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ABSTRACT;

Zawar, the only lead~zino produeing mine in'India, is located
in the lowest part of the Upper Aravalli, aseribed to the
Archasan system. The rock types exposed in the area are
dolomites, quartzites, phyllites and schists, which have
suffered low-grade regional metamorphism and which disélay high
asp- (60° - 80°),

Chemical, optiecal and I-ray investigations were
carried out on biotites. Optical determinations suggest that
the biotites belong to meroxene and lepldowmelane varieties, while
the Xw~ray analyases indiqgte tha{ they are in 1Ml§r 3T?]
polymerphic state,

Intergradations zmong the different rock types are
very common, Fetrographic studies reveal two sets of deformations
(pre=crystalline and postecrystalline).

Mineralization is found only in dolomite; although
there is no consistent ctmuctural control of mineralization, there
is an obvious control by lithology. INo wall-rock alteration
exclusively due to mineralization has been observed; the
presence of any associlated minerals can be accounted for as
derived from the host rocks during regional metamorphism.

Although the main ore deposit follows the E = W
trend, for most of the area, the regional trend is N - S,

This structural anomaly is explained by cross=folding resulting



from pressures acting at right angles to the main Aravalli
forces. Cross-~-folding appears to have been accompanied by a
local rise in temperature leading to recrystallization and
remobilization of minerals,

Recrystallization in ore texture is well~evidenced
by the triple junctions at 120° in a single phase sphalerite
matrix; galena also shows sinilar feature. In Mochia-Balaria
area these recrystallization textures have been later modified
by deformation, where the remobilization of sulphides in
cracked crystals of microcline are seen, Banding of galena and
sphalerite, is interpreted as due to deformation of mixed
soft and hafd sulphides, It is, therefore, concluded that
mineralization pre-dated the metamorphism., ience, no meaningful
paragenetic sequence can be discerned among the sulphides,

From the X-ray fabric analyses of ores and rocks,
some support comes for a pre-metamorphic emplacement of the
mineraligation. Ore minerals and host rocks both reveal
preferred orientation. Probably the ore was in place even
before the first metamorphic episode., ¥Where it is localized in
shear planes and tensional openings, metamorphism is considered
to have caused it to migrate to sites of lower pressure,

Geochemical analysis of trace eiements near the ore
body suggests a progreésive enrichment in chalcophile elements
and a corresponding impoverishment in lithophile elements as the

sulphide mineralization increases, High Sr- and Rb~ contents



acconmpany Pb-~high and Zn-poor zones. The dispersion patterns of
trace elenients indicate & wall-rock aureole of approximately 20ft,
in dolomite. As alternatives to primary wall-rock alteration

two possibilities are considered: (1) primary dispersion in
sediments (2) secondary dispersion through pore fluids during
netamorphisis,

The 'secondary' porosity-permeability values show an
increase with depth, may.perhnps be correlated with increasing
grain size and dolomitization; these are the result of post-
mineralization metamorphism and movement,

The deposit, is interpreted as a tectonically
netamorphosed, remobilized ore, where a syngenetic submarine
hycérothermal origin for the galena, blende and pyrite seems to
fit the facts of mineralogy and geochemistry best, although the
possibility of a pre-metamorphic epigenetic origin can not be

completely ignored.
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"He will not abolish imagination, but control it and set it on
reasonable paths, to work towards his goél. He will push fequessly
to the limit of his reach, into the mobile mechanics of the earth,

He will extend the scope of recorded fa¢t and project more_diffigult
structures to increasing depths, He will brave the test of prophesy,
with.all its human rewards and penalties, though he mees that the
test will be quietly and conclusi§ely aﬁplied. Be will develop his
knowledge beyond the customary routines of mapping,'

- Augustus Locke,



Chapter 1. INTRODUCTION,

Location.- The lead-zinc deposites of Zawar (Lat. 24922 !N;

Long. 73°43'E) 1lie about twenty nine miles south~east of Udaipur
City, in the south of the state of Rajasthany Central Indle, (Fig.1)
Udaipur is easily approachable by road, narrow gauge railway or by
air from Delhi and Bombay, but Zawar itself can only be reached by
8 long stretch qf highly undulating partly metalled road, through
the foothills of the Aravalli.Ronge, which providéa the regioﬁal
setting, At an altitude of 1400 feet above sen level, the valley
of Zawar is surrounded by hills, rising above 500 feet above tPe
valley floor. The only economic support of the village (populetion
1400 ) is provided by the mine, which draws people also from the
ne&rby agricultural villages, The total number of people employed
is about 1200,

Topography.~ Tho area is one of considerable relief; the reliof

of the range is very intimately dependent on ths lithologicai_
character of the rocks which make it up., Zawar is characterized by
strike ridges of stecply dipping Aravalli quartzites and dolomites

and by undulating valleys underlaid mainly by phyllites, aiso
belonging to Aravalli system, All the ridges have romarkably levelled
tops, indicating peneplanation and registering the effects of a__‘

rejuvenation in the late Mosozoic ~ early Tertiary era (Fermor 1930,

Heron 1935)., The phyllites are very casily eroded and form

T,
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i
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monotonusly rolling eountry intersected by remifying shallow valleys,
with little difference in elevation between the valley bottoms and
the smoothly rounded knolls, The quartzites are exceptionally hard
and resistant to denudation; they tend to form ranges, where they

are sufficiently thick and continuous,

Climate and Vegetation.~ The area suffers from an extreme climate,

The summer temperature rises as high as 128°F in late May, while the
winter temperature goes down as far as L4SOF in January? The total
gnnual reinfall is about 25 inches in average, precipitated between
July and October, and the mine and the village have to rely upon this
for the remaining months in the year, During the dry seasons F?g
locol river Tiri dries up and the vegetation suffers a great deal,
thus oausing local ho.rdshipf Mnngo? Khnkru? Banyan and Mohwa are

the only plants to be found during this periqd.

Ae the whole of Rajasthan experisnces the north-west monsoon
climate, this gloomy picture is changed overnight with the arrival of
the first monsoon roin, Within a few weocks the whole of the area
gets covered with green bushes., The thin soil covering supports tall
grasses, shrubs and new trees such as 'kabital?, exqept on very rocky
OXPOSUres . The wild animal life includes a variety of poisogous
snakes (Vipers), long-tailed monkeys, jackals, panthers, deer and
bears, Abundant bird species are moinly dominated by three types,
kites, vultures and parrokeete, although the chaffs or the river birds

are quitce common,



History of Mining,~ The Zawar lead-zinc deposits, the only source

of these metals in India, has been known for long. According to the
Rajputana Cazettar, "the discovery of thé lead and zinc deposits
around Zawar occured during the reign of Rana Lakha Singh (1382~1397)
and the proceeds were expended in building temples and paleces and
in making dams so as to form reservoirs and lakes", Numercus
inscriptions, which have recently been found in the remmants of the
ancient temples around Zawar village, indicate that the deposits were
known even before the 14th. century. As far as it can be traced the
ancient miners worked continuously on these deposits until 1512-'13,
when all activities in the area ceased due to a great famine; 0ld
workings, slag heaps, and countless earthen retorts strewn all over
the area, indicate %the presence of a thriving mining industry in the
past, over a period of at least 400 years., In Mochia hill, the meximum
number of old workings can be found and here, in fact, the ancients
managed to dig to & depth of 400 feet before their progress came to
a8 stop due to lack of mining knowledge and equipment. It can further
be deduced from the innumerable retorts, still found in the ancient
Zawar Smelter village, (about two miles south-west of the Zawar
Mola area) that the ore from the workings, once recovered; wos
crusted and concentrated by hand, mixed with a slag and put into
clay retorts before firing on a charcoal furnace, The exact details
of the process are still unknown,

The history of modern mininé started when in 1940 Mewar

Mineral Company obtained a prospecting licence over the area and



attempted to re-open some of the old workings, The outcome of this
exploration did not meet with any success and therefore, two years
later in 1942 the Geological Survey of India took over the licence
as a wartime measure, Some intensive explorations were then carried
out by driving seven adits into Mochia hill, All the adits met with
ore, but the eoonomically feasible amount came from No. 3 and No, 6
adite (the main lode), The property was honded over to Udaipur
State in 1945, when it was realised that the operation would not be
effective for wor purposes, In the same year, the area was leased
to M/s, Metal Corporation of India, who have been responsible for
all subsequent exploration, exploitation and development, Very

reccoently the mine has baen taken over by the Government of India.

Mining Operations.- The mine is being worked at four levels ot

vertical intervals of 120 fect, Entry into the mine is through the
No, é adit, on the second level, The adit has been driven northwards
through the footwall phyllite-dolomite contact until 1t cuts the lode.
Here, at this point, it joins the actunal 2nd. level running cast-west
following the course of mineralization, The 2nd, level is about

450 feet below the crest of Mochin hill and only one higher level

(the 18t. level) has been possible to develop at a height of 120 feet
obove it, The reason for this is that due to the extensive haphazard
winning of the ore the ancients have rendered much of the upper

port of the hill far too dangerous to work, even though it must

gontain a considerable amount of mineralised ground, The lodes

eam,



are worked by either ishrinkage method! or !sub-~level stoping! dempending

upon the economic width of the deposit. The narrower widths up to
20 feet are worked by the shrinkage method, while in case of wider_
lodes, even up to 50 feet enables sub~level stoping to be employed.
In general, there is no drainage problem in the mine, as it is rather
dry exoept during the three months, monsoon period, when extensive
pumping operations are necessary. Present production is nearly 600
tons of ore per day at a grade of approximately 5% Zn and 3% Pb,
Plane are now in hand to increase the daily production of ore to
1000 tons and in 196k a daily average of 690 tons of ore, was
achieved for some time, A conservative estimate of ore reserve is
over 2¢5 million tone of ore containing at least 2°3% Pb and 405% Zn
(Dutta et. al, 1955)s The ore is concentrated in the flotation mill
at Zawar, All the ore travels to the mill for treatment via the

No, 6 adit on the 2nd, level, The daily output is thus partly

drawn down to this level from above and partly raised from levels
below by a series of hoists, The lend concentrate is sent by lorry
to Udaipur and then by rail to the company's smelter and refinery

at Tundoo, 1000 miles away to the east, The zinec concentrute.is
sent to Bombay by rail and then shipped to Japan for smelting, on

o 50 percent toll basis, as there is no zinc smelter at present in.
India, The metal, minus such items as cadmium, extracted'by the
smelter, is then shipped back to India for sale, However, it is
understood that o modern zinc smelter is now under construction necar
Udaipur and its eventual operation will undoubtedly improve the

situation,



#

Previous Work.~ The earliest report on Zawar by Tod (1829),

the then British agent in Rajputana, is rather sketchy and

inaccurate, Hardy (1833) recorded a brief description of the mine,
but it was not until 1935 when Heron gave an account of the important
groups of ancient workings in his excellent paper entitled ""The
mineral resources of Rajputana!' that an attempt at detailed
investigation was made, After the re=opening of the deposits in

1942 a number of reports were written by the members of the Geological
Survey of India, each giving a description of the country rocks and
ores of Mochia Magra, but no consideration was given to the overall
picture, Heron (1953) in his classic memoir "The geology of

Central Rajputana" made a brief reference to the geology and

structure of the Zawar area, Subsequent workers Krishnan (1953, I54),
Dutta, et. al. (1955), Ghose (1956, 157, 158) and Roy (1959)

confined their attention particularly to the geology and mineralization
around Zawar and confirmed the broad structural pattern envisaged

by Heron. Mookherjee (1964) gave a detailed account of wallerock
alteration and metallization episode of the area. Smith (1963) did

his doctoral work on this deposit.

Purpose of the present work.= The major purpose of this work is

to make a systematic investigation of the structure, chemistry and
fundamental geological processes and from this, to attempt to
elucidate the genetio relationship between the ore, and the country

rock and the associated tectonic processes. From the geochemical



disperson pattern of different elements an answer to the problem
of future guides to exploration has been sought. A much neglected
aspect, though basically importamt to any problem akin to ore
deposits, has been considered in detail by undertaking the study of
porosity-permeability and their influence on ore distribution.
Apart from the usual microscopic and universal stage work in
analyzing petrofabrics, a method has been developed for the study
of ore-fabrics making use of an X-ray diffractometer, An attempt
has them been made to consider different factors influencing this
method of fabric analysis.

However, to understand the overall structural history and
the coﬁtrola of mineralization the area was mapped, in details,
at 4 inches = 1 mile scale and all the levels of both the Mochia
Magra and Balaria mines were mapped at a scale of 1 inch = 40 feet.
The area was mapped from time to time by the Geological Survey of
India ( on a regional basic), but the map is still unpublished.
Mookherjee (1962) first mapped the area with complete structural
detzils but with lesser lithological divisions. Although Smith (1963)
made a better lithological mapping, his work lacks in structural
details. In the present work although the previous mappings were the
source of useful reference, the author mapped the area independently
and complete datas on lithological and structural details have been
incorporated. This part of the investigation was completed during
the .period April to September, 1964. Detailed laboratory studies on

petrology, mineralogy, structural geology and geochemistry were then undertaken



at the Geology Department, Durham University. Results and inferences,
combining the field and the laboratory studies, have been recorded

in this thesis.,

The ILayout of the thesis,~ Although the area is one of some

structural complexity, the basic understanding of the mineralggigal
association of both the country rocks and the ore minerals, is of
primary importance, as the distribution and structural controls of
mineralization are intimately related to and influenoced by the
lithology, This fact has dictated the layout of the thesis so that
the discussion on petrography, mineralogy and ore deposits comes
hefore structural analysis; After a obmplete analysis of tectonic
pattern, the significance of the ore texture and geochemistry of the
deposit is discussed, followed by the influence of porosity and
permeability on ore deposition.aﬂd all these resulfs are‘then
critical}y combined in order-fo consider the genesis of the ore

deposits,



"All evolution is as process of becoming, in which the present is
a child of the past and parent of the future',

= J, Arthur Thompson,



Chapter 2. REGIONAL AND LOCAL GEOLOGY.,

INDIA,

Introduction.~ Geologically, the Indian sub-continent (Fig.2.)

can bpe divided into three regions: (i) Peninsular India projecting
south into the Indian ocecan (ii) the Extra-Peningulsr mountainous
belt (iii) the great alluvial plains formed by the Indus, the Ganges
and the DBrahmaputra system of Himalayan rivers separating the
Peninsula from the Exira-Peninsula region, These three great
divisions possess distinctive geological structure and constitution
and as such are thought to have had contrasted geological histories,
The geology of Peninsulayr India actually provides a gencral

background to the Zawar story and thus merits a bricf discussion,

Peninsular Geology.- The Peninsular mass south of the Indo-Gangetic

plains being mostly devoid of Post-Cambrian marine formations is
considered to have remained a stable land mass since the earlicest
geological period and is as such, regarded as one of the oldest
continental shields of the earth's crust. A sustaincd pecriod of
uplift took place during Cambrian time and exposed Archaean and
later Pre-Cambrian rocks to prolonged erosion., However, in the
Peninsula soie younger rocks, such as (i) the Gondwana Seriecs

1

(Upper Carboniferous to Jurassic) (ii) Cretaceous sediments (iii)
Deccan Traps and (iv) Tertiary to Recent sediments, are also found.

Of these, the Gondwana represents fresh water deposition in



continental basins or valleys, the Cretaceous represents a
transgression by the Tethys sea, the Traps are results of gigantic
fissure eruptions and the Tertiary to Recent sediments were
deposited around the coast of the Peninsula, Thus, the Peninsular
shield is not a homogeneous land mass but is constitutced of very
diverse elements trending in different directions (Krishnan, 1953),
In the north west, the Rajasthan region, which is largely desert,
is a remnant of the highly folded Aravalli range. The range which
trends NNE-SSW is separated on the south and east from the main
Vindhyan and Satpura ranges trending almost east-west parallel to
the Narboda-Son axis by a stretch of structurelcss and featureless
Deccan Trap in the Halwa region, In the north-eastorn part of the
Peninsula in the Ranchi-Hazaribag plazteau the strike is E-W, which
is a continuation of the Satpura strike., This strike gradually
turns round radially to S.E, in Mahanadi Valley and SSE in the
Godavari valley and turns still more southward in the Krishna
valley in the Dharwarian belts of Mysore (Rode 1954). The dominently
south-eastern strike in the Mahanadi Godavari region abruptly ends
against the powerful Lastern Ghat stirike which trends transversely
to the above, in NE-SW direction. It is thus parallel to the
Aravalli strike but the two ranges have no genetic relationship.
Besides these prominent but divergent trend lines, the Peninsula
shows numerous isolated patches of rock formations which exhibit
highly irregular lines of strike., It is thus very difficult to

bring out any connected sequence of earth movements which could



ac¢ount for the highly irregular criss=cross trend lines exhibited
in: the Peninsular shield,

The oldest rocks, in the Peninsula the last orogeny in
which has been dated at about 2400 m, years (Derry 1961), form
part of an ancient continental nucleus, Although the centre of
the nucleus is around Mysore, its fringes stretch to almost every
part of the Peninsula and thus its present structure is meinly duec
to the shape of this nucleus, In this, two distinct rock types
can be recognised: (1) 1large tracks of gneissic formations,
including the Champion and Peninsular gneiss in. South India and
the Bundelkhand Gneiss in Mewar ( although according to Krishnan
(1960) the latter formation is younger than the Archaean)., Several
schistose belts are associated with these formations; (2) the
Dharwar System; a secries of rock of recognisable sedimentary
origin showing varying degrees of metamorphism, associated with
igneous rocks. According to Pascoc (1950) the age rclationship
between the two types is clear from the fact that the Dharwars
represent the oldér serics and that they were formed from the
crosiom of a pre-cxisting basement which has not bcen and may
never be revcalced,

Various parts of the Peninsula were affected by diffeorent
orogenies. For the present pwrposc, lajastlan needs, furthcr
discussion, as thc orogenic movements and the scquence of cvents

affecting the regional geological history form a background to the

Zawoxr arca,
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RAJASTHAN .

Geological Divisions.=- The principal feature of Rajasthan geology

(Fig., 3) is the remarkable succession of Precambrian rocks, whicg
probably go far down towards the base of the Archaean., There are

in all six formations, excluding the Bundelkhand gneiss, separated

by five clear erosional unconformities. Of these, two (Malani series
and Vindhyan system) may be considered under one heading, tiw

Vindhyan system, to avoid further details, as they do not have any
important bearing to Zawar geology. For the present purpose, attention.
may be confined to Central Rajasthan and thus Bundelkhand gneiss does
not come into the picture. The different geological divisions are

as follows:

(i) The Banded Gneissic Complex., -~ The Aravallis are considered

to be preceded in age by the Banded gneissic complex and the
Bundelkhand gneiss., Heron (1953) has described the geology of the
various localities of the complex in great detail., Very broadly,

it can be stated that the complex contains intimate mixtures of
foliated biotite - and/or chlorite-schists and granitic and/or
gneissic rocks. The resulting composite gneiss shows sizuoue
alterations, of dark biotitic lenticular patches and streaks, with
those of granitiec composition, The biotitic schists, which may

once have been primitive sediments, are normally subordinate, whilst
the remaining gneisses and unfoliated granites vary in their relative

abundance in different areas. In the south of Mewar the granite



gradually grades into gneiss, while further north the granitic rocks
form intrusive bodies in the biotite schist. Towards the centre of
Mewar; e.g8,, east of Udaipur City, the rocks of the gneissic complex
are scmewhat simpler in composition and may be described as 'composite
gneisses', essentially mixtures of biotite~schist (with hornblende-
schist and chlorite~schist in subordinate amount) and white or pink
aplite and microgranite injected along the foliation, with intrusive
bodies of grey foliated biotite-granite of a2ll sizes. Another type
of gneissic complex, found near the great Delhi synclinorium, is a
grey, fine-grained rock, of granitic composition and texture,
homogeneous as a rule, but sometimes slightly porphyritic and
foliated, Along with all these types, the presenée of hornblende-
schists, amphibolites, pyroxene granulites etc,, testifies the
existence of former basic intrusions within the complex, some of
which were of pre~Aravalli age, but others were definifely later,
Since, the succceding Aravalli system lies on the gneissic complex
with a clear erosional unconformity, it is evident that the latter
uncderwent a period of felding and uplift beforc deposition of the
Aravallis. Heron (1953) postulates that the bulk of the 'Banded
gneissic complex! is composed of pre~Aravalli sediments, which were
nore or less rcconstituted in pre-Aravalli times, This view was
also maintained by Wadia (1939), Krishnan (1943), and Pascoe (1950),
But Krishnan (1960) modificd his earlier statement by saying that
"the Banded gneissic complex is probably largely post-Aravalli,

but contains cortain partly assimilated pre-Aravalli rocks,”" and
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thus directly contradicted Heron;é view, On the other hand, the
extremely close resemblence between the mineral assemblage of the
basal Aravalli beds and those of the gneissic complex, certainly
favours Heron'!s contention., However, it is generally accepted that
the roots of the oldest known rocks in India lie in the Banded

gneissic complex,

(ii) The Aravalli System.-~ The basal beds of the Aravallis are thin
but fairly continuous arkoses, gritty quartzites and conglomerates;
resting unconlor:iibly on the Banded Gneissic Complex, Wedge~faulting
in places, has given a deceptive appearance of the gneiss being
intrusive into the Aravallis, The Aravalli system is an immense
thickness of argillaceous rocks, varying in degree of metamorphism

and subsequently, passing from shales, through slates and phyllites

to fine mica-schists with garnet and magnetite. Igneous intrusions,
arc not common in the Aravallis. From the study of mineral constituents
of both the Aravallis and the underlying gneiss it is clear, that

the arkose layer separating the two forMations is derived from the
latter, but the subsequent basal conglomerates contain only pcbbles

of quartzite set in a quartzitic matrix, Their formation, together
with: that of the basal quartzites, evidently took place at a time

when conditions enabled the process of crosion, transportation, and
scdimentation: to produce a more mature sediment. The basal arenaceous
members are generally succeeded by the phyllitic group of rocks,
associated with occasional localised beds of volcanics. The volcanics,

which are restricted to only two arcas, are now in the form of
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hornblende-schists, «s a result of regional metamorphism, but they
are considered to have been originally lavas and tuffs, These altered
volcanics must not be confused with loter basic igncous intrusions,
which duec to metamorphism now look very similar to them,
Occasionally, horizons of dolomitic limectones and quartzites are
found interbedded in the argillaceous series, which has a total
thickness of about 10,000 -~ 12,000 feet, It is difficult to assess
the true thickness because of the complex structural movement,
suffered by these rocks during the orogenies, The acid igneous rocks
(late Aravalli in age), consists essentially of aplite with.
associated pegmatites which have been intruded along the foliation.
planes in the schists to form }composite gneiss!, These intrusions
originate from bigger outcroping plutons of a gneissic granite,
which is distinguished from the younger post-Delhi intrusive

granite by virtue of its lack of tourmaline. Basic rocks in the
Aravallis are found mainly as dykes or sills of dolerite and
amphibolite, which have been metamorphosed to epidiorites and N
hornblende~schists. According to Heron many of these basic rocks
are intrusive and some of them were formed at the close of the
Aravalli period, just before or contemporaneous with the subsequent
folding. Outcrops of thin basic rocks interbedded with mica-schist
suggest that they were originally basic volcanics laid down among
the Aravalli sediments., Fresher basalts and dolerites are known to
have been. intruded in. post-Aravalli times., There was also intrusion

of a series of ultra-~basic rocks in the Aravallis, DThese rocks



consist of a mixture of chlorite, serpentine and talc minerals,

formed probably by the alteration of original peridotite and pyroxenite,
That these ultrabasics are intrusive is evidenced by contact
metamorphism in the surrounding rocks. The age of these ultraba;ics

is rather uncertain; Pascoe believes that their absence from the
jouilger Delhi rocks suggests a pre-Delhi age.

(iii) The Raialo Series.- The end of Aravalli cycle was followed by

a period of erosion before the Raialo series was deposited, This
series consists principally of white, crystalline limestone, about
2,000 fcet in thickness with at its base a thin bed of quartzite,
occasionally conglomeratic., Often this bed of basal quartzite is
missing and the limestone then rests directly on the Aravallis,

In onc instance only, the limestone is overlain by a thin bed of
mica~schist; erosion has presumably destroyced this bed elsewhere,
Heron attempied a corrclation between the widely separated exposurcs
of the Raialo serics, on the basis of lithological character,

freedom from intercalation with argillaceous strata, position on

the underlying formation etc, Il has been argued that the correlation
is justifiable, though it lacks definite fossil evidence, But there
is still another point in doubt: while the exposures on the west of
the Aravalli range arc of white marble, with pure calcium carbonate,
the exposures to the east of the range show practically pure
dolomite., The Raialo limestone is very frce from igneous intrusives,
probably because of the impenctrahle nature of the rock. Only in

rare instances pegmatite dykes have been seen, Although the



Raiclos were laid down after a long period of orogenic activity and

crosion, there was yet another big break in the succession after
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nosition of this limited serices of rocks. Probably the Raialos

vere denosited during a period of najor break in the succession,

b

leron rofers to this break as 'Eparchacan Intervall, the break
¢ividing the Archaean below from the later pre-canbrian rocks
cboree The validity of this contention, of coursc, depends on the
definition of Archacan., Derry (op. cit,) believes that the tern
Archacan should be confined "to the continental nuclei where the
orogenic activity was completed 2,000 nillion yecars ago', On this
ground, the Aravallis nmight indeed conle just below the Eparchaean
Interval, as Aswathanarayana (1956) hos tentatively dated the close
of the frevalli cycle at 2,300 i 100 million ycars ago. In India,
the pre-combrion rocks above this breok are referred to as Purana,
wthich thus, are cquivnolent to the Protcerozoic in other regions.
(iv) The Delhi System.-  The break (an crosional unconformity)
botween the Raialo sceries and the Delhi System was first recognized
by Heron, after hisg cxtensive study in the Mewar arca, where the
Alwer quartzites, at the basc of the Delhi system are cxtremely
woell~developed, The system compriscs some 20,000 feet of
geosynclinal sediments, which stretch along the whole length of

the Aravalli range. It hoas been divided into two serices - the
Llwar serics (beclow) and the Ajabgarh series (above)., The Alwar
sceries is rather irregularly developed and mainly concentrated in

the north-~eastern half of the outcrop, where it consists
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predominantly of quartzites arkosic grits and conglomerates.
Occasionally, crgillaccous beds with dolomite and limestone horizons
are also found. The total thicknces thus lies betwecen 10,000 feet
and 13,000 feet., It has been postulated thot the feldspathic
material in the arkosc, was derived from the abundant granite,
aplite and pegmotite of the underiying formations. In the southern
portion, the faulted outlicrs of the Alwars, which to the cast are
inverted under the Aravallis and the bonded gneissces, from which
they are derived (as shown by intervening erosions and unconformity)
are arkose and conglomeratic grits, In the main synclinorium, where
the basement beds of the Alwar series rest upon Aravalli phyllites
only the fine-grained quertzites are found. The character of the
basemnent beds is thus directly related to the nature of the land
surface, from which they came. The Ajabgarh series form a
distinctly more argillaceous group and may be sub-divided into
phyllites with biotite~ schists, 'cale-schists!, Icalc gneisses'!
and rmore phyllites, The lowest division of the Ajabgarhs is usually
in the form of a great thickness of biotite-schists, abundantly

intruded with pegmatite and aplite in great dykes and veins and in

3

lit=par~1lit alteration., Mineralogically, the calc-schists! and

Iy

'celc~-gneisses! are much the some, cxcept that in the latter there
is o notably higher proportion of carbonate. Banding in 'calc-gneisses!
which iz essentinlly the same ois originnl bedding, is broader and

more variablec in composition and in width than the 'calc-schists!,

Bands, which are often characterised by extraordinary contortions,



ore composed almost entirely of carbonotes, alternating with bands
rich in silicates. !'Colc-zschists! are straightly banded and
flagsy, the banding being essentially due to alteration of dark
(biotite, actinolite) and pale (diopside, tremolite, feldspars)
silicates. The Ajabgarh serics form the major part of a
synclinorium which runs parallel to the Aravalli range., The
orogeny at thec close of the Delhi cycle was responsible for this
synclinorium and the associated low grade regional motamorphism of
the rocks concerned. Like the underlying Aravallis, here too,

the grade of metamorphism vories according to the distance from
the central fold axis of the mountain systen.

Two principal types of igncous rocks are found to be
ossocicted with the Delhi system. Firstly, a suite of basic rocks,
originally dolcrites, diorites and volcanics, now found in the
form of cpidiorites. The volcanics were contemporaneous with the
Delhi scdimentoation and probably consisted of finely interbedded
lavas and tufis, Secondly, the intrusion of Erinpura granite into
the sediments at or near the close of the Delhi cycle., 1In fact,
various phascs of this intrusion have given rise to the
tcalc—-gneisses?t, 'calc-schists! in the upper Delhis and composite
gneisses, pegmatites and quartz-veins, in the Delhis and
underlying fLravellis,

The close of the Delhi cycle was marked by the beginning
of a prolonged period of orogenic activity during which the

Arevalli range was built up, The trend of the range was actunlly

=

&
N



initiated by the Aravalli orogeny itself, Subsequent erosion of

the Aravalli and the earlier rocks considerably reduced the
magnitude of the uplift. Undoubtedly, it was because the deposition
of the Delhis was so clogely related to the denudation of the
Aravallil range that the remarkable parallelism in the trend of the
Delhi orogeny and the Aravalli orogeny came to be produced,

(v) The Vindhyan System.- Resting unconformably on the top of the

Delhi system, is the last of the pre~fambrian series, known as the
Vindhyan system, On cither side of the Aravalli range the rocks
of this systenm were deposited in two large basins. To the wast
of the range, the lower Vindhyans are represented by a suite of
acid volcanics - the Malani Volcanics. These rocks include mainly
lavas (rhyolite to quartz-andesite) interstratified with tuffs and
volcanic breccia, According to Wadia these lavas are extrusive
form of larger acid bodies, now oxposed, called the Jalor and
Siwana granites., On the east of the Aravalli range, as well as
clsewhere in India, the Lower Vindhyans consist of a series of
sandstone,shale and limestone, being separated from the Upper
Vindhyans by a marked unconformity, The rocks bebome progressively
enriched in arcnaceous character above this break and become
almost entirely consisted of sandstone and shale,

The Vindhyans are one of the most disputed stratigraphic
horizon in India, Chapman (1935) attributes them to the Cambrian
and lower Paleagoic, whereas Heron includes them in the Purana,

Pascoe suggests that Vindhyans pass from the Precambrian into the
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Cambrian without a break,

The Peninsula suffered a gencral upliff, at the close of
the Vindhyan system, that transformed it into & stable continent, 3
This also accounts for the formation of Aravallis as a great mountain
chain, as they too were raised by this uplift, A gradual
pencplanation then affected the Aravallis, as a result of erosion,
after the Cambrian uplift. In the Mesozoic the arca was again
uplifted with consequent rejuvenation and the prescnt day Aravalli
mountain system owes much to this uplift. Herog suggests that this
uplift was intimately connected with the thrusting, which resulted
in the 'Great Boundary Fault' and brought the unfolded Vindhyans
against the highly folded Aravallias, A swmary of the geological
history of Rajasthan, compiled from the publications of the various

authors is given in Table. 1.



TABLE -~ 1 SUMMARY OF THE GEOLOGICAL HISTORY OF RAJASTHAN

%
SYSTEM ROCK TYPES THICKNESS AGE EARTH MOVEMENTS
Erosion
Thrusting, producing Great
Boundry Fault and uplift
DPeneplanation
Unconformity 7 General uplift of the Reninsula
L §Series of interbedded Shales + 1500°
g}g%ggan and sandstones max 480 Unconformity
gﬁ?eries of Limestones Shales 600m.y
Unconformity |2 and sandstones. Delhi Orogeny-beginning
. Phyllites of the proper Arravalli Mourtains| .
Delhi | Ajabgarh (Calc-schists &Cals
Systen “ Gneisses| 4 2000" 735+
\ uartzites >
oo [Alwar Iose Grits & Con- 2 Mey-
Unconformity | ratés fravalli Crogeny Contd.
Raialo Garnetiferous bilotite schists 1570
Series Raialo Marbles (Local) + 3000 1750m.y
Unconformity hgpartzites & sandstones Aravalli Orgeny
Aravalli Phyllites with limestones & 10,000
System quartzites Voleanics(Local) | 12,000
Limestones(Local) Basal con~ |~ min.
Unconformity |-&lomerate arkose Grit At least one major orogeny
Banded GneissipPrimative Sediments before Aravalli
. . . Pre-
Complex Migmatites, Schists s
‘ Aravalli
Bundglkhand Gneisses
Gneiss
* Quoted by Krishman (1960)



Correlation.~ The Archaean rocks of Rajasthan being separated
from the rest of the Peninsula by younger sediments to the east and
by the Deccan Trap lavas to the south, pose the most difficult
problem in correlation betwecen. the Rajasthan and other Peninsula
Archaeans, Heron first suggested in 1953 that there is a general
rescnblonce between the Aravallis and the Dharwars of south India
on the basis of overall lithological honogenity, which appears
characterist;c of the Archaean the world over, Later, Krishnan (1960),
on the evidence of the orogenic trends further supportced this view
(Figsts)s It was shown that the NE-SW Aravalli trend bifurcates at
its south~western extremity, before the trends are concealed
bencath the Deccan Trap lavas, At this point the chief trend is
directly in line with and parallel to that of the Dharwar at the
southern linit of the traps in South India, As an additional
cvidence to his contention Krishnan (1960) stated that the Aravallis
have been shown to be identical with the Chanpner series in Gujrat,
which may be considered to form a link with the Dharwars of South
India,

Assuming that the Aravallis can be correlated with the
Dharwars of South India, it follows that the Banded Gneissic Complex
and the Bundélkhand Gneiss are the oldest known rocks in India,
although nothing older than the Dharwars has beoen recognised in the
particular area,

The Eparchaean Interveal between the Archaean and the next

upward-succeeding formations appears to be present wherever these



groups are found on the carth's surface. It is expected, that
sonmewhere or other, formations may be found, which occupy port

of the interval., The Raialo series, in fact, represent such a
formation, the equivalent of which is found nowhere else in India.
The fornmations, Delhis and Vindhyans cone after the interval and

has been included in the Purana Group.

ZAWAR,

Introduction, - Zawar lies in a wide expanmse of typical Aravalli

rocks, conprising an irmensely thick sequence of monotonously
uniforn argillaceous rocks associated with quartzites and dolonmite
horizons, The formations at Zawar are of upper Aravalli age,
according to Heron's stratigraphic divisions. The exact thickness
in. the systen are as yet unknown. The precise positioning of the
Zawayr sequence in this system is also difficult, due to the
structural coriplexity. Because of its proxinity to the basenent,
it may lie in the lowest part of the Upper Aravalli,

Local Succession.- The local stratigraphic succession is as follows:

7 Upper Phyllite

6o Upper Quartzite

5, Ixdomits (Pure and siliceous)

Lk,  Basal Conglomerates and grits '
S Lower Quartzite

2, Lower Phyllite

Te Basal Quartzite



9. Quartz veins )
) Intrusives
8. Olivine-dolerite sill )

On the mineralogical basis, it is practically impossible to
differentiate between the two groups of phyllites or the two
quartzites, The upper and lower groups, viere actually accumulated
during irregular repetitions of the same sedimentary conditions and
therefore, the rock found higher in the stratigraphic horizon, is
naned accordingly. Innumerable quartz veins and a single olivine~
dolerite sill constitute the only representatives of the post-Aravalli

rocks in the area,

Local Geology.- The Aravalli formations covering the Zowar arece
have & general M-S trend., The different rock types, dolonites,
quartzites and phyllites display a strong dip ( 60° - 80° ), The
harder rocks, dolomites and quartzites emerge from the softer phyllites
as sharp hills, rising about 300 ~ 450 feet above the phyllite valleys.
The hills containing ore-~bcaring dolomites, trend both N-S, and E-W
and thus show the peculiarity of the Zawar arca (Fig.5 & 6). Eesing
on these two trends, different parts of the ore-~bearing horizons
in the Zawar orea can be divided as follows:-
T E-W trending dolomite hills:=~

Fa 18 Mochia- Magra and its castward extension Balaria

b Bowa

C, Outcrops at the north of Mochia-Magra, on thc right

bank of the Tiri river,



e N-S trending dolomite hills 3=

a, Baroi Magra

b Zawar Mala
Of these two groups, the former accounts for almost the entire
production of the mine, while the latter, particularly Zawar Mala,
is still in prospecting stage.

Large variations in the thickness of the carbonatce rocks
is noticeable. It varies not only betwecen the two flanks of a sane
anticlinal structure (Bowa and Mochia : 100 feet as agninst 600 feet
respectively), but also along the sane flank (Western Mochia and
Eastern Balaria ; 1200 feet as against 400 feet respectively)., A
certain heterogenity in the composition of the carbonate rocks can
be ecasily detected, There is every possible gradation from dolonite
through siliceous dolomite to purc guartzite; from phyllitic
dolonite, dolazitic phyllite to phyllite etc, It might be suggested
here that possibly the Zawar rocks are all intcrconnectcd by a
lateral passage of facies variation, A detrital series of dolomites
are secn in Mochia Magre and its westward extension., Macroscopically,
they display a rough appearance of coarse sondstone cemented by
dolomite, Interstratified quartzite beds, several feet in
thickness, are found in these detrital dolomites. These are overlain
by alternate beds of pure and phyllitic dolomites, marking the cnd
of the carbonate sequence, which can now be arranged stratigraphically

as follows ¢~
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3, Alternate beds of pure and phyllitic dolomite

2. Detrital dolomite (Largely siliceous)

1., Pure dolomite; with less siliceous dolomite
The upper quartzites, overlying the carbonate series, are quartzites
with dolomitic cement, This horizon is fairly constant and occurs
not only at Mochia Magra, but also at Baroi Magra and Zawar Mala,
Its absence in Balaria and in certain parts of Mochia is, however,
recognised. In this case, upper phyllites come in direct contact
with the dolomites and dolomitic phyllites (particularly noticeable
in Mochia Magra's mine area),

The heavy detrital elements and the arkosic materials
forming the basal conglomerate and grit horizon at the base of the
dolomites suggest & recessive period. Moving up the sequence from
dolomites, through upper quartzites to upper phyllites, the clastic
sequence has become normal and positive, This sedimentation has the
typical appearance of a post~orogenic transgressive series., The
Aravalli series consisting of geosynclinal sediments, thus contains
in Zawar aroa detrital and carbonate deposit of an epicontinental
type,

Recently Sikka et.al. (1966) has suggested that the confusion
in the nomenclature of strdﬁgraéhic succession of Zawar particularly with
reference to a horizon which is interpreted by Mookherjee (196k) as
conglomerates and grits has been recognised as basal quartzite by Smith

(1963), requires revision. They suggest a simple sucession,
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3. Quartzite.
2. Gritty Dolomite.

1, Phyllite.
for vha lawar area, Present author maintains that this succession
is over simplified and does not really present a true picture. In

~

Toti, both conglomerates as well as basal quartzite are present in
Zaviam succession and while the former presents the horizon
immediately below the dolomites the latter is found as the older

-

reration in stratigraphic succession of Zawar,



"In theory we may claim that intellectual sense and emotional sense
are only different varts of the same theory; but in practice when
they come to he exvressed through the imperfect instrument of
language they are often in conflict; and the noet is incessantly
struggling with his material. His finished poem is a mosaic, out

together after an infinite number of experiments and rejections.”

- F.W, Westaway.



CHAPTER 3. PWTROGRAPHY AND PETROCHEMISTRY OF THE COUNTRY ROCKS.

INTRODUCT ION

In this section various rock types, which occur in the Zawar
area, are described. By far the majority of the rocks represented
belong to the argillaceous grouv, which have undergone low grade
regional metamorphism. Interbedded horizons of dolomite and
gquartzite renresent the only carbonate and arenaceous rock in the
area, respectively. Olivine-dolerite constitute the only igheous
intrusive representing the Post-Aravalli formation.,

In all the petrographical descriptions the textural terms
orovosed by Niggli (1954) are adhered to.Mineralogical compositions
of the rocks has been confirmed by I-ray diffractometry and X-ray
powder photography. Further definition of the rock types is afforcded
by the chemical analyses and in most cases attempts have been made
to recalculate the vroximate mineralogical compositions as 'norms'.
The specimens gselected for.analyses represent, for the most part,
lithological types which occur commonly throughout the area mapped.

The rocks have bsen chemically analysed according to the rapid
methods described by Shapiro and Brannock (1956) with modifications
following Riley (1958). The method of Groves (1951) was used for
determination of non-carbonate carbon and that of Shapiro and
Brannock (1955) for carbon-dioxide. In the calculation of norms
dolomite has been calculated by satisfying Ca0 + MgO with 2002 and

is not based on estimation.



Staining techniques were adepted to confirm the presence of
dclomites and potash-feldspars., Thin sections of dolomite were
stained by a mixture of 0.2 gms of Alizarin red in 100 c.c. of
1.5% dil. Hcl and 2 gms. votassium ferricyanide in 100 c.c. of
1.5% dil. Hecl, mixed in the ratio of 3:2 (Dickson 1965); sections
with feldsvar were first etched by conc. HF and then followed by
sodium cobaltinitrate stain (Rosenblum 1956); this enabled the
votassium feldspar, which was stained yellow, to be readily
distinguished. Details of the staining techniques are given in

Appendix 1.

GENERAL DSSCRIPTIOM AND ASSOCIATION

The Arevallis are, as a rule, predominently argillaceous to
which the present area is no exception. It comprises a montonously
uniform assemblage of rocks which are described as phyllites.
Indeed, the term nhyllite has been very loosely used at Zawar and in
the mine area it signifies any rock other than quartzite or deolomite,
In fact the phyllites could be sub-divided into several rock types
depending upon their sedimentary constituent and grade of
metamorphism. #very possible gradation exists in the sequence
slate-phyllite-micaschist and in several instances, the rocks are
hardly even slates and differ very little from shales, except in
having cleavage, which obscures original bedding. The Aravalli
rocks are homogeneous and fine-grained and usually greenish to

reddish brown in coclour, thcuzh grey or dark zrey tvpes are not
? =) =] y =] o
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uncommon. Phyllites ars usually notable for their silvery and
wrinkled foliation nlanes and they =are most comson in immediate
contact with Mochia dolomite and in bands within the dolemite.
Fellowing the accented classification of Heorhouse (1959), on a
sedimentary basis alone, these rocks vary from conglomerate,
throught critty phyilite to fins-grained nhyllite. Distinct

sandy beds, of narrow and limited extent, are found boih in the
uvper and lower phyllites. Microscopic observation revealed them
as "micaceous arkose". Towards the west of the area these
micaceous arkoses are found metamorphosed to mica-schists. Many
of them show very well-developed banding. Further wezt, biotite-
schists and rocks of higher metamorvhism grade are found. It can
be cowmrented that Zawar liss in a belt of biotite-schists,
intermecdiate between true shyllites of the east and high-grade
netamorshics to tho west. Around Mochia hill and also in the mine
(especially in seccnd level, adit no. 6) all zradations are found
between phyllite and dolomite, Again, the dolomites are very
closely associated with quartzites and all gradations are seen,
from mure declomite through sandy dslomite, dolomitic quartzite

to arXkosicguartzite without any carbonate cement. Thus many of
the so called siliceous dolomites are actually pure quartzites.

The rock on freshly broken surface shows a bluish grey colour of
various shades from almost white to dark grey. Occasionally the
wvhite and grey bands are found in the same specimen. Sometimes the

white comnonent is found to be brecciated and cemented with dolomite,
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The rock is very fine-grained in hand specimen and it is mostly
ghearad into thin parallel sheets particularly in the Mcchia
Magra ridge. Dolomite hands occurring in the Mochia ridge are
unusually zritty and strewn with detrital angular fragments of
quartz and feldspar. Dolomites when closely associated with the
quartzites give rise to dark brown to bright yellowish brown
rocks on weathering, More pergistent; isolated lenses of
dolomite can be seen avout ten miles south of Zawar, towards

Fad
V

the Parsad area. 3ome of these lenses could be remnants of a
once eontinuoug horizon, now attenuated by Aravalli folding
(Heron 1953); manv others displaying excellent current beddings,
were vrobably deposited in shallow channels on the sea floor.
Around the Mochia iagra region several small scale sedimentary
features like relict pedding, riople marks, graded bedding and
current bedding are found associated with phyllites, quartzites
and dolomites. Theze features are strongly suggestive of the
original sedimentary character of the Aravalli rocks. The
absence of lower quartzite horizon is nmarticularly noticeable
in the Mochia Magra area of the north, although it can e seen

2 nl’

to underiie the dolomites in the Zawar Mala. This probably
indicates that some of the quartzites were deposited in relatively
narrov channels. Mookherjee (1964) suzgests that the Zawar

sequence being typical of the basic Aravalli rocks indicates

a gradual marine transgression over an old vpeneplained surface.,
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During the mapping in the Zawar Mala adit and No. 5 adit
of the Mochia hill a pale-green highly feldspathic rock has been
found. Shearing has rendered this rock into a series of irregular
lenticles geparated by a felted mass of biotite. In an intense
shear zone, on either side of this rock, micaceous minerals occur.
This rock is here termed "impure feldspathic arkose." A simplified
classification which takes into account all possible variations
in the Zawar rock types has been suggested in Fig. 7.
Olivine-dolerite sill is the only other rock type now remains
to be considered. Although it has been encountered in all levels
in the mine, no surface outcrop has been found, The intrusion
strictly follows the bedding plane of the Mochia dolomite and
runs parallel to the trend of the hill., The thickness of the gill
is about 50 ft., dipping '750 north. The rock is very well jointed
and as a result of shearing, slickensides are common. It is
essentially dark, hard and compact. Crystals of pyroxenes are

very common. Frequent alteration to a greenish substance can be

observed,
MICROSCOPIC EXAMINATION & CHEMISTRY
Dolomites. - '"Pure dolomites! are comprised almost entirely of

dolomite, (although certain amount of calcite is always associated
with it) with less than 5 per cent of other minerals, mainly quartz
and microcline, with micas usually occupying the interstitial
positions. (Plate 2) Dolomites in this category are typically

medium grained (the average diameter of dolomite crystals being 0.8 mm)



although areas with coarse-grained secondary dolomites can be seen.
Refractive index (n§ ) of dolomite and calcite are 1.681 (O-ray)and
1.668 respectively. Dolomite, although found as porphyroblasts,
in several cases (especially Mochia samples) have been crushed into
smaller grains, due to intense shearing, The mineral forms an
anhedral, crystalline mosaic suggesting recrystallization (Plate 3).
This is also evidenced by the well-developed annealed fabric of
quartz in these rocks. Scattered grains of detrital quartz bear
witness to the original clastic nature of the dolomites, Strain
effects are very well preserved including strain polarisation and
deformation lamellae in quartz and bent crystals of mica., In rare
instances glide-lamellae in dolomites can be seen. Otherwise,
cleavage traces are straight. Microclines of two different
varities are found; one is ill-twinned, full of inclusions (pre-shear),
while the other is clear and well-twinned. These two varities
sometimes occur even in a single grain, with the pre-shear type

at the core and the post-shear one in the margin.

This feature is best seen in the 'feldspathic dolomites', where
large grains of microcline occur in a dolomitic groundmass and the
cementing material is also dolomite., (Plate 4). Grain sizes

in microcline vary from medium to coarse; they sometimes show
sub-parallel orientation of the long axes., Sericitization of the
feldspars is a common feature. Here the dolomites show a mosaic

of sub-hedral equant grains, with two intersecting sets of
cleavages, at an oblique angle to each other. This feature is

also common in 'Sandy dolomites'. Coarse sub-angular to well-rounded

{
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quartz grains are a common constituent, from 5% to 50% of quartz
and feldspar being present. The local name of this rock type is
'siliceous dolomite'!. The large grain-size of the silicates offers
the only possibility of identifying these rocks on the spot thus
becomes a valuable asset in underground mapping. Crystals of
feldspar vary in size from 0.4 mm to 3 mm. and constitute upto

20% of the rock. These are generally microcline, although
occasional crystals of albite arez found. In extremely rare
instances perthitic intergrowth san bhe seens Cloudy cryatglds are
common and this may be partly due to kaolinization. Alteration

to sericite seems rather weak. The muscovite content shows
tremendous variation, depending upon the degree of shearing., In
unsheared rocks minor scattered flakes, concemtrated around the
feldspar grains are noted.

In many of the feldspathic and sandy dolomites, quartz and
feldspars exzhibit a faint alignment probably due to sedimentation
and/or pressure and relief from shearing stress has often
resulted in the cracking of crystals. Such cracks are filled with
introduced dolomite. This shearing stress, in several instances has
promoted the concentration of micas, in the areas of pressure slack,

which has been created by the rotation of crystals. Sutured grain

boundary between two feldspar or two quartz grains. (Plate 5) suggos™

<

strain induced boundary migration (Voll 1960). Partial granulation
of the feldspar crystals are notsable. 1In general, the prevalance
of stress is quite well-develop=d in the sections. In different
sections, straight micas, as sharply bounded undistorted crystals

are also found,
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donal structure is seen in dolomite frequently, and also’ grains

with polysynthetic twinning, showing twin lamellae parallel to the
short diagonal of the rhombs. Dimensionally controlled preferred
orientation of quartz and dolomite is suspected in a few spscimens
of quartz-feldspathic dolomites.

Accessory minerals are generally tourmaline and rutile. But
sometimes the tourmaline content seems fairly enriched (Plate 6)
and this is particularly the case with feldspathic dolomites.
Zoned crystals of tourmaline are found with iron rich cores and
less iron marginally. In all cases, the tourmaline mineral is
ISchorlite!; this has also been confirmed by refractive index
measurements., Blende and pyrite occasionally account for as
much as 5-8% of the rock, when dolomite is in proximity to the
ore body. Magnetite and very rarely haematiﬁe are also found.

The overall texture is crystalloblastic, although locally the

rocks can be termed o8 granoblastic or prophyroblastic. Similarity
in the mineral facies on either side of the porphyroblasts is
suggestive of the fact that the metamorphic conditions under

which they were formed, remained rather unchanged during the
crystallization of the host. In almost eQery section veining by
quartz has been observed, which is definitely latest in formation.

From the above discussion a tentative suggestion can now be
made to reconstruct the sequence of events. The rock suffered
deformation after they were originally deposited, this event being

followed by a period of recrystallkzation. The recrystallization
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CHEMICAL ANALYSES OF DOLOMITES,

TABLE 2,

2/97
9.68
2.77
0.74
0.52
27.26
16.88
39.60
0.07
0.05
0.35
1.40
0.33
99. 65

1]

Specinen Nes, - -

4717
92.19
0.43
R+10
1.73
26,05
17.02
38,89
0.90
0.31
Trace
0.40
0.21

97.34

Mochia Magra,

Balaria

B/A
2.15
0.21
0,68

0.64

29.74

20,01
45.36

0.33
0.02
Nil

0.10
0,16

99.40

Analyst:

B/252
7.48
0,90
0.55
0.39
28,60
18.58
42,75
0.12
0.01
0.27
0.15
0.12

99.92

A.K. Chakrabarti,

Durham, 1965.
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Dolomite
Calcite
¥icrocline
Albite
Anorthite
Cunrts

Iuscovite

("~rundum

Total:

PROXIMATE MINIRLLOGICAL COMPOSITIONS;

TABLE 3.,

2/9
79.65

5.60

6.67

3.14—

2.46
2.39
0.24
1.16

99.31

Specimen Nos.

N
N
N

774

3.36
2.09
0.64
0.15

0.67

G8.37

B/A
92.00
3.10

0.56

1.20

0393

0.10

99.69

B/25

m
\Jt
L]

W
0

4—.40

2.09
0.83
4.98

0.48

0.70

99.97
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stage was followed by another period of deformation, which is
demonstrated by bent micas, strained polarisation and deformation
lamellae in quartz, and this was in turn followed by veining of
quartz. Thus it can be summarised as follows:-

1. Sedimentation,

2. Deformation (pre-crystalline).

3. Recrystallization.

4. Deformation (post crystalline).

5. Veining.

A few typical analyses of Zawar dolomites are given in Table 2,

followed by the respective calculation for proximate mineralogical

composition in Table 3.

Quartzites. - These rocks largely consist of quartz (about 85-

95 percent), with a certain amount of feldspar and mica. (Plate 7).
Ilmenite, magnetite and rarely zircon and tourmaline are present as
accessory minerals, Feldspars are mostly microcline, although albite
is not uncommon. Micas are generally muscovite and only rarely
biotite.

Quartz grains present a close-fitting, medium to coarse-grained
mosaic with perfect annealed fabric suggesting complete recrystallization.
The interfaces meet at a triple junction at about 1200. (Plate 8).
Undoubtedly, the interfacial tension has led tec the adjustment of
interfacial angles; Vol)(1960) suggests that the triangle of forces

determines the interfacial angle hetween three interfaces at a common
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edge: : - 2 - > ;, where Y., Yo , Y3 are
Sine, Semn o, Sem ag
the interfacidd tensions and AL, =, o o are the interfacial

angles. (Fig. 8a). Triple junctions bvetween two quartz and =
microcline grain have also been observed in rare instances.
Invariably, in these cases, the interfacial angle of microcline is
lowver than that of the others. (fig. 8&b.) SmitTh (1948)
observed the similer nhenomena and concluded "... the dihedral angle
including the different grain will differ from the other two which
are equal. It can be suggested here, bthat probably the boundary
G/0 had a higher free energy than that of the Q/M. Mosaics of
polygonal grains of quartz with common sutured boundaries are often
found (Plate 9). 3Slress here, has greatly accelerated the boundary
migration (Wood and.guitcr 1952) and this has also caused the
formaticn of sub-boundaries. The latter observation suggests that
stress was induced at a low temperature. These sub-boundaries are
believed to be tectonically produced (Chudoba and Irechen 1950).
Skoetsch (1921) and &rnst (1935) observed such sub-boundaries in
basaltic cliving-nodules and also regarded them as of tectonic
origin. Voll (1960) assumes that the visible sub-boundaries in
quartz are formed by polygonisation. Effects of strain are
preserved in larger quartz grains showing sirong undulatory extinction,
biaxial figure and deformation lamellae; the latter are demonstrated
by streaks of dusﬁy inclusions, sub-narallel to the basal pnlane,

and can be interpretatad as translation lamellae due to gliding on
the basal plane or on surfaces inclined at a low angle to it (Sander

1930, Hietem®nn1938). Boundaries of the small quartz grains,
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usually unstrainad, are convex a;ainst the larger, strained grains.
This can probably be explained by the rule of grain growth that the
grain with more sides than their neighbours have concave sides and
grow while those with less sides than their neighbours have convex
sides and are consumed., Many of the small grains can in fact be
regarded as sub-grains; they occur side by side with much larger
grains. According to Tate and dMcLean (1952) these sub-grains may
be formed by diffusional migration of dislocations. (Smith 1951)
suggested Lhat the growth of sub-grains is similar tec grain growth
and is pgoverned by the interfacial energy of the sub-boundaries.
The ultra-xenoblastic texture of the grains provide a lobed and
sutured base for other minerals.

iicroclines of two generations are alsc common in the quartzites,
In some cases, the grains are ill-twinned, cloudy and full of
inclusions at the centre, but clear and well-twinned at the margins.
Cracks in the microclines are common especially in ill-twinned grains;
locally they have been healed up by sericitic mica. These grains
show wavy extinction. Refractive index and optic axial angle of
microcline are 1.523 (N & ) and 80° (2V) respectively. Albite is
by far less abundant than microcline. The albite grains invariably
show pclysynthetic twinning. Minor slips in twin lamellae are seen.
In only one instance myrmakitic intergrowth has been found. Albite
has no equilibrium boundaries and is never bound to quartz/quartz
triple junctions. It has therefore, definitely not grown in the

quartz aggregste, but is older than the period of grain growth.

1



Thus it directly contradicts Hookherjees (1964) contention ",....
formation ci albite was due to sericitization of microcline -
microperthite, clastic fragments....". Kaolinization of both
the feldspars is commnn.

Muscovites are scabtered throughout the sectioms in small

1

plates perhaps redistributed to the grain boundaries of the quartz.

Although this redistribution has partially affected the bedding,
there is usually sufficient concentration of micas and locally of
ilmenites to mark its original trend. Generally, the muscovites are
found as flat plate appsaring like needles in cross section, but in
rare instances bent crystals have been found. Veins oif muscovite
cutting across the other grains are frequently noted. (Plate 10).
Biotites are most commen in 'Impure feldspathic arkose!. Like
'Feldsnathic quartzite'! this rock is also very high in microcline
content, but there is very little muscovite in the latter. These
rocks consist largely of intergrown laths of microcline embedded

in a biotitic matrix. (Plate 11). Carbonate cement is occasionally
rocognisable in the form of dolonite, Ilmenite and pyrite are common
zccessory minerals, Rarely acclicular grains of epidote can be seen,
Cracks in microcline are seen to be filled up by secondary silica

and dolomite. IV is evident in almost all the sections that before
shearing took place microcline was altered to sericite. Chloritization
of the biotites along the boundary of the grains is often seen. The
chlorite, present has the composition of clinochlore as indicated

by its optical properties. Locally, the presence of green biotite

was noted. Like muscovites, biotites of two generations can be seen:



one whicn is post-crystalline is deformed into bent crystals and
bleached, so that the adsorption capacity has been much reduced.
These graing have been rather easily liable to be transformed into
green biotite.  The other variety, post-tectonic with resnect to
crystallization shows strain-free, automaphic grains without any
evidence of disturbance. In dolomitic quartzites, dolomite makes
as much as 40% of the rock. Dolomite is found mostly in the form
of cement, rather than in individual grains; rarely the crystal
faces can be seen. Micas and feldspars are common associates.

Beds of micaceous arkose, usually norrow and limited
in extent, which occur as horizons in the phyllite have been
included here, these rocks consist of well-sorted, sub-angular
crystals of guartz and microcline commonly separated along the

grain boundaries by sericitic muscovite, Dolomite is very rarely
g ¥
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sent, Tourmaline and zircon are common accessories: the
zircon graivs occur almost everywhere in rounded to well~-rounded
fornm, suggesting long distance transportation. Minute opague
inclusions are common in pre-shear variety of wmicrocline, Planes
of shearing are controlled by grain boundaries, where increased
development of iicas, especially muscovites are found,

Both in the quartzites and in the phyllites & coarser
variety of arkosic rocks are found which can be appropriately
termed as '"'sub-feldspathic lithic zrenites® (Pettijohn 1956,
Williams, Turner and Gilbert 1954)., These are composed of
large quartz crystals (up to 5m,ms in diameter), together with

numerous fragments of chert or slate. Microcline and albite make



up the totel feldspar content, which is always less than 10%.

Diminution in the number of large crystals towards the top of the

beds, gives these rocks an appearance similar to graded bedding

(Plate 12). 'he seguence of eventis as can be followed through

nicroscopic observations of the quartzitic rocks, are exactly similer,

as has been suggested from the petrographic observations on dolomites.
Petrographic rodal anclyses by point counter were

carried out ofh the 'Impure feldspethic arkose! and "micaceous

arkose}-to verify their position in the classification, 500-8300

points being ceufited in each section, The modes, (quartz,

feldspors and niceas) were plotted on a triangular diagran (Dotty

and Hubert 1962) by statistical means., The three poles in this

5
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ingrenm are (1) Quartz and chert (2) Feldspars and feldspathic

crystalline rock Iragments (3) Mica and micaceous rock fragments,

The results of the anclyses are as follows :~

it
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Impure feldspathic
Arkose.

Micaceous Arkose
CSoume valyes not plotied)

TABLE 4.

MODAL

Quartz &%
Chert (%)

56,20
58.01
59.17
60.20
64,00
28.57
30.14
28.76
27.62
28.58

Feldspars &
feldspathic
crystalline rock
fragments (%)
38,00
33.21
37.62
32.50
31.48
25.00
13.14
17.82
20.68

_28.57

Mica and
micaceous
rock fragments

(%)
5,80
8.78
3.21
7.30
4452
4643
56.72
53.42
5%.70
42.85



IABLE 5.

CHEMICAL__ANALYSES OF QUARTZITES.

Normal Becrystallized
93,00 98.16
2.82 0.32
0.95 0.33
0.74 0.21
Trace Nil
0.24 0.37
0.22 0.03
1.15 0.11
0.53 0.18
0.35 0.30
Nil Nil
Nil Nil
100,00 100.01

Analyst: A.K, Chakrabarti,

Durham, 1965.

Feldspataie
90.59
3.30

Nil

0.07
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(rarts
Ficrocline
Albite
Anorthite
liscovite
Isgnetite
Ilmenits

livematite

Total

TABLE 6.

PROXIMATE MINERALOGICAL COMPOSITION
Normal Feldspathic
87.76 79.32

Lad5 11.68
2,10 5.24
111 0.28
3.18 -
1.39 2.32
0.61 0.46
- 0.32
100,60 99,62
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Eoch result is the average of five onalyses, The
conpletely recrystallized variety is almost entirely mode up

guert2: very ninute amount of other minerals can be found,

Iy

o
In the recalculation, therefore, this variety has been

excluded,

Phyllites and Schists,- The najor constituents of the 'Phyllites

and schists! are sericitic mica and quartz with lesser amounts of
pole-green chlorite, mnicrocline and dolomite (Plate 13), Albite
is rarely found, Accessory minerals include tourmaline, pyrite
and rutile, Most of the tourmoline is found to be confined to
he sericite=-mica loyers, where euhedral prismctic crystals are
elongated in the plane of foliation in two main directions,
a2lmost at right angles to each other, Tourmalines are often
found as zoned crystals, with iron~rich, bluish coloured core,
surrounded by iron-poor, pale-brown rim; this is particularly
noticeble in crystals with nerfect hexagonal basal sections.
Nefractive index measurements of these crystals suggest that
the mineral is ¥i:chorlite!", Pyrite crystals are generally
highly sheared, but in a few instances euhedral crystales are
also found, thus suggesting two different generations, FEuhedral
pyrites show evidence of rotation, with the development of
lamellar quartz in the areas of pressure slack,

The sections reveal strong preferred orientation

especially of micas, Quartz grains also show strong directional

S
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alignnent porallel to the c—axis (Plate 14)., This vreferred
orientation forus the major plane of foliation (Sq), in all sections,
pernllel to the ¢riginal bedding; butbt many sanples exhibit the first
stnges of tronslotion of the folintion plane into & cleavage plane
(Sé). These cleavipges can be termedcas “stroin-sliv-cleavage! and
they ore pDest developed in schists (Plate 15). Recently Rickard
(i261) hes challenged the validity of this term and suggested the
term ‘'crenulation cleavage", translated from the term "runnzelsclivage!
(floeppner 1956). He used the term to designate cleavage planes
vhether micaceous layers or sharp breaks, which are separated by
whin slices of rock containing a crenulated cross~lamination. Indeed.
e term 'sirain-slip cleavage! as first introduced by Bonney (1886)
s a translation of Heims (1883) term "cu sweichungsclivage! bears
ynther narrod genetic implications and hence, from now onwards the
verm erenulation cleavage' will be used., As Rickard appropriately
saggestad, thsse cleavages infer an earlier deformation history
ag~rly elways assoclated with secondary or superimposed folding,

i

new scistosity has in fact developed during refolding and thus

LA YEN

A

woflects the intensity of deformation during metamorphism, Knopf
(19%1) and Turner (1S42) consider that crenulation cleavage is an
intermediate stage in the $ransportation! of @ schistosity in to
a new direction,

Detalled observation on these cleavages also reflects

the sense of rotation, implied by the differential nmovement along

the cleavage planes, Hoeppener (1956), modifying after Cloos
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(1928, 1936) suggested the terms "synthetische! and "antithetische',
Displacement or "syn-~thetic!" fractures support the sense of total
rotation and displacement along antithetic! fractures worlss against
it (Voll 1960). These features are well seen in the mica-schists
where anti~thetic shear planes (a) are aligned along the larger
synthetic ones (S1). Smaller syn-thetic planes (SZ) are sometines
found aligned along the anti~thetic ones (Fig, 10), Opposite

sonses of rotation are indicated by the minor drag folds and
cleavage plane slip., The S4 plane here is defined by nicas
completely rotated into discreet zones, parallel to the axizl plane
of micro~folds, ond cleavege slip occurs, Thage :
different senses of rotation with respect to the crenulation
clecavage are diagrammetically represented in Fig, 11, In many
phyllites, quortz and feldspar rich layers occur alternately with
mica~rich layers and thus incipient seggregation if bvanding is
quite prominent,(Plate 16), This feature is typical of the
"Boaded mica schistsi's Quartz grains in phyllites show undulose
extinction, deformation loamellae and often they ore found as
lens~shaped elongoted grains, conforming to the general foliation
plane, Micas gencrally shovws bent crystals and their cleavages
have been accentuated with. interplonar slip, These deformetion
choracteristic are oll very prominent in samples collected from
the Mochia - Balaria crec, whereas in the sarie phyllites in the
Zoawar Mala-~ ShishaMagra area the deformation characters, are much

less prevalent; on the other hand here the thoroughly recrystallized



tr gproins. ond £Bat mice plates, forning polygonal arches, are

feind, A ftenvativse suggestion, therefore, can he made that althou
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in peeoter extent and thus the major axis of re-~folding must be
irn thig fn “he Mochin-Balario region, evidence has been

cuzd of me~folded folds in the form of "Phyllonites', (Plﬁje.‘ﬂ?'

Tese rocks are oxtremely fine-grained, consisting mainld
ond guartz with very little biotite, Reduction in grain size has
L '

1 followed by recrystallization of quartz, which shows triple

jumcsiecns -- an annesled fobric, Close, smcll-scale, intense

folding of the coriginal s-~surfaces is very distinet in o newr direction

e continual slip~movenent, Trains of bent wmicas

ntgh to the dominant schistosity are common
Tenses of greanulor quartz, within each of which the component grains
show sliong wreferved orientation, also point to o differential

morenent. I 1iyllites occurence of pyrrhotite has bheen

ohserved, instead of pyrite, so cowmrion in other rocks. These

acks. OSCWTiRE in contact with the HMochia dolomite have suffered
de(or sl

.'d it ern be suggested here that the pyrrhotite is due

to itetarmorphisn of original pyrite, Edwards (1960) has shown:

tha’ dissocliation of pyrite to pyrrhotite talies ploce at a

. £an0 . . ._690%
of 690%c and atrnospher pressure, (Pyrite .—.—2=
i atn.press,

Pyrrnotite + 8). Undoubtedly, this transformation was caused by

intense deforming activity during the second generation of

”

L



noveuent., The clevation of temperature is also evident by the
presence of biotite n these rocks, The nineral becoimes o
najor constituent in the "biotite-schistsit, where it occurs
along with guortz end nicrocline and occasionally olbite.
Ttefroctive index oFf these biotites are ng = 1600, Dolouite

Kl

forms o cement., Rarely, largzer crystals of albite up to 1Tiu

o

cross can be found. Alteration of feldspar is very erratic;

totally sericitized crystal occur side by side with conpletely

fresh groins. The effect of stress is testified by the
lenticles of quartz groins, elongated feldspars, strained .1

polgrisation in guartz and bent crystals of nica (Plate 18),
Diminution in grain size of cuartz and feldspars mav 3lso be

the result of the intense deformation, Voll (1953) suggested

0o
from his study on deforited fossils that the sedinents of the
Davarian HMolasse basin vere deformed in an unconsolidated state.

'he deformation was absorbed in reducing the pore volume., This
deforiction is expressed by the gradual increase in the velocity
of elastic waves throughout the Molasse basin towards the Alns
(Reich 1946, 1947, 194S),., Consequently, the Molasse nust have
been sheared off its Mesozoic and crystalline base or the
underground reacted vy reverse faulting and thrusting., Thus,

it is belicved thot the orogenic coupression first leads to the
reduction of pore volwe and this is followed by elongation nornal
to the maximal compressive stress, It can, thereforec, be

postulated here that the elongation of grains, which is largely

IS
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in the plane of original foliztion 54y 1s in fact, a resultant

-

of iI=5 coupressive stress, probably accomnpanied by shearing too,

v

cnd thus the nsw transposed plane S, is parallel to S1.
~

In banded nice-schists, distinct bands of mica-rich
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feldspar rich layers con be seen, which a

¢, in fact,
s

bric relics inherited from the original sedinentary rocks, 1In
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ns, strong crenulation cleavage in mnice~rich bands

ond slety cleavage in quartz-~feldspathic bands is notable (Flate 13-
These banded schists iandicate & transitional stapge, where oo closely
spaced axiol-plane crenulation cleaveage in :icaceous bands can

Le troced as o slaty cleavage through the guartz-feldspathic layers

(Rickard 1961). Actually, crenulation cleavages are often preserved

be traced into the slaty

ing that both the types were developed at the

Refolded folds are also comon in these banded

a

e folds on 5, the

eis to e affected by another set of stress folding,

axes (in plane 3 ) lie perpendicular to S,.
In this planec (Fa) the developuents of kinii=bands are now scen.
(Mlate 20; Tig.12). Heeppener (1955) believes that displacenent
slanes in rocks with a strong planar an’goiropy develeop as
ink-bands, Hechonically they correspond to imink-bands formed

during deformation of metal (Hess and Barrett 1949; Higpgs and

Fendin 19

o

52), The recunded nature of the kink-bands suggests that



&J

iriel corpressive stress acted parallel to the plane of
anisotropy. Although in favour of this contention it can be quoted

La
[%

hat V,.,.kink~bands are the expression of a movenent which can

vy

heve @& conponent parallel to the strike of the s-surface,..."

1

(Flinn 1952),much controversy has arisen during recent years

(izrshall 196%, hAnderson 1956%), It is not essential to postulate
shearing in the production of kink-bands and thus while in

o]
(0]

ectione 'iconjugate kink~bands' are found it can be explained

by ascribing its origin to the same causes as conjugete folds
(Raasay 1262). It is quite evident from the sections that the
orientation of kink-bznds changes along with sense of the

aovenent, This was indicated by Hoeppener!s (1%35) work on. the
Rhenish Schiefergebirge where he concluded that relative rotation
bevween the rock and the shear planes must occur, Marshall's

(1952) werk in the Star Point area, South Devon, also confirus

this vieir. The displacencnt at the sides of kink~bands and the
»otntion within them coincide, but the s=-planes in the
“inik-bands have also been uscd for displacenents in the opposite
rotation. Thus kink-bands show both syn-~thetic and
antithetic displacements (¥oll 1750).

In the banded schists the tweo sets of deformation

are very clear, Much of the mica aligned in the micaceous layers Si
and the interleaved mica in quartzo-feldspathic layers is

harply crystallized and shows no sign of strain., The quartz alse

iz unstrained, But the mica flakes in and adjacent to the crenulation.

4



TABLE 7.

CHEMICAL ANALYSES OF PHYLLITES AND SCHISTS.

Phyllites*® Mica-schists*

Wt.%

SiO2 79.88 61.53
A1203 11.93 20.70
Fe203 1.68 2.96
FeO 1,09 2.35
Na20 Nil 0,26
K20 3.67 6.95
MgO Trace 1.69
Ca0 Trace Trace
TiO2 - 0.35 0.75
H,0" 1.43 2.87
Total 100,03 100,06

#Average of 10 analyses.

Analyst: A.K. Chakrabarti,

Durham, 1965.
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Quartz
Muscovite
Rutile
Magnetite
Microcline
Biotite
Albite

Corundam

Total

TABLE 8.

PROXIMATE MINERALOGICAL COMPOSITIONS.

Phyllites
65.82

31.04
0.61

2455

100,02

Mica-schists,

33.24
46.96
1.37
Lob
5.76
5.82
1.39
0.31

99.26



cleaveses 32 are vent, epparently in response to slip, suggesting
pect~crystalline deformation. These deformation characteristics
eroe more vigorous in Kochia-Dalaria scmples, Micro=felding in
schists are very well-preserved (Plate 21},

Pure nuscovite sohists, (Plate 22) consigting almost
entirely of nuscovite with =2ccessory amount of chlorite and quarts
are also found. Nefractive index: ( Ng ) and optic axial aagle ( 2V )

/

imeagsuremnents of muscovite and chlorite are as follows i~

Tl_ﬁ 2V
Muscovite 14563 370
Chlorite 14575 109

The overall structure is almost the same as in the other schists,
'"Transverse micas'! are locally found, The texture is generally
lepidoblastic, although local porphyoblastic, granoblastic textures
are not uncommon, From all the schists and phyllites examined,

the sequence of events can be arranged in the same way as has been

deduced from dolomite sanples,

Olivine =~ Dolerite,- The rock is mainly composed of titaniferous

augite, bytownite and olivine, with accessory amounts of chlorite,
biotite, phlogopite, talc, magnetite and ilmenite. Typical

ophitic to sub~ophitic texture is displayed by engulfment of
ew:indrsl plagioclase laths by coarse grains of augites. (Plate 23),
Equant size phenocrysts of pyroxene grains grouped together into

clots locally produces glomeraporphyritic texture,



Sub=hedral to @nhedral grains of Titan-gugite show

1 n
1L

pladchre’sm in shades of nink and they are commonly altered to
reolite, Yhis fecture is most common in the central portion of
the s5il1l; but near the margin and especially at the contact

-1ith dolomite talc and serpentine have developed, These two
lrtter minerals have been formed at the expense of dolomite, at
tie immediate contact with the sill, Occasionally, subhedral
crystals of phlogopite ore also found, This mineral is confined
to the contact of Olivine~dolerite and dolomite, The crystals

are comuonly small and highly pleochroic., Zubhedral to suhadrel

bytownite laths showing albite twinning are commonj infreguently

this twinning seen combined with Carlsbed ftwinning., Sericitizatioc-

of feldsper is particularly marked near the boundaries of the

grains and proceeds along twinning planes, Olivine eixhibits
subnedral ﬁo anhedral crystals invaeriably altered along cracks
vo antigorite, iddingsite, bowlingite and magnetite, Current
investigotions have shown that iddingsite, is in fact a

polycrystalline aggregate that frequently contains

o

more %ian one mincral species., (Brown. and Stephen 1959,
Swith 1959.). TFor instaYee, Brown and Stephen (op-<it-)
described iddingsite from Hew South Wales, iustralia, containing
goethite and » layer lattice silicate, while Smith (op.cit.)
-

usscribed one from Harkle basalt, Edinburgh, containing hematite,

chlorite and cuartz and one from weathered Dunsapie Basalt,

Ul
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Edinburgh, contnining saponite, goethite and heaematite. The
orientation:l relationship of these minerals has also been
studied (Goldzz*zub 1931, Trancombe and Rooksby 195?} Smith
(1961) found three alteration products in the pseudomorphs after
clivine in Dunscpie basclt, which she arranged in the following
wey [1(70:]3 ]\ [010]G, [oT(S]G, [016:](}, [10T(JH j and (001, 1
{1OQ]G 1 @OO{}H, where S, G, H are saponite, goethite and
hoemetite respectively. Iddingsites in the Zawar olivine-dolerites,
are reddish brown in colour, nleochroic and occasionally with a
marlked lamination, Commonly alteration to geethite is found and
in & few instances hsematite hes been noted, No structural

relationships have been deciphered, Dowlingites are rather feebly

H

pleochroic in shades of greenj; their straight extinction (Z]]C)

~a

and optically negative behaviour are, however, well seen, The
grain boundaries are generally irregular and the subhedral

L P

21Ys often enclosemagnetites. Developuieat of

prismatic crys
chlorite and serpentine on the peripheral part of olivine grains
as alteration products ore notable,

At the contact vith the dolomites, the sill shows a
chillied margin, in which sutured olivine crystals and plagioclase
laths are set in an opaque to browvnish plassy groundmass. The
thermal effect on dolomites extends for about 5ft., on cither
side of the sill; the altcred zone is charactcrised by the green

colour, as a result of introduction of chlorite and serpentine.

No high tvemperature mineral such as Woolastonite, forsterite etc.

NP



have been produced,

Diztinct texturcl variation is illustrated in the
specimens of the =gill from the margin to the centre, HNear the
margin the texture is tachylitic and this gradually chenges to
intersertal, intergranular, sub-ophitic and uwltimntely to optitic
&t the centre. Hear the bhorder of the sill onhimottling texture
Fas been observed., The chilled zone of the sill has been

*

differentialted into o glassy zZone and o zone of microlites,

[
;
El
]
S'
A

size of feldsvars shows groadual increcse towards the centre
of the sill. Two typical modcl anclyses hove heen guoted -,
in thiv Tavic ¢ .to s show the significant variation in mineralogy

etwe he s inens le L ar b :ntre and near ti
between the specinens collected near the cent and ne the

Olivine was »nresumebly the first mineral to crystcllize
from the magaa, The sub-ophitic texture of the dolerites
indicate an ecrlier crystallization of the plagioclase and
bytownite appears to be younoor than the augites, The frosh nsture
the rock suggests that the roclk is much younger than the cross-
folds,., But it has been affected by o later periocd of deformation,
during which it hes becn sheared and jointed., Chloritization
and sericitizction along the shear planes is notieeable,
Chemical analyses of norimel olivine dolerites are given in
Table 10, followed by the recalculation of the mineralogical

cornposition in Table 11.

oy
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Minerals

Pyroxene
Feldspar
Olivine
Bowlingite
Uralite
Iddingsite
Phlogopite
Biotite
Iron ores

Total

TABLE 9.

MODAL, ANALYSES OF OLIVINE DOLIRITES.

Near the centre

20.40
36.96
5.01
15.27
9.04

4-02
9-00

99.70

Near the margin

(%) 15.50
30.85

21.49

721
4.98
4,13
8.87

100.02

(%)

RglaY



CHEMICAL ANATLYSES OF OLIVINS DOLERITES,

Wt.% A B C D
A1203 14.92 17455 17.49 17.07
Fe203 1.81 1.58 1.68 3.14
Fel 8.85 9.96 9.93 8.69
MgO 11.27 8.38 8.36 7.86
Cal 10.16 9.80 9.82 9.92
Na20 1.62 2.32 2.16 242
K20 0.48 0.31 0.48 0.48
HZO 0.23 0.27 0.12 0.47
TiO2 0.62 0.86 0.88 0.87
O 3 - . .
P2 5 0.09 0.05 0.06
MnO C.18 0.25 0.20 0.18
Co,, 0.68 - Tr. 0.33
Total 100,00 100.04 99.84 100,04

Analyst: A.K. Chakrabarti.

Durham, 1965.
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Ilmenite
Magnetite
Albite
Anorthite
Biotite
Microcline
Diopside
Hypersthene
Clivine

Apatite

Total

TABLE 11,

PROXIMATE MINERALOGICAL COMPOSITIONS.,

A B C
1422 1.67 1.67
.55 2.32 2.32

13.62 19.39 18434
31.97 36.03 35.75
416 2.50 2.50
- - 1.11
14.22 11,19 11444
28.40 20.94 20.70
2.70 594 6,08
0.34 - -
99.18 99.98 99.91

1.67

20,44
34.19
2.16

12,27

19.95
3.94

99.26



CRIGIIT OF ROCK TYPES,

e cuartzites, dolomites, phyllites and schists are cll believed
to be essentially metamorphosed scdiments; the phyllites and
schists being pelitic metasediments, while the quartzites
were derived from nore psammitic rocks, The rock types can thus
be very broadly recognised as siliceous group, aluminous group
and calcareous group, Within the siliceous group, rock types have
been encountered, which fall within the range of normel sediments,
Many of them hardly show any trace of metamorphism and maintain
the primitive sedimentary character, The relict sedimentary e*:
structures present in these rociks also point to an overall
sedimentery origin. In many places similar impure arkosic
rock types con be met with in bhoth quartzite-and dolowmite. Similar
features are also observed in phyllitic rocks., The well-banded
schists with alternate micacgous.uind quartzo~feldspathic layers are
believed to be fabric relies inherited from the original
sediments (Turner and Verhoogen 1960); though their formation
by the little-understood process of metomorphic differentiation
still :zemains an open guestion,

Origin of dolomites is still one of the most difficult,
unsolved problems; indeed, as Ingerson (1%62) claims, the
"problem of the origin of dolomite is one of the most fascirating
as well as one of the most important in 211 of geochemistry or

in sedinentary petrology". Deffeyes and Martin (1962) believes

o

Jse
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that detrital doleomdte except in ver; simall vuantities, is not

found in sny of the major depositional enviioconments., Ldding to
the rroblem ir the fact thot dolomite, o stable carbonate phose

et ecrth suriacs tenperatures ond pressures (Zen, 1460; Garrecls,
1960) has never been synthesized, Zawar dolomites, are iavariably
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ny tirace of colcite, Here

*~

ordses the difficult but critical question of 'priuwsry! and
'sccondary’ dolomifie, Arguwionts supporting the primery or secondor:
crigin of dolomites have been summarized by Feirbridge (1957),
Duvabor and Rodgers (172657), CGraf (1960), Bissell and Chilingew

(1958) and cthers. The solubility studies of Kraser (1959) sugges't

th~t the councentration of normal sea vwater shouvld result in %the

oqguilibruvan precipitation of dolomite, Chilingar (1956) suggested
o cq . a . 2+ ,
ithat since 60 nillion tons of ‘excess! Mg enter the ocean

caunlly, o condition of supersaturation may be building up, which
wtimntely will permit the direct chemicol precipitation of dolomite.
i.e. an oscillating cycle of saturation and precipitation may ve
operative, and the present mey correspond to an internediate phase
of the cycle., TYet synthetic dolomite has not been forned at low
tenperatures and pressures, but dolomite is observed to form only

at tenperatures exceeding 150°C (Kazakov et.al,, 1957; Graf and
Goldsmith 1956, Medlin 1959), Under the circumstances, as far

o8 Zaviar dolomites are concerned, the present author believes that

they are of secondary origin, resulting from little known diagenetic

(&7



anchanisins; though varieties which show uniformity in grain size,
rheance of relict structures relatively light colour and conchoidel
frocture are believed to have the sane characteristics as the so-
cnlled Uprincry’ doloixites (Weber 1964),

Tourinaline concentraticn in nany of the Zowar roclks

merits a brief discussion, It ha

0]

beecn generally noted that fthe

3

rocks with high illite content arc¢ similarly enriched in tourmaline,
This can be easily explained by the fact that boron incorporated

in illite structure (possibly sone in mica and microcline (?) as
well) was mobilized, at the low grade metamorphic level of the

gediments (Harder 1951) and went into the formation of tourmaline

(Reynolds 1965), Increasing tectonism is also an important

3

o

factor in boron removal, Boron content in the illite structure

iz well-established (Fredricltson and Reynolds 1660), Harder {(795%)
suggested that horon substitutes for silicon in the tetrahedral
layer of the illite structure, while recent synthesis work by
Stubican and Roy (1962) has verified the possibility of boron-
silicon dicdochy in the mica structure, The nigh content of
tourmaline compered to the average shale content of 1+26%
(Goldsshmidt and Peters 1932) suggests that removal of boron was
an. effective process in the enrichment of tourmaline in the
Zaviar rocks,

Olivine-dolerites, of course, owe their origin to an

igneous source, and the minerals, of which they are comprised,

probably crystallized from a basaltic magma, Absence of any high
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temperature minerel suggests that the enplacenent of the sill was
on o wening phase 2z thoYnagno lost s tenperature on its way to

Certain anount of temperature wos also lost due to
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dissocintion of ninerals, Voarious secondary ninersls, uralitization
of nyroxencs, sericitizntion of feldspars are due to the reactions
between residucl solution and early formed minerals, during the
lost vhase of the consolidation of the .magna, It is not possible
vo give o precise age to these intrusions but its similority in
gomposition to the Tiap Lavas from other parts of Indiz, indicates
thot they .:ire genetically related, The Deccan traps are considered
to be of Upper Cretaceous to perhaps os late as Oligocene in age,

(Zrishnan, 1960),



PEGIONLL METAMORPHISHM,

e loww grade reglonal metamorphism in Zawar rocks can be ascrihed
o processes, which were intimately related to the Aravalli
Orogeny., During this period, as a result of stress systems

epniied to these rocks, quartzites and dolomites underwent almos<t

ation

Q!

<r

ocaplets recrystalli , 2nd the pelites were converted to
schists, Temverature was mostly limited to chlorite zone (green-~
sshist facies), but it occasionally rose to higher grade, vhich

in evidenced by the presence of biotite. Indications are there

Qu

“hnt during the metamorphism certain minerals were remobilized an

cedistributed, sccompanying the Aravalli folding as well as
latter refolding., These are exhibited by dolomites with numerous

peols and veinlets of secondary silica and remohilised microclines

=3

sraming overgrovwths to dgtrital microclines and replacing
rcorystelilised dolomites, Leaerge lenticular bodies of quartz,
w.eh are often found in the phyllites and schists, contain
wnches of remobilised mierocline, and in extremely rare instances
tovrrmaline, These minerals are also cowmon in the phyllitiic
rocks, Thus, it may be postulated that the minerals in phyllite
nigrated to form the large "sweat-out" bodies, It can be

tentively suggested following Turner and Verhoogen (1960) that a

ronge of 300°C and 500°C temperature and 3,000 - 8,000 bars pressuwc

were attained during metamorphism at Zawar, but & more precise

cssesment of the P-T situation is not at present feasible.
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SUMMARY

Zawar rocks, consist mostly of low=-grade regionally metamorphosed
cedinents, Phyllites and schists, the argillaccous series, occupy
the nojor portion of the crea, along with interveining horizons__
GE dolomite and quartzite, The original sedimentary character of
the rocks are well abtested not only by field evidence but also

by microscopic ~characteristics, Gradations among the rock types
are very conmmon and this complicates the choice of suitable
terminology. A new diagrammatic classification has been provosed,
Tage Aravalli metasediments, also include = few beds of arkose,
which can still ba recognised as former sedimentary rocks., The
single intrusivesbody in the aren is an olivine-~dolerite sill;
ihough encountered underground, this has never been exposed at the
surface,

Dolomites and quartzites have undergone complete
recrystallization. Association of certain amount of calcite,
clong with dolonite in wmost cases, suggests a secondary origin
Feldspar, mainly microcline, is variable in content and the
potassium rich roclt types also show enrichment in touwrmaline., Eoron
content in the illite structure, expelled during low grade .Y .-
netamorphism ond increasing tectonism, probably accounts for the
tournaline, Two generations of microcline, pre~ and post-crystalline
nicas, strained and recrystzllized quartz, etc. 21l point to two

sots of deformotions, also testified not only by transposed
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ecvages forming S, on 31, but also by sections
«~

totolly refolied folds, Cross-=folding hoas occamionzally
mrmed the leocol rise in temperature evidenced by the presence of
slotvdte ond in ploces pyrrhotite instead of pyrite, Induced
stross systems on these rocks are nlso reflected in the preferred
crientation in micas nnd guortz. Segregotion bonds of micas~rich

nd guartr-feldspor leyers in schists often suggest the original

n

bonded nature € the roclts and ore recognised as fabric relics

inherited froim the original sedinents, Veining by quartz is cormion
in 211 the rock types and this is undoubtedly latest in sequence,

Olivine~dolerites, showing excellent ophitic %o

sab-ophitic texture, contains o nuibeir of secondary minerals

cr

an nlterction products, Iddingsite, most of cll, presents an

interesting picture of o poly-crystalline aggregote instead of a

Alteration products are largely after olivine,

sh uwralitization of pyroxene (nainly titan-augite) and

tion of feldspars (moainly bytownite) are also seen,
Typical analyses of the rock types have been presented

clong with their normative composition, It seens that the

A,

rocks can be divided broadly into siliceous, aluminous and

colcereous group, flong with recrystallization in Zawar rocks,
remnobilization and re-~distribution have also played a significant
role and all these processes are intimately related to the
Aravalli orogeny as well as to a possibly subsequent moveunent

responsible for the cross~folding,



"The Science of Mineralogy treats of those inorganic species called
ainerals, which together in rock masses or in isolated form make up
the material of the crust of the carth,iceccees’

- E.S, Dana,



Chapter 4. MINERALOGY OF BIOTITES Il THE COUNTRY ROCKS.

I TRODUCTION

The mica minerals as a whole show considerable variation in chemiecal
and physical properties, but all are characterized by a platy
norphology and perfect basal cleavage which is a consequence of
their layered atomic structure (Deer, Howie, Zussuann 1962),
Biotites although certainly not the umost comuon micas in the Zawar
rocks nevertheless offer an interesting problem, which can be
studied both from the practical and theoretical standpoint, 1In

this chapter, biotites collected-from the rocks within the area
mapfed, havé been critieally studied and the results of their

chemical, optical and X~ray analyses are presented.
BIOTITE

Chemistry.~ Five biotites were selected from rocks of known
conposition. These are mainly biotite-schists, although sometimes
they are rich in feldspathic content, The rocks were crushed and
ground in an agate mortar until the powder passed through a 100
megh bolting cloth sieve, The fraction which could be rubbed
through a 200 mesh sieve was discarded, The remaining powder,
between 100 and 20C mesh size, was then passed thfough an

isodynanic megnetic separator and a sample enriched in biotite

7 1



was obtained. In order to obtain a high degree of purity the
final separation of the biotite was effected by rleans of heavy
liquids. The amount of powdered biotite obtained was sufficient
to enable the analyses to be made in the same nanner as the rock
analyses (Chapter 3). The analyses of Zawar biotites are listed
in Table 34 (All the tables of this chapter are listed in Appendix
4.). The molecular proportions and the atomic ratios based on
halfe-unit cell containing 12 (0O + OH) are also given. The
molecular weights given by Groves (1951) have been used in
calculations,

The cheidcal formulae of these biotites are given,
alongside five others selected from literature in Table 36.
Several conplications of biotite analyses have eppeared in the

literature. (c.f. Heinrieh 1946, Zastawniak 1951, Gower 1957).

optiocal and X~-ray investigation,=- Optically, the biotites are

derk brown in colouwr and strongly pleochroic in shades of brown,
Pleochroic scheme is X = Brown, y = Dark brown to black, z = Derl
brown to black, therefore, the absorption formula is x{y = z,
The values of refractive index (nF,) and optic axigl angle (2V)
vwere calculated for all the five biotites of Zawer, in order to
jdentify the exact species.

TABLE 3§
OPTICAL DATAS ON BIOTITES.

A.(1) B.(2) c.(3) E. (5) 5. (a)
Rate (npg) 1,611 14651 1,645 1,606 1,681

v, 7° 11° 6° L0 16°

~
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Plotting the above data in TrBger's diagram (Troger
1959), A and D can be identified as MeroXene, whereas B, C,
and E proved to be as lepidomelane,

These blotites were next subjected to X-ray analyses,
enploying a copper target (Cu K« ) with a loading of 4OKV and
20m4h, Precise measureitent of lattice narameters from normal
X=~ray diffractometric work is rather difficult; at the saae
tinme, there is no generally accepted procedure for mneling such
neasuresents (Cullity 1956). However, the procedure adopted in
this work has followed mainly that discussed in Kimg eand
Alexandar (1954),

The vpasition of the reflection is taken to be that. of
the apex of the pealt on the diffractometer trace, Nuzerous
factors, like high scanningz speeds, large time constants, etec.,
combine to nake the recorded peaks assymetrical with the

result that the centre of gravity of the peak is shifted by
appreciable aizounts in the direction of scan, 4 similar effect,
through lesser in extent, controls the position of the apex of
the peak, but this has been corrected for by mixing some spec-
pure silicon with the sample as an interwal standard so that
the peak displacement errors have been corrected, The
intensities of the reflections have been obtained by estimating
the areas under the peak, The samples were érepared by
grinding the biotite powder with the silicon in an agate mortar.

Yhen the maximum grain size of the powder was épproximately 20



microns the powder was packed into & rectangular hollow in a
glass slide,

The X~ray data for Zawar biotites are given in Table 3§.
Comparison of these results with the data given by Smith and
Yoder (1956) indicates that all the biotites under present
investigation are in the 1M or 3T polymorphic state, The
intensities of reflections from 1M and 3T phlogopites, as
determined by Smith and Yoder (op.cit.) are included in Table
38, for comparison and it seems that the Zawar biotites are all

1M types,
SUMMARY,

From the cherrical analyses of five Zawar biotites the atomic
ratios were calculated, The chemiceal formulae established fron
these values were then conpared with others quoted in 1iterature.
Optical deterninations suggest that these biotites belong to
neroxene and lepidomelane varieties.. It is concluded from the
X~ray investigation that the Zawar biotites are in the 1M[§r 31{]

polymorphic state,



"Geologists seldom agree on the relative importance of the
several features that have localized ore in a given mining
district, Such differing views are characteristic of a science
in that stage of its growth when sufficient facts have not yet
accumulated to test and clarify hypothesis. In nost other
sciences a worker can bring under his observation the body of

date necessary to fori and check hypothesis adequately.™

- W.H..Newhouse.



Chapter S. THE LEAD - ZIHC = PYRITE ORE DEPOSITS,

INTRODUCTION

The lead~zinc~pyrite mineralization of Zawar, has a wide regional
distribution whosé constant feature is its localization in the
Aravalli dolomites, Variations in thickness and the lenticular
distribution of the dolomite horizons preveht the establishiient of
an accurate stratigraphic series, The similarities which exist
between the facies surrounding the rineralization, show that it is
subordinated to lithological and palaeogeographical control.
Whatever the structural disposition of the Aravalli rocks nay be,
the mineralization strictly follows the dolomite horizon., The

Zawar carbonate sequence is one of very early age. Its rocks

have been transforiied by tectonic stresses and by the recrystallization.

of primary ninerals. These epimetamorphic phenomena are nore
narked in the rocks carrying mineralization, but a possible

lithological control can of course be postulated,

DISTRIBUTION OF MINERALIZATION,

Mainly the mineralization consists of sphalerite,
galena and lesser amount of pyrite, The mineralization is
distributed asé () dinpregnations in dolonite horizon

(b) fillings in fissures and shear zones

(¢) fillings in transverse fissures



In order to facilitete the discussion of the distribution of
nineralization. of the individual areas, the entire area can be
sub~divided as follows :=- (2) Mochia Magra (b) Balaria

(¢) Bowa (a) Zawar Mala (e) Baroi Magra,

Mochiza Mogra.= Mo jor production of the Zawar area contes from this
nine, which is worked in four levels, 120 ft. apart vertically

(in general). The nine is located in the dolomite of Mochia-

Hogra ridge., Dolortites thin out progressively towards east fronm

a thickness of 1200 ft, to less than 450 ft., and they are comprised
of pure, siliceous and carbonaceous varieties., Pure and siliceous
dolomites constitute the bulk of the horizon but along with the
dolomites interstratified beds of phyllites and quartzites are

also found., Although the grey and black quartzites occur as

thick beds in the west, they grow thinner eastward; 4 geological
transverse section of the Mochia Mogra range is shown in Fig. 15,
At Mochia Magra, only a single bed a few feet thick is known,

From west to east the nmineralization becomes nore and more
concentrated, Westward, the section through adit no. 5, show

three minefalized veins in dolomites; they are narrow and separated
by large barren intervals, More than 1500 ft. eastward from this
section, adit no, 4 show& still narrow and low grade veins,

Between adit no, 4 and adit no, 6, over a length of 1200 ft,,
appear two mineralized veins several feet thick, They, in fact,

join in adit no. 6 to form a single vein 30 - 45 ft, thick; this



highly mineralized vein is situated in the dolomites about 160 ft.
from the contact with the lower phyllites, East of adit no, 6 the
rineralization becomes very rich and lies along the contact with
lower phyllites, This constitutes the main part of the.deposit and
extends over 900 ft, before growing thinner and disappearing within
a few feet., The mineralized body lies upon the phyllites but within
the dolonmites. Thus the mineralization at Mochia Magra shows
variations, which are related with those of its stratigraphical
environnent, The stratigraphical changes are narrow and localized,
They show up the presence of a sedimentation threshold at the-time
when the carbonate series was deposited. It scciis that this thresholad
corresponds to a ridge in the underlying phyllites. In the sections
of the L4th level of the mine the contact with phyllite is clearly
deionstrated, If this horizontal section is extended northwards
towards the upper quartzites, the quartzite is found to die out and
the upper phyllites come in direct contact with the dolomites. This
absence of quartzite bed supports the theory of sedimentation which
has been locally modified by the occurence of palaeo-relief, It
can, therefore, be suggested that the moin mineralized deposits are
probably localized upon this presumed palaco-relief, Taking
sphalerite content higher than 3% into account, three roughly
parallel nineralized zones can be tracecd:

(i) the southern zone, at the contact with phyllites (15-30 ft, thick)
(ii) the central zone (10-20 ft, thick)

(1iii) the northern zone (60-75 ft, thick).



At the castern end of the 3rd. level these three zZones merge abruptly
into a single vein and disoppears within a few feet. In this
direction, in the 2nd, level, in the drift, low grade mineralization
hos been net with. Doloniite extends eastward beyond the wain area
and grows grodually thinner from about 600 ft. to %50 ft, near the
Tiri river, DBetween the extrenity of 2nd. level and adit no, O the
nineralization is aliost ebsent, On the surface the old workings
are no nore extensive and no mineralization is found. 3But beyond
this barren zone, vetween adit no, O and =~dit no. 8,2000 ft, fron
the main ore body, the nmineralization is found again. Although
these deposits are narrow, they nay constitute an indication of

riore important nineralization in depth. Here an E-W alignnent of
lenticular sphalerite body, about 60 ft, from the contact with

lower phyllite is very proninent. Following this ore body, the
aiineralization bhecones thicker and nore regular in depth. This

has been confirned by two horehole records at this point which cut
the nineralization at 400 ft, depth, the average concentration of
ore bheing ZnS 6+01%, PhS 2+11%., The galena here is preferentially
associated with :lore siliceous beds, In nost parts of the nine
arees, in different levels, it has been seen that the western
(richer) part is alsiost entirely made up of siliceous dolomites,
while eastwards it is pure dolomite, although occasionally phyllitic
and carbonaceous dolonites are also found in this region. The
latter is found only in the eastern extrenity of the 2néd, level of

the nine, The proportions of galena to sphalerite in nmajor

2w
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riineralized showings were mleasured in the underground workings, the
conplete record of which can be found on the underground naps of

the different levels. (Figs. 14 to 17 incl,) A remarkable feature,
vhich is immcdiately evident on examining the naps, is the similarity
in dip of the ore body and that of the host iocks. Such, apparently
concordant disposition has @also been noticed in Mt, Isa, Australia
anc¢ Suliven, British Coluubia among nany other places, Another
feature of comuon interest among these areas, iz the banded nature
of the ore body. In the sections, opened up in Uth. level and 5th,
level of the Mochia wmine, the well-developed bending is traceable
for hundreds of feet., Several mineralized drag folds are found in
the area, The underground geology of iochia Magra mine has been

diagramatically sunncrised in Fig. 18,

%

Balaria,~ Ancient surface worliings first testified to the

—

-

presence of ineralizction in this area. The dolomite horizon is

found in the saie strikewise continuation of HMochia Magra. Mining
is still in the prospecting stoge and is being carried out in two
levels 120 ft, anart from each other. The underground naps of
Balaria mine cre represented in Figs. 19 and 22. The Tiri river
does not constitute a geological boundary between Mochia Magra and
Balaria. Pits of old-~workings, found in the extremnity of eastern
Mochiz ridge, continue beyond the Tiri river, The alignnent of old
workings in Balariec is extensive and forms a depression 1000 ft,

in length and 70 to 120 ft. wide. Whis probably does not correspond



to the actual thickness of the mineralization, as lateral collapses
have increased the sizel.of the original’ cavity. This mineralized
alignment lies about 150 ft. from the contact with lower phyllites
and seems to point out again the existance of o palaeo-relief similar
to that at Mochia Mogra. Geological tronsverse scctions of the
Balaria arca is shown in Fig., 20, The adits for most of their

length transverse through the phyllitic rocks and the mineralization
is followed by mojor drives, cutting along the dolomites. Two
parallel nineralized shears each about 2! wide, were found in dolonite;
their position bencath the swmall opencast on Ltep of the ridge
suggests that they represent strike and depth oxtension of the

lode, worked by the ancients, In the level no, 1 the mineralization
cotiprises chiefly of sphalerite and pyrite. Occasionally

sphalerite, rich in iron, are found to be bordered by pyrite layer,

1 inch to 2 inches in width. Galena is present as irregular stringers;
their occurence is rather sporadic, At depth mineralization looks
thicker and richer and a bore-hole data, 50 ft., below the level no, 2
riet with an average content of ZnS 6486%, PbS 0¢52%, The
mfineralization tcnds to draw closer to the lower phyllite contact

and by comparison with Mochia Magra this seens to be a favourable
feature, Thus there is a strong possibility of nceting with
nineralized concentration at depth, Absence of upper quartzites

at the top of carbonates further strengthens the similarities which
already exist between the areas of Mochia Magra and Western Balaria,

In the castern Bulnric.the dolonita extends castwards and thickens

Rl
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to 550 ft, The upper guartzites, which were absent in the western

L‘;-:J

alaria, re-~appear agoin, between the dolosiites and the upper
phylliites. The genercl trend of the dolomites deviates strongly
towords the south east and the formation is cut off zbruptly,
probably due to tectonic couses, Mineralization can no longer be
troced here. Some of the old workings strike obliguely to the
¢olomite contact, thereby indicating that they foliowed
mineralized tension shears, 1t is cpparent froim the attitude of
the shears that the phyllite on the north side of Baloario, moved
exstwards, relative to the phyliite on the south., It is, however,
believed that the most important mineralization in Baloria is .
concentrated in the centre of the Daleria hill aund it is expected
to be persistont rs well as concentrated in cdepth, The distinctive
amineralogical aossemblage: in bBaloarie should not be overlooked;
whereas in lochia Mogra the mojor ore minerals are sphalerite and
galena with lesser aumownts of pyrite, in Balaria it is wmainly

enriched in sphalerite ond pyrite with minor content of galena.

Bowa,~ Bowa hill, which is located some 1200 ft, south of HMochia

o

Mogra consist of ¢ narrow carbonote series, which strikes east =
west and dips southwards, Like Mochin and Balaria, mineralization
is typically confined to dolomite LorizZons., Despite its short
length (4500 ft.) and reduced thickness (100 ft.) the carbonate
series is considered to be the nart of an anticline, the northern

flanl being Mochia and the southern Dows., The dolomiite of Bowa



hill thins out at the two ends and disappears within conformebly
lving phyllit Beologival traverse sections in (Fig, 21)| An
o L) j&] -

unconforuity seens to occur between the lower phyllites and the bose
of aolomites, In this area, o0ld vorkings picl out the outcrops of
the detrital doleomites with narrow pits. It is rather unlikely
that with depth a development of cdolomite along with the
concentration in wineralization can be expected., However,

clthough the gencral distribution of mineralization is rother poor,

occosionally mineralized veins o few feet thick concentrate locally,

Zavar Malo.- The cdolomite horizon, nlong with surrouanding

quartzites and phyllites for:ms an anticline, whose axis dips strongly
northwards, he upper quartzite outcrops outline the periclinal
end of this structure arocuuad the dolonites, To the zouth, & series
cf shaly dolouites and interstratified quartzites outcrop. Upper
quartzites, which always contain certain amount of dolowmitic
ceitent here is oboul 300 ft, in thiciness on the eastern flank and
this thiclkress appears to be doubled oan the western flanl,
Structural openings related to the anticline seems to
provide the loci for dineralization at Zowar iHala., 4 few old
surface worlings follow the eastern guartzite/doloiiite contact, but
iost of theu are localised around the upper bhoundary of the narrow
siliceous dolortte band, The Zawvar Mala adit, driven frox: the
eastern limb towarcd the siliceocus dolorite band did not meet with

any mineralization., Although the nineralized stringers found are

3-:.-...



is the dominent mineral,

rarely eacountered,
This assombloge is more simidlaz tonBalarin area rather than the
ttitude of the sphalerite stringers suggest that nost

of thoeimt occupy foliation plones of the dolownites, but they are also

fornd in irrepgulny cracks, which cut across the bedding., Although

the Zavinr Male dolomite has,.in fact, a strong sindlarity wit!

Mochia west dolomitc, prescace of minernlization in the latter case,
Lhe underlying »hyllites, This

feature sceiws rather unfavourable for exploration, It is, however,
essential to find out whether the fovourable ore-hearing horizons

e met with in depth, Exploration in eastern Zawar Mala has

ainsrallsation and the contact with lower nhyll tes, Thus, the

i |
castern flank cppeors to be favourable for exploration, The thinni
out of quartzites in this arez suggests the possibvility of wore

Dolomites outcrop here with a strile HNZ « S5 strilke

twvards, The dolomite here overlies the lower phyllites,
Rocks of the Daroei Magra forit tl

wvestern flanlt of which is Zowar

(&

the dolomite hovizon is mmuch reduced soutiwards, in the north the thickness

being only 500 ft, O0lé workings are distributed only in a feu
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and fronm the

whether the i

stringers in d

exlposwies

g available it is rath

neralizcd

varallel to the liwbs of the feold, The
and galena in the Barol ridge are confi
oloixites, Pyrite is virtually abszent.

difficult to sey
oliation plenes,
nineralization

fined to narrow

worltings folloir two alignients 120 to 1150 ft. apart,
uniform clignnent is located in the siliceous dolowites., In the
northern part of Daroi, the dolomites comie into contact with lower
phyllites. It sesns, the mineralization is more concentratel here,
than anyvwnere else in Baroi MMegre,

STRUCTURAL COHTROL OI LIZATION,
The malin wineralized bLody, about 1200 ft,., long occuring in the
dolonite in Pochia sro sceis to be due to infilling of the
min shear, width of the central salena rib of the lode
varies from 10" to 7;} reaching its naxinun width alongz the contact
of pure and siliceous dolomites, The width to the total lode is
about 30 ft. on cither side of the central galenz rib in & series

of unorrow poara

shearing is al
hes been found
mineralization
here at an

are

that in ploces

allel ninerali

8
N

shear planes

50 coirlon in aggocicted nhyllites,

in these rocks. Dolouxite baunds containing
are shteared into thin parallel sheets.
angle of 25° to the bedding, but it is

they have utilised the bedding »nlanes.
(]
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planes cre irregularly curved inn hoth the strilie and dip directions,

resnes, created by folding, found miost of thneir
relief by extensive :moveunent in and adjacent to Mochioc ~ Balaria

lizb, In the lMochia HMagra mine area several of these closely

spaced snear plones constitute the noin shear zone and here it is

1

found to be highly mineralized, Concentration of mineralization
here, thus, secus to be controlled by the shearing. DBut it is

indeed noticeable, in several other places lilze eastern Balarie,

Zovar Mala, Sonarin etc, thoat the mineralization mainly occurs along

- ~ 49

the stroatification of the rocks, free from considerable chearing,

1

This hos also been lately confirmed in areacs around Zawar (Poddar

f

7965), Thus although in certain parts of Mochic - Balaria liub,

it seess that tlie shear planes serve as openings for the

it will be shown later that this apparent relationship between

mineralization and shearing in rechia is niszleading since the ore

e

vas there before the first metanorphism (Chapter 3). And in fact,

even underground in Mochia in » Jew newly opened up sections, the

icotion of the

Fh

pineralization has been found following the strati

rocls, Soiie of the sulphide layers show excellent sedinentary
structures like parallel stratification, load casts and crwipled
lamninations, These ore nlso very well-seen in Zawar Mala area,

Mineralizcotion is also present in tension shear and

tensional openings, presuuably forned by tiie releose of stresses

minernlization, this is not true for the rest of the area, THowever

in the dolomite horizon, caused by tlhe differential movenents of the



phyllites. These shears are nostly concentrated near Phyllite/purc
delomite and/or Pure dolomite/siliceous dolonite contacts , Cross
cutting relationship between the nineralized veins ore coruion, wherever
thes tension sheoars and the nain shear intersects; though variable

this angle of intersection can be averoged as 300, Tollowing the

nain lode further west, at the contact of the main shear and tension
shears subsidiary lodes arce traced, .Jn important feature of these

shear lodes is their structural continuity. @ineralized tension

H

sliears arc nostly located in pure doloimite horizon, Minor
nineralizotion, scattered throughout the siliceous dolomite

horizmon, occurs also in the Merenulation cleavagei plones,
Urhnlorite i3 the ntost cotwlon miineral to be distributed in this way,
alihouzh ~aleno and pyrite stringers, occur sporadically, Sulphide

mincralization is also found in very narrow fractures poarallel to

» of shearing and rich orc bodies are found in

3

the directio
tranzverse tension goashes. These latter orcs are definitely coorsc
and scens to be verchilized; whereas finc-grained sphalerite and
galenn arce found sipicared clong the shear planes. Sinilar
observations were also made by Pereira (1964) in Zawar ores and
he further suggested the similarity of these ores with those of
Sardinian lead=zinc deposits, Iglesias region.

From the above cvidence, it is suggested that nineralization
did not follow the shear plancs as the channels of deposition,
becouse it was there before the shearing., This fact is demonsiratbly
shown by Zawar Mala, Balaria, west Mochia arcas, where nineralization

follows the stratification even in places frec from intense

.-a@
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and several other of

oCcCcurencd

shear planes, although
toat the latter served mz the nvenue of il
story is far from that. In fact, the ore minerals already present
in the host roclk, were mobilized ond tronsvyorted to sites of
ilawer pressure, such as fractures, shear zones etc, Thus,

winer

there iz Hrobably no

IJ:[[IFI IO]_ OU’.L .u-\._LJ .U_

control is provided b

doloridite horison, of

Tiie pyrite is in

with goleno., 'Lhe abs

v bhetweon

relationshi

alization,

hos suffered the structursl oovenents,

direct structurarl contrel over therni.

PLECTS,

..... ineral wi
ucsion

neralization, The hest

.
this

v the concentrotion of pyrite in carbonaceous
the 2né level of the Mochia nine (Fig.l5)

1.

agpociated with sphalerite, but unever

ence of ghlena to any antipathetic

former's inconpotihility with cerbon present in the dolowite,
Intense “lemching is seon wierever a golens veinlet clogsely
~nniroachies the carbonaceocus norizon,

Distributicn of sphalerite is almost the saue both in

the purc in the siliceous leiites, but uwndoubtedly it
raduces o sreat Jeol woile occuring in the curbvonaceous horizon,
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Gnlena sceins to be mnost sensitive to the lithological environnent
of all the cre uinerals, apart froo its total inconpotability
with tie carbonaceous dolomite, it shows rather :roderate affinity
for siliceous dolomite, Thus most of the malena is concentrated
in »ure aolomite; this is also cvidenced 5y occurence of gzalena

the nnin lode of 2nd. level, on  thRe pure dolomite side, Hence,
it seenis that the lithelogiczal environnent certainly provides

centrol over the minerelization.

Assay results, averaged over 25 ft, lenzth of drive were plotted
on & longituvdinal section, This was kindly provided by Mr., M,H,
Roy, the chief geologist of the tine and his dizgram has been used

basis for intervretotion, It is apparent frou the IMig. 23
that the Pb shows maxinum concentration in 2nd, and th level aund
elso the overall concentration of Ph-values are found in the pure

doloizite section of the mine., This latter phenoilenon is probabhly

‘1

1.

related to the lithelogical contreol, It is zlso notewortihiy, that
the maxdlaw: concentration of the Ph values cccur in the Jjunction

-

of moin shear and tension shears and, in facl, fthe tension shea

!

occur only in the 2nd and “#th level., The average plunge of the

0
individual Pb shoaots as troaceable iron the loagitudinal section

is about 55% to the west. & similar trectoent with %n ossays also

show the valucs plu fiec enrichiaent of

+
+ v

owards west, Tho opccel
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1,

the Zn valuss, of course, 40 vl inci exactly with those of

of Pb b re (Mooltherjee 1964,
Ghose 1958) sugp relationship, as their

is probably because their method of plotting

y

sreveiling a

Z2n sulphides coucozitiantly, con probably bs exnlaincd of

- ' 1. 31 s

ne suggests, that Ph ~ Zn rich ores can be

s or vxed

ated from goluti

RCCK 4

=« ore body, i

1,

shows sone fori of hydrothernsl wall rock alteraticn, The type

of zlteration dopends upon various fictors, like degree of
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drothernal solutioas,

rock minerals, und their solubility

the solution is

erature inte the stable walli-roclks, there

, not To find any wall rock

to an extrenely

hoon uneble to

Starting vith sericite and it is seen that these two




slerocline in the sections of siliceous dolondte, Both these

cre found in grecter abundonce vhere associnted with

sheoring .us
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crystol edpes of ndicrocline affected Ly shecring wnder metanorphic

conditions in the »regence of scue water, prokably ainor pure

N
& ! . [

clutions, there should be considerable i

rocline to sericite, Lack of szuch a feature

is zmtrongly in

o]

gqueoois Soiution,

=
[#
ki
o
ke
L
<1
&
=
<
(¥
[
~
=
]
(9]
&
l_).
3
n}
in
%]
ct
-
i
O
0]
.
B
[~}
¥
=
b
1
[0]
[6)]
-
=l
o
o]
9]
[
<
!._J
.
(]
s
<
H
L]
o

s own dicoron (Op, cit. 2. 66% Fig. 3.) thet his zcnes of

llowever, if there had beon any

cre deposition, soile velotions

vbetween the two would be expected,

It hoz peen found, Tt Diotite is not o

in Zawar

rocks; it 1s usvally

individuvnl Tlalies are



Lovering (1942) pointed out,

deposition & considerable

alteration can precede

time interval, the

S 72

i

ore

ebhove fact

itself may not be sufficient to discard the theory that hio
ig net & result of wall~rock alteration., The conclusive proof

the significant absence of

This suggests that biliotite is a later outcone

biotite in

Zavar

of structural mnovement,

tenperature rose, favouring the deposition of the sanes

coition association of ore iminerals with fresh

imuscovite and wmicrocline nay be questioned as evidence of
hydrothermal origin, But it can be readily seen by couparing

the constituents of

dolouites and micas, that they can be easily
formed without Turther introduction of imvdnerals in any forn, It
is sugrested that the fresh minerals are rierely originel

constituents, largely redistributed and

ecrystallized by

itetamorphic processes, dAssociation wi

th ore ninerals can also

be adequately explained by the same processes,

Kaolinite -~ =montizorillonite are extrenely rare in Zavar

rocks (no nontmorillonite has been found by the present author,

Kaolinite has been found only in extremely rireciastances)., 4

zore rather inportant mineral is illite, Presence of tourmoline

does not require & hydrothermal origin, although according to
lfookher jee tourmnline and mangonocalcite were among the last
wall-rocl minerals to crystelliize., The Doron content of illite
is sufficient to zccount for the preseiice of tourmaline. (.jeec

Chapter 3.). Ilio mangonocalcite has been found and

2lthough
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Mookher jee cloins ‘irecrystallization of dolonite wos the earliest
monifestation of alterationi, according to the present suthor
recrystallization does not necessorily inply o hydrothermal origin
since metanorphisn con explain it unaided,

It is, thercforc, concluded that there was no hydrother:aal
wall-rock alteration episode at anytime in the history of Zawar
rocks, The presence of any alteration nincrals is here interpreted

as derived from the host rocks (dolomite), and the features are

of regional netamorphic origin,

SUMMARY

The ore deposits at Zawar,are invariably found in the dolonites
and thus confined to onc stratigraphic horizon., Mineralizaotions,
wherever they are nost concentrated owe their localization to
presuwied palaco-relicf, The concordant disposition of the
netasedinents and the ores and the bonded noture of ores are
tyvical of stratiforn sulphide deposits. ALpporently there is
also o strong prinnry structural control of nincralization. The
noin lode itself in Mochia Magre, scons to be the infilling of
the main shear; and several other nineralized tension shears are
also found, But at the sane time it has been noted that
ilineralization follows the strotification in rocks which are free
from considerable shearing, It has been suggested that the

nineralization was there in dolomite cven before shearing and thus



the orc wminerals were nobilized to sites of lower pressurce like
shear zones and fractures during metanorphisit cccompanicd by
folding movencnt. There isy hovwevery a lithological control of
sdincralization, provided mainly by carhonscecus doloidte favouring
pyrite and goleno in pure deolomite,

Analyses of ore shoots suggest a sy: ietic distribution

of lead ond zinc; this is evidenced by overall coincidence of Ph-~
ik ond Zn-high areas, vaich is in contradiction to HMookher jee's

contention (op,.,cit. P. 667) suigesting Pb-high areas between tuo
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indicating an antipathetic relationship

A a

No wall-rock altcration lias heen observed, The minerals
suite interpreted by Hookherjce (op.cit,) =os an clteration

cpicede due to hydrotherinl zolution cre regarded as derived fron
the dolonites; tourmaline is also accounted by the presence of
boron in illite. Soith (196%) sugrested that the midninnwu:

temperature of sphalerite deposition in Zowar is approx., =50°C,

4t this temperature nicrocline olters readily to Muscovite in

the presence of acldic agueous solutien containing K and Ll
(Gruner 19 The notable pauncity of such alteration is o

serious objection to any hydrothermal hypothnesli., he little

nlteration thot can be seen ir ossociated dintinately with

i

shearing and the adgueous irns essential for this alteration
were probebly supplied by minor pore fluids. Cormvion associction

of ore with fresh nuscovite and microcline, which are in fact



constlituents of the dolowites, can be ecsily explained by

recrystallization netamorsnhism, The
to local lup~grading' of netamorphic
guestion of wall~rock alteration due

"

can be totolly ignored

nresence of biotite is due

=]

environnent, hus any

to hiydrothermicl solution



"Structural geology is the study of the architecture of the
earth in so far as it is deternined by earth movements.
Tectonics and tectonic geology are terns that are synonymous
with structural geology. The wmovements that affect solid rocks
result from forces within the carth; they cause folds, joints,

faults and cleavage.!

- M,P, Billings.
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Chapter 6, STRUCTURAL GEOLOGY AND TECTOWICS,

INTRODUCTION

Zawar rocks have suffered severe deformation along with low grade
regional netanorphisn during the Aravalli orogeny. The geological
structure of the area is rather complisated, since it forns a

part of the deeply eroded Aravalli origin. The unique feature

of the area is thet while the regional trend is broadly N=S, the
Zawar nine itself lies on a prominent E~W trending fold. Indeed,
the nost important event in the history of Zawar rocks is the
Lravalli orogeny, whiech folded the newly foriied geosynicel
sedinents into the regional N-S trend, The subsequent Delhi
orogeny had a sinilar trend, but there is hardly any indication
that these later pressures had any significant effect at Zawar,

The area was subjected to periods of uplift, after the Delhi
orogeny and it is probable that one of these produced this struotural
anonaly at Zawor, This anoralous trend was first noted by Heron.
(1953) and he referred to it as "a bifurcation in the trend of
Aravallis at Zawar', one half running due south towards Parsad and
the other east and then south~east towards Singatwara, Subsequent?
workers, like Ghosk (1956, 1957), Mookherjee (1962, 1964), Smith
(1962), also recognised the anomaly and while Ghosk concluded

that 'a single najor deformation affected the area', Mookher jee

and Snith favoured a cross~fold hypothesis, In this chapter, a



detailed investigation regarding the minor and major struotures

present in the area and their possible implication is recorded,

STRUCTURAL CLEMENTS,

Bedcing.~ This may be regarded as the primary structural
elenent, Though often it cannot be directly seen, its presence
and direction can generally be inferred from directions of the
boundaries between cdntrasting formations, which are taken to
he original bedding planes, In phyllites and schists, the trace
of relict bedding is usually noticed by difference in.
conpositional and colowr banding, In phyllites, the brownish
cherty layers show bedding oletrly. They mometines show
interlaninated siliceous natter,

Careful search revealed the presence of both graded
bedding and current vedding, Graded bedding is restricted in the
sub=surface workings, particularly in the 2nd. level of the
Mochio Magra riine, It is found only in guartzites and is of
rhythnic type. Current bedding is usually confined to the
western end of the Mochia hill, and of very small dimensions,
The cross-~bedding is defined by thin quartzo=feldspathic laninae.
and usually prefers quartzitic rocks for its occurence. It
has been obmerved that the cross-sets have been deforned,
probably after the deposition of the get irmediontely overlying

it and hence the deformation is of tectonic origin and not due



to sedinentcry processes (Ramsay 1961), Similar deforned
scdinentary structures have also been.reported from metanorphosed
and intensely folded rocks of Glen Cannich, Scotland by Tobisch
(1965); but froa his evidences he suggested a prinary origin of

the deformation ond thus sttributed it to sedinentary processes.,

Ripple Horks.- This feuture, though not very corrion, is easily
recognisable, especinlly in and around the Mochia HMagra arec,

Care ought to be tcken here, for as Ingerson (1940) and Shrock
(19543) pointed out, ripple marks are sufficiently distinctive in
undeforned or slightly deforried sedinients, but distorted ripple
rmarks in deformed rocks (as the case in Zawar) resenble certain
linear tectonic structures, referred to as pseuvdo-ripple norks,
Criteria to Jdistinguish the distorted ripole~iiarks, from pseudo=~
ripple iwcrks, as outlined by Spry (1963) were used as & solution
to this proklein, He hos suzgested that if all structural elements
are discordant to the suspected rionples, then the ripples may well
be sedinentary, but, alternatively as Rausey (1960) suggests, they
ey be old structural relicts not related in their symnetry to the
latest fabric. Ripnle-marks in Zawar rocks are assynetrical with
side slopes of cbout 200; the ripple index is about 2+5 on
avercge. Spry (op. cit. p. 764) believes these can be produced

hy an angle of L59, Ripple marks are usuclly preserved in less
deforrned parts in this area and thus considering the inhonogenity

in stredin, it probably reflects the wmdiniaw: amount of deformation,

9

B,
o



A similar conclusion was also drawn. by Spry (1957), Spry and
Zirmaznan (1959) from their studies on Mount Mullens area,

Tasmania.

Eg;iation:Schistosity.- This is best defined by strong

parallelismi of the tabular elements within the roock to the axial
planes of the folding and is thus demonstrably oxial plane
schistosity., In areas like Mochia Magra -~ Balaria and Zawar Mala,
vwhere isoclinal folding is striking, the bedding is found generally
parallel to the axial plane of the folds and thus bedding and
schistosity largely coincide. Exception occurs in the hinge of

the folds, where the beds swing round a closure; here the

folintion continues in its own direction and intersects the bedding
at a high angle, This is observed on a siall scale at the hinges
of nicrofolds. Mookherjee (1964, p. 658) showed that in Zawar

the folintions are related at both generations of folding and

while the earlier S-plane is marked by orientation of recrystallized
minerals the later one is denonstrated by cleavage planes
practically devoid of any mineral recrystallization, Schistosity
is a parallelism of all elements in the rock, but certain

riinerals, show it uore effectively than others, The nicas

define a dominant schistosity, in mica-rich rocks while the rocks
poor in it, e.g. quartzites,a slabby widely spaced foliation is

found, A foliation map around Mochia hill is shown in Tig, 24,

=@
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Linear Structure,- The presence of this feature in Zawar rocks

is very comrion, The linear atructures include a)ninor folds on
bedding b) folds on schistosity c¢) elongated pehbles d) rippling
of micas on schistosity planes and e) intersections of different
S-nlanes, Basically, the linear structure consizts of orientation
of the lincar elexents, like micas, which run in parallel lines
across the foliation planes in the same direction as the plunge

of the nicrofolds, Sonle nineranls respond to this influence than
others, IMicas are pgenerally nore lineated while gquartz frequently
shows a striking parallel growth which is gquite evident upon
weathered surfaces. Sonetines in quartzites, the parallel
orientation of the queartz zrains is quite prominent in hand
speciiiens, Thus the rocks, as a whole, have strong linear fabric,
Both 'a' and 'w! lineations are proiiinent in the specimens of
schists and phyllites, rinor fold axes are invariably b-lineation,
Mineral lineations, in general, are regarded as bwlineations, but
slikensides on the minerals are recognised as a-~lineations. These

are rather minor in occurence but obvious in character,

Intersection of bedding and axial plane schistosity/
cleavage define the local fold axis; they are also parallel to the
axes of associated minor folds on bedding,

Fuckers on schistosity are found with varying wavelength,
In phyllites and schists two czets of diverging Plunge are often
seen. Occasionally, a fish-scale like lineation is found on the

schistosity plane, when the two scts are at small angle to each



other. Ilongoted cguartz grains, with tension cracks perpendicular
to elongation, cccur parallel to the puckers forned by arching up
of nicaceous layers, Irarsposition schistosity, probably due to
drogging up of micaceous naterials dlong the longer linb of the
puckers, is often detectable,

Lipersistent pebbly horizons are occcsionally intercalated
with tlhe phyllites-schists and dolonites of the area, These
elliptical gquartzitic pebbles are generally parallel to the axes
of minor folds on bedding and often develop tension joints
verpendicular to their elongation {Mookhor jee 1965);

Striations on bedding planes, wherever developed, are
perpendicular to the local fold axis and thus define the fabric
'atedirection during folding, In Hochia Hagra it is evident fron
the urnderground levels thot the mineralized shear planes bear a
striation plunging westward indicating the direction of novenent
on these planes., 4L lineation map around Mochia hill and the linear
structures in the Zawar area cre shown in Tigs., 25 and 26

respectively,

Cleavage,- This is invariably of axial plane type and in case

of isoclinal folding the cleavage has matured to a true schistosity.
This is profusely developed in the north-western part of the arez
and especially in Mochia Magra ridge., In phyllites and schists
crenulation ocleavages consisting of nuwierous tiny puckers or

microfolds are found, the axial planes of which lie parallel and
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closely spaced., Local developinient of 2 or 3 scts of fruacture

clecvages, worallel to the axial planes, are noted.

Joints.- Thiese are best eeen in the Mochia ibgra, Baloria and

Ruparic creas where they are restricted to nore coupetent horizons,
They are nostly ‘'a-c! joints., Locally, radial tensicn joiants can

also be seen. 1“J111tc develop jointing sonmetimes in th

Zovar Hala urca, Joints usually stound nearly vervendicular to the
lineation., 'They are locally in pairs, about an inch apsrt occasionally
with dolomites bestween then showing drag, This fecture is very
distinet in Zawar nala as well as Vlestern Mochia area, Sivilar
observations were made in phyllite by Read (1934) and Flinn (19%52),
Flinn sugpested that it zhows as if the uoveilent on the twe joints

had been in parallel but opposite directions, as on the two

o

sides of a fault, and he tlermned these features as 'joint-dragst,
(Xnill 1961). Mooter-joints in coupetent beds are well-developed,

Some obligque-joints are also present.

Microfolding,~ This is a very coiiion feature of the Zawer rocks

and is frequently present in very intense scale, The northern
half of the area napped has preserved the nicrofoldings in rocks
pore than anywhere else, but they are not uncormion in dolonites

of the Zavar Mala area., &4 few flerural folds are seen in

w2

phyllites north of Ruparia. In one instance, at the west end of

Mochia, the phyllite is found to be folded into a tight syncline,
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where well-defined E-VJ axial plane cleavage acted as a najor plane
of mevement, Oan the surfuce, only the lhorizontal coizponent of th
movenlent can be seen and it has been found that & thin siliceous
band displaced about & foot horizcntally bhetween novenrent planes,
Within & nile, south of Ruparia, a quartzite band is noted to be
displaced along planes parallel to axial plane, All this evidence,
probably leads to the fact, that wost of the minor folds in the
arca are foirnmed by the process of similar and/cr shear folding.
However, the amplitudes of the several microfolds may vary Ifrom

o few inches to & few feet, but the latter is not very comwion,
Sornietinles the axial planes of the miero-folds are at a low angle

to the schistosity,.

Thus, two distinct styles of mdnor fold occur in the area,
One group ie characterized by sharp crested 'similar!'! folds with

steep northerly plunge and s.osterly overturning while the other

type is asynuetric and plunge westwards (lMookherjee 1965). Loecal
revers2]l of curvature in fold arclies, and radizl tensional

dirlations in hinge zZones are visible in Zawar liala area,

Hullions,= These are mainly seen in quartzites and probably
originated fron intense iiicrofolding, which gives the bedding
plane an undulating fluted appearance., The foliation frequently
intersects the bhedding, due to the undulations and o strong
shiarp 1ine is produced parallel to the direetion of fluting. It

is b-lineation and is parallel to the plunge of the micro-folds,



The whole structure, fluting plus linention, can be teried nullions,

Faults, -~ Hunerous faults are present in the area, Sone of then

—— s

<

are genetically related to the foldinyg move:ents (cross-faults,
for exanple) while the others are distinctly post-folding.

Transverse faults cutting across the beds ore very common, Steep

fault~scarps, off-ueotting of the quartzite and dolomite bands and
silicified fault~breccias are cormon critaria for recognising the
favlts., In rere instances sliclkenside striations on fault nlanes
are also found,

The largest foult in the area extends E-W cver three
1iles from west of the Zawar iHala to tie east of Kanpur village,
The rotational character of this fault is displayed by the
relative senBe of displecerient of the adjacent hlock at either
extresities of the fault plane,

The branching fault, cutting across the area diagonally
near Shisha—Magra,'off-sets the traces of the axial planes of both
the earlier '3hisha Magra' anticline and the yocunger westerly
plunging syncline and hence, is one oi the latest structures to
develop,

4 higheangle reverse fault, which is essentially a
bedding plane over thrust, occurs along the eastern guartzite limb
of the Zzwar Mala anticline, inilar obzervation on overthrust
faulting was made by Carlisle (1965) in the Robert liountains,

north-central Hevada, He suzpgested & mechanism of slidin

o



friction, compatible with the hypothesis of grovity sliding, as

O

the unique factor in overthrust faulting.

Boddinoge.~  Areas of tension within the feld systens are

sometiiles identified by the vppearance of boudinage recorded in

A

the structure

wriaples of bouwding

heve grenter capvneity for niastic flow. The leagth of ind
houdin vory frot six inches to two feot, Snnll leanses of both
aolomdtes and quartzites are found to be bhowdinaged. Sonetiiies,
siall poclets of guartz appear in the tension pops between boudins,
Rorely, simnall clusters of beudins are found in cdolonite, In all
crses, competent bed 1s seen to break up into typical barrel-shaped
boudins, occasionally isolated. The plane of contact between boMdins
is always nor:ial to the bedding and contains the dip direction,

hence the lengtlh of the boudin is parallel to the strille of the

wveds and the direction of extension of the coipetent bed is

boadinase has been previously

iy

horizontal., Siailer orientation o
reported by Vegmann (1932), Lead (1934), Walls (1%37) and Coe (1959),

PN

he origin nccording to Fiead (op.cit.} for these bewlinage structures,

=

is strilkewise streiching caused by comwression ot ripght angles,

arising froo o aajor dislocition, Coe (ow.cite. 3. 183) from his

vork in vwest Coriz, Ircland suix; two wpechanisns, wvhich could

Lring zbout the bhewbinoge of a etent bed: (1) by extension of
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the linb during folding (ii) b»y compression nermal to the plane
of the bed, He also referred to the fact that the second mechanisu,
though not very coinion, is & likely process, vhere the beds have
been izcclinally folded, Indeed, such is the cose in Zavar and
the confinecitent of bogdins in znd around Mechkia Magr.. crea, suggests
their relation to later coupressional moveuent in this region.

A

Sclieidegger (1958) aiscussed the problen of orieuntation of the

D

U

boudins in any area., TFrom his sugrestions it follows, that Zawar

boudins result from vertical confining forces permitting strike-
wise extensions; Walls (op.cit,) from Pittulie, Aberdeen and
Wegnann (opecit,) froul Bastogue, on the other hand, showed two-
dinehsional stretciing of the commetent layer resulting from equal

vertical and Lerizonial confining pressure,

‘ICHS AMONG STRUCTURAL FEATURES,

Trom the above discussion it follows, that there are
definitely two generations of structures present in the Zawar area,
The northerly plunging folds oan bedding, accompanying axial plane
schistosity, puckers on mschistosity, elongated pebbles, siriations
on bedding,and intersection of bedding and schistosity are the
earliest structures to develop., These are accoapanied by radial
joints, 'awc!' joints and wmost of the cross-faults. Developuent

of the highe-angled thrust with its attendant shear planes and

striation lineations is the next stage in development, The

el



westerly »lunging felds in bhedding, the releted axinl plane

o)

cleaviges and the intcrsections of these two planar elenents belong
to the structures of &« younger generation, ‘The branching fault

across the central pert affecls the second gencration of folds

and thus the latest structure to develorp,

STRUCTURAL ALLLISIS,

cm—a—a

The region has been divided into fowr sub~orecs within eacch of which
the fold axis is found to be of <efinite orientation, in order to
facilitate the structural analysis of the area, /[11 planar and
lincar struectures within each sub-area are analysed stercographically,
Both beta~ and pi-dingrans are employed following Reinscy (1964)

who outlines the uses and linitations of both methods, Ian fact

from his nmathesatical treatmzent Namsay (ope.cit. p, Hi2=iL6) showed
the unreliability of f ~-diagrams, particularly in the arees, where
folding is not Lonogeneous, but at the sane tine Lindstron (1961),
from his work or Scandinavian Caledonides and Fleuty (1961) fron
upper Glen Orrin, Ross-~shire, Scotland majintained the validity

of the saue,

Sub-orea I (Zawar !Mala).- The beds here have an average strike
of HaS, conforzing +{to the regional itrend, L plot of poles to
bedding (Fige. 28) shows a strong naxinwl towards the south-east,

indicating thoat the beds howve been slightly overturned, presuuably



et

during isoclinal folding, The averape bedding plane is denonstrated
by the maximn dips 70° towards 290° and is substantially

influenced by nmany readings from the Borol ridge =s the nore
northerly trend of Zawar iinla anticline is not very conspicuous

en the stereorran, Slight divergence in trends hetween Zowar

¥pla cnd Dared is probably o local effect resulting froa later

refolding and associcted faulting., Within the area mapped, there
is, in fact, no direct evidcnce that the eastern guariszite linb
of Zawar Mnla is the same as quartzite bed of Barei, but traocing
the liubs further towards south for about L miles they are found
to join up as a gsynelinal fold, The sane area also provides the
evidence for the faet that the ridge foriding Baroi Megra in the
north is a tight iso~anticline, .Jalthouzgh this fold reveals

unper quartzite horizon for utiost of its lenpgth at Baroi the
underlying dolomite bed avpears,

The nature of folding in Zawar Mala area is denonstrated
by B Sq diagram (Fig.29), indicating a variation of plunge from
600 to 45° towards the northern part. The anticline plunges
60° towards 360o in the southern part, while & F ~diagran of the
bedding planes exhibits an average plunge 47° towards 3589 in the
northern part, (Fig.30), The near complete girdle with ISHE
noaxina in the 71-diagran also indicate§ eastward overturning of
the oajor fold,

Further confirmation to the %,-plot is provided by the

vlot of axinl plaone lineations (Fig,31)., In this latter plot two



distinct nuclei, with o mean value corresponding to the g-positéqﬂ(
vesult from the differing attitudes of Zoawar Mala and Baroi folds.
Using the volues of oxizl plunges of Zowar Mpla anticline and

Bayol fold, the respective axial plones have been calculated in

Fig. 32, The effect of iinor folding is not very conspicuousj
although smnall scole drag folds are found in dolonites occasionally,
as & whole, minor folding is rother uncomuon, Joint neasurenents
fron deolomite show o moximwl concentration of poles coincident

with the fold oxis lineations and thus can be teriied lac! joints

or leross-jointst,

Sub=~area II, (Shisha Muagra).- The upper guertzite bed sesus to

die out pradually in o series of folds on the east of Baroi fold,

This contention is substantiated by the fact that the gquartzite

o

bed does not re-oppear between Baroi and Shisha
h~d the horizon been continuous, The quartzite of Shisha Magra
is ot & lewer horizon in the Aravalli sequence and represents
the upper part of the bosal arenaceous series, This series
forns a huge anticline with banded gneissic complex in the core
and Shish~ Mogra representing the northern tip of the anticline,
7 Sq dicgram (Fig, 33) shows o mexina towards south-east and
o sub-naxina towards 5S8E, together with o northerly plunge
indicate that the sub-arec coinprises of the western up~right
linb of & major onticline and a part of the overturned eastern

limb. 4 plot of poles to bedding (Fig.3k) showing a maxinun

Me.gr as it should,
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towords the south-east, also sugreststhe overturned nature of th
Shishn Mogro anticline, 4 E>—dlapram (Flg.j“\ of bedding plenes,
enibits o mexdimun dipping 48° towards 358°, which is taken as the
avercge plunge of the folds. In the northern port of the Shisha
Hegeo onticline the axial plone is tilted to E-W, maintaining the
come axiol pluage, and thus assunes & 'reclined! attitude (Moolcherjee
ov,cits pP.75)s, The term reclined has, however, heen guestioned
by Hogue et.zl, (1956, p,46h), Neasay (1958, p. 506), and Fleuty
(1961, p.i450) in recent years., TFleuty (1954, p. 486) defines
reclined fold os a fold with an axial plane dip of between 10° and
c. 80° and = hinge which has o pitch of ore than 80° on the
axial ploane, This type of fold is iiore prointinent in sub~area III
Aziel nlane schistosity is, however, very well developed

in the area and zinor structures are denonstrably correlatable with

Sub-~reo. ITI, (Bolaria S and N),~- In contrast to the previously

tn

described sub-areas, this is characterired by marked variation in
athitudes of both bedding and axioal plane schistosity. A - diagram
: 6 B . - s £ on ~ 1 689 o
(Fige 36) forn perfect girdles around o pole plunging - N 10 E,
(This reading is obtainéd nmainly from datas collected fron east

and south~east of the sub-area), This indicates tha# the variztion

cttitude of 52* is due to larpge scale fold on identical axis

(XN
jar}
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that of tiite folds on bedding. The dip of Sy - planes changes

Sy hers refers to axial plane schistosity of first generation,

i
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noving fron south-ecst to north-west from NW, E, NE and finally
north, with mexinmun dip towards east and nininum dip towards north,
The axial plunge is towards north, down the din of axial plane,
Consegquently the saine quartzite and doloiite bands are repeated

dovn the plunge. Such folds with axial plunge down the dip of axial
surfaces and with sidewise closure have been called "steeply plunging
recoeuabent fold" by Naha (1959), which has been. aptly criticised

by Fleuty i(op.cit. p. %63-485) and can probably be better <torned

as reclined folds (Fleuty in Johnson 1957, p.268)., In Balaria

ridge and further north. & series of uxial plane lineations,

rneasured produces & value for the average axial plunge of folds

of 58° towards 310°, (Fig. 37);. The stereographic projection of
poles to bedding planes of the Balaria ridge (Fig. 38), which is

in continuation. of Mochia hill shows that the foldin;y is mainly
isoclinzl in character and the strata hove been overturned to the

south,

Suh~orea IV, (Mochia Magra W and E).~ The general strilke of the

bedding in thils sub~area is W N, -~ E;S.E; In the immediate

wesiward continuation of the Balario ridge (i,e. Mochia east) the
NN - pole girdle is reduced to an elongated maxima showing the

closely appressedy isoclinal character of the limbs (Fig. 39).

L pleot of poles to bedding planes of the Mochia sub-area also

reveals this isoclinal character (Fig.40), The attitude of the

oxicl planc is approximately parallel to bedding. The poles of

=
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(Fig.41) bedding in phyllites and in the intercalated arenaceous

bonds foll in o well-~forned girdle around an axis plunging 59°

Xl

towards BOOO, (Fig.k2) os demonstrated by the A- diagram, This
value is in keeping with the overall trend, A4 further check was
provided by the plot of axicl plone lineantions ricasured over tie
entire sub-area producing o value for the average axial plunpe of
folds of 59° towards 306°, (Fig.43), The Hochia fold, however,
possesscs o rore westerly trend and its exial plunge is 52° towards
292°, (Fig.blt), demonstrated by the _ﬁ ~plot. It is thus evident
fron the measurenents that this sub=-area as well as its mastward
continuation Balaria were subjected to set of pressures, aliost at
right angles to that affecting the Zawar Mala-Shisho Magra area
and thus it can be said that two sets of pressures, acting almost
irht angles to each wother, have affected the area., A4 further
confirmation is provided by the study of ninor folds in the upper
phyllite in the south of Bown, One of thesc¢ folds, displeys a
series of N=S lineations which hove been deformed about & later
LW ninor fold axis, On plotting these lineations on o stereogran,
They are all found to lie on o great circle, indicating that they
hove been deforned by similar folding (Ransey 1960), The
intersection of the axial plane of the L~W fold and the plane
containing deformed linections locotes the tectonic axis "a",
which is practically vertical here, The 'bi' axis iz porpendiculas’
to "a" in the axial plone of the fold; theoretically, the forier

is horizontacl #-W, The whole of the observation leads to the fact



thoat the deformed linections ore HeS axlal plone lineations
related to the first K-S irending folds ond the léncations
hove been doformed by loter prossurces aeting HeS, o8 »proved by
thie orientation of the tectonic coxes,

Poles to joint plones in dolomite and quartzite, fron
four levels of lochia lMngra nine, on vlotting on an equal areo net
shovw two distinet moxine (Fip, 5-48 inclusive)., One nucleus
con be identdified 2z ac! joints relnted to the cross-~folding,
but the sscond one secns to hear no relotion to the folding, -

Fro:zt the structurcl on2lysis of the individucl
sub-areacs it is now ovident thot the structural cnomcly in
Zoawar can only be cccounted Ffor by tuwe sets of pressures acting
nearly ot »ight ongles to one nother, in other words by cross

folding

e

STRUCTURE Or THE MAIN DOLOMITE HORIZON.

Tochia doloinlte foriy the wilened north lizb of the noin east-west
fold, It is opporent from the nopping, th 2t the Zeloaite is
cetunlly folded several tinos befeore it ultinmately dips down
as the true north liab, The tizght repected folding is responsible

for the increasc in width of the limb. Detailed analysis of the

fold is rather difficuvlt, becouse of the scorcity of exposures,

but from the available observations , it appears to be assymetriczl,



Thus the lower bhoundary of the northern limb of the siliceous
édolonite passes through at lecst three ''parasitic! iso-synclines,
but no such features have been observed on the southern linb,
The plunges of the fold axes vary trenendously on different
porasitic folds, but the majority of them show an overall
westword plunge, In Fig, 49, o possible projection prttern has
been drawn by particl extrapolation sugpresting that most of the
varasitic folds are in fact, en echelon folds, (Compbell 1958) on
the lower Loundary of the siliceous dolonite. Nothing definite
can be said cbout the upper boundary and it would not be unusual
if it does not follow the sume pattern, Caiphell (op.cit,)
»roved that the upper and lower houndaries of the sarie horizom,
can possess entirely different fold systens and a sinilar feature
might be expected in Zawar, The en echelon fold pattern is also
proninent in the quartzite linking the rFochia fold and the folded
dolonite horizon, north of Sonaria, This en echelon link is part
of an intricate fold systen, which can be tracecd around the
cross~fold tc the north side of the Shisha Magra thrust, Thus
the quortzite folds ars original Aravalli folds and it can be
suggested that the en echelon link up is also an Aravalli
feature,

Some en echelon and pod folds may have been created
during the cross folding and o likely area for such patterns

would be in the complicated link up between Harn Magra and Bova,

It is, however, certain that rnost of the en echelan folds were



created during the Aravalli orogeny; cross-folding could have only

been responsible for minorr en echelon folds,

TYPE O FOLDING.

In the Zawar area, there are folds of all attitudes fron upright
to reclined with steep northerly plunging axes, accompanied by
axial plane schistasity; these are mndoubtedly the earliest
structures to have been developed. The term upright is most
appropriataly used nere as the folds are both of sub-vertical and
vertical types (Fleuty 1964 p.482; Schieferdecker 1959 p.135;
Sturt 1961 p.135; Turner and Weiss 1963 p.119).

Development of axial plane schistosity in layered rocks
has been attributed to either flexure-slip folding (Cloos and HMartin
19324 Billings 1954) or to shear folding (Knopf and Ingerson 1938;
Turner 1948)., The evidences available in Zawar area favours a
flexure~slip mechanism for the development of axial plane schistosity.
(Mookher jee 1965 p,76) But it is nevertheless true that at a
later stage the schistosity planes did act as planes of slip, as
shown by striations and puckers developed subsequently on themn,
Thus in the second generation, folds and their associated. axial
plane cleavage display characteristic features of shear folding,.
In one instance, in the westward continuation of Mochia Magra
(near Ruparia), a phyllite bed has been folded into & tight syncline,

in which most of the movement took place on the E-W axial plane
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cleavapges, Only the horizontal component of the movement can be
seen on the swface and the direction of movement cannot be
determined due to lack of vertical sections, but definitely it is
not exoctly vertical,

Absence of any concentric folding in the second generation
folds is very conspicuous and indirectly supports a shear folding
process for most of the folds, Tilting of the axial planes in
certain cases can be ascribed to gravitational effect on upright
fold (Bucher 19%6), Plunge of the folds oan not be described as
the result of simple bviaxial strain and thus a subsegquent tilting
of the fold axis due to superposition of two biaxiel strains in
different planes (Holmes and Reynolds 1954; Weiss 1959), An
interesting feature of the second generation of folds. is their
uniform trend and plunge in the extreme west of Mochia hill, in
spite of the superimposition on the already folded strata, This
is contrary to the conclusion of Rumsay (1960) who pointed out that
superpositibn.nf folds on earlier folded surfaces would not usually
give rise to a wniformitrend and plunge in second set of foldse.
This is probably because here the second generation folds affected
only one uniformly dipping surface and thus only one set of folds

corresponding %o the second movement developed,

CAUSE AND EFFECTS OF CROSS FOLDING,

Heron (1953) suggested that the Raialos were deposited between

two prolonged periods of igneous anad orogenlc activity, which

16
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constituted the LEparchaean interval., But in fact, hardly anythi?g
is known about the earth movenmients which occured between the close
of Aravalli Orogeny and the beginning of the Delhi cycle. Soine
subsidence nust have taken place during this period to allow
deposition of the Raialos, followed by folding and uplift in order
to produce the folded strata, on which the Delhi sediments were
later deposited, Although the exact nature of these movements is
not known, it may be noted that Heron in describing the gain
Raialo outcrop, thirty mmiles north of Udaipur City, stated that
the structure comsists of E-il tronding iso-symclines with axial
planes dipping south. Thus it can be concluded that this area was
affected by N=~5 pressure, duwring the major break between the
Aravalli and the Delhi orogenies, which is also responsible for
the crossfolding at Zawar. The nearest possible estimate of the
age of the crossfolding is that it occured during the IEparchaean.
interval, slightly less than 1500 million years ago, but definitely
before the Delhi cycle (735 3 5 million years ago, Aswathanarayena
1956) .

Crossfolding increased the pressure~temperature conditions
and these were responsible for the recrystallization and
remobilization observed in the Zawar area, Undoubtedly, the
process of crossfolding wacs rather a long one and thus
recrystallization acted as o means of partial relief of stress,

During crossfolding, the temperature was relatively uniform

[0
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throughout the mine area, zlthough the frictional movements
operating on the !cleavage~slip-planes' may have locally raised
the teuperature above the average level. Pressure was also

uniform, until the lote tension shears and openings caused local

O
G'l

pressure gradients to be created, A limited amount of pore fluid
wvas available during crossfolding, as indicated by the boundary
clteration of microcline to muscovite, Gruner (194L) suggested
that at high temperature the production of muscovite from
microcline taltes place in acid solution and thus the pH of the
fluid may have been slightly less than 7+0, This suggestion can
be questioned bécause of the possible action of acids on the
carbonates, which would tend to produce a neutral dlkaline fluid,
Mookher jee (1954 p,570) from his wall-rock alteration episode,
(with which the present author is not in agrvemont - See Chapter
5), also asswted that the medimm changed into neutral or slightly
alkaline from an original acid character. Barton (1959) recorded
that cold fluid inclusions fron high tenperature veins sonetines
show liquid Co, as an iwmniscible phase., Dearing this observation
in nind, it can be suggested that wmaintaining the pressure of Cop
2t a very high value, the reaction of acid plus carbonate can be
prevented and hence, a neutral-slkaline medium would not comne
into question,

The stress developed during cross folding found relief
in recrystallization in the honogencous layers of pure dolomite

horizon, But in the areas where the rniovements were nore rapid



and intense, shearing and rylonitisation took place, In these
places rinsr renobilization caused the coalescence of recrystallized
dolonite crystals, thus producing sieve texture,
Pressures oacting on siliceous dolomites, wmartzites and

phyllites, constantly raised the minute pressure gradients and
thus causing recrystallization as well as migration, Dolomite,
quartz and microcline were the chief rock minerals to be remobilized,
Congiderable remobilization of microcline is found in the areas
of intense shearing, under conditions suggesting transport over
a fair distance, In the areas where transportation was even mare
effective, cuartz and dolomite were collected in pools and veinlets,
simall tension gashes and craclkis in the microcline crystals.,

Migration of oulphides is also considerod I have been
hrought cbout by the cross folding, which created the crenulation
cleavage planes in dolomites, Uovement on this plane wos cided
by deveiopment of biotite, seen to disrupt sphalerite crystals in
places, Occasional presence of muscovite and microcline in these
rlanes sugzests that sphalerite occupying crenuvlation clecvoge
plcins near Moin Shear in dolomite has been remobilized from the
nain shear itself, A4 similar occurence has been reported from
Sardinia (Smith 1964), The vpresence of coarse-grained galena and
sphalerites in tensional 1link veins and gushes also suggest
renobilization if, as will be shown later, mineralization predated
metamorphism, Tho jdea is further substantiated by the fact

that fine-groined sphalerite and gelena have been smeored along
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the shear planes, Pereira (1963) observed similar features in the
lead~2zinc deposits of the Iglesios region, Sardinic, emd glassed
hoth these and the Zawar deposits as remobilized orebodies,
Recrystallization has occured in the sulphidez contemporaneously
with the shearing. In some of the sheared galena con be seen

small rounded masses of sphalerite that appear to have been rolled
along, That the recrystallizoation was efiected by tectonic forces
is clearly displayed by the 'stedl' texture of galene; Ransome

and Calkins (1908) attributed such phenomenza to crushing of coorser
galenc followed by recrystellization. Waldschmidt (1925) described
the textwre at some length as follows§ "..... deformation by pressure
causes & flow structure in which the galena acts as a plastic uess
containing fragments, frequently rolled ané transported or harder
mineralsi’y It is evident from the preceeding discussion that
recrystallization and remobilization are the most prontunced effects
of cross folding, characteristic of Zawar deposit, Tor such
tectonically remobilized deposits Stanton (1961) suggests thot
heating, squeezing, faulting, metamorphism all act together to

force the sulphides up through structural breaks.,
CONCLUSIONS,
At the close of Aravalli sedimentation, Aravalli orogeny took

place and folded the rooits into regional NE e SW trending folds.

The trend bifurcated near Udaipur to the south and -south east and

[f\-’
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at Zawar it was almost noréﬁ—south; the isoclinal folds now forming
part of a northerly Prangiog anticlinoriwa. There was a long break
following the Aravalli orogeny, and this breck was attended by
intermittant periods of igneous activity and earth movements, The
latter phenonenon created the conditions required for the deposition
and subsequent folding of Raialos. Thus before the Delhi Orogeny,
there were phases of earth movenients which created pressures in'a.
north~south direction and it is believed that these pressures were
roesponsible for the cross folding at Zawar. Cross folding caused
the production of new westerly trending plunging folds and deforned
the early northescuth structures, zbout the new east-west fold axis,
It was also responsible for intense shearing in the area along with
recrystallization and removilization of the rock minerals, as well

as the su}phides,

ol



"It is the great beauty of our science that advancement in it,
whether in a degree great or smell, instead of exhausting the
aubject of research opens the doors to further and more abundant

tnowledge, overflowing with beauty and utility."

= :L,ord Rutherford,



Chanter 7. FABRIC ANALYSES BY X-RAY DIFFRACTOMETER .

TFTRODUCT IOX .

Knoviledge of orecisze lattice orientation of nérticula
cirystels in tectonites is the fundesmental object in the field of
{abric analysis. Fabric studies have previcusiv been made almost
exclusively by ontical meihods, using the nn1rorr1ﬂrlc microscone
and universal stege . This means that fine-grained rocks and onacue
minerals have pnffdrce baen largoely ighcred, whereas for gsome other
minerals, notably vartz, only incomplete data have Beﬂn reccrded,
since their nrecise orientetion cennot be determined ontically
This has not, however, »revented avthors from sweculating which
olenes and directions within the guairtz crystals »narallcel the
tectonic varameters vwithin a rock. These theories are summarised by
Hietmann (I936).

Few offorts have been made to de bormlnc the preferrcé orvs tal—

=
2

granhic orientation of minerals in rocks by mcans of x-rays. Pine-
graineé rocks zre mors guitabhle than coarse for x-rey eralysis. An
early attemnt wzg that of Sanfer and Sachs (I930) to investigate the
orientation of quertz in a slatc, but this wes marred by their
erronenus indexing of the Nebve-Scherrer rings (Braitsch I957'p,343).
Ho (I947) based his work on that of Sander and Sachs (op. cit.) and
thus his results too0 are invelid: nerhans this misidentification of
reflections exnlains the discrenancy he found between the ontically

determined fabric znd that obtained by x~rays. Kratky (I930) and

n

fmirbain (I1943) also used nhotogranhic film to record the intensities
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of reflecticn. This method wes leter modificd by Starker (1964 a, b)

n

but the complicated consiruction of the moving filwm camera modified

ter Howarth(I940) Wooster(I94£) the internretation of the z-ray
photogranhs, which are often hazvy, (Stsrkov 1964 a, Plate 2) and
i

the mathemetical deduction &t different setting of crysiallogranhic
L) Lo

nlancs,; along with congilderation of the abserntion factor, »revonts
o~ wide ugo and general undersicading of the mcethod.

Analyses of ore fabrics have nreviocusly not been attemnicd.

meihod of cvalueting proferred orientation in a metal

snecimen hes been to take a series of transmission photogranhs of

the srecimen at different angles in order to obtain sufficient

information {0 construct a »ole figure for the low ordcr nlanes

(Vever I93I: Barreit I937; Gensemer and Mehl I1935). Such a nrocedure

is long and tedious and is subject to various errors (Decker I943).
The advent of the Geiger counter x-rev diffractomcter; which

improved the speed and accuracy of the goneral techunigue; cnabled

the xX-ray mcthod to he satisfsctorily emploved in messuring crystal

]

oricntations in metels and rocks. The method wsas first suggested by
Schulz (1949 a) in éetermining nreferrcd orientation in flat
reflection mamnles. To give a comnlcte cover of the petrofsbric
dirgram he later modified (Schulzm IS49 b) = transmission technicue
after Decker, As» and Harker (IS43). Schulz's tcchnique was further
modificd by Liggs, Friedman and Gobhort (I950), but in cvery case

only to simnle rock minerals. In this chanter the whole technicue

hss been critically roviewed and improved and it hes been further



aaplied t9 ore minerals as iell an coarse-grained rock mincrals.
Trom the resulting febric fiagrams, no attemnt has been made to
doduce rclation bcuxccn the ore fabri€é and the fabric of the

minerzls "rcsent in the host rock zand to detormine its possible

hearing on the csncct of metallogencsis

DASIC "NICIFPLES.

Yhen a2 heam of x~rays patses through the regulor paticern of

a

atoems constituting o crystal, Jdiffraction eifecis nroduced.

Y
L]
o]

The diffracted x-rzy beams arc rcecorded as neals on a strin-chart
rcecordesr indicoting the outout of a counter. While considering a

nolverystalline aggrogsts, in which cach crvstal acts as a diffraction

&

grating »nlecec in the »ath an x-ray beam, therc will be a number

Eal

of crystallogranhic wlancs inclined to the incident boam 2t their
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Bragg anzle (Prage =nd Tragg 1933). The Rragg ecuation is mA- 2d Sme

wherc n is an integral number, A is the wavelength of the incident

x-rediation, 4 ig the distonce betwecen identical lattice
the crvetal and © is the angle hedweon the nlane and the iacident
boam (Fig. 50). Angl ar doviations from @ incrcesse, as the dogroe
of impurfection incrceses in a crwstal. Thus, the diffracted beam
from a layer in an impcrfect cryetal will avncar as an clongeted
spot or 28 & broad peek. For an sggrcgrnie of tiny crystal fragments
in completely random arrangoment,; swnots from senarate crvstals merge
into a continuvous feature defined by the Bragg engle. Here the
diffracted bean for a given snacing will anpear as a line of uniform

intensity on the chart, vhereas a polyvcrystalline aggregate



commriging nrcferentially oricnted crystals will give rise to
distinet peaks over and shove a mencral background. Thesce intensity
peaks are then matched to gpocimen orieniation, plottcd on a poler
spiral diagram (the locus of a norticular pole figure doscribes a
sniral under the influcnce of the tire imnresscd rotations) and
sthsernentlsy contourad according to intensity. Thus proferred
crvstallographic orientations arc denicied in febric diagrams by
plotting the intensity valucs: verictions in intensitices recordced

at the different nositions rofleet Covisrtions from random

crvatallogranhic arrangenent in the aggregaic.

IIEHTAL PROCENLNG

Oricnted s»ecimens wore corced in the form of I inch diamctor discs,
Yoinch thick Ffor the reflection wmode and these irere graund to 3QAL
thickness in casc of trenrmission analysis (Fig. 5I). The unner
cxnooed surfeccs of the discs for reflection analysis werc prenared
to 2 mnelished finish befere mounting in the texture soniometer.
(Fig. 52) A Philipns 2KWN x~rav diffractomcter, with taxiurce
goniomeicr 7Y I078 (moﬂificd after Schulz I94C) wan nsced in
conjunction with the =ide ranpge goniometor PY I050; Co K« radiction
and Ni -filtcr were cmnloyvad. The flat speeimens, set for reflection
were subjeeted to two rotations around mutually nernendicular eaxes
(one of which is normal to the wlanc of thc snecimen) end to an
cccompanying lincar mcchanical integration within the plane of the
nitch circle. The snecimon rotation velocities (which arc sclected

nrior to a particular teet) arc also matched to the fced of the
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chert rccordcr. It follows that within the accuracy limits of ihe
toxture goniometor defined hy the rofleetion and trancmission modes,
all cryvatels nosscuging & @ -—-goacing avnronrizts to the particular
radintion rnd Bragg ensle setting will diffract =s a funciicn of
he oriensation or the Tlat #nocimen surface with roswcet to known
co—-orcinstoz. Tt is cssontial to chock the scneitivity and the
sccuracy of the instrumsnt and henece an igotronic agsregeic of
lithiuwm fluorife cryotals mountod in svocimen form within the
toxture goniometer is run. The accurescv ig judged by ¢ streight
line of coustant disnlacoement acrossz the chart width vhich roenrosents
the igotronic noture of the fabric (Fig. 53)3 anv sharn peak would
demend & thorough checlk of the instruament. A wmoor finish to the
snecimen surfece gives rise to a falege toxture record.

Fach swecimen res first subjzeted o a rough =canning in order
to draw cut the several peaks corrcgnonding to the differont mincrals

hovin

(B}

cefinite Drage anslen and d-gosclings relsative to »articular

crystallogranhic divections (W k 1), For special diffraction

o

rurposcs the ceanning ranse of the goniomcter can bo acd justed

give uni-directional or oscilletory motion between pre-sct limits

—
)

]
and a rcage of 5 -~ 65 iz usual setisfactory for locating differcnt

. . - N . 1
minersla.  Altihough diffcrent scanning sgwaeng oiéﬂz, 5y I and 2

[

per minute arc aveileblo by choicn of sritable svur gears, e I scan

. . ° -~ .
por minnte wes chocen combined with & I divermencs 2nd & 0.003 inch
receiving slit (Schulz 1949 =).

Y,

Following 2 rough sciny the goniometcr weas thon sot for a given
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206 corrcsponding to a suitcble lattice nlanc in a narticular
nineral and the motions, outlined carlicr, werc brouéht into
onerstion. The swecimen rototion is controlled by o choice of
clutch setting vhich in fturn doterminces the deproec of nitch ner
rotation of the specimen. Table J2 sumweriscs the offcet of
diffecrent clutel scottings uwpon the rotstion (in degrews per minute)
piteh (wer rotation). Clutches arc referrad to as A and B coch

which can he sct in three diffcreant vnositions: 9, I and 2. Work

hes been performed in both the tronsmission and reflection modesn;

th:: relevant control Ziven for bhoth.
Exvnerimentally, the resllts from reflection scem to e more
setisnfactory than those derived from transmission. However, the
quolity even in roefleection can b affecctcd by such factors as the

tince constant, the intesrztioun limits, and the grein size, which

=
o)

T C
discussed later. From scveral anelyscs, it wes found that a clutch
sotting of A in I, B in I, € in ¢ with a pitch of 5% ner rotation of
the spocinen is the most effecctive wracitice to obtein best
this sctting wen meaintained throughout the
worls and charis weve rosl off mccordingly. Ik svory texture chard
starting from 0 ; five small chart divisions range up to 900: in
thiz v the chert was moerked off up to 366’and thus a comrplete
rangc from (P to 360°was cstablished, which in fact reflccts the
rotation of the srpocimsu throngh such snelez.  This rotation of O

o
to 360° zccounts for o pitch of 5%(Fig. 54) and thus the whols

langth of the chart is read off. Roadings in botween the range of 0.

*Pitch of 10° and.2.5° are also possible (Fig. 56a and 56b),

1
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through »nlates or rafleetion from single flat surfeces, sineo

£

chzngces in the sngloe botween incicdeont boom oac samnle affect the

a2

diffracting volume ~nd the »nath length within tho sample. They,

therefore, suggested that geomctric snéd absorpition correction
factors bc inceormperaicd and conclufcd that although Schulz's
methed roguiros no absorntion corrcction,; overall intonsitios arc
reduced, andé 2 misalignmont »roblom 5 cneountorcd.  Higs
and Gebhart (on. cit.) used a tcchniruc mocdificd after Jotior and
Borie (I9%3) end emnloycd hemi-s-horical spocimons.

Ag in tho wrescenty worl flat snocimens weora usced, it is
imnortant, =t this stago. tco cheok their sccuracy. The essential

clements of fSchulz's roflcection is chon in Pig. 57, Lisz a vertical

linc source of x-rays nov more than 2.005 inch in width and about

s~shancd beam ¢iverses from thig, whose
angulzr width is controlled by intoerchangeeble vertical slits at

the position 8. This b¢

sample sct st the Bragg
cnglee. The diffracted beam lecving the semple convergos to the
vertical slit:sbat the entrance of the counter €. This focusin

srrangement is charzeterizad by vertical eclements (The source is

vartical ~As arce also tho slits 54 ond Sﬁ) &8 well as the horisontal

the incident beam (2% S, and S, )
and the third one being usced at the entrence of the counter.
Mechanical mounting of thoe ramnle dermits rotaticn about two sxes,
F-TF' and 0 -~ 0', one of which (of two 2xcs) is normal to the

samnla.  From hiz mathenntical trostmeunt Schulz (1949 a) has shovn

130



that th: serttorings vilume dVis equal e yﬁi_dt(Figo 58cz)vhare W is
9ine
tho horizontal width of thae incident xe-rnyw beam and 35,is the vartical

[ L 1

vifdth,  After o retatlion g gho'm in Pig. HUb the volume increases to

dv - ceee(I}) Tn both Fims 58(a =nd b), the incident

nin@ Cosg
and diffract @ boam nnke en saele € with P - F'. It ie, thorcfore,

avident that the effect of & rotation ¢ is to increase by & factor
of I/Cos ¢ the path length requircd to rowch o siven dewth,
meosurcd nnrmal to the surface. fow, if To is thoe incident boeem

intenzity and D the nmeattering officiency of thoe waterial ot the

-

s the reflced intonrity I con bo erwressed as:

wn (=2 pY/s 1neCos¢)]dv eeee (2) mnre M is the

absorntion couffccicnt. Using ccuations (I) (2) the intogretion

crn he extendod cwver the entire offecctive seottouring volume of o

ot mscaa

sapple hoving infinitce thicknoss: I = To D5, S
1vg Cosg O

5ineCos
On intcrration and simnlicatien of cruetion (3) it becomss I =

_Bol when I is dependent om o

Io DINS, & J(s)
I: 2/1,\, -,_I exP ( Ov\.e Casd-“’)
gumcd that the senple is made up of compact

mebericl snd is 'infinitcly' thick with regerd to the abserhtion,
tha z-rav gmot does uot loave the surface of the aamunlc and that
the total x—-rav beam iz roflccted ot the sdjuvsted gloneing anglo.
The s-raw herm vust leave the surfece of the swecimen 1 the soms

whicel discrancney in Schulz's nencr whare it ie

roforred to as W D, dt/Sine

*% Thore iz a typographical discremency in Schulz's panar whcre/w

is abhsont.



enrle and is roceived b the goniomcetcr csunter. Byorcssion for the
intengitsy reloation ross bocomne:
S LRSS SO A o A (6)

whore Lo renreconts the intensity of the rrimary x-rey beam, h snd

coont 1t hedlsht and wicdth ?HﬂlfkrﬂﬂTﬁﬂGntE the lincar

haorption confficiont of the cryvetnl~form uwnder invosiicsation.

The Toeoctor ¥k ccecounts for 11 the remacinders of the nrrticunlar

crvatal-form thug substituting for

strunture fretor znd corrccetion fachors. A suponlomenitery fector

torcthar the varisble corrcction mambers.

T is introduc

Another geion with the Textuvc--goniometor using Schuls 'z

method ims

)
° f cZn ( w 1—"“““) d.l'ou--uan--u(’?)

(Gehlen I96C)
znt on the

>1n7}1(,o“ ;f;

for the scction thickness [ — 993 the fretors Jcwoend

gloncing snelo @ ond & cre thar soawerated.  “hen the semnlc is

L.

commoscd of soveral comwonents and the considered crvstal form im

»ragent only R gnortions by woeirght, the exnrogsion bocomaes:

I —- '-I-‘-oﬂ l(lavt.--];l-._:!_?‘U L] i&:l. ".-.,.'.'..(E;)
xﬂ. t.'./(/—w\, . Po.

vthere Pa is the thicknoss znd

coafficient of the total spcei:

the ~djusted glrneing angle only »articuler cryvetel tvne roflects

and no c¢onincicdental roflcctions arc nroament.
hare thet Textvre—oricntetions must be cxnroesed through o varieble
fgctor which varice withv= ¢ (rufer to Fig. 59) Here, the »rimery
rey Romokas the anple vith the horizontal dircetion on tho semple

surfaco (k) snd ith the ryis of the counter (Z) it makes tho sngle

28 . The samnle is turncd arcund ite normal I (anglow ):

132
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surfoce (K) ~nd with the aris of the counter (Z) it mekcsz the angle
20 . 'Tho gom~le iz furnced arsund its normel ¥ (anﬁln“’)i] Ref-
similtrnoously A~ slow inclinction around the horizontal ayxis K
(:ngle ¢) ond a8 »rrallel disnlacoment of the samnlc sorface in the
“ircection P hocome effoetive

Trenginisgsion tochnicue arovidan Anta for ~ariphocrnl

nortions of wmols (ingreme. Ceniral coreas orc blind ssotn. Asg the
revorae is trus with rofloction teehniouwoa; the twyo wrocassss ~re
sunnlomentary.  The Bnrecntial clomonts of Schulz's trrnsmission
cchnique src ghown in Fig. 65,  According to this arrangemont,

L is the slit sourcc not mors than one ineh in width and about

D.050 inchas long.  From this diwmrge o rodme-shancd incident beem

vhose rngiler idth iz defincd by Wo. The tronsmiscion samnle, in
the form of o thin scction max be turncd about by o measurcable
rngleol s in eddition, the samnle con be turned in its own nlane.

The width of the Jfiffracicd heem ~s it leaves the samnlc is W' and
finallw, thoe width of the diffracted beam vvhoen it reo~chos the counter

i W', Tt ig, however, trus that thoe intensity-roduction tekes

. . - . . ~ o .
nlacc with hirh inclinsation of the samnlce, seoy ¢>> 707, &n tho x-ray

gnot in »rrt miszes the sammlo With bipgsr ¢ tho

intousitr dcerconcs, until ot 90o the 'Null offoet!

occurs, Thoe svrfrcec hit by x—rovs i commonly & parallclogram,
which iz nullced ont into o rectanglce vith two bovellad cornars by
L

the narellel dignlecomant of the samnle (Fie. 51), wherc the diagonal

D givee the minimuom fismoter of » centred samnlc. Sines, h and b
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mificg the height and the width of the x-roy boam rogpnoctively,
H end B rre revecasniced here by b oond b rosocetively.
Cos ¢ Sine
. - . . . . o,
Anothar imvortent roooorn for intdngits reduction ovar¢$=13(alrcady
invertirrted bv Chornock snd Beck 19523 Chernock et. o). 1953 for

the texturc—-goniomatar), liss in tho 'Cefecuzmsing offact', that

muzt bhe encounterod with olone gamnle surfeccs with noralled x-rey

M -
[l-Fain

the dnfinite hedight ond width of tho beam,its
outer part boeomin furthoer outride (or insicda) the focussing—-cirele
=iith inersreing ¢, with the sam~lc gurfacc cut-off. An increasecd
line--hro-~dening occurs as finslly tho totnl rofloeted boam is no
longor recovded.  In ordar t2 lco» the ronge of o ; which is of usc

o

mithout corrrotion,; ono must thercfore owen the covnter shuiticr an

w—d

mide gs pouegible, even if thorceby some rosolution of thae linc is lost.
The unigue charecter of Schuls's moihod (IS49 b) is thot it mekes
the couating rate a symmetrical Function of the samwlec rotation

4

by roducing by onc half the amount of calcern!

imnortznt frctor is that according to his mcthad

a cortain rangc (25/L - 3Q/L) of thicknass, the maximum counting

roatc curve could be changed 1o » brozd, fla
3 Y P - - 3~ -~ 2 3 cxq Y mam A A e 4 R T i
region ne corraction Tormulo is roruirced.  An important ousarvetion

g that rhichoever s the int:

el rarg invorsel  nroporitional to mesw absorntion confficient i.c.

3

It ig almo emrhosizad hoere thet since the mincersls

ahizoration cocfficient from cach

haire, have verv c¢i

other, it iz cvite likalw thet 2 mincrsl writh high absorstion



ficicnt ¢.g. malene, in weskly sheorntive surrcundings, for
instnnce delomitn, would show Jifforent kind of fobric »ettora.
Gzhlen (IS62) ~lso sbacrved a similar fosturc.

o= IT tho dicmctor of $he gomnle, ot loact

smallor than D, tho rx—reoys in pert misson the
surface of tho gapsls and the gize of the arce covored vari-s vith
P sné v . This vrrintion is reforred to as 'form offcct'. In a
Cigoriercd sl the intoennity differs by ~ foctor b/F' vhare T

ES

:nts the actusl »ortion of the samvle it by x-revs and ' ig

the arce exvosed to rersvo during » perallecl dipolacement of
sufficicntl» larg. zamplo. With ordcorced zompleg the intensity of
the incdividuwsl interfercnece will iffcr in this factor. Tho
vxistoneo of 'form—offeet' ig hoest recognizcd whors the bhacizground

&

geatter shows two moxima and $:50 minime in couel intervsals during a

shout 7. FHowcver, rz 211 the seoiples
during ~rocent investigntion wers circular ~néd cxectly nositioncd
no'form—-cffcet' wre cncountercd.

“Distribution Bffcct" in groins.— Intensity fluciuwrtion with two

moxima per rotetion of the somwle denonds on the lincar ~ttcnuntion
cogfficient, which veorics with ~ . This is the case vthen differcnt

crystal tvnes ore not in the same »ronortion by volume for cvery

I}

nosition of the x-ray snot on tho
"digtribution effact™. The only way to avoid thig cffoct is 1o
ensure o thorough statistical grein distribution.

In cnsc of samwlza with nen—-gtatistical distribution of tha

spanle.  This offeet iz called the



groine of éiffarent cryntal types, egpocinlly thosc with irreaelor

l~wont,. bhocoume of the Ffistribution off~et moentioncd ~bhove, onlwr

neetionn verticnl o e should he used in r-roy fobric

Aysis.  In cnee of acetions morallel to J-surfacos, it is rother

imnortont to mrintain thr gtntistical fisztribution of sraing in tho

surfrce of the Thig iy oarticulorly im»ortont in Tnbric

nrlyein of minornls “rith weak ~bsorntion in strengly nbhoorwiive

surrsundin In toxture orient~tion analyois of wvoery strongly

-

Zogorntive mincreslie in weakly sbhsorstive surroundings many l-rsc

crror= are uot oncountercd. Cne con gometimes a~ttein thig by tho

choica of on awpronricic -w igrtion of » scction
warallel to Se-surfacc cen oftonr nassror the quostion of which crynte

&Cco 1o errin in the plrana of &, then con 8 zoection »norpondicunlar

to 1%, Thus,; o vreforred orvigntotion rbout the 'n' cxis in mossive

stite ore from CGroncshers, Soaden, 1z more asccurnte irhenr the

nrism-froo in & rocdiicon peroondicular

te it is

FMochoanicnl Arvongoponts for diffraction.- In tho Philins wide ronsge

goniomcter the soceimen ~nd the rodistion dotector nrobe ~re rotnted

~toa I:2 sngulor caced rotio in o vertical wmlnno by two concentrically

mountod chafts.  The ontical rrroncocmont

stetched in Pire. oF and 83 give vory high recclution and ncoursey

Segurfeecn of Sender (I930).



inn the morpurencnt of 7iffr-ction anzlea intengitics. Tho

Adiversent lincs indicnte the engmlor oparture (Yefined bv ~ single

Civersence =lit) of the vory fing x-roy bosm in the ~lene of the

Brogg focueing ~nd the orrallel elit o2omembling limdts thoe Jivergones

of the beswm in the nlsne »Hersendicular to the »lane of Broge

facusing, The diffraocted reys converse aomroxinctely te 2 gingle

line a3t tho counter rocciving nlit, the width of vhich cffretively

-
o
)
H
[
-~
(]
]
o)
=)
ﬁi
%
Juk
[
::‘:.
o]
[
e

diffraction neskr snd the gqualityr

A

Incranaing the zlit width ninrkaedly, tho
¥

ri.corted Do

intensgitics rrc increased, but this corrognondingly

roducss the rosolution. Horizontnl fivnrsmncee is trictod v the

s1it ngseombly RP nnd dotcetor o

genttnr slit 35 rontricis tho cournt o morc rave diffr-ctcd from

the svrcimon guerfroe ~nd reduces tho bockground to -~ minimum. It

ig wm-hasizod hoere that this f-otor iz ort~nt only while using
ordinnrry x-roy diffrrctomctry for the »urnosc o rough sconning. It

nng no bearing on itexturc—-goniometor work ot all.

Affectn of Mochanical Integration.—- The zture atitochmont

incor-oratee an intograting stasc wvhich, in offect, serves to

inci the uwnifornity of the #zrogs irrodistced arca ond to ¢ncure

th~t the results of a »erticrlsr analrpis arc rapresantative of

brerder svwecimen sron.  Thers ~roe three ron intogrotion: Sam.

Q@ mm,, IS mm., orch of vhich indicetos the totzl specimewn din-
oloctment noross & Clemoter obout o contral neint. This linenr

motion c-w v lmo bhe cut out, so lersving

shucimen subjected onliy

137



to the two roter wotiong.,  Althoursh the localimnd diffrrctions
from coarno-sroin socelmenn ¢rn gom-tinmnz boe smoothed ot the =source

b mochrnienl intosretisn, so locading to a moro egnily resolved chart

ontwt, cuch on intesretion freilits hes much lese influcnces uron tho

it Fros rathsr

~airotro ic,

Pig. 54 shows that thore is 1it+le

in cutout frowm » h-wagonous =hyllite snecimen

shrue O gress of intosrction.  Vrisr 1o cnch particular

to Tollow iz to rnn the swnhecimen over at

el
S

a
]

no

~. thore shordld be no toextural
neticrn:.  This provides not only & checl on the intecsration offcci;
fecte shich counld /~ive risce fo

but ~l=so on cnomeloun surfrece of

constont scrves to omonth the individunl pulses rocnived by tho

cow roined time

. MTois gnoothing tekes

weln

1 sround., In

&

ﬁhg form of ststistical moon werlr curves ~hove
1

gouceral, hishar tims consgionts mere asatisfrotorily omooth out

flnctuetions othoriiine proscnt in =

freilitode intoronrotetion (Fic. 65). This, howrver; is o

. % ~nd dlstortion :shen

sonnninm. A shertor time conoitent, on the othor hond; ~ives o more

socursiely sconned pr in form rnd popition bt mokos the

moreurencnt ~ad intorsretotion much more difficult, on zccount of




the dinercoscd flueta-tions . An optimvm time constant for

convintions’ Jiffrrotomatrs in covroximotely cquel tod

A om me e - a—cau

Lo g

2
“Saan g Tioarees 5 minly

Sean sacod

In the wrefrrred oricniation work, rathsr than shifting norks
~g o function of 26 , thov are hore digplaccd 2 2 function of

snecimen nricntation., Tor

anlc, o roflocction shncimen
o ~ - : fo ] . . .
sorforning o full rotation (380) in itz own »lanc in I6 min,

. 5 . \ . [ . .
th an nzrocirted pitch rotstinn of 5 wonld, diving

a

o
2 I sce. time consiant woried,; cynorience o rotetioan of 3/8 =né a

_° e . I
~round D.000.  his would be equivalent to o log on the

]
che2t of 3/8 rototien which coan be ignored. At ~ time constont of
4

To soc. the 6 lag woeuld be portinlly offsat by ~n initinl back-

sctting oF toxture attrchment but in »nrectice, +~ith the time constants

heon lost and the errors have »nrovod to be

Ths ~djuntabhie time constnnt ¢, contrels tho number of immulscs

2 elven vnit of

N8

bt
-t
~

tirmc. Donandencs of the nork height on ¢ lies in
thoe rvernge of the lotter. This sundrogszion cruscs o varintion in
the form of the individurl mazima in the roaristration curve. Such

~oouppression ~ni thit +ith leaping

verintion in the imvulse valuc

&4 rhout A; tho new veolue A, in tho registration curve is not
-"T

immedictely rcached. A (t) = A, PAL . e / ceocenes (9).

Tere the minvs velus is fbr‘A2‘>A.nnd alur valuce for Az <Ap In

Pir. 66 intensity distribution ~round o meximum in the dircction
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Vv aad the doerived mpetcgurosble curve shone have boew dcmonztrotcd.
It hog Dren corived from meastvrements with difforing time constronts

1

th t where the turning »eint on the asceondine limd of thoe rogistrotion

1 vnlne, the true distribution ond

the rogistrotien curve riochr o its highent volus ot the crogsing

noint of tho o ourve

o

(Cchlen ID6D), 4 corroction of the

(maxima)

~hicrlly, if nceomesry. In Figs. 67 and 68, Amax /

portitiong of the individual

donc ¢

4o ~nd A t rersmuctively, are nlottad ~gainst ¢ ond for ¢iffcerent

Effcete of Grodn Sice ~nd juunber of Oroing.- In ordcr to obtain

relovent dotndils o dofinidts number of ~reoine
muagt bo meacured. It iz conmilcered thot with foirly zood oricatetion
0 - I0 groins nre sufficient to provide n honegonnous

istribution of the groins of the cncounto crvatnal tyrne in the

L »vurpoges, uniformity of #roin =ime is not

e lly ennll averagoe grodin diomotor is decirod,

oo of o mincr-le,

rcecaesary te roalize from the strrt thet

the fobhric diasgran v not rewrodunce o1l detrils.  This holds good

o

nerticularly for the oonnloes wwith different groin cizoes for the

gome mincrals. It is imwnertont in the toxturs-—goniomctor that the

ogition of thi. ¥—rrr onost on the sriedlo . hH molc

dingrorn nroducoed ~ith ~ torture genicmoetor rolotos not o a dcfinite
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sramlc surface, whieh cre continuously me-surcd (not onlvy during

the grimle rotetion sround N, but ~lse during the inclinestion of

srmale chout Ky rofir to Fig 58).  The obsorvetions on the
nueabsr of sroding and srain gimo ~ro ~nnlPesblse onlx to the sannlce
gerfoce.  The qurstisn of how f~r the sreing, wWhich lic wndor the

surface of the ram~lc,; nrce to be conmidorsd im difficylt and {thus to

dacipher sny relaticn of srain o to nenetyodion fenth would ha

sanctration depth ronrczents only I% of the truc

tecentive:
intensity reflceted from depths. During the wresont invoestigetion,
several conrne—groincd rock mincrals s well as ore mincrals hrve
boen sxemined ~nd in thore crses, thr diffractions, which cre not
amcnable to smoothing and connot reasonobly b rogeolved into neoke

~

abov.: brgolkground for subsecucnt contouring. Iiffroctometer reconds

of tho conrsc—gridincd mincrals have bheon recordsd in Wig. 69. It
is = »robeble cxplrnertion that due ta the

sithin mn othorrise

irradisted sree B}
of the individuel grains beecome mors pronouncoed during the diffraction
process as o consequeonce of the roduccd frcility Tor smoothing =t

it ves found throt

SONTCC .

in order to ture pattorns zhould

he trocod Trom sovera’?

X 1). EKnowing
the proscnce of texturce in o particulsr gincrel in a certodin b k)
plane, the semc minersl oust boe set For other(h &k )elancs, by

vapving ths corres—oncing Bragg raglc, wntil owrowcr textural »nticrus

conld be obtnincd. Fo meticr vhother the srnin size eof the ninerasls



is corrse or net, ~ny toexturc "roscnt in it wonld be revonlod by

Fnad not as @ line of vniform intoneity, vthoen the
~oniomcter is fixed =t o »rriiculer wosition corrcsionding to the

Brogsz cngle of nomincral.  Phis methodé olthough in the nnturs of

1

trial =nd crror, scomzs to he the most setisf-ctory zoluticen to

the problem r~nd rs rny texturoe srosent in o mineral could be ongily
- - 0 - - o . v I3 - " «

regogniz ¢ vithin I0 frowm the otarting »osition, the mothod is not

too time ceomsumine. It ig, however, ~dvigoble theat in obtsining

teztures chroroeteristic of o winarel, ovorlonning of perlis zhould

3

be nvoidad anf hence the 20 seleccted for o »orticuler mincral muast

b tvniecnl of it mnd o similer and/or (o3 wnels of another

Nincr~l ghonld ho swvoided.

~ .

Lrosis of background is

Logyrround Analysis.- Thecrcticallyr, one

2

vary importsnt on the fabric analyveig. Beecausezgof the structural

-

faults in crwoienl, the scattoiring of the backgromnd takes plirce.

o

Jince the height of the secattor bockground Acpends moinl

woon Ié{pm,

[}

whf“ayq“repreﬂen%ﬂ the linsor ationuntion cocfficicent; it must bo
determined on thi srme gommle on which toxture mecsuramcnis ore
coreicd aunt. But it is the ~im in oreforred oricntotion worl to
nrasent o comprrative micture of ¢iffroction intonsitr as o function

s

ox

~
]

icnl) roecord of

antationg ~nd not to nre

intansity. Nelativo intensitics ~ro therafore comrosgad in teras

abhove brelground. For oach trxture cxoocriment conductad

h )

sarencnt base vra cctornined by

)
ct
Q
led
]
o]
s
0

¢ Brogs snslo, tha mes

running the sene oxnorimont at ~ Rerge ~nale smith no nssociated

472



“iffrection ncaks =nd for 1shich, thorefore, the out»ut ves

constont over tho vwhale neriod of the oxmerimcni. This 1atter

angsle waz . as clane 38 2ozaihle to the Bra

2 particulsr mincrel Zituly, both acaslesm boelng checkad througnh the

rovgh acone Sone of the immortont 260 valuesz of orc mincrsis, which

A

com Doours for hockgrauvnd

)
«Q
3

in Tehle I3

Ly T A hariinl
=0 VALURI 70

Snhel- r:nc,
Prrite
Chalcowyrite, Trri

Trrrhotite

S P P P e RN

The height of rount for the roeflection to h\ mansurad

cen he sagilv extrenclsted. Meacndonee of such hacksround
intensities on 260 iz given in Fig, 70, veing the valucs of Tebhle
3. Bockground scettering is, in Tret, one of the throo componconts,

~hich compriso mozsursoble intensitr (the cthor tio being the null-

142

offoct aad the main rofleeticn naals) ond this has been disgram~tically

The gurface state of the

s~mple is of the witmest imwort-nee in tho oricntatisn measurcmente.

Arr uncvenneses of the surface would rive risc to folse texture (1"1,'“_.°

~

7)) And thus the receurcey of the mothod corld be severely inpaired.

[

Polishins the szmmle surfrec must be of the bzt ~welitvy) csnecizlly



in cace of ores oridation crusts must bho removed. In tho
oricntation mocasurements, it ic advicable to vec sncciucns vwhich

have already boon investissted undor th. microscope. In tho

orientation morsurament of s

immortsnt to nots vhen scoetisning, thet "diztribution =ffzet? occurs

riry nhour diffuge interforonce.

ies ghould, thorofore; =lwayn bo

A gource of error in fobhric ~nnlys

.r,

is lics with tho foulty

-

rejustmont of the somdle surfnec with rosncct to the @-roy borm ond

]

rotation ~xis in the toxtuere gonlometcr.  The grmnls surfocoe in tho

|

actting nosition con lic too hish or too low ~arinst thoe plone of

the z-rexr boam.  This possibility of crror is to o lorre extont

2r@ided in the Philips terturc goniomoter by an adjustment ncedle.
The gamnle surfac: in its setting »esition con be ineclincd to tho

nlane of the

it might be gnt unevenly.  Then

the normal to the scovle douz not eoiancide with the ~xin of retotion

rovenent it Jonerts from 7y which sbove 211
son orsducs o gront fluctustion in intoasity with a larse voluc of
In the »rasent texture assembly ~ny such crror has hoon totzlly
cveidod and comnlote recurrcy has boocn ochicved.,  Anether source of
crror counldéd bo the tiovning of the somple surfoes which is donondent

on the noturs of fixing the zommle. T4 is thuz importoant to scleet

a suitzble fiving m~ 11, which wmust be nlastic ~nd strongly

ac¢hesive vhen the zszpnle ie sressed on, but it wust not romain

4 4



nlngtic during the course of the morsuroment. 'The author found
~dhesive war az the bent mounting motocrinly it must bo wetchoed

I . ~ . ~ o .
that the room temmoraturs docz not rise sbove 20 C. HMnled justmoent

of the samwle surface uwsu~liy shows ong cxtra peak ner rotction in

the rocording curve in contrast to form- 2nd distribution~cffects
wherae tvo oxiro nealls wer wototion cpnear. It is, thercfore,
ndvigrble to cheelr the rccurrey of the 76 justment of the =somnlo
bofore running it for fobric onolysis.

RESITLTS OF ROCK FABRIC AFALY:

Dolomite, =nhwrllite spd ruertzits wore znalyzced first by rovgh
scrnning ~nd the mincrals rowregentative of cach rock t:rno tcre
2nslyzad individually far the toxtvre-noticrn. In Tobls I4, wincrsls

wvith

investisnted from tho difforent roel: tvs hove boon svame
a1) relavant Cotnils.
dome of the toxture charts ~re reoroduced in Fims. 73 to 76

inel., 211 thomo charts sre re-rcocentative of the roflection mode,

w3 obtaincd from the tronsmission enalysis.

~g ne inform~tiocn

to 890 incl.

)
-

Contournd dingrons arc remroduccd in Pigs.
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RESUTTS

falcna, =sphalerite and pvrits, the weajor ore minorsls in the

area, were investigated. Thav icre not only =~p »urs orc,

but ~lge in the

ceimong, ocecurrings o2laongaidce ith rock minersls.

Thus in « gaseimez of Colomit~ (roct), both the dolonite (mincrel)

~s 0ll ~g ogelens ~te. wors oxemined in order o facilitate the

=
to]
=
-
i)
3

comanrisol fabric sotterns.  Although scveral crvatallographic

aloncs of the ore mincrals werc inveztigntcd onlv the (III) ~lrne

seen to hove o gtrons profc rrod cricatation in =11 the thrce orc

irlnerals.  Dotailg of the mino: investigat..d ~ro summarisced in

Trole I5.

Jome of who temtues cherds ~ro resroduced in Figs. CI to 83

.

inel. Hire zlto no information cmn boe oblaingd in the fronsmission

146
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TABLE 15

DATA Oi7 ORE MIFERALS IN TEXTURE AKALYSIS

Reflection Crystallo=-

Bfagg o Intensity sraphic

Ore mineral . hLngle 26(%) , d (&) I/1, Direction(hil)
Galena 35,00 3,41 8L 111

30,09 2,97 100 200
Sphalerite 36,15 3412 100 111

" 33.18 2,70 10 200
Pyrite 36405 3.13 36 111

" 33405 2,71 8L 200

region, but the information has been recorded in most eases wp o
naximuw: reflection node 75% Contoured diagrams are reproduced in
Tigse 84 to 86 incl,

DISCUSSIQN,
It is inportant to realize that this technique is very :zmch in
an early stage., It has been necessary reluctantly to adait that
a full interpretation of the fabrics is not yet possible, and
therefore, that no atteupt can be made to reach definite
conclusions. However, it can be mentioned, for certain, that at
Zawar texturzl anisotropy in the forit of preferred orientation is
present both in host rock sinerals and in ore wminerals, It is
not prossible at this stage to interpret satisfactorily the
contoured diazrawns, dbut with further developiient of the

technique it is hoped that these will be capable of interpretation



B
(e3)

in terms of .|\symmebry&, ®#RvVealing the response of different
minerais &b 8irass.
The Hroferred oricentation of 21l the orc mincrals in (111)

nlrne in very atriltine. It is hore thot tho oro

rincrsls, gelons, Dyritc ond sohnlorite, 211 bolounging the

<r
O

»lrne ~o the dircetion of frntont

arovrtiy ~nd. nrobably the  arossure nermal to this »lone hes been -n
immortant factor, duringz the metrmornmhic orocenzes giving risc to
the nroforrad orientsation in thiz »lenc.

Although the commonly ltnovmn »lsng of »rcferred oriontotion in
quarts iz M0OI, cxrcellent terturc wog obtained wsing

Althovsh bancl £ide ig corisinly »egsible in cunrts, the wrosont

\.-).l

result Tevours o rhombohadrel gliding oo o rooricenting process, not

necessorily to the commlote crxelusion of rocrvastsllizntion

mechanisms. Dlmilor suvsrogtion hes been mrde by Gehlon mnd Voll

(1962) from thoir uc

on runrts fabriecs of Secottinh ond
e

Forwerion Caludenian ovorthrunt zoncs and algo by Hipes, IFricdmon

=nd Gobhart (I060),

The sccurecy of the x—ray diffroctomcter for the fabric

cnnlvoang heg

dugtificng. Higgs, Pricdmon andé Gebhart

(I969) hawve shown cxecllant ~arremcint bet

¢n the x-roy febric and
oaticelly avaluate” Toabriec. Different factors, which have bean
outlined in this cha

toer;, influcncing the fobric analysaoo, must

21vrers be toakon inte cecount; in order to achieve absolute cecouracy

aAcYe.



A1l therne factors hav. bren critically stndicd ~nd cxemincd under
difforent conditione. The {netor which otill remeing tn bo

foveloncd ig the analyvsis of the number of grains ond coarac grain
gime by this fiffrociomctric mothod. In ersc of matrofodric ennlysis
it ir of coursc ~lusye wossible teo anclyme the eorrse-grainced rock
minsrate veing the vniverse)l otage; dbut the sqsme technicrue weounld

pal
[

not he ronlicahle in case of

O
=
%]
o+
lon
o
[v:}

ors mincrals. Thoe x-ray moeth
dofinite imoreovomont ~nd might iz time, renloce the usuel,
loborious ontic mothod. Bvoea wwith coarsc—-greincd rock mincerle it

iz not alwarys noeeible o =wnalyre accurstcly by the univorssl stage.
For cxomnle, vreforred oricntotion of cumrts, anart from the basal
winacois nlans (000I) iz vory difficwlt to detcrming; on the other
hend, the »rasent method of employing x-ray difiractomcters in fabric

saclysas, onn eagnilv roecord the accurats location of crystallographic

plancs 1

joncs of esraing. Eoeh disgram illustrating o nroferred

. 1
in about 2% hours.

crvatallogronhic orisntation crn he obtain:

ncd by 2letting dircetly tha intonsition rocord

By Justifying the use of flat swnecimen surfoccs,
the comnlicoted wrocodured of aremaring homigvthorical surfaces hos
been oveided.  Also in the »rceocnt method no correction fretor is
NCCESBATY . Proncr oricntation of the womnleg iz of grost

imnortonce end it is

investigotion of 211 the sannlos ontienldly. In order to smoocthcn

the ghoarn locrlined diffrroctiong it mizght be useful to look for

sone form of modificatis-n ip the clectronic deviece, which would



wirht mrlie it suitabhlc

from ~~ch other, whi

to read.  The rosvits of frobric studics folleowing the mnthad

-

ctlined hero, ern caslls bo oy

1w toetoniom snd their bosring to oro mincrels c=an be casi);

cvalustod.

Vi

F
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"Ore nicroscopy .is the study of ore minerals in reflected light.
It is a basic technique of mineralogy, and economic geology and
mineral dressinGeesssssccccsseesssMinoeral identification is an
important part of the study of ores, but study of the textures and
structures of ores is eéually important, becausec these features
are a record of the conditions under which the ores have formed,
the processes by which ore minerals were deposited and the order

in which they developed.”

1

- E,N, Caneron,



Chenter 8, SICTIRICICR OF O

e ani mcamace

TR TR TF MOTALLOCEITESTS.

~

Althou~h the braic mincrs oT the Zoirer. ore is very simpdle,

thoroushly changed, beerusc the ore

minersals ~re arc-—netiporchic in origin. Thie
crystnllirction an vrell az deformation of the ore riner:le. It

auld thug he orroncowns

nrevinua workers Hookharieo (I964), fhome (I957), Smith (I963)

have msdc sovers) tenptas.  What im sod now in the ore

1

texture ig concidorced toe he the roacord of the latest 2hauo of the

metemor=hic higstory. In the nreas discuvinion, therefore, 1% is

ves Ty oncouencs in which tho ore o originelly

introduced or cryo An underlying anmamntion of ogt of the

srovious tersgenetic stutlos her thet the orc wminerils sre

younrer than the ornclosing rocl; sincc the rolatis

mctemornhiom  ron misunderntood

rm-xnr DR O™ O—y-.

B N PEEE PR

The threc maip »riprry sulwhides creo g =nd

~write in ninerals include

crsenonvrite, owrrhotite; ehnlenpyrite, cubrnite ond - ntite.

Although morcaeite

cabnite (Smith I963)

arzrrodite (Ho

after carcful

ot
a
f‘x

he oreoont ~uthor {niled to loeate ~ny of thene wmincrals in

Vg oy A TR T N P -
poliched swociucng. Actoocclsted

netive silver. The jongue sincrals consint of recryrsinllized and

~nv anracscnstic sequence, olthougsh

151



necionally ropehilized Wall-roclk mincrsls from the dolomites;

ther include dolomite,;, qu-vris, nicrocline and musecovite. In rorec

instannocs

By s ling cnd rutile hove heen noted.

ﬁ_(fn D) e sphalerits is the commonest ore minersl in

Fryinr mpon in bhoth ours and siliceoun Jolomite boriscnm; er

well ~q in cronvlstion eloaove “lrnes of carbonccoeoun cdolenites.

1

Undor »lone rolsrized li~ht geholerite srains show variations in
colour intenzity sugasasting veriations in the iron content of the

minzral. The wrogence of iron in enholicrite vog confirmed

nicroch follows+ the nmincral -3 decomposcd in orua

)
o~
1e

regis, cnd the ropidus voe laaschad uvi 2 Cror of I:T7 H?Os; tho

irith otragivm porsurice thiosvyonnts,.  Peothor
crosscs stained mink confirmed iren (Shert 1964). Hoever, no

prrollcl sones of

iron contont, rhich could bo in ative
of crvetal grovrth zonineg oo detected . Althoush it 1o ~uite wazidle
that the lacic of guch crvnitsl coning is en originsl feeature of the
shhrlorite; it can rlzso be intorarated os = result of redistribution
of iron during rcervatallizetion.

Tro voricticg of

re nsuslly foundy onc dark

browa and the other “ig) 1t honoy-wvellow. Both

vaerictics 4ol en

~nd the cnlour in 2ir is grsy
to arayich vhite, whils in 241 it i dork grey. Refloctivity im
lo: 17 the mincrsl is igotro=ic. 4An intzsrn-l roflaction of light
yellowigh brown colour hrs becn obscerved in mony sohecimens.

Snhalorite wsuwelly occocurn os g

c aolygonal fine to



medivn sisned groine (0.04 to 0.8 mm.), "né recrystallization in

these arning is cvidenced by the trinle »2int junction, which is
nain'y cue to the odjuntnent of interfacisi smler and thus the
tovture now scen is the result of snnecling (Boss I947). Stenton

(1964) svpgoste thet in such chees the sizesz of dihcdrel snglas can

he used to dovoerniine the relative intorfocial fencisnsg of tho two

bounds at the trinle Junction. Such relationshin hos bheon
[120°triple j vnction]

observed mainly in one-nhrse (211 svhelorite)/-nd tio--wh:

(thalcritc—gaIena) matrix., S heleritc oceurinsg in the cronulation
clogvame nlancs of the Mochis dulomite, shors a cefinite

cmmecntraticn of wlancs #¢ jn

thin sectiong; each planc of irreogulor clongoted

aperesatos of shhaloerite intorod coarsc-groined Colomito.

the ahove mentioncd dénlomitos scem o he thie recrrstallized »roduct

of the host rock. Toxturoe of

slerite often bocomes wramincnt
aftor ctehing the mincrel with o golution of I En0q+'ﬁzﬁaqfor ane
prinute . Thisg raveals the pelvevnthotic leomellear tvinning and
acervionally the twin lamellac mre bent. Edwerds (I9 4) helinves

L

Sine ores ~lmast inverinbly show

that s-h=loritc ~rains of

such trinning earsllcl to ~n¢ this roflcets the
comnlete chsonce of »rcforred oricemiation of the mincral graing

concerncd o Prosent ~uthor; on thoe contrary, finds crcesllent

Torred crientatiorn of sphalerite in (III) »lanc (Chanter 7) and

3
@

l_l

8 in

o

it is suvgzested here thnt thies oricatation of the crysta

innal proservotison of the originel fine-groined texture,



tronglstion plong, rugoosts prosocure noracl to such o dircction (the
dircetion »f fratost srovth in cubie svetom) s 2 deominant factor.

Frogm the froguency of mutval boundary relsation batwoen the sphelorite

lomite, 1t can bhe inferred that Hroabably thess twe miuncrels

wore ervetalliscd contemnorancaously (&lt1ouﬁh mutual brundery

oy

textare mer ramuit fron reniscement). In ortromelr rerce instances

coiomite he

boon transccted by sphalzrite veins (Flate 24); but

here @lso the veln 1alln or: highly regulaor sané metching to crch

othor. In those crses, whers gnhalerite roplresn dolemite; it cen

be gmen thoet the lamellar twinning is net inheritced from the

Calomito.  Although metching vein walls rre also suggoeative of

relnoenent, in this cerse the sphelerite veins ore in faet frocture

fractorso being crnanded withrut replreocment of
golomite. Jt i rother difficult to sesmcss the exnct groin gisc

of gohalcritc, as the varistion is from minuts blebs to grains

approaching 3Zmm. in cismotor. A& possible cxplsnction for the

inerenae in grein size could be the coalescence of tho swhalorite

[

into lercer cgrrersctos.  This ~imolo rrein growth theory from

picrocrratalline agorogeatra, lording

to onorscning is in smccordance

with wrcevalling surface encrsy roquircemonte (Stnnton on. cit. p.75)

Mookhorjee (I964) sugruzts thot srains =nd vatehy incluzions of

4,
G

igz~nricnted sohalorites in galona, a common mode of oceurrance, 1is
an cvideonece of roplaconont phensmenn. The wrosent suthor helicves,
that thic nvidonca, on the centrsry, is sugrentive of deformeticon

21 in motrmor

toxture; ¢

orec. It in a2rgucd hors that
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s lerito; o brittle ninernl; hedng cnbrdded in pl-otic mincrnl Tike
zelona, ohottors into fromicnts in rosvonse to deformation.  With
flov=me of tho roft minoral,; the fragmaonts o s»hnlerite tend te be

cerricd bv thoem ~nd z2trang out in rovwg, +hile gnlene ~lss tonds to

fovelon o araforred crientzticon.  lience, thiz cvidonce is fleo

trmorohic hending.,  Sehnoirderhélm ~nd Ramdnohr

wortod gimilar fo-dures from the lood=rinc oram of

In the cerbonnccong 2lomits horimon, gohrlerite iz found in

-

cnd uyrite

~n6a in roro ins heve boon notod,

Ly a few mphagcimeng of dolomite; inclugions of onhnleorite nre found

and

the Iattor yen traomed ag élomite ersrmtollinmad

CVeT.

H
\U]
U
-l
)
5
+
~
[#2]
ot
—
[
[
-
]
[l
e

otario? 4 orvgtallize sligh

be in 2ccordence with Stenton'sm (I964)
crnteation of crystalloblaztic serics, 1f guclk wrs the casc.
Figregennic toxiure of the sinaralizced crenulatinn clacvore mlones,

wind; indicates shhalerite rocrystallimation ith

Aclomitc. Probably snhzalorits oos in ths Arcvelli (1-8) foliation

fore notomorahism: recryastallisation texture thern resulted

b ointeralonar slin movememts during rof21ding.  This ides iz

subgtontiotcd hy the widrsnroend Gistributisn of

mincralkre” f-listisn wlsnos in

of microclinc ~nd muscovits, oceurrcnec of
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arevide minuvte 1o

o a
af S

137

Tolone ig noct in

Yihoweh for nope rostrictnd in ocourronco.

-

Sovelowed aftor eter (I:T). “zlons mainly

the cvideneo o

- mi -
ic. Mhin

salonog

gzt

Ci
o
=

el outline “nd tha

~ntt hent clenvrges

cvidoneo of cloamgetian in the

slveenizetion (Voll I960).  iccarding: to Richards (T96G6)

LTTOTONTG

gubegrain for

intinztels assoclated

motinng

hound nry
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thi praing - 1th mors sides th-n thsir noishbours have conesve sidcsm

hite those with Ll.ze cidos then the iz noighbourse h v oone

voy mlcen cpd cre eqcnstmcd, Soms tlecs, 1t oig aeted thot theoro cunsps

af wuturl boundnrico, wrrticularly invelving two-phascg, ~ro almost

inverichls triple HSunctionc. zvir, ‘errics texture! is nctunlly

a t~ro dcseribing the appearmsnce «~nlv; it don R

criicular genetic yprococs (Philling, persontl o mnication).

Suveral ingtrnees of 'otecl zelena! nro oonenicuowss in this vericty

1

grains up to Som. long #né Imm. ridc con be zoen; "robably

In the main zhoar bovder »unc, Zeleno is

Foyprie @ ]
Loarmac Dy

interatitisal ts the othor sulnhides snd goneye nincyels

FATENS B |

of lcad towsr?s thoe coantre of $he moin shoor

znhalerite

incronses ~nd cxtoncoiv: ro

by mielena; lesving inland relics, talirs »lacs »las tho wcemont

~leng thrir rhambalicsral

acours.  Crovieuas thie ovilonec

lreemant nhoy sinf subseruently footnls tad

57 ordena in the

r2 nd in the main

shior. Tho glone in poclets of toncinm

varsy eorracly crvatalline toxturs.  Heroe, ouehing .

-

reverls cquisronular intorsrowlhs of cryot~ls, showing uniform

cricntotion, »rarcllsd to the mnin theor.

dignlavcd ond srholorite; 1w
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under thoe micrascoe=s, but »~lea in # hrad aeeimon. This con hg

£

ogily oy loined b the wi hrrd end soft gulnhidos, subiccted o

fotrrpation cnd thus the honding »oendds from plastic dcformation

iy

Prrrive in by for leos chundont gvlohisc nnd

hocmn s impﬁrtant snly o in the caorbonccoous horizon o

¢alonite. Tut it is fsond in greator abundonee ~nd, in fret, r2 =
Arimery constituent in Belaris ors.  In Uochir Fagrs wyritc noinly
follows th- boddins plane ~nd in - fow instrncez it hre preserved
the minnry f21d structures.  The mincrel shovs o vellewrish rhitce
crleur, high weflectivitr and o distinet isoitrapism in oir. Usually

[ P
AR

it done not h, in prriicvtar the finc-groincd

= fine »olish.

argrerate hut rome 4:

Coar

o]

¢ aroing tr
Anmmrently, nn zoning: or twinning hes boon ebserved in ayrite.

Cryztsl shepos veyy from sub-rounded greins, avorcsing 2am. in

Ciamstzr o euhodral cubas. Thore ig herdly any covidence of
recrvatalliisotion of pryrite, but thoe eryetsls nover axhibits any
tondency tn eorlescn, altheush Hookherice (I964) rcports this

nsmena 29 a conmoun moce of occvrrinage. Howevor, it is

#t vrpite recrvatellircs only if Jofepward ot hisgh

lthovsh cocording o dnith (ID49), it nay

recryetollise ot lovr temmorntire

o)

Prrite often oxhibdts o

pornhvreblantic hehit, in the Zawar ore, which acenrding to Remdohr

(1950 =) ies tzpisnl wof motomorohazcd ore.  Fraciuring in samy of the

AT T T AT [P — -,
T of ‘hoaoe Tracturen ara

prritc arcing iz asticcobiloy me



1

stheloritc fnd dolemite, swegisting run corly dovosition of the

write.  The some 1nforonce h-g boon drevn by many workers using

5f ~erpite ervetsla (Plote 25)

the cvidoenece of

of Stenton (I634) hes ghovm theat

jan

Nz ecubr freog -t thone of lovwiant froo cnorses nnd thic is

subat-ntizlly highrr then the froo encrsics of the surrounding

zincrel sreins, and thus write ofton Jdevelons idiomorphic form, oo

well ne hos boen oo 'cordy! becruss ite crystsl freos have
high cnorgoics in eoantset =rith other snlnhicdee. Yyritc crvgt-ls
accrsicnnl’y exhihit -~ foir degroe of alignment, lying »orellceld to
the Falintion of the vumincralisad finc-graincd d~lomite.  Although
eonnrantly homozoncouws, otching +with nitric acid rovenls certain

4

foqtures of interwsl soning in fasr oyrit-=, the gonoral potiorn

heing ~ core and an onclosing shell.  Small euwhedral =yrite zroins,

on the other hand, do not ros s€tively te otehing with HHC .
Probably thoese orvostels represent o stage of comnlote reervetslliz—
rtion of the imrurc anhercs (Solomon I265). It i= notarrorthy here
thet the imwure ovritic shells do nat inveriably disnley the
framboidal natuork; which hes boen studicd by Tove (1957), Fhillips

(IS60) and Love nnd Zfmmerman (I96I). MNoany wyritc orvstals arc

Tound rich in inclusicns, cspecinlly of ashalerite nnd, lecs

n

o

cxmmenly, fgnlenc.  Precture hesling of nyritc by snhaloritc
JSoF " N L. ’ 5

W2

werally shows closcly mrtchihg voin wells with cach other. In a2
fuir instancos, vhere the vein wells do not wmatceh, Chosc (I958) hes

sugpestced o guided menciretion terture, ~ceounting for rewonlacemont.



gte mineor

sonis.  Pyritc dteclf

ahery nlrnes ~nd

rrege of relative fro:

incrcases to ~n sverags o

T b £ MATe " T Iopse 1ittle difcronco

oentifully olarid

ariagmatic

ney fTor idinno

i o
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crvat-llizcd onrlv in t qu > (Plote 26

gTrcinang

wrrits eryotolog
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s Angtrncee wwrite v

-t
b
m

f-und in crocks of on ~rzencyyrite
crwatnl.

Arconaowsrrits he hite enlosur cith o ocresn® osrollor tint

“nd in oil it Jin o gnlens white to

donecd by the ronsc

Strong

]
o
o)
—t
<
I

rodlish brom bt bluish peare A corcrlex internsl mtructinrs is

on crsonouyrite crostals srs ctehod ith fmmonin ond

oride in I- I, Thoe unovnn wtch only

VA SH )
A PEELER S B

msrl, surrocundcd by oo ~zy but cdse some form of

monat grouth dovelonz.  Toth these potterns rofloct slisht
heterozenit in the intornsl cowrosition of thoe mincrsl. Frocturing

o7 arscnonFrite arretel]

Fal

Cyrrhotite (Fe s . Trrrhotite occurs in two farms: ~e cosrsc
yrrnotite ( . ;

frocoturad viotele in delonite ~ad cs omell snhodrel
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1ione)ly with Jorl browsn svhalorite. The

minersl is pleochroic from pinliish crcam to browvnish zroy and shovs

aotpracign hon besen nated in

rother high refivesivity.  Sirong o

Reerrat-lligstion in »yrrhotite crn bo

~lorite)

rr o two whree (rdith e

L]

trinle junctinn mointzs.  Perrhstite is never idiomorvhic goinst

161

avrite or frzonewritc.  From his pocsuroacnte Stanten (on. cit. .70)

the intzrohroe boundoorw

~o 3imilor onorsy

rotic to both sete of ~roin brondeorics. Loeslly roundoed inclungions

of »yrrhotite hove dovelonad 1n srrite,

7




'gicva! frxtures, the r-untrd forp ond rotontion of the inclusiong
boing T o lack of sross oricentotion offocts ond to nogligihls
SifForoneces in interisceisn oncroics b ticon cegiticons within tho

r1 the houndore of the host (Stonton I064- ISK6). In onc

of o oyrrrhotite cryvostad ~long the morgin,

—

g.J
i

c )

]

arcly found, ~nd hanco

-
@

The mincreal

clunrg

frund in ~eghcinticon with soholorite cither in thoe form of roundad

.’"Z"‘"!' bruniorics (Pl;‘tn}. 27), ar

S0 ominrnto :

srronged in fofinite

cryvatellosronhi crite. The blobg vary in size

iz helicwved thnt chaleawyrite,; the

o~

cxsslutisn srodvet, rxeolven hore on the (ITI) »lsncs of gohalorits

(fthosc 105G). Cholcosvrite h-s ~ distinet bross vellow colonr

ciscornibly onizotronic in

ctivity is rothor high snd »clishing hrrdnces ie

that »F roeocinted avheloriis., bound

crvstals show wstreicht cvtlines roringt the matrix or ocizcent

~”

rocrotaliisation.,  Inclusions of

gphalirits sre in blade, 2l -to-likc Taramg; chrr-ctoriscd by shorn

srcoth boundzrice and ig nn troce of replroczinont tomture

betreca thz b mincersls . Cheleosorrite nccurs e dipconncciod unita

civrleosvrite ~nd srhel rite. AXY

[
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crigin of the toxture of chalocowwrito-anh~lorite. (Cchinrts IG3I).
Qv 1ltL ( CU Pcau}) Frogenee of cubanite is cxiremely restricted

~tion writh chaler Grain

g A boing loegs thrn 239 milcre-ng, rnd the mineral
ig readil¥ identificd by ito swdnizigh yollow ocolone and girang

rnigatrosisn Tr

Repdnhr'as Cukbanitc

imotro-ism hos

cit.), which rcecording to Borchort (I934) is ~a intimcdc intor-
srovth of cholesprrite and ch-leonvrrhotite, formed vthen Crdanit: T

vericticos of cuboniton coac

fithin the chrleowspits grains.,

n

Terely, eubrnito fornsz minute Blabe et sreir boomdorics of sphalerite

Fal

1. Oomaon oricntotion of cubanite

in chnleoovrite is found in the (III) »nlencs

iztener of cubrnite lemcllqoc (Ploto

v Formed cntireldy hy cxgaolntion

reentive is

neunlly cunclonsd in & laone (Flatt 29). ™ho

vinvesl ic of sriy eonlour ssith o light sreenish tint.  Btching the

v tnclosing srevntite blebs, with Cone. I

thrt rroontito feninng ~pro 211 dantcrsremmlsr ~nd thus,
cviconce of their areclution from salons ig locking.  Argontite iw

—ithin the notive ailver.  Tho

~lse und as on irvrosulsor m



nineral vra confirmed by scverel tceh renctions ~e follows:

HﬂO} ¢ fumes turnish
¥CH ¢ strins bhroun
Teel @0 st~ing groy

Eecl ¢ funces tvrnish- helo doocg not w-gh off.

iihl@iEL$J=2§BJ:L) focthite is very roarcly found. It hee
groee conlour and 1s distinetly nloochroic in oil in shedes of gray.
Although ~nisotrenicn ic otreng, it is not clasrlw diccocrnible duc
o wenln Aljumincticen. A brovwnigh internal reflcetion invericbly

overshrdeows the The miacrnl iz ~osocistcd mainly as

~oveinlet rithin

re 2lightly oxidiscd

itcs rnd orce. It tekos a fino wolish,

ser~ntah

1 ig milvory

an irrogulor nescos in dol-mite.

PIECTIVITY .

Rowic (I984: 1057) first initistod the study of rofloctivity

>

in ~ceuratc idantificotion of oro mincr-ls. In the

rnalycis of ore texture, it is of vincst

*risnes to rocognise

ths individund wroncrtiss of ore nincr:ls, bofore studving tho

C‘l

tionghin, Refleetivits ern be nencuvrsd visuesllr or
~notoelectrically, but it iz agrcced thint the loticr method is much

k]

mire aceunr~te thon th-t of the fsvmer ~1nd henee during the »ros

inv-gtigrtion the ~hotocl cirie tochnirue wng rdonted, aftor Rowic

nd Tavlor (I958). Thiz mothod ig comcble of moapsuring tho reletive

roflectivity. It iz ford

164



roflicctivit of sre wmintrsle within the limit of £I% of the

meosured velus . Tilloey ond Go

1lon (IC44), however, nointed out

o soveral aourcos of crrors in rofleoctivity mereuromonts; tho

(*.‘

~1le of wvhich is bevond thoe geono

give o limit of orrors hoticc

faviurehle conditions.  All tho ~oureacutae of rofloctivity,

recorded i the rescat veork, cre thoercfore within the
Most of the crrors oroe cousced by the mocheonicol ~nd opticol proverties
of the microsconc rg well a8 its sunelomentory dcvices ond the

gurfnce e nditisn of the sweecimen. It hes boon ~ttomptsd in fthis

worik to ~wvaid those arrors ~n frr oas dossidblo.

The cssential comor

ith ~ tube irisg diachrorm, o scloniuwm berricD-laged
nhatoclactric cell in o guiteble holder ond twoe sonsitive
golvanomctcrs with reletively lov intorval rosistence. A stabilized

lisght szures rg uscd, 08

rui frecucney wos noted. A nwrite stendord of rofloctividy
used. Thoorcticslly, the reflootivity (R) of o tronshorvent

1

isotronie medium ot normnld dncidonce in air crrn Do cdlewlntor

the Prasncl oruation-— (v_»_I) » ID0.

(_x"'-l-I)z’
vhore 1 ig the rofractive indoex. The method rdownted during the
nrcecnt verk hes beon discuseed ot longth by Bowis end Teylor (on.
citon. 7). The reeults of the refleotivity measurements are

rceorded in Tablo I6.

As tho anisotronic minersls heve tue nrincipal dircctions.
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Cheal

¥inorasl Mcen Renge Nifforenco.
Sohalorite I7.6 - -
Grlona 43.2 - -
Pyrite 54.5 - -
Arscnopyrite 3.5 5I.2-55.6 . 4.3
Pyrrhotite 41.6 35.0-45.2 7.2

copyrita 44.4 A2.3-06.4 4.1
Cubrnits I 41,2 40.0-42 .5 2.5
Armentite 29.0 - -
Goathite 17.2 I¢.0-18.3 2.3
firtive Silver Sh.0 - -

vhich diffcr in their

the differonce bhatwee

neooure 2Ff the birefl

m™ebhle I6 foar cortain

bireflcetion. Tho

criteric in identifyi

rnalrsis could nover

Orc mincrals ot

reerystallisction as

Belaria ~ros shoss @il

honding of galene—aph

tuinning etc.

Although ovidenens of roervetallization

reflocting pover fo vibrating along tiem,

)
o]
o oatl
H
o}

n the acximum ond minimw values mgiveo o

cetion. Thus the differoncs rocorded in

mincrsls is merely oan cxpression of

of roflcetivity

ng textural

be fruitfnl without occursote idontification.

DISCUSSION,

e prm e g aeags

7
FOQAREN

r hove recorded cvory evidence of

ata

211 e éoformation. Orc mincr-ls from llochio-

ztinet avidonec doformetion texture hy

alerite, fracturing of brittlsc swvlnhides,

are there,



P72 3

nogt-crrstalline ceformotion chrrmctorizstic nrovrils.
Reervstallis-~tion is deomincnt in Zooier Helr~Shishes Mosrs crnnlos
ibitcd by trinle wmint juncticns in single.
vhesoe ~nd two=nhrge netrix. It scems rolevent, that o cequence of

vents can ba drarm fhr Zoarmr ore mincrsols, ¢xectlr in tho srmc way

it hers bacn foaromicted in coge of rock mincrals

c~n, thorcefors; be concluded thot ore minr-lg were nriscat boefore

rorchiosm »nd thelir »rooont lecati-n iy otructural ononings is

rovranentative of ronobilisnctisn during folding ond rofelding

Kinkel (I982) from an the Ore Xneb docoit; Forth

Coraling, strted thet nlihs

zgh renlacomcnt of non-—-guloahide mincrale

by chrlesorrits, or nyrrhetite ig not uncommon ond frocturcs in

betireen sulohifen and botwoon sulnhi ~nd. cocrno recryvstallized

~

non-sunlohide minsrale, indicete thet woct 2f the mincrels formed
by mutucd grovvth rother then by renl-ocoment. 4 similer concluzion

7

cain he dravm in Foorar, cubstituting onholo

3

chrlconyrite -~nd nvrrh titc.

A fov cxomnlos of motrnorchozed ora bodics cre lknovn snd

“lebirs, Roon Antcloos and Mount Isrn. As

goms workaors considorcd thot those denmosits vre foarmed by

replroenent of folded oand mote roclie; ~nd thus, drow

sarmenees. Az the oro

revenls that ore

min.cr2ls rere in cxzistonece orior to metemor»hism, tho ore toxiurcs,

those of the cnelisesing rocks, ~ro nat »nrimery dovositionedl ones

67



but rosult from mcoiterorohic grein grovth. In such orgoes, thercelore
: E 2

7

hound -7y rolintinohisg arocgumsbis

meeucnees of denesitian, but roflect the intorncetion of different

crystinl stroctur

the gtudy oFf the nrescent toxturel wnttorn, 10

1ot the snlnhidos oo

£y

soened, fofeormod,

curing motomorphism.



i"The field of geochemistry thus ranges widely over the broad ground

of ﬁodern science, from astrophysics and nuclear and atomic physics to
geology, oceanography and biology~mineralogy, crystallography and
chemistry being perhaps the most important contributors:to
geochenistry, while smuch help is also afforded by applied science

in such fields as mining geology and metallurgy'.

- V,M, Goldschmidt.
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mobility, i.c. the

In the vrase the -

the the
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the salphides hrve been investigated

been mrode te reconstruct the

ho ore devngzitio,
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crrricd out by Webb (I958 £,h). Ic exenined the lerd znd zinc

rurcolo ~nd frocturcd linestone wallrocks rlongsidc the

[al

I

1a-d-tine voins in Derbyshirn, e The lacd ~nd mine content

sive sall-rnclt vers found e dccrerse oradunlls ovany from the

ore voinps frowm & mevin t+ ore, vherenrs the distribution of

netal in the ~ureaie in freoctured wnll-roc' was more irrcegulsr and
~robrbly moroe cxionsive.

Forris and Loverins (1952) doseribed wnll rock sureolaon of

endd, 7inec ond conner in unfreoctured rusrtr—monzonite and dolomite
country rocks around leré-zince weing in the Tintic district, Utah.
The load, sinc and conar ancmnlics were found to decay
log-ritiviicslly a oy from the ore veins. The surcole cxtonded

un to I00 1. in monzonite, but anly un to I5 £, in dolomite, duc

to relotively gronter recetivitr of the dnlomite with the ore

sclotions.

in concentrotich of rrzenic sround arzcnic-beoring

gold veinn in Southoern Riodesis wasn ~lso found fe be legnrithmic

(Jrmes, 1957 n,b).

arnd stone ond grceenstong waoll rock
the rurcole veg found to extond for only 25 ft.. the diffarence in
o/ J ¥

comnositian of the candotonce nnd groenstone heawving little or no

=

cffect.  In fissurcd srcencstone 211 reci, however, thoe ~ureole is

soor cximatoly 200 4. vide And roloted to the derrec of micreficsuring.

This Gomerithnic o

in moeasive or rolotively wnfracturcd
vr1lrocke is comsigtont csith the fransfer of matorial by diffunion

thrcoush o ostatic medium,.  An irregulor metol mattern in froctured



vl rocko; on the other head, is vhet wipght ba oxsectid if the

n neralisding coluti-ng flewed throush the freetures.
In controst t the rol-dively hisn moetal values in tho well

rock cmrealos dosoeribed ehove, Bovle (I055) hnz deseribed o el

lovr yrluwes in shoorod

rack curcenls charretoris G by relrtive

chlerite-nchist cruntry rocks cnclosing ~ gold-boeoring ~urrtsz vein

in the Vellowknife oron, Ywinn Morritory. In this ecree the silica

cncentration in the imredinte 12ll roeks wos found 17 be lower

thrn its concontrrii-n ot dintancrs furthor romoved froa the cuasrts

voin.  Hewls An o crigin involing migretion of silica inte

~ut of the dmmedistc vwall rochn during wmotomors

41

The wroscnt verls furnishes informatiosn on the dictribution

s
oy

trace cleoements sround ore hodlicn in o regiloacl metruerakic
cnviromment of lov intonsity.  Saenles wvore o llected not snly ot
oo lor intervels from the ore badico in a1l roek but nlss #long

atrila.

DISTRIDUTIE OP THE SLRYFLT oMY

The soochemien) Jistribution of cloments ~round the crc body

o o studlis’ in order b inventis-te whothor or onot the wettorne of

the met-l Cistributi-n misht »nrovide sn sneilleory =

The

azture of the inveostigeticon is omshesized
but it +ill bHe ronlizcd th-ot the intermrctation hoo o diroct bearing

on the fundemental —radblomg of ore 7

waic, Viewed ng o guneral

goochonical stvedy »f the ore body, howover; tho data ore very far
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fror conmleto.

Semnling wies confined to ardinary mince rocks, but in most oroon

¥

o gnlit intc

then

a

rlunger ~rroangement

"

then troansfrrred o tuns st

c/rifa wirl rnd ground, wging ooogn

- - S T = Flam Y o o Y R A o . " . Ll P~ ..
ould vess through s 377 aesh sicve. Netedils of ¢

mersting eoynditions of suvectrorreh tte.
wve boen Tincunsad in the s~mmondix 2, Srectrogrs-hic resuvlts wore
nhtaincd for the f2llowing tracc clomente:  Or, Cu, Th, 7n,; Mn, Co
cnd O, During the meln investiz-tion too gerics of stetiztical

s, A and By owore incormorctad in the samnle botehos in srder to

keom o running checl: on the rocraducibility ~id hing of the

N e B . . .
doton.  Surilics 4L covirs iLcr rny nf councontration

Thosae ¢ratra’? comoriac e

g oro hisher

nr the

vl of metrl erncentration ~re ealculnt. @

aravoacd e Crowven (IQGﬂ) ~nd h~ve been

the levels of

resnouding decroanu

(=~

7

2



TABLE

- 17

RESULTS OF STATISTICAL CALCULATIONS

SERIES 4 SERIES B
TRACE s s .
ELEMENTS (%) (ppm) (ppm) Reproducibility High Sample Low Sample
Reproducibility High Sample Low Sample (%) (ppm) (ppm)
Pb + 28.6 1160 95 + 29.9 1168 90
T b9 1463 0 T 451 14,59 0
Zn + 37.6 1530 55 + 3844 1526 S
T 67.9 1300 3 L 68 1290 L
Cu + 12.6 353 41 £ 57.7 164 5
+ 36.6 325 57 + 7he0 246 19
T 246 28 11 + 25.8 27 11
Ccad + 42.1 382 12 + 40.9 380 12
+ L48.3 490 2 + L47.8 500 3
Mn + 57.8 T C 2.5(%) 1.3% + 142 o.soé%g 0.10(%)
+ 24,0 2.5(%) 1.6% + 56.0 0.80(% 0..20(%)
Sr + 26,8 400 50 + 25.5 390 49
+ 55.9 420 L + 56.5 419 L




P,

in Zr, Sr, Rb (Tehle I0)., ALY the cloment~ of the first aroun

hove atrons cholnanhils rexccistisang, vhile -1 the clements of

~nd M, forn -~ third sroun,

s nnd the first tws (9 -ne

~lecenhile clements, boing nd-bly eariched in sulnhide orc,
the i content is 2lmost the some in 211 rock tysen undoer

A

congitoretion (Teble T8). The voristions described nrevieusly nre

11lvegtr-oted in Pin. 08, in 1hich the roti-~s 2f the

clements in

the: siner~iitced A domite to sulnhic

nincraiizcd dotmite ~nd mine

Dlottcd

P, Zn, Cm, lin, ¥i, Sr, Rb znd Zr. The bogde oF
wiot ia the rnsont of sny wrrlficeulor cloment releotive to ito

crnesntration in nwomincralised Anlomito. The srorrosgive carichmont

anhils clomoents ~and imnovopisl Af the Lithoohilo

glemento, froa dolomite to 2re mnd the posulor nstuee of thaese trends

~oross tha roc’ v -osm, ouggetts thret this veristion is » funciion of

the cocunt of intr~dnced mincrslinastion in the roclk,  Huch

o some siwificrnce in loerting ~ur~ble ~ress

for orc ococurrencc.

—

por)
oy
)

Tithin the confincg ~f the mnain Lade it uags shgoerved thnt the

doercagr s mare »r locss poovidlos




TABLE
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_ELFMENT _CONTENTS OF UNMINERALIZED, FEEBLY WINERALIZED AND MINERALIZED DOLMITES AND SULPHIDE _ORE,

ﬁ
Co Pb Zn Co Ni cd Mn Zr Sr Rb
Ppm ppo ppm bpm - ppn ppm ppo ppn ppm ppm
10 8 30 8 12 3* 300 10 20 13
25 5 2} 12 20 3| 1200 35* 40" 32*
. ~0 70 90 15 25 3% 2000 70 80 70
25 50 60 7 6% 10 700 20 30 25
200 550 790 2 20¢ 120 | 3000 % 100 %0
1200 8000 9000 150 50 300 8000 100 200 150
30 1500 2000 10 10 100 5000 30 30 25
500 +3500 +4000 S0 20 250 2% 70 150 125
1500 +10000 +10000 220 50 500 L% 150 300 270
i —— e =
} 500 5000 +10000 40 10 100 2% 30 5% 3
i 1000 +10000 +10000 129 22 229 L% 60% 2* éf
; 1500 +10000 +10000 300 50 800 5% 0% 5% 5
Key: 10 -~ Minimum Content * Not more than figure stated.,
25 =~ Average Content + Not less than figure stated.
50 = Maximum Content

GL1






rpld cxireet o111 thae Th ~nd Zn

vors tomthed

crltractinn weo eomoidorad 1o hoe om

in srlens tnd gohslorite.  ACQitior

of sulnhide ore rnd onc of

ho rezulto ~ro in Teble 29,

Thene rosults ghovred thet T9% H?O3czﬁrant ~1l tho Ph oand clwest =11

the “n from dnlamite, in cmmnarisen with the amounts of thasce

“higulnhote fusiosn technicuc.

clomonts oxtrreted by the

25% BENO extractisn, howcver, cxtracted 11 the I'b from the delomitcs.

orison of the by tho tue

Howewvir, on coan

cxtractisn tochniqueos vith swecetircsrs»hic dctormin~tisong; ginilar

contents rerc obscrved (Fige. 89 1692 inel.). Rether then ~ssuming

o'
S
‘4

g

thet T cnd Zn arc prosent in the delowitoes as casgily cxtrocia
metel sulaiidos, the nceuvrmeyr of the swcctrogranhic date moy be
~uastioned. I the d-~ta qre corroct, the oessibility of tho fact
th:t galonr sad svhrlerite are digseminated throughont the dolomites
e not be ignorad.  Tho modce of occourraneca of the troco clemento in

the oo “1la is thue clearly a nroblem which

worrants full invesiiscsticn, The Ph end Zn contonts of mincralis
dulsmitas ~re goncrallvy hisher by swectrogrovhic =nelysis compored
T the 2cid coxtrocteble cuntontao.

Veriation ~long stril In ordor 4o examine the minor clement

————— g B e gl s r s .t o,

idual atrots samnlcy wore

content olong the otrike 2f cortoin

77
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not nocessorils he avorront by comwrring oingle gampnlos of any
nrrticulor r“%% trae acloeted from the individnsl scetion.
The »rincina) mincr-lizetion u=g Fhund 4o be in the mrin lodce

zong of the ™d lovel =

it woo obsoerved thet vmrever the amount
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eontont is; howevoer, in goncrel low in dslomitcos but higher in
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novir develoned in Br -~ ooy soncz. On tho 2rin art of the

mince; where the mincreslizcti-n is in gencrsl loss extensive, the Sr-

contont ig reothor crrotic. In oréer to check the Jr—contont and also

to nrovide deta for Rb; sclocted semnles of cdolomitc were snalyzed
b x=ray flunrcscoent spoctrogrash. Az shern by the results in Table
2I, the Rb content verricos dirvcetly with Sr.  In the wmoin lode, whore

hizgh lo~d is found, o highor SriRb rati: ig obiaincd wrocceding
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'thile with highor Zn eoncentration
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low Dpeh zone. & hiicsh crneonirction of Sy oand Oh o im fornd in
feldspathde fulmzite, vhore » high odcrec? tue cordent s andod.

nicraecline

Thus, a cyomethotic veristisn ~7 b

be establichod . (Tebia 22).
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vas thus established, indicating whether these economic minerals
) &

moved ou*t oX, or into, the wall rock. This problen was first
investigztel by Reitan {165%), whose diagrawms with explanatory

notes are renroduced here in Fig, &Y a-d. The dispersion patterns

of the trace elenents at varying distances frowm ocre have been

I_J-

recorded in Fizs, @3 to 102 incl, It is cvident Ifrom these

diagrams that the metal content in the aureole zradually decays

lO”mLLtJﬂlcallv viay froin the ore contact. Suci: patterns are
¥ ¥
usually referred to a dlffusion mechanisa through static wmedium

(Javizes and Webb, 1652), But it nas been suggested in Chapter 4

that there was no wall rock elteration related to the Zavar

aineralization, and hence, altliough the establishment of disnersion

rattern of trace elements around tiie deposits might he talien as
evidence asalnst such @ contention, tvwo alternatives are proposed
nhere, to the original wall-rock alteration

(1) primary dispersion in sediments

(2) mecondary disversion throuzh porc fluid duvring

metamorphlsm.
' f the auvreole ig ebout

ch
9]
=
ot
(@]

20 ©t. JBhezrinz usuvally results in high values of metal content
at sone distance froit the ore, and thus the dispersion patterns

become nore irregular. “hus a rtion of Pb, an

elewent of low mobility, may ve found at considerable distances
out,
Bhe sypathetic variation of different trace elements

with cacl other, as revealed from the dispersion patterns, are

& 4
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believed to he governcd by the ienic ralii (Ringwood 1655). It
is also recalled herc cs Goldschamidt (195L) supggested that the
limits within whicn the redii of the ilons =may differ and still
form a stable mixed crystsl series at normal temperature and
pressure &y ve taken at 12% of the smaller radius,. However,

the factors like electroneczativity, polarizability and donic

v

potential are also of sreat importance(Goldschmidt; Ringwood;

|..'_.

Trace elements in Sulphices.~ The lack of any evidence of the

m
O

ictivity of igneous solutions suggests that the present distribution
of ore minerals could probably be accounted by pther factors like
recrystallization and remobilization. However, for a better
understanding of this hypothesis, an investigation was carried out
to study the trace element distribution of the sulphides. The
different trace elements din the sanples of galena, sphalerite and

#yrite are recorded in Table 25,

The vrace eleuen in the sphalerite szuples studied ig, In,
2., Ge, 5n, M» and Cd, Of these elements, Sb was completely absent,

while Lg was precent in low concentration ranging from 15 -~ 48 ppm.
The presence of 4ig may be due to contamination by galena, In, Ga

b} ™~

and Ge occur in very low amounts, just above the detection limit, and
gseenls that Irn varies amnproximately inversely as the content of Ga

or Ge. HMn values range from 160-810 ppm. Both ¥Mn and Cd seem to

be highly enriched in the sphalerite and in and Cd ar

o

directly

variable with ecach other., Spectrographic work has also proved that
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is noted. Trrshall ~nd Joonsun (I96I) sugen st

ihat the lorre concentration of silver is found in octobodral crystials

although no cacunl relrtionchin hetwcen cryatal heohit ~nd

cencontr-tion of troce ¢lements hoo boon obscsrved. Ther slsc

helicve thet the veristion in -atimenr contont iz »rsbably sn offcct

che: eomnorative 241lvbilite of thig mincral ~ad tho rcelotive

e

councentrotion of cntimony verics vith the orlenas eryedenl Fébit, the

1owest croncentraticons sithin the minncrelisned cros sceurring in

in voolues in svritc ~ro rathoer roadom distributed,; -~fdurcec
tho Co— ond Fi-cantenils shoir symoothotic varictien. The Co:Fi
retic vericn from I.I6 to 4.06, but docs not apwcor to show ony
svietem~tic vrristion with Jenth; nor is thore any other rogular
voristion of tréce c¢lement content of suvlvnhides with increosing

daenth,



GEOCH“”IC iL DATA TIi RELATIOL TO PROLLEMS OF CRE

GEIESIS.

The actual ranges of trace elenment concentration provide some
information concerning the possible mode of origin of ore deposits,
£lthough considerable diversity in opinion exists, regarding the
cenesins of Yawar ore, the deposit displays features consistent with

ther confor:idble ore deposits of various setals in many varts of
the world, particularly ir rocks of pre~Cambrian age.

If, for the purpvoses of argsunent, it is assuned that the
t [&] )

sulphides ere of epigenetic hydrothermal origin, then the high
concentrations of fig and Sb in gelena or Mn in sphalerite, fall
within the ranges guoted in wrevious data by Fleischer (1955) and EL

Shazly et.al. (1957), 1In fact, data cuoted by Tl Shazl

: v et.al,
(op. cit,) for simple sedinentary sulnhides suggest that the values

1

for Zawer ore nre, in general, itco high to be considered as purely
sedimentary in origin, Dut it can be argued here thet, as the sawar
ore suffered metamorphic recrystallization, the sulphides might

have been subjected to additions of traﬁe eleilents, derived Irom

the ernclosing sediments,

35 average ; raage 1,16 - 4,00) and

ha higher co-content (176 ppri; range 120-2L0 ppm) than that of

i1 (80 »ppng range 50-120 pp:a) is more consistant with hydrothermal

pyrite, Davidson (19562) points out that for sedimentary myrite

tiie Co 711 ratio must be less then 1 and the Ili~content should be

89
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higher than that of Ce, But the values cqueted for hydrothermal
pyrite hy Fleischer (1955) scesnis to be too high for %awar ore
(500 »npm.average renzge -:00-2400 ppm), igain, the different values

obtained by Zi

merman (19561) for biogenic pvrlte froa the ilt. Isa
shale are not significantly different from Zawar pyrite, His
results were Co mean 240 »pu (renge 140-150 ppi), i nean 55 »pu
(range '5-85 pru) and the average of Co : ili ratio 4.5 (range
3¢11 =~ 5.,29), but in pyrite of metamorphic origin he found
considerably reduced Qo vzlues wWhich were genertlly below tiiose

rl

)
(o4

ii. The sinilority of the Zawar rezsults to those 2f the ilt.
Isc shale dwes not, however, necessarily signify a biogenie origin
for the Zawar pyrite, particularly when, in view of great age of
the latter deposit, an account for the biogenic source must be
producsd, Zimmernan (1951) also points out that the Co and Hi
contents are probably governed by the availability of these
elements duwring crystallization and the crystal habit of {ihe host
nyrite, Thus, the genesis of pyrite is not very easy to deduce
Tron its Co:il ratio,

The argurents for syugonesis versus épigenesis are

further considered in Chapter 11, ' -
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The ‘content of the ore zmetals and absociated elenents
in any given stratun of Zaviar environwment is higher on the mine
sections, especially Fochia lagra, than elsewhere, The dolomites
of the idne 'sequence including the main lode wall-roclk have
characteristic trace eleuent assenmblage, The trnce element patierns
indicative of proxiaity to the ore ore remarkably sioilar, n-
spiktc of diversity in characteristic proverties of individual
elesent, The highest concentration of the trace elements related
to esconomic amount of orce etals are essentially confined to the
riain lode, Sr ~ content seens to hove a strong influence on

mineralization and thus a Pb = high 41 - poor zone is well-

fcfined by the high concentration of Sr. @b - countent also

ghoirs similar characteristic and both Sr and Rb can be positively
orrelated with the ziicrocline content of the rock, The overall

trace elexent dispersion petterns show logarithiiic decay away

from the ore contract, and a wall-rock aureole of about 20 ft.

can be estaplished, Highest level of concentration of eleuents

agsociated with nineralization occur on thoze sections of highest

cction of a geochemical gradient along strike

3
(9]
oL
[0
O
¥
(0]

-
"
[
(0]
o
[0}
o

or in depth provides an indication of the directiom in which to
zo in search of ore, The alternatives proposed to the original
wall-roclk alteration hypothesis are

(7} primary dispersion in sediments and ey



througn pore fluid.

SUGGESTIONS,

While the present study hes provided the basis for
relating geochemical data to the practical problems of prospscting,
it nust be stressed that this approach is stvill in the experiméntal
stage and suould be tested in different areas at Zawar. The
geochemicel patterns of netal distribution on o regional scale
vould cstablisgh the characteristic trace element concentration in
the rocks of the area as a whole and give the broader picture of
the regional geochemistry., A detailed geochemical mapping of the

area along with the study of secondary dispersion patterns night

be more fruitful. i detailed investigation in establishing
definite relationshipn betwe the rock for:aing =inerals and the
trace elenents would not only facilitate the intervpretation of

the geochemiczl data, but also it would vyermit a better
understanding of the behaviour of trace elements durins metamorphic
srocesses., Studies of Jdisversion patterns of uetals, which are
charccteristically associated wiith igneous injections and volcanisa,

iz particular Hg arnd halogens, might throw some lig in

distinguishing between tne epigenetic dispersions and those
patterns, which ey be essentially sedimentary, but have been

sodified by later processes,

19



"Nature speaks to us in a perculiar language, the
language of phenomena, She answers all the questions

we ask of her, and these questions are our experiments"

Jo W, Mellor,



CAAPTER 40 , INFLUENCE OF POROSITY AND PERMEABILITY
ON ORE DISTRIBUTION

Studies of porosity and permeability of the Jolomites, the host rock
w0 the ore, were undertaken at an early stage in the investigation since it
was cusnected that ore distribution was greatly influenced by these two
Tacvors, Although the measurements were made in expectation that the porosity-
vzmeability values would reflect the original conditions, when the
mineralization took place, it was later realised that the values obtained
ars by no means'primary', but secondary and hence, could hardly reflect the
pimative conditions.

Datails of the methods of porosity and permeability measurements
ra7o heen recorded in Appendix 3. If the deposits were epigenctic, the
dolonite was obviously the most suitable host-rock for in preference to the
»2allites and the quartzites; no doubt it was chemically the most recepiive
ciratum, Absence of mineralization in the Zawar-Mala, Shisha-Magra Doloﬁites
=1g1t e explained by the absence of porosity in them at the tiﬁe of
mineralizetion, or the isolation of their pore spaces from the source of o:xe
Fhuld,

Porosity-permeebility values of the Zawar dolomites are revealed by
The present measurements,.are very low, It is, however impossible to say
whether these values were originally low or these are due to modification by

inter processes,

Increasing porosity-permeability values with depth rorealed % the

neasurements listed in Appendix 3, mayl: perhaps correlated with increasing

grain size and dolomitization, but is the result of post mineralization

193



metamorphism and movement. As might be expected the sheared samples
invariably show higher values while the samples with mineralized veins
show lower values thah those of the unmineralized samples irrespective

of depth.

It is pertinent to emphasize here that in highly cemented rock
like dolomite, it is more realistic to consider the permeability along
fissures rather than through voids; in other words a pipe like system.
Thus when these fissures are filled with mineralization, the porosity
permeability values are invariabiy low,

Since, from the relative comparison it is found that the
permeability of normal unmineralized dolomite is higher than that of
dolomite containing mineralized veins, it may be suggested that the
original porosity-permeability of the dolomite could have been higher

at the time of mineralization,



" The splendours of the firmament of time, may be eclipsed,

but are extinguished not",

P. B. Shelly.



Chapter 11, ORLE GENESTIS

INTRODUCTION .

The controversial problems of ore genesis, are not only of
theoretical interest, but clso have important bearings on the future
search for minerzls. The basic problem becomes more complicated, when
the ore deposit 1s subsequently modified by metamorphism, as at Zawar.
Whatever the primoary origin of the deposits here may have been, however,
the outstanding fact is that over a wide area, they are confined to a
single stratigraphic horizon.

In the following lines an attempt has been made to review the
primary genetic problem of the Zawar ores.

PREVIOUS IDEAS

Ghose (1957) believes that the origin of the Zawar ores can be
most suitably explained by a hydrothermal theory, favouring which he
advanced the following reasons:
(1) Occurence of numerous quartz veins, cossociated with K-feldspar.
(2) General absence of collofoirm textures in ores.
(3) Absence of repctition in the depositional sequence of the
ore minerals.
(4) Occurence of pyrrhotite-pyrite association and relative rarity
of marcasite.
(5) Fe-S contents of the bulk of sphalerites indicate a

temperature of formation of about 250°C.

o/



(6) The stable mineral sssemblage quartz-dolomite indicate that
the regional geoisotherm did not rise above 450°C
He did not mention any exact source of minerclization because of the
absence of igneous rock which could be genetically related with tha ore
deposits, but suggested that the ore--bearing solutions might have been
derived from granitic intrusions, which are known to have occurred
elsewhere in Rajasthan after the deposition of the Aravalli sediments.
Mookherjee (1962, 1944) also favoured a hydrothermal origin and
discarded a sinple syngenetic oripgin on the following grounds:
(1) Occurrence of ore bodies in regions of appreciable tectonic
activity.
(2) Rerarkable lithelogical and structural control in ore
e
localization. :
(3) Relatively high temperature of form~tion.
(4) Para~crystalline deformaticn of the major miner-ls.
(5) Absence of any stratigraphic control.
He also considered that o renobilization mechanism was & remcie
possibility because:
(a) The mineralization was late with reference to the Aravalli
tectonism.
(b) Low grade regional metamorphism had occurred.
(c) Depth of formation of the ore body was supposed to be small.
He concludes that the ore localization in structural traps of a
particulsyr generation is the idezl crse for enigenetic ore deposition.
Smith (1963, 1964) on the other hand, suggested a syngenetic

hydrothermal origin for galena and sphalerite and postulated a simple



sedimentary origin for pyrite.
Pereira (1963,1964) emphasized the role of remobilization in Zawar
ore, in contradiction to Mookherjee’s hypothesis and like Smith, &slso

suggested & syngenetic origin.

RELATION TO METAMORPHISH

Since, the main lode of the second level of Mochia Magra mine,
seems to be an infilling of a shear zone, it has bezen suggested by the
previous workers that the ore solution came up following these shear
planes, which were created during the first metamorphism. But, it was
found in several places, completely free from any shearing (e.g. Zawar
Mala, Western Mochia etc.) that the mineralization faithfully follow thc
planes of stratification. A suggestion is, therefore, made that
probably the ore was in place even before the shearing, or in other
words, before the first metamorphic episode and the present localimation
of ore in shear planes reflects that during metamorphism the ore
constituents, whether initially dispersed or highly poncentrated, were
mobilised and transported to sites of lowsr pressures.

Additional evidence to this contention was provided by the fabric
analytical work. It is apparent from the X-ray texture charts of
different minerals, that there is excellent preferred orientation in
both host rock minerals as well as ore minerals,though the evidence is
not yet conclusive, this might suggest that they were all subjected to the
same stress system.

However, no matter whether the ore at Zawar was there before the
first metamorphism or not, that it represents a tectonically metamorphosed

ore deposit is beyond doubt. An important criterion for such 2 deposit



is the compalability of the temperature of recrystallization of ore
minerals and the temperature accompanying metamorphism that produced
recrystallization. The mimir—a tenpercture of srh=lerite deposition a:
estimated by Smith (1964) is 450°C. Exsolutirn cubonits in Cralceopyrile
indicates that the latter cooled through 450°C and at that temperature it
rust have been located 2t its prescent position, the sphalerite grein
boundary and hence sphalerite must have crystallized above 450°C. Abaence
of diopside in considering metamorphism of siliceous dolomite (Eowen,1910)

indicates a probable maximum temperature of 490°C, a figure partly

evidonced by the co-existence of unrecrystallized prrite ond arsenopyriie.

If, therefore, atempevature yonge of L50°C to L4907C ins postulated, this
Tits in quite well with 300°C to 5C0°C temperature range as revealed by
the lowv grade regional met-morphisn (greenmschist.facies) of Zavar avegd.
Clher evidences are efforded by mutual boundsry reistlonsh1p between &l
minerals and th? tendoncy towards alipnment c¢f cristals c.g. pyrite owd
orsevopyrite,

Metamorphism of the cre nct only produced recrystallizatiow but alse

ramobilization and the deposit, therefore, czn be clasced alzo as

'tectonically remobilized’.
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¥t must be Horne in wind that in view of their

complete restriction to the dolomite, the Jawar deposits represent
strata~bound types. This localization extends far beyond the
Zaviar mine area. Witk respect to its great lateral extent, the
depth of the deposit, so far proved, secemz rather shallow, and hone

may be entertained for further sxtensions in depth

In order to fa
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ne primary emplacement is considered from two major points:

1. Igneous hyircthermal and cpipgenctic

2. Sedinentary syngenetic,
Zpigenetic.~ Lack of any obvious walleroek alicration in
Zaviar rocks can be used as negative evidence, It is suggested
that Mookherjee's (1964) wall-rock alteration miner:zls can be
interpreted as derived fro: the ore host dolomite, Iresence of
dispersion patterns of trace elements around the deposits do not

necessarily arise from wall-roclt alteration,

r‘
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l

lihough locally the
ore texture can be suvggestive of 'replacerniently the evidences are
not unequivocal and alternate hypothesis for such cases can be
easily proposed (Chapter 8).
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enetic hydrothermal oripgin (z1 Shazly

et,al., 1957) but it is not impossible that the sulphides might



od

have ween subjected to additions of trace slements, derived
sodinents, during metaworpyhic recrystallization.

4l%though the Co -~ content of Z

m

war pyrite is much less
than that quoted for hydrothermal pyrite by Fleischer (1955),
the higher Co - content than that of Hi

types, though not

Syngenetic.~ An inhercnt drawback to a siuple sedimentary

e

|.J

syngenetic origin lies in accounting for the concentration of

l—"
[

Po and Zn in notable quantity in normal sedimentary processes,
even under highly reducing conditions (Dunham, 1963). The
high Lz and £b content of zalena and FMan of sphalerite would

rainst any such hypothesis,., ifevertheless, the strata-~
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sedimentation or early

Tie present author is, therefore, inclined to adopt
a theory after Dunhan (1952, 12561, 1954) in orcder to find a
comproxise betwzen the pure evigenetic and syngenetic hypotheses,

4

Dunhain suggests that the counformable sulphide deposits may be a

result of discharge of metals from hydrothermal solutions of

deep-seated origin into a strongly relucing environment during

[hh!

sedimentation, 'This readily accounts for the source of Pb

~

and Zn and also for the presence of different metals in the

c0



sane formation. It cen also be postulated following Dunham!s

(1964) supzestion for the Kuperschiefes that possibly the geological

coincidences at Zawar were: (1) stagnant bottom condition (2) very

1
&l
o

]

slow medimentation and (3) hy!

«

rothermal mineralization in progress,

Sut on the cxisting evidence, proof cannot be offered,

SUMMARY,
Zavar represents a tectonically metamorphosed, remobilized ore
deposit, where ore was probably in place before the first episode
of metanorphism. & theory of syngenetic submarine aydrothermal

(sedimentary-exhalative) origin ie tentatively adopted here for

he galena, blende and pyrite of Zawar,
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APPENDIX 1 2

TECHNIQUES IN GEOCHEMICA® INVESTIGATION @

OPERATING CONDITIONS.

Tube

Counterxr

Time constant
Voltage
Collimator

Counter

Sanmple state

ELEMENT

i:
Sr
Rb
Pb
4n
Cu
Ni

W

W target
Scinitillation
x 4

L8 xv, 20mAi.

Crystal
Fixed tine
Multiplier

Path

Light element (480 M)

x 64

Powder

ANALYSIS LINE

K$
K
Kot
Lp
Ke
K«
K<
Py

K«

Topaz
2 x 90 sec,
x 1

Vascun

Holder : Rotating cireular
with mylar window

PEAK (°20)

29,84
37.5‘
39.89
42,37
63.89
69.23
7539 -
76,45
101,70

BACKGROUND
Low

28,54
36,60
28,80
41,20
62,90
68.30
74,20
78.00

100,00

netal

(°29)
High

31,14
38,80
k1,20
k3.50
64,90

70.L:0



STANDARDS :

Standards were preparec¢ Ly the addition method (Ahrens
and Taylor, 1951) using spec. pure compounds of the elements
analysed as the base for the master mixes; they are as follows:
ZrbClz- 8H20, Sr(HO3)2,Rb01, Pb(NOB)Z’ Zn-netal, CuSo, «5H,0,
NiSo, - 7H,0, Mn304. A total of seven different concentrations were
used to draw the reference curves. In every case 1250ppm of each
element was added to the base to make the master mix; portions
of each were then diluted with the base to get the necessary
concentrations (4500, +375, +250, +150, 4100, +50, +25 in ppnm)
in this way errors in weighing were siuch reduded. When both
master mix as well as dilutions are made, each sanple nust be

shaken for three hours in the nixer mnill,

CONTAMINATION CORRECTION,

In order to correct for small amounts of contamination
fron the X-ray anode and tube filament, the intensity of each
element line was counted using i'spec, pure’ SiO2 and recorded as
a fraction of the WL1 line intensity; for each sample the intensity
of tﬁe WL1 peak was measured and a simple correction for
contamination made by the use of this ratioc. Only 1ea&, zinc,
nickel and copper contamination was detectable and in all cases
the amount of contamination was very low and appeared to remain

constant with time.
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PRECISION AND DETECTION LIMIT,

Liebhafsky et, al. (1955) has shown that for X-ray
epectrograph data, under idezl operéting conditions the standard
deviation is equal to the square root of the mean of the total
number of counts and therefore &s the concentration goes up the
standard deviation goes up while the relgtive deviation goes

down,
Thus, Standard Deviation = :v/z(yr';c)_?-__
: =1

and Relative Deviation = Standard Deviation .
- x 100
3

When a detector has measured a total of H quanta, the

expected standard deviction is [T, where N=Total no, of counts
(Lackgrovnd) x scalz factor (counter). The detectibility limit
is takan., as recommanded by‘C&mebell et, al, (1959), as a
concentration thet results in a line intensity equal to 3 times
the standard deviation, an hence, the detectibility limit is

equal to E\IN,
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DETERMINATION OF LEAD AND ZINC BY THE POTASSIUM BISULPHATE FUSION:

TECHNIQUE.,

‘Abbreviated Operating Instructions.

Procedure :-

(a)

(b)
(¢)
()
(e)

Weigh 0,1 gm, of sieved sanmple into a pyrex test
tube (16 x 150 mm,).

Mix with. 0,5 gm, of potassium bisulphate and fuse.
Leach with 5ml. of 1M - Hel,
Add 5ml, of water and mix,

Pipette 1ml. aliquot into 5ml., of buffer solution
contained in an 18 x 180 mm, test tube, previously
calibrated at 5mi,

(f) i.for Pb determination add 5ml, ,0008% dithizone

(g)

(h)

solutiqn.

ii.for Zn, determination add 5ml, of ,001% dithizone
. solution.,

Cork the tubes and shake vigourously for

i.15 sec. for Pb, determination.
ii. 1 min., for Zn, determination.

Compare with standards,

Pb, and Zn, in ppm = 100 X g of metal in matching standard,

Standards 3~

P,

containing 10ml, of buffer solution and calibrated at 10 amd 12ml.,

(i) To each of 12 test tubes (19 x 150 mm,)

add respectively 0, 0,5, 1.8, 1.5, 2.0, 2,5, 3.0, 3.5, 4,0,

5,0, 6,0 and 7,0m g, of Pb, Dilute to 12 ml, with 0.5 M-Hel

225



and add 5 ml,

of 0,0008% dithizone in benzene., Cork the tubes and

shake vigourously for 15 sec.

Zn,

(i1) To nine test tubes each containing 5ml, of

buffer solution, add respectively O, 0,25, 0.5, 1.0, 1.5, 2,0,

245y 340 and 3,5M8 of Zm.” Add 5ml, of 0.001% dithizone, cork

the tubes and shake vigourously for 1 minufe.

Reagents :~
(2)
(b)

(e)

(a)

(e)

(£)

(g)
" (h)

(1)

Potassium bisulphate: fused and -powdered.

1M - Hel: mix 4Oml. of acid (sp.gr. 1.18) with
LOO ml., of water, .

0,5M~Hol: mix 20ml, of acid (sp.gn. 1.,18) with
420 ml. of water,

0,01% dithizone in carbon tetrachloride: dissolve
kOomg, in 400ml. of carbon tetrachloride and store
in a vacuum flask,

i) 0.008% dithizone in benzene : dissolve 32 mg, in.
' L4OOml. of benzene and store in a vacuum flask,

ii) 0.01% dithizone in benzene: dissolve 40 mg. in
400 ml, of benzene and store in a vacuum flasik,

i) 0.0M08% dithizone in benzene : mix 40ml, of the
0.,008% solution with 360 ml, of benzsne,

ii) 0,001% dithizone in benzene : Mix 40 ml. of the
0,01% benzene with 360 ml. of benzene and store
in a vacuum flaslk,

Chloroform,

0.,04% thymol blue : dissolve 40 mg, of the sodium
salt in 100 ml, of water,

Ammonia Solution : A. R., s5p., gr. 0.880.
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(j) i) Buffer solution for Pb determination : dissolve
120 gm, of tri-ammontum citrate and 20 gm, of
hydroxylamine hydrochloride in about 800 ml, of
water, £dd 5 ml, of 0,04% thymol blue solution
followed by ammonia solution (sp, gr. 0,880) until
the colour of the indicator changes Ifrom yellow to
a distinct blue, Add 18g:.of KCN and dilute to 1
litre with water, Extract with 0,01% dithizone in
carbon tetrachloride until free from Pb, and remove
the excess of dithizone by extraction with chloroform,

it) Buffer solution for Zn. determination : dissolve
500¢ms.~of sodium acetate, 5 gm. of sodium flouride
and 125 gm. of socdium thio sulphate in about 1500 ml,
of water, Add 15 ml, of acetic acid and extract with
0.,01% dithizone in carbon tetrachloride until free
from Zn. Remove the excess of dithizone by extraction
with carbon tetrachloride and dilute the aqueous

phase to 2 litres with water,

(k) i) Standard Pb. solution : 100.«g, of Pb per ml, =~
dissolve 80 mg. of lead nitrate in 0,5 M~Hcl and
dilute to 500 il, with this strength of acid,

5.4g. of Pb., per nl., - dilute 5 ml, of the 100 «g,
per ml, solution to 100 ml, with 0,5 M~Hcl.

ii) Standird Zn solution : 100 m g, of Zn.per ml, -
dissolve 220 mg. >f Zn -~ sulphate hepta-~hydrate in
0.5 M~Hcl, and dilute to 500 ml, with this strength
of acid,

5 mge of Zn per ml, - dilute 5 ml, of the 100mg,
per ml, solution to 100 ml, with 0,5 M Hcl.

Rererks :-
'~ The ranges covered are as follows:~
(i) 10 =~ 350 ppin, for Phb,
(ii) 5 - 350 ppm. for Zn,
The ranges wWere extended by (a) using a sample wt, of 5 mg., (b) _
further diluting with HZO’ and (c) using a sample aliguot of 0,1 ml!
Results may be obtained within + 25% at 95 percent

confidence level,
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DETERMIJJATION OF LEAD AND ZINC BY 15% HNOz DIGESTION TECHNIQUE,

Abbrgzigjgﬁ;gperating_;nséructions.

Procedurg:-

(a) Weigh 041 gu., of sieved sample into a pyrex test

tube (16 x 150 mm.) calibrated at 3 and 10 ml,

(o) Add 3 ml, of 15% HNO, and digest for one hour on a

sand troy.
(c)

(a)

3

Dilute to 1C ml, with H20, mixing well,

Pipette a 2 ml, aliquot into 10 @l, of buffer solution

contained in a 19 x 150 mm, pyrex test tube previously calibrated

et 10 wml, and 12 =ml,

(e)

(g)

i) for Fb determination add 5 ml, 0,0008% dithizone
solution,

ii) for Zn Getermination add 5 al. of 0,001% dithizone
solution. ’

Cork the tubes and shalke vigourously for
i) 15 sec, for Pb. determination.

ii) 1 min., for Zn, letermination.
Coimpare with standards.
Ph and Zn in ppm, = 50 x mg of metal in matching

standard,
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Standards :~

(1) Pb. To each of 12 test {fubes (19 x 150 mm) containing
10 ml, of buffer solution calibrated at 10 and 12 ml,, add
respectively 0, 0.5, 1.0, 1.5, 2,0, 2,5, 3.0, 3.5, 4.0, 5.0, 6.0;
and 7.0 mge of Pb, Dilute to 12 ml, with 7.5% HNO; and Sml. of
0,0008% dithizone in benzene, Cork the tubes and shake vigourously
for 15 sec,

(i) 4n. To mine iurt tudes ewglcont&ining 5 ml, .of buffer
solution, add respectively O, 0,25, 0,5, 1.0, 5.5, 2.0, 2.5, 5.0,
and 3.5 mg. of Zn, Add 5ml, of 0,001% dithizone, Cork the tubes

and shake vigourously for 1 mim,

Reagegﬁg:—
{(a) 15% HHOB: mix 75 @al, of acid (sp. gr, 1.,42) with
425 ml, -of H20.

(b) 7.5% HNO. : mix 250 nl, of the 15% solution with

3
~

250 ml, of H20.

(e) 0,01% dithizone in carbon tetrachloride: dissolve 40 ng.

in 400 al,. of carbon tetrachloride and store in a vacuum flask,
“(d) i) 0,0008% dithizone in benzene : dissolve 32 mg.f
in 400 mk, of benzene and store in a vacuum flask,
ii) 0,01% dithizone in benzene: dissolve 40 ng, in
4LOO ml., of benzene and store in a vacuum flask,
(e) i) 0,0008% dithizone in benzene: mix 40 ml, of the

0,008% solution with 360 ml, of benzene.
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ii) 0,001% dithizone in benzene: nix 40 ), of the

0,01% benzene with 360 ul, of benzene and store in a vacuun flask,

(f) Chlorofori.

(g) 0.,04% thymol blue: dissolve 40 ng, of the sodium salt
in 100 ml, of HZO'

(h) Ammonia solution :AR,, sp.gr. 0.880.

(L) i) Buffer solution for Pb determination : dissolve
120 gns. of tri-ammonium citrate &20 gms. of hydroxylamine
hydrochloride in about 300 ml, of H,0. 4Add 5 ml, of 0.C4% thymol
blue solution followed by armonia solution (sp. gr. 0,880) until
the colour of the indicator changes from yellow to a distinct blue,
Add 18 gus. of potassium cyanide and dilute to 1 litre with water,
Extract with 0,01% dithizone in carbon tetrachloride until free
from Pb and remove the excess of dithizone hy extraction with
chloroform,

ii) Buffer solution for Zn determination - dissolve

500 gms, of sodium acetate, 5 gms, of sodium fluoride and 125 gms.
of sodium thiosulphate in about 1500 ml, of HZO' Add 15 ml, of
acetic acid and extract with 0,01% dithizone in carbon tetrachloride.
(0014) until free from Zn, Remove the excess of dithizone by
extraction with carbon tetrachloride. Dilute the agueous phase
to 2 litres with water,

(j) i) Standard Pb solutions : 100 mg, cf Pb per ml, =~

dissolve 80 mg. of lead nitrate in 7,5% HNO, and dilute to 500 nl,

3
with this strength of acid,
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5 mge of Pb per ml, = dilute to 5 ml, of the 100-ng.,
per uml, solution to 100 ml, with 7,5% HNOB.

ii) Standard Zn. solutions - 100.ug, of Zn per ml., =~
dissolve 220 mg, of Zn sulphate hepta-hydrate in 7,5% HNO3 and
dilute to 500 ml, with this strength of acid,

5mg, of Zn per ml, -~ dilute 5 ml, of the 100 g, per
ml, solutions to 100 ml., with 7,5% HNQ5'
Remarks :-
The ranges covered are as follows -
i)10~.350 ppm, for Pb.

ii) 5« 350 ppin, for Zn
The ranges vere extended by (i) using a sample wt, of 5nmg,,

(ii) further diluting with water and (iii) using a sample
aliquot of 0,1 ml,

This method was adopted for the other acid extraction
techniques employed,

Results may be obtained within + 25% at the 95%

confidence level,

This method is . wiwed on that for Pb determination described
by Bureau de Recherches Geologiques, Geophysiques et Minieres,
Paris, 1957. Modifications advised by R.5. Stanton (personal

comimunication),
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APEENDIX 5
METHOD_OF POROSITY MEASUREMENTS

Porosity determinations in all cases were made on pieces
of diamond -~ drill core, usually two inches in length and an inch in
diameter. Ordinary pieces of mine rock involve too much probability
of error due to mechanical injury by blasting, hammering or otherwise.
Although the possibility of injury in diamond drilling is not to be
excluded entirely, it is believed to be maimportant in most cases, as
indicated by the relative constancy of results,

The cored specimens are placed in a vacuum chamber, which
is closed and then evacuated for twenty four hours, to remove moisture
from the pore spaces, After this period, while the vacuum is still
reintainsd, sufficient water is fed into the vessel to cover the
specimens completely., They should be left submerged in the vacuum
chamber for a period of another 24 hours. The specimens are then
ramoved in an ordinary vessel but still must be kept under water,
Zach specimen is weighed three times:-

a) Vhile suspended, submerged completely in a beaker of water;
i.e., saturated weight in water.

b) Suspended in air after having blotted excess water from the
surface of the specimen; i.e. saturated weight in air,

c) Suspended in air after having driven all water from the
specimen in a drying oven; i.e. dry weight in air. (Drying

in the oven for 5 to 6 hours at 110°C),



Now in any specimen,

V = volume of rock grains = C-A evee
v = volumc of pore spaces = B=C ovee
V+v = total volume = B-a teea
P - density of rock grains = C ceee
C-A
where, A = saturated weight in water
=VP+v = (Vav) = V (P~1) ceee
B = saturated weight in air
=VP+ v eees (8)
C = oven dry weight in air

=VP seee (?)

®
)
(3)

Q)

(5

rom this. the different densities and the porosity can be calculated

br time following relationships:

Soturated density = -5 - (8)
Dry density = e - (2)

-_9__ - - (10)
C=4 (

Ve x 100

V+v

= 20 x100 - (11)

A

Grain density

Porosity (percentage)

In order to check the accuracy of the present method, a few specimens

were analyzed by the more established, classic method of Brown (1947),

(see Fig.,103), modified after Bain (1941).



METHOD OF PERMEABILITY MELSUREMENTS

The method adopted during the present investigation was
modified after Ohle (1951), as it favours expeditioms measurements
tho permeability of rocks with permeability in the range 10"2 to 10-7
millidarcies and also according to this method removal of specimen
from its holder is not required, while using different gases and
liquids interchangeably. The permeameter, designed during the present
work can be used for the liquid as well as gas, The deteils of which
is shown in Fig, 10U, Briefl:y,the permeameter consists of a reservoir,
an intake valve connected with the pressure gauge, a release valve,
a drying cylinder (not necessary, while using liquids) and a sample
holder. The collecting assembly is, however, different for using gas
and licuid. While using ges, a graduated cylind-ical jar, filled with
vater, is kept in an inverted position submerged in a bowl of water, and
the gas collected in the jar, replacing the water, accounts for the
permeability, In the case of liquid permeameter, the sample holder is
connecsed to a capillary tube and from the position of meniscus in this
tube, permeability of the specimen can be obtained.

K11 the connections in the system are made of 1/16 inch
(inside diameter) heavy-walled copper tubing. The packing is of the
"unsupported area" type described by Bridgmen (1981). A 200 pound
pressure gauge was used, Almost all the connections in the system are
in cone~in-cone fitting, and every block is detachable from the other,
as every part is connected to the other by standard male-female screw

connection, The drying qyiinder has 1" -~ inch steel walls and a



chamber 1} inches in dismeter and 12 inches long, It is filled with
dehydrated silica gel or calcium chloride, The specimen holder is made
of stainless steel the details of which are given in Fig. 105,

Test discs are about one inch in diameter and 1 inch
in thickness; the size of course, can be varied either by changing
the length and thickness of the packing rubbers or by re-boring the
chamber, It is however dealrable to keep at least a % inch and
preferably 3/16 inch difference in the diameter of the specimen and
the diameter of the chamber,

It is of utmost importance to prevent any leakage around
the specimen and hence, the cylindrical surface of the discs are
wrapped with scotch cellulose taps and thon inserted into the hole of
a rubber sleeve washer cut to fit the specimen. The outside diameter
of the sleeve is exactly the samec as the size of the chamber, Thin
rubber washers of 1% inch outside diameter and 13/16 inch inside
diameter sandwich the specimen. Upon screwing the plug firmly, the
rubber sleeve washer around the specimen is compressed and squeeses the
disc, thus preventing any flow except through the disc itself, The
quality of the seal is indicated by the fact that when o gless disc was
inserted and subjected to 100 atmospheres pressure, no measurable flow
was recorded,

Before inserting the specimen into the cylinder to start a
test, the whole system is blowm out with gas or liquid to be used in the
test to insure against contamination, The fluid passing through the
specimen is allowed to escape until the flow is constant, Flow

equilibruam is reached very quickly., Oncec the equilibruam is established,
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the necessary collecting zssembly can be attached to the system,
Vhile using gas, the end of the glass tube is inserted into the end
of the collector, the time and the level of the water column in the
collector being noted, <The length of time during which the gas is
collected depends upon the rate of flow, 45 soon as a sufficiont
volume is collected the glass tube is removed from the mouth of the
collector and the time of flow and the volume arc noted, It is,
however, advisable to follow gas tests directly with liquid flow
tests and not in the reverse order, because of the difficulty
involved in flushing the liquid from the disc, *

Vhen a liquid is passed through a specimen, the
equation used to calculate the permeability is:=

ML
R “

‘;(P‘I_PZ) eeaddO

in which K permecability (in millidarcys)

/u

viscosity of the liquid (in centipoises)

Q = volume rate of flow (in cc per second)

L = length of column (in centimeters)

4L = cross - sectional arca (in sq. cm)

Pq~Pp=  Dressure difforence through the specimen(in atmospheres).
The equation which applies f'or the flow of gas is

K = M—E— x 1 + “ﬁ"-— esecee (2)
At T
£ (T ,l-l 2) PnR

= QM-}-:—— x 1l + -b--- snsee (5)

A (.- P5) Pm

* For further details on the permeability work, refer to Ohle (1951)

Fraser (1935) and Gratonand Fraser (1935).



in which

g

mean pressure
volume flux at the mean pressure
ratio betwecen the mean fgee path and the reciprocal
of the mean pressurc
viscosity of the gas at the mean pressure
an average capillary radinms so far as the slip
corrcction is concerned

LC/R.
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POROSITY MEASUREMENTS 1IN DOLOMITE 1ST LEVEL MOCHIA MAGRA MINE,

TABLE -

2

Sample No, Wt. in H20 | Wt in air B < A Saturated | Dry Wt (Oven— Dry Density| Gmin Density] Percent

(a) (B) Density Dry) (C/B~A) (c/c=4) Porosity (12 B~C
(B/B - A) (c) (B—C)/(?;ﬁ.)x

1/55 43,28 66493 23465 2.830 66.79 2,82l 2,840 .500 * 23,51 ol
1/22 7he61 116.55 41,9k 2,778 116,47 2,777 2,782 .100 41.86 .08
1/65 100,15 142,30 42,15 34376 142,20 34373 36381 «200 42,05 «10
1/67 112,57 170.85 58,28 2,931 170,73 26929 24935 «200 58.16 12
1/72 86455 135,13 48458 2,781 135,01 2,779 2,786 200 48,46 12
1/6 88.50 142,14 53 o 6L 2,649 141,86 246l4d; 2,658 <500 ¢ 53436 «28
1/7 87.82 140,00 52,18 2,683 138495 2,662 2.717 2,000 ® 51413 1,05
1/64 102,09 158,27 56418 2,817 158425 24816 2.817 .010 56,16 .02
1/37 163,07 252,92 89.85 2,814 252,21 2,807 2.829 .700 * 89.14 .71
1/58 113.99 180,42 66ek3 2.715 180,20 2,712 2.721 «300 | 66.21 022
1/4/P 83.98 130.19 46,21 24817 129.71 2,806 2.836 1,000 45,73 48
1/B 41,80 65,90 24,10 24730k 65452 2,718 2,762 .800 * 23.72 <38
131.80 207,07 75427 24751 206445 2472 24765 800 * 7he65 62

/4

#  Sheared Samples,
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TABLE - 25

POROSITY MEASUREMENTS IN DOLOMITE 2nd LEVEL MOCHIA MAGRA MINE

2/33

119.39

Sample No.{ Wt. in H,0 | Wt. in Air | Saturated Dry Wt.(Oven dry) | Dry Density | Grain Density| C - A % B - A

(A) (B) Density {C) (C/B-A) (c/c-4) Porosity

(B/B-4) (B-C/B-A)

x_100
2/69 169.11 250.37 3.08 249,76 3.07 3.10 80.65 * 800 81.26
2/18 40.79 64,16 2.75 64.07 2.74 2.75 23,28 .385 23.37
2/X 137.24 214,13 2.78 213%.92 2.78 2.79 76 .68 273 76.89
2/63 140.52 226.22 2.64 225.85 2.64 2.65 85.33 31 85.70
2/50 187.00 270.30 3.24 270.13 3.2L 3.25 83.13 204 83.30
2/G/" 210.05 298.67 3.37 298.45 3.357 3.38 88.40 248 88.62
2/3h 270.00 352.31 4,28 352.19 4.28 23.43 82.19 @ .145 82.31
2/10 86.88 129,58 3.03 129.35 3.03 3.05 42,47 !* 538 | 42.70
2/64 78.00 11747 2.88 119.33 2.88 2.89 41,33 | 337 b1 .47
2/9 106.58 148.73 3.53 148.64 3.53 3.53 42.06 .213 42,15
2/78 66.50 101.18 2.92 101,00 2.91 2.93 34.50 * 519 | 34.68

2/56 121.48 176.03 3.23 175.88 3.22 3.23 54 .40 274 54.55
2/25 69.20 94,00 3.79 93.43 3.77 3.86 24.23 *2.298 24.80
85.48 119,54 3.51 3.51 3.52 33.91 440 34.06

* Sheared samp.,es

® Dolomite witi mineralized

veins.




TABLE - 26

POROSITY MEASUREMENTS IN DOLOMITE 3RD LEVEL MOCHIA MAGRA MINES

Sample No Wt.(iz)HZO- W, 2_1];1) air Bei Dzigjl_l;‘yai(;;; ) I()Bze:tﬁzy(c) Di%/ge;ﬁity Gl(‘aé:';ré—]zsnsity C—p : B Pgi-ﬁenz ih;)z(-)osity
3/65 171,34 226,40 55,06 | holl 226,14 b1 lol3 54,80 .26 'E:-*?472
3/39 62,65 95432 32,67 2,92 95412 2,91 2.93 32,47 20 612
3/51 63407 101,00 37493 2,66 100,48 2065 2.69 37.41 .52 * 1,370
3/9 89.75 132.34 42,59 3411 132,07 3,10 3,12 42,32 027 <634
3/36 99.48 147,07 47459 3.09 146,83 3,09 3,10 47435 o2 o504
i 3/42 77445 | 102,48 25,03 | 409 102,35 4e09 411 24,90 .13 -519
i 3/58 118,06 179445 61439 2492 179.25 2,92 2.93 61.19 .20 .326 o
| 5/120 85,87 13458 48,71 2,76 131455 2,76 2.76 48.68 .13 .267
3/6 142,70 191.02 48,32 3.95 | 190.95 3495 3.96 48,25 .07 <145
' 3/130 68.17 108.27 40,10 2,70 107.63 2,68 2.73 39.46 NI * 1,596
:3/13 102,95 152.55 49,60 3.08 152,28 3,07 3.09 49.33 .27 o5kl
3/27 178.98 248,75 69.77 3.57 218,32 3456 3.58 69434 i3 616
L 3/L9 111,05 169.93 58.88 2.89 169,50 2,88 2,90 58445 i3 *+ 730
 3/134 79.45 125.43 45,98 2.73 125.23 2,72 2,7 15478 .20 435
~J @ Dolomite consisting of fissure~veins,
B * Sheared Samples,




IABLE -~ 27

— ey

POROSITY MEASUREMENTS IN DOLOMITE 4TH LEVEL MOCHIA MAGRA MINE.

' Sample Wto in 220 Wt. in air Saturated Den-—:E .Dry Wt_c((-)ven Dry Density ! Grain Density Percent Por-
. No. () (B) B2 sites (B/B~A) i Dry (C (C/B~4) (C/C--41) C-A B-C | osity.
%:g x 100
/1 7519 114,53 40,3k 2,85 114,21 2,83 2,85 10,02 .32 795
/8 160,65 24.7.00 86,35 2.86 672 2,86 2,87 86,07 28 ® o32U
4/15 118,50 184.39 65.89 2,80 184,25 2,80 2,80 65.75 oLk 0 212
| 4/16 115.13 178,29 63,16 2,82 177,97 2,82 2,83 62,8l .32 .507
L/17 100,00 156,36 56036 2.77 156,16 2,77 2.78 56,16 020 0 <355
4/3%2 62,98 89,26 27, 22 3.40 89,00 339 3.42 26,02 «26 .989
L/33 83,94 131,93 47,93 2.75 131.47 2.7k 2,77 47.53 o140 .835
;4/38 239,00 324,06 85,06 3.81 323,71 3.81 3.82 84,71 «35 ° oJ4ll
L/41 251,13 335.00 83.87 3.99 334.67 3.99 4. 00 83454 33 | 0 o393
{ 1./60 86.88 122,32 35,60 3443 122,00 3,42 3445 35.32 32 | .898
1./66 129.97 198,40 68443 2.90 198.01 2,89 2,91 6840k 39 570
 4/73 181,03 249.96 68.93 3463 249,54 3,62 3.6l 68,51 42 .609
i .
=
=D ¢ Dolomite with mineralized veins,



TABLE - 28

POROSITY MEASUREMENTS IN DOLOMITE 15T & 2ND LEVELS = BALSRIA MINES,

Sample Wt. in H20 | Wt, in fAdr Saturated Den-| Dry Wte(Oven | Dry Density | Grain Density Percent PorJ
- No, (&) (B) Bei sity (B/B-i) Dry) (G/B~-4) (c/B=4) (C/C=i) C—ia B-C osity(B-C/

: J,L B-4) x 100
‘B35 113.80 169.57 55.77 340k 169.38 3404 . 3.05 55.58 019 I 342

' 327 64s 76 99.63 34,87 2.86 99.53 2.85 ' 2,86 3he 77 «10 I .286
Bh, 138,47 198,50 60.03 3631 | 197.81 3430 5633 59434 .69 IT * 1.151
B/B 220442 285,78 65436 Lo37 285.21 4o 36 L40 6o 79 57 I* ,872
185 158.11 220,65 62454 3453 220,53 . 3453 3453 62,42 .12 I .192
86 97.05 145,43 48,38 3.01 145,27 3,003 | 3,01 48,22 .16 I .33
B48 113.16 141,65 284,49 4.97 _ 140,95 Le95 _ 5.07 27.79 o 70 IT * 2,457
B51 208,35 } 297.85 8950 3,33 297.38 3632 ¢34 89.03 o4Y I e 525 |
B19 111.92 141,78 29,86 bo75 141.50 beo 7 ke 78 29.58 | .28 I* .938
Bl 180.53 23}, 86 5433 ha32 23)4.4 51  Lha32 o3l 53,98 .35 II L6l
Bl2 156,65 227.28 70463 3022 226,88 3.21 3423 70.23 o0 II . 566
Blh 145420 202,60 57.40 3453 202,20 3.52 : 3455 57,00 .40 11 <697

} B1O 118.84 167.87 49,03 e42 167.40 ekl el 48,56 o/ II * 959

R ® Sheared Samples.
i I 1st Level,
e ITI 2nd Level,



PERMEABILITY MEASUREMENTS I DOLOMITE,

TABLE-29

1st, LEVEL, MOCHIA MAGRA MINE.

SAMPLE WO,

1/55
1/22
1/65
1/67
/72

*SHEARED SAMPLES.

PERMEABILITY
(millidarey)

-

~r
e

10'4*

10~
106

10“6

10_6

10~
1075+
107°

Topads

10=3+*

1072



T!xBLE - 30 0

PERMEABILITY MEASUREMENTS IN DUOLOMITE,

2nd, LEVEL, MOCHIA HMAGRA MINE,

SAMPLE 110.

*SHEARED: . SAMPLES

)

DOLOMITE WITH

PERMEABILITY
(millidarcy)

1001 x

MINERALIZED VEINS

103+

10-6

. 10-6

. 100



TABLE 3

PERMEABILITY MEASUREMENTS IN DOLOMITE.,

1

3rd, LEVEL, IMOCEI.L MAGRA MINE,

SAMPLE HO,

3/130
3/13
3/27
3/%9
3/13k

* SHEARED SAMPLES

¢ DOLGUTE WITH HMINERALIZED VEINS

PERMEABILITY
(millidarcy)

8+01
3021
2486
3+98

pA

ar
S

S
A

10-6
102
10"3*

10=2

x 1072

!

107
10~6
10-6

10"6

10->*
1072
1072
10‘5*

10~6

®

€

e

L 45



TLBLE 32

PERMEABILITY MEASUREMENTS

In

DOLOMITE,

Lth, LEVEL, MOCHIL: MAGRA MINE,
SAHPLE HO PERMEABILITY
(millidarey)
L/ 9031 x 1072
4/8 2426 x 10°° 0
4/15 2:07 x 1070 @
L/16 3002 % 1072
L/ 17 2420 x 10'6 ®
/32 he62 x 10~
It/%3 3410 x 10~
L/38 7+23 z 1070 @
L/ 6+57 x 1070 @
I/60 3,52 % 10~
L/66 287 x 1072
4/73 3218 x 1072

L4%6
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TABLE

PERMEABILITY ¢EASUREMENTS IN DOLOMITE,

— et Aa e e o — .

1st, & 2nd. LEVELS, BALARIA MINE,

SAMPLE WO. PERMEASILITY
(nillidarcy)
B/35 259 x 1070 T
B/27 211 x 10°6 1
B/l 1+89 x 1072 IT *
B/B 3482 x 1073 I *
B/5 9% x 1070 1
B/ 225 x 1076 1
B/48 3001 x 1072 I *
B/51 2.28 = 1074 1T
B/19 3.89 x 10~4 1 *
B/1 3478 % 105 II »
3/12 2470 x 10~ II
R714 401 x 1072 II
B/10 3498 x 104 T *

SHEARED SAMPLES

1st,.

LEVEL

» LEVEL

47



g8¥ ¢

Si0

0
AL,04
Fe 0

273
Fel
Tid
11gC
Ca0
Na 0
X9
MnO
P05
HO

TOTAL:

Wt
39.45
13.71

. 2430

1,.06

2.14

.72

0.04
4.0

99.19

A

Hole2n.
-6575
130
N1y h
«1953
.0268
3680
0046
.0061

.0864

«0003

«2228

B

Tt %
34.71
20.76
Lo3h
15.50
2.30
67l
0.21
0.20
8.85
0.8,

5.01

99 446

110l « 11
»5785
«2035
0271
«2153
.0288
.1685
.0038
»0032
0941
.0118

2783

TABLES OF CHAPTER L4

APPENDIX 4

CHEMICAL ANALYSIS OF ZAWAR BIOTITES

TABLE 3
C

t.% liol.®n.
38.01 6335
19.00 .1863
2.8, .0165
7.98 .1108
1.33 .0166
16.24 4060
0.24 00, 3
0.33 «0053
9.56 «1017
1.16 <0163
4 .01 2228

100.53 -

Tt
35.00
20.89
2.88
18.95
2.07
6.67
0.10
0.25
8.83
0.02

415

99.79

D

fiol.Fn.
5833
.2048
.0180
»2629
.0259
+1668
.0018
0040
.0939

»0001

2306

E

Wt o
S ol

19345

L3035

18.C1
3,16
7.76
0.25
0.13
8,90
0.83

3.26

99457

fiol.En.
<5745
1907
0209
2501
-0395
1940
0045
.0021L
0947
0117

.1811



Si

Al

Al

ol

tig
U4

Fe

in

691

1C¢,0194

A

209092
4 .00
1.0908

0.1C40
0.1191
0.1280
1.6357
0.8681

2.85,9

0.05..2
0.0201,
0.7681

0.84.27

NS LML

1.9806 § 12.00

&

-?.5890

1.4110

04101
0.1289
0.2426
0.7541
0.9635
0.0528

0.0286

O

040170

0.84.23

24,910
8.5090

IABLE 35

CALCULATION OF AWO0ilIC RATIOS OM THE BASIS 12(0.0H)

4 .00

2.5523

0.8879

12.00

c

2.7387 )
9 4.:00
1.2613 )

0.3495 i
0.0718
0.14.27

1.7552 i 2.8687
044790
0.0705

0.0458
0.0186

0.8793

0.9, 37

1.926)
10.0736

(v
2 A61|l|,.0

143560

0.5007
0.1174
00,1632
0+ 7561
1.1917

0.0363
0.,0082
Of8513

240906
94909

3

4 00

247291

0.8958

12.00

E
2.6505

13495

© 04101

0.1822
0.1928
0.8950
1.1539
0.0540

0.0194
0.,0208

1.6710
10.3290

L .00

OIS

2.8880

/

3 049140
)

§ 12.00




TABLE 36 X
THE CHEIICAL FORIULAE FOR BIOTITES FROI ZAAR AND THOSE SELECTED FRO:I THE LITERATURE

7R
A (K577 ¥20.05 % 0.02) 0.8, (g g, Fo' .87 Lo.10"0.12 F° 0.132.85 (81, g1 415 097 4.00  (OH1.98 %10.02) 12.00
. " A . n Y N .
B. (Ko.aq N2y.03 C20.00 ) 0.89 (“bo.75 Fe 5,96 “10.41Tlo.13 Feo.za) 2.55 (512.59 “11.a1) 4 .00 (°H2.L9 0 9;51) 12,00
or -ll II[
Ce (Ky,88 M0.05 C%0.00) 0oy (lg) - Fo .8 #10,35T0,07 Fo6.1,) 2.87 (83, 5 My.5g) .00 (OH) 93 010,07 12.00
'~ ~ Y H . i w
D. (X585 N‘”‘0.04 Cog.01) 0.90 (M8 0,76 Fe 1,19 Mo, 50 0,12 FOO.16) 2473 (1, g 09 .3¢) .00 (85 09 0 9.91) 12.00
E. (K5.87 ®0.00 C20.00) 0.91 (gy g0 Fe 'y 15 410,140,158 F0.19) 2.89 (s, g5 4% 35) .00 (%67 910.33) 12200
LITERATURE
1. ® .07 Y0.06) 1.13 (8149 F%0,80 T0.09 F0.40) 2.78 (51,,80 M1,17) 3.97 (1,75 $11.85) 13,60 (eugin : 1927)
2e (Ko.94 Nao;lz) 1.06 - (“52 60 F“o 14 <0l A10.28) 3406 (Si2.79 All.zl) 4 .00 (OH2.08 912.20) 14.28 (Mzugin : 1927)
3- (Kq.80 Mg, 20) 1200 (Hey o0 Fe; ) Mo.s Feglo ) 3.10 (s1 2.80 %17, 20) 1..00 (08, ¢ 010.40) 12.00 (Nagelschmidt : 1937)
L. (x Na ) (:: ' Fe! Al ) (si y; ) 4.00 (OHo 50 %10 ioFl 20)11 8 (Nagelschmidt : 1937
0.80 "“0.05’ 0.85 85,80 ~°0.10 *0.10’/ 3.00 3,00 *11.0 * * * ‘ * ” :
2e (K5,70 ¥0.05 ©20.100.85 (#81.0071 w0 210,10 To. 30 Foo.00)3.00 (Sip.70 A1y, 30)4 00 (%81 60 930,07 12.00 (Felker : 1949)



R

N

1M indices

@001
2002

020

111

112

003

112

113

023
200,131
00y ,113
132,201
133,202
005
20L,133
13i,,203
202; 134
135,204
060

221
220,132
.l

110

022

061,330
130,201

Z-RAY DiTA FOR Z&

L4ELE 38

A

2_BIOTITES

L
A

3T indices o LA o
) a T 20
(A
0003 8.80  10.04 »100 8.80
Q006 . 17.61 5.0 § 17.75
1010 19.30 1«60 <5 -
1014 - - - -
1015 - - - 23.98
0009 26,51 3.36 >100 2658
1017 28,16  3.17 5 -
1018 30.61 2.92 § -
1019 32.85 2.72 <5 -
1122 3l 010 2.63 10 3 .12
0.0.0.12 35.61 2.52 25 35.57
1125 36.75 2.4 5 36.8)
1128 41.38 2.18 10 L1 4
0-000015 L}l}.-95 2.01 25 L:.}Lo98
1.,1.2.10 L5.37 1.99 <5 L5432
1.1.2.11 1,760 1.91 ¢5 L7.76
1.12§.13 - - = 51.85
1ol.241) 5l <58 1.68 15 5l 64
5030 59.96 1.5, 10 59.97
2021 - - - -
1137 - - - -
2023 - - - -
1011 - - - -
1016 - - - -
3033 - - - ~
1121 33.90 2,642 5 -

B
d I
(A)

10.04 %100
499 5
3.71 5
3+35 7100
2.63 10

2.52 25

2.4 5
2.18 5
2.01 25
1.99 10
1.90 <5
1.762 -

1.68 15

1

20°

8.80
17.67

C

% I

(A)

10.04 100
499 <5

2.6% 15
2.52 25
2.45 10
2,18 10
2.0L 25

2g8°
8.82
17.70
21 .69
2l o 31
26.56
28437
30459
32.98
3614
35472
36.81
L1o6
4L5.02

SHITH &
E YODER 1956
d I 1M 37
)

10.02 3100 $100 100
5.03 5 6 23
- - 7 8
- - 3 3
3.80 (5 7 7
3.36 Y100 »100 >100
3.16 5 10 25

2.91 5 7 21
- - 3 12
2.61 20 30 30
2.52 25 15 52
2.43 10 15 17
2.17 10 15 21
2602 30 30 100
- - 7 12
- - 2 4
- - ? 3
1.68 15 15 35
1.539 15 15 25
- - 3 3
- - ? 2
- - ? 2
- - 5 8
- - 20 L5
- - 27 2%
-~ - 7 10



