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From early times until oighteenth century copper
was produced in small quantities, Since then it has become
an indispensable metal in modern civilization, For a country
like Indlia Copper Deposits of Rajasthan are boon to the
nation and appears as silver lining in the dark sky. Besides
its recent discovery, thess deposits have been centres of

mining activity since historicsl times,

This dissertation embodies the results of investi-
gation carried qut by the present worker during June - Noven
ber 1966 on the geclogy and mineralization of copper deposits
at Lakhniwalli-Peeliwalil hili of Mndene Kudhan awctioﬁ, which.
iies in thoe kKheiri Copper Project, 8t a distance of 10 Km,
north northeast from kKhetrl town; in the Junjhunu district
of Rajasthen, This topic of current interest and importance
was suggested to the author by the Department of Geology and
Geophysics, University of Raarkée. Roorkee,

To.make the.ithesls sz21f {llugtrative at large,
all the important disgrams, maps and sections have been placed

4""ll po tpo



towards the end, But the presentation of ths observations
and conclusions 1s subjected to the limitations set by
time and laboratory'faailitieﬂ. It is hoped that further
investigation of similar nature in othar'pgrts,of the |
belt will substantiate those observations snd unravel
many unsolved problems.
S
{Dinesh Chandra Sharma)
Department of Geology & Geophysics

University of Roorkee

33332*§£$;s.g.4£233 Roorkee
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Lakhniwali « Peeliwalf{ hill of Madan Kudhan
section of Khetri Copoer Belt of Rajasthan have been
studied with especial emphasis op structures and minera-

ligation,

| The ridge comprises of the rock formations
belenging to Ajebgarh ssries of Delhi system, These rocks
have been intruded by magnetite - amphibolites and per-
mezted by minexslizing selutions, The recent unit comprise
of Gossan bands, occurring in enechelon pattern, alluvium
and wind blown sands, Varioug rock types show the effect
of regional metamorphism having typical mineral assemblages
of aﬁphibolite facies., The retrogressive metamorphism is‘
indicated by sericitization and chloriti zation.Fe-Mg
met2comatism has develeped typical anthophyllite «cumming-

tonite assemblage,

Baged upon 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, pxodocing anticline
with regional sxis trending N 40% and plunging towards
north, These stresses have produced various sets of
ténsion and shear joints, faults and smaller folds during

differsnt stages of deformation.



The presence of only few metal fons 1ike
Fe,Cu, Wo, Ti in thispart, os compared to many metallic
fons present In the southern part of the belt, have
indicated that the minerslisation took place probably
st an early stage of sulphide activity in this pert at
about 450%, The granits present £11 along the belt might
have acted as the source to glve rise the hydrothermal

solutions.

Various structursl festures have predominated
over the lithologicel features in the ore locslization,
The faults have served as important channelways for the
movement. of mineraiising solutlons, and st places have
beon mineralised, Bedding joints have been most lmportant
locil for mineralization, apart from the sachistosity,

giving various vein patterns,

The Ore reserve calculations of this belt have
indicated huge reserves, amounting to about 60 million
tons for this section, So far no attempt has been made
to estimate the ore reserves at Lakhniwali - Peeliwall
hill due to lack of presence of sufficient data,
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1.1, EQ&B.&&Q{U'

Tho oreo under invostigation occuplos tho northezn
poot port of tlodon Kudhon Soctlion of tho Khotrd Coppor Bolg,
Rojsothan, The belt runo for sbout 80 K.ua'fram Singhann £n tho
noeth to Raghunathgarh in tho pouth, Tho oroo lies within Khotel
Copnor Project vhich 40 about 10 K.!Ms. NME of Kkhotrl town end
3 KJip S of Singheno villoge in topo shoot MNo,44P betwoen
lattitudos N28%4145% - M28°30¢33" ond longitudes 75%4B%48° -
75%47+40", Tho Lakhniwali-Pooliwoli block whieh hovo boon mopped
snd studied in dotoil oxtonds for about 1 Kilomotor along snd
500 metors aérana tho strike.

Khotri Copper Project 8s connottod to Dolhi end
Jolpur by oll westher metol roed, It is olso connoctod to

Mimeka=Thona snd Chirawo railwoy otations of Vestorn Balluwsy
{MAP 1) by tor rocodo.

Tho ¢dinato of tho xegion 5 charoctopiotic of sconie
desortic type, The 'Groot Thor Dosortt lios in tho wost of
Khotyi Coppor belt, Though the climeto 1g not but 1t is not
unboorablo. Tho tomperotuzo vaoriation is grost vorying from
5°C in Jonuory to 50°C during Juno. Tho avorsge roinfoll vories
botwoon 29«40 Cn, The zoin during Juno-Scoptembor 4o brought
by 57 monogon fron Aspbion Son, whilo in tho JonuaryeFobruory
by NE cyclonic windo,
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Tho oreo o not travorsod by ony important zivor
oxecopt o ooosonal Khorkhar River, chich flows Cowvords NE on
157 flonk of Peoliwnlielokhniwoll block with groat spocd during
roiny ocoosono, ond hos eroded ohylliites ond ochiot ¢o noko
1¢5 woy. Sono omoll strormlots (nolaohs} Join tho Kharkhor

across tho valloy.:

e 1.3, Innihneing t=

Tho chioef agents of woa&haring in tho roglen sro
teoporature, wind and raing. Raing havo coutod both mochenicol
as well as chemical woothoring, whilo wind cauced only sbyosion
and ot the osne fime renovdl of the woasthorod preduct fron tho
hill lops. The woothorod soll is bxeught te tho lowgrounds
and dopressions where 1% 1o depositod and compoctod by subsce
quent reaing, 5and particlas have 5e¢n~trﬂnﬁp¢rtad gvon £6 many
kilomotors dopending upon theix finonoso. Those haye produccd
typical cond dunc pettorn. The variotion in tho temparatuéco
pldod by mofsturc and wind have resultod in occillatory netion

of woathosging,

1.4. Sod) ond Vosftation 1~ (Aftor Woathezing)

The low lyling arod is covorod with alluvium oand
wind blown codimonte. Tho soil 1o light browm to form colour
ond sooms to be quite productive and fortile. This hos boon
inforecd from the fact thot fiolds ore groon whoreovor wotor

1o avolioble fox cultivotion,

Yogogotion 40 vory sporsc inm tho arod oneopt olong
rivoxs ond nloo on hille-rongot, Tho low lands genoerolly hove

oconty ocrubby growths in sddition to olrpost ublquitoun
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“ouphorbis roysllina® ond "goetup® busheo and opoor groon,

vhich rocuire very littlo wotor for tholr growth end oulge

tonce. {Photograph Ho.l).

Tho topogrophy of on orod ic rooult of diffce
roncot 4n tho rosiotonco of tho rock Lo eorosion, MHeneo tho
gdomorphological chappetors of ¢ho srop ore bosod upon tho

1ithology ond astructures of tho rock typoo.

Tho oreo formo 8 pozt of tho Arnvelli rangeo
of Rojonthan, The topography is vory much unduloting choroge
torisod by ploing and shorp opoxod ridgon. (Photogroph Np,2).
The ridgo tronds 185°E with stocpor westorn slopo ot about
4)°% snd gontlo oostorn slope at about 23°, Therc 4o n:marked
variotion in pversge olope ongle on cither of the limb,.
Aceopdingly, the crosionn)l agento in thio arco havo workod
from SE direction towords M1, The topogrophy of tho ridgo
hos also beon stxucturclly controllod by joints porsiloel to
the strike of tho formotions: Tho 0ﬁhnr,3ct of 3ointo ond
foults hove also holpod tho oroolonsl ogento to copvo out
tho precont topegrophy. Topogrophic footuros oro shawna in

nep. No.2.

The naturnl ogonto of wosthoring in socociotion
with structuro and lithology of tho reglon hovo produccd tho
prooent doy goonozphologicnl fdoturzoo: Tho quortzltos oro
reosiotont to woothering vhile ochioto ond phyllitos oxe
on0ily woothovoed contcequontly tho qunrtzitos form tho ridgos
thilo phyllitoc ond cchiot formoed the low-londo ond volloys,

on chovm kn figuro 2,
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_ The other important geomorphological feature is
ssnd duness, Yhey are formed due to slluviam and wind blown
sands brought by wind action from distant asress. These dundi
range in thui:-trind from Ne3 to NNESSW and otcyr throughout
the lowlands, These dunes are considersd to have been shaped
chiefly by SW blowing winds fyom April to Saptamber,

1.6, Inhibiteots and Indusiry e

The ares sround Xhetri amd Singhans 1s populsted
by Bajasthanis who speak blended Rajasthani and Punjabi
language. They also speak Hindl which can be casily followed,
The ganersl standard of iiving 1s low and people are quite
poor, esrning their 1iving by agriculture only. The second
means of &arning is the erraction of Khetri Copper Project
which is employing about 2,500 persons at present from the
nenarby villages.

Hackett{1877) was first to mentlon about abandsned
copper workings of Khetri Copper belt in northern part and
also sbout large heap of sleg left behind sfter extensive
mining and smelting of copper at Singhana,

Hackett (1881) mapped the ares snd included Alwar
quartzites in lower Nelhis,which he earlier included in
Aravalii system, Hockett (1880} also mentioned about nsture

of oceurrence of copper at Kolihan.

~ Heron {1923) mappaed the ares structurally and
lithologically around Khetri and mentioned about host rockss
ﬁchista. slites, and fapure limestone of Alwax sexies, for

minemlization et different localitles,
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Dunn (1943) pointed out briefly the potentislities
of the beit, Deb {1948) descxibed the petrographic festures of
some oi mineralised rocks and identifled fmportant ore minerals
sfter microscopic studies,

West (19490) reported adbout themining sctivities of
Jaipur Mining Corporation during 1944+46, which was closed
because they could not reach rich loads sfter sponding suffi.
c;ﬁnt time and money,

’/, Chandra and fiomienger (1953) assigned the length

/of copper belt only to be 18 miles extonding from Singhana in

,f. ! ) b

inorth to Babsl in south, Structural controls for minerslisstion

of ores were also digcussed to some extent,

Venkatosh pnd Das Gupt® (1958) reported that the
mineralisation s restricted slong shoor zones in schists and
phyllites, and safd thet contact between sutho-phyllite -
cmin&gﬂnn bearing rock with garnetiferous schist rock
is more highly mineralised,

Roy (19%9) discussed sbout the old workings of
Singhana, aanwua, Madan, Gothra, end kharkar, based upon
unpublished reports of Grookshank {1948) who pradiﬁﬁcd rich
ores 2t depths, based upon studies and mining of secondary
ore by ancient miners.

Verma and Pstni {1962) dealt with the general aspects
of mineralisstion in the Madan snd Kelihsn section,

Das Gupta (1960~67) and Roychaudhary and Das Gupta
{1963) have carried out detailed petrological snd minerographie

cal studies in this belt on regional scale,

Rao ond figo (1965)and Mukherjee (1966,673,b) have

worked on the presence ; ;
of the belt. P of trace elements in different parts
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1.3, Scope of Present Workse

For the countyy like India, which i5 deficlient
in bsse metsls, the copper ore deposits éf Khetrl sre ivbonn.
to tha Rajasthen State in particular,and to Indis in gaﬁarul.
Those deposits were intermittently mined in past few centuaries
by ancient miners. The present day importanct of copper is
" felt by everyone, At the initistion of Dr. K.K.Singh, the
investigation of these deposits at Lakhniwall « Peeliwall
h1ll was undertaken in June, 1966,

{A) Fleld Investigation ia

' A totsl period of thirty two days spread over in
twn fleld seasons (Juns and Novesber,1966) wés devoted for the
fleld investinationg, The following works woze carried out in
the field s~

{1) Detatled Geologic mepping of the Lakhniwoli =
Peeliwall hill on 111000 scale, {topogrsphical
map by the cuxtesy of M/s N.M,D,C).

(2) Detsiled structural mAppihé on 111000 scale.
(3) Geologic mapping of underground working of

Lakhniwalil Adit in north drive and First NG

A=cut on 1 Cn, = ] moter scale,

{4) Preparstion of dlsgremmatic plans, sections
and sketches of various important geologic
features,

(%} Collection of systematic and representative
samples of all rock units and ore minerals

{more than 125 somples were collected).
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(B) Laboratory Investigation i

The following lasboratory investigstions were
" carried out in the laboratory of tho Deportment of Geology
snd Geophysics, Unlversity of Roorken, Roorkeo i

(1)

{2}

Consultstion of varlous referencos on the

related sublects and survey of upto-date

litezrature on the prosent Belt,

Petrographic studiess.

{n) study of megascoplc charocters of the

saples,
{:) study of rock sections under petralogical

microscope.

(3) Ore #icroscopic studies:

(4)

{a) study of various ores and thetir ansczlat&a
under reflectod light in the ore,

(b} study of association of gangue and ore
minerals in thelr polished sections,

{¢)] determination of poragenesis of ores,

Analysis {mega<fabric) of the verious
styuctursl elements with the help of synaptic
11 poles of various Seplanes in the Lowar_<
hemfsphers of schmidt's equal ares net,
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CHAPTER__JX
GEQLOGY OF THE AREA

2.1. Reglonal Goology and Structures -

The Khetri Copper Belt 16 made up of rocks
belonging to Alwor and Ajshgarh series of Delhi system of
pre-cambrian age. The older Alwar series chiefly consisting
of arenacoous sediments is réprasontad by rocks varying in
composition from orthoquartzite to arkots, 1nterbadda§ with
phyllites, schists, marble and amphibole quartzite at
plsces, The younger Ajabgsrh series is represented by vsrious
types of schists end phyllites, which have been derived from
matumo:phiam of argillaceous sediments, $¢h1$ta 2t many
places are intexlayered with thick whzté ﬁasél#e‘quartzitet.

locelly marble and other cale«yrocks,

| The quartzite of both Alwar and.AJubgaxh
saries show cutient badding, ripple :marks snd grasded beddling,
which have been of great help to determine stratigraphical
sequence, The contact betweon two sexies is g&adattnnal and
st meny places is nasociated with the dcvalﬁpnent of antho-
phyllite~-cummingtonite bearing rock dovaiopnd due to mete=
somatism, The rocks of Alway end Aj:bgarh sories wore later
intruded by granites, pegmatites, basic rocks and ankerite
{Map, 3).

The genarslised geologicsl section of the
belt, os given by Das Gupta snd Roychaudhary (1965), 1is as

follows:
INTRUSIVES fnkerite
Younger basic rock
Granite, pegmatite,quariz etc,

Oldexy basic rock
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L AJABGARH { Quertzitos, phvllitn; Sichioto ote.,

DELHI SERIES Mewxbic, colesgnoiss etc.
SYSTE: Vorious ¢ypos of schists ond phylligo,
ALVIAR { Amphibolo quortzito, emphibolo gnolon,

SERIES ( norblo ote,
Arkoslc quortzite, quorteito with
( tntorcnlpted phyliito ond schist.
( Phyllite ond Schiot

Regionsl strike of the fovmotions vories from
MNE-S5Y Qo HE=5Y dirsction. The belt s choractorioed by lozge
scolo doubly plunging folds, which hove been foulted in norasl
ond rovorse Lype with incrooning $ntensity of deforootion.
Tho zo§erse foults ore {mportant from the point of view of
minorolication, which ectod as channel waye for mineralising
oolutions, The mojor fold axin plungbs wvithor NE or 5W, tho
pxoo of two foldo moy be st right angloo to odch other, where
suporposod folding i proneunced, Tho plunge of folds is
rodorsto (259}, but some of the loter folds have stoopor
plungoo, The cores of enticlines oxo occupled by Alwers (Mop 4).

The fzults sre though numerous but are dip-olip
typo with insignificant lotorol movcment ot tho contact of
lithologic unitc., Theoy zun cubepsrallel ¢o the striko of tho
fomotion and con bo troced to sovoral kilomotors, The faulto
of linifod oxtont ore arrpnged &n onochelon pottorn, Subeporse
1lol shoor zones developed olong major faullo oro more fopoye
tont, thon the ¢sult themselvos, for minerslisations, Largo
ocalo ¢ransvorse foullo oxe fow ond linlted 4n tholw oxtont

ond oro not important frpon oinorolicotion point viow {Map, 4).

- The rocko hove boon gsubjectod to highoot
grodo of rogionol motomorphisn as shown by poletic ansemblagoo
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containting minerals like garnﬁt. Kysnite, stanrolite and
sillimenite snd rocks like calcegneisses and smphibolites,

The metasmorphism has been accompanied by deformation, feldse
pathization, and fgneous activity, The presence of andalusite
nesr the contact of elder basic rock indicates thermal effect.
The progressive metamorphism has bean'féllowcd by retrogressive
metmmurphiam s indicated by serocitization of andolusite or
chloritizeation of qarnet#. All theso were followed by ferryo.
megnesian metasonatisr which produced anthophyllite, cummingtoe
nite, chlorite-biotite. Dut of ail theie rock types, garneti.
forxous rocks have baen mast lmportant from minerslisation

point of viow,

2,2, Geslogy of Lakhniwnli-Poeliwall Hill 3~

e A . . SR

 The rock types exposed at Lakhniwali«Peeliwall
231l belong? to Alsbgarh saries of the Delhd System {of Heron).
The gooiogical succassian 52 observed from SE $o NW is as

follewess

Facent » } Alluvium end wind blown sand
Goeaan band

Intxusive & ( Cslcite velns

Minerslising t msrtiveing snd sulphide quartzveins
velna , Maugartitesamphibalite

Afahoarh

Axphibole besring ?arnatifezous
foxies

ehlordte quartzite/schist,

( .

g Zarnatiferous chlorite quartzite/schist,
Chlorive quarztzite/schict,
Feldspathic tremolite quartzite,
Paraonelies.,

{ Foldspattic quartzite

South east of plant valley feldspathlic quartrite
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comss in contact with magnetite quartzite further south
granitic exposures are met with,

Feldspothic quartzite occupies maximum arssl
extent and covers entire plant wvolley, It is greyish white
to brownish white with little iron content, It ie¢ altored
ot the surfsce while fresh st few meters of depths and dips
at sbout 65° due 1 318°,

Overlying feldspathic quartzite L& Paragneiss
‘which is exposed along the south eastern stope of Lakhniwalf
hill, This §s varying in thickness with an average thickness
of shout 10 meters. It &s not exposed all slong the strike
length ond 1a covered by screc material and soil cover, but
the contact betwoen this and overlying rocks have been
observed at southern qﬁdfﬁaxthewn»anﬁ dioping at about 68% o
g0 due W 320°, |

Feldspathlic téﬁ&ﬂltt@ miartrites ove%iie
paragneiss and is about 80-90 meters in thickness dipoing st
about &5%.75° townrds N300 to NQQSO, 1% 48 travorsed by various
mognetite omphibolitoequartz veins which occur as more resise
tant band of 1.3 meters Qf‘thicknens. Hagnetite-amphibolite «
cuerty veins prqirude\on tho surface with higher relief due
to their highaer hardnoss snd have altered to limonite producing
typical box work pattern,

chlorite quartzite/schist overlie feldspathic
tremoclite quartzite., The schist and quartkite are so closely
intercalsted that it is difficult to mark the individual
bands, Quartzites are resistant td westhering and oceeur
neay the hill top. It varies in thickness from 20«30 nmsters,
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dipping confirmebly with overlylng and underlying formations.

Garnetiferous chlorite quartzite/schist which
13 overlying the chlorite quartzite rock is persistant throughe
out the entire length of hill, and is characterised the pre.
sence of gernet bands. (Plate 13 ), Individual garnet bands
vary from €ew millimeters to as much as 3 Crs, It is varying
in outcrop width and s much wider and thicker at Lakhniwall
hill as compared to Peeliwall hill, The thickness varies
from 50 meters to 100 meters, dipping towards N30%°.330°
at about 6%.8%°,

Amphibole bearing garnetiferous rocks does not
occur as distinct band but shows very irregular nsture, It
otcurs in smell pockets {plate 1% } as well #s in bands,
The contacts are very much grodationsl, The amphibole nead.
less vary in thickness fxom fow inches to 4 inches in elze
radisting fr&a a common centre {plate 1 )and golourless to
dark grey in goluut.

On the north western flank of Lakhniwzil «
Peeliwnii hill, ¥herkhar river has made 1ts woay through the
phyllite rocks., This rock unit s also not exposed,

All these formmatlions have been traversed by
lator intrusives like Mognetite-amphibolite veins, quartz
veins, sulphide lenses end ¢slcite veins (Figure J> ),

The recent units associated with garnetiferous
chloxite quartzite/schist amphibole hraiing garnetiferous
chlorite quartzite/schist and chlorite quartzite/schist ig
rspresented by*acsaan bands which extend in an enechelon
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fashion along the strike (fig. 5 ). The ores have bean
backed away from thess zones and are characterised by
prosence of reddish and greenish secondary iron and copper
mincrals like linorite, goethite, malachite atc,

A generslised section of the section showing
211 the rock formations present is shown in (Fig. 2), Tﬁo
sections of scross the Lakhniwali Poeliwslf will show the
variation in the thickness of individuel rock units
(section along XY snd X'w¥!),

2.3,

The structural featurs of an are? sre the image
of the forces which have disturbed the rock formations. The
complexities in the structural element incresases with the
increase of intensity, epochs of disturbances and mountain
building activities, The Lakhniwali~Pesliwnll hill which
is the northmost payt of the northesasterly plunging antochine
forms the western limb of the fold (mep, No.4)., Different |
structural elements in this hill have been studied on the
surface and underground and their control on minerslization ﬁ~5F

has been partly worked out,

I « Planer Structures -

{1) Bedding (S; planes} :-

Bedding has been obsexved in various rock types,
In the feldspathic quartzites the graded bedding of quartee
grazins, together with the colour bands have been utilised
for deciphering bedding. Though this feature is not exposed
at many places but on the southern end, graded bedding in
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feldspathic quartzite {fig. 3 ) have becn observed, From
this the dip of the formation comes to be 632 due N310° on

the b'ddiﬂgo

In tho gsrnetiferous chlorite gquartzite rock,
the garnet bonds have been taken as index of baading (plétois Yo
which are the product of regions]l mstamorphisn of peletic
ssdiments intercslated with psammetic bands, The dip of the
garnet bands, 2nd hence of the formations, varies betwaen
65° to 837 towards N300° to 8330%. The general dip of the
formation is about 70° due N310° (fig. 6 ).

{11) Foliations {sgnplancs} te

The schistose rocks exhibit follation along
which the rocks edsily bresk down., The foliation is perallel
to bedding in this region, dipping about 70° in u310° to
N320° direction. Folistion varies greatly in their directien
from NQBO? to H34%° depending upon the flexuring of the
beds {fig. 18 ).

The poles of 200 bedding snd foliation planes
were plotted together and contoured, Two maxima were obtained
with piunge 70° &n direction N310% end N230% (fig. ¢ ).

(311) Joints {E,-planes) 1~

Seversl set of jJoints are present at Lakhniwalie
Pecliwall hill, which have partly controlled the present dsy
topography of the ridge, Faw joints are smaller asbout 2 to 3
moters in strike length, while others extend for a long dis.
tances slong and scross the strike of the formstions,
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Seven main set of joints are obsexved and a schematic
block diagram of these joints is shown in (Fig. 7 }, The
poles of joint plances were plotted in the lower hemisphere
0of schmidt net for structural snalysis in {£f19.8,9) to show
their structural relotionahip with the fold-sxes {of desitter
1963 pp. ~103), The soven set of joints axe as follows e

{1) Dip joint {first oxder tension Joint) striking
N128°-8305° parallel to stress direction, The
dip of these Joint vary from 30° to as high as
90°, This has probably also produced,

{11) Strike Joint (second orxder tension joint) striking
N35%.N215° and are parallel to bedding snd
regional esxes of fold., The dip of these joints
veries from &% to 90°,

{111) Badding jJoint are parslilel to primary banding
dipping 70° dus N30,

{1v) and (v) Obliaque joint are diagonsl to the dip
and strike joints ond they correspond to the

first and second order shear jJolints,

(M) and (vii) The other two probable set of jolints
are product of reloose in tonsion when deforma.
tion cesasad. Noxmsl shear joints trend parsllel
to Axis of fold with dip between 4%° ana 20°,
The joint with the dip still lesser then 20°
have been termed as thrust shesr jJoints and axe

present in the ores,

A1l these joints show the variation &n amount snd
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dirxection of dip, Most of the joints are straight but sode
cuxved joints of smeller scale(?) sre aleo observed,

(i‘) Fl“lts e

R

The Lakhniwali-Peoliwsld hill is characterised
by the presence of numerous dip slip and strike faults, The
trensvorse faults vary in their throw greatly from 2 meter
to a8 high as 2% meters, The transverse foults have served
as the condults for the movenent of mineralizing solutions
snd at the same time have acted ss idporxtant locci for miners
1ization (fig. 15 }.

(A} Dip Slip Faults :=

The transverse faults sre dipping steeply
southward (section i snd 2). These faulte have probably

produced the saddles betwaen thé-hilitcpt {rig. 1 }.Along
the Lakhniwsli-Peeliwali ridge, snd four saddles corresponds
roughly to four faults,

{1) The northermost fault has developed fault
braccia in betwsen chlorite quartzite schist and Feldspathie
quartzite {fig. s~ ). This bracciated msterisl have been
later on cemented by magnctitt‘quaxtz solutions (plate 29 ),
This fault probably has maxtmum throw as compared to other
faults becsuse feldspathic quartzite is sbutting ageinst the
chlorite quartzite/schist,

(11) The second fsult passes from Peeliwali
old working, This fault is »ssoclated with % meter wide
gossan band across the strike which was mineralised by sule
phides as indicated by the presence of limonlite gocthite and



malachite along 4{t, and the offsetting of chlorite quartzite/
schist on the two sides (map -1},

(111) The thivd fault which 1s tending =W 1s an
inferred fault, It could not be confirmed because of lack
of sufficient outcrops on the two sides of this probable
fault, However, the offsetting of the chlorite quartzite/
schist on tho two sides and thiir probable extension has
lead to the inforence of this fault, Much detailed underground
mapping in noyth drive may confirm its occurrence.

{iv) The faults of smaller scale are presant in the
magnetito-amphibolite intrusives (7)., The bands of magnetite .
smphibolite, whith sre about 1 to 3 meters in thickness have
basn very clesrly displaced by dip slip faults with the
throw varying from 1 moter o 8s much as B meters,

{B) Tblique Fault 1=

, The fourth major fault passing from th. uad61¢
at Lakbniwali-Pesliwall hill trends K60°.N240°% dipping st
sbout 75° due south, This is oblique in naure and is ist
ordex shear fgﬁit. having verticsl throw of about B %o 10
meters, ss determined from section 2. The Lakhniwasll old
working turns towards north st about 1% meters from the

surface confirming the throw,

(¢c) Strike Faults t« (Second order tension faults)

The srea 1s characterised by the presence of
strike faults slong the formation boundaries, A probadle
strike fault st Lakhniwali«Pesliwali hill exists west of
Lakhniwali hill which forms a steep stope for ;bout 30
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meters, within gametiferous chlorite quartrite/schist,
These faults have developed during the stage of folding
of rock formations,

The snclosure of Anthophyllite-cummingtonite
bearing rock in between the garnetiferous chlorite quartzite/
schist on two sides nesr and south of Lakhniwaeli Adit can
be explained due to strike faults; otherwise the enclosure
may be c¢onsidered only a lens of smphibole besring rocks
produced due to Feelg metasomatiem,

{31) Linear Structures =

{1) Folds i~

AN

The hill itself §s the western 1limb of the
northeasterly plunging fold with beds dipping at about 70°
due N310°, Minor scale folds sre few. A plunging anticline
end syncline with a pldngclaf 26° due N338° &s presant in
the paragnaiss towards the scuthexn end of the ares
{plate 5 ), A brosd flexure has devaloped on the western
flank of the Lskhniwall hill about 150 meters along the
strike with a plunge varying from 80° towsrds N300°..F9.6)

(11) Puckeringe 3=

The puckering in the micacecus bands is present
in the parsgneiss (plate 12 Jwith the plunge of pucker
st sbout 70° due N300°. The folding An the paragndass has
csused the bresking of competent quartxo-feldspathic bands
{plate 5 )into blocks,
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2.4, STHUCTURAL ANALYSIS 1

(A} Introduction :=

Failure by rupture in the rocks of ocutcr shell
of the earth is exprassed by the joints, faults foliations
and cleavages, The study of the stresses which have produced
thist features is of grest important in the hydrothermal
ore deposits for the localization of ores,

An sttempt hag besn made to visuvalise the
relationship between the fracture psttern and roglonsl stress
direction. There 48 no doubt about the facts that the joints |
are developed due to same stress conditions as the faults |
acting at the time of folding,

(B) Relstionship between stress and fractures i~

From the study of the warious joint patterns at
Lekhniwali~Peeliwsli hill and considering the axis of axis}
plane folistions {52) snd the major anticline to be trending

sbout N39%.8218%, following conclusions have been derived 3=

{1) Major subhorizontsl stress scted from about
N125% and w30%° directions (perpendicular to
Sp)e

{41) In the initlal stage of simple stress conditions

Dip Joints {First order tension joints) ond
oblique foints trending N70%-8230° and W130°.
N3307 (First order shesr joints) were develope
o,

(111)‘$han foldsng took place giving rise to anti-
¢line, bedding joints and strike joints
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{occond oxdor tonsion joints) fronding N35%.n215°
ond obliquo joints (sccond oxdor shoanr joints)
tronding N20%-1200% and N355°-N17%° wore doveloped.

{iv) Finolly the rolosso in the stresses produced
joint trending N35°-N215° with dip losser thon
4%°% and con be colled normpl sheor joint ond
thoso with still lesser ongle (below 20°) ara

the thrust shoar joints,
AN the shkess (opditions are shown in =9 lo .
(C) Conclucion i~

Koeping in the mind the Mohr (1962) « Anderson

{19531} thoory of rupture, nuthor has tried ¢o cerrelote various

!

Joints pottorns ond faults to xoglonnl strese direction csusing
tho doformation in the rocks. What is glven here &5 not finel
conciuclon, The arer which have been taken into concideration
s very cmoll for structural amslysis, and to further substene
tiato theso o systematic and detolled reglonal study of the

vorious structural featuro 1o santed,
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3,1, EELDSPATHIC QUARTZITE

Negascoplic Characters i

The Feldspathic quartzites 1s light greyish
white in colour and is fine gratined. On the exposed surface
"4t has changed to light brown due to lesching of iron contents.

Textyral features i~

1t shows granoblastic texture. The inter
spaces between the quart: snd feldspars have sltered recrye
stallised,

Mineral assemblage te

uarts, Felspar, sexicite, magnetite and limonite

have besn recogniaed, tho sericite 1o the alteration
product of felapsr which is albitic in componition.
3.2, EABAGNEISS

Megsrcopic character 3=

Paragneiss is characterised by the porallel
bands of chlorite « biotite and qunﬂzﬁfeldnparn (plate 5 19).
The bonds vary in thickness from few m.m, to few C.ms, The
feldspars nre sltered to Keoline snd sericite. |

Textural feature s=

Paragneiss show the gnelssosse ttxtﬁzo in the
microscope, The lights and dark bands are srranged parallel.
Andshisite contoains few inclusions of quartz glving sieve
structure (plate 18 ),
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Minersl assemblage e

Quartz, Blotite, Muscovite chlorite, andalusite
and Magnetite ars present. The felspars alter to sericite
and Ksolinized even on the surface, The name has been given
because Lt 18 result of reglonasl metsmorphism of alternating
quertzo~feldspathic and peletic gediments,

3.3. EELDSPATHIC TR

Megescopic charscters i-

ATE QUARTZITE

Feldspathic tramolite quartzite is exposed on the
eastexn flank of the Lakhniwall Peeliwsli hill., It i
characterised by the occurrsnce of nesdles of tremolite and
actinolite of varying size from fow m.m., to 2 Om, embedded in
the quartzn-f;léspathsc groundmass, This formation is highly
weatherad on the surface and gives reddish brown colour due
to sltexrstion of Llron content into limonite {(plate );
showing typicsl boxwork pattern,

Textural fastures te

The rock shows porphyroblastic texture. (uarte
and felapar occuy in the gsoun@ma,a in which needles and
prisms of tremolite and cctinolif& are enbedded as poxphye
roblast (plate 19 )}, The smphibole needles sre crowded with
the inclusion of quertz and felspsr and also glve poikiocblase
tic texture (plate 25 } and inclusions are generally srrnged
parsllel to the slongation direction of crystals,

Mineral assemblage 1»

The feldspsthic tremolite quertzite contains quarte,
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tremolite, actinolite, albite, sillimanite magnetite, chlorite,
biotite, limonite and sericite.Tremolite and adinolite alters
2o chlorits and biotite, whila,slbite ¢o sericite and
magnetite to limonite (fig. Yo

3.4, CHLORITE QUARTZITE/SCHIS

Megascoplc characters -

Chlorite quartzite/schist 15 chazacterised by
the greenish colour, The chlorite flakes are generslly
randonly oriented and do not appesr to be schist, but at
places schistosity is developed, Thoe contact between this
formation and overlying garnetifercus rock is not very sharp
but is morked by the appesrance of gArnet from esst to weet,

" Textursl features i»

The chlorite gquasteite rocks are granoblastic
and chiorite flakes do not exhibit preferred orientation.
The individual flakes vary in thelir size from vory ;wixx
sizﬁvto fow mm, in the fine gxsined compacted rock.

Minaral sssemblage i~

The minexal sssemblage fin this rock is simple
and quastz, chlorite, muscovite, biotite, slbite and silli.
manite (7) St'prtscnt. Chlorite 1is presont ubiqu!teusly'in
all other overlying rocks of Lakhniwali-Pesaliwali hill,

Two types of chloxites have been recognised «
Chlinocblore and Pennine, Chlinocblore fs characterisad
tshular ox pseudohexgonal crystals, and sometimes bent, The
extinction verioes sbout 0%.7° and shows polysynthetic
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twinning (Fig, ). Pennine ie charscterised by porailel
extinction and green to brownish green pleochrolism, It gives

anomalous blue colour.
3.8, GARNEYIFEROUS CHLORITE QUARTZITE/SCHIST

Megascopic charscters 1.

The garnetiferous chlorite quartzite/schist is
characterised by the prosence of gsrnet crystals srranged in
bands. The individual crystal varies in size from few m.m
to about an inch and is dark reddish brown in colour,

Textural festures ie

Garnets are arrhnged in bands alternsting with
the quartz -chlorite bands, Individual garnet occurs as
porphyroblast and have the 1nciusibnn_of quart z showing
sleve structure (plate 23 ), These quartz inclusions are
probasbly the remnant of the carlier sediments and produce

blastossmmatic toxture,

Mineral anemblagg i~

Following mineral assenblage is recognised in
the section 1 )
(1) quartzechlorite~bilotite garnet
{18) quartz-chlorite-muscovite ~garnet
{111) quarta-biotite~jarnet-andahisite
{iv) gquartz-chlorite-biotite-garnetesiliimanite

The garnet is of almsndine vaoriety and is
pinkish brown. The sillimanite s charscterised by prismatic
colourless neodles 2nd order polirisation colour and parsllel
extinction, It is distinguished from the andalusite by it¢s
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highar intorforonco polouz andolioite chows groyish bisce
fringonees while oillimonito shows oocond oxdor colours,
Gognet, sillivonite ond sndalugito oltoxrs to

c¢hlorito, biotite, ooxicite ond oxhibit rotrogronsivo motow
morphi sm,

3.6, ANIHOPHYIL,

(1) Hogoscopie choroctors i«

LLGTONITE BEARING ROCK

In hand spesimon the unthophyilieb cunmi ngt o
rnito boaring rocks uosusily hovo on spporrance of on onphibole
with sgarcgoto of pediating pricm {plote 14 ) chich holp
in cpsy identiflicotion of thoso rock typos 4n the fiold, Tho
coorgor cxystals mosgure from 1 G, to 10 Co, &n longth ond
".9 pam te 2 mm oexress the length. The rock Lo usually
dork groy to dork groenish colourcd and is rich in quervtz,
chlorite, blotite and gornet, AL plocos thesze yrocks havo
concontration of considezrobly big shoaf - like or fon ~ochoped
cryotale of onthophyllito ond curmingtonito (plote 15 ). In
oono cones those rocks slso show an unusudl hornfelsic
choroctors whlch with the ghoaf of onthophyllite snd cunning=
tonito, This {odture o visible ovon in the handopecinon
ond holps to distinguish theoo rockos fron other rocko
{plote 14,15 ),

(81) Tentuzol ¢coturen e

Tho rocks do not show ony banding or nchld&caity,,
vhich night havo becn iost during motosomotic roploccmont
of rocks, Tuartz chlorite portion within anthophyllite
booring rock chov falnt cchiostoocity (Plgle 25 Y. In biotitoe
chlorite rock tho flakon oro orronged ot ronden furthop
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foliotion 1s not devolopod unifornly in different ports of
tho some gection {plote 24 ). The onthophyllite cutningCoe
nito roek psos gredually ond ioporcoptibly clomg theo ctxiko
into ochiot ond quortzitoo. In 8omo cooos rock also shows
hornfolate otructura with chosfs of onthophyllito ond
curmingtonito (ploto 25 ). This fenture fc visible ovon in
hand ppoeinen ond helns to distinguich the vock froo othor
rmphiboliten,

{1v} ttinoral aasombléjen t=

Baoide the onthephyllite ond cumninptonite
tho rock contains ono or nore of the follewing ninorols ¢
thlerite, gornet, oinuratite, ¢ole, ondalusite, teurmeline,
cordisite, hornblende, quortz, carbontte olbito, blotite,
megnotite, pyrite, pyrrhotite chelcopyrite and limonite,

Although enthophylli¢e end nummingt§ﬁ£EG
sre intinmately assoclated {plate 24 )} cummenl?‘ona of the
two L6 prominont in single spocimen, From the micrescopic
exaninotion of the rock they can be classificd as following

snaenblages e

(0} Asnombloge dorived from peletic zocks coms
prlaing blotitz, sndalusite, stouroetitoe,
gurnot, muscovite, sericite, nognotite
olt.

(b} Assomblagoe dorived from the quortzito
sotk consisting of sericite muscovite,
biotite, Keiolgpay, 0lbife and nagnetito.

{e) Acoombloges dorived frxon scoiepolotic
rochks with highor amount of quortz 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 cbtmmon minerals quartz magnetite, plagiocla

tourmatine and carbonates are always associated.
3,7. MINERALOGY

Anthophyllite :-

It occuys as coarse prisms, blades, idioblastic
crystals, or in sheafs replacing earlier minerals. It is
commonly colourless to pale grey green and brown, It shows
following pleochroic scheme

Z = colourless, Y = light and X = tan;
Z<Y«X.

Anthophyllite contains numerous inclusions of
quartz of various shapes some of these are arranged parallel
to elongation directlion of host rock, Such quartz are also
seen at the contact of two coarse prism of anthophyllite
(Plglte 25 ). With the arching of the anthophyllite prisms,
the quartz grain also show corresponding arching and both
minerals exibit strain shadow. Magnetite grannular are
rahdomly distributed. Inclusions of biotite, chlorite and
plagioclase are minor (plate 24 ).

Anthophyllite grains contain small pleochroic
hallows (?) 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



spparently filled with later velnlets of quartz. Locelly
flaky minerals, like blotite, muscovite and chlorite, have
developed slong the cracks, (Pilake 25)

Cummingtonite 1=

It otcurs similerly as the anthophyllite. It
occurs as sheafs, fan sheped bundles, or blades with elonga=
tion perallel to C axis, LoGslly the bundles of neodles of
this ainersl are arranged in bowetie fashion (Plgle 24},

The cusmingtonite is generslly colouriess. The
extinction varies within 13%.25°, Twinning on {GO1) end
{100) are common., The cusmingtonite shows sieve structure
and almost all minersis including quarte occur as inclusions,

Mhlorite i«

It is present almost in all the 2ssemblages,
Two vorieties hove boen retognised

(1) Pale green peninite showing ultra blue

intexferencs colour,
{£1) and distinctly pleochroic,

The second typs 1s most commonly developed and
has following pleochxoic scheme X = yellowish green, or
colourless Ymgresnish yellow or bluish gresn and Zegreen

X <Y K2,
Chlorite flazkes commonly contsin pleochroic

hallows sround zircon inclusions. The mineral occurs as

(1) aggregates of flakes, pseudomorphously replacing earlier
biotite or Amphiboies {plate 21 ), Cosrse grasins without

any evidence of replacement {(plate 23 )and irregular shaped
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fiakes and patches enclosing ssrlier minersls like quartz,
andalusite, Amphiboles etc. The thixd type is sometimes ssso-
ciated with Anthophyllite-cummingtonite bearing rock without
replocing that. Chlorite derived from biotite have fine fnclu.
sion of magnetite. Chlorite flakes occur noxmal to fractures
and the outlines of anthophyllite, cummingtonite, biotite ete,
and slso slonp the flakes,

‘Blotite 1~

It foxms main mass of the country rocks, but
does not occur as msjor constituent in snthophyliite cusmingtoe
nite rock., The minerel is present in the clesvage and cracks
of the amphiboles or in associetion with cleavage and cracks,
Inelusian»ef eircon surrgunded by pleocchroic hslliows aye quite
common, It also otcurs in intergrannulay space betwesn quarte
graing {plate- Ye |

Cheracteristic pleochrolsm of the biotite
crystallised during Feelig metasomatism 1s from colourless or
‘psle yallow to yellow to reddish brown,

Aﬂornblenda 3=~

This assemblage occuxs only in uscemblage rich
in cummingtonite, The minerel shows following pleochrolc schame
%= yellowsish brown, Yeyellowish green and Z green 2Z>Y> X,

Cordlerite e

The mineral occurs as xenoblastic or poxphyroe
blastic grains showing sisve structure becasuse of inclusion of
rounded quartz {plate 26 )}, Cordierite is ususlly assocliated
with anthophyllite but in some cases with cummingtonite, It &s
colourless with higher refractive index than quartz, Some of the
grains of this minersl asre slteresd to micaceous peninite along
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!acks and border, (Plole 2¢)

Tpurmaline i~
f? : This 15 ususlly minor but localiy occurs &n

, éﬁn:b&euaus smount {Fig, Yo In few grsins zoning 1s observed
| with gfeenish blue core and bluish outer~ rim 20 reddish violet

core to viclet outer-' rim,

"G arnet te

S

It is pale pink with high relief, probably
almandine, Grains with cxystslloblastic outlines are noted. The
grains contain the inclusion of fine and coarse quartr (pllt123 )
snd slters along cracks 1nto chlorite or biotite (plate 21 ),
Andalusite 1=

It occurs as porphyroblastic grains set in a
groundmass predominantly of qusrtg, bilotite and smphiboles., It &s
pleochrolec from colouriess to pink, Two sets of clesvages (1D}
are slso doveloped., The mineral sometimes contain numerous
fnclusions of quartz snd magnotite showing spongy texture. The
sndajusite siso slters to peninite and sericite, It also contains
fow inclusions of carbonaceon matter, (18-ricre)
Stourotite i~

Crystols are pale golden yellow to colourless
snd are common in smphibole assemblages, The minersl slso shows
the deeper pleochrolism at fow places, They show penetrstion and
contact twins {Piqlc 20 Y. Inclusions of quartz are common.,

HNo foliation or bedding can be recognised in
the garnetiferous gquartzite, But locally both the groundmass
qusrtz and quartz inclusions, within the garnst porphyroblasts
have the same orientation as indicated by fnterference colours.
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3.8, Meatasomastic Changes :-

Altered wall rocks surrounding the mineralised
zoNnes §rosent'a remarkable oxample of imonmagnesia metasomatism,
Anthephyllite rocks have better deéolopod by the replecemont
of arkosic quartzite than the schistose rock, where both type
of rocks have been fully replaced the end product is a rock
chiefly congisting of Fe-Mg smphiboles.

From the paragenesis of the mineral assemblages
it is seen that the chemical changes were also involved 1h the
process of metasomatism., There was a continuous addition and
removal of constituents, The most important of tho materisls
added are Mg, Fe ( iron-magnesisn amphiboles, chlorite) Ho0,

F & B {albite); and Si (quartaz). Most of the K {biolite) some -
81 (quartz) and Ca @ligaﬂasé)htvn been withdrawn from the
host xock., It might have besn derived from the original
andalusite (anthophyllite formed) st the contact of andalusite
(plate 18 Y, ond muscovite which were extensively effected
by the metosomatiam,

Biolite, ubiquitous in the country rock
schist, 1¢ however, insignificant in the 2one of anthophy-
llite~cummingtonite bearing rocks. This suggests that K -
was removed during metasomatism, Also biotite rich rocks with
unorisntad flakes of biolite are conspicuous in the sreas
adjacent to zone of metasomatism (plate Ysuggesting »
possibility that they are formed by the Keremoved from this
zone, Sericite is absent in the zono of Mg-Fe metasomatism,

though occurring in the andalusite bearing rocks outsida the



“« 32 -

main zone (Plglk 18,190}, Yts late famatim‘ also indicates
that inspite of the availability of the necessary constituents
for ite formation, St does not crystallise, presumably

becnuse the physico-chemical conditions were not suitable,

‘ Introduced Na has been deposited as alblte
‘whichjalmost present in all ascemblages. This indicates
that during metasomatism Na, unlike K, can form distinct
felepar provided thera is sufficlent (plste Y.

| Pre-existing eilice hes bocn xemoved from the
rock, but somg silica has been pdded along with the newly
formed mineral especially slong with sulphides (plate 25 ),
It is,hcwﬁﬁar, difficult %o distinguish the introduced auarte
from relessed silice bec2use beth the types have recryslat-

1ized and shown ssme mode of occurvrence,

3.9, Age of Metasowatism te

Iron-magnesia metesomatism is directly connected
with ths minernlization and sppears to have partly precesded
the aain phase of gulphide deposition, which 2lso occupled
shesr and fault zonﬁs, transecting many earlier stfuctures,
The mineralization probably teok place duxring the later stage
of folding, but mincr movement of‘ions continmied throughout
the poriod sulphide phase, Granite was emplaced towards the
closing stage of fold movements but is only slightly minerse
lised as indicetad by veins ajlong fracture zones within
granite. Presumsbly the minerslisastion started immediately
sfter the emplacement of granite, but the Fe-My metasomatism
on granite and intrusive basic rock is not seen in the fleld

{Das Gupta 196%). Anthophyllite-cummingtonite ~ bearing
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- rocks as o rvule contain only minor amount of Sulphides
especially in the zones of mineralization, The sulphides
'did not form from simultanecusly with the anthophyllite
cunminglonite but sre cryslstlized later from residual
fluids,

3.10. #etsmorphium i~

The rocks of Ajabgarh series have been subjected
to regional metsmoxphism of wvarying grades, The different
facigs con be distinguished by the presence of various mineral
assemblzges. The peletic rocks ore characterlsed by the

praocence of following important mincerals assemblages i

{1) Muscovite - blotite « chlorite,
(34) Tremolite ~ bBlotite ~ chlorite,
(411) Andalusite -« muscovite~ blotite,
{iv) Huscovite - hMotite « gsrnet,
{v) Muscovite - Eigiéte ~ gtauzrolite-garnet,

{vi) Muscovite = staurclito-biotite~garnet=stauro=
lite, '

{vii) Silifimanita ~andalusite~ biotite -garnet,

The qusrtzité rocks have baen metomorphosed and
cementad and compected cusrt: 8nd albite are present ubiquiew
tously, The calcium and Magnesisn content of the sediments

probably gave rise to actmolite and tremolite minerals,

The highost grade of metamorphism impressed on
the ares, outside the metasomatiz zono is'of siilimanite -
almandine sufacies (Turner 1949) of amphiboiite facles of
regional metamorphism. The metamorxphism hos been followed by
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feldepathizaticn and ignesus getivity. The presence of
sndalusite indican that tho themmsl offect has slso played
some role., The progressive regional mctamorphism has been
followed by rstrogressive metamorphlsm as 1ndicated by
sericitization of andalusite {plate 18 ) and chioritization
of garnets along the fractures (plaste 2! ), |
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CHAPTER 1V
HINEROGRAPHY AND PARAGENESIS

4,1, INTROTUCTION »

The ore_minerals from tho differont parts of tho
Khetri Copper Belt heve been described by Hacket (i887),
Mollot (1891}, Dunn {1943}, Crookshank (i948), Deb (1948),
Vexmso snd Fatni (1962), Los Gupta {1963), Hoy Choudhoxry and
Das Gupto }1968), Hz2o end Rao (196%), Mukhertos !1966,67s,67b).

rith the advances in the techniques in ore
microscopy tho number of mlnerais and trece clemonts discovered
oro increasing with tine, Pyrzhotite, chaicopyrite, pyrite ond
anagnetite are most wﬁdely sproad minarels. The other minersls
repoxted in minor amount are cubanite, vellerite, ilmonitoe,
sphalexite, tetrahedrite, arscnopyrite, golona, ranmelsbexgite
1 mockinowite, ritite, cuprige, tenorito snd goethita, The
chief gangue minerals reported are ausrte, chlorite, and garret,
with minor amount of anphiboles, opatite ahdalusite. scopolite,
zircon, cordicrite, and sideropiesite. Semlequantilativo gnoe
lysls of the ore minorals undor Infrored spoctroscope by
iakherjeo {(1967) indicotos presence of Pb, Zn, Sn, Ag, Co, M,
Mo, In, Ga,Ti, Mn, Vv, Cr. Bi pnd Ba as troce elenmente,

4,2, Noture of Ocouryonce of Oras -

Althoush the sulphide ores nre found to occur
in ninor omounte in tho adjeining formations, but broodly
garnetifarous chleorits auartzito/schist and amphibelc booring
gornetifereus chlorite quartzitofechist hove acted os important

host for the minoralizetion, The mineralizotion 1o much
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controlled by structural planes such as shear planes, joints,
fractures and follstions, rather than 1itholagy. These planes
have sexrved 28 the channeiweys for mineralizing solutions

and at the same time the locslizers of sulphide ores,{Fiy 18)

Mode of Occurrance i1e

The sulphide ores occur in varfous forms as
vein filling, lenses, braccis f1lling impregnations and
disseminations,

{a) Vein f11)ing varying in thickness from
few millimeters to as thick as 5 Cm, is present ela#q the
Joints, fractures and foliations, Tho vein filling along
Joints produce various featurss like parsllel velins,
rectangular veins and horsetail feature (Fig. ;4 ). The
Joints in which £1lling hes %aken place vary in thelr strike
ieﬁgﬁh and opcnings. The bedding jolnts are most importent
from minerolication point of viaw varviné in their openings
from 1 Ca. 2 8 G, The other less important joinls are cbllque
(¥8g. 18 ). The sulphide veins continue for few meters

ending graduelly ox they may end sbruptly,

{«} Along the pree-minerslixzation fasults
typicsl braccls ¢iiling occurs (Fig. 3, ). Tho interspaces
are filled by quartz, calcite and sulphlides enclosing
chlsritic braccis {platc 16.28).

() The mineraiizstion hes slso localised as
lensoid bodies varying in their size from 30 Cn, to as big
es 10 metexs, The lenses pinch and owell with irregular and
trangitional contzcts exhibiting hydrothermal roplacement

predcﬁinatinq over vein filling {fig. 16 Y.
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(d) Fine impregnations and disseminations of
sulphides is present ubiquilously, Thease disseminations
vary in size from few millimeters to a centimeter (Flg. 3g).

Ore Minerals -

SRS

Of all the sulphides pyrite is most sbundant as
compared to other minaxala. It occure as grannular aggregete
varying in size from five grains to few millimeters, It 1s
most cowmonly localized along the Joints {(Map, 7).

Pyrrhotite occurs with pyrite slong the joints
but is also associated with it in the lenses with chalcopyrite
and magnetite (fig. 12 ).

&g$1¢09721ﬁi occurs with pyrite, pyrrhotite and
magnetite as irregulaxr consentration (fig, 12 Jalong joint
frazctures and follations replacing ﬁha country rock and
producing various features like parallel veins, rectangular

veins horsetail and lenses,

Magnetite-occurs ss inclusions within sulphides
8s fine gralned grannular aggregates in the lenses and along

larger jJoints (fig, 10 ) - the magnetite grains.

. These sulphides and oxides of hydrothermal oxigin
have besn attackod by descending meteoric water giving rise
to malachits, limonmite, goethite ect. as secondary leached
product. They occur along larger joints and faulis through

which water can descend,

4.3, Ore Minerals at Lakhniweli Peeliwalf Hill 1~

The minerographic study of the o*ca in Lakhniwall «



Pecliwall hill of Madan Kudhan section have been studied in
detail with 20 polish sections {blocks) snd 7 thin polished
section {slides), The study has lead to the conclusions that
the minerals are simple and few in number. The primary
sulphides which have been identified sre pyrite, pvrrhotite
and chalcopyrite, The other sulphides reported from various
patts of the belt have not been observed by the present
worker, Amongst hydrothermal oxides magnetite titaniferous
magnetite and wolframite have boen found Calcite and quart:z
are present as hydrothermol gangue. Covellite malachite, and

limonite are the secondary minerals,

4,4, noscription of Minerals e

The ore minerals which hove been observed are
discussed in detail individually. The paragenocis 1s later
dascribed in this Chapter, i85 dotermined from taxtural rela-

tionship of these minarals.

(L) Pyrite - Pvrite shows vavious forms fyom mossive to

grannular and also sadiating needles having brass-yellow

colour and grecnloh black to byrownish block astreak,

In the polished secticns the pyrite is charactere
ised by its yellowish white colouvr, piltted appearance and
higher hardness, In sheared and braccliated country rock they
occuyr o8 braccis fiilling., The gradng of pyrite are moulded
by the chalcopyrite (£ig. 1, It contains the tnclusions
of magnetite and resrely of pyrrhotite and chelcopyrite, When
occurring in chalcoéyrita its boundaries are replaced by the

later. The significance of thase Inclusions is discussed
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later in this Chapter, Pyrite vhon osgsocisted Impurities or
replaced shows varfation in colour (4 / 598) few graing also
show low anisoffopism which may be elther due to strain offect
or dus to low symmetry In the ¢rystsl structure,

{11) Pyrrxhotite « Pyrrhotite is second most important sule
phide mineral present in the Lakhniwali-Peeliwall block., This
¢én be distinguished from other sulphides by its characteristic:

bronze-yellow or Copper-rad colour and greyish black streak,
They generally occur as either the disseminated grains with
other sulphldes or as ifrreqular pockets,

Under reflected ligh%‘pyrrhetitavshnwm varying
forms such 2s massive grannulnr aggregates, elongdted priem
veins ar isolated groins {plate 27,31 ). It is chsracterised by
its pinkish white colour and strong enlsohopilem fyom greyish
blus to dark brown colour, It cccurs within chalcopyrite
mass as inclusione or as interetitisl filling (plate 27 ],

It alsc shows prismstic cleavsge and simple twinning (plate )
which may be due to strain effect, Few iudlusidns of magnetite
octshedrons chalcopyrite and pyrite grains have besn obsgerved
{plate 31 ). Pyrrhotite boundaries are 8150 moulded by chale
copyrite,

Two types of pyrzhotites, pyrrhotite I and
pyrrhotite II hove been distingdished from the fact that the
distinct wveins of pyrrhotite II cut scross alyeady formed
pyrrhotite I (plote Yo Thoe pyrrhotite I1 shows less
streining effect and much cie?r snisolropism as compared to

p?trhotit& I.

(111) Chalepyrite - It hss typical brass-yellow colour but
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often tarnished giving besutiful colour combination like
deep red,'pink, violet and blue, It has dark greenish black

streak and 1is softer than other two sulphides.

Chalcopyrite in polished sections shows golden
yellow colour, snd is isotrople, at fow places where grains
have broken due to the deformational stresses show variation
in colours as well as in anisotrepism (plate 3L ), It is
asaociate& with pyrite, pyrrhotite, magnetite and .wolframite,
It shows fnclusions of pyrite, pyrrhotite and magnetite giving
rise to veln texture {plate 3! ). Chalcopyrite occurs in
various forms as fine shreds, impregnations (plate %2 ) veine
fiiiing and irregular masses (plate 27 )}, showing various
textures, At few places chalcopyrite occurs as inclusion in

magnetite, pyrite and pyrrhotite,

(iv) Magnetite - It is most sbundant amongst oxide minerals
.end 15 well distributed in the ores., It occurs as fine grained
grannular aggregates along with other sulphides, gives dark

black dark streak and i{s strongly magnetic.

Magnetite 1s found to occur almost in all the
polished sections studied. The colour of the magnetite is
slightly blulish and darker grey than the usual colour of the
magnetite. It varies in form from uanh;dral irregular grains
to octatredral grains (plate 30 ) with faint cleavages. The
quartz s most common inclusion, but sometimes sulphides are
slso present as inclusions. The pyrrhotite and chalcopyrite
have replaced the magnetite partly - giving frregulsr replaced
boundaries (plate 31 ),

Two types of magnetite have been distinguished
6E4EE 7
QHMﬂJﬂQRVMW%E!"1FI-I.-
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associsted with the sulphide ores, Magnetite I is slightly

- 4} =

pinkish in colour, irregulor fine greined and falintly snise
tropic {slate. Yo This $s theught to be titaniforous
magnetite, The other variety the magnetite II 45 slightly
dazk bluish gray, with subhedral to cnhedral grains and is
isotropic. Some grains have shattered snd exhibit strain

offoct (plaze Yo

{v) Wolframite = It has been recognised in the polish

section (4/584) by characteristic elongdted prismatic crystals,
greyish with brownish tint colour, and snisotropism from
greyish to brownish colour, It occurs within the magnetite II
groundmass {plate 30 ) and its boundaries have besn slightly
‘réplacad by the mognetite, This mineral have beon reported

for the first time from this belt,

{vi} Quartz « It 15 most comnon gangue mineral associated

with the ﬁkes. Three types of gquartz, have been recoynised,
wartz I 4s that present in the country rock and is more
‘strained and is replaced by hydrotheynal minerals. Quarts II
is the one which came slong with the ore minersls at an esrly
stage and was iater on broken replaced by later incomming
minerslizing solutions, This is transparent in colour snd
occurs #s irreguler inclyaiann within the ores (plate 27, 32},
GQuartz IXII is the one which formed along with and after the
ore minersle, This quartz is less broken and replaced occurs
within ores and slso replaces them (plote 3t ),

{vii) Colcite » Calcite 1z recognised both in the hand

DS

specimens as well as in the polished sections, It forms

independent units giving rise to typical colcite veins in the
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country rock {(plete fio. 13 ) or as impreagnated with other ores.

Calcit#lin sections choﬁu sltoration and uneven
extinction which 1s due to the deformation and strains,lt
OCCUrs as zntoratittal fi1ling in quarztz matrix as well 58 in
ore matrix lpliate 27 ).

SECONDARY MINEAALS

{viti) Melachite - It ig only secondary copper mineral

whi¢h»c§n be distinguished megsseopicelly, and &5 ususlly
associated with quartz forming extrenuous thin layer.,on
quartz,of green colour,

(1x) Limonite - Limonite is pssociated with the gossan

bend present st the top of the hills, It shows typlcsl
cﬁléurs varying from yeliow through brown to marcon with the
rote of decrease in slteration of primary minerals, Limonite
shows typical box-work pattern (plote Ye

4.5, Textures and Structures in the Ores 1.

The textural features, which depend upon the
mineralizing solutlions, stege of mineralization and host rocks
vary greatly., In general the sulphides show replacement

texture predominent over vein filling texture {plste -20n 3},

Individusl ore minerals show various types
of taxtures, Pyrite, pyrrhatito snd magnetite show grannular
texture {(plate3°.32), while chalcopyrite shows vein filling
and replacemant texturs and also occuxs ss irregular messes
(plate 33, 32 )}, The inclusions of pyrite, pyrrhotite and
magnetit® within chalcopyrite shows fsland texture (pleste ),
Chalcopyrite also shows fine shreda and impregnstion within
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tho country rock [plate . Covelliite haos xeplscod tho
chaleopyrita along cyecks ahﬁwing sagondnxy repldccment
toxture (plnto Y. Typicol interstitiol €iliing toxturo
io ohown by chalcopyrite, pyrrhatite and enleita {plates 27 1},
Tho intorspacos wore lotor on expended ond tho host rock
aopotinlly quortz woe broken pe the minerslization cdvancod,
Braceie filling texture 15 shown by pyrite {plote 25 )., A1l
thage f4lling toxtures sre sscocioted wigh raplagamﬁnts.of
varying dogroe,

4.6, Parogenstlic Sejguenco i«

From tho toxtural studiso of the ore minozdls
in soctiong following four differont wtagos of the minerslizge
tion of hove bean recojnioed 1~

{1} Oxido phate - gove rieo to gquortr, wolframilo

gnd magnetite,

(44) Sulzhide phsse -~ gnvd rioe to pyrito, pyrzhotito

nnﬁ ch&icapyrit&.
{131} Corbonsto phase - Calcito s formed &n ¢tho

l2at pheso of hydrothovmal activigty,
(3v) Sorandsry enxichnent - limonite,molachito,

snc coveliite have boen foracd due to woothoring

snd laasching of alrosdy dopoaitoed oro mineral,.

Tho inclusion of quarts grains in 21l the oxoo
show thot 4t wag firet to form and continued ¢ill tho ond,
toléranite occurs no eobodded within magnotito groundmaso
with slight altorotion along the priomotic boundorios indicote
that 1t formod eosriior which wos followod by nognotite I ond
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magnetite IX. 5ince magnetite occurs inclusions in aulphides

with outer torroded boundaries st places, it was formed
earlier than sulphide, The occurrence of pyrite oc¢tahedrous
within chalecopyrite and pyrrhotite ghown that it crystsllized
esrlier thon the two sulphides, but since it gontaing the
inclusions of magnetite (plate } it $s inforved then it
formed later than the magnetite. Then pyrrhotite 1 and
pyrrhotite I! crystallized Just one after the other, Pyrrhoe
tite is followed by the chalcopyrite which contelns inclusions
of pyrxhotite, pyrite snd magnetite, Cslcite is tha last phase
of hydrothemal mineralisation which acturs as pore filling |
within the country rock as well n¢ around and within chele
copyrite (plate 27 ), Sometimoes the later minerals elso
occur as inclusions within tha early formed minerale, creeting
difficulties to determine paragenetic sequente, But since
these Inclusions sre rere end fow in number, it is belleved
thet thay are present due to orientation and cutting of the

- sections, General paragagetie semuence of Lindgren 16 kept
in mind to detemmine this seguence,

The sction of woathering and lesching have
given rise to supergene minerals, like mal#chita, 1imonite,
and covellite, ofter the emplacenent of oxides snd sulphide
ninersls.
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” RN

' SSydeathorant Sonee . t
Mnorols \ i . Socondaory
Oxida phooo i éuxﬁgfde ! Corbonoto phaceg fnrichoont

Cuorie I
Qoortz X2 ?
Volfromite —_—

Mognotite I _—

Yognetite IX —

Pyrite -

Pyerhotite ¥ —_—
Pyrrhotito 11
tholeopyxito

Calecito .....__
Covellito —_—
Halochite

Limonite

Time —

4,7, Conclusions e

In tho southorn port of thoe tladaneKudhan
seetion fowr minorals of N1, Co, Aa, Ph, ond Zn havo been fecoge
nicod, but theooe minerals aro not present in the northorn pore,
Thio hoo lozd to conclude thot tho minorslisotion in tﬁﬁ southorn
port took place in nony photoo one aftor the othor continuing
for o long timo, introducing many now minerals aad replocing

olroady exicting ones.

Tho pexrcontoge of motnl in the culphide
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minersl seems to be inversely proportionsl to thelr relative
-age, Late sulphides contain more metslions then the cérlier
one {dac Diaxmid after Bandy). $ince the Lakhniwsli~Pecliwall
hill 48 xich in few minersls which are hard pyrite, magnetite,
pyrrhotite, it is speculatod that the minoralisation took
plsce eaxrlier than in the southern psrt of the belt, The
source of mineralising fluide 1s still not definit, but the
granites exposed on the sduth osst af»thn magnetite quartzite

hill near Gotro village and further south might have acted
as the source rocks,
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5.1, Anciont Mining Oporptions =

A6 rogoxds onciont mining oporntfon im tho
bolt, wvorbol infoxmotion rovesls thot coppor wis minod from
tthotri during poried of Chondro Gupta Mourys (obout 300 B.C).

Ao for oo teitton oevidoncos opre concerncd, ™ Alneow-Akbari®
shows thot coppor wos nined from this orco during Moghul poxied
(1400- 1600 D.D), Tho biggoot proof of this sstivity s tho
accunulation of shout L m.ton of coppor slog noor Singhoeno,
Intenoo mining snd omolling cetdvitios took placo botwoon 1759
1872 A.D., Tho rostivo polftfical conditions fowords the end of
tho 18th centuzy tamist hovo c¢suscd 2 so¢ bock to the inductry,
Some of tho aneient mining prospects, alin&ong the strike ilength
vorrsnting tremendous saciont miaing sctivities sre :

1. Madean-Kudhan

2. Kolihen

3, Bobal

4, Akwall

9. Sotkui

6. Dhonoto

Sono of tho anciont wining prospocts of
Hodoneudhon soction of Khotri Coppor Projoct sxe os follows 1o

A, Poo 1iwals

B, Lokhniwoli North block

}

C. Ghatiwold )
D, Modon i Contral block

|

E. Kudhon

F. Dondumwnli

Ge Mohomodwall South block.
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These workings extend pretty well dlong the strike.
and dip of formstions and have been developed within the ore
bodies., The devslopment have been very irregulisr owing to
the fact that mining wes limSted only %o richer portions, The
method adopted for mining was varient of prcnant’day'subnxovol
stoping e.g, cut and fill method of mining. These workings
are characterised by vgxiaua\inclinod shafts of which some
are flooded while othaéé have hesn cleoned by present day
ainars, (Plole O) '

Baside the old workings sre of iomense importancd
because they give a clue about shape, size and nature of
occuzrence. The intermittent mining sctivity along the strike
gives the fronuency and distribution, and suggests bresk in
minsalization in between lenses, It would not be an exaggers-
tion to say that about 4.3 m,%on of ore have been mined in |

old days.

The old workings are directly connected with some
of th¢ new adits driven by G.S.1., 1,B.M or NM.D,C. Short
description of few old workings of Madan Kudhsn section is
given below: |

{1} Presliwsli old stope

\

It i5 the noxthermost slope of the section in
garnetifexous rock, #bout 12 maters deep pnd lE-20 melerxs
in circular dismeter, which is filled with dump, debris, and
caved rock fragments. There axre several narrow vertical asnd
- Rnclined shafts in the north and NE of this slopa, probably
meeting the same sope and indicating fts extension in NNE
direction. At present this slope s not accessible, (P1.7)
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($4) Lekhniwsll O)}d Stope

This is the second biggest old stope of Midan «
Xudhen section snd lles belweon lstitudes 4010.415%0, situated
on eastexn slope of the hill which s accessible by sn epen cut
pit snd shaft about ¢ meters desp, It is connected to numerous
snsll old stope 81l along strike direction (NNE), The bulk of
siperalisstion is concentrated in central part of stope 8nd lies
well withia.tho‘fnultcd block between Ghatiwsli fsult in south
and Poeliwsll fault in north, Lekhniwali main cross cut inter-
sects a narrow inclined shaft st 353 meter level {(Plate & ).

(11%) Ghatiwall old stope

This atope is located south of transverse fault
near halir pin bend between partliels 3760 and 3880, It has been
claaned and s accessibdle by 2 narrow inclined about 2 m,
dianeter and 12+13 m, in depth, There are two big stopes, snd
loweat portion towards south is waterelogged, This 4 about
22=2% m, high, and crystals of gypsum, malachite and native
copper are diveloptd on the roof as stallectite, The extent of
working indicetes thst ore body is plunging towards SW and
leans gut towards north., This stops has beon intersected by
north drive of Ghatiwall 368 in. level development, The ore
body in this stope appear to be o single lens, locsted on the
footwall side of Ghatiwsli main loens.

{iv) Madan Old Stope

This is the biggest stope in the ares located
between psrallels 2860 and 2630 st %00 m, R,L, The ontrance s
thmugh an open cast pit asbout 60X29x10e, The actusl entrance
to the underground stope is through a verticsl shaft spproxi,
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12 ‘m., high, Some of the stopes asre as high as 21 n ., to
28 m:. and sre water-logged, The direction of elongation of
working is towards 35° due 59, which is also probable direce
tion of plunge, This has been intorsected by new Aldit No, IV
st 393 in, R,L, '

(v) Kudhan old siope

This stope is developed through open pit;
of about S m , x 7 in . with a depth of 2% m ., siong major
fault zone {I.B.M). This working is located west of garnstie
ferous chlorite quartz schist on the contact of Phyllite snd
dolomito marble, There are numerous small shaftis and plts
around 1t of spprecisble depth mostly in 5W and north direc.
tion probably Joined with main ixapc. At present this slope
filled with debris and is not approschsble.
5.2, Pressnt Exploration and Development «

The sclentific spprosch for sxploitation
of copper ere in thls region beogan in 1944, when Jeipur
Minning Corporation Ltd. took up an ambitious programme, sfter
vgettihq iesase for 20 yoesrs from Mewar Darbar, They prepared
surface Goslogicel Mep from Singhans in the noxrth to Khetrd
in the south on the scale of 6" = ] nlle; end lay out for
sxploratory drilling and mining operations hnsod upon the

naps,

They drilled four holes with s total of 3520
meters length, Three out of four cut scross the minerslised
zone. Fox stated that firat bore hole encountered an oid
working snd was abandoned second met 12' wide lode contsining
6 % cu, and third struck a 4' wide lode with 12 ¥ cu, Based
upon these data, undesrground mining commenced st 357 m:. level
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opening Lekhniwall Adit for 29 im..,st 368 . level opening
Ghatiwell Adit for %3 'm, and Adit MNo.IV and V. Unfortunately
nons of these openings reached the minersiized zone, and on
the advico of their ‘mericsn Consultsnt My, Altshulor further
operstions were suspended, though they retained the lease
upto l9b$.‘

Geological fSurvey of India started intensive
mapping of entire belt when the lesse was relessed by Jsipur
#ining Corporation 1t4, Thoy mapped the asrea lithoeloglicslly
and structurslly. Few bore holes were drilled to make sure of
the structures and sxtonsion of the ore bodies, different

gossan TOnes were sligned and exploratory pits ware opened,

~ Indisn Bureasu of Mines launched a detalled
study in March,19%7, which has been very well described in
the"Report on Msden Kudhan Khetri Investication, Papt I",
1.B,4, Lounched an explorstory progrémme in three differant
phases,

1. Geological Mapping.
2. Nismond Core drilling
{a) 48 bore holes with total leagth of
14,063 .
{b} 14 boxs-holes from underground workings
opened, with totel length of 842 in,

Thus, & total of‘14.905 me of dyilling
was Gompleted with an aversge core recovery of 86 ¥, Most of
the holes were inclined et an angle from 30°-70°%, thres were

vertical, snd two were used to prove structyre, Out of these

3% holes resched to an avarsge depth of 417 m,
7 holes reached to sn sversge depth of 818 m,
4 holes reschad to an aversge depth of 870 m.
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Explorstory mining operatione commenced in 1999,
Februsry, #nd & totsl of 3,309 in, of sxploratory mining was
complated by November,1064, which were then handed over %o
N.M4.D.Co for further development., The bulk of this mining wes
done at 350 in, level from parrllels 2920 to 35508 |

 Geological survey of India and Indian Buresy of
Mines (19%4) carzied cut the reconnaissance survey, Sen Gupta
and M. N,5, Reo {19%6) mapped seversl magnetic snd self potens
tial anomalies and fonhd that S.P.snomsly was slways aseancisted

with the magnetic anomsly.

Paul (1962) carried out geophysical investigations
8t Singhana, and Paprons snd found several solf potential
resistivity and magnetic anomalies,

Offlcers of Nationsl Geophysical Ressarch :ﬂatihxts:
{1964) cerried out combinstion of seversl geophysicel techni-
ques for exploration to overcome the difficulties arising due
to graphite, graphitic ghyﬁlite snd ferragenous guartzite which
often interfere in interpretation.

At present, the area is under the control of
Hindustan Copper Ltd. formerly under Nationgl Mineral Develope
ment co#porntzon, foxr further developaent and sining operations,
Ti1l June 1966 at 390 in, level there were two msin drives with
8 length of 60%.% in. in hanging wall, These drives are connece
ted &n the north by an inclined shaft No,III st R.L,374 in, with
an dnclinstion of 30° in the south, and by inclined shafts No,I
and 11 at R.1,400,04 in the noxth, The total undexground develope
ment at this level conbists of 2607.2 in, The drives and crosse
cuts are irregular and at seversl places have bean developed
upon the ore=body alongstrike, and oxe zones soems to cut -
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across strike, Orc zones have not beon fully exposed due to

1imi ted number of Xecuts,

At Adit No,IV st 384 'm. level, a totel of 749 m ,
of undarground dovoloptnﬁt has been completed, Further in the
south of this Adit a totsl of 22%,2 i . crosscuts slong foot~
wall dxive and 175 m, drive has beon dewloped,

At Lakhniwali Pecliwall Adit the existing opening
of 23 m . have been extonded shead to touch Lakhniwali Old
working. From this place drives have been opened in the north
to & distance of180m with cross cuts 150 m, and 4in the
south to the surfsce with total length of 160m aipng & 40m x-cut
tue to the lesn minaralisation 4in this zone further develop-
aent heve been suspended, The plan of this working is shown
in Hap. No,7. This hill wos mapped underground to study the
nature and intensity of atneral&satiah.hbout 100 meoters Qf
underground mapping wos done in the north drive, snd First

esstorn cross cut (Wap. No.7).

In othex parts of belt of this region, Exploratory
sining and development is prﬁgrasninq with 2 fast speed
sspecially at Adit No, IV and ingiined shaft MNo,11X, Apart
from these Adits and drives, two moin vertical shafts asre also
under construction. In the north is service shaft riachcd'te
8 depth of 2350' end in the south 1s production shaft which
has renched to 2 depth of 400', The work is being done sround
the clock to snhance the progress,

8.3, ORE RESERVES CALCULATLON
(1) Mathod of Estimstion i

Plotting of the warlous intersections tn the drill
holes and X=~cuts have besn used in the estimation of ore
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reserves, The number of drill holes thot ¢ut the formations
below tha 1000°* elevstion are faunrfin.numhar. hence the blocks
at 1000' level and below it are of larger eize, in comparison
to those st highor level than this whore a drill hole at higher
elovation and one at lower elevetion are few hundred feet apart
along strike, these are often constdered to reﬁresent s block,
where the distance between the hole 1s grest, theoretical
width and grades sre interpretted between sctusl figures from
widely sepexrated holes,

The number of intersections st vericus levels
varies greatly, with only four holes cutting the ore at depth
more than 400' below Seo level, For thls reasson, the estimste
was divided into three separate depth int:rvals‘

{1} From lo0 bgldW‘thﬁ surface to 1000' elevation
{2) From 1000' to S00' elevntion |
{3} From %00 above ses lovel to 890 below se2 level,

The ore was divided into three classes, as
‘Froven, Probsble and Possible, ¥here intersections are within
300'=400" vertically spart and st the same lavel, or betwesn
~ short distonce sbove or below the intersections it 1s c2lled
Proven, where holes sre further apart, or ore in the block |
is not at the same level, 1t 1is claascé as Probasble. Whers
there ls no information sbove ;nd below an Intersection, or
where vertical interval in many hundrod foeet aspart, ore is
c¢alled Possible.

- {41} Ore Reserves

Tbtal nunber of intersections used for the
calculation of Ore resarves amount to be 72, For all calfulae
tions tonnage factor used is 11 cublc feet, due to heavier
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minsrals like garnet snd smphibole gangue, Total proven probadble

and possible ore computed per intersection at varicus depths

sre as follows:

(1) Above 1,000" elevstion 360,000 tons
{11) 1,000' to 5007 elavation 1,240,000 tons
{118} 500* asbove and 850" Lalow S.L. 2,550,000 tons

{with 5% S, 0.02 02/ton Au, and 0,502/ton Ag)

Following table summarises ore reserves st Madan
Kudhan ssstion, Khetrl Copper Belt, Hal.

nnzhriptian “Ore e Tva: , LI Totall % CuA,?oni per

{Proven { Probable} Possiblel (in vertical
. | ac0®) i

100" below .

surface to  8%13 - B81%% - 16668 0,92 36400

10001 elevos

tion

1000 to :

200 elevoe 10299 5783 6198 22280 0,98 44800

tiOﬂo '

%00* above - N

S.L.to BS0O!* 5680 4478 153%5 20413 1.03 15100

below 5.1 A

Totsl 100° - A |

below sure i::r Average

fagce to 830Y 19392 18416 21553 86361 0.98 27600
helow sea .
level

In brief the total ore resarves smount to be
59,361,000 tons with sveresge ore grade of 0,98¥ Cu with
27,600 tons par vertical feet of depth,

If further development shows that ore per vertical
foot betwsen 500' above snd 850! below sea level gquals to
that belwgen 100* from surface to xooé' elevation, more than
50,500,000 tons will be sdded, If ore per vortical foot between
1,000 to 300* olevation sguals to that from‘ourfac- to 1000°¢
slovation, 5,900,000 tons of ore will be added,
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8.5 Ore Reserves at Lakhﬂiya&i Hill ja

Due to lack of time and sufficiont number of
channel somples snd boro~hole data, it could not be possible
to estimato the ore reserves of this bleck. To the best
of informations, the deposits st Lakhniwali Poeliwsli hill
are Low grade (sbout 0.% % Cuscontent) end are pyrite rich,

This has lead to the intermittent develop-
ment of the Lakhniwali adit, At present further development
has been suspended since rich zone had not been encountered

inspite of about 500 meters of excavation,
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CHAPTER VX
SUMMARY AND CONCLUSIONS

Lakhniwali-Pealiwald hill {Long.75%47143".45%47147%
and Latt,26°04'30") which hove been studied forms the
northernmost part of the ﬂadaﬁ Kudhan section of Khetri
Copper Project, which is situated at a distonce of shout
" 10 Kms. NNE of Khetrd town,

'The sres have been mapped on the scale of 1 O, to
10 meters, The underground mapping at Lakhniwolie Mine in
the north drive and NE-X{«Cut wis done on the scale of 1 Om,
to 1 meter covering about 100 motexs of dlistance to study
the control of styuctural feasture in the localizetion of
ores.,

The rock types which are exposed at Lakhniwall -
Peooliwall hill belongs to Alsbgarh series of Delhi system,
Garneiifeéuus chlorite quartzite/schist gnd amphibole bearing
garnetiferous Chlorite quartzite/schist are the mein rocks
exposed ot the tip towards the western nlope of hill, The
~other rock units are feldspathic quartzite. Ffeldspathic
tremolite quartziteé, Feldspathic tremolite and cﬁlorite
quartzite/ schist on the osstern slope of the hiil. Further
west phyllites have bsen covered by the slluviam of Kherkar

river,

The original ssdicentsry rocks have been subjected
to regional metemorphism, The pealetic sediments have given



- 58 =
rise to the mineral assemblages belonging to the amphibolite
facies like chlorite, biotite, magnetite, garnet, sillimanite
etc., The psammetic rocks were recrystallised giving rise to
quartzite and the interstitial peletic material has given
rise to intexstitial biotite, Chlroite etc. The rythemic
banding of arkesic and peletic sediments gave rise to para-
gneiss, The regional metamorphism has been followed by the
thermal metamorphism giving rise to andalusite which is
regarded as the product of themmal metamorphism. These rocks
have been subjected by Fe«Mg metasomatism in the later
periods giving rise to very interesting anthophyllite -
cummingtonite mineral szsgemblage. These minerals have
replaced the country rocks and show more affinity towards
quartzites than gchists, All these rocks have been subjected
to the retrogressive metamorphism causing sericitization

and chloritization of various rock tynes.

The area foxms a part of the doubly plugging
fold xunning from Singhana in the north to Jasrapur in the.
south, plunging at about 30°. The study of reglonal struce
tures and structural analysis of the present area have
revealed that the stresses acted from N130Y~N310° causing
various types of defoxmation in the rocks. The beds dip at
about 70° due N310°, The folliation planes are also parallel
to the bedding. The analysis of the joints show that seven
sets of Joints are present., They appear as (1) pip joint
{11) bedding Joint (1i1) strike joint, (iv) oblique joints I
and (v) oblique joints II, These joints were developed during



the progressive stagcs 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 sre pérallel to bedding.-35o readings of joints
were plotted on the schmidt's net, but inspite of all these
foints present in the field sharp maxima were not obtained,
This is probabie due to the prefereﬁtial selection of joint
observations, more frequent and regularly occurring joints
were not collected pfoperly, whileothers with little varia-
tion in the directions were teken comparatively more 4n
numbers giving rise to random distribution to joints patterns.
For thils reason further detailed studies are warranted in
the southern parts of this belt,

After the deformations in the rocks, probably
Zn 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 Correlé-

tion has been made so far,

The ore minerals which have been observed in
this region are few, such as pyrite, pyrrhotite I & 11,
chalcopyrite, magnetite I & II wolframite, ilmenite, Of
all these pyrite is predominating and chalcopyrite is poorly
developed. Wolframite have been repurted for the first time,
though chemical analysis of the samples have not been

carried out, but the optical characters have confirmed its
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presence, Magnetite is ubiquitous and is darker bluish gréy
fnstead 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 paragemetic sequence has been determined
from the texturai 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 pro-
bably took place at about 450°C giving rise to wolframite
magnetite pyrite, pyrchotite, chalcopyrite in the orxderly
sequence. Quartz continued to form during different stages of
mineralisation and calcite was fogped at the last stage as
it crosses all these minerals as in fomm of veins, These
minerals have been subjected to action of weathering by and
meteoric water and lesding of ores has glven rise to covelllite

limonite, goethite, malachite stc.

The mineralisation in this part 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 Lakhniwall -
Peeliwali hill contains metallic 1on§ »f Cu, Fe. Wo, Ti, etc,
only as compared to Qu,Fe, Pb, Zn, M, 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 |
manky new minerals and replacing already deposited ores, This
view further gives suppoit 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 ;ontent of 0.98 %

¥ from surface to the depth of 850" below the Sea Level.

* A map is record of geological facts in thelr
correct relations -~ facts, be it noted, not theories. Thete
must always be a2 sharp distinction between observation and
fnference. You can sec 8 contact exposed on the surface,

- you c¢3nnot see it underground so perfecily"said McKinstry.

The author does not claim to have done anything
origiral but he has satisfaction of geining some practical
experience of independent woxrk = as geologist, A student of
geclodical sciences 1is expecied tc aguire the needed skill
somehow after graduation so as to hunt for ore minerals.
Though the ores at Lakhniwali Peeliwall hill are economically
poor, but a day will come when even these deposits will géiﬁ
thelr importance 28 the neaxr surface resources are deCreasihg

continunusly with the over incre3sing demand for Copper,
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Singhana
Banwas
Peelfwall
Lakhniwall
Hadan
Kudhan .

Masiidwall
Gotro

Damdumwall’

Kharkhar
Kolihan
Khetxi
Akwall
Babal
Satkoi
Ssladipura
Dhanota

Raghunathgarh
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APPENDIX ({)

OLD WORKINGS OF

28%06145",
28°%08100°,
28%04 130",
28°%04 130,
26%04115",
26%04¢15*,
28°04 100",
28°04 100",
28°%04 119",
28%02+30",
28°01+00",
28%00%00°,
27°s6'00",
27%s3'20",
27°%49 100",
27°41100%,
27%a4 145+,
27%3900",

75%80 130
75%4g130"
75%47045
75%47146"
75%45 130"
78%ag 128
78248000
75%g30"
75%7145"
78”4500
75%44 100"
73%a7+00°"

78%4600"

75%an430"
75%32'00*
75%31100"
73°30+00*
75%21100°



lacations.
39004000

{vi}

AVPENDIX (14)

READINGS OF BEDDIHG AND FOLIATION
Amouns, - Rlxsestian

76
78
80
72

8
78
76
77
70
72
81
80

™

2888849

8%
78

8343232328

300
305
301
310

33
304
302
309
305
320
310
305

311

306

312
302

300
305

30%
B Ly
319

314
32%
310
307
300
308
330
308
304
309

Eoxmation

Gaxnctiferous chlorite
quartzite schisgt

Aaphibniu bearin
chlorite quartzigq/
schist,

-

Gossan

Garnotiferous chlorite
quartzite/schist

"
»

3 3 3

Chloxite quartzite

Feldspattice Trem,
quartzite

Ferruginous quartzite
Felds.Trem,.quartzite

»
"
Ferruginous quartzite
”»
]



(vii)

90° 367 «127 Chlorite guartzite
4000-4100 66 297 Garnetiferous chlo-
. rito quartzite /

schist

78 300 »

66 300 *

£8 29% *

o9 304 -

67 302 -

60 300 Aapbibole bearing
8.C.Q./5¢ch,

T2 30% *

B0 306 "

T8 207 .

78 299 "

80 320 .

7% 298 .

72 303 .

69 298 .

G 307 d

72 320 d

15 22 .-

12 315 Garnetiferous ¢hlo-
rite cuartzite/
schist, ,

72 309 *

78 30% .

70 205 "

72 300 .

é8 320 .

68 309 "

70 318 "

4 ain "

65 312 »

80 308 “

62 318 : Chlorite quartzite



{viie)

60 302 Chlorite quartsite
71 3 g - »
6% 304 Falds, Trem,quartzite
62 302 .
\ " 308 *
61 302 Ferr.,Quartzite,
33 317 Feldspa,quartzite
61 318 - '
72 295 Gar. Chl,Gtr./Sch,
68 300 .
68 318 »
6% 311 Amphibole besring
G.Ch.o/Sch,
80 A04 ' .
76 202 .
71 310 *
90° 305129 .
82 302 Gax.Chl,Gtzise/Schis
80 299 :
86 291
70 312
8l 300
76 307
87 30%
&9 302 do
70 300
80 301
87 296
65 - 300
70 298
72 300
o9 303
70 302
75 303
67 306
61 307
73 280 Chlorite quartzits
63 30% .



42004300

{ix)

2

Kt
74
k2
68
72

%
71
B2
™
6%

g8

16
8O
67
72
&8
72
63
T2

68
68

5
"2
68

72
78
71
62

Direction Eoxmaticn

308
306
30%
300
298
321
306
309
310
313
307
303
300
306
325
33
306
298
305

313

311
302
322
328

324
312
309
314

300
302
293
267
287
316
310

Chlorite quartzite

& % 2 =

Gossan
-

Teld, Trem,t2zite
»
L ]
»

Ferr.Qtzite

Garn,Chl,.Qtzite

L

s 3 3

5 2 = 3

Amph ,bearing
5.Chi, Mz,

L]

Garn.Chl.Ntz/Sch,

£ 3 & 35 ¥ 5 3 3 S 9@
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|, losatiops Ampunt, DRixectian Earmation

‘”/ﬁ 78 317 Gar.Chl,.Qtz/Sch,
73 309 .
72 300 »
%6 206 o
68 309 Chlor.Quartzite
69 302 »
67 300 .
73 292 *
80 306 »
75 291 »
62 | 301 .

65 303 Feld . Trem,Otz,
70 a24 -
4300. 4400 7 322 Gey.Chol.Gtz/3chist
S 62 319 »

70 308 o
60 317 "
80 306 -
60 304 .
62 311 | »
86 345 Anvph G, Ch,0/5ch,
83 312 »
76 319 Chlorite qux,
60 327 »
72 335 .
62 318 »
66 a7 »
67 309 *
68 305 _ Gossan®
&84 312 Chlorite Guartzite
72 | 328 »
75 330 »
62 306 Amph,G,Ch,Q/Sch,
74 318 o
81 300 -

65 s »



Logations
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Zmount Dixection Eoxpation

66 308 G.Ch.Q/5¢ch,

72 . s »

72 319 "

68 316 bt

T7 300 »

70 304 -

73 33% d

8% 331 )

82 328 "

62 315 .

60 312 Chlorite Qtz,

48 323 »

76 0% »

74 . 3ns "

72 297 .

0 309 "

93 332 »

63 31l "

68 308 Feld, fmph tz,

54 396 "

82 | 323 .
-T2 . 3a% Chlorite 0tz,
72 _ 343 .

0 338 ”

- B2 30% Ferr.Qtz.

50 327 Feld,Qtz.

54 35% , o

86 353 .



Location Amount.

(3900+4000)

{x11)

ARPENDIX (411)

3

READINGS OF JOENIS
Dhxection BRogk JTyos

72
70
64
44
67

36
6%

63
65
45
8%
78
34

49

68
38
49
63
82
8Y
52
86

N 290

N. 53
N %
&5
170
120
360

352
373

174

156
72

58

5

Gar.Chl.quartzite
schist,

habala Eearing
chlorite guartzite/
schist,

Garnetiferous chloritq
quartzite schist -
»

Chlorite quartzite
rocks
-

Felds,Trem,quartzite

and Mag,quartzite



(ugid)

65 a0 Felds ,Trem.quarteite
and Magn,Ctz,

66 28 .

63 68 *

65 128 »

34 13% -

o0 230- 60 -

24 358 .

70 41 "

79 303 *

66 21 .

70 47 -

73 300 *

» 353 .

80 210 "

63 0 »

10 92 »

b1 193 »

40 315 @

59 ‘ 242 »

43 184 »

45 302 ©

ag ‘ 113 : "

80 305 b

{4000-41060)} 8% 210 Garn.chiorite quarte

zite/Schist

T0 12 "

&5 31 .

79 42 .

38 117 »

80 $1:3 .

8% 53 .

58 | asi *

72 62 .

&7 89 Ampbibole Beazring
Gsrn.chiorite quartzit
schist

7% 306 "



{ziv)

80 307 Amphibole besxing
Garn.chlorite qtz,
schist,

A2 305 bt

82 297 .

48 63 *

80 202 s

60 41 -

76 T2 »

30 120 "

9% 197 -

4% 27 had

8% 172 “

62 202 .

81 349 .

30 160 *

62 208 "

48 112 "

b o) 61 .

41 7% Garn.chlorite atz/

schist '

a6 78 »

a8 4% h

72 311 .

78 313 "

80 180 .

70 8% »

2) 317 »

4% Me -

62 73 -

82 187 -

%6 - 90 »

71 144 .

T2 176 hod

as 73 . ‘ ;

21 312 Chlorite quartzite/

Schist '

46 136 »

50 87 o



{xv)

24 72 Chloxite quts/Schist

&% 73 »

62 186

68 1682 Felds.Tren, Quartzite

a7 a0 .

69 133 *

34 285 -

6% 7% .

62 162 -

4 293 -

69 128 .

32 294 »

85 27 .

41 320 Felds, quarteite

5 302 “

5% 53 .

50 322 »

67 100 *

{4100-4200) ™ 208 Garn.chlorite qtz/Schist

| 80 178 .

BO 42 *

28 120 *

b1t TS »

76 343 »

81 34% » .

78 20% Amplubole bearing

Gern.Chl, Q/ Sch,

&0 03 »

47 21 -

66 213 -

as 144 .

80 232 .

62 152

48 -4 " .

58 42 Gaxn.chlorite grtz/Sch,
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imovnd Mxection Bagk Jyae
88 i82 Garn.chlorite quarte
zite/Schist
60 4} .
54 90 "
%0 186 "
3 73
48 180 .
38 120 .
42 28 "
%2 48 -
49 137 "
57 ' 53 "
33 172 "
59 _ 48 "
40 118 »
12 306 »
™ 47 -
o0 - 12-192 »
&7 as "
&2 301 "
ri:2 316 ol
£0 2 o
A3 anl "
i 120 -
67 180 - :
62 8l Chlorite cutz/Schist
90 40« 230
80 300 .
52 82 b
16 202 "
18 307 "
64 6 .
17 318 *
90 90=270
21 142 Felds.Tren,quartzite
with Masgn,quartzite
27 14% ' -

. 80 4 o



{xvit)

a0 30=210 Feldz.Trem,.quartzite
with Magn.cuartzite,
47 332 | .
85 32 y
65 296 "
%2 16 .
37 197 *
49 73 °
42 210 .
TY 291 .
78 112 "
{4200-4300) 70 335 Amplubole baaring
: Garn.chiorite qusrt-.
zite/schist
.76 207 -
&3 i84 Gan.chlorite gquartzite/
schist
49 48 "
67 303 .
63 isi | . .
8% Bl "
90 10~190 -
a3 G .
82 300 .
43 181 "
&0 T3 »
- 67 8% -
o0 T« 3187 "
5a 48 o
3 § 113 h
62 483 »
20 10 ol
o3 324 .
a2 &9 .
28 any d
70 307 "
70 310 ol

42 123 "



4%

90
7c
44
56
42
57
o4
48
a7
48
57
58
62
47
7%
80
50

82
78
§7
49
80
41
67
23
82
30
90
3s
40
65
46
48
61

{xvist1)

Bizsciion
g1

18-198 .
21
113
180
120
176
173
81
185
93
303
57
31
191
72
267
383

48
307
3ol
117
182

3%

12%
&5
13}
3%21%
133
X216
330
206
91
72

Back Type

Gan,chlori{te quarte.
zite/schist W

2 & = % s s 3

8 = 0=

»

Chlorite guortzite/
schist

s

E 3 £ 5 3

]

Felds,.Tre.quartzite

L
o
L4

| ]
-



Location
(4300-4400)

{4400-4%00)

{x1x)
Amount
83

89
45
63
30

48

70
46

62
%5

By
46
80
43
44
52
a4
20
38

5%
a3
48
62
65
38
70

58

&9
70

Rireztion Rosk Txoo

192 Garn,chloxite quarte

zite/schist
5‘ »

282 "

18 Felds.Trem.quartzite

138 »

49229 “

323 Amplubolse bearing
gern.chlorito quarte
zite.

15 .
37 .
l w ¥ .

73 "

3 Garn.chlorite quart.
zite/schist

168 "
N L 3
96 "
ai2 "
266 »

79 »

313 .

308 "

321 Chlorite quoxtzite/
schist

127 »

293

382 -

298 "

.} .

132 .

180 »

204 Gagn.chiorite quite/
schist

262 -

49

-



P T

70
78
32
as

38
53

47
43
65

288 o

-
65
3%
4%
32
63
62

70
74

30
80
70

70

8%
20
%8
40
10

1xx)

186
48
270
156
anz

ana

273
152
238
316
ane
336

62

<55

32
7
152

76
236
342
114
180
300
32212
326
307

7L
86=-236
234
30%

56

1§14

53

312

Amplubol
Schist,

Schist.

Chlorite

Bogk Type |

¢ bearing
Gem,chlorite aquertzite/

s 8 3

]

5 % z =

cuarteit

- Gan,chlorite quartzite/

e/Schisgt



lesatien Amount. Dizection
&7 341
74 339
90 4le231
65 308
o0 28«208
48 346
38 asl
48 326
67 8é
43 125
89 196
as 128
42 137

(4500.4600) Al 3zn
44 aze
84 28
52 129
53 353
82 182
60 180
4% 356
56 342
87 199

{xxi)

Chlorite guortzite/
Schist

»
Felds,.Trem,quaztzite

-

o

L 4

Amplubole bearin?
ch nriti» quortzite

3

s

Folda,.quertzite

e 3 =

o

Chlorito quarteite
]
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Fig,

5 A

Displacement of Magnetite amphitolite,
band (lined closely) 3lona one of thn
numerous small scale faul*s assdciate~
witn them, These intrusives are emnlaced
within Feldspathic tremotite aquartzitas

s6uth east of Lakhniwali hill. ’

< 5M. — LN

Braccietinna of ayertzites 1191y tae faull zone
n-rth of Penliwali hiil cacing abutmort, of e
Fsldspathi~ auartzitn (otted with irvegularities)
‘h the north ajaingt CFlorite ﬁvartzxto/sch%st

on south., The fault is recerented by majnetite
av.artz solution,
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POINT DIAGRAM OF 350 POLES OF JOINTS
AT LAKHNIWALI-PEELIWALI HILL




Fig.— 9

IpcaLisep DiagRAM OF Pore OF JoiNTs AT LAKHMIWALL

BEETWEEN Fotd Axis & JOoINTSs — @ Dip Jounts ((Fr
JoinT (Seconp ORpsr Temsion Joinrs) , & OMLIQUE JounT,
Joint (Secomp ORpER SHeEAR Joinrs) 3 X Strike JoINT
0O StTaike JornT wWitm Dip 44S° (NormaL Sheae Jouy

. ( ThrusT Snear Ji
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Dmsc-noN

Fig, 1n-A - Schematic diagram showinj the development
of First Nrder Tension joints (thick lines)
and shear joints {fine lines) due to the
stresses from the two sicdes when the beds
are horizontal,

L

- // ///jzx - <-f:f€ss
. /

Fiy, 10 «B ~  Schematic diagram showing the development
of Second Nrder Tension joints {thick lires)
and shear joints (thia lines) during the
staqe 0f folding of the rock in an anticline,
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Fig,15

2M >

A mineralised fault and joints at
Lakhniwali N-Drive,

Fig.,l6 -

10 M.

Emplacement of Ore in the form of irreqular
lenses having gradational contacts with the
country rock at Lakhniwali N-Drive,
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PaRALLEL FRACURES EnecHELon Fracturss

RECTANGULAR FRACTURES

ThRee Sets OF JoiuTs wHich HAVE Beggu MINE RALISED

N
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2 M.
10
y —_— F
Fig~ 17  VaArRious Wees ofF Vein PAtterns At Lakunwau-Pegriwad

MinE,




| 100 M.

v

Fig,18 - A Broad Flexure on the western slopes
of Lakhniwali hill top in the jarnetiferous
chlorite quartzite/schist rock,

i
b
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. 19 1= Puckerinjy in the micaceous bands {lined)
interlayed with quartzo-feldspathic
bands (dot-ed) in the Parigneiss north
of Peeliwall hill,
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Fig, 20

Fig, 21 -

~ A generalised diagram showina irreqular

nature of mineralised lenses emplaced in
the garnetiferous chlorite auartzite/schist
in Khetri Copner Belt,
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Pinchirg and rwelling of a mineraliced lens

along the schicstosity planes, These irrequls-itieg
are preseat in both, vertical as well as h3-fzortal
olanes,
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PLATE 1} = A general view of the eastern slope,

e ————— of Lakhniwali hill digping about 277,
Note the protruding magnetite «
asphibolite quarte bands on the left
snd Singheane Camera facingohill
behind electric pole, N 3%%,

PLATE 2 - Control of joints pattern to give
—— : rise to sharp spexed ridges, Note
the four set of joints,

Bedding io&nt dippiga N310°,
oblique Joints Ajdipping 32 due
r'teso""s B - 60° due N230°, C-80" due
N165Y and 3 horizontal joint,

Camera facing N40°,
Locality - south of Pesliwall
hill t°po






Plate 12 Spacimen No,4/508 |
—— Locality « north of Peeliwali hill,

Bands of dark {(blotite and chlorite) and 1ight
{quarte, feldspar) colour minersls in paragneiss,

Plate 13 Specimen Mo, 4/
Locality « Western slope of Pecliwali hill,
Banded garnetiferous chlorite quartzite, Note the

vertical bands of gornet (darker) interbedded
with quertzite (1ighter).

Plate 14 Specimen No.4/566
Locality « south west of Lakhniwali hill,
Typical radisting crystals of anthophyllite

cumningtonite in the garnetiferous quartzite
rock, in the outcrops,






PLATE 11 ~  Inclined borehole drilling st 60°

m———————— in progress on the Kharkhar river
to cross the minaralised zone
further ¢ast, Camers facing wost.
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PLATE 7 » Peeliwall old working showing differcnt
et tremmrd smaller shafts and passages used for
mining operstions. Camers facing north,

PLATE ¢ - Lakhniwsll old working, with the vertical
oo diptgf schist follation, comern feecing
< 30uth, »
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PLATE

PLATE §

= Folding in Paragneiss causing the

-~

breaking of interveining quart:z -
Feldspathlic bands into blocks,
Camexa facing N3100, locality
southern end of Lukhniwalf hill,

Bracclation along o fault zone,
Note the shearing of rocks on the
two aldes of foult., Comera faeing
M 1209, Locality western flank

of Peeliwall hill top.
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PLATE 3 «  River Kharkhar on the western slope
of the Lakhniwall «Peeliwell hill
showing typical shrubby vegitation,
In the background is sericite quart-
zite hill, Camers facing N270™,

PLATE 4 - Three sets of joints in garnetiferous
' chlorite 3ulr* —~=th of Lakhgluali
hill, Bedds - ue N31%

Dip fo! ~yike Joint »
aeg é ~ N210°,






PLATE 18 . Specimen No,4/508
' Locality - SSE end Lakhniwall hill,

A large prism of andalusite in Paragneiss,
showing inclusjon 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)
graing are zircon and larger octahedrons
are of magnetite. In the background is
quartz (clear) and feldspar {aitered}.l120:x.

PLATE 19 -  Specimen No.4/545 ‘
| Locality - from eastern flank of Peeliwali hill,

reldspathlic Tremotite gquartzite, Griss-Goss
prismatic needles {dark grey) of iremotite,
showing fracture across the cleavages. In

the ground mass of quartz (clear) and altered
feldspar {pitted.). 120x,

PLATE 20 =  Specimen No,4/9547

Locality - Magnetite amphibolite intrusive band
on eastern slope of Lakhniwall hill,

Hornblende (greyidh)prismatic and bassal
section showing two directional cleavage
and hypiciomorphic texture, The small
magnatite !black) ;rains are disseminated.
In the cenice 18 avscrystal of sphene
{elongated yran) and qu.rtz (clear) is in
minor amouat, 120x,

\,






| PLATE 21 - Specimen 6A/5

The Garnetiferous chlorite quartzits schist.
Porphyroblast of Gérnet (pitted) has quart:
inclusisns giving rise to sieve structure
and s replaced b{hchloxite flakes (greyish)
along fractures. The chlorites on the left
show sxtremae development with subordinate
guartz (grey) including some magnetite
{black) end limonite (black frregular) on
left 120x,

PLATE 22 «  Specimen No.4/518
Locality - From the top of Peeliwall Hili,

Eanded garnetiferous chlorite quartzite,
Sarnet ?pittcd) occurring as porphyroblasg
and are replaced by chlorxite {greyish) along
the fractures. The black small grains are
g%ﬂmagnot&te and quartz in the groundmass

%X

PLATE 23 - Specimnen No.4/%%6,
Locality - north of Lakhniwall hili,

Jarnetiferous (Eitted dark drey) chlorite
(li?ht'groy flakes) aquartzite (base)
schist, Quertz occurring as inclusion
(both elongated as well as rounded) within
the porphyroblast garnet showing sieve
structure, Black octahedron of magnetite
are disseminated in garnet 22 well as in
chlgxits, i20x,
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ELATE 27

PLATE 28

- Specimen No.4/61%

Locality « From Lakhniwali mine dump

Interstitial filling texture by Chaleopyrite,
{Ch ), pyrrhotite P, and Caleite {C), These
interstitial spaces have expanded as the
mineralising solutiong came. Note the
replacement of quartz (dark grey) grains by
chalecopyrite producing irregular boundaries,

Specimen No,4/608
Locality «Lakhniwall Mine drump.

Braccis filling and replacement texture by
pyrite (black) replacing quartz {white)
snd chloxite flakes (grey.)

Specimen Np.4/912

Locality » From fault zone north of Peeliwali,
Braccistion of quartzite (derk grey) along the
fault, Braccisted méterial is later on

filled by the magnetite (greyish) giving rise
to braccia filling texture,
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BLATE 30 -  Speciman Ho.4/584 |
Locality = From ME«Xj-cut at Lakhniwall wmine,

Primmatic crystal of Wolfxamite (W) enclosed
within the megnetite (grey). Chalcopyrite
{white) is replacing magnetite, While
magnetite has modified the boundaries of
wolframite,

PEATE 3) »  Specimen No.4/614
Locality « From Lakhniwali ¥ine dump,

Replacemant of quartz (black} by the chalcopyrite
exhibiting replascement texture, The magnetite

snd pyrrhotite (pitted] on the top left cornesr
occur a8 grains which have also Deen replaced

by chalﬂapXtitl {white), Note the colour
V:gitzloﬂ in the chslcopyrite dus to strain
offect.

BLATE 32 «  Specimen No.4/597.
Locelity « From Lakhniwali HE-X; - cut
Braccia filling and replacement of aquart: and
aica (hlack) by pyrrhotite {grow) havinz
gg::vagct and chalcopyrite (white) at right
of,






PLATE 31 «  Speciman No,4/998 |
hoeality - From NEsX; CW, Lakhniwall Wine,

Two types of pyrits, though the baundaries
are not vory sharp, but the one {8 darker
in colour and shows colour variation when
rotated, This change in colour is sttributed
to impurities, Mognetile (M) oteus o reploncd
groin .
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