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The techniques of DTA and TG were employed to study the thermal characteristics 
of unfossiliferous carbonate litho-units, viz. Fawn dolomitic limestone (microdolspa- 
rite) and Rohtas limestone (micrite) belonging to the Vindhyan Supergroup (Pre- 
Cambrian) of India. The DTA of Fawn dolomitic limestone displayed two successive 
endothermic peaks at 725 ~ and 8 6 0  ~ whereas only one endothermic change at 910 ~ 
was recorded in the DTA curve of Rohtas limestone. It was confirmed by chemical 
analyses, TG, IR and X-ray diffraction studies that the two peaks in the first case 
are due to dissociation of COs from magnesium and calcium lattice positions, while 
the sole peak in the second case is due to complete decarbonation. A tentative corre- 
lation between the thermal characteristics and structural changes of these carbonate 
rocks at various transition temperatures is presented. 

In view of the great industrial importance of the carbonate rocks in various basic 
industries viz. cement, lime, iron and steel, paper, glass and sugar, etc., the thermal 
characteristics of the carbonate rocks of Western Son Valley Region of India have 
been studied in detail. The main techniques adopted were Differential Thermal 
Analysis (DTA), Thermogravimetric Analysis (TG) and the results of thermal 
analyses have been verified by the Chemical Analysis, Infrared Spectroscopy 
(IR) and X-Ray Diffraction studies. Excellent correlations have been obtained 
in the study of  structural properties of  these carbonate rocks by these techniques. 

The two carbonate litho-units studied here are Fawn dolomitic limestone and 
Rohtas limestone, both belonging to the Semri Group of the Vindhyan Super- 
group (Pre-Cambrian) of India. Petrographically, the Fawn dolomitic limestone 
and the Rohtas limestone are unfossiliferous microdolsparite and micrite [1], 
respectively. 

Various field evidences support a warm shallow marine environment for the 
deposition of these rocks. The Rohtas limestone is considered as a marine inorganic 
precipitate of calcium carbonate in the warm shallow seas while the Fawn dolo- 
mitic limestone was formed as a result of diagenetic replacement of the lime mud. 
The dolomitization is considered to have taken place during the diagenetic stage [2]. 
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Experimental 

Chemical analysis 

All the chemicals employed in chemical analysis were of Analar quality. A num- 
ber of samples of Fawn Dolomitic limestone and Rohtas Limestone were chemi- 
cally analysed by rapid methods of silicate analysis [3]. 

Differential thermal analysis (DTA) 

Differential Thermal Analyses were carried out in air atmosphere using a 
manually operated DTA apparatus [4, 5], with a little modification, i.e. by using 
Chromel-Alumel thermocouple instead of the Platinum-Rhodium. In all the 
experiments, material crushed to 150 mesh (ASTM) were used. 

Thermogravimetric analysis (TG) 

Thermogravimetric analyses of the carbonate rock samples of both the units 
were carried out in a manually operated TG unit in air atmosphere. 

Infrared spectroscopic studies (IR) 

The 'infrared absorption spectra of both the original carbonate rock samples 
and samples preheated to 1000 ~ have been recorded using nujol technique by 
Perkin-Elmer Infrared Spectrophotometer, The IR spectrum was scanned in the 
region 4000-625 cm -1, 

X-ray diffraction studies 

X-ray diffraction studies of original carbonate rock samples and the samples 
preheated to different transition temperatures have been made by Philips X-ray 
diffraction unit, using nickel filtered CuK~ radiation. 

Results and discussion 

Fawn dolomitic limestone 

The results of the chemical analyses of Fawn dolomitic limestone are given in 
Table 1. From Table 1, it is apparent that the Fawn unit is essentially a dolomitic 
rock (MgO 17.50%) with some other minor impurities. 

The DTA and TG curves of Fawn dolomitic limestone are shown in Fig. lb. 
There is a slow downward base-line drift in the DTA curve within the temperature 
range 100~ ~ followed by the two successive endothermic peaks at 725 ~ 
(range 690-770 ~ and 860 ~ (range 840-900~ The endothermic peak at 725 ~ is 
almost similar in magnitude as that of at 860 ~ . 
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The TG curve in Fig. 1 shows a gradual weight-loss up to 1000 ~ and two well 
defined plateaux suggesting the presence of  two or more intermediate stages 
during thermal treatment. The total weight-loss was calculated and found to be 
39.25 percent. From chemical analysis it appears that the original rock sample is 
having 0.57 percent water and that much of  weight-loss has been registered in the 
TG curve within the temperature range 5 0 - 2 0 0  ~ So the fiat peak around this 
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temperature is due to complete dehydration and can be expressed by the following 
sequence: 

CaMg(CO3)2 �9 XHo~O (plus traces) -xi~2o CaMg(COz)2 (plus traces). 

The TG curve shows a continuous weight-loss starting from 600 ~ and ending 
at 800 ~ The weight-loss was found to be 18.58 % which corresponds to the removal 
of one CO2 molecule from one molecule of CaMg(CO3)2 (plus traces). So the endo- 
thermic peak at 725 ~ is due to the following reaction course: 

CaMg(CO3)2 (plus traces) --co~ CaCO3 + MgO (plus traces) 

The TG curve again represents a continuous weight-loss starting from 800~ 
ending at 1000 ~ The weight-loss was calculated and found to be 20.67 percent 
(total 39.25 %) which corresponds to the removal of another CO2 molecule from 
one molecule of (CaCQ + MgO) and therefore it is clear that the last endo- 
thermic peak at 860 ~ is due to the following reaction: 

(CaCOa + MgO)-co~> CaO + MgO 

The sequences have been also verified by chemical analyses. 
The IR spectrum of the original Fawn dolomitic limestone sample is shown in 

Fig. 2b, and the charactelistic frequencies are given in Table 2. The spectra exhibit 
sharp absorption bands at 725 cm -1 and 874 cm -1 similar to those of dolomite 
and calcite [6, 7]. The IR spectrum of the sample preheated to 1000 ~ is also shown 

Table 1 

Chemical composit ion of  Fawn dolomitic l imestone and Rohtas  limestone 
(wt. percent oxides) 

Fawn dolomitir Rohtas 
Oxides limestone limestone 

CaO 
MgO 
COz 
SiO2 
Al2Oa 
FeO 
Fe~.Os 

24.24 
17.50 
38.26 
11.44 

2.85 
0.78 
1.15 

50.42 
2.03 

38.65 
4.12 
1.24 
0.16 
0.92 

PzOs 
TiO~ 
MnO 
Na~O 
K~O 
H,O 

Total 

0.45 0.36 
0.33 0.22 
0.39 0.30 
1.26 0.84 
0.86 0.67 
0.55 0.77 

100.06 100.70 
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in Fig. 2. This spectrum does not  exhibit those characteristic bands  as obta ined  
earlier. It reveals that the decarbonat ion  is complete when the sample is heated 
to 1000 ~ 
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Fig. 2/a. Infrared spectrum of Rohtas limestone 
Fig. 2/b. Infrared spectrum of Fawn dolomitic limestone 

Table 2 

Characteristic IR absorption bands of Fawn dolomitic limestone and Rohtas limestene 

Constituents 

Fawn dolomitic 
o lst. _ _  I Roh tas  1st. 

[ (wave number  cm -1) 

Dolomite 
Calcite 
CO3 i.p. deformation 
CO3 o.p. deformation 
CO 3 group 
CO group 

725 
874 
725 
874 

1380 
1462 

872 
710 
872 

1380 
1463 
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X-ray analysis of  the original Fawn dolomitic limestone sample showed in its 
diffraction pattern a number of  lines of  weak and moderate intensities. The most  
characteristic line was found to be at d = 1.910 A. The various d-values obtained 
by this analysis have been compared with those given in ASTM chart for 
standard patterns and the d-values were found to resemble to those given for dolo- 
mite. X-ray diffraction pattern of  the sample heated at 700 ~ showed a number 
of lines of  different intensities which are not identical to those obtained in the 
case of  original sample. The strongest lines were at 3.149 A, (most characteristic) 
and 1.649 ~ .  It  indicates that the crystal structure of the original sample has been 
changed to more crystalline phase and a number  of lines which are characteristic 
of  dolomite are absent. But few lines which correspond to those of  calcite (CaCOz) 
are found to be present which indicates that the carbonate matrix has not suffered 
considerable distortion in the thermal treatment up to 700 ~ . Therefore, it can be 
suggested that the change in crystal structure up to 700 ~ may be due to the disso- 
ciation of CO2 from the ions of  magnesium lattice position. 

X-ray analysis of  the sample heated at 1000 ~ showed a number of lines of moder- 
ate intensities which indicates that the crystal structure at this stage is entirely 
different than that of  the original one. No lines corresponding to those of  MgCOz 
or CaCO3 have been found in the pattern which indicates that the CaCO3 matrix 
which was present even after 700 ~ has suffered distortion and the dissociation of 
CO2 ions from calcium lattice position has taken place. Therefore, the thermal 
changes in Fawn dolomitic limestone can be expressed as follows: 

50 - 200 ~ 
CaMg(CO~)2 �9 H20 (plus traces) ~ CaMg(CO3)2 (plus traces) 

- X  H 2 0  

2 0 0 -  800 ~ 800-1000 ~ 
CaC03 + MgO ~ CaO + MgO. 

- C 0 2  - C02 

Rohtas limestone 

The results of  the chemical analyses of  Rohtas limestone are given in Table 1. 
From Table 1, it is clear that the Rohtas limestone is essentially a calcium 
carbonate rock (CaO 50.42 70) with some other minor impurities. 

The DTA and T G  curves of  Rohtas limestone are shown in Fig. la. The DTA 
curve shows that Rohtas limestone undergoes only one endothermal change on 
heating it up to 1000 ~ The endothermic decomposition begins at 800 ~ reaches 
a peak at 910 ~ and ends rapidly at 940 ~ 

The T G  curve represents a gradual weight-loss up to 1000 ~ The total weight- 
loss was calculated and found to be 39.1 percent. The T G  curve shows 0.75 per- 
cent weight-loss up to 600 ~ which represents the complete removal of  water mole- 
cules from the rock sample at this temperature. A continuous weight-loss is 
registered in the T G  curve starting from 800 ~ and ending at 1000 ~ The weight-loss 
was found to be 38.43 percent (total wt. loss 39.1 percent) which represents the 
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removal of one CO2 molecule from one molecule of  CaCO3 (plus traces). There- 
fore, the endothermic peak at 910 ~ may be due to the following reaction: 

800-1000  ~ 
CaCO3 (plus traces) - -~ CaO (plus traces). 

CO2 

The IR  spectra of  original Rohtas limestone sample is shown in Fig. 2 and the 
Characteristic frequencies are given in Table 2. It  exhibits a sharp absorption band 
at 872 cm -1 similar to those of  calcite [6, 7]. The IR  spectra of the sample pre- 
heated to 1000 ~ is also shown in Fig. 2. The I.R. spectra exhibit the absence of 
those characteristic bands as obtained in the first case. It  reveals that decarbon- 
ation is completed before 1000 ~ 

X-ray analysis of  the original Rohtas limestone sample showed a number of  
lines of different intensities. The relevant lines were at d 3.04/~ (most character- 
istic), 2.30/~, 2.95/~, 1.586/~. These lines correspond to calcite. 

The X-ray diffraction pattern of  the sample preheated to 1000 ~ were found to 
be entirely different than the one obtained for the original sample. All the charac- 
teristic lines which were obtained earlier, are found to be absent except a few lines 
of  weak intensities. This clearly reveals that in the thermal treatment up to 1000 ~ 
the CaCO3 matrix has suffered a considerable distortion followed by dissociation 
of CO2 ions from the calcium lattice position. Therefore, the thermal changes in 
the Rohtas limestone can be summed up as follows: 

upto 600 ~ 
CaCO3 �9 X H20 (plus traces) ~ CaCO3 (plus traces) 

- X H20 

800 -1 000  ~ 
CaCOa CaO. 

- C O . ,  
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RI~SUMg - -  O n  a utilis6 les t echn iques  A T D  et T G  p o u r  6tudier  les carac t6r i s t iques  t he rmiques  
de c a r b o n a t e s  non-foss i l i f6res  a p p a r t e n a n t  a u  g roupe  p r~cambr i en  de  l ' Inde .  La cou rbe  A T D  
du  calcaire d o l o m i t i q u e  de  F a w n  pr6sente  deux  pics e n d o t h e r m i q u e s  successifs  ~t 725 et 860~  
t and i s  q u ' u n  seul  effet e n d o t h e r m i q u e  est observ6 h 910 ~ su r  la cou rbe  A T D  du  calcaire de  
R o h t a s .  Des  6 tudes  effectu6es pa r  ana l y se  ch imique ,  TG,  I R  et diffract ion des  r ayons  X on t  

c o n f i r m 6  que,  dans  le p remie r  cas, les deux  pics sons t  dus  h l '61iminat ion du  COs co r re spon-  
d a n t  a u  m a g n 6 s i u m  et a u  ca lc ium;  le pic u n i q u e  o b t e n u  dans  le second  cas  est dO ~t la d6car-  
b o n a t a t i o n  compl6te .  O n  pr6sente  u n  essai de  corr61ation en t r e  les carac t6r is t iques  t h e r m i q u e s  
et les c h a n g e m e n t s  s t ruc turaux  de ces roches  carbonat6es,  ~ d/verses  t empe ra tu r e s  de  tran- 
si t ion.  

ZUSAMMENFASSUNG - -  Die  D T A -  bzw. T G - T e c h n i k e n  w u r d e n  zur  U n t e r s u c h u n g  der  n ich t -  
foss i len  C a r b o n a t e  von  L i tho-E inhe i t en ,  d . h .  b r a u n e m  D o l o m i t k a l k s t e i n  (Mik rodo l spa r i t  
u n d  R o h t a s - K a l k s t e i n  (Mikri t ) ,  welche zur  (p re -cambr i schen)  V indhy  Supe rg ruppe  v o n  
Ind ien  geh6ren ,  eingesetzt .  D ie  D T A - K u r v e  des  b r a u n e n  D o l o m i t k a l k s t e i n s  wies zwei auf -  
e inande r fo lgende  e n d o t h e r m e  Peaks  bei 185 u n d  860 ~ auf ,  w~ihrend an  der  D T A - K u r v e  von 
R o h t a s - K a l k s t e i n  n u r  e ine e n d o t h e r m e  Ver / inderung  bei 910 ~ zu  b e o b a c h t e n  war.  D u r c h  che-  
m i sche  Ana lyse ,  T G,  I R  u n d  R 6n t gend i f f r ak t i on  wurde  bestiitigt,  dab  die be iden Peaks  im  
ers ten  Fal le  der  Dissoz ia t ion  von  COs yon  M a g n e s i u m  u n d  Ca l c ium Gi t t e rpos i t i onen  zuzu-  
schre iben  s ind  u n d  de r  einzige Peak  des  zweiten Fal les  d u r c h  vollst / indige D e c a r b o n i e r u n g  
en ts teh t .  Eine  ve r suchsweise  Kor r e l a t i on  zwischen  den  t h e r m i s c h e n  E igenscha f t en  u n d  den  
s t ruk tu re l l en  V e r a n d e r u n g e n  dieser K a r b o n a t g e s t e i n e  bei ve r sch iedenen  Lrbe rgangs tempera -  
t u r e n  wird gegeben.  

Pe3~oMe - -  ~Jig 143yLieHmq TepM~IqeeKnx xapaKTep14CTHK He ropHopy~n~ix rap6OHaTOB meJie3a, 
a ~MeHHo epaanoKoro ]IOJIOMlaTOaOrO /~3BeCT14~IKa (M~rpo~oaenapnT)  H pOXTaCKOrO HaBCCTn~IKa 
(MHKpHT), OTHOCIIII~HXCJt K BI4BjIXbgHCKO~ cyneprpynne  (npe~KaM6pm~croI0 H14~i14 6l, m a  HC- 

n o n b 3 0 B a H a  Texrmra D T A  ri DTG.  }~Ji~ dpaB14CxOrO jIO.IIOM14TOBOrO 143BeCTHaXa D T A  noi~asa~ 
RBa nocneRoBaTenl, Hl~le 314~oTepM14~eCKrle ImK14 rip14 725 ~ i4 860 ~ B TO BpeMa XaK ~.q~I poxTac- 
KOrO I, I3BeCT14gxa xp14BI, Ie DT A  noxa3a.rt14 14a.rI14tl/,Ie TOJIbKO OJIHOFO 3HRoTepMI, IqeCKOrO 143Me- 
I~cm4a rip14 910 ~ C noM ommo X14MriqecKoro arlamt3a, TG, 14HtibpaKpacI-IOl~ CneKTpOeKOllI, I14 14 pe14T- 
re14OCTpyKTypnl, LX /acc.qe~toBan141~ ~biYIO yCTa14oBJIeHo, riTe ]~Ba 1414Ka B nepBOM cJ~y,~ae o6ycno-  
BJ'IeHbl ~14ccom~atmei~ C O 2 H3 pemeTOqHblX IlOJlOme14Hl~i MarHltg H K a Y I b I A H , q ,  B TO BpeM~t KaK e~H14- 
CTBeHHbII~ 1414K BO BTOpOM cJ~yqae o~ycJIOBJIeH nOJIHI, IM 06e3yr:iepoxHBaH~IeM. I[pe~[cTaBJieHa 
3Kcl]epi4Me14Tayii~14ag itoppeJiglii4~ MC}K~v TepMI4qecIaaM14 xapaKTep14CT~KaM14 14 cTpyKTpyHbIM14 

143MeHeH14gMlt 3T14X Kap~OHaTHbIX MIdHepaJ-IOB IIpYI pa3JI14qI-ibix TeMnepaTypHbIX 14epexo~ax. 
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