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A MICROFACIES RECONNAISSANCE OF THE KINGRIALI FORMATION
OF THE NAMMAL GORGE AND GULAKHEL AREAS, PUNJAB

H. MENSINK AND D. MERTMANN
Institute of Geology, Ruhr-University, 4630 Bochum, Western-Germany

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

Abstract :  Microfacies-analysis of 60 thin sections based on 80 rock samples from two sectlons namely
Nammal Gorge and Gulakhel belonging to the Kingriali-Formation is presented. Eleven types of
microfacies have been differentiated and are described. Most of these are of dolosparitic nature, others
are dolomicritic. Furthermore, calcitic onco—, oo— and bio-sparites are also encountered during the

present investigation.

Based on facies-analysis the rock sequence is subdivided into different facies

units. ~Paleoenvironments are interpreted as shallow marine to interidal.

INTRODUCTION

A collaborated research programme bet-
ween the Institute of Geology of the Punjab
University and that of the Ruhr-uUniversity was
initiated in winter 1983-1984 to investigate facies
of the Lower Mesozoic (Triassic and Jurassic)
and Permian Strata of the Salt Range and
Trans-Tndus Range of Kohat/Potwar-province.
Some of the results of this research have been
presented in the First Pakistan Geological
Congress by the present authors (MENSINK
et al., 1985). The purpose of this paper is to
determine the microfacies of the Kingriali
Formation exposed in the Nammal Gorge and
in Gulakhel area of the Punjab. The Nammal
Gorge and the Gulakhel area are located at
lat. 32° 40'N, long. 71°48’E and lat. 32° 5¢'N,
long. 71° 12'E respectively on Topo sheet No.
38 P Mianwali, first edition, scale 1 : 250.000.

Kingriali Formation is the youngest of the
Musakhel Group which has been divided into
three formations, namely, from bottom to top,
the Mianwali-, Tredian- and Kingriali-Forma-

tion (Shah, 1980), The type locality is at
Kingriali Peak (lat. 32° 14'N, long. 71° 02’E)
In Khisor Range, District Dera Ismail Khan,
N.W.F.P. from which the name Kingriali is
derived.

Wynne (1878) was the first geologist to
work on this rock unit, he described the Triassic
sequence as ‘“Triassic Ceratite Group’ and
«“pseudomorphic Salt Crystal Zone”. Waagen
(1892) found at least seven different units
within the Triassic : a basal “Ceratite Group"’
with four distinct parts, a ““Bivalve Limestone”,
a “Dolomatic Group’ and a “Topmost Lime-
stone”. Gee (1945) made a detailed study of
the Triassic and named the topmost cliff-form-
ing rocks as the “Kingriali Dolomite’’. Finally
Fatmi (1973) formalized the name as ““Kingriali-
Formation”. Ashraf (1977) described . geology
and mineral composition of Kingriali-Formation
exposed near Chichali Nala. He made an
attempt to subdivide it into seven lithological
units of dolomitic and sandy dolomitic nature
displaying various colours. Some oolitic struc-
tures are also observed. The author expressed

1



2

the opinion that these dolomites developed ina
late diagenetical period.

The age of the Musakhel Group has 'been
described as Triassic. The Kingriali-Forma-
lion is doubtfully assigned to a late Triassic
age.

The contact with the underlying Tredian
Formation is transitional, [Its contact with the
overlying Datta-Formation of Surghar Group is
discontinuous becausc in particular arcas parts
of the Kingriali-Formation are not exposed
(Fatmi, 1973 ; Shah, 1977, 1930).

DESCRIPTION OF MICROFACIES

The Kingriali-Formation is mainly compo-
sed of dolomitic and calcitic rocks interbedded
with minor clastic, sandy material. Our
shown in figure L.
Microfacies-analysis is based on 60 thin sec-
tions prepared from &0 rock-samples. The
distribution of the analysed samples is also
shown in figure 1. Analysis follows the methods
of quantitative and gualitative description of
ground-mass and components proposed by Flu-
gel (1982). Scale of crystal size is adopted from
Folk (1959, in Flugcl, 1982). Percentage is
estimated with the help of comparison charts
from BACELLE & BOSSELINI (1965, in
FLUGEL, 1982). Classification of microfacies
follows that of FOLK (1939, 1962 in FLUGEL,
1982).

measured scctions are

Eleven microfacies-types have been differ-

entiated. In the text NG stands for Nammal
Gorge GK indicates Gulakhel.

1. Dolosparite-Facies (Fig. 2.1)
Samples : NG 1, 11,12, 15, 17, 19
GK 1, 2, 25, 32, 33, 36, 37, 38, 39,40
This facies is composed of white to yellow
or pinkish dolosparites which are usually thick
bedded sediments. They are composed of

90-100% of sub- to cuthedral dolomite crystals,
These are fincly to coarsely crystalline material

which are in every case more than 20 pm in
size. Texture is mostly hypidiotopic to idioto-
pic with equant dimension crystals, MNon equaat
crysals are rare. [extures of these are porphyro-
topic or poikilotopic. Components show maxi-
mum percentage of 103 of the total material,
Quartzsilt alone is 5% while accessories such
as feldspar, pyrite, echinoderms and shells are
5%  of the total components,
notable in sample NG 19,

Intraclasts are

2. Sandy Dolcsparite to Dolomitic Sandstone-
Facies (Fiz. 2.2)

Samples : NG 2,3
GK 4,6

Characteristic feature of this microfacies
is the high pereentage of clastic components.
Detrital, angular to subangular quartzgrains
range in size from 30 to 300 pm - and the per-
centage varies from 15 to 703, howeverin
most cases more than 33% are observed.
Plagioclase are more than 53;. Other acces-
sorics which form 5% of the total material are
pyrites, micaceous minerals, intraclasts and
cchinoderms. Groundmass is composed of
dolosparite. Crystals are ol subhedrals shape
which range in size from 35 10 50" n m. In
certain cases crystals bigger than 50 p m occut
and show porphyrotopic textures,

3. Sawdy, Bioclastic Dolosparite-Facies (Fig.
il

Samples: NG 4,35
GK 20

In sample GK 20, groundmass is of equant
dimension, 30 pm is crystal-size and crystal
shaps is subhedral. In the samples from
Nammal Gorge crystal-size is diffzrentiated
into two dimeasions, about 100 pm and about
250, w m, these latter ones are porphyrotopic
grown. Detrital quartz is angular to subangular
which range in size from 50 to 750 pm, percent-
age range between to 10 to 207;. Bioclasts are
mainly echinoderms, 10 to 207, and some
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shells are 2lso present and others are a few
grains of feldspar and pyrite.

4. Bioclastic Dolosparite Facies (Fig. 2.3)

Samples : NG 7, 8, 18, 14
GK 8, 21, 22, 23, 24, 35

In this facies echinoderms are the only
preserved binclastic components ; percentage
range between 10 to 30%. Quartz may bhe
present as detrital grains up to 5%. Ground-
mass is dolasparite of subhedral crystals about
50 to 250 um in size.

5.  Peloidal Dolomicrite Facies (Fig. 2.5)

Samples : NG 23
GK 41, 42

Micritic dolomitic matrix contain  well
sorted, rounded to owval pellets which are
equally distributed up to 30%. Intraclasts of
micrite quartz-grains and echinoderms are
encountered each up to 1%,

6. Dolomierite Facies (Fig. 2.4)

Samples : NG 9, 21, 22; 24
GK 19, 26, 28, 29, 30, 31, 43, 44,
45, 46, 47,

This dolomicrite is composed of 90 to 10097
dolomicritic crystals. Crystal size of finer
layers is less than 10 um those of the coarse
layers which are up to 20 pm in size,

Rounded quartzsilt-grains and angular
echinederms up to lmm in dimension are even-
ly distributed at the base of the coarse layers,

Sometimes birds-eye structures, mud-cracks,

pseudomorphs after gypsum, irregular  wavy
laminations and laminations of algal origin are
observed.

7. Tlntrealastic Dolomicritic Facies (Fig. 2.6)
Samples : NG 18, 20, 24

The groundmass {s finely crystalline and
dolomitic. The intraclasts which are the
characteristic components of this facies-type
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are of weathered white colour, rounded or
angular, irregularly distributed, up to 2 mm in
size and consist of finer material than the
surrounding groundmass, There is no sign of
coating, even relict structures of bioclasts are
not observed. Quartz grains and well-preserved

echinoderms are present with cach 1% of total
components,

8.  Oncolitic Biosparite Facies (Fiz. 3.2)
Samples: GK 9, 11

Oncoids of irregular shape, up to 2em in
size are the most important competent of this
facies, which range from 20 to 30% of the total
material. Foraminifera and algae are supposed
to participate in the formations of the coatings
of the oncoids. Accessory bioclasts encountered
are echinoderms (10-15%), gastropods (up to
3%), feraminifers (up to 1%;) and dasycladaceen
algae (up te 1%;). Some components are bioclasts
surrounded by micritic envelops (10-15%2). 1In
between all these components there are some
irregular areas of micrite which are probably
associated with further algae. Groundmass isa
calcisparite of subhedral crystals with maximum
sizes about 50 um.

9. Biomicrite to Pelbiomicrite Facies (Fig. 3.3)
Samples : GK 12, 18

In this facies following bioclasts have been
observed :

echinoderms (5%{), gastropods (1%), and
shells of ostracods (5 to 10%). Beside these
pellets are also found up to 20%. In the sample
GK 18 the main faunistic content are shells of
pelecypods. Groundmass is a calcitic micrite
with scattered dolomite rhomboeders,

10. Qolitic Biosparite Facies (Fig. 3,4,5)
Samples : GK 14, 17

The most importants are 10 to 25% well
sorted, single, normal ooids with radial strue-
tures. Accessory are micritic ooids which are
up to 10%. These were formed due to total
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micritization of the above-mentioned calcareous
ooids.

Intraclasts and coated prains are distributed
up to 5%, echinoderms up to 10 to 155 and
sheels of pelecypods as well as gastropods
up to 5% together. Groundmass is a calctic
sparite.

11. Biosparite Facles (Fig. 3.6)
Samples: GK 13, 15, 16

It is an echinodermal limestone with up to
40% of such bioclasts. These are Imm to lcm
in size. Shells of pelecypods and gastropods,
oncoids, coated grains, ooids and pellets may
reach 20% of the total material.

Groundmass i5 a sparite which build a
drusy mosaic between the components, On
the other hand the echinoderms are surrounded
by a syntaxial rim cement.

CONCLUSION

The dificrent types of microfacies described
in the preceding chapter are intercalating each
other in both sections. They have bzen assorted
into distinct facies units, In Gulakhel area
four major facies units of dolomite and lime-
stone are identified (fig. 1). In Nammal Gorge
only three such facies units are observed. It is
of interest to note that unlike the Gulakhel in
this exposure the **Limestone Interval’® can't
be recognized. In the following part the
different facies units arc discussed in order of
their superposition.

1. Clastic Dolomite Unit

In the Nammal Gorge and in the Gulakhel
area inter-calations of *Dolosparite™, “Sandy
Dolosparites™, “*Sandy Bioclastic Dolosparite-"
and *“‘Bioclastic Dolosparite Facies are fres
quently observed. This unit is the transitional
zone in between the Tredian-Formation and
the higher part of the carbonaceous Kingriali-
Formation, In this part
‘happened late diagenetically,

dolomitization
Rocks were

deposited in  shallow marine environment,
Clastic influence indicates nearby exposed source
areas and, thercfore, shore-line was not very
far away.

2. Limestone Tnterval

This facies unit is investigated only in the
Gulakhel area. Ttis composed of four facies
units namely the *‘Oncolitic Biosparite-',
“Binmicrite’—*"*Qolitic Biosparite-" and *‘Bio-
sparite Faciss'’,

Facies Mo, 8 is observed at the bottom of
this unit indicating a very shallow marine,

near shore environment with moderately agita-
ted water. The overlying biomicrite developed
in a more restricted bay with calm water
conditions. This is strengthened by the pre-
sence of ostracods, gastropods and a lot of
pellets,

Facies changed to highly agitated water
during the time of deposition of the oolitic and
bioclastic sediments, But it remained shallnw
marine and near shore. The “Limestone

Interval’ ended with the sedimentation of
biomicrites again in an restricted bay envi-
ronment.

3. Dolasparite Unit

The thickest unit of the Kingriali-Forma-
tion (fig. 1) consists mainly of dolosparites and
bioclastic dolosparites. Recrystallisation took
place late diagenetically. Sedimentation hap-
pened probably in a shallow marine environ-
ment as indicated by the preserved bioclasts.
Thin layers of biomicrite are interbedded in
this unit (fig, 1). Whether they may be inter-
preted as intervenent changes to restricted
hvpersaline conditions and, therefore, even
indicate an earlier dolomite-crystallisation is not
clear.

4, Dolomicrite Unit

The dolomicrite unit build up the upper-
most part of the sequences in both sections and



consist of dolomicrites and peloidal dolomi-
crites. These were deposited in restricted calm
waters in an extremely shallow environment
for example in bays or ponds of tidal flat areas.
In Nammal Gorge the presence of mudcracks,
birdseyes, reworked intraclasts, algal lamina-
tions support this interpretation. GK 47 con-
tains high amount of clay probably indicating
a lacustrine environment,

5

It can be concluded that most of the
sediments were formed in a shallow marine sea
on a carbonate platform, Clastic input is only
important in the basal meters of the Kingriali-
Formation. In the higher parts of the measur-
ed sections the environment changes from
shallow marine to tidal flat conditions with

‘intervenant drying of the carbonate shore.
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Fig. 1

Measured sections of the Gula Khel and Nammal Gorge, showing Lithostratigraphical
sequences, position of samples and concerned microfacies together with proposed
microfacies divisions.

Fig, 2

Dolosparite-Facies (Sample NG 12 ; X2, 5).

Sandv Dolosparite to Dolomitic Sandstone-Facies Sample GK 4 ; X2, 5).
Bioclastic Dolosparite-Facies (Sample NG 7 : X2, 3).
Dolomicrite-Facies (Sample NG 24 ; X10).

Peloidal Dolomicrite-Facies (Sample NG 23 ; X10)

Intraclastic Dolomicrite-Facies (Sample NG 18 ; X2,5)

S b b

Fig. 3

Sandy, Bioclastic Dolosparite-Facies (Sample NG 4 ; X2, 5).
Oncolitic Biosparite-Fagies (Sample GK 11 ; X2, 5).
Biomicrite to Pelbiomicrite-Facies (Sample GK 15, X2, 5).
Oolitic Biosparite-Facies (Sample GK 17 ; X2, 5).

Oolitic Biosparite-Facies (Sample GK 17 ; X10).
Biosparite-Facies (Sample GK, 13 ; X2, 5).
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CLAY MINERALOGY OF SOME THIN COVER SOILS OF PUNJAB
AND THEIR BEARING ON ENGINEERING PROPERTIES

BY

K. HUSSAIN
Centre for Solid State Physics, Punjab University, Lahore.
M. ASHRAF SIDDIQUI and F. A. SHAMS
Institute of Geology, Punjab University, Lahore.

Abstract :  Clay mineralogical studies conducted on Soil Samples from the Jhelum area (Punjab) have
shown that the soils contain swelling montmorillonite in addition to other clay and non-clay munerals.
The presence of this species in the foundation of a building could cause serious engineering problems.

INTRODUCTION

A recent field survey of some places in
Punjab has shown that building structures tend
to develop cracks. This problem arises due to
little attention being paid to engineering conse-
quences of the changes that may occur in the
soil below or in the vicinity of the foundations
of building structures.

The present study has been conducted in
order to relate the clay mineralogy of soils to
engineering problems selecting Jhelum area due
to shallow depth of the bedrock undersoil.
Besides traditional petrography, detailed XRD
studies were made and implications of the
mineral composition are stated.

EXPERIMENTAL

Fifteen samples collected from
different parts of the Jhelum area in the Punjab
(Table 1). The following studies were conduct-
ed on the samples.

were

Optical microscopy studies were conducted
in order to visually detect clay and not-clay
minerals in the soil samples (Table 2).

Measurements
pH measurements were made with pH
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meter taking about 10 gms. of CaCl, sample
dispersed in 0.01 M CaCl; solution. The suspen-
sion was stirred occasionally upto 30 minutes
and was later allowed to stay undisturbed for
further 30 minutes. During the latter period,
fine soil particles settled down. The pH measure-
ments were conducted on the solution. The

results are given in Table 3.

Sample Preparation and Data Acquisition for
X-Ray Diffraction Analysis

The samples were air-dried in the laboratory
and lightly crushed to pass through a 2 mm
seive. These samples were then pulverized in
an agate mortar so that the grain size was less
than 10 pm. We adopted this way of sample
preparation because we were interested in study-
ing the mineralogy of these soil samples.
However, one of the samples (No. 4) was
purified in the following way. About 50 gms.
of the sample passed through 2 mm seive was
dispersed in deionized distilled water and was
shaken manually for several hours. After sedi-
mentation for about 8 hours, the < 2 pm.
fraction was repeatedly siphoned from the top

10 cm of the suspension. Clay/water suspension
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was then dried for analysis by X-Ray Diffrac-
tion.

For qualitative analysis by X-Ray Diffrac-
tion, about 15 g of cach air-dried sample was
treated with warm HCI, subsequently washed
in distilled water and dried in a muffle furnace
before taking X-Ray diffraction pattlerns.

A portion of each of samples 1 and 4 was
also glycolated before taking X-Ray diffraction
patterns. Also a portion of the purified sample
4 was glycolated before X-Ray Diffraction pat-
tern was taken for it. Effect of moisture was
studied by soaking sample | with water X-Ray
pattern for soaked sample was taken just after
soaking and when the soaked sample was
almost dry.

X-Ray Diffraction patterns for all the
original and treated samples were obtained by
a Rigaku automated X-HRay diffractometer
{Geigerflex, D-Max/II-A) equipped with a
scintillation counter, a pulse height analyser,
a ratemeter and a recorder. Ni-filered Cuk =
radiation was allowad to fall on each sample
pressed  into  appropriate aluminium holders
before loading on to the wide-angle goniometer
of the X-Ray Diffraction system. The slits used
were : Divergence and anti-scatter slits, 1°: and
the receiving slit, 0.3 mm, The gonimecter was
run at ascanning speed of 2° (2 6)/min and the
ratemeter time constant was 1 sec. X-Ray
diflraction patterns were obtained for the 20
range of 3.57 to 40°,

The X-Ray difiraction patterns werc analy-

sed by th: Hanawalt method. (Bayliss et al
19:0)

RESULTS AND DISCUSSION
Lithology

Generally the soil samples look brown,
reddish brown or dark brown. Their grains
appear coarse on touching. Fine grained
material is dominant in the samples with small
rounded rock fragments of grit and pebbles size,
A visual examination shows presence of plant

roots. The samples appear to show irregular
fracture with tendency to develop strong plain
of breaking. Black grains of small size are also
present. . Fine to coarse grained clastic texture
is evident.

Table 2 summarizes the results of this
study, The soil samples are found to contain
clay minerals as fine scaly grains varying from
30 to 65 percent. Fine grained quartz, calcite
and clongated flakes of muscovite are present
inside the aggrepates. Calecite with amounts
varying from 22 to 54 percent is present as
fine-grained aggregates showing no cleavage or
parting Some samples show rounded oolitic
form of calcite cemented by fine granular calcite.
Amounts of quartz vary between 7 to 22
percent ; fine to medium-sized grains arc present
rounded.
Muscovite (1 to 3 percent) has the scattered
flakes with directional cleavage. Iron are is
found to wvary between 0.5 and 1 percent.
Limonite is rarely present,

with a tiny fraction somewhat

pH Measurements

pH of the soil samples is given in Table 3,
When pH is about ¥, the solubility of 5i0,
increases considerably, AlO; is practically
insoluble under such conditions. Therefore
5i0; is removed in the solution as solvent
whereas the hydrated ALOj will precipitate,
If pH is between & and 9 of alkaline solution
that means much more Si0; is pressnt. This
promotes the formation of montmorillonite,

X-Ray Diffraction

The scil samples studied are found to
contain in variable amounts the clay minerals,
kaolinite, illite, montmorillonite and non-clay
minerals chlorite, quartz, calcite and albite,
X-Ray diffraction patterns for soil samples |
and 4 are given in Figure 1 and Figure 2 respec-
tively. Table 4 shows details of various sample
treatments. Figure 3 shows X-Ray diffraction
patterns for samples 1 and 4 which were not



treated with warm HCl before glycerolation and
glycolation. In Figure 4 are given the diffrac-
tion patterns for purified and subsequently
glycolated sample 4,

Qualitative analysis by the Hanawalt
method of the diffraction patterns in Figures
1—4 is described below.

Figures 1, 2, 3 and 4 clearly show that illite
(characteristic peaks : 10 A°, 5 A°and 3.34 A
is present in all the soil samples. In the diffrac-
tion patterns of the treated samples (Figs. 1 and
2), intensity of illite reflections (for example
peaks with d=10A° and d=5.02 A°) have
enhanced. Such enhancement is not evident
in Figures 3 and 4. Enhancement of intensity
of illite reflections in Figures 1 and 2 is probably
due to the fact that, after HCI treatment and
subsequent washing by deionized distilled
water, the proportion of illite in the treated
samples is more than in the original samples.
More intensity in the 1llite reflections, Figures 1
(E) and 2 (E), as compared to Figures | (B,C,D)
and 2 (B.C.D) is because of the heat treatment
(at 600 °C).

Presence of chlorite (characteristic reflec-
tions : 14A° 7.07A° and 4.72A°) and ecalcite
(characteristic reflections : 3.03A° and 2.28A°) is
clearly evident from the comparison of Figures
1 (A)and 1 (B) and Figures 2 (A) and 2 (B).
Since, these minerals are dissolved in warm
HCIl their reflections do not appear in Figures 1
(B) and 2 (B).

Examination of Figures 1 (A) and 2 (A)
shows that the clay minerals which could be
present in the soil samples are kaolinite (charc-
teristic reflections: 7.17A° and 3.5A°), montmor-
illonite (characteristic reflections:15.0 A°, 4.5 A°
and 5.0l A® and vermiculite (characteristic
reflections : 14 A°, 4.57 A° and 2.85 A°). Kaoli-
nite may be confused with chlorite if 14 A°
reflection of the latter is weak. Figures 1 (B)
and 2 (B) show that digestion of chlorite by
warm HCI leaves behind a tiny peak, which
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could be of kaolinite. Heat treatment at
600 °C or above breaks the crystalline structure
of kaolinite (Avery and Bullock 1977). Presence

of the latter is then confirmed (Figures 1 (E)
and 2 (E).

In order to know whether montmorrillo-
nite was present, the soil samples, previously
treated with warm HCI, were treated with
glycerine and ecthylene glycol. (Grim 1968 and
Cowking et al 1983). The intensity of the
14 A® reflection is decreased but shifting to
the lower angle side is not quite evident on
glycerolation (Figures 1 (C) and 2 (C)). Glyco-
lated sample, however, do show a peak at
about 17 A° (Figures, 1(D) and 2 (D)). This
reflection disappears on heat treatment of
glycolated samples at 600 °C (Figures, 1 (E) and
2 (E)). This shows that montmorillonite may
be present in the soil samples studied.

In order to confirm the presence of mont-
morillonite, original soil samples 1 and 4, as
mentioned in the previous section, were glyco-
lated without any treatment with warm HCI.
The purified sample was also given the glycerol
treatment. Figures 3 and 4 clearly show partial
shifting of the 14 A° reflection. The 17 A°
reflection in Figures 1 (A), 1 (B)and 2 and the
18 A° reflection in Figures 1 (C) and 1 (D) are
definitely due to montmorillonite and the 14 A®
reflection left behind represents chlorite whose
presence has already been confirmed. Presence
of montmorillonite is therefore confirmed.

Presence of vermiculite as a constituent of
the soils studied is not evident from Figures 1
(B-E) and 2 (B-E). The 14 A°® reflection in
these figures almost shifts to either 17 A°® (or
18 A°) or disappears depending on the nature
of treatment.

A visual examination of Figure 1 and 2
shows that chlorite and illite are the major clay
minerals present in the soils studied. Next to
these are montmorillonite and kaolinite. In
non-clay minerals, quartz is the major consti-
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tuent whereas calcite and albite are minor
phases. Figuer 5 shows the diffraction patterns
for sample 1 soaked with distilled deionized
A is the diffraction pattern for the
original air-dried sample, B, for soaked sample
and C for the soaked sample almost dried at
room temperature. The comparison of the
patterns shows that A and C are almost identi-
cal whereas B shows shifting of the 14/15 A®
peak to about 20 A®°. Swelling of the clay
obviously due to the montmorillonite content
of the sample is evident.

water.

We have seen that both the pH measure-
ments and X-Rayv Powder Diffraciion analysis
of the soil samples have shown the presenoe of
We have observed that the
clay mineral monimerillonite swells on treat-
This
finding is of crucial importance. 1fthe founda-
tion of a building structure is Jaid on a seil
bed which contains this species, the latter will
present hazarads on absorbing water.

montmorillonite,

ment with organic matter and water.

For the buildings, source of water could be
rainfzll, or it could be underground water. In
case of dam the course obviously is the dam
reservoir. On absorbing water, the soil (con-
taining montmorillonite) should swell, expand
and then transmit a tremendous force to the
foundation, thus causing damage to the build-
ing/dams.

CONCLUSION

The present study reveals that the presence
of swelling motmorillonite is evident alongwith
other clay and non-clay minecrals. This clay
absorb water, swells and could consequently
put 2 tremendous pressure on the foundation.
The building should not be errected before
curing for the consequences of the presence of
montmeorillonite,

TABE 1
Soils collected from Jhelom Arca

Station Sample No. Depth (m)
1 0.6
1 2 1.2
3 1.8
4 0.6
1 3 1.2
6 1.8
7 0.6
I 3 1.2
9 1.2
10 0.6
IV 11 1.2
12 1.8
13 0.6
Y 14 1.2
15 1.8
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TABLE 2

Lithological Studies
(per cent quantities)

Sample No. Clays Calcite Quartz Muscovite Ore
1 55 30 14 10 —
2 30 50 18 1.50 _ 0.50
3 39 50 10 10 -
4 45 41 10 20 —
5 50 45 20 1.0 —
6 45 40 16 1.0 —
7 42 40 15 3 —
8 50 35 e, 10 5 —
9 50 36 12 1 1
10 45 38 12 2 —
11 49 40 10 1 -
12 35 54 8 1 1
13 65 22 7 1 —_
14 40 50 8 1 1
15 56 34 2 1 —
Average : (30—65) (22—54) (7—22) (1—3) (0.5—1)
TABLE 3
pH Measurements
e Depth Station
(m) 1 2 3 4 5
1 0.6 7.84 7.78 7.88 8.18 7.90
2 1.2 7.88 7.72 7.80 7.20 7.97
3 1.8 7.93 7.87 7.88 8.16 8.04
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TABLE 4

X-Ray Diffraction Data of Treated Samples

(d-spacing (A®) with per cent relative intensity in brackets)

Original A B B D
Clay air-dried Treated with Treated with Treated with heated at 600 *C
Minerals (A) warm HCI(BY  Glycerine (C) Glycol (D) {E)
Kaolinite  7.17 (100) same as for A sameasfor A sameasfor A No refiection left
3.58 (30)
Hlite 10.02 (90) samec as for A  samecasfor A sam:asfor A sameas for A
5.02 (50) {collapse of ex-
3.34 (100} pansible minerals
enhances 10 A®)
Chlorite 1.41 (90) no reflection same asfor A samecasfor A D do not contain
7.07 (100) left chlorite, no cffect
3,541 (60) noticed
2.845 (30)
Montmor- 150 (100) same as for A 15,0 expands 15.0 expands no, 14 A® left all
illonite to 18.0 to 17.6 to 10 A
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PETROLOGY OF DHOK PATHAN FORMATION,
SIWALIKS GROUP OF KALABAGH AND MANGLA AREAS

BY

M. NAWAZ CH.
Institute of Geology University of the Punjab, Lahore, Pakistan
K. HUSSAIN and M.A. SHAH
Centre for solid State Physics University of the Punjab Lahore, Pakistan

Abstract 1 Six samples of sandstones and two samples of calcareous mudstones from Mangla area and
thres samples of sandstones, four samples of calcareous mudstones, one samnle of arenaceous mudstone
and one sample of argillaceous nodular limestone from Kalahagh area were studied petrographically.
Some of the samples studied were also subjected to X-Ray diffraction analysis for determining the

nature of clay.

The study shows that these rocks were derived mainly from a rising area of volcanics, sediments
and low grade metamorphics. The volcanics were mainly acid to intermediate in composition, the
sediments were predominantly cherty limestones with subordinate quarizites, shales and sandstones, while
metamorphics were mainly slates, phyllites and low grade schists belonging to lower greenschist facies.

Minor contribution frem granites is not ruled out.

INTRODUCTION

The Siwalik rocks comprise mainly of
argillaceous, arenaceous and rudaceous facies.
These rocks are fairly widespread and occur both
in Pakistan and India along the Himalayan
foothills. In Pakistan these rocks occur along
low foothills of Azad Kashmir, in Potwar
plateau, Salt range, Surgar range and Suleman
range.

The term “‘Siwalik’> was first used by
Meddlicot (1864,1868). Oldham (1893) used the
“Siwalik Series’’, while Holland (1913) used the
term Siwalik System. The Stratigraphic Com-
mittee of Pakistan following Danilchik and
Shah (1967) established Siwalik Group. The
following formations (Shah, 1977) were recog-
nised i.e. Soan Formation, Dhok Pathan
Formation, Nagri Formation and Chinji For-
mation. The application of the term Siwalik
Group has now been extended to cover similar
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rocks of the Lower Indus Basin. The Soan
Formation comprises Tatrot and Pinjor,

THE SIWALIKS OF KALABAGH AND
MANGLA

The Siwalik rocks around Mangla damsites
fall in the transitional zone between Dhok
Pathan and Soan Formation (Tatrot and
Pinjor). The rocks become younger towards
Mirpur side. However, the samples selected
for study belong to the Dhok Pathan Forma-
tion. The Siwaliks rocks selected for study from
the Kalabagh area have also been collected from
the Dhok Pathan Formation.

The lithologies studied in both the areas
are predominantly subfeldspathic lithic arenites,
lithic arenites, lithic wackes, arenaceous mud-
stones, and calcareous mudstones. A few
argillaceous and often nodular argillaceous
limestone bands may also be met with,
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PETROGRAPHY

Six samples of sandstone and two samples
of calcareous mudstones from Mangla areas
and three samples of sandstones and four
saliples of calcarcous mudstones, two samples
of arenaceous mudstones and one sample of
argillaceous limestone were studied petro-
graphically from the Kalabagh area.

Manpla Arez

The Mangla sandstone samples MN4 and
MNS3 are fine to medium grained and the grains
are from subangular to subrounded. Angular
and rounded grains are 10.0% and 8.0% respec-
tively. The sample Mo, MN4 is a lithic wacke.
The heavy matrix is composed of finer grains
and clay. The binding matter is clay+carbo-
nate+iron oxides. The pore spaces are 10%.
The rock fragments are of carbonate, chert,
voleanics, metavoleanics, quartzites and phyllite,
lithic
Except the sample MNS5, the other
In- all  these
samples the grains are mainly from subangular
to subrounded. The zrains are held together
by the following tvpes of suturing.

The rest of ths five samples are
arenites.
samples are coarse  graincd.

Quartz-caleite
Silicate-calcite
Quartz-quartz
Quartz-silicate
Carbonate-carbonate.

H.ﬂ-h:-.ﬂt\.l'—'

In addition there is a small amount of
cement+binding matter. It is composed of a
variable admixture of calcite, iron vxides and
clay. Some secondary pore fillings by calcite
glso serve to hold the grains. These samples
contain from 10 to 20% pores, Some pores
have been parrtially filled with calcite.

These sandstones are immature and con-
tain abundant rock fragments., The fragments
are predominantly of immature rocks, The
stable fragments are of chert and quartzites/

sandstones while the unstable fragments are of
volcanics, metavoleanies, carbonate, phyllites,
slates and schists (low grade). Because of the
abundance of such rock fragments these rocks

are lithic-arenites or subfeldspathic lithic
arenites (since they contain < 10% clay).

Quartz and rock fragments are the cssential
components, while caleite, clay, muscovite,
biotite, K-feldspar, albitefoligoclase and limo-
nite/haematite, are ubiquitous minor to acces-
sory minerals. Goethite, epidote, tourmaline,
garnet and magnetite are accessories which are
not ubiquitous,

Kalabagh Area

Three samples of sandstone have been
studied from 552, 853 and 554 types of sand-
stones. SS2 MINI is the best held while Ss4
MMN3 is a friable sandstone, The sample 583
MMN2 is intermediate in strength between the
twa,

Excepi for Lheir relative strength they are
all mineralogically similar in a qualitative
sense.  However, they differ significantly as
regards Lhe nature of cement. They are all
fine to medium grained sandstones. While §52
MMI and 8§83 MMN2 are lithic arenites, 554
MMN3 is a subfeldspathie lithic wacke,

The sample 552 MNI1 is fine to medium
grained (0.15 to 0.70 mm) and uneguigranular,
Carbonate is the main cementing matter, The
rock is compact and relatively strong. It
contains 104, voids.

The sample 53 MN2 is also fine to medium
Voids are about 14%. Although
carbonate is the main cement, clay, iron oXides
and fine micaceous maiter also serve as a weak
binding/cementing matter. A few quartz-quartz
and quartz-silicate sutures are also present.
This sample is less well held than the 852 MNI
sample. Subrounded to subangular grains

grained.



(acid to intermediate of low greenschist facies).
Presence of low albite, microcline perthite,
orthoclase perthite and some dark brown
biotite indicates a possible granite source also.

The presence of abundant unstable rock
fragments in sandstones and their texture shows
that they have formed as a result of relatively
short distance transportation.

The X-Ray diffraction study clearly shows
that the clay is a complex admixture of illite,
kaolinite, montmorillonite and chlorite. Mont-
morillonite points towards a volcanic source and
koalinite indicates a possible granitic source.
These indicators support the conclusion derived
from the petrographic study of sandstones.

The calcareous and arenaceous mudstones
contain clay and silt sized particles. The fine
sand grade fragments are subordinate. The
calcareous matter is both detrital as well as
authigenic. The nodular argillaceous lime-
stones are a result of reconstitution in calcare-
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ous mudstones, These sediments were deposited
during quiscent periods and alternated with
rapid deposition of sandstones.

The Dhok Pathan Formation was derived
from a rapidly rising source area composed
mainly of 1) Sedimentary rocks like cherty
limestones, quartzites, sandstones, quartz silt-
stones and possibly shales (2) Low grade
metamophics like slates, phyllites, green schists
of mainly lower greenschist facies. Some
contribution from upper greenschists facies in
the Kalabagh area is indicated by the presence
of small quantities of almandine garnet (3)
Igneous rocks, maily volcanics and metavol-
canics of acid to intermediate composition
(arc-type) and possibly some granites.

These rocks have most probably been
derived from the upper and upper middle parts
of the rising arc zones of Himalayas.

(for Mangla) and Hindukush (for Kalbagh)
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and rock fragments are accessory to minor
constituents.

Optical tests indicated the clay minerals to
be admixtures of illite and kaolinite with very
small (probably =< 4 0%) amounts of smectite.

X-RAY DIFFRACTION ANALYSIS
Experimental

Each sample was pulverized and pressed
gently into aluminium holders for X-Ray diffr-
action analysis, Each of the aluminium holders
was then mounted on the wide-angle gonio-
meters of a Rigaku powder Diffractometer
(Geiger flex D-Max[IIA) equipped with a
scientilation counter, a ratemeter, a pulse-
height analyser and a chart recorder, Ni-filtered
Cuk z radiation (generated at a tube voltage of
40 KV and tube current of 25 mA) was used,
The goniometer was run at a speed of 1° min-1,
The divergency of the X-Ray beam was kept at
1° and the receiving slit width for the diffracted
¥-Ray beam was 0,15 mm. The constant of the
ratemeter was [ 5. X-Ray diffraction patterns
(26 versus Intensity were obtained for an
angular range of 20=3° to 40°. X-Ray diffrac-
tion patterns obtained for nine clay samples
and five sandstones are given on a reduced
scale in Figures 1—5. Some of the samples from
a lot were treated with glycerol in order to

know whether or not any swelling clay was
present.

Results

Mineral Powder Diffraction File (JCPDS,
1980 ed.) was used to analyse the patterns
(Figures 1—5) by the Hanawalt method of
qualitative analysis,

The clay minerals present in the clay sam-
ples as major constituents are illite, Kaolinite
and Montmorillonite, Chlorite isa minor phase.
The presence of montmorillonite was confirmed
on glycerolation. (Pattern : 2) (Fig. 1), 1,2,3,5
(Fig. 2), 2 (Fig. 3). The maximum intensity
reflections (14°A) of chlorite and montmorillo-

nite overlap. The |4° A peak for montmorillo-
nite shifts to about 18° A on glycerolation,
while that for chlorite remains unaffected. The
non-clay minerals present as minor constituents
in a majority of these clays are
orthocase, microcline, calcite and albite.

s-quariz,

The sandstones arc found to contain as
major constituents =z-quartz, (Orthoclase+
microcline+albite) and calcite (Figures 4 and
5) =z-quartz is present almost in similar
amounts in all these sandstones, whereas
orthoclase, microcline, albite and calcite differ
in amounts. The minor constitugnts are found
to be chlorite, illite, kaolinite and montmoril-
lonite. The presence of montmorillonite
is confirmed by glycerolation patterns: 2,5
(Fig. 4 and 2) (Fig. 5). The clavs are almost in
similar amounts in these Kalabagh and Mangla
samples.

DISCUSSION ON THE SOURCE AREA

The foregoing study sets out the details of
the mineral (and rock) composition, texture
and structure of the sandstones, calcareous
mudstones, arenaceous mudstones (of Mangla)
and argillaceous limestone (of Mangla),

The study of sandstones is of special impor-
tance in determining the source rocks. Such
studies for Kotli and Poonch areas have been
conducted by Chaudhry and Ashraf (1981,1985).
Some comments on the nature of Siwaliks
in Poonch were made by Lydekker (1876),
Middlemiss (1896) and Wadia (1928). The
sandstones are immature and contain abundant
rock fragments. Seven out of mine samples
range in composition from
lithic arenites to lithic arenites. One sample
of Mangla is a lithic Wacke, while one
sample of Kalabagh is subfeldspathic lithic
wacke, All of them contain abundant rock
fragments of carbonates, chert, phyllites,
slates, lower greenschist, sandstones, quartzites,
quartz siltstones, volcanics and metavolcanics

subfeldspathic



(acid to intermediate of low greenschist facies).
Presence of low albite, microcline perthite,
orthoclase perthite and some dark brown
biotite indicates a possible granite source also.

The presence of abundant unstable rock
fragments in sandstones and their texture shows
that they have formed as a result of relatively
short distance transportation.

The X-Ray diffraction study clearly shows
that the clay is a complex admixture of illite,
kaolinite, montmorillonite and chlorite. Mont-
morillonite points towards a volcanic source and
koalinite indicates a possible granitic source.
These indicators support the conclusion derived
from the petrographic study of sandstones,

The calcareous and arenaceous mudstones
contain clay and silt sized particles. The fine
sand grade fragments are subordinate. The
calcareous matter is both detrital as well as
authigenic. The nodular argillaceous lime-
stones are a result of reconstitution in calcare-

=
ous mudstones. These sediments were deposited
during quiscent periods and alieraated with
rapid deposition of sandstonss.

The Dhok Pathan Formation was derived
from a rapidly rising source area composed
mainly of 1) Sedimentary rocks like cherty
limestones, gquartzites, sandstones, quartz silt-
stones and possibly shales(2) Low grade
metamophics like slates, phyllites, green schists
of mainly lower greenschist facies. Some
contribution from upper greenschists facies in
the Kalabagh area is indicated by the presence
of small quantities of almandine garnet (3)
Igneous rocks, maily voleanics and metavol-
canics of acid to intermediate composition
(arc-type) and possibly some granites.

These rocks have most probably been
derived from the upper and upper middle parts
of the rising arc zones of Himalayas.

(for Mangla) and Hindukush (for Kalbagh)




TABLE 1
Modal Mineral Composition of Sandstones from Kalabagh Area

Sample No, 883, MNI 584, MN2 MN3
Rock Name Lithic Arenite Subfeldspathic Lithic
Lithic Wacke Arenite
Quariz 28.6 28.2 25.5
Chert/Chalcedony 5.4 5.3 5.5
: * » X * L x X
Carbonate 24.5+6.0 9.412,0 27.0+8.0
Clay 2.7 10.5 0.8
V.R.E./M.V.R.F. 6.6 3.4 5.7
QJQst/SST R.F. 1.0 2,0 S5
P/S/S R.F. 1.3 6.8 2.6
Muscovite 1.2 3.3 3.0
Biotite .3 6.1 3.1
Chlorite 1.0 — e
Albite/Plagioclase 5.9 5.4 5.9
K-Feldspar 3.4 10.6 4.8
Limonite/Haematite 2.0 4.2 0.9
Amphibole 38 1.8 5.4
Epidote 0.4 1.0 0.5
Sphene = = 0.4
Zircon — — 0.1
Garnet 0.3 == ==
Magnetite 0.6 = 0.5
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TABLE 2

Model Mineral Compositions of Sandstones from Mangla Area

30

Sample No, MN#4 MNS5 MN6 MN7 MN38 MN9
Rock Name Lithic Subfelds, Subfelds.  Subfelds, Lithic Lithic
Wacke Lithic Lithic Lithic Arenite Arenite
Arenite Arenite Arenite
Quartz 31.6 28.6 22.4 3347 21.5 230
Chert/Chalcedony 4.3 3.4 4.2 5.4 7.0 5.8
e i X XX e X XX x| x6x X XX
Carbonate 26.04-4.0 18.54-6.4 29.14-7.0 27.84-6.0 32.14+4.0  24.343.0
Clay 19.7 35 4.3 1.7 2.0 2.3
V.R.F. 1.4 2.3 3.0 0.9 3.2 5.1
Q.R.F./Qst.R.F/

SST. R.F. 2.8 2.2 4.0 — 1.8 23
P/S/S.R.F. 1.1 17.7 15.9 7.5 9.7 13.9
Muscovite 3.1 3.3 0.8 3.2 3.3 5.7
Biotite 0.7 3.9 0.7 3.9 2.1 2.2
Chlorite 0.7 0.5 = = =4 =
Albite/Plagioclase 1.2 2.8 23 2.0 5.1 5.1
K-feldspar 1.0 4,7 2.6 3.8 4.7 5.4
Limonite/Haematite 2.4 1.8 2.1 1.1 1.7 1.5
Goethite e 0.5 — — — —
Epidote — 0.3 0.9 - — —
Tourmaline - — 0.7 1.3 — —
Garnet — — r 1.7 1.8 -
Magnetite — - — — — 0.4

X Rock Fragments.

x x Cement.
V.R.F. Volcanic Rock Fragments
M.V.R.F. Mewavolcanic Rock Fragments.
Q.R.F. Quartzite Rock Fragments.
Ost. R.F. Quartz Siltstone Rock Fragments.
SST. R.F Sandstone Rock Fragments.
P. Phyllite Rock Fragments,

S. Schist Rock Fragments.
S. Slare Rock Fragments.
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Figure 1.

X-Ray Diffraction patterns of Mangla clays :
1. MN—II;
2. MN-—I11 (glycerolated) ;
3. MN-—I0.

Figure 2.

X-Ray Diffraction Patterns of Kalabagh Clays :
1. MN—I6 (glycerolated) ;

MN—18 (glycerolated) ;

MN—17 (glycerolated ;

MN—14 ;

MN—15 (glycerolated) ;

Figure 3.

X-Ray Diffraction Patterns of Kalabagh Clays :
1. MN-—13;
2. MN—13 (glycerolated) :
3. MN-]2.

Figure 4.

X-Ray Diffraction Patterns of Kalabagh sandstones :

I. MN—3 ;
2. MN-—3 (glycerolated) :
3, MN-—1:
4. MN-2;
5. MN-—2 (glycerolated).
Figare 5.
X-Ray Diffraction Patterns of Mangla sandstones :
1. MN—6 ;
2. MN-—6 (glycerated) ;
3. MN—9.
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Abstract :
Lahore.

The study is aimed at the correlations of engineering properties of soils in and around
The data regarding strength parameters have been collected, which pertains to a number of

sites explored for different engineering structures. An attempt has been made to evaluate and put forth
generalized idea about the bearing capacity in different areas of Lahore City.

INTRODUCTION

A knowledge of the subsoil conditions and
information about the Safe bearing-capacity of
the foundation soils are useful guidence for
designing of foundations.

Strength parameters have been evaluated
which affect capacity of soil under foundations
to bear super-imposed structural loads. The data
represent more than twenty sites investigated
in and around Lahore and are presented in the
form of tables. An endeavour has been made
to correlate the geotechnical characteristics of
Lahore soils.

NATURE OF AVAILABLE DATA

The available soil data is in the form of
geotechnical reports on the subsoil investiga-
tions and testing for the evaluation of Safe
bearing- capacity for different projects executed
by M/s. Geodrillls. The projects are scattered

—39

over Lahore area and pertain to multistory build-
ings, over-head water reservoirs and industrial
buildings. The procedure adopted was to drill
various boreholes at a site with execution of
standard penetration test (SPT) at regular depth
interval and to carry out laboratory tests on
selected samples taken from every site during
drilling Boring logs and results of SPT, mois-
ture content, field density particle size analysis,
unconfined compression test and direct shear
test are available for every site. At some sites,
results of Atterberg’s limits, triaxial compres-
sion test and consolidation test are also given'
in the Reports. The depth explored in different.
boreholes is fifteen feet to forty feet at most
of the sites. A few sites have, however, been
explored to depths beyond forty feet ; however,
nature of soil below forty feet cannot be corre-
lated on the basis of available data. A brief
description of available data is summarized in
Table-1.
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TABLE |
_ h , E% ﬁg MNo. of Test Results
Site Engineering O » =
No. Location Structure. o' a3 - D éa
LE_RBE L 8 =
D —— = (9] ) - —
Zz8rhAn % 2 R o5 B A < FE 33
T T T L D RO R ST
1 G.T. Road Factory 1 50 15 15 15 5 15 12 4 — 2
Shahdara, Building.
2 Gulberg Main 4-storey 3 20 19 17 18 14 9 9 6 - —
Market. Commercial
Building.
3 Kot Lakhpat Factory 3 20 18 12 12 12 10 10 6 — —
Ind : Area. Building.
4 Niazheg 3/4 storey 33 50 39 v — 25 15 10 1 4
Multan Road. building.
5 G.T. Road, Water 2 16 10 10 10 8 10 ] 5 — 4
Shahdara. Reservoir.
6 Raiwind Road., Heavy 3 125 0 21 21 18 40 18 10 3,6
Building. 2 50
7 Mental Water 1 25 0 0 = 9 9 s Pal AL
Hospital, Reservoir.
8 Amarsidhu Water 2 20 12 I2 9 6 ] 6 — — -
Ferozepur Rd. Ressrvoir.
9 Civil Police 2-storey 3 15 12 12 12 3 10 1D — R —
Lines near Barrack,
Sherpao Bridge,
10 Empress Road Moulti-storey 1
Commercial
Building.
11 Circular Road — do — 1 as 7 5 4 — 7 ae = e
Delhi Gate,
12 Raiwind Factory 5 33 50 15 25 —_ 19 19 - =
Link Road. Building.
13 Abbot Road. Multi-storey 4 60 36 60 35 — 21 21 — - —
Commercial
Building.
14 Township Water 2 40 20 20 12 11 20 10 — —_— -
Reservoir,
15 1 2
16 Ghazi Road  Multistorey 11 0 81 2 12 — 86 mw — — —
Ichhra. flats.
17 Ghalib Market Multi-storey 3 50 36 36 20 12 22 R
Gulberg. Hospital
Building.
18 Niaz Beg. Water 2 13 10 10 10 10 -] g —_ e gy
Reservoir.
19 10EM Industrial 2 20 12 12 11 ] 10 3 — = =
Sheikhupura  Building,
Road.
20 Empress Road, Multi-storey 3 30 18 12 13 & 14 10 e
Building.
21 Upper Mall. Mosque, 2 23 14 I6 10 6 11 9 — = =




STRATIGRAPHY .

The locations of different sites were tenta-
tively marked on the Map of Lahore published
by Scientific Society of Pakistan (1985). The
borehole data available suggests two different
soil classes, cohesive and non-cohesive. The
cohesive soils which are generally present at
the top level include clays and silts with addi-
tives of small amount of sand. The non-
cohesive soils forming the second layer include
sands with small amount of silt and clay. The
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cohesive top layer of subsoil is generally in the .
form of laminations while the lower sandy
layer is generally continuous. The thickness of
upper cohesive layer varies from about 10 feet
to 22 feet. The borehole data of Geodrills as
given in Table I does not contain Lahore Can-
tonment area and Bund Road area. Hence the
soil strata at these locations (location Nos. 22
and 23) was got from another source. The
borehole data alongwith the static water table
at different locations is given in Table II,

TABLE II
Location| Depth of Cohesive Depth of non- Static Water Exploration
Site No. Soil cohesive soil Table Date
1to 23 0-0' to 12'-0 120 to 50'-0 15'-8" 20-5-82
0-0’ to 20°-0" Below 20-0 Below 20’ 13-2-82
0.0' to 12’-0" Below 12-0 13'-9” 22-2-82
0-0’ to 10'-5’ Below 10-5 13'-4" 8-4-80
0-0’ to 13-12 Below 13-12 15'-4" 20-5-80
0-0’ to 12-5 12-5 to 40-0 4-5 12-2-85
0-0' to 9-0 Below 9-0 Below 25-0 4-3-85
0-0" to 20-0 Below 20-0 Below 20-0 14-2-85
0-0" to 14-15 Below 14-15 Below 15-0 8-2-85
0-0' to 15-5 Below 15-5 41-0 5-2-85
0-0 to 21-0 Below 1-5 22-0 5-1-85
0-0’ to 21-0 Below 21-0 10-0 7-11-84
0-0’ to 13-6 Below 13-6 29-0 27-11-84
0-0’ to 19-0 Below 19-0 22-6 9-8-84
0-0' to 8-5 Below 8-5 Below 30-0 15-8-84
0-0' so 11-0 Below 6-0 32-0 15-6-84
0-0’ to 22-0 Below 22-0 48-2 7-4-34
0-0° to 15-0 Below 15-0 14-9 26-12-83
0-0" to 10-0 Below 10-0 19-2 3-9-83
0-0' to 15-0 —_ 30-0 23-7-83
0-0" to 15-0 Below 25-0 30-6-83
0-0" to 18-0 Below 18-0 — ==
0-0"to 2-0 Below 2-0 = —
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SOIL PROFILE

To give a general idea of subsoil at Lahore,
two soil profiles were constructed along two
arbitrary and approximately perpendicular
straight lines AA’ and BB’ marked on the
location map given at Fig. 1. The soil profiles
arc given at Fig. 2and 3. It may be realized
that soil profiles do not embody much precision.
Small lenses of sandy soils are accasionally
present in the top cohesive layer. Also some
patches of cohesive soils are present in the
second non-cohesive layer. The soil profiles,
however, illustrats that the top cohesive laver
increases in thickness as we go from the Ravi
to the Cantonment area along the linc BR,
The profile along AA’, on the other hand,
indicates that the thickness of top cohesive
layer i3 minimum at Tchhra and it increases as
we po away from Ichhra on either side along
the line AA'.

STRATIGRAFPHY BEYOND 40 FT. DEPTH

From the available data of few boreholes
drilled beyond 40 ft. depth, it is indicated that
another layer of cohesive soils is present below
40 ft, depth. The thickness of this layer varies
from 10 to 15 ft. Below this cohesive layer,
sandy strata is present up to about 80 to 100 ft.
depth where another cohesive layer of about
20 ft. depth is encountered.

PENETRATION RESISTANCE

Standard penetration test (SPT) is an impor-
tant and universally adopted field test perform-
ed.during drilling for geotechnical investiga-
tionThe results arec expressed as N-value or
penetration resistence of soil. The MN-value is
the number of blows of a 140 1b drive weight
30" free fall required todrive a 2" standard
split spoon sampler into the soil through 1 ft.
The MN-value of soil is actuvally a measure of
consistency of cohesive soils and of relative
demnsity soils,  MNumerous
empirical correlations of N-value and bearing

of non-cohesive

capacity of soil are available in soil mechanics
literature, the more significant of which are
due to Terzaghi, Teng, Tomlinson, Bowles and
Taylor. The bearing capacity results as calcu-
lated from above correlations are considered to
be more accurate for sands and less for cohesive
soils. Average N-value of soil is generally
employed in the bearing capacity evaluations.
Consequently, the average N-values have been
compufed separately for cohesive and non-
cohesive soils from the said Reports. The
test data revealed that N-values in cohesive
s0ils of Lahore varies from 4 to 18 but at most
of the sites, it is near 10. In sandy soils, the
N-valuc are found to be 4 to 30 with an average
value of 16. On the whole, the N-value is
higher in sands than in cohesive soils. The
computed average N-values for cohesive and
non-cohesive  soils
Table-1I1I,

of Lahore are given in

UNCONFINED COMPRESSIVE STRENGTH

The unconfined compressive strength is an
important characteristic of cohesive svils. The
results in the available data pertains to uncon-
fined compression tests performed on 1.5 dia
* 3" long undisturbed cylindrical core speci-
mens got with shell-by tubes during drilling.
The test was performed with a British Stan-
dard, hand operated strain controlled field type
machine which automatically graphs a stress-
strain curve of soil specimen tested to failure in
an unconfined state, These value are employed
to evaluate the bearing capacity of cohesive
soils and the results are considered to be most
safe. From the test data, the average uncon-
fined strength of the upper cohesive soils of
Lahore was computed for each site and the
values obtained are givenin Table-[1l, The
results reveal that average unconfined strength
cohesive soils of Lahore vary from 0.82 T/Stf.
to Tons/SIt. and overall average comes out to
1 Ton/Sft. The maximum confined strength
values pertain to a site in  Gulberg 1II



near Garden Town round-about at Shahrah-e-
Roomi while the minimum values belong to a
site in Shahdara. From Table III, a fair idea
about the average strength of cohesive soil at
particular locality can be obtained with fair
degree of accuracy.

DENSITY OF SOIL

In geotechnical computations, the bulk
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density of soil is often reqnired alongwith the
strength parameters. Hence the values of
density for cohesive and non-cohesive soils at
different sites have been computed from the
available data, The compuied values ara given

in Table III.

TABLE 111

Cohesive Soil

Sandy Soil

Average Average Shear value Shear value
SPET unconfined Density Average @ @==Z0 ———————
Sl.  ——— Lbs/sft. 1bs/cft. G S. PV Bensity#! @ ¢
No. Njvalue PSI Degrees N. value lbsfcft  PSI Degrees
1 2 3 4 5 6 7 8 9 10
1 8 0.82 117.32 — - 13 117.1 0.8 32.9°
2 11 1.06 123.9 2.4 23.4° - — — —-
3 6 0.90 118.0 1.43 25.5% 11 — 0.40 31.0°
4 7 — 119.6 1.10 23.0° 18 120,0 0.55 28.0°
5 5 0.83 119.1 — - 7 120.5 0.9 31557
6 4 0.9 123.0 6.8 15.0° 12 - 1.2 33.0°
7 10 - 107.¢ 1.6 26.0° 18.0 104.0 0.4 33.0°
8
9 12 0.65 119.2 - 22.5° 25.6 —_ —_ =
10 18 1.10 122.7 3.0 25.0° 26 120.6 — —
11 — e — — L 17 108.0 0.5 32.0°
12 11 - 117.2 1.0 29.0° 15 120.5 0.7 30.0°
13 16 — 111.8 1.2 28.0° 17 108.2 0.5 33.0°
14 10 1.04 123.0 3.06 22.67° 18 124 0 0.7 30 0°
15 11 2.0 121.0 3.75 21.0° 30 119.0 0.3 39 0°
16 6 — — 1.50 29.0° 16 — 0.4 35.0°
17 9 1.01 119.0 2.3 29.0° 18 111.0 1.0 32.0°
18 8 0.84 125.8 3.5 20.5° — = — ==
19 9 1.1 115.0 3.6 16.0° 4 95.0 0.3 31.0°
20 9 1.29 122.0 3.75 19.0° 12 93.0 0.4 34.0°
21 10 0.98 114,5 315 24.0° 18 108.0 0.9 35.0°
Av. 9 16

Average 16
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COHESION AND ANGLE OF INTERNAL
FRICTION

The intamolecular cohesion and angle of
internal friction of the soils were determined
by direct shear tests. Direct shear tests were
carried out with British Standard type, strain
controlled machine with 6 cm square shear box.
For sandy soils, the unconsnlidated undrained
shear () tests were performzd while consoli-
dated undrained shear (QC) tests were perform-
ed on cohesive soils. From the test data
obtained, average intramolecular cohesion and
angle of internal friction were computed for
each borehole on each site. The authors
worked out the average of C & & values for
each site from different borchole data. The
average values of C & & for each site have been
presented in Table I1I. As the cohesion (C)
and angle of internal (¢) have very important
implications for the computation of bearing
capacity, the average values of the same have
been worked out separately for cohesive and non-
cohesive scils and are given in Table HL. [tis
indicated from the Table 11 that intramolecular
cohesion for cohesive soils ranges from 1.0 PSI
to 6.8 PSI and overall average cohesion in
cohssive soils comes out to bs approximately
3 pSI. The angle of internal friction for
cohesive soils vary from 15 degrees to 29
degrees with an average valuc of about 22
degrees, For sandy soils, however, the cohesion
is small while angle of friction ranges from 28
to 39 dzgrees with an overall average of about
32 degrees.

SAFE BEARING CAPACITY

On the basis of technical data available
from geotechnical Reporis referred to above,
authors worked out and gave recommendations
about the foundation design parameters,

A summary of the recommendations is
given in Table IV. From this Table it will be
possible to have a fair idea about the soil
bearing capacity of a locality within Lahore

area. However, it will be undarstood that the
above wvalues are for a particular engineering
structure at a particular place. As already men-
tioned and as is evident from other geotechnical
literature, the soil bearing capacity depends
upon so many factors including event time,
The soil is a heteorogenous material laid during
natural geological processes and there are
many uncertainties involved. Hence, these
results are only for a general evaluation of a
site and the recommended values can not be
applied to a particular projzet. For each new
project, even in the close vicinity of a tested
place, fresh soil investigations and testings
should be carried out and the [loundation
design parameters gzot evaluated by a competent
organization.

CONCLUSSIONS

1. The subsoils encountered in and around
Lahore hiave a general pattern of cohesive
top layers overlyving non-zoh:siva sandy
soils upto a depth of 40 ft. The bearing
capacity of soil varies from 0.70 ton/sft. to
1.47 ton/Sft  The percentage of sites have
different range of safe bearing capacity is
as follows -

Safe Bearing capacity Range Percentage
{Ton per Sft.) of sites
Less than 0.70 30 %
0. 0to 1.00 45 %
More then 1.0 25 &/

2, Although the data is not sufficient and the
scattering of results is so great that no
particular zones of bearing capacity can be
suggested. However the general trend of
bearing capacity is easily observed to be
increasing from the area near Ravi towards
the area of Gulberg and Caantonement.
The study area can be divided into 3 zones,



(a) Area of low bearing capacity which
comprises Shahdara, Gulshane Ravi,
Allama Igbal Town Park and Sandas.

(b) Area of medium bearing capacity which
comprises Ichhra, Mozang, Muslim
Town, Faisal Town, Jauhar Town,
Model Town etc.
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(c) Area of high bearing capacity which
comprises Gulberg, Lahore Township,
Kot Lakhpat and Lahore Cantonment.

2. The above zoning is only for compari-
son. The general principle, that each site

should be investigated thoroughly may not be
overlooked.

TABLE IV
Foundation

Sl Depth of Type of Foundation Depth Width Bearing
No. investigation Capacity
1= 2 = B 4 5 TR

1 50 Simple Strip Footing. 3.3 3 0.73

2 20 —do— 3.0 3 0.85

3 20 R.R.C. Spread Footing. 3.0 3 1.16

4 33 Simple Strip Footing, 3.0 3i 0.65

5 16 _ Raft 3.0 3 0.87

6 — Simple Strip Footing 4.0 B 0.65

7 25 Raft 4.0 — 1.00

3 — —= = = =

9 15 Spread footing. 4.0 5 0.65
10 90 Spread footing. 4.0 5 0.65
11 25 — 4.0 10 1.47
12 30 Spread f(-)oling. 4.0 10 0.64
13 60 - =230 10 - 1.00
14 40 Raft. 5.0 — 0.70
15 30 Spread. 5.0 10 1.25
16 50 Raft. 5.0 26 1.45
17 50 R.C.C. footing. 5.0 — 1.35
18 15 R.C.C. Raft. 3.0 — 0.72
19 20 Spread. 3.0 = 0.60
20 30 - 30 — 1.00
21 25 =

5.0 10 1.00




LOCATION MAP OF LAHORE

1 g 1 7 EM
LANMORE PROTECTIVE  BUND .
- " § EE—— -
Bhallbroar
Fnden
UET
Mugalpwo _————
e
i ——
e : f' = da';r-""'-_.-‘
- = -
~ e
- -
-~ S
I \
g e S
Y Sodor
\ Bazrar
1
Ty
Ll
I:
. P — "
-‘_‘-\- e .L
o 3
F Culnrg T, CAHIT
2 1(} | _-_\st»
I
| \‘\“\“ Air Pail
1 e
I
Guishan-£-lqbal o i
P i
I
Hiw Cormpas I /
AT ) l j
)
i =
4 LEGEND
4 f
e, AOAD —_—
e i
_._F.__.,-r"' ' RANWAT LINEE 2 = ——=
r
A TLARLWAY SLATIOM -=-
i TR
Kol RIVER STy
Lakhpal / SeaiReT
:'D ! CANAL e -
Lipgrr bor doobr
& cunernt
7 Hoapiial ) PROTECTIVE BUND — o

Fig-1 Showing Locatlions of 5ites Faplored.



4
FI1G,2
)
e e e e e e e e e e e T COHESSIWEL SO S N
e e T e e s e S L R e s e ] ST
......... _20
- - SANDY SOILS -
"0
8 : e :
Lo
A 5 - A
Horizontal Scale Same-as Map.
Soil Profile Along Line AA’ marked on Fig. 1.
FI1G, 3
G.L.
" sanoy sois ..
T =Tt * +30
. -~
B 8

Horizontal Scale Same as Map.
Soil Profile Along Line BB’ marked on GID. 1

-



ACENOWLEDGEMENT

The Authors express their thaoks to M/S *GEODRILLS' for providing field and Laboratory
test data for the present study.

REFERENCES
Jomikis, A.R., 1962. SOIL MLCHANICS. First Ed. D. Van Nortrand Company, Inc.
Scott R.F. 1968. SOIL MECHANICS AND ENGINEERING. First Ed. Mc Graw Hill Inc,

Sowers, G.B. and Sowers, G.F. 1970. SOIL MECHANICS AND FOUNDATION, Third Ed. Tllan
Publishing Company Inc. New York.

Terzaghi, K., and Peck R B, 1957. SOIL MECHANICS IN ENGINEERING PRACTICE.
Sacond Ed. John Viley and Sons.

Techaical Reports Published by Geodrills Soil Laboratory, Lahore 1980—1986.



WATER—LOGGING IN THE RECHNA DOAB :—A GEOGRAPHICAL STUDY
BY

MUHAMMAD MUSHTAQ
Department of Geography, Punjab University, Lahore, Pakistan.

Abstract :—Water logging in the Punjab province has increased enormously. As a matter of fact it has
gained number one position amongst the priority problems of the country. In this province the most
effected area is the Rechna Doab which covers an extensive arca. Water and Power Development
Authority was entrusted the responsibility of its controll. The authority, after extensive studies of the
area, decided to adopt 1ubewell instalations methodology all over the area. This incurred huge amounts
of recurrent resources to continue the process working. As the time passes the tubewell policv is loosing
its efficiency and so the adequacy and effeciiveness is decreasing. On the other hand is proposed that the
utitization of geographical facts can help better to provide solution. For this purpose permeability
zones of the province and particularly of Rechna Doah have been established. Detailed maps of Doab
showing geomorphic formations, the directions of underground water, lavout plans of canals and existing
drains, have been shown. Fina'lv lines of new drain channels, have been proposed. The areas of high
permeability, where the main cana's and major tributaries cross, have becn assertained and suggested for
plugging. It is believed that this study may be able lo help in the solutions of the problem.

INTRODUCTION ing the natural balance of ground water. Such
an interference by hiuman agency has not only
been able to bensfit, but also has set a chain
reaction and interaction within the environ-
ment. Naturally the disturbed balance of
nature resulted in the human suffering,.

Water-logging problem in the Punjab Pro-
vince has gained immence importance in the
national policy of agricultural planning,
Extensive areas have become affected by this
menace. Colossal resources have been and are

being, devoted to ‘‘solve’” the problem. The Punjab Province in the last hundred
Various schemes have been undertaken and year or so has undergone tremendous transfor-
many more might be undertaken in the future mation due to cultural manifestations in its
as long as the problem exists. It is also likely natural physical pattern. As a matter ol fact
that the nation will have to live with it for a the whole vista of the then landscape of the
long period to come. New points of views, region has been drastically modified through
new programmes and schemes and above all human activity. It has become extremely diili-
the new techniques, will continue to provide cult to reconstruct the past landscape.
incentives to the thinking and practical mind
to adopt new ways of handling the problem. GEOMORPHOLOGICAL SETTING OF
PUNJAB

The water-logging problem seems to be the Punjab’s geomorphological setting is essen-
consequential outcome of large scale harnessing tially of fluvial nature. The geology of the
of natural resources of water and thus disturb- plains is simple and presents an alluvial basis
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with minimum variability in its regional char-
acteristics. The Northern Section (Fig. I) of
the province is mountainous, Here the Salt
Range is a prominent and dominating feature.
The whole region is ravine and gully ridden
area with no drainage problem of any kind.
There is however scarecity of level—land to be
cultivated through irrigation. Only at places
fluvial fans are fed with spring-water supply.

Similarly the south-western Section of the
province is occupied by a foot-hill region com-
prised of Dera Uhazi Khan which is also a dry,
sandy region, studded with courses of seasonal
streams that descend from the Suliman range.
Presently only a narrow strip of land along the
the river is agriculturally viable. Here esiab-
lishment of an irrigational system of canals is
in progress. The land gradient is considerably
steeper and sinks into the Indus river basin.

On the Nort-East, the extension of Jammu
foot-hills joins another hilly area, It has a
rolling topography with many streams, as is
common in the foot-hill regions.  Here the soil
is a mixture of boulder and sandy material
covered by soil wash due to heavy rains and
occasional overspilling of many water courses
from the hilly region. This region projects
considerably nto the plains. Rest of the
Province is consituted by plains with fairly
gentle ‘gradient to the South-West direction.
The interflueves or barsslope gently towards
the shallow river valleys. There is an odd
feature of Kirana ridge, visible at places in the
form of small hillocks. The subterranian axis
of the ridge lies along the South- West-Morth-
East line.

Almost all the plain, apparently, is a flat
extensive region. The inter-flusves comprise of
a few feet elevated humps very pently sloping
towards the shallow pan-like river beds. These
river beds are wide in which the lateral rolling
uf water has given rise to meander formations,
This plus the inierference through harnessing

measures, have rendered them fairly tortuous
as a free passage for water. Conscquently
whenever there is exeess of discharge they over-
spill and innudate extensive areas. These floods

cause widespread damage to life, crops, and
property.

On the basis of the above discussion perme-
ability regions of the Province have been
demarcated (Fig. 1). They are more or less
related to the geomorphological divisions.
The mountainous parts, being well provided
with streams, is not con:idered in this study
which is not related to the water logging
problem. There are two regions of high perme-
ability. One is the dominently Sandy region
occupying the Sindh-Sagar doab in the MNorth-
Western section, and the vast sandy Tract of
Bahawalpur division, which isan extension of
Indian Thar desert, Here, to establish canal
irrigation system without proper lining (special-
ly designed and prepared bricks or tiles or
other material) of canal courses, can bhe consi-
dered negligence leading to disastrous conse-
quences ol water-logging. Here, the soil being
sandy, is prone to hig seepage. Irrigational
pursuit, without taking appropriate measures,
was supposed 10 become problematic and has
proved so,

The other region of high permeability is
found in the North-Eastern section of the
Province. Itis an extension of Jammu foot-
hills into the plains. The gravelly soil here
provides fairly good medium for high seepage.
The canals which traverse this region, offer
considerably large amount of waler to the
underground aquifer reservior and hence con-
tribute to the underground water storage, The

rest of the region may be considered as of
moderate permeability.

After the general review of Punjab’s perme-
ability, Rechna deoab is taken as a case study.
This region, infact, is the most probed aand
cxperimented area of the Provinee, All kinds
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of tests' have been under taken to get the
quantitative and qualitative information. Here
in this study a probe will be made to bring to
light the hitherto unconsidered geographical
factors, which if considered, may help to add
to the efficiency, effectiveness and adequacy in
the control of the problem.

THE RECHNA DOAB

Map (Fig. 2) shows a detailed geomorpho-
logy of Rechna Doab It is comprised of simple
sedimentary belts, with an odd exception of
Kirana ridge, referred to before. The greater
part of it is constituted of old and presently
active flood plains of rivers Chenab and Ravi.
The old flood plain constitutes a large area of
the central part of the doab. Here the land
surface possesses traces of large former stream
courses that once traversed the bars region,
These oblitrated stream courses merge to form
a wide plain to the N-E & S-W with their long
fingerlike extensions.

The area is characterised by traces of mean-
ders, old bars, levees and oxbow-shaped features.
The bar-upland area is further rigned by a
low-level bar-upland. The North-Eastern part
of the doab is occupied by a large outwash
plain. The plain is of interfluve nature and
possesses a somewhat undulating topography.
There is a narrow meander belt along the river
course. The Map also indicates the under-
ground alignment of subterranien water-flow
along the length of doab. It is roughly in N-S
direction, which corresponds to the general
direction of the old channels shown on Map.
The Map also shows the approximate position
of Kirana ridge in Rechna doab. The ridge
devides the underground reservior into two
distinct basins, one to the N-E, called Sheikhu-
pura Basin and other to the S-W of the ridge,
called Faisalabad basin. The flow of water
from Sheikhupura basin to other is considerably
restricted due 1o unfavourable geological
material, like clay, deposited around the ridge.

Sl
The area available for the flow of water through
the Chiniot, Shahkot gaps and river Ravi is
not of much significance. Any how the outflow.
of groundwater from the Sheikhupura basin is
much less than the inflow into it. At present
two areas possess high underground water level.
They are one along the Lower Chenab and
Jhang branch canals and the other along the
Gughera branch. The high water level is
obviously due to the greater seepage Irom these
major canals. Water from these canals flow
down into the intervening groundwater through
or into the surrounding low lying flood places.

Permeability Zones of Rechna Doab

The Map (Fig. 3) has been compiled to
show the areas ol high and low permeaoility.
The regions of high permeability are the main
contributing areas 10 the groundwater storage,
There are three such areas. The area along the
Chenab river is considerably extensive whereas
it is small along the Kaviriver. Keeping in
view the general land gragient of the whole
doab, the Chenab river-side area largely contri-
butes to the underground reservoir. A look at
Map (Fig. 2) reveals that the old flood plains of
the Chenab in the middle of doab gets maxi-
mum supply of water from these high permeable
areas. Also the outwash foothill plain might
be contributing to the underground reservoir.
As a matter of fact it is the lormer flood plain
of the Chenab river that is highly water-logged.
On the other hand river Ravi-side highly
permeable areas might be helping the draining
of excessive supply to the river instead.

The other problem area, though not perma-
nently bogged, is that of active Ravi flood plain
(Fig. 2). Here high rain fall supplemented by
hill torrents submerge the area for a time
during the rainy season. The water generally
is drained away by streams of the area. The
rest of the doab is more or less normal due to
being comprised of low permeability soils,
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Present Methods of Control

Water logging was loreseen in the nineteen
thirties. Tts solution was sought in the provi-
sion of a sub-zsurface drainage system. The whole
area was surveved carefully and drains were
provided to drain the sub-surfice water on
censiderably large scale. Approzimately 2240
K.M. of drains were provided. It is worth
considering that in the presence of considerably
large system the water-logging problem rapidly
achicved an alarming enormity. Here it seems
an accumulative effect of more than one com-
ponent. As a matter of fact the perenniality of
the canals has gained more or less position of
permanent water courses. This is due to consi-
derable increase in the irrigated area. Also
intenzity of eropping in all over the middle and
upper Punjab, where canal supply irrigation is
available, is somewhat on the increase. This
has forced the canal svsiem to work to the
ontimum capacity
respite of clearanceand maintenance. The over-
waorking. of the water-supply system naturally
resulted in the breaking of soil resistence against
percolation over long time. As for as the
spread of water over extensive field tracts in a
thin film is concerned, its contribution to the
underground reservoir may be taken as negli-
gible. It is bzcause ths vepetational transpira-
tion and soil the extreme
weather conditions reduce margin to the mini-
mual,

without getting suoitable

evaporation in

Similarly the ficld supply channels ‘as
well as tertiary and other smaller distributary
channels can also be ignored as they are
normally sheilded by higher order vegetation
like trees, which reduce the chances of water
addition through seepage to a large extent,

WAPDA’'S WATER LOGGING CONTROL
POLICY

WAPDA, Water and Power Developmgnl
Authority, Lahore, is the sole organization
authorised to seek and adopt ways and means
for the solution of the water logging problem
in Pakistan. ‘This has put in great effort to do
detailed peological, soil and hydraulic surveys of
the areas affected by this problem. A clossal
amount of data have bzen collected. Regionsof
priority have been demarcated in the form of
scarps to be undertaken for reclamation.
WAPDA’s main objective seems to lower the
water table to a reasonable level and further to
take steps to keep it so. The procedure adopted
to achieve this is the instalation of tubewells to
lift the subsurface water to the surface and
thence to be used for irrigation, This water is
occasionally of saline nature and can be utilized
onlyfor irrigation after mixing with fresh canal
water. Generally the results of such a supple-
mentation have net been encouraging.

The above choice of water-logging control
involves colossal amount of money in the form
of technology, material, energy and man-power,
leaving aside the development of other infras-
tructural components essential to such an
undertaking. Also the operational and main-
tenance costs of such projects are fairly high
and recurrent. At the same time the life of
such tubewells is generally not more than 5to 6
vears after which they become repairable or in
most cases unworkable. Then, again, the pro-
cess of replacement or reinstalation has to
begin. This way the cycle reinstalation will
have to be staried and completed again. This
is shown by data given in Table I.
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Now the guestion is how long nation can
afford policy of injecting huge amounts into
the deep or some rethinking should have Lo be
done, Here rethinking seems to be the prime need
as this process is already proving very costly—
rather an unbearable burden for the country.

Tt is also believed that tubewell strategy
may also bring in its wake some unmanagcable
situation. This may result in greater infiltration
of water especially of rain, in areas Mooded
by rivers. It may also have induced greater
seepage from canals and rivers. This infact has
resulted in an appreciable increase of the annuoal
potential ground water recharge, This might
be due to speedv increace in potential difference
hetwesn the surface sources and ground water.
Therefore it seems imperative to adopt some
other methods instead of tubewell procedure.

It is, therefore, essential that the water-
logging control programme should be reshaped
and methodology be changed to reducc the
recharging of underground reservoirs to the
minimum. This should help the drain of stored
waler in such a way that it should show gradual
lowering of water. Onlv in this way a lasting
potential balance can be achieved.

The Map (Fig. 3) shows thc approximate
extent of highly permeable zones of the Doab.
The Map also shows traversing of main canals
and their distributarics. The existing drains
and proposed drains also have been shown in
the Map. The Map divides the whole Doab
intec 4 categories. The Highest and High
permeability are situated alongside left bank of
the Chenab river and extends SW-wards fairly
over a long distance. Regions of medium and
low permeability lie forther towards the Ravi
river. Also general subterranean water flow is
shown in Map (Fig. 2). Keeping these two
facts in wview, it would be possible to design
and organize draining efforts keeping in view
the general subterrancan flow. The bogged
and water-logged area can only be drained

toward the Ravi river,
drains established in
These drains are obviously inadequate in num-
ber and extent and also less deep as required for
effective draining.

Fig. 3 also shows the
the nineteen thirties.

It is esrential, therefore, that in the light
of the above facts it would be useful, and is
also feasible by virtue of the available modern
technology, to try to orgaize ciforts on the
same basis. The existing drains should be
cleared and deepened. Further attention should
be paid to provide more drains in all the
Highest and High permeability regions. The
adequately placed drains will help to provide
permanent outlet for the subsurface aquifers.
Also, once established, will demand minimum
funds and other resources for their upkeep.
There is every reason to believe that ‘below
level’ drains not only will reduce the recharge
rate of the subterranean pools but may help
also to reduce their size. It is imparative that
the drain channels be given a depth after care-
ful investipation. For this purpose numerous
completed investigations exist and only there is
a need to scrotinise them carefully. It is be-
lieved that if a **dig-in"" depth is maintained at
6 meters then the situation will become stable.
This will provide fairly good slope to under-
ground water. The under surface level then
may become static and stable at about 4, §
meters of depth. This will provide more than
sufficiently safe distance to keep the manace
from root-depth of crops and even secondary
growth etc.

The most economical and effective will be
to utilize the old abondened river beds. Their
extent and direction in relation to the affected
areas, which they will drain, is visible from the
Map (Fig. 2). Leaving aside the active flood
plain of river Ravi, rest of the doab is suitably
covered be four such abondened river-bed lines,
If these lines arc followed than a set of 4
major channels can be established. All the



cxisting secondary and new drains can be con-
nected with them. In this way a reliable
system of drain-channels will come into exis-
tence which will assure an adequate and long
lasting solution to the water-logging problem.

There is strong evidence to believe that
‘dig-in’ drains will provide solution to the
problem ; such as the link canals, being
“dug-in’, are acting as antilogging factors.
For example, the Qadirabad link canal has
proved so in the Jaranwala district where water
logging has disappeared. This is also visible in
other regions through which other link canals
pass. Also the Highest and High permeable
regions (Fig. 3), through which major cannals
and some of the important tributary channels
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pass, are manageably extensive. Here lining
of canals, partially or wholy can be undertaken.
This will decidedly help to plug the high seepage
zones. In the present age it will not be difficult
to manufacture tiles mechanically from suitably
chosen soil material. Thus concluding the
above discussion, the establishment of drains
along suitable lines and plugging of high see-
page together will help to reduce the sinking
of water to a large extent. The bzst way to
achieve this is that a part of the resources
meant for tubewells be diverted towards this
work and gradually increased. This way a last-
ing control of the menace can be achieved.
Surely th e tubewells are not and can not offer
a lasting solution to the problem.
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COMPARISON OF THE UPPER DEVONIAN MIOSPORE ASSEMBLAGES OF
NEW YORK STATE AND PENNSYLVANIA WITH DIFFERENT AREAS OF THE WORLD

BY

SARFRAZ AHMED
Institute of Geology, University of the Punjab, Lahore, Pakistan.

Abstract :  An attempt is made to correlate the miospore assemblages recovered from the Upper De vonian
strata of New York State and Pennsylvania U.S.A. with these known from sediments of similar age

elsewhere. The areas with which comparison is made are Belgium,

Poland, U.S.S R. and Australia.

Samples from four formations namely the Java,

investigated. The lithologv of the material composed of shale, silstone and silty

which) yielded very promising results.

INTRODUCTION

External correlation is afforded by strik-
ingly close similarity between the microfloras
discovered during the present investigation and
those reported previously from the Upper
Devonian of other parts of the world. Detailed
correlation of these Famennian deposits with
those from North America, Western Europe
and Australia shows that
vallatus var. hystricosus and Retispora lepido-
phyta appear in the same horizon in Famennian
(approximately at the base of Fa2d) in the arca
investigaed as in other sequences so far describ-
ed from northern and southern hemispheres.
Inter-regional correlation based on miospore
assemblages has indicated that the Dexterville
Member of the Chadakoin Formation is
equivalent to the Evieux beds ; whilst the
Ellicott Member, of the Chadakoin Formation,
and overlying Cattaraugus Formation are
probably coeval stratigraphically to the Comb-
lain-Au-Pont beds of Belgium (Table 1). In
terms of Belgian substages, the age of the strata
investigated is shown to range from F3 to Fa2d

Vallatisporites
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the British Isles, North Africa,

Conadaway, Chadakoin and Cattaraugus have been
sandstone (the study of

(Upper Frasnian to middle Famennian in terms
of standard European stages). In terms of
North American nomenclature, the series range
in age from Upper Senecan to Chautauquan.

DESCRIPTION AND COMPARISON

Belgium

In 1974 Streel (in Becker et al.) established
six ‘florizones’ of the Upper Frasnian to Lower
Tournaisian (Fr-Tnla) sediments of Belgium.
With some reservations the present palynological
data (Upper Frasnian to Upper Famennian)
seem to fit the Streel’s assemblages. Some of
the Belgian species are important quantitatively
in the Belgian strata and are also well-repre-
sented in New York State and Pennsylvania,
For instance Aneurospora greggsii is well-
represented almost throughout the sequences
in both the U.S.A. and Belgium. Miospores
with multifurcate processes and laevigate spores
with ‘*banded’’ curvatuarac e.g. Aneurospora
incohata are present in the U.S.A. and Streel’s
assemblages. Synorisporites variegatus Sarfraz
(1978) (under the name Rugospora flexuosa) has
been frequently recorded as almost being
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restricted to the Upper Famennian horizon in

Belgium as well as in the area presently under
investization.

The miospore asscmblages reported by
Streel from the Matagne Barvaux beds, are
similar to those described from
Formation of New York State.

the Java
The following
species are regarded to be cosval stratigraphi-
cally in both areas. Punctatisporites elaher,
Aneurospora greggsii, Apiculiretusispora plicata ?
Samarisporites inusitqius and miospores with
multifurcate processes. This assemblage con-
forms with LT assemblage zone of Streel and
indicates the Upper Frasnian age (Table 1),

The overlving Senzeilles—Meontfort beds of
Belgium yielded, in addition, Anewrospora
incohata, A. greggsii var. minuta Sarfraz (1978)
{as Geminnsporg sva bardige), Samarisporites
kedoae \as S sp. cf. I gcanthyrugosus), Aurora-
sporg solisoria and Aneyrospora acodensis Sarfraz
(1973) (a= A. langii). The presence of thess
species in the ‘Canadaway Formation of New
York State may indicate that the GP-GM
zones of Streel correlate with the Canadaway
Formation and indicate Fala-Falb ages. From
the overiving Evicux beds of Belgium, Streel
recorded Pulvinispora depressa, Rewsotriletes
caperatus (as R, sp.) Synorisporites variegatus (as
Rugospora flexussa), and Grandispora corunaa
(as . cf, uncara). This essemblage which has
been described by the present author from the
Dexterville member of New York >tate conforms
with the VU zonc of Streel indicating the
Upper Famennian Fale age.

The presence of the iulernationally recog-
fossils  Vallatisporites  vallatus  var,
hvstricosus and Retispora lepidophyta in the
Chadakein and Cattaraugus Formations of
Mew York State and Pennsvivania, indicates

nized

that the latter are probably startigraphically
equivalent to the Comblain-Au-Pont bedsof
Belgium, This assemblaze corresponds to the
PLi zone of Streel and indicates the Upper

Famennian Fald age.

In short, of a total of 26 form genera
recorded by Streel, 23 have been recorded
during the present investigation At the
specific level, 70 miospore forms were observed
from the Belgian Upper Devonian, of these
25 are present in the material investigated from
New York State and Pennsylvania. U.S. A,
Four species arc regarded to be endemic to the
Belgian Upper Devonian (see Table 2. A

striking dissimilarity in terms of minspore
assemblages between these two areasis in the
absence of distinctive large pseadosaceate forms
such as dwrargsoora lorguata and Awroraspora
pseud crisia Sarfraz (19:0) in the Belzian strata.
The former has been abundantly reported from
south-cast Treland.

The British Tsles

Clayton ¢r al (1974) described miaspore
assemblages from the lower part of the Cork
Beds of southern Treland. Their assemblage
of “type 1 is almost comparable with the
HL. zone described from the present material,
Sarfraz (1978). In addition to index forms
some  stratigraphically important species
are also present, not seen in Irish maternial
described by Clayton er af. Those forms arc as
follows :  Ancyrospora multifurcaia |Winslow)
Sailraz (1978), Aureraspara pseudocrisia.
raspord (orguaia.

Auro-
O1ner accessory species have
been described by the prescnt autnor, see
Sarfraz (197¢). The miospore asscmblage
obtained from the Catiaraugus Formation eom-
pares with the assemblage described from
Hreamrock and Holecopen Members from Old
Head of Kinsale section, Killowen and Carrig-
adda Member from South Riogabella section
and Fennels Bay Member of North Ringabella
section in southern Ireland.

Higgs (1973) gave an account of miospore
assembluges from Hoos Head, County Wexlord,
Upper Devonian and Lower Carboiferons



transition beds of southeast Ireland. On the
basis of selected records he recognized three
palynological assemblages. Miospores described
from sample K and J in his first assemblage
cover approximately the HL zone of the present

material. The taxa in common are shown by
Sarfraz (1978),

On the basis of Retispora lepidophyta,
Vallatisporites vallatus var. hystricosus, Aneuro-
spora inchoata, Streel:spora catinata, Knoxie
sporites  literatus, Synorisporites variegatus
Sarfraz (1978) Auroraspora torquata, A. versabilis,
A. commurata and A. poljessica our miospore
assemblage assigned to the HL zone may
probably lie somewhere approximately 80m.
below the top of the Old Red Sandstone in
Ireland., The upper sequence of the HL
zone in the investigated area is also
more or less similar to the HL (PL) zone
assemblage at Burrington Combe in the Mendip
Hills, England and to the West Angle Bay,
South Wales recorded by Dolby (1970) In
these areas our HL zone can possibly be com-
pared with assemblages from approximately 7
and |13m. below the base of .the Lower Lime-
stone Shales.

Utting and Neves (1970) also investigated
the palynology of the Lower Limestone Shale
Group (Basal Carboniferous Limestone Shale)
and Portishead Beds (Upper Old Red Sand-
stone) of the Avon Gorge, Bristol, England.
Their assemblages 3 recognized in sediments
from the Portishead beds approximately 37.5m.
below the Rhacophyion Beds compares closely
with moispore assemblage HL described from
New York State and Pennsylvania, U.S.A. The
species in common include Ancyrospora multi-
furcata, Retispora lepidophyta, Synorisporiies
flexuosus, Aneurospora incohata and Retusotri-
letes incohatus.

Among the lowest two zones (PL and NV)
proposed by Neves et al. (1972) which were
based mainly on the work of Neves and Dolby
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(1967), Dolby (1970), Dolby and Neves (1970) -
and Utting and Neves (1970) from the British
Isles, our HL zone probably compares with their
lowest PL assemblage zone,

British workers recorded altogether 43
moispore species from the Upper Devonian

deposits ; of these 26 have been recorded from
New York State and Pennsylvania, U S.A. Five
species are considered to be endemic to the
British Upper Devonian deposits, see table 2,

Poland

Polish assemblages do not have any great
points of similarility with the Upper Devonian
miospores from the areas under consideration.
However, Turnau’s (1975) assemblage 4 reported
from the northern Poland, is more or less com-
parable with the HL zoae described in the
present work. The Upper Devonian miopore
assemblages from the U.S A. and North Poland
are characterized by the presence of Reuspora
lepidophyta, auroraspora versabilis, Anedrospora
incohata, and Punctausporiies solidus.

The miospore species that occurred in the
Polish Tournaisian sediments but have been
observed from the Upper Devonian deposits
during the present investigation are Punciatis-
porites glaber, P. siabilis, Aneurospora greggsii, .
Knoxisporites literatus, K. pristinus, Auroraspora
micromunifesta and miospores with multifurcate \
spines.

A striking difference is in the absence of .
distinctive species Synorisporites flexuosus in
Turnau’s assemblages.

Of the eleven miospore forms reported
from the Polish Upper Devonian deposits, only
four have been regarded as common to both
the U.S.A. and Polish assemblages. Oaly one
species is considered to be endemic to the
Polish Upper Devonian sediments table 2.

Soviet Union
Detailed comparative studies of miospore



63

assemblages from various parts of the U.S.S.R.
are hampered by the independent nomenelatural
system used in the Soviet Union, the poor
(inadeguate) description of microfossils and the
nature of their illustrations and the time taken
for Russian publications to become available
outside the 11.5.5.R. especially as translations.

Despite the above difficulties, a number of
distinctive miospore species have been encoun-
tered from the area under consideration which
can be compared with thosc documented in the

Russian publications.

The first important and major work to be
published was that of Naumova (195%). She
described eight miospore assemblages from the
Upper Frasnian and Famennian deposits of the
Russian Platform four corresponding to the
Frasnian and the rest from the Famennian.
In general there is little similarity between the
composition of the Russian (Naumova’s) assem-
blages and those recorded from the present
material. It has been observed that a close
similarity exists between miospores with
pseudosaccate structural organization. Never-
theless, simple laevigate and cingulate forms
also occur in both arcas. The following species
recorded by Nanmova have been encountered
from Chadakoin and Cattaraugus Formations
during the present investigation. Laphozonotri-
letes eurvatus, Auroratpora varia and Grandispora
echinula, Two species described by Naumova
Hymenozonotriletes rugosus and H. platrugosus
are thought to be comparable with Auroraspora
varia var. multifaria.

Anchor spined miospores have been recor-
ded in the Russian literature (reporied from
the Russian Platform and the Pripyat Depres-
sion), but none are regarded to be idential with
the present forms, However, the nature of
sculptural pattern developed on the miospores
from both areas is worthy of special mention.

The next major work was that of Kedo

{1957a, ' b, 1962, 1963), and Goloubtsav et al.
(1968). Kedo and co-authors established
fourteen miospore suites from the Pripyat
Depression of Bielorussia 3.5.R. The strata
they investigated range in age from lower
Famennian to Upper Tournaisian. Six miospore
assemblages belonging to the Zadonsk. Elitsk,
Lebedian, Dankov and Ozersk Khoransk For-
mations are in Famennian and the remaining
cight are confined to three units belonging 1o
the Tournaisian namely, Malevka, Cherepet
and Kizel Formations. Followinz Naumova,
Kedo established most of her mivspore “com-
plexes' on thc relative abundance of certain
species rather than on those forms with restric-
ted vertical range.

In terms of miospore content the Russian
stratigraphical units from the Zadonsk Forma-
tion to Upper Dankov Lebsdian Formation in
the Pripyat Depression are comparable with the

Canadaway to Cattaraugus Formations exposed
at New York State and Pennsylvania, U.S.A.

Although all kinds of miospores have been
observed in both areas, those possessing
pseudosaccate structural organization are more
common than the others. The following species
are regarded as similar in both area. Awrora-
spora varin, A. commutata, A. versabilis,
A. poljessica, Retispora lepidephyta, Grandispora
echinula and Lophozonatriletes eurvaius,

There are also some varied elements inclu-
ding smooth, cingulate and pseudosaccate
miospores which have been encountered in the
Famennian deposits during thc present study
that are confined to the Tournaisian Strata in
the Pripyat Depression. Those forms are:
Calamospora nigrata, ? Dictyortriletes ftrivialis,
Knoxisporites literatus, Valatisporites vallatus
var. hystricosus, V. vallatus var, major, Grandi-
spora macroseta, Auroraspora pallida and A.

submirabilis.
The ahsence of miospores with banded

L=



curvaturae such as Aneurospora greggsii and
sbccies with multifurcate appendages in the
Russian deposits is a characteristic difference.
Both of these forms have frequently been
encountered during the present study and from
other parts of the nothern hemisphere.

It may be that some of the anomalies in
the distribution of these elements may be more
apparent than real.

North Africa

Massa & Moreau-Benoit (1976) pubished
an account of Devonian palynology western
Libya, Rhadames Basin. = At the generic level a
broad similarity exists between the miospore
assemblages from Libya and that of U.S A.
Of the 33 forms genera recorded during the
present investigation, 28 are common to both
continents. Twenty-two miospore forms are
considered to be identical to both areas.
Eleven species are regarded to be endemic to
the Libyan Upper Devonian deposits, table 2.
The miospore species that make their first appear-
ance below the Fransnian in Libya but range
sporadically up to the Famennian in both are :
Retusotriletes goensis, Aneurospora greggsii var,
minua (as Geminospora svalbardiae), Apiculire-
turispora plicata, Emphanisporites rotatus, E. cf.
annulatus, Auroraspora micromanifesta, Rhabdo-
sporites langi and R. parvulus.

In a broad sense palynological zone eleven
investigated from the Tahara Formation is
more or less comparable with the HL zone
described in this work. Miospore zones nine
and ten described from Aouinet Ouenine v
Formation are probably identical to the FV
zone shown herein (Table 1). However, the
absence of major difference. §. Slexuosus makes
its  stratigraphyical debut together with
V. vallatus var. hystricosus and R. lepidophyta in
the Libyan sediments. Miospores with muti-
furcata processes have also been observed in
Libyan deposits, see Paris ef al. (1985).
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In summary, Massa & Moreau-Benoit's
palynological zones 8-11, though' differing
slightly in accessory elements, can be compared
with Java-Cattaurangus Formations investigat-
ed during the present study.

Australia

Balme & Hassell (1952) published on the
palynology of the Upper Devonian of Canning
Basin, Western Australia. They made an
attempt to correlate their material with Libyan
latest Devonian sediments and with the
Famennian assemblages from the Russian
Platform described by Naumova (1953). The
absence of apparent Retispora lepidophyta in the
latter assemblage probably indicates strata
older than the Australian material. Since no
miospore assemblages from Upper Devonian
strata of other parts of northern hemisphere had
been described at that time in the literature no
comparison could be made by these authors.

On the whole Australian assemblages do
not have any great points of similarity with the
Upper Devonian miospores from New York
State and Pennsylvania, U.S.A. However,
twenty two genera were recovered by Balme &
Hassell and the miospores attributed to eleven
genera are common to the two continents.

At the specific level apart from Rerispora
lepidophyta, Pulvinispora depressa and probably
Hystricosporites sp. cf. H. porrectus, no other
similar form was encountered in the material
under consideration. Apart from Hystricospo-
rites sp. aff. H. porrectus which is probahly not
identical to Australian species, the association
of the above forms suggests that Australian
miospore assemblages are comparable with
those assemblages confined between the top
of the FV and almost top of the HL zone in
the present material (Table 1). If one includes
Hjstricosporites sp. aff. H. porrectus within the
morphographic circumscription of Balme &
Hassell’'s species the range of the Australian
miospore assemblages covers aimost the entrire
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stratigraphic range of the miospore species
recorded from New York State and Pennsyl-
vania, U.S.A.

By far the most comprehensive and up to
date published palynological report on western
Australian sediments is that of Playford (19706).
In fact Playford enlarged on Balme & Hasscll's
(1962) observations by re-eXxamining core
sample Nos. 17 and I3 from borehole B.MLR. 2,
Laurel Downs, in the Fairfield Formation.
The samples he investigated ranged from Upper
Devonian to Lower Carboniferous and came
from the marine (shallow water) sediments of
the Fairfield Formation in the Canning Basin,
The litholgy comprised biogenic limestone and’
calcareous clastic sediments,

The Upper Devonian (Fa2d) microfioras,
(Retispora lepidophyta assemblage described by
Playford) bear! only a superficial resemblance
10 the HL zone in New York State and Pennsyl-
vania, U.S.A. investipated in the present work
(Table 1),

The species which are infrequently asscci-
ated with index forms in both areas (UL.5.A:
and western Australian) include Puivinispora
depressa, Knoxisporites literatus, K. pristinus and
Auroraspora micromanifesra.

It is of interest to note that Playford (loc.
cit.) did not include in his systematics or in his
range chart, simple; leavigate taxa such as
Culamospora, Leiototriletes and Punctatisporires.
This was because of their insignificant strati-
graphical valuc and scarcity in his samples,
The genus Rerusotriletes is represented by only
two new species which have not been encoun-
tered during ‘the course of the present study.
Comparison has, therefore, not been made with
such smooth a<idfor laevigate groups of

“miospores. 4

The absence of Fallgtisporites vallaius 'r;all'.
_hystricosus in Balme & Hassell's (1962) report
‘_’-;nr:i only two more or less similar representa-

tives, in Playford’s assemblage may indicate
that such miospore forms, if present, are not
abundant in the Australian sediments,

The most obvious difference between Lhe
present material and the Australian sediments
is in the absence of miospores with multifurcate
processes and a distinctive species Synorisporires
flexuosus in the miospore assemblages reported
from western Australia.

Blame & Hassell and Playford recorded
altogether 53 miospore specics from Devonian
deposits ; of these only § have been recorded
from the material under investigation.
Twenty-four species are regarded to be endemic

to the Australian Upper Devonian (Table 2).

CONCLUSION

Derailed comparative study has been under-
taken to delineare the floral provinces in the
Upper Devonian sediments. It is not intended
to provide a complete check list of the miospore
species that arc found ubiguitous 1o the
Upper Devonian strata in the northern and
soputhern ' hamisphere  since these have been
dealt’ with" in' gewil by the present author
(Sarfraz 1985). ' However, some forms are regar-
ded 1o be endemic to the ' Australian material.
The miospore form Granulunisporites frustulenuis
is found to be most abundant and persistant of
the endcmic forms of the Australian mivspores,
Consequently the miosporc assemblage report-
ed from Australian continent is referred to as
the Frusiulenius suits (Sarfraz 1983).

As will be evident from table 2 that so far
53 miospore forms have been reported from
the Upper Devonian deposits of Australia ; of
these only 8 are considered comparable with
the miospore discovered from the material of
MNew York Srate and Pennsylnanica.
specics are regarded to be endemic to the
Upper Devonian of the Australian deposits,

Twenly

It can be concluded the wiospore records
from western Europe and North Africe mirror



those of U.S.A. and Canada. The presence of
miospore having multifurcate spines seems to
be cosmopolitan in these sediments.

It is worth mentioning that the miospore
assemblages described from the Soviet regions
do not contain any additional elements. In
contrast the Soviet areas are characterized in
negative sense as they do not possess distinc-
tive forms with multifurcate appendages. At
the present state of knowledge the miospore
assemblage revealed from the U.S.S.R. may
conveniently be grouped with those miospore
assemblages discovered from western Europe,
North Africa and North America.

In fact the Australian deposits do not have
any additional element with multifurcate pro-
cesses. The miospores from Australian conti-

nent are distinguished by the

profusely
represented

endemic form Granulatisporites
frustulentus which has not been recorded in any

of the areas outside Australia.

The results of miospore investigations into
North Africa, North America, western Europe
(including Belgium, the British

l

{

Isles and
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Poland) U.S.S.R. and Australia signal that
palynologically Australia is probably a distinct

continent. However, a minority of indiginous
elements in the Australian

Granulatisporites  frustulentus,

sediments e.g.

Convolutispora
fromensis and Diaphanospora riciniata is hardly
sufficient to warrant the term province
(Middlemiss er al., 1971) unless more data on
the Upper Devonian miospore are accumulated,
floral province is difficult to delineate.

In the author’s opinion widespread occu-
rence of particular species in the Australian
material such as Retispora lepidophyta, Knoxis-
porites  literatus K. pristinus,

Auroraspora
micro-manifesta,

Pulvinispora depressa, Hys-
tricosporites porrectus, Punctatisporites solidus
that have also been reported from northern
hemisphere indicate the provincialism in the
Upper Devonian is difficult to_interpret,

The lack of floral provinces may also be
attributed to uniformity of environments
throughout the world. In adequate sample

coverage may be another reason for the results
obtained so far.
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A NEW STEGODONT FROM THE UPPER SIWALIKS OF RATHIAN,
PUNJAB, PAKISTAN

BY

MUHAMMAD SARWAR, HUMERA AKRAM & M. SAEED
Zoology Department, Punjab University, Lahore.

Abstract :
ing last nioler have been described.

An anteriorly damaged right lower last molar and a left horizontal mandibular ramus bear-
Both belong to the same individual,

The specimen P.U.P.C.*

69/364 was collect-d from the upper most beds of Tatrotian near Rathian, district Jhelem, Punjabh,

Pakistan. Regarding the number of ridge-plates, ir was the most advanced species of the genus, Stezodon.
The name Stegodon rathiansis has been assigned to this new species.

INTRODUCTION

First scientific mention of the Siwalik
Stegodonts was made by Falconer and Cautley

in their Fauna Atiqua Sivalensis in 1846. It
was based upon three species i.e. Elephas
insignis, E.ganesa and E. bombifrons. All the

3 species were transferred to the genus Stegodn
by Lydekker in 1886. No significant research
on the Siwalik Stegodonts was carried out
during rest of the 19th century and first quarter
of the 20th century. It was in 1929, that
Osborn added a new species Stegodun pinjo-
rensis. 1n 1977, Sarwar made an addition by
transferring the species, Stegulophodon lydekkeri
of Osborn to the genus Stegodon. In the same
year, two more species were added by the same
author. These are Stegodon dhokawanensis and
S. sardhokensis Of all the species mentioned
above, the species, Stegodon pinjorensis was
considered to be the most advanced regarding
the number of ridge-plates. The specimen,
P.U.P.C. 69/364, which is being described
here, shows 154 ridge-plates in its last lower
molar and thus it not only exceeds any of the
known Stegodont but also approaches the
advance members of the genus Elephas.

Systematic Account

Order PROBOSCIDEA Illeger
Suborder ELEPHANTOIDEA Osborn
Family MAMMUTIDAE Cabrera
Subfamily STEGODONTINAE Osborn
Genus STEGODON (Falconer and

Cautley)

STEGODON RATHIANSIS new species
Holotype :

P.U.P.C. 69/364, right and left lower third
molars with a part of left mandibular ramus.
Hypodigm :

Type only.

Locality :

Rathian, District Jhelum, Punjab, Pakistan.
Horizon :

Upper Siwaliks (Tatrotian).

Diagnosis :

Mandible rounded and shallow. Cheek
teeth low-crowned with semi-circular ridge-

plates. Number of ridge-plates higher than
any Stegodont. Pre-sinus present. Ridge-plate
formula :

Ml
183

71

* P U.P.C. Panjab University, Lahore Palacontological
collection of the Zoology Department.
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DESCRIPTION
Lower Dentition

THIRD MOLAR (P.U.P.C. 69/364), Figs.
1—4:

In r. Ms, the last nine ridge-plates and a
talon are In 1. M3, an anterior
dentinal plate, twelve ridge-plates and the hind
talon are preserved. The anterior dentinal
plate is made by deep wear of the two ridge-
plates. Thus, the 1. M; bears fourteen ridge-
plates and a talon. All these were nourished by
the anterior rootfang, the tooth must have 18}
ridge-plates with a fore- and aft talon. Teeth
are moderately worn, The ridge-plates are quite
semi-circular in anteroposterior view and so the
teeth are brachyodont. Cement is very well
developed and covers the apices of the ridge-
plates as well as the transverse valleys. Thus,
in unworn condition, the valleys are indicated
by shallow but sharp grooves only, Cingulum
is altogether absent.

% s

preserved.

There is no indication as to the presence
of a median longitudinal sulcus at least in the
preserved portion, Counting from the posterior
end, the ninth, teath and eleventh ridge-plate
in 1. M3, Produce a prominent loop in the
middle of the anterior enamel border. There
is no indication as to the presané& of posterior
sinus. The ninth ridge-plate in r. My is com-
paratively less worn and so does not show the
anterior sinus. Seventh and eighth ridge-plates
are surmounted by eight transversely compress-
ed. but anteroposteriorly elongated conelets.
Dentine can be scen as minute rounded or
oblong islets. Enamel margin is quite thick
(Table 1) but wavy due to conelets, Cement is
absent at the sides of the first ridge-plate which
is probably due to weathering. Due to wear,
the three consecutive transverse valleys posterior
to the pinth ridge-plate have become almost
flat. Eighth ridge-plate is slightly worn and
dentine can hardly be seen. Seventh ridge-
plate is just touched by wear and consists of

seven conelets in r. M3 and eight in 1. Mj.
The sixth ridge-plate is still partly embedded in
the cement and six conelets are exposed. The
other ridge-plates are essentially unworn and
completely covered by a thick coating of
cement. Thus the number of conelets cannot
be observed. The post-talon is well-developed
and is not much less in thickness than the last
ridge-plate.

TABLE 1

Measarements (in mm.) of lower Tast molars
(P.U P C. 69/364) in Sregodon rathiansis
new species

Right M3 Left M5

Number of preserved ridge-  +9+1 141

plates

Estimated number of ridge- 18 18

plates

Anteroposterior crown length 254 330

{preserved) '

Lamellar frequency 4.0 4.5

(for preserved length) '

Transverse width of the crown 89 g8

Vertical height of the crown 60 60

Height/width index 67 68
4 4

Enamel t111i-:k|1e 55

DISCUSSION

The tooth is low crowned with semi-circular
ridge-plates. The ridge-plates are transitional
between those of the genera stegolophodon and
Stegodon. All these are the characteristics of
the genus Stegodon (Falconer and Cautley, 1846;

Osborn, 1942 ; Piveleau, 1958).

In size and high number of ridge-plates,
the specimen P.U.P.C. 69/364 surpasses all the
known Stegodont species (Table I1). Stegodon
pinjorensis and 8. girawana are the nearest



regarding these features. The former is known
from just below the boulder conglomerates of
Siswan (Lower Pleistocene), [ndia (Osborn,1929),
It is known only by a cranium having the last
molar of either side with 14 ridge- plates and
an aft talon. The later is known from kendeng
(Middle Pleistocene), Java (Martin, 1890). The
lower last molars in this species consists of 154
ridge-plates (Osborn, 1942). In P.U.P.C. 69/364,
14} ridge-plates can be seen on the posterior
root fang only. Including those nourished by
the anterior root fang, the tooth must have
been 184 ridge-plated. Thus, it is much larger

TABLE II

Comparative number of ridge-plates in M3 in
P.U.P.C. 69/364 and in other Stegodont species

No. of
ridge-plates

1. P.U.P.C. 69/364

183
2. Stegodon elephantoides (clift) 61
..._._8;__._
3. S. bombifrons (falconer and 73—9%
cautley) e
8—91
4. S. insignis 9;11§
_._;__-_l;_
5. S. ganesa 61—10%
C7—103
6. 8. pinjorensis 143—15
7. 8. orientalis 1/8—11—1/8
._._..;:.;._.
8. S.airawana 12—14

13—15—3
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than the molars of the above mentioned spccicé.
In P.U.P.C. 69/364, a significant pre-sinus can

~ be observed in the worn ridge-plates whereas,
none of the corresponding teeth of S. agirawana

show this feature. In the upper last molars

of S. pinjorensis pre- and post sinuses cxist
together. The jaw appears to be relatively
shallower in P.U.P.C. 69/364 than that of
S. airawana. The crown height in P.U.P.C.
69/364 appears to be comparatively less than
cither of the species S. pinjorensis and &.
airawana. Keeping in view the foregoing dis-
cussion, it is evident that P.U.P.C. 69/364
differs from all the known stegodont species
and it represents a new species. The name
Stegodon rathiansis new species is being propos-
ed for this new form of the genus.

Stegodon rathiansis new species was an
advanced species of the genus regarding the
number of ridge-plates. Hdwever, it remained
primitive in crown height. The large tooth
was quite advantageous to this browsing from
and enabled it to survive to a fairly late date
of the Pleistocene cpoch. Ultimately, it had
to be compete with the advanced members of
the genus Elephas and thus became extinct close
to the end of the epoch.
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Fig. 1,
Fig. 2.
Fig. 3.
Fig. 4.

Stegodon rathiansis new species.  Crown view of left Mj (P.U.P.C. 69/314).

Sregodon rathiansis new species. Lateral view of left M; (P.U.P.C. 6%/364).

Stegodon rathiansis new species. Crown view of right M, (P.U.P C. 69 [364).

Stegodon rathiansis new species, Lateral view of right M; (P.U.P.C. 69/364).
All Figures x 1/3
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GEOLOGY OF BHUNJA-BATAKUNDI AREA, KAGHAN VALLEY,
DISTRICT MANSEHRA, PAKISTAN

BY

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

Abstract : The part of Kaghan Valley between Mahandari and Batakundi has been geologically
surveyed and mapped, at 1:17,000 for the first time. Besides a detailed field descriprion of rock
units, Frief description of structure and comments on metamorshism, stratigraphic correlation and
geomorphology are included. The rocks range from limestones, greenstones, tillites. pelites, calcareous
pelites to psammites in the biotite to_silliminite grade. Some locally produced granites and a beauti-
Jul'y developed migmatite unit are also present. Stratigraphicallv the sequence becomes older towards
notrh. A tentative correlation of the rock units has been attempted with Panjal series, Tanol
Formation, Hazara slates and Precambrian Sharda Group (Salkhalas) successively to the north.
Major structures consist of a number of asymmetric and at places, overturned folds separated in

the form of Flocks by high angle north dipping thrusts. Graphite, gypsum and marble are potential
economic deposits.

INTRODUCTION attention to the rocks and structure of the part

“The syntaxis of north-west Himalaya, its ;: Kaghar.l V;]Iey n::amlyf dl_(;wn-str;amh ?f
rocks, tectonics and orogeny’’, a work published ahan'dar:, S BIOIL0 928 d; SN
by Wadia (1931) remained the principal work YRS

on the geology of Kaghan Valley until 1968,
In 1968 joint work by Geological Survey of
Pakistan (GSP) and United States Geological
Survey (USGS) was submitted as Reconnaissance
Geology of Balakot and Mahandari Quad-
rangles, Hazara District, West Pakistan—a
project report by Offield and Abdullah. This
work later became part of a Geological Survey
pofessional paper 716-C by Calkin, Offield,

A survey of the geology of Kaghan Valley
upstream of Khannian, north of Mahandari,
was thus undertaken by the present writers for
the first time during the summer of the 1985
while supervising a party of M.Sc. students* of
Punjab University Lahore,

Abdullah and S. Tayyab Ali published in 1975. * The student party comprised Mazhar Qayyum, lbrar

Both Wadi ; Ahmao, Mohammad Amin, Amjad Cheema, Munawar
ot adia and the GSP-USGS joint team Igoal Gondal, Mahmood Ahmed, Ziaullsh Ranjha

and more recently Bossart et. al, (1984) paid and Ali Mardan.
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The mapped area stretches for about 42
miles along the road between Bhunja and Bata-
kundi  Across the road it generally extends
about one to three miles on both sides of the
river. The road moves throughout along the
river on its left bank within the mapped area.
Following the direction of the river the area has
an arcuate shape. Between Bhunjaand Kaghan
it stretches north-south across a major semi-
circular bend in the river while from Kaghan to
Batakundi the area stretches from southwest
to northeast 1In all, the area covers mearly
400 squarc km or about 160 square miles of
terrain and in main has been mapped for the
first time. The field mapping was dene at 1the
approx, scale of 1:17000 (6 cm=1 km).

The geological mapping of the rock units in
the area when viewed together gives temative
clues to the stratigraphic correlation, For a
better stratigraphic understanding there is need
for field correlation of the geology of Neelum

Valley, Kaghan Valley, Mansehra area and
Kohistan.

DESCRIPTION OF ROCK UNITS
Stratigraphic sequence

Panjal Series, Panjal basic volcanics and
associated Ling, Bhunja and
Shino bands of limestonef

marbles.

Apglomerate
Slate Seiies.

Chushal graphitic schist and
metaconglomerates and tuffs,

Tanol Forma-  Jared quartzites and quariz
tion. mica schists,

Biari gquartzites, metaconglo-
merates, quarlz mica schist,
calc-schist  and pegmalites,

Doga schists, marbles, quart-
zites and metaconglomerates.

Phagal quartz mica schists and
quartzites,

Lohar Banda marble,

Kaghan Forma- Kamalban quariz mica schists,
tion (Cambrian quartzites, cale-schists and
to Precambrian). marbles.

Kaghan pelites.

Rajwal guartzites, quartz mica
schist, pegmatites, aplites and
granite.

Paludaran graphitic schist

Baral quartzites and quartz
mica schist. ”

Sharda Group  WNaran garnetiferous cale-pelitic

(Salkhala Fm  gneisses, graphitic gneisses and

Precambrian).  pelitic  gneisses with sheer
granites and migmatites and
amphibolites,

Maran Garnetiferous Cale-Pelitic Gneisses, Pelite
Gneisses, (.raphitic Goeisses., yuuasheet Granites
and Migmatites and Amphibolites.

The principal lithology is indicated in the
title of the unit. Garnet is generally well
developed and large. There are in addition to
cale-schists a few bands of marble and also thin
bands of dark grey amphibolite closely associa-
ted and iniercalated with marble, Tha2 granites
are in the form of thio sheets,

Most are whitish grey, light grey browmsh
lithologies grey on Iresh surlace and dark grey
or dark brownish grey on weaihered surlace,

This extensive unit occurs on the roadside
from close to Maran Youth Hostel 1o veyond
Batakundi. It extends in a NW-5E direction on
both sides of the road. Along with the granites
and migmatites (included io it) it covers tne
area of Naran, Dhumduma, Schch and
Batakundi neor the roadside and Danna,



Saifal-Maluk lake, Leda, Hans Dar, Mohri,
Randi and Sohch Danna away from the
roadside.

The Naran unit may be stratigraphically
considered the equivalent of Sharda group
(Ghazanfar et al 19%3) or the Salkhala Forma-
tion of Wadia. 1In the mapped area of Kaghan
valley it comprises the following lithologies -

(i} Garnetiferous Calc-Pelitic Goeisses,
fiiy Marhles,
(iii) Granhitic Schist.
(iv) Granites and associated rock tvpes,
(v) Migmatites and Quartz Mica Gneisses
and Schists,

Garnetiferous Cale-Pelites with Amphibo-
lites. Three separate outcrops of this lithology
occur in the area. The largest of thess outcrops
occurs between Naran and Sohch on the road-
side and extends in an arcuate fashion from
south to north undervling the villages of Naran
(rartiallv), Leda Gali, Dhumduma, Bagnar, and
Randi. The other outcrop stretches NW-SE
between Naran Youth Hostel ta short of Batal
Katha on the roadside and alo occurs in
Darseri Katha, Danna da Katha. Gorian Katha
and left bank of Kapan da Katha. The third
outcrop exrends NE-SW above Lalazar from
Mohri to Dadar Nar.

The calc pelitic gneisses are generally light
grev and light brownish grey on fresh surface
and dark brownish grey or vellowish brown on
the weathered surfuce They are banded and
show diffrrential weat hering with the micaceous
and schictose lavers arpearing as positive ribs on
the weathered surface, Their texture is gneissic
and porphvenblastic, and they are composed of
calcite, garner, biofite, muscovite and quartz,
The garnets are mainly subidioblastic. - Acces-
fory-to trace amounts of pvrite and graphite
may sk~ be prewent  The g2inet is 3 grodso-
larite. However pelitic borizons lack carbonates

=

and contsin almandine ingresd of grossularize
The garnet is geoerally very prominent, the size
varving generally betweea | mm 1o 10 mm bat,
at times, the garnet reaches 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 calc-pelitic gneisses are interbedded
generally with impure bands of marble, The
impure marble bands are prophyroblastic and
poikiblastic, They are often composed mainly
of garnet and carbonates with accessory to
trace amounts of guariz, biutitefphlngopitc,
pyrite and graphite. There are some few metres
thick pure marble bands also, These are typi-
cally granoblastic,

Less prominent are the interbedded amphi-
bolites The amphibolite bands generally range
from one cmto 3 m in thickness although a
few bodies are much thicker like the one aboye
Leda Gali and the one above Mohri leading
into Hans Dhar Katha, Th: amphibslites are
fine to medium grained, well foliated dark
greenish grey with shining fresh faces and
garnetiferous.  Ar places they are subporphyr-
oblastic to porphyroblastic and even poikibias-
tic. They are invariably garnetilerous, They
are composed of plagioclase, amphiboale and
garnet. Quartz, sphene and magnetite ace
accessories while chlorite and epidoie are retro-
grade products. The garnet is most rrobably
grossularite. The thin amphiboliie bands are so
closely associated and intercalated with marbles
that it appears to be a para-amphibolite. But
ortho-amphibolites are also present.  Except
the meraigneous (often metavolcanic) discordant
bodies, it is sometimes difficult to distingui-h
between para and ortho-amphibolites. Above
Leda Gali an amphibolitic band of mediom
thickness was seen folded with the granitized
goeisses near the contact with calcpelites.
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Above Mohri and on the Danna above
Danna da Katha the cale-pelites have develop-

ed elongated prisms of grey tramsluscent and-
alusite.

The garnetiferous calc-pelites are generally
more prone to chemical weathering. At places
where the rock has weathered much as on
Danna slopes above Danna da Katha it
releases rounded garnets which make the slopes
slippery to climb.

Occasional graphitic bands are also found.

Marbles. The interbedded marble bands
constitute a subordinate lithology. They are
white, light grey, or yellowish and yellowish
grey on fresh surface and greyish brown or
yellowish brown, mustard or brown on weather-
ed surface. They are generally medium bedded
and medivm grained. However, one band on
Danna slopes above Danna da Katha is white,
coarse grained and sugary. The thin intercala-
ted bands are impure but the relatively thicker
bands are pure and massive.

The close association of some intercalated
amphibolites with some marble bands indicate
that some of these thin amphibolite bodies
might be metamorphosed impure marbles.

Some impure marbles are garnetiferous.
They, in addition, may contain small quantitics
of quariz, biotite, fuchsite and phlogopite.
The last named three minerals do not occur
together, they, on the other hand occur at
different places and horizons in the impurs
marbles, Rarely, muscovite also occurs in the

impure marbles. The pure white sugary marbles
are massive and granoblastic,

Graphitic Schist. An important band of
graphitic schist occurs at quite sume height
on the right bank slopes of River Kunhar, It
stretches NE-SW across Sohch Katha, Dhum-
duma Katha and Bharjali da Nar,

It is a fine to medium grained rock. It
shows a very well developed foliation, Quariz,
muscovite and graphite are the main minerals,
while pyrite, feldspar, tourmaline and biotite
are the accessories. Graphite is from distinctly
crystalline to microcrystalline. The erystalline
variety is, however, predominant.

Granites. The granite outcrops are in the
form of one major sheet-like body, the Saiful
Maluk Granite, and a number of thin sheet-like
bodies folded concordantly with the major
structure in the Naran unit.

The Saiful Maluk Granite extends NE-SW
from Sohch Danna through Sohch above Leda
Gali to the right bank upper sloper of Saiful
Maluk Katha and Saiful Maluk Lake. From
Saiful Maluk it extends NW passing through
Maran on the right bank slopes of River
Kunhar.

Generally speaking the  Saiful Maluk
Granite is a non-porphyritic fine ‘to medium
grained strongly [oliated biotite granite gneiss
with thin pegmarite veins, The granite at many
places contains abundant relics of transformed
(granitised) metasediments and shows effects of
metamorphism.  To illustrate the great varia-
tion in many parts of this umt we take lor
instance the right abutment of Sohch bridge
where following six componenis are present in
the granite over an area of an about o0 square
meler.

(i) Non porphyritic fine to medium grained
but mostly fine grained granite gneiss ; garneti-
ferous. It, at places, luoks aplitic but is never-
theless, gneissic.

(ii) Aplitic granite patches, poorly foliated
to non-foliated, garnctilerous. The paiches are
fine 10 medium grained and relatively lcuco-
cratic.



fui) Biotite rich well developed porphyritic
goe=l1= gneiss.  This granite gneiss, at places,
£2s an augen structure. This third type like
the above two types is also garnetiferous.

{iv) Metapelites in various stages of trans-
formation to granite.

(v) Later simple unzoned mica pegmatites
10 em to | m thick at this place,

(vi) Quartz veins, These are sheared and
folded along with the country rock (synkine-
matic).

Most of the granite in the vicinity of Sohch
is well foliated but massive, fine to medium
grained gneiss, The foliation is tectonic and
not flow foliation. Ghost stratigraphic struc-
tures (Schilleren, etc.) arc present. The porphy-
ritic gneiss looks like transformed metapelites
but generally the outerop is non-porphyritic.

The Saiful Maluk granite, as seen on the
slopes of Saiful Maluk Lake, is extremely well
foliated dark coloured biotite granite gneiss
with irregular leucocratic. bands (less biorite).
It appzars to be a transformed granitised
paragneiss, The modified metamorphic element
appears 1o be considerable, especially in the
dark granite goeisses, The gneiss 15 granitised
and aplitised frequently. The pegmatte veins
arc generally thio, ranging in thickness from
0.5c¢mto 30 cm. These bands are unzoncd
simple and only slightly coarser than the gociss
with which they are associated, They are
composed of quartz, felpspar, mica, tourmaline
and eumorphic, transluscent to transparent,
sheared pink garnet. At places they contain
porphyroblasts of potash feldspar of a fater
period of formation as they ofien cut across
the fabric of the rock. Ths pegmatite veias
&1c generally parallel to the struciure and foiia-
tion of the surrounding rock and may make
samslsr type folds alongwith the gaciss. The
FrE=ene veins sometimes contain bouding with
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occasional light greenish grey porphyroblasts of
potash feldspar. One such porphyroblasts
mecasured 8 cm » 5 em.

The granite gneiss weathers and breaks
into slab type joint blocks which on the low
hills around Saiful Maluk Lake have accummu-
lated as clitter.

Small dolerite sills are also present.

Saifal Maluk Hornfelses. Hornfelsing has
developed along both contacts of Saifal Malok
Granite. It is relatively more preserved at the
granite contact with calc-gneisses while at the
granite contact with migmatites and pelite
pssammite gneisses they are only partially
preserved due to faulting.

The hornfelses developed at the granite
contact with garnetiferous calc-pelites can be
seen on the left bank of Kapan da Katha near
Maran. Here the hornfelsing is developing in
a metapelite band. These are garnet andalusite
hornfelses, dark greenish grey with white
elongate andalusite prisms and cracked reddish
garnet porphyroblasts, banded in dark grey and
light grey bands. On the weathered surface

they are dark grey. The rock is massive to
subfoliated,

The andalusite hornfelses developed at the
contact with pelite psammite goeisses and
migmatiles are also garpetiferous. They can
be seen above Dhamnar on the left bank slope
of Shanak Katha and, here too, the thermal
aureole is not very wide.

The hornfelses show a typical deccusade
texture. They are subporphyroblastic and
Pwikigiastie. Toey are ricn in bioute  and
angaiusitg, They are composed mainly of guartz,
brotite, andalusite and muscovite.  Shattered
garoel and it5 relics are common. ACCessory
amounts of tourmaline, sillimanite and feldspars
are also present.
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Petrogenesis of Sail-ul-Malok and associated
granite

Pending detailed petrological work the
following abeervation can be made regarding
the origin of these bodies.

The Saif-ul-Maluk granite is very hetro-
geneous, Ttis comnosed of quartz, feldspar,
parnet, tonrmaline and abundant micas, parti-
cularly biotite. Onlv about 40% of this body
looks like a granite while the rest is composed
of migmatites, partially transformed and grani-
tised gneisses, screens and xenoliths of partially
feldspathised metamorphites. TIn this body
phlebitic, stromatic and agmatic structures are
common Fven in its part= that loak like granite,
neubilitic structure, schilleren and ghost struc-
tures are present.

All the above characteristics suggest that
these granites represent mobilizates in an
advanced stage of metatexis of selective litho-
logies. They were later emplaced during meta-
morphic and anatectic stage as sheet like bodies
in somewhat cooler environment causing horn-
felsing  and feldspathisation at contacts,
Contemporaneous or subsequent movements
have folded the granite bodies along with
metamorphics,

Dharir Migmatites and Pelite-Psammire
Gneisses : Mixed pelitic psammitic gneisses and
granitic component of brown grey hue make one
of the best developed sequence of migmatites so
far reported from any approachable part of
Pekistan, Similar horizons from Nanga Parbat
have however been reported by Misch (1949).

The outcrop stretches in a NE-SW direction
in the extreme north of the mapped area under-
lying the area of Sohch, Dhamnar, Dharir, Old
Batakundi and Hans Dhar.

The migmarites have developed in a mainly
pelitic psammite unit (Palacosome). At the
conlact of this upit with granitc on the slopes

above the left bank of Shanak Katha some
andalusite hornfelses have develoned, The
actual contact, however, is obscure because of
moraine but evidence of hornfelsing and mig-
matisation is unmistakable. The thermal
aureole seems to be limited and not verv wide,

Bevond the hornfelses the garnet-staurnlite
and garnet mica gneiss becomes ranidlv coarse
prained and feldsnar starts developing in them.
One can distinguoish two tvnes of rock, coarse
mica gneisses and porphvroblastic (feldspar
pornhvroblasts) garnet mica gneisses and mig-
matites,

The miematites. hard and tough mixed
rock, enntaining garnet tourmaline, as well as
psammitic elements anpear to have heen
sweated out and developed due to, at [=ast
partial, in situ transformarion. Both injection
migmatites (auto injectinn), with simple as well
as ptvgmatic folded wveins, and permeation
gneisses are developing. These should be called
in situ migmatites. Ptvgmatic folding is com-
mon. Material of relatively pure psammatic
composition shows less granitisation and trans-
formation, Occasionally the migmarites contain
enclosed screens and xenaliths of feldspathised
amphibolite (agmatites). Some thin (few mm 1o
20 mm thick) pegmatitic and aplitic veins are
also present.

The migmatisation of pelitic gneisses
decreases beyond the Dharir Danna towards
Batakundi and on the roadside at old Batakundi

only pelitic psammitic goeisses are found.

The components which can be distinguish-
ed in this unit are

(1) Partially trasformed metapelites (Palae-

osome).

(2) Partially transformed metapsammites
{Palacosome).

(3) Partially  transformed  amphibolite
{Palacosome).
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(4) Veins, patches and pods of granitic
matter (Neosome),

(5) Veins, patchesand pods of aplitic matter
(Neosome).

(6) Veins, patches and pods of pegmatite
matter (Neosome).

(7) Cryptic migmatites (Neubulitic).

All the above seven components are very
closely and intimately associated Their dis-
tinction in very many cases is arbitrary, since
gradations are very common.

The first two types are gneissic to moderate-
ly foliated rocks which are being feldspathised
andtourmalinised. They are composed ol quartz,
biotite, muscovite, garnet, staurolite (at places)
and feldspars+tourmaline. The rocks either con-
tain thin quarizo-feldspathic layers (phlebitic)
and veins (stromatic) or small irregular patches
and areas ot aplitic, granitic and pegmatitic com-
ponents (leucosome, neosome). Additionally the
rocks may be transformed in such a way that
more or less uniform feldspathisation of the
rock has taken place (neubilitic).

The amphobolite patches (melanosome) or
zones may show varying degrees of feluspatni-
sation. The rock often becomes disiincily
porphyritic, It is now composed ol amphibole,
garnet, feldspars, quartz, magnetite and tour-
maline. At places, the amphibolites are felds-
pathised via aplitisation. All compositions
from garnet-amphibolites to foliated garnet-
quartz (meta) diorite, garnet (meta) syenoaio-
rite and garnet (meta) adamellites may be
observed.

The granitic component is from hypidio=«
blestic and subporphyroblastic to prophyro-
blastic. It is from fine to medium grained. [t
may occur as veins, patches, pods and irregular
areas. It is generally composed of quartz
K-feldspar, albite/oligoclase, muscovite, biotite,
garnet, tourmaline and magnetite, Porphyro-
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blasts of smoky to bluish grey K-feldspar may be
present. - At places ‘schilleren and ghost struc-
tures of pre-transformation origin are still very
well preserved. So much so tnat relics of pre-
existing small folds in metamorphics can be
clearly seen,

Aplitisation and pegmatisation are common
in these mixed rocks. The aplites may grade
into granitic and pegmatitic types. The
aplites are sacchroidal white coloured rocks
which, at places, contain small garnet crystals.
They are composed mainly of feldspar, quarti
and muscovite. Garnet, biotite and tourmaline
are accessories.

The pegmatites occur as veins, patches and_
pods. They are sumple in compusition, unzon-
ed and often vein, paich and pud-like. Regular
pegmatite sills and dykes are rare. They are
composed essentially of microcline, quariz,
muscovite and tourmaline. At places garnet,
biotite and magnetite are also present. The term
crvptic (neubilitic) migmatites 1s used for truly
mixed types which are oiten hard to split into
component parts in hand specimen, Toese are
gneissic, unitorm looking rocks composed of
closcly intermixed pre-iransiormation mela-
morphic compunents dud syniransiormation
introductions. They are compused o1 K-leld-
spar, albite, quartz, muscoviie, biotite, garnet
and tourmaline. Magnetite and pyrite may
occur as accessories.

The migmatite outcrop has Saifal Maluk
sheet granite on one side and garnetifcrous
calc-pelites on the other. It was observed that
in the preserved portion of the pelite migmatite
unit at the contact near satlal Maluk granite,
the migmatisation of pezlites decreases as at
Sohni between Naran and Baiakundi. The
migmatite thercfore may not be rclated to any
outside injections, for example, from Saifal
Maluk granite which by itself 1s a product of
migmatization/granitisation. On the other hand
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the migmatites mav be a product of in situ
sweating out of granitic material under condi-
tions of high grade regional metamorphism.

Batal quarizites and quartz mica schist

Dominantlv quartz mica schist and quart-
zites with thin sheet granites, subordinate
marble and some thin amphibolite bands and
a few chlorite schist patches.

Most rocks are light grey to brownish grey
on the fresh surface and grey to dull brownish
grey on the weathered surface.

On the main Kaghan roadside the Batal
unit extends between right bank of Batal Katha
and Chitta Katha. On the right bank of the
river it extends in a northwest direction under
the villages of Darseri, Barthi, Chamber and
Sangal. On the left bank of Kunhar it extends
into Batal Katha and then to the southeast
crossing Chitta Katha, Surmai Katha and Gori
Katha, at the back of Paludaran bazaar, after
which it is faulted against the Kaghan Pelites,

Quarrz Mica Gneiss is the main lithology of
the unit. It is brownish grey on the weathered
surface. At some places garnct has developed
while at others it cannot be seen with the naked
eye. The pelites have numerous interbeds of
grey coloured micaceous quartzites. This inter-
bedded rock (especially where in the form of
isolated boulders) shows differential weathering,
When differentially weathered the quartzite
shows light grey positive flat faced ribs and the
pelites (with garnet and biotite) as dark grey
negative ribs. Another unit the Naran Garne-
tiferous Calc-Pelitic Goeiss, also shows differ-
ential weathering. In this, however, the schist
makes positive ribs which are also not flat faced

like the quartzite ribs of Batal unit. Finally the

calc-pelites show minor similar low lolds which
are generally absent in the more competent
Batal unit.

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 distinc-
tive green chlorite schist patches are found
which may either represent retrogressive meta-
porphism or metaigneous material of volcanic
affinity. These along with the presence of the
amphibolite bands may also indicate the
presence of an old volcano-sedimentary sequ-
ence,

Paludaran Graphitic Schist

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

Graphitic Schist. Tt 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 behind. Quartz veins
and boudins are also present which are usually
stained rusty brown.

The rock is lepidioblastic. It is composed
mainly of muscovite, graphite and quartz,
Pyrite, goethite, himonite, haematite, tourma-
line and biotite are accessories.

Quartz Mica Schist and Gneisses. Tt main-
ly comprises quariz, feldspar, biotite, mica and
some garnet. Tourmaline, graphite and calcite
may occur brownish grey on the weathered
surface. Apart from quartz veins and boudins
some fine pegmatite veins arc present, At few
places the gneiss has been feldspathised and
some feldspar porphyroblasts have developed.
Meuadolerite sills containing garnet are also
developed,

Cale-dchists  and  Marbles,  Subordinate
bands ol calc-schists and schistose marbles arc
present mmtercalated with graphitic schist.  The
marbles are white and crcam coloured on fresh



surface and weather yellowish brown to dark
brown. Partings of biotite schist may be
present which in general give the rock a slightly
darker shade. The calc-schists are generally
medium grey.

They are composed of calcite, muscovite,
biotite, quartz and pyrite. The marbles are
granoblastic. The calc-schists are lepidioblastic
to hypidioblastic.

The Paludaran graphitic schists are well
exposed on the roadside between Chitta Katha
and Surmai Katha. At one place the exposures
are strikingly black,

Both the upper and lower contacts of the
Paludaran grapnitic schist unit are faulted
against the Rajwal and the Batal units.

Rajwal Quartzites, Quartz Mica Schist, Pegma-
tites, Aplites and Granite

The principal lithology of this unit is indi-
cated by the title above. Where the lithology
is pelitic the colour of the fresh surface is
generally shining brownish grey and when it
is psammatic the colour of the fresh surface is
generally whitish grey with brownish schist
partings and porphvroblasts of biotite and
muscovite. The pegmatites are greyish brown.
On the weathered surface the unit generally
has a yellowish brown or rusty brown colour
and is somerimes earthy grey. The colour of
the fresh surface and the weathered surface
markedly distinguishes it from the Kaghan
pelites. The latter are shining greenish grey.
Compared to Kaghan pelites the Rajwal unit
shows much less micro-folding and the strain
slip cleavage is also generally absent,

Description

This unit is composed of the following
lithologies :

(i) Metapelites

(i) Metapsammites
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(iii) Migmatites
(iv) Pegmatites/Aplites
(v) Granites
(vi) Marbles
(vii) Quartz Mica Micro-augen Gneisses.

The above five lithologies are so closely
intermixed that it is not possible to map them
separately at the present scale of mapping 1.e.,
1:17C00, In this complicated unit the meta-
pelites and metapsammites are affected by
granitization especially in the lower part of the
unit so that in some cases it becomes difficult to
name the rock. Such complication reaches its
maximum in the Bhimbal Katha northeast of
Paludaran. Towards the upper part of the
unit as near Kundi Ka Maidan and in upper
part of Por Katha (Chambar Katha of the map)
granitisation is absent and pegmatites and
aplites decrease and the unit consists mainly of
garnetiferous quartz mica schist and micaceous
quarizites with few thin bands of white sugary
marbles which weather yellow.

Occasional dolerite dykes are also found.

Metapelites : These generally comprise
garnetiferous quartz mica schist and gneisses
and make up the principal lithology of the
Rajwal unit in the almandine grade. Tne
metapelites are composed mainly of quartz and
micaceous minerals (muscovite, biotite and
chlorite) almandine garnet, tourmaline (schro-
lite and magnetitc are subordinate or accessory
minerals). These rocks are at places, porphyr-
oblastic. 1n the lower part of the unit these
are interbedded with quarizites and intruded
by pegmatitesfaplites while in the upper part
they contain some intercalations of marble.
At some places, this lithology is migmatised.

Metamorphic differentiation and migmati-
sation has produced biotite rich layers composed
of biotite, chlorite, garnet, quartz and
muscovite and light coloured layers composed
mainly of quariz, feldspar, mica and a little
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tourmaline. However in many cases dark and
light layers represent original pelitic and arena-
ceous bands. The dark and light coloured layers
often represent melanosoms and leucosome.

Metapsammites :  The metapsammitss are
well developed in both pure and impure forms.
The metapsammites comprise Ieldspathic
quarizites, The feldspathic quarizites snow
xenoblastic 1o subporphyroblasiic
They are composed mainly of quartz and feld-
spar. They contain subordinaie 10 accessory
amopunts of mica, tourmaline, garnet and mag-
netite. They are arkosic to subarkosic, banded
grey quartzites and feldspathic micaceous
quartzites.

texture.

The feldspathic quartzites are generally
present in the lower part of the Rajwal unil.
On the fresh surface they are creamish white
while on the weathered surface they are gene-
rally rusty or creamish. They are fractured and
jointed but massive and hard on hammering.
Quartz. feldspar, biotite, muscovite and tourma-
line can be distinguished with the naked eye.

The banded grey quartzites are gencrally
better developed in the middle part of this unit,
They arc white and greyish white on fresh
surface while light to dark grev on weathered
surface. This fractured and juinted unit 15 well
developed in Bhimbal Katha,

The micaceous quartzites are better deve-
joped towards the upper part of the Rajwal
unit. On the fresh surface they are whitisn or
creamish grey while on the wheathered surface
they are creamish grey 1O rusty brown, Some-
{imes the micaceous quartzites bave creamish
or rusty brown schist partings and occasionally
they have bands of garnetiferous quartz mica
schist. The micaceous quartzites aré composed
mainly of quartz and muscovite with subordi-
pnate amounts of biotite, feldspar, garnet
chlorite, magnoetite and tourmaline.

The micaceous quarrzites are followed by a
graphitic band.

Quartz veins and boudins are present abun-
dantly in the metapsammites. These are white
on fresh surfuce while crcamish or rusty on the
weathered surface and are highly fractured.
Quartzofeldspathic veins are also well develop-
ed. These veins are poor in micas and are
composed predominantly of bluish grey to dirty
white feldspar and quartz., Tourmaline i5 a
ubiquitous accessory.

Migmatites : The mixed rocks are well
developed in the lower part of the Rajwal
unit exposed in the lower reaches of Bhimbal
Katha, Somctimes the migmatites are banded
with bands of quartz mica gneiss and of acidic
material. At other places these materials are
present in the form of patches or so complexly
intertwined that the two materials have lost
their individual identity. Simple as well as
ptygmatically folded =~ migmatites, injection
gneisses, permeation gneisses and feldspathised
gneisses, are all present. When the acidic
(granitic) material is dominant the colour on
the fresh surface is whitish and on the weather-
ed surface it is earthy white. When metapelites
predominate the rock weathers grey and colour
on fresh surface is light grey.  The meiapelites
are composed of quartz and biotite rich laminae
while the acidic material in most cases 13
granitic in composition and contains feldspar,
quarlz, muscovite and biotite and someumes
garuet and tourmaline crystals. At other times,
however, the acidic {granitic) marerial is com-
posed of quariz and feldspar with rare lourma-
line crystals (mica i3 cither absent or present
in traces). These are all in situ migmatites.
They show a varicty of forms such as neubilitic,
phlebitic, stromatic and rarely agmatitic,
Melanosomes and leucosomes and palacosomes
and neosomes can often be distinguished, The
migmatites are massive and very hard on
hammering and moderately jointed,

Granites - Thesé are mainly presant as
small bodies, i.e. in veins and patches and are



muoch smaller in proportion to the pegmatites,
On the weathered surface the colour is creamish
brown to rusty brown. The granites are sub-
porphyritic to porphyritic. On the fresh surface
minerals like feldspar, quartz, biotite, muscovite.
magnetite and tourmaline can be recognised
with the naked eye. Sometimes garnet crystals
are also developed. These may be regarded
simply a textural variety of the leucosome at
the neosome formation stage.

Pegmatites/Aplites : The most distintive
characteristic of the lower and middle part
of the unit is the presence of pegmatites/aplites,
The pegmatite/aplite bodies which are present
in the form of veins and patches can vary from
a few inches to over 50 feet (in the case of
pegmatites) in thickness. On the fresh surface
they are grevish white while on the weathered
surface they can be whitish grey or rusty.

The main components are feldspar, quartz,
muscovite and biotite. The feldspar (mainly
microcline) on fresh surface is milky white or
light grev and sometimes bluish grev. Chlorite,
tourmaline and garnet may also be present.
The pegmatites are simple in composition.

At places sacchroidal white to off-white
aplite weins occur closcly associated with
pegmatites. They are composed of feldspar and
quartz. Muscovite, garnet and tourmaline may
also be present.

The pegmatites/aplites show a wvariety of
forms. They are mainly tabular and lensoid,
but sheet like, patchy, spindle shaped, irregular
and boudinaged forms arc also present.
Quartz veins and boudins are frequent, The
quariz veins arec stretched and boudinaged.

Marbles :  The marbles conpstitute a sub-
ordinate lithology and are present mainly in
the upper part in the form of thin bands or
intercalations. They are granoblastic and white

on fresh surface while creamish grey or
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yellowish on the weathered surface. They are
composed predominantly of carbonate but small
amounts of quartz, pyrite and muscovite may
also be prezent.

Microaugen gneisses:  This lithology
belongs to the uppermost part of the Rajwal
unit after a graphitic horizon.
well at Kundi Ka Maidan. This gneissic litho-
logv is complicated and contains a number of
variations including garnetiferous quartz mica
gneiss, quartzofeldspathic microaugen gneiss,
aplites and pegmatite. In the quartz mica
gneiss the garnetiferous layers are intercalated
with gquartzofeldspathic layers with porphyro-
blasts of feld=par.
contain occasional needles of amphibole.

It is exposed

The garnetiferous layers

The microaugen gneisses are quarizofeld-
spathic and contain | to 5§ mm long porphyro-
blasts of feldspar which are bluish grey in
colour. The rock type itself is greyish white on
fresh surface and whitish grey on weaihered
surface. The rock is composed mainly of quariz
and feldspar with thin brownish partings of
biotite. The rock also contains greenish brown
generally 1 to 3 inches long nodular patches of
what appear to be schist relics or porphyroblasts
of biotite, chlorite ‘and quariz, filling caviries
in the gneiss. These schist patches are wea-
thered out leaving circular hollows behind.
The pegmatites are simple, unzoned and com-
posed mainly of microcline and quartz with
subordinate amounts of muscovite, albite and
sometimes tourmaline and garnet. The aplites
are sacchroidal and are composed mainly of
microcline, quartz and albite. Some muscovite
and oeccasionally a little tourmaline and garnet
are present.

The upper contact of Rajwal unit is with
Kaghan Pelites and the Lower contact is with

Pludaran Graphunic Schist., The upper coniact

is generally abrupt and faulted while the lower
contact is also quite sharp and paruially faulted
within the mapped area.
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Kaghan Pelites

Although this rock unit comprises at least
four different and distinet lithologies viz quartz
mica schist, graphitic schist, marble and
gypsum, it is the great and monolonous predo-
minance of greenish grey quartz mica schist
by which it is distinguished. The subordinate
lithologies of graphitic schist. marble and
gypsum are pre<ent maioly towards the upper
part of the unit.

The Kaghan Pelites have a very thick
northeast-southwest trending outcrop in the
mapped area, The unit is exposed on the road-
side for about ecight miles between Rajwal
and Khannian upstream and downstream of
Kaghan township.

The villages of Seri, Kinari, Rawalkot,
Maidan, Asman Banda and Putandes are locat-
ed on it west of the roadside and of Lari,
Mamekh, Makhniavan, Jhag etc are located on
it east of the roadside, Further it extends to
greater heights and peaks where no villages are

present.

Quartz Mica Schist : This is by far the
dominant lithelogy in the unn constituling
over 90% of the whole. The quariz mica schist
has a distinctive silvery greenish grey colour
on the itresh surlace and is greenish grey to
greemi:h brown or creamish on  weathered
surface. The rock is studded with white
lenticular quartz boudinaged wveins. AL times
very thin greenish grey micaceous layers
can be distinguished from the white quartz
layers in hand specimen in scction at right
angle to foliation. The quartz mica schist is
garnctiferous (garoet occurring 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 indistinctive at Khannian.
The upper contact of quartz mica schist of
Kaghan Pclites alse marks the garnet isograd

which thus passes through Khannian, Shinkiari
and Mamekh The quartz mica schist of
Kaghan Pelites is also characterised by well
developed schistosity, numerous crenulations
and the ubiquitous presence of strain-slip
cleavape. The rozk type is composed mainly
of gquartz and micaceous minerals (i.e. biotiie,
muscovite and chlorite). Garnet is a ubiguit-
ous accessory to minor mineral, It is an alman-
dine garnet, Tourmaline, pyrite and graphite
occur from accessory to traces.

Graphiric schist © Occasionallv the quartz
mica schist is graphitic. This change occurs
simply by graphite assuming the srarus of an
essential mineral and increase in the quantiy
of pyrite, One such band occurs below gypsum
an the right bank of river Kunhar between the
villages of Asman Banda and Putandes. Toe
graphitic schist vccasionally shows square cavi-
ties produced by the weathering out of pyrite
crystals.

Marble and Gypswm : More than one bands
of marble occur in the unit but the marble
occurring in intimate association with gypsum
towards the upper vart of Kagnan Pelites wont
is the most distincrive, It 15 generally yellowish
on weathered surface and cream or whie on
fresh surface. This marble has thin micaceous
partings of greenish or brownish schist and in
part is thinly intercalated with gypsum,

A well developed gypsum oulcrop occurs on
the path from Kaghan to Putandes on the right
bank of the river Kunhar. However, the best
development cf this pypsum is 10 the southeast
of Kaghan at a height of over 11500 ft. below
Sirul Danna. The gypsum here is found as
thick bands and thin ones, too, intrerbedded
with ycllow weathering micacous marble. The
main bands of gypsum wgether are over 230 ft.
thick. This high level ouicrop can be seen
(when not covered by clouds) tvoking southeast
from the roadside from near Kaghan,



Gypsum has a special weathering style in
the sense that it is soft and does not yield
much fragmental debris. So one does not
find gypsum debris until very close to the
outcrop. The extra-bright white colour of the
outcrop is, however, distinctive and sets it quite
apart from other rock types.

Gypsum is often well foliated and is from
subporphyroblastic to granoblastic at places.
The gypsum band is composed predominantly
of gypsum with accessory to trace amount of
carbonates. However the amount of carbonate
increases where it is interbedded with marble.
Here some muscovite and pyrite are also

present.

The upper contact of Kaghan Pelites is
faulted on the roadside against quartzites of
Kamalban rock unit though it appears to be
normal but sharp against quartzites at Shinkiari
and below Mamekh. The lower contact is also
sharp and abrupt and faulted against the
Rajwal quartzites unit,

The unit may be called the Kaghan Forma-
tion. The dominant pelitic compositions and
the presence of gypsum may be called upon to
relate the Kaghan Formation to the Hazara
Slates.

Kamalban Quartz Mica Schists, Quartzites, Calec-
s chists 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
calc-schists are more striking and prominent.
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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 foliation.
Schistosity is well developed and generally a
strain slip cleavage can be seen in addition to
the bedding plane schistosity.

The quartz mica schist indicates a biotite
grade. At times prophyroblasts of chlorite can
be seen.

It shows well developed schistosity. At
places micaceous minerals also develop along
planes of cleavage which cut across the
schistosity. It is often subporphyrobplastic to
porphyroblastic and is composed mainly of
quariz and micaceous miuoerals, (muscovite,
biotite, and chlorite). Magnetite, tourmaline

and occasionaliy calcite occur as accessories,

Quarizites : Alongwith the quartz mica
schists tnere are a numoer of orthoquarczite
bands. These bauds are granoblastic. Taey
are composed mainly of welded and sutured
quartz graias. ™Muscovite, biotite, chlorite
and pyrite are the accessories. These pure
quartzites are white, cream or light green and
grey and geaerally banded oa the fresh surtace
while on the weatheied surface they are
creamish yellow, rusty brown and yellowish
grey. A number of such bands are met with.
One on the roadside near Khannian is massive
and pure, others seen in the river near Dhanu
bridge near Mahandari and also near Khannian
is medium bedded, massive and well jointed
greenish grey and brownish white banded and
with quartz veins.

Tne quartz-mica schists and micaceous
quartzites are often schistose at places and from
subporphyroblasuic to porphyroblastic. The
porphyroblasts are of micaceous minerals.

These rucas are composed of quartz, muscovite,
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biotite and chlorite,
accessoriss.

Magnetite and pyrite are

Thin bedded micaceous quartzites, whitish
on fresh surface and whitish grey and rusty
grey on weathered surface are also found on the
roadside between Khannian and Kandlan, At
times, prophvroblasts of biotite are found in
the grevish green quartzites, as near Kandlan
and downstream of Lohar Banda a band of
quartzite has a few silver grey talcose schist
layers possibly the result of shearing along
some local fault.

Cale-Schist. The calc-schist is generally
greenish grey on fresh surface and brownish
grey, vellowish grey or dark grev 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 calea-
reous material itself can be white, grey, green
or yellowish. For example we may have
intercalations of creamish whitec marble with
greenish grey schist including white marble
streaks.

The calc-schist, too, conotains lenticular
quartz boudins but these veins apart from
quartz also contain 20 to 379 calcite. Quartz
appears white or pale while and the calcite
showing negative differential weathering is
yellow and crystalline.

The cale-schists are subporphyroblastic and
at places peikiblastic. They are composed of
carbonates, quartz, chlorite, muscovite while
biotite, pyrite and magnetite are the accessories,

Marbles : Apart from the thick marble
units at Kandlan, Phagal and Lohar Banda
which border the Kamalban unit 3 number of
small marble horizons occur within the unit.
‘At least two such bands occurring above
Kamalhan, near Khannian and above Phagal,

are massive and about 20 to 30 ft. thick. The
other marble horizons individuallv are generally

1 to 5 ft. thick and are generally associated
with cale-schists:

The marbles are either grey, brownish grey
or yellowish on weathered surface and grey,
white, lizht 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 sugary with faint grey bands. At times
the marbles show solution effects like pitting
but generally these are limited to differential
weathering with the schist laminae making
positive features,

At least two marble bands, one extending
from Khannian to above Phagal and the other
in the Kamalban reserve forest have been
mapped within the Kamalban unit.

The marbles are medium grained and
distinctly granoblastic to subporphyroblastic.
They are composed mainly of carbonates.
Quartz, pyrite, muscovite, biotite and chlorite
OCCUr as AcCessories.

The rock is foliated and composed of
carbonate and quariz with subordinate amounts
of biotite, chlorite, muscovite and traces of

garnet. The rock is medium grained and non
prophyroblasiic.

Lobar Banda Marble

The Lohar Banda marble has been mapped
as a separate rock unit because of its distinctive
nature which acts as a marker horizon for field
mapping.

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

The Lohar Banda marble is present in the

area in the form of two distinct outcrop bands
which can be traced over 2 long distance. Qne



band is exposed on the roadside just upstream
of Lohar Banda. Further west it moves across
the river (except for a brief second exposure on
the roadside near Phagal) to Rajri Kamalban
and further west to Birla. Eastwards this> band
moves on the slope above the road until it
again appears on the roadside at Mahandari.
The other band appears on the roadside at
Kandlan near Khannian. Westwards it moves
into Birla, most likely joining with the first
band. Eastwards it moves up the left bank
slopes of the valley passing above Phagal and
then further east through Bastan, over Shir
Ka Danna into the valiey of Manur Katha.

These two bands of marble, one exposed
on roadside at Lohar Banda and the other at
Kandlan, are considered to be a single horizon
repeated on the two limbs of an isoclinal fold.
The two bands are quite similar in nature,
colour, thickness and stratigraphic sequence.

The Lohar Banda Marble on the right bank
of river Kunhar between Rajri Kamalban and
Kamalban makes dipslopes and, therefore, here
its outcrop becomes much wider.

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 it is medium grey to
dark grey and sometimes yellowish. This
marble is tvpically granoblastic to subporphyr-
oblastic. It is composed mainly of carbonate
but accessory to trace amounts of quartz, pyrite
biotite, muscovite and chlorite are often
present. At places traces of graphite were also
detected. Because of its lighter weathering
colours and relatively softer nature of its outcrop
sometimes it, can be recognized from a
distance.

Within the marble outcrop there are one
or two bands of quartz mica schist.

Both above and below the main marble
band there is a gradation into the adjoining
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quartz mica schist through a sequence of calc-
schist and thin marble bands. The calc-schist
is cream to greenish grey. The micaceous parts
are greenish and the calcareous parts are
yellowish. The calc-schist also contains quartz
veins and boundins. These veins, however,
contain 15 to 209 calcite apart from quartz.
The calcite in these boudins is recognised by
yellow weathering colour and negative differen-
tial weathering, while on the fresh surface it is
white and crystalline. The quartz is white or
stained pale white.

The contact of Lohar Banda marble with
Phagal quartzites, quartz mica schists and the
contact with Kamalban unit are gradational
with passage through calc-schists and thin bands
of marble.

Phagal Quartz Mica Schists and Quartzites

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

On the roadside the Phagal unit is exposed
at the back of the road bend in Lohar Banda
Katha where its pelitic and psammatic nature
is quite apparent. Away from the road the
outcrop occurs in an arcuate fashion between
Kandlan in the west and Manur Katha in the
cast passing under the villages of Kandlan,
Chakrial, Phagal, Chantha, Lohar Banda, and
Dheri, Kalas, Chaphra and Tipar.

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. The quartzites are
medium grained and often granoblastic The
grains are welded and sutured. Quartzisthe
main mineral while muscovite, biotite, magne-
tite and tourmaline are from traces to acces-
sories.
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Quartz Mica Schist : The quartz mica
schist is greenish grey on fresh surface and dark
brownish grey on the weathered surface. They
contain veins and boudins of quartz. The
quartz mica schists are poorly to moderately
schistase, They are composed mainly of quartz
with subordinate but essential guantities of
muscovite and biotite, Chlorite, magnetite and
tourmaline are the accessories.

The calc schists are mediom grained and
poorly to moderately foliated. They are grano-
blastic to hypidioblastic. They are composed
of calcite, quariz,muscovite, biotite, chlorite
and accessory to trace amounts of pyrite and
graphite (rare).

Marbles : The marbles are medium grained
and granoblastic, They are composed mainly
of carbonate with accessory to trace amounts
of muscovite, chlorite, biotite, pyrite and
magnetite.

Doga Schists, Marbles, Quartzites and Metacong-
lomerates

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

The unit eccurs in a limited area on and
to the south of the ridge top between Parhti,
Doga aod Danna.

It & much like the Kamalban unit
except that iv inclodes fine grained metaconglo-
Earaits agast irom other lithologics and . also
B= == 1har iis guoartzites and guarir mica
mhas  asow pofpayioblasis of chlorite and
Fmiioew
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The Doga  quartzites are banded, light
greenish grev with green porphyroblasts and
some intercalations of grey marble,

The marbles are generally banded, light
grey or white with schist partings and weather
to light earthy brown, creamish and grey
eolours. Qeccasionally the marble bands may be
greenish white. The micaceous marbles and
caleschists are intercalated with quartzites,

Biari Quartzites, Metaconglomerates, Schists,
Calec-Schists and Pegmatites

The principal lithology is indicated by the
title of the unit. This unit resambles the Doga
unit but differs in the fact that it contains
whiquitous pegmatites. Also the calc-schists
are subordinate and the metaconglomerates are
much more prominent, The quarizites of Biari
unit as well as that of Doga unit are mostly
micaceous and in this respect differ from the
guarizites of Kamalban unit which are mostly
orthoquarizites. Some quartzites in Biarl unit
are impure and look porous. This unit is also
characterised by the general absence of granhite
schist. The general colour of the unit is
banded grey, brownish grey and greenish grey.

A number of dolerite dykes are also preseat.

Quartzites © The quartzites are geoerally
banded grey, brownish grey, greenish grey aad
whitish on fresh surface and dark brownish grey
and rusty brown on weathered surface. They are
generally micaceous, containing porphyroblasts
of green chlorite and sometimes brown bictite
and intercalations of quartz mica schist, The
intercalations of schist are dark grey with peo-
minent brown” biotite. The banded guariries
with porphyroblasts of chlorite and intersals-
tions of schist make the dominest Etbolspy s
the unit. The quartzites arc well joioted. At
ope place below Doga the micaceons guarirss
cosidiat Bos white specks. At fises wies
iz guoerinile wilh micsceom porphirodisss =




cut oblique to foliation the surface gets the
appearance of fish scales,

Metaconglomerates : 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,

Quartz Mica Shist : It 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. They contain some quartz veins in
the form of thin boundins. Chlorite and
biotite are prominent flaky minerals.

Ca'c-Schist and Marbles : A few thin grey
and white marble bands are present, especially
towards the Doga unit. The marbles have
thin micaceous partings. The calc-schists are
distinguished by differential weathering,

Pegmatites : The Biari unit like the Rajwal
unit is distinguished by the ubiquitous presence
of pegmatites. However, these
bodies are generally small (at times only few
inches thick veins) compared to those of
Rajwal unit and appear badly crushed and
sheared, especially towards the faulted coniact
of the unit with Jared quartzite and quartz

pegmatite

mica schist unit towards south. The pegmatites

are greyish white in colour and mainly com-

posed of quartz and feldspar, The feldspar is
generally light grev or sometimes bluish grey.
Muscovite. biotite and tourmaline (up to 1 cm
in cross section) are subordinate and sometimes
not seen Occasionallv the pegmatites show dark
grey thin patches of graphite/chlorite as coatings
on granular minerals. The pegmatites also
contain some associated quartz veins.

The presence of svntectonic pegmatites is
related to the generally quartzitic and sheared
nature of the unit. Most bodies appear parallel
to the foliation.
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One contact of the Biari unit is with
the Jared quartzite and quartz mica schist.
This contact is faulted throughout the mapped
area. A few thin pegmatite bodies which are
characteristic of Biari unit were also seen in
the Jared unit in Ochri Katha.

The other contact with the Doga unit is
partially faulted but is partially intact and gra-
dational east of Doga.

Jared Quartzites and Quartz Mica Schists

The rocks between Jared and Tutan on the
roadside are distinguished by their arenaceous/
psammatic lithology represented by interbedded
quartzites and quartz mica schists, Thereisa
marked absence of calcareous and graphitic
material. On the fresh surface the general
colour is light brownish grey for quartzites and
greenish grey for schists.

Occasional dolerite sills are also present,

Quarizires : Most quartzites are banded,
micaceous and relatively thinly bedded. They
are generally light coloured on the fresh surface.
Thev can be greenish grey, light grey or
brownish grey and occasionally green and white
banded. On the weathered surface they are
earthy brown, brownish grey and dark brownish
grey and ar times rusty brown. Individual beds
are generallv from 5 em to 15 cm thick.

The quartzites are often granoblastic to
xenoblastic. They are fine to medium grained
and composed mainly of sutured and welded
quartz grains with subordinate to accessory
amounts of muscovite, greenish biotite, chlorite,
feldspar, tourmaline and magnetite,

_ Some qugrtzites with thin micaceous or
quartz mica schist intercalations may be better
called quartz mica gneisses. Occasionally the
quartzite contains micaceous porphyroblasts,

Towards their contact with Chushal
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graphite schists the Jared quartzites contain
some thin pegmatite veins (2 ¢cm to one metre)
with quartz, feldspar, muscovite and tourma-
line.

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

These rocks are foliated but poorly to
moderately schistose. T hey are fine to medium
grained and composed of quariz and muscovite.
Some chlorite, biotite (green) and tourmaline
may also be present.

The upper contact of Jared unit with
Chushal graphite schist is faulted cxcept near
Utli Baseri within the mapped area  Near uUtli
Baser: the contact appears 10 be gradational
wi' h the content of graphitic material gradually
increasing in the quartz mica schist of Jared
unit.

The Lower contact with Biari unit in the
west towards Chushal and Biari and with 1he
Kamalban unit in the east towards Duohar is
faulted throughout the mapped area.

Stratigraphically the Jared quartzites and
quartz mica schisls. may be considered the
equivalent of Tanol Formation in Kaghan
Vailes.

Chasal Graphitic Schist and Metaconglomerate

Between Shino marble and the Fared
guartrites thers is a relatively thin bat vory
promincnl sequence of graphilic schists, meia-
cosglomeralel with occasional this bedded
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to intermediate volcanic rocks but in the
KaghanVallev well d=fined volcanics are difficult
to find though sedimentary material derived
from volcanics is present.

Graphitic Schist The pelitic graphite schist
is silver grey to dark grey on fresh surface and
dark grey to dark brownish grey with rusty
patches on the weathered surface. [Itisfine
grained, well cleaved and contains small pyrite
cubes which leave square cavities when removed
by weathering. There are al-o thin quartz veins
which are folded and make prominent white
boudins.

Marhle. 1t is medium grey, thinly laminated
with hne white partings and intercalated with
calc-schist. The Marble and calc-schist OCCUrs
rowards the contact of Chushal umt with Jaced
umlt.

Meraconglomerates.  The metaconglomer
ates are best expused on (he path fro=
Cnushal Villags L2 Kamil digsti. [t coa-s
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voleanics which alternate with few thick lami-
nated calcareous bands. The whole sequence has
suffered low grade metamorphism, Only a part
of this thick series of rocks occurs within the
mapped area.

The trap is the volcanic 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 porphyroblasts of
chlorite are commonly developed At places
the rock shows pillow like lenses which appear
to be relics of pillow structure.

The contact with shino marble appears lo
be gradational though it is quire distinctive.
The upper contact of the trap band exposed in
the mapped area is with a microgneiss exposed
near Bhunja Bazaar.

The trap 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 overhangs on
the roadside. The unit consists of sugary
arenaccous marbles and calcareous quarizites.
Most of these are coarse grained light grey
or yellowish grey. At the contact with
Chushal unit the Shino unit comprises fine
grained marble which is medium grey on fresh
surface and creamish yvellow or yellowish
brown on wcathered surface. The lower
contact with Chushal unit it <harp while the
gpper contact with the Panjal Trap is well
defined but shows some gradation.

Stratigraphically the Shino Marble may be
considered & part of the Panjal scrics.

Ling and Bhunja Limestone{Marbles. The
greenstones are interbedded and folded with
contemporaneously deposited sediments, now
comprising three major bands of fine grained,

crystalline, slightly metamorphosed Samsssse
marble, :

The Ling band outcrops at Ling willags
near Malkandi forest rest house ; the Bhssis
band is exposed near Bhunja bazaar four miles
upstream of Paras and the Shino band oui-
crops where Shino fish hatchery is located om
the roadside about two miles downstream of
Jared.

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

The upper contact of Ling limestone/
marhle is faulted against sedimentary Jurassic
limestone while all other contacts of ling and
Bhunja appear gradational and/or conformable

The Ling and Bhunja bands are olten fine
grained and granoblastic to hypidioblastic,
However, on closer cxamination the crystals
appecar stretched and strongly strained.. The
guariz/chalcedonic matter is often so strongly
siretched in some cases that they assumec the
form of long lamellae, These rocks are lairly
pure and are composed of calcite with minor
amounts of quartz, chlorite and pyrite. At
places guariz and echlorite may assume the
status of primary minerals.

The Shino band is rather impure. It,in
addition to significant
amounts of quartz and sometimes chlorite. At
places quartz appears secondary and may be

developing after chalcedony.

caleite  coniains
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DISCUSSION

Regional Metamorphism

The grade of regional metamorphism
increases from south to north and ranges from
biotite to kyanite in the areas mapped.

A careful study of the metapelite horizons
of the Lohar Banda, Phagal, Kamalban, Doga,
Biari and Jared units shows that they fall in the
biotite grade of regional metamorphism. While
biotite is ubiquitous in these units, almandine
garnet is absent. Sporadic tiny garnet crystals
do occur south of Lohar Banda unit. But this
garnel occurs within calcareous meta-pzlites
and is andraditic in nature,

The Kaghan pelites contain ubiquitous
almandine garnet. This thick unit f4lls in the
almandine grade of regional metamorphism.

The Batal, Paludaran and Rajwal units cer-
tainly represent a distinetly higher grade of
regional metamorphism  Begi-ning of partial
metatexis in the suitable compositions of
Rajwal and to a lesser extent in the Hatal unit
indicates a grade of regional metamorphism
higher than almandine grade. Staurolite grade
is, therefore, certainly indicated, though the
mineral staurolite could not be found

Development of Kyanite in the pelitic
lithologies of the Maran unit and the Dharir
unit clearly shows that these two units are in
the kyanite grade of regional metamorphism.

Thermal Metamorphism

Due to extensive faulting, morainic deposit
cover and al places, migmatisation and felds-
pathisation, the hornfelse outcrops are rare.
The only well developed hornfelse is on the
left bank of Kapan-da-Katha near Naran.
Here biotite rich andalusite horafelss represents
a thermal aurevle of Saifal Maluk granite.
The second poorly exposed hornfelse outcrop
is near Dhamnar, Sohch.

Migmatites

Migmatites are well developed in the
Rajwal unit as well as the Dharir unit, But the
migmatites in the Dharir unit are particularly
well developed.

In neither case is a granite directly involved
in the formation of these migmatites In the
case of Rajwal, no granite body is associated
with the migmatites.

In the case of the Dharir migmatites there
indeed 15 a granite body i.e. Saifal Maluk
granite in the vicinity, but field relation do not

support the possibility of dircct involvement of
this granite.

The migmatites are not directly in touch
with the Sanal Maluk granite, insicad there is
an intervening meta cale-pelite and meia pelite
umit. This upit is only slightly effecied by
migmatisaiion  This unit is preserved intact
between Sohni and Batakundi on Naran-Bata-
kundi road.

These migmatites as well as Rajwal leuco-
somes can not be products of injections. They
are in-situ migmatites form:d by metatexis of
meta-pelites, meta-arkoses, acid meta-tuffs (7

and mela-feldspathic psammites. They show
a wide variety of structures within leucos. mes.
They show stromauc, phelabitie and neubilite
structures  In Dnarir unit the palacosomes and
neusomes show a particulacly complex relation-
ship. Agmites and resisiites are also common.
Schilleren, phost structures and slrdligraphy
can be seen in the neubines Toe resisuies
are orthoquarizites, calc-pelies, ampnibulites
and marbles. The pelites with minor carbonate

contents al:o tend to survive
{Mchnert, 19¢8).

metatexis

The leucosomes as against melanosomes
(palacosomes) assume a variety of textural and
structural forms. Granitc, apltic and pégma-
titic textures are all well represented,

iw



The presence of micas and ubiquitous
tourmaline indicates that water and halogens
were well represented during metatexis.

The metatexis was taking place well within
staurolite and kyanite grades of regional
metamorphism.

The meta-arkoses, meta-feldspathic quart-
zites and meta-pelites with low calcium content
are the first to melt. The anatexis starts at
650° C and at pressures more than 2 Kb
(Winkler 1967, 1974). Experimental work
(Winkler 1974) shows that meta-arkoses and
feldspathic
meta quartzite and pelites follow. The
orthoquartzites, calc-pelites and amphibolites
survive as resisters while arkosic, pelitic and
tuffaceous rochs reach a stage of diatexis pro-
vided sufficient water and halogens are avail-
able.

acidic tuffs are first to melt while

The metatexis most probably occurred bet-
ween ¢ 50" to 680° C in the presence of himited
amounts of water and volatilcs tor Rajwal unit
while in the case of Dharir umit the tempera-
tures exceeded 680° C and most probabply
reached 20° C since a wider vari.ty of rock Le.
even-pelites have been effected. These probable
estimates are based on the gross lithviogy of
the rocks involved and the proportions of melts
formed. These temperature ranges are In
accordance with the experimental work of
Walton (1y¥60) and Tuttle and Bowen (:938),
Tuttle (1¥55) and Winaler (19/4). The amount
of melt does not solely depend upon tempera-
ture, it aisv depends upon the content of water,
volatiles 1.e. halogens and above all the nature
of rocas. Increasing quantities ol water and
halogens decrease the temperature of melting
‘of rocks of aifferent compusition at given pres-
sur.s while the increase 1n the calcium content
elevates the temperature of meiting (Winkler
1974, 1907, 1954, Winkler and Platen 1955 and
Baith 1952). '
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STRUCTURE

The general and regional strike of the
rocks and other geological features is northeast-
southwest in the region between Bhunja and
Chitta Katha, a distance of about 26 miles
along the road. Then for a short distance of
4 miles along road between Chitta Katha and
Naran the strike changes to northwest-southeast
and then again from Naran to Batakundi
another distance of 12 miles along the road the
strike becomes northeast-southwest.

The regional dip is NNW from Bhunja to
Kalas and then NW from Kalas to Chitta
Katha. Between Chitta Katha and Naran the
regional dip 1s NE. Between Naran and Bata-
kundi the regional dip 1s SE.

A look at the geological map (p. )
readily gives a general idea of the structure of
the mapped arca.

Faults

From Bhunja in the south to Batakundi
in the north there are some seven major faults
namely, Murree lault, Shino Fault, Tutan fault,
Jared Frauit, Khannian tault, Rajwal fault and
Batal fault.

It is interesting to note that the major
faults in the Kaghan valley and in the terrain
generally to the north of the sedimentary zone
of hill ranges of Abbotabad, Nathiagali,
Thandiani etc. are indicated by fault breccia,
crush zones and fault gouge, etc. On the other
hand the faults in the Thrust belt of Abbottabad
Nathia-Gali have got t» be recognised mainly
on the basis of missing stratigraphic units.

The faults in the mapped area are not very
obvious because ot vegetation, high relief, scree
and other superficial deposits.  However,
stratigraphic breass, structural anomalies, fauit
breccias, crushed zoncs, sharp contacts and
geomorphic indicators link up to demarcate the
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major faults. Most faults are high angle thrusts
which dip to the northwest except the Batal
fault which dips northeast.

Murree Fault. Ttis a major thrust dipping
steeply to the NE or being veriical at places.
It separates the sedimentarv sequence from the
metamorphic rocks. It has been folded as part
of the Hazara Kashmir Svntaxis. It is exposed

in the Bhunja Katha in the mapped area.

Shino Fault. A nearly vertical thrust
dipping steeply to to the north and northeast
in the mapped area. It is exposed near the
mouth of Chushal Katha. The fault occurs
between the Chushal Graphitic Schist and the
Shino Marble units and has been folded as part
of the Hazara Kashmir Syntaxis. The Chushal
Graphitic Schist has provided a plastic horizon
for slippage.

Tutan Fmddt. This fault separates the
Chushal Graphitic Schist (the Agglomeritic
Slates) to its south and the Jared quartzites
(Tanel Formation) to its north. Within the
mapped area its outerop extends from Danna
‘in  the west through Chushal, Nake Tutan
(roadside) and Ochri Katha, in the cast. This
high angle thrust (75° near surface) dips to the
north and northeast. It can be scen on the
roadside at Tutan and in a section just across
the river on its rightbank. This fault has also
resulted from the mobility provided by the g
raphitic Chushal unit, However, the contact
beiween Chushal graphitic schist and Jared
guarizites docs not appear to be faulted every-
wiere. On the other hand it appears to be
gradational near Baseri and to its east. The
f=stat ai%0 2ppears (o be gradational elsewhere
aroens 1he otaxial bepd as at Badhawa
FfoTamaE e a=d Chaadhry 1954)

o e 5% Sanik of t8e Ockhri Kaths a1
e pant 3 siox of Pegl Trap otcwrs ot the
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Jared Fault. The Jared fault is 2 major fault
with a Fairly straight line outcrop running cast
to west throughout the width of the mapped
area. This fault which rons along the lower
side of the Jared quartzites and quartz mica
schist has created tremendous brecciation and
crushing esp2cally in the Jared unit. This has
led to the accumulation of huge and impressive
scree and colluvial deposits between Mahandari
and Jared on both sides of the river especially on
its left bank on the roadside. This brecciation
and crushing is also evident in the drainage of
Kayyan village and the opposite drainsge of
Dadar village. The crushing is also evident
on the slopes between Chushal Danna and Biari
and in the crushed nature of pegmatites of
Biari unit.

This fault scparates the Jared unit to the
south from the Biari, Doga and Kamalban units
to its north The trend of the latter units
abruptly truncates against it.

This thrust fault is nearly vertical or dips
steeply to the north near the surface.

At Shalai, near Mahandari, @ northeast-
southwest trending fault, coming out of Manur
Katha along a band of graphitic schist, joins
the larger Jared Fault.

fgult. The Khannian
appears on the roadside just upstream of
Khannian bazaar. It separates the Kamalban
unit (which here has been greatly reduced in
width due to this fault) from the Kaghan
Pelites to its north and northwest. From
Khannian this fault extends NE to Barth Danna
through Shinkiari. Itis a thrust fault which
dips steeply to the north west. The Khannian
fauvit bas also truncated the extension of gypsum
oulcrop below Sirnl Danpa.

Khannian fault

Rziwal Fault. The Rajwal Fault isathrost

fault which &ipg steeply to the north and west.
it sesrop exteads from Rajwal in the want




along a nearly (straight ENE trending line
across Por Katha Chambar Katha) and across
Gori Katha (which drains out at Paludaran).

Within the mapped area this fault has the
Kaghan Pelites to its south and obliquely
truncates three different units, the Rajwal unit,
Paludaran unit and the Batal unit to its north.

This fault has produced prominent crushed
zones especially in the Por Katha drainage.
Some drainage lines near Kalas village and
some segments of Por Katha also follow the
ENE trend of this fault.

Batal Fanlt

The Batal Fault is a northeast dipping high
angle fault which separates the Naran garneti-
ferous cale-pelites to the north and the quartz-
jtic Dtatal unit to its south. This fault has
produced a fair amount of shearing and
crushing in the Batal tributary of Batal Katha.

Folding

¢ nly thc major folds bhave been charted
and will be discussed below  Nearly all major
structures are separated from' each other by
major faults and relate to a particular fault
block. In some cases the fault blocks also
separate major stratigraphic units and since
the stratigraphic units have their distinet
overall litho'ogy the rocks in such fault blocks
have their own folding styvle as well

Baseri. Ochri and Choshal Folds

The Chushal Agglomeratic Slate and the
averturned overlying units Shino Marble and
Panjal Traps along with other units to the
south constitute the eastern limb of the Hazara
Kashmir Syntaxis. Within the mapped arca
the units of this limb are folded 1n a broad
open mannef, constituting - three folds the
Baseri Antiform, the Chushal Antiform and
intervening Ochri Syaform: The Chushal
Antiform to the west coostitutes the maio
bend of the syntaxs after. which the NW

%

strike from Kashmir turns gradually to E-W
to form the apical portion of the syntaxis
in the region of Paras, Bela and Sacha, The
limb of Chushal Antiform exposed in the,
Chuoshal is badly shattered and ipternally
folded. The general strike here is NW-SE
and dip to the ME. The other limb strikes
NE-SW and dips to the NW. In crestal
region the dips are nearly vertical and at places
reversed to the south. The Chushal Antiform
showse intense de formation within the limbs
and th crestal region.

Kamalban and Fhagal Folds

Between the Kannian Fault in the north
and the Jared Fault in the south lie a series of
rock units which include Phagal unit, Lohar
Banda unit, Kamalban unit, Doga unit and
Biari unit. All these rock units are character-
iscd by a substantial amount of calcarcous
material apart from quartz mica schist and
other lithologics. Within the mapped area all
these units are folded together in the form of
one tight anticine and one tight syncline both
outlined by Lohar Banda Marble. Tne limos
strike MNE-SW, the general dip is 1owaras
northwest and the folds are overturned to the
southeast.

Kaghan Synclinorinm

The Kaghan Pelite unit which extends on
the roadside from Rajwal in the north to
Khannian in the south 15 broadly as synforms
and few tighter antiforms.

The Kaghan Pelites show ubiguitous micro-
folding, crenulation, strain-slip cleavage and
lineation.

Paludaran Antiform

This is again a major siructure exteadisg
over many miles beoiwecen Kalas near Kaghas
where its southern limb or the Paludaras S8
is cut by the Rajwal Fault and Batal Estis
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near Naran where its northern or the Bhimbal
limb iz limited by the Batal Fault Ttis an
onen antiform plunging to the FNE., Tis
plunging nose can be seen in Batal Katha (left
ban%) necar the latter’s hifurcation into Batal
Katha and Danna da Katha. The Paludaran
limb strikes NE-SW and dips SE while the
Bhimbal limb strikes NW-SE and dips NE.
The two limbs themselves have open dragz
flexures and numerous minor folds Some such
microfolds are seen near the crestal portion of
the antiform at the mouth of Chitta Katha on
its left hank on the roadside near the bridge.
The Paludaran antiform is outlined on the
geolorical map by the Paludaran graphitic
schist unit which moves on the left bank slpe
of Bhimbal Katha from Chamhbar or Chitta
Katha to Dheri and also from Chitta Katha to
Paludaran upto the Por Katha Gali where it
is truncated by the Rajwal Fault. The Paluo-
daran Antiform thus has Baral quartzites and
mica schist unit on the outside and the Rajwal
quartzites, quartz mica schist and pegmatite
unit in the core.

MNaran Antiform

The Maran antiform has been formed in
the MWNaran parnctiferous cale-pelites and
granite gneisses. The granite gnejsses are
sheet like brdies which have been folded along
with the calc-pelites. It is a huge stiucture
extending from Batal Katha in the south to
Batakundi in the north. It is an overturned
antiform with its axial plane dipping to the
NE and fold axis plunging SE. The southern
limb or the Naran limb has a northwest-
southeast strike and dips generally 50° to ¢ 0°
NE. The northern or the Sohch limb extends
from close to MNaran to bevond Batatundi,
Close to Naran the Sohch limb dips steeply but
towards Batakundi it dips more moderatelv at
30° to 40° towards SE. Io the core of the
anticline which is exposed on the roadside
between Naran and Dhumduma (right baok of

the river) there are numerous tight folds in the
garnetiferous calc-pelites and the dip-strike
trends change rapidly. Near and upstream of
Naran Circuit House a large number of tight
minor folds are present within the Naran limb
close to the core (each with one limb striking
MW dipping NE and the other limb striking.
approx. E-W and dippiug N.) Occasionally
minor granite bodies can be seen involved in
the folds,

Economic Geology

In the area mapped, the following minerals
are of potential economic value ;

Marble.
Quartzite.

1.

2

3. Gypsum.
4. Graphite.

5. Mineral shows of Chromite/Nickelf
Asbestos/Corundum/Ruby/Sapphire.

Marble. The marbles beds occur in Kamal-
ban, Phagal, Lohar Banda and MNaran cale-
pelite units. (For details, please refer to the
description of these units and the geological
map). The marble horizons range in thickness
from 2 to ahout 250 feet. These marbles are
white off-white, banded whitc and dull green
or white and dull grey. Thev are mostly
granoblastic, hard, compact and medium grain-
ed. They yield blocks from less than 25 cm.
cube to 1.50 m cube. The Lohar Banda umit
is mainly a marble which is expos:d along the
main Kaghan road. It is white to snow white,
medium grained, hard and compact. lts
thickness is about 200 feet.

The area mapped holds extensive ressrves
of marble Their exploitation, however, will
depend upon the condition of road and the avail-
ability of power. If transported as blocks to
the markets in Punjab, it may not compete with
Swabi-Mardan marble. The latter are nearer
to the markets and the source areas are well



connected with good roads to the market.
However if finished products are prepared near
the site of the Kaghan deposits, transport
charges on per unit (finished) product mav well
bring it within economic range of exploitation.

Quartzite. Quartzites occur within Doga, Biari
Phagal and Kamalban units. But Kamalban unit
contains some white to snow white and pure
beds of orthoquartzites. These beds merit
further study and evaluation for glass, ceramics
and chemical use. For occurrence and general
description please refer to the geological map
and descrintions.

Gypsum. Gypsum occurs as a distinct horizon
about 290 to 300 feet thick towards the top of
the Kaghan meta-pelite unit. For its occur-
rence and description please refer to the relevent
section and map. The gypsum crosses the main
Kaghan road near Julgran and crops out on the
left bank of Kunhar near Putandes. Being a
material of low unit value it cannot take a
high transport charge. Its exploitation as
a constituent of cement or use as gvpsum
plaster or agri-gypsum may have to wait the
development of a better in'rastructure.

Graphite. There are two distinct graphite
bearing horizons in the area mapped (leaving
out Chushal unit which is of no economic
interest and other minor Bands in Kamalban,
Kaghan pelites and Rajwal u .its).

The Paludran horizons is a distinct zone
which occurs in between the Batal and Rajwal
units. “This unit is composed of ‘marble and
graphite meta pelite schist horizons. There are
at least three graphite bearing beds in this
horizon. Tha aggregate thickness of graphite
schists here is at least between 50 to 100 m.
It is a mixture of crystalline and microcrystaline
graphite. The graphite content in this unit
ranges from 12 to 25%. This unit has crystal-
lised within staurolite grade of regional meta-
morphism,
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The second graphite horizon occurs within
the Naran Meta-calc-pelites This horizon is
well exposed near Randi on the ieft bank slopes
of river Kunhar near Sohch. It is about 30 to
70 m thick. The horizon, compared to Plud-
ran unit, occurs within a high P-T environment.
It contain 8—209% granhite. This graphite
occurs within metapelites of Ka\anite grade of
regional metamorphism. The graphite is mainly
of a crystalline variety.

Both these horizons definitely merit further
studizs and evaluation.

Chromite, Nickel, Asbestos, Corundum, Sap-
phire, Ruby. North of Ledi starts the ““Southern
Melange Zone of Chaudhry, Ghazanfar, and
Ashraf (1983, 84). A sizeable ultrabasic body
occurs near Ledi. Floats and shows of chro-
mite, pentalandite and millerite were observed
north of Ledi. Outside the area mapped were
observed shows of chromite, asbestos and
nickel minerals in the <“Southern Melange
Zone. Additionally good quality serpentine
was also observed. This zone near Ledi passes
into Kohistan and then continues to Pushto,
Ilahi Kohistan, Darra, Jijal, and Dubair. In
this belt granites are also present. Some of
them may belong to the Himalavan orogeny.
This raises the possibility of the extension of
emerald belt into Kohistan, Kaghan and even
North Neelum. The Naran Meta-graphite-
calc-pelites are cut by dykes and sills of basic
compositions. The “‘Southern Melange Zone™
also cuts this unit.

Marble’s contacts with these basic to ultra-
basic bodies need particular attention. Pro-
ducts of desilication like corrundum, sapphire
and ruby/spinel should not be overlooked.

GEOMORPHOLOGIC NOTE
Drainage
From its emergence at Balakot to its head at

Babusar Top the road along the river Kunhar
is over 95 miles long. This gives an idea of
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the length of the Kunhar valley. The river,
however, extends beyond Balakot for another
about 20 miles until it meets the river Jhelum
near Muzaffarabad in Azad Kashmir,

The river is known for its speed, ferocious
turbulence and cold water. It receives a large
number of tributaries on its way. From
Batakundi to Mahandari the major left bank
tributaries include Dadar Nar, Por Katha,
Saiful Maluk Katha, Batal Katha, Chitra
Katha, Surmai Katha, Gori Katha, Chambar
Katha. Kaghan Katha, Lohar Banda Kartha
and Manur Katha. On the right bank the
major tributaries, within the same section,
include—— ———RKatha, Shanak (Dhamnar)
Katha, Sohch Katha Dhumduma Katha, Bhim-
bal Katha (Mili Nar), Rajwal (Kalas) Katha,
and Rajri Katha. In terms of discharge the
largest (from both banks) are Dadar Nar,
Saifal Maluk Katha, Batal Katha, Chitra Katha,
Surmai Katha, Gori Katha, Kaghan Katha,
Putendes Katha (right bank), Lohar Banda
Katha, and Manur Katha,

The right bank tributaries of river Kunhar
drain the Kohistan waiershed and the left bank
tributarics drain the Kaghan watershed
(between river Neelum of Azad Kashmir and
river Kunhar). Generally speaking those tribu-
taries with large discharge druin the Kaghan
watershed and join river Kunhar on s left
bank. The left bank receives a large amount
of snowfall and upstream of Kaghan towanship
glaciers and avalanches pose a constant hazard
té the road. Furtbermore left baok in 1his
section faces west and reccives less sunshine
while on the east-facing right bank, exposed
more to the sun, the snow melts fast.  Between
Kaghan and Batakundi most village settlements
are on the right bank. If the road between
kaghan and Batakundi is shifted to.the right
bank, in accordance with lj_u'e historical experi-
encce of the p:ﬂplc: it could remain open most

of the year and also require much less main-
tenance,

By and large the water in the tributaries is
the product of snowmelt.  The rainfall is limi-
ted to certain times of the vear.

Slopes

The main spurs have a convex slope
profile made up of mostly rectilinear segments.
However, glaciated cliffs near the main warer-
shed make a concave break with the rest. The
main spur slopes vary between 3* and over 40°
with roughly 30% being at less than 10°
Roughly 40%; which falls between 10* and 307 at
some places is either cultivared or covered with
forest and at others it shows outcrop exposures.
Those sections of ridge tops which form
benches generally constitute grassy pastures,
locallv called mahlies. The width of these
‘mahlies’ may vary from 50 [t. to over 200 ft.
Thes= mahlies occur at roughly 11,000 fi.
altitute in the region of Baiakundi and DBas;
above 10,000 fi. in the region of Naran, and
Rajwal (Kundi) ; between 9,000 ft. and 10,000
ft. at Charnat, Shiri, Utli Baseri and Doga ;
and between 7,000 and 8,000 fu a1 Shogran.

Another important slopc scgment is the
river side cliff which is present along the river
and indicates the latest spurt of erosion by
Kunhar

Valley Profiles

The river and its principal tributaries are
generally without any waterfalls Waterfalls
occur in the upper reaches of some major
tributaries (such asat Dheri in Nili da Nar)
especially where the glaciated part of the valley
meets the mainly fluvially eroded long profile.
Such waterfalls can divide the valley into two
parts. The upper part has a gentler long protile
and an open cross profile with scree and
moraine fans on the sides (such as in upper
part of Dhumduma valley, Saiful Maluk valley
above lake Saifal Maluk, Rajwal (Kalas)



Katha valley at Kundi and parts of Kunhar
Valley itsIf at Batakundi and Lalazar). The
lower part of these valleys arc V-shaped and
much more affected by fluvial processes,
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The cross-profile of river Kunhar is V-shap-
ed and the valley at the base is generally
narrow below Kaghan with interlocking spurs
while above Kaghan the valley floor is more
open especially where it receives important
tributaries,

The Kunhar River itself has many rapids
especially in the upper reaches above Paludaran.,
Many of these, however, are not cyclic and are
the result of partial and temporary blockades
of the river by glaciofluvial material dumped
by its major tributaries,

Processes

From the point of view of processes we
may consider the Naran.to Kaghan Section as
trasitional. Downstream of this secrion the
fluvial processes become increasingly more
prominent (except in the uppermost reaches of
principal tributaries ncar the main wartershed).
Upstream of this section the fluvial processes
still dominate but the modifying effects of
glacial processes can be increasingly felt and
even more so towards the heads of principal
tributaries.

Effects of glacial erosion are manifested by
cirques, lakes, aretes, horns, truncated spars
and the cross profile of the glaciated reees
the valleys.

Depaosits along Kosbsr
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terraces contains substantisl coiera comoe
nent. - From - Kaghan upsiress Lowrer,
glaciofluvial cones and fans start mitizsg wh
the material of Kunhar terraces. For flLimcus
the village of Kaghan is mainly Jocated on 2
fan at the mouth of Kaghan Katha while the
extensive area under cultivation by the Kaghag
Agricultural Research Farm is a river terrace.
Similarly the terraces at Rajwal and Bagnu are
of a mixed character.

Perhaps the largest river terrace in the
arca occurs at Kaghan. Most other terraces
are small, patchy and elongated. Where the
valley is narrow the terraces, if developed, are
narrow and elongated and are locally called
Lambipatti,

Upstream of Kaghan the valley generally
widens and the terraces, where they occur, are
fairly wide as at Jhag, Rajwal, Bagnu and
Paludaran but occur at a lower level generally
10 to 25 ft. from the river. An older much
higher terrace level is preserved at the mouth
of some big tributary streams as at the mouth
of Bhimhal and Rajwal and Kalas Kathas, [his
level is over 100 ft. higher from the river bed.

Near Nara= sad fertber northwards the
superficas degenes ow maioly in the form of
gacsfssad Sas aad cones. These have 3
pestecs fes siage with a gently convex crest
sl & ssswss svoss profile. The presant day
Sissm W o over them is generally confined
= = = o one part of this fan. 1he larger
== a== ssseasively cultivated and habitated
&= == Jwseri fan, Dhumduma fan, Sohch
S=s. ane  Ibc material of these glacioflyvial
=== s gencrally from silt to boulder size.
“Sews = some clay, o, and some boulders are
===== Rarge size, over 3 m across. Apast from
=== major glaciofluvial fans there are s=g=
gaciofluvial cones which are steeper in gradiess
s=d generally covered with scree.
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Mear Batakundi the glacioflavial fans give
way to direct glacial moraines in the valley and
especially on the side slopes, The wvalley of
River Kunhar ltself has scree slopes on the
right bank above Kandore mear Batakundi.

These glacial scree slopes are now hanging

abave the river as the later has cuat by about
100 ft. through and below them. This scree
blanket on slopes is like a2 wedge which bacom?s
progressively thinner and steeper in angle
upwards towards the cliff which normally occurs
above them.
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