The
CEOLOGICAL BULLETIN
of the
PUNJAB UNIVERSITY

Number 30 December, 1995
CONTENTS

Geology of the Canizar Del Olivar Area Montalban, Page

Spain

. SR Mudhammad Anwar 1
Chemistry of the Monsoon Precipitation from Lahore,

Pakistan
. ; Fayaz ur Rehman 11
Diagenesis and Diagenelic Processes-a Review
r : : = D Fayaz wr Rehman 19
Chemical and Mineralogical Characteristics of a Saline
Sodic Soil under Irrigated Kallar Grass
Javed Akhter,

K. A. Malik,
M. H. Nagvi,
Shafeeq Ahmad

; and R. Murray 37
Petrographic Studies of the Khewraite, Salt Range Formation,

Morthern Pakistan
S.M. Shuaib,

Shamim Ahmad Sheikh

and Shahid Naseem 47
Petrography and Geology of Fathepur-Shin Arca District Swat,

Morthern Pakistan

: Aftab Mahmood 37
Dynamics of Mass Ercsion in the Karakorum Himalayas,
Morthern Pakistan
Khalida Khan 67

The Potwar Plateau, Pakistan : A Case of Severe ggradation
Fuiz Ahmad Shams

and Khalida Khan 83
industcial Utilisation of Limestone for Combating Environmental

Follution
Akhsar Ali Saleemi

and Shafeeq Ahmad 03
The Environmental Impacls of Coal Mining from Salt Range

Pakistan and thair Remedial Measures
Umuar Faroog
and Shafeeq Ahmad 103



Geol. Bull. Punjab Univ. 1995, 30, 110

GEOLOGY OF THE CANIZAR DEL OLIVAR AREA, MONTALBAN, SPAIN

MUHAMMAD ANWAR
Geological Survey of Pakistan, 16 - G, Model Town, Lahore, Pakistan

Abstract :—On the basis of newly collected field data and the interpretation of the aerial photographs,

the previous geological map of the Canizar del Olivar area has been improved on a scale of 1 @ 1B over a
previous seale of 1 : 50000 and the siratigraphy is revised. Furthermore, some struciural elements are also
identified.
INTRODUCTION Tertiary
: ORREC SR
Geological studies of the Canizar del Olivar arca T. iLa © l]l.JP
: 1 Lnconformity
{(Fig. 1) were carried out in May-June, 1994, to pre- ,
. ; Late Cretaceons
pare a detailed geological map on a much larger NN
2 : B Guadalope Marl
scale (1 : 18,000) against a previous mapping of . :
: e L Canadilla Formation
1 : 50,000 for revision of the stratigraphy and the
struciural framework on the basis of interpretation ———Unconformity———

of the asrial photozraphs and field data.

A number of geologists especially from the In-
ternational Institute For Aerospace Survey and
Eirth Sciences (ITC), the Netherlands, have worked
in this area in the past (Mekel and Meer Mohr, 1971;
Meckel, 1976; Ginkel and Mekel, 1981; Meer Mohr,
1983 ; Beekman and Meer Mohr, 1986). This paper
describes the geology of the Canizar del Olivar area
alongwith an improved geologicsl map (Fig. 2).
Stratigraphic terminology has been adopied afier
Ginkel (1981). The succession is exposed from
Triassic to Quaternary {(Ginkel and Mekel, 1931).

STRATIGRAPHY

Following is the siratigraphic succession €x-
posed in the mapped area (Fig. 3).

Qualernary
Alluvial Deposits
—u——Ez'EA}nfm‘mi"ly

Early Cretaceous

ALIAGA GROUP

Utnllas Formation

Palomar Formation
Unconformity——
Early Jurassic-Middle Triassic

OLIETE GROUP

Martin Limestong

MONTALBAN GROUP
Cantalera Dolomite
Unconformity———
Monforte Marl

La Hoz Dolomite

{Basc not exposed)

MONTALBAN GROUP

This greup comprises four lormations pamely
the La Hoz Dolomite (R2), the Montiorte Marl
(R3), the Zarza Dolomile (31) and the Cantalera



Dolomite (12). The Zarza Dolomite (J1) is missing
in the area. The rocks of this group were deposit-
ed in transitional (lagoons. tidal flats) and restricted
shallow marine environments under hot and arid
condilions.

MIDDLE TRIASSIC
La Hoz Dolomite {H2)

The formation mainly consists of well bedded
dolomite with shale and argillaccous limestone at
the top. The dolomite is light to medium gray,
thin to medium bedded and micritic with wavy
bedding planes. Tt
burrows.
fissile.

horizontal worm
The shale i1s greenish gray, silty and
The upper contact with the Moniforte
Marl is conformable. " Fossils are rare in this for-
mation. Age is Middle Triassic. [is pholo tone
15 light to dark gray.

LATE TRIASSIC

Montforte Marl (R3)

conlains

The formation consists of red, gray gvpsiferous
clay and marl with minor siltstone. It is mainly
exposed near Canizar del Olivar forming an anti-
clinal structure. The lower contact with the La
Hoz Dolomite (R2) is conformable and the upper
contact with the Cantalera Dolomite {J2) is un-
conformable but near Canizar del Olivar its lower
contact with the Palomar Formation (K2) is
faulted. No fossils are found in the arca. Age is
Late Triassic. Its photo tone varies from light to
dark gray and is smooth textured.

EARLY JURASSIC
Cantalera Dolomite (J2)

The formation mainly consists of dolomite.
It is medium gray, yellowish brown to reddish
brown, brecciated, recrvstallized and massive.
The fower contact with the Montforte Marl (R3) is
unconformable. The upper contact with the
Martin Limestone (J3) is conformable and with the
Palomar Formation (K2) and the Utrillas Forma-
tion (K3) is unconformable but, at places, it is fault-

ed with the Martin limestone (J3) and the Palomar
Formation (K2). Age is Early
Jurassic. It gives light gray photo tone without
cultivation.

Fossils are rare.

" OLIETE GROUP

This group consists of seven formations but
but only lowermosi Martin Limestone (J3) is ex-
posed. The rocks were deposited in open marine,
shallow shelf environments.

Martin Limestone (J3)

This formation consists of well bedded hme-
stone. It is light gray, thin to medium bedded and
micritic with wavy bedding planes. The lower
contact with the Cantalera Dolomite (J2) i5 con-
formable and the upper contact with the Palomar
Formation (K2) and the Utrillas Formation (K3)
is unconformable but, at places, its lower contact
with the Palomar Formation (K2) and upper con-
tact with the Cantalera Dolomile (12} is fauolted.
Only some shell fragments and bivalves are present.
Age is Farly Jurassic. It shows medium gray
photo tone without cultivation.

EARLY CRETACEOUS
ALIAGA GROUP

This group consists of three formations, namely,
the Parras (K1). the Palomar (K2) and the Utrillas
(K3) but the Parras Formation (K1) is missing in

the area. It was deposited in shallow marine,.
transitional (beach, estuaring) and continental
ENVIronments.

Palomar Formation (K2)

The formation consists of alternating beds of
limestone and marl. The limestone is gray to
vellowish gray, medium bedded, sandy and marly.
It is rich in fossils especially orbitolinids and some
echinoids near the base. Near the Iédntact with-
the Utrillas Formation (K3) in the northwest of
Canizar del Olivar, the upper part contains oyster

beds alongwith other faupa. The lower contact



with the Cantalera Dolomite (J2) and the Martin
Limestone (J13) is unconformable but in the north-
west of Canizar del Olivar, it displays normal fault
contact relationship with the Montforte Marl (R3).
The upper contact with the Utrillas Formation
(K3) is conformable except in the south where it is
thrusted by the Martin Limestone (J3) and the
Cantalera Dolomite (J2). The formation is richly
fossiliferous and its age is considered as Early
Cretaccous. On azerial photographs its tonme is
medium to dark gray.

Utrillas Formation (K3)

The formation consists of variegated sand-
stone, clay, siltstone and shale. The lower part
mainly covered by vegelzlion is probably shale and
marl. In the upper part sandstone, clay, silistone
and silty shale predominate. The sandstone is
white, red. vellow to purple, massive, fine to medium
grained, micaceous, cross-bedded and contains
iron concretions. It is followed by white massive
clay with siltstone interbeds at intervals. The
siltstone is yellowish gray while silty shale is yellow-
wish green. The lower contact with the Martin
Limestone (J3) and the Cantalera Dolomite (J2)
is unconformable whercas its upper contact with
the Canadilla Formation (K4) is conformable and
is placed where first limestone bed appears. No
significant fossil was found. Age is Early Creta-
ceous. Its photo tone is light to medium gray with
cultivation in valieys and slopes.

LATE CRETACEOLUS
Canadilla Formation (K4)

The formation consists of limestone. dolomite
and marl. During present study this formation is
also subdivided into two units (K4-1 and K4-2)
like other areas.

Unit Kd-1
This is a unit of interbedded gray limestone

and marl. The limestone is thinly bedded, delo-
mitized and fossiliferous.

Unit K4-2

This unit consists of gray to yellow, thick
bedded 1o massive limestone, [t is breceiated and
contains fossils.

The lower and upper contacts with the Ultrillas
Formation (K3) and the Guadalope Marl (K5)
are conformable *respectively. The age is Lale
Cretaceous. Sedimentation: took place in transi-
tional shallow marine depositional environments.
It gives light 1o medium gray photo tone.

Guadalope Marl (K5}

The formation is consisted of dark red marl
and marly limestone mainly coversd with vegeta-
fion and is restricted to the core of the synclinal
structure. The lower coniact with the Canadilla
Formation (K4) is conformable. Age is Late
Cretaceous.  Photo tone is medium gray.
TERTIARY
TORRECILLA GROUP(T)

The undifferentiated Torrecilla Group consisis
of red and vellowish brown <conglomerate, sand,
stone, shale and marl. Tt is mainly covered with
vegetation and is exposed in the southeastern corner
of the area. Its lower contact with the Palomar
Formation (K2) and the Canlalera Dolomite (J2)
is unconformable. Age is Oligocene to Miocenc.
The rocks were deposited in continental environ-
ments. The photo tone is dark gray.

QUATERNARY ()
Alluvial Deposits

This comprises unconsolidated fine to coarse
clastics showing cultivation pattern. Age is recent.
It gives light o dark gray photo tonc.

STRUCTURAL GEOLOGY

The study area is located in the northeast of
the Penarrovas Monocline forming the northeast
flank of the Montalban High. The main structural
trends are£-W dircctions in the area.  The impor-



tant structural elements are as follows =
‘ihrost Faolts

The thrust faults shaping the structural frame
of the area range from Early Jurassic to Early
Cretaceou. Oldest thrust fault s developed
between Cantalera Dolomite (J2) and Martin Lime-
stone (J3) along which Cantalera Dolomite (J2)
‘thrusts on to Martin Limestone (J3) from south o
north” with a north wardconvex E-W fault zone
(Fig. 4a).

The second major thrust is developed in the
central part of the area between Martin Limestone
{at places, Cantalera Dolomite) and Palomar For-
mation (K2) where Early Jurassic Martin Lime-
stone (at places. Early Jurassic Cantalera Dolomite)
thrusts on io Early Cretaceons Palomar Formation
from south to north with a northward convex E-W
curvilinear fault zone.

Normal Faults

The straight to curvilinear normal faults are
observed having spme lateral ofi-seis. These are
oriented MN-5, E-W, NW-SE and NE-SW. They
are mainly developed within the Cretaceous units.
In the south of Canizar del Olivar, a normal curvi-
linear fault runming ME-SW direction uplified the
southern block. Movements of N-S faults are
probably mainly vertical and eastern block
upthrown.

Folds

There are two main fold structures in the area.
They are gencrally singly to doublv plunging anti-
clines and synclines with their fold axes onented
approximately E-W direction. in.the south of
Canizar del Olivar the Montforte Marl (R3) is in

the cors of h the anticline with its axis trend orieni-
ed E-W direction with Jurassic and Cretaceous
units at 1ts Aanks.

In the southern part of the area the resistant
Late Cretaccous Canadilla Formation (K4) which
rests on the top of Utrilles Formation (K3) forms
an asymmetrical syncline with E-\W axis trend con-
taining some Late Cretaceous Guadalope Marl (K 5)
in the cora (Figs. 4b). Miner other fold siruruc-
turcs are also observed especially near the fault
zones with different aricntation of fold axes (Fig. 5a)
Some intraformational microfolding is also found
in the Utrillas Formation (Fig. 5h).

CONCLUSIONS

1. The Lower Creticeous Palomar Forma-
tion has been traced in some new places.

2. The Upper Creiaceous Canadilla Forma-
tion (K4) has been subdivided into two
members on the basis of lithology as is the
case in other areas.

3. The Upper Cretaceous Guadalops Marl
(K5} is newly identified.

4. A thrust fault has been traced between

the Martin Limestane {at places, Cantalera
Dolomite) and the Palomar Formation.
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Fig. 1. Location Map of the Canizar Del Olivar Area.
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Fig. 5b. Intrafornational Microfolding in Utrillas Formation (K 3).
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CHEMISTRY OF TIE MONSOON PRECIPITATION FROA LAHORE,
PAKISTAN

By

FAYAZ UR REHMAN
PCSIR Laboratories Complex, Ferozepur Road. Lahore, Pakistan

Abstract :—
the vears 1993,

Nai! K has been used (o identify the pulses of the sea storms/hurricanes.

1994 and 1995 10 analyze for sea-dominated calions, such as Na, Kand Mg.

Rain water samples were collected from Lahore, Pakistan during the mgnsoon  season for

The weight ratio of
The EF (sea) for K as afunction of Na

concentration in the rain waler samples, shows the non-enriched element behaviour entirely of sea origin, whilé
EF (sca) for Mg shovws a slightly enriched element behaviour for some samples pointing out a nen-pceanic source
which is mast probably through anrhropogenic aclivifies.

INTRODUCTION

Global atmospheric chemistry is often per-
turbed by the anthropogenic aclivities in  the
form of pulses. Thesc pulses can be identified
in the rain water. The monsoon system in Indo-
Pak region is the major system responsible for

fainfalL It covers the Indo-Pak subcontinent

and a parl of the Far-cast Asia.

In this paper the chemistry of rain water
samples of monsoon has been presented. The
main objectives of the study were (a) to asses and
identifv the anthropogenic pulses recorded  in the
form of changed chemistry of rain water in the
region, (b) to differentiate between the chemistry
of various dissolved clements of two contrasting
cpasons. i.e.. winterand summer, (c)to  study the
input - sources responsible for introducing the

material into the atmosphere of the region.
MATERIAL AND METHODS

Series of rain water samples were colected
in the successive rainfalls during monsoon season

11

for the years 1993, 1994, 1995, Rain water samples
were collected from the top (first floor) of zuthor’s
residence at Gulberg, Lahore, Pakistan (at & fixed
point) in plastic bottles (400ml capacity) with the
help of glass funnel (4" diameter) so thata repre-
sentative homogeneeus sample of one rain spell
was obtained. The sampling site was kept at
5 feet above from its surrounding to avoid any
contamination. These samples were analyzed for
Na and K by Flamephotometer, Mg by Atomic
Absorption Spectrometer and  pH by digital pH
Neter.

RESULTS AND DISCUSSION

“The data for Na, K, Mg and pH of the rain
water samples of three. successive vears along with
their averages is given in Table 1. It can be seen
from Table 1 that the data for both individual and
average cationic concentrations of rain  water
samples of the monsoon gives litile information,
i.e., what is happening in this region. This may
be because of the variable quantity of the rain water
which. certainly disturbs the input signals in the

r



atmosphere,. For cxample, a greater volume of
rain water would dilute the signals and vice versa.
However, it is important to know that the use of
elemental ratios is the only solution for such type
of data where the ratio of elements remains the
same, regardless of the wvarying amount of rain
water. A vanalion in the elemental ratios would
therefore indicate anv  perturbation in the back-
ground signals. Therefore, in the this paper, only
the clemental ratios will be discussed for the better
interpretation of what is happening in the region?

According to the Encyclopaedia Britannica
(1986), the monsoon system is described as the
difference of temperature over land and sea, and
the southwest wind is a diverted southeast wind
from the south of Indian ocean which after some
4,000 miles journcy is highly charged with water
vapour and on reaching the north of Indiaiscaught
in the box-like arrangement of the Himalayan belt.
Chester (1990) described this system as the alteration
of westerly winds which in this season converts
to monsoon 'system. Ruddiman and Kuotzbach
{1991) explained this- system . as the resolt of sun
heat at high plateaus in summer, which in turn
rapidly warm the thin overlying atmosphere and
produce low pressure. The process ultimately
leads to the seasonal monsoonrains in Asia. The
air in the lower atmosphere swirls anticlockwise
toward and around the plateau in summer.
ever, in winter the process reverses.

How-

From above, it i1sclear that this wind system
develops in summer (from July to November)
when the loaded winds from the Arabian sea and
Indian ocean rises: and  travel towards the low
pressurc regions, i.c., the great Himalayas, causing
heavy rainfall in the region ina periodic fashion.
Another important point which can be concluded
from this discussion is that ‘No Himalayas  No
Monsoon.
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Simpson (1921) classified the Indian Monsoon
System into two categorics, i.e., (a) a Bad monsoons
when the Indo-Pak subcontinent reccives less rain-
fall, (b) a Good monsoon, when the Indo-Pak sub-

continent receives a sufficient rainfall. It appears

. from Table 1 that the monscon s2ason for the VEars

1993 and 1994 are not good monsoon seasons due
to less precipifation recorded. However, the
monscon 1995 is a cood monsoon year with plenty
of rainfall causing lots of floods in various parts
of Asia.

The troposphere is a reservoir in which ele-
ments arc present in particulates, gaseous and
liquid forms. These elements in the atmosphere
are infroduced mainly through the direct forma-
tion of particles (e.g., during crustal weathering,
sea salt generation, volcanic emissions) and the
indirect formation of particles in the almosphere
itself by chemical reactions and by the condensa-
tion of gases and vapours (Chester, 1990). A part
of these elements is then removed from atmosphere
through the process of precipitation of water
vapours in the form of droplets, eventually the
rainfall. :

The ratios of crust or sea dominated elements
are often used to identify the pulses of various ai-
mospheric inputs. Chester (1990) pointed out
that the K and Mg in the world acrosols have a
predominantly oceanic source. Ma ion is a major
Cation ' specie in sea water. Therefore, the Naf
element ratio can be used to study the vanation in
the samples of each successive rainfall. - For this
purpose, variation of Na K is plotted in Figure 1,
From this figure, two pulses of sea storms or hur-
ricane can be observed having high Na’/K ratios
during the monsoon- 1993 and monscon-1994,
In' these: particular spells, the monsoon system is
very much perturbed by the sea =salt formation dur-
ing hurricanes or sea storms. However, the aver-
age NafK for the rest of the rain water samples for
Good and Bad monsoon is less than 10.  The aver-
ape NafK' (values are ug/ml) of sea water is 25.



It may be therefore concluded that a few rain
spells of monsoon had likely to receive a direct sea
salt concentration from sea storms or hurricanes
which have been transported to land baving higher
Ma/K ratios.

The K and Mg in the world acrosols have
purely oceanic source as explained earlier. There-
fore, to see the effect of other than oceanic source
for Mg and K one can make use of Enrichment
Factor (EF) for K and Mg with respect to sea as
explained by Chester (1990) for acrosols. In this
method, the elemental ratio remains almost the
same in a system as initially present in the source
Anput, i.e., 5¢a water or earth’s crust.  Any EF (sca)
value = 10 is descnibed as Non-cnriched elements,
i.c., those clements have predominantly oceanic
source while the samples having EF (sea) values
greater than 10 are deseribed as Enriched elemients,
i.e.. these samples have oceanic as well
oceanic sources. The rain water is the result of
evaporation of sca waler on first hand and then
travels a long distance before it condenses and falls
on the lands/oceans. Therefore, the average cle-
mental concentrafions of sea water can be taken
for calculations of EF (sca) for various elements
to discriminate from non-oceenic inmpul sources.

a5 non-

The -average chemical composition of sea water
from Wilson (1975)has been used for calculations.
The formula for EF (s2a) for an clement *X° is as
follows :

Conc. of X in rain water

Conc. of Na i; rain wat
EF (sea) for X= it

Conc. of X in Ocean

Conc. of Na in Ocean

The EF (sea) for both K and Mg is plotted
in Figure 2. The values of EF (sea) for Mg and K
along with their averages are given in Table 1. It
can be seen from Figure 2 that EF (sca) for K in
almost all samples is less  than 10 which isa nom-
eariched zone where all the samples have predo-

. a relatively enriched clement behaviour.

No other than
oceanic input source for K!is visible in the dia-
gram. . On the other hand EF (sea) for Mg shows
relatively hgher values than 10 therefore entering
into the Enriched zone indicating predominantly
oceanic source slightly perturbed by non-octanic
sources. The non-oceanic input sources of Mg
could be the volcanic emission or - anthropogenic
activities. However, the addition of Mg ions into
the atmosphere due to
i5 more probahle.

mmnantly oceanic input source.

anthropogenic  activities

It may be concluded from above that the in-
troduction of K into the atmosphere of Asia is
predominantly of oceanic origin during evapora-
In contrast, Mgshows

The

tion or sea salt formations.

in=

"put' of Mg inlo the Indo-Pak atmosphere is pre-

dominantly oceanic source slightly perturbed by
NON-0Ceanic Sources.

The average values of EF (sea) for Mg for the
monsoon-1993, monsoon-1994, winter-1995 and
monsoon-1995 are given in Table 1. Tt can be
seen from this Table that the average EF (sea)
shows a decreasing trend from Bad monzoon to
Good monsoon. This shows that in Bad monsoon
the Mg concentration keeps on adding into the at-
mosphere from non-oceanic sources which zot fewer

chances to be removed from the atmosphere due
to less rainfall,

Itis therciore clear that a Good monsoon is
a blessing for Asia which certainly reduces the cer-
tainties of air pollution of the region. A Bad
monscon means a Bad atmosphere for Asia.

CONCLUSIONS

The Himalayas are the only major cause of
the development of Monsoon System in the region.
The winds swirl in anticlockwise in summer and
clockwise in winter causing rainfall in the region
in a periodic fashion. Heavy rainfalls and fioods
are the characteristic features of a Good Monsoon,
while lesser rainfall is observed in Bad monsoon



The monsoon season for the years 1993 and 1994
are not good monsoon scason as there is less rainfall
reported. However, the year 1995 is a good
monspon yacar with plenty of rainfall causing Tots
of floods in various parts of Asia.

A few pulses of sea storms or hurricanes can
be identified from the chemistry of rain water
samples having relatively higher Na/K ratios. The
EF (sea) for K as a function of Na concentrations
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in the rain water samples shows the non-enriched
element behaviour predominantly of oceanic origin
while EF (sea) for Mg shows slightly enriched ele-
ment behaviour indicating predominantly oceanic
behaviour perturbad by non-oceanic sources.

A good monsoon is a blessing for Asia which
certainly reduces the certainties of air pollution of
the region. A Bad monsoon means a Bad atmos--
phere for Asia,

TABLE 1.

Chemical variation of sea dominated cations in the samples of monsoon rain coliected from

Lahore, Pakistan (umits ; ug/ml.)

Dates pH Na K
Monsoon-1993
80-Jul-94 7.46 2.8 1.20
09-Jul-94 7.02 1.2 0.7
16-Jul-94 7.36 8.5 0.10
21-Jul-93 7.62 1.7 0.35
23-Jul-93 7.90 4.3 0.3
31-Jul-93 7.22 5.9 1.00
13-Sep-23 7.21 2:5 0.45
Average 7.40 2.3 0.59
Mosoon—1994
31-Jul-94 7.21 1.3 0.25
24-Aug-94 7.08 2:3 «0.50
24-Aug-94 7.32 1.0 0.05
03-52p-94 7.01 4.1 055"
04-5cp-94 7.19 1.5 0.15;
Average 7.16 2.0 U:;Iﬁﬂ

Mg Na/K MgiNe K E.F.K. F.FMF "
£ ] FEL

2,51 2.33 0.63 .37 7.48
3.82 3.14 1,32 , -8.59 14.50

1.33 5.00 2.22 §.40 22.50
2.77 4.86 1.35 § .56 13.60
6.59 14.33 1.43 1:88  -12:80:%
5.53 5.90 0.80 4.57 7.83
3.58 5.56 1.21 4.86 11.96
3.73 75587 1.28 6.06 12.943%
1.7 5.20 1.14 5.19 11.30
2.42 4.60 0.86 5.87 8.78
099 2000 0.94 135 8.27
2kt AlETi4s 0.47 3.62 4.42
0.70 * © 10.00 0.42 2.70"" " 3290

1.61 9.45 0.77 - iy b PSR, e B

=i



Winter—I1995

27-Dec-94
0%-Jan-95
14-Jan-95
12-Feh-93
27-Febh-95
Average
Mensoon— 1993

22-Jun-93
15-Jul-95
23-Jul-93
24-Jul-59
27-Tul-95
28-Jul-93
01-Aug-95
4-Aug-95
05-Aug-93
06-Aug-93
10-Aug-93
14-Aug-95
15-Aug-95
21-Aug-95
24-Aug-95

06-Sep-95

Average

6.72
6.90

659

6.85

6.90

7.61
5.91
T.44

7.44

5.3
4.5
2.4

4.5

i.1

3.7

3.0
257
1.1
1.4

I}EB
0.8
2.6

0.5
2.3
4.5
4.0

4.1

4.0
4.8

[+ ]
L]

9.85
0.60

0.35

0.60
B.60
0.30
0.35
0.20

0.20
(.50

0.20
0.10
0.10
8.60
0.70
1.04
0.30

0.85
1.10

(.48

15

0.75
1.31
0.4
0.67
0.97
1.47
0.34
0.48

0.10

bd

.89
3.62
1.04
1.35

5.14

1.44

6.82
9.00
6.56

4.40

7.05

5.00
4.50
3.67
4.00
4.00

0.08
5.20
6.50

5.00
3.00
7:50

5.71

410! ©

4.00
4.71

4.36

4.70

0.09
0.75
1.05

0.87

1.75

1.06

0.36
0.23
0.9
0.31
0.76
4,97
0.47
0.23
0.67
0.25
0.23

0.6l

20:71

0.69
0.23
0.87

0.53

3.96
3.0

3.94

3.30

6.13

4.07

5.40
6.00
7.36
6.75
6.75
6.57

5.19
4.15

5.40
2.00

3.60

" 4.72

6.58
6.75

5.74
6.19

6.02

8.6l
6.58

10.05

8.11

17.51

10.33

3.59
2.32
9.94

2.78
2.19
6.03
137"
7.24
2.82
5.94

5.45
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Variation in Na/K Ratios
in Monzoon Precipitation
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Fig. 1. Variation of Na/K ratio in the samples of monsoon rain

collecied from Lahore, Pakistan (units ; Na and K in ug/ml).
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Variation of EF{sea) for Mg in te
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Fig. 2. Distribution of EF (sza) as a function of Na concent-
mation in the rain water samples of monsoon. (a) Variation
of EF (sca) lfor Mg. (b) variation of EF (sea) for K.
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DIA CENESIS AND DIAGENETIC PROCESSES—A REVIEW

By

FAYAZ UR REHMAN
PCSIR Laboratories Complex, Ferozepur Road, Lahore, Pakistan

Abstract -—  Weathering is a common phenomenon occirring on the continental crust and is the main
cause for the change in rocks preseni on cartl's crust through weathering processes while diagenesis occurs in
the marine sediments and brings about the changes in the marine sediments through diagenetic processes. Early
diagenesis occurs immediarely after the deposition of sediments, whilst late diagenesis occurs over a longer period
of rime. Three main diagenetic processes have been ideniified in marine sediments.  Amiong them chemical
and biological diagenetic processes seem 1o dominafe in the marine environment and hence, are the major

coniributors in controlling the geachemical cycles of the clements.,

INTRODUCTION changes in the sediments. Similar is true for bio-

: logical diagenesis. A schematic presentation
Diagenesis is the sum total of all processes E! 2 P ool

; == : i this classification is given as follows :
occurring after the deposition of sediments in = B

water, which change or tend to change the genetics Chemical diagenesis
of the sediments. On the basis of chronology, it Farly Piagenesis— Physical diagenesis
is divided into two major groups; Early diagnesis rd Biclogical diagenesis

and Late diagenesis. Early diagenesis occursim- ~ Diagencesis <

mediately after the deposition of sediments and
is mostly confined to a few hundred meters in
depth, whilst late diagenesis occurs over a longer

Chemical diagenesis
Latc Diagenesis— Physical diagenesis
Biological diagenesis

period of time and is mainly confined to the bottom In both the main groups, the processes are the
layers of sediments. In early diagenesis, the came, but different in their intensitics. By using
chemical processes exceed the physical processes. these processes, onc can mark off the sedimen-

Converscly, in late diagenesis the physical processes tary environmenis.  Such an attempt is made by
excecd the chemical processes. On the basis of Berner (1981). He used the oxidation, reduction

processes, one can divide them into three categor- properties of sediments as manifested by the con-
ies : chemical diagenesis, physical diagenesis and centrations of dissolved oxygen and sulphide. His
biological diagenesis. new geochemical classification of sedimentary env-

. ; 2 : ironment is given i
Chemical diagenesis occurs due to the chemical ¥ entis givenia Tavble 1,

processes which changes the chemistry of the sedi- Mo doubt, this new geochemical classification
ments and physical diagenesis occurs due to the 15 a new contribution in chemical sedimentology
physical processes which bring about physical and chelaimed that his new classification



can be applied to the conlinental, coastal,
hemipelagic as well a pelagic sediments. How-
ever, the major problem with this kind of classifica-
tion is that it is purely based on petrographic work
and cannot be applied to the modern unconsoli-
dated deep sea sediments due to jts very fine grained
texture. The second drawback is that the sedi-
ments must originally contain sufficient iron and
manganese unless it will cause problems, as he
mentioned in his paper. Inspite of these probiems,
this new geochemical classification of sedimentary
environment can be taken as a basis for solving the
mystery of diagenciic problems. But quite often
I will also use a broad classification of ssdimen-
1ary environments as -

Oxic #-» Suboxic «—— Anoxic

There always exists a gradational boundaries be-
tween weathering, diagenesis and metamorphism,
ie,

Weathering £ — = Diagenesis % — =Metamorphism

Krauskopf (1983) made a rough boundary be-
tween diagenesis and metamorphism on the basis
of temperature conditions, i.¢., any alteration below
100° F to 150° F  temperature would come under
the heading of diagenesis or weathering. Berner
(1980) described the changes ‘occurring  after
contact of the particles with the atmospheric fall
under the heading of weathering. Therefore, in our
case all alteration occurring in the upper laver of
marine sediments fall under the heading of diage-
nesis or more accurately early diagencsis, The
: active oceanic ridges, vents and some hyvdrothermal
activities are cxceptional. In the following paras,
the diagenetic processes have been discussed with
respect to dilferent sedimentary environments.

DIAGENETIC PROCESSES

As soon as the sediments finish their global
journey and want to take rest at the bottom
9f the oceans, they are attacked by different
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processes, which continue in the
rest of their lives and try to change their
genelic.  These not only alter the major com-
position of sediment but also invite trace clements
as guests from overlying sea water and from
interstitial water at depth. These processes usually
occur side by side, however, their intensities vary
in space and time. Thess diagenetic processes may
be divided into physical, chemical, biological and
radioactive processes.

diagenetic

DIAGENETIC PHYSICAL PR OCESSES

These  importani diagenetic
about physical changes in the maripe sediments
aller burial. The effecis of these processes are small
in early diagenesis,

Processes brnig

However, a tiny change in
some physical processes may
in the nature of sediments,
intensitics has a

cause a greai chnng;a
The degree of their
direct relation with depth. The
greater the depth the more intense physical proces
SCS ane,

Al greater depth these dizgenetic physical pPro-
cesses grade into metamorphism.  Bup we are only
concerned with a few hundred meters depth of early
diagenetic' zone. Among diagenetic physical pro-
cesses the most important are, compaction and
diffusion,

Compaciion

Compaction is a bread lerm and is ap-
plied to any process in which a substance js
compressed under compressional stresses which
may external or internal. In our case, ihe
be sediments are mainly compressed by the force
of gravity which, in twm, js a weipht of over-
lying sediments and water column. Intermole-
cular forces are said to be the internal forces which
also contribute its effects in compaction. As a
result, the particles get closer and closer to make
4 more compact structure by expelling pore water.
The Aushed pore water then moves towards the

least pressure area, e laterally or vertically up-



ward. In compaction, three phenomena are usually
taken into account, i.e., porosity permeability, and
cementation.

Porosity
Porosity is defined as the total number of
voids present in the sample. 1t is uspally express-
ed in percentage, as follows : '
Total number of voids

x 100
Total volume of the sample

Porosity has an inverse relation with compac-
tion and depth. Therefore, sca surface sediments
have a maximum porosity due to minimum com-
paction. Keller (1970) suggested that certain pro-
periics such as water contents of over 5003;, poro-
sities of T0-802, liguid limits of 250 and liquidity
indices of 3,000 are more or less unique to all sub-
marine deposits.  From this, it is possible to ex-
press the porosity of the marine sediments by an
equation. Berner ( 1980) expressed a relation be-
tween porosity and depth in marine sediments as, .

0.60e-9'x + 0.30

¢

where x is the depth in meter and ¢ is the
porosity. 17 we multiply ¢ with 100, ‘we will
gel %age porosity. By putting x = 1, the corres-
ponding %/age porosity would be 849 whichis
more or less the same as indicated by Keller (1970).
A graphical representation of ¢ versus X (from
{he above equation) suggests that the relation is not
lincar o changes drastically in a few meter depth
and then shows linearity. [t means that maximum
compaction changes occur in the upper few melers
of the sediments.

According to Schlumberger (1972), there
also exists a relation between porosity and the
formation factor of the sample. Formation factor
may be defined as the ratio of the electrical resis-
tance of a brine-filled porous medium 1o the elect-
rical resistance (in obms) of the brine occupying
the same volume as the bulk porous medfum. For-
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maiion facwor is usually denoted by 7 as follows :

Where,
R, = Resistance of the porous
medium filled with brine

Ry = Resistance of the Brine

A number of relations are established for various
sediments to relate the porosity with formation
actor as given under :

gos
°
L]
_ =
|
= . for sand stone
Bl data from Ler-
1 man (1979)
e T for sand
L-34
i
= n—2.5—34, for clays |
.g,n
(.81
f— ... in sand |
&4 | data from Schiu-
0.62 | mberger (1972)
= ~. ... Humble Formula |
i
where,
¢ = Porosity of the sediment

b
=

Tortuosity of the sediments;

It is defined as the ratio of the
mean length of the path followed
by ao ion from one point to the
other in the porus medium to
the length of the same point join-
ing by the straight line.

From the above relations, one can easily predict
the porosity of the formation. The humble for-
mula in this resard, is supposed to have a wide



range applications and gives satisfactory resuls,
The knowledge of porosity is helpful while making
diffusion models, The formation Getor (f)along
with porosity (¢) of some deep sea sediments
are given in the Table 2.

Porosity has a direct influence on  the diage-
nesis of sediments. The sediments, high in poro-
sity. will obviously hold-more pore water hence,
more intense and rapid reaction will occur between
porc water and the sediments. Therefore, poro-
sity can be taken as a direct. measure of the pore
water content of the sediments which usuvally de-
creases with depth.

The term primary and secondary porosity is
quite often used by petroleum engineers to des-
cribe the oil well condition and should not be cop-
fused here.
sity is developed in early diagenesis. while secondary

In a simplest way, the primary poro-

porosity is developad in the late diagenesis. e.g.. in

most of the limestone oil reservoir rocks. the secon-
dary porosity is due to cracks. fissures, joints, or
fauliz developed by tecionic forces or by chemical
actions such as dolomitization. dissolution elc.

Permeahility

Permeability is defined as the nomber of inter-
connected voids present in a sediment or it is the
ease by which different rocks, soils and sediments
allow water 1o pass through them. Like porosity.

it is also expressed in %age and can be related as,

Total number of interconnected voids
Viage porosity= -x 100

Total volume of the sample

For maost civil engincering purposes, the per-
mcability is expressed in Darcy. It is not necessary
that a sediment h:n'in.g high porosity should have
high permeability, c.g., clay has a maximum poro-
sity but has less permeability due to the lack of in-
terconnecied voids. It mainly depends on the type
of sediments. The coarse grained well sorted sedi-
menis have high values of permeability. It is also
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affecied by compaction. Like porosity. it has a
direct effect un”ih-.:ldiagi:n-.:_-.i:_x of the sedimeents in
a sense that the sediments having more permeabi-
lity values allow to pass more water through them.
Therefore. more chances are provided to the dis-
solved species to aitack on the particle surfaces.
In oceans, permeability has more lateral distribu-
tion than the vertical. This phenomenon is more
common in near shore sediments. 3 :

The empirical relation betwesn porosuy (9)
and permeability (K) is fournd by diffzrent workers.
However, for our purpose, ie., for most of the
marine clayey sediments, the following expression
holds good, i.e.,

k = 107

Where k is expressed in Darcy ; permeability
i5 also termed as effective porosity.

Cementation

Cememtation is & process by which a cemen-
ting matertal fill in the pore spaces of sediments.
This may happen either due to precipitations or
chemical reactions. The cementing material is
commonly CaCOQ; Sometimes dissolved 8iQ,
(opaline silica), Fe-oxides, Mn-oxides and very fine
clavey particles of colloidal size act as a cementing
matler.  Cementing phenomenon is mors common
near shore sediments due to high permeability.
Maost important is that shore area lies above the
CCD (Carbonate Compensation Depth).

In deep sca scdiments, especially those lying
below the CCD, do have a cementing problem,
but here. the cementing material s -other than
CaC0; ie., Feand Mn oxides. In some cases, the
cementing-materialin deep sea sediments is CaCO4.

Apart from CaCO,, opaline silica (5i0;-nH20)
comes from the dissolution of guariz #c°by the
dissolution of shell matzrials (e.2.. diatoms. etc))
Bernzr (1971) regarded this as & late-diasenetic



process due to the absence of cemented silica in
recent sediments. From the point of trace metal
diagencsis. the cementing process gither by CaCO,
or Si0s and Mn-Fe-oxides play an important tole
in precipitating and diffusing the trace elements
from one place to other.

Diffusion

This important diagenetic physical process
can he defined as the migration of matter from one
part of a system to another part of the system cither
by random moleculur motion of wirbulent (or eddy)
currents.  When the migrated matter is in dissolved
form (1.2.. atoms) then the
phenomenon is called molecular diffusion. When
il contains colloidal or particular, lorm then it is
called dispersion. decp  sea sediments, only
molecular diffusion 1= of significant importance.
So. more emphasis will be given on this topic.

1ons, moelecules or

In

The molecular diifusion is the migration of
type

malecular

molecule. atoms or ons by intermolecular
forces. The the
diffusion 15 the zradicnt of the chemical potential
of the diffusing species. This simple principle
was first quantified by, Ficks (1855) and appeared
in the form of first and second laws of diffusion.
It states that,.

driving force for

“The mass of a substance crossing a il

area per unit time in a given dircction is
directly  proportional to  the concentration
gradient - measured normal to the section.”
1.€..

F a concentration gradient

or

dc
Fa—D. E {Fick’s First Law of Diffusion)

Where D is the proportionality constant and
‘usually known as the molecular diffusion co-effi-
cient expressed in area ber unit time.  F is the mass
_u_f the subismnlce per unit arca per unit time. Cis

- |
a

the mass concantration of the diffusing substance
per unit volume,

If the diffusing specie is neither produced nor
destroyed, i.e., the molecules pass in and out at the
same time, then conservation of mass requires-
(steady staie), 1.2,

ic iF
+ il
it tx
or
£C LF
at X

Putting the valus of F from Fick's first law of

diffusion we gel.

be ) jc
i PRIyt
it £x b
or
&e e
= D..—— 4 ke
£l £x®

This is called Fick’s second law of diffusion,
which relates the rate of change in concentration at
a fixed point to the second derivative of  concen-

lration with respeet to distance at that paint. This

is the basis of diagenetic difiusional process. Many
workers have tried to apply it in the nature espes-
cially in the marine sediments for the prediction of
diagenetic spikes. :

In marine sediments, it is assumed or almost
true shat water doesn’t move in the sedimentary
pore spaces. Therefore, the movemsent of diffe-
rent dissolved species is only due to the result of
molecular  diffusion process. These dissolved
species move from high concentration to low con--
centration  gradient  through interstitial water.
Many theories were made to explain the migratica
mechanism of the dissolved species in the intersti-
tial water of marine sediments. According lo
Schlumberger (1972), the potential developed across
the shale is responsible for: the movement of
positively uh[jrgg:dl ions through the shale. Similie



idea has been discussed by Berner (1950) in the form
of clectrical double layer. These ideas are quite
true for late diagencsis.  However, in our case, 1.e.,
in early diagenesis, these side processss are not im-
'i‘;mrmn: having very little or no effect. So, il is
good to make a generalizaed picture of diffusion by
considering our first assumption that firstly, di-
solved species in the marine sediments during early
diagencsis only travel through the interstitial water
from high concentration to low concentralion.
Secondly, the interstitial water in the marine sedi-
ments is stationary and dissolved species usually
move along vertical upward direction (but not  or
negligible movement in fateral directions). Thirdly,
the marine sediments are isotropic in nature in a
given depth.” Using these
modify Fick’ law of diffusion for marine sadimenis.

boundaries, one <an

DIAGENETIC BIOLOGICAL PROCESSES

It is evident that the sediment sarfaces act as
2 residential arca of small benthic community.
The population of these organisms decreases Lo-
wards the pelagic environments.  As they live at the
‘top most layer of contributes their
the ‘naturs of recent sedimenis
by physically, chemically or. biologically. Their
cailed bioturbation by
Berner (1980) and the zone is which they live is
called bicturbation zone. In this bioturbation zone,
zom. they play their own games, dig their holes
and most frequently. they run fom place to place.
These movements are responsible for the physical
changes of the sediments in the form of mixing €5-
peeally, their digging process bring bottom
material to the top and top material to the bottom
Their running activitie may use small turbidity
currents and the resulting effect is the resuspension
of sediments. Apart from mixing, their holes or
small houses change the overall structure of the
: tupf mosi sediments.

sediments,
efforts in changing

resulting processes are

Their shell remains in the sediments are respon-
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sible for the physical as well as chemical changes in

the sediments and interstitial water. These shells

are mainly of calcite or opaline silica (called cal-
carcous and arenaceons oozes) which when go into
the depth, may dissove and increase the alkalinity
of the pore water. This change in alkalinity may
cause dissolution or precipitation of S-OmE- :mé
metal species.  Another important phenomenon
that occur in diagenctic biological process indicat-
ed by Berner (1920) is thar the dissolved species
produced by the diagenctic reaction migrate mole-
cular diffusion from high concentration of pore
water to the

low concentration water of their
borrowed holes.

These small creatures also mix
the interstitial water with the overlying sea water
by drinking and fiushing processes. The thickness
of bioturhation zonc varies rom coastal o the
open  $2a environeent.
thicknsss of this

However, the average
biolopgic -active zonc 15 Scm
(Mozaki et al. 1977) because, below 8-10°¢m, the

conditions become anoxic.

DIAGENETIC CHEMICAL PROCESSES

These are the mot important types of early
diagenetic processes which change or tend to
change the chemisiry of the marine sediments.
The inten:ity of these chemical processes exceeds
the physical processss in early diagenesis as men-
tioned earlier. Among diagenstic chemical pro-
cesses. the most important processes are adsorp-
tion‘desorprionion  exchange, bacterial
microbial reactions and precipitation/erystalliza-
tion/dissolution.

action

Adsorption Descrption ion Exchange

Marine sediments most often consist of very

fine grained material, less than one micron.
Therefore, nravide a largesurface area for reaclions
with the ssa water as well as interstitial water.
These tiny nparticles have efecirical charges at their
surfaces, usually termed as vander walls forces.

Bspecially, slay minerals, due to their silicate net



structure, show such type of behaviour, ¢.g., 10
montmorilonite (a2 clay mineral) structure, the Al
‘tan be partly or wholly replaced by Fer+, Mg*+,
Zn++ and by smaller amount of Li*, Cr**4, Mn*?,
Nit++(Mason, 1966). Thereiore, these substitutions
Imuse a net negative charge disbalance (or charge
deficiency) on their surfaces. This charge defici-
ciency is usually then balar,uur:l in the nature by the
attachment of cations around their surfaces.

Therefore. the pracess by which dissolved ions,
molecules or atoms are attached to the solid part
'of the sediments by electrically or vander walls
forces is called adsorption. Desorption is the in-
verse of adsorption in many respect The ferm
jon exchange (or cation exchange)is used when these
adsorbed ions are replaced by other lons. These
ioter related processes occur simultanzously on the
surfaces of solid particles, therefore, sometimes
called surface phenomena. Berner (1980) indi-
cated another typs of surface process called
chemisorpiion in which the adsorbed ions are held
by chemical bonds. Eleetrical double layering in
sediments is the process by which a potantial deter-
mining ion or layer calléd fixed layer is surrounded
or adsorbed by the counter ions present in the
solution.

In marine sediments, the mineral [llite (a clay
mineral) 15 the most common mineral, which shows
mnegative charge dcnc-encv on s surfzce and pro-
wﬁcs a sood upn-urtumty for the adsorbed cations
Ecm.t gives nse to clay-type-double layer adsor-
“ption. The most striking feature of clay-type-
double layer in marine eavironment is the deposi-
tion of colloidal particles of Mn and Fe-oxides
around the clay minerals.

Dolomitization 15 another example of this pro-

5. '“Mason and Moore (1988) pointed out thal

“'during diagenesis of carbonaceous minerals the Mg

‘richlsea water is responsible for the fal!nwmg dolo-
“mitization reaction. .

2CaC0;+Mg+ + &= CaMg(CO;);—Ca++

Instead of these ionrganic species in the inter-
stitial "water, some organic complexes also plav a
part in adsorption either by acting a fixed laver or

‘diffusion laver, e.g., humic substances in sediments

show higher cation exchange capacity than sonie
clay minerals. It appears that adsorption process
has. probably, a greater effect on clay mintrals in
marine environments which is clearly shown below
{Mason, 1966).

“Montmorilonite is the most reac-
tive of the clay minerals and does not
generally survive in pre-Mezsozoic sedi-
menis. It has a close structural rela-
tion to these minerals, especially in the
marine environment. The comparatively
hich concentration of ~potassivm  and
magnesium in sea water promotes this
change. Illite is the commionest clay
material in marine sediments and s¢dimen-
tary rocks. The fixation of polassium
in IMite and magnesium in chlorite is
probably an important mechanism in
regulating  sea-water composilion.  In
ceneral, diagenesis promotes the forma- |
tion of illite and chlonte and' the disap-
pearance of kaolinite and montemori-
lonite, so that shales and argillites consist
largely of the former minerals.™

Puring adsorption process, most of the trace cle-

“ments behave similar to the major lons in inter-

stitial water. The adsorption process is consider-
ed to be an equilibrium process, hence can be ex-
pressed mathematically as,

nAzq + mB; <——>> mBa; 4+ nAg

and 3t
' iBaq - 4Ag
Kiw= —
fAaq - °Bs
~where,
a = activity
5 = solid

ag-—aquzous



Tt is easy to- calculate the activity co-sfficient
for the dissolved ions, but no simpie theory is avail-
able for the determination of activity co-efficient
for adsorbed tons. - Different models were present-
ed 1o explain this problem by taking some serious
assumptions.

Bacterial Action or Microbial Reaction

Those changes which are carried out by micro-
organisms (called bacteria) in the early diagencsis
is known as microbial reactions or simply bacterial
action. Thes2 bacteria are of a few pm in size hence
provide larger surface area in the interstitial water
as compared to the organisms present in bioturba-
tion zone. The dissolved species in the interstitial
water go and come out of their membranes and are
utilized for their body tissues. This process is
called metabolism. The metabolism can be divid-
ed inlo two types, L.¢., assimilation and dissimlation.
In assimilation process the dissolved species are
absorbed by the micro organisms for making their
body tissue. Conversely, in dissimilation process,
the complex molecules are broken down into the
simple one with the release of energy. This release
on energy is then used for assimilation processes,
therefore, both the processes are interdependent and
occur spontaneously. Here, we are only interest-
ed in dissimilation process and therefore, discussion
will be concerntrated only to the dissimilation
metabolic processes.

Now we will see how these micro gangsters
take part in the destruction of dissolved and undis-
zolved, organic and inorganic species present in the
marine sediments for their eneray reguirements,
Greediness is 2 natural ‘and world wide pheno-
menon, which not only apply to human beings and
animals but also applicable to these micro orga-
nisms,i.e., the interstitial water contains a variety
of substances.  These “different species when
undergo degradation by these micro  organisms
release some encrgy.  This energy is then used for
the counter process. i.e.. assimilation as mention-
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ed earlizr. Tt is obwvious that thoss organic species
which relaase maximum energy on their desrada-
tion will be taken first by these tiny gangsters. The

actual sequence of these reactions 15 spectacular.

An hypothetical model presented by Berner
(1980) is given Table 3. 1In which the Gibb's free
cnergy is supposed to be the [unction of their
choices. From these reactions, it is evident that
first step is the utilization of dissolved Os In inter-
stitial water. When it is depleted the reaction
turns over to the next favourable specie, ie., NOs,
called denitrification and 30 on. The order of de-
gradation of different pspecies by microbial activity
is as follows.

0a > WOz > MnO; = Fe(OH): = 50, > CO,.

As these reactions are hypothetical, therefore,
many worker iried to explain their theory by mak-
ing their own rcactions and no one is sure about
their results (This is because, we do not know the
nature of organic complexes in the sediments) :
c.g.. Willson et al. (1984) described his model by
assuming the following reactions.

1380, 4 (CH,0) 106 (NH3) 16H: POy +ISHCO:—»
124C0O; + 16NO3; + HPDy 4+ 1430H20

and for denitrification,
94.4N0; + (CH:0) 106 (NH3) 16H;PO,——
13 .ﬁCU‘; -=-0924H CcO 34535.2N 5 '&'LSH:D—-E— H PD;

A list of complete reactions with their Gibb’s free
encrzics have been presented by Froelich et al.
(1979) and is given in Table 4. The order in which

the oxidants are consumed are miven in the Follow-
ing order.

O; = MnOs > NO;: = Fea0: >80, > CHy

Similar reaction serics were adopted by other
workers, such as, Liet al.(1969), Jahnke et al. (19582)
and Goloway (1982). A number of diagenelic
models in the marine sediments have been' demon-
strated by taking into account the oxidative destru--



crion of organic malier during early diagenesis as
pointed out by Froelich et al.(1979). Forexample,
Nembrini et al. (1982) presented 4 diagenetic model
for sedimentinterstitial water system for Mn in
which the oxic sediments are divided into threc

layers depending on the »in chemistry.

Lyle (1933) iniroduced his new guantitative
-nterpretation technigque using the colour contrast
as basis due to change in Fe chemistry, i.e., bown
colopred lavers in the recent marine sediments in-
dicate the oxidized zone while green colour repre-

sants the reduced zone.

David (1983) introduced his ideas by wsing Mn
chemistry (same as sembrini et al., 1982) but in-
troducing forth zone, ic. the equilibrium zone,
where Mn—2 is presenl @as MnCO, in the early
diagenesis of marine sediments.

The mobiii zation and cycling of trace metals
during the carly diagenesis in the marine sediments
have been discussed by many workers. .., Collay
et al. (1984), ﬁtlcretal.{l‘?ﬂi}Shimmitldand Price
{1986), Anderson and Rippey (1988), Helder (1989),
Chester (1990}, Shaw et al. (1990) and Richard and
Jahnke. (1990). All of them agreed on one point
that the mobilization and cycling of metals during
the early diagenesis is manifested by the oxidative
destruction of organic carbon present in the recent
marine sediments.

A dietailed work on organic matter diagenesis
with special reference to the microbial activity in
petrolcum geochemistey by using steroids was done
by Mackenzic (1952)
mostly
Early diagenesis of anuno acids and organic
matter in coastal marine sediments is carried oul
by Henrich and Farrington (1987).

However, his work was

confined to the late diagenslic processes.

It's true that in nature, every element has to
complete its cycle in one or another way. In geo-
chemistry. this idea is cailled “Geochemical cyele
of the clements.”  The cycling rate differ from ele-

ment toclement. The microbial or bacterial action

27

has an important place among mosi of the geo-
chemical processes and play an-important role in
converting elements from one phass 10 another
This is also true for trace metals diagenesis

PRECIPITATON/CRYSTALLIZATION/
DISSOLUTION

Precipitation is a process in which dissolved
substances separate from solution as a fine suspen-
sion of solid particles. These processes are usually
carried out by the chemical reactions such as oxi-
dation-reduction and acid-base reactions between
some dissolved and undissolved species. However,
the acid-base reactions in marine environments are
rare and most of the precipitation is due to oxitda-
tion-reduction reactions.  Crystallization is &
process in which the dissolved ions of a super satu-
rated solution arrrange themselves in a rezular
peometric shape due to the intermolecular forees at
given temperature and  pressure conditions.
Rhombohedral structure of calcite crystals and
elongated crystal of aragonite are good exampies
of crystallization in marine sediments. Dissolu-
tion process 15 completely opposite to these proce-
cesses, in which different minerals go into the soln
tion under changed conditions. Dissolution of
CaCO, in deep sea sediments due to change in
pressure is a good example of this process.

For crystallization/precipitation, the solution
should be  super saturated or at least saturated.
It is possible to detcrmine whether sea water
or interstitial water (or any solution) is saturated
with respect to certain jons or nob Berner
(1980), explained these conditions in the following
relation, i.e. '

IAP .
0= — Ry
k
and if,
0 = 1. solution is supersaturated
{1 = 1, solutionis saturated

solution is under-saturated

T



where,
1AP = Actual ion activity product, i.c.,
TAP = ax - us

k = eguilibrium ion activity product or
{stability product)

The aciivities of different ions can be calculat-
-ed as,

oy = ':'{'_l

where,
Ca— concentration of A
7 = activity co-efficient of A

The activity co-officieants can be found by Davie's
equation at]different concentrations as,
! 11 TR

W1

'Il'.lg T — AT | - 0.2°1)

Iee:¥ | A i
where,
Z = charge of the 10n
A =182 X 106 (eT)
where, € = dielectric constant of
water at given temperaiure. ;
~=05at 25" ¢
1 = ionic strength of that 1on
and 15 related as,
J=13Z(Ci.Z2])

But A

where C = concentration of ions
Z = valency of the ion

. Nucleation is another important phenummm
in ctys.ta]hz:ahum in which the atoms or ions are
attached zround a first formed crystal called nucleus.
In most of the cases the nucleus is other than the
ungmal mineral. .., in oolites or pisolite or even

in Mn-nodules, a sand grain or a shell remain acts
The rasulting minerals are precipitat-
ed around these nucleus in a concentric fashion.

as a nuclens.

C:)-siaihmuan of rmm.ra]s is an important tool
fﬂr lhr: study af s-edlm-erlt 5 hls{tury, e.g., the twino-
mg and :rrcgulantms in “the crystal Shape indicats

the pressure, temperature and compaction pulses
in_the sediments. Pyrite crystals in \Edlﬂh.rﬂ.ir‘r
rocks are frequently uwsed for this purpose under
microscopic studies. Dissolution mostly depends
on the solubility and saturation conditions of the
environment. In marine sedinenis the pressure
and temperature do eficet the dissolution processes.
The most soluble mincrals ‘ever found on the carth
is MzCly and NaCl whos2 solubilities are about 3
maoles litre ot 25% €. The solubilitics of different
minerals are given Table 3.

DIAGENETCIC RADIOACTIVE PROCESSES

Like other diggenclic processes. madioactive
diagenetic processes also ;ml a separate identity.
Radicactivity proceeds at a constant rate and there-
fore, is independent of tcmrn:ratur.:. pressure and
chemical reactions. Radicactivity is the spon-
tancous emission of radiation (i.e., a, f and ¥ rays
from the nuclei. Those elements which emit
such radiations are called  radicactive clements.
Most of the elements in nature have one or more
than onec isotopes which are similar in atomic
number but dificrent in their atomic masses,
Thm isotopes are unstable and continuously cmit
radiation.
usually changes into a new clement of lower alomic

A radioactive element, after emission,

number called daughter element while the former
is called parent element. This process is called
radioactive decay.  In the marine sediments these
radioactive clements exist along with their daughicr
clements.  As the decey rate is constant. therefore
it is possible to calculate the age of a particular
horizon by knowing the concentration of parent
and daughter clements. A term half like is wsed
to describe theirspan. It isdefined as the minimum
time taken for half of the atoms of a radicactive
elements to underzo decay 2nd mathematically is
axpressed as

693

where,



£} = half life of an element

+ = decay constant
Three famous radioactive series are in - common

use for the purpose and are given below :

218 — 234Th — “34Pa —» 2341 —230 Th——

mmm_.:i

(R b =

[~24Bi « 214Pb « 21tPo + R0 < Ra22€c ]
| _s214pp_3210pp 3210 3210P-2306Ph
20Th—»228Ra »®EAc—s EﬂThaf-‘v*Rg—j
200Ph e—212Po212Bi 1 2Ph e 220 P22 R o
L'M-TJI'
2151 ] 20 Th—231Pa—-2TAc 41 Th—ﬂ?i}u_.—r]
207Ph«—207T 1 21 Bi211Ph < 215Pg219R n— |

L b b

In the marine sediments, the radioactive
clements deposit at a constant rate and undergo
constant decay after deposition. Therefore, one
can make use of their concentration for the predi-
clion of sedimentation rale or age determination
in a particular layer (Broecker, 1974). The key
formula used for this purpose is :

D =Dy + 7 (At — 1)

where,
D = conceniration of davughter clement at
time t
D = concentration of daughter element at
time 0

o = conceniration of parent element &t
time t

1 = age of the sampls

The values of Pand D can be determined
by the analysis of sedimentary samples, while
A= and D, are obtained by ploiting a praph
between D and P.
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MNow it is easy to find out the values of t by
solving two simultaneous equations [i.e., e**—1 =
S: D= D; 4+ Plex—I]]. work
has been done on radioactive dating _ﬁsing different
element ratios. DBroecker  (1974)
mentioned three radicactive dating methods es-
pecially for the determination of sedimentation rate,
je, CH/C12. Thi20fpa23l apnd KA9/AM0. A
number of combbinations (parent and daughter
How-
ever, the imporiant point which should be kept in

A considerable

radipactive

clements) can be made for this purpose.

mind is that the daughter elements should be stable

It should
not be so active that it escapes from the system, e.g,,

enough to support their parents, Le.,

Th is known as unsupported daughter clement of

U in marine environmenl duc to its high activity.

In terms of trace metal diagenesis, radioacti-
tivity in marine sediments provide an idea of decay
and production rate of some elements. Thercfore,
some of the trace elements like K, Pb. eic., in in-
terstitial water as well as in sediments give a com-
bine effect (including radicactive produciion and
the original conceniration). For belier resulis,
these radicaclive spikes (positively or negatively)

should be encountered.
CONCLUSIONS

The ovicome of this study is as follows :

(1) Weathering is a common phénomenon
occorring on the continental crust and is
the main cause for the change in rocks

present on earth’s crust through weather-
ing processes while diagenesis occurs in the
marine sediments and brings about the
changes in the marine szdiments through
diapenetic processes.



(ii)

(iii)

{iv)

Diagenesis may be classified into two main

groups on the basis of chronology, i.c.;.

early diagenesis and late diagenesis.  Early
diagenesis occurs immediately after the
deposition of sediments and is mostly con-
fined to a few hundred meters in depth,
whilst late diagenesis occurs over a longer
period of time and is mainly confined to
the botiom layers of sediments.

In carly diagnesis, the chemical processes
exceed the physical processes.  Conversely,

in late diagenesis the physical processes ex-

ceed the chemical processes.

On the basis of processes, two of the main

groups can be divided into three catergories;
chemical diagenesis. physical diageensis
and biological diagenesis.

Among diagenetic processes. chemical and
biological processes are dominant in maring
environment and hence, are the major con-
maring '

tnbutors in moeodifving the

sediments.

ACKNOWLEDGEMENT.

The author wishes to thank Professor R.

Chester for his sincere guidance and help during

Ph.D. research at Liverpool University.,



ad

TABLE 1. Geochemical classification of sedimentary environment.

"I Oxic (CO: = 10-6) bematite, goethite, MnO; type minerals, no organic
matter
II. Anoxic (CO; < 10-6)
A. Sulfidic (CH2S = 10-6) pyrite, marcasite, rhodochrosite, alabandite, organic
malier.

B. MNonsulfidic (CH:S = 10-6)

1. Post-ixic glavconite & other Fe*=-Fe3t silicates (also siderite,
vivianite, rhodochrosite), no sulfide minerals ; minor
organic matter

2. Methanic siderite, vivianite, rhodochro site; earlier formed sulfide
mingrals, organic matter

TABLE 2. Formation factor ( /) for a variety of deep-sea sediments from Deep-Sea Drilling Project
(DSDP) ; Data from Berner (1980).

Depth (m) & i
Clayey. Nano-plankton ooze (212) 12 0.79 2.0
do— —do— 170 0.48 -4.5
—do—  —ido— 299 0.55 4.1
Clayey, diatom ooze (213) =1 0.87 1.6
—do— —do— 15 0.%6 1.7
—do do 24 0.87 1.9
—do—  —do- 62 0.34 1.7
Foram-nanno ooze (214) 6 0.68 2.9
—do— —dp— 63 0.68 2:7
—do— —do— 136 0.66 2.6
do-- —do— ; 254 0.47 % 1)
Radiolarian coze (213) o 0.86 1.6
—do— —do 38 0.88 1.7
Manno ooze (215) B3 0.38 3.0
—dp— i —ggi 195 0.55 3.2
—do do— 115 0.51 3.3
=do— o= 136 0.50 4.2
Silts with interspersed nanno ooze (218) 72 0.33 1R
—do— -do— 232 0.45 5.8
—do==L" —do— 376 0.48 6.8
—lo— = —do- 451 0.41 6.3
—ido— —do— 4358 0.4 75
—do—  —do— 613 0.41

fd =
o

Clay-rich nanno ooze (217) 7 0.72




Table-3. Possible degradation processes in. the marine sediments a< a function of Gibb's free enerpies.

CH:0-+ Ug-+C02+H10 —475

SCH,04+4N0;—2N:+4HCO: +C02 +3H0 ‘448
CH>0+3C0;+ Hy0 +2Mn0;—52Mn* -+ 4HCOS™ 349
CH,0 +700 3 +4Fe(OH);—4Fe* + +8HCO;+3H:0 14
2CH;0+ SO—>H:S+2HCO; S5y
2CH,0-CH,+CO: —38

Table 4. Oxidation reactions of sedementary organic matfer (after Froelich et al. 1979).

1. (C1,0) 106 (NH3) 16 (H;POg) + 1380; —= 06C0O; + 16 HNO; + HiPO; + 122 H.O
AG® = 3190 kl/mole of Glucose
2 {Ci:[]] 106 (NH3) 16 (H;PO:) + 236Mn0; + 472H** —— 236Mnt 4+ 105005 + 8N+
H:PO4 4+ 366H20
AGY = - 3090 kJ/mole (BIRNZSSITE)
- 3050 kJ/mole (NSUTITE)
-2920 k¥/mole (PY ROLUSITE)
3. (CLO) 106 (NH:) 16 (H3POg) + 94 - AHNO3z —— 106C0O2 + 552 Nz + Hi:PO+
177.2 H-0
AGY = -3030 Kl/mole
4. (ChLO) 106 (NH3) 16 (H;PO4) + 212Fe;0; (or 424 FeOUH) + L4SH+ ——> 424Fe*++
106 CO> + 16NH; + HsPO; + 530H;0 (or 742H.0)
AGT = - 1410 L.]_-:11c-1eI{HE?'~1.1'IHE-, Feas)
- 1330 kJ/mole (LIMONITIC GOETHITE, FelH)=

5 (CLO) 106 {NH_&;' 15{1‘13"0{} + 535042 - —— IWLD: = l6NH; + 3352004 H:POg;
106HsP

AG® = - 380 kljmole

6. (CL0) 106 (NHy) 16 (HiPOy) —+53C0, + 53CHg + 16NH; 4 H3PO4
A Ge = - 330 k7 mole
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Table 5. The solubilities of various minerals at 25 C in water (data f—om Lerman, 1979)

Solubility
Substance moles per litre
Ca. (PO4) OH 2 % 108
KAISiz0, 32 107
NaAlSiz0, - 6 - 10=7
BaS0y 1 = 10-7
ApCl 1 x 10-%
SrCOs 3 % 10-5
CaCOs3 6 = 10-%
AgaCrOy 1 x 103
PESO, 1 » 104
Ba (103), : T ()
Sre0y 9 x 10-4
Opaline 5i0; 2 % 104
CaS0, - 2H,0 Sivac: 104
Na;804 - 10H0 PE5 D3
MgS0y - 7H.0 3 x 1041
Na.CO; - 10H-0 15 1041
KCl - 4 x 104!
NacCl 5 x 10+!

MgCls - 6Ha0 5 x 10+
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CHE’HICAL AND MINERALOGICAL CHARACTERISTICS OF A SALINE
SODIC SOIL UNDER IRRIGATED KALLAR GRASS
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Abstract :  The stability of clay Sminerals under saline sodic xails is not well investigated and may
differ from one soil to other depending upon the geochemical characteristics of the soil - Field studies were
conducted fo evaluare changes in sofl clay mineralogy, chemisiry and soil  solution characteriztics as a result
of long term cropping of salt tolerant kallar grass under brackish grovmd waters. Data indicates that mere
unstable clay fraction tends to accumulate at deeper horizens. Under cropping, salinity of the soil solition
decreases due to leaching of salts down and decrease in pH accelerates the weathering of clay compared to
wncropped soil. The release of K in soil solution indicates the transformation of illite clay 1o randomly
intersiratified material probably smectite which increases with growth of grass. The improvement of xoil
physical properties reported elsewhere (Akhrer ctal., 1995) and changes in clay surface area and cation exchange
capacity may be atiributed mainly to the changes in the nanwre of clay.

INTRODUCTION water and ground water under large tracts of saling
P areas is also brackish. The biological approach

In Pakistan, out of 15.62 million hactares of ; : y : 5
considers saline seils and brackish water as useafle

aerable land, 5.8 million hactares are affected with A :
salinity and sodicity (Chaudhary et al., 1978 ; An- resourcs rather than liabilities and recommend
;c:-nymv;us 1985), and more land is lost to cultiva- growih of salt tolerant plants and among these kal-
tion every year due to salinization. A complete |2 8rass has been the most studied and preforred
solation to the problem of salinity requires leaching crop (Malik et al., 1986).

of salts with good quality waler coupled with com- Identification of the properties of the soil sol-
prehensive drainage system, and replacement of ex- ution resulting with- irrigation water of moderate
changeable sodium by adding chemical amend-

to high salinity and evalvation of impact of salinty
ments. These measures being expensive do not

on soil physico-chemical and water transmission
seem feasible dus to shortage of goed supply of properties is esseatial (Ayers and Westcott, 1977 ;
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Rhoades et al., 1973, 1974 ; Akhter et al, 1988).
Several laboratory and theoretical studies (Jury et.
al., 1978 a & b) have elaborated the infiuence of
saline irrigation water on soil solution concentra-
tion and has predicted the time required to achieve
the steady state salinization. Yaron and Shainberg
(1973) showed that soils with similar texture and
cation exchange capacily (CEC) may differ in their
suscepltibility to the deleterious effects of exchange-
able sodium and electrolyte concentrations.

Mineral weathering and formation may be
different in poorly drained saline soils and nonsa-
Laboratory studies have indicated that
rate of mineral dissolution increases with increasing
pH, such as kaolinite (Carroll and Walther. 1590,
muscovite (Knauss and Wolery, 1989), quartz
(Brady and Walther, 1989) and feldspars (Knauss
and Wolery, 1986). Rai and Lindsay (1975) re-
ported that the stability of both primary and secon-
dary minerals increases with increasing pH.

line soils.

Limited information is available on the charac-
teristics of mincrals in saline sodic soils despite the
large areas of affected land. Soil investigations
have generally focused on reclamation and manage-
ment technigues rather than on mineralogical trans-
formations and weathering characteristics occuring
under these chemical conditions. Mineral charac-
teristics may be affected by composition of the soil
solution. Therefore, the objectives of this field
study were to characterize the clay mineral co mposi-
tion of a highly saline sodic soil and determine their
stability relative to altering soil chemical Composi-
tion under Kallar grass irrigated with brackish
water.

MATERIALS AND METHODS

The experimental description is given elsa-
where (Akhter 2t al., 1993). Soil samples from the
horizon A (0-10cm), B {40-60cm) and C (90-100cm)
were collected randomly in triplicate from the felds
at the end of every growth vear of Kallar grass uptill
5 years. Virgin soil was obtained from the field that
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has been cultivated and kept as contral. Subsam
ples were air dried, crushed and passed through
2mm sieve. Saturation extracls were analvsed for
PH. Electrical conductivity, cations and anions
(U.S. Sulinity Laboratory Staff, 1954). Concen-
trations of CO:, HCO;, Cl- were determined by

citration. 50,7~ by turbidimetry (American Public

Health Engineering).

The clay fraction of representative samples
were separated using gravity sedimentation techni-,
nique after removing soluble salis.  The soils were
ultrasonified for three minutes at 400 W and treated
with sodium acetate (1o remove CaCQO;), hydrozen
peroxide (to remove organic matter) and sodium
dithionite (to remove iron oxides).

For mineralogical analyses with X-ray diffrac-
tion (XRD) the clay powder was lightly pressed into
an aluminum sample holder to achieve random
orientation of mineral particles. A subsample of
each clay powder was re-dispersed in distilled water
and suspension was sucked under vaccum on each
of two 0.2 micron millipore filters 1o produce
maximum orientation of the platy clay mineral
particles.  One of these so called oriented sample
was saturated with magnesium (IM MgCl;) and
glycerol to aid identification of clay mineral com--
ponent by XRD analysis. Diffractograms of the
clay slides were obtained with a Philips diffracto-
meter (Model 1710, Philips Elecronics Ltd.) The
other, saturated with barium (IM BaCly) was
analyzed by X-ray florescence spectrometry to
determine the cation exchange capacity and major
chemistry of the clay fraction which wers alslu used
for identification purposes.

The specific surface area of soil and clay frac-
tions was determined using adsorption equation of
Braunacur, Emmett and Teller (1938) by using nit-
rogen adsorption. The samples were degassed in
special containers in a stream of dry N, Nitrogen
was allowed Lo adsorb on sample for 10 minutes at
77°K and gas desorption was measured using a



catharometer in a sorplomeier.

RESULTS

The water used to irrigate kallar grass fields
was pumped from a local well and was categorised
as Cs5; (USDA 1954) and unfit for irrigation (Ana-
lysis given in Table 1). Flood irrigations (~8cm)
were applied according to the requirement of the
grass. Kallar grass beinga preniel plant was grown
upto 5 vears. The grass was harvested from the
field in 5-7 cultings per year and green matter yield
remained —30tonshac-Ivear)l.

The uncropped soils (TC) were highly saline
and soil solutions were dominated with Na¥, CI7,
HCO; and SO4~Zions upto C horizon (Table 2).
The amounts of MNa+, Cl-, HCO:- and SOy *
ions decreased at all depths significantly with cropp-

_ing up to 5 years bul varied substantially (Table 2).
Generally the concentration of K1 increases in
soil solution with growth of grass in all treatments
compared to Te.

EFFECTS ON SOIL SALINTY AND pH

The soil is highly saline because the electrical
conductivity (EC) of uncropped soil (TC) remains
=22d5m-1 at depths A and B and 12 at depth C
during the study period. The EC of the cropped
soil (T1, T2. T3. T4 and T5) generally decrcased
significantly at- alt depths (Fig- 1). It reduced
(22.3.2) d5/m at A, (22.2-1.8) d5/m at B and (12.3-
44)dS/m at C after one vear trcatment only
(Fig. 1). After T2 the EC incregased slightly
than T1 but again declined after T4 and T3 treat-
ments (Fig. 1). The average pH of uncropped soil
remained —10.5 upto € horizonbut decreaased
after growth of grass (Fig. 2). The trend of soil
pH variarion with treatments was similar to varia-
tion in soil EC.

EFFECTS OX SOIL SODIUM ADSORPTION
RATIO (5AR)

Sodium chloride was the dominant salt in

e

patural uncropped soil and SAR values were higher
at A and B depths compared to C depth (Fig. 3).
The SAR reduced drastically after T1 at ail depths
compared to Tc and increased after T2 and T3
compared to Tl. Soil attained a consistant SAR.
at A and B depthsafter T4 and T5 treatments. The
SAR valuecs remained highly variable at C horizon
and ended up with higher values after T5 com-

parad to Te (Fig. 3).

SDIL CLAY CHARACTERISTICS

Surface area of soil clay fraction ranges from
74-120msg~? and in uncropped soil decreases
with soil depths (Table 3). The soil after treat-
ments from T1 to T3 shows adecrease in surface area
arca at @ A horizon and coresponding increase at
B and C horizon (Table 3). Characterisation of
soil ‘clay reveals micaceous, probably muscovite
dominated mineralogics with varying admixture of
other minerals (Tabic 4). The soil contains ex-
panding smectite, a major proportion of randomly
s iterstratified material, while kacline and chlorite
are minor constituents. Quartz, hematite or goet-
hite and feldspar are present in trace amounts
(Table 4).

The uncropped soil contains about half the
illite and one quarter kaoline (Table 4) and both
decrease with growth of grass. The randomely
interstratified material, hematite /goethite, feldspar
and chlorite increases with the growth of grass
(Table 4). The cation exchange capacity (CEC)
ranges from 25 -36 meq / 100g which increases
slightly with growth of grass. The chemical compo-
position of soil clay fraction reveals (Table 5) that it
contains about half the silica, 209, alumina, oxides
of iron. magnesium and potassium as major con-
stituents.  Oxides of magnanese, titanium, calcium
and phosphorous are present in trace amounts
(Table 5). The concentration of alumina increases
and K,0 decreases (Table 3) while concentration of
other oxides remains similar with growth of grass
in soil clay fraction.



DISCUSSION

The salt balance presented in table 2 indicates
that growth of grass has caused the shifting of salts
down below depth C. The process of leaching
seems to be very quick during Ist year (T1). The
ionic concentrations in soil solution increases dur-
ing T2 and T3 than T1 and soil solution attains a

addition of zalts become equal. The reduction in
soil salinity (EC) and sodicity (SAR) at various
depths with same treatments has been discussed
above. The increass in soil hydraulic permeability
soil ‘water retention and improvement in soil st
structural siahility under same conditions have al-
ready been reported elsewhere (Akhter et al,, 1994

so called chemical equilibrium when leaching and and' 1993).
Table 1. Chemical composition of irrigation water.
(Ca +Mg)*+ MNa+ K+ Cl- HCO:- CO;*- 30,2~
megdm™—3

3.65 10.5 ' 0.2 0.7 12.86 0.4 0.1

pH SAR SARadj RSC EC
' ‘dSm-1
7.6 9.6 12.7 9.81 1.4

SAR refers to sodium adsorpiion ratio. adj to adjusted,
RSC to residual sodium carbonate and EC for electrical conductivity
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TABLE 2.

Soil solution concentration at depths A (0-10), B (40-50) and C (90-100) cm as function of growth
of Kallar grass (KG). Symbols as in Table 1.

Treatments Na K Ca Mg €O HCO Cl 50
meqdm-3
A 226 .40 2.0 1.0 14.2 103.4 72.4 9.4
TC B 207 15 2.0 0.5 163 101.4 62.1 22.2
128 20 1.9 0.6 8.6 68.3 40.7 13.5
A 23 .50 1.4 1.1 = 6.2 6.0 13.8
Ti B 16 .50 1.0 1.5 e 3.6 6.0 9.4
C 47 .30 0.6 0.4 15.0 8.0 21.3

A 136 3.0 3.7 1.3 - 36.1 42.7 65.2

T2 8 172 0.5 2.6 1.4 — 50.53 3.7 71.3
Lz 39.6 0.5 2.0 1.0 —_ 153 13.6 14.2

A 73.0 13 1.3 12 — 23.1 25.0 25.5

T3 B 101.3 1.3 1.4 1.1 = ~37.8 30.0 37.6
c 28.5 1.3 1.2 1.3 - 11.0 12.7 86.0

A 18.0 0.7 0.6 0.4 — 6.8 8.2 4.7

T4 B 19.1 0.7 Ll VA 0:3 — 8.0 7-5 3.6
C 33.3 0.9 0.5 0.3 — 15.4 11.6 10.1

A 26:1 0.8 0.9 0.4 — 8.1 10.1 10.0

TS5 B 13?.5 0.7 0.7 0.3 - 15.58 13.2 10.2
, 95.8 0.5 0.4 0.2 — 41.8 29.3 13.8

*TC refers to uncropped control seil and T1, T2, T3, T4 and T3 refers to fields where KG had been grown
for 1,2, 3; 4 and 5 years respectively.
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Table 3. Sarface area (mg 1) of soil clay fraction determined with nitrogen adsorption methods. Symbols as

in Table 1.

Depth TC T1 T5
A 22 78 15
B 80 &2 80
G 74 112 120

Table 4. Mineralogical analysis of soil clay fractien at depth A.

Symbols as in Table 1.

Tllite Kaoline RS Quartz H!G Feldspar  Chlorite CEC
TC 452 152 16—6 4—1 4—2 21—l 6—3 23
T3 FERIE L TR 4—1 52 3] g3
T3 40—11 =2 00— 4—1 6—2 41 9—3 36
**#*Randomly interstratified material smectite.
**Hematite Goethite.
*Cation exchange capacity (meg 10g).
Table 5. Chemical Composition (%)) of soil clay fraction at depth A. Symbols as in Table 1.
Fea Oz MnO  TiO; Ca0 K:0 P> O SiQ;  ARZO;  MgO_
Te T2 07 13 .29 4.21 A | 47.1 204 !. 394
T3 7.4 .06 -63 .27 4.02 -1 45188295 3.63
TS 7.8 .06 0635 25 3.05 .1 46.6 28.9 4.23
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PETROGRAVHIC STUDIES OF THE KHEWRAITE, SALT RANCE
FORMATION, NORTHERN PAKISTAN

By
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Ahstract :

Tite igneaus intrusion, the Khewraite. exposed in the Khewra Gorge in the Sahiwal

Member of the Precambrian Salt Range Formation was sampled for petrographic studies.  The results proved
that the Khewraite belongs ro the Trachyte Series which was subjected to hydrathermal solution.

INTRODUCTION

The Khewraite (formerly Khewra Trap) out-
crops in the Sahiwal Member of the Precamb-
rian Salt Range Formation in the Khewra Gorge.
Samples were collected from two exposures in the
Khewra Gorze about 400 meters apart for petro-
graphic {Map). were
studied both in hand specimen and microscopi-
cally. The succession of the Salt Mange Forma-
tion as established. by Asrarullah (1967) is as
follows =—

examinztions Samples

3. Sahiwal Marl Member

(b) Bright red marl beds with irrcgular
gypsum, dolomite beds and Khewraite

(3—100 m).

{z) Dull red marl beds with some =alt seams
and 10 m thick gypsum bed on top
{ =40m]).

2. Bhandar Kas Gypsum Member

Massive gypsum with minor beds of dolomite
and clay (> 80 m).
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1. Billianwala Salt Member

Ferruginous red marl with seams of salt
(= 630 m).

Previous investigations on the detailed study
of the Khewraite were made by Mosebach (1936)
and Martin (1936, 1962). Mosebach considered.
the Khewraite as a volcanic rock lying between
an alkali-trachvte and lusitanite on the basis of
microscopic. X-ray and chemical analysis. He
calculated from the chemical analysis of fresh por-
tion of Khewraite the normative minerals as potash
feldspar 66.8%; and apatite 0.2%,. Martin (1936,
(1962) investigated the Khewraite from outcrops
and cores from Dhariala Well drlled in  the:
eastern part of the Salt Range (Map 1) He called
the rock variolitic basalt and described the flow
texture in the Khewraite, indicating toial absence
of the ferromagnesian minerals and the pheno-
crysts being completely replaced by the fhibrous
oypseous  material. Recently, Jan and Khan
(1992) described the nature of the Khewraite as
a trachytic rock. The present paper brings to
light further details of the Khewraile for its more
discrete interpretation.



PETROGRAPHY

The Khewraite in hand “specimen, isa  hard,
rough in touch, compact, non-calcareous, porphy-
ritic, volcanic rock in which the microcrystalline
<rypiocrysialline groundmass varies in colour from
cherry red, brown to black in the form of patches
of different sizes. Prismatic phenocrysts are either
radiating spherulitic or! in random directions
having an average dimension 10 : 2 : 1 (Fig. 1).

Microscopically, the constituents of the Khew-
raitc may be divided into three characteristic
groups, namely (1) Phenocrysts (2) Groundmass
and (3) Amygdales.

(1) Phenocrysts

Phynocrysts form about 352 in the scction
and are of two types. First type is pariially al-
tered. idiomorphic, mostly cuhedral, prismatic
and rhombic in form, mainly radiating sphernli-
tic, colourless to slighily ereenish, relicf fairy high
and refractive index greater than canada balsam,
extinction angle varies from 01o 10in longitudinal
or prismatic sections, orientation length slow, in-
terference  colours blue-grezn-orange of second
order (birefringznce about 0.023).
clear because of alteration but in few rhombic sec-
tions, traces of two directions fhombic cleavages
are ohserved. Brown relics rédembling ground-
mass arc present in most of 1his type of pheno-
crysts which are genzgrally present in their central
poriions. This phenocryst mineral belongs to-am-
phibole group and seems to be tremolite. The
presence of relics mostly in the central areas and

Cleavage is not

resembling groundmass indicate the formation of
tremolite from the compoasition of solidified lava
with the introduction of hydrothermal solutions
(Harker, 1950). The relics are the remainings
of the lava which the idiomorphic tremolite
crystals had not been able to atilize and throw or
remove during crystal formations [Figs. 2-9). v

The second type of phenocryst minezal in thin
gections has the same brown colour as the ground-

mass and seems to be part of it but it has a delinite
rectangular outlines and traces of two directions of
cleavage at zbout richt angles. Relief is low and
and refractive index is greater than canada balsam
but less than tremolite phenocrysts. 1t is mostly
enhedral in form. Interference colours are masked
by the brownizh hematitic and limonitc duost
scattered throuchout the mineral but in certain
comparatively cléar portion. it gives first order
(birefringence about 0.009), length slow orieniation
and nearly parallel extinction with reference to
boundary or cleavage traces. Mineral belongs to
pyroxene group but is completely altered with the
introduction of hydrothermal solution and secms to
be antigorite pseudomorphs after enstatite.

{2) Groondmass

Groundmass formis about 6077 in thin section,
brownish in colour, microcrystalline to cryploery-
stalline and even glassy (isoiropiC) in paris.
Brownish colour in groundmsss 15 because of the
presence of hematitic and limonitic dust  Few mic-
roscopic magnelite grains are preseni.  Low ralief:
and refractive index generally less than canada
balsam. — Altered brownish needless and laths of
feldspars are embedded in the groundmass and look
part of thc groundmass but are distinguished by
their outlines. Reliel and refractive indzx of feld-
spars are difficult to determine as they are part of
groundmass but in few cases along ciacks they scem
to have refractive index less than canada balsam
and seem 1o belong to alkali feldspars (orthoclase
to atbite).

(3} Amygdales

Amyvgdales are not very common and  difficalt
to recognize in hand specimen. They may form
about 5% in thm scction. Thev ar? cavities/
vesicles of the rock which are filled by sccondary
materials. Here the sccondary fillings are ferru-
inous, siliceors  consittuents.
Amypdales are highly irregular in shape and in
most cases the central parts are compeosed of

czlcareous and



-angular quartz having calcareous, ferruginous and
siliceous rims with often presence of grains of

magnetite (Figs. 7-10).

CONCLUSION

Dné petrographic investigations both megas-
copically and microscopically prove the presence
of ferromagnesian phenocrysts belonging to both
Amphibole and Pyroxenc Groups, though they arc
partially to completely altered, generally pre-
serve their original forms and cleavage traces.
Altered feldspars are mostly microlites as laths
and nesdles arranged as radiating and also at
random directions embedded in the brownish mic-
rocrystalline 1o cryptocrystalline and,” in parts,
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glassy groundmass. Refractive Index of feldspars
is mostly less than canada balsam and seem to be
alkali variety. Flow structures are not observed
either in the oricntation of the phenocrysis or in
the directional colouring of the groundmass.

Cavilies are present which - are formed due to
escaping of gases from lava under rapid cooling.
These cavities are highly irregular in shape and
are filled by secondary ferruginous, calcareous and
siliccous materials but in most cases the cores of
the amygdales are composed of angular and irre-
gular quartzz. The rock seems to belong to trac-
hyte serics which had undergone through hydro-
thermal solutions.
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Fig. 2. Radiztine idiomorphic prismatic crystals of partially altefed tremolite with brow-
nish relics in brownish microcrysialline to eryptocrystalline groundmass in whith
laths of fzldspars are emh>dded at random dirzctior-.  Polarizad light (x 50) —

Phenoorysts of idiomorphic prismatic and rhombrc ccystals of partially altered
tremolite with. brown relizs and altered brown enstatitz (antigorite) are cmbédded
in microcrystalline to cryptocrysialline groundmass.  Polarized light (x 50).

o
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Abbreviations :

T — Partially altsred tremolite, P — Enstatite altered to antigorite, F — Feldspars,

M — Magnetite, Gm — groundmiss Cb — Empty space formed during slide making,

i.'Iq — Secondary guactz grains in amy_dales, Cs, DCI, & Cc — Siliceous, ferruginows!& !
aglcarcous szcondary materials in amygdales.



Fig. 4, Phenocrysts o wedze shared idiomorphic cracked and partially zlicred tremolite
with brown relics and altered brown enstalite (zntigoriic) in microc vstalline to
glassy groundmass. Polarized light (x 30).

-

Tig 5. Phenoerysts of ‘cracked idiomorphic prismatic partially altered tremalite with
brown relics and rectangular altared brown enstatite with cleavage traces at right
angles (amtigorite) in microcrystalline to glassy groundmass. Polarized light (x 50).



I-'i';un: 6. Phenocrysts of partially altered idiomorphic prismatic tremolite with brown
il relics in the central portions and brown rectangular altered enstatite preserving
cleavage traces at about right angle (antigoritc) in microcrystalline to cryptocry-

stallinc groundmas. Polarized light (X 50).

piives ;
Figure 7, Feldspars microlites in radiating and random directions. Z small idiomorphic
e prismatic partially altered treinolite. A cavity with bighly irregular rims filled
with secondary siliceous and ferruginous materials.  Polanized light (X 30).



Fig. 8.

Phenocrysts of partially altered small prismatic tremolite and brownish altered
enstatite preserving zoning (antigorite) in Microcrystalline to cryptocrystalling
groundmass in which laths of altered feldspars are present. A qﬁ_ﬁ: filled with
secondary quartz grains having highly irregular siliceous and ferruginous rims
with development of magne magnetite grains. Polarized light {?t 30).

Phenocrysts of idiomorphic cracked rhombic and prismatic tremolite with
brownish relics in the central arcas and. rhombic cleavage traces embedded, i,
brownish microcrystalline to cryptocrystalline groundmass in which laths of
microlitic altered feldspars are present. An irregular cavity is filled with secon-

dary siliceous and ferro ferruginous materials and few small magnetite crystals.
Polarized light, (X 30).



Fig. 10. Cavity is filled with secondary irregular quartz grains which are surrounded by
ferruginous and lcarcous highly irregular rims. Polarizedalight (X 50).

Fig. 11. Same as figur: 10 but under crossed nicols showing different orienttion of
quartz grains surrounded by calcarcous malenial and dark krown fer ginousino

materials. Crossed meols (X 30)
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PETROGRAPHY AND GEOLOGY OF FATHEPUR-SHIN AREA, DISTRICT
SWAT, NORTHERN PAKISTAN

By
AFTAB MAHMOOD
Institute of Geology, Punjab University, Lahore-54590, Pakistan.

Absiract :—
[ies within the Southern portion of "' Lower Swat”.

The area siudied comprises 48 Kilometers North-West of Saidu Sharif.

The area

These rocks are probably the extensions of rocks of Dir in

the form of a belt running approximately in Easi-West direction.

The arca mainly cemprises Amphibolites, Norite, Diprite, Quartz-O-Feldspar and Pegmatite veins.
Quartz-O-feldspathic veins and Pegmatite veins are extensively distributed all over the area. Major minerals
are Plagioclase, Hornblende, Epidote and Quartz with Sphene and Magnetite as accessories,

INTRODUCTION

This paper presenis a general geological and
petrographic account of the Fatehpur-Shin area
{District Swat).

The rocks exposad in the area are igneous and
metamorphic (amphibolites, norites and diorite)
with epidote, quartz quartz-o-feldspathic and peg-
matite veins,

The general strike of the area is South-West.
The general dip of the area is North-East,

The project arca falls in the humid region. The
relief of the area is low. The area is full of vegeta-
tion. The mapped areas cover the largc distance
along the River Swat and cxtends 2 kilometers on
both =ides across the river. The area is bounded

between,
Longitude........ 72 254" to 72¢ 3007
Latitude....... .35°0 to 35° 53¢
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The toposheet No. 48 A/R in the scale of
1inch=0.789 miles was used. Almost 100 samples
were collected from different rock units and 25 thin
sections were studied.

Saidu Sharif is accessible by a good metalled
road which connects the valley of Swat with rest of
Pakistan. Mingora is the biggest shopping centre
of Swat, six kilometers from Saidu. Approach to
the investigated area is by transporl, privalte vans
are available from Mingora to Fatehpur.

PHYSIOGRAPHY OF THE AREA
The physiography of the area is as {ollows:—
(i) Reliel;
The relief of the area studied is moderate to
high. The arca was mainly the ridge running
North-South. The relief of the areaincreases

mm North, North-Wesiern part of arca due to
high peaks. Slopes ars gentle to steep.

Climate :

(1)



Cultivation is usuvally in those areas where
“The arca lies in the subhumid, subtropical
climatic region. The mean annual raml’ali

record is 47. January is 1'.hr: coldest munth

1!

Temperature in winter : 23.4°F to 51.1°F

Temperature in Summer (June) : 61°F to

91.2°F

(iii) Drainage
The drainage is mainly dendritic i.e. branch
like main sr.reams are cuvered by a th:ck cover
of :alluvullrn it
The n;:;ln. nalas of arca arc :

(). Kala Kot Nalo, nea villue Kalakot
() Shin Khawar Nala near village Shin
(iv) Vegetation

The area as a whole is thickly vegitated. At
lower altitudes, grasscs, shrubs and small bushes
and self cultivations like tomato, rice, maize and
at the high altitude pine trees are dominated. At
some places the exposures are difficult to observe
and mapped due to thick vegatation.

{¥) Habitation

1§ I'le popu]atmn on thc highcr altltudes is thlu
and in lower paﬂs the pﬂpulatmn 1s tﬁmk

ey

people  are hnapl[ahf:: dl‘lll 5i:u'lguzl'g'i: Hpﬂkﬂn ?s

“Pushio™.
(vi) Weathering

The area has suffered both physical and che-
mical weathering. D

The rocks are ruptured and fragments arc we
wedge'd aparl du’i:' to ﬁh'}-si{:al weathe'r'ihi! :

Duu. to the chamtcﬂl 1.v-:ather|n5 processes of
oxidatmn h};dmnun and I1 drol;ms whlch result
in the complete conversion of feldspar l;lt:.l,l clay
minerals which is removed by water. "This process

is mainly active in the amphibolites of the area.

38

(vii) Cullivation

spring and river water is available. Gently sloping
ru:lges or terraces almlg streams are suitable for cul-
The crops -:ultna'ed as wheal
m:e and potames Apple and Wallnut trees are

also grown.

ti\-at:un mmz;,

PREYIOUS WORK

Although much has been written about geo-
logy of the Himalayas, little of its contributes
directly to the area under discussion.
frreniy Au Pt gte LELT! L '

Wadia (1978) made a preliminary survey of
the arca and he included the area in “Salkhala
Scncs and dw::nbed ihese rocks as epldntes with
basu: and ‘ltrabasic miﬁlsmns

Mirmymss

Martin et al. (1962) divided the rocks of Swat
into six major groups. He gave the name Upper
Swat Hornblendic Group to the rocks that are
similar to those exposed in the area of i:i{-mtig:itio'ﬁ'_

Jan and Tahirkheli (1969) suggested that the
group is cum[mhud of HurnhTEndlte Nﬁnlu
Diorites and Pegmatite veins.

GENERAL GEOLOGY AND, FETROGRAPHY,

~ he majority of rocks outcrop in the arca are

e P

igneous and metamorphic and the main units are
Amphibolites, Diorites and Norife.

Amphibolites of light grey to dark brown
colour coyers about 2077 of the area having peg-
matitic and Quartz-0-Feldspathic veins. and bou-
dinage structure. ?

Diorite and Nurite occupy roughly 4054 and

35% of the m,app-cd area respectively.

In these rocks the concenteration of plagio-
clase and quartz has been increased due tp the
hydrothermal alteration ﬂf humhlande

Many small veins of pegmatitic composition



were observed.  Due to the disturbance of arca by
tectonic deformatioa many small local folds and
faults are present in area There is less jointing and
fracturing.

PETROGRAPHY

AMPHIBOLITES

It occupies 30—357, of the area. The main
outcrop is near Cham and extends towards
Shin. It is striking north-cast and dipping north-
west. It is medium to coarse gmined.. Foliation
and joiniting is well developed in amphibolites.
Weathering colour is dark brown and fresh colour
is light grey to dark grey. In the mapped area, the
upper contact of amphibolite is with diorite. Due
to the weathering ;3r-.:n:ésm such as oxidation and
hydration, the amphiboles have been changed into
chlorite, feldspar into szricite and kaolinite.

In ficld the amphibolites are classified as
massive and folizsted. The massive amphibolite
shows no lavering.

The general strike of foliation is north-cast to
north-west.  Both the high and poor grades of foli-
ations are present.  Foliation is present in a large
area but not continuous.

Hornblende occurs in two forms in most of

the sections i.c.
(i) Prsmatic hornblende

(ii) Anhedral crystals

Prismatic_hornblende is fine to coarse grained:

and anhedral grains are typically medrum grained.
Veins and Dykes

In the mapped area. the quartz-o-felspathic
veins, quarlz veins, pegmatite veins and streaks
of epidote are abundant. These vein are irregu-
larly placed.

The pegmalite veins range from few inches to
five feet in thickness. Small pegmatite. veins. of

length 5-20 ¢m and thickness 2 to 5 cm containing
quartz. feldspar and muscovite are abundant.

The Quartz-O-Feldspathic veins are also wide
spread in the area and in amphibolites these veins
are few inches to one foot wide and are tens of
feet long. The thickness of quartz veins ranges
from few millimeters to an inch or two.

Small streaks of epidote and quartz are abun-
dent in amphibolites. These are few mm o | cm in
width and from few inches 1o ten feet long.

Mineralogy

Mincralogically amphibolite consist of am-
phibole, horableads, opidote, plegioclase, quaris,
chlorite, sphene, iron ore. clay, muscovite and

biotite.
NORITES
Ficld Relations and Characteristics

These occupy about 307 of the total area and
are bounded; by diorites in North and. by amphiba--
lites toward south: Thess rocks are very hard and
resistent  to chemical weatherine but physical
weathering is wide spread in the arca. Spheroidal
weathering is also present. Big slabs of norte
due to physical weathering are found in the main
stream. Its weathering colour i1s reddish- brown:
and fresh colour is. whitish, olive-green.

The norite: body is usually well jointed: and;

fractured. These joints cut the rock in the form-ob
rectangular and triangular blocks. Foliation, is

also marked.

The Morilic rocks ngar the contact are fine-
grained and a little away from the contact thess are
coarsc-grained. This, type of texture shows the
multiple intrusion of noritic magma.

The neritic. rocks are cut by numerous veins
and dykes of quariz, quartz-o-felspathic, epidote
and pegmatites.

Quariz-O-Feldspathic Veins and Dykes



The quartz-O-Feldspathic veins and dykes are
very common and are cutling across each other.
Some are very thick ranging about 50 feet to 30 feet.
In these feldspar has altered to clay and is mostly
used as building material.

Mineralogy

Mineralogically the norite consists of plagio-
clase pyroxene, homblende, quartz, chlorite and
sphene ete.

Contact Zone Between Norites and Diorites

The contact is mostly cradational ranging
about 1350 feet to 200 feet in thickness but near
“Parangdara’. The contact is ncar about sharp
not more than 40 feet thick. Here quartz grains
are megascopically visible and this rock is termed
as tonalitc. Here big xenoliths of garnet crystals
are clearly szen.

The zradational contact near is marked by
the developmient of big pariches of hornblende and
pegmatite veins are quite clearly seen.

Big and beautiful apophysis of norites are ex-
tending into dionites show ihat the former is
younger than the later. :

Mineralogy

The essential minerals of this contact zone
are pyroxenc hornblende, quartz, plagioclaze and

garnet while, sphene biotite, magnetite are the.

accessory minerals.
DIORITE

Diorite in the field occupies about 337 of the
totalarcasurveyed. Itexpandsinthe Snutlh-cast. 1t
pinches against an amphibolitic body in the north.

The diorite body does not appear uniform
in texture and mineralogy in the field. Around
the amphbolitic body diorite is rich in hornblende
and quariz and it is rich in quartz and feldspar.

The hand speciman appears medium 16 coarse

grained with colour index from 20-50%.. How-
cver, the microscopic studies show that the rock is
fine to coarse-grained. In the field the diorite i
classified on the basis of quariz and colour index.

In the field the quartz can be readily distin-

puished from amphibolite due to layered and foliat-
ed structure of amphibaolite.

Diorite is massive and jointed. The colour of
the weathered diorite is dirty white and dark brown
to grey. Pegmaltite weins, quartz feldspar and
epidote veins are also present.

Contact

Dioritc is in contact with amphibolite and
norite is sharp and concordant. With amphibolite
the mnta:m is gradational.

Mincralogy

Diorite mineralogically consists of plagioclase
hornblende, quartz, chlorite and epidote as essential

minerals and magnelite, sphene and orthoclase as
accessory minerals.

The minsralogy of diorite is variable according
to the field relation. In some quarlz is very ex-
cessive than other minerals. Quartz-o-feldspathic
veins and pegmatit veins are common showing
that there is a change in mineralogy due to sccocs-
sive crystallization.

HORNBLENDITES

This rock unit is mainly associated” with am-
phibolites and is present as scatfered patches and
dyke like masses init. Itis highly masneiic in com-
position. The biggest exposure of thin units is in
the north of the area and is situated at the peak
near Fatehpur.

In hand specimen they are coarse grained with
the hornblends crystals ranging from 17 10 4”. The
colour index of this rock 1595 to 1065, Itis
black duc to enlire concenteration of magnetite
hornblende.  Felsic minerals are rare.



The weathering colour is coal black. The
patches of hornblendites arc well jointed and irre-
gular fractures are present on small scale. The

joints arc usually small as well as large reclangular

blocks.
is sharp.

Their contact with the surrounding rock

Mineralogy

The accessory minerals of hornblendites are
hornblende and magnetile making about98 %/ of the
bulk body. The accessories are quartz, sphene,
plagioclase.

PEGMATITES

Pegmatite bodies are fairly common in the
surveyed area. It occurrs as minor bodies in the
form of dikes, veins and patches with commonly
irregular boundaries.

In the field pegmatites can be tecognised very
easily being coarse grained and low colour index
lower than 155, Commonly a graphitic lexture
js ovserved. In the surveved area pegmatites are
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vsually weathered having surface full of granular
screc.  The pegmatites in the area are acidic.
These have sharp contact with host rock.

On the basis of mineralogy, texture, zoningand
their nature the pegmatites are classed as

(i) Simple pegmatites
(ii)  Complex pegmatites

The simple pegmatites were observed by the
author. -

Mineralogy

. Simple pegmatites include basic, intermediate
as well as acidic pegmatites which have simple
mineralogy. Under microscope, quariz ortho-
clase, plagioclase, muscovite, biotitc and ore
minerals are noted.

ECONOMIC MINERALS

The arca investigated is poor in cconomic
minerals.  Quartz, Feldspar and Muscovite can be
used for cconomic purposes.
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GEQLOGY OF THE LOWER SWAT BUNER SCHISTOSE GROUP OF
MANIAR, SWAT DISTRICT, NORTHERN PAKISTAN

By

AFTAB MAHMOOD AND EJAZ MAHMOOD KHAN KHICHI
Institute of Geology, Punjab University, Lahore-343%0, Pakistan

Abstract — Genlagical mapping of the Maniar area, Swat District has been carried out-on | 3 12300
scale south of the River Swat. Petrographic and mineralogical details of various units of the Lower Swat Buner

Schistoce Group are given alongwith their chemical compasition.

metamorphism of the area are hriefly discussed.

INTRODUCTION

The Maniar area (Survey of Pakistan Topo-
Sheet 43B/6) was mapped on a 1 : 12500 scale
of the Lower Swat Buner Schistose Group to des-
cribe the various lithological units and the meta-
morphic grades. The presence of Tale Carbonale
Rock was inzluded in view of petrotectonic im-
poriance of the arca.

The terrain is rugeged. The landscaps 5
composed of both steep as well as gentle slopes
The highest altitude s 5908 (Kashala), whereas
the lowest altitude is 2908 near Maniar within
number of peaks within ranging heights in be-
twezn the rock expasures are gencrally good,
dipping southwest.

In view of the structural framework of Nor-
thern Pakistan, the project area lics within the MMT
(Main Mantlc Thrust) and the MCT (Main Central

Thrust).

DESCRIPTION OF THE LITHOLOGIC
UNITS

1. Graphitic Schist : The Graphitic Schist
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The structural features and the nature of

is exposed in a sharp contact with the Garnet'Mica
Schist. -

It is dark grey, greyishblack to inky blue in
colour. It is strongly schistose rock with linea-
tion, jointing and quarlz veining.

The constitueat minerals are Graphite (32-
50%) in banded fakes and dust-like masses
with inclusions of Quartz (10-20%)) and Biotite
(15-20%). Muscovite (3-7%) is present as fine
elongated flakes with parallel allignment. Ortho-
clase (5-12%) and Chlorite (2-5%) are also found,
whereas carbonates are minor constituents (0-2757).
Fine to coarse anhedral grains of magnetite, hema--
tite and siderite (3-20%7) are present.

R The Phyllites are argillaceous
and intermediate metamorphic rocks - between
Slates and Schists. These have some boudinage
struclures as a result of hydrothermal actions.
These rocks are metamorphosed sandstones and
placer deposits, In the area they are dark gray
in colour and a2 almost pelitic. Thin psammitic
lavers are also reporied.

Phvilites ¢

The main constituent minerals are Quartz



{32-35%) as fine io coarsc anhedral and strained
grains with wavy extinction and sutured margin,
Chilorite (16-2597) as light green to green pleochroic
large flakes — the flakes are clongated curved and
occasionally strained.  Biotite (7-1097) is present as
‘large dispersed flakes with common inclusions of
-quartz. Graphite (15-20%) is found as flakes and
dust-like forms while Muscovite (5-7%) is  ohserved
as fine elongated flakes with parallel allignments.
Orthoclase (5-8%7) as medium erains with low relicf
and pale yellow alterations is found alongwith
Tron (5-10%) as finc to' coarse grained magnetite
and hematite. X

3. Quarizite : The Quarizite 13 a metasedi-
meniary rock as a result of the metamorphism of
sandstone with siliceous contents. Iis fresh colour
45 light ‘brown and weathering colour is dark brown.
Quartz and Marble veins are seen in it

i 4 The: main constituent. minerals are Quoariz
~{46-65%%) as fine to coarse grain with wavy extine-
tion; Graphite (8-10%7) as flaky -and dust-like for
forms; Muscovite (7-2092) as fine elongated flakes
fakes with parallel alllgn:pants Orthoclase
-(3-5%), Biotite inclusions (8-15%,) and Iron (2-10%)
:as'hematim and magnetite are also reported.

4. Caleareous Quartzite : It is a metasedi-
;mentary rock with-excess of calcium contents.. It
is lizht brown 1o dark brown in colour. This unit

18 thinly bedded and posscsses ﬂ:un, grey marble.
patches.

prarperey | 1.2 _main constituent minerals are, Quariz (35
{35-41%7) as fine to coarse  anhedral and strained
- grains with wavy extinctions; calcite (25-35%) as
fine to coarse, anhedral, bent and strained . grains:
+Graphite (3-7%7) as flaky and duostslike form with
~parallely allizned Muscovite. (3-8 %{}akes. Ortho-
~clase . (2-7%) and Biotite (8-17°,).as large dis-
persed flakes with common inclusiods of quartz

-are also sezn. Iron ores (1-637) are anhodral
-coarse grains f hématite and’ magnﬂlt:.
5. Biotite Schist : It is exposed in the
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(3-307%) as fine 1o coarse,

to yellow colour 1 refiec

‘Thigh.

colour in reflected light.

-{little exposure) appearance.

Eastern part of thc arca. Its Northern contact is
with calcareous quartzite and Quartzite whereas
the Sonthern contact 15 with Tdlc carbonate Rocks.

Itislight brown to dark brown in colour and
is strongly schistose with thick patches of marble at

_ various places.

~The rock contains Biotite. (33-559) as large

dispersed flakes with common inclusions of quartz;

Quariz (i5-26 %) as line lo coarse anhedral grains
with wavy extinction and sutured margins; calcite
anhedral, bent and
strained grains with inclusions of quariz; Graphile
(3-754).as flaky and dust-like forms and Muscovite
(5-25%).as fine elongated flakes with parallel align-
ments; Orthoclase (2-79)as medium grains with
low relief and pale yellow akerations along with
Epidote (1-25%) as high reliel grains, - giving sharp
varigated colours; sphzlerite traces, showing zrey
ted light, its reliel is very

Iron ore {1-8757) as hemalite with deep réd

6. Talc Carbonatc Rock: At Tendo Dok
It possesses smooth-
ness and is free from grit. In the area ils expos-
sure is not sirono. On the basis of sofiness scale,
it is placed in' Grade 1I'and 13 assumed due 10

hydrothermal action and regional metamorphism

“of magnesium rich rocks like scrpentinite, chlorite,

Dolomite and Amphibolite,

«~The -main . constiluent  minerals  are . Tale

(20-25%7) as main mineral with  association..of
Chlorite (25-3077) as light green o green pleoch-

roic large flakes, the fiakes ars clongated curved

“and occasionally sirained, and carbonates (10-14%)

ageregates  with inclusions of Quartz (18-21%)
as fine grains with wavy extinction; Muscovite
(10-1577) a5 fine flakes, parallelly < alligned: {" 58r
Feldspar iz also seen.

7. 'Sprinkled ‘Mardle # “At 'Mainar Sprinkl-
ed Marble is seen with offwhite and light black
colour. Iz main

conslituents are carbonates



(70-75%) with association of mediom grained, low
rclief, pale yellow Orthoclase (4-65,) and altertna-
ing, anhedral Quartz (7-10%2), (7-1277) Epidote
with high relief and varigated sharp colours large
dispersed flakes of Biotite (8-10%)) are also seen
with the Muscoviie traces,

§. Marble : Marble is a huge exposure
in the project area which extends towards down
stream (5—W), contacted with G. M>5. At
different places, it has very dull lusture and possess-
ed white to greyish black fresh celour whereas its
weathering colour is yellowish brown. greyish
hrown and grey to dark grey. At some places al-
ternate white and dark layvers are also seen. At
some places, it shows spheroidal weathering.
Lamination and jointing is also clear at various
places. It also possesses fracture and solution-
ing effécts at some places.

The constituent minerals are calcite (60-90%)
as fine to coarse. anhedral. bent and strained grains
with inclusions of Quariz, Iron ore, Graphite, Mus-
covite Biotite; Quartz (5-209%) occurs as fine to
coarse. anhedral grains with wavy extinction: Bio-
tite (3-207;) occurs as small flakes with weak pleo-
chroism; Ore minerals (1-80%]) arc present as fine
to coarse grains of magnelite and hematite; Gra-
phite (2-7 54) as dust like mass and Muscovite (traces
20%) are seen as small elongated flakes.
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9. Garnet Mica Schist : is the 2nd consider-
able portion of the project area which is sharply
contacted with Marble and indicates the Tectonic
Activity in the region. With Graphitic Schist, its
contact is gradational. It i5 grey, brownish black
and shiny black in colour. It is a strongly schis-
tose rock with large, porphyroblasts of garnet.
Joining, lineation and veins of quartz and calcite
showing boundinage structures are frequent. The
grain size of Garnet decreases northwards.

The constitueni minerals are Garnet (3-30%)
as medium to coarse, subhedral to hexagonal frac-
tures and rotated porphyroblasts surrounded by
elongated flakes of Muscovite (5-10%) and inclu-
sions of Quartz (12-22%), Graphite (4-30%) Biotite
(10-35%2), chlorite (2-4%), Iron ore (3-10%7) and
Stavrolite (6-12%2).

DISCUSSION

The presence of pelitic, psammitic and calea-
reous rocks marks the marine sedimentation during
Paleozoic or carlicr which remained in progress till
Eocene.

Above discussion suggests the area is in Higher
Himalavas which contains the minerals of low to
high grade regional’ metamorphism such as chlo-
rite, biotite, garnet and staurolite. The exact age
of this project arca can be suggested as Precam
brian to Paleozoic.
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DYNAMICS OF MASS ERCSION IN THE KARAKORUM HIMALAYAS,
NORTHERN PAKISTAN

By
KHALIDA KHAN

Centre for Integrated Mountain Research, Piunjab University, Lahore-34380, Pakistan

Absiract :

Reviewing various aspects of mass erosion in the Karakorum- Himalayas of northern

Pakisian, comparison is presented in the erosional patterns of Hunza and Gilgit Rivers Drainage Systems,
Cer.'&in peciliarities are critically discussed with reference to sediment contribictions to the Tarbela surface water

| TETEFVOIT.

INTRODUCTION

The northern mouniainous regions of Pakistan
are composad of NW Himalayas, Central Kara-
korum and noritheastern Hindu Kush.  While the
Himalayas belong to the Indo-Pakistan Plate, the
Karakorum constitules southern part of the Asian
Plate. Sandwiched in between these two plates
is the Kohistan Island Arc, with its northern
and southern margins sutured to respective plates
by the Main Karakorum Thrust (MKT) Zone and
the Main Mantle Thrust (MMT) Zone. The latter
represents the late Cretaceous subduction zone of
the Indo-Pakistan Plate, that was closed during mid
Tertiary (Searle, 1989) and got locked during
* Miocene (Zeitler et al. 1985, Fig. 1). Notably,
this region had been acting as a regional depocentre
of detrital sediments transported nto the shrink-
ing Tethyan Sea mainly from northern and
southern continental masses. Afler emergence
of the Himalayas, however, the direction of sedi-
mentation got reversed so that the region became
source of sediments transported southwards by
-+ the Indus River Drainags System. (Fig. 2) Among

.
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such products are the sediments of Rawalpindi
and Siawalik groups in the South of the main
Himalayas that were deposited between 20 and |
million years ago {Meissmer et al. 1974),

" While the processes of weathering and erosion
initiate as soon as topographic level starts rsing,
these get highly intensified in the case of tecto-
nically active mountains, such as those of the
northern Pakistan, when considered on regional
scale, this problem deserves serious notice parli-
cularly with reference to the surface water reser-
voirs. Rapid sedimentation can severely shorien
service life of affecting both irrigation agriculiure
and energy generation.
measurcs, it 15 essential that erostonal and sedi-
mentalion potential of a relevant drainage is
assessed and evalpated as to the dypnamics of re-
gional characterisations. The present study aims
sional characterisations. The present study aims
at assessing the comparative erosion polentials
of Hunza and Gilgit Rivers as the refercnce drain-

For planning remedial

age system.



MASS EROSION PROCESSES

The peculiarities of mass erosion processes

in the Karakorum-Himalayas are rooted in their,
rapid rise (2 mm to over 10 mm per year; (zeitler,
1985) and exceptionally steep slopes (valley floors
1500 m and mountain peaks 7000 m and above).

Consequently, weathering is intense and mass

erosion formidable seen as thick walley-fills ex-
ceeding 700 m or so (Goudie ctal. 1984). The-
major processes and their effects are reviewed
below as a background to the problem under
study :—

The collisional-type Kamakorum and Hima-
layas represent active crustal plate regimes,
involving both drifting and rising components
to produce crustal shortening. While the
drift is adjusted through regional system of
active faulis, the uplift is countered by mass
denudation. Fission track data on NW
Himalayas over the last 10 years (Zeitler,
1985), shows that it had suffered uplilt up to
10 km or so. similar activity has been aceepi-
od in the case of Karakorum Range as well.
Even presenily, the MNanga Parbat is nising
at a rate of 3 mm/year which is rather pheno-
menal. Ahnert (1970) has proposed that to
have a balance between erosion and uplift
rate of even | cm/year. a topographic relief
of more than 30 km is required Notably,
the Himalayas arc atleast six times lower
than it should have been. This has been
aitributed to its phased uplift and the high
rate of erosion. For instance, the total
volume of sediment shed into the Indian
Ocean  over the
through the agency of Himalayan drainage
estimated to be about 8-5 X
106 km3, giving an annual erosion rate of
0.2 mm/year {Schmder,' 1989). Notably, the
present rate of denudation of about 1 mm/
year shows at least five times increase over

last 40 million yecars

system is
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the historical rate. Even higher rates of
denudation have been calculated for the upper
Hunza basin of the Karakourum Rnage.
However, surface lowering rate of ﬁc.:trl}'
11.8 mmjyear represents among the highest
rate of denudation in the world (Ferguson,
1984).

In addition to water transport of eroded
material, glaciers also play a wvery cifective
role in mass movement in the Karakorum-
Himalavs region. Motably, karakorum Range
hosts the largest cluster of valley glaciers in
the world. .On the other hand, the Karakorum
glaciers are also among the longest, the
Siachin Glacier alone being more than 75 km
lonz (Shams and Khan, 1987). These valley
glaciers are in fact the remants of last Ice Sheet
that covercd northern Pakistan till about
10,000 vears ago (Mason, 1930; Derbyshire
et al. 1984; Desio, 1974). The past glaciation
periods had created’ hundreds of metres thick
moraines and tillite deposite widespread in
northern Pakistan. The studies on the 59 km
long Batura Glacier (Hunza Karakorum)shows
the great volumes of debris and embedded-
rock material that is continuously transport-
ted down-slope (Batura Glaceir Investigation
Group, 1980). The snow avalanches are
also a powerful vehicle of debris transport
to wvalley beds. For instance, @ single Kapan
snow avalanch in the Kaghan "Valley, trans-
ported about 103 m? ofrock debris (de
Scally, 1986 Bell et al., 1990). Hewitt (1982,
1088) has described a catastrophic deposition
of about 20 x 106 m¢ m? debris on the Baultar
Glacier in the Karakorum during July, 1986.
Flash floods, glacier-lake outbrust floods and
mudflows are also responsible for  voluminous
transport of weathered material.  For
instance, the notorious Shishkit event of 1974,
urigil:tating from Balt Bar Valley of upper
Hunza, involved pouring down of nearly 5
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million m3 of mud-rock shurry at & speed

of 6300 m/second (Wenying et al.. 1984).

debris-slides. flowslides and  re-
notoriously v.;despmad
m the Rdmknmm-lllmafmas r..gmn
{an 3) Goud:c ctal. (1984), and Uwen {19911
have comprehcnsne deseriptions,
auprmrtq.d with location ﬂﬂmpTes of ;:.Jn:t.
siop-s de‘bns ﬁms and llliLL .ﬂlunal terraces.
Butler et al. (1988) described l'hL. pers'me‘H;
debris- ﬁuv. uctmh alung th .:u:mc LI{iE‘['I.L'I'

F.:u!t on lfu. v-mern shau!der -::-f ﬂ'\L N:ia'-u'g%u

Landslides.
lated phenomena are

EI"«- I:_I!.

of d'cbm d-:mn to lfu. Rm:r lndus. a.rlEl
hlS'.'DI‘JL‘ﬂ.I event of temporary IL:BITIIHg ol“thc:e
mer and later catasirophic ﬂuudmg 15 re-
corded (Abbot, 1948).

Wind is yet another powerful ar:ent crf ve:n::muurr+
although it is not given its due 1mpﬂmnce

Considering th: huge loss of soil from great
loess plains of China and the smaller plain
of Potwar. Punjab. the role of wind erosion is
For example, Goudie et al. (1984)
;.:.;n.m.nccd many severe dust storms m the
upp&r Hinza Vallev durmg the smg'[e munlh
of July. 1980. The erosion created by mlh.
channcllmo of wind is spectacular. \mtabi:,.
the dust f’ﬂfmg in the drainage system cannot
be 1gnnred.

quantitatively.

cvident.

although itutllq.ua} Lo t:sl!matcl
Besides  silt to  clay sized

material, wind can move even Inrg-: smm.-s and

senerally destabilizes rock prmﬁ.tmns

Man has aiso become a powerful azent of
erosion in order to meet the demands of
fastly expaning population. His activity is
now considerably strengihened with the power
of modern science and technology. Heside
earth-moving concerned with
mlnmg cng|m:cnnw works and human s:.uic-
ments man is also rtspons:bli: for h:g‘h rate ul"
deforestation and oversrazing of mountain

opcrations,

pastures. fon%l‘qizlﬁ{ii [andscapes are ex-
posed to erosion excessively, resu?tmg into
greater yield of sediment 103:! to the dmmagc
systems.  Estimates on. the Kunhar River,
Kaghan Valley, N.W.F.P., show that annually
ahout 138 million tonnes of soils is removed
through _crosion, deforestation and
grazing of Apline pastures in the upper reaches
of the valley is well I-:nu“ln”‘ I:[hf; same ar.liphta

to other part:'; of the mountainous terrains of
nnnll-nern Pakistan.

COMPARATIVE SEDIMENTATOION
POTENTIAL

OVer=--

The Uppar Indus Drainage Basin (152, ﬁSDLm“)
includes catachment area of River Sh\nk ||1 the
East and of rivers Hunza and Gilgit in the North
(Fig. 4). The total annual water discharge of River
Indus rated at _Da_.rbgnd gauging station is 62,60
MST (Million Short J’['nnsj 1007 of susupanded
sediments. In the present studv, a, comparative
examination was made of the Hunza River drainage
system and the Gilgit River drainage system, be-
cause their catchment areas are concerned with
comparable terrains latitudinally. The water dis-
charge and sedimept data for 22. vears period)
{I936-199ﬂ] of the Hunza River, taken at Dainyor
gmmmz station, and of the Gilgit River taken at
(_uLgrE gauging stalion, are shown in (Fig. 5 and 6).
Some pertinent data are given in  Table I and II
along with average grain size percentages of the
suspended Stdin;ents.

DISCUSSION

‘iume |ntere5!mg ||:1I‘chnc;._5 c;m be dm-p.. i nut
of the comparative dara of the two riveTs —

I. In the case of the Hunza River, there is a fair
degree of conformability between volume of
water discharge and the amount of suspended
sediment. However, the relation in the case
of the Gilgit River is highly erratic (Fig. 7).

2. While the minima of water discharge and



_sediment load in cases of both the rivers appear
durmg difierent years, the maxlmu are how-
_ ever, during the same }fear.

3. - Despite complimentary nature of data referrtd
to in (2) above, the years of minimum. and
maximum are different, 1973 in the case of
Huneza River and 1988 in the case of Gilgit

River.

”T'here are slighﬂ}' less prominént maxima
" peaks in the case of Hunm Rwer for the year
1978, while similar promineances arc shown
by the Gilgit River for the year.1931.

4.'

5. While the sediments transported by the Hunza
. Riyer are dominately silt and clay sized (537,
. - those are sand and silt sized (79 %) in the case

of Gilgit River,

‘The differences in the hydrologic and sedimen--
tation potentials of the two drainage systems are
impressive; as both cover comparable terrain. while
the difference in their catchment areas is only #31
km?. . Thus, the two rivers are making highly
variable: water and sediment contributions to the
Indus 'River. -The explanation i3 rooted in the
lithologies, tectonic and physiographic factors
influencing the two drainage areas. While the
Hunza River drains northern part of the trerritory
along with its E-W oriented tributaries, the Gilgit
River drains: western part with its NS oriented
tributaries; thus, on theé two rivers shown distinc-
tively different - drainage patterns (Fig. 8).

1. Lithologic Factor

The lithologic framework of the area concern-
¢d involves southern part of the Asian Plate, re-
presented by the Karakorum Range, and northern
part of the Indo-Pakistan Plate, represented by the
Manga Parbat-Harmamosh system. The two plates
are intervened- by the Kohistan (fossil) Island Arc
complex that is limited by the MKT zonc in the
North and there MMT zone in the South (Desio
et al. 1972, Desio, 1979; Tahirkheli,

¥ -

1982: Geas=-

'::'l“.l

tani et al. 1988). The regional trend is NW-SE,
with a swing to SW towards Chitral where Hinda
Kush elements interfigner with the Karakorum
western terminus. i

The drainage arca of the Hunza River is
concerned with unmetamorphosed dominatly argil-
laccous-carbonatic sediments MNorth of the Axjal
Batholith and shates, schisis and basic valeanics
in the South. Exceptfor the acidic plutonic
rocks of the Karakourm Batholith, other litho-
logics weather easily and contribuie heavily to
the mass crosion. However, these northern sedi-
mentary formations thin oul westwardly within
the Gilgit River caichment area, and also swing
out of its drainage regime. On the other hand,
plutonic acidic and basic complexes dominate
within the Gilgit River catchment arca as nor-
thern parts of the Kohistan complex and compo-
nents of the MKT zone. Most of thess rocks
are compact and hard, and comparatively resis-
tant to weathering. Consequently, the catchment
area of the Hunza River contribules more detri-
tues as compared with the Gilgit River area,

2. Teclonic Faclor

Although entric resion of the Indo-Pakistan
and the Asian Plates is tectonically active, yet
uplift componenis are concerened more with the
NE-SW NManga Parbat-Haramosh oroganic axiz
that influences the Karakorum Range as well.
The estimated rate of uplift varies from 2 to 12
mm/year (Zeitler, 1985) which is rather pheno-
menal. Such a tectonic aciivity is strong cnough
to shatter rock systems, desiabilize hill-slopes and
generate mass erosion. Due to lithologic diffe-
rences as shown above, the Hunza River cach-
ment area wiil suffer strongly and will yield higher
vodumes of erodable material as compared with
the Gilgit River areas.

3. Physiographic Factor

The catchmenl area of the Hunza - River
hosts large number of long valley glaciers. Hispar



“(61.km), Batura (59 km), Batura-Hopar (25 km),
Pasu (24 km), Gulkin (18 km), Minapin (i3 km),

) &

Pisan (4 km) and Gulmit (7 km) and a large -

number of smaller in length. These glaciers are
of Alpinec Type so that their maxima of snowfall

and ablation occures in the summer half-year

(Goudie et al., 1984). Notably, although these
are among the stecpest in the world vet their
termini are at the losest levels, in the Range of
2070 m or so, while their average flow rate varies
from 100 to 1000 -mjvear. These glaciers create
deep erosional incision, adopt rapid modification,
carry large lateral and end-morain, and sufer
hazardous rock avalanches, collectively discharg-
ing, large volumes of eroded material into tha
Hunza River dranage system. The situation of

the Gilgit River catchment area is much different, :

«draining the ecasily erodable loessic material

(Goudie et al., 1948).
CONCLUSIONS
: The above study shows that each and every

£ drainage ~ sub-system in northern Paistan may

where glaciers are less frequent, while some extend

northwards, to join northerly drainage system,

Besides, monsoon frequently crosses Hara-

mosh Range to intermingle with the north-easterly, :

and ‘causes widespread precipitation in the Hunza
River catchement area as compared with the
Gilgit River area. The resultant differences in
the run-ofl and the sediment-load between the
two rivers is shown in Table 1,2, Notably, of
-the seventeen rivers of China, Pakistan and India,
the Hunza River is surpassed in ecrodability by
only two Chinese rivers; the latter, however,

have its distinct dynamics of water discharge and
sediment load. Therefore, for planning stralegy
to control sedimentation of dams, all sub-systems
should be individvally investigated, and ilepen-
dence should: be avoided on the main drainage
regime of the Indus River. In this manner,
transport of sediments into the Tarbela waier
reservor will  be better checked, when plann-
ing will be based on an erosion-potential con-
toured map of northern Pakistan. The addition

of 19444 MST of scdiments (Fig. 9) annually

‘has alrcady decreased the reservoir capacity by
17387 over the last 20 years. There is an urgent
need to initiate research on the lines suggested
herewith, as the conclusions apply also 1o Mangla
Dam and other proposed surface water reservoirs
that are to be built in the future,
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TABLE I

Montity Medn Water Diséharge in CFS

Hunza R.

Astor R. Shigar R. Giligit R. Shoyok R Indus R.
Year _at 1 at . at at, =.Al
Dainyor Doyijan Shigar Gilgit Yogo Parlap
H L R U i e e ks v
1980 21170 7982.5 15310 44580 200450
1981 22535 7962 19585 53310 225700
1982 19845 slol .5 12775 588355 200720
1983 34365 7051 16035 50170 230945
1984 27860 10087.5 17155 69560 218860
1985 22960 5007..5 15520 44550 168650
1956 21055 10193 8495 21265 38830 194770
1987 15175 7675.5 13798.5 13645 36735 164200
1988 27585 9610 13410 21405 55235 223730
1989 13475 8765 £369.5 15615 28176 209160
1990 20645 9475 17287.5 13975 56055 222850
TABLE 2.
f-il'l‘ﬁwi-ﬁg Eulhiﬁrzﬁ#u data of Hunza and Gilgit Rn'ers
River Minimum (ycars) Maximum (years) veage Content
Drainage Area Inflow Sediment Léad Inflow Sediment Sand Sift Clay
MST load MST
Hunza 6.38 25.65 12.50 .o |
| 17 58 25
13,448 km? (1987) (1990) (1973) (197 3)
Gilgit e a2l s 25.90 & el
M A 21
12,617 km?2 (1977) (1971) (1988) ~  (1928)

(MST. Million Short Tonnes)
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2. 1.

Lithotectonic Map of Morthern Pakistan (1) Precambrian to Mesozoic sedimentary
rocks of the Indo-Pakistan Plate : (2) Camonan granitic rocks ; (3) Early Teriiary
alkaline to subalkalire izreous rocks : (4) Middle Tarliary calantic sediments ,

(3} Ultramafic ophiolites ; (6) Amphibolite belt ; (7) Chilas-Jijal mafic complex;
(8) Kohistan-Ladakh ( Transhimalayan) granitic rocks: (9) Cretaceous sedimentsand

voicanics of Yasin: (10) Creto-Eocene sediments and volcanics of Kalam-Dir area:

(11} Ecdiments and Metasediments of the Karakoum Plate; (12) Khunjerab-Wakban
Tira¢ hn'ur;m'.'::tﬁt and (13) Karakorum granitic belt. MM T: Main Mantle Thrust;

MET : Maw Karakorum Thrust.
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Fig. 3. A d&:briflow along the Karakorum Highway, including
water erosion in the ba:koroond.

Painyor Hunza suspension bridge sevaraly eroded soil/losse
belt in th= backeround.
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Fig. 5. Graphs Showing water discharge data and Sedimeat load data
of River Gilgiat Northern Pakistan (Aftcc WAPDA).
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Fig. 6. Graph showing water discharge data and sedimen

“sad data

* River Hunza, Norther Pakistan (afier WAPDA).
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THE POTWAR PLATEAU, PAKISTAN : ‘A CASE OF SEVERE

DEGRADATION

FAIZ AHMAD SHAMS AND KHALIDA KHAN
Centre for Integrated Mountain Research, Punjab University, Lahore, 34590, Pakistan

Abstract :  The Potwar Plateau makes a 11,0200 km 2 upland, 306 m to 610 m a.s.l that lad develop-
ed originally as a sedimentary basin in front of the rising Himalaya Tt is composed of abour T km thick pile of

sandsiones, mudstones and shales, suceeeded by thick cover of basal conglomerares and loessic soil.

The depo-

sition aof the latter coincided with the disappearance of Palaeolithic Soan Culture, with resurgence of human sett

ments only a few thousand years ago; the present population being approx. 7,071,361,
typical badland ropography and iz suffering serve degradation. Out of a total of 1.82 mha arable land, only

The plateau presents
0.6

0.6 mha is wnder agricultural production while about 5,000 ha land surface becomes inaccessible for ¢ ultivation
every year due 1o soil erosion. Besides rainfall run-off producing gully erosion neotectonics play vital role in

Causing mass waslage.

INTRODUCTION

The Potwar Plateau is a well-defined physio-
graphic unit of Pakistan (Fig. 1) between the Indus
. Basin plain and the foothills of the Himalayas.
It covers about 11,200 km" arca boundcd by
Kalachitta and Margalla Hills (Lat. 33° 35" N) in
the North and Salt Range (Lat. 31° 45’ N) in the
South, Indus River (Long. 71¢ 35" E) in the West
and Jhelum River (73° 45° E) in the East. lis
topographic level varies from 206 m to 610 m
_a.s. 1., except the Khair-i-Murat and the Bakrala
ridges that rise above the general level. Region-

_ nally, the platean slopes from NE to SW, in the
.«irection of flow of the River Soan, which is the
. main river of the area and joins the River Indus
Morth of Kalabagh, In the eastern Polwar,
Kanshi, Kahan and Bunha nvers drain into the
Jhelum River. Oanly the Scan and Kanshi rivers

are perennial while rest of the drainage consists
of seasonal stream

The Potwar Plateau has been the cradle of
the so called Soan Culturc of Palacolithic age
{about 4,00,000 yr. old), that had suocceeded
the much older period of Homonoid including
species  like  Ramapithecus, Sivapithecus  and
Gigentapithecus (Shah et al., 1985). The region is
also world famous for ils treasures of vertabrate
fapna (Pilgnm, 1913; Pilbeam et al., 1977). Pre-
sently, Potwar has a population of approx.
7.071.361 (6.871,224 : 1981 Census; 3% annual
increase). . The Federal Capital, Islamabad, and
its twin city Rawalpindi, make the two most popu-
lous setilemenis in the area.. The Polwar s also
well known for its hydrocarbon wealth; its first oil
well was drilled in 1866 which-was among the oldest
in the world. Industrial minerals consist of lime-



stones, clays and building stones. while rock zalt,
gypsum, dolomite, glass sand, limestone. coal and
fireclay are found in the adjoining Salt Range
(Shams, 1980).

During the period of Soan Culture, Potwar
had a humid climate and was covered with thick
forest; presently, however, the climate is generally
subtropical, the forests are limited and bushes and
scrubs make the main natural vegetation, Wheat,
gram, lentils, mustard, millets and pulses are the
major. agricultural produce while groundnut and
fruit cultivation is steadily increasing. Birds and
animals of games bound although their popula-
tion is dewindling and some species are becoming
almost extinct. Monkey, bear, panther, deer,
fox, rabbit, peacock, pheasant, wild boar, porcu-
pine, hvaena and chakor are the more common
species.

GEOLOGY AND TECTONICS

The Potwar Plateau is a post-Focene sedimen-
tary basin that had developed in front of the rising
Himalava. The dominant lithologies are referred
to as the Siwalik Group (Gill, 1952) making up
to 7 km thick middle Miocene to Pleistocene
synorogenic fluvial sediments composed essentially
of interbedded stream-channel sandstones and
flood plain mudstones and shales ; these compare

well with the present-day sedimentation in the
Indus Plain South of the Potwar Plateau. Lacus-
irine, fluvial and aeolian deposits make the more
recent cover sediments (Fig. 1h).

The northern limits of the Siwalik basin are
marked by a major tectonic break, the so called
Main Boundary Thrust (MBT) that separates the
Siwalik Group scdiments from the older Murree
Formation. The southern limits of the basin are
again defined by another major break, the Main
Frontal Thrust (MFT) that makes the overriding
zone to the Indus Basin alluvial.. Due to the
combined effects of compressional regimes of the

Jhelum re-entract in the East and the Kalabagh re-
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entrant in the West, and southward over thrust-
ing of the Himalaya, plunging anticlinal and
synclinal structures had developed with well<iefined
tectonic ridges and troughs (Fig. Ic). The most
prominent regional structure is defined by the NE-
SW Soan syncline to which are aligned most of the
other structures.  Steep and vertical fault planes
are very common and, are related to fold systems
that become more and more closer away from the
Soan Svncline (Martin, 1962). There is ample
evidence to show that tectonic movemeants are
continuing, including slow uprise of the platean
45 a consequence of mobile behaviour of the Indo-
Pakistan crustal plate (Zeitler, 19835).

HYDROLOGY AND DRAINAGE

Due to changes in altitude, climate of the
Potwar Plateau varies from humid temperale in the
NE to sub-humid subtropical lowards SW. The
precipitation also decreases in the same direction,
from snowfall at high altitudes in the NE to poor
rainfall in the SW. Temperature rises as high as
44°C during summer while it may drop below 0°C
during winter at high altitudes in the NE {Ahmad,
1951). Climaticdata based on averages for 30 vears
(1959 to 1988) are given of Islamabad and Jhelum
towns as graphical representations, and mean annual
rainfall isohyetes pattern over the plateau (Fig. 2)
More than 307/ of the precipitation occurs during
monsoon season (July to Scptember) and the rest
during spring and winter. On average, about 20/
of the rain water constitutes runoff while the rest
seeps into the ground. Due to lower level of the
drainage system, much of the groundwater seeps
into rivers and streams, also out of the soil from the
walls of the deep erosion gullies. In the river-plain
areas, water may become available in shallow wells
(8/m to 15/m), but those get exhausted during dry
periods. The sands and sandstones make best
acquifers for storing eroundwater, which is suit-
able for domestic, agrcultural and  industrial
purposes, with TDS — 220 to 1550 ppm and pH —
7.3 to 8.8 (Ismail, 1983),



LANDSCAPE AND S0IL EROSION

Landscape of the Potwar Plateau is coatroll-
ed mainly by the specific lithologies and their
regional structurcs, but the final sculpluring is
carricd out by the activity of soil erosion proces-
ses (Elahi et al., 1961). The blanket gravel and
loessic soil over the Siwailk Group rocks are
present as rounded ramneants in the marginal areas
left by the eroding drainage. In the central part
of the Soan Syncline. however, thick soil deposits
are present composed of reworked locss Gene-
rally, crosion is also very intense here but the gullies
so formed provide flat-bed seil for agriculture.
The solt bedrocks here oo are exploited due to
their rather flat surfaces. Away [rom the Soan
Syncline axis, typical dip and strike streams are
present that give rise to badland topography, parti-
cularly where drainage is dendritic and closely
spaced (Fig. 3). The interfluves tablclands arc
composed of old mature Udic Haplustalfs soils,
their upper slopes (0-522) having the Typic Usto-
chrepts soils while the lower slopes (2-25%) are
constituted of Typic Ustocthent soils. Surface
gradients play effective role in the rate of soil loss.
In follow surface cover, increase in surface gradient
of 1% to 102, increases run-off from 17% to
367, soil loss from 17 t/ha to 41 t/ha. Begetal
(1985) distinguished 17 soil families and delineat-
ed 47 pedo-geometically landuse areas by combing
agroclimatic and agro-edaphic  environments.
Towards ercsion gullies, soils are leached of their
calcareous marter that mostly makes crust on gully
rims as well as seceps along the gully walls. This
crust tends to resist water erosion but the situation
15 changed due to farming practices or by the torren-

tial monsoon run-off, and the soil geis exposed 1o
erspion.

Generally. two to three levels of crosion sur-
faces (Terra et al., 1939) are easily recognised al-
though up to five have been identified.  Between
these surfaces, potholing and scouring actions are
fairly common that assist in accelerated erosion of
the successive surfaces. The rate of erosion is s0
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high thar in the szcond or third erosion surface,
sometime lavers of bushes and shrubs are exposed
that were transported and deposited there during:
The high rate of
run-off 15 mainly responsible for soil erosion.
During three months of the monsoon season (July
to September), an average of eleven storms are
received, with time duration of 35 to 217 min. In
a single storm, the rainfall varies from 9 to %4 mm, -

rain storms only a few vears old .

and storm intensity from 3mmjhr to 78 mm/hr.
The run-off measurements show a range from 16%

to 745.. with an average of 509, for thc monsocon
season. The soil loss also increases in conformity
with increase in the rate of run-off. Measure-
ments have shown that even with small increase in
the run-off rate from 47% to 30%, the soil loss
increases from 17 to 41t/ha (Shatig ¢t al. 1988).
MNotably, out of a total of 1.82 mha arable land,
only 0.61 mha is under agricultural production.
On the other hand, about 5.000 ha of land surface
becomes mnaccessible for cultivation every year due
to soil erosion (Anwar, 1986; Shafig et al., 1986).

A peculiar gravity falling of earth pillers along
banks of the gullies is yet another major process
that is responsible for considerable soil wastage.
Huge volumes of soil fall stepwise or slopewise and
fill beds of the gullies.  This soil gets removed dur-
ing rainy season and the sediment-loaded water
not only causes permanent loss of soil but also
rapidly fills up small water reservoirs . consiructed
for agricultural and domestic use.
a higher agricultural terrace is lost while the lower
one become heapy and unsuitable for plaughing
(Shams et al.. 1990).

In this manner, -

Many landfarming technigues arc being em--
ployed for achieving maximum utilization of soil
of the crosion slopes (Shahid et al. 1959).
instance, where slope is more than 30%, eychrow,

For

reverse slope and conservation calchment terrecs
are prepared for agriculture, plantation and
Pasture development. Soil conservation practices
have been employed also by certain organisations
with varable success. The Soil - Conscrvation’



Birectorate, Punjab, employs - engincering works
in order to level the fields including guilies and
terraces, with concrete structures to control the
ron-off.  The Pakistan Forest Research Institute,
Peshawar, attempts re-establishment of lost vegeta-
tion; particularly trees are planted along steep
gully walls while grass and shrubs arc used for con-
trolling the run-off. The Agricultral Bessarch
Council, Islamabad, adopts redesigning of the
watershed and employs both engineering and
ecological measures. This method applied only 10
small areas and is costlv too while the cutting of
trees and grazing of animals acts against the
logical technique. So far, only the engineering
practices have proved successful but again these
cannot be applied regionally due 10 high cost of
machinery and the engincering problems involved
(Shafig et al, 1986; Chaudhary, 1985; Anwar,
1986). -

During dry season, wind revmoves lot of fine
dust in storms and refers to a reversal of the pro-
cess of loess deposition in the past. -However, no
data exist on this aspect, although it is an important
erosion agent when considered on the plateau scale

THE TECTONIC FACTOR

At least in one aspect, the Potwar Plateau can
be distinguished from many such regions that are
suﬁ'cring from severe soil erosion: it concerns the
influence of slow but persistent neotectonic activity
(Yeats et al,, 1984). The presence of pwerful re-
gional thrust zones of MBT and MFT, and activities
related to Jhelum and Kalabagh re-entrant faults
in the East and West respectively, make the Potwar
Plateau prone to tectonic stresses (Fig. Ic). This
has been happening continuously since the develop-

ment of Potwar basin in front of the rising Hima- -

laya. Geological record shows that the Siwalik
sedimentation had passed through many phases
of progradation and ‘aggradation, including repeat-
edeasiwards and westward tilting of the basin,
and uitimately suffering regional folding into SW
pluuging Soan syncline. Absolute ages of the

initiation of deformation of the latest anficlines
adjoining the Potwar Plateau (Manzla, 2.7 m.m.
B.P.; Chambal, 2.4 m.y. B.P. ;: Rohtas, 1.7 m.y.
B.P. and Pabbi, , |2 m.y. B.P.; with apes of
surface expression as 15,07, 04 and 04 m.y.
B.P. respectively) show younging towards South
(Iohnson et at;,, 1979). The Khair-i-Murat and
Bakrala ridges emerging out of the platcau are not
yet dated. . This shows that the Poiwar Plateay
was already present before these structures deve-
veloped, the activity being still continuing. Not-
ably, the sedimentary  beds carrving primitive
man's stone implements also stand tilted as =a
result of tectonic activity (Marks, 1962). Investi-
gations in the Soan River valiye have shown the
presence of up to five erosion terraces that refer
to the periods of tectonic quiscence  following
rapid risc. of the head-waler montane
(Terra et al, 1939). The extensive system  of
plunging anticilnes and synchines (Fig. 6) has given
rise to' broad coss-folding in the bedrocks, with
cnhaced development of strike-dip system of soil
erosion leaving limited esxtent of soil strips as the
lablelands:

areas -

A significant effect of neotectonics is the
development of carth-pillars and resultant mass
wastage. This phenomenon can be observed in
the marginal zones of the tablelands. Composed
dominently of locssic material, the soil acts as an
sotropic material towards uplift tectoic stresses.
Consequently, it develops poor to well-defined
hexagonal frectures at the surface that extend
depthwise to make carth-pillars. The ultimately
suffer fall into the adjoining gully and thus soil
suffer fall into the adjoining gully and thus soil
is lost in abundance (Fig. 3). Considering the
area affected by. this phenomenon, ncarly 50% of
the eroded soil is lost by this process.  Motably,
this activity 1s stronger during dry season when
run-off water is not active otherwise. Thus, the
tectonic factor plays a major role in the deorada-
tion of the Potwar plateau, and should be consid-
deved in all soil conservation strategics.
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INDUSTRIAL © TiLISATION OF LINESTONE FOR COMBATING
ENVIRONMENTAL POLLUTION

By
AKHTAR ALl SALEEMI AND SHAFEEQ AHMAD
Tnstitute of Geology, Punjab University, Lahore-54590==Pakistan

Abstract ; Limesione, a sedimeniary rock containing 93 pereent or nore of calcite, finds utilisation in
a nionber of industries. Limestone depasits of Pakistan range in age from Carbeniferous 10 Eocene and 15
reserves are widely distributed throughout Pakistan. Limesione findds applications as acid nenfraliser for wastes

af mining and chemical processing, wnil conditioner. coal mine dusis and in filter beds of - séwage planis.

Lime,

the first derivative, manifactired product of limestone a'se finds a number of applivation in environmenial
control such as neutralisation, cosgulation and absorption.  Lime is afso used for stabilisation of soils in

tmstables lopes.

INTRODUCTION

Pakistan has large and widely distributed lim-
stone deposits exposed from North to South (Fig. 1)
1imestone deposits of Pakistan have been described
in detail by Gauhar, (1966) and Ahmed (I969,
1975). Representative chemical apalysis of lime-
stonc deposits from various . localities are ziven
(Table 1). Tn Pakistan, limastone has a range of
uses in many sectors of industry based on its physi-
cal, minsralogical and chemical properties: The
primary use of limestone and other carbonale
rocks is in construction as
production of cement. High purity limestone is
extensively used in the iron and steel industry, in
the chemicals industry, in the manofacture of glass
and in many more specialised uses.

aggregate or in the

This country is facing an acute problem of
environmenfal pollution mainly because of rapid
growth of industries around the cities and mining
aclivities. So far. no effective remedies have been
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taken to overcome this problem. This paper is
an atlempt to propose the use of limestone and lime
to overcome the environmental pollution caused
by-the wastes of mining and industrial processing.

ENVIRONMENTAL USE OF LIMESTONE
(i) Acid Neutralisation

Limestone is considered to be the lowesi cost
acid neatraliser.  However, it cannot neutralise a
sirong acikd much over pH 6.0 and its reactivity is
very slow as compared to lims and sodium-based
alkalis.
sation plant and yizlds a large volume and weight
Limestpne-lime
these disavantages

This also neads a much bigger neutralt-

of sludge. treatment i recom-

mended to  overcome or
whan over neutralisation above pH 6.0 is requir-
ed. Limesionc with high calcium contents with
759 passing through 200 mesh, is the most suitable
form to be used for nenirabsation. Coarse lime-

stnane or dolomitic limestone have not been found



as successful, Coarse limestone passing through
2.40 mesh, never reacts completely. The acid and
much of it is wasted in the form of sludge. Dolo-
mitic limestone is too slow to react unless brought
to extreme fingness.

Burt (1986), made separate studies regarding
treatment of pyrite sample with dcionised water,
with 'crushed limestone in presence of saturated
limestone solution and with crushed limestone in
presence of deionised water. The study revealed
that the maximum effectiveness of acid mnecutrali
sation was achieved by thorough mixing - of
limestone with pyritic gangue material.  Initially
the pyrite oxidation would increase, howeresr, with
the rapid dissolution of limestone, the process of
neuviralisalion increases and this effect iron precipi-
tation and coat pyrite surfaces.
cienr amount of limestone, the

In case of insuffi-

pyrite  oxidaiion
continuously increases, thus minimising the neut-
ralisation effect of limestone. So  1n order
to have best results of limestone treatment of
pyritic gangue, an amount sufficient to
the alkalinity should he applicd to
oxidation,

maimniaimn
retard - pyrite

{ii} Mine Safety

Limestone as rock dust is wsed in coal mines
for minc safety purposes. The minc explosions
due to highly combustible coal dust can be avoided

9%

with mixing rock dust with coal dust upto 66%.
Limestone in polverised form 1s applied by machines
to ceilings, walls and floors ip working area of
coal mines. :

{iii) Sewage Treatment

In sewage plants limestene of 3.8 to 635 cm
size-areused Lo provide surfaces for growth of such
bacteria that feed on other bacteria in the efluents,
Limestone used should be frez of pyrite, marcasiie
and clays.

LIME AND ENVIRONMENTAL CONTROL

Lime -obtained as a. denvative piodect of
lime-stone finds a number of application in the
control” of environmeni. -Lime is found to ba
effective 1n precipitating trace amounts of  heavy
metals, many of which are toxic. ‘Fhese ‘form
highly insoluble calcium based compounds.  Fig. 2
shows heavy metal, precipitation with lime for
Ag, As, Ba, Cd, Co. Cr Cu, Hg Mb. Ni
Pb and Zn. With the exception of Cr, lime
removes in excess of 83% . of thess metals The
removal of Ag, Cd, Cu, Mn and Znisbetween 95%
1099%. Theremoval of Crincreaszs whenhexava-
lent. Cris redeed to trivalent form.  The pH levels
also cfiect the removal -efficiencies (Table 2).
Lime is also found to be effective 'in removal
of traces of radium 226, uranium and thorium. 230,
{Boynton, 1980},



Lime finds a number of applications for
environmental purposes. These include potable
and industrial process water trealment ; the retreal-
ment of waste process waters for recyclical use ;
treaiment of effluents from sewage plants, industries
and mines. absorption of toxious acid oxide gases
and treatment of solid wastes for safe disposal in
the ground. Lime applications with fartiliser have

been found to rehabilitate stagnant ponds and logy

turbid -Jakes with aquatic life very  poor or dormant -

due to heavy algal growth, decayed  vegetation and
acid water (Boynton, 1980).

Bell (1990) studied in detail the effects and

actions in‘a soil-lime mixture. The addition of
lime to soils. enhances many of their enginecring
properties.  Soil stabilisation with lime hus been
used in unstable slopes, where addition of lime
results in the replacement of Na with Ca in the
inteddaver structure of clays of smectitc group,
which results in decrease of clay expansion.

Three layer clay minerals with silica faces on
both sides (montmorillonite) is more reaclive than
two layer clay minerals (chlorite). This coniri-
butes towards the improvement of soil workability.
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The lime content required to modify a clay soit
varies froml-3%, and that reguired for cementation
varics from2-8%,. The emissions, produced during.
firing in bricks making kilns, in addition to carbon
dioxide, chiorine and fiuorine. The addition of
lime reacis with sulphur dioxide and fuorine 1o
produce anhydrite and fluorite. This reaction pre-
vents escape of these gases into the environment.

CONCLUSIONS

Limestone with varying degree of toncenlra-
tion and size can be used for acid neutralisation ofi
acid mine drainage. chemical industries eflluents
and for mines safetypurposes. Pakistan has hug:
inexhaustible limestone deposits and are being usd:
in a number of mineral based industries. Lime,

a derivative product of limestone linds a number
of applications in the control of environmenis;

particularly in precipitating trace amounts of heayy
metals. industrial- process water treatment. treat-
ment of sewage plant etc. Lime addition to soils
helps to improve the stability of unstable slapes.
There is wide scope for setting up of limestone and
lime industries in Pakistan to produce products for
control of environmental pollution due to mining,
e disposal efc.

W

chemical industries and sewag



Representative chemical analysis of different limestones fram Pakistan

a%
-TABLE 1

2 4 b 6
Ca0 43.0-32.0 53.16 53.70 51.31-54.26 49.52-34 .52 41 .95-50.54
MgO Traces-2.87 0.92 0.30 1.15-3.10 0.153-4.40 0_12-0.76
ALO, 1.03.0 0,94 1.00 0.09-0.31
Fe, Oy 0.40-1.70 0.39 0.50 0.1530.39 0.24-1.52 0_35-2.65
LO] 36.0-42.0 42.92 43,30 43 67-44.04 40 4743 13 38.24-44.74
1. - Sorinala Limestone (Gauhar, 19€6). 2

(Gauvhar, 1966)

Kohat Limestone (Gauhar, 1966)

4. Dungan Limestone (Saleemi, 1991)
B. Ganjo Takar Limestone (Gauhar, 1966)

Hemoval efficiencies of lime at different pH values. (Boynton, 1980)

TABLE 2L

3

Rohrn Limestone

5. Sakessar Limestone (Gauhar, 1966)

pH 67 pH 12.7
Cd 13 0.02
Fe 6.0 0.1
Mi 0.13 0.03
Cu 5.3 0.07
Zn 3125 0.11
Mn 26.50 0.04
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THE ENVIRONMENTAL IMPACTS OF COAL MINING FROM SALT RANGE
PARISTAN AND THEIR REMEDIJIAL MEASURES

UMAR FAROOQ AND SHAFEEQ AHMAD
Institutef of Geology, Punjab University, Lahore-34390, Pakistan

Abstract :  Detailed mineralogical and chemical studies of the coal deposits from ihe Salt Range
indicate that the downstream environmental pollition is due to Pyrite, Gypsum, Clays, Halite, Carbonaies and

acid mine drainage. Thep resence of these minerals in and around the coal deposits of the area under study and

presence af certain trace elements, are affecting the downstream soil and warer.  During rainy seasons, ihe
addition of toxic elements and fine sediments from the mining wastes increases the rate af dovnward polfution.

Same remedial meanires are suggested lo minimize the environmental impact of coal mining in’ the

sluddied arca.

INTRODUCTION

The Salt Range Cosl deposits are in Paleocene
Patala Formation wiith minor occurfences in Per-
mian (Tobra Formation) The Patala Formation is 5
to 90 mthick and is composed of dark grev, fossilife-
rous shale and coal, These depositsare there solt of
deposition in back barrier and near marine 2nyiron-
MEents.

In the eastern and central Salt Ramge, coal
‘seams ocCuT in single bed less than one meter thick,
commonly split by dark-greys  hales or thin bandsof
quartzose sandstone. -Coal seams upto 2.13 m have
been reporicd in the extrenie eastern Sali Range,

The coal bearing strata in the Makarwal coal
field is within the Hangu formation of Paleocens
age. These are overlain by Younger tertiary rocks.
The thickness of coa! beds varies from—1 m to 2 m,

Detailed mineralogical studies of coal samples
show the presznce of clays, quartz, and pyrite,

chloride (Mawaz, 1936).
ENVIRONMENTAL IMPACTS

The exploitation of coal and its asscciated pro-
cessing activities, capses environmental degrada-
tions and their sravity depends upon the nature and
quantity of coal mining activity. Pervaiz (1992),
described in detail the mining hazards and classified
them into four major
(bacteria, fongl) : Chemical (toxic chemicals,
dusis and gases) ; Physical (heat, noise, radiation
chemical,
ergonomic, physical or psychological faciors),

categories ; 'Biological

and vibration) 5 Stress (created by

Durinz surface mining operations, rock dust
is constantly released into the air. The intake of
fine particles by mine workers causes lung diseases
due to high level of quarlz or [ree silica in the wastz
rocks.  Similarly coal'dust alse cavses lung dissases.

Health hasards due to underground mining
includes duost related diseases such as silicosis and

103



toxic effects of harmful gases such as carbon
monaoxide, nitrogen oxides, hydrogen sulphide and
hydrogen cyanide and sulfur dioxide.

The presence of pyritic material and clays in
the coal scams of the studicd area causes a great
deal of environmental pollution at the mining site
and also downstream. These effects are enhanced
during the rainy season as the input of mine water
along with fine sediments to the downstreams in-
creases. As a result of mining activities, down
str¢am pollution results doe to :

I Acid Mine drainage
2. Waste Disposal

GENERATION AND QUALITY OF MINE
DRAINAGE

One of the most persistent environmental
pollution problems in ceal mining is the acid mine
drainage. The source of A.M.D. is the availability
of sulphur in coal seams in the form of sulphides.
sulphates. The pyritic sulphur
from seam to s2am and from one geographic region
to another. Acid mine water resulis from the con-
tact of pyrite with the incoming water from the

conlenls  vanes

There are six factors responsible for gencra-
tion and the quality of mme drainage :

I.  Availability of sulphide mincrals.

I

Availability of dissolved oxygen and ferric/iron.

3. Bacterian.

4. Surface area of exposad sulphides bearing.

5. The presence of acid neutralizing minerals,

6. Temperature and salinity of ground water.
Doyle, 1976 : gave the following cauations for

the formation of acid mine water from pyrite :—

2 FeS34+ 70,4 2H,0 —— 2FeSO, ;1 2H,S0,

4 FeS0, 4 2H,S0,+ 0,—— 2Fes(80,);--2H,0

Fe,(50,) 34 6H,0———— Fe{OH):+3H250,
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OR
Fex(S04) 3+ 2H,0 ——— 2Fe(OH)SO4 + H,50,

Ferric Hydroxide or basic ferric sulphate
forms depending upon the physical and chemical
conditions.

The downstream mine drainage dissolve con-
stitugnts from most materials with which 1t comes
in contact. This result, in the increase of disso-
loved concentration of certain clements
as a result of exposure to oxygen, change in water
chemistry and inceease of pH ceriain clements
separates out : e.g. tron freguently forms iron rich
precipitates) under these conditions (Nordstrom,
1982).

Haowever,

Fei 4+ 3H,0——+ Fe{OH):(s) + 3H+
Fe+ 42.5H50 +0.250,(ag)—— Fe(OH)s(s) 4 2H+

The hazardous elements and precipitates introduced
into streams and rivers can adversely affect the
quality, ecology, and chemisiry of the receiving
waters (Moorcand Luoma, 1920; Ficklin and Smith,
1993).

Althouch the solubility of sulphide minerals
in water is genemally low, yet the sulphides are
unstable in pn:ﬁe:m:;:. of dissolved oxygen andfor
ferric iron. Dissolved oxvgen and ferric iron can
oxidize the sulfide minerals (Smith. 1994}

FeS,(s)+3.50,(aq) + H,O—Fe®* +250° (+2H (1)}
FeSa(s) & 14Fc3* +8H,0—15Fc™ + 2507 (4 16H*
—)

where: Fea(s) is pyrite, Oyfaq) is dissoved oxyvgea,
H.O is water, Fe2* is dissoved ferrous iron, SO
is dissoved sulphate. H—is dissoved proton (respon-
sible for acidity), and Fei* is dissolved ferric iron
(Garrels and Thompson. 1960). Pyrite oxidation
is accomplished according to reaction(2) in the pH
range of 2 to 7 (Moses ct al.. 1957 ; 1991) and eight
times more acidity is produced as compared to
when disselved oxyvgen serves as the oxidant. In
reaction(2), the role of dissoled oxyeen appears to



be fimited to form ferric iron by oxidizing Fe?t,
Fet* +0.250.(aq) 4 Ho—Fci- +0.53H . 0——(3)

The bacterias, Thiobacillus and Leptospiril-
lum, are able to derive energy from the conversion
of ferrous to ferric iron (Harrison, 1984) and their
presence accelerates enormously the conversion of
ferrous to ferric iron (Singer and Stamm, 1970},
The other factors responsible for preducing acid
mine drainage include the exposed surface arca of
sulphide minerals, the quality and temperature of
ground water and the presence of carbonates, neul-
ralizing the acid mine drainage.

Smith, (1994) : summarizes Lhe chemical and
hiological factors involved in the production of acid
mine drainage as ; .

Pyrite 4 Fe3r 4 Water—Fe** + Sulphate4-Acid

Dissolved oxvgen and ferric iron oxidizes other
sulphide mincrals and the rospective elements
are dissolved in the acid maine drainags.

Warwick et aul. (1995) reported total sulphur
variation from 3.13%, to 7.21 % : Sulphate Sulphur
0.06%, 1o 0.69% : Pyritic Sulphur from0.48 %; to
3729, ; and Organic Sulphur from 2377 to 3.937;
in 20 coal samples from Surghar Range.
sence contribute towards for formation of acid mine

Their pre-

waler.

This mine water loaded with a number of
undesirahle and hazardous constituents cannol be
used in any form uanless purified. Coal mines
water may have bacteria which are formed due to
decay of timber or other organic matier. This
water containing bactenia is also harmiul for health.

The environmental effects of mine water
pollution fies not only at the mining sites, but also
migrate downstream all the way from the origin
until the final pollution disappearance, either by

dilution or throuzh treatment.

The variation of Se contents from 7.4 to 13.1
ppm, (Warwick et al., 1995) 15 in the hazardous

range. Selenium shows affinity with iron sulphides-
and during combustion of coal shows segregations
in fly ash (Querol et al., 1995). Similar behaviour
is shown by As, the concentration of which variés
from 2.44 to 8.00 ppm (Warwick et al,, 1995). Usz
of coal with such high concentration  of Secan
creale environmental pollution from its accumufa-
tion in the enavironment from fly ash.

Remedial Measures ,
Wetland Treatment Cell

Ags a result of geochemical processes in moun-
tanous regions involving oxidation of metal sal-
phides present in the mineralized rock the incom-
ing water attains low pH and high metal concen-
trations. The downstream flow of this water affects
the water quality and aguatic resources of streams
and rivers in the mineralised belts.  This demands-
effective measures to treat acid mine drainage and
acid leachate from minging waste. Emerick ct al,
1994 discussed various methods for treatment of
acid mine drainage and described in detail the
treatment of acid mine drainage by metal and
dydrogen ion (H- or proton) adsorption, and by
transformation of metals into insoluble com-
pounds. Reduction of sulphate present in the
mine drainage by certain bacteria is the major
metal process in the wetland. The-
hydrogen sulfide. produced. precipitates out the
solution. The organic matter. on decomposition
by anacrobic bacteria, releases ammonia, bicarbo-
nate ions and methane. These causes a raise in
the pH. which is sufficient for the reduction of
sulphate.

removal

Treatment of acid mine drainage with lime-
stone in treatment tanks or channeling the drainage
through carbonate rocks can also effectively neut-
ralise the acidity of the mine drainage and adsorp--
tion of metallic ions.

Sedimentation Ponds

The surface mines run offs have usually high



gilt content. The silt contents be allowed to seitie
in sedimentation ponds before their discharge. In
case of mine efffuent containing chemical reagents
liable to affect downstream water bodies, warter
treatment facilities suitable to the nature of the
efffuent should be created before allowing it to mix
with the downstream water.

Reclamation of Affected Areas

The extent of downstream areas affected by
acid mine water and hazardous sediments, be iden-
tofied by clectrical resistivity methods  (Umar

1G6

Faroog ¢l sl 1994). The nature and extentl of
hazardous metals he determined by detailed geo-
chemical study of the affected area. The soil be
chemically treated to undo the affects of pollution.
Fletcher (1992) reported a  feasibility  study
on reclamation of soil contaminated with Copper,
Chromivm, nickel and cadmium in Tucson Arisona
U.S.A, The process would involve crushing; grind-
ing followed by sulphunc acid leaching, fltration
and washing. The treated =ail would be: returned

to site for landscaping. seeding and planting.
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