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J/Q\LLAH[
THE MOST MIERC HIT
"""" HE MOST BEL H&]E H
O Prophet! say to them, * Praise is only for Allah; very soon Hc'WiH show you His
Signs, which you shall recognize, and your Lord is not unaware of what you do. * (27/93)
 Ist of all I praise Allah Almighty for His beautiful creation and the hidden treasures of

the earth, which He created for the mankind. 1 think that modern world scientists are in

psychological crisis because they have sought to discover the world without appreaciating the
Creator. The restoration of harmoney between the natural sciences and the Creator would in no

way limit the rationale, the digging/ drilling of the carth and the discovery of the new seerels

'

benefitting humanity and understanding Allah. -
Because in every thing that the carth contains and every scene which the Heaven present,

have lots of signs of deep import for man, if only he cares to notice them. When man reflects

~ over the aim and purpose of the scheme behind the creation of universe, the way to reality opens

. s : 1 . a via intelle : Ji
out before him by itself and relieve him of all obsessions born of ignorance via intellectual &/or

spiritual blindness. Allah guides the sceker after truth to the Right path by affording him the

. . bl
opportunity to make use of his knowledge for the purpose of chscovcrmg the Reality, and

showing him the signs as a sort of introduction and recognition guiding towards Ultimate

Reality. Let us view the subvolcanic-volcanic microporphyrics in time and Space

e



| ABSTRACT

Acidic microporphyries of Late Paleozoic age are intimately associated with appreciably

larger volumes of acidic plutonic rocks of alkaline igneous prbvince of Peshawar Plain. Field

| evidences and their partial intercalation in the metasedimentary sequence of Jaffar Kandao and
Baroach Formations suggest an Early Carboniferous age.

Very coarse to fine-grained felsic phenocryst in fine-grained to gléssy felsic groundmasé
clearly imparts a porphyritic texture to these rocks. On the basis of modal and chemical
composition, majority of these rocks are classified as rhyolites on one side and basalt (now
greenschist) on the other. Variables and their ratios based on major and minor elements classify
these rocks as A-type, mildly alkaline and peraluminous in char‘acte;. '

On various tectonomagmatic discriminétion diagrams, these rocks show a with.in plate
continental rift envirohment, and this character is also supported by Hf/Th, Hf/Ta and
concentration in Zr and Ta. |

i | Sensitivity of Th, Hf and Ta due to crustal contaminaLtion is seen in tectonomagmétic
discremination triangular diagrams based on these three elements. Eu—_anomaly‘ displays‘ﬂuid-
solid rock interaction confirming soda metasomatism due to lz;te magmatic

phases in these rocks.
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(\ll.lh is Ile) Who hath driven (emplaced) mountams fn'mly into the emlh lest it should
turn away from its usual course along with you,(1) caused rivers to flow, made natural
ways so that you may be directed aright.(2) Ile has placed landnmrks to direct peoples,

()

(2)

)]

' ‘md by stars, too, they are directed aright.

Besides all other benefits and means of subsistence the real function of mountains is to
~gegulate the motion and speed of the earth. Quran -in very simple words- consistently
describes mountains as stabilizers for the earth’s surface. It refers their outward
protrusion for isostatic balance and emphasis their great downward extension within the
earth’s crust. Added further it mentions the exact role of mountains as pickets (or
pegs)i.c. as means of fixation for earth’s crust. Such knowledge was revealed more than
twelve centuries before man started to wonder whether or not mountains could have roots
below its outcropping parts, and before he could realize any value, for the existence of
mountains on the surface of our globe, a value that is only being currently conceived by
a very limited number of specialists in the field of earth sciences.
Natural ways are those routs which are formed along the banks of streams, ravines and
rivers. Though the importance of these ways is great even in the plains, one feels their
sore needs, in the mountain regions. :

This is a sign of Allah that He has broken the monotony of land by placing conspicuous
landmarks on it to distinguish different regions from one another.These have many
benefits and one of these is to help guide travellers and navigators to their destination.
It is in the deserts and the scas that peoples realize the true importance of (--by stars,
0o, they are directed aright to their destination). The use of compass also rcqlueq the
significance of polar star. »

A critical study of all these along with other innumerable signs which are closely
interconnected and are also indispensable to man’s wellare and his very eéxistence are
clear proof that only one Being has designed the whole universe and created it in
accordance with that design. It is He Who is all the time creating new things to fit in that
scheme, Who can then claim , except a foolish or Ol)dllldlL person, that all these have

come into existence by a mere accident.




CHAPTER ONE
INTRODUCTION
1.1) LOCATION OF THE AREA:

The valley of Peshawar is surrounded by hills and mountains with the only exit for v\;ater
discharge at south-east towards the Indus.The studied area is situated between longitude
772°18/and 72°25'E and latitudes 34°7" and 34°1 /N afew km to the north-west of the confluence
of the Indus and Kabul rivers and is covered by survey of Pakistan toposheet No-43B/8.

1.2) ACCESSIBILITY:

A network of metalled and unmetalled roads give an easy access to tﬁese outcrops. The
area is approachable from Jehangira in the south, Swabi in the east and Mardan in the west.The
outcrops of Turlandi and Gohatai lie on Mardan-Swabi Road. The rest of the outcrops are
accessible through these two reference locations, 2km just to the south of Turlandi aloné
Turlandi-Dagi Road, Tarakai outcfop is situated,1km to north-east and 2km to south-east of
which Rashakai and Tora-Tiga outcrops are located respectively (Fig.1).

At a distance of Skm’ cast of Tora-Tiga the outcrop of Mansurai is approachable, to the
south of which at about 6km distance Gaju Ghundai breaks the monotony of the land on the

other side of Upper Swat Canal.

1.3) PHYSIOGRAPHY:

The elevated Indus Ridge of Sari-Maira is an important physiographic feature of the area

under investigation. This ridge comprises of sandstone, siltstone, mud and conglomerate, running
from Gohatai as far as Jehangira, roughly parallel to the Swabi-Jehangira Road. This ridge about
1300 feet high above sea level, is a major geomorphic feature dividing the Swabi Plain into two

i.e. eastern and western parts. The Sari-Maira Ridge slopes gradually towards Dagi-Yar Hussain

plain in the west but has a rather steeper slope and abrupt junction with the plain towards east.

[.4) DRAINAGE SYSTEM:

The eastern tortent is the Badrai-Khwar, which meanders in an incised channel gelting

various other torrents and ultimately joins the Indus River, near Hund, While the western

torrents i.e, Shagai, Narrangai Khwar, Badhkoar, Ballar and Burwazai fall into Kalpanrat and




5 ﬁ-naily drain into Kabul River.

" 1.5) BED ROCK OUTCROPS: y
The Swabi Plam ranges in height from 1000 to 2000 feet above sea h,vcl Although the
surface is generally a level plain, however, irvegularities are found due 1o local relicf. The most
conspi\c;‘uous topographic feature is the isolated outcrops of various elevations lithologies
"\ The main outcrops are Gohatai (1357 feet), Mansurai (1214 1’cn:t); Gaju Ghundai (1563 feet),

‘Purlandai Ghundai (1222 feet), Tarakai Ghundai (1332 feet), Tora-Tiga (1230 ivet), J&hdkd]

Ghundai (1206 feet), Shah Mansur Ghar Le. Misri Banda Quartzite (1464 feel), type locality of
‘Ambar Formation (1280 fcct) at Ambar and Lype section of Panjpir-Formation (2053 fect) al

punjpir. The first seven outcrops comprises of the subvoleanic-volcanic porpliyries and have

heen studied in detail.

1.6) METHODOLOGY:

Two folds study has been "incorporated in this research;
A) erld work, B) Labomtory work.

I“xcld work:- Rock samples were collected from various units for the dum}cri pmogmph'c‘
;{nd geochemnca! studies. thhologlml and stratigraphic study was conducted to report the close
-.\ssocntlon both in space and time of the acidic and basic subvolcanic-volcanic rocks.
| Laboratory Work:- More than hundred : amples were collected from different outerops
' lllld"tl1e1r.. t,hm.sectlons were made ., Lwenty four samples were analyzed for ‘major elements by
i’ .clzissical wet chemical method. In addition to trace eclements, FeO, Na2O and €20 were
“duplicated by Neutron activation at Radiation Centre Oregon State University USA.

»

7) PURPO‘IE OF STUDY:

The 'llm Of the present study: ;51 tc‘) make an attempt to elucidate the genesis of thc, rock

1 hologles alongthh their proper nomenchtuu, petrological and petrogenetical moclu based on pctrovrapny

~

. ;_md geo-chemlstry.

5 \

s e




Fig.1 hoommos,gm@ of Subvolcanic-volcanic rocks.
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(ALLLAH) sendth down water from the sky, so that valleys flow according to lhmr measure
(capacity),(1) but the flood bears away the foam that mounts up to the surface,(2) likewise
there arises a scum out of the metals (ores) which is melted (smelted) in the furnace for the
sake of ornaments and utensils. This is the way doth Allah depict truth and falsehood, (3)
then as far the foam, it passes away as scum upon the banks, while, as for that which is

of use to mankind, remains in the earth.(4) In this way Allah cites similes to make Ifis

Message clear.(5)

This verse is full of parables:-

5]

(2)

(3)

(4)

This simile states that it is Allah Who sends rain and He sends it to a!l See how it flows
in different valleys and channels according to their capacities, some are sluggish (slow
to respond), some have swift currents. Some form great rivers and irrigate wide tracts

of country, some clear crystal streams,perhaps in hilly tracts,flow through the beds of

clean pebbles. Then there are degrees and degrecs among brooks, streams, channels,
lakes, seas oceans etc. Similar is the case with the rains of Allah’s revelation, which He

- sends. All can receive it but different ones respond according to their capacities.

In the physical world, water is pure and beneficial. But froth and scum gathers according
to local conditions. As the flood carries off the scum, the slurries (insoluble mud,lime,
pastes) settles down to form various strata at the bottom. The froth makes a great show’
refers to the hue and cries of the opponents of the islamic movement and has been likend
to the swelling of scum that begins to dance about on the surface of flood water.

Here Allah remarks that as ores are melted in furnace for purification, naturally scum
appears on the surface, so likewise bad peoples would come to the surface and take the
prominent role in persecuting the good peoples. And as the ore is full of baser admixture
but the fire separates the wanted metals from the drass; similarly, the firc of Allah’s test,
either by adversity or affluence will search out the true ones to their conviction,
In this simile, ‘survival of the useful” instead ‘of the fittest one’ is revealed. Allah assures
“that frothy knowledge frothy systems and frothy rwoluuons will soon disappear, but
Allah’s truth and real guidance will endure.
All these similes refers to the processes of deposition, mdrmg, Lr)’&ld”lZdIlOﬂ from
solution, fusion, sublimation and recrystallisation. The practical manifestation of these

phenomena in natural outcrops at local and regional scales defines Local and Regional -

Geology.

o
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*Have not the denoyer of Truth ever visualized the i.ici uhai‘_ﬂhc heavens and the carth were

a single (nebular) mass in one piece, so We parted them both into fragments, and We made

everyliving thing with (of) water. Will the y nct then believe.” {Al- Anbia-30}.
TECTONIC SETTING IN THE FRAMEWORIK OF THE NORTH PAKISTAN:

The concept of Tethys as a geographic entity may not have changed much since its
inception, but the concept of Tethys in geologic time has changed considerably. The end effect
is in agreement that all Paleozoic systems have had a Tethyan like episode in their history. The
Himalaya orogen is a product of convergence and collision of the Indian and Asian plates. A
thick, vast sedimentary prism of early Riphean (1600-680 Ma) to Lale Cmm-“liuccne age on the
passive continental margin of the Indian Craton gave rise (o the Himalaya (Valdiya, [989). |

The common association of alkaline igneous rocks with extentional tectonics led Kemp
and Jan (1980) to propose a rift origin for the Peshawar Plain Alkaline Igncous Province. Rafig
(1987) proposed that before disintegration, when the Indo-Pakistan plate was a part of the
supercontinent (Pangea), the alkaline igneous provinee and its parental rift zone of the Peshawar
basin might be a continuation of the East African rift system and the Alkaline Igneous Province
of Nile. He also suggested that Ambela Granitic Complex (AGC) might be the product of an
epicrustal phenomena in structural pattern (crustal swell), within the crustal basement before the
disintegration of Gondwanaland began.

Baig etal.,(1988) dcmarcated the concordant basal intrusive contact of Ambela and
Mansehra Granites with quartzite and phyllite of Tanawal Formation to the north of this area ‘ih
the walls of the Indus Gorge which they interpreted as a continuous sheet like intrusion
resembling Pre-Cambrian granitic basement of Indian plate. All the Ii_thof'nc'i@ relation of Late
Precambrian-Carboniferons  meatsediments indicate  deposition in a northward deepening
epicontinental graben, to the NE of which Late Cambrian-Tlrly Ordovician tectonism i.e
intrusion of Salkhala event created highlands from which Cambrian strata were eroded. The
suspected left lateral Darband Fault of Himalayan age (Calkin, 1975) running parallel to Indus

Shallow marine sedimentation resumed in the Ordovicion and cotinued untill near the
close of the Devonian, Two subpara]lcl high-angle faults which offsets Precambrian-Silurian
Formations north and south of Swabi may define a minor Carboniferous graben (Pogue etal,

1992). The parallelism of structural trends of these faults to the contacts between the individual
granitic intrusions and the diabase dikes both comprising Ambela Complex (Rafiq, 1987) indicate
a NW-SE orientation of maximum extention during its emplacement. As the acidic
microporphyrites of the studied area are regarded as the first volcanic phase of Ambela Granitic -
Complex so the Devonian-Carboniferous tectonic episode suggest rifting and silicic (acidic)

magmatism probably on knabs of which Nowshera Fornfation was deposited.
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CHAPTER TWO
REGIONAL AND LOCAL GEOLOGY

2 1 REGIONAL GEOLOGY AND TECTONIC FRAMEWORK.

The subvolcamc—volcamc rocks of acidic and basic composition are associated with the
alkaline igneous rocks and are exposed throughout the alkaline igneous province (Kempe and
Jan, 1970; 1980; 1983; Le Bas et al., 1987; Rafiq and Jan, 1989). This volcanogenic region in
question is considered to be the early magmatic episode along rift zone extending some 200 Km
cast west and occupies a part of internal zone of Indian plate in NW Himalayas comprising
Peshawar Plain. Though extensive outcrops of these microporphyries are not exposed, however,
the sporadic distribution at Tarbela within the host peripheral metasedimentary sequence of
Ambela granitic complex (Jaffar Kandao Formation and Baroach Formation) at Gohatai,
Turlandai, Tarakai, Rashakai, Mansurai, Naugram, along Totalai-Changlai roadside, DariDhob,
Sorai-Malandrai, Ziarat, Nawe-Kali and Mula-Yusaf is indicative of a widespread volcanic
activity in the region,, - |

. Beyond these localities, ;he acidic microporphyries and lavas (Known as greenschists) are
exposed near Gajju Ghundai, Shewa-Shahbaz Ghari, Jaffer Kandao, Naugram, Nawekili,

Krappa, Daridhob, Bajkata and extending uptill Warsak. Regional extension of these rocks

.represent a broad east-west extending volcanic province and mark the initial volcanic phases of

alkaline igneous rocks along a rift zone. These microporphyries are interbedded within the
metasediments of Jaffar Kandao Formation (’6 Km east of Rustam) and Baroach Formation at
Daﬁdhob, Sorai-Malanderai, Nawe-Kili and Krappa area (west and northwest of Ambela granitic
complex), In addition it is also believed that these rocks are extrusive equivalent of the
microporphyries of Shewa-Shahbaz Ghari Complex and Warsak. ‘

Dyke swarms of tholeiitic basic composition spread over the Pre- Cambnan to Late
Paleozoic rocks and cross-cut even the late plutonic and volcanic phases, (for example Koga
syenites of the Ambela granitic complex) are now believed to be Late Paleozoic or Early
Mesozoic in age (Rafiq, 1987; Jan and Kanm 1990). ‘

The reg1on is bounded by MMT to the north and MBT to the south and comprises of

l pelites, quartznes and carbonate rocks, the "Swabi-Chamla Sedimentary Group" of Martin

et al., 1962, in the NE, E, and SE. The rocks of Nowshera area were »traced towards Swabi on

the basis of similar lithologies and conodonts revelation. Hence the revised Paleozoic sequence
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(Hussain and Pogue, 1986) encircling the area are as follows:-

' Formation Age

5) Jaffar Kandao Formation Carboniferous.
~=-UNCONOrmity =---=-ceeem-

4) Nowshera Formation . Devonian .

3) Panjpir Formation , Silurian,

~ -—-unconformity ---------

2) Misri banda Quartzite Early to Mid Ordovician.
----unconformity-----------

1) Ambar Formation | Cambrian. ’

2.2 GEOLOGICAL SETTING

The sporadic outcrops of these subvolcanic-volcanic rocks constitute roughly an east west
trending zone, extending from Tarbella in the east, through isolated outc‘rops north east of
Peshawar Plain and around Ambella Granitic Complex to Warsak in the west, occupy the
internal zone of the NW-Himaiaya in northern most part of the Indian Plate. |

Members of these microporphyrites exposed at Warsak and Shewa Shahbaz Gharhi are
widely interpreted as a part of the alkaline igneous province (Kempe and Jan 1970, 1980). The
microporphyrites of acidic composition are present as an interlayered scqucnéc in the middle part
of the Jaffer Kandao Formation throughout the western and northwestern margin of the Ambela
Granitic Complex-at Dhari Dhob, Sorai-Malanderai th.rough Nawe:Kili upto Bar Chinar. South
‘of Ambela Granitic Complex these subvolcanic-volcanic rocks cut across the Ambar Formation
(Cambria;r), Misri Banda Formation (Early to Middle Ordovician) and Panjpir Formation (Early
toMiddle Sil'urian) along the Sawawi-Totalai road section, at Naugram and at many other places.

Field evidence, and previous studies (Kempe & J‘an,_‘ 1970; 1980; Raﬁq, 1987; Rafiq &

Jan, 1990) suggest initiation of rifting and magmatism which probably started during Devonian .

and span over Carbonifereous and Permian (Rafig, 1987). It is now believed that before

disintegration, when the Indo-Pakistan plate was a part of the supercontinent (Pangea), the ”

alkaline igneous province and its parental rift zone of the Peshawar basin might be a continuation

of the East African rift system and the Alkaline Igneous Province of Nile.

The basic rocks of this volcarnic sequence are exposed in Gajju Ghundai {10 ko west n(
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Swabi) Jaffar Kandao,. Saral Malandera1 Nawe Kili and Krappa. Both acxdlc and b

asic rocks
occur as plugs, lenses and dykes. |

2.3) STRATIGRAPHIC SEQUENCE AND AGE OF SUBVOLCANIC- V()L(‘AMC ROCKS >

Field, geochronological and geochemical data suggest the following staratigraphic
sequence in the region,

1) An early bimodal (basic and acidic subvolcanic-volcanic) rocks are formed within the

early stage of rift zone, with intercalated deposition of conglomerates, argillites, thin bands of

‘limestones and partly quartzite (Jaffer Kandao Formation). The sequence unconformably overlies

~ the Nowshera Formation of early Devonian age (Pouge and Hussain 1986). Late Devonian to

: Late Pennsylvanian age was assigned to this mixed volcanic metasedimentary sequence called

as Jaffer Kandao Formation, and can be correlated with early units of Panjal basic volcanic
rocks. However, some isolated outcrops of acidic microporphyrites cut-across and flow over as
sheet i.e. Gohati rhyolites suggest even younger ages. Shewa Shahbaz Garhi microporphyries
have a Carboniferous (Probably Mississippian) age Pogue‘ et al.,1990; Khan, S.R. et al., 1990).
. 2) The main plutonic phase of alkaline igneous province particulatly the Ambela Granitic
Complex formed within the rift zone initiated with granites and alkali granites 25 first plutonic
episode. This is succeeded by the desilicified alkaline sequence of qhaftz-syenites, syenite,
foidal syenites, carbonatites, ijolites etc of second phase (Raﬁq, 1987; Rafiq and Jan 1989;
1990). Incorporation of roof sediments and microporphyrites which océzlr as xenoliths and
enclaves (Sawawai & Bagh marbles of Nowshera formation) Rafiq et al., 1988) suggest that
these microporphyrites were probably the early phase and are older than the main plutonic
episode of Ambela granitic complex. Reliable Rb-Sr isochron ages of 297-315 Ma (Le Bas et
al',‘1987) for Ambela granitic complex, U-Pb systematics of Zircon in the Malakand Granite
(Zeitler, 1988) suggest an early Carboniferous age for these subvolcanic-volcanic rocks.

3) Late magmatic episode of basic dykes intrude most part of the internal zone of Indian

‘p'late in Peshawar Plain, Swat and Hazara areas. The quartz-hypersthene normative continental
‘tholeiitic basic dykes most probably of Permian or Early Triassic age (Rafiq, 1987; Jan and

‘ Kar_im,' 1990) cut across the whole stratigraphic sequence of Paleozoic age in the area. (Rafiq

and Jan, 1990). Furthermore, it is concluded that, these basic (:kaes have no genetic age

. correlation with the older microporphyries under discussion.
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Every event preserves its prescrlbed time & space, by & by you shall know i

STRATIGRAPHIC SEQUENCE & AGE OF THE ROCKS

5) 557 A 8/ 5% 5
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[A] Rafiq, [1987] suggests 3 distinct episodes for AGC.

3) Late magmatic Permo-Triassic episode of quartz-

hypersthene normative continental tholeiite basic dykes.

2) Desilicified alkali sequence of qtz syenite, syenite, foidal

syenites, carbonatites,ijolites.

e l) Main plutonic phase i. e granite/alkal; oramtes
| ) [B] The 1solated ac1d1<: micropophyries are mtenpxeted as the Ist
~ volcanic phase 01‘ AGC on the following grounds.
IJ The Ist. type suggests rather a wider span for acidic
B “magmatic activity with lesser volume of their bas‘ic associates.
2] Kemp's (1986) repetitive concept of alkaline magmatgism over .
~a long period for PPAIP supports this interpretation & if his
| "K‘/Axl'date,. [350+ 15Ma] on an amphibole albitite at Tarbela be
a‘céepted, as an emplacement age then the initial .rit’tting must
"“'11‘a:ve been occurred during or prior, to the Late Devonian.

* 3] Incorporation of the microporphyries & roof sediments i.e.

B"agh marbles of Nowshera Fm. as xenoliths and enclaves in the

i | 2nd phase suggest a contemporary age of main plutonic episode.
4] Reliable Rb-Sr isochron ages of 297- 315 Ma [Early-Mid
;. ‘y“_,._.‘PensyI by Le Bas et al,1987) for AGC,. U-Pb ‘systematics of
‘ ‘,  'le'00’11 in the Malakand Granite (Zeitler, 1988) suggest an carly




Carboniferous age [355+5 Ma] for the acidic migroporphyrieé.
5] The quartz~hypersthene normative continental tholeiiiic basic

dykes of Permo- ~Triassic age cut across the whole suatlgraphic

L,g,quence oi Paleozoic egf in the area (Rafig and Jan. 9@@)
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‘He set. movntains in “the earth lest it should tilt along with you

& dlspelsed all kinds of moving creatures therein’ [31/10]
6] Pogue et al.,1992 recovercd Viscon [356-341 Ma] conodonts

'C I‘\ p ‘ i.- Py ] L o E"r
f..w‘u'.—- :

from the upper half of JKF & Wectphalian-B, 308 Ma conodonts
| ﬂ*om metabasalt of Krappa Greenschist, 20 m above its contact
with the underlying JKF. The Late Devonian-Late Pennsyl.[367-
300 Ma] age assigned to this mixed volcano 1ﬁetasedimenﬁ*y
sequence favours an older age for the isolated rocks.

7] The whole spectrum of acidic microporphylfies along with
tholeiitic to ijolitic basic rocks indicafte a tectonic setting in
which an episode of intraplate rifting is going on which infers
that the acidic intrusive, present ‘é.hmug:hout the Pre-Cambrian
| crystalline basement of Salkhala Fm. (Pc’:pritz & Rey, 1989)
along with the Paleozoic sedimentary cover, was reactivated by
’ 'hotspot, resulting in partial melting produci.ng A-type gfanitic

magma ranging from alk-per/meta aluminous composition.
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| Thou seest the rnountams & thmkest them firmly hxc,d yet they |

are ﬂymg over the flight of clouds.This is the artnstry of Allah

- Who set evérything with e'xactitude.’(‘27/ 88)

‘Itqan, means ‘to arrange the things in right perspective’ which

| signifies that everything has its own beauty. thereas ‘the

f ‘,elements were ¢reated to give a form to‘ the universe, even so
weré they invested with the qualities of color, light, shades,
rythm of harmony & symlnetry Hence we see xocks minerals

& xls in various foxms shapes, & disposition Wthh urges their

PETRO @RAPHY *

The newly investigated subvolcanic-volcanic rocks exhibit

'porphyritiyc texture with feldSpar-lquartz phenogrysts ineither fine:

‘g'rained/aphinitic groundmass & are bimodal in composition

frorn place to place based on mineral contents, phenocxyst /

e ’:groundmass rat1o & types of phenoc1ysts Volcamc glass 1s also’

Vo '»"‘,A;com‘mon at v_arious places.
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CHAPTER THREE
~ PETROGRAPHY

Other than intercalated sheets? lenses and dykes associated with Jaffer Kandao Formation,
isolated outcrops without'exposing any metasedimentary sequence, iis suggestive of an extensive
subvolcaric volcanic region under the alluvium of Peshawar basin. This region may extend at
. 1east.fr_o'm Gajju thndai (Swabi) upto Warsak passing through Shewa-Shahbaz Garhi Complex

The acidi:c microporphyrites have previously been described from the surroundings of the
Ambela Granitic (Rafig, 1987;~Raﬁq and Jan, 1986; 1989), and Shewa Shabaz Garhi Complexes
(Chaudry and Shams 1982, Irsh_ad et al., 1990). The newly investigated subvolcanic- volcanic

‘rocks exhibit porphyritic texture with felspar-quartz phenocrysts in either fine grained or

‘aphinitic groundmass The rocks are bimodal in composition from place to p~hce based on
nnneral contents, phenocryst/groundmass ratio and type of phenocryst. Volcanic glass is also
common at various places. , _
‘/3 1) GAIJU GHUNDAI AND NAUGRAM MICROPORPHYRITES:
These mlcroporphyntes are composed of phenocryst of mostly pcrthensed alkali felspar

(upto 5 mm in size), amphibole (richterite), epidote (Plate 3.1) and minor playochsc (An 12-
20), ore, quartz and‘ae_gmne augite (in the order of decreasing abundance, Table-1). Epldote
amygdales with chlorite+quartz and xenoliths of basic rocks are also present as secondary
phenocrySts Overgrowth/reaction rim along margins of amphiboie (grains with brownish green
core and green to greenish blue rim) is seen in most of the rocks. Fused margins of feldspar
phenocrysts and concentration of ﬁne blue amphibole and aegirine around their margin indicate
- metasomatic effect of Iate stage fluids and/or dev1tr1ﬁcat10n/reacnon of phenocryst with ground
mass (Plate 3.2). , '

~ The groundmass 1s either very fine grained, aphinitic or glassy and its constituents are
dommantly felsic with secondary epidote, bleby to tiny crystals of reibeckite, aegirine augite,

ilmenite and rare sphene. The phenocryst/ groundmass ratio’varies from 10/90 to 30/90.

- (Table-1). Blow ves1cles are s

‘limonite. Perlitic and var1011t1c structures are common in the groundmass.’
also indicative of flow structures

tretched in the direction of lava flow and mostly filled with

Linear orientation of primary mineral constituents are

| (Plate 3.3). Lenses ,mterrupted bands, patches of ash and fmcture fills are also noted.

‘-‘2 :
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TABLE L. MODAI COMPOSIHON OF SUBVOLCANIC-VOLC: \I\!( k’(}("E\S OF THI
PESHAWAR PLAIN :

GJ5 GJ7A

S. No.

PAF
Pg
Qtz
RF
Epi
Amp
Ore

PHENOCRYSTS

FGM 80.

BIO
EPI
b’% ORE
< HBL
é BAM
£ AEG
@ ORD
™ SPH
P/G ‘
RATIO

GJ1 GIJtA

Lol
19,1

o3 .
— A0 - ;L)

o0
OO

GI2 GI2A GI3A GJiA

10 65
- S
20 10
- 20
Tr Tr
70
Tr -
2 .
4 5
8 25
10 25
90 L 75

GISA
GO GO
3 -
7 L0
30 20
- 5
- 5
Tr Tr
68 65 88
Tr Tr
| 7
IS 12
-5
- Tr
Tr -
15 10
30 25
70 75

foral
[e o BN R )

L

%0

Gi8 GJoa

GJIIGI10A
70 80 85
10 10
‘5 5
15 - -
- 5. T
- - g
85 05
- Tt .
_i Q -
3 S 2
Tr 1 2
Ty Tr Tr
5 1 |
o1z 10
90 8. 00

KEY:- (.J—(‘mu PAF= pedthetised alkall felspar (5w in size), Amp=Awphibole(richterite), Upi= Upidote, g= l""bl()dl‘u An; 12 20), Qz=Quaitz,

AEG= aggirine augite (in deereasing abundanee), Epidote amygdales with chlorite Lquartz aml xmululw of basic rucks as sccondary phenoerysts, RF = Rock

fragiments, BIO=Biotite, HIBL=Homblende, BAM=DBlue Amphibole SPH=Sphene, P/G== Phenoeryst-Groundmass Ratios = 10/90-30/90. The groundmass

is fine grained/aphinitic/glassy and its constituents are dominantly felsic with sccondary epidote, bleby to tiny erystals of reibeekite, acgirine augite, ilmenite

and rare sphene.



Table 1 Contd.

SNo. TAR

Ash

n PAT -
2 .
> Quz -
é RF -
> Ept -
H Amp -
. Ore 2
o FGM 96
2 BIO -
s EPI -
2 ORE I
é HBL -
M BAh’i -
O AEG -
ORD R
SPH -
ALT 3
P/G 2

RATIO 98

KLEY:- TAR="Tnrakai, l{AS=Rm\In}.m. MNS-—M msurai, Al ' = Alteration;

In Tarakai rocks,

18%), the mode! proportion of yichlerite is miore than 5
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TAR
Tuilf

60
30

N e

iir

RASY

65
10

7
15

G =Gohatai Ghundai, T 1‘='l'omk Tiga, Cite=Chlorite;
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65 50
2 15
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- 5
78 95
2 I
12 1
5 3
I Tr
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1 -
- Tr
1 Tr
35 35
65 65

phenoerysts are Lubcr than Munsurai and are mainly of clomly peithetized alk i feldsp

Phenocrysts of alkali-feklspar are mostly corroded and show alteration along the marging and eracks
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See ye not how Allah hath nmde serviceable unto vou
whatsoever is in the skiev and whatsoever isin the earth
and hath loaded you w: th His favour both withoutand -
wrthm. (31: 20) ’
TABLE 1 : , S ’ ;
MODAL COMPOSITION OF MICROPORPHYRIES FROM SUBVOLCANIC VOLCANIC
ROCKS OF THE PESHAWAR PLAIN

TTI TT2 TTS ™7 TTI3

S.No. - MNSt4 MNSI7 Gl G3 qs o T
* ; ' ' TTI15
PAF { ss 8 - 20 40 65 6 60 8 45
o Py 10 5 - 50 40 .10 7 s 15 25
2 0tz 20 10 90 10 10 L5 20 25 - 20
; RF 7 - - - 5 5 8 7 - 5
8 Epi - - - - - - - - - -
E Amp 8 - - - - - o
T Ore - 5 - - - - 5 - 5
% Cte - - 10 {0 5 - L - - -
FGM - -85 82 87 90 88 02 88 90 90 ., 90
BIO Tr - : - 2 Tr 4 1 - 4
vy EPI 2 1 - 2 | 3 5 | 1
% ORE ! 1 5 5 7 3 1 2 2 3
g HBL 2 I - L - - - - - -
Z BAM 9 12 - - - I 4 - - -
= AEG Tt 1 - Tr Tr - - -
= ORD Ti 2 5 3 Tr Tt 1 6 !
© $PH - - - . I - : - - .
ALT Tr - 3 2 - I Ty 1 A ¥
PIG 12 § 3 308 35 30 25 10 30
RATIO g8 92 95 97 . 92 65 70 75 90 70

KEY:- Chl=Chlorite =Curboniceous 1 . N : ‘
orite, Car=Curbonaceous material, Mus=Muscovite, Cly=Clay; The. ratic between the phenoeryst and the groundmass varics between 1:6 to
Q11 (Table-1), Perthetized atbaliofol e . . . . ‘
¢-1). Perthetized alkali-feldspar phenosrysts are subbedral to anhedral in shape and vary in size from [*1 (0 23 mm. Plagioclse (An=15 to 20%)

is fresh however, saussuritize RTINS N M i .
, efy saussuritized and kaolinized grains are alsd present, The-groundmass consists of 70 to 90% of felsic and 30 10 10 % of mafic constilucnls

(some of whic S L. . }
of which are jdentified as biotite, and epidote), The texturc of these rocks is felsophyric to spherulitic.
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S.NG. GIIZA " GN3 | GIBA  GIT G327 GI35 "G TERT Tapy
GJI5 _‘ TART

17 S S :
5 PAF 82 20 75 85 90 50 . 80 68 7S
> Pg 10 70 5 5 5 10 10 12 10
£ Quz 5 5. 5 5 510 10 12 5
S RF - SEERE - - - -5 5
B Epi - - - - - - - <« -
& Amp 2 - 2 5 - - - - ~
Ore - 5 - 2 - 30 - e -

FGM 9 92 8 - 83 95 95 95 02 8
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The verse points out that everything in the universe of “the seven Heavens and the carth”
as it stvles it, is so beutifully set that one and all proclaim in unison the wisdom and glory of

~ o
i

~J 19
wnon

their Lord, One and all testify to the fact, under the divine scheme of things, In everything i
the Quranic sense, the term ‘shy~un’ or thing referred to in the verse, applics aot mens :
v {

the things of matter, but even to every aspect of human life and agtiviry. There i faw ol &
at work appropriate to it. It was expected of man {o understand these faws,

Here the seven heavens are referred to, which have been recently interprettesd th dinjly
sevien concentric shells like entities,; surrounding one over the other and with radii ineeesany in
geometric progression, the first/lowest of these can be identified with Solar Syatem (hoems o
Dunya; Al-Mulk-5); as envisaged in the paper entitied, "Discrete Orders of hlagn
Various Types of Natural Phenomena” by M.M. Qm'cshi, in PakJ.Se o2l
302,(1970). In this paper, the ratio of the successive coceniric she
derived as being of the order of 20,000, and shown to be in sgreement with @ et

Moreover, the same ratio was shown to apply 10 the dec i
sub-nuclear phenomena and this goes in concorance with the varse which states, "Alkb is He
Who hath creaied seven heavens and of the earth the like thereol " (65/12).

As mentioned by Al-Dhuhak in- his book® Al-Futhohat-e-Aliahia’
earths,one over the other, without cleaves as the heavens. : i
to measure the changes occurring at distinct bounrlaries between crust and mantie and marhe 409

Tea N, ¥
f b oA

te (Sabuta S

reasing sizes of shells (duwn o

There afe seveid
" Using selsmic waves &§ Cari prots

v

Lo 3 ove 42
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i iti ¥ a Aol Cocare ot den

core. Tt was found that beside compositional other changes also ceoar ab deptnd ) | .
ividi Care cven distinet stratitied daypars A

100N, 400K, and 670Km. Thus dividing e carth f16 sevun UISHNCE sl 6 By s the
dements rovand

succesive concentric shells. Similarly, the study of atomic structures of the <! :
unimaginable wisdom of Allah, Al-Mighty. All elements arc {?':nli up oF Ty iR g
Fach element has its own specific atom. A lovely wm‘l.d is built within atoms.
Extremely small particles are prudently arranged in this vorld.




Plate 3.1 Micropophyrites; composed of phenocrysts of perthetised
alkali felspar, amphiboles (richterites), epidote ore etc.

(With crossed Nicols: enlargement 45 x.

dspar phenocrysts surrounded by concen-

Plate 3.2 Fused margins of fel
tration of fine blue amphibole and aegirine augite, showing

reaction of phenocryst with groundmass.

(With crossed Nicols: enlargement 45 X.)




Plate 3.3 Linear (preffered) orientation of primary mineral constituents
indicating flow structure of lava. ‘

(With crossed Nicols: enlargement 75 x) -

Plate 3.4 Fine needles of epidote richterite/ar&ef_dsoni‘te arranged
parralle] to the phenocryst, showing flow structure.

(With

crossed Nicols: enlargginent 45 X;. _




3‘f§MANSURAI GHUNDAI MICROPORPHYRITES:

Texturally these rocks show more phenocryst/grolundmass ratio than that of Géj}u
Ghundai. Here the phenocrysts are comparatively larger, with more concentration of subhedral
zoned phenocrysts (reaction rim formed by metasomatic fluids) of soda amphibole. This
character is suggestive of more effect of ‘metasomatism and proximity to the source of
metasomatic fluid than that of Gajju Ghundai. In addition to the indistinguished felsic
constituents in the groundmass, fine needles of epidote arfvedsonite/richterite are afranged
parallel (Plate 3.4) to and turning around the phenocryst are indicative of flow structures (Plate
3.5). ‘

Thin section study reveals a late stage generation of these secondary minerals, which

~ might be the product of disintegration of soda rich glassy groundmass or an introduction of
metasomatic fluids. However, more sodic overgrowth along the margins, fracture/cleavage
 planes in amphibole phenocryst and protrution of acicular needles of reibeckite in alkali-feldspar
phenocrysts (Plate 3.6) favour the process of soda-metasomatism in these rocks. Here qﬁartz is
- almost uneffected. Thin bands of volcanic ash are also present. Though the ash lenses are felsic

in composition, some rock fragments of basic volcanic rocks are also seen in thin sections.

3.3 GOHATAI RHYOLITES v -

Rhyolites are exposed near Gohatai village, Sherdarra, southeast of Jaffar Kandao, Sorai
Malanderai, Nawe kili along Totalai Chingalai roadside and in several other places. TexturaHy,
these are different from the abbve described microporphyrites. The rocks show flow structures
and characteristically marked with blow holes. These blow holes are of different sizes (1 mm
to tens of centimeter) partially filled with epidote,y secondary quartz and ore, are the result of
puffing up of gases from lava drain surface. The rhyolites consist of thin and thick lava sheets,
and well jointed and fractured with dimension blocks locally used as building stones.

These rocks are gréy to light grey in colour with well marked manganese dendrites along
fractures. Less than 5% of the total rock constituents are identified as plagioclase and alkali-
feldspar which occur as phenocrysts. One percent fine clusters of quartz (polygonal), epidote,

ore and chlorite probably amygdaloidal are also seen (Plate 3.7 a).
Rock: éamples from Nawe-kili are dense, hard and light grey in colour (Plate 3.7b).

These rhyolites exhibit vesicles mostly with regular outlines (Plate 3.8) filled with alteration
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Plate 3.5 Fine needles of epidote richterite/arvefdsonite turning around the phenocrysts. (Fluxion

structure superimposed on volcanic flows. With crossed Nicols:enlargement 72 x).

Plate 3.6 Protrusion of acicular needles of rechterite in alkali feldspar phenocrysts-(w ith crossed

the Quranic Edict,’

‘ ‘Nicols: enlargement 45 X). This spontaneously diverts my mind t0
2304 27, u
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[The earth We spread out, emplaced the mountains i 1 the suitable thing

nto it and set almost al

to grow in proportionate balance therein]. -
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Plate 3.7a Fine clusters of (polygonal) quartz, albite, epidote, ore and amygdaloidal .

Plate 3.7 b Fine clusters of (polygonal) quartz, albite, epidote, ore and amygdaloidal |

chlorites.(With crossed Nicols: enlargement 45 x).
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products. The groundmass is mostly glassy, at places devitrified to crystallites and composed
dominantly (more than 90%) of unidentified felsic constituents. Epidote, sericite, ore dust and
chlorite occur as secondary product in cluster and around elongated vesicles.

3.4) TARAKAI-RASHAKAI AND TORA-TIGA MICROPORPHYRITES.

These are porphyritic in texture with uneven distribution of comparativeiy larger

phenocryst than Mansurai and are mainly of cloudy perthetized alkali-feldspar (2 to 10 mm),

strained quartz, plagidclase (An=12-18%), granitic rock fragments and basic rock xenoliths,
(see Table-1). Phenocrysts of alkali-feldspar are mostly corroded and show alteration along the
margins and cracks. Penetration of glassy groundmass along cracks and cavitiés in phénocryst‘
is common. Metasomatic acicular needles and fine irregular patches of richterite are present
within the alkali-feldspar phenocryst. Overgrowth or reactiori: rims of sodié amphibole anng
cleavage partings in primary hornblende are seen. The groundmaés is fine-grained to aphenitic
and composed of felsic constituents, howe\'/er, streaks of very fine grai'ned aegirine, richterite,
biotite, 6re, sphene, and epidote are recognizable.

In Tarakai rocks, the modal proportion of richterite is more than 5% (Table 1), most

probably because of a more advanced metasomatic activity indicates flow structures. Foliation

character is among the commonly occurring features in the rocks. In Tarakai Ghundai ash beds

and voleanic tuffs are interlayered with the acidic microporphyries. Thin section study of ash

.beds reveals that angular felsic grains are interlayered with biotite and muscovite.

3.5 AMBELA SUBVOLCANIC-VOLCANIC ROCKS. »

Outcrops of acid and basic micropophyries intercalated within the metasedimentary .
sequence of Jaffer Kandao formation around Ambela granitic complex are exposed .at‘ Naugram,
Ajmir Ghundai, Sherdarra, Ziarat, Dhari- Dhob Sorai- M’alandafai ‘Malandarai Kandao, Nawe-
Kili, Beshpur -China, and Karapa. Type and concentration of phenocryst minerals class1fy ac1dlc
nucropophynes by Rafiq, (198’7) into the followmg two types:

A) Microporphyries w1th dommarxt alkali- feldspar phenocrysts;- ‘ ‘
‘These are hght grey to dark grey in colour. Randomly orlented phenocrysts of alkali-

feldspar with minor quartz and plagioclase are embedded in. a very fine grained groundmass of

felsic minerals. The ratio between the phenocryst and the groundmass varies between 1:6 to 9:11

(Table-1). Perthetized alkali-feldspar phenocrysts are subhedral to anhedral in shape and vary -

in size from 1*1 to 2*3 mm; Plagioclase (An=15 to 20%) is fres,hv,a‘howéver”,,saussuritized and -

§
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kaolinized grains are also present. .

The groundmass consists of 70 to 90 of felsic and 30 to 10 % of mafic constituents
(some of which are identified as biotite, and epidote). The texture of these rocks is fe,lsdl)_lllgi_cto
spherulitic.

B) Microporphyrites with dominant quarts phenocryst consist of 60 to 80% quartz by volume

of the total phenocrysts. The other phases present as phenocrysts include alkali-feldspar,

plagioclase and lithic fragments in lesser aniount.

Phenocryst of quartz are medium to fine grained, subhedral with corroded margins (Plate
3.9). Most of thé quartz phenocrysts are fresh, some are strained and contain cavities filled with
felsic microlites (Plate 3.10). The groundmass is very much similar to 111iqroporphyries' of the
type (A). Besides some of the rocks show prominant flow layering producing a pseﬁdo-
microgneissose structure. The ph'enocryéts /groundmass ratioyarieé from 1:5 to 1:1 (Tabl_e—l).
3.6) MICROPCRPHYRIES OF WARSAK.

The microporphyries of Warsak area are as§ociated with the alkaline aégerine—reibeckite
granite. They are exposed on the eastern side of Warsak guest house and extend upto the upper
limits of the Warsak lake in the West. These are concordant bodies of regular shape, and extend
for more than 5 km in the North-South direction. The microporphy.rites are greyish in cc;lour, |
strongly porphyfitic in texture with phenocrysts of feldspar and quartz. Dark coloured patches .
of biotite and other ferromagnesian minerals are seen in some of the specimens.

Perthetizéd alkali-feldspar (45-60%), plagioclase (Ab=5-8%), quartz (20-25%) with or without
biotite and .sphene (1-8%) |

The felsic constituents in-the groundmass are indistinguishable. Zircon, apatite, aegirine,
reibeckite and secondary alteration minerals (clay, chldrite étc) and, rarely, garnet ;lre pres;ent

as accessories. Magnetite and ilmenite may reach upto 12-60% at some places.



Plate 3.8 Microphotograph of rhyolite exhibiting vesicular structures with regular outline.

(With crossed Nicols: enlargement 72 x)
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Plate 3.9 Medium to fine grained quartz phenocrysts subhedral with corroded margins.(With

crossed Nicols: enlargement 45 x).

L Plate 3.10 Fresh and strained quartz phenocrysts containing cavities ﬁlledv with felsic

microlitic felsic groundmass.(With crossed Nicols: enlargement 45 x).
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In petrology and chemistry these rocks are very much similar to microporphyries of

Sorai, Malandari, Tarakai, Rashakai etc. Ahmad et al., (1969), Kempe and Jan, 1979; 1980,

and others described and correlated them with porphyries of Shawa—Shahbaz_ Garhi in detail.
% MICROPORPHYRIES OF SHEWA- SHABAZGHARI |
The Shewa-Shahbazgarhi complex in a triangular outcrop now considered to be a part

of the volcanogenic region and consists of basic and acidic rocks. Acidic microporphyries are

the main rock units including aegirine-riebeckite porphyritic microgranites and sheared .

microporphyries (cataclastic microporphyries).

Perthitized alkali feldspar, with subordinate albite and quartz are among ‘the main
phenocrysts phases , whereas biotite, ore, blue amphibole, sphene and aegirin occur as minor
constituénts. The indistinguishable cryptomicrocrystalline éfoundmaés clearly show thé evidence
of devitrification and reaction, with the phenocrysts. Several workers e.g. Siddiqui, 1965;
Chaudhry and Shakoor, 1968; Kempe and Jan, 1970; 1980; Chaudhry et al., 1976; Irshad et. al.,

1990; and others have described these features ih detail.

3.8 MICROPORPHYRITES OF TARBELA:

The acidic alkaline microporphyrites described from Tarbela Complex by Kemp _and' Jan

(1970) are very similar to the microporphyrites of the area under investigation. These rocks,

though no more exposed because of the construction related to Tarbela Dam, were described of

very similar rock type to those of Shewa Shabazgarhi and Worsak area.
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Plate 3.11 Porphyritic Texture, containing altered phenocrysts of plagioclase, and cavity fills of K

epidote and quartz.(With crossed Nicols: enlargement 45 x).

: Plate 3.12 Microporphyrites showing felsic plagioclase, fine grained amphibole, epidote,

chlorite and orange red ore. (With crossed Nicols:enlargement 45 x).




" 3.9 BASIC VOLCANICS OF GAJJU GHUNDAI, JAFFAR KANDAO, NAWEKILI,

MALANDRAI, AND KARRAPA:

Basic volcanic rocks are exposed east of acid microporphyries‘ a}£ Gajju Ghundgi,:the
meiesedimente.ry sequence of ‘Jaffar Kandao Formation at Jaffar Kandao, Sorai Malanderai,
Malanderai Kandao, Nawe-Kili and Karrapa. Although the metamorphieni_ has obliterated most
of the primary features, the presence of porphyritic texture, amygdales and local inter-calations
of sediments within the greenschists suggest their extrusive nature as lava flows. Gajju Ghundai
rocks are porphyritic in texture and contain mostly altered phenocrysts of plagioclase(An=35-
40% & 2-3 mm in size) and cavity fills of epidote and quartz (Plate 3.11). Epidote, chlorite,
white mica in association with quartz occur as alteration producté of phenocrysts. Epidote ie
some of the-cavities is surrounded by alteration rims of chlori’te, quartz and other minerals.

: Chloﬁte schists con_taining phenocrysts of epidote (the product of alteration of plagioclase)
exposed at Nawe-Kili, Malenderai Kandao and Cheena are more or less similar to, Gajju
Ghundai volcanics. The groundmass is very ﬁne—grained, showing schistose texture in some thin

sections. In addition to felsic constitents (plagioclase), fine grained amphibole, epidote, chlorite

, and orange red ore are recognized (Plate 3 12)
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[ In' the mountains, also there are stlenks wlute Ted and Jet black, thh dift erc,nt huss’ 35/277.

[ Can human mind percieve any relation/ proportion betwecn these m]cmscoplc entities and the’
hug,e lofty mountains 1f it ovcrlooks the hidden hand of the Primordial Ihuntcr the more W(,lv
think over the mxaculous scene of creation, the more our hearts g,ct closer to amrm the Quramc :
"Ed1ct ‘He alone is the Knower of the hidden and the mamfest Al- Mlghty, the Gracious, Whose :

Grace doesnot satisfy on mere cre'mon but goes on blessing everything He created the best of |

| for'm right disposition with exact structure as 4p*1r'1gon of beauty '] - |
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| ”Extoll Him the seven heavens and the earth dnd all those who

are therein. There 1is nothing which doth not celebrate His
praising; only you donot understand their praising".17/44
Spect?al sl1alysis of light from the sun and other stars show that
to a large extent the [i.e. 67] elements found on the earth also
exist on other planets.Igbal remarks:-‘The ultimate cosmic
essence of all the things, whether corpuscular or phptonic, 1S so
similar that even a nuclide transforms into{ a spontnneOLls source
of solar emanations with the fission of its core’.

Thanks to Allah, Who has so kindly gifted man the unique mind
with the help of which _he 1S nOw a days reaqhing into the _d'ebths
of atoms. Reaction principles are Allah‘s gifted means through
which nurner‘ous snbstances are analysed to sort out the

structural and compositional changes in mineral assemblages.

These mysterious aspects of the earth is the ﬁeld of

@E@CH@MMSTRY
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CHAPTER FOUR
GEOCHEMISTRY
4.1. ANALYTICAL PROCEDURES:

The samples for this study were collected from scattered _exposures of ‘the
subvolcanic-volcanic rocks of the Peshawar Plain. After a detailed thin seclron study, 24 samples
were selected for chemical analyses. Major element analyses were perfonned by atomic
absorption and flame spectrophotometer. .

A To evaluate the effectiveness of this technique double runs were made ef the ‘duplicate
samples. In addition to trace, minor and rare-earth elements, {Na20, K,0 and FeO were analyzed -
by Neutron activation at Radiation center Carvallis Oregon, U.S.A. LAll the data were
standardized against USGS standards (BCRI, G2, SRM, GSPI). The result of major and trace

element analyses of these rocks are shown in Table-2.

4.2. MINERALOGICAL AND MODAL CHARACTERISTICS. .

" The felsic modal data is displayed on a Streckeisen (1976) QAP di'ﬁgra‘l‘n ’(FigureCnI)‘,
the plots of mineral and modal composition for subvolcanic-volcanic rocks of Peshawer basin
are scattered from Calc-Alkaline high K-field to aluminous in alkaline. An A-iype aff"ilnity of

these rocks is clear on the diagrams.
| In addition to normative values, the modal proportion of orthoclase, albite and anorthite

are plotted in Hietenen'’s (1963) and O’Conner’s (1965) classiﬁcation' diagrams (C~2&b)
MaJorlty of these, plot into the granitic (Rhyolite) field. Keepmg in'view the omnssron of mafi c
_constituents in the above mentloned dlagrams R;, R, class1ﬁcat10n diagram basis on parameters
(R;= 4Si- 11(Na+K) 2(Fe+T1) and Rz- (6Ca+2Mg+Al) of De La Roche (1976 1980) is
tried. Here majority of the rocks classify as rhyolltes (Flgure C-3). ' '
These rocks on one side represent basalt while on, the other side these represent the last
fractionate rhyohtes of ‘curvilinear trend of basalt-hawaiite- mugeanLe—trachyte-rhyohte and/or
rectilinear trend of basalt-andesite- rhyohte deﬁmng an alkalme magmat]c Imeage ThlS may be
interpreted as two sqmnte magmas of baswltlc and rhyolitic composmon |
The dlstnbutlon of selected minor and trace elements (Tl Zr, Y Nb, Ce, Ga and Se)
which are generally considered to remain inert dunng secondary proeesses can be used to.

classify rocks of alkaline and subalkaline series. Variation diagram based on SiO2 verses

40



e

\ ‘ © ( v AL
R & .

s 1,

agd sy B ’

TABLE 2 -MAJGH AND TRACE ELEMENT ANALYSES OF 'S;UB
: £S OF SUBVOLCANIC-
VOLCANIC ROCKS OF TIIE PESHAWAR PLAIN

S.NO GJIB GJ2 GI3A Gl3 Gl G5 GI6 GI8 G GIINA  GI35 Gl41
Wt % h
Sio2 4814 6996 71,52 69:92 70.14 6934 71.08 7062 714 ()‘)-.5 v 76,12 7428

TiO2 002 013 013 013 004 002 003 072 013 013 002
ADO3 1936 1409 128 1276 1322 1331 1432 131 1401 1386 138 1389
Fe203 704 34 29 303 326 37 3 33 31 306 206 324
Va0 003 016 003 013 047 016 017 011 011 G013 013 022

MgO 4.71 2.2% 1.94 272 241 303 202 106 207 267 035 0.64
CaO 14.37 1.55  3.66 3.88 2.1 23 203 203 201 ‘521 0.2 021
Na20 132 389 108 138 576 559 341 453 424 181 084 232

K20 362 271 491 394 252 227 411 1 6 323 30473 543
P205 — 018 015 002 031 008 02 017 032 032 006 003
lg.L 225 051 126 159, 054 07 042 034 03 041 0086 026
Total  99.27 9853 0048 99.63 100,56 100.72 100.88 101.39 100.91 100.1 99.31 100.64
ppm

Sc 388 72 69 1.2 8 84 69 77 13 16 48 17
Cr 147 05 6 2 s 1 3 3 | 1 2 4
Co 124 04 06 83 04 17 05 02 02 08 02 03
Ni 71 29 66 15 37 38 37 51 22 26 16 40
Zn 156 124 70 84 89 98 &8 95 110 87 85 142
As 55 18 49 42 99 76 54 L1 36 35 75 54
Sb 03 03 1.3 1 04 05 02 04 03 L2 L1 04
Se 45 133 134 129 151 99 124 133 135 136 94 125
Rb 24 121 134 113 13 - 68 139 156 120 91 0 174
Cs 0.43 088 3.2 5 025 35 04 08 06 2 43 16
Sr 263 | 419 338 2 a1l 99 14 13 479 L1 12
 Ba 227 767 534 695 560 1190 545 475 535 707 807 617
La 12 11 1 3126 13 742 1160 107 14 772 115
Ce 248 232 256 240 297 250 1559 238 226 245 1863 270
Nd 49 110 » 423 113, 143 121 758 13 w7 16 90.8 129
Sm 197 2449 2193 23.82 2605 222 17.64 2184 2255 2347 17.17 26.12
Eu 44 557 504 545 631 573 428 517529 552 388 596
Tb 071 338 291 326 346 269 255 306 323 333 223 34
vb 236 877 778 85 875 602 725 862 842 891 585 866
Lu. 033 112 105 L1+ L1+ 073 092 LIS Lo6 LI+ 082 LI6
Zr 27 749 753 741 800 522 607 817 738 741 335 8BS
Hf 27 278 264 259 35 165 244 309 274 262 197 312
Ta 06 85 86 83 13 6 75 94 835 86 69 93
Y 45 1l 3051 . 84 54 45 96 I 66 1 42 .
Th 1.6 20 191 197 219 43 82 219 20 204 172 23
U 2.1 70 48 4T 5 41 32 34 35 5128 49




Table 3«(contd.) \ ’

, ‘ )
S.No. TAR2 TARS RAS2 RASIS MNS4 MNSI9  TTS TTi6 GI7B Gl
Wit % ' . .
Si0; 7.5 7042 7396 734 6954 7136 T304 7255 5508 7306
TiO: 003 012 013 012 013 01l 012 013 - 06l
ALO, 1584 1594 1425 1405 1588 1602 1519 1498 2287 1385
FeOy 305 335 327 309 37 346 23 269 1092 033
MnO 015 013 013 01l 012 014 o0l 012 012 oIS
MgO 0.13 0,13 ‘ 011 0.13 0. 14 0.13 0.08 0.09 2.27 ():2;)
Ca0 049 045 013 02 05 031 032 ol 9.52 1.2
Na:0 5 18 442 465 302 396 479 395 LSl 48
K.0 345 452 342 501 470 401 398 371 1S3 1.5
P,Os 0.13 01 042 005 017 004 005 007 - 026
Ig.L. 077 058 043 035 195 12 0.4 123 185 065
Total 10064 10045 10027 10126 99.94 10074 10058  99.63 10061  99.71
ppm .. ’
Sc 49 65 6.5 57 83 8 4.5 44,398
Cr 1 0.4 4 2 5 5 2 8§ 150
Co 0.7 0.7 0.8 0.3 11 1.1 0.2 08 393
Ni 7.8 29 35 26 7.5 33 28 27 84
Zn 113 60 123 92 169 148 133 S S v W—
As 66 9 3.6 7.2 48 6 6.3 57 81
Sb 0.4 0.2 0.2 0.3 0.3 0.6 0.5 0.6 7.2
Sc 128 119 9.8 3 13.1 129 114 123 48
Rb Y 124 06 129 121 48 L1 4 42
Cs 7 072 074 079 051 ] 0.5 15 0.8
Sr 170 90 1.3 9.6 1.3 1.6 8.7 1y 282
Ba 963 547 466 500 387 616 666 078 266
La 114 t2 - Il 1o 308 110 105 134 115
Ce 251 256 242 260 130 . 282 252 227 - 23.7 —
Nd 121 116 115 123 61 129 119 © 125 138 —
Sm 2499 2042 2127 2220 1446 2558 2277 2687 391
Eu 6.24 4.69 4.8 481 354 594 466 606 142
Tb 318 271 289 291 228 33 2930 331 073 e
Yb 7.56 6.70 614 701 818 829  7.03° 747 2.56 -
Lu 97 (.87 ().“53 ‘ 1.03 1.17 - 117 | : 1 0.33 -
Zr 823 580 638 680 900 894 697 766 188
Hf 57 212 206 242 3220 294 243 271 29
Ta 8.2 6.8 7 8 9.5 9.5 8.5 9 058 . -
W 2 3 2 6 3.9 6 48 203
Th 178 159 (74 185 29 2L7 18w 222 19 —
u- 3.6 44 37 4 64 53 4.4 360 11
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(Figure C-1) A . 75 50 25 [

The felsic modal data though scattered from Calc.-A‘lkaliue to
alkaline, but cle'a\rly show an A—tyﬁe afﬁnity‘ anAP diagi:am.
Boundaries of A, S & I-type granifes are froifn Béﬁivden, 198'5.. |
L]I-typé: Mantle derived, 2] S-T ypezRecycling"’ of sediments

[3] A-Type=Melting of:sialic crust with mantlre contamination.
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Fig. C-2a. Nohnatiye classification according to Heitanen (1963), of subvd]canic;volcaxlic rocks.
()Kaligranite (2)Calcigranite (3) Granite (4)Quartzmanzonite (S)Manzonilc
(6)Cal¢inmnzonilé (7)Troﬁdhjenﬁte (8)Ménmtonzﬂitc (9)5rnnodiorilc (15))(3ranogab-br6
(I DTrondhjemite (12) ‘Tonalite:_‘( 13)Quartzdiorite (14)Gabbr§ (15) Maﬁc'-"'ga'bbro

i
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Or

Fig.C-2b. Ternary plots of normative An-Ab-Or for subvoléanic-voleanic rocks from Peshawar

L

™,

™ .’plain according to O’conner (1965). Majority of tliese, plot as graﬁités (Rl]yolitesj.'
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Fxg C-3. RIR2 Dmgmm after De la Roche, 1976; (1)Alkali I\hyohu, (2)Rl1yohte (E)I{hyoclacm,
4)Dacite (5)Andesite (6)Basalt (7)Tholeiite (8)Quartz trachite (9)Qu‘1rtz latite (IO)L'ltm,
dacite (1 1)Andesite latite (12)Latite anclesite (13)Andersitic basalt (14)’1’rachyte‘.

These rocks on one side’represent basalt while on the other the lasf fractiornate’ thyolites of

' curvilinear trend i.e basalt-hawaiite-mugearite-trach yte-rhyolite and/or rectilinear tfend of basalt- |

andesite-rhyolite defining an élka]ine magmatic lineage. This may be, intéqﬁ?réted' as tv\;o Separate' |

magmas of basaltic and rhyolitic. composition. \
R, R, C]'lSSlfiC'lthﬂ diagram of DeLa Roche (1976) whlch is based on m*gor elcments and is

plrlxcularly useful: tor rocks.which are either fme gr'unc,d or so much altered that orlg,mdl ;

mmemlogy is no more mt'lct was tried for mafic constituents. M'Uonty plots as rhyohtes
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Z1/TiO, is used to classify the rocks under discussion. Majority of the plots in the diagram
(Figure-C-4A) proposed by Winchester and Floyed 1977 characterize the rocks as commendite
and rhyolite. The concentration of plots in commendite near the line dividing the subalkaline and

alkaline suites clearly show alkalic affinity of the rocks.

4.3. CHEMICAL CHARACTERISTICS:-

The Ce content is also used to differentiate between calc-alkaline and alkaline rocks.
Many workers including Winchester and Floyed (1977) concluded that Ce in the rock type of
calc-alkaline affinity remains broadly constant, where as in alkaline rocks Ce content increase
markedly with differentiation. Plots of Ce versus Zr/TiO, clearly show a scatter and its higher
content than rocks of calc-alkaline suites (Figure C-4b). The plots in commendite-pantelerite
field show an alkaline affinity for the subvolcanic-volcanic rocks of Peshawar plain.

The characteristic mineral diagram (Figure C-5) based on parameters
A=Al-(K+Na+2Ca) vs B=(Fe+Mg+Ti) of Debon et al., (1983) is adapted here to assess the
aluminous character of the rocks under discussion. All these rocks plotting in the peraluminous
domain and show higher concentration into sector I and II without a characteristic magma trend
and this may be rather because of more constant proportion of dark minerals present in their
modal composition (see table 1). In addition to modal composition the diagram C-5 also indicate
more muscovite than biotite. Further characterization of these rocks can be made by using
Q=Si/3-(K+Na+2Ca/2), B=(Fe+Mg+Ti) and F =(555-(Q+B) parameters of Moin 1974. The
plots in Figure C-5 show a scatterdjgmt[i_bitildrgxioﬂ;magmatic trend), however, the rocks show
highly fractionation trend effected by late phase field alteration and more or less match with the
rocks of Lesser Himalaya represented as (LH) line on the diagram (Figure C-5a).

On the basis of normative quartz content, variation of SiO, from 69-76 %, these rocks are
quartz rich, while the colour index range from 5-18%. Modal composition of the phenocrysts
and normative values also show that these rocks contains higher concentration of perthetized
alkali-feldspar. In alkalies ratio, the rocks are characterized as Soda-Potassic.

Characteristic based on Shand’s index (Al,0,/Ca0O+Na,0+XK20 and Al,0,/Na,0+K,Oin
A/CNK versus A/NK diagram of Maniar and Piccoli (1989) (Figure C-5b), these rocks vary
%m peraluminous to metaaluminous character. Majority of the rocks plot below 1.40 and above
1.00 ALO,/Na,0+K,0 ratio. Al,0,/Na,0+K,0 ratio ranges from 0.7 to 1.5 (Figure C-5b).
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Sector I= Muscovite alone/ Muscovite biotite
Sector II= Biotite muscovite
SectorIII= Biotite alone -
-Sector IV= Variety of characteristic minerals.
! : I Biotite, Hornblende, Orthopyroxene,
1 ‘ ' Clinopyroxene, Prlmary Epidote, Sphene.

Sector V= ngh proportion of clinopyroxene and/or
prlmary epldote and/or sphene. .
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There is a quite wide range (0.3-7) in the normative corundum (Table-3 ), which signify the

peraluminous to metaluminous character of the rocks.

Chemistry of the samples show bimodal distribution of Si0, i.e. on one side a basic
composition (48-55% Si0,), while others, by far the most voluminous of these rock are
rhyolitic, which generally contain 69.5 to 76.0 % S10,. Molar ratio (K, O/N2,0=1) is broadly
comparable to granitoid and related rocks from British Tertxary Central Complex of Thompson
(1969), Walsh et al., (1979), Pankhurst et al. , (1978), Meighan (1979) etc. The major element
analysis along with other mlcroporphyntes have been given for the purpose of comparison
(Table-4). '

On the alkalis-silica di'agram (Figure C-6a) majority of the plot abo;«e the dividing line
(defined by Miyashiro, 1978) in alkaline and some in the subalkaline fields. Scatter in the plots
as shown already (in Dela Roche et al 1980) may indicate the effect by rock fluid interaction.
However, classification based alkali-silica diagram (After Le Bas etal, 1986), these rocks occupy
the alkali-rhyotitic field (Figure C-6b).

To distinguish and characterize different rock type, Wright (1969) used alkalinity ratio
(Al,0;+CaO+ Total alkalies/ Al,0,+ CaO-Total alkalies) versus SiO2 especially for more acid
varieties. Eighty percent of the rocks under discussion classify into the alkaline and twenty
percent into thé“calc-a]kaline field (Figure C-7).

It has also been noted that the rocks correlate with the well documented alkaline igneous
assemblages (see Wright 1969 p273). On the basis of alkalinity ratio, rock type and tectonic
setting, these rocks correlate with younger granitic rocks of -Northern Niger "?Jacobson et al.,

1958) the alkalinity ratio averagé is 3.5 (with a range from 2 to 3).

4.4) PALEOTECTONIC SETTING OF SUBVOLCANIC-VOLCANIC ROCKS.

Numerous studies on the geochemical characteristic of intermediate to acidic rocks from
various tectonic environment have indicated that major and trace elements may be used as
discriminants for understanding tectonics related to their generation (e.g. Petro et al., 1979;

Pearce et al., 1981; Batchelor and Bowden, 1985; Harris et al., 1986; Maniar and Piccoli, 1989

- etc)

"To relate the chemical composition of the rocks to tectonic setting Christianson and

Tipman’ (1972) used Ca0/(Na,0+K,O) ratio to distinguish rocks from orogenic and nonorogenic
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Table-3. 3 Major. Element Analysis of the rocks.
SN0 GJLAY  GJ2 GJ3A | GJ3 GJ4
5i02 70.74  69.96 71.52 69.92 70.14
si 1179.0 1166.0 1192 1165.3 "1169.0
Ti02 0.13 0.12 0.13 0.13 0.13
Ti 1.625 1.5 1.63 1.63 1.63
Al203 14.67 14.09 12.80 12,76 13.22
Al 287.65 276.3 250.98 250.19 259.22
Fe203 2.863 3.14 2.90 3.03  3.26
Fe 32.87 93.3 36.25 37.88 40.75
M 5.14 0.16 0.13 0.13 0.17
My 1.65 2.22 1.94 2.72 2.41
oMy 41.5-  55.5% 48.5 68.00 6&0.25
Cad 1.55 1.55 3.56 3.88 2.10
T 27.7 27.7 £5.36 £9.28 37.5
Hald 3.10 3.89 1.08 1.38 5.76
Ha 50.00 %2.7 17.42  22.26 92.90
K20 3.76 2.71 4.91 3.94 2.52
K 40.00 28.83 52.23 41.91 25.8!
T2OS 0.086 0.18 0.15 0.12 0.31
15.L 1.83 0.51 1.26 1.59 0.54
Toral  99.27 . 98.53. 100.48 99.65 100.56
A: 142.2 129.4 50.5 47.5 64.5
B 76.0 96.2 86.4 107.5 102.6
Re 13657.0.3575.6 3926 3876.4 3274.4
R2: 536.8  553.5 740.1 801.9 604.7
C.I.P.W. Norms
oo 32.7 30.63 34.86 35.4 20.76
. Or: 22.24 16.68 28.9 22.2 15.01
Ab: 26.2 31.4 10.48 11.53 .48.73
An: 7.5 7.5 14.73  16.95 2.67
Wo, Temmem heee— 1,04 0.58 2.48
. En: 4.4 6.2 5.2 7.00 6.24
Il m——— 0.3 0.3. 0.6 0.61
He: 2.56 2.88 2.88 2.72 2.88
C: 2.65 2.14 1 —-wee ——— -
Apt 0.1z 0.31 0.31 0.31 2.17
Al: mmmemm mmmee mm—ee _———— _————
DI 81,14 "78.68 74.24 69.17 84.5

GJS
69.34
115527
0.14
1.75
13.31
260.98
3.78
47.25
0.16
3.03
75.75
2.30
41.07
5.59
90.16
2.27
24.15
0.18
0.70
100.72.
6.1
124.7
3266.9
658.9

20.4
13.34
47.16
.45
.8
.31

GJ6
71.08
1184.7
0.12
1.5

,14.32

280.78
3.00

20012
35.58
38,25

L
.85
.304
.44
0.37
4.16
93.95

it = O MW

Gall
71.40
1120.0
0.72
9.00
14.01
274.7
3.10
38.75
0.1r
2.07
51:75
2.0l

35.84

EEIREN

59.39

PRI
D e en ]

31.3%

0,32

0.30
LO0., 9
100. 0
(”AC« . |,
3515, 0

761

27,95
18.9
3h 6
g.16 "
5.359
1.37
L.66 "
0,58
0.62

82.5

GJL12A

69.50
1158.3
0.13
1,63
13.86
271.76
3.06
38.25

0.13

2.67
66.75
5.21
93.03
1.8t
29.19
3.00
18.33
0.32
0.41
100.10
8.0
1066
3692.5

063.4

33.08
17.779
15.19
20,864
1.32
6.8
0.302
2.72

et

0.62

©6.07

GJ35
76.12
1268.7
0.13
1.63
*13.80
270.58
2.06
25.75
0.13
0.35
8.75
0.20
3.57
0.84
13.55
4.73
50.32
0.04
0.8%
99,31
199,46
E1C
4317.3
369.4

51.99
27.8
7.07
0.67
1.46
0.2432
1,79
7,08
0.372

C;J‘ll
74.28
1238.0
0.12
1.5
13.89
272.35
3.24
40.5
0.22
0.o4.
165,00
0.21

. 3.75

f2.3n

37.42
5.43
57.37
0.062
0.24
100, 64
Lae,
H5.0,
5800

3260.8

38.25

33080

1938
0,85

L9




Table 3 (Contd.)

S.No. TAR2
Sio2 7.3
Si 1191.7
Tio? 0.13
Ti 1.63
Al203 1584
Al 310.57
[¢203 305
Te 3813
MO 0.13
MO 013
My 325
Cal) 0,49
Ca 8.75
Nu2O s.00
Na 8063
K20 343
K 0.7 -
1203 013
lal.. 0.77
Total 10064
A 175.73
13 L1300
RI: 3396.3
R2; 369.58
C,I.P.W. Norms
Quz: 28.15
Or; 2041
Ab: 42,44
An: 8.16
Wor o -+ —
b 0.53
Fs: —
II: 0.24
le: ~ 278
C: 322
Ap 0.29
DI 91.00

TARS
70.42
1173.7
0.12
1.5
15.94
312,55

1325

40.63
0.13
0.13
325
0.45
8.03
4.80
7742
4.32
48,1
0.11
0.58
100443
170.97
4358
32297
3672

24.31
26.74
40.56
148

0.51

0.23
2.96
2.57
0.25
91.61

RAS2
73.96
1232.7
0.13
1.63
1425
27947
327
40.88
0.13
0.11
2.75
0.13
232
442
71.29

1362

3851
12
0.13
100,27
163.96
43.26
3626.2

2988

33.0
214
37.36
0.188
2.18
0.24
2.94

- 2.96

0.27
91.76

RASIS
73.40
12233
0.12
15 -
14.05
27941
3.19
39.87
0.1
0.13
325
0.20
3.57
4.65
75.00 .
50107
33.29
0.05
0.35
101.26
1-43.58
J4.62
3399,
307.3

206.54
2947
393
0.68
0.48
0.23
2.94
0.77
0.11
95.31

MNS
69.54
1159.0 .
0.13
1,625
15.88
311.37
3,78
47.25
0.12
0.14
33
0.50
8.93
3.02
18.7
4.7
50,1
0.17
1.95
99,9.]
194,71
52.375
5143
371,93

27.83
27.8
23.52
1.39
0.52
0.24
3.58
3.33
0.37
81.15

MNS1Y
71.36
1189.3
0.11
1.375
16.02
3411
3446
43.25
0.14
0.13
323
0.31
3.54
3.96
63.87
4.01
42.66
0.0
1.20
100,74
196,57
17.875
3496.24

T351.85

32.32
23,74
3348
1.27
0.515
0.2128
2.02
4.84
0.0868
89.54

“G3

7140
1190.0
0.70

875

14.60
286.27
2.12
26.5
0.08
042
10.5
1.2+4
22,14

"4.038

65.32
5.1
3136
0.03
0.56
100.61

12208

1573
3373.0
439.93

2534
30.02
3106
5.92
I
134
0.712
0.275
0.062
93.05

Gll
73.16
12193
0.6]
7.63
13.85
271,39
0.33
J.523
0.13
(.26
6.3
1.20
21443
4.80
7712
1,30
47.87
.26
(.63
v9.71
10342
I18.26
37502
1313

26,117
26.58
40.348
3.058
0512
(.83

116
0.8
0.558
93.38

TS
73.04
1217.33

2012

1.5

1519
- 29784
1230

2875 .
0.11
0.08
1.43
0.32
3.71
479
77.20
3.98
12,32
(103
0.0
10058
16682
RINH
3933
33190

28,90
23.91
40.51
1,259

228
2.064
246
0.1083
190.39

TT16
72.53
120917
0.13
1.625
14.98
293.73
209
33.625
0.12
0.09
2.25

011
SLYGH
395
- 671
- 371

- 2.0

0.07
1.23

T 99.63

184.07
75
J003 13

- 31001

DN

{

D —

[ S

33,
21,
3,
0.08
394
2432
2432
443
0.155

GIB
8. 14

802.33 -

19.36
379.61
7.1428
89.283
0.123
4.71
117.75
1..37
256.6
1.32
212
046
3.00

-3500.1
302.03
255114
1904

2.78
11.2
45.26
10.88 -
11,97
0.7524
6.224

14.35

GI78
55.08
918.00

22.87
44843
63714
82 1423
0.132
2274
37.00
9.32
170.0
16 .
20,3
(.75
7.98

150018
2000

292872
1338

13.90
EIRE

13.89
47.99

37

10.72
0.86
1.99

32.29
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Fig.C-6a. Silica-alkali diagram (after Miyashiro (1978), for subvolcanic-volcanic acidic rocks
from the volcanic belt. Line represents boundary of alkaline and subalkaline ficlds.
Majority of the rocks plot above the dividing line in alkaline and some in the subalkaline fields.

‘Scatter distribution in the plots might indicate the effect by rock fluid interaction, because of

bimodel destribution of Si02= 48-55% & 69.5-76% & Molar Ratio of K20/Na20=1.
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Fig.C-6b. Classification based ‘on total alkalies-silica (Le Bas etal.,1986) for the acidic rocks."

(1)Foidite, (2)Picrite, (3)Tephrite-basanite, (4)Phonolite-tephrite, (S)Tcplirite,—phono}ite, i

(6)Phonplité, (7)Alk-trachyte, (8)Trachy—andesité, (9)Trachy-basalt, (10)Basalt,
(11)Andesite, (12)Dacite, (13)Rhyolite, (14)Alk-rhyolite. -

Here also like Fig. C-3, the rocks classify as Alkali-rhyolite.
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Peralkaline

sio2.

Alkallnlty ratios

27 3 4 5 6 7 3310"11

ALEOTEC I‘ONIC SETTING

‘Fig.C-7. All\ahmty ratios vs silica diagram (after Wright, 1969) showing plots of these rocks.

[A] To dlstmgmsh dlfferent rock ‘types, especially more acid varieties, thls dmwmm is used.

1. (80%) of the rocks classify into the alkaline & (20% into the calc alkaline lldd

(3]

. average alkalinity ratio is 3.5 (with a range from 2 to 5).

w

. . : . A . . -
aluminous magmatism as compared to the later peralkaline magmatism in the region.

. Like Figs. C-5, C-5b, C-6a etc C-7 also exhibits the resemblance to the-1st phase per/mcta_




environments. By plotting, the ratio against SiO, Petro et al., 1979 concluded that the rocks

from these two environments_produced distinct variation trends at ratio equal to 1 the Sio,
content of the rocks in éompressional environment (orogenic) is distinctly higher than that of
extensional (anorogenic) environment. ,

The present rock have CaO/(Na,O+K,0) values below 1 and their variation trend though
scatter (figure C-8) but more or less matching with extensional suites (e.g. British Isles, East
Gireenland etc). In addition variable such as means of DI (Differentiation index) weight ‘percent
of CaO,‘total alkalies and CaO/Na20+KZO are used to compare and discriminate these rocks
as mildly alkaline from extensional tectonic suite (Table-5).

Characterizing the rock as alkaline, immobile elements and their ratios are already been

used. Both the diagrams (Figure C-4a, | 4b) based on Zr/TiO, ratio versus Si0, and Zr/TiO, ratio

- versus Ce clearly classify these rocks as alkaline, and show deviation from subalkalme or Calc

alkaline field. This also support an anorogenic tectonic setting.

- Discriminating the subvolcanic-volcanic rock minor elempnts such as Rb, Ta, Yb, Hf,
and Th are used. In Ta-SiO, diagram, (Figure C-9a) 92 percent of the plots discriminate the
rocks as WPG+ORG (i.e within plate granites + oceanic ridge granite. Further disc}rimina_tion
is based on Rb-SiO2 (Figure C-9b). Here the plots clearly show an anorogenic environment,
matching the plots of WPG rather than ORG. This character (WPG) is also supported by the
abundance of K,0 content in them. On K,0-Si0, diagram (Figure of Colman (1976) these rocks
classify as continental. - | "A ? ‘

Pearce et al., (1984) have used certain elements to discriminate composition field in
granitoids that correspond with tectonic setting. The WPG (within -plate granite) charactér of
these subvolcanic-volcanic rocks is well defined on the Yb-Ta diagram (Figure C-10a) of Pearce
et al., 1984. Within plate magmatism usually en-riched in non-hydrous volatile such as COZ2,
and fraétionation of magma undér low water pressure (PH20) will concentrate flourine in the .‘
residual melt (Aoki et al.,1981). This causes enrichment of HFS (high field strength) elements.

The HFS elements are plotted against SiO2. The regioh of the overlap between the low
HFES element Island Arc field and the high HFS element within plate in Figure C-10b, Zr vs
S102 is taken from Pearce and Gale (1977) who have determ.’ined its boundaries empirically from
several hundred plots of volcanics from known tectonic setting. Figure C-10b demonstrates that

magma identified as alkaline from subvolcanic-volcanic rocks of Peshawar Plain have a likely

-50
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Fig.C-8. Variation diagram LlSill‘g CaO/(NaZO+K20) vs SiO2 for the subvolcanic-volcanic rocks. 1

‘a) Extensi'onai ;:nvi_ror{lﬁent, b) 'Compr’essiovnal environment, (after Petrg etal. 1979). " i
[B] Discriminantion diagram for intermediate to acidic rocks show distinct variation trends | |
at C/N+K =1, the; Si0, content :of the rocks in compreésidnal environment (orogenic) is ‘ lg

. . S
distinctly higher than that of extensional (anorogenic) environment. The present rocks have ‘

fies i bt \

[1] C/N+K values below 1], [2] variation trend though scatter but match with extensional suites. -

[3] variables i.e. (a) means of DI, (b})weight %of Ca0, (c) total alkalies (d) CaO/Na,0+K,O
discriminate these rocks as mildly alkaline from extensional tectonic suite. |

[4] Immobile elements ratios (Figure C-4a, 4b), also support an anorogenic tectonic setting.
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Fig.C-9a,TaS diagram‘:'"‘after Pearce etal.,1984; based on analysis of subvolcanie-volcanic gocké:. |

| [CI[1] Minor elements i.e Rb, Ta, Yb, Hf & Th discriminate 92 % of the plots as WPG-+ ORG
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Fig.C-9b. SiO2-Rb diagram, after Pearce etal.,1984; f

sio2 80

or these rocks indicate

[C] [2] an anorogenic environment, matching the plots of WPG rather ORG.

[3] (WPG) character is also supported by the abundance of K,O content in the rocks. '

On KZO.-SiO2 diagram, Fig.C-9¢ of Co

Iman, 1976; these rocks classify as continental.
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within plate setting.
Wood et al., (1979), and Wood, (1980) propesed triangular diagram based on Th-Hf and

Ta which can be used as a mean of tecton omagmalic discrimination. In Th-Hf/3-Ta diagram
(Figure C-11) the rocks under discussion plot at the boundaries of E-type MORB, tholeiitic
within plate basalts and Alkaline within palte basalts. However, two rocks plot near the
calc-alkaline boundary. These three element [Vh-Ti010 ) are very muchscnsitivc iudicators of
both upper and lower crustal contamination of within plate basalt.

Plotting Th, Hf and T2 of basic and acidic grannliles from Assynt NW, Scotlund Weaver
and Tarney (1980) emphasized the wide range of H/Th rativs involved. It has been well

docuniented that the rocks subjected to granulite facivs metanorphism release large amount of

K,0Q ,Rb, Th, and U (see Taylor and Mclennun (19795 and Tarney and Windley (1979) and L

accounts for the lower Th z.ibuhdanc:cs is most of the granulites. ‘
In addition Wood {1980) concluded that most granulite have high HI/Th und HE/Ta ratio.
Figure C-11 for the subvolcanic-volcanic indicate depletion of Th and Ta both with respect to
Hf. This shows contamination of magma caused a progressive increase in Hi/Ta ratio and o
progressive decrease in Th and Ta abundance as the proportion of crustal muterial inereased.
However, the present data (Figure C-11) suggest a little higher level silicic ¢iust which may

have also effected the magma, deflecting the plots fittle toward the HIE apex as a whole.
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*Only He knows whatever goes into the earth

andd whatever comes out of it, and whatever

into it. He is wi may be
comes down from heaven and whatever goes up into it. He 1s with you wherever you may

and sees whatever you do’ [57/4]




e ey

Ta

AFig.C—ll. Th-Ta-Hf/3 plots, didgram after Wood, 1980; for the subvolcanic-voleanic rocks.

[D] [ 17 (Th-Hf-Ta) are very much sensitive indicators of both upper/lower crustal contamination

of within plate basalt. [2] most granulite havé hig‘h Hf/Th and H{/Ta mli'd (Wood, 1980). -

[3] metanﬁorphism release large amount of K;0 ,f{b and U and accounts for the lower Th
abundances in most of thé gra.nuli’tes.' [4] shows crilsml contamination of magma caused a
fb:‘tagressive increase in Hf/Ta ratio and a progressive decrease in Th and Ta abundance as the

proportion of crustal material increased. [S] However, the present data suggest a little higher

“tevel silicic crust effected the magma, deflecting the plots little toward the Hf apex as a whole.

61 The mobility in alkali elements (Na, K, Rb), exemplificd by alkalic-subalkalic signature
(Fig. C-6a), the presence of both calc-alkaline and alkaline members, that display antitholiite
within plate E-lype MORB like pattern of these trace elements argucs _I'ur-zm extedtional system

in wihiich magma generated & erupted without significant crystal fractiopation.
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‘Have these peoples never visualise® how Allah originates the
creafion and then recreates it.? Surely,this is easier for Allah.
Say.to them," Go about in the earth and observe ‘how He has
begun the creation; then Allah evolves the 1zitér evolution.”
Sﬁrely,Allah has power over everythihgl (29/ 19-20)
Palingenesis is rebirth [Barth,1961]. Buckland cla331ﬁed-
ultrametamorphic rocks into Venites-Augen gn_eis'ses—Arterites—
Mign1atites-Palingenites—\l’)iapirites. " As compared to anatexis
palingenesis more spécifically refers to the genesis of new
granitic materials in the environment." Petrological evidences
show that granitic magma cannot‘ become differenciated "on a
large scale from basalt, nor it can be derived’; direbtly from such
a source by partial melting. The source of the ‘bu]k of these
rhyolitic rocks must therefore lie in the sialic crust: Palingenesis

operates on rocks in situ/emplaced at different tectonic levels.



 (pALINGENESIS} =1)The volcanic belt is characterized by the

dominance of acid magma. Basic rocks overall represent a small

portion of the exposed material.

2)Sm/Nd=.2; which corresponds to calculated batch melting data

of garnetllherzolite that only provides melts with typical trace

5 - : . 3
element characteristic to that of granite. Hence possible source

for felsic magma lie in the crust/upper mantle, by partial melting:

followed by fractional crystallization /crustal contamination.

3)The high 5i02=69-76%, implies that direct melting .Of
- (dominently mafic contents) upper mantle was not involved in the

origin of the parent melt.

Figs.C-1, 2(a & b) show the plots of the acidic o€
nlane while C-3, 4(a&b), 6b etc assign them alkali rhyolite field.
Added furtber 2 -feldspar thyolites with corroded/Fused margins
indicating resorptionjconfirm almost all the conditions &  the
requisites of Carmichal [1963-74] who assigned such rhyolites
not to fractional xlisation.

ky [1974], rockswith low Sy contents form
[lization from the residua]

ks below the FE

exclusively to anatexis
5) According to Gerasimos
by palingenesis while with high Sr by X
melt. 60% of our rocks have St=1.7-9; & in 40% Sr=90-419
ppm, which favours palingenesis. : |
 6)Thealkaline and per/ﬂr'netaluminous nature of the rocks suggest
derivation from a source with mainly I-type but locally S-type

- protolith, expected in the lower continental crust. 1

Thé,release of presSufe in rifting environments might have caused

partial melting in a granulite SOurce in the lower crust.

7) The mobile alkalies with sub/calc- alkaline signature that display
antitholiite within plate E-type MORB like pattern of trace elements
favor an extentional system jn which magma erupted femplaced at
different tectonic levels without significant xI {ractionation.
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CHAPTER FIVE
PETROGENESIS

5.1 MAGMA SOURCE

| As stated earlier, the subvolcanic-volcanic rocks of Peshawar Plain are characterized
by a dominance of acid magma. Basics are present in some outcrops (Gajju Ghundai, Sheva-
Shahbaz Ghari, Nawe-kili, Krappa etc.), but overall basic rocks represent a small portion of the

exposed material. The preponderance of felsic magma also characterizes the Ambela Granitic

Complex (AGC), (Rafiq, 1987; Rafiq and Jan, 1989). Possible sourceregions for felsic magma
lie in the crust, by partial melting, or in the upper mantle, by partial melting followed by

} fractional crystallization and/or crustal contamination. v ‘
1 By computing the well documented data, Bouseily et al.,(1975) noted that there is al 7

decrease of Ba froml_dg_ppm in the normal granites to 55 ppm in the strongly differentiated |
‘ granites, and increase of Rb from an average value of 190 to 260 ppm. In the case of rocks

| under discussion the Ba content varies from 466 to 1190 ppm and Rb from 68-174 (average :

| 00 ©7

118). These values more or less match with Ambella Granitic Complex (AGC) (Rafiq, 1987) - , ‘

and associated acidic microporphyries. Working on trace element data Gerasimovsky (1974) i

1
l
.
|
]
l

|
i
{

stated that rock having low content of Sr may be considered to be the product of palmgenesm

and those with high Sr, the product of crystallization from residual melt.
Our result of 60% rocks show very low values for Sr (1.7-9 ppm) and other 40% are
from 90-419 ppm. This data very much favour the palingenetic origin. Rocks with a little high

e e

Sr contents may have produced through hybridization of silicic melt by deeper source component
| (upper mantle). i : .

The Sm/Nd ratio of these rocks is about.0.2, and simple batch-melting calcUlotions of

‘ a garnet\herzolite (Hawkeswarth et al.,1979) indioate that mantle of such a composition only
provide 'melts with similar trace-element characteristic to that of granite (Hawkesworth et al., !
1979). Such type of limited melting from mantle would result undersaturated melt (Green,1973). ' ;
5 /L All the rock types (except basics) under study are oversaturated and reqmre a quarts : k-_i
normative parent, with enriched LREE. This suggest:-
A) source in the crust (recently separated from LREE depleted mantle) or
B) source in the mantle which has undergone enrichment shortly before' melting.

The mantle derived basic magmas produce several time more basic fraction than the -




acidic fractions. Looking into the voluminous silicic rocks exposed in the region with very minor

basic fraction, it is therefore, proposed that these acidic subvolcanic-volcanic rocks had a crustal

origin. The main features of the chondrite-normalized complete rare earth abundance pattern

(Figure C-12) are enrichment in the light REE (La to Sm) relative to heavy REE (Gd to Yb);

development of a negative Eu anomaly, and a small but distinct decrease of the heavy REE from
Gd to Yb. .
Marked negative Eu-anomalies are distinctive of all the rocks and, together with the
'slightly less steep HREE profile, are similar to many other gra;lites (i.e. from the British
Tertiary Volcanic Province (Walsh.& Hinderson, 1977; Meighan, 1979; Meighan et al.,1984).

The classical interpretation of Eu depletion is to ascribe this effect to fractioﬁating
plagioclase and alkali-felspar preferentially removing Eu from the residual liquid. However, the
e'xperimental work by Flynn and Burnham, (1978) have demonstrated that Eu is preferentially
incorporated into the fluid phase. Based on this and other evidence Muecke and Clarke, 1981,
have suggested that Eu leaching by fluoride or other fluids was the main mechanism of Eu-
depletion in late stage granite from Nova Scotia. So Eu-depietioﬁ by fluids in subvolcanic-
volcanic rocks from Peshawar Plain may not be considered only due to magmatic processes, but
also owing to metasomatic changes induced by successive periods of rock-fluid interaction
(Rafig, 1987).

Albitization and sodium metasomatism in these rocks '(sce petrography) indicate that at

higher temperature (probably 700-500 °C) the LREE and Eu are partitioned toward fluid and

HREE are partitioned towards the rock. A substantial sub-solidus REE redisiribution téke'place

-

(after Bowden et al., 1979).

5.2 DISCUSSION
Schematic summary of our concept concerning the subvolcanic-volcanic rocks from

Peshawar Plain is that of extensional environment as a result of thin skin continental rifting. In

the emergence of continental setting generation of acidic rocks, may be summarized in terms of

two end members:-
a) partial fusion of the crust, and
b) fractional crystallization of mantle derived basaltic magma.

However, complication arises in that which one either of these are contributed by the

60
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phases.

other.

In the subvolcanic-volcanic rocks of Peshawar Plain the basic rocks which are ekposed

at Gajju Ghundai, Jaffar Kandao. Nawe-Killi and Krappa form a small volume of the total

magma, which was dominated by hypabasal to extrusive acidic microporphyrites.

This observation has been similar to the development of petrogenetic model for the
granitic rocks of the Ambbela Granitic Complex (Rafiq and Jan, 1987). Depletion in Th zfmd Ta
(Figure C-11, Hf/3 Hf-Th-Ta) of the parent magma suggested a higvh contamination from the
curst. Magma generated due to swélling. |

Major and trace element composition scatter in various variation diagram (Figure C-8)
have been interpreted in terms of generation of basaltic magma dominated by incorporation of

crustal melts (contamination).

5.3 CONCLUSION . . _
Based on the evidences presented in this research it is concluded that the subvolcanic-

“volcanic rocks of the Peshawar Plain belong to the A-type spectrum.

Mineralogical and chemical characters classify these rocks as rhyolites and of

peraluminous character as well. Major elements and their various ratios suggest a mildly alkaline -

character, while HFS element, Hf/Th and Hf/Ta ratio also support it. ‘

The concentration of discriminating elements in the subvolcanic-volcanic rocks indicate.
an anorogenic environment of eruption, which took place in a rift setting representing the initial
phases of fracture. Th-Hf-Ta diagram favours the generation‘ of magma from a déep crustal
reservoirs accumulated at higher limits in the crust and subsequently containinated by more
silicic rocks. This would have caused the residual liquids to move still further toward Hf apex
Gi.e, concentratlon in Hf and increase in Hf/Ta and Hf/Th ratio).

All samples display Eu anomalies more or less similar to aluminous and peralka.lme

anorogenic granitic rocks of ngena (Bowden etal,1979; Bowden, 1985) and 'demonstrate well

| support of fluid-solid rock interaction, confirming soda metasomatism due to late magmatic

Intercalation of these rocks within Jaffar Kandao Formation (of Carboniferous age) and

hosting the Ambela Granitic Complex (Carboniferous-Permian age) suggest an early

Carboniferous acidic magmatism in the region. -




'SUMMARY & IMPLICATIONS =- Tha prasent study interprets

the following facts on the available field and laboratoy data.

1) Acidic and basic micr()porphyri.esl and lavas of Late Paléozoic
| age"z;are intima.tely associated with a largerfvolﬁmes of acidic
| plutonic rocks in the volcanic belt of the Peshawar plain.
2) Field evi‘dence including the host me:tasedimentary sequence "
of Carboniferous age i.e.Jafar Kandao & B‘aroéh Formations
‘provides constraint on the dates of their origin.

- 3) Their sporadic distribution throughout the Peshawar plain 'at'
Tarbela in the east through Swabi in the centre upto Warsak in
the west indicates extensive acidic \'/olcanic’ belt in the r_egibn.
4) The rocks of the said belt is considered 'to pro:vide a missing
link in the form a lithological unit in the early clqésiﬁed Deyon—

Carbonif. stratigraphic set up of Peshawar Basin.

o 5) Besides providing clues to the lithological changes during

| f ‘
volcanic activity, chemical and mineral analyses guides to the

)
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nature & effect of various metasomatic/fluids changes in rocks

6) The acidic intrusive, present throughout the ‘Pre-Cambrian

- xlline basement of Salkhala Fm. (Pepri{tz & Rey; 1989) along

withithe Paleozoic sedimentary coVer, was reactivafed by hotspot
" beneath the craton, regulting in partial melting producing' A-type
granitic magma ranging from alk-per/ metaluminous compos'ition.‘
7) As carbonate platforms commenly develop over a basal rift
‘volcanics 'i.e. fring‘ing reef complex of Devonian Slave Point
Field, Alberta  [Dunham, Crawford & Pan:asik,v 1983], 1t is
apprehended that during or prior the Late De\;/oni,u:n magniatizm
of acidic 'volcanié belt probably provided knobs to the regf belt

which along with the knobs were drowned by the later rifting

events. The relics of the reefs are lying on the southren side of

" Kabul River between Ghundai Sar & Nowshera outcrops. It
~ shows that Kabul River might have bercached the Granitic

basement near Khuweshki area that supplies F - to the water .

460




Forsooth each one of them wants to be gwen snread
out scrolls (of revelation). 452
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