ALY EE )\ 2 TR JRAN VRN L LN N A WEA\NEREAVY . . J. .owme ’ @R '
\
FEA'F a € Al  va 0 LVVEEEERCT . AN e, TEERSC A S L TN
INTRODUCTION m | PETROGRAPHY Abu
TheAravallicraton (Fig 1), onthe NW edgeof the Indiansubcontinent hasa well-preserved B Abusamplesrangefrom phaneriticto porphyritic and foliated (with B
geologicalhistory (Archaeanto the Phanerozoic)with multiple episodesof predominantly augengneissgradinginto mylonitic gneisswithin a shearzone),with
felsicmagmatismduringthe Neoproterozoiovhich are relatedto the formation and breakup Bl subverticalslickensidesurfacesalso present Rhyolite and dolerite
of the Rodiniasupercontinent(the Aravallicratonis placedon its westernmargin) dykesare late-stageintrusives
Thestudy areais situated in SWRajasthanat the southerntip of the AravalliMtn. Range, - - Granitoidsare uniformly altered with a cloudytexture dueto variable — o
where the Mt. Abucompositegranitoid pluton outcrops Thegranitoidsfrom this pluton are pg Sericitizationand microperthite in feldsparsand very fine-grained o
classifiedon Geol Surveyof India maps (accordingto texture and Rb-Srerrorchrons)into solid and fluid inclusions Magmatictextures (Fig 4A-F) are variably
two groups,with the deformed granitegneisspart of the Erinpuragranite (<900-800 Ma), preserved, with interlocking coarsegrained subhedral feldspar
while the undeformedphaneriticpink and greygraniteis classifiedunderthe Malanilgneous (orthaclase& microclinedominate over plagioclasend quartzand =
Suite (MIS ~771-751 Ma), a large (<50 000 kn?) felsicigneousprovinceto the WSt Of the  Gieenaamiiaes o regonaiosaiogicamapot e Aravallaaton noe 1ocatomamin e after euhedral to subhedral biotite and horblende Lathshaped
’ a0 ’ - - plagioclase agglomerations, granophyric intergrowth (rapid o |
studyarea - _ _ undercooling) as well as subhedral phenocrystsof feldspar also
A _ Theagesand presumedorigins (Erinpura syrorogenic,part of the occur Biotite and hornblendeare the major mafic minerals,usually
Delhiorogenyand MIS origin debatable anorogenicextensionalto medium- to fine- grained and aggregatedas well as disseminated
Andeantype arc origins) of these two granitoid suites are Accessoryminerals associatedwith mafic clusters are euhedral
incompatiblewith granitoidsthat intrude within a singlepluton. B secretes| apatite, zircon, monazite (+ fluorite), FeTi oxides (ilmenite and
It is hypothesisedthat the Mt. Abu pluton is part of the ~750 Ma ) B smm | magnetite)_ and ti_tani_te. Retrqgra_dealte_ration of _biotite to c_:hlqrite i i
¢ b magmatism common to the SeyChe”eSMIS and NEMadagascar’ Figure3. A- presentlocation of Seychellesnicrocontinent,~5000 km apart E?hﬁﬁi'pzsgogﬂiﬂgéﬁBessﬁgr?fn”ds}i?r‘;ﬁiﬁ;éﬁﬁf@'&ﬁﬁ;igﬁtfsﬁdsﬁﬁ?ﬁiiﬂgQ?J?g ta nd hyd r?ﬂo?/OXIdat.loné?.?Ctl.?nSInVOI\él ng alte.ratllon of thTI oxides ZLghUggglfPeellc:rsosgflclf;hisitséturge;:ifnltiéirvopciﬁinplrcia;g th:gircr:]e&;ﬁ:gﬁ,Cr;;essgaer(;/rﬁgcr:s%rinztlic
postulatedby Ashwalet al. (2002 to havebeenpart of an Andean o, ues sowtof i © poposed ocaon of andearpe ar e e S e ety 0 WOITIEE IS GTAIEAITANTE ADHITEEIESn ABoToEd s st oy TR e s s ot
| type arcon the westernmarginof Rodinia i TR TN || ol perreit o e, preseiman pnciee Mafic clusters can be elongate to form the fabric within some i tenie ot oyl oo
. . : : . - e fedaparcrysial b graphiciexture bemeeniargemicrocineand quarzcysiaiswnicnare JraNItOIds All granitoids show some solid-state deformation (with  remoite andeniorie & coarsegrainedolockysilimanitewitin a bioie cluster - imenit
V Seychellegranitoidsare texturally similar (pink and grey -foliated and -porphyritic varieties)and both igt;;gcr::nvzh;{ﬁ:ngf?ﬁZsrﬁgémltiyﬁimiogHg?éry.z.gmig‘énite, simedidue o acoveryand recrystallizatiortextures), which rangesfrom magmatic oo e maybeanesouortezre

Abuand Seychellesharea dolerite dyke association Thisstudy attemptsto addressthe problemof the
status (geochronology)f the Abu pluton, and characterizeit petrographicallyand geochemicallyby [
comparisono Erinpuraand Seychellegranitoids

andincipientcrystallization to mylonitic- microstructures(Fig 5A-F)
Subsolidus (high temperature) deformation includes undulatory
extinction, subgrain formation, sutured grain boundaries, kink

Figure2. A- lobate contact between massiveAbu pink granite (LHS)and porphyritic grey
granite (RHS)suggestingcoeval intrusion. B- deformed augen gneissof the type-locality
Erinpuragranite G steep subparallelslickensidesurfacesrunning through Abu granite D-
lobate contact between pink Seychellesgranite and dolerite dyke, suggestingcoeval
intrusion.

N TSNS T SInESEA N . apar e - " ante Srucires (subgrainrotation) andtformation of S¢ fabric “ “
indicatesdeformation at lower temperaturesand/or a greater strain
G EOCH RONOLOGY U-Pb rate. Myrmerkite is also found as lobate structures into the
GGOCthﬂOlogicauata for the Mt. Abu pluton IS scarce, unreliable ("‘735 Ma, RBSr boundaries of K-feldspar phenocrystsand may be deformation
A. Abu errorchrons,Crawford& Compston,1970 and not well-documented(a Mt. Abu granite & Lo =1 related )
e Was dated at 770 Ma (U-Pb zircon, Sivaraman& Raval,(1995 but no sampledata or § B Erinpura o]
analyticaldata were given) Consequentlythe stratigraphicstatus of the compositeMt. §§ - Samplesare predominantly porphyritic to augen gneisstexturally
Abu pluton is uncertain,asit may belongto the youngerMIS(~771-751 Ma, U-Ply Torsvik - - (megacrystsip to ~10 cm)
etal,, 2001, Gregoryet al,, 2009 or the older Erinpuragranite X In thin section,all samplesare altered (sericiticfeldsparswith many
The type-locality Erinpuragranite has never been robustly dated (800 + 50 Ma; RbSr 8 e == Inclusions and fractures) and have similar deformation — —
errorchronsof Choudharyet al., 1984), despite beingthe basisof correlationfor various microstructuresto Abusamplesput with greatersolid-state mylonitic
other granitoid plutons throughout the southern AravalliDelhiMtn. range Other plutons @ Etralrélde?rmﬁtlon as well as a't?ra}'on_c’f lprlmar_;(/j plaguoglars“ea_nd
thought to be Erinpurain ageclusteraround ~840 Ma; while intermediate felsicplutonics 5 (F"ig‘ 621)6Eoigzgdy;’?rght;?g?;?agfsiﬂgﬁjgga(fg'reoéiﬁgurf decélrgf/
datedat 800 Ma and~873Ma by VanLenteet al. (2009 are alsothoughtto be Erinpurain § recrystallisedfine-grained elongate quartzofeldspathicmaterial and
age L _am L= biotite in alignment with the strain direction in the rock (strain L L
Abu sampleschosenfor U-Pb zircon dating (TIMSmethod) in this study representthe [l 5o m o s s o mo o oy PArttioning) (Fig 7A-F) Biotite (the mainmaficmineral)is alsokinked o o 3 cy o meorontn o o feksparrains i maybe
] .. . ) ) ... ) deformed twinning within plagioclasethat terminated into points (not subparaliel) - quarz - @ deformed Muscovite, apatite and ZII’COﬂ(i mon a2|te)are usu a”y to_recrystallizationof the feldspar C biotite cleavagebeing deformed/kinked into folds
R R R AT m.oy o —=== Major textural variationswithin the composite pluton. Theseinclude a phaneritic pink e b Corossmunes heshespemsacy et oo e associatedwith biotite, aswell as FeTi oxides,usuallyilmenite (with s & smaoi nghavanunasaunsiaiscdsscnaioras atenee
1‘{ o Y < P Lyl ‘“{7 B..Abu g . te foliate d ink— re ranit e an d an auaenran EiSS FOr com arison a sam |€Of the extensioninto other twin, which may be related to ductile deformation of the feldsparand ) i ! ’ _ y the direction of extension,while biotite hasgrown alongedgesof more competentorthoclase
G et g foroed | HTANILE, TOUAISE PINFGTEY e gend PATSOn,a Sarmp greatr 0 coter o magna Groundinasss v Ineraned i o algnmencrpay - hematite exsolutionlamellae)and euhedralmagnetite AT N i A
g o e et L typerlocality Erinpuragraniteis alsodated oo o compaen oL earae e eyt o _ |
g SRR R AR S . o . o | B e oundeogest oo setuelo s oot opensomsere - Thepresenceof sillimanitewithin a biotite clusterin one sampleis an
B ¥es vy 57 SR e By Mt. Abu zirconsare prismatic with mafic and clear inclusionsand varying morphology B 2 velapltacesginstoue indication of high temperature metamorphism (maybe peak
oy LA RE F el 1R TR, SO S (shortstubbyto long prismatic) CLand BSEmagesshowwell-definedmagmaticzoningas [ temperatures)within thesegranitoids
. ”? > .' :  '“’ ¢ well as disturb_ed domgins,_reflect_ed by frgct_ur(_es,diffuse and quymagmaticzoningand “"\- - _7 - N ) _k
R S  lobate growth into the interior of zirconssignifyinglocalrecrystallization(Fig 8A-B). R T U N i e | « TR AR N
é{' ' .\“_}: (Al T ‘,{,{ G g v Figure 8. A- undeformed Abu type-locality phaneritic pink granitoid iuggﬁ \"' G EOCH EM IST RY /
L A G ¥ : Analysesare largelyconcordant,with somePbloss Clzirconimagesshow neiss .
i :‘3_' ! e ,' 1 ,‘ e : ol i m_?r?m?;iczsginst?a}t E:a; blf'errl gistyufrbl_eciir; irsaz,as_\ivelk as l:; fracture g .“ k
07 i i N TN Pl SN TR anchoredat ~250 Ma for a bestfit age Most analyseswere concordant, f .
£ }-".1_-’.’{_'_:.. Rk . & ' s ' e with one indicating Pbloss Zircons in Climages have well-defined ;.- '
Oy Pyl T e e R been - annealed.  suggesting posemagmatc  deformaton and S A ° -
s TR A S TR
Nl el s T S BN A SR ~
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The augengneisszirconsshowthe greatestamount of disturbanceaswell as coreswith i
radiatingfractures(Fig 8C) Theundeformedsamplegivesan ageof 766.0 + 4.3 Ma, while ,,",'
the foliated samplehasa slightlyyoungerageof 7632 = 2.7 Ma (both haveanalyseghat -
are discordantand plot further down, due to Pbloss) Theaugengneisssampleyieldedan T3
ageof 767.7 = 2.3 Ma, and one excludedanalysiss clearlydiscordant(likely due to Pb-loss ‘
or a componentof inheritance) Bestfit agesneededto be anchored,an indication of
minor Pblosswithin the granitoids Figure10. A- Ternarydiagramfor major mineral rockclassificationaccordingto the norm (all normative valuescalculatedas FeO= 85 %of Fe
Erinpurazirconsare sub-prismatic(roundedoff crystalfaces,stubbyto long prismatic)and Augen gneiss | FiquretL. Harkerdiagrament the varationsn mlor elementoxdesptoted againt
containinclusions Somehavea yellowishhue,andoutlinesof suspecteccoreswere visible o e e e et Aoy Fiaure 12, Inerelement diagrams for Abw, Seychellesand Ernpura granioids Most
in others An age of 8805 + 2.1 Ma was calculated from two concordant analyses g e e svongparionngai i imenie anemagnete oo kAT etects |8
however,other analysesplotted further up andto the right of concordia,dependingon the iz Mt. Abu, Erinpura(this study) and SeychellefAshwalet al., 2002 felsic rocks are silicaoversaturated
degreeof inheritance(Fig 8D). BSEmagesshowfracturesandhighlydisturbeddomainsas - monzogranite{Abu samplesclustertightly, while someSeychellesamplesplot further to the left dueto
well. Anupperinterceptof 1971+ 23 Ma wasobtainedfrom two discordantanalysegone - the greater amount of plagioclasethat are predominantly subsolvus,with <10 wt % mafic minerals,
nearerto- and the other further from- concordia) representativeof the lower agelimit of normatively (Fig 10A). Plagioclasgredominatesover orthoclasenormativelyin Seychellesnd Erinpura
the inherited component(xenocrysticcoresfrom the sourcemagma) ' granitoids,while both are subequain Mt. Abu granitoid.sand rhyolitic dykgs | |
| , » Abu and Seychellessamplesare dominantly metaluminousin nature (Fig 10B), with some peralkaline
TheMt. Abusampleshaveformed coevallyand thus the foliation (elongatemafic clusters, sampleswhile Erinpurasamplesare dominantlyperaluminousto metaluminousand mosthavenormative
augengneiss)mayalsobe magmaticin origin. All Abusamplesshowsignsof disturbancein corundu.m(lndlcat!veof excegsAI andamgtasedlmentarwrotollth). Themajority of Abusfamplest.hat are
their zircons as well as in concordia diagrams This may be due to syrHntrusive peralkallqeare foliated granitesor rhypllte dykes Thesesampleshave many of the hlghegtS|Q and
deformation,or alater postmagmaticevent TheErinpuragraniteis >100Ma older than all incompatible Th, P and Bavalueswithin Abu samplesand converselymany of the lowest Tice, Fes,

’ _ _ ! _ Fiqures continued GAbU augengneisswith welkdefined SC fabric. Most analysesare concordant however,the CaOLo,P,Srand Euvaluesof the granitoids,perhapsreflectingtheir greaterdegreeof differentiation.
Abusamplesdated, and xenocrysticcoresare plentiful within this sample The Abu pluton - irgeredeiipsedoessuggespbiossor anclementor meriance Bonscenarosreseenin ne C-andeSEnages Abu and Seychellegranitoidssharegood correlationsand normal graniticfractionation trends (excluding
isthus unlikelyto be relatedto the Erinpuramagmatism e e el e Epurarante i e e 12 Rt rormaseto chontesto A, Seychtesnd rnpaiicsampesaneansemes. VGO 1N ADU S@MPples,which is a level scatter) in major element diagramsversuswt % SiC (Fig 11).

I ‘ ___ - | concorl)ThBSElageshowsah|ghlyd|sturbed2|rconW|thaprlsmatlcouterrlm (overgrouh) samplessharesimlarievelsof sbundanceandshape it a relativelyshalowtiREslopeandsteeperiREBlone  Erinpurasamplesusuallyhavepoor correlationswith silica,savefor TiGe and MgQ. Forall samplesthe

A ~ mw : . , ;W . 2 -,‘? “ .‘:' o . ! . 2 ?hv:;iltljzt;l:ndanceaswell.AbufoliatedandrhyoliticsampleshavethemostWelI-deveIopedEuanomaIieswithin

o Ar-Ar alkalisshowscatter Traceelementsare usuallynot well correlatedwith silicain mostsamplesgxceptfor the highlyincompatibleLILEsvhichincreasewith silicaandare
In outcrop, Abu samplesare variably A B directly proportional to each other (Abu and SeychellesFig 12). Erinpurasamplesgenerally have lesseramounts of highly incompatible elements and higher
foliated as well as augengneiss in concentrationsof thfe more compatibleelements Baand Srdecreas.eNith silica,anq are directly proportional, indicatingboth K-feldsparand pl.agioclas_e‘ra.ctiqnation
texture. This deformation is partly for Abusampleswhile othersare scattered Thesteepslopeof the Erinpurasamplesn the Lavs La/YbgraphreflectsgreaterLREBver HREEnrichment,indicativeof
subsolidus(and syndeformational) in different sourcecompositionsfor Abu and SeychellesFor all suites, FeCs is directly proportional to Ti,
nature, but could alsobe modified by a % |nd|cat|ngear!yFeT| QX|descrystaII|;at|on TheBa & Zr- vs. Nb plotsindicatethe decouplingof LILand HFS

| separate postcrystallization elements I_n immobile REEpIot_s (Fig 13), Abu (tlghtly clugtered) and Seychellessampleshave greater

| ’. . . M concentrationsof all REEgelative to Erinpuragranitoids,with relatively steep LREE(average[La/SmQ
deformation eve_n_t _I\/Iaflc _mlneral ¥ between 3.19-3.4) and flat HREE (average[Gd/LuN between 1.26-1.53) slopesand well-developedEu -
separates(phaneritic pink granite from B anomalies(0.2-0.44). Aburhyolitic dykesand foliated granitoidsalsohavethe deepestEuanomalieswhile .
Abu, augengneissfrom Erinpura)were @ both (Abuand Seychelleshavesimilar[La/Lul (5.68-5.84) slopes >
obtained and dated by the 40Ar/39Ar '*] In comparison Erinpurasamplesform a fairly tight group with steeper LREEand HREEslopes(average
method Figure9. A- stepheatingspectrumfor sampleAA6-9, the undeformedpink granitefrom the Mt. Abu pluton. Thespectrumis even,with awell-definedplateaubetweensteps5-7 (containing50.9%of the cumulative®°Ar). l!“ [La/Sm]q:3.8, average[Gd/ LU]\IZ 3'0) andoverall greater[La/Lu]\l (14'6) Comparedto Abuand Seychelles o

o o ?u fﬁﬁﬁ?ﬁgﬁipecnumfor sampleA26-18, the type-locality Erinpuragranite Theplateauis not-well-definedand stepsare somewhaterratic. Theagewascalculatedusingsteps4-9 of the pseudoplateau(51.3 %of the r,u" Samp|es Thisdifferencein gradient (especia”yHREESand the lower concentrationsof the REEgeflect a P

Thephaneriticpink Abugranitoiddated #¥ different source composition and mineral residuato that of the Abu and Seychellessamples,and/or

® containedboth biotite and hornblende, The type-locality Erinpuraaugengneisswas also dated using biotite (large flakes) The step-heating % differing degreesof partial melting. ‘3

® but biotite was only found in spectrumis, however,disturbedand somewhaterratic, with no true plateauand quite largedifferences {5 Spiderdiagrams(Fig 14) for Abu and Seychellesamplesare similar in shape,althoughthe Mahé Grp -
aggregatesof small flakes with many in Ar between consecutivesteps,indicatingAr-loss(Fig 9B). Thiscould point to decouplingof Kand Ar ~ granitoids(lessfelsic)havelower overallconcentrations Abuand Seychellesampleshavewell developed 3
inclusions, while hornblende was during previousAr-loss (synintrusional deformation) due to fluid activity, alteration or weathering A # Ba, Sk, P-and Ti and moderatelydevelopedNb- anomalies Erinpurasamplesare similarin general,but &
distinct and blocky and thus selected MWA of 515.7 + 4.5 Ma (Jvalueincluded)wascalculatedfor steps4-9 of the spectrum | havemuch weakerBa,Sr, PandTi anomahesand _converselylarger Nbanpmalles ErmpL_Jras_ampIesalso | o | "
for the age dating The step-heating have lower concentrationsof the more incompatible elements(RHSof diagram),resultingin a steeper Flgure 1o Shider dlagrame (ormalsed) ot /oo >

spectrum (Fig 9A) of this samplewas
undisturbed,with alargeflat plateauin

a weighted mean plateau age of 508.7
+ 4.4 Ma (Jvalue included steps 5-7
were used)

the middle,whichwasusedto calculate

The Ar-Ar age results indicate that the Abu granitoids have been heated up to above the closure §
temperature of hornblende (-500°C) post-crystallization The PanrAfrican thermal resetting age is g
confirmed by the Ar-Ar age (althoughdisturbed) of biotite from the Erinpurasample It is likely that
someof the deformationseenwithin the Abu pluton is producedby this later event (or that magmatic |
deformationhasbeenoverprinted) 3

> - “'ﬁ _wo wha A('\:¥ )

CONCLUSION

-the compositeMt. Abu pluton formed coevally,despite textural dissimilarities Thisimpliesthat the textural
variations may be due to pulsesof magma mixed/injectedinto a mushymagma chamber,while the variable
granophyricand porphyritictexturesmay alsoindicatediffering f(H,O) conditions

-Abuand Erinpuragranitoidsare not relatedto eachother by age,geochemistryor petrography

-Abu and Seychellegranitoids have provento be geochronologicallyand geochemicallysimilar, while most

differencesin petrographicallytextures and/or geochemistrycan be attributed to the greater amount of
deformationand metamorphismthat the Mt. Abu pluton hasexperiencedThiscanalsobe said of the Abuand
Seychelleslolerite dykes, where Abu dolerites (now amphiboleschists)have experienceduppergreenschisto
lower-amphibolitefaciesmetamorphicconditions

-Abu and Seychelledelsic rocks could be said to have I-type affinities (metaluminousmonzogranites,with
hornblende)while Erinpuragranitoids (predominantlyperaluminousvith normativecorundum)mply derivation
from a more metasedimentarysource

slope

Thespiderdiagramfor Abu and Seychelleslolerite dykes(Fig 14) showsthat they have similarimmobile
elementconcentrations put differ drasticallyin mobile elements(Rband K) due to the greateralteration
andfluid movementexperiencedoy the Abusamples

Abu and Seychellegelsicrocksshow similar behaviourgeochemicallywhile Erinpuragranitoidsgenerally
differ (shape of REEplot) and have a lessevolved signature (lower concentrationsof incompatibles
includingREESY and Zr).

_

-4OAr/3%Ar agesare indicative of a secondarythermal (and deformational)eventthat has affected Mt. Abu samples
ThisPanAfricanage eventmay havebeenpartially responsibldor the variable deformationand metamorphismof
the Abudoleritedykesand granitoids

-TheMt. Abupluton hasprovento be temporallyconnectedo the Seychellegranitoidsaswell asrhyolitesof the MIS
(771-751 Ma). Thisconnection,together with the ultramaficmafic Punagarhand Sindrethcomplexescoevalwith
Abu,agesof 761+ 16 & 767 £ 3 Ma; VanLenteet al., 2009 that are thought to havebeenformedwithin a backarc
setting, make plausiblethe proposedAndeantype arc (includingSeychellesindia and Madagascar)on the western
margin of Rodiniaat ~750 Ma. Furthermore,palaeomagneticdata (Torsviket al., 2001) place Seychellesand MIS
granitoids adjacent(within ~200 km) to eachother during this time. It probablethat the Mt. Abu pluton was also
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