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Chapter 1 

Introduction 

The s\lggf' stioll of Da.lli(~ls Pot ;d ., {HH):l} that tlJ('rtllo l ll!llill(,.<ic(~ IKt· (TL) could be u.sed for 

geologicid and al'ch,wologicai ag(' (~ villuil.Li(Jtl provided i L s t illlu lus fo r h iL<; ic research oil t.h e 

Ilwtilodoiogy and appliciLLiolls of T L datin?; (Ai Lk!'!! t' t ;d. , I 9(H , !\'it'jd il-hl, 1%9). /J y the 

s("wlI t. ies , the method wa~ full y (·:,;tablislwd ,l-S <t ["(·liabJc· Ilwthod for dati ng poUt-ry and 

was also extf'nd(~d t.u ~wdiIlWllt.s hilk(~d hy hVil. flows . Dllrillg tIl(' !!lid ~wv(~[] li(!s, Huntley, 

Johnson and \·Vintle's stlldit":s Oil on".!!] *"dinwnt cores provitkd ('v id(~lIn' for iLn increase 

in TL signal wi t.h df'pLh which suggest.ed t hat, solar t'xpUSlln' canst's res(·tt ing of the T L 

signal for unlw<Lt.ed s(~dinwllts . This was followed lJ)' tlw dn'el(1)lllt 'nt of variOII.'> sediment 

dilt ing TL techniqll('s (Wint](' and III111th'Y, 198~; Singhvi d aL, 1 9 K~; Proszynska, 198a; 

Debenham and Walton , 1 DS:J) and tlwir ilppliciltioll to dak v;lri ollS typ ps of deposits, 

e.g., lot'ss, ma.rill f' sf'dinWllLs, dUlle sands, soih, lakt, st~d i !lwnts) nu vial sands, glacial dust , 

colluvium etc. With t lw adv{'nL of op t ically stinlll],ttl,d Illllli!}(-'sn'llce ( OS L) dating and 

infra-n:~d stil1lllhu~d ]umiIH-'sCI'nn' (IHSL) diLLin,£!; t t'l'!tniqllt'S in tlw Jai l.' 19ROs ) r<'iiilble 

da.t ing of poorly b]t~ilclH"d sl!di!IWllts (sediment!:> having n~("('ivpd a short pre-d('positional 

sun-exposu re ) is now achjl~ vilhk· . Tlw 111lIlil!(~s('('lln' llH-'tilods hav(' the pot('~ lI t ial to rev-
. 

olutior:ize QU<lternary G(~o("hrollo]()p;y as Llwy Cit-I! bt, llsl'd for dating it variety of ('arth 

surface proCt·ss('s an d sedillwlIls that \l'1'n·· cUllv(>ntionally l'()llsidl-~rt··d undiltable and have 

I 
• 
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a dating range of I - > :WO ka which is (olllplt~mt~lltary to tlw ra.diocarbon, U~series 

and pilit>OlllugllP-Lir dating lllethods. Secondly, tlte Imll i lwscel lc(~ lIH'thods involve anal

ysis of miut"rills cOllstituting tht·~ st:'dimt'nt.s, then-hy circlIlllventing problt.~ms associated 

with sample-strata corrda.t ion!'i. Finally, lumilH~!'i rt'n ce ag~s do HOt. r~quire calibration 

as is nt~ ("eSSiU'y ill rilciiocarbon di~ting. The present thesis aimed at dt~velopiug thermo~ 

ll1lllint~sn"llce ilnd infra.-red stimulatt!d lumincs("l'nrt ~ dating tt~dllliql lt~S for providing a 

chronology of import.ant. geological processes, viz., Ileotecto nic/palcost~ i sm i c e.vents, car

bonat.e fo rmation alld alluvial deposit ion p(~r i ods. Dating of nf'ot('ctonic/paleoseismic 

events is important fo r ("valuating t.llt' s('ismic ri sb il.'isociilLt'd with a par ticular region 

and ill predicting when major t·'arthqlliLkt'!'i (illilguitudl' > 6) iLl"{! lik (~ ly to occur in the 

futu re (I\ hattri, 1996). P(~dogt·' nic carbunat!' furmiltion and allu viu lll deposit ional even ts 

are good indirators of dimilt.C', notahly tht, pn'cipitatioll : carhonat('s prilll ilri ly uccur 

ill iirid ZOIlP.S of the world with iln <In nual ]In'cipitilt ioJl uf < 'lOO-(jOO mill (Cooke ct al., 

199:3 ) W!WI"('iLS l<uW~ idluvi ;t\ dt'pusition j.!;('llt'mlly \"t 'pn'S('ll ts iJij.!;h t"l" rilinf;dl (.'ianstJll t't 

ill., 199:2 ). As ('oll vt'n tionill ritdiollwtri c ll h't but!s h'l.vt' uftt'll IIt·(' 1I ftlll 1Jd to IH ' illapplica

ble hlld oCC<l.'iiu!lillly unreliablt', tlw ]In's( 'll t tlw-;is ('xplon'd tl](' poss ihil it. it's of utili zing 

tllf'rlllolll!lJiJl(~";c("ncp <lnt! infra-r(,t! sLi1l111laLt'd IUll1ilw~n'II("( ' (Iilt illP; lI]('tl1OtlS for d;1tillg 

t l1('st.' (' \I('IlLS. This dlilptt'r givt·s il bri(,f t!t'snipl iull uf IUlllin t'Sn'lH"t' dilt ing t{ 'cbniqups 

and ollLiinps t ilC' ('O llt('nL~ of the fullowing rhilplt'l"s of tilt ' prt~S t' ll l t1 ll'sis . For an f'xhaus

t ive revit'\\' of tIlt" iUlllillesn'Ilt.·t' IlI'OCt'SSt'S and dating technique's . t ilt' rl'at!f'1" is rf'ferred to 

Ait.ken ( 1985), Singhvi ami \Vagllt'l" (I ~}K!"J), Ikrgn ( 19S,,), Aitkl'11 (1992), Aitken ( 1994 ). 

1.1 L uminescen ce 

The emission of light (excluding bbck-hody radia t ion ) fl"oll! a substance !;;t lOsf'qll cnt to 

its excitation by ionizing radiations is t"idlt'd 1111nint 'Sn'l](,{"'. 'I'll(" stimulated luminesc~lIce 

process (';1.11 bt~ Poxplililwd in t('l"llIS uf th t,lJillld tlll'ury of solids (Fig. I. l). Exposure to 

• 
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ionising rad iations en'ate many fr(,t~ t~ lt'ctr(Jlls allt! ho l ~s in the crystal. Most of these 

fn~e charges recolllbillt", iJlst'~Ilt.ilJlt'OIl.'dy. A s111;dl fr;u'LitJII of tlws(' charges get trapped 

at lal.ti' l~ ddt>d. sitt~S (viz., vlIclIllcies, illt t~rsLitiill iLll d illipurity 'Ltmlls etc.) within the 

cryst.\ J. Thus, e.g., a. negative iOIl vacallt.:y 'lcLs a.s <til pJectron trap since there exists a 

loral deficiency of Iwgat.ive charge. Th t~ dectroll/hole traps ilre represented as localized 

energy levels betweell the conduct ion alld the valence bands. POI' iLIl d ect ron, the depth 

of the trap below the conduction biLnd is defined as the activation ~nergy (8). If the 

electron ilttt"mpts to escape s times per st>.cond , in the simplest approximation, the 

lifetime (T) of an electron in iL tmp (of dt~pth £) iLt the tPIllIH"rittllr(' T call ht~ expressed 

as 

(1.1 ) 

s is callt~d <:1$ the freqlwllcy f'lctor. T Ilt' t'it'ctfUllic lifetimt-'s iLt r(Jom t(~mpcr'ltu re call 

vary frolll 10-'1 to 109 years . Eventually, the trapped dl ;Lrgt·~s (\ 'kc trulls / holt~s) may ab

sorb thermal/optical f'l]('rgy and be n~lea.:wd into the cunductjon /valell c{ ~ lMlId . Some of 

thest~ charges mily recombine at il lumiIWSCeIlC(~ centre to t~mit light . Difrerent kinds of 

\um inesc(,llce proC\~sses ('xi s!. dt"IH~lldillg upon Oil tIl(' sourCt~ of stimulatioll vi z. , t lwrmo

luminescence (IH"a t ell<"rgy), optic,Llly slilllllht(~d lumillt'sCl'llct' (visihle light ('Ilt'rgy) and 

illfra.-re.d stimulated lumilwsn~IICf' (in fril-red light (·~Iwrgy). 

1.2 Thermoluminescen ce D a ting 

Lum inescence (TLj IHSLjOSL) Cilll ollly be used for dat ing pmticular events which reset 

the acquired lumillesc(,Il('(~ of the llllllint'scellt millerals comprising dw siUlipie to 2cro or 

a negl igibly low Vilhw. AftN t he n"st··tting \'V t~ llt , I'XpOSUrt' to natural r<tdio,lctiv ity (a, p, 

I radiations prinl<t.riiy" from 'n~ U s( ~ ri es, 'Hl'I'Il sl'ril's , ~oJ( ,llid rO~-illlic rays) builds up the 

• 
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thermolum inescellce \fW(,\ of the mint'l";tl s cO ll s titLlting the :;am ple. On ex ca vat ion, the 

thermolumine:wenl't' It'wl of it ~alllple i:; a lIl<'"as u\'(~ of the radiation dose abso rbed by the 

minerals si nce the rt 'st,tt ing/zl"roing (' vellt and can be expn'ssed ill t (~ nll S of the an llual 

dost'" ren~ivf'd by t.he ('o ll stillwnt. minerals of the sample and t he time since the zeroing 

event. The express iun for the tIWI'IllOlulllillesct'.llc(' i.tge C.tll be derived in the following 

way (Aitken, 1985). If L is the total therllloluminescence a.cqui red during antiquity, then 

L = L. + L, ( 1.2) 

where Ln and LI are t.lwl'llIo luminesct'Ilt't' compOllf'nts 
. . 

from t il(' .d pha and the al'l SIIlp; 

lightly ionising radia.t.ions (Lwt'l, gam III a., cosmic rays) ['t'sp\~ctiv('l y. III tll(~ simplest 

approximation, fol' t lw lint"11' I't'),!;ion of the grow t h ('1lI' \'(', 

L. = D. ~. A , L, = X,(D,A - I) (U ) 

XC'> and XI an' TL s{-'nsit. i vit.il~~ for alpha (tnd lightly ionising radiat. ions ( I)('t a , gamllHl, 

cosmic rays). Do i.uHI 0 / an~ ;uIIlU,L1 dose components for alph;t <lud light.ly ionising 

radiat.ions (Iw.ta, gmHma, cusmic ray:;). I is tilt' supmlill('arity illt(,!'t'cpt which arises 

because of competit.ion for det.rapped chargf's by tm])s whirh don't. g ivl~ ri se t.o lht:"n no~ 

iuminesc€'lIc(' (Chen and BOW Jllilll, 197/)). Tbis It'l'lll is mi:;sillg in the f'xpn'ssio!l for Lo 

sinc(' supralineiLl'iLy is ahsent for alpha pal't idt's. This i ~ lH'n~lIs(' t lj(' dust-' dC'positf'd by 

alpha-part.icles lips in iL very narrow (,ylindrical t.L'<lck (diilllwL('r '" 0.1 Itm) so t.hat. TL 

produced by Pilch lWW alpha-pill't.idt· is indt~pf'l}(h' llt. uf till' ex isting numb,,]' of tracks 

(Aitken, 1985) . 

( 1.4) 
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was firs~ given by Aitkf'll and Bowlllilil (1975). Thus, the determination of the thermo

lumiuf's(t'IH't:' age invoivt'S tht-' t ~V,dHat.ion of lilt' I~ai("mlo~i(>, the annual dose components 

and the illpha~t"fficil~ncy factor. 

TL dating (all be ll sed for d<lt ing three type's of eVt'nts, 
• 

VI Z. , (i) tht" most recent 

healing ewnt; (i i) tht" event of crys tallisat ion iLnd (i ii ) the lllosL reCf~IlL sU ll ~ bl eachi llg 

event. The present thesis conc.erns dating of ev<.~n ts rc·~Pl'l~se llted by cia .. <.;s (i) a.nd ( iii ). The 

following s t~ct i oll s describe procedures [or est imating the pideodoses in these instances. 

1.3 Paleodose Determination for heated objects 

The p<ll eodost~ is by tlw {'x pn-'ss ion P :;;; Q + I wll!'l't~ Q is t he l~q Llivid t' llt radi -

ation dose LhiLt indllces the T L It~V t ' l (·qua l to that of it natur,tl Sitlllp lt· iLnd I is the 

sup ral i ll f~a rity inte rcept. Tht" addiLivt' dost' llH't liod (AiLkt'll , 19 H,~ ) is W'Ilt'l"itl1y wit,d for 

est imating Q a nd I. In thi s lllethod, id ('lIt ical sll h-por t ions of tilt' StUll pit , ;ln~ used to 

l11easu ]'(~ the natural tht~rlllol u llliuesc(,ll(,(' Cflrs t. gluw'} a lld ll atured plus art ific ial ther-

llloluminf'scen ce. AfLer normalization, t llt~ tlwnll() l llllli\l(' ::; l't ~ llr (;' illtt'llSitit's ilrc plottcd 

versus radiatioll doSt~ (it t a part irllitLr telll pt'riltHrt' ) to form t ilt' growtb l"urv(', Extrapo-

lation of tlw growth I'm\'(' to tilt-' X-axis gi w s tiw Vilh w of q, t lw t'<[uivah'nt dose, To fiu d 

the sup ra lilll>a rity int.ercept , a second-gluw growt h curw is ronstructed by giving ViH-

ious lWlil doses to di frl'n~n t. portions used for dt'Lt'rmill ing lIilturill t l)(> rmolum i n(~sccnce 

intensit ips ilnt! ploUing til(' resulting T L (,second glow') int t'lls itit's wi t h radiat ion dose. 

The intercept 011 tilt' X-axis givt"s tht" val 1l t:" of ti lt' s li prali nt';u-i ty intercept. However, 

thi s procedurt' for finding I is on ly va lid if no changt! ill TL sensiti vity oc.curs between 

the first glow and second glow . Su b::it'qu(-'ut ly, equiva!t~ lI t dost's iLn d sllpmlinearity inte r-

cepts ilr~ eval uated at various t(·lllikriltu]"t-·s iUld iL ploL of pa lt ·\)t! ose with tC:'mpcrat urc 
. 

is cons tructed . Ho\\,p:ver, in fin t-~-graill dilLillg, til{' a- \'ahw is ,Ll so ('v,dllated ,lt various 

temperatures <t lld TL ages ,LW plottl'd with t(~ llll)('ratllrl'. A pid('odos t~/,\g(~ pl 'lteau with 

G 
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temperat.ure ill the 250-400°C 
• 

regIon suggests th'Lt the TL sign,d in this temperature 

region has probably remained st,lble over the sample's geological history. 

1.4 Paleo dose Determination for sediments 

Whereas during heating the sample's thermoluminescence get.s completely zeroed, there 

exists a residual ll~vel of thermoluminescence (1 0) even after a long duration of sun 

exposure (few days). Thus, the natnn:Li TL of it sf'dinwnt s(ullp l(~ (lHud consists of two 

componellts, 10 , tllt~ remna.nt TL on ' dt>-Jlosition and 1,/, the TL acqtlirt'd by t he sample 

after deposition: 

In terms of dose units, this t'([lmLion C<tll b0. \Vrit t{~n as IJ = 1\, + q tlw paleodose and 

Q is the equivalent dose (dose ;Jrquirt'd by the sedinwllt sample since deposit ion) . Thus, 

the age equa t ion tak(~ll the furm 

( 19) 

Various methods ca.1l hp I!s('d for dt~it'rlllilling Q. III tlt(' total bleach technique (Singhvi 

et al., 1982) , a v,lriallL of til e additiVt, du.'oW terhniqlw, it is assl.lllwd Lha.t the sed iments 

were blf'Mhed for (1 long period of time ( ...... f(>\V <lil)'S). The v;dU(~ of P is determined as 

in the additive dose tt-'chniqlle. To find Po, sOllie sub-portiulls of th{"~ sample iU"C exposed 

to natural sunlight for > 6 hulll's whos(~ LlwrllloiulllinesCt"'llCe output gives the value of 
• 

7 
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Q = P( l - R) (1.10) 

The I,ol,al bleach Ilwthod ha:> b ("t~ 1l sH(n'~s ful ill datillg ~ ( ~d jlt \t·Jlt.s sut:b il..S loess and 

d une sands. The r egenerat ioll m e t h o d s ( P roszY lI ska, 108:1; 1)(:hl: nhilB1 alJd Waltoll, 

1983) have also bef>1l used for dat ing well bl("ach(~d samples. Various sub-portions of 

t he samples are sUllbleached for> 6 hoUl's a nd then giVf~Jl b(·ta doses to const ruct i.t. 

regenerat.ion growth <.:urve. T he natural intensity (inud is projc-'ctt:d oll Lo this curve to 

find tht" v.due of Q. Th is nwt.hod is valid oilly if the s(,ll sitivity of th{~ silmple rem.tins 

unaiLer("d on stlllblt-·arhing. 

Both thf' Illf'thods desrr ilwd ahov!· iln~ lIL iliYt··d for d;tt illg wI· II ld(',ldwd s(·dillH!IJts . 

However , fo r st~dill1ell Ls (-'xpus(~d to Sllldi~ht for vcry shurt. lH'riods (( .. g. wi~t(' r- iJ(JI'IJ(~ s( ,di 

ments), one need::; to resort to tlw pa r t ial b leach ll1etlH.Jd (Wi llti(' ,lllt! 1I1J1ltl(:y, I~J80) . 

In th is method, glow curves of some portions ,Ire 1lI1'iLSlln~d aftt·J' <tI'tificiid irJ'iulihti(JIl, 

whil e another set of po rt ions ilrc-> giVl-'ll a short sHIJ-blt-ach itfte r il'l'ildiittioll IH·fon· !(H:a

suren1f'llt. T he illtersection poin t of tlw two CIlrVl'S (N + lwtil, N + 1)I~t it + S) givI~s the 

equ ivalent dost' vidue . This nwthud it.SSUll](:~ S th ilt bl(~i:l('hing j'('lll UV('S it giv( 'JJ fraction of 

the bleachable T L. l-I ow(~V('r, in rea lity, this assumptioll mity not 1)(- s,ttisfit,d, esp(~ciidly 

for sillllpies exh ihiting s t~cOll d o['(lt~r kinetic 1wliaviolll·. ALso, sinn· tIlt' llH'thud invulvt~S 

ex trapolation of two growth ('\lrv(~s ilnd \'!·Iies OLL Sllhtnu:lioLl of tW{) </\l'llLt itit's, it is 

genera!!), inapplicilblt· for !-iaLllpJt'S \liLving LJiiLuril\ T L in tIlt' Siltlll'iltioll rf'gion (Aitken, 

1985) . Errors OIL Q vahlt's will abo 1)(' brgl'r in ('olllpal'i!-ion to tllt' n·g(·III' J'i.t tio!J ,tnd 

total bleach !llt"thods. To (-'l lSJl n~ (,hat tl[(> lahuratory bll'ilCilillg LillH' hiL<.; \lut ('xceeded 

the b le:aching time: be.fon~ tlt 'positio ll, it is gt~n(~ l'ally n~'cO!llllWlld( 'd that Q 1)(' d ett~ l' mined 

for va rious bleaching tilll es to check foJ' it. plilteau ill Q . 

• 
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1.5 Annual Dose D et ermination 

The i.t1lllll<l 1 dose {'OIllP01H:"lltS (';tll lw t'stilllaLcd hy lll t'asurilig t. ht· ('olln'ntratiolls of potas

sium, uraniulll ;lllt! thorium ( I~ , U and Til) in Lhp. Sillllplt ·. Tilp.'>t· plelll~Ilt.;d concent.ra

t ions art"'. lI sed along with the 'illfini tt~ matrix' assuillption to evaluate the allil ual dose. 

In the linfinite miltrix ' approadl1 it is a.sslllllcd th<LL ill a volume with dimensions greater 

than the range of the a, {3, 1 radiation s and cosmic rays, conserva tion of energy will 

imply that tlw ra Lt~ of energy absol'b(,~d per unit lIl<tSS is equal to the rate of ellergy 

emitted per un it mass p rov id(·~d that rlldio(lcLivity p(~r UlliL Illass and t he absorption co

efficient per unit. llIa."s is constant OWl' Liw SiUllPI (~ volulll(-" 'I'll£> Jattt!1' assumption may 

not be alwa.ys silt isfied. For e.g., in (a~(' of qnartz inclusions in poLl!"ry, the day matr ix 

essenti ally supplit"'s all the ra.dioactivi ty w hl~rea.s quartz, wbose TL sl'nsitivi ty is tLt lcas t 

an order of magnitude higlw l' th,UI the day matrix is 1l1os tiy fn '(' of rad io:1CLi vity. T his 

leads to an inhomogeneity in idpha dose which calls for till' USt· of nnt~-gmi ll /quartz ex

clusion tt"chniq lll' ( Aitkt:"lI, 198.1) for a ).!;t·· d t· tl,·nninittioll. '1'\(' 1l1i lH'ra l il1c lllSiollS such a .. 

zircoll, apatitt~, J\ -fl'ldspar also ]'(-'sul t in inhUlllOg{'n(!ity of ili lotllt' r kin d. In holllogeuei ty 

t"'ffeets also ilrisf' wht'll water is pH'sf'n t insid(~ Llw soii/slH'l'd /st'tiinl(' ll t matrix . Th is 0(> 

curs lWC;:LUSt·' COllljHln"d to pot t t' l'y /sedinwnt constituents, Wi.LLt'r 's absorpt ion codficicnt 

per unit Illass is high!"r by approximCLIt>ly !)O% fo r alpha particll>s, 1.1% for Lt'tiL particles 

and 14 % for gamllla radiatioll ( Zi Jll ll lt~r lllall , 1971). Thus, r or rerLioll facwrs Jl(~{ 'd to be 

applied to th t~ annual dost" (OIll]ltHlI'lltS. III this tlwsis, Zillllllt'l"Ilmn 's corn'cti o ll fonnu l;:LC 

(1971) were 11S('d to t'stimatt~ tlw 'wd,' i111 11111t\ tlOS(' t"OIIJpOllt'llls. 

TIH" evaluation of iIllilual doSt~ hy till' 'illfillite Illatrix' approach ami tilt' TL age 

equation asslime that tilt"! radiolludides "l:~lJ, 1:l"lTh and tiJl'i r dallglltt' rs are in equi librium 

and no changp in K COlKelltratioll OC('lII"S siuce tlw 'zeroiug ('vent" thus ensuring that 

the annual dOf-if! n~llJain s cons tan t. HowPv('r, d isf'quiti hriulI l ill till' nsU ana 13·lTh series 

call OCCIII" ill t'p r tain sit l1at i o l ls. U, Til , nib ("illl 1)(> 1('ilC ill,d (jIlt hy lWJ"colit.ting grou nd 
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wat.E'I'Sl (-'specially in coars(>-gra in depusits due to t llt ~i r g rt';~t(~ 1' perlllt:'ability compared to 

fi ne gra i ned depos i ts (Oerg(,l\ 19S5). Dis(:qu iii bl'i U III C <HI alsu occu r in sLed agm i t ic calci tel 

whf' re u ranium is illrOrp0rilt,f>d illt.o (';:dcillm carilullat.e at. fonnati(Jll without. t hor ium. 

Radon l o~s (t·s]J(,cially '111n.1) with i.L half life of :3 .8 tlllYS) can i.d su ("lUS(' di:-;e.quilibriurn in 

the decay se ries. Bl"'rgt>1' (t988) suggested t.hat. this loss i::: probably must. important fo r 

waterl aid deposits exposed to eh'Lnging \V,LtCI' labl t~s or conducive to percola.lion. Recent 

studies by Prf'scott etnel Hu Lt.on (1995) on sedilllC'llls from variolls sites in Australia 

indica.te t.hat sites (~ xposed to \VeL conditions are most s usceptiblt~ to disequilibrium 

effects. Prescott ,md I-Iuttoll (Inn.')) obtained littl(' or 110 t'vid(,I)(,(, for di~eqllilibl'ium in 

aeoli'lll dune systt'lIIS. 

1.5.1 M easurement Techniques 

Various techniquf's exist for dt,terminal,ioll of tht· itnnual dost, {,()1Il1)()Ilt'IlLS . For a ddiLil('d 

In th is the·sis, the uranium allt! thoriulll concentratiolls Wt'!,e' df'tt'JTnilwd • 
uSlIlg 

the thick SOU IT!" alpha cOllnt ing tl~chlliqllt-'. Sillnplt ,s Wt~r(' crlls lll'd iLlld tiwil kept on top 

of a ZnS scilll.illatioll scr~ell (dianlt-'tt-'l" 41 1ll!ll) placl'd Oil top of it phul.omull.iplim· tube. 

Each <llpha pclrl.idt-' prod \Ices scilll.ilbtiolls which is )"('gi st(,l"t'd <t." an (-,I<:ct ricill puis!" at the 

anode of the PMT after cUllplificatioll lind is t!ten cOllllted by till' J)ityun'<d< 582 alpha 

cOllntf'!'. Tlw major itdvilnlagt·s in \Ising this tl'Chlliqllt' art': (i) s" lIsitivily to alpha.s 

being much larg('r t.han !Wl.'t/gilll1l1lil radialioll ,lIld (ii) its low cost. The background 

c.Ollnl.-r<'lt(~s wt-'!'!" l.ypically '" 0.0,1-0.:1 coullts/ks for a collnl.ing an'it of 1:1.85 cm2. 

The f'stimal.iOll of potassiulll Wit.." \ll'ldp. using a 3' x :3' w(~11 t.ypt-' N,d ('1'1) scintilla

tor coup led to prp-a lllplifit>r ilnd lillf'iU' alilplifit~rs and iL IIllllti-chitlllWI analyser. A small 
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energy wind ow around lAo MeV was used. For SO IlH.~ satllpl(·~s, Lil e potassiulIl concen

t rat ions dt'lf'nnincd by gmllma.-ray spt'ct ronwLry w(~re compared with thosp. obtained in 

situ u::;ing the 4-challlld Portable Gamllla- ray Spl'ctrOIllt'tl'.r (AiLk(-~1l 1985) and atomic 

absorption spt"ct.romeLry (A AS) . Potassi ulll concentrations detenlli!wd using these vari 

ous t~~chlliqll es wel'l~ fou nd to be ronsist~'nt within errors (5%) . TI\(·~ cosmic-my dose was 

assumed to be 150 II Gy / a (Prescott ilnd Stephan (1981)). 

1.6 Infra-red Stimulated Luminescence Dating 

In Lh(-'rmolulllin(>s("t~nn' da.t.ing of spdillll'Hls, 'l miljor diflirtdty Mist,S in the (~Valu iLti o ll of 

the 10 and thr.rp.forf' in t·'sLinlilt ing Q. This occurs l)(,c<t1!st~ ht~'ltillg t lH' samples releases 

electrons from both the light st"'nsitiw trilps <llHI tht~ light illst'nsitiVt'~ traps . In Il<lturc, 

bleaching due to sunlight only e victs ell'ct.rons from t.1H' light sensitiv(, t raps. T his can 

be replic i.lted ill Uw lilboratory if light ('lwrgy is utilizt,d fur stimulating tlw .sample . In a 

classic pap(~ r, Huntley 1"1. aI. , ( 1985 ) n'po rtt·,d Oil t.1lt' ;lpp li(" ;~ti()ll uf IllOll()("ilromat icgrcell 

laser light. to l"f'sP.l it rapidly bleachable optically still1\dated hll11illE'Sct'IKt'. All argon ion 

lase r was used for (~xcitation of til(' g,unpl(' . Tlw PM'I' wa.s h("iwily filtered to differentiate 

between the exci ta tion and ('mission wav(~lellgLhs (blll<,/ viu lt,t) . b ,I\ ! ,ltteillpt ilt d ,lting 

sedimentary deposits using OSL, lIunt.ley dilL, (I9S,i) found th<~t t ht~ luminesc(~llce 

Sigll<d increased with d<"pth in t.wo gt~ulogicill seqU('IH."t:'S spanning 0- 700 ka (Sout h-ea.<it 

Australian bf'aeh du!ws ) and 0-6 ka ( British COl! llllbiiLi! soil hurizolls) . The ilddi t ive 

dosf' mf'.thod wa.<; u~('d to t>v,dWlle t.he pa!t'odos(~. As 1ll('ntiOlwd ,lh()v(', t!w stimulation 

signal could rapidly hl(~ach t!}(~ Illmint"sc(>!]('e signal. 

The OSL dat ing technique i::; itd va.iltag(~uu.s in colllllilrisoll to it.s TL counterpart 

in the following \\'"ys : (i) it llegligibly low post- bl(~aching )"(!sitiuai signal (Iq ""' 0) which 

make-s it feasible t.o date poorly blf'adwd sedilllt'llb, (ii) 110 rt'qui!"(~ Jll(~ !lt of Iwating means 

thclt ('xpp.rinwnts call be p<"rforll1ed rapidly and simply a.nd with improv(~ llI('~lIt in SIN 
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rat io, (iii) avo idallce of SPUriOIlS T L illld thermal quenching l)]'on:ssf'S and access ibil ity 

to elec.t rons residing ill de-t·,p t r<~ps. Also, Si ll C~ thf' tndhud involves no hei~ling, there 

exists a possibility of dating millemls (e.g. orgilllir t"OlllPOllllds, gypsu m) which undergo 

a pha..<;e change on ill"'ati llg. 

In 1988, HuLl et al., n~ p ortt'd tht': p reSt~n Ct·: of a. st rong l"t'sonance ill the st imu

lation spedruill of K-feldspars ill the l"t>gioll 750- 1000 Illll. Thi~ infra- rf'd st imulated 

luminesce.ll ce (IRSL) wa.<; eV(~ ll t liall y used for di1t ing sediments. 111 c.om parison to Green 

Light Stimulatf>d Lu minescence (G LSL), IRSL is bett(~r suited for dating because of : 

(i) iLvailability of i11arge wawkngth hand for tit ,tt,t'lio ll rt 'sldling: in t'nhiLllced .~;t'llsiti vityj 

(ii) faster blf'{lching, so it low!'r 1(, <llld (iii) its dlt'ilpt'r cosls (Ailkt·]1. 199-1) . [l1ItL et aI., 

(1988) have proposed iL modt·'l to {'XllliLitl lhc' IHS I. llH'ch:lnislll ( Fi p;. 1.2): t,]t'clrotls are 

rai sed to excited sl.alt's under IH st illllliation ant! thell arriw iLt tilt· t"onductioll biLlld Oil 

absorbing thermal t'lwrgy from laLt in' vihmtiulls. Somt' of tllt'lIl ]"('collli,illt.' with holes a.t 

rpcombina.t ioll ('t'lItrps to t~mit infra-n'd stillndat(·t\ hllllint'sc·t'lln·. IHSL is thlls strongly 

df'pf'udellt upon tpJ1lJH' ratll l"t'. 

In IRSL diLting, thc~ p;d(,t)(lo~w is usually lktt'rmilH'd hy LIte' ;ulditiw' dost · lIwthod 

or t.ht' regellp.l"<Ltioll mp.lhod. Aitken ,Uld X it~ ( 1992 ) !"t'Wlll I l}t 'lld t Iw lISI' uf tilt' Sll btractioll 

techniqup wlwr(' the value uf the IHSL illlt~nsity aftt"j" a long Lilllc'-intt 'rv,d ( ....... 200 s) is 

subLracted from .dl lllSL inlellSiLif's for .tn ,ti iquot . 'l'h is elillliualt'.s signals frolll S('ilLtt'l"cd 

IR, PMT dark ("Ount and ;Lny '11il l"d-to-hl t'ilch ' ('omponPlll which 1"{,llIilillC·'d unbleached 

Oil deposition. The light intt 'llsity of it short IH t'XpOS\ll"t· (short-shi lLl' ) of 0.5 or 1 

second is usp(\ lu nU]"lllilHze titt' ll~Sl. illlt'llSiLic's (niLtllral nOl"lllilliziltion) obtained on 

exposure for it longt'!" Linw illterv.tl (sltillt'-doWll ....... 12 s). ShilLe-down curvl'S (plots of 

IRSL intensity with dioti('. t'XPOSllrt' t illW) for aliquot::; with difft'l"I'ut amounts of artificial 

irradiat ion are cO llsLructl'd. Growtb Cu r v{'s (pluts of IRSL int('llsity with radiation dose 

a.t a particuliLl" expOSll]"(' tillW) it]"(' t ht:.n lltilizt·d fo]" ciLkltlilt ing pid t ·t)(los t"~s ilt each shine 
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t ime. T ht:'; paleodoses Rre the n plotted against s hin~ time a nd a shi ne-down pla teau is a 

good ind ication of t~mrien t. zero ing of t lw lll SL signal ilL d(~positi()n (Aitken, 1994 ). 

1.7 E rror estimat ion 

Esti mat ion of er ror in luminescence a.ges p resen ted in this t hesis was Lased on Aitken 

(1985). T he to t RI error in TL age consists of two parts : (i) random erro rs in estimation 

of paleociosej equivalen t dost', a-value, supral inearity intercept ami anuual dose and (ii) 

systf"lll atic.errors a.r ising due to unce rta int ies ill 0" (lml (3 source, ('( counter <llld potassium 

amtlyser calib rations, ])cmmw.tcrs nst"d in converting U and Th (ollC('ntratiollS to allllllal 

dost" components, d t~gn"e uf radon (-'5ca].l(" and unCt'rtain ty ill tIl(' water content. The 

random ("rrors in p,df'odus(,/eqllivalent. dnst· mostly ari.'w froll! curve nttillg. Counting 

s tatistics (in alpha ('ol lnting and pot.assillill dt't.t'rlllillitt.ioJ I) and vill"i a t ioll in scintillation 

effici(~n(y of 2nS S(l"l"'t"IlS llst·d ill alpbil. ("[Hinting ("ontribu tt' t.o rill\{lolll ('ITOrS ill alluual 

dose. 

1.8 Scope of t h e present t h esis 

T he pr(>sent thesis t~xpl()r('d TL iUld IRSL ditt'ing's po tt'!lltial for providing chronology 

t.o ge.ologicctlly signific;ult. proceSSt·~S viz., IH~otpcttl ll it:/p alt"oseisllli(' t'V(-~nt.s, carbona.te for

mation and alluvium deposition ("Jlochs. A review of t~ar!i(~r work carried out to date 

neotectonic/paieoseisillic f'vt"'Jlls i.s provided in Chapt.t"!r ~ . 

Absolut(> dating of (iWIt guugt-'S lIsing luminescence Ilwtl!odolugy has been a t

tempted for till' first. timp. Cbilpt(~r : .~ lwgius wit.h il hrit·.f n~ vit~W Oil (darliel" wo rk re\;lted 

to zeroing of the ES R. j TL signa l du ring f<lult. ing. Nex t , t.ile ilt.t.t' lll pt!'i llIild t~ ill t. he presen t. 

thesis to test the va lidity of t he assumption of 'ze roing' of the Ill!llil}(~Sn~nre signal during 
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faultin,g are Qt'srrilwd, '}'t>st.s all the stilhility of tht~ TL signa.! are also reported, Chapter 

3 concludes with a chronology of f'lldting eWllts ill the Lesser Hima.laya and discuss ion 

011 the implications of TL ages. 

A lumiuf'srf'IlCt' method of <liLting seislllitl~s is pn~sented ill Chapter 4. Lumines-

cence ages on st'i slll it.es from Spi ti V,lIley, Hilllarhal PriLdt~sh, soils d t~ v (~ lop(:'d on colluvium 

and uplifted rive-r termceS are prt~st'n ted ,dong with the implications of the luminescence 

ages in a re-gional con text. 

After a br ief introduction to pedogenic rilrbolliLtes, c\Jilpte r ,I) proposes a new 

luminescence method for d;lting ped ()g(~nic carhonilt.es . Application of this method for 

dating carbonatf's from various sites in Thill' Dt~s t> rt is al so dis(,ll SS(· ~d. 

Chapi(~r G reports TL iLlld IHSL ages of alluvium from Ch<wtang and Gh aggar 

flood plains, Haryan<L, and discuss(~S th(~ir paleoclimatic illlpliritt iolls. 

Chapter 7 sUllllllarizf's tilt" work ciLrrit.'d . 
out III tlJ(;~ prt'st-'nt thesis hllrl analyses 

the possibilities of fu t.u r(' l't-'s('a rch work. 
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Chapter 2 

Dating of Paleoseismic/Neotectonic 
Events : A review 

2.1 Introduction to Paleoseismology 

Earthquakes are one of the illOSt, cilt il ... <;trophic hlld deva. .. <;tating llittllra.1 hazards l~XI)cri -

enced by our planet.. In the United St.at(·s, devastitting eilr thquak($ in Ala.skit ( 1964 ) aud 

in Southern California (1971 ) created 'tWi1I'E'. IWSS <ullongst the IIOIH;cicntific comm unity 

about the need for research in paleos(~islllology. In India, the Himalayan arc (Fig 2.1) 

comprising a boundary between t\w Eurasiall and the Indian plate represcuts it zone 

of strong seismic activity. Pour great earthquakes, the 1897 Shillong ear thquake, the 

1905 Kangra earthquake, the 19:34 Bihar c<utilquake and the 1953 Assam earthquakes 

have all taken place ill t Ilt": last century. The Uttarka .. <;hi earthquake (magnitude 6.5) 

of 1991 c1a.imed over 1500 lives. Tlwrefore, it. becomes importan t to understand t.he 

mechanisms re:sponsible for producing ::;uch catastrophic earthquakes and their repeat 

frequency. This can only be possi blt'> if one understands the: past. behaviour of 'seis-

mogenic' faults to predict their future bdliLviou r (Crone, 1987) . During the last three 

decades, a new discipline viz., paleoseismology has emerged whi ch dea ls with the evalua

tion of age, magnitude and repeiLt. frt~quen(y of p.\.st. earLhquakes. These studies are also 
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significant fo r modelling stress (lCClI!l1uI<Lt.ion and release p<Lt terns along plate bound

aries. To es tablish a chronology of p,t\eoeart hquake-s extending beyond the eighteenth 

century, one needs to examine t he h istorical or geologica l records. However, historical 

records are mostly incomplete and are inadequate in determin ing the repeat frequency 

of large events (Crone, 1987), thus making it important to st udy t he imprin ts of the 

paleoeart hquake by examin ing t he geological record. An essent ial pre- requisite for such 

effor ts is t he development of new dati ng techniques fo r providing rel iable age controls on 

paleoseismic and neotectonic data (Crone, 1987; Radak ri shlla and Ramaseshan , 1992; 

Vittori et al. , 199 1). Towards t his end, an attf'lllpt was made ill t his t hesis to develop 

new luminescence methods for dating pal {~oseismi cf neotf'ctollj c events. 

2.2 R e v iew of earlie r work on d a ting of paleoseis
m ic and faulting events 

The general approach to paleosei~:m)Ological work has been the inspection of geologi

cal features created by recent eMthqll<Lkes and faulting events (e.g. fault scarps, folds, 

surface faulting, deformed sedi!lH"lltil,ry deposits, uplifted river and [wuine terraces) fol

lowed by examilHltion of oldf'r geomorphic feat.ures in the vicinity of thei r modern coun

terparts. Chronology of paleoeiLrthquakes is then E'stablished by mdiometricftrapped 

charge dating techniques. In what. foll ows, it revie.w of various techni ques used for dat

ing paleoearthquakes is present.ed . Rad iocarbon ages on charco;:d, wood itnd organics 

with in soils foun d in association with deformed sediment.s, liquefaction features and 

peat displaced by paleoE'arthquakes h;Lv(~ bePIl used to establish ,L chronology of piLle-

oseismic events and to estimate n'vp,LL fn.'qu('!lcy of eart.hquakes wit.h magnitudes> 6 

i ll Pallet Creek, San Andreas PewIt (Sieh, 1978; Sieh ei aL , 1989)) EI Asnam Pault., 

Algeria (Meghraoui et al., 1988), Salerno, Italy (Calderoni and Petrone, 1993)) Cen

t ral Apennines, Italy (Calderoui et al., 1990) and Arkansas (Tutt.le and Schweig, 1995). 
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Sieh et aL , (l 989) provide: evidence for a t leas t ni ne paleoeart hquakes during the last 

two m illenia and estim ated t he aven:tge t illW interval between paleoearthquakes to be 

'" 160 years. Tuttle and Schweig's (1995) results suggest t hat prehistor ic earthquakes 

of magnit ude 2: 6.4 took place at Bly thevi lle, Arkansas in t he past 6000 years. In 

Salerno, radiocarbon age brackets were assigned by Calderon i and Petrone (1993) for 

four la rge paleot".arthquakes, viz., 3.4-2.8 kit BP, 4.4-3 .4 ka BP, 6.8-4.3 ka BP and > 6.8 

ka. Meghraoui et al. , (1988) presented age brackets for eight major paleoearthquakes 

during the last sevt"n thousand years ill E1 Asnam, Alger ia. The average return period 
. 

of the paleoearthCJuakes (magnitude > 7) WiL.'> f:'stimatf'd to be ,..... 720 years. However, 

during a cluster of seismic evt"tlts , the repeat p (~riod reduces to 300-500 years. 

Paleoearthquakes h<tv(~ idso bf'f'll clatf'd using 1·1 C dating on mollusc and gastropod 

shells from seismically uplifted marine tf'rrares in Corin th, Gn'l' c(' (Vita Finzi and King, 

1985). The ages obtained Wf're ill the rang(~ 30,000-42,000 SF'. I!owever, tbese ages 

are perhaps underf'stil1lates of the ariual paleoe,trthquitke events. AMS ilges on the 

uncontaminated part of partially recry::; tallized shells were 41 ± 2.7 kit BP and> 42 ka 

BP in comparison with conventional radiocarbon ages of 31 ± 7 ka DP and 32 ± 7 ka 

BP respectively. 

The growth of karst spel~otIH"ms deviates from the original direction du ring large 

magnitude pal(,o(>iLrthqu<dH~s. Radiocarbon ages all carbonate minerals (travertiue, al

abaster) within karst speleothems have been llsed to indicate a '" 500 year BP paleoseis

mic event ill C rolta del Cervo, Italy (Postpischl (>t, aI., 1901 ). UjT h ages from Grot ta 

del Cervo show that seismic acti vity took place during the periods 350-150 ka, 110-90 

ka and 40-30 ka and < 5 ka ago. 

Several problc--llls are inherent in the a.bove studies. These are ba~i calty related 

wit h the choice of propf'r si.llllple for dating alld with the l'l e method . Diffi cu lt ies can 

occur in collecting stratigraphically undisturbed samplps (Waterbolk, 1983), thus making 
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it impossible to a..o:;soc iate. t ilt' datf'd sample with the paleoseismi c event. 14C dating 

of carbonates such as shells and speleo the lll s is problenlCLLic d ue to post depositional 

recrystallisation and incorporation of modern /dead carboll. Even for organi c materials 

such as peat, different organic frad ions from the same si.unple have given d ifferent ages, 

raising doubts on the validity of usi ng peat for radiocarbon dating (Shore et aI., 1995). 

The assumption that all datable materials have the same initial I'IC concentration as 

NBS oxalic acid standard / preindustrial atmospheric CO2 may not be true. This is 

termed as the ' reservoir effect' and necessary corrections need to be made (Geyh and 

Schleicher, 1990) to deter l1lin(~ the: trU(~ I 'le age, Radiocarbon ages greater than"" 30 ka 

cannot be cal ibrat.ed using coral dat.a/ dendrochronology. Moreover, despite t.he arrival 

of AMS dating, t he technique is lilllitt~d t.o dilting !'IiLmples young(~r than ""V 50 kil. 

I<-Ar dating 011 the day mineral fractions ( f~.g. illite, smectite) of fau lt gouges 

was attempted to estinmt.f' the timt' of faulting ill New Hampshire, U.S.A. (Lyons and 

Snellenburg, 1971) iLnd ill Austria ( J{mlik et aL, 1987). KfiLlik ct al., (1987) suggested 

that clay format.ion took place along t.he PailwiLnd Fault Clnd the Kreuzeck Pault during 

early Cretaceous and Tertiilry. Tbf.'!'If! K-Ar ages are minimulll ages of faulting due to the 

time difference between t ill' di~y mineralisation and t.he faulting events. It must also be 

borne in mi nd t.hat due to t.he fiuer siZt~ of these clay fractions, gn'ater loss of radiogeuic 

argon may occur leading t.o an erroneow; age (Lyons iLnd Snellen burg, 1971). Addition 

of 40 Ar into minerals by processes ot.her thau iu situ decclY of 4°K after faulting can also 

create problems in dating. 

To dete. rmillf' ages of paleoseismie events, Ivanovich et al., (1 983) dated mollusc 

shell s from seism ically uplifted beaches ill Persian Gulf usillg the 230Thj234U met.hod. 

The ages obtained were in tllf' range 11.3-1 kil.. Tlw 1;JUThj2;j4 U 1lle-,thod Wil.S also used by 

Edwards et aI., (1988) t.o df'termi lw ages (6 160 ± 25 years, 163 ± 5 years, 180 ± 5 years , 

121 ± 4 years, 56 ± 5 years <Lnd 19 ± 3 years) 011 emerged corals from coscismically 
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upli fted marine t.e rraces i ll S':l nto <llId M alekul<~ Is lands, Vanatu . T his technique is 

however res tricted to pure. aragonitic/calci t ic samples. It is also uncertain whether t he 

techn ique will be applicable to older sam ples. Also, the closed system approximat ion 

may not always be satisfied for molluscs (Geyh and Schleicher, 1990). In another st udy 

by Eyal et al., (1992), urilll iuHl m ilwrals, carnot ite and tyayam un ite whi ch crystallised 

along fault pla_nes and were subsequently defor med during fmllting in Neger, Israel have 

been dated by t he ThjU method to de termine the time of faul t ing. These ages ranging 

from 123 to 19 ka were determi ned assuming that carnotites are closed chemically after 

faulting. 

Fission track dating ha .. <; bet~n applied to date hydrothernlid cpidotes from fault 

planes in Sinili Peninsula, Israel (Bar ~t aL, 1974 ). Tht~ epi dote ages (32-1 1 Ma) rep~ 

resent faulting event.s if Lhey were rrp;Lt{~d during/illllr!f'di i lt (~ly anN fitldting. Recently, 

cosmogenic isotopf'S such iI. .. <'; in situ produced coslllog(~llic l() [h~ ill (j1l;Lrtz from gneisses 

exposed on <tlluvial surfiLces misaligJlf'd by fiudt ing in Gobi-Altai, Western Mongolia have 

been used to derive minimulll ages ("-' 80-GO ka) of faulting and <til upper limit {"-' 1.2 

mill/year} to the slip-ratf' along the fault (Ritl: et al., 199.5). However, Ri tzet al., (1995) 

assumed (i) no loss of cosmogenic Illlclid t~s by eros ion and (ii ) very little production of 

lO Be during transport, burial iUlt! I"f'workillg of mate rial. Violatioll of tbese assumptions 

can cause systematic agp. devi'ltions. 

Wallace (1977) il.nd Bucknam illld Anderson (1979) delllo ll st riLted the relat ionship 

between height of a f,LUlt scarp, its slope angle and the age of limIt sCilrps from Western 

Ut ah and Nevada , U.S.A. The slope angl e. wa .. " obsf'rved to be d irectly proportional 

to the logari thm of the scarp I H~ i gh t and decreases with. t he age of the f,\ult scarp for 

scarps of a given height. This technique ( all be used to obtain relative ages (between 

several thousand Yl"ars and s~vf'rill hund red thousiLlHI Yl"ars) of fault ing bu t is subject 

to measu rement and modelling (' ITors . 
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Dt~lIdrodHOlloh)~y ,11\ \1 licilt'lh)llldry haw also ht'f'll ap plied to date pi:lSt eart h

quakt>s. It h;\~ bCCIl su~t:t"skd t h ,ll tn't' l'iH~ wid t hs show ,In anomalous change (in

crl"l\St' /dl:rrt'~\$ (~ ) nrter;\1\ l';lrt.hqua\';c (Ja('oby, 1987) . How("ver \ vari ations ill ring widths 

a\s("I orl'ur dut> io dimat i(' (.hang(·s, c.g. drought. (Jacoby, 1987) and hence a unique 

a..<:~o (iat i 0n llHly not lw possiblt:'. Cost'ismic roc.kfall events in Sierra Nevada, Cali fornia 

haH' b pf"ll dated by lichenometry (Bull, 1996) to estimate t.he agt.~s of pa.st. earthquakes 

ill the pas t 1300 years (magnit.ude ""'"' 7) along the southern San Andreas Fault. 

ESR ages of faulting (- 70 ko) were first reported by IkeYit et aI., (1982) 011 

quartz. grains from Atotsugawa Fil\t! t gouge and lattf'1' confirmed by Tanaka (1990) . Lee 

and Schwarz (1994) used t.he ESR ted llliqlles to determine ages of faulting along t. he 

San Gabriel Fault zone. T heir ages imply tty tonir activity along t. he San Ci~briel Fault. 

zone at t.hree periods during the P l ei s t.o Ct~ n e , viz., 382-:3 10 ka , 2,IG-212 kit a.nd 177-124 

ka. The ESR ages f'xilibitf'd temporal and spa.t i;1i d ustf'ri ng. Hos t. rocks gave iLiI age of 

11 73 ± 130 ka . However, thf' applicahilit.y of t. ilf' ESR t.f'ciln i(Jl I{· to b1ll t gougcs younger 

t.han 100 ka remai ns t.o be df'IllOllstratf'd . Also, Crull has stat.ed t hat IlOlle of the ESR 

ages r("ported (unt.il 1992) haw'" b t~(>l1 ('onfirnwc\ by incif']wlI<ient iLge estimat.es (CrUll, 

1992) . 

TI H~ 111':-.1 at.tempts to dilLP p,d,"ot-' <l rthqll ilkes \Ising therllloiull liucsn'!l cc dat ing 

were by Porman <.'t. al., (lq80; 1991) anti ~kC<tl pil\ allt! FormiLll ( 1991 ). Porman ct 

aL, (19S9) exr ;.l valed t.r t·ll("h t~::. ano:.:; faull scarps from til e Am t:'rican Fork segmcnt of 

the \Vb.sat.ch Fault zune. Bu ried :;ads in terpos(-'d between wlluvium , faulted loess and 

sag pond deposi ts ,:-xpo:;t'd ill the l renrht"'s wel e lI sed for TL dating. Equivalent doses 

t'"valuated using dilTf'ff' ll t lYl t-'thods agrel"ci wit hin 2CJ . l -le ages on (arbonizcd wood and 

organic Ill ;! Ut'r withi n bur ied soils wert> ("ol )("ordilllt with 'l'L ages a.nd show that. three 

11li:l jo r faulting f' pi~odl~S oCl" ulTl"d at ,1.:3 ± 0.:3 kit, :Uj ± 0.:3 ki ~ ilnd 0.5 ± 0 .. 2 ka ago. 

An €'xt f' n::; ion o f t hi:; work W;L:-i n ']Jur ted by Forman et ,d., ( 1991) who excavated 
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t renches across fault sca.!'ps ill the \,Vf·lwr se.gmenl.. of t he Wasatch Fault zone. TL dati ng 

was performed on coll uvial wash facies deposited against fault scarps. T L ages were 

generally consistent with 14C ages on charcoal and organic malLeI' and were used by 

Form an et al., (1991) to constrain tht" timing of three major paleoearthquakes between 

4.5-3.5 ka, 3.2-2.5 ka and 1.4-1.0 1m. Additiolli.dly, McCalpin a.nd Forman (1991) report 

TL ages on lacustrine deposits and colluvium frol11 fault scarp trenches in Bonneville 

delta surface, Utah. A radiocarbon age 011 ga.st ropod shell was also available. T he 

correlation of regional 14 C ch ronology with loca.l Quaternary deposits and the T L ages 

constrain the t iming of two palt~oearthqua..kes between 15.5-13 kiL and 7-4 ka. 

T hus , in the summer of 1992 when work on thi s thes is commenced, only a few 

papers existed in the literat urp on TL dat ing of paleoearthquilkes. No attem pts had 

been ma.de to date f<~ldt gOllg(aS/St~i s1l1il t·· !'i u!'i ing lllm inc!'iccll c(' dat ing techniques. Since 

1992, Hut ton et a I. , ( 1994 ) have n~ p orLt'd TL ag(,s Oil ilt'oliiUl sa..nds from lake deposits 

adjacent to Roopen<t f<Hllt scarp Il eal' Tt~n n ;Ull Cred<, Allstnd ia. T hey concluded that 

this area had not experienced major paleoearthquakes during the la!.;t 50 ka.. 
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Chapter 3 

Dating of Paleoseismic/ Neotectonic 
Events : Thermoluminescence 
dating of fault gouges 

3.1 Introduction 

Traditionally, faults are defint"d it_" fractures OJ' it zon t~ of fractures along which relative 

movement between opposite rock ma.s~es has taken place. This movement leads to 

damage and erosion of the opposing surfaces, it process that is known a.s wear. Existence 

of a hardness contrast between opposing ma.tf' riais causes abrasive wear which under 

bri ttle conditions results in fractul'f' and formation of loo!)c clayey material known as 

fault gouge (Scholz, 1900) . Sine!" most. ("ill"thql!ak(~s ;U'(-' caused by sl ip along pre-existing 

fau lts, it is important to dew'lop Ilwthods for dating fault gouges for determining the 

paleoseismic/neotectonic histury of a fault . Tlw various earlier attempts to date fault 

gouges have been dt~scril)('·d ill Chaptt~r '2 . After Ikeya's pioneering atteln pt ( Ikeya et. 

aI. , 1982) using ESR dating, it. ~t:'t'med appropriate to develop t he thermoluminescence 

method for dating fault gouges. This chiLpter describes a t.hermoluminescence method for 

dating faul t gouges, experi1llf'nt.s pf'rforlllt'd to t~xamill(~ tlw validity of the assumpt.ions 

involving TL dating aDd <lppli("iLtioll to some faults in the Himalaya. 
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3.2 The the rmoluminescen ce m ethod 

T he t he.fllloiulll int'sct'.nce method of dating fault gouges is based on the premise thai 

during faulting, t.he TL signals of minerals constituting the fault gouge are reset due to 

fri ctional heating a.nd calaclas tic deforllult ion. Subsequently, the T L signal builds up 

due to irrad icltioll by ambient. natural raciioi:Lct ivity (V, Th , 1< ) such that at the time of 

sample exc.avat ion, the faulting age is given by t.he express ion : 

A 
Paleodose 

ge = 
Annu alDose 

(3.1 ) 

Thus, ill order to find ti l(;' TL f(~ult.illg ilge, it. is necessary to dderm inc the paleodose 

and anllual dose. Tllf' TL age r(->pre:; t~nis the most. l'P. ('f'Ilt., climactic: movement. occurring 

in the fault ZOIH". The tiwrllloiuminf:'scencf' technique ofrp.rs additional advantiLges in 

comparison to other raaiolllt'tric t~chlliqlles hCt',ulse of th t' follow ing factors : (a) ub iquity 

of gouge in fault ZOlles in comparison to organic iLlld shelly lllateriaLs; (b) associa t ion of 

the dated sample to the lleott~ct.oni(' tAvt"n t ; (e) i~ large dati ng rang(~ of '" 1 - > 200 ka 

and (d) no requirelllt"llt of calihr<ttion of the T L agt·~s . Fur evaluating the reli a bility of T L 

ages) several experiments wC"re conducted ill the p r(~sellt stlldies to test basic ass umpt ions 

involved in age determination . For Lh('>!:ie studies, fa ult gougt":s were collected from t he 

seismically active Himalayan bel t. A brief d~scr i ption of thest-' sites is given below. 

3 .3 Descr iption of fa ult gouge sites 

Geophysical and st ruc tural studies !:illggf'st t hat seismicity ill the Hi malaya i!:i rel a ted to 

movements along three major lungitudina l th rusts/ faul ts, (Fig. 2.1 ) viz .) the Himalayan 

Frontal Fault (HFF), the lvfai n Boundary T hrust (MBT ) and the Main Central T hrust 

(MeT). These thrus ts d iv idt' the l! imalaYil into t hn-'e lithotectonic zones which a re 
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further di ssect ed (Valdiya, 1976) by numerous transverse fau lts. After movements ceased 

along the Indus Suture Zone, the con t inued movement of the Indian p late has resul ted in 

the breaking up of the Indian crust along MeT, MBT and HFF (Valdiya, 1992). Fault 

gouges for TLj IRSL da t ing wcre colleded from ~ll ilin Boundary Thrus t (in t he Nainital 

region ), Sleepy Hollow Fault, Nai ll ital F'Ulit (F ig. 3.1 ) and Mohand Thru~ t (F ig. 3.2). 

A brief description of t hese sites is provided below . 

The Main Boundary Thrust 

The Main Boundary Thrust (F ig. 2. 1; F ig. 3.1) is II ch<lin of steeply inclined 

t hrusts which divide the oute r Himalayan Siwalik belt from the old(-'r, mature, recent ly 

rejuvenated Lessf'r I-l imalilya (ViLldiYil, 1992). Various types of eviden ces have been 

provided by Valdiya (1984; 199')) 1..0 indicate neot(~ctolli( activity along the MBT: (a ) 

presen ce of wide valleys COlli pri si ng COilf'S and fiU1S of landsl i d (~ debri s, (b) u 11 pai red fI u vi al 

terraces over I apped by landslide debris, (c) u pi i fttn<:'n t an d offsets of st re;:tnl terraces, (d) 

evolution of sharp scarps, (e) warping and fitting of rocksjs('dinH~ nts and (f) geodetic 

measurements (Ansari et aI., 1976). 

Nainital Fault; Sleepy Hollow Fault 

The Nai ni tal Pault (Pig. :3.1) {~xtellds from .1eoiikot through the Naini Lake to 

Kunjakh arak in the north . It divides tlw deformed synclinal Nainital Massif into two 

parts , The Nai ni Peak was uplifted along the Nain ita! Filult relat ive to the Deopatta 

Peak in the south (Vald iya, 1988). This v(~ntrit'illl1lovemellt is suggested to be rotational 

(d ip-slip and strike-slip) and Cll-lls('d lduckillg of il strl'illl) thus forming the Nai ll i Lake 

(Pallde) 1974; Valdiya, 1981) . Displilct' tlIellt of river terraces and fiUIS, abandonment 

of old channels, reversa l and blocking of drainage are other indicators of n~otectoni sm 

(VaJdiya) 1988). Recent l<uHblides and rockfal ls indudillg the 1880 and 1898 events have 

reduced t he dimension of t he lake. 
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The Sleepy Hollow Fault is ant it het ic to the Nain ital Fault and is defin ed by 

vertical scarps and a straight steep slope demarcat ing Sleepy Hollow (Valdiya, 1988). 

Mohand T hrust 

The Mohand Thrust Zone (Fig. 3.2) is sympathet ic to t,he Him alayan Frontal 

Fault and is located......, 25 km awi.~y from Oehradull . Geodetic measurements at Dehradu n 

show t hat the Dun Valley is being uplifted at a rate of......, ll1llll/yei.~r (Ra jal et a I. , 1986). 

Presence of scarps, slickellslides in the fault ZOIlt\ di splacement and warping of rocks 

and unpaired terraces indi cate! n('otl~ctonism. 

3.4 Previous studies on Zer oing of t h e ESR/TL sig
n a ls in fault gouges 

The dating of fault gouges is base-d upon t.h(' assumption that, t,h!' thermoluminescence 

signal is com pletely zeroed during faulting. Many <ttLt~mpts hav(~ been made by E5ft 

geochronologists to dl".termine criteria for complct.e zeroing of tlw ESR signiLl. Fukuchi 

et al. , ( 1985; 1986) suggp.stNI the usP. of differp.llt ES R centr(~s in quartz having different 

stabilities fo r rl"setting (O HC, Ge, AI, E' ("('l1tr(,5) to dcterlllirw til<' fiurlting i~gC. Thermal 

annealing expNinlf'nts (Fukuclii et aLl \98G) show that whil(~ Al and £' cent res are 

completely reset above 350°(;, th~ olle and Ge cent re are reset only above 40QoC. 

Thus, Fukuchi noted that if tile ESn. ilg PS fo r different o'nLrcs turned out to be same, 

reset.ting would be complete. J-i owt>VC'I", l key<~ eL aI., (JOS2) suggest that hydrostatic 

stress could also erast" the geological ESR signal during faulting. Experiments by Buhay 

et aI., (1988) indicate an appreciable dpcrp<l.se ill th(' paleodoses for all ESR cent res 

mentioned above with prf':;SUl"t." ( ...... (iO r\'IPa). The OH Cf'utre WiL" most affected, followed 

by Al and Ti centres. BulHlY t"t. id., (I HS8) advocilte the use of vilrious graiil-si~es for age 

determi nat ion and sugg(~s ted that the pJ"(~s('.nce of i:l age plateau below it certain th reshold 
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Vi.llut" (If E,:,rain siZt' ilJd ica l.(·d l·ol l1pll'l..l· H '!'> t 'lLi n ~ uf lIw ES n. signid . 

Ariyalll'.I.!s ( lHt:5) l'X PI'I'illIt'LllS slt u\wd c.o lll pldt· annealing of defects ill quartz 

gr,lins undt·!' t ill: a ppl ication of a nonw d stress uf :W bar and a 50 cm displacement. On 

the bas i ~ of ri ng-shearing e x p(~rimenls! T'LLHtim ( 1990) suggested th at at leas t. 11 MPa. of 

s h (~a l' st l'f'SS is r(~q ll in 'd for compld(' anl1cal ing of the 8' cent re. Lee ilnd Schwarz ( 1994 ) 

have compik·d .wili lahk (b la from ring shearing experiments (including t hei r ow n) and 

show that a.t llo1'll1id :=;l rcsscs above 1\ M Pal l'Pscll ing of ESH .. signal is com plete for any 

amoullt or slwa.r st. rain (displa.cl'ment). The dat.i:~ idso indic;~t(-·s that the ES R ages ror 

various centres deCrf'iL ... 'i(, with grain sizt' Clnd attain i~ sl<~ble value below a certain cr itica.l 

valup of grain size ( ...... 100/1111 ). 

Recentl y, Ikt'Yil l't id., (I !J9.') ) propos('d :t IH'W isochroll o\('thod for ESH. dating of 

rault gouge. The palt·odost·s ol)tiLilwd ror val' iolls J!: l'iLin sizt's i~n' piottl'd as ,L rUllcli(J1l of 

ext.f'f11C~1 annuid do~(·. TIlt' slupt, or tilt' curVt· giw:-o tilt' isocltr()u iLgt'. App\iCi~tio]l or this 

technique to i.L fault gougt' frol1l tv1\.. Hokko yiddt'd;~ faulting agIo or '" 100 ka. 

Labo l'i:lto ry ('x\WnnWlllS hi~Vf' i\.\sO I.Wt'1I cOlllp\ellH'lltl'd by theoret ical iUld field 

studies. Scott and Drl"'vel' (195:n reported til t, pl'(>St' nt:t~ of glil-"'s ill the Ilimalaya iUHI sug

gested that t('mpf'raturt·s dllrinp; ri~\Illillg might hitVI.' bet'n 1000°(;. McI<cuzit' and Brune 

(1972) ~tl1died heiLt J.!,l·lwriltioll ;t\lHLJ.!, a fault phult' dlll'ing t:'Mthquilkes and showed that 

the tempf'ratuf(- incrt·a.s(· could II\' ...... 1000°(;. 'I'll!' llH·lting ZOlle width WitS estimated to 

be 2 mill to 1 CIll. Tlll'ft,J ilnd Lugan (197K) lW·it. ... Ul'!·d tt'!!lpt'1'iLtun's ;~t t1w aspcrities of 

a saw:cut samplt- dl1ring triaxial cOIlIJ!n~ssioll tt'sls 011 '1{'llllt'sst'l! Sau<istol1c. The max

imum tem peratUl'f' a l1aillt'd WitS > 1000°(;. PSt-lHlu1achylil('S, dark l gla.ssy rocks having 

an appearanCR similar to but an origill dilrt·l't~lIt from glit.'isy bi:tSiLltic rocks (tachylytes) 

have beell reported lWlwt ritling into rra('ll1),('s ill\(l fil1dt planps. Thl' tellllwratu re or pseu

dotachylytl." formatiolL hil-<; I)l-(An t-slilll ,lll-d tu Iw 1000°(; Oil t ill' ha.<; is or lheir chemical 
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compositions (Sibso ll , 1975, 1977). Meas uremcnts of fri ction induced the rmolumines. 

cence have been re.ported by Suzuki <uld Kenncdy (1991 ). In another st udy, Base et aI. , 

(1983) compa red the rmoluminesccnce intt"nsi ti es of qua r tz grai ns from clayey zone and 

host rocks in the Ato tsugawa Fau lt an d Adem Fault . Host rocks we re fou nd to emit 

more l u mi l1 esn~n Cl~ t han clayey material. S l lt~ilrillg expe ri ments carri ed out by Rase 

e t aI., (1983) indicate reduction in T L intensity of qua rtz grains on t he appl ication of 

norma.l stress . 

3 .5 Zeroing: Present Stu d ies 

3.5 .1 Grain Size D ep end ence of TL ages (Fault gouges) 

Previous studies on t he varia t ion of ES R ages with grain size ( IA'(·~ ilnd Schwarz, 1994; 

Buhay et a I. , 1988) helve shown that tli(-' ESR signeds of gmins smaller than a certain 

cr itica l size will be zeroed completely. Larger grains will n~tilin SOIllC relic ES R signal 

which results in t he evaluation of an eITOI](-,OIlS age. To ohserw whethe r the fault gouge 

T L ages exh ibi ted a sim ilar or a dispi~rilte t rend , TL ages \\Ier(' (widuatcd all various 

• • g ram sizes. 

Experimental Techniques involved in TL dating of faul t gouges 

The fault gouges were taken frolll spo ts a pproxilll llLt'l y 0.5- 1 III behi nd the ex· 

p osed surface all d \\I i" l"(" pret rf'<L Led wi th I N 1I (;1 (fo r felllOY i ng (" a rhon ates) an d 30% H 2 O2 

(for removing t he organ ic fractio lE ). These Sel!llpies wen~ tlH~1I slIhdi vided into coarse (> 

106 ,um) and fi ne frac tions « 106 Jm l) frolll wbich the 4 - 11 Jilll fmct ion wa.s ex t racted 

a fte r a deftocculatioll with 0.0 I N Na·oxalate followed by Stokes separation and de po· 

sition onto a lum inium d iscs. T he coarse frilct ioll was dry sieved for obtaining various 

grain size frad ions and deposited oulo sta inless stepl discs lI sing Si lkospray. Although 
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the 420-500 jl lll grain s iu' frac. t ion w<\s also sieved for var iolls sa mples, it could not be 

used for TL analysis due- to loss (> ,1 0%) uf sample grai ns whi le t ransferring t he d iscs 

frolll t he sample holder to the be-ta !'iOll rce. Even small movements (t ilt ing the disc by a. 

few degret"s) It'd to grain loss within iL few hours of deposit ion onto stainless steel discs. 

This grain loss was probably due to absorption of oil (S ilkospray) by t he fau lt gouge 

grai ns. For host rocks, a 2 111111 layer from the surface was removed by sitwing with a 

water cooled d iamond wheeL This was done because cf possi ble exposure to sun light 

of t he ou ter surface. Subsequently, tlwy were gently crushed and t reated with I N Hel, 

30% 1-1 20 2 a nd dry sieved to obtain the 106-150 I Li ll fraction. 

T he TL a nalysis was dOlW with t.ht~ optics chiLnll('! comprising a Schott UC~ ll 

filte r and a Chance Pilk ington I-I A.:3 nlt,f' r cOllpl l'<I to an EMJ 9G35QA PMT and a 

photon cou nting systeill . Daybreak fused silica nt.'utml density filters were used for 

br ighter samples. The heating mtp lIsl~d wa."; '1.°C/s for ('Oi:U'St! fractio ns and 5°C/s ror 

the fine (4- 1 J f1.1ll ) fract ion.s. TIlt' 4-11 l0ll fract iolls W('I'(, pn-'heatcd to 220°C for one 

mi nute. No preheating was dOlle Oil tlw other (> 1 [,tlll) fraction s so as to minimize 

grain Joss. T he bet.a i lTad i<Lt i oll~ we]'(-' ciHTi l~d out us ing ( ~ '1.5 mei f)°S r/fJoy vetiL sou rce. 

Alpha i lTi.ldia.tioJl~ wen' cilr ried out using a six SI~Hter 0.'1.'1. mCi "l.1l Am vacuum alpha 

irradiation Systl'lll (S inghvi <ind Aitken, 1978). T he { ~CJu i v<de n t dose for the fault gouges 

was obtai ned using tlw additive <lo.se met.hod . A su pralin(>i ~r i ty correction was also 

determined by constructing the .secoud glow growth c.urve. Th is correction was added 

onto the equ iviLient dose to obtain tIll' LOud pa[cod()!w. l)Ut' to the bllild ~ up effect 

(Ai t ken , 1985), t.he 1tvC' ra.ge dose l"e('('iv{,d by l'oarst'r grilins is higher i hiHl that received 

by a layer of fi ne gr<lins (4-11/011 ) . !\ l ult i plicaLiv{~ factors rO lll pllt (~d for grains of va rious 

t hicknesses by \OV i nt.k~ and Ait ken (1977) wpn" u.sf>d ill t il<' present studies. 

Grains of di fferent si ze.s will rf'cpive vary ing amollnt.s of illlnual dose due to diffcr~ 

ing extents of a ttenuation (Ai t ke ll, 1985) . The attenuation f(~cto rs presented in Mejdah l 
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(1979) were used ill estillli.Lting the i.tnIl1.l,d dose for the fault g0Ugt-'S, 

In the dose-rate analysis, th ick ~ou rCt~ ZnS (Ag) alpha counting W(J.S used and 

the 238U a.nd :.l3:.lTh series wen' assumcd to have t.~qua l alpha activity. The potassiu m 

concent ration was deter mined us ing NaI(TI) gamlll(l spect rometry. An a-v(lille W (J.S (ll so 

used fo r coarse gmins si nce the sample origillitt.eS from a fille-gr;J,ined shale which is 

assumed to have <L uniform spatial dist ribution of alpha activity. 

R.esults and Discussion 

Figures 3.:3, :1.4 alld Titbit>: :3.1 IHC'St-'llts the fi.l1dt gougl~ TL agl'!; for different. 

grain-size fraction s. The l't~sults suggest. thht TL ages attain a const.ant v<.dlle (within 

errors) below a ce rtain critical gr<:lin size (c.,.,), t.hus indici.tting CU1JJIlidc re~ct.ting of the 

T L signal of the smaller grains during faulting. For fhult gougt"S from t.he Nainit.al f'itult 

and Mohand Thrllsl ) the critical grain si4f' (c",) is '" :~ GO Illn ;tlle] '" :HO 11.11 1 wspcctivcly. 

For the M;tin Boulldary Tbru:-;l, TL itp;t·s fur vitr iuus grilill sizes ll{dow 420 11.Ifl agree 

within experinwnlal t~ITor!:i " A:-; lIlt'IlLiulled iLbow', T L itg«'S t.:ould /l0t. li e dt:kl"lllillcd WI 

420 - 50011.111 fraction or higher grain siz«~ frilctiolls. The dalil sHggt:sts thiLt (",;, for .\r1 UT is 

probably> 420 J1.Ill. These obs('rvat.ions ('an beexphined as follows : During faulting) the 

maximum build up of slrcss OCCllrs itl"Ound ddt.·ds (point defects, disloCittions or surfaces) 

present with.i n grains. These slresse:s give rise to micrucracks which comhille to form 

intra- <u1(1 inter-gritin fntctlln~s (Scholz, 1990). T hf'se ('freels i.ln~ strongest- where grains 

impinge upon each otlwr l("'adillg lo tllf' de:vt-' lojlllwlll uf liiI"g«' stresses ( Kranz) 1983). 

The fraction of grain volume ex perit~n("illg sllch liigl l streSSt":; increa.ses with decrea.<;ing 

grain size (since intra-grain boundi.tries cumpris(! a sillall part of the grain volume) . So) 

it. is likely that the TL signi!"l:; of SIIl,tJl(~r grai ns will be cOlll plt,t.t'ly zeroed whereas those 

of la rger grains will be partia lly resd. 

Frictional he;tting while strain t'lH'rgy is ht-' ing di ssipat.ed timi ng faulting ha.s al so 
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Table 3.1: Grain-Size Dependence of luminescence ages 

Sample Location Grain Size Technique Paleodose (Gy) Annual Dose 
(~m) (mGy/a) 

. 

KU93-1 4-11 308 ± 61 7.6 
KU93-1 Nainital Fault 106-150 TL 224 ± 45 6.5 
KU93-1 212-250 339 ± 20 6.2 
KU93-1 300-420 7 10 ± 68 6.0 

KU91-4 106-150 264 ± 39 6.95 
TLV-3# Nainital Fault 150-250 TL 290 ± 30 7.0 
TLV-3# 300-420 473 ± 50 6.8 

TLV-I 4-11 542 ± 33 7.9 
TLV-I Main Boundary 106-150 TL 468 ± 65 7.7 
TLV-I Thrust 212-250 495 ± 114 7.3 
TLV-I 300-420 57 1 ± 68 7.1 

MOH-I Mohand Thrust 106-150 IRSL 202 ± 40 4.0 
MOH-I 250-420 258 ± 35 3. 1 

-

# TLV-3 was collected from approx imately the same locat ion ,1$ KU9 1-4 

TL Age (ka) 

41 ± 7 
35 ± 7 
55 ± 6 

120± 15 

38 ± 8 
41 ± 5 
70 ± 9 

68 ± 8 
61 ± 9 

68 ± 13 
80 ± 12 

51 ± 9 
83 ± II 
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been sllggl".st ed as a zeroing lllC'ciwuism ( L(-,t- ~ <tlld Schwil rz, 1 !J!J;\ ). Tlli s ItlcallH'id,ing erred 
will be maxim ulll ill'Ullil d t lw grilin h()nnda r it~s wll!'n' s t ress f'OIU't'tttnltio ll is tl lil xilllLln l. 

Thus, a ZO Il f' wi ll t~xist around tI lt' grain bOllndarit's wht'l't.' tilt' 'l'L sign.tl s of lI w gmins is 

likely to be completely zt'ro(~d, This Illutk·l call again ,'xplilin tilt" /!: I'ilill+size d('pcmlencc 

of TL ages. 

Bulk heat ing of t he fault goug(~ has a lso lJ(' t-~n prupusc·d il_<; it IIwt hud of zeroing 

the ESR/TL signal of fault gouges (Pl.lkIlChi, 19X9; 1992). lI ow('vI'I\ this lIlodei doesn' t 

agree with the prest:'nt obst'l'vatiolls. TIlt' tiJlJ(,s(ill(~s of tlll'ITllill COI Hllwt i(JIl fIJI' it spherical 

region of radius a can be estillliLt('d using tilt' expr('ssi()1J 

T= kr.. 2 
(:l.2 ) 

where k is the thermal difrusivity, T is tilC' chi~r;u .. tl' ris li c • 
l ll lH' (ill !--(·coIHb) f( lr Il eat 

conduction (Carslaw il lld .Jat~ger, 19rIH ). Thus, Ilsill),!; it ty], il ·;, 1 V'l lllt' of 10 - " IJl 2 / S(,C for 

thermal d iffus ivit.y (k), the (h,tractt~ristic t ill H-' T is '"" IO~ 'L1 . TIlt' ch,lritct('J'i :-; ti c tim!;! 

of heat conduction for 1000 jllll and 100 Jim grains is 0.1 sl'cOOtl <llld 10-:J J'(·spt·ct ivt·!y. 

Thus, grains of siZt~ 1000 j.llll will be in t.lwrmal ('ql.lilibl'illm with 100 II I Il grai ns within 

,....,. 0.1 second. This implies that if bllik heating is n 'sponsibl(' for zt·roillg of TL sign .. ds, 

the 300-420 j.llll T L age should be id l~nti('al to T L ages for size ,",Lllgt '::; < :3 00 jUll within 

experiment.al t' ITors. This is nut in iL('cnrdalln~ wit.h 0111' ('xlwrinwllUd observations, thus 

indicat ing thitt bul k Iwating of the [,lldt gOllgl"' i::; unlib' ly to On'lll' during f,nilting. 

T he critical grain siL:e value for MBT fault gOllgl'S is gn'iLt.t'r than N'linital P<lIdt 

or Mohand Th rust. fault goug('S probably bec<lIls(~ greatl ' ]' stn 'S!'i l'llt'rgy was availab le 

during faulting iLt I.. lw MOT, This is it rt"'a:;ollaIllt-· as!'illlllplioll cOJl s idl~ r ing lh'lt MBT 

is the majo r fa ult Systf'lll ill t his rt'gioll. ~'I OVt'll H-'Ilt.S ,tkmg MilT iln d MeT have been 

sugges ted to ht' grea l..f'1' and faster sinn" tIlE' frontal ],'llIg{·.<:; ('vla.LI-·d 1.0 tlH:1ll hiLW acquired 
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greater heights and ruggpdness (Vald i yc~, 1902). 

3 .5 .2 Fa ult Gou ge Paleo d oses 

T he low value of paleodoses (- 200-500 C:y ) for fau lt gouges (Table 3.6) originati ng 

from Pliocene and older rocks of the Siwali ks and the concorda nce or raulti ng ages (40 ± 

5 ka and 43 ± 4 ka) for fault gouges derived from rocks of different age and deposit ional 

environment is indicative of a defi nite T L resetti ng event. T L intensi ti es of hos t rocks are 

upto two orders of l1l agni tud{~ highe?'r comp.uwito f'LUlt gouges, sugg($ t ing that complete 

resetting of the geological TL !'ignal OCCl IlTf'd during faulting. 

3.5.3 Mecha n oluminescence Studies 

Lumi nescence induc f'd duri ng Liw Ilwchanic,t\ dero rm ation of sol i d~ is called nwchano~ 

luminescellce (Ivl L). Variou~ mCltt'riais f'xh ibit IlH-'ChaIlOllllllilll'S({·IlCP., e.g., organic and 

inorganic crystals, amorphous sol ids, glas~w~, mi nerals dc. MO~L of ti[(!Sc lllaLcrial emil, 

ML during t hei r fractun;\ but some «('.g. coloured alk.t! i bal ides, alkaline carth oxides 

and some rubbers) f"xhibit ML ill tlwir elastiG and pla.-;Lic regions. In X~ray or gilmll1a.~ 

ray irradiat.ed alk.di h;:dide cry~t.<tis, M L t~X (it.i ~ Lioll Lak(~s place during the movement of 

dislocat ions. In the di~locat.i oll anllihi\;~t i otl modd , annih ilation of d is\ociltions of oppo~ 

site sign may produce?' a high tempf' r<Lture ioc.t!ly, whi r h results in luminescence emission 

as in thermoluminf'scf'nct' (~ It <lll dril , 19~1 ) . S i tl Ct~ the :f.f" roi ng of tlw TL sigllal call occur 

due to deve\opnwll t of stn'ss t~~ during fault ing, it was colls i dprt~d t hat ascertaining t.he 

dependence of M L of f<~u l t gougt~S witlt ilppiivd prt'sslIrl' could provide it useful com ~ 

pliment to t.he p rf's(~nt st u di l~s. Tlwsl~ stlHlies w(> r(' carried out. hy tlte ilu t hor at t lt e 

Department of Physics, Ran i Durg;wilti Un iw rsity, J abcLipur. T he dependence of T L 

with applied pressure could Ilot I.)(~ investigated due to logistical problems (it working TL 

experimental setup bei ng lI navailabl f' at t hat t ime at the DCpclrtlllcnt of Physics , Rani 

:ll 
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Durgavati University, J abalpur). 

Experiment.al technique 

The sieved fault gouges imd host rocks were mechani cally deformed and the ML 

intensity was measured using the exper imental se t up shown in Fig. 3.5. A load of 

mass 800 grams was dropped from different heights for st ri king the sample at d ifferent 

impact velocities and therefore at di fferent applied pressures. The samp le was placed on 

a transparent lucite plate inside a sam ple holder below the guiding cylinder. An RCA 

931A photomulti plif'r tube c:onl1 f"ct~d to it phosphorescent screen oscilloscope (Scientific 

203) pl.tced below the transparf' llt illritf' plilte was used fo r ll \(~a.suri ng luminescence. 

The response tilllt' uf the PMT is '" :)/lS and suits mC(l$\lr('IlH'llts of ML pulses of a few 

milliseconds durat ion. 

For ML n1easurcmf'uts, the siul1 ple was wrapp(>d in th in ,dullliniulTl foil and fixed 

on lucite plate with all adlws i v t~ t;qw. Lllcit.e dOt 'S nut pmit any IllmilleSCCllce under 

application of p ressllre . Thf' aillminiulll foil reHccLs light and avoids dispersal of sample 

fragments when the lo,-ld hits the sample. The rise iLlltl decay tillles of ML at different 

applied pressures were recorded by tracing the M L pulse appearing on the screen of the 

oscilloscope. Tht" imp<lci wlocity was pstimated as (2gh)'/2 where g is the accclcri~tion 

due to gravity and h is til(> distanC(' of fall. The a pplied pressu re C1 is then computed 

using the expression 

(3.3) 

where M is the IlliL.<;S of load, A is th{~ area of sample and t c: is the interact ion time. 

However, this method for estilllilting tbe appli (~d ]HPSS Ure is only an approximate one, 

and t hus the pn~ssure values are not ahsolute. T ile width of the ~ll L pulse was a.ssumed 

'3') . -
• 

{ 



1 (59)

• 

• 3 

• 5 

OSCILLOSCOPE 

Fig. 3 .5: (Available at Physics Dept., Jabalpu r Universi t y) 

Schematic diagram of the experimental arrangement 
used for measurement of ML in crystals . 
(I-Stand, 2-Pulley, 3-Wlre, 4-Load, 5-Guid ing cylinder, 
S-Aluminium foil, 7- Crystal, 8-Transparent lucite plate , 
9- Wooden bl ack , 10 - PMT, t t - I ron base mounted on a tab le ) 
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to be t he intera.r- ti oLl time. Typical interactioll t illles were es til1!<Ll,ed to be '" 0.4- 0.6 

mi llisE'conds. 

Reslll ts <1.n(l Discussion 

Figure 3.6 shows the dependence of ML in teJlsity Oil applied stress for a ty pi cal 

fault gouge (T LV -3) and host rock (TLV - 2) s~u n pl e. The M L in t.e nsities of host rocks 

are li p to five t imes higher in comparisoll to fault gouges. It was ,dso obse rved that if the 

mass was repeated ly dropped onto the host ro r-ks and fault gouges, ML emission was 

observed duri ng t he fi rst two/t h rf'f' impacts. Subsequent impacts did not give ri se to ML 

emiss ion. These observations can bE' ex plain t~d if one ' l.Ss unw!; (i) host rocks have not 

been recently res('t and (ii ) s tored ~nergy in host rocks and faul t gouges gets liberated 

du ring faul ting. T hus, re peated impacts red un' tvl L ('mission , The minimum p ressure 

required to init iate ML ('mission from host rocks iUHI fiutlt goug('s W . I.S found to be '" 200 

MPa. T he strength of the uPlwr crtlstal rocks is also uf the Sillllf' o rder (Scholz , 1990) . 

T hus, it is probable that s t~ismic ewnt.s of magnit lldes >6 will n~I(!':i.se energy fr Clm host 

rocks as ML. It is suggested t hiLt iL colllparatiVt-' study of ML from host rock iLnd fault 

gouge Ci:L1l prov i d(~ ~onw indication of relt~il.Se of M L energy d uri ng the formation of fault 

gouge. Fu rther study Oll tlw d("lwndt"]l('{~ of M L growth wi th i"':Ldiat ion dose could not 

be a tt.em pt.ed d ue t.o nOll aVilil<Lbility of a g':Llll Il HL ~ou rce fo r bu lk irradiation but will be 

pu rsued in Lil t'" futtln' , 

3.5.4 Miner a logica l s tudies 

The minerals illite and chlorite Wt~rf' u~t-'d fo J' i! possible de t(~ rmjnati o ll of thermal ex cur

sions experien cf"d by th t~ fau lt goug('S , ~lId host r(lcks , Th (~ basic premise in thi s study 

was that the s trll c L urt~ of tlw mi uf'r,lis illi te aud chlo l'ill:' und<"rgoes ch,ulges on heating 

and thus thermal excursions during fi Ldl ti llg should lw di sce1'llibl<" . 

• 
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The Illite Group 

lIli les are mica-like cl i:lY • 
possessing a. structu re consisting of planes of 

ocLahedmlly coord inated cat ions s<tlldwiched between two (Si, Al)04 tetrahedra (Deer 

et al. , 1962). The most COlll illon polymorph [or ill ites has a disordered one layered 

monocli nic n~lI (1 Mel ). Its X-ray powder paneru is sim il ar to that of a mica except 

that it has a few broad hk diffraction bands replacing the sbilJ'p hid reflections given by 

a well -ordel'ed crysLitl. 

Illi te crystallini ty 

The crys tallinity of illite signi fl t··s i~ pa ranwln whi ch meas ures t he nature of 10 

AO (QQ I ) XRD (X-rity diffraction) pt~ <lk. 011 1 ](~at iJlg, illite 10 :'( '5 int.eriayer water a nd 

adsorbs pota .. <;si u lll . A l'e<trra n p;«" IlH' lIt of iO ll s 0 (" ('1 11'5 a:, ]lota .. o.;siulIl gets fixed i ll t he 

in t e rl aye r posit.ions . This p!It"ll ollw noll lI1iuJi fl 'sb itSt·lf ill till' ill("["(':l.S ing sh arpness of 

t.he 10 A O XRD IH"ilk. This incn 'a .. 'w ill ShiLl"PJl ('SS W ' l..'i lirst II s\~d hy Weaver ( 1960) as a 

measure of low-gradt.'" metalllorphi sm . \'V"iwl" ( IBn) ([t 'v ised ' lllt'W cryst.dli nity index : 

the \Veber illdl~x is expn"ss( ~d as 

H b( lOA' )illi t. 
H b " I = "C7e,-,-"cc..,..!C..= . 100 

Hb(4A')quartz 
(3.4 ) 

where Hb st.a.nds for hal f peak wid t h. Quartz is used fo r hetter interla.boratory com

parisons of the Hbr .. , valu("s. In t h~ pn·s\·nt. study, wt.'" ut ilized B!1>n ki nsopls ( 1988) rec

ommt'ndation on lilt" use of 149 .Ult! :n~ a.s UpPt'1" and \ OWf'1" valuc of thc anchizone 

(200 - 370°C) boundary. The illi te \Vt'b (~ r indf'x wa .. '> a lso lIsf'd t.o dCkrminc t he heat.ing 

temperat.ure of fault gougt~S <ulli host 1"0 ( l\s. 

The Chlorite Group 

The chlorite st.ructure is lllilde uf s l Jet ~ts of alte rnat.ing talc-like and brucite- like 

• 
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octahed ra l ti li eets. In mos t ch lori tes, AI , F'e:2+ and F'e3+ subst itutf' fo r Mg in oc tahedra l 

sites both in t he ti.dl..~ and b ruc ite s lJ(' l'ts and Al n:-:places Si ill the te tra hedral sites (Dee r 

et aI. , 1962) , Various lllcmbNs of the grou p d il fer in the alllou nt of subs titution and t he 

m a nne r in which Su(ct"ssive odithedral ant! tpl rahedml l ayt~ rs are stacked a long the c axis. 

X~ray d ilfractograms of chlorite s uggl..~s t th at the 14 AO peak be-comes sharper from t he 

non ~nwtamorph ic. zone (ve ry low grade) to the e pimclamorp hi c. zoue ( low grMie). T his 

shows t hat t he Ii.Ltti ('(:> s tructure becomes morc well defined wi t h in crca .. <; ing tempcra tu res 

(Wybrocht et aI. , 1985) . 

Chlorite P eak nat.io Met.hod 

Gogte (pel's . COllllllll . ) hits dt'llIo11str<llt,tllhat tilt' XHD (X .. r<1Y diffraction ) pat-

terns of ch lorite b t~i Lri ng days l~xhihitt'd it changt' in tht' ratio of tlw Meas of 7.1 AO to 

14 .2 AO peaks with inc re(L<;ing tf'mp t·ra tllrt 's. For l('llllwratur('s between 0- 250°C aud 

250- 400°C, t he ratios wel'(' found to Ill' I.G ± 0.1 <llltl 1.0 ± 0.1 n·spcctively. Betwecn 

400-500°C, tlw ratio sha.rply <Ipp rn!lcllt'd 7.,t ' ro. r..,l itlf'riLls of tIll" chloritl-' faci(,s get t rans .. 

fo rmed in to ddor ite schist s 'll)(l st'ricitt' ilt tlH'se tt'lll !Wralurt·s ( Dulloycr de Scgollzac, 

1970). TIlt' chlorite peak ratio method wa..;; also II St-·t! to t'stil1liLte tlH-~ f;tulLing tempera. .. 

tu re . 

Experiln en tal Tf'ch lliquE'~ 

T he siewd / ulIseiwd gritin~.siz(~ fraclions (Cift('r chf'lIIir<li pn'treatmcnts described 

a bove in Section :1.5 . !) wer(" powd(·J'I·tJ <llld pillrt·t! 011 iL glass slidt·. The X IlD mf';\..'m re~ 

m("nts were dou (~ lI si ng a rUG AI<U I> Max II V(; X lt U systt'lll opt'ratcd a t. 5DkV, 25mA , 

at. a scan speed of l l/sl~(,olld . Tlll~ ill lt'll sity, d"value, half pt'ilk widths and peak a reas 

we re compu ted using standard .software. T he mCilS Ul'ell j('uts were perfo ':lll cd on host 

rocks, f;.l.ult gouges, (u~oli au depos its <lu t! all uvium . All X ltD nH~'l-SureJllellts were carri ed 

out in the Deccan College, P Il Il P. by Dr. V. Cogle . 

. j , • .J 
• 

I 



1 (64)

Result.s an(1 Discussion 

Table 3.2 and ~l.:3 rf"pJ'(~:,wll t t ill' ill it.I-' Hh, . .t Vil \t J('S and rh lor itl" peak a rea ratios 

for the various siunples. All samples contain mostly illite, r hlorite ilnd quartz. Some 

samples (T LV - 3, T LV - 2 etc. ) a lso l'o ll t aim'd dolomite. The ill ite Hb r el values indi cate 

that both fault gouges i.llld host. rorks wl'rp ht 'a t.(·d beyond :WO° C. O n the ba.sis of V. 

Cogle's unpublished results, t.he chlorite p("lk ritl ios w('n~ 1.6 ± 0.2, 2.0 ± 0.2 and 

....... 0 for the t emperat.lIl'(, ranges O- :WO°C and 1!)O- tl OO°C an d 400 - !)OQoC, respect ively. 

However, t he (,ITo rs associated wi l h t il(' r h lorit<-, pea k m Lios an ~ underestimates due to 

exclusion of f' ITOrS arising from (i) aliquot to .diq uo t. variat ions a.ll d (i i) calculat ion of 

peak a reas . T lw sugg(~$ted lWilk r,1I.io:-; (ha.<.a-'d 011 ('st im ittio ll o f chlor ite IW<~k ra tios fo r 

a minim um of 4 aliquots 'lml H' peatt"d cak ll l;Lt ioll of peak iLWi L.<'; ) iLrt" I. G ± 0.7 an d 

o ± 0.7 fo r tlw t ellllwra t.u n' rang(as 0- 1100°(; <lnt! > -'lOOo e. Th lls, presently, t he peak 

ratio m e t hod (all ollly illdicilt.<' if a sa HI plt-, is IH'ittt'd ahow/ below -'l OO°C . T he ch lor ite 

p eak rat ios (SN" table :3.:3) illdi CiL.lt' LIIilL \wsi<i ('s fi tl d L gO Il W's, iJOs L rocks, idl u vium iLnd 

aeolian d t- posits wen:' also iwa\.('d b('yond :l:iOoe. Thi s n's lIiL is IInL( : ll abl (~ since host 

rocks o r sf>d inwnLary ch"po!:iiLs should not dppict any IWiLt. ing Sig!l<Lturt'S . This a p p i.lrent 

d iscordance perhaps arist~s (h j(~ t.o thf' facL that illites itll d chlo ri Lf' s (>xa mined from vilr ious 

samples were de ri v(~d from il (01lllll0il Il\t't iunorphic lli"O V<:'llillH'P. Furt il f'r , illl addit. ional 

complica t.ion i:u-i ses d ue to lmL.':>k ing of tlw 10 AO illit(, Rnd 7 AO chlor it (, pea ks hy t he 10 

AO muscovi t e and til(" 7 AO kaolinitt> !witks. it. thus a ppl'ars t hat ,tt tilt" p resent time, t he 

m ine r.tiogica l :stud ips CcUl1lo l lllwquivocally (~stil h li s h if t il(' Itf'ilt ing ('Wilt corres ponds to 

recent faul till g/e.~rlier Ill(~talllorphic (~ V('llt S . 

3.5.5 Summary of r esults concerning zeroing of the lumines
cen ce signal during faulting 

A combi ua tion of various (TiLt"ria w(~n~ ('X<tlllill(·d to test tilt"' assu mp t. ion of ze roing of 

the TL signal du ri ng ri~ll lt. ing: (i) g rain ::; i;w d(·'p (~ndl· Il Cf' of T L agt~s, ( ii ) l' um pari so ll of 

• :l(j 

II 
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~ 

• 

• 

. -- -

Sample 

KU91-4 

KU91-5 
. 
KU93-1 

KU93-3 
• 

KU93-7 

KU93-8 

S-I 

K-I 

Table 3.2: lIIite Hb ... values for fau lt gouges and host rocks 

--

Type Location lIIi te Hb ... Inferred thermal 
• excursion 

Fault Gouge Nainital Fault 134 >370·C 

Fault Gouge Nainital Fault 144 >370· 

Fault Gouge Nainital Fault 155 200-370·C 

Host Rock Nainital Fault 155 200-370·C 

Fault Gouge Sleepy Hollow Fault 124 >370·C 

Rocky Material Sleepy Hollow Fault 181 200-370·C 

Host Rock Nainital Fault 120 >370·C 

Host Rock Nainital Fault 120 >370·C 
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Table 3.3: Chlorite peak area rat ios and inferred thermal excursions for fault gouges and host rocks 

. Sample T)'pe Location Chlorite' Peak ratio Inferred Thermal 
• excurSIOn 

2.0 <400°C 
, 

KU91-4 Fault Gouge Nainita l Fault 

KU91 -5 Fau lt Gouge Nainita l Fault 1.5 <400"C 
~ 

KU93 -1 Fa ult Gouge Nainital Fault 1.6 <400°C 

KU93-2 Rocky Material Naini lal Fault 2.0 <400°C 

KU93-3 Host Rock Nainilal Fault 2.0 <400°C 

KU93-4 Host Rock Nainital Fault 0.8 >400°C 

KU93-6 Hosl Rock Sicepy Hollow Fault 0.6 >400°C 

KU93-7 Faul t Gouge Sleepy Hollow Fault D.S >400°C 

KU93-8 Rocky Material Sleepy Hollow Fault 1.9 <400°C 

S-I Hosl Rock Nainitill Fault 1.7 <400°C 

K-I Host Rock Nainital Fil ult 1.7 <400°C 

TLV-I Fau lt Gouge Main Boundary Thrust 0.5 >400°C 

TLV-3 Fault Gouge Nainital Fault 2 .2 <400°C 

TLV-5 Faull Gouge Main Boundary ThnJst 0.6 >400°C 
• 

TLV-6 River Terrace Depos it Nr. Kaladhungi 0.7 >-tOO°C 

CNF-2 Aeo lian Sands Ghaggar Flood Plain 0.5 >400°C 

CNF-9 Alluvial $,mds Chaut:lng Rood Plain 0.3 >400°C 
--

+ Rat io of the chlorit e 7.I Ao and 14.2N peak areas. 
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host rock and fault gouge palf'ocio::ws , (iii) mechiLlIo luminescence and (iv ) mineralogical 

studies. The grain sizt" delw nd t>ll ct> st lldi ('s S\lp;g~s t t hat a pliLte i ~u in T L ages for grains 

smaller than n certain cri ti cal size is perhaps a good indi cator of complete resetting of the 

TL signals (of these smalle r grains) from faultin g. Observation of substantially higher 

host rock luminescE'Bce paleodoses iLnd Mechanoluminescence in tensities compared to 

fault gouges will also be consisten t with t he idea of a defini te rese tt ing event. The 

mineralogi cal studies are unable to prov ide it un iq ue a.ssociilt ion of the heat ing event 

indicated by t he chlorite and ill ite dilta with faulting. 

3.6 Sta bility of the T L sig n a l : Determination of 
tra p p a r a m eter s a nd mean life estimation 

In t hermoIuminescf"ll ce diLt ing: it is import.allt to estahlish th ilt th(' T L signals of the 

minerals consti t u ting t llP sample rI' lllaill stilb ]" 0\'('1' t imescales Sp iW ll illg the event that 

is being dated. As no ! ulllin escenn~ data \Va. .. " avai lable on faul t gouges/host rocks (to 

t he best of the au t hor 's know]l,dgp), it was couside red appropriate to exami ne the trap 

parameters and meitn lives for host. rocks and fhldt gouges bl:'s ides looking at t.he age 
. 

plateaus. The probability of f'l ectroll escape (per second) from il trap wi th depth E 

below t he conduction ban d is gi \,(-~ Jl by t il<' t·xpwssion 

). = s. e- E/ kT (3.5) 

where s is t he freq uency faeLor , k i:-. the Boltzmalln's cons tant and T is the i~bsoi lite 

storage tempera.t ure . In Randall ,lIld Wilkius ' (1 945) theory, ret rapping of electrons is 

assumed to be Ilegligi bleand the rat. td ilt which f'lectro ll s (dscap t~ is given by t he expression 

:17 
• • 

{ , 
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6n - = -An 
6t 

where- 11 is the number of eleclrolls tntppl~d at lillie l. Illtt~gri.LL i llg , OIIP ge ts 

(3.6) 

(3.7) 

If the Lelllpl"l'aLure increase occurs at it constant rate , say {3 (L ht' ]witting raLt ~ ), then 

l
T 6T 

n = no.exp -( se- E/ kT . _) 
o /i 

(:1.8) 

The tht.~rmol u1llilles[,(, lln" inLl;'llsiLy (I) is proportional to li lt" ratl' of suppl ,y of ,,It-ctroIlS 

to the 11im illesCl~IlL c(~nLres . Thlls 

6n - E/ kT lT _E/ kT H I = c . - = cnos . e . exp - (se . -) 
6t 0 Ii 

(:).9) 

T h is relat.ion sh ip onl y hold:; for fi rst on!!'!' killl'l.ics W llt'll tnq) pillJ.!; of (·lcd.rol ls is lH'gli -

gible. For a ny g(>]wt"cd kim·tic ordC'1' h, llw 'l'L inlt ' llsit.y (I ) is 

(;1. 10) 

where 5' is til(' pr('-t.>xponenlial factor in S(-,("o II(\-1 cm:l(b -i) <tnt! (' is lilt' proportionality 

constant. For th(~ initial pu rlioll of tIll" TL glow CIIl"Vt' , for allY killt'lie ord(-' l', 

• 

• 

{ 

- E 
In (lntensity) = Constan t · kT 

• 

(3.11) 
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T hus, if In ( ln tt~nsity) is plotted as a function of l/kT, the slop(-' giv(-,s tlw value of the 

activation elwrgy E, This method is tl~l'lned a .. ", tilt' initi,d .. ri se llldhod . This method 

can be applied to Qverla.pping peaks lIsing the fractioll al g low technique (Gobrech t and 

Hofmann , 19(6). The lifeti ll H~ (T) of el l'ctrons in i.~ particu[,u' t.r<LjJ of d(~ pth E and 

frequency factor s at the storagl~ telllperature '1' is (·'xpl"(~s ~;('d (I. ... " 

T= (3.12) 

Experimental Technique 

Representativ(~ silmpl~s of Llw fault. gOII ).!,l'S ,tnt! bust rocks \\'1'1"1 ' 1I.'wd to de tf' r" 

mine their ac.tivation ("lwrgy va.\tws. 'I'll\' fract.i o lla l glow t.('clllliq1lt , WiLS lltilized Oil till' 

106-\50 I Lll1 fmrtion of t.lw sampks. TIl(' samples WI'I"I' di rect.ly I'lan 'd lIll tit(> heate r 

plate to t~nsure it be tter Iw'Lt conduc t ioll ilnd preci s(' t(' lll [)('riltl ll"l' Illl'itSUn 'lllI'lltS. Sev

eral incremental (1 00e) cyell's of IlI'a t ill g ilm ! cooli ng \\"(-'("('[H 'rforJlH'd ill till' t( 'lll]H 'I"iLture 

range from 200 - :380°C. 

Results 

Figures :3.7 aud :U'; l"t~Pl"t"~Wllt typical IdoLS of In (Int('lls it.y ) ve rslls li T for f.wlt 

gouges. T he dl'PI~lllkllce of E values Oil t('IlI])(,l"aLlIJ"(' is also S!tO\\" ll ill F igs . :1.7 Clnd :3.8. 

Tables 3.4 pl"f'sents the tmp ]Hll"illllC't.("l"S I'vaillat(' d for ti ll' fall lt gllll,~\ ' S <lud host rocks. 

The spectrulll of aCLivatioll ( ~ ll(" rgil"-; for faldt gOIIg,('S dl'l(,["llliIH·d ll:-.ing, tIll' illit ial rise 

method are 1.:17 eV (:!IO°C), 1.56,,\1 (:!';O°C ), 1.67 ,,\1 (:!tll°C) a.lld t.7 1 "V (:ISO°C) . 

For the host rock from Sh~(>py Hollow F,ulit, tilt"' E vaille s wen·' Ui l (,V alld I.G7 eV for 

K-feldspar as quoted in tht' Iiteratun~ (Aitken, 1~Jt)5). T he ilctiv,ltioll I'lwrp;y. vailles were 

used to c<t1culat.t~ tht"' lifl~ti llw of til(' TL signal (ilt ]:)0(; ) asslllllil ig first onll'r killdics 

a nd frequellcy factors taken frum Aitb'Jl (19H.1) . Sinn' tlWr!llid tjlll" llI"hing Cilll itO"ert E 

• 

( 

• 
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IKU93 - 11 
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6 
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E= 1.67eV 
4L-__ ~ __ -L __ ~ ____ L~ __ 

1.70 

2.5 

2 .0 

1 .5 

0 .5 

1.75 1.80 1.85 1.90 

1/T 10 - 3 (K - 1
) 

IKU93 - 1 1 

• • • • • 
• • • 

• 

• • • • 
• 

1.95 

• 

0 .0 L-___ -L _ _ ~ ___ L_ 

200 250 300 350 

Temperature (OC) 

Fig. 3.7 (a): A plot of In (TL Intensity) vs (l/Temperature) 
lor fault gouge KU93-1. E is the activation energy. 
Fig. 3.7 (b): Variation of activation energy with glow curve 
temperature for the fault gouge KU93-1 . 

{ 
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7L---'-----'-_-"-_-'-_-'-----'-_ 
1.70 1.75 1.80 1.85 1.90 1.95 2 .00 

l iT 10 - 3 ( K- 1) 

2 .5 ,---,---- -----,-----, 

[KU93-2 [ 
:> 2.0 

" 

. -~ 
" > .-

1.5 • • • • 
• • • • 

• • • • • • • • • 
• 

t 0 .5 
-< 

0.0 L-__ ----'-----' __ _ 

200 250 300 350 400 

Temperature (OC) 

Fig 3.8: (a): A plot of In (TL Intensity) vs (l/Temperature) 
tor fault gouge KU93-2. E is the activation energy. 
Fig 3.8: (b): Variation of activation energy with g l ow curve 
temperature for the fault gouge KU93 - 2 . 

{ 
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T.bl~ 3.4 : Activation energies, rrequency radors and lifetimu ror 'ault gOugH and host rodt1 

Simple Glow Curve Sample E Value' 
Temperature ("C) E Value' (tV) (.y) 

210 1.37 1.4" 

280 1.56 1.62 

KU93-1 
310 1.67 1.68 

(Najnllal Faul t 
Gnuge) 320 1.6() 1.6() 

350 1.71 1.68 

210 1.36 1.40 

310 1.6() 1.6() 

KU93-2 
320 1.68 1.69 

(Nainital Fault 
Gouge) 350 1.72 1.68 

380 1.65 1.66 

310 1.61 1.68 

KU93-5 320 1.55 1.6() 

(Sleepy Hollow 
330 1.69 1.69 

Hosl Rode) 

350 1.67 1.68 

KU93·7 220 1.36 1.40 
(Sleepy Hollow 
Fault Gouge) ]20 1.57 1.6() 

210 lAS 1.40 
TLV-3 
(MBT Fault 320 1.55 1.6() 

Gouge) 370 1.61 1.66 

-t Calculated using the Initial-Rise Method. Rmdom efTOT in E \'alue is -5%. H~alu1g rate IS 2"Cjscamd. 
• Qooted from Aitken (1985) . 

Frequency" 
Factor (5") 

2.8 x 1011 

4.1 .It IOu 

1.8 II 10" 

I :r. 10') 

2.8 ;II; 1011 

2.8 J. 10" 

I 1. lOll 

I x 10" 
. 2.8 .It 10" 

1.5 II 10" 

1.8 x IOu 

1 x [0') 

I x 10" 

2.8 x lOll 

2.8 x IOu 

I x 10" 

2.8 x IOu 

I .It lOti 

1.5 .\ lOll 

Lifetime' (years) 
.t 15"C 

-0.7 x I()I 

- I x 10' 

- 200 .It l<r 

-20 .lt 10' 

-6.1t 10' 

-0.5 .It 10' 

-20 x 10' 

-50.lt 10' 

-9.1t 10' 

- 100 x lit 

-20 x 10' 

-3 x 10' 

-80 .lt let 

-I x 10' 

-0.5 x 10" 

-6.1t 10' 

- 20 .lt IQl 

-3 x let 

- 2.1t 10' 

.. At a 810w-curve temper.ture T"C, the estimated sample E value " 'as comparc'd " 'i th E values for minerals (al - T'C) quot~-d in Aitklm (1 985). The frequency factor for 
the E value nearest to the sample E value at -T"C was IISsuUll-d to be the ~amplc's frequl'lle)" factor. 
N Lifc!imes have been calculated using SIImpJe E values (column J) amI S values (column 5) assummg fU"St order lc.mc:lics. 

• 
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values determi ned usi ng the illit iall'isp method (Wintlt.\ 1975), tli(~ COl1lplltt~d lifeti m es 

must be treated as minimum estimate~. The li fet i llw~ indi cate tlmt the TL signal from 

the 250-400°(: region of the glow cmw is stable over timescales of 2:: 1 Ma. 

3.1 Anomalous Fading Studies 

The loss of lumilwscence from the high 
• 

reglOll of the 

glow curve is tt.' l'Ilwd ',ulO malo llS fad ing' . Wint le ( 197:3) fi rst J'( 'por tcd ilIlOlllidoU!:; fadiu g 

for various tyP(~S of feldspars from vo lcanic lava fl ows. LUll}i l l('Sn' IL (,(~ ages aff( ~cted by 

anomalous fa ding will b~ underestimat('s of tl\(~ t nH' 'Ig(· . In t lH' I' l'!'s(' nt studi t·s, t lt( ~ fault 

gouges Wt~re impiLrted a beta dost·· () f '" :}tIO Gy <Llld slI hs('c pH'utiy ston·d for it Jwriod of 

th ree weeks a l. '" 2:1°(; ilfl.e r ir l'ildiilt ioll. No f' ld illg of til(' TL sig lw.I Wi l.<; {)bs(·rv(·d ( Fig. 

3.9 and 3.10) fra il} the 250-400°(; reg ioJJ of t lw glow ('Ul' V' ·. Winl.lt- (197t-:) dt'lmlllstnLteu 

that fading dOt~s not di splay a st rong dept· ndt' Il Ct· Oil tlw tYl't· of iOlli si llg il'l'iLdiatioll used . 

Thus no f<lding of the laboratory 1W1. <I irradiati un g(~ ll t ' l'iLt('d TL signal shou ld imply th<~t 

anomalous fading of the. fault gouge T L sign al did 110 t O,'CIII' dllrillg cLlItiqlli ty. 

3.8 Results of TL Dating of fault gouges 

Fig. 3.11 and :3.12 pl'oviC\(:> typ ica l TL g low (' UI'Vt'S a nd growth ClII'Vt·,S for f,mlt gOllg(~s . 

Fig. 3.13 provides IRSL gl'Owtlr nlrw and shilw plateau for a f<L ult gougP. Tables 3.5 

and 3. 6 present radioactivity data and hlllJ i llt-~!'ic(·IICt· .tgt-·s of fa ill t gOHgt·S a nd host I'Ocks. 

Fig. 3.14 and ;3.15 provide age plitll-'iLus for fault gougt-·!'i . 

Methodology 

T he radioac.tivity data indicates that illluual do~f' for t l lt~ fault gougl.:'s from Naini ~ 

tal and its viciuiti(>s is '" 6-9 mGyia. Howewl', tlw .Lllllilal dos(~ for a [,wit gouge 

40 

• 

( , 
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ANOMALOUS FADING TEST 

2 .0 

I TLV 3 I 
1.5 

1 .0 

0 .5 

0 .0 
240 280 320 360 400 

Temperalure (DC) 

Fig 3.9: Anomalous Fading lest for faull gouge TLV- 3. 
I fresh represents the mean value o f TL intensity of five 

aliquots which were r e corded within 2 - 3 days a fter bela 

exposure. r old is the mean TL inte ns ity for aliquots whic h 
were slored for three weeks at 23°C after bela exposure 
before TL readout was performed . 

I 
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ANOMALOUS FADlNG TEST 

2.0 - \KU93 -B \ 

• -1 .5 

-'-
~ 

1 .0 

0.5 

0.0 , , , , 
200 250 300 350 400 

Temperature (DC) 

Fig 3.10: Anomalous Fading lesl for sample KU93 - B. 
I fresh represents t.h e m ean value of TL intensity o f five 

aUquots whic h were recorded wit.hin 2 - 3 days a fter bela 
exposure. l old is th e mean TL intensity for aliquots whi ch 
were stored for three weeks at 23°C atler bela exposure 
before TL readout was performed . 

---~-,--~------

• 
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Table 3.5: Radioactivity data for fault gouges and host rocks 

Sample Type Th' (~g/g) 

KU9 1-4 Fault Gouge 

KU91·5 Fault Gouge 

KU93-1 Fault Gouge 
. 

KU93-2 Rocky Material 
. 

KU93-7 Fault Gouge 

KU93-8 Rocky Material 

TLV-I Fault Gouge 

TLV-3 Faull Gouge 
-t 

TLV-5 Fault Gouge 

MOH-I Fault Gouge 

MOH-3 Fault Gouge 

,.. Error in TIl and U concentrations is typically -10% 
** Water content (assumed) = 20% ± 6% 
+ Error in K concentration is typically -5% 

12.4 

11.7 

13.6 

21.3 

18.6 

12.7 

18.5 

20.7 

2.4 

9. I 

12.3 

V' (~ g/g) K· (eg/g) 

5. 1 3.0 

6.2 4.0 

3.9 3.7 

6.2 4.7 

5.4 4.9 

3.7 3.7 

5.4 3.7 

6.1 2.7 

0.7 0.85 

2.6 1.3 

3.6 1.2 

Annual Dose·. 
(mGy/a) 

6.95 

8.5 

7.6 

9. 15 

8.7 

6.3 

7.9 

7.0 

1.4 

4.0 

4.9 
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Fig . 3.11: TL glow a nd growlh curves for faull gouge 
TLV- l (4 - 11,u m). P indicales lhe paleodose . 
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Fig. 3.12: TL glow and growth curves for fault gouge 
KU93 - 7 (I06- 150!-'m) . P indicates the paleodose . 
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Fig. 3. 13: IRSL growth curve and shine plateau for 
faul l gouge MOH-1 (106 - 150 I-' m). P indicales lhe 
IRSL paleodose . 
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Fig. 3.14: Age plateaus for fault gouge TLV- 1. 



1 (81)

• • 

80 I KU93-1 

60 

40 

20 

o "------'------'---- -------' 
250 275 300 325 350 

Temperatu re ( °e) 

80 1106 '-150 I'm 1 I KU93 - 1 I 

60 

v 4 0 
!!' 
;:: I 

20 

oL-_-L __ L-_-L __ 

250 275 300 325 350 

( °e) Temperature 

Fig 3.15: Age plateaus for faull gouge KU93- 1. 
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Table 3.6: Lum inescence dating resull~ (or (:1U1t gouges lind host rocks 

Sample Type Location Grain Size Technique 

• Q>m) 

KU91-4 Fault Gouge Nainital Fault 106-1 50 11... Additive Dose 

KU91-5 Fault Gouge Nainital Fault 4-11 TL. Additi ve Dose 

KU93-1 Fault Gouge Nain ital Fault 4-11 11... Additive Dose 

KU93-2 Rocky Material Nainital Fault 106-150 TL. Additive Dose 

KU9 3-7 Fault Gouge Sleepy Hollow Fault 106- 150 TL. Addit ive Dose 

KU93-8 Rocky Material Sleepy Hollow Fau lt 106-150 TL, Additive Dose 

n..V. J Fault Gouge M:lin Boundary llirust 4-11 n.. Additive Dose 
. 

ll.V-3 Fault Gouge Nai nital Fault 150-250 11." Add it ive Dose 

ll.V-5 Fault Gouge Main Boundary Thrust 106-150 TL, Additi ve Dose 

KU93-5 Host Rock Sleepy Hollow Fault 106- 150 TL, Additive Dose 

KU93-6 Host Rock Sleepy Hollow Fault 106- 150 TL. Additive Dose 

MOH· I Fault Gouge Mohand Thrust (HFF) 106- 150 IRSL, Addi tive Dose 

MOH-3 Fault Gouge Mohand Thrust 106- 150 TL. Additive Dose 

MOH-3 Fault Gouge Mohand Thrust 106-150 IRSL. Additive Dose 
-- -- ---- -- ---

HFF = HimaJayan Frontal Fault ,.. Includes Suprnlincarity Correction 

The mean of fault gouge TL ages from the Main Boundary lllfUst is 70 ka. 
The mean of fau l! gouge TL ages from the Nai nital Fault is -41 ka. 
The mean luminescence age of fault gouges from the Mohand Thrust is - 59 ka. 

Paleodose· 
(Gy) 

264±50 

375±30 

308±61 

827±141 

311±3 1 

518±39 
. 

542±33 

29O±30 

102±17 

>850±255 

>650±128 

202±40 

316±44 

310±26 

Annual Dose Age (ka) 
(mGy/a) 

6.95 38±8 

8.5 44±4 

7.6 4 1±7 

9.1 5 90±15 

8.7 36±5 

6.3 82±1O 

7.9 68±8 

7.0 41±5 

1.4 72±12 

. . 

. • . 

4.0 51±9 

4.9 64±9 

4.9 63±7.4 
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(TLV-5 ) frolll BajYllll , MBT is extremely low ("-' lA mGy/ a ) in comparison to ot her 

faul t gouges. T his sample was counted thrice to ensure t hE" authen t ic ity of the alpha 

coun t rate and the pot assiu lll conccnlfi.~t i oll . The low a llllual value of clllll llal dose could 

be due to the pres(>nce of larger amoun ts of calcium (.'arbOll i:lte ill tlw gouge nmLrix. This 

hypothesis is plausible c.onsiderillg the preseno:" of li mestones ill this arpa. Tht"; U and 

Th concentratio ns of the fault goug(~S an~ generally high as fault wnes uften serve <IS 

sites of m ineralizatiun. 

T he a liquot- to-al iquot scatter in T L intensity for cO<lrse-g]"iLinf'd fractiolls is gen

erally higher than the 4-11 ILill friLction. This is probably dut· to t lw use of the wc:ighL 

normalization procedure for normali sing TL in tellsiLips of COilrS(' fractions. W(·ight 110 1'

ma\i zation is based on the premis(" t hat TL l'missioll fro m an a li(plOt is proportional to 

the number of grains ill the aliquot , ill l ·!rl~('t a.ssum ing th :lt (i) ('itch grain is 11\[ll i! 1I ~scent 

and (ii) T L t"mission pt"1" grain i~ rUll s tallt uvpr tIlt' {'ntin' aliquot. Tlwst:' 'L..'isumptiolls 

will not be satisfied if only I.l few of t Ilt" grains cumprising thl' s i~mpl (' {~mit thermo-

luminescent-e. The 4- 11 I,m fradion was ll ormilliSt~d using tilt, Hiltural Horm;disation 

("-' 1 second shortshine IllS L ink llsiti t··s) tedl niql w, whkl! I.H'i!!).!; 'l 111!1liw'sn'!Il"l·I)iL..'it·d 

techn iqup should be more (~lr('ctiVt' in rt'ducing iLliqllot- to-,diq llOt S("i~tt('r. 

T he samples I<U91-4 and TLV-;j wt'"n' cul!('ctt~d !Il'iU' Jt'oiikot, \ainital Fault, in 

1991 and 1993. I( U91 -5 and I\.U93-:1 \\"l-J"(~ also samp!t-'d !Wa!" Ut'opatta, Nainital Fault, 

in 1991 and 199:3. T he T L age.s for t lll 'st- fi:~u I L gOll gt~::; (Table> :Ui) indicalt, that till' TL 

age.s are re producible. 

Chronology 

The resul ts of lum inescence dating provid(' t'vidp!! ("(, for u('o tl 'ctonic activity ilt 

the Nain iLal and Slrepy Hollow F,~ ul t at 41 ± 8 kll and :3(i ± f) ka n~sIH~cti\'t'ly. The 
• 

Mohand T hrust fault gouge is d l.lt E~d to 5~) ± 10 ka. Fault gouge ill the M,tin Boundary 

41 

• 

• 
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T hrust ga.ve an age of around 70 ± 121m agu. Ah:-; t·:nce of urganic mat.erial at. the f<~uIL 

gouge sites precluded any comparisuns beLwet.'1I 1.le aud lumiuesrt~ nee ages, However, 

radiocarbon analysis of lake sedimenLs f!'Olll lakt"s cont,t:lllp0l'ilI'Y Lu NailliLal Lake give 

a ....... 50 ka formaLion age of Nainit.al Lakl~ whi ch is bdit~v('(1 t.o IlilW bet'll creat.ed by 

movement along Nainital Fa.ulL. Along the Nort.h AllllOl'<L Thl'llst illld South Almora 

Thrusts ( ........ 30 kill from Nainital), fi1l1ltillg resultl~d ill tilt' blocking of riwl's <llld fOl'lIIat.ion 

of lakes (Valdiya, 1996), He d.~tillg of charco.d frolll L.W.~dda ( ...... :lO kill frolll Nailli tal) 

indica.tes that Lhe L. Wadda. was forllled 44 ka. DP by mUVelllt'llts along I<otli F,uilt, whi ch 

rUll s parallel to North Almora Thrust (ValdiY,l, 1996). Thlls, tlw ilgn'(~Il\t'JJt bet.ween 

formation age of Nainit.al Lake, L. Wadda and t. llt· TL fiuilting ag(' 1t'lH Is SOli i<'" en'dence to 

t.he applicability of t.he lumiut"s(,{>IH't··dilt.ing tf'dllliqllt's . IItSL dating wa." a lso I )('rform (~d 

along with TL dat.ing 011 Mohillld Thl'llSl fa li lt. ~tl l1 ,1.!; t ' S, IUSL (G:\ ± 7 kil ) <lnd TL ages 

(64 ± 9 ka) of fault.ing along t\'luh iUld Thnlst ('Ollnlr wit.h t'x[lt'rilllt'lltal ( ' ITOI'S . This al so 

suggests that. IW:iL dating can Iw dt'v(-'Iopl'd fur n'liah lt· dat.illg of IWil Lt·d objects , [ ItS!. 

ages could not. be det.ermined 011 t.he utlH'r f,ulit. g<Jllg('S sinn' tIlt' tout! phot.o]! count.s 

obtained undt~r stimulation wen', immflki('llt for t'va luatioll of a proppr i t.g\~, 

For host. rocks from the Sle<'py lIollow Fault., palt~odos(' l'st [1llatt·s (·v,dll ' t.te'd usillg 

a saturat.i ng exponential fit have t)(>('u pn'stmled ill Tablt, :LG, Si nu ' tlw TL int.(·ll sit.i ('s 

exhibit. a s;:~t.uralillg behaviolll' oVe'r it. 11I1'gt~ dOSt' rangt' of O -~.;oO C:y, tlw host rock 

paleodos~s art" minimuill estimate's lUlIl have it liI!'!!.t· \'!'ror assori a tt' t\ with tiWlll , 

The samples (KU93-2 and KU9:1-b) l'ollt' CLt,d ...... :1-,1 lIWtl't'S away from fault 

gouges gave higher TL ages (90 ± 15 kit, ~~ ± 10 ka) wlllpan'd to the ages obtained at 

t he fault. This is probably it COllst~quenn' of (i) partiid z('roing of tlw TL signal during 

faulting at. 40 ka or (ii) all oldt~1 faulling ('Vt'nt {possibly (,()IlLt~lI l [.lo rilnt·lllls with the 70 

± 12 k .. , MBT event) at. '" 86 ka sinl'(' tlw possibility of n'IW<lkd fault.ing t~wnts in 

t he same zon~ cannot. be ruled Ollt. Srilolz (1 9S7) bilS dto '1ll01Is trit.t(-'d thtlt rt'CU1Tp.lIce 

• 

• 

( 
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of faulting (inne/lsing slip) resul ts in illcn~<tsillg LhicklWSS of the gouge :Wllt"~ produced 

during faultin g. F'mLiwl' dating work is n(,(,essary t.o l'(':-;o lw t.hi.':i iS~·illt' .. 

• • 

• 

• 
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Chapter 4 

Chronology of 
Paleoseismic IN eotectonic Events 
Luminescence dating of seismites, 
river terraces and soils d eveloped 
on colluviuUl 

• • 

Deforma.tion ~ tructur('s in soft ~t'd illwnt oWl'bank/sh,dlow water d()posits (scislnites) 

formed duringjimllH>ciialeiy after deposition are potentially important indicato rs of past 

st"is1l1ic activity (Sims, 197:3; Allen , 1975) . Uplift"t! fluvial Lf'lTaC{'s afC' geomorphic 

expressions of neotectonic ani\'il), <tlld Cilll be USt'd for estimating the rilles of tectonic 

act.ivit), (Len:H' 1l ;tlld Vella, 1971; Vhor,l, 19\)7). 13uric'd so ils within fault scarp derived 

colluvium can pro\'idt~ l'oll~lraillts Ull thf' tim.:- of falliting ( Forman f'L aI. , 1988) . This 

chaptt'f bt"gi ns with ;\ de.!>crip l ioll o f tilt" fir :" l attelllpt to daLl" seismites usi ng the IRSL 

and TL d.'lting te(hlliqut'~ . SUlJ~t'qUrlltlYl IUllli[ws(t"tlCt~ dating of soils dev{~ l opl'd 011 

collu\'ium and upliflt"d river Il~rra(t's is disCllSSl'll. 

• 

( 
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4.1 Luminescence D ating of Se ismites : Zeroing of 
the Luminescen ce signa l 

T he lumi nescence methods are ba...<;ed a ll the premise that a short durat ion of predeposi

t ional sun exposure call reduce the geologically acqu ired IRSL/ T L sigllais of the m inera ls 

const it ut ing t he sediment. to a law valut~ . This n~St· ts t he IRSL/T L clock (Hunt ley e t aI. , 

1985) . On burial , SUll exposure ceases and a fresh acquisition of iumi nesccnce ( I RSL/ T L) 

is initiated through irradii.ltioll from am bient. natured radioactiv ity (v iz. , 238U, 232T h and 

4°K) . This reacculllu\at ioll colltinups ullabated until cXcilv; ~ t ion. T he lum inescence age 

is then given by the expr€'Ssion 

Eq u iva len t Dose 
Age = -"--7- --=-'--'-'-'

An nualDose 
(4. 1 ) 

Va rious field and laboratory st. udies have pn~vi (J u s ly shown that the defor med sediments 

were present lLt the sed iment-w'lter in terfact-' during t Il(' deformation event (Kueneu) 

1958; Sims, 197:3 , ]975; All(-~n) 1975) , Sl\ggl~sti ll g tlt at the t. imt' i1L t «' l'val between t he 

deposition of the sediment and its ddornmtioll is small com]la l"c-d to the deforma tioll 

age of t.he sedilllent. . It hil...<; a.lso been pr('viOllsiy deiliolls trated that the I RSLj OSL signals 

of sha llow lacustrine/ fl uvial sedinwnls is w(' 11 blt'acl u-d ' It tlw t.ime of deposition (Stokes , 

1992; Balescu awl Lamothe, 1994). In tlw present :-; tudies all the feas ibi li ty of using 

luminescence methods fo r da.t ing s~i sllli tes , tlw applica.bilit.y of the zcroing assumpt ion 

was asce rtained by exa mi uing t1w b lea.ehability of IRSL signal with su uligh t . In view of 

the rapid blea ching r<~te of IR SL of sed im{"nt.s ( Fig. 4. i ) a nd their t ransport duration 

of 10-200 hours before deposit ion, it is J't"asollilhle tu aSSllllH! that t hese sediments have 

indeed u ndergone iL predeposit ional upt ica l hll-'ilching. The st'ismites would t.h us have a 

near zero IRSL signal ,~t tilf' t ime of dl.[orlilaLioll and th us sati sfy t he basic assumption 

of zeroing in iumi nes(.cllce dating . 

• 
45 

{ 



1 (88)
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Duration of exposure to filtered sunlight (seconds) 

Fig. 4 .1a: mSL bleaching curve for a typical seismite. 
The m SL intensity r educes to 8% of its initial value 
after exposure to natural sunligh t fil tered through a 
4 mm thick transpar ent window glass for - 10 minutes. 
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Fig 4.1 b: Decay of lRSL with time for t h e seismite on 
exposure to LED emitting at 880 nm. Comparison with 

• fig. 4.1a above shows that diode exposure far - 200 s is 
equivalent to an exposure for about 600 s of filtered 
natural sunlight in reducing mSL intensity to 8%. 
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4.2 Geological Setting of se ismites 

T he Hi malayaencompass numerous N\·V-SE t rending regional t hrusts/faults (Fig. 4.2) of 

which the Indus Suture Zone ( ISZ), the: Main Central T hrus t (MGT), the Main Boundary 

T hrust (MBT) and t he Himalayan Frontal Faul t ( I-I FF) are notewor t hy (Valdiya, 1992). 

In t he Spiti bas in a number of N-S trending faul ts, includi ng t he Kaur ik-Chango Fault 

have affected the Precambria n-Paleozoic succession of t he Tethys Himalaya (Gupta and 

Vird i, 1975). The study area (Sumdo) lies wi t hi n 4km frolll the iLctive zone of Kaurik

Chango Fault and has s ufft~l'ed at least 9 major earthquakes of magni tude greater t ha n 

6 on the Ri chter scale including tlw ID7fi I<illilaur earthquiLl,e which caused widespread 

damage, landsl ides and ground rupturing (Mohindra iLlId Bagat i, 1996). 

The Late P lei s tocelle-Holol't~Ilt> s~~dillH'tltMY ba.sin in tilt-' rol d-arid SUlIldo region 

(3200 III above MSL) is repn·se.nt(~d by fluv io-litcust rine deposits. At the confluence 

of t he Spi t i ri ver and Padra Na.lc~, the fluvial/lacustrine sedil1lcmts arc associated with 

soft sediment deform at ion st ructures a t. variolls I(~ vt' l s in the 120 III thick st ratigraphic 

column , comprisi ng siLndst.olle, conglomerate, siltstone and mudstone (Fig. 4.3). 

The deformation struCl.ul'l'S SI-SS occur at irl'eglll<tJ'ly spfl(,pd st. rat igraphic inter

vals and can be tril Ct~d lal.(:'rally IIpt.O it kilollwt.n" . T hese st l' uctl\n~s include a ruptured 

ant iclinal feature wit h ill trusiw sedinwllt plullH's / dUllc-likt· f('atme, it flame structure, 

sand dykes, small scale faulting associated with folding and large scale soft sedi ment 

fold ing (Mohindra and BagiLti, 1996 ). Thes(~ stl'l\ct.ures are !,(->stric ted to single strat i

graphic layers sepa mted by unddornwd beds. T he ddo l' mati()ll of sediments dur ing 

eart hquake may have heen cillised by liqlwfaction due to cydic loading and undulatory 

motions resulting from the pa .. '>sagf' of snrfiLcp. Ray lf' igh wav(~s (Seed 1968; ' Sims, 1973 , 

1975). The deformation s t ru cllln~s obs('rwd ill Slillldo can b(~ il."i::ioc iated with seismic 

• 
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events as they sat isfy Sim!\' (197:~; 197,1)) criteri;l: (I) tl)t~y lie dose to it seismically ac

tive ZOllt' ; (2) t hey an~ n~stricL('d to sitlglt' stmtigraphk I;Lyer!-i st~p;lraled by undeformed 

beds; (3) the st ructures an~ cOlTelntable over it large area; (4) the laYt~rs are flat- lying, 

t hus ru ling out slopt" failure and (5) sim ilarity to deformation structures described in t he 

literature (Sims, 1973; 1975) and produ<:ed experimentally by i<uencn ( 1958). T hus, t he 

deformation structures are induced by t~ar thquakes and depict the combined effects of 

fluid ization , liquefaction and slw.er st rt".ss as discllss(-~d elsewhere (Mohind ra and Bagati, 

1996). The Occurrence of liquefaction in sediments ha.s been correlated to earthquakes 

of magnitude> 6.5 (Morgenstern, 19G7). The deformation structures S3, Ss, S6 and Sa 

were sampled for iumint':scenc('. dat.ing. Si nce no Iakt~ fills exisLed near the Kaurik-Chango 

fault zone during tlw 1995 (~arthquilkt~, a modern 'lllalogm: of soft-sediment deformation 

structure was not avctiiable for illllliIH"SCt·'nn' dating. 

4.3 Sedimentological Characteristics 

The present samples repr~senL it fiuvi.d cyclt' with overbank sediments upto 58 III level 

followed by lacustrine sediJllC'llis with \wriodic sandy inl\uxt~s. The litbology ant! the 

location of s<ullpies are gi\, t~n ill Fig. 4 .:~. Tlw grain size an,dysts of the samples for 

Juminescenct:'. dating show bimodal to polymoda\ distribution (Fig. 4. '1). The statistical 

parameters of these sall1plt~s show thaL tlWSt~ seclinwilts (U"t~ modemtely to well sorted 

and are Ileal' sYillllwtrical \,0 negaLivt'ly skt~Wt·d. At t1w transition of nuvial to lacust rine 

phase, the sediments an~ wdl sort{'d and J1{'gaLivt'ly skt~wed (Fig. 4.4). The mineralogy 

of both the fluviid and laclIstrine :wdilllt' llts show dominance of quart2 followed by cal

cite a.nd feldspar (Table 4. J). Crain si z(~ <tJld lllilleJ",dogicai analysis were performed by 

Dr.T.N. Bagati at the Wadia Inst.itlltl"' of HiJllalayitll Gcology, Df'hr;uiull . 
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• 

~ 

Table 4.1: Principal minerals of the whole rock sample· 
. 

Sample No. Quartz Calcite Dolomite Plagioclase Orthoclase Micrite Chlorite 

L·I 38 .8 22.7 11.3 8.6 7.4 6.1 4.9 

L·2 38.7 38.5 • 11.9 - 5.9 5.0 

L-3 47.7 18.2 7.8 8.6 3.6 8.7 5.1 

L-4 47.7 31.6 - 7.6 6.9 2.2 4.9 

+ Expressed as % by weight of the bulk 
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4.4 C limatic Attributes 

The Sumdo region forms p,lri of the cold arid dese rt. The humid ity is maximum (85.5%) 

during summer and minimum (49%) during winter. The average rainfall during willter

spring transition is 14 mill , 2:3 HlIll during SUlllllJer illld 44 0 llllll during wintr-~r. Snowfall 

of 17 - 20 III is common during winter. 

The sedillwnt tri:LllSport with lllaximum \VilLer dischiLI'W' occurs during April 

August and is minimum during winter . No qUillltitative t"litta Oll the river di sch'1.l'ge and 

sediment Lra.llSpOrL from the basin Wil .. " aVitiltlbl(~. I [ow(,Vf'l', fi( ·ld olJservations dlOW that 

the amount of watt.~r is about 50 Limps mOl"(' ill SUlll tlWr in cOlllpiLrisoll to willter. The 

transport from Llw catchment. is about 5-:.WO km cUlt! illlplies il t rall sport duration of 

10 - 200 hI'S and t.hlls it. is rea.'iollahlt-' \.n infl'r that most of tIlt' s(,dirrlt'llts did gt ·t exposed 

to finite daylight. during w(~a t. lwrill g and t.ra.11SpOI'i.(ltioll prior to dl'[Jositioll. 

4.5 Experimental Details 

The experiment.al illl,dysis wa .. <; c<U"ried Ollt \lsillg the infriHt'd stilllulatt ,d luminescence 

(IRSL) (HuH et al., 1988) alld tlwTL da.ting nwLlwds (Ai t.b·'n, 198\ 13t"l'gt-'r, 19,sS). The 

ext.ract.ioll of I< .. feld spm· was ma.dt·, using ;~ st'qlH'lltial plTlrnatlllt'llt of tIll' silmple using 

1 N Hel, :30% 1-1 '2 0 .. 1, sieving 75-106 }tlll and dew.;ity sl'pamlioli usillg NiL polytulIgstate 

(dens it.y = 2.58 g/c.m:I). III vit' w of limitt,d sam pI!' availabil ity, no IlF etching of these 

grains \V.a.s dOllt~ , and iLll alpha dos(~ (Ol'n'(tt'd fo r atLl'IH.l<lt ioll WitS considered in the 

estimat.ion of t.he amlu;:d dose. At.t.eIHlil.t.ioll in lwtiL dos{' was abo t.aken in to a ccoun t in 

annual dose calculat.ions (IVlejdahl, HJ79). tvlolloia),t'rs of the gmins were tlt-·posit.ed Oil 

st.ainless st.eel discs. T he irmdiat. iolls \Vt'!"(' lHade Ilsing a 1.'1 mCi BU Sr _BO y bela source. 

The lRSL int.~nsit.ies of the lliltuml allll tlw irl"i\.diilt(~d discs W('l"t~ lIorillidized lIsing 1 

• 
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I I 01.-1~ 

second shortshi ne glows. Tht' oplics chauud cumprised a Etvll ~)(i:~:l (21\ coupled to 

Corning 5-58 + 7-59 blue fi lters and a Daybreak photon cuunt.ing Sys tt~ lll illt.erfaced to 

an IBM / PC with an Orlee Accuspec llluiti -scaling c<~rd . Sixt.ePIl IRSL diodes (T EMT 

454) with peak t~lllissioll at 880 ± 80 Il ill (opt~rated with a programmable constant. 

current. supply) were lIsed for shilledow li curves. In olle C'lS(~ (L- 4) the 75- 106 1J.1ll 

K-feldspar y ield was negligible and iWllre the finf' grain method was lIs(~d iUHI a R-/1 

TL analysis Was done. The low pholon yield uf gn~clI light st.illl1llilt,('d Itllllill (,SCCIlCC 

(GLSL) from quartz precluded it GLSL analys is. Pille grains (4 - 11 It lll ) w( ' n~ ext.racted 

after p re-t. reatment of IN He l , aO% H:20'1. a.DIN N.t-oxalatt' and Stokps ~;('pariLti()1l in 

a cetone, 

The TL lllei.l....<;urement.s were performed us ing t.wo Schott {/ (:-ll filtl'rs, a quartz 

ND-l filte r and C h ance Pilkingt.on HA-3 filter coupled t.o illl EM! ~J(i;J:1 QA photolllul

tiplier t.ube <tnd a photon count.ing SYSt.I>ll l. AlphiL irmdiatiulls Wt' lT 1l1adl' ill V,L(lIl1lll 

using a s ix seatt~r 0,22 mCi :241 Am vacu um alpha irnLdiatioll sysklll (Sillghvi iLnd AttkclI, 

1978). The sample aliquot.s wert" sunblpilclwd undm (i) dl'iLr :-;1111 for:30 millll tt'S iLnd (ii) 

shaded SU ll fo r 5 minutes and t llf' eCjuivillt-nt do!", was ndculatt'd using tilt' partial Ill t'M It 

method . Second glow normal isation WiI .. '; liM"\. Lillt~ill' <llld satlll'<lting ('Xptlllt'll tiids Wt'l'( ' 

fitt("d for Q ' and {J growth CurVI~S I'Pspl'ct ivl'\Y. 'I'llt' inwl'st' Vill' i<Ult,(, lllt'thod WiL-; uSt 'd for 

calculatio n of errur i ll equi valent dost'. An alpha-t,'Jlirit'Ill'Y f,Lctor or 0 . 15 ± 0.075 was 

assumed fo r ('oarse-grained K-feldspill's. lJ and Til ('ullCt~ntriLtioIl S Wt'rt' t'stilllill(>d using 

thick source ZnS (Ag) alpha counting metho d and Nid (TI ) glUl\!lliL my slH'ctro!lH'try was 

used fo r pota.ssium ~stimatioll. A radioactive (>CJuilibl'iulll ill lhl' dt'cay snips of U and 

Th was assumed in the dos(~ ratt' calculations. Tllt~ ('osm ic l'i~y dost , !'ilk WiL'i iL'i~UIlH'd 

t o be 150 ILC;y/a. Error ("stimaLion was CillTit,d out following tIlt' prt'snipt ioll of Aitkt'll 

(1985). 
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4.6 R esults and Discuss ion 

Table 4.2 provides luminescenc~ daLa for the four st"ismitt's . Figure 4.5 provides a typical 

IRSL experilllt"lltaJ dilta set . The luminescence (IRSL/TL) dates (Table 4.2) of the 

seismic evcnts S3, 55, S6 and ~g are 90 kit, 61 ka, 37 ka and 26 ka respectively. T he 

analysis of the sample L-4 proved to be enigmati c.. In contra .. <;\' to the other samples, 

L-4 did not yield an appreciable amount of fine-san d sized K-fcldspar. Consequently, 

the fine- grain nwt hod was used. Although the fine grain discs were sensitive to IRSL, 

the total photon counts were far Loo low enough t.o c<trry out a reasonable analysis. 

Accordingly, i.L TL analysi~ WiL:) done for L-4 and the partial bleach (clear SUIl, 30 

minutes) method gave. all agt.>, of 26 kit. A pn'!illlinilry analysis with a SUll exposure of 

5 minutes under a shaded sun \V,L" ,dso C<lrr ied out for this sample iLnd the reduct ion in 

thermoluminescence intE'llsi ty dlW to hlcilching WilS USt·" for t'v;duating <lll age of ,....., 20 

ka. This implied that an ag(' of:lG ka is il I't'asonai lle t'st i!ll,ttp fo r Sg. Quartz (·x t ri.Lctcd 

fro111 L-II was also mwd for LIlt' t"vaillaliull of ' l TL 'lgt'. Tlw slid( · Ilwthod (Pn$cott et 

aI., 1993) equivalell t. dost' was IlSt' t! along wi t.h t.i\(~ fmcliullai reduclioll ill T L intens ity 

aft.er a. 2 minute blt~a('hillg (shaded sunlight) tu ('stimiLte an agt~ for L-4 . The quart.z (35 

± 9 ka.) and fine-grain (26 ± ·1 .3 ka ) TL ag('s a.ppear concordant \vithin experimenta.l 

errors desp it.e t.h E'i r v.trying bleaching behaviour. l·lowpw r, the slow growth of the quartz 

TL signal in a dose r;:tnge of a-GOO C:y rf'sult$ ill it large t'l'I'or ill thf' t)xt rapolation of the 

growt.h curve for clet.ermining lIlt' t>qlli va\e'll t dust' . Thus , 1'1.. dating of quartz extracts 

was not. aLLcmpted all the l'f'lllilining samples . 

It may be appositE' to considt>r t lif' possib ility of mdioactive disequilibrium in 

such a fluvial / lacustri ne environment. This multi no t bt.~ iltL t~lllp ted in t.he present case 

due t.o limit.ed sample availability. Howt'wl', in vit~w of t.ht-' filet thi:lt upto ':" 55% of the 

t.ot.al dose is contribute.d by potassiulll, the material being t.rans ported by water over 

short durations and <L gelwral rO II{'ortia llC(' of I'adio<l(t. ivity dilta derived assuming an 
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Table 4.2 : Luminescence Dating Results for Seismites from Spiti Valley, rndia 

Sample Technique Mineral 

L-4 TL' Quartz 

L-4 TL. R-B Fine grains 

L-3 IRSL. Additive Dose K-fcJdspar 

L-2 lRSL, Additive Dose K-fcJdspar 

L-I lRSL, Additive Dose K- fcJdspar 
-

'" Water content as percentage of dry weight 
+ See discussion in the text 

Th U 
(pg/g) (pg/g) 

5.4 1.6 

5.4 1.6 

12.6 3.7 

8.9 2.6 

9.4 2.7 
. -

# The a value for L-4 (fine··grains) was experimental ly determined. 

K a va lue 
(eg/g) 

0.8 -

0.8 0.12'±0.06 

1.6 0.15'±0.075 

1.75 0.15'±0.075 

1.96 0.15'±0.075 

$ The a-values for K-fcJdspars from samples L-3, L-2 and L- l was assumed to be 0.15+0.075. 

Water Annual 
content· Dose 

(%) (mGyia) 

0.3 1.9 

0.3 2.9 

0.5 4.5 

0.3 
-t 

3.8 

0.2 4. I 

-
Equivalent Age (ka) 
Dose (Gy) 

66±14 35±9 

74±1 5 26±4.3 

165±21.4 37±5.2 

232±34.2 61±9.5 

372±33,4 9O±1O.5 
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equilibrium of the decay st·~ ri(·~s in th n~e ::;<lmpl~s Sllgg~st that m<iio,ldive disequilibrium 

lllay not. be a g~rious probll"'m ant! Uwt tIll' <lgt~ est.imaks are realistic. 

T he int.erval bet.ween t.he seismit.es S3-S5, S5-56 and S6-58 is 29, 24 and 11 

ka respect ively (FigA.3 ). The presence of few more S~i.slllites in Sumclo area are not 

ruled out. as the exposures a t plitces are covered by deb ris. T he eros ion in the few 

fluvial cycles at diffe rent st. ratigraphic levels may have eroded some se ismites and it may 

also be possible that at t imes seismitt's do not. gt~t. preserved due to lack of prerequisite 

conditions. T he higher duration of29 kit (S3-S",) iLl HI 24 b (S ... - 56 ) ill the f1uv i,d part of 

the sect.i on may be due to periodic !lon-deposition and itt pl,lCt'S dll/"' to erosion. Ideally, 

it would have been desirab le t.o obtain ages on a ll itv; l i l abl(~ St ~ i s lllites . However, due 

to logistical problems, colb:tioll of fOllr seismi t.es was possible. Nonetheless, the rat.e 

of sediment.ation ill the lacustrine fill has be("11 cOllsiden'd foJ' est.imation of the seismic 

in terv,d betweell S7 and SI>' 'I'll(-' l',llculilLed rilt t' of scdilllt'!ltaLioll is '" 400 em / 1000 

years. On the bit.Sis of Lhis sedimenLa.Lioll \"iLLC', t lw mi nimuJll inkrvill hetween tlw two 

seismic event.s 57 and S8 is '" :l.C)OO Y(' ilI"S. F'urt]wr , sd i1llentologiu d ,tilt! chrollological 

data suggesL <l change from fhl\' iill to l<ICl ls t. rine fat" i('s ilt '" 40- 'lfl kit implying that at '" 

45 ka, laclist rine sedimentat ion star t.pc] ill SUllldo iU·l'a. This lllay be cOIlt.emporary to the 

formation of lakes in parts of Spi t.i <Lnd Ladakh due t.o dal111ning (Ihgati and Thakur, 

1993) by a ma.jor eClrLhquake. 1.1e; agt!s Oil gastropod shdJ.<; fouud wi t hi ll I<tcust ri ne 

sediments ill Laillayurli (- :3 50 kill frolll Spiti ) show that Lake LamaYliru formed at least 

35 ± 0.6 ka (rad iocarbon ypars) ago ( Fort et .d. , J98!J). 11ItC' ["t'st ing]y, the activat.ion of 

Naillital Pault and format ion of Nil ini Lab-> (about 450 kill anoss fronl Sumdo) is dated 

t.o 41 ka (Si nghv i et aI., J9~J4 ) . Also, 14(; ages all charcoal (ValdiY,L ('t al., 1996) within 

lake sed iments frolll Wadda Lake (:lO kill from Nainital) indicat.es that Wadda Lake 

form ed a.t 44 ka ago due to mowJlwllL along I\ot.li Fault (paml!d to Lhe North Almom 

Thrust). Luminescence clges all fault g()ugt~S from Main Boundary Thrust (in Nainital) 

alld Mohand Thrust (OeJlJ'iu!ull ) provide l~v idence for tectonic activity at 70 ± 12 ka and 
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59 ± 10 ka which may be coeval wi th the'" GI ka seismic event at Spiti , Thus, t he above 

results prov i d(~ SOl1ll~ indication of the po~si b ility of regionally ext~llded tectonism ill the 

Himalaya at '" 40 kit allt! '" GO ka ago, However, additional dati ng work is f:ssent ial to 

establish this idea. 011 a firnl foot ing, 

4.7 Luminescence da ting of river t er races a n d soils 
developed on colluvium 

Dating of flu vial terraces in seismically art iv(' }'('giu llS is ill l[lOrt;I11 1, for det (-'rlll ini ng slip

rates along a. fault ilnd til(" pO\.I'llti;d St 'iSlllic ri sk a . ..;so('ia t('d wi1 Ii I, lw parti('1d<U' ;w' ; t. 

Lensen and Vella (1971) (>X<1millf'd a fli ght of tt 'lT,lc('S alo llg 1.. 11(' \V,lioI JilH' H,ivt:r, Nl'w 

Zealand which wen~ offset by 1ll0WIlWlIl,l') a lung t.llt' \rVairara,pa Fanl L. 'I'll(' filli it. prodllcc'd 

a ma.ior earthquake ill 1855 and calls('d v(-'ri.ical and hori2onl,ai di sp I< LCT!llf' ll ts at t llf' 

\"' ,liohille HiveI' . Similar 51,uelies we]'(' ]wrfornl('d on J\ iso !1 iv('r I t 'nilC('S J,rod ll{"(,d hy 

movements along At.era. Faul t, Jap,ln (Yoshika\\'il (,\, al. , 19;';1 ), \ Va ll,!!;<tll lli Hi v('r , (l lI 'itl" 

Alpine Fault) , New Zealand when' a I"I·'("\JI'I"<'I]('(' il1 Lcrvid of IMgt ' t'ilr! hql1ilb's Wi lS dt ,dtH"('d 

using I ' l e ela t il lg of \\'ood froll l Ih l' ri v("r Lt!IT,U'(-'S ( f\ti,lI11 s, HJ(iO) a ll d un V('nU lr,l, Bi n ' r . 

datillg river t.elTilC" t~S from Soia ni Hiwr, Hoork(,t , llsi ng il l(' tht'nllt)lllmil]( 's("( '!lCC <la,Ling 

technique and indicated falli t ing a.L ....., I.G ka . ProszYllsb-Bordits vI, al., (19D2) ohs('r\"('d 

a good (OnCOrdHnCf' L('tweell \ '1<: <tnd TL ages ( H) ± 0.:3 ka HI) ilnd 20 ± .J ki t} of fossil 

soils <lnd sedin H"n t ~ from ri \' t~ r \.e rran's ill Po I)l<lin, It,dy and ('m·a \i ('g ra . Spain . 

Burir:d soi l::; d(~vdoped on fault d(~rived CUllll ViHlll !"t' IH'('St 'II L Ih 'l' iods of t t~cto ni(" 

quiescence (Ami t et aI. , 19!15). Thus, dating ~oils bUl"i('d lwiw('('ll co ll uvia l l a.y(~rs con

strains the time of fault ing:. FOl"lllan I"t al. , (l~);)\1j 19\)1) (-~~tah li s h('d LI lt' feasibili ty 

of dati ng soils (A-horizon) deVf':lolWd on collu vial clt-'bris using TL l,t'chniqlle, For t il(' 

present studies, soib devdoped 011 l'.oliuvilllll wen ' s'tlllpJf'Ci [rolll BllillVil.l i ri vI'r i t·'ITilces 
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(Figs. 3.1 and 4.6) <:dong with t he ILp lift.I·,d rivl·'r ter rac!"' s('dilllPnts at I< .... ladh ungi a nd 

Garjiya (Fig . '1.6). 

4.8 Experimental Techniques 

T he lum inescence techniques for dat ing soil s a re b.a.sed 0 11 t he a.ssumption that faunal 

pedoturba.tion at the surface {A.horizon} caU St ~S rt"scL ting of the luminescence signal 

(Wi ntle a.nd Catt, 1985; Bergt~r , 1988; lI untl ey, 1985). T lwrtl w lum inesccllcc da ti ng 

of so ils (KU91-1 and KU91 - :l) W,c; IwrforLll I·d using the fi LH'·grain technique. The 

soil samples were sliubleadlt'd for :JO llIinutl's within il quartz tuhe under natural sun 

and the- partii.~l blcilch Illethod wa.s ust'd to I..'sti!llittl' tlw I'quivalcnt dose. After t he 

development of the IRSL systt~1l1 during IH94 ill PilL, both T L and lRSL dat ilLg of 

75-106 I'm feldspars were attl"'LllpLl'd on r iver tl..'ITilCt' s('~li Lllp.t1ts (TLV - 6 ilnd TLV -8) 

and the buried soil siunplf' I\ U9:3-JO. TlH' f'XIH~rinH'Lltal t('dmi((lws IIsed in IRSL da t ing 

have been described previously i ll sl'rt iull 4 . .1 of this riLaptt'r. Equiv.dcllt doses for 

te rrace sedimenbi wen' estimail'd using ti lt' addit ivI ' dusI' LlH' tltud, the H.·jJ method. A 

short f' XPOSU rt:' (:2 minutes ) l.o naLural ~unlig ht (in a rloudy day) filtered through a 4 

111m thick trans parent. window glass wa:; lI st·d to t'~t imate tilt' n'sidllal signal le vel which 

was t hen used to calculate tilt, eqllivait'llt dost"~s and agl 's using thl~ tot.d hleach method. 

4.9 R esults and Discussion 

Figurf' -t.7 provid(>s a typ i .... al TL daul Sl't, fur iL huri t'd so il. Fig. 4.8 provides t.he 

IRSL growth cur ve and the shi m' pla lC'illl for a terrat'(o ~edjmellt. Table 4.3 presents the 

radioacti vity data for the soil and rivI' r telTaCl~ sillllp l(·s. Taull' 4 .4 prov ides the lumi nes

cence dat ing results for t he terran~ sl'll inwuts and soils. 'r hl·. so il s'L1n ples {K lJ9J - J and 

• 
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Table 4.3: Radioactivity data for soils developed on colluvial debris and terrace sediments 

Sample Type Th** (pglg) 

KU91- 1 Soil 

KU9i-2 Soil 

KU93-1O Soil 

TLV-6 River terrace sediment 

TLV-8 River terrace sediment 

>io", Error in U and Th concentrations in lypically - 10% 
$ Error in K concentration is lypicaUy -5% 
.. Water content (assumed) = 20% ± 6% 
# Calculated for fine grained polymincrallic sample 
+ Calculated for coarse grained K-fcJdspar 

9.1 

12.3 

8.8 

7.6 

lOA 

U** (pglg) K' (cglg) 

4.9 1.95 

2.9 1.65 

2.6 1.7 

2.25 0.9 

3 1.6 

Annual Dose· 
(mGyia) 

5.5' 

4.75' 

3.0" 

2.r 

3.2+ 
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Table 4.4: Luminescence Dating resul ts for so ils developed on colluvial debris and r iver ter race sediments 

Sample Type Location Grain T echn ique Equ ivalent Annua l Dose Age (ka) 

Size (/lm ) Dose (Gy) (mG,v/a) 

KU91-1 Soil from river Nr. Bhawali 4-11 TL. 30 mi n. R-B 24±2.4 5.5 4.4iOA 

terrace 

KU9 1-2 Soil from river Nr. Bhawali 4- 1 1 TL. 30 min., R-B 19± 1.9 4.75 4.1 iOA 

terrace 

KU93- 10 Soil from river Nr. Bhawali 75- 106 TL, 2 min .. FSE 21±5.0 2.7 8±2.1 

terracc (Quartz) 

KU93- 10 Soil rrom river Nr. Bhawali 75-106 lRSL, Addi tive Dose 37±5A 3.0 12±1.9 
. 

(K-feldspar) terracc 

TLV-6 River terrace Nr. Kaladhunghi 75- 106 JRSL, Additive Dose 52± 17.0 2.2 24±6.8 
sediment (K-rcldspar) 

n y-s River terracc Garjiya 75-106 TL, 1 min .. R·B < 32,0 2.S < 12.0 
sedi mcnt (Quartz) 

TLV-8 River terrace Garj iya 75- 106 TL , Additive Dose 45±5.4 3.2 14±2.0 
sediment (K-rcldspar) 

n y -S River terrace Garjiya 75- 106 TL. 2 min ., FSE 25±6.0 3.2 S± I.S 
sedimcnt (K-fcldspar) 

n y-S River terrace Garj iya 75-106 IRSL. Additive Dose 27±3_0 3.2 8± 1.2 
sediment (K-rcldspar) 

. _.- --------- - --- - -- --- ----- - ---------- - --

FSE: Sunlight fil.tcrcd through a 4mm thick transparent window glass (ror a short dumtion or limc indicated abovc) was uscd to evaluate 
the residual signal in thc detcnni nat ion of TL age (sec text). 
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K U91- 2) from the tf'rr,l.('t's at two difrf' renl 10C'ltioll s llf'(lI' Bhawali gave st ratigraphi

cally concordant par tia l -bh~arh ages. T1H~.st~ <1St'S agn'I'~ with 14(; ages (1<'S. Valdiya, pers. 

commn .), suggesting that some 1I("O tt'cLon i c (lrl ivity took place a t ,...., 4 ka ago in Bhawali. 

It is a lso inte l't'sting to note that I3 hargava (lmJO) Ull the basis of folded ri ver terraces 

in S,E. Ladi:tkh ( Il ear Tsot\'tormi-Pug<l Paul t) suggests t hat the area sou th of the Indus 

Sutm e Zone (Fig. 4.2) experienced IJeoteclonic act ivity a l '" 4 ka <lgO. 

The IRSL (8 ± 2.lka) age of , uil sample KU93 - 1O agreed with t he FSE TL 

age (12 ± 1.9 ka) on quartz extracts within errol's. Although th is sample (KU93 - 1O) 

was a lso collected from almost t lw sanlt' spot. ilS I\U9J- 1 (2 Yf':ars a fter K U91-1 was 

collected), its age is mort' than t.wo factors higllt'r compcLn' d to KU91- I 's age (4 .4 ± 

0.4 ). The im pl ication of the lUlllillt'SCPlICt' age ( ....... 10 ka) is not yet known . A poss ible 

explanation could be that lal'gpr grains ( ...... 125 Itlll) used ill dating K U93-10 will be 

suspended in water fo r shorter int(->I'vals of tilllP ill ('om pitr isoll to fim' grains (4-1 1 "'Ill) 

uti li zed for d ati ng K W)J -1. Bk"cH'hillg is thlls lllon' t'flirient for fine grains . Clumping 

of the silt fraction (,Ln a lso result ill oW!'I'stimat ioll ~) f the dtAposition,d age. 

The ages on sed iml"lIts from upli fted riwr terrc~cps at Carjiya and K,d,tdbuugi 

are st ra t. igraphically collsi~te llt. TL agt> d(,tl' l'milll"d on quartz ('xtracts from tlw terrace 

T LY -8 using the partial·blt>ach mpthod agn'l,t! wit h FSE TL <Lg(~S all feldspar extracts . 

The TL ages (8 ± 1.8ka ) ar(-> also concordall t with IRSL ,tge. (8 ± 1.2 ka). Dut, as 

expected , the a ddi t iv(-> dose TL ag(~ own'st imatt's t ilt' tnw df'positiouai age. Concordance 

between quartz T L and feldspar IHSL/TL iLg(~S sltggest.s that the f('ldspar ages are not 

affected by anomalolls fading il!'i it is now rt"I..";Ullilhty w{'11 {'sL'lhlislwd that quartz does 

not exh ibit anomalolls fading. J-! UW\'V( ' r, the iutllill('sCt'uCP agt'S ["('present only maximum 

est imates of the true f,w tt ing ag<' siun' tlw possibility of (ArOS iOll of the uppe r horizons o f 

the river terraces ca nnot lw ru led Ollt. Tilt> I Uln i!](-'~;n'lI ("(> ag{-'s 011 river ten·aces (TLV-6 

a nd TLY - 8) suggest llC"otectoni sLll in I<aladllullgi and CilrjiY,l at < 31 ka and :S 9 ka. 
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Chapter 5 

Thermoluminescence and Infra-red 
Stimulated Luminescence dating of 
Pedogenic Carbonates 

5.1 Introduction 

Calcretes are defined as terl't~sl riilllllilt \ 'ri<tls whicb cOllsist prilll ilriiy (but not exclus ively ) 

of calcium carbon ,lle ilnd O«(lll' in di[r(~n' lll forms from powdmy to highly indurated 

011(".5 (Goudie, 198:J). P(>dog(~nic C<lrbonat(·s occur ill il vill'ip.ly o f sediment.ary sequences 

and soil profi les a nd mil)' h(~ pn's(' nL itS k<Ulkil!' Il nd uies, rhil:oco nn etions, pedotubules 

etc. In soil profi\(>s, t.hey oft.t·1l form st-'Vt'1"il1 dist.inct horizons (t'.g.) calcic or jWlrocalcic 

horizons) . Machet.te ( 19S5) has wcognis(>d s ix st,lgt'S of deveiopmf'lIl of sllch carbonates 

dE-pending upon t.he <11ll0Ulll of ca lci u lll carhonate Clnd grav('\ conLl'nl presen t. within 

!'he horizon. Generally, forlll.ili on uf lH'dog(~n ic carl.)(lIIat{'s takt,s place whcll ciu bonates 

dl~ri ved mostl y from dust , nti lJfall , Vt 'p;datioll litkr, shdls iultl d!t'mical weat hering of 

C a2+ bearing minerals an~ ieadlt'd t1uwllwards in a profile. <llld pn~ci piti~Le in the lower 

soi l horizons (Goudie, Imn). T he c1wmical react ions illvolwd ill the d~sso lution and 

rep recipitation of calcium carbonate are : 

I 
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(5.1 ) 

(5.2) 

(5.3) 

where (aq ) and (g) d l~n ot(' tlw ilQ 1H'OIlS and gast",{)us phase:.; reS I )(~ct i vc l y . Carbonate 

precipitat ion oC.curs if then~ is d(,CI'ea..<;(~ in tlw C0 1 par t ial p r(,ssll rc~ , ('vaporatioll, common 

ion effect or biological act ivit ies . Evaporat ion \'t 's1l1ts i ll iL l' itp itl loss uf vadose waLer and 

could Jea.d to rapid carbonate precipitation and mHs ing tlw format ioJ} of small calci te 

crystals. Evapot ranspi ration can also result in c<ll'bouilte pn~c i p iti.lti o ll . 

The basic im portancl' of pedogt'llic carhollates st l'IlIS frolll t he fact that they 

have long bee n considered a.s importa llt sLI'iLLigra.phic Ill arkers a ... '-; also pal (-~ocl i miltic and 

pa leovegeta tional indicators. TIH'Y generally fo rm ill r t-~gi o ll s of lwi illllll!id moisture 

defi cit a nd net. a nn ual p recip itati un of It··ss tban 400 mm. It has also been suggest!·" that 

t he presence of pedog("ll ic (arbunate~ i!llp l i(~s la ll dscapt.~ stability (Callen et a l., 1983). 

P resen t est imates ind icate that. pf';dogt~nic l'Mholl,ltes cove r '"" :W million km"2 or iLbout 

13% of the tot a l lau d surfact> (Yaalon , 1981). In Ar izona, the depths of occurrence 

of carbonates have lw("u n> laled to t ilt" ilJl lllliti p rec ipi t ation (Cooke el al. , 1993). The 

rates of soil carbollibte a,('cl!JllUlalioll have also lWl'li corrl'lat( ~d wiLh modern mea n annual 

precipitation (MarioH l~ t HI ., 19:-; ~») . 1'(·d up;t~ lli(' rill"hnll,ttl's al so ('()nsti t llt t~ il significant 

part of t he global carbon budgt>t . Thlls, it is (' sst'llt ial to unc!("!'stand the t imescales af 

carbon fixat ion as (:a rbanates in the arid 201H'S of t l u~ wo rld and exami ne t heir correla t ion 

wi t h global cli matic events (AdiUllS et al. , 1990) , Aftt:'r it brief re view of t he exist ing 

m ethods fa r dat ing CiLrbolliltt'S, this dlapk l' dt~sCl' i bes t he IWW lumi nescence met had 

( 
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• 

to date pedogenic carbonaLl~~. Lumin($Ct'nce ages of carbonates from Thar Desert and 

their implications are also pres('n tpd at. the end of this chiLpter. 

5.2 Dating of Pedogenic Carbonates: Earlier work 

Radiocarbon dating of carbonates has been at.tempted by many worke rs (Godwin , 1951j 

Williams and Polach, 1969j 1971 ; Chen and Polach, 1986). Comparisons between He 
ages 0 11 carbonates with coexisting organic mat.erials have generally indicated that: (a) 

relative ages agree suggesting thilt tilt' radionuboll ages have some stra t igraphic im

plications; (b) a rid zone cilrbollat(~ iLgt·S are typic;~lIy it '" f(·w ka older tllan the t rue 

carbonate age du t': t.o incorporation of ' tlt'ad' carboll (cont.aining litLh) no I~ C) and (c) 

ages 0 11 carbonates from semi-arid to humid regions me mo:-. t.ly YOllugGr than the age ou 

the coexisting organics. The laLtPr result has bl'PIl aLLribuL<·d to post-formati on con tam-

ination by aLmospheric He dissolw·d ill met.<'oric wilh:r~ (Willi;UllS aud Poiach, 1969). 

However, Callen eL .d., (1983) obtilillf'd st.ratigmphieally inconsisten t I~C carbonate ages 

from Strzelecki Desert , Sout.h Aust.ralia. The ages from tlw rim of nodules were found 

to be much younger (29 ka BP) than t.hose frolll the l:eIlLn~ of tIlt' nodule (> 44 ka BP). 

Thus, Callen et. a.1. (1 98:1) suggt'SLt·t! t. hat. 1·1(; cilrbUililt(! ilgCS frolll Mid ZOIH'S a re ofLcll 

unreliable and have little or lIO st.rat igraphic significiU1Ct'. 

230Th _ 231U disequilibrium dilting has .dso b('clI iLLll~mpted on pedogenic carbon

a tes (I<u et al. , 1979). However, til<" lllt'thod Iweds correction for the det ritral ThjU 

component. and idso aSSUIllp.s that. aftt' r their formatioll, LIlt! carbonates act as closed 

systems in respect. of exchange of thorium and uraniulll isotopt·f-i. Incorporat.ion of older 

crust material or liillest.OIH~ part.icles call a lso n·sltlt. in l~rrOIll'OliS ages . The Electron 
• 

Spin Resonance dating method (R<ldLkt· eL ilL, I ~JSH) has also been llsed to date cal 

cretes. However, many of til t, ESR ag<'s obLailwd by rbdtk(> et a!., (1988) were not 
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consis tent with tlH~ 1:J°Th _:n ·!U ag(~s on t he ~allW c,dct'l'!tes, Also l the g = 2.45 ESR sig

nal used for dating is assoriat.ed with humic aci ds an d t.hus might not remain stable over 

geological ti lll escal e~, It is abo not itppar~ll t whe·ther t he E5 ft method call be a pplied 

for ascertaining the chronology of you ng cidcrele profiles. 

Thermolumin~scel}(~e (Nclillbi .uld Hedge., 1982; May a nd Maciletle, IH84) tech

niques have also tWl":n utilized t.o date calcretes but arc open to criticism 0 11 various 

aspects: isolation of carho ll <tt.e luminescence fro m qua rtz and feldspa r lum incsccnce, 

opacity and T L sensitivity changes Oil heating and diagenetic changes (Berger, 1988). 

Recent lYI an attempt. ha.s 1w('1\ made to lIS( ' tilt' ill ~itll product ion of :wCI by 

cosmic rays fo r dat.ing pedogenic c <lrb on,~t ( ~ nodllh'g (Lin eL id., 19!-Jt1). This method at 

best provides model ages a.s it crucially dl'\)('lIds on st'v('mi factors such a.s the chalJges 

in the calcrete burial dt·pt.h l co n~l..iln('y of cosmir my flll X(~S t.hrough time alld negligible 

erosion. Liu et al. , ( 1994 ) re por ted ages from :WO-700 kit. for a cakrete profile from Ajo 

Mountains, sout.hern Arizona. llo\wver , the It'ilch,lble fraction :mCI ages were generally 

larger t.han the carbo lla1.t~ fract ion and the silicatl' re:.;idllal :IGCI ages. An age inversion is 

al so observed ill t.he sil ica te resid ual :IGCI ag{~s. T hlls , ,ulditioll.Li dating work is necessary 

to test the validity of tilt> 3{'CI method for d,ltillg carbollaLI's. 

T he present. swdies inv()lv (~d tilt' d("VeiOPllWllL of ,l new IUlllin('scence dating tech

nique for dat ing pedogenic ("lrbonaL("s, which (unl ike other radiometric methods dis

cussed above) is l e~s suscept ible to post-depositional c hall g~s aud is also immune t.o 

var iab ility of cosmi c my f lux(~:;. This approach I:xploits ~lIbtle cha nges in the natural 

radiation fie ld of a luminescent mJlleral afl..er being tmpped in it carbonate prccipitate. 

Thus, t he p roposed method ut ilizes I..\w 'd irt' of a llodu!t·~ Lo dilte it carbonate prccipi ta

t ion event. In princ,iple:, the lllt'thodology should alluw us to ilpply it to 'l large variety 

of te rrestrial carbona.te deposits ranging frolll roo t ca,<.;l..s, J,;,ullmr nodules and loess do lls, 

.18 
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5.3 The Luminescence d a ting m ethod 

The proposed method is based all the same premise as used in luminescence dating of 

sunlight bleached sediments (Aitken} 1985). Sunlight exposure of the minerals consti

tuting the sediment stratum dur ing thd r pre-depositional transport optically bleaches 

the geological luminescence to a residual value ( I .. ). On burial, a fresh acquisition of 

luminescence is initiated due to irn~dii.lti o ll arising from the decay of U, Th , K ill the 

ambient strata. This reacquisition of luminescence continues unablLt(!d t ill the sample is 

excavated and a i<Lboratory analysis of this sample p rovid (·~s it signal I"al 1 such that 

(5.4 ) 

where Id is the TL acquired since s('dilllt'U1.lltioll. In t.t~rIllS of t,<tui val~lIt radiation doses, 

the above equeltion nUl be functiollally exp]"( .. ~~~ed iJ..S P, = Po + Q, wlLere 1\ is the total 

paleodose in a sample. Po is thf' initial do:\(~ correspond ing t.o TL inLensity 10 and Q .. is 

the dose acquired since buried <Llld rorn'spollds to 1,/ . TIll' IUlllin('scence age equation 

can be written as: 

Q, 
t, = -:n:-7"i;--7,,--:~

aDo .s + OD,s + O..,.s + Dcos,s 
(5.5 ) 

where is is Lhe age of Llw s<"d iIlH~ntati oJl t'pisod(~ of the host strilLulll (e .g.) a sand dune). 

D6 is the total annuet! rad iat ion dose WIWW1L" DiO,~) Dp,s ami 0..,., .. are the component.s of 

d . I I b II I,.· , I' "" II """ 1'1 . I '''1' D . gamma ose reJ..tes provl ( ('( y \(' l U<Ly:> 0 , I ,Ul( \. co .. ,,, IS the cosmic 

ray dose rate and a is tilt" ~mmplf': d(':p(~lIdellt aiphll,. dficit'IlCY parameter. In the case of 
, 

carbonate formation , some of the Illill(,l'id grains thM al'(~ t.rapped ill the carbonate matrix 

suffer a change in their close rate due to dilution (o r enrichment) of the rad ioactivity of 

sediment matrix by ca rboll<J..te. If the dos(~ rate experiellced by a grain ill a cc:trbonated 
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ma.trix is DCI then the total paleodose Pc of a m ineral grain trapped in the carbonate 

matrix can be expressed simply as (Fig. 5.1) , 

( 5.6) 

where Qc I the calcre te equ ivalent duse is given by the eq ua tion 

(5.7) 

Here tc is t he age of c:arbollate formatiull t··v~nt. H(',Liizi llg that , 

(5.B) 

using equation (5.7) and equation (5.ti ) one obtains, 

(.5. 9) 

Since both Pol illld Pc haw idelltical pretiepositional blf'(Lching (i.t':. 1\) , 

(5 .10) 

Q, - Q, 
t c = 7( a-=D-"-,,-+"'-;D'-p-,,---'+~D;O:o-,-' -;+-;;D-w-,-,,~) -'( ,", D" o ,-,-+;-rD;-p-,,-+-:-'D'-o-,,---'+- D" w-,-, ,~) (5 .11) 

The a.bove equation simplifies if OIW c(J ns id(~rs 100- 150 IlIll mineral st:~ parates which have 

negligible internal radioactivity. Also, tht~ alpha dose contribution frolll the host matrix 
. 

can be ignored by etching the outer ,dp ha-dost~d skill of the mineral. The large range 
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Fig. 5.1. Schenmtic representatioll of ba.sic prillcip l('~ iIlvol ved ill 
lUlnillcsccUC'c dating; of a cari)()uat.e. The ~Ylllhoh; tlsl'd havE' bpC'1l 
explained in th p t.('xt. 
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of gamma rays furtilf'r implies thilt the '/ dose and cosmic ray con tri bution from the 

host matrix « 30 em) wIle n compared to typical size of 1- :1 em of <L cllrholl<lte nodule 

remains essentially unalte red even after carbullate: preci pit ;~tion . SetLing, 

On,s ::; 0 ::; Dn,c D")'.s ::; D"),,c and Dcos,s ::; Dcos,c (5 .12) 

the dose rate difference red uc(':j to 

Os - Dc ::; De.s - D.o.c 

Thus , only the difren~llce in t lw t.ot,d allllllid hp.ta dose from U, Th, I( in un earbonated 

and carbonated mineral s t ~]laratt~s lw(~d~ (-'va.lllation. TIlt" age eqllation in its final form 

can be wri tten as , 

t c = 
Q, - Q, 

Do.s - Do,c 
(,5.14 ) 

wh ich suggests that. the dating of ci.lrbOlmtes for min e:ral separates having negl igible 

internal radioactivit.y (e .g. quartz ) requires t~stimatioll of the differences in (i) accu

mulated radiation doses of mineral sf'parates from both the carbonate matrix and the 

host sediment a.nd, (ii) radioactivity content (i.e. the differenct·~ in the ne t annual beta 

dose to minerals wit.hin ,I. host matrix <Llld it ca.rbunate nodule). However, fo r unetched 

K-feldspar separates, tlw alpha dose ('(Jotribl ltioll also llt'ccis to be considered and the 

expression for the luminescenc.e age lll'co]]wS 

- Q, - Q, 
(5 .15) a(D." - D.,oJ + (Da" - Da,,) 

(i 1 
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5.4 Methodological Aspects of the luminescence dat
ing method 

This sec.t ion discusses some methodological aspects of the dat ing method, viz., dosimet ri c 

cha.nges due to loss/gain of radiolluclides, change ill the tUll1jJlesceJ\ ~e age a.s a result of 

redissoiutioll and reprecipitatioll and estimatioll of error in the calcrcLe age. 

5.4.1 Dosimetric changes due to loss of 238U and/or mTh 

The calcrete age equation can 1)(> wr iUcli ,1$ 

A 
Q, - Q, 

ge = 
i3Th., + i3u., + 13K., - fiTh ., - fiu., - fiK., 

Now if i3TIL,c and /3u,r change Lo fJr" ,r <Lll d f~t,. r ' Lftt'r prn:ipi tatioll 

expression for tlw new age is given by 

(.0.16) 

uf the lIodule, th~· 

(,5.17) 

Using the two equations above and a.L~sllllliJlg Q~ "" Qr (a reasonably good assumption 

since'" 80 % of the f3 dose comes from J( ), Ollt' get~ t ll'.~ rclati ve ch iUlge in age 

b.Age _ Age - Age' 
Age Age (5.18) 

given by the expression 

(5,19 ) 
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Now (PTh ,$ + /3u" + !1K,$ - PTI.,C' - flu,c - PK,c) is the original annual beta dose difference 

between the hos t sand and tiw calcrete. Por the calcrete sample: CA L-3, this difference 

is 0.56 mGy/a whereas fiTh,c and flu,C' are'" 0.086 mGy/a and 0.084 m Gy/a respect ively. 

Calculations us ing t hese valU(~s show thii.t (i) if 50 % loss of either 238 U or 23
2T h occurs, 

the change in the 'lge will be 7 % while (ii) if 50 % loss of both :2:18U and :2.12Th occurs, 

the age changes by 1 :3%. 

5.4.2 The interpretation of luminescence ages for multiple 
carbonate precipitation events in a single profile 

After the carbonat.(~ precipitation ('vpnL, if rf'<ii ssoIIlLioll .uHi n·pn·cipitat ion occu rs, it 

is most likely tha,t the new CiLl'hOniltt~ will form iLl. <L different d('pth, ASSU luillg thi s to 

be so, we now consider t wo situations and til(' illtl'l"]}]'('tiLtioll of tilt: IllmillC'sct'llce age in 

each case, 

Scenario A 

We assume that t he IJ(~W carbonate form.s ilt a lower de pth and incorporates only 

t hose m ineral grains which \Wrt' pn'!oil'nt within tilt· adj<Lctllt host SiUld . Tlwrcfore, the 

carbonate does not. ('ontain any lllilwmi grains ])]'PSenL witbin tilt' origin.d cClrbonate. 

Under these cirGu lllstances, tlw ])]'o(,l'dure indica,kd ill S(~('tion 5,;3 can be applied to 

evaluate a carbonate age, T lw ('stimiltl'<i carbonate 'lg(~ denotes the time of the new 

precipi tation event and will be low('r than the iLgP of til<' ('arliN carbonilte formation 

even t. If such even ts repeatedly occur, i,e., I' tieh time the npw carbonat€' forms at a new 

horizon and cont.dns gr'Lins only from tilp adjac('nt sands, t ilt' t'stitllated carbonate age 

will represent the age of the latest precipitation ('Will. 

II 
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Scenario B 

If the new carbonate formed comprises of grains having difft~rent irradiation his

tories, i.e., grains originating from th(~ older <.~arbollate and from the adjacent host sand, 

the above approach call not be ilpplied to (~S limilte the l'arbonate iLge since the paleodose 

P ( for carbonate minerals canBoL be expressed ill a unique WiW Also, the resulting 

inhomogeneity ill radioactivity within tlw carbonate implies that the infinite matrix as

sumption breaks down and the <ulImai dose call1lot be calculated in the usual manner. 

Additional assumptions regarding the rate of deposit ion and the <J,nn ual dose D. need 

to be made to evaluate a proper age. In :-iIH:h sitUilt iollS, the single grain dating method 

can perha.ps be used to obtain i~ meaningful agl·. 

5.4.3 Estimation of errors 

If f is a function dependent 011 11 pill'anwtl'rs Xi ('ilrh with a stand,u'd dcviilLion ai, then 

the variance in f, aj is defined as 

2 ~26f2 
"r = L.., ", h-) 

i= 1 oXi 

If (JQel aQ" aD", an, and aAg", ,m' Lhe standard deviations fol' Qr, Q" DC! 

the calcrete age rcspedivt'ly tht'll using equat ion (5.15) and simplifying, we get 

,,2 
2 A 2( Q, 

"Ag. = ge (0, ___ 00)2 

(5.20) 

(5.21) 

Thus an evaluation of the standard d('vi a.Lioll in ag(~ invulves lise of five quantities aQd 

<1Q" <1D~, O'D, .and the ca\cret~ agt>. Using equatiull (5.16), it ca ll be shown that if Qs -Qc 

is < 5 Gy and D, - Dr < 0.5 lllGy ja, lllt'aSll l'l'nJeut ( ' ~ rI'UI'S of Q ilnd D values must be 

04 
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less than 5% for achi(~v ing a reasonl~bl(~ errol' limit. « 20%) 011 t.he calcrete age. Another 

implication of equat ion (3) is th,tt tlw lumill(~sc(,l1ce method is most suitable for dating 

pedogenic carbonat.es which h;wc (i) formed ilt least i~ few thousiLlld years after the sand 

depositional event. iUH! (ii) a large aDlluct! bet,t dose difference between the host sand 

and the carhonate ( I D, - D, I> 2 mGy/a). 

5.5 Samples and procedures 

5.5.1 Luminescence Measurements 

For the present stud y) carhollatt>''> wI'rt' s,llllpll'd f!'OlIl vilri(j!ls sitt 's vi z. , !l lllih it jJushkar, 

ChanlU ) Amal'sar ilnd Jillore ill it t. rallSt'rt lltTOSS ThaI' Ut's\ 'rt (fi~ .. l.l ) . j' rt'w:utly, 

the mean anllUit! prt:'cipitat.ion ill Cha llll! is "-' :lOO 11111l .. h_dun· pil..%l'S thro1lgh tht! "-' 

350 mill isohyet whcl'ea .. " Budha Pushkar and Amal'sm H'(yivt' "-' 1.1',0 IHIIl and"" ·500 

mill rainfall iUlllually. For 1'1. llH-'iL."l!n~nw l lts, ] Wi · ]!jO Jilll <]Hartz lIlill('ral separate::. 

were extracted by a sequential prt'tn~it.t llJ('ll t of til t ... original sand Sitlrlplf' uy HeL 1-120 2 

and HF. The extraction of quarLz frOlll Citrbollat.t~s was dOll(' hy first dissolving (and 

disca.rding) the outer 0.5- 1 elll of tllt~ emhOlI'tt.t' and tlwtl fu lly disslIlvillg 1,\)(> remitinilJg 

carbOlHtte. Tht~ residue wa.:,; t\wn t.n~,~t(dd idt-'.Ilti c,dly as t\t-'scrilwd 'thovt-· . The cxtrilcted 

quartz was tested for purity using an ~t)O Hill infriL-rt··d st.illlulated luminescence system. 

K-feldspar extraction was performed by tn~atillg t\lt~ siu llplc with lIel, 1-12 0 2 , sieving tht" 

75-106 J-l11l fraction aud using t.lle dellsity s('pMatioll tldchlliqlli' (density = 2.58 mgjcm3) 

with sodium polytungst.att' . Nu IIF I't.eliing WClS ([Ollt"' during ft'ldspiu· Sf'!->iu',ttioll due 

to the possibility of grain ruptur~' ilud lillli t t'd salllple ;n1itilability. Thus, alpha dose 

(attenuated) was also taken in to itCCOUlJt ill t\ H~ calculation of t1w anllual dose for 1\ 

feldspar ages. Th(~ n-dGcil~IlCY factor WetS asslIll)('d to ue 0.15 ± 0.075 for K-feldspar 

• grallls. 
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TL lllt'aSllrt'IlWlltS \ve l'(' don~ 011 "'" .5 mg lIl ollo lay(~r qUil rtz/ f! :ldfl l' it r :w phraL" !i 

dt"pos itt~d 0 11 s tCli n lt'~s steel di sc~ using a photon cou nting sd up comprising I': M I !)(i:I."iQA 

photomult iplif'f t ube coup l( ~d to two Schott UGI I and a Chan C!' jJ i lk il lg t o l1 IIA :ll ilt..- rll, 

The UG 11 fi lter was chost'll to isolate the rapidly bll',u,:hing :l:l!i° pl 'il k ( I' n ':woll. Illlt! 

Pu rv i II ski s, 1991), A II laboratory su n· bleach i JIg was dOlw u~i Ilg Ii ;LL II rod S LI lli i,!;h L. ' f 'Ill : "1'1 , 

analysis was done using the the tot id·bleiLch (b lt'<lciJ ing t ime"'" 7 hI'S, and ", :10 IlI illllku) 

and the R·/3 me,thoc\s (bleaching t ime "", 30 minute'S) generally used fo r !'lcciin H'lI t d llLjll f~ 

and it we igh ted mean of the equiva len t dos(>,s WdS used ill cs ti m a t i(l ll of ' L)!;" , ll owev(:r, 

the weigh ted mean pn or wa.<; not used fo r calcu lating Lll(' (' rror (a",) ill Q V.d 'll '.'l siru',' 

t he growth curves for difrt'n~IlL bll'ilching Illt'thods MI' not iUtil 'IH' lld l'll t (If ('hel, other (N 

+ f3 c Ul've is COlll lllon fo r a ll llwthods ), Instl-'ad, tht' tTror ill tilt' t'ljuivall'lIt dos4' (frOJlI ,L 

typica l g rowth cur vt·) at a t'I'rtain plateilll tt'llllll'ratlll'l' Wit.<; IIs4,d ,IS a" fllr till' .'~:UJII'II'~" 

IRSL dat ing W itS car r ied out Oil K- f(~ltbpiU · I'xtracts, TIl!' JUSt iUt4'lLsi ti'''1 ,,[ 

natural and irradiated discs wert· normitlil:: t~d using I st'cond s!ttlrts lriw' V;hHV'; . 'I'll<' 

op t ics channel comprised a EMI 9(i:15 QA P MT t'ollplt'd to corni ng- ,'l , r,S ! 7.tJ!J Id lw 

filte rs} one quartz ND-l filte r imd it dlil1ln~ P ilki ngton !lA -a filtl'!", Tilt, l' j\ I'1' 0p,'fid.l'd 

in the photon ('.ollIlLing modt~ \V't.<; int(~rfan'd to all IBM / PC witl! iLll Ort('( AnlhlH'4 

mul t i·scalill g ca rel. Sixteell IHSL tliodt's (TEMT 11.1),1 ) with !wid, !'Illiss ioll ;I t SSO I SO 

11m (ope rated with a p rogr<lllllllabl t~ collstant nllTt'lll supply) wI'n' us"t! rIJr sil ilJl'llo WIl 

curves , Beta irrad ii~t i ons wen' jlerfofJlwd using ,~:l5 mCi WSr _~u y IId,l SOlln ' I'. 

Sin ce the I( · fel dspal' s(' pa ratt' s frolll host sands (tlld Clll' hollilt.t'S hav,' idl'Jlticall'n' 

deposit ional bleach ing histo rit,s) Ps - Pr = Q~ - Q" and thus tilt' 'LClditiv{' dllst, llldh"d 

can be used ill t he (if·tE'rlllina t io ll of IlIllli lH'Sn'!l t't' il~t'S , III prilwipll', tilt' p;t!4'udIlSI'S 

and ages obta incd using this llwthod should "aVt~ ,I lowt'r l'ITur ('O lllP;U'I'd to PoIJ'! i,tl 

blf'ach and tlw to ta l bleiLch l<'chniqlws, T L and IHSL ag< 's Oll J( -f\'lds p;u- t'xt fil l'tS w.'r.' 

evaluatt·d using eq u<.~t i o ll il .15, 

• 

GG 
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The carbonat.e nodules k(~pt. for ",-collnt.ing and ,-spectromdry were first cleaned 

wit.h a brush t.o l'el1lov~ l o(}~e ~alldy grain~ and t h~n powdered ill an agate pestle. For 

both sands and calcretes, thick source ZnS(Ag) alph,~ count.ing wa.s used fo r determining 

thorium and uranium concentrations ,lilt! ,-r;:~y ~pect.romt.~try (N,d) was used for the 

determining K concentration . Secular equilibrium was a.ssumcd in the calculation of 

annual doses. 

5.5.2 X-ray Diffraction Studies 

An importan t methodological aspect invulving d<lLing is the mobility of potassium . X

ray diffraction studies were p~rfoJ'!nrd t.o a.<;ccrtain the pos~ibili ty of pos t-format ion 

movement of radiolludides <tIl d validity of tlw Jlllllilal d(js~ estimates. X-my d iffraction 

analysis of t.he siLl1l ples W(~rt~ also carripd Ull t by Ih. V. Gogt(· il t. tlw DecC<L1J College , 

Pune, using a R IGA KU D r..1;~x II ve XHO systt'lll, o)wmtt't1 ilt :jO kV, 25mA a t scan 

speed of I' /sec. Tht~ peak intt~ns itit" s, 1)I';~k positions, half widths Wt~re com puted usi ng 

standard softwa.re. The X- ray dilrl',u~tioll analysis indicated that tlw potassium-bearing 

phases a re microcJin t\ richterite, albite <Lnd l1l11s(ovite. The preSf'IH.:e of millerals such as 

microcline, the selni -arid llatuJ'(.~ of tllf' rt~giOll and low watcr exchallgeable potass ium « 

50 ppm ) suggest. that J{-llwbility is luw , and thl" pOta.SSillll1 largdy renlitins locked up 

ill silicate pha.ses. Consequl~lltly tit!' dUSt" l'lLte t~Stilll'it (-'S can be taken as realist ic. The 

f3- rauge of....., 2mm further suggests that with respect to /3-doses the luminescence dating 

system closes over scale lengths of 'l f(·\\' lllm, an ;\.Sped that could allow examination 

of grow th rat.es of carbonate lIodtllt·~s based Oil S('(!'lt' ntial It·aching of g rains from t.he 

core to its centre. TI}(~ domillClll c(" of tllt~ heta dos(-~ from potassiUlll ('" 83-70%) for 

etched quartz separates (Ti~ble 5 .~il ) also indicat('s that til(> I"lf("d of a possible mobility 

of urani lim a.lso gets Sll bSLillltially dill! tcd . H OWt'Vt··I', for U llctched 75-106 jtlll J( - feldspars 

(Table 5.2b), the contrihution of poti\S~illlll ('" t-;O-45%) towards the illlnual a.lpha and 

67 

I 
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Table 5.1 : Radionuclide Data for caroonates and host sands fro m Thar Desert 

Location CaJcrete Th' (jig/g) 

JAL·UI7C 1.9 
Jalore I JAL·I U2C 1.9 

I II TR·IIC I 5.2 I I I Olarnu II TR· J3C I 3.7 I 
TR·29C 4.2 

Amarsar 
TR·3IC 4.6 

CAL·O 3.7 

C~L·I 2.2 

Budha CAL·3 • 0 , .. 
Pushkar 

CAL-2 1.85 

CAL-4 4.0 

+ Error in U and TIl concentration is typically - 107(
'" Error in K concentration is typically -5 'JC 

U' (jig/g) 

050 

0.55 

1.5 

1.1 

1.2 

1.3 

1.4 

0.9 

0.6 

0.8 

0.65 
--------

K* leg/g) Host Sand Th' (jig/g) 

0.75 JI\.L·V17S 2.15 

1.0 JAL·I U2S 2.40 

I 0.6 I TR·II S I 5.7 I 
I 0.8 I TR·J3S I 5.8 I 

0.5 TR·29S 9.7 

0.7 TR·3IS 10.3 

0.90 PSH 92·1 4.75 
+ 

0.75 PSH 92· 1 4.75 

0.9 PSH 92-1 4.75 

0.9 PSH 92-2 6.10 

0.9 PSH 92-3 5.05 

, 
U' (jig/g) K* (eg/g) 

, , , , 
, 

0.6 1.0 
, 
, 
, 

0.7 1.05 

J.7 I 1.4 I 
1.7 I J5 

2.8 1.1 

3.0 1.2 

0.8 1.5 

0.8 J5 

0.8 J5 

2.4 1.5 

0.8 1.5 
-- - .. 
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~ 

Table 5.2a: R dose fraction from potassium to 106· 150 J.lm quartz extracts from host sands and calcretes 

Calcrete Fraction of beta dose" from Host sa nd Fraction or beta dose" rrom 
potassium potassium 

CAL-O 0.71 PSH 92- 1 0.83 

CAL-! 0.76 PSH 92-1 0.83 , 

CAL-3 0.80 PSH 92-1 0.83 

CAL-2 0.82 PSH 92-2 0.70 

CAL-4 0.78 PS H 92-3 0.83 

+ Alpha dose is negligible since 106· 150 ~m quartz er.tracts wcre used for TL dating of these calcretes and host sands (see Section 5.3 of text) 

Table 5.2b: Fraction of annual alpha and beta dose from potassium to 75-106 J.lm K-feldspars within host sands and calcretes 

Location Calcrete 1I;/(x+II) Host sand 1I;/(x+II) 

IAL-\j!7C 0.74 IAL-I!l7S 0.76 
Jalore 

IAL-II/2C 0.80 IAL-II/2S 0.76 

TR-IIC 0.46 TR-IIS 0.63 
Chamu 

TR-I3C 0.60 TR- 13S 0.65 

TR-29C 0.46 TR-29S 0.45 
Amarsar 

TR-3 IC 0.52 TR-3 IS 0.46 

* 8/1(0.+B) is thc fraction of tilC annual alpha and beta dose to 75-\06 Ilm K-feldspars from .j()K. Since no HF etching was pcrfonned in the 
extraction of K-feldspars used for TL and IRSL dating of these calcretes and sands. alpha dose (attenuated) contribution has also been taken 
into account in estimating this ratio. 
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bt·ta dos(' dt' ~' rt';l." I ':-: hy '" :W·:l0% ill :-:il\lil~iull:; \\'llI'n~ Ihe salld and the carboniLte mat rix 

fonta in higher 11 and Th I'(llln'tltra~iull:-: ami low pota:;s iu!l1 l'OllCl 'Ilt. ratioll s. 

5.6 Results and Discussion 

Tabll'" 5.1 provide-s radioactivity data for cmhonate.s alld host sands from the 
• various 

si tes. Table 5,:3 provides t he TL ages, carhon and oxygen isot.opic values of tlH~ calcretes 

from Budha Pushkar, ThaI' Desert. Tables 5.'1 anel 5.5 presents hlllliIlt'SCf'lI Ce data for 

calcretes and host. Silllds from ot.ht'r sites in ThaI' D('s('['\.. Fig. 5.:J , 5,4 and 5.5 present 

TL glo\'; curve-s, growth cunv:-: and plat.ealls for quart.z and ft'ldspar I'xtracts from host 

sands and calrrNt>:; . Fig. :l.6, :1.7 and :1.1'1 prlwilh' IJ{SL :;him't!owll Cl!rV('s , IH.SL growt h 

cu rve-s and shinedown plat.eaus fur I":·f('ldspar ext.rarts from host sauds ilnd calcretes. 

Fig. ,5.9 prest'llts tht" :-:tratigraplly, TL ages <lnd stabll' isotopic d'lti~ 1'01' t'a rbonall'S frolll 

Budha Pu~hJ.;ilr, Thill' De:->!'!"t. 

A cOIllJlarj~ull uf til:'nnulumiJlt,sl't· !](,(' ilnd cidihratt,t\ (Stuivt'r illld Hf'inwr, I !)9~1 ) 

14(' agt's ull (.1rboll:ttt's frum Hndhit IJusbkar (Tithlt· 5..1) illtiiciltl' t.i1.d til(' T L ages are 

signific<llltly higher n.llllpiu·{·d to llwir l"<uiiu("iLl-iHlII nmllt.t'rl'ilrts. This i:-> I'xpt'rtl'd ill 

vie-w of tilt" iikelilllJod uf post·dt'pw,itiouitl I"tlulalllinatiou uf til(' r'Hliot"<l!'hotl samples 

by modern c~II·1Jo]l. Absl'un- of rut-xi:;ting org'llI ir !!l<ltPriab in tIl(' carbonate ho ri zons 

s3mple-d for tlw pn-sl'lIt stlLdil'~ ll\l',l!I[ til'lt (,()llIpilri~U ll s b('LWt'('1I iumilH'SCI 'II(,( ' agt's of 

carbonates <llId 14(' <lgl's ull (ut"xi:.ting organic llIat l'J"ia i Wit.S !lot possible. lIowcwr, 

SOIll t> riut's Oil the plausibilit.y of IIl1llim'st"l'Il(,(' agl's ritll Iw fount! from isotopic dat'l and 

tht' regional paleoclimatic n'l'ollst.rllrtiou . Oxygt'lI isotopic rat. ius or the Uudhil Pushkar 

carbonates ranging from - ~,S~ <J[·u [0 - (j.!'"17 %" (n-littiw to PDB ) ("all hi' ('olllpaH·d 

with tht' oxygC'lI i:--utupic compositiO!l or - :) to - (j %" (n'\aLiv(' to S~IO\v ) of modt'l"Il 

mete-o ric wah'''rs (Sarkar dill. , 1990). This sll!!,gt'sls that. tilt' carhonates ilnaly:-:ed were 

fOfl1H'd primarily frum It-aching itllt! thus an- n'];llt-d to monsoonal precipitation. The 
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Fig. 5.3 (a ): TL glow curves for qua rtz separates 
fr om h ost sand , PSH 92 - 2. 8L and S3 are bleac hin g 
times of 700 and 30 minutes under natural sun. 
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Fig 5.3 (b): Glow curves for quartz separates from 
carbonate CAL- 4 . 3L and S3 carry the same meaning 
as in fig. 5.3 (a) 
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Fig . 5.5: (a) TL growth curve for K- felds par extracts 
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Table 5.3 : Thermoluminescence data, Radiocarbon ages and Stable Isotopic Values for Carbonates from Budha Pushkar 

C.Jlcrete Aver.age Radio- C.Jlcrete Annu.JI++ Hos t San d Annual++ Differ- Annual Ag. Calcrete Calcrete 
Sa.mple 

CAL-O 

CAL-l 

CAL·3 

CAL·2 

CAL-4 

• 

+ 

., 

++ 

depth carbon Equivalent beta d ose Sand Equivalent beta dose ence bet.J dose T, 0180pOIJ SUC
POB 

ages· Dose D, Dose D. Q • ..Qc difference 
• (4" Q,u 

(em) (ka) (Cy ) (mCy/a) (Cy) (mCy/a) (Cy) (mCy/a) (ka) (".) (%..) 

. 
55 - 35+1.4 0.99,i0.09 PSH 92·1 37+0.75 1.40+0.13 2+1.6 0.41+0.13 5+3.7 -6.20 ·7.74 - - - - - -
78 7.38+0.20 36+0.86 0.77+0.07 PSH 92·1 37+0.75 1.40+0.13 1.0+ 1.1 0.63+0.13 2+1.3 -6.25 -8..57 - - - - - -
125 - 29+0.87 0.85+0.07 PSH 92·1 37+0.75 1.40+0.13 8+ 1.1 0.56+0.13 14.3+ 4.3' -4.82 -7.02 - - - - - -
145 7.22+20 50.5+2.0 O.BB,iO.OS P5H 92-2 66+1.3 1.68+0.15 15.5+2.4 O.8(H.O.1 5 19.4+5.0' -6..57 -7.&1 - - - -
195 3.78+0.31 51.3+1.3 0.89+0.08 PSH 92·3 61.6+ 1.2 1.42+0.1 4 10.3+ 1.8 0.53+0.1 4 19.4+6.8' ·5.24 -7.42 - - - - - -- -

TheSo.! samples were collected from a different location in the same dune. I'C ages have been calibrated using Stui\'er and Reimer [20) . 

The weighted mean of these three calcrete ages is 17!. 2.9 ka (sro text) 

Estimated as a weighted mean o f partial bleach analysis (bleachi ng time 3C min) and total bleach analys is (bleaching time 30 min. and 7 hrs.). The bleaching was done under 
natural sunlight and both the sand and calcrete samples were exposed simultaneously. Typical bleachl'Ci frac tions were -10- 18~ (a fter 30 min. bleaching) and reduced only 
marginally (-few 9'c ) thereafter. This is attributed to the selection o f easily bleachable quartz signal using a VG II filter. 

Includes beta dose contribution from V, Th and K. 
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STRATIGRAPHY 
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Fig.5.9: Stratigraphy, TL ages and Stable isotopic data for ca rbonates from 8udha Pushkor, 

Thor Desert. 
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Table 5.401 : Infra -Red St imula ted Lu minescence dating r t':"ults fo r carbonates and lIeolian sands from Amarsar, Thar Desert 

~ 

Calcnte Depth Calcrete " , Annulil Uost Sand Sa nd ", Annual p. - r. D, - D, Calcrete Host Sa nd 

below "al 00dose betll+8 lpha I'lileudose beta+ll iph a (Gy) (mCy/a) Age (kaJ Age (ka) 

ambient (Cy) d"" (G~') dose 
s urface 1m ) I) , ( m G~'/a ) D. (m Cy/a ) 

TR-29C 1.65 10713 .4 0.84 TR -29S 128t7.7 I.B9 21::t 1.4 1.05 20 ::tB.2 4213.4 

TR-3JC " 0 -.. - , 1961 17.f 1.0 ! TR-3IS 2!f)!14 2.0 141 1.6 1.0 <36" 64=6.0 

• The calcrete a~e o f TR-3IC is IJ:t22 ka. 

Table S.4 IJ: Inrm-R td St imulated Luminescence dat ing resu lts ror elolrbonates lind aeolian sands fro m C hamu, Thar Desert 

uknte Depth Calcrete 1', An nua l !-lost Sand Sand P, Annulil P, - P, D, - D, Calcrete Host Sand 
below " aleodose beta-t-alpha Pa leodose beta+lllphli (Gy) (mGy/a) Age (k a) Age (ka) 

ambient (Cy) d~ (G~') d~ 

surface (m ) D, (mG~'/a ) D. (mGy/a) 

TR-Ile 3.0 16416.2 1.02 TR-IIS 16017.4 1.66 <9.6" 0.64 <15 62±5.5 

TR-13C 5.0 1941B.5 1.0 TR-13S 273111.4 1.77 79t4.B 0 .77 lOO::t23 l OO::t8,4 

+ This value represents the maximum value of the difference between the calcrete and the host sand paJeodoscs 
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-
Table 5.5 : Luminescence data ror car bona tes a nd aeolian sands rrom Jalore, Thar Desert 

Sample T ech - Calcrete p. 

• 
nlqu.e" Pa leodose 

(Gl') 

JAL-V17C TL 10.14±1.37 

JAL·VI7C IRSL 1O.05±1.40 

JAL· IIJ2C TL 13.6±1.J 

JAL· IIJ2C IRSL JS.52±O.93 

Water content (assumed) = 5% ± 1.5% 
a value (feldspar) = 0 .15 ± 0.075 

Annua l 
heta+alpha 

dose 
D. (mGy/a ) 

0.70 

0.70 

0.92 

0.92 

Host Sa nd Tech - Sand P, Annual 
n lque' Paleodose beta+a lpha 

(Gl') dose 
D, (mGy/a ) 

JAL· VI 7S TL 9.8S±2.7 0.90 

JAL· UI7S IRSL 9.61±O.7 0.90 

JAL· II!2S TL 14.82±1.32 1.02 

JAL-IIJ2S IRSL 15.46±O.7 1.02 

.. 6.P represents the maximum value of the difference between the host sand and the calcrete paleodoscs. 

"" (Gl') 

3.78 

].66 

3.84 + 
1.57 

D, - D. Calcrete 
(mGy/a) Age (ka) 

0.2 <7.0 

0.2 <7.0 

0.1 <9.0 

0.1 <10.0 

Since the calcrete ages eSlimated by the O!xpression 6.P/(D, ' D,) arc higher than the hosl saJld ages (which is physically unrealistic). only upper limits can 
be provided on the calcrete age. TIle host sand ages represent maximum age of calcre te fomlation. 
+ The additive dose method was used for both TL and IRSL dating. 

Host Sand 
Age (ka) 

7±2.0 

7±O.7 

9±<1.9 

1O±O.7 



1 (138)

(arbon isotopic valut's r{\n~;e [Will - i.U1 to - ~ . .17 %0 which (C(>rti ng, 1984) implies a 

contribution of :28-:nl % fn)lll C'l tYIH' plallts alld llpLo G.1 % frolll C: j type, indicating 

somewhat wetter cond itions. Marill{' rt'cords 1'1'0111 the Indian Ocean show that during 

the hlst glacial Ill,\);illllllll (LGM ) at 21..5 1m (c,delldar years), the Illonsoon ci rculation 

over the Indian subcontinen t weakened signilkiLntly, result ing ill marked aridity. The 

reestablishment of tht~ monsoon begilll at around 18 ka (Van Campu, 1986) reaching its 

full vigour by....., 11 kil. Similarly, on land, palynological studies (Singh et aL , 1974) and 

He da.ting of the organic fraction of the sedinwnts of a saline lake (L. DidwiLua) ill the 

ThaI' Desert illdic<Lte hyp t>r-arid ronditiolls frOlI! LCM to,...., 16 kil. III til(> period 16- 1 I 

ka, the mOnsoon circulcltiull rt'estahlisht>d its!'lf and LlH' iUlll\lid precipitatiull reached 

twice its present viduC" by ..... 7 kcl. f\ SSI!1I1ing that cilrbollaLt's will 1)(' ollly formed when 

precipitation is < 400 Illlll (Cook(·, ('l aI., 19!J:1), tl](' pal!'{)IllOlJ."oollai ],(~(,u!l stru ct io n in 

ThaI' Dp.sert (Bryson, 1~J89) SI1,Q;~t'sts tha t dllrin,!!; t.l)(' lilSt "-' 10 ka , C;! rh oll at !'<; could have 

only f()I'Ill(~d ill Thar Desert hl't\\'('t' li "-- 17 ka - JU kiL, "-' G.K -'!.~ ka iLll t! < l':l b . The 

For the raroonatt" TI{.-! [( ; frOlll ( 'hiUlIH, Tililr nt'St ' lt , {J ll ly i~1l uppe r age lilllit 

COLI ld bf' t~sti miLted d l1t~ to it Sill all <Ii l]'t'I'I'II(,(' b! 'L \n '( 'Il pidt 'ot!OS('S P 5 an d P r' 'f h is s ugg(~sts 
, 

that only maximullJ ag<" limit!-; Cilll be' ('siimaL(,d for yUllllg carbOllillc's (fe w thousalld 

years old) which pl't'cipiLatc in Illlleh oldt-'r host Sillld.~ . Even ill .Ltlnn' , ollly lll iLx imulIl 

ages of carbonaL!.' formatioll could Ih' obLain t'd sinn' thf' diffl'l't ' llt't'S hetwt'c'lI t he calcrete 

and host. sand paleotlos!'S is < J..'l C; y . TIlt' appart-'nt IHSL il.£!;t·S ( !~s t illl ated by d ividi ng 

the Illilximum vahw of the dil ]'t'I'l'lIn'Ilt'I,\W'('1l ]13 <llId P r by lilt' djlr(-'rt'J!n~ ill iUlI!Ua! doses 

D$ and Dr) for the cClrbollat!' S .JAL-I j li allt! .lAI. - II/" itrt' < K . .'l ka illld < If) kit and 

are higher than tlw host salld ilgt ·S , 7 ± 0.7 allt! IU ± 0.7. Silln~ the cidcretc call1lot 

be forme.d befol'(> tlw dtdpusition of tIlt' hust silnd, (Jnly llpper limits rail l.w provided on 

the IUlllillescelln~ ag(-'s for Ill(> cillcn't('s ')AL-I j li illl d .JAL-lI j1, vi:.::., .( 7 ± 0.7 and 

< 10 ± 0.7 reslwcliwly. Thest~ resillts illlply that prt'st'ntly, the IUl1linc'SCellce dating 

(i9 

• 
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Ill~thot! is bpst SlIit.t'd for da t ill ,~ c <tl' liO lla t l's wh ich fOl'11 lt'd a ft' w ka after the deposition 

of tlw host miltr ix, For young ("tLrlnmates, t ilt' bust saud age will roustr<lin the age of 

the carbonat.e, 

Th(~ lUlllint"srence ages Oil carboll ,1tcs and bast sauds <In:' st rat igraphi cally con

sistent. and suggest tilat carbou <ttt~ format ion oen!rrl ~d ill ThaI' D(~sGrt at 100 ± 23 ka, 

17 ± 3 ka <tn t! 2.3 ± 1.3 ka ago. The 100 ± 1: ~ ].;.1 eVt~[l L is only observed at Chamu , 

whereas Lhl~ 2.:3 ± 1.:1 t"Wll t is illd ir'lt.ed ilt Budha Pusbkill' and .J .dore. T he 17 ± 3 ka 

episod~ is observed at Chamu, Budh<t Pushkal' ,lIld Amal'sar, iL west·cast t ransect span

ning "" :JOO km ill ThaI' Dl's t~r t, . Thus, t !H' lum ill l"sn 'lln' dilta pruvides a poss ibili ty th at 

a major carbollate formation ppisodt~ tuok plill'l' ill ThaI' U( 's(' rt ilt "" 17 kit. However, 

thes(' in ft" rt~n cp.s are based Oil li llJ itt·d data alit! il!"!' only suggt'stiv{" and not conclusive. 

Furtiler d'Lt ing work 1' t'Ill,liI1S to Iw dOlll' tll lllakl' iL Illun ' ddillitiv(' :; tatl'IllC'lll about the 

17 ka t'Wll l, 

; iJ 

• 
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Chapter 6 

Thermoluminescence and Infra-Red 
Stimulated Luminescence dating of 
alluvial sediments 

6.1 Introduction 

Alluvial sediments form all i1l1portilll\, part. of l ll (' [lldiiU} q lli ~t !-rIlitry in th itt UH'Y p rovide 

a lesLilllollY to both PiLh"os('islllir ('wilLs iUHl pai l'oc!imal ic ck tll gps . The itp plicat ion of 

alluvial sedinw.nb in pal (~os{ ~ islllOlogy has <tln·a.dy [ken pn'sf'nlvd in the fo urth chapter. 

This chapter discus:ws ll)(~ appiicittioll uf T L <llld lRSL t{'chn iq lws for dilting alluvial 

deposits for paleoclimatic ['('collstruction . 

6.1.1 Alluvial sedime nts in Paleoclimatology 

The response of river systems to the ("ha.nging di!lla.tp call be llnderstood by studying the 

alluvial depositional history of the: riw']" . Striking dilferf'llces have been observed ill the 

form of ri ve rs and the character of tilt' s\"dinwllts they carry ill tIll' arid and humid zones 

of the world (Schumm, 1977). Geomorpholugical ~tudi t~S ill dw rive rs, Nile (Africa ), 

71 
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Murray-Darlington (South-eastern Austmlia) and SOil (India) suggest that rivers tmeta

morphose' with changing climatic condit ions (WilliiUllS et ,d.) 199:3). Establishment of 

a chronology of paleoclimatic changes necessitate development of reliable dating tech

niques. Organic llIateri,Lis (e.g. wood) charcoal) necessary for ntdiocarbon dating are 

rarely preserved in arid/semi-arid zone alluviulll Clnd llliLy not always represent the true 

depositional age (Ely et al.) 1992). Thus, a need arises for a reliable technique for pro

viding chronology to illluvium) a role which opticid dating techniq'!('s promise to fulfill in 

the coming yeMS. A necessary conditioll fo r lumincsccllce dating is the complete reset

t ing of the luminesCt_"nre signal of till' ~wdil1lent ilt t\f'positioll. MallY ilttel npts have heen 

made by iU11line.scence dating workt'rs t.o t l'st this assulIIpti (JiI . 'fh(· following sect ion 

gives an overview of t l }(~se studil~s alld otl1('1" !'tudif's rt,bkd to ll\eilching of water-hurI1c 

sediments . This rcvit>.\V indut\t's ('arliN :'itlHli!'!' dl'srri l)(-'t\ il l nl'I"J~tT (198H)) ]J( 'rg('r (1 ~J90 ) . 

Duller et al.) (19%) <l.Jld SOll\t' H't·t'IlL ow's. 

6.1.2 Earlie r studies on ze roing of t he lumi nescence signals of 
wa t er-borne sediments 

T he zeroi ng studies can be effl" cL i v(~ly dividt'd illto two catl'go ri('s: (i) laho l" illory char

acterization of bJ(~aching proc('s!'es alld (ii ) comjliLl"isoll of hlll1illt"scf'IlCC ages with indf'-

pendent ages. 

1. Lab oratory dmract.erizat.ioll of bleachiIll!," procet;ses 
• 

The shorter w<Lvdt"llgths of the visih! I' ("('ginn of tlJ(' ('It'ctrolllaglletic spectrum ill"e atten

uated in cloudy /turhid watel" dl1f' to ithsorptioll and sccltt('ring by sllspt'nd('d particles. 

Bergcr (1990) reports 1lJ(~aSllI"r.IlI('Jlls of tlowlIwt'lIing spI'dral irradi,ulces for it Cilnadi,Uj 

lake and at it river d('lta amollgst otl1l'r depositiona.l t-'nvironllH~ll ts. In both these envi

rOllments, light of wavelengths). < .'i.'iO !llll and .\ > (i.10 11111 wt"n~ cOllsltb·ilbly ilttclluatcd 

at depths? 2 III below tht' surface (i rradiallc(>s ilt these dl'pths were S 3% of ~he surface 

{ 
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• 
ir radiance}. T hus, most worker!' \'t'cu llllll~tl<llht" USP of passlHtlld Hite rs with negligible 

transmiss ion below 550 I1 Ill fo r labor<ltory hl(~ar.hi llg of waterl'Lid s~diments . Huntley 

(1985) obtailwd TL (>quivalent d OSt 'S of 2-4 Gy Oil lllodPorn Canadian river si lts with 

the part ial bleach method and i.t Corning 3·67 filter (cutoff at .1)40 11m) fo r laboratory 

sun-bleaching. A st riki ng cont ras t is p['ovid(;~d if these resu lts are comparp.d with those 

of Belperio et al. , (1984): large equivalent clOSt,S were eSL il1l atl~d fo r zero-age depos its 

due to t he applic:aLion of shorter WilVt~Jengths and long sun light exposures. 

Other illte'l't~stillg isslIes which have beell discussed pJ'{!viollsly are: (i) t he time of 

sunbJeaching an d (ii ) L]:';e of dilrt'rt-' ll(, hh>achillg signals for dat ing. It has been suggested 

(Berger et al., 19S7; M~jd;Lhl , 19~8) that two or morc hlt'iKbing times should be used 

to estim ate the TL a.g(~ for water-hol'l\l' sedilllcnts. 'I'll(' appl'ar;Lt ln~ of ill I cquivalent 

dose (Q) plateau for various hh·itching t ime'S illlplips that t.lw s{·diuwIlLS hilVI' Iwcn well 

bleached at deposit ion . For poorly ])I('adwd s{·dillu·nts n-'("(-'iv illg iLLteIl UiJ.t l·d sunlight 

for short dUI'i.Ltions, it df'cn·a.-;{' ill Q valu('s is ('xIH'c ted with d{·n"a .... ing hl(,<trhing time. 

B e rger et aI. , ( 19S7) propose Lhat in slICh situations, L1l<' Q Vallll' for tlw shortl's t bleach

ing time 1'E']>l'es(>llt.s iI maximulll TL ag{' for the s{·dillH'll t . ~11 ·jdahl ( 1988) suggl'sts that 

the luminescence residual sign'" I{'vel should Iw dt'iprm illt'd foJ' various blpariting Limcs 

at differ(>ll t. temperat.llres. 1'1[(> residual !t"vel which provides tl[(· bC'st ('qllivid(,llt. dos{' 

plateau should rep resent. ,Ill ilrnll·at.t~ ('stimatt' of the t'quivalent. dost' v,due. As regilrds 

bleaching signals, Bailiff (199:l ) illld ot.llI'rs propos(' thaL two IIl1llill('sC('!lce sig nitl s from 

the same samplf" llt' lIsed for IUlllill (,S('( 'Jlct' dating of puurly bl("ar!l('t! silmplt's. 

With the ad vent of upLiclt! dat.ing1 tilt' fucus of IUlllinescc'I \c(' dating workers hil$ 

shifted to bleaching of the sedi llH'n t OSL and IRSL signitls. Godfrt·y-Smit.h eL ill.: ( I 988) 

has reported comparisons bdw{'(m hlt·aching of th (' TL illld OS!' signals for quartz and 

fe ldspar (Fig. 6.1) . WIWJ'(' ilS it took :W ho\ll's of su nl ight (r1t~ilr sky ) for quarLz TL to 

be ble<lci}(,,:d to 17% of its iniLi;t! lt~v( ' I , til«' qllilltz OSL signed was hkaclwd to 1% of tht' 
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in it ial signal in 10 s(d('onds, Similarl y, tIlt" fddspar OS L signal r(~d\l ('~d to I % of its initial 

val Ul~ after 9 minutt's whereas it took 20 hUllrs tu n ,dun' t il<' ft·Jd spit r TL signal to "" 2% 

of its initial vaillt', 

In <LnuLI}('J" study, Dil\efst'n (] mJ2) studied tlw blt"achillg !.whilviour of the 100-

200 1m} l\ -fl"id~p'lrs from glariofluvi,d sands ill it tnrlJLzkllt watt 'l" colum ll containing 

suspensions of conn~lltr;lti ons 0-0.1 1!./1. Ilis n~stdts sl!owt·d tlt;lt « ~ ) blC'aching is more 

efficient ill .~ tu rhid mediulli I"umpill't'd to it statiullMY Ollt' and (h) IH.SL signals of 

walerlaid sediments and much IlltJrt'likt'ly to h(~ wC'1I !)It'ilClwd than tlte TL signals: after 

bleach ing fo]' '2.0 hours lwlow it dillllt' sllspt'llsiul! of O.U:L gil, tltt, IHSL rcsitiuid levt>1 Wil.<; 

obser ved to b t~ 5% of tllt~ illitial val1l(' cOlllp;u"t'd to '" ,50% for TL signals. 

2. COluparison of llllUiul'S('( 'lHT ll!!;('S wit.h ('x}ll'ct('d a l-V's. 

Two diffC'I"t'lit itppruadws Ita\"(' Iwt'li dt,vt'lopl'd ill tllt'st, :-.l1ldit's. Firstly, ze!"U- iige 

samples from a partiCillilr s{'dill\{'lllary c·tlVi!"OIlII1I·l lt ban' 1)('('11 tiilt{ ·d by 1IlIIlillt'SCl'ZH'I' 

methods. HH ntky':-i !"t 'SIZItS utI lll()(IC'l"ll I"i\'('r silL<, Itil\'t· ht,t'll tiiSC"Il:-'S('d 'lho\'c·. Ih'rgc'l" 

(19!JO) I"t~ported TL partial-hlt',u'h il,l!;C'S of'" 1000 y('ar.'i ,lilt! '" IOOO- :::WOO YI'ill'S on < 

lOa year old fluvial sands and lac llstrilLt' mllds rt's]H'e"tivc'ly. Oil tilt·, b'l-<;is of tIl(' TL 

ages obtained for such historical deposits, [h'rg c-!" (1990) sup,gt's lt'd tIl(' u~(", of s,uHly riwl" 

bar deposit.s in [lJ"{'ft'TC'llCt> to silty 1,,11" dt 'posit.s ,llIe1 tiLill c1iLyt'y I;~}"('rs frolll lacustrizH' 

rhythmites t'ompan,d to silt. Iwaring laminat' fOI" TL dilting. III illlntlH"r study, Stohs 

(l992) repurted OSL t'qlliva ll ~nt t!nst''''' of O.O.'i-(U Cy fu r mOdl"l"1l d(,posits from (tf'oliilll 

and fluvial enviroll ments . Hc"n'ntly, Hat) (I~J9{j) bas obtain(,d IBSL ages of '" 100 ± 100 

years on moder ll rivt'r tprran' s(,dilllt'llts frulll I\anpll]", Illdia. 

Thes~ studies bav(~ bCt'1l rompIt'IlWllt.(,t! hy determination of lumill('scence <lges 

on sil.mples wlwn· so llie agl"' (l1llt.ro l was ilVailal)\t-. T Ilt' following discussion giv('s a 

descript.ion of .sOllH' of thes(' (",1St ' st.ll t!il'S . 

( 
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Rendell et aI., (199 1) obtained TL ages on the qua r tz (Q) iln e! feldspar (F ) com

pOnetits frolll alluvial sands lying above and b€'!ow a peat hor izon ill C heshire, U.K. The 

TL ages were 82 ± 8.2 ka (F) and 74 ± 8.1 1m (Q) for SiLllds above the organic hori z~ ll s . 

The lower all uv ial sand ho rizon gave TL ilges of 84 ± 8.2 ka (F) and 99 ± 12 ka (Q). 

The TL ages are consistent with (i) a U-seri es age of 86 ka. Oil the peat ho ri zon and 

(ii ) amino-acid analyses resu lts which suggested that the peat representing the Chelford 

Interstadial should be correlated with the Oxygen isotop(' Stage .5c, '" 100 kit. 

In an inter-comparison study, Nansoll and Young (1 987) observed a gene ral agree

ment between TL ages Oil the fine-grain fraction from sandy Australian fluvial sediments 

and avail a ble He agt~S Oil <t$sociiLted wood ;tn d charcoal. !vlurray ct aI., ( 1992) have also 

obtained TL ages Oil No rtlwnl Austmli;ul fluvial siLnds )"iLllging from 0-6000 years. These 

ages we re consistent stmtigmphica.1ly and with I~C chronology. 

BalesCll and Lamotlw (l9~H) hiLw· reported TL iLnd JRSL ilgj~S on 150-250 pill 

alkali feldspars from a viu"it>.ty of waL(-'r-borl}(~ (,llvirOlllllcllts (shallow llliLrinc, estuarille, 

shallow lacllstrine and sublittoral). Tlw ag(~s obLained were in the rallge 10-200 ka 

and were consistent with illdl'lwndf'IlL ilges ba.<;ed Oil I~C, ESR .LIld Amino-Acid dating 

wi thi n ex peri lllen ta.i errors. B ilJ(~SCll all d LallloLhc ( 199.1) conclilded tllaL beach, est llarine 

and sha.lIow lacusl ri ll (~ sediments art' wtdl blt~acbed aL depusition iLlH'1 are suitable for 

luminescence dating. 

fRSL ages on iloodloCl.tlls frolll South GernlitllY W(~ l'e reported by Lang (1994) . 

An IRSL equivalent dos(' of :3..5 ± 0. 1 Gy was obtained from it 1990 flood deposit. The 

high equivalent dose was iLttrillll ted to recuperation iLlld incumplet(' bleaching. IRSL 

floo d loam ages from lower depths of th(~ pr(Jfil(~ w(']'(~ ill agr(>{~Il WJlt with ~he 1.le ages . 

However, some IRSL ag(~s from t1w IIPlkr pilrl of the pnAil(~ giLvt-~ overestimates of the 

true depositiona l age. Tht" possihle n'il.'iOllS suggested by Limg to (>xplain these higher 

ages were: (i) incomplete bleadling of the IllSL signal and (ii) absence of real sandy 

I 
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fract ion dUl~ to roagulatioll of dRY it1ld fiilt, r("::>ulting in inc:omplete bleaching of the 

interior of tlw coagulatt>. 

Recently, Fuller (1996) ha ... performed detail~~d IRSL da.ting of Spanish alluvium 

sites and obtained ages in the rilllgt' '" 1·200 ka. A single He age wa.s also available fo r 

cross.checking the IRS L ages. A few IRS L a.ges were stratigl'ilphic,dly incons istent: the 

occurrence of anomalously low ages was l"xplailled by Fuller a.s it result of anthropogenic 

disturbance. Anomalously high ag(>s occurred due to illcompiek hlt'iLching of the IIlSL 

signal at deposition. 

6.1.3 Present Studies 

Stratigraphici:d and sedilllPntolugiral ch'llI,!!;t·s (Court)', 1990) in tIl!' Chaggar <tlltl Cha,u· 

tang flood plai IlS (llt',1 r H iss.u· ), II arYiUlH (Fig. G. 2) d!'1lI01lstr;lt«· LI lt' res pons!' of tht' ri vel' 

systems to it dli.Lnging climatic/ monsoonal n·gillH'. lIowt"vt'r, p;uwity of I ~ C; datable mao 

terials meant that ex t remely few <t.bsoIU Le ,lgl'S ['otdd bt, pr()vid ~'d to nmstmiu the t ime 

fram e for the palt"oenvirollllwnud ch anges. The present work involved TL and lItSL 

dating of Gh aggar, Challtallg and SOlltllt'nl ChauLang flood plain d«~posits (Fig. 6.3) 

to furn ish add itional data to It 'st tlw vididity of t ilt' lllmilll"'scC"IKt" nwthods for dilting 

alluvium besides providing a wt"lI -t'(JIlstrailwd p,dl"oclimaLic !'I'cortl fo r this. region. 

6.2 Exp e rimenta l Techniques 

TL dating was performed on 106.1.50 /1111 qUilrtz ex tracts when'as 75·106 pill I( · fcld spar 

ext racts we-re us("'d for both T L and IRSL dating. 1'11('" t~xtl'ilct i(jn of f{·feldspar was 

performed in a similar millilwr ilS t\!"snilwcl in St,ctioll 'l.!'i. In vit~w of limited sample 

availability, no HF dching of tht"'~)(' gmins. was dOlle. Thlls, an alpha dose cont ribution 

76 
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corrected fo r attenuat ion wa.s a lso (olls idC'r~d in the ("sti miLtion of i~lIl1ual dose. At ten-

uation in bt~ta dost' (Mejdnhl , 1979) was a.l::::o tak~ll in to account while calculating the 

ann ual dose. The quartz 1'L intensit. ies were normalized by the weight normalization 

method . T he feldspar 1'L and IRSL intensities of the natural and t he irradiated discs 

were normalized using 1 second IRSL shortsh ine glows. The op ti cs channel fo r IRSL 

dati ng comprised a EMI 9635 QA coupled to Corni ng 5-58 + 7-59 blue fi lters and a 

Daybreak phoLon counting system interfaced to iln IB M/ PC with ill} Ortee Accuspec 

mult i-scaling card . The TL lllea.<;urements were performed using two Schott UG-ll 

filters and Chance P ilkington HA·3 filter coupled to all EM! 9G~15 QA photomultiplier 

tu be and a pho ton counti ng systt~m. The IWilting rate used was 2°C S-I . T L Equiva lent 

doses were dete.rmined using the part.ial bleilch lllf'thod and the total hleitell methods. 

Ideally, sunbleaching of the 1'L Sigllid for water· borne sediments should be done with 

a filter assembly which simulates underwater cunditions, i.e., peak t rallsmission only in 

the'" 550- 700 Bill. But unavailability of SIJ(:h all arrilllgcIllcllt IlWilnt th;~t these studies 

could not be und0rLakell. Thest> {"XIWrinwnts will be r'Lrri{~d out in the future. However, 

as IRSL signals of S0(linwllts are ('fferiiwly reset in much shorter durations compared 

to T L a nd a charcoal sample was ,LVililable for 1.l e dating, a cross-check of the TL diltes 

was possible. Repre:wlI tiltive samples for TL dilting were also sun·exposed through a -1 

mill thick t ransparent window gla.<;s in Ahmedabad during 'l cloudy day for short time 

intervals (1-4 lllinut(-'s) to t~Vilhlilt(· it ]"('sidlml 'rL signallevd which wa.<; then used to cal

culate the equivalf'llt doses and itgf'S using tlw total hleach m(~thod . TL growth curves 

were fitted using saturating exponentiab. Lilwar ur (JlI'ldratic fitting was used for fit.ting 

IRSL growth eurV0S. 

In t he est imation of illlllual dos!?) an o--'f>ffi ciency factor of 0.15 ± 0.075 was 

assumed fo r t he coa.rse-grain0(! K-feldspars. U and Til COllcentriltions were esti mated 

using thick source ZoS (Ag) alpha coullting lllNhod and N,d (TI) gamma ray spect rolll 

etry was used for p'otasSiulll estimatioll . /I. radioactive equilibriulll in the decay series of 
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U and Th was a:-; ::; ulll t'd in t llf' dost' I'att' t'all'1da.tions. TIlt' lw tiL dos(! cont ribution due to 

the Plv.s l~IKe of intl'l"lIill potassiulII wit. hin 7f1-\06 1/111 l\ -fl'ldspill's is cOlllpilrable to the 

eX peri lllt'lItal l'ITol' ( ~O") in tht' <llllllmi dOSl~ anti \\', 1..."'; no t coll si dl~ r t'd in the an nual dose 

calculations. The {'osmic ray dose ratl": was assumed to be 150 !LGy /. ~. The water content 

was assu med to be 5% ± 1,5% ill tilt' evaluittion of T L/ IRSL ages. Error estimation was 

carried out following the prescription of Ai tken (l9X5) . 

6 .3 Results and Discussion 

Fig. 6.3 prov ides a sd}(~l1l 'lticof t11i~ thn't' SI'ctiolls sampl(>t\ fo r !ulllinescencedati llg. Fig. 

6.4 p rovides IRSL shine-down CIII'Vt'S. Figs. 6.5 and G.G pn'St' llt !ltSL growth curves and 

shine down pl ateaus fo r K-feldsJ>ar ext.ract.s frolll flood plain lil'posits. Tables 6.1 and 

6.2 present TL and IRSL IllllliIH's(,pnrt' data for Lill! Sillllplt'S. 

Initially in TL analysis, LllI' tOLal bleach (7 hours llittlll'iL1 sunlight exposu re) alld 

t he partial bleach (R-,B) lllf'thuds (:lO milll\tl~s natural Sl lll light C'xposure) were w;(~d 

to determinc the equivall"llt dust'. The total bleach and the It-P' ages agree within 

experimental el"l'o rs. Howevf'I', the H- /3 and tlw total bleach agl's (27 ± 11 kiL, 31 ± 10 

ka) for CNF- 1G are much higlwr ill comparison to t lw available calibrated l<1e age of 

14.3 ± 1.0 ka fo r tht~ cha.rcoal sam pIt' eN F-17 located ...... 0.5 III ;~bove eN F-16. Thus, 

it became apparen L Lil a\' even it natural sunlight exposure of ;W milllltes overest imates 

t he depositional age. Th is is dlw to partial l"l"setting uf tlw TL sigllal of these sediments 

at deposition . Disequilibriulll ill tlw {l and 'l'h sl>ries (although possi ble in the case 

of waterlaid sed i \llt>llt~) W'I...<: I"IIlt'd ~l lIt as an f'xplanatio n for t ill' higher T L i\ges since 

(i) typically, ......, 75% of tlw illlnuit! dosi' is contributed by potassium, lobus limit ing t he 

change ill T L ag<" as it result of disl'quililn'illlll to < IO%-i!J% and (ii) it \~ol\ l d ICild to 

lower allJlual doses <Iud even higlw L" T L ages. 
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• 

Fig. 6.:3. Strat igmphic SUnlmary of Ghagg<tr, Chaut<~ng an d South Chaulang fl ood 
plaill sections. 14C and IRSL agf'S 011 vario us uni ts sampled (or lu mi nescence dati ng are 
al so provided. 
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Table 6. 1: Resull.s of Thermoluminescence dating of a lluvia l a nd aeolian sands from Ghagga r and Chautang nood pial: -
. Sample Depth- location Technique- Equivalent Th U K A nnu.l Age (ka) 

(m ) Dose (Gy) (JIg/g) (pg/g) (cglg) Dose·· 
(mGy/a) 

CNF-I 13.5 Ghaggar Flood Plain Total Blc:\(;h 317:1:43 13. 1 3.8 1.8 3.' 81:t12 

~ 

CNF·l 13.5 
(Hjal Singh well ) 

R-B. 30 minutes 341± 120 [3. I 3.8 1.8 3.' 87:1:30 
=9 

eNF-J 8.3 Total Bleach 293 ±50 8.2 2.4 1.6 3.0 98±19 

CNF-6 2.1 
Ghaggar Flood Plain 
(Nakta well) TOlal Bleach 1 66±63 12.4 3.6 1.6 3.4 49:t18 

CNF-6 2.1 R-B, 30 minutes 161:t65 12.4 3.6 1.6 3.4 47:1:19 

eNF-7 1.0 FSE. 2 minutes 80:1:13 15 .4 4.5 1.6 4.0 20:1:3 .6 
. 

eNF-8 10.7 R -B, ]0 minUTes 553±1J3 11.6 3.4 1.7 3.6 154±38 

. 
CNF- IO 6.5 Total Bleach 234±4[ 7.8 2.3 1.7 3.0 78:1:14 

e NF-ID 6.5 
Chautang Flood Plain 

R -B, 30 minutes 279:1:64 7.' 2.3 1.7 3.0 93:1:21 

CNF- IO 6.5 (Siswa \ village) FSE. 2 minutes 53:112 7.8 2.3 1.7 3.0 18:1:4.3 

CNF· ) 1 3.5 Total Bleach 158:1:44 10.5 3.05 2.0 3.7 43±12 

CNF-I I 3.5 R-B, 30 minutes 178±71 10.5 3.05 2.0 3.7 48±19 

CNF-14 8.0 Total Bleach 235±22 8.4 2.4 1.4 2.75 85±12 

CNF-14 8.0 Southern part of Chautang FSE, I minute 68±12 8.4 2.4 [.4 2.75 25±4.8 

CNF-14 8.0 
Flood Plain FSE. 3 minute J03±13 8.4 2.4 1.4 2.75 37±S.6 

CNF-15 5.0 Total Bleach 91±11 6.3 1.8 1.5 2.6 35±5.2 

CNF-15 5.0 FSE, I minute 36±8.5 6.3 1.8 1.5 2.6 14±3.5 

CNF-15 5.0 FSE, 4 minute 38±8.6 6.3 1.8 I.S 2.6 15 ±3.6 

CNF-16 4.0 Total Bleach 116±37 10.0 2.9 2.1 3.7 3 i± iO 
. 

CNF-16 4.0 R-B, 30 minutes 99NO 10.0 2.9 2.1 3.7 27± 11 
. ._--

•• Water content :: 5% ± 1.5% Ii below ambicnt suda(...., • Quam: c.\!racts were used for TL dating 
FSE: Sunlight filtered through a 4mm thick. transparcnt window glas..~ (for a shoTt time interval indicated ~bove) was used fOT evaluating the residual in the determination of TL age. 
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-

Table 6.2: Results of Infra-Red Stimulated Luminescence Dating of alluvial and aeolian sands 
from Ghaggar and Chautang flood plains 

Samp le· Depth' Location 
(m) 

CNF·3 8.3 Ghaggar flood plain 

CNF-8 10.7 
. 

CNF· lO 6.5 Chautang flood plai n 
(Siswal village) 

CNF- ll 3.5 

CNF-12 11.7 

CNF· 13 9.7 

CNF· 14 8.0 Southem pan of 
Chautang flood plain 

CNF· lS 5.0 

CNF-16 4.0 

+ Water content (assumed) = 5% ± 1.5% 
Feldspar a value (assumed) = 0.15 ± 0.075 
# below ambient surface 

Equivalent Dose Th' U' K'-

(Gy) (" gig) (" gig) (cgig) 

104±4 8.2 2.4 1.6 

167±8A 11.6 3.4 1.7 

101±9.1 7.8 2.3 1.7 

75±8.2 10.5 3.05 2.0 

2S2±34.8 12.8 3.7 2.0 

196± 14.8 11.0 3.2 1.6 

63±1O 8.4 2 .4 1.4 

38±2.2 6.3 1.8 1.5 

61±4.S 10.0 2.9 2.1 

* 75· 106).1m K-feldspilr extracts were used for LRS L dat ing . The :uJditivc dose method was used to evaJu:lIc the equivalent dose. 
S Error in Th and U concentrntions is typically - 10% 
++ Error in K concentration is typically -5% 

Annual 
Dose-

(mGy/a) 

3.3 

4. 1 

3.3 

4. 1 

4.6 

3.9 

3. 1 

2.85 

4.2 

Age 
(ka) 

3 1±2.6 

41±3.5 

; 
30>3.3 

18±2.2 

55' 7 .8 

50>4.9 

20>3 .2 

13±12 

14±1.4 
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Next, a.,<; alluded to above, the samples Wt·~ re exposed to var ious filtered sun light 

exposures (4 mm thick window glass, sil1l\pl(~ t\t'.pt ,~t il di st.an c~ of "2 III away from glass) 

to determi ne which SUll-exposures would result. ill the t.~valuatioll of a. correct residual 

TL level and T L ag(':s concordant with the available 14C age. Also, kee pi ng in mind the 

suggestions made by earlier workers regarding the use of two or more bleaching signals 

and the efficient and rapid bleaching of the lRSL signal ill comparison to the TL signals 

(Aitken, 1994), IRSL dating was taken lip for some representative samples. 

The IRSL itge for the sample CNf'-IG is consisten t with the i 'I C age for the 

charcoal layer located 0.5 III above CNF-16. The lRSL ag('s ;:tre ,dso str,ltigl"aphical1y 

consistent. Their is good agreemellt lw.tween the IRSL ages and the T L ages of CN F-

15 and CNF-14 using a residual level determillt'd by filtered sunlight ex posure o( '"" 

1 minute (Table 6.3). This signifies that tlw st~ dilllt·llt.s wert~ exposed to sunlight for 

very short int.ervals of time. It a.lso suggests thaL tht~ IRSL signa.l was presumably 

completely reset for these sedilllents ,Lt deposition. lI o WP Vl'l", ditl"C'l"t'ut st-~diments respond 

to similar filtered sunligh t exposures (FSE) ill it difr(~rellt lllalllH'l". This is illust rated by 

the comparison of FSE-TL agt~s for samples CNF-15 and CN F-14 . The I minute and 

4 minu te FSE-TL ages (and t.lwrefore t lw likelihood of the 3 millllte FSE age also ) for 

CNF-I5 ,ue similar within errors (1 4 ± ;3 .5 ka ilnd If) ± J .5 b ), whereas for CNF-14, 

the I minute and 3 minute rSE ages are 25 ± 4.8 1m and :37 ± 5.6 kit. The explanation 

for thi s beha.viour is a<.; yet unkllowll. Another in\..C'resLing observation is that the FSE (2 

minute) TL a.ge for CN F-IO is lllllCh lower compared to the respective lRSL a.ge. Since no 

14C ages exist for thi s uuit, it is difficult to sta.le whether the FSE TL age underestimates 

the depositional age. However, it ll eeds to be stated that only lRSL ages (for all sections) 

were used fo r ascertaining the c1imatologica.1 imp l ici~tiolls of the luminescence ages. The 

discussion below relates to the pideoclimat ic s("ell,~rio which enlf'rges 011 the basis of 

earlier sedimentological stu<ii(>s by Courty (1990 ) and the luminescence ages. 
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~ 

Table 6.3 : Comparison of available I~C, FSE TL and IRSL ages for Chautang and Ghaggar flood plain deposits 

Sample Location J.lC age FSE' TL age IRSL age 

(ka) (ka) (ka) 

CNF,IQ OIautang Aood Plain - IS' ± 4.3 30 ± 3.3 

CNF-14 - 25' ± 4.8 20 ± 3.2 

CNF- 15 
Southern part of Chaulang 

14' ± 3.5 13 ± 1.2 A ood Pl ain -

CNF- 16 14" ± 1.0 - 14 ± 1.4 

+ FSE: Sunlight filtered through a 4mm thi ck transparent window glass ( for a short time interval ind icated below) was used for evaluating the 
residual s ignal in the dClcnnination of TL ages 

# 2 minute sun exposure used for estimating the residual signal 
.. I minule sun exposure used for evaluating residual signal 
"'. Calibrated 
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Paleoclimat.ic Scenario 

Courly 's ( 1990) stratigraphical and sed i men tological s t. ud i(~s of III i tlly deep sect ions i II this 

region (including the present. Ollt:$) reveal at. least. four di stinct s(~d illl en tat ioll pe riods. 

The IRSL and radiocarbon ch ronology e!:i laLlish a tilli e- frame for these paleoenviron

mental changes. Phase I is a period of regular allu vial activity which began earlier than 

55 ka. T his phas t>., observed ill the Southern Chiwlang fl ood plain st'dion (Pig. 6.3) , is 

succ.eeded by a period of in t.erllli ttent flu vial an d iLeoJ ian act ivit.y which began around 

50 ka and extended till "" 20 b~. This ph it.<;e is prominent. in t.lw Chautang flood plain 

section . Afte r Pha.<;; p 2, a period of in tense ,u~ulia !l act ivit.y set in iI,!'OlliHi 20- 14 ka (Phase 

3). 0"13(; values on peat from Nilgiri Hills, Illdi,l bav!:' pn'viollsly hl'l'n Ilsed to infer the 

occurrence of all arid plw""" in Soutlwru India ilt '" :.W-J:2 1m il.,!!;o (Sll klltllar t"t id ., 199:3) . 

Dust flu xes to tlw Arabian Sea have \W1'11 11S('d hy Shilllllwl (1 ('1 id., (IWJO) to suggest 

t hat Arabia regist(~ !'s an Mid ('pisode 1)(, \. \\'('(,1I:tl il lld IK kl i\.~u. I/ !tas(' :-1 WitS followed 

by a humider period and iUl incn~asl' of alluvial activiLy. 'I'll(' P1TS('Ut IUlllill( ~SCellce ages 

imply t he initi 'lt ion of this phil-se (Pha,..;c '1) ilt ilround '" j J kit ago. Suklllllar et aI., 

(1993 ) ;~lld \ 'Vassoll e 1., ill., (198,1) also report tlw beginn ing of 11l1111id ph'l.ses in the In

dian sub-contine.nt iLl.. around 1:3 kil. TIl!-' hl111ilwsct'tlCe ages C<L\l!lot pn'snilw it limit Oll 

t he time when this phil..s {~ ("11<1<'<1 . 

The IUlll in('s (,(d!)ce chronolugy itrt~ thus COl1sist('ni wiLh tilt' available raciioC<lrbon 

age and proxy paleoclimatic records of ill<" Indiau sub-continent. Tile results demon

strate t he potf:ll t ial of the IRSL t('("blli<]l!(~ for dating illlllvial sedimeuts to reconst ruct 

pa!eoclim,lt ic clHl..ng(~s . 
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Chapter 7 

Conclusions 

7.1 Summary of R esults 

In the present thesis, all attempt. wa$ Illildt~ t.o d{'w\up lhel"llIo\ulllim'scence and infra

red stimula.ted \uminescf"llcc If'('.hniqm·s for providing i1 chronology to: (i) neot.ectonic 

and paleoseismic ewnts cOl1lprising dt>veJopnwnL of \umill t'SCence dating methodology for 

dating fault gouges, seismites, soils df'vt:loJl0.d Oil colluviulll and uplifted river terraces 
. 

and (ii) climate related sequences by dt~vdopillg !umint-'scence dating methodology fo r 

dating pedogenic carbonates alld ;dluvi<tl seciinwnts. Dating of \H:'otectonic/ paJeoseismic 

events is important. for ascertaining tiw seismic risks ;l.Ssociat(~d with a particular rt::gioll 

and in predicting their lih']Y Oc(urn'llce ill the fliLlIn~ . Pedogf'nic carbonates which rep

resent landscape stabil ity are good indicators of dimate. and are also used as important 

stratigraphic marke.rs. Tlwy have. also bC'('n id('ntined as illlport;~nt source's and sinks 

of the global ca rbon budgC'L Alluvi.tI t!l' posits art' illlportaut both in paleoseismologi

cal and paleoclimatological studif's . ConVf'nt ionaJ radiom(~L ri(. IllNhods have often been 

found to be inapplicab le aud ocra..:;ionally unreJi 'Lble. TIIUS, the present tl.lesis explored 

the possibil ities of utilizing therJllolllminesc('n ('t~ and infra-red stimulated lum inescence 

da.t ing me thods fo r dat ing thest> twe-nts. 

HI 
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7 .1.1 D at ing of Neotectonic/Palcosc is rnic Events 

The (l":a .. <;i hil ity of dating various g\'olllorphi c ft' alllJ'($ (J'(·'tt,t'C\ ill J'('~ pOIl St~ to ncotcc

tonic/paieose ismic t' vcnts was t'xam illt'd (I sing 111111iIH'scl ~ll n' kc.ll lliqll(·S, A tllcrmoiurni 

neSCl";Il(' f' nwthod for dating fcHdt. gUlLg('S was suggcskd whi ch (I .. 'iSI IJlWS th ;,l t r;Lldling in 

the history of t he sample reset.s its gt'olugic,dly iLc.:q uin·d lIJerJll ollll nill (~!lccJ) cc. Vdri(Jus 

criter ia were explored to tes t the assumpt ion of zl~ ro in g of t. he T L signal during (;lull

ing: (i) grain size depelldell ct.~ of TL agt>s, (ii) compari so n of ho:; t rock and fdult gouge 

paleodoses, (iii) me('.hilnolumill(~s(t·lIn~ <Lud (iv) Illilll"[";dugic;d st. lldi(~s . Tht: grilin size 

dependence of fiUlit. gOllg(' TL ap;t·'S s U g,.?;t ~st. th'lt. 'l p!;Ltt',Ul ill T L ill!;C'S f(ll' gn.t.ins slIlaller 

than a ('('rt.ain crit.icill siz~ is prohably it guod ill<iit'atur or C01Jlpll't.t, n-sc'ttillg of the TL 

signals (of th("S t~ slll ,dlC'/' grains) from f<Lult.ing, This ('illl Ilt' c'xplilill(,d as il n:stllt of tl](' 

development of large strf'sse~s at tilt' gr;Lill hUUlldiLl'it's, TIIf' fractiuu of griLill Vo!J.JlrlC 

experienci ng su(h high stn'ss(>s in('\'('a:ws with dc ,t' J'( ',L'i ing gritill siztO ,till! 1l(': Il~c tl](; TL 

signals of smaller grains will bt~ rO!llplt,tt'ly [,('St' t, TIll' luw v,dllt' of p;dt'oduses f(lr fa.u lt 

gouges originaLillg from old rocks of lilt' Siw<Lliks alld t il(' t'ollf'ol'(b llCl' of fh,Jit ing a.ges 

for fault goug("S d(>rivt'd fro1ll rocks or dirrt,l't 'l lt a.gt' <llId Lypt·s was Sl lgg('Stt,d to imply 

a definilt' TL ]'('settillg ev('nt, The MI,t'halloll1111int's('('Ilt'(: stlldic's showed th'lt the host 

rock M L intensities wert' upt.o live lilllt':> iliglu:r tiLan t lw (,mit gougt·s, sine(' tlleY h;Wt, 

not. been recently reset. ,JS ill tlw t' <LSt' of f'Lldt gouges, l luwevt'/" the· millcralogic.d studies 

based all chlorite and illite \VP]'(' UJI ,dJlt, to ulH'quiv(}call y ('stablish whether the heating 

event indicated corresponds to n~n·nt. faultillg/l'ilrlit·), mdalllo)'phic l'VC'lIls, 

The stability of tilt" TL signal W<l,S illVl'stigatt ·d by kim'tic ,md ,LlIolllalous fad

ing studi e.s 011 the fault. gOl1gt~S , TIlt-, sp(,ct ruill of at.:tiviLt ion ('llt'rgic:> fo], f'lult gouges 

determined using the initial rist~ lIlt'tlwd \WI'(' I.:H IN (:lIO° C), 1.5G eV (1800C), 1.67 

eV (3J O°C) all d 1.71 eV (:350°(:), The,'w viLlll l~S clo:>dy n':>(-'m hl(~ E values of qHiutz and 

K-feldspar quoted ill t he literatu ]'t~, Lirc'Limt:s wkul'lted ,\ssuilling fi rst order kinetics 
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and frequl"lI cy factors appropriate for quartz and I\- feldspar indicate. that thf' TL signal 

from the 250°-400°C region of the glow curve is stable over ti nwscales of ~ I Ma. No 

fadin g of the fault gouge TL signal from the 250"-400"C region of th~ glow curve was 

observed over a sto rage period of 3 wl'eks. 

Absolu te dating of faull gougt~S using Illlll ill('sceIlCt~ techni<[1l('s WitS ,tl\,(' lIlp led for 

the first time. Fault gouges wet't~ collected from N,linital Pault) Main BOlLllditry Th rust , 

Mohand Thrust and the Sleepy Hollow Fault for TLj IRSL dating. The l'f'sults suggest 

tha.t neotectonic activ ity took place at the Nainital Fault and llw Slel~py Hollow Faul t 

at 41 ± 8 ka and :16 ± 5 ka respectiwly. Tht~ Mohand Thrllst was tt'clollindly activ(' 

at 59 ± 10 ka ago while tectonic art ivi ty along tIlt' rV1iLin Boullt liLry Thrust (N iLinital 

region) is indicated at ca. 70 ± 11 kil. TIlt' T L agl' of fiLu\t.i ng illoll~ til(' \I ;lilli t;t\ Fault 

agrees with tile 14(; age ( ...... 50 ka ) of formati on of L.N;tilli whi ('h is ('oll sidt'n>d to haVl' 

been created by a major faulting ('Wllt (Valdiya , \!lti l"l ). 1.1(; d ,tLi ng of rharroid from 

L. Wadda ( ....... :30 kill from NainitaJ) indicilt(,S that till.' L. WiLdda was ful'tlwd 4,\ ka UP 

by movements a long I<otli Fault , whi ch rum; pandlt'l to Nurth AIIlIO\'il Thrtl ~t (VaJdi ya, 

1996). IRSL (6:3 ± 7 bt) and TL agt'$ (61\ ± f) ka) of fan]tin~ a l tlll~ Mohand T hrust 

concu r within exp~rimental errors. Ahst"nn' of <Lily orgilnic !!wt. t· ri al at tIll' fault gougt' 

sites precluded any comparisons lwtwt'{'n 1.1<.: and t ilt' lUllIiIIl'SI· ( ' Ilt't · iLJ!PS. ] ]0\\,('\'('1', t.lH' 

agreeme nt bet\wPIl t he formati on age of L.Nail1i, L. Wadda and t ilt · T L Cull t ing itgt·. 

conc.o rdance betw("en the IRSL and TL agtOS of Mohand Tbrnst fault gOllgt'S and ~llb

stantially highe r paleo doses for host rocks compared to f;Lult guugt'S k llds SOII lt' r n' clt'Uel' 

to the applicability of the luminesn'Il(,(' Lt>rh niqut·s for dating fau lt gongt-'s. 

Another approach adopted towards dating pait-osl'i smic (' \'t'lIb was to datI' soft 

sed iment deformation stru(tul'l~S (s(oismittos) prodlll't'd ily st' ismic (·Vt'nts. 111 th is t hesis, 

an attempt was made for the firs t tinw to datf' pa!t'ot'arlhquakt,s by 1t1lIlillt-'S('(-'IlCI;' d'lting 

of seismites. Deformation st ructu res obs('rved ill fiuvio-laclIstriu(' s(-'dilll t' llts (~ xposed in 

{ 
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tht" Su III do a 1'1 '<\ nf I.ht· Spi i i V;d II 'Y \ II i tl1 at'hal P r<ldl's It, \\'('re d ,~Lt'd lIsi I 19 sed i llwnL dating 

IU lllillt>;':ct' ll n'tt'clllliqm's. '1'h(' \UlllilH'Sn'I}c(' agl' s uf tilt' seismic f'V<'nl.s in Spiti Valley are 

90 ± 10 b, 61 ± fI ka , J7 ± 5 kll ilud 1G ±" kil_ ;\ correl ation hetween the> seismite ages 

wit.h 14(' ,lgl'S of lake forma.tiolt ill t.lte region and 11IIllilwscellCt-~ <lgt'S of fault gouges in 

Naillit;)] (-J50 kill from Spiti) and rvlohand slIggt"'s t.s the possihility of regiona.lly extended 

tectonism in the Hi malaya ilround 40 ka ilnd GO kil_ H,)\\,ever, additiou,d dating work is 

llect"ssary to t~stablish thi s hypotht~s is. 

The pn'Sf' Ilt. studies also involn'd lumill(·scf'nce da.ting of ~()ils d(-,"f'lo]l('d Oil col

hl \-ium and sedinwllls from unp<lirt'd river t.(~rriln'S arollnd Naillilid . The soil samples 

from the telTacf'S at t.wu dijTl~rf'llt IO(i,tiolls ill till' virinity of Bha.\\'illi gave stratigraph

ically wlleonlnnt partiid hlf'ach TL ap;e:'i_ Tht' ag(~~ jlo:-i:-iihly :-ill,!!,).!,l':-it LlwL itL '" II kil, 

some ll~ot. (-'cLonie ildivity uCCllrn'd ill Ihis ['('gion_ ()n til(' l'iI~is uf fi,-Jd t'vid('llCe~ sllch 

<IS folded ri ve']" tt.-' IT;J("("S. Hh,l\-giWil (ImJO) ar,!!;IH't\ Ill<It III(' ar('i! S01i11i (If 11H' Imills SUlure 

Zone has t'xp('t"if'IJI'(·d major It"clunic anil-jl,)" al arOllild ,j k<L lIt::;\. i!,!!;('S 011 l('rrilc(-~ 

df'posiLs from l-":illadhllllgi ilnd Cilrjiy,\ (In-' :::-traiigraphic,dly ("(lIlsist.t'llt il1ld imply til 'lL 

Ilf'ott'clunic ildivity luuk p);\ Ct~ <II'Ulll1d <:31 bt Hilt! < 9 ka. rt'sp('(" l iv(-ly in Ow<;!! j"(-'giolls. 

7.1.2 Dating of C limate related sequences 

l. Podo)\onic Car],Ollat.es 

A lWI\' Illlllilll'sn>nCl' Iltdl lod I",IS prupo::.ed for dating j)('dol,!,t'llic (-arl)oJlides which 

utilizt':'i slIbtlt" dosinwtric changt-·s 10 it milw]"al Oil heing ("Irhulla.tt'd _ Tlw age of the 

carbonatt> call Ill' (~st. i!lli1ted II)' dl~t('rrlli!Jilig th(' dif["('n'I!("("s 1)(,t\\'('('11 (i) the pal('odoses (or 

eqlliva\t"llt dost's) oft.he mi lH'ra l l.wing dalt·d fromlIH" hust s;tlld and 111(-' ("i(rhon~Li.f! !lIiLt rix 

and (ii) t il(-' <LlJUlIa! dos!" imparlt'd I.u lhe rnilwra! by tlw hO:-il sand ilnd llw carbonat.e 

mat rix _ Dosinwi.rie ("ollsid(·raliotts sngg('st that tlw Illlllill('S('('lIrt' dating methods are 
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less susceptib le to pos t-depositional c1HuJges. T he propagation of errors was used for 

developing a schenw for calculating tIle error ill the c[tlc rete age. Por the present stud ies, 

carbonates were collected frolJJ four sites in T lw.r Desert viz., Ch amu, .1<t1ore, Budba 

Pushkar and Alllarsi~r to test the v,didity of the Jumincsccllc(: dati ng met hod. Tbe 

luminescence ages a ll carbo n ,~tf's arc strat igraphically ron s i s t '~ llt awl suggest t hat a 

region idly ext (,.llded p.p isode of carbolliLte fo rnl <~ti o lJ pro!I,dJly took pl;u-e ill T har Desert 

at aroun d 17 ± 3 kiL. This ep isodt~ is ol)s~~ r ved at. (;llalllu , Hudl l;L ]1 1I .<; llkar alit! Arnarsa r, 

a west.-cast transp.ct sp,Lnn ing ....., :100 km in TIt,I.!· D(·sert. "OW(· vI:r, IIlf)r/' datil,g w()rk 

is needp.d a t other sites in Thm D('sert to llliLke ,t ll1On· ddillilivf' sl. ;dJ:((If'IJt. ,d .. 01Jt t1-.1" 

regional extent of tit is event. TIll-' ot.llI'j" ("' trhon'tt,· fO l"ln;ltio11 (·pi:,lld,·' , ill ' f hiLr d"·-.Nt. M" 

suggested to be 100 ± 25 ka ,tntl 2 ± ] . :~ kit <LgO. 'I'l l(' hllnill( ·sn·l l" · ;LW·:'; fA f-;lrlli)JI;ll. , 

formation epochs in T ha.r Dest'.rt. cuu cur wiLh ilVililil!) I(· p,d('l lclilllilt il' d;Lta. 

2. Alluviulll 

tang flood plains, i-iarYillla, dp!IlUllstrat(·' tIll' ]"("S]>OIlSI· of rivt 'r sy:-.kIJl<'; tl) <.L fh'Lllgl[J~ 

paleoenvironment (Courty, 1990). !lowI'v!'r , nOll -aviti lallility uf fI, li,dlk 1'( ' diLlaLlf' 11Id.

teriab in 1110st of tlj(~ stratigraphic borizulls n 'lldnl ,d t ht" dlr()l lOlo~y of tlH"":>t· 1 · \"(~lJb 

illusive, TL aud IRSL dating of !lood pJiliu tlt'posits frum Ch 'lggiL!" <L lld ChiLlIt'lllg bd.",ill~ 

were per fo rmed to tt"st the validit.y of til(' JUllIillt':'W('lI Ct ' llll'thod:-. fur (lctting dlluviaJ dt'~ 

posits along with a possib le r(-'collst.ruct ion of t ilt' paJ("od illlatic n·cord . ( 'oncordance 

betweell IRSL and I'IC ag("s implies t.hat ('V('I\ tllllllgh til l ' s{'dillll"llts WI'I"(, :>U1H·XPOSt·d 

fo r very short tillle intf'rvills, tlH-'ir m.SL siguals w('n' wdl blf'aclll'd ilt dt'poi>itioll . The 

luminescence, He iLgI~S and sedillwlltologica.l studies provide (-'vide ll ce for ill leas t fou r 

d ist inct deposit ional periods: (i) I"t 'gu lar alluvial act ivi ty knllillatill g at '" 50 h, (i i) 

a.ll uvial activ ity interposed with irregnl ar iu~oliiln activity Iwt.wI'Pll 50-20 bl , (iii ) strong 

aeolian iLct ivity an d low or ab::;ent alillvial disrhargt~ b~t.wevll :!0- 13 band (iv ) increllSc 
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in all uvial activity at,...., 1:3 kilo Th('sp n~:;lllts dp.monstmte the potentiid of the lRSL tech

nique fo r dating altuviid ~wdilllt~ llt.S for paleocliuH1tic n"collstnu.·tion and also provide a 

basic me thodological framework for future studies 0 11 t.he dating of pedogeni c carbonates 

in all uv ial env irOllm l~llts. 

Tlnls, the pl'l~sent thes is work pursued new directions to the application of lumi

nescence techniques in Ea rth Sciences. These st.udies contribut.e significantly towards 

methodological establish ment of tht~ 'lpplications of l uminescelln~ dating techniques and 

will provide a basis fo r routine appliration of the methods. Although the luminescence 

ages presented in this llwsis gt-·,wrally could lIot lw comj>iLn·d with reliable indepen

dent chronology, being in Illost CilS(·S thf' \f('!'Y first iLtklllpt, the 'Iges arc observed to 

be ge-uerally consistent with availilhl,· C'vi<iPIlCt· on regional t('ctonics or Oil climatic as

peds. It is consi d er(~d that precision in IUlllilH·sCC' lJn· agt's will illljJrovt: ill the future and 

the luminescence techniques will ad,lr('ss Ill,my qlwst iolJS n ·!att·d to [lid t'o!>cis lllology and 

paleoclimat.ology and realize t.1l(' bUI)('s t'XprI'sst'd in tilt' pn·St·lIl tJl('sis . 

7 .2 Future Studies 

7.2.1 Dating of Neutectullic / Paleuseis illic Evellts 

The luminescence lIlethods for dilLillg palt-'Osl'isllIic/ lH'!Ot.I'·nonic t~vt:'nts lleeds to be ap

plied to (i) fau lts when' n·liable illdt'IH'ndt'llt agl'S of palt'O!wislllic (~vents ilre i1vaiJable 

(e.g., Sieh et al. , 1989 ) to provide all intt'r-comparisolll.)(!Lwt·t ·1l du·lumincscenceand the 

14C ages and (ii) faults ill cOlltiU('lltal n·giolls which IlilVt~ beell normally considered to be 

stable in respect of large f'arthql1akt~s Ill! tart' susn-·pt.i hIe to df'st. rurti ve earth movemen ts 

at a ll Y time ill t.he future (t~.g . , Latlil'. Illd ia). 
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Tht"'O r(,tind mod('lIi ng of f, ~ult zon!"s (rt'alistically) accompanied 'by laboratory 
• expen-

1llt' llt$ o n Hilll idayall rorks are lwressary for <lll accumte determinat ion of the tempera

tures .Illd di ~pl;t(,t'ml ' llt (sli p) n 'quirl-'d fo r perfl~ct reset t ing of the lumi nescence signals 

during fau lt ing. Til t' elft~c. t of sht"<lrillg st rf>SSt'S 011 the TL signals of minerals sllch as 

quart.zj ff'ldspa rs shol1l d be illVt'st i gilt~d. 

All at. l.t-:m pt. to reducf' the (~rror ill thl": pcdeodosf' alld ill TL <lges of fau lt gouges 

C~' l1 be made by using other no rm,t\is,Ltion' techniques such as zero-glow and second-glow 

nOl"lllil.\i sation. Th l"'. single ali<"]uot lllethod can also be llS('t\ for detl~ rm i ni!l g luminescence 

ages of f'lUltin g. This techn ique does not n>qui["(~ normalization of the luminescence 

illte ll sity and shouhl tlwrefon-' 1"("SI1lt in r('dwing tIll' ('ITO!" in Ilirnillf'SCellCe iLg(~S . T he 

amount of sample l"\~quired for single ,diqllol d,(ling is comparatively k·ss than that of 

co1lventiollal Illultipk al iq uot llwthod:-;. TIll' r,tdiaLion d(~pt~ntkJlc\:'. of M L intensi ty abo 

ll et~d s to be \:'.;.:,unined. An int(~r~stiJ\g aLtl'lllpt (illl also 1w matle to determine fault gouge 

thl'.l"molumin{·scE'lln~ ages u:-;ing various TL I~m i ssio!l bands. 

The act.ivation E'ller).!;y vallles detl'rlllilH'd ill this thesis (",m b(~ affected by the r

m,t! qUE'llching. The isothermal d('cay IIH'thod should Iw us(,d to determint' s-values 

(frequency filctors), life.l im!'s and ("om pare the adiv;l lioJ\ t'~Il(-'rg'y v,dllt's ilnd (··j(,ctronic 

li ft't inws obtainc·d u:-;ing tIlt' t\\'o dirrt,l"t'tlt llWtllOtb. 

Verifi cation of (wroing' of the TLjlRSL signal during tlw Jl,d~oseisl1lic event can 

be furnished if a mode1"ll s('ismitl~ can lw d,lled to gi v (~ a IH',lr zero age. Future studies 

w(lt(~r-b o rne sf'(jinwllts shollld dwck fo r diseqllilibrilllll in tlw U and Th series. An 0 11 

1':4 imate of t l ll' ~ In;tglJitlldl' of pal(,()t 'art IHjllab's can. also lit' madt· by f~xamil\il\g simi lar 

.agt··s along a single fault. <t..'.;sociatcd with a palt·ol"tl"thq llake to dl·' termin(> tjw: L:U1iting 

length ,uld thell lIsing a calihration t"l1l"Ve of falliting ll~llgth ve rsus j}aleoearthqu<lke 

Inngnitutl t' . 
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Alloth(~r possihility of di~ting palc'osf'b:mic t'wnts will be to devise procedu res for 

di~ting mylonitps fOlllld ill fitult WIll'S, Of ];ltt~, ,UI iLU('llljl t h<a.s ,Li sa been made to date 

tsull .uni sauds (Hulltley and Chl,gUl', ill l'n~ss ) lISillg IRSL dating, Ditting of tsunami 

deposits ('an providt~ info rlliatioll Oil (",utl lquah -- IIHZMds. 1I11l 1 tlt~y (tnd Clague reported 

nil l RSL age of ];100 ± 95 y<'iU'S for tSlln;ulli sand itt CUlt llS BhYI Wa.sh iIJg ton. This 

age is c.ons istent with 14 (; itgt'S 011 tll'gitJli r Illi ~tl' ri ;d i'{ '('(JvcrNI fruln the t ~ll n iuni sands 

( lO:30~ 1 IOO y(~iU"s BP ). Modt·:rll t idal fl at itlltl t id;t\· cil itll ll('1 SiUHb wbid) act a.<; a source fo r 

the tsunam i deposits gave t:qu ivak'lll dUSt,S uf 0-0.00 Cy, 'fSll I1,U1Ji ~ itJld s itt Tofino aud 

Port Alberni, VancotlVt"'r Island , Bri tish Colll1t11Jii( wn~ ' d;ttt·r! trJ ....... ;WO yl'ilJ"~ '.lllcl wen' 

consistent with hi s t.ori c,t\ records <LlI d l 'l e; ;'gt'S, SllKw's ti llg t lt'it ;1 ];trgl' (~;tr tb '! Iz;tb~ tf.J(.Jk 

place on the Cascadiil Subductioll ZUlli' ill ...... ;HlO y(';~r <; ;IJ!.,I I wltir It (;llJ<,f·d till" I, ,UIJ;tllJ i. 

7.2.2 Dating of C limate r elated seq uences 

T he luminescencf:' methods fur dilti llg C<l rlI(J IJiltt'S Iwt'd to III' 'll'p li(·d t(l 1·'trl)('IIi:1t,.~ wltidJ 

have bet>1l incif'IH:ntit'll tl y daLt'd llsing tilt· r,uliocarl'OIJ tt'("lllliq lw Oil IJrg(1nic IJ1<l.lt·riid frr,JII 

the SilllW strata 0 1" by ph a.st'-cuJJ str;\ i IH,d T I ~'I S 1.Il/TIt_ 'nJ tJ dilti n/-{. C(.JIJconlall n' 1,1·t wee/! 

t.he IlIll1il1esn~ lI ce and I<l C j 1:10Tb _:n ll J agl':> will fllr t llt'r villid,llt' tlw 111rniIH'sc{'11 c( ' If·l'h· 

niques. Also, singl,' gr<tin dat ing (f.. kFl'{', 199.1 ) of ('ilrbo nat(·s IWl'ds Lo I)(~ df' \"f·lop(·d ill 

the neil!" fut u re. to dec ip hc'l" t ill' "Ir,·("ts uf rc 'dissoilltiuu j l"t'plw'ipitiltiun Ull thc"' illminE's

cence age ill a s('mi -cu'id j hum id ('llviron m'·lll. 

P reci se daLillg of yo ung cill·hollat." s lISillp-, IUlllillt'S("(' IIc(' tt·dllliq u \ ':, will ;!lso Lt, 

possible once the ralJc!olll ('ITOrS ut! ti ll' T l.j lH SL t,t]ui val(,lI t dO:'I':> C<tll lw limited to "-" 

1 %. Single grain and s ingl,~ aliqlJot Ilwtiwtis .... 1tuuld ilg<lin hl'lp in improving tllt" precision 

Oil cClrbonate agf's. Tlw IUJllilJ('St"t'IlCl' 1llt't lwd.s for <I;lt ing IwtiOgl'llic C<l rb o ll iltes ca n a lso 

be at tempted ill all allu vial context. AvailalJility of it large' dat<,ba.>.;t' o f cilrbo llate ages 

in <Lrid zo nes «In 1.)(-" utiliu,d to co rrdilt (~ tltr' ratt':> uf carhullate format ion (Marion e t 
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aL, 1985) with tht" <lwl'ilge all ll ua l pn~,ipiLalioll. 

In I'~Spl~ct of idluv iulll dlltillg, TL agl's 1)J'l>se lltl·d ill thi s thesis were estimated 

using residual signals detenniu("c\ by bleachi ng ,diqllots ill condit ions which did not sim

ulate <L perfect undt>r-w,ltel' enviroJlment. Only the 5.')0-700 Hill portion of the spect ru m 

should be allowed during solar blt~ilching uf t he )Jamp!es for determining the residual TL 

signal and TL ages. A!so, 11101'C alluvial pl'OfiJ\.~ with illdept~lld(']1t ,lgC cont rol need to 

be dated using luminescence methods. 

• 
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Appendix A: TL and IRSL 
Measurement System s 

A. I: TL m easurem ents 

Th~ TL meaSllrelllf'llls were mad(~ on a 1ll.1I1ila i IJilybr('ak TL reader system 

(Fig.A.1 ). The Systf'lll cOlllpl'i:wd it sensitive photun C0111ltillg SYSLf '!ll ilnd it digital ramp 

based temperature controller system with it reproducibility of < I %. Thf~ luminescence 

was detected by EM I 96:35 QA photo- JlIultiplier tube attached to i ~ filte r pilck no rmally 

consisting of HA3 + Com ing (5-58 + i·59) 01' Il A:3 + UCIl filters. POI' brighter sam

ple.s, fu sed silica neut ral dell sity fIlt(,!"s w(-'n~ used and t he maximum photon count rate 

was aJw<iYs ke pt be-low 5 x lOs coulIts/s tu avoid allY pulse pile lip effects . The signal 

from the PMT was rout{~d through <I charge' s{' llsitivc pre-amplifier to a ralcmcter and 

through a COlllpllt(~r illt t~rf' lct" t.u all IBM-PC, TIl(" tellllh'mLlln~ cont roller worked all a 

digital rillllp that also pro\· it!(' t! it ChiLll1wl at!val)('(! plIlsl~ fo r th~ IB~'I / PC, used esseu

tially as .a multi-scaling system. Typit:.tI beating rates were "l°C/s fur mineral inclus ions 

and 5°C/s fo r fine grains, All the glow <.:u\"vcs wt'.re rc<.:o rdcd in ultra high purity nitrogen 

atmosphere, Short preheats before 1"(~<.:Ording (2:20°(';/5 for 1 minute) were carried out all 

TL reader itself. For ~ong dlll"iLtioll prehf'iLts (1(;o° (;/s for :160 lllilll\t~S), the sys tem used 
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consisted of a brass block ( ...... 30 kg ill weight) with a stainless steel lining such that a 

copper drawer with samples could be inserted into it. The entire hlock was enclosed in 

an oven which was maintained at elevated templ-'r11tures (160°Cjs). 

A .2: IRSL m easurem ents 

The system comprised three parts, it sourCt~ for stimul<ltiu!J, ::i illllpltd mounting 

chamber and detector. A schematic of the IRSL system is gi vl~ n in Fig. A."2. 

Source 

The source emits at 880 ± 80 Hill and was madl' by rU IlIlt'ct ing f01l rll·t 'll GiI.As high 

power IR LED's ill series. The SOUl'CI' uutput is ('olltl'olll'd by it prop;nlllllllahk COllstaJ]t 

current DC su pply. The. ::iource in tf'll si ty Wil.S ilion i lop'£! llsi ng it pholu-d iodt· . H P X 6.1 ( ItS 

304-346) , the l't~SpOllSe of wh ich matches with the SOL UTI ' (T Ef..IT ·1M ) Spt 'ctrul!l . It ha.s 

been previously observed (Roo, 1996) th<Lt the :suurce output t'xhibi ted ,LlilwiLr increase 

with curren t from 20 mA to 90 mAo To ovr.rCO lllt' illly dl'gl"iLtlitt ioll of radiallt inlt'nsity 

due to increase of temperature, the LEOs Wt' re 1ll01lIlt(·'d ill all allllllilllllll Dallp;/' which 

served as heat sink to the LED's. Da.-;c 'd all t ile' spt ,t" ilira t. io ll of half allp;!t · of t'missioll 

(fwhm ) as 8°, the axis of tl\(~ diodt'oS WI'I"I-' indillt'd to till' Il U l"llJid ill (i[)O :-;() tli<lL ilt tIl(' 

sample posit ion, till' source light would COIlVt'rgl' il lld un iformly il!tllnilli~tt' tlH' sample', 

Photodiode readings (Rao, 1996) showt"d that tilt· f1u l" t ll at iolls ill tilt' SUlIlTI ' intensity 

with time was less than 5% and on rapidly switl"i1ing 011 <tnd off, t l\(' n'producihility was 

99%. 

Sample chamber 

The sample chambf'r was lllildt· of a n'volvi llg J\ldal disc 1,t1clostdd hf'tw('I'n two 

metal flanges. The revolving platt-' rOlltaiJlNi NJuidistalll salllple slot.s for disc mOllllting, 

the distallce betwel~1I two slots bl~illg adjusted to h iLVC~ il !iliLximulll IIllIll1)(-']" of slots all it 
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given circumference and to minimise cross talk. 

Det.ect.nr 

De.tedioll of luminesce.nce illvulv('d a bialk,di photu-Ill11ltiplit'r t.ube 9G:j5QA COll

nected to a photon wunting system) the output of which was wcurdf'd through EG&G 

4096 channel ACE-MCS card cQupled to an IBM / PC-486. TIlt> silll1ple luminescence 

was filtered either by UGI I + HA3 or by the Corni1lg 5-58 + 7-fi9 + HI\:! comb ination. 

The filter HA3 provided a.n effective means for discr imi nation itgiLinst the source light. 

The system background was typically < IfiO counts/so 
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Appendix B: Thermoluminescence 
Emission Spectra of fault gouges 
and host rocks 

Measurement of T L spectra is illlp(JJ't an l tW('itllSe of varioll s n'<t.SOI)S : (i) to f'llable it b e t~ 

ter ulldf' l"standing of t.he bh~iL('hi ll g process; (ii ) choice of apprnpriiLt< · filt( 'rs fo r select ing 

the port.ion of t.ht" spectrum which Illilxim];:('s SIN rat io ; (iii ) l o (' Il idll (' discrim ination 

against unwant.ed lllillt'rais ((' .g., s('pariltiull of TL of ('ak i t (~ from that of limestone 

jndusions). Spf'ctra l llW<l!;Un~nH'lJts an' also llseful in d~tnIllilli !lg ::;p(~ c i al types of re

combination C<~lltrc~ s, i .e .) impuritif's j :';LrllrturaJ ddects . III our studies, T L specl r<L were 

measured all 106-1.10 IIIll polyminf'ri!lJir (>x trads fro1ll [,wIt. gougf'S and bast rocks. The 

spectral mcasurCnH'llts wen.' p(· rfor!lwd at til(' Fn,'iiJ('rg LUlllillf'SCC'II(,(' dat. ing Iaborat.ory 

wi th it CCO (alllf'l'i~ based SPCcLl'OJlH'ter (Heisel"!'t aI., 199·1 ). Figs. B. I, B.2 <llld 13 .3 

present. TL spectra for tllf' f'lul1. gml,!!,t· 'I'LV-:\ alld hust. rocks 1< lHU-;i and !\ U9:3-6 re

spectively. T he. TL spectrit for t lw f'II!1t gUllgt' TLV-:j ronsi::;t::; of iL s i!lgl(~ broad band at 

'" 600-700 Dill . Tlw TL spf'"ctra for host rocks i.<; charactnizt'd by broad band emissions 

at 375-600 nm and at 675-750 lllll. A (·ulllpilrativdy less intl~IlSe peak is also indicated 

for the host. rocks at "'"" '275 lIlll (Fig. U.:I). At. pn's(-'nt, t h~ diffen'llce in spectnd charac

teristics of the host rocks illld bllit ,l!,OU.i!;t·S coold not lw din'eLly a.ttributed to heating. 
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TLV3, beta 36000sec (10 hours), heating 5 K/sec 

F ig. D . I. TL ElIlissioll sp{ '("tri \ fo r fillll! glllq . .',( · TL\ "-:3. :-.h O\\" lI il~;t 

conl'()llJ' Illilp . 
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sample CNF -6 (beta 11 00 Gy) 
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Sample JAL-J (beta 4 hours) 
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• 

Since it. was poss i bl(~ that th~st' varia t iulls could be t'xpia incd ill terms of mineralogical 

differences, the spedra for host ]'o<.:ks and filldt gouge Wt' H'! tilC'1l compared with spectra 

for quartz and fe ldspar extracts from aeoli illl sands. Pigs. 8.4 and B.5 show TL spectra 

for 106-150 Ilill qUiulz extn\ds from .sampb; CNP-(j and I<D- 8. Figs. B.6 alld B.7 

present T L spectra for 75-106 lUll alk<di fdd spCLl' extracts from ,wolian sands JAL-I/ ! 

and J AL- Ij17. T he spectra for quartz extracts consists of a broad band emiss ion at. 

425-525 11m. A less intense emiss ion peak is also indicated at '" 625 11m (Fig. B.5) . The 

feldspar emission spectra is c.harl1clerized by broad emiss ion bands centered at 'V 450 

nm and", 550 nm . These resul ts a re cons istent wiL h earlit>r T L spect ral data: Huntley 

et aL, (1988) have report.ed tht> presenct> of broad ('m issions for quartz centred at. '" 470 

nm (blue) and ", 630 1lI11 (red ). Tht'Y ,t\so obst'l"Vt'd f('ldspar ('mission bauds at '" :390 

nm, '" 450 nm and", 570 nlll. TIlt' :390 11111 {'mission jw,lk is not observed ill the present 

spect ral data. T he TL spectra for faul L gougt>s and host rocks suggt'st that Illost of their 

TL emission is dOlll inatt>d by qllartz ilnd fel dspars. This result is coIlsistent with the 

inference drawn Oil t ilt.> b'l.<,is of kineLic studies that til t' E v,du('s for f,~ult gouges are 

characteristi c of quartz and K-ft~ldspar . 
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Appendix C: Estimation of 
temperatures generated in a fault 
zone due to frictional heating 

During faull ing, work dOllt, by frictiollal shear st.n'ssf'S M,ting all a fault is converted 

into heat.. If '], (] and A l'f'pre:-wllt t.1lt' l'flICit'IlCY of ("ollvt'rsioll, sll('ar stress and area of 

the fault platH' along whidl displan'llwllL hil. .. <; t,\b~n plan', t.hell conservatioll of energy 

implies, 

'IG Ad ;:;: m cO 

where 0 is the tt>lllpeTatun> ilH' l'l'iL.'W, d is tilt> displ,lct'LlWnl during fau ltiug, c is the 

specific heat. at constant PI't'SSlll't'" and III is lhe mass. 

Thus, 
uAd o = 'I ::.:..::: 
me 

Since III ;;;::: A . w . p wb e-re wand p are the fault. width ,lilt! dt:'.nsity, the above equation 
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can be rewri ttt>ll tI .. " 

o ~ ']a.<l. 
pc w 

T his is the expression for temperature rise during faulting along the fault plane. The 

derivation assumes that parameters 011 the right-hand side of the equation Me constant 

with time. If 1J ::; 1, p::; 2.7 g/cm3, c::; 1 J/g I< and (J::; 100 bars, the expression for 

temperature rise is 

0-4'( .<l. 
w 

The ratio d/w must be 0..<; high ilS possible for producing higher t(-~!1lper;:~tures. So, fo r 

large earthquakes (magnitude 2: 6) WhC"1l displan'IlIl-'nt (d) is of the order of a few metres, 

this expression suggests that temperaturt's great.er than 300°(; rail be generated in the 

fault zone. 

POI' determining t.elllJWl'atures away from the fault plane and at different t.imes 

after the fault.ing ewnt, we considt'l' tilt· ollf'-dimellsiollid beat conduction equation and 

its solutions for uniform heatillg of lIw fault <teross its wi dth. The following disclission is 

based upon the paper by Cardwell pt id., ( i978). The onp-di mt'nsional h~at conduction 

equation is given by t.he expl'(~ssio!l 

where k is the thermal conductivity and Q is the heat generation per unit volume and 
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time. We now assume that T ;::: To and Q = 0 for t < 0 prior to faulting. The solution 

of the above equation is 

where ~ = k/cp is the thermal diffusivity. Assuming that the heating is uniform along 

the width w of the fault and is independent of time during faulting 

ad 
Q(XO, to) = - IH(xo + w/2) - H(xO - w/2)J, 0 < to < r 

wr 

where T and 1-1 repn"sent tinlt' of faulting i~l!d the Heaviside stt ·p function . Using the 

last two equat.ions and illt('grating OWl" the spac(> coordinate , we get 

For 0 < t < T, 
aD l' x+ w/2 x -w/2 

T = To + 2 (er114 1- erf! ])dto 
pewr 0 "/t - to 4,, / t - to 

For t > T , 
aD 10' x + w/2 x - w/2 T = To L (erll - 1 - erf! ])dto 

'pewr 0 4</t - to 4,,/t - to 

We now consider two cases: firstly, the situation where wi ~ «: I. The maximum 

temperatu rt" (Tm) increase at t = T <!lId x = 0 is 

I II 

~--------,-------
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• 

This is the expre~sioll for the maximulll temperature for a fault of zero wid t h. If 

wi JiZT ~ 1 I the maximum temperature at t = T and x = 0 is 

This is the thick [,Hilt approxillliLtiOJl iLtld is idt'lIti c,d to the third equatioll in this 

appendix (assuming 1] = 1). l-Ien'\ t[wl'miLl conduction !WCOtlWS unimportant and the 

fri d ional heat. is uniformly distriblllt>d ;u-ross t \](' f<llLlt width. Assuming tbe time of 

fau lting to be 1 second, if fi. = 10-2 cm'l/s, the contiurtiull distallce J2K,T "" 0.14 

em. Thus, if we consider faults whost~ widths are grt'at(-'I' than 1 em, the thick fault 

approximat ion c.an be used for d(~t('rming the maximum t.emperature on the fault. 

BOLh the scenarios presented above are deficient ill some respects. It is assumed 

that heating is uniform across the f'lult zone. This may not be always be satisfied. Other 

phenomena which have to be lllodelle:<i s1ll isfactorily are interaction of fault planes in a 

faul t zone, dissipatiw losses (in n.~al siLuilt ions, 7/ < 1) and the increase in temperature 

for fault ZOIH'$ contain ing water. 
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