TTPOUCXOXKOEHWNE LLENOYHDBIX TTOPOL
PNUETOBbIX 30H KOHTUHEHTOB

CuctemaTtuKa WenoYHLIX NopoAa
MMnoTesbr 06pasoBaHUA LWENOYHBIX MArm
YnbTpakanuesbie NOpPOALI — NAMMNPOUTLI

AHOMANbHAA MAHTUA U MGHTUUHBIU MEeTACOMATU3M
BnuaHue CO,. KapboHaTtuTer.
TTonureHeTuyeckoe npoucxoxaeHwe POHONUTOB




CTTELWMENKA LWENOYHBIX TTOPO

1. lWlenoyHere nopoast coaepxat 6onbwe Na,O+K,O, yuem moxet
BOWTU B MOJSIeBbIe WNAThl. 3TOT U3BLITOK LenoYen pacxoayetcs
Ha obpasosaHue penbalwnaTtounaos, Na-nUpoKCceHoB U LeNOYHbIX
ampmbonos.

2. OTHocuTenbHbIN U3bbIiTok Na,O+K,O npusoauTt k aepuumty SiO..
DTO BbIPAXAETCA B TOM, YTO LeNOYHbIE NOPOAbI CTAHOBSTCS

"KpUTUYECKU HepoChIleHbI" B OTHOWeHUU KpemHesema. B pesynbTaTe
NpY NETPOXUMUYECKUX NepecyeTax NosBnaroTCS HegenuH, akMUT, B
CUNbHO KANMeBbIX pa3HOCTAX - NeULUT.

3. [empuumt nonesoWwnNaToBbIX KOMMOHEHTOB MOXeT NpoaBMATbLCS
U B HeAOCHILWEHHOCTU No OTHOWeHUro K Al,O3, x0Ta Takme
LLileNOYHbIe NOPOALI MOTYT COAepXaTb AOCTATOUHO SiO, , YTObbI
MO 3TOMY KPUTEPUO OTHOCUTLCA K "HACBIWEeHHEIM" U aaxe
“NepechbIleHHbIM",




BAXXHEWLWWME TUTTLI WWENOYHLIX BYNKAHUTOB

BA3AHAT:
TESPUT:
HEZENUHAT :
NEVLNTUT:
MEJTUTTIUTUT .
LUOWOHAT :
FOHONANT:
KOMEHOUT :
TTAHTENNEPUT :

1.
2.
3.
4.
5.
6.
7.
8.
9.

Ne-coaepxawmm 6asanst (MHoraa nemumt + Ol)
6e30nmBUHOBLIV 6a3aHUT

napareHesuc Ne + Cpx + Ol

napareHesuc Lc¢ + Cpx = Ol

napareHesuc menunut + Cpx + Ol

BbICOKO-K 6a3anbT, BKNFoYarowmm K-wnar + Lc
napareHesuc LWeloYHoro noseeoro wnata + Ne
wenouvHou puonut, (Na,0+K,0)/Al203 > 1
wenoyvHou puonut, (Na,0+K,0)/Al203 = 1.6-1.8

10. NAMTIPOMT:
11. NAMTIPOZWHP:

BbICOKO-K 1 ynbTpakanuessie nopoas, boratbie

neTyuYmmm, cogepxat gnoronut, buotut + Ol + Px




NAMTTIPOUTBI NN NTAMTTIPOZMNPLL

JIAMIMPOUT (aHrn. lamproite) -
obllee Ha3zBaHWe Ans rpynnbl 6orarbix
JIEULLIUTOM U CAHUAUNHOM
BYJIKAHMYECKuUx nopoa. TepMnH BBeaeH
M.Hurrnn B 1923 r.

ANMa30oHOCHbIN JIAaMMNPOMUT BrepBble
OTKpbIT B ABCTpanuu B 1976 roay.

JIAMIMPO®UPDI (o1 rpeu. lampros — 6necrawmu,

lamprophyres) — oco6as runa6buccasbHbIX MNOJSIHO-
KPUCTa/ZIMYECKUX Nopop Y/IbTPAOCHOBHOIO, OCHOBHOIO U
cpeaHero cocrtaBa, 06bI4HO NOPhUPOBONA TEKCTYPbI.

TepmuH BBegeH MNombenem (Cumbel, 1879) ans 6oratbix CHO404 U
Bc/eacTBme 3Toro baectswmx noposg m3 gaexk FepmaHuu.

Copep>xat He MeHee 30% >kene3oMarHe3smasibHbiX
CWINKATOB, CpeAMn KOTOPbIX rnaBHble — 6MoTuT

(dpnoronut) n/mnmn amdunbon, sropocrenenrsie — Cpx, O,
menunut. K rmnaBHbiM MMHEpasiaM OTHOCSATCSH TakK)xe nabpapgop,
KanuneBbi onuroknas, K-Na aHoptoknas, penbawinaronabl
(HedbenuH, nevyunT, aHanbUUM). AKLLECCOPUMN — MArHeTUT, anarTur,
LLMPKOH.




TTaTb rNagHLIX BYNKAHUYECKUX Cepum
ropaymux Touek

1. Toneumosas:
om 6a3anbmos 00 gheppodayumos

2. Hampueeas cybujenoyHasi:
2asatum — myoxuepum — beHmopeum

3. Kanueeas cybuwienoyHas:
basanbm — mpaxumogas

4. bazaHum — meghpum - poHONIUMOBASA

5. HegpenuHum - ¢poHonumoesas
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TTMKPUTbLI
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YnbTpa- 4f50CHOBHbIe CpeaHue Kucnere

OCHOBHbIE
wt% SiO,




FTMTTOTE3bI OBPA3OBAHMS CEPUM LWENOYHLIX TTOPOA

> KoHTamuHauma ussecTtHakoB (0AHA U3 NMepBbIX UAeik)

Ncx. Marma (Q-Hopm) + CaCO; — Wen. Marma (Ne-Hopm) +
CaMgSi,06 + CO,T

> FPAKUMOHHAA KpUCTANNU3aUUa CcyblienouHbIX Marm

Ol-6a3anbt (Mnu aHkapamut) — Maganint - Myaxueput —
beHmopeut — Tpaxut unu doHonut

> TlnasneHue cybuwenoyHerx 6asanbtTos unu amgpubonutTu-
TU3UPOBAHHLIX AHASIOrOB OCHOBAHUA KOPLI

Magaviut (+ H,O n CO,) »> @oHonuT — beHmopeut — Myaxueput

— = == (CTeneHb NNasneHna -— — —>




OBYXCTAOUUNHOE OBPA30OBAHME LLUENOYHLIX CEPUM

1. MaHTUMHOe nnasneHue 1 06pazoBaHUE NepBUYHBIX
LLleNTOYHO-6a3a1bTOBBIX MArM

BHyTpukopoesaa auggepeHuUUauma 3TUx pacnsiasos,
BO3MOXHO PeUMUKUHI - NnaBrieHne paHHUX MpoayKTOB
KpucTannmsaumu.

MAHTUMNHBIU
NCTOYHUK
ocobeHHOo
BAXXeH Ans
BbICOKO-K
MGrM




CocTtasbr BbicOkOo-Mg nopoa ynbTpa-K cepum YraHabr
B CpAaBHEHUU C NIGMMPOUTAMU ABCTpanuUu

KOMMOHeHT

KatyHrur

Magypur

Magypur

Namnpourt

Namnpourt

KOMMNOHeHT

Byn. none
BbupyHra

Byn. none Topo-AHkone

BocTouyHas
3ambus

ABCTpanus
(105)

TiO,
FeO

35.00
4.84
7.69
1117
0.26

12.37
16.02
1.33
3.54
0.97

37.95
4.56
7.98
10.27
0.22

14.27
12.31
0.95
6.33
0.75

39.06
4.36
8.18
9.13
0.26

17.66

10.40
0.18
6.98
0.61

42.31
3.75
3.92
8.27

24 .42
5.00
0.50

4.01
1.59
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Figure 1: Cratonic Setting of Zambia
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Diamondiferous lamproites of the Luangwa Rift in central Africa and links
to remobilized cratonic lithosphere
Ntando S. Ngwenya, Sebastian Tappe

ofiving phenocrysts n fype kamafugites & aillikites

Clivine in Kapamba lamproites
B magmatic (phenocrysts & ovengrowths)

e Bl mantie enocrysts (perdobite-denved)

E Major Shear Zones * Lamproite Pipes

(=

shallow’ refraciony
cratanic pesidaties
o

Fig. 6. {A-B) Major and minor element composttions
of olivine In the Kapamba lamproites. (A) The dis-
tribution of olivine forsterite contents (in mol%) in
magmathe lamprodtes from Pipe-6 and Pipe-10a dis-
played as a histogram. Magmatic olivine comprises
microphencerysts and overgrowths on ollvine xen-
magmatic: Pipe-6 @ Pips-10a @ oerysts ranging in composition from Foggs sod-
Olivine rims typleally have < Fogs (red dashed line).
Hesorbed peridotite-derived olivine xenocrysts have
Fowmggu 4, which is only slightly less magnesian than
oliving from shallow refractory peridotites that are
common building blocks of Archean eratonic mantle
lithosphere. The green bar depicts olivine forsterite
averages for cratons worldwide ranging between
Fowadgss (hased on the compiladon in Bernsen
el gl 2007) (B) The Cald (wi%) veras forsterite
contents (mol¥) of olivine crystals in lamprodtes from
Eapamba Pipe-b and Pipe-10a. The strongly elevated
Cal) contents of the magmatic olivine rims are anyp-
leal for carbonate-free lamproltes, but are commaonly
i observed in primary carbonate-bearing kamafugites
87 a0 and aillikites (Tappe et ol | 3006, 2003). (For inter-
pretation of the references to colour in this figure
Forsterite content (mal %) legend, the reader iz referred to the web version of
this article.)

Forsterite content {mal.%)

Olivine in Kapamba lamproites

mantie xenocrysts: Bipe-6:  Pipe-1060

Ca0 (wt.%)
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Namnpoutsr U kumbepnuter Boct. 3ambum

Temperature (°C)
800 1000 1200 1400

»150 km

>180 ki
=200 K

= |rumide
metacraton’

LARB @ 220 ha?

Olivine xenocrysts, Kapantha Ppe-6
- quEDﬁEU anio geatams

36 - 30 - 41 - 42 MM {}

40 iy ’

(B} Aluminum-in-olivine temperaieres for Xenocrysis
from magmatic lamproltes of Pipe-6. Based on their
irace element systematics (eg., AlY) the olivine
xenocrysts are mainly derived from garmer-hearing
manile peridotdte and the estimated equilibration
[emperaiures are iteratively projected onto warlous
geotherms for continental lthosphere. The intersec-
tion bepween typical cratonke geotherms (38—42 mW/
m} and the 1300=C mantle adiabar places approxi-
mately 90 o 15km of the lower lithoephere into the
diamond stability field (Le., the dismond window).
Our preferred geotherm solutions between 40 and
42 mW/m* suggest that the lithosphere-
asthenosphere boundary beneath the Irumide ‘meta-
craton’ was located ai approximately 200 to 180 km
depthe ar 220 Ma (e, a diamond window of 50 1o
15km). Mote that geotherms warmer than 42 mW/
m*, such as typically encountered in cratonic rifis
{1 g1 @l 206 Tappe et al, 2007), do mot sup-
part dnmnm:l—suh]e :.umlmcum within the continen-
tal lithosphere of south-central Africa. The 42mWw/
m* peotherm thus provides the upper limit of the
regional hear flow during the Mesozoic given the
diamondiferous nature of the Eapamba lamprodtes in
the Loangwa HRifi. Geotherms and spinel-garnet
transithon are after Ha I i i (2
The graphite-diamond ransitlon is after Doy (2012
The Al-in-olivine temperatures are calenlated using
the calibration of Busw




NAMTTPOUTDBL: muHepanorua u xumudeckue ocobeHHocTU

NamnpouTter - cemencTBO ynbTpa-
KaNUeBbIX  BYJIKAHUYECKUX U
rMnabuccanbHBIX NOpOA, KOTOpbIe
XApaKTepU3yrHoTCa  MAKCUMASIbHO
BLICOKOMU CTeneHblo oboralueHus
HeCOBMEeCTUMBIMU 3r1IeMeHTaMU:

Ba > 5000, La > 200 ppm, Zr > 500
K,O/Na,O > 5
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3T NOPOALI HUKOTAA He coaepXaT
MNOneBbIX LWMNATOB - O6bIYHbLIU
Habop peHOKpUCTaNos:

| Ol + gnoronut + neAuuT +

PRI IRl Ti-K-amqpubon (puxteput) = Cpx
Ce Nd Sm Gd Dy Er Hb




NAMTTPOUTDBL: copepxaHua MUKPOINEeMeHTOB U
CpaBHeHUe C COCTABAMMU LienoYHbIX 6a3anbTos

1047
o

103

NAMTTPOUT

LLEENOYHOMW BA3ANbT
FfaBanckux o-soB

RbBaThU NbTalLaCe SrNd SmZrEuTi TbY Yb Lu




MAHTUNHBIN METACOMATU3IM N AHOMANBHAS MAHTHSA

MeTacoMaTusMpoBaHHass MaHTUSA -
aHoMasibHo oboralyeHHassi HeECoOBMEeCTUMbIMU
3J/IEMEHTaMN B pe3yJ/ibTaTte MHOUIbTPaLMOHHOI O
rnpocavymBaHu1si pacriJiaBoB HU3KNX CTENEHEU
r11aBJ/iIeHNS U/NJin 1oL Bo34ENCTBUEM MAHTUMHbIX
d/1ronAHbIX NMOTOKOB

fiBNneHne MetacoMaTtuiMa
Bcer/a obycsioB/IEHO HAJIMYNEM [10ABUXXHOIO U
XUMNYECKN aKTUBHOIO areHta (pacriziaBa wsimn
¢dsironaa), KOTopbin MMEET BO3MOXXHOCTb
rnepemeLarbcs B ripegesiax rnpuMmTuBHOMN
MaHTUN n BCTYraTb B peakLmnn co c/iararoujmmm
ee MUHepasiamu.




NpuaHakn npeobpa3oBaHnA MAHTUMHOIO BellecTBa
noa sBo3agencremem paronaHbIX NOTOKOB

1. Haxoaxu KCceHONUTOB C BLICOKUM COAEPX)aHUEM
cnkoA, pOCPAToB U MUHEpasos TUTAHA.
TTpucytcteue Al-Fe-Ti knuHonupokceHa.

3TU MeTacoMaTUsUpOBAHHbIE MOPOALI MOXHO
XAPAKTEepU30BATb KaK:

sepnutskl (Ol+Cpx, Ol> 40%),
onusuHoBbIe KnuHonupokceHuter (Ol+Cpx, Ok 40%),
unu nupokceHuTer (Opx+Cpx+0Ol, Ok 40%),




NAMTIPOUTBL: npoAyKTEI GHOMANBHOU MAHTUU |?

CteneHb oboraleHusa Bbicoko-K namnpoutos oTHocutenbHo
MAHTUUHBIX NepUuaoTUTOB

dnNemeHT

KceHoONUTbI

Sp-Tlep

MET

NAMnpourt

CteneHb oborauieHus

NAM/Sp-TTep

NAM/MET

Rb
Ba
Nb
K
La
Ce
Sr
Ti

1.9
33
4.8
8300

2.6
6.3
49
540

47
1442
60
16683

0]

457
10607
147
79680
348
629
1296
37740

241
321
31
10

9.7
7.4
2.5
4.8
7.9
1.7
2.4




NMpuaHaku npeobpazoBaHUss MAHTUUHOIO BellecTBa
noa sosaencremem hbaronaHbIX NOTOKOB

1. Haxoaku kceHONUTOB.

. OborauieHue mex3epHOBOro NpoOCTpPAHCTBA
HoAyneu peiKo3eMesIbHbIMU 3N1eMeHTaMM.

. O6HapyxeHue PNFOUAHLIX BKIFOYEHUU,

3aNOJSIHeHHbIX BbICOKOMNSIOTHOW ABYOKUCHHO
yrnepoaa (CO,).

Tpucyrcteue CO, B MAHTUUHOM  UCTOYHUKE -
BaAXHeUWUU pakTtop obpasoBaHUa U  3BONOLUMU
wenoYHbrx marm i




KAPBOHATUTBL: MuHepanbHLIA COCTAB U accoLmauUUu

KapboHaTtut - marmaTtuyeckas
nopoaa, coaepxawas > 50%
| e _ kapboHara.

Ca =

vese (8 ? A O6bIYHO 3TO KANbLUUT, HO MOXeT
Tl 6bITb ONOMUT UIU CyLyecTBEHHO
coaa (Bnk. OnaouHbo-JleHrau B

TaH3aHUW).

YacTo B accoumaumum c Cpx,
e OYHBIM amepubonom, Mt
buoTuUTOM.

O6b14HO KAPb6OHATUTBLI ACCOUMU-
upyrot ¢ Na-LwenoyHbImm

cepuamu, BKNHOYAsS NOPOALI OT
HeeIMHUTOB A0 (POHOSUTOB.

B mupe ussectHo 6onee 330 npossneHun
Kap6OHATUTOBLIX N1AB.

Obwasa nnowaab He sbIiwe 100 km?.




KAPBOHATUTDBL: Kak NpOAYKT HEeCMeCumocTu

Kap6OHATHO - CUNUKATHLIX CUCTEM

Kap6oHaTHas i

Projected .
] XNAKOCTb :

from CO,
Miscibility .~

CMJ‘IMKGTHGSI
)KM/J.KOCTb >

ALO, + SiO,

®asosoe paccnoeHue 8 cucteme Na,0-CaO -

Si0,-Al,0,-CO, TTpoekuus us sepwmHsr CO,

Ana CO,-HACbIWEHHLIX YCI0BUM.

Kap6oHaTtuTter Boct. Agppuku

Oxkcup

TaH3aHUusa

YraHaa

SiO,
TiO,

Al, O,
10,

0.16
0.02
0.0
0.25
0.38
0.38
14.02
37.22
8.38
0.85
0.56
31.55
3.72

13.53
1.94
2.40
11.66
0.45
8.45

35.33
0.87
0.07
3.27
5.83

11.64
0.28




KAPBOHATUTDLL: HoBbIe AaHHble U 0606LeHUus
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The Origin of Carbonatites—Combining the Rock Record
with Available Experimental Constraints

MAY W, SCHMIDT?+, ANDREA GIULIANIY and STEFANO POLI?

a) Plutonics g b) Volcanics, kimberlites, lamprophyres
® with alkaline magmas (n=1058) il b o with alkaline magmas (n=131) g’
® no known associated (n=158) iy & no known associated (n=7) -
silicate magma silicate magma
® with lamprophyres (n=48]
@ with kimberlites (n=45)




KAPBOHATWUTBL: ctabunbHocTb kapboHaTos

0.5 GPa, b b F. 1 ‘I— L i?ﬁ-!-lf].l-;;\'.i.1rﬁ.4.uk I A
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{(Franzolin, 2011)
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Fig. 2. Stable carbonate mineral compositions (in color) calculated at 0.5 GFa ust J\g L*'uz carbonate solid solution model of Franzolin et al. (2011) and

PerPlex (Connolly, _JL'IJ} Grey dots are carbonatite bulk compositions plotted as in Fig. 1. Note that in the {Ca,Mg Fe)COs ternary, ankerite and siderite

both redox-disproportionate at =620°C to graphite + magnetite even at the lowest oxygen fugacity of carbonate stahility (graphite saturation). The |
colored fields also correspond to possible mono-mineralic carbonatites. According to the mineral stabilities, we use “calcic’ for carbonatitic melts that Pacqu bI n pM 5 K6ap :
ct';s:a]l"zc calcite first (approximated by Xe,' = 0.66 and Xp." = 0.15), "delomitic’ for those who could crystallize dolormite first {0.66 = Xq,' > 0.40 and

Xpe'=0.15), and “ferro-" for those which would contain substantial amounts of siderite, ankerite or Fe-mxides (¥g,' = 0.15). The ternary dolomite-calcite

minirum is only known at 3.5 GPa, yet, in the binary (Ca,Mg)COa the minimum is almest invariant in composition from 0.2 to 5.0 GPa.

Fig. 3. Calcite-dolomite solvus at 0.5 GPa (calculated based on Franzolin et al, 2011), contoured for Xy, and compared to mineral compositions in
magmatic carbonatite occurrences that have calcitess + dolomnitess (from georoc). Mineral compositional ranges for each occwrrence are plotted at
the temnperature where they touch the solvus of the corresponding Xy,,. These values indicate minimum crystallization temperatures, which may
represent magmatic crystallization or subsolidus re-equilibration if truly coexisting. Remarkably, only 8 of the 33 eccurrences with both caleite and
dolomite compositions yield temperatures higher than 750°C. The delomite-magnesite is almost invariable with Xug, and graphically well represented
by a single limit, yet, at Xy, = 0.70 redox disproportionation terminates this solvus at <930°C.




KAPBOHATWUTDBL: 3kcnepumeHTLI no
nnasneHuo kKapboHaTU3UPOBAHHBLIX NepUAOTUTOB

a
pipirimema! melts < 7 GPa A PAT experimental melts < 1.7 GPa nﬂaBﬂ eH M e

v W
A i Haivg: immiscible with silicate melt
peridotite equilibrated :

& manthe-like eé Ak‘ with < 20 wit% Na:O+K:0 HO‘-II/IHC(eTCSI C
g::;:f;;i;m ‘AA T e R o35 e 06pa3oBaHUs
M " 10NOMUTOBBIX"

pacnJjiasos
(<15°/o S|Oz)

natural carbonatites
@ with alkaline silicate melts .o ]
X

® carbonatites only

FeCO, MgCQ,

Fig. 9. Expe-t‘m-'—rta] melt and natural carbonatite rock compositions projected into the CaO-Mg0-Fe( temary (Supplementary Materials,

Tables 52, 55, 56). (a) Experimental melts from carbonated peridotites [*ul symbaols) and from multiple saturation of carbonated melts with

olivine + opx - r:px + spinel/garmet (open symbols) are all dolomitic. (b) Experimental melts imrmiscible with silicate melts that have <20 wt %
MazO+Kz0 [see text), {c) Magmatic carbonatite rocks fm-m ]*e : e database. (d) Liquidus diagram of the Ca-hg-Fe—carbonate ternary at 3.5 GPa
after Franzolin (2010} with the Fe-Mg-side modified after et al (2016). Dots (color coded for termperature) are the expenmental data. Lower

pressure liguidus surfaces are unknown, yet, the minimum on the Ca-Mg join is almost invariant in composition with pressure (Zhao et al,, 2022,
see Fig. 5).




KAPBOHATUTLI: kapboHATHO-CUNUKATHAS HECMECUMOCTb
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EXPERIMENTAL CARBONATITIC MELTS
PRODUCED BY IMMISCIBILITY

The previous two sections demonstrate that carbonatiic melts
generated in the upper mantle are unlikely to rise further than
to 60 km depth and, even if they would reach the crust, would
be dolomitic and crystallize periclase and calcite at crustal condi-
tions. Further, there is no unanimous evidence for mantle-derved
x¥enoliths or xenocrysts in carbonatites but only in assocated
silicate rocks. In the following, we evaluate the expenimental and
natural evidence for an origin of carbonatites by immiscibility
with silicate melts.

Conditions of silicate-carbonatite liquid
immiscibility and the extent and shape of the
miscibility gap

Expenments on close-to-natural melt compositions that obtained
silicate—carbonatite liquid immiscibility are all on alkaline melts
and range from 0.01 to 3.2 GPa and 700°C to 1260°C (larger
datasets from Freestone & Hamilton, 1930; Kjarsgaard, 1998;
Martin et al., 2013; Nabyl et al, 2020; Weidendorfer & Asimaov, 2022,
complete data in Supplementary Materials, Table 5g). Although

Fig. 12. Silicate—carbonatite liquid immiscibility presented in the
Hamilinn diagram (after Kjarsgaard, 199E). (a) Conjugate pairs involving
silicate relts with <3.8 wt % MgO, all tie-lines radiate from an area
centered at = 15 wt % Naz0+ K20 and 75 wi % 5i02 + AlaOs + Tita. (b)
Conjugate pairs involving silicate melts with =3.8 wt % MgO have a
smaller immiscibility field (the thinner line is the boundary from (a)),
and for a given bulk alkali content, te lines much steeper than in (a). [n
the range 3.7 to 4.0 wt % Mgosiicate melt thare jg 1 melt pair with a steep
and 2 melt pairs with a comparatively flat tie line on the other side of
the (statistically chosen) 3.8 wt % MgO divide. This boundary is not
sharp, as the compositional space is much more complex than the three
condensed components shown here. [n particular, the Hamilton
diagram condensates Ca0 + Mg0 + Fe( into one component and hence
does not differentiate between magnesian and calcic stlicate melts or
calcic and dolomitic carbonatitic melts. The carbonatitic melts
unmixing from high-Mg silicate melts are mostly dolomitic, while those
unmixing from low-bg silicate melts are almost exclusively calcic

(Fig. Sb). In grey fields of possible melt compositions.
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Fig. 13. Total alkali vs 5102 diagram (TAS). (a) Experimental silicate melt compositions conjugate to carbonatitic melts at =1.7 GPa define a minimum
alkali limir for liquid immiscibility (black line). Matural eceanic island magma compositions that could develop imrmiscibility can be divided into
melilitites+nephelinites (disgonal crosses) and phonolites (vertical crosses) and result from two distinet differentiation pathways (panel b). Only ocean
island melilitites + nephelinites with =& wt % Na;0+ KO and ocean island phonolites with alkali contents above the differentiation path to the
alkali-feldspar thermal divide are plotted. (b) Differentiation pathways. The melilititic, alkaline-undersaturated, and mildly alkaline pathways cover
the range of melt evolution ohservied in 15 oceanic hotspots (Schrmidt & Weidendorfer, 2018). Magmas that reach the alkali-feldspar thermal divide
with alkali contents higher than =11 to 12 wt % svolve to the phonolite minimum and may reach immiscibility (see the Marquesas data points), while
those with lesser alkali contents evolve to the granite minimum (see the Ascension compositions). The melilititic differentiation pathway reguires a
low-5i0; parent from which olivine (+cpx + oxides) crystallization leads to enrichment of alkalis at decreasing or constant 5i0;. Primitive OIBs are
averages of 13 oceanic hotspots in (2) and the 95% field of individual analyses in (b) (from Schmidt & Weidendorfer, 2018). Calc-alkaline and tholeiitic
}. The MORE field is the 95% percentile of MORE glasses with X = 0.65 (data from Gale et al,
2013). Melilitites from precompiled georoc data file, downloaded Dec 2023, Per conventior, all melts in the TAS are plotted on a volatile-free basis.
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KAPBOHATUTDBL: nyTu

AnpgepeHLuaLum,

npueojduipe K HeCMecumMoCcTu

Two principally different differentiation paths may lead to
liguid immiscibility. To illustrate these paths, we use (subjvolcanic

rock compositions, mostly from ocean island suites, rather than
intrusive (generally cumulative) rocks of alkali complexes, as the

former are closer to true melt compositions.

(i) A melilititic differentiation path (Fig. 13b) starts from highly
Si-undersaturated primitive melilitites or basanites with <42 wt

% 5i0; and maintains low 510; contents through fractionation of
mainly olivine 4 cpx 4+ oxide minerals (FeTi oxides and apatite).

(1) A phonolitic fracthionation path leading to immiscibility is
followed by primitive alkaline OlB-like melts with typically 43
to 46 wt 96 Si0: crystallizing in this sequence olivine, cpx, FeTi-
oxides, and apatite. This differentiation path, llustrated for the
Marquesas in Fig. 13b, points towards the feldspar maximum,
but reaches this thermal divide {at 12-13 wt % Na;0 4+ K;0) at
comparatively higher alkali contents (Schrmdt & Weidendorfer,

2018). Then, fractionation proceeds from the feldspar maximum
to the phonolite mimimum (Schairer, 1950) reaching = 17 wt %
Ma; 0 + K-:0, which 1s more alkali-nich than the 15 to 16 wt %
uired for liguid immiscibility with phonolitic/syenitic melts.




KAPBOHATHUTDBL: cBa3b C UHTPY3UBHBIMU TeNIaMMU

Caldera

from silicate
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NpeanusmpoBaHHLIN paspes
UHTPY3UBHOIO KOMNJeKca,
BKJIFOYaroLWero KapboHATUTHL.

B 3ToM cxeme rnasHoe Teno
Kapb6oHaTUTOB ( )
UHTPYAUPYET KOMMIEKC LeroY-
HbIX MOpPOA.

B nocneayrouiem oHO npopebliga-
eTca nasamm 6onee No3gHUX
Kapb6OHATUTOB.

TTo3aHWe kapboHATUTLI 06LIYHO
oboraleHsbr xene3om u P33,

WHTpy3uBHbIE Tena MhonmuTos,
YpTUTOB U KapboHaTUTOB
OKPYXeHbI apeoslIaMu
peHUTU3IaUUn.




Bo3moxHas 30HaNbHOCTb MeTacomMaTUIUPOBAHHOU MAHTUMU

N.[.Pabumnkos nposen TepmMoOANHAMUYECKUU AGHANU3 YCNOBUM
BbIAeS1IeHUS NeTpPOreHHbIX KOMMOHEHTOB U3 MAHTUUHBIX
PFOUAOB MPU B3AUMOACUCTBUU C MPUMUTUBHBIM BellleCTBOM Ha
PA3NUYHBIX TAY6UHAX U NpuULlen K CneayrolMMm BbIBOAGM:

(1) boraTbie kanuem MUHeparibHbIe Pasbl A0JIKHbI
“cbpacbiBatbca” U3 NHOMAA paHblue - Ha 6onee rny6bUHHLIX
YPOBHAX BepXHen MaHTUU. Toraa kak oboralieHme HaTpuem
AOSIKHO NPOSBNATLCS HA MeHbLUX rybuHax.

3TU cO0bpaxeHUa U OLEHKU fexaT B pycie COBpeMeHbIX
npeACcTaBfeHU 06 OTHOCUTESbHBIX YCITOBUM (POPMUPOBAHUS
UCTOYHUKA CYLLeCTBeHHO HaTpOBLIX (FABAUUTOBLIX) U
yNbTpaKanivesbIX Cepun.

(2) Btopowi pesynbTtat 3TOro aHanM3a Kacaetcs BblaesieHus
FNIMHO3EeMUCTBIX Pa3. B pasHbIX yyacTkax BepXHeu MaHTUU MOTyT
CyLLeCTBOBATb (PNHOUALL, ObOralleHHbIe WenoYaMu OTHOCUTESbHO
Al (T.e. uMeroLMe arNauUTOBLIN CYXOU OCTATOK = HaArOMHUTB),
ApUYem KO3MPPULUEHT arnamTHOCTU PNFOUAOB NOHUXAETCS NpuU
yMeHbLUeHUU AasrieHus.




BHYTPUKOPOBbLIE TTPOLIECCBI N OBPA3SOBAHNE 2OHONNTOB

COCTABBI TTOPOQ1 KEHANACKOITO CBOA

FaeaiintoBas cepus |

ba3zaHuT

Myaxuepur | 2OHOUT

"Tpaxutoeaa” cepus

Tpaxubasansbt

BeHmopeut

TpaxuT

43.90
2.79
14.38
11.80
0.23
6.10
10.48
4.55
1.56
0.54

50.85
1.51
19.69
5.88
0.20
1.96
5.86
6.16
3.69
0.44

HopmatueHbIM

55.22
0.77
21.09
4.01
0.26
0.48
2.21
9.57
4.56
0.06

26.2
5.6

47 .64
3.07
14.20
13.61
0.24
5.41
10.86
2.82
1.23
0.58
coCTaB

59.24
1.31
15.92
6.52
0.20
2.27
477
5.20
4.10
0.28

0.7

63.65
0.94
14.12
7.84
0.27
0.04

1.31
6.34
5.22
0.07

4.4




Tpu rpynnsl pOHONUTOB

(1) TTepeasa rpynna - koraa oTHOCUTENbHO Hebonblme 06bembl
3TUX NOPOA ACCOLMUPYHOT C ONIMBUHOBLIMU bazanbTamwm,
FraBAUUTAMU U MYAXKUEPUTAMMU.

(2) Bropasa rpynna - Koraa pOHONUTLI B BUAE Hebonblumnx Tpybok
U NOTOKOB BCTPEUAOTCS HA PIGHTAX KPYMHBIX
HemeTMHUTOBLIX BYJIKGHOB.

NmeHHO 3Tu qpoHoNUTLL (060UX TUNOB) 06 BACHAIOT
PPAKLIMOHHOU KpUCTasnnmsasLmen LenoyHo-6asanbTosomn unm
HeeIMHUTOBOW MAarmebl.

(3) Tpetbsa rpynna npeacTasngeT OHOMNUTLI MOKPOBHOIO TUNA,
KOTOpbIE OT/INYAHOTCS OFPOMHBIMU 06 bemamu U
KPAaTKOBPEMeHHbIM XapaKTepoM U3NUSHUU Ha (pOHe AO0BOJSIbHO
OAHOPOAHOrO COCTABA U peAKOW accoumaumm ¢ basanbtonaamu.

TTpoucxoxaeHue (OHONUTOB 3-U rPynnbl CBA3bIBAFOT C
NpoLecCamu YacTUYHOrO NABNEHUS NOA KyNOJSbHbIMU
NOAHATUAMU 3€MHOU KOPBI.




EPAKLUMOHHASA KPUCTATNTNTN3ALINS
Kak mexaHusm obpasosaHus
(poHONUTOB




COCTaBLI KOTEKTUYECKUX CTeKON B OMLITAX MsaBneHuro
LLeNOYHLIX NOpoA U HOpMAnbHLIX 6a3sanbTos

Toneutbr n BI'b
HOpMasibHOMU
LeTOYHOCTU

OLIV NEPH

OnbITHI CO WenouHsiImu nopoaamu: @ 1atm @ 8-30 kbap




TTpoeumnposaHue coctasos nNopoa LWenIOMHOU cepum
Bnk. Kapucumbu Ha auarpammy OLIV-CPX-NEPH

AHKGPAMUT —> FABAUUT — MyAXueput — beHmopeut — TpaxXuT

BbIBO/[]bI:

BazaHUTBI U raBaAUUTLI
NpeAcTaBNAFOT  NPOAYKT
Myaxueput (PPAKLIMOHUPOBAHUS

baszaHuTbI AQHKAPAMMUTOBBLIX MArm
FraBanuThI

“KucnotHaa" vactb cepuu
OT  MYAXUepuToB A0
TPAXUTOB  MOXeT  6bITb

AHKApamuT N
P 5 _ CBA3aHA C  WUCTOYHUKOM
/ >8 k6ap NOCPeACTBOM  KpUcTas-

nniaumm MmarHeTumTa.

OLIV




TTpoeuuposaHue cocTasoOB (POHONMUTOB HA AUGTPAMMY
OLIV-CPX-NEPH

Myaxueput

AHKapamuT

ba3zaHUTLI
FfaBanuUTLI

BbIBO/[]bI:

POHONUTBLI MOTYT 6bITD
NPOAYKTOM PPAKLIMOHHOMU
KpUcTannusaumm rasamiu-
TOBbIX U HEPENTUHUTOBLIX
Marm.

POHONUTLI MOryT npea -
CTABNATbL pe3ynbTaT
nsaBfeHUa KOpoBOro
martepuana, Umerowero
COCTAB LWETOYHbIX
6asanbToB.




YACTUYHOE TTNABNEHUE
BASAHNTOB

KaKk meXaHusm obpasosaHus
(POHONUTOB
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