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1. Introduction: 3. Petrography and Mineral Chemistry 5. Monazite Age Determinations
The position and participation of the Greater India landmass within the Rodinia supercontinent has been widely debated. Profound similarities between the Grenvillian age domain in the The mica schists in and neighboring the PSZ are characterized by foliation parallel alternate bands of mica-rich layers (M-domain) and quartz-rich layers (Q-domain). At PSZ, the rock In. th.e mica schists, monazites occur bOth. within garnet porphyroblast.s a1.1d in the matrix (Flg}lre )2 Tralls .ofprlsmatlc monazite para.lle! to inclusion trails of ot.her mlnerz}ls arc common
Eastern Ghats Granulite Belt, India and the Rayner Complex, Antarctica has prompted researchers to suggest that India and Australo-Antarctic Block formed a coherently evolving  shows single fabric (S,IS,) (Figure 3a). However, distant from the shear zone (~1.5 km), two sets of planar fabrics S, and S, are identified. The S, schistosity is preserved as the interfolial gllthm bOtltl,tQ' ang})‘f“}‘;‘(‘)‘aln 'gal(‘il.lets (flg‘frrlfs Sa and.Stb). Illlllt)hte nlatrlxi llneatel()l r(rllonan?es with margtl.ns dlsc(‘l)i‘ldi‘?t tfi tﬂ;wq:pmgbfoclllgtl(;)p arc il,sto Eommon (Figures 51351)' M01.1tathes. mn
e s . . . . : . . : : : : : . . : : el : . : : : matite ar m in diameter. monazite exhibits strongly resorbed margins; i.e., xenotime an ni rite em in apati rm coronae around monazite grain
landmass within Rodinia during the Grenville. Palacomagnetic studies from Malani Igneous Suite (MIS) in the Marwar Craton of northwestern India, on the other hand, place India far domain of the S, schistosity (Figure 3b) and as internal trails within pre-S, garnet porphyroblasts (Figure 3¢). Garnet porphyroblasts occur both in Q-domain and M-domain. In Q-domain ¢ pesmateare Su Lo o ere ¢ mo ce S STONSly resorbe Marginss; 1.¢., YeNOHMe UHtomEe/thorite embedde patite iorm coronacarou 0 €8 >
. . — _ . . . . : . NN . : C . . . (Figures 5j and 5k) and xenotime-huttonite/thorite aggregates also occur as veins within the monazite grains.
removed from the Rodinia landmass. 1 730 A Dl 750°] the garnet porphyroblasts are large and inclusion rich. Figure 3¢ shows the straight internal schistosity (Si) makes a high angle to the external schistosity (Se). The external S, schistosity : : s : . — : . e :
| b India the Phulad Sh 7 PS7) d he bound b N 0 KSZ, b b last. indicating th b of . 1 . S H " e S AN : b : In the mica schists, the probability density plot for all spot ages (number of spots, 125) taken together is shown in Figure Sl. The ages in the four samples can be statistically resolved into two
n nor.t .Western ndia t e. ula ear Zone ( ) demarcates the ooun a{‘y | etween A @ @ Girbhaka wraps around the garnet porp yl.'ob 2}st, 1ndlcat1n.g that growth o garnets.ls pre-kinematic Wl.t .respec.t to > OWE\.’EEI:, the margins of the pre-S, garn.ets Wlt. we -devef oped dodecahedra distinct populations, e.g., 970 £9 Ma (MSWD = 0.92) and 809 + 7 Ma (MSWD = 1.6). There is no difference in age populations between monazites hosted within the porphyroblasts and in the
Grenvillian-age South Delhi Fold Belt (SDFB) to the east and Neoproterozoic granitoids of the o ﬁ $00-9000 M) faces overgrow the warped S, schistosity. M-domain garnets are comparatively small and sub-idioblastic to idioblastic in shape. The porphyroblasts with no included minerals overgrew the mineralogically differentiated matrix. By contrast, all monazite spot ages (number of spots, 37) in the syntectonic pegmatite correspond to a single age group, e.g., 810+ 6 Ma (n =37, MSWD
Marwar Craton to the west (Figure 1). Review of available age data in the SDFB and in the - o . er S, schistosity in M-domain suggesting that they grew post-S, (Figure 3d). Garnet porphyroblasts with dodecahedral faces overgrowing the S, schistosity often show straight inclusion trail =0.53; Figure 5m).
adjoining Marwar Craton shows two distinct age populations. The older 1000-900 Ma ages in s Jodhpir o 4 uee) h1s 1mp11sat the to t-kinematic with respect to _ Sample No.278 | Grain No.1 il Cample Nods2 Sl gi" N0E 0l oz mlee zom
the SDFB are identical to those recorded in the banded gneissic complex farther east. The 20km qe O 2 e a2 “f'“- o T N = I Lame-t o bugey T TR R R e w 'l Grain No.3 D ke * N MSWD= 1.6 | MSWD= 0.92
younger set of Neoproterozoic ages (800—750 Ma) are prevalent along the western parts of the — N / B | = : ' - ’ R Rt e _
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Figure 1. Geological map depicting the different crustal domains in the southern part of the Aravalli Delhi Fold Belt (ADFB) modified after Heron [1953], Gupta et al. [1980], and Roy and relation of the garnet and kyanite porphyroblasts with the schistosity. (g) Growth of kyanite porphyroblast overprinting the S, schistosity. (h) Relict S, schistosity in S, schistosity. ] 1 Y tIl)l tl}y ithi quency h'I; gd ! “ ” qu.th. ltg toni A M
Jakhar [2002]. Location of the study area is shown in box. Neoproterozoic magmatic and metamorphic ages (with 26 errors) in the SDFB and the Marwar Craton are shown in boxes (data Kyanite porphyroblast postdates both the S, and S, schistosity. CPL: Cross Polarized light. Sample No.278 S ample No.278 dla] a5 We t"?s mbt ¢ n(lia rix “i‘ “11 t‘/‘};ca I[Jscd 1518 ;303 (n13 m(l))nankes V(;lt n si’(“ ecfon:c ge ( a)
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Kui-Surpagla-Kengora, PSZ: Phulad Shear Zone, KSZ: Kaliguman Shear Zone.

show the opposite trend (Figure 3i-3n; assemblages A). The variations are small and gradual in the interiors in the Q-domain porphyroblasts, but the variations in the margins of these 6. Discussion

a 2.1. Shear Zone Deformation: The PSZ is characterized by extensive development of ' i iti i imi - - ; i i
G . o1 f y . P poraorgn the Sza ne fabric are more pronounced. The compositions of the rims are similar to the smaller post-S, M-domain porphyroblasts (Figure 3i, k). In calcareous and quartzofeldspathic mylonites in and around Phulad, the shear zone is characterized
) mylonites in intercalated calcareous and quartzofeldspathic layers (Figure 2c¢). The Moo S W LRI T . .t : . . . . .
6 . o , , S ) : 0871 XC i _ ades by steep SE dipping mylonitic fabric and a steep oblique stretching lineation. The shear zone is
. 69° mylonitic foliation dips steeply (dip >75°) toward southeast with a prominent set of steep XMg a 0.85 R e Y e B T i T 10 . . . . .
- oblique stretching lineations (Figure 2d). Sheath folds with apical directions parallel to the 0859 Cixmn o xFe QR o S g R oWy j| developed in a ductile regime with top-to-the-west reverse sense of movement coupled with
A Foliation 1 5 5 P P "R 0.83 % %@%o%@gb&é’%d%@@o 708483 e pronounced flattening across the PSZ.

LS8 | Foliation with lineation stretching lineation are common (Figure 2e¢). In the XZ section (subvertical section
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top-to-the-west reverse sense of movement. (h) Syntectonic pegmatite veins along the shear zone show pinch and swell structure (marked by arrowhead). (i) Histograms showing the aspect ratio of feldspar porphyroclasts in the quartzofeldspathic mylonites in the XZ and YZ sections. The length of the pen/pencil of Figures 3a—3e is 14 cm. n =number of data. S p 5_.|.|.|.F.| o I;'_"La""'ll.ﬁ_],::r,lr ey : : : _ f - et Sh e al'in g Gl‘ enVilli an a g e (~970 + 9 M a) m et amor phi cmon aZit es 0 f th e SDFB OCCUr as e mb ay e d core S, i n the
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2.2. Footwall Deformation: The lithological-structural, metamorphic, and chronological informations in the Marwar Craton in the PSZ footwall are poorly known. The enclave suite within
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the granodiorite has WNW trending foliation, oblique to the NE trending PSZ. Rocks of the Marwar Craton in the immediate vicinity of the PSZ are variably deformed granodiorites. The 4. P-T Estimation ® - 1n?er10rs O.f yOUnger Iononazn.e grains. Intense .hlgh-temperature de.forlonatlon and tl.1e empla.cemen.t of
intensity of deformation increases from weakly foliated through gneissose to mylonite and ultramylonite neighboring the PSZ (Figures 2j and 2Kk). The stretched quartz imparts a strong Temperatures were estimated using the garnet-biotite thermometer [Bhattacharya et al., 1992, GS] and the mlca.-b.:atr.lng pegl?lz.ltltesl ddurlng re?;ers.e ill:ez;lrlng. cause;il ;;c;ﬁstall:} ztatlon of monazites by dissolution-
steep oblique lineation to the rocks (Figure 21). ozt e s T § L e N Vi L Tl muscovite-biotite geothermometer based on Mg-Tschermak's substitution [Hoisch, 1989]. The core and ’g Q! precipitation, nanuing olacr monazites in th€ hanging wa SCIISTS. )
A e m &*‘-‘— Foliations Boudins fﬁ%‘xfné'(ijeii,a‘i?E.‘;’f?‘i‘Ei‘é | N rim temperatures for pre-S, garnet-biotite pair were 640 = 10°C and 600 £ 10°C, respectively and the & . . . 'T';‘
e of laions [ ¥, tldass /7 0{ rom the Phulad shear zone. | corresponding temperatures for post-S, garnet-biotite pair were 630 + 10°C and 580 + 12°C, respectively. 2 6.1. Regional Implications -
strctehing lincation of the Temperatures (570 = 50°C; P-278, assemblage A) estimated for the schists using the Mus-Bt thermometry - Palaeomagnetic studies from Malani Igneous Suite (MIS) in the Marwar Craton (~771 Ma) [Torsvik et al., =
N Eégjﬂglzl,griéiil%%ﬁ;% are somewhat lower than those estimated using the biotite-garnet thermometers. In view of the low o 2001a] and magmatic rocks in Seychelles (~750 Ma) [Tucker et al., 2001] suggest close palaeopole positions <«

and pen in the photograph is (58 grossular contents in garnet (< 5 mol %) and the Na-rich nature of plagioclase (An <16 mol %), the

10 cm. 2 X, S

i At e = 5 Eahe barometers could not be applied to estimate metamorphic pressure.
2.3. Hanging Wall Deformation: Distant (~1.5 km) from the PSZ, the hanging wall rocks show two generations P-T pseudosection in MnNCKFMASH system was constructed for bulk rock composition of the
of folds (F, and F,). F, folds are preserved as rootless hinges (Figure 2m) interfolial to the penetrative sillimanite-free assemblage A (P-278) mica schists using mole proportion of oxides of whole rock by modal B
schistosity, S,. This S, schistosity is folded giving rise to NE-SW trending F, folds with traces of axial plane analysis. The PERPLEX program of Connolly [2005] (updated in 2009) was used for computation of the

of NW India and Seychelles [Torsvik et al., 2001a,2001b] during mid-Neoproterozoic (Figure 6). Tucker et
al. [1999] suggest that Seychelles-MIS composite and northern parts of Madagascar may comprise a
separate terrane during the mid-Neoproterozoic, ~750 Ma. If MIS-Seychelles-North Madagascar was a
coherent terrane separate from the remaining parts of the present-day Peninsular India at ~750 Ma, then
the palaeopole position of MIS older than 750 Ma would not be applicable for the Greater India landmass.

i Ruker Terrane

Antarctica

J / Bt C Kfs Grt S

Figure 6. Geological map showing the East African Orogen and various cratonic blocks after Fitzsimons [2003a, 2003b], Johnson and Woldehaimanot [2003],

coplanar with PSZ mylonitic foliation. The fold axes of F, folds vary considerably from subhorizontal to pseudosection using the internally consistent database of Holland and Powell [1998]. The fluid phase was e ol e / Therefore, it appears that a suture is likely to exist along which the Marwar Craton amalgamated with the  Collins and Pisaressky [2005], and Singh et al. 20101, The palacolatitude lines are superimposed from Meert [2003]. ANS: Arabian-Nubian shicld, AMB:
I valll 1 N . bu N . 1 1 ) . W 1 N . 1 o .
subvertical (Figures 2n, 20 and 2q). At places the curved nature of the F, fold hinges forming sheath folds is taken to be pure H,O and occurs in excess. Figure 4 shows the stability field of different mineral 4 EBic lil M/St 1;1 Crt P | ‘Bt Crd P1 Kf remaining India. However, the timing and suturing of the MIS hosting Marwar Craton with the remaining  Kelizman Shear Zone, MGS: Madagascar, MC: Marwar Craton, PSZ: Phulad Shear Zone, SC: Singhbhum Craton, SEY: Seychelles, SGT: Southern
° ° ° ° ° ° ° ) J 8 r + NG ° ° ° ° ° ° ° ’ . .
obvious (Figure 2p).The formations of the large-scale F, sheath folds are likely to have occurred during the assemblages in the given P-T window. The topology of the stable phase fields and the theoretically " Bt Ms St PI Grt Sil Y ' ( India remains speculative. Studies from the ADFB in northwestern India provide | = = @ osietges ihe bepariment of eience and Techntogs. New Delh 1din. for fnancial suppor
top-to-the-west reverse sense of movement (Figure 2r). Close to the PSZ, the rocks show strong development determined isopleths for mole fractions of garnets in the P-T pseudosections are combined with measured Bt Ms P Grt Sil 7// evidence of a Grenvillian age collisional orogen between Marwar Craton to the  Rreferences:
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