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PREFACE , 
**1p,*******  ******e 

From early times until eighteenth century copper 
was produc d In wail quantities. Since then it has become 
an indispensable metal in i odern civilization. For a Counts 
Ilk. India Copper Deposits of Rajasthan are boon to the 

nation and appears as silver Lining In the dark sky. Besides, 
its recent discovery, thee• deposits have been centres of  
mining activity since historical times. 

This dissertation bodies the results of investio 
gation carried out by the present worker during June Novi 
ber 1966 an the geology and mineralization of copper deposits 
at Lakhniwalt.Peeliwali hill of Medan. Kudhan section, ction, which 
lies in the a•tri Capper eject, at a distance of 10 .Km. 
north northeast from Khetri town; in the Jun3hunu district 
of Rajasthan*  This topic of current interest and importance 
was suggested: to the author by the D pertment of geology and 
Geophysics, .Ijntv.raity of Roorkee, Roorkee. 

To make the'.thcsis self .ilivatratIve at large, 
all the laportant diagrams. maps and sections have been placid 

P. t.o 



towards the -end. But the presentation of the observations 

and conclusions is sub, .cted to the limitations sot by 
time and Laboratory facilities. it is hoped that further 
Investigation of similar nature in other parts of the 
belt will substantiate these observations and unravel 

many unsolved problems. 

Dated 3rd 	1967 

(Dmesh Chandra $harir,a ) 
Department of Geology Geophysics 

University of Roorkee 
Aoorkee 
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A B S T R A,  CT 

,akhni,wali .. Peeliwaii hill of Madan Kudhan 

section of thetr5. Upper. Felt of Rajasthan have been 

studied w .th especial emphasis on structures and miners. 

lisati.on,, 

The ridge comprises of the rock formations 

belonging to .. ahgarh series of Delhi system, These rocks 

ha,ve been intruded by magnetite .S amphibolites and per 

meated by mines ali.zing solutions. The recent unit comprise 

of Gosssan bard, occurring in enechelon pattern, alluvium 

and wind blown sands. Various rock types show the effect 

of regional metamorphism hav .ng typical mineral assemblages 

of amphibollte facies'. The xetrogre live metamorphism is 

indicated by seri.citization and c' lorit . nation. Fe-Mg 

me banomati sm has c1 i volop ed typical anthophyllite -curving_ 

tonite assemb .ac o, 

Based up ,n the study of the regional structures 

and structural analysis of the area, It has been concluded 

that the rocks have been deformed by the stresses acting 

from about N 130 and N 310 directions, producing anticline 

with regional axis trending N 400  and plunging towards 

north. These stresses have produced various sets of 

tension and shear joints, faults and smaller folds during 

differgr^'= stages of defornation. 



The presence of only few metal Cons like 
Fe, cu, Wo, Ti In thispart, as compared to many metallic 
ions present in the southern port of the belt, have 
Indicated that the minerslisatton took place probably 
at an early stage of suiphids activity in this part at  
about 4 A. The granite present all slona the belt might 
have acted as the source to give rise the hydrothermal, 
solutions. 

Various structural features have predominated 
over the lit alogicel features In the ore localization. 
The faults have served as Important channolwa js for t t.e 

vement of minereli s .ng solutions, and at places have 
been mineralised. Bedding joints have been most Important 
loch i for mtneral.tzetion, *port from the schistos ty, 
giving various vein patterrte. 

The Ore reserve calculations of this belt have 
indicatedhuge reserves, &mounting to about 60 million 
tons for this section. So for no attempt has been made 
to estimate the ore reserves at Lakhntwsli - Peeliwalt 
hill due to lack of presence of sufficient data. 
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1.1 jfli.nnj- 

' Tho oroo under invoatigotton o+caupioo tho northern 

root port of tiodan Kudhon SoCttøn of tho Khotri coppor Bolt* 

Rajc thon. Tho belt zvna for about 80 K,J1a from Stnghana In the 

north to Rnghuncthgarh in tho south. The area Rao within Khotrii 
Coppar Project which to about 10 K.. NUE of Khotri town and 
3 	of Singha no vi l logo in topo shoot ? o.44P bets oon 
lnttitudo8 t42804'4 	M28030#35,* and longs tudou 79'a4B'4 .. 

75041*4011 , Tho L haiwall.Poo1j r,li block rihMch Novo boon mopped 

and studied in dotoil oxtondo for about I Kt1onatar along and 

500 r etors acroac tho strike. 

tO%otrt Copper Project to connected to Doihi ind 
Jaipur by all wovither motol road. It i a also connoctod to 

N4,m.«ka-' hang an hjrawo rntlwcy otationa of Weatorn R i1nny 

(MAP 1) by tax roodo. 

RO Aa-T IMF fir.- ;1-~■tea 

The dloato of the region to aharacte ot1c of act$.. 
de€~ortte typo. The 'Groat Thor Dosort * li oo in tho goat of 
Khotri Copper bolt. Though the climoto is not but it is not 
unboorob1 p. 'rho tarperaturo vari atlon to groat varying fro . 
50C in January to 50°C during Juno., The avorago roinfoll Var°Iea 
botr.ocn 25.40 . The gain during Jung-Soptcnbor is brought 
by ": rnoncoan frog trnbjan Soap while in the Jcauarye-Fohruary 
by t3E cyclonic windo. 



The orco to not trovorood by any important river 

o scopt o oonsorwl prkhnr River, t hich flown twordc i E on 

NV fiontc of Poolivrali,.Lokhniw0ll block with great speed daring 

rainy seasons, and has eroded 7hyl.lttoc and othlat to r3oko 

Its goy. oto snoll stro loth (ramie) Join thu Khsrkhor 

across the volloy.-  

7 1.3.  L''0nth n t a s•  

The chief agents of a oo hortng in the rogt n arc 

t posture, wind and rains. Rains have ccuOod both mechanical 

as well as the ical weathering, Bring, t h to wind caucod only obrooton 

and of the co ao time real of the wootborot product fromthe 

hill lops. The wootharod soli Is brought to the lowgrounde 
and dopressiono where it to depoitd and coopoctod by UubaOa 

wont rntns., Sand parts cleo ho ro boon tronsportod even to runny 
ktlouoters depending upon their finonoso. Those 'have produced 
typical ocnd dune pattern. The variation in the t peraturoo 
atdod by moisture and wind have resulted In oscillatory actor 

14. 	 iJçin. Jim (After tea ho. n ) 

The lot, lytn area 16 wovorod 4th alluvium and 
wind blown oodlsncnts. The cola to ltght brown to fawn colour 

end so is to be quite productive and fertile. This has boon 

tof ors . from the fact that 2 bids ore gram whoreovor water 

to available for cultivation. 

Vogo otion to vary sparse In theo oroa except along 

rivers and also on hill-rnngoo. The low landss generally hove 

scanty scrubby growths in dditton to shoat ubiquitous 
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., 3 * 

'Oouphor la roya~llina and "cDctus bbahon and opoor gr000 
which rotdro very littler water for their rovth and o to 

tonco* (Photoircph ' .1) . 

r 'rya 	i. $_f. 3 	s 	4 .,K• !_ t, s 	y. 

Tho topography of an area tt ro ult of diffo 
rancor in ' the root Otonco of tho rock to oro ion. 14cnco tho 
goocorpholàgtcol charnc on of the area cro baoad upon the 
lithology and structures of the rock typee. 

The area fo mo a port oc the Arovalli rongec 
of Pcj oothon. The top*graphy i c very r ch undulating choroc*' 
tortiod by Alain and sharp apoxod ridgoc. (Photo raph .2) ,. 
Tho ridge trends : S° with stoopor wotorn elope at about 
410 and genie oastorn elope at about 230. more to a marked 
vacation in evarege elope anglo on either of. the 	b.• 
Accordingly, the oeional aq onto In thy.. a area have vor .cx 
from SE di,roctiors towards f¢ The topography of the ridge 
hot aloo boon at ctuz'a ly controlled by .Demo porn .Uol to 
the strike of tho fo otionaz The other, s.ot of Demo end 
faults hovo also holpod the oroatonel ogonto to co o out. 
the precont -topography. Topographic foaturea ore th=n in 
map, no.2. 

The natural ogonto of cioothoring in oo ociction 
~iith structure and ltthology of the r ton havo produced the 
percent day g000rpho.logical cdoturooz The quart2ttoe oro 
resistant to weathering mile achieto and phyllitoo ore 
coolly weathered coneot uontly the qunztzitoo foam the ridgos 
r llo phipilito and schist for od tho law-lundo and volloyu.0 
no a'bovtn in figuro 2. 



The other Important gaomorphol ical feature is 
*end dunes. They are fozad due to elluvlem and wind blown 
sends brought by wind action from distant areas. These dun** 

range In their trend from 	N I.SSW and occur throughout 

the lowlands. These dust,* art considered to have been shaped 

chiefly by SW blowing wind# from April to September. 

The area around 3•tri and inghane Is populated 
by ajesthems who speak blended fejesthant and Punjabi 
language. They also speak Hindt which con be estly followed. 
The general standard of luring is low and. people are quite 

poor„ earning their living by agriculture only, The e second 

meenS of eening La the erraction of Ihetrl coppez Project 
which is employing about 2,O0 persons at present from the 
nearby villages. 

1.7. 	- 1,O 	 Lx V «. 

Hackett(1877)was first to mention about abandoned 
copper workings of Kh tri Copper belt in northern part and 
also about large hemp of slog left behind after extensive 
mIning and smelting of copper at Singhana. 

Hackett (1881) mapped the area and included war 
quart ttes in lower elhis,wh ch ire earlier included in 
Aravel, i, system. Hockett (1080) also mentioned about .nature 
of Oteurrence of copper at (o .ihen. 

Heron (1923) mapped the ares structurally and 
lithologicaily around Khetnt and mentioned about host rocks; 

schists, *latest  and impure limestone of lw*r series, for 

rninxaltzatton at different localities, 



Dunn (1943) Pointed out briefly the potentialities 

of the belt. Dab (1g48) d*scxibed the petrographic features of 
some of mineralised rocks and identified Important ore vino al 
after a croscoptc studies. 

West (1949) raportod about th fining activities of 
Jaipur Mining Corporation during l94446, which was closed 

beaus. they could not reach rich loads after spending suffi* 
ci t tIs* and money* 

Chandra and ami eng.r (1955) assigned the length 
,,of copper belt only to be 18 miles extending from Siaghana in 

t 
(north to BO'WW . In South. Structural controls for rnineratiaation 
of ores were also discussed to some extent, 

Venkatosh and Dam Gupta (l98) reported that the 
minaxalieation to restricted along shear zones in schists and 

by ll tos and said that contact between autho-phyl1tte -► 
onin Anita hearing rock with 9~ 	 garnet iforous schist rock 

is more highly mineralimod. 

Roy (19 9) diacuaa*d about the old workings of 
Bingham*, Ban *a, Madan, Gothra, end harkar, based upon 

unpublished reports of Grookshank (1948) who predicted rich 
ores at depths„ based upon studios and mining of secondary 

ore by ancient miners. 

tame and Petni (1962) dealt with the general aspacta 
of a ~ineralisat-ion in the Madan and Kolihan section. 

Dam Gupta (306O.►67) and Roychaudhary and Des Gupta 

(1965) have carried out detailed petrological and minarogrsphi* 
Cal studios in this belt on regional scale. 

Rao and Reo 	 )and Mukherjeeworked on the presence
( 
of trace elements ini 	art 

cts of the belt, 	 different pa 



1.3. Scope of Present Work: 

For the country Uk. India,, which is deficient 
in bass t etaa1s, the copper ore deposits of Khetrl. are '0 boon,. 
to the Rajasthan State in particular and to India in 4enoral.. 
These deposits were tnt.rsittently mined in past few centusries 
by ancient ainers. The present day importance of copper Is 
felt by everyone. At the Initiation of Or. K.K.Singh, the 
investigation of these depodts at Lakhniwali • Peel wali 
hill was undertaken in Jun, .1966. 

(A) Field Investi etion :- 

A total period of thirty two days spread over in 
two field seasons (Juno and Noveber,1966) was devoted for the 
field env estigations, The following works wpre carried out In 
the field :. 

(1) Detailed Ceologtc mapping of the Lakhniwali 
Peol wa .0 bill on 1:1000 stole, (topographical 
map by the curtesy of M/''s 3.M.fl. ). 

(2) Detailed structural mapping on 1:1000 scale. 

(3) Geologic mapping of underground working of 
LekhntwsUU Adit In north drive and First NE 
X.cut on I On. a I motor sca .e. 

(4) Preparation of diagrammatic plans„ sections 
and sketches of various important geologic 
features. 

(5) Collection of aystemati c. •nd ,representative 
samples of all rock units and ore ainer .ls 
(more than l2 samplos were collected). 



..
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(1) Laboratory inv,stI , tern j 

The following lebortory invsstigetton were 
cerrie' out in the laboratory of the Depnrtrunt of (logy 

and ophystcs University of Roorkee, 1 oorkeo :* 

(11 Consultation of various references on the 
related subjects and survey of upto.dote 

UUt reture on the present Bolt, 

(2) Petrogrfiphtc studious. 

(9) Study-  of megascopic cherecters of the, 
e lse  

(bb) study of rock Sections under petrological 

(3) r* Microscopic s uc es 
(a study of various ores and th r a ssoci at*a 

under reflected light I n the ors, 
(b) study of association of gangue and or* 

minerals in th, Lr polished sections$  
(C) determination of porn .nests of ores. 

(4) Analysis f .9e. 4ebr c) of the various 
str'ucturol elements with the help of synoptic 
U poles of various S planes In the lower 
hernisphtre of sc' idt's equal area not 
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GELOGY QF T] . JREA 

2.1. Regional Geology and Structures 

The Kh.tri Copper Bolt Is mod * up of rocks 

belonging to AlwAr and Ajebgarh series of fl 1 system of 
pr.cambrian age. The older Aiwar Geri** chiefly consisting 
of aro teceous sediments is represented by rocks varying In 
composition from orthoquartzite to arkoce, Interbedded with 
phyllites, scb sts 0  marble and amphibole quort21tO at 
places.. The younger Ajabgsrh sort** to represented by various 
type* of schists and phyf.2ites, which h v been derived from 
m.ttaorphism of ergtlleceous swim nt.s. Schiste at teeny  

pieces are intorlayered with thick whit* massive quart.zites, 
locally marble and other cafe- ocks.. 

The quartzite of both Alsar and Ajabgazh 
series show current bedding, ripple i*arks and graded bedding. 
ht : have been of groat help to determine strat .grepbical 

sequence. The contact between two series Is gradational and 
at many places to essoctst*d with the de  development of snthc 
phyUito.cummtngtontt, bearing rock developed due to m o-

somatism. The rocks of Aiwsx' and 1 j abgsrh series were later 

intruded by grenites, p.gisattt,s, basic rocks and enkerita 

(Map. 3), 

The gen.rsltsed geological section of the 
bolt, as given by Dos Gupta and Roycheudhory (i96), is as 
follows: 

Z RUS1VES 	Ankerite 
Younger basic rook 
Granite, pagmetite,quertz 	Ott. 
O1!er basic rock 
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AJABGA 'i  ( QuarttLto, phylitto, chi to etc. 

	

SERIES 	Mc blo celccgnoios etc. 
3~ E 	 Vnrioue typo of a chi sts and phyl l it o. 

ALL 	( A phibolo quortztto. tmphlbala gnaton0 

	

SERIES 	, mcrblo etc. 
trkocic jcrtztto, quarts Ito dth 
tntorcolot d phyflito end ochtst« 
Phyfltta end Schiot 

Rogionol strike of tho formotleno verbs from 

to 3D$ t1 d&re Lion. The bolt it ch rctorieod by lirgo 

tcobo doubly plunging folds, rich hove been faulted in normal 

and rovorso type with increasing intensity of deforcotion, 

The reverse fr oul o are Important from the point of vier of 

ntnorattcatbon1 which octod ns channol ways for mineralizing 

ooluttons. The mojor fold a to plunges then NE or S1, the 

nxoo of ttf.ldø may be at right angles to each othor whore 

superposed fiding to pTO OUnCO * The plunge of folds is 
r odorcto (2 ) a b t some of the later folds høvo steeper 
plungos. The c o of antt-clines are occupied by Ali,iars (flop 4), 

The faults are thouch nuaerouo but are dbp*oUUp 

typo with ins gnificant lateral movcrnont at the contact of 

ltthobogic units. They run cub.pmmmllol to the strike of tho 

fozraation and con be traced to several kilometers, The faults 

of 1lritod oxtoat are orrongod in onochal on potters. cubsu porn. 

Ibol shear zones developed along 	or feulto Ora more t+ po 

tent, than the fault thoniselvoó, for milnoroibosttons. Large 
scale transverse ii to arc f and liriitod In their ox font 

and ore not important Vroc minoraltootton point viow (Mop. 4). 

The melt bav o boon subjected to highoot 

grade of regional motamorphtsn as hom by poletic o ibba oo 



containing min.rale iLk. garno 1 Kysnit , stanxo lt. and 
stl]f.renits and rocks like cs1c-gneisnss and •i*phtbolites. 
The metemorphtsm has been tcco*panied by defo etion, f.lds. 
pst14 atios,atd £gneous activity. The pr Bence of andelusit. 
near the contact of older baste rock indicates the al effect. 

The pro ess v, m 	a p' it ► has been followed by retrogressive 
met, orpbts as L dic*t*d by serocttt etton of endalutite or 
chlor ti?etion of qsrnett. All those were followed by ferrow 
* oesien m tas ; otisir WbI*b produced anthop y'lhite, cw do to. 
i tr, chlorit biottto. Out of a, . those rock typos, garneti.► 
° roux rocks hava boon most important from mineraliestion 
point of vi e. 

2.. Geology of LAW  LakhniweiiPoeiiwalt Hill %- 
-NiWbM174 wlt~lr.;sMM~xr.. iuw 	nwWbMlail •..'.•..aw+wSlrilw'11.vtWrNw wMAiM+W*wIF~IW 

The rick types exposed at Lak niwali.Poeliwali 
"till f e on to , ab rr sari** of to Delhi System (of Heron) . 
The eoio c 	s, observes' fry S to NW is as 
fo3. o s x- 

 uvium and wind blown sand 
G" 4n b;nd 

nA .x'i s v;1 i 	( cni ait. veins 
Mincr4tstng 	Qurtzv,ins and sulphide aa:a zv otns 
v1 	 pettte.emphibot. 

yeah 	(Açhtbolo bee in garnett fexous 
c alt it4 	a 	t /,ch ot. 

lest rtife rous chlorite quartzite/sch ,st. 
gar 1a 'q ertz ,te/'sch ,st. 

fsld%pa hic treszoltta quartzite. 
oldspattic quartzite 

south east of plant valley ft ld p*this quar,Eite 



yes in cont*Bt With r sgnettte c srt*tte further **tttb 
granitic axposurCI are mat with. 

Feldspathic quartzite occupies Maxima areal 
• tent and covers entire plant volley. it is greyish  reyieh white 
to brownish white with little Iron content. It is altered  
at the surface i1. fresh at few meters of d pths and dips 
at about 6 due fl 31e # 

Overlying feldspathic uettztt.Is Peregneiss 
which is exposed along the south eastern Stop# of Lakhniwali 
hill. This Is varying In thickiess with an average thickness 
of about 10 meters. It to not exposed all along the strike 
length and Is covered by s r+ materiel and #oil cover$  but 
the contact between. this end overlyingrocks have been 
observed t southern. 4nd -northern ond dipping at about 68 
SOP  due 3lO. 

`eX ep th c trenoitte qisrtrtt.* ov ril e 
paregneiss and is about eo. o ineternin thithickness dipping at 
about ° 75'P  townrds N300 to 	e.. It Is traversed by vary s 
casgnettte emph b tto.qu arts veins which occur as morn rests.  
tent bond of 1.3 motors of thickness. Meqnttte-htbalite. 
uertz veins protrude on the surface with higher reUUef duo 

to their higher hardness and have altered to U monite producing 
typical box work pattern. 

chlorite  cue zite/schist overli* f•ldspsthic 
tremoitte uartztte. The schist and .qu3rttite are so closely 
iftt,rceleted that it to difficult to smack the Individual 
bands. Qua sites are resistant 0 ► weathering and occur 
near the hill top. It variess in thickness from 20.30 motors, 
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dipping confirasb1y with overlying and underlying formations, 

Qarnstiferous chlorite quartzite/schist which 
is overlying the chlorite quartzite, rock Is persist-snt through. 
out the entire length of hill$  and Is chera+cterts+ the pre► 
sense of garnet bands. (Plate i3 ). Individual garnet bands 
vary from few millimeters to as much as 3 fns» It Is varying 
in outcrop width and is much wider and thicker at tskhniweli 
hill as co*parad to Paeliw, li hill. The thickness varies 
from 50 meters to 100 meters, dipping towards 305!.330°  
at about 6.85°. 

phibole besr4ng garnetiferous rocks dohs not 
occur as distinct bend but shows very irregular nature. It 
occurs in smell packets (p1st. it ) as well as In bonds. 
The contacts are very ch gradations I. ` . amphibole nead► 
less vary In thickness from few inches to 4 Inches In sI n 
radiating from a cyan. centre (plate i ),nd colourless to 
dark grey In colour, 

On the north western flank of t khniwali. • 
•Pe, twol.i hill, Icherkhsr river has made Its way through the 
phyilite rocks. The rock unit is also not exposed. 

All these formations have bran traversed by 
later intrusives like Magnetit, amphibollto veins, quartz 
veins,, sulphide Lenses and calcite veins (Figure J3 ). 

'her retest units sssoci.t*d with garn.ttferous 
chlorite quart,ite/schtet amphibol. bearing gernatif.rous 
chlorite quartzite/schist and chlorite c artait./schist io 
represented by Gossan bonds which extend in an snecholon 



fashion along the strike (fig. 	) . The ores have bean 
backed away from these zones and are charsct.r ss►d by 

presence of reddish and greenish secondary iron and copper 
minerals like inert., gonthit., malachite etc. 

A ganeralid section of the section showing 

tU the rack formations present is shown in (Fig., 2). Two 
sections of across the Lakhntwa l Peeliwalt will show the 
variation in the thickness of individual rook units 
(section along X*Y and X'~►Y' ). 

2.3, RTJRES 

The structural feature of an area are the Image 
of the forces which have disturbed the rock formations. The 
complexities In the structural element increases with the 
incr#aso of intensity, epochs of disturbances and mountain 
buildIng so tvtttes. The LakbniwnUi.Pos .UwahL. Mu which 
Is the nor'thmost part of the no b~«esstorly plunging antochine 
forms the w.sten . imb of the fold (map. 	.4) . Different 
structural elements In this hill have been studied on the 
surface and underground and their control on mtneralizatton 

has been partly vrked out. 

Planer Structures 

(I) Bedding (S planes) ;~► 

I3edding has been observed in various rock typos. 
In the f.Xdspethic quartzites the graded bedding of quartz•• 
grains, together with the colour burns have been utIlis.d 
for deciphering bedding. Though this feature is not exposed 

at many places but on the southern and, graded bedding In 



f.ldspst is quertOito (fig. 3 ) have been observed. From 
this the dip of the formation comes to be 66°  dup P4310'*  nn 
the b*ddifg. 

In the garnetifer us chlorite quartzite rock,, 
the garnet bonds, have been taken as index of bedding (plate fl), 
which are the product of r ional metamorphism of p ] ettc 
ssdt rents intercalated with p a notic bonds. The dip of the 
garnet bonds*  and hence of the formations, varies between 
65P to 850  towards N3000  to 330. The general dip of the 
formation is about 100  due N3100  (fig. 6 ). 

(1,i) Foliations (g panes) :. 

The schistose rocks exhibit foliation along 
which the rocks easily brook down. The foliation is parallel 
to bedding in this region, dipping about 70 In N310*  to 
t432 0  dtrctton, Foliation varies greatly in their direction 
from N 0°  to M34 depending upon the fiexuring of the 
beds (fig. 18 ). 

The polo* of 200 bedding and foliation planes 
were plotted together and contoured. Two sxi*a ware obtained 
with plunge 700  in direction W3100  and N3300  (fig. 6 

(iii) Joint% + S-planes) I- 

Several set of joints are present at Lakhniwali. 
P.oliwali hill, which have partly controlled the present day 
topography of the ridge. V*w joints are smeller about 2 to 3 
motors in strike length#  v&ii. others extend for a long dis. 
tones along and across the strike of the formations. 



Seven main set of joints are observed and a schematic 
block diagram of these Joints is shown in (Fig. 7  ). The 
poles of joint p3ances wort plotted In the lower hemisph.r. 
of schmidt not for structural analysis In (fig. 8.9) to show 
their structural relationship with the fold'sxes (of desittex 
1963 pp. 103) . The seven sot of joints ere as follows :ft 

(i) Dip joint (first order tension joint) striking 
0-030 0  parallel to stress direction, The 

dip of these joint very from 30  to as high as 
°. This has probably also produced. 

(U) Strike joint (second order tension joint) striking 
X135 °.N215°  and are parallel to bedding and 
regional axes of fold. The dip Of these joints 
vertex from ° to 

(lit) Bedding joint are parallel to primary banding 
dipping 700  this N3i00. 

(iv) and (v) Oblique joint are dtagansl to the dip 
and strike joints end they correspond to the 
first and second order shear joints. 

(4). and (vii) The other two probable sot of Joints 
arc product of release In tension r*,.n deforms 
Lion ceased. Normal shear joints trend parallel 
to Axis of fold with dip between 45P and 20°, 
The Joint with the dip still lesser than ° 
have born termed as thrust shear Joints and are 
present in the at**. 

AU. these joints show the variation in amount end 
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direction of dip. Most of the joints are straight but sa e 
curved joints of smaller scale() era also observed. 

(IV) Faults 2~ 

The .akhntwiii-toliw$1ihill is characterised 
by the presence of numerous dip $ .ip and strike faults,. The 
transverse faults vary In their throw greatly from a motor 
to as high as 25 maters. The transverse faults have asrwad 
as the conduits for the movement of mineralizing solutions 
and at the same time have acted as iport.nt locci for *tn.ra. 
U .ration (fig* 15 

(A) Dip Slip Pouf o i- 

'ha transverse faults are dipping steeply 
southward (sectIon 1 sad 2). Those faults have probably 
produced the saddles between the, hilltops (fig. I ).Along 
the tskbniwall.Peeltweli ridge, and four saddl s corresponds 
roughly to four faults. 

(1) The northermost fault has developed fault 
broccla In betw*n chlorite quOrta to schist and Paid spathic 
quutztte (fig. s-- rs ) . This bracciat rd material have been 
later on cemented by magn.tite quartz solutions (plat* 29 ), 
This fault probably has maximum throw as campared to other 
faults because faldapsthicquartzite Is abutting against the 
chlorite Quartzi t./scb st. 

' 	 (U) The aicond fault passes from Pwaitwalt 
old working. This fault is associated with 5 meter wide 
gossan band across the strike which was mineralised by sul. 
phtd.s as Indicated by the presence of limonite gocthita and 



malachit. along Its  and °fib. offsetting of chlorite quartztt./ 
schist on the two sides (map i4), 

(ILI) ` .. third `a t which Is trending ' W is an 
inferred fault, It Could not be confirmed because of lack 
of sufficient outcrops on th. two sides of this probable 
feult. However, the offsetting of the chlorite quartzite/ 
schist on the two sides and thbtr probable extension has 
load to the i.nferenc, of this fault. Much detailed underground 
msppIng in north drive may confirm Its occurrence, 

(iv) " e faults of -smaller scale are present in the 
magn.tttesmphtboltks Intrusive* ( ). " . band* of megnetits 

prh boll ., WhiLb are about I to 3 meters to thickness have 
been very clearly displaced by dip slip faults with the 
throw varying from I motor to as ch as 5 meters. 

,3) Oblique Fault to 

The fourth major fault passing from the ill• 
a .Lakhn wall-P*#e Uwa hill trends H60-i4240 dipping at 
about 75 ` duo s uth ""his- is oblique in na*ure and is 1st 
order *bear fault, having vertical throw of about 8 to 10 
motors, as determined from Section 2. The Lakhn&wsli old 
working turns towards north at about i,5 meters from the 
surface confirming the throw. 

Cc) Strik. Faults z. (Second order tension faults) 

The ores is cb*ract.risod by the presence of 
strike faults along the formation boundaries„ A probable 
Strike fault at Lakhniwal1 PeeltwaU blU ixIsts west of 
Lskhniwali hill which forms a steep stop* for. about 30 



meters, within garnetiferous chlorite quartzits/schist. 
'hose faults have, developed durini the stager of folding 
of rock formation*. 

The enclosure of MthophyUttcutngtonit. 
hoaxing rock in between the Barn jf us chlorite qua rtzita/ 

schist on two aid r near and south of Labhniweli Adit can 

be explained due to strike faults t otherwis. the, enclosure, 
may he considered only a lens of sphtbole bearing rock* 
produced due to Ve Mg aetes atism. 

(IX) Linear Structures  

The hill Itself is the western limb of the 
northeasterly plunging fold with beds dipping at about 760 

due ,431j0• ~'4inor seal* folds are low. A plunging anti l n. 
and sync U n. with a plunge of 280 due N3 	is present in 
the paregneiss towards the southern end of the a es 
(plate 5 ). A broad flaxur. bss developed on the western 
flank of the tokhntwsli hill about 150 eei*rs along the 
strike with a plunge varying froe SOP̀  towards N3000. (F'9 :& 

i 	eke ri s s-M 

The puckering in the mtcsceoua bonds is present 
to the peragn.tss (plot* 	it )with the plunge of pucker 
at about 700 duo N3O00 	The folding In the par*gndss has 
caused the breaking of competent qusrtz+'►feidspathic bonds 
(plot• 5 pinto block*. 



2.4.:S'  M, 	!! -- t W  I 

(A) ZntoduCti 

Failure by ruptur. In the rocks of outer shell 
of the earth is expressed by the joints*  faults foliations 
and cleavages. lbs study of the stresses which have produced 
these features Is of gr#At Important In the hydrothermal 
ore deposit* for the localization of ores, 

An attempt has been mad* to visuvaf ie the 
relationship between the fracture pattern and regional stress 
direction. Thor* to no doubt about the feet* that the joint* 
are developed due to $an* stress conditions as fi . faults 	' 
acting at the time of folding. 

(B) Relationship between'  stress and fractures  I-► 

From the study of the various Joint pa tens it 
Le niwall-P,eliw* .t hill and c+r si er ,na the axis of axial 
Plane foliations ($2) and the major a ►ticlin, to be trending 
about N3b0.N22. °, following conclusions have been derived vo 

(I) Major subhor iontel stress acted from *lout 
N1250  and N3!  dir ionss (perpendicular to 

(U.) In the Inittal stage of simple stress conditions 
flip Joints (Pirst order tension Joints) and 
oblique Joints trending O 	0  and HlO0. 
N330°  (First order shOOr Joints) were develop 

(ill) en folding took place giving rise to anti -
din.*  beddingg Joints and strike Joints 
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( second OTdOr tension joints) tronding N35*-M15° 
and oblique ,joint (second order. spoor joints) 

trending N2O0- J2000 and N3550-We metre developed, 

(iv) 1inoily the roloc o in the stresses produced 

;pint trending N35°- i°° 'ith dip looser than 

45' and con be col d nerc of shear joint and 

those viith still looser angle (below °) Pro 
the thrust %hoar joints. 

(G) ConcluaL*n 
	All tlie Sties,. (ot,ditIOhi tare Shocon in )-~910 

Koepi>jcg in the mind the Mohr (1962) - + *-dorson 

(1951) theory of rupturo,, euthor has tried to correlate various 

Joints patterns and faults to regional stress direction causing 

the deformation In the re. What to given bare is not final 

conciunion, The sres which dove been to enn into con tder tion 

is very sMall for structural en,a .ysis, and to further subste 

tiato th000 a syot sUUc and detailed regional study of the 

various structural feoturo to ranted„ 
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Mtgas Cople aractan tom► 

The 1*idspethte quartzites Is light greyish 

white in colour and is fine grained. On the exposed surface 
,It has changed to light brawn due to leaching of Iron contents. 

Textural features s" 

It shows granoblssttc texture. The inter 
spaces between the quartz and feldspars have altered recr 
stalti,s0. 

Mineral assemblagee  :4- 

artz$, T elspar,. sertcit., iMgnetto and limontt* 
bsire boon recognised, 	the sortctto is the alteration 
product Of felspar-  tch is elbit c in composition. 

3.2. PM N z 

Ms arcoptc character s 

Paragnsfsa is charact.rised by the parallel 

bands of chlorite • biotit and quartsofeldspars p1-$4* j49  19). 
The bands vary in thickness from few m.m. to few C.ms. The 

feldspar* Pro altered to Kaoline and seri.cits. 

Textural feature s 

Paragneiss show the gneissosa texture In the 

n croscope. The lights and dark bands are arranged parallel. 
'ndahisits contains few inclusions of quartz giving sieve 
structure (plate 18 ). 



+Minna al a+~a+ bla9 r s 

€ arts, Biotita, Muscovite chlorite, andalusite 
and Magnetite are present. The feispars alter to sertcite 
and Psoiinizd oven on the surface, Tb. ens. has been given 
because it is result of regional s*tsmorphisrn of alternating 
quay zofoldspathic and pelotic a,dj*,nts.. 

3•3. 	DHxcpLnrJ 

Negascopic characters 

Peldapathic tremolite quartzite to exposed on the 
eastern flank of the Lekbnt It P••liwait hill. f . is 
cbarsct,rts.d by the oc ,rrence ofneedles of tr aoUUt. and 
act ooUUta of varying size from few .in. to 2 C. sebedded In 
the quartzo field spethic groan ass. This fox stian to highly  
weathered on the surface and gives reddish brown colour due 
to alteration of iron content Into ►Usoaits ( 
showing typal bowork pattern. 

ext sal f es ur. xo 

The rock shows porphyroblastic texture. Quarts 
and fa *p r occur in the groundmau in Bch n atlas and 
prisms of trwolite and actinoltte are embeddedas porpby. 

blast (pate 19 ) • The aiphibola nedlss are crowded d with 
the Inclusion of quarts and f*lspar and also give poiktoblas. 
tic texture (plate 25 ) and inclusions ass generally arranged 
parallel to the elongation direction of crystals. 

Mineral ass+amblags t- 

The f•idspsthic tree solite qusrtztte contains- quarts„ 
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treisolitet  actinoUUts, slbi ., s1lUUUanits *sgnetite, cblorit 
biotits, limo its,  and ssristt,.Tr olits and edinolite alters 

to chlorite and btoti 0  whtl.,s3bite to s•rLcite and 

*xgnetite to limonite (41 

l e9 ,scØ characters t-p 

Morita qua s :ts/schist is c arsct.rissd by 
the greenish colour. " s chlorite flakes ors generally 
rsndo sly oriented and do not appear to b* schist„ but at 
places s h3sta*tty is developed. The contact bet a this 
fozestion and ov,rlytng garnatiferous rock is not very sharp 
but is marked 4y th sppesr5nc, of garnet from asst is west. 

Textural features to 

The chlorite 	zLte rocks are grsnoblasttc 
and chlorite flak*$ do not exhibit preferred orientation. 
The Individual flakes vary In their at z► from very small 
si rt to few r. . in the fine gratnad c pected rook.. 

Mineral assemblage  t• 
---- 

The mineral asssblege In this rook is simple 

and quartz, chlorite, *covi te, btoti te, slbit. and st li. 

*snits ( ) is present. Chlorite is present ubiquitously in 

all other overlying rocks of Lekhntwsl oP.,liwa i hill. 

Two typos of chlorite. have been recognised 

Chitnaeblor. and Pen n*. C1ltnocblorø is charactsris.d 

tabular or pssx dohex9onxi crystals, and sometimes bent. The 

extinction varies about e,.7 and shows polysynthetic 



. 	- 
twinning ( 	). Pennine to characterised by parallel 
extinction and green to brownish gre n pleochrois m. It gives 
anomalous blue colour. 

3.5. 	NE F. Rt 3S► 969 i E  

Megascoptc characters :. 

The garnoti.forous chlorite gust . o/schist Is 
chsrsctar sod by the presence of garnet crystals arranged In 
bonds. The Individual crystal varies in size from few m.m 
to about en inch and i n dark reddish brown In colour. 

Textural . tor+ s s• 

Garnets are arranged in bonds alternating with 
the quartz -.chlorite bands, Individual garnet occurs as 
porphyroblest and have the Inclusions of quartz showing 
sieve structure (Plato 23  ). These quartz Inclusions are 
probably the remnant of the ear tar sediments and produce 
blestosemmatic texture. 

Mineral assemblage s 

Following rdn.rel asunbløge is recognised in 
the section s 

(1) q rts.ohlorit biotit. garnet 
(ii.) qKurtz-ch.lori.te muscovite ..garnet 
(III) quartz.blotite garnet-aand*hisIt* 
(iv) quirtx.chlorite biotlte-gornetsillimanit. 

The garnet Is of slmandino variety and is 
pinkish brown.. The sillimsnitn to chsrecterised by prismatic 
colourless needles grad order polarisation colour and parallel 
extinction, It is distinguished from the 	by its 



higher tntorforonco catour nndc)4.aite ahays groylsh blrt • 

s +n one ., vMlo 81111manito fahov t occond order 001OUVo. 

Garn t, s illit anita and nncli1ualta altars to 
chlorite„ biotito, ooritito and onhibit rotrogroasivo mote- 
amorph! am. 

3.6. , OPT, F 	c x 	~. 
( ,) O(jaacapit c a cntUrs sue► 

In hand specimen  npocinon the anthophflhito currningt 
nito bonrinq rocks uauaf ly avo on eppoaranae of on anphtbolo 
v4th aggrcgato of radiating Arian (ploto 14 ) t ich hole 
in oast' idontificotton of those rock typos to the field. The 
cooroer crystals soaauro from I tb. to 10 Cam. in 1cngth and 
ray r .n to 2 min across the length. The rock in usually 
dark grey to dark greenish colourcd and ft rich In quartz., 
chlorite, biotito and gornet, At places tho rooks have 
concentration of considerably big sheaf • like or fan ..nhopod 
crystals of onthophyUito and ct ingtontte (ploto Is ). In 
oc o cooco those Taco also shoe an unusual hornfoloi.c 
characters v,hich tith the shoat of anthophyii to and cumingo 
tonne. This Ioature is vio bie oven in the handopaais~on 
and holpa to distinguish t ono rocko from other rocks 
(ploto Z4, 1s' ). 

(t!) Te uroi features x- 

The rocks do not shnri any banding or ochiotootty, 
which iight have boon loot during c ot000aattc roploc ont 
of rocks. uartz chiorito portion tiithin onthophy lito 
bearing rock obey' fr~lnt ochiotoatoy (ftg1e 2s ", In biotito.. 
chlorite rock the flakes ore arranged at rondo further 



fOli CtiOn is not d GVoIOP uniformly In different ports of 

tho come section (plate 24 ). The znthophyXlito 	inçtsi 

nfto rock peas rcdually and iporcoptibly along the otriko 

into ochiot 41il d quartV.ItQc, 10 6000 00000 rock alto shove 

horn foIotc otructuro with ohoofo of onthophylU to and 

cu ngtontto (plate 2 	). " S.c feature So viuiblo oven In 

hand opock n and helps to d ,ttingutoh th rock fro9 other 

azphi Iltoo•  

(lv)  tinorol cos bia:)ee  t 

R+ otdo tho onthnpPyll&te an cu ingtonito 

tho rock c ntaints one or more of the,  following aln.orals t 

Chlorite, genet, Ctaurottte tai, ondnlusttoe  tourm lino, 
eardinite, rnblerde, ouort .. carbonate cAtte, biotite, 

regnotitco pyrito, pyrrboti a ch,a1copyrit and 1. unite, 

Although cnt cp .y-i.U.Uto anti cu ingtontto 

are Intimately o soctetad (plat :< 2,  ) co only one of the 
to pro.  prorA&nnnttn itnla epecteen. Prose the ratcxoccopt.c 

ex action of the rock they tan be citcsLfiod as fallowing 

(a) rs; blago d rtvod fria pel is rocks co  
P.i&i g b otltt. andal-ju .tie,, stnurotite, 

garwvt muscovite, eorl itr3, MOgnO itO 

o«°4. 

(b) ! n,00nb1ngo derived from the quartzite 
OCk conots ttnc of sexicite C.JOc* rite, 

btotite, KKf aos; c e, olbito and aegn ito. 

(c) AO cb1ageo derived from s iwpolotic 

rocks c th higher amount of quort In 
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peletic rock consists of anthophyllite 

chlorite, cordisite, tale etc. 

(d) from Amphitrite quartzite composed of 

actinolite, albite and magnetite, consists of 

cummingtonite hornblende, biotite, chlorite. 

The cE~mmon minerals quartz magnetite, plagiocla. 

tourmatine and carbonates are always associated. 

3.7. MI TNERALOGY 

Anthophylilte :- 

It occurs as coarse prisms, blades, idioblast3.c 

crystals, or in sheaf s replacing earlier minerals. It is 

commonly, colourless to pale grey green and brown. It shows 

following pleochroic scheme 

Z = colourless, Y ljght and X tan; 
Z <y< X. 

Anthophyllite contains numerous Inclusions of 

quartz of various shapes some of these are arranged parallel 

to elongation direction of host rock. Such quartz are also 

seen at the contact of two coarse prism of anthophyllite 

(figre. 25 ) . With the arching of the anthophyllite prisms, 

the quartz grain also show corresponding arching and both 

minerals exibit strain shadow. Magnetite grannular are 

randomly distributed. Inc),nsions of biotite, chlorite and 

plagioclase are minor (plate 24 ). 

Anthophyllite grains contain small pleochroic 

hallows (7) around tiny zircon grains. fractures are sub- 

normal to cleavage plane (110). These fracture do not extend 

with matrix. Fractures in some cases were left open and were 



apparently filled with later v.inlets of aertz. Locally 
flaky *tnsrals, like 'lathe, seovtte and chlorite, have. 
devalopid along the Cracks. (P lade 2 5 ) 

~1IA rite, 8'M 

It occurs similarly as the anthophyUit.. It 
occurs as sh*efs, fan shaped bundles, or blades with clangs. 
lion parallel to C axis. Locally the bundles of needles of 
this isinerel are arranged in b tte fashion (ftg . 2.). 

The cu*t.ngtonit. to generally colourless. The 
extinction varier, within 150i.250. Twinning on (001) and 
(100) are cam. The cuaingtontte shows stove structure 
and a1*oet *1 minerals including quartz occur as inclusions. 

lot to, I& 

t is present elmost in all the aseeabis es. 
TWo varieties have been 'r co sad ; 

(t) Palo green pininit* showing ultra blue 
interference colour, 

(11) and distinctly pleoahrotc. 

The second type to most cosmonly developed and  

has following pi.ochr tc scheme X a yellowish green, or 
colourless Y-gr..nish yellow or bluish green and Z r.en 

Chlorite flakes co .only contstn pl chroic 
hallows around zircon inclusions. The win*ril occurs as 

(1) aggregates of flakes, pseudo*orphously replacing earlier 
btottte or ,mphibolas (plst* 21). Gaarse grains without 
any evidence of replacement Opiate 23 )and irregular shaped 
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flak.s and patches enclosing earlier minerals Ilk* quartz, 
sndalusite w p) bol.s etc. The third type Is soM.tiaed s$SO-
clstsd with Antbophyllit.•.cusingtonit. bearing rock without 
replacing that. chlorite derlvid from biotite have fine inelu. 
lion of sgnetite. chlorit. flak** occur normal to fractures 
and the outlines of anthophyllits. cummingtonite, biotite ate. 
and also along the, flak#*.. 

It forms main mass of the country rocks,, but 
does not occur as major constituent In #nthophyllitf cu tngtoo 
nit* rook. The mineral Is present in the cleavage and cracks 
of the amphiboles or In association with cleavage and cracks. 
Inclusion of zircon surrounded by p2eocbrotc hallows are quite 
Can. It also occurs to int erg s ruler space b+ tw .n quartz 

stn (pInto- 
aracterist1c p, eochrotsm of the biotite 

crystailised during P44q tutasomatisa to from colourless or 
pal* yellow to yellow to reddish  br . 

ornbl end e v 

This sssambiaga occurs only In •sembThge rich 
In stn 	it,. ' e mineral shows following pl.ochreic s +~a~r 
X* yeflowslsh brown, Y«*y4lowish green and Z green Z> Y ? X. 

The mineral occurs as xenoblsstic or porphyro.  
blastic grains showing sieve structure because of inclusion of 
rounded quartz (plate 2' ). cordierit. Is usually associated 
with •fltbophylltt. but In so.. cases with cumrntngtonit.. It is 
colourless with higher refractive Index than quartz. Some of the 
grains of this mineral are altered to z c:ceous pen&nit* along 



*l and border. ( Plc zc ) 

Tburisltne t. 
This to usually minor but locally occurs In 

consptcuou s amount Vtj,, 	In fiw grains zoning Is observed  
with gteenish blue core and bluish outez rim to reddish violet 
or. to violet nut*r ° rim. 

'Garnet I. 
it to P4-e pink with high relief, probably 

almandino,, Grains with crystalloblestic outlines are noted. The 
groins contain the inclusion of fin* and mats* quartz (plate 2 ). 
and alters along cracks Into chlorite or bioti to (plate 2i ), 

it occurs on porphyroblactic grains set in a 
ount ac* predomInantly of quartz#  biotite and amphibolee. 'it is 

pleochrotc from colourless to pink. Two sets of cleavages (ID) 
are also developed. The a mineral sometimes contain numerous 
inclusions of quartz and magnet Ltø showing spongy texture. The 
ondalu*ite also alters to prninite and sericite. it also contains 
ter` inclusion* of cerbonaceon Metter• (t8-Plcre) 
tour'ot i te. s 

Crystals are pals, golden yellow to colourless 
and are coon In ephtboli asc+ ]ages. The mineral also shows 
the d• per pleochroise at few places* They show penetration and 
contact twins (ic a 20 ). inclusions of quartz are can* 

Ho foliation or bedding can be r.cogn ,asd in 
the gernet ferous quartzite. But locally both the gzoundmsss 
quartz and quartz inclusions, within the garnet porphyroblasts 
have the same orientation as Indicated by Interference colours. 



3 

• 31 in 

3.8. Meatasomatic angea :. 

Altered wall rocks surrounding the mineraitsad 

zone* presents remarkable example of izmonmogn•sta metasomatism. 

Anthephyllite rocks have better developed by the replacement 
of arkosde quartzite then the schistose rock, where both type 

of rocks have been fully replaced the end product Is a rock 

chiefly consisting of Fe Mg amphiboles. 

from the paragoneafs of the mineral assemblages 
it is seen that the chemical changes were also involved in the 

process of metasometism. There was a continuous addition and 

removal of constituents. The most important of the materials 

added are Mg, Fe ( iron-msgnest an amphiboles, chlorite) H20, 
P a A (a .bite); and Si (quarts). Most of the K (biolite). some 

Si (quartz) and Co {oligoclas,6 )have been wtthdrawn from the 

host rook. It might have been derived from the original 

andaluoite (anthophyli.tte feed) of the contact of endalusite 

(plate J S ), and muscovite which were extensively effected 

by the metasom tiam, 

ffolite, ubiquitous to the country rock 

schist, is however, insignificant in the zone of anthophy» 

lltte..cummtngtonite bearing rocks. This suggests that K .. 

was removed during metasamati.sm. Also blotite rich rocks with 
unoriented flakes of biolite are conspicuous in the areas 

adjacent to zone of metasomatism (pa-st. 	)suggesting a 

possibility that they are formed by the K..rem►ovad from this 

zone. S aricite is absent in the tone of Mg-Pa arnetasomatism, 

though occurring in the andelusite bearing rooks outside tht 
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ruin zone (PLgAt 18,19). tts Late formation also indicates 

that insptte of the availability of the necossaty constituents 

for its formation, it does not crystelitse, presumably 

becaus. the physico..ehemicel conditionswere not suItab1o. 

introduced ced Na has been depoetted as elb its 
is 

vhich/almost present In all assemblages. This indicates 

that during meta omatism Na, unlike K. can form distinct 

felspar provided there is gufflIcient 	(pinto 	' • 

Pre existing sl]icp has boon removed from the 
rock, but se sil ica has been added along with the newly 

formed mineral especially along with suiphtd.s (plate 25 ). 
It is,however, difficult to distinguish t e introduced quarts 

from released silica because bcth the types have recryslet . 

lined and sbon some mode of occurrence. 

3.9.  Age of Metasos*tt 	z. 

Iron-megnesie metesomattsm Is directly connect.d 

with the mnslitton and appears to have partly preceeded 
the ,►vin phase of sulphid• deposition, which 3150 occupied 

shear and fault zones, trans.cting many earlier stfu ctur.s. 
The mine.r l zat on probably took plate during the later stage 

of folding, but minor movement of tons continued throughout 
the ,period sulpbid* phase., Granite was emplaced towards the 
closing stage of fold movements but is only slightly miners. 
Used as indicated by veins along fracture ton** within 

granite. Presumably the minerelt± stion started Immediately 

after the emplacement of granite, but the Fe*Mq metesosatism  

an granite and intrusive baste rock 1% not seen in the field 

(Das Gupta l96). Anthop'hyl lit.•c mingtonite • bearing 



rocks as a rule contain only minor amount of sulphides 

especially In the zones of mineralization. The sulphides 

did not form from simultaneously with the anthophyllite 

cummingtoni.te but are crysletlized later from residual 

fluids. 

3.10. Metamorphism :- 

The 'he rocks of Ajabgarh series have been subjected 

to regional met rna: hien o varying gradoo. `he different 

fades can he di t ,nguished by the presence of various mineral 

assembly es. The pelettc rocks are c ract,r: s.l by the 

pre ,ence of following Important minerals esse ►b.la9es t 

(i) Muscovite - biotite chlorite, 

(ii) Tremolite » htot!te - chlorite, 

(iii) Andelusito - muscovite» biotite, 

.Muscovite 	toots « q atTlel 

(v) guacevtte - btot1te -w steurolI e*garnet,*  

Cvi O muscovite - staurolite-biottte garnet-stair: 

..te., 

(vii) i1 .menit 	nda.ltrsite- biottte -garnet. 

' hø uertzit# Locks have been metamorphosed and 

cen tad and copbtted quartz and *lbLte are present ubiquf.. 

tously. The calcium and Magnesisn. content of the sediments 

probably gave rise to aetmolite and tzemolite minerals. 

" ft highest grade of meta rphism impressed on 

the area, out9ide the metasorattc zone is of sii.limanit. 

slmand ,ne sufacias (Turner .1949) of aiaphibolitofactos of 

regional metemorphi sm. The metamorphism hs.s been followed by 
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taidspatht:aticr and ignoou 	ttvlty. The precenco of 

anftlusite 3rLd&cda that than t'hezr ai. effect has also played 
some role. The progressive regional, met morphism has be  

followed by retrogress .ve metamorphism as indicated by 

sari cittzation of andaluetto (pi,te 18  ) and ehLortttzatton 
of garnets along the fractures (plate 21 ), 
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ore rninerUfrom tho differentpert of "i 41Q 
Khetri Copper Belt haws: been dancr b@d by Haclzat (1887), 
Mallet ($9 is Dunn (i43), Crooknhank (1948), Dob (x948), 

Vext c and Fctrd (F62),  Ono (3upt1 (x963 ), Roy Choudhory and 

Da a Gust:. `'96*5)t 	;re 'o (i.9 f), utthrtoc 	966,67o,61b). 

With Cie ndvanc+ s iii the to&niques in are 
aicro copy the nurher of miLrc rail an:] trace oie►ants discovered 

are incro sing d.th tic. Pyrrhotit+ ,, chalcopyrite, pyrite and 
m gnetite are most widely spronf lit r°als. The otter minerals 
reported in %tnor MfloUt are cu sanit@, vEilerito, ilmonito, 
sphalerite, t rah rltc, orenopyrite, gaiono, rarelsberqito 

1 mnckinawtto, r itite, cuprita# tanorito and goethito. The 
chief ganguo minorais reported Are quartz, chlorite, and garnet, 
with minor amount of amphibolos, apatite andai.usite, acapolito# 
zircon, cordi rite, and tieropiesIto. Setquautiiotivc ana- 

o of t3 ► are mino.xmis candor infrared cpectroticopo by 
tiukher3oa (1967) indicator presence of Pb, Zn a Sn,, Ag, Coo £41., 

l4O, In, Ga,Ti, Mn,, V, Cr. 1i and Be as trOce elements, 

4, . Mature fly" Occurrence of O os t» 

Atthou' h the sulphideo or nre found to occur 
in r .nor amount: In the sAjoX ring formats ons, but broadly 
garnett!'er_our= chlortt9 gvartzite,'och , st and an phiba10 bearing 

gore tiforouB chlorite tuortzitafgchiot have acted ns icportont 
host for the m.t.ncraii zation. The mineralization iz much 



controlled by structural planes Guch as aheaz planes, joints, 

fractures and foliations, rather ; than Ut oingy. These planes 

have served #9 the chnne1wsys for mineralizing doluttons 
and at the same time the loca zers of sulphide ores.kc;c ts1 

Mode of Occurrence t. 

The sulphide ores occur in various forms as 
vein filling, lenses, braccia filling impr.gnations and 
di s em nati+ ns y 

( ) 'rein filling varying In thickness from 

few i.11 maters to as thick nc 5 Ca. is preoent along the 
joints, fr eture5 and foliations. ' be vein filling along 
jointo produce venous f,at ros like parallel vein$, 
rectangular veins and horsetail feature (Fig. . ). The 
joints in which f ..ling has taken place vary in their strike 

length and + enir is. The bedding joints are most Important 
frciiz neraliza ion point of view varying in their openings 
from I Ce to 5 (Z he other less important Joints are 	e 

(Pig. is ). The sulphide veins continue for few meters 
ai ding graerut1 l y or they may end abruptly. 

. Along the p a~•an.nereltration *aulta 
typical braccio filling occurs C 'tg. 11 } • The intarapacea 
are filled by quartz, calcite and sulphidos enclosing 
chi,r-tttc bracci.a ;p ,at• 	2$ 

(c) The mineralization has also localistd as 
2 ensoid bodies varying in their size from 30 Ora, to as big 
at 10 meters. The lenses pinch and swell with irregular and 
transitional contz cts exhibiting hydrothermal raplaeamant 
predominating over vein filling (fig, 16 
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(d) Fine imp egnztions and disseminations of 
sulphides is present ubiqullously. Those disseminations 
vary in size from few millimeters to a centimeter (fig. 19 ). 

Ore Minerals tm 

Of all the, sulphides pyrite is most abundant as 
compared to other minerals. It occurs as grannuler aggregate 
varying In size from five grain$ to few millimeters, It to 
most co my localized *long the joints (Map. 7. 

nrrhotite occurs with pyrite along the joints 
but It also associated with it in the lenses with chalcopyrite, 
and magnetite fig,, i2, 

1 
slcopyr.i a occurs with pyrites, PXrrhotite and 

Magnetite as Irregular concentration ("a. 12 )Wlong joint 
froctures and foliations replacing the country rack and 
producing various features like parallel veins, rectangular 
veins horsetail and lenses. 

Mai ootitt occurs as inclusions within suZphids 
as fine grained gronnuler aggregates In the lenses and along 
larger joints (fig. 	g ) the magnetit. grains. 

'here sulphides and oxides of hydrothermal origin 
have been attack rd by descending meteoric water giving rise 
to malachite, limomite, gethite ect. as secondary leached 
product. They occur along larger Joints and feels through 
which water can descend. 

4.3 o Ore Minerals at Lakhniwr~li P.el .wail Hi l.i *- 

The minerogrophic study of the ore* in L.khntwali 



Peeliwali hill of Minn Kud'han section have been studied In 

detail with 20 polish sections (blocks) and 7 thin polished 

section ' sUides). The study has lead to the conclusions that 
the minerals are simple and few in number. The privary 
sulphides which have been identified are pyrIta, pyrxhotite, 

and chalcopyrite. The other sulphides reported from various 

parts of the belt have not been observed by the present 

worker* Amongst hydrtthermal oxides magnetite titaniferous 

n agnetite and woirramite have been found Calcite, and quartz 

are present as hydrothermal gan e. val].ite malachite, and 
limonite ore the secondary minerals. 

4.4. Description of Minerals t. 

The care ninorols whits hove b*en observed are 
discussed in d+ tail in4 viduall . The parag.ncxts is Ister  
described In this Chapter, .e determined from tnxturai rei a. 
t unship of  thee minerals. 

Ci Pyrito - 	 Pyrite shows various farms ftom massive to 

grsnnuior and also xadisttng nee dLes having brass-yellow 
colour and greenish black to bswnic : block streak. 

In tho polished sections the pyrite is character-
iced by its yellowish white colour, pitted appearance and 

higher hardn.s . in theared and btaccietod country rock they 
occur as ,raccia filing. The vraina of pyrite are mould.d 

by the chat copy+-ite (44g.. 	, r it contains the inclusions 

of magnetite and rarely of pyrrhotite and chalcopyrite* When 
occurring in chalc'pyrite its boundaries are replaced by the 

later. The si;nifice ce of those Inclusions Is discussed 
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later In this Chapter. Pyrito won tasocLatod impurities or 

replaced shows variation in colour (4 / 598) fe grains also 

shore low enisootopism which may be either due to strain effect 
or duo to low symmetry in the crystal structure «. 

(LI) Pyrrhottte 	Pyrrhotite is second most important sul- 

phid. mineral present in the Lakhn1wali-peeliwali block. This 

can be distinguished from other sulphides by Its characteristic 

bronze-yellow or + opperrd colour and gr,*h black streak. 

They generally occur as either the disseminated grains with 

other suiphidos or as Irregular pockets.. 

Under reflected light pyrrhotito shows varying 
forms such as maso. v'* tjr'en for ajgrcgate, elongated prism 

veins or isolated grains (plate 2731 ). It is cherecterlsed by. 

Its pinkish white colour and strong enisohopism from greyish 

blue to dark brown colour. It occurs within chaicopyrite 

mass as inclusions or as Sn,te.rst .tial filling (plat* 27 ). 
It also shows prismatic cleavage and simple twinning (.$-s&*. 

aI chi may be due to strain effect. Pew inclusions of magnetite 

octahedrons thaicopyrito and pyrite grains have been observed 

(plate 3 ). Pyrrhotite boundaries are i lso inouldad by h5l. 
copyrtte. 

Two typos of pyrrhotitos, pyrrhotite I and 
pyrrhotite It have been distthgIshed from the .fact that the 

distinct veins of pyrrhotite It cut across already formed 
pyrrhotito I (p 1t. 	) . Tho pyrrhotite 11 shows less 
straining effect and much clear snisohopism as compared to 
pyrrhotit*s 1. 

(Lit) chalcpyrite . 	It has typical brass..yeellow colour but 
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often tarnished giving beautiful colour combination like 
deep reds  pink s  violet and blue. It has dark greenish black 
streak and is softer than other two sulphides. 

chalcopyrite in polished sections shows golden 

yellow colour, and is isotropie, at few places where grains 

have broken due to the deformationel stresses show variation 

in colours as well as in anisotropism (plate 3i ). it is 
associated with pyrite, pyrrhotite, magnetite and uswolfremite. 
It shows Inclusions of pyrite s  pyrrhotite and magnetite giving 
rise to vein texture (plate 3i ). thelcopyrite occurs in 

various forms as fine shreds, impregnations (plate sa ) vein- 
filing and irregular masses (plate 17 ), showing various 
textures. At few places ch: lcopyrite occurs as inclusion in 
magnetites  pyrite and pyrrhotite. 

(,v) magnetite 	It is most abundant amongst oxide minerals 
and Is well distributed in the ores, it occurs as fine grained 

grannular aggregates along with other sulphides, gives dark 

black dark streak and is strongly magnetic 

Magnetite is found to occur almost in all the 
polished sections studied.. The colour of the magnetite is 

slightly bluish and darker grey than the usual colour of the 
magnetite. It varies in form from anhedral irregular grains 
to octstredrel grains (plate 30 ) with faint cleavages. The 

quartz is most common inclusions, but sometimes sulphides are 

also present as inclusions. The pyrrhotite and chalcopyrite 
have replaced the magnetite partly - giving irregular replaced 
boundaries (plate '31, ). 

Two types of magnetite have been distinguished 
6'/CC 7 
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associated with the suiphid. area« Mac nettte i is %lightly 
pinkish in colour, irregular fine grained and faintly ants. 
tropic (~-L 	) . This s I s thought to be titand f erou s 
magnetite., The other variety the mignetit. 11 to slightly 
dark bluish grey, with subh+ rel to enhedral grain* and is 
isotropic. Some grains have shattered and exhibit *train 
effect (plato 	). 	- 

v) Woiframit.. It has been recognised in the polish 
section (4/5") by characteristic elongated prismatic crystals, 
grayish with brownish tint colour, and enisotropiem from 
grayish to brownish colour. It occurs within the magnetite 11 
gr undmas (plate 3o ) and Its boundaries have been slightly 
replaced by the m& gnetIts. This mineral have Neon reported 

for the first time from this. belt. 

.) Quarts ► 	it is most con gangue mineral associated 
with the Ores, Three types of quartz, have been recoç4nissd. 
Quartz l is that present in the country rock and 1* more 
strained and is replaced by hydrathe el minerals. Quarts 11 
is the one Bch came along with the ore minerals at an early 
stage and was later on broken replaced by later incomming 
minerelizing solutions. This is tranzparent In colour and 
occurs as irregular inclusion* within the ores (plate z7, 32). 

Quartz III is the one which formed along with and after the 
ore minerals. This quartz to lost broken and replaced occur* 
within ores and also replaces them (plate 3t ), 

(vii) Calcite 	Calcite is recognised both in the hand 
specimens as well as in the polished sections. It farms 
independent unite giving rise to typical .celcits veins in .th* 



country rock 	-`i9. f3 ) or as impregnated with other art*. 

Calcite in sections shows *iteration and uneven 
extinction which in due to the deformation and strsins,.jt 
occurs as interstitial filling In quartz matrix as well as in 
ore matrix 	i. 27 ), 

(Vill) Malachite 	it is only secondary ,copper Mineral. 
which can be distinguished m.gsseopically, and is usually 
•usdciat wtth rtuertt forming oxtrenuous thin layer,on 

quart ,o green colour., 

(ix) Li onito 	.Umon to is associated with, the gommmn 
band present at the top of the hills, It shows typical 
colours varying from yellow through b own to maroon with the 
rat* of decrease in alteration of primary minerals, Limonite 
shows typical box- rk pattern (44o  

4.. Toxtures and Structures In the Ores :- 

The textural features, which depend upon the 
mineralising solutions, stage of mineralization and host rocks 
vary greatly. In general the sulphides show replacement 
texture predominent over vein filling texture (plate -26rb 33). 

Individual ore minerals show various types 
of textures. Pyrite, pysrhottts and magnetite show grannul.sr 

texture (plate 30  ,3z ), While cheicopyr`ite shows vein filling 
and replacement textur.. and also occur* as irregular mosses 
(plate 3s, 2.). The inclusion* of pyrite, pyrrhottte and 

megnetitC within chalcopyrite shows island texture ter 
thalcopyrit. also shows fin, shreds and impregnation within 
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the eo m t?y rock (p1 
	

). Covet l ite hoe replacod tho 

cha1copyrito along c rack$ showwtrg coconda y replocc ont 

toxtur (- n 	). Typtco .: intorstitini f LUng toturc 

to o) own by cha .c 2yritE, py ` tt:itO and ci2.ctta platee 27 ). 

Tho tnto p cos tier* 1ntor on cxpnded nd tho boat rock 

oopoCInliy quOrt2 vvix broken PS th MI neralt at.ion cdvancod, 

t raaeta `t itng toxturo is Shatin by pyrite (ploto 28 ), AU 

thogo filling to tires aro att.oet oto4 t4' h r+ lecrngnts of 

4.6. Par+ uor~co z 

Fx= tho toxtural Studi oo of tho or tinosal a 
in ioctiono fojovjno four cuff&ro it a oa of tho DtnorOit2 

tton of huvo bean z oco j i o vø 

U) Outdo phase " t nvo r so to quxt, 1fruu%to 

and asneti te, 

11,) StLbide Photo 1 Oava •ice to pyr tog pybottto 

and ch is ipyrttc. 

(tit) Crbo to phase - Caictto to foamed in tho 

lost photo of hydrtial ac:t', vity. 

(tv) 	oz+ d. y + nT ,t .4 	..a an .t 	of aaht to* 

rood covall to havo boon fore cd due to raathoz,ing 

an.ileadh fç) of airoady dopc aitod oro minoral. 

Tho inciuuion of quarts grains in all tho ores 

chow that it was 'teat to farm and conttnucd ti l the ond„ 

" oifrn tto occurs ascaboddcd i.tthtn megnotita groundc oct 
v tth Slight ai oration along the prismatic boundorioc indicate 

that it fortod a wiior which vas ifolloriod by t o nottte I and 
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magnetUte II. sine* Magnetite occurs inclusions In sdIphides 
with outer corroded bounderion at places, it was formed 

earlier then- sulphide. The occurrence of pyriter oetahedrous 
within chelcopyrite and pyrrhotits shows that it crystallized 
earlier than the two sulphides, but sine* it contetna the 
Inclusions of ma netite (- 	- 	) it is inferred than it 
formed later than the Magn Cite*  Then pyrrhottte I end 
pyr'rhottt. I1 crystallized ,dust one after the other. Pyrrho. 
tito is foLlowed by the chslcupy .te which cont:Uins inclusions 
of pyrihot1t ., pyrite  and magnetite. Colette Is the lost p $$* 
of hydrothermal mtneraiitation which occurs as pore filling 
within the country rock as well As iround and within chef. 

pyrite (plate 27 ). betimes the later minerals elso  
occur as Inclusions within the early formed 01 rats, creating 
difficulties to determine paraçønetic ee uence. But •since 
these inclusions are rare end fw In nuMber, it to behaved 
that they are present duo to orientation and cutting of the 
sections. General peragenetic sequence of Undgren to kept 
In Mind to determine thi s sequence. 

Th* scti n of weathering end loathing have 
given rise to supergena minerals, Ilk* malachite, U monite, 
and covaltits, after the eaplaceoent of oxides and suiphids 
minerals.. 
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4.7. Conclusions 

In the outhort port of the t~odcn4Cudhan 
cocoon fees ttnora1t of 	Go, Ao, PI O and Zn havo been tecog . 
ntood but thew s3incro3.o zro not pro nt In the n thorn port. 
' hio hoc load to conclude thot the tnori1isotton In tho southern  
part took place in many pheooc nno afar the othor continuing 
for a in i o0 LnxroducinV many now r minerals and reploci.ng 
oiroady t xisting ones. 

The percentage of r.. tal in the uucl do 



mineral seems to be Invarsely proportional to their relative 

•age. Late suiphides contain more aetaltons than the osriter 
one (Mac Diaridd after Sandy). Sine# the Lakhniweit.Fsoiiwe .0 

hill is rich in few minerals which sr* herd pyrit* magnetite*  
pyrrhotite, It Is speculated that the minore1isntion took 
place earlier than In the southern part of the belt. The 
source of aaineraltsing flut4s is still not d*ftnit,. but the 
grenitos •posed on the south east of the *agnsttt. uartzite 
hill near Gotro village and further south might have acted 
as the source rocks. 
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9.10 !cicmt Mining ?!0ti0ns 

AG rogordo ont ent DnLfl9 *p it1on in tho 
bolt, verbal informotion ravo01D that coppoxr woo minod from 
t otri during pori.ad of handro Gupta t ouryn (about 300 fl.C). 
Ae for nn written evidonco ore concerned,, 0 n-c*Akbnr .' 
ohowo tot copper woo ninod from this area during Mo9hu1 ponied 
(11400.1600 i\.D) O The biggoot proof of this activity is the 
accunulattan of about ,  m.ton of copper slog noor Stnghono„ 
.intoruo Dining 'nd omolting activities took p1 ,co between 1759.o 
1872 A.D. The restive political conditions tocarde the and of 
the 18th century oust hove caud a cot bock to the induotry.. 
Sao of the ancient zt.ning prospects, aL1a1ong the strike length 
warranting tremendous ancient miMn activities or* r 

1. Mod an-1 udhnn 
2,  )(olihan 
3,  floboi 
4.  Akwal i 

5.  Sotkui 

6.  Dhonoto 

Sono of the ancient raining prospects of 
Mcdon.Kudhon soction of Khotrt Copper Project are as fo1low I 

A. PooUUwnit 
8, Lokhniviall r h block  

C. Ghatiwolt 
0. Mod an 	control block 
E. Kudhon 

F. Dc dumw UU ) 
G. 4ohonodr ali 	South block. 
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• "hose workings *tend pretty well along the strike, 
and dip of fcinrttons and have boon developed within the or,* 
bodies.. The development have been very irregular owing to 
the fact that mining was limited only to richer portions. The 
method adopted for mining was variant of present day sublevel 
stoping e.g, out and fill method of mining. These workings 
are characterls*d by various Inclined shsfta of which some 
are flooded while others have, been cleaned by present day 
miners. (;o1c4i 0) 

Beside the old workings are of Iisense importance 
because they give a clue, about shape*  size and nature of 
occurrence. The intermittent mining activity along the strike 
gives the fre .nrcy and distribution, and suggests break In 
minsolization in between lenses. It would not be, an exaggera-
tion to say that about 4.3 m,, ton of ore have been mined In 
old days. 

The old workings are directly connected with eon. 
of th# now edits driven by G.S.I., I.8.M or N.M.D.C. Short 
description of fee old workings of Madan Kudhen section Is 
given below: 

(1) Po liwalf old stop. 

it is the northermost slope of the section in 
gernetiferous rock, about 12 motors deep and 18-20 motors 
In circular diameter, which is filled with dump, debris, and 
caved rock fragments. "here or* several narrow vertical and 
Inclined shafts in the north and HE of this slope, probably 
sooting the se stop* and indicating its extension in NNE 
direction. At present thlo *lop* is not accossfb1.. (P1.7 ) 
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(IL) L.akhniwsll Old Stop* 

This is the second biggest old stops of UEdsn ,. 
Kudhsn section and lies between latitudes 4010-4150*  situated 
on eastern slope of the hill which Is accessible by an open cut 
pit and shaft about 9 motors do". It is connected to numerous 
small old %tops all along strike direction (UNE). The bulk of 
minsrsi.isstion is concentrated in central part of stope and less 
well within the faulted block between Ghetiwsli fault in south 
and P*sliwxli fault in north, Lakhn .wahi mein cross cut intez 
sects a narrow Inclined shaft art 353 eater level (list. 8 ). 

(!it)  Ohstiwel , old stop* 

This stops is faceted south of transverse fault 
near hair pin bend botw*en parallels 3760 end 3880. it has boon 
cleaned and is accessl 1. by a narrow inclined about 2 m. 
diameter and 12.13 m, in dopth 	e" are two big stopss, and  
lowest portion towax $ south Ls'wsteriloged. This Le about 
22-25 a. high, and crystals of gypsum, malachite and native 
copper are developed on the roof as etsilectite. ' `hhe extent of 
working indicates that ox* body is plunging towards SW and 
loans out towards north. This stop* has boon .intersected by 
north drive of sttw*li 368 in level development. The Doer 
body in this stope appear to be a single lens, locxt*d on the 
footwsll aid. of Oh:tiwxli main Ions. 
(iv)  Madan Old Scope 

This is the biggest stop* in the ores located 
between parallels 2060 and 2650 at 0 m. R.L. The entrant* is 
though an open cast pit about 6Ox2SxiOm. ''h. actual entrance 
to the underground stops, it through a vertical shaft approxi. 



,t2 'm,. high. Some of the stapes are as high as 21 m « to 
28 mi.  and are wat+rs ioggid. The direction of elongation of 
working is towards 350 due SW, which to also probable dir*zo 
do s of plunge. This s has been intersected by new Wit No.XV  
at 393 Ian. R.L. 

Cv) Kudhan old stop* 

This stop. Is diviloped through open pit, 
of about 5 m . x 7 m . with a d.pth of 21 in .0 along major 
fault zone C . .M). This workIng Ia located West of ga atI* 
` ous chlorin Quarts s Kist on the contact of Phyllft. and 

doloatto marble. There are numerous small shafts and pit* 
around it of appreciable depth mostly In SIV and north -d rec. 
tion probably joined with main *t3p*. At present this slops 
filled with debris and Is not approachable, 
.2. Prosnt Exploration and Development •~ 

The scientific approach for øxpioltatton  
of copper ore in this regIoo began In 1944, when Jatpur 
Minning Corporation Ltd. took up an ambitious programme, after 
getting lease for 20 years from newer Dsrbsr. They prepared 
surface Geological Map from Singhsna In the north to Matti 
in the south on the scale of 6 • I mile$ and lay out for 
exploratory drilling and mining operations based upon the 
saps. 

They drilled four holes with .a total of 520 
meters length. Three out of four cut across the min.ralis.d 
zone. Fox stated that first bore, hole encountered an old 
working and w s abandoned second met 12! side, lode . containing 
6 % cu, and third struck a 4' wide lode with 12 % Cu. Based 
upon these data, u orgrouod mining commenced at 357 m - . level 



opening Lekhniwali Adit for 29 :m+. 5at 36$ :n, level Opening 
Ghetiwslt Adit for 53 'm). and Mit No,iV and V. Unfortunately 
non. of those openings reached the mintreIiz d tone, and an 
the advice of their American Consultant Mr. Altehulor further 
operations were suspended, though they retained the lease 
upto.  1955. 

C .ologicsl Survey of fndi a started intensive 
sopping of entire belt when the loss* was released by Jatpur 
4ining Corporation Ltd„ They mapped the area lithe•logically 
and structurally. raw bore holes were drilled to make sure of 
the structures and ixteflaton of the ore bodies, different 
gosuur zones were aligned and exploratory pits were opan . 

Indian Bureau of Mines launched a detailed 
study in Msrch,1957, which- has been Very well dscribsd in 
th."f sport an Madan .Kudhen 	ri investigation, Part 1. 
I.B.M.  Launched to exploratory program* in threodifferent 
phases, 

is Geological Mapping. 
2. Pirnnd Core drilling 

(a) 48 bore holes with total, length of 
14,063 "W. 

(b) 14 bore-holes from underground workings 
opened, with total length of 642 in. 

Thus, a total of 14,905 m . of drillIng  
was completedwith on average core recovery of 86 , Most of 
the holes were inclined at an angle, from 307O0,  three wars 
vertical, and two were used to prove structure. Out of those, 
35 holes reached to on average depth of 417 :mw. 
7 holes reached to an overeg r depth of 51 m, 
4 holes reached to an average depth of 870 m,  . 



Exploratory mining oiler tions coo c 3 in 1959, 
Februarys and a total of 3.09 in, of exploratory mining was 
completed by  N*v.*  ►ar.1964+, which were then handd over to 
N.M.D.C. for further develop.ent. The bulk of this mIning was 
done, at 350 :n, level from pirr hats 2,920 to 3550 1 

Geological survey of India and Indian Durarau of 
Mines (19 54) carried out the r connatasance suxv+ r. Sen Gupta 
and ..N# ., Rao (1956) Mapped several magnetic and **if potens. 
tial anceaiiea end found that S.P.anomaiy was always •sir ci_at d 
with the magnetic anomaly. 

Paul (1962) carried out geophysical investigations 
at Si.nqhane, and Paprons and found several self potential 
resistivity and magnetic anomalies, 

Olftcsz* of National Geophysical 1.s.srch Insti.tu t* . 
(.i ► ) carried out combinstion of several geoph Sicai tschni. 
ques for . cplozation to overcome the difficulties arising duo 
to grate,  graphitic phyflite and ferragenous quartzite which 
often interfere in interpr.tatiofl. 

At present, the area is under the, control of 
Hindustan Copper Ltd. formerly und*t National Mineral Develop. 
aen , Corporation, for further development and mining operations.. 
Till June 2966 at 350 in. level that', were two main drives with 

a length of 605.5 in. in hanging we 1. Thee* drives are cconnac. 
tad 4n t'h. north by an inclined shaft No.111 at L.L,374 in, with 
on inclination of 3O in the South*  and by inclined shafts 90#1 
and XI at fit. L.,400,,04 in the noxtb, The total underground dtvilop. 
amt at thi* level con$iate of 2607.2 in. 7h.a drives and eroaa• 
cuts are irregular and at several places have been developed 
upon the, oresbody alongstrika, and ors son*a seems to cut - - 



across strike. Ore zones have not been fully exposed due to 
limited number of X-cuts, 

At . dit No.1% at 3ø4 .'m. l.v.l, a total of 749 m W 

of underground development has been completed. Rirther in the 
south of this Mit a -total of 225.2 in,. crosscuts along foot► 
wall drive and 175 .in , drive has burr deoped. 

At Lekhn weii Peeliwell Mit the •xist!ngr open1ng 
of 23 in . have been extended ahead to touch Lakhn1w*il Old 
workir,g. From this placer drive* have been opened In the north 
to a dtstanc. of 180m with cress arts 150 m. and in the 
South to the surface with tGtsl length of 160m along & 40m x-cut 

e to the lean minarolisatlon in this zone further develop-
a.nt have been suspended. The plzr of this working is shown 
In Map. No.7. This hiil was napped underground  to study the 
nature and intensity of .in,re,lisstton.About 100 meters of 
underground mapping was done ,In the north drive, and First 
eastern cross cut (Map. No.7), 

In other parts of belt of this region„ 1xpioratory 
mining and development is progressing with a Foot seed 

especially at Mtt Na ry and inilned shaft No.1IZ. Apart 
from those Mite end drives:, two main vertical *haft* are also 
under construction. Zn the north is service shaft reached to 
a depth of 250" and In the south is production shaft which 
hii reached to a death of 40011 . " ..work to bein done around 
the clock to enhance the progress. 
5.s. 	jVES ALOJLTH 

(1) Method of Estimsttote :* 

Plotting of the various intersections In the drill 
holes and X- cuts have been used in the estimation of or* 



reserves. The nrber of drill holes that eut the formations 
below the 1000' elevation are fewer In .n or, hence the block* 
at 1000• level and below It are of larger airs, in co pari.aon 
to those at higher level than this where a drill hole at higher 
elevation and one at lower elevation are f hundred feet apart 
along strike, these are often considered to represent a block. 
where the distance between the hole is greats, theoretical 
widthth and grades are in terpretted between actual f i gureu frog 
widely separated hales. 

The number of Intersections at various level, 
varies greatly,,  with only four holes cutting the ore at depth 
more than 400' below Sea level.. For this reason, the estL to 
was divided Into throe separate depth Intervals 

(1) From 100' blow the surface to 1000' elevation 
(2) From 1000' to . # elevation 
(3) From W' above sea level to 80' below sea level, 

T,be ore was divided into three classes*  as 
Proven, Probable and Possible, Where &ntaraections a within 
300'.400' vert caU y apart and at. the some lavol, or between 
abort distance above or below the intersections It Is called 
Proven, where holes are further apart, or ore In the block 
is not at the same level, It is Classed as Prohable, Where 
there is no Information above md below an inter action,, or 
whore vertical Interval In many hundred fact apart *  ore is 
Called Possible. 

ore Raa•rvaa 

Total number of Intersections used for the 
Calculation of Ore reserves amount to be 72, For all calcul.. 
Ilona tonnage factor used Is 11 cubic feet, due to heavier 



minerals Ilk# garnet and amphibole gangu.. Total proven probable 
and poSsible are computed pu iflteraeCtion at various depth* 
are ae follows: 

(1) Above 1,000' elevation 360,000 tons 
(ii) 1.o(]' to 500, elevation 1,240, 	tons 

(iii) 500' above and 850' below &.L. 2.550,000  tons 
(`with 5!K so 0.02 02/ton Au, and 0.50 on qg ) 

Follow ng table susmarises are reserves at Madan 
dhan a*ctton, Khetrl Copper halt, Raj, 

100' below 
surface to 	8513 	0155 	16668 0.92 	56400 
1000' eleva.  
Lion 
1000' to 
500' *Lava* 102" 	5783 	6198 	22280 0.98 44500 
tion . 

500' above 
S... tai 850' 	580 4478 	15355 	20413 	1.03 	15100 
below S. L 
Total 100' 
below sur. Avon- 	Average 
fat* to 850' 	19392 18416 	21553 	59361 	a ~, 3+ 	27600 
below *so 
level 

brief the total over reserves amount to be 
59.361, 30 tons with avar*ge or. grad, of 0.98% Qi with 
27.600 tons per vertical feet of depth. 

If further development shows that ore per vertical 
foot between 500' above and 850' below **a lnral equals to 
that between 100' from surface to 1000' elevation, r crr* than 

.000,000 tons will be added. If or. per vertical foot between 
1,000' to 5000 elevation equals to that from surface to 1000' 
lovatio , 5,900,000 tom of or* will be added. 



' .5 Ora Reserves at Lekhniwali Hill ;• 

T ue to lack of time and sufficient number of 
channel steles end bor hole detz*  It could not be possible 
to estimate the ore reserves of this block. To the best 
of informatione1  the deposits at Lakhntwslt Poeliwelt hilt 
are Low grade (about 0.5 % O .contort) and or* pyrite ri h, 

This has led to the intermittent develop.► 
sent o f the Lakhntwelt edit. At present further development 
has been suspended since rich zone had not been encountered 
in$pite of about 500 motors of excavation. 
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CHAPTER VI 



SU ►ARY  

L khniwelt-Peeiiwall hill (Long.Th°4 V43"-45°47147" 

end La~tt.2$OO413fl*) which have been studied forms the 
northernmost part of the Madan Kudhen settjon of Kh*tri 
Copper Project, 4tch is situated at a distance of about 
10 Kea,. NNE of Khetri town. 

The area have been mapped on the scale of Imo. to 
10 meters. The underground  mapping at Lakhniweli. Mine in 
the north drive and N »Xi.► 4 was done on the scale of I Os. 
to 1 m*ter covering about 100 rosters of distance to study 
the control of st ctu al feature In the ioceliietion of 
Ores. 

The rock types Which are exposed at Lakhniwalt 

Pesllwall hill belongs to Ajsbgarh series of Delhi system. 
Garnetiferous chlorite uartztte/schist and amphibole bear&ng 

garnetiferous chlorite quartzite/schist are the main rocks 
exposed at the tip towards the western shape of hLII. The 
other rack units are fe dspathic quartzite, Peldspsthtc 
trenoUta r srtzito, Feldspathic tremolite and chlorite 

artzite/ schist on the eastern slope of the hill. Further 
west phyllites have been covered by the sl iuvt.cs of Khsrkar 
river. 

The original sedt entery rocks have been subjectedd 
to regional metemarphism, The peletic sediments have. given 



rise to the mineral assemblages belonging to the amphibolite 

facies like chlorite, biotite, magnetite, garnet,, stilimanite 

etc. The psammetic rocks were recrystallised giving rise to 

quartzite and the interstitial peletic material has given 

rise to interstitial biotite, Chlroite etc. The rythemic 

banding of arkosic and palette sediments gave rise to para• 

gneiss. he regional metamorphism has been followed by the 

thermal metamorphism giving rise to andalusi.te which is 

regarded as the product of thermal metamorphism. These rocks 

have been subjected by Pe. Mg metasomatism in the later 

periods giving rise to very interesting anthophyllite 

cummingtonite minQral 	semblag. These minerals have 

replaced the country rocks and show more affinity towards 

quartzites than schists. All these rocks have been subjected 

to the retrogressive metamorphism causing sericittration 

and chloritization of various rock types. 

The area 'orm,s a part of the doubly plugging 

fold running from Singhana in the north to Jasrapur in the 

south„ plunging at about 300. The study of regional struc., 

tares and structural analysis of the present area have 

revealed that the stresses acted from N130°-N310*  causing 

various types of deformation in the rocks. The beds dip at 

about 700  due H3100. The foliation planes are also parallel 

to the bedding. The analysis of the joints show that seven 

sets of joints are present. T ey appear as (1) Dip Joint 

(ii) bedding Joint (iii) strike Joint, (iv) oblique joints I 

and (v) oblique joints IS. These joints were developed during 
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the progressive stages of deformation of rocks from 

horizontal condition to the stage of folding. During the 

release of these forces when folding ceased two more sets 

(vi) and (vii) of Joints are developed dipping at low 

angles and are parallel to b.edding..350 readings of Joints 

were plotted on the schmidt; s net, but inspite of all these 

Joints present in the field sharp maxima were not obtained. 

This is probable due to the prefere;itial selection of joint 

observations, more frequent and regularly occurring Joints 

were not collected properly, whileothers with little varia-

tion in the directions were taken comparatively more in 

numbers giving rise to random distribution to Joints patterns. 

for this reason further detailed studies are warranted in 

the southern parts of this belt. 

After the deformations in . the rocks, probably 

n the later stages of folding, granits were emplaced all 

along this belt. These granits are the most probable source 

for the mineralising solutions, though no detailed correla-

tion has been made so far. 

The ore minerals which have been observed in 

this region are few, such as pyrite, pyrrhotite I & II, 

chalcopyrite, magnetite l & T1 woiframite, ilmenite. Of 

all these pyrite is predominating and chalcopyrite is poorly 

developed. Woiframite have been reported for the first time, 

though chemical analysis of the samples have not been 

carried out, but the optical characters have confirmed its 



presence. Magnetite is ubiquitous and is darker bluish grey 

instead of its usual grey colour under reflected light. This 

is attributed to some impurities or association of other 

metallic ions which could not be worked out. 

The paregemetic sequence has been determined 

from the textural studies, both in band-specimens as well as 

under reflected lights, keeping in mind the Lindgren's parage. 

netic sequence for hydrothermal ores'. The mineralisation prom 

bably took place at about 4500C giving rise to wol.framite 

magnetite pyrite, pyr.rhotit'e, chalcopyrite in the orderly 

sequence.. Quartz continued to form during different stages of 

mineralisation and calcite was formed at the last stage as 

it crosses all these minerals as in foxy of veins, These 

minerals have been subjected to action of weathering by and 

meteoric water and leading of ores has given rise to covellite 

limonite, goe-thite, malachite etc. 	 - 

The mineralisation in this pert of the belt 

probably took place earlier than in the southern parts. This 

has been concluded on the theory that the early solutions 

contains less metal ions. Since the deposits at Lakhniwali 

Peeliwali hill contains metallic ions of Cu, Fe. Wo, Ti, etc. 

only as compared to Cu, Fe, Pb, Zn, Ni,  Co, Cr, M, , etc, present 

in the southern parts, it is speculated that mineralisation 

in southern parts took place in many .phases giving rise to 

manly new minerals and replacing already deposited ores. This 

view further gives support that mineralisation in northern 

part took place during early stage and in single phase. 

The ore estimation at Lakhniwali-  Peeliwali hill 
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has not been attempted so far due to lack of sufficient channel 

samples and bore-hole data. The Lakhniwali Peeliwali block is 

rich in pyrite and copper contents are lower than 0.5 %. This 

has lead to the intermittent development of this mine by 

various firms during different times. The ore reserves for 

entire Mad an.Kudhan section have been estimated to be about 

59.3 million tons with an average copper content of 0.98 % 

to from surface to the depth of 850' below the SearLevel. 

A map is record of geological facts in their 

correct relations 	facts,, be it noted, not theories. Thete 

must always be a sharp distincti©n between observation and 

Inference. You can see a contact exposed on the surface, 

you cannot see it underground so perfectly"said McK .nstry. 

The author does not claim to have done anything 

original but he has satisfaction of gaining some practical 

experience o ` ind ependent work w as geologist. - A student of 

geolojical sciences is expected to aquire the needed skill 

somehow after graduation so as to hunt for, ore minerals. 
Though the ores at Lakhniwali Peei,iwali hill are economically 

poor, ,hut a day will come when even these deposits will gain 

their importance as the near surface resources are decreasing 

continuously with the over increasing demand for Copper. 

**tee* ***** 
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Fig. 5-A 	- 	Displacement of Magnetite amphiF oli.tp, 
band (lined closely) alono one of thr 
nu.1prous snail scela fjul `s assbciatn'j 
with them. These i'-itrusiv0s Ire P-placed 
within Feldspathic trernot~to ouartzit-, 
south east or Lakhniwali hill. 

~yF 

Fig. t-B - 	Brncci t ~n c f n-i rt z; tes ii -'v t:ie f iu1 ': zone 
n-rth of :' 'l , wali hi_i ca i' in 3u:".} of 
F9th: rurtz ± 	({o:teH with irra'3rit1. s) 
in the n ~. th 	i nst i:r ? oritp nn• -irtzitn/schi st 
on south. The fault i rece ent=?ci by majneti±e 
auartz solution, 
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POINT DIAGRAM OF 350 POLES OF JOINTS 
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Fl. 1()FA 	- Schematic diagram showin-; the development 
of First Order Tension joints (thick lines) 
and shear joints (fine lines) due to the 
stresses from the two sides when the beds 
are horizontal. 

4) 

Ft, 10 -B - Sch n,-+tic dia-ir.arn showing the development 
of ",efond rrder Tension joints (thick lines) 
ani she r ioints (thin lines) during tho 
stage or folding of the rock in an anticline. 
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Fig.15 	- 	A mineralised fault and joints at 
Lakhniwali N-Drive. 

AO • . 

Fig.16 - 	Emplacement of Ore in the form of irregular 
lenses having gradational contacts with the 
country rock at Lekhniwali N-Drive. 
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Fi9,18 - A Broad Flexure on the western slopes 
of i,,)k:hniw 1i hill top in the iarnetiferous 
chlorite nuartzite/schist rock. 

LO  Cm. 

Fig, 19 1- Puc'<erthg in the micaceous bands (lined) 
interlayed with quartzo-feldspathic 
bands (dotted) in the Par3gneiss north 
of ?eeliwali. hill. 
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i;. 2^ - 	generalised diagram showino irr-gular 
nature of mineralised lenses emplaced in 
the g,rnetiferous chlorite ouartzitp/schist 
in Khetri Copoer Belt. 
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Fig. 21 - ?i ;c^irg and v'r11~nq of a 	n1ced lens 
along tha schistosi ty pl 3nes. These ir; eau! i t is 
ara present in both, vertical aq yell as h;•*,.zortal 
planes. 
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PLATE 1 	•► 	A general view of the eastern slop# 
of Lakhnlwali hill di filing about V0 . 
Nate the protruding magnatita •. 
amphibolit. quartz bands on the left 
and S1nghens Camera facing hill
behind electric polo* N 35°. 

PLATE 2 	 Control of joints pattern to give 
rise to sharp apexad ridges. Note 
the four sat of joints. 

Bedding Joint dipping N3100 , 
oblique Joints jdipping 3r• 
1 	B -► 6 #0  du • Nom. C SO due 
N1650  and a horizontal Joint. 

Camera facing N400. 
Locality south of P•eliwali 

hill top. 
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Plate 12 Sp.ci.n No.4/ QB 
t ocality a north of Peeliwali hill. 
Bonds of dark (blotit, andchlorite) and ii ht 
(iaa *, feldspar) colour 1nerels to peregneiss. 

Plots, 1 

Plot* 14 

$p.cIa.n No. 4/ 
Locality. Western slops of Psei wall hill. 
Banded gsrnettf.rous chlorite qua zltoo NCt, the 
vertical bands of garnot (darker) intarbedded  
with que sits (lightsr). 

No.4/566 
Locality • south west of Lskhntwali bill. 
Typical radiating crystals of anthophyflito ~► 
cc 1ngtontte in the garnatifeus quartzite 
rock, in the outcrops, 
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	tncltn I bor.hol. drillingt 60° 
In pro r.se on th. a?kh r rtvvr 
to crass the tnersiid son* 
further oast1 Geri facing west. 







PLAT 	 poellwal i old + rking showing different . ... 	smaller shafts and passage$ used for 
mining operations. Camera facing north. 

PLATE 	a Lekhfliw1t old working, with the vQrttCsl 
dip of schist foliation, ceiera facing 
3OUth. 
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PLATE 5 	,. Poldini in Paregn.is9 cau%ing the 
breaking of intorvaining quart, .. 
Feldspathic bonds into blocks. 
Camera facing N3100, locality 
southern end of Lakhniwili hill* 

PLATE 6 	flx,acciatjon along a fault zone. 
Mote the shearing of rocks on the 
two id of n+ t. Cimera faiig  
J 12000 Locality western flank 

of P 1i~rali hill top, 
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PLATE 3 	• 	River kh.rkh.r on the western slop# 
of the L#khniwal! -Peoltw*Ol hill 
showing typical shrubby Ivor 1totlon. 
In the background is sericit. quart. 
tits hill. CaMera facing N2700. 

P 'E 4 	40 	Three Gets of joint$ in garn#tiferous 
chiorits 4u ar" 	' h of LekhDiwlii 
hill* had'' 	`due N31C~ 
Di 3o 	 rite joint 3' 	. 
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PLATE 18 	- 	Specimen No.4/508 
Locality - SSE end Lakhniwali hill. 

A large prism of andalusite in Para gneiss, 
showing inclusion of quartz grains (rounded 
white) giving rise to sieve structure. 
Biotite (irregular) prismatic flakes are 
randomly oriented with varying shades 
due to pleochrolsm. The black (rounded) 
grains are zircon and larger octahedrons 
are of rnagne4' te. In the background is 
quartz (clear) and feldspar (014-ered). 20 , 

PLATE 19 	- Specimen No.4/545 
Locality • from eastern flank of Peeliwali hill. 
Feldspathic Tremotite quartzite. Grins. Goss 
prismatic needles (dark grey) of tremotite, 
showing fracture across the cleavages. In 
the ground mass of quartz (clear) and altered 
feldspar (pitte;dt.) . 120x. 

PLATE 20 	- Specimen No.4/547 
Locality Magnetite amphibolite intro ive band 
on ,eastern slope of Lakhniwali hill. 
Hornblende (grey$~h)prismatic and basal 
section .showing two directional cleavage 
and hypidiomorphic texture. The small 
magnetite (black) ,drains are disseminated. 
In the cenLL e is avcrystai of sphene 
(elongated gran) and quartz (clear) is in 
minor awou,3t. 120x. 
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PLIATF 21 .. Specimen 6A/5 
The Gains Uferous chlorite quartzite schist. 
Porphyrobiast of Garnet (pitted) has quartz 
inclusions giving rise to $t*v structure 
and is replaced by chlorite flakes (grayish) 
ai.on j fractures. The cbioritss on the left 
show extreme development with subordinate 
Quarts (grey) includi.ng some magnetite 
(black) and limonit+ (black irr.gulu) on 
loft 120x. 

PLATE Z2 me Specimen .4/516 

Locality • From the top of PeeUwali Hill. 

Banded c3srnetiferous chlorite quartzite. 
Garnet pitted) occurring as porph robust 
and are replaced by chlorite (greyish) along 
the fractures. The black small grains are 
of magnetite and quartz in the + roundmass 
120x. 

P .RTC- 	• Specimen No.4/556* 

Locality north of Lekhniwaii hill, 

3ernetiferous (pitted dark dreg) chlorite 
(light grey flakes) ertrtto base) 
schist. Quartz occurring as Inclusion 
(both elongated as well as rounded) within 
the porphyroblast garnet showing slow 
structure. Black octahedron of magnattte 
are disseminated in garnet as well as in 
ch crt te. 120x. 
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PL' PL1E  2Z 	Specimen No.4/615 
Locality From Lxkhniwali mine dump 
Interstitial filling texture by thaleopyrito, 
(Ch ), pyr'rhotite P, and Calcite (C). These 
interatitial spaces have expanded as the 
mineralising solutions oo*e« Notes the 
replacement of quartz (dark grey) grains by 
chaleopyrit. producing irregular boundaries. 

	

PJT...L8, 	- Specimen No,4/'608 
Locality .Lakhniwali Mine dip. 
Brsccix filling and replacement texture by 
pyrite (black) replacing quartz (white) 
and chlorite flakes (grey.) 

	

A 2 	Specimen No.4/512 
Locality. From fault zone north of PeeUiwaLi. 
kkacciation of quartzite (dark grey) along the 
fault, Braccisted material It later on 
filled by the magnetite (greyish) giving rise 
to bracc.ix filling texture. 





____r= , • 	specLstm No.4/r 4 
Locality a From NE*X 7cut at Lakhniwall .rive. 
Pr:#**attc crystal of Wolfrsmit• () enclosed 
i thin the megaarti.tit (gray). chelcopyrite 
(White) is replacing magnetit., wile 
Asa n.tite has difi the bounderi*s of 
Wo frasite. 

J.ATE ii 	Specimen .4/614 
Locality ,, Pro. LskhnLwalt Mine dump. 
Replacement of quartz (black) by the chslcopyrite 
exhibiting r lacement teictoro. The mngn.tite 
and pyr otite (pitted) on the top left corner  
occur as grains which hive also been replaced  
'by chalcop .rite white). Nate the colour 
vartotton in the cholcpyr to due to strain 
effect* 

E. Specimen .4//97. 
Locality From L.akhniwal't U. X1 • Cut 
Braccla filling and replac ent of quartz and 
mica (black) b, y rhotit (grey) having 
cleavages and chalcopyri ter (white) at right 
bottom. 
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,0 Spec imon .1 
'Fro E. , CW, L khm wali MLne, 

Two types of pyrite, though 
are not vory sharp, but the 
in colour and shows colour 
rotated. This change in 
to l l 	ties. T'4o netikk 

the baundri ►s 
one to darker 

variation when 
is attributed colour 

km ) 
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