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NATIONAL FACILITY FOR STABLE ISOTOPE GEOCHEMISTRY 
AT IIT, KHARAGPUR 

Introduction The rChar,lgpur Facll~ty 

About 59 yeair bdck Piof Meghniid S~tha, wh~le  
di5cussing the need ot determining the chlonology ot Tndrdn 
lock$ and minela15 lamented " some of the funddmental 
appalatus for ioutlnc ope1 ation e g m~lss spectrog~~lph lor 
isotope I J ~ I O S ,  ale st111 rlnavailable i n  this countiy It 19 hoped 
thdt with tutule co-opel dtlve elf01 ts greatel st1 1de5 In the 
path of plugless wrll be mdde i n  this treld ot filndamental 
work" (Ticins Nclt Inst Scl I nd~~ i ,  2, 273, 1947, Soulce 
Mass Spect~oscopy, S Kcit rnahap,~tr,~, 1995, West Bengal 
State Book Boaid) The qltucltron pethaps dld not chmge 
much untll the beginning of 21st ceritu~ p when Depdi tinent 
of Sclence Sr. Tecl~nology, New Delh~, under its Impact 
Rese'u c l ~  In High Pi lo1 I ty At eas (1RT-IPA) p~ ogt amme, 
dec~ded to ciente sever,ll ndt~onal Isotope tac~lrties In  eL1r th 
sclences ~ C I O S \  the countly whlch cc1il catei to the need of 
scienti~ts engaged In study r ng both i 'idlogenic and stable 
Isotope Loncentr dtions in vai red hrnd of geologic,~l matel ids 
The latest ~ d d ~ t i o n  in thls eftoi t 1s the establishment of the 
NLltion~l Fac~l~ ty  of Stable Isotope Geochemi5tiy dt the 
Depa~ tment of Geology ,~nd Gcophysits, IIT, Khar dgpui 
Although use of stable ksotope5 In vallous blanches of 
eai t h  sc~ences has continuously 11ict eased ovet the ldst 
decade, ldch of such '1 fLlcrllty wlth~n Indlcl sei ~ o u ~ l y  
hdrnpeied q~r~llity isotope lesedi ch In the count! y Even now 
eai th sc~entlsts ale fo i~ed  to genelate thme data thtough 
~ n t e i n ~ ~ t ~ o n ~ ~ l  collaboration and a huge gap evlsts In the 
st'lble Isotope data b'ise ot Tndlan locks, m~nerals and foss~ls 
It 1s expected that the faclllty ,lt IIT, Khar,~gyui should be 
able to blldge this gap and pdrti~uld~ly help students and 
iesearche~s horn earth science dcpdz tmentq of varlous 
unrvelsit~es In generdtlng neceswy stable  soto ope dat'i fol 
the11 1c5earch piogi,mmes A close look at the Indian 
~eseaich papers on ctablc Isotope application ovei the lnst 
two dec,~des will ieveal th,~t most of these wele published 
i n  the field ot low ternperLitui e sed~mentlwate~ isotope 
chelnlstry of model n 01 Quaternary sy9tems Relntlvely less 
publ~cations wele madc In the f~eld of isotope systematics 
in metamoiphic locks and vi~tu~illy no publicat~ons were 
made In Igneous pet] ology, c1 ust mantle lntel action 01 

 elated fields T h ~ s  is J. soriy state of affaris con~~dering 
the fact that ,I laige chunk of our knowledge on crustal 
evolution comes from apylicclt~on ot stable isotope ttacers 
In hcud rocks L~hewrse vei y little work hds been call led 
out 011 stable isotope appl~cation of Phdnei ozo~c sed~ment~uy 
systems of Indla 

Wh~le a 91ngle nntional fncllity may not be sufficient in 

thts iegard at least an attempt w~ll be made to incicl19c the 
vcr s~tility ot the ITT, Khai agpui fdctlity over the next Few 
yea1 s As a beglnn~ng, users woi king on the tollowlng 
thrust dieas will be encoulaged to use the facll~ty 

d) Ph ,~nerozoic sediment/cl lrn(1te I ecord of globc~l 
lmpoi tance 

b) High iesolutlon Palaeoclrmat~c md PL~lacoceologic~l 
ctud~es f i  om Ldte Qu'ltet nary contincnt,lI scdiment3 
wlth specral emphasis on past p~eciprt,it~on ~ e c o ~ d s  0 1 1  

lands 
c) Pal,\eocllmatlc studles tl om the sed~ment~~l y ~ecsl ds 

of NE Hlmdlaya since ddtci f ~ o m  thls 1 egion are p ~ t  se 

Howevel, othei thdn the above mentionecl I171  CIS^ LLI ~ J S ,  
useis hav~ng bi ~gh t  Innovative geological ideas of d n y  hlnd 
(Alchaean to Quatel nai y time scale) w~ll ~ l s o  be enLou1 ,~ged 
to use the tdcl llty 

1 he IIT t ,~c~l i ty  I \  equipped with a 1 helmo ni'lde 
~e l ta~"" '  XP contlnun~~s tlow mass yectr ornetel (CFJRMS, 
Installed towards the end of 2005) dlong w ~ t l ~  ~ever~ l l  
pel lphei a1 equipments I t  l\e Gas bcnc h, Elemental ,111~tlyse1 
,lnd TC EA, cap,~ble ot andlysing diffetent types of 
geo l~gtc~~l  mnter~dls including wdlei. cni bon,lte, sulphldel 
sulphate, 01 ganic matta, grapl~lte, clay erc The D~I~J""'XP 
I S  an ulti d-sensrtive CFIRMS \with extended ion optics, 

dynarn~c slngnal lange (up to 50V) and high ohmlc resistors 

vaiiLible undcr computei contt 01 (thereby fac~lltcltrng 
andlysis of both ndtul al abunddnce and   so topically en1 rched 
sdrnples) Fitted w~th 5 Fnraday collectols ~t has d Inass 
1 ange of 1-70 Ddltons at 3 kV, cdr bon (C), nltlogeti (N), 
oxygen (0) and sultu~ (S) ~esolution of m/Am = 95 (10 70 
valley) dnd HID mlAm = 10 (10 '% valley) Absolute 
sensltlvl ty IS - 1500 lnolecules C02 per mass 44 Ion at the 
collector even with h~gh He lodd The Ion soul ce Ilnc,~~ ~ t y  
-0 02 %/nA Ion cur I en t (111/; 44) S,imple consuinptron is 
-0 15 nmolls CO, for 10 nA slgnal ,it ,n/i 44 (10 ' inol/A\) 
and H,* tactor is less than 10 ppm/nA with sldh~lity 
better than 0 03 pprn/nA/h The gas bench (coupled with 
Combi-Pd autosdmpler ) provrdes I apid .~n~lysi \  01 Id] ge 
number of wdtel and caibonate stlmples Lihe~/ isc  the 
Fldsh Elemental c~nalyzei (EA) plov~des rapid L~nalysis of 
carbon isotopes in aig'inic matte], graphite dnd sulphur 
Isotopes In sultldelsulfate The high tempei dtule pyroly\ls 
TC-EA pet i phe~  a1 cdn dnalyse sub-m~croliti e wLiter 
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samples or hydrogen isotopes in claylmica. Using gas 
chromatographic (GC) techniques these periphel-ills 
completely avoid the complications of glass vacuum off- 
line experiments yet provide rapid and precise on-line 
measurements of variety of geological materials. 

Gas Extraction 

For carbonate analysis - 100-300mg of powdered sample 
is reacted at 72°C with -98% phosphoric acid in sealed 
reaction vessels flushed with helium gas. Headspace 
san~pling of evolved carbon dioxide is performed with the 
Gas-Bench and isotopic ratios measured. For 6 " ~  analysis 
of sedimentary or-gjnic matter powdered rock sample i s  
decarbonated using 0.5N HCI, repeatedly washed and dried. 

Using an autosampler about 50 mg of treated sample, 
wrapped i n  u tin capsule, is dt.opped into a quartz tube 
reactor, pre-filled with chromium oxide, reduced copper and 
silvered cobaltous, over-night conditioned at - 1050°C. 
Sample is cornbusted in a stream of He flow and oxidized 
by a constant flow of high purity 0,. The evolved CO, is 
11u1.ified through a moisture trap nrzd separated from other 
gases by a molecular sieve GC column and is intt.oduced 
via a Finnigan ConFlo 111 interface to the mass spectrometer 
for its 6'" iannlysis. Likewise, for 6"s analysis of sulfides1 
sulfates powdered pure mineriil phase is oxidized to SO2 
and onalysed. For 6 3 4 ~ ,  however, the quartz tube reactor is 
replaced by tungsten oxide and copper catalysts. For 6D 
analysis of mica or clay about 1 mg separated sample, 
wrapped in a silver foil capsule, is dropped into the high 
temperature conversion elemental analyzer (TC-EA) glassy 
carbon graphi te-silver wool containing ceramic I-eactor 

using an autosampler. Sarnl~le reacts with graphite in the 
TC-EA f'uul-nace at 1450°C in a helium stream generating 
H, gas. The evolved gas passes through a 5A moleculnr 
sieve GC coluinn and is introduced into the IRMS via 
ConFlo 111 for 6D composition. 

Calibration and Stanclardisation 

Over the last few months it has been possible to generate 
reproducible isotopic values in  the IIT facility and also test 
the absolute delta values of a variety of geological materials 
and standards that can be analyzed using these peripherals. 
Materials analysed include Bei~zoic acid, Acetenalide, 
Merck Carbonate supplied by the Therlno as well as 
IAEA (International Atomic Energy Agency) C-3 cellulose, 
NBS-19 and carrara marble carbonate, NBS-30 Biotite, 
IAEA water standards, NBS sulfur standard Sphalerit'e 
anatysed using Gas Bench, Flash EA and TC-EA peripher:ils. 
Figure 1 shows the external reproducibility and absolute 
del t i  v~ilues fbr both carbon and oxygen isotopes of internal 
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standard z-carrara marble over the last 4 months. Figure 2 
shows the calibration of international stindard GISP 
(Greenland Ice Sheet Precipitation) by both VSMOW 
(Vienna Standard Mean Ocean Water) and SLAP (S tandard 
Light Antarctic Precipitation) standards obtained from 
IAEA, Vienna. Excellent reproducibility and agreement have 
been obtained in  both cases. 

Measured 8 180 %O SMOW 

Measured 6 D %o SMOW 
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Standard# 2-CARRARA; - R ~ H .  ~ n i v .  C3-CelIulose NARM water N13S-23 N13S-30 Arsenic-rich 
PRL Collegc, London IAEA . 1% L Sphalc~.src Biotitc wntcr sample 

(UCLI IAEA 

IIT 6IYO value 

Icecorn. 8180 value 
- .  

IIT 6I3C value + 1.99kO.1 + 1 +93+0.08 -24.46rOtlX 
(n= 17) 

Recom. 6°C value +2.1 1 t o .  1 - +I .95&0.05 -24.9 1-1-0.15 

Ilecom. 6D value -35.78 -65 .OO -3 1 .OS 

I1T SWS value 

Hecom. 6'" value 

# Ca~~bonate/Olganic_ ca~.bon,,Water/Biotite and Sulphiclc valucs arc with respect to VPDD, SMOW and VCDT respectively. @ - Numbcr of 
samples analysed: $ - Measured i n  NERC Isotope Facility, Nottingham, U K  

Present Capability 

Inter-laboratory calibration experiments also showed 
excellent agreement between absolute delta values of 
standards and natural samples measured at IIT and3other 
laborrltorics in India and abroad (Tablefl). However, initially 
the facility will be able to analyse only the following 
categories of geological samples and isotope ratios those 
are easier to analyze: 

i. Carbon and oxygen (6'V-6180) Isotope ratios i n  
carbonates 

ii. Carbon and nitrogen ( S " C - ~ ' ~ N )  isotope ratios in  
organic mattedgraphite etc. 

Although 'it has been .possible to measure-precise and 
reproducible.6~% values in the present sethp. it has been 
decided that the routine ,measurement of ,Sulphur isotope 
ratio should be attempted later as the facility is in its 
development stage. This is because SO2 being a rather sticky 
gas, has a long residence time in the ion source and can 
potentially affect the .measureme!lts .of the other isotope 
ratios which are more zn demand. Aiso the users intending 
to anelyse 6 ' 8 ~ - A D  in water should send their samples to 
the upcoming Isotope facility of Physical Research 

tl t Laboratory, Ahmedabad exclusively devoted for water 
analy,sis. It is planned that in about 'two years time the IIT 
facility will -also acquire-a laser ablation silicate analysis 

peripheral that can cater to the needs of scientists working 
on various hard rock related problems. 

User Enquiries 

Intended users should write to lIT, Kharagpur infoi.rning 
about the analytical requi1,ements. Analysis will be carried 
out against fixed nominal charges and the rates can be 
obtained from the same. Users will also be 1-equired to fill 
up a pro-lorma indicating number of analyses, nature of 
samples and isotope ratios to be measured. A brief write up 
explaining+the scientific merit of the use of stable, isotope 
data in their research programme should also be included. 
Applications will be reviewed by members of the expert 
committee constituted by the DST and associated with the 
national facility before accepting the samples. I n  due course 
the facility will also conduct short courseslworkshops on 

application of stable isotope geochemistry in geology. 'All 
queries about the facility should be directed to: In-charge, 
National Stable Isotope Facility, Department of Geology & 
Geophysics, Indian Institute of Technology, Kharagpur - 
72 1 302, West Bengal . 

Depal-trrterit of Geology & Geoplzysics A. SARKAR 
Ilzdian itzstitilte of Techttology, 
Kliarogpur - 721 302 
Email; arlirzd)~a@gg. iitkgp.ernet. in 


