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INTRODUCTION

In pursuance of its long term program of mapping the entire Wohlthat
rangesin cDML, East Antarctica, geological mapping was carried out in the
western parts of Muhlig-Hofmann Mountains during the 22™ Indian Antarctic
Expedition. About 1000 sq km areabounded by L ongitudes 5°00" and 5°45'
East and Latitudes 71°45' and 72° 10" South was covered during the austral
summer of 2002-03. The study area lies more than 170NM WSW of Maitri
gtation and the fieldwork was carried out using helicopters by taking drop-
points in the area.

GEOLOGICAL SETTING

The East Antarctic shield is mostly composed of Precambrian crystalline
rocks and has undergone a complex tectono-metamorphic history (Ravich
& Kamenev, 1975; Sengupta, 1988; Tingey, 1991; D'Souza et al., 1997).
The cDML basically consists of polymetamorphosed metasedimentary rocks
represented by garnet-biotite schists, hornblende gneisses, metapelites, calc-
silicates etc. These are intruded by various inagmatic units like anorthosite,
granodiorite, granite, monzonite, charnockite and other minor instrusives.
The deformational record of the region indicates a granulite facies
metamorphism (Grenvillian) superimposed by later Pan-African (amphibolite
to granulite) event. Record of the earlier Grenvillian event is preserved in
the pelitic/ semipdlitic schists and mafic granulites. (Jacobs et a., 2003).

The Muhlig-Hofmann Mountains occurring in the western part of cDML
are dominated by magmatic phase with large plutons of charnockite, granite
and syenite forming the intrusive phase. The country rocks comprise banded
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gneisses and pelitic/semipelitic schists, which are mainly exposed further
southeast in Gjelsvikfjella (Ohta et al., 1990). The centrd and eastern parts
of the Muhlig-Hofmann Mountains expose a suite of undeformed magmatic
rocks, mainly chamockite and granite (D'Souza et a., 2004; Prasad and
Gaur, 2003). The present area occurs in the western part of Muhlig-Hofmann
Mountains. A general geological map is shown in Fig.l. Coarse-grained
chamockite (Fig.2a) dominates the northern portion of the area while the
central and southern portions expose coarse, poiphyritic granite. Banded
gneisses occur in the southwestern part and as enclaves/rafts within the
granitoids.

L] ]
L

||_'” o'

[+ " ey cOML. EAST ANTARCTICA

Lyl EmbTS B0 Fm
) SCALE
\_E‘DJ o)
L

GFOLOGICAL MAP OF MUHLIG-HOFMANN T N
L]

S Y,

r"?‘ %
o Gob,

1 J

Fig. [ Geological map of the area

LITHOLOGY
Charnockite

Coarse to medium-grained, massive, porphyritic charnockite occupies
the northern part of the present area. It is greasy, brownish in colour and
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Fig, 2 : a) Coarse grained chamockite and granite in textural continuity;
b) Fragments of older, folded and boudinaged mafic dyke within the gneiss;
c) Younger mafic dykes and sills intruding the country gneiss

contains phenocrysts of Kf (>5cm). The charnockite is undeformed and
intimately associated spatialy with medium-grained pink granite and coarse
hbl-granite. Pale coloured irregular patches of granitic composition are
often observed within the coarse-grained chamockite. The boundary between
the chamockite and granite is marked only by difference in colour but
there is no textural difference. The common mineral assemblage in the
chamockite is Kf(perthite)+P+Opx+Cpx+Qz+Amp+Bt+Opg+Ap+Zr. The
phenocrysts of potash feldspar often show exsolved quartz blebs. At
places myrmekitic growths are observed indicating dow cooling at high
pressure. The plagioclase is antiperthitic in nature and occurs as
subhedra to anhedral grains. Opx is often occluded with Fe oxide along
cracks and exsolved iron oxide. The amphibole is pseudomorphed after
pyroxene. Development of Bt+Qz symplectite around Opx is also observed
at places.
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Granite

Itis brownish to pink to pale in colour, medium to coarse-grained and
intimately associated with the charnockite. There is no textural variation
between the two rock types except in their colour index. The granite is not
uniform at different locations. Some locations visited expose porphyritic
granite with megacrysts of Kf (>5cm). At places a phase of pink granite is
observed showing sharp boundaries with the normal grey/brownish granite.
The graniteisintruded by younger, mafic dykes some of which are deformed.
At places concentration of mafic restitic material in the country granite is
also observed. Petrographic studiesindicate following common assemblages:

1 Kf+P +Qz+Amp+Bt+Ap+Zr.

2. Perthite+ Qz + Bt + Ap.

3. PI+Kf+Qz + Bt + Amp + Opq + Ap+Zr.
4. Kf (perthite) + Qz + Opx + Opq + Ap + Zr.
5. Bt+P +Kf+Qz+Ap+Aln+Fl.

The Opx occurring within the granite at some locations shows
pleochroism from greenish to brown and occurs as very small, restitic grains
often altered to Bt/Chl. Myrmekitic growths are commonly observed
especially along the contact between Kf and PI. Deformation in the granite
is observed in the form of granulation along the boundaries of phenocrystic
Kf and undulose extinction in Kf and Qz. The mafic clots/enclaves within
the granite show the following assemblage:

Pl + Kf + Bt + Opx +Cpx + Amp + Opq + Ap + Zr.

The Kf is perthitic and often encloses subhedra plagioclase grains.
Amphibole is often pseudomorphed after Opx and Cpx. At some places
Cpx coreis observed rimmed by amphibole. Biotiteis lath-shaped and seems
to be a product of retrogression of mafic minerals.

BANDED GNEISS

Medium-grained banded gneiss is exposed in the southwestern part of
the area. The banding isirregular and varies in thickness from afew mm to
severa cm. At places the gneissis migmatitic in nature. Fragments and
enclaves of this gneiss within granite / charnockite (Fig.2b) indicate that it
has been intruded by the latter. The foliations within the gneiss vary from
N15°E to N60°W dipping westerly and southerly by variable amounts. At
one place (location D-153) arootless fold with fold axis trending N60°E and
plunging moderately towards S, is observed. At places, usudly foliation parale
granulitic mafic bands [cm to decimeter scale] are observed within the
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gneisses. Younger mafic dykes and sills have intruded through the
gneiss (Fig.2c).

GEOCHEMISTRY

Wholerock analysis was done using Phillips-X RF at PPOD Laboratory,
AMSE Wing, GSI, Bangalore and the trace elements and REE were analyzed
a ICP-MS at Chemical Laboratory, GSI, Hyderabad. The results are
presented in Table-1.

The granitoids (charnockite and granite, all variations) range in
composition from granodiorite to monzonite to syeno-granite as shown by
the normative Q-A-P plot (Fig.3). It can be noted from the data that the bulk
chemical composition of the coarse, porphyritic charnockite and porphyritic
granite is similar/comparable. The TAS diagram [Peacock, 1931] (Fig.4)
shows that al the granitoids are calcic in nature. The A-F-M plot (Fig.5) of
the rocks shows a highly evolved nature aong calc-akaline trend. Higher
degree fractionation is also suggested by the REE Spidergram (Fig.6). The
Si0, content of the charnockite as well as granite varies from 64 wt% to 80
wt%. The banded gneisses show dightly lower Si0, content and marginally
higher A1,0; and MgO. The Harker plots of various oxides versus Si0,is
presented in Fig.7. These plots indicate that TiO,, A1,05 Fe,0; and CaO
show a negative correlation with SiO, while the akalis do not show any
trend vis-a-vis silica. The gneisses and granites generally have higher Na,0
as compared to the charnockites.

Q

quadizglite

glz-r ichi
graniloids

O ®

{; toagite

SVena mongyg mu.r.ndlur\f,

Ay duartz quartz quarizduary
4I8¥ svenite | monzoniterponzodioridic

/alsy/ swenite | wmongonite rhopzodjoriGjority

A P
Fig. 3: QAP plot of different rock types




A. Dharwadkar et al.

182

980 8E0 §L°0 a6l’l 8£'0 80 1£°0 i el L% S ) S0 ] L Fa A w0 yo i de
0 0 1] 0 0 i} o £F0 e ] () (] 0 ¢] [ 0 1§ LED I
900 0 L0 10 Q0°0 oo 4] 60 680 a1 e 1Tl 1z w0 0 ®0°0 g TO0 e SIAH
o 90 6L sS40 911 8t v S VA wr  FOE L0 980 i LEn 00 EE0  TLD uady
0 0 0 0 0 0 4] 0 0 {h 0 0 0 h] 0 1] (i} O Eille]
i} (i} At i) 0 1] 0 0] i} 0 3] it 4] Q O L ] i} W)
0 0 1£°0 1] Ll 0 ] 0 ¥] i} 1 1l ¢} 0 0 0 0 i} OME(T
LTl LL 0 2E0 80 Byl S61 L OOl A | 6E .1 e 6E0 IRT oL 3 B P'E ?
el TL'Ee S9%L S0EY PRRL L6381 TEEE SEYE LUEE  PRGT H9ST  #R6C S]'CE  98'6T XSy CR'9E ZO'6L 69'PL 10
Leas 1S CI'Ty  95FE  STIE 9LZE 11T LO9E EREE  OVLT DO6E  BELE 10y 1£'eF  TETE OFLE V8'EF [#RE 0
0g1 £l ¥l 8 0871 0571 'l L1 (113 are vl Il il €9l (724 L1 1 G T L HNIY
€11 (§8] t00 L1 L Ll 2171 L'l LE L thil S 50°1 ] RET L R0T R8I #1'1 HANMY
] o0 [E9RY] a6l BOG g 600 [N¢] [t L0 60 6t ol S0°0 Gl o oo 6000 N
20710 6ln 10 R AN o 16 o VA B AN ] o Zro rARY g 1o ¥ ZIo 1o [RY] AN
o0 100 v SR s Lo I F 170 FI'0 0 5170 el 1a ELD [N 0 ElI'Q £ v
LI'66 SB6Hh ST66 TEH66 966 Bt'66  6'66 ,_M_M.w.m 166 L9%6 6860 LB'6O Te'66 Y6066 9886 SRG6 6E°66 TR'GH {Eng,
L} 80 0 (] sT' £lg Lo B4} I L VY corg g8 LZ'0 £10 Loy 9p 20'0 101
910 L1 £ED 1€ L1 fd W S0 L1 £l al 0 [ Tia it i £ el 10 B0 0'd
It cee LTS LA 'L g1'¢  T9g e e 9 S o't gy s th'v 19 609 Li¥ FL'E o'
£¥) LG 91z EL] [0 By 60T pee T 'l SET e {4 W4 261 8671 £ o1e e C.‘nz
ol 680 BT 66T 8 EEE FURT] el 65| 88t gel £gl 66°0 vl | L¥FE 1£°1 oFl 1 on)
9in Yoo 880 TED 70 Lo 810 i FC 8L 681 8T eI 1+ 10 ey’ 600 80 OdK
00 2 6’0 LD £ [ro oo ol L0 sl 190 (441} wo wo 0 T 100 <o O
YT 161 90 L1'g g6l 80 et (S 8¢ 106 s 6T £l %1 FOE Wz 8¢l 0T ro'ayg
o} 901 aLel L1°61 68'11 6U'CL  98'TI Firs ol B o | LeEl  TEl 99l 411 TTEl I1T81 S6'T1 Li 61°cl .3“_{
Zzn £TD £9°0 90 610 60’0 10°0 ET0 firdit) a0 EL0 ge) BIO L1'0 0 g0 0 6l ‘OiL
LD BYRL BREL 9TEY BT EHTEL O PTLL RODEL ER'6S TEUD  SI'EL  9TLL [95L 9980 (8PL wL8l TERL ‘oig
Ao oy onwd o apuead mruesd opumad oywesd oyuead oyumsd oyumesS oyuoeed onuesd oynuerd oquead ogpeeerd apuetd opuead auesd
CUIRIEY  OWEYD PRI Augs pawiod paeiped  Aern  pajero] yuid juld  yuig Jutd Fild Juid 4 juEid jul] ymwg
HPel Vel HOS BE a6sl 6851 HOTI YOIl H¥¥ are vy 2LEl 9l VEEI gLl 0l ¥Eol YIOI apdiey

T- 3l g



183

Geological Studies in Western Muhlig-Hofmann Mountains

L60 Le0 o a L0 60 +I'1 LD B0 (3] 0 sl 841 Pl crl
a S8l tE0 0 0 0 0 el’l 0 i) 0 a¥°h [¥] 0
¥I0 0 590 (48] a0 10 w0 zn n 200 210 S0°0 €71 91°Q
68t L} €00 86T e €L [} EFa 88°C 8D SL0 goe 6l re'l
L0 6% a a 0 0 0 o 1] ] 1] 1 [ 8]
L 9G¥ 0 0 0 0 0 0 0 0 o Ll 0 0
irr 2001 Q a ] 0 0 0 0 4 1] a 1] 0
[} D vro 1€£0 £F'1 jirara 91 289 (18! 991 0 8T'1 e a1
£l 16’22 90°9g 96°F gL6¢% LELE PoPe 9L9E TO¥C  EVPE POCE L) S e 1E
£E6'FT 1002 ULe re'[c LLUEE SEDE 99kt e (AR 9R"6t |E°Ly  9E°6E 6LOF
[FAY] L9t [ BEI L L1 o'l orZ o'l g1 0g'l LTl FI'L 1£°1
[FAY 8¥'0 260 P60 ] 801 I 1471 6o Tl TH'0 I g1l 1
o E0'0 600 8O0 &0 800 600 00 g 200 300 86°0 400 L0
Lo ET'0 ET'Q aI'n Nt EL'D | LO'0 [481] 1o £ [N H] £rre FA R
Tin 110 AR /IR AN FLO 110 Lo +1°0 10 FANI] [N €r'o [A Rl
I'fi6 26°66. ER'66 ~ 56'66 5866 £8'66 P6'66 866 8866 S$T'66 66 PG Pra6 LGS
0 130 EED gro 1£0 8Z0 920 [J1] (i) LFn jyAl] 50 0 0
LFD LINY (A1) EED I+0 6F 0 (A YA L0 610 o s8I0 80 610
EC'T [:14 139 [ £:3H] [ 4 v L% g £8¢E BrS 148 6% 134 4.9 4
(8 oo 1L 1 |3 A 90°¢ (L] 9e0 Z9e 1t e 901 80'( 61
LT°E 9111 [exA tE¥ a1'e 98¢ BE [N 9E LET 6LT 1640 LCE L'e
&y £l oo ET°I Ll 69°C LA 651 SOE 400 8c0 XA La ] NI ]
i’ T LE( 0D €00 oo o £9°0 200 FO0 N [SA1] cL0 800
£T9 ¥OLE 23 4 LT'e (A ) (A fa: | oL o9 ELE ras 9E'e 169 989
FAN AN S0°HL 91 BL LI ZLEl 6EFI &k 11 9611 gEFl BT CEZI €907 9TEL GL°Z1L
£9°) ¥0 frau 9t’0 £5°0 101 610 L0 [s°1 8T0 L0 £E0 [LIN1 60
DLL'ED 60°ZF [6'1L E5°69 6502 Tre9 e THTL G61'FS  PFEL SO L29L e BE'6%
DAR[ILD MjpurmEnpE  Jalnam esioud ss19ud ss1a08 $519u5 gs1aud a1 NED YD H> AR B+
HTEWE e papueq papuEqg PapuEq uefine  rewiuw ooty 3l g OUIElY> OWmRY> OIEY> OUmYD
D681 gFrl arr1 H651 LEL Yrel gLl oel YETI YOE 05 Yov 184 6l

('pruo) - 29EL



Na2O+K20

A. Dharwadkar et al.

15 mrrrrrrre T —
[ Alkalic |A-C [C-A |Calcic ]

12 F -
9 - B
+N:H_W.

6 ¢ ¢ d
- o |

3_ —
0-|r||t||u|| PEUER S I AR S B R NN A A Y Lis s ta 12 |
40 50 60 70 80

Sio,

Fig. 4: TAS Plot of the rocks

FeOt

Tholeiitic

Cale-Alkaline

AV

A

Na20+K20 MgO

LY LY AV

Fig. 5: A-F-M Plot showing an evolved calc-alkaline irend



Geological Studies in Western Muhlig-Hofinann Mountains.

W “T"‘"’I‘“T—‘u i T =TT

e . E
Y e

. e :
i* = .\-\ =
~ [ G ]
o 4
i
(L] :‘ ..:
3 * -+
- s :
g o S
La P» T He Tm Lu

e N Sm Gd By Ex b

Fig. 6. Spidergram of REE showing a pronounced Eu anomaly

=
g * &“ . ] By
H ®e 7 ® x
*%e X
Mum L i iiniio s A 112
RS R e » B T & 3 % W Y “
Lo el L

-
N
‘Fl e’
§ ©
N N
N .
..
- 3 E) .
-
= - N
@ -
- x
M
8 o i
A.Qt:.‘ *‘}
e IRRS b m M
- a8

Fig. 7: Harker plots of different major exides versus silica



186 A. Dharwadkar et al.

DISCUSSION

The central Muhlig-Hofmann Mountains are dominated by granite-
charnockite magmatism indicative of dominance of plutonic phase. The host
rocksto the granitoidsi.e. banded gneisses show apolydeformationa history
as indicated by development of banding and foliation, migmatisation etc.
Presence of deformed and fragmented mafic dykes of at least two generations
within the gneisses indicates that they have intruded the gneisses prior to the
granite, during an earlier deformational episode. Ohtaet a. (1990), based on
their studies in Gjelsvikfjella, concluded that the Muhlig-Hofmann region
shows a two stage igneous-metamorphic history comprising
metasupracrustals and chamockite batholith. The undeformed, intrusive
nature of the granite and chamockite pointstowards their late to post-tectonic
emplacement. Age of the emplacement of the voluminous charnockite-granite
suite as per earlier available dates is ~500Ma (K-Ar whole rock, Ravich
and Krylow, 1964). The variation in the grain size in both the chamockite
and granite is indicative of the inhomogeneity of conditions within the
magmatic chamber. The coarse-grained porphyritic texture as well as
development of myrmekitic growths along perthite boundary suggest that
these granitoids are hypersolvus and formed due to dow cooling at high
temperatures. The predominantly peraluminous nature, strong Eu anomay
and higher silica content of Muhlig-Hofmann granitoids indicate significant
contribution of crustal component during their formation. The Harker plots
indicate that the chamockite and the granite have similar differentiation
pattern. The dight enrichment of Na,0 in the granites may be attributed to
alkali metasomatism during their formation. The occurrence of granitic
patches and their textural as well as bulk compositional similarity with the
chamockite suggest acommon parentage. Alternatively, the origin of granite
may be the result of late stage hydration of the chamockite. Partia assimilation
of granite by chamockite may aso produce this kind of association. Such
observations were also made by various workers from other parts of Muhlig-
Hofmann Mountains (D'Souza et al, 2004; Ohta et a., 1990; Jacobs and
Bauer, 2001; Prasad and Gaur, 2003). In the R1-R2 discrimination diagram
of Batchelor and Bowden (1985), the Muhlig-Hofmann granitoids plot in the
syn-callision field (Fig.8). In the A1,0; vs Si0, and the FeO/(FeEO+MgO)
discrimination diagrams of Maniar and Piccoli (1989), the granites show a
clear post-tectonic signature whereas the chamockite exhibits amixed (post-
orogenic and continental epeirogenic uplift) signatures (Figs9 a& 9b). The
granitoids from this part of Muhlig-Hofmann are mostly peraluminous with
A/CNK greater than 1.1. Some varieties, however, fdl in the metaluminous
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category (Fig.10). More inputs, particularly in the form of isotopic and
geochronological studies, will go a long way to establish the exact nature of
relationship between the granite and charnockite of Muhlig-Hofmann area.
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