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AHHoTanus. B pesynprare n3ydeHus Me30apxeickoil 06a3aabTOBON acCOIMAIM 3€JICHOKAMEHHOTO Tosica
Maypanunyp (bynaenkxanckuit kpatoH, UHANKACKAH MINT) YCTAHOBICHO CYIIECTBOBAHHE B pa3pe3e BapHOIUTOBBIX
naB (MOAYIIEYHBIX M MACCUBHBIX), B KOTOPBIX SIPKO MTPOSIBJICH MPOLIECC CHIIMKATHONH HECMECHMOCTH (COCYIIECTBOBA-
HUSI IBYX PacIllaBoB 0a3albTOBOTO M aHJIE3UIAIIMTOBOTO COCTaBa). HecMecMMOCTh MapKHpyeTcs HATMIHEM BapHo-
neit (17100yJ1) KOHTPACTHOTO XMMHUYECKOTI'0 COCTaBa M0 OTHOIICHHIO K OCHOBHOMY MaTPUKCY W IPOLIECCaMH Koallec-
HCHOWHU C 06paSOBaHI/IeM JIMH30BUJIHBIX CKOIICHMH JINKBaTa B AApax NOAYIEYHBIX JIaB U KPOBJIC MACCUBHBIX ITOTO-
KOB. BeposTHO, X 00pa3oBaHME CBSI3aHO C MPOLECCAMH «HU3KOTEMIIEpaTyPHOI» MeTacTaOMIbHON TUKBAIUH, ITPO-
XOZAIIEH B PeXXHUME «in situ» B Mpeenax JaBOBbIX HOTOKOB, IOKPOBOB MIIH OT/IEIBHBIX HOAYIIEK MOCIIE UX U3INSHHUSA.

KaoueBsie cnoBa: Apxeif, bBannenpkxaHCKUi KpaTOH, 3eTICHOKAMEHHBIN MMOSIC, 0a3aIbThI, BAPHOIUTOBBIC JIABHI.
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Abstract. The pillow and massive variolitic lavas with the signs of silicate immiscibility were documented
firstly for the Mesoarchean basalt series from Mauranipur greenstone belt. The silicate immiscibility is indicated
by occurrence of the varioles (globules) with the differing chemical composition compared to matrix along with
the coalescence processes marked by the formation of lense clusters in the cores of the pillow lavas and top of the
lava flows. The formation of the variolated structure might be caused by the «low-temperature» metastable liquation
occurring «in situy» within the lava flows, lava beds and lava pillows after eruption.
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Introduction

Variolitic (globular) lavas are widely distributed in the basalt and andesite-basalt associations from
the Archean to Phanerozoic. Usually its genesis is considered to be connected with various processes
including 1) liquation differentiation, supposedly the differentiation of initially homogeneous silicate melt
into several immiscible phases, which can either be crystallized simultaneously or separated due to the
gravitational fractionation (Greig, 1927; Gelinas, 1974; Veksler et al., 2007); 2) crystallization of spherulites
during melt overcooling (Zavaritskii, Sobolev, 1961).

Up to now, a lot of field geological observations of liquid silicate immiscibility were obtained for
various rocks (Fergusson, 1972; Gelinas et al., 1976; Hanski, 1993; Fovler et al., 2002; Krassivskaya et al.,
2010), however the most abundant manifestation of it is the variolite formation in the basalt lavas. From
the 1970s, the numerous studies have revealed the variolotic lavas from the Archean basalt komatiites of
the Barberton greenstone complex (South Africa) (Fergusson et al., 1972), tholeiitic lavas from the Rouyn-
Noranda area of the Abitibi greenstone belt (Canada) (Gelinas et al., 1976), basalt lava lakes of the Kilauea and
Makapuhi volcanoes (Hawaii islands), iron-rich basalts in Greenland (Anderson, Gottfried, 1971) and others.
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Fig. 1. (a) Scheme of the cratonic blocks of the Indian Shield; (b) map showing the tectonic division of the Bun-
delkhand Craton (Slabunov & Singh 2019).

Puc. 1. (a) Cxema kpatonoB Muauiickoro mura; (b) cxema TEKTOHHUECKOT0 pailoHMpOBaHMs ByHIeIIKXaH/ICKOT0 Kpa-
tona (Slabunov & Singh 2019).

Field trips made in 2017-2018 in order to study the Mesoarchean mafic sequences of the
Bundelkhand Craton (Indian Shield) revealed a few types of variolitic lavas from Mauranipur greenstone
belt that had never been reported earlier.

Geological setting

The Indian Shield consists of few segments of the Archean cratons, including the Dharwar, Bastar,
Singhbhum, Avali, and Bundelkhand craton (Fig. 1, a) represented by, represented by distinguishing rock
sequences characterized by different geological genesis. The study was carried out within the central
terrain of the Bundelkhand Craton (Babina-Mauranipur-Mahoba area) composed of granite-greenstone
complex represented by the Paleo-Neoarchean tonalite—trondhjemite—granodiorite (TTG), Paleoarchean
oceanic rocks, Mezo-Neoarchean greenstone rocks, and Neoarchean granodiorite-granite suits (Singh et
al., 2019a; Singh et al., 2019b).

The sections of Mezoarchean (2.8 Ga) greenstone rocks were mostly wwell-preserved in the Babina and
Mauranipur Belts (Fig. 1 b), formed by the mafic lavas, felsic volcanics, and metasedimentary rocks (BIF).
The mafic sequence is cut by the Neoarchean felsic dykes dated at 2557+33 Ma (Slabunov, Singh, 2018).

The detailed geological survey in the Mauranipur greenstone belt revealed the relict of the sequence
of Mezoarchean mafic assemblages with the thickness of 600 m (Baragaon locality), and, additionally,
small (up to 100 m?) xenoliths of pillow lavas preserved in the Neoarchean granitoids (Madha locality,
streambed of the River Sukhnai Nadi). The bottom section of mafic assemblage is represented by pillow
lava flows (or lava beds) with the thickness varying from 10-15 to 70 m. The lavas contain closely packed
strike elongated pillows with the long axis length from 30 cm to 2 m. The pillows are characterized by
zoned structure marked by the coarsely grained central part and fine grained chilg rims (up to 3 cm). Spaces
between pillows are filled with tuff material with clastic and chemogenic siliceous mixtures. Some pillows
indicated the direction of the top of the lava flow.

Variolitic lava texture

It is noteworthy that the indication of some strata with the signs of liquid immiscibility among the
pillow lava flows is of great importance. na In this case, the pillow lavas have a variolitic structure in the
pillow cores (Fig. 2, a) presented by either separate rounded varioles, i.e., globules from 1-2 mm to 5 cm
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in size with differing color and composition compared with the host rock or lenses produced by the variole
coalescence (Fig. 2 b, ¢). The effect of liquid immiscibility on crystallization is evidenced by the fractional
zoning of pillows (Fig. 2b) with the following distinguished zones: (1) chilg zone with the thickness < 2
cm; (2) boundary massive fine grained zone with the thickness 1-6 cm; (3) light zone in the pillow core pro-
duced by the coalescence of globules; (4) zone of separate globules and matrix; (5) zone with relict matrix
in the pillow core.

It should be mentioned that pillow lava assemblages are interbedded with strata of volcanogenic
sedimentary rocks of low thickness. The top and middle parts of the section along with the pillow lavas
the massive, amygdaloidal and variolitic lavas are abundant. The thickness of these flows reaches 15-20 m.
In variolitic lavas, the concentration of varioles increases from the bottom to the top. In top and central parts
of the flow, there are variole producing lense clusters alternating with matrix, in which separate varioles
can be observed. This alternation of liquation strata with varying thickness is marked by the change of dark

Fig. 2. Photographs of field occurrence of pillow lavas from basalts in the Mauranipur greenstone belt.
a—overview and packing of pillows; b — liquation zoning in pillows (numbers are noted in the text); ¢ — the formation
of the pillow cores due to the coalescence of separate globules.

Puc. 2. ®dororpadun oOHa)KEeHNH MOJIYIIIEYHBIX JaB 0a3aIbTOB 3eJIEHOKAMEHHOT 0 osica MaypaHHuITyp.
a — o0mmuit BUJ NOAYIIEK U XapakTep MX YIMaKOBKH; b — NpUMep JMKBALMOHHOM 30HAILHOCTH B MOAYIIKaX (1H(pbI
OITUCAaHBbI B TEKCTE); C — GOPMHUPOBAHHE sIJIEP B MMOYIIKAX 38 CUET CIHMSHUS OTJCIbHBIX TJI00YII.
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green grey color to the light green grey color of the rocks observed in the deposits. The lavas are traced
along the strike direction for 150-200 m. In the bottom of the section, the mafic rocks are cutted by diorite
dykes and quartz veins. Intrusive bodies are presented by the ultramafic rocks. The studied rock sequence
experienced tectonical deformations and was metamorphosed in amphibolite facies. The primary minerals
were substituted by secondary mineral assemblage including hornblende, magnetite, epidote, albite, and
quartz, but the initial rock texture was preserved.

Chemical composition

According to the chemical composition, the mafic assemblage is classified as calc-alkaline basalt—
andesite. Malvia et al. (2006) assumed that this complex could be attributed to oceanic komatiitic, according
to the authors to island-arc tholeiitic (IAT) complexes.

The analysis of variolate morphology and chemical composition of globules and matrix was pro-
vided with a VEGA II LSH (Tescan) scanning electron microscope accompanied by a INCA Energy 350
energy dispersive detector in the Analytical Centre of the Institute of Geology, Karelian Research Centre,
RAS. Since the chemical composition of variolate was determined by the microprobe analysis, the FeO
content was evaluated as total.

The concentration of major elements in the globule-matrix system were analyzed using the detailed
square scanning (Fig. 3). SiO, content in globules varies from 53.5 to 65.8 wt. %, Al O, from 13.6 to 18.5
wt. %, FeO *  from 5.7 to 8.4 wt. %, MgO from 4.9 to 7.5 wt. %, CaO from 5.8 to 10.1 wt. %, Na,O from
3.3 to 6.8 wt. %, and K,O from 0.7 to 3.9 wt. %. Variole composition corresponds to the sub-alkaline an-
desite rocks with (Na,0O+Ka,O) content ca. 3-10 wt. %.

In the binary diagrams (Fig. 3), the whole-rock, variole and matrix compositions follow the com-
mon trends of fractionation with R2>0.94 for stable components (FeO*, Al O,). It might be the evidence
of initial crystallization of single primary basalt melt with its further differentiation of into two phases, i.e.,

70 - ; 20 -
- SiO2 - FeO”
[ r Whole rock
L 15 [ QO Matrix
60 i @ - |@ Varioles, globules, clusters
M a
50 [
O s [
L R2=0,5109 r R2 =0,9464
40 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 5 10 15 0 5 10 15
25 8
Al203 - Naz0
20
g [ @
15 [ @
C 4 |
10
- Q)
5 F 20 )
. R2=0,9711 L R2 =0,8949
O 1 1 1 1 1 1 L 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 5 10 15 0 5 10 15
MgO MgO

Fig. 3. Binary variation diagrams of SiO,, FeO* . Al O, Na,O versus MgO content in whole-rock, matrix and

varioles from variolitic lavas of the Mauranipur greenstone belt.

Puc. 3. bunapusie quarpammet Si0,), FeO* . Al O,, Na,0 —MgO su1st TMKBaIMOHHBIX 00pa3oBaHHmii (Baproei, ma-

TPUKCa, TIOPOJI B LIEJIOM) 3€JICHOKAMEHHOT0 TT0sica MaypaHuITyp.
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felsic phase composed globules and lenses and mafic phase composed matrix. Concomitantly, the devia-
tions of Si0, and alkali, particular Na,O, contents from the fractionation trends are observed (Fig. 3). The
data reflect the redistribution of these components due to their mobility in the metamorphic processes.

Conclusions

The variolitic lavas (pillow and massive) with the signs of silicate immiscibility were documented
firstly for the Mesoarchean basalt series from the Mauranipur greenstone belt. The silicate immiscibility
is indicated by occurrence of the varioles (globules) with the differing chemical composition compared to
matrix along with the coalescence processes marked by the formation of lenses clusters in the cores of the
pillow lavas and top of the lava flows. The formation of the variolated structure might be caused by the
low-temperature metastable liquation occurring in situ within the lava flows, lava beds and lava pillows
after eruption. The differentiation trend moves toward the formation of more felsic and alkaline rich silicate
phases, whereas the residual matrix is enriched with FeO (up to 18 wt. %) and MgO (up to 14 wt. %). It is
the fluid phase that might provide the trigger mechanism for the liquation processes.
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