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GEOLOGY AND PETROLOGY OF THE FELDSPATHOIDAL SYENITES AND THE ASSOCIATED
ROCKS OF THE KOGA AREA, CHAMLA VALLEY, SWAT, WEST PAKISTAN

BY
FUZAIL A. SIDDIQUI, M. NAWAZ CHAUDHRY and ABDUL SHAKOOR
Depacinient of Geology, University of the Punjab, Lahore,

Abstract : The feldspathoidal syeniies and associated rocks of the Koga area, first reported by Siddigui (1965),

are described in detail. The area lies in the west central partion of a large intrusion of the socalled Ambela
granitic complex, which occupies much of the Buner, Chamla and Khudukhel areas of the southern Swat.

In the Koga area, three main  petrologic types have been distinguished. (1) A calc-alkaline body
named Chingalai granodiorite gneiss. (2) Per-alkaline syenites and granites called Babaji Syenites and charac-
terised by granitoid 1exture and abundance of hasic xenoliths. (3) Feldspathoidal syenites called Koga syenites.
The contact of type (1) and (2) is occupied by a fault zone. The Koga syenites are intrusive in hoilh
(1) and (2) and are similar to Babaji syenites in that both have aegirine augite, abundant ilmenite. sphene and
apatite as common canstitwents.  These minerals occur only as accessories in the Chingalai granodiorite
gneiss. Babaji syenites appear lo be comagmatic with the Kega syeniles.

The Koga syenites vecupy a reughly oval shaped area with irregular outlines. Field, petrographic
and chemical investigations indicate the following sequence of formation : Per-alkaline syenites (with or with-
out quartz)—nepheline syenites— nepheline sodalite syenite—carbonatite. Thus the rrend is one of pragressive

desification with differentiaiion.

Flow structure is common indicating that the undersaturared magma was emplaced as a viscous mush
with alkali feldspar crystals suspended in a liguid capable of crysallizing nepheline.

INTRODUCTION

Feldspathoidal syenites are among the rarest
of all igneous rocks. In spite of their small aerial
distribution they excite great interest because of
their large mineralogical variability and enrichmant
in rare clements. So far their origin is not well
understood.  Any deseription of a new occurrence
has, therefore, a special interest, transcending ils
significance as a regional or petrographical rock
type, for it may provide additional clues to the
unraveling of the mystery of alkal rock genesis,

The region, of which the Koga area forms a
part, was first investigated by Martin, Siddigui
and King (1962) on a reconnaissance basis. They
recorded the occurrence of zircon crysials uplo
three-quarters of an inch in pegmatites present in
a “massive and porphyritic portion of the Ambela
granitic complex” near Koga (34°23, 72°0’).

Later on, it was recognized that zircon was accom-
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panicd by nepheline and ilmenite and that the
surrounding oulcrops were of feldspathoidal syenite
(5iddiqui, 1963). The occurrence of carbonatite
near Naranji Kandao was recognized in August,
1966 (Siddigui, 1967).

Ficld mapping was carried out at a scale of
2*—=1 mile during summers of 1966 and 1967 by
Siddiqui and Shakoor and four M.Sc. students
of the Department of Geology, Punjab University.
In 1968 detailed field mapping of some portions of
the arca was carried out by Siddigui at a scale of
6"—1 mile. For the purpose of field mapping,
photographic enlargements of Survey of Pakistan
1* toposhests were used. A total of 4 months
of field work was done.

In all about 250 hand specimens were collected
out of which about %0 were studied in detail with
the help of thin sections. 11 rocks, representing
various petrographic tvpes, were analyzed chemically
by Chaudhry. Their modal composition was
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estimated with the help of a Swilt point counter.
The purpese of the present paper is, thercfore
mainly to present field, petrographic, and chemical
data on the various rock types and to attempt 1o
elucidate the process of formation of the feld-
spathoidal rocks of the Koga arca. Mo attempt
has been made to give details of physico-chemistry
of individual minerals, 1o which topic it is hoped
to return in later contributions.

Fig. 1 is a locality map of the area. The
Koga syenites arc situated at the border of Swat
and Mardan District near the village Koga which
is located at a distance of about 35 miles northeast
of Mardan. A regular bus service plies between
Koga and Mardan vz Rustam on one hand and
Koga and Mingora—the main town of Swat—
on the other. A jeepable road connects Koga to
Swabi (Mardan District) wa Chingalai. The
relief is mederate.  The highest locality in the arca
is Bagach Sar (alt. 4763 fi.) while the nearest point
of the alluvium filled Chamla Valley (alt. 2300 fi)
15 al a distance of about 11 miles from Bagoch Sar.

The outcrop of the Koga syenites is horse-
shoe shaped which is open to northeast while the
complete body is believed to have an clliptical
form as is known to be the case with similar bodics
elsewhere in the world (Barth, 1962). The north-
castern portion, together with the central area of the
remaining part has been eroded away by the head-
ward crosion of the tributaries of the Chamla
River, except for a small isolated hill called Bibi
Derai (Fig. 2).

Rocks are well exposed in seme parts of the
area, For instance, the Sahbaga-Chingalai road
section provides excellent [resh cuts for collection
of samples and study of ficld relations.

GEOLOGY OF THE AREA
General :

The Koga syenites are clossly associa;td with
the Ambela granitic complex and occupy its west
central portion.

The rocks immediately northwest and south-
west of the Koga syenites, are quarlz and/or Na-
pyribole bearing alkali syenites and granites with
coarse granitoid texture. In the southeast, and
separated from the Babaji syenites by a zone of
fault breccia, there are outcrops of biotite and
hornblende bearing gneisses, hereby collectively
named as Chingalai  granodiorite  gmeiss.
About 2} miles west of the southwestern border of
the Ambela complex, there is an isolated and
roughly triangular outcrop consisting almost entire-
Iy of albite porphyrics with some metasediments
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and dolerites.

The Ambela granitic complex, of which the
above mentioned syvenites and gneisses form a part,
appears to occupy the core of an anticling in the
Swabi-Chamla Sedimentary Group ; the latter
consists of the following formations :—

5. Kala Limestones and Dolomites
4. Swabi Quartzite
3. Swabi Pebbly Shales
—_ unconformity
>

Chamla Quartzites
Chamla Phyllitic Shales.

Regarding the ape of the above formations,
Orihoconic nautiloids with crinoidal sitems were dis-
coveredin a zone al the base of Formation 5
(Martin, Siddigui & King, 1962) and on the hasis of
the study of these fossils Davies and Riaz Ahmad
(1963) placed the age of the Kala Limestones and
Dolomites as Middle Palagozoic “‘most probably
Silurian to Devonian™. ‘Therefore, the formation
into which the Ambela granitic complex is intrusive,
appears to be at least early Palaeozoic in age.

Radioactive age determination on biotite
seperated  from  rircon  bearing  feldspathoidal
syenjle gives a Tertiary Age (Deans 1969, personal
communication).

The grade of regional mctamorphism of the
sedimentary formations is low on the southern,
western and northwestern sides of the complex.
However in the northeastern part, staurolite and
sillimanite bearing schisis outcrop with local
development of migmatites.

The Koga arca :

Fig. 2 is a geological map of the Koga area.
Except for the recent alluvium almost the entire
area is covered by plutonic rocks that can be sub-
divided into three main petrographical types :

{a) Chingalai granodiorite gneiss : It is essen-
tially a foliated, porphyritic roeck of granitic to
granodioritic composition and is exposed all
along the southeastcrnm contact of the Koga
syenites. Traced eastwards it continues, outside
the mapped arca, as an axial belt 21—4 miles wide,
through the entire length of the Ambela granitic
complex. Moving westwards, this body comes to
an abrupt end near Chingalai against a north-
south trending brecciated zone which is presumably
a fault zone.

The area of the gneiss is intruded by numerous
dolerite dykes varying from a few feet to few yards
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Fiz. 2. Geologicai map of the Koga arca.

in thickness.

(h) Babaji Syenites: These outcrop west of
the zbove mentioned fault zone and differ from
the Chingalai granodiorite gneiss in having a lighter
colour and granitoid texture. The northwestern
portion of this rock body is characteristically
studded with angular xenoliths of a dark doleritic
rock which are themselves cut by aplitic veins.
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Babaji syenites surround the western half of
the area occupicd by the Koga syenites—the third
main rock type of the area.

{c} Koga Syenites : These are confined to an
clliptical zone in the middle of the arca mapped.
The boundary of this zone, as shown on the map,
is highly generalized and merely ¢ncloses an area
within which feldspathoidal syenites are commonly
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found ; their relative amount generally increasing
towards the interior. Koga syenites are clearly
intrusive in the first two types and parily replace
the Chingalai granadiorite gneiss.

Contact relations of the Koga syvenites :

Contacts of the Koga syenites with the above
rock types (a) and (&) are generally irregular and
can be best deseribed with reference to some well
exposed arcas.

On the northern slops of the spur west of the
Koga village the contact 1s best exposed in the
bortom of a small stream (Grid Ref. 520383, 1.7
43B/7). Here Koga syenites dip southwestwards
under the Babaji syenites at 43° to 535°. The former
is mylonitized to a finely foliated white rock with
black streaks. Shearing is confined however to
a 3 feet thick zone while away from the contact the
effect gradually diminishes until at about 3} feer
from the contact the primary flow structure of the
Koga syenites becomes clearly visible with flow-
plane parallel to the plane of contact. 1t is interest-
ing to note that Babaji syenites on the other hand
do not show shearing cffects.

Southeastwards, the contact swings abruptly
from MNW-SE to a NE-SW direction on the southern
slope of the spur. It continues in a general southwest
direction along this slope to a place just north of
Shpala. At this locality, the actual contact is
obscured by thick shrub and scree.

In the wvicinity of Naranii Kandao, Babaji
syenites are fenitized so that there is a gradual de-
crease in the guarlz content as one approaches
Maranji Kandao along the Naranjl stream.
Simultancously, there is a gradual increase in the
amount of divergent aggregates of an acicular soda-
pyroxene ; final product being & coarse  grained
perthite-aegirineaugite rock. The contact of
Babaji syenites and Kopa syeniles is again not well
marked. The rock exposed in Naranji Kandao
proper is a cancrinite-bearing syenite with flow
structure, accompanied with lenses of carbonatite.

From Naranji Kandao. the boundary sweeps
around southcastwards and conlinues around
Miane Kandao. From here it turns noitheast-
wards and can be traced to the valley of Allah Daosh
Tangi before it disappears under the alluvium of the
Chamla valley.

Ficld refationships within the Koga syeniles :

These can be best studied on the basis of obser-
vations in the following localines —

1. Mizne Kandao—Sahbaga Road Section.
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g} Generzl : The geology of this road section
was recorded at a scale of 67 to 1 mile, including
positioning of the road ( Fig. 3). Moving from south-
east to northwest, the first exposure of feldspathoidal
rocks is encountered at a place about one third of
a mile ESE of Miane Kandao. The rock occurs in
the form of a few feet thick almost vertical dyke
of nepheline syenite which cuts across the Chingalai
granodiorite gneiss ; similar dykes are encountered
further northwestwards at irregular intervals. They
generally show non-parallel walls and structure
based on radiating growth of alkali feldspar crysials
{bostonite structure) indicating erystallization
under static conditions. Apart from alkali feldspar
and nepheline, these dykes pemerally contain a
little blue sodalite and purple fluorite, Itis evident
that many of these dykes have originated by the
replacement of the rranodiorite gneiss.

From Miane Kandao the road runs roughly
northwestwards for about half a mile when it turns
sharply northeastwards. Just before this sharp
turn of the road, flow layering is discernable in
the middle of a syenite dyke so that it is
thought to be an intrusion of the Koga syenitic
magma. [t is thercfore indicative of the ultimate
source of those fuids which produced feldspathoidal
dykes.by replacement, clsewhere in this road scction.
Giranodiorite gneiss  predominates for the next
three-quarters of a mile and contains several dykes
of syenite, some with white albite and others with
nepheline and some sodalite and fluorite. One
interesting feature of these rocks is the presence of
thin layers and impregnations of an unidentified
powdery rosepink mineral. This feature is mostly
developed in the vicinity of Jalali Kandao. From
Jalali Kandao (Grid Ref. 527344, 17, 43 B/11) 1o
northwards, Koga syenites predominate but contain
large xenolithic blocks (measurable into yards) of
the granodiorile gneiss. Thus @ Zone of (ransition
exisis beiween granodiorite gneiss and Koga syeniles
with intrusive and replacement dykes of Kapa
svenites in granodiorite gheiss on one hand and the
Koga syenites with xenalithic blocks of granodiorite
gneiss on rhe other.

Further northwards Kopa svenites continue
till the bottom of the slope at Sahbaga Bridge
where steeplv dipping planar flow structure is very
well displayed. Al places, particularly around the
xenoliths of granodiorite gneiss, the flow structure
may show a sinusoidal appearance (Fig. 4). Spher-
oidal weathering is common (Fig. 5). The Koga
syenites here include nepheline syenite, nepheline-
sodalite svenite, nepheline-cancrinite syenite and
ncpheline pegmatites.

The Koga sycnites commonly show unii‘u_r:_n
grain size but locally they coarsen lo pegmatitic
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Fig. 3. Geology of Miane Kandap - Sahtaga road section,
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Fig, 4. Sinuzoida! flow structure in Koega syenile in the vicinity of xenolithic blocks. (< 2).

Fie. 5. Sphernidal weathering in Koga syenite,
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dimension with large alkali feldspar and nepheline
(upto 8 cm long), ilmenite (1 cm) and zircon (0.5 cm)
crystals. Pepmatites do not have sharp margins.
Nepheline syenite with prominent flow structure
{Fluidal MNepheline Syenite) may contain cognate
inclusions of more or less similar mineralogical
composition but with a finer grained aplitic texture
and a massive structure. Sodalite syenite occurs
in restricted sreas and is invariahly associated with
hydromuscovilized syenite (hereafter called Alte. ed
Hock Fone). The association *‘sodalite syenite—
altered rock: zone is so persistent that the highly
colnired reddish altered rock zones” may be used
as zuide 1o locate sodalite syenite, which is wsteally
rich in zircon.

(hy Xenolithic Blocks : Large oval-shaped
blocks of granodiorite gneiss (upto 108 sq. feel.
outerop) are abundant in the Koga syenites. The
blocks are generally traversed by porphyritic aplites
while both are cut by thin veins of the surrounding
feldspathoidal syenites. Joint system in the syenite
is simple whereas in the blocks it is quite complex.
It is probable that the granodiorite gneiss had a
joint system of its own on which the joint system
of the Koga syenites was imposed later,

(¢) Hydrothermal Activity : Two features of
the rocks exposed in the Miane Kandao-Sahbaga
road section appear to be a result of hydrothermal
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activity. This conclusion is based on the following
observalions :—

(i) Occurrence of cavitics and open veins lined
with crystals of aegirine augite that show acicular
habit (upto 5 mm long) and a tendency to grow
normal to the walls of the vein (c.g. locality at Grid
Ref, 33235217 43 B/11). A vein further down the
road (Gnud Refl. 539557, 17, 43 B/11) contains ex-
cellent prismatic crystals of greenish black aegirine
upto 4 cm long and 1.5 em in cross-section. These
veins are rather rare and occur in nepheline syenite
and blocks of the granodiorite gneiss but not in the
sodalite syenite.

(i) Oceurrence of zones of altered nepheline
syenite in the vicinity of sodalite syenite. The
zones of alteration are from a few feet to about
100 feet wide with gradational margins over a few
feet. In early stages of alieration, nepheline i5 selec-
tively replaced by bunches of a white, slightly
green micaceous mineral, probably hydromuscovite.
Alkali feldspar laths remain clearly visible in the
hand specimen. At some places the “altered rock
zone’ contains someé coarse brownish red feldspar
crystals with interstices occupicd by pyrite (No.
11234) while mafic minerals are generally absent.

In advanced siages of alteration, the feldspar is
repl ced by a clayey material and the primary flow
structure is desiroyed ; the preduct is an earthy,
parous rock, stained with various shades of pink.
red and brown.  Similar rocks have been described
from the Ditro nepheline syenite complex by
Streckeisen (1960).

2. Bibi Derai Outcrop :

This is a small isolated hill which rises about
200 feet above the level of the Chamla valley, lis
outcrop (Fig. 6) is elongated in the northsourh
direction with & length of halfl a mile and a
maximum width of one fifth of & mile.

Kopa svenites occupy the northern two thirds
of the outcrop while the southern one third and
comparatively low lving area is occupied by the
Babaji svenites ; the contact between the two runs
in the WW-SE direction. The varictics of Koga
syenites exposed here include nepheline syenite and
nepheline-alkali feldspar  pegmatites. Here the
nepheline syenite is a tough, greenish grey, white
weathering rock which is quite popular as a building
stone among the local population. Flow structure
marked by the parallcl alipnment of feldspar laths
15 well developed and shows a trend parallel to the
contact plane. Towards middle of the owotcrop
and near contact with the Babaji syenite, the grain
size coarsens and there is local development of patch
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pegmatites (outcrop area upto 20x 20 sq. feet).
These pegmatites are himineralic and contain only
nepheline (upto 6*) and alkali feldspar (upto 37
crystals. The outlines of these pegmatites are quite
irregular and no zoning is visible. In addition
some pegmatitic dykes with regular parallel walls
(upto 1 foot thick) consisting of nepheline, alkali
feldspar and biotite intrude into the fluidal nepheline
syenite,

The southern part of the Bibi Derai outcrop is
occupied by a coarse grained, massive or sheared
syenite with little feldspathoid or guartz. On
lithological basis this syenite is correlated with
Baibaji syenites. The colour is generally white and
the main constituent minerals are alkali feldspar,
biotite and pyriboles while sphene js a common
accessory.

Following observations show that the Koga
syenites are younger than and intrusive into the
Babaji syenites ;

(i) The Koga syenites shows well developed
primary flow structure while the Babaji syenites
entirely lack it.

(i} A separate dyke of the fuidal felds:
pithoidal syenite (Koga syenites) cuts across the
Bzbaji syenites at a short distance south of the main
contact between the two rock types (Fig. 6).

(iif) Babaji syenites are variable in texture and
are mnsiduraht}-'_ sheared indicating thar they
solidified prior Lo intrusion of the Koga svenites,

3. Koga Outcrop :

The eastern tip of the ridge near Koga offers
one of the best and easily accessible exposures for
the study of a multiplicity of rock types ranging
from aplitic to pegmalitic in texture and oversatu-
rated to undersaturated in composition.  Thus,
a remarkable variety of rock tvpes and minerals is
present in this relatively smail area as described
below -

(i) Coarse syenite, witk or without quartz, at
Places rich in ilmenite : This svenite contains
angular dolerite xenoliths and aplite dykes, typical
of the Babaji syenites elsewhere in the area. and is
considered part of the same massif.

(ii) Aplites with curved cognate inclusions :
These aplitic dykes. upto 1 foot thick, are composed
of a peculiar mixed rock and cut the coarse grained
Babaji syenites. The rock is of white colour and is
characterised by curved and embayed cognate in-
clusions of a light brown shade. The cognate inclu-
sions are found to consist almost entirely of
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microcline while the main rock is composed of an
aggregate of albite and microcline.

(#fi) Fluidal nepheline syenite, at places rich in
melanite : This syenite is essentially similar to the
nepheline syenite of the Bibi Derai, cxcept for
an abundance of melanite. Its intrusive relation
to the Babaji syenites is shown by the presence of
narrow dykes that intrude into the Babaji syenite.
Furthermore, large xenolithic blocks (measureable
in feet) of the latter are found to occur in the former.

(iv) Pegmatites : These occupy a zone with
irregular outlines, about 10 feet thick and are
elongated in a roughly north-south direction. They
contain nepheline, ilmenite and alkalj feldspar as
main constituents, and a host of minor constituents
such as zircon, sodalite, and biotite.

4. Other Areas :

Geology of the areas, other than those describ-
ed above, is not well exposed and relationships
are consequently less clear. Only brief notes are
given here on such areas as show features of
special interest.

About a mile eastnortheast of Sah baga (Grid
Ref. 555367, 17, 43 B/11) a lamprophyre dyke cuts
across the Koga syenites. The rock is dense with
a slightly porphyritic texture and shows buff
sphene wedges that stznd out against greenish
black am phibole aggregations (No. 10226). Koga
syenites along the Landai Pitao Sar ridge are
characterized by a protoclastic texture,

The Koga syenites in the arca between the
Sahbaga-Miane Kandao road and Naranji
Kandao are chlnr_acterjz:d by increasing conceni.
ralion of cancrinite,

In the area around Naranji Kandao. replace-
ment acnvity associated with the Naranji Kandao
carbonatites has produced three distinct effects = —

(i) Fmp;egn:«:timt of surrounding rocks with
caleile and apatite.

(i) development of fenites which form sack-
form bodies of a cavitous rock consistin
of very coarse, grey to black alkalj
feldspar, biotite and caleite with minor
zircon and apatite.

(iii) replacement veins along which Koga
sycnites and Babaji syenites have heen
replaced by acicular, divergent to radial
aggregates of black aegirine augite. Such
veins arc most common on the slopes
south and southeast of Shpala, A few
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narrow dykes, upto one foot thick, of
fluidal Koga syenites are cxposed  just
south east of Lalu village. These appear
to bz the westernmost extensions of Koga
Syenites.

PETROGRAPHY
Associated rocks :
1. Chingalai Granodiorite Gnejss,
This group consists of granitic to'l grano-

dioritic gneisses with dykes of aplite and dolerite,
Various members are described below In turn:—

(¢) Granodiorite Gneiss: The rocks of this Tig. 7. Chingalai gneiss (Spevimen No. 10277) shows

= = 1 y tha E H

group. ure typically peraluminous and are charac. Eﬁ:.f;ﬁf?ffa.-L'E‘a‘mﬁi?fifgﬂie_ma oo
tenzed by the abundance o) biotite, K-feldspar

phenocrysts (upto 2 cm across), and a e¢rude (£) Aplites. : Aplite dvkes, varving from a few
foliation with a hypidiomor phic granular texture. inchesto a few feet in thickness, are numerous in
Quartz forms granular mosaics containing strongly Chingalai granodiorite gneiss, with a mincralogy
straincd grains of upto 2mm size. Itis interstitial similar to the latter. In the hand specimen the rocks
to other minerals but may also occur as embayed are leueocratic with aplitic (grain size about | mmh)
and resorbed inclusions in feldspar. and occasionally somewhat porphyritic texture wif

phenoerysts upto 5 mm in size.
Plagioclase compasition 15 gencrally in the

oligoclase range (1197 1o 25 “a An) while near the  Quartz occurs as cquidimensional, anhedral
dolerite xenoliths it is, locally, andesine in coOmpo- rains with uneven extinction. It $OMams jn.
sition and crystals may show reverse zoning, clusions of amphibole and ore but may 1tsell occur
Deuteric alteration to scricite and clinozoisite js as_resorbed inclusions in feldspar. Microcline
common. Hornblende is present in a few cases and microperthite occurs as phenocrysts and contains
contains dust-like opaque inclusions and shows narrow, bead-like bodies of alhite and inclusions of
alteration to biotite. At the contact with altcred amphibole and ore. Carlsbad and tartan S iung
plagioclase, hornblende is replaced by bluish green of microcline is characteristic. Plagioclase is oli-
Na-amphibole : such = replacement is not seen at goclase 1o andesine in composition. In aplites,
the contacts with microcline, It is probable that with doleritic Xenoliths, plagioclase shows  osci-
sodium was released from plagioclase during its llatory zoning in such a manner that the corc and
alteration. margin are sodic while the intermediate zope is

relatively calcic; calcic zones are characterized by

e [ s deuteric alleration to clinozoisite and muscovite,
Biotite is typically brown and characteristically

occurs as bent and fracturcd flakes AFig. 7). Hornblende is the characteristic mafic mireral
Many crystals are associated with sphene indicating while brown biotite appears to be almost all secon-
the titanium-rich nature of biotite. Chingalai gneiss dary afler hornblende. Ilmenite. sphene, zircon
is the only rock { ¥pe of the Koga area in which and apatite are present as accessory minerals,
hiotite contains pleochroje haloes that are formed
around zircon crystals, (¢) Meta-dolerite : Tn addition to the dolerite
xenoliths there are numerous basje dvkes in the
Alkali feldspar is a carlsbad-twinned micro. granodiorite gneiss, These are massive rocks with a
perthite with film-like exsolution lamellae of albite, subophitic texturcand grain size of about 0.6 mm.
At places it is replaced by plagioclase with the deve-
lopment of myrmekite texture. Itis frequently Plagioclase (43%) is labradoritic in composition
altered to muscovite while cracks within feldspar (645 An) and forms laths upto 0.4 mm long.
crystals are filled by granular quariz. Rare acces- Hornhlende (49 ¥} is pleochroic from colouriess
sorics include apatite, zircon, ilmenite and tour- through preen to brownish green (2V, =¢€0°-70°,
maline. Chemical and modal analyses of two speci- —ve). Biotite (1 %) Aakes(upto D.]mm},amser:ondary
mens of Chingalai granodiorite gneiss are given in after hormblende while magnelite (57%), grains (upto
Table I. 0.2 mm) are disseminated throughout the rock.
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FELDSPATHIODAL SYENITES

TABLE 1

Chemical and mineralogical composition of Chisgalai granodiorite aneiss

Madal analysis

specimen No. 10263 10277 10263
8i0, 61.47 38.78 Microcline
microperthile 11.3

Ti0), ai 0.67 0.97 Plagioclase

(1674 An) 42.5
AlLO, 15.69 17.70 Quartz 22.0
FeaOy - 1.96 .21 Biotite 22.1
FeD i 3.ng 5.71 Hornblende 2.0
Mn(y 0.12 0.03 Accessories 0.1
MeO 0.79 0.78 4
Ca0 2.68 3.86
Na,O o 4.60 5.20 i
K0 b 5.00 5.00 .
PO, = 0.21 0.25 =i
H-0+ s 0.48 0.39 x
H.O- % 0.17 0.13 i
Total : o 99 .88 100.12

The chemical analysis of a sample (No. 11236) from
a dyke in Chingalai granodiorite gneiss southeast
of Miane Kandao is piven in Table 2.

2. Babaji Syenites and Granites.

This group consists of a rather varied assem-
blage of alkali pranites. quartz-bearing aegirine
augite and arlvedsonite nordmarkites, quartz-free
aegirine-augite syeniles and aplites. These rocks
are characterized by a gencral peralkaline nature,
enrichment in soda. and a granitoid texture.
These are described below :—

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

(@) Mordmarkite: This is best exposed along
the Ambela-Babaji Kandao road section outside
the area mappad.

Texturally 1t 15 coarse grained, hypidiomorphic
granular rock (Fig. 8) that is composed of microcline
microperthile, albite, quartz, aegirine-augite,
arfvedsonite, biotite and ilmenite.

Microperthite crystals (upto 1 cm) occur with
an almost equal proportion of soda and potash
feldspar phases with acicular inclusions of an
opaque unidentified mineral. Albite (654 An) and
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TABLE 2 Chemical analysis of meta-dolerite
(No. 11236).

Si0, 46.08
Ti(), 3.28
ALLO, 12,07
Fe, 0, 3.33
Fe 11.60
MnQ 0.31
MgzO £.81
CaO 11.02
Nz,0 4.20
K0 0.50
P.0. 0.35
H-0 0.39
H.O 0.09
:l'thal ; I{':'[LUE

quariz occur as subhedral cry stals; the latter shows
strain lamellae with uneven extinction.

Subhedral aegirinc-augite is pleochroic with
large 2V and X A c=40°. Marginal alteration 1o
sodic amphibole and, in turn, to biotite is common,
The latter is pleochroic fram straw vellow to
reddish brown thus indicating a high titanium
contenl. llmenite is anhedral and is much altered
to levcoxene, Tourmaline. sphene, calcite and
euhedral apatite occur as accessories, The chemi-
cal composition and mode of a specimen is given in
Tahle 3.

() AlkaliGranite: With increase in the amount
of quariz, nordmarkite grades into alkali granite,
which is a coarse, hypidiomorphic granular rock
composed of quartz, microcline microperthite,
albite. biotite, arfvedsonite. sphene, ilmenite and
apatite.

Anhedral quartz (upto 4.5 mm) shows uneven
extinction and comprises 30 to 40% by volume of the
rock as against 5-8% in nordmarkite. Microper-
thite (upto 1.5 ¢m) contains almosi equal amounts
of strongly twinned K -and Na-feldspar phases

that are intergrown as coarse regular lamellae. |

Inclusions of acicular pyribale oriented parallel 1o
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(010) and (001) cleavage in addition to those of
biotite, ore and apatite are common, Opaque
dustlike inclusions are selectively concentrated in
K-feldspar phase. Independent albite (1-6%; An)
laths (upto 0.6 mm) form granular mosaics and
occupy the rims and interstices of microperthite
crystals.  Arfvedsonite (upto 2.3 mm) forms sub-
hedral crystals frequently surrounded by later
biotite grains (0.1 mm). Sphene is generaily VEry
light brown and non-pleochroic but may in some
specimens be slightly pleochroic  from pink to
yellow. Magnetite and ilmenite are altered to
limonite and Jeucoxene respectively,

{e) Alkali Aplites @ These usually form dykes
upto a foot thick in alkali granites and differ from
aphtes of the Chingalai granodiorite gneiss in
having albite instead of oligoclase or andesine.
Their texture is somewhat porphyritic and proto-
clastic with phenocrysts of microcline in a
groundmass of quariz, microcline, albite, aeginne-
augite and biotite (Fig. 9).

Microcline (2 mm x 1 mm) forms non-perthi-
tic anhedral grains that have inclusions of a green
mineral which is apparently similar to the associ-
aled pyroxene. Crystals are generally fractured,
with cracks healed” by granular quartz. Alhite
(upto 1.5 mm) forms subhedral 2rains gencrally
free of inclusions. Quartz (upto 0.3 mm) grains
show weak undulose extinction. Pyroxene (upto 0.5
mm) 1s aegirine augite with a patchy green to light
brownish green colour (XA e=11"=-15° Y=X—
bottle green, Z=pale brown,—ve.) while biotite
(upto 0.2 mm) occurs as thin brown flakes.

Koga feldspathoidal syenites :

Raocks of this group are characterized by silica-
undersaturation enough for the presence of felds-
pathoids such as nepheline, cancrinite and sodalite.
They show a remarkable low structure except in
the replacement dykes which commonly show g
bostonitic structure. Dolerite bodies inside the
Koga syenites are highly sheared and fractured and
have been found o be xenolithic.

Various rock types, present in the area covered
by the Koga Syenites, arc described below —

I. Nepheline Syenite :

This is by far the most common rock type
in the Koga syenites with nepheline as the only
feldspathoid present. These rocks arc further
classified into two main groups (a) those in
which nepheline is approximately equal to or
slightly more than total feldspar, called Fova-
ites. () those in which nepheline is less than Lotal
feldspar; these include two types :
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TABLE 3.

Chemical and modal analyses of nordmarkite (No. 10251).

Chemical Composition Modal Analysis
S0, L 65.61
Microcline
Ti0 0.63 microperthite §3.2
AlLO, 25 17.38 Albite 155
Fe,0, e 1.01 Quartz 6.9
FeO) i 1.11 Acpgirine-augite 2.8
MeO 0.06 Biotite 1.8
Cal = 1.08 Ilmenite 1.3
MnO iy 0 .06 Sphene 1.1
Ma,0 i 1.02 Apatile 0.5
K-0 s 5.88 Calcite 0.6
P2O: o 0.18
H>0+ = 0.41
H.0— 0.05
Total :_- e 100 48

(i) albite >microperthite—Litchfieldites.
(if) microperthite >albite — Nepheline Syenites
(Sensu Stricto).

{a) Fovaites: These are confined to a couple of
narrow, upto | foot thick, dykes of a distinctly green
colour even on weathered surfaces, and are seen
cutting across the nepheline syenite on the ndge
west of Koga.

Texturally these are mediom grained, proto-
clastic and foliated rocks containing nepheline,
albite, microcline-microperthite, aegirine augite.
biotitec and garnet with accessory amounts of sphene.
fluorite and zeolite (Fig. 10).

In typical specimens, nepheline (upto 1.5 mm,
usually much smaller) forms mosaics with albite
grains. Larger grains contain acicular inclusions
of pyroxcnc whereas smaller grains appear 10 be
usually free of them. Tt is frequently altered fo
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zealite with radial aggregate. Pure albite (upto
0.7 mm long laths) occurs as clear twinned crystals,
Microcline microperthite (upto 5 mm long) is pheno-
crystic and is slightly turbid.

Pyroxene forms fine prismatic crystals (upto
4.4 mm), often zoned with patchy green pleochroic
core (usually rich in brown opaque dust) mantled
by light coloured and slightly pleochroic, clear
pyroxene. Extinction angle, X Ac = 21", indicates
its aegirine augitic nature.

Pyroxenc appears to be replaced by nepheline
and albite as indicated by its embayed margins.
Biotite flakes (upto 0.3 mm long) are pleochroic
in shades of brown and occur both as primary as
well as a secondary phase after pyroxene.  Sphene
occurs as subhedral twinned wedges. Fluorite occurs
as granular aggregates in narrow streaks and is
interstitial to other minerals. Zeolite is found as
fibrous, radial aggregates with low birefringence,
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Fig. &. Nordmarkite (Specimen No. 11219) shows micrecline-
microperthite-middle, guartz et top & pyroxene top right
(dark} = 22 crossed micols. E

Fig. 9. Alkall Aplite (Spocimen No. 11752) shows microcline

Phenocrysts in a matrix of quarte, albite & microcline,
« 22 crossed nicgls.

Ecﬁt lg F_n_:laisf (Specimen No. 117610 Microcline.
o i [ = aeioul i R PRI b :
laths, = G0 cr'i'fiim‘ L;i}mllf.r inclusions of * Na-pyroxcne), albite-polysynthetically twinned

bottorn middle, nepheline top middfe and
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that form narrow veinlets cutting across several
grains and filling joint openings.

A typical specimen (No. 11761)1s a protoclastic,
foliated, medium grained rock with nepheline 455,
albite 3054, perthite 15%, pyroxene 85. Minor
constituents: fluorite, sphene and zeolites 2 %,

(b} Litchficldites : These are confined to the
southeastern part of the area covered by Koga
syenites and are characterised by predominance of
albite, an abundance of above mentioned minor
constiteents (Fig. 11) and prominent flow structure
marked by parallel alignment of albite laths.

Minerals present include albite, microcline,
nepheline, pyroxene, biotite, and a host of minor
constituents  which  include,  astrophyllite{ ?)
haematite{ 7}, fluorite, sodalite, and zeolites.

Microcline (upto 1.5 mm long laths) forms
subhedral to anhedral grains. Exsolution lamellae
of albite are either absent or confined to some
doubtful lenticular wisps. Opaque dust, 50 com-
maon in K-feldspar in nepheline syenites and Babaji
syenites, is sparse or absent but inclusions of albite
and/or pyroxene may be present.  Albite (upto 0.5
mm long and upto 3% An) is generally free of
inclusions.

Nepheline (upte 0.3 mm) forms mosaies of
subhedral 1o anhedral grains frequently allered to
a colourless mica and a brownish dusty material,
probably hydroxide of iron and also to fibrous zeolite
with low birefringence.

Pyroxene (upto 0.4 mm) occurs as euhedral to
subhedral grains, almost colourless with a faint
brown tinge. Some grains may be zoned with a
light green to yellow pleochroic core and colourless
margin. Simple twinning on (100) is common and
extinction angle XA c= 13%,

Biotite (upto 1 mm) flakes are pleochroic in
shades of brown and green, and may contain abun-
dant minute inclusions of an unidentified red mineral
and pyroxene. Haematite (upto 0.5 mm) is also
present in minor amounts.

Sodalite is a minor constituent and is intersti-
tial to other minerals. Fluorie (upto 0.5 mm, but
generally smaller) forms anhedral grains that are
scattered throughout the rock in the interstices of
other minerals.

One characteristic constituent of these rocks is
an intensely pleochroic deep reddish brown to pale
yellow, high relief mineral which gives a diffuse
biaxial (+ wve or — wve) interference figure. It

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

15

appears to be astrophyllite but this is yet to be
confirmed. Zircon forms small poikilitic crystals
containing inclusions of pyroxene and albite and
is probably of late stage of crystallization.

 Brief petrographic description of two specimens
is as follows.

Specimen MNo. 11201. Texture; flow structure,
medivm grained. Major constituents; albite 33 %,
nephehne 25%, microcling 15%, pyroxene 3%,
biotite |1%£. Minor constituents: zircon, astrophy-
llite(?) sodalite and fAuorite 1%

Specimen MNo. 11207: Texture; flow structure,
medium grained. Major constituents; albite 60 Z"
microcline 15%, nepheline 11%, hacmatite 5%,
biotite 3%, fluorite 2%, astrophyllite (7) 3%,
zeolite 154,

{¢) MNepheline Sycnite (Sensu Stricto) : Thisis by
far the most common rock type in the area covered
by Koga sycniles. Texturally it is characterized
by a prominent flow structure and medium to
coarse grain size. The flow is usually planar but
lecally it may be curved and sinusoidal. Mineralo-
gically it is characterized by a predominance of
microcline-microperthite over nepheline or albite;
the three minerals together constituting roughly 909
of the rock. Mafic minerals in order of abundance,
are arfvedsonite, aegirine augite and biotite. Minor
constituents include melanite, sphene and ilmenite.
(Fig. 12).

Carlsbad twinned microperthite (upto 7 mm)
occurs as crystals flattened parallel to (010); its grain
size i5 next only to localized deuteric melanite (upto
2 ¢m). K-feldspar fraction is normally dominant
in the perihites but some’ specimens contain anti-
perthite. Microcline shows fine tartan twinning
while the exsolved albite lamellae are regular and
twinned on the albite law.

Subhedral albite (upto 7% An & upto 3 mm
long laths) occupies the interstices between larger
micraperthiic grains and frequently align themselves
in an imbricate fashion along the boundaries of
microperthite crystals.  MNepheline (upto 1.5 mm)
forms equant, enhedral to subhedral grains, laden
with opague dust and green acicular inclusions,
presumably of MNa-pyroxene. Similar inclusions
have been noted in hypersolvus nepheline syenites
of Haliburton-Bancroft area, Canada (Tilley and
Gittins, 1964).

Arfvedsonite (upto 1.5 mm) forms subhedral
crystals with deep bluish green to yellowish green
pleochroism and ‘flamy’ extinction.

Pyroxenc {upto 1 mm) is aegirine augite and
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Fig. 11. Lirchfieldite (Socciman No. 11774) ohenocryst-
right middle j¢ nepheline.  Pyroxene-left bottom with
high relief.  Matrix albite with subordinate microcline.
« il crpsted nicols.

FUZAIL A. SIDDIQUI et al.

Fig. 13. Poikililic melanite in nepheling sycnjle
(Specimen No, 11211) shows melanipe (dark) containing
embayed laths of albjte (light) « 23 crossad nisale.

Fig. 12 Nepheline svenite (Sensu Stricta
Mo 10260) Fr'_henocr}-srg of nech line- 0
In-lusions of pyroxens. Matrix consists of microcline
micropesthite, albite and aegirine auelte, Nole fMlow
Structure. 22 crozeed nicols

specimen
lefl. MNore acicular
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Fip. 14, MNephelive-cancrinite  syenite  (Specimen Mo,
11:‘-5{!} shows microcling microperthile-boltom., Yermi-
Cuiar intesgrowth of miciacline & nepheline right méddle
zonsd & resorbed Na-pyroxene-lelt midgle, Nepheline
& cancrinile grains top, « 22 crossad nicols,
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forms subhedral grains that may show marginal
alteration to garnet.

Biotite (upto 0.5 mm) occurs as independent
flakes as well as seccondary growths after pyroxene
and amphibole.

Giarnet is deuteric or secondary after the mafic
minecrals. Tn melanite svenite near Koga, it acquires
the role of an essential mineral as poikilitic crysials
{Fig. 13) with six sided cross-sections (upto 2 cm,
across). In thin section, it is generally brown
except for some samples wherein it is only
microscopic in size and may lack the brown colour.

Sphene usuvally occurs as small euhedral crys-
tals and rarely as elongated crystals (upto 0.75 mm
long). A few grains of opaque ore are probably
ilmenite.

Petropraphic noles on  two representative
samples are as follows.

Specimen No. 10260: Texture: medium grain-
ed with strong trachytoid or flow structure, at
places curved. Mode microperthite  40%;,
nepheline 25%,. albite 25%,, arfvedsonite 8§ %,
biotite, sphene and garnet 2 %4,

Specimen No. 11211, Texture; medium grain-
ed with flow structure, with late stage poikilitic
melanite. Mode : microperthite 7037, albite 1075,
nepheline  (partially replaced by zeolite and
cancrinite) 8%, arlvedsonite 7 9. melanite 4%,
sphene, biotite, aegirine augite 1 5.

Minor varietics of syvenitic rocks are deserib-
ed below :

(i) Nepheline— Cancrinite Syenite:

In some varictics of nepheline syenites and
litchfieldites, cancrinite may atlain a concentration
of as much as 15%. This is most common in the
area between Maranji Kandao and the Miane
Kandao— Sahbaga Road section. Some feldspathoi-
dal syenite dvkes half a mile northwest of Maranji
Kandao have also been found 1o contain cancrinite.
This mineral is most abundant in the vicinity of
MNaranji Kandao carbonatite and may occur to the
exclusion of nepheline. A cancrinite-rich litchfieldite
{MNo. 11765) from a dyke near Lalu (1 mile north-
west of Maranji Kandao) is medium grained.
light grey in calour and appears white on weathered
surface; the fresh surfaces have an oily lustre, due
to the presence of nephelinc and show strong flow
structure. A peculiarity of the rock is the vermi-
cular intergrowth of nepheline and microcline
(Fig. 14).
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Albite (upto 0.3 mm) lacks twinning and con-
tains inclusions of biotite, while microcline (upto
0.5 mm) shows very fine fartan twinning but,
lacks exsolution lamellae of albite. Nepheline (0.3
mm) of these rocks is free from acicular inclusions
of pyroxene.

Cancrinite (upto 0.5 mm) shows a platy habit,
never shown by nepheline, and is therefore regard-
cd as primary. Maximum interference colour of
sccond order blue (hirelringence 0.022) corresponds
to almost pure cancrinite {Winchell, 1939.)

Biotite (0.3 mm) is pleochroic in greenish brown
to yellow colours while basal sections are green.

Ore (0.3 mm) occurs as hexagonal plates,
translucent, reddish on thin edges and is probably
haematite. Minor constituents include fluorite,
zircon and astrophyilite (7).

A rough mode of a typical specimen is:—albite
50%;, microcline 10%;, nepheline 2094, cancrimite
15%, ore 2%, biotite 2%, accessories 1 9.

(ii) Scdalite Svenite ;

It is best seen in several zones on the Miane
Kandao—Sahbaga road section where it occurs as a
medium grained, massive rock with a light bluish
grey colour and a flow structure which is less pro-
minent than in the ncpheline syenites.  Minerals
present include antiperthite, albite, sodalite, biotite,
cancrinite, pyrite and zircon. Antiperthite (upto
7 mm} is of replacement type with relict patehes of
microcline inside albite (Fig. 13). Albite also
occurs as small inclusions in antiperthite. A
mineral (upto 0.4 mm) having birefringence higher
than nepheline but lower than cancrinite with low
reliel and uniaxial negative character 1s thought to
be vishnevite-rich cancrinite. The enrichment of
the rock in sulphur is also indicated by the presence
of pynite,

Sodalite (upto 1 mm) is colourless in thin sec-
tion and contains inclustons of nepheline and
cancrinite and appears to be younger than both.

Biotite occurs as clusters (upto 5 mm), made up
of individual flakes upto 1 mm long, and cut by
veins of granular vishnevite. Wherever biotite and
albite occur close to each other, vermicular
hacmatite is present between the two minerals.
Zircon crystals are nonpoikilitic and euhedral and
atlain a size of upto 1 em.

A rough estimate of modal composition of a
typical specimen (No. 11213) is; antiperthite 6075,
vishnevitic cancrinite (7) 15 9. sodalite 15 %5,

biotite 9%, zircon and pyrite 174,

VOLUME 7 (1968)



18 FUZAIL A. SIDDIQUI et al.

1‘-.'3_. 15. Solalite syanite (Specimen No. 11213) Antiperthite-larse twinned
Erain on left & lower middle sodalite & vishoevitic cancrinite-granular
dgercgate middle & right (op, Zircon-suhadral crystal-tops middle. = &%
crossed nicals s

Fig. 16. Hg- 2 ol s P .
Fma]szi [c?d;::r ij:e:::mcn of fepite = i Fig. 17 Lamprophyre (Specimen No. 10226) shows
C=carbonate ; sphene-top & bottom Jeft, alkali feldspar-left middle
AC=a¢girine aunipe. rizht _b-':‘?TL"JII. Rest i= amphibole with six Si:fd:ci
melusions of apatite (colourless) x 22, erossed nicols.
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(iii) Hydromuscovitized Sycnite :

As mentioned earlier, this rock is mainly con-
fined to the vicinity of sodalite syenite and is believ-
ed to be a product of hydrothermal activity.
Mepheline syenite in Miane Kandao is also hydro-
muscovitized.

Texturally the rock is coarse hypidiomorphic
granular with microperthite (upto 5 mm) crystals
composed of approximately equal amounts of
microcline and albite. Microcline grains are seen
replaced by albite ; most strongly near Ih}'drc-mf::a
pseudomorphs after nepheline. Twinning on the
Carlsbad law is common and occasional twins may
have three members; the crystals are cracked along
broadly spaced fracturcs.

Colourless hydromica forms subhedral flakes
making divergent aggregates. Mafic minerals are
conspicuously absent ; rare pyrite crystals, partly
altered to limenite, are present.

(iv) Pegmatites :

Patch pegmatites have bean nniicu{l_ul four
localities in the Koga syenites: the locations are
marked on Fig. 2.

The largest pegmatite body outcrops at about
half a mile southwest of Koga. Crystals of
nepheline upto | foot across occur, along with
ilmenite crystals upto 6 inches long. Zircon crystals
of a yellow colour and bipyramidal habit upto 4 em
across occur in nepheline. Local!lz.' nepheline 1s
replaced by sodalite. Some pieces of purple zircon
{upto 1.0 em.) were found in the scree on top of
the ridge southwest of Kopa.

In thin section, nepheline shows two types of
inclusions (i) green, pleochroic acicular inclusions,
probably of aegirine augite (if) prismatic inclusions
of an unidentified colourless mincral with negative
low relief and low birefringence. Both types of
inclusions are mainly oriented parallel to the c-axis
of nepheline. Cancrinite is interstitial to nephe-
line and also occurs as fillings of cracks in nephe-
line; birefringence of 0.022 indicates thar it is pure
cancrinite. Albite (6 % An), microperthite and
muscovile occur as minor constituents.

The second largest pegmatite body occurs in
the middle of Bibi Derai outcrop as irregular areas
of upto 20 feet across in fluidal nepheline syenite.
The mincralogy is simple with green nepheline,
upto O inches across, intergrown with euhedral
alkali feldspar, upto 3 inches long. A third pez-
matite body, only about | foot across, occurs south-
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west of Sahbaga and is mineralogically similar to
Bibi Derai occurrence.

The fourth pegmatite body was encountered
near the hairpin bend in the road south of Sahbaga.
Here vein-like peematitic bodies upto 6 inches thick
occur in fluidal nepheline syenite. Perthite and
nepheline crystals upto 3 inches long grow off the
walls of the veins. Other minerals present include
ilmenite, zircon, biotite and fluorite,

Carbonatite and Fenite :

The occurrence of carbonatite, its’ mincralogy
and structure has been described in an earlier
account (Siddiqui, 1967). Trace clement content
and Sr 87/Sr 86 ratio of two samples is given by
Deans and Powell (1968). Since then' further out-
crops of carbonatite were noticed during summer
1968 on the Shpala—Naranji Kandao path. These
are lenticular bodies measurable in vards. Their
approximate location has been marked on the map
(Fig. 2). In common with the carbonatite outcrops
in Naranji Kandao, these are composed of coarse
grained caleite (upto 2 cm) and pyroxene with
abundant apatite crystals upto 1 cm long and 210 3
mm wide. Deep yellow sphene is an important
ACCessory.

One feature of the carbonatite, which did not
find mention in the earlier account, iz the exten-
sive fenitization associaled with it. The lication
of outcrops of femite is shown in Fig. 2. They
consist essentially of large, smoky or buff coloured
potash feldspar crystals upto 107 %2 cm in size
growing in random orientation (Fig. 16). The
angular interstices between the feldspar crystals
arec occupied by caleite, acicular aeginine augite
and biotite. In the outcrops, caleite dissolves out
differentially, during weathering, giving rise to
angular cavities in fenites.

The best expasures for the study of fenites and
their relationship to carbonatite, are found on the
slopes immediately north of Naranji Kandao.
Here steeply dipping veins can be seen projecting
upward into the syenite from the top of the carbon-
atite. In the lower portion, the veins contain
abundant calcite and apatite and minor alkali
feldspar. Moving upward, the mineral composi-
tion gradually changes 1o a coarse feldspar-biotite-
aegirine augite rock with little or no calaite.

A thin section study of the rock reveals that
the Carlshad twinned, coarse K-feldspar crystals
arc turbid duc to the presence of very fine opaque
dust and contain relict inclusions of albite (6% An)
which they replace.
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Biotite 15 an abundant mafic mineral and is
pleochroic from brown to - yellow. Pyroxene is
aegiritic in composition; it is mostly bluish green
butat places colourless with a light brown tinge.
Calcite forms anhedral grains while apatite occurs
as colourless prismatic crystals upto 2 mm long,
which project into albite and K-feldspar, apparently
replacing them.

Lamprophyre

Only one lamprophyre dyke has so far heen
encountered in the area. [t is located at about half
a mile south of the village Agarai. The width and
length of the dvke are uncertain "owing lo poor
exposure.

In hand specimen, the rock is dense and com-
pact and appears dark greenish black in colour with
wedge-shaped specks of white colour. In thin
section it is found to be texturally panidiomorphic

FUZAIL A. SIDDIQUI et al.

and composed almost entirely of amphibole and
sphene with minor apatite and alhitc. Amphibole
may occasionally form phenocrysts, upto | ¢cm long
and 4 mm across. A crude parallelism of euhedral
sphene crystals is noticable.  The bulk of the rock,
however, is composed of grains about 3 mm long and
L5 mm across. Amphibele has the following
optics ; pleochroism. X - deep green, Y - vellow
green, and Z -bluisn green. ZAc=36°, 2V, 1s
moderate, indicating it to be kataphorite {Winchell,
(1959, p. 42).

Albite (6%, An) is xenomorphic and its arains
are about 2 mm across.  Apatite (2 mm x 0.5 mm)
occurs as colourless prisms. Both sphene and
apatile occur as inclusions in amphibole crystals as
well as outside them but the included grains are
generally smaller.  Probably the growth of amphi-
bole isolated them from further supply of ions.
Chemical and modal compaosition of a tvpical speci-
men is given in Table 4.

TABLE 4.

Chemistry and mode of lamprophyre (No. 10226)

Chemical Compositian Made

A Mineral Percentage
510, i 35.52
TiO, o 7.10 Amphibole 70.54
ALO, i 11.76 2
Fe, O . 6.83 Sphene
ﬁg} 1 e phene 17.38
MnO 0.31 Feldspa 9.97
ygg : 5.58 e :

a 15.76 Apatit 2
Na,O 4.20 S e
K0 1.32
P,0; 1.28
H,O+ 1.43
H.0~ 0.13
Total ; 100.02
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FELDSPATHOIDAL SYENITES
CHEMISTRY OF KOGA SYENITES

Six samples were 50 chosen as to represent the
full range of rock types of the feldspathoidal syeni-
tes. These were analyvsed for their bulk chemistry
and the analyses are presented in Table 5. In
addition five samples representing various associa-
ted rock types were also analysed and their chemistry
has already been given in Tables No. | to 4.

21

The contents of Ca0, MgO and S5i0, were
determined gravimetrically while Fe.O,, MnO,
Ti0, and P; O3 were determined by Riley’s (1938}
colorimetric methods. The alkalies were deter-
mined in duplicate by flamephotometric method.

The trends of chemical variation of the felds-
pathoidal rocks are presented in Figs. 18 to 22. The
ceneral variations may be summed up as fallows.

25.00 B Mepheline Syenites
B--.-- K-Feldspar - Nepheline -Pegmatite
P sodalite Syenite o =
23.00 — e it -
o Hydremuscovitized Al, 03 _-
Syenite .ff
j,-.
21.00 "4
-
-~
/"f
.f.
19.-00 -
jf/
12.00 o ~
Na o R /f/
-
‘//'
10-00 - ,./f
- o
o
8.00 - i
@ "i o
o @
el e
D
6.-00 - e
"--..__HH
.lﬂh'-w-._
= ' : : l
T : 50-00
eio0l la2.00 606,00 FIEE00 56:007 (54:00-132 oo
- SiOp

Fig. 18. variation of Na; 0.A1:0; and K -0 with respect 1o Si0- in Kogn sycnltes.
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TABLE 3
Chemical and mineralogical composition of Koga syenites.
Chemical Analyses
Sample No. 11211 10279 10260 11233 10259 11213
5i0, 58.09 57.39 5537 55.24 54.03 51.87
TiO, 0.63 1.47 0.99 0.31 0.72 0.60
ALO, 19.32 19.24 21.03 23 44 22.18 23.98
Fe, 0, 2.23 1.17 2.19 3.39 0.67 0.15
Fel 1.49 161 1.54 0.72 0.64 2.76
MnO 0.16 0.04 0.10 0.00 0.08 0.00
MgD 0.53 D.51 0.30 0.96 217 0.26
Cal 2.27 1.30 1.85 1.16 137 1.69
Na,0O 7.40 9._60 9.20 T.70 11.50 12.80
K,0 7.00 6.80 7.00 5.80 5.70 4.60
P-0- 0.14 0.12 0.12 0.22 011 0.24
H.O+ 0.88 046 0.40 1.18 0.64 1.07
H,0O- 0.15 0.09 0.05 0.21 0.08 0.11
Total - 100.29 99.80 100.14 100.33 100,20 100,13
Index of Agpaicity 1.02 1.20 1.08 -— 1.13 1.08
Modal Analyses
Microcling— 69 45 50.88 46.76 57.09 52.90
microperthite
Microcline — 2.12 0.02 —_ ==
Albite 10.43 19.76 2488 13.27 2.05
Mepheline 11.51 16.58 23 88 - 23.47
Sodalite - — -_ 12.28
Cancrinite 0.03 008 —_ —_ 3.10
MNa-Pyroxene - 4.23 1.12 — —
Na-Amphibole 4.22 — 3.15 —_ —
Biotitc 0.05 4.23 0.04 — 6.20
Garnel
(mainly Melanite) .. 4.19 1.06 0.06
Sphene 55 0.06 1.06 Q.06 =
lImenite 0.02 — 0.03 e S
Zircon — e == e .
Caleite — Acc. — === =
Apatite — Acc. — = =
Hydromuscovite = = = 28 .56 =
Pynte — 1.08 =,
Zeolite 0.03 — = == "
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Fie. 19. Variationof (Fe0 +Fe; 03 + Mg0+ Ca0) with respect to $70; in Koga syenites.

Asshown in Figs. 18 & 19, 510, deereases with
voungness of the rocks and the scquence is ong of
progressive desilication with differentiation.  With
decrease in 50, the contents of .0 and (CaO+
MeO +Fe(+Fe.0,) decrease while the amounts
of Na,0 and Al,O, increase. The amount of Ca0
increases (Fig 20) with increase in (CaO+MgO -+
FeO-+Fc, O.). In Fig. 19 one specimen of nephe-
line syenite (No. 10279) shows departure from the
general trend by being very low in (CaO+MgO +
FeO + Fe,0,). This rock differs from the others
in having a protoclastic foliated structure. It
appaars that the mafic rich rest liquid was selectively
squeezed out during shearing but the mechanism 15
not clearly understood.

Cap ——»

In Fig. 21 the values of Na,O and K0 are
plotted against (Na,O+ K,0). Both Na,O and K,0
first increase but later on diverge strongly n such a
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Fig. 20, Vuriatiod of Ca0 with respect to (FeQ) + Fea03+
MeQ -+ Ca0) in Koga sycuites,
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manner that K.O decreases while Na-O increases
equally with increase in the total alkalies.

The hydromuscovitized syenite shows a depar-
ture from the general trend, as shown by the varia-
tion diagrams, suggesting significant enrichment

FUZAIL A. SIDDIQUI et al.
in ALO, and depletion in Na,0. Morcover it
contains the least amount of total alkalics as com-
pared with the unaffected svenites.

While the granodiorite gneiss is peraluminous,
fe. Mol. Prop. ALO, > (Na,O+K,0-—CaQ),

14.00 o - - Nepheline Syenites
m------ K -Feldspar - Nepheline -Pegmatite »
A... ... Sodalite Syenite /
12-00 S : /
O ----Hydromuscovitized Syenite F
/
o
¥ ' 4
0 -
o B -—-—'.
= O~ k.0
e L R
0
6-00 5 \\E
\
AN
4.00 T 1 | T | T
12.00 13.00 14.00 15.00 16-00 17-00 18.00
(Najs O+K,0) -

Fig. 21. variation of Na O & K0 with respect to (Nas0 - K.0) in Koga sveniles.
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Fig, 22. Vamation of Rittmon's zerial number with
respect to 5i0. Iin Koga sycnjtes.

Babaji svenites and Koga syenites are peralkaline
fie. Mol Prop. AlOy <2 (Na,0 -+ K,0), as defined
by Shand (1947).

In Fig. 22, Rittman's serial number,
(Na, 0+ K,0)2 . . A
T8I0, - 43 15 plotted against weight

percentage Si0), for the Koga syenites.  With voun-
gness s increases while Si0, decreases. Accord-
ing to Rittman (as quoted by Barth, 1962) this
indicates assimilation of limestone to be responsible
for the process of desilication.

However, this interpretation cannot be support-
ed by evidence in case of Koga syenites. It is con-
cluded that the above relationship between sand 810,
does not, in all cases, indicate limestone assimila-
fon.

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

SUMMARY AND CONCLUSIONS :

The rock association of the Koga area is that
of the pranite-syenite-nepheline syenite type involy-
ing the process of derivation of undersaturated
magmas from an oversaturated parent. Thus the
Koga syenites are another example of complexes
which include granite but close with nepheline
svenite (Group B complexes of Tilley, 1958). The
Ditro (Roumania), Berdiaush (Urals) and Vrede-
fort (8. Africa) complexes are examples of this Lype
of association. Regarding the origin of these,
Tilley (1958), concluded that *‘the problem of
interpretation of the sequences of this group of
complexes remains.”

Attention has been mostly focussed in this
study on the Koga syenites as they form a separate
unit in the area. More work is required on the
Rahaji syenites and Chingalai granodiorite gneiss to
Justify detailed discussion at this stage.

The mineralogical and chemical characters of
the main rock types of the area are summerized as
fallows,

{f) Chingalai pranodiorite pneiss and aplites
peraluminous, charactenzed by abundant
quartz and biotite, plagioclase composi-
tion is in the andesine range.

{ii) Babaji syenites—peralkaline, mainly sye-
nite, characterized by the presence of
Ma-pyroxene and amphiboles; sphene and
apatite are important accessorics,

The aplitic and granitic varieties are
rich in quarlz, have microcline microper-
thite and albitic plagioclase:; mafic consti-
tucnots are the same as in the syenites,

(iif} Koga svenites—peralkaline, have almost
the same mafics and minor constituents as
Babaji svenites bur distinguished by the
presence of feldspathoids instead of quartz.

It can be seen that while the Babaji svenites
and the Koga syenites appear to bz comagmatic,
the Chingalai grancdiorite gneiss  belongs to
a different and perhaps an older plutonic episode.
On textural basis, the foliated Chingalai granite
gneiss is thought to have suffered orogenic move-
ments, while the Babaji syenites and Koga svenites
appear to be late or post—orogenic as indicated
by their granitoid and trachytoid textures respec-
tively.

The magmatic origin of the Koga syenites is
indicated by a prominent flow structure. At places,
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particularly near the xenolithic blocks, the flow is
disturbed and sinusoidal and is believed to have been
induced in the viscous Koga syenite magma by its
relative movement against the xenolith blocks.

Fig: 23 is a plot of normative contents of
Si0,, NaAlSiO, and KA18i0, in the Koga syenites.
The plots do not fall entirely in the low temperature
trough of Petrogeny’s Residua System but show a

Si0

NaAlE|3 Og
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trend of progressive 85i0, depletion and N,
enrichment with youngness of the rock; thus crystal
fractionation alone doss not appzar to bz opzrative.

Petrographic evidence indicates that in the
youngz: rocks such as sodalite syenite, early crystal-
lized K-feldspar is replacad by albite releasing K,0
and Si0;. These were carried away by hydrother-
mal solutions which invaded the nearby nepheline

LY

N

Ha A ]
a ‘5":’4

K AL Slll'.'iltr

Fig. 23. Plot of normative contents of Si0z, Na Al 5i0; and KAl Si0: of Koga syenites in Pelrogeny’s Residua Svstem,
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syenite and brought about hydromuscovitization
and argillization of the rocks.

Feldspathoidal svenite complexes are classified
by petrologists into two main types (i) agpaitic
and (i) miaskitic. Agpaitic rocks are defined by
Sdrensen (1960) as (i) being peralkaline, nzphe-
line syenites, characterized by the presence
of acgirine, Na- amphibole, and/or aenigmatite,
instead of biotite, diopsidic pyroxene and horn-
blende (ii) containing complex zirconium and fita-
nium silicates instead of zircon and sphene and (7i)
being rich in fluorine. chlorine and water.

While Koga syenites are peralkaline (agpaitic
coefficient i.e. Mol. Prop. N'i.-,'DJ-K-;D (ALD,
greater than 1 in the analysed samples, see Table
5), they do contain zircon and sphene.
Cnlorine and fluorine are abundant only i sodalite
syenite which occupies restricted portions of the
outcrop. FEwven this contains abundant zircon
and biotite. At the sam: time complex zirconium
and titanium silicates are missing,

In this connection it may be mentioned that
according to Heinrich (1967) carbonaltites are essen-
tially restricted to miaskitic rocks. It is therefore
concluded that Koga svenites are miaskitic. Now,
the Index of Agpaicity of all the analysed zamples
of Kopa syenites is greater than 1, (Table 3)
wheregs Barth (1962) restricts the term *Miaskitic’
for rocks with Index of Agpaicity equal to or less
than 1. The authors accept Sirensen’s above
definition of agpaitic rocks and would observe that
Index of Agpaicity alone is not a reliable eriterion
for distinguishing between agpaitic and miaskitic
nepheline syenites.

Regarding the origin of carbonatite in Koga
svenite its coarse grain size and structures indicative
of cryslallization under static conditions (Siddigqui,
1967) show that the carbonatite magma crystallized
at depth and that no connection with the surface
was established.

Evidence shows that carbonatite was dernived
as a late differentiate from the Koga svenite magma
as supported by the following facts.

(i) occurrence of caleite in late veins associated
with the sodalite syenite.

(/i) increase of cancrinite with proximity of
carbonatite in conformity with the magma-
tic sequence of crystallization to be
nepheline—cancrinite—calcite.

The difficulty of high tem perature of melting
of calcite in postulating a late magmatic derivation
of carbonatite has been successfully overcome by

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY
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the laboratory svathesis of simplified carbonatite
fuids (Wyllic “and Tuntle, 1960, 1962) Their results
show that fairly mobile carbonatite magma can
exist at 683" —450°C at pressures of 1000-10 bars.

Maranji Kandao carbonatite bears certain
remarkable similarities with the Lueshe carbonatite
of Kivu, Congo. The sivites of that area have been
described (Mever and De Bethune, 1560) as follows
“Lueshe sovite shows, as far as carbonatites go, an
unusual coarse grain. It is a holocrystalline coarse
grained rock, mainly composed of calcile crystals
upto 1 cm with varying amounts of aegyrine, apatite,
alkali feldspars, pvrrhotite and pyrochlor. The
micas, biotites and vermiculite are frequeént.  Acgy-
rine 15 by far the most important silicate mineral;
it occurs in needles, bundles or suns.,” The descrip-
tion could almost word for word apply to Naranji
Kandao carbonatite except for the absence of
pyrochlor and pyrrhotite, and its coarser grain
size ( @ maximum of 10 cm).

One interesting feature of the MNaranji Kandao
carbonaiite is the presence of embayed grains of
milky guariz, upto 1 cm. These appear 1o be
the remnants of quartzose material ‘which might
have been incorporated from Babaji syvenites by
stoping action of the carbonatite magma. Similar
corroded grains of guartz have been reported from
t?; Ef:l'rir:::s.aru:l River carbonatite by Heinrich and Vian
( ).

The authors are aware of the limestone syntexis
hypothesis (Daly, 1918) concerning the origin of
alkaline rocks. As pointed out by Tilley (1958),
in reactions between limestone and igneous magma,
the production of nepheline is to be aitributed to a
desilication of the albite component of plagioclase
and the feldspathoid is often accompanied by wol-
lastonite. However, no wollastonite has been
noticed in the Kopa syenites nor any relict xenoliths
of limestone have been noticed.  Thus, if limestone
syntexis had operated in the area, there is no
evidence lo substantiate its efficacy.

Of the theories that atlempl to explain ths
genesis of granite-syenile association, the one based
on the experimental studies in the system Na,0—
ALO,— Fey0,—5i0, (Bailey and Schairer, 1966)
appears to fit the available evidence' best. They
suggest that if the existence of a peralkaline parent
magma be assumed then 1t follows that it will be
“peculiarly sensitive to any changes that will initiate
a trend in the residual liquid towards cither under-
saluration or oversaturation™, ‘in the following
WO manners :

(i) Transition from a peralkaline syenile magma
1o an oversalurated composition

VOLUME 7 (1968)



28

It is thought to be affected by the incongruent
melting of acmile as suggested originally by Tilley
(1958). It is known from experimental studies in
the relevant systems that haematite is the early phase
to crystallize which might be resorbed by fhe rest
liquid to form acmite. If haematite is not resorbed
the rest liquid would be enriched in silica initiating a
trend towards silica enrichment in Jater differen-
tiates,

(if) Transition from a peralkaline syenite
magma to an undersaturated composition

For this transition Bailey and Schairer {op. cit.)
suggest 3 mechanism based on incorporation of
Fe*+ instead o1 A3+ in the alkali feldspar mole-
cule. Thus some NaFe-3 S0; may crvstallize
in the early stages in place of NaFe3 Si.0), (acmite).
The excess silica required for the crystallization of
ferric-bearing feldspar would tend 10 deplete the rest
liquid in SiO,, thus producing a slightly undersatu-
rated magma and imtiating a trend towards under-

FUZAIL A. SIDDIQUI ¢t al.
salurated lare derivatives.

The alternative liquid trends-oversaturated or
undersaturated-are  thought to develop hy slight
differences in PO,, PH.O or total pressure; the high
oxidation state of iron tending to favour formation
of iron-bearing feldspars.  The presence of K in the
magma would only accentuate the entry of iron in
feldspars to form Feltbearing K-feldspars, as
these are known from several localities (Deer ef.
al., 1963). That iron has played a significant role
in the erystallization of feldspars is indicated by the
presence of minute oriented inclusions of opaque
ore in the microperthites of Babaiji svenites,

In the Koga ares, a peralkaline magma is
thought to be the parent magma which had differen-
tiated along two contrasting trends; a trend towards
8i0, oversaturation as indicated by the presence of
quartz-rich aplite dykes, and the other towards 510,
undersaturation as shown by the formation of
feldspathoid bearing Koga syenites.
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NODULAR CHROMITE WITH PARTICULAR REFERENCE TO HINDUBAGH DEPOSITS, WEST
PAKISTAN—A REVIEW

BY
A.K. SNELGROVE AND A, P. RUOTSALA

Depariment of Geology and Geologizal Enginesring, Michigan Technological University,
Houghton, Mi:higan, I1.5.A.

Abstract :  Nodular chromite in serpentine, together with rare nodular serpentine in chromire, the latter with

or withour a subrounded chromite nuclews, are odd and infriguing constituents aof the Alpine-type Zhob Valley
igneows complex near Hindubagh, West Palistan.

An electron microprobe analysis across o chromite nodule reveals Tittle change in concentration of
Cr or Fe ; a, spacing ranges from 8.34 A fo 830 A front edee to center.

A lterature survey suggests that chromite nodules exhibit o primary rexture. although magmatic
resorption, rolling during gravitational segregation, and hvdrothermal alteration are possible rovnding mechan-
isms.  Qvergrowth and cataclasis appear to he inadequate explanations of this texture. Compositional zoning
of chromite, either additive or suhtractive, and on individual nodular or granilar vre body, and on regional scales

s noted in various deposits elvewhere.

1t is concluded that nodular chromite is of early magmatic origin and is a product af one generation
of fractional crystallization of dunite magma, the component minerals of which became separated by crystal
sefling, not necessarily at the present sire. Althaugh analogy may be used to support the formarion af nodular
chromiite by either liquid immiscibility or fractional crystallization, the latter is preferred because it is consistent
with phase equilibrium studies of the system Mg0-5i05-Cr. 05,

INTRODLCTION Country, Oregon (Bastin, 1950); Shade Mine,
Hlionois River District, Josephine Country, South-

While on a field trip in 1961 to the Zhob western Oregon (Ramp, 1957): John Day Repion,
Valley igncous complex, near Hindubagh, Quctia Oregon (Stanford University Museum); Octopus
Division, with stafl’ and students from the Uni- Mine, Siskivou Country, California (Bastin, 1950);
versity of Sind, Hyderabad, West Pakistan, the Castle Crag Mine, Shasta Country, Calilornia
senior author became interested in the origin of the (Bastin, 1950); Cyprus Chrome Co. Lid., Mine,
nodular chromite of that area, Kokkinorovsos, € vprus (Camborne  School of
Metalliferous Minning Muscum, England);: Iran

The purposes of this paper are to review the (Haeri, 1961); Rodiani, Greece (Panagus and Otte-

literature and to attempt a general explanation of mann, 1966): Tontouta area, New Caldonja (Max-
the formation of the peculiar round texture found well, 1939), Twambe, Tanga nyika (E. Wm. Hein-
in some chromite deposits.  This texture is variously rich, personal communication).

termed nodular, leopard or leopard skin, orbicular,

eye, spherical, globular, cgp or ovoid, grapeshot, In general, nodular form is an exceptional mode
elliptical, xenomorphic (allotriomorphic) granular: of occurrence of form. The common habit in the
kugel, niere (Germ.); and noduleux. bulbean (Fr.). typical dunite association is fine to medium size
The texture has been observed or described in chro- anhedral disscminations, more rarely concentrated
mite ores from many parts of the world. such as in massive granular bodies of various shapes
from Hindubagh, West Pakistan (Asrarullah, 19614, (stratiform bands, podiform, sackform, and fusi-
b; Bilgrami and Ingamells, 196] : Bilprami. 1963, form bodies, schlieren, and veins) which are larger

1964q, b: Shams. 1964); Bridgs Creck, Josephine than the nodules described herein.
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The Zhob Valley igneous complex “‘consists
of serpantinites, dunites, harzburgites and other
varieties of peridotite, pyroxenite, anorthosite,
troctolite, and gabbro, all cut by later dykes of
doleritc and rodingite.” (Bilgrami 1964, a). It is
of the Alpine type.* The complex invades sedi-
mentary beds of Triassic to early Eocene age and the
intrusives are belicved to be of Eocene age (Asrar-
ullah, 196lg). In the complex, *“grapeshot™
(nodular) ore is generally confined to bands in the
rocks of Junglorghar and the western slopes of
Saplaitorghar :

thes it bands consist of globules of
chromite which are enclosed in pale-green
serpentine. The globules vary from a fraction
of a centimeter to 1wo or three centimeters,
though it is unusual to find globules of various
diameters within the same band. Most globu-
les are undeformed spheres and this strongly
suggests that the grapeshot ore exhibits a
primary texturc. The proportion of the glo-
bulcs to the serpentine. . . .may vary from 39
to 955 in the various bands, though the varia-
tion within the same band is less marked.
Where the concentration of globules is excep-
tionally high, massive orc bands are formed.
All stages from a few disseminated globules
to massive bands of almost pure chromite,
anarently produced by the squashing together
of chromite nodules, have been obscerved.
In another Kind of banding, globules of ser-
pentine are enclosed in chains of chromites.
Some specimens of this kind of ore exhibit
a slightly modified, settled texture, while others
show an imperfectly developed gneissic
banding.” (Bilgrami, 1264, a).

The chromite occurs only in dunite and ser-
pentinite  (Bilgrami, personal communication).
According to Asrarullah (1961a), **In the Hindu-
bagh area the grade of ore decreases from west to
gast,.”’** This fact led the senior author to suggest
that the dip of the complex might he eastward;
the basis of this postulation is the principle (Golds-
chmidt, 1937) that, in an isomorphous series, the
metallic constituents with the smaller ionic radn
tend to form a tighter bond than the larger ions

(newest values are Cri+- 0.63 A, Fel+=0.64A —
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—Ahrens, 1964). Assuming that chromite with a
high Cr/Fe ratic formed first and toward the base
of the intrusion, that base should lie to the west.
Actually, the structure of the igneous complex is
imperfectly known. ‘“There is no apparent direc-
tional relation between the veins, bands, and lenses
of chromite ore bodies and the boundaries of the
intrusives, but in place there is a parallelism between
adjacent ore bodies.” (Asrarullzh, op. cir.).

ADDITIONAL DATA

The specimens studies in this investigation were
taken from Sra Salawat mine 136, and were kindly
supplied by Mr. R. G. Bogue, then with the U.5.
Geological Survey-AID Program in Q‘us:ttﬂ. A
chemical analysis by Bilgram (1963, Table 1, Ana-
lysis 2) shows: Cra0, 54.41%: ALO, 13.86%;;
Fe,0: 398%; Ti0.045%; V,05 0.07%, FeO
12.265; NiO 01634, MgO 14.24%7. MnO 0.20;
Ca0 0.08%;: H.O 021%; Si0, 0.24% : Tonal
100.16.

An ARL eleciron microprobe traverse across a
7.5 mm. chromite nodule was kindly furnished by
Dr. P. B. Moore of the University of Chicago,
According to his analysis, there are little, if any,
changes in concentration of chromium or iron from
edge to center of the nodule.

The unit cell edges (a.) for chromite specimens
from edge and center of a chromite nodule were
determinad by X-ray difiraction, using a 114.57 mm.
Debye-Scherrer powder camera and Cr Ka  (vana-
dium-filtered) radiation. The a, was calculated from
the (422) spacing of chromite. The unit cell edges
for chromite from margin and center of the chromite
nodule are 8.34 A® and 8.30A°, respectively.

Two serpenting mineral associations found
within the chromite nodules and in their inters-
tices are quite different. Mixtures of antigorite
and clino-chrysotile occur within chromite nodules,
but X-ray differaction (General Elcctric recording
diffractometer, Cr Ku radiation) of the serpentine
in the matrix revealed a complex association consist-
ing of antigorite and a serpentine with spacings
which do not match published data. The three

most intense spacings arc 7.9 A, 4.75A and 249 A,

*Peridotite-gabbro complex in which “strong deformation of eemizolid rocks is implied by irregular form and internal

structure, lack of erypiclayering, prominent lineation and foliation crossing the boundares between najar rock units, and cataclastic
textures’” in contrast is stratiform complexes, such as the Bushveld and Stillwater, in which “crvatallization of a molten magma in
placc withlittle or ne disturbasce is indicated by features attributable lo crystals seliling and reaction of settiled erystals with entrapped
magma, great lateral persistence of compositional layers, eryptic layering, and systemates upward progressinon from peridotitic
{o gabbroic or granitic rocke.” (Thayer 1960, p. 247}

**Girade of orc depends upon Cra04 as well as Cr/Fe ratio.  For high grade ore Cr;0; should be over 48— and CrjFe
ratio 3 : 1. In Hindubagh igneous complex Cr/Fe ralio decreases from west to east. .. ...... .. very few Zhob Valley chromites
have been analyzed for FeaO; as well as Fe and no definite conclusions can be drewn from these anaalyses. [do not think
RO and R.0; groups always behave entirely independently.”  (5.A. Bilgrami, personal conumunication, April 13th, 1968.)
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NODULAR CHROMITE
ORIGIN OF NODULAR TEXTURE

A number of hypotheses have been proposed
by various workers 1o explain the phenomena of
chromite deposits and the origin of the nodular
texture that some of them display. These are
discussed below, in the order that the writers con-
sider to reflect their pertinence, and evalualed as 1o
their applicability to the Zhob Valley occurrences -

a.  Orthomagmatic origin of nodular texture.

In the Alpine type of deposits, chromite is be-
licvedby Thayer and others to have formed originally
by fractional crystallization of Muid magma and
settling out of chromite in the lower crust of upper
mantle, from where it gets remobilized and moved
up into the upper crust. At the upper levels in the
crust, the deposits exhibit features resulting from
flowage and recrystallization of semisolid crystal
mushes formed by partial re-fusion and mechani-
cal distruption of stratiform-tvpe lavered rocks.
This remobilization took place along cugeosvn-
clinal belts under strong deformation,

33

The silicate minerals were crushed and
recrystallized and secondary layering was ex-
lensively developed in many masses, but fractur-
ing, fragmentation, and granulation of chromite
indicate that it-acted as a brittle soid at least
during the later movements. The chromite ore
bodies have been torn from layers and carried
up as fragments which were deformed to vary-
ing degrees. . . . The orientation of fusiform and
tabular bodies and their internal structures
parallel to the structures in the surrounding
peridotitc seem  better explained by flowage
alone, similar to xenoliths in gneiss, than by
some combination of flowage and injection
(Thayer, 1961, p. 213).

Zengin (1961) disagrees with the view that
nodular chromite represents a rather deep level of
magma because he finds that in Turkey this type of
occurrence is limited to some sections along the
contacts of the country rocks and mineralized zones,
rather than being representative of the whole

IMidss.

Fig. 1 Top : Mechanism of chromite nodule formation (Borchers, 1951). Lower left : Nodular serpentine (white) with
inclusions and marrix of chromite (black), Hindubagh, (Shams, 1964). Lower right : Formation of a chromite band

by accumulation, Hindubagh, (Bilgrami, 1964,2).

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

VOLUME 7 (1968)



34

Yozt's concept of ‘‘synneusis” (together-
swimming), for minerals which segregated early
from a magma, is used by Bastin (1930) as a criterion
of magmatic origin. Bastin states that :

“On textural evidence alone, this relationship
might be explained as an automorphic replace-
ment of olivine by chromite. However, frac-
tures in the olivine and contacis between olivine
grains exerted no control on chromite distri-
bution. It is more likely that olivine was still
liguid when the chromite crystallized as Vogt
conciuded.™.

This statement is concerned, of course, with mineral
paragenesis rather than nodular texture per se.
Sampson's chain texture in chromite (1932, p. 130)
may be a variety of synneusis texture, but Jackson
(1961, p. 235) belicves *'the chain effect is caused by
fortuitous sectioning of tightly packed chromits
octahedra.”

Gravitation segregation and acerction of chro-
mite grains and their rounding by rolling to form
stratiform lavers where the dips are sufficicntly
steep (over 25°) arc depicted by Borchert (1961 sec
Fig. I, top). This mechanism is examplifield at
Hindubagh as shown in Fig. 1. bottom right.

From the theoretical point of view and without
specific reference to nodular chromite, Tiller (196:4)
states that @

“Tt may be quantitatively shown that a spheri-
cal particle undergoing transport-controlled
growlh into a supercooled bath will be unstable,
when subject o perturbation, when the radius
of the sphere is greater than just seven times the
critical radius, Re, predicted by homogeneous
nucleation theory.”™ This relationship has not
been explored in the present study.

By experimenting with the flow of plastic parti-
cles in oil in a tube, Bhattacharji and Smith (1964)
have shown that flowage differentiation, due to in-
herent flow properties of solid and fluid mixtures,
15 capable of causing crystal segregation in nature,
such as in the Muoskox Intrusion, & Precambrian
layered ultramafic-mafic pluton sitwated in the
MNorthwest Terntories of Canada. They find that
early-crystallized. high-temperature minerals, such
as olivine, can be concentrated in the center of a
vertical conduit. In their experiment, spherical
and rod-shaped particles rotated® as they moved
from the walls of a recatangular lucite conduit
toward the center. The implication is that olivine,
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and possibly chromite, can be concentrated by
flowage and no preceding gravitative differentiation
5 necessary.

Instead of representing carly crystallized chro-
mite, perhaps nodulur chromite should be inter-
preted as representing immiscible droplets of chro-
mite liquid on the ultramafic magma. Keith (1954)
shows that melts rich in silica and Cro0; may form
such immiscible liguids and Drever (1960) cites
evidence for immiscibility in picritic intrusions.

Globular masses of pyrrhotite, pyrrhotite-
pentlandite. and pyrchotite-chalcopyrile are com-
mon in anorthosites and allicd rocks, and are re-
garded by Newhouse (1936) as having scparated
from the magma due to liguid immiscibility.
Newhouse did not include chromite in this study
but he noted that petropraphers since the time ol
Rosen busch had considered the opaque oxides as
having crystallized early.

McDonald (1965) atempied to account for
formatin of silicate inclusions in chromite in terms
of clectrostatic charges:

*Crystallization of chromite-rich liquid droplets
proceeded from the margin of the droplet,
inward. MNucleation would probably be initi-
ated by the contamination of the surface of the
droplet by crystallites or small crystals sus-
pended in the silicate magma rather than by
spondancous nucleation resulting from super-
cooling of the droplet. _.... Mineral grains
or crvstallites, having upsatisfied electrostatic
charges on their surfaces, would be attracted
to the liguid with the greatest diclectric
constant”.

This approachiz of doubtiul valuesince the dielectric
constants of a silicate melt and a  chromite-rich
liguid can only be surmised. MeDonald refers to
experimental work on liquid lead (Chalmers, 1964)
to the effect that the supercooling required for
growth is maintained by conduction of heat from the
solid-liquid interface into the crystal. Further-
more, the interface advances uniformaly and tends
tis bz smooth, following the confizuration of the
solid-liquid interface into the crvstal. Further-
more, the interface advances uniformally and tends
to bz smooth, following the configuration of the
isothermal surface that would exist il no solidi-
fication was taking place and if the erystal was
isptropic to thermal conduction.

Any explanation of the origin of chromile

*Dr. Bilgrami, in a personal communication, observes that evidence of retation is also found in Hindubagh peridotites.
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NODULAR CHROMITE

nodules must take into account the coexistence of
serpentine nodules (originally olivine) in chromite,
and of a chromite nucleus in some serpentine
nodules,

McDonald (1965, 1967) discussed certain chro-
mite grains with centrally-located, rounded silicate
inclusions® from chromite seams in the Lower
Critical Zone, Western Bushveld Complex. On
the basis of these inclusions he postulated the exis-
tence of a chromite-rich immiscible liquid. Most
chromite, he finds, crystallized directly from the
magma and setiled to the floor of crystal accumula-
tion, accompanicd by chromite-rich immiscible
droplets that had crystalline margins. These
droplets cryvstallized from the margin inwards to
leave silicate inclusions within chromite grains, and
enriched the granular accumulation of chromite by
gravity settling and crystallization in sirw.  Jackson
(1966) questions the growth of inclusion-bearing
chromites from outside in, and also the hypothesis
that a Cr,0,-rich liquid might separals from a
basalt. In any event, a probably high surface
tension of chromite droplets can be assumed, and a
greater specific gravity than that of silicate melis
i apparent.

Bilgrami (1964a) suggests that the nodular chro-
mite of Hindubagh probably was formed by liguid
immiscibility in the magma. He is of the opinion
that similar textures shown by ferrochrome globules
in slag lend support to his theory, and he questions
the low temperature of emplacement of peridotite
a5 postulated by others.

Shams (1964), distinguishes three structures in
West Pakistan chromite-bearing serpentinites: (a)
lenses and bands of coarsely crystalline chromite
in serpentine which sugaest segregalion by gravity-
settling of chromite crystals, with banding developed
by magmatic flow: {p) nodular chromite in a
sroundmass of serpenting, ascribed o crystall-
T7ation from globules of liquid of chromite composi-
tion in a liquid of ultrabasic composition; and (¢)
nodular serpentine in a groundmass of chromite,
with the serpenting sometimes containing subround-
ed inclusions of chromite, suggesting the presence
of two immiscible liguids belore consolidation
took place. Shams calls attention to the difficulty,
i view of the experimental data on phase equili-
bria of the systems Mg0-CryQ5-5i0; and iron
oxides — Cry0;-5i0;, aof cxplaining the high tem-

peratures required for liquid immscibility. How-
ever. he points out that in the light of the recent
discovery of a high-temperature Alpine-type perid-
olite (temperature 200" —1000°C) in Veneczuela.
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and of the experimental cvidence that ultrabasic
liguid can exist at as low a temperature as 1000°C,
there is a possibility that locally ultrabasic liguid
may be available. He ascribes a subordinate role
to liquid immiscibility in the origin of chromite
deposits becavse of the less common occurrence
of his structural tvpes (&) and (c).

In the lavered intrusion at Skaergaard, East
Grecnland, where Wager and Mitchell (1951) noted
a rapid depletion of chromium during early stages
of formation, Wager (1959) proposed that variations
due to differences in the proportions of primary
crystal phases, “‘should probably be divided into
two types: one, which is usually on a small scale
due to winnowing effect (acting on crystals of diffe-
rent densities during movement by convection
currents); the other, which may be on a small or
large scale, due to differing powers of crystal nuclea-
tion.” His hypothesis is that the order of crystal-
lization of the primary precipitate minerals in the
rhythmic units is consulered to be due to their res-
pective powers of nucleation from a somewhat
supercooled magma. The three settled (Fcumulus”)
minerals were chromite, bronzite, and basic plagio-
ciase *

“Although all three should be separating from
the liguid if equilibrium conditions existed, one
of these crystal phases may well nucleale more
easily than the others from the super-saturated
liquid. It is likely that the crystals of simple
structure such as spinels would nucleate before
those of complex structure. .. ."(Wager, 1959).

Wager recommends that the “power of nucleation
of the different mineral species involved in layered
intrusions should be investigated experimentally
1o decide whether or nolthe orderis the one suggested
by the known tvpes of rhythmic units.”

Some light is shed upon silicate-chromite rela-
tionshins by phase-cquilibrium studies in the system
Me0-5i0; — Cr;0, (Keith, 1954). Keith's ternary
diagram is reproduced as Fig. No. 2. It can be
<cen that enly a small pereentage of CryQ, is neces-
sary 1o form stable crystalline phases of Cr:0, or
picrochromite, M o(r,0,**. Furthermore, if onc
assumes, & composition of about 60 2¢ 5i0., 40%
MgO, and 1—4 % Cr,0,, it can be seen that cither
forsterite or picrochromite will crystallize first from
the liquid, depending upon the exact composition.
Geochemical data show that trivalent chromium
and ferric iron are very similar. Ahrens (1964)

ﬂ - -
states Lhat ionic radii are 0.63 A for trivalent

sThayer {Eﬁmm! communication, December, 9th 1966) obscrves that no true podular chromite kas ever been described

in stratiform compiexei.

saNatural chromites contain up 1o 15%% MgO, and thus approach picrechromite in composition.
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Fig. 2. The system MgO-Cr20,-5102, Keith (1954).
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chromium, and 0.64 A for ferric iron. According to
Green (1959), electronegativities (Cr*, e=1.6;
Fe't, e=1.8), cation field strengths (Cr3', i =
4.76; Fes*, i —4.69), third ionization potentials
(Cr3+, 1=31.00 V; Fe, 1=30.60 ¥), and indices
of ionic replacement (Cri*=0.22; Fei+=0.22)
are identical or very nearly so. The only property
which is significantly different is that of the melting
point of the oxides (Cr,0,=1990 C*: Fe,0;—1565°
C). This indicates that chromium forms a more
ionic bond with oxygen and would tend to deplete
early in the crystallization sequence. This is cor-
roborated by observations of Wager and Mitchell
(1951) and Taylor (1965). Ulmer (1966) finds
that complete solid solution exists among spinels up
to 1300°C; however, such solid solutions may in-
volve defect spinels which contain trivalent ions in
excess of a 1:2 divalent to trivalent ion ratio.

Unusually high concentrations of chromium
in magma are not necessary for the formation of

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

chromite. Vogt (1921, p. 323) suggested that if the
concentration of chromium in a magma is 1000
p.p.m. chromite will form as a separate phase.
However, large chromite bodies would require
large amounts of magma, and as Bilgrami (1961,
p. 1736) remarks, "The numerous chromite veins in
the Hindubagh area suggest that the concentration
of chromium in the original Hindubagh magma was
fairly high. The abrupt fall in the chromium con-
tent of the successive rocks shows that the chromite
crystallized during a relatively short time™.

If initial magma compaosition is such that it
falls to the left of the forsterite-picrochromite
cotectic boundary (Fig. 2), forsterite  would
crystallize first. 1t would continue to crystallize
until the composition reached the forsterite-
picrochromite cotectic, and then picrochromite
and forsterite would crystallize together. Similarly,
an initial composition fo the right of the foresterite-
picrochromite cotectic would result in picro-
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chromite as the first phase to crvstallize. If.
fortuitously, the composition were somewhere on the
forsterite-picrochromite colectic, picrochromite and
forsterite would erystallize simultaneously. Inclusions
of olivine in chromite, therefore, would imply a mag-
matic composition to the leflt of the forsterite-picro-
chromite coteetic, whereas inclusions of chromite
in olivine would imply composition to the right of
the forsterite-picrochromite cotectic with respect
to these two phases. Since the cotectic represents
a composition of between one and two percent
Cry 01, small variation in chromium concentration
would affect the crystallization sequence rather
drastically.

Because of its presumed irrelevance. it is not
proposed to review here the controversy over the
late-magmatic (Bateman, 1951) or hydrothermal
(Thayer, 1936) origin. Mor will pneumatolytic-
phase chromite (Borchert, 1961) be discussed, for
the same reason.

It seems from the foregoing that the Hindu-
bagh chromite is of early magmatic origin and has
formed pre-olivine, simultaneously with olivine,
and, in smaller part, post-olivine (as in the matrix
of serpentine nodules)—all of one generation, and
probably as a result of fractional crystallization.
Bilgrami {1963) infers that chromites which show
a high Cr/Fe ratio arc earlicr than those showing
a lower ratio, but he does not specify a time gap.

Possible post-depositional effects  will  be
considered next.

{#) Resorpron and hydrothermal aleration in nodule
formation,

Rotund and concave shapes of chromite have
been ascribed to magmatic resorplion or corrosion
of carly-formed grains, aggregates, and crystals.
These effects are not readily distinguishable from
those produced by hydrothermal action. Typical
illustrations of chromite grains with concavities,
commonly attributed to partial resorption of early-
formed chromite, appear in text-books such as that
of Park and MacDiarmid (1964, Figs. 4-31).

Two types of resorption are recognized by de
Wijkerslooth (see Rechenberg, 1961) : (1) magmatic
corrosion, and (2) hydrothermal, accompanied by
the recrystallization of new minerals. Rechenberg
cites the Camasirlik, Turkey, orebodies as hayving
grains originally 1-1.8 mm. in size, but now redyced
to 0.07—0.5 mm., with interstices filled by serpen-
tine, chlorite, tremolite. etc. This is interpreted
by the present authors as an example of cataclasis
plus hydrothermal alteration.

__ Anillustration of supposedly resorbed chromite
1s found in the Shade Mine. lllinois River District.
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Fig. 3. {a) Chromite cores (white) surrounded by a
subsiance of higher reflectivity. Silicate matoix stippled.
Rodiani, Geece, [Panagos and Ottemann, 1966), 100x,

, (&) Nodular chromize (black) in serpentine fram Shade
ﬁfrllr]-.l:. Oregon, with halos of chromige and sheaths (diagra matic)
of chlorle.

(e} Chromite grain, transiucent (diagramniatic harwching)
and opague, with chlorite nm. Mount Alberr, Quebec,
(MacGregor, et al. 1963),
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Josephine County, Oregon (Ramp. 1957). Ramp
notes that:

“Modular chromite consisting of aggremates
of spherical or ellipsoidal chromite as much
as 3/4 inch in diameter disseminated in the
dunite or serpenting occurs at several places
in the area. Those examined appear 10 have
been large, probably euhedral crystals of
chromite that have been rounded by abrasion
and/or re-solution.”

He obsarves that corroded chromite grains in dunite
and inclusions of olivine in chromite grains show
that chromite may crystallize ecarlier than the
surrounding olivine, and also that olivine may
start crystallizing carlier than the chromite. Most
striking is his illustration (Fig. 3, a, herein) of
chromite halos, together with sheaths of chlorite
surrounding nodules. This relationship was first
interpreted by the present authors as evidence of
magmatic resorpiion, with residual chromite halos,
but 1t is now recognized thut the chlorite rims are
clearly post-magmatic and related to the Scrpentine
mincralogy (Thayer. 1966, p. 693), while the
chromite grains in halos are probably residuals of
hydrothermal attack similar to those described by
Miller (1953) in the Webster-Addie Ultramafic
Ring, Jackson County, MNorth Carolina.

Bath resorption and hydrothermal attack have
undoubtedly affected a rounding of some chromite
grains, but these mechanisms do not appear adequate
to explain most nodular chromite occurrences.

¢. Diastrophic origin of nodules.

The question of the efficacy of diastrophism in
producing nodular or elliptical structures in chromite
naturally arises for the Alpine type complexes which
have undergone strong deformation.

Is the coarse sugary texture of fresh dunite
with equant anhedral grains of olivinc and chromite,
so often seen in laboratory collections in North
America, of protoclastic origin—produced by
differential flow of magma before compleie solidi-
fication? Are the sugary grains once cuhedral
crystals altered in shape after precipitation, either
by continued growth or by reaction with interstitial
magma (Jaskson, 1961, p. 13); or are they produced
by cataclasis—{racturing, granulation, and perhaps
rotation? (The sugarv texture of the familiar
chromite-olivine specimens from Balsam, Morth
Carolina, is commonly interpreted as cataclastic.)

Abundant examples of bodics of chromite

which are evidently of disturpted character are to
bz found in the literature.
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Thayer (1966) has applied the term “pull-apart”
10 a texture best shown, perhaps, in nodular ore
by fractures transverse to the longest axes of ellip-
tical nodules. These fractures he explains as ten-
sional, and formed by stretching of the ore in a
direction parallel to the orientation of the layers.

The mechanism of nodule formation depicted
by Borchert (1961, Fig. 1 herein) may account
for accumulation and compaction, but the common
and striking disintegration of these brittle nodules
as viewed microscopically must be largely a post-
consolidation effect.

MNodular chromile boundaries in general are
sharp: they are ofien sheathed by chlorite or
serpentine.  The lack of shikeensided boundaries,
such as those which commonly characterize the
larger podiform, fusiform, and sackform masses
of chromite, is interpreted by the authors as militat-
ing against a purely mechanical, post-consolidation
formation of nodules. MNor are these nodules
regarded as prophyroblasts. In  other words,
nodular  chromite is not typically of dynamic
metamorphic origin.

ZONATION OF CHROMITE

The literature survey on which this article is
largely based revealed a number of zonal chemical
variations in chromite which merit discussion.
Generally, compositional zoning in  chromite
deposits occurs on individual nodular or granular
ore-body, and on rcgional scale, and may be
a primary or a seccondary feature ; the latter
being cither additive or subtractive in nature. A
regional decrease in ore grade from west Lo east al
Hindubagh has already been noted in the Introduc-
tion (Asrarullah, 19614a); this is ascribed by Bilgrami
(1963) to earlier formation of chromite with a high
Cr/Fe ratio.

In the case of the Stillwater Complex, Hess
(1960) advanced a2 diffusion theory to account for
overgrowth of chromite crysrals. Jackson (1961,
pp. 60-61, 80} finds that “*the amount of overgrowth
in any pariicular chromite was proportional to
the rate of accumulation of settled crystals” and
concluded that *“*Most of the postdepositional
enlargement occurred cither at the surface of the
crystal mush or within 2 few inches of i, in contact
with magma saturated with respect to, and erystal-
lizing chromite”. He believes that **the rounded
corners of some olivine and chromite crystals were
probably caused by partial resorption prior to de-
position” and uses the term “‘secondary enlarge-
ment” to describe the continued growth of settled
crystals in certain lavers after deposition, as noted
by Hess. Mo zoning at the outer margins of enlarg-
cd chromite individuals was observed.  Jackson
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(in press) now uses the more definitive term “‘over-
growth” instead of “‘secondary enlargement’” which
might result from non-magmatic processes.

Maxwell (1949, p. 540) cites A. C. Tester to the
effect that peripheral chromite zones at the Tichaghi
mine, New Caledonia, contain less Cr, O, than
that at the center of the deposit. In many New
Caledonia deposits a sheath of chlorite or kacmmere-
rite surrounds black-bordered chromite grains.
Maxwell states that “Development of chlorite is
attributed to outward migration of alumina from the
chromite by Lewis, as quoted by Fisher” (Fisher,
1929). Amin (1948) postulates that magnesia
also migrates outward to form magnesite, and the
black border develops as a result of residual enrich-
ment of chromite in iron oxide. Fisher, however,
believes that the iron oxide was deposited on the
chromite grains, rather than being a product of resi-
dual concentration.  Maxwell’s conclusions on New
Caledonian chromite are :

(i) magneatite in the serpentine derived from
olivine, develops at the time of serpentini-
Zation;

(i) movement of iron oxide, resulting in
“bleaching’ of serpentine adjacent to chro-
milc, takes place in the presence of the
serpentinizing solutions:

(iii) addition of iron oxide to chromite grains:
1t at least postdates the corrosion of these
grains  because black margins  and
“whiskers" of magnetite dust are developed
cqually on crystal faces and corroded
wisps of chromite grains. It appears that
iron has been concentrated in and on the
chromite grains, cither by adhering to the
grain margins as magnetite crystals or by
actually entering the chromite crystal
structure and forming opaque margins of
the grains.

Miller (1933), in describing secondary altera-
tion of chromite in the Webster-Addie Ulteramafic
Ring, North Carolina, illustrates chromite grains
partially altered to opaque black material with a
calculated composition of Cr; Al (Mg
Absiraction of MgO. ALO., increase of Fe(),
Fe,0,, and loss of some Cr., O, 10 kaemmererite
theoretically yield an end product of ideal chromite-
magnetite solid solution.

39

The margins of Egyptian chromites (Amin,
1948) contained in talc-carbonate and in serpentine
are fractured and altered to an opague black
mineral. This change is ascribed by Amin 10
hydrothermal fluids acting on the chromite, leading
to the concentration of iron oxide, which gives
chromite the black color, and release of alumina
which forms chlorite interstitially.

“Leopard™ chrome ore of Motsali is another
exception to the usual compact form of lenses and
pods in the Rodiani area, Greece (Panagos and
Ottemann, 1966). Marginal phases are developed
as zones around chromite grains®, along cracks
in individual grains, and around voids and small
channels in the grains (Fig 3, b, herein). These
marginal zones have higher reflectivity than the
interior of the chromite grains and in transmitt-
ed light appear darker. X-ray diffraction indicates
that both border and interior have spinel structures.
The unit cell edge () of chromite at the core is
around 8.24 A°, and that of the marginal zones
8.34A°. Higher reflectivity and higher unit cell
edge. in addition to chemical results of an electron
microprobe anaylsis, are interpreted by Panagos
and Ottemann as clear evidence of enrichment of
iron in the marginal phase of the chromite grains.
They have not yet decided whether the genesis is
a late-stage magmatic feature or an effect penecon-
temporaneous with serpentinization.

On a regional scale, MacGregor and Smith
(1962-3) have studied the approximate correlation
of ¢hrome spinels of the Mount Albert, Alpine-
type ultramafic pluton, Gaspe, Quebec, with res-
pect to unit cell edge, index of refraction, and color.,
They find that nodular chromite grains show zoning
or rims compesed of another spinel phase, as reveal-
ed by increasing illumination. They also noted
that the intrusion can be zoned on the basis of
chrome spinel composition—spinels with the cell
edge 8.30 A® (rich in chromivm and iron), occur
near the margins of the intrusion, whereas those
with cell edge 8.20A° are found at the center. The
unit cell edge ranged from 8.14 to 8.32 A®. This
compares with 8.30 to 8.34 A® in the one Hindubagh
nodule measured in the present investigtion as
discussed above. It has not yet been determined
if this range is sufficient to cancel out the effect of
R?' cation substitution in tertrahedral positions
viz-a-viz those of R*' cation substitution in the
octahedral sites.

Wilson (1933, p. 38) believes that an important

1 *Thayer, in a personal communication (December, 5th 1966) observes that these are indesd relatively coarse aanhedral
grams rather 'Iham:_ulp]:s. He also points out that Fisher (1929) in relation to marginal enrichmrent in iron was referring to o
addition of magnetite in Pennsylvania, while Amin (1948) in Egypt, Miller (1953) in North Carolina, and Panagos and Oitemann
(1966} in Greece, are dealing with hydrothermal and not magmatic alieration.
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characteristic of oxide ores associated with ultrabasic
intrusives is the constancy of composition Iaterally.
This constancy has been noted in the Bushveld
intrusive, the Bird River chromite deposits of Mani-
toba, the Stillwater complex of Montana, and the
Selukwe deposits of Southern Rhodesia.  Decreases
of concentrations of alumina, chrome, and magnesia,
and increases of both ferric and ferrous iron upward
are found in chromite of the Bushveld intrusive.

DISCUSSION

The unit cell edge measurements of chromite
from center to edge of Hindubagh nodule are
similar. Aneleciron microprobe traverse across one
nodule has shown that compesition is essentially
conslant from cdege Lo center.

Although crystallinity is difficult o determine
in nodules, fracture patterns suggest that the nodules
consist of cither single crystals or aggregates of
coarse crystals. There scems to be linle or no
zoning within these chromite nodules.

It appears that chromite and olivine (which
later altered to scrpentined crystallized more or
less simultancously and chromite settled by gravity.
The lack of magmatic zoning probably means that
relatively large amounts of chromium and iron
were available, and that equilibrium between
melt and chromite was approached. More magne-
sium than iron must have been available and the
overall compaosition of the magma changed very
httle while the nedules formed.

It is possible, of course, that the roned crystals
once formed were partially resorbed, but for the
Hindubagh occurrences the authors favour the
simpler mechanism described above.

Phase relationships in the MgO-Cr,0;-S5i0;
system show that less than 2% Cr; O, 1s necessary 10
form MgCr;04, picrochromite, from a silicate
melt. The Hindubagh chromite nodules contain
about 142, MgO, thus approaching picrochromite
in composition.

Probably the most important determinant in the
formation of chromite deposits is the original CryOs
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content of the magma. Massive “*bedded” deposits
probably reflect comparatively large CriO;
contents, while the nodular types represent simul-
taneous chromite and olivine crystallization along
the picrochromite-forsterite cotectic boundary of
Fig. 2. This type may grade into layered
deposits. As Bilgrami points out in a personal
communication (November 2. 1966), “Conditions
under which crysiallization was taking place may
also play an important role in determining which
Lind of deposits will form.™

By the analogy of ferrochrome nodules in slags,
an argument can be made for liguid immiscibility
in the formation of nodular chromite (Bilgrami,
1964, a). However, study of the system MgO-
Si0,—Cr,0; indicates that the liquid immiscibi-
lity Tield is limited to that portion in which Cr,Oy
(and not picrochromitc) melt separates from a
siliceous one. Since these are not the phases found
in chromite deposits, and because by referring to the
system Mg0-510.-Cra0: one can readily explain
the presence of an olivine nucleusin chromite nodules
and vice versa, the present authors favour fraction-
nal crystallization as the primary mechanism of
nodule formation.

Resorption would tend to form spherical shapes,
which have the lowest surface energy. Some
modification as a result of gravitational rolling or
of hydrothermal attack may also have taken place.
Overgrowth of grains, or granulation of larger
chromite masses after the solid stage was reached,
seems incompetent to account for typical nodular
texture.

SUGGESTIONS FOR FURTHER WORK

Additional electron microprobe data are need-
gd to determine the gencrality of the resulis describ-
ed hergin.

A regional study of unit cell edge vanations in
chromite in Hindubagh should throw light upon the
struciure of the associated ultramafic complex.

Remnent magnetism of chromite nodules and
masses might reveal clues to the mechanism of their
accumulaiion.
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Figs. | and 3 were drafted by Mr. Abraham Diaraj. Fig. 2 15 reproduced by permission of the
editor of the American Ceramic Society.
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PETROLOGY OF THE BASIC MINOR INTRUSIVES OF THE MANSEHRA-AMB STATE ARFA,
NORTHERN WEST PAKISTAN. FART I—THE DOLERITES.

BY
F.A. SHAMS and ZULFIQAR AHMED

Depariment of Geoloay, Punjab University, Lahore.

Abstract :  The dolerite menibers of the basic minor intrusives, of the Mansehra-Amb Siate Area, have been
subjected to derailed pelrographic and mineralogical investigations. fn addition 1o modal variciicn of various
coastituent minerals, pyroxene minerals have been studied to understand their relationship in co-existence.
The chemical nature of the dolerites and their trend in mineralogical phase variations are comparahle ro those
af the well known theleiitic provinces of the world. An outstunding feature of pyroxenes of these dolerites
is that their maximum magnesian content is higher than most of the knovn cases of similar origin.

This is the first derailed study of dolerites of the Mansehra-Amb Staie Area.

INTRODUCTION DESCRIPTION OF THE DOLERITES,

The geology of the Mansehra-Amb State Area, Field Relations.
15 being described by the senior author elsewhere
(Shams, 1969). The area constitutes the hard Dolerite bodies are met with almost cverywhere
crystalline core of a major syntaxial loop of the in the area. Generally, they are present as inclined
northwest Himalayas (Wadia, 1931). It is composed sills of variable thickness (from few inches to over
of pelitic and psammitic schists and quartziles 100 feet) and length (from few feet to over thousand
with rare gntty and conglomerate members. fect). These are cmplaced generally along the
Younger thun these wre the granitic bodies that foliation planes of the enclosing rocks (Fig. 1).
occupy more than half of the area, Disrcgarding Rarely cross-cutting bodics are present that occupy
ages of various formations, basic magma seems to diagonal joint openings of the enclosing rocks
have injected into them throughout the long periad (Fig. 2). Surface weathering is fairly common and
of plutonic evolution of the arca. In accordance large seale spheriodal weathering is exhibited by
with their relative age of emplacement. (hese closely jointed bodics.
intrusives are met with as all sort of varieties
between ophitic dolerites to granoblastic garnci Due to relatively small size of the bodics,
amphibolites. Thus the hasic magma had been a differentiation effects are not conspicuous in the
close witness of almost all the plutonic episodces field except for the presence of rare paiches of
that affected the area. coarse-grained and somewhat leucocratic material

that may be called pegmatitic dolerite. Progressive
variation of grain size, from margin inwards, is

Assuming that the basic magma was tapped sometimes desplayed by relatively thick sills that
from a commen source, it is thought instructive otherwisc are rare in the area.
to study its differentiation trend as well as effects
of regional metamorphism on rocks formed out of Petrographic Description,
it. In this article, the former aspect is being present-
ed : the second part of the paper will be presented General - Petrographically, the dolerites of
later. the Mansehra-Amb-State Area are pyroxene-
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Fig. 1. Showing a dolefite sill empluced 2long the foliation plane of the Susalgali goelss, Khaki-Oghi road section.

Fig. 2. Showing a dolerite body emplaced discordantly ina metarporphic s2quence near Potha.
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THE DOLERITES

plagioclase rocks ; only in rare cases, they contain
feebly to predominantly altered olivine crystals. In
coarsc-grained varieties, micropegmatilic inter-
growths of quartz and orthoclase are invariably
present. From chilled marginal portions to coarse-
grained phases in the central portions of dolerite
bodies, all sort of textural varieties are present.
In the medium-grained dolerites, that are predomi-
nant in the area, ophitic texture is strongly
developed.

Mineralogy :

On the basis of study of rock sections the
more important features of individual minerals are
described below. while sequence of their paragenctic
crystallization is given in Table 1.

(i) Plagioclase Feldspar

The modal proportion of the plagioclase feldspar
varies from 38 % to 50.5% while its composition
lics between Angs and Angs.

The plagioclase feldspar occurs as twinned
laths of vamahle size (0.6%-3.90 mm), sometime
even within a single section of rock. The plagio-
clase crystals generally occur as divergent laths and
some time make local pools. Many a varieties of
twinning pattern are present which make combi-
nations within a single crystal. An interesting
wedge-like twinning is frequently seen that termi-
nates sharply over variable length. Zoning is
occasionally present and is more common in coarse
varieties.

The plagioclase crystals are mostly fresh with
feeble alteration along fractures while cloudiness
is common in the plagioclase of altered dolerites.
In slightly metamorphosed dolerites, bent and
fractured crystals are present.

(i} Pyroxene Minerals

The pyroxene minerals constitute 279 to 4457
of the rocks and have average grain diameter vary-
ing from 0.98 to 4.14 mm. The pyroxenes occur
as coexisting paires of Ca-rich and Ca-poor species
except for pegmatitic differentiates, where a single
pyroxene, variety ferroaugite, is present. The
individual members of various coexisting pairs
show systematic variation as is described in detail
in a later part of this article.

The pyroxenc minerals occur both as single
as well as composite crystals that commeonly make
local aggregates. Mostly, the crystals are homo-
gencous but in the coarse-grained varieties of the
rock, very faint blebs and lamellae of probably
inversion origin are present ; whenever present,
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these are restricted to local zones within the crystal.
Twinning is fairly common which is mostly of a
simple type but rarely a peculiar radiating type is
seei.

(i) Qlivine

Olivine-bearing dolerites are rather rare in the
area and the content of olivine in them wvares
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Table 1 Showing paragepetic range of minerals of
the dolerites.
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between 57 to 12% only. The olivine occurs as
colourless, anhedral to subhedral grains that are
always altered to different magnitude and some-
time completely to serpentine and ore.

(iv) Hornblerde and Biotite

These minerals are present mostly in the coarse-
grained  dolerites. The hornblende is  green in
colour, distinctly pleochroic and mostly appears
as marginal extension of the pyroxene crystals ;
in such cases, the areas between the two minerals
are charged with ore dust, suggesting a direct deri-
vation of hornblende from  pyroxene. Brown
biotite is gencrally associated with hornblende,
mostly on the side opposite to the pyroxene.
Independent biotite flakes are rare and such a frac-
tion 15 always associated intimately with ore granules
and dendritic aggregates. Biotite shows paler
margins and is frequently altered to deep green
chlorite.

(¥) Ore

Opagque orc grains are fairly common and
represent two generations.  Firstly, those crystal-
lized directly from the magma and secondly, those
formed during magmatic alteration of ferroma-
nesian minerals of early generation. That is why
that the later fractions of ore are generally
concentrated in the area of hornblende and biotite
formation. Reflected light studics show that ore
fraction of the fine to medium-grained dolerites is a
homogeneous solid solution of magnetite and
ilmenite, with a predominant proportion of the
former. However. in the coarse grained patches
of differentiation origin, the ore is an intergrowth
of magnetite host and ilmenite lamellae, with the
latter oriented along (111) planes of the host. The
modal proportion of ore increases with coarsencss
of the dolerites.

{vi) Micropegmarite

Micropegmatitic intergrowths of quartz and
orthoclase are invariably present in the coarse
erained dolerites and is best developed in the pegma-
titic dolerite phase of differentiation origin. Such
arcas are generally the areas of hydrothermal altera-
tion as well and enclose minerals, such as pale
biotite and chlorite while apatite is generally
associated.

MODAL NTER-RELATIONSHIP OF MAJOR
MINERAIS :

. 24 selected specimens of dolerites were sub-
jected to detailed modal analysis with the help of
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a wift point counter
Table 2,

the data is given in

With the help of this data, two graphs were
prepared. One of these shows modal variation of
plagioclase in relation to pyroxenc  minerals
(Fig. 3). Their inverse relationship is fairly well
exhibited.

The second diagram (Fig. 4) relates the an-
orthite content of the plagioclase feldspar to the
modal ratio of plagioclase to pyroxene. The
diagram shows that with the increase in the magni-
tude of this ratio, the anorthite content of the
associaled plagioclase decreases systematically.

THE PYROXENE CRYSTALLIZATION

It is now well established that the nature of
pyroxene crystallization and their phase transfor-
mation are either controlled by or are dependent
upon the nature of the parent basic magma and its
rate of cooling (Poldervaart and Hess, 1951 ;
Wilkinson, 1956, Yagi 1953, etc.). This aspect of
the dolerites of the Manschra-Amb State Area has
been investigated in detail.

Co-existing pyroxene minerals were separated
from each dolerite rock under investigation and
their composition was estimated by determining
appropriate refractive indices with the immersion
method and 2 V with a Leitz 4-axes universal
stage. lor the sake of former determinations,
liguids with interval of 0.002 were used and a
source of filtered white light was employed. The
data are given in Table 3 and plotted on Hess’
diagramme (Iess, 1949) as Fig. 5. Following are
the main conclusions :—

() Pyroxene minerals crystallized mostly in
pairs in such a manner that a Ca-rich clinopyroxene
was associated with either a Ca-poor ortho-pyro-
Xene or 4 clinopyroxene phase.  The late pegmati-
tic differentiates, however contain single pyroxene
in the range of ferroaugite.

{if) The Ca-rich clinopyroxene phase started
with a composition of dicpside (Woy, Engs.s
Fse.5) and extended to ferroaugite (Wogz.3 Efagg
Fsyr.g) The Ca-poor pyvroxene phase started with
@ composition of cnstatite (Woz Eng, Fsy) and
extended to hyvpersthene (Wo, En;y Fsag). The
latter was succeeded by pigeonite (range from Wog.,
Ensu.,. Fhﬂ.g (4] ""V':‘h"_" EII_“.] F543.|-.}.

(i) While the initial composition of pyroxencs

of both the series was unusually rich in the ensta-
tite molecule, the maximum enrichment in the
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ferrosilite molecule was not extensive, concentration of plotted positions of pyroxencs

(iv) The maximum concentration of
positions are found in the are
sian pigeonite,
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Fig. 5 Showing variation trends of associated pyroxenes in the delerites,

possibility that dolerites containing pyroxene with
higher ferrosilite content, might have escaped
sampling.

CONCLUSION AND DISCUSSION

The petrographic investigations of the dolerites,
particularly the instability of olivine, the trend of
pyroxene crystallization and the presence of micro-
pegmatitic residue etc.  all point lowards tholeiitic
aflinity of the parent basic magma. In order to
check up this conclusion, specimen of a typical
dolerite (MAS 6851) taken from near the Manschra
Rest House, (Grid ref. 110412 toposheet 17 43 F;3)
was chemically analyzed : the data are given in
Table 4 alongwith corresponding C.I.P.W. norma-
tive composition.

The chemical composition and the presence of
appreciable Q value in the Norm of the analyzed
dolerite up-holds the conclusion that the hasic
magma had a tholeiitic aflinity. The poor water
content (0.60%) and the predominance of various
anhydrous silicatc minerals in the dolentes show
that the magma was dry as well.

There is no field or petrographic evidence 10
prove extensive differentiation of the dolerite
bodics - the most important reason for this may be

THE GEOLOGICAL BULLETIN OF THE PUNJAB UNIVERSITY

their thin dimensions. As a rsesult of somewhat
rapid cooling, crystallization of the magma pro-
cecded rapidly so that differentiation cffects could
develop either within interatelluric spaces as micro-
pegmatite or as thin coatings on primary joint sur-
faces and joint fillings in the form of pegmatitic
phase. The crystallization behaviour of the dolerite
bodies, therefore approached more near those of
thick volcanic flows rather than plutonic masses.
This might be the main reason for the widespread
preservation and lack of prominent inversion tex-
tures in pigeonitic pyroxene and the poor differen-
tiation of the parent magma. However, the
paragenetic crysiallization behaviour and abundance
ratio between major mineral constituents, such as
pyroxenc and plagioclase, are in conformity with
the accepted principles.

The inverse relationship between modal propor-
tion of plagioclase and pyroxene may mean that,
with differentiation, the magma was being depleted
progressively in mafic relative to salic constituents.
It has been mentioned already that the olivine phase,
which was highly magnesian (Fogg.s.g1). started
to crystallize earlier than the pyroxene minerals.
This sequence of crystallization, whenever develop-
ed, resulted in the depletion of magma in mafic
constituents in such a manner that the modal
portion of pyroxene was suppressed in the olivine-
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bearing dolerites. This effect shows up in Fig. 4
where plotted  paosition of the rock, with higher
olivine content lies away from the otherwise appre-
ciably smooth variation trend. Due to saturated
nature of the magma with respect to silica, the
formation of olivine got suppressed ultimately as
it changed to orthopyroxene as a result of
reaction towards melt with progressively increasing
silica content. These inferences are in harmony
with results of the experimental work on the system
Dp—Fo—5i0; (Bowen, 1914) and other relevant
studies.

F.A. SHAMS e al

The late stage concentration of silica and potash
on differentiation developed micropegmatite in-
tergrowth while velatile and agueous constituents
contributed to late stage reaclive and/or primary
formation of minerals such as pale biotite, chlorite
and apatte etc. The dehomogenization of Fe-
Ti are, into intergrowth of ilmenite lamellae inside
magnetite, is also to be attributed to minor differ-
entiation and progressive lowering of magmatic
lemperatures.

TABLE 4

Chemical Analysis and Norm of a Typical Dolerite.

510, — 48.96 % by wi.
TiO, HE
ALLO, ia 14.36 .,
Fel0, — Aigan o
FeO . 8.98
MnO — 0.20

MgO 2235 0
Ca0 = EE L
NazO = N
K.,O = DuE.
P.O. 0.13

H,0* = 0.08 .,
H,0- s 050
Total e

Corresponding C.L.LP.W. Norm :
Q = 2.64
or — 2.22
ab — 16.24
an 29.47
ap - 0.34
il 3.50
mit e 357
hy = 18.76
dp - 21.35

Analvst : Dr. E.L.P. Mercy,
Edinburgh. U.K.
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TABLE 2

Modal Composition of Dolerites.

= ,<- £ 3 BRett Ll Sia ! =2 5,

Zz §E & & % = 2 £ =25 B g =2mg A&Rg
3 B2 = s Z = RIS et e 55 H=z £S2¢%

>3 < -3z =22 =
I 6747 34 39 0.87 3 2l o N i ks 2.25

Serpentine
552
2. 6269 39 44 0.89 3 3 31 — 2 34 Anlgy .63 2.25
Eurrlkill'ftinu
3 6325 39 43.5 0.90 ¢ 4 5 = 2.5 Any, 0.68 0.60
4. 6255 139 43.5 0.90 5 24T R — Anss | &8 1.35
5. 6036 40 43 0.93 5.5 5 4 05 2 : Anss.s 0.99 0.90
with rarg
I]hﬂll{]ﬂr}'stﬁ
-1.80

6. 6680 42.5 40.5 1.05 5 O IR Ang  2.25 1.20
7. 7066 44 3905 J0Ll 4 3 4 1 4. — Ancs 1.35 1.20
& T220-A 41.5 41.5 1.00 2.5 3.55 0 — Ale, 2.70 218
9. 6365 43.5 40 1.09 4 % i e o A, 1.80 1.95
10, 7047 44 38.5 1.14 5 3 3 25 4 - Angy 1.50 1.05
11. 7220-B 45 38,5 1117 S 4 3 2 Z2:5 Al 2.18 2.3
12. 6139 43.5 38B.5 1.13 3 SRS TS - Ang, 173 %
13. 63505 44 40 1.1 -5 2.54 1.5 3 — Ansg, 1.20 1.05
14. 6265 41.5 40 1.04 5 3 s 5 — Al 233 2.55
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20. 6999 46 3% 1.21 6 GOEE C Ang;  2.10 2 40
21. 6970 350 35 1.43 o g g 3 l - Ang,- 2.48 1.50
22, 6038 49 34  1.44 7 L EE S LT Ang  2.48 1.95
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Limonite
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TABLE 3

Optical data and estimated compositions of pyroxene and olivine minerals

Sr. |Specimen Ca-RICH CA-POOR PYROXENES OLIVINES
No. |[Number PYROXENES ORTHO PYROXENES CLINO-PYROXENES
(Hypersthene Series) (Pigeonite series)
Estimated (Estimated composition) Estimated Estimated
2V composition 2V (Assuming 2% Wo in v composition 2V composition
P ¥ a ; 4 each case) ik a ¢ vy
1. 6747 1.688 46° Wogy Engs.s ESyc%s 1.688 1.698 1.705 63° Wo, Eng, Fsyg 1.650 1.666 1.690 87° Foy,
2. 6269 1.681 532 Woys Engs.o Fs g.g 1.665 1.670 1.678 80° Wo,  Engg Fso 1.671 [EER6 IO 9 22 Fogy.s
or
3 06325 1.685 5 Woy .3 Engg Fsys.7 1.685 1.695 1.700 70° Wo,  Eng Fso 2V,—88°
4, 6255 1.686 48° W043.:; EI]4S.G FS|4.| 1.684 1.693 == 65° Wo, F.I'I‘;] FS:';
5 6036 1.696 42° W035 -9 El'l4| on FSQS ‘1 .
1.694 18" Woyg Enss Fs,.
6. 6680 1.695 44° Wo ;; Eng, Fsas
1.693-4 23 “!0'}"1) F‘“SO .4 FS,S.?
e (66 1.694 44.5° Wog;.s  Engp . Fs;; .5
1.692-3 11°-12" W()g;,'_: E"-Sﬁ<3 F'\;ad
8. 7220-A 1.693 524 Woy, Engy Fsy 1.665 1.670 1.680 85° Wo,  Engg Fsjo
1.677 1.682 1.689 1T Wo,  Enq Fsyg
9. 6365 I 697 46° WO_‘-S .5 Enas -4 FS;;S .1
10. 7067 1.694 43" Wo0s6-3 Engp.q Fazy.g
1 7220-B 1.695 44° WO:’? En‘m A F522‘3 1.694 20’ WO‘;.(, Ell_a;_q_ﬁ FSsﬁ-H
12. 6189 1.696 43° Wos6.5 Eng .4 Fss4 .5 1.692 25° Wogz.5 Engg.g  Fseg.a
13, 6505 1.696 43° Wo.6-1 Eng . Fspz.4 1.693 20° Wo7.6 Ensy., Fsss.4
14. 6265 1.698 46° Wogg Engq.¢ Fsyg.4 1.693-4 22° Wo- Enss.» Fsg6.5
15. 6680 1.696 42° Wo,;.7 Eng, .5 Fsoy 1.693 20° Wo7.5 Ens.y  Fs,.
16. 6981 1.699 45° WOS-; 5 E'ﬂ_;-;.r FS’Jq 5 1.695 18° “"03 o EnS-i--ﬁ FSST'4
17 7155 1.704 44.5°  Woyg Engy Fsao 1.696  20° Wo3.5 Ensy.9 Fsy.6
18. 6046 1.699 43° Wosf,- 131'13? 6 FSQ(, o4 1.706 16° WOg | E1145 il FS46 .4
19. 69?0 ] . 693 52:-‘ WO,” En_1q F52 ) ] h 69? 22 WG]" g Eﬂ.sz 6 FSag )
20. 6038 1.705-6 45 Wos6.2 Engs.| Fsa.9 1.688 12 Wo,.; Ensg.g Fsgo.9
2115 6219 1.711-12 49° Wo:,g., Enga [ FSS:’_-R 1.706-7 10° WQB"‘ En“.g Fs,ﬂ'.l
298571 fi- 711 44° Wogg. Ensg. 4 Fs,3.; (Ferroaugite) 1.709 10° Wog.» Eng.; Fsgg.7
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THE DATING AND CORRELATION OF THE NARI AND THE GAJ FORMATIONS
BY
M.H. KHAN

Qil and Gas Develorment Corporation, Karachi

Abstract = The develapment of the Upper Nari and the Gaj Formations in the neighbowrhood of Karachi is
somewhat differemt from that found in the type sections along the Nari and the Gaj rivers in Sind, for which
reason the Upper NariiGaj boundary has previously been placed at different levels. On the basis of the
diminution in the degree af abundance of Spireclypens followed by the appearance and thereafter accurrence
in increased alvmdance af Miagypsina, 1wo distinet biozones can be recognized in these formartions. The
Sforaminiferal assemblages indicate that the Upper Nari Formation ranges in age from Rupelian ta Farly
Aquitanian, whereas the Gaj Farmartion helongs 1o the Late Aquitanian re Burdigalian age.

INTRODUCTION grey sandstones resembling those of the lower part

- ) of the Upper Nari Formation.
Some years ago the writer reviewed the litholo-

gical and paleontological characteristics of the In the tvpe areas there i1s not much difficulty
Upper MNari and the Gaj Formations exposed in the in placing the Upper Nan/Gaj boundary which is
foot hills north of Karachi with the object of es- taken ahove the last thick massive sandstone and
tablishing criteria for their  distinction.  This below the thick succession of multicoloured shales
work was undertaken in connection with the first and dark ferruginous sandy limestone.  But because
deep test well drilled by the Pakistan Petroleum of the great lithological resemblance of the upper
Limited at Drig Road, Karachi. parl of the Upper Nari with the lower part of the
Gaj Formation, the interformational contact in the
The development of the Upper Mari and the Karachi area has not been drawn always at the same
Gaj Formations in the neighbourhood of Karachi place. It has been variously taken at the top of a
is somewhat different from that found in the type thick bed of very hard, ferruginous and gritty sand-
sections along the Mari and the Gaj rivers. The stone and at the base of the upper or lower bands
Upper Wari Formation along these rivers consists of hard and white limestones, largely compesed of
almost entirely of thick to thin beds of sandstones corals. The latter positions cannot form the basis
with subordinate development of olive-green to for a lithostratigraphic boundary, while the former
brown shales and is completely devoid of calcarcous seems Lo be in approximate correspondence with the
beds. The succession is virtually unfossiliferous. boundary taken in the type areas as it is based, more
The Upper MNari Formation in Karachi area consists or less, on the same lithologic criteria.
of sandstones and shales intercalated with several
fossiliferous calcareous beds in the upper part. The foraminiferal faunal assemblages of the
The limestone bands have resemblance and contain upper part of the Upper Mari and the Gaj Forma-
more or less the same faunal assemblages as those tions have many species in commeon. From a de-
of the Gaj Formation. The Gaj Formation along tailed examination of samples and micropaleon-
the Nari and the Gaj rivers is essentially a succession tological data collected by the Burmah Oil Company
of shale and sandstone and calcarcous beds con- from the Upper Nari and the Gaj Formations expos-
stitute only a small proportion of the total thick- ed in the Orangi Nala, Band Murad Khan and
ness of this formation, but in the foot hills north of Mutrani sections, the writer observed that in the
Karachi the Gaj Formation is dominated by limes- Upper Nari Formation faunal species of Spiracly-
stone. There are numerous intercalations of soft, peus are predominant, while the Gaj Formation is
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characterized by the predominance of the species
of Miogypsing. In other words the diminution
in the degree of abundance of Spiroclypens is
followed by the appearance and thereafler occur-
rence in increascd abundance of Miogypsina and
disappearance of Spiroclvpews. This change can
be made use of Lo distinguish wo distinet biozones
in the Upper Nari/Gaj succession exposed in the
foot hills north of Karachi. Subseguent exami-
nation of the rock cuttings from Karachi Test Well
showed that these biozones can also be recognised
in the subsurface succession.

The assessment of the Upper MNari/Gaj faunas
for dating indicates that the Upper Nari Forma-
tion ranges in age from Rupelian to Early Aqui-
tanian and the Gaj Formation from Late Aquitanian
to Burdigalian.

It may be mentioned here that, the paucity of
material preculuded naming of all the species
recorded from thz Upper Nari and Gaj formations.
Wherever, identification on species [evel could not
be mad:z with precision, the species have been
distinguished on the basis of open nomenclature,
pending further detailed study. This, however,
does not affect the conclusions drawn on the
dating of the MNarn and the Gaj formations. The
writer intends to publish a fuller account of the
Gaj/Mari faunas at a later date,

BIOZONES
1. Orangi Section

In the Orangi section 2400 feet of the Gaj For-
mation and 2010 feet of the Upper MNari Formation
are exposed. The fauna recorded is shown in
Fig. MNo. 1, A. Paleontelogical evidence admils
distinction of two biozones in asscending order as
under.

(i) Spiroclypeus blanckenharni ormata Zone ;
This biozone covers the cnlire succession from the
base of the lowest exposed bed (sample No. F.B.B.
1563) upto 320 feet above the top of the Upper Nari
(sample No. F.B.B. 1532) from top of 460 hill
(south of Pir Mangho) and is characterized by the
presence in abundance of Spirochvpeus blancken-
horni ornata, S. ranjae, 5. margaritaius, 8. sp.,
which are restricted to this zone., Other forms
which occur in this zone are Ewlepiding dilarara,
E. formesa, Nephrolepidina cf. angulosa, N. spp.,
Miagypsinoides sp. In the uppermost part of this
zone Miagypsina globuling and M. intermedia first
appear sporadically, but their maximum develop-
ment takes place in the succeeding biozone. Tn
other words the passage from the predominantly
Spiroclypeus—bearing beds to those containing
Miogypsina in abundance is gradual and for some
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thickness the ranges of these two forms overlap each
other. Since this overlap in the ranges of Spiroc-
fypeus and Miogypsing has been observed in other
surface as well as subsurface sections in Karachi
well, it has considerable correlative value. In the
Pmngi section the overlap extends to about 500
eet.

(it) Miogypsina globulina Zone : The Spiro-
clypeus blanckenhorni ornara Zone is succeeded by
Miagypsina globuling Zone and as the name suggests
is characierized by the presence in abundance of
Miogypsina  globuling, M. imermedia, M. sp.,
Miogypsinoides dehaarti, M. sp. The Lepidocyclinids
are practically absent from the upper half of this
biozone. The Miagypsing globuling Zone extends
from the top of the Spiraclypeus Blanckenkorni
ernata Zone to the top of the Gaj Formation.

2. DBand Murad Khan Section

This section exposes 2340 feet of the Gaj For-
mation and 2053 feet of the Upper Mari Formation.
The fauna recorded is shown in Fig. 1. B.

The Spireclypeus blanckenhorni ornata and
Miogypsina globuling Zones can also be recognised
in this section. The Spiraclypeus blanckenhorni
vrnata Zone covers the succession from the base
of the lowest exposed bed upto 85 feet above the top
of the Upper Nari and 15 characterized by the
presence in abundanceof Spireclypeus blanckenhorni
ornara and rare occurrence, in the topmost part,
of Mivgypsina globulina. Like the Orangi section
the passage from the predominantly Spiraclypeus
to Miogypsina-bearing beds is transilional and in
this zection the overlap between the ranges of these
two forms extends to about 180 feet.  The succes-
sion from the top of the Spiroclypeus blanckenhorni
ornata Zone to the top of the Gaj Formation falls
within the Miogypsina globulina Zone and can
be distinguished by the abundance of Spiroclypeus
blanckenhorni ornara. The Lepidccylinids do not
extend into the upper half of this biozone.

3. Mutrani Section

This section exposes 360 feet of the Gaj For-
mation which can be correlated with the Miogypsina
globulinag Zone of Orangi and Band Murad Ehan
sections.  The fauna recorded is shown in Fig.
I, C from which it will be seen that Miogypsina
globuling, M. intermedia, M. tani and M. gumieri
are presentin abundance and Spiroclypeus is absent,

4. Karachi Test Well No. 1
I'he fauna recorded from the Gaj and part of

the Upper Nari Formations penetrated by Karachi
Test Well No. 1 is shown in Fig, 1, D.
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It will be seen that the seccession from surface
down to 1780 feet corresponds to the Miagypsing
globuling Zone and is characterized by a fairly rich
assemblage consisting of Miogypsina globulina,
M. gunteri, M. tani, M. cushmani, Miogypsinoides
dehaarti, Nephrolepidina cof. angufosa, N. spp.,
Eulepidina dilatara, Ausirotrilling howchini. The
Spiraclypeus blanckenhorni ornata Zone can be
recognised from below a well depth of 1780 feet
and is characterised by the persistant occurrence in
abundance of Spireclypeus blanckenhorni ornata
and 5. margaritatus, followed by a marked decrease
in the frequencies of the species of Miogypsina.
As due to contamination the lower limits of the
species cannot be fixed from flush cuttings so that
the basc of the Spiroclvpeus blanckenhorni ornata
Fone cannot be precisely defined.  However, from
below 1920 feet there is a marked decrease in fauna
and the formation from below 4960 feet is virtually
harren. The succession in the range 4960-7875 fect
in Karachi Test Well No. 1 both in its lithology
and in the absence of fauna bears great resemblance
to the Upper Nari Formation developed in the type
arcas.

The top of the Upper Nari Formation in
Karachi Well No. 1, applying the same lithologic
criteria as in the case of the surface sections, can be
taken at the top of a white, coarse-grained quartzi-
tic sandstone at 2390 feet and the base at the top of
dark to light-greyish brown, argillaceous limestone
a1 7875 feet.  The total thickness of the Upper Nari
Formation penetrated by Karachi Well No. 1 is
5485 feet as against 3500 fect exposed along the
Gaj River.

CORRELATION OF THE NART AND THE GAl
FORMATIONS WITH THE EUROPEAN TYPE
STAGES

The distinct foraminiferal assemblages charac-
terizing the European Stages of Oligocene (Lattor-
fian. Rupelian, Chattian) and Lower Miocene
(Aquitanian, Burdigalian) are all represented in the
vpe Tertiary succession of Sind (see Figs. 1-2).
These foraminiferal assemblages are of world-wide
geographical distribution and can be followed
through Europe and Mediterranean region o the
Middle Fast, East Africa, Pakistan, India, and the
Far East (Eames ¢f al., 1962).

Lattorfian faunas are represented by the upper
most part of the Khirthar Limestone (Gorag
Member of Colombo Plan Survey, 1961 : Khan,
1967) which contains Nummulites intermedius/
fichteli, Palaeonummulites incrassatus, Borelis pyg-
maea. Austrotrillina pausialveolata but no Eulepi-
dina.

Rupelian faunas of part of the Gorag Member
and the Lower Nari Formation (¢alcarsous 'N:qn
of some authors) are characterized by the contin-
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nuance of the above forms from the Lattorfian and
first appzarance of Eulepidina dilatata, Peneroplis
glynnjonesi, Archaias eperculiniformis. A. evolaius,
Nephrolepidina tournoueri, N. cf. margivata, Praeha-
pydionina, Meandropsina sp.

The Chattian is represented by greater part of
the Upper Nari Formation (sandy Nari of some
authors). In the Mediterrancan region the Chattian
faunas, which are associated with the regression
preceding the Neogene transgression, aré poorly
developed or missing and contain mostly brackish
water forms (Eames et al., op. cir). The marine
Chattian faunas of Europe and the Middle East
are characterized by the persistance of forms from
the underlying Rupelian, but in which true Num-
mulites became extinet.

In Sind, as far as is known, marine Chattian
forminiferal faunas are not developed, Like the
Mediterranean region, the later part of the Oligo-
cene ¢poch witnessed a recession of sea from north
to south and the formation of a predominantly
arenaceons succession of the Upper Mari Formalion
of deltaic and fluviatile origin. In the southern
region, however, marine conditions prevailed during
the deposition of the upper part of the Upper Nari
FFormation.

The entire Upper Nari Formation, with the
exception of the basal part, in the type northern area
is sporadically fossiliferous, whereas, in the south
in the neighbourhood of Karachi the upper part of
this formation contains intercalations of limestone
beds containing maring fauna younger than the
Chattian.

Aquitanian faunas are represented by the
Spiroclypeus hlanckenhorni ernata Zone which in the
Karachi region extends from the upper part of the
Upper Nari Formation to the basal beds of the Gaj
Formation. These beds contain Eulepidina dilatata,
Nephrolepidina cf. angulosa, which persist form
the Rupelian, Spiroclypeus blanckenhorni ernata,
5. ranjae, S. margaritaius, Miogypsina globulina,
M. intermedia. Mipgypsineides sp. which appear for
the first time and range up into the Gaj Formaton
of the Burdigalian age.

Burdigalian faunas are represented by the
Miogypsina globulina Zone which in the Karachi
arca extends from some distance above the base to
the top of the Gaj Formation, These beds contain
Miogypsina globulina, M. intermedia, M. cushmani,
M. tani, M. gunteri, Miogypsinoides dehaarti, M.
sp., Nephrolepidina spp.. Austrotrilling howchini,
Taberina malabarica and in the lower part Eulepi-
dina. More or less same fauna characteizes the
Gaj Formation in the Gaj River area. In Pakistan
Eulepidina ranges upto Early Burgalian but in
many parts of the world (Sicily. South-western
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France, East Africa) it did not survive the
Aquitanian.

AMENDMENTS TO THE DATING OF THE
TERTIARY SUCCESSION IN SIND,

The dating of the geological formations repres-
enting the Tertiary succession in Sind, on the basis
ol evidence of larger foraminifera presented here
and in an another paper by the writer (Khan, 1967)
leads to conclusions which in some cases differ from
the other published accounts.

The Khirthar Formation was corrclated by
Vredenburg (1909) and Nuttall (1927) with the
Lutetian stage of Europe. Davies (1940) consi-
dered the upper part of this formation to extend up
into the Auversian. The investigations of the writer
have shown that the Khirthar Formalion is not
wholy Lutetian in age but extends upto the Rupe-
lian. Thereis a palcontological break between the
Lutetian and the Lattorfian and a large part, if not
the whole of Auversian and the entire Bartonian,
is not represented. In some areas the time-hiatus
15 still more pronounced where the beds containing
Lutetian faunas are directly succeeded by beds
containing Rupelian faunas.

Eames er al. (op. cit.) regarded the presence of
Lattorfian in Pakistan as doubtful, but the writer
has described the Lattorfian faunas from the upper
part of the Khirthar Formation in which Eulepidina
i5 absent (Khan, ap. ¢it.).

The Nari Formation was previously regarded as
Oligocene, Lattorfian to Chattian in age (Cotter,
1956). Vredenburg (1906) considered the Upper

M. H. KHAN

Mari Formation as Middle Aquitanian. Eames
et al. (ep. cit.) were of the view that no satisfactory
published evidence exists for the presence of Chattian
mn Pakistan and that the Upper Nar Formation of
the Aguitamian age rests with a palcontological
break upon the Lower Nani Formation of Rupelian
age. From the evidence given above it will be seen
that in the Gaj River section the Lower Nari and
the busal part of the Upper Nari are of Rupelian
age and are suceceded by thick to thin sandstones
and subordinate shales representing the regressive
facics of the Chattian similar to that developed in
the Mediterrancan region.  These beds contain poor
benthonic foraminifera which are not well known.
The Chattian Upper Nari Formation is dircctly
overlain by the Late Aquitanian to Burdigalian Gaj
Formation indicating a paleontological break in
the Gaj River area.  In the Karachi area the lower
part of the Upper MNar Farmation is of similar litho-
facies as in the Gaj river area and is sparsely fossili-
ferous. ‘The upper part contains Aquitanian faunas.
T'he Mari Formation as a whole is, therefore, of
Middle Oligocene (Rupclian) to Lower Miocens
{Aquitanian) in age.

A chart showing comparalive dating of the
Tertiary Seceession in the former Sind in comparizon
to the European stages is shown in Fig. 2.
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EXPLANATION OF PLATE I
Figure 1 = Miogypsing globuling (Michelotti)
median section X 16, Karachi Well No. 1.

Figure 2 s Miogypsing cushmani Yaughan
median section 25, Karachi Well Na. 1.

Figure 3 s Miogypsina ? imtermedia Drooger
median section ¥ 16, Karachi Well No. 1.

Figure 4 o Mivgypsinag tani Drooger
median section x 24, Goth Thrahim Hydiri.

Figure 3 . Miagypsina gunteri Cole
median section =24, Karachi Well No. 1.

Figures 6, 7 - Miogypsinoides dehaarti van der Vlerk
6 vertical section % 51, 7 median section 35
Karachi Well No. ].

Figures 8, 9 o Spiraclypeus margaritatis (Schlumberger)
& vertical section <24, 9 median section x 25

Figure 10 o Nephrolepidinag sp. C.
median section 23, Karachi Well No. 1.
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NARI AND GAJ FORMATIONS

LARGER FORAMINIFERA OF GAJ'UPPER NARI

PLATE
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EXPLANATION OF PLATE Il

Figure 1 i Spiroelypeus ranjae, Tewari
median section x 13, Pir Mangho.

Figure 2 el Spiroclypeus blackenhorni ernara, Henson
median section %12, Pir Mangho.

Figure 3 e Spiroclypeus sp.
median section x22, Karachi Well No. 1.

Figure 4 a5 Nephrolepidina sp.B.
median section %21, Karachi Well No. 1.

Figure 3 o Nephrolepidina cf. angulosa (Provale)
median section 36, Karachi Well No. 1.

Figure 6 o Nephrolepidina sp.A.
median section %25, Karachi Well No, 1.
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LARGER FORAMINIFERA OF GAJ/UPPLR NARI

PLATE 11
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CLASSIFICATION OF THE AMPHIBOLE GROUP BASED ON (Na+K) ATOMS VERSLS
[All* ATOMS WITH PARTICULAR REFERENCE TO HORNBLENDES IROM ALKALI
POOR ENVIRONMENTS

M. NAWAZ CHAUDHRY

Department of Geology, Universily of the Panjab, Lahore,

Abstract : Chemical analyses, optical data and specifi

alkali poor skarns.

¢ gravities are prescnted for five hornblendes from
When the chemical analyses are plotied on the diagram (Al%-+ Fe3* 2 T7) versus [Al*,

all positions fall within the area enclosed by the commion hornblendes. However when the same data are plotted
o (Na+ K) versus [Al* diagram, three of them fall outside the hornblende Jield. This fuci

shows the unsuitability of the latter method of classif

an alkali poor environmeny

INTRODUCTION

Lime-silicate skarns are developed within a
basic dyke at its contact with a Na-Li aplite dyke.
At the Meldon granulite quarry, near Okchampton,
Devonshire, in the southwest England. the aplite
dyke is 60 to 80 feet in thickness and occurs three
quarters of a mile north-west of the main Dartmoor
Granite (Worth, 1920). The aplite consists of
albite, quartz and lepidolite as the main and topaz,
elbaite, apatite and petalite as the dCcessory mine-
rals. In the Meldon granulite quarry this dyke
comes in contact discordantly with a dyke of doleri-
tic composition belonging fo the “‘dark igneous
series” (Worth, ep. cit.) At the contact, garnct-
hedenbergite.  amphibole-axiniic, amphibole-
pyrrhotite-axinite and axinite-chlorite-mica-calcite
skarns are developed. Considerable  chemical
reconstitution has taken place during the skarn
formation. For instance, some of the amphibole-
bearing areas show appreciable depletion in alkalies,

METHODS OF STUDY AND RESULTS

Five hornblendes were separated from skarn
rocks. The chemical analyses, the number of ions
calculated on the basis of 24 (O, OH, F), the optical
and the physical properties are given in Table 1
Their refractive indices were determined by the
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cation for these amphitoles which have crystallized in

single variation method using sodium light. The
accuracy of these determinations was + 0.001.
The samples were chemically analysed by combin-
ed gravimetric and colorimetric methods. The
contents of CaQ and MgO were checked by the
atomic absorption method of Walsh and Howie
(1967). The contents of Fe.0;, MnO and TiO,
were doubly checked by Riley's (1958) method.
Fluorine was determined by the method of
Grimaldi, Ingram and Cuttitta (1955).

The optical, physical and the chemical data
show that these amphiboles belong to the common
hornblende series. The replacement ratios of Mg
1o Fe, expressed as 100 Mg/ (Mg+-Fe2- | Fed+ o
Mn27), in these hornblendes, show a wvariation
from 57.74 1o 76.70. The Ca content shows a res-
tricted range from 1.924 to 1.991 atoms per formula
unit. These values are a little higher than the most
common upper range of 1.8+0.1 Ca atoms per
formula unit (Deer, Howei and Zussman, 1962).
Except in the sample MN 313, the (Na—+K) atoms
per formula unit are lower than most of the common
hronblendes. The deficiency is believed to be due
to the alkali poor environments in which these
hornblendes crystallized. The deficiency has im-
portant implication on the validity of (Na+K)
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versus [Al]! classification for these hornblendes as
will be shown later in this paper.

The refractive indices and the specific gravities
show an inverse relationship with the extent of
replacement of Mg by Fe expressed as 100 M g/
(Mg+Fe2® 4 Fed* 1 Mn2+).

CLASSIFICATION OF THE AMPHIROLE
GROUP AND THE POSITION OF THL
PRESENT HORNBLENDES-A DISCUSSION.

Diffcrent classifications have been advanced by
various workers such as, by Kunitz ( 1930), Sundius
(1944) and Miyashiro (1957), But the most widely
accepted and the simplest classification is based on
the predominant cations in the *X° position (Deer,
er al. 1962). This classification uses the e¢nd
members tremolite Ca, Mgs (Si. 035) (OH, F),,
edenite Ma Cﬂz .\'{g_x {Si", Al Uj:r:i {_DIL F}:..
pargasite Na Ca; Mg, (Al, Fei+) (5is Al; 0,.)
(OH_ F), and Tschermakite Ca. Mg: (Al, Fei")
(87 Al 0.) (OLl, F);. The wvariations within
the hield, embruced by these four end members, are
based on the relationships (i) (Alo Fe?- - Ti)
versus [Al]® and (i) (Na-+K) versus [All4 atoms
per formula unit.  Detziled diagrams based on this
mode of classification are given by Deer. et al
(1962). Here outline of these diagram with area
of common hornblende superposed are given in the
Figs. 1and 2. The chemical data of the present
amphiboles have been plotted on these diagrams.
In the Fig. 1 with classification based on (Alf—
Fe'3.<T1) versus [Al}* atoms per formula unit.
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Fig. |, The Amphible diagrame with area of common
homblendes superimposed.
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all the five amphiboles fall within the field emhraced
by the common hornblendes. But when the same
amphiboles are plotted on the dispram based on
the rclation (Na+K) atoms versus [All* atoms
(Fig. 2), plots of three of the samples fall outside
the hornblende ficld, although from the optical,
physical and the chemical daia they are common
hornblendes, except for their lower content of
alkalies. The lower content of alkalics in these
hornblendes is not unexpected since they have
crystallised in an alkali poor environment. For
instance the skarn rock from which the sample MN
314 was separated comained Nu 0 =0.16%, K:0=
0.07%. and the sample from which MN 125 was
purified contained Na;0=0.25 Y and K.0-0.15%,
when the dolerite dyvke (MN 235) itself contained
Na;0=291 and K.0=0.51.

The above facts show that the classification
based on (Na | K) versus [AIF atoms per formuola
unit is not applicable to these hornhlendes, while
the classification based on (Al® + Fed+ +Ti) versus
[Al]* is more suitable. It is weli known that sodium
and potassium substitute for calcium in the *X°
formula sites. However, sodium and patassium
are generally the minor constituents of the horn-
blende series. Therefore it is stressed that a classi-
fication, based on the sum of the two minor consti-
luents as one of its essential parameters, can not
hold if the relative amounts of the minor constituents
fall bzlow a certain minimum tacity assumed from
a given chemical data for the purpose of a classi-
fication. Three of the present hornblendes lend
support to thiz belief,
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Fig. 2, The Amphibole diagrame with areg of commaon
hornblendes superimposed.

VOLUME 7 (1968)



THE AMPHIBOLE GROUP 69
ACENOWLEDGEMENT i 1.625 1.624 1.623  1.627 1.629
The author is grateful to Prof. F.A. Shams for o 1.647 1.645 1.642 1.635 1.657

critically reviewing the manuscript.
D 3.14 3.12 3.12 3.20 3.2]

Numhers of Ions on the Basis of 24 (O, OH,F)

TABLE 1 Si 6.931 6.969 ToA30:  7.5550 7335

Hornblende analyses Al 1.019 1.031 0.850 1.245 0.645

MI125 MN3II4 MN316 MN56 MN3I3 Z 5.000 3.000 8.000 3.000 B.000

510, 48 .48 4923 50.68 46.68 50.06 Al 0.078 1.050 0.903 0.272 0.23%4
Ti(), 0.38 0.06 0.00 018 0.24 Ti 0.042  0.007 0.000 0.020 0.027

Al, O, 6.46 12.47 10.54 .80  3.42 Eet 0.401 0.138 0.151 0.289 0.320
Fe, 0O; 3.70 1.29 1.42 265 2.39 Mg 3.741 2.913 3.110 3.466 2.687
e 7.89 7.31 645 9.54 12.86 Fes 0.950 0.865 0.765 0.155 1.580
MgO 17.43 13,8l 14.79 16.07 12.27 Mn 0.029 0.037 0.029 0.054 0.067
Ca0 12.68 13.12 13.02 12.41 12.52 Y 5.241 5.010 4.958 5.256 4.975
.70 Ca 1.957 1.991 1.969 1.924 1.971

MNa, 0 0.28 25 0.38 0.43

0 a
K. O 0.10 0.10 0.14 017 0.30 Na 0.073 0.068 0.103  0.120 0.197
0 0

MnO 0.24 31 0.24 0.44 54 K o009 0.019 0.023  0.031 0.056

H, O 1.25 1.41 1.41 1.49 1.26 X 2.054 2.073 2.095 2075 2.224

H, O~ 0.13 0.16 0.13 0.19 0.11 OH o312 12332 1.328 1.438 1.234

F 1.67 0.92 1.09 =52 -39 F 0.761 0.412 0487  0.696 0.600
— - 1.973  1.744 1.81% 2.134 1.834
100.69 100.44 100.32 100,66 100.46

100Mg/ (Mg —Fe2- 4-Fed- +Mn)

71.31 73.49 76.70 69.82 57.74

—-F=0 0.70 0.39 (.46 0.4 0.34

Total : 9999 100.05 99 E6  100.02 99.92

Analysi. M. Mawaz Chaudhry.
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NOTICES, AESTRACTS AND REVIEWS

NOTE ON THE GEOLOGY OF AREA AROUND
NATHIAGALI, DISTRICT HA ZARA, WEST
PAKISTAN.

INTRODUCTION

The geological investigation around Nathija-
gali, District Hazara, West Pakistan, was initiated
during the summer of 1963 in order to understand
(a) the lithostructural features of the Hazara Slate
Formation, (b) the nature and inter-relationships
of calcareous bands that occur within the Hazara
Slate Formation, (c) the nature of the base of post-
Hazara slate rock sequence and (d) the tectonic
style. During the subsequent years, as the em-
phasis shifted to other geological problems and to
other areas as well. detailed and more extensive
investigalions were postponed, However, in the
following paragraphs are summarised the few con-
clusions that were arrived at during the preliminary
SULVEY.

THE HAZARA SLATE FORMATION

The Hazara Slate Formation mainly consists
of intercalations of argillaceous and arenaceous
rocks, including silty shales, mudstones, siltstones
and greywackes, with a predominantly argillaceous
composition. The subordinate arenaceous layers
vary in thickness from less than a millimeter, re-
peating many limes within an inch, to several feet
and locally may repeat to constitute a predominantly
psammitic zone. In addition, layers of algal bio-
stromes are present occasionally. ” The presence of
these different rock units helps in dividing the for-
mation into a number of recognisable zones, In the
Tanol area the Hazara Slate Formation has been
estimated to be more than 10,000 feet thick
(Muhammad Ali, 1962).

Around Nathiagali a psammitic zone, more
than 500 fect thick, forms the highest peak in the
region (Miranjani peak, alt. 9780 1.) and is COMpPos-
ed, essentially, of thickly badded arenaceous rocks.
showing cross-bedding, ripple-marks and slump
structures. This zone separates two predominantly
argillaceous zones with prevalent graded-bedding,
Flute casts are also seen in the younger pelitic zone
below the apparent paraconformity between the
slates and the much younger Maira Formation of
Toarcian (Liassic) age, at about 2 miles from Bara-
gali bazaar towards Bagnotar, on the Mathiagali-
Abbottabad road. The lower pelitic zone is
graphitic al places.

The Hazara Slate Formation represents flysch
type geosynclinal sediments that were re-deposited
through the process of turbidity currents. The
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recipient sedimentary depression s believed to
have experienced a number of oscillatory earth
movements of essentially epeirogenic nature ihat
caused variations in the depth of the basin, In
some cases shallowing gave rise to growth of algal
reefs and the deposition of sporadic thick arenaccous
layers. Presence of 2ypsum lenses underncath
one of the algal biostromes indicates desiccating
environments in a restricled water body. As the
base of the Hazara Slate Formation is not exposed
in the area mapped it is difficult to establish the
exact number of major oscillatory movements, In
general, the rock sequence had suffered a fairly
low grade of metamorphism : for instance, in the
area mapped (Fig. 1) rocks reached the slate
grade only. Simple modification of the shape and
size of the grains shows that the recrystallisation
was mainly due to the load of overlying sediments
and regional tectonic stresses, Cleavage is poorly
developed and is restricted to argillaceous rocks
mainly, while bedding plane fissility is somewhat
better developed.

CALCAREOQUS BANDS WITHIN THE HAZARA
SLATE FORMATION

Apart from early observers, the outcrops of
limestone inside the Hazara Slate Formation were
noted by Waagen and Wynne (1872), Middlemiss
(1896) and other later workers. There have been
some differences of opinion regarding their strati-
graphic positions and relative ages. Middlemiss
(op. cit., p. 11) considered some of themn as calcar-
eous intercalations within the slates, such as his
so-called “‘Lungurial band.” Certain other lime-
stone bands, such as the one intersected by the
Nathiagali-Abbottabad road between Kalabagh
and Baragali, were considered as of “Trias Lime-
stone”.  Some workers on the other hand consider-
ed all of them to be much younger in age (Triassic/
Infra Trias) as compared with the surrounding
slate formation (Cambrian andior Precambrian}.
Their presant positions were generally regarded as
the result of tectonic disturbances such as folding
or faulting (Marks and Muhammad Ali, 1961 ;
Davies, 1963). Present studies however indicate
an indiginous position of some of the calcarcous
bands inside the slates, atleast those characlerized
by the algal growths.

These hands, hereby called algal limestones,
show two different structural characters and litho.-
logical sequence in the area mapped, as is described
below :—-

(i) The Langrial Alaal Limestone.

This band is exposed in the Bakot da Katha,
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however, it is better developed near Langrial (Grid
ref. 175852, 17. 43 G/I) on the Lora-Magsood
road (Lungurial band of Middlemiss) which is
outside the mapped arca. It occurs at about 500
ft. below the paraconformity so that it is believed
to belong to the Upper Felitic Zone of the
Hazara Slate Formation. 1t is (airly uniform in
character and its large nodular structure remains
more or less unchanged throughout its thickness
as well as along the lateral extent of the outcrop
in the area studied (Fig. 2) and even elsewhere

Fig. 2. Modular Structure in the Langrial Algal Limestone,

in the Hazara region. The interbedding of thin
layvers of limestone and slate at their motual contact
zone and the algal growths along bedding planes
within the adjoining slate layers (Fig. 3) indi-
cate its indiginous nature. In the vicinity of the
outcrop, isolated algal calcareous masses, varving
in size from fraction of an inch to several feet accross
along their long dimension, can be seen inside slate
formation. Pencecontemporaneous  fragmentation
is commonly associated with the larger concentra-
tion of such bodies. As a result of  differential
weathering, the isolated patches of algal material
on the muderacks separate as sub-discoidal bodies
about 2 inches thick and upto one foot long along
the greater dimension (Figs. 4 & 3).
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Fig. 3. Cakareous algal growihs along bedding planes
in the Hazara Slate Formaten.

Fig. 4. An isolated afgal growih in the Hogara Slate
Formation.

(if) The Miranjani Algal Limestone.

This band is well cxposed ncar WNathiagali,
particularly along the Wathiagali-Baragali forest
read and along the southern slopes of the Miranjani
peak. Quite often its base is composed of a thinly
bedded, very fine-grained limonitic dolomite of
pale yellow colour. Thickness of this bed is about
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Fig. 5. Lower vicw of an jsalated algal growth showing
mud cracks,

25 ft. near Lassan (Grid Ref. 425002, 17, 43 F/8),
where a gypsum lense, having a maximum thickness
of about 35 i, intervenes between the dolomite
and the slates.

The sequence overlying the dolomitic bed is
better exposed on the Mathiagali-Baragali forest
road. The first 14 ft. of rock, overlying the dolo-
mite, is an apparently massive, palish grey (exposed
surface) limestone with preen siliceous patches.
Next 13 fit, show the effcet of peneconlemporaneous
brecciation with oncolites (algal pisolites) and ocea-
sional algal stromatolites ; the former are more
abundant near the upper portion. This layer is
overlain by bluish grey limestone, 8 ft. 6 jnches
in thickness, characterised by better development
of algal stromatolites. Next 10 inches again is a
breeciated layer and succeeded by somewhat impure
clayey limestone with pyrite cubes. The upper
half, about 16 fi. thick is a layer of darker shade and
contains greenish chert.  The uppermost bed, about
16 ft. thick, once again represents a zone of better
developed algal stromatolites. The entire calcareous

Fig. 6. Litholog showing the intraformational details of
the Miranjani Alga] Limestone near Lassan,
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sequence s overlain by a thick arenaccous
bed with a normal but somewhat gradational con-
tact as base of the overlying sub-greywacke is found
to contain more than 50% carbonate matenal,
A litholog shows the intraformational details of
the Miranjami Algal Limestone near Lassan (Fig
6).

The stromatolites, characteristic of the Miran-
jani algal biostrome, are similar to those described
as Collenia (Late Precambraian calcareous algae)
by R.B. Young (1940) from the Dolomite Series
of South Africa, and as Collenia willisii n.sp. by
Fenton and Fenton (1937, Fig. 18, p. 1945) from
the late-Precambrian Belt Series of North Ameriea.

THE ALGAL STROMATOLITES

Alpal siromatolites have been defined by
Logan, Rezak and Ginsburg (1964) as “laminuted
structures composed of particulate sand, silt and
clay-sized sediments, which have been formed by the
trapping and binding of detrital sediment particles
by an algal film." These workers considered them
as organo-scdimentary structures rather than fossil
organisms. The diversity of form was explained as
the result of interaction of algal film, detrital
sediments and factors of physical environment.

NOTICES, ABSTRACTS AND REVIEWS

It is suggested that from the basic geometric form
of hemispheroid all such structures could be derived
like ecollenia  (laterally linked hemispheroid,
close-linked—LLH-C type or space-linked—LLH-
Stype), cryptozoon (discrete vertically stacked hemi-
spheroids, hemispheroidal laminae reaching or
overlapping the base of preceeding ones—SH-C
type. When upper hemispheroidal laminae do not
reach the base of the preceeding ones—SH-V type)
and extcolitos (spheroidal structures—88 tvpe).

In the Nathiagali area, the main algal bodics
represent the repeated compounding of LLH-C
and SH-V type structures with very narrow inter-
structural spaces (Fig. 7 & 8). As the collenia-
type structurc is the dominant form in the area
studied, it appears that these organo-sedimentary
structures  developed on  protected  inter-tidal
mud flats.

Oncolites or the spheroidal structures (55 type)
also exhibit a variety of forms and sizes (Fig. 9) The
algal pisolitic structures are mainly of two types.
(a) A flat somewhat discoidal form that is most
common. It seems 1o have developed as a result
of concentric growth of algal laminae around lithic
chips, most of which are angular slate fragments.

Fig. 7. Typical structures in the main algal bodies of the Nathiagali grea,
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Fig. &, Section perpendicular to the uxes of algal growths in the Miranjani Algal Limestone,

Fig 9. Oncolites in Mirmnjani Afgal Limestone.
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The maximum size of such pisolites is about
& mm, but structures upto | ¢m across have been
seen. (b)) A nearly spherical form with an average
diameter of about 4 mm and composite in nature.
Stacking of algal spheroids is found to have taken
place around bits of granular carbonate, slate frag-
ments, broken pisolites or ¢lusters of tiny oolites.
The algal growth however is not strictly concentric
due to inclusion of larger fragments as well as onco-
lites. The pisolites are encased in a sandy calcar-
ecous cement with abundant tiny oolites having
an average diameter of 0.3 mm.

The algal stromatolites can be quite useful in
the determination of structural attitude of the
carbonate rocks asthe apices of their hemispheroidal
form point towards the top of the bed.  On the basis
of such a study of the Miranjani biostrome no sign
of isoclinal folding in the Nathiagali repion has
been found ; this also suggests that the biostrome
underlies the psammitic zone. It has been mention-
ed already that the contact of calcarcous sequence
is pradational with the overlying greywacke bed,
which is always present in the mapped area.
Therefore there is no doubt that the contact bet-
ween the biostrome and the overlving slate sequence
15 a normal sedimentary contact, and the bicstrome
is a part of the Hazara Slate Formation.

Some of the calcareous bands within the slates
north of Khanpur, belong 1o younger ages, such as
bands of limestone of Jurassic age and dolomite of
Abbottabad Formation (7) etc. The inter-relation-
ships between various indiginous algal biostromes
and their detailed petrographical features are being
investigated,

NATURE OF THE BASE OF POST-HAZARA
SLATE FORMATIONS

It has been established already that the oldest
rocks that overly the Hazara Slate Formation in
the studied area, belongs to the Toarcian (Upper
Liassic) age (Davies and Garderi, 1965), following
the discovery of the ammonite Bouleiceras cf.
nitiscan Thevenin in the Maira  Formation
{110 fi. in thickness) that underlies the limestone
formation of Jurassic age.

One of the interesting features of the contact
between the Hazara Slate Formation and the
vounger Maira Formation is the apparent concor-
dance in structural disposition between the two.
This apparent paraconformity is highly interesting
as the Abhbottabad Group a few miles towards
north-west and the Tancls further west intervenc
between the slates and the Maira Formation,
Gardezi and Ghazanfar (1965) observed no marked
structural discordance between the Maira For-
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mation and the Hazira Formation/Haematitic band
of the Abbottabad Group.  Also there is no struc-
tural discordance between the Hazara Slate For-
mation and the Tanols bhetween Thapla and
Tarbela (Muhammad Ali, op, cit., p. 32).

Detailed investigation on the nature of con-
1act between the Hazara Slate Formation and the
vounger rock is in progress.  This shall also check
the hypothesizs that the Infra Trias (Abbottabad
Group) was deposited in a graben (Marks and
Muhammad Ali, op. cit.).

TECTONIC STYLE

Apparently the rocks in the mapped area form
a number of fold limbs as a result of repeated thrust-
ing towards south-east in a more or less imbricate
fashion ; the fold limbs are more often overturned.
A generalized sketch section (Fig. 10) suggests
the probable structure across the strike.

An interesting feature of the structural comple-
xily of the area is the swing in the prevalent sirike
direction that varies from N 32° E in western zone
to 3 30°E in central zong and to N 70°E in eastern
zone. 1t seems that the stress system that could
have caused the phase of cross-folding included a
shear couple with a horizontal component having a
dextral movement. If such a stress couple had
existed it was not in conformity with the stress field
generated by the piercing of pointed wedge of the
platform (Indian Shield) into the newely rising fold
belt as suggested by Wadia (1931). This anomalous
situation is not the lone example.  Similar trend 15
seen in the so-called *Boundary Fault” separating
scdimentary formations from the metamorphic
sequence near Banda Pir Khan (Grid Ref. 305246,
1" 43 F/8). The true nature of such features and
their relationship with the strutural trends in the
syntaxial bend are under investigation.

The small scale folding in the mapped arca is
mainly in the form of Kinking (Knickung) or
knicking. Mainly the argillites have been affected
by such knicking, which often show sub-horizontal
altitude. Another set of knick planes, with steeper
attitude is also probable. Superimposed folding
in the limestone of Jurassic age is more  obvious.
Here the minor superimposed folds have developed
across the earlier prevalent strike.  The strikes of
the newly developed folds remain parallel to the
Bakot da Katha-Kala Bagh-Sher Muhammad Gali
thrust, which shows the same swing in the trend as
shown by the regional strike direction. Before the
development of this thrust, a longitudinal reverse
slip fault or thrust had already brought the lower
pelites of the Hazara Slate Formation against the
Mesozoic formations, The two thrusts have a
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Fig. 10. A generalized sketch sextian sUgossling the probable structure across the srike in the Mathiagali area

Legend same as for the Fig, I,

somewhat angular relationship indicating a slight
clock-wise shift in the direction of movemenis.
Thus at least three phases of movements can be
recognised.  Extention of this work in the adja-
cent areas. now in progress, will vield greater in-
formation on the orogenic phases in this region.
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REMARES ON THE PROPOSED “ABBOTT-
ABAD GROUP” OF GARDEZI & GHAZANFAR

In course of a note on the changs of facies at
the hasc of the Jurassic in the Hazara District of
West Pakistan, Gardezi and Ghazanfar (1965)
proposed “Abbottabad Group™, a new stratigraphic
name, to include the Abbottabad Formation. the
Hazira Formation and the Hacmatite Formation.
As the geographical name, Abbottabad, is preoccu-
pied for the Abbottabad Formation (Marks and
Muhammad Ali, 1962). the designation of the
proposed group should be rejected,

In the same note, they stated that the Hazira
Formation and the Haematite Formation. new
names proposed by them, are both lateral equival-
lents. However, while the name of the former
rock unit conforms to the normal practice of strati-
graphic nomenclature, the latter is contrary to it.
In view of the fact, that the two entirely different
facies belong to the same lithostratigraphic unit,
it appears more appropriale o combine them under
a single formation. The writer, therefore, proposes
that a new stratigraphic name, KIHAL FORMA-
TIOM (Secction cxposed near Kihal, 17 43 F/d4
gride 268120, in the environs of Abbottabad)
should be designated to include the HAZIRA
MEMBER (the Harzira Formation of authors)
and the SHEKHAN BANDI MEMBER (the
Haematite Formation of auwthors). The latter
member derives its name from the locality, Shekhan
Bandi (17 43 F/4. grid 272130} in the vicinity of
Abbottabad.

In the summer of 1961, the author, after a
peneral reconnaissance of the area, measured and
examined. in detail, the following three good
stratigraphic sections of Middlemiss” “Trinssic”. of
the Mount Sirban, near Abbottabad, primarily to
find if any evidence exists for the exact dating
of these deposits (Altab Ahmad, 1962, p. 52) ;

(i) Along the Hazara Trunk Road, 2} miles
south of Abbottabad,

{ii) Eastern slopes of Shekhan Bandi, 1 mile
past of Abbottabad,

(iii) On the slopes east of Dotar village.

79

The sampling of the sections was done at
mtervals varving from 1 to 70 feet depend-
ing on the lithological variation and the
occurrence of fossils,

The succession exposed along the Hazara
Trunk Road and that of Shekhan Bandi
conformably overlies the cherty limestone
of the Abbottabad Formation. At these
lozalities the lower pyroclastic and clastic
part of the *Triassic’ constitutes the Hazira
Formation or the Haematite Formation of
Gardezi and Ghazanfar (1965).

According to our observations, the Hazira
Member is exposed along the Hazara Trunk
Road, where it is 192 feet thick and consisis
of buff and brown siltstones, usually well-stratified
in beds of thicknessvarying froem 3 inches to 3 feet,
The sequence is uniform in compaosition except for
the presencs of two dark grev calcareous bands, 3
to 5 feat thick. Local concentrations of glauconite
ocecur, ong forming a very thin laver of 6 inches
above the underlying cherty limestone of the
Abbottabad Formation.

The Shekhan Bandi Member, at its type
locality, is 268 feet thick and is developed as red
quartzitic limestone, followed by quartzite breccias,
red and white sandstone with a massive haematite
sandstone about 40 feet thick towards the top.
The quartzite breccias repeatedly occur in the sec-
tion, while they increase in thickness from the
base upward. The thickness of the beds varies
from 10 inches to 75 feel.

At both localities, a band of pure white
sandstone, 3 feet thick, marks the top of each
member, which, in turn, is overlain by the upper
calcareous part of the ‘Triassic’, which is now
proved to be of Jurassion in age. Both the
members have sufficient geographical distribution
in the Sirban Hill

AFTAB A. BUTT
Department of Geology.

University af the Punjah,
Lahore.
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NOTICES, ABS1RACTS AND REVIEWS

GEOHYDROLOGY OF THE INDUS RIVER
WEST PAKISTAN

by

A.K. Snclgrove D.Sc., Fulbright Professor in
Geology, 1961-62, University of Sind, at present
Prof. and Head, Department of Geology and
Gieological Engincering, Michigan Technological
University, U.S.A., published by Sind University
Press, 1967,

It is neither a text book nor a research thesis,
but is an attempt by the writer to systematise the
current knowledge about the River Indus and its
plains in the form of a book. Need of such a book
must be in the mind of the author when he wrote
that *a scientist visting Pakistan cannot (ail to be
nanplussed by the mulliplicity of governmental
agencies dealing with various aspects of the
Indus.”” (p.1).

The plains of Tndus and its tributarics have been
described as granary of combined India. Of late,
however, a rapidly expanding population and a
rapidly worsening state of these plains affected
with waterlogging and salinity have led to redoubled
cfforis at improvements in methods of planning,
landuse. irmigation and reclamation. All this has
let loose a tornado of scientific investigation carried
out with an objective end of improving the 2 ericul-
tural potential of the land. Investigations on the
river itself have mainly been connected with water
and power development or irrigation. The Indus
plains have the world's largest canal network.
The traditional water budget, however, has been
upset by the more recent Indus Basin Treaty (1960).

In the course of these investizations and deve-
lopment works, a wealth of hydrologic information
has been collected which lies spread and scattered
over innumerable pages of scores of scientific re-
ports. The writer has gone through a substantiai
amount ol this literature and out of his notes the
present book has emerged. For all students and
workers in hydrology, irrigation, soils and such
other aclivity connected with the land resources of
the Indus Basin the book would provide a useful
background and an introductory guide to the ex-
tensive literature in this field. “Although it is a
systematic account starting from the geographical
setting and physiography to tectogencsis and econo-
mic geology the book need not be read asa whole for
comprehension.  Reference may only be made 1o
individual chapters of interest.

In the preliminary chapters concerned with the
history and physiography of the Indus Basin the
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author mainly relies upon the pioncer geographical
studies made in this regard by Prof. M.B. Pithawalla
(1936, 1959), From the source of the Indus in
Kailas Parbat in the heart of the Himalayas at
17000 fi. and from the fact that it first flows
northwestwards before it takes a turn to the east
and then to the west, Pithawalla concludes that
Indus 15 antecedent to the Himalavas. He then
recognized several stages in the history of its
development. The first stage is the late geological
period when the Indus flowed from east to west 10
the north of Ganges and shifted southwards with
each upwards movement of the Himalayas leading
1o the deposition of Siwaliks. The westwards
Indus drainage was disrupted and reversed hy the
uplift of the Potwar. Later on the trend was g
westerly migration of the river worked out mainly
by the geographical situation of the archacological
remains of the ancient Indus Valley Civilization.
Recenr studies on the physiography of Indus plains
were made by Fraser (1958) in their report on the
landforms, soils and present landuse of the Tndus
plains. Brief menuon of this and other works is
also made in the preliminary chapters,

After the preliminaries, Snelgrove teuches
briefly upon data and opinions about meanderine
and floods in the Indus Basin. This is followed
by a chapter on the irrigation preciices and a des-
cription of the barrages and dams on the River
Indus.

Describing the =zquifer and bascement. 1he
writer mentions that geophysical surveys have
indicated 3 main buried ridges. the Shahpur, of
which the eroded preCambrian outerops in Reckna
Doab are supposed to be a part. the buricd prolon-
gation of the Aravalli axis between Delhi and
Hardwar (India) and, the third belew Suklur,
All three oecurring in the Indus Basin and possibily
acting as obstacles to the free flow of groundwatcr
in the alluvial aquifer. The aquifer itself in the
northern plain consists of a heterogeneous mixture
of medium to fine grained sand with lenses of one
material grading into another (White House In-
terior Panel Report p. 260) while in Sind the alluv-
tum is more sandy than silty or clayey but clay belis
are found on the surface.  (Pithawalla).

The book carries a long chapter on Salinity
and Waterlogging. This problem which to a great
catent is the bye-product of our extensive canal
network was the subject of investization by the 1.5,
Scientific Mission on Waterlogging and Salinity in
West Pakistan (1961) whose work was then con-
tinued by the White House Interior Panel headed
by Dr. Roger Revelle. Rescarch contribution

VOLUME 7 (1968)



52

in this regard have also been made by other workers
but the Panel's report along with the work done by
WAPDA® have served as the principal sources for
Dr. Snelgrove’s chapter on Salinity and Waterlogg-
ing. The writer is all praise for the investigations
and recommendations made by the Panel. Not
all the praise for the recommendations is justificd.
Typical of most American plans the report excludes
just the basic factor connected with development
works of all sorts—the people, Naturally it recom-
mends that the limited governmental resources
should be concentrated in the most promising areas
to the neglect of less productive parts.  Summaries
of the WAPDA master plan and the White House
Interior Panel report are both included in this
chapter.

ot much work has been done on soil erosion
in West Pakistan. The book makes brief mention
of the amount of erosion connected with various
Indus tributaries and of the problem of erosion
and silting connected with the canals.

In the Indus Basin two of the topagraphical
featurcs established by recent geophysical work
are a gap in the burried Shahpur ridge and the
other about 70 miles long submarine extension of
the Indus valley (the Swatch). Snelgrove postu-
lates that these two features are more or less in line
with a 200 mile long fault in the Carlsberg escarp-
ment out in the Arabian seca near the island of

NOTICES, ABSTRACTS AND REVIEWS

Socotra. He terms the buried topographic feature,
Shahpur Gap —Indus Synclinonum—Swaich—
Carlsberg Ridee fault, as the fndis lineament snd
suggests that the lineament marks the structurally
controlled course of the ancient Indus River.

The book also contains a number of maps and
diagrams illustrating hydrologic, geomorphic and
geophysical data mentioned in the text. Most:
of these are either reproduced or compiled with
modifications by the writer. The cartographic
guality of most of these is, however, poor. A usc-
ful bibliography is given at the end,

Snelgrove has done a fairly commendable
work on the whole in bringing together a large
amount of scattered facts and fipures to build up
a systematic introduction to the geohydrology of
the Indus River.

That a foreigner should have had to come to
do this compilation and editing is atleast partly
duc to the lack of adequate library facilities in
Pakistan and the fact that the government shows
strange hesitation in making scientific reports
public to Pakistanis.

MUNIR GHAZANFAR
Departntent of Geology,
University of the Punfab,
Lahore.
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PUNJAB (AT THE 31st DECEMBER, 1968),

1. Teaching Staff :
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Nuame and Qualificarions Subject Appointed
Professor of Gme’u;r_T . - \'a?a;t Hh iz i __. J
Readers :

Mr. F.A. Shams, M.Sc. (Pb.), M.A. Mineralogy, Petrology, X-Ray  Novemhber. 1956,

(Cantab), Head of the Department. Crystallography.

Mr, M.A. Latif, M.Sc. (Pb.).* M.S5c. D.I.C. .. Micropaleontology. Stratigraphy. July, 1957,

(London), F.P.T.C. (Vieana)

Dr. Aziz-ur-Rehman, M.Sc. (Pb.), D. Rehr. .. Applied Geophysics, .. February, 1960,

Mat. (Munich).

Mr. A.H. Gardezi, M.5c. (Pb.), M.Sc. D.I.C. .. Petroleum Geology, Structure.  March, 1962,
{London).

Lecturers ;

Di. M.A. Chaudhry, M.Sc. (Po.), Ph. D. -« Sedimentology. Geomorphology. June, 1939,
{Reading).

Dr. Aftab. A. Butt, M. Sc. (Ph.). Ph. D. .. Micropaleontology, Stratigraphy.  June. 1959,
{ Utrecht).

Dr. 5.F.A. Siddiqui, M.5c. (Pbh.), Ph. 10, .. Mineralogy. Petrology, Mapwork. July, 1960,
{London).

Mr. Z.A. Saleem, M.Sc. (Pb).** .. Geohydrology, Geophysics. .. June, 1961,

Mr. M. Ghazanfar, M.Sc. (Pb.). <. Structural Geology. .. January, 1965.
M. Sc. (Shatfield) :

Mr. H.M. Malik, M.Sc. (Pb.). M.S¢. D.I.C. .. Engineering Geology. .. March, 1965.
{London).

Mr. A. Shakoor, M.Sc. (Pb.)***® .. Petrology .+ May, 1985.

Mr. Zulfigqar Ahmad, M.Sc. (Pb.). .. Mineralogy, General Geology  Auvgust, 1967.

Mir. Faroog A. Khan, M.Sc. (P.), M. Phil. .« Subsurface Gealogy, Stratigrahy October, 1967,
D.I.C. (London).

Mr. A. Baset, M.Sc. (pb.). .. Palacontology, ... Dxtober, 1967.

Dr. Ali Rahmart, M.Sc. (Pb.), D.EA., Ph.D. .. Hydrology. .. MNovember, 1967.
( Montpellier).

Dr. Mohammad Nawaz, M.5c. (Pb.), Ph. D. .. Mineralogy. Petrology. .. January, 1968,
(London).

Mr. Ahmad Mahmood, M.Sc. (Ph). .. Mineralogy, Petrology. .. April, 1968,

Mr. Mirza A, Samad Beg, M.Sc. (Pb.). .. Petroleum & Structural Geology. April, 1968,

Mr. Haroon Q.A. Khan, M.Sc. (Alig). .. Palaeontology, Stratigraphy. September, 1965.

*0n duty leave at Vienna, Austria.
**On duty leave at the Department of Hydrology, University of New Mexico, Socarro, U.S.A.
##+0n duty leave at the Dzpartment of Gealogy, University of Leeds, Leeds, UK.
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Name and OQualificarions Subject Appointed

Research Assisrants :

Mr. 5. Taseer Hussain, M.Sc. (Pb.).* .. FPalacontology ... Aprl, 1566.

Mr. Fazal-ur-Rehman, M.Sc. (Ph.). .. Geochemistry .. December. 1566,
Mr. Shafeeg Ahmad, M.Sc. (Pb.). .. Geochemistry .. January, 1567,
Mr. Tansneem MNoorani, M.Sc. (Fb.). <« Structural Geology. +v - May, 1567,

Mr. 5. Mahmood Raza, M.Sc. (Pb.). .. Palaeontology i Ccloker, 1968,

Damonsrrators :

Mr. Mohammad. Nacem. .. Palaeontology .. MNovember, 1268,
Mr. Khurshid Alam Butt. .+ Mincralegy .. November, 1565,
Mr. 8. Mohammad Mehdi Zaidi. .. Mincralogy . .. Movemter, 1568,
Mr. Nusrat Kamal Siddigui. .+ Petralesm :» Movember, 1568,
Mr. Russell MNazir Ullah. .. Geophysics ..  MNovember, 1968,
2. ‘Technical and Service Staff :

Mr. S AL Kazmi, M.L5.T. (London), .. Chief Technician .. March, 1963:
Mr. M. Aslam .. Junior Technician .. Jume, 1964,

Mr. H. Siddigui .+ Junior Technician =o = June 1565

Mr. Arshad Hussain .. Geological Nlustrator .. March, 1566

Mr. Mahmood Ahmad .+ Draftsman .. January. 1667

Mr. G.R. Bhatti. B.A. (Ph.). .. Office Assistant .. September, 1963
Mr. K. Ahmad, B.A. (Pb.). .. Library Assistant .. August, 1965
Mr. M. Riaz. .. Stenographer. .. November, 1967
Office and Library Staff e B

Laboratory Assistants 20N 1)

Drivers - .. 141 {summer only)

Service Staff N

*0n duty leave at the Geological Institute, Utrecht, Holland.
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