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stecply dlpplng rev erso Iaults reachlng lhe cru st -man tle boundary , lh e
assoctated c-ustar rcct Is smelte r.Contrecttc n ln an orogen Is essccteted wlth
rock and surface upUft and çtves rtse l o lh e creatl on of reuef. For lh e
thln -sklnned sty le, lhe croqen typlcally has a low topographlc gradlent , wnerees
l he tbt ck-sk lnned contr ect lonal styl e Is IIkely to cau se rapld surface upl i ft and
slgn lflca nt rener ln lhe gro wlng oroge n.
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lhe klnematlc styles by whlch the contlnentalllthosphere deforms durlng
convergent tectonl cs are hlghly varlable on 2111 sceles. ln some larg e-scale cases
stra ln Is locallsed anta narrow zones of creccmtnanttv sim pIe shear, Involvl ng
some form of locallsed weakenl ng processoThls could be synkl nematJc and/ or
Inher lt ed from pre-e xlstlnq feet ures. ln contrast, other deform atl on ecoes are
broad , ln the se, st ra ln Is dlstr lbuted and, on a large -scale, can be descr lbed as
broadly near cc -extet verti cal stretch lng . These stralns are com mon ly part ít loned
preferentlally to particu lar ptaces wlth oroqen s, resumably ln respons e to
ori ginai vertattcns ln the stre ngth of conti nental Ilthospher e at long wavereoctns.
These dl((erent styl es may reüect lnherlt ed att rlbutes cr the cont inental
hthc sphere, such as the fluld ccntent, th e presence of spaced, weak l ones (e.g .
inheri ted faults) or varlatlo ns ln the eontrast ln t he homolagou s temperature 01
th e deep crust and upper mantle. Ther e are also varlatlons between
sedlm ent ary cover and basem ent - larg ely reflect lng cont rasts ln water contento
However, ali of th ese attrlbutes may evo lve durlng the deve lopment of orogens,
leadlng to varlati on ln locallsat lon behavlour through t ime. Individuai domains
withln oragens may show evolutlon tn st ructural styl e whlle at the scale of the
whole syst em , stra ln part lt tonlng may vary temporall y across an orogen .
Strength var lat lons may result (rom translent hydratlon or dehydratlon withln
crl tl cal llthospherlc leveIs or, perhaps more commonly, evo lutlo n of the th ermal
structure of the deform lng Ilt hosphere. The response of dlfferent mater iais.
espedalfy the contra st betw een basement and cover will vary lnsta nta neously
and as rocks move through PT space. Long -term heatlng through burlai and
Insulatlo n wlll weaken deeper erusta l levers prom otln g bulk ductlflty.
ConseQuently Individuai t ract s of cr ust invofv ed ln many moun ta ln ranges evolve
through localls ed th rustlng (narre w weak l ones of predomlnantl y slmple shear)
to broader belts of deformat ion wllh ln whlch earller , localised structures are
rewor ked . However, eroslon exerts an extr lnslc contro l on bulk stra ln
dlstrtbutlon th rou gh dynam lc remova' of topograph lc loads th at act agalnst
horizontal compr ession. Thu s Int rlnslc explanatlons for straln localisatlon need
not be sought - though they ma y be consequentlallv IInk ed to rapld eros lon . Thls
dlscusslon Js lIIustrat ed by examples (rom lh e Alp lne -Hlmalayan belt and anclent
orogens.
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Greenschlst to sll llmanlte grade quartz ·rtch metasedlme ntary rocks exposed at
lh e top of the Grea ter Hlma lyan Slab ln the Rongb uk to Nortn Coi reglon of the
Everest mas slf are characterll ed by Type I and rI aoss·gird'e quartz c-axls
fabrlcs Indlcatl ng approxlmate plaln st ra ln cond itlons . Fabrie openlng angles
progresslvely Increase wlth depth beneath the ov erl ylng lhotse detachment and
Indicate lnereasln g deformat lon temperatures of 525 -625 ± 50 oe at deplhs of
300 -600 m beneath the detachment. Oeformation temperatures of ta . 450 oe
are Indlcated by fabr lc open lng angle s ln ep ldote-amph lbo llte facles mylon lte s
located closer to t he overly lng deta chm ent . A top down-t o-the north (nor mal)
shear sense Is Indlcated by the asvrnm etrv of mlcrestructures and c-axis fabrics,
but th e degree of asymmetry Is low at dlstances greater than 400 m beneath
the detachment , and slll lman ite gra lns are drawn Into adja cent eonlugate shear
bands but stlll appea r pr lstin e, tndlcatl ng t hat deforma tl on occur red at dose to
peak metamorph lc temperatures.Mean klnematle vortlelty num bers (Wm) were
lndependent ly calcu lated by three different anal yt lcal methods. Calcu lated Wm
values range between 0.67 - 0.98 , and Indlcate that although a slmple shear
com ponent Is generally dom lnant, partlcul.arl y ln greenschlst fades mylonltes
abov e the detachment . th ere Is a so a majOr eomponent of pure shear ln
samples locate d at 400 -600 m benea th the detachment (p ure and simple shear
make equal contrlbutlons at Wk =O.71) . lhese est lm ated Wm values correspond
to pure shear components repr esentlng 53-13 % of lh e tota l recorded
defor matlon. Wm values trom th e top of th e Greater Hlmalayan Slab will be
compared wlth vortldtv estlmates for samples collected (rom the cent ral and
lower seetlons of th e slab on the Nepal slde of the Everest masslf durlng 200 3
fleld wor k.Assum lng plane stra ln deform atlon , and taklng Into account Wm
values Indlca ted by the dlfferent vortlclty methods1 stretches of 10-40% para lle l
to the flow ptane/transport dlrect!on are calculateo near the to p of the slab. and
correspond to shortenlng estlmates of 10-30 % perpend icular to the flo w plane .
These data, ln eomb lnatTon wlth sim ilar estlmates for vort lcltv of flow alon9 the
base of the slab ln northern lndla (Grasemann et ai ., 1999 ), l ndlcate th at pure
shear compo nents of defo rmation may have played a slgn lfi cant role ln extruslo n
and exhumatlon of th e Greater Hlmalayan Slab .
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Peter '
1 - CNRS
2 - Grenobl e Unlver slty
3 - Unlvers lty of Savoy
Keywords : cont inental compresslon; th ln -sklnned; ero slon ; Hlmala ya
lhe kln ematlcs and rates of dlsplacement along slngle (aults of the Outer Belt
and through the whole thrust belt of the Hlmal ayas of Western Nepal have been
estlmated by struetural fleld work, balanced cross-sect!on s, flu vlatlle terrace
depo slt studles and geodesy . 15 +/ - 2mm / yr short enlng perpend icular to the
trend of th e Western Nepal Hlmalayas Is deduced from GPS geodetlc studles,
compatlble wlth elast lc str aln accumulatlon . Thls surlace shortenlng would be
Inducecl by 19 mm/ yr sllp rat e at dep th on th e basal deta chme nt beneath th e
Great Hlmala yas whereas th e detachment Is locked beneath the lesser
Hlm alayas . l n th ls outer zone, mo st of the dlsplacement pre sumably occurs
durln g mal or seismlc events, and the 2.5- 5 m thrust movements observed
locall y for mbrtcat e fans tha t branch off the maj or th rusts of lhe Sub-H lmalayas

couto reflect surflc lal rupture dur lng these events. Durl ng the Holocene( the Maln
Frontal Thrust (MFT) Is active, but portfcns of lh e plggy -back thrusts o th e
Outer Belt etsc show eptsodes of act lvl ty that vary from a few meters to severa!
tens of meters disptacement . The rene of MFT short enlng versus tot al Hlmalayan
shortenlng varies lateralfy from 1 to less tnen 0 .5, and out -o f-se quence
thrustln g occurs behlnd lh e MfT, ln the Sub-Hlmalayas an d posslbly ln th e
Lesser Hlmalayas. l he total shorte nlng rate through the Hlmalayas cr wester~
Nepal slnce the Mlocene Is 19 mm/yr wlt h uncerta lnt les that are respectlvelV '
6 and 5 mm/vr for present -day, Holocene and long ter m shortenlng ra tes . Thls
catt em of er'Sod'C out-of-se~ence reacnv enc n nts ln wlth the evo lutlon of a
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glacial cvcre Is also dlscussed.
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1 - UNESP, Rio Claro-SP, Bralll
2 - UFC, Fortaleza-CE, Bra l ll
3 - LENEP, aecaé-nj , Branl
Keywords : st rarn partltlonlng ; duct ile thrustlng ; ccmstco tecton lcs; oeec crus t :
Brasllla Belt
The Guaxupé Syntaxls Is a regional th rust wedge fro m the southern Brasllla -be lt
that reco rd the colll slon of the São Paulo Block to east onto the 5a nf ranclsco
Paleocontlnent dur lng th e neoprotero zolc amalgamat lon of West ern Gond wana.
Paragneisses, quar.zlte s, ort hognelsses, mlgmatlt es and granulites exhlblt a
wldespread subhorl lontal foUatlon and frontal str etching lineat lons wlth low dlp
to the SW. Straln analysls. uslng Fry and Rf/phl methods, und erwent in 120
samples of gne lsses and quartzftes help und erstandlng how local deformatlon
accommodated larg e scale th lck-sk lnned tecto nlcs. lhe anal yses of the stra ln
ratlo for dlstlnct mfnerals ln each sample Indlcates that the quartz exerted
strong rheolog lc Importa nce for shear lone development, better aceomodatlng
the regional st ral ns ln rel atl on to feldspars(,that does not show substa ntl al stra ln
va rlatl on among samp les wlth low and hlg deformatlon . Quartz Is alwa ys more
str ongl y or lentated, stretched/flattened (as rtbbo nsl and reerys talllsed than the
feldspar porphyrocla sts, hornblende and blot lte . Oe ormatl on fabrlcs reveal a
heterog eneous gene ral non -coaxlal flow wlth an alte rnatl on between slivers,
where elth er coaxial, or non- coaxlal deformatlons predomi nate . Hortlons of
oblate straln elllpso lds and quasl -coax lal deformatron are domlnant and t hey
comp rlse gran.oblastl~f btastomylonlt lc and symmetrlc, f1attenlng type fab rlCS (5
and Sl tectoOltes) wltn low stra ln ratlos and low klnemattc vortfdty numbers
(Wn < 0 .25) . The vertical flatt enlng of rock sllces ln outcrop scale, whlch would
theoretlcallr, prom ote crustal th lnn fng

r
Is explal ned by the Increaslng weight of

the th lcken ng crust and was regional y Cf'lmpensated by crus tal overst acklng .
These horlzons oft en preserve hlg...·g rar' .l etamorp hlc assemblages and the y
represent lenses of deep crustal r later whleh were prot ected from hydr at lon
dur lng cootlng and exhum at lon te hlp' leveis. Interl eavln g those packages
exlst narrow sllvers of predomlm ti· on-co axla l deformatron, hlgh shear
st ralns hlgher st raln rat los and ; • .nP"':íe fabrlcs (Wn between 0.25 and
0 .75). They record strong dynar ,./ fs tal llsatl on, retrograde metamorph lsm
and repr esent glld lng sur-faces v ,lave concentr ated dlfferentlal motlon
durtng A-type subduetlo n along .eh the former and much thlcke r sheets have
been displacecl and t hrusted to• .•gher crusta lleve ls.
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ln th ls abstract we dlscuss the stru eture ln tw o reg ional cross·sectlo ns sltuat ed
on th e southern 11mb of th e struet ural dlvergence ln the Paralba belt
southeastern Bralil . Str uetura l data coll eeted alon g the uoss-sectlons ln th e
deep leveis of a hot and part lally molte n tr anspresslonal oragen, suggest that
tangentlal motlon parallel to lhe oragenle tr end was eceval with
ext ensio n-parallel foldlng . Overprlnt relat lonsh lps also sug~est a prot raeted
hlstory of tra nsversal shortenlng st ral n. lhe stabll lty slt uatl on ln wh lch flat -Iylng
decollements are act ive and coeval wlth ext enslon ·parallel foldlng requ lres
relatl vely low va lues o( accumulat ed ort hogonal short enlng . The sltu at lon tend s
to change wlth advanclng convergen ce and the dlm ln lshlng of lhe area at a
determ lned str uetural leveI ln the orogenlc pile. Increas lng short enlng
deformatlo n may reta te the fold limbs and create axial plane folia tlo n.lhe
ov era1teffeet Is to Increase axial surface anlsotropy at an orten ta tlo n that
tran scurren t/transpre sslve mot lon ln subvertl cal f10w plane s Is facllltated . Th is
may lead to a fund amental geometrlc change ln the styl e of orogen· parallel
motlon ln obllque converg ent orogens. F1at;;jylng transcurrences have the
tende ncy, by extens lon -parallel foldlng, to be replaced by subv ertlca l
tran spresslve shear belts ln the structural evolutlon . Hence, changes ln
geom etry lead to changes ln th e klnematlcs of aceommodat lon oí
oreg en- parallel motl on : at an eartler stage , ro tatl on axls of duetile deformatlon
were subhor ll ontal and at hlgh -ang le to th e orogenlc marg ln ; at a later stage,
wlth Increaslng shortenlng, stee pty dlpplng transpresslve flow planes havlng
subvertical rotatlon axls.Aet lve tr anscurrent motlon on flat ·l ylng shear zones
durlng convergence requlres a mechanlsm to prevent changes ln area at a
spedfic leveI of the orog en. We belleve that ma gma generatlon (an atexis) and
em placement may pro mote the requl red prerequ lslte. Magma may generate
str aln soft enlng fad llta t lng orogen·pa rall el sheartng, and dllata tlonal stre sses,
facll ltatlng both orogenlc -paraUel motlon and vertic al ductlle stretchlng . Thls
would lead to tr anslent str aln reg ime s and also to a complex vertical str aln
partlt lonlng ln order to malnta ln space compatl blll tle s ln th e crus tal column . Thls
dynam lc process may prom ote th e requ lred boundary condltl ons for the
empta cement of subhorllontal bodles of magma tn converg ent envlronments
durlng th e exhumatl on of hot and partlally mol ten terranes.
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