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OCHOBHbLIE KOMTTOHEHTbLI LIPS

3(ppy3mBHbIe: nokposHuie 6asanbter (flood basalts);

UHTPY3UBHEIE: AAUKU, CUISIBL U PACCIOeHHbBIE KOMMJSIeKChI
MAHTUUHO-KOpOBLIE: MArmaTuveckue Kamepsl Ha rpaHULie KOpLI U

MaHTUU, T.H. "magmatic underplate”

<&— Indian plate motion

(D flood-basalt eruptions

(2) gabbroic dikes and sills
(3) ultramafic intrusions
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Siberian Trap, Deccan, Emeishan, and
Karoo are <2 Ma - U-Pb dating,
and match extinction events

(after Burgess and Bowring, 2015)
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BIMTUAHUE LIPS HA OKPYXAROLWYHO CPELQY

Release of Thermogemc Volatlles
from Sedlmentary Basms -

1811-5209/23/0019-028252.50 DOI: 10.2138/gselements.19.5.282

1:Shale  2: Evaporite  3: Basalt
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Lava
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'8 (A) Generalized LIP cross section through a volcanic
sl basin. The figure is based on seismic interpretations

Kureika Basin

Traissic MHoxxecmeo monuw

Permo-Carboniferous

Devonian Kap60Hamoe u asariopumaos,
Silurian KpacHoe — curliibl Oonepumos

Ordovician

] Cambrian

8 (A) Cross section across the Siberian Traps, from the
Uil “d southwest to the northeast. This shows extensive sills
Empiaced in carbonates and evaporites. Breccia pipes are
numerous in the basin, originating from magma-sediment interac-
tions, but are not shuwn. In addition, a variety of extrusive
volcanic rocks are present, including tephras, pyroclastic deposits,

and lava flows. (B) Lithological logs from boreholes in the
Tunguska Basin (Siberian Traps) showing thick dolerite sills
emplaced in Cambrian and Ordovician carbonates and evaporites
as part of the LIP plumbing system. MODIFIED FROM SVENSENM ET AL.
(2018). References are listed in the supplemental material.

and field mapping in volcanic basins. Schematic gas compositions
from metamorphism of shale (1) and evaporite (2), and flood basalt
degassing (3). (B) Modeled flux of thermogenic CH, based on
theoretical and pulsed sill emplacement in the North East Atlantic
Igneous Province (56 Ma; Jones et al. 2019b). Together with values
for the 82C of the methane released, these data are used in carbon

Emissions (PgC yr™")

cycle models to calculate the effects on the surface carbon reservoir
and compared to sedimentary carbon isotope records.




BITUAHUE LIPS HA OKPYXAROLWYHO CPELY

14.3 LIPs and their environmental consequences

a) Columbia River (16.5 Ma) f) Ontong Java/Manihiki (122 Ma) [) Tarim (280 Ma)
b) Afro Arabian (32-29 Ma) g) Parana-Etendeka (132 Ma) m) Jutland (300 Ma)
¢) North Atiantic (62-58 Ma) ) Karco/Ferrar (183-179 Ma) ) Kola-Dneiper (370 Ma)
d) Deccan (66 Ma) ) CAMP (201 Ma) o) Yakutsk-Vilyui (380 Ma)
e) Caribbean Province (93 Ma) J) Siberian Traps (251 Ma) p) Kalkarindji (510 Ma)

k) Emeishan (260 Ma)
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CLIEHAPUM BO3OENACTBUSA LIPS HA OCAOOYHLIE BACCENHLI

l Continental LIPs

CF, F, NOx Toxic metals cO2 EDepIetionf + || Direct

SOZ emissions | | emissions (e.g. Hg) emissions Contichment in || PrOductsof

T 'bio-essential ' || Magmatism
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PA3HOOBPA3WE LIPS (Ernst, 2014)

—Continental Flood Basalt Provinces
e.g., Parana-Etendeka, Karoo, Afro-Arabia

Volcanic Rifted Margins
| e.g., India-Western Australia, North Atlantic

Giant Continental Dyke Swarms, Sills
& Mafic Ultramafic Intrusive Provinces
e.g., Mackenzie, Warakurna, Bushveld

High-Volume Felsic (Silicic) Provinces

—e.g., Whitsunday, Chon Aike, Sierra Madre Occidental,
. Kennedy-Connors-Auburmn, Malani

CONTINENTAL

— Associated Carbonatites & Kimberlites
(e.g., as part of the Bushveld event (carbonatite)
and the Siberian Trap event (kimberlite), respectively

—— Greenstone Belts, Extensive Tholeiite-Komatiite+
~ Rhyolite Volcanic Sequences & Sill Complexes
e.g., Superior, Slave, Yilgamn

Oceanic Plateaus
e.g., Ontong Java-Manihiki-Hikurangi, Kerguelen

Ocean Basin Flood Basalts
e.g., Nauru Basin, East Mariana, Pigafetta

OCEANIC




KoHTuHeHTanbHbIe “flood basalts”, synkaHuueckue okpauHbr
KOHTUHeHTOB (30HbLI pu@TOreHesa), okeaHudeckue LIPs

obnactu nposejieHUA KUCJIONo BYJIKGHU3MA
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CTPOEHWE EPATMEHTOB TINNATO XUKYPAHIU
(k BocTOKY OT nobepexba Hosou 3enaHauu)

O6buwas nnouwaanb:

350 TbIC. KB. KM

WHTepean rny6uH:
2500 - 3500 m




CTPOEHME CcYBAYKLUMNOHHbBIX 30H TUXOITO OKEAHA

Cxema cybaykuum, ocnoxHeHHas
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COBPEMEHHDBIE CXEMbI cYbAYKLIMN OKEAHUYECKUX TINATO
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Ultrabasic Bocks I A henospheric - Lithospheric Earth-Science Reviews .

Contents lists available at Sciencelire: = s e

(Partial) mantle mantle

journal homepaga: www elsevier com/locatefearscire

CTPYKTYpHAs MOAESb OKeaHUYECKUX NaTto | o
M When plateau meets subduction zone: A review of numerical models
(CnpaBa npommnb CeMCMquCKMX BonH) Ze Liu™", Liming Dai ™", Sanzhong Li*"’, Liangliang Wang *", Huilin Xing ™

Yongjiang Liu ™", Fangfang Ma*", Hao Dong =", Fakun Li*




COBPEMEHHBIE CXEMbLI CYBAYKLUUN OKEAHUNYECKUX TTNATO

Plateau subduction

100

— 180

200

250
100 1200 1300 1400 1500 1600 1700 1BOO 1900 2000 2100 2200 2300
(]

2000 2100 2200 2300 2400 2500 2600
Distance [km]

y (k)

uplift ] depression

250
1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2900 2300
0 ' ‘ '

Thi partial malting
ol oceanic plataail

—_
E
TH
P~
a
o

a

2200 2250 : 2350 2400 B . " B s P T
Distance lkm]h 100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200

e
——

\—- = == subduction
8 |
1

18 Myrs 380
REN 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100

2000 2100 2200 2300 2400 2500 2600 : %.(km)

Distance [km) !

(d) Time = 15.1 Myr

TekToOHUYecKas 3sonrouua npu Fig. 8. ‘Bottom accretion’ of an oceanic plateau with
NONHOWU CYGD.YKLIVM oOKeaHUUEeCKUX continental crustal affinity (from Yang et al., 2017).

Weak ‘wet quartzite’ rheology is used for the crust of both the oceanic
nnato (Vogt, Gerya, 2014)

plateau and the overriding continental plate. The initial age of the
oceanic plate is 40 Ma. The convergence rate is V = 8 cm/y.
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KoHTuHeHTanbHbre “flood basalts”, sBynkaHuuyeckue okpamHbr

KOHTUHeHTOB (30HbI pugpToreHesa), okeaHudeckue LIPs u obnactu

npossfieHNa KUCJIOro ByJIKGHU3MA
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PACTIPEOENEHUNE PEOAKO3EMEJIbHBbIX 3JTEMEHTOB
B TONneutax okeaHudeckoro nnato OHTOHr Sea
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o Kilauea tholeiite

o Mauna Loa tholeiite

@ Kohala alkaline basalt
o Azores alkaline basalt

e ToneuTtsbr nnato

OHTOHr SBa

SmEu Tb
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TToaobHbIe “nnockue”
CMeKTpbI peAKux 3emerb
XApaKTepHbI Takxe Ans
6asanbToB KpoHouKoro u
Kapubckoro teppenHos.

STOT MPU3HAK SBMSETCS
TUNOMOPPHOU 0COBEHHOCTbHO
TONIeUTOBOrO MArmaTmusma
OKeaHU4YecKkux nnaro.




MEXAHN3M OBPA3OBAHNA N UCTOYHUNK
MATMATHUHECKOITO MATEPHUANA

(1) OaHn aBTOPLI NONararoT, YTO ONpeaensoLwWyo Ponb UrpaeTt
AOEeKOMIMpPecCUOHHOoe niiaBneHne MaHTUMHOIo BelecTBa
HenocpeacTBEHHO BHYTPU NoAHMMaKoLWerocs nnoma. B atux cnyvasax
cTeneHb NsiaBfeHnss MaHTUMHOrO NepmuaoTUTa AOMKHA COCTaBNATb
nopsaka 15-20%.

(2) Opyrue yka3biBalOT Ha BO3MOXXHOCTb BOBNe4YeHUs1 B NpPoLecChl
nNaBfieHUA peuuKnMpoBaHHOro 6asansLToBOro Matepuana

okeaHun4yeckou nutocoepbl. C yyeTomMm 3TOro o6CcTosiTeNbCcTBa obLiasn

CTeneHb NfiaBneHns rMopuan3npoBaHHOIoO Martepuana MoXxeT
yBenuuntbca o 30-40%.

AnbmepHamuea MaHMUUHO20 U JIUumMocgepHO20 UCMOYHUKA
nnamoba3sasibmoe cocmaeJsisiem siopo OUCKyccuu o npupoode
KOHMUHeHmMasibHO20 mparrnoeo20 MazMamus3ma.




TTOKPOBHbBIE BA3AJIbTbI KOHTUHEHTAJNIbHOIO TINATO
PEKU KONYMBHS (cesepo-3anan CLLA)

Columbia River Flood Basalts
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Columbia River Flood Basalts

Over 40,000 cubic miles of hasaltic lava, er';‘a!’e‘ﬁ
known as the Columbia River Flood Basalts, |

. 1
covers parts of Washington, Oregon, and OREGON i IDAHO

Idaho. These tremendous flows erupted
between 17 and 6 million years ago. (Most of A ——
the lava flooded out in the first 1.5 million Flood Basalts

years I} The topography present prior to the
Columbia River Basalt eruptions was buried 4
and smoothed over by flow upon flow of lava. ]
Over 300 highvolume individual lava flows
have heen identified, along with countless n] 100
smaller flows. N —

— Excerpt from: USGSNPS Geology in the Parks 2002 Miles

Lyn Topinka, USGSICIK0, 2002 Modifed from: Uniy, North Dakota, “Volcano \Warld®, 2002;
Basalt coverage based ob Hooper, 1997 Gorge coverage based on USFSBLM, 1996

Cascade Yolcano
USACOE Dam







TPATITTbI BOCTOYHOW CUBNPU
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OBLMN BN BA3ANbTOBOIrO TINATO TIYTOPAHA
( Mronb 1989 1))




TPATITTbI TINATO
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CTONBYATA4 OTAENbHOCTb AONEPHUTOB OONMNHbLI
PEKN TTIOOKAMEHHASA TYHI'YCKA

% By ¥ L LF N g
p: 4 - X
L g e T oy -
5, i Bt oy e -~
- e o - ¥ ™
N W
LS e Fotr ;. J 2

. % <2 ;
. el L i 1"!.&.“‘; DN




TPATITTbI TTNATO OEKAH

MoIIHOCTB 0a3a/IbTOB
6osiee 2000 M., MmIomaabL -
1,5 ™maH. KM% 06BeM
6a3aaeToB 512 000 KM°.
U3BepKeHUS TPOU3OILIH Ha
rpaHulie MeJia 5|

InaJjieoreHa.

Legend
South Asia Geology
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TPATITIbI TTNNATO
OEKAH
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TPATITILI BACCEMHA TTAPAHA B BPA3VNNN

NMapaHa 6acceunH ( : Bacia

lNapaHa , : KyaHka lNapaHa ) ABNAETCA
BonbLwnMm , KOTOpPbIN
pacrnonoXeH B LLEHTPanbHO-BOCTOYHON YacTh KOxHom
Amepukn. Okorno 75% ee apeana pacnpocTpaHeHus

npoucxoauT B Bpasunuu. OctaTok pacnpenensietcs Ha

' -' > BOCTOKe [laparBasi, ceBepo - BOCTOKE APreHTUHbI U Ha ceBepe

Ypyreas. ®opma genpeccun npumepHoO n
oxBaTbIBaeT nnowaab okono 1500000 km 2 (580000

KBagpaTHbIX MUMb).

KpynHasa marmaTtudeckas npoBuHUMS Bbina obpasoBaHa U3NUAHNAMU , YTO npomnsownn 137 go
127 MUNNMOHOB NET Ha3az N CBA3aHbl C [OHABaHbI N pacKpbITUEM

[Mnowagb meHee 1 mnH. 000000 kBagpaTHbIX kKnriomeTpos (390000 kBagpaTHbIX MUIb). MOLHOCTL Tpanmnos
coctasnsiet 2000 m (6,600 cyTOoB).

[eHeTnYeckn cBa3aHbl ¢ Tpannamu Etendeka B B KOro - 3anagHon Adpuke




TPATITTbI PEKU TTAPAHA B BPA3UITNA

(eoaonaasr Uryacy)

Ba3anbToBbIe OTNOXEHUA, N0 KOTOPbIM CTEeKalT Bogonaabl, BO3HMKNU npumepHo 130-140 mnH net Ha3aa. Okono 20
TbIC. JIeT Ha3ap Komnrekc BoaonanoB Uryacy pacnonarancsa npaktu4yeckm y BnageHmsa pekum Uryacy B MNapaHy. Kaxabin
roq paccrtosiHMe mexay Bogonaaom U pekoun lNapaHa yBenn4yuMBanocb NpUMEpPHO Ha 1—2 M 1 B pe3ynbrate nony4yunochb
28 KMm.
lNMepBoro eBponenua, CTyNnMBLLUEro Ha AaHHYIO 3eMJII0 U CHYMTAKOLWErocs oTKpbiBaTenem Bogonaaos, 3Banu

. OH oTKpbINn nx B 1541 roay, Koraa npoasurancsa BBepx nNo TeyeHuto peku MNMapaHa yepes gXXyHrnu B

NMOUCKax nereHaapHbLIX COKPOBULL CTPaHbI .




TPATITIbI TACMAHAA

Tasmanie
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S Yl TIPVEPEXXHLIE OBHAXEHWS TACMAHCKOIO
N S| [JONEPUTA B FOrO-BOCTOYHOW YACTH
OCTPOBA TACMAHMS




CKAJbHbBIE BbIXOObI TACMAHCKOIO OONEPUTA

Ty




"OONEPUTOBASA” CTPYKTYPA TACMAHCKUX OONEPUTOB




MMABHbBLIE TINATOBA3ANbTOBLIE TIPOBMHUWNA KOHTUHEHTOB

FOPMALING
(TTPOBNHLINA)

OBJIACTDb
PACTTIPOCTPAHEHNWS

BO3PACT
(MIMH. NET)

MOLWHOCTDb
(MAX, KM)

TTnowAdb
(COBPEM., KM?)

Keweenawan

Cubupckue Tpannsr

Kappy

Honeputer
Ferrar-Tasmania

Parana / Etendeka

BpuT. - ApkTUyeckas
NpoBUHLUS

TTnato [OekaH

TTnato Konymb6us

Osepo BepxHee,
KaHaaa

BocTtouHas Cubups,
Poccus

FOxHas Appuka

AHTApKTUAG U
0. TacmaHus

Bpasunua / Hamubus

CesepHas ATNAHTUKA

NHaus

Ceeepo-3anaa CLLUA

TTo3a. nokembpui

(1100-1200)

TTepmb - Tpuac
(248-216)

FOpa (206-166)

HOpa
179+ 7)

FOpa - men
(140-110)
Men - 30oueH
(65-50)

"paHUUa mena -
naneoLeHa

MuoueH (17-6)

12
3.5

> 1000000
> 1500000

140000
7800
1200000 /
78000
1000000
500000

50000




TTEPMOONYHOCTD TPATITTOBOIO MATMATU3MA
U MACWLUTABBI MCHE3HOBEHNSA EAYHbLI
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MABHBIE TIJIATOBA3AJIbTOBLIE TTIPOBUHLUWWN TOHLOBAHbLI
AO packona u pasfeneHus CynepKoHTUHeHTa

. TTANEOLIEH | Deccan
66 MNH. netr

AFRICA

. PAHHSS FOPA |
177 mnH. net




FrEOONHAMMUYECKUE COOTHOLLEHUA TTNATOBA3ANBTOBbBIX
TTIPOBMHUWMN TTAPAHBI M 3TEHOEKU
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FEOTEKTOHWYECKAS TTO3MLUMSA TINIATO P. KONYMBMS (CRB)
N TIPUMBIKAIOLLMNX OBNACTEM (SPR-Yellowstone)
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TTOKPOBBI MENNOYCTOHOBCKOTO TTAPKA B CLUA
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TTETPONEHETUYECKAS CXEMA MHMOLIEHOBOITO MATMATU3MA
cesepo-3anaaa CLUA
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PACTIPEOENEHNE PEOKO3EMEJIbHLIX 3JTEMEHTOB
B BYNIKAHUYECKNX TTOPO[L TINNATO P. KONYMBKUS
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PACTTPEOENEHUE PEAKO3EMENbHLIX SJITEMEHTOB
B TINATOBA3ANbTAX TTAPAHBL U OEKAHA
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Sr-Nd CUCTEMATUKA BYNKAHNYECKUX TTOPOL
TTNATO P. KOJNNYMBUA

I I

N-MORB 5
Picture Gorge

Bulk Earth

—

- S
" Saddle Mountains =

Saddle Mountains

Wanapum :

Grande Ronde: A Picture Gorge

Imnaha

| | L | 1 |
0.704 0.706 0.708 0.710 0.712

E?Srfﬂﬁsr




SR-ND CUCTEMATUKA BYNTIKAHUYECKUX TTOPOL
TINATOBA3ANbTOBLIX TIPOBUHUWMMA TTAPAHBI M OEKAHA
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NEXBULLA MOPCKUX NbBOB HA CKANAX
TACMAHCKOIO OOJNEPUTA







TIPEOACTABUTEJIbHBIE COCTABBI BA3AJIbTOBBIX TPATITIOB
SEPPAPA, TACMAHUN U TTAPAHbBI

HAuva6aser Teppapa
(AHTapkTUAQ)

TacmaHcKuia

Aoneput

Basanbter 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)




TIPEOACTABUTEJIbHBIE COCTABBI TIMKPUTOB U BA3AJIbTOB
TTPOBHLIUN KAPPY (FOXKHAS AZPUKA)

BynkaHuueckue nopoasr Kappy Tlnaro
TTuKpUTLI Husko-Ti cepus OHTOHr SBa

48.96 48.87 50.22 50.17 49.25
2.74 0.72 0.97 1.55 1.20
8.98 1411 15.54 13.54 14.00
12.04 10.19 9.83 13.56 11.42
0.13 0.16 0.17 0.22 0.21
15.48 15.08 7.36 5.28 7.75
8.50 8.89 10.21 10.26 12.35
1.62 1.56 2.06 2.63 2.05
K20 0.90 0.21 0.22 0.28 0.14
P2Os 0.34 0.09 0.17 0.19 0.06

Mg# 0.696 0.725 0.572 0.410 0.547
Mg# = MgO/(MgO+FeQ)




BELLIECTBEHHBIN COCTAB 333Y3UBHLIX U
NHTPY3UBHLIX TPATITTIOB

BoNbLWWHCTBO TPannNoBbIX NPOBUHLUN CINOXEHO 6a3anbTamMu m
AorneputamMu, NpeacTaBnAOLWUMU HacblWeHHble (C HOPpMamueHbIM
a2urnepcmeHoOM) UNU KBapLeBble TONeuTbI.

OHM NpoABNAIOT BbICOKYIO CTEeNeHb HaKOMJIeHUS Xeres3a 1 no
chopManbHbIM NMpuU3Hakam OTHOCATCA K cheppobazanbTam.

B psine npoBUHLUUI 3TN ToneuToBble cheppobasanbTbl aCCOLUNPYIOT C
KUCNbIMW NOpOAAaMMN — PUONTUTAMM U pUogauuTamMmum.

CyOLweno4yHbIX 1 WerloYHbIX NopoA BCTpeYaeTcs KpauHe maro.

BbicOoKkoMarHesmnanbHble nopoabl B LiefioM peaku. XoTs B HacTosiLwee
BpeMsl NosiBNnsieTcA Bce 6onblue HOBbIX AaHHbIX O MarHe3uanbHbIX
Ga3anbTax U3 otaenibHbIX BYNIKaHNYE€CKUX CBMUT.

B cybBynkaHn4yeckom Komnsiekce Tpannosou chopmauumm npeobnaparor
MeJiKo-CpeaHe3epHUCTbIE AoNepuTbl, KoMarMmaTu4iHble peppobasansram
TONIENTOBON Cepumn.




