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Kashnir Himalaya has been attra cting the attention of 
geologists from home and abro@d since the etrly part of the 

_tineteenth century beciuse @lmest @11 the formations from 

| Pre@imbrian to Recent, With @ few stratigraphical breéks are 
exposed here. To this d®te easily accessible ares have been 

investig@ted in some det#il, especi@lly during the course of 

the recent ye@rs, but many imecessible portion-s remin to be 

stuwlied and explored. After this is done, @ cle@r picture 

of the geclogy of the @mtire region will emerge, The present 

University of Jammu, Jamm,with this point in view, It is 

hoped this humble attempt primarily aimed at @ field, 

petrologi@l, miner@logi@l and petrocheni@l study of rocks 



exposed @round Bandipure will bridge @n importent 2@p in the 

geology of a hitherto less known @re#, The @mbriane Triés 

sequence of northwest Kashmir was investigated by wadie (1934). 

He referred to the panjal traps inter@ lated with Triassic 
“Limestones from this are. On the basis of this, Wwdie obviowlLy 

presumed that the Pan jel trép activi ty lengthened upto the 

Triassic period. This aspect, though outside the scope of the 
present study, hes been tretted in Chapter-VII bemiuse of its 

imp or tance. 

AREA OF STUDY 

The study are? cin be @pproached from Srimgar city 

after trévelling @ dist@nce of about 50 km upto Bandipure- 

the tehsil headquarters of the region, The higher retches of 

the area under investi gation are comected by fairwe@ther retds 
where only light vehicles on ply. the interior parts cin be 

visited by verious foot and bridal paths (fig.l). ‘the pile 
of voleenites ocaur between Lat.34° 23' to 34° 30° N and 

Long. 74° 35° to 74° 50* & Limestone exposure lies between 

bat. 34° 25* to 34° 30" NW and Long, 74° 38° to 74° 47° 

The study area forms parts of Survey of India Toposheet nos, 

43 J/1l and 43 3/15 (1" = 1 mile). Field work is possible 

from April to November in 4& yer and for the remining pert 

it remtins snow covered, A panor@mic view of & portion of the 



area under study is shown in pletes 2 and 3 and in fig.4, 
Inspite of these limittions, attempts have been made to 

prepare @ geclocig@l mip of the 4re® as adquateLy as 

possible and collect perfectly fresh #mples for labor® tory 
studi es, 

PHYST OG RAPHY 

The Kashmir valley is @ Longitudin@l depression in the 

Gr@&t northwestern Gomlex of the Himalyan x€nges, and thus 

consti tutes @n important relief fetture of geogréphic si gnif ic 

@nee, It lies between the Grett Himélayén Menge to the 

north aml the Pir Panjal Ringe to the south, the létter in 
tum, forvingy divide between Jémmu and Kashuir provi aces 

(fig. 5). 

the study are® physi oerephi@lly is confined to the 

Lesser Him@layas and presents topography typiel of a 
mountain terr@in (fig.6). To the north lies Trgb®l forest 

which is characterized by high peaks anl let-er extends 
upto fe jdhani Range (outside the study are) . Towards the 
northeastern part of the study are’, Bajpathar and Lablée chal 

| (outside the study @re@) attain an averége hei ght of more 
than about 4890 m, As We move from north to south the lowest 



place in height goes upto 4561 m with the central place of 

Bandipura which is 4664 m. In the entire @re@ & mumber of 

high mount@in ranges 4s Well as ridges @re seen, The =. + 
are is rough and rugged intersected by cri ss- cross str ems, 

DRAINAGE 

The draj nage p@ttern of the study are’ is of demiritic 
type (fig.6). Two rivers mmely Madinmati or Bod Kol and Erin- 
mala with mmerous other tributaries dr@in through it. The 

main fe@tures of these rivers are @s follows: (i) Madhumati River; 

The Madiumeti or Bod Kol dréins thr ough the northem 
slopes of the Harmukh precipice with its feeder stre#ms over 

the east. The Madmumati after traversing through @ course of 

nearly forty kms-empties its water into the fémous wiler 

lake ne@r Bandipuré, It is a full year stre@m and in winter 

its torrenti@l waters affect the low lying lanis to® er@t 

extent, The Mdhumeti like the grin fells steeply, the 4ver®ge 
fall being 103 m. | 

Basin characters of the M@dhumati river 4re shown 

in table-I (after Moonis Raw ,1978). | 
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TABL Bel 

order streams tion ratio segments of the 
in @ch segments. 
order @g 
(%) of the 
cummuléti ve 

os 124 | 288,00 72,54 2632 
4.96 

3. 57 , a 

3 7.00 i! | 
4 1 26.00 6, 52 26.00 

"ser" terval “avere ge: “dimtLative Length ~ ~~ ~~ ”

the Erin ard the Madhunati belong to @ Larger group of 
tiny Stre'ms which feed the wilar leke, The Grin takes its 
source from the western flank of the Mermukh, After pursuing 

a@ course of about 25 kns, through a neatly @scided velley, 

it f@lls into the femous wlser lake, south of Bandipur®. The 

stream serves @s @n import@nt means of transport for timber 

in the higher re@ches, The basin characters of Bria m1@ are 
shown in table2, 

* 



Stream No; of Bifure- Length of Mein Length 
order streams. tion segments . @£€ the 

ratio in @ch gegments 
order & af %) | 
of the cumula- 
tive. 

Length Percent km. 

1 7i | 134.00 63.8 1.75 
| 4,23 

2. 17 38.00 18.00 2.23 

3.40 | 

2.50 | | 
4 1 6,06 2,80 3.00 

2.00 
5 1 13.00 6.40 13.00 

%. 3.03 210,00 

o 2 ese *& «# S&S ws oe ee se&ehUrhUhlClUrrrlhlUcrlUchlUcrlUcrthlhlUCcCOlhlClUcrhlhlCcrlrhC rOrhUlUlUcrhlhlUcrrlCc rOrllUcrrlUchOlhUhUhCUCcrhUlUchOllUlUlUrhHhUhUrhoh hm 

A major asymmetrical anti cl inl fold with 4@n estenly 

Plunging axis al ong the Mdhumti strem is reported from 
this area (wadia, 1934). | 

FAUNA AND FLORA 

(i) Fauna s , 
The fawma of the &r@ include bear, lion,monkey, Snow 

leopard, Misk deer, srakes, ete, The Musk deer ig & charming 



animal having slender legs, be@utiful eyes aml ears. Horses 

and miles are r@red for trénsport purposes. Among the g@me birds 

mention may be made of patridges. 

(ii) Flore ; 

The @rea is densely forested in patches and be@rs an 

Godrus doodare ( Deod@r), Pinus wallichian® (il), Abies 

pinirow (fir), Parotia Jacduimmtian (Hatab), Aescul ous 

Indie (chestmt), Juglénes regia (walnut), Betula utilis 

(Birch) ete. The birches are confined to the higher clevie 

tions only. Some herbal plants are not wcommon in this are, 

QGIMATS 

The climate in tre upper re@ches of the study 4@r@ is 

of peevliar rméture. The climate is mainly influenced by two 
rivers Madhumati or Bod Kol and Erin mla and the high 

mountain r@jgses which surround the re. The lowest @verége 

temp ex@ ture in Bandipuré in Januery is 16°F as against this 
in summer, i.e. in July, it is 92.9°F. Severe Winter in | 

Be@ndipur@ are® extends over 70 déys from the 24th December 

to 8th of March, The entire 4re looks like @ refrigeré tor 



GO 

with temper@ture often below zero. In spring the are 

exper inees frequmt showers. the high humidity in July and 
August is responsible for the discomfort felt during these months, Higher re@ches of Bendipur@ sometimes experi ence 

an @riy snow fall in the month of October. During July end 
August fog is common over the surrounding hills of Béndipuré, 

In Winter months, mist and fog ere common aw! the vi si bility 
is poor, | 

SPRINGS: 

In the hisher retches of the study are, there are 

& number of natural springs. These springs @re the source of 

drinking water for people living at higher al ti tudes. 

METHOD OF STUDY 

and petrochemitl studies. the study of Panjal tr@ps and the 

limestones is mde by (8) field and (b) laboratory methods, 

(@)- the field work consists of geologic#l, mapping, systenatie 
s@mpling, locttion of vole@mites ami the limestones and their 

jointing pattern. A geclogi @l map has been prep®red om a 
s@le ef 1 ; 3,000. The str@tigraphy of the surrounding rocks 
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has been worked out, Fresh s#mles of Penjal tréps and limestones 

have been collected for labor@tory studies giving 4deiw te | 
represemt@tion to the different varieties identified in the 

£i el. d. 
(b)- In the laboretory, the #mples of Pénjal tréps have been 

adequatd y deseribed in hand specimens and about three hundred 
thin sections prepared to @rry out their detiled study under 

the petrological microscope. Two thin Sections for ech of 

the limestone smples were prepared, one uncovered thin section 

was stained for the estimation of @leite and dolomite and the 

other covered mstained section Ws qwlitativd y examined 
wider the petrcolosi@l microscope. Modal a@rmlyses of tréps 

has been @rried out. 

Pure fractions (80 to 9% percent purity) of plagios 

clases, chlorites and epidotes Were sepéréted from the tréps, 

cheui@@lly @m@lysed and studied by optical and x-ray di free 
tion methods. 

Iwentynine S@mples of different vérieties of Panjel 

traps have been chemically amlysed for their n@jor el ements 

am the data obtained plotted on binary and ternary vriation 
diagrang for purposes of g@ining insight as to the petroch emi@] 

trend of the traps, : 
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Twenty sAmples of limestones representing all the 

varieties were chemically ar@lysed and @lecite 4nd dolomite 

percentages were plotted in an equitri@éngulér diagram for 

purposes of petrographic classifiction of these rocks. More 

than half a dozen of the s@mples have been x-reyed, 

the st@ining technique for carbonate rocks has been 

emloyed to distinguish between calcite and dolomite. The 

regents used are ALimrin Red "S" , Ferric chloride, Ammonium 

sulphide, copper nitrate, Harrish®e matoxylene ete, The 

Aliz@rin Red “s" and the Copper nmitréte solution have been 

dol omi te. 
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CHAPTER - fi 

HISTORICAL BREVIS 

During the course of his work on the @ubrianm Tas 
sejuence of northwest Kashmir, Wadia (1934) referred to the panjél 

Volanics and the limestones of Triessic age from the are 

under study, the Panjal vol @nic cycle as is well known,is 
char@cterized by: (1) The Agglomer@tic glates and (41) Lave 
flows known as the Pan jal ‘traps. The Acglomeratic Slates and 
the tréps are found together ever lérge ounte of Kashmir, In 
many o@ses, the two seties @re reported to be interbelded or 
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even intermingled to gich @n extent that their deline*tion is 

impossible on &@ geological mp. The two groups @re, therefore, 

considered to represent two phases of @ single system. 

In the light of the above reasons @n attempt is, therefore, 

mdein this chapter to present 4 review of the work done 
by e@rlier workers on the panjal vole@nies and the limestones 

of Triassic @ge in @ chronclogi@l order for 4n integrated 

study of the probl em umer investi g@tion. The Aggl mere tic SL@ tes 
are no doubt absent in this @re@, but are also de@tlt with for 

the sake of completeness, 

Lydekker (1876-1883) gave @ ecmprehensive account of the 

rock distribution and stra@tipréphy of western Kashmir ani the 

Pir Panj@l Range. He broadly divided Kasimir stré@ti graphy into 

fi ve systems: (i) Metamorphic system, (11) Panjal system, 
(iii) @nsk®r system, (iv) Tertiary system and (v) Alluvial 

system, | 

Middlemiss (1910) published his monument®l work regarding 

the Silurian Trias Sequence in Kashmir, He g@ve a det#il ed 

account of the str@tierephy and structure of the v@rious parts 
of Kasimir Himelaye and lo@ted importent fossil horizons. He 
divided the gflurianeTrias in-to two min divisions which are 



as follows: 

ADL ST at B-Dr VEST ON 

6. Fenestell® series 11. Upper Triessic 

5. Pass@ge Beds 10, Muschel @1k 

4, Syringothyris Limestone 9. Lower Triés 

3. Muth Quartzite 8. Zewen Series 

2. Usper Silurian 7. G@ng@mopteris Beds, 
Panjel Vol @nic 
flows and Agglomeré- 
tic gl@ tes. 

1, Lower silurien 

MiddLemiss (op.eit) de@lt with the distribution of ~~ 
@11 these horizons on the basis of lithology, féuml 

agsenblage, structural) fAtures, exact lo#tion of the fossilie 
ferous zones and prepared @ geologig#] mAp showing the 

Lo@lities. He 4lso recorded the oceurrmce of Gomiwe na plants 
from the seglomeratic slates of Aplmrwet in Western Pir : 

panjél which proved to be of enormous im-port@nce for léter —
wor kers. 

Middlemiss (1911) made a det@iled study of some sections 

in Pir panjal Wnge and the sindh vélley, He described the 

\ 
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Sections along Nilmg- Ptwkutl, Gulmirg-Apharwat routes and 

also @long the Gulab-Garh pass which was examined by him in 

the y@r 1909, after studying these sections, he foun-d that 

the centre] high pe@ks which formed the wtershed were 

composed of penjal traps or Agglomerétic gates. 

Bion and Middl emiss (1928) mapped the e@stern part of 

Kashmir in contimation to the works of Middl emiss and 
deseribed marine fauna from the Acglomeratic gates which: 

helped in est@blishing the lower 4ge limit of the panjal 
vol c@nics. Some additioml1 faum from this fom@tion Ws 

subsequently degcri bed by Reed (1932). 

Wadia (1928) seve an excellent account of the stx®ti gra 
‘phy and other geclopi@l aspects of Poonch and adjoining 

groups; viz., €i)/Dogré glates and (11) the Agglomeratic 

Slates in association with Panjeal tréps, 

wkhaloo end Mthur (1933) for the rst time referred 

to the differentiation in penjal traps and deseri bed rhyolites 

from Pentchuk in Melhmir vlley. 

wedia (1934) amenied his views and divided the metamorphics 



into an dlder galktela series end @ youger Dogr@ sléte 

series. He also found fossiliferous Cembrién and Ordovi ci®@n 

rocks in northwest mshmir end thereby est@blished the 

lower Palaeozoic sequence therein. 

Goulsen (1938) noted basic and ecid rock types in 
Baramulla district, the former being epidotized and serpen- 

tinized with 43.3 percent sili@ end the latter #s devi trie 

fi ed tose nites @ceompanied by acid tufts. 
(1939) 

that the Panjal vol cdnic Series is divisible into two 
phases, the e@rlier phase consi sting of Agglomerétic 

glates and the latter phase of Panjal treps. 

canju (1957) in his peper " Phystography and Geology | 

of the area around Gulmarg”™ deseribed the succession of rock 
formations from Pre@mbrian to Pleistocene, giving det@iled 

account of the galkhelas, the Dogrés, the Prewls, the 

Acglomeretic glates, the Triassics ani the Krew s. 

based on the works of Middlemiss (op. cit) and wadie (op.cit). 
the laves according to him for the most pért. re ba #1 ts 
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what he @lled " basic pyroxene andesites". He recogr zed . 
a porphyri tie veriety of tréps from the vicinity of Srinmag®r, 
epidotized and partly met@morphosed, He believed the coarse 

variety of traps as intrusive sills. According to him, there 
is ® nep@tive sign of appreciable mipgm@ tic di ££ erentia tion 
in the traps, the flows having @ high degree of liquidity . 

of basic lavas, thelr composition showing 4 remrkable wmi- 

fermity and markedly lenticular behaviour of individuél flows. 

Further, in the words of Pascoe “ in the Loleb 4nd Hundware 

districts of @stmir and elesewhere @ genetic comection is 

to be noted between the @mygd@loidel laws of the panjel 
traps and numerous dykes of dolerite injected into the | 

hypabyss®l roots of eruption, Some of them are of consider- 

able size, urelitiztion has been complete and wivers#1. 

Ahmad (1961) suggests glaci@l origin for the Agglomere- 

-tiec sl@tes of Kasime ir. 

Ganju ard Srivasteve (1961) studied the Agel omeratic 

slates n@r Bren, Ka shmir and found two typ es Vi me» coat rse 
grained and fine préi med, The co@rse préined vériety consi sts 

of Gwrtz, feldspar ami rock frégments which lie in an 



abundant devitrified glassy matrix, The fine grained variety 

is predomrntly glassy ond contains numerous dark , lensoid 

patches of partially devitrified 91a ss. 

PRare and prasad (1963) studied the volcanics of Banihal 

ar@, during the course of their survey for Jawéher Tunnel, 

wWekhaloo (1964) advocttes a marine origin for the Aggl oe 
meretic glates and the panjel traps. 

Sharma and Gupt (1972) reported the presemce of spilites 

and keratophyres and also panjal traps from Thtmmand! area, 
the tréps have been inferred to owe their origin to the 

combined role of submarine anil subterial vol anism, 

Maka gwa and mMpoor (1973) worked on the Panjal tréps 

of Guryul Ravine and suggested submrine origin for the tréps 
ef the area ard referred to the pillow structure of the 

rocks, Comparative accourrt of the volcinites present in 

different parts of Kasimir is @lm@ given, 

Pareek (1973) considers the Apglomer@tic slates 4s 

representing the pyroclastic nature of the vwolc4nism in which 

the constitumts were blown Up into the atmosphere inflated 



by g@s. Pareek (op.cit.) further gives ® detailed tetturel 
and composition@l veriation of Panjal tra pe ba s0], tg-andesi tes 

rhyolites ete, He further classifies the traps into two 

Ategories; viz, porphyri tie and non-perphyritic traps on the 
basis of petrographi@l and geochemi®@l tests, 

qacharya and shah (1975) quoting Fox (1931) ,Gamser 

(1964), Fuchs and Gupt# (1971) considered the Agglomeratic 

Slates of Kasimir wiley intercslated with tilloids, tillites 
and Agglomerates end thus correl@ted them with the Blainis. 

Fuchs (1975) in his p@éper * Glad ecene formation in the 
Himalayas" mentioned that " in this form tion vol anie influence 
was much less as might be expected from the mme of the forme 

tion.” He favoured glaci®l o-rigin for the Agglomer@tiec 

Slates. 

Agg.om-eratic slate sequence of Kashmir and revi eed the 

str@tigreéphic position of 4 boulder bed in its baw@l part- 

the Culabgarh boulder fors® tion - on p@laeontolog @1 and 

str@tieraphi@l1 grounds. 

Sri kentia (1975) is of the opinion that Permo@ rboni- 
ferws glaciation mst hive influenced the deposition of the 
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Agglomeratic Slates of Ka shme ir. 

waklBloo (1975) correlates the Blainis with the 

Agel omeratie Slate Series of Kashmir. 
pareek (1977) in his paper " Agglomeratic glates end 

pan jal traps in the Jhelum, Lidder ard gind velleys, Kashmir", 

pyroclastic mture of the volcanism, The deposit wes Vanier af 
the influence of grévity and the resulting product compacted 

and solidified to form the Agglomer@tes, the glassy rocks 

and the welded tuffs, According to him, the Agglomeré tes 

show coarse banding, well rounded fron miner@l gréins with 

or without glass, or devitrified in mny @ ses. 

wakhaLoo (1977) re-interprets the Panjel vol@nics @s 

spilites rether than a@ndesites or basal ts. He believes thet 

tion of & hydrous magm, 

Ahmad et 81. (1978) st@te that the Aggl omeratic sla tes 
represent the product of glacial and volcanic activity 
deposited in @ sh@llow marine water 4s Well as conti nent®1] 

set up. 



Bhat and @inmuddin (1978) cave @ deteiled @ccount of 
the geochemistry of Pan j@l traps of Momt Mayol, Lidderwt, 

Pateleem, Kashmir, The authors have described twentyfour 

trep flows and studied the variation of warious oxides from 

the base to the top of the flows. Genetic aspects of the 

vole@nies have been discussed in the light of the behaviour 

of major and minor clements, Subaeri@l evi roment of 
eruption of the Ppénjal tr@ps of Lidderwet eres eg been 
put forth by the workers. | 

Bhatia and Kokreo (1978) on" Sedimentologi @1 stidies 
of Acglomeratic Métes, An@ntneg district, Kashmir, * 

discussed the petrogreaphy and the origin of these rocks, ) 
Acc-ording to them, the rocks of this series are mostly Welded —

tuffs, which have been 8ltered , devi trifi ed and met@morphosed, 
The three types of tuffs viz., vitric, eryst®lond lithie tuffs 

have been found, but majority of them belong to the inter- 
mediate types. 

Chaudhary end Ashref (1980) have given an el-aborete ~ 

account of the geochemistry of Poonch voleiniecs from the so 

amnesitese baxilts essociated with volcanic ash and tuffa ceous 
materi@L. Frem the petrochenit@] d@taund the field stwiies, 

% 



the rocks have been suggested to be of Upper @rboni ferous 

age. 

Gup t@ et al, (1980) save an account of the trips 
from different ®re@s of Kashmir, Srinagar, Nish@t Bagh, | 

Lidder valley, Bandipuré, Th@namandi, Ki shtwar and Bejbelsreé, 

The voloanic activity is thought to have persisted for @ 
longer dur@tion in the western Kasimir conti ming upto L@te 
Tri@és as apfinst the ares of eastern Kasimir, Where it ended 
in the Permién period. they inferred the parat@#l m gu@ 

of the panjal voleinies of the above pléces to be of tholeiitic 

line®ge. 

Bhat et a1.(1981) are of the opinion thet the panjél 

lava eruption took place ina strongly extensioml rift 

setting representing the first plese of the bretk-up of the 
Indian Plate from the Siberian plate. | 

Singh (1981) has given @n account of the Permi@n- Trias 

reference tc their deposition] enviroment. A perusé] of 

liter@ture revetls thet it is the solitary work done to this 
détea on the Triassic limestones of Ka shmirg 
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GCHAPTBR - HI 

Part of the Mimlya falling between the Min Boundary 

Fault to the south and the Main Gentz@l Thrust to the north 

cons tl tutes the Lester Himlayan zone, In this portion of the 
Himalaye a pile of reeumbently folded rock suceession ws 
moved te the sevth over & consid ert ble dist@nce @s a series of 
low @ngled thrust sheets or nm@ppes. These @re the mppe zones 
of the Himlaye: (pilgrim and West, 1928). | 

Ka shoir mippe is one such Low @ngled thrust sheet having 
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moved from the north to the south over @ long disté@nce, 

In the Lesser Himley®s of Mshmir, 4 rock succession 

ranging in age from @mbrian to Tri@s is seen to werlie 

the salkhalas, (marly Pre@mbrian) and the Dogrés (Late 

Precambrian to mrly Cambrian). (wdia, 1931, 1976; Jhingran 

The are® umlier reference is @ part of the Késhmir mppe. 

Fig.7 shows the region®l geclogi@l setting of @ portion of —

this figure shows the @rea under study. A mjor asymetri ol 
regior@l anticline (wdi@, 1934) has been ob served here. 
this anticline has @ WNwESE axis that runs @lmost 4long the 

Madhuma ti stre@m with @ very steep plunge towirds the est. 

STRATE GRAPHY 

In the @re@ under investi s@tion only Panjal tréps and 

limestones of Triassic @ge with Recent and sub-Reeent deposi ts 

are observed, The galkhalas, the Dogr@s, the Gambrians and | 

‘the Acgl omer@tiec Slates are exposed in the adjoining ar@g to 
the north( fig.8). A complete str@tigréphi@l succession of 
this region es worked out by Wadia Cop.cit) is tabulated 

in tabl e-3, 



TABL &- 3 
STRATIGRAPHIG . SUCCESSION AROUND BANDIPURA 

LITHOLOGY POSSIBLE AGE 

AL lLuvi um Cla ys,pebbles, Recent and 
gravels and boulders sub- Recent 

Ma ssive Limestone Mi crocryst@lline rocks, Triassic 
intermingled with doLomi tes and 
sh@les, slates etc, nodular limestones 

Went Grénite Grénite, quagrano- Post Pan jel 
| diorite and trap 

gr enodi ori te 

Panjal treps Hard and mssive § Upper 
traps, tuffs ete, @rboni f-rous 

presen snny, | and Permian, sic lavas 

lomeretic Gates, grey ckes, Upper @rbonie 
ates arkoses, argillaceous ferous 
; slates ete. 

@mbrieangs ! sh@les and phyllites Gm brian 

Dogré slates Greywéckes and slates ote Pre@mbrian 
Karly Gmbrian 

$al khtlas Schists nd phyllites Early 
Pre@mbrian 



SALKHALAS 

This is the oldest formation (mrly Pre@mbrian) exposed —
in this region. It consists of schists, phyllites and: = 

Garbonaceais slates. Gypsum, Limestone and c@l careous sl4 tes 

have also been reported from these rocks, The #lki#las are 

devoid of fossils and display a high grade of metamorphism. 
this formition is exposed outside the are of present study. 

DOGRA SLATES 

Dogr® slétes (Late Prea@imbrian, to rly @mbrién) 

consi sting of slates and greywckes overli@ the salkhles, 
The slates are light green to dark grey in colour and show 

greyish -bled: in colour, wadia (1928) in his monumental —
tre@tise on the geology of poonch, states the mme “ Dogra 

Slates" - for a wide zone, atirely unfossiliferous, black 

and green cle®vége slate or phyllites which is coextensive 

with the southwest border of Pir panj®l from Uri to Banit®l. 

The degree of metamorphism of this formation is lower than 
that of the Salkimlas. This formation falls outside the study 

are, 

CAMB RE ANS 

The rocks gener@élly show a pradational cont@ct with the 



underlying ° Dogr@ slétes. The rocks of this form@ tion 

consist ef shales and phyllites. Sl#les are buff to Light grey 

in colour aml are charécterized by the presence of well 

developed feur®, The phyllites show 4 poor silky sheen and 

possess @ prey colour of various shades. wdie (1934), 

discovered @ mmber of Cambrian fossils from the rocks and 

maturélly assigned these to @mbrien ace. 

AGGL (ERAT. C SLATES 

MiddlLemi ss €1910) who introd eed the: term ' Aggl omer@- 

an accumilation of clastic and sediment@ry material formed 

around ruptured portions of the e@rth’s crust, which eventwlly 
becme the foci for the extrusion of basic lave flows. the 

Agglomer@tic Slate consists of a dark grey rock dotted with 

large patches of foreign @ngulér pleces and sometimes rounded 

pebbles interbelied @t places with sénd stones, grits and 
conglomer®tes, These are not exposed in the ére@ under study, 
but @re present just outside it as is obvious by @ 1 of 

fig.8. 

PANJAL TRAPS 

The Panjel tréeps cstitute @ @rdiml rock unit in the 



geology of Kashmir, This term is mostly restricted to 4 
thick pile of lave flows of bastltic to andesitic cheracter, 

which generally lie at the top of the Agglomeratic lates, 
Different sections of Kashmir Himalaya have been studi ed 

from time to time by many vorkers who have discussed petroe 
grap hi el chfracters and str®tigrephic position of the traps, 

Thick bedded flows of Panjel lavés cover @ large part 

of Bendipur® area and these in turn @re overl@in by limestones 

of Tri@ssic age ( fig. )}. The gen ere] topogrephy of the 
tr@p country is usu@lly rugged ami with steep cliffs which 

are difficult to negotiate. The present study is mixly bé sed 

on these rocks, The traps @re 41 tered having been epidoti zed 
and chlori tized. i 

grained with colours varying from greermgrey to bl@eck. Purple 

coloured tuffs are present in this @re@, Amygd@loidel veriety , 

wherein, the infilling m@teri@ls 4re quartz, epidote, chlorite 
and sometines calcite is present in the @r@, Glomeroporphye 
ritiec type tr@ps are also seen and in these the plégi oclases 

are Srrénged in @ sté@r-sh@ped pattern, The rocks very in 

colour from blackish-green to green. Purple coloured tuffs 

present in the study @re@ are totally unfo ssiliferous, 



Good trép exposures in the study @re are found in Trégbel, 

gareibal, Krelpuré, Grin, Shok-Babé and Chali Ars®14 kh n, 

Traps with chlorite amygd@les and epidotes are fomd in 

Saraibal, Krelpur® and Ghaki-Ars#lekhn, The tuffs ore 

present in the higher re@ches of Grin vélley. Glomeropor 

phyritic tréps are present towirds the est of Erin around 

ghok- Babe, The traps @re followed by dyke rocks at some 
places. Presence of panjal traps in these lo@lities has also 

been referred by wedie® (op.cit) and Bion and Middl emiss (op. cit). 

HANT GRANT TE 

These gx@nites @re predominantly exposed in and around 

Hent (Uppal, 1977) outcropping through the @@lkhalag, the 

Dogrés and the @mbrians, The Mint grénite! consist of gréno- 

diorite, qwWerénodi crite and granite, The mineréls quartz, 

plegioclases, biotite and muscovite are present in the rocks, —
The grénites @re gener@élly light erey in colour, 

LIM &S T-ONES 

The traps are overlain in the present are by Triassic 
limestones. The limestenes are noticed to cont#in crinoid 

gtems. 

Lithologi@lly, the cirbonate rocks comprise of thick, 

massive, light to grey coloured limestones, dull-white to 



ete. Different types of limestomes have been noticed in the 
ar@, Microcrystalline type of limestones @re also found here. 

the limestones ore essentially composed of @ eryptocryst#lline 
agorepite of carboréte mincréls, sh®le fragments and clay 

minerals. The accessories @re quartz, biotite, metite ete, 

Grystals of @lecite are identifiable in @1d te veins which 
cut across @leilutite bands, At some places, the limestones 

are intermingled with shales, Crinoid@l stems @re seen in some 

of the limestone s@mples from Erin vélley. Dolomites and 

bi osp@ri tes are @l so present in the stidy are, 

The best exposures of limestones in this ar@ are 

found in Erin, Bandipura, .gomrwa@ni, ete, Minor shale frég- 

Sem@ than @rea, wadia (op. dt.) regards the limestones to be 
of Triassic age, 

ALL UVE iM 

Alluvium is found close to the two m@in rivers which 

flow through the 4re@® of study, viz., Madhumati and frin mela. 
the development of these deposits giving rise to agriail turél 
outputs have to a large degree been responsible for habite- 

tion in these 4re@s, 



GHAPTSER-1V 

PETEQLOGY QE LANLALA FRALS 

The present investi gation 4s @lreaidy stted is primarily 
aimed 8t @ petrologic#l account of the rocks exposed &round 

Bandipux®, The rock exposures @s alretdy st@ted consist of 

panjal tréps and limestones With Recent and sub- Recent deposits 
at places, pring the course of his work in this area, (wdia,1934), 
reperted the occurrence of limestones interbedded with the | 

panjel tr@ps of the area, This interesting 4spect, though 

outside the scope of the present study, has @l1s0 been treited 

&t @n @ppropriate place in the subsequemt p@ges be@use of its 

im ort@nce, 



In this chipter @ petrographic account of the trap e&posutes 

is given, The voloinics hve been studied in thin sections, the 
m@in miner@€l phases entering into their composition have been 

separeted and their study undert@ken by optictl, chemictl and 
Heray methods, 

Meg@ scopi@lly, the Panjal traps @re of green to greenish 
black and purple colour. The rocks owe their green colour to the 
presence of epidete and chlorite. Fine gr@ined, ua ssi ve, hard 
and compact vérieties 4s Well &@s @mygd#loi@l types 4re present 

in the study 4re@, The amygd®les @re bigger in dark green 

Wrieties. Some of the 4mygd®#les are elliptie®l or circulér in 

outline, The purple coloured tr@ps héve numerous vesicles which 

are filled wp with epidote, chlorite and qwrtz. The shépe of 

the vesicles has been mde by the pass@ge mde by active fluids 
through them, The treps in the eastern part of the study are 
are poor in vesicles. gometimes the g@s @Avities are so numerous 

that the rocks display cellular structure (Augustithis, 1978). 
The S@ver@ége specific gravity of the traps rénges from 2.4 to 3. | 

Flow structure is rarely seen in the rocks. 

In the study @ra@, the following trép vérieties have been 
whorls | ee 



l~ Glomeroporphyritic tréps 7 
2- amygd@loidel traps with veriegited shedes of green, grey and 

purple colour. The amygd#les consi st of chlorite, epidote or qwrtz. 

3eDense ,tard and compact green Wriety with chlorite, epido te 
and @ little of qwrtz. | 

4-Purple coloured muffs 
5-Qwartz- epidete veins ( mp idosi tes) 

6-Dyke rocks. 

Under the microscope, the Panj@l tréps in mny inst@nces 

show an @gegreg@te of plagiocléses, ehlorites, epidotes and 
qwrtz with accessory miner@ls like magnetite and ilmenite. In 

some @ses, pyroxene h®s c-hanged to tremclite and acti nolite 

@long the margins, The plagioclase pheocrysts re seen in some 

thin sections clustered in 4 rédi®l pattern to produce glomero= 

_ porphyritie texture, vhere's in some inst#nces, pyroxene phenoe 
crysts enclose plagioclése laths giving rise to ophitic © and 

| subeophitic textures. 

Other:; textures present re intersert@l, intergranuléer 

and hy@lopilitic., The groundmass a@nnot opti@lly be resolved 

in winy inst@nces be@use of its fineness and when observed is 

seen to consi st of & eryptocryst#lline @ggreg@te of feldspars, 



chlorite, epidotes etc, 

Thin section study of Bandipuré tréps clearly revels 

that these lve undergone & low gréde of metamorphism of the 

amphibolite facies bectuse of their involvement in the _ 

Himelayan Orogeny. Low guade met@morphi sm includes in it @ lot 
of subfcies &@s fer as studies of various met@morphie belts in 

other parts of the world &re concerned, The authors min ide 

is to assess the ima@ct of met@morphism on the tréps of the 

study are. The gener@i rule of Miyéshiro and Seki (19580) 

suggesting that the composi tion®1 range of epidete enlarges 
with inere sing temper@ture @pplies here @lse. Gilorite is 

gener@ily homo genous in the met@isites of this 6re@. 

Ridote + chlorite + actinolite is ® st@ge in the Low 

grade met@morphism, which is preceded by pupellyte + epidote + 
chlorite + acti nel ite. Such associations are &l1 so present in 
veri ous low grade met@morphie terréinsa of the world ecg. 

west side of Appalachian (zen,1974),mtsuyem aret of the 

gangun met@morphic bel t (Hashimoto et 4&1 1976) , Keweer@wan 
baslts (Jolly end smith, 1972), western southland in Nev zelend 

(Landis and Goombs,1974) and the Bnwzwe Mounteins (Seki et él. 

1970). 



Basic igneous rocks when subjected to 4 met#morphi sm of 
lo-w gr@de, show @lteration in their origin] plagiocl4ses 

and the min ferromagnesién miner@l @ugite. The basicity of 

origiml plagioclases is seen to decrease the ee pyroxenes 
change into amphiboles and chlorite. 

the tréps of the present 8re® irrespective of their 

textural wriation consist in gener@l of 4 miner@lo gi @L 

asse enblege of plegiocléses (An content Vrying from 4 percent | 

Opaque minerals like magnetite and ilmenite gener@lly with 4n 

irresolveble matrix are @lso0 noticed, it may be mentioned here 
that the anorthite content of the plecioclases as witnessed in 

the traps of the present 4rea aml @lso from other perts of 

( shmir investic@ted recently is rather high as is evidenced by 
@ perus®l of cAirlier 1itex@ture in reg@rd to the vele@nics in 
general, @ses of plagioclases with high &northite contents 

cocal sting with Gerich ph®ses such as epidote or #l cite heve 
recently been investig@ted ard @re attributed to higher grades of 

met@morphism (Hynimen,1972; Miyashiro, 1975; mson,1977; 

Nockolds,1954). Greins of qwrtz seen in most of the sections ére 

obviously reletsed as & result of alter@tion of plégi ocléses and 

pyroxenes. 

The rocks owe their present miner@l assemblages to the 
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met@morphism to Which these have been subjected to. As & 

resiLt of this, sericitition, epidoti @tion and clouding 

has changed to hornblende and chlori te. Gl oudi ng of plagiodlases —
igs & noteforthy fe ture. 

Aceeording to MeGregor (1931) clouding is d&e to 

the therm1 met@morphism resulting in the et- solution of 

sprinkled particles of iron initially present in the feldsr 
solid solutions. 

After studying the clouding in feldsprs, Ami er som 

(1937) ascribed this to the form tion of iron which @t times 
is obt@ined by the trénsforming material. mpeximen tl date 
shows the Fe’? exsolves as htematite or magnetite ( Roser vist, 
1951’; Faust,1 936), 

According to Herz (1931) clouding @n take pléce 
only due te high anorthite content. | 

Poldervaart and Gilkey (1954) suggested that slight 

clouding ain take place bec#use of exe solution of iron 
dissolved in the plagioclase at the time of its formtion, 

Friednan (1955) and Grsten (1955) are of the opinion 



that clouding may t#@ke place be®use of hydrotherm] 41 ter@- 
tion as in coronites. It my also occur bew@use of mgumtic 

origin (Bentor,1951;@rsten,1 955). 

Pichamuthu (1959) suggested tl@t clouding cin téke 

plece due to palingenesis. Barth (1967) thought thet clouding 

cn be @used by therm@] met@morphi sm, 

WBidu €1960) cle@rly explains the clouding by the method 

of diffusion of ions during the evolution of rocks. 

stern (1964) (in Barth,1967) thought that clouding my 
take plece due to the persisters which perwit easy diffusion 

of extraneous mtter,. 

wee (1964) suerested that clouding may occur due, to | 
met@mor hic replacement of bletite or hornblemie by plagioda- 

SeS. 

However, the suggestions given by Hera(1951),MeGregor 
(1931), Aaierson (1997), Polderveart and Gilkey (1954) and 

Barth (1967) explain the clowling of plegioclases of Bandipuré 
traps. The pyroxenes as already mentioned have been welitized 
am chlori tized. 

The tr@ps of Bandipur® are mostly of bas@ltic to andesi tic 



character. Acidic verieties such as rhyolites ami tra chytes 
are absent. Petrogr@phic account of different verietl es of 

Bandipure tr@ps is given bel oWs 

Glomeroporphyritic traps: 

These rocks @re of green colour with feldsfrs present 

in snfll clots and groups so @s to give rise to glomeropor 

phyri tic texture (Plate 10, figs. | & 2). the feldsfrs 
eceurring in the form of clusters ori gimted under condi tions 
of high pressure and slow cooling which together With the 

enclosing mss Were extruded to the surféce, Under the micros 

and chlorite as the mjor constituents with magnetite and 

ilmenite ag the @ccessory miner@éls. The anorthite content 

of the plegiodase of this rock @tegory rénges from An,, 

me A) | 
2- Amyzdaloidel traps: 

Meg@ scopi @lly these rocks are of greenish grey colour 

except for 4 few specimens which @re purple coloured. The 
amygd@les consist of chlorite, epidotes and qurtz, Micz- 

photographs of these varieties @re shown in plate 10, figs. 

3and 4, The infilling mineréls have occupied the place of 



vesicles ori gimlly present in the rock, The thin sections 

show the presence of epidote, chlorite, plagioclase (mi croe 

Lites) and cryptocryst#lline groundmss of these minerél s- 
ae » Palagonite has been observed in some thin 

sections of this veriety (pPléte 11, fig.3.). Anorthite 

content of the plagioclases of the rocks rénges from Anz. to 

Mega scopi@ily, these rocks re hard, massive 4nd | 
coméct with greenish grey eclour. The rocks under the micros 
seope show that the presence of epidote, chlorite, plagiocdlése & 

quartz as the mjor mineral s With mgneti te/ilmenite 4s the 
minor constitumts, Microphotogréphs of this Vriety are shown 

in Plate 10, figs. 5 and 6, this variety of rocks is mstly 

found on the NW side of the study 4re@. The anorthite content 
of the plegioclases is around Anjo 

he Meese 

An important feature of the study @re@ is the presence 

of purple coloured rocks having abundant greenish yellow 
spots. The thin section study of these rocks umier the 



ilmenite are @liso preset in minor amounts. It is &pparent 

by studying sever®] thin sections of this variety that vole@nic —
ash has mostly entered into the composition ef the rocks 

which 1éter on got indureted to give rise to the tuffs. 

rock during met@morphism", 

Thin sections of this vériety show the presence of 

Ge Dyke rocks 

A number of dyke rocks having derk green @ppe@rénce @re 



present in this 4re@. The presaice of such rocks has been —
reported by earlier workers wiz., Wadie (1934), wkheAloe{1943), 
ani wakh@loo ( 1972) from this part of the Mmlaye and ére 

considered to be the dyke e(ulv@lents of Panjal traps, Wiser®n 
(1934) grouped similar rocks under the term of “midiorites". 

Some cArlier workers like Joh@msen (1939, —age : 

Moorehouse (1964) and Turner and Verhoogtn (1960) , the rocks 

dcolerites' for such type of altered rocks; Where the origi m1 
textures @re still preserved @s has been dome by wil cox and 

has been totally oblitertted and origi#l pyroxenes Ive 
been totally urélitized, so thet the resultant rock is | 
composed only of amphiboles and plagiocLases with sn@1l @mounts 
ef chlorites, the term " @mphibolite” is preferred, 

Petrograp hi @LLy such type of rocks show the presence of 
plagi oclaseg, @mphiboles, chi ori tes and quértg with ilmenite 
and magnetite as @ecessory opaque minerél s. Microphotogré ph 
of this riety is shown in Plate 11, fige6. the anorthite | 
eontent of the plagioclases of this vériety r@n ges From Atego 
to AM 4° 

ly 



4] 

MODAL ANAL YSIS 

Modal proportions of miner@éls in igneous rocks @re 

in miny petrochemi@l studies (Holmes, 1927) 

Gheyes (1956) hes examined @refully the problem of 

modal an@lysis of igneous rocks, the Delessee- Rosivél are 
e volume relationship, gr@in size of rocks, index of cofrse 
ness and the so @lled Holmes's effect. One of the purposes 

of Chayes (op.cit.) is to demonstrate that in the model 4rAlysis 

of medium to fine gréined igneous rocks, the point count method 

as devised by him is superior to the classic@l Rosi W@1- shend 
line integration @pprosch, The point count method has @ higher 

precision and reprodu cl bility/ ia comured to line integréeti on 
method . Initially Ghtyes (op.cit) invented @ conmbim tion of a 
point count mechani @1 st@ge to give jumps of em stant Width 
over & horizont@l treverse and an ordimry @ey ~ Adams (10 punch) 

Blood Gell Counter to record the modé] t#llies. Based on the 

mathenPtical soundness and simplicity of Gheyes method of modal —
analysis, miny autcm@tic point counters are put om the nerket, APrey 
Conit#twous experience with these autamatic counters, it ha s 

been found that @ machine initially working #1] right, leter on , 
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TABL 48 MODAL ANALYSES OF BANDIPURA TRAPS eM oF aMoMePMeVoM aM aVet eV eX a" ore 

feldspar filme tifie- 
eceichginca MEME sn, msce'ioise yo cera sign jegmigtaycyde palace a oe a means 
Aw®20 =: 21 * 22,74 4404 1,00 14,9 2.11 100.0 
433 20,15 3,75 20.75 34.42 5.40 11.9 3.63 100.0 
axll 21.84 1.62 27.37. 23.73 16.71 7.15 1.58 100.0 
Ane3 24.25 2.17 21,17 32.26 4,60 8.70 6.85 100.0 
A68 24,72 3.70 36.87 21.54 3.59 8,10 1.48 100.0 
ATO 24.73 2,50 38.38 927 10,2510.17 4,70 100.0 
‘x30 25.16 2.10 31,17 18,14 15,10 3.10 5,23 100.0 
a20 26,49 0,60 42,82 13.87 11.56 4.00 0.66 100.0 
ale 27.10 , 45.25 22.10 - 4-10 1.45 100.0 
aRié 27,18 27.78 20,18 21,88 2.02 1.03 100.0 
alg 28, 81 , 45.37 15,02 4,62 6,00 0,18 100.0 
mil 29.27 . 33,18 19,26 10.70 2.40 5,19 100.0 
A 4s 30,21 1.70 18,17 22,14 14,22 7.10 6.46 100.0 
AR 34 30.94 3.00 37.60 8.00 7.40 3,80 9, 26100.0 
2% =—s«33.96 = 70 «30,40- 18,18 7.35 5.40 3,01 100.0 

Aw2 = 40, Sl 1,00 23.66 16,99 7.63 9.00 1.30 100.0. 
AK 24 41,23 1,9 25,16 21,17 6.70 1,10 2.74 100.0 

AAs. 41,24 0.50 19,67 19,32 10,216.70 2,36 100.0. 
am20s—i«AS29°—s«2, 30 22,50 14.64 10,002.22 3,05 100.0 
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starts either over or under counting the constituents wi thout 
the knowledge of the operétor thus @ sting & doubt on the 

obtained results. In the absence of an Sutomatic point cowmter 

and /or hayes point count mechanic] st#ge, & device is 

adopted in this thesis which preserves all the essenti@ls of 

point count theory as developed by Chyes (op. cit.) and yields 
very reliable resul ts. 

the method adopted in the present work is as fellows: 

On & petrographic microscope, 4 right combi mtion ef an 
objective and an eye piece provided with 8 graduited s@le 

is obt@ined to give & magnifi@tion cons@nt so thet the 

minerals umder counting are dearly resolved for purposes of 

poimt counting, When such @ condition is obteined, with the 

help of a stage micrometer, the gradu@ted s@le im the eye 
piece is @liber@ted. Based on this eliber@tion, © mumber 

of points that could be obteined over ® horigont@l traverse 

point counting basic vole@nie rock modal composition, @ const@nt 
width of 0.05 mum was found suit@ble giving on the average 150 

counts per tréverse. If the counting 1s accomplished on ten 

equally spaced hori zont#l traverses covering the entire ar@. 

of the slide, it would give st@tisti@lly st@ble counts of 



1500 per slide. For coarse gr@ined plutonic rocks &@ separéte 

procedure has to be adopted depending upon the situ tion of 

spread over ten treverses thus yielding 1000 points per @mple, 

are considered to yleld #tisfeetory stable modél comts, The 

movement of the slide both hori zont@lly and verti@lly is —
accomplished by an ordinary mechanic@®l st@ge, On the horézont#1 

/ 

and the mineral coming under eross Wire is identi fied and 
correspondingly tallied ona nine pundh ( ef ght for individual 

Gell counter. the readings on the counter on the completion 

The keys on the Blood Cell Gounter are put beck to zero before 

starting on the next traverse, On the compl etion of the totlL Re 
rumber’of treverses on aglide tallies on the d@ta sheet « " @re 
firAlly added and reduced to mod#l proportions for purposes 

of comparison, petrogrephie nomencléture and for ény other 

purpose, the data are needed. 

Different varieties of 20 fine gréined basie vol cinic 
rocks Were point counted @ceording to the above intli ted 

method and the results @re tmbuléted in te ble-4a, | 



‘STUDY OF MAIN MINERAL PHASES IN THE PAIUAL TRAPS OF 
BANDIPURA 

Irrespective of thelr petrogréphie identity, the pen ja], 

traps of Bendipuré are are mostly composed of plagi ocléses, 
chlorites, epidetes and qurtz with mgnetite/ilmenite 4s opaque 

&ceesSory miner®ls. the min mineré@l consti tuents Vi wes 
plagiodléses, chlorites and epidotes have been studi ed by 
opti@l, cheni@l and xex@y diffraction methods, Thin section 

study of qwrtz and i lmeni te/m@ gneti te is Als given for the 
tke of compl etenes?. 

Plagi oclé ses; 

the anorthite content of the plagioclases has been 

determined by three methods: (1) opti@l, (if) Ghemi 1 
and (iii) x-ray diffractometry. The multiple @pproach Hag | 

followed to evelwte whether qwrrobor®ting results could be 
obtained from the three ®ppro® ches, 

(8) Opti @1l method: 

this method is mainly based on thin section study. 

mineral] occurs as eahedral cry sls, smal laths @nd ag 
microlites. The aorystf@ls are mostly wih wned on the @Lbite Law 
and twin lémellée are mostly broad, few and sharp. At some 

(Conte: P.4q) 



TABLE- § GHEMIGAL ANALYSES OF BLAGIO Gases 
FROM PANU AL TRAPS OF BANDIT PuRA (Gontd....) 

Sample no, All A24 M27 8620 M24 A70 A27 2 3 4 5 6 7 

Soph thaeee ks nics an Pa, oe eae 
S105 48.82 49,8 51,08 53.78 54.60 55.18 56.15 

ALD. 32.20 31,74 30.30 29,00 28,% 28.01 27.60 
FeQ, 0.60 0.50 0.88 0.60 0.61 1,12 0,18 
Fe) 0.20 0,20 0.50 0.20 06,05 0.15 0.10 

M0. 0.00 0.02 0.06 0.05 0.03 0,05 - 
@o 15.30 15,10 13.80 12,10 10,45 10.60 9.75 
M gp 0.20 0.05 0.15 0.10 0,10 “ 0.06 

Na oO 2.32 2245 3.00 4,25 5.20 4.97 5.10 
K,0 0.10 0.16 0.14 0.15 0.30 0.20 0.50 
HOCH) 0.40 0.10 9,80 ota “Ob “0.18” 0.5 
HO (+) 0.15 0.05 0.05 + 0,05 0.02 010 

‘tal 100,29 100.17 100.16 100.43 100.39 100.45 100.04 

Location of the amlysed samples: Analysts A.K, RAINA 
- 345 28° 40m 745 38° 03" | 

2= 340 259 130 74. 37* 30" 
3- 34° 20° lin 742 408 35" 
4e 34, 249 25" 74, 439 4a" 

: 744 42" = 40" 
6- 345 24" 07" 74, 444 49" 

74° 39° © 32" 



4 § 

NUMBER OF TONS ON THE BASIS OF 32(0) 
All = A2& AkK27 RM MAK ATO ART 1 2 aoe 5 6 7. 

8, 955 9.0% 9,327 9,717 9, 820 9.946 10,105 

6,964 6.834 6,521 6.177 6.138 5,894 5.860 
0.083 0.068 0,121 0.082 0,076 0,130 0.023 

- 0,003 0,009 0.006 0,004 0,008 * 
0.055 0,013 0,0:41 0,027 0,030 - 0,019 
0.030 0.030 0.077 0.030 0.007 0.026 0,016 

0.824 0,966 1,082 1,48 1,938 1.855 1,905 
3.097 2,955 2.700 2,343 2,018 2,056 1.89 
0.024 0,036 0,044 0.034 0.050 0.045 0,133 

' 

‘

79,19—77,21 A 72,62 S61. 38-' 53,23 - 55,10. Sle 54.) 

i I 

79.65! 78,11.! 73,11. 62,09; S410! 55.75! 53. is 

4.04 3.909 3.94 3.92 3,97 3,98 3.94 

16.01 16,00 ma 15.99 15.99 16.03 15.98 16.00 
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places, the laths of plagi oclases form @ st@r- sh@ped redié tion 

(Plate 10, figs. 1 and 2.). The anorthite content of the 
plagiocl@ses ranges between AMg, to Any. 

(b) Chenictl_method: 

Pure concentrates of plagiocléses form cheni @l anéiyses 
and x-ray studies were obt#ined according to the method: of | 

morons (1961) as modi fied by Henley (1977). ‘this method is. 
based on mixing of tetrabromoethane with @rbon tetré chloride 
to a standard specific grévity of the liquid for the sep@re- 

taken to obt@in pure miner@l concentr@tes and the results 

revel that the separa tion process has been highly siccessful. 

Plagiocleses tims obt@ined were cheni@lly 4@lysed by 

the conventior#l wet method for thelr mjor elements and the 

structur@l formlé@e of @n@lysed plegiodlases, computed on the 

be sis of 32(0) atoms are given in table-5. The cheniel 
analyses of plagiodlases show very sn@11 Smounts of Mg and re" 

and these my oceur as impurities in the plagioclase structure ~~ 
Gconid Ps3) 



diffxr@ce thite eo nten t state. Sample no. ze d values Intensity Face of Anor- 
| tion 

mK20 21,00 4,22 10 201 
22.20 4,00 25 201 

26.70 3,32 30 220 

2 29,24 3.05 15 131 
30.80 2.9 15 041 
34 230 2.83. 10. 331 
35.25 2.51 15 241 
35,50 2.52 20 941 

36.70 2.44 10 240 
41,94 2,16 lo 060 
48.50 1,91 5 403 
31231 1.78 lo. 204 

m2 21.00 4.22 30 301 
22.20 4,00 25 301 
26.70 3,32 50 220 
27.98 3.19 100 002 
29-22 3.02 lo. i$. 

31.25 2.77 13 131 
35.20 2,54 20 241 
35.30 2,55 15 241 
36.80 2.44 10 240 
41.95 2.16 10_ 060 

48.85 1, 87 5 203 69 74 Medium 



TABL 6 STRUCTURAL STATE AND THE ANORTHE-TS OON TaN T OF 
PLAGIOGLASES FROM THE BANDIPURA TRAPS.DETERIINED | 
BY X°RAY METHOD (After Viswam then, 1971)¢ @ontd... -) 

oe a es entenelay "slivcg: gacbikha bees 
Sample no. 26- d values Z sity ttttilen sostare) wane 

= ee ee ee ans as a, ek 
A24 21.02 4,22 5 301 

) 22,25 4,00 10 301 
26.70 3,32 30 220 
28.00 3.18 100 002 

29,25 3,03_ 20 i131 
30 . 90 2.89 15 Oa a oi 

35.55 2.50 15 241 
35.70 2,51 15 341 

36.80 2.44 20 240 
42.00 2,16 jo. 060 
48.40 1.87 10 403 
51.44 1,77 20 204 

All 21,00 4,22 20 301 

22.20 4.00 15 201 
26.80 3,31 70 220 

27.60 3.22 100 902 
29.15 3.06 10 131 

31,00 2.88 40 041 72 Hi gh 

35,42 2.53 15 341 
35.60 2,51 25 Sal 

36.90 2.43 lo 240 
42,00 2,16 20. 060 
49,00 1.85 5 403 

51.45 1.78 5 204 

nlc aeOlcr) | m 
~=e=seseee ce wee wenn eee ene eo ewe nw ewe ew ee ee ee Note: The wlues underlined have been used in the diégrams, 



TABL.E- 6 STRUCTURAL STATS AND THE ANORTHETS OONTINT OF 

PLAGIOGLASESS FROM THE BANDIPURA rare er BY Xe RAYMETIDD (after Vi s*wana than, | 971). 
Sample no. 2¢- d Intensity Face of Anor struc 

wlues di ffrace thite tuzel 
tion content st@te. 

A70 20.98 422 35 “201 ee : 
22.10 4.01 15 301 
26.80 3,31 30 220 

29.20 3.05 10 . 
30.99 2,89 15 41 

31.30 2.85 45 131 61 M edi um 
35.40 2.53 20 41 
35,50 2.52 15 4l 
36.80 2,44 lo 240 

41,70 2.16 is. 060 

31.23 1.77 io. £04 
M24 21.00 4,22 25 301 

22,00 4,00 20 201 
26.80 3,31 45 220 
27.95 3.20 100 2 

29.20 3.05. io isl 
30.9% 2,89 20 041 
31,28 2,85 4s 131 —54 Medium 
35.20 2,53 15 241 

35.35 2.54 30 241 
36.9 2.43 10 240 

41,85 _2.15 23. G60 
49.10 1,87 5 3 
51.20 1,82 | 10 204 

A27 21,00 4,22 20 1 

26.70 3.32 60 220 

29.20 3.05. aS ‘ , 
31,00 2,88 20 Al : , 31;30 2,85. 1s_ 31 Neti 
35,30 2,54 20 | 36.80 2,44 25 ae 
41,82 2,15 25 060 
Si.15. rash 78 16 4 

Jie EL aes eI Sg ee ie oe ae ee Oe ew 
otes Nasnen underlined have been used in the diagréms. 



(Deer et 21., 1963). The normtive plagioclases have been 

found to range in composition from Ang3 *? ANj9° 

(ce) x-ray diffre ctometry: 

the plagioclases from the tx@p rocks of Bandipuré 

Were determined by x-rey diffxectometry according to the method 

of Viswamthan (1971). Seven #@mples of plagi oclases from 

different rock types were x-r@yed as powder mounts on Phillips » 
Holland , x-r@y Diffréctometer Model mo. 1050/25 with Mickel 

filtered GaK~4} mediation, with electroni @lly controlled chart 

recorder with @ s@ming speed of 144° per /min goniometer 

rotation. ‘the x-r@y data is shown in table-6, The @northi te 

The x-r@y dat® for plagiocdlases from Bandipur® tréps when 

plotted on figs. 13 and 14 has been found to show medium to 
high structural state (0/D. | 

The above studies i.e, optic@l, chemi @l and x-ray 

diffraction in regard to plagioclases of Bandipur tréps 

revels that their @nerthite content varies from Amgy to AR, ,° 

the structural] state of the miner@1l is fowu-d to be medium 

to high (0/D). 
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Widote; 

the study of epidote is pursued &long three lines:- 

opti @1, chemic#l and x-ray methods. 

(@) Optical method: 

Epidote is present in abundance in the tr@ps of Bandipur. 

It occurs @s sporadic cryst@ls as Well &s aggreg@tes ef gwil 

anhedrel gr@ins, the interference colour of this miner®l 
varies from second to third order, Four #@mples of epidotes 
Were separated by the usu®l separation process ani subj ected 

to chemi@l and x-ray diffraction stulies, 

(b) Ghenictl method; 

Four epidote #@mples have been chenie@lly analysed for 

thelr major elements by conventioml wet method. The &1i@lis 

have, however, been determined by H@me photometry. The 
anAlytic@®l dat is given in table-7. The structural] formlae 

of the &4mlysed #@mples @lalated on the bésis of 13¢0, O& 
ere given in the s@me table, From the chemigtl daw, it ms 

been seen that the epidotes under study correspond to 
epidote/ zoisite vriety. | 



tamu s- © XeRAY POWER DIFFRAGTION DATA OF &PIDOTES 
FRM BANDIPURA TRAPS GIWBNG "d" sPACINGS, | 
INTIS! TY AND RERLECTION FACES. INIT CHL 
DIMENSIONS aS COMPUTED FRM THIS DATA ARE 

* GIVEN BELOW BACH SAMPLE. | 

entice 4 "t/Io-—swPane me ple 4 I/Io —~Plane 
NO» values TiO vaiues 

M21 8,00 35 200 A20 8.10 35) 200 
6.20 15 201 6.25 15 = 201 
5,02 20 002 5.00 35. 002 
4,01 20 400 4,00 40 \ 400 
3.76 15 401 3.76 10 \ 401, 
3.64 25 112, 311 3.64 15 112,311 

. 3,31 20 4lo 3.30 20 4lo 
2,90 75 013 2.89 70 013 
2.80 30 020 2.78 30 020 
2.68 100 600 ,511 2.68 100 600, 511 
2.54 15 313 2.9% °" 313 
2.44 25 «(122 2.44 20 122 
2.33 20 222 | 2.35 15 222 

a bod 16.02 Pa) a 5.60, ¢ = 19.00 a Be 16.14,b = 5.60,¢ on 9,92 

ye lues value 

rr A27 8.10 10 100 M72 8.06 15 100 
4.60 15 002 4,58 20 002 
4,01 45 200 4.03 50 200 
3.47 20 211 3.40 40 102 
3,23 20 201 3.20 20 201 
2.90 100 113 2,89 100 113 

2.80 0 020 2,80 35 020 

2,68 60 021 2.67 100 300 
2.66 100 300 2.44 35 121 

5 2.44 30 121 2,37. 25 022 
2.27 20 222 

r a ea B. 50,b = 5.60,¢ = 10.02 a = 8.60,b = 5.98, Cc ss 10.20 
p=115° } pells 



on ~] 

(c) x-ray stulies: 

Your smles of epidotes were x-réyed by powder method 

Phillips x-ray diffractometer model no. 1050/25 having Ni ckel. 

filtered Quxx<1 tdiation with @ sinning speed of 1/4° per/ min, 

@l culated from the x-r@y d@ta ore 81so contéined in the sme 

table. 

Tt ws been seen from the tabulated dem that the epidotes 
are of golsite @nd epidote vériety confirming the earlier 

resul ts. | 

¥rom @ll the above modes of investi g@tion, it is evident 

thet the epidotes from Bandipur® tx@ps are of zol site and epidote 
variety. 

GhLori. tes 

the study of chlorites has been followed @long the #me 

lines as in the @se of plagioclases and epidotes. Ghl ori te is 

is @n @lteration product of origin®l pyroxenes. This miner@] 

is green in colour and sometimes shows pleochroism, At times 

it shows @bnorn@] Berlin blue interference colourm —
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TABL & 10 ¥-RAY POWDER DIFFRACTION DATA OF CHLOR TES FRM 
BANDE PURA TRAPS GIVING “d" SPACINGS,I NS TRNSI TY 
AND REFLECTION FACES.UNIT CLL DIMENSIONS AS 
OMPUTED FRM THIS DATA ARE G VEN BLOW BACH 

aa Ua GL hog RI aS toes ae oe 
Sample d I/Ie Plane - Sample d I/To Plane 

NOs values - NO. values 

75 7.06 100 001 Al6é——‘(ié‘é‘77wWCQQL 100 001 
4.63 25 . 020 4.66 25 020 
4,26 6 111 w : 4.30 5 111y 
3.53 100 002 3,52 100 002 
2.66 30 200 3.16. 35 e 
2,53. 70 201 2.67 35 200 

2.34. 5 - | 2,52 75 201 
2.15 50 202 2.37 5 . 
1,9 5 206 2,16 50 202 
1354) = 060 Leo oe 206 

@ = 5.30,b = 9,26,¢ = 7,04 @ = 5.49,b = 9.20 sc « 7,04 
B= 104.6° B = 104.5 

values TO. values | 

AR 20 7,05 100001 " AMl «7.05 100 ~—s«éod 
4.62 10 =: 020 4.67 20 020 
4,28 5 llinm 4,25 5 lif m 
3, 52 loo = _: 002 3.54 100 002 
2.66 20 200 3.16 20 © 

2.50 70 ~=_ 201 2.67 40 200 
2,40 30 89-202 2, 52 80 201 
2,15 50 202 2.40 30 202 

1,93 10 206 2,14 50 202 
1,55 55 060 1,92 7 208 

| . 1, %6 60 060 
a = 5,48,b = 9,62 ,¢ = 7,00 - @ = 5,36,b = 9,00, ¢ = 7,16 

Bp Po 104.5 S B = 104,5 
oof ete =e fe eo es *® =e & 2 @& ro ferlhlUhFhUhUchOlhUCc PhUCc rhUCc OP OhlUlCUcrOlhlhlUrrhlUrhrmhUCC rRrhlUcrrmhUC rRrwmUCUCc OwOlUC PMlhUCcMOrlhUC OCUlUchOOhUCrOlhlUCcrhHhUCc OhlhClUmhS 



Four #@mples of chlorites isolated from the tr@ps under 

study were chenf@lly emlysed for their mjor elenmts by the 

conventiom] wet method. The alkalis have, however, been deter> 

in table. 9. 

Four separated #@mples of cilorites Were x-rayed by powder 

- methed on phillips x-rey diffractometer Model No. 1050/25 using 

Mickel filtered Gu K my radiation having @n electroni@lly 
controlled chart recorder with & scanning speed of 1/4” per/min, 

the prominent reflections on the X-réy di ££1@ ctogr@ms Were 

imlexed and the results ®re given in tble-10. From these 
results it cn be seen that the chlorites of the tréps unier 

dimensions as computed from the x-ray data are given in the 

same table. the unit cell dimensions 41 so confirm that the 
chlorite under stuly are of Chemosite veriety. 

Quartz occurg ag ah important rel & sed miner@] in the asic 

tocks of Bandipur® are, It is uswlly seen in the fom of 
ell gr@ins dispersed through the rock sections. Oc# siorlly, 



it is present es @n important infilling materiel in roek 

cavities. It is seen in various proportions in different rocks, 

but its percent®ge is more in epidosites. Large gins of 

quarts cont@in inclusions of ilmenite/megnetite. The mineral] 

at places shows uniulatory extinction and first erder grey 

pol@ri tion colours. 

Ilmeni te/mgnetite and opaques: 

Timenite and magnetite occur @s smPll grains and as 

specks and sometimes @s big skelet@l cryst®ls. Ilmeni te is 
gener@lly altered to Leicoxene. 



Aver@ge $10, vVelue works out e{wl to 51.32 percent showi ng 
_ @ver@ll basic character of the rocks, The trap rocks @re rich 

in iron and low in @Ll@1is. The specific grévity of different 

types Vries from 2.60 to 3.12, 

the chemi®l] amlyses of the represnt@tive #@mples &re 

shown in twble 1 Nigel? velues and G1.P.W. norms @leula- 

ted from the chemi@®l @mlyses are cont®ined in tables 1? and 

13° . the wlues of @tions peiundred oxygen @nions of the 

It my be remrked thet the 4m@lyti#l dete ms been 

treited initially in terms of econventioml diagrams suggested 
by Hérker, Larsen, Thornton and Tuttle, Polderwart and 

parker and Kuno, In the second ims t@nce, B-@ndipuré tréps 
have been studied @s bivériate plots suggested by some investie 
gators for assessing the mture of the primry bas®l tic mgm, 

Thirdly the traps lfve been investigated in tems of two 

component di@eréms put forth by some workers for deci phering 
the differentiation trend of bas@itiec magms, Fourthly the 

traps of the 4ar@ umler discussion hve been plotted aecordi ng 

to the methods advanced by some workers for studying the trend 

Lines of typi@1 rock suites from different parts of the 

world, In some diagrams, however, two or even more @spects 
mentioned above ere tretted im one and the @me diagrém to 

C Contd -f-721.) 
4 
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TAM. E -12NIGG.I VALUSS OF BANDIPURA TRAPS -_—2. *© RP se ee » #-# « & = * ws w@& sss epeneewwenkceeneeaenune he ee hee 

me Si Qz al fm e 4lk k mg 

ARS3 tags ee 28 1c aS 0.20 0.42 
AR39 115 ol 27 51 1s 64 0.35 0.40 
A 16 117 -3 24 46 25 #5 0.11 0.33 

AR32 118 «2 29 40 2 £§ 0.17 0.31 
A33 120 4 31 40 25 4 0.17 0.24 
A36 123 “9 2h 45 23 8 0.25 0.34 
AR62 115 a) 21k 49 24 6 0.21 0,50 
A38 115 -9 22 44 28 6 0.27 0.52 
Ml 129 -3 24 ss, 23° 8 0.30 0,28 

all 129 “4 24 46 24 6 0.20 0.49 
M76 128 0 23 43 «8% % 0.28 0.37 

R30 2 2—~—«~iILBOD «2 22 44 2 8 0.30 0,46 
A27 132 4 27 41 25 7 0.22 0,41 
A68 117 «3 20 49 2% ~~ «OS 6.10 0.55 
M24 136 8 22 48 23 #7 0.25 0,41 

A70 130 2 24 4% 7224. 9 0.31 0.40 
AR2 125 1 2. 38 oe *€ 0.14 0,55 

ARLE 122 2 18 46 #29 #5 0.10 0,53 
M79 139 «1 21 48 21 to 0.26 0,36 
a75 142 lo 24 42 26 8 0.20 0,39 

M20 150 30 . 25 “4 2 5 0.10 0.39 
M72 131 ol 21 46 2 8 0.09 0,51 
AAS 150 is 25 43 24 8 0.30 0,31 
ARS? 134 22 22 ss.0UC6«aly 3 0.17 0.33 
M21 159 27 ee ORE oe 0.27 0.30 

A20 181 33 28 44 18 12 0.22 0.38 
Alo 179 39 28 45 17 10 0.20 0.36 
AR41 180 40 26 44 20 1lo 0.19 0.33 
Aw3 181 45 27 43 2.1 9 0.19 0.38 
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tame o24 caTrONS OF CHMICALY ANALYSED SAMPLES 
-— om eet ie eee we ie ee eee 

CONSTI TUBNTS 

M24 23,66 7.35 1,95 7.84 3.01 5.72 0,83 1.48 0.82 0,51 
A7O 23.73 8.44 2,51 7.61 3.01 5.69 1.16 1,48 0.74 0.28 

+ AR20 24,05 7.86 2,20 6.06 4.58 6,42 0.51 1,59 1,19 0,16 
ARL6 24,12 7.50 2,40 3.95 440 8,17 0.35 1.59 1.15 0,12 

Mm 79 24.12 6.98 2.72 7.69 2.62 5,21 1.32 2.22 0.38 0.53 

M7IS 24,13 7.8 1,95 6.48 2.41 6.15 0.83 1.92 0.74 0.53 

m2 %.9% 7.67 2.51 7,60 3.72 6.61. oad 2.18 0.95 0.18 
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mk-e the s@me broad based. Hence there is some umvoidéble 

overlepping here end there, Firmilly the ar@lyticl] daw of 

the trap rocks of Bandipur® have been studied in terms of 

termry véri@tion di@erams ani the @t® interpreted. 

BINARY VARLATLON DT AGRAMS 

The following binery variation diégrams have been drawn:- 

HAR ER VARLATION Df AGRAM 

Fig.15 represents & plot of S10) versus all oxides. Al 0, 
curve displays @ s@ttering of points, but @ general dowmeérd 
tendency with the rise of silic® is noticed. The se@ttering 

of points is possibly due to the fact that there is no 

aceur@te methed for the determin@tion of alumina in rocks,@nd 

it is computed by difference @lone. Tid, shows 2n almost liner 

trend in a down@rd direction with the incre®se in silieé. 

Fe20, and FeO show neg@tive trends,that is in the more sic 

members there is 4 preter concentration of these oxides which 

get depleted in the later fractions, This is the usw] cfrec¢ 

teristie of &@ differentiating mgm, @O also behaves likevise, 

thet is there is higher concentration in the @rly basic 

menbers; and the same decre®ses as differmtiation progresses, 

MgO shows @ unifom decre@se towards Less basic members, 

ALlAlis show a positive relation ( i.e. with the increise in 



$10, @li@lis also increAsdas is expected ina differenti® tion 
Series. 

LARSEN VAN. ATION DI AGRAM 

Larsen (1938) suggested @ method by virtme of which 

various oxides are plotted as ordimte aginst the sum of 

1/3 siog + KO -(FeO + MgO + @O) @s ebsciss®. The compounding 

of si020K20,Mgd, ®O and Fed @s 1/3310 + KO -(FeO + MgO + @O) 
hes been termed as “ Larsen Imicx", the principle behind this 

| method is thet primarily significant changes are noticed in 

the beh® vi our of $102 K,0, Fe, Meo and @O contents for rocks 
ranging in compesition from basie to acid types. The oxides 

Al 40, and m0 are thought by him to be playing @ minor role, 
as the former is gener@élly exratic in behaviour and the latter 

véries insicnifi @ntly in its content and both are not, 
therefore, incluled in the imiex components, 

The v@élues of L@érsen Indices of Bandipuré tréps are 

given in t@ble lic. \ 

It is evidently clear from fig.16 thet sig, curve 
displéys @n incre@sing trend with the incre®se in the Wlue 

of Larsen Indices though some s@ttering of points is noti ced. 
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MgO curves towirds higher Wlues of Larsen Indices. The curve 

for Al,04 shows @ dowrmerd trend with the incretse in Larsen 
indices though some s@ttering of points, @s in Marker’ s 

diagram is evident. On the contréry all@lis show 4n incre@se 

With the rise in the wlue of Larsen indices from rocks of | 

hi cher basicity to those of lesser basicity corrobor® ting 
" Larsen’ s Petrogenetie Principle". The individuél oxides 

K20 and 1,0 show & rise in @ liner mrmer with the inere se 

in the v@lues of Larsen indi ces. 

THORNTGN TUTIL& VARLAT GY Di AGRAM 

Bowen (1937) demonstréted thet the fraction®l eryst®l We 
tion of sili@te magn@s ul tim tel y rei ches tesystem SL09° 
NaALsio,- KAlsio,, which #¢. been mmed@s " Petrogeny* s 

Residual System", The experimental studies by sel@irer (1954, 
1957) on the termary systems MggAl $1504 (cordi eri te)= | 
KALS190, (Leucite)- S10, (SiLic) and MgpAl,S1,0 4 (Cordi eri te)- 
WAALS1g0, (Al bi te) -$10,(SiLi@) confi rmed Bowen’s fi ndi ngs. 
Yoder (1957) studied the trivéri@te system KAL Si,09° @ Al 4Si0,- 
4,9 end supported the above conclusion arrived at by Bowen 

Cop. ad t.). ‘the ‘petrogeny's residu®l system’, evidently 

moleailes: quartz,orthoclase, albite, nepheline, leicite and 



K@lsilite. 

Thornton and Tuttle (1960) have made use of the above 

menti oned concept by proposing 4 new parameter the " pi fferer 
tiation Imiex” (p.1,} agéinst which vrious aides are plotted 

and the warietion in the chemistry of rocks studied. 

The differmtiation index has been defined as the sum of 

Weight percent@ges of normative quirtz, orthodlase, al bite, 
nepheline, Leucite and Mlsilite. These evidently are the 

#lie constituents of the GI.P,W norm with the importent 

exception of anorthite, which is considered as @ basi¢ consti- 
tuent of rocks together with zircon, corundum ete, 

Fig.17 shows various oxides plotted against the differene 

tiation inlices for Bandipur® traps. The values of DI. for 
the rocks are tabulated in table 15b. An inspection of curves | 

shows thet $10, attiias @n upward trend With the incre@se in 
the vilues of D.I,, though some se@@ttering of points is 

noticed. This means that $102 molecule was added upto the later 

fractions when the magm changed from rocks of higher basie 

contents to these of Lesser basie members during the course of 

di ££ erentiation. Ale, in this di@gr@m shows @ s@tter of points, 
but @ genexel dowmard trend is evidenced, MO, “Urve displays a 



downward trend in @ liner fashion, Fe,0, end Fed airves show 
a decline towards later differmti@®tes. This meAns that with 

the progress of differentiation, these tWo oxides got imoveri- 

shed in the residwl Liquids and hence the later fractions 

Were depleted in the concentration of both, the curves for 

@O and MgO show & decretse With the increse in D,I, values, 

this is fully in aceerdance with the observétion that these 

two constituents are being removed continuously from the 

magn with the result thet their concentrétion is very sx#1l 

in its end fractions, The imlividuel and combined curves for 

Nao0 and K,0 show 4n incre? se With the inerese in D.I, as & 
result of advenced differentiation. 

POLDERVAART AND PARK ER VARLATI GN DIAGRAM 

Poldervaart and P-arker' (1964) sugcested the use of 

“Cryst@llie@tion Index” for deel phering the vriation in the 

chemistry of igneous rocks, In this GI. is ttken as abscisst 

ami various oxide: Weight percent®ges &s ordimte, 

The basic principle behind this method is that in the 

eryst@llig@tion of mopmés, domi nant prt is pleyed by the 
felsic and the mfic constitumts of the reaction seri es; 

in the form, the fractiomtion is from @ —> (IR4+0 ,while 



of the rection series consists primrily of the simple system 

®AL2S1,0, (anorthite) , @Mgsi,Og(diopside) ani Mg,Sio, (Forsteri- 
te) referred to as the “ Petrogeny’s Primitive System". : 

the Cryst#1liwtion Iniet hts been considered as the 

gum of An,D1,FO' ani sp*, where 

An «= normative Snorthite 

Di. be magnesiay diopside @leulated from norm tive 

diopside, and 

FO = normative forsterite + normtive enst@ tite 
converted to forsterite 

Sp’ = m@gnesi@n spinel (Meal 2%) @l eulated from nore 

tive corundum in ul tramafic rocks. 

The Vlues of pi? and Fo" @re @l culated 4s followsse 

molecular weight of GiMgsi,0, 
pit es , (naan x im Di Censtatite moLecular Wel of Mesio of norm tive 

or 

« 2.157003 x En Di Censttite of meets ye diopsid 
Fo! «= normative forsterite + x En 

2 x molecular ved ght of sd 
whe gesio, re gn{ Hy) is enst@tite o 
norm® tive hyp ersthene 

or = FO + 0.700837xmnly( enst® tite of 
norm tive hypersthene). 



Fig.18 shows oxide weight pereen tages plotted as 
ordimte against the crystallim@tion inlices 4s abscis #. 

the velues of erystalli# tion indices have been tabulated in 
table 15e, It is evident from this figure that Sifg <Urve 

shows @n upwérd trend with the Lover v@élues of G1I,, though 

some sc tter ing of points is noticed. As @r @s AlgO, is 
eoncerned, it displéys a wide s@itter of points, but @ down 

ward trend is seen with felling G.I, vélues. Qirves for TIOgs 
FeO.» Fed, GO and MgO show @ grédu®] decline With the 
advanced crystAllimtion of the mgm. As far és imiividw1 

and total alkelis are concerned, these show & gre duel inerc@se 
with the M11L of GI. vlues, 

KINO'Ss VAR AT GY Mf AGKAN 

Kune (1968) introduced the concept of " Solidi fiction 

Index* cilavlated agse 

S.1. = x 100 

MgO + Fed + Fe,0, + 1,0 + KO 

Mune assumes thet " $,.1, velues decre*se proportimatd y 
with the amoumt of residual liquid". Bbie 15d shows the S.I, 

wélues for the trap rocks of B-Qndipur@. These vélues hve 

been plotted 4s abseil ss@ ag@inst different oxides ag ordi te 

(fi¢.19). 
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| As @ general rule, with the progress of solidi fi @tion, 

yadictl change, this gives 4n ide@® about the differmtiation 

process in magm@s, In this context, the trends of different 
oxides obt@ined are criti ®@ily ex@mined, 

In the @se of Sid, eurve, there is Wide setter of 

points, but @n upward tendency is evident with the #11 in 

$I, velues. Alg0, Plots show a dowmard trend with the 

fall in $.I, content). M10, Gurve shows a downward trend in 6 
linc@r m@nner with fling S,I, vélues. The curves for Fe,9,, 
FeO, GO, and MgO register @ f@ll with the decre@se in $,I, ; 

values, The 8ll@lis ami their tot1 content on the contrary, 
show 4n upward trend with the #11 in $,1, values. This is in 

conformity with a differentiating men. 

2 

Micdomld and Katsur@ (1964) suggested @ classifide 

tion of bas@ltic recks into tholeiites and 41611 bag@lts, 

Here SiQ, Wt. percent@ge is plotted as@bsci ss@ and 
(Na,0 + Kp0) as ordimte. S@ggerson and Williams (1964) added 
one more field of strongly alk@line beas@lts to this diégrém, 

Ghe yes (1966) also recommenied the plot of tote] alklis 
versus S109 for rocks of bas8ltic composition, Bandipuré tps 



when plotted on this diagr@m are seen to fell in the field 

of tholelites with the exception of @ solitary point (plete 20, 

figel). ‘this would suggest 4 tholelitic parent#ge of the 

treps of the study are, 

Kumo €1968) put forth the concept of classifying 

balts inte theleiites and alk@li -olivine bas@lts using the 
above mentioned viriables. A transitioml vérlety between 

the two be @ite has been recognized by Kuno (op.cit.). It ms 
been civen the me of high @lumim ba#1t. In the ose of 

fine or@ined rocks, the high elwaine bas@®lt as distinguished 

greater tian 16.5 percent and totel @ll@lis between the other 

two bastlt types for 4 siven silic@ content. When plotted on 

Kimo’s diagram, Bandipur@ traps are seen to fell in the 

field of tholelites and high alumina bas@lts. The maj ori ty 

ef points, however, f@11 in the field of tholelites. It has 

been observed that the plots fer rocks thet fail in the 

field of High Alumina Bast ave seen to contin ALP, ## tor 

than 16.5 percent. Since Randipura traps @re seen to occupy 

the two fields on Kimo’¢ dieprem (plate 20,fig.2), the 
possibility of two phses of lave eruption is envistged in 

this are, 



KINO''S POTASIESODA VART ATT CY DE ACRAY 

Plate 20,fig.3 represents 4 plot of K,0 Versus 56 
for the rocks of panjel traps of Bandipuré (Kuno, 1%8). 
In this diaprem, there exist three Fields, viz, @1kli 

bas@lt field, hich alumina basalt eld am spilite field. 
Miority of points @re seen to oceupy the field of High 

Alumina Basilt, wherets two points £811 on the discriminee 

ting boundary between high alumina bas*lt and alkali bastlt. 

‘One point Lies on the line of spilites and hi ch @lumim 
bas@it field. A point of cre@t interest from this dia grém 

lies in the fct th®t none cof the points fells in the spilite 

field. Hence the presence of spilites in the study @re@ is 
ruled out. | | 

NIGGLE e@ VERSUS Mg VARLATT ON OL AGRAM 

Mcglii v@lues of Bandipur® treps @re tabulated in 

table 12, Im plate 21, fig.l, the traps of the stuty arm 

are seen to #11 minly in the igneous field end follow 

the trend of Karree dol erites, 

VERSUS ¢ VARTAT ON DEAGKM MEGGLE (al-alky 

Nigeli suggested plotting of @ bivariate diagram with 



(@l-alk) as ordimte and ¢c 4s the absciss®, Plate 21,fig.2 

shows this type of plot for the rocks of the present &re@. 

The plotted points in this diégram @re seen to cluster 

minky in the field of Mrroo dolerites with Some points 

oceupying the over@ll field of igneous rocks and falling 

outside the Wrroo field thus confirming the @riier results 

obt@ined by t-he study of ¢ versus mg V@riation diagram, 

NIGGLI si VERSUS (@1 + fm) - ( ¢ + 81K) VARLAT. GY DIAGRAM 

A plot of Wiggli si versus ( 41 + fn) -(c +81) has 

been shown in plate 21, fig.3. In this diagrém, mest of the 

points @re seen to occupy the vola@nic field, The velues of © 

si and (a1+ fm-(c + alk) are given in table 20d, A few points 

are, however, noticed to f@ll outside this field which my 
be due to the erratic behaviour of @1, one of the veriables 

partly involved along the online te, 

NOIMATI Ve QUARTZ VERSUS CI. VAM AT GY DIAGRAM 

polderwart and parker proposed this diagram in 1964. 

Plate 22, figl shows plots of normative quartz agéinst GI, 

for the trap rocks of Barndipux®, Most of the points are 
seen to occupy the bastlt field; wheres 4 few points fail 



in the field of wltm®-@8lk@line rocks close to the basalt 

field. Some points fall in the wl tr@elk@line field away 

from the bas@lt field. The behaviour of the plotted points 

towards differentiation, 

S10, VERSUS S.T. AND (Fed + Fe,0,) VERSUS S.I, 
VAM ATION Dr aGRAMS | 

Kuno (1968) advootted the use of solidi Action iniex 

as abscissa and Sig, as ordimte (plate 22,fig.2). The 
values 4re given in table 18e, H-e differenti@ted hyper sthenic 

and pi geonitic rock fields on this diagram. The plot of the 
rocks of the preset @re in this m@nner suggests @ clustering 

of points in the pigeonite field, though @ fer points fell 

in the hyperstheniec rock series field, Total oxides of iron 

when plotted in plate 22, fige3 also show clustering of 

corroborating the results ebteined in plate 22, fige2. Totel 

iron and $,I, VWlues are t@bulated in 18 d, the clustering 

of points in both the diagrems in the pi geonitic field would 
indi cdte the presence of pi geomlte in thin sections of the 
rocks under study, It has not ,however, been observed in 



thin sections and my be present in the groundmss. 

LINMAGE FACTOR VERSUS Mg x 100/Mg + Fe (total) 
| VARLATION DIAGRAM 

Poldervaart and piston (1954) attempted to distinguish 

the fractionation trends of thelelitic series from tht of 

@le-alk@line series with the help of a di@gram,in which 

Mg x 100 / Mg + Fe€ totel) was plotted against L.F, The 

‘walues of linkage factor for the @nalysed rocks are 

tabulated in table 16 b ani @lso this table contins the 

from the chemicAl ar@lysPs ag followst- 

Totél ekygen not combined in{om 
Linkage PMctor (L.F.) = OH ? 

Si = (AL” in 4 coord iré tion) 

In plate 23 fig.l, the freetiomtion trends of 

Stillwater Complex, Hlephant’ s Head dyke and New am@lfis have 

been taken @g axamples of typical tholelitiec series and 
those of Daly's avertge basalt-aniesi te dacite rhyolite as 
exeuples of sle-Aalkaline series, the trends of pi georl te 
rock series of japan, pelale and Kilactu series of Hweii 

It is obvious from these curves that there is a tna rked 
C conte: F. 9/) 
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diversity in the fractionation trends of typi@l tholditic 

series, On comparison of the trend exhibited by Bandipur 
‘txeps in this diacrém, it is obvious from an inspection of 
curve AG that the portionsBe,DS, and FG compare Well wi th 
the trends exhibited by tholelitic series in so ®r as 

there is @ linc@r decre®se in Mg x 100/ Me + Fe (total) with 

the increase in the linkage fector which is characteristic 

of tholeii tic series, The portions AB, CD and EF, however, 
display a somewhat different trend due to retsons posal bly 

inherent in this type of represent@tion, 

In plate 23 , fig.2, the trend of Bandipura traps his 

and Me x 100/ Mg + Be (total) eas ordimte, It is reveled by 

the inspection ef the curve that the 4ndesitic field és 

demrcated by sinke ond Tewari (1964) for the rocks of 

~pavecarh are§ closely corresponds to those of the rocks 

shows the more basic members from which rocks félling on 

the Left hn’ side of the diagram have been derived, 

TOTAL ALKALIS VERSUS SiQg VARIATION DIAGRAM | 
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(after Weigand,1975) for stulying the Skien bas#ltic rocks, 
Southwestern Oslo region, Norway, This diagram has a 

number of dividing lines. the Hawaiian line by Medomld 
and Katgure (1964), seper@tes the alkaline (Ne- normative) 

and subalkealine (Hy-norwative) rocks in Hawaii. The Japan 

line by Kuno (1960) represents his hich alumina basalt 

(Hy < 10 %) from theleiites in Japan, The allald baslts 
have been further subdivided by the Moheli line of Strong 

(1972) separating bastnite rocks (Ne > 5%) and alkali baslts 

(Ne <5 %) in the Western Indi@n ocean, Kenya line of 

SAggerson and Williams (1964) separates Nepheline and basani te 
rocks in east Afri@, | 

In fig.24, with the dividing lines inii @ted, most of 

the points of Bandipura tmps are seen to oceupy the portion 

between tholelite and alli baseit fields. Some points are 

Seen to occupy the fields between basalts and alleli basalts. 

The remiining points f11 in the theolelitic field. This 

diagram apains shows the predéminant tholeiite basalt 

line®ge of the rocks wider study and reflects progressive 

lower basic nature, 



NOMATE VE PLAGIOG@ASE COMPOST TON VERSUS 
AL,0, VAREATION DIAGRAM | / 

Plate 25 fig.l is a plot of Al50., as ordimte against 
the norrative plagioclase composition as abseiss®. The 

normtive plapioclase composition is ®loulated as An x 100/ 

(Ab + an). The normative plagioclase composition for the 
antlysed stuples is tabulated in teble 17. This diagram 

comtitutes two fields viz., (i) tholeiitic field, (ii) 

@le-allkaline field. Tr@p rocks of Bandipur® plot predominéntly 

in the tholetitie ficld thereby indi@ting thet the traps _ 

of the @re@@ ber @ tholeiitic linetge, Some points, however, —
fll close to the discriminating bowmdéry between the thol el i- 
tic field and the @le-@lk@line field. 

Plate 25 fig.2 shows @ plot of normtive colour 

imiex versus normative pléagioclasec composition. Nomé tive 

eolour index is obt@ined by the @diiition of normtive 

Kypersthene, diopside, wollestonite, mgnetite and ilmenite 

and the vélues @re tabulated in table 17, In this diagran, 
maximum points cluster in the field of bas@1ts and some 

points lie in the amiesitic field. This clearly shows thet 

the rocks umier study have wiiergone differentiation from 

be silt to andesite. The differentiation has not obvi owly 

( Conte. P97) 
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proceeded beyoni the 4@ndesitic st@ge. This is consi stent 

with the results got from thin section petrogra phy al so. 
this diagram further shows th@t the extreme acidic members 

are absent in the rocks. 

TOTAL ALKALIS VERSUS S10) VARI ATC ON DI AGRAM 

Irvine Qnd Barapar (1971) put forth a method of 

differentiating all@line rocks from sub@lkeline rocks by 

~pPlotting allalis versus S10). the vélues of @ll@lis @nd 
sili@ @re given in table 18b, This figure mrks the divie 

ding line of Irvine 4nd Bar@gar and Mcdonald, Plate 26, —

fig.l shows @ plot of totel dk@li<s verms SiO. for the tr®p 
rocks of Bardipur® and @n inspection of this diagrém shows 

thet if Irvine and Bar@g@r dividing line is followed, 411 

the points fall in the subalkline field. , 

Gome of the bro@d based diagrams referred to earlier 

in this chapter have nov been taken up for discussion. The 

first of these is the one proposed by TMlley and Muir (1967). 

( mz0 + K,0) VERSUS DI, VAM ATG Mm AGRA 
In order to study the degree of differentiation in the 

coeks of Baniipur®, the s@mples have been plotted in plete 26, 

fig.2, (after Milley and Muir,1967). The vélues of total 



*1l@li-s and p,r, are given in table 20 ¢, 

Prom this diagram, it is seen thet the rocks of the 

Bandipura are’ occupy two fields, the points @re seen mostly 

to cluster in the bas®lt field ani some, however, fall in the 

Wwelite field. The differentiation does not 4ppe@r to have 

gone too far becuse the plots end up in the Mewalite field, | 

MgO VERSUS Al20,/ si0, 
VASE ATI ON DE AGRAM 

A120, /S10, to distinguish between the A114 Ms8lt series | 
and tholelitic bast1t series (plate 26,f12.3). the treps of i, 
Present @re@®@ are plotted in this diagram. The velues of A oof $102 and MgO are cont#ined in table 17 e It is seen timt the 

Points in this diagram clLwter between B and G fields 
(tholeiitic and mwaiite fields), reveling the heterogenei ty 
of the rocks. This shows that the differentiation of the 

origiml mgmt has proceeded fran tholeiitic bas®lt to Hwiite, 

FELSIC INDEX VERSUS MAFIG INDEX VAR ATI CN UI AGRAM 

Ace-ording to Simpson (1954), the memetie differentiae 

tion coin be studied by plotting the mafic index 100( Feo + FeQ,)/ 
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(GO + 150 + KO) as ordimte, the values of fel sic and 
“mafic indicware tabulated in table 18a, Plate 26, fig .4 

based on Green and Polderwart (1958), Weight percentages 

are used (on a dry basis) instead of oxide: wt, percent# ges, 

The trends of Mjmhel ba Pi ts and Decc®in trapsare al so 
included in this diagram (Sukeshwale and Poldervaart, 19 58), 
Weer (1956) and wileox and Poldervaert (1958) subdivided 

the cryst@llimtion history of bas@ltic rocks into different —

stiges, viz, early stige bastlt, middle st@ge bawlt and 

late stage bastlt, intermediate differentiatesand fel sie 

di fferenti@tes. It is seen in this di@gram thet the ma jority 

of the tréps of B @ndipura @r@ fall in the middle te the late 

stage bastlts, with most of the points felling in the field 
x : f ae of late st@ge bastlts, A few pointe occupy the fidd 
of intemediate differenti@tes. Further study of this di@ prém, 

shows that the acidie rocks in this suite @re &bsent, which is 

also reveiled by thin section petrography, An inspection of 

this diagr@m shows that the Bandipur® tréps, follew the s@me 

trend as the Decoin bas@lts ard these rocks are cht x8 cterl zed 

by 6n early phase of iren enrichment succeeded by @n enri che 
ment of sodium and pota esium, 



Versus DI, for the Greenstomesof §.W Englénd, He 41 so 

attempted & superimposition of Tristan, Gough Island and 

Hebridetn trends on this diagram (plate 27,fig.A). Floyd 

Cop.cit) has at the me time demrated moderately pote ssic 
series am sodic series on this diagram, In this painstaking 

study, Floyd has demr@ted & mmber of other fields on this 

diagram, For the present study only @ few &@re, however, 

vel event, 

The values of An x 100/ (ab + an) and D,I, for Bandie 

pure tr@ps are tabuléted in table 16 &@, the rocks of the 

present &re@ when similérily plotted in plete 27, fig.B, 
revetl @ differentiation trend in decreasing order of 

basicity, Fig A of the #me plate shows thet the rocks of 
the Bandipuré Ore cluster between the potissic and the 

sodic series With 4n incre@sing tendency initially towards tic 
sodic end (Hebride@n trend) which later on follows the 

pot@ssic series (Tristén treml). Fran 4 close inspection of 

this dlagram, it is @lso dear that most of the points #11 

in the bas@lt field and a few fall in and close to the 

Mweiite field, This is 4lso reve@led by an inspection of 

plete 26, fige2? (after Milley and Mair, 1967). 

MeKI =§ VARLATI ON DIAGRAM 

McKie ( 1966} suggested @ plot of cations per hundred 
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TAR. E - 19 GATIONS OF CHIMIGALLY ANAL YS) SA( PLES 
“6 = mle ~..-.. «. tN TEMS OF_HUNDRED OXYGEN ANIONS (after Nckie,1 966) 

CONSTITUENTS 
Sample 2 Wt OE ah ah | ee Sr ta eet asl ag ea a age a ee 
FIO. 

Si AL i aie ae Fc eee 

ARSS 24.07 12.49 1.36 4.29 4.25 5.71 06.34 1.25 0.61 13.00 

ARI9 «624.28 11.56 1.80 4.59 3.66 4.93 0.61 1.14 0.45 12.58 

Al6—s-—s«- 25.08 10.24 1.34 5,21 3.26 5.45 0.27 1.96 0.63 14,41 

AR32 25.72 12.69 1.66 4.33 2.63 4,55 0,30 1.56 0.29 14.12 

A33 26,09 13,04 2.25 2.72 2,89 5,61 0.42 2.08 0.30 8.79 
A3%6=«-- 26.09 10.29 1.36 4.83 3.27 4.87 0,82 2.50 0.21 13,54 

AR2 26.10 9.74 1.00 4.32 5.57 5.52 0.55 2.08 0.75 10.78 

A386 «26,14 10,06 1,32 3,44 5,32 6.35 0.79 2,08 0.82 5.45 
ll 26.49 9.73 1.44 4,96 2.50 5.22 0.68 2.29 0.44 13.35 
all 26.50 10.8 1.46 2.23 4,99 5,22 0.58 2.23 0.7% 6.8 
M76 6026.64 9.69 0.98 4.56 3.29 5.56 0,89 2.29 0.94 12.51 

MM 27.13 9.16 1,20 3.62 4.22 5.46 1.10 2.50 0.40 13.09 
A247—s 27,18 11,05 0.68 4.24 3.49 5.10 0.61 2.29 0.43 10.07 

A68 27.25 9.18 1.20 3,80 6.37 6.15 0.68 2.25 0.43 4.61 
M2% 27,32 8.83 1.12 4,51 4.06 4.64 0.96 2.08 0.53 14.70 
A7O—s_ - 27.40 10.14 1,44 4,38 4.06 4,61 0.99 2.08 0.48 98.08 
ARO 27.77 9.45 1.26 3.48 6.17 5.21 0.42 2.25 0.76 4,8l 

ARLI6 27.84 8.61 1.64 3.33 5.85 3.86 0.24 2.20 0.70 3,53. 
M79 «8627.85 8.38 1.56 4.42 3.53 4,23 1.10 3.13 0.25 13.22 

M75 27.86 9.47 1,12 3.73 3.25 4.99 0.96 2.71 0.48 13.28 

M20 «628.17 9.17, «1.043, 66 3.29 4,87 0.20 1.77 0,61 15.98 
M72 28.32 9,21 1.44 3.19 5,01 5.45 0.34 3.08 0.68 5.39 

A45 28.85 9.61 1,36 4,24 2.60 4.55 1.04 2.35 06.31 9,18 

ABA9 §=628.38 9.53 0.80 3.57 4.18 3,81 0.24 1.20 0.43 9.63 
M21 29,63 8.13 1.48 4.15 2.51 4.87 0.82 2.29 0.55 10.07 

AX 29,86 9,21 0.8 4,06 2.84 4,11 0.69 2.50 0.69 10.91 

alg 30.40 9.53 0.80 3,61 2.84 2.94 06.62 2.61 0.69 11.07 
ARAL 30.52 8.89 0.80 3,61 2.51 3.36 0.65 2.71 0.31 7.44 
AR3 30.95 9,21 06.80 3.62 2.76 3.53 0,61 2,63 06.68 11.23 



oxygen anions ag@inst si. This method has been followed for 

the rocks of the present are® and the @leulated values of 

tions per hunired oxygen @nions 4re given in table 19, 

Plate 28, figs 1 to 9, show sich plots for the traps of the 

mapped @re@, It is seen that @ ,Mg,Fe™ Fes (re™ 4. re’) and 
Al were comparé tively abundant in the eirly stges and 
suffered impoverishment with the increse in si i.e, towards 

the field of decretsing order of basicity, NM ani K on the 
contréry show @n upward trend with the increise in Si, reve@ling 

thereby that the two otions were enri ched in the later 

fractions of the mgmt 43 & reqglt of differenti@tion. The 

above mentioned @tions when plotted @s oxides in Harker’s 

dia prem @lso bel®ve in the sme mamer. Hydrogen (HM plate 28, 
fige9 shows no change with respect to Si throughout, indictting 

thereby, its insensitive ch#récter during the process of 

differentiation, since the curve is str@ight, 
‘

MgO VERSUS ALL OXIDES VARIATION DT AGRAM 

Mg pléys @ m@jor role in the differentiation process, 

Nisbet et @1.¢€1977) used MeO versus 411 oxides for studying 

the di fferentiation trends in the lavs of Belingwe, Greer 

stone Beelt of Rhodesia and differenti®ted bésits from 

koma tites and various differentiation trends obt®@ined in such 
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gréphs were utilized by him to arrive at their genetic history. | 

The tréps of Bandipura have been similarly tretted. The plots 

are shown in plate 29, figs 1 to 5, It my be pointed outht 
the outset tht in this method of representation, some trends 

ve noticed in all the @ses, but settering of points is 

manifest throughout. @O cleairly shows @ positive trend wi th 

respect to MgO, showing thereby concentr@®tion of bothand _ 

their impoveri shment in the later magmtic fréctions, In fig.2 

of the stme plate, FeO shows @ sympathetic rel@tion wi th 

respect to MgO showing its concentrétion in the eArly m gam 
and decline in the l@ter portions. Fig.3 shows @ nep@tive 

trend pointing to the fact that $10, was Less in Whee early 
fractions and was enriched in the later differentiates, Plate 

29, figs 4 and 5 show @ plot of MgO versus KO and M0. In 
these diagrams, the trend displayed is consistent with a 

differentiating mgm, Since with the fell of MgO, there is 

@n upward tendency in 0 @nd M50 contents. It my be 

remrked in the end, thit in these plots the trend lines 

show @ gener@l tendency towards magmatic differentia tion and 

without exception there is @ s@ttering of points and hence 
the trends shown are orly gener@lized ones. 



‘LOT OF OXIDATION RATIO VERSUS S109, 
O.R VERSUS (FeO + Fe203) AND (FeO + Fe,04) VERSUS Sio, 

it is scen from pl@te 30, fig.a that the Bandi p ure 

traps exhibit the s@me trend as the Dece®n bAs@lts, In this 

diagram, it needs to be mentioned thet the similarity in the 
_ tWo curves in eich @se is restricted to the Western limbs 

only. This is expected in as mich ag the treps of the study 

are do net cont@in acid differentiates mrked by the eastern 
limb of the Decc®n trép curves. Similarly in the plot of 

Oxidation ratie versus (FeO + Pegs) (plate 30 fig.b), Bandie 
-+-yend 

puré trend ig similar to the Deccin trap as fer as the lower 
portion of the curve is concerned. this is again due to the 

absence of acid differenti@tes in the traps of the study @re, 
The Values of oxid@tion ratio, Silic@ and total iron are 

tabulated in t@ble 20a and b, 

Plate 30 fig.e shows ( FeO + Feg03) 8s ordi mate ver sus 
Sid, 2s &bseissa for rock suites inli @ted as wmderte 

(1) Pelisade, eastern U.S. he 
(ii) Decw@n trap, India, 

(iii) pillsberg,U.s.a., 

(iv) Red Hill, Tasm@nie, fs. 

UL Corte. P. 1) 



OT 6 8 Z 8 & ¢ ae _ "ou 





cs ‘scam? ov 



The tren! of arAlysed trips from Bandipura are is also 

shown for comparison. It 15 cle@rly seen from these di@ grams 
that maximum iron enrichment hes tken plece at different 

stages of di {ferentiation in these rock giites. The trend of 

Randipur@ traps is sinfler to the Decaan trend ag fer ag the 
Western limb of the aurve is concerned, It may be mentioned 
here, that maximum izon enrichment has t@ken pléece at OD 

percent $if. Which is similar to the one for the Bandipure 

treps. In Red Hill maximum concentr@étion of (Fed + Fe,04) takes 
place @round 55 percent $iQ2- | 

RI TIMANN' S$ DIAGRAM 

Rittuann (1961) devised @ method of differentiating laws 
of vole&inoes situ®ted in noneorogenle regions, orogenic bel ts 

ami alkaline derivetives ef both into three differmt fields 

@s ‘A’, 'B* and *@ (fig.3l). the vwlues of Logo and Log 1 

for the rocks under study hve been t#bulated in table 17b and 

plottad in this diagram which clearly shows that Bandipura 
tz@ps predominantly f@1l in the field of orogenic region. some 

points, hewever, fell in the non-orogenic field, but lie close 
to the discriminating boundary, From the position of the 

plotted points, it is seen thet the rocks under study heave 

been extruded in 8n active orogenic bel t,. 



TERNARY VARIATION DIAGRAMS 

Termary variétion diagréms heve been dréwn in order to 

understand the petrochemi@1 belmviour of the rocks from the 

study area, 

M0 - K20 ° GO TERIARY VANLAT ON Df AGRAM 

The values of i290, K,0 and @O reel culated to hundred 

table 21 @ The plotted values in this treingdar di@gr@m 

show (plate 32, fig.l) that the points mostly cluster close 

to the @0 corner of the di@grém, showing thereby thet the rocks 

are rich in @l cium and poor in @lklis, 

AeNC TERTIARY VAN. ATION DF AGRAM 

‘the vélues of A (Al90, -K,0), N (0 ) an 6 CaO) 

rec®l culated to hundred percent for the @mlysed ‘smples are 
tabulated in teble 21 @, These Wlues for the tr@ps of the 

study are® have been plotted on this dia gram, (Jolly and 
smith, 1972; plate 32, fig.2). the three regions in this 

diagram represent (i) w@ltered bo @1lts, (ii) bes@l ts cone 

epidete. All the vVérieties «tist in the Keweermwein lav g, } 



TAR R- 21 GQOMBINATION OF THREE @MPONENTS RECA. CL ATS ™ HUNDRED PERCENT (@ntd. _ _ nee he oe ee oe ll elUhlUhhlUre a ee ee a 

evsseed 

Sample A #&B 

ARS3 5 17. 78 40 28 32 

AR3I9—ssd13 19 68 43 26 31 

al6 4 30 66 39 = s__-6 35 
AR32 9 40 51 47 «9-25 28 

A33 6 25 69 54 23 23 
A% 13 3605 39-246 35 

_. AMZ —s 10 3258 35 26 39 
A38 12 31 «(57 39 26 35 

Mil 15 34 51 37. 29 % 

All 8 32. «60 51 22 27 

MIE 14 34 52 33 28 
KN 18 38 44 35 31 34 

A 27 9 31 60 41 25 34 

Ab8 5 36 «59 35 25 40 
M24 $13 34 53 35-26 39 

A70 15 30 «55 37.29 34 

AR2 6 49 45 37.27 36 

ARLG 5 4946 37. 27 36 
M79 «18 48 34 33s 28 39 
M75 li 41 48 38 29 33 

~ MRD 4 31 65 390s «29 32 

mm 72 18 li 71 37 %6 37 
A45 146 35 49 40 28 32 

ARMS = «5 22 73 43 24 33 

m2. 1g 39 46 35 32 33. 

A209 ll 40 49 43 19 38 - 
alg 10 43. 47 4 2 40 
Al 11 43 46 500—Cfsdg 31 

ARS3 11 41 48 20 41 

-— = = -——.UlUc SS —lhlUh|6hUhh/h 

63 33 4 

64 32 4&4 
Ss}. 38.7 

6. 2s 

63 31 6 

53 06060OCU37ti«d 

6 a ae 

53 40 #7 

55 % 9 

5 33 8 

54 37 9 

52 38 lo 

60 32 8 

$3 39 8 

3%060€¢«SBttiC@d@ 
59 32 9 

53 35 #9 

48 44 8 

33 (14 

5S 34 li 

58 35 7 

53 36 «hy 
57 33 ilo 
65 29 6 

52 38 I6 
5% 62630~—CodS 
65 23 12 

60 27 13 
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TABLE - QMBINATION OF THREE GMPONDITs 

RECALCULATED ID HUNDRED PERCENT ( Gontd....)} 
_ 7 oe mo eo oe eh ell erehlcrrhlc erlUcrhlUlUc Or lhUlUcPChUCUCcPChCUcrhMChlUc RCO OO OHO CO ehlc hlUlUrRhlU OChUcrhOhUh OhlUrhlUf 

Sample no. D fe a 

Fr M A @lk (100-201)2 (al-alk) 

AR3 65 26 g 16 50 34 
AR39 67 24 g ls 50 32 

Al6é 70 19 il 10 52 38 
AR32 73 17 lo 14 42 44 

A33 60 20 14 12 56 32 
A36 65 19 16 16 52 32 
AR62 56 31 13 12 58 30 
A38 53 32 15 12 56 32 
Mil 69 14 17 16 52 32 
all 56 29 15 14 42 44 
M76 63 20 17 14 54 32 
a 55 26 lg 16 56 28 
a27 60 23 17 14 46 40 
A68 52 36 12 10 60 30 
MK 24 62 24 14 14 56 30 
A70 61 23 16 14 52 34 
ARz0 51 36 13 12 58 30 
ARIG6 54 34 12 lo 64 26 
m79 61 19 20 20 58 22 
75 59 al 20 16 52 32 

AED 65 23 12 14 52 32 
AK72 53 30 17 16 «58 26 
A45 65 16 19 16 50 34 
ARS 64 28 8 12 & 50 

ag2i 67 16 17 16 56 28 
AZO 59 21 20 12 20 68 
alo : 61 19 20 13 19 68 
ARI 62 17 21 14 20 66 
AR63 59 21 20 20 32 48 



TAR. 21 QMBINATION OF THREE GQMPONENTS REGAL CILATED 
® HUNDRED PERCENT. 

co oe hm ee ee lel hl Ohl rhlhlUc Ml Oh rt hlUlc hl OhlUlc CU hlUc Ch OCU OU Mh RO HO Oh eh hl Ce 

Sample F a a as i eM 
sii Fp (m0 +K o> = Mao we K,0 : @o 
ARS3 58 10 32 lo 4 86 
ARB9 58 11 31 10 9 81 
Alé 65 13 22 16 3 al 
ARB2 37. 24 19 15 4 gi 
A33 50 21 29 ~—«i“6 5 79 
AX 59 20 21 20 10 70 
AB62 51 15 34 16 6 78 
A38 44 18 38 14 8 78 
Mil 62 20 18 17 li 7 

All 47 17 36 18 7 75 

M76 57 20 23 17 10 73 
DD 47 23 30 18 12 70 

Ae7 56 18 26 13 8 74 
AGB 45 13 42 16 3 gl 
M24 56 17 27 1s 9 73 

A706 54 19 27 18 12 70 
ARZ20 43 15 42 19 5 76 
ARL6 44 14 42 15 3 82 
&79 53 24 23 25 13 62 
M75 52 23 25 21 a 71 
MD 58 14 28 16 3 gl 
M72 43 21 36 23 4 73 

AAS 58 23 19 19 13 78 
AR 55 10 35 14 4 82 

M21 59 22 19 19 19 71 
Az0 54 23 23 23 10 67 
Al9 54 23 23 29 li 60 

ARG] 55 



The tréps of the mpped are@ f@ll in the field (III) of this 

diagram, sucgesting thereby that the rocks should cont#in 

ehlorite and epidote. This is corroborated by thin section 

study. This diagram also points to high alumina cl#racter 

of the rocks, 

NOMAT VE FULDSPAR TRIANGULAR VARLATI ON DIAGRM 

For the normative feldspar vwria@tion diagram, the 

values of Or, Ab and an re@lalated to hundred percent are 

given in table 2la, Plate 32, fige3 shows the norn@ tive 

plotted on @ triengular wriation diagw@m which d erly 

points towrds the @lele mture of the feldspars ani the 

field iniimtes the region of basaltic rocks (Le Mitre,1976). 

Zalke2(alealk)> (1000201) TRIANGULAR VARLATIQ! DLAGRAM 

281 k-2(al-alk)-(100¢2a1) triangular variation diagram 
of Niggli is @nether important method to study the petrochemi- 

#1 mture of igneous rocks, These values re#l culated to 
hundred percent for Beandipura traps are cont@ined in table 

21 e, Plate 32, fig.5 shows that the rocks are poor in all#lis, 



FeMeA TRANGILAR VAMZAT ON DIAGRAM 

In table 2lb, the values of M,F and A real culated to 
hundred percent @re t@bulated, Here F =( FeO + FeP,).M = 

Sre netr to the “F" oprmer of the triangle. the rocks are, 

therefore, rich in iron showing their bas@l tic cha ra cter, 

in plate 32, figs, 4 triveriate plot with wriables Fe, 

(20 + 0) and MgO , relqlated to hundred pereent for 
the rocks of the study are &re shown in tble 21 £. ‘the 

position ef the plotted points indi @tes tlet these are ri ch 

in FeO and MgO, thus pointing towards their bast] tic charac 
tere | 

A trilinear diagram with variables A = (Al20, + Fe,0,)- 
(m#,0 + K0), C= @O and F = (Feo + MgO + MnO) reel alated 

to hundred percent for Bandipur@ tréps are tabulated in 
table 2lb and plotted in plate 33 fig.l, this diagram 

(after Miyashiro, 1974), shows two fields, viz.,(i) shales 
and greywackes and (11) Basalts and aniesites. The rocks of 

the study @re@®.are seen to fall in the ba#lteandesite field, 

confirming @rlier results, Ei = SE Seeeowenert 



Ate Ab-Or TH ANGILAR VARIATE ON DIAGRAM 

a triangular variation di@égrém with An, Ab, Or variables. 

in this diagram, different fields hive been demre@ted ach 

@s the field of @vex@ge igneous rocks, Furthermore, in this 
di@gr@m, separéte fields such 4g Ke poor baslts, Kerich 

of tréps from Bandipure @re@ in this diagram (plate 33, fig. 2) 
revels that a few points f411 in the field of poté ssi um 

poor bas@lts, and potiscsium rich @ndesites and miority of 

them ocaupy the field of averége igneous recks, This strongly 

mMiggests igneous pare t@ge of the rocks unler study, 

PETROG RIESI S$ OF THE BANDIPURA TRAPS 

In these lines 4n attemt hes been made to discuss the 
petrogenesis of Panjal tréps of Bandipur® are, A bivariate 

plot of the rocks with silic® as absciss@ and the tot®l @ll@lis 
as ordimte when plotted on @ di@pgrém by Macdor@ld and & tsura 

(1964) and S@ggerson aml Williams (1964) wmistelably points 

townls the thelelitie lineage of the tréps wnder discussion, 

The rocks of the @re@ when pletted on Kunets (1968) diagram 

with silica &nd tot®l alkalis as the tvo variables as in the 



above ose shows that the traps of the preset are fell in 

the fields of tholeiite 4nd high @lumin® basalt. ‘the mj ority 
of the points are , however, seen to eceupy the tholeiitic 

field of Kuno; some of the points go off balance to the fidd 

of High Alumina Bas@lt. The rocks with the percentége of 

AL@, eceeding 16,5 percent ani with tot@l allie Lying 

between thol et ite and @1k@li bastlt series for @ piven silica 
content 11 in the High Alums ine Bas@lt field . Since the 
rocks of the present @re are seen to occupy, two fields on 

Rino’s diagram, the possiblity of two phases of lave eruption 
in this are q@nnot be ruled out. It may, however, be empl# sized 
thet the mjority of the points 4re seen to M11 in the 

thol elite field of Kuno 4s in the earlier diagram (plete 2.0; 
fig 2 ). Segil std (1979) also suggested a binary plot of 

(im90 + KO) 48 ordimte and SiO, as absei ss@ for the rock s 
of the southwest Oslo region, Norwey, This di@pram al go 

strongly suggests @ predomirant thel elitic péretage of the 
rocks in question. Nometive plagioclases when plotted ag 

abseil ss® apei rst AL@, #3 ordinate for Bandipura tréps 

points to the tholeiitie linetge for the rocks wder question. | 

From 4n inspection of table 11 it is seen tht the 
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mximun v@lue of tot#l @lk@lis for Bandipur® tréps zoes upto 

4.60 percent, It is within the recommended wWlue set by 

Gh yes (1966) and Irvine and Baragar (1971) for theletites. 
Tble 22 gives K,0 ani MgO Wei ght percent@geg on the @verége 
basis for the various tholelitie provinces of the world 

(after Jamieson et 81,1969). A close comparison of these 

vélueg With the end Ko wel ght percent#ges revells that 
the traps of the study 4re@ are more @kin to Decain bag] ts. 
It is interesting to note that the diagréms be sed on the 

chemical data of the present @rea@ of study described eArlier 

also reveil that the traps of the Bandipura @re compos? {ion@lly | 
comarable to the Decein traps. 

The Bandipuré traps lve more resemblance to Mweiian 
thoLeiites where the primary magm@ contéins MgO upto ® s@ximum 

of 9 peremt after extrusion 4s is imiicated by Maloe and 

Peterson,(1979), while comparing the trends of Pacific ocean 

and Hawaiian tholeiites, “ ~~ | 

The above discussion undoubtedly points to the fact tt 

the source mem for the Bandipur® traps is of tholeiitic © 

ch@racter. Absence of olivine in the mode @s well 4s in the 

norm strongly supports this view. Rirthermore, the rocks 

are seen to cont@in norm@tive dwrtz and hypersthee like 



other tholeiites of the world, The rocks of spilitic 
charaeter are absent from the are@ under study. gvidences of —

submirine mode of eruption of the tréps re mtirely absent > 
and thelr extrusion has net t&ken place under these condi 

ti ons, 

the tz@p rocks of Bandipuré 4re have not undergone 

complete fractiontion as all the points fell in the fields 

of middle to lete st@ge basalts with a few points felling 

iron enrichment followed by alkali enrichment Like Decean 
bas@its, The secke lave in short undergone differentia tion 
ina decresing order of basicity from more bésic to less 

ba sic members, 

the systemtiec frectiomtion appears to have stfrted 

from basalt rich magm@ to Haw@iite st@ge of Tilley and Muir 

(1967). ‘the extreme acid members are entirely absent from the 

are® under investi 2@ ti om, This 18 in conformity with petm_ 
-graphic’ evidences, 

there re no bretks in the curves of vé rious bi nery 



variation di@prams, From this it is inferred tit the 
differmtiation process seems to be continuous unlike those 

of Decain basAlts where there are indie@tions of frecti ome 

tion having proceeded at different st@ges. There is, ofcourse, 

no doubt that the fractiomtion processes kts slowed down 

only after re@ching the field of intermediate di fferenti@t es 

(Simson, op.cit.). 

Oxidation retio of Bandipure tréps is mximm at 
49.15 percent silict (anirud@ pe, 1964). A trend in the 

, Wari®tion of oxidation ratio gives @n id@ to the prevailing 
mature of fugacity of oxygen. The trend is well compareble 
to the Decein trend e laa With the difference tht only a 

part of the Deccan trap curves is similar to the rocks wider 

study. This is but naturél, since Bandipur® tz@ps @re 

essentially basic in ch®racter and possess no members of late —

of vWrious diaoréms pert#ining to this a spect, 

the study of petrociemi@] @ta ultimtedy leds us totic 

conclusion that the traps of the Bandipuré are are of | 

tholelitic ch#récter and appe@r to héve been outpoured wider 

subeaecri@] conditions, The source of the thelelitic mpm, 

however, needs discussion, An @ttempt is, therefore, mde to 



discuss the ultimate source of the tholelitic magma in generé] 

am thet of Panjal vol@nics in parti cular, |, cading petrolo- 
gists are of the view that the ba sl tie migma te & primary 

magm@, Some differences of opinion, hoWever, exist whether 

tholeiite, High Alumina Bas®lt and alkali solivine belts 

are derived from one primary bas@l tic magma or etch in itself 

constitutes @n independent mgm type 

Wener (1928), Gisolf (1929), wters (1955) and vunt 

(1958) think thet the mapm® of basal tic composition is deri ved 

as & result of fusion of amhibclite at grat depths, 

Kennedy (1938) thinks in terms of two primry bas@l tic 

memes, olivine bas@1t and tholelite, He considered both as the 

products of fusion of the upper and Lower layers of the e&rth’s 

co rus t, 

Daly (1946) considered that the bas@l tic magna wag 
derived 4s @ result of fusicm of @ subecrwstl layer composed 
of viterous basal tic material, 

_ Fateh et 81.¢1949), Ross (1954) and Bederke ¢1957) 
comsidered basal tic magn@ as the product of fusion of the 
peridotite shell of the globe, 



Be urmick and Nob-Le (1959), Bylor and Noble (1 %60), Tumer 
and Verhoog@n (1962) and Yoder @nd Tilley (1962), believed thet 

the gener@étion of ba 4] tic magm® took place in the peridotite 

layer constituting the upper mantl e. 

The upper mintle has been consid ered by Ringwood (1962) 
and Green 8nd Ringwood(1963 and 196%) to be composed of 

Garnet pyrolite, Spinel pyrolite and plagioclase pyrolite. 
These on mel ting has been thought by these workers to contrie 
bute to the production of bas] tic mgm, 

OF Hax® (1965,1967e and 1967b, 1968), 0? IPxe and 
Yodeler (1967) regarded the upper mantle to be comp os ed of 
g@rnet lherzolite which on partial fusion proluced be wl tic 

mA gma, 

Rune ¢1963) pinel deed that the gmer@tion of different 
types of basil tic megms in the upper mantle Wag & function 
of depth, He regards that the tholelitic mgm is generat ed 
ata shallower depth in the mantle, alk@li olivine bas#@lt 

at intermediate depths and nepheline bo g@lts at still graiter 
depths, 

In view of the above re@sons, it is reisgormble to 
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conclude that the Panjal tr@p magmw’of the are under study —

showing predominant tholeiitiec character, wags possibly genera ted 

due to the partial fusion of upper mantle at &@ shallower 
depth. The magma @1so @ppeirs to have been extruded under 
sub@eri@l conditions. The voloinies @re regirded ag @ mnifes 

tion of world ewide Hercyni@n vol @niec activity which @used 

the outpouring of extensive law flows. The lews must hve 

travelled over long distances bectuse of their high wabil ity. 
The vol @nies reportedly have their hypabyss@l and plutonie 
represent@ tives in t his part of the Him@lay@s (jedia, 1934). 

_—



GHAPTERe @ 

the limestones of the present @r@ aeri@lly &ppe@r 

enclosed by the Panjal traps and are seen to outcrop Slmost in 

the centr@l part of the study are, the limestones re uss@lly 
intermingled with sh@les. No fossils except for crinoidél] stems 

investi g@tion. 

In the present study, the @uthor Ms worked out det#iled 

chemic#l composition, st@ined thin sections for opti@l study, 



Sample no, 

49.50 3,30 42,10 100,30 
30.05 21.28 45,28 99.16 
38,80 11.95 45,00 99.48 
47,10 4.20 41,00 99, 88 
49,10 2.20 40.90 100,10 

1.48 29,85 17.85 46.72 99,35 
2.00 46.25 3,80 43.30 99.90 

48,08 3.04 42, 20 100,26 

32,00 20,12 42. 88 99.32 
46.68 3.15 46.00 99.80 

1.34 45.00 5.30 42.64 100,54 
37,03 8.00 47.99 99,53 

1.83 31,66 20,10 43,96 99.34 
1.90 40.80 6.7¢ 47,87 99.67 

0.90 43,40 4,95 46,03 99,88 
2.34 42,65 5,30 33.20 100.45 

32,22 19,87 45,00 99.91 

2.32 41.30 2,40 38.20 99.20 
29.60 721.18 42.00 100.09 

1.25 46,50 4.80 43,15 100.20 



| conducted x-rey analysis, described textural and structur®l 

£@tures of the @rbomte rocks @nd described veri ous 
petrogrephic types in order to follow the exect domin of 

sedi ment®@ tion and other physic®l and chemig§] péxameters, 

tectonic control under the conditions of which the Limestones 

of the study @r@ were depoal ted. | 

GHIMI GAL GOMPOs Ti ON 

the chemi] @rmlyses of the limestones of the present 

area are tibuleted in teble34. On the basis of chemi] dam 

the retios of @ldte/dolomite were @1 cul4 ted and these are 
given in table-35, The 4r@lyti @1 @ta revels the following 

feetss 

1) The limestones of the present @re® @re rich in Gad 

and poor in MgO. Mostly the semples have @O percentge in the 
range of 29.60 percent to 49.10 percent, this dearly indi ates 

that the limestones 4re comparé tively of & poor variety. 

2) ‘The MgO percent®ge as compared to that of @O is low. 

the MgO percent@ge does not exeeed 21,28 percent. Gener@lly the 
pereen tige ranges from 2,20 to 21,28 percent, 

3) The insoluble residue pereemt@ge rénges from 0,70 to 

16.76 percent, 



tata. 35 ae Ta/DOLCMITE RAT OS OF LIM 5S TONES oF 
BANDIPURA 

Restiluet %) 
Foe Mee 2a? eo a”o Ser oP eM et oF ete at eMart a Me Me Meme ate Me™ 0% “~e*e* 

L aR 88.39 ~ S11 3.50 
2. Awl =—-—s-- 53. 70 45,35 0.95 
3. 6 69.33 28,14 2,53 
fe AR 84.10 10,42 5.48 
5. AI67 87.67 5.53 6.80 
6. Asi 53,35 43,20 3.45 
% amo 82,88 12.87 4,55 
8. AR 5 85.85 9.67 4,48 
9. M2 57,15 41.45 1,40 
10. AR 98 83.35 13,77 2.88 
Lle mx62 80,35 13,39 6.26 
12. 60 66,07 28.43 5.50 
13, AwB3 56.50 41,71 1.79 
14, AK4S 72,85 24,75 2,40 
15. AR 93 77.90 17.90 4.60 
16, A58 76,16 7.08 16.76 
17. aK? 56.95 42,35 0.70 
18, A 63 73.75 11,27 14,98 
19, ak 55 52,90 42,30 4,80 
200 ARES 83.03 BMAF 4-50 PF oo Z eZ oe et e* ote oF oF oF oF eM eM e7 o* erm eM aM eM ete Mer areFeo™ On eM eet e7% a7 o® 



The @lecite aml dolomite perce tiges are plotted in 4n 

equitriangilar diagr@m (fig.34), which revels the following 
types of limestones; | 

1l- Pure, (14) impure limestones,” ( (i141) dolomiti¢ limestones 

and Civ) impure dolomitic Limestones. 

STAINING 

More than fifty thin sections of these limestones Vere 

s@ined not only for the estimation of @lcite and dolomite, 

but @la for the presence of ferrous iron in the rocks. For this 

purpese, the st®ining technique of Iwenhofel (1941) was used. 

In this scheme mmber of re@gents Were used, 

The uneovered limestone sections acquired red colour wi th 

Alistrin Red "g" showing the presence of @lclte and those 
which reniined unch@nged showed the presence of dclomite. Ferrous 

iron is present in some simples was indicated by mroon colour 

in @ combined solution of pot®ssium ferricynide end Alisrin 

Red * gt, 

X-RAY STUD ES 

the x-ray diffrection studies of about more than half & dozen 

#mples Were done &t the Post Graduate department of Geology, 

a 



TABL i X-RAY POWER DIFFRACTION DATA OF THE s - LIM ESTONES OF BANDI PURA GIVING "d" SPAGNGS, 

INTSNSI TY . 

d t/le Planes 
values 

4.22 3 110 
3.83 10 102 
3,30 25 O21 
3,01 100 164 
2,47 15 110 
2.28 20 113 
2.08 18 202 
1.90 17 108 
1.86 20 024 

SA. GETS 

3,17 10 021 
2.95 5 002 
2,89 loo 104 
2.49 16 116 
2.18 15 113 
2.02 20 112 
1,88 lj 024 

DOLOMI TR 

~~ *«. = =_ - REFLECTION FACES (Gontd......) 

Sample no, AR 83 

a — ITIo- 

values cw 
4,00 3 
3.67 5 
3.29 5 
3.04 10 
2.88 100 
2.66 10 
2.54 10 
2.40 15 
2,18 30 
2,05 5 
2.01 15 
1. 84 5 
1.79 25 
1.78 25° 

DCLOME TE 
sample Os MK _ 59 

3.98 5 
3.64 7 
3.00 25 
2,86 loco 
2.64 10 
2.51 a 
2 47 10 
2,38 — 12 
2,17 30 
1, 97 15 
1, 86 5 
1.76 15 
inves 20 

DOLOMI TE 



TABL E36 X-RAY POWER DIFFRACTION DATA OF THE LIM SS DNES 
OF BANDI PURA GIVING "d™ SPACE NGS, INTSISI TY AND 
REFLECTION FACES | 

aaa ed 

Sample no. AK47 Sample no. AR/1L $ample no, ASl 

4 I/Ie Planes d I/Io Planes d I/Io Planes 
values values values 

3.79 #12 102) 3.67 5 O12 4.20 3 110 
3,30 5 021 3.31 12 o21 4.03 5 1lol 
3.00 100 104 3.00 lo 104 3.89 10 102 
2.91 10 006 2.87 100 104 3.45 15 111 
2.50 14 110 2.65 9 006 3.20 20 021 

2.29 18 113 2.52 6 O15 3.06 100 104 

2.10 18 202 2.39 10 110 2.50 15 illo 
1.91 20 108 2.33 15 Ilo 2.30 20 113 
1.87 17 116 2,17. 30 113 2,10 18 202 

2.02 5% 202 192 10 30.204 
2,00 «18 208 1.87 17. 116 

“ha 78 ave’ ; 1:77 4 7 go? 

DOLOMI TR 



University of Delhi, Delhi, the x-my di ffractograms vere 
taken with the help of Phillips Helland, x-ray piffractometer 

meiel no, 1050/25 with nickel filters GukK°™1 radie tion 
electron @lly controlled chart recorder. @mples Were num 
from 13° to 52° at @ sctrming speed of one degree per minute. 

the “d® values vere 1 culated and compared with the A,S. T.M. 

cards and the mineré@l species present in the rocks Were 
identified. The remlts of x-r®y diffraction data are given 

in table- 3%. 

the x-ray studies show that some limestones ére purely 

@letie while some @re dolomitized, thus confirming the 

earlier results as inferred from st@ining technique, 

INS@, UBL E RESIDUE STUDI ES 

The studies of insoluble residues in the @se of a@rbom te 

rocks iS very useful for stréti grephic®] correlation and in 

recognizing various zones in the formtion. Verious vorkers 

vite, Mequeem (1931), Hills (1935), Ireland (1947) ,Macer@cken 
(1955), Edward (1957) and sehemidt (1964) have developed 

different techniques and terminclogles for these studies and 
applied these methods in studying the insoluble residues from 

different fors® tions, | 



The insoluble residues ( table-37) in the case of the 

present Work have been studi ed in det@il and the regilts @re 

given bel ov; 

Golour:; The colour of the insoluble residues shows di fferent 

shades of grey, light greyish black and greyish white, Miiority 

of the residues show grey and greyish black colouré tion. 

Types: The different types of inscluble residues present in- 

these limestones are; (i) qu@rtz, (11) ferrugineous mtter, 

iii) dlay minerél.s and (iv) others including shaly frégments, 
pyrite ete. 3 

Quartz; Transparent to dull coloured qm@rtz gréing ere 

abumantly present in the limestones, These gréins exhibit 
anhedral to euhedr@l outlines. Some are freetured, the fractures | 
being filled by dusty materi@l consisting of frosted quartz 

graing showing sort of overgrowths. The pereent@ge of these 

fragments ranges from 10 to 65. ee 

easily recognim@ble, be®use of their Lustre and trensparency. 
‘the pereent@ge of these rénges from 5 to 3. 

Gay min eréls:; These miner@ls show purple and buff eclourt- 

tion. These fragments @re irregular and porous in me ture. | 



43.8 

TaB & 37 srowNG VARIOUS INSOLUBLE RESIDUES IN THE 
LIM ESTONES OF BANDI PURA | 

ee ee ee ee ee ee) 

Sample Quartz FPerrugi n- Glay others Pel 
SEES Po ys TPR ee 

Am 35% 20% 20%, aH 100 
Awl 10% 30% 451 15% 100 
AG 35%, 15% 20% 30% 100° 
AR 20% M%, 50% 25%, 100 
ARS7 25%, in =—S—“‘SC St LOO 
A51l 55% 30%, 3%, 10% 100 
ARLO 30% 24%, 22% 24%, 100 
ARS 323 10%, 15% 43% 100 
M2 : 52% 25% 13% 10% 100 

AROS 157 20% 25% 40% 100 
M62 35%, 30% 25% 10% 100 
A60 | 65% 10% 17% 8%, 100 
ARS3 | 30% 5% 50% 25% 100 
M45 | 23% 15% 45% 17% 100 
ARI3 | 30% 25% 353s: 10% 100 
A58 58% Th 26% 9%, 100 
M7 50% 30% 16% 4%, 100 

A63 51% 20% 10% 1% 100 

A 55 2% ole: 24%, 214 20% 100 



the percentage of these renges from 5 te 55 (plate-35,figs 1 to 3). 

Others: Others include dle fragments and in some cises traces 
of pyrite and wiidentifiable fragments, In some c@ses these 

show buff colour@tion. Traces of pyrite show greyish black and 

greyish white colour@tion, The percentage of these ranges from 

4 to 4. 

THIN SECTION PETROGRAPHY 

More than one mmdred thin sections of carbomate rocks 

Were studied in detail for thin section petrogrephy incl wing 

the study of @llochems, microstructures and petrographie types. 

the &llochems are interclasts which are found in some of 

the #@mples mainly consisting fragments of ol drenite and 

eal cllutite. The other allochems 4re pellets which consists 

of microcryst@lline @leite similar in appeirénce to sm@ll 
interclasts. Their exterm] boundaries are hazy and gréde into 

the surrounding mm trix, 

the following microstructures have been observed in 

B-andipur® Limestone: 

elolites : This microstructure has been observed in 

micri tie limestones (plates36 figs 3 and 5) and re recogni zed 
Micros 



£39. 

as irregular planes of discontinuity @long which two rock uni ts 

sms @re formed, gtylolites my be classified geometri@lly 

into two ways, first by mefns of the two dimension geometry 

of the stylolite sem itself and secondly by me@ns of congruency 

of the stylolite in reletion to bedding planes. | 

@leite veirbets; Glcite veinlets re common in the dolomiti- 
zed and the noredolomitized vérieties, the gréin size of erystls 

in gener@1 in veinlet is proportional to the width of the 

veirlet. the vel nlets appe®r to hve been formed @t Verious —
_ intervéls. this evidence is found in some Limes tones whi dh have 

sharp boundries and @ppeir closely related to fre ectures; Wheres 
others hve been formed due to reerystallimtion of the origi lL 
mterial in the rocks. 

PETROGRAPH C TYPES 

At the outset, here it my be mentioned that the different 

workers have giWtzr sever®l] cléssificttions for those of Bleck 

(1933) ,Pettijohm1957), @rrozi, (1960), Dunhum (1962),Demeri mn 
and Wrbeugh (1965), Folk (1959) etc, of which only two classifis 

@tions have been found ere for the —work. 
Broadly there exist two types of these ey Vi tee limestones —



139 

ami dolomites. the limestones are partly autoc:thonous and 

partly @llochthonous according to Pettijohn (1957) and 

@rrozi (1960). The nomenclature of Folk (1959) and punhum 
(1962) was found more suitable for the rocks of the study arg, 

As per Folk classificmtion, limestones @re minly mde 

up of three constitumts, mmely @allochems, microcryst@lline 

@leite, coze mtrix ani coarser spary Alcdte. According to 
thi s cla ssi £1. tion imp or t@ nt @llochems in limestones are 
interclasts, oclites, pallets and fossils, Allodiens provide 

the structur@l framework of limestones just as snd grains 

for nd stones, Microcryst®lline @l cite and sparry @leite 
are adjacent with the clay matrix and chemi@l cent of the 

sandstones. On the bésis of relative propor tion ef @lLlochens 
cl ei te ooze watrix and spairry clei te cement, three mijor 
faimilies of limestones @re distinguished; (@) limestones 
cont#ining @bundance of allochens, cemented by sperry 1 ci te, 
These are clearly washed limestones, resembles wi th Well 

sorted cléy free sindstones and similarly formed of vigorous 
currents, | 

(b)- The limestones contiining various amounts of allochens 

embedded in a microcrystalline ooze mtrix, These are poorly 
washed limestones @nalogous with cléy, poorly sorted ®ndstones 



and formed in & loci of ineffective currents. Mi 

of eilcite coze and t hus resembles With terrigineous cléy- 

stone, The first two Limestone fnilies are subdivided tking 
into consideretion the nature of the @llochans, first femily 
includes intré sparite, cosperite, blosparite and pel sprite, 

second includes intremicrite, oomicrite, biomicrite and 

pelmicrite; third fmily inclwies homogmous coze (micri te) 

and disturbed ooze with irreguler openingsfilled with spar 

(disuierite). For replacement Limestones, however, the teme 
intréclastic dolomite, coliti¢ dolomite and pelitic dcelomites 

lave been used. 

Dunhua ( 1962) broadly divided the limestones Anto 
two categories on the basis of deposition] texture (i) in _ 

the first c@tegory the depositiom] textures are not recogni - 
#@ble and these re known ag crystalline, (aay in the second 

@tegory, the deposi ti oml texture are recogni # ble am further 
wbdi vided into madstones, wackstones, packstones, grainstones 

mad present in these limestones, 

after appli@bility of the above two s#id cle ssi fi @ ti ons 

in the present Work, it was thought better to follow the 

combined classific®tions of the two 6uthors referred to above 



(viz Folk,1957 and Dunlum,1962), Firstly the bro#d group 

of limestones has been recognized by Dunhum classifi @tion 

end within e@ch one of these @tegories petrographic types 

im terms of Folk’s classificttions ltve been used, 

DESCRIPTION OF ROGK TYPES 

It is seen from the inspection of @mlyti al dat, 
staining technique, x-ray studies that the limestones are 
broadly dividible into two groups; viz., limestones 4nd 

dolomites. Their detailed petrographic deseription is ag 

follow s:e 

Limestones: 

the limestones of Bandipux® are® vary from wackstone to 
packstone types depending upon the pereent@ge of @llociens. | 

Most of them re micri tic type al though a fer biosari tes 

are 4lso met with in the @re@ under investigation, Broadly 
the following types have been found;e 

Gri noida] limestones; 

The biosparites of the Bandipur® are® are made up of 

erinoid®l mterial consisting of large erinoid ossicles and 

stem plates. The size of these plates varies from 0.5 mm to 



0.1 mm in diameter. Mostly the plates 4re circular in outline 

L@rge fragmented grains 4re set in a matrix of crystalline 

@leite. Iniividwl plate of ® crinoid acts opti@lly as 4 

single cryst@1 of ®@leite which acts 4s a ml & tion site 
for @l cite cement. Mostly the plates hve fine perfor:@ tion 

| with radiel arrangement but in some plétes perfor tiens have 
el ther di sappe@red or become indi stinct bectuse of cal ci te 

figs 1 to 6, The holes in the centre of this plate lave al @ 
been filled uw with @leite tht is optia@lly conti mous. 

lLoareni tes: ? 

Some of the beds of the @l@renite and #lelutite are 

intermixed With Limestone beds in Bandipux® @rea, These rocks 
contain & few subangular grains of quirts intermixed vith 
lime mud. The gréins show good sorting and wi thout any cont@ ct 
with e&ch other, Typicl photomicrographs &re shown in plete 35 

figs 1 to 6. | : 

icrocryst@lline Rocks: 

All those rocks leving Less than ten percent of allochens 
and lergely consi sting of microcrystalline @l cite have been 
termed by Folk (1959) as microcryst@lline rocks. Mostly these 



rocks @re structureless but some of them hve devel oped 

microstylolites and cil cite veins. Mostly these “re simple 

microlithic types. Some of them @re micrites cont@ining lérge 

dweunt ef terrigencus quartz. Some varieties contai n ic regular 
gins of sparry @lcite and ve passed into di smicrite 
variety. 

Evidences regarding reeryst#lligation present in some of 

the micri tes involves enlargement of gr®in size resulting from 

the development of eqw@nt mos@ie cryst#ls of sparry @leite. —

these rocks indi @te deposition in @1m wter eondition both 

shallow and deep. the micritic types on be formed in @ number 

‘of Ways such as burrowing of animls, slumping, mud crack. 
openings in semicoherent mud cused by the p@ssage of pfs 

bubbles and reerystalli tion processes, 

Dolomites; 

Dolomitic rocks of @ppreci@ble thickness @re alg present 

im the @rbomte rocks of the study @re, These rocks Look 

Similar to limestones in hand specimens and are of greyish 

white in colour and partly erystallized, A number of thin 

sections Were studied to work out their det#iled petrogrephie 

character, 



He ypidiotopic dolostone: 

Rocks of this type 4re present in Bandipuré are. ‘these 

umelly consi st of subhedr@l to euhedral pentgoml grains 

forming @ uniform mos®ic type. the rocks are eiul grenular | 
although the size of the gréins varies in different sections, 

gome of these @re fairly erystalline wheres @ few are moderte 

tely cryst#lline, H-ypidiotepiec dolostones are generally free | 

_ from @ny microstructure. Microphotogréphs shoving hypidi ectopic 

textures @re phown in Plate 3% figs 1 and 2, 

Porp hyrodol omi crite: 

These are dolomicritic varieties in which bigger coarse 

cryst®1s of dolomite 4re embedded in fine crystalline 

hypidietipic gr@ins. the bigger eryst®ls represent vugs and 

@vities in the fine gr@ined dolomites in which bigger and 

more crystalline gréing of dolomites were developed product ng 
porphyrotopie texture. | 

MECHANISM OF DG.OMZ 7 ZATION 

there is no direét evidence of the presence of any 
secomia@ry dolomite in the rocks of the study are &s no 

dolomite @mple hag been found to cont@in relict (dol omiti zed) 



fossil. This derly shows that the dolomites present in the 

study are are of evéporétie (primry) in né ture, These are 
gener@lly buff grey in colour, very hard and brittle and 

exhibit a subconchoid®l freeture becuse of the absence of 

shely par tings. 

the problem @bout the primry ch emich] pr ecipit6 tion 
arises @mong the geologists for 4 long time, Mostly the 

dolomites in the geclogi@l receord resulted from @ replace 

mnt process on the basis of str@tigr@phie and petrogrephic 
evidences in which h#1f of the @ in @CO, molecule is subs 

tantiated by Mg, forming @Mg ( G0g)9- The kymtics of the 
process are slow offering one explanation for the lack of 

compared with its abundance in the geclogi@1 record, 

Iwenhofel (1932) found the common occurrence of dclonite 

in deposi ts of desala@ting basins and suggested the possibility 

of direct chenie] preceipitent of dolomites frem se water 

through the process of evapor@tion. He admits that the process 
of primary dolomites in the se fleor at present is completely 
unknown, It is concluded thet the dolomite beds in Bandipuré 

arch have also been formed bemtuse of some early diegeneti ¢ 

changes induced before the cementation of @lcitic mtrix 

during their emergence from the se, 



Wil son (1975) gave four pre-requisits for the erly diegene 
tic dolomites. These ere (@) sufficiently coarse and permeable 

@leareous sediments to act @s the host for the replacerent of 

Mg,(b) @ fluid of the correct chemictl1 composition to rect and 

@pable of dissolving @Go, and releising Mg, (c)a-long 

enduring supply of Mg, (d) @ hydrodyrm@mic head to force grat 
volume of water, 

Number of cArlier workers like Ad®ms and Rhodes (1960) 

Deffeys et 41.(1965) and Illing et 81,(1965) siccested dolomiti- 

#tion theory based on the development of Mg-rich brines through 

eve poré tion on the basis of the above mentioned conii ti ons. 
the first two groups of authors proposed thet dense #line 

brines whose Mg/Ca rétio tts been reised by less of @ through 

eve poré tive precipit@tion of gypsum and anhydrite in tid®l flats 
ponds and supretidal reefs (sbkies) migrated regularly down 

through Lime sediments and dolomiti zed it (evaporetic reflux). 
the enrichment of brines might als occur as suggested by 

B-@thrust (1971) when inflowing se® water repe@tedly di ssel ves 
@lelte in earlier formed @rbomte sediments and mixes with 

e@rlier and tr@pped brines and @lts sAtur@ting the sediment » 

Under these conditions, there Will be conti mous 4ddition of more 

soluble Mg sits to the brines and contimal loss of @. organic 
or chemic®l precipitation of @d, stetdily incre sing Me/ @ 



tio. The eventwl seepage of - such brines through sediments 
underlying the supr@tidal @re®s ere below the bottom of sh#lléw 

ephemer@®1 lakes and ponds would induce dolomitia tion, | 

With small amounts of Mg when combined with marine water forms 
@ fluid which my be unders@tur@ted with respect t 1 di te. 
shinn and Ginsburg (1964) suggested @ process which resenbl es 
the dolemites of Rendipur® are by involving very ner surfece 

precipit@tion of microcryst@lline dcLomite from eviporé ting | 

Mg rich water drawn upwards te the surfece of tidal flats by 
@piksary hypothesis. | | 

DEPOSI TONAL «NW ROM INT 
The det@iled sedimentologi @1 studies @rried out on 

Bendipur® limestone reve®ls the presence of three m@in fecies 
typesse the lower member consists of greyish brown limestone 

mostly of the lithoclastic= biocléstic crinoi@l] weckstone 

type which rests on dark sh®les, | 

The middle member consi sts of &@ facies of lime mudstone 

lacking any mega fewma but containing restricted mrine or 

br@ckish microfaurm of ostroeeds and interbedded wi th 

laminated beds of hompgenous lime muistones. The top beds @re 

comosed of greyish grey, very fine greined dolomite 



di spléying intratidal ani gupr@tidel sediweptary structures. 

umeommon ani @re only found in thin channd/matur@l levee 

deposits. Micritic texture is the most common one throughout 

from bottom to top. Nowhere oolitic and gr@instone type lime 

stones are met with in this 4r@, This sequence, therefore, 
imicttes definitely open marine but partly restricted sedi 
ment while the upper part is @ tidel flat sequence ini cated 
by doLomiti@tion. This type of sequmce generally occurs in 
shallow and adjoining shelves of mny countries, The best 

known ex@uples are thet of marine shelf and platform strem 

of the cleir Fork and gen Anders Formations of West Tex®s & 
New Mexico. These beds represent one of the m@jor marine | 

transgressions through southwestern north Amerieé, extending 
from centré] Tex's from west t the Gre@t Gnyon and south of 

Gentre] New Mexico into CGhilme@me® ( Gouch® Limestone). Lucia 

(1972) has described this type of sequence of the der Fork 
cycles on the cestr®l basin plateform, 

Fron the above considerations, it is, therefore, 

cond wied thit Bandipuz® Limestone represents & type of 
shoreline @rbormte sedimamtation in a iscléted shallow basin 

which weg periodiclly and apparently flooded with serine | 



shallowing as sediment@tion filled in the basin resulted in 

extensive tidal flats and evaporated @bkhas, The absence of 
oolitic and grainstone rock further correl@te that the basin 

of deposi tion of Bandipur@ Limestone was an isolated one, 

&@ little away from the open side of the shelf with essentially 

low energy carbomte deposition without any t rbul ence, 



CHAP TER- UI 

ar@ was converted into & scene of grett vol @nic activity 
whereby stupendous masses of lav were outpoured. these lave 

flows have been given the mame of “ panjal Vol nics" which 
buried large parts of Mshmir under it. The voleinic-s are 

divi sible into two parts, & lover part, in gener@l, termed ag 
the "ace lomeratic Slates" and the upper part the “ penjel 
traps", The Panjel traps attain a thickness of ag much ag 

5040 m to 6720 min Kashmir valley. The total thickness of 

fowmmtite maw’an Seu 



traps is estimated at 4200 - 5080 min the sections betVeen 

Bandipure (34° 25° ; 74° 39°) and Tragbal (34° 29° ; 74° 38°). 

the volenic activity is reported by differmt investi- 

gators to be subm@rine or subserial ani as already mention ed 
is characterized by ashes and tuffs known as the Agglomer@tic 

glates followed by @ thick succession of Lava flows oF be 221, tie 
to andesitie charécter mmed as penjel tréps of predomimntiy 

tholelitie effinity. 

account of rock units exposed Sround Bandipux@. The rock 

exposures consist of Panjal volcanics and limestones covered 

by deposits of Recent and aib Recent at pléces. 

wadie (1934) in his well known work on the @mbrian- 

Trias sequence of northwest Kashmir reported for the first time 

that the tréps of the are wder study are interbeided with the 

limestones of Triassic age. The limestones obviously forming what 
| could be properly referred to as " Intertr@ppean beds", On the 

basis of this observation, wdia (op, cit.) concluded that the 
panjel trap activity in northwest Kashmir wag of 4 1 engthened 
mture amd contimed upto Trias, 

wdia's (op.cit.) contention that the Panjal trap activi ty 



by different evidences and needs further investigétion. That 

the vol @nie cycle did not extend upto the Trias and the lime 
stones do not form " Inter Tr®ppein Beds" is substantiated by 

the followingfets;- 

Le the petrology of the tr@ps under study is in no way 
different from these of the known Permian ocqurrences in this 

part of the Himélaya. There ere no new ftures in the tréps of 

the present @re@ which could distinguish them from the treps of 

Mahnir HinwAlaye in gener@]. The present study has reve®l ed 
different petrologic®l types. A comparison of these with other 

known upper Grboniferous to permian trap oceurrences from this 

part of the Himalaye ( Gupta, 1973; mim,1981> suggests thet 

the traps of the present @r@ sre in no way different from the 
tr@p oceumrrences of other pléces. Petrocheni @1 studies have 

similerly indicated the tholelitic parent#ge of the rocks. 

Ze No pillow lavas are found in the stuly arm. Traps of 

spilitic mture re not to be seen anwhere here, Evidences of 
submarine mode of eruption of the rocks are absent, 

3e In the cise of laws erupted under gub@queous conditions, 

the separétion of dissclved g@ses is hindered below a cert#in 

depth due to the pressure of overlying water as has been shown 



by the stuiies of Ritts®nn (1936), Macdomld (19548), Mi rney 
(1963). nuring the course of dredging on the submerged portions 

of the east Rift zone of Kilaue® voloino in Hawaii, Rittme nn’s 
Cop.cit) contention of 2000 mas a criti al depth has very | 

recently been confirmed. Vesicles with an @verage diameter of 

less than 0.1 mm are rere at a depth of 4,000 m. Moore (1965) 

observed that lavas erupted at 800 m have orly ten percent of the 

vesicles with an average diameter gre@ter than 0,5 mm, Vesicles are 

seen to be smller and Lesser in number below this depth, | 

In the case of the rocks of the Stuly ara, abundance 
of vesicular type of tr@ps conclusively points toverds their 

conti nental environment of deposition, This is further corroboe 

rated by the absence of pillow) lavas from Bandipure are, 

the The vole@nic tuffs of the are® do not conttin fossils, 

the Agglomer@tic slates of tuffaceous character found in the 
_ adjoining are&s are reportedly unfossiliferous, Hence the 

submarine origin of the tr@éps under study is ruled out. 

=> An important negative evidence about the"inter tr@ppein 

n&éture of the limestones is provided by the fects that no contact 

metamorphic effects are noticed at the junction of limestones 



and tréps. L-ime silicite mineral s which should have nors®ily 

formed at the limestone- trap contact, had the limestones been 
of “ Inter trappein" character are entirely absent. This agein 

shows that the limestones do not form " Inter txr@ppean Beds" 
@s was envi ged by wadia, 

Ge The type of limestone sequence present in Bandi pure are 
indicates @ specific transgression phase followed by mrine 

regression, ‘the lower part of the sequence consisting of erinoidal 
limestone indicates extension of @n epi conti nment®1 se in this 

area, Which permitted biomfieritic type of limestone to be 
- deposited, The dolomites at the top iniicite the fiml regression 

of the se&, this points to @ temeoréry tréngpression of the 

Tri@ssie sei on the Panj@l trap country and its subsequent 

regressi on, 

7e The absence of oclitie ani grajnstone rocks further 
corrobor@te that the basin of deposition of Beandipur® rocks 

wag an isolated one, @ little away from the open aide of the 

shelf with essentially low energy erbomte depod tion 
without any turbulence. | 



Fron what has been st@ted above, it is cer that 

subsequent to the deposition of the traps of the study arg, 

there Wag a type of shore line carbomte sedimentation in 
an isolated shelf basin which wag periedi@lily ami apparently 

mpidly flooded with mrine water pemitting certein Benthonic 

orgend sms to flourish, Greduw@l sh®llowing ag sediment@®tion filled 
in the basin resulted in extensive tidal flats. The Panjéel trép 

activity in this @re@® als appears to hve died down in the 

Permian period as in other parts of Kashmir . There was thus @ 

tempor@ry incursion of @ part of the Triassic s@® in the ar@ 

und er study, and the limestones of tht age were deposited on 
the tr@€ps in the form of @n isolated outcrop. As Was pointed out 

in the beginning of this chapter, wadia'ts (0p.¢eLt.) contention 

that the limestone formed " Inter tr@ppe@n" beds does not appear 
to be subst@ntiated by fects. The author very respectfully 
differs with wdia's affirmation and would suggest further 

investigation in this direction, 



Peni, 

This work embodies the petrol.ogicl study of rocks exposed 

around Béndipura, Bar@émulla district, J & K st@te, The study 

are forms parts of survey of India Topographic sheet nos. 

43 J/il and 43 3/15 (1 ; 50,000), and @n be &pproached from 

Srimaper city by @ 55 km metalled roid upto Bandipuré. the 

interlor parts coin be visited by trekking. The are shows 

dendritic type of dréinmge. Iwo important rivers Mdhumati 
and Erin n@1a@ with other tri but@ries drain through the 4r@. 

oT oD 
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In this study an are? of about 175 sq.kms has been covered. 

Panjal treps and limestones are the only formations 

exposed in the present are with Recent and sub-Recent deposi ts. 

the voleanies have been classified ag (1) glomeroporphy- 

ritie treps, (11) @mygd@loidel traps, (iif) hard and compact 

traps, (iv) purple coloured tuffs, (v) epidosites and (vi) 

dyke rocks. Thin section study of the tréps in miny inst@nces 

shais the presence of plégioclases, chlorites, epidotes and 

quirts with menetite and ilmenite as the opaque 4ccessory 

minerals, Presence of hornbl ende is witnessed in altered dyke 

reeks. The groundm ss of the traps cinnet be generelly opti@lly 
resolved beciuse of its fineness and when observed, it is seen 
to consist of 4 cryptocryst®lline aggues@te of fel dspars, 

chlorites, epidetes etc. The rocks htve cbviously undergone 

& Low grade of met®morphi om of the amphibolite Mciles, beciuse 
of their involvement in the Himlayan orogeny and their 

present miner@] assembl@ge is due to it, 

Plagi ocléses, chlori — and epidotes have been seperated 
from the voleiniecs. The separated minerals have been opti aliy 

studied, chemically antlysed and x-x@yed, The anorthite 

content of the plegioclases ranges from ARs, to An,, with 
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intermediate €0/D) to high structur@l st@te, It metns that 

the plagtoclaseg have changed from their orl gi m1 disordered 
structural state to medium eondition, Zoisite and epidote 

have been identified from the epidote group of mineréls. 
Chlorite is the irorerich Ghimesite variety. | 

aj Twentynine #mples of Panjal tréps of the study are 

have been en@lysed for their m@jor elements using the conven- 
tional methed of roek amlysigs. The alkelis have, however, 

been estimated by fleme photometry. The study of the petro- 
chemict] data leads us to the conclusion thet the tréps of 

Bandipura are are of tholeiitic ch®racter and appear to 

have been outpoured under sub-aeri@1 conditions. The rocks are 

geneX@ily of basaltic to andesitiec character and portx@y 4 
mematic differentiation trend. | 

The limestones of the study 4r@ are ugu@lly inter - 

mingled with shales. Except for crinoid stems, no other fossil 

has been found in the rocks. Det@iled chemic®l composi tion 

of the @rbormate group of rocks has been worked out, veri as 

petrographic types described, their texturél and structure] 

feAtures studied and x-ray studies mde so 4s to follow the 

exact domin of sediment@tion ani other physi@l and chemi al 
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parameters and tectonic control of limestone deposi tion of 

the study are®, The x-réy study and st@ining techniques show 

that the limestones @re of e@lcitic and dolomitic character. 

The analytical daw of the limestone shows that the rocks 

@re rich in @lcium end poor in megnesium, The retios of @1cdi te/ 
dolomite when plotted on 4 trivariate diagr@m reveals the 

presence of pure, impure limestones, dol oni ti ¢ Limestones and 
impure dolomitic lLimestones. The Limestones of the present 

a@rei vary from wackstone to packstone types depersli ng upan the 
perent@ges of @llochens, The @rbomte rocks are dolomiti zed 

in the upper part, ‘the Lower part essenti@®lly consi sts of 
micrites and &@ few blesp&arites. The presence of dolomite has 
been confirmed by chemical @rAlysis, x-r®y stuiies, st@ining 

tests am thin section petrography. The dolomitimtion @ppears 

to have tAken place in shllow wéter to guprétid®l emvixronm 

ments, by some sort of reflux mechanisn. 

From @11 the @v@ilable evidences, it @ppe®rs that 

Bandi pura limestones represent & type of shore line @rbor te 
sediment@tion in an isolated sh@llow asin which was pericdi ally 

and apparently répidly flooded with mrine water permitting 

certain benthonic organisms to flourish. This is further | 

corroboréted by the absence of colitic and grainstone rocks, 



The depositioml] basin of Bandipur@ limestme wag an isolated 

one, & little away from the open side of the shelf wi th 

essentially low energy carbonate deposi tion without any turbu- 

lence. The Panjal traps provided the basement on which the 

@rbomte group of rocks was deposited, wdia's (op. cit.) 
contention that the limestones of the 4r@ represmt 

“Entertx@p pein’beds is not supported by different evi dences 
and neads further inventt sf ton, 



The iniividwals @mong those to whom this thesis is 

deli@ted must be singled out for special thanks, My primary 

debt is to acknowl aige the Wisdom @nd tolerénce of Dr.T. R, 

Bhatia and Dr.G.L.Munshi, Feculty manbers of Post Graduate 
department of G eclogy, University of Jammu, under whose _ 

joint supervision this work his been accomplished smoo thi y. 

This thesis would not hve been what it is wi thout 

the co-oper® tion of Professor T, 8, Sharm, Head of the Pest 



Gradua te department of Geology, University of Jammu, who wes 
kind enough te provide the necess@ry facilities during the 

present investi 28 ti on, 

Among those whose contri lutions by me®ns of fruit t- 
ful discussions and valuable guidance led to the completion 

of this work, I feel myself unier oblightions to Professor 
GG, Mo,Dr. Y,P,Gupt® and Dr.B.L.Dhar. Professor, ¢.G, Mo 

in partiaiar rendered valwtble guidance in conducting the 
moda] &ralysts of panjal traps. 

i express my sincere thanks to Dr.G.K,A@1, Director, 

Regi on@l Research Labor® tory,J@mu, for provi ding me facilities 

in the labor@tory for doing @nm@lyti #1 work, Thanks are al so 
due to Mr.J.K.Dh®r, Senior sei entifie Assist@nt and to Miss 
Geet® Wdheré, Senior Laborétory Assistant, Miner®l section, 

R RL.Jammu, for reniering help during the course of amlyti@l 

work, 

I extend thanks to Dr. S Wiredara jan, Facul ty menber, 

department of G-eology, University of Delhi, for orénting me 

permission for undert@king x-r@y studies. Thanks are due to 

Mr.P.Padmkshan, Technicl@n, x-réy Labora tory, Universi ty of 
Delhi, for his inveluable help during the x-ray studies of 



mineral #mples and limestones. 

I am highly thankful to Mr.B,K, Peter, Gurétor, P.G, Deptt: 
of Geology, University of Jammu, for his generous help and 

sugg esti ons, vherlver asked for during the course of this work. 
I am @lso grateful to him for typing the mmiscript at @ 

short notice. | | 

My thanks @re also due to the non-teaching st@ff of this 

department for their kind help especi@lly to the photogrépher, 

Mr. V.B, Ghopx@, | , 

The @uther would Like to thank Dr.V,V,Gupt,P.D.F., for —

his kind help and suggestions during the course of this investie 
g@tion, Thanks @re @lso0 due to Rese@reh fellows and Yeacher 

fellows of the department of Geology, Jamm thiversity, for their 

Thanks are due to the Uthiversi ty of Jammu, for providing 
me the fin @ncial &ssi stance in the form of 4 University fellow 

ship. 

Lastly, With 411 rep@rds, I express my gratitude with 

insufficient words to my parents especi@lly my sister Mrs. 

Veer phar, who is the spirit behini this venture, 



Ach@ry®, .K,, and 
sheh,s.c., 

Adans,J. Bee & and 
Rhedes,M.L. 

abnad,F., 

1975 

1961 

Bios tre ti cra phy the Mrine faune Keeneland ca the diam etites oe the Himleaya 

DoLomitiztion by se page 
refluion .Bull,Am.Petrol. 

Geclozis ts. 

Palacogeegraphy of the 

Goniwana period in Gondwana aa as wi th . pect refe Australia, its corvtner on the theory 
of continent#l drifts. ts. Mem. Geol. Surv.Ind. 9; 142 

Permian systea in north and 
northea stern parts of 
Kasue® Missle ye Him Geol « 



Anderson,G.H., 1937 Grin timtion, @lLbi tition 

northern Inyo Range of @1 1- 

Aniruddht ,pde., 1964 Iron-Tit@énium oxides in 4] k@li- 
OLivine b@ 1 ts, tholelites and 
acidic roeks of the Decc®n 

Tx8p Sant a8 a oe mele a 

Auge stithis,s,.5., 1978 

B adiomupnie, K., 1973 a Dol omiti wtion model- 
se 

Barth, T. i, F. 1967 heoriti cl Petr de ~ ' pS wiley 4nd Sons,ine.N. York, 

1969 d New York and ccukaa. | aa Tetersetence, 261, 
Bathurst, &.. o., 1971 

Bet rke, & 1957 r.Geolode Und Geophyysik erke, i. » a as 929.24. YYSLEK y Geol, Rind, ,46, panbever, HU. »M. Corl ett —— for the determim tion 
® tberhard, and K. Vi | —” MOT 967 



B- entor,I.V., 1951 

Beet ,™.I., and 1978 
@Pinuddin,s.M., . 

mad Sphes 

Bhatia, TR, and 1978 
Kokroo, AK.» 

H.S., and — 1928 

Middl emiss,&.5,, 

Black,M., 1933 

Bowen, NL. , 1937 

B urmick,J,¢C,, and 1959 
Nobl God aAc ° 

@rozzi ,Aé. Ve S 1960 

On the formetion of cloudy zones ocL@ ses, Selel 2. Min, Pets : 

Geochenistry of the panjel Tréps 
of Mount KeycL, Lidderwa 
yer iets m, ke shmir 2 SOS» 
Ind, 19,No; 9,403-410. 

Panjal Trap Chenistry and the 

births of Teth ipeectten et Ma 2318 ,No.4,367e 

Sedimentel oxt al stult es of 
Lomeratic slates, an aes d strict, vans a 

PS z a Wt do § 
"2 

Fauma of the Agglomer@étie 
Slates of Ka reJ& K 
Miner@l Report. ne 

The Precipit@tion of Cal cium 
@rbomte on the Gre@t Beltre 

B @nk, Geol .Mag.70,455-66 

Recent high Temperéture 
Rese@reh of silicites and 

its significince in Igneous 
Petrol ogy. Am, Journ, Sei. ,33,1¢21, 

Origin of the ultramafic 



@rstens,li., 

Chaudlery,M.N, and 
Mohd. Asht ws 

we 

hayes, F, 

Goulson, GA. , Daly, ReAe, 

Deer, We Ae »Hows Qs R. A. 9 
and 

Zissren, Je ® 

Deffys, K. S. Lucia, F.J 
and Weyl,P.K., 

ke 
Che yes, P, 

1980 ~ 

1966 

1938 

1946 

1965 On the clouding of Plagiodé@se 
in Goronites, Met#dol 
Nois ei tes, r, 35, 129. the volenic rocks of Poonch 

District, Awd Kasimi Re. Proc, Intern, Commit.Geodym- —mics. Group.6, Mtg, Peshawar 

Nowe 23e29, . ec. I ssue. 
-28, A oer ee di sti neti on between @inzole Vol @nics 

in and @round, the o J. Geophy shes. Res.69, 1573-88, 

illustrét 

Ber . 
in the | , 

Gk pman and Hall 4, td. 



Denirrn,P. » @nd 
ferbaugh,J.W., 

Duniwam, R.J.» | 

Miwerd, w.F., 

Bimons,R.C., 

Gskola,p., 

Fau st,¢, % 9 

Floyd,J., 

Folk, RL.» 

1965 

1962 

1957 

1961 

1932 

168 

Petrogréphy ond ori gin of 
Mclond Limestone of Northern 
@1 ifornia at. 

Glass-ifi@tion of Grbonate 
Rocks according to depositional 
tetture in Wk wm (@liter), 

oe of. cher ti perp FS PRG Pep bets ‘i SP ES, dP Sansa 

Pet re and snide of 
men Stxe ta of nt Ohio 

Sah. oneee Petrogenie rela tion- 
2 22Gs Nie Hote Bea 

On the Pri neiples of aaeeehe differentiation, Gomm, G: 

Bull., 97, 68-77, 

The fail es rele ei cae of Irone 
Orthodlase With @ discussia 
of the evidence for the 
existence of 4n Ironeorthoclase 
moLecsLe in feldsp@r.am.Min, 21 735-763, - . 

Geochemi@l variation in 

Precti @l1 petrog gr@phic classi £i tion of Limestones; B 
Geol. - oc, Petrol .Geolo ists 



Se 

Fox ,c. Se 2 

Friedman,G.M., 

Fuchs ,G., 

Fuchs ,G and 
Gup ta eVede 2 

Gan ju oF HM. ’

Srivastwyw oe VeKe > 

G@nsser,Ae, 

1931 

1955 

1975 

1971 

1957 

1939 

1961 

1964 

Gomlwearm and related forme 

Petrology of the Memis@g@mes- 
ning L-ake Norite i @nad@, Am, Jair. sol 2233 & %. 
Glaciogene formations in the 
Himélayag ami the age of the 
Blainis, Bull .Ind,Geol. Assoc. 
8,N.2, tes 
Palaéeozoie stratigraphy of Mt shmir, Kishtwar and Chamba regions, Verh@nelungen. der 

The Pan jal Treép-acidic and basic 

Sei.18(5, section-B, 125-131, 

tery . 
vl 167< i75. , 

Study of ‘Panjel Tr@ps in the 
neighbourhood of § rimoefr, 
Ka s ir. P » Dee 40 th, I nd. = a OR. 
Pt-3, ,205 * ioe | | 
acme meat omae 

A study of Agglomer@tiec sla tes 
near a Ka shmir, = 



Gisolf,w.F., Dee. . Green/and Polderveart, | 

Ac» 

Gup t@,K.R, G-upt@ ,V.J.» 

1929 

1967 

1973 

1975 

1980 

Les r@ches de Thiti. 8 

Petrocheni @1 fields eand_ trends: 

Geochen Gomochin. Acts. 13, 
Miner@l Assemblages in @ model 
Mantle Composition, Jot 
Geophysics. Res. 68, 937-945. 
the eee S81 tic mgr gs, ont bet n. a: rss 103-1 fo. 

Geclogi @l pimeett oa ene of the 

The virttigiteidc position of 
the Boulder beds in the 

Lomeratic Slate sucecessian 
their equiv@lents in the 

Léte Palaeozoie vol Ani cs of the 



Hatch, P.M, » Well Sp Ae Ke 9 1%49 / 
and Well s,li.K os 

Haun SoWe e 

Hegre ,P, C, ,and 
Pre d,K,N,, 

Henl ey, KJ os 

Herz, N., 

. Milla,J.M. ». 

& 

Hunt, Ge 8, s 

fFenimain,D.W., 

Iiling,L. V.» Well s, AeJ., and 
Pylor,J, CoM.» 

Ireland, , 
* 

1962 

1963 

1977 

19 5h 

1935 

1972 

B@ltimore Gabbro, Maryland, 

Pencont emp oré ry Del nite 2 Bc 
Persian Gulf at Le GPx ee R.G. Murray (gd tor) .D since. 
a ti am ane a ines none si snenests- 



172 

Irvine, T.N., and 1971 A Guide to the Sut) B @r@p@r,W. RAs, Glé@ ssifie@tion of the common 

Jerth soi.8, 523-548, 

Jamieson, J, & 1969 Pressure-1 erature stidies 

| - IIe Scussion, 

Jhingran, A.C, 1954 Petrographic studies in Rocks ere’ from eae Hills, Kathiawar, 
© Rec. G.S.I, 83(2), 301-520. 
* 

Johannsen, A. , 1952 A escriptive Petrogréphy of the 
tian SATS = Ile POPE Tet t 

Jolly,W%, 7, and 1972 Degradation and met@morphi ec 
Smith, R. E » | differentiation of Keweenawan 

| Thol elitice layég of Northern 
Michigan, Petrol. 13, 273¢309, 

Kemedy, w.Q, : 1938 Crust®] lay “s and origin of | ne MA ore g, Petrco ical ocd of | 
the Problem. Bull. Vol &nol o9} 

Kuno, H. 1960 Hien Alumina Basa], ts. Journ \° 

1963 Origin of Primary Ba#®@1lt Macmes 
ami debtlantion of ihest ten 

1968 Differentiation of Bas®l tic 
Mign@g Basal ts. S3gc ges and 

Landis,¢,A, and Coombs, vetoryree cee Orogenesis | ou Ze | 
ee 

rm 

® Johnnsen, Ae, 1939 

g Shingyan N-G Thakur v-C ei | 
) * eq Struck, 7 os ite | Oundy Kou ve owt tectm ic of rela : 15 Ske, AG i the Hh - 



Lar S@n, RS ee Le Mitre,RW., 

w | Lyd ekker,R.D.'y 

Ma aloe, Se s and 
Peter son,J .S., 

1938 

1976 1876 

Some New Variation an ms for ernest £1 cks, Jour, Geol .46, 5 50520, 

the sherk: veriabilit of , 

Notes on the se 

of Pie 

320). 

Geclogy of Ladakh and Pas 

gy of Northwest Kasimir 
nm inoee Res, GaSete Loe 

Geology of Ka shmix and chamba 
Territories and the British 

Phase relations ; governing the 
derivation of Alkaline be ile 
tic mgmag from Prima en at fiilgh Pressures. 

USGS. P; Fe SOD 1200124 —



a donald oGe Aes 

Macdonald,G, A, and Ka tour , T. s 

Ma son, R. f 

Mathur, K.K. and 
Wekheloo,S,N,, 

MeB-irney,A. R. » 

MeGré ken, Be» 

MeGrecor,A.G. 5 

MeKie,&.D., 

Mequeen,H,S,, 

Middlemiss, ¢,3., 

1968 

1964 

1933 

1963 

1910 

ams, 

s 2 

Chen @1 Gompo sition of 
We 118 n Leave ay B20 123, Se JsPetrol. e 

John Willey and sons, 
ine, Newyork. 
The Panjel 

2£4) , 126, Factors governing the mature of ee 

Gorrel@tion of insoluble 
residue zones of the bper 

cues oF aes ae gou th 

Gl owied fee, and Therml -‘Metamorphism, MM,22, 524-38, 

Revi sion of Glluriaéne-Trias 

Seumece in 206 nT BRSs SaSal. 4, Pe 9,508 . 



Middl emiss, ¢.S, g 

Miyashiro, A., 

and 

Moonis Re oh, Ahmed, A., 
And 
Mohnmed ALi., 

Moore,J.G., 

Moorehouse, ¥. W, , 

Mun shi, Cole : 

Mura ta KJ. 3 

1911 

196la 

1974 

1975 

19 58a 

1965 

1 969 

175 

Sections in the Pir panjal 
Renge and sind Wiley, @ shir. . Rec. GS.1,,41,Pt-2,115-141, 

Evolutia of Metam hie 
Belts. J oPetrol 2,27 7311. 

and Active nent] margins. 

Enlargement of the os i ti on 
field of gidote end Piedmon- 

tite with ri is temp er® ture, 

Properties of Hawaiian sub- 
‘marine Ba #1 ts, (abstré ct). 

alt © Kong Bi? & 

Studies of the grenodiocrites 
in the vicinity of Mang@n and 
its associated Copper Miner@lie 
wmtion. J dedi Sehnedia ted cama iia, 

[os teecaes 
A New Method of plotting 
Chevigtl Amlysis of Basil tie 



(Aaa sn 

Naidu,PRJ., 1960 

N aka jim,T.,Banno,s., 1977 
@nd Suzuki ,T., 

Na ka awe , K, 1973 
andi K poo r, i, M, 3D 

NW iopli,P., 1954 

Nisbet, &. Be ickle. , 1977 
MeJe, and 
Martin,A., 

Nockolds,S. 8, 1954 

OMe, MS., 1965 

2 1 967a 

1967b 

176 

Glouded placi odlase eee the type Charnockite Ar@ of 
Sir, Thomas Holland, Imi, Min. 
I,No.2, 26-28, 

ReA cti ons Leading to dis 
app e@rance of Pumpell i 
in Low préde met®mor 

ent bake 8 2, ene J.Petrol.18, 

Spilitic Pillow laws in 

ir —ef. Ka shmirs | 

The mfic and ul tr@-mfic 

a of Belingwe Greenstcne t Rhodesia, Pet 18 4 ata dee. : J.Petrel .18¢4) , 

Aver@ége Cheni@1 Composi ay of some Igness Rocks, 

Soc, Am, Bull .65, oe 
Primary Moms and Ori pin of 

imfic a 

Mineral peregenesis in ul tre. 
basic Rocks. ibid, 393-403, 



O' Hara M.J., 

and 

Yoder olf, Se ® 

Pareek,H.S., 

Pascoe, ik. N., 

Petijohn,F.J. a 

Pil grim,G, am eG. % 

West, We D, 2 

Pi tch@muthu, ¢,5., 

1968 

1967 

1973 

1977 

1959 

The be@ring of phase equile 
brium study on the synthetic 
and ma tural Systems on the 
origin and Evolutia of Basic 
and UlLtr@ba sie Rocks. g@rth 
Sci ence. Rev.4,6 9-133, 

Form tion and Fract! orMti on 
ef basic mems at high 

Sure. Sel Join, Geol. Bii7. % 

Geclogic Setting,Petrogré phy 

pala Trap and its rative 

On studies of omex€ tie 
Slate and Panjél Tr@ps in the 
Jhelum, Lidder and Sind velleys, Ke simir. Jour, ined, 

The structure @nd capaho gg et on of the Simla Rocks, Mem.Ge 30 
ind, 2 dl 53, 

The signifignce of clowled 

Bek ear te in the basic dykes £ Mysore State,Indi@, Jour, Gel. Soc. Ind. 1,68, 



Pold erva art ois & 
and 

ma ston, s 

Polderveaart,A and 
Gilkey,A.K., 

aml 
hee 

Parker pie Be t 

Reina akelse $ 

Ramberg, H., 

Wo, YJ, ¢ 

Ringwood, A, & » 

Rittmann,A., | 

1954 

1954 

1964 

1981 

1952 

1964 

1962a 

1962b 

178 

The Alk@line Series and the 
trend of Fractioml Crystellie 

* thon of Bawtltic Maoms. our, Ged 62,1 50-163, 

On oa Pla pre teee Am, Min. 39, 75e | 

The Gryst@lli ation Index as 
Parémeter of Igneous differae 
tletion in Biniry Variation 
Diacrams, 262, 

PetroLo »Petrochenis try and G- eo chem stry of the Ignec#us 
Kasimir Himal ay@,_ | 7 P thesis,J anmu Univer sit ° 

Feld US. he 

® ; (1) 2357-66, 

SF ‘An tl @. 



Rittmann,A., 

Ros em vist,2. T. 9 

Ros s,C. 6, Foster, 
MDs» and. 
Myers, A, qT . 

ams yi. Act « & 

Schairer,J ofea 

Sehmidt, V., 

1961 

1951 1954 

1957 

1964 

Investigations in the cys t#l 
Chemistry of Silictes ITI 
the rele ti ons 7 ah ter Mi cro= 

inclusions in Basal tic 
rocks. Am.Min, 39,693-737, 

igurumanite from Southern 

Keny@ and its oy bogs Shell the Origin of rocks in 
thern Bng@tnyil® al line 

DLs trict, AMES 5,4G- 81, 
The system K,0-Ng0- Al -Si0 vend we of chi. ng 23 2 
experiments on four joins in 
the Tetr@hedron cord crite 
foresteriteLacdtesili@ and 
on the join corderi te. 

The crys@lliimtion of Rock 
forming Miner@ls from Magne s 
and the ——“a residual 

Petrology of the skien Basal tic 



Seki, ¥.,0ki,¥%., 1970 
Ma ts ude ote, and 
Melamir,K., 

Sherma,T, R, and 1972 On \the Panjal Traps of 
Gup ,K.R., Thatamandi Are, Rejourl Distt: 

9th Ind. $e. Goneress. Proe. 

Shinn ,8., and 1964 tie of Recent Dolomite 
Gnis burg, R, N, ‘ ams 

Singh ,J.» i9sl Sedt mentollegt Al Studies of the 
Pernoe Triassic Rocks in the 
mstern parts of 4p 

Sinha,R,G, and 1964 
T aati B D. 8 

Simps on, &. 5, W. 1954 | 2 b ph ¢ Rep s resent@ tion of 7 ; different ce Trd ox to_ 

Srikantia,s.V,, 1975 

ree aLBetrol.13, felcet: 2217 



oe 

Sukeshwala,R, Rk, and 1958 ory eats of Bombay 
Poldervaart,A., pes O86 | m6, 1475- 
Tylor,l.p. and 1960 Origin of the Ul tramfic obl GreJeoAcs Compl exes in eee tern 

Alasia, 2 if Fl Ge 7 @OF ot EEE @ 
pt-3,173-187, | 

Ge P. ¢ 
Thoronton’and Tuttle , 1960 Ghenistry of Igneous Rocks 
0. PF.» Differentiation Index. 

“Am. J our,S¢i.258, 66484, 

Tilley,G.&, and 1967 Thokel ite and rane i ¢ Mair, .D., S eri e8.Geol.mig.104,337-343. 

Tt FJ. 1948 ra a ot 
Rocks .G Am. Mem. 30, —
115119, 

and 1 960 
Verhoogan,J., 

FJ 6 
Tum er/and Verhoo cen, 1962 * 
Jes 

Iwenhofel ,W, H. , 1932 

and 1941 
Tylor,S.A. s 

Upp@1,5.G, 1977 Studies am the Mant Granites, 
Barémulla thts ogy Kashmir 



Viswa ra than,K. , 

Wadia De RN, 2 

Wager ,l, oR, 2 

Wagner ,P.A., 

WkheLoo,s.N, , 

1971 

1928 

1931 

1976 1956 

1928 

1943 

A New X-My method to 
determine the Anorthite contet 
and Structural st@te of 
Pla oclas es, mL yr Re 

G-eclogy of Poonch St@te, (Kashmir) and adjacent fete 
of Pan ab. Men .G.S.1. 3 (2) fase370, a 

The Syntaxis of Nortiw est 
Himal, ayas si ts rocks, tectoni cs 

The @mbrian Trias Sequence 
of northwestern Kasimir, 

Merew Hill Publ ishing a" 
Company, 

A Chemi@l definition of 
Fraécti orm] st@ges as ® basis for 
comparison of Hawaiian Hebridean 
and other basic lavas, 

Spy: osmoe we. 2, 
the evidence of Kimberli te 
Pipes on the constitution of the 
Outer part of the rth, 

Study of Panjal 
Kashmir 

Volant cs 
BOG W tie bs e UipUD: 



183 

wkhaloe,s,N,, 1964 the Reagnt Vol onic Seri es of 

wkhaloo,s.N, | 1972 Hereynian ik eaeih ot’ in F , Kas tmir, Univ. aah an Jann. 

1975 On the glacial hypothesis of 

raed 1977 On Some intru8ive rocks of Sica ie Ka som ir. denny oe se 
oa wera ee bth SBS LSC tl 

Wa ters ,A. Co's 1955 

Weigand, W » 1975 Stidies on the Ignews Rock 
Gomplexes of the Oslo Region 

AXE V Skr Pecks Shesieis of Oslo Basal tie ae ee 

Wileox,R,W., and 1958 Met@-dolerite dykes swerm in 
Poldervaart,A., Bakersville Roam, Mountain 

Are® North Garclim, Gaul. Soc. Ame Bull. .69, 1323-1368 
Wilson, J.L. e 1975 



Wsemn,J.D.H, 

Yoder, H.1 os ‘and 
Ti11 ey, C. Be 5 

Zen, An, 

1934 

1962 

1960 

1974 

The Gentral and Southwest 
Highland Epidioritea-A study in 
prosressSive metamor phism, 
uar t.J ourn, Geol .$oc.L.omdon. 

Ori gin of Bas®ltic magm® s | 
and experiment@l study of natuxél 

and Synthetic rock a Jour. Pet.3(2), 342-5 

Met@morphism of Lower P@laecoe 
selec rocks in the vicinity of 
tectonic range in the west 
Central Vermont. AmMin.4 

Prehni te and Punpell yi te 
bearing miner@] assemblages West 

Belt Pemimylveni@a New Poundlend. 

Jour. Pet, 15,1976242, 





Wad = GvOw ---~ 

—
v 

| sa 

A, , \ ‘. 

+ gv $ 

-, i g 
”

- 

- 

_ 

i+ ~ 
$ f 

pe eee 

Ka shmi r. g i 5 5 2 s % : : @ i e as a 
lom@tion of the study @re@, Berémulla di strict, 



A p@norémic view of Tri€ssie Limestone 1 ; Fig. 
of Grin Willey. Gamera fecing nortiwvest. 

A Panorémic view of Triassic limestone Fig. 2- 



A Panorémic view of Panjal traps of Erin 
valley. Gmeré facing est. 1 

Fig A Fénor@mic view of trap country between 

Tragh®] and #xr@ibel. Photograph teken from 
Sonarwenl., Gmeré facing northesst. _ 



Kr@lpur@, Camer@ fecing northvest. 
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A Physi ogréphic mp of Jammu and Ke shmir stete, 
showing prominent mountain ranges and rivers. 
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ss R-egior@l geclogictl mp of « part of Msimir 
Him@laya (After Ganmser, 1964) showing the 

di position of the rock units and the tectonics 
of the @r@, the study are is indi @ted on the 
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é 11 hillock of traps as seen at Lpuré.@mez® facing southe? st. 
Plagioclase laths in the traps ner 
Mudor vill@ge, Gamera facing northwest, 
A view of Wilér léke (in the beck ground) 
@s seen from Beandipur@, Gamer® facing west. 
Traps gl«meropo1 tic texture 

in limestones neir Weter reservoir, 
Bendipur®,@mera facing northe st, 
Jointing seen in Panjal traps on the right 
bank of Evin mla ner Dax@dpur®., CGamer@ 
facing east. 



PLATE 10 

Figs.1 and 2. Microphotogreph showing glomeroperphyd tie 

| « tztp varlety, Crossed Meols x 45. 

Figs 3 and 4. Microphotogréph of @mygi@loidel treps. 
Here the @amygd@les of chlorite and epidote 

are seen, Ordinary light x 45, 

Figs 5 and 6. Microphotographs of hard and compact 

| Variety of traps with plagioclase, microlites. 
The rocks show hy@lopilitic texture, Crossed 

Niecols x 45, 



Figs 1 and 2- 

Fig.3. 

Figs 4 and 5,- 

Fig.6. 

PLATE ol} 

Microphotographs of tuffs of the study 
are showing & fine grained glassy matrix 
with a few gr@ins of quartz and mgnetite. 

Ordinary light x 45, 

Mierophotograph of plagonite as seen in the 
traps of the study ar@, Grossed Nicols x 45, 

Microphotogrephs of epidosites showing gréins 
of epidote and qurtz together with magnetite. 
Grossed Nicolls x 45, 7 

Microphotogréeph showing Laths of plagi od.ases, 
amphiboles and chlorites from an altered dyke 
rock . crossed Nicols x 45, 



FIGURE-l2 

HiGure +12 ip 

Bivariate diagram showing the relationship of 46 
Pek positions of 701, 400 and 403 reflections and 
the anorthite content of plégicclases (after vi sam than, 
1971,). Plagioclases of Bendipw® tr8ps plot on one of 
the curves (dots in the diagram) from which anorthite 
contert of the plégioclases could be @sily estimted, 

variation in go values Of201, 400 and4o3wit rthite content 
ot plagioclases ( after visvanathan to7)The data ing plagioclass 
from theeandipura traps has been plotted on a curve to determine 

their anorthite content. 7 
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Bivariate diagrém showing the relationship | 
of 4@ petk positions of 204 and 060 reflections 2 | 
and the structur@] state of the plagioclases | | 

(after vi were than,1971).pots on the diagrem represent | 
imdividwl Bandipur® ranjel trap placi oclases. | 
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PLATE © 14 

Bivariate diagrem showing the rel® ti onship 
of 2 @ petk positions of 131 and 131 reflections 

Bivériate diagram showing the Yel@étionship of 
2 @ peek positions of 241 j and 21 reflections 

and the anorthite content of plagiodases | 

(after Bembauer, et @1, 1967). Grosses represent 
the plagioclase s@mples from the tr@ps of the 
study 4r@, 
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Harkers (1909 warlation diagrém of several oxides 3 

Bandipuxé trép simples ani dets within circles where | 
two or more #@mples coincide, | 
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Larsen (1938) variation diagrém showing the rel@ ti onship 
of several oxides with respect to " Larsen Index",Dots 

represent individual Bandipuré traps and dots within 

circle where two or more @mples coincide, 
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+ 4. 
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> 4. 

fiornton and Unttle varierion diagram showing the 

relationship of severé] oxides with respect to 
"Di fferentiation Imex . Dots represent i mi vidual 

Randipum® tr@p s@tmples ard dots within circle where 
more th@n two samples coincide, 
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| VWeriation diagram of several oxides wi th respect to pe! 
eel " Grystlliztion Index” of Poldervaart and parker ( 1964). 
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variation diagram of severé] oxides with respect to 

“solidi ficttion Imiex" of Kune(1%8). Dots represent —
individual Bandipure trep s@mples and dots within 
circles where two or more #@mples coincide. 
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Biveriate diagrem showing the relationship 
betveen all@lis and sili@ (after Macdor@ld and 

Katgure, 194 and saggerson and Wil Liams ,1 964), 
Dots represent individwl Bandipuré Panjal trép 

samples, 
Bivari@te diagram showing the rele tionship 
between @lkalis and silic@ (after Kuno, 1968). 
Dots represent inlividual Bandipuré® Panjal trp 

Bivariate diagrém showing the relationship between 

potash and soda (after Kuno (op. di t.).Dots represent 
individuel Bandipux® panjal trép samples. 



ATE- 20 

1-9 
SS Os Sr 

SS a ae 
a> 

4> A 

aN 
mo 



Miggli ( 1954) biveriate diagram showing 
relationship between ¢ and mg. Dots represent 
individu] Bandipure panjal trap #mples. 

Nigghi Cop.cit.) vériation dlagrém showing 
relationship between al1-alk and ¢,Dots 

Ni gel 1 Cop.cit.) variation diagram showing the relationship between (al + fm)-(e + alk) and si. 

Dots represent inlividwl Bendipuré Panj4l trép 

amples. 
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PLATS = 22 

Fig.1. Bimry veriation diagram showing the relationship 
between Niggli qs and Gryst@l lization tndex. 
Dots represent individwl trép simples of the 
study ere, 

Fig.2. Bimary vriation diagmm showing rel@ti onship 
between sili and solidification index. Dots | 

represent individual tr@p simples of the study ara, 

Fig.3, Bimry vriétion diagram showing the relétionship 
between tot@l irom and sclidifiction index. Dots 

represent iniividwl trép @mples of the study are, 
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PLATE-22 

FIG-/ 

HYPERSTHENE 
ROCK S#RIES- HYPERSTHENE ROCK SERIES 

40 =~30 #20 10 



PLATS 23 

Fig.l Bivériéte diagram shewing the relationship 
between Mg x 100/Mg + Fe (tot#l) and L-inkage 
factor. Crosses in small circles represent traps 

present in this figure. 

Fig.2. Bivariate diagram showing the rel@ tionship 
between Mg x 100/Mg + Fe (total) and Linkege 
factor. Crosses in sm@ll circles represent trips 

of Bandipum, 
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ly- skien ankremite field 
2)- All Skien gnkremite field including @ltered s@mpl es 
3)- Skien Bas@nite field (after Wel. gand, 1975). 



JAPAN 

€ 
Tholite 

. 55 60 65 
b 2 | 

$i 05~ Nd_O+K,0 variation biagram with plots 
from the skien sasaitic Rocks for comparison with 

the trap rocks of . andipura 3 

t-Skien ankaramite field 
2-all skien ankaramite field including 

altered samples | 4-skien pasanite field (after - wei gando75 ) 



Fig.l, Binary vVriation diagrw@m inii@ting two fidds 
showing relationship between Al 90, Wei ght percent 
and normative plagioclase composition. Dots india@te 
individual Bandipum® trp #@mples (@fter Irvine and 
Ba rager, 1971), 

Fig.2, Binary v@riation diagrem indi @ting different fields 
| showing relationship between normative colour index 

and normative plégioc.@se comosition, Dots iniia@te 
individu@l Bandipur® trtp @mples (after Irvine and 
Bar@etr, 1971). 
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PLATE » 26 
Bivariate diagram showing the relationship between 

alkalis and sili@, Dots represent individual Beni pur 
tx@p mpl es. 

allelis and differenti#tion index.Dots represent 

individual Bandipuxe tr@p @mples. 

Biveriate diagram showing the relationship betwee 
MgO and Al20,/Si0, tie. Dots represent indi viduel 
Bandipur® trp #mples, | 

fel sic and mafic indices, Dots represmt inlividw] 
Bandipur® tx@p smples. 
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FigeA 

Fis.B. 

Bivariate diaer@m showing the relationship between 
D.I, and nomative An x 100/(ab + An. Different 
fields and trend lines are inli @ted in this fi gure. 
Dots represent individual trap #mpleg of the study 
argh, 

Bivariate diagrém showing the relationship between 
DI. and the normtive an x 100 / (ab + An). Trend 
linefor the traps of the study are is indi@ted in 
this fi gure. 
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Figs 1 te 9. 
PLATS °28 

Mekie (1966) variation diagrams showing 

the relationship of sever®l mol ecul es 
with respect to oi molecule. Dots represent 

individual tr®p #@mples of the study ara, 
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Figs 1 to 5. Bimry variation dégrims showing the 

relationship of sever®] oxides wi th 
respect to Mg0.Dots indii@te the trap 
@mples of Bandipurt arc, 
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Fig.® ® Bivariate diagrams showing the rela tionship 
between oxidation retio and silic@. In all 

the diagrams different trend lines ore seen, 
pots iniicate individwl #mples of the study 

between oxidation rétie and tol iron. 

pifferent trend lines @re seen in different 
diagrams, Dots ini @te individsel samples of 

the study are. 

Bivariate diagram showing the rel@tionship 
between totel fronarni sili@., Different tends 
are seen in different diagrams. Gots represent 

individwi samples of the study re. 
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In falda are falling ony lavas of volcanoes 

situated in non-orogenic regions, wn fied 8 

those of volcanoes in orogeric belts 

and island arcs: In field ¢ enter the 

alkaline derivatues of both, i.e trachytes, 
phonolites, tephrites etc.,among which the 

sodic types are generally linked toa 

the potassic ones to 8. 



Fig.3. 

Fig.4, 

Fig. 5, 

Fig.6. 

N82 0-K0 -@O trilinw: variation diagram, 
Dots represent the pesition of the analysed 

tr®p samples of the study area, 

AcheG triliner Vriation diégram.Dots represemt 

Or-AbeAn trilinetr variation dia ox@m, Dots 

represent the position of. the angl ysed ey ®@mples of the study era, 

Fe0-(00 + Ky0)= Mgo triline®r variation diagram, 
Dots represent the position of. the an®lysed 
trap simples of the study are, 

Slk-(100-a01)- | 2(alealk) trilinear verietion 
diagrm, Dots represent the posi tion of- the 
an®lysed trap smples of the study ara, 

FeMeA trilincir variation diagram, pots represent 
the position of the anflysed trep s#mples of 

the study arg, 





A-GE trilineir variation diegrém. pets 
show the position of the arflysed panjal trép 

AtrAbeOr trilineir variation diagrém, pots 
imiicate the position of analysed Panjel tr@p 
@mples of the study are. Different fields 

are present in this diagrém, 
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A trilinear diagram with ml cite, dolomite and 
Inscluble residues, Dots represent amlysed 
Bandipure limestone @mples. 
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@mples of the study are, 

Fig.2, Plots of day ani insoluble residue percent®ge 

of limestones emples of te study are, 
Fig.3. $$ Plots of insoluble didihed nd MgO percent®ges 

of limestone s@mples of the study are®, 
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Figs 1 and 2. Figs 3 and 5. 

Fige4. 

Fig.6, 

Mi crophotogréphs of laminated dolomite 
lime-mudstome without biocdlasts.Light 

Layers re eryptocrystelline dolomite and 
white specks of dolomite rhombs ere @l so 
seem. Cross nicols x 45, 

Microphotogréphs of wackstone of f11@men- 
tous bivelve micrite showing su®l1 undulé- 
tory velns and styclites. cossed nicols x 45. 

Mi crophotogreph of encrinite packstone, biospe- 
vite shoving crinoidl stems. Crossed mods x 45, 

Microphotogreph of dolomicrite showing ® 
straight Line composed of s®@11 dolomitic 

rhembs. crossed nicols x 45. 





PLATE ©37 

Figs 1 and 2, _ Microphotogrtphs of biospari te wi th 
crinoid stems showing the centr®] part 

filled with spary @ldite. Grestes Meds 

Fig.3. Mi crophotogreph of biesprite with large 
| sections of @ plate of crinold shaving 

large hole fillod with a@lcite in the 
centre, the mterial is beided in sparry 

@i cite. crossed micols x 45. 

Figs. 4 and 6, Mi crophotogréph of encrinite erinoidal 
waekstone having sparry @lcite cement 

wi th cotted gr@ing. crossed nicols x 45. 

Pig. 5, Microphotegr@ph of bi osperi te Limestone 
| showing perfor@ted crinoldal stems 4long- 

with interclast material.crossed nicole x45. 
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Figs 1 to 6. Microphotographs of typi ®1 @1 @reni tes 
having lot of ailty mteriel intermixed 

With fossil debris, Grossed nicols x 45, a 





Figs 5 and 6, 

PLATE -39 

Microphotographs of dolosparite sharing 
the hypidiotepie texture. eros sed 
nmicols x 45, 

Microphotogrtph showing dolostone wi th 
undolomiti sed mieri tic mterial in the 
centre. Grossed nicols x 45, 

Mi crophe tographs of biodcLomicri te , 
probably the longi tudim], eri noida] 
stems &re seen in the centre. | 

Gossed nicols x 45, 
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