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TTIPONCXOXOEHUE 2332Y3UNBHbLIX WU
UMHTPY3NBHbBIX TPATITIOB

Yaam 1:

Cneuvguka Nopoa 3P@PYy3UBHOU PaLmum Tpannosou
(POpMALIUM: NEeTPOXUMUSA U FeoXuMmudeckme ocobeHHOCTU

TTpobnembr noucka nNepBUYHLIX pacnsaBOB U  OLEHKU
rnybuHsl marmoreHepauuvm

Yaam 2:
OcobeHHOCTU CTPpOeHUa UHTPY3UBHLIX TPAnNnos
nasHbIe MexaHU3MLI (POPMUPOBAHUA AONEPUTOBLIX CUSNOB

TTpumepbl uncneHHOro moaenMposaHusa pacnpeaeneHus
rNABHLIX U MPUMECHBIX 3/1IeMeHTOB MO BepTUKASIbHBIM
paspe3am AONEpUTOBLIX CUNSIOB




TIPEOACTABUTEJIbHBIE COCTABbBLL 2%2Y3NBHbLIX TPATITIOB
OOJIEPUTBLI ®EPPAPA, TACMAHWW N TTAPAHbLI

HAuva6aser Teppapa
(AHTapkTUAQ)

TacmaHcKuia
AonepuTt

BasanbThr TTapaHbr
(Bpasunusa)

KO
P2Os

Mg#

50.40
0.44
15.51
8.72
0.17
10.60
10.87
142
0.37
0.08

0.682

53.75
0.70
14.23
9.62
0.18
6.64
10.60
1.83
0.81
0.18

0.552

53.4
0.6
15.4
9.1
0.10
6.7
11.1
1.7
1.0
0.1

0.568

54.20
1.53
14.74
11.70
0.17
4.54
8.77
2.71
1.41
0.23

0.409

50.82
2.79
14.15
13.49
0.20
481
9.40
2.70
1.21
0.43

0.389

Mg# = MgO/(MgO+FeQ)




CTTELUNEUKA COCTABA 323Y3UBHBLIX TPATITIOB

1. TTopasnarowee 60NbWUHCTBO TPANMNOBLIX SIAB NPeACTABMEHO

6asanbTamu u eppobasanbTamm, KOTOpbIle UMEHOT CIIULLKOM
HU3KUU UHAEKC marHesuanbHoctu Mg# < 0.6, uTobtLI
HaXOAUTbLCA B pABHOBECUU C MAHTUUHBIM 0nMBUHOM Fo > 88. 3T0
SBUIIOCb OCHOBAHUEM AONYCKATb HEMAHTUMHOE UMY MAHTUUHO-

KOpOBOE NpoUcxoxaeHme NCXO0AHbIX MArm.

2. TTepecetiuieHHOCTb NNATob6asanbToB HOPpMATUBHBIM KBApLiem MO

cpaBHeHuro ¢ basanbtamm CAX.
OTHocuTenbHaa oboraweHHocTb Ti, P, Th, a Takxe pagom apyrux

JIUTOPUIIbHBIX 3J1EMEHTOB

3. TlepecebIleHHbIe KBapLem nnatobasanbTbl HepeAKo BCTpevaroTces
COBMECTHO C HeAOChIWEeHHbLIMU Mo SiO, KoMaTUUTamMu U

Kumbepnutamum




PeweHue npobriem Tpannosoro marmartusma
npeAnofiaraeT OTBeThI Ha Creayrolme
BOMPOCHI:

JBONFOUUSA KOHTUHEHTAbHOU MAHTUU
BrnivaHue MaHTUMHOrO MarmaTusmMma

Ponb KOHTamMuHaLUU Kopbl

TTpouecchI KpUCTANIU3ALUUOHHOTO
PPAKLIMOHUPOBAHUS UCXOAHBIX MArM




TTIPOBNHLING KAPPY B NMOBAJIbHOM MACLUTABE
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Fep. 1. A recomstruction E:rru:-dl.ﬁ:.ﬂ after Horpt et al.. 1991; Storey et al.., 1992; Segev, 2(02; Leat et al Zl:l-l}l.‘- Jparrdan et

al., 20607} of Gondwana supercontmend showing the distnbuotion of Mesooie CFBs. In the case of the Karoo LIP, the
extent of relbded mtnesive rocks { found outssde CFH<) is also shoan,




TTpoeuHuua Kappy 8 FOxHou Agpuke: sauser-like intrusions
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Fig. 1. Simplified geological map of the Karoo Basin showing the locations of the studied boreholes. The blue dashed lines mark the boundaries et al. (2008) by forward stepwise-discriminant function analysis; sills

hetween basement terranes or domains. Based on maps by De Wit ef al, (1992), Cole (1998) and Schmitz (2002), and references therein. not included in this study are shown in grey. GVS, Golden Valley Sill;

G5, Glen Sill; HS, Harmony Sill; MS, Morning Sun Sill; LL L1 sll;

GVD, Golden Valley Dyke. The position of the Golden Valley Sill

Complex is indicated in Fig. L. The ¢ 100 km long. up to 30 m wide

Cradock dyke (Marsh & Mndaweni, 1998} is located 70 km west of

the Golden Valley Sill Complex.
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TTIPEOCTABUTENbHLIE COCTABLI TIMKPUTOR U BA3ANTbTOB
TIPOBMHLIMM KAPPY (FOXKHAS ABPUKA)

TTnato
OHTOHr YBa

BynkaHuueckue nopoasr Kappy
TTuKpUTLI Husko-Ti cepua

KO
P2Os

Mg#

48.96
2.74
8.98
12.04
0.13
15.48
8.50

1.62
0.90
0.34

0.696

48.87
0.72
1411
10.19
0.16
15.08
8.89

1.56
0.21
0.09

0.725

50.22
0.97
15.54
9.83
0.17
7.36
10.21
2.06
0.22
0.17

0.572

50.17
1.55
13.54
13.56
0.22
5.28
10.26
2.63
0.28
0.19

0.410

49.25
1.20
14.00
11.42
0.21
7.75
12.35
2.05
0.14
0.06

0.547

Mg# = MgO/(MgO+FeOQ)




KOPPENSALIMN COLOEPXKAHWWM TiO,, K,O N COCTABA ONUBUHA
B TIMKPUTAX KAPPY TTPU 14-16% MgO
(Sweeney et al., 1991)

PasnuyHbIe ToukU 3peHus
obpa3oBaHUa NUKPUTOB
Kappy, cornacHo kotopbim
6110 Nuébo:

[1Ba ncTouYHUKa

[Ba ypoBHS rnybuHbI
MarmareHepaumu Ans
OAHOIrO U TOrO Xe UCXOOHOTO
MAHTUUHOIO BelleCcTBa

[lBa UCTOYHUKG,
UCMBLITABLUMX MSIABIIeHUE Ha
PA3NUYHBIX FybuHax




TTposuHuua Kappy 8 FOxHOU Agpuke
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Enrichment of 180 in the mantle sources of the Antarctic portion of the Karoo
large igneous province
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TTposuHuua Kappy 8 FOxHOU Agpuke
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Fig. 4. Cxypen isoiopic compositions of a) the analyzed Vesifjella olivines and b) eqoilibrium melts shown relative o
olivine Fo content, error bars are 22a {Tahde 1L In 2, 8'50 mnges of olvines from Mwenexzi and Tuli pacntes from
Africa are after Harris & al. {2015; Fo not reported) and the §'™0 mnoges of mantle olivine ane afier Matiey et al {1994;
fall range) ond Eiler {2001 ; average) In b, peridotite wholesrocks are afler Eiler (2001 ) (average + lo) and references
therein. MORH data & based on analyses of MORB ghsses from Pacific, Atlantic, and Indian Oceans (Etler e al..
2000F; Fo content of eguilibriem olivine kas been calcolated assuming Fe®Fe™ of 0.9 and K4 Fe?*-AMg)™% of 0,30,

Fractoonal crysialloation mode] (FT) is explained m section 6.

Enrichment of 180 in the mantle sources of the Antarctic portion of the Karoo
large igneous province
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CXEMA PACTIPOCTPAHEHWNA OEKAHCKNX TPATITTIOB
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COCTABbLI OJINBUHA B OEKAHCKUX TTIMKPUT-BA3AJIbTAX
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TIPUPOOA OEKAHCKOIO TPATITTOBOIO MATMATU3IMA

TTepeble pasbl AeKAHCKOro TpanmnoBOro MarmaTusma NposSBUNUCH
okono 70 mnH net Ha3aa Ha C3 n-ea MHAOCTAH, TOrAa Kak
OCHOBHaAs (pasa TONEUTOBOro MarmaTusma, CpoOpMmUpOBABLLAS
bonblwyro YacTb nnaro [exkaH npotekana nosxe Ha 3-4 MnH net

CambIe paHHWe Tpanmbl NpeacTaBfieHbl WeOYHBIMM
6a3zanbTONAGMU

EcTb OCHOBAHWA npeanonaratb, YTO AEKAHCKUU BYJIKAHUYECKUA
LIMKN HAYanca ¢ U3NUSHUU pacnsiaeoB, KOTOpbIe NpeACcTaBnsanm
NPOAYKTLI HU3KUX CTeneHeW niasfieHUs MaHTUMUHOIO BeLleCTBa.
3atem U3NUBANUCH MUKPUTOBLIE JIABLI, CPOPMUPOBABLINECS U3
pacrsiaBoB BLICOKUX CTeneHewW nsiasrieHUsa UCTOYHUKA, U,
HaKOHeL, crefoBana rnasHas cTaausa CyLlwecTBeHHO TONenToBoro
Marmatmsma

3Ta cxema 6b1na nNpepnoxeHa B 70x rr 6pUTAHCKUM NEeTPONIOrom
Kokcom

C HebonbWMMIM NONPABKAMM OHA UCMNOSb3yeTcs Npu NposeaeHUU
COBpeMeHHbIX reHeTUYeCKUX peKOHCTPYKLUUIM. OHU OCHOBGHLI Ha
HOBBIX AAGHHLIX MO FEOXUMUU U U3OTONHOMY COCTABY MOPOA
TPANMOBLIX NMPOBUHLIUM




MABHBIE TTETPOXUMUYECKUE CEPUN OEKAHCKNX TPATITTOB

3TW pe3ynbTaThl NO3BOSIUMU
BbIACNUTb ABe rfaBHbIE
rpynnsI 6a3anbToB U
NUKPUTOB, pasnmuaroLmecs e PR
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TiO, u cTeneHbro oboraleHus YL
HeKOrepeHTHBIMMU 31eMeHTaMU

Cambie paHHUE NUKpUTLL C3

@ |gatpuri-Triambak
@ Kalsubai

Mumbal Gy
@ Bushe

7‘9
NHauu npeactasnaroT > o
z

O Mahabaleshwar

cybLLenOoYHYHO BbICOKO- Ti
TeHaeHUUo, a HU3Ko-Ti
AUKPUTLI 3anagHbix [ar
aBNAFOTCA NpeAlecTBeHHUKOM
OCHOBHOW MACCbI TONEUTOBBIX T ey [ Josconraes

6a3a-n bTO B HO Man bH Oﬁ / QUATERNARY PALAEOZQIC-
p SEDIMENTS m MESOZOIC ROCKS
WenoYHOCTU ‘

BENGAL

ARCHAEAN

DEEP FAULTS




HOBbBIE OAHHbBIE O FTEOXUMNA OEKAHCKUX TPATITTOB
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HOBbBIE AAHHbLIE Ob UCXOLOHbIX MATMAX TONENTOB
OEKAHCKUX TPATITTOB

3HayYeHue aHKapamuTos
KGK UCXOAHBIX MArm Ans
ToneuTtos 3anadHbIiX [ ar
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Fig. 2 Thin =section pholomicrogrsphs of the Powai ankaramite
berween crossed mieols showing large ervstials of olivine (00) il
sector pomned, twinmed and radially aranged climopyeromene (Cpah sur-
rounded by o fine-grained groundmass coniaining plagioclase laths

Conclusions

We have shown through thermobarometric caleulations that
mast of the Deccan primary magmas of the Powai ankara-
mite and the Ghatkopar—Powai tholeiites in the Mumbai
areq, as well as those of the voluminous Ambenali and
Mahabaleshwar Formation tholentes in the Western Ghats
sequence, are primitive tholeiites (MgQO 8741 177 wit.
Mg# T0-74: not picrites as concluded in previous studies)
that last equilibrated with manile pendotite at temperatures
of 1268-1332 °C (%12 *C) and pressures of B.0-13.0 kb
(X008 kb). The estimated pressures correspond with depths
of 349 km (£3 km) that overlap with the present-
day seismically construined Moho depths of 36-41 km
{(£2 km) below Mumbai and nearby areas. The primary
magmas originaied by =15 % baich melting of the man-
tle, ascemdad through the crust, and pooled amd evolved in
magma chambers at depths <23 km. Such chambers have
been identified previously from zeophysical modeling, The
primary magmas underwent olivine gabbro fractionation
i produce mafic cumulate piles (01 + Cpx + Opx) ai the
bottom of the magma chambers, with plagioclase probably

separating due to its buoyancy. Later batches of tholeitic
magmas would pierce these cumulate piles, leading to the
formation of cumulate rocks such as the Powai ankaramite,
in which we have identified dissolution of orthopyroxene
and subsequent crystallization of augite, olivine, and plagi-
oclase. The tholeitic primary magmas of the Powa ankara-
mile, the Ghatkopar—Powai tholeiites, and the voluminous
Ambenali and Mahabaleshwar tholeiites of the Western
Gihats last equilibrated with spinel Therzolite mantle that
was neither Fe rich nor anomalowsly hot.




TTONOXEHWE CUBUPCKOW TTNATZOPMbI

Cunbupcknn KpaToH, nnowanbio okono 4x10” km2, 6onbwen Yactero (70 %),
nepekpbIT pucdencko-haHepo3OUCKUMMN OTNIOXKEHUAMMU Yexsa MOLHOCTLIO 1-8
KM, B CpeaHeM — OKOomo 4 KM.




CTPYKTYPA 3YHOAMEHTA CUBUPCKOW TTJ'IAT@OPMbI
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OCHOBbBI FEONOrMN TPATITTOBOW TTPOBMHLIMW
BOCTOYHOWU CHBUPU

NMnartcdopMeHHbIN Yexon

BepxHuu "atax”
(TTaneosom,

<5670 MnH. ner)

HuxHui “atax”
(TTosaHWM npoTeposon)

OYHOAMEHT

(Apxen — HMXHUN NpoTepo30M,
> 1.7 Mnpa. ner)

Cubupckaa nnargpopma ¢
KOHUa PR - cTabunbHbIN
KpaTOH, KOTOPbLIWA HECKOJIbKO
pa3s UCNbITAN Nepuoabl
MarmaTuyecKkom
AKTUBU3ALIUU

TTnaTtopmMeHHbIN YeXon
noapasaensercs Ha
ABA CTPYKTYPHBIX 3TAXA -
HUXHUU U BEpXHUU




FEONOrNa TPATITTOBOM TTIPOBUHLIMKM BOCTOYHOW CUBUPU
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OCHOBHbLIE KOMTTNEKCBLI TPATITTOBOM ZOPMALINM
BOCTOYHOWU CHBUPU
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ARTICLE INFO ABSTRACT

Article history In this short note, we report new age determinations from four samples of the Middle-Paleczoic Viluy Trapsin
/l Recesved 24 May 2019 . Siberia, east of the more famous Permo-Triassic Siberian Traps. These samples, which were collected from
g/ Revebed e evises] Fucri 2% Sepleihies 2000 three deill cores, have been analyzed in parallel and independently in the Orsay (France) and Berkeley

) % Eifﬂlﬁﬁiﬁ.’ﬁ?mﬁﬂ?m Geachronology Center (BGC; USA) laborat using ly the Cassignol-Gillot K-
. Lake Balka! and the *arAr techniques. Dating these samples as a concerted effort in two independent Iaboratories
" Editor: RV, Carison working jointly on their interpretation is a rather rare yet very valuable exercise. With the K-Ar technique,

\4 ages ranging from 338 to 367 Ma with uncertainties on the order of 5 Ma were obtained. With the *'Ar/*)
km Keywornds: technique, integrated ages range from 344 to 367 Ma, with uncertainties on the order of 1 Ma, and two
e Ar dating samples yielded plateaus, Le, the best determined ages. at 3603 +0.9 and 370.0:+0.7 Ma. Three out of four
K-Ar dating ages yielded by the two separate methods are in agreement within uncertainties. One sample yields
plaﬂ'o m Cover Putorana Erasnian-Fammenian incompatible ages and could be from a later, altered dyke event. The “Ar/*Ar plateau age of 370.0 4 0.7 Ma
Wiluy Traps (conventional calibration} or 373.4+0.7 Ma (recalculated per Renne et al. 2010), the most reliable age
siberia obtained in £his siudy, is compatible with recent determinations of the Late Devontan extinction events at the

HU end-Frasnian (~376-£3 Ma). These results underscore a need for further work, in progress.
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In the course of a study of the rock- and paleo-magnetic
properties of samples collected from velcanic outcrops related to
(sometimes diamond-bearing) kimberlite pipes in the Viluy area,
east of the Permo-Triassic Siberian Traps province, Kravchinsky
er al. (2002) found two distinct paleomagnetic poles. One of these
poles could unambiguously be correlated with the 250 Ma-old
Siberian Traps (e.g. Pavlov et al,, 2007 and therefore the magmatic
samples could be assigned that age, corresponding to the Permo-
Triassic boundary. The other pole was at a previously unknown
location. Rather imprecise dating allowed its assignment to the
period from 350 to 380 Ma, which Kravchinsky et al. (2002) noted
included the Frasnian-Fammenian (FF) boundary, the largest mass
extinction event prior to the Permo-Triassic and Guadalupian-
Tatarian extinctions near the end of the Paleozoic. This led to the

* Correspanding author, Univ Paris-Sud, Laboratoire IDES, UMRS148, F-91405,

France.
E-mail oddress: xavier quidelieurdu-psud fr {X. Quidelleur).
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magma at the FF boundary some 370 Ma ago. This would be an
interesting indication of yet another such event related to diamond-
bearing kimberlites, and would almost complete the list of
Phanerozoic flood basalt/mass extinction correlations (summarized
by Courtillot and Renne, 2003 ), with a single event at the time of the
end-Ordovician mass extinction still unrecognized. Since that
suggestion was made, the age of the Frasnian-Famennian boundary
has been significantly revised. Based on the interpolation between
two bentonites dated using U/Pb at 381.1+1.3 and 363.6+ 1.6 Ma
(Tucker et al,, 1998), the age of the FF boundary was interpolated at
376.5 Ma. some 10 Ma older than most previous estimates; as a
result, Gradstein et al. (2005) placed the FF boundary in their new
geological time scale at 374.5 + 2.6 Ma. Using the same approach, a
slightly older age of 376.1 + 1.6 Ma has recently been proposed
(Kaufmann et al., 2004) and subsequently revised to 376.1 + 3.6 Ma
(Kaufmann, 2006). In the debate on the causes of mass extinctions,
meteorite or comet impacts have been the main candidate often
opposed o volcanism, In their review, Courtillot and Renne (2003)



COOTHOLLEHUS TNABHBIX ZALIMA TPATITTOBOM

(Jlypve, Macaituc, 1964)

FOPMALIMN CUBUPCKOW TTNATZOPMbL
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*XapakTepHasa 0cobeHHOCTb Tpannosou popmauum Cubupu: obwmpHas
NAoWaAbL pacnpocTpaHeHUsa U 3HaAYUTerIbHasa MOLWHOCTb 3KCMNO3UBHBIX
06pa3oBaHU.
*BO3MOXHO, 3TO NpuBesio k BEIMUPAHUFO NMouTn 90% MOPCKOU payHbI U
okono 70% opraHu3moB cylwm Ha rpaHuue P-T




OCHOBHbLIE KOMTTNEKCBLI TPATITTOBOM ZOPMALINM
BOCTOYHOWU CHBUPU
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YETBLIPE MMABHBLIX TIPOBUHLIMMA 333Y3UBHBIX TPATITIOB

Mavmeua-Kotyuckaa: Tonentosbre 6a3anbTbl HAXOAATCA B
accoumaumm co WenoYHbIMU U cybLenoyYHbIMM 6a3anbTamum

Hopunbckun pauoH: Tonentosbie 6a3anbTbl HAXOAATCA B
accoumaLmm ToNbKO ¢ cybLenoYHbIMU 6a3anbTamm;
MAKCUMAsIbHAa MOLLHOCTb JTABOBLIX pa3pe3os - 4 km

TTnaro TTyTopaHa : NpakTUYecku Haueno CnoxeHo
TONEeUTamm, OAHAKO, U 34eCb He TaK AABHO 6bINU OTKPLITHI
eAUVHUYHbIEe NPposSBneHUs Cy6bLenoYHBIX MUMKPUTOB

PaioH HuxHeu TyHrycku




KOPPENSALINSA PA3PE30OB MMABHbBIX TIPOBUHLIMUA 333Y3UNBHbBIX
TPATITTOB CUBUPCKOW TTNATZOPMbI

Maimecha-Kotui Noril'sk Putorana Nizhnyaya Tunguska

: . : Yambukansky (Th, TF)
MI, P Samoedsky (Th) Nerakarsky (Th)
Malmegr-‘é?)%m( ) 0-800 m 500-550 m 100-130m
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Delkansky (TA, ASA, P 0-210m 100-600 m 60-450 m
370-1000 (?) m Kharaelakhsky (Th, ASA) y :ﬁ«yansky (Th) Nidymsky (TF)

Kugotsky (Th, ASA) 380-600 m 150-800 m 200-400 m

Mokulaevsky (Th) Kervuchansky {TF)}——
1000 m . 40065(:(y m(Th ey ') ) 200-400 m
VS| i o
Pravoboyarsky (Th, TF) arongo . | Tutonchansky (TF)

250-400m 300-600 m
e Nadezhdinsky (Th, ASA, TF) 25-200 m

o
Arydzhansky (A) 200-570 m
300-600 m Tuklonsky (Th)
0-250 m

Khaka1n0<=_!:gr65;7 (TF) A = Alkaline basalt -

ASA = Alkaline to Subalkaline basalt

TP < T oeste
0-200 m TF = Tuff

: Th = Tholeiite
Syvemuorjz?é (;h- ASA) _MI = Maimechite

Ivakinsky (ASA, Th, TF) _
0-330m

-

Figure 2. Composite volcano-stratigraphic section of the Siberian Traps (modified from Zolotukhin and Al’mukhamedov
[1988], Sharma et al. [1991], and Fedorenkco et al. [1996]).




TTNATO TTYTOPAHA

TTocnepoesatenbHOCTL
& nnatoba3anbToB
TTyTopaHa

BepTukanbHbIe 06pbIBLI
BEpXHeM 4YacTu nnarto




CPEOHUE COCTABBI CBUT HOPUINbCKOTO PAMOHA U TTNATO TTYTOPAHA
B CPABHEHWW CO CPEOHUM TPATITTOM CUBUPCKOWM TTNATEOPMbI

Okcuasr,

mac. %

Hopunbckuin pavioH

'YAYUXUHCKa
S

(n=126)

MopoHrosckas
(n=17)

ba3anbTbI
TTyTopaHa

(n=300)

“CpeaHumn
Tpann”

(n=176)

Si0,
TiO,
FeO

45.33
1.33
9.96

12.40
0.17

14 .84
8.08
1.27

0.28
0.14

0.681

46.35
2.16
10.61
13.40
0.19
10.18
10.09
1.79

0.55
0.26

0.575

49.89
1.30
15.53
12.04
0.19
7.30
11.43
1.93

0.29
0.12

0.519

49.43
1.51
15.67
12.88
0.19
6.31
10.91
2.22

0.75
0.13

0.466




TIPOUCXOXOEHNE CHUBUPCKMNX TPATITTOB

Froanesckuu (60e rr): aucpmepeHUMpoBaHHbIe Tpannbl C3
CubUpCKOU NNATPOPMBI NPeACTABNAFOT NPOAYKTLI 6onee
BbICOKOMg# U rnybuUHHOro marmatusma, Yem TUMNUYHbIE
Tpannbl TYHryYCCKOW CUHEKU3bL

3onotyxwvH, Jlaryta (1985): «cpeaHuu Tpann» - npoaykT
PPAKLIMOHHOU KPUCTANNU3ALUUU MPU HUIKOM AABIIEHUMU

pacnnaea, oteevarolero sbicokoMg# 6asanbTy

TTpoaHanu3upoeas BbIWenpueeaeHHYO TabnuLy, MOXHO
NpeAnoNOXUTb, CTO UCTOYHUKOM 6ONbLUMHCTBA TPANNoB
Cubupu mornu aenatbca pacnnassl, obeaHeHHsbIe Ti, K, P -
TUNA FYAYUXUHCKUX NUKPUTOB. TTpU 3TOM COCTABLI NpoA,
MopoHroBsckow cBUTLL ckopee 6nU3KkM Kk bonee WenoYHOMY
BbICOKO-Ti TUnNy




OCOBEHHOCTHNU XUMU3MA HN3KO-Ti N BBICOKO-Ti BA3AJIbTOB

Primitive Mantle
(ThiTa=2.3)

2oo49>OCe®
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A Mu&Hm | Low-Ti
v Moé&An

¢ Nd

0 Tu

@ Khch

[Be rpynnbl popMuUpyoT 2
cybnapannenbHbIX TpeHAa
HOPMANbHOW KPUCTANUN3ALUOHHOM
3BOMFOLMU, KOTAQ COAepXaHWUe
TiO, B npoAykTax
(PPAKLIMOHUPOBAHUS HapacTaeT no
mepe CHUXeHUS MarHe3manbHOCTU
(3a cuet sbrgeneHus Ol u OI-Pl
KOTEKTUKU)

Ha rpagpukax koppenauuu
copepxaHui Th u Ta 3tu cybcepum
TaKxXe AeMOHCTPUPYHOT ABA TpeHAa
3BONHOLUU

O6bIYHbIE HU3KO-TIi TONEUTHI - B
bonblen mepe oboraweHsr Th, yem
BbICOKO-T1.

TTosbIiweHHoe Th-Ta oTHoWweHue
HeKOoTOpbIe UccneaoBarenm
paccmaTpuBarOT KAK YKasaHue Ha
y4yacTue KOpOBOIrO BelleCTBa B
npoLueccax Tpannoeoro
marmaobpaszosaHus.




FTEOXUMUYECKUE XAPAKTEPUCTUKN 328Y3MBHBIX
TPATITTIOB TINTATO TTYTOPAHA
(Ryabchikov et al., 2001)

10-15% MgO CybLienoYHbIe MUKPUTLI

BbICOKO-Ti cepuu ropasao

; 6oraye Th u Ta, yuem
0b6bIYHbIE TONEeuTsl, HO,
HecCMOTpa Ha 3TO,
Tonleutosble 6a3anbTbI
UMEFOT MOBbLILWEHHbIE
Th/Ta oTHoWweHus

NCTOYHUK TONEeuToBbIX
TPANMoB ecniv U HoCUn
KOHTAMUHUPOBAHHBIW
XapaxkTep, TO
KOHTAMUHUPOBAHA 6bINa He
TONbKO cUuanuyeckas
KOHTUHeHTanbHas Kopa, a
CKOpee Kopa Apyroro
rcires i stk a (BO3MOXHO, 6a3aN1bTOBOIO)
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CTTAMOEPTPAMMA COCTABOB BA3ANbTOB M AHOE3NTOB
BYNIKAHOB KINKOYEBCKOW M BE3bIMSHHLIN HA
BOCTOYHOMN KAMYATKE

=  entire series

—e— HMB (Klyuchevskoy) —— .' | ﬂﬂﬂ TOJ1EenTOB
—A— HAB (Klyuchevskoy) il - \g— CpeAUHHbIX

R <% XpebToB coBCeMm
He XapakTepeH
Nb-Ta
MUHUMYM,
KOTOPbIU
Habnropaetcsa B
Tpannax Cubupu

—@— Dacite (Bezymianny)
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=
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Geochemistry of deep Tunguska Basin sills, Siberian Traps: correlations
and potential implications for the end-Permian environmental crisis
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Abstract

A vast portion of the plumbing system of the Sibenan Traps Large lzpeous Provimce (STLIFP) is emplaced in the Tup-
guszka Basin, where borebole data reveal uhaguitous and abundant sills with great lateral extension. These inlrusions
intersect Cambrap={rdovician evaponie, carbonate and siliciclastic senies, and locally coal=bearing Permian host rocks,
wilh a high polential [or thermogemc gas generatvn. Here we present new geochemacal daila from 71 magmalbic and 4
sedimentary rock samples from the Tunguska Basin center and periphery, recovered from 15 deep sills intercepied by
boreholex. The sludied samples are all low=Ti basalt and baxallic andesitesx, confirming absence of high=T1 and alkaline
STLIF magmatism in the Tunguska Baxin. The sills denve from pacritic parenial melts produced by extensive melting
of a mantle source with recyeled crustal components below a thinned lithosphere (50=6{ km), within the spinel stabil-
iy held. The mantle source wax dommantly peridoltic, with ennched pyroxemitic domains formed by recycled lower
crusl, in agreement with previous models for the main tholentie STLIF phase. Limated amounis {up o 5% of highly
radwrgenic gramitoids or moderately radwgenic metapelites were assimilated in upper crustal magma reservours. Afler
emplacement, sills intruded in Cambrian evaporites assimilaled marktones and interacied with the evaporiic host rocks,
prihably via flumls and brines. This 1% the first ime that such process 15 descnibed 1in subvolcanx: rocks from all across
the volcanic basin. The salls are correlatled geochemically with the established chemostratigraphy for the on=cralon
STLIF lava pilex and mirusions {Norilsk regiom). 5ills correlated wath the Morongovsky=Mokulaevsky Fm. and the
Monlsk=lype mirusions are the most voluminous, present all across the central Tunguska Basin, and bear the strongest
evidence of interactvn with evapontes. Massive dascharge of thermogenac volatiles 1s suggested by explosive pipes and
hydrothermal vent structures throughout the Tunguska Basin. We propose that this voluminous pulse of magmalism ix
a goid candulate for the hatherto unidentified early intrusive phase of the STLIP. and may link the deep Tunguska basan

sills 1o the end=Permian environmenlal crises.
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KNACCUBNKALING NONEPUTOB CUBUPCKOW TTNATEOPMbBI

MmMnabuccanbHble NOpPOAbI HOPMASTBHOMO PAAA LeTOYHOCTU
noAapasAenaroT Ha ABa CeMeUlCTBA - MUKPOAOSepUTOB U

AONepUTOoB
Mukpoaonepum oboraweH onusmHom (ao 60 06.%) B

UHTPY3UBHBLIX Tpannax; CTPYKTypa HOCUT NOUKUNUTOBLIN
xapakTtep (KpynHbIe 3epHa Pl u CPx 3aknrouaroT B cebe
namomopmHeie kpuctanner Ol pasmepom Ao 1,5 mm
Honepumei: (1) onueuHoBbIM foneput, (2) NpocTo AonepuT u
(3) nevikogoneput




CTPYKTYPbI NOJNNEPHNTOB

-Fabbpo-ponepurt: Pl u Px pacnpeneneHs: 3aech
OTHOCUTENbHO PABHOMEPHO U XapaKTepusyroTcs
NPUMEPHO OAUHAKOBOU CTeMneHbo UANOMOPPU3MA.
Pasmep 3epeH 1-2 mm, a Ol pocturaer uHoraa 3-4 mm. B
bonee 3HAYUMBIX KONUYECTBAX NpoaBSeTCS
TUTAHOMArHeTUT,

* TaKCUTOOPUTOBLIN AONEPUT: MPUCYTCTBYHOT boree
KpynHbIe (A0 5-6 mm) omkokpuctanner CPx. [Jloneputsr

UMeroT HeoAHOPOAHOE CTPOeHUeE - B Npeaenax Wwnmapa
eCTb Y4aCcTKU U MNOUKUIIOOMPUTOBOU, U NPUIMATUYECKU-
3epHUCTOU CTPYKTYP.

*TToMkMNooMPUTOBLIN A0NEpUT: axypHbie kKpynHe (a0 1
CM) orkokpucTansbl CPx 3anonHaHoT 06bem Nopoasl Ha
70-807% v 3aKNFOYAFHOT MHOTOYUCTIEHHbIE UAUOMOPEHbIE
xapakpuctannsl Pl u peakue Ol. Pl pasHOomepHO
pacnpeaeneH B nopoae, a Ol KOHUeHTpUpyroTCS Mexay
OUKOKPUCTANNAMU. K 3TUM UHTEpCTULINAM NMpPUYpOYEHbBI
sbIAenieHus OPx v pyaHoro muHepana.




FMABHBLIE TUTTbI AONEPUTOBLIX CUNIIOB

Hopunbckuid: WHTpy3uBbI 3TOFO TUMNA PacipOCTPaHeHBI Ha
ceBepo-3anage Cubupckou nnarpopmer (Hanpumep, TanNHAXCKUU
WUHTPY3UB) U OYeHb XOPOLLO U3yYeHbI, MOCKOSIbKY C HAMU CBA3AHO
NPOMBILITIEHHOe MeAHO-HUKeeBoe opyaeHeHue. Mx rnasHbIm
NPU3HAKOM ABISETCA MPUCYTCTBUE B MPUAOHHBIX YaCTAX
FOpPU3OHTA MUKPUTOBOrO COCTABA

AnamaxaxckmiA: oavH us npeactasmuTesien 3Toro Tmna -

BaByKaHCKUIA UHTPY3UB, KOTOPLIN paACMONOXeH B AOSTUHE peku
Bunton - nputoka JleHbr

AHrapo - MorauHckuiA: obbeauHaet cnabo-

AN PepeHLUpPOBAHHbIE UHTPY3UBLI. ITO Hambonee
PAcNpPOCTAHEHHbIU TUN cunnos CUbUPCKOU NNATPOPMBI.
XapakTepHbIW CUN 3Toro Tuna - Ky3bMOBCKUM.




CTPOEHUE BEPXHE-TAJIHAXCKOIO NHTPY3UBA

Olivine Plagioclase Clinopyroxene Trace elements

72 \ 0 ‘ )

Taxites

Som mm— | - 65 34
C,-P, N An Fs

60w.% O 30 w.%

O606uieHHbIU pa3pe3 UHTpYsuBoB Hopunbckoro tuna: Baonb HUxHero
KOHTAKTA NpOTArUBAFOTCA KOHTAKTOBbIE AOSIepUThLI, BbILE 3a5eraroT
TAKCUTOBbIE AONEPUTLI, KOTOpbIe 06pas3yrOT HUKHFOHKO NMPUKOHTAKTOBYHO 30HY.
BbIle - FOpU3OHT NUKPOAONEPUTOB, KOTOPLIU MepeKpbIBAeTCS NOUKUMIO-
oputoBbIMU Ol-Mu gonepuTamm, CMeHaroWUMUCSA BBepX Mo paspesy
TakcuTooputosbimu Ol-coaepxawmmm poneputamu. TTpukposenbHas 4acTb
CNoXeHa NermaTtouaHbIMU KBapLeBbIMU rabbpo-AMopuUTamm co WNUpamu
ANOPUT- U rabbpo-nermaTUTOB.




CTPOEHUE TAJIHAXCKOIO WHTPY3WBA
(no aaHHLIM OHenposckoin)
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CTPOEHME BABYKAHCKOIO NHTPY3MBA

Mode. CodepmaHue muHepaos CoOepxaHus 2./1aBHBLIX KOMNOHEHMOB
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* IIpupodHwie OaHHbBIE ¢ Pezyabmamit pacienos

[1ns UHTPY3UBOB aNAMAKAXCKOTO TUNA TAKXE XAPAKTEpHA pacCrIOeHHOCTb
N GCUMMETPUS CTPOEHUS, HO, B OTNIUYUE OT HOPUSIbCKUX, OHU NULLEHBI
FOPU3OHTOB MUKPOAONIEpUTOB. [ NIABHBIM TUMOMOPEPHBIM MPUSHAKOM ITUX
CUNNOB 9BNSETCS NPUCYTCTBUE FTOPU3OHTA NPUIMATUYECKU-3EPHUCTBIX
rab6po-poneputos. BasykaHCcKUM UHTPY3uB umeeT mowHocTb 100 m, HO
pacnpepeneHne MUHepanbHOro U XMMUYeCcKoro cocTasa oTnmuyaeTcs 3aech

BeCbMa CyLeCTBeHHO.




HUWXHUU KOHTAKT
AONepUToB

¢ KapbOHATHBLIMU
0caaKkamm

KY3bMOBCKUMN CUNN

CkanbHbIe BbIXOAbI
Kysbmosckoro cunna
AONepuToB

AHIapO-MOTrAUHCKUIA TUM
obbveauHaer

cnaboangppepeHUMpOBaHHbIE
WHTPY3UBLI. ITO Haubornee
PAcCNpOCTPAHEHHBIN TUN
CUNnos

CUbUpCKOU NNATEPOPMBI.
OcHoBHOW 06bem 3Tux Ten
CNoXeH NOUKUIOOMPUTOBLIMU
AONEepUTaMu € HebonbLUUM
HaKomnsieHem ONIMBUHA B
HUXHUX 4acTax paspesa.
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