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The research was performed in 2008-2009 within Belarus Government target program with the 54-th Russian
Antarctic expedition. Geological mapping was carried out along with geochemical survey of Precambrian
basement of Thala hills in western Enderby Land, Antarctica (lat 67°38,7'S + 67°41'S; long 46°02,7E ~+
46°14'E). Peculiarities of geophysical fields correspond to the different petrophysical conditions. In the
outcrops within Thala hills, the field relations of plagiogneisses facies, migmatitic and plutonic rocks of
charnockite and post-tectonic granitoid affinities are well exposed. Four types of main petrographic and
petrophysical heterogeneities were singled out: 1) protolyth - relic two pyroxene amphibole, biotite
plagiogneisses (pg); 2) intermediate hybrid amphibole-pyroxene-plagioclase-quartz-feldspathic charnockitic
enderbites (Ceg); 3) enclosing amphibole-feldspathic-quartz-plagioclase charnockites (¢g); 4) in cores —
ultrametamorphic feldspathic-quartz-plagioclase-amphibole-biotite streamy rapakivi-gneissic charnockites
(hybrids) (¢my). The rocks correspond to the dominant processes of tectonic thermal activation of the four
geochronological borders. The rocks architectonics reflects evolutionary succession of events, i.e. a change of
direction of granitization processes from lateral (<) crustal to vertical ({) intrusive ones. The territory
structure of Thala hills is represented as an ordered linear-dome model of Precambrian structural and
compositional evolution: protolyth plagiogneiss <>, intermediate charnockitic enderbite «», enclosing
charnockite <, core - streamy rapakivioid charnockite J.
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Mogesb npoueccoB (popMHPOBAHUS YAPHOKUTOB X0IMOB Tana, BocTouHasi AHTapKTHAA.

O.B. Mscuukos

Pedepar. HccnenoBanus BeimonHeHsl B ce30H 2008-2009 rr. B pamkax I'ocynapcTBeHHOH LeneBoi
nporpammbl  (Bemapycs) B cocraBe 54-if  Poccumiickoii AHTapKTHUECKOHW OSKCHEOWIMH. BbIonHeHb!
reoIOrM4eckoe KapTUPOBaHHE M I'€OXMMHYECKHE MCCIIC/IOBAHMS, U3Y4EHbI OCOOCHHOCTH Treo(u3MYecKux
ToJIel B pa3HbIX NETPO(YU3MIECKUX YCIOBUSIX JJoKkeMOpuiickoro ¢pyHaameHTa xonmoB Tana Ha 3anazne 3emin
Ounpepbu, AnTtapktuma (mmpora 67°38,7' + 67°41' 10., monmrora 46°02,7' + 46°14' B.). B oOHaxeHMsX,
pACIONOXKEHHBIX B IIpeeNax XoiMoB Tayia, XOpOIIO NpeJCTaBIeHbl I0JIEBble OTHOLICHMS (haruit
IUIACMOTHEHCOB, ~ MUIMATH3HUPOBAHHBIX M IUIYTOHMYECKMX IOPOA  CeMeWcTBa  YAapHOKMTOB MU
MOCTTEKTOHMYECKUX ~TPAHUTOMIOB. BbINENEHbl deThIpe THIIA OCHOBHBIX HeTporpaguueckux U
neTpohU3MIECKUX HEOJHOPOIHOCTEH: 1) MPOTOIHUT — PEIIMKTOBBIE JIBYIUPOKCEHOBBIE aM(pUO0I-0MOTHTOBbIE
IUIaTHOTHEHCHl (pg); 2) mepexoaHble THOpHIHbIE aM(UOOI-IIMPOKCEH-TUIar HOKJIa3-KBapI[-MOJICBOIITIaATOBBIE
YapHOKUTH3MPOBaHHBIE SHAEpOHTH! (Ceg); 3) BMemiaromue ampuOOI-IoneBOMIIaT-KBaPL-IUIarHOKIIA30BbIe
qapHOKUTBI (Cg); 4) B sAmpax — yIbTpaMeTaMOp(HUECKHe II0JIEBOILINAT-KBApL-IUIaruokia3-aMpuoon-
OMOTHUTOBBIE YapHOKUTHI (ruOpuibl) CcTpyiluaTble THelicoBaTo-panakuBunonodHsie (¢my). Ilopoast
COOTBETCTBYIOT ~ JOMHMHHMPYIOIIMM  IIPOLECCaM  TEKTOHOTEPMAIbHOM  aKTHBH3ALMH  YeThIpex
IEOXPOHOJIOTUUECKUX pyOexeill. APXHUTEKTOHHKA IIOPOJ OTPaKaeT 3BOJIOLMOHHYIO IOCIEIO0BAaTEIbHOCTD
COOBITHII — CMEHY HaIlpaBIJICHHs POLIECCOB TPAHUTH3ALUU OT JIATEPAIBHBIX (<) KOPOBBIX K BEPTHKAJIbHBIM
() uaTpy3uBHBIM. CrpoeHHe TeppuTopHu XonMoB Taja HPEACTaBICHO KakK YIOPSIOYEHHas JHMHEHHO-
KyHOJIbHasE MOJENb CTPYKTYPHO-BEILICCTBEHHOH OSBOJIIOLMM JOKEeMOpHS: IPOTOIUT IUIATHOTHEHC <,
HEPeXOHBII YapHO-OHIEPOUT <>, BMEIIAIOIINH YAPHOKUT <, SIIPO — PANlaKUBUIIONOOHBIH YapHOKUT J.
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Mogneas npouecis popmyBaHHs YapHokiTiB naropois Tana, Cxinna AHTapKTHAA.

O.B. MscHukos

Pedepar. [ocnimxenns Bukonani B cezon 2008-2009 pp. y pamkax JlepkaBHOI LIBOBOI IpOrpamu
(binopycp) y ckmanmi 54-1 Pociiicbkoi AHTapkTH4HOI ekcrienunii. BukoHaHO TeonoriyHe KapTyBaHHS i
IeOXiMiUHI JOCIIJUKCHHS, BMBYEHO OCOOJIMBOCTI reo()i3MYHMX IOJNIB Yy DI3HHX NETPO(i3MYHHX yMOBaX
JokeMOpiiicekoro gynnamenTy narop6iB Tama Ha 3axoxi 3emni Ennep06i, Anrapkruna (mmpora 67°38,7' +
67°41' miBx., nosrora 46°02,7' + 46°14' cx.). V BIiACIOHEHHSAX, PO3TAIOBAHMX y Mexax naropOis Taua,
no0pe IMpeACTaBJIeHI IONbOBI BiAHOCHHM (alliii IuIariorHeiiciB, MIrMaTW30BaHHWX 1 IUIYTOHIYHHX IIOPiX
POIMHM YapHOKITIB Ta IOCTTEKTOHIYHUX IPAHITOIAIB. BUIiNEeHO YOTHPU THIIM OCHOBHHUX NeTporpadivyHux i
NeTpodi3MYHNX HEOAHOPITHOCTEH: 1) MPOTOMT — PpENiKTOBI JBOMIPOKCEHOBI  aMdiOon-010THTOBI
wiariorseiicn  (pg); 2) mepexigHi riOpuaHi - aMdiOON-TipOKCEH-TUIariOKIa3-KBap-TI0IbOBOIIITATOBI
YapHOKITH30BaHi eHaepOiTH (Ceg); 3) BMimryroui amdiOoI-Ionb0BONIIaT-KBapI-IUIariokiIa3oBl 4apHOKITH
(¢g); 4) B smpax — ynpTpameraMop@idHi MOITHOBOIINIAT-KBAPI-IUIAriokIa3-aM}ioon-0i0THTOBI YapHOKITH
(ribpuan) cTpyidacti THeicyBaTo-panakiBinonioni (¢my). Ilopoan BiANOBiZAIOTH ITOMIHYIOUMM Mpoliecam
TEKTOHOTEPMaJIbHOI aKTUBI3aLli YOTUPHOX F€OXPOHONOITYHUX PYOexXiB. APXITEKTOHIKA MOPi/ BiA3EpKaIIOe
€BOJIOLIFIHY TOCIIIIOBHICTB MOJIH — 3MiHY HAaNPAMKY NPOLECIB I'paHiTH3aMLil Bijl jaTepaibHUX («>) KOPOBUX
no BeprukanbHuX (J) iHTpy3uBHUMX. BynoBa Tepuropii marop6iB Tana IpencraBieHa SIK YIOPSIKOBaHA
JiHIHHO-KYNOJIbHA MOJENb CTPYKTYPHO-PEUOBHHHOI €BOMIOLI] JIOKeMOpil0: MpPOTONIT IUIariorHeic <,
HepexXiJHUI YapHO-eHEePOIT <>, BMIIIYIOUHI YapHOKIT <>, PO — panaKiBinoaiOHui YapHOKIT J.

1. Introduction

The charnockite genesis is not easy to explain due to complexity of their position,
composition, structures and textures. On the basis of petrographic study of charnockites in the
Baikal region, Ukrainian shield and India, charnockites were stated to represent an auxiliary group
of continuous sequential granitic-protholitic complex, and have spotty, zoned an often domic
structure (AinOepr, 1955; Pichamuthu, 1961; [lepuyk, 1997).

Following the materials of complex petrophysic research, we determined peculiarities of
petrogenesis character and formation conditions of main petrographic types of granitoids in the
Ukrainian shield (ITerpodwusuxa ..., 1987).

The model of charnockite formation process in Thala hills, West Enderby, East Antarctics is
created on the basis of field observations, and systematic petrographic and petrophysic research of
main granitoid variations. The model basis is the amount of mineral energy for the rocks, as the
most universal characteristic of juntctions and processes of any complexity.

2. Petrography

2.1. Gneisses

Two pyroxene-amphibole-biotite plagiogneisses (pg) are observed across the whole
research territory in the form of linear elongated relics and xenoliths among the rock masses of
charnockite series. In the interval Gnezdovoy cape — Bay of Patience — Rubin, plagiogneisses form
large geological bodies 150-300 m. thick. Across the territory, single elongated angulated
plagiogneiss bodies ranging in thickness from several decimeters to 1-20 m. are sporadically
observed (fig. 1). (Fig. 1-3 see the color paste 1.)

Plagiogneiss masses are represented with protogenic weakly metamorphosed, metamorphized
and metamorphic rocks. Depending on the extent of metamorphism, gneisses are divided into
dense massive robust weakly modified, friable, sandstone-like and pseudo-layered ones.

The rock composition, texture and structure tell us about its formation in granulite phase of
the regional metamorphism over an intrusive rock, probably, of dioritic or gabbro-dioritic
composition with insignificant metamorphosis in regressive amphibolites phase (tab.1).

The whole plagiogneiss rock mass is mineralized with garnet (pyrope), titanomagnetite and
magnetite.
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Table 1
Mineral composition of plagiogneisses
Content, %
8 = 2 ~ 9
= §< N Pyroxene 2|2 8| 2 Q
21 3| % Z |S58 58| B Other
ER O | Orthopy- | Clinopy- | £ s Sg O | < @
A~ . roxene | roxene |
Epidote, Chlorite,
37-60( 0-2 | 1-6 10-12 6-7 029 | 14 |<1|<1| 4-16 |Sulphides, Carbonate,
Zircon (?)
2.2. Migmatites

Hybrid amphibole-pyroxene-plagioclase-quartz-feldspathic charnockitic enderbites
(¢eg) are found in the center and in the east of the territory at contacts with plagiogneisses where
they form lens-like bodies from 50 to 200 m in thickness and extension about one kilometer
(fig.1). The contacts are not intrusive as a result of subsequent metamorphization (melting) of
protolith into hybrid enderbitic charnockites, rocks with charnockitic fine-grained paleosome,
enderbitoid gneiss texture and ovoid femic disseminations.

The structure is emphasized by a directive orientation of some grains of feldspar, quartz and
very elongated grains of dark-coloured minerals, mostly hornblende, which crystals are not
destroyed, but were formed, apparently, on an already gneissed rock, as well as rare biotite and ore
minerals (fig.1, fig.2(d)).

The presence of garnet and hypersthenes proves that the rocks were formed in conditions of
granulite phases over granodiorites and were metamorphized in amphibolitic phase to biotite-
hornblende gneisse (tab.2).

Table 2
Mineral composition of enderbitic charnockites
Content, %
2 g N
= =3 B Pyroxene ,!3 = 2 % k5t % o
- £ 5§85/ 5| 2| 2 Other
& D O | Orthopy- | Clinopy- | & |= Sg O | <« m
= B <
roxene | roxene
Epidote, Chlorite,
17-50| 8-43 |16-25| 0-10 0-7 1-22 | 3-7 |03(1-3| 1-6 Sulphides,
Carbonate, Monazite

Amphibole-feldspathic-quarz-plagioclase charnockites (¢g) are abundant in the region
structure. They are in contact with all the basic petrographic types (fig.1).

The contact with plagiogneisses is discordant: plagiogneisses are enclosed by charnockites or
present among charnockites as xenoliths (fig.2 (a), (b), (d)). The transition from enderbitic char-
nockites to charnockitic gneisses is concordant, the contact is clear, “magmatic”, but not intrusive.
The formation of charnockites is the outcome of consequent metamorphism of a lower grade.

As a whole, the charnockitic rock mass has monotonous structure.

The rock is characterized with gneiss structure, conveyed in differentiation of leucocratic and
melanocratic minerals into indistinct micro-layers of subparallel direction: large grains of feldspar,
quartz, amphibole, biotite foliates, ore minerals grains (tab.3). The dark-coloured minerals form
contorted interrupted chains contouring large grains of quartz and feldspar, or form subparallel
direction.
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Table 3
Mineral composition of charnockites

Content, %

8 5:5' 2 ~ O

= o, N Pyroxene 2 |2L5l 5|28 )

[3) Z] = =t ==} £ = =
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2 ~ < = g
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<<1| 3 Carbonate, Monazite,
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Feldspathic-quartz-plagioclase-amphibole-biotite streamy rapakivi-gneissic charnocki-
tes (hybrids) (¢my) occupy the highest elevations. They are in contact with charnockites only,
transition to which has facial character as a result of degradation of the source of charnockite
formation and the beginning of tectonic thermal processes localization (fig. 1).

These differ from charnockites by a specific streamy structure in plan and beaded augen
structure in cross-section (fig. 2 (c)). The volume-linear structures are characteristic of “striate”
migmatites, metasomatites and drusites, formed in process of motion of heterogenius subhorisontal
extential fluid-thermal stream.

The rock is characterized by inequigranular texture, smoothly curved, indistinctly-oriented
structure, which is formed by means of arrangement of the rock grains, differentiated by their size:
there can be observed micro-layers, composed of several especially large grains (porphyroblasts)
of quartz and feldspar (tab. 4).

Table 4
Mineral composition of rapakivi charnokites
Content, %
8 5:5' 2 ~ QO
= = N Pyroxene 2 |2L5l 5|28 Q
[5) 7] k= = = E Qg £ = =
2 % g £ |88¢g 5| & S] Other
& :2 & [Orthopy- | Clinopy-| £ |= £ gl o< M
P roxene | roxene |
Epidote, Chlorite,
11-32|11-50|23-38 0-4 0 <1-5| <I1-3 0 |<<l-| <<1-3 | Carbonate, Zircon,
2 Monazite, Muscovite

The rock can be related to charnockitic gneisses metamorphised in their regressive
amphibolitic phase (charnockitoids, “striate” migmatitic granites of normal row), intermediate
from less granitized variations to migmatitic granites.

For better understanding of geological structure underground, profile gravity increment was
measured (Ag). Gravimetry data allow concluding about the distribution of rock types and
fractures. The results of interpreting the Ag chart are shown on the model of the geologic cross
section (fig. 1).

3. Petrophysics
From the point of view of pethrophysics any rock is a complex substance which physical

parameters are determined mainly by the properties of the facies it consists of. Density, magnetic,
electrical and other physical properties of solid facies are determined by the nuclear structure of
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the chemical elements of the minerals and depend on the geological conditions of the rock
formation.

Petrophysical interpretation is based on values of the three physical parameters — the lattice
energy (LE), rock dencity (o) and the natural residual magnetization (J,) of the basic petrographic
rock types.

The energy required for disintegrating ions to the gas state equals to the energy spent for the
formation of the lattice (Ecys). The mineral energy values for the rocks have been obtained on the
basis of geoenergetic theory of a crystallic ionic lattice (3K) by A.E. Fersman (Fersman, 1958).
We have used the data by the Institute of Experimental Minerology of Russian Academy of
Sciences and the simplest method of energy calculation, by way of summing up energy of the
minerals pro rata with their quantitative content in a rock:

Ugr= 2LE (kJ/mol)

The modified method of rock energy evaluation has non-strict simplified character and is
convenient for large-scale calculations and acceptable to compositions of any complexity.

The rock density depends on the mineral composition of grains and the binding cement, as
well as formation conditions.

The rocks natural residual magnetization (Jn) is conditioned by the content of scattered
(accessory) ferromagnetic minerals.

For petrophysical evaluation the arithmetic mean values of the physical parameters
(petrophysical “clarkes™) were determined (fig. 3). The values of petrophysical “clarks” for the
territory of Thala hills are: potential mineral energy Ug = 40000 kJ/mol, density ¢ =2,8 g/sm’,
residual magnetization I, = 88*10° A/m.

Plagiogneisses are characterized by high density, increased mineral energy and poor
magnetization (fig. 3). The superposition of petrophysical parameters characterizes them as a
single rock type. According to their structural position in section and scarnoidic mineralization,
they are relics of unprocessed parent rocks. The age' of plagiogneisses, subject to metamorphic
“rejuvenation”, is determined within 1680+2275 Ma (Grew, 1978).

The values of natural residual magnetization and density of the enderbitic charnockites are
high, the energy values lowen to a medium level. Inverse, in reference to plagiogneisses, positional
relationship of the density curves and residual magnetization and subordinate near-contact position
in section of the rock mass characterizes enderbitic charnockites as a new genotype, which has
inherited the parent rock properties (fig. 3). The age was not determined. According to the energy
curve position, their age is younger than plagiogneisses and close to charnockites.

The mineral energy value of charnockites is medium, magnetization and density approach to the
minimal values for the area. The dominant distribution, typical petrographic and stable petrophysic
data characterize charnockites as a developed “mature” rock type (fig. 3). The stability of phase
synchronism of petrophysical parameters of charnockites and enderbitic charnockites characterize
them as a single rock type. The age of charnockites is determined within 927+1047 Ma.

Rapakivioid facial charnockite facies are differentiated by reduced energy values and some
increase of magnetization and density (fig. 3). The inphase change of density and residual
magnetization trend signs and energy decrease, the appearance and the structural position of the
rock point to substantially-genetic affinity with charnockites, but with features of a new
intermediate rock type. The age for rapackivioid charnockites is determined within 514+703°Ma.

4. Energodynamic interpretation

In geological processes of the planet evolution the law of mass-energy continuity is executed
by the change of composition, state and properties of the Earth crust when dissipating and

! Here after the data of absolute age of the rocks are provided after E.S. Grew, 1978.
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converting of the eradiated depth energy. Each mineral species and mineral assemblage is
adequate to a definite form, kind and quantity of the occluded energy. Interpretation of geological,
geochronological, petrological and petrophysical parameters of the rock types specified within
Thala hills allows to characterize Archean and Proterozoic events.

A fragment of the end of Archean geological history within Thala hills territory is imprinted
in the most ancient relic two pyroxene-amphibole-biotite plagiogneisses. A high form of energy,
high density, low magnetization, geostatic conditions of strain and deformation indicate to the
melted state of the mass in conditions of equal dissipation of the energy flow. The decrease in
energy level conditioned the formation of the equal solid high energy, according to indirect
indications, lower crustal sphere.

Proterozoic history is reflected in a more consistent way due to the charnokitic series,
represented within Thala hills by three rock variations. Hybrid amphibole-pyroxene-plagioclase-
quartz-feldspathic charnockitic enderbites, rocks with charnockitic fine-grained paleosome and
enderbitoid gneiss texture were probably formed in process of plagiogneiss transformation by an
energy of a lower form.

Heterogenious composition of the medium in the form of a pseudoliquid mass with relics of a
high energy crust caused redistribution and localization of the energy flow and created deviatoric
stresses. Mineral recombination in conditions of a lower energy form, increased density and high
magnetization, linear structure of the rock-mass due to the impact of rotational powers are stable
petrological indicators of the new rock type. The lower age limit of Proterozoic history is not
determined, but according to petrological and petrophysical characteristics of charnockitic
enderbites affined to the rocks of the Archean and Proterozoic, their age cannot be
Palaeoproterozoic.

In the Mezoproterozoic, the energetic conditions persisted, but due to appearing of charnockitic
enderbites the flow localization and impact of the horizontal strains increased. During amphibole-
feldspathic-quartz-plagioclase charnockites the classic representatives of the charnockite series were
in a pseudo-liquid state. Under the impact of the localized energy flows and due to their low density
the charnockites bulged, spread, smothered and covered the relics of hard rocks. It would be logical
to suppose their dominant role in formation of the granitoid Earth crust.

In conditions of energy degradation in the Neoproterozoic there take place consolidation of
the granitic crust layer, energy concentration, transition from viscous to fragile destruction.
Ultrametamorphic  feldspathic-quartz-plagioclase-amphibole-biotite ~ strial ~ rapakivi-gneissic
charnockites (hybrids) are localized in cores of linear-dome structures. Charnockites, formed in
conditions of vertical direction and minimal energy flow dissipation, peculiar to an intrusive
process, gradually obtain the appearance of rapakivi — plutonic rocks that mark the border of the
Proterozoic and Phanerozoic. The linear-punctuate energy concentration is the initial stage fo
transition from lateral type of granite formation to the central.

5. Discussion

Summing up the experience of Petrophysical and physico-chemical research charnockite
formation mechanisms and zonal metamorphic complexes of the Pribaikalye (ITepuyk, 1977), the
Ukrainian shield (HamuBkuna, 1964; Ilerpodusuka ..., 1987) and Antarctica, we can state that
charnockites are the basis of the granite layer and the charnockites series is the visit card of
Proterozoic granitization.
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