and Riaz Ahmed Sheikh

The
GEOLOGIAL BULLETIN
of the
PUNJAB UNIVERSITY
Mumber 27 December, 1992
CONTENTS
; : . . . : Page
Some Engineering Geological Properties of Soils at a Bridge
Site over the Gambila River on Bannu—D.l. Khan Road
By Muvhammad Hussain Malik 1
and Sased Faroog
and Syed Najam Tameem
Geotehnical Investigation of Bridgs Sites near Sshwan, -
District Dadu Indus Highway N-55 Project
8y Mulammad Hussain Malik 15
and Sseed Faroog
and Syed Najam Tameem
Stratigraphy, Struclure and Sedimzni-Hosted Mineralization
of the Duddar Deposits : Contracts and Similarities
By Arshad Mahmood Bhutta 29
and lrshadul Hag Quraishi
Microfacies, Diagenesis and Environment of Deposition of
Datta Formation from Jaster Gali, District Abbottabad. Hazara.
Pakistan
By Fawad Ahmad Chuhan, 47
Mohammead Nawaz Chaudhry
and Munir Ghazanfar
Computer Programme for Metamorphic Paragenesis of Car-
honate Rocks
By Muhammad Anwar, 53
Javed Akhter
and Chaudhry Asgher Alf
Mutual Influence of Chemical Activity in Injection Migmatite
and Pegmatiles in Evie-lveland Area of Southern Norway
. By Sherjil Ahmad Khan Lodhi B9
Delineation of Fresh Water Aquifer in a Saline Area using
Geoelectrical Method
By Umar Faroog g7
and Shehzad A. Qazi
Resistivity Surveys for Subsurface Investigations
By Umar Faroog 107
and Shafeeq Ahmad
Geachemical Degradation in Mountanous Regions and their
Environmental Effects
By Shafesq Ahmad. 11
Umar Faroog




Geol. Bull. Punjab Univ. 1592, 27, 1=13
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A BRIDGE SITE OVER THE GAMBILA RIVER ON BANNU—
D, I. KHAN RGAD
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Institute of Geology, Punjab University, Lahore 54590, Pakistan

AND

SYED NAJAM TAMEEM
Geoconsult Associates, Model Town, Lahore, Pakistan

Abstract :© A Jarge number of soil samples were obtained from horeholes drilled for-

investigation purposes for construction of bridge.

Both disturbed and undisturbed samples wera

tested for gradations, density. Atterberg, limits, unconfined and triaxial compression. The soil
strata consist of clay with variable percentage of sift and sand. Unconfined compression tests
show a slight increase in strength with depth. Similarly, triaxial tests show an increase in C and |
values with increase in depth, although the grain size analysis do not show a pronouncsd variation.

INTRODUCTION

The Bannu—D.l. Khan Road is an important
highway which connects the two district head-
quartars in the N.W.F.P. It crosses the Gambila
River at Mile 25 on Bannu-D. |.KhanRoad (Fig.1)
by an existing narrow bridge, which also serves
as railway bridge for the narrow gauge railway
line connecting Kalabagh and Bannu. This
narmow bridge was constructed during late 19th
century. The bridae has not only out lived its
useful life but has also become bottleneck for
the present day heavy and fast moving traffic,
resulting in one way operation which causes
considarable dzlays in traffic movements over
the bridge.

The Ma:ional HighwayBoard, Governmentof
Pakistan rightfully decided to provide a new 8.5
meters wide bridge with 0.80 meter curbs on en-
tire side to be designed for the severest of Class
A or Class AA loading to cater for the present
and future requirements projected over 25 years.
. The confirmatory soil investigations were
carried out alongwith laboratory and field test-
ing, (ASCE 1974; Brierly et al; 1979; Casagrands

1948), which are discussad in this paper.
GEOLOGY

The Bannu Quadrangle covars an area of-
more than 4,300 squar= miles in norith eentral
Pakistan between latitudes 32° and 33° N and
longitudes 70° and 71° E. This area contains lwo
main physiographic units — the alluvial low
lands, which include the structurally undis-
turbzd Indus and Bannu Plains, and the folded
belt, which include the khisor, Marwat, Bhittani
and Sulaiman Ranges as wall as the highlands
of Waziristan.

Surficial deposits of Quaternary age. in
the Bannu Quadrangle include alluvium and
sand dunes of the Indus and Bannu Plains,
alluvial fans along the hill fronts and uncon-
solidated detritus along the slopss and in the
valleys of the mountain ranges and foothills.
These deposits are of Holocene age.

Total stratigraphic thickness exceeds 38,000
feet in the Sulaiman Range-Waziristan area. -
Sedimentary rocks of Jurassic, Cretaceous,
Tertiary and Quaternary age are present. Rocks-



of Paleocene and Eocene age are particularly
well developed in this region, at places, exce-
eding 13.000 feet in thickness,

The project lies in the Bannu Trough in the
tecionic zone of Himalayan Fold Belt. The
Himalayan Fold Beitis part of folded foredeep
shelf of Indo Pakistan Plate, (Tectonic map of
Pakistan, Published by the Geologicai Survey of
Pakistan, 1982).

Preliminary investigations were carried out
in 1984, for the design of foundations of the
proposed bridge. Six boreholes were drilled
upto 65 feat depth from NSL and borehole logs
were prepared. The pile foundations of 30
inches diameter of cach pile were designed on
the basis of the data provided in the preliminary
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investigations.
PRESENT INVESTIGATIONS

The present confirmatory site investigations
were carried out to obtain additional detailed
information on the nature of the slrata and
groundwater in area prior to the consiruction of
the bridge. For this reason three 12" diameter
boreholas wera advanced, onz in the cenlre of
the proposed bridge and one each under the
abutmesnts. Borehole logs wara prapared, in-situ
tests performed and disturbad and undisturbed
samples were coliected. Table 1 givas ground
elevation and depth of cach borchole. Tha
Geotechnical Profile along tha proposad bridge
is shown in Fig. 2.

TABLE—1
B-H- No. Location G. Elevation Botton Total
(m) Elevation {m) Depth (m)
1. Right Abutment 271.475 232.000 39.55
i Centre of Gambila River 285.350 232.000 33.55
_3. - Lefi 271.385 232.000 39.36




Drilling boreholes by Parcussion Method
upto required depth, performing in-situ tests,
collecting samples and preparing field borehole
logs and testing samples in the laboratory
-collectively covers the scopz of ths gsotechni-
cal investigation (B.S. 1377, 1975).

Three boreholes were drilled upto a bottom
selovation of 232.000 meters. The sampling
andin-sit testing were carried out from ancleva-
tion of 254.00 metars downward which is
assumed as the scour'ng depth. The boreholes
were drilled using 12" dismeter steel casing.
A single drum winch machine with 45 H.Pp.
diesel engine was used for advancing the holes.
The subsurface material recovered during drill-
ing was carefully inspected and the visual
classification was made and recorded on the
borehole logs.

STANDARD PENETRATION TESTS (SPT)

Standard Penstration Tests were parformead
in the boreholes on undisturbed soil below the
bottom of casing at appropriate depth intervals.
The tests were carried out by driving a standard
2" outer dia split tube sampler with the help of
a 140 pound hammer dropping freely under
gravity. For every six inches penetration (as
required) the number of blows were counted
and a total length of 1.5 feet was pznetrated.
The number of blows for last 12 inches panstra-
tion were racorded as SPT blow counts and
were denoted as "N’ value,

The soil samples recovered by SPT sampler
were carefully preserved in the plastic bags
with sampling shesat showing site no., date of
sampling, sample depth etc., before transporta-
tion and testing.

‘DISTURBED SAMPLES

The disturbed samples were collected from
split tube sampler during Standard Penetration
Tests. Large disturbed samples were also aken

-during drilling. Thess samples were properly

preserved in double plastic bags to carmy out
moisture tests, particle size anaysis and Atter-
berg’s Limits Tests in the laboratory (Littleton
and Farmilo, 1977; B. 5. 1337, 1975).

UNDISTURBED SAMPLES

Undisturbed samples were taken by Shelby
tubes which were pushed by hammeringwith the
140 pounds. hammer of SPT apparaius. The
borehole bottom was cleanded, prior to the
process of sampling upto the lavel from which
the sample was to be taken.

After the extraction of the shalby tube, tha
sample was waxed from ends by pouring melted
parafine wax in the field immadiately to prevant
any moisture loss. These sample were camied
to Soil Testing Laboratory. Triaxial and uncon-
fined compression tests were performed on
these undisturbad samples.

LABORATORY TESTING

The samples collected from the site from
all the thres boreholes were transported to Soil
Testing Laboratory at Lahore. From the bulk of
samples collected in the field, sslection of
samples were made after a careful study.
Following laboratory tests were performed in
the laboratory on the chossn samples. The
summary of these tests is given in Table 1.

(a) Natural moisture content test
(b) Gradation analysis

(c) Bulk denstiy test

(d) Atterberg's Limits

(e) Unconfined compression tests
(f) Triaxial compression test

The method of sieving was used for coarse
grained sandy soils, whereas method of sedi-
mentation was used for fine grained (clayey)
soils. The results of gradation analysis as
particle size distribution curves are presented



in Fig. 7.

The unconfined compressive strength (UCS)
is the compressive strength at failure of a soil
specimen subjected to unconfined compressive
load. |t provides a direct quantitative measure
of consistancy of cohsive soils. The UCS tests

~were caried out on undisturbed soil samples
from diiferent horizons. The results of these
are presented as strain curves in Fig.4.

The tesis performed on the undisturbad
soil samples were undrained Q-tests. In these
tests no drainage and, hence, no dissipation
of pore pressure is permilted during the
application of the all round stress. No.
drainage is allowed during the application
of the deviator stress. The results are prescted
in Figs 5 — 6.

CONCLUSION

The subsurface soil strata at site mainly
consist of clay with variable percentages of
gilt and sand at different horizons. The clay is
dense to very dense in compactness and plastic
in nature. Thase alluvial deposits camied by
River Gambila were deposited in shallow en-
vironments in the area. The variation of grain
size does dot seem to be the only factor in the
increase of unconfined and triaxial compression
strength. It appears that the compactness
rendered to soil with depth, is responsible for
gain in strength.
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Abstract -

Undisturbed soil samples were collected wsing Pitcher and Denison samplers
while rock cores were oblained wusing double tube cora barral.

Based on the analysis of field and

laboratory data the load carrying capacity of single pile were computed for the foundation design.
Pifle load tests are suggested to supplement the results.

INTRODUCTION

The improvement and design of existing
Indus Highway (N-55) is one of the major
projects of National Highway Board. MNational
Engineering Services Pakistan (Pvt.) Ltd. were
appointed as consultants for the design of
Dadu-Kotri section of N-55 project from Sann
to Bhan Saiyidabad (Fig. 1). The geotachnical
investigation for the proposed twa new bridges
at RD 34-+348 km and 58-+345 km near
Sehwan were caried out. The site invastiga-
tions comprised of drilling two borcholes (by
rotary method) at sach site in addition to insitu
testing and sampling. Undisturbed soil
samples were collected by using Denison and
Pitcher samplers while SPT =samples were
collected as disturbed samples. Rock core
samples through NX size double tube core
barrel wers also taken from three borsholes.

The field investigations were followed by
the laboratory testing (B.S. 1377 :1977 : B.S.
410 : 1989 ; Head, 1976) of selected soil, rock
and water samples.

This study covers details of subsurface
investigations carried out at the proposed bridge

sites near Sehwan Sharif, District Dadu and
gives an evaluation of subscrface condition
alongwith analysis of field and laboratory
data. Recommendations for design of
foundation of the project alongwith relevant
geotechnical parameters are suggested.

The proposed bridge sites are located on
Indus Highway N-55 Kotri-Dadu Section Ong at
km 54-348, will be constructed over channel
Aral Wah and the other at Km 58-345 will be
constructed ovar channel Aral Tail. The
existing bridges at these sites are very old
and namow and cannot cops with the en-
hanced traffic loads and are creating traffic
problems.

METHODOLOGY

The subsoil investigations at the proposed
sites were aimad at obtaining informations
regarding geo-engineering character of subsoil
at the location of each bridge. This was
accomplished in the following manner :—

— Drilling of boreholes using siraight Rotary
Method upto a maximum depth of 30 meters
below natural surface levei.

15



Performance of Standard Penetration Tesls
(SPTs) in the boreholes wherever required
at a depth interval of 1.5 meter together
with collection of SPT samples.

Collection of undisturbed soil samples from
boreholes wusing Pitcher and Denison
Samplers.

Collection of rock core samples from
boreholes using double tube core barrel.

Collection of water samples from boreholes.

Two borecholes were drilled at each site
(Figs. 2-3). At Aral Wah bridge site, one
borehole of 30 meters and other upto 21 meters
was drilled. At Aral Tail site, the depth of
boreholes were 10.6 meters and 14.6 meters.

Standard Penetration Tests were conducted
in all the boreholes at a depth interval of 1.5
meters except where undisturbed sampling was
attempted. These tests were performed in
accardance with ASTM D1686. The SPT sam-
ples collected from Split Spoon Sampler were
preserved for laboratory testing. The SPT blow
count for iast 30 ¢m penetration of the Split
Spoon Sampler along the depth of borcholes
was recorded in the logs of all the boreholes.

SAMPLING

From boreholes disturbed soi samples
were collected at every 1.5 meter depth interval
through SPT Split Spoon and undisturbed sail
samples were collected through Pitcher and
Denison Samplers and were properly preserved
and labelled for laboratory testing. A double
tube core barrel was used to extract undisturbed
rock cores from the borehole to confirm bed
rock. Rock coring was done in threa boreholes.

Water samples from boreholes  were
collected to camry out ehemical analysis. The
results of these tests are presented in Table 1,
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LABORATORY TESTING

Selected disturbed and undisturbed soil
samples collected during subsurface investig-
ations were tested in the laboratory for
determination of physical, strength, consolid-
ation and chemical characteristics (B.S. 1377 :
1875 ; Lamb, 1951).

All the testing was done as per ASTM
Standards or the equivalent British Standards.
The following laboratory tests were performed
on the soil samples and are presented in the
form of summary of test resultsin Table 2.

— Grain size analysis

— Natural moisture content

Bulk density

Atteberg's Limits

Specific gravity

Consolidation

Unconfined compression (Table 3)
Sulphate content (Table 4)
Organic matter content

pH value

Tables 1 to 4 present thea resultsof laboratory
tests which are discussed hereunder :

Sixteen respresentative samples from
various substrata encountered at the sites were
analysed for particle size distribution by carrying
out sieve and hydrometer method (where
relevant) analysis. The cortesponding curves
are shown in Figs. 5 and 6.

Eleven cohesive samples were tested for
determination of natural moisture content. The
results vary from 26.2% to 33.7%.

Bulk density of the five tested samples-
varied from 124.1 to 129.6 Ib/cft.

Seven samples tested for determination of



Atterberg Limits yielded liguid limit (LL) from
28 to 39 with Plasticity Index ranging between
7 to 14. The samplas tested can, therefore, ba
rated as possessing low to medium compres-
sibility and plasticity characleristics.

Two rock core samples were put to specific
gravity tests. The results range from 2,61 to

2.63.

One soil sample taken from the borehole
No. AW-3 was subjected to consolidation
test to study the ssttlement potential and the
time versus ssattlement behaviour of the fine
grained soil. From the analyses of test data,
Compression Index was estimated as 0.106
with initia! void ratio (e) of 0.520.

Three undisturbed samples were put to
unconfined compression test. The results show
failure strength ranging from 0.62 to 1.3 T/sq.
ft. Fig. 4 shows higher strength of silty clay
than claysy silt.

Four soil samples were tested for estimation
of percent soluble sulphate content. The
extent of sulphate content in the soil varies
from 0.25 10 0.46%. This percentage warrants
use of specific type of cementin foundation
(Table 4).

The four samples were tested for the prese-
nce of organic matter content. The test rasults
ranging from 0.85 to 1.932; are within the
tolerable fimits (Table 4).

SUBSURFACE CONDITIONS

Careful iogging of all the boreholes was
done to describe the lithology and stratigraphy
of subsurface matenals. Other relevant infor-
mations like boring details, SPT data and GWL
were also noted on these logs.

SITE-1 (ARAL WAH) RD 54 - 348 KM

The stratigraphy reveals that the top layer
of soil about 1.5 to 2.5 meter thick in both the
boreholes is fill material, (comprising of silt,

17

clay and sand mixture alongwith brick pieces),
which is underlain by a layer of cohesive soil.

The cohesive soil layer is directly in
contact with bed rock (siltstone) in AW-Z
wheraas a sand layer of about 4 meter was found
in between cohesive layer and bed rock in
AW-1. The bad rock in both the boreholes is
siltstone (clayay) which is weak and slightly
weathered to greyish and vellowish brown
in colour.

DIYR-2 (ARAL TAIL) RD 58 + 345 KM

At this site, the overburden has a thickness
of & metars in borehole AT-1 and about 9 meters
in borehole AT-2.

The top soil in AT-1 is 2.8 meter thick, can-
sisting of a mixture of sand, gravel and silt
with some brick pieces. It is followed by a
silty clay layer of 1.2 meter thickness, which is
underlain by 1 meter of thick clayey silt deposit
having =ome perceniage of sand. The bed
rock was found in contact with this layer at
5 meters depth which is siity sandstone.

In borehole AT-2, the top so0il is sandy silt
with litile clay and is underlain by silty sand de-
posit of 5.1 meaters thickness which is followed
by & 1.6 meter thick clayey silt (with some sand)
layer. The bad rockis encountered at 8.9 meters
below MSL. It is sandstone, yellowish brown
in colour, weak, fine grained and slightly-
weathered. Ferrugenous material is also obser-
vad in core samples of this rock.

FOUNDATION DESIGN CONSIDERATION

Keeping in view the geotechnical character:
of subsoil at site and the type of structure.
possibility of provision of pile foundation at the
top or within the bed rock appears an appropri-
ate consideration for the project-

Based upon the analysis of field and labo-
ratory data, the load carmrying capacity of single-
pile has been computed and is outlined
below :—



LOAD CARRYING CAPACITY OF SINGLE
RCC BORED AND CAST IN SITU PILE

The load carrying capacity of single pile has
been estimated using the following formula by
Tarzaghi and Peck (1967)

Qd = 0Of +-0p
where Qd = Ultimate bearing capacity
af = Skin friction component
Qp = Point resistance
Op = A RZXCNc
—and af = 2 A Rhfs
h = Lengthof pile embedded
in suppor:ing soil
= Radius of pile
C = Cohesion which is taken
as 0.5 times unconfined
strength at the top of pile.
Ne = Bearing capacity factor
which is taken as 9
fs = Unit skin friction, which

is5 based on unconfined
strength of cohesive soil

For the sstimation of point resisiance, the
unconfined strength of rock has been used,
whereas skin friction component has been
calculated on the basis of data of the owver
lying soil deposits. The bearing capacity of
piles of three different diameters has been
calculated for baoth the sites which is given
below :(—

SITE-1 (RD 54 +348) BOREHOLE AT-1

The calculation is bassd on uncanfined
strength of rock at 14.5 meters depth.

Qd = 0Qf 4 Qp
2 /\ Rhfs - AR*CNc
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{A) for 22" dia pile
R = 0.92 fesi
h = 38 feet (after excluding
tops oil of 2.8 metars
thickness)
fs = 800 (assumed for cohesive
soil)
C = 0.5xqu=6.59 Ton/sq. ft.
Ne = 9
Qd = 78.45+157.7
= 236.15 Tons
Applying FOS = 3, we get allowable load
Qall = 78.7 Tons
(B) for 26" dia pile
R = 1.08 feat
Od = 82.034-218.0
= 310.36 Tons
Qall = 103.36 Tons
(C) for 30" dia pile
R = 1.25fe=al,Rs=1.565q. fast
Od = 106.59+290.67
= 397.26 Tans
= 132.42 Tons

Qall

SITE-2 (RD 58+345 KM BOREHOLE AW-2

The calcuiations are based on unconfined
strength of rock at 21 mcters depth bealow NSL.
The top soil of 2.3 m. has bzen ignored.

qu of rock at 21 meters = 1591

Tons/sqg. feet
0.5%x1591 = 7.95Tans/sq.
61 fesat

786 based on average un-
confined strength of cohe-
sive soil in borshole AW-2
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{A) for 22" dia pile = 404.91
Qd = 2 A Rhf x A RXCNe
Qall = 13497 Tons
= 120.89 + 180.25
Qall = 103.7 Tons for FOS of 3. (C) for 30" dia pile
e
where  Qall = Allowable load. 8 2h.teut
i R2 = 156 sq. feat
(B) for 26" dia pile =3
R = 1.08 feet 0d = 141.92+ 262.99
R2 = 1.17 feat = 404.91
Od= 141.91 + 26299 Qall = 13497 Tons
SITE PILE DEPTH ALLOWABLE LOAD ON SINGLE PILE
(M) 22" 26" 307
1 14.5 78.7 Tons 103.36 Tons 132.42 Tons
9 21.0 103.7 Tons 134.97 Tons 171.64 Tons
CONCLUSIONS loading test for better foundation design.

1. The allowable load carrying capacities given
above are for single pile only. Due allow-
ance must be made for group action of
piles for proper foundation design.
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TABLE—
Chemical Test Restults of Water Samples.

1

B. H. No. Sulphate | Organic Matter PH-value
Content |
AW.2 ! 70 mg/litre 8
i
AT-1 i 478 mg/litre 7.8
e i =3 B | S o T b o ak:
TABLE—3
Unconfined Compression Test Results of Rock Samples
| ' |
B. H. Depth M. C. Deviator | Type of |
Mo. in : : stress | - Remarks.
Meters Vo | Ibs'sq. In. material
AW-2 208 t0 | silistone Erittle
10.8 247.54 .
21.0m. ! failure
e o s == —
AT-1 14.40 to |
5.6 205.08 sandstone intermediate
14.50 m. l calcarueos ! failure
TABLE—4
oy Chemical Test Restults of Soil Samples
i —
Depth Sulphate : Organic Matter
B.H. No. in Content A
Metters 9
AW-1 1.5 0.25 1.93
AW-2 1.5 0.28 1.56
AT-1 1.6 0.46 0.96
AT-2 1.5 0.38 0.85
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Geol. Bull. Punjab Univ., 1882, 27, 28-44

S TRATIGRAPHY, STRUCTURE AND SEDIMENT-HOSTED MINERALIZA-
TION OF THE DUDDAR DEPOSITS : CONTRASTS AND STMILARITIES

By
ARSHAD MAHMOOD BHUTTA
Geological Survay of Pakistan, 68-D, Modal Town, Lahore, Pakistan

AND

IRSHADUL HAQ QURAISHI
.Geological Survey of Pakistan, Street 17 Block 2, KDA Schema 36, Karachi. Pakistan

Abstract : Zinc, lesd and barite daposits, located in the southern part of the Lashela-
Khuzdar Belt in the Balochistan Province, form Duddar and Kharrari ore bodies within the Shirinab
Formation a&long the northwestarmn edge of the Indo-Pskistan Plate. The Shirinab Formation,
distinctly divisible into three members, and predominantly composed of lmestone. shale and
sandstone of lowsr to middie Jurassic age, hosts sulfide mineralization.

ANl the ore bodies, located near each other, occur al different stratigraphic horizons.
af the Shirinab Farmation. The Duddar are bodies ore hosted by the upper Anjira Member, wheraas
the Khatrari ore bodies liz in the lowar Spingwar and middle Loralai Members. The mineralization.
though similar qualitatively, differs in occurrence and attitude. At Duddar, the sulfide zones and
the barite bodics are exposed mostly concordant to the encfosfn§ fithologic units. The mineraliza-

tion is distributad in an irregular . pattern and occurs mostly along the structural sites in the
Kharrari ore bodies.

INTRODUCTION each otiher, include Duddar North, Duddar

A number of lead-zinc-barite occurmences South, Kharrari North and Kharrari South ore
are found in a narrow, northerly trending Bela-  bodies (Fig, 1c). The Duddar deposits, having
Khuzdar Metallogenic Zone. The most signifi-  grid referencs Latituds 26”50° and Longitude
cant deposits discovered to date are Gunga, 66 55’ on Suwey of Pakistan ":TODUHFP?HG
SuUnai, FMalkhore and Shekhran in the Khuzdar Quadrangle 35J/16, and located at about 200
area and Duddar—the area under study—on Kilomstars north of Karachi, can-bg reached

the eastern flank of the Mor Rangs which is from Karachi by turning eastwards at Khurkhera
the southernmost part of the “Axial Belt (Fig. 85 Kilomaters alond the Quetta Highway, and
A2, b). The Duddar deposits, all lying clos: to travelling a further 110 Kilometes on a waather

o
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dependent unpaved road. The entire trip takes
about three and a half hours-

Since no detailed geological work existed
an the sulfide mineralization in the Duddar
arca, the objective of this report is 1o describe
in detail the host rocks, the ore mineralization
the associated alicrations, the pattern of
mineralization and a comparative study of the
different ore bodies- The iarge scale geologicat
map of the Duddar arca shows the Duddar and
Kharrari ore bodies, their enciozing host rocks,
the mineralized zones and the structural fea-
tures (Plates 1, 2)-

The mineralization occurs within 2 sequ-
ence of shailow marine, carbonates and clastic
sedimentis of the Shirinab Formation These
sediments are a part of the conlinental shalf
deposits exposed on the western edge of the
Indo-Pakistan Plate (Fig- 1a)- These Mesozoic
miogeosynclinal platiorm type sediments are
gredominantly composed of reefoid, colitic,
pisolltic limestone with guarizose sandstone
and shales.

The major tectonic evolution which occurr-
ed from iate Cietacecus to sarly Tertiary and its
closz proximity to the major fault systems such
as Chaman and Ornach —Mal Transform Fauh
Zanes are responsibie for the complax physio-
graphy of the region. Sigmificant thrust fauit-
ing folding and structural deformation cccur-

REGIONAL STRATIGRAPHY

The Jurassic scquence with a biief accoun:
of the Cretaceous rocks and the Bela Ophiolites
is described below :

Jurassic Seguence

The Jurassic sequence
followina formations :

comprises  the

i+ Sember Formation
{Late Jurassic 1o Farly Cretacegus)

2- Shirninab Farmation
(Early to Middle Jurassic)

It consists of three distinct units :

1. Anjira Member
Early to Middie Jurassic
{Toarcian 1o Bajocian)

2. Lotalai Membear
Early Jurassic

3- Spingwar Member
Early Jurassic

Spingwar Member (Js)

The Spingwar Member (Js) is exposed on
the wes! side of the area (Kharrari Ore body) and
pinches out souihwards (Fig- fci- it is domi-
nantly composed of sandstone intercalated with
shales and sandy limestone which forms steep
dips sharp protrud'ng and elevated ridges: The
sandstone is thin bedded, el
otcasionally bedda2d, orthoguartzitio;
fzrruginous, calenicous. white o light grey,
brown ; weathes rusty brown
and light arey, medium to coarse gr:ned,
madiuvm hard and fiabe- Itis intersally lami-
nated and locaily cross bedded. Rare conglo-
mefatic beds are qu'ic compact: The infer-
caiated shale is thin bedded. light grey
to dark grey, soft and calcareous- The stand-
stone garades into medium to thin bedded.
laminated, fine grained. and grey to light grey,
light brown calcareous standstong. The sandy
I'mestane ocScurs in the upper of the sandstone
bzds. Quariz veinlets ocour alona fragtures and
joints: The membzr is mostly unfossiliferocs, ax-
cepl some poorily preserved molluse shells in the
calcarcous sandy limestone.

laminaied,
thick

10 yellowish

The Spingwar member of coarse o fine
cross-bedded and cross-laminated detntal bads
and sandy limestone indicates varied, unstable
and shallow depositiona! environment.



Loralai Member (J1)

The Loralai Member (J1) exposed exten-
sively is distinguished by T1s dark grey 1o black.
intensely folded and almost uniform limestone
lithology (Fig- 1c)- It forms the highest cliff-
making and sub-rounded ridges- It is madium
1o thick bedded. argillaceous. micritic, finely
arystalline, resistant. colitic, pisolitic, - highly
tossiliferous, with biolurbated beds. Rusty
weathering and orange to yellow mottling in
the limestone beds are charactenstic. Sub-
tithographic, noduiar limestone is interbadded
occasionally.  Feruginous silty limestone beds,
few in number, weathet reddish brown
yveliow. Dark gqrey interbedded sandy lime-
stone and frruginoussilly limestons beds are
present in the lower part- The content] of the
arey to blackish agrey, soft. calcareous and
intercalated shale increases the upper
Thz member coatains abundant
tamellibranches, {(Pecten wegls,
(fsocrinus),

or

1
horizone.
gastropods,
Girifla), crinoids
{Spiriferina sp.}. corals at
{Fatmi, 1986).

diffarant lovels

The Loralal Member was formed whean the
con was shallow, warm and rich in carbonates.
The presence of bioturbated and shelly lime-
stone bads, the orange—yallow moitling with
colitic, pisolitic textures sugg2st a shallow and
stable condition with active current motions.
The member (268 meters thick) aradss con-
formabiy into the overlying Anjira Mambar.

Anjira Member {Ja)

The Anjira Membsar (1a), a regulary alter-
naling sequence of limestonz and shale,
presents a conspicuous greyish black and brown
io khaki weatheting cutcrop, a step
phological pattern {Fig. Tc). The limsstone is
argillaceous, sub-lithogtaphic, thin-bedded,
fine-grained, ofive groy to datk arey. The silty
and non-calcarenus upwards,

tike mor-

Tha presence of

brachiopods .

31

ammonitas in the basal part is a characleristic
feature. The common fossils include brachio-
pods (Spiriferina, Terebratula), cérals (Mondi-
valtia sp.), a lower and upper Toarcian, lower
and middie Bajocian mollusca fauna includes
ammonoids and nautiloids as-Bonieiceras. pro-
fogrammoceras, daciylioceratids, Cenocceras
{Zidi Formation, Khuzdar regioh, Fatmi. 1986}
On the basis of fossils, a Toarcian 10 early
Bajocian age is assigned 1o the Anjira Member.

The oeccurrence of allernsting beds of
timestone and shale suggests fluctuatirg condi-
tions due to rejuvenation of the source ares.
The tectonic contacts have obscured the true
thickness of the Anjira Member. However, it
is 100 meater thick in the type locality rnear
Anjira. 400 meters near Khuzdar (Faimi, 1986}

and maore than 80 meters in the area.

Sembar Formation {Ksh)
{Late Jurassic to Early Cretaceous)

Comprising caltareous shale with widely
spzced interbeds of siltstone, thas Sembar
Formation (Ksb) crops out along the =astern
flank of the Mor Range and occupies the
kantach Yalley. The shale is medivm to thin-
bedded, laminated and grey.to dark greemish
arey. Itis flanky splintery, and characterized
by a prominent pencil-like cleavage fabric and
thin laminae. The siltsione is calcareous,
medium to thin bedded, dark maroon, gree-
nish grey to grey and hard. The greenish tinge
i5 due 1o glauconite commonly present in the
rocks. Calcite veins are common. The forma-
tion contains foraminifers, but the common
iossils are beleminites. Hibofithes pistilliformis,
Hibolithes sublusiformis and Duvalia sp. (Shah.
1977). Most of the invertebrate fauna is of
MNeocomian (early Cretaccous) age (Williams,
1953). The species rangz from late Jurassic
{Tithonian) to Aptian. The basa! beds have
vielded fate Jurassic (Kimmeridgian) cephalo-
pods (Fatmi. 1986).



Tha formation s 1268 maters thick near
Khozdar - and -500-900. msters thick in the
Veindar Nai (Williams: 1959) wihere it is mostiy
covered ‘by- alluvium. The -lower contact is
markad by. the post-Bajocian unconformity;
thare i1 @ depositional gap extending from the
uppar Bajocian :to. Oxfordian. -in places, the
formatiomn is in faulted contact with the undei-
lying Anjira Member,

Cretaceous Sequence

The Sember Formation passes upwards
anto  the overlying . Upper Cretaceous Goru
Formation, the Parh Limestone. the Mughal
Kot Formation and the Pab Sandstone
axpasad the eastern Mor Range in
the KanrachValley and extends to the western
Pab Ranga.

along

Bela Ophiolites

The Bela Op'uolitic Clumplﬂ-n'. extands from
Khuzdar to the Arabian Sea Coast. It is exposed
along the western flank of the Mor Rzngs mar-
ked by a tecionic sheared contact {Fig.tib]. it
is part of a discontinuous zone of the ultrama-
fic complexes and associated meiangss emplac-
ed during Paleocene-lowzr Eocene (Allemann.
1879).

The cumulative units of dunite, pyroxenite
followed by gabbros, commonly resulting from
the diffarzntiation of the olivine, pyroxene and
plagiociase, ara.drequantly prasant. A wvaristy
of rack fragmznts -of diabase. gabbros with
reddish to white silicified, calcareous slates,
isolated plagiogranites, serpentinite, harzbur-
gite, and unaoriented blocks of the Jurassic and
Q[_ata{;enus rocks are repesatedly encounteored.
-*5., m.}iur_,_cumnununt of the  ophiolitic suite
consisis of the ultramafic sheeted dykes, plagia-
dranites followzd by piilow lavas.
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REGIONAL TECTONICS

__The sinuous. oroclinal fold and thiust bait
r;:riqinating dus to tﬁge collision of progressiveiy
converging Inda - Pakistaa Plate and  the
Eurasian Plate ha! a sigificant stuciural
impact in the region.

The resu iing pqasint structural coafiguia-
tion of th2 1ada-Pakistan Plate is compasad of
the folloaing sigaihcaatly d:fined  tectonic-
boundaries :

1. Convargant Boundaries r{:hamnter]ze-{i by
the intracontinental collision, obduction
and thrusting of ithe Indo-Pakistan Plate in
the northern region with the Himalayas
{Sarwar and Dejong. 1979) and by _the
subduction of thz: oceanic crust with a
wid2 accretionary wedge in the soulhern
margin of Makran and Chaaai (Fig. ib:
(Farah et al., 1984)

Transform Bodndary : Developed by a lamge
north south strike-slip zone with™ minor
thrusting (Wilsan, 1968).

The massiva eantinant-continent collision
initiatad in the late Eocens (Poweall, 1979)
caused counterclockwisy rotation of tha
Indo-Pakistan Piate. This rotation developad
early thrusting and folding of the miogsosyne-
linal sequance. The sinuous oroclinal bends
(Carey, 1955) developed in the colliding
boundaries. Impoctant  tectonic  features
formad on the northwestern margin of thes
sub-continent include the Khuzdar Knot, the
Axial Belt, the Sulaiman Rangz and the
Karachi Arc.

. ~rhe Chaman and- the. Ornach-Mal Faulis
developad -glong the westerns maigin .of the
Indo-Pakistan Plate when. the convergerce
becamz mo2:2¢ obliguz and intensified. Fhe
north trending ‘major Chaman Fault and its
en .echelon extension. the Ornach-Mal . Fault



{Lawrence and yaats, 1979 ; Auden, 1974
are surface exprass ons of the currently active
transform plate boundary between Indy-Pak-
istan and Afghan blacks. The Chaman Fault is
closely ana'ogous to the San Andreas Fault of
California (Lawrence and Yeats, 1973) and
possassing o:har simlacities, such as, spatial
and tempara! distribution of ss'smicty and
surface ma-phology of tha fault traca (Armb:u-
ster et al,, 1979). '

The Khuziar-Karazhi regian, compising th
area under study, is considzred to have acled
as an independent tectonic unit, which rotated
counterclock ws2 duiing the northward drift
of the subcontinent in Eocene time. The drag
reoriented the pre-existing structures, changad
strikes, dip directions and the fold axes, which
are prominently displayad in the complexly
folded Khuzdar Knot (Sarwar and DzJang,
1979). The southern part where the Karachi
Arc. was formed,
coherent mass with the wid=2ning up of the area,
the Bela Trougl. The Bzla Ophiolitas. exposed

on the wastesn flank of the Mo Raag:, ware -

tectonicaly em»ac2d castward oato th2 conti-
nental shelf during Palsocene (Allemann, 1973),

for
an

. The Mo: Raage, (Fig. ib), extends
160 . kilometars; trending ™ W with
average width of © kilometers. [t constitutes
shallow marine carbonate and clastic sediments
of the Shirinab Formation. Thess sediments
have undergone a complex tectonic history
involving early . folding and thrusting during
the early plate convergence. Later .tectonic
pulsas caused thrusting and refolding of pre-ex-
istings tructures. The NW-trending thrust faults,
strike slip faults, -vertical faults all neatly par-
allel to the gzneral badding strikes, the nume-
rous subsidiary faults, and the tectonic trunca-
tions of the stratigraphic units define clearly
the structural complexity of the tectonized Mor

d-ag3ad easiward as a

)

Rasgs. The tactonic influences experienced
hy the araa are raflected by the northwest strike
slia faiits, intense foldings and fracture zones.

DUDDAR ORE BODIES

The Duddar North is the most promising of
all the four are bodiss exposed in the Duddar
ares. Having a nosthwast trending shape the.
Narth Body is about 235 meters long and 35
matarswda ltis enclosad within the steeply
easz wai d dipping :osks of the Anjira member.
The Duddar South, ssparated from the Duddar
North by a'most of 370 meters stretch of
alluvium, . is about 265 mzters long and 30
maters wid2 following the same northwest
trand. The devaslopment of a dark black: to
o-ange color silisified gossan over. the Duddar
Sauth is a distinguishing feature. The Kharrar
South is losated at 0.65 km. north of the
Duddar Na:th- - Tha Kharrari Nosth.is separated
by 185 msters wide Khamari Nai from - the
Kharrari South. Both the Kharfari ore bodjes
are occapied by rough terain of the moderate
to steep nosth trending linear ridgas, separated
by narrow valleys.

HOST ROCKS

~ The shallow marine sheli carbonate and
clastic sediments of the Shirinab Formation
are the host for the zinc lead-barite minera-
lization. They are monotonously exposed in
the rugjsd elevated terrain of the Mor Range
and extend northwards until they terminate
in the Khuzdar Knot. The Sember Formation
constitutes the sastern flank of the Mor Range.
Th_e sequence has a north—south trend wilh._
dips ranging from 45-75 degrees following
the grain of the Mor Range. :



Host Rocks of Dudder North Ors Body.

The Duddar MNorth Ore body trends north-
west and is about 285 meters along and upto
35 meters wide (Plate 1), It is enclosed within
the eastward dipping Anjira Member (65-
75 degrees). The Anjira Member comprises
alternating sequence of limastone and
shales with minor intercalations of siitstona
and mudstone. The limsstone i1s typically fine
grained and mudstone. The limestona is typi-
cally fine grained and weaathers to a yellowish
brewn to golden color. The frame work consti-
twents of the limestone includes the microcryta-
lline lime mud and subordinate sparry calcite ;
the matrix is micritic. Sparry calcite occurs as
coarse, fibrous, recrystallized, sublithographic
spar. Replacemsznt typa, vein-filled, and pore-
fillad spar is also present. The lim= mud sug-
gests weak currents not strong enough to win-
now away tha lime ooze which remains as mat-
rix. Fossiliferous limestone contains pelecypod

fragments whose organic content _has bafrn
replaced by spamy calcite. Ammonite fossils

are present near the basal contact with the
Loralai Mamber.

an

The siltstone and mudstone eccur in thin
laminations and intermixed with the unaltered
limestione and with the lenticular bodies of
barite. The siltstone is fine to madium grained,
of dark grey to black in color with fine to
cosarse silica grains mostly of angular shape.
They show variegated oxidation halos and
alternating leached Silicification s
common with the multicolor mudstone.

ZOMNBE.

Carbonaccous shales, exposed mostly along
the fault zone on the southwest footwall in the
main barite pit are sheared, fiscarbonaceous
shales, as thin coatings, tabular and wavy
scales, and veinlets is commaon.
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Host Rocks of Duddar South Ora Body

The Duddar South Ore body, separatad from
the Duddar North body by almost 8 370 meters
alluvium stretch is about 265 meters long and
upte 30 meters wide is oriented in a northwest
trend (Plate 1). Like the Duddar ore body,
the mineralization is hosted by the Anjira
Member. The conspicuous silicified gossan
developed over the sulfide zone is hosted
by siltstone, clays and limestone which are
silicified. The framework of the allochem
limestone does not vary much from that of
the Duddar North body.,

The limastone is composad of the microcry-
stalline lime mud. Recrystallized spar calcite
occurs as vein fillings with brecciated rock frag-
mants. Matastable aragonite-filled wveins
occasionally observed. A thin section taken
from the sediments associated with the gossan
shows the presenca of intraclasts, which are
the peneconlemporaneous reworked carbonato
sediments from within the area of deposition.
This indicates the same depositional cycle as
the sparite.

drag

The siltstone is fine to madium grained’
associated with the shales and mud stone.
Dissolved molds of palecypod shell fragments

are at times replaced by spar calcite. Presence
of algal stromatolite of biue green algae show-

ing replacement by calcite and lime mud sug-
gests a tidal flat environment. Fossil fragment
mostly of molluscs also suggest shallow water
conditions.

Host Rocks of Kharrari South Ore Body

The Kharrari South body, 0.65 km. narth of
the Duddar North body, is hosted by rocks of



the Loralai and Spingwar membars (Plate 2).
The contact bstwesn the membars is marked
by a high angle thrust fault. The limestonss of
the Loralai Member are typlcally dark grey to
black, medium to thick bedded and massive at
placas, biomicrite and oomicrite having micra-
crystalline matrix. Orange to ysllow mottling
is characteristic of the limestone on weathering,
Intermixed zones of nodular limestone are
present. Reddish brown to yellow, ferruginous
mariy and calcareous beds are prominent and
usually follow the general bedding and are
occasionally minsralized with galena and barite.
The limestone is fossiliferous commonly con-
sisting gastropads, brachiopods, bivaives and
corais. Sandy limestone and grey calcareous
shales are interbedded. The bioturbated shelly
limestone beds with comicrntic texture indicate
shallow and stable conditions with low enerdy

currents.

The Spingwar Member in the Kharrari South
is predominantly composed of thin to medium
badded, arthogquartzitic, ferruginous, calcareous.
medium to coarse grained sandstone. It is well
laminated, cross bedded and ripple marked in
the area. Grey, soft and calcreous shale is
intercalated with sandstone. Minor silstone and
shale 1s non-calcarsous at places. The frame-
work constituents of the sandstone are predo-
minantly monocrystalline and polycrystalline
guartz which are medium to coarse dra‘ned.

The sandstons ssquence characterized by
cross-bedding and cross-lamination, dstrital
beds; sandy limestone indicates varied, unst-
able, shallow marginal conditions.

Host Rocks of Kharrari North Bedy

The Kharrari Nerth body, separated from
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the Kharrari South by the 185 meaters wida
Kharrari Nai (stream) is hosted by the Spingwar
and Loralai Members which are the northward
extension of the same lithologies from the
Kharrari South (Plate 2). The ferruginous beds
are more prominently exposed and are miner-
alized with rare sparadically distributed galena
and barite.

Structure in the Duddar Area

Regional tectonics have subjected the area
to strotural complexities reflected by the
numerous faults, fractures and folds both in
the ore bodies and the adjoining hostrocks
{Plate 1).

Rocks exposed just to the west of Duddar
North form a straight westwards tapering ridge
show prominent anticlinal and synclinal folds
plunging steeply northwest, The axial plane
attitude, of these conical folds, ranges from
N30W to N45W with 50 SW to vertical inclina-
tions. Thrust and wvertical faults are also
present in these rocks, and at some places mark
tectonic contacts within the Jurassic sequence,
Slickensides, mostly horizontal have been
observed along the fault surfaces- On the
ridge to the northeast, the Loralai Member
overlies the Anjira Member indicating a
thrust fault. In the vicimily just north of
ore body, intraformational thrust and vertical
west dipping faults, were observed in the
Sember formation.

A vertical strike slip fault (a-a, : Plate 1),
running northwest the footwall of the ore body
has sheared the carbonaceous shales and the
contact rocks. Alkaline springs are presant
along the fault trace. Barite, exposed in tha
open-pit, shows asymmetrical -foldings. Thesa



minor folds, about 20 to 50 cm broad and
closely spaced, are developed near the nor-
theast pit wall. The folds commonly trend
N45W and plunge 45-65 degrees northwast.
The cleavage and cross-joints have 40 ME 10
60 NE inclinations. Minor faults and frastures
are presant along the contacis. :

Structure in the Kharrari Area

There are significant differences in struct-
ures mapped in tha Kharrari areas to thos
sazan in the Duddar region. Tha main struciural
components observad in the Kharrari area are
the system of thrust, strike slip. and nunIraus
subsidiary faults, fractures and shear zones. and
narrow folds (Plate 2).

A major high angle thrust fault. (a-a’:
Plate 2), traversing the middle part of the- Khar-
rari .South with a wavy north-south, trend is
traceable for about 300 meters. Itis truncatr;;:l by
a northwes: trending fault (b-b® : Plate 2) at-its
northern extremity. whsreas its southern exten-
sion is covared by alluvium. This thrust fauit
(a-a’ : Piate 2} also-marks the contact betwaen
the Sp ngwar and Loralai Members. Both middle
and- the northern parts of Kharrari North are
highly faulted and folded. There a pattern of
northwest-trending faults (c-¢’), minor faults
(d-d', e-e', ff) and fractures (g-g.
h=h’: Plate 2) has bzen observed. The faults
(c-e’ : Plate 2} and most of the fréc ures temmi-
nate southeastward at 35 - 40 dﬂgma anglas
against the major thrust fault (a-a’: Plate 2).
The narrow and lingar, northnorthwest and
northwest trendind, anticlines are approxi-
mately 15-50 meters broad. Those developed
inthe Epmgwar sandstone, are commuon in the
mlddla_ Part. Usually, the sastern flanks of
the anticlinal fo!ds are truncated by intrafor-
mational faults. A few Sinistral shear fractures
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showing 'cnechelq'n structures (like i-i' : Plate 2)

are developed in the sandstone. The low lying
ridges, in the SE part- are highly folded and
faulted. The microscopic. structures showing
intense floding and faulting appear analogous
to the major structures.

. The two north trending main faults, (ji’,
k-k' * Plate 2) cross the entire length of the
Kharra< Noarth and extend beyond the northern
Iim'ts of the area (Plate 2). Ths thrust fault
(j-j’ : Plate 2), traceable for about 200 meters,

has produced a shearad zon2 in tha central part
of the arza. Thz othar thrust fault (k:k' &

Piate 2), passing over the steep hill-top on the

eastern 5'da, marks tha contact batwaan ths

Spingwar and Loralai Members. Tha Lr_::—ra-ai-
Member wed3es against the fauits (k'K -1 e
Plate 2). : S

MINERALIZATION
Duddar Morth Ore Body

The Duddar Morth ore body is tha most -
promising so far found in the area, with
spha'erite and galena as the principa! ore and-
marcasite and- pyrte as the abundant sulfide
ganjuz minerals: - Barite is wideiy expased and
oxcupies the central part of the Duddar North
body. and is neariy. concordant with the
gzneral badding trends (Plate 1). The exposed
mineralized zanas vary in thickness from 25
ma2ters. They - are oXidised and altered .
particularly adjacent to both the upper and
lower contacts of the barite. The barite
has been mined intermittently on a small scale
by excavating long, narrow (averages 6 meters
in width), parallel-sided deep pits (about 30
meters deep). in the northwaest: part: of the



Duddar North Ore Body.

The footwall oxide zon2, on the southwe-
stern side, overlies the fissile carbonaceous
shales marking a thin contact zone with the non-
calcareous siltstons and intercalated with an
oxide zone (0-5 meter thick), is followed by a
fractured limestons (1 meter) and a siliceous
‘guss.-m (1.5 meters). this mineralized zonse
cannot be extensively traced downward in the
pit. Mear the middle of the footwalla small
patch of siliceous limestone nodulss (20 cm
diameter) mixed with light brown calcareous
shale is observed. Black fissile thinly layered
gypsiferous shales and a network of criss-
cr0ssing veinlets of caleite and yellow oxides
are noled along the southwest wall. Shales
from the contact zone with the averlying

bariter The barite, varying form 3.5 to 16
meters in thickness is medium to thinly
bedded. [t is hard, compact fine-grained,

dark grey and intercalated with thin black
Marcasite and pyrite, occur as finely
disseminated, micro-veinlets, thin laminations
and clusters. Cerussitic white alterations,
probably aiter galena, are observed as surface
coatings or fracture fillings- The steeply dipping
wall-rocks (2-3.5 meters thick) on the east
side are intercalated with the barite and in
the southeas: part are partly altered, oxXidized
and contain unaltered limestone and barite,
silicified yellowish brown clays and mudstone,
A thin zone of barite crops out separately and
parallel 1o the main barite body along the
northeast side. and extends to the north-west
part of the ore body. The hanging wall oxide
zones, on the northeast side, are moderately to
intensely oxidized and contain unaltered limes-
tone and in some places thinly layered barits.
The oxide zones comprise limonite, hematite,
goethite and altered sulfides in stringers,
veinlets, fractwure-filled veins and fine dissem-
inations. Sphalerite and galena are mostly
leached out and consequently are raraly seen

shales.
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at the surface. Box works., vug and solution
cavities can be seen in these zones- The
variegated alteration and oxidation halos of
orange-brown and reddish to maroon color
capping the mineralized zones are conspicuous,

Duddar South Ore Body

The characteristic feature in the Duddar
South body is the development of a prominet
siliceous gossan of dark maroon to black desert
varnish. The principal gossan exposure is in
the southeast part, but extends to the north-
west where il overlies the barite zone (Plate 1),
The gossan is highly silicified, rarely calcareous,
limonitic, ferrugenous, cellular and porous.
Ift is associated with siltstone and siliceous
clays. The barite, unlike the barite in Duddar
North, is not extensively exposed. It is light
grey to white, and has ill-defined banded stru-
ctucre. Marcasite and pyrite are rarely associa-
ted with barite at the surface. Minor oxidation
along fractures and surfaces is observed. Lens-
shaped oxide zane, extending 70 meters in
northwest direction in the northwest part of the
ore body, is up to 8 meters thick. It is borderad
by barite, in a small, abandoned pit. A slumped
zone of lens shaped unaltered limestone (15x
35 cms) embedded in non-calcareous shales
occurs at the contact between the oxide zone
and the barite. The northeast contact zone
betwean gossan and unaitered limestone is
marked by a 3—6 cm thick, silicified siltstons,
Along the northeast wall small patches of silica
sinter crop out.

Kharrari Ore Bodies

The Kharrari ore bodies occur on_north--
trending linear ridges, separated by narrow
valleys. The moderate to steep slopes of the-
linear ridges are commonly covered by slumpad
boulders, a characteistic weathering feature of
the Jurassic rocks in the region.

Field observations favour a strong structural:
control for the mineralization in the Kharrari ore-



‘bodies. Tha2 min2ralization observad is mainly
localized along faults, fractures, shear zones
and relate structural features. The shear zones
-developed along the thrust fault are minera-
lized with barite and specks of minor galena.
The mineralized pattern of northwest tending
veins of barite, quartz and sulfide zones lie in the
faults and fractures. The barite (g-g’ : Plate
2) and quartz veins (h-h": Plate 2) are len
ticular and follow an enechalon fracture-pattern.
"They thicksn in the middle and thin out along
their northwast and southeast linear extensions,
following an enechelon fracture-pattern (Plate-
2). The thin linear veins, extending discontin-
uously ovear the distances of 50-100 meters, in
.north-northwest directions, are aligned with
the fracture or fault zones. In the southeast
part, where the folded and faulted Loralai lime-
.stone cropz oul, a gossan has developad with
barite and rare galena.

A zone of siliceous gossan, containing
"barite, galena and altered sulfides, forming lans-
-shaped bodies, is traceable for a distance of
.about 200 meters along the fault in the middle
part of the Kharari North (Plate 2). The
-fractures and subsequent mino; faults are also
mineralized.

The mineralization, distributed in an irregu-
lar pattern, is qualitatively similar to, but
-differs in the form of occurrence, from the
Duddar ore bodies. The mineralization in the
Duddar area is restricted to the upper stratigra-
phic unit of alternating limestone and shales.
“The mineralization ozcurs predominantly in
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nearly parallal zones and disseminations, which
follow the general strike of the units. Thesa
tabular deposits show no sign of being crossad
by later solutions or sulfide veins. In case of
the Khamari ore bodies, which occur in the
lower unit of sandstone and the middle unit of
thickly bedded limestone, the mineralization is
distributed iregular pattern and is
associated with various structural features,

in an

Recent Siliceous Sinter

A number of modern siliceous sinters can
be observed occuring along several of the faults
in the arca. A conspicuous siliceous sinter
crops out along the intersection of a main fualt
(a-a’ : Plate 2) and a northwsst trending fault
(c-¢' : Plate 2) in the Kharrari South ore body.
Sinters of smaller size are also present in the
other ore bodies. These sinters are compact,
hard and brines and salty solutions are oozing
from them even today. Minor fractured filled
oxidation is seen in association with the
sinters.

CONTRASTS AND SIMILARITIES

The contrasts and similarilies betwesn the

Duddar and Kharrari are bodies, from the field
observation are summarized in Table 2.
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TABLE - 2

Summary of contrasts and similarities between the Duddar and Kharrari ore bodies.

Duddar ore bodias

Kharrari ore bodies

Host rocks

Structure

Mineralization

The mineralization occurs within the upper
stratigrephic horizon of the Shirinab Form-
ation-the Anjira Member composed of altern-
ating limestons and shale, with minor silt-
stone.

The structural deformation is not intense.

The mincralization is similar qualitatively,
consisting of zing, lead and barite, to the
Kharrari ore body.

The mineralization appears in a regular

pattern, nearly in parallel zones.

The mineralization almost follows the gener-
al northwest bedding trend and appears
concordant.

Galena is rarely present on the surface of
the ore Zonas.

parcasite and pyrite are cgommonly present at
the surface, both as altered and fresh.
usually associated with barite.

Ferruginous zones are rarely observed.

The mineralization is associted with the
lower and middie horizons-the Spingwar and
Loralai Membars composed of the sandstone
and limestone respsclively.

The intensity of structural infiuence and the
deformation is more pronounced.

The mineralization is similar qualitaitvely to
the Duddar ore bodies, and consists of zingc,
iead and barite.

The mineralization is distnbuted in an
irregular fashion.

The mineralization is commanly localized to-
the faults, fracturas, shear zones and the
related structural zones.

Galena is present at the surface of the ore
zones, as unoxidized or incompletely leach-
ed. in the form of scattered specks. crystal-
line form or in veins.

Marcasite and pyrite are rarely seen at the
surface of the mineralized zones.

Ferruginous zones, 1to2,5 meters thick.
orangs to yallowish brown, ara fraquently
present, usually parallel to bedding.
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TABLE 2 (Continued)

Barlte

The silicified gossans of maroon to dark
black desert varnish are proeminently develo-
ped - in the Duddar South ore body.

The gossans are intensely silicified and are
associated with barite and altered sulfides,
but rarely galena.

Barite abundantly exposed and mined, is dark
grey to black, bedded (Duddar North); and
lI'lght color, soft and poorly bedded (Duddar
South).

Linear and thin veins of quartz and barite
are not prominently developed.

I The silicified gossans are poorly developad.

The intensely altered and oxidized isolated
gossans, less silicified than those in the
Duddar area, contain barite and galens.

Barite, not exposed extensively like the
Duddar ore bodies, is light grey to white,
present as irrepular clusters, columnar band-
ing radiating aggregates, fractured filled
cavaties and veins.

Quartz and barite, light to dense white,
occassionaly contaminated with oxides are
present in northwest itrending thin wveins
(Kharrari South).
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MICROFACIES, DIAGENESIS AND ENVIRONMENT OF DEPOSITION OF
DATTA FORMATION FROM JASTER GALIL, DISTRICT ABBOTTABAD,
HAZARA, PAKISTAN

BY
FAWAD AHMAD CHUHAN, MOHAMMAD NAWAZ CHAUDHRY
AND
MUNIR GHAZANFAR
Institute of Geology, Punjab University, Lahors-54590, Pakistan

_Abstract : Datta Formation shows marked vertical variation in the environment of deposi-
tion from continental, subtidal, intertidal to supratidal. However, in the Galiat area this
formation is predominantfly marine as opposed to dominantly continental facies of Salt Range. The
petrographical/sedimentological study of this formation shows the following lithologic units. Fine
grained quartz and clay cemented ferruginous sublithic arenits with streaks and layers of grit ;
alternating bands of medium grained intraclast bearing oolitic-pelletaids! limestons inlercalsted
with nodufar marl ; fine grained quartz cemented quartz arenite intercalated with shale ; fine to
medium grained quartz cemanted quartz arenite ; nodular marl ; Ilimestone (sparse biomicrite,
wackestone) ; cosrsa to medium grained oolitic, carbonate cemented quartz arenite with streaks
and fayers of grit. Recycled clastic component is dominant. Tourmaline. zircon. epidote and
sphene indicate an wltimate derivation from an igneous, metamorphic sialic basement with
subordinate basic/metabasic component, The granitic component was predominantly S-type.
The diagenetic events show that kaolinite cement is carly as wsll as formead at final stage. The early
diagenetic kaolinite cement was partially transformed to illite 3t 3 depth of at least 3500-4000m
whereas quartz and non-ferroan carbonate cements were formed after the early diagenetic kaolinite.
The nen-ferroan carbonate cement was transformed to farroan carbonate cemant. A part of
ferroan dolomite, so formad, was probably dedolomitized at the final stage.

INTRODUCTION ; of Davies (1930) in parts of Kohat, Kala Chitta

Gee (1945) and earlier workers named this a!u:i Hazer, ﬂﬂ_d ‘“"?3 Sncgearty of s Kiolo
unit as variegated stage. However, Danilchik Limestone of Middlemiss (1896) and lower part

(1961) and Danilchik and Shah (1967) renamed - ©f Maira Formation of Davies and Gardezi
it as Datta Formation. which has now been (1965)-

approved by the Stratigraphic Committee of The Datta Formation underlies the
Pakistan. The name Datta Formation is also Shinawari Formation, lower part of which has
.applied to the lower part of the Samana beds vielded lower Toarcian ammonites. The age is
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therefore inferred as Early Jurassic, mainly pra-
Toarcian. It is an imporlant unit of Kohat
Potwar and Hszara basin. |t shows marked
lateral as well as vertical lithological variation.
The formation was deposited in sub-tidal, inter-
tidal, supratidal and continental environmants-
Ussful minerals such as silica sand, fire clays
and bauxite are also present in it. The
formation is also an important hydrocarbon
resenvoir.

In Hazara the Datta Formation is composad
of sandstone. siltstona, marl, shale and
limestone. In Kala Chitta and Salt Ranga it is
composed of variegated sandstone, silistone,
shale and mudstone with fire clay, silica
sand, laterite, calcarapus, dolomitic and
carbonaceous horizons. (Shah 1977, Hussain
et al. 1987, Cheama 1974, Ashraf et al. 1973
and Baloch 1986). The type saction is located
in Datta Mala (Lat. 33°-N : Long 71° 19°E) in

48

Surghar Range. In Hazara araa its thickness at
Jaster Galiis 18.4 metres. Datta Formation
has a disconformable lower contact throughout
its extent. In Hazara area it overlies the Hazara
Formation unconiormably (Precambrian) besides
Palacozoic formations.

Geology of Jaster Gali Area

In the area studied (Fig. 1) Datta Formation
directly overiies the Hazara Formation of late
Precambrian age. The Cambrian Abbottabad,
Hazira and Gaidanian Formations are missing.
The regional stratigraphy of Hazara area is
summarized in Table 1. The studied section is
on the right bank of Harno River near Jaster
Gali. Here Datta Formation is composed of
guartz arenites with beds of arenaceous,
doiomitised, oolitic and pelletoidal limestone
with intercalations of marl and shale. Towards
the bottom is a thin layar whereas at the top is

a vary thick band of gritty quartz arenite. The
measured section along with microfacies and
lithological daiaiis is given as Table 2.

the Surghar Range. The thickness at type
locality is 212 metres. [ts maximum reported
400m in Shaikh Budin Hill in

thickness is

TABLE 1

Stratigraphic Table of Hazara area.

Lithology

Age Formation
Miocens Murree Grey and reddish sandstone and shale
Middle Eocene Kuldana Maroon to varicoloured shales and marls
Early 10 Middie Chorgali Thinly bedded limestone and marls
Eocene
Early Eccene Margala Hill Modular foraminiferal limestone
Limestone
Late Palsocene Patala Greenish grey/khaki shales with limestone beds.

Middle Paleocene

Early Paleocens

Lockhart Limastonea

Hangu

MNodular foraminiferal limestone

Sandstone, claystone, laterite



Late Cretaceous

Early Cretaceous

Late Jurassic to

Early Cretaceous

Middle Jurassic

Early Jurassic

Early Cambrian

Precambrian

Laie Precambrian
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Formation

Litholog

Disconformity——— ———— =

Kawagarh
Lumshiwal

Chichali

Fine grained light grey limestone
Grey lo brownish coarse sandstone

Dark grey shales with sandstone beds medium grained

Disconformity-

Samana Suk Limesione with dolomitic patches
Datta Sandstone, guartzite, microconglomerate
OiseonfompitY = e

Hzzira/Galdanian

Abbotiabad

Calcarenus siitstones and shales
Dolomites with sandstons, shale and boulder bed at

base

Unconformity

Hazara Slate

Slates, sandsiong and guarizites

TABLE 2

Measurad section of Datta Formation at Jaster Gali, District Abbottabad.

Cummul- Sample Sample Description of zones
ative thick Mo. Position
ness of (m)
Zones (m)
Samana Suk Formation begins. 5
DJ-=VII DJ-26 18.00 Coarse to maedium grained. oolitic carbonate cemean-
18.4m DJ-—25 17.9 ted quartz arenite with streaks and layers of grit.
DJ—24 17.0
DJ—23 16.8 Thickly badded to massive looking, very hard micro-
DJ-22 15.2 canglomeratic, carbonate cementcd sandstone. Con-

centration of granules varies from place to place. Grain
size is usually 2-4mm and goes upto Bmm.  Fresh colour
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Cummul- Sample  Sample Description of zones
ative thick No. Pasition

ness of (m)

Zones (m)

is dark grey to brownish grey. Weathering colour is rusty
brown to rusty gray.

DJ—Vi DJ—21 15.0 Limestone (Sparse biomicrite, Wackestone)

15.1m
Oyster bearing limestone with pyrite nodules and worm
borings. Fresh colour is dark'grey whereas weathering
colour is light grey.

pJ—V DJ-20 14.0 Nodular marl.
14 m
Modular marl with nodule thickness of 4cm-1.5¢m and

lenght of 4-9cm. Fresh colour is medium grey and
weathering colour is rusty arey.

DJ— 1V DJ—12 13.0 Fine to medium grained, quartz cemented quartz
13.2m DJ—18 12.6 arenite.
DJ—17 11.8
DJ—16 11.1 It is medium to fine grained, quartz cemented sandstone.
DJ—15 10.8 Bedding thickness is 15-50 cm whereas at some places it
DJ-14 10.2 is just 3-Bcm. Fresh colour is off white to light grey
DJ—13 9.8 and weathering colour is reddish brown. This zone is
DJ-12 9.0 heavily jointed with joint space of 6-40cm.
DJ-—11 8.2
DJ-10 7-4
DJ-=9 5.7
DJ—8 5.1
pAES] D.J--7 4.5 Fine grained quartz cemented quartz arenite interca-
Bm DJ-—6 4.2 lated with shale.

It is quartz and clay cemented sandstone having bedding
thickness of 5-6cm. It is having rapid alternations with
shale whose thickness varies from 0.2—2cm. Fresh
colour is medium to light rusty arey, and waathering
colour is light rusty brown.
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Cummul- Sample Sample Dasecription of zones

ative thick No. Position

ness of {m)

Zones (m)

DJ=1I DJ-5 3.5 Alternating bands of medium grained intraclast

4m DJ=4 3.0 bearing oolitic-pelietoidal limestone intercalated

DJ-3 1.7 with nodular marl.
DJ-—2 0.8

Modular marl having thickness of 1.5-d4cm whose fresh
colour is light grey and weathering colour is light rusty
brown to light drey embzdded in arenaceous oolitic/-
pelletoidal dedolomitized limestone with balemnites,
Fresh colour of limestone is light to medium grey and
weathering colour is light rusty brown to light arey.

DJ | DJ-1 0.25 Fine grained quartz cemented ferruginous gritty

0.5m sublithic aranite.
Massive, gritty ferruginous sandstons. Rusty brown to
dark grey on fresh and weathering surfaces. It also
contains a few fine aranule sized rock fragments of Hazara
Formation.
Unconformity
Hazara Formation

PETROGRAPHY

Mineral composition of Datta Formation from Jaster Gali ssction is given in Tabls. 2.
Textural parameters and porosity descriptions are based on detailed measurements and evaluation.
"The relevant tables are availabie on request.

The unit in contact with Hazara Formation suite. Pyrite, limonite, hematite and magnetite
{DJ-1) is sublithic arenite wharaas rest of the occur as ore minerals. Pyrite and ferroan
units are compositionally mature. The clastic carbonate oceur side by side indicating positive
parts are texturally sub-mature to mature. correlation thus suggesting reducing conditions

of their formation. This formation can be divid-

The measured section is compositionall : : ?
P ¥ id into the following units.

matura and texturally sub-mature to matura,
“Textural paramsters are discussed afier Tucker DJ-VII Coarse to medium grained oolitic,
(1988). Haavy minerals are tourmaline, sphens, carbonate cemented quartz arenite
zircon and epidote indicating a vary restricted with streaks and layers of arit.



DJ-VI Limestone  (Sparse  biomicrite.
Wagke stone).

DJ-V MNodular marl.

DJ-1v Fine 1o medium grained gquartz
cemented guariz arenite-

DJ-1n Fine grained quartz cemented guartz
arenite intercalated with shale.

D-il Alternating bands of madium grained
Intraclast bearing oolitic/pelletoidal
limestone intercalated with nodular
marl.

DJ-1 Fine grained quariz and clay cemeant-
ad ferruginous sublithic arenite with
streaks and layars of grit.

DJ-l. Fine grained quartz and clay cement-

ed ferruginous sublithic arenite withstreaks
and layers of grit-

This unit is iron oxide and quariz cemented
quartz arenite. Quartz is fine grained, subma-
ture, poorly sorted, sub-rounded to sub-angular.
Quartz is being replaced by kaolinite and illite
at places. Rock fragmeniz of Hazara Formation
are present occasionally in this unit.

DJ-ll. Altaernating bands of meaduim arain-
ed intraclast bearing oolitic/pelletoidal
limestone intercalated with nodular marl.

The limestone bands in this unit include
arenaceous (with rounded quartz grains) oo-
pel-intra biosparite P-11/1 (packstone) and
biosparite (mudstone). The microsparite is
neomorphosed 1o coarse sparite. It is non
ferroan, being transformed generally to ferroan
calcite. Patches of ferroan dolomite are present
occasionally.

DJ-1ll. Fine grained quartz cemented arenite
intercalated with shale.

The sandstone intercalations in this zone
show fine grained, texturally mature, well sorted
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sub-rounded to sub-angular quartz grains with-
long to concavo-convax contacts with limonitic:
staining at places and few microstylolites.
Besides quartz camentation, oxides.
{limonite and hematite) also serve as a cement
(P-11/2).

iron

DJ-IV. Fine to medium grained quartz
cementaed quartz aranita.

This unit is madium to fine grained, textu-
rally maturé and moderate to well sorted,
Quartz grains are sub-angular to angular.
Quartz grains show concavo convax contacts to
complete suturing (P-11/3, P-11/6). Microstylo-
lites are abundant (P-11/4. P-11/5). Kaolinite
and illite are present from lrace amount upto-
7% (P-11/4, P-11/5, P-11/6). Some quariz grain
contacts show limonitic staining.

DJ-V. MNodular Marl.

It is a thin nodular marly unit.

DJ-VI. Limastone
Wackestone).

{Sparse  biomicrite,.

This sparsz biomicrite (wackestone) unit
contains non-ferroan calcite being replaced by
ferroan calcite camant (P-1/1). Some bioclasts
ara partially and some wholly transformed to
ferroan calcite with some showing micritized
boundaries. Worm burrows are common with
low amplitude undulating seams (low amplitude
stylolites). Neomorphic spar is rare.

DJ-VIl. Coarse to medium grained.
oolitic, carbonate cemented quartz arenite
with streaks and layers of grit.

it is a coarss to medium grained carbonate
cemented quariz (P-1/2)  with
dedolomitized rhombs at places. Carbonate
cement (P-1/2) is usually non-ferroan being
replaced by ferroan one. One distinguishing
feature of this unit 15 dahllite/collophane
oolites forming concentric rims around quartz:

arenite



and opaque minerals nuclei
accasional mcritized pellet (P-1/3, P-1/4). The
quartz g-ains are rounded to subrounded,
poa-ly sorted unequigranular to bimodal
showing paint to long contacts with one
another, with some of the fractures filled with
ferroan carbonate cemant (P-1/6, P-1/6).
Quartz overgrowths over quartz and
“polycrystalline quartz grains are rare. In some
portions carbonate repiaces quartz extensivaly
turaing them into arenaceous dedolomitized
limes one (P-1/6). This unit, therefore, is
interpreted to have been deposited as a
sandstonz but was later on attacked by
carbonate csments and parts turned
floatstone (Chaudhry st al, 1992).

into =

DIAGENESIS
Clay minecrals.

Kaolinite is the first as well as the last
cement formed at shaliow depth due to the
influx of meteoric waters which are slightly
acid'c due to the presence of slight amount
of COz. The evidence of its being an carly
diagznetic mineral is shown by the fact that
it fills the pore speces between tha quartz
grains . (P-11/6), and this kaolinite was later on
subjected to high pressures leading to the
transformation inte illite by the following
reactions.

(1) A125i 205(0H)4'+KAISI 308== KAISi3010
{Kaolinite) {K—'fﬂ'ldspar} (1llite)
(OH)24-25i02 +H20

{Quartz}

This transformation takes place at a depth

of at least 3.5-4 km (Bjrlykke and Asgaard,
1992).

But hers kaolinite/illite cement does not
exceed 7% whereas it is present upto .29% -in

besidas an-
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the quartz and kaolinitefillite ceménted ‘quanz
arenites of Datta Formation from Bara Oter
section described by Chaudhry et al (1592).
This {eads to the conclusion, that Bara Oter
section contains more chemically unstable
grains like feldspars which were transformed to-
ilute (Reaction 1). i ot

Qdartz
The second cement to form appears 1o be
quaitz which occurs as overgrowths.  I1ts origin
seems to be pressure solutioning of grains at
dzpth grester than 2.6 km- We rule out the
possibility of early quartz camentation dus to
the fact that at low temperatures and hence
depth rate of quariz precipitation is too low
for enormous amount of quartz. precipita-
tion for kinetic reasons. And also due to the
fact that no amorphous silica - (Radio'aria,
diatom) is present which could have precipitated
_at 1500m resulting in a chert like texture. So
the only possible source of quartz seems to be
pressure solutioning-

Carbonate Cement

For gquartz cement to precipitate wa need
slightly acidic pore water which dissolves also
carbonate The rate of q!jar‘t!
precipitation is much slower as l::u.m-ﬁarad to
rate of carbonate dissolution. As we have ooli-
tic/pelletoidal/fossiiiferous limestone bands,
therefore build up of carbonate in pore water
resu'ted in precipitation as ferroan calcite
(DJ-Vi, VIl and 11).

shalls pressnt.

The final episode is marked by the dsposi-
tion of late diagenetic kaolinite which is not
transformed to illite. Either it is late diagenetic
or source of K +was not present for its transior-
mation into illite. At this stage pmhably’ some
of the ferroan dolomite was dedolomitised as ig
shown by dedolomitised rims in DJ VI



ENVIRONMENT OF DEPOSITION

Unit No. DJ-VII containing rock fragments
of Hazara Slates which were reworked during
marine transgression, overlies the Hazara Forma-
tion and was probably deposited in continental
1o shallow marine conditions. Afterwards there
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was a general marine transgression followed by
shallowing upward marine sequence ending up
in a tidal mud flat when deposition of Lower
Jurassic Samanasuk Limestone commenced.
The outlines of depositional environments are

given below.

——

ZONE NAME

ENVIRONMENT OF DEPOSITION

—

pJ-VIl Coarse to medium grained oolitic,
carbonate cemented quarlz arenite
with streaks and layers of grit.

High energy, marine, Upper subtidal to inter’idal lag
depasit. Probably a break in deposition or extremely
low rate of sedimentation.

DJ-VI Limestone (Sparse  biomicrite, Low energy marine subtidal to intertidal.
Wackestone).
DJ-V  MNodular marl. Low enargy, marine, intertidal,
DJ-IV Fine to medium grained quartz Low energy, marine.
cemented quartz arenite.
pJ-1l1 Fine grained quariz cemanted Very low energy, marine.
quartz arenite intercalated with
shale.
pDJ-1l  Alternating bands of medium  High energy, Lowar intartidal to subtidal, marine.
grained intraclast bearing oolitic/-
pelletoidal limestone intercalated
with nodular marl.
DJ-1 Fine grained quartz and clay High energy. Continental but reworked lag deposit
cemented ferruginous sublithic {Onset of marine transgression).
arenite with streaks and layzars of
grit.
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Tabla 3 : Mineral composition of Datta Formation Jaster Gali, Distt. Abbottabad.

Zone | I i

Samp’e No. DJ-1 DJ-2 DJ-3 DJ-4" DJ-B DJ-6 DJ-7
Quartz 72 8 2 1 17 70 82
Carbanate == 89 83 96 80 3 5
Kaolinite 5 — = 3 5
llite - 3 — e = 5 2
Collophane/Dahllite = — ‘o — = ==
Qre 20 3 3 3 3 16 5
Tourmaline == s — — = Tr Tr
Sphene z = = - - — =
Zircon = — e — Tr Tr =
Epidote = -— - e — — —
Mica = = = = = — =
Chert F= = = = — = e
Carbonaceous matter = £ 2 = == 3 1
Porosity 5 4 5 7 B (] 4




. Zone

Samp'e MNo. 0J-2 DJ-9 DJ-10.. DJ-11 DJ-12 0J-13 DJ—I14.. 2
.ﬂu.anz = 94----—-83 a1 83 a5 83-- —80--
Carbonate - e - - — - —
Kaolinite 1 2 2 1 1.5 1.9 2
Ilite 2 0.8 2 1.5 1 2 2
Collophane'Dahliite — — = — - s =
Ore 25 4 4 3 2 3 4.5
Tourmaline 0.1 01 0.5 0.6 0.4 0.4 1
Sphene 0.2 041 0.3 0.3 0.1 0.1 0.2
Zircon 0.1 Tr 0.1 0.1 Tr - Tr
Epidote = == 01 0.2 Tr — 0.1
Mica 0.1 = Tr 0.3 — = 0.2
Chert S= —_— = = -
Carbonaceous maiter = = e == = -— —-_
Porosity 7 3 3 - 4 3 3
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Tabls 3 ; (continued)

Zone v v Vi
Sample No. DJ-15 DJ-18 DJ-17 DJ-18 DJ-19 DJ-20 DJ-21
Quartz 89 89 91 93 97 9 2
Carbonate _ = Tr Tr Tr Tr 80 96
Kaolinite 3 3 3 2 Tr — —
llite 2.5 3 2 1 Tr — =
Collophana/ = — = — = — =
Dahllite

Ore 4 4 3 3 2.5 1 2
Tourmaline 0.7 0.4 0.3 0.3 0.2 = ==
Sphene 0.3 0.3 0.5 0.4 Tr — -
Zircon Tr Tr Tr — - — -
Epidote Tr 0.2 0.2 0.2 == = —
Mica 0.5 0.1 Tr 0.1 0.2 = —
Chert — — e — e — —
Carbonaceous matter = = i —_ 0.1 = =

Porosity 4 4 4 1 1 2 ]
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Zone il
Sample No DJ-22 DJ-23 DJ-24 DJ-25 DJ-26
Quartz 77 54 58 53 47
Carbonate 20 40 35 40 45
Kaolinite - — — — e
Wite - — = s ng
-Collophane/ == 5 =3 = &
Dahllite
Ore 2 1 6 6 1
“Tourmaline 0.2 Tr 0.6 0.6 0.3
Sphene 01 Tr Tr 0.1 1,
Zircon Tr — = — 0.1
Epidota 0.5 Tr 0.3 0.3 —
Mica 0.2 — 0.1 = 0.1
Chert == s =X — 0.5
Carbonateous matter = — _ = =
Porosily 3 4 3 3 5
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COMPUTER PROGRAMME FOR METAMORPHIC PARAGENESIS
OF CARBONATE ROCKS

By

MUHAMMAD ANWAR, JAVED AKHTER AND CHAUDHRY ASGHAR ALl
Geological Survey of Pakistan, 16 - G, Model Tewn, Lahore, Pakistan.

Abstract: A BASIC Computsr Progrsmmes has bssn prepared for tha computer plotting and
the component's resolution in trisngular variation disgrams for the metamorphic paragenssis of
carbonste rocks i.e. Si0x Ca0Q, and MgOQ systam. Molecular proportions are used in this meathod,
which are obtalned from chemicel anslysis, dividing weight percentages by molscular weights
of the constituent components. The programme can help in the quick calculations of the para-
meters for plottingl/resolution of the constituent minerals diractly on the triangular disgram
according to the molecular proportions of §i01 ; of Ca0 : MgO,

INTRODUCTION :

Minerals composed of three components
may be represented within the plane
of a triangle. As an example, Forsterite
Mg25i04, Wollastonite CaSi0;, Dolomite
CaMg (COs)2, Magnesite MgCO;, Quartz SiOs
and Calcite CaCO; consist of three components,
Ca0, MgO and 5i0:z in different proportions
(Winkler, 1975). Limestones composed of
Calcite, Dolomite and Quartz and their
metamorphic derivatives may be regarded as
belonging to five components system CaD-
Mgo-8i0:-C02-H10. Disregarding CO; and
H:0. the relevant rocks can ba rapresented in a
triangular diagram Ca0-MgO0-Si0z2 {Miyashiro,
1973).

Molecular proportion of a component is
obtained by dividing the weignt percentage
with its molecular weight. The molecular
weights of Si0:;, CaO and MaO are taken as
60.09, b66.08 and 40.32 respectively. The
molecular proportions of the three components
are recalculated to 100,

Because of the geometric advantages, com-
positions are most conveniently represented
in an equilateral triangle. Each corner of the
triangle represants a pure component i.e. 100%
Ca0,. 1007 MgO and 100% Si0:. Each side
allows the representation of a mixture and
a mineral consisting of two components, while
the interior of the triangle allows the represen-
tation of mixtures and minerals consisting of

-

*BASIC means Beginners All-Purpose Symbolic Instruction Coda.
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all the three componeants (Winkler, 1975).

The Computer Programmes included in this
papar are based on the original work. Howaver,
Huichison-(1973) gave an idea of the molecular
propartion’s method.

Casio Programmable Calculator, modsl Mo.
F X 702 P having calculation rangas of T1x10°
10 9.99x10" has bzen used for these programs.
It has 1680 steps and 26 memories and the
memories can bz expanded upto 226 by the
reduction in the number of steps. Its portability
can ba sasily judged by its weight of 176 grams
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{Akhter, 1986).

DISCUSSION

{a) Composition Plotting :

A rock of known chemical ana'ysis may be
plotted in the triangular variation diagram with
the help of Programmable Calculator. Fig. 1
shows the position of majority of the common
minerals which occur in matamorphic calcareous
rocks. Their molecular percentags ratios are
shiown in Table-1.

TABLE-—1

Moiecular Parcsntdgs Ratio of commaon minerals ocoufring in metamoerphic caleareous rocks.

Mineral Formula Molecuiar parcentage ratio

502 CaO MgO
Quartz Si0: 100 0 0
Calcite Ca0.C02 0 100 0
Magnesite MgO.COs 0 0 100
Dolomite Ca0.MgOI(CO:1)2 0 50 50
Dinps'rdg Ca0-Mg0D.25i0z 50 25 25
Waollastonite Ca0.5102 50 60 4]
Focsterite 2Mg0.5i0; 33 (1] 67
Grossutanies 3Ca0.35102.4120, 50 50 0
Andradite Ca3Fz25i:02 50 50 0
Talc Mas(Sia02s) (OH)4 57 0 43
Vésuvianite Cap-iMg, Felsals(Si:0:)2 43 47.5 9.5

(Sj04)s (OH, Fs

Tramolite Caz(Mg, Fe)s (8iy022) (OH, F)2 53.4 13.3 333




The following entries are made in the
Progiammablz Calulator for determining the
factor of plotting the composition :

10 VAC : INP “Wt% — Si0:=" A, "Wt
—Ca0="",B, "Wt% — Mg0=".C

20 E=60,09 : D==56.08 : F=40.32

30 Q==(A/E+B/D+C/F):R=100/Q:SETF2

40 PRT “M,PP% —Si0z="A/E*R

50 PRT “M.PP% —CaD=":B/D*R

60 PRT “M.PP% —Mg0="";C/F*R

70 PRT “SUM M.PP %AGES=""A/E"R +
BID*R + CF*R

80 INP “TRI<SSIDE LEN="W

90 PRT "SPCTO Si0*="; W—(A/E'R)/100*W

100 PRT “SPC TO Ca0="'"; W— (B/D * R)/100
= W

110 PRT "'SPC TO MgO0="; W-(C/F * R)/100
- w :

120 GOTO 10

After inputiting the data, the Computer
prints the parcantages of each component in
terms of tha distances markable aon the two
adjacent sides from the respective corners.
These distances are marked on the relevant

sides with the help of a Compass and joined by -

straight lines, parallel to opposite sides.” In
this way one line is drawn for each component
The point of intersection of these three lines
represants the Composition of the individual
sampla.

The ploited composition can be correlated
with facies diagram (Fig. 2). Metamorphism
in Albite-epidote hornfels facies of contact
metamorphism or in the dreenshist facies of
dynamo-thermal metamorphism gives rise 1o
the common mineral assemblages Calcite +
Tremolite--Quartz, or Calcite+ Tremolite+

Dolomile. These common Tassemblages are
shown Fin the” facies dizgram and are indicated
by solid Ttie TlinesT¥betwean important mineral _
combinations.¥ An'fassemblage of three out-
tines a triangle (Hutchison, 1973).

A limestone samole has the three con-
stitusnis as ;
1. Wt % of Ca0=38.22
2. Wt % of Mg0=9.70
3. Wt % of $i0;=10.20
The data is raquired to be plotted on 10 cme
equilater al trlangular diagram. After inputting:

the data and the distances from the respective
corners as under :

Molecular Propertion Distance form the

%age respective corner (cm)
Ca0 63.02 3.70
MgO 21.68 7.83
Si0: 15.30 B.47

The distances, as d'scussed zarlier, determine-
the position of the point which represents-
the composition of the sampie (Fig. 3).

(b) Compostion Reading :

These composition of ths point P in equi-
lateral triangle ABC can ba read on the
triangular diagram by drawing the lines from the
vertices A, B and C through the point P. These-
lines join the opposite sides BC, CA and AB at
MN and O, respectively. The distance betwsan
point O and vertex A is termed as X, between
M and C asY and that between M and B as.E:
as shown in the Fig. 4. The distances }{ Y and.

Z are measured. The side l=ngth of the triangle
is also mzasured.

The following entries are 1o be mads in the
Prag:ammab!a
reading :

05 VAC:INP “TRI<SIDE LEN="", W

Calculaior for composition:

o



10
12

20
30
40
50
60
70
80
90
100
110

INE “X=", X YL Y, 2=

X =XW*100:Y=YW*100:Z =
Z/W* 100

J (X/((100-X) ) : K = (¥/100-Y) )

L =((100-X)/2) : M = (Z{(100-2) )
N=((100-2)/2): 0 = ( (100--Y)}Y)
A =(100/(1+J+0))

B = (100/(1 +M+L)

C = (100/(1 +K+N))

PRT“A % =";A

PRT “B% = ;B

PRT 'C % =";C

GOTO 05

"Test Example :

Input data

“Tri >Side Len = 127 mm

X=106:Y=583:Z=28

Print out Results
A 7 (5102 = 13.95

B % (SaQ) = 67.01
C % (Mg0) = 19.04

CONCLUSIONS

A Computer method convenisnt for
composition plotting/reading  of triangular
variafion diagram for metamorphic paragenesis
of carbonate rocks has bseen described. |t
provides a time saving alternative to the
lengthy caculations invoiving series of steps
with ssveral branches. In this programme,
molecular wsights, molecular ratios and
amounts of different oxids components have
been used- Paramsters  for plotting  the
composition are obtained by simply feading the
amounts of different oxide compansnts j.g.
Si0:;, Ca0 and MgOD. The parcentage
compositign reading of a point from triangular
variation diagram can easily be made by
insetring point co-ordinates. Any upits of
length can be used- Mineral exploration
geologists, pstrographers and 92o0chemists,
especially ~ working  with  matamorphic
p_ara_g;fangsis of carbonate rocks will find these
programs very useful-
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“MUTUAL INFLUENCE OF CHEMICAL ACTIVITY IN TNJECTION
MIGMATITE AND PEGMATITES IN EVJE-IVELAND AREA
OF SOUTHERN NORWAY

BY

“SHERJIL EHMAD KHAN LODHI
PCSIA- Laboratories ‘Complex, Lahore-54600, (Pakistan)

sAbstract. - Field-obsérvations, minaralagics! end geochemical investigations show that the conacts
‘of Injection Migmatite(Eountry -rock)-ras been influenced by Pegmatites at least in centimeter area.
Rband pbis ‘very openly moved from-pegmatitic soltuions towards Injection Migmatite, wheraas
Srin Iafection-Migmatite'was ‘mobilized due to Pegmatites and migrated -towards 'the contact.

Garnet, biotite and monazite are new mineral at conlacts.

The influenced area at the contacts is

not depending on the length and thickness of the pegmatitic bodies.

INTRODUCTION

It is observed in the field that the
contacts of Injection Migmatite (countary rock)
are influenced by th® Pegmatites, atleastin
cantimeter area. Therefore, different profiles
are measured across different Pegmatites and
the samples of Injection Migmatite are col-
lected with narrow to far away distance from
the contact, to know upto which distance the
influence has taken place. As the Migmatite
is strongly banded into leuco, mela-and
Intermediate bands (Lodhi, 1983), it is impor-
tant to tak= the samples from the samg band
and with approximately the same hornbliende
composition-

FIELD OBSERATIONS

The studied area lies between the cities
of Evie and lveland of Southern Norway, Longi-
tuds 7° 52" 10 7° 54, Latitude 50° 31" to 58°. 33’

i

The area is famous for pegmatitic veins, dykes
and bodies, which are counted to be more
than 500. The country rock of Pegmatite in
Evje-lveland is Migmatite (Lodhi, 1983), which
is surrounded by granitic gneisses and augen-
ganisses and are supposed to be of pre-
cambrian age, forming the base of Baltic Shield
(Barth, 1947, 1960). Kshama. (1982) described
the investigated area as a part of Dalsandian
fo'ded region, which has an age of 800-1200
M. Y. The southern tip of Norway: most likely
b long to Telemark Basement (Oftedahl,
1980).

Migmatite of Evje-lveland isstrongly band-
ed and is differentiated into leuco, mala and
intermediate bands, according to their hornbi-
ende composition. The leuco bands show very
sharp contacts with mela and intermediate
bands, wheteas the intermediate and mela
bands show gradual contacts.



Different profiles are measured and the
oriented samples are taken along the bands,
perpendicular to the contauts. Figures 1—4,
show the sample location in contact with
different Pegmatites with varying length and
thickness. The samples were taken in wvery
narrow margin from both the hanging and foot
contacts of Pegmatite 2A with Migmatite
(Fig. 4) to understand the phenomenon of
influence on both sides.

The lengths of the'pmfilas are measured
intentionally sa long, to study the country rock

away from the contacts, which is not influe-

nced by pegmatitic so'ution.

PREVIOUS WORK :
Rose (1978) was the first author, who
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studied the influence of pegmatitic solution on
the country rock of Granite at Brabat, south-
west Africa (Namibia). He noted a change
in mineral composition at the contaéts upto
Bem, whereas the change in trace elements
components was observed maximum upto
im in the country rock (Granite) of mag-
matic origin. The element Rb has migrated
into Granite, whereas the pegmatitic solutions
are not influenced by the country rock.

In the investigated area of Evje-lveland,
the country rock (Injection Migmatite) is of
metamorphic origin. Therefore, it was thought,
that here the mutual influence of Pegmatite
and Migmatite can show another trend. For
this purpose, four Pegmatites-Migmatite con-
tacts are selected in the area (Figs. 1-4).
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of Evje-lveland area. The samples were taken ¢t both the con-
tacts of Pegmatite 2A. Samp_‘ie Nos. 8302/21P, 33P, 33A, 32A,
31, 43, 42, 41, 53, 52,. 51 were taken from North contact and
sample Nos. 9905/12, 11, 23, 22, 21, 33, 32, 31 belongea to

sé'uth contact.,

DISTRIBUTION OF MAJOR AND TRACE
ELEMENTS

The trace elements were determined by
X-ray Fluoresence (XRF). The values of contact
Migmatite samples are given in Tables -1V,
Figures 5 to 12 show the distribution of
elements in Migmatite in different profiles
with contact to four szlected Pegmatites,

Contact with pegmatite 2-4 :

Pegmatite 2-A (Fig. 1) is about 100m long
and show a width of 3,4m. Here, whan we
fallow the trend of Rb from contact to away
from it in Migmstite samples (Fig. 5). this
slement rises from 37 to 710 ppm upto
a distance of 0,05m, the values deocrea-
sing to zero upto a distanca of 1,10m

from contact. As biotite js & new mineral

formed in the contact, it is very possible that
Rb has gone to the increasing biotite.

~ The values of Rb gare decreasing from
contact with 33 ppm in Migmatite to zero upto
a distancs of 0.11m (Fig. 5). The Sr values are
increasing continuously away from contact in
Migmatite upto a distance of 0,30m (Abb. 5)

upto 213 ppm. This shows that the values of Sr

are decreasing towards contact, Afterwards,
the valuss of Sr are not showing any remarkable
change.

The wvaluas of Zn are decreasing away from
the contact to a distance of 0:42m to 25ppm.

. Afterwards the valuss remain constant upto 110

ppm (Fig-5). The values of Ni and Cr remain
constant upto a distance of 0,60m from contact
in Migmatite, Afterwards they show no change
in their values (Fig. 5).
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From Figure 5, it is noted that Rb and Pb
elemants are wvery openly moved from
pegmatitic solution to the Migmatite. Contrary
to this, due to contact phenomenon, Sr shows
decrease in its values in Migmatite- It was
thought that Sr was pressnt in Hornblede and
the biotite was not able to take it in its
structure.

When we follow the trends of Ca and Fe
from contact to away in the country rock,
the walues of these elements increase
maximum upto -a distance of 0.11m from
contact, then they decrease in their voldes
upto a diftance of 0,42m because there the
samples contain more quartz and less
plaglociase- Afterwards, the values of Ca and
Fe are increasing continuously away from
contact upto 0,70m, when they reach to the
maximum values in other samples. Aftenwyards
changa in wvalues is depending entirely on
mineral composition of the Migmatite- Hero
the Influsnce is noted only upto a distance of
0,70m-

The minimum wvalues of Fe and Ca together
with the values of Mn and Ti (Fig- 6) are noted
with interest, but it is not possible to say any
thing about the mutual influenca.

The ¢ontact samples (north and south
contact) were taken from Pegmatite 24. These
samples were later on divided inta small
griented samples (Fig. 4) to observe the contact
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phenomenon at a very close distance in contact
area (Figs. 7-8). The location of these divided
samples is given in Fig- 4-

Figure 7 shows that Rb, Pb and Srin both
the north and south contact samples are
decreasing from the contact towards Migmatite.
Elsment Pb shows clearly the decreasa in
contents from Pegmatite to the country rock
(Fig- 7). Contrary to this, Rb and Sr show clearly
the maximum values in the contact zone- The
values of Ni, Cr and Zn do not show any
influence in both the contact zones-

Figure 8 shows that the values ofCa, Fe,
Mn and Ti in the exo-contact-zone of
Migmatite are higher than in Pegmatite. The
elements Ti and Mn do not show any type
of mutual influence among Migmatite and
Pegmatife. In contrast to this, Ca and Fe show
decrease in their valuss in both the contact
zones, becausa the samplea show more quartz
than plagioclase.

Rb, Pb and Sr are the elements, which have
migrated from pegmatitic salution towards
Migmatite (Fig- 5, 7). The maximum influence
of Pegmatite due to Rb slement is noted upto
1,10m (Fig. 5). The influence of Pb is obsarved
upto 0.05m (Fig- 6). Tha decrease in the values
of Ca and Fe of the country rock just inthe
contact show that these elementis can possibly
be soaked by pegmatitic solutions during

contact machanism.
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Fig.7 Trace elements of Pb, Sr, In, Rb, Cr 3nd Hi in Mela-Band in
close contact-zone of North and South contact with Peg. 2A.
See Fig.4 for the location of samples and Table-11 & III for
the values of sample 8902/21P, 33P, 33A, 32, 31, 43, 42, 41,
52, 51 and sample 9505/12, 11, 23, 22, 21, 33, 3z, 31,

Fig.8 = Fe, Ca, 11 ano Mn in close contact-zone of North ang South,
" L%
: contact with Peg. 2.&? Tne samples are same as in Fig.7.



CONTACT WITH PEGMATITE 3

Pegmatite 3 is a horizontally lying peg-
matite with E-W Strike, The Pegmatite is more
than 26m long and 6m wide. Here in this
profile the samples are taken from Inter-
mediate bands. The location oi the samples
iz given in Fig.2 and the values of the ¢lements
are given in Table-1V.

Here in this contact, the maximum influence
of the pegmatitic solution is abserved upto Im
( Figs. 9-10) in Migmatitie. Rb and Pb
elements show very clearly the enrichment in
their values in exo-contact (Fig.9), whereas
.Ca and Fe have become poor in their contents
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(Fig.10). All other clements do not show any
type of mutual influencz of Pegmatite and the
country rock. Hers the values of Sr have
decreased in eXo-contact, just contrary to the
phenomenon with Pegmatite 2A. All other
alements show the same behaviour, a5 is noted
in contact with Pegmatite 2A,

CONTACT WITH PEGMATITE LI

Pegmatite Li is the largest in the investi-
gated area. The samples are taken from mela-
bands (Fig. 3) aiong the profile, perpendicular
to the contact with Hanging Shell.
of the elements are given in Table-V.

The values
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The maximum influence on Migmatite by
the pegmatitic solution is upto 1, 50m noted
in this contact with Pegmatite 4 (Fig. 11-12).
The element Rb is increasing in exo-contact
(Fig. 11). In opposite to this Sr (Fig. 11), Ca
and Fe (Fig. 12) are decreasing away from the
contact. Here, it is observed that the elements
behaviour can be easily comelated with that
Pegmatite 3, except for element Pb. All other
elements show very poor influence of the peg-
matitic solutions. Along this profile, a gneiss
dyke (Im thick) is also investigated. This
dyke shows the influence of Rb on the country
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rock (Fig. 11).
CONTACT WITH PEGMATITE 4

Pegmatite 4 is a horizontally lying lensic
body. This Pegmatitc is about 100m wide. From
this contact, two samples were collected (Fig.
13-14) from mela-bands. The element values
of these two samples are given in Table-1V.

This table shows that the elements Rb and
Pb are increasing in exo-contact, whereas
Ca and Fe are decreasing like the contacts with
Pegmatites 3 and Li.
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‘Fig.11 % Sr, Rb, Zn, Cr-and i in Mela-Band of Evje-iveland Migmatite.
The influence of Pegmatite is upto 1,50m. Profile is perpendi-
cular to the contact with Pegmatite Li.' See Fig.3 for the
location of samples. The values of samples are given in Tuble.\‘._'

o P T rw-'ﬂ“'
:H"u Fe, c._ ]1 and Mn in mgnt.tte. The samples are same as 1o
2

Fig.11. s
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Fic: 13 ; Sanp]e Hn.9915 15 taken direct frum the contact with Feﬂ'titr
*{4. The contact show the concentration of Biotite. roeEEae .



*Fig.14 sample No. 9916 is taken direct
The contact show the concentration of Garnet and Biotite.

4,
CHANGE IN MINERAL CONMPOSITION
Thin saction studies reveal that tha country
rock in Evje-lveland area has bzen influencad
by pegmatitic solutions, at l¢ast, to an area of
centimeter.

MINERAL COMPOSITION AT CONTACT
‘WITH PEGMATITE 4

Two large contact samples \were taken
direct from the contact with Pegmatite 4
numbered as 9815 (Fig. 13) and 9916
(Flg. 14) and are studied in detail. Sample
9915 shows the concentration of Dbiotite
at the contact. Thin section study of this
sample shows, that upto Scm distance from
contact, whole of the horbiende has bezn
cthanged into blotlte hornbiend can be sesn
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from the contact with Pegmatite

after a distance of 5cm form contact (Fig. 16).
This shows, that the influence of pegmatitic
solutions has chargad the mineral composition
upto Scm. Biotite in the contact area is dark
reddish brown. Therefore, they are named as
Titania-Biotite. These biotite are formed by
the influsnce of Pegmatite : Green Hornblend+
lron (Ti+Fe'2) = Titania Biotite with the help
of water component of the pegmatitic solu-
tions.

Zircon is concenterating in the contact
zone, specially as inclusions in biotite. These
Zircon are present in Intermadiate-Bands of
Migmatite, it is possible that during contact
mata-morphism, these zircon have found their
way in biotite.
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Concentration of Biotite (BL) &t contact with

- _ Fig.15 T1.5S. 9915Al.
Pegmatite 4. The upper right corner of the pholo ciow the
pegmatite border. 1Ni.

“ Z30.16 T.S. 9915A2. Hornblende is present at a distance of 5 cm from™
contact and show that the influence of pegmatitic solution
is upto this distance,



Apatite is also concenterating in the
contact zone. It is assumead that at the contact,
water and phosphor, as volatile components
pedmatitic solutions have played a role in ths
formation of biotite and apatite. The small
idiomorph Monazite are also present in the
contact zones. They may ba formed by phos-
phor and rare earth elemants of the pegamatitic
solutions.

Thin section study of sample 3916 (Fig 14)
shows that garnet is developing togather with
biotite at the contact with pegmatite 4 (Fig.
17). These garnets are almandin garnet with
thz composition Almss spesss Ands (Lodhi,
1983) and are formed by contact metamor-
phism. It was supposad, that iren and flourides
of pegmatitic selutions together with Si,Mg,Mn
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and Ca from the country rock might have played
a rols in the formation of these Jarnets.

The low values of Cain both the contact-
samples of pegmatite 4 (Table-VI) are due to
less percentage of plagioclase. Quartz is rela-
tivaly increasing at the contacts. The composi-
tion of plagioclase is Ans at both tha contacts,
Sencite and sassurite are the hydrothermal
alteration of plagioclase, formed due to the
water of pegmatitic solutions.

MINERAL COMPOSITION AT CONTACT
WITH PEGMATITE 2A *

Thin section studies in the contact
zone of Peg. 2A shuw that the influence of



Fig.17 T.5. 9916A2. Concentration of Biotite and Garret at

o -

contag
with Pegmatite 4., -

Fig.18 Presentation of Modal aralysis of MHela-Bends of Higmatife
in Evje-Iveland .re: along the profile, perpendicular to the
contact with Pea. 2A. The samples are same as in Fig.5&6,



pegmatitic solution on the country rock is seen
upto 65cm from the contact. This psgmatite is
3.6m wide. Here, in this contact all-the
hornb.ende have changad into biotite. Piagio-
class is less in amount whereas Quartz isin
abundant. The compasition of plagioclase at
contact is Ang. Figure 18 shows the modalic
composition of different minerals of the country
rock at contact with Pegmatite 24,

Apatite is increasing in the contact zone.
Zircon and monazite are also present in the
contact.

MINERAL COMPOSITION AT CONTACT
WITH PEGMATITE 3

The petrographic stuies at contact with
Pegmatite 3 show that the maximum influence
of pxgmatitic solutions on the mineral com-
position of M'gmatite, in contrast to gsoche-
mical investigation of trace elements, is
observed only in centimeter area. Here, all the

hornblende are conJeried into biotite.  All
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the changes in mineral composition at this
exo-contact-zone coincide with the contoc: of
Pegmatite 2A, excapt that of p agioclase. Hee
at this contaci with Pegmatite 3, some piagio-
clase show zoning. Figuse 19 shows the distri-
bu.ion of modal analysis in the country rock at
contact with Pegmatite 3.

MINERAL COMPOSITION AT CONTACT
WITH PEGMATITE Li

Thin section studies at this exo-co.tact-
zone show the influznca of psgmatitic solut.on
on the mineral composition of the country rock
upto a distance of 10 em from contact. Hero,
excapt the garnet, all other changsasin mineral
composition are coinciding with that of
Pegmatites 2, 3 and 4. Figu-e 20 shows the
modalic representation of different m'nerals in
Migmatite. The country rock at this profile is
rich in clino-pyroxene. At contact, plagiociase
has been altered into sericite due to the
PedMadt Sowuwnis,
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Fig.19 Pressntation of Modal aralysis of Intermediate Bands of Migma=-

tite in Evje-lveland area along the profile, perpendicular

to the coantact with Peg. 3. The samples are same as in Fiy.9410.
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Fig.zd. Presentation of Modal analysis of Mela-Bands of Migmatite

in Evje-Iveland area alont the profile, perpendicvalar to
the contact with Peg.Li. The samples are same as in Fig.11%12,



CONCLUSIONS

The mineral and gaochemical studies show
that the influence of pegmatitic solution.on the
country rock (Migmatite) bring changss in
mineral composition upot 5cm for the contacts
with Pegmatites 2A. 3 and 4, whereas the con-
tact with Pagmatite Li show the changss in
mineralogy upto 10cm in exo-contact-zone.
All the hornblende have changed into biotite.
For the concenteration of biotie, apatite and
Maonazite, the volatile components  (rich in
wate: and phosphor) of pegmatitic solutions
are responsible. almanedine-garnet at contact
with Peamatite 4 has formed due to the contact-
mstamo-phism. Zircons are the parts of
lzuco-bands of Migmatite, which have
migrated to the exo-contact-zone during con-
tact phenomznon, Atthe contact. zones, the
plaglioclase is less than quartz, therefore, the
contacts are poor in Ca and Fe. The compo-
sition of p'agioclase at the contacts is Anss.
Sericite and Sassurile are the alteration pro-
ducts of plagioclase, caused by the pegmatitio
go.ulions,

The chang2s in trace elements occur in
an area of 1, 10m (Fig. 5, contact with
Pegmatite 2A); 1.0m (Fig. 9, contact with
Pegmatite 3) and 1,6m (Fig. 11, contact with
Pegmatite 4). The elements Rb and Pb
are mostly migrating towards the country rock
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(Fig. 5.7, 9 and 11). The element Sr, except
contact with Pegmatite 2A (Fig. 5 and 7)
show decrease in their contents, therefore, it
is thought that Sr has gone to the psgmatitic
solutions (Fig. 9 and 11). Ca and Fe (Fig. 6,
8, 10 and 12) show dacrease in theirs viaues,
this is duz to the praszacz of mosz quartz than
plagioc’ase at ths investigatad contacts with
country rock.

In this investigated area, the country rock .
has bezen influencad by pi:gmatisic solutions
differently. The intarmadiate - (contact with
Pegmatite 3) and mela-bands. (contact with
Pegmatite 2A and Li) show the same trend of
influence. The inf.uenc2 on leuca-bands was
not under taken, as the sampling was very
difficult.

It can be summazrized, thatthe influsnce
of pegmatitic so'utions is not dependent on
the length and thickness of the pegmatitic
bodies, it may be duz to the mu'tiple-emplace-
ments inside the peamatites (Ucbel, 1980 and
Lodhi, 1988). It is also possible that the
lateral tectonic activities or dug to the effect
of Gravity the older Pegmatites have subsided
to give the space for emplacement of younger
Pagmatites, which may not have effected the
country rock due to the cold and passive
contacts. of older dzneration of Pedmatites
with Migmatite. '
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TABLE - 1

Distribution of major and trace elements in Migmatite samples ‘of the profile
perpendicular to the contact with Pegmatite 2-A, as determined by XRF. The
values of Ca and Fe are given in percentage, whereas other aelehients show
ppm values. . ! e fr

Sample Distance Vs
from contact Ca Ti Cr Mn Fe Nii Cu ;Zn. Rb,_ 55 ¥ . Zr

7984

—0,06 1.3 1060 50 320 1.8 — Sp.: 15 37 47 463 194

7984A 0,05 1,5 9010 48 2120 6,5 18 28 175 710 49 236 112

7985 011, 49 9730 - 65 2399 7.7 21 91 13£‘_'a_?‘_j|33 48 111
7986 020 49 9150 50 1900 7,3 20 31 119 ~50 147 33 129
7987 030 24 ,2430 26 360 15 6 20 34 82 213, 19: 143
7988 042 265 2470 35 320 1.5 13 14 25 69 21 7. 20 .14
7989 060 37 6250 60 10200 45 17 31 73 35 199 23 195
8903 070 62 6400 190 1890 6.2 70 26 123 24 172 75 71
7990 085 63 12510 75 2380 9,8 25 71 137 10 220 38 93
8904 099 55 17400 130 2140 86 46 202 135 47 201 61 153
- 7991 110 7,1 13170 105 2670 10,7 28 57 163 — 200 42 109
8905 1,20 6,1 4670 130 1700 60 65 23 107 22 142 35 &5
8906 130 65 5220 200 1800 60 67 39 108 16 144 29 51
8907 150 68 4550 170 1480 52 61 35 87 14 133 26 51
7992 165 57 12600 70 2050 9,2 23 42 128 -— 227 36 127
7993A1 230 54 11230 70 1930 82 22 22 129 — 213 42 120
7994 - 11,70 68 9950 85 1920 83 22 63 121 — 193 33 116
7996 3400 61 6300 165 1580 6.4 39 80 83 — 143 11 B2
7997 57,00 654 3570 85 1710 6,0 49 40 129 40 103 81 70

P

137

39
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TABLE --2

Distribution of major and trace elements of contact sample 8902, with
Pagmatite 2-A taken from Hanging-Shell: The sample is divided into further
small parts. The values of Ca and Fe in percent and of other elements are
given in ppm, as determined by XRF-

Sample Distanca
from contact Ti Cr Mn Fe Mi Cu Zn Rb Sr Y Zr

Pb’

830221P —0,012 1,5 240 Tr- 60 019 Tr. 24 Tr. 16 131 -
8902337 —0,005 1,7 270 Tr. 52 016 Tr. 22 Tr. 47 209 15 —
890233A 0005 4,7 2720 400 1490 556 74 25 105 108 184 79 15
890232 0013 5.6 2600 410 1530 58) 74 26 107 17 146 61 22
890231 0,023 59 2800 400 1570 601 75 44 112 16 166 63 22

880243 0.034 6,0 2820 430 1580 6.05 75 44 120 13 162 64 19

g90242 0045 54 2630 380 1410 552 74 40 109 — 148 bo 14
230241 0,059 55 2700 370 1400 532 74 40 104 — 162 /60 1O
890253 0071 655 2800 330 145) 536 756 37 102 — 168 63 17
890252 0085 52 2600 360 1280 495 72 35 95 — 176 61 19
_?93251 0037 56 2760 360 1330 492 74 40 103 i P T ) I ]

248

136

104

107

78

Tr = Traces
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TABLE - 3

Distribution of major and trace elements -of contact sample 9805, with
Pegmatite 2-A taken from Foot-Shall. The sample is divided into further small
parts. The:values of Ca and Fe in percent and of other elemants are given in
ppm, as determinad by XRF-

Sample Distance
from contact

990512
990511
990523
990522
890521
990533
990532

930531

0,006

0,017

0,028

0,039

0,052

0,068

0,082

0.095

Ca Ti
3,7 10820
3,8 8730
43 B700
44 9400
4,2 10000
4.3. 10500
4,3 10800
46.1132)

Cr

70

70

120

70

63

87

a8

70

Mn Fa Mi
1410 81 30
13300 =77 29
700 8.2 32
1780 85 23
1700 9.2 30
1730 8.4 32
1810 98 24
1830 10,1 25

Cu

48

b2

51

56

zn

116

112

135

125

136

128

143

141

Rb

183

134

120

110

105

a8

101

101

Sr

153

180

155

162

164

179

178

a8

42

3

44

46

Zr

84

103

110

105

112

Pb

262

114

114

83
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TABLE - 4

Distribution of major and trace elements in Migmatite samples of the profile
perpendicular to the contact with Pegmatite 3, as determined by XRF- The

values of Ca and Fe are given in percent, whereas other elements show ppm
valuas

Sample Distance Ca Ti Cr Mn Fe Mi Ca: Zm Rb S X Zr Pb
from contact

8g09a1 —D,15 1.0 390 41 140 032 Tr. Tr- Tr. 107 101 50 31 174

830342 045 31 2500 32 410 21 16 22 32 24 331 31 138 89

8310 033 35 2700 37 B3 25 10 11 A 34 345 16 121 =
2911 070 3,4 2300 46 440 18 12 21 24 18: 362 16 152 —
8512 1,10 56 4400 956 1930 60 166 36 82 =i TSR S S BT
8913 1,70 55 7770 130 1450 64 20 50 74 — 313 Ir. 82 —
8514 250 43 2830 66 380 24 16 19 30 — 430 Tr. 143 —
8915 480 5,2 4240 80 1160 46 28 35 55 14 337 20 g8a —
8316 610 56 4160 230 1450 48 38 34 62 15 38 18 a7 —
8917 1250 4,0 2540 70 730 27 19 38 30 - 380 16 119 —
8918 18,00 6,5 6360 170 1480 69 40 66 99 = 400 26 BE ===
8919 40,00 7,0 8410 150 1850 93 45 72 82 - 346 27 TR
8920 5100 48 6970 70 1019 52 22 46 62 — 394 17 104 —

8921 7400 36 1580 73 320 13 12 23 16 — 384 16 168 —
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TABLE - 5

Distribution of major and trace elements in Migmatite and Gneiss samples of
the profile perpendicular to the contact with Pegmatite 2. as determined by
¥RF. The values of Ca and Fe ara given in percent, whereas, other alamanus
show ppm values.

Sample Distance Ca Ti ©Cr Mn Fe

from contac:

78656 0,10 58 1900 300 1240 4.0
7966 030 5,8 2800 360 1360 43
7967 060 70 7300 380 1700 G4
7968 0,90 6.3 1960 330 1260 4.3
7969 1,20 56 1620 330 1220 3.8
7970 1,50 &2 1530 350 T1000 3.5
7871 250 7.0 4370 410 1580 5,7
7972 3,50 861 2150 290 1170 4.1
7973 500 6,7 2060 260 1500 5,2
7974 7.00 7.1 5630 270 1780 6.9
7975 12,00 7,5 3200 750 1250 45
7976A2 12,50 1.0 950 34 130 1.0
7976A4 1250 0,7 2300 23 190 1,5
7977 15,30 4.2 1870 260 1010 2.6
T9T7BA2 & TA76A2 are Gneiss samplas.

7978 20,00 24 3210 85 1120 31
7979 25,00 58 10970 104 1870 7.7
7980 29,00 68 1380 433 580 23
7981A2 3550 39 3180 983 380 3.8
7982 4250 26 6770 46 1080 36

P

Rb

Ni Cu Zn
93 b1 &1 29
117 33 57 46
172 141 73 57
1060 39- &1 Tr-
100 42 42 Tr
B6 36 49 Tr
116 TP =
1075365 by« =
146 36 61 —_—
136 120 64 =
175 1200 53 52
Tr. 22 15 55
Tras it 33 BT
48 45 bB4 B2
32 51 81 =
39 8 124 —
136 61 28 —
3 71 45 —
200 29 1100 —

216
329
180
220
180
448

184
120
224
238

200

260
238
156

242

216
30

Tr.

22
15
Tr.

36

12
25
Tr-
16
23

36

71

40
37
64
43
47
28
37
49
86
158

233

168
a7
69
a7

277

Tr = Traces
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TABLE

6

Distribution of majar and trace elements in contact samples of Migmatite
with Pegmatite 4. Biotite and Garnet are concentrated at the contact. The
values of Ca and Fe are given in percent, whereas, other elemants show ppm
values, as determined by XHF.

Sample

. 9915A1
-9815A2
-9916A3
9916A2

S916A1

Distance
from contact-

0,013
0,045
—0,015
0,015

0.050

Ca

1.0

2,5

0.5

1.3

1,0

Ti Cr Mn Fe

5530 105 1950 4.7

15840 67 3330 6.4

260 45 80 041

10800 140 11600 9.7

8800 165 2210010.4

Mi

33

30

Tr.

39

29

Cu

28

67

36

Zn Rb

128 373

178 448

250 850

200 B30

34 222

68 275

36 88

56 1148

27 1610

Zr Pp
73 1M
168 B3
Tr- 210
289 —
221  —

Tr=Traces
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DELINEATION OF FRESH WATER AQUIFER IN A SALINE AREA USING
GEOELECTRICAL METHOD

By

- UMAR FARDOQ
Insiitute of Geology, Punjab University, Lahore 54590, Pakiszan.

AND

SHEHZAD A. QAZI
National Engineering Services Pakistan (Private) Limited, Lahore Pakistan.

Abstract - The area near Matli town District Hyderabad is facing an acute problem of
salinity and water logging where a sugar mill has been constructed. The non availability OF the
fresh weater in this area is causing problem for the operation of sugar mill.

An attempt has been made to locate fresh waler aquifer in the saline area by employing
electrical resistivity technigue. A total number of 16 soundings using Schlumberger electrode
configuration were carried out in and around the project area. Based upon the resulls of resistivity
survey & fresh water sguifer zone has been identified in the vicinity of the project aréa.
Considering various factors test hole drilling was recommended at a suitabla location in this fresh
waler aguifer zone. During drilling operation water samples were collected at various depths
which vware snalysed in the laboratory 10 chack the water guality. The rasults of water samples and
lithological log have confirmed the results of resistivity data. Based upon these studies 0.5 cusec
skimming type tubewell has been designed to meel the fresh water requirements of the sugar milf.

installed upto about 25 meters depth in the
INTRODUCTION mill area discharges water with 7000 ppm of
dissolved solids. In order to get the sugar

Mat!i Sugar Mill has been constructed iy in operation, sufficient quantity of fresh

about 45 km from Hyderabad city along

: water was required which was making hard for
Badin-Hyderabzd Road (Fig. 1). The project

the managemant to develop a dependable and

area wheie mill i-:-'i located faces an at.::uta permanent source.
problem of salinity and water logging.
Existing informations indicate that ground- As desired by the concemned authority,

water quality is brackish to saline. A tube the problem was taken up by performing
well drilled near an irngation canal south reconnaissance visit of the project area.
of the mill discharges water with 3000 During this visit a number of open welils were-
ppm of dissolved solids. Another tubewell ohserved. Water quality tests showed that
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some open wells have comparatively fresh
water, which, therefore, formad the basis for
the exploration of fresh water in the project
.ared.

Keeping in view the ussfulness of the
electrical resistivity survey, it was planned to
use it to delineate the lateral extension of fresh

-aquifer.

ln the light of the results obtained, causes
of salinity and watcr logaing of the project
arca have beesn discussed and a fresh water
aquifer zone in the saline area has been

delineated.

FIELD PROCEDURE

The resistivity survey was conducted using
an ABEM Terrameter SAS 300B. Schlumberger
slectrode configuration was ussd throughout
the survey with a maximum current electrode
separation of AB/2=100 maters. The subsurface
resistivity is calculated from the electrode
spacing, applied current, and measured voltage
(Telford et al-, 1985). Each sounding was
conducted upto the depih confirming the low
apparent resistivity wvalues. A of 15
resistivity soundings Were parformed at different
locations in the area (Fig. 1).

total

a8

DATA PROCESSING

Data processing has been completed in
two steps. Partial curve matching using
auxiliary point method was empolyad in first
step to determine the approximate true resistivity
carth models for each sounding curve. In auxi-
liary point method each branch of the apparent
resistivity curve is approximated by a two layer
apparent resistivity curve. The co ordinates of
tha cross of this two layer curve are considered
to represent the thickness and the resistivity of
a fictitious layer that replaces the sequence
of shallow. layers (Koafoed. 1973). For this
purpose set of Ebert Auxiliary graphs were
usad. Final processing of the resistivity curves
was made in second using computer programme
which is capable of interpreting the resistivity
curves using automatic iteralion method. The
computed true resistivity earh modsls were
obtlained and have been presented (Fig. 2).

RESULTS

Basad upon the computed earth resisti-
vity models, the projact area can be classified
into three different typas of rosistivity Zonss
having different true resistivity randes. These
ranges may be interpreted in terms of subsur-
face hydrogeological set up (Table-1).

TABLE-

Resistivity Values and Corresponding Interpreted Lithelogy

Resistivity Zone Resistivity Values

Interpreted Lithology

= Ohm-meter

Low 1-9 Silty clay saturated with szline water
Hllediurn 10-20 Sandy, silty clay layer saturated with
i brackish water

I:lggi'n b’ 21-45 Fine to medium sand saturated with

fresh water




Based on the lithological log, chemical
-analysis of the water samples and the permea-
‘bility of the aquifer, a skimming type tube well
-of 0.5 cusec has becn designed to meet the

requirement of the sugar mill.

HYDROGEOLOGICAL
PROJECT AREA

MODEL OF THE

On the basis of geoalectric section, the bore
hole informations and other relevant geological
observations, a hyd-ogaological model of the
project area has been deveioped as describad
below.

Matli area was originaliy composed of thick
-glaysiity ciay deposits. The tributaries of River
Indus were flowing through the project arca
.pausing erosion of the pre-existing clay layers
forming comparatively deeper channsls and
- subsequantly depositing sandy material in
these channels. Laisr thesa
abandonad with thin cover of sandy silty and
-clayey material. This picture corresponds with
the gzoelectric ssction along line AA (Fig 3.)
The outcrop of the thick clay layers can also be
obsarved at various locations in and around the
project aréa- One of the prominent ciay out
~crop is about 4 km from the test hole near
Rabno Mothani Village.

Channels ware

The acute problem of water logging in this
area may also be explained with the same
interpreted hydrogeological modai.

~ The project area is continuously being
secharged with the system of imrigation canals.
Fuleli is the major canal passing through the
-area of investigation which originates from
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Ghulam Muhammad Barage., The seepage
water from the canals as we!l as axcess lriga-
tion water used for the cultivation of land,
pencirates slowly in  the subsurfece sandy
aguifer, underlying the semi impervious layer,
The thick impervious clay layer below the
aquifer offers obstruction to the water to
be pencirated deeper into the subsurface.
Since the permeable medium (sandy layer) is
bounded 1n the channels large quantity
of surface water therefore cannot be infil-
trated in the aquifer zong and consegqusntiy,
water level rises in the area, causing waiel
logging. The water logging
to be severe in such locations where sandy
layers are very thin. In such areas underying
thick clay layer have close contact with the
overiving semi malerial cauing
sovere condition of water logging- This may
bz provad by observing gsoelectric section,
{Fig. 3) in which the suriace is severeiy
effected at localion of VES 6 with water
logging while at the locations of VES 13 and
VES 14 the water table is comparatively deeper
the surface is being wused for good

is  iniepreied

impenvious

and
agriculture.

CONCLUSION

Based on this study, it is concluded that
alectrical resistivity method is a reliable mean
of delineating fresh water zone in the sallne
area. This method gives us valuable infor-
mations on the areal distribution of subsurface
units and it also helps in formulating hydro-
geological set up of the area where subsurface
geological information is insufficient.
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In the light of the aforesaid resistivity
zoning, a geoelectric scction along line AA
has been constructed (Fig- 3). This section
delineates three distinct subsurface lithologic
untis. - Many dry rocks are electrical insulators,
and their resisititives are high.
moisture filled porous media readily conduct
the flow of alectrical cument and have much
lower resistivites. Consequently, the resistivity
of porous media is largely controlled by the
amount of pore water, porosity and parmeability
of the porous media, and the disseloved
eplids concentration of pore water (Benson.
1992). Along section AA, the upper unit is
composed of sandy silty clay material which
is present in the entire area and wvaries in
thickness from 3 1o 14 meiers. |t bears true
resistivity values ranging from 10 to 20 Ohm-
meters. This range of true resistivity valves
indicate the presence of brackish water in this
zone, Geoelectrical investigations for salt water
invaded zone was picked up by (Robert et al,,
1980) near Venice and Homosassa on the west
coast of Florida, USA. Tha sait water invaded
zonewvras clearly discernible as low resistivity
layer of less than 10 ohm-meter and possibly
as low as 2 to 3 ohm meter which offered an ex-
cellent contrast with the high resistivity values

However.

of 45 to 300 ochm-mater for fresh watar. In the
section along AA, a high resistivity zone is under
lain by the medium resistivity zone. This zone
bears true resistivity values ranging from 21 to-
46 ohm-meters. The high resistivity values can
be attributed to the presence of fine to medium
sand saturated with fresh water. This zone s
presant in the entire area along saction AA
except at VES 6 where it is completely missing.

Below the high resisitivity zone, a low
rasistivity zone bearing true resistivity values
ranging from 1 to 9 Ohm-meters is encountered.
The low resisitivity values can be interpreted as
clayey material saturated with saline water.
This is present in the entire area up to the
explored depih of 100 meters. On the basis of
the interpretation of geozlectric section in
terms of lithology, a test hole has been
drilled near VES 8 location- During drilling
operation, four water samples were collected
from sandy aquifer at differentdepths. Chemi-
cal analysis of these samples was carmied out in
the laboratory and the resuits were compared
with the international standards for wvarious
components of total dissolved solids (Tabla-2),
The values indicate that the water is of good
quality.

TABLE-2
Chemical Avalysis of Water Samples from Test Well Near Ves 8

Samples collected at various depths

International standard drinking water

Parameter Tested 21 meter 31 meter 37 meter 43 meter Permissible Excessive

PH value 7.95 210 8.15 810 7.0-85 6.5-less than 9

*TDS (ppm) 580 568 524 608 500 1500

Chloride as 72 78 44 82 200 800
Cl (ppm)

Total Hardness as7 380 405 370 = —

as COCOs (ppm)

*Total dissolved solids

A pumpout test was also caried out in the test hole in order to determine the aquifer yield.
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RESISTIVITY SURVEYS FOR SUBSURFACE INVESTIGATIONS

UMAR FAROOQO AND SHAFEEQ’AHMAD
institute of Geology. Punjab University, Lahore 54590, Pakistan

Abstract : Cerlain case histories about ithe use of Resistivity Surveys for subsurface

investigalions are described in this paper.

TheTrefevant studies show its usefulness, particulatly

for hydrogsological studies, ground water contamination snd acid mine drainage.

INTRODUCTION

The uscfulness of the Electrical Resistivity
method in geological explorations depends to
2 considerable extent, on_the 'resistivity con-
trast, which may b= dus to discontinuily of
the rock formation or ichanga in physical
conditions. On these basis, resistiviiy meihod
can be successfully employad for subaurface
investigations, ground waier investigations. and
water contaminations etc.

SUBSURFACE INVESTIGATIONS

King and Pesowski (1993), described the
range of Electrical Resistivity for differant litho-
‘logical formations and specific conductance of
some common groundwater ions. The porous
for-mations. ussful indicators for probable
‘groundwater flow paths, are indicated by ihe
‘presance of course of the subsurface layers.
Tha chiamical analysis of sulphate and conduc-
‘tivity measurements in groundwater showsd a
correlation betwesn suiphates and  elscirical
conductivity.

Young and Drocga(1986), carried out Res-
istivity surveys using an ABEM. Terrameter SAS

300 to locate building sites at a nineteenth Fort
in Michigan. built during the copper boom of the
1840 and located at the tip "lof ¥ Keweenaw
Peninsula in tha uppar Paninsula of Michigan.
The Resistivity surveys were made using a haif-
Schlumberger array with eleciroda spacings of
0.3.08, 1.0, 1.5, and 2.0 m. i o T

The Rasistivity surveys indicatad certain
anomalies “related to building foundation - or
excavations- A detailed study of Rasisiivily
surveys over privies, Guard house, Carpenter
shon and Blagksmith shop showed that probable
locations of two walls of the Guard house and
the locations of the privies could ba determined
by the use of Rasistivity method: Young and
Drosge (1988), also concluded that Resistivity
mathod was more usseful than the Magnstic
method for mapping building foundations.

GROUMND WATER [NVESTIGATION

Umar Faroogq and MNasir Ahmad {155ﬂ.
used Hesisitivity technique for groundwater
investigation in Mauli and Tutak areas,
Balochistan. The southern part of Tutak Valiey
appears to be filled with coarser deposits
probably gravel/boulder beds. Thess beds
gradually disappear towards nunhern,'nhmtll
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eastern parts of valley at deeper depths. It has
also bean found that a prominent clay/shale
layar, possibly the bed rock, appears at deeper
depths throughout the Mauli Valley and may be
identifisd in test holes. On the basis of the
western and north resistivity studies, there is
considerable scope of obtaining large quantities
of water from the subsurface groundwater
storage through shailow wells as tube wells.

White et al. (1988) described Resistivity
surveys along with other geophysical techniges
in Victoria Province, Zimbabwe to locate bore-
hole sites for water supply in basement granites
and gneisses. The mean regolith resistivity far
Victoria Province was found to be 60 ohm-meter
with range of 20 to 200 ohm-meter. The lower
resistivities represent a clay-rich lithology. while
the higer resistivities represent partially saturat-
ed ordry regalith. The fractured bedrock resisti-
vities ranged from 200 to 1000 ohm-meter with
mean valug of 370 ohm-meter, whereas the un-
fractured bedrock generally shows values higher
than 3000 ohm-meter. Granite regolith zone a
mean value of 236 ohm-meter as compared 10
145 ohm-meter for gneiss regolitn. White et al.
{1988) also established optimum values of
regolith thickness and formation resistivities for

Victoria Province.

El. Abd and Awad (1991), using rasisitivity
syrvey data from bore holes identified five
sabkha ‘‘Clusters” along the ceniral axis of the
coastal plain of wast Red Sea Coast of Saudi
Arabia. The electrical resistivity sounding iden-
tified such surfacs sedimenti layers and such
surface channels through which sea water is
drawn 1o the coastal alain.

WATER CONTAMINATION

Landfills pose a significant hazard 1o
ground and surface water resources. Cartwright
and McComas (1968), identified contaminant

plumes generatad by landfills using electrical
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resistivity techniquss. Geophysical techniques
have also been used to evaluate landfill con-
tainment system consisting of cover and liner.
The cover of a landfill isolates decomposing
refuse from the environment and minimises
infiltration of precipitation and accumulation of
contaminated ground water within the landfill.
The landfiill covers are often fractured or
eroded. This may lead to escape to landfill
gases and creation of leachate through infiltra-
tion of surface water.

Capenter st al. (1981), while assessing a
fractured landfill cover in north eastern lilinois
observed that resistivily soundings could not
delineate cover thickness over areas of fractured
or new cover where resistivily conirasts with
the underiying refuse were minor. However,
resistivity soundings zone cover sstimales
accurale Lo within 0.7m over unfractured mature
cover where resistivities were 10 to 20 ohm-
meter higher than in the refuse. The opening
of cover fraclures gave azimuthal resistivily
variations as large as 16 chm-meter, during dry
weather-Howsever, the same aress, under moist
conditions shiowed littie or no azimuthal resis
livity variation.

Kearey and Brooks (1988), described sur-
veys wilh respect to acid mine drainage of coal
mine and showed a linear relationship batween
log resistivity and log ion concentration.  With
the incresse of acid water contamination, the
groundwater becomes more conductive and
the resistivity values lower down from 60 to 200
ohm-meter to 6 to 12 shm-meter. In a coal
mine, coal can show variable resistivity valuss,.
depending upon its location and extent of the
presence of contaminated water. Coal above
the water table has high resistivity, and when
associated with groundwater, it shows moderate-
resistivity and considerably low resistivity in.
presence of contaminated groundwaler.
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CONCLUSIONS information about subsurface investigations..

This can also be useful for the study of environ-
The_ geophysical techniques, particularly mental problems and can alsa monitor the
Electrical Resistivity, can provide wvaluable migration of contaminants.
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GEOCHEMICAL DEGRADATION IN MOUNTANOUS REGIONS AND
THEIR ENVIRONMENTAL EFFECTS

By
SHAFEEQ AHMED, UMAR FAROOQ AND RIAZ AHMED SHEIKH
Institute of Geology, Punjab University, Lahore-54530 Pakistan

Ahbstract : Environmental changes are the net result of changes in the physical conditions
_guch as air, water, gases, landforms and the social and cultursl aspects ethics, economics and
gesthetics etc. The changes in physical conditions are influenced not only by natural processes such
as physical and chemical decomposition of rocks by processes like weathering, voleanic activity,
Jandsiides elc., but also as a result of man's activities te improve his living siandards by mining
_activities and daforastation etc. These environmental changes cause a pollution within the affected
srea and its effects are migrated downstream as wall.

Eversince the creation of the earth the major role is baing played by the chemical weather-

ing processes within the earth's crust. Water acts as a conveyer of the dissolved constituents and
of such weathering agents as CO» & Oz,

INTRODUCTION Ca CO3;+HO:+H:0=Ca (HCO:}»

The chemical weathering genesrally resul's

3. Alteration of rock minarals by action
from the followings :—

of water 1o yield a soluble and an

1. Solution of mineralz in water without insoluble product.

chemical breakdown ¢.g. common
salt (NaCl) or aypsum (CaS0s2H.0)
which is readily accomplished by Olivine Si0>, Mg**, HCOs—
waters not already saturated with

Mineral Principal Solubie Products

Calciumrich
these compounds. feldspar Ca**, HCO:—
2. The chemical change of one mineral  Augite Cat¥, Mg, Si0a. Fef’".HOC:—

to another which iz whaolly soluble
can be illustraied by the effect of
water cantaining carbon dioxide upan Sodium-rich

calcium carbonate. feldspar Nat, CO;, ~7S5i0; HCO:—
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Hornblende Ca'", Mg. Si0;, Fe?? HCO;—
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Biotite Ma**, 5i0,,F- and others
Potassium

feldspar k¥, Si0;, HCOy—
Muscovite K*. 5102 HCO3—
Quartz Essentially insoluble

4. Adsorption of material from a non-solid

phase at the surface of a solid
particle.
Under different wealhering conditions,

especially as relatad to climate, the relative
importance of the above types of reactions will
be different and the products of alteration of a
single mineral may also be different.

The oxidative reactions of various rocks
and minerals give rise 1o acidic solutions -

FeSa(8) +7.5 0;+H.0=F* +250,2 + 24~

Pyiite

2 FeCO0a(S) 0.5 02+ 2H:0 =Fe,03+2H.C0;

Siderite

MnC03(S) 0.5 02+H20 = Mn02(S) +H.CO,

The chemical weathering of silicates is the
predominant reaction in nature and major
source of many dissolved constituents e.g. :

Fe:5i04(5) +4H:0=2Mg2?* -+ OH
H25i04

S5i102(8) + 2H20=H; 5i04
Quartz

4K. AlSi305(S) +22H,0=4K" (OH) =8Hy
Si04 Al Sia0{0H):(S)

These reactions are very slow processes

and may require several years for their comple-
tion.

Frequently, silicates may undeigo an acidic
reaction :

Mg5i0:(5) +4HCO:=2Mg-+-4HCO. +
HiS 04

This reaction suggesis the attack of car-
banic acid on forsteritf and similar silicates
may be a source of bicarbonate alkalinity.

Mgz $i04 (S)+4H:2 CO3=2Mg-}4HCO, +
HsS104

This reaction suggests the attack of car-
bonic scid on forsterite and similar silicates.
may be a source of bicarbonate alkalinity.

Minerals are essential for sustaining the
economy of a country. The high growth rate
of population and an urgent need to raise its.
standard of living demand an accelerated
economic drowth and progressively larger
quantity of minerals. The exploitation of
minerals not only provide employmeant opportu-
nities but also help in the development of
remoia areas.

However. mining activities and the process-
ing activities of minerals affect the environment
as well,

The mining activities resulis in the disturb-
ance of air, and its effects on water pollution
are more alarming one, as these affect not only
the inhabitants but also the population living
downstream. This pollution takes many forms.
The poliuted water may be taoo acid, too alka-
line or extensively loaded with dissolved sub-
stances such as iron, manganese and copper
etc. water containing highly dissolved minerals
make it unsuitable for certain purposes.

Caboi et al, (1992), describad the results of
stream waters from a former mining activity.
They observed that the interaction of natural
waters and the ore body consisting of Galena,
sphalerite, siderite and iron-smithsonite veins in

a quartz gangue with pyrite, chalcopyrite, barite,
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anglesite, carussite and greenokite as the more
common associated minerals, brings large
amounts of metal in solution.

Nordstrom et al., (1979), observed pyrite
oxidation to be responsible for the acidity in
many mine waters.

Ficklin et al., 1992, derived a classification
schems based on pH and metal concentrations,
during study of mine drainages and material
drainages in mineralized areas. According to
the proposed classification of mine natural
drainagss, acid sulphate deposits and some
quartz-pyrite-sulfide veins, produce high acid
extreme-metal waters, Water from epithermal
veins, sandstone-shale-hosted veins and high-
pyrite carbonate-renlacement deposits, are near
neutral, high metal. Water from carbonate
hosted deposits are near neutral, low metal.
As a resultof this it is concluded that
the most acidic drainage comes from mine
rich in pyrite or pyrite-alunite and quartz pyrite
veins. The mines located in host rocks that
can behave as a buffer towards the acidic water,
produces drainage water of near neutral pH
value, but with high metal cantenls.‘ The ab-
sence of pyrite in mines results a near neutral
drainage water with low metal contents.

Sulfur bzaring minerals, commonly associa-
ted with coal, when exposed to air and water,
get oxidized and form sulfuric acid. This acid
énters the streams in two ways ;

(1) Soluble acid salts formed on the

exposed spoil surfaces enter into
solution during surface run-off.

{2) Ground water, while moving to nearly
streams, may be altered chemically as
it percolates through spoil or waste
dumps. j

As a result of acid drainage, minute con-

cenirations of salts of metals such as Zinc,
Lead, arsenic, copper and aluminium which are
toxic to fish, wildlife, plants and aquatic
insects enter streams. The acid drainage is
also associated with undesitable slimy red or
yellow, iron precipitates in streams draining
through sulfide bearing coal or metal depaosits,

Streams are also polluted by acid water
from underground mines, preparation plants
and natural seepage from unworked coal and
other pyritic material,

Surface mining in certain cases has made
so big excavations that look like craters on the

moon. In cases this has destroyed the protec-
tive vegetative cover.

The underground mining of solid resources
and the withdrawal of underground fluids-
water, oil and gas can cause subsidence or
sinking of the land.

The mining activities and mineral resources
of mountainous regions provide means of earn-
ings to the residents of those areas. At the
same lime it is necessary to be well aware of
the short comings of these activities and proper
remedies be taken to avoid any medical distur-
bances in those areas resulted from the distur-
bances in the balance of trace elements. This.
has caused a number of medical problems
for the residenis of those areas e.g. in
Japan, as a resu't of the mining operatiens for
Zinc, lead and cadmium. the mining wastes.
find their migration into rivers. The contami-
nated water downstream was used by farmers,.
for domestic and agricultural purposes. This.
caused a disease known as ‘ltaiitai’ in the-
people living in that area- This disease attacks
bones, causing them to become so thin and.
brittle that they break easiiy.

The mining of clay, coal and other minerals-
may bring to the surface materials that contaim.
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anomalous concentrations of elements harmful
to plants and animals. The mining of clay for
use in ceramic Industry in cases has resulted in
severe disturbances in the metabolism of beef
cattle ; these disturbances have interferad with
qrowth, and reproduction of the
cattle.

nutrition

The more abundant elements in the average
adult human body are 0=65%, C—=18%, H=
10.0%, N=3.0%, Ca=1.5%, P=1.0%, S=
0.25% K=0.2%, Na=0.16%, C1=0.15%, Mg=
0.5%, Keller, 1981. The living tissue, animal
or vegetable is composed of 11 elements. Five
of these are H, Na, Mg. K & Ca while the re-=
maining six ara non metals and consists of C,
M., P, 5, Cl- The species having hemoglobin,
contain Fe as well, In addition to these
elemenis there are a number of other elements
which are essential for the proper functioning
of living tissues. These include F, Cr, Mn, Fe,
Co, Cu, Zn, Se, Mo & |. There are a number
of other elements such as Ni, &As, al, Ba,
accummulates zs tissies age and are calied age
elements.

The above mentioned elements have sffects
on a particular plant or animal. For example
slelenium is toxic in s=leniferous areas, but if
present in a balanced state, iz bencficial to
animal production i-e- raising of cattle sheep
etc.. The Se defficiency is tectified by supple-
menting foad supply of animals with Se.

Similariy there are a number of other ale-
ments the presence or absence of which affect
the environment. Flouwrine is fairly abundant
in 1ocks and soils, derived from the
parent rock and by volecanic activity. Flourine
in the form of calcium flouride prevents tooth
decay by increasing the crystalinity of ealcium
phosphate crystals and also assists in the de-

valopment of more perfect bone structure that
is less likely to fail with old age.

The iodine deficiency causss thvroid
disease in which case the thyroid gland be-
comes enlarged and a child born to a mother
suffering iodine defficiency may be born men-

tally reiarded dwarf.

Similarly zinc has been found to be essen-
tial for all animals and people particularly dur-
ing early stages of development and growth.
Zinc deficiencies causes loss of fertility, delay-
ed healing and disorders of bones, joints and
skin.

The general impression that man is moving
towards an age of diaster, appears to ba true,
due to increase in man made disasters although
geo-hazards have always boen with us.

Keeping in view of the above mentioned
observations, necessary steps will have to be
taken while carrying out mining activities parti-
cularly, the coal and sulphides bearing areas as
mentioned by Ahmad, 2., 1969 ; Ahmad, S..
(1978); (1980); (1981); and (1992), in Pakistan
Extremere medial measures willbe raquired parti-
cularly in cases of mineral deposits, which easily
undergo chemical westhering and produce
soluble and suspended matters, that are easily
carried away by streams and rain water and
also where mining activitics are near the urban
and populated areas. The remedies to be ad-
opted will vary from place to place depending
upon the nature of mineral involved and the
type of environment existing at the place of
mining activities and downstream.
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