Matepunansl
Bcepoccunckon
KOH(epeHLmnm

C MEXAyHApPOAHbIM
ydyactmem

Merponorus
MarmaTn4yecKmx
 meTamoppuyecKux
KOMMNJIEKCOB

Boinyck 8




MWHWCTEPCTBO OBPA3OBAHMSA U HAYKM
POCCUCKON ®EAEPALINN
HALUMOHANBHBIM NCCNELOBATENBLCKUN
TOMCKWI TOCYAAPCTBEHHI YHUBEPCUTET

leTponorua marmaTuyecKux
U MeTamop(PUyeCKUX KOMNJIEKCOB

Boinyck 8

Matepuanbl Bcepoccnnckon KoHdepeHumnm
C MEXAYHAPOAHbIM y4acTem

29 HOsbpA — 2 leKkabps 2016 roja

ToMCK 2016



VIK 551.24
bbK 26.303

ITerponornss MarmaTu4eckux U Meramoppuueckux ¢popmanmii. Bein. 8. Marepuanst Beepoc-
cuiickoii merporpaduueckoil KoHpepeHur ¢ MexryHapoaasiM yuactueM. — Tomck: M3a-Bo Tomcko-
ro IHTH. 2016. — 412 c.

B cOopHuke mpencraBiaeHsl MaTepuaibl 8-if HayyHON KOH(pEpeHIUH 1Mo npolieMam reHe3uca, Mo-
JeNMPOBaHMs YCIOBUI ()OPMHUPOBAaHUS, CTPYKTYpHOI OpraHMW3allui U MUHEpareHMM MarMaTHueCcKux
U MeTaMOp(UYECKHX KOMIUIEKCOB. PacCMOTpEHBI BOIIPOCH! UX F€OXPOHOJIOIMYECKON KOPPENsU U
(bopMaLMOHHON TUIH3ALNH.

I[J'ISI CIICIaJIuCTOB B obmactu HeTpOFpa(bI/II/I, Ire0JIOTHYECKON ChEMKH U IMPOrHo3a MeCTOpO)KI[CHI/Iﬁ
IIOJIC3HBIX MCKOITAaCMBbIX.

Penakunonnas komuterus: OpHet P.O., Ky3smun M.U., Bpy6nesckuii B.B., I'yrtuepes-Anonco I,
I'eptrep U.D.,. Kpacuosa T.C., Bnagumupos A.I., Bonornuna 1.B., Uepnbimos A.1.

Texnuueckue penaxkropsl — ['eptaep U.D., [lyraposa H.A.

Opurunan-maket — A. bakiaesa

Kagenpa nerporpaduu ToMCKOro rocyaapcTBEHHOTO YHUBEPCUTETA

Petrology of magmatic and metamorphic complexes. Issue 8. Pceeding of science meeting. —
Tomsk: Tomsk CSTI Publishing house. 2016. — 412 p.

The collection includes reports from the 8" science meeting according petrology of magmatic a
metamorphic rocks and their metallogeny and structural construction. Questions of their correlation
and formation type are discussed.

The book is interesting for specialists in the field of petrography and geological survey and proposal
of ore deposits.

Scientific editors: R.E. Ernst, M.I. Kus’min, V.V. Vrublevskii, G. Gutierrez-Alonso, I.F.Gertner,
T.S. Krasnova, A.G. Vladimirov, I.V. Vologdina, A.I. Chernyshov.

Tecknical editors — L.F. Gertner, N.A. Dugarova.

Original design — A. Bakshaeva

Petrography department of Tomsk State University

ISBN 978-5-89702-415-5

WznarensctBo Tomckoro LIHTU. Bymara odcernas Ne 1. Iledars odeeTnast.
[Noamucano B mevars 22.11.2016 1. 3aka3 Ne 944. Tupax 120 3k3.
Otneuarano B Tomckom LTHTU.

Poccus, 634021, . Tomck, mp.@pynse, 115/3. Ten. (8-3822) 26-31-69



CoaepxxaHue

Frontiers in Large Igneous Province Research
RICHAVA E. EFTIST........ooeeeieeeee et e ettt e etttk et h et e e e e et ee e et em e e et ee e e eaees s e e et em s e eteenseeseenseeneenneaneenees 8

Map of mafic dyke swarms and related units of Russia and adjacent regions,
and implications for continental reconstructions
Richard E. Ernst, Kenneth L. Buchan, SVetlana BOISYUL ...............c.c.cc.ocuecueeiiieeni ittt sse e enaesse s saes 10

The magmatic history of the West European Variscan Belt. Pulsated vs. continuous magmatic events
Gabriel Gutiérrez-Alonso, Javier Fernandez-Sudrez and Alicia LOpez-Carmon . .............c..ccooceioeeveioeenieiienineneeeniens 14

UHP metamorphism in the Polar Urals: evidences from the Marun-Keu Complex (Russia)
Lopez-Carmona, A., Tishin, PA., Chernyshov, Gutiérrez-Alonso, G., Gertner, I F. ..........c..ccccccoovumvieiiiniieniiienieeeeeee 15

Origin of compositional diversity in the Chigu Tso intrusions in the remnant Comei large igneous province,
SE Tibet: implications for the Daly Gap
Ying Xia, Richard E. Evnst, Di-CRENG ZIUG ...............ccooceueeiieaiieiiiesieeiieset e estte et estaessseestaessseestaesnseenseessseasseesaseasssasnseenes 20

TexToHO-MarMaTH4yecKast 3BOJIIOINS TEPPUTOPHU CEBEPO-BOCTOUHOM YacTH AHrapo-Burnmckoro

rpaHUTOUIHOTO OaronuTa ceBepHoro 3adaiikanbs (U-Pb u “*Ar-**Ar Bo3pact 1 coctas nopox

BYJIKQHO-IUTyTOHHYECKOH acconmanmu bayHToBckoro paiiona)

Anmonos A. 0., [Joponuna H. A., Tpasun A.B., B. b. Xybanog B. B., I[locoxoe B. ®., Bysnmyeg M. B. ..........c.ccccocun... 21

K Bompocy 0 Bo3pacTe pa3iTHuyHBIX THIIOB TPAHUTONI0B XHUIOK-BHTHMCKOTO CKITaa94aToro mnosica 3abaiikasibst
(na mpumepe “Ar-*Ar u Rb-Sr - H30TOIMHBIX JaTHPOBOK)
AHMONO0B8 A.FO., TIOCOXO08 B.H. ........cc.cceiiiiiiiiiiiieieeee et ettt ettt ettt ettt 28

MogenupoBanue Cy1b(UIHO-CHINKATHOH HECMECUMOCTH M MUKPOAJIEMEHTHOTO COCTaBa
cynbduaHO# (as3pl B 0a3aIBTOBBIX MarMax
A.A. Apuckun, K.A. Borukos, I'C. HUKONAESB, I C. BAPMUHA ..........c..ccueieiiiieeeiieee ettt ettt 32

baput-nonumerannyeckoe opyaeHeHre 3MEHHOTOPCKOTO PYJHOTO paiioHa M €ro reHeTUIeCKUE aCTIEKThI
Becmembino8a K.B., IPUHEB O.M. .......ccc.cccveieeeiieieeeeee ettt et ettt ettt et e et et e s abe et e et e enaeessbeeneenenes 36

[etponormueckne ocobeHHOCTH CHIABITCKOTO IEPHI0TUT-Ta00poBoro MaccuBa (3amagabrii CastH)
E.B. BOPOOUHA, A A. MOHSYUL.........c..ei et ettt ettt ettt e et e b et e e bt e e et e emeeene e e aneeaesneeneas 45

Kamnanckoe uTHUMOpPUTOBOE U3BepKeHUE (~39 THIC. JI.H.): KpaTKUi 0030p U HOBEIC JJAHHEIC
IO JICTaJIbHBIM (DaIUsIM H3BEPIKCHUS
A.B. Buwunescxuil, K. K. I1agneHOK, M.B. KOZMUKUI ...............ouueeiiiiiiiiiiiie oottt ettt aaae e 55

JluHaMuka BHEIPEHUS 0a3uT-yabTPaba3UTOBBIX TEJT HA IIYOMHHBIX YPOBHSIX

AKKPCIMOHHO-KOJUTM3HOHHBIX CHCTEM (OJIbXOHCKUHN PEroH, 3aaIHOe MPUOaiKabe)

Braoumupos A.I, Mexonowun A.C., Jlasvioenxo FO.A., Xnecmos B.B.,

Bonxosa H.U., XpOMBIX C.B., MUXCEE E.HL. ............cc.ccoueeuiiiiiaieeeie et et e ettt tte et staeenteassaessbeessaesaseessaessseesseesnseeseens 60

I'maykodaHcmaHneBbIif MeTaMop(r3M OAYIIedHBIX 0a3anpToB Yapckoii 3006 (CB Kazaxcran)
H.U. Bonkosa, B.B. Xnecmos, B.I1. Cyxopyxos, A.B. Tpasun, /].C. FOOun, M.B. XH€CMOB............ccoecvaiaiaeaiaeieaeae 67

I'eoxumuueckue u nzoromnusle (0, st, nd, pb) cBuaeTenscTBa PpaKIMOHUPOBAHUS

Y KOHTaMHHALWK 1TpU GOPMHUPOBAaHUY 0a3aibT-aH/Ie3UT-TPaXUT-PUOIUTOBON CEpHU

0aTeHEeBCKOTO MOJHATHSI MUHYCHHCKOTO ITporuda

A A. BOPOHUYOB ...ttt ettt et ettt e et et e et et e e e e ekt e ea b e enbeeeeb e e aste e eb e e st e eabeenteeenbeenteesabeeneeenbeeneennneenns 76

MaHnTuiiHBIe HICTOYHUKH M YCIIOBHS TEHEpAlul KeMOpuiickoro oib—marmarnsma ['opHOTO AnNTas
B.B. Bpyonesckuii, B.U. Kpynuamuuxo8, M. @D. T@PIHED ..........ccc.ccueiieiiiee ettt 82

I'mGpunHbIe MOpoab! codckoro komiuiekca (Codckuii 6aronut, [lonspHbit Ypar)
Top6auenio K.B., YOOPAMUHA O.B. ............ccccoovuiiiiieiieiieie ettt ettt ettt ettt e e st e st esbeete s e eseeseeatesseenaesseenaeeneas 90



Map of mafic dyke swarms and related units of Russia and adjacent regions,
and implications for continental reconstructions
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Work is progressing to produce amap in ArcGISTM 10 of the mdfic dyke swarms and related units (volcanics, sills and layered intru-
sions) of Russia and adjacent regions at a scale of 1:5,000,000. Over the past several years dykes have been traced from georeferenced
source maps, including the 1:1,000,000 series of geological maps and numerous regional and local maps from journal publications.
Dykes are being grouped into swarms based on their distribution, trend and geochronology. This work compliments broad-scale map-
ping of dyke swarms (and related units) in other regions such as Canada and adjacent areas, Finland and northern China. This Russian
map is benefiting from new U-Pb ages that have been produced for Siberia, the Urals, Karelia, Kola, and elsewhere.

The new map of Russia and adjacent regions will be helpful in linking dykes of similar age in different local areas. In
turn, this information can be used to determine the areal extent and overall geometry of giant dyke swarms. Giant radiating
dyke swarms are of particular interest. Their foci locate probable mantle plume centres, which are often linked to continent
or supercontinent breakup. Large dyke swarms are typically feeder systems for volcanic rocks, sills and layered intrusions
associated with large magmatic events such as Large Igneous Provinces (LIPs).

The map will also be useful for testing global reconstructions, by facilitating comparison of giant dyke swarm trends and
ages between cratonic blocks. Finally, it will be helpful in targeting dykes for precise U-Pb dating, paleomagnetism, geochem-
istry, and additional mapping.

KapTa Ma¢MTOBbIX [aMKOBbIX «poeB» U OTHOCALLUXCA K HUM 3JIeMEeHTOB Poccumn
U npuneramwmux permoHax, npuMeHeHUA B KOHTUHEHTAJIbHbIX PEKOHCTPYKUUAX

Puuapa 3. Dpucr'* Kenner JI. Byuyan®, CBernana borcron*

'®@akynemem Hayk o 3emne, Kaprimonckuti Ynusepcumem, Ommaea, Kanaoa K1S 5B6,
’Teonozo-leocpapuueckuis @axyromem, Tomekuii [ocyoapemeennviii Yuusepcumem, Tomex 634050, Poccus,
Richard Ernst@ErnstGeosciences.com
$4zencmeo eonozo-Passedounvix Pabom Kanaowl, [pupoonsie Pecypcor Kanaowsl, Ommasa, Kanaoa K14 OES,
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Npodomwaemcsa paboma no pazpabomke Kapmei 8 ArcGISTM 10 Magumossix 3atiKosbiX «poes» U OMHOCALYUXCS K HUM 3/1e-
MeHmMOoB (ByNKAOHUYeCKUX Nopod, CUIOB U C/10edbix UHMpY3ul) Poccuu u npuneaarowjux peauoHax 8 Macwmabe 1:5,000,000.
Ha npomsseHUU HECKO/TbKUX NOCIeCHUX flem daliku OMCAeusaucs No 2eoepaduyecku NPUBA3aHHBIM KOPMAaM UCMOYHU-
Kam, srtoyaa 1:1,000,000 cepuu 2eono2udeckux Kapm U MHO204UCTIeHHbIe pe2uoHa/IbHbIe U MeCmHble Kapmel, G3Amble U3
nybnurkayud #ypHanoa. Jatku 2pynnupytomca 8 «pouU» 8 3a8UCUMOCMU 0m UX pacnpedenieHuUs], HanpasieHus/mpeHdos U ae-
oxpoHonoauu. [aHHas paboma donosiHUM WUPOoKo-MacuwmabHoe KapmpuposaHue 0aliKosbiX «poesy (U OMHOCALYUXCA K HUM
3/1eMeHmam) 8 Opyaux peauoHax, makux Kaxk KaHada u npuneaaiowjux obnacmsx, QuHnaHdus u CesepHold Kumad. JaHHas
Poccutickas Kapma obHoseHa 3a cdem Hosbix U-Pb 8o3pacmos, onpedenerHbix dnsa Cubupu, Ypana, Kapenuu, Kona u dp.

Hosana Kapma Poccuu U cMexHbIx peaLlioHosd bydem nosesHol 8 yermaHos/IeHUL caaseli Mexdy AatKaMU CXOMUX B03pacmos U3
pasHsix MecmHocmed. B caoio o4epeds 3ma UHGOopMayUsi Momem bibimi LCN0/Ib308aHA 07171 onpedesieHUs NpomsiHeHHocmuU obiacmu
U obujell eeoMempuu 2U2aHMCKUX 0aUKoBbIX «poed». [ UeaHMCKUe paduaribHble 0altKosblie «pouU» Bbi3bIBaom ocobbili UHMepec. Vix
040U JTOKQIU3Y0M BO3MOMKHbIE UeHpPbl MOHMUUHbIX N/TIOMOB, KOmOopbie YaCMO CBA3AHb! C KOHMUHEHMQToHBIM U/TU CyNepHOHMUHeH-
mayibHeIM pacnadoM. KpynHsle «pou» 0aeK 0bbIMHO ABIFIOMCA CUCMeMAaMU CHOBHEHUSR BY/IKOHUYECKUX Nopod, CU/YIO8 U CIoUCMbIX
UHMpPY3UL, CBAZAHHBIX C KPYNHBIMU MO2MAMUYeCKUMU COBbIMUAMU, MaKuMU KaK KpynHele M3sepienHsie MposuHyuu (KUM).

LarHaa Kapma make cmaHem nosie3Hol 0718 mecmuposaHUst 2/106a/1bHbIX peKOHCMPYKUUL 3acdem CpasHeHUs1 mpeHdos
au2aHMCKUx alKosbix «poes» U B03PACMOB 8 PasHbiX b/10Kax KpamoHa. B 3akioyeHuUU oHa bydem nosniesHol 8 sbibope daek
0na npeyeH3uoHHoz20 U-Pb damuposaHus, nareomazHemu3Ma, 2e0XumMull, U AonosHUMelbHo20 KapmpUpOBAHUSL.
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Mafic dyke swarm map

Work is progressing to produce a map in ArcGISTM
10 of the mafic dyke swarms and related units (volcanics,
sills and layered intrusions) of Russia and adjacent regions
at a scale of 1:5,000,000. Over the past several years dykes
have been traced from georeferenced source maps, includ-
ing the 1:1,000,000 series of geological maps and numer-
ous regional and local maps from journal publications.
Dykes are being grouped into swarms based on their distri-
bution, trend and geochronology. This work compliments
broad-scale mapping of dyke swarms (and related units) in
other regions such as Canada and adjacent areas (Buchan
and Ernst 2004; Buchan and Ernst 2013), Finland (Vuollo
and Huhma 2005) and northern China (Peng 2015). This
Russian map is benefiting from new U-Pb ages that have
been produced for Siberia (e.g. Ernst et al. 2016a,b), the
Urals (e.g. Puchkov et al. 2016), Karelia (e.g. Stepanova et
al. 2015), Kola (e.g. Fedotov et al. 2012) and elsewhere.

The new map of Russia and adjacent regions will be
helpful in linking dykes of similar age in different local ar-
eas. In turn, this information can be used to determine the
areal extent and overall geometry of giant dyke swarms. Gi-
ant radiating dyke swarms are of particular interest. Their
foci locate probable mantle plume centres, which are often
linked to continent or supercontinent breakup. Large dyke
swarms are typically feeder systems for volcanic rocks,
sills and layered intrusions associated with large magmatic
events such as Large Igneous Provinces (LIPs) (Ernst 2014).

The map will also be useful for testing global recon-
structions, by facilitating comparison of giant dyke swarm
trends and ages between cratonic blocks (e.g. Bleeker and
Ernst 2006; Ernst 2014). Finally, it will be helpful in tar-
geting dykes for precise U-Pb dating, paleomagnetism,
geochemistry, and additional mapping.

Giant mafic dyke swarms of Russia

Approximately 100 relatively large swarms have been
identified to date in Russia with lengths up to 1200 km. Of
particular note are several giant radiating swarms. For ex-
ample, the giant radiating swarm associated with the 250
Ma Siberian Trap LIP has subswarms which can be traced
for >750 km over an arc of 1000 (Ernst and Buchan 2001).
It is also noted that a giant circumferential swarm is associ-
ated with this LIP (Ernst and Buchan 2001). Taken together
with related volcanic rocks and sills, including those be-
neath the West Siberian Basin, the overall Siberian Trap LIP
extends over ~6 Mkm2. The 370 Ma Yakutsk-Vilyui LIP of
Siberia is dominated by a giant radiating dyke swarm, with
subswarms that can be traced up to 900 km over an arc of
1400 (Kiselev et al. 2012). These subswarms and associ-
ated volcanic rocks are located along arms of a prominent
radiating rift system. The 1750 Ma Timpton giant radiating
dyke swarm of Siberia exhibits three subswarms that extend
out to a distance of 1200 km from the focal point over an arc
of 2000 (Gladkochub et al. 2010; Ernst et al. 2016a).

Several giant linear swarms have been catalogued. For
example, the 400 km long 1870 Ma Kalaro-Nimnyrsky
swarm of the Aldan Shield is approximately coeval and
co-linear with the major 150 m wide Malozadoisky dyke in
basement rocks exposed in the western Irkutsk promontory

(Ernst et al. 2016a). Together they may represent a giant lin-
ear swarm that is 1500 km in length. Large linear swarms are
also commonly observed intruding Phanerozoic rocks. For
instance, a N-S trending Devonian swarm extends >1200
km along the Ural Mountains (Puchkov et al. 2016). A dense
600 km long NE-trending Jurassic/Cretaceous swarm cuts
the Verkhoyansk belt and the Kolyma-Omolon block.

Reconstruction implications

Some mafic dyke swarms are thought to be components
of giant radiating or linear swarms and associated LIPs
that extend outside the current map area or are located on
other continental blocks as a result of continental break
up and drift. In fact, the matching of LIP events between
crustal blocks has been an important tool in establishing
continental reconstructions, using the LIP barcode match-
ing — piercing point method (Bleeker and Ernst 2006).

For example, the 2330-2310 Ma Kuito-Taivalkoski
(Stepanova et al. 2015; Salminen et al. 2014; Ernst, 2014)
and 1970 Ma Pechenga-Onega (Lubnina et al. 2016) dyke
swarms extend outside of Russia into Finland. Furthermore,
the ca. 2100 Ma Karelian -Tohmajérvi dyke swarm can be
traced into Finland, and in a continental reconstruction has
been linked to the coeval Marathon dyke swarm of the Su-
perior craton of North America (Bleeker and Ernst 2006).

The dykes of Franz Josef Land are part of a giant radi-
ating swarm that extends acros across Svalbard, northern
Greenland and the Arctic islands of northern Canada and is
associated with the 130-80 Ma High Arctic Large Igneous
Province (HALIP) (Buchan and Ernst 2006).

Nine LIP events of southern Siberia can be traced into
northern Laurentia on the basis of a recent 1.9-0.7 Ga Si-
beria-Laurentia reconstruction that featured nine new U-Pb
ages and six new Ar-Ar ages (Ernst et al. 2016a). Four par-
ticularly robust age matches are at 1870, 1750, 1350 and
720 Ma (Figure 1). The 1870 Ma Ghost-Mara River-Morel
event of the Slave craton, Laurentia, (Buchan et al. 2016)
lies along trend from the above mentioned 1870 Ma Ka-
laro-Nimnyrsky-Malozadoisky swarm of southern Siberia
(Ernst et al. 2016a). The 1750 Ma Kivalliq magmatism and
related dykes in northern Laurentia (Peterson et al. 2015)
are coeval with the above mentioned 1750 Ma Timpton ra-
diating dyke swarm of Siberia. The 1350 Ma Wellington
Inlier sill and related units of northern Canada, are matched
with the Listvyanka swarm of the Irkutsk area of Siberia. Fi-
nally, the widespread 725-715 Ma Franklin LIP of northern
Canada (e.g. Ernst and Bleeker 2010) shares the same man-
tle plume centre with the 720 Ma Irkutsk event of south-
ern Siberia (Ernst et al. 2016a). The latter includes Nersa
area sills, Baikal dykes, and layered intrusions (including
the Dovyren and Upper Kingash intrusions) (Ariskan et al.
2013; Polyakov et al. 2013; Ernst et al. 2016a). The giant
1270 Ma Mackenzie swarm of Laurentia may continue into
Siberia, with the recognition of the 200 m wide 1260 Ma
Srednecheremshanskii dyke (Ernst et al. 2016a)

On the northern side of the Siberian craton the 1385 Ma
Chieress dykes and widespread 1501 Ma Kuonamka LIP
(Emnst et al. 2000; Ernst et al. 2016b) extend into the formerly
attached Sao Francisco and Congo cratons (Ernst et al. 2013).
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Figure 1: Matching LIP events of southern Siberia and northern Laurentia: S = Siberia, L = Laurentia. A) Siberia: Dovyren (D),

Verkhnii (Upper) Kingash (UK) and Tartai (T) intrusive massifs, and Sayan (S) and Baikal (B) dyke swarms. Laurentia: Franklin dyke
swarm (F), Coronation sills (Co), Minto Inlier basalts and sills (MI) and Mount Harper volcanics (MH). Note also the Kikiktat flood
basalts (Ki) of the North Slope subterrane of Alaska. B) Siberia: Srednecheremshanskii (SS) dyke; Laurentia: Coppermine (Cm), Tweed
Lake (TL), Nauyat (N) and Hansen (Ha) volcanics, Muskox (Mx) layered intrusion, Tremblay (Tr), Goding Bay (GB) sills, and rotated
Bear River (BR) dykes and most markedly the giant radiating Mackenzie (M) dyke swarm. C) Siberia: Listvyanka (L) dykes; Laurentia:
Barking Dog (BD) sill. D) Siberia: Timpton radiating dyke swarm consisting of Eastern Anabar (EA), Chaya (Ch) Timptano-Algamaisky
(TA) subswarms. Laurentia: Kivalliq Igneous Suite which includes the Nueltin (Nu) granite intrusions, gabbro and anorthosite intrusions,
basalt, rhyolite and pyroclastic rocks of the Pitz Formation, and related McRae (Mc), Hadley Bay (H) and Cleaver (Cl) dyke swarms.
E) Siberia: Kalaro-Nimnyrsky (KN) and Malozadoisky (Ma) dyke swarms. Laurentia: Mara River (MR) sheets, Ghost (Gh) dykes. Di-
agram revised after Ernst et al. (2016a).
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