls d 2 dz
h j dzsHgdes Is te Ots fydzts o dzts 2 BOC d3 rdHB2MEBE s
HAWW jtoj zydObtsds COBBE®RDISY Bty “ Isfiyw

v OB d&Zd YyoO 6
1 20y j ded v Hrididblas ffsetctsH On r JHBS2 ME sSEts RO
Rb Sr
" | (ppm) | (ppm) | 87Rb/86Sr| 87Sr/86Sr| 147Sm/144Nd| 143Nd/144Nd| eNd
1 | 067 | 768,04] 0,00251 | 0,702489] 0,107504 0,512436 | 2,8
2 | 33,61[1237,86] 0,078525| 0,704144] 0,091018 0,512271 [ 0,9
3 |105,36| 881,52 | 0,345757 | 0,706185 0,100649 0,512341 1,5
4 | 1,03 [6050,42] 0,000491 [ 0,703351] 0,082711 0,512263 | 1,4
5 1,79 |4658,95| 0,001109 | 0,703389 0,081792 0,512304 2,2
6 1,08 5908 0,70332 0,51206 3,8
7 | 1,34 | 5437 0,70317 0,51201 [ 2,8
I3l {r3
1.7 j dzj dats stcd cOL detso dH detsfylsd i telH dz o

SdlsOdets BB3OG dzj sdlstsats?2 , ddzt &3 dzedlstsoas?2 d f J tot
2. 10 fjbtesaddiduy MEdn Hd OG tc OdBBBRBO A dzO B dz¥ |
f stcSHBBBWGOL Z¥ hdrn | dzj d&3] dzlstse MmModHjIsj dz Mmls:
d dr Ctd@OiPdzdzdL jHIdzts?2 f jteodydes? dBZOe B .
3. JdBrdBdudmM&dd HOdMdz jJ IO Y] §HIseo j to)y
rdHts2mMEtsets BBOMMdoe O.
4 . RMnatSHW gL gL sl dz' - HOdzdz" = istfited HJ C
HyjfdzjIlsdteseo OdzdzOW HBOdzlsdw Hdzw f jteodydets2 d3OcC
R ffmtzy @dzd j ftocso jHjdes o tcOd3C On o' f tsdzdzj dzd W G
ltesjClsk | X. 129.1.4. d ftd % ddzC0800678 1905 §f SHH j toy
00388p)R dzls j ctcOyYydtsdedese s ftotsj CIsO R A o (1 ¢61, BdZSES 1

JrRu[pt dvuUL ¢

1. ] &zOHr €ddz 1 . | bdzr Bso O EItese . rIdgdisotgd?j o Iscfff. 1}
sdlsOdetso ™ n tkH ©® rdHB2MEBdR BFOMMdej h j dsydr -
sB &zOMmils+ ) [/ ¢SIskzOdz dz" § f(tetsBdz d3¥ deOEzSCd 1 tedsC

108



l dZOHTr €Cddz 1. 11 ., ¢dz@ dietse O

1Ty se, 0. TRESCEBIMOC Sor. R EZDIB Jekrig®@B BY d d d 3.
s tsUyOou [ t ¢17,4.221BI7T7 .

.stsdzi 9 rddH L ME d 2 -zhdzg deticdztd) dzts o idgts. 2: | dezidsCis@%. 1 9
f.

.1 OMME OL s  o. ., ROz Wintse O/ pJ s5d d B §ishE] dW
1 OHB2 MC 6 & d jlsdeOuydsizis o desc s d@zO MM d o1 @O0 it d O W
1.74.718

. Borovikov. A.A, , Vladykin N.V., Tretiakova 1.G., , Dokuchits E. Yu.
Physicochemical conditions of formation of hydrothermal titanium mineralization on the
Murunskiy alkaline massif, western Aldan (Russi®fe Geology Reviews 95 (28)

1066 1075

. Dokuchits E.Yu?, Alymova N.V., Vladykin N.V. THE ZHIDOY MASSIF OF

ALKALINE ROCKS AND CARBONATITES AND ITSORE POTENCIAL

(IRKUTSK REGION)//Magmatism of Earth and related strategic metal deposits.
Proseeding of International Conference, SBeterburg, 226 nay 2019, p. /26

. Morikiyo T., Takano K., Miyazaki T. et al . Sr, Nd, C and O isotopic compositions of
carbonatite and peralkaline silicate rocks from the Zhidoy complex, Russia // J.
Mineralogical and Petrological Sciencé000.1 V. 95.1 P.162 172.

. Vladykin N. V., Morikiyo T. , Miyazaki T. Sr and Nd isotopes geochemistry of alkaline
and caf bonatite complexes of Siberia and Mongolia and some geodynamic
consequences // Problems of sources of deep magmatism and plukeisk, 2@5. 1

V. 1.1 P.19 37.

109



ddzr ikso © 1. .. ll.&zOHr&E€ddady ¢ . 5.

v $52.331.1:571.53

LiBadddwy, o&ddzj cOdsecdy d tkzH
tcj HSC Sd3j Is Odzdz! dzts & © dzff | dzts g tizts &3O G RO Is
] sfls sny@imsdzin € s daOtsdgtcd d3j .oy 1 Oh d = d

By Miststetsy HJ dad V)

bz ks © 1.1 . 1 &OHT"TrCddz 1.1., 1 68CE

Rdzfilsdlskls ¢ iciddidd dd&. 6.1 . JJddsctOHEs C

RieCEZIsMEd2 dzOkzyder 2 yjdelste wf t ¢

dBMistcOFAI.d R d dzM € d 2 BOMMmdoe (R BIHE QY dz 58 dzO M
fsLHdz] f Odzj 5L t52 g Oy Az Clst2fn Is 5 BT toj HC se3j Is Odzdz' dzts
CtcOdzd Isdats ¢ s JdsQHejdgiDjlsdf' L digied W Oyd Odz! dzf | tOL dztso d H dat

fts5 Misjfj ded deywdelsd Pidzdztsisd d ek tsdshdaslsd .
O®Y B sdzhsH | tiP? (5-Odd ddlstso r j Cirfate) ozl T Is ) w

dzj 2 5CtcOseOdBB dBEOELYyd, §JjtejrnBHYIJBBd o MmMEh jm

tcOL dztso dH dets s d . ddzr BdlsdlIst W dzw b Isfpw MmOy d3d
34 Mis ts to 5y IH] jJdze M RERf® @ M | 10000 &Scec/ e d d3g mMisOdd

BEE/ 6. 10 cOWJdEOn HOtedzr » CBtetej d&ZWw yd2 ¢ tStetsSHIS
YJ IsCleftgd dzH T mMemMisOo tso Bse kzls MmModHjIs] dz Miso tso Ols

ydOdz d&¥ &7 ©OLdsedHdEMs] 2 §stetsH d®ddgde ® dL

—_

dzd yOs sfw Istsdz’ €5 dpj B! dyjcfedisch o
Zsedud Medy, fibttscOWdudmMeédd d GJB d &3d wd
dzts o3 lBOG@@BduJMQBdS GjdzjLdMmj tjHCBABIsOdd
odzr i3 REwRiaPdBEBBPIStstcORd tWjHSIdR 1 dzj di3j delstso
d
tc

WS i3 BlfAiszls O dzd s, -d s i)Y elafsted b d dz, Y
gl Or ®&®OMMde O dOBRd dzj L OWJS M
dhddzedv tsHdzdr dBBddzj tOdztse Hielze d B3],
dMmrtsyHJddw.

fc ¢
s Odets 34 Is

e i o S e o N 7
FOSOQI—0Q0F—§O0
FGOROXT- /T A
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Abstract. The Zashikhinsky massif (Irkutsk region) coinsides with-Rééeozoic East

Sayan area of ranmetal alkalinegranite magmatism. Three facial varieties of rocks of
the massif were identidied accordind to the degree of differentiation and ore potential.
The earliest amphiboleearing microclinealbite granites change to leycocratic quartz
albite ones transitioning to significantly albite varieties. Albitites are the most rare
metal rocks of the deposit. REE contents reach 10000 ug/g, and in some saagiies r
15440 ug/g. Compotitional trands are visible in double correlation plots of rock
forming and rare elements. Than may be indicative of origin of all facial varieties of
rocks of the massif from a common parent magma in a differentiation process from
ealy facies to late ones. REE spectra plots of all facies of alkaline rocks are rather same
and only differ in common contents. SpidBagrams of rocks are also similar and only
differ in small variations of anomalies sizes. Geological, petrographical and
geochemical data observed reflect to common magmatic genesis-ofatalegranites

and albitites. Columbitéantalite, struveritéimenorutile, zircon and xenotime are
major minerals, which are ragement concentrators in rocks and ores. We have not
discovered any metasomatic zoning and replacement of some minerals to other ones
having metasomatic origin within the borders of the massif.
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Be 41 | 44|56 |38 97| 90| 8 | 78| 30 | 13,3 | 10,3 | 135
Ti 93 | 92 | 113 | 61 | 200 | 270 | 168 | 110 | 324 | 1564 | 482 | 217
Cr 0,64| 561| 47 |16,7| 137 | 128 | 119 | 2,45| 106 | 87 162 | 26
Co 0,47 059 0,56|0,40| 1,95| 291|197 0,56 | 447 | 2,49 | 6,23 | 0,65
Ni 4,7 | 85 |12,7| 33 | 11,1| 16,0 | 90 | 4,17| 36 | 10,7 | 26 | 12,6
Cu 45 | 96 | 4,7 | 79| 23,7|118,0| 22,1 | 53 | 256 | 244 | 77,3 | 6,7
Zn 440 | 349 | 706 | 310 | 569 | 409 | 672 | 63,6 | 267 | 311 | 695 | 39,3
Ga 58 | 60 | 70 | 56 | 70 74 67 59 67 64 68 73
Rb 584 | 437 | 660 | 590 | 377 | 12,8 | 461 | 202 | 352 | 35 | 305 | 212
Sr 20 | 18,8| 23 [17,9| 296 | 185 | 194 | 68 | 202 | 283 | 187 | 75
Y 10 | 22 | 33 | 21 | 322 | 1055 | 276 | 127 | 406 | 1232 | 210 | 117
Zr 728 | 1486| 1403 | 729 | 6624 | 3607 | 5538| 2549| 3363 | 4228 | 8348 | 2776
Nb 905 | 1196| 1401| 762 | 2056| 3249 | 2117 | 1441 | 2168 | 1628 | 2233 | 1162
Cs 162|154 222159051 <1 [/ 047|0,83| 0,70| <1 {| 0,66 | 1,04
Ba 1013| 855 | 944 | 363 | 1423| 1859 | 1201 | 764 | 1488 | 2255 | 1521 | 602
La 11,9/ 11,3, 25 |18,2|11,8| 106 | 93 | 8,1 | 26 31 74 | 61
Ce 39 65 | 131 | 53 | 42 43 32 24 78 99 26 21
Pr 471 92| 17 |66 | 57| 60 | 45| 35| 97 14 33 | 31
Nd 14 | 30 | 583 | 21 | 21 26 16 15 36 60 13 12
Sm 2161|9743 |89 |169| 74 | 55| 124 | 273 | 57 | 55
Eu 0,08 0,11 0,15|0,10| 0,52 | 3,03 | 0,66 | 0,72 | 1,50 | 3,24 | 0,33 | 0,67
Gd 14| 34 | 5532|142 3 | 11,7 7,3 | 184 | 55 | 114 | 75
Tb 0,22 0,54 0,73|0,53| 391 | 9,70 | 3,14 | 1,87 | 4,71 | 14,8 | 2,88 | 1,90
Dy 22| 51|65 |45|36,6| 102 | 30,6 | 18,2 | 43,7 | 137 | 29,1 | 17,0
Ho 06 | 12| 14|09 82 |257| 73| 43 |101| 310 76 | 41
Er 28 | 57|63 |34 34 | 131 | 32 20 45 119 | 36 18
Tm 0,65|127]135|087|6,36| 33,5| 6,63 | 4,76| 10,20 21,1 | 7,55 | 3,97
Yb 6,3 | 116|121 76| 54 | 321 | 58 | 43 94 166 | 67 34
Lu 097|178|198|1,13| 7,36 | 43,7 | 7,86 | 6,20 | 12,75| 21,41| 10,03| 5,02
Hf 35 | 87 64 | 32 | 356 | 211 | 317 | 165 | 257 | 240 | 312 | 131
Ta 117 | 172 | 195 | 94 | 280 | 396 | 287 | 231 | 345 | 274 | 157 | 202
Pb 100 | 137 | 150 | 80 | 202 | 218 | 352 | 100 | 477 | 180 | 106 | 15
Th 31 | 52 | 34 | 47 | 402 | 2102 | 593 | 318 | 1832 | 500 | 254 | 69
U 23,7|51,3|57,1|18,0| 17,6| 853 | 23,1| 8,1 | 20,7 | 19,8 | 43,0 | 13,7
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CodzEdsB dIsO tjJ HEtSA3] sOdzdz! dzf = ctOdzdIlstse ( sOBC

vsOBd&dyo 3.

mdBd Ui MSd2 MeMisOs Coddedlstse o ©jHC M) IsOkd d

s s 'z 1 2 3 4 5y| 56| 6 7 8

TiO2 0,46 | 1,75| 3,19 | 2,72 | 0,67 | 0,73 | 3,26 | 1,80 | 1,50
FeO 7,92 | 14,76/ 19,71 | 19,86 | 8,20 | 7,19 | 19,37 | 15,65 | 16,81
MnO 12,06 | 458 | 0,62 | 0,38 | 11,42 | 12,00 | 1,64 | 3,62 | 3,52
MgO 0,00 | 0,00 0,17 | 0,20 | 0,05 | 0,00 | 0,00 | 0,01 | 0,12
Nb2Os 75,28 | 58,88| 68,02 | 61,81 | 75,46 | 73,23 | 69,36 | 59,18 | 69,80
Ta05 4,50 | 18,75| 8,32 | 14,87 | 1,85 | 6,01 | 6,60 | 18,94 | 7,47
SnG 0,06 | 0,29 | 041 | 031 | 0,02 | 0,12 | 0,39 | 0,28 | 0,27
CeOs 0,06 | 0,03| 0,00 | 0,06 | 0,00 | 0,02 | 0,00 | 0,00 | 0,01
Nd:03 0,00 | 0,28 | 0,00 | 0,00 | 0,00 | 0,16 | 0,17 | 0,00 | 0,00
Yb,03 001 | 0,09 | 0,00 | 0,00 | 0,06 | 0,26 | 0,00 | 0,01 | 0,00
ThO, 0,00 | 0,00 0,02 | 0,00 | 0,12 | 0,00 | 0,04 | 0,00 | 0,00
uo, 0,03 | 0,00 0,01 | 0,01 | 0,07 | 0,00 | 0,00 | 0,02 | 0,00
4  dsd3O | 100,38| 99,41| 100,47| 100,22| 97,92 | 99,72 | 100,83| 99,51 | 99,50
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| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

d ydessd d dzj § ol wsPudside d2 s§asos.j dz o

vsOBd&Zdyo 4.
mdgadud MEd?2 MmMmisOes yYydusisdss o tjHSBMR] SO d' -

AJd©C Gdz Adlsd
sts®f sdd 1 2 3 4 5 1 2
SiO, 31,41 | 30,71| 31,76 | 30,37 | 31,31 | 25,81 | 27,58
TiO» 0,01 | 0,00 | 0,00 | 0,00 | 0,02 | 001 | 0,01
Al ;O3 0,08 | 0,00 | 0,00 | 0,00 | 0,02 | 030 | 0,25
FeO 0,07 | 0,06 | 0,05 | 0,02 | 0,01 | 094 | 0,81
MnO 0,00 | 0,02 | 0,02 | 0,01 | 0,00 | 0,00 | 0,06
MgO 0,01 | 0,00 | 0,00 | 0,00 | 0,02 | 001 | 0,00
CaO 0,00 | 0,07 | 0,01 | 0,01 | 0,01 | 080 | 0,89
NaO 0,02 | 0,01 | 0,03 | 0,02 | 003 | 005 | 0,04
K20 0,05 | 0,01 | 0,00 | 0,00 | 0,01 | 002 | 0,02
Sro 0,13 | 0,04 | 0,09 | 0,09 | 0,16 | 0,12 | 0,27
Zr0; 64,39 | 62,16| 63,41 | 62,43 | 66,38 | 56,13 | 57,23
HfO, 311 | 2,73 | 3,93 | 274 | 1,83 | 2,77 | 2,47
NbOs 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
Ta:Os 0,00 | 0,00 | 0,05 | 0,00 | 0,00 | 0,02 | 0,08
P,0s 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
Y203 054 | 1,30 | 0,34 | 1,80 | 0,24 | 311 | 2,33
La:0s 0,02 | 0,00 | 0,00 | 0,04 | 0,00 | 0,00 | 0,00
Ce0s 0,12 | 0,05 | 0,00 | 0,00 | 0,15 | 0,04 | 0,06
Nd>Os 0,09 | 0,00 | 0,00 | 0,00 | 0,01 | 0,00 | 0,04
SM0s 0,02 | 0,01 | 0,00 | 0,00 | 0,00 | 000 | 0,01
EwOs 0,00 | 0,00 | 0,04 | 0,00 | 0,00 | 000 | 0,01
Gd:0s 0,04 | 0,01 | 0,00 | 0,01 | 0,00 | 009 | 0,05
Dy.03 0,06 | 0,12 | 0,04 | 0,19 | 0,00 | 0,27 | 0,22
ErOs 0,11 | 0,18 | 0,06 | 0,20 | 0,05 | 0,18 | 0,17
Yb20s 0,29 | 0,84 | 020 | 0,82 | 0,14 | 0,61 | 0,60
ThO; 0,00 | 0,89 | 0,00 | 1,12 | 0,06 | 3,07 | 2,25
U0, 0,05 | 0,11 | 0,04 | 0,14 | 0,00 | 0,09 | 0,21
PbO 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
F 0,03 | 0,01 | 0,01 | 0,08 | 0,00 | 005 | 0,02
4z 55O | 100,46| 99,27 | 100,05 100,04| 100,44| 100,24 | 101,49
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Bddzj OROB] cwkffr Ctdsddlso, W dstdlssd
CjHCEBLjdjd dr & {dzj5j delsse ftoj 5B ZOHO8 Is
ftsHj oy Oded j-4 § lstgB &Y %4 (edfm. 5). 4 dz@ dz o&&q
W W Isiw dOltd2, COd yd2, dllsttd?2, Wikt

v OB dzd yo 5.
mdd3d ud MS d2 Mmtsmik@odzydjdiasjtasdztecots o toj HSE dr 1 dzj d3d dzlst

dilstcs 9- tg
smjdslsdd | {0c0Ld dd dj dsst
sEBYSd 1 T 5 | 3 2 1 2 1 2
SiO 0,11 | 0,16 | 0,11 0,15 0,04 0,02 - -
TiO» <0,01|<0,01|<0,01| <0,01| 0,00 0,00 61,90 64,77
Al203 <0,01|<0,01|<0,01| <0,01| 0,00 0,00 0,05 0,08
FeO <0,01|<0,01|<0,01| <0,01 | 0,19 0,10 7,73 7,92
MnO <0,01|<0,01|<0,01| <0,01| 0,00 0,00 0,01 0,01
MgO <0,01| <0,01| <0,01| <0,01| 8,65 | 11,62 0,01 0,00
Zn0O - - - - - - - -
CaO 0,03 | 0,07 | 0,08 | 0,01 - - - -
NaO <0,01| <0,01| <0,01| <0,01 | 10,64 | 10,41 - -
K20 <0,01| <0,01| <0,01| <0,01 | 0,12 0,13 - -
BaO 0,01 | 0,03 | 0,00 0,07 0,00 0,00 0,06 0,01
SrO <0,01| <0,01|<0,01| <0,01 | 0,00 0,03 - -
PbO 0,27 | 0,28 | 0,18 0,30 0,29 0,36 - -
P>Os 36,68| 36,70| 37,64| 37,63 - - - -
SnG <0,01| <0,01|<0,01| <0,01 - - 1,44 1,22
Nb2Os 0,02 | 0,08 | 0,09 | 0,00 - - 15,01 17,74
TaOs <0,01| <0,01|<0,01| <0,01 - - 13,54 8,41
Y203 43,07| 41,77| 41,31| 43,42 | 40,87 | 44,00 - -
LaxOs 0,00 | 0,00 | 0,00 0,00 0,32 0,23 - -
CeOs <0,01|<0,01|<0,01| <0,01 | 1,37 0,43 - -
Nd20s - - 0,02 0,57 0,90 0,70 - -
SmOs 087|172 | 157 | 0,71 | 0,71 | 0,76 - -
EwOs 0,25 | 0,39 | 0,37 0,09 - - - -
GOs 2,15 | 2,74 | 2,68 1,63 1,49 1,70 - -
Dy20s 431 | 508 | 521 3,66 4.05 2,98 - -
Ho203 1,44 | 1,26 | 1,27 1,80 1,04 0,96 - -
ErOs 3,39 | 3,31 | 3,19 1,94 2,65 1,45 - -
Tm20O3 0,60 | 0,60 | 0,50 | 0,83 0,23 0,16 - -
Yb20s 439 | 391 | 432 6,17 1,64 0,52 - -
HfO-» 0,22 | 0,12 | 0,23 | 0,13 - - - -
ThO. 0,72 | 0,46 | 0,76 0,05 0,10 0,07 - -
uo: 0,13 | 0,08 | 0,12 | 0,02 - - - -
F 0,29 | 0,31 | 0,38 0,03 | 36,91 | 37,79 - -
4z 3O | 99,03| 99,15| 99,53| 99,40 | 112,21| 114,43 - -
F-O' 0,12 | 0,13 | 0,16 0,01 15,54 | 15,91 - -
4 z dzdg® 98,91 99,02| 99,37| 99,38 | 96,67 | 98,52 | 99,93 | 100,18
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The regional alkaline metasomatism, granitization of gneiss
and the metasomatic quartz veins formation in the
Ufaleysky gneiss amphybolite complex ($uth Ural)
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Abstract.The results of geological and petrographic examinng of granite of

Ufaleysky gneiss Tamphybolite complex and origin of quartz deposits are

discususses. It was established that granite was formed by alkaline metasomatism of

granitic composition gneiss. The granite has irregular texture and composition and

contains the fragments of amphybolite. The form of granite bodies keeps the gneiss

one. It is testifies that it is metasomatic granite, which was formed at temperature

lower melting one. Quartz bodies of quartz deposits of the Ufaleysky comlex were

formed by the process of metasomatic replacement of amphybolite There is the next

met asomatic sequence: amphybolite Y biotite
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Alkaline magmatism in Crimea
(brief petrographic and mineralogical characteristics)

Tishchenko Alexander Ivanovich., Pagnkov Anatoly Andreevich,
Vakhrushev Boris Alexandrovich

V.l. Vernadsky Crimean Federal University

Abstract. The article describes features of magmatic formations developed on a
territory of the Crimea peninsula and the surrounding waters of the Black se
Besides continental structures, features of the Lomonosovsky underwater
paleovolcanic massif had been also described as a region of subalkaline magmatic
rosks development. Several minerals of the moderately alkaline series occurred in the
Gerakleysky goup of subvolcanic formations and in the island arc middlassic

rocks of the Petropalovsky massif and the Kargadsky midldiassiecarly
Cretaceous subvolcanic complex of West, Cenral and East parts of the mountain
Crimea.

Keywords: alkaline magmatin, mineralogical comsosition, Crimea peninsula,
Lomonosov underwater paleovolcanic massif
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Incompatible elementenriched mantle lithosphere
beneath kimberlitic pipes in Priazovie,Ukrainian Shield.

Ashchepkou.V.1, Viadykin N.\VZ, Kalashnyk H.A%, Medvedev N.S$. Saprykin A 1,

linstitute of Geology and Mineralog$D RAS, acad. Koptyug avenue 3, Novosibirsk
630090, Russian Federation
?Institute of Geochemistry SD RAS, Favorsky str. 1a, Irkutsk, 66403, Russian Federation
3Kirovograd Technical State University, Kirovograd 25019, Pravda Prospect, 70A,
Ukraine
“Nikolaev Institute of Inorganic Chemistry 3, Acad. Lavrentiev Ave.3, Novosibirsk,
630090,Russian Federation 3

Abstract Mantle xenocrysts from Devonian kimberlite pipes in the Priazovie region
(SE Ukrainian Shield) yield low temperature conditions as deterninyedarnet
monomineral thermobarometry. The mantle lithosphere is sharply divided at 4.2
GPa, marked by high temperature dpr-Phl and eclogitic garnets. Seven layers
are detected: the shallowest layer atR2.6Pa is enriched mantle (Fe#OIl ~ 0:11
0.14) Gar pyroxenites and Sp peridotites; the second layer a8.2.%5Pa common
GarSp (Fe#0Ol 0.080.10) peridotite . Layer Ill at 4-3.2 GPa is typical of APr
peridotites with Fe# ~0.0:0.095. Layer IV contains pyroxenitic Gar with higher
Ca, eclagites, Chr and Cpx (Fe#OI ~0.10.125); V at 5.85 GPa is marked by sub

Ca garnets, CGrich chromites and M@r ilmenites; layer VI at 5-:8.8 GPa contains
Fe-enriched pyropes, almandine eclogoites an#iGrilmenites near the lithosphere
base of; laye VIl is > 6.8 GPaconsists offi h o t -ich gamets. Garnets show
enrichment in LREE, LILE and Hf, Zr with decreasing pressure. Primitive garnets
have round REE patterns; depleted ones hatg& patterns with an inflection at
Nd. Garnets from 6.5 to 3”& show increasing La/¥bZr-Hf and LILE. Peridotitic
clinopyroxenes show inclined linear trace element patterns rounded from La to Pr
with high LILE and HFSE levels. This Feh group shows belhaped irregular
patterns with LILE close to the LREE ldsgepossibly from reaction with FHech
eclogites. A possible reason for HFSE and LILE enrichment of the upper part of
SCLM is subduction of of continental crust or debris in Edlgldle Archean. Later
subduction was accompanied by hybrid metasomatisimeitower part activated by

a 1.8 Ga plume which produced pervasive focused melt flow with remelting of mica
amphibole metasomites giving continuous REE and LILE enrichment from 5.8 to 2.5
GPa.

Key words: mantle lithosphere Ukrainian shield; Priazovienberlite, garnet;
ilmenite; thermobarometry; incompatible element, HFSE, LILE, fluid, craton, crust
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phjfSCtseo rR. 1., |1 d&ZOHCEC,dda {Hte]l ., s Odz

ftow ddsdzd dzj 2 dzr | dzOC dztsdgder | M j Clster REE
I tsdzj j o' MsCd2 dzOC dzsdz m Ot OSCIsjtcj dz HdzW ¢

4 JSClstdsdf 8@ Hdzw BtsGg Olsr n kg OLd to@dzdsls
AnlctBOetcOWdyj MEts] ftesmMOydo Odzedj tOMY c
dzdL Cdds ktotsedzgj i3 HREE. g4 jJClster fn  d3d dac
cOMmMf dzOo s, (b’ j dO~BSHWISMHW o KOO dzs5¢
Gar B ydzts fftcjor "Oj lsyGiped HRHEEDN ftizfzl Is t
d Btsdzj j dedL St MBHjtey Odedj HREE Hdzv |
or M tsets tslsdetsh jdzdw Gar/ Cpx 9o d®HIstsydzd
tcOMYf zO&GT 6GrJ3BJ 6 Is tsyjdz o MsCdy MsH ] toy
Hdzw Gr 310906 tsGr6, vyt dj ROLOSIs] todas
nOtcOC Is j tocdz Hdzv tyj dz dzdL Sdr Milsj fj daj =
B' Is tcj Odzd L 59 Odg stsdz! €5 © eoftsHddz » 1
md dzd COBEASS dzOIsdzr = t©OMY dzOo On .

4 O2-HJ @Bt OdRBB Mio HEBVAJARGO BO letds e dzz Is "
sB dzOtclzy d o O Is dzj ftojter odgr 2 Y HI jd&3 Ba,
Hf , Yylsts rOOCIsjtodes HAzW tOMf dzOo 59, |
Codzd yj mMlsets Mmdze HT d Od3W d B BIdzO . d3tslyrj figts € &
tcj L zdz IsOIssd3 Wdoe@sadrisjoded WC sWsdstc” j dd3j s ls orf
tcOLHjdzj dzgdw Hdzw 1 Isdr 1 dzj d3gj dzlstse. s OteB ts¢
slsdatsmwisimpw ¢ CddiBjtodzdlsOd3 ctolzf ffr | 1 d
oBLBEYd i3 dMlssydzd S sz 3y sOMsBOISBL O, (
dzd ¥ dzt@flsy BOdzelsd2 desets twOLejL O. 1 dzOh j i
d ttsmls ddlstsW¥ddz d@ &3d + dzj o3 dzls Odsd d dzj ¢
vdgj dz' h jdedj HREE sy jls Brils! MmowL Odgts
CtedMmMlsOdzdzdL OydJj 2 ctOdzOlIstsea, o otsHzr 7 Ik

[T B RO ddddz Istsdz? ¢t 9 Mtej Hdzj 2 1
dzts OdegsdzOdzdd ©®© HFSE OGSy dBsekzls ftojH
BOdzlsd2dzr = OdBW B tsdzS 9, fsHtsBdzr » tdnrlsj to

Colter | Motsibe jjdfPsodzedstsddj j [ 47] . Joded
dL slssf-® dHddHf ¢ CddsBjtedzdIlsOd3 | sdf O «
dimssyded S sd3 1 Isdr dBBOcdz, des SOC Y| dBsckls
M dmMstsyddCtsds HI MU ( Howart h, 2018) .

JedWWddetsds COC HtodL dzOS WdgBG 5§ dfizs s af thogj t51 ff
L Ists Hdzv BOdzlsdd ftsH 1 tedOL tso j d3.

1 OB dz¢ HOJ d3" § slsdesmd s j dz' dzts o' MsC dj
slsdzd yos Ismw s fsdzzyjdeder = o Is] stc] st
ftod d3d Isd o dzts 2 BOdzsdd ( McDonogh, Sun,
dzj Bsdz: " dj B6 dzed dsBdz Yy dzts d30tGthGIzBﬁq’J o |

flsjdydOd, SCslstrj Btsdjj bdfdy H dzw
l dzd W dzd | Mz HIEZY dtGBS@dZdZBGB Ctetso ISG'B 0
TOEOClsjtdMmisdS Od. [ dzw Odkdjorn  &Odls
sBsc@iBbdz 15 o dzOh j ds- QBRng]’ Szr;l dzls '/P,b fo
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| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

MEeHESC ydtsdedzr &3 tcOMYf dzOo O dzd [ 20] {ftj sB dZO
sBtscOh jdzedj LILE d Sr MmewL Odets f Htedd3j ! ¢
¢, ojtosvwisdats, B'MN ydesdidkz ¢ j Odzd § jsi g BBy dvd
CtcOdOIstse d Cdzddest dtetsC M jNdats o ydsdsj b dsts »dj dsdzdtiz
yomlsdy sS¢dMmdzj dzdesets o jh jMmlse O, dets € tsdzyJ «
14 SBlsttetsj sehfc O pdef j Isfgw tsBh ddg d ftoj HY tS
BJ IsOMsBOIs gAhd 0. Asnptsh3j " IsfsEtsf) BEBHEOD j-dzad j &3 L
Hf , mMstslse jIsMise z¥ Is 9 Jtcn dzj 2 yomisd wsf [,
fjtejf dzOo dzj dzd j B sOMBBOISdYU) MEses - W itctsdzls (
C sdzy J dzlslidl® I BRSE

[ tcze OV oHBFYAdEEMHIs'cBSEON jdedj dzdIlstsmW j to
nd 2?2 BOEEHRSN dats @ 5 Ctsdzlsd dzj dzls Odz' desets B dzts €
1 209 CtcOIs tsdz0O, Yls ts f SHIse j to) H j dats i 2
feso sy HOjIsMY sy dditss i BjOMBBOLIL &
1dtejobkzdvteds § M JSlster [t Hdzv Cpx (Fe#
B) c{L dzq’anzgizﬂso[lL@tB]dStq’ tcOL tcj L O, o J tetsv Is dats,
B Bso ' n twOMf dzOetse M 1 CdzsedlsOdzd ( Fe#
JGdBf o Efff PpUdstds®@izdE Htczedr dd S ot dzj d3j
teslssCdd3B jtcdzdlstseo " | twOMmMf dzOe "™ o dzd y dzj 2
B dzd Is "3 sz eH P dzed § &3 TRE o f§ dzsi¢ ddsd M
tsB 56 OREE dzfizlz’ jd3j dzd Is ' sO¢ Y J§ dzOd B sdzj |
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dzz yd dz@ fted OmMMddi3ddzw ydd BJ Hd dedz" = ff J to
Cpdxinlstsh jdader | HEdedlstsor j yddzr dofj dlss0 CCdtsadzls ¢
J dzts € HEzdzd Ists o o dzj Mlis | i tc Odzj J W tstc dzd
sesfdsO®kd) HOjb Mfiydwvdydimédy dJjticds
Odz0OIs T gz dzd twOL dz" 2 dzOC dzsdz - teNpfkz dz€ s o
I
[ dzw dzj S slstster A d dz! d3j dzd Is ts5 g ts Ctoff 2te j Wiz & patz dz
HjtyOdzdj LREE Hdzv [t mM ktesedzgj 3 La/ PM
tctsC MY az®@dzd O dzd . Hudzes ds@dzd d O IsOC¢ Y J B tsdzj j
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phjfSCtseo rR. 1., |1 d&ZOHCEC,dda {Hte]l ., s Odz

I tsdzj j kY dtsh jdgder j TREMGg BE®h | dederdgs iw Is fipw
o j o dzj 2 YOMIKEds disQizttls d 2 dz =

7.4. lTwdydd o90dOyd?2 &JCtetst dzj d3j dzls t

[ujide orfmMesls] MtH]jty Oddi &d¢S tersdzwz) c
BOIjted dzMS drn OMY ZOo s dddzj tOdztse , f toj
dzj Iskzydn qd , 9 j tlotsw Is dzts, ftoj ddigzh j Mise j d
t OfMMydlsOdzdzr | M jCIlster TRE Sttt dzj o] ¢
dzd e sHWh dj M j Clster Hf, K sBtfdc@spda jdk |
CjdsCtedMlsOdzdzss S dzddtsf JietsSMj 2O L  Iste
[Br ydzts tsBts@Oh jdzdj LI LE Ofmtsyddtelzj sy
nOOSIsjtedMisdSd or St  dzslsdzse s W dzé dH
fsylsd Mot OHOs h dj hf CqddiBjtodzdlstser did.
EFmzsedwn ¢Cj0ddyjmMSits?2 HEzed [20] ddj¢ls
1 dzj d3j delstse  d dzj dBtsclkzls B ' WILE idddgs tzis @z ts
dZzjeSddd TRE o fMdzEyOj oBOdzsdd 1 tcdOL 59! v

[ dsEkzydj H ts dzy dgr tcj LGSt fndzd ¥ Ols 9\
ftoesmMOydoe Odzed & tcOMYf dzOo 59 ) MWtsCkzMmdtct
Mofteso sy HOIs! MW  -Oifipdn@Cdafdiy dpdgfts2dzdzts ¢ RELCHTIs O dz
AntletBOEetcOW duUPl d B sk $Isdseczls B Is!

LREE, dzts sB " ydzts M tcso s HOB IsMmw i J te
sB dzOtclzy ddzd L dz2Oydlsj dz' detsjy Mmdaedy Jdedj H O8 ¢
Gr 4 H S Gr 6 d, sO¢ dd3 sBtcOL 503, Bits

MV ¢ EMmMd s QdEd®jdzd ff tc P dzOo © o MEkze HESC
ftesyy Mir B ydes ftesdmrtsHwIls o dBOdzlsd
Cdzlsd dzj dzls Odz! dzr = tSCtcOddzOr ddzd Mo w L Odg
ljtejede eoBdzdLd Sm d Nd HdvV ctOdzOls
Clstsls ff jugjde dBlc G tesMistceOdzj dz H dzv d dz' d3j dzd
D dztsh jdade" j] ddzd fAfmtejL Odader jOoO M jSIlster M
ldsddsmMCdr fdCtotsBOL Odz sse L d&zOyoOs Is, 0y
TRE ®scélkzls Brils! twjLizd sOlstsdz f jtoHWalzOo e
Cpx dLBdtOIlsj dzt des EZHOdzW dzipw Htcd oL Od diBts
tcOMmMlsotstej dzdj MlsjdetsS d CtodmMlsOdzdzdL Oydw
Mz yo) ctOdzOIsses (d ddzr d3j dzdIssea) Htcdo tst
t Ot czO o fietsMOyd & O Edpfndr” 98" ¥d dzOS B @ G (
Hiczeddd dzjlskzyddsd d dddls! sujd' dzdL ¢k
MisOBddz desfisd GCcOOISO tOMh Jqw jIsmw, d
fdqesCMmjdtse. [BteOLY" TRE ) Heokdw otsc
Hdzv ddz¢ d3j dedslea®as 06 fste g Odzj dzedj ¢ O Cpx, |
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| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

7.5 MrlJdBO 1otz ydd BOdzelsdd o 1 tedOL 9 |

1 jcdHtslsdlstser | ctOdzOIsr 9o 1tdOLBo! §j ds/|
Fec tc OdzOIs s 9 , sdf duye ~j 2HERWS ctsO dadgjj d3j dzd ( Gr i
2003) HBts ftolsPptotd) HeB&dbr BBy dIsj dz' dr j O
Hf 9 &®Bddzj OO~ ws| [ d CdiBjtodzdk:Ord O IsC
LI LE fnaq’HJISszJfr]lsalzBIs 5 HBMISOLBYds o Mt
~nOteOCIsjtedz” 3 Hdzw CBsdzlsddzj dzlsOdz! dzgts? Ctster .
mMikh j Mise so Odigfiztc lzO dzj R, mzuw fs yYydtel sdzOd3
ftcj Hd&zZOGOjIsfw 1sOC Y] Hdw vz [43].

l sLteOMO ydeCosdse [ 42, 43]) fsCOLT 908 s

Gz Rjdzjj btjn 1fdLBHB GO A0S W NCis?28 OB
&jls) , st Mislse i flss k Clss dddrddssaty &5 M
Vi O®BOY dlsso j o bz dzS CzdOW M&WE H .4 Sdzjsls + o 2w
hjdzsyde | RO©OCkjtdMisdCd. wlstdS dss jddi M
Mt jof &z Bsotsj MsB'Isdj 1,8 Ga f§GtsH(Jd
sBtcOLtso Odzgdj dRdesc difj My Hgzfedzedzr ATi , tjHGCJ
Th-U [3].

I sCd M o' MBS dd MBHjy Odedj o8 COdzdw ) fSE
ftoj Hf sdzOc O¥ Is mMkzeHEZSC yds C tsdzls d dzj dzls
Isd dzj dzls ©d3( . [ O] BilOMsdizOltsL ttOMf dzOo t
B“u_dzlsﬂdz,OEQ)IsB;tsz ftocjHYf sd&zOG O] Is, Yylsts Mmks
E YyoOdzs SCwdzlsddzj dzsOdzr dz" § MOHGC(J. l dzd W dzd
Isddej dzs© § sH Cwdzlsdazj dzls By jls ftesw o dzw
Bisdzj J o jtetsWisdes?  tod yd-dedZ dwuOdzv jf isfozlz i Ha
MBHEZYydtecso Odzdzse s BtsEOIstsets Ctoj dgdzj L j
4 ded 2) BOIs j tod O dzO f tod sBjLOBYdo Odzd
Is ©Odz! dz" j B dzts € B dzd CGstcOL HIS Is ts

q. | HGWJ@J?“J% ded ¥ dzv v yOfmils! u;

j MCsets dBOIsj ted OdzO, dzts , 9 j lotsW Is dzts,
otsegts BOLjtedOdzZO BscdzO §f sctckzL dls' Mmw
tc OfgaegjH dzj Oten j 2 i2C 7 dedttsjHy dfj3s,)5 B d dz o
9 SHT 9 dBOdzsdd MmMsftotso sy H Odzts M dz@np@sdis A3 C
Bsh dzr 7 dzdlssmW jteder 7 Sddzj2. 1 fJtedimkzlsmise dd
BfIs! ftcoltstodzts tOMYf dzOo dzj dz o -G Hdsdze jj to figlzfds
f dztslsdatsisd dad v § GtocOdzd yr 8,0 110 fdz¢ Btso
gisj s ls Blsted yoOlsj dz' dzlz s f &zOo iztgl$ hists o , ts s dzts fipdsist
COtBBAdZOISdIsT d hjdsyd Jj tcOMmY dzOo T Bsc kzls
zdlstsmW jtedzr 2 Cddzr [40]. 10Odzjj MmMeBHESyYdd
Cdmdzts 2 Ctstor d Ctdsddai dzls Odz! dzr = LiltEls dztsy j da
B sOMsBOIssL fftod § z@».dzj dzgdd IOCda M4 dzH o d U
Il tcOo®@kFk j2Mits] otjdw Isj i3 jcOlskztcdz” 2 G tol
ZOMlstswh j j o 8G 3¢ St dRtH0dzO BT s 9 L 20y d
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phjfSCtseo rR. 1., |1 d&ZOHCEC,dda {Hte]l ., s Odz

HdWW jtoj dzydtetso Odgdzts?2, Wjdz Ldlsseas?2 d B
By jIs BT s GdzIZBtSQts? d HBdz dats 3M 1 iz 5 elzfp |
fr]IZBHIzuc{tQIZJd;sts? fdzdilsr d odzjHtjded &3 o {f «
3O dzls d 4 Clsts oLOddsH j2MIse d4 mMdits G
QJBGmB$OBdu4m9dJ OmMmMsydoOydd o anple- dzj
Phl N d dzOdzd . 14 Htcjter oda 2 tc s bz dijRiESHzts
mMemMlsQoadzwe M j2 M bkd3gd dz M jdzedj &3 H Oo dzj dzd W
ftcjH sdzOG O, Is HQWW jtoj dzyd Oyd s f 5H dzd d3(
ftocj HY sdztsy d Is dZJIItGJtG o dzf 2 ftsHi jdg Wdzsc
f smdzj His9 Ols j dz' dzg" 2 mMiskzy J dzyOlsr 2 f sHi j
fotsd3j Yy Zlstsydze n BOGc BOIsdyj MS dn ¢ tsdzdzj ¢
LOddsHi2Misedjd3 M odi3jhOshddid §JjtedHBls
Jd Odzd miIsd ydz , dets  f tsfdzj H dad § H ts dzy dz’ i |
qes¢ My dzgdIstso . 1 Z20ydlsj dz' detsc s Ctsdzd yj M
tcdOLBoMd dfs | ez sOr B 2Otz dls dzj EkHOd

1 dzjj dedL Ctslsj 3 jtcOlskztoder | EMmdzseadw
sftcseo 5y HOAdzd My tcj OCIsdeo Oydj 2 kB sOMts
sftcsotsyHOI! Mw Wstcdddtctso Oded j B3 6 dzd o3 te d |
HydzZlsdW Jydetse®sr j L tsgdL dzOSd o dBBOdzls d 2 dzt

Il sLHj2Mlsed] & O c®O f2dd | &zt € S E

dzts o dzr - HOJj G [ 1 &tcOddd Is Bead,i5ls dds ts dsTOF ¥ |
I IstcOBOWdIstse J] HO2Cd BBARZOHOE IS 9" MsC ¢t
HHJ Y do O¥ Isj GOsH BI® dzldef@dadis 6 5 d3 SOMB B3O IS ts
jtoff dzt ks o ts§ M Isdj Metslse jIsMmise 2§
ORzOydd I smssydetsjotetsf j2MEBEets Gt
O dzd W sdBdtemMC s ts CtcOls tsdzO, Csls
dzts 2 dz@aizls Cdfs dafizd f cisded@idfdjls * Mgl 4 9]
j 2 Mlse dj fdzt BBseor 7  tOMYf dzOo 59 a3
Odzd tcOMYf dzOoe O ) ftesded yoJ o3
Msdyj MEse s BBOIs j ted ©dzO d ML
9, i tcts dedd€i@ssr hjd j dzdusjsdniWLj to Hzts j B d
imedyj My j Clster CtcOdzOIsts o n
Isd d3r dsd € ts i3 tsdzj dzls O dzq . |
sy des ftoj HdzsY dIsH d i lsOfde 2 fBHI
Iz

S Q- FraANgGNEgS

SGOFSI, _ ISFIFTFOFN O
0 g30gGI -

P03 Ge g

)] Wstthdtese Odzd j &8 tslsHj dz' dz o
s HWWw]jtjdydoyds M MOYH] d
J X j Bisdzj j S8 Hedo@ jdddds' s
sodj f ®BOdsd2d &5 §jtodHEls
ydd ®Odsd2dsets ©OLGjLO &o
sots. Cdzjtedw Hdiw kOCBEt Mt
BOdzals 2 dz' o5 f oz Bscog 1, 8 BdzteH. dzjls (todfy. &

[Bhjj tBtSEOhjddj HFSE, U d LILE
OB & HOj B j ©® GCfjdsdzdlsOR d fMmeiund CfMj
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| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

sBBGON jdzdw KsPRPHISsE s iz@ddzse 30 d S dBtedHdzr =
fsolststews h d2fmw ftesyjmm, O OS] oL OddBBH]
cdBtedHdz | GtOdzdlsT  GBwOLBO Odedj Bj Miststst
Cslstste’ j] NdesSts tcOMftosistcOdzj dz" o EZCteOd dzins
v dzsots oL Bfispdeg J3 iz j o ff 2z dsse o BOd
CBte g 9rL" 90]jlIs w©OL dzisy J dzd | OBW dBBdIZe d
Msftcso sy HO] Ismw or HJjdzj dgd j &3 dzi O ye(GL dzof yn Jj
dydj dzstse tcOLHJjdzj dzgdw diYHE Amph  C
d ft thsfls@n s Otzdz! dz" &3  J ¢ ©3OIsd Is Od3, ts
|2 Cttr. [BtOLtso Odzd j deq’ Bqu’tglsgfanzts
Bsdzj j or MtsCdds MtsH jtey Odedj 5 HFSE d
cts ftosdgd Cdetso jdzdV fJteslstsC dd3B jtedzd Istso s
QdBREMC ] otej @BW BOdzsd2dA () o BIOEKEcd B
dzj dzls Odz' dzOW MmEBHESCYydY Mftcsotsy HOJ s
HJdZO: VE | osdfifSLddzj i j edtsH C ddsB j todzd Is
oY HOdzdMm! fd dtse’ &g N j dztsyde” &3d § dCtec

¢ G d 3B J'takgd Istfsdzs 3O R] o BOdzlsdd 5B ydats M
B SOMBBOIS L d W sRhptxts o Qdedtyc O djdakdli nof dz! d3j
(SF4, twdfm. 16), 0L 908ls, yYlsts d3Odzlsd 2 dz
Bisdzj j tOdadmipdhlz dRjhdOMsBOIsdL &z d kX ) L Olsj
f dzt ssor disd twOMY dzOo O] .

7.6 odzlsjtodzOsdody j BSH| dzd SBSEON | dad W

sBd Bt BsHjdd (skscs?2 MkeHkESydd HikcE

Crdals dzj deso Wodw jlsfw AYsdj dadzd yo0o ¢
s (Griffin at abdd ROO®) dats 2 Istsfisty Q cflatE™
&jyjdr o ®&OdzsdY d fsdLosHdl! shdaso dat
G OM j dzd J 1 dzj d3j dzlstso . t Ot dzOe " AmphtsB tcOL Iz
Brils: BSEOMNjd HFSE d LILE. G
sdLotsHddzd Ctdej w@EBSBE@Y pE Midldk Ezr = d&ddzj cOd
& dzj 2" 2 fitjoitsH t©OMfdkOesO® ¢ [&Ait I
Oydlsj dz' dzts fzkz sBBGONMN j dzd © 1Ilsd dzd C st ts
dElsd 2 dzr s f dzv OB (fted 1,8 dBhH. djls)
B sdzj dalst iyl toHzFHSSH Is el 6 il |
sjCktsddujMSd?2 o&j zOdey ldasmdlsj dz dzgs € d f
RO Ctdalsddzj dzals Odz! des?2 cteOdzdyy d dr oL Od di3sH
s HY des sz § Ot e dso sk oj kOMEsEOL L Az .
BOjtedOzO o KBOEsdusH 1 ¢ ®8 JazhmEsP IstolzB 52
dmMssydd sz @BOdsdldatsets d&j lsOmMsdiROIsdL i3O. [ F
BOdElsdd fsH 106" dzMSdds §sdzjds fLotsdYjls §
MeBHESydw Ctdasddzj dzls Oz dets?2 Ctster ( Ashchepl
Mk dzdds SCBdasddzj dzsOdz! dz = tsSMOHSC B9 .
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Petrology of the Yubileynaya kimberlite pipe: application to
the variation of kimberlites composition with the depth

Spetsius Z.V., Aminov A.V., lvanovA.S.
NIGP, AK "ALROSA" (ZAO), Mirny, Russia;spetsiuszv@alrosa.ru

Abstract.In this paper are summarized investigation results on the chemistry, petrography and
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mineralogy of kimberlitic rocks of the upper and deep levels of the Yubileynaya pipe. There are
given original data on mineral phases contents in kimberlite ground madsudisiri of
indicator minerals and olivine and its pseudomorphoses as well as autoliths (pyroclasts) in
kimberlite drill cores of different levels)@80i (-)680m.

Petrologic evidence suggest that for the kimberlites of the Yubileynaya pipe is charadtezisti
prevalence garnet association of indicator minerals with the relatively low their whole content,
predominance oflherzolitic pyropes, low content of titanium garnets, two types of ilmenites and
chromespinelides.The particularity of this pipe is thespnce, both eclogite and garnet
websterite xenoliths as well as their diamondiferous varieties. This evidence is confirmed also by
the composition of the paragenic associations of indicator minerals that is indicative of essential
difference of lithosphér mantle under this given pipe in contrast with nearby kimberlitic pipes.

It is possible to speculate that these peculiarities are specific for the kimberlite pipes of the
middle diamond productivity.

Results of the garnets chemistry and the data of telbadition of eclogitic and ultramafic
garnets in kimberlite concentrate of this pipe with the taking in account quantity of garnet variety
potentially associated with diamonds suggest anincreased prevalence of eclogitic garnets among
indicator minerals.This allowed making a statement about essential input of eclogitic
paragenesis diamonds in the whole diamond production of this pipe. In our opinion these
peculiarities also determine the increased content of large diamond crystals in kimberlites of the
Yubileynaya pipe.
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438.1.1| 1 s 2 5,82 0,00 0,93 0,00 |0,13|0,06| 19,76
438.1.2 | ¢ s 8 7,96 0,60 0,95 3,85 0,03| 0,13 | 16,02
438.1.2 | 1 s 1 4,78 0,00 0,00 0,00 |0,06|0,12| 27,85
43821 | ¢ s 1 4 8,51 0,41 0,62 3,04 0,15/ 0,18| 19,14
438.2.1 | 1 s 4 3,83 0,00 0,00 0,22 0,02|0,12| 25,21
43822 | ¢s4| 3 8,21 5,43 4,39 2,97 |0,02|0,06| 19,93
438.2.2 | 1 s 6 5,73 0,15 0,00 0,00 0,10| 0,03 | 23,77
43832 ¢s4| 3 16,70 | 0,59 0,54 15,26 | 0,09|0,02| 5,92
438.3.2 | 1 s 7 4,03 0,00 0,32 0,00 0,08|0,01| 21,67
43832 ¢s4| 3 16,70 | 0,59 0,54 15,26 |0,09|0,02| 5,92
43842 | ¢si| 5 17,32 | 0,00 0,00 7,92 |0,05/0,00 13,37
4384.2 | 1 s 1 1,19 0,00 0,00 0,00 0,00| 0,00 23,81
43852 | ¢si| 1 5,89 0,00 0,00 7,06 |0,07|0,00| 13,96
43852 | 1 s 4 3,44 0,00 0,47 0,03 0,05(0,01| 21,24
43921 ¢su| 1 28,96 | 0,00 0,00 0,00 |0,00|0,00f 4,71
439.2.1 | 1 s 5 4,81 0,00 0,00 0,00 0,02| 0,00 20,59
dtcJH( ¢psi| 28 11,53 0,92 1,00 5,64 0,06 | 0,08| 14,93
lsqq’i' o }s 30 4,44 0,03 0,20 0,03 0,06|0,04| 22,48
1 tod d3d yo@d v Is tsydzts i ls ! f sHMyY Istse HE 0, 01; B) toj L kzd
hiskzW OR, ddd. %, B) MsH jt) Odzd | Ci@O0d®OIdBs dods Mgy Hdgd Isiex
hlskEW dtsets sBtOL YyO.
Cddi3B jtecdzdIsso s tejLizdz IsOIsOd3 BOCtets j sStesG 6O
s OB dz. 1. [ Isd3) Isd d3, Yysstsmdzse dz" d3 € s d3f sdzj dzls
sdkdoddz, StddujmsosCmj dsddlstsso dOdIsd2 dz &
9 Mt Hdz A3 d3d dzd 4 4 %. ] s sM@OEY dsiis tf Bdzf
ftoeddzdL Ctsd3 S tsdzd yj mlsoe J CMmJ desdzd ss 9 dBZd s Otz
f stesH ( IsOB dz. 1) .

1 dX Jd ftcdotsHdIsmw mMsmils©o d3d dzj tc O dzts © ts fr)
CddiB j cdzd Ists o, mils Odzts 0 dzj dzdzr 2 fts twjLiEzdz O
Odz0dzdd®. (umdzsedw Mmi j &3¢ d: HdWtcOCIssdzj Iste Al
V=40 Co, J=40 &O. , S ted3dsOdOdzd L Olstste DT G6
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20A/ &3ddz, ©v=1000A4w. sOS¢ MdzjuHkjls dL
BOMMT cdkesSdno GE@¢B&@B@§Bt&MU Gt j dgls d
fsHyddzgj dgdesdz €S sdzd yj mMseoj SCOdz ydlso (13,
{ OMf tesmistcOdzj dz H B s B IS, qwqmz flse & IsC
fqtedls, &OEdz Isdls.

rop.(-280) — (- 660)
1p. 10GuneiHan(11K. n=35)

# CeprieHTHH
18.0% 4
® X10pH1
- “ Kaapumt
10,1%
2 Jlonomut

1,0% 1 Cona

® [ aaur,
AHATHTDI

S.l"!‘o

[ dMutcBj ey Odedj ®Idzj tOdzso o &j L cdgkloOs af g dzbf estedy
CtodL Sid2BOEB60dIstczB SO S8 ddj 2 dzOW .

sdzdlsse d Cqd3B § todzd(lsptpair)j  mBQdgGSusdidl
5 J ﬁlqlélztclsl)c{Oaljletsz[Hsrlsatser]lstsleIsIztcls?
| todzd Is bolssdzd Istso OFJ dfy lsdsHC Isugjtelob € d
o[q’d345ls WHj dzlz © d fstWdttselzs il
Otls o Mtej Hdzj d3 7 §ofd.f dztyfdPro P ) h dzqf WO
jdd?2 o t0O2tdzj 5 B3, dets toj HE S
BdzOc O Isfwdzde Mmusj zpuwzi § §Jjtdwj
| dzsdzd sOd3d tsMOHtsydz" = ¢ stetsH  ( dzOd B
Of dzj dzdzd S O3 tMdese dzs?2 HBOMMr :  § MJ
O3 wkzHde » dBJdej tOizse, L § tedzOd3d
j v s Bfpdzdz” B3 Blslsj dz2S sd3 tsBBEZYSd (f s
hjdedj telzHdzr d3d d3d dzj eOdzOd ) , Is ts dzh d
syc¢ © MmMsmissdls duL l]’fn;aHtsdystthSLf fn
sddes ¢ Wzsetsf dlsO, daj oL tcOUdsse s f
BJE]QZQISJdZISq’dzBSISQ shdetse des?2 BOMMr . o i
o ISISHJdZJ dz" = Mmdzzyow s EfMmlsOdzse dzj
dzj f esL tcOyde" 2 thkHdze" 2 BJdej cOdz (15%), My
J ds IstczB € B ddzj 2 dzOw H ds@GaaiftshIs d
fostcW Jiesots?2 MEBLZC MftctOD O) . 1 stcW dJteser §
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LB ddeder 2 BOEkBOldL d5, jets dhlssyddSd d

Mcd Hdzg] 3 4% f dzsh OHd h dzdtfVtOs H ¢ dzdtwp] @ ldskz ¥ ts Ciitetd
" HJ dzj dzd 2 . t OLdBBjte HsteWdteser o 9" HJ dzj dzd 2
BOSC M dsgdfs 61 o dzlzlstej dzdzed 2 yYyOMmMlsd IsOSdm BBKO
f StetsHT | MmMattyd?2 8 BdZJSEZ M 1s. ] steW Jetso
fMmMjoHtRsteW SL 52 Mitef jdesddzO (5 tdzde Jqdzz ¢
IslssztSLJtGdzq’fr]lsfd3 C OteB tsdzO Is t5 3. Rmn @dz63gtc” H-
Wazse st dls 1, 2 s, LJjtedzO GctcOdzOIsO m CJ dz

tolzH dzr 2 dso[dz,JtGOdz 9 HotWdtetsear n o CtOf dzj dzdad
BOMMO o dezlstej dzdzj 2 YOMmisd Gt diesor 0o lstsc
Codz ydiso, stsdzC sHd MY j ede” &3 MJ 16 e Pagldztf digts o3,
tclzH de" d3 d3d dzj tc O dzts d3.

ctsor 2 0Oolstsd
W mejlsy fted

tsdzf 2 Ooalbtdzdls ( Mdzj
n s B

& =
© o

l steWdtetsor j o CtOf dzj dzgdzd S ¢ s 4 ddzj 6 Is Mmnt
f stewWwaj'tedsd o C Ol dzj dgdzed C OB 1 s . lfnJaHlsd315tGW1
md oy § dzls d dzts 3, yomlisdydzts COteBtsdzOIssdi3( 6§ dz
ofMmistcj yoes IsmMwtcj HE ) ,-§ CEQE EzhHtdzf € HE R tdess  d
dted Hdzj J fUTSHJtGMOdZdJ fd

OHBMRBW sL Mmj tetf j dzls
Yj i3 od lfiptsmls Od & s fldBsh OHd hdzdW O. t OL dzd yo
tczHdzr 7 BJdzj cOdzse dd3j s ls tOLdjter HEtS 3,8 3
f dZzOMmMsddzS d W zsetsfdlsO M HBOCHd BOdRds?2 H dzd
f dzsh OHd P dzedW O. | jtedzO GCtcOdzOISO 9o JC jldzd®W d Ists
omMjets BBl j &30 o9CtOf dzj dzded S 89 . [ Mdzso dzOVW 30
COodz ydlstsds, md ot J dzls d dzts O3, Whsetsf dlssd3 d
B dzj cOzs 3. 1 j HE TS afnlste;u@*ﬁ lsan L JtodzO Of Ols(d L
[ ddzj tOdz! dzr 2 MtsMmlsO sMmdeso dgs?2 BFOMMr d s 1
slsdzdydj ls d&GB dzs H (Epc;slsfr]W Gz St L OB N jd
Ctezf dzr = 9 CtcOff dzj dzdz o[lea tsdzd o d dzO.
J b s | OdzO dzts ¢ d Yy dz ls ddL Sty MsHJ oy Odzd
CMj desdzd Istso d3j Is Od3ts tew Yyd mMedr  StotsH, dzts M
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MH j )y Odzed] BBAEEREBS SMOHByYdz = §tStesH,
[Odz | toj dzcj deslsj essctcOW duj MSsets 0OdzO
dps1 HtwjHMISOodzj dz d20O tedfm. 5. wtejHd oi3d
(60, 1%, fMmdsnO (10,1%), COd ydk (7%
CsdkzdyjMmlsej §duesOkiedlsO, cdfmO, ¢j kOlsdL
rop. (-280) — (- 660)
p. [0Guneinan (AKb, n=27)
2 5% — # Ceplieun
10,1% # X:topwT
0.1%
7.0% Kanbmi
67% g = Jlozomur
2 Ciosta
60.1%
® | asiT, anaTHTel
JIp. KOMIIOHEHTHI
tdmMuotsE jtey Odedj d3ddzj eOdz! dzf » WOL o MmMowlt
stekeCdbBddzj 22OV (Cd2BEGGD hBtedL sdalsT
mddduimSdj MmMsmksOsr, Mmtotlse jlsmlss j dzdzs
sCMmMdutse o 1s d ¢s " decf @!mils @l dgdzd ©
ZO2HjdH] HtwdojHjdz@r BEmMtcj Hdzj dedz" §J MtcOo dz
MeMlsOos k shdss dzs?2 &OMM' SJddEejtddlsss o,
) B ddzj 2 dzOW . tdLlzd O’ nd Bd U MEJdd3] datf f
stk SCd SBddzj 2 dzO% &S OL Odedls’ B Btc ®lo i of
ftsor N jdzdzr 3 MtsHJ o) OdedKIORB] @t Ishh) diptes@o dij id4
Cdd3B JtcdzdIstso " &3d Bt Cydwdid ( v OB dz. 2), |
s h qdzlse © ©SMdHBe, Ykt B' ds s dj
slsdsjlsdls! , vyt o do figjels fiydilz-dSiwSERs ldshirdeid?
Cqddke j tdzd s O, TOBOSCIjtedL s h g2 MW st
fsCOLO] & &g, dO CcdlsOClkj f oadjhoshd
dL d&3j dzj ded W o3, sBkMmdzse dzj dzdz" d3 dzj §f sMmtej H M
f sStetsH, Ylsts o rjgoy @Y Bsdne dzto? Bz ydilsdL Oy
5. H. 10 btseody SdddyujmMitets MshmlsOsO
Ctsdzj B Odzd W T GMdese d&F & tst0n@ MgOs S, TDs ¢ d o
H tc

] SHYJteCdzaj ds, ybsts Cdmwejtedzdls’ cdzztsCd

bdgj @ f stetsH o jtondzdn cEttodL Sdzstse  tsls dzd 1

d Na ftd §todddj todets dzj TidOd3] Cadz® d3L © & tkzdpty

Bdzj dzd ¥ O lststeg " HEGRL B I9'O0) Iuj daP] Eodek
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| dzzB d dzdz’ 2 dBOGBOIsdL d3, jet dmissyddSsd d

Wstcd3dteso OdzdWv fteslststeOMYf dzOo s d, Jo th-ad3tsy dzt
OdzdzOL sdztsmdzsmis d .
v OB d&ZdYyoO 2

mdBdUj MSd2 MefksOs shdss ds?2 &OMMHT Sddej tddlsss

Silz | Tizf] A0z | FeOs | Ca [| Mg [| MnO | KO [ N[ |P:Os| S |1 {

% % % % % % % % % % % %

1 128,95/ 1,02 | 1,94 | 7,59 | 9,08 | 29,18| 0,11 | 0,61 | 1,11 | 0,38 0,14 | 20,06

2 127,72 1,23 | 2,2 | 6,94 | 10,66| 28,64| 0,10 | 0,85 | 0,37 | 0,47 | 0,11 20,16

3 129,48| 1,29 | 1,72 | 6,30 | 10,95/ 29,47| - | 0,27 | 0,01]0,49| - |2011

4 2855 1,01| 1,88 | 7,06 |11,17/2881| - | 0,32| 0,11|0,39| - -

*) tod &3 YOBAdsj): (cdzzBCd] eotedL tdals’ -} sMte(jddisjtsC G
Gtsflals T, Mtej Hdzj j - MESH BH] SO '3 Cddis jtodzdlsse s
1997); 4ndB3d Ui MSdj MomMisOesr Cddkejwddlstses, MtejHdzjj 1§t

t slsd3Odz d Hte., 2001)
JtejLizdz SOIsjdLbEyjddwvejterndzdnd cdzzBtsCdnrn G
Z mls O fazis dz
O)fm keojdzdydddj dd 6 d&zkzs ddz dL zyj dedets fyls d B t
Mo jnJets tdzd o d dzO;
B ) o GGdzzetsCdr cettedL tdzls On BIsd3j yJ dzr L J tcdzO
CO2 BOR;
o) WHicO Qolstsdzdlstso o 9 J ton dzd ~ Ctcd L sdzls On
ZOdzdydjdzs L jepPdz BizBefifodjd3 L jtoj dz ¢ tcOdzO
tclzHdzr = d3d dzj e Odzis 9 ;
G) ) cdzzBtsC dn CstedL B5dzlsOn stclzB ¢ Btsdzj j
Qo lstsdzd IsT ;
H) BjLMsOLdM CddB jtedzd Istso cdzzBtsC dn G St
9jtrnddnr BBdZJJ MJtelJdalsddedL dfteds o Ortzded w3j Mip fi
COteBtsdzOlsdetse s dzd dzgj e OdzO, BBdz' h dd3 € sdzd y4 Mlse
sO0Cddz tsBtOL 503, CddB jtodzd st cdzEBtsCdnm Efs
GdHEBIs ] tcd3Odz! dats dzlz otsLH]j2Mlse ¢t , ts Ud a3
COteBtsdzOIsdL Oydd . Clsts ftsHIso j toy Wy Jsin S Hs@ dzdz’
OdzOdzdL © d dzOBdz8 Hjdzedw © M dzdW OR . B 1 Istsd
tcjdzdSCIsse Mo jyJjcet tsdzde ddzO. ]l sdzlzyd dedz §  H
ModHjlIlsjdz Mlsekzs Is, ybsts m kojdzduyjddj &3 ¢ dzkzs
Sof o tMmdztso dats?2 B3O MM J¢,ts ovsldcts| IsH O visls o tisfin ddgisay @izt
MH j o)y OdzgdwY OdzdzOL s M ez ddzes? BlstcOB IsC d

[RYUTT O JARY[ESR[ [uwf a1 {HBUR
SRIJ[rt1JRUJIJTUIULVISRIIR[[BLOC
RdzH d C Olststedz j 3d dzj tc O dzr (R[ s) 9 C
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SBddzj 2 dzOwW ftcj HiNlsOo dzj dz ClcOZOIsOiRdW), ( M
fCtesddz a3 dedilstsdz ( ~0, 001 %) , ~n o3 § d d
Chzddtsf JtesC mjdzr ofmlstej yos lsmw tjHEB. |
mizh j Mlse j dzdzs tslsdzd yO#¥ Ismw sls WWHEBSAR 0O
ftcj sSBdZOHOjIs ddz &3 dzedls, d ¢2~ Odz[ 3, 8] .

Top.(+440) = (1 S30)

;( 440) = (1 530) 1p FO0Ge mni(\H n-25)

1p OGcHman (11K, ¢ 0%_

Manuuonsit

Jwnonmn
Oparcacnsait
* Pooonsdt

{ dfutBslsdsyjodgdsjiso ' 7 OL dzso JHdzsMisj 2 CeOdzO 5o
CstedLsdlsse ek Sd 5B ddzj 2 dzOW .

L 160dOkE] 5B &ZOH O Is  dzOH 51 is-1 fizkz Kztizd3€ O digg
MlsOo dzj dz"@ dgj MSCtsdzr Sdd3d Yo jIstser &3 to
rhosls 5 b3 o § sy jie] mEaSdetsn i ddf “degch
9 oW diesotsd CddBjtedzdlsjy d Obs

Yydlsjdzt &z (tedfy. 6, 7). 1 tdzkzyj deds
jtedzd st K OLOSCISjtedL Blsfr]W dzj M sd St

tlfzstdbisafIZJSJBdmm&xdddoudﬁ sdzd uj Mlse © cto
to

wwanoOT
&

ﬂﬂg._dqu:h
~ Q. r~ Q—.Q-. OO

dz' IsQlsT dfmMmdzj Hise Odad W B dzj O dzts G C
“dlsses Isteks Bddzj 2 dzOY  tcOffyds
sdzH 59 tsSG S GdzOdchL(D CtcOdzOIstso d dz' d3j
Wj dzdz’ & ] L ket BRBls®o Ml O zBe € d ¢
2dz0v  OdzOdzse d ydz" &3d H Odzdz’ 3  f t
Bsdstedtcso Odzgs dzO@ twdm. 8, 9.

FW oo 000 FEF
Foagsfag " GG~~~
IQNG @~

E=S qu& N
Q. Q—.

|n]\|-]$ﬂ)—¢-h(v1!v
i, 0% 1p MO0 acitaax (TTIK, n=30) rop.(-280) — (-660)
15% . ’ 96 0% p JOGeinag (n=28, AKb)
\ . /

Masueonsit
# Jhwmossiit
2 Opaurokensiil
& Poosomaii

Jamem

Keamariom

tdmet@slsdatsh jdadj Yo jlstsar o twOLdsoadHdtsMIsj 2 EtC
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cstcdL sdzlstseo IstezBCd SBddzd 2 dzOW .
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Htsfls OPdzCdsfsy S qddse j edzdlstse stk Sd 5B(C

hJuestts o90t! qkzjls dz20 o jtwrndzds d dzd y dac
ftcj sB dzOH OB Is Gt OdzOIs T dzj t& ySsaid,Isfipte jsHs ds
ftcj 5B dZOHOE Is L j tcdzfD:td)s IS HHiBe N80 de@ iz %.r 1 5
ry. [ semMsdd d 1. gilsjWjdzm©O [ 6] fMtej H d
f Jtotsy (ctczdf f © G9) dZ3Odzs € Odz' ydjoergj -
Csdzdyj Msots MsMlsQodzv jIs Bsdz] | 20% ¢CO¢
cetedLsdsOR. [Stds 15% mMimlsOddghkislsdis!
) MtsH j teTOdzdsjdg j 0, 6 BOM. ¥%. QtdoyBdzGdss d Is |
f OtcOC j dzgj L MO MsMisOodvs ks sSCtsds 15% d
d3d dzd J 15 %. [ tsdzw G tc O dp@edspe Iz © dzdgzB 15 dzts 2

MsMmlsOo dzw j Is s ¢ s dzts 10%, LyltlsddsRtcOn@f
1.J.Htsstsdzcja [ 4] . wdzjHEZjl tldkjkdlk! ko,

G1 0 f s OfmMmd¥ S Oydd [6]. uMmlsOdase dzj o
stclzB ¢ d fr]tSH tsqusfnw ZO0 6% BtSdz' hj i dts
4g¢seqbsar" f Ot @ts p dzj dzbmacdHiz kMO ¢
OffsydOydd | Sdscdlssocets § OwOC jdajL dMmoO,

13).

: mn-ump.,.'olo:cfn N0 l‘;u«?, '&ﬁ i) (O .7 napfoone.a(armnm
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t df.s sldf.dzj S dzr | HJOCtORBB MsMisOo O ddz' d3j
stezBCd bSBddzj 2 d2OW .
1 S tetsd dz. agflzdzqizls dzd Is o CddiB J tcdzd Is O Istclz B ¢
stizcmMdlsj dz' des t6J HE 5. i SL+d3y, 1 dadz) te jf dg | dsdz'da®
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1+0, 5 d3ds. l1 toj 5B dzOH O8 h j 2 BsteW sdzsedyj Me 2
IzGdztsms@IE;izGdzfcj L § t6edzO, BJL Cted Mls Odzdzs G s OW ¢
J HJdzd ydz' ~ Jd 6d dz OfI]ISTBJl{(DJISfr]W doadz! o3j dzd s OG t
mddsd ud ms d2 frJBfnlS qdz' &3 dzdls©O L & ddB3Bj tedzd |
11). Rz BBjdedls fJ tsats? ctozffr R Otc®gdjtodL 2z
dCr,0;, o ISicdedsi?2C d d3d MtsH jtoy OdedWw s ~tesdBBO d s
1 OdB tsdzj J hdosC s tc OMm Y te tshijdsrtcjOfoz]] ‘it 5 d dry tedg jH Az
fsHj toy @30 MY -5l BTHOsWtedm. 10, 11). wkh,
tcOL dzdyd?2 o MmMtsmMlsOej ddz' d&3j dedlstse tcOL dzd ydz
dZz0 tBidn Ftctso dzgVv n 9" HJ dzWw & Isw HO J Gtolzq
BOMd &3z z3G23d0 1¢ 5 ~ 4Cr,0e30 iy Bots , 9 J totsW Is dats, fn
CMmJ desG j dzdzsdzz dadz! o3 dzd sz d ddz' a3 dzd Is O d34|_

Mmics a3 ff d dzj dfdeHs'S 5 o OMYf totsfyls tc Odzj dz' o Cd
SBddzj 2 dzOVv . t OL d52 80, B " Bgzdz) datbd B dZOH-O8 Is L
1+0, 5 d3cs. Mmtetsdzh §f d dzj dzd H ' Is tc Iz BIE 5B tc ChL QERC
BsteWtsdzsedj?2 M Htoj sBdzOHOdzedj d3sCIsOL Hied yj M
ntesh f ddzj zdHtse o Ot! qelzjls © hdesSdrn ftojH
tcOL destsBtceOL ] MsmMisOeatte h{fddzgj dzdHtse dzOB dz¥ H
9 J tern dzd n cstcdL tsdzlsse, dztg)sts s yO@ndyj Ismy j tot
Cedzdyj Msosdd OdzOdzd L 59 . l drLikyjdzdz" = 9" BBt©
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fesyj Mintse fMzerHESydd (- dfVC Qeuscflsly! d3§ iz
CtedmMlsOdzdzdL Oydd BOdzElsd2dzr = o' f d&zOo ts€
otsLH]j2Misoadj sy K igtod dy CyQidgsedpsEsz s G S |
A 53O dz' y J joFOEdsE)?2 desec s BBy IsOMBs RO L O (
stokzB ¢ d 1 0¢ " dz € s@ s i s dzw dzd ¢ Odzr dgr
st j dzgdetsMlswdz CddsB jtcdzdlstse d d3Odzlsd 2 c
Hteczedrmr bttt (SCEZLMEB2 ¢ Zz30L dzts M dzk
CdiBB jtedzdIssoar n btkzBtsS [ dtO.

Unique mineralogical features of a mantle substrate of the
Nakynsky kimberlite field (Yakutiya)

Sablukov S.M, Sablukova L.t, Stegnitsky Yu.B.

1000 | NPK ¢RUSGEOe, Moscow, Russi a
NI GP AK ¢ALROSAé (PAO), Mirny

Abstract. Detailed study of kimberlites and mantle xenolites from
Nurbinskaya, Botuobinskaya and Mayskaya pipes of the Nakynsky field
had shown their unusual interesting and important mineralogical
features, which point to reduced character of astenosphetiemct to a
mantle substrate of the region (titapimop), subduction processes
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development (pycroilmenite, chrorsenphacite) and mantle melts
crystallization (chromdyopside), and ¢
(chromecalcium and titarchromecalciun) mantle metosomatism

processes (green garnet). Pipes of the Narykinsky field are unique in
mineralogical features of kimberlites and mantle xenolites whether

among other pipes of the Yakutsk diaméyehring province or among

kimberlite pipes from all ovethe world.
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