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GEOLOGY OF THE MANSEHRA-AMB STATE AREA, NORTHERN WEST PAKISTAN
RY
F.A. SHAMS
Department of Geology, Punjab Univirsity, Lahore, Pakistan

:il;str_act : About 6DD square miles of area, convering lurge part of Mansehra sub-division of the Hazara
District and the adjoining Amb State, in northern part of the Wesi Pakistan, has been mapped and an original
geological map, on the scale of | inch to mile has been prepared.

The area constitutes the hard crystalline care of a majer syntaxiol loop of the northwest Himalayas
and is composed of semi-pelitic to psammitic schists and quarizites that have suffercd regional metamorphism
upto kyanite grade of the Barrovian type. These schists bound a large granitic complex composed of an
older group of gneissic (the Susalgali gneiss) to granitoid rocks (The Mansehra granite and the andalusite-
bearing granites), ranging from granite to granadiorite, and a younger group of sodaclase granites (The Hakale
granite, Karkala granite etc.). In addition, there are a large number of aplites and pegmarites, and a few
porphyry dykes are met with.  Dalerites cut the entire plutonic complex and are met with as ophitic dolerires.
epidiarites and amphibolites, depending upon their age of emplacement.

L]

Details of fields observations and labaratory studies are given as far as the general geological
aspects of the area are concerned,

INTRODUCTION Lassan when it adopis a west-northwest (o east-
southeast trend that persisis upto Darband. There-

The Manschra-Amb State arca, about 600 sq. after, it again bends sharply to become essentially
miles in extent, constitutes a large part of the north-south. There is the famous Balakot re-en-
Mansehra subdivision of the Hozara District and trunt in the cast and the Indus re-entrant in the
the adjoining Amb Siate (Long. 72° 45 E to 73720 wesl. In the entire area, the strata dip inwards at
E:Llat. 34° 15" N to 347 45" N) different inclinations but becoming less and less

steeply inclined in the northern direction. The
regional structure, thus, is a gignartic synform with

Lithologically, the arca is composed of semi- a nearly northeast-southwest axis, the plunge of
pelitic to psammitic schists and quartzites that are which decreases in magnitude in the north-easterly
associated with a plutonic complex of granitic rocks direction.

of varving tyvpes and of different ages. A large

number of doleritic sills and dykes cut both the

granitic as well as the metamorphic terrains. The area is characterised by contrasted topo-
graphy. The steep ridges follow the arcuate
structure of the arca and enclose a large alluvial

Structurally, the area constitutes hard crystal- filled imtermontane basin (The Pakhli Plain) in the
line core of a major syntaxial loop of the north- heart of the area. In general, the aliitude rizes
west Himalavas (Wadia, 1931). The general in all outward directions, especially in the northern
strike of this structure swings in an arcuate fashion. area where it rises more than 7000 feet above =ea
From Balakot south to Batrasi, the strike is almost level.
north-south and then bends sharply to become =
cast-northeast to  west-southwest.  With  loczl The alluvial filled valleys, including the Pakhli

variations, il continues in this direction until near plain, show succession of two or more terraces of
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erosion. Besides these, there are many patches of
high level older alluvial that is found perched at
6000 feet or more above sea level, This alluvial is
either relict of an ancient peneplain, like the one
suggested by Havden (1913) or partly represents
aeolian deposits, much of which had been washed
down to fill the Pakhli plain etc.

MAPPABLE LITHOLOGICAL UNITS

Due to its geographical location and passing
through it of many important roads, the Mansehra-
Amb State area must had been visited by large
number of geologists of the older Geological Survey
of India. However, the first serious note on the
geolopy of the area was published by Wynne
(1877). He elaborated his observations in a supple-
mentary note (1879) in which he presented a geolo-
gical map of Hazara on the scale of 1" to & miles
and also produced the first stratigraphical sub-
division of the area. Relevant part of his scheme
is reproduced below :—

Tanol Series
I Attock Slate Series

Probably
Palaeozoic

B Intrusive traps. in Attock State
and Tanols also in metamorphic
rocks

A Hazara Gneiss and the most
erystalline altered beds.

The area was re-mapped by Middlemiss (1890-
1893) on the scale of 1 inch to a mile. He did not
delineate boundaries of granitic and metamorphic
formations and showed them togather (Middle-
miss 1896). Middlemiss (ep. cit. p. 9) drew up a
slightly different scheme and the corresponding part
of his table is reproduced below.

I Inl'rn-LTriEssic—Carbcnifcruus or Carbo-
Permian.

I Slate serics—Ape unknown
Crystalline and Metamorphic Rocks
b “*Tanol"—Infratriassic in main.

Palacozoic
or older

a Crystalline rocks—Equivalent of
I and II above.

x Intrusive gneissic granite

v Intrusive dvke rocks,

SHAMS F.A.

In the text of his publication (op. cit.,, p. 64),
Middlemiss subdivided the granitic rocks on the
basis of their structure as, (A) foliated, (B) semi-
foliated and (C) non-foliated. Although it was a
pioneer attempt, yet it lacked appreciation of their
mutual relationship with respect to the nature of
origin and age of formation.

On the basis of field experience and for the sake
of mapping and description, the present writer has
subdivided the granitic and metamorphic forma-
tions as follows :

3. Dolerites and meta-dolerites -
Intrusive in all the older formations
2. Hazara Granitic Complex
(a) Older Graniies and Gneiss -

Susalgali granitic gneiss
Mansehra granite

Andalusite graniles
Assaciated acid minor bodies,

{5} Younger tourmaline granites :

Hakale granite

Karkala granite

Sukal granite

Associated acid minor bodies.

1. Pre-granite Metamorphic Rocks.
Hazara Schistose Group

Pelitic schists to quartzites with meta-
conglomerate bands.

This scheme has been followed for preparing
the general map (Fig. 1) and for description of the
lithological units, as will follow.

THE REGIONAL STRUCTURE OF THE AREA

As already mentioned, the area is characterised
by a spectacular regional flexure (orogenic syn-
taxis) whose cflects extend even outside the
Mansehra-Amb State area. As a result of this
tectonic phase (s), the aréa shows regional swing-
ing on an arcuate fashion of strike of every type of
rock formation ; the latter were so powerfully in-
volved that the whole area evolved as a “structural
unit”, This fact stands out excellantly on a
structural map of the area (Fig. 2) in which
arec shown the generalized strike trend lines along-
with their dip directions. disregarding minor dis-
cordances.
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MANSEHRA-AMB STATE AREA

The Mesozoic and younger sedimentary rocks,
extensions of which once blanketed the entire
crystalline region. are now met with only in the
castern and south-eastern parts of the area, where
metamorphic rocks are in contact with them.
This contact marks a stratigraphic-cum-tectonic
break, which is one of the major “boundary faults™
of the north-west Himalavas. All along their
comiact, the rocks are sheared and fractured and
nalas and streams have carved their courses along
them.

The Garhi Habibullah Khan-Balakot section
is very instructive. Although the actual contact
zone is covered under the bed of river Kunhar,
yet rocks on both sides of the river —sedimentary
beds on the eastern side and metamorphic rocks on
the woestern side—bear excellent preof of this
powerlul trust-faulting : they are folded, sheared
and frequently mylonitized. The surfaces of these
rocks carry slickenside lineation. with a plunge
towards the north and strong tension gashes deve-
loped across the strike of the heds.

The most imporiant structural feature of the
metamorphic rocks is their schistosity (8;). Dug
to dominant contrel of the phyllonitic minerals,
the S, is best developed in the rocks of pelitic
composition and becomes weaker as the composi-
tion becomes psammitic. Everywhere. the §;
planes are parallel to the bedding planes of sedi-
mentation origin.  There is plenty of evidence that
5, planes acted as planes of tectonic gliding during
orogenic evolution of the area. In addition to
mineral-smearing on the §; planes, the above
impression is supported by the observation that
ceriain minerals of metamorphic origin, such as
garnst and staurolite etc., had suffered rotation
within these planes.

Supcrimposed on 5; is a younger schistosity
(S:) which is inclined to the former at variable
angles. The 5, is marked by reorienmtation of
mincrals of older generation and neo-crystalliza-
tion of minerals within these planes. On opening
the rocks along ;. the S, can be apprehended as
traces of mineral streakiness (marking a lincation)
and miero-crenulation. On larger scale.  the
younger structural phase is thought to be respon-
sible for widespread folding (or refolding) of the
metamorphic rocks : the intensity of folding increas-
ing towards their contact with granitic bodies and
sometime acquiring the form of fold mullions at the
immediate contacts. Furthermore, sets of closely
spaced puckers are frequently seen that are inclined
to S, at variable angles and hint towards the tecto-
nic influence of the granitic bodies.

Like 5, of the metamorphic rocks the most
prominent structure in the granitic rocks 15 marked

3

by the planes of gneissosity in the gneissic rocks
and the planes of easy splitting in the granitoid
rocks. There is such a close genetic relationship
between theze two types of structures that the one
type can be continued into the other without break
or angular discordancy, except for their close spacing
and relatively stronger development in the gneissic
rocks. It appears that cither the development of
net-work texture in the granitoid facies had weaken-
¢d the intensity of the gneissic structure or that the
net-work texture had been obliterated on the imposi-
tion of gneissosity as a result of tectonic evolution
af the area.

Everywhere jointing is fairly well developed in
the granitic rocks. Local folding and faulting is
accasionally noticed in the gneissic rocks and rarely
pityematically folded apliic veins are seen. Some
of the very closely folded facies of the gneissic rocks
sometime turn out to be granitized lragments of
schists that inhereted structures from pre-granitic
period.

Frequently joints in the granitic bodies have
been filled by basic injections that are now met with
as dolerites and amphiholites, depending upon their
ages of emplacement. It is interesting to note that
the hasic badices, of earlier periods of emplacement,
had suffered folding and shearing along definite
joint svstems in the marginal zones of the granitic
bodies : such joints are oriented mostly in diagonal
fashion to the nearby contact plane against the
metamorphic strata.  Thin aplitic, pegmatitic and
guartz bodies are also generally emplaced along
joint openings and movements along these joints
had affected them as well, It appears that a strong
stress component once acted along directions that
were evervwhere normal to the plane of contact of
the granitic bodics and the metamorphie strata.
The ficld observations show that simultancous
with or under the influence of this stress, the grani-
tic bodies suffered regional expansion. This s
thought to be reason for intense shearing and up-
thrusting of marginal zones of granitic bedies. The
structural evidence for this phenomenon iz excel-
lently brought out in Fig. 3. in which are plotted
slickenside lineations imprinted upon the marginal
zones of the granitic bodies and the schists at their
contacts. It is noteworthy that evervwhere these
linear structurss are independent of the regional
strike and that their generalized regional orienta-
tion is intimately linked with the dircetion of exten-
sion of the granitic complex.

FORM AND SHAPE OF GRANITIC BODIES
(i) Sheet-like from ;

This term is applied to refer to the plutons of
tabular nature that are structurally conformable to
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the bedding and/or schistosity of the country rocks
irrespective of the nature of origin of the granitic
rocks. In the Manschra-Amb State area, this form
is shown by the granitic bodies of the eastern half of
the area, wherein two gigantic sheets are present i.c.
the Masar Ridge sheet and the Baffa-Oghi sheet
(see Fig. 1). In addition there are a number
of minor sheets in the Giddarpur-Khaki area so
that this appcars to be the most important and
fundamental form of the granitic bodies.

(i) Muoshroom-Like Form :

This unigue form is exhibited by the Hiyatulmir
massif in the Amb State.  [ts southern and western
edges dip concordantly underncath the metamor-
phic strata while the schists of the Khaki area abut
against it discordantly. It appears that this form
had been acquired by the granitic body by way of
up-thrusting and mushroom-like expansion. The
steep gradient of the topography and the radial
pattern of drainage in the area of Hiyatulmir massif
is noteworthy.

(i} Sills and Laceolith :

These forms are especially exhibited by bodies
of younger tourmaline granites. The Karkala
granite 15 o typical example of a sill-like intrusion
while the Hakale granite makes a small laccalith.

The presumed forms of the granitic bodies, as
described above, have been supported by gravity
survey data as well (Aziz, 1961).

THE PRE-GRANITIC METAMORPHIC ROCKS

(zeneral

Less than halll of the Mansehra-Amb State
arca is occupicd by erystalline rocks that represent
mectamorphosed equivalents of oldest clastic sedi-
ments that were laid in the Himalayan geosvncline
(Tethys sea). The presence of graded bedding,
cross-bedding, non-diastrophic structures of scdi-
mentary origin and lithological banding cte.  prove
their sedimentary origin.

The least metamorphosed equivalents of these
rocks are met with in the form of Hazara Slate
Formation which make enormous thickness outside
the Manschra-Amb State area, in the eastern and
south-eastern directions. Such a correlation has
been supported by previous workers in the Hazara
District.

The Lithological Facies

The various lithological facies of sediments,
that were involved in the regional metamorphism

SHAMS F.A

and other plutonic processes, are briefly described
helow :—

(a) The Psephitic Facies.

Psephitic or conglomeratic bands have so far
heen found to occur at two levels only : both are of
different type and are described below - —

One of the bands is composed of nodules of a
carbonate rock that are set in a psammitic matrix.
It occurs about 1 mile east of Chitta Balla, in the
Shahkhel Garhi area northeast of Manschra. It
is only a few feet wide and the largest size of the
pebbles so far seen, is about 3" 1" in cross-
section. The carbonate material had mostly react-
ed with the silicale matrix with the production of
cale-silicate minerals, as has been described else-
where in detail (Shams, 1963). It is probable that
this band is genetically related to the mildly calea-
reous schist horizon that is present towards the
south-west at more or less the same stratigraphical
lewvel.

The second occurrence of psephitic marterial
is secn near Chorgali, along the Khaki-Oghi road
section. It is composed of quartzitic pebbles sct
in a finely schistose matrix of psammitic nature ;
the pebbles are of variable size that reach 47x2°
dimensions or $0. This band grades laterally into
somewhat gritty material that has been found as
far as Amb State in the south-west direction,

(b)) Prammirtic Facies.

This is the predominent lithologicai material
ol the area, under investigation, and makes consider-
able thicknesses that persist over long distances
along the regional strike. Commonly across
but rarely along the strike. the psammitic strata
orades gradually or abruptly into pure guarlzitic
material. This change cccurs due to decrease in
the mica content and increaze in the grain size
of the psammitic material. The quartzitic rocks,
sometime contain  feldspar minerals and may
approach arkosic composition. Al places, ferrugi-
nous varieties of quartzites are seen such as at
Rihar. Bilal Jan Kari and Khabbal etc.

(e} Pelitic—Psammiic Banrded Facies.

These rocks are characterised by an impressive
alternation of pelitic and psammitic bands ; the
constituent bands vary in thickness from  half
an inch to six inches or so while banding on micro-
scopic scale is also present.  The thickness of indi-
vidual zones of banded rocks commonly reaches
few hundred feet and sometime abrupily passes in-
to thick beds of psammitic compaosition. Beautiful
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exposures are seen on  the hillock cast of
Mansehra Rest House, along Chorgali, Gamian
Seri and Chitta Batta sections etc. Almost every-
where these rocks show structures of seimenta-

7

tion origin such as troughs and grading ete. which
are useful for finding geographical orientation of
the beds. Two features are very common in these
rocks ; firstly, the psammitic bands, whenever

GRAIN SIZE & QUARTZ CONSTANT

1 MICA INCREASING IN AMOUNT
UPWARDS.
(a)
QUARTZ RICH LAYER el l i pund swe . l
MICA RICH LAYER e =t E e T WL
QUARTZ RICH LAYER L A PR L SR
MICA RICH LAYER %
BAND WITH uniform — s i it o e i
GRAIN SIZE _fe_e s a_o-of f T =
dmr s e R4, T & 2
o o e e
BAND WITH GRAIN SIZE e e e
DECREASING UPWARDS e e S el o R T
T Ey ST e E et
ST e el o
- T oo g o en s o R = '"
(b)

BANDS THAT

IN GRAIN SIZE AND INCREASING

MICA CONTENT UPWARD., THERE
" ARE PORPHYROBLASTS
_ CUE TO CONTACT METAMORPHISM
{ WHICH MEGASCOPICALLY GIVES
OPPOSITE SENSE ©OF GRADATION.

SHOW GRADATION

OF BIOTITE

Fig. 4. Drawings lrom rock sections (o illustrate varioys types of sedimentation banding.

due to thermal effecis.

Biatite of {c) developed
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reach thickness of a few inches, show traces of
current bedding and secondly, there is ubiguitous
grading of grain size within individual bands ;
these two features frequently combine togather.
On the whole, these rocks show three types of band-
ing :—

(i) The banding has been produced by repiti-
tion of units with different mineralogies. In a
tvpical example, quartz-rich bands alternate with
mica-rich bands, with the former containing minor
amounts of mica and the latter containing minor
amounts of quartz grains,

(i) The banding has been produced by repiti-
tion of laminae in which grain size remains more
or less constant but the mica content steadily
increases towards top of the laminae,

(iit) The banding has been produced by repiti-
tion of laminae that show both a gradual decrease
in grain size as well as an increase in the mica
content towards top of individual bands.

Sometime various types of banding are present
close to cach other in a single specimen.  All the
above cases are shown diagramatically (Fig. 4)
based on thin section study of representative rocks.

Nature of Regional Metamorphism

The mineral assemblages in the metamorphic
rocks of the Manschra-Amb-State area, show that
the regional metamorphism was of the so called
Barrovian lype ; uplo kyanite grade rocks are met
in the area. The mineral assemblages in the rocks
of various metamorphic grades are given in Table
MNo. L.

TABLE XNO. 1
Mineral Assemblages of the Metamorphic Rocks

(i) Chlorite erade rocks :
chlorite
chlorite-chloritond

{ii) Biotite grade rocks :
biotite
biotite-chlorite
biotite-chloritoid
biotite-chloritoid-chlorite

(ifif) Garnet grade rocks :
biotite
hiotite-chlorite
biotile-garnet
biotite-garnet-chlorite

Shams F.A

biotite-garnet-chloritoid-chlorite
biotite-chloritoid-chlorite

{iv) Staurolite grade rocks :
hiotite
biotite-chlorite
biotite-garnet-chlerite
biotite-garnet-staurolite
biotite-staurolite-chlorite
biotite-garnet-staurolite-chlornte
biotite-garnct-chloritoid-staurolite-
chlorite

(¥) Kyanite grade rocks @ (schist fragment in gneiss)
biotite-garnet-kvanite

1Quartz,_ feldspars and muscovite are commaonly
present in all associations).

The exact boundaries of various metamorphic
grades have not been marked o lar. However field
observations show that the metamorphic grade in-
creases with increase in the stratigraphical level
and the isograds show tendency to follow the
arcuate structure of the area. It is noteworthy that
location of the granitic bodies is more or less in-
dependent of the metamorphic grades of the ad-
joining metasedimentary strata.  However, locally
the schists alwavs tend to acquire a higher grade at
the immediate contact with the granitic  bodies.
This phenomenon has been observed to be intimately
linked with the effects of thermal metamorphism
s0 that any local increase in the metamorphic grade
iz thought to have happened under the thermal
influence of the granitic bodies combined with local
tectonics. ‘The textural relations of the minerals
of metamorphic origin show that there were more
than one phase of regional metamorphism ; syste-
matic work is required to characterize and distin-
guish between various phases of metamorphism.
Superimposed on the progressive regional metamor-
phism (or metamorphisms) was a later phasc of
phyllonitic metamorphism that had affected the
entire area and gave rise to ubiquitous chlorite ;
the latter is met in every type of metamorphic rock
irrespective of the grade of metamorphism. The
orientation of this chlonte is such as to mark a
younger schistosity/lineation which is common
both to the metamorphic as well as to the granitic
rocks and is generally in agreement with the orienia-
tion of 5,. Therefore, it is felt that this regional
rerrograde metamorphism took place during oroge-
nic evolution of the region as a whole, after the
granitic bodics had formed.

THE HAZARA GRANITIC COMFPLEX

More than half of the Mansehra-Amb State
arca is occupied by granitic® rocks of varying

*The term 1= used 10 cover coarse-graingd quarteofeldspathic rocks varvipg in composition from pure granile (o quartz digrite.
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types and of different ages of formation. They
have been grouped together into the Hazara Grani-
tic Complex : their sub-division has been given
already while detailed description is given below :—

A. Older Granites and Gnejss
This group includes the Susalgali  granitic

gneiss, the Mansehra granite. the andalustie-bearing
granites and the associated acid minor mtrusives.

g9

Structurally, there are all gradations between
massive, semi and true gneissic types, while the
intensity and frequency of foliated material generally
increases northwards. Catacalstic facies are also
present and are met as narrow marginal portions of
the complex and as faulted and sheared zones. The
structural and mineralogical investizations have
shown that various members of the older group are
genetically related and differ from each other simply
in their location and level in the stratigraphical order,

EARLY LATE

QUARTZ

ALBITE
PLAGIOCLASE

OLIGOCL ASE

ORTHOCLASE

MICROCLINE

POTASH FELDSPAR i

MYRMEKITE i

CHESS BOARD ALBITE

—— o ——————

MUSCOVITE

e S —

RiD BROWM

BIOTITE

GREEMISH BROWHN

TOURMALINE

CHLORITE

GARNET

APATITE

KAOLINE

—— e —————

Fiz. 5. Showing nature and range of mincrals present in the older granite and gneiss members af the

Hazara Granite Complex.
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MANSEHRA-AMB STATE AREA
This conclusion is justified by the following facts :—

(i) The leliated structure shows an essential
continuity over the entire area and there i5 no re-
cognisable break as one follows it from one member
of the complex to the other.

(ii) There are no chilled contacts between
various members so that no sharp boundaries can
be drawn on the map.

(#ii) The eszential mineral species are fundamen-
tally the same throughout the group and differ only
in their relative proportion ; their physical nature
and textural relationship (Fig. 5).

The various members of the complex are des-
cribed in detail below,

1. The Su:algali Granitic Gneiss

Mamed after the locality of Susalgali, on the
Khaki-Oghi road, thisis the mest important member
of the older group and constitutes about 30%; of the
entire outcrop of the granitic bodies, These rocks
vary in colour from grevish white to whitish grey and
arc almost always fohated. In regions north of
Khaki and Baffa villages, these rocks are thoroughly
gneissic while south of this arbitrary limit, the
gneissic structure is weakly developed (semi-greis-
sic) and locally even somewhal massive portions
are also met. The latter phenomenon shows up
vividly in the ficld sothat big rounded blecks of
granitoid material are seen projecting from or
having rolled out of thoroughly gnessic rock.
Generally speaking, the proportion of material with
granitoid structure increases southwards till the
marginal belt of the distinctly massive Mansehra
granite is met with in the southeast.  Locally, small
pods and lens-like masses of another granitoid
rock, the andalusite-bearing granites, are met with
in certain localities in the north. Seggregations of
feldspar megacrysts are locally seen (Fig. 6).

On close field observarion, two distinct types of
rocks (Fig. No. 7) can be apprechended thar may
locally grade into each other :—

(i) Relatively finer grained, strongly gneissose
or almost schistose rocks (Fig. No. 7, a) ; the typical
member being composed of rather small streaks and
eyes of quartz and feldspar minecrals separated by
micaceous folia. These types of rocks always
contain a high content of quartz (75% of total
mineral content) so that the feldspathic constituents
are subordinate. The feldspar minerals occur as
small 1o medium-sized porphyroblastic augens that
are mostly of plagioclase ; the potash feldspar is
gencrally a strongly twinned, finc-grained. tabular
microcline which is vounger than and replaces
plagioclase and quartz of the matrix,

(77} Relatively coarse-grained, gneissose 1o
granitoid rocks. characterized by giant fleldspar
porphyroblasts of potash feldspar (Fig. 7, &)
The typical rocks either show an augen structure in
which micaceous folia wind and swirl around augen-
like areas of quartzofeldspathic material, or a net-
work texture in which micaceous minerals as well as
quartzofeldspathic minerals are gencrally dispersed
and are oriented in different directions.  The latter
texture Lype, by a gerneral increase in the grain size,
grades into granitoid rocks ; the Manschra granite
1s the most striking result of this phenomenon.

The two texture types are reminiscent of the
“metablastic™ texture of Scheumann (1937, p. 406)
and the “‘ophthalmatic’” texwure of Niggli (1948,
p. 109) and compare well with those described by
Flinn (1954) in the case of the permeated gneisses
of Delting, Shetland.

Mineralogically, these rocks are poorer in
quartz (upto 1/3rd of the total mineral content)
and richer in feldspar, as compared with rocks of
the first type. The accessory minerals are same
in the two types. The mineralogy of the Susalgali
granitic gencis is described in detail below -

Quarrz: It 15 peneraily present as small to
medium-sized grains of anhedral form.  Arranged
in an interlocking arrangement, these anhedra form
continuous hands, sometime locally swelling into
small porphyroblastic  aggregates.  Frequently,
they show intricate boundaries against feldspar min-
crals but, unlike the cases described by Harry
{1933), Read (1931) and Cheng (1944), quartz had
suffered replacement by feldspar minerals rather
than itself being of replacement origin.

Porash Feldspar : Tt 1s present as orthoclase
and microcline and as all zorts of phases interme-
diate between them, so that the familizr gridiron
twinning of microcline may be almost absent,
patchy to strongly developed. There does not seem
to be any direct relationship between perfection of
the gneissic texture and the physical state of the
potash feldspar. For instance, it has been observed
that orthoclase may be present even in a strongly
sheared rock, while a weakly foliated rock may have
strongly twinned microcline. In general. micro-
cline of high obliquity is the more common varicty
of potash leldspar. =

The potash feldspar occurs in two distinct sizes:
as Carlshad twinned megacrysts or porphyroblasts
{upta  5"x2"x1') and as smaller anhedral
matcrial, constituting penctrative stringers in the
rock and filling intergranular spaces.

The megacrystic fraction of potash feldspar is
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generally drawn out into  augen-like form, is
frequently rolled and is oceasionally fractured,
especially when the megaerysts are discordant to
the foliation plancs. In most of the cases, it is
perthitic with either a twinned or an untwinned
plagioclase phase. On the other hand, the anhedral
fraction of potash feldspar in only rarcly perthitic.

The feldspar megacrysts generally contain in-
clusions of small rectangular tablets or laths of
plagioclase, flakes of muscovite and biotite, that

SUSALGALI

GMNEISS
(MAS 7448}

SHAMS F.A.

are sometime zonally arranged. Some of the
enclosed plagioclase crystals contain dust-like inclu-
sions in the interior and thus differ from the indepen-
dent plagioclase of the proundmass (Fig. 8)
In addition. megacrysts of potash leldspar may
contain remnants of partially digested quartz or
muscovite,

FPlagioclase Feldspar : 1t is present as many
varieties and as fractions of different periods of
formation. while the overall composition varies

Fig, 7, a. Ulustrating ope 1vpe ol the Susalguli gronitic gneiss, showing hard specimen and drawing of its thin section.

g- quariz h-—biotite mi=muscovie pl

plagioclas?  mi=microcline.
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SUSALGALI
GNEIsS

(MAS B748)

Fig. 7, b. llustrating one type of the Susalgali gronite gneiss, showing hand specimen and drawing of its thin

section (symbols same as in Fig. 6).

from pure albite to acid andesine.  Following are
the probable modes of occurrence of these plagio-
clasc feldspars :

() Assmall, rectangular tablets, mostly enclos-
ed in the potash feldspar megacrysis, in which,
they are sometime zonally arranged. These appear
to be among the earliest formed gencration and

crhaps that is why they are frequently full of dust-
ike inclusions. They show simple twinning, are
rarely zoned and their composition does not vary
very much. In appearance, their crystals compare
well withthose formed in the feldspathized fragments
of the metamorphic rocks, A small proportion of
plagioclase, of similar granularity., has clear in-

terior and is mostly associated with granular mic-
rocling of high obliguity.

{ii) Plagicelase that is characterized by its
growth over micaceous folia of the rocks, in such a
way that the latter remain more or less undistur-
bed (helicvtic textures). Sometime, however, the
mica folia are dispersed in them in such a manner
as to suggest that dispersal was controlled by the
crystallographic structure of the feldspar lattice
(Fig. 9). These plagioclase crystals almost always
shown simple twinning on l?c albitc law and
are rarely zoned. This generation of plagioclase
is most common and clearly il had suffered from
the corrosive and replacive action of microcline ;
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Fig. . Photomicrograph of a sectign
of the Susalgali granitic goeist showing
plagioclase with dust inclusians, included
by vounger microcline: note myrmekite
replacing the aiter (o 200).

Fig. 10. Photomicrograph ol 2 sechion
of the Sysalgali granitic gneiss showing
rowth of myrmekite that is replacing
the patash feldspar (<200,

SHAMS F.A.

Fiz. Y. Phoromiciograph of g section
of the Susalgali granitic gneiss showing
plagioclase grown over micuceous folia
and including  strocwurally controlied
mica fakes (= 200).
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Fig. 11. Photomicrograph of a section of aplite assaciated wilh th: Susalgali granitic gneits showing chess-board

alhkite.

sometime this effect had given rse to “antiper-
thites” of replacement origin, such as described
by Cheng (ap. cil.) and Drescher-Kaaden (1948)
from migmatites and injection gneisses.

(iii) Of younger age than (i) and (i) is the
plagioclase of the myrmekite which is ubiquitous
in the gneissose rocks. This myrmekite exhibits
its peculiar intergrowh of vermicular quartz with
albitic plagioclase. forming plug-like intrusions
into potassium feldspar and 15 commonly associated
with sheared textures (Fig. 10). Certain of its
features are so unigue that they are worthy of
special investigation. The observations of the
writer and the ideas that it gave rise to will be
described later on.

(iv) Plagioclase, showing chess-board structure.
It is resinicled to the aplitic bodies that make dis-
tinct veins or occur as minor infillings of fractures
and joint openings. There is every indication that
this plagioclase developed after microcline, from
which it inherited the textural basze of ¢cross-hatched
twinning (Fig. 11), as is described elsewhere
{Shams, 1968).

Mica Minerals : Both muscovite and biotite
are present and, by making layers of interwoven
flakes, coniribute to perfection of the gneissic
texture.

Biotite is highly variable in colour and in pleo-
chroism. For instance, its colour wvaries [rom

durk reddish brown to light khaki green, while some-
time a gradation into chloritic material is seen.
The biotite, of darker colour, occurs in somewhat
granitoid portions and is mostly attended by opaque
ore grains, rutile and apatite needles, while tour-
maline appears, sometime, to have replaced it to
variable extent. On the other hand, greenish biotite
is present in such portions of rock that, on the basis
of modal composition and fabric, are comparable
o granitized schist fragmenis.

Fine flaky mica, especially muscovite, is com-
monly present as a dispersed material in plagioclase
crystals that appeared to have grown over the mica-
ceous layers in the rock; partial digestion of
muscovite is seen in such cases. Biotite is more
commonly enclosed by potash feldspar crystals.

Acgzssory Minerals,.  Tourmaline (schorlite)
is the common aceessory, along with ore, apatite,
zircon, rutile. monazite ete.  Garnel is ubiquitous,
in the sense that it is present in every facies of the
complex. However, it is always a very minor
accessory.  Two Llypes of garnets are found ; one
occurs as corroded grains, denved from  the
metamorphic schists and the other as tiny, colourless
variety. grown within the rock. The first variety
was very unstable and had altered in the same
manner as that of the hornfelse rocks.

Epidote is extremely rare and is present only
in a few specimens out of those colleeted by the
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writer. It developed as a breakdown product of
plagioclase, and does not appear ever to have grown
as an independent mineral.

2. The Manschra Granite

It represents a thoroughly granitoid facies of
the older granitic rocks, forming a strip, 2-4 miles
wide and about 20 miles long, along the south-
eastern margin of the area. Named after the impor-
tant town of Mansehra, this pranite is in contact
with the metasedimentary rocks of the Hazara
Schistose Group in the east and south-east, merges
or passes into the gneissose rocks without sharp
contact in the north and north-west while a small
part abuts against the Hakale granite. The
transitional boundary is difficult to mark on the
map and can only be shown approximately.

As one walks from the region of the Susalgal
gneiss into the Mansehra granite, three changes can
be observed to take place :—

(i) Some of the small, drawn-oul, micaceous
aggregates of the gneiss acquire definite geometrical
form and become more and more greenish in colour
till they are recognizable as polygonal individuals,
composed essentially of muscovite and/or chlorite.
These have been called “*shimmer aggregates™ for
the sake of description.

(ii) The gneissic structure is generally lost and
the texture is distinctly and thoroughly granitord.

(7ii) The fragments of metasedimentary rocks
are almost always irregular in shape and have round-
ed edges ; they are not drawn out and sheared as is
the case inside the gneiss formation.

These changes can be seen by walking from
a—Jaba, through Utter Shisha to Chilia Batia.
b—Phulra, through Garwal 10 Shahkot.

In the field, the Manschra granite appears as
a whitish grey, massive looking, hard and very
prominently porphyritic rock, with megacrysts of
potash feldspar (perthitic microcline) which” some-
time atlain a size of 57%2°% 1" (Fig. 12). The
groundmass consists of a coarse-grained aggre-
gate of whitish and subhedral sodic plagioclase,
vitreous and slightly smoky anhedral quartz. dark
biotite flakes, occasionally with bronzy lustre, and
subordinate muscovite, ore etc. Other essential
and characteristic constituents of the granite are
the small “shimmer aggregates” that are present
almost everywhere in the granite, being particularly
abundant in the marginal zones. The leucocratic
late members, however, do not have shimmer

SHAMS F.A.

aggregates.

In this essentially massive rock, weak planes of
rift can always be located ; these are made use of by
the local population for breaking and trimming
blocks for building purposes. The rift-planes are
marked by orientation of the microcline megacrysts
and this feature stands out vividly in the field.
However, this orientation 15 well-marked only on
the surfaces which are cut normal or at very high
angle to the plane containing side pinacoids of mega-
crysts.  Furthermore, the orientation is often not
followed by individual megacrysts, which may even
lie almost at right angle 1o the general direction.
Within the planes, that hold side pinacoids of the
megacrysts. the latter lie randomly and therefore
this has been taken to mean that the planar structure
is not foliated, as one finds in the Susalgali
gneiss.  This structure may be compared with the
“non-layered planar structure” desenbed by Martin
(1953} in the case of the Flammanville granite.

Jointing is very prominently developed every-
where and gives rise to splitting of the granite into
rectangular blocks, which after having undergone

Fig. 12, Stowing megacrysts of feldspar in the Mansehra
Eranite.
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exfoliation, acquire somewhat rounded forms.
The escarpments are usually covercd with such
boulders. The joint surfaces are gencrally rough
and hackly, except for those that had undergone
slickensiding on local fault planes. Oceasionally,
joint openings are flled with tourmaline-bearing
aplitic material, the plagioclase of which is more
albitic than that of the host rock. The detailed
mineralogy of the Manschra granite is described
below.

Quariz : Tt generally occurs in the form of
allotriomorphic aggregates or patchy mosaics, with
crenulated and interlocking margins.

Replacement by feldspar minerals is predomi-
nently exhibited by the presence in them of irregular
ramnents of quartz. Sometime, clusters of these
inclusions occur in optical continuity and, thus,
bear out the fact that they once were part of a larger

rain. Sheared, strained and recrystallized quartz
15 common in the foliated facies of the granite that
are present along fault zones or at the margins of
the granite body,

Feldspar Minerals :

(i) Potash Feldspar: This is almost always
found as microperthitic microcline of high abliquity
(A = .95) that is present as Carlsbad-twinned,
euhedral megacrysts and as a patchy fraction show-
ing irregular intrusions into the groundmass.
The margins of the megacrysts are generally irregu-
lar, especially when in contact with quarlz : the
latter then holds lobe-like extensions of the feldspar
mineral.

Zonally arrangsd inclusions of small tabular
plagioclase crystals and biotite flakes are commeon
in the megacrysts, while their margins are frequently
indented by myrmekite when in contact with
plagioclase.

{ii) Plagioclase Feldspar : In addition 1o
small tablets, enclosed in the potash feldspar,
plagioclase is present as large, subhedral to euhedral
crystals. Its composition lies within the basic
oligoclase range, while albitic myrmekite 15 some-
time developed in the form of minor extensions.
Plagioclase shows complex twinning and is frequen-
tly zoned, both in normal and in escillatory fashion.

Micas © Reddish brown, strongly pleochroic
biotite i5 the prominent mica ; it is generally dis-
persed in the rock and sometime forms local aggre-
gates. Rutile and ore inclusions are very common
and most of the flakes are rich in pleochroic haloes
around tiny apatite and zircon crystals.

Miner muscovite is intimately associated with
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biotiz and is rarely transformed into slender fibrolite
needles,

 Accessory Minerals :  Opaque ore, rutile,
zircon, apatitc. monaziic and rare garnet are acces-
sory minerals.

Shimmer  Apgrepates @ These  are small
polyponal bodics and are the most characteristic
constituents of the Manschra granite, being so
abundant that sometimes 10 to 20 individuals can be
easily located in a single hand specimen. Al the

foot of a weathered outerop of the granite. hundreds
ol them lie loose on the ground.

I‘iF,1 13.a. Pholomicrograph of a “Shimmer apgregate” in
2 secilon of the Mansshra grapite, thonging outlines as if
developed after cordicrite.

Fiz. 13. b, Pholomicrograph of @ *Shimmer aggregate’
in @ section of the Manschra granile, showing outlines i
if developed ufter andzlysite (note cleavage races).
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ANDALUSITE
GRAMITE

(MAS 6452)

Fig. 14. Photograph of a hand specimen of andalusile grapite apd drawing of its thin section (s¥mbols same as
in Fig. &),
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The **shimmer aggregates”” vary in colour frem
olive green to deep greyish green and have a de-
finite geometrical form. In thin section, they showup
asaggregates of chlonte and or muscovite, sometime
with a few biotite flakes in the interior (Fig. 13).

They either are “‘pinite” pseudomorphs after
cordierite or are replacement material after anda-
lusite. It is thought possible that some of these
may have developed after staurolite and garnet of
the assimilated schist fragments.

3. The Andalusite Granites :

These are minor but important members of the
older group of the granitic rocks and occur as small,
lens-like or podlike masses within the Suzalgali
gneiss, in the northern regions of the Manschra-Amb
State arca. Typically, these are found within a one
mile wide, marginal zone of the gneiss and some-
time almost at the contact with the metamorphic
rocks. The known occurrences are &

(i) West of Kotli Bala, exposed along road
cutting, opposite village Laspata,

(i) Morth of Karmang Utla and on the road
side south of this village.

(iii) South of Masjid Danna.

{i¥) On the Masar Ridge and near Jaba.

MA S 7463
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In the field, this rock is distinguished from the
enclosing gneiss by its finer grain and granitoid
texture (Fig. 14), somewhat darker colour and
by the presence of small pink specks of andalusite.
Furthermore, the size of the feldspar megacrysts is
never larger than 1 inch, set in a more or less equidi-
mensional groundmass of minerals. The foliation,
marked by orientation of the feldspar crystals (like
the Manschra granite) is gencrally parallel to the
length of the lensioid outerop and also to the folia-
tion of the enclosing gneiss. The foliation planes
of the enclosing gneiss can be followed into and
through the andalusite granite, the contacts between
the two being transitional over very short distance.

The mode of occurrence and the range of com-
position of the quartzofeldspathic constituents of
this granite are more or less similar to those of the
Mansehra granite, except for the smaller average
grain size and that the potash feldspar is invariably
arthoclase (A = .03).

Once again, the mica minerals are also compar-
able and the cssential constituents are similar in
nature. The prominent differences in mineralogy
from the Mansehra granite are the presence of
aluminium silicate minerals such as andalusite and
sillimanite and the frequent occurrence of exeno-
crystic garnet and abundance of apatite and
tourmaline,

Alwminium Silicare Minerals : (Fig. 15).

MAS 65452

Fig. 15. Drawings from thin sections of andajusite granite showing aluminium silicate minerals and (heir paragenesis.
=garnct o ore Si=Sillimanite b biotite ap=—apalile z—andalusite q=quartz ps=pseudomorph

B
of andalusite,
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(i) Andalusite is the characteristic mineral of
the andalusite pranites and occurs as clusters of
subhedral prismatic grains, with well-developed
cleavage. It is pleochroic from very weak pink to
nearly colourless and thick sections show colour
zoning. Tt is almost alwavs mantled by muscovite
and is sometime completely pseudomaorphed.

Very rarely, grains of andalusite are found in
other granitoid facies of the complex but never in
the gneissose rocks. 1t appears that it was formed
in the initial stages of the genesis of the granitic
complex but was later on changed into muscovite,
especially where the aleration was helped by shear-
ing, as in the gneissoze rocks.

In properties and appearance, this andalusite is
very much like that of the hornfelses and may be of
similar origin.

(ii) Sillimanite, the wvariety fibrolite, is very
common in the andalusite granites and is only rarely
scen in other facies of the complex. It scems always
to have arisen out of biotite or muscovite and shows
tendency to alter to muscovite ; cascs of epitaxial
growth over mics flakes, such as described by
Chinner (1961) do not seem to be present here.

SHAMS F.A.

4. The Acid Minor Intrusives :

These are of three types

(i) Pegmatites.

(if) aplites and albitites
and (ii7) perphyries.

Thev are described separately below.
The Pegmatites :

T'hese are the coarsest bodies in the area and are
found maostly in the northern regions, emplaced in
the gneissose rocks.  There is hardly any pegmatite
in the Mansehra granite and only rare, small patches
in the Hakale granite.

The highest concentration of these bodies
may be seen in the Khabbal-Oghi rcgion, where they
sometime occur as swarms of thin bodies, mostly
filling longitudinal joint openings in the gneisspse
rocks (Fig. 16), They are invariably shecared and
occasionally boundinaged and, more rarcly, folded
along with the foliation of the gneiss (Fig. 17). They
have very simple mineralogy, which is similar to

Fig. 16. Swarm of pegmalite bodies inside the Susalgali granite gneiss, Khabbal-Qghi Section.
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that of the adjoining gneiss, so that they have
quartz, feldspars, micas (muscovite being predomi-
nant) large red garnet crystals and long stout prisms
of schor] tourmaline.  There are reports of some old
diggings for beryl in the pegmatites of Paniali but
writer could not find a trace of this mineral.

Surface mining for muscovite has been carried
put intermittently but this could never develop
into an economic proposition due to the sheared
nature of most of the muscovite books causing them
to break into long, narrow strips of limited indus-
trial utility.

Sometime, the pegmatites show zoning but this
is of no particular mineralogical importance.
Thus they are the so-called simple pegmatites and
compare with Ramberg’s replacement pegmatites
from Greenland (Rambarg. 1956).

‘The Aplites and Albitites -

These bodies are the most common of all the
minor intrusives and are met with in almost every
part of the area, though more concentrated in the
contact zones. Potrographically all varieties bet-
ween strongly sheared Lo massive types are present.
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Their thickness varies from less than an inch
to many yards as does their length. Mineralogi-
cally, they are quartz—iwo feldspar aplites, albite-
quartz aplites and pure albitites. This also is more
or less their sequence of formation, not necessarily
of their age of formation.

The true aplites arc saccharoidal aggregates of
granular quartz, potash and plagioclase feldspars
and micas with late developing tourmaline. The
soda aplites have similar mineralogy, except that
their potash feldspar has been metasomatically
replaced by alhite, with chess-board texture. The
albitites seem to have an entirely different and,
perhaps, totally independent origin.  Their ablite
does not show the chess-board patiern and, in
thin section, a somewhatl aligned agpregation of
alhite laths is seen ; the leldspar is mostly twinned
on the combined albite-carsibad law (Fig. 18).

The albitites are always pure feldspar rocks and
at many places these are exploited 1o provide raw
material for the ceramic industry. Those of Utter
Shisha and Sandsar are of good quality. Exploited

also are those which have suffered hydrothermal
alteration into clay material.

Fig. 17, Pegmatite body showing close structural relationship with the enclosing Susalgnli goeiss
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Fig. 18. An albitite body near Nelure (a) and photomicro-
graph of its thin saction (h).

Traces of scheelite, developed afier wollra-
mite, are present in some tourmaline aplites, located
in the Oghi—Khabbal area but they do not appear
to be rich enough to be of cconomic interest
{Shams and Fazal, 1967.)

The Porphyries :

Thess bodies occur rather rarely and, so far,
only two localities are known. both related to the

Mansehra granite. These are somewhat thick
dykes filling joint openings and with [cldspar and
quartz phenocrysts in a very fine-grained matrix,
In both the cases, the rocks are somewhat sheared.
to the extent that their potash feldspar has acquired
a high obliquity (/. = near 0.95).

Their chemical composition 5 comparable Lo
that of the granite in which they lie. and thus they
are thought to represent an accumulation of silicate
liquid that was present in the region.

MODAL ANALYSIS OF THE GRANITIC
ROCKS.

Thin sections of 18 representative rocks of the
major facies of the older group were subjected to
modal analysis, using a Swift point-counter. In
view of the variable granularity of the rocks, 1 mm
traverses were made. The results so obtained are
given in the Table No. 2 and are expressed
as percentages by volume.

These results have been plotted on two Lypes of
diagrams :

(@) The modal percentage of the potash feld-
spar was plotted against the corresponding values
of the associated plagioclase feldspar (Fig. 19).
A broken line has been drawn to show the probable
trend of variation. For cemparison, a diagram,
modified from that of Tuttle and Bowen (1933)
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Fig. 19, Showirg modal intérpelationship of plagioclase and K-feldspar in the older graniles und gneiss memhbers.

based on the modal composition of 260 granites,
is shown as inset ; the broken line, once again,
shows the probable trend of variation.

{(b) The modal proportions of quartz, potash
feldspar and plagioclase have been recalculated to
100 percent and on  this basis the position of every
rock has been plotted on a triangular diagram
{Fig. 20). Given for comparison is a similar
diagram by Chaves (1951, p. 41) based on analyses
of 260 granites.

The significant points about the granites of the
Manschra-Amb State area are, that thesc rocks vary
from granite to granodiorite, and that :—

() As shown by Fig. 18, potash feldspar
and plagioclase show a reciprocal variation up to
a himit of 23—24% of the former, thereafter the
modal proportions of both the feldspar constituents
increase simultaneously.

{if) Fig. 20 shows that plois of many of the
granites of the Manschra-Amb State area fall
somewhat away from the centralarea. It also shows
that the plagioclase content varies within a narrow
range, while quartz and potash feldspar show reci-
procal variation.

{iii) Fxamination of the remaining mineralogy
of the rocks shows that mica minerals, especially
muscovite, also show reciprocal variation against
potash feldspar, thus showing a decrease in the total
contents of quartz and micas.

{(iv) Fig. 20 shows the inherent mineralo-
gical hetereogeniety in the rocks ; this may be an
expression of the two major types of gneissic rocks.
as has been described earlier.

THE FRAGMENTS OF METASEDIMENTARY
ROCKS INSIDE THE GRANITIC BODIES

The granitic bodies contain such a large number
of fragments of the metamorphic rocks that it i1s one
of their field character and has a bearing on their
genesis (Fig. 21).  Their abundance can be judged
from words of Middlemiss (ap. cir. p. 63) :—

“So full of included fragments is the rock that
they may be found without difficulty every ten
vards of the exposed rocks.......... and
occasionally they are so crowded togetheras to
give almost the appearance of an agglomerate.™

The size of the fragments varies from fraction
of an inch to many feet while some may run into
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Fig. 20 Showing plots of granitic rocks of the older group on the basis of quartzo-feldspathic constityents,

thousands of yards, such as the Shergarh schist
Lithologically, these bodies belong to the metamaor-
phic formations of the area and fragments of com-
parable pelitic, psammitic and guartzitic nature
are easily recognized (Fig. 22).  Frequently even the
mineralogical banding, of sedimentation origin, is
also present, and is very wseful in finding their
aricntation with respect to the foliation of the
granitic host. Observations have shown that
banding and | or schistosity and also the dimen-
sional orientation of the fragments are generally
conformable to the foliation of the granite.  Rarely,
however, there are examples where they stand siron-
gly discordant, sometime almost perpandicular to
the granite foliation. Most of such fragments are
present inside the Mansehra granite ; having had
modified inside the gneissose rocks due to shearing.

The ultimate shape of a fragment was controlled
by its lithelogy althogh foliation and jointing
controlled their original shape. The pelitic compo-
sition appear to have been more favourable for

Fig. 21. Manszhra granie near Manschra Rest Houwss,
showing abundapce and alignment of schist fragments,
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incorporation so that rock fragments of such compo-
sition had acquired high degree of roundness,
whether or not they became equidimensional. The
fragments of psammitic and especially of quartzitic
rocks either had retained their angular shape or
had been only weakly modified. Generally, the
fragments Jie well apart but in the marginal zones of
the granitic bodies, they are sometime so much
crowded togather that they make beautiful agmati-
tes (Fig. 23), of the type described from Sutherland.
Finland and Doneegal etc.

Fig. 23. Showing agmatitic aggregate of schist fragmenss
inside the Manschra granife at marginal zone vast of Chitta
Batla,

The fragments show various types and diff-
erent degrees of reaction with the granitic material.
It has been observed that guartzitic fragments never
reacted very strongly : were mostly recrystallized,
coarsened and only slightly feldspathized. The
pelitic and psammitic rocks, however, suffered
strong reactions and all variations, from simply
baked to completely granitized, can be easily found.

The first effect on the fragments was that of
heat so that spotted hornfelses were produced which
had developed small, dark greenish-brown local
agegrepates of biotile, quartz and muscovite. The
areas between such porphyroblasis contain, in
addition to the above mentioned minerals, large
fractions of small, prismatic plagioclase and tabular
potash feldspar. The fragments that had suffered
further reaction, contain even more feldspar cry-
stals, either as porphyroblastic aggregates or as big
cuhedral to  augen-shaped individuals, Perthitic
microcline, of a size similar to those occurring in the
main granitic body, can be casily found in the felds-
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pathized material. The orientation of these cry-
stals is generally subparallel to the foliation of the
host rock and also to the granite around them ;
this is especially so in the gneissose rock. The
bigger feldspar crystals contain embayed quartz
and mica inclusions, exactly like the type scen in
the feldspar megacrysts of the main granitic bodies.
The plagioclase feldspar shows complex twinning
and generally forms local aggregates of two or more
individuals. Minor amounts of sillimanite is some-
time developed but due to the advent of granitic
fluids it was commonly altered to muscovite.

Further stages of reaction can be seen in the
fragments that had fallen prey to the general felds-
pathization (or granitization) and had acquired
composition very neéar to the host granite. Exeept
for their smaller grain size or darker colour, they
look very much like granites in field. Such bodies
have been called *‘ghost xenoliths™ by petrologists.

The study of fragments, their reaction with the
granites and their contribution to petrogencsis is
in 1tself a research problem.

B. THE YOUNGER TOURMALINF GRANITES
The later periods of plutonic evelution of the
Manschra-Amb Statc area saw the generation of a

number of bodies of tourmaline granite. Some of
the larger members of this group are ;

1. Hakale granite.

Eed

Sukal pranite.
3. Karkala pranite.
4. Dheri granite.

T'hese are relatively small bodies, the biggest of
them, the Hakale granite, is only 13 square miles
in oulcropping arca. Petrologically, they are
medium to coarse grained non-porphyrtic or weakly
porphyritic granites, with hlack tourmaline as
one of their essential minerals. In addition plagio-
clase is almost always in the range of albite while the
typical potassium felspar is microcline of high
obliquity. The latter is a late-formed constituent
and appears to have replaced the other salic minerals
of the groundmass.  Conirary to the case with the
granitic rocks of the older group, muscovite is their
characteristic mica, although minor biotite is not
uncommeon. The geometrical form of these bodics
is sill-like (Karkala granite, Dheri granite) and
oval-shaped or lensoid (Hakale granite, Sukal
granite). The size may sometime be quite small
as in the case of thin tourmaline-bearing soda-
aplites, which have a comparable origin and mode of
OCCUTTENCE.
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Among the tourmaline granites, the Hakale
granite which is the largest member of this group
will be described in detail.

The Hakale Granile

Tt is 2 small, oval-shaped body which occupies
a position defined by core of the svmtaxial loop
of Manschra-Amb State area. About 13 square
miles in extenl, it is elongated in the east-north-eas-
terly to west-southwesterly direction. It is in
contact with the Manschra granite in the south and
with the metascdimentary rocks in the north ; its
gastern cxlemsion iz covered under alluviul,
while it ends as wedge and tongue intrusions into
the schist in the western direction. The contact
relations show that the Hakale granite is younger
than the Manschra granite. against which it had
developed a finer grained ( 7 chilled) edge.
(Fig. 24). It is almost a massive body orat the
most, a very weak foliation-trace can be seen ;
tectonically affected areas, however, have definite
foliation. ©On the weathered surfaces, the foliation
shows up much better.  The margins of the granite,
especially the northern margin are sheared. Com-
parcd with the granitic bodies of the older group,
this body is much more free of fragments of meta-
morphic rocks and holds a lesser number of doleri-
tic injections. Jointing is well-developed and in
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combination with the weathering, gives rise to out-
crops that break into somewhat slab-like pieces,
in contrast to the sub-rounded boulders of the
nearby Manschra granite.

Petralogy

In thin section, the Hakale granite shows a
granoblastic to crystalloblastic aggregate of minerals
without any preferred orientation, except for the
portions that had suffered shearing due to faulting.
The mineralogy of the rock consists of quartz,
albitic plagioclase (Ang; to  Angg), microcline,
muscovite, garnel, epidote. tourmaline, biotite and
rare ore grains.

The following facts are noteworthy :

{i) There is a general crushing of the grains,
attended by bending and fracturing.
Quartz and feldspar minerals are specially
affected and sometime exhibit a moriar-
like textiure ; even the mica minerals show
strain extinction.

{ii) The albitic plagioclase was present carlier
than microcline, as is shown by the latter’s
replacement  relationship  towards  the
former (Fig. 25},

Fig. 24. showing contazt of Hakale granite with Muansehra granite ;
Wole fine grajped margin of 1he former.



Fig. 25. Photomicrograph of athin tection of Hakale
granite showing microlice replacing plagiociase : note
ramnents of the latler.

BASIC MINOR INTRUSIVES

Minor basic bodics, in the form of dvkes and
sills, are present almost cverywhere in the area
cutting both the granitic as well as the metamor-
phic rocks. Depending upon the age of cmplace-
ment, they are met with as all sort of varieties
betwean ophitic dolerites to garnet amphibolites.
Detailed investipation has proved that the source
magma was of tholeiitic basalt composition.
Due to their rather thin dimensions, they suffered
somewhat quick cooling so that differentiation
effects were not very appreciable except for the
development of rare vein-like or patchy pegmatitic
concentrations. The older bodies shared regional
metamorphism simultancous with the enclosing
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schists and closely aequired similar metamorphic
status. Therefore, while study of the dolerites of
the arca reveals the differentiation trend of the
parcnt magma on one hand, investipation of the
meladolerites affords knowledge of the cffects of
metamorphism on the same magma on the other
hand. The first aspeet of this problem has been
studicd in detail and is reported elsewhere
(Shams, 1968).

ORIGIN OF THE HAZARA GRANITIC COMPLEX

As the aim of this article is to describe geology
of the Mansehra-Amb State area in general, details
of investigations carried out to understand possible
origin of the granitic complex will not be given.
It may, however, be useful to report the conclusion
that the granitic complex seems to have formed by
a process of “‘magmatic granitization™ of the pre-
existing metasediments through the agency of hot
permeating fluids of ultimate magmatic parentage.
Under structural control, only portions of the
metamorphic rocks suffered granitization while the
tectonic behaviour of the granitized arcas was
induced after their acquiring mechanical properties
different from the non-granitized metamorphic
rocks.

The above conclusions are not only supported
by the petrological and structural investigations
etc. but are also hinted upon by the radiometric
data on micas of some of the granitic rocks of the
arca (Shams, 1967).

The younger tourmaline granites and related
minor acidic bodies had close genetic relationship
with the major granitic complex.
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TABLE 2

Micrometric analyses of some specimens of the older group of granitic rocks.

1 2 3 4 5 (i 7 8 9

Mineral (7464) (7353) (7463) (7557) (6B17) (7522) (6451) (6738) (7457)
Quartz = 46.7 41.5 31.3 40.2 23.1 38.3 40.9 45.0 267
Pot, feldspar. . 16.3 26.6 26.6 9.4 3.2 3.0 6.2 4.4 6.3
Plagioclase. o 15.4 15.4 20.2 227 203 26.0 23.5 26.9 21.2
Biotite® o 13.3 10.6 12.1 14.8 10.4 14.7 11.8 16.5 5.9
Muscovite i 6.6 3.8 1.6 11.5 14.3 16.0 16.9 5.7 5.6
Accessories.*” i 1.6 2:1 2.2 1.4 0.6 2.0 0.9 1.5 1:3
Total counis Fo 2222 2244 29040 2670 2570 2520 2750 2200 2830
Pot. fels/ = 0.53 0.64 0.57 0.29 0.61 0.11 0.21 0.14 0.63

(Pot. fels + plag.)

Recalculated 1o percentage

Pot. [eldspar. i 21 32 34 13 42 5 9 ] 43
Plagioclase. = 19 18 26 32 27 3% i3 33 25
Quartz. = 60 50 40 55 3l 57 58 59 iz

*includes minor chlorite and partially chloritized biotite.

**include ore, garnet, apatite, tourmaline, zircon. monazite. epidote ; and andalusite in case of andalusite
granitcs.
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TABLE 2 (conti.)

10 11 12 13 14 15 16 17 18
Mineral (6332} (6275) (7455) (6553-A1(6353-B) (7338) (6817) (6394}  (T065)
Cuartz e 40,0 19.6 I3 2.7 396 272 27.9 17.8 23 .4
Pof. feldspar. i 322 27.7 19.8 3.9 27.5 4 26.4 |82 4]1.3
Plagioclase. o 253 12.2 18.0 19.3 17 224 20.2 22T 19.6
Biotite* = 1.1 3.3 10.3 2.7 7.9 10.2 10.8 142 12.1
Muscovite e 1.3 6.4 13.5 5.1 3.8 7.8 13.4 5.8 2.3
Accessories.** ik 0.3 1.1 1.1 1.3 15 1.9 1.3 1.3 1.3
Total counts. . 2145 3690 1880 1860 1930 2200 1970 2850 1820
Pot. fels / e 0._56 0.69 0.51 0.65 0.6l 0.57 0.57 0.45 0.68
{Por. fels | plag.)

Recalculated to percentage

Pot. feldspar. : 33 46 26 41 32 38 35 23 44
Plagioclase. - 26 21 25 22 21 28 27 29 23
Quartz. i 41 33 49 37 47 34 3R 48 28

*includes minor chlorite and partially chlontized biotite.

**include ore, garnet, apatite. tourmaline, zircon, monazite. epidote. and andalusite in case of andalusite
granites.



AN IMPROVED SCHEME FOR CHROMITE ANALYSIS
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Abstract = Chromite sample (80-120 niesh), purified with the help of a magnetic separator and heavy liguids,
is decomposed by heating with a mixture of HNO; and HCIO, (60-7077) in a beaker. SiQs is determined by
volatilization with HF. Cry O, is determined tirrimetrically with Kz Cry O; in twe parts, ane in R> ;5 precipi-
tate and the other in the filtrate of the phosphates of Mg, Mn, Ca and Ni. Total iron is determined tirimetrically
with Kz Cra @5, TiOs, MO, Va Os are deterined with a specrraphatometer and CaQ with flame-photometer.

Mg0. Al,0. NiO are determined gravimeitrically and FeQ by Seil's method.

INTRODUCTION

The exuact analysis of chrome ore is a martter
of some difficulty (Furman, 1968). The writer
has heen confronted with this problem while investi-
gating the geochemistry of chromites of West
Pakistan. For this purpose a large number of
chemical analvses of chromites from different
localities were wired. The author consulted
various schemes of chemical analysis produced by
Bilgrami and Ingamells (1960), Dinnin (1959), Fur-
man (1966), Malhotra (1956) and Vogel (1964).
The writer noticed certain difficulties inherent in
these schemes and therefore developed an improved
scheme of chromite analysis. Portions of a purified
chromite sample were analysed separately by these
schemes as well as by the scheme developed by the
writer. The results obtained are given in Table
MNo. 1.

DISCUSSION OF EARLIER SCHEMES

The possible sources of error in the schemes
of the above mentioned workers are discussed
below.

1. Separation and Estimation of Chromium:

{a) Bilgram and Ingamells (op. cit. p. 388)
recommend that Cr should be completely
separated in the R,C. precipitate afier its
reduction from hexavalent 1o trivalent form
with H.Q,. However, the writer has noted
that in practice it is very difficult to achieve

(1]

()

complete reduction by this method and
this may result in an incomplete scparation
of Cr in RO,

For the estimation of Cr, these workers
recommend colonmetric or  Kl-thiosul-
phiate method. While the colorimetric
methods are generally suitable for sub-
stances present in quantities of less than 2
percent (Vogel, op. cit. p. 738) the KI-
thiosulphate method is subject to a number
of errors (Yogel, op. cit., p. 350), such as:—

(i} the reaction 15 nol inslantaneous.

(if) there is a loss of iodine owing to its
appreciable volanlity.

1iify the hvdroiodic acid (produced by the
reaction of excess iodide and H,50,)
is readily oxidized by air, especially in
the presence of chromic salts.

{iv) The chromic salt produced in the reac-
tion has a sky blue colour and the
cnange to light green colour at the
cnd point is rather difficult to judge.

After decomposition of sample with Na. O,
Furman {op. cit. p. 362) recommends
to dissolve the decomposed mass in H.80,
and HNO,. He boils the solution first with
AgNO,, KMnOy and (NH,); 5, Og, and
afterwards with HCl. He recommends this
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step in order to oxidize chromium and to
discharge the viclet colour produced by
manganese. The scheme by Dinnin (op.
cit, p. 45) is almost the same except that
he uses KMnOy instead of AgNO, and
(INHy); 5.0;. The writer has noted that,
by applying either of these schemes, Cr; O
upto 2% escapes estimation.

2. Separation of Iron and Titanium :

The methods given by Bilgrami and Ingamells
(op. cit., p. 589) and by Furman (op. cit., p. 363) are
quite satisfactory. However, the writer has noted
that cqually effective but more rapid separation
can be achieved by using MNas0, and thercfore
prefers this method of separation.

3. Estimation of Aluminium :

Bilgrami and Ingamells (op. cit,, p. 589) esti-
mate Al; Oy simply by substracting the combined
weight of oxides of Fe, Ti and Cr from the total
weight of precipitate of R, O, According to
Vogel (op. cit., p. 472) for converting Al (OH); io
Al;Q;, the R,0), precipitate is requiried to be ignited
at a minimum temperature of 1200° C for atleast
10-15 minutes. At this riised temperature, the
Fez O; produced by the ignition of Fe (OH); at
a lower temperature, may get atleast partially chang-
ed to Fe; Oy (Vogel op. cit.. p. 470).

Malhotra (op. cit., p. 464) scparates Al, Fe
and Ti from Mg, Ca and Mn by adding NH, OH.
This results into co-precipitation of Mg and Mn
with Al, Fe and Ti (Vogel, ap. cit., p. 472). He esii-
mates Al. O; by substracting the combined weights
of Fe, Ti from the weight of R, O; composed of
only Fe, Ti oxides and Al oxide. This method
has the same temperature-cifect as that of Bilgrami
and Ingamells (op. cit., p. 589).

4. Estimation of Calcium :

Bilgrami and Ingamells (op. cit. p. 589) and
Furman (op. cit. p. 365) preapitate calcium as
CaB0, in alcoholic medium before the estimation
of Mn. After precipitation. they estimate Ca by
volumetric or by gravimetric methods. Since the
amount of Ca in chromites is very small, hoth
volumetric and gruvimetric methods are expected
to give inaccurate results.

5. Estimation of Manganese :

Bilgrami and Ingamells (op. cit. pp. 387, 589)
estimate Mn by two methods. In the first they
determine Mn on a separate chromite sample after
its decomposition with Na,0,. While in the s2cond
they determine Mn that is precipitated along with
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the phosphates of Mg, Mn. Ca and Ni.  The writer
noted that Mn determined by the second method
was 0.21 % less than the first method. This amount,
actuaily got precipitated in R, Oy, escaped estima-
tion in the second method and calculated as Al O,.
which adds another error in the AL O, estimation.

Similar 1s the case with the methods of Furman
{op. cit. p. 363) and Malhotra (op. cit. p. 464) in
which manganese estimated is less than the actual
amount due to its partial precipitation in R; O,
and in (Fe; O;+ Alz O,+TiOy) respectively.

THE IMPROVED SCHEME

Keeping various sources of error and com-
plications in view the writer has put forward the
following scheme of chromite analysis, the accuracy
of which has been checked on standard elements.

Water is determined by Penficld method.
(2) 850

Take 0.5gm of sample (80-120 mesh), dried
at 110°Cina 300 ml beaker. Add about SmIHNO,
and 40 ml of HCLO, (60-70%;). Place a stirring
rod in the beaker, cover it with a watch glass and
place it on a hot plate. Heat gently first, then
strongly till the whole sample gets decomposed
completely. Cool and dilute with water to about
200 ml. Filter through Whatman No. 4! flier
papsr. Wash filter paper thoroughly with distill-
ed water about 10-12 times. Dry the filter paper
and ignite it in a platinum crucible to a constant
weight. Determine $i0, by volatilization with HF.
Fuse the residue with 2-3 gms. of Na, CO; and
wish the crucible thoroughly with water in the main
solution.

(3 R]O_g.-

Add about 5 gms. of NHy Cl, heat to boil,
cool and add filtered (1:1) NH,; (OH) to get a pH
value hetween 6.5-7.5  Boil for one or two minules
and filter through Whatman No. 41 filter paper.
Wash the precipitate with hot 29 NH, NO, 34
times. Dissolve the precipitate in dilute Hy SO,
repeat precipitation, filtration and washing as be-
fore. Dissolve the precipitate in water containing
about 5 ml Hy 50,

(4) Fe, TiDs, MnO.

Add Na, 0. to the above solution till preci-
pitation of Fe, Ti and Mn starts, add 1-2 gms
more and bail for 1-2 minutes 1o destroy peroxide
completely. Filter the precipitate through Whatman
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MNo. 41 filter paper. Wash the precipitate with
2% MaOH to a colourless filtrate. Dissolve the
precipitate in water containing 5 ml Ha S0y. Filter,
wash thoroughly with water and reduce the volume
to 100 ml.

(i} Felastotal iron)

Take 25 mi, from the above <oluilon. add 1-2
ml HCI and bail for 2-3 minutes,  Add freshly pre-
pared dilute SnClz solution till 2 colourlzss solu-
tion is obtained and add 1-2 drops in excess.  Cool
rapidly under tap, dilute with water to about 100 ml
and add saturated solution of HgCls 1o neutralize
excess of SnCl,. A whilish precipitate of mer-
curous cholride must appear.  (Discard the solu-
tion if it turns black, which is due to cxcess of SnClL).
Add 5 ml of H,y PO4and 6-7 drops of 0.2%, sodium
diphenylamine  sulphonate  solution.  Titrate
apainst W10 Ky Cra Q- to a violet end point.

(i) TiO2

Add 5ml H; POgand 3 mlof 37, H, O, 1o 30

of the above solution and determine TiO,
spec:mphnmmulriuully at 410 mu. (Snell and
snell, op. cit.).

{tie) MnO

Add 5 ml Hy POy to the remaining 23 ml of the
above solution. Heat to boil and add 0.5 gms
K10, Boil for 1-2 minutes, allow to cool slowly
and estimate MnQ spectrophotometrically at 550
mu. (Snell and Snell. op. cit ).

4. ALO,

Acidifv the filtrate from iron, titanium and
manganese with H:S0,; and precipitate Al as
Al (OH), by filtersd 1:1 NH, (OH) at pH 6.5-7.0.
Boil for 1-2 minutes and allow to settle. Filter
through Whatman No. 42 filter paper, and
wash the precipitate with hot 2% MNH, ]\U, to a
colourless  filtrate. Dissolve the precipitate in
H. SO, and carry out precipitation, filtration and
washing as before. Transfer the dried precipitate
along with filter paper to a weighed platinum cruci-
ble and ignite first at a low heat and finally at about
1200°C for 10-15 minutes. Weigh and calculate
percentage of Al O..

5. Cr,y0, precipitated in Rz20,

Adjust the above filtrate to 250 ml.  Take 10.mi
of this, add NaOH till solution turns green duc to
the formation of Na,CrQ,. Add diluu:LH'CI 1i_|1
solution is acidic. Add known cxcess of approxi-
mately N/10 FeSOy (NHy)e 50, 6H.O (with an
axcess of ferrous salt the solution turns green.)

15
Add 3 ml H; PO,. 7-8 drops of 0.2% solution of
sodium diphenylamine sulphonate as an indicator
and titrate against N/10 K Cry0; 10 a violet end
point.  Titrate the same amount of FeS50,; (NH;):
§0,. 6H O under similar conditions of acidity as
used in the estimation of Cry0,. From this calcu-
late the amount of Cr.0, precipitated in R,0y.

(L \"3(};

Precipitate vanadium from the remaining solu-
tion with cupferron as described by Schoeller and
Powell (1953). Add filter pulp and flter through
Whatman No. 4! filter paper. Wash precipitate
with cold N.HC! contmining a little cupferron.
Burn off the papar and precipitate at low temperature
and then at red heat.  Fuse the residue with KHSO,
or pyrosulphate, dissolve the fused mass in water
and determine ¥.0, with a spectrophotometer as
peroxyvanadate at 430 mu. (Snell and Snell op. cit.)

7. MgO, MnQ, CaQ. NiQ, Cra0,

Add 5 gms of (NH,)y POy to R Oy filtrate.
Heat to boil, cool to room temperature. Add
filtered (1:1Y MNH, (OH) tll precipitation staris.
Add 15 ml more while stirring vigorously and allow
to stand for about 12 howrs.  Filter through Whai-
man No. 40 filter paper, wash the precipitate with
2% MH, (OH) to a colourless filtrate. Repeat preci-
pitation. filtration and washing after dissolving the
precipitaic in water containing H,50,. Reserve
the hlirat and washing for the estimation of Cr
that escaped precipitation in RyO;.  lgnite the preci-
pitates of Mgz, Mo, Ca, and Ni at 1000-1100°C and
weigh as Mgz P O; ¢ Mn, P, 0,4 Cay (PO +
Mi.P-O.,

(i} MnO

Dissolve the above ignited precipitate of Mg,
Mn. Ca and Ni in dilute HNO;. Baoil off HNO,
and add 5 ml H,PO,. Heat to boil and add 0.5
gms of K10, Rail for 1-2 minutes, cool slowly and
estimate MnQ spectrophotometrically at 550 mu.
Add this 1o MnO already determined.

(i} CaO

Add 10 ml H. 80, to the above solution,
evaporate to fumes of sulphur trioxide, cool and
add 100 ml of 95% ethyl alcohol. Stir vigorously
and allow to stand for about 12 hours. Filter the
percipitate of CaS0, through Whaiman No. 40
filter paper. Wash 10-15 times with 80% alcohol
containing 2 ml H; SOy per litre for q:nmplete
removal of all phnhphurm acid. [Ignite the precipi-
tate and dissolve in dilute HC1. Boil for 1-2 minu-
1es and determine CaO by flame photometer.
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(i) NiQ

Reduce the above filtrate from Ca precipitate
to about 100 ml. Neutralize the solution with
MNaOH, add 5-10 ml acetic acid and 5 ml of 19
solution of dimethyl-glyoxime in alcohol.  Filter the
precipitate through weighed sintered glass crucible
previously heated to 110-120°C. Wash the precipi-
tate with cold water and dry at 110°-120°C for 40-45
minutes. Cool in a desiccator and weigh as
Ni (C;H-0,N,): which contains 20.32%, of Ni.

Calculate Mn, Ca, Nias MnaP:0,, Ca; (PO,):
MNis P> O; respectively and deduct from the com-
bined weight of their 1gnited precipitate to get Mg,
P> O,. Convert Mg, P, O, to MgO,

[lr'l-‘.l Crzﬂl

Adjust the volume of filtrate from precipitate of
Mg, Mn, Ca and Ni to 250 ml. Take 10 ml and
determine Cr, O, as before. Add this amount of
Cry O; to that already determined.

i8) FeO

FeO has been determined by Seil's (1943)
indirect method. The method has been slightly
modified by Bilgrami and Ingamells (op. cit. p. 586.).

SHAFEEQ AHMAD

Instead of KI1-MNa:5:0, titration, as recommended
by Bilgrami and Ingamells, the author has preferred
the use of ferrous ammonium sulphate-dichromate
titration. The reasons for which are given in
introduction. The apparatus s illustrated  in
Fig. 1.

Add about 10 ml H,O in the reaction flask.
Add 0.5 gm of chromite sample (80-120 mesh)
dried at 110°-120°C in the reaction flask. Add 25 ml
(4:1) mixture of H;PO,+H,S0, previously boiled
for about 30 minutes, to the reaction flask. Stir
the flask well. Add 15 ml of KsCr,05 in (c) and
3 ml in (d). Dilute with water. Place hot plate
below the reaction flask. Pass CO; at the rate of
1-2 bubbles per second as ohserved in (a). Main-
tain hot plate at a temperature of 220°C. At first
reaction will be very slow until all the water has
becn cvaporated from acid mixture. Then the ore
will dissolve fairly rapidly. Increase flow of CO,
when reaction starts. Continue heating for 10
minutes after the bubbles cease 1o form in the reac-
tion flask. Cool the Mask and increase rate of flow
of gas in order to avoid sucking back of the liguids
from the absorption flasks (e, d). Disconnect the
absorption flasks and collect the solution in a titra-
tion flask. Determine the change in normality
caused by the reduction of K, Cr, O, by 50; and
Phy evolved from reaction flask and calculate
amount of FeO present in the sample.

—— i

HOT

PLATE

Fig, 1. (f) 220 m] round bottom fask (a) bubbler cuniuinjnﬁt‘- % MaHCO3 to which has been added an equivalent

amount of ferrous ammonium sulphate to remove 0. and H.S from t

bubblers containing N/10 K.Cr-07 in 5 % H.504.

¢ CO- (b) Washing bubbler containing waler. (c,d)
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TABLE MNo. |
i : : Cations
Elements Weight percentage by different methods on basis of 32(0)
as oxides “Shalcey  Bilgramy, Vége]_ Dinnin Furman Malhotra  Shafeeq Malhotra
et al. ‘ fa)
(1 Cr0: 36.99 4938 3695 55.12 5569 55.58  11.9864  11.5530
(2) ALD, 10,32 12,33 - 10.5 13.00 3,234 4.0200
(3) Fz,0; 3.78 3.91 — — 4.6l 0.7347  0.9100
@ TiOs 0.38  0.37 — 038 036 159775 16.4920
(5)  V.0: Nil Nil = = —(b) = =2
(6) FeD 17.06 16,82 — o 15.98 16.23 3.7209 34985
(7) MgO 11 .00 L1 40 — 10.96 9.92 4.2534 3.7635
(r)
(8) CaD 0.06 .15 — 0,12 0.06 0.0159  0.0138
(el
(97 MnO 0.26 0.206 - — traces 0.0575
(e - -
0.05 — - 8.0477 T.2758
(o W0 Mil il - — — —
(1 Si0: 0.21 0,22 = — 0.24 = —
(12) H,0 0.01 0.01 = — - = =
100.07  94.85 100.00 24.0252 23.7678

(¢) Due to non-availability of certain reagents complete analysis by the scheme of Dinnin
could not be carried out.

ih) Total iron determined as FeO

i¢) Ca0 determined by flame—photometer,
(/) MnO by first method

(¢} .. second
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LITHOLOGICAL DATA FOR DIVISIONS OF MIOCENE ROCKS FROM BARA INANI
KHAL SECTION IN CHITTAGONG HILL TRACTS, EAST PAKISTAN

Y. A. MIKHAILOV, ABDUS SAMAD AND SAYED AZHAR ALl
0il and Gas Development Corporation, Karachi

Abstract ;  The lithological investigations of rocks of Miocene age from Bura Inani Khal section of Chittagong
Hill Tracts formed part of a detailed project which was undertaken with a view to find uniform basis or litho-

stratigraphic divisions and correlation of these deposits,

The data, abtained from field and petrological investigations make it possible to define, on the basis of stability
af sedimentation and rate of accumulation of sediments, three distinct members, namely, Clay-Silt, Silt-Sand

and Clay.

The Silt-Sand member can be correlated with the Tipam Sandstone.

The other two members are

partially exposed in this section and their correlation is not distinct.

INTRODUCTION

This paper deals with the results of field and
petrological investigations of rock samples collected
from Bara Inani Khal section in the Chittagong
Hill Tracts, East Pakistan. These im-::z-;ligali-:}m
formed part of a detailed project which also includ-
ed field and laboratory investigtions of Jaldi,
Bandar Ban and Sitakund swuctures. The work
was undertaken with a view to find uniform basis
for lithostratigraphic division and correlation of
Miocene deposits.

The importance of the project lies in the fact
that sofar four wells have been drilled by Oil & Gas
Development Corporation and still the division and
correlation are bazed on individual interpretation.

The investigations carried out consist of grain
size, heavy mineral and spectrographic analyses for
determination of trace elements ; for the purposc
of correlation spectrographic analyses can be used
in a similar way as the heavy mineral analyses. As
the data has been obtained from one section only
the estimation of correlative value of different litho-
logical divisions, discussed in the present paper is
tentative. We hope that similar investigations on
material from other areas will result in establishing
firm basis for the subdivision and correlation of
Miocene deposits of East Pakistan.

The results of the study of granulometric
composition of the rocks are given in Table 1®
and plotted in a triangular composition diagram
(Fig. 1). The composition diagram was drawn

#*These tables are given at the end.

after the methad adopted by Krysanov and Semen-
tovsky (1953). In this triangular diagram, values
of granulometric composition were computed; the
closely ranging values falling in the same field were
grouped, thus forming 5 fields. Each of the field
defined different 1ypes of rocks according to their
granulometric composition. An effort has been
made to classify the rock types thus obtained,
according to preponderance of a size [fraction,
clastic component-cement-matrix ratio and the
degree of sorting. The ratio of clastic component
and cement-matrix was dJdetermined considering
the carhonate content as part of the cement ; the
rcsulis are shown in Table 2% Five types of rocks
have been defined according to degree of sorting
{Table 3).

TABLE 3

Showing classification of rock types on the basis
of degree of sorting

Rock Predominant Fraction in Degree
type No. Percent of Sorting
1 Above 70 (or 65) Well

11 From 70 (65) to 55 (50) Medium
11 From 55 (30) to 45 (40) Poor

v Less than 45 (4 Unsorted

v Predominent fraction not defined
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The rock tvpes thus defined are described below:

I. Rock Type-1-5ILTY CLAY :—It 1= repres-
ented by sample MNo. | and is composaed of 75% of
pelite fraciion, 17.8% of silt and 7.29, of sand
fraction. Total content of cement-matrix comprizes
778% including carbonate content of 11.2%
Clastic part comprizes 22.2% of the whole rock,
which is well sorted.

2. Rock Type IT—SAND SILT:—IL s charac-

Y. A, MIKHAILOVY et al.

terized by 9 samples and is composed of zilt fraction
(33.8to 91.5%;) sand fraction (4.6 to 40.55) and
a small quantity (2.7—8.9%) of pelitic [raction.
This type of rock is characterised by predominance
of clastic material, content of which is never below
R5.69% and somclimes reaches 939%.. The content
of cement varies, accordingly, from 7.0 1o 14.4%
while the carbonate ranges from 4.4 10 7.034. The
rock is mostly well sorted but occazionally sorting
15 of medium grade.

10085

=2

"
i+
i

Fig. 1 Granulometric compasition ;

Miocene rocks frone Bara Inani Khal Section.

According o M.V, Kyrsanow and Y.V. Semcntovsky (1955)
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SAND

SL. SILTY SAND
SILTY SAMD

H. SILTY SAND
CLAYEY SILTY SaND
SILTY CLAYEY SAND
H. CLAYEY SanND
CLAYEY SAND

SL. CLAYEY SAND
SILT

SL. CLAYEY SILT
CLAYEY SILT

H. CLAYEY SILT
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SANDY SILT
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SL. SANDY SILT
CLAY

SL. SILTY CLAY
SILTY CLAY

H. SILTY CLAY
SANDY SILTY CLAY
SILTY SANDY CLAY
H. SANDY CLAY
SANDY CLAY

SL. SANDY CLAY

TYPES OF ROCKS

SAMPLE AMNALYSED

HIGHLY

tx 2 lEr -OOROORREOEE

SLIGHTLY

Explanation of Fig. |

The wvarieties of this class, alongwith their
short descriptions, are given below —

Silt (Sample No. 6)—It is represented almost
entirely by silt fraction (91.5%) and contains very
little sand (4.6%) and pelitic fraction (3.9%). The
cemenl-matrix contains 4.4 % carbonate.  The rock
is very well sorted.

Slightly Sandy Silt (Samples No. 15, 17}—1i
also contains high percentage (¥3-B8%) of silt,

slightly higher than in the foregoing variety. Sand
fraction is 7.9—12% and pelite fraction is 3.6-4.4 %7
Cement-matrix  comprises 9.2-10.4%,, including
5.0-7.0% carbonate content, The rock is well
sorted.

Sandy Silt (Samples No. 10, 11, 16, 20) 15 com-
posed of predominantly silt fraction (65.2-T4.8%,)
with a noticeably higher content of sand fraction
(22.7-31.4%). The content of pelite is very Iml.u-
(2.3-3.3%) and in only one sample (No. 11} 1t
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increases upto 8.9%. Cement-matrix comprises
7.0-14.4% out of which 4.4-6.6%, is carbonate,
The rock is well sorted.

Highly Sandy Silt (Samples No. & 9). Sili
constitutes more than half of this rock (53.8-57.19
and contains relatively high amount of sand
(38.5-40.5%) and a small quantity of pelite
(4.3-5.6 7). The cementl comprises 9.6-11.0%, of
the whole rock and includes 5.6% of carbonate.
The sorting of rock iz medium.

3. Rock Type III—SILTY SAND:—It is represen-
ted by 2 samples and is cnmpmcd predominantly
of sand fraction (54.9—78.0% ), subordinate quan-
tity of silt (19.5-38.7) and a hmd" amount of pelite
(2.4-6.3%). Thr: content  of cement varies from
4.2 to 19 6%, out of which 1.8-14.2% comprizes
carbonate material. The sorting of rock is well to
medium. This type of rock includes two varictics -
Silty Sand and Highly Silty Sand, one differing
substantially from the other.

The varicties of this class, alongwith their short
desaiptions, are given below - —

Silty Sand (Sample No. 2} 1t consists predo-
minantly of sand fraction (789}, considerably less
sit (19.5%) and very little of pelite (2.452).
Cement comprizes 4.2%, including 1.§% of carhon-
ate. The rock is well sorted.

Highly Silty Sand (Sample No. 12). 1t is only
half composed of zand fraction (34.9%), while the
contents of silt fraction (38.7%,) and of pelite frac-
tion (6,3%) are somewhat higher than in the prece-
ding ».aru:t:, Quantity of cement ranges upto
19.6 %, which is due, mainly, to increased carbonate
content (14.2%). The rocks are medium sorted.

4. Rock Type IV—SANDY SILTY CLAY:—This
group is represented by 5 samples. It is composed of
more or less equal quanunes of pelitie (37.2-49.2%)
and silt (32.2-43.5%) fractions. The sand fraﬂmn
15 also mmpar'uwety high (10.1-259%). Cement
constitutes half of rock’s contents (49.2-50.29%). in
which the carbonate content varies from 1.6-10.6%
The rock is practically unsorted. Almost all sam-
ples (3, 4. 5, 7) are of very similarg ranulometric
NMPDSiliOn and only sample No. 24 is border-
ing between Sandy Silty Clay and Highly Silty
:]4!;13‘.5 due to the increased content of silt fraction

%)

5. Rock Type V—CLAYEY SILT —Ii is charac-
terized by 9 samples. Typically, 1ts content of silt
fraction varies from 49.2 o 74.2 % while the pelitic
fraction comes second in order and its content varies
from 16.0 to 38.6 % ; content of sand fraction is much
lower (9.2-17.3%). The cement comprises. on the

Y.A. MIKHAILOV et al

whole, 33-39 2 out of which 8-9°/ consists of car-
bonates. The rocks are medium to poorly sorted
except for the sample No. 21 which is well sorted.
This type of rock consists of the following varictics .
Sandy Clayey 5ilt, Clayey Silt , Highly Clayey Silt.

bnndg Clayey Silt (Sample Nes. 18, 19, 22, 25,
26) consists mainly of silt fraction (49.2-60.2%) and
pelitic fraction (26.1-35.1%) with a mtnrd1nale
quantity of sand (7.5 EJ'S';OI Content of cement
varies from 32.8-39.6%, including that of the car-
bonate material from 6.0-9.0%. The rocks are
medinum to poorly sorted.

Cln}'ezr' Silt (Sample Nos. 13, 14, 21) contains
60.7-74.2%, of silt E'ral..u.u':n with 16.0-30.1 % of
pelite and 7.5-9.8% sand fractions. Quantity
of cement in sampll.. Nni 13 and 14 comprises 35.2-
36.8 %, and in sample No. 21 -22.4% with carbonate
content ranging between 7.2-11.2%.. The rocks
are medium to well sorted.

Highly Clayey Silt (Sample No. 23) contains
52,09 silt, 38.6 7, pelite and 9.4% sand. Cecment
comprises 44,0% including %.8% of carbonaic.
Rocks are poorly zorted.

Fromthe description of rock types given above.
il iz naticeable that according to the main indices-
ie. tatio between the clastic material and the
cement, and the sorting of rocks, type 11 is close to
type I and type IV to type V; tyre 115 a unique
rock that does not resemble any other rock tvre.

DISTRIBUTION OF ROCK TYPES ALONG
THE SECTION AND CONDITIONS OF
SEDIMENTATION

The distribution of rock typesalong the section
shows that various parts of the section are represen-
ted either by rock of one type only. or by an associa-
tion of rocks of different types. The structural
features and thickness of different parts of the sec-
tion arc shown along with a correlation chart.
(Fig. 2). Study of rocks from various parts of sec-
tion has shown that the conditions of sedimentation
during their formation did not remain constant.
The two main indicators of sedimentation conditions
i.e. stability of the s=edimentation and the rale of
sediment accumulation, were determined.

Stability of sedimentation was determined from
the nature of rock alternation, while the rate of
sedimentation was determined from sorting of the
rocks,

From distribution of rock tyvpe upwards from
base of the scclion, the following lithological beds
were defined :  Clay—S5ilt, Silt, Clayey Silt, Sand,
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Lithological Characteristics of Rocks From Bara Inani Khal Section
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Silt-Clay and Clay. These are described below —

{i) Clay-Silt Bed—This partly cxposed bed is
approximately 310 m. thick and is represented
mainly by an alternation of Sandy Clayey Silt (rock-
type V1 and Sandy Silty Clay (rock-tyre 1V) with
subordinate layers of Sandy Silt (rock-type 1l).
The alternation indicate: the unstable conditions of
sedimentation. On the other hand it should be
noted, that rock-tyres V and IV are very cloge 10
each other as regards the granulometric composi-
tion as well as the degree of sedimentation. The
poor sorting of the rocks shows that the rate of
sedimentation was high. At the top of the bed
sparsc layers of rock-type Il are present which
show substantially different granulometric compo-
sition and degree of sorting. These layers may
probably be taken to be the first indication of the
subscquent changes in sedimentation conditions.

(iiy Silt Bed—This bed with a thickness of
90 m. is composed of Sandy Silt (rock type-11) with
intercalations of Clayey Silt (rock 1ype V). A
compared with the underlying bed, the rocks are
better sorted, due to relative retardation of sedimen-
tation rate, and contain a considerably greater
quantity of clastic material. Moreover, the Silt
bed docs not show any alternation of rocks which is
a characteristic of the Clay-Silt bed. 1tis represent-
ed by a single type of rock, which indicates stability
of sedimentation conditions, while the sparse layers
af type V rocks indicate pericdic returns 1o previous
-anditions that existed during formation of the
underlaying bed.

{iii) Ciavey SHt Bed—This bed has a thickness of
45 m. and is represented by Clayey Silt, the rock
type V. The samec lype of rocks compose the
Clayey Silt Bed, occurring at the base of the section.
These beds are distinet by their uniform composi-
tion, and absence of interlayers due to retardation
af the sedimentation rate. Thus, although
sadimentation conditions of Clayey Silt bed are
similar to those of Clay-5ilt bed, the difference
between them indicazes the irreversible development
of the sedimentation basin.

{i¥) Sand Bed—This bed has a thickness of 160 m.
and is compesed of Highly Silty Sand, the rock-
type 111, with layers of Sandy Silt, the rock
tvpe 1. As regards its granulometric composition
and sorting, this bed is comparable with the Sih
Bed. Scdimentation conditions of both these
beds were apparently similar. The main distine-
tion is that the Sand Bed contains a layer with
remains of marine fauna at the base of the bed.
This indicates. firstly, that the scdimentation occur-
red under conditions of marine environments and
secondly, that the rate of sedimentation was retard-
ed, The remains of fauny represent fragments of

45

thick-walled shells (pelecyped ?), characteristic of
the coastal conditions of sedimentation.

() Silt-Clay Bed—This bed has a thickness of 135
m. and is represented by Sandy Silty Clay. the
rock-type 1Y, alternating with Sandy Silt, the
rock-type I1I. The alternation of different types
of rocks with various degrees of sorting indicates
that the conditions of sedimentation were unstable
as compared to those of the preceding bed although
they resemble to a certain extent those of the above
described Clay-Silt bed, cocurring at the base of
the zection. However, the main difference in this
bed is the alternation of layers of Sandy Silty Clay
and sandy silt and the presence, at the top of the
bed, of a laver with remains of marine fauna.
The remains are similar to those of the Sand Bed.
It is evident from the predominance of sorted rocks
in the bed, that the sedimentation rate was retarded.

{(vi) Clay Bed—This partly exposed bed has a thick-
ness of approximately 100 m. and is composed pre-
dominantly of Sandy Siliv Clay, the rock-type
1V. with layers composed of Silty Sand, the rock-
type 111, and Silty Clay the rock-type 1 at the
top of the bed. It is possible, that the top of this
bed belongs to the overlying bed.  However, as the
section s not fully exposed at the top, it is diffi-
cult to define, rehably, the boundaries of the over-
lying bed. Almost throughout its thickness, the
Clay Bed is composed, of practically unsorted
rocks, which indicate an extremely high rate of
sedimentation peculiar to deltaic deposits.  The
sorting of rock, however, improves towards top of
the hed.

From the above description of various beds it
is evident, that each bed corresponds to a certain
stage in the development of the sedimentation basin
with characteristic sedimentation conditions.

Development stage, such as defined by the bed
in the section. is considered to be of 1Ind order.
lower type. Inthe same way it is possible to con-
sider every laver inside cach bed, represented by an
alternation of varous Lypes of rocks, as a sedimen-
tation stage of a still lower type (order [11). How-
ever, a sufficiently detailed description of the
saction is not available for such infinitesimal
division of beds. Therefore, the bed, corresponding
to development stage of the order 11, is taken as a
subdivision of the section.

The larger subdivisions of section-members
ure separated on the basis of the nearest conditions
of sedimentation as regards the rate of deposition
and the stability of its process. As a rule, the
member corresponding to order 1 (higher type)
of the basin’s development stage, répresents several
development stages of the order 11.
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TABLE X0O. 4
Development stages of the order 11 Development stages of the order | i
- Sc:'lir-n:;;Ecn Conditions o, Sedimentation conditions
No.  BEDS SRS e MEMBERS — . FORMATIONS
Rate of Stabiinty— Rate of Stabalitx
Deposition Deposition
1. CLAY-SILT High Unstable CLAY-SILT High Lnstable BOKA BIL
2 SILY Loy Stable
3. CLAYEY SILT Retarded Stable SILT-5AND Predominantly Predominantly TIPAM
Low Stable SANDSTOME
4. S5AND Liow Stable
5. SILTCLAY Retarded Linstable CLAY Very High Unstable GIRUJAN
CLAY
6. CLAY Very high Unstable

When this subdivision is compared with the
cxisting lithostratigraphic subdivision for East
Pakistan, it is noticable that the various members
correspond to various formations approximately.
Thus, the Silt-Sand member in the investigation
section however is not fully exposed.

As a result, it seems possible to tic-in the litho-
stratigraphic formations cf the section with sub-
divisions on the basis of natural development stages
of the sedimentation basin. The advantages of
the latter method lie in the possibility to subdivide
the sections not cnly on the basis of changes in rock
composition, but also by other indications relating
to nature of alternation and the degree of sorting.
On the basis of latter two indications it 15 possible
to compare rocks of various compositions. Re-
lationship between the beds (development stape of
lind order), members (development stage of Ist
order) and lithostratigraphic formations is shown
in Table 4.

HEAVY MINERALS AND THEIR DISTRIBLU-
TION IN THE SECTION

Distribution of heavy minerals (sp. gr. over
2.7) along the section is shown in Fig. 2. Heavy
minerals are divided into two genetic types :
terrigenic and authigenic minerals,

{a) Terrigenic mincrals.

The investigated section is characterised by the
following complex of heavy minerals : zircon.

rutile, tourmaline, minerals of group andalusite-
kyanite, hornblende. minerals of group actinolite-
tremolite, staurolite, garnet, enstatite, diopside,
cpidote, biotite. muscovite, chlorite. chloritoid
ilmenite and leucoxene.

Among the widespread minerals the most
common are of the mica group: biotite, muscovite
and chlorite. Equally widespread and somewhat
less abundant are the ore minerals : ilmenite, mag-
netite and leucoxene ; the last mineral is the product
of ilmenite’s alteration. Diopside is distributed
uniformly along the section in guantities compar-
wble to those of the mica and ore minerals.
Epidote and enstatite are alzo uniformly distributed,
but in lesser quantities. A number of minerals.
such as zircon, tourmaline and staurolite, were
encountered in rocks of all the defined lithological
beds, although they are not uniformly distributed.

In the group of minerals, characterising
particular parts of the scction, the most interesting
15 the distribution of hornblende,  This mineral is
characteristic for the rocks of the Sili-Sand member.
where it is contained in considerable quantities and
is of stahle distribution.

Comparable quantities of hornblende are con-
tained in the rocks of the overlying Clay member
as well. In the underlying Clav-Silt member,
this mineral is encountered only at the top of the
section, where there is an alternation of rocks, and
is characteristic for both the Clav-Silt and the
Sili-Sand members.
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Similar conformity of distribution is character-
istic also for minerals garnet and chloritoid, and
mingrals of group andalusite-kyvanite. However,
these minerals wore encountered also in smaller
quantities in rocks of fl.n-‘i-lll member also at the
base of the section.

Minerals of group actinolite-tremolite -are
of restricted distribution and are confined only to
Silt-Sand member.

i#) Authigenic minerals.

Authigenic minerals contained in the investi-
gated rock-samples are pyrite, limonite and glau-
conite. Pyrite is present in rocks of Silt-Sand
member, in rocks of tramsition type at the top of
Clay-Silt member and in a single rock sample of the
Clay member. It is interesting to note, that the
maximum quantity of pyrite is encountered in rocks
at the base of layer containing the remains of marine
fauna, Glauconite was found in lesser quantities
in deposits of Silt-Sand member and only in one
sample among the rocks of Clay bed.  This mineral
was not encountered in rocks of Clay-Silt bed and
in the one rock sample of Clay bad.

The studied authigenic mincrals are the indi-
cators of geochemical conditions of rock forma-
tion. Limonite indicates oxidising conditions, while
the presence of pyrite and glauconite show pre-
dominance of reducing conditions of formation.
Distribution of these mineral indicators is an evidence
of the presence of oxidising conditions during the
formation of rocks of the Clay-Silt bed; at the top
of this bed there is a transition zone that represents
alternation of oxidising and reducing facies. The
Silt-Sand bed was formed in stable reducing condi-
tions.  In the overlying Clay Bed alternation of
oxidising and reducing conditions is again
obzerved.

Thus, in the investigated secuion, there are
two clearly defined complexes of minerals, ezch

of which is characteristic for a particular part of the

seetion. At the base of the section. within the range
of Clay-5ilt bed (Baka Bil Formation), following
heavy minerals are present :

Biotite Tourmaline
Muscovite Enstatite
Chlorite Epidote
Himenite Stauralile
Magnetite . Zircon
Leucoxene * Limonite
Diopside

At the top of the section, represented by the

*This table is given at the end,
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Silt-Sand bed and partially by Clay bed (Tipam
Formation), the mineral complex is distinct from
the one given and includes thefollowing minerals :

Biotite Andalusite-Kyanite
Muscovite Actinolite-Tremolite
Chlorite Diopside

Ilmenite Enstatite

Magnetite Zircon

Leucoxens Tourmaline
Horablende Staurolite

Garnei Epidote

Rutile Pyrite

Chivritoid Glauconite

The minerals in italics are either not encoun-
tered in the basal part of the section or are present
in negligible guantities.

The investigated heavy mineral assemblages
include minerals that belong 10 different stability
groups as regards their capacity 1o withstand intra-
stratal solution effects of 1pg)r£::iahh: quantities and
weathering. It may be inferred from the presence
in the rocks of medium and low stability minerals
such as mica, amphibole and pyroxene, that
the sedimentation rate during the formation of
Boka Bil and Tipam deposits was rather high.

The nature of these minerals indicates that
most probably they were derived from metamaorphic
rocks.

TRACE ELEMENTS IN THE ROCES

o determine the nature of trace elements and
their distribution in the section. the rocks were
subjected to spectrographic analysis ; the results
are given in Table 5.* It can be seen from the
table that, on the basis of ratio of certain elements,
the section can be divided into parts—upper part,
corresponding to the Tipam Sandstone and the
lower part corresponding to the Boka Bil deposits.
The difference between the contents of certain ele-
ments in these two parts of the set:tmn is shown in
Tabhlc 6.

The nature of the elements is such that they are
thought Lo belong to the heavy mineral fraction of
rocks. It is obvious that, for subscquent investi-
gations of rocks from other scctions it would be
u.pedlf:nt ta use spectrographic analyses separa-
telv for the heavy mineral fraction as this may
pravide additional data for the division of sections.

Besides difference in the quantitative ratio of
clements, the gualitative vanation 1s also a charac-
teristic of diffzrent parts of the section.
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TABLE & This is shown by the constant presence, in
Tipam Sandstone, of the element ytirium while in
e Boka Bil Formation this element is not present at

all.

Elements Tipam Boka Bil For-

mation The subdivisions of section defined from the

results of spectrographic analysis coincide with

e - those defined on the basis of data from petrographic

and mineralogical investigations, described else-

Mn 0.006-0.01 0.01-0.03 where,
Ni 0.001-0.06 0.006-0.01
Ti 0. 1 0.003-0.006
v 0.01 0.01-0.03
Cu 0.003-0.006 0.006-0.01
Zn 0.006 0.01
Pb 0.003 0.006
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TABLE 1
GRANULOMETRIC COMPOSITION OF ROCKS FROM BARA INNANI KHAL SECTHON

5. Sample Typeof Carbonate Name of Rocks Fractions Contents
Mo, Mo Rocks  Content e e, S N e e, e i
Pl {001 mm) Al (D.O1—=0.1) Fs (0.1—1.0 mmy)
_an__... ; _.:;_._ S ;.____ _G:I._._.T__
I, IN-- 1 I 5.6 Silty Ciay 13,283 75. 0 7599 17. & 1.196 7.02
2 ] 11 22 Silt 1.831 i.82 431 .526 91 .53 2.6 4 .65
3, 5 = 2.5 Highly Sandy Silt 2.665 5.65 25,398 51.81 19.120 40,52
4. 9 A 2.3 - 2044 4.32 27.031 7.13 18.218 35 .55
5. 10 o 1.3 Sandy Silt 1.279 1.68 31 483 65,92 14.982 31 .40
6, 11 o 3.0 o 4.176 B.B8 0. 985 85.92 11.846 25.20
7- 13 = 2.5 Slightly Sandy Silt 2069 4 .36 32,611 83.35 5.B42 12.29
i 16 % 1.8 Sandy Silt 1.112 2.35 35,323 74 .83 10.775 22 .82
9. 17 o 1.5 Slightly Sandy Silt 1.698 3.65 41.137 2R 48 3.659 7.87
11, 20 . 3.3 Sandy Silt 1.543 1.29 34603 73.82 10,637 22.73
11, 2 11t 0.9 Silty Sand 1.191 2.43 9.586 19,52 38319 TR.03
12. 12 % 1.1 Highly Silty Sand 2.724 6.35 16.596 L | 13,558 5404
13, 3 v 5.3 Sandy Silty Clay 19 435 43 48 14 .382 3219 10,5875 24 .33
14, 4 - 1.7 = 17 237 7.3 17 069 3691 11.973 25.B6
5. 5 - 34 e 21.138 45.36 18 820 40.37 6,650 14.27
6. ¥ i 0.8 o 24 .246 49,19 12,155 36 .84 6.850 13.97
17. 24 o 1.6 = 2] .513 46,37 20.199 43.53 4.638 10,11
18, 13 v i.6 Clayey Silt 13.982 30.10 28.210 60 .72 4.264 9.18
19. 14 L 5.6 o 12.815 2585 18,239 f3.57 3.362 T7.58
20, 18 o 3.0 Sandy Clayey Silt 16.493 35.15 24 .561 52.33 5,878 12.53
21, 19 x 4.5 i 14 .50 .78 26394 58.03 4.177 9.19
22, 21 - 3.2 Clayey S5t 7.376 15496 34297 74.22 4.529 9.82
23, 2 - 4.6 Randy Clayey Silt 15.212 kA7 21.256 49.19 7 882 17.34
24. 23 i 4.4 Highly Clayey Silt 17.593 35.57 31,710 52.06 4.297 9 .42
23, 23 % 4.3 Sandy Clayey Silt 13.9%% 34,57 26448 SB.GI 4 511 l0.52

2a, 26 = 4.5 » 11 .B6E 25. 1 27364 60.18 6.236 13.72
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TABLE -1
CLASSIC COMPONENT—CEMENT ﬁumlxbﬁ!ﬁys.“ﬁﬂll? OF ROCKS FROM BARA INANI KHAL
gamples Type of -1-_3:-_';‘1_5:;; E‘-.;i.-su __‘—Eastic (_‘.:-rm.poncnt Ceﬁnt-iﬁ\ _______
Mo Rocks A i S S Tt e

Al Pz Total Carbonate Pl Tatal

Gm % Om % % Om % Gm % %

IN— 1 i Silty Clay 79 158 33 64 2232 56 11.2 333 866 77.3
& 11 Silt 43.8 B7.6 2.2 44 920 2.5 44 1B 36 BN
15 i Slightly Sandy Silt 3.6 792 U538 1156, 906 2.5 50 3l 42 92
17 A —do 41 822 37 T4 BEE A% 1O 1T 34 104
10 - Sandy Sil il.5 630 150 300 930 22 44 13 26 70
11 - = N0 620 1.8 2346 g56 30 60 4.2 B4 144
if 5 i 35.3 706 108 2b.6 922 2R 56 1. 232 1.
) N - MH69.2 0.6 212 904 33 66 1.5 30 9.5
8 - Highly Sandy Silt 254 0.8 191 382 00 2 E S6 27 54 HO
g 270 540 182 364 904 28 5.6 20 490 9.5

2 111 Siliy Sand 96 192 383 766 958 09 1.8 12 24 a2

12 75 Highly Silty Sand 16.6 333 236 472 B804 7.0 142 27 54 |96

3 v Sandy Silty Cray 144 288 109 21.2 S0.6 5.3 106 194 3138 49.4
4 i P 343 120 240582 3.7 T4 172 M4 413
5 2 = 18R 37.6 6.4 132 508 34 6.3 21.2 424 492
7 & o 18.1 3.2 69 3.3 500 08 1.6 242 48.4 3500
21 g . 20.2 404 4.7 9.4 498 3.6 T.2 21.5 43.0 502
198 L' Sandy Clayey Silt M 492 59 11E 610 30 6.0 165 330 W0
19 e = 264 52.8 4.2 B4 612 45 90 149 208 1858
22 i 2 223 46 7.9 158 604 46 92 152 W4 9.6
25 — " 259 538 4.8 96 B34 43 B8 140 220 365
25 o = 274 348 6.2 124 672 4.5 90 119 238 323
13 = Clayey Suit 28.2 364 4.2 B4 648 346 7.2 140 280 352
14 o - 28.2 564 3.4 6.8 63.2 5.6 11.2 12.8 25.6 36.8
21 e - 343 68.6 4.5 9.0 77.6 38 7.6 74 138 224

23 :; Highly Clayey Silt 23.7 474 4.3 R6 560 4.4 E8 77.6 357 44.0
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TABLE 5
RESULT OF SPECTROGRAPHIC ANALYSIS OF ROCKS FROM BARA INANI KHAL SECTION

No. CONTENT OF TRACE ELEMENIS %

e N T TG e S W, B MBAallalCa U P& G
. 0.01-3 0.006 0001 0. 0006 0.006 0006 - - — 0.003 0006 0000 0001
2. 0.006 0.00 0.1 0003 0.003 — — 0003 — — — 0.001 - 0.001
3. 0.006 0003 0003 01 0.01 0006 — — 0.006 ~ — 0.003 G.006 0.003 It
4 0006 0006 0001 0.1 0.01 0006 — — 0006 — - — 0003 0.006 0.003 Tr
s 0006 0006 0003 ©O.1 0.01 0.01 -- - 0006 — — — 0006 0.01 0006 Tr
6 0006 0003 0003 0.1 0.0 0.053 — - 0.01 — — — 0003 0.006 0.003 0.001
2 0.01 0006 0003 0.1 0.01 0,01 — - 0006 — — — 0006 0.01 0.003 0.000
8§ 0.01 0006 0003 0.1 0.00 0.00 — - 0006 — — — 0.003 0006 0.003 0.00
9. 0006 0006 0003 0.1 0.01 0.01 - 0.006 — — — 0003 0006 0003  Tr
10. 0006 0003 0003 0.1 0.01 0006 — - 0.0 — — — 0003 0006 0003 Tr
i1, ©0.0] 0.006 0003 0.1 0006 0006 — - 0006 - — — 0003 0003 0003 Tr
12 0.1—03 0.006 0003 0.1 0006 0006 — - 0006 — — — 0003 0003 0003 Tr
1. 0.0 0006 0003 0.1 0.01 0.0 - 0006 — — — 0003 0006 0003 Tr
4. 0.03 0006 D003 6.1 0.01 0.01 - — 0003 — — — 0.003 0006 0.003 0.00
1. 0.01 ©0.01 0003 0.1 0.0 0.00 — — 0006 - — — 0006 0.006 0003 0.00
16. 0.006 0003 0003 0.1 0.0 0006 - -~ 0006 - — 0.003 0.006 0003 @ —
17 0.01 0006 0003 0.1 0.0 0006 -—- — 0006 - — — 0003 0006 0003 Tr
19, 0.01 0006 0003 006 0.0 0006 — — 0.003 . - 0.006 0.008 0003 0.00I
19. 0.01 0.0 0003 008 0000 0.00 — — 000 — 0.01 0.006 0.006 0.001
3}, 0.01 0LO3 0003 0. O0.00 0006 — — 0.006 -—- 0.003 0.006 0003  Tr
31, ©0.01 0005 0003 0.1 0,00 0006 — — 0003 — — 0.006 0.006 0.006 —
22, 0.01 0.01 0003 005 0.01 0.0 — — 0.003 . . 0.01 0.01 0006 0.100
231, 0.03 0.01 0003 0.3 0.03 0.00 — — 0.006 - 0.01 0.0! 0.006 0.00]
24, 0.03 0.01 0003 003 0.00 0.00 -~ — 0001 - — — 0.0 0.01 0.006 0.00
35. O0l—3 0.006 0003 003 0.03 0.0 - — 0003 - — — 0.01 0.01 0.006 0.00

26. 0,03 000 0003 001 0.03 0.01 — — 003 -~ —~ — 0.0l 0005 0006 0.00)
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TABLE 5

REPULTS OF SPECTROGRAPHIC ANALYSIS

CONTENTS OF TRACE ELE

s

0.0003
0.0003
0.0003
0.0001
00003

P - T

0,006
0006

0.006
0 .00
0 .006

P Y Yb
0,001 0.0001

— - 0.0001
= 0001  0.0001
— 0.001 0.0001
0.031  0.0001
0001 00001

— 0.001  0,000]
- 0,001 00001

- 0,001 0.0001
0.001  0.000]

—- 00001 0.0
- 0001 00000
0.001 0.0001

—- 00001
— 0,001 0.0001
- 0001 0.000]
— — 0.0001
—- — 00001
— 0,001  0.0001
— 0.001  0.000]
—- 00001

— 0,001 0.0001
- L0001

- 00001

—  0.0001

Sb

:’Ls Bi Hg

e ks

Ge

(ia
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HI Ca

0.001
0.001
0,001

-- 0.001

0.001
0.008

- 0.001

by wi.

Mg

10

10

10
10
10

Al Si Fe
10 10 G- 10
10 10 1—3
{1} 10 &

10 10 fi

10 10 &

[ 10 B

10 1 &—10
10 10

10 10 f

L 10 &

1] 10 &

10 10 [

10 10 &

10 10 &

10 10 f
6—10 10 3

6 10 3

& 10 10 6

10 10 f

10 10 610
10 10 ]

10 10 610
10 10 6—10
10 1] 610
10 10 &

10 10 6



GRAVITATIONAL FORCES AND CONTINENTAL DRIFT
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Abstract : Many physicists disbelieve the considerable geological evidence that conrinenis have drifred long

istances into their present positions, primarily becanse they beft'errl-'hur the {
o ¢ Unwarranted assumprions have however been made in the mathe-

produce movements in the wrong directions.

three possible mechanisms should

marical treatment of all three of the postulated mechanisms. The present paper deals with the treaiment -:?:f the
gravitational force berween floating masses and shows that, on revision, this force is one of repulsion and not of
atfraction. It also indicates that mountain ranges near a coast should have near and parallel to them depres-

sions in the ocean floor similar to the Peru trench.

INTRODUCTION

Many of the mountain masses of the world
appear to behave somewhat as if they were the tops
of immense icebergs floating in a denser sea which
is covered with a layer of ice.  Such systems might
move under the action of horizontal forces if the
ice laver was elasticoviscous, able to sustain shears
of short duration but flowing as a liquid of greal
viscosity under forces of long duration. They
might also move in sudden catastrophic jumps
if the ice layer was a brittle solid and not elastico-
viscous, because then there would come a time when,
as a result of denudation, excess upthrusts would
cause the ice layer to break up.

Floating masses of this kind should bz under
the influence of thres different forces which may
exist separately or together. If motion does occur
it will be in the direction of the resultant force only
if this happens to be along a line of latitude because
of the prafound cffects of the rotation of the earth.

The first two of these forces are accelerative in
character-which could be important if the viscosily
of the **liguid” were not too high and if the motion
proceeded by ‘catastrophic jumps’.  This is because,
when the solid surface film broke up, the floating
mass would accelerate forward and might possibly
reach such a velocity that it could break further
amounts of solid surface film and thus move great
distances in a comparatively shori time. These
two accelerative forces are a rather small one produc-

*Formerly at the Mathematics Depariment, Universily of the Punjab, Labore,

ed by direct gravitational effects and a second,
normally thought 1o be a thousand times larger,
produced by the difference of gravity between the
poles and the equator.  We will call this the Edtvos
force.

The third force, firsi considered by Pekeris
depends on whether the convection currents in the
carth are ‘cellular” or normal and even whether
they can occur at all in view of the density variations
in the intericr. I these currents do occur and reach
near to the surface they should move horizontally
just under the surface before descending and should
drag floating continents with them. According to
the calculations given in Jeffreys book *The Earth’
this force should carry continents from the equator
to the poles with speeds of the order of 1 cm
per ¥ear.  Since the continents are not clustered at
the two poles and since this force should be the
largest of the three (if it occurs at all), Jeffreys
{1959) believes that the metion must be stopped by
the strength of the solid skin of the earth so that
continental drift cannot occur. He is confirmed
in this view by the knowledge that continents are
not spread uniformly round the equator as is thought
1o be a consequence of the Edtvos force.

The arguments concerning all three mechanisms
appear, however, to the writer Lo be based on simpli-
fying assumplions which are quile unwarranted
and which. when put right, completely alter the con-
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clusions.  The final result appears 1o be that, until
we have further knowledge of the physical proper-
ties of the crust of the earth and the material under-
neath it, we cannot rule out, on grounds of physics.
the possibility that continents have drifted,

In this paper, we consider only the gravita-
tional forces which though small, are of interest,
(@) because they are tolerably independent of
assumptions as to the values of quantities of which
we have no certain knowledge, (b) because they
suggest an explanation for the deep ocean trenches
Iying near to mountain ranges,

GRAVITATIONAL FORCES

It is casy to see in a general way that the
direct gravitational attraction of two Moating masses
could become changed into a repulsive one if the
effect of the distortion of the fluid surface is taken
into account.

To see how this could happen, we will regard
the icebergs as being made up of a mulitude of
pairs of very small spheres placed above or below
each other on light radial rods and of sizes such
that the downwards force of gravity on the upper
member, C, is exactly balanced by the correspond-
ing Archimedean upthrust on the pariner hottom
sphere, B. (Fig. 1)

Fig. 1
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Then the mass m at C will attract water in the
region near to D, taking it from more remote
regions. This effect will be enhanced by the fuct that
the mass at B is less by m than it would had been
completely uniform. (By analogy with clectrosta-
tics where a charge of ¢ just outside a conducting
sphere attracts a nearly identical charge close
to it, the total bump of water at D should be
roughly equal to the mass m as a result of the
outside attraction and a sccond m from the inside
repulsion.)

The extra water ncar to D will produce an
acceleration on matter placed at C° which will have

an attractive component perpendicular to OC
of

G om Gm (OD) sin 2¢
D A
—— — sin DO -
(C'D)* (C'D)
sin 2g sin DC'O
since  — —_—
C'D oD

The gravitational acceleration at B* will be a
little larger than this because, if 24 is tolerahblv
large, B'D 15 less than C'D. DBut at B'we have &
mass which is m’ less than the mass of the same
volume of water and the Archimedean upthrust
make such bodies move in a direction oppasite 1o
that of gravity. There will therefore be a repul-
sive force on B’ which is rather greater than the
attraclive onc on C'.

1t is this force which 1s now believed to account
for the mutual drifting apart of the continents al-
though the matter is not quite as simple as we have
suggested.  We will examine it by evaluating («)
the direct attraction between the pair of masses
at B and C and the pair at B’ and C" (#) the magni-
tude of the repulsive forces caused by the bunching
of the ligquid at D and will show that the latter
exceeds the former at reasonably large values of 23,

THE DIRECT ATTRACTIVE FORCE BETWEEN
PAIRS OF SPHERES

In this phase of the work we ignore completely
the distortion of the liquid surface and assume it
is compelled by some form of rigid skin 1o remain
a true sphere.

Now (C'Cp2 = R3(1+Y'2: R (1+Y)* - 2R?
(14 (1Y) cos 24

— R2{2(1 - Y)(1 } Y)(! - cos2s)
+ (L EXRH(1+YR =21 1Y)
LI=Y)}
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- 4sin? & R2 ()
(Y -Y)2 ]

"4 sin2y

Y +Y4+YY

+

So the component of the gray il:itionuIl m:glem;
tion produced by the mass at C at the point L an
\'r'hicll: is perpendicular to OC is. TOWA RDS OC.

i
sin OC'C _ Gm (OC) sin 2¢ -
(OCHE (ocy’
GmR i;;%’gf_g{,‘? ““‘3[1 VY EYY
=0 ]’i
4 sin%p
‘I"‘E“;?:*"' (1+Y) [1 32 ) Y'Y 4YY
I:Y—Ylj?' II i ¥ 2 _||
| T 158 (YR |
-Gt 1on [ vaverr
fs s ¥ iy f) 3 ¥ I
+ ';fsin;';}.g + _Eﬁ.ﬁ' +YR4Y - S Y(Y' +Y) |
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The special feature of the mass at B is that it
is m less than the symmetrically placed identical
volume at B". This means that, in determining the
components of the gravitational ameferationx which
are perpendicular to OC" we can account for the
combined effect of B and B by pretending we have
a negative mass at B which produces accelerations
away from B. In conscquence, remembering
that—X replaces Y in the above expression, we can
write the component of the acceleration produced
at C" by Bas :—

Gm cose T 3 R
—:iﬁr';i'af¢[1' 3 Y=g Xr okl X2
T wa-xp]
S p Gt

The total component of acceleration TO-
WARDS OC produced by B and C together at C’
will then be :—

s enta
Enz_:::z? =L (R HIY (X Y+
3 IO+ 2V X Y2 2Y'Y
= P L
F_'-Y X?) 8 sinlg ]

Gm cosg ey _ Begigs y
== _ERESLHE#\ '[X. }-“liyl 2Y+i[x YJ
_3X-Yi2v) )
4 sin?d

In a similar manner the total component of
acceleration towards OC produced by B and C
together at B will be :—

Gm cosd { e

= P Rismig (AT M S XHUX-Y)
3 (X=Y=2X
4 zinleé )

In writing down the force this produces we musl
remember that light ohjects which are completely
immersed in denser liguids have forces on them
opposite in direction to the acceleration and equal
to that acceleration times the difference between
the masses of the same volume of liquid and solid.
The sum of the forces on B and C' towards OC
will therefore be ;—

Gmm’ cosd b 3 e 3 5

BRzsinzg TN -3 ¥Y -3 X
IV HIXY )

- 4 sinigs !

JGmm cns:;‘_;_[_'ll[__J.-Y'.i (X'+¥Y")
16R2 zin2d

( =t »‘inl!q'ﬂ)

This means that the force 15 an attractive one.

FORCES PRODUCED BY SURFACE DEFOR-
MATIONS

A direct calculation of the magnitude of the
bump of liquid give only the first term of a series
since the first bump of liguid thus calculated
attracts a second and so on.

An indirect approach proves shorter. We
will compare two ways in which a world surface
could be kept in equilibrium when a small
zpeherical mass has been taken from the inside and
put outside. These are, (a) that we do nothing to
the surface so that surface deformations occur
producing some sort of *bump’ near to the external
mass, and (5) that we spray the surlace with a film
of positive or negative masses of infinite density and
so of zero thickness in such a manner that the
equilibrium state is a true sphere. We then argue
that accelerations or forces produced at remote
points by the bump must be almost identical with
those produced by the surface mass film— which
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can be calculated by the method of images develop-
ed for electrostatics.

Fig. 2

According to this method we notice that if two
points A and A" are selected as shown (Fig. 2) so
that (0OA) (OA)=R2. then, independent of the
position of P,

(DA} sing _ R*(OA) 'sing
Tan a = R-(0OA)cos i  R-R:(QA) !coss
R sin # s :
The two triangles containing O are therefore
e QA [ ] AR
similar, so that S AP T'his means that a

mass m placed at A will produce a potential at P of

J:;i- which is exactly opposite to that of a mass
op P (OP)
of (_mtﬁ) placed at A", which is —m-tom,
ot e
{(AP) ~ T (AP}’

Mow the theory of zonal harmonics shows that
axially symmetrical potentials which tend to zero
at infinity can be expanded in a power series in g
the distance from the origin and that V=V_+

By R ANt = ;

K q + % An (q) P., - This will apply both
to the series coming from (1) the surface distribu-
tion and (2) the mass at A’. Consequently, since
the potential is by definition zero when R=q, it
follows that the coefficients A, must all be identical
so that the fields produced outside of the sphere
by (1) and (2) must be indistinguishable.

Inside the sphere the total potential coming

TARRANT

{rom the external mass and from the mass disiri-
buted on the sphere must be of the form V=V,

LTA (T‘%—)“Pn since it cannot be infinity when

q=0. Therefore at g=R it must be Y. +3A',
P,. This can be zero for all angles only if there
is zero gravitational field inside.

It thus appears that the surface distribution
of mass which produces a constant potential over
the surface of the sphere, in the presence of a mass
m OUTSIDE at RY from the surface, must be such
that there 15 zero field inside while outside the fislds
correspond to m at YR from the surface together
m

e
surface of (R-OA") — H(l =

with a mass of — v @t @ depth below the

1 y_ RY
(1 +%) )_ 1Y
An exactly similar arpument shows that if a

mass of —m is placed inside the sphere at a distance
(XR) BELOW the surface the field will correspond

to this mass and to an image mass of - at

- RX
a distance 1-X

field will be zero.

m -
I—X
ABOVE the surface. Quiside the

These conclusions can now be used. A com-
parison with equation (1) shows that the sideways
acceleration at C° which is produced by a mass of

-l g height of (Y2=Y) will be :—

1-Y
. Gmcosp et L\t
= = Rty W YY) = | LY
(Y2-Y) +3(-Y) Y422 Y213 220 5;';"';1]
_ Gm cosp =l A
=~ .mm[{l- Y +Y)-3Y'(1-Y) +3Y
ERTEY
Om cosd = : "
aizm[‘"%“%‘f"-%‘f HIYY
(Y +Y)2
& i R :
1A Y e ]

Since this is numerically exactly the same as
the acceleration produced by the external mass
m alone but is of opposite sign, we see that the total
acceleration on a particle at C* will be zero.

The same will also apply to the mass—m’ at
I'. Since the total acceleration components pro-
duced at B’ and €’ by the masses at B and € and
the surface layer at I is zero, it follows that the
‘bump’ of liquid at D must produce on masses M’
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and—M' at B'and C a repulsive component of force
which is exactly equal to the attractive component
coming from B and C (eguation 2).

This is, however, only part of the story because
the *bump’ of liquid at D' will also be exercising a
replusive force on the masses at B and C. This
bump at D’ will therefore move slightly to the left
away from BC until this replusive force is comple-
tely compensated by companents of attraction com-
ing from B and C'. We thus have three forces
acting on B’ and C' all numerically equal. The
first, produced by B and C, is attractive and is given
by equation (2) ; the second comes from the *bump’
at D and is repulsive ; the third comes from the dis-
placement of the ‘bump’ at D’ is an attraction to
the left which counts as a repulsive force.

The final result is thercfore that a repulsive
force acts on B’ and C' of magnitude

3 Gmm’® cos? (X+Y) (X' +Y') (14 - =)
16 R2 sin?h sindd

THE FORCE BETWEEN CONTINENTS

Consider a uniform narrow rod of area dA
which is floating vertically in the region of BC and

Fig. 3

whose bottom part is made up of a multitude of
little spheres such as that at B (Fig. 3).

Then the top part can also be formed of the pariner

spheres similar to that at C providing :— (a) X i3

selected to be (--- ] -_) y which will produce
D, — I3,

equilibrium, if we ignore the slight variation of
gravity, with hy/hy = (D, - D,)/D,, if D, and D,
are the densities of the solid and of the water
respectively.  (b) the upper spheres are moved
about sideways a little, keeping y constant, to fill
the space completely - a procedure which will
produce no effect on the forces since the movement
necessary is very small as the cylinder considered
is very narrow.

Then the force beiween the cylinder and the
3Gm' cosi
16R2 sin2a -~

®+Y) (14 o) [X+Y) dm

sin®s

two spheres at B' and C' will be
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' ! D.dA
But [ {K_I"Yj dm == [ ({KE F) D.E d:ﬂd}' = —};
= 0y, | i r:_'sr}u' dA ]_]:1.
o2, +1) 0 - RBeDy

Now repeat the process by carrying oul a
similar integration in the region of B'C’ to find the
force betwean the two floating tubes. The result is

30 cosp 1 DD, 2
64R* Sin g ( sinfy. ) D.- D,] ’
(y hy)* dA™ dA

Force =

Further intcgration to find the total forces
berween two foaling masses the size of continents
is complicated by the awkward Function of ¢ and
by the fact that the forces will not all lie in the
same straight line. To estimate the order of
magnitude, however, we can assume that the whole
masses are concenirated in points separated by

N COsH ; 1 -
2¢=90" so that sin“q-(! 4 sInl;n) = 4 and that
ahbliguity effects will reduce this to about 2. Then,
the total force between two continents of radius
2000 km, average density 2.7 gm/cc which is floating
in liguid of density 3.3 am/cc. at a height of 6 x 109
cm above the liguid line (which is 4 kms below

sea level), should be
3(6.610°%) , [2.7x23)?2 A
63 (6.4 105~ e ) (6x 1079,

(4% 1019 7)2= 1.65x 1016 dypes.

Since Jeffrevs expresses his forces in units of dynes
per cm?2 we will divide this by T7(2 < 10%)2 and thus
find repulsive forces of the order of 0.13 dyne/cm?.

SURFACE DEFORMATIONS,

It is shown in Ferraro (1962, page 163), that a
charge ! ¢ placed ouwtside an equipotential sphere
at a distance R(1 +Y) from the centre artracts a
surface charge density of

L = = 5 a

= TR ; R2(1+¥)-R? f . where ry is the
distance from the charge to any point P on the
surface of the sphere. Conseguently any distor-
tions of the equipotential produce by an external
mass m placed at (YR) from the surface of a
spherical world will be annulled completely by a
surlace mass densily of . = 4 4Tty
where the change of sign occurs because similar
masses altracl instead of repelling.

We have already shown that ifa mass of {—m)
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is placed inside a spherical equipotential at a dis-
tance RX beneath the surface then the sphere will
remain an equipotential if we also placed a mass of
M outside the surface at a distance of RX
1-X =X
Combining the last two paragraphs we see that
the distortions produced by a mass of (—m) inside
and XR beneath the surface will be annulled com-
pletely by a surface mass density of

o= = ( L 1 )
Sy I—X)R X e X
4T 1y | 1-X 1=X12 |

m R -

= ey (X45X2)

MNow, if 254 is the angle at the earth’s centre sub-
tended by 1y,

1 = R3+R3 (I+Y)?— 2R2(1=Y) cos2d

L]

1+flAY}-—7{1+YHI-”5!H"H‘*\ |

[I 1-(14Y) i +4(14 Y;usm»q,]
= R | YAp4(14Y) sin®g |

=R

P

- R

The total surface mass density o = o+ o; is there-
fore —

m g_[___ (2Y +Y3)
4Ry L {Y2+4 (1Y) sinlg } 32
(2X + 5X2)

2. ET X M L
3(1—1{) +4 (14 1—]){ ) sin?s ]
The total mass of the surface film 1s therefore

J-a (27 Rsin 2¢) Rd (2¢) = 2T R2 _rr:{Z Sine

cosg) (2dé) = 4T R2 ]in d (sin? )
[‘ 2Y+Y=) (—2)
4(1+Y) {Y2+4(14+Y)sin‘p} &

" (2X+5X2) (-2)
d(1+X) {X2=4(1+X)sin'e ) %]

If the limits are taken as sin ¢=1 and 0, the

total surface mass 15 m [ : =B
1+Y 14X ]
Of greater immediate importance is the amount

of surface mass containcd between the limits of
sin &', though small, is large compared with X

TARRANT

; I km 1 L
or Y l--.. mkh:‘[s = 200 - :I Thi‘i 59 bccﬂuit

as far as forces between continents 1000 kms apart
are concerned, this mass will act cffectively as if it

were a poini. It is :—
i | 1 1%F L
—im [_ Y (1 3¥ _}»’ 1
IETT=T s /
SR pLE ALFY) sinta )
IX (142X —
yaapy=yy 2){ &)
Y J i
ot f -t{l—xmnzp
X (1 i‘.x—x;
U L)
; b
. 4m[&'u--n [l_xmg
# X']
=2 (1=3Y)=-X(1+X) Il Tsin? '| 2 (1+3X)
=3 [ 2Y-Y242X—X2m :%;f*]

m (X +Y) approximately,

As this result 15 affected but very slightly indeed
by an alteration in the angle ¢’ selected, providing

only that it is larger than radian. we come

1
200
to the important conclusion that  almost all the
surface mass is concentrated in such a narrow region
round the axis that it can be considered to be a
point.

Another interesting conclusion can be drawn
by referring again to the equation for the surface
mass density e, This should pass through a mini-
mum when its differential with respect to & is zero.
This occurs when sin « is given by

(=12 (2Y+Y2) (14 Y) & sind: cosed
{Y2 ] 4(1--Y)sin% } 21
_{—l*} [2X EIK_.I {|+KJEHII'I.L,J COS;-
{X34411 +X) sin2g ) 21

3
| X2 44012 Xy sinz { v

= | Yi+d(1+Y) sin2g | x ¥
5 Ie b
4 sin2p Y (2' X 2-'3)_?:}{2_« _xy 25
215 /5 —A}= As
=X ’:’Y 2/ (Y 'l.:l__x 4.3]
Z\'iﬂ. &= J:-fXYJ ]'IS\/V 2_"IJ‘ + x 2_."5_]__35 YE,-"S
2

I,\/1;'2-"5.4. 1_,5;2?3"'5 Since. X =YD /(D - D)
i s s

W
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—2.7Y[0.6 — 45 Y.

It, therefore, follows that this minimum value of the
depression in the surface of the liquid will occur
at a distance out from a pair of shpheres of :
R(24)-— 228 B Y0-4_230 kilometres. 1t is natural
to try to identify these depressions in the surface
of the liguid with ohserved depressions in the floor
of oceans in the vicinity of steep, high mountain
ranges.  Ananalogy may be drawn with the case of
the Peru Trench, abour 200 miles from the
Andean Range.

CONCLUSION

The numerical value of the gravitational repul-
sions between  continents, as obtained above
(= 0.13 dynesfcm2) is much smaller than the
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values wusually accepted for the Ebivos forces
(== 4000 dvnesicm.?) or the Pekeris forces (103
dynes/cm.?). The calculation thus tends to confirm
the natural feeling of many physicists. However,
such feelings are not completely reliable and need
w be confirmed mathematically. The simplify-
ing assumptions emploved by Jeffrevs were so great
that one can hardly regard his work as providing
the necessary confirmation.

Certain unpublished reflections indicate that
neither the Edtvos nor the Pekeris forces are so
simply calculated as is normally assumed and that
these forces may well, under certain circumstances,
be so greatly reduced in value that gravitational
forees may perhaps still play @ minor part in causing
continenial movements.
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GEOLOGY OF THE PALAK LARA AREA SPLAITORGARLL, HINDUBAGH,
ZHOB DISTRICT, WEST PAKISTAN

RY
ZULFIQAR AHMED and M. NAWAZ CHAUDHRY
Department of Geology, University of the Punjab, Lahore.

Abstract : A gealogical map on a scale of 4 inches to a mile of the Palak Lara area is presented.  Most
of the area comprises of serpentinized dunite and serpentinized dunite-harzburgite camplex | the latter is con-
silered to be younger than the former., Some workable concentrations of chromite in dunite are described.
Pyroxenites and dolerites occur as the minor intrusives of the area. Petrography. chemistry and origin of
ultramafics is discussed.  The pyroxenite veins, which consist wholly of diapside, are thought 1o have arisen by
the acrion of silica and lime-rich fluids on the dunite. Textural, structural and chemical evidence for this origin
is presented. A Cretaceous age is proposed for a small outcrop of calcareons and argilluceous sedimentary
rocks, based on the study of their faunal assemblage. A conglomerate bed of Recent age is alse present ab some
places.

A total of 2,600 joints were measured. Their synthesis reveals that the first compressive stress acling
along N4O'E direction was followed by a second compressive stress acting along N3VW direction. The
ultramafics at some places have a zoned laterite cap. Chemistry, mineralogy and origin of zened laterite is
discussed. A fairly mild subtropical rather than a fropical climare is proposed during the course of formation
of these luierites.

INTRODUCTION developed along the contact between dunite and
dunite-harzburgite complex. Recent to subrecent
The Palak Lara area lies about 25 miles south- conglomerates overlie all other rock-types, including

east of Hindubagh and is connected with it by a the laterites.

dirt road. The mapped area is a rectangle of
about 9.5 square miles. It lies between latitudes METHODS OF MAPPING AND STUDY
30°41.5" M to 30°39.5' N and longitudes 67° 55" E.

to 67°59.6' L. The arca has a fairly high altitude The mapping of the Palak Lara arca was carried
lying between 7,550 feet to 8,882 feet, and is devoid out on photographic enlargements (4 inches to 1
of vegetation. The exposures are excellent. mile) of the 1 inch to 1 mile topographic sheet MNo.
34,9/14 (published by the Survey of Pakistan). The

According to Colombo Plan Reconnaissance contacts were followed throughout their exposed

Report (1960), the area is a part of Hindubagh extent.
Tgneous Complex of a probable Cretaceous and

early Palagocene age. This complex is emplaced In the laboratory, petrographic work was
in a basin, slightly lenticular in plan, formed by supplemented by optical study of major mineral
calcarcous, argillaceous, siliceous and arenaceous constituents. For this purpose, olivine and
geosynelinal sediments. pyroxene mincrals were separated from different
rock samples by heavy liguids and centrifugal
The southeastern part of the area (Fig. 1) methods, The refractive indices were determined
comprises of strongly serpentinized dunite, followed by the ligquid immersion method using white light.
in the northwestern part by an equally serpentinized The accuracy of these determinations is considered
mixed dunite-harzburgite complex. A small area to be +.002. Thec optical axial angles were de-
in the southwestern corner is occupied by a fossili- termined on a four axes Leilz universal stage.
ferous sedimentary sequence of limestones and The accuracy of these determination is £1.0° for
shales. The dunite in the southeast is cut by sub- the angles below and + 2.0° for the optical angles
parallel pyroxenite veins that trend N.E.-5.W. above 507,

Dolerite dykes cut across pyroxenite veins and
trend NW-SE. Distincily zoned laterites have For the chemical analyses of rocks, the
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contents of Si0,, Ca0, MgO and total Rs O, were
determined gravimetrically. Colorimetric methods
of Riley (1955) were used to determine total Fe, O,
MnQ and TiQs. The alkalies were determined
by the fHame photometric methods. Combined
water was determined by the Penficld method,

strike-dip readings were taken on well-develop-
ed joints, and joint-orientation diagrams were pre-
pared and contoured following routine methods
{Billings, 1942). The plots were obtained on
Schmidt equal-area net, using lower hemisphere.
The strike-frequency and dip-frequency diagrams
were also used for interpretation.

DESCRIPTION OF THE IGNEOUS COMPLEX
1. The Serpentin’zed Dunite

Located in the southeastern part of the area,
serpentinized dunite covers the largest areal extent
of the mapped area. It is a fairly brittle rock and
weathers to a rusty brownish colour. The weather-
cd surfaces show sooty grey to black magnetile
and chromile grains ; the former readily alters 1o
rusty brown limonite. The dunite is massive and
devoid of any internal structures, except for certain
early magmatic structures present in the associated
chromite concentrations ; that arc  dealt with
separately.

The content of serpentine minerals almost
always exceeds 7577 of the rock, and may even reach
a maximum of 85%. The degree of serpentiniza-
tion does not show any definite pattern in space.
Sparse olivine relicts (1-15%) are frequently found
replaced by serpentine along cracks and grain
boundaries. Pseudomorphs of serpentine always
exhibit mesh texture consisting of two serpentine
minerals, antigorite and chrysotile, 1In this textore,
small irregularly rectangular areas are occupicd by
antigerite commonly showing anomalous blue in-
terference colours. Antigoritc grains are surround-
ed by veinlets of fine grained, fibrous chrysotile.
Olivine, separated from three samples of dunite
from different locations, gave the following optical
data :—

1 2 3
(8101) (8124) (8692)
a 1.655 1.655 1.654
8 1.673 1.673 1.673
¥ 1685 1.684 1.684
2¥z 89° 88" 88"

Estimated 11—"0 Fa Fo Fa Fo Fa
compasition 50: 10  91'5 95 915 .95

ZULFIQAR et al.

The above data for the olivines indicate that
their composition is more or less uniform.

Magnetite forms about 3% to 5%, of the rock
and occurs as small subhedral grains as well as very
fine specks scattered throughout serpentine. It
#lso occurs as thin lining around chromite grains.
Chromite is generally less than 29, and occurs as
subhedral 1o ¢uhedral octahedra.

2. The

2 Serpentinized
Complex.

Dunite-Harzhurgite

The northwestern part of the area comprises of
a “Serpentinized Dunite-Harzburgite Complex™
50 called because of a complex intermixed oc-
currence of the two rock types in it.  Small lavers
and lensoid bodies ol different sizes of one rock
type occur inside the other. The two components
of this complex can be easily distinguished in the
field by the following criteria :—

(2} Fiesh dunite is light green and weathers to
a rusty brown colour, whereas the fresh
harzburgile is olive-green and weathers to
a lighter brown colour with olive green
tints.

(h) Weathered surfaces of dunite are compact,
cven grained and smooth ; while those of
the harzburgite are pitted, uneven and
fairly rough,

(¢} Inhand specimen, harzburgite shows small
shining crystals ol pyroxene set in serpen-
tine, while in dunite such shining crystals
are lacking.

The dunite of this complex is similar to the
main dunite, except probably for the slightly higher
fayalitic content of their olivines (see below). The
harzburgite has been serpentinized to a lesser degree
than dunite. Nevertheless, the serpentine minerals,
antigorite and chrysotile, showing mesh texture of
fine fibres, constitute approximately from 602 to
about 83% of the harzburgite. The relicts of
olivine and pyroxene crystals show strong replace-
ment by serpentine along cleavage cracks and grain
boundaries. An olivine relict separated from a
harzburgite sample (Mo. 8698) furnished the follow-
ing optical data : -

a —1.622, B =1.673, v =1.692 and 2Vz =91°

This indicales a composition of Fogs Fas for
the olivine and is therefore distinctly richer in iron
content than the olivines from the main dunite.
Orthopyroxene constitutes 5% t0 209 of the hare-
burgite and occurs as subhedral crystals that are
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sometime parily altered. Tn some cases it shows
zoning and may become host to exsolution lamellas
of clinopyroxene occuring parallel to (010) or inclin-
ed to this planc within 10" to 15°. An orthopyro-
xene from harzburgite gave the following optical
data :—

a=1.665, f=1.669,  —1.674 and 2Vz2=T4°
This indicates a composition within enstatite range.

Magnetite and chromite arc ubiquilous acces-
sories in harzburgite. Chromite is much less in
amount (always < 1 %) than in dunites while magne-
tite has the same mode of occurrence as in dunites.

3. The Chromitites

Chromitites are those parts of dunite which
contain chromite in sufficient amounts to set them
apart from the normal dunite. These bodies
exhibit a variety of shape and size, mode of aggrega-
tion and relalive propertion of chromite and
serpentine.  The bodies of sufficient size and con-
taining more than 509, chromite arc being mined.
Four of such mines namely 7 M.L., 7 M.L./1, 71
and 37, lie within the area mapped and are
described below 1 —

(i) Mine 7 M.L. is located on a linear zone of
vertical to subvertical lenses that widen down-
wards. Shearing and slickensiding effects arc not-
able at the contact of chromitite body with the
host rock, and alse along certain other planes.
Hydromagnesite has crystallized to fill fracture and
crack openings. Chromite ore is of low-grade type,
with chromite content varying from 305 to 755,
Schlieren banded wvariely of chromite 15 most
common. It consists mostly of linear bands alter-
natively rich in chromite and serpentine, but some-
time these bands may acquire spindle-shaped,
lensoid or very rarely even curved forms.  Another
common variety is lenticular banded, consisting of
small lenticles of chromite set in a groundmass of
serpenting ; this variety trends parallel to the asso-
ciated schlieren bands.

(if) Mine 7 M.L./1 occurs in a geological sett-
ing similar to the mine 7 M.L. The chromite
content of this mine varies from 5075 to 7532..

(ii() The mmne 71 is the most productive at
present and its chromite content is always morc
than 90% ; most of the chromite is of massive
variely. Exact shape of this chromite body is not
known, but digging shows it to bc a vein widening
rapidly downwards.

(i¥) Mine 37 conlains massive chromite of a
medium grade ; its production has declined.
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(v) The “'‘grapeshot ore™ variety of chromite
is found n an abandoned mine (Grid reference
932795). Ttis composed of rounded to subrounded
chromite nodules ina groundmass of serpentine and
vige versa, The individual nodules range from
0.2 inches to over 2 inches ac¢ross, Sometimes the
nodules are elongated with their longer axes roughly
parallel to onc another. The nodular chromite is
restricted to specific bands that alternate with those
richin serpentinc.  The ore is low-grade due to high
serpenting content.

Partial chemical analyses of chromite from
different mines of the area show that the Cr: Fe
ratio variesfrom 2.91 : 1t03.52 : 1 (Bilgrami, 1964).
Under the microscope, euhedral to subhedral chro-
mite grains generally have abundant shatter cracks
occupied by fine-grained serpentine which is similar
in optics to that found in the serpentinized dunites.
A thin lining of magnetite is present along the
chromite grain boundaries.  Very fing, dusty magne-
tite is generally found scattered in serpentine.

4. The Pyroxeniles

Maonomineralic pyroxenites occur in the form
of vertical 1o subvertical veins and dykes in dunite
in the southeastern part of the arca : they are totally
absent from the area covercd by dunite-harz-
hurgite complex. In thickness, they range from
veins, only 6 inches across to dykes upte about
100 feet across, while their length ranges from
about 6 feet to over hall a mile. Generally their
strike direction 15 ME-SW. The pyroxenites resist
weathering better than the enclosing dunite, and
therefore, they stand out as subparallel ridges.
There is no evidence of chilling at the margins,
rather gradational relation to dunite is shown.
Blocks of serpentinized dunite somctimes occur
partly or wholly enclosed in pyroxenites. The
main rock is composed almost entirely of a dark
green to light green prismatic clinopyroxene that
can be scen with unaided eye.  Under the micros-
cope, they show hypidiomorphic granular pyroxene
crystals with variable size and orientation. Material
separated from a typical specimen gave the follow-
ing optical data, suggesting the clinopyroxene to
be a diopside :

= 1:612,
eNL=42"

B=1.679, w= 1.698, 2Vz=354",

5. The Dolerites

The doleritc intrusions represent the final
phase of igneous activity in the area. They occur
as four main dyvke swarms (Fig. 1) that cut
the ultramafic as well as the sedimentary rocks.
They are subparaliel and vary in attitude from
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NW-S5E to WNW-ESE. Their thickness ranges
from about 15 fect to 100 feet. Generally the
margins show effects of chilling and all varicties
of texture from ophitic to intersertal type are scen.
Plagioclase makes up from 45 to 60 percent of the
rock and ranges in composition Irom Ang to
Ang,. Diopsidic augite constitutes from 30% Lo
40% of the rock. Magnetite and picotite are the
common accessories. Leucoxene is a common
alteration product probably of ilmenite. Olivine
as well as quartz are both absent.

Saussuritization effects of varying intensity
are seen in some dolerites. In such rocks primary
plagioclase is altered and cloudy but its ophitic
relationship with the associated pyroxene is intact.
The composition of this plagioclase ranges from
Allag to Ang. Another crop of recrystallized
plagioclase occurs as thin wveinlets and fracture-
fillinps. It is fresh and its composition varies
between Ana, and An;s. Both generations of
plagioclase form about 629 of the altered dolerites.
Pyroxene, forming approximately 209% to 25%
of the altered dolerites, shows alleration to bluish
green hornblende and chlorite (3-87;) towards the
grain margins. Epidote grains (3 %)) occur in clus-
ters in the hornblende-free areas. Coarse-grained
secondary caleite (592) occurs in small veinlets and
15 commaonly associated with the recrystallized
plagioclase.  Subhedral magnetite forms abourt
3% of the rock,

Some dolerites show small veins of pure white
colour that occupy the release joints and consist
of albite (53-60%)) and lawsonite (40-45%).
Albite (Ang) occurs as fresh, euhedral and spindle-
shaped crystals that are rarely twinned. The
lawsonite occurs in heaps of long and thin, radiating
ncedles and project into the margins of the associa-
ted albite crystals. It's optical data is a—1.663,
fF=1.673, »=1.685 2Vz =80°. I1 appears to
have crystallized slightly later than the albite, and
perhaps was generated from the anorthite compon-
nent of the plagioclase feldspar during the saussuri-
Lizalion stage,

6. Chemistry of Ultramafic Rocks

Two samples of dunite, one of harsburgite and
one of pyroxenite from the arca were chemically
analysed (Table 1). This shows that harzbur-
gite represents a phase richer in 5i0,, CaO and
total iron, and poorer in MgO as compared to the
dunites. The pyroxenite, on the other hand, con-
t1ains much higher Si0, and Ca0 and much lower
MgO and total iron as compared 1o the other rock

tvpes.

ZULFIQAR et al.
Petrogenesis

The present investization shows that chromite
was most probably the earliest mineral 1o crystal-
lize and formed different types of magmatic concen-
trations. Itcontinued to crystallize as disseminated
crystals during solidification stages of the liquid that
later on formed dunite and harzburgite. The latter
conclusion 15 based on the fact that disseminated
crystals of chromite have been found in these rocks,
although much rare and not exceeding 15,. There
are many o varieties of chromite concentrations.
The schlieren banded vanety forming the main

TABLE 1

Chemical Analyses of Ultramafic Rocks

Sample

No. 80693 8101 5699 8700

Rock Serpentini- Serpentini- Serpeniini- Pyroxe-

Name zed Dunite zed Dunite zed Harz-  nite
burgite
5101, 37.51 37.64 42.74 49.82
TiO, 0.06 0.07 0.20 0.25
Al; O 0.98 0.85 0.69 3.20
Fe, O3 387 3.79 1.68 0.80
FeO 3.65 3.60 6.99 4.03
MnQ 0.01 0.03 0.02 0.00
MO 40.86 41.04 3625 16.92
Ca0 0.13 0.08 3.0l 23.16
Na, O 0.08 0.07 0.20 0.45
K.O 0.04 0.03 0.10 0.10
Cry O 0.61 0.57 0.40 0.00
Cco, 0.00 0.00 0.00 0.00
H. O 11.59 11.54 7.50 0.39
H, O™ 0.38 0.31 0.38 0.06
Total .. 99.77 9992 100.16 100,28

Analyst = M, Nawaz Chaudhry
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ore-body at mine 7 M.L., formed during early cry-
stallization and gravitative accumulation of chro-
mite that now is met with as bands alternating
with olivine-rich bands (now serpentinized) of
comparable dimensions. Such a crystallization is
thoughtto be responsible for lenticular banded
rarieties of chromite as well. The chromite occupies
its present position by virtue of later tectonic move-
ments within the dunite mass. The slickensides at
their mutual contacts show variation of trend and
plunge over very small distances, thus indicating
the past activity of many a small scale indepen-
dent movements.

Massive chromite ore, with accessory serpen-
tine, is found in the form of segregated and intrusive
veins. Another variety is the “‘grapeshot ore”
which has nodules of chromite embedded in serpen-
tine “eyes” and vice versa. Shams (1964) explained
this structure by proposing that at some stage during
the cooling history of the magma, two immiscible
liguids were co-existing, one chromite-rich and the
other olivine-rich. Furthermore, the grapeshot ore
shows distinct bands formed by joining together of
chromite globules. This suggests that differentia-
tion of the magma was still active at the time of
liquid immiscibility.

Dunite crystallization is believed to have follow-
ed the chromite concentration. Initial composi-
tion of the ultramafic magma was highly magne-
sian, as indicated by the composition of olivine
relicts in serpentinized dunite and by the chemical
analyses as well. In the northern portion of the
area. harzburgite is thought to have invaded the
still hot dunite mass resulting in the intermixed
dunite-harzburgite complex. At the time of
harzburgite crystallization the iron content of the
liguid had increased and Mg content decreazed to
some extent, but the main elfects of differentiation
were enrichment in silica and lime.

Both the dunitc and harzburgite are now met
with as serpentinized masses and this brings us to
the problem of serpentinization and various effccts
resulting from it. Many workers have advocated
significant volume increase during serpentinization.
Hostetler et . al (1966) suggested that volume increa-
ses of 35 to 40 percent take place during serpentini-
zation of peridotites, while Hess (1955) proposed
a 235 pereent increase in volume,  Contrary to this,
Thayer (1966) does not believe in volume increase
and claims (p. 695) that :

“Volume increases...... should be easily
detectible in rocks under suitable conditions.™

In the area investigated, there does not appear
to be any significant evidence of volume increase
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except for the shatter-cracks developed on micros-
copic scale in the chromite grains and the cnstatite
of the harzburgite. However, the freshness of the
enstatite crystals suggests a limited action of solu-
tions, so that shatter-cracks could have been pro-
duced either by slight expansion or by diastrophic
movements. ™Near the mine 7 M.L. an exposure of
strongly sheared and powdered serpentine and
hydromagnesite is present ; this. however, may
not be caused by expansion during serpentinization
but is considered to have been an effect of rather
unstable tectonic environments, that are characteris-
tic of the Alpine-type ultramalics. Volume for
volume replacement is evidenced by the dunite-
harzburgite complex wherein layers and lenses of
completely serpentinized dunite alternate with
those of less serpentinized harzburgite. Also
primary magmatic structures of chromite, ¢.g.,
schlieren banding, “‘grupeshot ore”, presence of
segrepated and ntrusive chromite vens, ele,
are well-preserved and are continuous over long
distances. These fragile chromite structures would
have been completely disrupted in case of any
significant expansion. All these features suggest
that serpentinization. at least in the area investi-
gated. is essentially a constant volume metasomatic

process.

So far as the chemical changes during serpen-
tinzation are concerned, the serpentines in thin
sections show psecadomorphous habit, and the
chemical changes involved can be explained by
addition of silica-rich aqueous fluids. There is
no cvidence of Mg —or Si—metasomatism in the
older sediments lving in the arca or in those des-
cribed by Bilgrami (1936) lying just outside the
intrusion. The chemical rezctions may be represen-
ted by the equations described by Thayer (1966,
p. 698). Connate waters available during geosyn-
clinal phase of the orogeny might be responsible for
the removal of about 30 percent material as required
by these equations, and solutions from other sources
may also be effective ; this reduction may counter-
balance any expansion during scrpentinization.
The end preduct in every case includes the same
serpentine minerals and magnetite dust from either
harzburgite or dunite. Therelore, there seems to
have occurred no major chemical fluctuation in the
process of serpentimzation or physical conditions
prevailing during the process.

Pyroxenites crystallized after the formation of
harzburgite and are restricted 1o serpentinized
dunites only. They show gradational contacts and
sometimes enclose blocks of dunite. Some of the
blocks arc found surrounded by pyroxenite from
three sides, the fourth side being continuous with
the host dunite. These features show their origin
by replacement, and not by normal crystallization
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from a peridotite magma. Their formation is
thought to have been controlled by the tectonic
conditions prevailing at that time with the axis of
maxmimum stress trending N40°E and producing
tension joints. These joints were filled by highly
siliceous and lime-rich solutions that ascended from
depths and formed pyroxenite veins by replace-
ment of the dunite,

Post-ultramafic dolerite dvkes were intruded
after a tension was developed trending W30'W.
The rocks crystallized previously, were pushed aside
elastically and tension cracks developed in a NW-
SE direction. The dolerites show chilled margins,
and sometimes are extensively saussuritized. They
are relativelv insignificant in the total bulk. Bil-
grami (1956) concludes that dolerite magma repre-
sented the residual liquid of intermediate composi-
tion left after normal crystallization of basic magma.
However, the lack of basic rocks in significant
amounts and distinetly later intrusive relationships
of the dolerites supgest it to be an independent
intrusion.

SEDIMENTARY ROCKS

An outcrop of argillaceous and calcareous
fossiliferous rocks is found in the sowhwestern
part, generally having a strike of N80°W and dip
of 19°S8W. For most of the part, thesa rocks are
covered by a thin layer of Recent to sub-Recent
conglomerate. The sequence is conformable and
structurally not much disturbed. A measured
section is subdivided into the following horizons
(Fig. 2) from fop downwards :

Horizon Description Thickness

L Cream-ycllow, well-bedded limestone very
rich in gastropod, pelecypod and brachiopod
fauna. 2

K Carbonaceous shalez with coal bands and
plant fossils, also with limestone and gypsum
at places : succeeded downwards by a 4 to 5
feet thick bed of yellowish creamy-white lime-
stone very rich in ovster shells : further down-
wards having a 10 feet thick shale bed with-
out coaly lavers. K1Vl

I Oyster limestone, about 807% composed of
fossil shells of Ostrea and other pelecypoda.
The fossils are bounded by a clavey calcareous
matrix. 5

I Light green slaty coloured shales with thin
laminations of carbonaceous maiter. 107

ZULFIQAR et al.

H Yellow coloured coquina limestone, compos-
ed chiefly of the fossils of the genus Ostrea,
Turitella, etc. The fossils are set in a mixed
calcarecus and argillaceous matrix. 5!

G Carbonaceous and gypsiferous shales contain-
ing thin coal laminations rich in leal-impress-
tons. This horizon also contains a yellow
coloured fossiliferous limestone. 3o’

F Light grey marl with small gastroped fossils. 107

E  Yellow coloured limestone with some gypsum
¢rystals and pyrite nodules. 3’

D Whitish limestone with very small gastropods
and pelecypods. These lossils range in size
from 0.05 inches to more than 0.3 inches.  10'

C  Black coloured shales. 10°
Cream yellow Ostrea-bearing limestone. ¥

A Light greenish grey shales, unfossiliferous,
splintry and rather poorly consolidated. 10"

The following molluscan gencra have been
recognized from this sedimentary sequence = —

Ficus, Voluta, Pagodea : Turitella, Corthium,
Carramites ; Neritaria ; Rapbispira; Spond [y lus,
Arctica, Crassalellites, Osirea.

The fossils indicate an Upper Cretaceous age.
The environments of deposition were shallow water
marine with abundance and variety of fauna and
flora.

A conglomerate bed of Recent age occurs as
small outcrops on the sides of thc present-day
streams ; excepl in some cases, when this bed ex-
tends for long distances in length and breadth.  This
well-consolidated and structurally undisturbed rock
exhibts a good development of cross-bedding,
graded-bedding and rock-benches : and shows that
present day streams have eroded  below the level of
previous plain, after a rejuvenation phase. At
some places, shallow and broad caves arc developed
below the conglomerate bed.

Pebbles are predominant (65-80%) over the
cement and are angular to subangular rock frag-
ments from less than 1 inch to 10 feet or more acrass,
Source of these pebble lies very near, usually at
a distance of less than 50 feet. Pebbles are broken
pieces of serpentinized dunite, harzburgite, pyroxe-
nite, dolerite. calcarcous sediments, laterite, etc.,
and their lithology and mineralogy is exactly similar
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to that of the corresponding rock-types lying nearby.
The pebbles are embedded in a fine-grained, well-
indurated, calcareous cement, rarely of argillaceous
nature.

An alluvial deposit, younger than the conglo-
merate, occurs alongside the present-day streams
and has a maximum thickness of 30 feat. It is
poorly stratified and slightly consoliated, and
contains angular fragments of different rocks lving
closely in an argillaceous matrix. The proportion
of pebbles relative to the matrix is small.

STRUCTURE

Prominent development of joints is the main
structural feature of the igneous rocks. Mostly
the joints show plane surfaces but sometime poor
slickensiding effects are scen along their surfaces.
2,600 joint-measurements comprising strike and
dip directions were taken and orientation diagrams
were prepared (Fig. 3). The prominent joint-
sets developed in different rock-types as inferred
from Fig. 3 arc tabulated in Table 2 and the
stress interpretation is given in Fig. 4

For rock-types [ to L1, the greatest stress axis
(compressive) strikes N40°E thus hisecting the
acute angle made by the two diagonal sets of shear
joints (MNos. 1 and 2 in Table 2). However, only
one of these is seen developed in dunites and hars-
burgites. Joint set MNo. 3 represents the extension
joints developed parallel to the axis of maximum
stress,  After this, stress conditions are supposed
1o have changed so that the joint set No. 4 may be
either a release joint-set due to indirect development
from compression when the stress field withered out,
or, may be the extension joint-set, due to the new
stress conditions with the axis of maximum stress
trending WNS0°W.

Joints (set 4) in the dolerites are the extension
type that developed parallel to the axis of maximum
stress; while shear joints are represented by the
development of another joint set (MNo. 1 in Table 2).
The removal of these stress conditions is evidenced
by the development of release joints (No. 5 in
Table 2) across dolerite dvkes,

LATERITES

In the area, the laterites are quite conspicuous
and show a distinct colour zoning visible even
from a distance. Generally, they form peaks of the
hillocks along the contact between dunite and
dunite-harzburgite complex. At places, they are
overlain by a bed of almost pure, massive magnesite.
Field and petrographic characters of these zones are
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described below :—
Lone-A @ The Red Zone

It is the uppermost horizon and is composed
of a bright red, finc-grained and somewhat porous
rock. Quartz is the chicl constituent (about 50%7)
and oc¢curs as very fine, anhedral crysials, often stai-
ned rusty brown with limonite,  Fibres of altered
and stained serpentine make up from 15 to 25 per-
cent of the rock. Calcite ocecurs as very fine grains
and stringers. varying in amount from 109 to 145/,
Limonite makes up from 15% to 209 while magne-
tite and chromite each form abour 1.5% of the rock
and show variable degree of alteration to limonite.
Occasionally a few relies of olivine or pyroxenc are
present.

Zone-B :  The Purple Zone

It underlies zone A and is composcd of purp-
lish red laterite with abundant white veins of in-
tergrown, coarse calcite and quartz crystals inan
hypidiomorphic granular texture. These veins range
in width from microscopic dimensions to more than
2 feet. Modal percentage of calcite in veins ranges
from 65%; to 0%, and is attended by complimen-
tury quartz.  Sometimes  cavities are lefi in the
central portions of such veins.  The modal composi-
tion of the laterite rock (exclusive of veins) shows
serpentine 429, quartz 8%, limonite 82, calcile
40 5, magnetite 1.5 %] and chromite 0.559.

Fone C : The Yellow Zone

This zone lies below the purple zone along its
entire length and is characterized by an earthy-
vellow colour of the laterite rock. Tt also contains
white calcite-quartz veins, occasionally with some
magnesite, Hlowever, such veins are lesser in bulk
than in zone B. The mineral constituents of the
laterite of this zone include : serpentine (35 to 455),
caleite (35 to 405), limonite (&6 to 89%). quarz
(12 to 155;), magnetite (0.5%.) and chromite (1 2).

LZone D ¢ The Green Zone

This is the lowermost and the least altered zone
that directly overlies the dunite and/or harzburgite
bedrock. 1 contains serpentine (60 to 705,
caleite (20 10 25%), relics of orthopvroxene and
alivine (9 to 10%)) and chromite (0.5 to I2%).
Serpentine exhibits the mesh texture composed bath
of antigorite and chrysaotile.  Relic grains of pyrox-
ene and olivine are fractured and shattercd while
fractures cut the rock profusely as well.  All such
fractures are filled by subhedral calcite, and some-
times are lined by limonite. Pyroxene is either
enstatite or a Me-rich bronzite and shows perfect
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TABLE 2
No. of
Joint-set Rock types.
1 11 111 1V
Serpentinized Dunite-harzburgite Pyroxenite Dolerite
dunite complex
1. Strike NBS"W/dip Strike N8O"W/dip Strike NBO'L/dip Strike N87"W-dip
80°S s 60°N 40°5
o 1o to
Strike N85 F/dip Strike N85 E/dip Strike N20°W/dip
60°S B0°S 40°8
2 Strike NIOE [dip
607 WNW
3. Strike WN40°E/dip Strike N4O°E/dip Strike N40°E/dip
15°NE SO TN W TNW
4. Strike N30"W/dip Strike N30"W/dip StrikeN30°W/ dip
T SW B0°SW TOPNE
5. Strike N40°L/dip
T0° MW,
Total number 900 600 500 600
of readings
&
o £
g
&fr@}}o o, 3 \ <
X 3
N s
Pmean
i
\ ""”‘.-‘,}
=) o+

L))

Fig. 4. 5tress interpretation of joint-sets measured in =

{a) Pyroxenile veins ;
(b} Dwolerite dykes.
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(110) cleavage. Limonite is present in accessory
amounts and shows alteration to magnetitc near
margins. This zone passes gradually at the base
into the ultramafic bed-rocks.

Chemisiry of the Laterites

Chemical analyses of samples from four laterite
zones are presented in Table 3. Data for
zone B is not fully representative, because the
sample analysed contained amount of white veins
above average. The chemical data shows a decrease
in silica and increase in magnesia downwards.
Lime shows an initial increaze and a decline after-
wards whereas the content of total iron shows an
increase after a gradual decrease.

Genesis of the Laterites

The laterites represent the decomposition pro-
ducts of dunite and harzburgite under a subtropical
climate, possibly with alternating dry and wet sca-
sons. Therain water, charged with CO; and having
a pH more than 5.3 is Known to attack the
ferromagnesian minerals strongly, forming carbo-
nates and bicarbonates of Ca, Mg, Fe and silicic
acid. Magnesium concentrated at the top as
magnesite, while Ca, Fe and silicic acid concen-
trated below the magnesite cap in the zone-A, the
red zone.  Silica precipitated by flocculation in the
zone A, between pH 4.7 and 4.9, Hut this range of
pH should prevent a large-scale precipitation of
calcite in this zone. However, the petrographic
and chemical evidence shows that larger guantities
ot silica, lime and iron oxide have concentrated in
this zone compared with the original dunite or
harzburgite. The zone A is succeeded downwards
by zone B, the purple zone ; and zone C, the yellow
zone. These zones represent a moderately decom-
posed serpentinized dunite or harzburgite where
large amounts of calcium carbonate and relatively
smaller amounts of silica, hydroxides and iron
have concentrated. Fone D, the lowermost zone,
is the least altered and consists mostly of shattered
serpentinized dunite or harzburgite with smaller
amounis of calcite.

In the comparable laterites elsewhere (Percival,
1963) only three zones of regolith could be disting-
guished. The zone A, the uppermost zone, con-
tains high amounts of silica as quartz, and limonite.
Zone B, the middle zone is characterized by the
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partly decomposed rock with calcite and some
guartz in veins. Zone C, the lower most, shows
very little alteration.

TABLE 3

Chemical analyses of samples from different zones
of laterite.

Zone A FZone B Zone C Zone D_

649

Sample Nos. 8664 8666 8653

Si0, .. 6744 1864 3486 3146
110, .. 000 000 003 002
ALO; DS T a6 I
Fe, O, .. 9.2 647 468 591
FeO .. 070 068 082 140
MnO . 007 004 001 004
MgO U622 1193 2072 29.69
Ca0 . T18 364 17.64 1192
Na, O . 020 019 016 014
K.O .. 025 008 003 011
Cr. O; . 068 048 046 031
o, .. 533 2602 1429 10.51
H,0* . 189 194 392 639
H,0" . 021 031 035 084

. 100.34

99.86 9975 10041

Total :

Analyst 1 M. Nawaz Chaudhry

In the Palak Lara area.the red »one and upper-
most part of the purple rone correspond to the
rone A described by Percival.  Similarly the lower
part of the purple zone and the vellow zone of this
area correspond to the zone B of other areas ;
and zone D of Palak Lara corresponds to the zone
C in the case of other areas.
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NOTICES, ABSTRACTS AND REVIEWS

A NOTE ON THE CRETACEOUS-TERTIARY
BOUNDARY TN HAZARA, WEST PAKISTAN.

Middlemiss (1896, pp. 39-40) described GREY
LIMESTONE (proposcd as KAWAHGAR FOR-
MATION by the Stratigraphic Committee of
Pakistan, 1969). of doubtful age, which underlies
the Paleogene formations in the Hazara District
of West Pakistan. Latif (1962, p. 57) pointed out
that the limestone belongs to the Upper Cretaceous
ape because of the presence of foraminifera
Globotruncana, Hererohelix, Rugoglobigering and
Pseudotextularia, which he identified by examining
thin sections of the rock from certain localities,
namely, Darband, Dungagali and Khan,

If we consider the lithological characteris-
tics of the KAWAHGAR FORMATON in the
district, we find that the formation is present.
as a hard and very fine-graincd, well-bedded, light
grey limestone for which reasons the foraminifera
can only be examined under thin sections. However,
at some localities, for example at Changlagali (17 43
G/5) along the Murree-Nathiagali road, which 1s
regarded here as one of the reference s:ctions;
nearly 13 miles east of the Jabri Forest Rest
House along the Lora-Magsood road (17 43 Gjl),
this formation is predominantly represented by very
thinly-bedded pale weathering marls which, on
treatment with peroxide, yield loose fossil speci-
mens. It is from the latter locality that the
foraminifera, because of their better preservation,
mentioned below are discussed and illustrated (Coll.
Aftab, 1966, sample 9125) for the first time.

The boundary between the Kawahgar Forma-
tion and the overlying dense grev, nodular
limestone, the LOCKHART LIMESTONE (name
proposed by the Stratigraphic Committee of
Pakistan, 1969) 15 marked by alaterite band of few
feet in thickness. This band is very conspicuous in
the field and can be used as a marker bhed for the
purpose of mapping.

The sampling from the marls of the Kawahgar
IFormation from the above mentioned localities, has
shown the presence of well-preserved globotrun-
canids. The species/subspecies encountered are

Globotruncana linmmeiona, G. fornicata, G. ventricosd
and G. cancavaia carinatg.  Morcover, Heterohelix
globulosa, H. reussi amidl Rugoelohipering rugosa
also form part of the planktonic association.
Rugoglohigering rugosa, recorded here as few
specimens, however, has not been illustrated.  This
assemblage suggests that the Kawahgar Formation
ranges from Coniacian upto the Campanian.

Reviewing  the Cretaceous-Tertiary succession
in Hazara, we find that the Kawahgar Formation
marks the end of the Cretaceous period. The
Paleocene begins with a new transgressive phase
which 15 represented by nodular limestone, the
Lockhart Limestone, that overlies the Kawahgar
Formation. The Lockhart Limestone shows an
abrupt change in lithology as well as in the faunal
composition. ‘The pelagic foraminiferal association
of the Kawahgar Formation is entirely absent and
the fauna is now composed of the benthonic larger
foraminiferal species such as Lockhartia hacmei,
Miscellanea miscellu, Ranikothalio soldadensis (=R,
sindensiz), Daviesing Ekativahi and Discocyclina
ranikotensis suggesting an Upper Paleocene age.

At this stratigraphic level, similar lithologic as
well as paleontologic changes have been observed
by the author in the Kala Chitta and the Samana
Ranges pointing towards a similar stratigraphic
break. Further research is, however, in progress to
discuss, in detail, the foraminiferal assemblages of
these regions and their stratigraphic implications.

From the micropaleontological investigations,
it appears that the laterite represents a marked
unconformity between the Cretaceous and  the
Paleocene deposits in Hazara, whereas continuous
succession between the Cretaceous and the basal
Tertinry in 5ind and Baluchistan has been
discussed by Magappa (1960).

Following the proposals of the Stratigraphic
Commitice of Pzkistan made at the 9th meeting
at Quetta in 1969, and applying to Hazara, Kala-
Chitta and Samana, we may correlate the Upper
Cretaceous and the basal Tertiary sequence as
follows, as established by eaglier authors in these
regions,
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Formation Age Hazara Kala Chitta Samana
R [ ==
(Middlemiss, 1896 [ (Cotter, 1933) (Davies, 1930)
LOCKHART ' Nummulitic® Hill Limestone® Lockhart Limestone
LIMESTONE & | Limestone and Hangu Breccia
Palco- 5
4 Hangy Shalc**
| cene | .2 ) Hangu Sandstong**
| = variegated sandstone )
| E and clay with coal ferruginous pisclite
———————— [ —— g —_——— ——Unconformity— ——— -
s |Creta-| =
#&Eht ﬂ;{gg ceous | Grey Limestone Shales north of Lithographic

Kawa Gar Limestone

Correlation of the Upper Cretaceous and bazal Tertiary Succession,
SYSTENATICS

Genus HETEROHELLX Ehrenberg, 1853
Heterohelix globulosa (Ehrenberg)
Plate 1, figure 5
Texinlaria globulecsa EHRENBERG, 1840, Abh. Akad. Wiss. Berlin, p. 135, pl. 4, figs. 2, 4-5, 7-8.

Gumbeling globulosa (Ehrenberg), EGGER, 1889, Abh. Akad. Wiss. Munchen, ¢l.2, vol. 21, p. 32,
pl. 14, fig. 43,

Heterohelix globulosa (LEhrenberg), MONTANARO GALLITELLL, 1957, U.S, Nat. Mus. Bull.,
no. 213, p. 137, pl. 31, figs. 12-15; SCHEIBNEROVA, 1963, Geol. Sborn., vol, 14, no, 2, p. 264, fig. 80:
TAKAYANAGI, 1965, Tohoku Univ. Sci. Rep., 2nd Ser. (Geol), vol. 36, ne. 2, p. 195, pl. 20, fis. 1.

Remarks. Specimens showing initial coiling as shown by Montanaro Gallitelli (1957) of the
microspheric generation, are not encountered. Our specimens resemble closely with that as figured by
Scheibnerova (1963) from the Cretaceous of the Klippen belt, Czechosloakia,

Heterohelix reussi (Coshman)

Plate 1, fizure 6

Gumbelina reussi CUSHMAN, 1938, Contr. Cush. Lab. Foram. Res., vol. 14, pt. 1, p. 11, pl. 2,
figs. 6-9 ; 1946, U.S. Geol. Surv,, Prof. paper, no. 206, p. 104, pl. 44, figs. 18-19.

Heteroftelix rewssi (Cushman), PESSAGNO, 1967, Palcontogr. Americana, vol. 5, no. 37, p. 263,
pl. 85, figs. 1-9; pl. 86, figs. 1-2; DOUGLAS, 1269, Micropal., vol. 15, no. 2, p. 158, pl. 11, fig. 15,

Remarks. Qur Specimens are sufficiently well preserved to allow specific determination,

Genus GLOBOTRUNCANA Cushman, 1927
Globotruneana linneiana (D° Orhigny)
Plate 1, fizures la¢

Rosalina linneiana Y ORBIGNY, 1939, in Ramon de la Sagra, Hist. Phys. Pol. Mat. Cuba, Pans,
vol. 8, p. 101, pl. 3, figs. 10-12.

*Part of the formation belongs to the Paleocene.
**Collectively Named as Hanpu Formation by the Stratigraphic Committee and which is absent
in Hazara and Kala Chita.
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Globorruncana linnefana  (p° Orbigny), BRONNIMANN & BROWN, 1953, Felog. Geol. Helvet.,
vol. 48, no. 2, p. 540, pl. 20, fips. 13-17 ; pl. 21, figs. 16-18 ; NAGAPPA, 1959, Micropal., vol. 5, no. 2,
p. 179, pl. 6, fig. 6 : VAN HINTE, 1965, Proc. Kon. Nederl. Akad. Wetensch., Ser. B, vol. 68, no. 1, p. 23,
pl. 1, fig. 3 ; CARON, 1966, Rev. Micropal., vol. 9, no. 2, p. 83, pl. 5, fig. 3.

GHobotruncana (Glnhairuncana) limneiana finneiana (D° Orhigny), VAN HINTE, 1965, Proc. Kon.
Mederl. Akad. Wetensch., Ser. B, vol. 68, no. 2, p. 84, pl. 2, fig. 4.

Globotruncana lupparenti Brotzen, NAGAPPA, 1959, Micropal., vol. 5, no. 2, p. 179, pl. G, fig. 8.

Remuarks. Globotruncana lapparenti, as illustrated by MNagappa (1959, pl. 6, fig. 8.) from the
Parh Limestone of Upper Cretaceons near Quetta (Pakistan) is regarded here to belong to Glebatruncana
finneiana.

Globotruncana fornicata Plummer
Plate 1, figures 2a-c

Globotruncana fornicata PLUMMER, 1931, Univ. Texas, Bull, no. 3101, p. 198, pl. 13, figs.
4-6 : DALBIEZ, 1955. Micropal.. vol. 1, pp. 165-166: BARR, 1962, Palacont., vol. 4, p. 370, pl. 69, fig. 6,
pl. 72, figs. 1-2 ; VAN HINTE, 1965, Proc. Kon, Nederl. Akud. Wetensch., Ser. B, vol. 68. no. 1, p. 21,
pl. 1. fig. 1; pl. 2, figs. 1-2: TAKAYANAGI, 1965. Tohoku Univ. Sci. Rep., 2nd Ser. (Geol.), vol. 36, no. 2,
p. 214, pl. 24, fig. 4.

Glohotruncana (Glohorruncana) fornicata Plummer, VAN HINTE, 1563, Proc. Kon. Nederl. Akad,
Wetensch., Ser. B., vol. 68, no. 2. p. 83, pl 1, fig. 6.

Remarks. The elongate, crescent-shaped chambers on the spiral side together with the so-called
“cone in cone’” arrangement of the peripheral keels—characters which have been mentioned by several
authors for this commaonly recorded specics—can be scen in our material.

Globotruncana concavata carinata Dalbier
Plate 1, figures 3a-c

Roralia concavata BROTZEN, 1934, Deutsch. Ver. Palastinas, Zeitschr., Leipzig, vol. 57, p. 66,
pl. 3, fig. b.

Glohotruncana concavata (Brotzen), LEHMANN, 1962, Notes Serv. Géol. Maroc, vol. 21, p. 147,
pl. 6, figs. 2, 4; EDGELL, 1962, Rev. Micropal, vol. 1, no. 2, p. 41, pl. 1, figs. 1-5.

Glohatruncana (Glolotruncana) ventricosa carinata DALBIEZ, 1955, Micropal., vol. I, p. 168, fig. 7.

Globotruncana concavata carinara Dalbiez, SCHIEBNEROVA, 1968, Rev. Micropal., vol. 11,
no. 1, p. 49, pl. 2, figs. 1-7; Acta Geol. Geogr. Univ. Comenianae, (Geol), no. 17, p. 72, pL. 14, fig. 4; pl. 15,
figs. 1-6 : STURM. 1969, Rocznik Pol. Tow. Geol., vol. 39, no. I-3, p. 131, pl. 11, fig. 4.

Globotruncana asymetrica SIGAL, 1932, 19th Internat. Géol. Congr., Alger, Monogr. Région.,
Ser. 1, no. 26, p. 34, fig. 35.

Remarks : Specimens idemtified as Globorruncana concavara carinata pericetly agree with those
as described by various authors. This form has been commonly misidentified with Glabotruncana
veitricosa in the literature. In our matenal both the forms are distinet. Glebetruncana concavata
earinara is characterised by the presence of two closely spaced peripheral Keels shifted towards the sprial
side which is concave, while the umbilical side is strongly inflated and the elevated portion shows the
presence of a third keel, whereas, Globotruncana ventricosa shows spiroconvex test and the third keel
15 absent.
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EXPLANATION OIF PLATE !

(a) Spiral view ; (b) Aperiural view ; (¢) Umbilical view.

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6

Glabolruncana linneiana (17 Orbigny)
Globotruncana fornicata Plummer
CGlobatrimcana concavata carinata Dalbiez
Glabatruncana ventricosa White
Heterohelix glabulosa (Ehrenberg)

Heterohelix reussi
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Flate 1, (a) Spiral view, (b) Apcriural view. (¢} Umbilical view,
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Globotruncana ventricosa White
Plate 1, figures 4a-c

Globatruncana canaliculara var. ventricosa WHITE, 1928, Jour. Pal., vol. 2, no. 3, p. 284, pl. 38,
fig. 5,

Globotruncana ventricosa White, CUSHMAN, 1946, U.5. Geol. Surv.. Prof. Paper, no. 206,
p. 150, pl. 62. fig. 3; BOLLI, 1957, U.S. Nat. Mus. Bull,, no. 215, p. 457, pl. 13, fig. 4: TAKAYANAGI,
1965, Tohoku Univ. Sci. Rep., 2nd Ser. (Geol.), vol. 36, no. 2, p. 226, pl. 29, figs. la-d.

. Remarks : Our specimens differ from those as illustrated by Takavanagi (1965, pl. 29, figs. la-d)
i having more inflated chambers on the umbilical side, and in having more convex spiral side.
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A NOTE ON THE RELATIONSHIF BETWEEN
PHYSICAL PROPERTIES AND CHEMICAL
COMPOSITION OF PREHNITES AS STUDIED
FROM THE CONTACIT SKARNS OF THE
MELDON APLITE, DEVONSHIRE, SOUTH
WEST ENGLAND,

NTRODUCTION

A Na-Li aplite dyke, 60 to 80 feet thick,
occurs at the Melden quarry, Devonshire, about
tiree quartersofl a mile southwest of the Bartmoor
granite (Worth, 1920). South of the main Rail-
way Quarries, thea plite forms contact skarns with
a doleritic dyke. ‘Fhesu skarns contain prehnite
as a vein mineral which had developed as a result of
hydrothermal processcs.

The mineral was separated from the associat-
ed diopside, hornblende, calcite, chlorite, sulphides
etc. by combined heavy liquids and magnetic
methods. Chemical analyses were carried out
by wet techniques and the refractive indices were
determined by single variation method using sodium
light (accuracy+0.001). The cell dimensions were
determined on a diffractrometer uwsing Cu Ka
radiation and silicon as internal standard. The
entire data is given in Table No. | along with their
sepeific gravities and the number of ions on the bais
of 24 (0, OH). The prehnites show a variety of
colour and somewhat anomalous optical proper-
ties such as wavy and bow-tic like extinction etc.

RELATIONSHIP OF PHYSICAL PROPERTIES
AND CHEMICAL COMPOSITION

The chemical data show that, with increase in
the total iron content, colour of the prehnites
changes from white through pale and greenish
yellow to light green. Furthermore, there is evi-
dence of the replacement of silicon by aluminium
in all the specimens, as was also noted by Nuffield
(1943) in the case of prehnites from  Asheroft,
British Coloumbia. The variation in the water
content and its amount being less than required by
the structural formula may be due to errors inherent
in the analytical procedurcs (Deer er af, 1962).

The variation trends of nvy, 2 ¥V~ and specific
gravities in relation to (Fe?* . Fe!*) ionic con-
tents have been studied graphically (Fig. 1) using
additional data from Deer et al. (op. cit., p. 264).
A direct linear variation is displayed by n + and
and specific gravities while an inverse relationship
is shown by the optic axial angles, 2V,

79

The cell dimension ¢ increases with the increase
in the (OH) content of the prehnites but the @ and b
dimensions show no regular relationship with 1onic
substitutions such as aluminium for ferric iren or
silicon.

Table 1

Prehnite analyses.

H5 PIS MI26 MISB L.G.P.
White  (light pale) greenish Light
vellow  green
510, 42.96 42.54 42.62 43.56 42.95
TiO; 62 012 043 w oo
Aly Oy 25.46 25.10 25.13 24.43 23.62
Fe, O, 0.00 0.50 0.41 047 2.10
FeO 0.06 006 011 010 0.40
MgO x 002 002 007 0.16 0.09
Cal 26.82 26.78 26.68 27.01 26.42
Na,O 0.16 028 0.19 0.12 0.02
K,0 005 008 003 0.04 0.0
MnO 0.12 0.12 0.18 0.02 0.39
H. O+ 4.11 4.15 4.03 436 4.17
H,O™ 0.13 0.15 0.12 0.02 0.12
Total:  100.01 99.90 99.99 100.29 100.29
Physical Constants
ni 1.613 1.615 1.614 1.615 1.61%
ny 1.634 1.636 1.634 1.637 1.651
2¥ T T 72 69 65°
D 281 293 292 282 2096
‘at AT 4.60 4.60 4.60 —_ —
B AT 352 5IR3 <553 — —
ot Af I8.42 |18 43 18.39 — =

{Contd.)
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Number of ions on the basis of 24 (9, OH)

80
Si 5.9281
L 6.000
Al 0.072 ]
Al 4.069
|
Fei+ 0.000 & 4.082
|
Ti 0.013
Fel+ 0.007 4
|
Me 0.004 |
|
M2 0.014 !
L 4.041
Ca 3,965 |
Ma 0,043 |
K 0.008 )
OH 3.783
ACKNOWLEDGEMENT

0.052 l} 4.057
ﬂ,ﬂlljl
0.007
0.004 |
0.014 |
3.91?};- e
0.075 |
0.013 |

3.827

5.900
L 6.000
0.100 ]

4.007
0.046 - 4.092
0.044)
0.013
0.014
0.021

L 4071
3.958

0.052
I
0.013

3722

5.985)
¥
0.015]
3.943)
0.050 - 3.993
0.000 |
0.008
0.033
0.002
L 4.045
3 961
0.033

8 008 |
3.9%0

6. 003

5.9367

i~ 6.000
0.044 |
3.817)

|
0.218 i 4.035

I
0.000 |
0.047
0.018
0.046 |

L 4.044
3.926 |

|
0.005 |

|
0.002 |

3.858

Analyst H3, P18 and M 125 M. Nowaz Chaudhry and M 18 B and L.G.P, R.A. Howie,
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