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PETROLOGY OF LOWER SIWALIK SANDSTONES OF THATI AREA,
KHUSHAE DISTRICT, PUNJAB, PAKISTAN

BY
M. SALEEM BAIWA
Geological Survey of Pakistan, Lahore.
and

F. A. SHAMS
Institute of Geology Punjab University, Lahore, Pakistan.

Abstract :  Nearly 1300 metres rhick sequence of Lower Siwalik rocks of Miocene-Plinceng age is
exposed in the Thati area, Khushab district. This seguence has been differentiated into Kamiial and

Chinji Formations for the purpose of petrological studies.

The sandstones of these formarions have

be:n studied lithologically, petrographically and chemically. The evidences suggest that the sediments

of Lower-Siwalik formations were derived from

igneons, metamorphic and sedimentary rocks of

Northern Pokistan and were deposited in a shallow fast sinking basin, under condition of rapid erosion,
short transporration and rapid deposition. It is also suggested thar at about {1 m.y. B. P., blve green
hornblendes appeared in the Siwalik channel sands. Percentage of blue green hernblende increases

upwards.

INTRODUCTION

This paper is based on the data collected
by the anthor from Thati area during 1984-85
field season, in collaboration with P & S branch
of the Geological Survey of Pakistan, Quetta
and USA. study groups.

The investigated area is bounded by lati-
tudes 32° 40' and 32° 45" N ; longitudes 727 15
and 72° 30" E, covered by Survey of Pakistan
topographic sheet No. 43 D/6 and is a part of
Attock and Khushab districts of the Punjab
Province.

The various aspects of the Siwalik forma-
tions of the Thati area has been studied by a
number of workers (Gee, 1980 ; Fatmi, 1973 ;
Barndt, Johnsons, Tahirkheli and others, 1978 ;
Stir, 1982 : Abid and others, 1983 ; Brannon,
1983 : Groaseth, 1983 ; Raza, 1983, unpub;

Sheikh and Shah, 1984 ;: and Johnson, Tahir-
kheli and others, 1985), but no detailed petro-
logical account is available in literature. In
order to fill this gap, detailed petrological

studies of the sandstone specimens were carried
out.

The paper in hand contains petrological
studics of the Lower Siwalik sandstones. How-
ever, the work on the Middle and Upper
Siwalik formations will be published separately.

GEOLOGICAL SETTING

A sequence about 1300 metres thick of the
Lower Siwalik formations is exposed in the
southern part of the investigated area, where-
as ccntral and northernm  part is covered by
the Middle Siwaliks, nearly 2000 meters thick,

On the basis of lithology the Lower Siwalik
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rocks are divided inte Kamlial and Chinji
formations and Middle Siwalik rocks into
Nagri and Dhok Pathan formations,
Formation is maioly covered by a thick mantle
of alluvium, Chorgali Formation is exposed in
the south-gcastern part of the area.

Nagri

The Siwalik formations of the study area
comprise sandstones, clay/claystones and con-
glomerates. The sandstones are grey and
greenish-grey, medium grained, moderately
sorted, medium to thick bedded, medium hard
to soft and calcareous. Interbedded clays are
reddish, reddish brown and orange brown.
Generally the sandstones are tough to moder-
ately compacted rocks, forming strike ridges,
whereas the clays are relatively loose and soft,
resulting in sirike valleys.

Structurally the area is verv simple. The
Biwalik sequence of the investigated ared is
the southern limb of a broad syncline. No
major fault is present. The beds have low
dips, ranging from 10—15° north,

The sandstone beds are 2 to 25 melers
thick, and contain concretions and coarse
pebbles at some places. Cross bedding is also
seen, On the mineralogical basis, the sand-
stones of the Thati area are classified as sub-
greywackes.

TABLE 1
Stratigraphic sequence of Thati area
Alluvinm Recent
—Unconformity—
Loessic clays &
sand Sub Recent
—Unconformity—
Upper Soan Early
Siwalik Formation Pleistocens
Dhok Pathan Middle
Middle Formation Pliocenc
Siwalik )
Magn Early
Formation Pliocene

Chinji Late
Lower Formation Miocene
Siwalik
Kamlial Middle to Late
Formation Miocene
Murree 5 Early to Middle
Chharat Formation - Miocene
Group
Chorgali Early
Formation Eocene
PETROGRAPHY
Texture

The sandstones of the Lower Siwalik
formations in the Thati area are grey to
greenish grey, medium to fine grained, hard,
compact, well-indurated and subanpgular to
sub rounded. The grains are mostly guartz,
rock fragments, chert, quartzite, felspars,
micas, hornblende, epidote and tourmaline.
Cement is composed of calcite/dolomite,

sericite, clay and very small erains of the above
minerals.

Mineral Composition

Quartz occurs as medium to fine grained,
subangular to sub-rounded Some small quariz
grains also occur in the cement. In the chert
fraements quartz is fine grained, but in the
quartzite fragments it is medium grained.
Some grains have inclusions of muscovite and
opaguc minerals. Some quariz grains are
milky but most of them are transparent. Some
grains also exhibit good crvstal faces. 229 —
43% ; X=34%.

Rock fragments are medium to coarse
grained, subangular to subrounded but some
are also angular. The fragments are igneous,
metamorphic and sodimentary. Igneous rock
fragments include ‘andesitic, basaliiz, and
acidic fragments. Whereas, metamorphic are
low grade regional metamorphics. like phyllites,
schists and q'uartzitcs. The sedimentary rock-
fragments arc mostly of chert, quartzite, shale,
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limestones & dolomite. Quartzite | chert as precipitated matter, but clastic carbonate
fragments =08% —11% ; X=8.5%. Other grains are also present, 25% —50% ; X=33%.

fragments =02% —09% : X=05%.
" % % Muscovite/biotite/sericite occur as fine to

K-feldspar occure both as microcline and very fine anhedral grains in the cement. Mus-
orthoclase. They are medium-grained, sub- covite and biotite occur as small flakes and
angular to subrounded, moderately altered to long laths and also as coarse flakes. Biotite
sericite and clay. Small K-feldspar grains also flakes show moderate pleochroism from brown
occur in some voleanic fragments, to yellow brown. Sericite is closely associated

with clay and as an alteration product of

Plagioclase occurs as individual grains as feldspar. Clay occurs predominently in the
well as in  volcanic rock-fragments. Some matnx, which is extremely fine grained. Mus-
erains show alteration to clay and sericite. covite and sericite are 01% —8.5%; ; X=03%;

Some plagioclase prains have inclusions of and biotite is 01% —3.5% ; X=02%.
orthoclase/microcline. Feldspars are 1.5 —-3.5%;

H=1 Chlorite occurs as small individual flakes
and as small aggregates. It is green, poorly

pleochroic and shows anomalous inter-ference

L]

Calcite/dolomite are very important cons-

tituents of matrix/cement. They occor mainly colours.
TABLE 2
Petrographic Composition of Lower Siwalik Sandstoncs
Locality :- Lat. 32°40° N ; Long. 72°22 30" E Chinji — Thati Area,
& Lat. 32°43¥ N ; Long. 72°28 30° E Khushab  District
Kamlial Formation Chinji Formation
Sample Nos. Kl K2 K3 K4 Cl C2 C3 C4
Quartz T AspYerCiaOrs agsr 43 §2%-.. . 40% . 2% %
Feldspar .. 020 025 035 020 0.5 030 028 025
Calcite/Dolomirte 50.0 320 33.0 26.0 25.0 26.0 40.0 43.0
Rock Fragments 04.0 09.0 07.5 05.0 04.0 02.5 03.0 080
Quartzite | Chert- 08.5 11.0 09.5 1.0 09.0 08.0 08.3 09.3
Fragmenis

Hornblende 00.5 01.0 00.5 00.2 0.3 00.8 01.0 0l.3
Tourmaline 00.3 00.5 00,1 00.2 00.3 00.2 60,5 00.3
Garnet : 00.2 005 ° 00.2 00.5 00,2 005 003 . 005
Epidote 00.3 0L0 00.3 01.0 02.0 01,0 010  0L3
Rutile 00.2 00.2 00.3 00.1 Tr. 00.1 Ir. 00.2
Muscovite/Sericite 05.0 01.8 01.0 03.0 08.5 01.0 02.2 0L.5
Biotite 03.0 01.2 01.5 610 035 01.8 02.3 0lL.o
Chlori-e 00.3 00.4 01.00  00.5 (0.6 00.9 05.0 024
Iron Ore Lo D240 04500 044 08D 040 067 050 042

Analysis at G.5.P. Labs by M.5, Bajwa.



Blue-green hornblends occurs as fine to
mediam grained, angular to subangular in-
dividual grains and show moderate pleo-
chroism.

Epidote occurs as anhedral to subhedral
grains, light green, showing anomalous colours.
Some small epidote grains are also present in
voleanic rock fragments.

Tourmaline occurs as green and black,
medinm to fine grained, subangular randomly
distributed grains, which show moderate
pleochroism from brownish green to dark
greenish-brown.

Garnet is colourless to light pink, fine to
medium grained, subangular to subrounded

grains. It is also present in the cement,

Rutile is red, fine grained, angular to sub-
angular. It is found only as trace in the
cement.

Hematite | limonite are very intimately
associated. They are brown to yellowish-
brown in the reflected light and occur as stains,
thin streaks and veins in the zone of weather-
ing, as well as in the cement,

Magnetite/ilmenite oecur as small indivi-
doal grains and aggregates. The grains are
black and opaque and show metallic silvery
lostre in the reflected light.

It is evident from the mineral analysis
(Table 2) that percentage of quartz (inc¢luding
quartzite and chert) is 31% at the base of
Kamlial Formation (sample No. 197), increased
systematically and reached 549 at the top
of Kamlial Formation (sample No. 203). At
the base of Chinji-Formation it is 49% (sample
Mo, 205), then it starts decreasing and reaches
32% at the top of Chinji Formation (sample
MNo. 211). Calcitejdolomite is 505, at the
base of Chinji Formation (sample No. 197), it
decreases towards the top of Kamlial and bass

of Chinji Formations (26%,-25% in the sample
MNos, 203 & 205), then it again increases towards
the top of Chinji Formation (48% in sample
No. 211). Rock fragments (excluding guart-
zite and chert) range from 4% — 9% in Kamlial
Formation and 2.5—6% in Chinji Formation.
Feldspars range from 2% —3.5 in Kamlial
Formation and 1.5—3% in Chinji Formalion.
Heavy minerals (excluding iron ranges from
1.4—2% in Kamlial Formation and 2.8—4%]
in Chinji Formation. Blue-green hornblende,
among heavy minerals ranges from 0.2 to
1.,0% in Kamlial Formation and 0.3-1.5% in
Chinji Formation. It shows an increase towards
the younger side. Iron ores ranges from 2.4—
06% in Kamlial Formation and 0.4—-6.7% in
Chinji Formatioa.

CHEMISTRY

Eight samples of Lower Siwalik sandstones
(four samples of Kamlial Fm. and four of
Chinji Fm.) of Thati area were chemically
analysed. The percentages of major minerals
of different sandstone samples were calculated
from the results of chemical analyses (Table 3).

Sample No. 197, basal part of Kamlia]
Formation contains 315 quartz ; 46% calcite ;
2.5% dolomite and 2% iron ore. Sample No.
199 : 445 quartz ; 24% calcite ; 5.5/ dolomite
and 4% iron ore. Sample No. 201 ; 4554 quartz;
233 calcite ; 6.7% dolomite and 4.4% iron
ore. Sample No, 203, upper part of Kamlial
Formation 55% quartz ; 6% calcite ; 3%
dolomite and 6% iron ore. Sample No. 205,
basal part of Chinji Formation : 50% quartz ;
20% calcite ; 5.5% dolomite and 4.2% iron
ore.  Sample No. 206 : 47% quartz; 137
calcite ; 9.7% dolomite and 7% iron ore.
Sample Mo. 209 : 40% quartz ; 30% calcite ;
8%, dolomite and 5%, iron ore. Sample No.
211, upper part of Chinji Formation : 3:%/
quartz ; 43% calcite ; 4.2% dolomite and 4%
iron ore.



It is apparent that percentage of quarlz
increases gradually towards the middle part of
the Lower Siwaliks (50-559), then it starts-
decreasing towards the upper part and reaches
337 in sample 211. The percentage of calcite/

5

dolomite is 487, at the basal part of Lower
Siwaliks, decreases gradually towards the
middle part (9%) and then increases gradually

towards the upper part and reaches 40% in the
sample No. 211.

TABLE 3
Chemical Composition of Lower Siwalik Sandstones

Locality :- Lat, 32°40'N; Long. 72°22 30'E | Chinji — Thati Area,
& Lat. 32°43"N; Long. 72°28' 30"E i Khushab District.
Kamlial Formation Chinji Formation
Sample Nos. Kl K2 K3 K4 Cl c2 C3 C4

5i0; 32.14% 45.22% 46.36%  55.74%  50.84% 48.00%, 41.12% 33.96%
Fe; 05 02.39 03.59 04.38 06.05 04.19 05.69 04,83 04.25
AlO; 11.61 15.01 16,42 16.25 13.01 13.61 11.27  08.75
Cal 25.79 13.45 12.89 03.36 11.21 07.29 16.82 25.23
MgO 01.20 02.62 03.22 01.41 02.62 04,63 03.33 02.01
L/l 2428 1580 1618 0695  13.08 1216  19.04  24.30

(Samples analysed by Mr. Azhar Khan, at the G. 5. P. Labs.)

PROVENANCE AND ENVIRONMMENTS OF
DEFOSITION

Siwalik sedimentation in the Thati area
started at 18.3 m. y. B. P. and continued until
7.9 m. y. B. P., extending for about 10.4 m.y.
Depasition of Kamlial Formation occurred
from 183to 143 m.yv. B P. and Chinji For-
mation from 14 3 to 10.83 m. y, B. P. (Johnson,
Tahirkheli and others, 1935).

Siwalik deposition in the Thati area was
associated with a river system which flowed
essentially from west to east (Johnson, Tahirkheli
and others, 1985).

Presence of igncous, metamorphic and
sedimentary rock fragments ; chert and calcare-
ous cementing material indicate igneous,

metamorphie, and sedimentary provinances.

Low textural and mineralogical index of
maturity of sediments favour high relief and

humid climate of the provinance (Farshori,
1966).

Presence of calcite/dolomite as detrital
grains is an indication of rapid erosion, short
transportation and rapid deposition, due to

high relief of the source rocks, Subangular to
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subrounded mineral grains also indicate short
transportation.

High percentage of the heavy minerals
attribute to basaltic and metamorphic parcnt
rocks. The unaltered grains of most of the
heavy minerals is an indication of break down
of parent rocks by mechanical disintegration
of the rocks in the deeply
{Farshori, 1966).

incised canyon

The sandstones are classified as subgrey-

wackes, These are immature product of
denudation, Sedimentation of this type may

be termed as paralic, which took place when
the last phase of Himalayan movement had
begun (Farshori, 1966).

The rates of Siwalik sedimentation increas-
ed systematically over time from 0.12 to 0.30

mm/fyr. in the Thati area. A prominent
increase in sedimentation rate occurred at
about 11 m. y. B. P. Simultancously blue
green hornblendes also appeared in the Siwalik
channel sands. These events are connected
with the initial uplift of the Nanga Parbat

region and the associated ¢rosion of the ultra-
mafic rocks in northern Pakistaa (Johpson,
Tahirkheli and others, 1985). It is observed
that the percentage of blue-green hornblende
increased towards the younger strata.

The author supports the view that the
Siwalik scdimentation in the Thati area started
at about 18 m.y. B. P, and continued until
about 8 m. y. B. P,, extending for about 10
m, y. B. P. The rates of sedimentation
increased systematically over time from 0.12
to 0.30 mmjyr. Prominent increase in sedimen-
tation rate occurred at about 11 m.y. B.P.
and at this time blue green hornblendes
appeared in the Siwalk channel sands and its
ratio increases towards the vounger strata.

The sandstones are of subgreywacke type
and have igneous metamorphic and sedimen-
tary provinances. The constituents of these
sandstones were derived from igneous, mels-
morphic and sedimentary rocks of MNorthern
Pakistan and were deposited in a shallow fast
sinking basin, after their short and rapid trans-
portation from the high reliefed source rocks.

ACKNOWLEDGEMENTS

The author i1s indebted to Dr. M. M. Chaudhri,
Dr. N. A, Bhatti and M, Akhtar for invaluable help during the preparation of

M.W_A. Igbal,
this paper.

Dr. N.M. Johnson, Dr. A. M. Fatmi,



'NVLISINVd *8VPNNd SLOIMLSIA SVHSNHN OGNV MOOLLV ‘V3uV IPNIHD dJO dVW W2I907039

e g e el
F===m
[ g e——_ | s |

EEl=]

o 1I.II._-_-E..|.I. [t
=T
et Frmy i | = i
B o =]

[ 1 i}y iy

g e

i
&
Plew g Py twal) Mi -y lm‘

T -

avewlivdd L @ ¥ 0 L-W D L




REFERENCES

Abid, I. A., 1983, Petrography and geochemistry of the Siwalik sandstone and its relationship to
the Himalayan orogeny ; Geal. Bull. Univ. Peshawar, v. 16, p. 65—83.

Bajwa, M. S., 1984, Petrology of Siwalik rocks of Chauntra area, Attock and Rawalpindi districts,
Punjab, Pakistan, Kashmir Jour. Geol, Vol. 2. No l. p. 9398,

Petrology of Siwalik rocks of Riwat area, Rawalpindi district, Punjab,
Pakistan, 30th Pak, Sc, Conf. {in press)

Bajwa, M. S. & Akhtar, M., 1986, Rate of depositon of Siwalik sediments in Potwar Basin, Punjab
Pakistan. Kaskmir Jour. Vol, 4, p. 111116

Bajwa, M. S., Chaudhry, R. & Anwar, M,, 1985, Petrology of Siwalik sandstones of Dalana area,
D. G. Khan distrir.:!:, Punjab, Pakistan, Abst, 23-d. Nat. Se. Conf.

Booy, T. D., 1965, Petrology of detritus in sediments, a valuable tool, Kon. Ned, Akad. Van, Wes.
Amsterdam, S.B., 69, No, 2., pp. 277-282,

Chaudhry, M. N. and Ashraf, M., 1981, Petrology of Middle Siwalik rocks ofKotlj area, Azad
Kashmir, Geol. Bull. Uniy, Peshawar, v. 14, pp. 183—101,

Chaudhry, R. 8., 1970, Petrology of Siwalik formations of North-Western Himalayas, Bull. Ind. Geol.
Astoc., v.3, 1 & 2, pp. 19—25.

1971, Petrogenesis of Cenozoic sediments of North-Western Himalayas,
Geol. Maz. 108 (1), pp. 43—48.

Farshori, M. Z.. lSIErIS,- Petrographic study of Siwalik sediments in Sihala area, near Rawalpindi,
Sym. Pet. Inst. Pak., pp. 1—6.

Fatmi, A, N., 1973, Li:hnstmt_i;rnphic units of Kohat Potwar province, Indus Basin, Pakistan,
GSP, Mem., v, 10,

Gill, W. D, 1951, The stratigraphy of Siwalik series in the Northern Potwar, Punjab, Pakistan,
Geol. Soc., London Quar, Jour., v. 10, pt. 4, pp. 375—304,

Johnson, N, M. ; Tahirkheli, R, A. K. and others, 1985, Paleomagnetic chronology, fluvial
processes and tectonic implications of the Siwalik deposits near Chinji village, Pakistan.
Jour. Geol., v. 93, No. 1.

Krumbein, W. C. and Pettijohn, F. J,, » Pp. 43—51.
Malik, I. A., 1983, Grey-wacke in Middle Siwaliks, Geol. Gaz., v. 6, No, 1, pp. 11-13.

Martin, N. R,, 1962, Tectonic style in Potwar, Geol. Bull, Punjab Univ. No. 2, pp. 40—49, incl.
Illust and maps.

Raza, 5, M., 1983, Taphonomy and paleoecology of Middle Miocene vertebrate assemblages,
southern Potwar Plateau, Pakistan, unpub, Ph. D. dissertation, Yale Univ., New Havon C.T,

Shah, 5. M. L. 1977, Stratigraphy of Pakistan, GSP. Mem. v, 12,



9

Sheikh, K. A. and Shah. §. M. I., 1984, Paleocurrent directions of Chinji Formation, in Shah,
5. M. I. and Pilbeam, D., eds., GSP. Mem., v. 11, pp. 75—80.

‘Tahirkheli, R. A. K., 1985, Recent additions of the geotectonic net of Northern Pakistan, Ist, Geol.
Cong. Pak., 1984, Ins1. Geol,, Punjab. Univ., pp. 82—8&8.

Tickell, F. G., The examination of fragmental rocks, pp. 3—15, 50—62.
Wadia, D. M., 1957, Geology of India, London M CMillan,



REPORTING MCT IN NORTHWEST HIMALAYA, PAKISTAN

BY

MUNIR GHAZANFAR and M. NAWAZ CHAUDHRY
Institute of Geology, Punjab University, New Campus, Lahore,

Abstract :

Work in Neelum Valley, Azad Kashmir and Kaghan Valley has now made it possible to locate

the Main Central Trust, MCT, in Northwest Himalaya, Geological mapping and investigations in the
two valleys indicate that the MCT extends ina NE-SW direction between Luat in Neelum Valley and
Batal (South of Naran) in Kaghan Valley crossing the Kaghan watershed near Thod Bhaik. There is a
marked difference in the tectonic style, stratieraphy and metamorphism north and south of this line.

This difference compares well with that reported from India.

This discovery of M.C.T. in Pakisran now,

for the first time, enables us to compare and tentatively extend the tecionic zones of Central Himalaya

in India into Northwest Himalgya in Pakistan.

INTRODUCTION

The Kumaun Himalaya and the part of
Northwest Himalaya around the vale of
Kashmir compared to extreme western Himalaya
have received the attention of a much larger
number of geological workers in the past few
decades. As a result there has now emerged a
much better clarity regarding the stratigraphy,
structure and tectonics of those parts of
Himalayas. On the other hand the part of
MNorthwest Himalaya falline in Pakistan or
Azad Kashmir receivaed the attention of geolo-
gical workers only more recently especially
since the upsurze of interest in tectonics in
seventies conszquent unon the advent of the
concent of plate tectonics. Because of this
paucity of field and ground information
researchers with recional geological interests
have found it difficult to extend the geologic

and tectonic trends coming from Eastern

Kashmir into western Kashmir and Pakistan.”

The Westward continuation and extension of
Indus Suture posed one such problem. This
was resolved in the seventies by the demarca-
tion of at least two major suture zones

10

MMT and MKT in the western part of
Northwest Himalaya, Karakoram and Hindu
Kush (Shams 1972, Tahirkheli et al. 1979, Bard
et al 1980, Chaudhry et al. 1984, ¢tc.). Since
then a westward bifurcation of the Indus
Suture in Pakistan has come to be accepted.

As regards the westward continuation of
MBT both Murres Fault and Panjal Fault have
been traced right around the Hazara Kashmir
syntaxis in Kaghan valley. Although the
relative displacement along, these faults is a
disputed matter their . presence around the
syntaxis is not.

The westward extension into Azad Kashmir
and Pakistan of the Main Central Thrust,
MCT, running along the southern margin of
the Central Crystalline Axis, CCA, however
has continued to pose a challenge uptil today.
Various workers have tried to connect the
M.C.T. trend from India and Eastern Kashmir
with Panjal Fault, Murree Thrust (MBT), and
even with the Main Mantle Thurst, MMT
Others, more appropriately, have left the matter
as unsettled.
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Work by the present writers in Neslum
Valley (Ghazanfar, Baig and Chaudhry 1983)
and later in Kaghan Valley (Ghazanfar and
Chaudhry 1985, Chaudhry and Ghazanfar 1986)
has now made it possible to demarcate the
Main Central Thrust, MCT, in Pakistan. In
1983 and in 1985 (op cit) we marked two
segments of this MCT, as separate faults, Luat
Fault in Neelum Valley and Batal Fault in
Kaghan Valley, This work has revealed that
there is an analogous relationship between the
tectono-stratigraphic blocks north and south of
these faults in Neelum and Kaghan Valleys.
The tectonostratigraphy and NW-SE trend of
both Batal and Luat faults confirm a continua-
tion of this tectonic scar right across the great
Kaghan watershed separating the two parallel
Neelum and Kaghan Valleys. Further east the
MCT, then enters Eastern Kashmir, an area
under Indian control.

Tectonostratigraphy in Kaghan Valley
Two radically different geoclogical terrains

occur on two sides, north and south, of Batal
Fault in Kaghan Valley. The Batal fault is a
northeast dipping high angle fault with a
NW-SE extension. It traverses the Kaghan
Valley main road close to the mouth of Batal
Katha. Towards northwest, it passes close to
Barthi and Sangal and crosses the Nili Nadi
south of Chhalayyan. Southeastward it moves
along Batal Katha and then apparently passes
close to Manur peak and Mahlika Parbat

peak—until it crosses the Kaghan watershed
near Thod Bhaik.

Ghazanfar and Chaudhry, 1985, grouped
the rock units occurring north and south of the
Batal fault into two Separate groups, the
Sharda Group and Kaghan Formation. We
now consider it more appropriate to call the
latter as Kaghan Group. The different mapped
units within the Kaghan and Sharda Groups
are given below in a tabular form :

TABLE 1
Table of Stratigraphic Units Across Batal Fault in Kaghan

[ Biari quarizites, metaconglomerates, quartz mica-schist, cale-shist and

Doga-schists, marbles, quartzites and meta-conglomerates. -

Farmation. 4 Phagal quartz mica-schists and quartzites. fan ¥ |

pegmaltites,
Mahandri
Kaghan
Group Lobhar Banda Marble.
{Cambrian to
Precambrian)

Kaghan J‘
Formation. 1 Kaghan pelites.

Rajwal
Formatiop. 1

L Kamalban quartz mica-schists, quartzites, calc-schists and marbles.

Rajwal quartzites, quartz mica schist, pegmatites, aplites and granite.
Paludaran graphitic schist,

Batal quartzites and quartz mica schist,

——MCT (Batal Fault in Kaghan)——

Sharda Group

{Precambrian) amphibolite.

[ Naran and Burawai garnetiferous cale-pelitic gneisses graphitic gneisses
and pelitic gneisses, marbles, with sheet granites, migmatites and



Tectonostratigraphy in Neelnm Valley

A number of granites and exposures of
metamorphics alternate with each other in the
Meelum Valley. In the past the entire sequence
had been considered as Salkhalas intruded by
younger granites. It is now possible to sub-
divide these into at least 3 major units.
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However, no geological differences are as well
marked anywhere in Neelum Valley as those in
the area north and south of Luat Fault which
marks the contact between a quartzite band
and the Doarian garnetiferous schists/gneisses
and passes north of Tarli Luat.

TABLE 2
Table of Stratigraphic Units Across Luat Fault in Neelum Valley

Authmugam Slate {

Formation. merates.

Phyllites, quartzites and slates including phyllites and subphyllites,
feldspathic micaceous quartzites, graphitic schists, micrometaconglo-

Tithwal garnetiferous chlorite schist including chlorite schist, quartz

Kundalshahi

mica schist and garnet mica schist.

Formation.
| Kundalshahi-Nagdar garnet mica schists including garnetiferons quart-
| zites and garnetiferous quartzitic schists and garnet mica schists.
~——MCT (Luat Fault in Neelum)——
Sharda Group l’ Including garnet mica schist, kyanite gnigsses, calcarcous quartz mica
(Precambrian) gneisses, marbles, pelitic gneisses graphitic gneisses, amphibolites and

| sheet granites.

Ambiguities Regarding Salkhala Formation

In the past all the sequence north of
Nauseri in Neelum Valley and north of Jared
in the Kaghan Valley upto MMT had been
copsidered the Salkhala Formation (Wadia
1925, 1931, Calkins et al. 1975, Bossart et al.
1984). Marble, graphitic schist, quartz schist,
quartzites and quartzofeldspathic gneiss had
been reported as major coanstituents of this
formation from different areas including
Kaghan Valley, Neelum Valley, Gilgit—Hispur
Valley (Stauffer, 1968) and Hazara, Work in
Neelum Valley and Kaghan Valley has, however
revealed that a number of ambiguilies exist
regarding the stratigraphy and distribution of

Precambrian basement rocks which have been
rather generally referred to as Salkhala wherever
exposed in Northwest Pakistan, -As can be
seen in the tables. 1.and 2 abovg it is now

possible to subdivide the so-called monotonpns
Salkhalas of Neelem and Kaghano Valleys into

distinct stratigraphic units each of which is
characterized by a unique gnd specific set of
tectonostratigrgphic characteristics,

In the Neelum Valley the main units are
the Tithwal — Kundalshahi — Nagdar quartz
schists and quartzites, Authmugam slates,
phyllites, and quartzites and beyond Luat the
Sharda Group of cale-gneisses and granites.
In the Kaghan Valley the main units are the
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Jared quartz schists and quartzites, the Kaghan
Group of quartz schists, calc-schists and
quartzites and the Sharda Group of cale-gneisses

and granites occurring north of Batal near
Naran.

We have tentatively tried to correlate Jared
and Tithwal Kundalshahi-Nagdar units to
Tanawal Formation of Kashmir, the Kaghan
Group or part to Hazara Slates and the
Authmugam unit was correlated by Wadia to
Dogra Slates. All these correlations remain
open to question.

The Special Natare of Sharda Groop

A matter which comes out more clearly,
however, is that both the stratigraphy and
tectonics of the rock units north of Luat fault
in Neelum Valley and Ratal Fault in Kaghan
Valley are similar to each other and distinctly
different from that of units to the South (which
comprise Jared, Kaghan, Tithwal-Kundalshahi-
Napgdar and Authmugam units). We have
called the rocks north of Luat and Batal as the
Sbarda Group and consider that the term
Salkbala Formation should be replaced with
the term Sharda Group for thess rocks.
(Ghazanfar, Baig and Chaudhry,1983,Ghazanfar
and Chaudhry 1985),

: The pelites, calc-pelites, marbles and shest
granites of Sharda Group oceurring in Northern
Neelum and Kaghan Valleys represent an
uniparalleled uniformity and a marked singu-
larity of origin (deep water cale-pelitic
sequence). It is characterized by the near
absence of quartzites and other coarse grained
rocks such as conglomerates and even flvschoid
graded sediments like greywackes, The few
quartzites present- are pure and fine grained.
Graphitic schists are present but more 50 on
the Neelum Valley side and in very small
proportion on the Kaghan Valley side.

The Sharda group is also characterized by

a distinctive tectonic style. The numerous
thrust faults of the sequence occurring to the
south are absent here. The folding is in the
form of open elongated structural basins and
domes in which sheet granites are fully
involved.

The presence of high grade gneieses and
para-autochthonous sheet granites and the
ubiquitous occurrence of amphibolite bodies
{mainly sills), too, characterize the Sharda
Group, The metamorphism in these rocks is
dealt with more fully below,

Metamorphism Across Batal and Luat Fanlts

The MCT, in Kaghan (Batal fault) marks a
significant break in P-T continuum. Chaudhry,
Ghazanfar and Qayyum (1986) have discussed
the metamorphism in Kaghan Valley at length,
The unit exposed south of Batal fault e.g. Batal
quartzities and guartz-mica schist falls in the
epidote amphibolite facies. The pelites of this
unit contain ubiquitous garnet. However they
lack staurolite, kyanitie and sillimanite. The
amphibolites of this unit contain only oligoclase
or lower andesine,

The rock units lying to the north of this
fault belong to the Sharda gronp. The Sharda
groupbevond the Batal fault represents & sudden
metamorphic grade. Kyanite and
sillimanitc appear in metapelites. 1In fact a
part of the kyanite grade appears to have been
faulted out and sillimanite soon makes its first
appearance some distance north of the Batal
fault.

jump in

The amphibolites of the Sharda Group are
invariably garnetiferous. Plagioclase is very
often a labradorite. This unit contains a
number of migmatite horizons. Migmatisation
is widespread in suitable lithologies of this
unit. Extensive migmatisation is evident near
Dhrir, in valleys of Dadar Nar, Khote Nar and
Jora Nala etc. Presence of kvanite and silli-
manite, high grade garnet-labradorite amphi-



bolites and partial anatexis of suitable lithologies
show that these rocks belong to the uppre
amphibolite facies.

The MCT, in MNeelum valley (the Luat
fault) similarly marks a significant P-T break.
The rocks lying immediately south of the Luat
fault contain tiny almandine garnet crystals,
However, in these rocks chlorite is a stahle
associate of muscovite. These rocks, therefore,
fall in the greenschist facies, Morth of this fault
the Sharda group is strongly gneissic, Chlorite
does not occur in stable association with
muscovite and well developed garnet is
ubiquitous., Recent geological work shows that
kyanite is present quite close to the north of
Luat fault in some metapelites, Further north
the suitablt horizons of Sharda group have
undergone partial anatexis. Here Sharda group
belongs to the almandine-amphibolite facies,
Therefore a part of the greenschist and
epidote amphibolite facies may be assumed to
have been faulted out.

MNature and Location of MCT

Valdiya (1984) describes the MCT, in the
Indian Himalaya as follows.

““The Main Central Thrust (MCT), inclined
30—45° porthwards, constitutes the southern
(Lower) boundary of the Great Himalaya—a
plane of abrupt change in the grade of
mectamorphism from the higher amphibolite
facies of the Great Himalaya to the greenschist
facies of the lesser Himalayan assemblage, and
of change in the stvle and orientation of folds.
It represents a zone of strong mylonitization and
related cataclastic changes and development of
schuppen structure,

proximity as in

Hot springs occur in close
Kameng, Bhutan,
Nepal and Kumaun™ (Valdiya, 1930),

Central

“According to Valdiva (1979, 1931) the
Great Himalavao rocks represent the basement
that has been thrust up very high over and
above the Lesser Himalayan rocks along the
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intracrustal Mian Central Thrust, the net
vertical displacement being of the order of
20 km*’,

Regarding the region to the north of
MCT, Valdiya (1984) continue, *‘In the north,
the Great Himalayan metamorphics normally
grade imperceptibly into the sediments of the
Tethys zone as discernible in Zanskar, Spiti
and West Mepal, However, in Kumaun, eastern
NMepal and Sikkim a thrust or fault separates the
two domains’’,

If the Batal-Luat faults are the MCT,
then the zone lying south of it between Laut
and Nauseri in the Neelum Valley and between
Batal and Paras in the Kaghan Valley could
be compared to the Himalayan schuopen zone
of Powell and Conaghan(1973) and the basement
crystalline of Sharda group north of Batal—Luat
faults represent the Great Himalaya in Neelum
and Kaghan Valleys. These basement crystal-
lines are in the form of 2 wedge-shaped tectonic
slab. This slab narrows to the west where the
MCT, comes close to MMT near Chhlayyan in
Nili Nadi in Kaghan. From here onwards MCT
and MMT, may run close to each other diverg-
ing or closing at places. So thereisa possibility
of getting older basement slices between MCT
and MMT, further west,

In India the crystallines of Great Himalaya
are followed by sediments of the Tethys zone to
the north until we reach the Indus Tsangpo
Suture Zone, ITSZ. However, the
edge of the former Indian continent is not
preserved in Kaghan Valley and the Tethys
sediments have been sliced off.  Here the base-
ment crystallines directly abut against the
Kohistan Ladakh Island Are system across the
Main Mantle Thrust, MMT, the so-called
southern branch of the ITSZ,

northern
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THE APPLICATION OF ELECTRON BEAM ANALYTICAL DEVICES
IN THE MINERALS INDUSTRY
RY
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The text of a paper given at two seminars at the International Exhibition of Geological
Equipment, August, 1984, Beijing, China.

Abstract :  Analytical electron microscopy and electron microprobe analysis have many uses in the
minerals industry. They can give information to solve problems in the location, assessment, processing and
manufacture of products made from minerals. The principles, mode of operation, flexibility and present
limitations of these methods will be outlined, Such methods have been used by the authors to characterise
raw materials, assess chemical changes taking place during manufacture, defermine the nature of
deleterious materials, and diagnose the nature of mineral particles causing health problems. Such
analytical methods are also of the utmost value in primary research into the erigin of natural mineral
deposits. Examples of some of the above will be presented from our own experience. Finally, the

problems in setting up a laboratory to use these technigues will be discussed.

INTRODUCTION sample surface and the X-ray detector must be

known, so that various corrections can be made

Electron microprobss and analytical elec- to the raw X-ray count rates, and perhaps most

tron microscopes are used for a number of important of all there must be standard

purposes in mireralogy. Scanning electron material of the highest quality available, to
microscopes (SEM) can be used to examine compare with the unknown materials.

rough surfaces giving excellent images, with. a
resolution of around 60A°, and an excellent
depth of field. Some discrimination between
different phase (i e. those with different atomic
numbers) can be made with modern backscat-
tered electron detectors. Many SEM’s are now
fitted with Enerpy Dispersive X-ray Spectro-
meters (FDS). Such a system can be used either

Wavelength  Dispersive = Spectrometers
{(WDS3) may alse be fitted to scanning electron

microscope. These can give the same analytical
information, with the added advantage of
having better detection limits. However, such
spectrometers set. up for fully guantitative
analysis are more expensive than EDS systems,

qualitatively to find out what elements are aad each spectrometer can only ﬂ_‘ﬂumuhm
present, or the svstem might be used to make information about one element at a time before
fully quantitative analyses, -provided that being reset.. Much of the expensc comes in the

certain conditions are met. The sample must very. high quality moving mechanical parts
have a highlv polished, flat surface and must needed, and in the sophisticated computing
have a conductive coating of carbon on it, required to operate the system. Without the

The relative geometry of the electron beam, the automated operation WDS analysis is very slow.
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The scanning facility of SEM's can be
linked to an X-ray output to give visual maps
of the relative abundance of an element over
the scanned area. By using a number of such
scans a very detailed picturc of the qualitative
chemistry of an area can be built up,

Transmission Electron Microscopes (TEM)
give images with the highest resolution, and
can also be fitted with EDS analytical systems.
Such a system allows tolerable quantitative
analyses of very small volumes of material
The main problem with transmission electron
microscopy is the need for ultra-thin samples -
just a few tens of Angstroms thick. This can
be achieved using ion-beam thinners, but it is
time consuming and expensive. The TEM
would not be used for routine mineral analysis.

Electron microprobes differ from SEM and
TEM in the size of the clectron beam-normally
0.5 to | micron in the microprobe. The object
of this is to ensure that enough eletron energy
is put into the sample to generate statistically
viable number of X-ray counts in a reasonable
time. The main purpose of Electron Microprobe
Analysis (EMPA) is to make fully quantitative
analyses of volumes of material whose diameter
on the polished sample is around 3 microns.
Modern microprobe often have several
crystal spectrometers (WDS) andfor an EDS
system. Only one of the latter is required
because the system  collects, stores and
evaluates the X-rays generated from all the
elements present in the analysed spot, using
the difference in the encrgies of X-rays from
different elements, rather than the differences
in the wavelengths used by a ecrystal spectro-
meter. The crystal spectrometer has to be
mechanically set to solve Bragg's Law for one
element at a time, whercas the energy dispersive
detector 15 a semiconductor device, using
electronic principles rather than diffraction to
discriminate between elements. An excellent

account of the principles and practice of
electron beam analysis has been given by Long
(1977) and Dunham and Wilkinson {1978) have
examined the accuracy, precision and detection
limits of EDS methods,

The purpose of the present paper is to
review the use of such data to the mineral and
metal industries, using examples obtained by
the authors and others, using a Cambridge
Instrument Company's Geoscan  electron
microprobe, fitted with a Link Systems Model
290 fully quantitative EDS. We also use a
Cambridge Instrument Company’s S600 SEM
fitted with another Link Systems EDS for
qualitative work. Finally we have an AEI
EM6G transmission eletron microscope, but
with no analytical facilities. The examples to
be described in the following pages will illus-
trale applications of these methods to the study
of copper deposits, potential manganese and
chromite, olivine, plagioclase, sulphide deposits,
clays, bricksand fine ceramics, limestones, steels
and fused basalts.

EXAMPLES

(a) Copper deposits have been known in
various parts of the Cheshire Basin, England,
for several hundred years. The copper miner-
alization, which is & mixturc of primary sulphide
and perhaps secondary oxides, carbonates and
silicates, is found filling fractures and pore
spaces in Triassic sandstones. Barytes and wad
(manganese oxide) are also found.

EMPA of the ores at Bickerton shows the
presence of at least two types of mineral assem-
blage : a covellite-bornite-barytes assemblage,
and a pyrite-bravoite-chalcopyrite assemblage.
Also found within the zoned pyrite-bravoite
grains are layers of As-Sbsulphosalts. lhe
covellite is found by EMPA to bea mixture
of covellite and blaubleibender
often mixed with anilite,

covellite,
Within the covellite



arc many tiny blebs (up to 5 microns across)

- of copper-bearing dzulukulite. This mineral
assemblage suggests very strongly that the
mineralization formed at low temperaturcs,
from the slightly warm ground waters flowing
through the still-porous sandstones. The
electron microprobe analyses have helped to
elucidate the origin of these deposits, and also
provide a part of the basic mineralogical data
needed to desizn a suitable mineral separation
system, should any of those deposits become
economically viable again,

(b) Chromite, olivine, plagioclase and sul-
phides on Rhum, West Scotland. The layered
intrusion of the Island of Rhum has large
accumulations of olivine (possible refractory
material), plagioclase (possible ceramic raw
material), chromite, and sulphide materials.
The olivine-rich rocks (peridotites) form nearly
horizontal layers beneath bands of allivalite
(in some cases an almost pure plagioclase rock).
Each pair of layers may reach up to 100 m in
thickness, in the eastern part of the Island.
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Beneath some of the peridotite layers occur
thin chromitite layers, which in some cases are
associated with very thin layers of immiscible
sulphide droplets. The chromitite layers are
never thicker than 5 mm, so arc not of economic
interest : the sulphide layer however, is the
type of environment where noble metal enrich-
ments occur (e.g. the Merensky Reef in the
Bushveldt Intrusion in South Africa),

Electron microprobe analyses of the olivines
have shown that the olivines may vary in
composition from Foge -¢ depending on  the

height of the sample within the olivine layer.
Cryptic layering is present (Dunham and
Wadsworth, 1978). Typical analyses of the
olivine, pyroxene, plagioclase and minor
chromite from one rock are presented in
Table 1. The chromites within the thin
chromitite layers vary strongly in composition,
being highly aluminous at the base of the layer,
but reverting to normal chromite at the top of
the layer, only 4 or 5 mm away (Table 1,
analyses 5 and 6).

TABLE 1
Analyses of minerals from the layered wltrabasic rocks of Rhum, Western Scotland.

: Chromite

Olivine Pyroxene Flagioclase | 2 3
8i0, 40.44 50,52 45.08 = — —
TiO, = 1.40 1.08 0.93 1.00
AlOs — 3.09 34,29 31,79 37.65 31.55
FeO 12.57 4.97 16.71 14,97 16.92
MnO _— 0.27 —_— — —
MgO 46,45 15.36 14.02 15.82 13.49
Ca0 0.15 23,32 18.17 — — —
MNa,0 — 0,65 = —_ -
K.0 — — = e —
NiO 0.42 — & = o
Cr,0: — 0.63 26.06 12.87 25.85
Fe,03* 11.21 7.92 10.44
Total 10003 100.26 99.30 100 87 100.16 59 24




* Fe;0j calculated in the chromites assuming the presence of 24 cations and 32 oxygens.

Chromite 1 is from the same olivine-rich peridotite as the olivine,

pyroxene and plagioclase,

from the base of Unit 12, Eastern Layered Series, Rhum,

Chromites 2 and 3 are from the base and top respectively of the chromite band between

Units 11 and 12,
Analysts :

—Means element not detected,

The sulphide minerals are contained within
ovoid to irregluar patches, between the olivine

grains at the base of the olivine layer. Such a
horizon is well developed at the junction

F. C. F. Wilkinson and A. C. Dunham.

between Units I1 and 12. In Table 2, a Lypical
suite of analyses is shown from one droplet—a

complex group of minerals. Note the presence
of electrum.

TABLE 2
Analyses of sulphide minerals from immiscible droplets just above the Usits 11 {12 chromitite; Rhum.

Pentlandite Chaleopyrite Bornite Pyrrhotite Electrum
5 33.24 34,77 26.31 36.58 2
Mn — —_ — o i
Fe 35.23 3172 11.42 62,84 2.46
Mi 30.39 0.40 —_ —_ 0.89
Cu 0,92 33.20 62.23 — 1.02
Au — _ - — 46.03
Ag Ry = — — 49,438
Taotal 99.78 100.09 599.96 99.42 99 88
Apalysts : F. C, F. Wilkinson and A. C. Dunham.

Each of these rock types, the olivine-rich
peridotite, the feldspar-rich allivalite, the
chromitites and the sulphide-bearing rocks
might be worked. As with the Cheshire
sulphides, the electron microprobe has provid-
ed primary mineralogical data forming part of
the quantitative assessment of cach rock type.

However, the Island of Rhum is a Mational
Nature Reserve so these particular rocks will
never be worked as ore deposits, but are there
for use in testing ideas of the genesis of such
rocks, of use in working actual
clsewhere.

deposits



(c) Manganese minerals ai Tudun Kudu,
Zaria Province, Nigeria, Monome, Scott and
Dunham (1983) have examined the Mn-prospect
at Tudun Kudu, using EMPA, SEM, reflected
light microscopy, X-ray diffraction and X-ray
fluorescence analysis. The deposit consists of
the weathering product of a spessartite-bearing
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quartzite. The Mn-garnet has been shown to

alter to iron-rich lithium-free lithiophorite,
iron-free lithiophorite and lsad:rich lithiopho-
rite. Cryptomelane replaces the lithiophorite.
Typical analyses of each phase are shown in
Table 3. Note that Li could not be determined
with our EDS spectrometer : Na is the lowest

TABLE 3
Analyses of Mo-minerals from Tudum Kudu, Zaria, Nigeria

Lithiophorite Fe-Lithiophorite Pb-Lithiophorite+ Cryphomelane Garnet
8i0, 0.30 1.50 1.95 0.30 36.19
TiO, - 0.32 = — —
AlO, 20,83 13.68 10.77 0.77 20,37
Fea03
FeO, 0.90 24.12 15.75 1.31
FeO 14.90
Mn0O, 62,25 37.07 38.02 91.53
MnO 25.44
MgO - — 0.31 — 0.63
Cal — = 0.60 0,36 243
K.O 0.31 — 0.31 3.94 —
P.0s — 1.46 0.36 ia}
Taotal 34.60 78,15 74,27 98.21 100.01

+ Analysis also contain 0.75% SO; and 5.45% PbO
* Fez O3 or FeO or MnO are used as appropriate to the mineral

Analysts :  A. C, Dunham, P. W. Scott and F. C. F, Wilkinson. Data from Monome, Scott and

Dunham, 1983,

atomic number element that we can detect.
However, windowless detectors are now avail-
able which extend the elemental frange. Li was
looked for by X-ray fluorescence methods, but
none was detected. It is important to note
that no one machine cdn provide all the

answers : each has its part to play. This
investigation showed that this Mn-prospect was
probably not suitable for further work, because
of the presence of so much Al in the Mn-phases,
The entirely unsuspécted presence of Pb does
not help either.
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(d) Clays, The chemieal investigation of
individual grains of clay is now possible, using
electron beam devices fitted with X-ray spectro-
meters. - Colleagues in- the Department - of
Geology, University of Hull, have used EMPA
to investigate the clay minerals occurring in

sandstone oil reservoir rocks : a topic of great
importance in predieting the engineering
properties of the reservoir, and in predicting
extensions of reservoirs. Some typical analyses

of clay minerals are presented in Table 4.

TABLE 4
Analyses of clay minerals in oil reservoir sandstones

Mixed Layer
Kaolinite Illite Clay Chlorite Goethite®
8i0; 44.65 44,71 43.92 25.40 1.81
TiO, =7 0.50 0.49 — 0.36
ALO, 26.84 35.15 21.02 18.57 3.34
FeO 0.30 0.63 14.35 30.34 76.12
MnO — - — 0.95 1.43
Mg0O - 032 1.86 10.59 =)
Ca0o — — 0.76 — =
MNa.0 —_— 0.46 — — —
K0 0.13 6.95 5.50 — —_
Total 81,92 88.72 §7.90 35.85 24.88

* The analysis of Geothite is from Tudum Kudu,

includes 1.82% PaO4

Analysts :

Iron is shown as Fe,Os, and the total

Clays by 5. Burley, Goethite by Dunham, Scott and Wilkinzon,

Data from Dunham, Scott and Wilkinson, 1983,

(e) Clay Products. We have investigated a
number of different types of heavy clay produet
bricks, roofing tiles and sewer pipes. Not oaly
can the EMPA be used to characterise the
starting materials (clays, feldspars, iron and
titanium oxides) but has also proved invaluable
in the investigations of the naturc of the final

products. The firing of the raw materials
causes the breakdown of the clay minerals and
others to form new phases (e.g. mullite,
critoballite and glass). Unfortunately, the
grain size of the new phases is generally very
small (very much less than | micron) making
the conventional analysis of any single phase



impossible, However, we have used graphical
and numerical methods to treat analyses of
several phases, to derive the compositions of
the glasses in particular, Such data has led to
a better understanding of the phase composi-
tions of such materials, and will, we believe,
lead to a more energy-effective means of
production, by finding the optimum heating
path to produce a material of particular
properties, Possible glass compositions from
three commercial bricks are shown in Table 3.

TABLE 5

Possible composition of glass in bricks
from Broomfleet, Humberside
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14th Century pottery and on modern products.
Two such glaze analyses are presented in
Table 6, The main body of these ceramics can
also be examined in the same way as the heavy
clay products.

TABLE 6

Analyses of ceramic glazes

Red Mottled Red Buff

Brick Brick Brick
5i0; 49.6 49,8 43.2
TiO- 0.5 0.5 0.5
ALO; 31,9 218 227
FeO 55 10.6 7.1
MgO 3.3 2.9 2.9
CaO 2.5 1.3 3.0
Na,0 1.2 1.2 0.6
K.O 3.5 5.9 200

Data from Dunham and Mwakarukwa, 1984

We have also examined fine ceramics using
the same sorts of methods. The analysis of
glaze in sitz is now possible, even though the
glaze may be only a few tens of microns thick.
The analysis of fired glaze is difficult by any
other means, because of the difficulty of obtain-
ing an uncontaminated sample, and because
many glazes arc not etirely glassy. We have
been able to analvse both class and crvstals in

Modern Ancient

Whiteware Sherd
Si0; 55.72 23.07
TiO; — 0,58
AlLO; 13.83 5.75
FeO 0.56 2.75
MgO 0.59 0.28
Ca0 5.18 0.45
Na,O 2.90 —
K0 3.18 —
PbO 11.76 66.59
BaO 1.02 —
Total 04,74 100.07

* The total is low because of the probable
presence of Boron,

Analysts : A.C. Dunham and]F.C.F. Wilkinson.
Data from Dunham, Scott and
wilkinson, 1983,

(F) Impurities in calcite in limestone. Lime-
stone has many uses ranging from building
stone or aggregate to the more sophisticated
uses as a raw material for cement, or as a cheap
white filler. It is becoming increasingly .
important to know not just the bulk composi-
tion of the limestone rock, but also the
distribution of elements within different phases,
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and indeed within the same phase : many
minerals are zoned and calcite is no exception.
Table 7 shows the bulk composition of Carrara
Marble, Italy, and chalk, North Humberside,
England, and thc range of minor elements
present within 5 micron areas within
same two rocks,

these
The detection limits for each

element for our EDS are also shown. The
electron microprobe analyses indicate the
presence of inhomogeneities within individual
phases, which may become more important as

the processing and the specifications for raw
materials becomes more stringent.

TABLE 7

Bulk analyses of limestones and the range shown by electron microprobe
analyses of Spym diameter spots

Chalk Carrara Marble

Bulk EMPA Bulk EMPA DL*
5i0, 1,82 0—2.95 0.11 0—0.18 0.17
AlLLO; 0.17 0—0.80 0.05 n.d. 0.15
Fe.O3 0.10 0—0.48 0.02 n.d: 0.22
MgO 0.22 0—0.66 L12 0—0.79 0,16
K20 — = 0.02 —
Na,O = 0—0.39 = =
S 0.04 0—0.48 = =

* Detection limits for our EDS system.

Data from Scott and Duaham (1984) and Seott, Thanoon and Arodiogbu (1923).

(g) Iron and Steel raw materials and pro-
ducts. Work on materials connected with the
iron and steel industry in our laboratory has
included a wide variety of types of investiga-
tion. For example, sintered iron ore contains
a varicty of phases : two generations of
hematite, megnetite and ferrite, as wel] as glass.
All of these phases can be well characterised
using EMPA, though the oxidation state of the

iron cannot be determined. Ip some cases the

ratio of FeO[Fe,0; may be calculated with
reasonable certainty, but this is not always
possible. This work was reported by D.S. Scott
(1980) and by Dunham, P. W. Scott and
Wilkinson (1983).

We have a project currently in hand to
examine the mineral chemistry of magnesia
refractories, involving the analysis of large
numbers of grains of periclase, forsterite,



merwinite, monticellite, di- and tri-calcium
silicate and lime, all or some of which are pre-
sent in any sample of a magnesia refractory.

In another project, Critchley (1983) has
examined the glass, merwinite, mellilite,
oldhamite and native iron compositions in
cementitious  walter-cooled slag, Finally,
Dunham and Wilkinson (1980) have examined
the homogeneity and inclusions in various
samples of austenitic stainless steels which are
used as X-ray fluorescence standards., The work
showed that on the micro-scale the steels are
inhomogeneous, and therefore could not be
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used as microprobe standards (see Table ).
There are also discrete inclusions of Mn-sul-
phide and Mn-chromite present.

(h) Fused bosalt, 1f natural basalt is melt-

ed in a furnace then cast into tiles, it makes a
very tough material with a resistance to

abrasion in hoppers, for example, superior to
steel. Microprobe analyscs of olivine, pyroxene
and glass from such a material are shown in
Tahle 8. The excellent properties of the fused
basalt are the result of careful control of the
cooling and annealing part of the thermal cycle.

TABLE 8

A comparison between the mean and standard deviation of 10 analyses of stainless steel, with its
bulk composition, and analyses of sulphides and chromite inclusions in the same steel

Bulk EMPA Inclusions
Composition Mean®* St. Devn. Sulphide Chromite
Si
Cr 0.44 0.47 0.06 — - 8iD; —
Mn 12.80 12.59 0.36 8.57 Cr,0; 41.84
Fe 0.30 0.71 0.07 43.64 MoO 31.48
Ni 73.50 73,54 1.07 1146 Fe,03 0.83
S 12.40 12.69 0.78 1.25 _FeO. 193
30.93 - NiO —
“ALO; 2124
s (v 145 °

. Mean of 10 analyses.
Data from Dunham and Wilkinson (1980).

Analysts : A. C. Dunham and F. C. F. Wilkinson,
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TABLE 9
Analyses of minerals and glass in a fosed basalt

ﬁ::ll:sis Glass Pyroxene 1* Olivine* Pyroxene 2

510, 45.15 48,73 53.22 011 4382
TiO; 2.28 2,63 0.29 — 2.72
AlLO, 12.43 17.24 1.42 — 9.10
Fe,04 12,54% —_ X == =
FeO 16.82 8.00 20.49 9.71
Mno 0.20 — 0.34 0.58 0.30
MgO 12.96 1.20 13.90 35.04 13.38
CaO 10.90 33 21.31 0.50 19.89
Na,O 2.21 5.23 1.63 — 0.86
K;0 1.07 3.10 — S =
P.0; 0.67 0.88 — - h
50; 0.04 — — — =y
Crz0; — — 0.47 =

* Pyroxene 1 and Olivine are probably unmelted remnants. Pyroxene 2 is the new phase.

Analysts : A, C. Dunham and F, C, F, Wilkingon,

CONCLUSIONS

The purpose of this paper was to present
some of the uses of EMPA in the minerals and
metals industry. The range of thatérials re-
ported here gives an idea of the potential of
the method, whether the analyses are made
with an eleciron mieroprobe or on an SEM.

Energy dispersive spectrometers have
proved to be very suitable for our work : all
the work described here was done using such
a system.. EDS has two advantages ; once the
system isset up it is fast (around 50 analyses
for up to 14 elements in an € hour shift), as
accurate and precise for major elements as

WDS (sce Dunham and Wilkinson, 1978), and
is ‘user friendly’. In addition, because all the
analytical data is collected at once then it js
certain that it has come from the same spot.
The disadvantages to such systems are the need
to keep the detsctor permanently cooled (at
liquid nitrogen temperature), and the rather
poor detection limits, unless the amalyst is
willing to use very long couiting times with
onc of the most Fecent windowless detectors.
Lven so, the detection limits still do not match
wavelength dispersive spectrometers, An EDS
S¥stem on a microprobe is not the way 1o
determine trace element conlents.



The success of any quantitative analylical
investigation is dependent on the excellence of
the standard materials available. These must
be of the highest quality. Fortunately, pure
metals can be used for many elements. Othér
elements (e.g. MNa, Hg) must be fodnd in a
stable, homogeneous solid, whose composition
is accurately known. Such materials are avail-
able commercially, but must always be treated
with caution, and tested for their homogeneity
by the user under the conditions undér which
his analyses will be made.
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The final point to be made concerns the
operation of such machines. They are not
yet like a transistor radio, which you can turn
on and expect to hear the programme of your
choice ! Electron béam analytical devicss need
a skilled 'operator for each machine, who can
maintain the machine as well as providing
analyses and training users to obtain their
own. Itcannot be emphasised strongly enough
that the success of any laboratory is entirely
dependent on that person,
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The quartz mica schist the Agglomeratic
Slate, the Panjal Formation and the Malakandi
Formation represent the Kashmir sequence in
the Balakot area. The Balakot gneisses and
the biotite and garnet mica schists further
west of Balakot apparently represent the Tanol
Formation of Hazara sequence.

For the sake of convenience the stratigra-
phy of Balakot has been discussed below under
two headings, the stratigraphy east of river
Kunhar (comprising sedimentary rocks) and the
stratigraphy west of river Kunhar (comprising
metamorphoscd rocks).

Stratigraphic Sequence East of River Kunhar

The stratigraphic units exposed in the
Balakot Anticline and the Muzaffarabad Anti-
cline further south constitute the Muzaffarabad
Sequence. It is outlined below in Table 1. At
Balakot these units occur mainly to the east
of river Kunhar.

TABLE 1
Muzaffarabad Sequence Exposed at Balakot

Tentative Age*  Unit

Miocene Murree Formation

Eocene Margala Hill Limestone

Early Eocene

to Palaeocene Patala Formation

Palacocens Lockhart Formation
Palacocene Hangu Formation
Cambrian Abbottabad Formation

(base not exposed)

* These ages have been given on the basis of correlation
with units further south in the Hazara basin.

Abbottabad Formation

The Abbottabad Formation occurs in the
form of a broad band of outcrop extending

southward from Garlat, a suburb of Balakot,
just east of River Kunhar. Within the mapped
area it is widest at Naukot in south where the
outcrop width is over 6000 ft. Northwards its
width gradually decreases being partly faulted
and partly concealed under the allovium. Apart
from the main outcrop a number of fault slices
oc¢cur sandwiched within the Tertiary sequence
on the slopes east of River Kunhar, The most
prominent of these fault slices occurs on the
Kaghan road about 2 km from Balaket. Both
north and south this squarish patch is abruptly
truncated by faults. The eastern contact of this
patch is marked by a squeezed band of Hangu
Formation, marking an unconformity at the
latter’s base. The main outcrop underlies the
villages of Khokhan Bud, Kanoch, Sohbarian,
Chhappar, Naukot and others further south,
The western contact of this main outcrop
towards the riverside is faulted throughout. This
fault is known as the Muzaffarabad Fault.

Lithology and Stratigraphic Characters

The Abbottabad Formation in the Balakot
area is mainly a dolomite with cherty bands
in the upper part and a siliccous variety of
dolomite with banded chert in the lower part.

The colour of the formation is

medium
grey and sometimes grevish brown on the
fresh surface and genoerally light to pale
grey and somectimes hrown to dark grey on the
weathered surface, The chert bands are mostly
dark grey and occur either in the form of thin
dark and light grey mottled laminae, planer
patches, lenses or sometimes in the form of
boudins. They are generally much harder than
the surrounding dolomite and may stand up on
the weathered surface. The dolomitic part
shows a chopboard weathering sivle due to the
presence of a large numbers of incipient

fractures.



The formation is well jointed, the joint
blocks being larger in the upper dolomitic part
and being smaller in the lower siliceous part.
The rock is fairly competent and shows a lot of
brittle deformation. Minor folding, at places,
is well developed and is of concentric type.
The lower silicéous part has been intensively
sheared and crushed leading to rapid erosion
at many places. This has resulted in the for-
mation of large gravel fans at the mouths of
major streams on the eastern bank of River
Kunhar especially between Balakot and Garhi-
Habib-Ullah. Lithologically the following rock
tvpes are seen in this formation.

Cherty Dolomire. This is the uppermost
part occurring below the Hangu Formation. It
is thick bedded, shows development of chert
bands, is composed of relatively purc dolomite
and on the weathered surface shows chopboard
weathering. The cherty dolomite, can be further
subdivided into two parts. The uppermost part
is generally light grey on fresh surface as well
as on the weathered surface. It contains thin
dark grey and white banded layers which
where siliccous, stand out prominently on the
weathered surface. The lower part of the
cherty dolomite is dark grey to light brown on
the fresh surface and brown to dark brownish
grey on the weathered surface. Tt generally
contains thicker patches and lenses of grey
chert which may stand out prominently on the
weathered surface.

Banded Quartzite. The lowermost part of
the formation is quartzitic and banded, The

whitish or light grey bands alternate with dark
coloured bands. The lithology shows effects of
shearing and crushing.

Banded Grey Limestone, Calkins et al. (1975)
reported and mapped a 400 to 450 ft. thick
black limestoné unit nedr the top of the
Abbottabad Formation in the Muzaffarabad
area. This black limestone band is generally
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absent in the Balakot area. However, in the
south of the presently mapped arca on the
Kummi spur near Chhappar a banded grey
limestone is present within the Abbottabad
Formation, Most probably it is the same black
limestone noted by Calkins et al., in the
Muzaffarabad arca. Tts outcrop, however, does
not extend much further northwards towards
Balakot. The limestone band near Chappar is
nearly 150 ft. thick. It comprises a fine grained
dark grey limestone with yellowish grey bands.
Tt is overlzain by a white band of quartzite and
dark grey shales.

Intraformational Breceias. One or more hori-
zons of intraformational breccias showing white
and grey banded angular quartzite/chert picces
in a quartzitic/dolomite matrix are found in the
Abbottabad Formation. These breecias appear
most striking due to the random alignment of
banded picces. There is no regular alignment
or visible shearing eifect.

The lowermost part of the Abbottabad
Formation exposed in the Khwas Katha is a
black graphitic shale. Argillaccous partings
are also present elsewhere in the Abbottabad
Formation.

Calkins et al. (1973), called the Abbottabad
Formation the Kingriali Formation and
described it as follows :

“In the outcrop belts between Abbottabad
and Garhi Habib-Ullah and between MuzafTar-
abad and Balakot, the Kingriali Formation
consists primarily of cherty dolomite with
guartzite and conglomerates at the base of the
formation. The dolomite is grey to white on

the weathered surface and dark grey to black
on the fresh surface. Some layers are distinetly

pink, possibly owing to the presence of
manganese carbonate. Beds rarge in thickness
from thin lamination to 2. feet. Locally beds
of intraformational conglomerate and quarizose
sandstones are found,.;c.aassamiohert, . which
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stands out in relief on the weathered surface, is
distributed in layers, lenses and irregular
patches. The chert layers are as much as 100
feet long. Because of its silica content, the
dolomite is extremely brittle and is traversed by
many closely spaced joints, For hundreds of
feet away from a fault, this dolomite is shatter-
ed into small joint blocks which collect into
huge talus cones at the base of steep slopes.”

Hanpgu Formation

The Hangu formation in the Balakot area
is generally poorly exposed and at many
The Hangu
Formation is 2 relatively thin and occurs in
patches along the northwestern contact of
Abbottabad Formation extending from Bala
Pir Ziart near Balakot through Ackhan Bud
to Kanoch and further south. Better exposures,
however, arc present at Jabba and Nakka
below Bhangian and east of Kanoch village.
It is also seen as a poorly preserved patch on
the Kaghan Valley roadside about two and a
half kilometre from Balakot,

places has been faulted away.

The formation consists of quartzite,
sandstone, claystone, shale and conglomerate.
The quartzite is white to greyish white in colour
and weathers rusty bown, It occurs at the
base as a thick layer and at the top in the form
of thin bands within shales. The sandstone is
generally grey with rusty weathering and in
some parts is conglomeratic. The claysiones
are dark grey or cream coloured and at places
show poor development of pisolites.

The shales which occur towards the top
aré best exposed at Jabba and below and
east of Bhangian. They are also well developed
at Makka southeast of Bhangian. Southof the
Bhangian spur, however, they were not seen
in the Balakot area. These shales are steel
grey and vellowish grey on the fresh surface
and light grey (ash grey) and grey mottled with
rusty orange patches on the weathered surface,

They resemble parts of Patala shales but are
differentiated from the latter and characterized
by the presence of thin quarizite bands and by
the absence of limestone bands. The quarizite
bands are light grey, greenish grey and at times
dark grey on fresh surface and grey, brown,
and rusty on the weathered surface, This quart-
zile is mostly pure and coarse grained,

At places some flaggy siltstones are also
present.

At the Kaghan Valley roadside exposure
the claystone is dark grey on fresh surface and
orange to rusty vellow on the weathered
surface. Tt shows few poorly developed pisolites.
The arenaceous part, here, occurs as light grey
grit and as dark grey, coarse grained quarizite,
conglomerate and bieccia. There are some
calecareous layers as well.

At Ackhan Bud the formation is represented
by rusty weathering whitish quartziie, colitic
and huematitic ¢laystone, and rusty brown
weathering dark grey shales.

Al Knoch the lower part of Hangu Forma-
tion 15 well developed and ocvcurs as an
ouicrop patch vn the lelt bauk of Kuooch Kaiba
where 1he Kanshian—Knoch road crosses 1f.
Here a medium grey sandstone with conglome-
ratic layers overlies the cherty dolomite of
Abbotiabad Formation with a discontormable
contact, This sandstone is overlain by black
shales. The upper contact with Lockhart lime-
slone, where preserved, is sharp.

Lokhart Formation

In the Balakot area the formation mainly
consists of grey limestone. The limestone is
thinly bedded with shaly interclations in the
lower part and medium bedded in the upper
part. The nodularity is not clearly seen in
the lower part but in the upper parl it is
poorly developed. Very thin marly parts are



sandwiched between nodules. The marly parts
arc particularly fossiliferous,. The fossils in the
marly part are seen as small black dots but are
best identifiable in white outline on the weas
thered surface of limestone nodules. Compared
to Eocene Margala Hill limestone micro-fossils
in the Lokhart limestone are fewer and their
size 15 small, 1 to 3 mm, The limestone is fine to
mediom grained and the upper part generally
breaks with an irregular surface. In this upper
part irregular joints and incipient fractures are
present.  Also present are numerous irregular
thin calcite veins. The upper part is dark grey
on the fresh surface and light to medium grey
and bluish grey on the weathered surfaces,

The lower contact with Hangu Formation
is sharp to gradational ; the upper contact with
Patala shales is transitional.

Patala Formation

The Patala shales occur in the form of a
number of thin bands within the structure of
the Balakot anticline on the eastern slopes of
River Kunhar. The outcrops are well develop-
ed and fairly extensive on the Bhangian and
Jusach (Magra) spurs and further south at
Kummi and Batangi but are generally reduced
southwards.

Predominantly the rock consists of shales
and claystones and minor siltstones, thinly
laminated and with well-developed fissility. The
claystones as exposed at Bhangian and Jusach
occur towards the top ; are splintery or flagey,
breaking into slabs like slates; olive green,
greenish grey and dark grey on fresh surface
with occasional thin purple bands. They weather

greenish grey with patches of rusty brown and
orange.

The calcareous shales which occur mostly
in the lower part are splintery and flaggy. On
the fresh surface they are greenish grey or dark
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grey 'and weather greeish grey and whitish
grey.

At Bhapgian the Patala shales have, in
their upper part, two thin bands of algal
limestone, The algal limestone is medium to
dark grey, medium to finc grained and has
yellow dolomitic patches which in some paris
are yellowish grey. This limestone in its lower
part shows dark brownish grey colour on the
weathered surface and chopboard
weathering., Here it is also somewhat coarse
grained. With the algal bands a few micro-
conglomerates (angular whitish 2—4 mm picces
in grey or purple matrix) are also associated.

some

The lower part of the Patala shales have a
transitional contact with Lockhart limesione
and have numerous baonds of fossiliferous fine

grained limestone. These limestone bands
are dark grey on fresh suriace and medium

grey to yellowish grey on the weathered surface.

Fossils in shales and claystone are generally
not visible to the naked eye.

The upper contact of Patala shales with the
Margalla Hill himestone is sharp.

Margala Hill Limestone

The formation mainly consists of grey
limestone. 1his limestone, in mauoy Wways, 15
similar 1o Lockhart limestone, but il contains
fewer shaly interclauons and the bedding and
nodularity is better developed., Some marly
parts arc squeezed between the nodules, The
himestone is dark grey on fresh surface and
light to medium grey or dark brownish grey
on the weathered surface, It contains more
abundant and larger (4—10 mm) microlossils,
Mumerous species of Assilinas and Mummulites
are seen, The foraminifers are seen in the field
asdark grey specks in the marly part or in
white outline on the medium grey weathered
part of the limestone nodules. The lower
contact with Patala shales is sharp but the
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upper contact with Murree Formation is grada-
tional, where preserved.

Mourree Formation

The Murree Formation in the Balakot area
consists mainly of maroon coloured shales with
green patches and bands, greenish grey sand-
stones and generally maroon siltstone, There
are subordinate conglomerates and rare bands
of limestone.

The shales are maroon, generally, and at
places purple or bright red. The colour some-
times changes laterally into patches and bands
of green.  They are characterized by a splintry
nature, presence of fracture cleavage, lineation
and tension gashes. MNumerous veins of calcite
and quarlz are also present. At some places
the shales contain few disseminated small size
pebbles.

The sandstone is greenish grey to grey on
the fresh surface and brownish on the weathered
surface, It is coarse grained, impure, calcareous
and with minute rock pieces. The weathering
is generally penctrative and a nearly one or
more than one centimetre thick brown weather-
ed layer may surround a greyish fresh core.
The rock is well jointed and has quartz veins
and tension gashes.

The conglomerates arc intraformational
and contain clasts of Murree,

The siltstones are very similar to shales
except for the coarser grain size.

The occasional to rare grey fossiliferous
Eocenc limestone bands within Murree Forma-
tionmay be inliers of Margala Hill limestone but
at other times they may represent olistostromes
i.e. syndepositional patches and slices of Margala
Hill limestone detached from the parent and
emplaced within the Murrees during deposition,

The lower contact of Murree outcrop in
the overthrust limb of Balakot anticline is

generally faulted in the area but the throw of
this fault gradually decreases to the south and
on the Kummi spur there appears to be some
reworked material at the base of Murree
formation. A few boulders containing reworked
Eocene fossils were also found above Batkarar
but the outerop could not be traced.

Presence of Kuldana Formation between
Eocene Margala Hill limestone and Murree
Formation has been reported from the Muzaffar-
abad area but its presence in the Balakot area
could not be ascertained.

The upper contact of Murree Formation is
not exposed in the area.

STRATIGRAPHY WEST OF BALAKOT

West of River Kunhar and Jalora Katha
up to the Kund Bangalow ridgetop two main
stratigraphic units are exposed in an inverted
sequence, From Balakot westwards these are,
respectively, Agglomeratic Slate (Chushal For-
mation) and Tanol Formation. The latter is
intruded by Mansehra Granite. These two
however, have been considered to belongs to
two basinal affinites. The Agglomeratic Slate
belongs to the Kashmir basin and the Tanol
Formation to the Hazara basin. Apart from
the Agglomeratic Slate some other units belong-
ing to the Kashmir basin are also prcsent in the
Balakot area, These are the Panjal formation
and Malakandi Formation (Triassic limestone)
both of which outcrop as fault slivers at
Batkarar. Fault slivers of thinly laminated
limestone bands so characteristically associated
with volcanics of Panjal formation in the
Kaghan Valley are also seen north of Khet
Sarash, though not described here.

West of Balakot, therefore, it is useful to
realize that there is no stratigraphic continuity
between the lowermost Tanol Formation and
the upper three, Agglomeratic Slate, Panjal
Formation and Malkandi Formation.



TABLE 2
Stratigraphic Sequence West* of Balakot

Tentative Age Unit Name

Triassic Malkandi Formation

Panjal Formation
Agglomeratic Slate
————Fault———

Tanol Formation

Permian
Carboniferous

Precambrian

* Qutcrops of Panjal and Malkandi Formation occar
southcast of Balakot and east of river Kunhar.

The Tanol Formation

What is being described here as a single
Tanol Formation sequence was considered as
part Salkhala (eastwards near Balakot) and part
Tanol (wesiwards near Kund ridge top) by
Calkins et al., (1975). The Tanol Formation in
the Balakot area outcrops between graphitic
schist of the Agglomeratic Slates and the
Manschra granite (at kund ridge top). Trending
more or less ¢ast-wesl it oceurs under the villages
of Khanda, Mittikot, Satbanni, Sarbori, Dandar,
Barna, Rin and further north it exiends under
Ban, Madhar, Bagar, Sukki, Guchh, Rori and
Shahidpani.

The Tanol Formation in this area consists
predeminently of two lithologics, a pelite-
psammite unit to the east and a pelitic lithology
(Satbanni pelites) occurring further west on the
higher slopes of the Kund ridge. The pelite-
psammite unit has been extensively feldspathised
and will be, herein, referred to as the Balakot
Gneiss.

Balakot Mylonite Goeiss

This quartzo-feldspathic unit is exposed to
the west of Balakot between the graphitic part
of Agglomeratic slates and the Satbanni pelites.
The outcrop extends in more or less north-

south direciion passing through the villages of

36

Khanda, Sarbori, Dandar ete. north of Balakot
and through Bauli, Basut, and Tranna south of
Balakot,

The Balakot Gneiss is tough, competent,
well bedded, and breaks into relatively large

joint blocks. The quartzo-feldspathic bands
are light and the biotite rich pelitic bands are

dark, Overall the rock is light greenish grey
or somelimes dark grey on fresh surface and
brown and rusty brown on the weathered
surface. It is traversed by quartz veins and
few dolerite dykes,

In cross section the rock shows a pneissic
structure. The felsic lavers (generally 5 to
10 mm thick) make small augen structures.
The individual augens may be 5 to 15 mm long.

Apart from the gneissose feldspathisad
parts there are fairly thick non-feldspathised
pelitic zones as well as dominantly psammatic
bands which have been little affected by grani-
tization, Rare bands of marble are also seen,

Calkins, et al. (1975), called these rocks the
quartzo-feldspathic unit and considered them
part of the Salkhala sequence. They described
it as follows, *“The quartzo-feldspathic unit
consists, of medium to coarse grained some-
what gneissic rock made up of quartz, feldspar
{microcline and oligoclase), biotite, muscovite,
and chlorite.  In places it is pegmatitic. The
rock has a layered structure and a granitic
texture, this bcing modified by toliation and
cataclasis. Augens of feldspar are characteris-
tic. Some augen are subhedral crystals as
much as 1} inches long but most are less than
half an inch long and are rounded and crushed
by shearing mmovements. At Balakot the
quartzo-feldspathic unit includes Jayers or
lenses of pure white fine grained sugary gquart-
Zose sandstone and layers of hne grained grey
muscovite-biotite quartz schist, which probaoly
represent argillacevus siltstones. These layers
invariably teather out as tenuous siringers in
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to the quartzo-feldspathic gneiss, suggesting that
original beds have been largely replaced (grani-
tized) by the quartzo-feldspathic material.  In
other places the quartzo-feldspathic rocks
resemble an arkosic sediment. Perhaps some
of the unmit represents an original arkosic
sandstone."”

Bossart et al. (1984) have described the
Balakot gneiss as mylonites as follows :

“Mylonites are found in a 1—5 km wide
zone of ductile deformation along the western
border of the syntaxis. This zone dizappears
towards the SW under the alluvium of the
Mansehra Valley. The mylonites can be
followed towards the northeast into Kohistan.
The unit consists of granitic mylonites, cata-
clasites and calcite mylonites. The granites
mylonites can be subdivided in two groups.

(1) Mylonites with alternations of dark
mica rich layers and quartz layers. The quartz
layers consist of quartz ribbons with a crystallo-
grahhic preferred orientation.

(2) Mylonites with feldspar clasts (micro-
cline, potassium feldspar, plagioclase) in a quariz
matrix. This matrix consists also of gquartz
ribbons, the quartz grains showing subgrain
structures and recrystalised borders,

Both rock types show a well developed
cleavapge steeply inclined towards the Wsw,
Wand WNW. The quartz ribbons are parallel
to cleavage'’.

Agglomeratic Slate (Chushal Formation)

The Agglomeratic Slate which is best
exposed in the Pir Panjal area of Kashmir
moves morth through' the Neelum Valley and
Kaghan Valley and then turns around the apex
of the Hazara Kashmir Syntaxis and follows
the western limb of the syntaxis to Balakot.
In the Balakot area it is exposed west of Jalora
Katha and west of River Kunhar. Here it

comprises two main rock tvpes, quartz mica
schist and graphitic schist.

Quariz Mica Schist. The guartz mica schist
is greenish grey and grevish on the fresh
surface and brownish grey on the weathered
surface. A few graphitic bands are also present.
The rock is characterised by its pelitic nature
and the ubiquitous presence of folded quartz
viens and boudins.

Graphitie Schist. The graphitic schist is
exposed on the spurs west of Balakot and Jalora
Katha as 3 marker horizon which can be seen
from far off, as from Bhangian on the opposite
side of the river.

Coming from Kashmir the outcrop runs
almost without intérruption around the Hazara
Kashmir syntaxis passing through Jigan,
Dandar, Satbanni, Mittikot and Pauri Kaiha
until it truncates in Sangal-Bhor Katha near
Bamphora village about one km south of
Balakot by the Murrce fault and a younger
transverse fault.

This is essentially a fine grained quartz
mica schist with disseminated graphite but
some pelitic bands are particularly rich in sooty
graphite and act incompetently. The colour is
steel grey to black with rusty brown patches
on the weathered surface. At places cubic
crystals of pyrite are present which may be
washed out leaving squarish cavities behind.
Folded quartz veins and boudins are common.
The outcrop at Dandar is 400 to 500 fi. wide
and has more than one few feet thick bands of
coarse limestone marble, The limestone is
medium to dark grey in colour and slightly
metamorphosed. At places’ there are thino
layers of calc-schist in the limestone/marble
which mark flow folding in the rock. Veins of
tjuartz and calcite at places have accumulated
as nodules within the limestone/marble.

On the leflt bank slopes of Pauri Katha a



few feet thick yellowish white siliceous band is
also present within the graphitic schist.

The lower contact of graphitic schist with
quartz mica schist is gradational but the upper
contact with Balakot Gneisses is sharp and
faulted,

The Panjal Formation

The voleanics of Panjal Formation so exten-
sively exposed in the Kaghan Valley are secn
near Batkarar south of Balakot, in the form of
nearly a kilometer long fault slice.

The rock is gresnish grey to green while a
few horizons are dark red and purple in colour.
Large dark green porphyroblasts of chlorite are
fairly characteristic. At places the rock shows
epidotization in the form of yellowish green
patches, One or two thin creamish claystone
like horizons were also noticed.

Apart from this outcrop thin slices of
Panjal Formation are also seen on the spurs of
Jalora Katha north of Balakot outside the
presently mapped and described area. Further
north, however, necar Hangrai the exposures
widen markedly.

The upper contact of the overturned Panjal
Formation with a thin band of chert and
guarizite at Batkarar appears to be normal to
slightly disturbed. The other contact of this
outcrop at Chhapper is faulted against a thin
slice of Murree Formation and dolomite of
Abbottabad Formation by the combined Murree
and Muzaffarabad faults that pass through this
area.

This outerop of Panjal Formation occurs on
the castern baok of River Kunhar but must be
considered stratigraphically a part of the

metamorphic sequence mainly exposed on the
west bank,

Malkandi Formation

A faulted slice of an oolitic limestons
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outcrops near Batkarar in close proximity with
Panjal Formation,

This limestone is medium to coarse grained,
medium grey on fresh surface and yellowish
grey on weathered surface. The limesione has
yellow dolomitic patches, a few yellowish bands
and some minor calcareous sandstone horizons.
The oolites are stretched.  The rock is
apparently clastic and has clear cross bedding
at places, Some parts show reworking and pre-

sence of limestone clasts.

The limestone patch is overlain by a 50 ft.
thick band of whitish quartzite which itsclf is
overlain by a layer of metachert and thea a
slice of greenstones of Panjal Formation, This
whole sequence is apparently upside down,

This Qolitic limestone of Malakandi Forma-
tion appears 1o be different from any other
limestone seen in the Balakot anticline. It
neither resembles the Tertiary limestones nor
the dolomite or limestone of Abbottabad
Formation. To a certain extent it resembles the
Samana-Suk limestone of the Hazara stratigra-
phic province to the south. It represests the
limestone horizon outcropping opposite Chore
Banda near Malkandi in the Kaghan valley.
It, therefore, belongs to the Kaghan stratigra-
phic province just like the greenstones of Panjal
Formation.

MAJOR STRUCTURES
The Balakot Anticline

The rocks of the Balakot area east of River
Kunhar have been folded in the form of a
major anticline, which has been overfolded and
thrust to the southwest, along the Muzafar-
abad Fault (Calkins etal. 1975), The steep
overturned southeastern limb of  the
anticline has been completely overridden by
the more gently inclined northwestern limb
which comprises the entire stratigraphic
sequence now exposed in the anticline, The

thrusting has generally brought the oldest
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exposed unit, the Abbottabad Formation, in
juxtaposition against thin slices of Murree
Formation exposed at places but generally
burried under the alluvium of River Kunhar.
These thin remnants of the Murree Formalion
arc now the only exposed traces of the western
limb of the Balakot Anticline. Further to the
west, these Murree rocks have been truncated
by the Murree fault.

The Balakot Anticline is a double plunging
fold. In the northwest it narrows and dis-
appears as well as is partially truncated against
the Muzaffarabad fault between Garlat and
Jabra near Patlang.: In the southeast it plunges
and disappears near Lari cast of Shohal Mazula.
Here it partially overlaps the Muzaffarabad
anticline and has a fault disturbed en echelon
relationship  with the latter. Calkins et al.
(1975) called the entire structure extending
from Muzaffarabad to Balakot on the western
margin of the axial zone of the svntaxis as
the Muzaffarabad anticline. The northern part

of this large structure has heen called here the
Balakot Anticline.

A number of sketch sectionsin Fig. 1 & 2
illustrate the structure of the Balakot Anticline,
As can be seen from these figures the Balakot
Anticline now basically comprises the overthrust
nertheastern limb. However, structures relating
to the core can, at places, be seen in the main
outcrop of Abbottabad formation. The over-
thrust limb itself has been reduced to a series of
slices separated by medium to high angle imbri-
cate faults. A number of asymmetric, inverted
to icoclinal folds involving mostly the Lockhart
limestone and Patala shales occur within the
overall strueture in the wvicinity of Bhangian,
Jusach and Magra.

Tectonic Significance of Murree and Panjal Fault

To understand the regional tecionic frame-
work of the Murree and the Panjal faults, which
have been described below, it would be appro-
priate io quote Wadia.

“Two more or less parallel and persistent
planes of thrust have been traced at the Pir
Panjal range along its whole length from the
Jhelum to the Beas in Kulu. The outer of
these (the Murree Thrust) has thrust the
autochthonous Carboniferous-Eocene Belt of
rocks over the mid-Tertiary Murree series, while
the inner thrust (the Panjal thrust) has driven
the older purana schists and slates of the
central mountains over the autochthonous
Carboniferous—Eocene rocks along an almost
horizontal plane of thrust (Kashmir nappe).”™
(Wadia 1975, p.392). Again he writes “The
most important teetonic feature of this region
it the occurrence of two great concurrent
thrusts on the southern front of the Himalayas,
delimiting the autochthonous belt which have
been traced round the syntaxial angle from
Hazara to Dalhousie, a distance of 400 km.
Of these two thrusts, the inner (Panjal thrust)
is the more significant, involving large scale
horizontal displacements. = The outer the
Murree thrust, shows greater vertical ' displace-
ment and is steeper in inclination but-has an
equal persistance over the whole region. Inits
geological constitution, the autochthonous zone
between the two thrusts consists of a series of
inverted folds of the Eocene (Nummulitic)
rocks enclosing cores of Permo-Carboniferous
Panjal Volcanics, and Triassic all closely
plicated but with the roots in sitn,”™

The Muorree Fault

So named by Wadia in 1931 this fault has
also been called the Main Boundary Fault,
MBF, or the Main Boundary Thrust, MBT.

The Murres Fault at Balakot represents a
thrust between the metamorphosed sequence
west of River Kunhar and the sedimentary
sequence” of  the ' axial zone of the Hazara
Kashmir Syntaxis occurring east- of River
Kunhar. In the Balakot area this fault is
generally vertical or inclined steeply to the
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west. Trending north from Nauseri in the
Neelum Valley in Azad Kashmir the Murree
thrust crosses the high Kaghan ridge and traver-
sing the slopes of Bhunja Katha it appears near
Malkandi on the roadside in Kaghan Valley.
From here it is folded into a hairpin bend
alongwith the rest of the structures and
geologic sequence on the limbs of the Hazara
Kashmir Syntaxis passing around the east-wast
trending apical part of the syntaxis and bending
south along the western limb of the syntaxis.

Running north-south along the Jalora Katha
it turns NW-SE north of Balakot and then runs
along the Barna Katha, Further south it passes
under the town of Balakot and continues to
MNaugran for a distance of about 4 miles con-
cealed under the alluvial fill of Kunhar Valley.
In the arca of Waugran and Batkarar the
Murree Fault separates a slice of Panjal Forma-
tion from dolomite of Abbottabad Formation.
Further south it passes west of Muzaffarabad
and then onwards along River Jhelum.

According to Calkins, et al. (1975) north of
Balakot the Punjal Fault merges with the
Murree Fault, the combined [aults continuing
southwards under the valley alluvium. How-
ever, since the so-called Salkhala Formation
mapped by Calkins, et al. (1975) west of Balakot
is in fact Chushal Formation (Agglomeratic
Slate) the two faults do not merge north of
Balakot. The Panjal Fault runs west of and
separately from the Murree Fault in the
Balakot area down to Bamphora, about one
kilometre south of Balakot. However, from
Bamphora south to Hassa and Batkarar the
Murree and the Panjal faults do combine
and run as asingle fault zone though they
diverge again further south. Calkins et al.
(1975) gave dips of 50 to 70° E northwest of
Muzaffarabad and %0° E to vertical south of
Muzaffarabad. Apart from a strike slip move-
ment these writers also gave a vertical
displacement of about 10,000 ft. for the Murree
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fault on the western limb of the syntaxis.

The Panjal Fault

The Panjal Fault (Wadia, 1931) coming from
Kashmir at the base of Pir Panjal Range like
the Murree Fault bends round the Hazara
Kashmir Syntaxis and trends ina northwest
southeast direction west of Balakot separating
graphitic schists of the Agglomeratic Slate
sequence from the Balakot Gaoeiss of the Tanol
Formation. On the western limb of the syntaxis
from north to south it passes through the
villages of Makhan Mobhri, Tungli, Bajanbaura,
Dandar and Khanda, Further south of
Bamphora for some distance till Hassa and
Batkarar it combines with the Murree Fault.

In the Balakot area especially north of
Balakot it dips generally west at 25° to 65°.
South of Balakot the dips range from 25° to
35 west. Calkins et al. (1975) called it a
combination reverse strike slip fault which dips
from 59° E to vertical,

The Muzaffarabad Faunlt

The Muzaffarabad Fault (Calkins et al.,
1975) runs as a single fault zone from south of
Muzaffarabad to north of Balakot along the
western, southeastern margin of the Balakot
and Muzaffarabad anticlines. Tt is along thijs
fault that the Balakot anticline has heen
overthrust to be west. MNorth of Batkarar this
fault iz more or less concealed under debris
and river alluvium but south of Batkarar to
south of Muzaffarabad it is exposed and presents
a most striking structural feature.

The fault is a high angle thrust which
dips 25° to over 50% northeast. In the Balakot
area this thrust has juxtaposed the dolomite of
Abbottabad Formation against Murree Forma-
tion ; though the Murree Formation is concealed
under the river alluvium at places, For some
distance south of Batkarar the Muzaffarabad
and Murree Faults join together bringing
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the Panjal volcanics against the dolomite of
Abbottabad Formation. Further south of
Shohal Mazula again for some distance the
dolomite is in faulted contact against metamor-

phics or Hazara Slates and here, too, the
Muzaffarabad and Murree Faults have combined

together. North of Balakot the Muzaffarabad
fault trending northeast crosses the River
Kunhar and merges into the Murree Fault

which north of this point runs north-south
along Jalora Katha.

Gouge and fault breccia are the two most
common shear features throughout the length
of this fault. The gouge zome is generally
5—20 feet thick. The cherty dolomite shows
extensive brittle deformation.

Calkins et al. (1975) describe the Muzafar-
abad Fault as follows: **The Muzaffarabad
anticline on the western edge of the axial zone
trends southeast, is sharply overturned south-
west and is  cross folded. Within the
overturned southeastern limb of this anticline
a second fault, the Muzaffarabad fault,
separates 1o Triassic rocks
(Kingriali Formation) from the younger rocks.
This fault dips 25°—50° E, and along this
slanting surface the Carboniferous to Triassic
rocks have moved westward over the Eocene
limestone and Murree rocks. The Eocene lime-
stone and Murree rocks of the overturned
southwestern limb of the Muzaffarabad anticline
are sandwhiched between the Murree and
Muzaffarabad faults and in places ure cut out
altogether. NMNorth of Garhi Habibullah, the
Muzaffarabad Fault joins the Murree fault ;
southeastward it decreases in displacement and
disappears”. The above statement must pow
be read with quite a few changes in the
stratigraphic nomenclature.

Carboniferous

Bomphora Strocture

A:buutz km south of Balakot along the
roadside a small but very interesting exposure

of the tectonic relationship between Murree
and Muzaffarabad faults isseen. The section is -
best exhibited along the branch road that goes
to Bomphora and Sangal villages just above the
main road.

The entire rock sequence especially the

small rather isolated patch of reddish coloured
Murrees here is strongly sheared. Westward
this patch of Murrees is in tectonic contact
with the mylonitic Balakot Guoeiss along the
Murree and Panjal faulis that combine here
into a single west dipping fault. However, the
fault gouge present on the place also contains
sheared pieces of dolomiie of Abbottabad
Formation. More clear are some shcarcd slices
of dolomite that rest on the lault gouge and
dip east, toward the river. A suructuwal inter-
pretation of this relationship is given io Dgure 3,
The figure suggests that the Muzallarabad lault
being younger has brought the dulomite of
Abbottabad Formation to rest on the Murree/
Bulakot Gneiss contact. The dolomile Sucafs
with their castward dip toerefure, consthulle
a klippe and lic dircetly abuove the easiward
dipping Muzaffarabad fault zone whicn forms
the base ol the overthrust limb of the Balakot
anticline. One could thus eXpect a zZoue of
Murrees under the alluvium of river Kunhar
separating the two east and west banss Lraces
of Mazaffarabad fault. In between these 1wo
traces the Abbottabad dolomite overlying
the Muzaffarabad fault has been removed by
River Kunhar,

DISCUSSION
Stratigraphy

The above described stratigraphy of Balakot
area brings into light the fact that more thao
one type of stratigraphic sequences hayve been
tectonically juxtaposed in the Balakot area.
These sequences belong to what may be called
the stratigraphic pruvinces of Muzatfaraoad,
Hazara and Kashmir (Ghazanfar, Chaudnry
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and Latif, 1987). The rclative location of the
stratigraphic provinces in Balakot is shown in
Fig. No. 4 while table MNo. 3 shows a classifi-
cation of the outcropping units of Balakot area
according to their stratigraphic basinal affinities.

East of River Kunhar the rocks of the
Balakot anticline belong to the Muzaffarabad
stratigraphic province (table 3). These are all
sedimentary rocks, After the Abbottabad For-
mation as the oldest exposed, there is a
long gap in deposition with lasted from
Cambrian through the entire Mesozoic era until
Palacocene time when Hangu Formation and

younger Cenozoic sequence was deposited.
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The western limit of the MuzafMarabad Sequence
15 marked by the Murree Fault which juxtaposes
the sedimentaries, mainly Murree Formation,
against the metamorphics.

West of River Kunhar metamorphic rocks
extend all along the Batrasi-Kund ridge.
Stratigraphically, however, the metamorphics
occurring on the lower slopes in the vicinity of
Khet Sarash, Satbanni, Balakot and Bamphora
belong to the Kashmir/Kaghan affinity (table 3),
These rocks are mainly Chushal Formation
(Agglomeratic Slates) and slices of Panjal
Formation along with & minor patch of oolitic
limestone of Malkandi Formation,

TABLE 3
Showing classification of outcropping units of Balakot area
according to their stratigrapic basinal affinities

Muzaffarabad Sequence

Kashmir Sequence

Hazara Sequence

Miocene Murree Formation
Eocene Margala Hill Formation
Palaeocene Patala Formation
Palacocens Lockhart Formation
Palacocene Hangu Formation
Triassic
Permo-Carb- Unconformily between
oniferous Cambrian and Palaeccene
Cambrian Abbottabad Formation
{Base not exposed)
Cambrian

Precambrian

Murree Formation

Paleogene rocks of
sequence faulted away
in Balakot area, Remaining sequence
outcrops outside and
south of the Balakot

area.

Malkandi Formation
{exposed at Batkarar)
Panjal formation
Agglomeratic Slate

Tanol Formation
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Further west of Balakot on the middle and
upper slopes of the Kund ridge start the Tanols,
comprising mainly a huge thickness of quartz
mica schists and quartzites converted in part
to mylonitic genisses and still further west
intruded by Mansehra Granite. This strati-
graphic formation belongs to what we may call
the Hazara stratigraphic province (table 3)
which is much more fully developed further
south,

Ihe Tanols, also called Tanawals (Shah,
1977) ‘are a controversial formation of thé
Himalayas. Their exact stratigraphic relations
are still being debated. However, we regard
these Tanals of Hazara to be different from the
Tanawals of Kashmir which coming through the
Neelum Vallev possibly have a narrow outcrop at
Jared in Kaghan Valley. The Kaghan Tanawals
are part of the Kashmir basin and Middle Pala-
eozoic in age whereas the Hazara Tanols (or
Tanawals) are more likely to be Precambrian in
age and are intruded by the Mansehra Granite
which is now regarded as Cambrian in age.
So there are two Tanols/Tanawals (Ghazanfar,
Chaudhry, Latif, 1986) which were confused as
a single formation in the past. Those belonging
to the Hazara stratigraphic province may be
called Tanols and those belonging to Kashmir
may be called Tanawals.

Stmtl ure

The Kashmir Boundary Thrust, K BT. A
belt of foredeeps filled with red’ coloufed
molassic Miocene-Pleistocene sediments conti-
nuously borders the Pakistani platform on the
north and the west. The northern part of this
belt comprises what may be called the sub
Himalayan foredeep (Sokolov and Shah 1970).
It consists of two separate tro ughs (Voskresensky,
et. al., 1965), the Potwar Foredeep in the west
and what we may call the Azad Kashmir
Foredeep in the east. Both the Potwar fore-
deep and the Arzad Kashmir foredeep are
traversed longitudinally by a zone of thrusts

which have brought the older sediments up
from place to place.

A look at the tectonic map of Pakistan
(Kazmi et al. 1982) shows that the Balakot
Muzaffarabad anticlines are only two of such a
series of structures exposed along a fault
zone extending southeast from Balakot. South=
east of Muzaffarabad other such structures are
exposed at Kotli and at Riasi. This fault zons
which in the Halakot-Muzaffarabad has been
called the Muzalfarabad fault continues south-
eastwards to Riasi fault. It is considered to
have overthrust the folded flank of the sub
Himalayan foredeep southwestward over the
platform flank of the same.

Analogous to the Balakot-Muzaffarabad
anticlinal structure of the Azad Kashmir fore-
deep we have the Khairi-Murat  anticlinal
structure 1n the Potwar foredeep. The Khairi
Murat structure in the Potwar is located along
a system of ruptures which have been called the
llig Boundary Fault. Here this thrust zone is
traced as a narrow strip along the boundary of
Siwalik and Murree sediments,

The Balakot, MuzafTarabad, Kotli and
Riasi structures indicate a strarigraphic throw
of over 1000 ft. along this fault. Since it cuts
through the Murree Formation and has thrust
Murrees over Siwaliks in Potwar this fault is at
least Pleistocene in-age.

The Muzaffarabad—Riasi fault south of
Kashmir and Khairi Murat or the Big Boundary
Fault in Potwar  together constitute what we
may call the Kashmir Boundary Thrust, KBT,
However, between - the Muzaffarabad—Ruasi
scgment and the Khairi Murat scgment of this
fault there appears to be a sinisiral offset of
many kilometers caused in main by the Jhelum
Fault,

The Jhelum Fault
A large, left lateral displacement s
involved between the eastern segment of the



Kashmir Boundary Thrust, KBT, at Balakot and
the western segment of the KBT in the Potwar
plateau. The fault causing this displacement
extends from north of Balakot for miles further
south along the river Jhelum and has been called
Jhelum Fault (Kazmi, 1979) Northwards from
Balakot the seismically detected Indus Kohistan
Seismic Zone (IKSZ), (Seeber etal, 1980) is
possibly also an active underground continua-
tion of this fault. The numerous ramp faults
of southern Hazara converge and truocate
against the Jhelum Fault which has thus displac-
ed the whole of the western limb of the HKS.
The NNW to SSE trend of Jhelum Fault is
followed by other similar faults to the west like

the Shinkiari Fault Zone and the Tarbela Fault
(Kazmi, 1979). The Shinkiari Fault FZone and

the Jhelum Fault in its southern part is koown
to cut through alluviom. A number of earth-
quake epicentres have also been detected along
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the Tarbela Fault Zone and, a much bigger
concentration is present along the IKSZ,

At the Hazara Kashmir Syntaxis, HKS,
all the major structures including the Main
Boundary Thrust, MBT, (the Murree Fault) and
the Panjal Fault locally go through a bend of
nearly 180°, Since the MBT is considered a
basement fault so it is presumed that although
the surface trace of MBT has undergone a bend
due to superficial sliding the subsurface geosu-
tural trace continued unbent in the form of
IKSZ. Itis, in fact, more likely that the Indus
Kohistan Seismic Zone, IKSZ, represents a
continuation of the Jhelum Fault for many
kilometres northwards beyond Balakot. The
sinistral Jbelum Fault at Balakot is marked by
a major shear zone represented by a 1—5 km.
wide belt of mylonites (Bossart et al,, 1984) or
Balakot Gneiss,
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GEOLOGICAL MAP (Solid Geology) OF BALAKOT AREA
DISTRICT MANSEHRA, NORTHWEST HIMALAYA
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Abstract :  An internal cast of a unionid has been described from ithe Pinforian of Pabbi Hills of
district Gujrat. A carefull examination has revealed that it is a new species of the genus
Trapezoideus Simpson. This new species, Trapezoideus sardhokensis as it is named, was a large
trapezoid, extremely compressed laterally and with extremely compressed umbones.

INTRODUCTION

Siwaliks are very famous for fossil trea-
sures. However, uptil now, emphasis has been
given to the vertebrates only. A number of
foreigners have been the Siwalik
Series since Falconer & Cautleys’ (1846) time,
but none has tricd to explorse the invertebrate
fauna of the Siwaliks. There is no report of
the Siwalik fresh water lamellibranchs by any
kpown invertebrate palacontologist such as
Dall (1895), Moore et al (1952), Shrock and
Twenhofel (1953), Murray (1985) Easton (1960),
Wood (1961), Stanley (1970) and Yonge and
Thomson (1978). The present work, thus makes
the first description of the fossil fresh water
lamellibranchs. It is based upon an internal
cast of a lamellibranch collected by one of us
from south-east of village Sardhok, district
Gujrat, Panjab, Pakistan.

visiting

Since the Siwalik invertebrates are hitherto

unknown, the present material has been com-
pared mostly with the living lamellibranchs
found in the Sub-continent of Pakistan and
India. The morphological features of the
specimen under study have indicated that it is
congenetic with the genus Trapezoidius Simp-
son but répresents a new species, Trapezoideus
sardhokensis.

SYSTEMATIC ACCOUNT

Phylum MOLLUSCA
Class LAMELLIBRANCHIATA
Order EULAMELLIBRANCHIATA

Superfamily UNIONACEA
Family UNIONIDAE
Genus Trapezoideus Simpson
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Trapezoideus sardhokensis new species
Healotype -

P. U, P. C. M.* No. 2, an internal cast,

Hypodigm :
Type only.

Locality ;

South-cast of Sardhok, district Gujrat,
Panjab, Pakistan,

Age :
Pinjorian (Lower Pleistocene).

Diagnosis :

Test very much compressed. Somewhat
thicker posteriorly than anteriorly. ‘Anterior
end rounded, but posterior biangular. Um-
bones bighly compressed: Post dorsal wing
fairly clevated but thin and sharp at the apsx.
Radial lines present.

DESCRIPTION (Figs: 1-2)

The specimen is a fincly preserved internal
cast of the animal shell. It is fairly elevated
but highly compressed transversely. Its dia-
meter or thickness is comparatively more
posteriorly than anteriorly. Height of the
spccimen  remains  uniform for most of the
length of the specimen. The anteriormost
end is somewhat damaged but the contours
indicate that most probably it was round-
ed. The posterior end is vertically linear.
The umbaones are forwardly placed. Thus the
test was prosogyre and prosocline. The um-
bomes are highly compressed. A prominent
ridge runs posteriorly from the umbones on
each side. Prosopon is poorly preserved., The
right side is almost smooth, The upper half
of the left suriace is almost smooth. How-
ever, close to the veniral margin, radiating
grooves and ridges can be observed, These

* Punjab University Palacontological colleciion of
Mollutca.

grooves and ridges are less prominent at the

__ anterior half than at the posterior half, Lunule
is a shallow pit. FEscutcheon is missing. The

hinge-line is short. The post dorsal wing
is much elevated but very thin and sharp.

DISCUSSION

In general '-x-nmurs. the specimen under

. study resembles with the genera Lithaphaga,

Selecurtus, Nodularia, Parreysia, Lamellidens,
and Trapezoidens. The genera Lithophaga and
Solecurtus are the marine Jamellibranchs
(Barnes, 1980 ; Murray, 1985). A deailed
study indicates that it can also be differentiated
from the freshwater genera except the last
one. In the genus Nodularia, the posterior
half is larger vertically than the antcrior one
and also the posterior end is very much round-
ed (Preston, 1915), In P. U. P. C. M. No. 2,
the anterior and posterior halves are almost
equally thicker and the posterior end is not
rounded. In the genus Parreysia, the shell is
inflated and oval to rhomboidal in shape,
Cavity of the beaks is deep and not compres-
sed (Simpson, 1900). The specimen under study
is neither inflated nor oval, rather it is highly
compressed with rounded or subrounded ends.
1o the genus Lamellidens, the shell is pointed
behind with comparatively thick pre-umbonal
area (Preston, 1915). The shell in P, U. P. C.M.
No. 2 is not pointed behind and is not com-
paratively thin in the pre-umbonal region.
In the genus Trapezoideus, the shell is much
compressed and trapezoid with radial ridges
on the posterior slope (Preston, op. cit.).
The specimen uuder study is also highly com-
pressed, trapezoid with radial ridges and
grooves on the posterior slope. It is therefore
justified to include the specimen under study
in the genus Trapezoideus. ln this genus, a
single species have so far been described from
the subcontinent of India and Pakistan. This
is an ecxtant species, Trapezoideus theca des-
cribed from Bundelkhund, India, In this
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TAELE 1

Comparative measarements (in mm) of the samples in various Sub-continental and
Burmese species of the genns Trapezoideus *

Length Width Diamecter WL D/L

(L) (W) (D) index index
Trapezotdeus follaceous 42 2 13 52 3l
T. misellus 61 28 16 46 26
T. theca 40 20 10 50 25
T. exolescens 70 32 15 46 21
P.U.P.C.M.No, 2 65 34 17 52 26

species, the anterior and posterior ends are
rounded (Preston, 1915). In the specimen
under study, it is true for the anterior end but
not for the posterior e . Morcover, the
measurements of the - ult sample of Trapezoi-
deus theca shows that it is comparatively much
smaller specimen (table 1). In various measure-
ments, the specimen under study differs from
the known species (table I) except the species,
Trapezoideus exolescens which is known from
Burma. It is very close to the adult samples
of the species, Trapezoideus exolescens in
length, width and diameter. However, it can

be differentiated from this Burmese species in
morphological characters. In Trapezoideus
the umbones are subelevated
(Preston, 1915) whereas in the specimen under
study the umbones are highly compressed.

exolescens,

Keeping in view the dissimilarities found
In the morphology of the specimen under study
and the compared material, it is advisable to
erect a new species for the P. U. P. C. M. No, 2.
The name Trapeioideus sardhokensis is being
proposed for this new specics which is after the
name of the type locality.
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Fig. 1. Trapezoidens sardhokensis n.sp. Dorsal view of the type specimen,

P.U.P.C.M. No. 2 (Natural size).

Fig. 2. Trapezoidens sardhokensis n. sp. Lateral view of
P.U.P.C.M. No. 2 (Natural size).

the type specimen,
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GEOLOGICAL EVOLUTION OF SOUTHERN PAKISTAN

THROUGH PLATFORM AND RIFT STAGES
BY

MAHMOOD H. CHAUDHRY
270-D, Satellite Town, Rawalpindi.

Abstract :  Southern Pakistan is a typical example of folded-plaiform basins. It is postulaied that

Jrom Vend (Precambrian) to the end of Palaeozic it experienced two stages of development

-plarform

and rift. The latter provides a tvpical examp'e of triole junction consiruction in the area under study.
Further more, such an interpretation manifests that Sukkur region is an ancient rifi.

INTRODUCTION

The geological evolution of Southern
Pakistan (Fig. I) is being described for the first
time keeping in view the modern concepts of
development of folded-platform basins, It,
therefore, provides a fresh approach for the
appraisal of structural peculiarities and econo-
mic potential of the area in terms of geology.

The fundamental principles of various
stages of development of folded-platform basins
were forwarded by B.A. Sokolev (1973) and
hdve received acceptance on a wide scale.
These are briefly described for a better appre-
ciation of the present work.

Since the geological evaluation of Pakistan
is closely associated with the adjoining regions,
it was therefore
areas, as well.

inevitable to discuss these

The study of platform and rift stages of
development of Southern Pakistan was under-

taken, because these are the major missing
links, yet to attract attention.

PRINCIPAL STAGES OF DEVELOPMENT
OF FOLDED-PLATFORM BASINS

Development of the basins of folded-
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platform or laterally heterogensous type is
closely associated with the evolution of the
adjacent geosynclinal folded regions. Accord-
g to B.A. Sokolov (1975), in the history of
folded-platform basins, three stages can be
distinguished, rift, pericraton and foredeep. The
last two stages may be subdivided into two
sub-stages ; early and late.

Development of basins at rift stage depends
upon splitting up of margins of seaward sinking
platform. As a result of displacement of individ-
ual blocks, graben type depressions are formed,
where marine-shelf, deltaic and evaporite rock
facies are deposited. Terrigenous-carbonate
sediments thus deposited at a later stage turn
out to be deeply submerged and catagenctically
transformed.

Rift stage is succeeded by the
stage,

pericratonic
It is characterised by the existence of
wide platform monoclinal zone submerging
towards the geosynclinal depression. Platform
may be formed of zones of different ages of
consolidation, At this stage rift type depres-
sions, parallel to the main axis of the geosyn-
clinal trough or oriented at an angle to i,
may form on the submerged platform slope.
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Pericratonic stage can be subdivided into
two substages; at early substage of development
of the basin, sediments are transported from
platform side only. In the marginal areas,
shallow water terrigenous sediments are accu-
mulated. Towards the geosyclinal depression
they are substituted by clay and carbonate
deep water sediments. From the sea side basinal
limits are still demarcated by buried folded-
block elements. During the late substage of
development, island cordillera are formed in
the geosynclinal trough. At this stage, material
is supplied by both dry land masses of platform
and newly uplifted internal parts of the
geosynclinal depression. Within the conjugated
zones of compensated and uncompensated
sedimentary deposition, reef building may take
place. Evaporites may form in the shelf areas.
At the pericratonic stage maximum thickness
of sediments in the basin is gencrally confined
to the perigeosynclinal regions.

The succeeding development stage is
marked by the beginning of epigeosynclinal

orogen and formation of conjugated foredeep.
The foredeep stage is subdivided into two sub-
stages ; early and late,

At carly substage orogen structure is not
yet distinct.  During this substage principally
shallow water, fine carbonate clay sediments
are deposited. Platform arcas are the principal
source regions. At late substage of develop-
ment, due to increasing intensity of uplifting
movements, orogemic structure is distinctly
expressed in reliel Simultaneously, the quantity
of transported terrigenous sediments js increased
giving rise to thick molasse formation. Distri-
bution of these rocks clearly outliges the
position of foredeep. At this stage rising
structure is the principal source of terrigenous
material. Bven foredeeps are included in the
uplift. This leads to the shifting of troughs
and their displacement towards the platform
flanks.

DISCUSSION

Geological evolution of Southern Pakistan,
a typical example of folded-platform basin, is
intimately associated with the development of
adjoining regions. Kecping in view the avail-
able theoretical ideas, two independent stages
of development, embracing Vend (Frecambrian)

‘and whole of the Palaeozoic era, can be distin-

guished in the geological history of Pakistan.

Vend (Precambrian)—Early Palaeozoic Platform
Stape

Anpalyzing available materials on Central
Iran (Stocklin, 1968, Auden, 1974) Afghanistan
(Slavin, 1977) and siratigraphic secrions of
Western India, Salt Range of Pakistan and
Persian Gulf (Sokolov, 1977) it is possible to
say that during VYend-Early Palacozoic time
Indian platform and Baluchistan-lran areas
existed as a singular closed basin. Terrigenous
rocks and evaporites were laid down in the
western parts of this vast region from Vend to
Cambrian times (Fig. 2). In the beginning
terrigenous sediments were deposited in shallow
water environments, These were succeeded
by evaporites, which were formed, most
probably, in a sea basin with high salinity,
Evaporites were followed by the deposition of
carbonarte sediments. Finally purple coloured
sandstones, as witnessed by their rosy tinge,
were laia down in oxidising environments,

Palaeozoic Rift Stage

Rift stage is distinguished by the author
somewhat conditionally, out coming from the
available theoretical ideas, supported to a
certain extent by inhand faciual material and
geological analogies. Possibly during Middle
Palaeozoic tensional forces led to the splitting
apart of above mentioned vast platform region,
Thus, between scparate blocks of platform;
along major fault zones-lineaments, was laid
down the system of rifts, two branches of
which at a later stage, developed into Sulaiman-



Kirthar depression and the third one was
inherited by the Sukkur rift (Fig. 3. V.BE.
Popov, ct al, (1978) include Sulaiman-Kirthar
fift into Trans Asian system of rifts, established
by V.D. Nalivkin.

The rift stage of development of the Indus
basin has significant resemblance with the
evolution of other basins of similar type, in

particular Leno-Vilui basin of USSR (Sokolov,
Larchenkov, 1978),

CONCLUSIONS

From the foregoing discussion it is evident,
that the platform stage of evolution of Southern
Pakistan provides a solution to the steatigraphic
correlation of sporadic exposures of Precam-
brian-Early Palacozoic rocks existing over a vast
region,
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After a platform stage of development, as
cvidenced by the platform rock facies, the
formation of Sulaiman-Kirthar alpine geosyn-
clinal depressions can only be explained through
riflt stage of development.

The development of deep Sulaiman-Kirthar
troughs, through rift stage, manilecsts submer-
gence of these trough zones along major
faults-lincaments.

Sukkur region, previously treated as a high,
in fact is a rift zone and serves as a classical
example of the triple junction in Southern
Pakistan.

Various interpreted stages of development,
supplemented with further geological and
geophysical studies will be of direct assistance
in establishing the potential of the area in
terms of minerals and mineral fuels,
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Fig.2 Cenditions of deposition during Vend {Pre-camberian )-Early Pualeozoic,
Flatform stage by Mahmood H.Chaudhry. 1978.

1. Dolomitc. 2. Limestene, 3. Marl 4. Clay. 5 Sandstone. 6. Conyglomerate.
7, Anhydrite. 8. Salt, 9. Basement. 10. Location of stratigraphic columns:

I. Hormuz ;  [l.Karampur, [ll. Salt Range. V. Vindhyan Depression,
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Fig. 3 Proposed depositional situation during Paleozoic Rift stage by Mahmood H.Chaudhry,
1978,
. Dry land masses : PB _Punjab ; SN_Sind : BL _Baluchistan: MK_ Makran,
2. Marine terrigenous shelf sediments. 3. Marine terrigenous. carbonate sediments,
SL_ KR _ Sulaiman _ Kirthar depression SK _ Sukkur rift
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Abstract :  This paper presents for the first time mineral assemblages, textures, structures, index
mineral zones, metamorphic facies and metamorphic grades of the rocks lying between Paras and
Babusar Pass, Kaghan Valley. The metamorphic rocks are regionatly metamorphosed and belong 1o
medium pressure type metamorphic series, The rocks range from unmetamorphosed units to high grade
metamorphic units e.g. from greenschist facies to high amphibolite facies. In terms of index
minerals, they range from biotite to sillimanite zomes and in terms of metamorphic grades the rocks
range from very low grade o high grade metamorphism.

INTRODUCTION

Wadia (1931), Calkins et al. (1975) and
Bossart et al. (1984) studied rocks and structures
of Kaghan Valley down stream of (Khannian)
Mahandri. Ghazanfar and Chaudhry (1985)
mapped, at the scale 1: 17000, the middle
Kaghan Valley area between Paras and Bata-
kundi. The area between Mahandri (Khannian)
and Batakundi was mapped by these authors
for the first time while mapping of the units to
the south of Khannian was revised. The upper
Kaghan Valley between Batakundi and Babusar
Pass (MMT) was also mapped for the first
time by Chaudhry and Ghazanfar in 1387,
They worked out the stratigraphy, structure
and geomorphology of the area, The area
around Balakot at the mouth of Kaghan Valley
has been mapped and described in detail by
Ghazanfar, Chaudhry, Zaka and Baig (1936).
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This paper presents for the first time petro-
graphy, mineral assemblages, textures and
structures, index mineral grades, facies and
metamorphic grades (after Winkler 1979) of the
area between Paras and Babusar,

REGIONAL GEOLOGY

The Kaghan Valley provides a N-S trans-
verse scction through the middle part of NW
Himalaya lying in Pakistan. It is drained by
the river Kunhar. To its east lies the more or
less parallel valley of river Neelum( Kishanganga)
in Azad Kashmir. To its west lies the valley
of ‘river Indus draining the so-called Kohistan
Himalaya, Tectonically the lower part of
Kaghan Valley comprises the Hazara Kashmir
Syntaxis, an acute bend of strike at the western
end of the Himalayan chain. This syntaxis is
beautifully outlined by the Main Boundary
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Fault (MBF/MBT). As we move from Balakot
up the Kaghan Valley to Paras, for about
16 miles along the road, we pass througha
sequence of Murree formation forming the core
of Hazara Kashmir Syntaxis, Further between
Paras and Jared one passes through the eastern
limb of the syntaxis formed by the so-called
Carboniferous to Eocene sequence enclosed
between the Panjal and the Murree faults,
From Tutan near Jared right across Babusar, a
very extensive and long scction of rocks or ils
parts were termed as the Salkhalas by Wadia
{1931) and later writers Calkins et al. (1975),
Bossart et al. (1984). Detailed geological map-
ping has revealed that this sequence, in fact
consists of a large number of lithologic units
which have now been mapped by us and group-
ed inte broader units. Thus it is possible to
gubdivide the enlire so-called Salkhala sequ-

ence, into the following broad units :

1. A rather small Jared unit.
2. A very large Kaghan group.
3. An equally large Sharda group.

The Sharda group which forms the western
or the upper Kaghan Valley is truncated by the
Southern Suture Zone or Main Maatle Torust
{MMT) of the northwest Himalayas, just north
of Babusar. Further north of Babusar across the
MMT we have a sequence of low grade schists,
amphibolites, diorites and noriles with some
ultrabasic shreds. The bulk of the sequence of
Kaghan Valley between Jared and Babusar,
therefore, comprises Cambriano and Precambrian
rocks and is sandwhiched between Panjal Fault
in the south and MMT in the north. Thus from
the point of view of siratigraphy, from south to
north, the Kaghan valley comprises the Miocene
Murree formation, the so-called Carboniferous
to Eocene sequence and the very wide Cambrian
and Precambrian sequenca.

We may term the sequence between
Balakot and Malkandi (near Paras) as sedimen-

tary although Bossart et al., (1984) placed it in
the Prehnite-Pumpellyite facies. Up from
Malkandi the entire sequence is metamorphosed
in a progressive manner upto Silliminite grade
of Upper Amphibolite facies. There is how-
ever, a break in this progression near Batal,
Fipally the grade of metamorphism suddealy
decreases as we cross the Main Mantle Thrust
near Babusar.

DESCRIPTION OF ROCK UNITS

Stratigraphic sequence along with the main
lithologies of the area is presented in Table 1.
For detailed field description of the rock units,
stratigraphy, structure and geomorphology the
reader is referred 10 Ghazanfar and Chaudhry
(1984, 1985, 1987) and Chaudary and Ghazanfar
(1987).

SHARDA GROUP

The various component lithologies of
Sharda group of rocks secen oo the roadside
from Batal to Babusar along with their
petrographic summaries are bricfly described
below :

Dumri Calc-Pelites

West of Sobhai Mahli between Bans and
Batakundi it occurs as a distinctively calcareous
sequence on the right baok of river Kunhar,
It also extends on the leit bank under Dumri
Maidan at Batakundi and mainly comprises
white pale yellow marbles intercalated with Light
grey to greyish brown pelites,

Dabukan Marble

A distinctive white massive thick band of
marble with subordinate layers of calc-pelites.
Dabukan marble passes through Dunga Katha,
Dabukan Katha and Dadar Nar north of Reori.
In the area of Khaba Nar it appears to be
intruded by a number of amphibolite bands.



TABLE Ne. 1
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Stratigraphic Sequence

Murree Formation
(Miocene)

Para= Formation
(Paleocene to Eocene)
Rosachcha Formation
(Paleocene)

Malkandi Limestone

(Triassic)
Panjal Formation
{Permian)
Chushal Formation

{Agglomerate Slate Series)
{Carboniferous)

Tanawal Formartion
(Silurian to Carboniferous)

[ Mahandri Formotion J
i

L

Kaghan Group 4 Kaghan Formarion [

(Precambrian)

Rajwal Formation

L

[ Amphibolites,

Mixed unit including =

Sharda Group* -
{Precambrian)

Bang pelitic Gneisses.
Dabukan Marble.
. Dumri Calc-pelites.

Dark grev Oolitic limestone with shale partings.

Panjal basic volcanics and associated Ling,
Bhunja and Shino bands of limestone/marble.

Graphitie schist, limestone/marble, metaconglo-
merates and tuffs,

Jared quartzites and guartz mica schists,

Biari quartzites, metaconglomerates,
mica schist, cale-schist and pegmatites.

Doga schists, marbles, quartzites and metacon-
glomerates,

Phagal quartz mica schists and quartzites

Lohar Banda, marhle.

Kamalban quariz mica schists, guarizites,
calc-schists and marbles.

quartz

Kaghan pelites

Rajwal quartzites, quartz mica schists/gneisses
pegmatites, aplites and granite/goeiss.

Paludaran graphitic schist.

Batal quartzites and yuartz mica schist/gneiss.

Migmatites and Granite Gneisses including :

i— Saif-ul-Maluk granite gneiss,
:— Dadar migmatites.

:— Babup pranite gneiss.

:— Jalkhad granite gneiss.

:— Gittidas granite gneiss,

Lulu Sar Feldspathized Porphyroblastic Gneies,

:— Purbinar mixed unit.
:— Besal mixed unit.

Garnetiferous Calc-pelitic Gneisses including :

:— NMaran garnetiferous cale-pelites.
:— Burawai garnetiferous calc-pelites,

Dhak Graphitic Gneisses (In Jalkhad KNar).

* Includes gs:rnetif-.:tuu! t:‘atc-ptliﬁn encisses, pelitic goeisses. graphitic gneis<es, marbles, porphymblastic gacissex.
sheet granites, migmaltites, younger garnet-tourmeline granites and amphibolites. The asbove hsted subdivisions
of Sharda group represent an approximate straligraphic order with geographic names (Dot strictly stratigraphic)

after place of best development is given.
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Bans Pelitic Goeisses

This lithology occurs in the area of Dharir
(near Rakhan), Bans, and Dila. Tt comprises
pelitic gneisses with subordinate psammites and
occasional bands of marble,
summary is as follows :

Petrographic

Upper Amphibolite Facies
Sillimanite Grade
High Grade Metamorphism

1. Pelite

CGQ 1. Kyanite—Garnet—Quartz—Biotite—
Muscovite—Magnetite—Sillimanite,
Texture :—Porphyroblastic and hypidio-
blastic.
2, Amphibalite
CGQ 2, Garnct—Amphibuic—Quanz—P!ag-
ioclasc-—Sph:n:—-MagnatIte — Apa-
tite,

Texture :—Porphyrablastic and poikilo=
blastic.

Dhak Graphitic Goeisses

Dark grey to black graphitic gueiss associa-
ted with feldspathised pelitic gneiss showing
tourmaline needles and at places, kyanite lathes.
It occurs as a small band on both sides of
Jalkhad Nar near Dhak village.

Garnetiferous Cale-pelitic Gneisses

This is the principal lithology among the
metamorphosed scdimentary rocks between
Naran and Babusar, There are two main out
crops, one around Naran and the other around
Burawai. Other lithologies like pelitic gneiss,
cale-pelites and marbles are relatively minor and
have been described separately,

Naran Garnetiferous Cale-Pelites. The cale-
pelitic goeisses are geaerally light grey and
light brownish grey on fresh surface and dark
brownish grey or yellowish brown on the
weathered surface. They are banded and show
differential weathering with the micaceous and
schistose layers appearing as positive ribs on the

weathered surface. Their texture is gneissic and
porphyroblastic, and they are composed of
calcite, garnet, biotite, muscovite and quartz.
The garnets are mainly subidioblastic, Accessory
to trace amouats of pyrite and graphite may
also be present, The garnet is generally very
prominent, the size varying usually between
1 mm to 10 mm but, at times, the garnct reaches
30 mm., as at Danna above Danna da Katha at
the back of Naran. At times more than 50%
of the rock is comprised of garnet.

The cale-pelitic gneisses are interbedded
generally with impure bands of marble. The
impure marble bands are porphyroblastic and
poikiloblastic. There are some few metres
thick pure marble bands also.
cally granoblastic.

These are typi-

1.  Amphibolires, The amphibolites are fine
to medium grained, wej] foliated, dark greenish
with shining fresh faces and are also garneii-
ferous,

The amphibolite bands generally range
from one cm. to I m. in thickness although a
few bodies are much thicker Jike the one above
Leda Gali and the other above Mohri leading
into Hans Dhar Katha. This variation in thick-
ness is possibly related to two types of origin,
The amphibolites are fine to medium
grained, well foliated dark greenish grey with
shining fresh faces and garnetiferous. At places
they are subporphyroblastic to porphyroblastic
and even poikiloblastic. They are invariably
garnetiferous. Chlorite and epidote are retro-
grade products. The garnetiferous calc-pelites
are generally more prone to chemical weather-
ing. Occasional graphitic bands are also found.

2. Marbles. The interbedded marble bands
constitute a subordinate lithology. They are
white, light grey, or yellowish and yellowish
grey on fresh surface and greyish orown or
yellowish brown, mustard or brown on wea-
thered surface. They are generally medium
bedded and medium grained.



Following is the petrographic summary of
various lithologies.

Upper Middle to Upper
Amphibolite Facies
Kyapite Grade

Sillimanite (T)

High Grade Metamorphism.

1. Pelite

CGQ 22, Garnet—Quartz—RBiotite—Chlorite®*—
Muscovite—Magnetite — Plagioclase
—Sphene—Apatite.

Quartz—Muscovite— Garnet—Biotite
—Kyanite—Andalusite (?)—Tourma-
line—Sphene—Magnetite.

CGQ 23

CGQ. 24, Quartz—Muscovite—Garnet — Eio-
tite—Chilorite—Plagioclase — Magne-

tite—Apatite—Epidote—Zircon.
CG0Q 25. Quartz—Plagioclase—Garnet — Bio-

tite—Chlorite — Magnetite— Epidote

—Tourmaline—Zircon.

Texture. Generally poikiloblastic and por-
phyroblastic, occasionally sub-porphyroblastic,

2. Psammite
CGQ 26. Quariz—Muscovite—Kyanite— Mic-
rocline.

Texrure. Granoblastic.

3 Calcareous
CGQ 27, Calcite—Quartz— Epidote — Amphi-
bole—Zircon.

Texture. Granoblastic,

4. Graphitic Pelite

CGQ 25, Quartz — Graphite — Muscovite —
Pyritce—Plagioclase — Tourmaline —
Biotite.
Texture, Lepidoblastic,

5. Amphibolites

CGQ 8. Plagicclase—Amphibole — Garnet —
Biotite, Chlorite— Epidure— Quartz—
Sphene—Magnetite

* Retrograde suioeral names are givea in italles.
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Texwure. Mostly hypidioblastic but at
places subporphyroblastic to porphyroblastic
and poikiloblastic.

Burawai Garnetiferous Cale-pelites. Pelitic
gneiss and calc-pelitic gneiss with large sized
garnet. This may show alternation of pelites
with thin bands of marbles or with thin laminae
of quartzofeldspathic type. There are numerous
quartz veins which contain tourmaline ncedles.
At places thin bands of para-amphibolite are
developing. Generally the rock resembles the
description of Naran garnetiferous calc-pelites,
The Burawai garnetiferous calc-pelites occur in
the form of an elliptical outcrop, in the vicinity
of Burawai,

1. Amphibolite

CGQ 3. Amphibole—Labradorite—Sphene—
Ore—Quartz—Apatite.
CGQ 4.  Amphibole—Labradorite—Biotite —

Sphene—Quartz — Magnetite—Apa-
Lite,

CGQ 5. Amphibole — Epidote — Chlorite —
Quartz—Magnetite — Sphene— Apa-

Lite.

CGQ 6. Amphibole—Plagioclase — Biotite—
Sphene—Quariz—Apatite — Magne-
tite.

Texture, Hypidioblastic to porphyroblas-

tic, and poikiloblastic to sub-poikiloblastic.

Mixed Unit

The mixed unit in main accupies the Ratti
Gali Mar, the Purbi Mar, and a part of the
Gittidas Mala. For the sake of convenience it
has been divided into following two paris :

Purbi Nar Mixed Unit. This unit oceurs in
the upper reaches of Purbi Nar, Ratti Gali and
Dadar Nar. It is in main a mixture of granite,
gneiss and granitized feldspathised gneiss.
These lithologies can sometimes be mapped as
separate unus but mostly interinger and 1nter-
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twine. The granites are generally light grey and
the gneiss shows shades of brown,

Following is the petrographic summary of
pelites,

Upper Amphiboalite Facies
Sillimanite Grade
High Grade Metamorphism

1. . Pelite

CGQ 9. Garnet—-Biutite-—Musmwite-—Quartz
—Sillimanite—Plagioclase — Magne-
tite—Zircon.

CGQ 10, Kyanite—Garnet—Sillimanite — Bio-

tite — Plagioclase —Quartz—Musco-
vite—To urmaline—Magnetite,

Texture. Porphyroblastic — poikiloblastic,
sometimes xenoblastic.

Besal Mixed Unit, The mixed unit at Kut-
awai in Purbi Nar is about 1000m thick but on
the road side between Besal and Lulu Sar it is
about 200m thick. On the roadside it consists
of a mixture of marbles, cale-biotite Zneisses,
Pegmatites, granitized gneisses and amphibo-

lites. Following is the petrographic summary
of pelites,

Upper Amphibolite Facies
Sillimanite Grade
High Grade Metamorphism

1. Pelite

CGQ &, Gam:t—Biotil:—Mumvite—Qun:tz
—Magnetite—Zircon—Plagioclase,

Texture. Xenoblastic.

Lulu Sar Feldspathised Porphyroblastic Gueiss

This unit is exposed on the road side
around Lulu Sar Lake and its oulcrop is present
in Khote Nar and Putha Nar. ltisa pelitic
gneiss which at most places shows development
of feldspar porphyroblasts along with small
sized garnets. The general colour is light
brown. Following is the petrographic summary

of pelites,
Upper Amphibolite Facies
Sillimapite Grade
High Grade Metamorphizm
1. Pelite

CGQ 7. Garnet—Plagioclase— Quartz — Bio-
tite—Muscovite—Sillimanjte— Mag-
netite,

Texture. Porphyroblastic and poikiloblas-
tic.

Migmatites and Granite Gneisses

A number of granite bodies occur mostly
associated with the metamorphic sequence,
These bodies are sheet like and conformable as
well as folded with the metamorphic rocks:
Nearly all of them may be termed garnet tour-
maline granite gneisses and especially near the
contacts may show variable depree of migmati-
zation. There are some leucocratic younger
garnet-tourmaline granite bodies also. These
are generally small in size and occur associated
with granite gneisses and migmatite horizons.

Gittidas Granite Gneiss. Biotite granite
and gneisses with amphibolite bands and
patches is the principal lithology. The granite
is fine grained and leucocratic, light grey to
white on fresh surface. The gneisses are garne-
tiferous and high grade. They may contain
sillimanite. Following is the petrographic
summary of amphibolites and pelite.

Upper Amphibolite Facies
Sillimanite Grade
High Grade Metamorphizm

1. Amphibolites

CGQ 14. Amphibole—Garnet—Labradorite —
Quartz—Sphene — Magnetite—Apa-
tite.

CGQ 15. Amphibole—Quartz—Chlorite— Epi.
dote—Sphene—A patite,

Texture. Sub-porphyroblastic and poikil-
oblastic, sometimes hypidioblastic.



2,  Pelite

CGQ 16. Garnet—Biotite—Muscovite—Quartz
—Magnetite.

Texture. Porphyroblastic,
and hypidioblastic to xenoblastic.

poikiloblastic

Jalkhad Granite Gneiss. These foliated,
nonporphyritic granites are exposed on the
roadside opposite Jatkhad Nar. The unit, where
gneissic, contains abundant biotite rich layers.
It also contains amphibolites. Following is
the petrographic summary of amphibolites.

Upper Amphibolite Facics

Sillimanite Grade
High Grade Metamorphism

1. - Amphibolite

CGQ 11.. Amphibole—Garnet—Quartz—Mag-

netite—Sphene—Apatite.

CGQ 1la. Garnet—Quartz—Amphibole — Epi-
dote—Sphene—Apatite.

CGQ 12. Amphibole — Garnet — DBiotite —
Quartz — Labradorite — Sphene —
Magnetite—Apatite.

CGQ 13. Garnet—Amphibole—Biotite—Quartz
— Epidote—Sphenc—Apatite — Mag-
netite.

Texture. Generally porphyroblastic and
poikiloblastic, somstimes hypidioblastic.

Hgbun Granite Gnelss. Leucocratic micro-
granite gneiss and granite occurs near the
contact with Lulu Sar feldspathised porphyro-
blastic gneiss. The unit has a gradational
relationship, away from the contact however it
is more massive. It occurs in the vicinity of
Babun, Wetar and Jora, however, from north
anu south it joins with other granite gneiss

bodies.

Dadar Migmarites. These occur in Dadar
Nar and near Dbarir. These are migmatites
formed by anatexis of meta-pelites, meta-
arkoses, acid meta-tuffs (?) and meta-feldspathic
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psammites. They show a wide variety of strue-
tures within leucosomes, They show stromatic,
phelabitic and neubilitic structures. The palaco-
some and neosomes show a particularly complex
relationship, Agmites and restites are also
common. Schilleren, ghost structures and strati-
graphy can be seen in the neubilites. The restites
are orthoquartzites, calc-pelites, amphibolites
and marbles. The pelites with minor carbonate
contents also tend to survive anatexis.

Saif-ul- Maluk Granite Gneiss. The Saif-ul-
Maluk Granite/Gneiss is a non-porphyritic, fine
to medium grained strongly foliated biotite
granite gneiss/migmatites with thin pegmatite
veins. The granite gneiss at many places: con-
tains abundant relics of transformed (granitised)

metasediments and screens,

It is extremely well foliat=d dark coloured
biotite granite goeiss/migmatites with irregular
leucocratic bands, Tt appears to be a trans-
formed granitised paragneiss. The modified
metamorphic element appears to be consider-
able, especially in the dark granite goeiss.
The gneiss is granitised and aplitised frequently.

Following is the petrographic summary of
pelitic and feldspathic goeisses of this unit.

Upper Ampribolite Facies
Sillimanite Grade
High Grage Metamorphism

CGQ 17. Quartz—Biotite— Muscovite — Kya-
nite — Garnet—Plagioclase — Micro-

cline—Sillimanite—Magnoelite.

CGOQ 18. Quartz—Muscovite—Biotite —Garast
—Plagioclase— lourmaline—Magne-

tite—Epidoie— Apalite,

CGQ 19. Mouscovite — Quartz — Staurolite —
Calcite — Magnetite—Tourmaline —

Epidote.

CGQ 20, Quariz—Biotite—Muscovite—S5illim-
anite — Plagioclase — Magnetite —

Zircon.
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CGQ 21, Quartz — Microeline — Plagioclase—
Muscovite — Andalusite—Magnetite
—Zircon—Sphene.

Texture. The rocks are gneissic, Hypidi-
oblastic to xenoblastic and porphyroblastic to
subporphyroblastic textures are common,

KAGHAN GRoOUP

The various component lithologies of
Kaghan Group of rocks seen on the roadside
from Mahandri to Batal (near Naran) alongwith
their petrographic summarjes are briefly des-
cribed below :

Batal quartzites and quariz mica schist/gneiss

Dominantly quartz mica schist and guart-
zites with thin sheet granites, subordinate
marble and some thin amphibolite bands and a
few retrograde chlorite schist patches. Most
rocks are light grey to brownish grey on the
fresh surface and grey to dull brownish ETaY on
the weathered surface, Quartz mica gneiss is the
main lithology of the unit, It js brownish grey
on the weathered surface, At some places
garnet has developed while at others jt cannot
be seen with the naked eve, The pelites have
numercus interbeds of grey coloured micaceous
quartzites. This interbedded rock (especially
where in the form of isolated boulders) shows
diffzrential weathering, When differentially
weathered the quarczjte shows light grey
positive flat faced ribs and the pelites (with

sfanet and biotite) appear as dark Brey ncgative
ribs,

The quartz mica schist shows segregated
Quartz bands stretched into boudins and at
times, these boudins appear just like pebbles of
a conglomerate,

Within the quartz mica schist some distine-
tive green chlorite schist patches are found
which represent retrogressive metamorphism,
Following is the petrographic summary of

various lithologies within the Batal quartzites
and quartz mica schist,

Lower Amphibolite Facics
{Epidote-Amphibalite Facies)
Garnet Grade

Medium Grade Metamorphism

1. Pelite s

CGQ 30, Quartz—Biotite— Chlorite — Musco-
vite — Garnet — Magnetite — Tour-

maline—Apatite—Zircon,

CGQ 31. Quartz— Garnet — Biotite — Musco-
Yite—Chlorite—Magnetite — Epidote
—Apatite—Tourmaline—Zircon.

CGQ 32. Quartz— Biotite — Garnet — Musco-
vite—Chlorite—Magnetite—Zircon,

Texture. Generally porphyroblastic and
poikiloblastic.  Occasionally sub-porphyro-
blastic.

2. Psammite :

CGQ 33. Quartz—Muscovite—Chlorite — Bio-
titc—Maguetite—-Zircun-—Epidnta-—-
Apatite,

CGQ 34 Qua.rtz—Muscnvit:—Fyrite—Plagio-
clase—Calcite — Tourmaline — Epi-

dote—Apatite,

CGaQ 35, Quartz—Muscovite — Tourmaline —
Magaetite—Epidote—Zircon.
Texture. Granoblastic and zomewhat
foliated.

3., Calcareous :

CGOQ 36, Calcite—Quartz—Muscovite—Wolla-
stonite (?)—Epidote—Magnetite.

Texture. Sub-porphyroblastic and some-
what foliated.

Palodaran Graphitic Schist

This unit is mainly composed of graphitic
schist, quartz mica schists and gneisses with
some calc-schists and occasional marbles.



Graphitic Schisr. 1t is dark grey on fresh
surface and dark grey to dark brownish grey,
at times rusty brown, on weathered surface.
Pyrite crystals are present which weather out
leaving square cavities bchind. Quartz vcins
and boudins are also present which are uwsually
stained rusty brown.

Ouartz Mica Schist and Gneisses, It is the
sobordinate lithology in the unit. Its wea-
thering colour is brownish grey, while fresh
colour is grey. Generally segregation of quartz
and micaceous material is sean. Sometimes
the quartzitic part of these gneisses completly
dominates over the schistose part. Some
graphitic intercalations along with a few
pegmatites are also present. It is generally
granitized.

Occasionally garoetiferous meta-dolerite
sills are also present.

Calc-Sehists  and Marbles.  Subordinate
bands of calc-schists and well foliated marbles
are present intercalated with graphitic schist,
The marbles are white and cream coloured on
fresh surface and weather yellowish brown to
dark brown. Partings of biotite schist may be
present which in general give the rock aslightly
darker shade. The calc-schists are genzrally
medium grey.

Following is the summary of varicus litho-
logies of this unit.

Lower Amphibolitc Facies
(Epidote=Amphibolite Facies)
Garnet Grade

Medium Grade Metamorphism

1. Pelite:

CGQ 37. Quartz—Chlorite — Biotite — Musco-
vite—Garnet—Magnetite — Tourma-
line—Epidote,

Texture. Sub-gneissic.

10

2. Calc Pelite -

CGQ 38. Quartz—Calcite — Muscovite — Bio-
tite—Chlorire—Epidote — Magnetite
—Tourmaline—Zircon.

Texture. Schistose and lepidoblastic.

3. Calcareous :
CGQ 39. Calcite—Quartz—Muscovite— Mag-

netite.
CGQ 40. Caleite—Olivine (Antigorite) — Mag-
netite.
Texture. Granoblastic to sub-porphyro-
blastic.

4. Graphitic Pelite :

CGQ 41. Quariz — Graphite — Muscovite —
Pyrite—Epidote—Apatite.

CGQ 42, Quartz—Graphite—Muscovite — Py-
rite—Epidote.

Texrure. Schistose.

Rajwal Quartzites, Quartz Mica Schist/Gneiss,
Pegmatites, Aplites aod Granite/Gneiss

The principal lithology of this unit is
indicated by the title above, Where the litho-
logy is pelitic the colour of the fresh surface
is generally shining brownish grey and when it
is psammitic the colour of the fresh surface is
generally whitish grey with brownish . schist
partings and porphyroblasts of biotite and
muscovite. The pegmatites are greyish brown.
On the weathered surface the unit generally
has a yellowish brown ar rusty brown colour
and is sometimes earthy grey.

This unit is composed of the following

lithologies :

(i) Pelites
(ii) Psammites
{iii) Migmatites :
(iv) Pegmartites/Aplites
1v) Granites
(vi} Marbles :
(vii) Quartz Mica Gneisses



The above five lithologies are closely inter-
mixed. In this complicated unit the pelites
and psammites are affected by granitization
especially in the lower part of the unit so that
in some cases it becomes difficult 1o name the
rock. Such complication reaches its maximum
in the Bhimbal Katha northeast of Palodaran.
Near Kundi Ka Maidan and in upper part of
Por Katha (Chamber Katha of the map) grani-
tisation is absent and pegmatites and aplites
decrease and the unit consists mainly of garneti-
ferous quartz mica schist and micaceous quart-
zites with few thin bands of white sugary
marbles which weather vellow. Occasional
metadulerite dykes are also found.

Pelites. These gencrally comprise garne-
tiferous quartz mica schist and gneisses and
make up the principal lithology of the Rajwal
unit in the almandine grade. The pelites are
composed mainly of quartz and micaccous
minerals biotite and chlerite).
Almandine garner, tourmaline (schrolite) and
magnétite are subordinate or accessory minerals.
These rocks are at places, porphyroblastic.  In
some parts of the unit these are interbedded
with quartzites and intruded by pegmatitesf
aplites while in others they contain some inter-
calations of marble. At still other places, this
lithology is migmatised.

({muscovite,

Metamorphic differentiation and migmati-
sation has produced biotite rich layers composed
of biotite, chlorite, garnet, quartz and musco-
vite and light coloured layers composed mainly
of quartz, feldspar, mica and a little tourma-
line. Chlorite in this unit is secondary.

Psammites. The psammites are well deve-
loped in both pure and impure forms. The
psammites comprise feldspathic quartzites,
The feldspathic quartzites show xenoblastic to
subporphyroblastic texture. They are composed
mainly of quartz and feldspar. They contain
subordinate 1o accessory amounts of mica, tour-
maline, garnet and magnetite. They are arkosic

to  subarkosic, banded grey gquartzites and
feldgpathic micaceous quartzites.

The banded grey quartzites are generally
better developed in the middle part of this unit,
They are white and greyish white on fresh

surface while light to dark grey on weathered
surface,

The micaceous quartzites are betier deve-
loped towards the upper part of the Rajwal
Unit. On the fresh surface they are whitish or
crcamish grey while on the weathered surface
they are creamish grey to rusty brown. Some-
times the micaceous quartzites bhave creamish
or rusty brown schist partings and occasivnally
they have bands of garnetiferous quariz mica
schist. Quartz veins and boudins are present
abundaatly in the metapsammites.

Marbles. The marbles constitute a subordi-
pate lithology and are present maioly in the
upper part in the form of thin bands or inter-
calations.” They are granoblastic and whilc on
fresh surface while creamish grey or yellowish
on the weathered surface,

Quariz Mica Gneisses. This lithology is ex-
posed well at Kundi ka Maidan. This goeissic
lithology is complicated and contains a number
of variations including garnetuerous quariz mica
g ciss, quarizofeldspathic microaugen gneiss,
aplites and pegmatite. In the quartz mica
gneiss the garnetiterous layers are intercalated
with quarizofeldspathic layers containing porp-
hyroblasts of feldspar.. The garneulerous layers

contain occasional needles of amphibole.

A few porphyroblastic to hypidioblastic
amphibolite bands also occur in this unit.
These are composed mainly of plagioclase,
biotite, amphibole and garnet. Magnetite,
calcite, apatite, epidote and sphene are the
accessorics.

Following is the petrographic summary of



some lithologies of the unit.

Lower Amphibolite Facies
{EpidolcsAmphibolite Facies)
Garnet Grade

Medium Grade Metamorphism

1. Pelite

CGQ 43. Quartz—Chlorite — Biotite — Plagio-
clase—Garnet—Magnetite— Epidote

—Apatite.

CGQ 44, Muscovite—Biotite— Quartz — Gar-

net—Chlorite—Magnetite—Apatite.

CGQ 45. Amphibole —Biotite —Quartz — Cal-
cite—Plagioclase—Chlorite— Magne-

tite— A patite—Zircon.

CGQ 46. Quartz—Biotite—Muscovite — Chlo-
rite—Garnet — Epidote — Plagioclase

—Magnetite—Apatite—Zircon.

CGQ 47. Chlorite — Plagioclase — Biotite —
Quartz—Magnetite — Sphene — Cal-

cite—Epidote—Apatite—Muscovite.

Texture. Granoblastic and hypidioblastic
generally, sometimes porphyroblastic and poiki-

loblastic, occasionally lepidoblastic.
2. Psammite

CGQ 48. Quartz—Biotite — Chlorite — Musco-
vite.

Texture. Lepidoblastic:

3. Meta Basic

CGQ 49. Andesine — Biotite — Amphibole—
Garnet—Magnetite—Calcite — Apa-
tite—Epidote—Sphene.

Texture.
blastic.

Porphyroblastic and . hypidio-

Eaghan Pelites

This component unit of Kaghan group of
rocks is distinctive by the great predominance
of greenish grey garnetiferous schists.

72

Although this unit comprises at least four
different and distinct lithologies viz., quartz
mica schist, graphitic schist, marble and
g¥psum, it is the great and monotonous
predominance of greenish grey quartz mica
schist by which it is distingvished. The sub-
ordinate lithologies of graphitic schist, marble
and gypsum are present mainly towards the
upper part of the unit.

Quartz Mica Schist. This is by far the
dominant lithology in the unmit constituting
over 90% of the whole. The quartz mica schist
has a distinctive silvery greenish grey colour on
the fresh surface and is greenish grev to
greenish brown or creamish on weathered
surface. The rock is studded with white lenti-
At times very
thin grecnish grey micaceous layers can be
distinguished from the white quartz layers in
hand specimen in sections across the foliation.
The quartz mica schist is garnetiferous (garnet
occuring as brownish black protrusions) but
the size of the garnet is small (1 to 3 mm) and
decreases still further towards the upper side
of the Kaghan Pelites until it becomes indis-
tinctive at Khannian.

cular quartz boudinaged veins.

Graphiric Schigr. Occasionally the quartz
mica schist is graphitic. This change occurs
simply by graphite assuming the status of an
essential mineral and increase in the quantity
of pyrite.

Marble and Gypsum. More than one bands
of marble occur in the unit but the marble
ocourring in intimate association with gypsum
towards the upper part of Kaghan Pelites
is the most distinctive. 1tis generally yellowish
on weathered surface and cream or white on
fresh surface. This marble has thin micaceous
partings of greenish or brownish schist and in
part is thinly intercalated with gypsum.

Following is the petrographic summary of
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its lithologies.

Lower Amphibotite Facies
(Fpidote—Amphibolite Facler)
Garnet Grade

Medivm Grade Metamorphism

1. Pelite

CGO 50. Muscovite — Biotite — Chlorite —
Quartz—Garnet—Magnetite — Apa-

tite,

CGQ 51. Quartz— Biotite — Chlorite — Garnet
—Muscovite— Magnetite — Tourma-
line—Zircon—Apaltile.

Texture. Porphyroblastic and = poikilob-

lastic, sometimes lepidoblastic.

2. Psammite

CGQ 52, Quarlz—Biotite — Chlorire — Museo-
vite—Garnet—Magnetite— Tourma-

line—Epidote.

Texfure. Lepidoblastic.

3. Caleareous
: CGQ 53. Calcite—Quartz—Muscovite— Mag-

netite—Apatite— Plagioclase.

CGQ 54. Calcite—Quartz—Muscovite — Mag-
petite— Apatite.
€CGQ 55, Calcite—Muscovite—Quartz — Mag-
netite—Epidote—Sphene—Apatite.
Texture. Generally hypidioblastic and

foliated, sometimes granoblastic also,

4, Graphitic Pelite

CGQ 56, Quarniz—Graphite—Muscovite—Bio-
tite—Pyrite—Magnetite,

Texture. Lepidoblastic,

5. Gypsum
CGQ 57. Gypsum — Calcite — Muscovite —
Pyrite.
Texrure. Granoblastic,

Kamalban Quartz Mica Schists, Quartzites,
Calc-Schists and Marbles

The principal components of the rock unit
are indicated by its title. On the fresh surface
most components are whitish, light green,
light brown and light grey and are generally

banded. On the weathered surface the marbles
are yellowish and greyish, the schists are dark
greyish brown and the quartzites are rusty and
creamish yellow.

Quartz Mica Schist. Proportionately this
is the main lithology but quartzites, marbles
and cale-schists are more striking and promi-
nent, The quartz mica schist is shining greenish
grey on fresh surface and brownish grey or
brown and sometimes whitish on the weathered
surface. It contains quartz boudins much like
those in the Kaghan Pelites. Fracturing and
jointing is common and may obscure folidtion.
Schistosity is well developed and generally a
strain slip cleavage can be seen in addition to
the bedding plane schistosity.

Quarizites.  Alongwith the quartz® mica
schists there are a number of orthoguarizite
bands. These bands are granoblastic. They
are composed mainly of welded and sutured
quartz grains. Muscovite, biotite, chlorite and
pyrite are the accessories. These pure quart-
zites are white, cream or light green and grey and
generally banded on the fresh surface while on
the weathered surface they are creamish yellow,
rusty brown and yellowish grey.

The guartz-mica schists and micaceous
quartzites are schistose and from subporphyro-
blastic to porphyroblastic. The porphyroblasts
arc of micaccous minerals.

Calc-schist. The cale-schist is generally
greenish grey on fresh surface and brownish
grey, yellowish grey or dark grey on weathered
surface. It may be banded in the form of schist



and marble bands. Sometimes there is a grada-
tion between calc-schist and marbles. It is
common to find schist and thin bands of
marble intercalated in varying proportions.
The calcareous material irself can be white,
grey, green or yellowish,

Marbles. Apart from the thick marble
unit at Kandlan, Phagal and Lohar Banda which
border the Kamalban unit a number of small
marble horizons occur within the unit.

The marbles are either grey, brownish grey
or yellowish on weathered surface and grey,
white, light green or creamish white on fresh
surface. The creamish coloured marbles are
distinctly schistose, the schist laminae being of
greenish colour. The white marbles are gene-
rally sugarv with faint grey bands.

Following is the petrographic summary of
psammite and caleareous lithologies.

Greenschist Facies
Upper Part l Biotite Grade
Low Grade Mciamorphism

Lower Amphibolite Facies
(Epidote-Amphibolite Facies)
Garnet Grada

Medium Grade Metamog-
phism

Lower Part

1. Psammite

CGQ 58. Quartz—Muscovite—Chlorite— Bio-
tite—Magnetite.

CGOQ 59. Quartz—Biotite—Tourmaline.

CGQ 60, Quartz—Muscovite—Biotite— Chlo-
rite—Magnetite—Pyrite—Tourmaline.

CGQ 6l. Quartz—Muscovile—Biotite — Tour-
maline—Zircon—Magnetite.

CGQ 62, Quartz—Chlorite— Musovite — Bio-

tite—Magnetite—Apatite—Sphene.

Texture. Generally xenoblastic and grano-
blastic, occasionally cataclastic.

2. Calecareous
CGQ 63. Calcite—Quartz—Muscovite— Pyrite
—Epidote.
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CGQ 64. Calcite—Quartz—Muscovite — Mag-
netite—Epidote.

Texture. Hypidioblastic, subporphyroblas-
tic and sub-poikiloblastic,

Lohar Banda Marble

The Lohar Banda marble has been mapped
a5 a s¢parate rock unit because of its distinctive
nature which epables it to act as a marker
horizon for ficld mapping.

It is mainly white, light grey and light
green banded marble with some calc-schists.
On the weathered surface it is generally grey.

The marble is fine to medium grained,
medium bedded and white with light green and
light grey bands, on the fresh surface.  On the
weathered surface itis medium grey to dark
grey and sometimes yellowish, Within the
marble outcrop there are one or two bands of
quariz mica schist. Both above and below the
main marble band there is a gradation into the
adjoining quartz mica schist through a sequence
of cale-schist and thin marble baods. The
calc-schist is eream to greenish grey, The mica-
Ceous parts are greenish and the caleareous
parts are yellowish.

Following is the petrographic summary of
calcareous hithology.

Greenschist Facies
Biotite Grade
Low Grade Mctamorphism

1. Calcareons

CGQ 65. Calcite—Quartz—Muscovite— Chlo-
rite — Pyrite — Sphene—Epidote —
Zircon,

CGQ 66. Clacite—Muscovite—Quartz — Chlo-
rite—Epidote—Magnetite.

CGQ 67. Calcite—Quartz — Muscovite — Epi-
dote—Magnetite—Apatite,

Texture. Generally hypidioblastic, granu-

lar, sometimes sub-lepidablastic.
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Phagal Quartz Mica Schists and Quarizites

This unit comprises quartz mica schist and
quartzites with subordinate calc-schists and
marble. On the weathered surface it is generally
dark brownish grey and rusty.

The quartzites are medium bedded, both
ortho and micaceous types. They are grey,
light brownish grey and white on the fresh
surface while brownish grey to rusty brown
on the weathered surface. They are medium

grained and often grancblastic. The grains are
welded and sutured.

Quartz Mica Schists. The quartz mica
schist is greenish grey on fresh surface and dark
brownish grey on the weathered surface. It
contains veins and boudins of quartz, The
quartz mica schists show poor to moderate
schistosity.

The calc-schists are medium grained and
poorly to moderately foliated. They are gran-
oblastic to hypidioblastic.

Marbles. The marbles are medium grained
and granoblastic.

Following is a petrographic summary of
pelitic, psammitic and calcareous lithologies.

Greepschist Facies
Biotite Grade
Low Grade Metamorphizm

1. Pelite

CGQ 68. Quartz—Muscovite—Chlorite— Big-
tite—Magnetite—Epidote.

Texture. Sub-lepidoblastic.

2, Psammite

CGQ 69, Quartz—Muscovite—Chlorite — Bio-
- tite—Magnetite—Zircon.

Texture. Granoblastic,

3. Calcareouns

CGQ 70. Caleite—Quartz—Muscovite— Chlo-
rite—Epidote—Magnetite,

Texture. Hypidioblastic.

Doga Schists, Marbles, Quoartzites and Metacon-
glomerates

Tne principal lithologies in this unit are
indicated by its title. The schists include both
quartz mica schist and eale-schist. The main
difference from the Kamalban unit is the
presence of meta-conglomerates and quartzites
with porphyroblasts of chlorite and biotite.

Quarizites. The Doga quartzites are band-
ed, light greenish grey with green porphyro-
blasts and some intercalations of grey marble,

Marbles. The marbles are generally band-
ed, light grey or white with schist partings and
weather to light earthy brown, creamish and
grey colours. Occasionally the marble bands
may be greenish white. The micaceous marbles
and calc-schists are intercalated with quartzite.

Following is a petrographic summary of
various lithologies of this unit.

Greenschist Facies
Blotite Grade
Low Grade Metomorphism

1. Pelite

CGQ 71. Quartz—Biotite—Muscovite — Tour-
maline — Chlorite — Plagioclase —
Magnetite—Epidote—Apatite.

CGQ 72. Quartz—Biotite—Chlorite — Musco-
vite—Plagioclase—Sphene—Apatite—
Magnetite—Tourmaline.

Texture. Lepidoblastic,

2. Meta Conglomerates

CGQ 73. Quartz—Biotite—Muscovite — Mag-
netite—Sphene.

Texture. Metaconglomeratic,



3. Calcareons

CGQ 74. Calcite — Quartz — Muscovite— Py-
rite—Magnetite—Apatite.

Texture. Hypidioblastic to granoblastic.
4. Meta Basic .
CGQ 75. Amphibole—Plagioclase—Microcline
Perthite—Biotite—Sphene — Magne-
tite—Epidote—Quartz.

Texture. Hypidioblastic.

5. Psammite

CGQ 76. Quartz—Chlorite—Muscovite — Bio-
tite—Magnetite—Tourmaline.
Texture. Granoblastic to sub-porphyro-
blastic.

Biari. Quartzites, Metaconglomerates,
Mica Schists, Cale Schists and Pegmatites

Quartz

The principal lithology is indicated by the
title of the unit. It contains ubiguitous pegma-
tites. Also the cale-schists are subordinate
and the metaconglomerates are more prominent
compared to those in Doga unit. A number of
metadolerite bodies are also present,

Quartzites. The quartzites are generally
banded grey, brownish grey, greenish grey and
whitish on fresh surface and dark bruwnish
grey and rusty brown on weathered surface.
They are generally micaceous, containing por-
phyroblasts of green chlorite and sometimes of
brown biotite and intercalations of quartz mica
schist. The intercalations of schist are dark
grey with prominent brown biotite. The banded
quartzites with porphyroblasts of chlorite and
intercalations of schist make the dominent
lithology in the unit.

Meiaconglomerates. The pebbles in the
metaconglomerates stand out on the weathered
surface. The pebbles are generally dark grey
or dark greenish grey in colour while the
ground mass is light grey to light greenish grey
in colour,
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Quartz Mica Schist. 1t is generally light
grey, greenish grey and brownish grey on fresh
surface while on the weathered surface it is
dark brownish grey to dark grey. It is inter-
bedded with quartzites, metaconglomerates and
marbles and contains some gquartz veins in the
form of thin boudins. Chlorits and biotite are
prominent flaky minerals,

Calc-schist and Marbles. A few thin grey
and white marble bands arc present, especially
towards the Doga unit. The marbles have thin
micaceous partings. The calc-schists are dis-
tinguished by differential weathering.

Following is a petrographic summary of
various lithologies of this unit,

Greanschist Facies
Biotite Grade
Low Grade Metamorphism
1. Pelite
CGQ 77. Biotite—Quartz—Muscovite — Chlo-
rite—Epidote—Plagioclase—Sphene—
Apatite.

Texrure, Lepidoblastic,

2. Psammite
CGQ 78. Quartz—Chlorite—Biotite — Musco-
vite—Tourmaline—Magnetite.

Texture. Porphyroblastic,

3. Calc-Pelite

CGQ 79, Caleite—Quartz—Biotite—Chlorite—
Muscovite—Magnetite,
Texture. Sub-lepidoblastic to sub-porphy-
roblastic.

EASHMIR SEQUENCE

What has been described here as Kashmir
sequence includes a  stratigraphic sequence
that represents the Kashmir Basin to the cast,
This sequence outcrops in the Kaghan Valley
between Paras and Jared and includes Tanawal
Formation, Chushal Formation (Agglomerate
Siate) Panjal Formation with associated lime-
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stones and Triassic to Eocene
rocks.

sedimentary

Jared Quartzite and Quartz Mica Schists
(Tanawal Formation).

What has been considered Tanawal Forma-
tion is represented by a relatively minor out
crop of quartzites and quartz mica schist around
Jared faulted on  the lower side against
Mahandri formation of Kaghan group, The
rocks between Jared and Tutan on the roadside
are distinguished by their arenaceous/psammitic
lithology represented by interbedded gquartzites
and quartz mica schists. There iz marked
absence of calcarcous and graphitic material.
On the fresh surface the general colour is light
brownish grey for quartzites and greenish grey
for schists. Occasional metadolerite sills are
also present.

Quarrzites. Most quartzites are banded,
micaceous and relatively thinlv bedded. They
are generally light coloured on the fresh snrface,
They can be greenish grey, light grey or
brownish grey and occasionally green and white
banded. On the weathersd surface they are
earthy brown, brownish grey and dark brownish
grey and at times rusty brown. Individual
beds are generally from 5 cm. to 15 ¢m. thick,

Quartz Mica Schists. The other main litho-
lozv of Jared unit comorises quartz mica schists
which are greenish grev, at times whitish to
light brown on fresh surface and dark
brownish grev on weathered surface. Snme
schists in cross section can be seen to comprise
very thin green and white (quartz) layers,

These rocks are foliated but poorly to
moderately schistose. They are fine to medium
grained.

Following is a petrographic summary of
psammite and metabasic units.

Greenschist Facies
Biotite Grade
Low Grade Metamorphism

1. Psammite

CGQ 80. Quartz—Biotite—Muscovite— Tour-
maline—Sphene—Zircon—Epidote —
Apatite,

Texiure, Lepidoblastic.

2. Meta Basic

C€GQ 81. Plagioclase—Amphibole — Quartz—
Epidote—Magnetite—Sphene.

CGQ 32. Plagioclase—Amphibole — Sphene—
Quartz — Muscovite — Magnetite —
Epidote.

Texture. Hypidioblastic.

Chuoshal Graphitic Schist and Metacunglumgute

Between Shino marble and the Jared quart-
zites there is a relatively thin but very promi-
nent sequence of graphitic schists, metaconglo-
merates with occasional thin bedded marble
bands, cale-schist and quartzofeldspathic micro-
gneisses, This represents the Agglomeratic
Slate unit of Kashmir,

Graphitic Schists, The pelitic graphitic
schist is silver grey to dark grey on fresh surface
and dark grey to dark brownish grey with
rusty patches on the weathered surface. It is
fine grained, well cleaved and contains small
pyrite cubes which leave square cavities when
removed by weathering. There are also thin
quartz veins which are folded and make promi-
nent white boudins,

Marble. Tt is medium grey, thinly lamina-
ted with fine white partings and intercalated
with calc-schist. The marble and cale-schist
occur towards the contact of Chushal unit with
Jared unit.

Metaconglomerates. The metaconglome-
rates are best exposed on the path from Chushal
village to Kamil-di-Gali. It consists of rock
pebbles of graphitic schist, quartzite, marhle,
calc-schist and of granite. The rock is poorly
sorted but shows a degree of foliation. Most



pebbles are subangular indiciting Short distance
transportation. The matrix is coarse grained
and gritty. A few quartzofeldspathic veins are
present. The conglomerate shows two varieties,
one is coarse grained and the other is relatively
fine grained. The coarse variety contains
boulders one foot or more across. The conglo-
merate is dark brownish grey on weathered

surface and grey on fresh surface.

The conglomerate sequence also ¢ontains a
band of impure quartzite, medium grey on
fresh surface and brownish grey on the weather-
ed surface. It is highly fractured.

Following is a petrographic summary of
various lithologies of this unit.
Greenschist Facies
Bibtite Grade
Low Grade Metimorhhism

1. Pelite

CGQ 83. Muscovite—Quartz—Chlorite— Gra-
phite — Pyrite — Magnetite —Tour-
maline,

CGQ B4,

Quartz—Muscovite — Chlorite—Bio-
tite—Magnetite—Tourmaline.

CGQ 85, Quartz—Chlorite—Muscovite — Bio-
tite—Magnetite—Tourmaline,

CGQ 86, Muscovite—Quartz—Chlorite—Tour-

maline—Epidote—Sphene—Zircon,

Texiure. Phyllitic to sub-schistose. Lepi-
doblastic to sub-porphyroblastic.

2. Psammite
CGQ 87. Quartz—Muscovite — Tourmaline —
Zircon,
Texture. Xenoblastic,
3. Calc-Pelite

CGQ 88, Quartz—Calcite—Chlorite—Albite—
K-feldspar — Magnetite — Tourma-
line—Graphite.
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CGQ 89. Quartz—Cadleite—CHlorite—Albite —
Magnetite—K-feldépar;

CGQ 0. Quartz — Calcite — Chlorite — Mus-
covite — Cryptocrystalline matter —
Albite—Zircon.

Texture. Lepidoblastic and sub-porphyro-
blastic,

4. Marbles

CGQ 91. Calcite—Quartz.

CGO 92. Caleite—Quariz,

Texturé, Granoblastic.
5. Graphitic Pelite
CGQ 93. Quartz — Graphite — Muscovite —

Chlorite—Biotite—Pyrite—Sphene—
Tourmaline.

Texrare. Sub-lepidoblastic.

6. Feldspathic Unit

CGO 94, Quariz— Albite/Oligoclase — Micro-
. Sliﬁéﬂ(-ﬂ]ﬂlbﬂi‘ — Cryptocrystalling

matter — Tourmaline — Graphitic

matter.

CGQ 95. Quartz—Albite/Oligoclase — Crypto-
crystalline matter — Microcline [ K=
fedspar—MuscoVite — Totirmaline —
Biotite—Zircon—Pyrite.

CGQ 96. Quartz—Albite [ Oligoclase—Musco-
vite—Tourmaline.

CGQ 97. Quartz — Mictrocline | K-feldspar —
Albite/Oligoclase—Muscovite — Cry-
ptocrystalline matter.

CGQ 98. Quartz—Albite/QOligoclase — Musco-

vite—Microcline | K-feldspar — Bio-
tite—Tourmaline.

Texture, Porphyroblastic and sub-gaeissic.
Panjal Formation

Panjal Voleanies. On the roadside the
Panjal Voleanics comprise a few thick bands of
basic volcanics which alternate with a few thick
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laminated calcareous bands. The whole sequ-
ence has suffered low grade metamorphism.

The trap is the voleanic part of the Panjal
series and occurs as two thick bands. The
band in contact with the Shino marble extends
on the roadside from near Shino Hatchery to
close to the Bhunja Bazaar, The colour of the
rock is dark greyish green. Large porphyro-
blasts of chlorite are commonly developed. At
places the rock shows pillow like lenses which
appear to be relics of pillow structure. Only a
part of this thick series of rocks occurs within
the mapped area. The Panjal outcrop becomes
thinner towards the apical side of the syntaxial
bend.

Shino Marble. The Shino Marble is best
exposed on the roadside opposite the Shino
Hatchery where it is making overbangs on the
roadside. The unit consisis of sugary arenace-
ous marbles and calcareous guartzites, Most of
these arc coarse praincd light grey or yellowish
grey. At the contact with Chushal unit the
Shino unit comprises finc grained marble which
is medioum grey on fresh surface and creamish
yellow or yellowish brown on weathered surface.

Ling and Bhunja LimestonefMarhles, The
greenstones are inter-bedded and folded with
sediments comprising three major bands includ-
dng Shino Marble of crystalline, slightly meta-
morphosed limestone/marble.

The Ling and the Bhunja limestone/marble
bands are fairly similar to each other. They
comprise fine prained, thinly laminated, medium
grey limestone/marble with thin white and
vellow partings. Both outcrops also contain some
thin greenish grey phyllite bands, The
Bhunja outcrop in addition shows one or two
quarizite bands.

Following is a petrographic summary of
various lithologies of this unit.
. Greenschist Facies

Fiotite Grade
Low Grade Mctamerphism

1. Panjal Volcanics

BK-4. Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite—EK -feldspar-—Sphene—
Magnetite.

90. Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite—Quariz— K-feldspar
—~Calcite—Magnetite—Sphene.

N-6. Actinolite — Albite/Oligoclase — Epi-
dote—Quartz—K-feldspar — Sphene —
Magnetite.

N-24, Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite—Quartz— K-feldspar—
Sphene—Magnetite—Calcite.

224. Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite—Quartz—Sphene,

N-11. Actinolite — Albite [ Oligoclase -— Epi-
dote—Chlorite—Quartz—Sphene,

13.  Actinolite—Albite-—Oligoclase — Epi-
dote—Chlorite—Quartz— K-feldspar—
Calcitc—Sphene—Magnetire.

BKl. Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite— Quariz—K-feldspar—
Sphene—Magnetite,

31. Actinolite — Albite/Oligoclase — Epi-
dote—Chlorite—Quartz—K-ieldspar—
Sphene—Calcite—Magnetite,

N-1. Actinolite [ Albite—Oligoclase — Epi-
dote—Chlorite— Quartz—K-feldspar—
Sphene—Calcite—Magnetite.

Texture. Porphyroblastic to sub-porphyro-
blastic and sub-poikiloblastic. At places
hypidioblastic to acicular. Some horizons are
amygdaloidal.

2. Shino Band
1167. Calcite—Quartz—Chalcedony—Limonite/
Haemaltite,

1164, Calcite—Limonite/Haematite.
453. Calcite—Quartz -—— Limonitc/Haematite.



113. Calcite— Chlorite — Quartz — Limonite/
Haematite,

Texiure. At many places it is microcrystal-
line to cryptocrystalline, At others it is grano-
blastic to xenoblastic.

Bhonja Band
465, Calcite—Quartz—Pyrite.

800. Calcite—Quartz—Chlorite-—Pyrite,
469. Calcite—Quariz.
470. Calcite,

3-a. Recrystallized Cherty Parls Associated with
Bhunja Hand.

102. Chalcedony—Quartz—~Calcite— Zeolite—-
Chlorite—Pyrite.

§27. Chalcedony—Quartz—Calcite—Zeolite—
Chlorite—Pyrite.

833, Chlorite—Quartz—Calcite — Chalcedony
—Epidote.

Texiure. Some parls are microcrystallineg
to cryptocrystalline, while others are sub-por-

phyroblastic 1o granoblastic.

4. Ling Band

1192-L1. Calcite—Dolomite—Quartz,
1194-1L3. Calcite—Quartz. i
1196-L7. Calcite—Chlorite—Quartz—Sphene.

Texture, The Limestone is generally fine
grained and even microcrystalline to crypto-
crystalline. At places it is coarser and even

locally dolomitised.

DISCUSSION AND CONCLUSION

The rock units betwecn Paras and Babusar
top are regionally metamarphosed from biotite
to sillmanite grades of regional metamor-
phism of Harker (1932). In terms of facies the
metamorphics range from greenschist facies to
upper amphibolite facies. In terms of four
major divisions of metamorphism of Winkler
(1979) these rocks range from very low grade to

high grade metamorphism. The absence of
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cordierite and andalusite as regional metamor-
phic minerals and the presence of garnet,
kyanite and sillimanite in the sequence show
that the terrain belongs to the medium pressure
Mmetamorphic belts of Miyashiro (1972).

The status of various stratigraphic sequ-
ences of the area in terms of index minerals,
metamorphic grade and facies series is presented
in table No. 2. The area between Bhunja and
Khannian was studied by Calkins ct al, (1975)
and Wadia (1931). The area around the
syntaxial bend was studied structurally by
Bossart et al. (1984). Ghazanfar and Chaudhry
(1984, 1985, 1987) and Chaudhry and Ghazanfar
(1987) revised the geology of the area
and remapped the rock uniis lying between
Bhunja and Khannian. They also mapped for
the first time the rock units lying between
Khannian and Batakundi and between Batakundi
and Babusar. They have described the rock
units and worked out the stratigraphy af the
arca (see table No, 1) and commented in general
terms on the metamorphism of the areas
studied. This paper presents a systematic
account of the metamorphic rocks of the area
between Paras and Babusar Pass or between
MBF (Main Boundary Fault) and MMT
(Main Mantle Trust),

The index mineral zones have been charac-
terised by the first appearance of the index
minerals e.g. biotite, garnet, kyanite and silli-
manite,

Low grade metamorphism is characterised
by the isograd band “Zoisite and clinozoisite in
and pumpellyite-prehnite out” Winkler (1979).
The Panjal volcanics and associated rocks lack
lawsonite as well as pumpellyite-prehnite and
contain zoisite and clinozoisite.

The Panjal formation, Chushal formation
and Jared quartzite unit all fall in biotite
grade and in low grade metamorphism. Biotite
is present in these units and garnet is lacking,
Alro chlorite occurs in stable association with
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TABLE 2

Metamarphic Grades and Facies in Relation to the Stratigraphic Seqoence.

Prehnite —
Pumpellyite (1)
Facies.

Gresnschists Facies,

Biotite Grade. [
Low Grade Metamorphism,

Lower Amphibolite Facics,
(Epidote-Amphibalite Facies)
Garnet Grade. i
Medium Grade Metamorphism.

Upper Middle to Upper
Amphibolite Facies.
Kyanite and Sillimanite !:ira.d:
High Grade Metamorphism.

L !

|
1
[

-

Murree Formation
(Miocene)
Paras Formation
(Palcoccns to Eocene)
Rosachcha Formation
{Paleocenc)
Malkandi Limsstone
(Triassic)

Papjal Formation
(Permian).

Chushal Formation
{Agglomerate Slate Scrics)
(Carboniferons)

Tanawal Formation
(Silurian to Carboniferous)

A
Mahandri Formation.

A,

Kaghan Formatiom.

Dark grey oolitic limestone with shale partings,

Panjal basic volcanics and associated Ling, Bhunja and
Shino bands of limestone/marble,

Graphitic schist, limestone/marble, metaconglomerate
and tuffs.

Jared quartzites and quartz mica schists.

1" Biari guartzites, metaconglomerates, quarlz mica
schist. calc-schist and pegmalites,

Doga schists, marbles, quartzites and metacooglo-
merates.

_! Phagal quartz mica schists and quartizites

Lohar Banda marble.

Kamalban quartz mica schists, quartzite, calc-schists
apd marbles.

| Kaghan Pelites.

Rujwal quartrites, quarlz mica schizt/gneciss, pep-
matites, aplites and granite/gneiss,

KAGHA GROUP

L

<

SHARDA GROUP

sraay
—_—

L

—

L

Rajwal Formation.

Amphibolites ; -
Migmatites and Granite Gneisscs 10

Paludaran graphitic schist.

Batal guartzites and quarlz mica schistfgneiss.

¢luding :

Saif-ul-Maluk granite gneiss.
Dadar migmatite.

Babun grapite gogiss.
Jalkhad granite gneiss.
Gittidas granite gneiss.

Lulu Sar Feldspathiscd Porphyroblastic Goeiss.

Mixed Unit including :
Garnetiferons Cale-pelitic Guei:s;::

Purbinar mixed unit.
Besal mized unit.

jncluding :

Maran garneliferous cale-pelites.
Burawai garnetiferous cale-pelites.

Dhak Graphitic Gneisses (In Jalkbad Nar).

Bans Pelitic Goeisses.
Dabukan Marble.
Dumri Cale-pelites.



muscovite, In addition the metadolerites in
these units contain_albite to low oligoclase,
All these characters justify the grouping of
these units into low grade metamorphism.
Ubiquitous presence of chlorite, stable associa-
tion of chlorite with muscovite and the
characteristic assemblage albite-epidote-actino-
lite-chlorite-quartz and albite to low oligoclase
composition of feldspar in metadolerites justify

placing these units in greenschist facies.

The top of Kaghan formation marks
important changes. Almandine garnet appears
for the first time in pelites. Muscovite disappears
in the presence of chlorite. Although retro-
grade chloritc is present yet stable association
was not found. The criteria “‘formation of
staurclite and disappearance of chloritoid”
(Winkler 1978) could not be used since chlori-
toid was not found in lower grade rocks aad
staurolite was not found. However, the mera-
basites (amphibolites) studied show the anorthire
jump (Winkler 1979). So the top of Kaghan
pelites (Kaghan Formation) marks the beginning
of medium grade metamorphism. On the basis
of above observations it may be conc¢luded that
the top of Kaghan formation also marks ine
onset of lower amphibolite facies (Epidote—
Amphibolite Facies).

Lower part of Rajwal unit (of Rajwal for-
shation, see table 1) shows good development of
migmatites. [Earlie (Ghazanfar and Chaudhry,
1985) regarded thispart of the unit as rather
high grade. But this observation is question-
able. This tectonic slice falls in overall lower
amphibolitc facies {(Epidote — Amphibolite
Facies),

The Kaghan formation contains ubiguitous
_almandine garaet, Chlorite in stable association
with muscovite was not. found. The plagiociase
of amphibolites ranges from oligoclase (> An
17) to low andesine. The lower part of
Mahandri formation, Kaghan formation and

parts of the Rajwal unit of Rajwal formation
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undoubtedly fall in the garpet grade. They

belong to lower amphibolite facies(epidote—am-
phibolite facies).

From lower part of Rajwal unit to Batal
unit of Rajwal formation upto Batal fault the
rocks do present some difficulties.. Pseudo-
morphs of olivine (now antigorite) were found
in metacarbonate of Paludaran unit of Rajwal
formation and wollastonite (?) was fouad in
the lower part of Batal unit of Rajwal forma-
tion. These rocks are often gneissic. Although
it can be said with certaioty that these units
fall in the medium grade of Winkler (1979) wet
it is difficult to say weather they have already
reached upto staurolite grade. Staurolite or
kyanite could not be fouad despite thorough
search. The absence of kyanite is significant
but lack of staurolite may bé due to unsuitable
composition of the pelites since chloritoid is
also absent in-the lowes grade pelites,

The Sharda group beyond the Batal fault
represents 2 jump in metamorphic grade
kyanite and sillimanite appear in the melape-
lites. It is difficult to separate the kyanite
from the sillimanite grade in this block. A
significant part of the kyanite grade appears to
have been faulled out. Sillimanite soon makes
its first appearance some distance north of the
Batal fault. The exact boundary between silli-

manite and kyanite grades is difficult to mark.

The aurea between Batal fault (south of
Naran) and MMT (uear Babusar Pass) fallsin
kyanite-sillimanite grades. The amphibolites
are invariably garnetiferous. 'Plagioclase is very
often a dabradorite. Extensive migmatisation
near Dharir, in Dadar Nar, Khote Narand Jora
Mala (near Burawai) ctc. is significant. Presence
of kyanite and sillimanite, partial anatexis and
high grade amphibolites show that the rocks
belong to upper amphibolite facies.

There is no general breakdown of muscovite
in presence of quariz in these rocks. However,
lower down in the sequence in certain horizons
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partial resorption of muscovite was observed,
specially where plagioclase was present. But
complete breakdown of muscovite was not
observed. The criteria laid down by Winkler
(1979) “*“We choose the breakdown of muscovite
in the presence of quartz and plagioclase to
define the change from medium grade to high
grade metamorphism™ cannot be applied
usefully. This is because many pelite psammite
horizons lack plagioclase. It has been observed
by Winkler (1979) that muscovite -+ quartz is
stable uptoa much higher temperature than
was previously thought. So presence of kyanite

and sillimanite, high grade amphibolites and
formation of migmatites along suitable

horizons justify placing these rocks in high
grade metamorphism.

Retroprade Metamorphism

The rocks lying between MBT and MMT
have suffered a superimposed retrograde meta-
morphism. This metamorphism is marked by the
development of secondary chlorite, actinolite
and epidote. Biotite and garnet are replaced
partially by chlorite. Plagioclase is replaced
partially by epidote and hornblende is replaced
partially by epidote and chlorite. Development
of secondary actinolite is also common. These
changes in general are sporadic. However, in
the vicinity of major faults (thrusts) like, Shino
fault, Tutan fault, Jared faunlt, Khannian
fault, Rajwal fault, Batal fault and MMT, the
retrograde effects are particularly well marked
These faults are generally marked by crush
zones, fault gouges, mylonites, ete. It is here
that retrograde effects become very much pro-
pnounced. The retrograde metamorphism
belongs to the greenschist facies.

Break in Metamorphic Grade

. There are 2 number of breaks of varying
degreesin P-T continnom in the area. The Murres

fault brings the sedimentary sequence against
the metamorphics. Bossart et al. (1984) and
Greco (1986) place the Murree formation in
the prehnite—pumpellyite facies. Petrographic
study of a large number of samples did not
show the presence of characteristic minerals of
this facies. However, due to thrusting along
MBT such facies may have developed locally.
But there is no regional prehnite—pumpellyite
facies. These authors also show a big break in
P-T along the Panjal fault. Following the pre-
vious workers they called thc Jared guartzites,
etc. Salkhala formation. They further showed
this so-called Salkhalas (actually Tanawals) as
falling in almandine-amphibolite facies. In fact,
both Panjals as well as the Tanawals (Salkhalas
of Bossart et al.) fall in the greenschist facies.
At places where the contact belween Panjals
and Tanawals is normal there is no P-T break,
elsewhere, where the contact is faulted, the
break is much smaller than shown by Bossart
et al, (1984).

The Shino fault and Tutan fault, mark
small breaks in P-T continuum. However, the
Batal fault shows quite a significant break,
The Batal unit belongs to the lower amphibolite
facies (epidote—amphibolite facies) or at best
lower part of the amphibolite facies and garnet
grade. The Naran unit of Sharda group
represents upper amphibolite facies. Possibly
stavrolite grade and a part of the kyanite grade
iz faulted out. The Naran unit falls, at least, in
kvanite prade and a part of this unit falls in
sillimanite grade.

The MMT near Babusar Pass similarly
marks a big break in P-T, The rocks lying to
the south of MMT belong to the sillimanite
grade or upper amphibolite facies while the
rocks lying to the north of MMT at most repre-
sent greenschist and epidote-amphibolite facies.



CONCLUSION

Detailed geological mapping and a study
of mineral assemblages of the large varisty of
rock units exposed between Paras and Babusar
Pass in the Kaghan Vallev reveals the following
preliminary picture of metamorphism in the

area :

1.

2

B4

Malkandi were classed under Prehnite-
pumpellyite facies by Bossart et al.
(1934), We are inclined to consider this
sequence as unmetamorphosed sedimen-
tary though locally, possible presence
of this facies may not be ruled out.

3. Within the limits of the mapped area
in main, the metamorphism increases the metamorphic isograds appear to
up-valley towards north and varies from follow major tectonic lines. This indi-
greenschist facies, biotite grade, at cates the post metamorphic nature of
Mahandri and Bhunja to Upper amphi- these tectonic lines.
bolite facies, sillimaonite grade between N T e - 5 )
Naran and Babusar. - pread greenschist facies

metamorphism  superimposed on an
The Murree sandstone, shalesand older earlier metamorphism ranging from
Cenozoic-Mesozoic rocks exposed down- upper amphibolite facies to greenschist
stream of Paras and upstream to facies,
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A NEW GENUS OF THE FAMILY HYAENIDAE GRAY FROM THE UPPER
SIWALIK BEDS OF THE PUNJAB

BY

MUHAMMAD SARWAR, ABU BAKR, MUHAMMAD AKHTAR
and FAREKEHANDA AEHTAR
Department of Zoology, Punjab University, New Campus,
Lahore, Pakistan

Abstract : Two fragments of an anteriar half a hyaenid skull from Neogene Upper Siwaliks of district
Attock, Pakistan are deseribed here as a new genus, Romeria, The concluston is based on the overall
morphology of cheek teeth, location of the first molar and the size of the third incisor.

INTRODUCTION

Scientific description of the Siwalik hyaenids
is known since 1868 when Murchison edited
Palconer’s ““Fauna Antiqua Sivalensis®. Since
Falconer’s time, these Siwalik carnivores have
been worked out by a number of warkers such
as Lydekker, Bose, Matthew and
Abubakr. The material worked out by these
workers comprises isolated teeth, fragments of
mandible, maxillary portions and few skulls,
The present material comprises two fragments
of an anterior half of a skull collected by one
of the authors from Jassian, about 10 K.M.
Southeast of Atinck city. The material is
unique in the sense that the 3rd incisive
alvenlus is even larger than that into which
canine is inserted. Due to this and other
morphological features of the testh, a new
genus has been erected for the present material.

Pilgrim,

The abbreviations used are as follows :

L. Anteroposterior diameter.
I. Left.
P.U.P.C. Punjab University Palasontological

collection stored in Zoology Depart-
ment at Lahore, Pakistan.
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I, Right.
w. Transverse diameler

SYSTEMATIC ACCOUNT

Order CARNIVORA Bowdich
Suborder  FISSIPEDIA Blumenbach

Superfamily FELOIDEA Simpson
Family HYAENIDAE Gray

Subfamily HYAENINAE Mivart

ROMERIA MNew Genus

Generic type : Romeria jasgianensis new species
Diagnosis :

In general similar to Crocuta but different
from the latter in having the third upper
incisor larger in diameter than the canine.
Canine with anterior and posterior keels as in
Crocuta carnifex. Pl reduced, P2-3 with strong
posterior and slight anterior cingula. P4 trans-
versely narrow but long anteroposteriorly with
pronounced protocone. M! reduced and
transversely elonpated lying anterior and inter=
nal to the posterior end of P4 on the palate.

ROMERIA JASSIANENSIS, new species

Type :
PUPC. No. 87/4, two fragments of an
anterior half of the skull with canine, P3 and



alveoli of P!, P2 and partially those of third
incisor and P4 on the lef side ; and P2-3, M!
and alveolus of P4 on the right side.

Type Locality :

Jassian, about 10 K. M. South-East of
Attock city, Punjab, Pakistan,
Horizon :

Tatrotian of the Upper Siwaliks.

Hypodigm :

Type only.
Diagnosis :

As for the genus,

DESCRIPTION (Figs. 1—6).

The skull under study is broken up longi-
tudinally into almost two cqual halves, On
the left side, canine and P3 are preserved and
the alveoli of 13, P1-2 and protocone of P4 are
distinct. The right half has P2.3, complete
alveolus of P+ and complete M1

Third incisor, which is represented by its
alveolus, was evidently more stout than the
canine. In crocuta, 13 1s always more stout
than I!-2 but less so than the canine, Although
I} is not preserved in this specimen, yet the
alveolus, without doubt, clearly shows its
thickness, The canine is stout with greater

longitudinal than transverse diameter, asis
generally the case. It has distinct keels on the
anterior and posterior sides like that of Crocura
carnifex. - The alveolus of P1 indicates its small
size and its outer boundary internal to that of
¥2 as in Crocuta. P23 are very thick and stout
teeth with conical crowns and with anterior
and posterior cingula of which the posterior
one is more prominent. P4, which is represen-
ted by its complete alveolus on right side, was
decidedly longer and thinner than in Crocuia.
Moreover, it bhad very prominent protocone
more s0 than in Crocufa. 1t extends inwards
beyond the inner border of P4 Its alveolus
clearly indicates a sharp, thin and long crown,
Pilgrim (1931) states about Crocufa, **P4
gradually lengthening, with protocone either
larger or much reduced”. In the specimen
under study the protocone was definitely promi-
nent. However, one feature which distinguishes
it from Crocuta, i5 that it is much thinner and
ionger tooth.

M! is complete, It is much reduced in
size, It is shorter longitudinally but its trans-
verse dimension is greater. Anterior to it, there
is a prominent depression on the palate. The
posterior border of the palate shows concavity
on the left and right side because medial part
of the palatine and external part of maxilla are
longer than their counter parts.



TABLE 1

Dental measurements (in mm) in Romeria jassiarensis aew genos & new

species

Anteroposterior diameter of 1.13 alveolus

Antero-posterior diameter of canine at base

Transverse diameter of canine at base

Height of canine

Antero-posterior diameter of P1 alveolus
Reconstructed antero-posterior diameter of P1

Transverse diameter of P1 alveolus

Reconstructed transverse diameter of P2

Antero-posterior diameter of r. P2
Antero-posterior diameter of 1,P2 alveolus ...
Transversc diameter of 1.P2
Transverse diameter of 1.P2 alveolus
Crown height of r.P2
Antero-posterior diameter of r.P3
Antero-posterior diameter of LP3 o
Transverse diameter of r.P3
Transverse diameter of LP? =
Crown height of r.P? X
Antero-posterior diameter of r.P4 alveolus
Reconstructed antero-posterior diameter of r.pP4
‘Transverse diameter of r.P4 alveolus at protocone
Reconstructed transverse diameter of r.P! at protocone
Antero-posterior diameter of r.M1 ...

Transverse diameter of r, M1
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19
23
17
37

6.5

6.5
21.5
215
15.5
15.5
15
23

28
20

22

42

24

4.5
13
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DISCUSSION

In having heavy and blunt premolars,
powerful carnassials and highly reduced
postcarnassial tooth, the skull under study is
referable to the family hyaenidae.

According to Simpson (1945), there are
4 genera in the subfamily hyaeninae. These
are Hvaenictis, Lveyaena, Crocuta and Hyaena.
Of these, the first three are known from the
various faunal stages of the Siwalik Serics
(Pilgrim, 1932; Abubakr & Akhtar, 1983 ;
Abubakr, 1986),

The skull fragments under study needs no
comparison with the relevant material of the
genus Ietitherium of the subfamily Ictitherinae
because the latter was a primitive hyaenid with
low and comparative lightly buoilt teeth
(Colbert, 1935 ; Piveteau, 1958). Actually, it
presents a transition between viverrids and the
modern hyaenids (Zittel, 1925 ; Romer, 1966).
In the genus Hvaenictis, M! is large and
triangular with much greater antero-posterior
diameter than that of any known species of
Hyana or Crocuta (Pilgrim, 1932). M1 is
situated posteriorly to P4in the genus Hyanictis
(Matthew, 1929). Thus, the skull under study

cannot be referred to the genus Hvaenietis.
The specimen under study is sharply differentiat-
ed from the narrow and eloogated skull of the
genus Lycyaena (Pilgrim, 1931.) In P.U.P.C,
No. 87/4, M! is highly reduced and is placed
anterior to the posterior end of the P4 whereas
it is situated slightly behind the P4 in the genus
Lycvaena (Pilgrim, 1931). The complete
alveolus of P4 indicates that the tooth was
decidedly longer and thinner with sharp, thin
and long crown than that of the genus Crocuta.
The alveolus also indicates that its protocone
was much prominent than that found in the
P4 of the genus Crocuta. In the skull under
study, the posterior border of the palate ends
comparatively far more anteriorly than that
of the genus Crofula.

There is no doubt that the specimen under
study is a hvaenid but differs from the known
genera in having a very large I3, structure of
M1 and P4 and their location and the posterior
border of the palate. Tt is therefore, referred
to a mew genus Romeria which is in recognition
of the great palatontological contributions of
the late Professor Alfred Sherwood Romer,
The new species, Romeria fassianensis is named
after the type locality Jassian.
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Fig- 1. Romeria jassianensis n. g. et n. sp. Ventral view of right fragment of the
skull, P.U.P,C. 87/4.

Fig. 2. Romeria jassianensis n. g. et 0. sp. Outer view of right fragment of the
skull, P.U.P.C. 87/4,

Fig. 3. Romeria jassianensis n. g. et n. sp. Inner view of right fragment of the
skull, P.1I.P.C, 87/4.



Fig. 4. Romeria jassianeénsis n. g. et n. sp. Ventral view of left fragment of the
skull, P.U.P.C. 87/4.

Fig. 3. Romeria jassianensis n.g. et n.sp. Outer view

_of left fragment of th
skull, B.UI.P.C. §7/4, ¢

Fig. 6. Romeria jassianensis n. g. et n, sp. Ioner view of left fragment of the
skull, P.U.P.C. 37/4.
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NANGA PARBAT : A STUDY OF GEOGRAPHICAL INFLUENCE

BY

MUHAMMAD MUSHTAQ CHAUDHARY
Department of Geography, Punjab University, Lahore-Pakistan

Abstract : Nanga Parhar is under active investigations in the field of geology. On the other hand there
do=s not exist any notable geographical investigation to elaborate the geographical factors of the area.
Here an attempt has been made to elaborate geoeraphical factors at work and their associations. Here
a probe has been made to ascertion the commanding position of Nanga Parbat and its influence in
shapping the regional geomorphology and the resultant topography.

INTRODUCTION

The study region lies between 74* — 15° to
75° E and 35° to 35° 30'N. Tt is situated in the
Diamir district of Northern Area, in the N-W
mountainous region, hetween the Indus valley
in the N and Great Himalayan system bordering
the 5-Wn and Sn side. In this region is situated
the most dominating feature of Nanga Parbat
(naked range) (Fig. I). The mountain i5 more
than 30 miles long and its axis js positioned in
the S-W and M-E direction. Towards N-E
it advances as a ‘low spur” above 12,000° to the
Indus Valley where it ends in a cliff. The
steep dipping of this section is disturbed at a
place where it shoots up to above 16,000
above sea level.

Geologically speaking, the Nanga Parbat
arca, between Chilas mountains to the W and
Astor mountains to the E consists of :—

(a) Nanga Parbat Massif, {b) Precambrian
Serics covering the area to the § upto latitude
35 13, (¢) Crystalline complex showing an
association of gneiss and Precambrian series
surrounding the eentral massil, (d) Massive
black basic igneous rocks oCccupying extensive

ground to the E of Tndus Valley and (e) the
Indus Valley fluvial terraces (See Fig. 2).

(a) MNanga Parbat is a gneiss occupied area
and extends to the eastern slopes of
Bunar Valley. The MNanga Parbat mass
alongwith its other peaks is composed
of gaeiss and Precambrian rocks which
show metamorphosed forms of marble,
graphitic and mica schists, The whole
mass of different kinds of formations is
excellently and uniformly consolidated.
The region possesses a regular dip to
the MN-W. The general strike of the
foliation is consistently in the N-E
and S5-W direction. The gneiss and
schist are extensively traversed by acid
and basic igneous intrusions. The
intrusions are of considerably large
dimensions. They belong to the
‘Central Gneiss’ of Himalaya inters-
persed by a finergrained granite of later
intrusive phaze. As a matter of fact,
the higher portion of Nanga Parbat
shows foliated granite which intruded

into the gneiss dome.
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{b) Precambrian sediments (Salkhala For-
mation) are found in the southern
area of Nanga Parbat, Here the series of
rocks consist of highly metamorphosed
corbonaceous and graphite bands in
the form of schists. These rocks prevail
upto a level of 1,000, but at higher
level become scare and gneiss give
way to mica and marble schists.

On the SE from Trashing, (Fig. I),
metamorphism decreases and Precam-
brian formations emerge from the
monotonous gneiss complex.  The
occurrence of acid and basic intrusions
steadily decrease SE wards,

() This type of formations surround
Manga Parbat elliptically (See Fig. 2).
The rim of the ellipse continues ina
NE direction beyond Astor towards

Gilgit. It is more exclusively consti-
tuted by schists.

(d) This whole area is characterised by
widespread injections of plutonic and
acid plutonic formations. Dolerite
tvpe of igneous rock intrusions in
the Astor mountains and cast of Nanga
Parbat, occupy an extensive area and
at places arc of mountainous dimen-
tions. Smaller intrusions are in the

form of dykes and stocks which exist
everywhere,

(¢) These are Quarternary deposits of
coarse deposits in the form of river
terraces. They are & narrow belt in
the N and becomes of sizeable extent
on the southern side, extending south-
wards along the valley of Bunar river
for a small distance.

Physiographically this region is directly
related to the dominating influence of Nanga

Parbat, This is made further clear by a cros-
section of the range from Indus Valley in Chilas
in the NW to Rupa Valley in the SE (Fig. 3).

Techtonic Influence of Nanga Parbat:
The Manga Parbat and its
Haramosh in the

twin orogen-
NE direction, makes a
tectonic axis which runs almost perpendicular
to the main Himalayan range. Previously it
was considered that the Nanga Parbat is the
culmination of Himalayan range. Recently, it
has been extended across the Nanga Parbat
towards SW dircciion into the Hazara, Swat
and Dir areas, Therefore, the status of Nanga
Farbat is of enigmaric position.

According to Misch (1949), the Manga
Parbat is composed of granites and gneiss with
high grade rock constituting the central dome
and decreasing grades symmetrically disposed
outwardly. 1he rocks are lound to have under-
gone high pressure-temperature changes
involving addition of material from depths, as a
result the composition of the original rocks has
been transformed in what we tind at present.
This change in composition has caused decrease
in the density of rocks so that orogen is in a
state of gravity imbalance as compared with the
surrounding formations. This is believed to
have happencd even if there was only a
redistribution of chemical material within the
mountaio system without involving additions,
as claimed by Gansser (1964). The only chemical
investigation so far carried out by Shams and
Shafiq (1979) support addition of material.

According to Desio (1960) the Nanga Parbat
constitutes a remobilised prism of the basement
rocks which has also involved the cover rocks.
In both cases, the Nanga Parbat is known to be
sicsmically active and still rising, According
to Zitler the rate of rise of
Nanga Parbatl is 21 to 03 cms per year which

is very high in geological terms. Due to this
unique behaviour, the Nanga Parbat region



Constitutes an extraordinary geomorphic
phenomenon such that there is a drop of, as
explained below, slope which is very steep.
Due to this reason the Manga Parbat is suffer-
ing from abnormal rate of weathering and
ergsion. On the E side weathering is both due
to ice and water while the western side
suffer mostly from ice action and temperature
variations. As a result the river Indus which
flows mostly on the West side receive excessive
sediments. An other influence of Nanga Paibat
techtonics is siesmic activity related to MNanga
Parbat and influencing other regions as well at
considerable distance.

The Nanga Parbat is the most massive
feature of Western Himalayan system, lis
topography is fascinating, It has a height of
26,6c0° above the sea-levelel, The range has
16 other pinacles of which 11 are above 2u,000°
and other five above 16,000° (Fig. 1).

The Manga Parbat is the central one and
most commanding in the whole region. On
the Northern side the range dips down to below
3,500° at Indus Valley bed in only approxi-
mately 14 miles, to the West it falls 20,00u" in
17 miles, to the South 20,000" in 31 mules and
to the East within 14 miles the slope dips from
19,600" to the Astor river gorge 1o less than
10,000" above Sea level.  This gives an idea of
the gradient of the slope of toe area. Oa all
sides there arc also numurous abrupt scacps,
and deep gorges and basins from 3,000 to
10,000 level which again and again interrupt
the mainitall.

The Nanga Parbat has wall-like precipices
on the South side, rising sharply 12,000 to
13,000 from the Hupal valley beneath. The
ledges and recesses all along the slope carry
several small glaciers and dangerous avalanches,
(Fig. I). The range breaks into two points
in its Souther length which is Mazeno Gali,
17,640 and Toshi Gali, 16,820'. The former
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provides a passage to the Bunar Valley in the
Chilas mountamous region. Both the galies
arc covercd under the mantle of talus and
moraine deposits.- The eastern and south-
eastern side of the mountain is surrounded by
enormous stretches of morains, consisting of
angular blocks of sizes upto 100" diameter.
These boulders, alongwith fresh frost-broken
debris, is regularly shed from higher crags.
This is the only loose material available to
provide evidence of the character of the rocks
in the higher region, because most of the top of
the range above 16,000' remain under snow
cover. There are also found discontinuous
patches of bare rocks along Rupal valley upto
Toshe Gali. North-wards naked clifis haag
over various parts of the stream tributaries
which join the Indus Valley, The region, 10
the NW and NE falls precipitously to the
valley of the Indus and on the other side rises
again steeply in the Shinaki mountains, Similar
is the case with the area to the S and E of the
main massifl. Here the relief, generally, is
high.

The NW slope of MNanga Parbat is also
precipitous but more rcgularly as compared
to the southern slope. Here the landscape
shows spur-ridges first extending to the NW
and then turning N-wards to end up in the
river bank clifis. The main feature of the
valley is that it is flanked by cliffs and Spurs.
The whole region is occupied by Chilas moun-
tains,

It is clear from the Map (Fig. 1) that
Nanga Parbat is very well covered with snow
from where originate several glaciers on both
sides. On the south-eastern side glaciers slip
down in large numbers from a very steep slope.
They push down from the edge in the form of
avalanches and extensive snow-slips. On the
other hand north-western side of the ridge is
fairly wide and, therefore, possesses stable ice-
field. Only some gaps and craveces are favour-
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able for ice lows. On this side develops only
4 or 5 glaciers. Anyhow. on both sides glaciers
reach the level of 10,000 above Sea-level,

Topographically, the region shows many
abutting pinacles with elevations above 11,000'
while above 16,000° are only afew. On the
other-hand in the north-eastern and eastern
section there are plenty of isolated hillocks
with heights above 13,000 and above 18.000°,

The southern and south-eastern sections
of MNanga Parbat have a good number of
pinacles. As said before, all of them are above
16,000°. If southern, south-eastern and central
MNanga Parbat are considered together, the
region possesses the highest concentration of
peaks in a single mountain range. [In short
this knot of high ground has shaped the terrain
trend of this region.

Azain the drainage pattern development
seems clearly due to the positional control of
Nanga Parbat, It acls as a watershed. As
discussed earlier, the north-western slope is
gradual, The ice-field above snow linc is
stable and here glaciers do not tumble down
erratically. Therefore, the regular snow-melts
have assured water supply, due to which a
profuse stream system has come into existence,
though rainfall is scarce. The largest of the
stream system on this side is Bunar Gali. The
streams possess dendritic pattern. The paucity
of cliffs, spurs and plugs provide favourable
physiograghy for development of streams, as
well as numerous secondary and tertiary order
tributories. This form of drainage also estends
to the north-eastern section of the area.

The eastern, south-eastern and southern
sides of the range are different as compared
to the north-western side. Here the slope, as
explained before, is extremely steep and rises
abruptly, Tt is due to this fact that there are
plenty of glaciers. This is drained by only one
stream named Rupa Gali. It is joined by a few

streams only, The streams here possess linear
form, though the water supply here is sufficient
due to glacial melts and sufficient rainfall
This side of the area does not favour the
development of extensive drainage system as
the whole area is elevated mass of hard rocks.

The dendritic form of drainage reappears
in the N-E. This is due the south-western
slopes of Deosai mountains which also remain
covered with snows.

Climatically, the whole region belongs to
the central Asian desert.
rock desert, devoid of any soil, but covered by
a drab blanket of scree material. This region
lies on the back of Great Himalavas and there-
fore is in the rain-shadow area. Summer
temperature becomes fairly high as the bare
rocks becomes hot during the day-time. The
nights become frosty due to altitude. This

It is an expense of

temperature variation results in dreadful denu-
dation. The region presents the vista of
shingle desert landscape. The north-western
side of MNanga Parbat is more so as it experi-
ences much more extremes of temperature.
The castern and S-castern area, having higher
over all altitude, is less extreme in the day
temperature, but nights become even extremer
than the NW side of the Manga Parbat range.

As far as precipitation is concerned, it is
due to Indus Valley depression. The direction
of the valley is suitable only to provide moist
winds to advance in the eastern direction,
The depression between the Deosai and Nanga
Parbat provides phvsiographic position. There-
fore the area to the E and SE of Nanga Parbat
gets much of the precipitation. The higher
parts of the Nanga Parbat and other peaks
remain covered with snow. The precipitation
even becomes more abundant still further
North  On the other hand, western side geis
some stormy rsinfall which pulls down the
slope whatever denuded rock material exist and



unload it in the narrow valley to be transported
to the main Indus river,

It is this geomorphic character of the
NW part of Nanga Parbat which has caused
serious concern. Colossal amounts of sediments
are poured into the river by streams. This has
caused speedy filling in the Tarbela Dam, which
is playing a vital part in the cconomy of
Pakistan. The dam not only controls floods,
but also provides water for irrigation and hydel
power generation, It is due to this phcnomenon
of sedimentation that small dam construction

99

on thosc streams, which bring large load of
denuded and weathered sediments, is actively
under consideration.

The above account shows that MNanga
Parbat, by virtue of its pivotal position in the
region, exerts very decisive influcnce, Physio-
graghically speaking the Nanga Parbar s a
unique feature that shows a strong relationship
with its surroundings, As a matier of fact, the
present landscape of this region is the conse-
quence of Nanga Parbats cormmanding position,



PHYSICAL MAP OF NANGA PARBAT
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GEOLOGICAL DIVISIONS OF NANGA PARBAT
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STRATIGRAPHICAL DATES ON THE TRIASSIC ROCKS OF LANDU NALA,
SURGHAR RANGE

BY
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Abstrael : The stratigraphy and microfaeies of some of the Triassic rocks of Landu Nala are
described. Within the pisolitic horizon on tap of the Mianwali formation a few species of conodonts
namely Gondolella timorensis, Neospathodus homeri ond O:zardina tortilis are recorded. Within the
Kineriali succession some brachiopod species of Spiriferinoides and some pelecypods have also been
identified. An Anisian and Carnian age is proposed on the basis of fossil contents.

1. INTRODUCTION

The Salt Range and Trans Indus Ranges
have attracted attention of many geologists
since the middle of the 19th century. The
Triassic rocks mainly the ammonoid-bearing
strata have already been subject of intensive
research by different workers including Wynne
(1878), Waagen (1895), Mojsisovics (1895) and
Noetling (1900, 1901). Gee (1945) made a
detailed study of the Triaszsic rocks and named
the uppermost part as “Kingriali Dolomite™,
the middle one as “Kingriali Sandstone’. He
introduced the term *“*Mianwali series” in a
time stratigrachic sense for all sadiments
believed to be of Triassic age. Kummel (196%)
considered the Mianwali Formation as the
lowermaost lithostratigraphic unit of the period,
Gee (in Kummel, 1965) renamed in part his
earlier name “*Kingriali Sandstone' as Tredian
Formation. The Stratigraphic Committes of
Pakistan (Fatmi, 1974) formalized the litholo-
gical succession from hottom to top as Mianwali,
Tradian and Kinogriali Formation. Gee (1979)
in his Salt Range maps placed them all together

in the Musakhel Group. Shah (1977, 1980)
and Iqbal & Shah (1930) adopted it.

The Mianwali Formation has been investi-
gated by different paleontologists. Generallya
Scythian age has been established :

Kummel (1966) recorded the uppermost
ammonoid bearing horizon with Jsculifoides sp.
and Subvishnuites s5p. 61 feet below the Tredian
Formation. Within the pisolitic bed he found
Spiriferina and other brachiopods. On the
basis of fauna he considered a Late Scythian
age for this partof the Narmia Member of
Mianwali Formation in the Surghar and Salt
Range.

Guex (1978) described Tozericeras pakista-
num, pakistanum zone, Middle Spathian about
16 meters below the Tredian Formation and he
compared it to the Subcolumbires beds of USA.
The Upper Spathian was not identified by
ammonoids.

Sweet (1970) established 9 subsequent cono-
dont zones, one straddling the Permjan-Triassic
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Boundary, the others within the Lower Triassic,
The youngest fauna from the top of the Narmia
Member yielded Neospatkodus timorensis, which
he thought 1o be of Anisian age.

Balme (1970) analysed various palynom-
orphs of the Permian and of both Mianwali
and Tredian Formations. In the Surghar Range
he recorded from Landa Member about 5 feet
above its base a Middle Triassic assemblage.

The Pakistani-Japanese Research Group
(1985) found Nordophiceras sp. at the Nammal
which occurred on top of the Narmia Member.
They correlated it to parts of the conodont-zones
of homeritriangularis and timorensis.

Marine fossils have not yet been reported
by any worker from the Tredian Formation,
Kingriali Dolomite yielded a few poorly préser-
ved specimens of  unidentifiable bivalves and
crinoids.

Ashrafl (1977) locked at the mineral com-
position of the dolomite. Mensink er al, (1985)
divided the formation on the base of its micro-
facies. They described 4 units in ascending
order : Clastic Dolomite Unit, Limestone
Interval, Dolosparite and Dolomicrite Unit,
11 microfacies types were observed, Fatmi (in
preparation) introduced the term “*Doja Mem-
ber’” for the lowermost 2 units and the térm
“Vanjori Member” for the dolomitic upper
part. Recéntly Haq and Hardenbol (1947)
worked on Mesozoic and Cenozoic chronostrati-
graphy and cycles of sca-level change. They
presented on fig. 13, Lithostratigraphic Paleon-
tolopic, and sequence—stratigraphic data of
the Scythian (Lower Triassic)section at Nammal
Gorge Salt Range. This figure was actually
based on the work of Pakistani-Japanese
Rescarch Group (1935).

The XKingriali Formation is doubtfully
assigned to the Late Triassic (Fatmi, 1974 ;
Shah, 1977). 1gbal & Shah (1950) placed it

probably into the Middle Triassic, The contact

to the overlying Datta Formation is disconform-
able.

2. STRATIGRAPHIC SEQUENCE OF
LANDU NALA

The section under investigation is located
lat, 32°58'N and long. 71°11' 17E on Topo-
Sheet No. 38 P/, of survey of Pakistan (fig. 2).
During a field trip in spring 1987 a detailed
study of the top of Mianwali-Formation and
Kingriali-Formation was initiated. The rocks

of Triassic age are well-exposed along Landu
Nala.

Lithology and Faciés

The measured sequence starts with the
topmost part of the Mianwali-Formation con-
sisting of an inter-calation of marls, sandy marls
and thinly bedded limestones. The brownish
weathering pisolite overlics a hardground
which bear features of animal borings. The
discontinuity is covered by pelecypods. The
pisolitic horizon is also thinly bedded having
cross-siratibcation and it contains some marine
fossils, e.g. brachiopods, echinoids and crinoids.

The Tredian-Formation is composed of
sandstones, siltstones and claystones, with some
conglomeratic and coaly horizons. The thick-
ness is about 96 m.

The Kingriali-Formation has béen studied
with more detail. In its basal part dolomitic
sandstoncs and sandy bioclastic dulomites are
alternating. Some of these horizons are inten-
sively reworked. Followed by bioclastic and
oncolitic limestones there is a thick bedded
part of coarse grained dolomites. Towards top
dolomicrites are the most Trequent rock type,
These dolomicrites are weathered, at places,
into yellow-brownish to white-grey in colour.

From the Kingriali-Formation and from the
topmost limestones of Mianwali-Formation a



total of 12 microfacies types are eéstabtished
(from top to bottom, fig. 3) :

(1) Dolomicrites-Facies. It is an extremely
fine-grained micrite consisting of pure dolomite
and it is without any fossils or carbonatic
componenis. Just a few authigenic quariz-
cristalls badly shaped are scattered within the
micrite. Sometimes irregular or planar lamina-
tion occur,

(2) Intraclastic  Delomicrite-Facies. The
groundmass is finely ceystalline and dolomitic,
Up to 10%; angular to rounded interclasts are

present.  Crinoids and shells {together up to
39,) are present.

{3) Dolosparite-Facies fig. 4). This facies is

composed of coarse grained dolomitic erystalls
of sub- to anhedral shape. Due to the late
diagenetical development of these dolomites a
relatively high amount of irregular distributed
pore space is présent in this facies type.
Crinoidal fragments are scattéred in the sparitic
fabric.

(4) Oncelitic - Dolosparite-Facies (fig. 4).
Oncoids up to 2 cm in size are the most
important fcature of this facies ranging up to
35% of the total material, Crinoids and shells
presumably of brachiopods are present up to
5%. Some other fossils are surrounded by
micritic envelops. Groundmass is a dolomitic
sparite.

(5) Intraclastic Biosparite-Facies (fig. 4).
Shells (30%), crinoids (10%) and bryozaas (1%)
are the main bioclasts. Coated grains, micritic
intraclasts and detrital quartz (3%]) are the
other components in the calci-sparitic ground-
mass.

(8) Oncolitic  Biosparite-Facles (fig. 3).
Oncoids are present up to 30%, coated grains
and intraclasts are accessory which are up to
10%,. Most of the bioclasts are ‘crinoids (about
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15%), the shells of brachiopeds range up to
5%. The groundmass is a coarse calcitic sparite.

(7) Oncolitic Biomicrite-Facies. The ground-
mass is a calcitic micrite. In it crinoids 10 %),
shells of pelecypods and brachiopods (15%) and

shells of gastropods (53;) are distribured,
Oncoids are present up to 10%;.

(8) Biosparite-Facies fig. 5). Crinoids (15—
30%), shells of brachiopads (up to 10%.) are the
bioclastic components. Coated grains are present
up to 5%. The groundmass is a calcitic sparite.

(%) Sandy Dolosparite to dolomitic Sand-
sfone-Facies (fig. 5). Detrital, singular to suban-
gular quartz grains are the main components.
Percentages varies between 35 to 60%.
Plagioclas might reach about 5%, Crinoids are
present up to 15%. The groundmass consist of
dolomitic sparite.

(10) Sandy bioclastic  Dolosparite-Facies.
Detrital quartz is angular to subangular and
ranges in size from 50 to 750 um, about 10 to
20% are distributed within the dolomitic
groundmass. Crinoids and shells are frequent

(2052).

(11) Sandy  peélloidal  Bfomicrite-Facies
(fig. 5). The groundmass is calcitic mierite,
slightly washed. Detrital quartz is present up
to 10%. Shells of different lamellibranchias
are frequent (25%). Crinoids and peloids each
have a percentage of 10%;. Micritic intraclasts
about 55,. The facies is highly bioturbated.

(12) Qosparite-Facies (fig. 5). Upto 30%
of both ooids (smaller than 2 mm) and pisoids
(bigger than 2 mm) are the most important
component of this facies. According to their
shape single ooids can be differentiated from a
lot of compound ooids. The latter ones are
developed as multiple ooids since these are
intergrowths of two or more ooids and polyooids
are devcloped as several complete ooids which
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serve as a4 nuclei for a larger new one. The
oo0ids are densely packed, only a few are broken.
Nuclei of both ooids and pisoids are mostly
shells or crinoids. Sometimes two or more
ooids are agglutinated and form a grapestone

type of aggregate grains. Less frequent are
oncoids formed by a biogenous coating of an
ooid nuclei. Fossils of crinoids, echinoids and
shells of pelecypods, gastropods and brachiopods
are frequent. The groundmass is a caleitic
sparite.

Fauonal Contents

Within the uppermost part of the Mianwali-
Formation (fig. 3) conodonts have heen identi-
fied.

Gondolella  timorensis (Nogami) (fig. 6).
Skeletal elements of this species are laterally
compressed, blade shaped units with a crest of
some erect, sharp pointed denticles of almost
the same width and length. Sweet (1970)
included it into Neogpathodus group and des-
cribed it from Narmia section of the Narmia
Member, His Fone of “Neospathadus timor-
ensis’ was based on the occurence of this
particular species within the pisolite. Vrielynck
(1987) placed it again back into Gondolella
group. Gondolella timorensiz is thought to be
of basal Anisian age (Gupta and Chhabra 1985).

Neospathodus Romeri (Bender) (fig. 6).
Skeletal elements of Neospathodus homeri are
bowed, bladelike units with a midlateral ridge.
The anterior process bears 5 to 11 denticles that
decline in length toward the distal end. Sweet
(1970) recorded it from Narmia Member at
Landa, Narmia and Nammal. A Lower Triassic
age is attributed to this form of conodonts
(Kozur, 1930b).

Ozarkodina cf. tortilis (Tatge) (fig. 6). Ele-
ments attriboted to this species have laterally
compressed blades. One denticle is rather high
and ‘distinct, The other anterior denticles

decline in length towards the distal end of the

procass.  The posterior process is surmounted
by shorter denticles. Sweet (1970) decribed the
identical form as Xaniognathus elongatus from
Landa, Narmia and Nammal out of the Narmia
Member, Recently Vrielynck (1987) recorded
it as a synonym of Pseudorarkodina toriilis. He
discussed its presences from all faunal provinecs
of the world ranging from Middle Permian to
Upper Triassic, Sevat.

The limestone Interval of Kingriali-Forma-
tion contains some fossiliferous horizons, One
of them which is situated about 19 m above the
base of the formation yielded internal casts and
shells of the pelecypod genus Haolobig and even
more important two identifiable species of
Spiriferinaides which allow a stratigraphical
dating of the bed.

Spiriferinoides  yeharai (Kobayashi) and
Tokuvama (ng. 7). Their shells are almost
plano-convex, 1.5 times wider than long; the
largest width slightly anterior to hinge line.
Median sinus of pedicle valve well marked
nearly in all cases 7 lateral costae rounded and
widely spaced, narrowing and weakening late-
rally ; beak, if present, pointed and gibbous,
Brachial valve more or less subeircular; 7 costae
strong and rounded. Complete specimens are
not observed, however, brachial valves and in
some cases pedicle valves indicate that the
material under consideration is similar to what
have been recorded from the Ha'obig-Torapecten
Bed of Tosa area, Japan (Tokuyama, 1957) out
of Carnian horizons,

Spiriferinoides nasai (Tokuyama) (fig. 7.) Shell
small, more or less conical and plano-convex.
Median sinus of pedicle valve wide and very
shallow : 4 to 6 lateral costas covering the
lateral slope, costac subangular, narrow and
widely spaced. Brachial valve slightly convex
and rounded with 4 to 5 lateral costae. Judged
by general outline and shell structure the repre-
sentatives of this species belong decidedly to



Spiriferinoides., The features of both pedicle
and brachial wvalves indicate that the material
present is almost similar to the species recorded

again from the Halobia-Tosapecten Beds of the
Tosa province, Japan. The deposits bearing

this species have been attributed to a Carnian
age, too,

3. DISCUSSION

This study presents litho- and biostratigra-
phical dates of the topmost part of the
Mianwali-Formation (a) and secondly that of
the Kingriali-Formation (b).

(a) Within the topmost limestone-beds of the
Narmia-Member three species of conodonts
have been identified namelv Gondalellg timoren-
sis, Neospathodus homeri and Ozarkodinag cf.
tortilis. The first one is thc most typical
element of the oldest Anisian conodont-zone as
considered by Kozur (1970a/b) and Gupta and
Chhabra (1985). The other two species are
accessory elements. They occur also in assem-
blages underlying and averlying the timorensis-
zone. The precise age has been discussed
variously (Gupta and Chhabra, 1985). A Late
Spathian up to an Early Anisian age has been
considered. According to recent investigations
(Chios, Nevada and Himayala) the species
Gondolella timorensis makes its appearance at
the base of the Anisian. This is coinciding
with the opinion expressed by sweet (1970)
concerning the Anisian age of the pisolitic
rocks of Narmia section. The Pakistani-Japanese
Research Group (1985) attributed the upper-
most part of Narmia Member to the Nordophi-
cergs-zone  which covering even the Late
Spathian.

{b) The brachiopod-beds belongs to the
second unit of the Kingriali-Formation. It is
divided into a total of four units. These are
very similar to those described from the adjacent
Gulakhel area (Mensink ef al., 1985) and are
mentioned here in order of their superposition.
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Clastic Dolomite-Unit

This zone is transitional between the
underlying Tredian-Formation and the higher
part of the purely carbonaccous Kingriali-
Formation. Rocks were deposited in a shallow
marine environment, nearshore. Dolomitaza-
tion happened almost late diagenetically,

Limestone-Tnternal

Four facies types namely intraclastic
biosparites, oncolitic biosparites, biomicrites
and biosparites have been attributed to this
unit. All of these developed in a shallow
subtidal sea. Sometimes water agitation had
been rather high so that the ground mass is
predomirantly a sparite. Oncolites had been
washed in. The micritic facies type represents
an area of calm water, oncolites were preserved
in situ. Generally the fossil diversity is rela-
tively high in comparison to that of the overly-
ing sediments.

Dolosparite-Unit

This unit consists of dolosparites and
oncolitic dolosparites with a more or less high
amount of crinoids. The environment had
been a shallow marine realm. Delomitazation
took place late giagenetically.

Dolomicrite-Unit

It builds up the uppermost part of the
Kingriali-Formation. Mainly pure dolomicrites
and intraclastic dolomicrites are involved.
Lamination secems to be relict structures of
algal mats. The environment might have been
a tidal flat area.

About 19 m above the base of the
Kingriali-Formation a horizon with identifiable
brachiopods has been discovered. Iis genus
Spiriferinoides is distributed throughout Europe
and Asia with different species appearing in the
Middle and Upper Triassic. The species identi-

fied as Sp. nasai and Sp. yeharai are recorded
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exclusively from the Carnpian. Therefore, we Anisian and Carnian had been verified Faunisti-
propose a Carnian age for this part of the cally in the Surghar and Salt Range, Parts of
Limestone-Interval of Kingriali-Formation, all three Triassic formations, now, had besn

. stratigraphically determined,
In conclusion sediments of the Scythian,
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Fig. 1, Position of Gulakhel area (8 ) within Surghar Range, Pakistan.
Fig. 2. Locality map of Landu Nala (X) northwest of Gulakhel.

Fig. 3. The investigated part of the Triassic section of Landu Nala. Microfacies and fossil
horizons are indicated.
x position of ammonite horizon described by Kummel (1966)
xx  position of ammonoid horizon described by Guex (1978)
xxx palynomorph horizon examined by Balme (1970)

Dolomicrite-Facies

Intraclastic Dolomicrite-Facies

Dolosparite-Facies

Oncolitic Dolosparite-Facies

Intraclastic Biosparite-Facies

Oncolitic Biosparite-Facies

Oncolitic Biomicrite-Facies

Biosparite-Facies

Sandy Dolosparite to dolomitic Sandstone-Facies

Sandy bioclastic Dolosparite-Facies

Sandy pelloidal Biomicrite-Facies

Qosparite-Facies

Moga =3 En U B LD R b

e
[ R -~ |

I Sandy Dolosparite Unit
Il Limestone Interval
ITT Dolosparite Unit
1V Deolomicrite Unit

Fig. 4. Facies types of Kingriali-Formation, Landu Nala.
1 Oncolitic Dolosparite-Facies, Dolosparite Unit (X 2.5
2-4 Dolosparite-Facies, Dolosparite Unit (X 2,5)
5 Intraclastic Biosparite-Facies, Limestone Interval (X 2.5)
6 Biosparite-Facies, Limestone Interval (X 2.5

Fig. 5. Faciestypes of Kingriali- and Mianwali-Formations, Landu Nala,
1 Intraclastic Biosparite-Facies, Limestone Interval (X 2.5)
2-3  Oncolitic Biosparite-Facies, Limestone Interval (X 2.5)
4 Sandy Dolosparite-Facies, Clastic Dolomite Unit X 2.5
5 Oosparite-Facies, Mianwali-Formation (X 2.5)
6 Sandy pelloidal Biomicrite-Facies, Mianwali-Formation (X 2.9%)

Fie. 6. Conodonts from the pisolite of Mianwali-Formation, Landu Nala.
-2 Gondolella timorensis Nogami
3-5  Neosparhodus homeri {Bender)
(] Ozarkedina ¢f. tortilis (Tatge)

Fig. 7. Brachiopods from the Limestone Interval of Kingriali-Formation, Landu Nala.
1-5  Spirifetinoides yeharai (Kobayashi and Tokuyama) (X 0,44-A, X 0.30-25.)
6 Spiriferinoides nasai Tokuyama X (0.372)
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COMPARISON OF PARADA LTMESTONE AND BONANSA FORMATION IN
CENTRAL PYRENEES AS CONCRETE AGGREGATE NEAR PONT-DE-SUERT
VILLAGE, PROVINCE LERIDA, SPAIN

BY

ZAHID KEARTM KHAN
Institute of Geology, Punjab University, Lahore

Abstract : Comparative studies have been made on Bonansa Formation of Jurassic age and Parada
Limestone of Cretaceous age to establish a quarry for concrete aggregate. In some North-sast parts of
Spain traditional sources of aggregate for use in concrete will become increasingly unable to keep up
with demand. Physical properties and Petrographical studies have been made with additional geo-
technical properties on eores and crushed samples to evaluate the behaviour of rocks which will be very

wseful in quarry designing in future in ponr-de-suert area,

INTRODUCTION

Pont-de-Suert is situated in Ribogozana
Valley in North-east of Spain which is quite
close to southern boundary of France. The
highest mountains are found in this area,
Barcelona city is about 200 km down to south
and a lot of construction material is supplied
from here for houses and multistoreyed build-
ings. Also few hydroslestric projects are under
investigation and in construction phases in the
vieinity of the area.

Generally very adequate quality control is
exercised in European Countries in the selection
of concrete aggrepate for -vital projects, but
here the authority used different tvpes of lime-
stones, asagpregate in ESTANY GENTO DAM
(Repumping Storage Project) without investi-
gating and considering the geotechnical proper-
ties of the ageregates. In 1985, I.T C. Delft
and Minning Institute of Technical University
Delft Netherlands assigned. the jobs. to their
students in Spain to identify the various sites
for concrete aggregates. Quarry area for lime-

stone is lying on right side of the river

120

Ribogozana. Accessis through metalled road.
Proposed site has enough place to install the
crushers and to stack the quarry products,

LOCATION MAP
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CONCRETE AGGREGATE

The American Society for testing materials
defines the term “Aggregate’ as in the case of
material of construction, inert
material which when bound together into a
conglomerated mass by a matrix forms concrete.
It is a man made composite, the major constis
tuent of which is natural aggregate such as
gravel and sand or crushed rock.  About 70%
of concrete consists of aggregate, therefors,
aggregate’s properties have significant influence
on concrete after setting.  This is very first

designates
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investigations for conmcrete aggregate in the

arca. Also terrace deposits, alluvial fans and study of two limestones namely Bonansa Forma-
colluvial deposits are found along the valley and tion and Parada Limestone belonging to Jurassic
streams. These deposits can also be investigated and Cretaceous ages is presented.

in detail. In this paper only a comparative

TABLE 1

Geological Formations of Jurassic and Lower Cretaceons in Project Area

Time Strati- Litho-Strati- General Thickness variations,
graghic Unit graphic Unit Litkology in project in maters
PERIOD EPOCH (m)
CRETACEQUS Albian Lrusa Marl Mainly marls 20—50

and nodular
marly lime-

stone.
Do. Aptain Barre- Parada Massive, mic- 30—100
mian Hauterivian Limestone, ritic fossilife-
Valengenian, rous limestone,
Do, Malm Bonansa (Upper member) 30—I120
formation Massive dolomitic

limestone gradually
changing to pure

limestone,

JURASSIC Dogger (Middle member) 50—100
Yery fomsihiferous
dark shales/marls.

Do, Liassic {Lower member) 60—80
Finely stratified
marl (dolomitic) &

limestone/dolomite.

In Bonansa formations, lower and middle have been found to be reactive in concrete
members are not suitable for concrete aggregate structures in  Canada (Ontario) and U.S.A.
and totally rejected due to presence of shales This reaction causes the undesirable expansion
and dominating dolomite. Carbonate rock and as a result of this reaction, Brucite is

aggregates, usually, dolomitic in composition formed.
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The presence of Dolomite was therefore
suficient enough to think about the discredibi-
lity of the aggregate. That is why only the
upper portion of Bonansa Formation is selected
for study. In Parada Limestone, a major por-
tion consists of fine grained, massive and
micritic fossiliferous limestone.

SAMPLING TECHNIQUES

The author tried to collect samples from
an area which is not dolomitized. Colour of
dolomitic limestone is relatively dark grey and
shows blackish appearance in general. Then
upper member of Bonansa Formation and
Parada limestone are present. Parada limestone
does not show any sign of dolomitization from

where samples have been taken. 'Reascmshle
quantity of samples from both limestones have
been collected, whenever change in physical
appearance occurred in the rock unit,.in the
site for petrographic analysis.

The laboratory studies have been performed
on both types of limestones from different
locations all along the road side to compare
their properties, 40 mm x 80 mm cores have
been prepared in the laboratory from big sized
samples. The samples were reasonably repre-
sentative for the whole quarry.

PHYSICAL PROPERTIES OF AGGREGATES

Properties have been observed after crush-
ing the rock in the form of aggregates.

TABLE 2
Physical Properties of Aggregate after crushing

Type Colour Texture Lamination Coating Shapc of  Cleaning by
aggregate washing

Parada Grey to light Fine Visible in some  No Sub-angular No

Limestone. Brey. grained, some pieces, Sub-rounded

Bonansa Grey Fined to No No Angular Required

Formaltion medium Sub-rounded (some

grained. time)

Dark grey Qolitic texture 109, shows

flaky aggre-
gates




CEMENT AGGREGATE REACTION

Hvdration of cement takes place asd
alkalies are rteleased during the seiting aad
hardening of concrete.  All silicates and silica
minerals if any are attacked by these ﬂﬂh‘
The results become very sérious if missnls ke
opal, chelcedony, chert glass o tridamits are
present in the gzgregate. Five this sectioss of
cach limestone ie. BONANSA FORMATION
AND PARADA LIMESTONE from Jifferest
locations were examined potrographicals a
study the mineral varatioss.

Tn Bopansa Formation, the textsrs & S==
to coarse grained. Oolites are sho observed i
some thia sections. Mostly mose than %05 &
carbonate. Crystalline calcite s soted in the
veinlets with some goartr (% than 5% and
some authigenic feldspar decaving to clay. No
reactive mineral is observed.

Parada Limestone exhibits very fine grained
texture. The limestone consists of carbonate
mostly showing homogeneity in all thin
sections. Calcite is not well-crystallized. Less
veinlets and fractures as compared to Bonansa
Formation are present. Iron oxides and clay
contents are about 10%,. No reactive mineral

RESULTS OF LABORTORY TESTS

The laboratory tests for determination of
engineering properties of rocks have been divi-
ded mto two cateporict.

{3} Teas carried out on core samples.
{b} Tesis carried o6t 08 crushed samples.

4 Tesss carried oot o8 oore samples (Seetable 3)

AE the cores were obtainsd from the big
mmyyiey of Begaey Fermstion and Parada
Lenpilces, 5 ONchg ok bl Shty Wk k, were
tand o § o0, 4 o Seesnm formaning
asd 4 of Parzdy limevsss w3k &t e ]
as BFf, aad Filors Sowe of rope gy S mm
¥ mm Threalrwnt fo=r pobenps =2
leveled. =
B. Tests carried ot oa cresbed sampley

To find oot the mechanical properiaes =F
crushed stones and the behaviour of rocky wise
crushing, jaw type of crusher of mining depars-
ment of Technical University of Delft was ssed.
It was a small unit and only accepts the brokss
pieced  of rook of" different sizes ranging from
Bcm x 10cmto 10 em x 12cm.

is present, -
TABLE 3
A. Tests on Core Samples
Mo.of  Type ofrock Porosity  Specific Bulk Density Dry Density U.G.S. Ultrasonic
Test in % eravity Kg m-? Kg m-? KNm-2 velocity
m sec-1
PL1 Parada 0.4 2.68 2673 2669 114 8121
PL2 Limestons 0.5 267 2663 2658 132 £400
PL3 (Cretaceous) 0.4 2.1 2664 2660 23 7403
PL4 0.3 268 3n48 2652 85 x
EF1 Bonansa 2.1 2.69 2732 2711 116 5576,
BF2 Formation 20 2.68 2729 2709 64 5204
BF3 {Jurassic) 1.9 2.58 2738 2719 28 5595
BF4 1.98 269 2735 2710 90 5910

Note :—These tests have been carried out on core samples 4 cm X 8 cm. The sides of cores
were fully levelled and polished to minimise the side effects.




About 2800 g rock picces of cach limestone
scparately belonging to Bonansa formatios g=d
Parada limestone are put in the croiher. The
product produced in one shot was mechanicalis
analyzed to sce the crushing bebaviowr of $he
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rocks. About 65% of coarse aggregate of
Bonansa Formation (jurassic age) and 70%
coarse aggregate of Parada Limestone (Cretace-
oS8 agc) respectively are retained on  sieve
45 an

TAET ¢
Shuﬂ;ﬁdl_h_ﬂh-hi—“ﬂﬁrﬂq-usn

eosss Fona o

Farada Limestooe
Sieve .= ®: draowes % Retased Wt Retained ¥ Retaindd
= 5 ()
p-1 £1 is 8.1 1.3
Ba = | 26 68.5 2.4
3 K mT 203 637.1 22.7
t & &4 3 174 5312 19.0
a3 451 230 687.3 24,6
Tomal Sensined os Coarse 19333 65.4 1942.2 70.0
b o

A= Loe-aageies abramsion test and slake
S=8llEs Sews aee performed on the crushed
agoeganes of 2oed type of himegronss,

TABLE 5
Bownits of Adeussion and Slake durability tests

Crofed Abrassion Slake durability
E 2 3 4 Index after 3
cycle %2
eeia
Limemyr g 20 992
Bosztma
Fremyrana 23 99.4

Total Wt. of samples 2800 g for each limestone.

CONCLUSION

As we see from the physical, chemical and
laboratory tests of the Bonansa Formation and
Parada Limestone, both the limestones as
aggregate, are quite good. Parada Limestone
better than Bonansa Formation because it does
not have any indication of dolomite in it.
Also less washing will be required in Parada
Limestone as it is less fractured less filled by
clays as indicated by ultrasonic velocity test in
Table 3. Generally in a quarry we are mainly
interested in the production of the required
size material, Parada Limestone will provide
more coarse aggregate than the other limestope.
Also other properties like abrassion, slake
durability, unconfined compressive strength are
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relatively better and porosity is relatively less in are in abundance, so we will select the best one

]famifn' limestone as’ m:}mparcd to  Bonansa that is Parada Limestone, =
formation’s limestone. ' As both the limestones L L .
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A NOTE ON LAKHRA COAL
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INTRODUCTION

In 1835 Baluch Nazmdas, wide Spping 2
ﬂhmutﬂnwmm
‘l-d-dlhnlﬂuﬂﬁ._jt&i:_

. The Geostogical Sarvey of Paiostan
(GSP) and the United State Geelogical Sarvey
(USGS) investigated the ares is I560 Further
ions were carried out by West Pakistan
Industrial Development Corporation (WPIDCY,
LURGI, a Polish consultant, Japan international
Cooperation Agency (JICA) and Stone and
Webster Engincering Corporation {SWEC). The
recent work was commissioned by the United
State Agency for international development
and Pakistan Water and Power Development
Authority, (USAID/WAPDA) conducted by JIT,
Bayd Company concerning mining and Gilbert
Common Wealth international Inc. (GCII) Con-
cerning Power Plant desiga consideration.

LOCATION

The Lakhra Coal field lies at about 43 km
to the north of Metting (25° 07, 30" N - 65° 08'E)
and at about 16 km to the west of Khanot
railway station on the Kotri-Dadu séction of
the Pakistan Railways.

GENERAL GEOLOGY

Lakhra coal is lignite to sub-interminous
822 occurs in the Ranikot formation of paleo-
#¥%¢ 2ge.  The beds have been gently folded in
&8 2= aaticline which is 64 km long for north to
SSSES asd 16 km wide from east to west  The
Seds o= the flanks dip at less thap 2. The
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Asticlize 3 dissectad by 2 member of north-
tendisg sorme! TOl3L The coal'is dull black
s oploe_

STRATIGRAFHY

Lak%ra coai deposit, found in the Bara
formatios of Paleotene a3gc. The origin of
formation is Haviatile where accumalation of
vegetation was favoured to produce coall This
is overlaid by Lakhra formation {Paleocene) - of
Esturine origin. The Hyderabad arch preceded
this deposition and an unconformity was raised
on the top of the formation. After this Stage,
coastal swamps were developed on the arch
flanks by the Focene Transgression. Here
swamp vegetation frew and formed the source
of coal in the Sonhari member (Hunting Survey
Corporation).

Thc name Bara formation was given by
Ahmad and Ghani for the “Lower
Ranikot (Sandstone)” of Vradenburg (1906)
and ‘““Lower Ranikot’ of later workers, Bara
formation consist of mostly - sandstone with
lesser shale and minor volcanic debris. This
sandstone is multi-coloured, soft, crumbly
and fine to coarse grained. It s calecarcous,
ferruginous, cross-stratified and ripple-marked,
These massive looking beds ranged in thickness
from a few centimctre to 3m are common,
Dark shades of colour are found in the jnter-
bedded shale which are similar to these of
sandstone. This is soft, eart hy and gypsiferous,
Shale and sandstone both are sometimes carbo-
Daceous but at some places the shale is highly
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carbonaccous and possesses coal seams loeally.
Volcanic debris varying from greenish grey to
black are present, ferruginous nodules are also
frequently met with,

Bara formation is overlain conformably by
Khadro formation and underlain by the Lakhra
formation. When the overlying Lakhra forma-
tion is not present (Ranikot area). This is
unconformably overlain by the Laki formation.
We take Bara formation as Middle Palcocene,
Bara formation correlated with the Hangu
formation of Kohat-Potwar and the lower part
of the Rakhshani formation in Baluchistan
Basin. It is stratigraphieally equivalent to
lower part of the Dungan formation situated in
The Indus Basio.

RESERVES

The total available reserves in Lakhra are
240 million tonnmes, out of which PMDC is
holding 230 million tonnes as per details given
below :

= 60,00 Million Toones
= ljﬂ‘.m " (3]

Historical production (Metric Ton)
1978-79 1979-80 1980-81 1981-82 19§2-83

153909 236089 287620 331885

Measured reserves
Indicated reserves

195159

Exploration Summary

Source MNo. of Dril Asgregate Date
Hole Meterags
Dirilled
. Geological 3 343 mid-1950 Sep
Survey of
Pakistan
PMDC 19 1,845 Dec. 1975
June 1976
JICA 50 5,203 Jine 1979
Now. 1946
USATD Interim 10 1,111 Oct. 1984
Dec. 1984
USAID/Boyp 55 5877 Jan, 1955
et " May 1985
137 14,379

Quality of Coal

Average chemical composition of Lakiss

' voal as pmwided by PMDC is given as under.

Moisture 25.0%
Volatile matter 28.8%
Ash = 19.3%
Fixed Carbon 26.9%
Sulpher 5.95%

Calorific Value 6300—10550 BTU/LB

CHEMICAL COMPOSITION

On, a moisture fres basis, coal consists of
an organic fraction and an inorganic (ar
mineral) fraction and the proper characterization
of eozl requires the analysis of both fractions,

-The ultimate analysis consist of the detérmina-

tion of the carbon, hydrogen, oxygen, and
sulpher and in generally thought of as referring
to the organic fraciion, although 4l of the
e'ements listéd dabove also occur in miderals
found in cosl.

Ash Test

Coal ash is the inorganic residu¢ remaining
after’ the combustion of the organic matter and
should not be confused with mineral matter.
Ash test of 17 samples from 3 coal mines of
Lakhra coal ficld was carried out. The amouat
of ash in different samples of different seam
varied between 9.8766—37.381. Daia of ash
analysis is given in tablé Mo. 1.

Sulpher Test

Sulpher in coal exists primary in two
forms-Pyritic and Organic; a third form,
sulphate sulpher, occurs in mioor concenira-
{ions. Tn some coal fields in Pakistaa {including
the Lakhra coal field) weathering of the coal
has increased the amouant of sulphate suipher
even at overburden depth greater than 100
metres. Knowledge of the forms-of-sulpher 1s
particularly important for predicting the ‘effici-
eney of coal benefication plants. Organicsulpher,



WAL & chemialy combined with organic
Satier, @sset be removed by the Physical

===iods med i =os bensfiaation plants,

The 1mount of total sulphér, Pyritic
saipRer, sulpbate sulpher and organic sulpherin
all the 17 coal sample collected from the 3 mines
of Lakhra coalfield is given in the Table 2.

X-RAY DIFFRACTION ANALYSIS )

X-Ray diffraction of inorganic mineral
separted from coal by heayy liquid separation
technique was taken. Minerals identified by
X-Ray diffraction analysis are given below :

(I) Pyritc

(2) Marcasite
(3) Gypsum
(4) Kaolinite
(5) Halite
(6) Calcite

TABLE 1

Ash on Lakhra Coal
Weight Percentage of Ash after buring for
3 bours at 800°C

1. KH/B0-14" 9.877
2, KH/B 14-28" 12 209, 11,924
3. KH/B 28-42" 14,128
4. IN-2-B/1 0-%' 25.456
5. IN-2-BJ2 3-¢' 37.381
6. IN-2-B/3 6-83}' 21.315
7. IN-2-BJ4 0-8}' 23.445
8. PMDC 0.2 22.494
$. PMDC 2.4’ 25.395
; M PMDC 46 27.242
f. PMDC-6-31 29,745
1L PMDC-0-8¢ 26.661

TABLE 2
Total Sulpher

i

No. Name  Sample No,  Total Sulpher

-mwmm'ﬂ'ﬂ'f'"""' bl bl Rt bt I BRI A AR

A-1
0-14°

A-2
2
= 147.28°

A-3

1 Habib Mine {

28"-42"
PMDC-6-1
4 PMDC Mine {
0-2'
PMDC-6-2
{ 2.4’
PMDC-6-3
4-6
PMDC-6-4
6.8’

PMDC-6-5

L]

Indus Mine

-
A
A-Face 0-
A

10
2.4

11
4-6'
A-
6-81
A-

3
-1
2
3
3
4
12 ,
5

13

{
{
{
"
{
{

0-8¢
14 B-Face B-1
15 B-2
16 B-3
17 B-4

2.2025

3.3759

2,4292

3.2082

2.9087

7.3412

7.6545

6.0720

3.5284

4.1632

24168

31815

2.46R3

26174
2.3371

4.175%

23798
32357
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TABLE 2.1
Habib Mine
No. Sample No. Total Sulpher Sulfate Pyritic Organic
Sulpher Sulpher Sulpher
1 Al 0-14" 2.2025 0.1394 0.6003 1.4628
1. AJ214-287 3.3759 0,1744 0.8433 23582
3 A/328-42 2,4292 0.1888 0.4886 1.7518
TABLE 2.2
Indos Mine No. 2
Neo.  Sample No. Total Sulpher Sulfate Pyritic Organic
Sulpher Sulpher Sulpher
Al10.2 4,1632 0.2836 0.9913 2.3883
2 A2 2.4 24168 0.2424 0.9773 1.2197
A3 4-¢' 3.1615 0.2664 0.9773 1.9178
2 4663
4 Al4 6-8% 2.6174, 2.3371 0.2472 1.0471 1.1720
5 A[50-8f 4.1755 0.5590 1.1868 2.4297
TABLE 23
Indus Mine No. 2-B. Face
No. Sample No. Total Sulphate Pyritic Organic
Sulpher Sulpher Sulpher Sulpher
1 IN-2-Bf1 03’ 23797 0.2795 0.7751 1.3251
2  IN-2-Bj2 3-6' 3.2357 0.1778 1.1992 1.8587
3 IN-2-B/3 6-8Y 3.5009 0.3893 1.0822 2.0294
4 IN-2-BJ4 0-8} 4,3500 0.4237 0.9798 1.4035




3

TABLE 2.4
PMDC—-MINE No. &

No. Sample No. Total Sulphate Pyritic

Ot ganic

Sulpher Sulpher Sulpher Sulpher

1 PMDC-6/1 0-2' 3.2082 0.2389 0.9213 20408

2 PMDC-6/2 2-4 2.9087 0.4503 1.1261 1.2923

- 3 PMDC-63 4-6 7.6545 1.376% 0.9213 5.3563
4 PMDC-6/4 6-81 6.0720 0,3859 1.4332 4.252%

= 5 PMDC-6/5 0-8% 3.5284 0.5700 1.2723 1.6861
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MURREE FORMATION Reddish, impure sandstone and shale.

TECTONIC FRAME-WORK
OF
NORTH WEST HIMALAYA

KASHMIR SEQUENCE: Carboniferous fo Eocene: Agglomeratic Slate,
Punjal volcanics and and associated marbles,
Triassic and Eocene limestones |

JARED Quartzites and quartz mica schist .

BIARI, DOGA, PHAGAL , LOHAR BANDA and KAMAL BAN UNITS:
Comprising cale schists, quartz mica schists, MAHANDARI FORMATION
quartzites, marbles, metaconglomerates.

v

KAGHAN PELITES | Mainly quartz mica schists.

RAJWAL, PALUDARAN and BATAL UNITS:
Comprising quartzites, quartz mica schists,
graphitic schists with subordinate marbles RAJWAL FORMATION
and migmatites .

J KAGHAN FORMATION

=" Burawai
—————DOila — .
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KAGHAN GROUP

e TR o

gcp 457
R R Wetar——]
WuR T Burawai

¥
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SHARDA GROUP : Comprising garnetiferous calc-pelitic gneisses
and pelitic gneisses with sheet granites,
migmatites and amphibolites.

>

SHEET GRAMITES

GARNETIFEROUS CALC-PELITIC GMNEISSES AND !
PELITIC GNEISSES WITH MIGMATITES & AMPHIBOLITES

MIXED UNITS

B8k

TITHWAL : Garnetiferous chiorite schist

Nerian —n__ 14870

KUNDALSHAHI NAGDAR: Garnet mica schist .

15058 —
Khatlggm ! AUTHMUQAM : Phyllites, quartzites and metaconglomerate
9 gcp
1209, — sy : LUAT Quartzites
—— 1T Y =
m-':;,,m“ ——— — Tejoi JURA Granite, porphyritic, foliated granite gneiss.
= ﬂlell L]
AN70 Shereh — R NEELUM : Granite, porphyritic, biotite granite .
2 e /Dudhnial
81 [ HAZARA SEQUENCE : Precambrian, Cambrian, Mesozoic & Tertiary
-8 A (south of the map) Sedimentary sequence.
ras KOHISTAN ISLAND ARC SEQUENCE
S 431121 ] 5 10 km
7 Kawai (&= A
SCALE OLD INDIAN SHIELD SLICE

PALAEOZOIC AND PRECAMBRIAN BASEMENT

TOPOSHEETS REFERENCE
43E,F18)

KASHMIR SEQUENCE BETWEEN PANJAL AND MURREE FAULTS

-
Salkhala

MURREE FORMATION, CORE OF HAZARA KASHMIR SYNTAXIS
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SOUTH-EAST HAZARA SEDIMENTARY SEQUENCE
- 6 [/
m MUZAFFARABAD SEQUENCE
Geological Mapping by :
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