GEODYNAMICS & TECTONOPHYSICS

PUBLISHED BY THE INSTITUTE OF THE EARTH’S CRUST
SIBERIAN BRANCH OF RUSSIAN ACADEMY OF SCIENCES

2019 VOLUME 10 ISSUE 4 PAGES 841-861 ISSN 2078-502X

https://doi.org/10.5800/GT-2019-10-4-0445

THE PRE-VENDIAN (640-610 MA) GRANITE MAGMATISM IN THE
CENTRAL TAIMYR FOLD BELT: THE FINAL STAGE OF THE
NEOPROTEROZOIC EVOLUTION OF THE SIBERIAN
PALEOCONTINENT ACTIVE MARGIN

A. B. Kuzmichev!, M. K. Danukaloval, V. F. Proskurninz,
A. A. Bagaeva?, N.I. Beresyuk?, P. A. Gromov?

L Geological Institute of RAS, Moscow, Russia
2 A.P. Karpinsky Russian Geological Research Institute (VSEGEI), Saint Petersburg, Russia

Abstract: Eastern part of the Central Taimyr belt is composed of Precambrian rocks penetrated by granites of the
Snezhnaya complex (845-825 million years) and later overlain by mid-Neoproterozoic sin- postorogenic sedimentary
deposits of the Stanovaya-Kolosova Group. Two competing concepts on the Precambrian history of the belt are dis-
cussed. The first suggests that by the middle of the Neoproterozoic amalgamation of various terrains formed the Cen-
tral Taimyr microcontinent, which afterwards collided with Siberia in Vendian. 2) According to the second point of
view, which is shared by the authors of this article, the belt was part of the Siberian craton from at least the Mesopro-
terozoic, and there is no suture that would separate it from the South Taimyr belt. To our surprise, during the field
work in the South-Eastern part of the Central Taimyr belt near the proposed “Vendian sutura”, assumed by the first
concept, we found a granite pluton (Pregradnaya massif) intruding clastic rocks of Stanovaya-Kolosova Group. Such
setting is quite uncommon for the belt and contradicted to publications, describing the mentioned clastic rocks to
overlay the granites and contain their debris. Dating of the pluton confirmed the field observations - its SRIMP zircon
age has proved to be 609+2 Ma, an unusually young for this region. The pluton is located in a wide deformation zone
separating the Precambrian rocks (to the northwest) and the Paleozoic deposits (to the southeast). Two minor bodies
of similar porphyritic granite were found in the same zone further to the southwest, and it seemed logical to assume
that a chain of Vendian granites marks boundary deformation zone. However, their dating (843+6 u 840+5 Ma)
showed that they belong to Snezhnaya complex. In this paper, we discuss two Neoproterozoic magmatic ‘flare-ups’ in
the Central Taimyr Belt, which are dated at 845-825 and 640-610 Ma. Both ‘flare-ups’ are evidenced by K-rich per-
aluminous granite batholiths intruded the upper crust. It is most probable that each flare-up was related to a collision
event completing an independent cycle in the evolution of the active margin of the Siberian paleocontinent.
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IPEABEH/ICKHMI (640-610 MJIH JIET) 3TAN TPAHUTHOI'O
MATMATH3MA B LIEHTPAJIbHO-TAHMBIPCKOM CKJIAAYATOM
MOSACE: 3ABEPLIAIOIIAS CTAIMA 3BOJIIOLIMA AKTUBHOM OKPAUHBI
HEONPOTEP030HCKOro CHBUPCKOTO MAJIEOKOHTUHEHTA

A. b. Ky3abmuuen!, M. K. lanykasioBal, B. ®. [IpockypHUH?,
A. A. baraeBa?, H. U. bepe3wk?, II. A. 'pomoB2

1 eonozuveckuti uncmumym PAH, Mockea, Poccusi
2 Bcepocculickuil HaQy4Ho-uccaedogamenbcKull 2zeonozudeckutl uHcmumym um. A.IL. Kapnurckozo,
Cankm-Ilemep6ype, Poccus

AHHOTanus: [Ipy MoJeBOM U3y4YeHUH JJOKEMOPUHCKUX NMOPOJ BOCTOYHOM 4yacTu LleHTpanbHO-TaiiMbIpckoro nosica
06HApyXeH I'PAaHUTHBIA IIYTOH, NMPOPBLIBAIOIIUNA CHHOPOTeHHble 00JIOMOYHbIE NOPOJbI (CTAaHOBCKO-KOJIOCOBCKAsI
cepusl, NpeAnonoKxuTesbHo 780-750 MuH JieT). Takve B3aMMOOTHOLIEHUS] HETUIIMYHBI /ISl [10sICA: CYUTAETCS, YTO
Hao60pOT, YKa3aHHbIE OPOTeHHble HAKOIJIEHUS COJEePXKaT 0OJIOMKH MOJOGHBIX I'PaHUTOB. JlaTHpOBaHUE MaccHUBa
MO/ TBEPU/IO HAab/II01aBIIMeECs] B3AHMOOTHOLIEHHS: BO3PACT 'PAaHUTOB OKa3ascsl paBHbIM 610 muH JieT. CTosb Mo-
JIo/ible TPAHUTHI PaHee 3/lecb He OTMeYaauch. MaccuB NpUypoYeH K LIMPOKOH 30He fedopMaLUi, KOTopas OTAeNseT
JIOKeMOpUHCKHe mopoAbl (K ceBepo-3amaZly) OT BbIXOJ0B AepopMHpPOBAaHHOrO Iajeo30iickoro yexsaa (c oro-
BoCTOKa). Ha npocTupaHuu B 3TOH 30He 6bIIM HAalJEHBI ellle iBa FPAaHUTHBIX MAaCCHUBA, TAKXKE CJIOXKEHHbIe KaJlleBbl-
MU MOpGHUPOBUAHBIMYU IrpaHUTaMu. Ux aatupoBaHue (840 MJIH s1eT), OJHAKO, 10KA3aJ10, YTO OHU OTHOCATCA K pac-
NPOCTPaHEHHOMY B 3ToH 4yacTu TaiiMbIpa 60Jiee JpeBHEMY (CHEXKHUHCKOMY) KOMIJIEKCY. B cTaTbe o6cyxaoTcs JiBe
BCIBILIKKM I'PAaHUTHOTO MarMaTu3Ma, nposiBuBLierocsl B LleHTpaspHO-TaliMbIpCKOM Nosice B MHTepBaiax 845-825 u
640-610 MJH JieT, BoIpaXKeHHble BO BHEJJPEHUH Ka/IMeBbIX C/1a6onepaTlOMUHUEBBIX TPAHUTHBIX 6ATOIMTOB B BEpX-
HHe TOPU30HTHI Kopbl. KaXkAas BCmbllKa 3aBeplIaeT CaMOCTOSATENbHbIA 3TAll 3BOJIOIMN aKTUBHOW OKpauHbl CH-
OUPCKOro MaJIeOKOHTHHEHTA B HEONIPOTEPO30€e M MPeJIOJI0KUTEIbHO CBA3aHa C KOJJIM3UOHHBIM cobbITHeM. [lopo-
Jibl BTOPOTO 3Tana 3BOJIIOLUH aKTUBHOW OKpaWHBbI NPEUMYILeCTBEHHO BBIXOAAT Ha CEBEPO-BOCTOYHOH OKpaHHe
TaliMbIpa, r/le LHUPOKO pacnpocTpaHeHbl HAACYOAYKIMOHHbIEe 6a3anbThl, aHAE3UTbl U PUOJIUTHI O3HET0 HEONPO-
Tepo3os (750-610 MJuH sieT). ByJIKaHUTBI HeCOIJIACHO 3aJIeTal0T Ha MOPOAAX Me30NpOTePo30s, HUKHETO HeonpoTe-
po30s, a TAKKe B CHHOPOTEHHBIX TOJIILAX CepefiMHbl HEONPOTEPO30s U HECOIVIACHO MEPEeKPBIThl NeCTPOLBETHBIMU

KOHIrJioMepaTaMUu TEPMHUHAJIbBHOI'O HEOIIPOTEPO304.

Kniwou4eBble ciioBa: f1okeM6puii; TaliMblp; HEONIPOTEPO30M; KOJJIIM3UOHHBIE TPAHUTHI; Fe0XpOHOJ10TrUsl; CUOUPCKUM

MaJIEOKOHTHHEHT

1. INTRODUCTION

The Central Taimyr fold belt is composed mainly of
the irregularly metamorphosed and deformed Precam-
brian rocks. At the north, it is bounded by the Main
Taimyr and Diabase thrust faults (Fig. 1) [Bezzubtsev et
al, 1983]. They were interpreted as a suture between
the Central Taimyr Belt and the Kara microcontinent
collided in the late Paleozoic [e.g., Zonenshain et al,
1990; Vernikovsky et al,, 1996]. The southern boundary
is the Pyasina-Faddey fault separating the Central- and
South-Taimyr belts (see Fig. 1). It is widely accepted
that the South Taimyr Belt is composed of deformed
rocks of the Siberian platform. In some publications,
the Pyasina-Faddey thrust is also interpreted as a su-
ture of Cretaceous [Zonenshain et al, 1990; Uflyand et
al, 1991] or Vendian [Vernikovsky, Vernikovskaya, 2001,
and their other publications] age. According to the ci-

ted geologists, the Central Taimyr Belt is composed of
set of the island-arc, continental and oceanic terranes
amalgamated to a solid agglomerate in the Neoprotero-
zoic and thus formed a microcontinent. The time of the
accretion-collision was determined by the age of gra-
nites and volcanic rocks at 869-823 Ma [Vernikovsky,
Vernikovskaya, 2001; Proskurnin et al, 2014]. In the
mid-Neoproterozoic orogeny was completed by accu-
mulation of clastic rocks (containing pebbles of above
granites) overlayed with carbonate rocks and shales
[Bezzubtsev et al, 1986, Makariev, 2013]. According to
[Vernikovsky, 1996] and his later publications, the Cen-
tral Taimyr ‘accretionary belt’ collided with the Siberi-
an paleocontinent in the Vendian or prior to the Vendi-
an, and the Pyasina-Faddey thrust is a suture.

In 2016, we participated in the VSEGEI field survey
of the eastern part of the Central Taimyr Belt (see the
box in Fig. 1). The studied area includes high-grade
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Fig. 1. Position of the Central Taimyr belt in the structural zoning of the Taimyr folded region (after [Bezzubtsev et al, 1983]).
Box indicates the study area discussed in this paper; white oval - location of the Nansen (Vil'’kitsky) granite suite (see Discus-

sion).

Puc. 1. llonoxeHue LleHTpanbHo-TaliMBIpCKOTO HOsICa B CTPYKTYPHOU 30HAJIbHOCTH TalWMBIPCKOM CK/IaA4yaTOH 06J1acTH
(o [Bezzubtsev et al, 1983]). KBaipaTHKOM NMOKa3aHO MOJIOXKEHUE y4ACTKA, 00CY>KJ]aeMOro B JAaHHOU CTaTbe, 6esbIM OBa-

JIOM M0Ka3aHa 00J1acThb pacnnpoCTpaHeHNAd TPAHUTOB HaHCe

metamorphic rocks interpreted in different ways. They
were attributed to “Faddey uplift” of the Archean or
Paleoproterozoic basement of the Siberian craton
[Pogrebitsky; 1971; Zabiyaka et al, 1986, Bezzubtsev et
al, 1986], or the Faddey cratonic terrane being a part
of the accretionary belt [Vernikovsky, Vernikovskaya,
2001; Proskurnin et al, 2014]. V.V. Bezzubtsev did not
exclude that the protolith of Faddey metamorphic
rocks was Riphean metasedimentary rocks that are
widespread in the Central Taimyr belt [Bezzubtsev et
al, 1986].

Among other interesting field observations, we
found a granitic pluton intruding the above-mentioned
synorogenic mid-Neoproterozoic clastic rocks. The dis-
covery could have important implications for under-
standing the tectonics of Taimyr, as it was consistent
with the concept of the Vendian collision of the Central
Taimyr belt and the Siberian paleocontinent.

2. OVERVIEW OF THE GEOLOGY OF THE STUDY AREA

Our field observations had shown that in the eastern
part of the Central Taimyr Belt no terrain can be deli-
mited, which could be interpreted as an exotic “craton-
ic terrane” or an ancient basement uplift. Three zones
of metamorphism can be roughly outlined (Fig. 2): (i)

HOBCKOTO KOMILJIeKca (cM. paszes «06cyxaeHne»).

the zone of migmatized rocks (anatexis zone) that may
correspond to high amphibolite facies and, probably,
granulite facies (index minerals are lacking); (ii) the
intermediate zone of amphibolite and epidote-amphi-
bolite metamorphism; and (iii) the outer zone of green-
schist and epidote-amphibolite metamorphism. Rocks
that have experienced mylonitization and retrograde
metamorphism are abundant in this area.

In all the three zones metamorphic rocks are repre-
sented by metasedimentary crystalline schists and
gneisses interlayered with quartzites and marbles and
containing amphibolite bodies. On the sites of relatively
weak metamorphism, metasedimentary strata were
mapped as parts of the October and Zhdanov forma-
tions [Bezzubtsev et al, 1983; Zabiyaka et al, 1986; Ma-
kariev, 2013]. The age range of detrital zircons from
quartzites sampled from the anatexis zone is similar to
that of the October and Zhdanov Formations, and thus
supports the above-mentioned assumption of V.V. Bez-
zubtsev ([Kuzmichev, Danukalova, 2018], and un-
published data of the authors). The detrital zircons are
mostly dated to the Paleoproterozoic. The youngest
detrital zircons mark the lower age limit for sedimenta-
tion at ~1600 Ma ([Proskurnin et al, 2009], and un-
published data of the authors). The upper age limit
(1300-1360 Ma) is determined by the age of the intru-
ded metadolerite sills of the North Byrranga complex
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Fig. 2. Schematic geological map of the SE part of the study area. The map is based on the field observations by first two au-
thors, the Planet satellite images (URL: https://www.planet.com) and geological maps compiled by [Stepanov et al, 1965;
Makariev, 2013]. Rectangular boxes are the areas wherein the discussed granites are located (see more detailed maps in

Figs. 3 and 5).

Puc. 2. CxeMa reosiornyecKoro CTpOeHHUs I0ro-BOCTOYHOM 4YacTH U3Y4eHHOHW IJIowau (cocTaBjieHa MepBbIMU JIBYMS aB-
TOpaMU IO I0JIEBBIM HAOJIIOJEHUSAM C MCIOJb30BaHHMEM KocMU4YecKHx cHUMKOB Planet (URL: https://www.planet.com)
Y [IpeJiIeCTBYIOLIMX [e0J0TUYECKUX KapT [Stepanov et al, 1965; Makariev, 2013]). [IpAMOyroJibHUKaMH Bbl/ieJIeHbI YYacT-
KU, BKJIIOYalOL[Me 06CyKJaeMble FPaHUTHBIE TeJjla U UWJIIOCTPUPOBaHHbIE GoJlee JieTaJbHbIMU CXeMaMHU.

([Proskurnin et al, 2014; Priyatkina et al, 2017], and
unpublished data of the authors). Similar ages were
determined for detrital zircons from the October Fm.
sampled further to the west (upper reaches of the Le-
ningradskaya River) outside the Faddey metamorphic
complex [Proskurnin et al, 2009] and directly west-
ward of our study area [Priyatkina et al, 2017]. Con-
vincing arguments for the Anabar origin of the Paleo-
proterozoic detrital zircons are given in the last cited
paper. Our data support the conclusion of N.S. Priyatki-
na and her colleagues that during Meso- and Neoprote-
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rozoic, the southern part of the Central Taimyr belt be-
longed to the Siberian paleocontinent and was not se-
parated from it by an ocean.

The early Neoproterozoic volcanic (mostly felsic)
rocks occupy the next structural level. Their strati-
graphic contact with the Mesoproterozoic rocks has
never been observed. Volcanic rocks are partially co-
magmatic to the Snezhnaya granites (see below).

The Neoproterozoic granites (970-800 Ma [Kuzmi-
chev, Danukalova, 2018]) are represented by different
facies reflecting different depth levels. Migmatites and



larger granitoid veins located in the anatexis zone. In
the transition zone, there are leucogranitic dikes, ge-
nerally represented by fine-crystalline rocks (not
shown in Fig. 2). The zone of low-grade metamorphism
contains similar dikes, small granitic bodies and rela-
tively large medium- to coarse-crystalline granitic plu-
tons (see Fig. 1), typically with K-feldspar phenocrysts.
Granites of the latter type are shown in the maps of
the Central Taimyr belt as the Snezhnaya complex
[Proskurnin et al, 2009; Proskurnin et al, 2014]. Availa-
ble zircon datings listed in these publications (ID TIMS
and SHRIMP) are as follows: 846+11, 833+14, 824+3.4,
827x22, 830+5.3, 8335, and 843+5 Ma. Thus, the
age of the Snezhnaya complex is in the range of 845-
825 Ma.

All the above-mentioned rocks are unconformably
overlain by mid-Neoproterozoic syn- and post-orogenic
deposits of the the Stanovaya-Kolosova group (more
than 1000 m). It comprises conglomerates and sand-
stones at the bottom, shallow-water carbonate rocks in
the middle, and grey-coloured shales in the upper part.
The group is fragmented in the study area and its com-
plete succession is not available. The Stanovaya-Kolo-
sova rocks are deformed and metamorphosed to lower
greenschist facies (chlorite zone). To the north of the
study area, these rocks are overlain by suprasubduction
volcanic rocks of the late Neoproterozoic [Makariev,
2013; Markovsky et al, 2000]. All the Precambrian rocks
are unconformably overlain by non-metamorphosed,
strongly deformed uppermost Vendian - lower Paleozo-
ic shales and limestones of the Siberian platform.

Deciphering of the complex fold-thrust structure of
the study area is possible only for the late Vendian -
early Paleozoic structural level. Deformations of Stano-
vaya-Kolosova mid-Neoproterozoic formation are far
more complex. In detailed satellite images only fold
hinges composed of contrasting carbonate and shale
rocks are visible. These rocks are generally form sepa-
rate lense-shaped tectonic blocks, each representing
only a small fragment of the Stanovaya-Kolosova group.
Delineation of the Mesoproterozoic - early Neoprote-
rozoic rock structure can hardly be practicable. In the
anatexis zone, the rocks have experienced complex de-
formation in the plastic state. The satellite images show
the general direction of foliation, which is displaced by
faults of different orientations. It may be suggested that
general structural motif is a set of curved reverse faults
concordant with the overall structural trend. The deep-
seated rocks are exhumed due to displacements along
these faults. The youngest normal faults and right-
lateral strike-slip faults (sub-latitudinal and ENE
strike) are clearly visible in the satellite images and
even on topographic maps. Displacements along these
faults continued in the Quaternary.

In the Neoproterozoic, the eastern part of the Cen-
tral Taimyr belt has experienced orogeny twice in Neo-
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proterozoic: at the end of the first half and at the end of
the second half. The first event was a full-scale orogeny,
including granite batholith intrusion and the accumula-
tion of the Stanovaya clastic deposits. The second event
is mentioned in [Vernikovsky, 1996; Vernikovsky, Ver-
nikovskaya, 2001; Proskurnin et al,, 2014] and discussed
in more detail below.

In the area shown in Fig. 2, the only relatively large
granitic body is located on the right bank of the lower
Pregradnaya River. According to our observations, a
unique feature of these granite is its intrusion into the
conglomerates of the Stanovaya Formation, i.e. these
granites are younger than the above-mentioned Snezh-
naya granite suites. Such setting is quite uncommon for
the belt, and our discovery was unexpected and con-
tradicting to the previous works , describing the con-
glomerates overlaying granites and containing granite
boulders. It seemed reasonable to relate this granites
to a wide tectonic zone bordering the Precambrian
rocks (see Fig. 2). Further southwestward, in the same
zone (at the upper reaches of the Stanovaya River), two
smaller bodies of porphyritic granites similar to the
above-mentioned were found, and we had no doubts
that they belong to the same young suite. These three
granite massifs (Pregradnaya, Stepanov and Magis-
tral’'ny) are described and discussed below.

3. PREGRADNAYA MASSIF

Massif is located on the right bank of the Pregrad-
naya river in its lower reaches (see Fig. 2) and extends
to the northeast in accordance with general structural
trend. Its area (approx. 12 km?) is clearly detectable by
aerial gamma-ray imaging. Several small porphyritic
granite bodies were also observed on the left bank of
the Pregradnaya River. They are exposed along the
fault zone that separates the Precambrian metamor-
phosed rocks and the Stanovaya-Kolosova Group. It is
probable that these are fragments of the SW continua-
tion of the Pregradnaya massif.

The part of the massif exposed on the slopes facing
the Pregradnaya River, has been studied in more detail
(Fig. 3). This area is a part of a wide fault zone separa-
ting the Precambrian and Paleozoic rocks. The Pre-
cambrian rocks are mylonitized, and almost all litho-
logical contacts are faulted. Tracing of the most recog-
nizable rocks (e.g., dolomites of the Kolosova Fm.) sug-
gests that, area is cut out to number of lense-shaped
blocks by curved reverse faults. These faults are rela-
tively young, considering that the Stanovaya-Kolosova
rocks are displaced by them. The dip and strike data
shown in the map (see Fig. 3) reflect the actual orienta-
tion of metasedimentary rock layering that coincides
with foliation in this area. Observations of the meta-
dolerites show that banding, foliation and rock contact
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Fig. 3. Geological map of the southwestern termination of the Pregradnaya massif (mapped by first two authors). Contour
interval - 20 m.

1 - uppermost Vendian - lower Paleozoic deposits; 2-4 - Stanovaya-Kolosova group (mid-Neoproterozoic): 2 - grey shales, 3 - marbles,
4 - conglomerates, gritstones, marbles; 5 - chlorite and chlorite-sericite green schists, rare gritstones; 6 - felsic metavolcanic rocks
(853+11 Ma); 7 - Zhdanova Formation (Mesoproterozoic) - metasedimentary rocks including marbles and quartzites; 8 - Pregradnaya
granite (60942 Ma); 9 - leucogranite dikes; 10 - Mesoproterozoic (1342+14 Ma) amphibolites; 11 - structural lines; 12 - faults; 13 - fixed
sites and tracks; 14 - dip and strike of layering, banding, foliation (all the elements have the same orientation).

Puc. 3. l'eostornueckas kapTa 03 3ambikaHus [IperpasiHeHCKOro MaccuBa (cocTaBJieHa 0 HAaGJII0leHUAM IEPBBIX IBYX aB-
TopoB). CeueHue ropusoHTasen — 20 M.

1 - BepxHeBeH/ICKHe — HIXKHeNale030¥CKHe OTI0XKeHUsT; 2-4 — CTAaHOBCKO-KOJIOCOBCKas cepusi (CpeZHHUI HeonmpoTepo3oi): 2 - cepble
C/1aHLBl, 3 - MpaMopbl, 4 — KOHIJIOMEpPAThl, TPaBeJUTbI, MPaMOPbl; 5 — XJIODUTOBbIE U XJIOPUT-CEPULIUTOBbIE 3eJIeHble CIaHLbI, PEAKO —
rpaBeJIUThL; 6 — MeTaByJIKaHUTHI (853+11 MuIH s1eT); 7 - */IaHOBCKas ToJIa (Me30NpoTepo30i) — MeTaoCcaJ0OuHble IOPOAbI, B TOM YHCIIe
MpaMopbl U KBapUUTHL; 8 - rpaHuThl [IperpasgaeHckoro MaccrBa (610 MutH. sieT); 9 - faliku JleHKOorpaHUToB; 10 - Me30TIpOoTEepO30HCKIe
(1342+14 maH net) aMmu60UThI; 11 — CTPYKTYpHBIE JTUHUY; 12 - pa3iombl; 13 - PUKcHpOBaHHbIe TOYKU HAO/IIOAEHUN U Tpeky; 14 -
3JIeMeHTbl 3a/leTaHUs CJIOUCTOCTH, I10J1I0CYaTOCTH, C/IaHLIeBaTOCTH (OPHMEHTHUPOBKA BCeX lepeyrCc/IeHHbIX 3/1eMEHTOB COBNAZAeT).

orientations are coincident wherever such features are
observed. Older rocks in Fig. 3 are replaced with
younger rocks in SE direction, while most of them are
inclined in the opposite direction. Presumably they are
predominantly in overturned position The lower rea-
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ches of the Pregradnaya River is the only place in the
region, wherein the rock relationships can be observed
on the river bank cliffs.

The geological units oulined in the Fig. 3 are as fol-
lows: (i) Mesoproterozoic metasedimentary rocks. Pre-



viously, these rocks were mapped as the Zhdanov Fm.
due to the presence of carbonate rocks. Carbonate
rocks (10-15 % of the visible thickness) represented
by grey marble layers (from few centimeters to several
meters thick) interbedded with various schists, mica-
quartzites and massive quartzites. Widespread are car-
bonate-silicate rocks. Due to intense deformation, an
original lithological succession cannot be restored. (ii)
Mesoproterozoic amphibolites of the North Byrranga
complex. They form concordant bodies of a few meters
up to several dozens of meters thick interpreted as
sills. These are massive, slightly schistose, rarely ban-
ded black-green rocks composed of hornblende, albite
and quartz with varying amounts of Fe-Ti minerals.
Indistinct gabbro-dolerite structure is preserved in
some sites. (iii) Neoproterozoic metavolcanic rocks
with cloudy microcrystalline basis and, vague remnants
of feldspar and rare quartz phenocrysts. In places they
intercalate with packs of chlorite schists. (iv) Rocks of
the Stanovaya-Kolosova Group. These rocks are be-
lieved to lie unconformably upon rocks listed above,
but the direct contact in the study area is faulted. The
lower part of the group comprises conglomerates, grit-
stones and sandstones interbedded with marbles. Co-
loured sandstones and gritstones on the left bank of the
Pregradnaya River (near point 051) probably compose
the lowermost horizons of the Group, which are not
preserved on the right bank. These rocks associate with
hematitized green schist interpreted as pre-Stanovaya
weathering crust. Middle part of the Group consists of
marbles. Upper part comprises grey-coloured shales
and siltstones with rare sandstones. This shale unit is
distinctly mappable several kilometers to the south-
west, here only its fragments preserved. (v) All of the
above-mentioned rocks are intruded by the Pregrad-
naya granites (discussed in more detail below). A set of
light coloured, almost white granite veins that probably
acted as feeder dikes.

Pregradnaya granites crop out at cryoplanation ter-
races covered with granite blocks (Fig. 4, a) and in
scarps several meters high. A contour of the south-
western margin of pluton is sinuous. Here granite in-
trudes all pre-Stanovaya rocks, as well as Stanovaya
conglomerates and marbles. Intrusive contacts can
hardly be substantiated confidently considering the
‘talus’ or ‘rubble’ setting. Nonetheless, all of the above-
mentioned host rocks (more or less altered) are ob-
served in xenoliths at the massif's margin. Among them
Stanovaya conglomerates are the most detectable. The
Pregradnaya massif is composed of medium- to coarse-
grained porphyritic granite with yellowish and pink K-
feldspar phenocrysts (1-3 cm). Phenocrysts are rough-
ly rounded and less commonly show euhedral habitus
(Fig. 4, b, e, f). Most granites are more or less cataclased
and show some schistosity with preferred phenocrysts
orientation. Mafic minerals are completely or almost
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completely chloritized. Most intense secondary altera-
tions are noted in the near-contact zone where rocks
are pyritized and rusty.

Granites are mainly composed of three minerals: al-
kali feldspar, plagioclase and quartz. Alkali feldspar
phenocrysts vary in number from one site to another
and generally amount to 20-30 % of the rock (on some
sites, less than 10 % or more than 50 %). The least ho-
mogeneous rock composition is observed in the near-
contact zone. In thin sections alkali feldspar is repre-
sented by perthite. Pelitization is insignificant and
patchy, and it generally looks much fresher than plagi-
oclase.

Quartz forms xenomorphic grains (up to 1 cm),
which in places are lense-shaped (Fig. 4, d). In thin-
sections quartz is granulated and shows complex undu-
lose extinction. Cataclasis is manifested by bands of
microgranular quartz.

Plagioclase is the main rock component in terms of
volume. It is usually poorly distinguishable in field, alt-
hough its crystals are quite distinct on some sites (Fig.
4, c). Plagioclase is sosuritized and looks greenish in
hand specimens (Fig. 4, e, f). In thin sections it shows
blurred polysynthetic twinning with dispersed secon-
dary minerals.

Mafic minerals are represented by biotite and, rare-
ly, amphibole. They are partially or more often com-
pletely replaced with chlorite. In thin sections biotite
flakes are bent and contain chlorite lamellae, and
flecked with pleochroic halos around zircon crystals
and possibly some other mineral phase. Some biotite
aggregations are heterogeneous in structure and co-
lour, contain numerous inclusions of Fe-Ti minerals,
and thus themselvs look like a secondary minerals.
Probably, they substitute another mafic mineral, and an
excessive Fe-Ti forms new mineral phase.

Among accessory minerals (separated from sample
045/1-16) dominate zircon and apatite presented in
roughly equal amounts. An unusual feature is the pre-
sence of galenite, which also mentioned by [Stepanov et
al, 1965]. Therefore, this is not a random mineraliza-
tion, but a characteristic feature of the Pregradnaya
massif.

4. PORPHYRITIC GRANITES IN THE UPPER REACHES
OF THE STANOVAYA RIVER

The Neoproterozoic rocks predominate in the upper
reaches of the Stanovaya River, and they are separated
from the Mesoproterozoic rocks by Magistral’'ny fault
(Fig. 5). Non-metamorphosed uppermost Vendian and
lower Paleozoic rocks are exposed in the fault graben
and around it. A significant part of this territory is
composed of the Neoproterozoic felsic metavolcanic
rocks, according to [Stepanov et al, 1965]. and on some
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Fig. 4. Photographs of typical granites of the Pregradnaya massif.

(a) - granite talus near site 047 (see Fig. 3). The ridge in the background is composed of amphibolites and the Zhdanova Fm. metasedi-
mentary rocks. (b) - typical appearance of porphyritic granite. Phenocrysts are made of K-feldspar. (c) - naturally cut rock surface
showing all the major rock-forming minerals of the Pregradnaya granites: large yellowish-pink mineral - perthitic feldspar; smaller, dirty-
green - epidotized plagioclase; grey fuzzy shaped - quartz; black - chloritized biotite. (d) - xenomorphic quartz (white) juts over weath-
ered granite surface. The predominant mineral in this leucocratic variety is yellowish-pink alkali feldspar. (e), (f) - scanned saw-cut gran-
ite samples. Below is a ruler in centimeters. (e) - sample 046/3-16. Idiomorphic tabular crystals of the saussuritized plagioclase (green-
ish) are visible. Light-colored mineral - xenomorphic orthoclase with inclusions of quartz, plagioclase and biotite along the periphery.
Black mineral - chloritized biotite. (f) - sample 044/1-16. Similar rock, but orthoclase is more idiomorphic, with quartz inclusions.

Puc. 4. dotorpaduu TUNUYHBIX rpaHUTOB [IperpajHeHCKOr0 MaccUBa.

(a) - rpaHUTHBINA KypyM BOIM3U Touku 047 (cM. puc. 3). Xpe6THUK Ha 3a/lHEM IJIaHe CJIOXKEH MeTaoCaJl0uHbIMH NOPOJAaMH >KJaHOBCKOH
ToJMM ¥ aMmbubonutamu. (b) - TUNUYHBIA NOPPUPOBUAHBIN 06JUK NOpPOA. BKpanseHHUKHU CI0XeHbl KaJHeBbIM IMOJIEBBIM IINATOM.
(c) - ecTecTBeHHBIH CKOJI TJIBIOBI, HA KOTOPOM BHJAHBI BCe IJIaBHble MOPOA0O06PA3YIOIIHe MHUHepasbl IPAHUTOB: KPYMHBIH KeJTO-
PO30BBIM MUHEDPAJ — OPTOKJIA3-NePTHUT, 60Jiee MeJKUHI IPA3HO-3e/IeHbIH — 3NUA0TU3UPOBAHHbIN NJIarMOK/a3, Cepbli HeYeTKO 0GopM-
JIEHHBIH — KBapll, YepHbIA — XJIOPUTU3UPOBAHHBIN 6MOTUT. C/leBa BUAHA YacTb KyBaJ/pl (TOH e, 4TO U Ha npeApiayuieit dotorpadun).
(d) - BbIBeTpesiast MOBEPXHOCTb TPAHUTA C OTNPENapUPOBAHBIMH KCEHOMOPOHBIMU BblJe/leHUsAMU KBapLa (6esoe). [Ipeobnajaromuit
MHHepaJl B 3TOH JIeNKOKPAaTOBOH Pa3HOBUAHOCTH — >KeJITOBATO-PO30BbIH OPTOKJIA3-NepTHT. (e), (f) - CkaHUPOBaHHbIE CNIUJIBI 00PA3II0B
rpaHuTa. BHU3y - sinHeilika B caHTUMeTpax. (e) - o6paser 046/3-16. Buanb! uaguomMopdHble TabJIUIKA COCCHOPUTHU3UPOBAHHOTO IJIArUO-
KJa3a (3esieHoBaThIe). CBeTJIOe — KCeHOMOPGHBIN OPTOKIIA3 C BKIIOYEHUAMH KBaplia, MJIarMok/asa ¥ 6uoTuTa no nepudpepun. YepHoe -
arperat XJIOpUTU3UPOBAHHOI0 6GUOTHTA. (f) - o6pasen; 044/1-16. CxoHas1 Mopo/ja, HO OPTOKJIA3 UMeET YeTKHe OYepTaHUs. B HeM BUAHEI
BKJIIOUEHHS KBapIia.
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Fig. 5. Geological map illustrating the structural positions of granitic bodies in the upper reaches of the Stanovaya River. Red
- granites (~840 Ma); deep green - Neoproterozoic amphibolites. See Fig. 3 for other symbols.

Puc. 5. 'eosiornyeckasi kapTa, WIJIIOCTPUPYIOLAs CTPYKTYPHOE MOJIOXKEHHWE TPAaHUTHBIX TeJl B BepXOBbAX p. CTaHOBOH.
KpacHbIM 11BeTOM NOKa3aHbl IpaHUTh! (~840 MJIH JieT), I'yCTO-3e/IeHbIM LIBETOM — HeonpoTepo3okckue aMPpUOOIUTHI.

OcTanbHbIE yC/0BHbBIE 00603HaYeHUs CM. Ha PHUCYHKE 3.

sites they resemble sheared porphyry. However the
bulk of rocks can be rather described as mylonites or
blastomylonites. Their volcanic protolith is quite pro-
bable: obvious meta-sedimentary rocks are absent in
the succession; the chemical composition of the pre-
vailing varieties is homogeneous; the zircon crystals
extracted from one of samples show igneous origin and
belong to a single age population (8404 Ma, un-
published data of the authors). There are numerous
amphibolite bodies within felsic metavolcanics, which
may be interpreted as metabasalts.

In the southeast and southwest, the volcanic rocks
are in contact with the mid-Neoproterozoic rocks of the
Stanovaya-Kolosova Group. On the slopes facing the
Stanovaya River, the lower horizons of the Group were
mapped earlier as the Urvantsev Fm. by [Stepanov et
al, 1965]. These are green schists with small (1-2 mm)
red microcline porphyroblasts and quartz gravel. On
some sites, these rocks are replaced by arkose or
quartz gritstones. The higher horizons of the Group ex-
posed on the opposite side of the area shown in Fig. 5
comprise conglomerates, limestones, dolomites (inclu-
ding stromatolitic ones) and quartzites. Grey schists
composing the upper horizons of the group are ob-
served on the Urvantsev Mountain. Two granitic bodies
named as Stepanov (lower left corner in Fig. 5) and
Magistral'ny (in the midde of Fig 5) massifs are dis-
cussed below.

4.1. STEPANOV MASSIF

This small granite body was selected for detailed
study as it was presumable intrude the Urvantsev Fm.
[Stepanov et al, 1965], and so its geological position
seemed similar to that of Pregradnaya massif. The Ste-
panov massif is well exposed on the left bank of the
Stanovaya River (Fig. 6, a). There a deformed porphy-
ritic granite with gneissic structure crops out (Fig. 6, b).
Some varieties with rounded alkali feldspar resemble
an augen gneiss. Feldspar phenocrysts may be a domi-
nating mineral phase (Fig. 6, ).

The exposures continue on the right bank of the
Stanovaya River (Fig. 6, d), where cataclased gneissic
granites also crop out. There they stronger altered and
associate with amphibolites and green schists. Further
on (# 179 in Fig. 5; a scarp visible in Fig. 6, d, in the
midst of the left half of the picture), there is a rocky ex-
posure of dolomite marble cut with numerous sills and
dikes of porphyritic granite (Fig. 6, €). Some of them are
strongly budinaged (Fig. 6, f) due to plasticity of the
host carbonate media. Granites are cataclased, car-
bonatized and pyritized.

4.2. MAGISTRAL’NY MASSIF

The massif crops out in lower scarps of terraced
slope (# 160 in Fig. 5 and Fig. 7, a). In most exposures
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Fig. 6. Stepanov granite massif.

(a) - general view of the gneissic granite outcrop on the left bank of the Stanovaya River (site 178, see Fig. 5). (b) - scanned image of the
cut surface of a typical granite sample from the outcrop (sample 178/1). The rock is cataclased and schistose. Only the alkali feldspar
shows distinct contours; quartz composes vague veins and lenses, conformable with the general schistosity; plagioclase and biotite are
transformed into foliated epidote-chlorite-sericite aggregate. Millimeter paper at the bottom of the photo for scale. (¢) - porphyritic gran-
ite block below the water surface. It is almost entirely composed of potassium feldspar phenocrysts. (d) - view from site 178 on the right
bank of the Stanovaya River. Ridge in the foreground (right half of the picture) composed of altered gneissic granites, amphibolites and
schists. The next ridge in the left half is made of marble penetrated by granite veins (site 179). Green schists and gritstones of the
Urvantsev Fm. crop out in background(see Fig. 5). (e) - porphyritic granite vein (bluish-grey) in marble of the Zhdanov formation. Dated
sample 179/2-16 was taken from a similar vein. (f) - granite boudin in massive dolomite marble.

Puc. 6. Potorpadpuu rpaHuToB CTENaHOBCKOI'0 MacCUBa.

(a) - o6wuit BUA 06HaXKeHUs] THEHCOrPaHUTOB Ha JieBoM Gepery p. CTaHOBO# (T.H. 178, cM. puc. 5). (b) - ckaH MOBEpXHOCTH paclua TH-
IMUYHOTO rpaHUTa 3TOro o6HaxeHus (06p. 178/1). [lopoja KaTakja3upoBaHa U paccaaHLoBaHa. OpopMIeHHbIE KOHTYPbI COXPaHHJIHMCh
TOJIBKO Y KPUCTAJIJIOB 11eJIOYHOrO MOJIEBOTO IIMNATA, KBAapl| CJaraeT »KUJKHU U JIMH304KH, COTJIaCHbIe C OGILIMM paccjaHlieBaHUeM, IJa-
rMOKJIa3 U GUOTHUT IpeBpalleHbl B PACCAAHL0OBAaHHBIM 3NMUJIOT-XJIOPUT-CEPULIMTOBBIH arperat. MUJJIMMeTpPOBKa B HIXKHEH dacTu GoTo
s Macurtaba. (¢) - ripi6a moppUpoOBUAHOTO PAHUTA, TOYTH MOJTHOCTBIO cocTosmas u3 ¢penokpucror KIIIIL. (d) - Bug ¢ Touku 178 Ha
ob6Ha)xeHHUs npaBoro 6epera p. CraHoBo#. CKaJKK Ha GJIMXKHEM IJIaHe CIIpaBa CJI0’KEHbI CUJIBHO U3MEHEHHBIMHU I'PaHUTOrHelcaMy, aMm-
¢ubosnTamu U cnaHamMu. CKaJbHbIe BBIXObI B JIEBOH MOJIOBUHE GpoTorpaduu — o6GHaKeHUsT MpaMopoB (T.H. 179) c ujiaMu THe¥ico-
rpaHuToB. Ha fjajibHEM IJ1aHe — rpsi/ibl 3eJIEHBIX CJaHIIEB U 'PAaBeJUTOB «YPBaHLEBCKOH CBUTHI» (CM. puc. 5). (€) - kuia nopdupoBuj-
HBIX TPAaHUTOB (Cepoe) cpesiy paccIaHIIOBAaHHBIX MPaMOPOB X/AaHOBCKOH ToJIH. M3 Mof06HOM »u/Ibl 0TO6paH NPOAATUPOBAHHBIN 06-
pazer; 179/2-16. (f) - rpanuTHas 6yiMHA B MaCCUBHBIX JJOJIOMHUTOBBIX MPaMopax.
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Fig. 7. The Magistral’'ny granite.

(a) - scarps and cryoplanation terraces composed of gneissic granites. At the foot of the slope on the left is site 160 (see Fig. 5). (b) - tex-
ture of gneissic granite from the lower ledge (sample 160/2, see text). Millimeter paper is at the bottom. (c) - gneissic granite in the lower
scarp. The matrix was mylonitized, and the original granite texture is completely lost. (d) - augen gneissic granite. The rock is less foliated
and contains plagioclase remnants. () - xenolith in granite. The original granitic texture is partly preserved.

Puc. 7. 'panuThl MaructpaibHOro MaccuBa.

(a) - BUA Ha ycTynbl (HaropHble Teppackl), CJ10XKeHHble pa3arHeHCcOBaHHBIMU I'DAaHUTAMHU. Y TOJHOXHUSA CKJIOHA cJleBa — Touka 160 (cm.
puc. 5). (b) - cTpyKTypa rHEACOTPAaHUTOB HIXKHETO yCTyMna Ha pacnuiie (06p. 160/2) (onucaHa B TekcTe). BHU3y — MUIIMMETPOBKA AJ1s1
MacuTaba. (¢) - CM/IbHO pacc/aHLeBaHHbIA THEHCOIrPAHUT N1EPBOTO YCTYNa C MUJIOHUTU3UPOBAHHBIM MAaTPHUKCOM, ITOJIHOCTbIO YTPATUB-
IIMM I'PAaHUTHYIO CTPYKTYPY. (d) — 0YKOBBIH I'HEHCOTpaHUT B MepBOM ycTyme. [loposja MeHee pacc/iaHLOBaHa, U B HEH yra/ibIBalOTCs
PEeJIMKTBI KPUCTAJIOB IJIaTMOKJIa3a. () — KCEHOJIUT B IpaHUTe. BuJiHa cpaBHUTENBHO €1a60 M3MeHeHHas TPpaHUTHAs CTPYKTypa cy6-

cTpara.

granites look like metasomatic rocks with K-feldspar
porphyroblasts. Such metasomatism is actually obser-
ved at the NW margin of the massif at the foot of slope,
where sericite-chlorite green schists contain scattered
large (1-3 cm) feldspar porphyroblasts.

The granitic body proper is composed of augen
gneissic granite. The rock contains rounded and shape-
less, rarely idiomorphic crystals (to 1.5 cm) of pink
perthitic feldspar in the schistose matrix. The latter
composed of quartz lenses with inclusions of albite,
and scabby zoisite-sericite aggregate. This aggregate
replaces plagioclase, as evidenced by blurred polysyn-
thetic twinning in some samples. Dark bands and len-
ses are composed of chlorite and biotite.

In the vicinity of the 160 point (see Fig. 5, Fig 7, a)
structure of rocks is clearly visible in the fresh-cut blocks
and walls. In the lower part of the slope, the rocks often
demonstrate cataclasis and dynamic recrystallization of
quartz and K-feldspar to form elongate and lenticular
segregations (Fig. 7, b, ¢) immersed into sericite and
chlorite-epidote-sericite aggregate. Higher on the slope
occur less sheared rocks with rounded phenocrysts
(Fig. 7, d). In the same part of the massif even less altered
varieties can be found, which preserve remnants of gran-
ite structure, and contours of tabular crystals of plagio-
clase are clearly visible. Presence of xenoliths in this part
of the massif (Fig. 7, €) give unequivocal evidence that
this is an igneous rock crystallized from magma. We as-
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sume that the augen gneisses of the lower scarp also
crystallized as granites, but were sheared afterwards.

5. CHEMICAL COMPOSITION

All the analyzed rocks (Table 1) are the most com-
mon potassium granites with concentrations (dry com-
position, wt. %) of: silica 71-75, alumina 13-16, alkalis
7.2-8.7, and K;0/Na;0=1.0-1.7 (in one case - 0.4). All
granites are weakly peraluminous. The alumina satura-
tion index is 1.05-1.20, except one analysis (0.99). In
the geochemical classification scheme of granitic rocks
[Frost et al, 2001; Frost B.R.,, Frost C.D., 2008], all the
analyzed rocks are magnesian and can be further clas-
sified into calc-alkalic and alkali-calcic, with the excep-
tion of one analysis that is calcic.

The gross chemical compositions vary only slightly,
and normalized concentrations of minor elements look
homogeneous in the diagrams. The pattern of rare earth
elements (REE) contents is the same for all samples and
is generally typical for the most common varieties of
granites: weakly fractionated heavy REE (around 10
chondritic values), stronger fractionated light REE (to
100 chondritic values), and insignificant negative euro-
pium anomaly (Fig. 8). Comparison with the Snezhnaya
granites (shaded area in Fig. 8) shows that in the latter is
somewhat higher REE content. The multi-element dia-
gram shows the Nb and Ti negative anomalies inherited
from the source and typical of crustal magmas. The Sr
negative anomaly is generally attributed to plagioclase
fractionation. Obviously, magma sources for all the ana-
lyzed granites were crustal rocks and, possibly, middle-
crust rocks in the garnet stability zone, as evidenced by
the relatively low concentrations of heavy REEs. Accor-
ding to the above data, the geochemical characteristics
of the Pregradnaya, Stepanov and Magistral'ny massifs
are quite similar and do not differ from those of the
Snezhnaya complex described in [Proskurnin et al, 2014,
and references therein]. However, the zircon dating
shows that the Pregradnaya granite and the granites
from the upper reaches of the Stanovaya River belong to
different complexes.

6. U-PB ISOTOPE ANALYSIS OF ZIRCONS

Zircons were extracted from the granite samples by
first two authors in the laboratory of GIN RAS. Isotopic
analyses of U, Th and Pb was carried out on a SHRIMP-
Il mass spectrometer at VSEGEI, using a procedure si-
milar to that described in [Williams, 1998]. lon beam
diameter was set to ~25 um; each spot scanned four
times; ion countings was taken successively through
range of masses in each scan. Temora-2 standard was
used for calibration of U/Pb isotopic ratios; standard

91500 to determine U and Pb concentrations; data
were processed using SQUID and ISOPLOT software
[Ludwig, 2001, 2003].

6.1. SAMPLE 045/1-16, PREGRADNAYA MASSIF

Zircon crystals are dark brown-coloured, euhedral
without signs of dissolution or overgrowth; they are
heavily fractured and contain numerous inclusions
(Fig. 9). Large crystals are short-prismatic, among
small ones, occur also long-prismatic to needle-shaped
crystals. They have high U concentrations (to 1200
ppm) and look very dark in cathodoluminescent (CL)
images. The magmatic oscillatory zoning is clearly visi-
ble in backscattered electron (BSE) images and even in
optical images (see Fig. 9). Cores are usually recrystal-
lized, often to a complete loss of the original structure.
We analyzed 11 spots on 11 crystals. Zircons are char-
acterized by a ‘magmatic’ Th/U ratio (Table 2). Almost
all analyses contain substantial (some very high) pro-
portion of common Pb (Table 2). This is partly due to
specific properties of the Pb-rich granite magma, as
evidenced by the presence of galenite among heavy
minerals. High common Pb concentrations in some
analyses makes it impossible to adequately calculate a
correction for common Pb by the standard model. In
the conventional isotopic diagram (207Pb/235U vers.
206Ph /238(), six analyses became reversly discordant if
apply a correction for common Pb. The age of the con-
cordant cluster calculated for the remaining five ana-
lyses is 607+2 Ma (2s), and MSWD (of concordance) =
0.46. The Tera-Wasserburg isotope diagram operating
with total Pb (including common Pb) is more useful for
such data. It turned out that all 11 analyses can be ap-
proximated by a straight line with very good statistical
parameters (Fig. 10). The lower interception with the
concordia at a point of 609+2 (2 sigma) million years
indicates the time of zircon crystallization.

6.2. SAMPLE 160/2-16, MAGISTRAL'NY MASSIF

Zircons of this sample are quite different from
Pregradnaya ones; they are cleaner, without cracks, the
prism is not a square in section but closer to an octa-
gon. The CL images show normal oscillatory zoning
(Fig. 9). In many crystals, the inner part is more uni-
form and relatively light (i.e. lower U and REE concen-
trations), while the outer part is darker, with fine con-
trasting oscillatory zoning. Some crystals retained
more or less explicit cores. The analyzed spots show
moderate concentration of uranium (up to 500 ppm)
and a ‘magmatic’ Th/U ratio (Table 2).

Ten spots on nine crystals were set mostly on the
external oscillatory zone, which usually occupies most
of a crystal. The central part was also analized for one
crystal and yielded a similar age. All the 10 analyses
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T able 1.Chemical compositions of granites (major oxides in wt. %; trace elements in ppm)

Ta6auna 1. XuMudeckuii coctaB rpaHuToB. [lopogooGpasymome okMc/ibl B Mac. %, MaJjible 3/1eMeHThbl B ppm

Components  Pregradnaya massif Magisral’'ny massif Stepanov massif
044/2-16 045/1-16 046/3-16 046/4-16 160/2-16 160/3-16 178/1-16
SiO2 71.4 70.8 69.1 72.5 70 71.2 72.6
Alz03 14.1 13.5 14.8 12.8 15.5 14.9 14.7
TiO2 0.28 0.26 0.29 0.24 0.3 0.26 0.21
Fe20st 2.71 3.79 3.04 2.55 2.79 2.4 2.15
MnO 0.046 0.062 0.064 0.047 0.06 0.052 0.039
MgO 0.74 0.83 0.82 0.7 0.75 0.66 0.63
Ca0 1.15 1.64 1.49 2.04 1.34 11 0.76
Naz0 2.83 3.1 3.4 3.23 4.18 4.29 5.55
K20 4.84 4.62 5.15 3.79 4.27 421 2.07
P20s 0.08 0.076 0.07 0.064 0.061 0.06 0.056
LOI 1.74 1.24 1.85 2.23 0.85 0.93 1.22
SUM 99.9 99.9 100 100 100 100 100
ASIa 1.20 1.05 1.08 0.99 1.12 1.11 1.16
Alcali/Limeb  calc-alk calc-alk alk-calc calcic alk-calc alk-calc calc-alk
\ 17.6 23.9 16.4 14.1 9.35 8.16 13.7
Cr 13.4 9.96 9.95 11.8 16 12.6 111
Rb 162 156 151 116 103 110 69.6
Sr 142 382 164 175 159 149 75.3
Y 13.8 19.7 18.3 13.8 199 27.8 16.9
Zr 149 196 127 134 184 170 116
Nb 8.57 10.1 8.87 8.33 9.57 111 11.2
Mo 2.19 9.14 3.27 1.98 1.93 1.5 1.46
Cs 2.6 1.81 2.09 1.59 1.09 1.41 0.65
Ba 898 1090 835 685 692 599 548
La 52.3 57.1 47.6 315 39.6 39.5 19.6
Ce 91.4 97.8 77.6 53.3 98.2 76.6 42.7
Pr 9.33 9.99 7.62 5.32 9.54 9.53 4.75
Nd 30.4 31.8 28 19 37.8 38.2 19
Sm 434 48 5.09 3.28 6.93 6.68 3.75
Eu 0.79 0.76 0.62 0.62 1.22 1.42 0.65
Gd 3.67 4.18 3.71 2.53 5.16 6.1 3.33
Tb 0.5 0.59 0.54 0.42 0.73 0.92 0.54
Dy 2.32 3.32 2.75 2.14 3.74 4.79 2.96
Ho 0.44 0.66 0.58 0.4 0.69 0.9 0.57
Er 1.28 1.84 1.51 1.18 2.05 2.56 1.7
Tm 0.21 0.31 0.26 0.21 0.32 0.4 0.27
Yb 1.38 2.03 1.61 1.38 1.94 2.56 1.82
Lu 0.21 0.29 0.28 0.24 0.32 0.4 0.29
Hf 4.63 5.35 3.74 4.09 5.46 478 3.66
Ta 0.86 0.73 0.97 1.14 0.66 0.97 1.17
Th 25 29.1 18.2 18.2 10.6 7.42 15.1
U 5.11 4.27 2.69 1.83 1.41 1.42 1.65
Pb 51.6 59.1 47.1 32.7 15.5 14.8 8.35
Li 18.1 15.5 21.6 235 11.2 10.1 16.5

N o t e. Analyzed at VSEGEI: major oxides by XRF, trace elements by ICP MS, Li and Pb by ICP-AES. 2 - Alumina Saturation Index = molar
Al203/((Ca0-3.33P205)+Na20+K20). b - after [Frost et al, 2001; Frost B.R, Frost C.D., 2008].

[Ipu™edaHu e AHanusbl BeinosiHeHbl B BCET'EU: ocHoBHBIE okcuibl 1o XRF, MukpoasiemenTsl o ICP MS, Li u Pb o ICP-AES. 2 - unaekc
HacChILIeHHUs OKCUAA amroMUHMS = MoJisspHbIX Al203/((Ca0-3.33P205)+Na20+K20). b - corstacHo [Frost et al, 2001; Frost B.R, Frost C.D., 2008].

form a concordant cluster with age of 843+6 Ma  some crystals exhibit indistinct cores. In the CL images

(Fig. 10). the central part usually is lighter with rough zoning,
while the outer part is darker, with finer oscillatory zo-
6.3. SAMPLE 179/2-16, STEPANOV MASSIF ning. In some zircons, there is one more relatively bright

zone between the above two. The U concentrations
Zircons from this sample are very similar in every re- and Th/U ratios are approximately similar to those of
spect to those from the Magistral'ny massif (see Fig. 9), sample 160/2-16 (Table 2). Central and marginal
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Fig. 8. Trace element diagrams: chondrite-normalized REE concentrations on the left; ‘incompatible’ elements normalized to
primitive mantle on the right. Compositions of chondrite and primitive mantle after [Sun, McDonough, 1989]. Shaded contour
on the REE graph - Snezhnaya granitic complex at the upper reaches of the Leningradskaya River [Proskurnin et al, 2014].

Puc. 8. 'paduku pacnpe/iesieHUsI MasbIX 31eMeHTOB. CieBa — KOHIleHTpauuu P33, HopMUpOBaHHBIE 10 XOHAPHUTY, ClIpaBa —
MYJIbTU3JIEMEHTHBIN IpaduK KOHIEHTpalMi «HECOBMECTHMbIX 3/IeMEHTOB» HOPMHUPOBAHHBIX 110 TPUMHUTHUBHON MaHTHH.
CocTaB XOH/IpUTa U NTPUMUTUBHON MaHTUHU 10 [Sun, McDonough, 1989]. 3aTeMHeHHbI! KOHTYp Ha rpaduke P33 - rpaHuTo-
W/1bl CHEXXHUHCKOT'0 KOMILJIeKca BepX0BbeB p. JIeHUHrpajckoil no [Proskurnin et al, 2014].

parts of the crystals were tested, and all the three zones  ter with age of 840+5 Ma (Fig. 10), which coincides with
were analyzed for one crystal. In total, nine analyses the age of Magistralny massif within the errors. One
were performed for five crystals, and all the CL zones  analysis on the rim gave ~810 Ma probably due to Pb
have returned the same age. Eight analyses form a clus-  loss during late Neoproterozoic thermal impact.

Fig. 9. Examples of the analyzed zircon crystals imaged in transmitted light, backscattering electrons (sample 045/1-16)
and cathodoluminescence (samples 179/2-16 and 160/2-16). Left - Pregradnaya granite (045/1-16; upper right - Stepanov
granite (179/2-16); lower right - Magistral'ny granite (160/2-16). The spot numbers are labeled.

Puc. 9. V306pakeHns1 NpoaHaJU3UPOBAHHbBIX KPUCTAJJIOB [[MPKOHA, BbIIIOJHEHHbIE B IIPOXO/SILEM CBETe, B pexxuMe 06-
paTHO-paccessHHBIX 3JIEKTPOHOB (A1 o6pasna 045/1-16) u katomosroMUHecHeHIUU. JleBasg naHe b — [IperpagHeHCKUN
MaccuB (045/1-16), npaBast BepxHsisi naHesb — CTenaHoBckuit MaccuB (179/2-16), npaBasi HXKHSS NaHe b — MaructpaJib-
HbIl MaccuB (160/2-16). [loanucanbl HOMepa TPOaHAJIM3UPOBAHHBIX TOUYEK, COOTBETCTBYIOIHE TAOIHUIIE 2.
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I Fig. 10. U-Pb isotope diagrams for zircons of the Pregradnaya, Stepanov and Magistral’ny massifs.

I Puc. 10. U30TOmnHBIE AVviarpaMMbl, HJUIIOCTPUPYIOIHE Pe3yJ/JIbTAaThl H30TOITHOIO dHAJIN3ad HUPKOHOB U3 TPEX ONMMCAHHBIX B CTAThbe TPAHUTHBIX MAaCCHBOB.

7. DISCUSSION
7.1. CLASSIFICATION OF THE GRANITIC ROCKS AND MAGMA SOURCES

It seems reasonable in this section to indicate the
type of granite our massifs belong to. Among the pro-
posed classifications of granitoids (see the review in
[Barbarin, 1990; Frost et al, 2001]), the most popular (at
least in Russia) is the ‘alphabetic’ one, in which gra-
nitoids are tried to be related to one of the three most
common types (I, S or A) according to recommendations
in [Whalen et al, 1987; Chappel, White, 2001]. Granites
can be readily discriminated in case of clearly manifes-
ted characteristic features, but the most common gra-
nites, including three massifs discussing in the paper, do
not demonstrate such features. In our study, the fol-
lowing characteristics of the analyzed granites are
symptomatic: (i) homogeneous composition with a nar-
row range of SiO; variations (70-75 wt. %); (ii) weakly-
peraluminous composition (ASI=1.0-1.2) and potassium
specialization of most varieties; (iii) absence of differen-
tiates of dioritic and gabbroic compositions, at least, in
obvious relation to granites. These characteristics are
valid for described massifs and for other rather large
plutons of the Snezhnaya complex, which we observed
later in the Peka and Faddey river valleys (to the north
of area shown in Fig. 2) as well. Such granites are close
to the S-type (e.g., [Pearce at al, 1984; Chappell, White,
2001; Frost et al, 2001; Frost B.R,, Frost C.D., 2008], and
references therein), however, they differ from high-alu-
mina muscovite granites typical for the S-type.

Anatexis of Mesoproterozoic meta-sedimentary
rocks we observed at many points (see Fig. 2), and ap-
parently these rocks were the main source of magma of
the studied intrusions. Dating of leucosome of migma-
tites and related granitic veins (unpublished data of the
authors) shows that among them there are rocks of the
same ages as both discussed granite complexes.

7.2. GEODYNAMIC SETTING OF GRANITES

Plutons similar to the studied granite massifs can be
emplaced into the upper crust in different geodynamic
settings such as an active continental margin, a conti-
nent-continent or continent-island arc collision, post-
collisional extension, and even within-plate ([Moyen et
al, 2017], and references therein). It is impossible to
distinguish those settings solely on the basis of chemi-
cal analyses of rocks, without additional geological in-
formation.

The following data should be taken into account. Da-
ting of zircons from migmatite leukosome and leuco-
granite veins yields a range of ages from 980 to 800 Ma,
with the most intense peak at 850-840 Ma ([Kuz-
michev, Danukalova, 2018], and unpublished data of the
authors). The protracted anatexis we associate with the



setting of an active continental margin, which is partial-
ly confirmed by the dating of volcanic rocks. The age
range of the Snezhnaya granites is much narrower,
845-825 Ma. Obviously, melted materials from the
depths did not always reach the upper crust, and ex-
tensive granite emplacement at the end of the first half
of the Neoproterozoic was related to a discrete event.
In our assumption, it was a collision event, which entail
orogeny and subsequent deposition of the Stanovaya
clastic rocks. In the course of the orogeny the Snezh-
naya granites were exhumed and eroded, which is reg-
istered in the ages of detrital zircons [Priyatkina et al.,
2017]. Since the main characterstic features of Pregrad-
naya complex are similar to the Snezhnaya ones, the
same conclusions are valid for both in terms of the ge-
odynamic setting, although the scale of the last collision
event was probably lower. The final stage of the Pre-
cambrian granite magmatism was also accompanied by
orogeny. The synorogenic clastic rocks (Chekin Fm.)
are known on the Chelyuskin Peninsula (see below).

7.3. OCCURENCE OF LATE NEOPROTEROZOIC GRANITIC ROCKS
IN TAIMYR

The Pregradnaya massif is not the only evidence of
the pre-Vendian crustal rocks fusion and granite em-
placement. According to the authors' preliminary re-
sults, migmatites of close ages are found in the cape
facing the north, located between the mouths of the
Stanovaya and Gorodkova rivers (Fig. 2). The ages of
almost half (48 spots) of zircon grains analyzed by LA
ICPMS technique are in the range of 600-660 Ma with a
peak value of 630 million years. Zircons with multi-
stage overgrowth rims and old cores are challenging
objects for laser ablation since material from several
zones of different ages gets into the analysis. The data
should be confirmed by the SIMS method with separate
dating of the each zone. Perhaps here we met a root
zone of the late Neoproterozoic granites.

Another granite pluton, located to the north of the
Fig. 2 frame and studied later, may also be of the same
age as the Pregradnaya massif. Among heavy minerals
separated along with zircon (not dated yet) there was
galenite, which is a typical feature of the Pregradnaya
granite.

Further to the northeast, in the Zimovochnaya Bay
area there is one more granite massif with the zircon
SIMS age of ~630 Ma [Pease, Vernikovsky, 2000]. 1t is
embedded into metamorphic rocks comparable to
those in the study area and composed of deformed
two-mica granite. The zircons contain early Neoprote-
rozoic cores and show complex zoning.

Several late Neoproterozoic granite massifs (Nansen
complex) are mapped approx. 30 km north of the Lenin-
gradskaya river mouth (see oval in Fig. 1). Three zircon
samples from different massifs were analyzed using ID
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TIMS technique (Paderin et al, unpublished data). The
results are not very reliable due to large errors that are
not typical of the method. In total, eight analyses were
done, and seven of eight were discordant due to Pb loss.
They show different 207Pb/206Pb values and apparently
do not belong to the same-age suite. One sub-concordant
analysis yielded a ‘concordant’ age of 636.6+1.1 Ma.
According to [Makariev, 2013], these massifs belong to
the Chukcha complex, and the SHRIMP dating (10 spots
per sample) of two granite samples from the bank of
Gafner Fjord (bottom part of the oval in Fig. 1) yields
640+3 Ma and 6358 Ma. In general, this means that the
pre-Vendian granites are more abundant in the north-
eastern part of the Central Taimyr belt rather than in the
territory covered by our study.

7.4. TAIMYR TECTONICS IN THE NEOPROTEROZOIC

Our study confirms two orogenic events in the Neo-
proterozoic evolution of the Central Taimyr belt (e.g.,
[Vernikovsky, 1996; Vernikovsky, Vernikovskaya, 2001])
and we assume that both events were related to colli-
sions. The first one was manifested by emplacement of
the Snezhnaya granites with the age of 845-825 Ma.
The collision could have started earlier than 845 Ma
and finished earlier then 825 Ma as the most of Snezh-
naya plutons are discordant, i.e. late- or post-collisional
ones. On the other hand, orogeny could lasted more
long. The youngest zircons from migmatites and gra-
nite veins in studied area have shown the age of 780-
770 Ma [Kuzmichev Danukalova, 2018]. This is the age
of the youngest metamorphic rims, which usually do
not constitute a distinct cluster in isotope diagram, but
distributed along concordia line. The youngest ages
correspond to final stages of a long period of repeated
dissolution and overgrowth of zircons and these final
stages may include Pb loss due to late Neoproterozoic
thermal effect, when regime of active margin in the
northern Central Taimyr belt was reestablished. Under
such uncertainty we tentatively assign termination of
early Neoproterozoic orogeny to 800 Ma, that is to the
date more confidently proved by isotopic analyses.

V.A. Vernikovsky relates mid-Neoproterozoic oro-
geny to ‘accretion - collision’ processes that formed the
Central Taimyr microcontinent [Vernikovsky, 1996;
Vernikovsky, Vernikovskaya, 2001; Proskurnin et al,
2014]. We, however believe that a substantial part of
the Central Taimyr belt area belonged to the Siberian
craton at least from Mesoproterozoic, and the ‘accre-
tion - collision’ processes could have developed only
along the northern margin of the belt [Priyatkina et al,
2017; Kuzmichev, Danukalova, 2018].

In the second half of the Neoproterozoic, magma-
tism was predominantly active in the northern and
northeastern parts of the modern Central Taimyr belt,
wherein suprasubduction volcanic rocks of the late Ne-
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oproterozoic age are widespread. Their isotopic ages
that are summarized in [Makariev, 2013] are in the
range of 760-610 Ma. According to published data
[Markovsky et al, 2000; Makariev, 2013] these supra-
subduction volcanic rocks unconformably lie on the
Zhdanova and Kolosova formations. As shown above,
the first formation is Mesoproterozoic in age, the se-
cond is mid-Neoproterozoic, and both were formed
within bounds of the Siberian craton. This means that if
the indicated correlations with the Zhdanova and Ko-
losova Formations are correct, then in the late Neopro-
terozoic, the NE part of the Central Taimyr belt was
also a part of the Siberian paleocontinent. The presence
of differentiated (basalt-andesite-rhyolite) suprasub-
duction volcanics indicates the active margin regime in
the second half of the Neoproterozoic that was con-
cluded by collision event in Vendian.

The synorogenic clastic deposits of this stage are
preserved only in the NE part of the Central Taimyr
belt. These are variegated clastic deposits of about 900
m-thick composed mostly of fragmented volcanic rocks
mentioned in the previous paragraph [Makariev, 2013].
The Vendian orogen was completely peneplained by
the beginning of Paleozoic, when Siberian Platform
covered the entire Central Taimyr belt [Sobolevskaya,
Kaban’kov, 2014].

The question of possible involvement of the Central
Taimyr belt into Vendian collision event was initiated
by V.A. Vernikovsky ([Vernikovsky, 1996] and his sub-
sequent publications) and discussed in [Priyatkina et
al, 2017, p. 1650] The issue is important for under-
standing the tectonic evolution of the Siberian craton
and its probable collision with the Baltica. The current-
ly available information is still insufficient and it is
unknown what continent or microcontinent the Siberi-
an craton was came upon.

8. CONCLUSIONS
1. The granite pluton (Pregradnaya massif) that in-
truded the mid-Neoproterozoic orogenic deposits of

Stanovaya-Kolosova Group was discovered in the SE
part of the Central Taimyr belt. This finding was unex-

10. REFERENCES

pected as these orogenic deposits are known to contain
pebbles and boulders of similar porphyritic granites
attributed to the Sneznaya complex (845-825 Ma). As
it turned out the U-Pb zircon age (SHRIMP) of the
Pregradnaya granites amounted to 609+2 Ma, which is
quite uncommon for the belt.

2. The Pregradnaya massif and several other grani-
tic bodies with similar textural and geochemical fea-
tures, are located within deformation zone in the SE
part of the Central Taimyr belt. Their position seemed
to be consistent with the idea by V.A. Vernikovsky that
the ‘accretionary belt’ collided with the Siberian
paleocontinent in Vendian or pre-Vendian times. How-
ever, other granite massifs in this deformation zone
turned out to be older, belonging to the Snezhnaya
(845-825 Ma) complex. According to published data,
the late Neoproterozoic granites (640-610 Ma) are
more abundant in the northern part of the belt, and are
not confined to its southeastern margin.

3. The petrological and geochemical similarities be-
tween the Snezhnaya and Pregradnaya granites (845-
825 Ma and 640-610 Ma, respectively) indicate that
they were produced from similar melt sources in pre-
sumably similar conditions (P, T, H.0). We suggest that
the two granite magmatism ‘flare-ups’ separated by an
interval of 200 Ma were related to two collision events
that took place along the Taimyrian margin of the Sibe-
rian paleocontinent. The first event resulted in the
massive intrusions of granite batholiths and the for-
mation of a full-scale long-term orogeny. Its erosion
products are widespread in the Central Taimyr belt.
The second event was a more modest one. It is not
known what terranes collided with Siberia during
these events.
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