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PREFCE

Iong back in 1834,'befcsre the sarbonstite were
rocognized as petrologicelly and economieally significant
type of rocks P, N, Boseyvhile 1mes€igating the geology of
the Harmpdo valley botwoon Hemswar and Kawant near Dei,
came across these carbomgte rocks, and the observation whieh

he made beecame the first evor recorded deseription of a
carbonatito,

He observed maa‘ses. of yellowish-alterod caleareous
s8ilicecus rocks forming tho crest of bagalt~covered ridpes.
He has mteds
1, " that theso rocks weroc moro rosistanmt to veathering end
erosion than bagalts,

2. thot they were mot bedded

3. contdnsd ro fossils .

4. that they were fins grained but crystalline

5. that they were markedly calesreous with loeal nests ang
patches of trappean-iooking substanpge~ the igneous origin
of vhich manifests under the microscope

8, the outcrop distribution is lenier and straight

7. that they vere loeslly assoclated with highly sltered and
intensely hardensd shely and sllieecous rocks,

He finally concludes that there eon be very little

doubt that ... the roexs undor motlice have been gevered ang



foreced up from the infrotrappecn beds by imtrusive rocks,
They have been most effectively boked boing rendered quite
erystalline ,.,. ang portions of them would appear to bo
converted into trappean substance,

In fact his suggostion thet these wore femed due to
remobilization of infratrappean rocks hag coms to stay as on&
of the possible modes of origin of earbonatites, After soveral
decades Sukeswala snd Udas(1983) identifiod the same rocks

deseridbed above ss ecarbonatites.

lator in (1889) Hogbom, Brogger ¥.C,,(1921) idontificd
these rocks &s of magnatic origin.The carbonztites are now
defined as carbonate rich rocks of epparent mogmetie dorivetion

or decemnt.

Carbongtites occur ag doth intrusives and extrusives,they
may erop out as lava flows,dykes,sllls,stocks and plugs.Carbo-
natiteg usuelly occeur in distinctive betragraphic aggoclation
vith more or loss characteristle chemlesl composition,with
They are ususlly assocleted with rocks sueh ag ljolites,
fophelinites,and contsin significant econcentrations of
(fa +K),P,T4,8r Zr,08n,Mo,Ba,REE,Th, in comparison with sedql-
montary limostons,otherwise they are gifficult to be repog-
nized and difforentiated,

Tho significance of corboantites inercasod soveral fold

on tho discovery of mony rare ¢arth containing oecurrences in



South Africe during the second world wer, Large contonta of
pyfochlam(b&obium rich mineral),Rore Eerth minorals, the ce
subgroup, and thoriun deposits in theso rocks @ccelersted
prospecting aperatiam for corbonatites,

Several occurrencos of carbonatites of varying dimensions
~ have beoen reportod from soveral ecountries. In India thoy vere
found to ocewr in the stat;es of Rajasthan Andhra Pradosh,
Tamil Hadu ang Eamatatsa;ﬁhe fluorite doposits ot imbadongsr
are assoclated with carbonatites,The Howvama carbonstites in
the presont area of study béars -muah apstite but hes been

estimated to be unceoromical for oxploitation,for the prosent.
TERMINOLOGY

Though the significaneo of cerbonstites have been
appreciated for quite sometime, from the recognition of thelr
ccononie importance,many a8 student of Gpology ore yot inade-
quately acquainted with the mmeaelétum and torminology of
this group of rocks., & brief definitions of carbonatites ang

thair sossoelsted rofus are given bhelow.

CARBONATITES Any carbonate rich rock of apparent magmatic

dorivation or doecent.

SOVITE: A corbonatitie rook with more than 807
ecaleito and 207 of othor cerbonstes speclec

angd 8r~coscories, verinblo in grain size,



RAUHAUGITE: Dolomitic oquivalent of the above.More than
809 dolomite 207 others,

FENITEs &ny Tock in the immedlate vielnity of the corbo-
mtites whiech have undergone motasomatiem,

THERMAL SHOCK ZOHEg A srughed and breccioted belt of in situ
rocks forming & ring around the mobilized
carbonstite rocks.
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CHAPTER=1

LI ROICTION

I0CATION AND ACCESSIBILITY

Tho ares of imvestigation $élactaﬁ by the author lies
betveon the villages of Kikawas and Fowaniay Vallabhnager Taluk
Udatpur district,Rpjlasthan, The eres lies £8 km.morth-east of
Udaipur city hoving latitudo £4°38'22' end longitude 78°5'44".
The actugl 8red of deteiled study covers an srea of five
kilometres by two kilometres 10 sq.km, lies vwithin lrtitudes
24%36'N to 24%a86'N 1 longitude 74°0' to 74°13 ‘E.-’fhg -af!"ea is
covered by Survey of Indis (uerter Inch sheot M .45L.The work
was done on the carbonotite outerops vhich forms s piug between
the villages Kiksvas~Nowania about 6 km. south east of Vallabh-
nagar, comected by a eart track.A fair-vesthor road conneets
Udaipur ana Fetchnogar which passes thmngh Vallebhnagar.

PHYSICAL GEOLOGY

The oren presonts a mature stage with s plain topography
boering abundant coil cover.Thore ore several hillocks in the
rorthern ang ‘orth-eastorn pert of the area.most of quartzites

tho schists being ercded to form depressions and volleys,



At Kikawes the carbonstites sre foumd in a slightly
depéessed topography while neoer Newanis they seem to be olevsted
to form 3 dome-like struecture. Chargeteristie limestons veather-
ing is aeer; 18 these outeropslerge éink holes,pitted surfacos
snd golution cavitles,

Ephemeral streatts, their tributeries and distributories of
small gimensions run in the area,with inter conneeting nallahs,
fmong the several irrigation canals in tho erea ons such cuts
across the carbonatite outerdp north of Nowanis villape,on its
way to Randers.The eonals are unlined,dry most of the year,whieh

provides an idesl oxposure for study,

Thoe elimste 1s typienl of seni orid terraing being very
hot dumbg the day and cool at night,July, August and Septomber
arc the rainy monthe. During the hottest months of April,Hay
and June the tempersture ranges from 30° - 40°C, Hovember,

Docember,and Januory @re the winter months.

Boil ecover is very thin in the area insuffieient to support
coertoin plant crops.the ve‘getaeion flourighing the ares are
atuhtad shrubs, and plahta.ﬁmong traes mangoe trecs are pommon,
Fangifera indieo, Temaring troes,fig treos ang plantains aro
corronly found., Vepetaotion on tho earbonste rocks are nogli-

gible exeopt for gresscs with fibrous roots.



PREVIOUS WORK

The outerop of carbonatites in the present arcs of lmvesti-
gation hes boen previously worked upon by severnl workers from
as oarly as 1924,

Gupta(1934) has, vhile investigoting the aveo indicnted
that theso roeks as arpgvalll limestone in his geclogical map.

Heron too montioned it as limestomss of aravalli age (1963).

Fecontly K-Ar dating of tho emphiboles found in Howonis
gave the oge of 769 3 25 million years.This was done by
T,Doans,Overseas Geological Survey,landd 0,

Dar,K.K,,{1984) in his doscription of the likoly ecarbo~
natite occurrence in Indis has pgiven that a highly foldod
caleareous granulitie roek occurs in a large post-iravalll
grenite intrusive. He hovever,tontsotivoly nemed it as crystalline
limostono,He suggested that they eould bo Sovite or Haoematitie
Sovites containing caleite chlorite,blotito,apatite,quartsz,
magnetite and minerals of pyrochlore affinitios.

'Phaﬁke., h,V. and Jhingran, 8,.G,{1968) geve an accbunt- of
the Geologicol setting,mineral sscemblages,geochenistry of
the carbonstites,fonites.and granites.They geve a very brief
aceount of the country rocks,granites, the fenitizstion and
fenitized zone, ond the corbonstite rocks which thoy grouped
{into threo elasses. Thoy 8lgo rave data on chemicsl analysis

vhich tend to support that these rocks are rolated to



metasomatie procosses of spparent mogmatie origin,Traco olenbnts
were determinod quaelitastively and the results of which also

supportod thelr view,

Their chemieal and spectropraphie anelysis dste hos boen
roproduced here olsswhere for eomparison,

Ya4av(1969) worked in tho area.iis vioy vas thet the corbo-
nete rocks were mt cerbonatitos,but remobilized sodimentery
corbonates rich in phosphorous end iron,vhich hog later roconsti-
tuod themselves as apatites and titamomagnetites.His arguments
and evidenees fovours tho blotite granites to bo youngor than the
corbonste rocks and that the granites have been intruded into the
carbomate roexy vhich remalined as & xonolith, Due to Allell

metegometism sodie-pyrovenes and emphibolos have devoloped,

Yadav has c—bllecteé much boro-hole deta to gupport his
viecus.le hes given cn idea of the pbs‘sibla reserves of apatites

in the outerop.
THE_PRESENT SCOPE OF STUPY

Though many previous imvestigotdérs in tho aroco have
deseribed tho ecrbonsto outerop of Hikewas-FNowenunmone gave an

aceourt of the dotailed minerelogy of the eorbomtite rocks.

Further mone gave due importance to the motacomstie Proecosses
that hove givon rise %o the Rolbeckite syenites or fonite as tho
author proefers to call them,In faet every investigstor has glven

e veguo 1doe,



Although gualltative spocetroscopie studies on tho
carbonatites have boen done (Phedke and Jhingran,op.cit.)
yot mo quantitative trace clemdnt determinstions have boen

‘made.

In viov of the above the author was given the area to find
solutions to the extent possible,within the limited time

The atthor during his first field outing which lasted
for 10 days during Juna'?75 got acquainted with the aeren, studied
the carbomatite outerops and proparcd a mop 1l: 60 metros scole
by the paclng and compass mathod., dlong the traverses taken
perpendiculer to the direction of linser extension of the
vhole outcrop, the euthor colleetod semples at fifty motres
interval which gave noaxly 70 samples.

Detoiled ninoralogleal and textural vearistion in the
carbonatite outerops werce reeorded iéx the map and data rogard-
ing features 1like bedding, Joints end foliation were also plotted.

During the second field visit the author spent 10 days
colloeting systematic samples in the fonitized reglon,to study
their variation, And on tho spot aeid,clizarin rods teost were
done to confirm many observations previoésly made. The author
vas able this time to go down soversl wells to study the

fonitization structures and eollect samples,



Lgborstory studles includes thin section studies,
X-ray diffraction studies,steinming,chemicsl onalysis of

16 semples and trace element studles,and Radwmehic studies.

The author on the basis of his work domo in the
fieldg as woll as in the laboratories within the depart—
ment snd without has given the substence of his study in
the following pagaéa

SinceA the suthor ¢ d rnot have the time to study the
geology and stratigraphy of the srea, he has complotely
relied on the wdrks of previous geologists who have done
good work in this reepect.



EHEAFPTERMII

Tho most predominont country rocko of the arce
under study bolong to the Aravalll Ago,consisting of
quartzitos ang ochiste,vithin vhieh the gramites oceur.
The origin of the granitos are still boing Giscussed
vhile Gupta (1934) considorod thepo granites to do part
of the pro—cambrian shiold rocks or the banded gneissie
complox ovor vhich tﬁo aravalll roclts were deposited
unconformably. Dsr (12564),Phadito ang Jhingran(19s8)
eonsiderod tbas:: granitces to bo post Arocvalll 1.0,
emplacod lotor in tho quartzites schistoso roeln,

A toblo ropresenting the stratigrephic sequonce
puggosted by the various authors fncluding thoge of
P.K,.¥adov{1269) has boen reproducod from P,K, Yadov(1869)
M.8¢. (Toch, ) dlsgortstion, [rasis 4.7



TABIE - A

TABLE SHOWING GEOLOGICAL SUCCESSION ACCORDING

TO VARIOUS WORKERS

Gupta Horon  &oharma ~Dar (1964)  F,K.Yodav
(1983) (1953) Phadke and
(1934) | Jhingran (1969)
(1958)
Soda pogmetites - Roeont alluvium
and soda s%}a~ fino gratimd
mtoo ecarbomato veing
gsodo~amphibole
gneloseos
Yuartey vein (uartey vein
Pe?atims ang Carborati~ Pogmatite veins
opliite velng tog apiito voing
szanites Crardtos Ultala granitos
Bagie rocks Basie 8ills v
Amphibolites
8hales 8halop Bhagdgescor
slintes Slptos and Quartszites,
ond niea Mies ochi~ Kono§ ang
oehists sts Ehordeologrit
Khairnaelta
amygdaloiqd
Ranthambhoro Apavalll
Quortzites quart zito
Thiek ohelos and ochli~
slates ang gts
phyllitos
Thin - Thin dorru- - Forruginous
foryrugi~ ginous lims marblo vith
musg stono ppatite ong
1lino chlorite
pgtone - gsehigts
Bagal Bagal Thin Bpoal - Alternative
Quartzi~ GQuartzi- Quertzitos schists and
ton tos and voleo~ Quartzites
nie bedo
B.a.C. B.G,C, B,8.C.



The base of the Aravalll rocks have not beon oxposed in
the area (Yadav,1869) and tho auccesaion starts with quartzites
and gehists alternations.These Arevalll formations has also
been intruded by basie rocks like Amphibolites. The general a&lp
of the Aravelli for~etions are N70° with local veristions.

The 1lithclogieal deseription of the carbonstite and the
assoclated rocks heve baen given below,

These e¢an bo conveniently grouped into

1, calelte rich Sovites
2. Dolomite rich Ramhangites
3. Haemotitie sovites*Ranhangites interelations

Sovites are widespread,as individual outerops,scatterod

&ll over the cuterop.They are mostly greyish or greenish groy

in eolowr,mostly coarse grainosd Eanhangites are eoarse groined
péle pink or greyish colour presemt all throughout the onta;cp.,
but the mixture of these two rock sovites and ranhangites ore

the most common within the plug. Usually these are slgo assoelatod
with iron oxidos vhich gives their dlegnostie appesrence. These
rock comprises the major ares of the outorop. These also include
their fins griimd ceounterparts vhiech are found to oceur as:
distinet intrusive bodles within the fenitizod zome and sometimss
within the main ecarbonatite outcrop,

Apatite veins are found in all theso roeks.The strike, and
dip éiroctions of all tho earbonatitec rocks aro nesarly the sams
oxecept the fine grainod sovitic and rashantie cerbonatitos which

have larger @lp omounts, The strike airection varies from



260°=-20%,

Tie following tasble gives an account of the Joints in
the earbonatitos.

%. Strike direction n dip grount zﬁm.emx.
1 Regl ne . 76° 2
p ma® N10g*® 8a° 7
3 Reg® m10° 65° 4
4 S Ha0® 7L° 2
B - o - vortical 6
6 iisg00° ligs0° . 68° 2
7 Ra12° - vertical 7
8 261 ° - vez;t feal 9

 UNEALA GRAVITES

These are warse grained leucoeratice rocks somotimes
appesring like pegmastites.These are found to be éxposed at
Vallabhnagar in the Berach river beds.It is also exposed
naer tho Agricultural Resozrkh fam etmpus sbout 4 kilomotres
vost of Kikguas,and algo oxposed in tho Newanla canal eutting
but the greator part of the aroa 15 coverod by soll cover.
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Pogmetito voins,0patito voins and schlierons of quartsz
are 8lgo found within thoee granites st some places, near the
Rogearch farm rost house abuncant enleite veins are found to
traverse the rock,théso are highly folded and fractured. The
granites exposedhs hore are of the msdlum grained aquigrahﬁlar
typos,vhen ecompsred to thoso oxposed et Vellgthmger, '

~ Apatite velins thot are found in tho granites sccms to
ve highly foldod unlilke thogo found in the carbonatites,rore
branching and offshoting voins oro found rore froquently in
these gr;ani.tea.

At Ronders xonoliths of ehloritc schists of gmall dimen~
stons are eoon,but tho suthor wns mt able to observe any
senolitho of eorbonste rocks vithin the granites.Tho attitudes
ofof theoe ochistose xomoliths aepprozimote thelr counterparts
found in the carbonatétos at Kikowns~Hewanis,

The following tablo gives tho major . joints as
pocorded by the author. et Vollebhnsgar end 4.R.F.campus,

1 §a207 N 27 720 )
2 Noam I 62 87° ¢
3 Ao 1o 67° 4
4 U384 - vertissl 8
5 Nles - vertienl 3
6 240 lizga® 76° 3
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CHLORITE SCLIST

The chlorite schist aro found to oecur scstterod throughout
the plug of carbonatite within it but not without.ffhe‘se rocks
have similai €6 the main corbonatite rock.

These rocks are biotite ehlorite Schist,,ané these have
undgorgono tromendous stresseonditions vhich has resulted in tho
_Breaeiation and frecturing of the rock,this 1s evident in all
O¥POSUTreS ¢Ame across by the asuthor,Thoy are elso highly jointed,
the frequensy of Jointing 13 very high ond intervel of jolnting
less then & fow centimetres. Being highly frieble and foliated
Tocks, the = foliation striektly parallel to those of the corbo~
natite rocks and the opatite veins contoined in thom.

Deep groen to yollowlsh green 10 colour the rock conteins
lathg and fibvres of chlaritogéggrogates of blotite laths both
distinetly plcochroie,vith sceessory quertz,plagloclase
orthoclase,rounded grains of apatite with appreciable quenti-~
tles of csleito,dolomite snd siderite which become essomtinl
in come semples. .

These rocks oceur as diceonnocted dands within tho main
carbomatite plug,throe such bands can be mede out.Tho maximum

dimensions of theso roek expopures are about 105%50 motreas,

The styike direction of these roeks vories from N 345%~
H 10° yith apoumnt of dips ranging from 11°-28° dircetion



N?76° -~ fl100°, The following table gives the verious prominent
joint directions in the blotite—chlorite schist,

N g32° mge vertical - 1e
N 17° mo7e 86° 3
N g6® N366° 720 | 5
N 342° N 72¢ Vertical ]
N 1720 : i p62® 79° 3

Looching of Iron ¢arbomato has given rise to an sarthy
covering of the rogks,lnterval of joirﬁng varles from 10;0 ems.
The author considers these rocts ap xenoliths of sravalli schist
vhich has undergone an advance degree of breceistion,metasomatism

and carbonigation,

APATITE VEING

The Apatite velnsconstitutes more then 80% apatites
withraaaes.@ry magnotites, siderites and arkerites.These ocewr
as probably fillings in joints whieh are mostly in accordomnce
vith the linestions in the souitos ond Rashaugites, and thoy
slso intorsect the ecountry roecks unconformably at vorying
angles. The veins vary in striko from N aﬁév@’z",haviné\a daip
ranging from Horth to N 110° and rmo systematic variation in
thelr attitude hos been notod,



Individual voins differs much &in dimensions.They are

ueaany straight regular veins sometimes pinching out giving
a lenticular appearenee.‘i?heir cortrect with the host rocks
are scrupulously straighg:' mi either side of their long dimensions,
The indiviguel veins very from a few millimetre to several conti-
metres mostly 3-7 centimetres but rerely to widths of 12 centi-

metres, their average i1s 4 cms . Dopth pérsiatance do not exiast
| to more than 4 metres as ovident from the bore wle dats,
presermted by Yadav(1269) in his dissertotion(p.61l) and they
thin out bolow this depth. |

The strike am‘.ensiah conforms with the nature of tho
exposure of tho carbonatite rock.They are found to extend the
uﬁale length of tho bald domelike fndividual exposures.They
commonly havo strike extensions of 3-4 metres.

Thoir oceurrences aoro highly seusttered vithout any
prefercntigl concemtrastion in localized sroag.Tho majority of tho
voins gro tabular and lentisular in plan as well as gsection.They
alao thin dowmuerds.In & fou instances nmatwork of these velns
are obsorved and in many instancos folded,in vhieh easo thelr
ghape and . sizes becoms mmsller,pinching end svelling.Distinet
small seale froetures are found in tho veins vhieh form conju-'
gotional sets of Jjointe,

Apatite is the major eonstituent of most of the veins,and
'they oceur 8s modium to coarse hexocgo-al,polygondl, oveld or
slongated gralns.Magnetite is found as fine grained petchy
aggregstes within the velns,with rounged graoln boundaries,
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Other constituents are,an appreetable amount of siderite, .
ankerite and golomite,

. The apatite veins ghow e very sharp i’smnsitibn from vein
material to the host rocz mat:or:tal.‘fhe veling gizand out prominently
egainst weathering as comparad to the sarbdonatites.,The autror d4i4
wt sttempt to determing the chertesi trangitional nature of the
gpatite vein-host rock contaet,

IHE FRIUTE

' These rocks are Reibeckite syenites,vhich hag rosulted

from metesomatiem of the eountry rock,gronitos.These roeks are
found to oeeupy the outor fringe or margin of the moin earbonstito
plug.These fenitized rocks aro not profusely oxposed,duo to soil
cover.Thoy are also found within the pluzn,

Tho rocks are essentially of {~-felspars= large crystals
of wicrocline with vx-eibeckii;-e.’i'ha origlngl schistoeity of tho
rocl has beon proserved to an approeieble oxtent ybut their trengd
and attitudes of tho rocks verles dquo o winor foulting-fracturing
ang rotatlon.

The rocks have strikos ranging from H340°-H20° ang dips
ranging from 18°~34°,11noarly oxtonded outerops of average
dironsion 20-50 motros founs if oxposed. Abundamt ﬁauhnugi’ca and
hacmctitic Reuheugito d¥d voins are found in® ruding bodding planes
in conformity with tho bedding plans llnsatiah.
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As mentionod earliior exposures of these iocka are rarc
boeyond 300-400 metres outwards from the boundry.Even within the
zone the 801l covoring consists of frogments of the roek, pebdle
51 zod, |

Logthering 4is prominent in theso roeks.The abundent fro-
ctures jointe and othor wesk planos gorves ns an effieiont
plunﬁlng systelr wvhieh hos resulted in many vells boing dug
within thig zong,

Schlorons of quartz are found shundantly distriduted in
those rocko,vwoll erystellized. SBimilorly pegmetic veins ore -saan
to traverse theoe roexs exposed 4n the Howanla eanal cuttings.
Due to tremendsus stromses the fonites has Jdeveloped boudinanme
ssystéma with oval cheped fénites forming the boudins surrounded
by the fine grained sarbonstite msterlal.

| The following toble gives the major joinis,siriko and
dip dgireetion end tho dip amount plua their froqueney.

. Strike Dlp direction  divamount  Feaguomey
1 Haspe - vortieal 20

2 77e N87° 72° 9

3 H1e6® N o87° 84°

4 16203 Ag - vertiecal 16

6 N263° - vortiesl 21

6 N 246° lp66° 62°

7 R® B 279 - 86°

8

1164° U 260 89°
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CHAPTERSIII
PET ROGRAPHY

Thts Chapter desls with the detelled leboratory studles
mainly petrographice,minerelogicel and staining studles carried out
by the author,on sll roek types assoelated with the ecrbonstite
bogy. More than 102 serples were :iystonmtically collocted in 10
trsverses made porpondicular to 'th'e trond of the carbonstite plug
covorping the fenltizod zone on either end. 42 thin ocetions vore
prepared representotive of sll roek types.Five polishod sections
vere preparod to study the opaque minerals found in abundanee and
‘Soven rock Slicos wore mado of 1 mm. thieck for staining,The detalls
of vorious lohoratory invectipations ingludos

l. megcscople studion

2, thin scetion studies

3. polish sooetion studios

4, steining

5. dotormination of modal composition of fifteen samples

Tho author has sub~divided tho rocks invostipcted in the ares into
the follewing groups,

CARBONATITES gswm’ss
HAENSTITIC SOVITES

gmueﬂnursrrrs
HABMAT ITIC RAUGHUGITES
SIDERIT IC~AMKERITIC CARBOWTITES
APATITE VEINS
COURrRY ROC %8 gcnmmm BIOTITE SCHIST
EPIDOTE-RIOTITE GRAUITE
- PEQUATITE VELIS
REIBECKITE FREUITIS



SOVITES (Semple ,.24/634,24/640)

These rocks are made up of more than 807 'ealcite uith
ascetory Hacmatite,magnotite,spat ite,amphiboles,sphene,blotite,
phlogopite,graphite ete.

-

MEG ASCOPIC CHARACTERS

The granularity of the rocks in hand specimon vaories
‘mnsiderably from cocrse gi':-ained to medium grained,equigramilsr
or having granulitie chrracters. Colour ranging from psle grey-
pale pink or brownish iron stained,containing essontislly ealcite
with ascooTy dolomite ond sidorite.The ’ascamry magnotitos sre
found as .- discrotc ovoid grains scattered all over, Pyrites
and gyapﬁitas has also boon observed in hand spocimens, Smphi-
boles are found 8s blades haoving vitreous lustre comotines
radisting the specific gravity lov, and roadily effoerverses
with acld and gets stoined very fast, The magnotitos have
boon sltored to lironite having an esrthy sppearohes. The

dlomites sre found as roguler bands and oross cutting veins,

MICROSCOPIE CHARACTERS
Equigramular rock vith mossic or granulitie toxture,

MI ERALOGY

@aleite - Colourless in thin section with clean rhombohedral
grain boundaries,twinning somotimes prosent with perfect
cloavages and strong dispersion and birefringences.Untoxial
and optieally negctivo cesily identified with Alizarin Red S

abal wn_
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Dolomita: Colourless,partings and ciegvages nsorly absent
rhomboledral grain bounaaries are usually rounded off. Strong

- dis;:ervé?.on,;verying quantities of iromxides has glven a slightly
brownish shade. Sometime clesr pink whiceh mey be due to Mn sud-
stitution in the lattice,

Apatitest These sre found in elusters of ovold groing,thoir

long agis ususlly oriemted ina _peiticular dircetion .loderate

- rollef,colourless to light grey. The calcites are found to encloge
these greins, These sre also found to have inclusions of mepgnastite

under varying degree of replacement.

Magnetites: Found widespreoad ss irreguler aggregates ususlly
of srhedral grains,corroded outlines found included in apotite
‘grains and with rims of c¢aleite hsllos vhieh ssem to replaco

them too. Found to vary withni?,

Chioritet These sre found ss flakes,.fibres and blados having
random orientation.‘ ¥oderately stron- pleochroism,
colourless '
.pale green

brounish green

~ Those cre found to replace drown biotite snd belng replaecnd

by carbonates,



20

Blotitogn: Boing colourless to psle drown,found in fibrous
fram form. Sometimes aleo as wide blades,plecchrciam is from
pale bxjc\m to dark btrovn, The bosol cleovages ere perfect. The
plates clesn gernted edges which sre sometimes replased by
carbonstes(lster),

Amphiboles: It 1o the & rieh variety Rolbeckite, 1light preen
or pale blulsh colours.Basal ond prismetic sections perfoct.
Prominsntly pleochroic.Pleochroie schems

Y - 1ight graen Y - pale greon
¢ ~ purpls g B ~ doric greon
£ = dork blue . & ~ dbluish green

Cloavage Qlstinet,dispersion strens.lxtinet’on angle 15-28°

Soretires oxtinction being replaced by ecrbonates.

HAEMATITIC SOVITE

Thege creo similer to covitos in every respect excopt
that the rock hos beon contaminatod by iron oxides,haemotitie

dust ;,0ccupying partings and intergranulsr spacos of the
calelito graine,

RAUHAUGITES AND HABMATITIC RAUHAUGITES
HEGASCOPIC CHARACTERS _

Those group of rofks includes those thot hove essentisl
dolomites upto 807 with othsr asecossory constituents,The term
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includes & veriety of rocks more often medium to fine
gramm then coarse grained. The colour nno vakrie;s from
p8le pink - greenich grey to esrthy, Mogt  rocks of this
group have eecessories of megnetite, apaﬁte,amphiboles,
siderites,ankeorites,and esleito. The roecks found in the
fenitized zone contain much diotite.

The haomotitie ravhaugites are deoply stoined with

. iron oxidos,vhile the magnetites are found widely seattered,
here topo flgkos of biotite,amphibo‘les,pyrite,a;:h'erw are
seenwosthering  is more prominont with bald outcrops due
'1:0 oxfoliation ond spheroidal westhering,

HICROSCOPIC CHARACTERS

Dolomite ~ Colourless to turbid grey sng drrk brown, the
haematitic ;v'ariety boing opague.Hexagoml rhombohedral form
in the colourless verletfies,with evon rounded off grain
boundsries, Mosale tex‘tm-e vith mon interlocking grains
shoving symmetrieal oxtinetion are commone.

Sifleriter Strong rolief,colour ranging 'from brovn to opatuo
brown,found as patches and atreaks,subuhedrai géaim; ond as
dark brown interstitial fillings,Symmetrical oxtinetion
with rospect to perting. Altors to limonito and goothite,
replacing dolomite throupgh partings and grain bounderies.
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Arikerites are usually associosted with siderites in the ereas,

{dentified only by »-ray povwder diffraction,

Magnetites: These are found o granuler aggregstes oceurring
in elusters ond more often scattered opsque &ad have rounded
grain boundaries slso found in aggregstes slong velns and
fractures. These have been altered to limonito 8nd comprises
less than 2% of the roek. | |

Apatitos Colourless.modorate rolief-ovold granular sporoidic

- as well 85 clusters, slong veins of emall dimensions 0.5 — 1 mms,
often surrounded by fine groinsd esrbonates. Sometimes costed
with brownish iron oxtde rims.¥ound to comprise loss than o4

of the rock.

APATITE VELIS

MEGASCOPIC CHARACTERS -

The apatites are pale brown to derk brown colours with
thresd like bands of magnetite and siderito and some anlkerite,
peorly lustre with numerous microfractures,magnetite gralns
very fino grsinod and scsttored throughout the rodt. Tho
wosthorod surfaco is dark ang csrthy due to disintegration
of tho iron minsrals and siderite.The spetite greins are

microscopic in sizo. The zmount of magnetite vories from

1~ 3%~
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MICROSCOPIC CHARACTERS -

Apctite content 18 more than 707.Apatite neorly
equigranular but seems to have beon elongeted in e particulsr
direction by their long axes. Their prain sizc'variés grootly
loss than 0,6 mn -~ 0,8 mm, These gre differomt from those
apatites found in the corbonstites, they ore not ovel in form,
but seems to have well crﬁatallized hexagonsl forms aro common
vhile moot of them sub~hadral(Refer Mierophotogroph b, 21 ).
FKoderate relief wvith pittod or mottled appearence with seeond
order bluish groy polarizsction colour. Microscopie rounded
grpins of nmagnetites ore also found secotterod., Ususlly found
as relicts wuithin the apatite grains. Individusl groing showe
partings.froecturos snd clooavapgos.Tho mieroscopie ovidence
suggoests that the magnetito vere earlier in the pararconstie
sequenco than the apatite,

BIOZIT E~CHLORIIE ~SCLIST
MEGASCOPIC CHARACTERY

The rock 18 modium to fine groined and consists of
essentinl chlorito,dbiotite ond replaced corbonste minerals
plagioclase cnd quertez,locf groen in coloui*. In a foy speeimans
8chistosity 1is not distinet, cut ssotions acﬁoss t'.o 1lbnastion
shows augon-like features of corbonoto minersls,westtored,

forming the eyes while chlorite ong biotito flex sround it



in & spindle foru.Founded magnetite grains are foung as
clusters snd also scsttered, Weathering of the iron minerals
has given an earthy appesrence to the schist,

MICROSCOPIC CHARMCTERS

Foliat'iau isg we‘ll révealea microscopically with prefer—
ential orientation of chloriteo,blotite ang caleite in a
particulsy diraétion(%fer Mierophoto graphs No 154 1), Chlorites
sre fibrous prismstic form «-'pale green oxhibiting distinet
plecchrolsm,Biotite too shows pleaehroilam.. Their plcochroie

schemes are given bolow,

Chlcrite: edolourloss - pele green - pale grecn
Blotitor Palo yollow-orange yellov - clove brown

The chlorito sngd biotite pioms are of en avorago
0.2 «» 0,3 mm. 4n length.They are found in ragisting egero-
gates and clso ocourring along wvith eosleiteos vhieh hos
erystoallizod along voirs vorying in dimensions from thread—
like to those 2 mm in width. Much maprotiteo and iron onf

oxide minorals mpltes the minersls stolnod in eortain pstches.

The texturo gives us an impression that it may have boen
causod by flowage»,fl'hg rocks 88 © whole have been subjectod to

collaclastie met smorphism,
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Blotites As laths,well developed basal cloavages,
serrated odges,kinked to different Qegrees,puckering

significant belng replaced by chlorite ang eorbonagte
mincrals.

Magnotite: Found as granuler aggregates ang irregularly
'scattered,replaced by chlorite gnd esrbonates,

Apatites Few oval shapod grains gre found in these rocks
often roplaced hy ecarbonctaes.

EPIDOTE-BIOTITE —GRANITE

MEGASCOPIC CHARACTERS

Equigranular leucocratie rock with essontisl quarty,
ortloclase,plagioclasclalbito) with acecessory biotito,
epildote,phologopite, Gneiscsie texture is peorly developod.

Gaarty is coarse grsined,greyish eo).ow,sometiﬁes inter
grovn with k-felspar to give & myrmelitic contact.The biotite
found ss regular streaks.Plagioelase found as platy ledge
shpped bodios,

Sanptz ~ Present as lerge grains with rounded grsin boundaries
boaring much ineclusions,

Plepioelnsn ~ Found as plety lodge shoped bodies with alstinet
polysynthetic twinning with large number of lemellno.
Amorthite content 10 - 309,



26

Tvo generé’zian of plagioclase have boen 1dentified,
The first hag given rige to epldote as altorstion produet,
theso are larger greins.The later generstion are disgnostically
smapller m dimensions with less intensive twinning without
signs of alterstion(Refer mierophotograph No, 19 ),

Siteg) ~ Moderate relief lipght greon colour
and strong dispersion,cceurs as gromler crystagls ot plapgloclase

nerging.It shous anciolous yellowish blus polarizotion eolours.

fi=folepar -~ Colourless vith irregulsr outline sometimes with
carlsbad twinning. Seriecitizction aof thase felspars common,
Kaolinization i5 overvhelming in certain samples vhich loads
to the suggestion thot chemienl vesthering has polyed a signi-
fiecant role., HMiror »canstituants 1ike phologopite,sericite and

secondsry esleite are also observed.,

FENITES ~ RIEBECKITE SYGUTES

MEGASCOPIC CHARACTERS

Theso roclts vary widely in thoir granulsrity,toxturo
and minorologicd composition.Being loumerstic roeks,theiy
grain sigze differsc abruptly within short distanges from eoarso
to fine grain and vico-versa, Gnoigsic toxture is well
Preserved which 1s derived from thg original gromite by the
orientation of pink felgpars ond sodie smphiboles in a
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proferred diraction. Thore is nogr sbsence of quartz,
contains aceessery bictite,phologdpito,magnotite, ipstite

and earbonstes, Carbonatiszation of the rock has tgken place
obaBWat}QJ.e in certain samples vhen carbonate veins 1 -3 mm
in width 1‘9 soen to traverse tho reck. The dgree of motaso-
matism spx avidencod by the incrossing quartity as woll as.
dimensions of the awphibole, The results and effacts of shock

metomoiphism afe rot visiblo in hand speoimons,

MICROSCO PIC CHARACTERS

S
K+FELSPARS = MICROCLINE

 The cogential minerals in these rocks are the colourloss
microelinss with digtrinet reticulste twinning,They vary from
. 0,5 mm -~ 3 mm in digmoter.

Two generstions of microelines havo beoen identified,.the
aldeé ones,are very oparse grained snd these are being sltered
to fibrous riebeckite,sericitizetion is also prominent, the
mioroclines are clouéy‘ with nurky appesronco{Ref Mierophoto
greph Ho,25-30),

The s0cond gonergtions of which has reerystallizod
probably by the recopstitution of the felsgpers, comparatively
smaller in size,clegr and frosh looking with distinet sharpe
grain boundasries imd brilliant roticulote twinning.
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Orthaclase: These ere found as lsrge grains which have boen
apprecladbly affectedt by cstoeelastic metemorphism, They exhibit
bursﬁ oxtinction with inelusion of corbvongtes in the form of.
spots. The cerbonates are found to fill in meny microfractures
within orthoelase cerystols. These are ofton more cloudy cometimes
exhibiting microperthitie texture.

- dmph Riehoekito ~ Identified essily by thoir eharsctoristie
deark blue end yollotifsh green colour exhibiting dlegmostice
pleschroisn,

Pleochroie scheme boingt o - pale blue
3 = indigo blue

Y = yolloubsth groy
Absorption being L >e >Y

Theso oFe Bostly subhedral prismatie grains with
woll developod (110) eleavasge with slean edges somotimes

| splintery in tho case of large prismatic ones,

The asbestiform variety 1s also prosent,vhere they oceur
_as fibrous radioting aggregrtes,rostly found at places where |
doformstion has boen approcioble ang along fractures.Those
fa-rieh amphibolos vary in grain éim 0,25 mm 4in wigth vhon
platy gnd 2 mm wvhen prismrtic,prrt of them have also boen
pubjectod to stresses. They roplaco mieroeline and orthoelose

and boing replacod by 1ter ezrbonetes,
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Biotitetr These are foung in appreciable guant ities,brown
aolour,ple%hroie.

Pale groen - brown
with perfest bgsal eleavages‘ and 152 under final stages of
replacement by ri-ebeckiteé and k-felspors.The grain contacts
of reibecitlte with biotite are penctretive,sharp and eleén,
Biotito often exhibits kinking end forms trasils as a result of

stress,

Carbonates: Carbonstizstion has token place in the rocks to an
extent such thgt they efferverce with ceid.Several ¥ velns of
carbongtes traverse the roel.Carbonates form interstitial
cement in the mylomﬂzed pttches, on-erystalling hazy appear—
ence with extremely irregulsr outlins,These vems are u}sually

of mieroscopie dinensions.

gt Other asecossory minerals found are

ggrory Mine:
a fow grains of aagirino,spatite proins resembling those in the
ecarbomatites but slightly larger,megnetite very smsll grains,
sericite,phélogopita.

The degree of crushing has been observed to inerease in

brush
szmples taken noar the contact, simil: rly bﬁ'ﬁas oxtinetion is
p_rominént . A few grains of smphiboles have aleo boen subjocted

to erumpling,
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Pegmatite veins - These are found 1in the granites and
fenites in the form of velns,pstehes,schlierens ete, The

milky quartz are dominent over the felspars — mierocline,

Kankar - Several occurrenses of such residual deposits are
‘Oobgserved especlally near the canal as well as in the

depressed Portion of the plug near Kikgwas village.
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CHAPTER - IV

FENITIZATION

The process of fenitizmtién consists the metasomatism
of roeks of varied composition,loctl or widespread, in the
immodlate vieinity of cerbonatitic roocks. The metasomatic
processes tend to find 8 now aquilibrium product vhieh
deponds on the chemical composition of the genersted mobile
component and the rock undergoing motasomastism,

The Newanla corbonstitic complex consists of a largo
number of haematitic ravhaugite bodles intruded or emplaead
into a pre-fonitized zono forming & ring of various thickmas
around the main carbonatitic body,It is founa botwoon 100-200
metres svay from the contact. The corbonatitie intrusions in this
fenitized zone very in dimensions, from thin veins ranging from
2-25 om width,and plug like bodles which stand out in rolief.
Theso 1intrusive bodies sre relctively more dipping than those
of the main carbonatito plug, They sre sometimes found confor—
mable with the beddff_.ng planss of the fenitized roeks,but in
most coses the attitude of the fenitizod rock has dboen displayod,
rotated and has become unconformaedblo with the roat found avay
from this zon3,
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Fonitizetion has oceurred to varying degrees,very
prominent around the 'mntact margins and beconming less so éubw
wards,The rocks that hove been feziitiz-ed‘ are the blotite~
opidote-granite gneiss,of post Aravalll agel The country
rocks outside the fenitized wone are thé Banded Gnolssile
Complox{B,G.C, )¢

Within the fenitized zone the carbonatites frequontly
onclogse xenoliths of tho host rocks of very smell dimensions,
Tho fenites at the immed@iste vieinity of tho contact shows
very significant fracturing and shattering,theso representé
the thermal shoek zono,fleld study,mogoscopie and micmscopie
invost igetions conelusively support this,This shock zone forms
a ring of about 25-100 motres around tho ecomtaoct.

The Fenltes are relbockite syonites 8nd are umiatéﬁy
metasomatie and the transformations ot its extremo wore mt
even oo great o8 to couse a complote dkstruction of the original
ehrrocters of tho roak, The foliation of the originel rocks ore
perkod well in outerops as well as in hand speclimens.

Boudinngo structures have been observod in well cutting
lo.6.Tho total depth so for dQug was 26 metres, At o dopth
of 16 motros from the surface the suthor was able to observe
those gtructures. The foliction with tho boudinagos were
more or lose conformable vwith the surrounding rocks. Tho &ix
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nxie of the boudins were sometimes rotated. These structuroes are
post fonitizetion (Refer Fig.2 ond field photograph Ho. 6 ).

~ Fenitization has also taken place on the xermoliths of |
chlorite Bilotite schists,which are found as disconnected dands,
and patches within the pein cartonatite plug.in this caese the
trangformstion has boen complote mineralogieally in a fevw
instancos.Though the origiml‘ foliction of the roek has beon
retained distinetly. Comploto roplacemont of most sllicates,
reerystallizction of chlorite,‘und the biotites roplaced.

The most charascteristic novly formed minorals are the
bluigh greon reibeckito ang fresh-looking mieroelins cecourring
in various proportions,

The sodice—emphiboles formg a festhery radisting fine
nsedles vhich somstimos penetrotos into erystals of felspars,
They are also found srranged paralloly. The prismctic graing
with gistinet elesvsgos are mootly fresh mmg prominent replacing

felspars.

Theo morkod reconstitution of the rock is marked by tho
developmont of Alkali Felspare-mieroelino ns erystols of varying
sizes but slvays freshor than the original mosalc,

In cortain cases the felgpars shovw & vague patchy oxtin-

etion,vaguely defined boundiories,sugresting roplacoment of
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earlicr granular crystals of older felspar, Abundant
dineluglons of micas are foungd wiﬁ:in folspars - gericitization
and large prismatic amphiboles are found replacing the potash
felsper.It should be mted thot the noar absence of siliea and
very little amount of plagloelase felspar represents the degrée

of motagsomgtism,

The blotites are brownish,which are distinctly pleochroic.
It ig sometimes the original blotite whieh undorgoes replaco~
- mont ,These along with older reibeckite plstes forms treils demo—
ting stress conditions,

Other dark minerals that have been introgduced are
| magnotite crystols roundod aggregates,very rarely cuble form
ang apatito groeins mostly ovoid in form and seeondary voin

£illings of caleite ang dolomites,and intergrenular fillings,

Quartz disappeers due to roplacement by the K~felspar ang
Na gmphiboles.Evidonces of replacement of quartz azre difficult
to trace but the significant veristion in silica content of
these rock snd the country rocic provides evidenece of the ‘trang-

formstion that has occurred.

The most prominent texture of these rocks are the mortar
toxture,which cometimes appeers to be resembling & porphyritie
textu;-e.Even within sinzle large erystals of felspars,different

parts of it has been grushod.
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The presence of carbonste 4in the rock is ot eloar
hov they ere rolated to fenltizstion but in cortsin eascs
are found as vein filling giving o secondery character,

The xemoliths of chlorite~-biotite-sehist as montionsd
earlisr have been subjected to intense eaﬁaclastic‘metamor~
phism, The quartz end felspar grsins have been crushed, have
bocome cloudy,and reddish due to heematitite qust.In rany
cases the carbonstos have reploced tho above said minersls
retaining their form.Chlorite and blotito coems to be fresh
in certain samples,Linsar orientation of theso minarals are

merked vhich sometimog appoars to be flov texturo.

Complote roplaccmont ang subsequent rocrystasllization
of dolomite has taken ploce with fresh rocrystallized
chlorite flekoo orientod in & rendom fasion in tho ccrbonatos.
This elean frech chlorito leads us to the cdonelusion that these
may have recrystallized from the bilotitec of the original
schistose rock. |

Haemstization of the rock has ronderod the minerals of
tho roek reddish (Refer Hierophotogreph /3 ).

It hat becn obsorved through thin seotion studios that
the dogfee of metasomatism or fenitigstion has dircet
relations with the distance of the roek from tho earbonstite
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contact, It 1s surprising and fortunste that such o marked
verigtion esn bo observed vithin o dlstanece of about 200 meters

avey outwerds from the intrusive contact,.

Deseriptions of thin gections made from roeks avallablo
from four- difforent spots in tho fenitizod zone ere given belov
to convey the systemetie varigtions found in petroerasphie
charactors.flong with 1t tho variations in the potrochenmistry
of the roek has slso beon presentéﬂ; Mierophotogrophs of cech
thin section doscribed have been presented ot the bagk,

SAMPIE No,24/688/3 45 metres ewsy from contact,

1., BSignificant stress eonditions donotod bys
(a) signiﬂ.caht fm@aentat‘:ian of felsper and saphiboles,
(b) undulstory ﬁxt:!,aeﬁon ghown by large microcline crystels
but not the smaller oncs,
(e) trails of biotite and reibeckite
(d) kinking in blotites |
(e) presence of microfractur:’mg in the roex later fined
by eorbonatos.lntor grenular £11linge of corbomtes are
- also present, in patches ang bledos of roiboekites are
found occurring slong fracturos.Pressure shadows in felspars are
eonmon. Magnetite and apatite grains are being corrodoed.
Addition of FaO*Fozoa,MgO,MnO.Eh ee,Kno and Put)nw.lth docrease
in 510p 15 obgorved.
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SAMPLB Ug,24/688/6 /10 metres svay from contact.

éhc:wsv very morked modificction gus to its proximity
with the contact. All minerals have been subjeected to frag-
mont stion, The biotites,smail in &lusnsions sre oricnted in
01l directions. Tho lerger groins of enphiboles ere being
roplaced by csrbonates whieh forms rims sround them. Tho fels~
perg are very cloudy with indiotingt outlinos.The reoibdeckltes

ghow prossure shadovs,

Doplotion of sllica is very voll marked while the adgition
of K,0,Na0,Fc0+Fa 0y ere significant.

Thoge wero wlloetod from tho northern contact of the
plug with granitos,spproximately et the same dictanco oway as
pample 0.3 ong 6 from the cbntact.ﬁere the doproc of colomor=
phism ang motacomatiem arc nocrly tho some.

Appreclable oddition of %20,51203 and @dlotion of silics
is marked (Rofor Fig.3 ). Morkod addition of Cg0+Mg0 hes aleo
toiton placo vhich moy have boon due to introduetion of these
at o lotor stago.

A small owounts of FeO#Fo 03 ang PgOg have boen added,
uhich may bo 4us to the introduction of megnotite,apotitito
and hoecnatite dust.
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SAMPLE 1 ,.24/668/4 195 metres sway from eontset

The degrec of cataclostic motarorphlisn suffercd is less
as ovidenced by lesser degree of granuletion,Here it 1s found
in patches,

Rocrystaluéaticn of mieroeline 1s more prominant with
most of the constituents have cleen boundsries.lostly the
sodic-amphiboles aro of small dimensions subhedral prisrcatie
greins with 2 sets of perfost cleavege prosonce of ‘ocrbonate
minerals insignificant,

Agdition &f (FoOsFo O p)+E 03P O ,MD 15 observed ang
depletion of '8102 and A1.,04 hos taken pleco.This senple merks
tho outerrost exposure of the fenitizod zone availsblo for

study.

SMPIE To,04/668/8 62 metres ouay from contget.

The modificction is slipghtly less in extent than
that of Ko,3,. The k#elapar orthocelase are larger and cloudy,
the mortar texture confined only to grsin bounderics ongd
izolstoed patches. |

Tho prosence of siliee 58 velns and schlierens most &f
them crystellino milky,massive,olso beautifully erystallized
bearing smphibole nsedlos within them hos deen observed in the

fonitlzed zone{refer dlsgrem 4 ).,These are olsc aeccompaniod by
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Variation of various element oxides in theFenitized r-cks

with respect tc the Granites
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petehes of amphibole mmaréls along with them. Sometimes
these quartz are found to be enclosed within large felspear

messes. Relov Rgy - 4 & 4o

These could be releassed silics,during metasomatienm,
deposited as free quartz cnelosing needles of amphibole whieh

weore alse forming simultanecusly.
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CHAPTER YV

fICAL VARI /PION IN THF_ ROCKS

H1th tho viow of getting an olaborate and detailed
aecount of the verious procenses that has teken plaece in
the roecks oleven(ll) semplos representing gifforent roek
types asgoeloted with the corbvonntitc body were. sclectod
for c¢hemical andlyosis,vhile onother four samples of tho
fenitized rocke collected at differont dlstances ovay from
the cerbonatite contoet wore chomleally analyssed to obscrvo
vhatever varictions they may shou.The diacription of the
sonples taken for chomicesl anslysis sre given in the

ageonparying table ( ~Nof ),

From the samples ecollected from tho £ield 100 grms,
of rogk were taeken,broken to pen size with 8 steel hammer,
woghed well by brushing €411 carthy materisl goes off,dricd
for & day,finslly cruched in & gtool pestal ang motar to -200
mesh.The whole rock was reduced t¢ the sizo of -200 mesh,

The Bnalysis were made by on anglyst of the Metallurgiesl
Engirecring Department but CsO,Mg0 dotorminstions wvere done by
the author by E,d,.t.a, titrotion, Other elecment “ oxides were
dotermined by clessical methods.
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1) 24/607
2) 24/609
3) 24/621
4) »24a/628

Raguheugites

Nt et Moy S Wt

5) 24/634
6) 24/640

Sovites

S’ N it

7) 24/684

Apetite veino
B) 24/685

N s N?

9) 24/686 Hoematite siderito vein
10) 24/669A

Untala biotite—~opidote granito
11) p4/6698

12) 24/668/3 ;

13) "4 )
) Reoibeekxite fenitos

14) LA )

15) noo b } |

Rgsults of chemiegl snelysis hsve boen given in tho

accompenying toblo {fo, 2 ) snd vrriction in the chomienl
analysis have beén givon in graphie ropresomtcetion from

Fig, ( 5 )to { 2 ),The quality ang nature of verlation
of tho element oxides have boon discussed belov.Chemiedal
analyslg data givon by Fhodke and Jhinsren(1988) have boon
givon in table( 3 ) for comparison and hevo boen 4iscussed

elsevhere,



TABLE NO. 3

Untsla Fenttie Carbonatites Bediment coy

Graonite syentite limestone

gnsiss® % WE ()% (a)

3102 7@.35 66,63 7.05 186,84 2.23 2,60

Alg0z 15,8 12,60  2,,56 2.60 p.nl} p.nil
Fgl l1.52 1,61 p.nil 1,78 8,01 p.nil
Fapls 2,47 10,16 14,46 12,78 9,70 2.18

Cal 2,886 1,60 37.69 27.95 927.46 30,46

5'3620 ﬁgﬁo 4@60 ICDQ Q 78 0&13 0¢°4

Kgﬁ p.nil 7,32 pP.nil  p.nil p.nil P.nil
Total loss '

on igniti-

on corroct—

ed for Fel 0,82 1,43 32,20 13.07 39.m 44,11

content only

Ba0 - 0,60 0,76 0,61 p.nil pP.nil p.nil
R,garth p.nil p.0il Panil 8,94 p.nil.: p.nil
oxides ‘

{!@b-ﬂ‘a)gﬂs p.nil p.nil p.nil p.nil p.nil P.nil
ThO, 0,01 0,01 0,01 0,02 0,01 0.01

P p.nil p.nil p.nil p.nil p.nil p.nil
c1’ 0.01 penil P.nil 0,04 G,01 0,01

Total 8

as 504 p.nil pP.mil p.nil plnil p.nil p.nil
COs p.nil 1,19 27.23 12,60 37.10 41,71

~Hoh 0,08 0,25 0,45 0,20 0.2 0,15

+H-0 0,74 0,05 4.62 2. 1.86 2,76
(by daiff-

eronec)



810 p Contont

This serves as & good indlestor of veriation within
the differont rocks.it has aré average range of 1.85 2,008
in the Reuhaugites,3,06 - 3.87% - Sovites,0,86~1.04% spatites,
- 49,28 - 52,320 - forites and 66,72~71.47% in the granites.A
moro 61* los:s gradual deercuse in 3102 content fxwdm Sovites
through Rauhougites to Apatites can bo observed.The one high
value of »‘f}iﬂg in the Rauhsugites may be due td tho presence

of mueh emphibolo or duo to orror in anslysis,

Ti‘)ﬁ, C-‘om;mgi

Being 3 very diogmostie chomlenl constituent in the
carbonatitos,are found to very betwoen 0,10 ~ 0,55%.Theso
could be locolized 4in tho mnagnetites assoetated with the
roclca and a fov graing of spheno,td shuarp varigtion in thelr
contents hsve been found betwoen Sovites,Rauhaugites ané.
Feonites.But since tho apatite veins begr rolatively more
magnetities oceurring in clusters,they soom to have highex;‘

valuos of Tiog.

Algf)j Contont

Those range botwoen 11,847 - 13,747 in the reibeckite
fonitos,much less than the country rocks — granites having
values above 14,07 obviously due to the large concentrotion
of alumino silliestes in them,.Thsy vary from 1,78 - 2.66 in

the vorious sovites ang reuhaugites nesrly absent in apatito



44

voins.The varigtion of &30 + 51203 agoinst 810, has been
given in Fig., (5 ), '

FeQ & F_aaaa

Ranges from 8.18 ~ 14,57 in theo rauhesugites and of
. overage 7,90 in the Sovites,16,0% in the apatito voins and
stderite, Averngo is arau?ld 109 in tho fenitos. Iron oxidos
aro mainly locnlizZed in the mognotite grains in the opotite
veins, and ravhaugitos vhile they may also bo due to haematite
contanination znd staing in rauhnugites covites and fonites.

FeO and Fogly voluwos for the motasomatized roeks ore
highor due to liberction of iron oxide on oxidotion md
lonching which might hgve later been tronsportod in solution
- pormeating the bdroceclstod rock comtemingting them,

Hoving o rango botwoen 9.95 - 16,617 in the dolomitie
carbongtitoes, doecrcasoc in rango to 3.64 23,949 in the sovites
becomos insignificant in epotites voinus ond varies from o.538-
4.76 7 in the fenitos,The Mp0 cottont in rouhsugitos is
obvious,but thoso in fenitos may be duo to pertinl post-toctonie

dolomitigotion of the rocksa,

ot pueh varietion io observed in tho roeks except
a fow rocks in which thoy are h ghor espeeiplly 24/686,
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£a 0 Contont

Boing of high range in the sovites 43,34 - 44,86%,1%
lowers to a renge of 25,10 — 35,06 in the reuheugltes
‘where the Ca €O contents veries vithin 15% of the rock.
less in apatite veoins,averaging 17% significant in siderite
carbonstites ond insignificant in fenites,

Jagd Conteat

| It averages 10 4,7 in the fentes .4,0% in t'he grénites
and very loss in carbonestites.The higher values in feonites
are due to the inerease in tho o amphibole contents of the
rOCK,

§20 Content

These are definitely highsr in tho fenitized rocks
vhile they are very insignificent in the cerbonatites
logs then 0.3% in the grarites.The increose in the fenitie
rocks may be duo to a definite doercese ln the silicste
econtent,

Po0g Contont
Rangos fyom 2,41 9§ -~ 8,037 in the rouheugites

2,26 - 2.93 1in sovites, 44 ~ 465 in ppatite veins, Very
loss in fenites 0,49 ~ 0,88 and insignifiennt in untoala
grenites. The spatites are melinly hydroxy-apstites as

confirmed dy x-rsy onalysis,



46

CG,, contont

Thete were found to vgry aecor‘ding to the carbonate
eortonts of the roek.The 820 corjtent of the rock esan be
got by dlfferonces,

BELATIVE VARL/TION

810 o Va(Ro04 2100t Hpg)

The varistion of K 0,41,05,llap0 vith Si0p have boen
tested.Graph( 5 ) shows a gradunl inereage in the total
values of the throe oxige with respect to silicae.This shows
e sympasthetic rolotionship betwsen the proportion of the
throo oxides and silioondioxide,

{€a0+Ma0) Vs (FoO+Fooln)

The iron oxides secms to be low in the ravhouglites,
very less in the soviteos and high in tho snatite voins,
epprecighle in the siderites, 57- ¢

(Ca COHig CO5 +Fo CO4) Vs PoO g

Here the verlation of Po0g in relstion to the total |
ecarbonotes havo been givon, PQQS values for rauhougites aro
very high,less in sovites and siderites, Fg-7
(Cal +#MgO) Vs 810p

$10, varies much in rolation to CuO+Mg0 in reuhaugites,
alightly less in sovitos and voery less in apatites, As-5
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CHAPTER~VI

TRACE ELEMEND _STUDIRS

The authods sincere intension was to subjeet the verious roéh
types assoceleted with the agorbonatites of Eikewas~Newania
at leamst for fourteen important disgrostiec trace clements dut
he could mt succeod in getting proper lsborstory faecilities.
This restricted the scopo of the study. Hence the author hag
to be sstiafied with whotaver traco element determination that
could be domo with the Emlssion Spoctrometer tallored specially
for the I.P,E, requircments at Dghra Dun whieh the author could
finelly aveil himsoelf.

Four samples (powdor) vere snolyssd.They ore
- 24/607,24/609,24/627 ang a limostons from Khetri vhich has
been hinted eg8 & carbonntite.

The analysis were done on the Compaet Atom Countor-
Model 66 -004, Experimentsl dotoils are as follows:

A,C, Are curront 8 ampores

Pre~oxpoguro tire 2 minmutos

Exposuro time 10 minutes |

The counts were calidratod against 'S¢’ stendords in
vgraphita matrix.The following tablo givos the results, (Table 4)
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As can be seen from the above-table,comparing vith the
average ppmsadntents of the observed elements in average cerbo-
natites 88 given by Gold(1963) and the qualitative spectiographie
anslysis table of Phadke and Jhingran(ieas) given it would dbe
seen that the results of the present onalysis ere somevhat
errotie but sinee this is the first quentitative analysle done
by any investigstor the suthor foels they should be reported.

These results when compared to those of Phadke end Jhingran
(1968) (refer toble 5 ). |

Phagite _and Jhineran Present res
Cu -~ Mpderate " 60 ppm
Co - Moderate 25 ppm
v - Fodorate 85 ppm
Ba.  ~ Mogerato 85 ppm
Yo -~ Moderate to sgtrong 45 ppm
cr - 60 ppm

Thus the suthor is mot deriving sny conelusion on

the basis of troece element results given here.
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The study wos carried out with the sole viev of finding
out minerals gng mmerall assembloges mt reported by provious
worktors ang idemtification of the various cearbonate speeles
essemblages which otherwise would heve to be determined by conmven-
tional staeining methods,

Hogoocoplie deseription of the samples choogon for study
are given below: |

1, 24/628/X1 - Goixtact pehistosc rociwgroon fine grained

2, 24/608/%2 - Contret fino grailned carbongte rock~brown

3. 24/628/%4 = Coargo grainog buff coloured cerbonato rock
4, 24/622/%, ~ Srounish band ~ eorbonsto rock coarse grainsd
8. 24/622/%g ~ Groyish corbonate roci~coarse grained

6, 24/621 - Fino graoinod molamoerstic corbonatite dyko

7. 24/607 - Coerse groinod broun to pink eorbonatito

B. 24/609 -~ Hassivo coarse grainod leucocrotic corbonmatite
8, 84/627 - Coarse to medlum grainod carbonatite-proy

10, 24/668 - Feslpathic fenite-cosrse grainog-gneissie

i1, 24/669 - Granite country rock,cosrse grainsd |
12, 24/670 ~ Pognatitie rock in the granitos-pink coarse

prained.

13, 24/688 ~ Vein from the carbonatite roeks(ilewanis)
SAMPLE_PREPARATION

Tho rooks wore crushed by hemnor to pes &igze,washod with
sopp ong vwater to remove surface matorial snd dried in the sun

for s any.80 grems of those are sampldd and crushed in a diamong
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CBAPTER=VIT

X=-RAY STUDIES

X-pay diffroction studles wero ecorried out on fifteen(18)
samples of the various carbonntite,assoclated felspathie
fonites ang the country rock granites.on g limitod sealo,These
also ineludes two carbonate roex samples found fssocisted with
the Xhetri Copper doposits, Tho studlos wore dons at the Insti-
tute of Potroleoum Exploration,Dohrs Dun with a Genoral Elsctrie
X-¢ay Diffractomoter using Cu Ko radiction opersting at 36 KV
pover 1l&m A,uii:h olectronically controlled seolf rocording,.

Area of Papuder specimen

coverad by xwray - 5 x 5 om
Seanning speed 2° 2¢/m
Chart speod 24 inch/hr
Time constant 0,5 soee.
Coppor target — 1,5405

nekle filters

A1l pouwdéer pock samplo wos run from 2° - 80 with a
. 2Q
seanning speed of 2°/m., All patterns were obtainod et 22°C

room temporature,

109257
pmyemap AT TIRRAODT
(AL [TRRaRY URIVERSHY OF £

R OORKaE
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The study was earried out with the sole view of finging
out minerals ang minerai asgemblages not reported by provious
workers snd ldemtification of the various carbonate speecles
assemblages vhich otherwise would heve to be determined by convon-
tional steining methods,

Hegaocopie deseription of the samples chooson for study
are given bdelous

1, 24/628/X1 - Contact 5chlstoSo roek=groon fine groirod

2. 24/6208/X2 — Contret fine gralnod cerbonste rock~brown

3. 24/628/x4 ~ Coargo graimg@ buff coloured carbonate roek
4, 24/622/%, ~ Dpovnish band ~ eerbonote rock eoarse groinod
8. 24/622/Xg ~ Groyish corbonste roct~coarse prained

6. 24/621 ~ Fine groinod molamerotie corbonatito dyke

7. 24/607 ~ Coarse groinod broun to pink carbonatite

8. 24/608 - Hasslvo ocoarse grainod loucocrotic eorbonatito
8. 24/627 = Coarse to medium grainod cerbonatite-proy

10, 24/668 ~ Foslpathie fenite~coorse grainogegnoissic

11, 24/669 ~ Granite country roclk,cosrse grained |
12, 24/670 ~ Pogmatitice rock in the granitos-pink cosrse

grained,

13, 24/6885 ~ Vein from the earbonatite rocks(llevanis)

8AMPLE PREPARATION

Theo rooks were crushed by hemmor to pees si zo,¥ashod with
soap and water to remove surface matorial snd dried in the sun

for s doy.60 grems of thoso are sampla’d and erughed in a8 diemong
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head steel motar to 200 mesh, 80 greoms vere raduced i:o
- 200 megh B.8,

Instances vhere different portiong of the rock are to be
investigated separately,they were orushed till the roquired
portions are libersted,vashed,hsndpicked then crushed. The
various minersls that hsve bosn ifdentified in the deffractoygranms
have been given below. Conversion from 26 to d volues were dong
directly with the help of eomversion tables given by Carnsr(1956)
for certain minersls.Others were 1dentified from x~ray pover data
given by Kostov(1983),

‘Mineral 26 | 6 d hkl

== e ee— a— : a—
‘Dolomite 30,90 15,425 2,80 104 Vs
44,60 22.8 2,02 : 202 w
40,80 20,4 2.2 - o113 s
37,20 18,6 2.42 ‘110 w
23,80 ‘1.9 3.72 102 w
44,95 22,475 2,01 . 202 S
41.1 . 20,565 -2.,19 113 s
37.36 18,675 2,41 110 w
85,30 17.65 2. 54 108 W
33,50 16,75 2.67 006 W
24.0 12,0 ‘ 3,70 102 s

v

V5 - VERY STRONG, S_- STRONG | W - WEAK, vw ~ vERY WEAK .
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T ) 3 r: 5 ¢
Caleite 23,5
29,7 14,85 3.04 104 Vs
35,9 17.95 2,5 110 w
39,5 19,75 2,29 113 VW
43,4 21,7 2,10 202
475 28.75 1,91 108 S
48,8 o4, 25 1.8 116
§iderite 32,0 16,0 .78 104 vs
38,6 19,25 2,85 ‘110
41,7 20,85 2.12 113 S
42,2 21,1 2,12 113
50,7 25, 35 1,800 04 VW
52.4 £6,2 1,736 108 W
Apatite 21,90 10,95 4409 200 VW
26,90 12,95 3,44 002 W
27.70 13.88 2,22 102 W
31.75 15,875 £.81 o1l VW
32,04 16.00C 2.79 112 Ve
32,90 16,456 2,72 300 s
2.1 17.08 2.62 202 W
46,9 23.45 1,04 er2 s
49.2 24,6 1,86 213 W




o4

1

3 4 5 ¢
Reibeckite 28.5 14,25 2,13 S
19,6 9,8 4.529 vw
10,5 8, 26 8,429 VS
10,6 5.3 8.345 3
Microecline 45,6 £2.8 $.99 W
42.0 1.0 ©.16 <
£7.7 13,805 3.02 Ve
2,0 10,5 4,18 W
arte 42,7 21,35 2,12 200 w
40,5 20,28 o, 287 102 VW
36,6 18,20 2,45 110 <
26,7 13,35 3,34 101 Ve
20,9 10,45 4,25 100 VW
46,6 22,80 1,98 201 w
42.4 21,20 2,131 £00 VW
40,25 20,196 - T. 042 $11 W
39.5 19,75 2.8 102 q
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1 2 3 4 é 6
Orthoclese 30.5 15, 5 2,92 208 s
29,6 14,80 3.007 131
26,7 12,85 2,466 112 S
24,9 12,456 3,87 el VW
2lel 10, 65 4,24 201 s
12.85 6,926 6, 50 020 w
23,45 11,726 3,79 120 W
16,0 7.50 5.87 111 W
22,6 11.25 2,9 111 W
22,3 12,15 ".62 131 VW
26,6 13.3 3, 37 220 Ve
Albite 13,85 6,925 6,39 001 <
22,75 11,376 4,02 201 w
23.6 11.78 2,78 111 5
24,26 12,105 2,68 130 s
27,9 13,95 ", 20 002 Ve
28.05 14,026 2179 220 Vs
Hornblende 42,0 £1.0 2,181 \s
Haematite 33,2 16.6 £,69 104 vé
49,6 24.8 1,83 204 <
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CHAPTER-VIIL

g AL NI NG

Stalning served as an important tool in the prosent
context of investigation,with vhich identificstion of
ecaleites and dolomites have been made simple and less

cumbersonme,

Singe th;a proportion of caleites and é&lomites slone
leads to the e¢lassifying of the rock as aov‘ite or rauhaugite,
staining was done on (a) outerops exposcd in the ares of
invostigation,(b) on polished surfaces énd (c)'spoeially
- prepared roek slices in the laboratory.

Alizarin Red S organie stoins werc employed for tho
purpose. For approximate determination in tho fleld 0.1 gm,0f
Alizarin Rod S was added to lil gilute Hci,paclwd in & spoeial
aeld polythene bottle which releeses only drops of acid on
pressing, |

Freghly brokon surfaces of the outerops were tested.It
vag found that celeite rich rocks offerverse very readily
atteining a reddish pink stain within s fov geconds,while
dolomites and dolomite rich roeks offervoeco logs readily,
becoming stainod only after several minutes (might Se dque to
over oxposure).Several parts of the outerops vere thus testo&

vhile mapping.



57

In the laborctory roek sliees 0,5 mm thick wero propared

for 7 samplos and the staining solution was prepsrod 88 follows,

Digsolving 0,1 gm of Alizarin Bed 8 in 100 ml,of 0.2% Hel,

The slices were then etchod in dilute Hydrochlorie acid.
choekodg often undger & binoeulsr microscope vhether stehing has
producod sufficiont relicf.They were then put into the stain
golution till sufficient contrast 1sztta1naé. Usually 1t took
ghout 3 minuteos for caleitos to stoin reddish,vhile dolomitos
remain unsteinoed or bcéan; palo pin: on long oxposuros,

Tho proportions of enleito wero then done usuelly under

o bimpeulsr mieroscope.The rosults sre given bolows

14,0
17.0
21,0
86,0
82,0
24/686 | 6.0
Limestone from Khetrl 9,0

qaméwMHE’:

Tho difforonee gives the percentage of othor carbonates

and silicates.
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CHAPTER.IX
RADIOMETRIC ST UDIES
RADIOACTIVITY

. Every elemont has a preferred retio of r noutons ond
protons 4nd 1f an isotope contains such number of protons
and negutrons that thelr ratio differs from the preforred ratio
the nsucleus becomss unstable. Probably tremendous onorgles vere
‘required to bulld up and hold these micle!l togethor in tho
very early stogos of the eerth's history.Sudh elemonts
transmutates s.pontanefous;y to another elemnt to attain stoble
configuration,relessing cnergy in the process, in the form of
alpha or beta particles,accompaniod by efoctromagnotic radiation
(gamma), The disintergrstion rosults in the formation of s now
elemgnt if it too happehs to be radloactive,it disintegrates
agoin to ettain stablilty,This mai go on covering a fev elements

giving & radloactive series,

It has been cstablished that the rate of radicactive
‘disintegration(ait/at) of atoms of & glven clement at any
instont of time (t) is proportional to the numbor (%) of

atoms present at that instant 1.o.

4t -

Yhero A is the dlsintopretion or decay constent,vhich ropresents
the fraction of atoms that disintegrate in o unit¢ tims.Its valuo
is fixod for ony givon eloment and porslist in the most divorse

enviroments,
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All oloments hoving thoir atomic number more than 83 are
unsteble and theroforo,radioactive but & fev hoving losser

At o8, are also radicactive.

It &8 customary to empross energy in terms of eloetron
volts{ev),mililions of electron volts(llev). An electron volt
18 the kinctic ensrgy aequired by an electron falling through
a potentiel difforonce of 1 volt and is equal to 1,6 x 10*12 org.
Natural alpha particles usually have energies of sevoral Mgvi
beta rays renge from fractions of an ov to soveral Mav, and most

natural gemma reys havo enorgies of the ordor of 1 Mov.

Alpha Dnony

The onergy of an‘alpha particle is onluays diseroto,
carries considorodble omorgy,stoppod by thin sheot of poper,only
30 microns thickt surfecoe layer of rockt or minerol opecimon ic
offective for oncaingtion,

A éaut-ron digintogrates to a proton ang eleectron.The

former romeins in the mieleus and the later( pparticles) logves
tho nueleus penatratiﬁn, fou millimoters in rocks.Beta decay 1o
ssgoelotod vwith the emission of noutrénp( a light particle of
moss less than 1/100th of an eleetron,possess no eloctric chargoe.
Ponotrative pover of neutrino mattor is sbout s million timesn
that of garma rgys.Due to its nogligible mass ond neutral chargo,
it produces no lonlzotion) of differemt onorgies and the total
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enorgy avalloble is sharod botwoon the bota partiele gnd the
neutrino.Therofore the bete spectrun 1s continuous.Createst

penotration of onorgetic bota particles is a fevw mms.in rocks,
. Gpmma Bavs

Tho nuelei of radicactive elements after emitting or
radi:tion are 1n an oxelted stato.Vhen the excited nueleus
changoes 1nt¢$ ground stste,the excess cnorpgy is emitted in tho form
of eleatromagnatic»radintion,adﬁilar>in nature to light rays and
x~roys having seme veloeity but highor energy.

At any point in spaee, & gama ray quantum travols with
the velooity of light (C = x x 1010 en/soe) ong vith froquency
dotermined by its onorgy.Ilts vavelength A (= o/ ) usually
veries botueen 15? cn. The energy of gamma quonta is5 givon by
Er =hv = hs vhore h = 6,63 x 10~27 eorg,s0c. is the Planck’s
constnnt, Ga“:mna ray spectrum is 8 line cpeetrum,hovever ono
and the szme olomont onits more than ono monochrometie 1ino with
videly differing onorgios.Eloetromegnet e rodiations originasting
vithin the atom but outside tho nmuelous aro caslled =~roys,

The carbonateo roeks of llowanile wore suspocted to de
earbomtites by K K, Der(1964),c0l0ly on the basis of tholir
rodioactivo noture,But no sudbsequont invastigstors have paid
hodd for the nature of radiooctivity,Six powdorod scmples
( <200mosh) of tho corbonstite roeks wero studlod using & gemma

roy spoetrometer,



The Basie componontg of Gimma Ray Spectrometer and theiy

functions are given beolows

Radioeetive |SCINT ILLATER Amplifier] |Multi~channsl Dﬂcﬁﬁﬁj
. SouUres % | Amlyser SCALER
' | PHOROHULT I~ ‘

| PLIER TURE '
HIGH VOLT AGE esot
POWER SUPPLY | gmer

ULt v '

The scintillotor consists of o thallium éctivated codiun
jodide opystal("phosphor”) which gives & burst of lirht whon

struek by gamma ray,

The photomultiplier tube produeces cleetriesal pulsos for
each burst of light thet impingos on it.boeomes offeetive undor
high voltages.

Pulses produccd by the photomultiplior tube is amplified
by an arplifier unit, |

‘Every elemont emit onsrgy radia%ion»or'charaeteristic poeks
of coumt rate,st choroecteristic vave longth.Honeo to record
count rotos coniaz from dgifferent olczomt sourcop st differont
vavolength 8 multichammol pnolyser 4o providod vith the
Spoctromotor.In the present 4instrument 520 chonnels een bo
amalysed simultancously.

A prosot timer is provided to count all discret pulses
arrivin: guring a dosired interval of time,
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Faecilities to store counts srriving in the verious channsls
to give a total count value at the ond of the preset tims is
algo presemt. Total nmumber of counts in each channel were automatle:
lly printed by Teleprinter device,

The ingtrument was calibreted by using a stondard samplo
of Cesium 137.The six pouder semples of equal weight wore counted
under the seme geometrical conditions as the standsrd with respect
‘to the seintillation counter.

The plots of tho no.,of counts per 1000 sees.Vs.Chamnel
mmber for only four samplos havo boon givon since nsarly all

eight plots shovod the srme mumbor ond quality of peoks,

The peak of standcrd Cesium 137 was at the 386th channel
vhiech is equivalont to an onergy of 661 Kev, Tho plots gave
peaks «t the

1. 62nd channel = £9,05 Kov
©. olst ehpnnel = 35,95 Kev.
3. 10th channel = 17.124 Kev.,

as given by g%_x 2 zng go on
38

Tho onorgy 17.24 Kev,corresponds to an x-ray pesk while the

other 2 arg photopeaks,

The rosults were nmatchod with standasrd curves for
aiobulm,uranium,ceriun ete. ang 1t vas found thet the two paaks
correspond to those of Ce (Ceriunm) whieh gives throo posko st



0. 923 mev. 9

with cerium 41 sintegrating

| 0. 815 mev,
to give Lanthsoum |

0.228 mev, -

Co 140
53

La 140
&7

The results obtained from plots ore

1.; 1?&124 MGV
2. 35,96 llev,
3. 89,05 lev,

The first corresponds to an x-ray pesk while the other
two corresponds to the two out of the three peelts for seriun,

The samples represent all varietles of carbonstites
24/609,24/621,24/622,24/632, 24/641 and 24/660. ALL of those
were found to be radiosctive,the rost poesible source element

being Corium g‘m disintegrating to Lonthamum,They seem to
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Oo 923 m@v.' "Tf 7/

with cerium disi Megrating

to give Lanthepum

0,328 nevy, ~+7

Co 140

Ls 140
657

The results odbtsined from plots sre

1&_ l?qlm ""' )rva.] P“‘/‘-
2, 35,986 gy, H

? p[fw‘"i » ,,,__.._ern
3. 89,06 Mev, _

[]

The first corresponcs to an x~ray pesk while the other
O corresponds to the two out of the three pesks for cerium,

The sseples reprosent all varieties of eardbonstites
24/609, 24/621, 24/622,24/652,24/641 gna 24/660, All of these
wera found to be radicactive,the most possible source eledert
being Carium gm diasintegrating to Lanthanum, They ssex to
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contain the ssme radioactive olement in approximately sonme
~econcentration, since equal ambunts of semples were taken,They
enit the seme mmount of radloactive energy in-sll samples,

This may suggest th:t the carbonstites have radiosctive elements
more or less uniformly distridbuted ia all the vsrieties which
leads us rowhere in confirming the paragenetié sequence of the
different varieties oi‘ carbonstites,
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CHAPTER=IX

DISCUSSION

The earbonato rocks of Kikavas-ilowani has lead gifforent
investigators to interpret them difforently.CGupts has groupod
these rocks with tho Aravalli suito of rocics{1934).Heron(1953)
gew no significenco as he mappod thom an Arevplll Schists and
blotite schists, K, K, Dar{(1964) sugposted these to bo an
tecurrence of corbongtites steted in Yhis peper, ot Howvonic 8
highly folged; eoleareous grcﬂulitic‘rack vhieh may be sévite
or haem titie sovite but pns beon tentatively mamed erystalline
limostone contalning coleito,chlorite,blotite,apatite,quarts,
magnotito ond @ minoral of pyrochloro-mierolite sffinities

oceurs in g largo post-aravalll gronito intrusivo,

Phadito ang Jhingran'(lgsal have shoun these to bo ccrbo-v
natiteo roelits havxng alkoline ragmotie offipinitios.They hove aleco
given a veguo grouping of the intrusive corbonatites of the area
ag '

1, Groenigh groy to dork brown corbtonatite bodies contalning

nediun to coarse groinsnd dolomitoyecleito,onkorito and sidorite.

. These ere actuslly the hpomstitic sovites aond rauhsugitos
mentioned by the author,

?. Dork brown dykes of cerbonatites,.These are probaobly the cono
shaeots of fine groinod haemetitic rauvhsupgite snd sovite with

magnotitos ang blotites no accossory.
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3. Colelte velns traversing ell roeks,

These third group of ealeite veins are very mimor in
spatisl extent but m previous worker has mentioned the
oecurrence of haematits rich veins in the mgin outerop of
| cortonstite near Kikawas villago U4 of the tomple.

Yadav.P.K, (1869,p.67) has mentioned that he aid mt fing
any structures likec cone sheets,stocks tng plugs,vhich the |
present work has brought to light of the presfionce of cone
lrshoots and plugso, .

He further argues that a central carbonﬁtite coro
enclosed by a ring complox of felspathoidsl roaka,which‘aro
necegsory to prove g asrbonatite as suggested by Tuttle ong
Githins,Smith(1966) aro not found et Howonin, tho atovo thows
that Yagav has nisinterpretod the cbservationg he had mede in
tho fiecld. He has in fact observed that he has mot found any
dark brown garbonatito but that some brown colourod,carbonite
bands occur in the granite and granite morblo contact,some of
these dipping 30° -80° towards the maln merbdle,.These wore
actuplly tho intrusions of fino grainsd carbonatite within the
fonitized roeko.

Tho presonce of these hacmatitie sovite«-rmmau?te cond
shoets or dikes within the fenitizod zons as distinguished
from the main plug may lead to the suggestion that these two
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have been emplaced from different centres of magmatic aetivity,
the fine greined carbonatites intruded from shsllower depths

as compared to the earbonstites in the main plug,hovever somo
interconnected weak planes tapped these contres wvhich must have
resulted in these rocks(fins grainnd carbonatites) finding their
wvay within the main plug.Howover,the depth of the carbonatitie
magms goneration and the nature of intrusion,whether ﬁhaough

‘@ single conduit or seversl remains to be investigatod,

While digcussing fonitizstion of the fime goneralized
zonen of fenitization gilven by Hemrich (1566) only the first
three cen be found at Newania,They sore |

1, The shatter zonz,with metasomstic veinlets,merginel
alteration{thormal shoek zono-von Eckermenn{(1948)
2. Fonite vith relict quartz(Quartz syenite zons)
833. Potash Felspar — Agerine Fenite zona(Alksll syenite zone)

Zone .No.ie is 13 abgolutely or nearly absem:. due to the intensive
metasomatism of the contaet granites,whiech has resulted in near
complete olemingtion of quartz.Hovever,Zone MNo,3 is ’the most
predominont. ARexine in the 3rd zone is represented by Reibeekito
~and & little hornblende which have formed in preferpncoe to
Afemine due to favourable prossure tomperature conditions whieh

are governod by aepth factor,which csuses a variation in tho
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results of fenitizetion vith similar ecarbonstites and similar

vall rockeo,Such as preponderence of arphiboles over pyrozenes
Hemrich (1886).

The 4th and 5th Zones given above involves dessturation or
mphelinization,uﬁich is absolutoely aebsent, it could be Guo to the
' fact that the 310? econtent of the origiral host roek(Biotite-
Bpidote granite) wcre present in exeess of that subtroaced
during the initial stages of fonitization vhieh would othervise
result in Hephelinization of the roeks in the terminal stages

of fenitizetion proeoss,Von Eckormann(1948),

The factors responsible for veristion in the results of
fenitizatlion oro,ancecording to Dowson(1e64a)s

1) Majér varistions in eomposition of esrbonatitos magmas
especislly in proportions of the lons K* % ca2*, 1142¢ Fo2* ang
an* wvhigh apparemntly havo differont rates of rooetivity with

wall rock,
o) Different types of wall rock, Texthoxoboun

To the above Hoinrigh(1966) has added that with pimilar
carbongtites ond similar woll rocks the roéult of fenitization
may vary with the pressurc temporature environment,such as pre-
ponderence of amphiboles over pyroxene,thus hig contribution to
to 8 thirgd factor.



70

3) Depth and terperature at vhich tho solution ronsts with
the wall roek. | |

Heving the nbove in view the esrbanstite magma at Newesia
had higher proportions of K*, Ne*, Fo* which had higher rates
of roectivity with the wall roek as év!.é‘omed by addition of
the above contonts in the wall roek éau—sing characteristie
modif ications ang the deptbh-tempersture environmont was such
thet tho dovolopment of amphibolos far overvholms thoso of

pPyroxens s,

Felspothization has been a pre-cerbonatitic slterction,
whid hag suffered post-foritizotion brecelation but these rock
have not undergonc any significant degreo of corbonatization,

Secther(1958) hos celeulstod that thot ot Fon e 0
Algna'gao’ Kz0 ang Co, havo beon odded by 2% to tho original
gnolss to produco fenite,vhile 810 hss been removod by 87,4t
Howania HNa20 +AloOx¢CalsBg04Cls havo beon sddod upto sn
avorage of 447 ond 510, removod by £49.This signif les the

intonse degreo ¢f fonitizotion thot has teken place.

The prosence of boundsiies of fenitized roek in the fine
aroinod in the woll cuttings roughly 10 netres doep,vhich the
previous workers verg unable to obsorve _sinca thowllse ero being
dugbd recently,

Conslgoring the suggestion made by Yadav(1959) thet the
sodimentapry corbonates h:ve bocn regenersted by the high tom-

peratures produced by the intrugion of granite into them
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(Anatexls),it leads us to the question as to why thon the
petrographic éria petrochemical differenees botween the rain
corbongtite body and the fine grained carbonatites with the
fénite zone? Thoy are suppoaad to be rram the seame materisal
suffcring anstexis st the same depth, '

Further if we take that the grenites have been in' ruded
into the e¢srbonatites.it should be evidenced by intrusive
fastures of all sceles,microseopic,mesoscopie ang megascOpie
though megascopie evidnece,in tho form Qt‘ spophyses of fonitiged
granite occurrencg at & nmetres depth{from bore hole 4sta)

Yadav{19697 hos been roported,it is mt convineing,

Catoclastic motamorphiem of the xomolithiedilorite schist
bands within the main plug of carbonatites proves that the
e-rbonatites cre younror than grmites and have been intrudad

into the granitic eng schistose roek,

Carbonzstites are usiglly essoelated with alkaline roeoks
like Ijolites. Urtites,Nephelenites,end in an 1dealized earbo—
natitie ring cOmplex the main roek units found outwards - inwgrds
wvould be as given by Heinrich (1966),
1, Fenite
. 2. Nepholens Syenite
3. Urtite
a,1fplito
5. Helteigite
6. Carbvonatito,
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Similarly ot Koratti,'inamil Hogu{Barodgin et al;,la?l)vthe aar-

bonstites 8re flankod in the ocast by syenites end on the vest

by pyroxeritos,At Jogipotti,noorby,they ocowr within syemite

mopsged An the form of lenses.They slso w&i;h erystalline limew

stons whiech haovo af differont goologicel setting snd mincralo-
gleal assemblagos.But as in the prasent arcé such alkoling rocks

| arc not obgorved,which ahoum bo mteﬁ‘

Further it 1s interosting to note that corbonatite roaks
are found in intrusive complexes usually oceupy only 107 or less
of the totnl area of the peralitaline rocis (Honrieh 1266). In
viev of the sbove obgervation Eing ot al.vwhile invostigating the
volume of the econozoic voleanie moterial in Eastern Ugande and
and vectern Kenya ostimated thom to be 30,000 eu.kms.in whieh
Hophelinites wore the dominent rocks.They elso projocted the
arca oecupled by ijolites,ccrbonntitos and 8lse sssocloted
rooits to & depth of 10 kms,giving a total voltmé of 1200 cu,kmo,
It was found only 2,59 are intrusive ijolites while 0,57 vere
‘sarbonatites. '

Thus at fowania if wo considor it as a earbomatite
differentiatod from an Alkelino magmdy,it would represont tho
0.5% of tho total volume of Alknline magms to give this much
differontinted,but unforunatoly m other alkoline difforontiates
ore found preseomt. This loasds to the conclusion that these
carbonntitos have mot originstod dy direct difforenticl crysta~
11ligstion from a donge fluld mapms of Alkaline affinities,
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By processing the evidnceos alreadly available the .
Sewahia earbonatites eould be the result of recrystallizstion
of remebilizod phosphate ang iron rich sedimentery esrbonate
roek at depth. |

Pure m.‘..croécopic examinatiéns of the corbonatito sampleé
@14 not show tho presenco of any idemtifiable rare-carth minerals
but s pogsibility is there that they might have been ovorlooked
due to their rarity or due to their bsing sub-microscopic but these
do mot prove thet these aro mot corbonstites.Sethna(1971) has
montioned that though he eould rot deteet any diagmstic minerals
in thin gseetions of the carbonatites of fnbadonger, Gujarat ,traoco
olement analysis has proved tho preseneo of rore—earth sontonts,

Dean and Powel1l(1868) has mted that 1ndividually high
¢ontents of &n olement like phosphorous,stontium or barium
(in the oase of Newania phosphorous and Titanium) emnot be
regorded as dlagmstic of csrbohatites but eolloctive enrichment
of several elements like the most cherastoristie ndobium, corium,
Lanthamm, strontium,barium,phosphorous would definitely be in
favour of o carbonau; erigin,

Unforgunatoly the suthor was not able to do trace oloment
analysis dons for the obove six important dlagnustie elcmonts,
Henge m conelusion ecould be dravn in these 1ines,Hovever, corium
hag been found presont in apprecisble erounts in all tho carbo-
natites through radiometrie studios.
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Thoe noture of occurrones of the spatite velns sometimes
erops-cutting rolstionships with covites,ravhaugites and
ossocliatod enrbonatites within the malin plugythelr texture -and‘ .
numoralogy they sppear to be low tempergturo,fracturs filled bdbodies
They must bo ﬁast toctonie sinee they are found in almost 0ll
v:ar-ieties of corbomtites.Thoy also have imvarisbly sharp transi-
ticnal eontoets with the oot rocks,

Concentration of high volatilos quring lete stage crysta-
1lizstion would have kept the residuui liquid fich in phoophorous
iron ang titsnium,titanomagnotite ,must have begum erystallizing
t111 it is )9insd by apotito,vhich is evidoneed by tho inclusions
of magnstite which t;m apatitec secmg to bo partly replracing.
Apatito oy erystollized till phosphorous wes depletod,later
subjected to filtor pressinjg,uhich has ¢oused tho universal
characte: istie of roundod ovoid groins of apatite in the deposit,
some megnetite accompnnicd tho apntiﬁea,

It has been found that tho hablt of apatité varies with
their conditions of formotion, apatite erystale accoréing to
axperimenbal studles by Yyllie et. al.(l%‘z) co~oxisting in
cquilibrium with uquia or vepours were small and oquant
whereags those proeipintod from a liquid during gquenching formed
aseleulor prisms exhibiting o varloty of parallel and gskelotal
grovthso, tYhon on oequeous vapour phese is present it tonds to

form stubby hexsgonal prismg,vhen s liquid phase is prosent the



apatite crystals are similer but with increasing temperature
they beo me somewhsat larger and bdetter formed.Meximmm elonget lon

ratlo 3:11,whereas those preelpltated from e liquid dquing &
quench are grestly elongated to the C exis 2011,

In viev of the above the apatite erystals found in the
present ares were amall-ai;.d equant with maximum elongation ratioc
5t1{Refor micro=photograph Y.<\ ). This supports the suthorb
ﬁiew that these apatites were formed from flulds in equilibrium
vith them. Howover, the pitted surface of nearly &ll apatite

grains remains t0 be sxplained,
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corbonatitic varieties have dsen given,

1, Emplacement of sovites
2. Eoplacement of ravhsugites with siderite and
Ankerite vhich resulted in internal metasomatic
~ 8lteration if.e. photogopitizstion and dovolopment of
apetite and asmphiboles.

3. Intrusion of core shoets into fonitizod rocks.However
dotailed traco element and rere esrth determinstion
have to be done to confirm the sbove.,

The carbonatites of the arca ore rheomorphic in nature
rerobilizstion snd emplocoment of phosphorous and iron riech

cerbonate rocks at depth,

liotacomatioam has beon a pro-corbonstite alterstion which
has gufferod poot fonitigstion breeceiotion.The foinites are
.rosult of carbonatitic omplacement and rot the result of

intrusion of granitie host roecks,

Study of apatites has led to the suggestion that they
could possidly be freeture fillings at low tempercsture

pregsure,in origin,

Keoliniz:ition,sericitizetion and carbonation of the

fenitizod roeks are late stoge slterstions,

Finally tho prosence of sbundont ascrium oarths in all

varieties of corbonatites of the area alzco supports the autkors

viawn.
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CHAPTER-X

COITLUSION

On the basis of field observations and leboratory
investipgst lons ‘the author haé been led to derive'thc

following conclusions,

Fleld oceurrconcos suggestive of orplocement by
intrusion of the carbonatite rocks exposcd st Kiltawos-Tewania

are as folloug:

1, Several fine grained eerbonstite bodles dipping relativoly
more steeper imards which diffor in composition end textwre.

2, A main carbonatito plug eollared by a ring of metasomotized

I‘OQK,
3+ Pressure of thermal stoek zone around the central core.

The carbonatites have boen classified into four groups,
a) Calecite Sovites ”
b) Dolomitic Rauvhaugites
c) Haematitic sovites and Rauhaugites with sidoritos,
Ankorite in verious proportions,
4) Cone shoots of haemstitic sovites end ravhoupites

fine grainsd.

A paragenetic sequence{tentstive) of tho various
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corbonatitic varietics have bson given,

1, Emplacement of sovites

2. Eoploacement of rauvhgzugites with siderite end
Ankerite vhich resulted in internal metasomatic
altoration L.e. photogopitizstion and dovelopment of
apatite and amphiboles.

3. Intrusion of core choets into fonitized rocks.However
detalled trace elexont and roro earth determinstion
have to be done to confirm tho abovea,

Tho carbonatitos of tho ores ere rheomorphie in naturoe
rerobilizstion and emplocomant of phosphorous and iron rich

ecarbonate rocks at depth,

Hotasomatiom has beon a pro-corbonatite slterstion which
has suffered post fonitisstion breeelotion.Tho feinites are
.result of corbonagtitie emplacement and mot the result of

intrusion of granitie host roeks,

Study of apatites has led to the suggestion thet they
could possidly be freeture fillings at low tempercture

pressure,in origin,

Keoliniz:tion,sericitizction and ecrbonation of the

fenitized roeks esre late stoge sltorstions.

Finally the prosence of sbundont ecriur carths in all

varieties of corbonastites of the area alco supports the authors

viomn.
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Shovus tho numerous outeroeps of ceorbonatito
rocks of the mpln plug,Joints tronding B
of the plotograph ean be clocrly seon in
almost all outerops,

Boudins of Fenitized rock envoloped by
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boen westhered &bove a5 woll as in botween,

Haemotitle Razuhaugite rocit with patches
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apatite volin in lins with the apparont
Sovite linoation,

Sovito~i.auhaugite rock sliphtly sit
folinted angd foldad upper part of photo-
graph.

Vorticolly Jointed sSvoto roez uith porfoct
bands of dolomite rich rack. ‘rrov,

Fine grain carbonatite veins in the
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