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ABSTRACT. This paper reports the results of petrogeochemical studies of the Kurmansky gabbro-trondhjemite massif
(eastern slope of the Middle Urals), lying in the western part of the large Reftinsky allochthonous block within the ac-
cretion East Uralian megazone. The relevance of this study is determined by the uncertainty in geodynamic setting and
formation conditions of the rock massif and its role in the evolution of the Ural Mobile belt. We specified the countours
of the massif. It is shown that the rocks were resulted from spatiotemporal convergence of partial melting in the mantle
and lower crust at the island-arc stage of the Ural Mobile belt evolution. Partial melting of mantle peridotite, under the
influence of an aqueous fluid rising from the subduction zone, initiated the occurrence of basite melts. The separation
of the melt and its subsequent evolution to the compositions of gabbrodiorite and diorite took place at P, =10 kbar.
Trondhjemites were formed as a result of partial melting of amphibolites at P 28 kbar, P, ;=0.1-0.2 kbars. The crystal-
lization of trondhjemites in the crust was accompanied by the wollastonite skarns on contact with carbonate rock and
xenoliths culminated at mesoabyssal level, P =P, =1 kbar. The comparison between the composition of Kurmansky gab-
bro-trondhjemite massif and the island-arc- and collision-related magmatic suites in the region allowed us to assume that
the Kurmansky massif belongs to the independent Early Devonian (?) gabbro-trondhjemite complex of island arc origin.
The rock metamorphism conditions were evaluated, with the transformations supposedly related to the accretion of early
island arc complexes at the Murzinsky-Aduysky microcontinent, which took place in the Devonian.
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TEOJIO'MYECKAA TO3UIUA U TEHE3UC .
KYPMAHCKOI'O TABBPO-TPOHABEMHUTOBOI'O MACCHUBA (CPEJHUU YPAJI)

C.B. IIpu6aBkuH, A.B. KopoBko, M./l. BulmnsakoBa

WHCTUTYT reosioruu v reoxuMuu uM. A.H. 3aBapurkoro YpO PAH, 620016, ExaTepun6ypr, y/1. AkasieMuka BoHcoBckoro,
15, Poccusa

AHHOTALIUA. B cTaTbe npeAcTaBaeHbl pe3ybTaThl NeTPOreOXUMUUECKUX UCCAeJoBaHUM nopos KypMaHckoro
ra66po-TpoHbeMUTOBOrO MacCUBa (BOCTOUHbIN ckJioH CpejHero YpaJa), 3a/leramliero B 3anaJHol 4acTH KPYNHOTO
PedTuHCKOr0 alJIOXTOHHOI0 6J10Ka, JIOKaJU30BAaHHOTO B Npefiesiax BocTouHO-Ypasibckol MerasoHbl akKpelMOHHOU
NPUPOABL. AKTYaJbHOCTb UCCAe0BaHUN 3aKJII0YaeTCsl B yCTAHOBJIEHUU reoJMHAMUY€eCKUX peXXMMOB GOpMUPOBaAHUSA
MOPOJ, UX MO3ULIUU B 3BOJIIOLUK YPalIbCKOT0O NOABUXKHOTO NosAca. B xoze uccie0BaHUA yTOYHEHblI KOHTYPbl MacCUBA.
[TokasaHo, YTO JJaHHbIe NOPO/bl 06Pa30BaTUCh B pe3ybTaTe CO/IMMKEHHBIX 10 BpeMEHU U B IPOCTPAHCTBE IIPOLLECCOB
YaCTUYHOTO IIJIaBJIeHUs] B MAHTUM U HUXKHEN KOpe Ha OCTPOBO/Y>KHOM 3Talle Pa3BUTUS YPaslbCKOTO MTOABHKHOTO Nosica.
YacTryHOe NJ1aBJeHrue MaHTUMHOr0 Nepy/J0TUTA 10| BO3/JeHCTBHMEM BOCXO/SIIEr0 U3 30HbI CYOAYKLIMU BOAHOTO (JIIOU-
Jla IPHUBeEJIO K 3apOXK/eHHI0 6a3UTOBOTO paci/aBa. OTAe/leHHe paclaBa U ero nocjeyrolas 3B0oJOLUA [0 COCTAaBOB
ra66po-AnopuTa, AUOPUTA Npoucxoauu mpu P =10 k6ap. TpPOHABEMHUTDI, ACCOLUHUPOBAHHbIE C ra66pOHAaMH, ObIIN
MOJIy4YeHbl B pe3y/ibTaTe YaCTUYHOrO MJaBJaeHuss aMGUOO0JIUTOB IpHU P =8 Kbap, P, =0.1-0.2 P . X cTaHOBJIeHHE B
KOpe COIPOBO/1a/10Ch Pa3BUTHEM BOJIJIACTOHUTOBBIX CKAPHOB Ha KOHTAKTaX C KCEHOJIMTaMU KapOOHATHBIX MOPOJ, U
3aBepLIMJIOCh B Me30abuccalbHOM o6cTaHoBKe pu P =P, =1 k6ap. Bbllo/IHEHO COMOCTaB/IEHHE COCTaBa C/IArAlOIUX
MacCHB NOPOJ, C pa3BUTHIMU B palioHe MarMaTUYeCKMMH 06pa30BaHHUSIMU OCTPOBOAYKHON U KOJIJIM3MOHHOW CTaZuH,
YTO NO3BOJIUJIO BbICKA3aTh NPeANO0JIOKeHUE 0 TPUHa/JIeXKHOCTH KypMaHCcKOro MaccuBa K CaMOCTOSITE/IbHOMY paHHe-
JleBOHCKOMY (7) ra66po-TpOHIbEMHUTOBOMY KOMILJIEKCY OCTPOBOAYKHON Npupobl. OXapakTepU30BaHbl yCJIOBUS MeTa-
Mop¢H3Ma NopPoJ, MacCUBa, BbICKa3aHO Mpe/0JI0KeHHe 0 CBSI3U 3TUX Ipeobpa3oBaHUM ¢ aKKpellued paHHeOCTPOBO-
JY>KHBIX KOMIIJIEKCOB Ha Myp3UHCKO-AZyHCKUH MUKPOKOHTUHEHT, UMeolled MeCTo B [IeBOHE.

KJ/IFOYEBBIE C/IOBA: neTpoJiorusi; reoxuMus; rabopo; TpoHAbeMUTbI; KypMaHckuit MaccuB; PebTUHCKUN a/l/I0XTOH;
Cpennuii Ypan

S®HNHAHCHUPOBAHME: Pa6oTa BbINoJIHeHa B paMKax rocygapcrseHHoro 3aganus UIT YpO PAH, Tema Ne AAAA-A18-
118052590029-6 c ucnosnb3oBanueM obopyaoBanus UKII «eoananutuk» UI'T YpO PAH. /loocHaleHe U KOMILJIEKCHOE
passutue LIKII «'eoananutuk» UI'T YpO PAH ocyuiecTBasieTcs: npu $uHaHCOBOM nogaepxke MUHUCTepCTBA HAYKU U

BhICIIero o6pa3oBaHus Poccuiickoit Penepannu, Cornamenre N2 075-15-2021-680.

1. INTRUDUCTION

An interaction between intensively tectonizied Paleo-
zoic formations and highly metamorphosed Precambrian
complexes is one of the key issues in understanding the
geological history of development of the Ural Mobile belt.
The Late Proterozoic metamorphic rocks of the Murzinsko-
Aduysky terrain (a fragment of the Pre-Uralian microconti-
nent) on the eastern slope of the Middle Urals contact with
the Early Paleozoic volcanic and sedimentary complexes
(Fig. 1). The time of occurrence and the nature of this con-
tact still remain unclear since collision processes in the
Late Paleozoic gave rise to the formation of suture zone and
a thick zone of folded rock, followed by the development of
shariages and allochtones, and to that of collision granite
magmatism - Murzinsky, Aduysky and Kamensky interfor-
mation massifs which occupied the junction zone. In this
context, the studies of the Reftinsky allochtonous block
which is gently overlying the folded zone and primarily
composed of the Early Paleozoic magmatic complexes, and
the time of occurrence and nature of their metamorphism
near their junction with the terrain allow identifying ways
to solve the problem mentioned.

The Reftinsky allochtonous block is one of the largest
in the Urals (Fig. 1). Besides gabbro, diorites, tonalities and
plagiogranites of the Reftinsky complex, in its western part
contacting with the interformation granite bodies there are
also the rocks of the Alapaevsk dunite-harzburgite-gabbro
complex and granitoides of the Averinsky complex [State
Geological Map...,, 2015, 2017]. There also occur gabbro,
gabbrodiorites and trondhjemites of the small Kurmansky
massif. The latter, due to the lack of reliable petrogeochem-
ical and geochronological data, were to different extents
assigned to either formations of the Reftinsky gabbro-dio-
rite-tonalite-plagiogranite complex [State Geological Map...,
1987] or to those of the Averinsky diorite-trondhjemite
complex [Rapoport, Medyakov, 1974] of the Silurian-Early
Devonian island arc, or presumably include in the area of
the collisional Kamensky granodiorite-granite complex link-
ing tectonic plates of the allochtonous block [State Geo-
logical Map..., 2017].

Age- and formation-related attribution of the rocks of
the Kurmansky massif was largely contributed to by the
works of G.B, Fershtater. In 2013-2015, there appeared a
number of publications, including the monograph titled
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Fig. 1. Geological structure of the Kurmansky massif area (generalized part of the geological map 1: 200000, 0-41-XXVI (Asbest) (after
[State Geological Map..., 2017]).

Magmatic complexes: 1 - biotite and two-micas granites of the Aduysky complex (P,); 2 - biotite granites, leucogranites of the Petukhovsky
complex (P,); 3 - granodiorites, granites of the Kamensky complex (C, ,); 4 - gabbro, granodiorites, granites of the Nekrasovsky com-
plex (C,); 5 - diorites, plagiogranites of the Altay complex (D, ,); 6 - trondhjemites of the Averinsky complex (S,-D,); 7 - gabbro, dio-
rites, tonalites, plagiogranites of the Reftinsky complex (S, ,); 8 - gabbro, undifferentiated ultramafites of the Alapaevsky complex (V);
9 - polycomponent melange of the East Uralian tectonogenic complex (D,-P). Volcanics and volcano-sedimentary and sedimentary com-
plexes: 10 - flasks, sandstones of the Serovsky Suite (P,); 11 - mudstones, siltstones, sandstones, conglomerates of the Scherbakovsky
Suite (C,); 12 - oligomictic and greywacke sandstones, siltstones, often carbonaceous, siliceous, carbon-siliceous shales of the Aramilsky
Suite (S,); 13 - limestones of the Ustinovsky Suite (D,); 14 - basalts, andesite-basalts with layers of tuffites, clay-siliceous and siliceous
rocks of the Maminsky Formation (D, ,); 15 - subvolcanic rhyolites of the Rudyansky complex (D, ,); 16 - siliceous, carbonaceous-siliceous
shales, quartzites, lenses of marbles of the Kolodinsky Suite (SZ_3); 17 - metabasalts, metatufosandstones, siliceous tuffites, carbon-quartz
rocks of the Novoberezovsky Formation (0,); 18 - metabasalts, carbon-quartz shales of the Beloyarsky Formation (0,); 19 - biotite-
(Muscovite) - plagioclase-quartz, quartz-amphibole-biotite-plagioclase, (biotite)- amphibole-quartz-plagioclase graphite-containing
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shcists, micaceous quartzites, calcifiers, plagiogneisses of the Alabashka suite (RF,); 20 - of biotite, biotite-amphibole, amphibole-bio-
tite plagiogneisses with layers of amphibolites, granitogneisses (PR,?).

Figures in circles mean intrusive massifs: 1 - Aduysky, 2 - Kamensky, 3 - Kurmansky, 4 - Reftinsky, 5 - Averinsky, 6 — Brusyansky. A
thick solid line shows the contour of the Reftinsky allochthon. Thick dotted line shows the contour of the Kurmansky massif in accord-
ing to the results of our research.

Puc. 1. leosiorudeckoe cTpoeHue paioHa KypMaHckoro MaccrBa (reHepaiM30BaHHbIA pparMeHT reojIornyeckor KapTbl 06pa3oBaHUN
sncta 0-41-XXVI (Ac6ect), macurtab 1:200000 [State Geological Map., 2017]).

MarmaTu4ecKre KOMIJIEKChI: 1 — TDAaHUThI GHOTUTOBBIE U ABYCIIOJAHBIE aflyHcKoro KoMmiuiekca (P,); 2 - rpaHUTBI 6GHOTUTOBBIE,
JIEANKOTPaHHUThI ETYXOBCKOro KoMIiekca (P,); 3 - rpaHOZIMOPHUTEI, TpaHUThI KaMeHcKoro kommiekca (C, ,); 4 - ra66po, rpaHos1o-
PHUTBI, FPAaHUTBI HEKPACOBCKOTo KoMIuiekca (C,); 5 — TMOPHUTBI, IJIarMOrPaHUThI alThIHAWCKOTO KoMIieKkca (D, ,); 6 — TPOHbeMHUThI
aBepuHCKoOro komiiekca (S,-D,); 7 - rab6po, JUOPUTHI, TOHANUTHI, IJIalMOTPaHUTBI peGTUHCKOro KoMIuieKca (S, ); 8 - rab6po, He-
pacdsieHeHHbIe yabTpaMadUThI asanaeBckoro komiiekca (V); 9 — moJIMMHUKTOBBIN MeslaHK BocTOYHO-YpasbCKOro TEKTOHOTEHHOTO
kommekca (D,-P). By.sikaHoreHHble, By/IkaHOT€HHO-0Ca/I04HbIE U 0Ca/l049HbIe KOMIUIEKCI: 10 ~ OTIOKH, IeCYaHUKH CEPOBCKOH CBUTDI
(P,); 11 - apru/UIMTBI, aN€BPOJIMTBI, MECYaHUKH, KOHIJIOMepaThl ep6akoBcKo# cBUTHI (C,); 12 - rpayBaKkKOBbIE U OJITUTOMUKTOBbIE
TniecYaHMKH, aJ€BPOJIMTHI, YACTO YIJIEPOUCTbIE, CJIaHIlbl KDEMHHUCThIE, YTJIEPO/IMCTO-KPEMHHUCThIE apaMUIbCKOH cBUTHI (C,); 13 -
U3BECTHAKH YCTbKOJUHCKOM CBUTHI (D,); 14 - 6a3anbThl, aHAe3M6a3a/bThl C IPOCJA0AMU TyPUTOB, IIMHUCTO-KPEMHUCTBIX TOPOJ, U
KPEMHHUCTBIX OPOJ MaMUHCKOH ToJiuu (D, ,); 15 - cy6By/IKaHWYeCKUE PUOJIMTBI PYSHCKOTO KomIuiekca (D, ,); 16 — KpeMHUCThIE,
YTJI€POANCTO-KPEMHHCThIE C/IaHIbl, KBAapIMThI, IMH3bl MPaMOPOB KOJKTKUHCKOH CBUTHI (S, ,); 17 - MeTaba3a/bThl, MeTaTydomnec-
9aHUKH, KPEMHHUCTbIE TyGPUTBI, yIJIepoAUCTO-KBapIeBble MOPO/bl HOBO6epe3oBckon Toumu (0,); 18 - MeTabasa/bThbl, yrJaepojH-
CTO-KBapleBble CJaHIbl 6enoapckoi Toamu (0,); 19 - KpucTaIocIaHLbl GHOTUT-(MYCKOBHUT)-ILJIarHOK/Ia3-KBaplieBble, KBapll-aM-
$ub60J-6MOTUT-TIIAaTMOKIA30BbIe, (BUOTHUT)-aMPUOOJI-KBAPL-IIJIArMOKJIa30Bble TpadUTCO/IeprKalle, KBAPLUTHI CIIOAUCTbIE, Kalb-
uMUpHI, MIaruoruencel anabauickoi cepuu (RF,); 20 - niiarnoruencbl 6HOTUTOBbIE, GUOTHT-aMPU60J10BbIE, aMPHUBOI-OHOTUTOBBIE
C TOpPU30HTaMH aMpUGOJIMTOB, FPaHUTOTHENCOB (PR ,).

Lndpsl B Kpy»KaxX - UMHTPY3UBHble MacCcuBbl: 1 - Aayiickuii, 2 - KameHckul, 3 - Kypmanckuii, 4 - PedTunckuii, 5 - ABepuHCKuUl, 6 -
BpycsHcknii. TosicTON CIJIOITHON JIMHUEH O0Ka3aH KOHTYP PePTUHCKOrO alyioxToHa. TOJICTON MyHKTUPHOW JINHUEH OKa3aH KOHTYP

KpraHCKOI‘O MacCCHBa 110 pe3yjbTaTaM HallluX PICCJ'Ie,ZLOBaHPIIZ.

"Paleozoic intrusive magmatism of the Middle and South
Urals" [Fershtater, 2013, 2015], which contain the abso-
lute age determinations of rocks of the Kurmansky massif
from zircons (U-Pb method) yielded 411+2 (SHRIMP-II),
397+2 (LA-ICP-MS) Ma for migmatized amphibole gab-
bro and 405+4 (SHRIMP-II) Ma for trondhjemites. These
datings implied that the Kurmansky massif formations
could not appropriately be assigned to either Reftinsky
(435-430 Ma) or Averinsky (420-419 Ma) complexes, much
less to the 309-298 Ma (Late Carboniferous), as it goes in
the legend to the latest geological map [State Geological
Map..., 2017].

Besides age determinations, G.B. Fershtater and his co-
authors put special emphasis on the structure and compo-
sition of the massif rocks. It was shown that the presence of
intergranular fine quartz-feldspar aggregate is their most
important petrographical feature indicative of migmatiza-
tion process occurrence. This made it possible to project a
hypothesis of spontaneous migmatization of hydrous melts
of gabbro during their movement to the surface [Fershtater,
2013, 2015; Fershtater et al., 2018; Zamyatina, Borodina,
2015] onto genesis of the rocks of the Kurmansky massif.
The pressure during migmatization were estimated by these
authors as 8 kbar.

The paper presents the results of the mineralogical and
petrogeochemical studies of the rocks of the Kurmansky
massif based on the data produced by the authors and their
predecessors. It is the contribution to understanding of
genesis and formation relation of the massif rocks and to
some aspects of the geological structure and history of
region evolution including the time of accretion of the
Early Paleozoic island-arc complexes with the rocks of the
Murzinsky-Aduysky terrain.

2. GEOLOGICAL POSITION AND STRUCTURE
OF THE KURMANSKY MASSIF

The Kurmansky gabbro-trondhjemite massif is 40 km
eastward of Ekaterinburg among intensively tectonized
structures of the East Uralian megazone representing a com-
pound accretion megablock [Puchkov, 2000]. The massive
is in the western marginal part of the Reftinsky alloch-
tonous block among steeply east-dipping tectonic plates
thrusted on the Murzinsko-Aduysky metamorphic block
(terrain or a fragment of the Precambrian microcontinent)
and dissected near their junction with the Bazhenov suture
zone [Smirnov et al.,, 2019] "sealed" by the Late Paleozoic
granite massifs (Fig, 1).

According to the results of our earlier complex inter-
pretation and newly obtained data, the Kurmansky massif
is almost subisometric, of size 3.5x2 km (Fig. 1), more com-
pact than was supposed [State Geological Map...,, 2017]. The
massif is composed of gabbro, gabbro-diorites of the first
phase and trondhjemites of the second phase, with the pre-
dominance of the latter. The rocks in the massif have tec-
tonic contacts with intrusive and volcanic host rocks, and
their intrusive contacts with gabbro of the Alapaevsk com-
plex [State Geological Map..., 2017], underlying the alloch-
tonous block, are only marked in the northwest. All rocks in
the massif and its nearest environment experienced meta-
morphism of the epidote-amphibolite facies which gave rise
to the formation of amphibolites, metagabbro, and metatron-
dhjemites. Metamorphic transformations were expressed
in the development of amphibole, biotite, epidote, fine-
grained granoblastic aggregate of plagioclase and quartz
[Eselevich, Sergeevskaya, 1953; Rapoport, Medyakov, 1974].
In spite of the fact of metamorphism, we will further name
the rocks in accordance with their primary nature, as it
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Fig. 2. Relationships of rocks and their geological features.

(a, b) - migmatite-like textures in blocks of gabbrodiorites; (c) - eruptive breccias of gabbrodiorites; (d) - dike of microgabbrodiorites

with separations of trondhjemite veins (photo by G.B. Fershtater).

Puc. 2. B3auM0OOTHOLIEHHS IOPOJ, U UX T€0JI0THYECKUE 0COBEHHOCTH.
(a, b) - MUrMaTHUTONOAOGHbIE TEKCTYPHI B 6JI0KAX rab0opo-AUOPUTOB; () — 3pyNTUBHbIE GPEKUYUU rab6po-AuopuTOB; (d) - Aakika MU-
Kpora66po-AHOpUTOB C 060C06IEHUSIMH KUIbHBIX TPOHALEMUTOB (doTo [.B. PepurtTaTepa).

takes place in explanatory notes to geological maps of the
region [Rapoport, Medyakov, 1974; State Geological Map...,
1987, 2017].

A fragment of the northern part of the massif was opened
by the Kurmansky broken stone quarry exposing intrusive
contacts of trondhjemites with gabbro, gabbro-diorites
and diorites. The latter in the contact zone compose large
(tens of meters) xenoliths dissected by thin trondhjemite
veins (Fig, 2, a, b), described in [Fershtater, 2013, 2015;
Fershtater et al,, 2018; Zamyatina, Borodina, 2015] as mig-
matites, or consist of fragments as part of eruptive breccias
(Fig. 2, ¢). Trondhjemites sometimes contain rare xeno-
liths of metavolcanic and limestone rocks transformed into
pyroxene-garnet-wollastonite, garnet-epidote and epidote-
quartz-plagioclase skarns [Eselevich, Sergovskaya, 1953;
Rapoport, Medyakov, 1974; Pribavkin et al., 2014]. All mas-
sif rocks are cut by dykes of microgabbrodiorite and micro-
diorite with leucocratic segregation veins (Fig. 2, d).

3. PETROGRAPHY OF ROCKS
Macroscopically, gabbro, gabbrodiorites and diorites are
unevenly-grained rocks consisting of approximately equal
proportions of feldspar and amphibole. Mineral content

is as follow (wt. %): plagioclase 30-40, amphibole 35-50,
quartz 5-10, epidote and biotite 2-10. The rocks keep the
relics of the original gabbro and diorite structure, less often
porphyric with predominance of larger-size and idiomor-
phic amphibole over plagioclase. Relic plagioclase embed-
ded in large subidiomorphic matrices varies in composi-
tion from An,, to An,; and contains epidote inclusions. On
the edges and along the fractures, it undergoes recrystalli-
zation producing fine- and micro-grained granoblastic ag-
gregate of newly formed plagioclase of composition An, ,,.
The amount of the latter varies from a few percent (Fig. 3, a)
to tens of percent, up to complete recrystallization of pri-
mary plagioclase (Fig. 3, b). Blue-green amphibole, along
with fine long prismatic grains, is embedded in wide ma-
trices (on pyroxene?) with curved splintery contours. Bio-
tite is associated with fine-grained feldspar aggregate indi-
cating its recrystallization-related genesis.
Microgabbrodiorite and microdiorite dykes are char-
acterized by fine-grained nematogranoblastic structure
(Fig. 3, c). Orientation of amphibole prisms is irregular or
subparallel to dyke contacts. The mineral composition is
similar to that of gabbrodiorites described above; the dif-
ference lies in the absence of plagioclase above An, ..
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Trondhjemites are massive, fine-grained rocks contain-
ing a large amount of xenoliths. They have the NW-oriented
gneissic texture, with numerous xenoliths oriented in the
same direction. The massif-predominant trondhjemites con-
tain 30-40 % of plagioclase, 25-35 % of quartz, 5-10 %
of biotite, 0-5 % of amphibole, and a small amount of or
almost no microcline. Microscopically, they have a primary
magmatic middle-grained structure, erased, as well as in
gabbroids, by the newly formed micro- and fine-grained
granoblastic quartz-feldspar aggregate. The percentage of
the latter by volume varies from a few percent, with "a string
of beads" formed by single grains (Fig. 3, d), to tens of per-
cent, with only singe primary plagioclase relics kept in the
rocks (Fig. 3, e, f). Primary plagioclase corresponds to An

24-25"

and newly formed is similar to it in composition - An, ..
Potassium feldspar is only found in newly formed aggre-
gate in much smaller quantities than plagioclase. Biotite is
represented by grain seggregations. Blue-green smphibole
occurs near the contacts with gabbroids and forms elon-
gated prismatic grains.

Vein trondhjemits are common among gabbroid blocks
and dykes making them look like migmatite rocks. They dif-
fer from the main trondhjemite phase by larger quantities
of amphibole and smaller quantities of quartz. A gradual
increase in the amount of dark-colored minerals towards
the contact with gabbroids implies trondhjemite contam-
ination with the development of hybrid rocks similar to
tonalities or quartz diorites in composition.

Fig. 3. Micro-images of rock structures: gabbro (a, b), microgabbrodiorite (c), trondhjemite (d, e, f).
The length of the photo is 10 mm. Nicoli crossed. P11 and P12 are relict and newly formed plagioclas. Amp - amphibole, Bt - biotite. For

explanations see the text.

Puc. 3. MukpodoTorpaduu cTpykTyp nopoz ra66po (a, b), Mukpora66po-guopurta (c), Tponabemuta (d, e, f).
JnuHa dotorpaduu - 10 MmM. Hukosu ckperensl. P11 v P12 - peukToOBBIN 1 HOBOOGpa30BaHHbBIM M1aruoksas. Amp - amubod, Bt -

6UOTUT. [losiIcHeHUs B TEKCTe.
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Accessory minerals in all rock types are represented
by apatite, ilmenite-hematite solid solution, magnetite, sul-
fides, zircons, and titanite. The main secondary mineral is
epidote.

The important petrographic feature of the massif rocks,
already noted from the results of geological mapping [Ese-
levich, Sergovskaya, 1953; Rapoport, Medyakov, 1974], is
the presence of intergranular fine-grained quartz-feldspar
microgranoblastic aggregate interpreted as a result of re-
crystallization. The relation of this aggregate with migmati-
zation process in which anatectic melt was preserved in situ
is particularly emphasized in [Fershtater, 2013; Zamyatin,
Borodina, 2015].

4. RESEARCH METHODS

The study of chemical composition of minerals and
rocks was performed at "Geoanalitik" Common Use Cen-
ter IGG UB RAS. The mineral composition was determined
by the electron probe micro-analyzer (EPMA) CAMECA
SX10 using accelerating voltage 15 kV and current probe
40 nA.

The chemical composition of rocks was determined
using X-ray fluorescence spectrometers SRM-35 u XRF
1800. FeO was determined by titration method, ignition
losses - by gravimetric method. Trace, rare and rare-earth

elements in rocks were determined by the ELAN 9000 ICP-
MS System.

The work involved the data on chemical composition
of the Kyrmansky rock massif collected over several time
periods by the chemical analysis laboratory of the CL PGA
"Uralgeologiya" [Rapoport, Medyakov, 1974; Kubashin, Ly-
kova, 1985].

5. RESULTS
5.1. Characteristics of chemical composition
of the rocks
On the classification diagram, the total alkali - silica, xe-
noliths and mafic dykes correspond to gabbro, gabbrodio-
rites and diorites, and the main trondhjemite phases - to
granite and leucogranite (App. 1, Table 1; Fig. 4). Vein tron-
dhjemites intruding gabbroids lie in fields of quartz diorites,
granodiorites and granites and represent variously contam-
inated leucogranite varieties. All rocks are characterized by
Na predominance over K, but gabbroids characterized by
medium-potassium content, and granitoids - by low-potas-
sium content (Fig. 5). Low-potassium composition allows
you to define them as tonalites and trondhjemites.
Trondhjemites of the Kurmansky massif have a relative-
ly low value of FeO/(FeO+MgO) [Frost et al., 2001] equal
to 0.65-0.76 and are located in the field of magnesium

14
Na,0+K,0 foidite syenites
12— @ 1 alkali syenites
¢ 2 - .
alkaline granites\ ~ alkaline
10 ‘ 3 syenites leucogranites
+ 4
+ 5 subalkaline | subalkaling
gl o6
""" S 7 monzo-
g diorites
_>8 monzo-
61— gabbro-
diorites
4 —
""""" owalkal low-alkaline  low-alkaline  low-alkaline
2 - ou I K (;):;':Z gi:)nrietes granodiorites ~ granites leucogranites
- alkaline | low-alkaline
low-alkaline gabbro- | diorites
0 gabbro diorites | | | | |
40 45 50 55 60 65 70 75 80

Sio,

Fig. 4. Diagram (Na,0+K,0) - SiO, for the Kurmansky massif rocks and magmatic complexes of the region.

1 - gabbro, gabbrodiorites; 2 - microgabbrodiorite dykes; 3 - vein trondhjemites; 4 - trondhjemites of the main phase of the Kurmansky
massif; 5 - compositions of granitoids Kurmansky massif, according to [Rapoport, Medyakov, 1974; Kubashin, Lykova, 1985]; 6-8 -
field compositions: 6 - gabbro, tonalites, plagiogranites of the Reftinsky complex [Fershtater, 2013; Smirnov et al., 2018], 7 - gabbro
and trondhjemites of the Averinsky complex [Lobova, et al., 2012], 8 - granodiorites and granites of the Kamensky complex [Fershtater,
2013]. The points of rock compositions in the diagram are calculated for the dry residue.

Puc. 4. luarpamma (Na,0+K,0) - Si0, /15 mopoa KypmMaHCKOro MaccuBa B CONOCTABJIEHUN C MAarMaTU4eCKUMU KOMIIJIEKCAMH
palioHa.

1 - rab6po, rab6po-AUOPHUTHL; 2 — JalKU MUKPOrab6po-AUOPUTOB; 3 — KUJIbHble TPOHJbEMUTDI; 4 — TPOHABEMUTHI [MIAaBHOH $asbl
KypMaHckoro maccuBa; 5 - coctaBbl rpaHUTOU10B KypMaHcKoro MaccuBa o JauHbIM [Rapoport, Medyakov, 1974; Kubashin, Lykova,
1985]; 6-8 - moJsist cocTaBoB: 6 - ra66po, TOHAJIUTOB, IJIATHOTPAHUTOB pePpTUHCKOr0 KoMIiekca [Fershtater, 2013; Smirnov et al,,
2018], 7 - rab6po ¥ TPOHABEMUTOB aBEPUHCKOT0 KoMILiekca [Lobova et al., 2012], 8 - rpaHOJUOPUTOB U TPAHUTOB KAMEHCKOTO KOM-
miekca [Fershtater, 2013]. Touku cocTaBOB NOPOJ, Ha JUarpaMMe pacCYMTaHbl HAa CyXOM OCTATOK.
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(calc-alkaline) rocks whereas gabbro, gabbrodiorites and
diorites are located along the separating line between mag-
nesium and ferruginous rock series (Fig. 5). On diagram
(Na,0+K,0-Ca0)-Si0,, the points of trondhjemites fall with-
in the field of calcareous rock series, and those of gabbro-
diorites - in the fields of calcareous and calc-alkaline rock
series (Fig. 5).

On discriminant diagrams (Fig. 6, a, b), points of gabbro,
gabbrodiorites and diorites fall within the fields of island-
arc-type rocks. High Th and low Nb contents in gabbroids
imply an active participation of slab-derived fluid com-
ponent in melting of mantle peridotite depleted in trace

12

1.0
FeO/(FeO+MgO)

ferroan

0.8

0.6

0.4 !
4

0
40 45

elements. Trondhjemites are located in the fields of island-
arc-type granitoid rocks (Fig. 6, c, b).

5.2. Features of the mineral rock composition

Amphibole. A chemical composition of amphibole in cal-
culating the crystal-chemical ratios per 23 oxygens is char-
acterized by the value of Ca,=1.7-2.0 u (Na+K),=0.26-0.45
and the ratio of Mg/(Mg+Fe?*)=0.56-0.63, which makes it
possible to define it as tschermakite in accordance with the
nomenclature [Leake atal., 1997] or as amphibole in accor-
dance with [Hawthorne et al., 2012]. Note that the compo-
sitions of amphibole in different rocks vary inconsiderably.

Na,0+K,0-Ca0

s
-
-

alkaline

calcic

| | |
40 45 50 55 60 65 70 75 80
Sio,

Fig. 5. Diagrams for the Kurmansky massif rocks and magmatic complexes of the region. See the legend in Fig. 4.

Puc. 5. ﬂl/lanaMMbI AJid nopon KpraHCKOI‘O MacCCHBa B COIIOCTAaBJIEHHWHU C MarMaTU4Y€CKHMMH KOMIIJIEKCAMH paﬁox—la. YcnoBHbie

0603Ha4YeHUs CM. puc. 4.
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Fig. 6. Geodynamic discriminant diagrams for the Kurmansky massif rocks and magmatic complexes of the region.

(a) - diagram Th-Zr/117-Nb/16 [Wood, 1980] for basic rocks. Fields in the diagram: A - mid-ocean ridges; B - basalts of mid-ocean
ridges and intraplate settings; C - basalts of intraplate settings; D - basalts of island arcs and active continental margins. (b) - diagram
of Nb/Yb-Th/Yb [Pearce, 2008] for the basic rocks. Fields: TH - tholeiitic basalts, CA - calc-alkaline basalts, SHO - subalkaline basalts
of active continental margins. The arrows show the increasing importance of the subduction component (S), crustal contamination (C),
within-plate component (W), and fractional crystallization (f). (¢), (d) - diagrams (Y+Nb)-Rb and Y-Nb for acid rocks [Pearce et al.,
1984]. Fields: VAG - granites of volcanic arcs, ColG - syn-collision granites, WPG - intraplate granites, ORG - granites of oceanic ridges.
See the legend in Fig. 4.

Puc. 6. l'eogrHaMuyeckye JUCKPUMUHAHTHbIe AUAarpaMMbl g nopos KypMaHckoro MmaccuBa B CONOCTaBJeHUHU C MarMaTuye-
CKMMM KOMILJIEKCAaMU palioHa.

(a) - puarpamma Th-Zr/117-Nb/16 [Wood, 1980] pis1 ocHOBHbIX opof,. [losis Ha AuarpamMmMe: A - cpeJUHHO-OKEaHUYeCKUX Xpeo-
TOB; B - 6a3a/bThl cpeiJUHHO-OKeaHUYeCKUX XPeOTOB ¥ BHYTPUIINTHBIX 06CTaHOBOK; C — 6a3a/1bThl BHYTPUIIMTHBIX 06CTAaHOBOK;
D - 6a3a/1bThl OCTPOBHBIX YT U aKTUBHBIX KOHTUHEHTAJIbHBIX OKpauH. (b) — suarpamma Nb/Yb-Th/Yb [Pearce, 2008] aJ1s1 o0CHOBHBIX
nopof. [losis Ha fuarpamme: TH - TosieuToBBIE 6a3anbThl, CA - U3BECTKOBO-LIe/I0UHbIE 6a3aibThl, SHO - cy611es104HbIe 6a3a/bThI aK-
TUBHbIX KOHTUHEHTa/IbHBIX OKparnH. CTpeJikaMu N0Ka3aHbl TPEH/bl BO3paCTaHUs POJIH CYyOAYKLHOHHOTO KOMIIOHEHTa (S), KopoBoi
koHTaMuHauuu (C), BHyTpUIIUTHOTO KoMnoHeHTa (W) u dpakyuonHoi kpuctamiusanuu (f). (¢), (d) - auarpammel (Y+Nb)-Rb u
Y-Nb pss1 kucabix nopog [Pearce et al., 1984]. [los1s1 Ha AuarpamMmmax: VAG - rpaHUThI ByJIKaHUYeCKUX AyT, Syn-COIG - KOJIJIM3UOHHBIE
rpaHuTbl, WPG - BHyTpUninuTHble rpaHuThl, ORG - rpaHUTBI OKEAHUYECKUX XPeOTOB. YC/I0BHbIEe 0603HAYEHUSI CM. Ha pucC. 4.

The average ferruginosity value (f) of amphibole in gab-
bro, gabbrodiorites and diorites is 0.47, in trondhjemites -
0.52. The alkali and aluminum content of amphibole in
trondhjemites is also somewhat higher. PT-conditions of
crystallization for amphibole have been calculated based
on the known thermobarometers (App. 1, Table 2) and are
660-690 °C, 7-9 kbar.

Biotite. F of biotite varies from gabbro to trondhjemite
within the range of 0.37-0.47. Worthy of note is a decrease

in F of biotite relative to amphibole, typical of rocks of abis-
sal level generation and products of water-saturated ana-
texis [Fershtater, 2013].

Plagioclase. It has already been mentioned that the rocks
contain two types of plagioclase which differ in compo-
sition: large corroded matrixes containing An, . in gab-
bro and An,, ,. in trondhjemites and small granulomorphic
grains which were formed during the recrystallization of
the latter. The main feature of granulomorphic plagioclase
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is the same composition (An,, ) in all rock types. A few-
number increase in the content of anorthite in the grain
margins implies increasing pressure and temperature dur-
ing recrystallization process.

6. DISCUSSION OF RESULTS
6.1. Genesis of original melts of basic
and acid composition

Partial melting and fractional crystallization play a lead-
ing role in generation of acid melts [Rushmer, 1991; Beard,
Lofgren, 1991; Wolf, Wyllie, 1994; Rapp, Watson, 1995;
Zharikov, Khodorevskaya, 2006; and others]. The melt com-
positions obtained through one of these processes follow
the corresponding geochemical trends which allow deter-
mining one or another process contribution to the genesis
of rock series. The assumption that the Kurmansky massif
trondhjemites may have resulted from fractional crystal-
lization of basic melts, parent for their associated gabbro,
is contradicted by an equal or close ferruginosity value of
mafic and felsic rocks and by similar potassium contents in
all rock types (see App. 1, Table 1; see Fig. 5). On the con-
trary, these features may indicate the generation of acid
melts as a result of water-saturated melting of hornblende
gabbro at the condition of the amphibole stability area as

earlier suggested by [Fershtater, 2013] for the Kurmansky
massif.

On geochemical diagrams, the main-phase trondhjem-
ites, together with gabbro-intersecting veined trondhjem-
ites, cluster both along the trend of fractional crystalli-
zation of basic melt corresponding in composition to the
massif gabbro and gabbrodiorite (Fig. 7, a, ¢) and along the
trend of gabbro partial melting (Fig. 7, b). This fact most
likely suggests that the initial melts for gabbro and tron-
dhjemite of the massif are genetically unrelated and have
different sources, although they were even jointly localized
in the crust. Presumably, the process that led to the forma-
tion of the massif trondhjemites was melting of amphibo-
lites or hornblende gabbro of the lower crust. Gabbro, gab-
brodiorites and diorites are the results from the consistent
fractional crystallization of basic magma generated by par-
tial melting of the upper mantle. The reason for mantle
melting could be an input of fluid component from the sub-
duction zone, as particularly evidenced by high Ba/Th and
low Th/Nb ratios in the rocks (Fig. 8, a). However, high Si,
K, Rb, Sr, Ba, La concentrations and increasing Sr/Nb and
Gd/Yb ratios in gabbroids (Fig. 8, b) imply melting of peri-
dotites, previously metasomatized, as well as by subduction-
related melts with adakite-like geochemical features.
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Fig. 7. Diagrams K/Rb - K, La/Sm - La, Ba/Nb - Nb [Bourdon et al., 2002], La/Sm - Sm/Yb [Kay, Mpodozis, 2001; Zarasvandi et al.,
2016] for the Kurmansky massif rocks and magmatic complexes of the region. See the legend in Fig. 4.

Puc. 7. luarpammsl K/Rb - K, La/Sm - La, Ba/Nb - Nb [Bourdon et al., 2002], La/Sm - Sm/Yb [Kay, Mpodozis, 2001; Zarasvandi et
al., 2016] psia nopoz KypMaHcKOro MaccuBa U MarMmaTH4eCKUX KOMILJIEKCOB paiioHa. YclI0BHble 0603HAY€HUS CM. Ha puc. 4.
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Fig. 8. Diagrams of relations of Th/Nb - Ba/Th [Hanyu et al.,, 2006] and Sr/Nb - Gd/Yb [Mori et al., 2007] for the Kurmansky massif rocks
and magmatic complexes of the region, demonstrating the participation of various crustal components in the metasomatic enrichment

of the mantle. See the legend in Fig. 4.

Puc. 8. Juarpammbl Th/Nb - Ba/Th [Hanyu et al., 2006] u Sr/Nb - Gd/Yb [Mori et al., 2007] gss nopoj KypMaHcKoro mMaccuBa u
KOMIIJIEKCOB paliOHa, IEMOHCTPUPYIOLIHE YYacTHE Pa3/IMuHbIX KOPOBBIX KOMIIOHEHTOB B METACOMATHYE€CKOM 060TallleHHH MaHTHH.

YcnoBHBIE 0603HAYEHUS CM. HA PUC. 4.

6.2. Conditions of melts separation
and crystallization

Low Sr/Y, La/Yb (see App. 1, Table 1), Sm/Yb (see Fig. 7,
d) ratios in trondhjemites suggest absence of garnet as a
restitic phase during melting of amphibolite source. The
absence of garnet, in accordance with [Wolf, Wyllie, 1994;
Rapp, Watson, 1995; and others], defines the area of tron-
dhjemite melt separation at a pressure no higher than 9-
12 kbar. The ratios of normative components Qz, Ab, An, Or
allow estimating the melt crystallization parameters. The
position of normative trondhjemite compositions in the
system of ternary feldspars [Elkins, Grove, 1990] provides
an approximate estimate of the temperature of the begin-
ning of melt crystallization as 700-900 °C (Fig. 9, a). The re-
lationship between the content of normative quartz in melt
and the pressure with regard to culculated temperatures
defines the position of liquids on PT-diagram. The tron-
dhjemite composition consistency along the lines of con-
stant water content 2-4 % indicates an adiabatic evolution
of liquids when they move from the place of their origin
at 9-12>P  >8 kbar and P, =0.1-0.2P  in the amphibole
(+biotite) stability area to the place of localization and
crystallization in the upper crustat P =P, =1 kbar.

The development of wollastonite skarns in contact with
trondhjemites allows estimating depth of appearance of
massif in tht crust level by independent way. It can be deter-
mined from the intersection point of reaction paths An+Qz+
+Cc=Grs+CO, and Qtz+Cc=Wo+CO, for paragenesis of wol-
lastonite associated with grossular depending on CO, mole
fraction [Schmédicke et al., 2001; Zharikov, Rusinov, 1998].
When CO, mole fraction is about 0.2 (typical value for mag-
matogenic fluid), the minimum pressure in garnet-wolla-
stonite skarn generation will be 1 kbar. Therefore, we can es-
tablish the mesoabissal level of the Kurmansky massif.

The reconstruction of initiation, evolution and crystal-
lization conditions of gabbro, gabbrodiorite and diorite

melts in the massif is a much more complicated task. Never-
theless, the position of gabbro composition points close
to eutectic An - Cpx - Opx at 10 kbar, calculated for the
bodies with f=0.6 (Fig. 9, c), implies the separation of basic
calc-alkaline melt at the upper mantle level. The positions
of points of microgabbro and microdiorite dykes follow
the isobaric trend in the evolution of gabbroids.

6.3. Rock metamorphism

The development of micro-grained and fine-grained
quartz-feldspar aggregate in all massif rocks indicates the
occurrence of high-temperature recrystallization (metamor-
phism) associated with granulation, grain misorientation
and plagioclase deanorthitization. Recrystallization also
gave rise to the appearance of epidote, scurfy biotite and
amphibole. The latter probably formed by the primary gab-
broid pyroxene that is responsible for its low alkalinity. The
parameters calculated for recrystallization, in accordance
with App. 1, Table 2, correspond to the upper epidote-am-
phibolite facies (7-9 kbar and 670-690 °C), which does not
exclude the melting of the most easily fusible rocks with
occurrence of migmatite zones along the fluid channels.
Relatively high parameters of rock metamorphism may re-
sult from their occurrence in the bottom of the allochtonous
block. Microstructures structures similar to hornfelsic ones
that form under high pressure may be attributed to trans-
formation of stress pressure into normal hydrostatic pres-
sure for competent rock blocks in thrust zones [Kozlovsky,
Viryus, 2011; Kulakovsky et al., 2015].

6.4. Rock dating problem
An important and still ambiguously unsolvable prob-
lem is the time of placement of massif in the crust. The
U-Pb age of zircons from gabbro and trondhjemite (411-
397 Ma) [Fershtater, 2013, 2015] were interpreted as a
span of magmatic crystallization of the rocks.
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Fig. 9. PT-conditions of melting, crystallization and metamorphism
for the Kurmansky massif trondhjemites.

See the legend in Fig. 4. (a) - triangular diagram An - Ab - Or for
granite compositions. Normative quantities of An, Ab, Or are cal-
culated by CIPW; isotherms are calculated on the basis of a triple
feldspar model for 8 kbar [Elkins, Grove, 1990]. (b) - PT-diagram
of the evolution of trondhjemite melts. Thick solid lines - dry and
wet liquiduses of granite melt, thin dotted lines - water content
(wt. %) [Johannes, Holtz, 1996], dashed lines - the content of
normative quartz in the Qtz - Or - Ab system [Fershtater, 1987,
Fig. 33], dotted red and solid green lines are the stability lines
of biotite and amphibole according to different authors [Yoder,
Tilley, 1962; Wyllie, Wolf, 1993; Weinberg, Hasalova, 2015, and
references therein]. The horizontal hatching shows the area of
origin of trondjemite melts, and the arrow shows the trend of
their magmatic evolution. Trondhjemite points are plotted in ac-
cordance with the content of normative quartz in the rock and
the temperature of the feldspar solvus. The green field is the area
of metamorphism of gabbro and trondhjemites in accordance
with the data [HB] of App. 1, Table 2. (¢) - triangular diagram Cpx -
An - Opx for basites. Green circles and blue rhombuses indicate
the compositions of gabbro, gabbrodiorites, and diorites of the
massif. The An - Cpx - Opx cotectics are calculated for composi-
tions with a Fe/Fe+Mg=0.6 at 1 atm and 15 kbar. See [Fershtater,
1987] for the method of the diagram construction.

Puc. 9. PT-ycsioBus nsaBieHus, KpUCTa/lJIM3alluu U MeTaMop-
¢du3sma TpoHAbeMUTOB KypMaHckoro maccuBa.

YcnoBHbIe 0603HAUYEHHs CM. Ha puc. 4. (a) - Auarpamma An - Ab -
Or AJ151 rpaHUTHBIX cOcTaBoB. HopMaTuBHbIe KosiMvyecTBa An, Ab,
Or paccuuTtanbl MeTogoM CIPW; u3oTepmbl - Ha OCHOBE TPOH-
HOM Mogzesu noJsieBoro mnara ajs 8 k6ap [Elkins, Grove, 1990].
(b) - PT-guarpaMMa 3BOJIIOLUH TPOHAbEMHUTOBBIX PACIJIABOB.
TosicThle crIOUIHBIE IMHUU — CyXOW U MOKPBIH JIMKBUAYCBI I'pa-
HUTHOTO paclaBa, TOHKHE MyHKTUPHbIE JIMHUU — COZlepKaHuUs
BoAbl (Mac. %) [Johannes, Holtz, 1996], ITpUXNyHKTUPHbIE JIU-
HUU — COZiepXkaHusl HOpMaTHUBHOTO KBap1a B cucteMe Qtz - Or - Ab
[Fershtater, 1987, puc. 33], IyHKTHUPHbIe KPaCHbIe U CILJIOLIHbIE
3eJleHble JIMHUU — INHUU CTaGUIbHOCTH 6GMOTUTA U aMdU60-
J1a o pasHbIM aBTopaM [Yoder, Tilley, 1962; Wyllie, Wolf, 1993;
Weinberg, Hasalova, 2015, u ccbliku B Hell]. [opusoHTaibHOM
IITPUXOBKOH MOKa3aHa 06J1aCTh 3apO3K/jeHUs] TPOH/beMUTOBBIX
pacn/iaBoB, a CTPeJKOH — TpeH[ X MarMaTHYeCKOH 3BOJIIOLMU.
Toyku TPOHABEMUTOB HAaHECEHBI B COOTBETCTBUHU C COAEPKAHU-
eM HOpMaTUBHOTO0 KBaplia B IOPO/Jie U 3HaueHUueM TeMIepary-
pbI 10J1€BOLINIATOBOTO COJIbBYCA. 3esIeHoe 1oJie — 06/1acTh MeTa-
MopdusMa rab6po ¥ TPOHbEMUTOB B COOTBETCTBUU C JAHHBIMU
[HB] [Tpus. 1, Tabu. 2. (B) - guarpamma Cpx - An - Opx Ji1s1 6a3u-
TOB. 3eJIeHbIMU KPY>KKaMH U CUHUMHU poMb6aMU yKa3aHbl COCTa-
BbI rab6po, rab6po-AUOPUTOB, JUOPUTOB MaccuBa. KOTeKTHKU
An - Cpx - Opx paccyuTaHBbl AJ1s1 COCTABOB C »KeJ1e3UcTOoCThIo 0.6
npu 1 at™ 1 15 k6ap. MeToAUKY NOCTPOEHHUsI JUarpaMMBbl CM. B
pa6ote [Fershtater, 1987].
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The lack of data about validity (MSWD values) of these
ages and the existence of metamorphic transformations of
the rocks suggest an incomplete correspondence between
zircon isotope ages and a time span of their magmatic crys-
tallization. Such datings most likely fall within the time of
magmatic crystallization (430-420 Ma) of the rocks con-
sisting of the main part of the Reftinsky allochthone, and the
age of their metamorphism (405-380 Ma). The last event
was caused by accretion and thrusting of the O-S oceanic
and S-D island arc complexes of the Reftinsky allochthone
on the Murzinsky-Aduysky terrain in the Late Devonian
[Smirnov et al.,, 2014].

6.5. Comparison with magmatic complexes
of the East Uralian megazone

According to [Puchkov, 2000; Smirnov et al., 2003;
Smirnov, Korovko, 2007; and others], the most ancient rocks
in the area are ophiolites of dunite-harzburgite-gabbro and
volcanic rock of basalt-dacite and basalt-andesite-dacite
complexes with their supposedly co-magmatic intrusions
of the Silurian and Early Devonian (?) ages. After the for-
mation of thick Silurian volcanic suites, the magmatic ac-
tivity of the area decreased and then terminated in low part
of the Early Devonian, so the formation of thick carbonate
and terrigenous-carbonate suites took place during the Late
Silurian to Middle Devonian. New impulse of magmatic ac-
tivity caused the generation of volcano-plutonic complexes
containing xenoliths of the Silurian volcanites and Early
Devonian limestones from the basement.

Taking into account ambiguity in the Kurmansky mas-
sif rock dating, we made a comparison between the rock
composition and the most accurately dated and intrusive
complexes of the area whose geochemistry has been well
studied. The materials compared were Reftinsky gabbro-
diorite-tonalite-plagiogranite (435-430 Ma) and Averinsky
diorite-trondhjemite (420-419 Ma) complexes of the island
arc nature [Lobova et al,, 2012; Fershtater, 2013; Smirnov
etal, 2014, 2018] wherein the Kurmansky massif was
also localized (see Fig. 1). Separate comparison was made
between the Kurmansky trondhjemites and the early-col-
lisional Kamensky granodiorite complex (298-309 Ma)
[Fershtater, 2013], since Kurmansky massif was arbitrarily
assigned to this complexon the latest State Geological Map
[State Geological Map...,, 2017].

The rocks of the Reftinsky complex (gabbro, tonalites,
plagiogranites) preceding magmatites of the Kurmansky
massif have similarly low contents of K, Rb, Sr, Ba, RE and
REE, and their formation is related to low baric partial
melting of the upper mantle and basic crust at the island
arc stage with the slab-fluid component participating in
magma generation (see Figs. 7, 8). This is evidenced by the
results of the isotope study of Sr, Nd, Hf in the rocks of the
Reftinsky complex [Smirnov et al., 2018]. Probably, an in-
creasing importance of the slab-related fluid (+acidic melt)
providing an effect of metasomatism to the magmogen-
erated sources in the upper mantle and crust might have
further determined the generation of melts more enriched
in Sr, Ba, Rb and REE, similar to the Kurmansky gabbroids.

The differences in Y, St, Cr, Ni and Co contents imply the
belonging of the Reftinsky gabbro to the ophiolite associ-
ations, and that of the Kurmansky gabbro to the gabbro-
granite series (after [Ferstater, 1987]).

The trondhjemites (now blastomilonites) of the Averin-
sky complex adjacent to the Kurmansky massif in the east
have a clearly defined negative Eu-anomaly and lower REE
contents. Besides, they have a high Al-content (A/CNK=
=1.2-1.5 [Lobova et al,, 2012] against 0.64-0.79 in the Kur-
mansky massif rocks). These data imply different sources
for the Averinsky and Kurmansky trondhjemites.

A preliminary attribution of rocks of the Kurmansky
massif to the Kamensky complex [State Geological Map...,
2017] seems unreasonable, since rocks of these objects
have a different ages and they form quite individual series
having different contents of main and trace elements (see
Figs. 4,5, 6,7, 8).

The results of comparison between the compositions
of the rocks in the Kurmansky massif and the major rock
series from the considered sector of the Middle Uralian area
of the East Uralian megazone, we propose to allocate the
Early Devonian (?) Kurmansky gabbro-diorite-trondhjemite
island arc complex as an individual subdivision.

7. CONCLUSION

The generation of the Kurmansky gabbro-trondhjemite
massif is related to the last stages of the Silurian - Early
Devonian island-arc magmatism in the East Uralian mega-
zone accompanied by processes of partial melting of the
upper mantle and crust which were brought together in
time and space. The mantle peridotites that melt partially
under the effect of aqueous fluids released from the sub-
duction zone were the sources for the gabbro melts. Such
melts were separated and followed two-pyroxene plagio-
clase cotectics at P=10 bar. Partial melting of amphibolites
or amphibole gabbro in the lower crustat P =8 kbar P, =
=0.1-0.2 P caused the generation of initial trondhjemite
melts. The crystallization of basic and acid rocks of the mas-
sif ceased at the mesoabyssal conditions at P_ =P, =1 kbar
and accompanied by the formation of wollastonite scarns
at the contacts between limestones and trondhjemites.
This interpretation of genesis and crystallization condi-
tions of the massif rocks differs from the earlier version
[Fershtater, 2013].

The age, geological-structural position and features of
composition of the rocks in the Kurmansky massif (in a
specified volume) provide evidence for its belonging to the
individual Early Devonian (?) magmatic complex of the is-
land-arc origin.

The generation of the rocks in the Kurmansky massif
and their metamorphic transformations might have been
caused by temporally convergent processes of magmatism
and accretion of the Early Paleozoic - Early Devonian com-
plexes on the Murzinsky-Aduysky terrain during the Devo-
nian. The appearance of hornfels-like microstructures for-
med under conditions of the epidote-amphibolite facies at
the medium pressures is the characteristic feature of meta-
morphism of the Kurmansky massif rocks.
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APPENDIX 1 / [TPUJIOKEHME 1

Table 1. Chemical composition (wt. %) and content of trace elements (ppm) in the rocks of the Kurmanka massif
Ta6una 1. Xumuyeckuit cocta (Mac. %) U cofep:kaHHe MaJlbIxX 3JleMeHTOB (I'/T) B nopogax KypmaHckoro Maccuba

S1, No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

SMP No. Ky-4 413 427 Ky-66 Ky-5 401 407 404-1 492 404-2 403 Ky-1 408 428 Ky-6a 412 Ky-2 Ky-3
Sio, 48.84 50.69 50.95 52.71 55.97 50.40 51.14 54.48 59.68 59.92 61.03 61.20 64.85 72.55 73.88 71.50 72.38 72.95
Tio, 0.86 0.70 0.66 0.89 0.65 0.73 0.67 0.66 0.48 0.49 0.55 0.39 0.44 0.29 0.38 0.36 0.32 0.33
ALO, 16.09 16.97 16.37 17.05 16.97 16.37 17.21 16.92 16.59 17.08 17.27 16.72 16.13 13.18 12.62 14.03 13.74 13.32
Fe,0, 9.61 11.77 8.80 4.98 4.64 12.33 11.32 10.30 7.40 7.35 6.64 4.53 5.67 3.02 2.45 3.13 1.35 2.07
FeO 4.60 - 4.60 5.60 3.50 - - - - - - 1.70 - 0.50 0.50 - 0.90 0.50
MnO 0.16 0.13 0.16 0.19 0.12 0.17 0.16 0.12 0.09 0.09 0.12 0.09 0.07 0.04 0.07 0.08 0.02 0.02
MgO 5.29 4.70 4.51 3.89 3.99 6.04 5.20 4.14 2.57 2.68 2.44 2.22 2.10 1.44 1.10 1.01 1.14 1.00
Ca0 9.77 10.03 8.62 7.76 7.25 7.03 8.51 6.64 6.13 6.06 5.41 6.23 5.44 2.88 3.00 2.78 3.01 3.44
Na,0 2.67 2.30 3.36 4.20 4.63 2.60 2.60 2.80 3.70 3.10 3.40 4.57 4.00 4.78 4.36 3.90 4.96 4.53
K,0 0.70 0.60 0.42 0.65 0.56 1.76 1.05 1.27 0.73 0.76 1.05 0.84 0.84 0.71 1.15 1.14 0.69 0.65
P,0, 0.35 0.23 0.15 0.20 0.39 0.17 0.11 0.13 0.15 0.13 0.15 0.22 0.11 0.07 0.13 0.07 0.12 0.14
ImPs 0.90 0.54 1.10 0.90 0.70 0.74 0.28 0.60 1.06 1.00 0.18 0.70 0.25 0.50 0.40 0.24 0.50 0.30
Total 99.84 98.66 99.7 99.02 99.37 98.34 98.25 98.06 98.58 98.66 98.24 99.41 99.9 99.96 100.04 98.24 99.13 99.25
Li 10.32 14.84 10.04 5.67 4.83 22.01 9.55 13.31 6.88 7.74 6.52 3.52 3.00 13.40 6.39 9.90 7.46 5.48
Rb 10.66 9.60 9.46 7.28 7.63 23.68 13.35 44.27 18.23 21.94 15.72 14.74 16.00 10.46 17.82 13.10 8.02 9.99
Cs 2.24 0.98 1.28 0.13 0.31 2.87 0.61 3.70 1.65 1.87 0.20 0.15 0.34 0.40 0.21 0.21 0.29 0.27
Be 0.50 0.71 0.54 0.59 0.56 0.61 0.78 0.83 0.60 0.71 0.98 0.67 0.36 0.67 0.76 0.62 0.63 0.63
Sr 727 727 505 335 711 512 532 684 574 800 374 330 600 247 236 177 231 443

Ba 323 510 203 232 241 731 576 779 336 439 1036 302 300 515 521 1171 546 336

Sc 28.89 32.22 24.52 32.40 22.66 23.05 26.20 29.36 16.11 17.81 16.33 11.90 15.00 5.25 8.39 7.46 5.99 7.39
\' 523 364 285 311 220 239 228 289 162 185 132 107 120 44.28 46.95 34.44 38.15 47.69
Cr 5.54 60.66 8.97 12.86 16.75 5.95 35.90 26.01 10.16 13.71 11.00 7.66 18.00 6.56 2.95 4.94 2.98 3.01
Co 56.26 29.97 30.50 35.92 24.97 26.69 16.96 14.11 9.72 11.87 11.24 46.72 10.00 5.05 48.68 3.83 58.34 40.41
Ni 11.43 18.10 2.38 4.28 7.17 7.58 128.75 8.05 4.49 5.96 4.69 6.30 14.00 0.00 2.33 1.99 2.64 2.23

Cu 173 55.41 60.30 76.78 8.65 38.42 11.47 29.16 39.04 47.21 30.75 133.29 32.00 31.45 4.24 20.60 8.68 4.42




Table 1. (continued)

Ta6suna 1. (mpogo/nkeHue)

Sl, No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

SMPNo.  Ky-4 413 427  Ky-66  Ky-5 401 407  404-1 492 4042 403 Ky-1 408 428 Ky-6a 412 Ky-2  Ky-3
Zn 54.63 56.34 49.79 78.12 37.29 70.00 50.94 58.23 33.23 41.33 53.94 34.17 23.00 15.56 4411 28.63 26.33 19.26
Ga 18.10 18.72 16.30 18.29 17.04 17.10 19.10 21.60 14.56 16.75 18.95 14.94 19.00 13.90 13.30 12.53 13.49 14.18
Y 15.25 26.96 15.31 23.59 23.29 18.73 31.06 30.51 17.14 20.19 34.16 12.65 14.00 10.62 1691 13.54 14.58 20.99
Nb 0.89 1.99 0.99 1.80 1.52 1.51 2.37 3.36 1.66 5.57 3.18 1.58 1.80 2.06 3.06 2.67 2.81 3.36
Ta - 0.11 0.07 0.03 0.01 0.06 0.10 0.17 0.10 0.18 0.15 0.16 0.13 0.13 0.10 0.12 0.11 0.19
Zr 13.42 21.71 11.45 7.68 11.23 44,12 8.62 23.69 15.66 21.42 16.02 16.51 26.10 32.53 12.92 24.64 24.19 25.39
Hf 0.64 0.78 0.50 0.52 0.54 1.15 0.44 0.89 0.50 0.64 0.56 0.81 0.70 0.93 0.61 0.77 0.87 0.95
Pb 2.04 2.04 2.20 3.58 3.57 5.45 3.47 4.23 3.67 4.28 3.82 2.37 3.00 4.13 4.61 4.16 4.39 2.74
U 0.74 1.17 0.73 1.11 1.09 3.75 2.13 1.57 0.98 1.18 0.93 1.75 1.10 1.08 2.40 0.98 1.17 4.72
Th 1.52 1.82 1.29 1.50 1.74 5.22 2.24 4.02 2.47 2.71 1.93 4.49 4.20 2.24 5.02 2.54 4.07 7.71
La 13.71 14.67 9.20 8.57 14.11 15.69 12.55 11.53 8.34 14.32 13.90 9.26 11.00 13.44 14.75 13.02 15.21 19.70
Ce 36.44 45.95 23.55 21.93 35.79 40.80 36.55 32.59 19.81 35.59 37.57 19.93 21.00 26.18 31.30 30.61 29.80 41.51
Pr 5.26 6.11 3.51 3.15 5.19 4.63 4.52 4.00 2.57 3.83 4.43 2.45 2.40 3.05 3.81 3.20 3.51 4.83
Nd 25.16 30.06 15.96 14.57 24.62 20.22 20.01 17.69 11.46 16.13 19.98 10.14 10.00 11.60 15.05 12.96 13.41 18.57
Sm 6.23 7.45 4.14 3.94 5.79 4.24 4.48 4.16 2.64 3.45 4.80 2.23 2.00 2.40 3.12 2.59 2.75 3.85
Eu 1.87 2.01 1.21 1.11 1.52 1.07 1.18 1.14 0.80 1.04 1.01 0.80 0.60 0.76 0.82 0.74 0.66 0.94
Gd 4.99 6.47 3.45 4.08 4.96 3.36 4.03 3.98 2.50 3.08 4.61 2.17 2.30 1.64 2.80 2.23 2.48 3.36
Tb 0.63 0.85 0.47 0.66 0.71 0.52 0.68 0.67 0.42 0.51 0.77 0.35 0.30 0.26 0.45 0.35 0.39 0.56
Dy 3.38 4.94 2.94 4.35 4.39 3.37 4.70 4.69 2.95 3.49 5.36 2.23 2.00 1.94 2.89 2.41 2.50 3.73
Ho 0.60 0.92 0.58 0.93 0.90 0.68 1.00 1.00 0.62 0.74 1.12 0.49 0.40 0.39 0.63 0.49 0.53 0.81
Er 1.56 2.43 1.67 2.83 2.69 1.91 2.93 2.96 1.84 2.17 3.24 1.53 1.30 1.29 2.02 1.39 1.64 2.49
Tm 0.21 0.33 0.22 0.41 0.39 0.28 0.45 0.45 0.28 0.32 0.49 0.23 0.18 0.17 0.31 0.20 0.25 0.38
Yb 1.31 2.09 1.55 2.64 2.46 1.78 3.04 3.02 1.82 2.16 3.26 1.52 1.20 1.18 2.03 1.35 1.69 2.74
Lu 0.18 0.30 0.22 0.40 0.36 0.26 0.45 0.46 0.27 0.31 0.46 0.24 0.18 0.21 0.32 0.20 0.26 0.43
f 0.58 0.56 0.61 0.59 0.52 0.51 0.52 0.55 0.59 0.58 0.58 0.59 0.57 0.55 0.58 0.61 0.51 0.57
Sr/Y 47.6 27.0 33.0 14.2 30.5 27.4 17.1 22.4 33.5 39.6 10.9 26.1 429 23.2 14.0 13.1 15.8 21.1
La/Yb 10.5 7.1 5.9 3.2 5.7 8.8 4.1 3.8 4.6 6.6 4.3 6.1 7.2 11.4 7.3 9.6 9.0 7.2




Table 1. (continued)
Ta6suna 1. (mpogo/nkeHue)

Sl No. 19** 20%* 277 227k 23* 24%* 25* 267 27* 28* 29* 30%* 31* 32* 33* 34* 35%*
swevo. o) 0T S e See Geo g w50 Sl Sep e SN0 S S e 18

Sio, 55.82 63.22 65.20 66.36 66.36 67.50 68.28 68.60 68.68 69.34 70.06 70.44 71.40 71.74 74.56 75.22 76.00
Tio, 0.66 0.50 0.55 0.46 0.44 0.36 0.44 0.40 0.44 0.40 0.38 0.34 0.35 0.34 0.29 0.28 0.24
ALO, 18.19 17.29 15.32 15.66 14.87 15.02 14.35 15.00 15.44 15.42 14.64 14.84 14.40 14.95 13.67 13.02 13.12
Fe,0, 2.50 1.86 2.25 2.11 2.40 1.44 1.57 1.66 0.92 1.31 1.81 0.90 0.94 1.05 0.35 0.51 0.70
FeO 5.50 3.56 3.08 2.65 2.75 2.99 2.67 2.66 2.96 2.11 1.63 2.93 2.04 1.89 1.69 1.26 1.01
MnO 0.10 0.11 - - 0.06 0.09 0.05 0.05 0.10 0.07 0.07 0.06 0.07 0.06 0.05 0.04 0.03
MgO 3.91 2.15 1.55 1.61 2.03 1.78 2.06 1.88 1.25 1.08 1.28 0.95 0.90 0.81 0.70 0.65 0.45
Ca0 7.21 5.10 5.71 4.39 5.04 3.69 4.21 3.65 2.85 3.01 2.06 2.94 2.37 2.41 1.70 1.32 1.58
Na,O 3.26 4.20 4.08 4.45 4.00 4.36 3.86 3.98 492 490 491 4.69 491 4.74 5.27 5.08 4.98
K,0 0.73 1.11 0.43 0.92 0.65 1.24 0.76 1.08 1.06 1.00 1.63 1.19 1.04 0.99 0.99 0.85 0.84
P,0, 0.10 0.11 0.16 0.14 - 0.02 - 0.11 - - - 0.08 - - - - 0.02
ImPs 1.10 0.64 1.16 1.35 1.43 0.58 1.50 0.77 0.89 1.17 0.80 0.80 0.88 0.96 0.88 1.05 0.27
Total 99.08 99.84 99.49 99.74 100.0 99.07 99.35 99.83 99.48 99.66 100.55 100.16 99.30 99.94 100.16 99.28 99.24
f 0.52 0.57 0.65 0.61 0.57 0.57 0.52 0.55 0.63 0.63 0.58 0.68 0.64 0.66 0.61 0.59 0.67

Note. 1-5 - blocks of gabbro, gabbrodiorite, diorite; 6-8 - dikes of microgabbro and microgabbrodiorites; 9-14 - vein trondhjemites, contaminated to varying degrees; 15-18 - trondhjemites of the main phase; 19 - metadio-
rite; 20-27 - tonalites; 28-35 - trondhjemites and aplites (33-35). Analyzes 19-35 - geological survey data: * - [Kubashin, Lykova, 1985], ** - [Yagovkin, Podkopaeva, 1985], *** - [Rapoport, Medyakov, 1974].

[Ipumeuanue. 1-5 - ra66po, rab6po-AUOPUTHI, AUOPUTHI; 6-8 — Jaliku MUKPOrab6po 1 MUKpPOorab6po-auopuToB; 9-14 - )KUjbHble TPOH/BEMHUTDI, B PA3HOU CTENIEHU KOHTAMUHUPOBaHHbIe; 15-18 — TPOH/IbEMUTHI [VIABHOU
dasbl; 19 - MeTaguopuT; 20-27 - ToHaNUTbL; 28-35 — TPOHABEMUTHI U alIUTHI (33-35). AHanusbl 19-35 - JaHHbIE re0JI0roChbeMOYHbIX paboT: * — [Kubashin, Lykova, 1985], ** - [Yagovkin, Podkopaeva, 1985], *** - [Rapoport,
Medyakov, 1974].

Table 2. PT parameters of mineral equilibria of rocks of the Kurmanka massif
Ta6auna 2. PT-napamMeTpbl MUHEPaAJIbHBIX paBHOBecH mopoj KypMaHckoro MaccuBa

SMP No. [HB] [HB] [F] [S] SMP No. [HB] [HB] [F] [S] SMP No. [HB] [HB] [F] [S]
Gabbro, gabbrodiorites Microgabbrodiorites, microdiorites Trondhjemites

413 8.8-9.2 664-692 9.0-9.5 9.0 401 6.7-7.1 664-673 8.0-8.5 6.6-7.0 403 7.0-8.3 678-692 8.0-9.5 7.2-8.3

427 8.1-8.8 676-684 7.0-8.0 8.1-8.9 404-1 7.7 686 8.8 7.6 408 8.9-9.3 669-676 10.0 8.9-9.2

Ky-4 7.4-9.0 682-691 8.0-9.0 7.7-9.2 407 6.8-8.2 668-684 7.2-9.0 6.7-8.3

Note. The pressures and temperatures are given in kbar and °C: HB - according to [Blundy, Holland, 1990; Holland, Blundy, 1994], F - after [Fershtater, 1990], S - according to [Schmidt, 1992].
[IprMeyaHue. 3HaYeHHUs JJaBJIeHUs] U TeMIlepaTyphl NpuBeeHbl B k6ap U °C: HB - no [Blundy, Holland, 1990; Holland, Blundy, 1994], F - no [Fershtater, 1990], S - no [Schmidt, 1992].



