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long back in 1884, before the cerbo natite were 

recognized as petrolo gtcclly end economically!  si nifica  

type of roc cs P, N.Bose,whiie investigating the geology of 
the armado valley between N mtmar and Kawant near Dot, 
came across those carbonate rocks, and the observation which 
be made became the first ever recorded description of a 
car bo ratite ;, 

He observed masses of yellowibalterod caic reous 

siliceous rocks forming the crest of baaalt'coverod ridges. 

He bas .sated  

1, " that these reeks were rxro resistant to ventherin and 

erosion than basalts, 

2 * that they were not bedded 

3, corztnodm fossils 

4. that they ware fix pained but crystalline  

5, that they were markedly calcareous with to eal nests and 

patches of trappean400k1g substance— the igneous origin 

of a.icb manifesto under the microscope 

8, the outcrop distribution is lenior and straight 
7. that they were locally associated with highly altered and 

intensely hardened shay and oilteou rocks. 

He  finally concludes that there can be very little 

doubt that , .. the rocks under r mice have boon covered and 



forced up from the infrctrappecrz beds by intrusive rocks. 
They have been cost effeetivOly► baked being rendered quite 

crystalline, ... and portions of them trould appear to be 
converted i s tra pean substage. 

In fact his suggost .on th these were famed duo to 
ronobilization of inratreppean rocks, has cow to stay as one, 
of the possible modes of origin of eaz'bonstites. After several 

decades SuSoswaia and Udas(1 3) identified the saw rocks 

described above as c boast :tes, 

Toter in (1889) flogboin, Brogger W.C,, (1.21) idonttfiod 
these rocks as of magmatic origin.The cnrbonatites ore nai 

defined an carbonato rich rocks of apparent magmatic derivation 
or decent 

Carbonattt occur as both intrusivos and extruetvoc,they 

may crop out as lava tlows,dftes,stils,stocks and plugs,Carbo 

ratites usually Occur in distinctive petrographic association 

with more or Lose characteristic chemical eompositton.w4.th 

They are usually associated with rocks such as ijolites, 

I phelirates,end contain significant concentrations of 

(Na+K),P,Ti,,8r Zr,, f+ ~ '&~,,B,RE8,,Tb., is comparison with seder 

montary lirzostono,otborw#no they are difficult to be ro og 

nizod, and difforentiatod 

The significance of corb a titoc incrossod several fold 

an tho discovery of many rare earth containing occurrences in 



South Africa during the second world war. Large contoflts of 

p orhlore( Niobium rich mineral ),,Rare Earth minorals, the ce 
subgroup, and thorium deposits in these rooks accelerated 
prospecting operations for. óorbonetites. 

Several 

 

ocurncosoccurrences of c bonotitos of varying diiension 

have been. reported from several countries. In India they wore 

found to ocew in the states of flaSesthnn 1 	a Pradoab, 

Tamil Uadu and Karnataa.Tha fluorite deposits at mbadongcr 

are associated with n 	natites,.Tbe UoVatda oarbônstitos in 

the present area of study banns much apatite but has boon 

ontt tod to be wioeorprnieal for o,cploit atio n, for the present. 

TRM. FLOGY 

Though the significance of carbo ratites hems been 

appreciated for quite metima, from the recognition of their 

economic import anee,msny a student of Goology ors yet inade-

quately acquainted iith the nomenclature and terminology of 

this group of rook., A brief definitions of earbonatitos and 

Chair associated ro ` s are given below, 

CM O ATITE: 	Any carbonate rich rack of apparent magmatic 

derivation or doeont 

SO 'Bt 	A carbanotitle rock with more than 801 

ealcito and 201 of other cfrbonates rjpncIo 

and n-,coacortes, variable in grain size. 



RAWMUGITE* 	Dolomitic equivalent of the aboVe.More than 
8O dolomite 2O others. 

FENXVs. 	Any rock in the imxnedtate vicinity of' the crbo- 
natXtes whith have undergone motaomtisiia, 

THERMAL SHOCK ZQN.. A trued and breccioted belt of in situ, 

rocks forming a ring around the mobilized 
carbo natite rocks. 
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PXR. I 

1  

lC C, T IO At ID CEIBI LITY' 

The area of investigation selected by the author lies 
between the villages of Ittkaioo and teiania, Va labhnag€r Tah tk 
Udatpuzv distriet,Eajaatban. The area lies 2 km.north- enst of 

Udaipur city having latitude 24°8 '22 and longitude 78°5'44", 

The actual area of detailed study very an area of five 
ktlometros by tam kilometres 110 sq. . lies within latitudes 

24136' to 24°45' ' 4 Longitude 74001  to ?4 .3'E.The ace Is 

covered by Survey of India 'uerter Inch shoot tb .45L 8T he work 

was done on the carbonotito outcrops which forms a plug bet on 
the villages 1ikaeas'Rewania about 6 kn. south east of Vallabh -. 
nagar, eonneotOd by a tart traek.4 far-wnathor road nnect.o 

Udaipur and ictehnogar uhib pnssos through VeUebbxrngar. 

PHYSICAL +CEO WG 

The area presents a mature stage rith a plain topogra 

bearing abundant coil ca r or, Thore ore several billoeks in the 

rthern an4 • art -eastmmn part of the aroanost of quartzites 

the schists being eroded to form depressions and volleys.. 

'1 



At Kikos the ear' rmtStns are found in a slightly.  

depressed topography while near T;o cni they seem to be elevated 

to form a dome- .ike struetro. Characteristic lime ston weather— 

trig is seen in these outeropsiarge sink holes, pitted. surtacoa 

and olutton cavities. 

Ephemeral straabsi  their tributaries end dIstributtrios of 

small dime ions run in tho aroa,iith inter connecting naltshs. 

Among the several irrigation canals In the area cans such cuts 

across the oarbonatite outcrop north of N c wants v ills o, on its 

way to Randera,The canals are unlincd,y most of the yoar,which 

provides an ideal o posure for stu y*  

The climate Is typical of semi and terrains being vary 

hot during tho day and coal at night. July,, August and September 

arcs the rainy months. During the hottosrt months of AprIl,tlayr 

and Jere the temperature ranges from 3Q0 .i- 40°C w bvomber, 

Docember,and Janus are the winter months. 

Soil,. cover to very thin in the area it ufr'ieiont to support 

certain plant crops The vegetation flourishing the area are 

stunted shrubs, and plants.Jmong trees mangos troas are common. 

angitera indica, Tamarind troos,f g trees and plantains are 

com only found. Vegetation on the carbonate rocks are nogli-

gible except for groasos iith fibrous roots. 



The outcrop of carbonatites in the present area of Investi-

gation has been previously .orksed upon by everul workers from 

as early as 1934. 

Gupta(1934) has, while iz esttgat trig the area iridiectod 

that these rocky as arovall1 limestone in his geological map. 

Heron too mentioned it as iirnnstonaa of ormvalli age (1952).. 

°►acoate.y t-~Ar datt rig of the amphiboles found in :oltiania 

gave the ago of 759 ± 25 million yeara..Thts' was done by 

T. Deans, Overseas Geological Survey, London, 

Dar,K.L,(1 ) in his description of the likely car'bo 

nctito occurrence In India has given that a highly folded 
calcareous granulitic rook occurs in a large post -1rarvalli 
granite intrusive. He however, to nt otivoi y nemo6 it as crystalline 

U stone.Ro suggested that they eould be Sovito or floem titic 

Sovites containing cal to .lorita,blotitoIapatito,quartz, 

magnetito and minerals of pyrochiore affinities, 

h.odke,A.V4 and tngran, A.. G, (3368) grave an account of 

the Geologicn1 sottlng,minoral aaotnhlages,geochoritetrY Of 
the carbonDtitoa,,fonitos.and granito .They gave a very brief 

account of the country racks, grenitos, tea: fenit izgtion and 

f'enitizod zone, and the car'bonatite rocks which they grouped 

into three classes. They also gave data one chemical analysis 

which tend to support that those rocks are related to 



flOtOsDDatie processes of apparent mo ratie origin.Trneo of nts 

 iero deterraiflod qualitatively and the results of ¶htch also 

imported their views  

Their chemical and spoctrographic analysis data boa boon 

reproduced here o1se here for compericol* 

Yadav(1969) worked in the ores.Bts vioLi iiz►c that the Barb " 

ctO ror„ks were not carbonatitos,bUt remobilized sedimentary  oo8iiuefltOi3r 

carbonates rich In phosphorous and iron,iich has later ro n iw 

tuod themselves as spotites and tit aramagnotit e.Uts argutonts 

and evidences favors the biottto grw ,teS to be younger than the 

carbonate rocks and that the granitea have been intruded into the 

arburte ro a which remained as a Xonol.itb, Due to . 1ttoli 

moteaotatinrn sodic.'pyrOefles and amphiboles have developed. 

Yedav has collected much b+ re ole data to support his 

viovs.iio has gi on on idea of the possible ra sorvas .cif apatitos 

In the outcrop, 

Tk E PRES1& 8 a PL OSZ 

though many previous investtgatOrs in the area have 

described the carbonate outcrop of KIkaarCWM)One gave an 

accountt of the detailed mineralogy of the carbontito racks, 

Further nne gave due importance to the Meta" "ttc procoscoc 

that hsvo given rise to tho fo€beck ite syonitec or fontto as the 

author prefers to call t e!.1n fact every investigator boo given 

a Vague idea. 



Although qualitative .spoetraseapia studies on the 
carbonatitoc have been done (Phndke and Jbir ran,op.+ it1) 

yet no quantitative trace eiombnt determinations bete been 
ffia o. 

In View' of the above the author was given the area to find 
solutions,to the extent possiblo,vithin the limited time 
air fable. 

The author during his first field outing rihich lasted 

for 10 days during Jun3'78 got acquainted vita the area, studied 
the carbrxnatito outcrops and prepared a map 1:60 metros scale 

by the pang and +compass metho d. Ong the traverses taken 

perpendicular to the direction of linear extension of the 
whale outcrop, the author colloctod samples at fifty m tray 
interval rich gave ner1y 70 samples. 

Dot otlod minerologicci and textural variation in the 
earbonatita outcrops hero recorded in the map and data regard-
ing features like bedding, joints and foliation were also platted# 

Ding the second field visit-  the author spent 10 days 
collecting systematic samples In the toni.tizod region,to study 
their variation, And on the spot act d,a ,i rin reds testwere 
done to confirm many observations previously made. The author 
was able this time to go down sovorol wells to study the 

fo nitizatiori structures and collect samples,.. 

5 



'orators studies includes thin. se ion studies, 
X 	diffraction studies, eta t trig,cbemical analysis of 
16 ei ip1Os and trace element studies es a»ct Rad%vme4ric. s4udbes . 

The author on the basis of his work done in the 
field 35 well as in the leb r or s 'within the depart—
inert and without has given the subatomic of his study in 

the foUovirg Pages* 

Since the author. di d not have the time to study the 
geology and stratigrephy of the tea, be has completely 
-relied on the works of prev ous geologists who have done 
good work in this respect. 
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P 	R ► 

Tho nest predominant eountry c a of the area 

under study bo].ontj to the &ravoiii Agocorcteting of 
quartzites arid ochtato,ithir vbieh the gccnl.tta occur. 
The origin of the g1anitov zre et.ili being diaeuoced 
hi3O Gupta (19 34) eonsidoroc these gr8nites to be part 

of the pro-~cambrian thiold recite or the banded gneissic 
ooinplez over hicb the cravaili racks ioro dopocitod 
un1 n2o ably. Dar (1 ),P echo and Jbingran(1968 ) 

considered tbo granttaa to be past Arava .Ut i,we. 

empiceod 10tor In the qua rtzitea schitoso roeitn4 

A table roprocenting the tratigrapbic caquenco  
auggoeted by the various autbors including tboao of 

PA,yadav(l 69) has boon reproduced from P,K4 ad (1' g) 
VLS0, (T cb.) disc ert joa. [TA6tfc 9J 



TABLE 8RO1IIUa GEOWGICAL SUCCESSION ACCORDING 

TO VAflIOUS lORRS 

Gupta 	 l ~3 _ 	t!'tiA 	 r  
195 	 lade and (934) ,sling, n 	X1969) 

(loss )  

►dO pti matitea 	-~ 	Boeont alluvium 
and coda 	 tine grain3d 

nitoc 	 carbon to veins 
+4s phlboie 

gneicsoc 

uartr. vein 	 Quartz vein 

Pe , ~atit re and C bo i . Pogotite voinc 
oplite veins 	too 	sputa vol no 

Oranitos 	G anttcs 	Ultala granitoc 

Basic rooks 	 Basic allis Gov 
. phibolitoc 

Shales 
slates 
and Ica 
echists 

Sbo ].tea 
Slates and 
Mjc a oebt-

o 

Bhades cr 
Quart zitas 14 
xcano5 and 
Kho'doo lo grit 

oinygdsloid 

[J • 

AZ*$VOIl 
Quartzite 
and Debi— 

ate 

Be rxthombhoro 
quart zite  
Thj1 ohs.los 
slates and. 
phyllitos 

Thin 	 Thin torru - 
forr~,-~ 	 ginouc ii 
,nouc 	 stone 
lima 
atone  
Basal Basal Thin Basal 
iartzi— wart A- Quartzitoe 
too tos and vole 

nie beds 

B4O.C. B,G,C. B0,9«CO 

Ferruginous 
marble irith 
apatite and 
chlorite 
echiets 

Wo Alternative 
schiata and 
Quart ztt cc 



The base of the Aravalli rocks have not been exposed in 
the area (Yadav,,i 9) and the ucooion starts frith quartzites 
and .cbiats alter  alternations.Thoe Aravalli. formations has also 
been intruded by b a . rocks likeAmph iboitte s The general dip 
of the Aravalli• forraton are N7O° iith local variations 

Tb* l tholo g cat description ot. the carbonstito :and the 
associated rocks have been given below,,  

These can be conveniently grouped. into 

1., calcite rich Sovitea 
2. Dolomite rich Rathagites 
3• RaMotjtle sovite Ranhatgitos iritereaat±ons 

&ovites are videapread,an individual outcrops, scattered 
all over the outcrop.They are mostly grayish  or greenish grey 
in 000ur,rnostly coarse .rained Rsnhaigites are coarse grained 
pale pink or greyish colour present all throughout the outcrop, 
but the mixture of these two ro sovites and ranhangites are 
the most coffin within the ,plug. Usually these are al.o associated 
with Iron Oxides thigh gives their diagnostic appearance. These 
rook comprises the major r area of the outcrop. Those also thclue 
their fine gr6Inod counterparts which are found to occur as: 
distinet intrusive bodies within the fonitizod sir andsometimes 
within the main corbonatito outcrop, 

Ipatite veins are fond in all those r eko.The strike., and 
dip directions  of all the oax'bonatito rocks are nearly the some 
ox pt  the fine grained sovitic and renhantie carbonatitos ihicb 
have larger dip amounts, The strike direction varies from 

w 



10 76°  

0  0  7 

650  4 

9  

vortical 6 
121 50 69° 2  

vertical 7 
Vert i,ca1. 9 

Eq 

3 
4 
a 
6 

7 

t 6Q °—i O° 

Tbo following wing table gives an account of the 3ointsin 

the eazbonatttos. 

10 

LAT  

These are coarse grained 1aucoeratie rose sometimes 

appearing like pegtnatites.Tboso are found to be exposed at 

Vall3bhnagar. in the Borsch river beds 11t Is also o posod 

nar the Agricultural Reoxh fez campus about 4 kiloinotres 

ueDt of Kik.atiaa,and also used In the !swam, canal cutting 

but the greater part of the area in covered by mail cover,. 
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Poginatito voins,apatito voins and aehiterons of quart z 

are also found within those granites at ciao places, noer the 

Research farm root house abuwarit em1a to veins are round to 

traverso the rock th s,o arc highly f3ldod an6 fract ed* The 

granites expooe 	Yo o are of the 	ium grained oquigz!antllar 

t os , en• compared to thoso oxpooed at e4i.obh g :... 

Apatito vet r that are found in the gr'onites ooc nS to 

be highly folded unlike t,t rce found in the eorbo.notttos,re 

breaching and offahoting veins ore found rare frequently  In 

these granitos, 

At Handers %onolitha of +hlorito hIatB Of crnofl dttaon-

cion are coon}'but the author was rant able to observe any 

xe litha of erbo1 to rocks within the gran tes.Tho attitudes 

ofo thou+ oohistoo o li hs appr xim ste their counterparts 

found it the carbonat6tos at 1tike 	anla. 

The folloi'i.ng tab grace the ma 3or ' Joints an 

recorded by the author. at lbhnager and A.R. F. eatnpus, 

N297 N7 7210  9  

2 N332 U62 8 2 

3 U272 lit* 670  4 

4 tt 354 vertical 8 

vertical 3 

6 ' 24 140  76°  3  

9 



CR 	fE.-scuisr 

The 	Trite s ilt are found to occur scattered througxut  

the plug of earbanatite idthin it but not rithhoUt,Thc-Co rocks 
d a have simila -art the main earbonatite rack* 

These rocks are biotite chlorite schist1 and those have 

undergone tremor us strosaconditions ?nioh has resulted in tho 

oociation and fracturing of the roes,thy.s is evident in all 

exposures  came aeroSs by the author.They are also highly jointed, 

the frequency of jointing is very high and interval of jointing 

lose than a few eontirnotres Being highly friable and folint d 

rocks, the foliation ctrtcktly parallel to tone of the corbo-' 

natito rocks and the apatite veins contemned in thorn, 

eep green to yellowish green in colour the rock contains 

laths and fibres of ch3orito, aggrogates of biotite laths both 

distinctly plcocbroic,tith accessory quart z„p.iagtoclose 

ortbodlaoo,roundod grains of apatite - with appreciable qun tI- 

ties of calcite, c +lonite and* aidorite hich become + aontia1 

in come SWple8, . 

Those rocks occur aD dioconlocted bonds within the main 

carbonatito plug,tbr'oo such baflda can be made out.The maiinum 

diZneflCIorlD of theco rock exposures Ore sbout 105x50 metros, 

The Strike direction of those rooks varies from tT : &°-

10° with amount of dips ranging from 11°-29° direction 

12 



111000 The foUor ng table gives the various pro i ►t 
joint directions in the btotite—chlorito shhist *  

° 	vertical  
N 170  _1O7° 86° 	3 
N s6'  time  720 	 6 

r 342 N 720  Vertical 	9 
if172° 92620 790 3 

Leaching of Iron carbonate has given rise to on earthy 

covering of the ro s..I erval of jointing varies from 1O 	ems, 

The author eonatders these pro cks an xono1iths of aravalli sehiot 

which has unc5ergone an advance degree of broceietion,met asomatism 

and carbonisation, 

ip,  

The Apatite vetnsc ►nstitutos more than 805 apatites 

with acres ry magnotttos, sido itea and enkeritos,Thesc. ooc 
as probably filling$ in joints which are mostly In accordance 

with the 1inetions in the sot itos and Rstaug .tes, and Choy 

also intersect the country rocks unconforma'bly at vory'ir ; 

angles, The veins vary in striko from N 35 —r 2° ,,havin ti o dip. 

ranging fom North to N 1101°  and 	systematic variation in 

their attitude has been noted, 
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individual  veins differs much in dtmorisions.Thoy are 

usually straight regular veins sometimes pinching out giving 

a lentleular apposrence.Their contract t ith. the host rocks 

are scrupulously straight on either ••ide of their long dimensions„ 

The individual veins vary from a few miiUiuctre to several eonti— 

metres mostly 3•-7 centimetres but rarely to widths of 12 cent 1— 

metres, their average is 4 +was . Depth persictaneo do not exist 

to more then 4 metre's as evident from the bore hole data, 

presented by Yadav(l)G9) In his di.z ertatton(p.8l) and they 

thin out below this depth. 

Trio strike o o niio n eoito•rms with the nature of the 

exposure of the carbo natito roc1 .T bey are found to extend the 

whole length of the bold domelike Ondtviduol oxpouz'cs.They 

commonly have strike extensions of 3-4 t etros. 

Their occurrence$ arc highly oetttered tsithout any 

preferential concentration In localized areas, c majority of the 

veins are tabular and lent icular in plan as well as aeatian,Thoy 

alsO,  thin dowrudards.In 0 few instance$ network of these veins 

are observed and In many insta os folded, in which case their 

shape and :#' sizes become smaller  smsllor,ptnching and svelling.1)lstlnct 

small scale fract *es are found i n the veins which form conju-' 

go,tional acts of joints, 

Apatito Is the major constituent of most of the voin,ond  

they occur as medium to coarse be goial,polygonol, ovoid or 

elongated grains.Magnetite is found as fine grainod patchy 

aggregates within the voins twith rounded grain boundaries*. 
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Other co tttuents are, as QP. ree oblo amount of sJiderlt'e,, 
arikerte and dolomite, 

Th0 apatjto veins show a Very sharp tronzitton f of voin 
material to the host ro 	matorial,Tho Vo ass stand out prominently 
ageins 1estboring as compared to the cc onetites.Th a tj: r did 

not attempt to determine the cho eaj. transitional nature of the 
apatite vein4ost rock cortat. 

These rocks are Reibeeklte syexdtes,i,hjci hoc rocuitod 
from meteaotatj,sm of the country rock,grnItcs.These rooks are 

found to ooeupy the outer fringo or margin of the rrain oarbonatito 
plugThøø fenit izod rooks are not profusely o2.pocod 4  d*no to soil 
cover.Thoy are also found within tho plug. 

Th rooks are essentially Of » $elepars- large crystals 
of inicrocline -dith reibojkite,Tho original 5chitøjty of the 

rook hoe been preserved to an appreciable onto ,'ant their trend 

and attitudes of the rooks varies duo to minorfou,ltinfreoturft 
and rotation. 

The rocks have strikes ranging from X00-- OD and dips 
rangingfrom 186-340,  i8° 340,iIneariy oxton of outcrops of average 

dimension 20-50 metros found if exposed, Abundant Uauhougito and 

hascatitic Esitheugito d ' voine are found ,f'ruding boddir pianos 
In conformity with tho bedding piano lineation,, 
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As ezitionod etrlior exposures of thaae rota are rare 
beyond 300-400 metres outvardn from the boundryJven rithin the 

me the -Boll eovorin consists of fraent a of the rock,pobble 

sized, 

Ueathoririg is prominent it tber o roeka.Ttie abundant `ra- 
etures joint$ and other beak planes serves as an effieiont 

pluntn sycteb whip has resulted in many trolls being due 
within this zone,, 

eblorans of quartz are found abundantly distributed in 
those roeka,uell crystoltized Similarly pegmatie veins arc soon 

to traverse the rods exposed In tho I oania earl cuttings. 
DULO to tremend,uc stresses the fonitoc has developed boudinego 

systems frith oval shaped fnitos forming the boudino surrounded 

by the fine grained Bar ba Tito crntoriel. 
The follotring table fives the major 3oin ci,ctrike and 

dip direction arid tho dip an unt plus their frocauency,. 

11 520 vo2wtiel 0 

2 1477° Ni67° 72° 9 

3 fll5° 87° 340  3 

4 1241° Vertical 16 

5 vertical 21 

6 R' 346° 11256# 5; 0 6 

7 t9°  t279 860  3 
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11 . PT B R."11 

T1-Ls Chopter deals with the died laboratory studies 

maln1y etrogaphie,minera1ogia1 and etothing studies carried out 

by the .a 	hor.on, all rock types associated with the ctrbonatito 

body. More than 102 samples were ytoEotieaUy colloctod in 10 

traverses made perpendicular to the trend of the cerbonatito plug 

eovoriing the fenitizod Zone on either end. 42 thin sections wore 

prepared representative of all rock types.Five pouched cactio 

were prepared to study the opaquemineralso u In abundance and 

seven ode nfieos wore r3ado of 1 m. thick for steining.Tho details 

of voriouc laboratory tnvc tigationc i c udOs 

1. mogcscopte studios 

Z. thin section studies 

3. polish on ion studios 

4. staining 

S, determination of modal composition of fifteen sampIas 

The author has sub-dividod the roe v invostigctod in the area Into 

the foil ing groups* 

CAM MITES SOViES  
IRMI,"TITIC  SOVITES 

iAC3GHAU ITt6 
I° Ic RAUGHUDI 

SIDERl IC-AY ERITXC CAftOI1JTlTE8 

,SPAT I'VE VET FT$ 

coutTrny ROC S 	CHWRIT1 BIOTITE 
EPI 	!IOT IE ORA lITE 

0 4 A I E 	I:: 
IEIliECXXE FCflIE8 
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S4 	(Semple N,.24/634,24/4340) 

These rocks are made up of core than 8O calcito t ith 

ascesrry Uaerntite,rn3gtttO,spatite. phibolOs9 spbOne,biOtit+, 

phlogopitoIgrapbite etc. 

The granularity of the racks in hand specimen varies 

10co iderably from otirse grained to medium grai d,equigrarnacisr 

or having granulitic ohprocters. Colour ranging from pale groy_ 
pale pink or brownish iron taired,cOntaifliflg essentially calcite 

with ascO)ry dolomite and oidoritG.Tbe ascsnory msgnotites are 

found as : discrete ovoid grains scattered all. Over, Pyrites 

and graphitos has also boon observed in hand specimens. Paphi- 

bolos are found as blades having vitreous lustre sometimes 
radiating the specific gravity iou, and readily offorversos 

with acid and gets stoin9d very fast, The magnetites have 

boon altered to lime rite having an earthy cppearohce. The 

lomites are found as regular bands and cross cutting Veins* 

!4IcRocoPIt G ARACTER3 

Equigranular rock with mosaic or granulitic tn. ure. 

► Colourless in thin section with clean rhombobodrsl 

groin bounc srles,twinning sometimes present with perfect 

cloaVages and strong dispersion and birefringefee4.Unialial 

and optie8lly r, ;gc tiVO + slily identified with Alizarin Red 



loitjii 	 iourless,partings and cleavages nearly absent 

rhnmbo edral grain boundaries are usually rounded off. Strong 

dispers1onverying quantities of trornxidos has given a slightly 
brownish  shade. - Sometime clear pink hieh may be due to 1' n. sub-
stitutton in the lattice. 

t i These are found In clusters of ovoid groins,thotr 

long 81S sadly oriented In a particular direction .1oderate 
rollef,c ►lo rleas to light grey. The calcites are found to enclose 
these grains. These are also found to have inclusions of magnetite 
under varying degree of replacement. 

attt° : Bound ddesproad as irregular aggregates nsus y 
of ariodral gratnsp corroded outlines found included in apotite 
grains and with rims of calcite hallos which seem to replace 

them too. Found to vary with' . 

Chi ~i t These are found as flakes fibres and blades having 

random orientation, Z ,derstely stroni ploochrotsm. 
coloin'less 

pale green 

brownish green 

Those crc Thund to replace brown biotite and being replaeod 
C 

by carbonates. 



H~.t,ot Being colourless to polo brown, found in fibrous 
fLn for.. omtimes also as pride blade,pleochroisin is from 
pole brown toe k bro tn. The basal clmvngos are perfect. The 
gates clean corated edges which are Sometimes replaced by 
c 	an.ttes(later ),. 

fib ` ,J„ It is the is rich v4rtety Eoi'#eckito, . light rroen 

or polo bluish c lours Basal and pri mstie sections perfect, 

omin itl ° pl+o ch roi c, Pleohhroi c schen,o  

Y — light green 
purple 

cc ~. dort blue 

Y — pale green i 
(3 — dark greQ n 
cC w bluish green 

Cloavogo diet inct*dispervion strop 7-,A-4 ;.iret'on angle 5_280 

8orieti s . extinction boi u replaced by ctrboncteo. 

IA 	i 80V 

Those cr0 similar to covitoc in every respect a cept 

that the roes has been 3ntamitod by iron oxidoo,haomctite 

dust,oceupying partings and intorgranuiar spaces of the 

calcitO grains. 

BAlm AUDIT ES A tab N AEIIAT IT i C RAU1iAUGIT 

1- M ASCQ
TIC IIw11 5II II 

~rM 

M 

Ei S 

Those group of raffia Includes tho o thot bovo essential 
dc lomitee upto 8O% with other accessory constituonto.Tho term 

2.0 



Includes a variety of rocks more often medium to fine 
Grained then coarse grained, The colour m varies from 
pale pink — greC , sh grey to earthy. Most rocks of this 
group have accessories of aegnotito., apetito~,smpbiboles, 

• si.dorltos,ar oritos,and calcite, The rocks found in the 

fenitized zone contain much biotite, 

The haematitic rauhaugites are deeply stained with 

,iron oxtdos,Uhile the magnetites are found iide1y scattered., 

here too flakes of biotito y, amphiboles, pyrite,,. apheno are 

soon;;iosthering - is more prominent with bald outcrops duo 

to oxfollation and spheroidal 'uonthering, 

~Mw ey.f ylrwF rr1~fY.r~ ~r .r ~riNrlrrrrri ~r~ wrrrr~l 

+ ___ — Colo arleoo to turbid grey and dark brown, the 
haematitic V rlety being opaque ,Hoxagorl rhombobedrai form 

in the colourless vartoties,with oven rounded off grain 

boundaries. sale texture with non interlocking grains 
shoving cmmetrical extinction are eom n. 

j e i ea Strong relief, colour ranging from brown to opaquo 

broun,found as patches and stre s,sub~rhedrel grains and as 
dark brown interstitial tilljngs.Svuxtrieol extinction 
with respect to parting. Jltoro to limonito and goothito, 
roplaeinZ dolomite through partings and grain boundaries. 
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Arkerites are usually associated with siderites in the area,, 

identified only by x-ray powder diffraction. 

l+ a~r~Stites: These are found ss granular aggregates occurring 

In clusters and 1t►re often scattered' opaque and have rounded 
grain boundaries also found in aggregates along veins and  

fractures. Those have been altered to lix nito and comprises 

less than 2 of the rock, 

A _; „o' Colourless, dorstO relief-ovoid granular aporaidic 
as well as clusters, along veins of cmall dimensions 0.5 -► 1 mmsi 
often surrounded by fine groimd arbonates. Sometimes Dated 
with brownish iron oxide riz .1!'o and to comprise loss, than 2:5 

of the rocto 

APAT '-L3MI 

MEgA OPIc CH MM E s 

The apatites are pale brown to d.rrk brown colours with 
thrssd like bands of magnetite and sidorito and some merits, 

pearly lustre with numerous mirofrceturOs,rnOgfletitO grains 

very fi.no grsinod and scattered throughout the rc&. The 
wosthors4 surface is dark and earthy duo to disintegration 

of the iron minorals and sidorite.The apatito grains are 

microscopic in si zo. The iouflt of magnetite varies from 



IOçoqjCTA _ 

1patit+ contort is more than. 'L» Apatite nearly 
equigraruziar but seems to have been along€tod In a particular 
direction by their long oxec Their grain izø varies greatly 

less than Q, 5 mm — O. mm Thosee are d fforent from those 

Opetltes found I n the earbonotitoo., they are not oval in form,. 

but seems to have veil crystallized hexagonall forms are common 
Whileo most of thorn sub todr .(I~efor Microphotograph Tea, Z 1 

bderato relief 14th pitted or mottled OPpeerence with second 

order bluish grey polarization colour. 'Microscopic rounded 

grains of mogn2titoc are also found scattered,, Usually found 

Os reli of o 'tthi n the apatite grains, Ifldii4il S1 a1 n5 shows 

partings racturos and oloovagos.TY o microscopic ovidonco  
suggests that the magnet ,to were earlier in the para *o t io 
sequence than the apatite. 

B151T E-CE 	sCHUST 

The rook is medium to fine grainod and, coneiCts of 
essential chlorito,biotite and replaced carbonate minerolio 

plagiociase and qi tz,lanf' green in colour. in a row spe+tmona 

schi tosity to not disti t) cut sections across to U,neation 
shows augon--like features of carbonate minerals ventto red,, 
forming the eyes vhilo chlorite and biotito flex around it 
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in a spindle torn.1ondo4 utagnetite grofrrn are found as 
clustersa and 3180 scattered#  Weathering of the iron minerals 
ha given an earthy appoaron to the seiiat. 	r 

IC0Sc APIC H1lRl rw .wS 

FOljr ton is w li revealed microscopically with prefer-
nntial orientation of chlorito,btotite and calcite in a 
port.cul r diroetion( for Hierophotographs N0,iseQa). Chlorites 
are fibrous prismatic forte pole green exhibiting  distinct 

plooehroism.Biotito tob shows pleochroiso., `heir plcochroic 
s hems s are given below, 

Chiorito: co ours ass — polo green pale greon 
Diotitot Palo yellow-orange yellow clovo brown 

The , iorito and biotite,  plains are of on average 
2 .,* 0 	In length,They are found! n radiating eg r 

gates an oleo Occurring along with ca .eltos vhteh has 
crystallized along wins v rying in dimensions from thread 
like to those 2 mt in width . Much mnnnotito and iron cn 
oxide minerals m ttog the minoais statnod In certain patches. 

The texture G±VOS US an impression that it may hovo boon 
caused by tlauage,Tbn roof c as 0 whose havo been subjected to 
eatctclastie motzimorphist, 
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ioj± t As laths,,well developed basal cloavagen, 

serrated odges kinkod to different degroos,puckering 

significant being replaced by chlorite and carbon to 
mi ncral s, 

MUMI t .2 Found as granular aggregates and lrreg&larly 

Scattered,replacod by chlorite and carbonates* 

.Ptj$ z Few Oval.. shaped grains are found In those rocks 

aft0n roplacod by carbonrtoa. 

EPI MM,—BIOTITE --GRANITE 

M A O? IC CHARACTERS 

1quigranular leucocratic rock with ecsoitia~l quart$, 

ortL ociase,plcgioclaao0jlbito) with accessory biotito, 

epidote,phologop11.e, Gnajcsic to ture is poorly devalopod. 

Warty is coarse grained, greyish eolow,sornetimea Inter 

grown with k-felspar to Five a myrmeeitic eontaet.' be bfotite 

found as regular stress,Plegioelase found on platy ledge 

shpged bodies. 

______ - Prosont as large grains with rounded grain boundaries 

bo ar ing much inel us Io ns 

cs ROn - FOund as platy, ledge Shaped bodies with distinct 

polysynthetic twini.in with large number of lertallno. 

Anvrthite content 10 30 
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Two generation or plagioclase have boon identifte , 

The first has given rise to epidote as alteration pro quet, 

these are larger grai ns,The later generation are diagnostically,  
sm ll in dinionsions with loss intensive twinning without 
Signs of altorattion( fc mierophotograp 	, 19 ) 4  

4ode1te reef light groan colour 
and strong d:iaperslonjooeurs as granular crystals at pingioclase 
trgins,it shows am loua yellowish blue polarization. colours,. 

Colourleg vith irregulnr outline soxuetivos with 
CGrl!'bad grinning. 3erieitizction of those feiapars Cori n. 

olini zation is overwhelming in certain samples which lends 
to the suggestion that emical ueathering has palyod a signi- 

fleant role, 4Xrr constituents like phoiogopito,Serielto and 
Secondary e44eite are also observed,. 

MEGA ODIC C I rf `P S 

Thee rooks vary w do1y in their gre oul arity,toxtura 
and mi ralogieal oompo sit ton. Boirg leucocratte roelco,their 

oral , size differs abruptly within short distenees from coarse 
to fine grain and 	 Gneissic toxtuxe in well 
preserved which is derived from t o original granite by the 
orientation of pink tolfl pzubs and oadic amphiboles in a 
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preferred diroet io r~. There is nor absence of quartz, 

e t twins accessory biotito,pho1ogpito,megnotito..Apatite 
and earboHates* Car natizat!on of the rock has taken placo  

observable in certain samples Yhan carbonate veins 1 » 3 imn 

in width i's seen to traverse tho rock. The agree of motaoo-R 

Katisay so evidenced by t +a increasing quantity a t well as 

dirnenstons of the ephibolo.. The results and effects of shook 

rnetlamoiphism are not vIaible in  121 bgfl4 SpOotmana, 

K LSPAR$ — MICXOCLIT 

The essential minerals in these rooks are the colourlosa 

miàrocllnss With distrinet reticulate twi nning.Thoy vary from 

Two generations of mierecitnen bVO been iderlti 'ied.the 

older onee,aro very mercy gralnod and the=se are being filtered 

to fibrous rtobeeklte,sericitizatton is also prominent, the 
microelinos are cloudy with murky eppearonco(Bef .34lerophoto 

graph, N y,25-30)# 

The socond generations of which ha c recrystallized 

probably by the reco stitution of the folspars, comparativoly 

cmlIer in ojze4cleer and foh 2okIng with diatiict shorpo 

grain boundaries and brilliant reticulate twinning 
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P. of  : These are found as 1 ge grains which have been 
appreciably affectod by rota 1astie metamorphism« They exhibit 

bursh extinction with inclusion of corboaetes In the torn of. 

spots. The carbonates are found to fill In many microfractures 

within orthoclase crystals. These are often more cloudy co tires 

exhibiting microperthitic texture. 

_ ___ ie 	o   Identified easily by their dhernetoristie 

dark blue and yollQtith green colour a ibitit . ding stie 

pleo c roi . 

Pleochreie scheme beings 	polo blue 
(3 ► indIgo blue 

Y — 7ellor'bTh grey 

Absorption lei 	OC > {a > Y 

These are mostly subhodrel prismatic grains with 

well developed (110) cleavage with clean flexes sometimoc 

splintery In the case of large prismatic ones, 

The asbostitorm variety Is also present ,'hero they occur 

as fibrous radiating nggreg rt es, ro stiff' found at places where 

deformation has boon appreciable and along Z'raeturos. hcno 

►-ri 'i emphiboles very in grain sima 0.25 mn inwidthupon 

platy and 2 mm when prise rtic,prrt of .them have also been 
uub1e od to stresses. They ropleco microcline and orthoclase 

and being replaced by Teter o xbanatee, 



its These are found in appreciable quantities,,brown 

colour ,pleo rote, 
Palo groan - brown 

with perfect basal cleavages and is Under final stages of 

repia a nt by z'iebeck tes and k-feispars. 'he grain contacts 

of relbe cite with biotite are penetrative,shorp and clean. 

Biotito often oxhihits kinking and forms trails as a result of 

stress# 

Q bons]  : Carbonatiz ;t .on has taken piece in the rocks to an 

extent such that they effo acme with o cid. Several i' veins of 
carbonates traverse the ck,C bonotes form interstitial 

cement in the mylonitized ptt ches, r on-crystaili the zy appear.'. 

enee  with a treme'ly irregular outiiz ,These veins are usually 

of microscopic dimenLlons, 

Other sceossory minerals found are 

a few grains of aegirino,apatito grains resembling those in the 

csrbc t .tes but slightly ltrger,inagnatite very small grains, 

serlcite,phoiogopito. 

The degree of crushing has been observed to increase In 
6ru h 

samples taken noar the contact, simll rly 	extinction in 

prominsnt. A fear grins of anphtboles have also boon sub jo,etod 

to crumpling. 
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Fe~m_tite veins ~- These are found In the granites and 
fenites in the form of veins, pat chest schlierens eitc. The 

milky quartz are dominent over the fe.spars mi.erocline. 

— Several, occurrences of such residual deposits are 
observed especially near the canal as well as in the 
depressed ;ortion of the plug near Kikawas village. 
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Orthoclase 

Alb Ite 

rtz 

EjotIto 

Phiogopite 

Chløpjte 

Amphibole 
( jbeckite) 

Total Carbo-
nates . 

Apat ites 	44 

plciotes 

iron n i rala 



02 S OWING IDAL 	gq6 Aoc OF 	I~  * 

U1 Viral 628 07 600 021 64 640 664 686 086 669 
A 

669 
~ 

'1 4 

M O 	RIN 1,5 111 28,4 7~0 18 18,2 

16,4 181 40,7 28.5 4,6 4018 
IlbIte « - w » « « « 612 6,7 346 6,1 407 Sol 

Oiotite w 116 « q r « 14,6 7,4 10,6 7,4 10,6 
ogopit 1,2 0 « ,2 « « 0 si b 4,9 1 2 w 

Chlorin q 0 « « « « 1.4 0,8 « w 0 

phibo1e 521 8.3 0#2 1.2 117 « « « 14r 0 17,6 19 18,6 

Total Carbo« 
eah~98, 84,6 88,3 8(.4 X1,7 96,0 I7,4 89,0 ^,3 « 2.6 1,0 4,4 1,1 %S a,6 

A~ t1tos 2,7 6,1 6,7 106 2.1 1,9 3,7 ,3 44,8 0,6 1,9 4,9 1,1 ;0 I 

Epldoto9 0 « ~. .~ 246 2*4 0 

Iron o rats 4,? 6~2 0 75 0 0,5 6,4 7,2 55 0 0 .1 12 
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FEf Ifi1ZATIoN 

The pro cesS of feflitization consists the 	tesonsti em 
of rode Of varied oposition,looal or idesproad, in the 
immediate vicinity of cerbonatitic rooks. The metasomatic 
processes tend to find a now oq ilibrjum product uhi sh 
depends on the chant eal conipooition of the generated nbi1e 
componerrt and the cock - undergoing metesomatism.. 

The Nousr a ccrbonatitic complex consløts of a largo 
Sher of haematiti0 re .augits bodies intruded or ompiae d 
into a pre'fnnitized sox$ forming a ring of various txickn ss 
around the mai n earbonatitie body,it is found botweon 104-20a 
metres away from the oontact. The carbonatitin intrusions in this 
fenitizod zone vary in diniensiozm,trozn thin veins ranging from 

225 cm luidtb, and plug like bodies wh1ch stand out in roiof 
Th.eso intrusive bodies are relctively more dipping than those 

of the main earbonatito plug, They are sometimes found confor--
mable with tY o bedding planes of the fenitizd roeks,but In 
most eases the attitude of the fenitizod rock has boon displayed, 
rotated and has beaoino unronfor cabio with the rout ound away 
from this zone; 
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Fonjt z ion has occurred to varying degrees?vory 

pr minnnt around the contact margins and becoming less so out— 

uarde..T o z,oks that have been. fenitized are the biotite 

opidote ranite gne sstaf post Aravalli ageZ The country 

rocks outside the fenitized zone are the Banded C}riesi 

Compl02(B.GoC, ) 

Within the fenitized zone the aarbonatitee fregUo ttly 

enclose zonolttb of tto host rocks of very email dimons1one, 

The fenitee at the :immediate vicinity of the contact Shows 

very significant fracturing and shatter'ing,theao represents 

the thermal chock zono,fiold study,moggecopte and micros pi 

Investigations conclusively support this *Thin ,aback zone forms 

a ring of about 25lOO niotree around the contact.  

The Fenites are roibeckite eyonite8 and are wimictiiy 

metasomatie and the tr.ea form ion at its extreme were not 

even ce great as to cause .n complete dEstructio n of the original 

c cractcrs of the rocks The foliation of the original rocks are 

marked well in outcrops as well as in hand specimens. 

Doudinogo structures have been observed in well cutting 

UUo,6.Tho total depth so for dug 1iae 26 totres. At a depth 

of 16 mtros from the curfaco the author c as able to observe 

these structures,& The foli tinnwith the boudinogos were 

more or .lose conformable with the surrounding roe . The e4ic 
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axle of the boudins were sometimes rotated* These structures are 

post, foniti t f ( for Fig,* 2 and field photograph No. 6 ). 

Fonitlzation has also taken place on the a erolitha of 

chlGFtte Iiotito s ilts,, hate are fund as disconnected bands,, 
and patches within the main carbonctite plug. in this case the 

transformation has boon complete minoralogically in a tat 
instazces,Though the original foUt ion Of the rock ha o boon 

retained dietinetly. Complete roplaaeont of moot silicates, 

roerysta ,izttion of hloriteand the biotitoa replaced, 

The most characteristic rely formed m rals are the 

b1.iii green 2'eibockito and thrash 400ki.n n,icroeline occurring 

In various proportions. 

Tho dic-amphibolOs foams a feathery radiat iz g fine 
noedics whtcb sometimes penetrates into crystals  of felopare. 
They are also found arranged peralloly. The prismatic graine 
with distinct Cleavages are mostly fresh and prominent replacing 

feispax S. 

Tho markod reconstitution of the roci IS marked by the 

development Of Alkali FeisporcmicroeUnc as crystals of varying 

sizes but always fresher than the original mosaic. 

In certaIn eases th felapars shoes vague pat y + ifs 

otion,vaguely defined bound iest sug ostir replacement of 
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earlier grams.ar crystals of older felspar, Abundant  
inclusions of micas are found within foiup s - eericitization 

and large prismotie amphiboles are found replacing the potash 

felsper.It ahoi4d be noted that the near absence of sill and 
very little amount of plegioelase felsparrepresents the degree 
of motasomotismr 

The .biotitos are brownish vbich are dist±etiy pleochroic. 

It i$ co tics the original biotitn which undergoes replace-
mont 4These along with older reibeckite plates forms trails dera-- 
Ling stress conditions. 

Other dark minerals that have been introduced are 	V  
magaatite crystals rounded aggregatos,vory rarely cu1c form 
and apetito grains mostly ovoid in form and secondary vein 

fillings of calcite and dolor it©s,and intergronular fillings, 

Wirtz disappears due to replacement by the K.4eispar and 
mphibolea.EvidOn es of replacement of quartz are difficult 

to trace but the significant variation in silica content of 
these rock and the country rock provides evidence of the trans-
formation that has occurred. 

The most prominent texture of these rocks are the mortar 
tOxturo,brhieh sometimes appears to be resembling a porphyritie 
texture. Even within sir ,l large crystals of felepar e, difternnt 
parts of it has been crushed. 



The presence of carbonate in the rock is rot doer  
how they are role ed to fersitization but in certain eases 
are found as vein tihin giving a secondary ch after. 

The zeroliths of chlorite—tiotit+ chjst as rntio rfl 

earlier have been subjected to intone eataclestic metomor.. 
phism,The quartz end felspar grains have been cruchod,havo 

become eloudy,and reddish due to haematitjte Mat,Xn any 
cases the carbonates have replaced the above said rniz rats 
retaining their form. hlorito and biotito eema to be fresh 
in certain oamples. L1near orientation of thoso flinorols era 

marked, which sometimos appears to be flow textture. 

Comploto roplacomont and subsequent rocryst ollizat ion 
of dolomite has taken place with fresh recrystallized 
ehiortte fleltoc oriented in a r dom fasion in the c rbonrtvs» 

This clean fresh chlorite leads us to tiro one1usion that these 
may have recrystallized from the biotito  of the original, 
schistose rock* 

Heematization of the rook has rendered the minerals of 
the rook rOddiah (Refer Uicrophotogreph r3 ). 

It heu been obvorved through thin section studios that 
the degree of motasomatism or fonjtization has direct 
relations with the distance of the ro&t frozm the cerbonstito 
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eontact.It is surprising and fortunate that auoh a marked 
v iati.an can be observed within a distance. of about 200 motors 
away outwards from the intrusive contact. 

Descriptions of thin sections made from rocks evallablo 
from four • difforent spots in tho tonitizod zone are given below 
to convoy the systematic variations found in petrozrapbi.e. 
cl arators.JIong with it the variations in the potrochotetry 

of the rock has also boon presented Micz'ophotegraphs of och  
thin section doseDibod have been presented at the backs. 

, 4 	metres away from contact. 
1. Signiftoant strocs conditions noted drys 

(a) significant  fra,gentati+ a of feispar and amphiboles. 
(b) urithi1tory oxt i net io n ohowri by largo m i cro cl i re erystio 

but not the smaller ones. 

(c) trails of biotite and reibeckite 

(d) kinkiog In Mottos 

Cad) presence of m1crofracturing in the Dock later filled 
by caz'bonatos.irtor granular fillings of carbonates are 

also present,, In petchea and blades of retbocktos are 

and occurring along fraoturoc4Preceuro shadows In felapars are. 

nironlagnetite and Upatito .grains are being corrodod, 
Addition of PoO+Poi 

3
,MigO ,RnP ,,1 ,O M 0 and PO0with docroaao 

in 5102 Is obse reds 
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S P goa 	is metres away from contact, 

Shoes . very marked modjfiecion duo to its proximity 

vith the contact. AU mi arals have been ' uhjectcd to fro . 
rant ion,v The biotitaa, sm$ 4 in diiizsiOn 	e oriented in 

oil directions. Tho larger grains of anphibolcs rra being 

replaced by carbonates which forms rime around than. 'The 

parø .era very cloudy with indictinet outi.tnaa.Tha raibeckitoo 

ahou pressure abodo is. 

Dopiotlon of silica is very voll mariad while the addition 

of K2O, a2O,F.c +Fo 03  are,  significant. 

i 	r•«wJ(y_ 

¶home woro c 1loctod from the northern contact of the 

plug with granitcs,approxitutclY at the aaae diatanoa away as 

s maple i ► * 3 and 6 from the ao nt oct,.1aro the dogrco of mat ter— 

phis and mOtacDfliotiEXn are Cr]y the same. 

Appreciable addition of 	0 A . 0  and dolotion of silica 

is marked ( for Ptg. ), M arkod addition of C +iigO has a1 

te` vn place which mry have boon due to thtroductioi of these 

at a lator OtOCO, 

A small az aunts Of 150+110203 and P205 have boon added,, 

ubich may be duo to the in"roduetian of magnottto, o  apatitito 

and haomatita dust. 
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GAUP 	gV,..ems  I9S matron array from nt act 

Tho de co Of catacicatic metazrorphtcz suffered is lens 

as evidenced by lesser degree of g n .ttion.}lore it to fob 

in patches, 

ikoorystallizatton of .niercoi a is more prominent with. 

most of tea constituents have clean bound ries.Uoctiy the 

sodi omphjboles arc of small dimensions subhedrnl prismatic 
grnins vith 2 sots of perfect cleavage pr050 co of carbonate 

.minerals .insignifi rit, 

Addition of (F0Q+?oaO5 )KnOPnO5 !4nO is observed and 
depletion Of SiO and x.233 has taken pl0eo.This sample marks 

2 
the outerrost exposure of the fOnitizod zone available for 
study. 

iPT. ' b. p4&ffi 	6L metros rnny from cont sct. 

1 he modificctjon is slightly leas in extent then 

that of no.3,. The k eisper orthoclase arcs larger and cloudy*  
the mortar texture cOrfinod only to grain boundaries and 
isolated potcbo . 

Tho presence of otlico 08 veins and seilierens most of 

them erystsllico milty,massive,also bosutlfQily crystallized 
bearing amphibole needles r' t in them has been observed in the 

fnnitized zonercfer diagram 4 )*These are also accompanied by 
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patches of amphibole minerals along with x them. Sometimes 
those quartz are found to be enclosed within large felspar 
v asses. 	 4o.  

Those could be released sii .ca,during motasornati, 
deposited an free qv t z enclosing needles of inpbibole whIch  

were also farming simultaneously. 
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1CAL M 10:-f ITT 2H fOC,i(8 

J th the vio of getting an elaborate and detailed 

aceount Of the vcrious pracoaaos that has taken place In 

the rocks clevon(lI) sciplaø repreenttn different rod& 

types associated ttith  the cerbonatito body were Bole od 

for chemical anyois,ubflo another four sompiao of tho 

fonitized rocks collected at different dictencea away from 
the earbonetite contort wore chemically analysed to obo ervo 

atevcr Variations they may thow.Tho dlcazflption of the 
samples taken for chemical analysis are given in the 
aeeorparrtng table ( NO, r yo  

From the samplon collected from the field 100 gams. 
of rook were takon,brokon to pen size with a steel hammer,  

woshad well by ?rushing till earthy material goes oft, driod 

for a doy,tIflAlly crushed in a stool vestal and motor to - 

s. 

 

'rhea whole rook was reduced to the also of —200 mesh. 

ht analysis were made by an analyst of the t-etoiiurgi eel 

EngIrecrirg Department but C oOjIgO dotáriinations were done by 

the author by E,d.t*a. titration. Other element `° oxides were 

determined by +i.nosteal met ho 4o 

Ti 



1) 24/607 

2) 24/609 	) Raahaugites 

3) 24/621 	) 

4) 24/628 

6) 24/640 	) 

7) 24/684 	
Apttte, vow 

8) 24/685  

9) 24/686 	Hematite eidorito vein 

10) ,669It 	
tint ole biotitoLopidoto granite 

X669 ) 

12) 24/668/3 

13)  
bo+jito fenitos 

14) ' 5 
J) 	ft  

Results of chctiee3. anG1ysia h 	o boon given in the 

aeoonpanying tnblo (no. z ) and vrtctUon in the ehomienl 

analysis have boon given In graphic ropreson rtion frOm 

Fig„ ( 5 ) to ( 9 ),The quality and n tore of variation 

or the element oxides have boon diccusod bolo .Chcmiea 

nnalyols data given by Phadito maid ` iir'ron(1)68) hcvo boon 

given in 'tab1+ ( 3 ) for comparison and havo boon discussed 

elsewhere, 
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'r 4 #%L E ND . S 

tint ale Fe nit is Carbo natitov 
we» 

Sediment 	y Granite 
g  tas5 

cycnit 
(1)  

limestone  

3jO 	0,35 58.63 795 16,84 2.23 2.60 
A1203 	15* aD • 12, 60 2.5 2.60 p. ntl p,nii 
PG0 	1052. 1063 p,nil 1*76 8.91 p,nil 
6203 	2.4€7 10.16 14.46 12. 	3 9 x'0 2. 
CaO 36 1,60 37.69 27.95 27.46 30.46 
?igO 	6„70 3,14 3.08 6.97 10,95 20,63 
r'620 	4*60 460 1#04 0 .78 6113 0.04 

7,32 K2 
	

p.nil p,nil p.nil p.nii p.nil 
Total loss 
on igniti- 
on corroat- 
ed for PeQ 0.82 1.43 32.20 1.07 39.31 44.11 content only 
BO 	0*60 0.76 0,51 p.bii p.nil p,nil 
in0 	0,03 0,03 6,68 1.24 0,,76 0,07 
Tj02 	0,21 0,12 0*16 040 .p,nil p,nil 

e r h 	pauil p.,n 	. p,ni . 6.94 P. 	I. p*n . Oxides 
(Nb+Ta)265 p.nil p.nil p.nil p.r~i1 p.nil 
T 02 	0.01 0,01 0.,01 0,04 0,Oj 0„41 
P202 	0.14 0,92 0,69 7.41 p,rtl 0.04 
F 	p* nil p.r it p.nil  p,nil p,nil p,nil 
Cl' 	0.01 p.nil Panil 0.04 0001 0.01 
Total 8 
a's 503 	p.nil p.nil p.nil p .nil p,nil 
CO2 	p.nil 1.12 27.23 13,60 37.10 41,71 
.H22 	0,08 0.5 0,45 0*20 0„34 0,16 
+H20 	0.74 
(by d . tf 

0,06 4.62 3.? 1,86 2,0 P6► 
erorep ) 
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This .swan as a good indicator of variation i it' ifl 

tho difforont ro a.1t has an average range of 1.85 x»2.0 ' 

in the Eeuhaugites,3.05 — 3.8? -$oVttea,0,86l.Q4% Opotites, 

• 49.28 — 8.32 — fo .too and 66, - ?1.47 In the granites.. 

more or lea c gradual decrease in 51012  content from Sovites 

through Rau augitna to Apatitoa can be obcerved.The one high 

value of $102  in the Rauhaugites may be due to tho presence 

of much amphibole or duo to orror in analysis. 

TOO , Content 

Being a very diagnostic ch+c ical constituent in the 

carbonatltoc,aro found t© vtry betuoen 0.10 — O,86.Thono  

could be localized in the mognotitea associatedwiththo 
rocks and a fa w grans of spbeno,.to shrrp variation in their 

contents have been found batuoan $ovites,flauhaug .tes and 

'onite,Dit since the apatite veins beer relatively more 
rnagfletitiea occurring in clustors,tbey seem to bavo higher 

valuas of Ti.c 20  

Al J Content 

Th rso rang botroon 11.945 — 13.74 in the reibeckito 

fonites.much leas than the country rocks — gr'anitos having 

values above 14.,.0% obviously due to the large concentration 

of lumino silicates in there Thay vary from 1.78 — 2.66 in 
the various sovites and rathaufitos nearly absent in apatite 



voin The variation of xo + A1203  against Sj 2  has been 
given in Fig (5 )* 

Ranges from 8i8 — 14.5'?  in the rauhnugites and of 
average 7#90 in the aovitOO116,O'% in the apotito veins and 
ciderito, Avorogo is around 105 in the fonitos. Zion oxides 
are mainly loea'ijiod in the mognotite grains in the opatito 
veins, and rauhaugitca chile they may also ho due to baem:atite 

contamination and stains in rauhougites covite and fofitel3. 

PGO and Pa203 V atu s for the motacomtizod rocks are 
higher due to 1ibor tion of Iron ozido on oxidation and 

leaching which might have later boon transported in solution 
meati.ng the broeciatod rock coif cninot ing th-om, 

Having a range bettroøn 9.95 16.61 " In the dolomitic 

carb©nat it os, docroaso in range to 3.64 3,94 in the Gavito 
becomes insignificant in apatiteg voirzs cnd varies from .38' 

4.76 "' in the fonitos,Tho 4gO content in rouhaugitos is 
obvioun,hut th000 in tanitoa may be duo to partial post-toctonie 

dolotniti&at1an of the roacza. 

'bt much vartetion is observed in the rocks azcopt 

a foi rocks In which they are h'ghor especially 24/8B6. 



Boing of high range in the . sites 48.3 -4486,Xt 

lovers to a range of 25.10 - 35,06 in the rauhaugitos 

i re the Ca CO3 contents varies wit iin 15 of the ro& v 
teas .n apatito veins.,,, averaging 17 significant in ntderite 

cai'bouotitOS end insignificant in fenites. 

NapQ Content 

It averages to 4.? in the fonttes.4,O in the granites 

and very less In earbonitites.Tha higher values in fer .tes 

are due to the increase in the  To n!nphibole contents nt of the 

rock 
K 4 content 

These are definitely higher in the fenitizod rocks 

ile they are very InsigntfIcnt in the crbonatItos 

less then O,3 in the gran ites.Tho incase in the Pe .tic 

racks may be duo to a definite doerooso in the silicate 

43OfltOflt. 

onto nt 
1angos from 241 5 - 8.03 In the ra h ugitns 

2,26 2.93 in sovites$  44 - 466 in apatito veins. Very 

loss in fonitos 0,49 - 0.88 and Insignificnnt in untold 

grt►itoo. 'rho apatitoa are mainly hyd my-apatites an 

confirmed by x-ray analysis, 
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C©e content 

These wore found to very according to the carbonate 
ntonto Of the roc.The j0 cOnte Of the rock can be 

got by dttferonco. 

FEErIv 	4LI0L 

8102 V (22O+ Al, pd 	1'd, ) 

The variation of K P, M03, Plao'tiith 8102 have boon 

tested.Graph( S ) ohaoa a graduAl increase in the total 
values of the throe oxide ulth respect to si .icu,Thi shove 
a sympathetic relationship betvoon the proportion of the 
tame oxides and c i li r ndi.oxi do. 

j s0+I4 9 J V Eoa#Po ,a 4,siIV~ ~I..~. 

The Iron oxidee seems to be low in the rauhougitos, 
very lose In the sovitea and high in the €)tite Volns, 

cppreciable in the sidorites. A_j • 6 

(Ca C01  4g CO3 +Fo CO.) Vs - P20 

Here the variation of P206 in relation to the total 
carbormtea have been givon P205 values for rouhougites are 
very high, lose in sovites and sideritee# r-,9.7 

4) Vs 2  '0 

Si02 varies much in relation to C 0+MgO in rauh ougites,i. 
slightly less in sovitos and very less In apatitos.. 
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CHI TER VI 

ACC E_ IIMPt E 

~7 

The authoa s sincere intension was to subject the various el 

types associated with the earbonatites of ikawaa* 	$ a 

at least for fourteen Important diagnostic trace elements but 

he could not au ood in getting proper laboratory facil1t1ea, 

This restricted the scope of the study.. Renee the author hen 

to be aatisfiod with whatever trace element doterrninat10a that 

could be cam with the Emission Spectrometer tailored specially 

f +r the I.P.E. requirements at Dahra Dun iihich the author mould 

finally avail himself,# 

Four samples (powdor ). were analyao&They arc 

24/607,241609,24/'627 and a limestone from Khetri 	ch has 

been hinted as a earbonatite. 

The analysis were done on the Compact Atom Counter.. 

Model 66 —O ,, Experimental details arc as follows: 

b.C, Are current 8 amperes 

Pre-'ozpoouro tire 2 minutes 

Exposure time 	10 minutes 

The counts were calibrated against *89" standards in 

graphite matr .The to owing table gives the results+C1ab1e 4) 



I 

f 

I 

9 

p 

..4  

I 
o 

o o 

0 

I 0 

8 

8 

t 

t 

to 
cm 

C 



As can be seen from the above table, compzri ng i ith the 

average Ppm.00ntez s of the observed elements in average a bo' 

nstites as given by Gold(1963) and the qualitst ve spectrographic 

analysis table of Phadke and Pubngran(l 8) given it ou1d be 

seen that the results of the present onslysis are some at 

erratic but since this is the first quantitative analysis done 

by any invest,igvtor the author fools they sk uld be reported. 

These results when compared to those of Phsdke and Jbingran 

(1968) (refer table s ). 

~rrc;;~.r,a:~wiw~~r~wwnnrrwerri r.i 	it r~lq 

Cu 	— Moderato 

Co 	Moderate 

V 	-• 	don ►te 

B. 	— Ioderoto 

Mo 	— Moderate to strop,; 

Cr 

Present recu t 

60 ppm 

25 ppm 

85 ppm 

86 ppm 

45 ppm 
60 ,)pm 

Thus the author to not dorivtn any conclusion on 

the basis of trace element results given here 
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The Study was carried out with the solo view or finding 

out minerals and mineral assemblages not reported by prooiou r 
workers: and identification of the various carbonate species 

ae8emb1tga Uhiah otherwise would have to be determined by nvon-' 
do l stathd:.xa methods, 

gaoeapie description of the sarnpies chOo en for study 
are given below: 

14. 24/628/ZI Contact a c i ate so ro eroon fine grained 
2,  24//X2 COUtCat fine grained carbonate rock-bro 	. 
3,  24/628/x3 - Coarse grai x d buff colouro4 carbonate rock 

4,  24/G22/ , - 3rounish 'band - carbonate I'OCk coarse ;rained 
5 24/622/iC5 Groylab carbonate roc-coarse grained 
d, 24/621 -- Pine grained 'molaa#cratie carbonatito dyko 
7.  4/607 Coarse grainod brown to gin 	carbonatito 
8.  24/609 - t4asivo coarse grainod leucocmotic eorbo 	tito 
9.  4/62? - Coarse to medium grained earbonetito -groy 

10, 24/668 FeSipathia fenite-coarse greina 	gnaisstc 
ii. 24/669 Granite country roek,eoarso grainod 
12, 24/670 . Pegmatitic rock in the grenitos-pinic coarse 

gre ned, 

13. 24/688 Vetn from the ea.rbouatite roc s( `ewanie) 

The rooks wore crushed by 'her to pea sI zo,washod with 

soap and Cator to remove surface riatorial and dried in the sun 
for a day. 80 grans of thoso are samplod and crushod in a diamond. 
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&E l ST 'DIES 

X-ray difraetion titudiec were carried out on fifteen(15) 

GatltDies of the variou 	onatiteossociatod telepathic 

fenites and the country rock graniteson a iimited acaio.theso 

also includes two carbon to rock samples found associated with 

the = etri Copper doposita. Tho studios Taro done at the Insti-
tute of Potro1i E ploratian, D ro Oun with a General Electric 

X-ray Diffractomatar using Cu Kø radiation operrting at 36 '(' 

power 15m A, with electronically controlled self recording, 

Area of p0udor specimen 

covered by &ray 	— 5 x 8 mm 

Scanning speed 	 2°  2 

Chart speed 	 24 inch/ ` 

Time c nstant 	 0„£ coo. 

Copper target - 	 1,5405 

at && 10 ft it era 

All powder pnc k aumplo irna run from 2°  - 50 with a 
20 

scanning speed Of 2a/rn. All patterns voro obtairsd at 22°C 

room temperature. 

1 &) Z 77 7 	r  
p Dor ,* r r A F TT RRACk7 
ThALtIRR4RY UW{VERSI Y OF &j 

k 



The study was carried out with the sole view of finding 

out minerals and inc,ro . assemblages not reportod by prov1oug 
,orkors and identification of the v iouo carbonate species 
ease:~abiagos hi h otherwise Would have to be determined by neon. 
tional StOtfltnFj methods,, 

Vlega iapic description of the samples cbooøn for study 
are given ' lows 

le 24/628X CnntaCt 	chistogo z'oc groon Pine grained 
2.  24/62/X2 COntcot, fine groinod carbonate ro•browt 
3.  /628/x3 - Coarse grain 	buff colour+ 4 carbonate rock 
4,  24/622/i4 -~ un.ch bond - carbonate rocc. coarse groinod 
5,  24/62/X5 - Greyish carbo r t o rocs-coarse 	;rained 
6,  24/622 Fine gratncdmolanort1e corbonatito dyke 
7. 4/60? Coarse grai 	d brown to pink carbonatito 
8 24/609 t'Xasaivo aosrso grthod louco+ratic earbbo 	tito 
9,  24/62? Coarse to medium .grathod cn bonatlt 	groy 

10,  2416 -* Feslpathj0 fenite-'aorse grotno 	gnoissi0 
ii. 24/669 Granite country rock, 	arse gratn3d 
12,  24/670 Pegnotitie rodc 	 n the granitos-pink coarse 

grained,, 
13,  24/685 Vein from the earbonatito tootncticwQDi.a) 

The rooks wore crushed by hncr to pea size,-resbad with 
soap and water to remove surface material and dried In the sun 

for a day.80 grins of too are sOn plod and crushed in 0 diamond 
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head steel mot ar to 200 mesh*  50 grams were reduced to 
...200 mesh  B. &,, 

Intenees where different portions of the rook arc to. be 
investigated sepa ately,tl ey were crushed till the required 
portions are 1ibcratec,#waehed t t an+ p .c ed' then crushed, The 
various minerals that have been Ida  idontifiød in the deffractogramo 
have been given below. Conversion from 20 to d values wore done 
directly with the help of conversion tables given by Carrmr(1 ) 
for certain mtnerals.Others were Identified from 	ay power data 
given by otov(1 	), 

" Mineral, 26 a d rill 

Dote 30,90 15.425 2,90 104 v s 
44,60 22.3 • 2.02 202 W 

40,80 20,4 2.21 '113 S 

37.20  18.6 2.42 110 w 

23.80 11.9 3.73 102 W 

44.95 22.475 2,01 202  

41.1 	. 20,55 . 2.19 113 S 
37.35 18.675 2.41 110 W 

S5,30 17.65 2.54 105 ,n► 
33.50 16,75 2.67 006 w 

24.0 12,00  3,70 102 5 
VS- VERY 	SYRoNG, 	S. ST cN6► , 	W - wEAK, Vw- vErLy 	WEAK 
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Calcite 	23.5 U s 29.7 14,85 3,04 104 

35.9 17J5 2. SD x.10 v w 

39.5 19075 2.29 113 vw 

43.4 21.? 2..10 202 '~► 
47.5 * 7.5 1,91 2,08 

• 48..5 24.25 1081 116 

Siderito 	32,0 VS 16,0 2.78 104 

38.5 19.25 2.85 6110 w 

41*7 20.85 2.13 113 S 

43.2 21.1 2.13 113 

50.? 25,35 1, 800 204 v W 

53.4 26.2 1,736 108 v/ 

Apatite 	21.0 90 1095 4.09 200 vW 

25.90 13095 3.44 002  W 

13.85 p.22 102 

31.75 15«875 f-.81 211 VW 

16.00 2.79 12 N S 
32,90  16,45 2,72 300 S 

.1 17.05 2.£3 202 vv\J 
46., 9 23.45 1,94 222 5 
49*2 24.6 186 213 vvV 
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2 3 4 5 

ibeekite 28.5 14,25 3,13 S 

19,6 9*8 4.529 VW 

10,5 s,, 26 9 8.429 VS 

10,6 5.3 8.345  

Mjerocbne 46.6 22.8 p.99  
42.0 21,0 2,16.  

2707 13,$08 3.122 vS 

10.5 4.18 W 

ctz 42.7 211,35 2,12 200 v~ 

40.5 20.25 P,87 102 v W 

3(3,6 18.30 2,45 110 S 

26.7 13*38 3,34 101 vS 

20.9 10,45 4.,26 100 vw 

48,6 22.80 1,98 201 v~► 

42.,4 21,20 ^o ; 4X31 200 V W 

40.25 20.125- c-.4 tU v w 

3905 19,75 2. 102 
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...... 

3 4 5 

Orthoclase 30,5 15. ► 222 S 
29.6 14,$0 3007  1 	; S 

• 25.7 12.85 3,466 . S 

9 12,45 ,57 1 vvni 
2101 10*66 4,24 201 S 

13* a6 6,926 6.52 0 

23.45 11.726 3,79  

5.87 111  

22, 5 11.25 20 4 l3 . N W 

'; 12,15 p.62 131 VN 

26.6 13.3 3,3 220 v g 

Albite 13.85 6.925 6,39 001 
22.75 11,375 4.-Q 201 w 

22.6 11.75 2*" 111 S 

24.25 12,125 2.68 130 S 

27.9 13,95 ,20 002 'IS  

28,05 14,025 2,179 220 V S 

Hornblende 42.x' 23.*0 20151 ~L$ 

Baernatlte 	3312 16..6 2,69 104 'V S 

49,6 24,.8 1,*aS 204  
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C T A PT B. A— VIII 

Staining served an an important tool In t e present 

context Of investlgatlon,with whichh identification of 

calcites and dolomites have been made simple and lose 
cumbersome. 

Sin., a the proportion of calcites and c)iomitos alone 

leads to the classifying of the rock es soy Ito or rsuhsugito, 

staining was done on (a) outcrops exposed In the area of 

tnvostigetio ,(b) on polished surfoces and (c) specially 

prepared rook slices in the laboratory. 

AlizarinRed 3 organic stoins wore employed for the 

purpose. For approximate  determination in the field 0.1 gm.of 
Aiizarin Rod 8 was added to 1*1 dilute Hcl,paekod in a special 
acid polythene bottle whir releases only drops of acid on 
pressing. 

Freshly broken surfaces of the outcrops were tested.It 

vas found that calcite rich rooks offerverse very readily 
attaining a reddish pink stain within a few seconds,vhilo 
dolomites and dolomite rich roekc offorvosco loss readily, 

becomingstain d only after several minutes (might be due to 

over oxposure).Several parts of the outcrops were thus tented 
while napping. 
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In the laboratory rOCk slices 0,5 rim thick 'orO prepared. 

for 7 aanplos and the staining solution was prepared as follows* 

Dissolving 091 gI of 112.Qrin Red $ in 100 ml.of 4, 2 Bel, 

The slices iere then etched in dilute Hydrochloric acid. 

chocked often under a bincular microscope ether etching hss 

produced sufficient reltof.They were then put into the stain 

solution till sufficient contrast tscttoined. Usually it took 

shout 3 minutes for calcites to stain radd .sh,%hilo dolomites 

rosin unctoinDd or bcr. 	pale pink on long exposures* 

The proportions of erleitn tier o then done uelly under 

a bi culor mieroscopo.Tho results ore given bolows 

S . 	 cpio5L  

x 	 24/600 	 j4,0 

9 24/607 17.0 

3 4/609 2l0 

4 24/6 86.0 

5 24/640  
6 24/686 6,0 

7 tiwntone from Khotri 9.0 

The di ` 'Ornmev gives the porcontr go of othor carbonates 

and silicates. 
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R1~DION E Bl tT IES 

Every ole nt has a preferred ratio of ' routes ns and 

protons tnd it an isotope contains auch number of protons 

and neutrons that their ratio differs from the preferred ratio 

the risuelous boeomss unstable. Probably tremendous onorgios were 
required to build up and hold these nuclei together in tho 
very early stages of the earth's history.Sudi 	eler 	nts 
transmutatos spontaneously to another element to attain otoblo 
eonfiguration,reloaatng energy in the process, in the form of 
alpha or b'ota particles, accompanied b r Jootromsgstia radiation 
(gamma). The disintergrstiou results In the formation of a no r 

oL nt if it too happehs to be radioaetivo,it dicintegraten 
again to attain stabiiity,Thia may go on covering a few elements 

giving a radioactive series. 

It has been established that the rate of radioactive 

disintegratiin(d#t/dt) of atoms of a given element at any 

instant of time (t). is proportional to the number ( ) of 

atoms present at that instant le, 

sit 

'hero A is the disinto ;ration or decay eonstcnt,vhich ropreconto 

the fraction of atoms that disintegrate in a Unit timo.Its value 
is faxed for any given element and persist in the most divorso 
env irO Yalent a. 
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AU elements ho ing their atomic number more then 83 are 
unstcble and thoroforo,,radi a ti,a but 9 few bevtig lossor 
A:t o r s, are also radioactive. 

It is customary to a ress energy in terms of electron 

volts(ov ),miltions of electron volts(Hev ). An electron volt 
Is the kinetic energy acquired by an electron falling through 
a ,potential ditforonco of I volt and is equal to 1.6 x 10 	erg, 
Natural alpha particles usually have energies of several Novi 
bets rays range from fractions of an cr to several Mø, and most 
natural gamma rays have enorg es of the order of 1 Mov. 

Tho energy of an alpha particle is otvayo discrete, 
carries cars nci d3rablo onirgy, stopped by thin shoot of paper, only 
30 microno this t surface layer of rock or minoral opoolaon to 
effective for oxcinstion. 

A neutron disintegrates to a proton and eloetron.The 

former remains in the nucleus and the later( particles) lonvos 

the nucleus pen3trotion, tow millimeters in rocks.Bota decay to 
ossocistod with the omission of noutr in°p( a light particle of 
mans lass than 1/100th of an olectron,,possoss no electric charge, 
penetrative power of noutrir matte is about a million timso 

that of gamma rays. Due to its negligible mans and neutral charge, 
it produce no ionization) of different onirgies and the total 
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energy available is aharod bo ioon t o bota particle and the 

nnutrina,Tberofaro the-' bets spectrum is continuous. Greatest 

penetration of onorgetic bota particles is a few mms4  in roc c. 

The nuclei of radioactive elements after oclitt ing or 

radi.Aion are in an excited tat.Jhon the excited nucleus 

changes into ground st&te,tho excess energy Is emitted in the form 

of oleetromogrtic rodt tio%similor in nature to light rays and 

x-rays having acne velocity but higher energy,.. 

At any point in space, a gau o ray quanta traiolo with 
10 

the velocity of light (C 3 x 10 cn,/soc) end with frequency 

determined by its onorc its vavolonrjth ?i (= e/y ) usually 

varies between 10. cm, The energy of gaeita quanta is given by 

Er = by 	g tihoro h = 6,63 r 102'? era#  coo. Is the Ploncit's 

conotnt, Gamma ray spectrum is a line spectrum,howover ono 

and the seme olo ont obits more than one monochromatic urn with 

widely differing on rgios*E1oetromcgnct to radiatioas originating 

within the atom but outsi.de the nuelous are called rays. 

The carbonate rocks of =Nounnio more suspoatod to be 

aarbo tites by K.K. Der(1964),aaloly on the basis of their 

radioactive r turo,But r► subsequent inaootig taro have paid 

hcdd for the nature of radi000tivity,Six powdered zrnmplos 

<200moah) of the carbonstito rooks were studied using a gcnma 

ray spectrometer, 
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'Ibe genic compannta of Gu 	Ray Spectrometer and their 
functions are given bolov: 

Radioactiv 
source 

$cI:r xtwr  

PR QNU t I-~ 
PLtER TUBE 

Mip13.fiezj I 	tt~ 
i

c~~s~~.l ___ 	
LE,R 

RIG-11 VOLTAGE 
PCBER SUPPLY Prose 

Th sci il1ntor consists of c thallium activated codiuza. 

Iodide wstal(ftphospbor") which gives a burst of lir ht tihon 

struck by gamma ray* 

Th p tomultiplicr tuba produces olectriccl pulsoc for 

enab burst of light fihct impiMas on it.bocomos effective under 

high voltages# 

Poises produced by the photorultiplior tube is amplified 

by an arplifier unit, 

Every e1omort emit energy radiation of e'crFetorktie peaks 

of count rate, at cicrncteristte tiaVO leng ,Honco to record 

count rates cons aj from different oi, ont sourco at different 
,avolengt'h a taultiehan l onolysor i provided with the 

3poctromotor41n tho present instrument 630 channels can be 

analysed simultaneously. 

A procot timer is provided to count all diserot pulses 

arr ivi n:; during a desired interval of time,, 
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Facilities to store counts arriving in the v crious channels 

to give a total count value at the and of the preset time is 

also present. Total number of counts in each channel were automatic 

fly printed by Teleprinter device*. 

The instrument was calibrated by using a standard camplo 

of Cesium l37.The six powder veples of equal Meight wore counted 

undor the some geometrical conditions as the standard with respect 

to the scintillation counter. 

The plots of the no.of eauts per 1000 seco.Vs.Channol 

number for only four sampioo hsvo boon givoil since nearly all 

eight plots shauod the oz o amber and quality of peaks. 

The peak of otandcrd Cesium 137 was at the 386th channel 

which is equive►lont to an energy of G61 1cov Tho plots gave 

peaks t the 

1.  52nd channel = 	89,05 Key 

2.  21st channel = 	35.95 Kerr. 

31  loth channol = 17.124 Ke' . 
as given b 6LX 52 and so On 

386 
The energy 17.24 Iay. c orreopo ndc to an x-ray peak while the 

other 2 are photopecks... 

The results were matched with standard curves for 

niobuim#uranium, aeri= etc. and it was found th et the two Ponta 

correspond to those Of Ce (Cerium) which, gives throe pecks at 



0. 923 ntay. 

with Cerium disintegr tiig 

to give tarzthjrn 

0.328 rnev, 

Ce 140 

Le 140 
57 

The results obtained from plots are 

1. 17.124 1.xeV 
2, 35.96 test., 

3. 89.Q5 MOV ,. 

The first oorreapoG to an X ray peak While the other 
two rres nds to the two out Of the three peaks for .,erlum., 

TI a aenplea represent all urxicties of carbonctitca 

24/609, 24/621, 24/622,24/632, 24/ l and 24/660. All of those 
WexO fOund to be radioactiva l the toot Possible source element 
being Cerium Q' 	disintegrating to Lentht~num.Thoy seem to 58 
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0, 923 m v. 

with cerium disiegrtIg  
to give, tanthenum 
	 0 81 mev. 

Ca 340 

41 

La 140 
67 

The .r,a uita obtetned !tea plots are 

I* l7v124 May 	,,.7 r -a, 
35. 06 : aav, 

r~~ r 

3. Oa.06 Nev, i 

The firsteorres eg to an xray peek while t other 
two c responds to the two of t of the three Peaks forceritt. 

The samples repr axt all vpisti r* of c bon'st tog 

and 24/660. All of tba 
were fbwii to be tsdioa t t e, 	Mot poseible louree eleaert 
b.irj Ceriva 	'`0 disintegretin to t8nths .They seem to 

as 



, stein the same rad active element in approximately s s 
concentration,  s ice, equal aunts of samples were t alten.They 
emit the some amount of radioactive - energy in - all sa ples 
This may suggest th;t the carbonatItes have radioactive elements 
more or lose uniformly distributed in all the varieties which 
leads us row re in confIrzninp the garage tid sequence of the 
different varieties of cur n&tites. 
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CR APTI.R IX 

The c borate rocks of Kika as—Z Irani has lead difforent 

inventigatori to .interpret them difforontly..GuptC, has grouped 

those rocks with the travahli suite of rooks(934).Heron(1953 ) 

agno significance as he mapped thorn ao Aravalli Schiats and 

biotite schists. K,K Dar(196 4) suggested these to be an 

occtrronco of ccrbonotitea ctctod In ' his pspor1  at NouQnic a 

highly foldedr coleareous Crcnu .itic rock Thick may be covito 

or 'beer title sovito but hat; been tontativoly named oryotailino 

limestone containing oalcito,chiorito,biotito,apatito,cjuortz, 

magnetite and a minoral of pyrocetoro icrolito effinitioa 

occurs in a large poataravaUi granite intruøtvo, 

Phodk€o and Pubri,ran (. b8) havo ohown these to be eorbo-

natite rocks hOVin alkelino magmotic tfinitio.Thoy have aico 

given n vague grouping of the intrusive carbonatitec of the area 

as 
1#  G enich grey to dark brown Barb natito bodies containing 

radio to coarno graiand dolomitotecleitelankorito and sidorito. 

- . Those are actually the haolr-titic ovitca and rauhaugito-s 

mentioned by the author s  

P. r rk 'brown dykoc of carbonth.tea,Thoso are probably the cone  

shoots ,of fine grained heematitic rauhaugtte and covito with 

magriotitos and biotitoa no accessory, 

66 



CaLctte veins traversing all rooks,, 

These third group of calcite veins are very minor in 

spatial o,ctont,'hut z previous worker has mentioned the 

occurrence of haemat .t# rich veins in the main outcrop of 
carhonotlta near Kikcwas villa: o UN1 of the temple#, 

Y'aday.P-K,(1969,p f 67) has mentioned that he did not find 
ay atruitures like cons aeeta,stooks tfd plzgs,uhich the 
present work has brought to light )o the Ares nco of cone 
soots and plugs, 

He further orguo s that a control corbo notito core 

enclosed by a ring complex of felapothoidai rocks, which are 

nococasry to prove a carbonatito as suggested by Tuttle and 
Githiriay,8m th(1956) are not found at 1 unnio3  the above shone 
that Y'adav has misinterpreted the observations he had made in 

tho fiold4 He has in fact observed that be has not found any 
dark brown sarbonatito. but that some brown coloured, oarbonnto 

bonds occur in the gra cite and granite marble cortact,sorno of 

those dipping 3Q0 M300  towards the main mar'bie.Thaae were 

aetuaily tho intrusions of fine, grained carbonatito within the 
foDiti.geu rocks.. 

The presence of these hoomatitie sovito-irauhau .to Conn 

sheets or dikes within the fnitIzod zone as distinguished 

from the main plug may lead to the suggestion that these two 

67 
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have been emplaced from different centres of manatic activity, 

th, fine grained carbonattes intruded from shallower depths 

as compared to the carbon ices In the main plug,howover some 
interconnected weak planes tapped these centres which must have 

resulted in these rocko (tiny gz'ainod earbonatites) finding their 

way within the main pl g,However,the depth of the earborntitie 
magma generation and the nature of i ntz us 10 n, h ether through 
a single conduit or several, remains to be investigated, 

Mile discussing fnnitiz.ation of the fine generalized 

zones of tenitization given by iio ri+ (i?66) only the first 
three can be found at !ewa nia. hoy are 

1. The shatter Zon3,with metasomatic veinlots,margtnal 
alteration(tbormai shock monow'on Eckormann(1 8 ) 

2, Fonito with relict quartz(Quartz ayonito zone) 
S3. Potash, 'elspaz' 	degt rind Portite 	no(Alkaii ayonit+ zone) 

Zone to.2 is is absolutely or nearly absent due to the intensive 
metasomatism of the coitaet graniteshieh has resulted in near 
complete oiaminet ion of quart z.How ver, Zone Mc, 3 is the most 

predomi nt, i)ino In the 3rd zone is represented by Roiboekjto 

and a little hornblende which have formed in preference to 
AAe .ne due to favourable pressure temperature conditions which 

are governed by depth tactor,vhId causes a variation in the 
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results of fonitization with similar ca bsnatites and similar 

wall rocka,such as propondorenee of orphiboles over gyro cones 
Hetrwieh(1986.). 

T a 4th and 6th Zones given above involves dosaturation or 

pheitnizotion$whiah is absolutely' ahaent„it could be duo to the 
fact that the SiO content of the original host rack(Biotit -

2 
Ipidcte granite) were present in exc. ss of that subtroeed 
during the initial stages of fanitization thi h ou1d otherwise 

result in flepbelinizotion of the rooks in the terminal Stages 

of fanitization proccsa,Von ekormann(l9). 

The factors responsible for variation in the results of 

fenit izat ion aro , ecording to Dnvson(1964a) t 

1) Ma jor vark, ctions in composition of anrbonatitosc uagmae 
especially in proportions of the ions K ., ` 9 CG2+*I-I824,Fo2+ and 
Mn2  which apparently have different rates of reactivity with 

wallrook 

2) Different types of wall rook* 	t axvt 

To the above Hoinri (1966) has addod that with btintlar  

carbonatttes and similar wall rocks the result of fanitization 

may vary with the pressure temperature a iron ant,,ouch as pra-
ponderenee of amphiboles over pyroxena.thus his contribution to 

to a third factor* 
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3) Depth and ter±peret o at rich tho solution ronets with 

the vail rock. 

Having the above in view the o bomstite ntagia at Nana is 

had higher proportiona of K", ot,  Fo* which bad higher rates 

of rooctivity with the wail rock as evidenced by addition of 

the above coritOrts in the wail rook causing characteristic 

modifications and the dept t 	rsture eriv1xonmont was such 

that the doveioprnent of ainphibolos for over iholms thoso of 

pyrorenes, 

Folspothizetion has been a pro-carbonatitie shor tion, 

whichhas suffered pøst—toritizGtion breediation but those rook 

have not unorgono any significant degree of earbonatizotiori. 

So.other(1958) has calculated that that of Fen 

Al  0 
CaO, C0 and Cot  have boon addod b r 2% to tho original 

C iss to produce tenite,ibi10 6102 hrs been removed by 8 ,At 

Hewn ,u N 20  + 2O3 C O+i O+C0 bavo boon added up to an 

ova rage of 	 afld Si02  removed by P.4 ..This sign"' i+os the 

intense degree of fo itizatton that has taken place,, 

Tho presence of boiea of ten itized neck in the fine 

gralnod in the wafl cuttings roughly 10 metres doop,which the 

previous morkors were unable to observe sing the 1lc era being 

duggd recently, 

Considering the suggestion made by Yadav(1 9) tic ct the 

sodimontary carbonates h,rvo been regenerated by -tho high tom 

porsturos produced by the intrusion of granite into them 



(Anatexis),it loads us to the question as to why then the 

petrographic and petrochemical differences batvoon the ruin 

oarbonatito body and the fine grained earbonatites it1th the 

Emits zone? They are supposed to be from the same material 

suffering anatoxis at the same depth, 

Further if t o take that the granites have been In ruded 

Into the csrbonatitoa* it should be evidenced by intrusive 

features of all aceles,r'ieroscopie,mesoseopie and mogasoopic 

though megaseopic evidneco,in the form of apophysas of fenitizod 

granite occurrence at 60 metres depth(from bore hole data) 

Yadav (3.969) has been reported, it is rat convincing. 

Catnolestie metamorphism Of the xonolithiechloritc schist 

bonds kithth the main plug of oarbonatites Provos that the 

op_rbonatites rre younp;or than grcnitos and  anI have been intruded 

into the granitic and schistose roe. 

Carbonatites are uselly associated with alkaline roekn 

like I jolites. Urtttes, phelenites,ann in an idealized carbo- 

natitle ring complex the main rock units found. outwards - inwards 

would be -as given by Heinrich (1966), 

1*  ''ante 

, opho1ons Syenito 

3, Urtite 

4„I3olito 

S. Melteigite 

6. C arbo natito, 

71 
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Similarly ot orttiarnh1 UAu(B3rodin at al.,19f ) the eor  

l n-Mites are f1antod in the oust by syo  ,to$ and on the vest 

by pyroxenitos, 4t Jogipotti,, nearby*they occur within aye rite 

rnasced in the form Of ion es." rey o1 with erystallino 1i me 

ctono which boVo aid differont gco1ogtoai setting and tairxora3o 

gical onaomblagoa.l3ut 	in the present area such alk alino rocks 

arc not obaorvOd,vhieb øhould be rated. 

Further it is intoro ing to note that corbonstito ro&&s 

arc found in intrusive coEpiexca usually occupy only lO`" or Zoos 

of the total area of the poralke ine ro& s (H nrioh 3966). In 

vier of the above observation wing of al. ilo iosttgatig tho 

volume of the c:OfOO is volcanic material in astorn Uganda and 
and tectorr Kenya atticatod thorn to be 30,000 ou.ktns. in ihich  

tt'epbo1ioltea tore the dominant rocks.ThOY also projoetod the 

ace occupied by ijoltten,ca'bonatitoa and alec associated  

roe o to a depth of 10 1ms.giving a totel volurno of 1200 cu. 
It vas found only 2.5 are intrusive i jo itos tai fle 0.5 wore 

carbonatitOS. 

Thus at iowanio. if we eancidor it as a carbon3tito 
differentiated from anA1ko1ino rnagmct,it woild represent the 

0.5 of the total volume of Alkali zoo maw to give this much 

differontintcd,bflt unforunatoly n other alkoline difforontiotos 

are found present. This lance to the concluoion that theao 
carborintltos hvo not ort$tnatod by direct differential erystc— 

llizatiori from a donse fluid magma of Alkaline affinities 
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B processing the evi d ococ already available the 
News .e earbonatitos ou1d be the result of recrystaliizetion 

of reiiobilizod phosphate and iron rich sedimentery ear 	to 
rock at depth 

Pure mieroeoopi.0 examinations of the #srboflatito sumplos 
did not sh€ w the presenceof any identifiable rare-earth minerals 
but apoasiblljty Is there that they might have been overlookod 

due to the r rarity or due to their 't iir. Bub—tcresrapic but these 
do not prove that these era not a b*nstitea.Sethne(1971) has 
mentioned that though he could rot detect any 4isgrnst'ic minerals 
in thin sections of the earbonstitos of hs ngrr,) t tJarat,tra 
element analysis has proved the presence of rare-earth Contents. 

Dean and Pot,o l(18 ) has nDted that individually high 
contents of an element like phosphorous, stontiun or barium 
(in the ease of mania phosphorous and Titanium) emit be 
regarded as diagnostic of carbonatitos but collootive enrichment  
of several elc eats liko the most eh setori Mtic nloblurn,certum, 
Lautha ,tm,st ntiu*~;'batrium,pha$pho caul would definitely be in 
favour of a earbonattp origin. 

Unfartunatoiy the author wall not able to do trace element 
anaiyel5 done for tho above six iz2portont diag still oicmants, 
Hence 10 conclusion could be draun In these li s. How ever,, corium 
has 'teen founj present In appreciable arounts in all the carbo-
natites through radiometric studios.. 
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The uturo of ocurronco of the apatite veins sometimes 

cross—ztti.ag ro .atisna tps i4th covites,rauhaugiteu- and 

ag aiatod carbonatites within the main plug their texture and 

numoralogy,thy appear to be low tetiperattw o,fraeturo tilled bodies 

They must be post to *r icc since they are found in almost CU 

varieties or ccrbonatites.Thoy also have thuariably sharp tronsI-

tional contacts with the hoot rocks. 

concentration of high volatilos dia l ag late stage cr tn-
,iization would have kept the rosidui1 liquid rich In pboaphorous 

iron and titan Lum,titonoagnotito,mUst have beg= crystallizing 

till it is Mined by apatitQ,w4ch Is evidoncod by tho incluslanm 

of magntito which the apatito coons to be partly replacing. 

Apatito c 	crystallized till phosphorous was depiotod,].ater 

subjected to filter prossin3itthieh has caused the universal 

cbractoIstIc of rounded ovoid roirm of opatito in tho deposit, 

some mcgnetite ac+ompaniod the epatitoa. 

It has been found that the habit of apatite varies, with 

their conditions of formation, apatite ery'ctal® according to 

experimental studies by tyllie et. al. ( 982) co—existing in 

oquilibrium with liquid or vapours wore small and oquont 

whereas those praaipiatod from a liquid during quenching formed 

ascIeulbr prisms exhibiting a vrarioty of parallel and skelotal 

growths, ton an ocqucous vapour phase is present it tends to 

form stubby hexagonal prisma,wben .s liquid phase is present the 
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apatite crystals are similar but with increae1n 	temperature 
they bgo me somewhat larger and better for edMaximum elongation 

, ratio 3*1,ibcrea t se preetpitatod from a liquid dig 6 

quench are greatly -elongated to the C axis 20*1. 

In view of the above the apatite crystals found izn the 
present area were amoU - and equant with maximum elongation ratio 

5t1CR.tor o ' oto a 	. a'  ), This sup its the authorb 
view that the .e apatttee were foixd from fluids in equilibrium 
with them. However, the pitted surface of no a,l, all apatite 
grains remains to be expla med. 
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corbonstitie varieties have bran given'. 

1. Emplacement of sovitos 

2, Emplacement of xa haugitea with siderito and 

Ankerito shish resulted in intorn3l flietasomatic 

alteration i•.e4 photogopitiz t on and dovelapment of 

spettto and smphibolos. 

3. Intrusion of core sheets into fornitizod rocks..Rooever 

detailed trace element and rare earth detori inotion 

have to be done to confirm the above, 

The ea rbonatitos of the area are rheomorphic in nature 

rerobillzatior nc3 amplaeomnnt of phosphorous and iron rich 

carbonate rocks at depth. 

Rot acomat ism ho boon a pro c arho netit o altor et b n which 

has suffered post fonitizat ton breociotion.Tho foinites are 

.result of ca?bonatiti.c oiplaccment and rot the result of 

intrusion, of granitic host rocks. 

Study of apatites has led to the suggestion that they 

could possibly be f eeture fillings at low tempercturo 

pressure s  in origin, 

.iniz tion,sericitiz€tion and carbonation of the 

feattizod rocks are late stage alterations. 

Firlly th# presence of abundant cerium earths in all 

varieties of corbonati.tes of the area alto supports the authors 
-JILA"a 
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On the ba si a of field observations and laboratory 

invosttg t ions the author has been led to derive tho 

following conclusions. 

Field occurrences suggestive of oiplccemont by 

intrusion of the carbonctite roeic o posed at Kik$t as'neania. 

are as follovas 

1. Several tine grainod earbonatite bodies dipping rel€a'ivoly 

more steeper irriardcwhich diffor in imposition and to ture.. 

,. A main carbowtito plug collared by a ring of metasomatigod 

rock, 

3o  Pressure of thermal stock zone around the central core. 

The carbonatites have been closaIfied into four groups., 
a) Calcite SOVito19 

b) Dolomitic Rauhaugttes 

c) Baenrntl.tic sovltes and Rauhsugites With sidoritoa, 
Aakorite in various proportions, 

d) C o shoots of hac1nntitic sovites end rauhnugiteo 

fine grained, 
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A paragenetic sequence(tentotivo) of the various 



carbonotitic Varietics have boon given, 

1, Emplacement. of sovites 

2. Emplacement of rauhaugite© with siderite and 

An erito tihich resulted in intcrn3i iuetesouatic 

alteration i•oe. photogopitizot on and development of 

apetito and sinphibolos. 

3.. Intrusion of core shoots into foni.ti.zod rocks,.However 

detailed trace eleontelement and rare earth determination 

have to be done to confirm the above,.  

The earbonatitos of the area are rhoornorphic in nature 

rerobiUzation ano omplecoment of phosphorous and iron rich 

carbonate rocks at depth, 

Motosomotism hoc boon a pro- corbonutita alterof ion which 

has ' suffered post tonittzstion brcccietion.Tho foinites are 

result of eerbenatitic emplacement and not the result of 

intrusion of granitic host rocks. 

Study of epetites has led to the suggestion that they 

could possibly be freeture fillings at low teinperturo 

pressures in oritin, 

Kaoltniztion,serie±tizct1on and ocrbonotion of the 

fenitizod rocks are late stage alterations. 
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Finally tho prosence of abundant cerium earths in all 

varieties of ckvrbonstitos of the area el~:o supports the authors 
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I .i. Shown the nutttaroua outcrops or ecrionatito 
rota of the nnain p1u.Joints trending 3 
of the p tograpti can bo n1aar1y soon in 
almosta l outcrops, 

lbo  Boud .ns of Fenitized rook onvoioped by 
fine grtind ciela ocratic roc" ;rhich has 
boon vent rod, above a roll a s in botwoo n. 

I'b,, 3 Haarncztiti c Rauh augito rock ;, ith pat cha 
of coarse g alnod ovito3,beQrirr an 
apotite vain in lire with the app3rent  
2vits liroation, 

cr.4 oovito— auhaugito rock t1igtitly sit 
foliated and folded Upper Port of photo-► 
graph, 

,.5 Vortic3lly jointed °vc to .roc with po feat 
bands of dolomite rich rock. *row. 

1 ,,6 Fine grain carbonQtite veins In the 
fonittzod zone with xenoliths of fenitizod 
roo'&.The boulder wo:vo dug out from a cull, 
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