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AN APPRECIATION

By

M. R. MARTIN, BS5c PhD AKC FGS
Honorary Professor of Geology In the Punjab University, Formetly Head of the Uresco TA Mission to

the Department 1955 to 1962,

It was  with great pleasure and no littla
surprise that | received the notice of the issue
af the Institute Number of the Geological
Bulletin of the Punjab University, which is to
mark: the occasion of the elevation of the
Department- Pleasure, hecause: it is always
for me a happy o=casion when | receive
information ‘and documentation about its
activities and developinent. Surpriso because
to talk of the passage of so many years |
could, atfirst, hardly credit so clear are my
memaories of the early years of the establish-
ment of the Department, of the challenges,
the achievements and the bounding enthusi-
asm_of staff and-students alike. That the
notice was addressed over the signalura ol
the current Director of the Institute, Profe-sor
F.A. Shams, was doubly warming because
he was the first of the staff members who
came to, and has stayed with it almost from
the beginning.. | remember well how much
we depended on him and his i:lu::ap concern
for the Department and the science of geo-
logy- It is 2lso noteworthy that so many of
the early students who became staff members
have also stayed. This "is a remarkabla
circumstances in the modern world In which
the fashion for mobility has become extrema
and brought a loss of ths sanse of, and need
for, continuity, which is an essential faztor
in building excsllence. In a real senss th=s
Department becames a home, somsthing to
which all could dedizate thamsslves and settle

into for the purpose of acquiring and develop-
ing their knowlege of geology and its associa-
ted subjects.

There is much ado,
the need for

these days, about
university institutions to bs
invalved in the development of the resources
of their country. This is natural, and nothing
ne~ fora vigorous department alert to its
larger responsibilities. There is, however, a
tendency for this need to be exaggerated and
somewhat misplaced, given the usual institu-
tionalisation of a science and its use ina
country in all but the very early stagss of
institutional and economic development. It
seems sometimes to be forgotten that scien-
tific knowledge cannot be applied until it is
adequata to the problem indicated.” The para-
dox is ciear in these simple-words, butitis
not always  so at the policy-making - level
where, however, it is essenjial to strike a
balance between the support for basic scient-
ific - ressarch. which . has not immediate
foreseeable usas, and  the demand for that
which is evidently usabla for the relief of
mankind’s socio-economic condition.  In
countries, like Pakistan, which have govern-
ment establishments and private indusiry
directly concernsd with the exploration for,
and cxploitation of, natural resources, the
universities have the prime responsibility for
pasic rasaarch and the training of practitioners
in tha subjest concarned. This does mean
exclusiveness ; that, for example, university



staff should not engage in econom.cally
justified scientific activities and research
but that their prime purpose must not be
subardinated. The weighting ofjthe relevances,
scientific social, economic and environmental
must be varied in assessing the priorities for
research, according to the purpose of ths
institute coencerned. For a university depart-
ment it must be responsive to ths ability and
propensity of the staff available: talent, a
much needed requirement for daveloping a
country, can only be expressed through their
choice. It is the responsibility of senior
univarsity scientists to ensure that their role
in the affairs of the nation are properly
understood by the policy-makers if the bal
ance of effort and its right point of applic-
ation are to be properly maintained. The
division of labour, which iz solely meant to
improve efficiency and thereby productivity
throughout society is just as applicable to

the scientific activities as to other activities
of man.

As Founder-Editor of thes Geological
Bulletin of the Punjab University, | am proud
of its continuance, growing coverage of
geosciences and admixture of articles on both
the pursly scientific and the economic as-
pects of them. | know ‘that there have been
times when its production has faced difficul-
ties In the intervening years, but these have
been overcome because of a firm belief in
its importance. | recall how, at the outset,

thers were criticisms of its initialion. These
sprung the then fashionable thinking that
the authors of the research could only abtain
national recognition through publication in
western journals, and that the Department
was guilty of adding to the list of journals
which were proliferating too rapidly and
that it was likely to fail after a few issues.
The historical facts have clearly rebutted
these. | balieve the decision 'to go ahead
has been completely vindicated. The Bulletin
provided a much needad vehicle for.the ready
release of the research potential of the
Department and thereby stimulated it, and
launched' the, Department: on: the path of
sgeking excellence. It was important alsoin
improving the teaching function of the Depart-
ment, because moribundity in teaching follows
from the endless repetitionof the work of
others. Research stimulates the criticality
with 'which this ' latter is approached and
adds zest to teaching. It devslaps the pro-
blem-solving attitude of mind, so necessary
not only forthe advance of science but also
to its application to socioeconomic ' problams
and objectives.

May the future sees, the capacity, vigour
and excellence of the Institute and its voice,
the Bulletin, reach even higher lsvels and
make it, as we all aspired, second to nona.

15 January, 1979

MNATHIA,
Manor Form Road,
Hants, UK.



PETROLOGY OF MINOR OLIVINE GABBROS AND ULTRAMAFIC ROCKS FROM
UPPER SWAT, N'W. PAKISTAN

M. QASIM JAN
Department of Geology, University of the Peshawar, Pakistan,
AND
R. A. HOWIE
Department of Geology, King's College, Strand, Londan, U. K,

Abstract : Small bodies of ultramafic and olivine gabbroic rocks have been reported from a number

of places in the amphibolles and pyroxene gronulites of Swat. Most of  these

rocks are Inconsistent in

texture, mineralogy, chemistry and the extent of metomorphism, They have probobly been emplaced ot
different times and do not seem to be directly related mutually or to their host rocks. As an illustrotion, the

petrography and chemistry of two olovine gubbros, two pyroxenizes, one bahiaite, and a two-pyroxens-two-

amphibole-olivine-plaglociase~spinel rock is pressnted, together with comments an the relatianship

varfous rock types of the area.

INTRODUCTION

The rorthaern part of Swat district (24° 43
N'72° 24’ E) is occupied largely by basic and
intermediate rocks of the Kohistan complex.
The principal rock-types ocsur in thres NE-
stretching belts : amphibolites forming the
gouthern, noritic rocks occupying ths middle,
and quartz diorites making the northern helt

(Jan and Kempe, 1973). East to Wast the
complex spans a distance of more than 202
km batween Manga Parbat and eastern
Afghanistan whilst North to South it stretches

75 km along the Swat river between Kalam
and to the South of Kabal.

To the North the complex is boundsd by
a narrow mixed zone of quartzites, metasedi-
ments, and acidic porphyries just to ths South
of Kalam. Furthzr North of this zone occur
metasediments of the Kalam groun (dominatad
by cherts and radiolarites), followed by the
Utror volcanic rocks (lava Hows, tuffs, brecci-

between

as), and undilferentiated quartz diorites and
granites (Jan and Mian, 1971). In ths South
the amphibolites are thrust-faulted over the
Palacozoic Lowar Swat-Buner Schistose
Group of Martin et al, (1982). The occurrénce
along/near this fault of glaucophans schists
(Shams, 1972), high-pressure granulitss (Jan
and Howie, In preparation) ; and of ultramafic
rocksin Bajaur, Dir, Swat, Indus Kohistan,
Thak Valley, is suggestive of a major tecton-
ism ; it is piobably an extension of the Indus
Suture-line  which, according to Gansser
(1374), marks the subduction zone of the
Indian plate below the Tibetan mass.

Detailed investigations by Jan (1977 a,
1877 b, and unpublished data) suggest that
(a) the ultramafic rocks and high-pressure
granulites of tha Jijal comalex might have
tormed originally in ths Tathyan uppar mantls-
lowarmost crust, (b) the amphibolites prob-
ably, represent, an oceanic crust, (c) the
pyroxena granulites (formarly called norites),
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metamarphosed under rslatively uniferm T, P
(800" C.7 108K bar) conditionz and have
chemical similarities with rocks of island
arce/continental margins, (d) the above men-
tioned rocks and the quartz diorites hava been
derived from different magmas (e) tha quantz
diorites, at least some of the granites, a:nd the
volcanic rocks are products of partial melting
connected with collision and subsen_quant
Himalayan orogzny, {(f) tha noritic and inter-
mediata to silicic plutonic and volcanic rocks
and the radiolarian cherts may hava formed in
a continental margin or in an island arc (see
also Tahirkheli‘et al, 19.8), and (g) tha greens-
chists of the shanala-Mingora-Kabal area,
locally containing glaucéphane-bearing rocks
(Shams, 1972), piedmontite schists, etc, may
be a (Mesozoic) tectonic slice representing a
marginal part of the Tethyan crust bordering
the Indian plate.

A surprising featwe of such z large mass
of basic and intermsdiate plutonic rosksis
the apparant lack of olivine-bearing mafic
and ultramafic diffarantiated members. The
two - large uitramafic  bodies in tha area
{Alpural serpentinites  associated  with the
greenschists of Shangla, and ihe_ pwaxenf'tes
peridatites in a faulted biﬂik at ijal ars alpine-
type and do not seem to be comagmatic. with

the amghibolites or pyroxane granulites. Aith- -

ough the area has not baan fully invesiigated,
yet it appuars that olivine-bearing ' 1ocks
are present only losally in the form of small
and irregular outcrops, making less than one
percent of ths complex. They rangs. from
dunite to harzbu-gite, lhaizolite wahrlite,
clinopyroxconite, harnblende webstarite,
bahiaite and olivine gibbros, but In most
localities only ono or two of these rock-tyass
qceur. Thase rocks are inconsistent in grada of
metamorphism also and it appears that thay

are neither directly related to the amphi-
bolites/granulites in which they are emnlaced,
nor  among themsslves. As an illuostration,
detailed petrography and chemistry of six of
thaﬁ: rocks is presented below. The outcrop
arecas of the analysed samples rangs from a
few' tens (S¥ 586, US 25) to a few thousand
£q. kim. (51.355). The rogks - were analysed by
XRF, m:king pressed tablsts of rosk powder
and cellulose binder (1:1). FeQ was deter-
mined by Wilson's. scheme and H:O bya
modified Penfisld’'s method.

PETROGRAPHY

1. Rock samplez US 26 and S| 356G are
medium-grained gabbros, emplaced about 5
km. apart in® the epidate amphibolites. The
former is 20x dm in area whilst the Tatter, not
yet fully investigated, “is much'larger. Thay
are composed of plagioclase (Angy and
Angs. resaeclivsly), two pyroxenes, olivine,
amohibala, spinal, opaque mineral, with.minor
garnet and epidote in the former. The ortha-
pyroxena in US 28 is marginally replaced by
clinopyroxsne in somsa in the interior also,
whilst tha main clinopyroxeng in bath the
rocks is ophitic, cloudy, and partiaily replaced
by an amphibaole.

Corona taxiure, apparently resulting from
a reaction bsiween olivine and plegioclass, is
displayed by both the.rocks The olivine is
surrounded by an snvaiope of radiating short
prisms of orthopyroxens, which is followad by
a middla shall composed of a radial intsrgrow:h
of amphibols+vermicular spinel. In US 25,
however. the m*ddis amphibale “shall is sgpar-
aled from that of the orthopyroxens by &n
incomplete thin - envelopa of granular elino-
pyroxszne, whilst the outermost part of the
sympleciic shell may have epidote needlsa
the complete picture in  this rock being :
{olivine)- orthopyroxsne-clin ipyroxanz-amahi-



finle - amphibole ¥ spinel + apidote —{plagioc-
lase)

The inner part of the symplectic shall in
both the rocks is cloudy whils tha outar main
part isclear. A thin.  amphibols enveiope
separates also the clinopyroxene  from plagio-
clase in the two rocks. The minor garnet in 26,
howaver, doss not sesm to be a product of
carona development. A more detailed account

of the coronas is intended for a later public-
ation.

2, Rock Sample SK 328 is composed of
olivine, ortho-and clinopyroxenes, amphibole,
spinel, opaque oxide. calcite and biotita.

" Fari

Fig. 1. Ultramafic granulite (326)

showing

-3

The oliving is strainsd and is partially enclozed
in tha pyroxene, - olivine itself contains spinel
and, 'in places, brown hornblende. Opaque
oxide and calcite are alteration products but
hiotite (deep reddish brown) occurs only in the
form of rare ‘inclusions’ in olivine and pyro-
xene. Much of the amphibole is brown horn-
blende ; however, cross-sections of a colour-
less wvariety are also seen, The plagioclase, at
places in large grains, Is calcic bytownite
with well daveloped albite and’ pericline
twinning. It is surrounded and etched by an
intergrowth of myrmekitic green spinel and
¢'inopyroxene+brown hornblends (Fig. 1)
Such intergrowths also occur independent of

myrmekitically brown - green spinel and

clinopyroxene (+ orthopyroxene and brown hornblende) around plagioclase.- Spinel
inclusions also occur in the plagioclase. Olivine is in the lower [eft part.
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the plagioclasa ; in thess tha latter may have
baen complately destroyed. Much of this
100 x40m lanticular outcrop in tha pyroxene
granulites, however, lacks aliving, amphibole
and the symplectic intergrowth, but contains
rutile as a common accessory. The overall
chemical composition of this dark gabbroic
intrusion, judging from its mineral compaosition
(orthopyroxane +plagioclase « clinopyroxsne-
+iron oxide), seems to be less basic than
the analysed sample.

3. Rock Sample SI1246 Is a macium-
grained, allotriomorphic pyroxenite intruding
the pyroxens granulites. It consists of clino-
pyroxene, amphibole, bronzite, olivine, opague
oxide, serpentine and a carbonats. Alteration
ic extensive and opaque dust and needles
are spread throughout pyroxens and in the
cores of amphibole, the margins of the latter
being free of them. The amphibole and ortho-
pyroxene are poikilitic : the former also
replacing the latter intensively and thereby
imparting it a Spongy appearence.

4. Rock Sample Sk 586is a bahlaite
composed of a pale green amphibole, bronzitic
pyroxene, green spinel, olivine and traces of
opaque mineral (8). Itis medium-grained and
granoblastic ; the amphibole and pyroxene
having developed either as sub-poikilitic short
prigsms or, more commonly, in polygonal grains
forming triple junctions. The main silicate
minerals have inclusions of each other and
there is no evidence to suggest that olivine
tormed at an earlier stage than the amphibole.
Talc, serpentine, iron oxide and a carbonate
are secondary products. The rock was taken
froma 4 x 6Gm outcrop, seemingly intrusive
into tha granitic rocks and emplaced along
contact of amphibolites and hypersthene
dioritos (granulite).

5. Rock Sample US 24, based on 5664
points counted in one thin section, consist of

62. 33, augits, 18.7 55 bronzite, 14 7 hornbl-
ends, and 5 9 of secondary tale, amphibole
and opaguae mineral, all occurring along
fractures. Much of the hornblende is strongly
poikiloblastic, however, it also occurs in small
grains some of which are enclosed in the
pyroxenss. Its deep brown colour and rela-
tively high birefringence (= =1. 647 3=1.877)
are possibly due to its high chromium content
(= 6000 ppm).

CHEMISTRY

Chemical analyses and CI1PW norms of the
rocks under study are presented in Table 1,
The analysis of 356 is5 comparabla with tha
average of olivine gabbros given by Nockolds
(1954). ltis slightly higher in MgD, CaO.
appreciably higher in Si0z. and lower in TiD;
and iron oxidss. US26 has higher Si0Dz Al:0;,
Ca0, and lowar Ti0,, Na,0 and iron oxides as
compared with an average troctolite. The
differences are probably dua to higher content
of calcic plagioclase and clinopyroxens, and
more magnesian olivine in the Swat rocks,
Both are markedly depleted in K;D compared
1o the average values.

SK 326 has an unusual chamistry ; for the
rock is low in 5i0; and high in MgO, and has
a much higher iron content., Thera is no
average in Nockolds (1954) tables that may
resemble this analysis. It ssems that, due to
certain physicochemical conditions, a lot of
magnetite crystallised or was locally concent-
rated alongwith olivine, pyroxens, and
plagioclase from an original melt ; this was
followed by regional matamorphism during
which magstite was taken up in the formation
of amphibole and spinsl.
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TABLE 1. XRF analyses, CIPW norms and trace elements contents of ppm of some minor
and mstamorphosed ultramafic rocks from olivine gabbrosinorthern Swat, NW Pakistan.

i Us 26 S| 366A Sk326B SK 586 Us 24 Si 246
5i0; 4800 60.14 45.05 48.46 50.80 50.89
Ti0; 00.21 0.38 0.24 058 0.69 0.32
Al,0; 14.15 16.46 4.00 6.57 5.30 3.70
Fe;0: 1.41 1.16 4.24 3.69 2.27 1.41
FeO  5.50 5.13 15.37 6.60 6.54 6.17
MnO 0.13 0.14 0.34 0.22 0.20 0.08
MgQ 16.85 11.54 25.45 24.86 18.15 21.00
Ca0D 12.58 13 30 4.17 6.18 14.50 16.58
Na;0 0 84 1.75 0.27 0.20 0.46 0.27
K:0 0.06 0.08 0.05 0.10 0.19 0.03
H:0+ 1.29 0.81 0.31 2.28 0.93 0.67
P2 05 0.11 0.03 0.03 0.12 0.09 0.11

Total 101.13 100.92 99.52 99.96 100.12 101.21
CIPW Norms
or 0.35 0.47 0.30 0.59 1.12 0.18
ab 7.10 14.80 2.28 2.54 3.89 2.28
an  34.65 36.82 9.55 16.28 11.84 8 80
(wo  11.28 12.09 4 58 567 24.84 30.32
dit{en 8.40 8.60 3.04 4.44 18.55 22,94
Efs 1.77 2.42 1.20 0.61 3.84 4.29
(en  13.28 10.86 28.25 43.71 21.27 11.75 ..
h?Efs 2.79 3.08 11.13 6.02 4.41 220
(fo 14.20 6.50 22.48 9,63 3.76 12.32
ul&fs 3.29 2.02 9.76 1.48 0.86 2.64
mt 2.04 1.68 6.15 6.35 3.29 2,04
il 0.40 0.72 0.48 1.10 1.31 0.61

ap 0.26 0.07 0.07 0.28 0.21 - 0.26



Trace Elemants (p.p.m.}

230 S =

Ba _ = i haskolinis —

_Co 50 og. * 314 75 55 54
Cr 1117 440 1276 1725 3440 1148
Cu 74 69 230 44 33 252
Ga 210 210 210 210 L10 20
Ni 622 130 546 793 280 297
Rb 10 /10 10 16 210 /10
Sr 103 ] 116 a0 Zib 63 20
Y 14 17 £10 210 20 i 11
Zn £ 30 230 93 83 59 230
Zr £10 210 Z10 42 /10 /10

Analyst : M.Q. Jan.
US 26. OClivine gabbro intrusion in amphibolites, 4 km N of Khwaza Khsla.

S| 256A. Olivine gabbro intrusion in amphibolites 4 km N of Kiru, Indus Valley.

SK 3268, Two—pyroxene—iwo —amphibole—alivine —plagieciase-—spinel rock intruding

norites, 2 km N. of Madyan. to the east'of Swat river.

SK 586. Hornblende granulite, 9 km SW. of Asrit alang the stream,

us 24. Hornblanda granulite, 4 km ME. of Parao Bridze, Upper Swat.

S| 246. Altcred pyroxenite, 1.6 km SW. of the confluence of the Indus.

and Kandia rivers.

The values for tha minor constituents in
the four ultramafic rocks have been comparad
with the values for average ultramafic rocks
reported by Turekian and Wedepoht (1351) and
Goles (1867). The values for Ti, Mn, K, and
P are higher and those for Cr (except in 24),
Ni, and Zr are lower in the Swat rocks. Sk 326
is higher in Zn and, espacially in Co and 246
iz lowet in these elements and Zr. Co pcontent
is also lower in 586 and 24 ; the values of Rb
ard Zn in the former and Sr and Y in the latter
are higher. The generally higher ‘Al K, Sr,

and Y of these rocks (except in 246) is consist-
ent with an original plagioclase content ;
texture and mineralogy also suggast a matam-
nrphic origin for the three rocks. The maolar
Mgrinig +Fa 4 Mn) of the rocks (about 0.80)
is substantialy lowsr than those {0.90) of the
pyroxenitas of the jijal area (Jan and Howie,
in preparation) and other alpine-type ultramafic
rocks. It seems that the ultramafic rocks of
this study (with the possible exception of
248) are not similar to those found in the
alping-iype complexcs.



Chemical analyses of the pyroxene pair and tschermakitic hernblende from US24 reveal

the following gompositions :

Bronzita :
iv S
(A1 74 51.926)0,
Augite:  Cagz7Na o35 Mg gyp g2+ Mn g,

145

iv !
(Al oga  Sitg11), 04

Hornblende : (Ca 1.809 Na

3+ Ti
Fa 233 Cr..l 03 .2586) 5,193
(OH4 575 F.128) 1.703.

The rather high Cr content of the amphi-
bola is dua to the high Cr content of its host
rock lacking spinsl ; the presence of Fin the
analysis suggesis its introduction during
matamorphism since the average F content of
the ultramafic rocks is only 100 ppm (Turekian
and Wedepohl, 1861). Tne hornbiende also
has the relatively high Al; O3 content typical
of high-grade metamorphic rocks. The distri-
bution of the major and minor elements is in
agreement with the findings of other workers
summarised in Daar et al. (1983). Tho Mg-Fe
distribution coefficient (0.48) for the pyroxene
pair is somewhat lower but close to thosa
computed for metamorphic pyroxens pairs
(Kratz, 1963). Th2 Kp Fa—Mg for hornblenda-
orthopyroxena and hornblende-clinopyroxene
pair (0.90 and 1.54, respectively) fall within the
ranges shown by Swedish charnockites (Saxena
and Hollander, 1969) and West Bengal granul-
ites {Sen and Manna, 1978). The tie--lines
joining the orthopyroxane - hornblenda -—
clinopyroxene on the pyroxkene quadriiatsral
arz similar to those of the Quairading granul-
itas {(Davidson, 1371) and the two—pyraxene
tia - line intersects the Wo ~ En join at Wo &1,

24 : iv
522 K 082)2.413 (M93 237 Felggg Mn 4,6 Al

7

] 2+ i 3+icls |
\Cap3g Nagor Moy 438 Folqzg Mn op A" 020FaT0 Ti 5oq 11.999,

AIV.084 Feone, 1.016) 1.995,

.458,

v .
I1.615 Sig.a58)8 V22,207,

DISCUSSION

Among various thaories on the origin
of coronas (late magmatic,  dsuteric, metaso-
matict, contact/regional metamorphic) the
regional » metamorphic possibility doss not
seem to be responsible for the formation of
coronas in the two rocks bacause (a) in contrast
to the ganerally wall-davalopsd paralizl fabric
in the surrounding amphibelites, the coronas-
bearing  gabbros lack such a fabric, (b) the
coronas contain orthopyroxens, a minsral sofar
not recorded in the Swat amphibolites. Temp-
erature-pressura estimates for the amphibolites
(670 —-570"C, 4 - 6 kb ar) are somewhat lower
than those during which orthopyroxene would
develop, and (c) Grilfin and Heier (1973) have
pointed out that “regional metamorphism also
usually involves penstrative deformation,
which would certainly be expected to destroy
the delicate corona structure'. Such a situ-
atlon ssems to be exemplified by the marginal
part of the outcrop of sample 356 where tha
rock is metamorphosad to epidote-plagiozlasze
amphibolite (chemically identical to 356 on

H,0 - free basis) without a trace of corona
structure.
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It zaems iikely that the corona formation
took place duting late magmatic stages. either
at a greater depth before the gabbros Wwere
intruded as a solid material in the amphibo-
lites, or the intrusion of magma and formation
of coronas occurred during the last phases of
(or after) the regional  amphibalite facies
metamorphism. A late magmatic origin for the
corona is consistent with the more recant work
of Griffin and Heier (1973) and Gardner and
Robins (1974).

Layered or alpine-type peridotites (setting
aside the meatamorphosed and concentrically
zaned complexes) do not normally contaln a
hydrous mineral phase of major proportionin
stable cosxistence with olivine. Tha associ-
ation of olivine and amphibole (at places
including each other) in 586 and 322, and tha
rexture of these rocks suggest metamarphism
in the hornblende granulite sub-facies. Text-
ures similar to those developed in 326 have
been described from a spinel-bearing meta-
gabbro in the pyroxena granulits of Wastern
Australia  (Wilson and Middleton, 1968).
Since the host rocks (pyroxene granulites) in
which 326 and 586 are intruded are devoid of
olivine, even when alivine-normative, the two

uliramalic bodies may have bsen emplaced
during the later phases of the granulite facies
melamorphism. But the possibility that 586 is
a remobilised mass cannot be ruled out.

Mineralogical evidence favouring a metam-
orphic origin for US24 has been given above
(Section 3). Five different geothermometers
based on the coexisting minarals yield temper-
atures of 860°C (amphibole-clinopyroxens),
890° C (amphibole-orthopyroxene) and 845° C,
a34°C, 9.09C (all by different methods of two-
pyroxene geothermometry). These tempera-
tures are lower for the formation of the rock
directly frema magma bul are significantly
higher than those (6707-670° C) estimated for
the surrounding amphibolites. It is thus
probable that US24 was metamorphosed at
depth under the granulite facies conditions
and was emplaced in the amphibolites tectoni-
cally or as a remobilised mass. 81246 may ba
an alpine type intrusion although it has also
undergone an earlier phase of amphibolisation
and a later phase of steatisation. It is not clear
whether this rock was intruded in the noritic
rocks during or after the granulite facies

metmorphizm.



CONCLUSIONS

Detailed study of small bodies of olivine—bearing gabbros and ultiamafic recks in ths

amphibolites and oyroxsne granulites of Swat reveal following points of petrogenetic
interest :

(a) thay are not confined to particular horizons of the host rocks but are dispersed
throughout,

(b) instead of forming cumulus layers, they are found in  the form of small lenses,
dykez and sills,

(c) they are not consistent in chemistty and are significantly different from their
host rocks as well as ths pyroxenite layers found in the naoritic pyroxene
granulites,

(d) they are variable in texture and mineralogy ; also some of them show low-grade
alteration (clouding, serpentinisition and so on) whilst others have undergone
moderata to high-grads metamorphism evidenced by the occurrance of metamorphic
hornblende, rutile, epidots. biotite ; intergrowth of amphibale and pyroxene or,
rarely, two pyroxanes ; and varmicujar growth of a green spinel within amphibole
or pyroxene,

(8) the varying degrea of alteration/metamorphlsm suggests that the minor mafic and
ultramafic bodies formed at différent depths and intruded in their host rocks at
different times.  They show independsnt histories of evolution and do not seem
to be directly rslated mutually or to their host amphibolites and  noritic pyroxens
granulites.
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THE SMALL MAMMAL FAUNA OF THE NEOGENE SIWALIK GROUP POTWAR
PLATEALU PAKISTAN

LOUIS L. JACOBS
Museum of Morthern Atizona, Flagstaff, Arizona 86001, U S.A.

Abstract : Thirty=five genera of small mammals have been recorded from  the

Siwalik Group

(Miacene-Fleistocene) of the Potwar Plategu, northern Pakistan, by Yale-Geolcgical Survey of Pakistan and
Dartmouth-FPeshawar expaditions. Prellminary range zones constructed for selected rodent taxo fndicate
non-synchroious oppearances an i last occurrences of taxa throughout the section, The small mammal fauna
suggest that much of the Siwalik molosse was deposited In an area  of worm moist climate. In the Pliocens:
or Early Pleistocens, the trend toward modern warm dry conditions may have started. There Is no evldence
from the small mammal fauna to Indicate a cold Plelstocene in the Patwar Plateau area.

INTRODUCTION

The fundamental contribution of palsonto-
logy to geology is the resolution of geologic
time which is necessary for the understanding
and unravelling of events in Earth history.
Major advanges in the techniques and
philosophy of geochronology have occurred
in the past few years (sce, for instance. the
papers in volumes edited by Kauffman and
Hazel (1977), and Cchee, Glaessner and
Hedberg, (1978) as well as discussions in
Emry (1373), Savage 1975), and Delson,
(1975Y. Particularly important are the develop-
ments in magnetic pelarity stratigraphy and
radiomatric dating whicgh, when “used in
conjuction with biostratigraphy, often provida
finer resolution of geologic time
previously possibls.

than was

The purpose of this paper is to report
the extensive collections of small mammal
fossils recantly recovered frim the Neogens
Siwalik Group of northern Pakistan, to
define preliminary range zones for some of
thase small mammal faxa and to speculate
- briefly on paleoacological implications of the
Siwalik small mammal

fauna. Systamatic

studies of individual taxa are now in progress,
and field work is continuing., However, even
though the data presentad here are preliminary,
they.can be incorporated with biostiatigraphic
sludies of largs. mammal taxa, with magnetic-
stratigraphic studies, and with radiometric
dating of suitable rocks to provide a precise
synthesis of Siwalik chronology.

The Siwalik Group is a thick sequence of
continental molassic sediments ranging in
age from Miocene to Pleistocene and exposed
in & belt at the foot ot the Himalayas. Fossil
vertebrates have been collected from the
Siwaliks for over a hundred years. The
remains recorded from the Siwaliks represent
a large variety of taxa including the hominoid
Primates Romapithecus, Sivapithecus and Gigon-

topithecus, Until recently small mammals wers
rare In collections.

The most complete section of the Siwalik
Group is found in the Potwar Plateau (sea
Elahi and Martin, " 1961) of northern Pakistan
where most of the stratotypes of the for-
mations ara located (Fatmi, 1973). The rocks
and fossils of the Potwar formed the basis of

the classic Siwalik ‘‘zones” formulated by
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Pilgrim [mainly .1910,. 1813). Since 1374,
joint expeditions from Yale Univarsity (U S.A)
and the Geological Survey of Pakistan. and
Dartmouth College (U.S.A) and Peshawar
University hava been involved in paleon-
tological and chronological studies of the
Potwar Plateau. The Yale-Geological Survay
of Pakistan (YGSP) expeditions have mainly
been concernad with the significance of
Siwalik hominoid fassilss and  associated
fauna to human evolution, The Dartmouth-
Peshawar (DP) expeditions have mainly bean
cancerned with the magnetic polarity-stratigra-
phy of the Siwalik Group. Small ‘mammals
have been. recovered by both the YGSP and
DP projects and these are reported herein.

The term. * small mammal’” refers to those
taxa of diminutive size -which are oftan
overlooked in fossil collecting by surface
prospecting or quarrying. but which may bs
recovered, often in abundance, by applying
sieving techniques.  Insectivores, small
primates, bats, rabbits, and rodents are the
major small mammal groups. These groups,
particularly the rodents, are important in
tha bibstraiigraphic and  biochronologic
framéwnr_ks uf Europe and North America.
They ara highly significant to South Asian
geochronology as well. Discussions of the
correlation of the Siwalik sequence with
European biochronology can bs found in
Pilbeam, et al. (1977), and Jacohs (1978).
PREVICUS WORK

The first report of a small mammnal fossil
from the Siwalik Group is of a rodent
identified as Mus by Cautley in 1835 (Cautley,
1835, Cautley and Falconer, 1835). . Falconer
(1868), in the Founa Antiqua. Sivalensis, briefly
mentions rodents, but no, .other  small
mammals. Lydekker (1878) named Hystrix
sivalensis and Rhizemys sivaleasis, znd in 1884,
published the first paper which had a strong

emphasis, on. Siwalik , rodents. Cther eatly

references to Siwalik rodents include Lydekker

(1880, 1883, 1885, ab, 1888), but these

referances do not add significantly to the
knowledge of Siwalik rodents.

Later ‘'work on Siwalik rotents includes a
brief review of earlier works by Matthew
(1929) {(1933) and Wood (1937)
described saveral new taxa, mainly rhizomyids,
but also a thryonomyid and a ctenodactylid.
G E Lewis (1939) described a murid from
near Haritalyangar, India. Colbert {1933 and
1935) added significantly to the knowledge
of Siwilik rodents by describing those in the
American Mussum of Natural Histery collected
by Barnum Brown.

More recently, Prasad (15968) reporied more
rodents from near Haritalyangar and named
two species. Black (1972) reviewed the
Siwalik fossil rodents with emphasis on those
specimans  studisd  originally . by Hinton
{(1833). Hussain, etal. (1977), have reported
a zignificant small = mammal fauna with
abundant rodents from near Daud khel in the
western Potwar. Jacobs (1977, 1878, 1878 a)
has discussed rodents collected by YGSP and
DP expeditions. Other collections of rodents
have been made from Lthe Siwaliks by several
investigators, but these have not bean the
subject of any significant reporis.

cmall mammals, other than  rodeénts, are
even more poorly known. Lydekker (1884)
reported  lepus  from the Siwaliks,, This
specimen  was later named Coprologus
sivalensis by Major (18399). Sahni and Khare
(1976}  named the.  soricid - insectovore
Siwalikosorex prosadl.  Hussain, et ol , (1977)
repoited both sovicids and erinaceids from
tha Daud Khsl fauna. Jacobs (1973b) has
reported tresshrews  (Tupaiidae) from Siwalik
deposits. is the only prosimian
primate described from the Siwaliks.

Hintan

Indraloris
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The YGSP-DP MAMMAL COLLECTIONS.

~The-Yale-Geological Swvey of —Pakistan
(YGSP) and Dartmouth—Peshawar University
(DP) collections made since 1974 include
at least thirty-five gensra of small mammals,
reprasenting! thirteen families. Although not
all taxa are well represented, the collections
consist of hundreds of  specimeans, most of
which were collected" by YGSP expeditions.
Rhizomyid and murid rodents are particularly
abundant and ‘make up the bulk of the
collections. The specimens were recovered
by sieving fosziliferous sediments and
surface prospecting. Sieving has yielded
abundant specimens, mainly isolated teeth:
surface finds generally yield more complete
specimens, including skulls and associated
postcranial elemsants. All specimens will ba
housed in the Pakistan National Mussum of
Matural History, lslamabad following compls-
tion of studies.

Figure 1 lists all small mammal taxa
recovared through 1978 and the localitias at
which they were found. The taxa are identified
represented

some probably  represent The
localities ara'listed In approximate™ stratigra-
phic ordar, although this listing is not meant
to represent strictly the superposition of
localities (see following section).

new tlaxa.

The insectivore families Erinaceidae (hedgs
hogs and Soricidae (shrews) are poorly represe-
nted in the Potwar by isclated testh, and in tha
case of shrews, by a few jaw fragments. The
articular condyles, necessary for precise
identification, are not praserved in any of the
Apparently, at least
two taxa of goricids are present. Microchirop-

soricids jaw fragments.

téran-bata are rapresentod by rare fragmentary”
specimens.

Treashrews (Tupaidae) are represented by
4 specimens including the anterior portion of
a cranium. one complate lower molar, and
questionably a lower molar fragment. Tupaiids
are often considerad either primitive primates
on the one hand, or advanced inseactivores
on the other. These specimens are significant
in that they are the only fossils Known from
any continent that can be referred to the
Tupaiidae with reasonable certainty (Jacobs,
1273b).

Three specimens probably representing as
many genera, of lorisid primate have baen
recovered, These include a complete lower
molar, a broken lower molar, and cranial
fragments, dantaries, and associated
postranial elements of one individual. The
dantition of the [ast mentioned spescimen is
gssentially complets, including the
and canines, which formed the
comb of the mandibla,

incisors
grooming

Lagomorphs are rare and represented mainly
by isolated testh. They occur rather high in
the Siwalik seguence, about at the Bhandar
level (Colbert, 1935) and above. As the record
improves, | suspect that lagomorphs will
become more Important in Siwalik biostrati-
graphy and biochronology, particularly in ths
Upper Siwaliks.

Seven familias of rodents are represented -

Sciuridaa (squirrels),  Cricetidae (hamsters
and their relatives), Rhizomyidaes (bamboa
rats), Muridae (rats and mice), Gliridas

(dormice), Hystricidae (porcupines) and
Ctenodactylidze (gundis). Cricetids, rhizom-
yids, murids and ctenodactylids are discussad
in the following section. Squirrels are fairly
diverse, but not particularly abundant. One
lower molar with wrinkled enamel from locality



YGEP 259 may reprasent a flying squimel.
Dormice are rare. probably dus at leastin
part to the small siza of thaeir molars. Two
species of porcupina (Hystrlx), representsd by
one tooth each, hava-been recoverad.

PRELIMINARY.RANGE ZONES FOR SELECTED

SIWALIK RODENT TAXA OF THE POTWAR
PLATE2L

Cricetids, rhyizomyids, murids, and
ctenodactylids are abundant in the Siwaliks
and present at many  localities. The vertical
distribution of these taxa leads to refinement
of Siwalik geochronology, particulariy-—when
coupled with lithostiatigraphy, ‘magnetostra-

tigraphy, radiometric  dating and ths
biostratigraphy, of larga mammals.
The range zones  presented hersa——are
preliminary  and  will almost  certainly

be'modified. in the “light of future collections
and interpretations.. Thay are applicable enly
to the Potwar FPlateau where the data for
documentation are derived, but they should
contribute to the precise (and reasonable)

carrelation of the Potwar Plateau with other
areds.

Fossils utilized In this study were recoverad
from four broad regions of the Potwar
Plateau. These regions are Chinji, Hasnot,
Khaur and Pabbi Hills (see msp in -Jacobs,
1978). In any particular region, the relanvs
ages of localities and tha sequence of fossils
can be documented by demonstrating sup-

erposition Thus, the biostratigrashy of sach

region can be established with a high degrae
of confidence. The regions are cormalated
with each other on the basis of first or last
occurrenca of cartain rodent taxa ina givan
region, and the stage of - evolution of rodent
denera at each locality. The composite range

zones &ra derived from the resulting

15
blochronalogic arrangemsnt of localities; and
therefore, are only as accurate and precise as
the correlations. Although | have based the
cotrclation of regions on rodent taxa in this
paper, thesa correlations are consistant with
thes homotaxis of beds and correlations based
on large mammals (equids, suids and other
artiodactyls, etc. sees discussion in Pilbeam
etal, 1977 and Jacobs, 1978), and supported
by published paleomagnetic studies (Keller.
etal., 1977, Barndt, et al., 1978). Ecological
effects on the distribution of fossil taxa in tha

séparate ragions of the Potwar ara difficult
to evaluate (but necessary to evaluate if the

fossils sre to be used in paleoscological
reconstruction). However, given the restricted
geographic extsnt of the Potwar Plateau,
composite ranga  zones-for these four regions
probably realistically reflect faunal succession
for the Potwar as a whole rather than minor

scological  fluctuations  within

a given
region.

The superposition of selected localities in
each of the four reglons of the Potwar and
their correlation is shown on the lsft in
Figure 2. Tha vertical separation of localities
in Figure 2 ; is not to scale. Only localitios
with large samples or significant first or
least occurrencas in a given region are shown
in Figure 2. However, all localities have
been considered in the construction of Fig, 2
and can be accommodated in this biostrati-
graphic-biochronologic framework. Composita
range zones for selectad rodent taxa are
shown to the right in Figure 2. The following
discussion conside;s tha superposition and
correlation of localities region by region.

The Chinji region includes the stratotypes
of the Chinji and overlying Magri Formations
(Fatmi, 1973). Locality YGSP 41 is in the
Chinji Formation, and, for
présentation in Figura 2,

convenience in
includes locality
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YGSP 430. The localities ara approximataly
100 meters apart with YGSP 430 situated
10 meters above YGSP 41. Their vertical
separation is slight relative to that of other
localities and is not of the same order of
magnitude. YGSP 41 (plus YGSP43d) hasa
diverse rodent fauna with the cricetids
(Democricetidoa  and Megacricetodon, the rhizo-
.myids Konlsamys and Rhizomyoides, the murid
Antemus, and a ctenodactylid, probably
Saylmys. | consider Antemus primitive and near
tha base of murid evolution (Jagobs, 19877,
1978, 19793). The age of YGSP 41 is
probably  Astaracian {Jacobs,
1978).

Locality YGSP 311 is in tha type Magri
Formation which directly overlies the type
-Chinji Formation. The rodant fauna ingludes
twao cricetid genera distingt from Demacricetedon
o1 Msgacricetodon, the rhizomylid Kaaisamys: tha
murid Progonomys, and a ctenodactylid, prob-
ably Ssyimys. The Progonomys at YGSP 311 is
gasily distinguished from Aatemus from YGSP
.41 and shows several advanced characters
relative to Antemus,

gquivalant

Locality YGSP 450 in the Hasnot region
|'is probably the same locality from which G E.
Lewis (1934) recovarad  Sugrivopithecus, a
synonym of Ramapithecus punjablcus. Tha cricetid
and ctenodactylid found at YGSP 450 are
similar to those found at locality YGSP 311
and, therefore, these two localities are
considered similar in -age. Ctenodactylid
rodents have not yet bzen recovered from
levels higher than YGSP 311 and 4560.
Cricstids were rscovered above the YGSP
311-450 level for the first time during 1973
and are not incuded in this paper.

Localities YGSP 457 and DP 13 are also
found in the Hasnot region. These localities
are separated by two hundred fest of section,

.11
but apparently both can be cansidered as
coming from levels contributing to the Bhandar
fauna (see Colbert, 1936), No cricetids are
known from either focality. The youngest
record of Kanisamys in the YGSP or DP collec-
tions is from YGSP 457, and the last record of
Rhizomyoides is from DP 13. YGSP 457 has
produced the murid genus Karnimata,  Murids
from DP 13 include the last record of Kernimata
and tho first recotds of Farapelomys, and Mus.
The age of DP 13 is probably Turolian equi-
valent (Jacobs, 1978), and therefare
includes the earlisst-known record of the
modern genus Mus. Parapeiomys has characters
similar 1o the modern genera Pelemys and
Golunda. The earliest record of the modern
thizomyid genus Rhizomys is from locality DP 70
near the willags of Jallalpur in_the Hasnot
region,

The extensive deposits of the Khaur region
(which includes the area arounc the village of
Dhok Pathan) have yielded abundant fossils.
The lowest small mammal locality in this
region is YGSP 259 which has produced crice-
tids, the rhizomyid Kan'samys, the murid
Progonomys, and a ctenodactylid, probably
Sayimys, YGSP 239, Is considered younges than
YGSP 41 in the Chinji region because of the
presence of Progenomys. It is considared older
than YGSP 311 (Chinji region) and YGSP 420
(Hasnot region) because of differences in the
cricetids.

Locality YGSP 182A has produced the
thizomyids Kanlsamys and Rhizomyaldes, an
advanced species of the murid Progenomys, an
early record of the murid Karnimato, and the
anly Siwalik record of the common European
murid genus Parapodemus, The age of YGSP
locality 182A is probably late Vallesian or early
Turolian equivalent (Jacobs, 1978).
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.- 1 The stratotype of the Dhok Pathan Forma-
ation (Fatmi, 1973) is in the Khaur region and
includes locality YGSP 24 The small mammal
fauna is similar to_that from the underlying
logality YGSP 182A. Locality YGSP 369 in tha
Khaur region has produced the rhizomyid genus
Protachyoryctes, preyiously known only from
the Tatrot fauna in the Hasnot region (Black,

1972)

Only ons  mammal locality, DP 24, is
known from the Pabbi Hills region. This
locality has produced the murid ‘genus Golunda
which occurs in the Pabbi-Hills- today, and an
apparently” modern  species of Mus, a ganus
which also’ lives foday in the Pabbi Hills "An
additional murid genus exhibits advanced
characters and | have assigned it to cf. Rattus
(Jacobs, 1978). Keller, ¢t ‘al. (1977) consider
this localily to be early Plsistocens, Villafran-
chian equivalent. and slightly youngsr than
about 1 8 millicn years based on msgnetostra-
tigraphic evidenca.

DISCUSSION

Ag illustrated in Figure 2 and elaborated
above, significant changes in ' the Siwalik
rodent fauna' occur throughout the section
"which facilitate biostratigraphic and biochron-
ologic studies. This paper deals with taxa at
the generic level ; howaver, thare are spesific
changes within genera throughout the Siwalik
sequence  that  will  ultimately = facilitate
additional relinement of Siwalik biochrong-
iogy. Particuiarly significant in this ragard are
the rhizomyid genera Kanisamys and Rhizomyoldes
and the murid genera Progenomys Mus, and
Karnimata. -

Siwalik rhizomyids are cumently under
teview by Lawrence J. Fiynn {University of
Arizona, Tucson, U. 5. A). Cricetids are being
studied jointly by E. H. Lindsay {Univarsit-',r of

Arizona) and myself. | am studying. the
systematics of the remaining groups of small
mammals,

Along with systematic and biostratigraphic
studies, Siwalik small mammals are baing
approached from ‘a paleoccological paint of
view as woell. Information concerning past
environments gathered from small mammals is
relavant to the study of evolution in other
groups,- specifically in this case, human evolu-
tion. Some palececological aspscts of Siwalik
small mammals' are currently under study by
Andrew Hill (The International Louis Leakay
Memorial Instituta © for: African Prehistory,
Nairobi Kenya) and myself.

The YGSP and DP collections mada in

recent years have greatly improved the record
of Siwalik 'small mammals.” However, the

record needs further improvement. In every
field season from 1974 through 1979, new
taxa have been recovercd. In addition of the
taxa reviewed by Black (1972), Sivacanthlon and
Paraulacodus are not yet represented in YGSP or
DP collections. Myocricetodon is also not repre-
ganfed although it is reported - from Daud Khel

by Hussain, et al. (1977).

Siwalik - small
those from

It appears . that oldar
mammal assemblages (including
type Nagri and Chinji Formations) are charact-
erized by cricetids, ctanodastylids, and primi-
tive murids.  Above the YGSP 311 level (type
MNagri). cricetids are apparently quite rare and
clencdactylids are not recorded at ail. Changes
in’'murid taxa become the most useful biochro-
nologic indicators.. The  murid fauna :as a
whole exhibits® progressive modernization
from Antemus at YGSP 41 (type Chinji), through
primitive Progonemys at YGSP 311 (iype Nagri)
and YGSP 259, advanced Pregonomys (YGSP

- 182A and 24) and Karnimata (YGSP 1B2A, 24,

457, and DP 13}, 1o essentially modern forms



at DP 13 and above. The rhizomyid gensra 3

Konlsamys and Rhizomyoldes are rather long-lived
and therafara not particularly usefu! in Siwalik
hiochronology .at the og2neric laval. In the
vounger Siwaliks, the rhizomvids Pratachyor.
yctes and Rh'zomys are distinctive. Thora ara
no rthizamyids in the modern fauna of the
Potwar Plateau (Roberts, 1977).

Tha ' appearance - and disappearance of
rodants throughout thz Siaalik sequenca seam
to occur for the most part as non-related
avents, at least at the generic level. There are
no horizons characterised by an unusually high
occurrence of new genera or extinction of
others., This pattern of replacement. without
major synchronous events, suggasts that there
warano. paleosdologic  events  sufiiciently
traumatic to have an immadiats effact ona
~wide spactrum of Siwalik rodents.

Tha Siwalik record suggests that murid
rodents were common ¢lements of the biota of
this ar2a from. late Miozz3s tima oaward. In
the early Pleistocena, Mus and Galundz ara
found in the Pabbi Hills, and both of these
"genara live there today. The last record of
rhizomyids in the Potwar Plateau is probably in
ths Pliocena. These observations suggest that
the modern fauna of the Potwar was becoming
astablished by. Pliocena or early Pleistocens
tima

Murid rodants are taxonomically a diverse
group at the present time (Misonne, 1368).
Most modern taxa prefer warm moist environ-
ments, although there ara exceplions. A few
murids now live in warm dry areas, nptably
Golunda,  the Indian bush rat, which lives today
“‘on tha Potwar Plateau Murid taxa are rare In
cold climates. The diversity of fossil murids in
the Siwaliks, and ths presence of tupaids,

£ 19
-thizamyids, and glirids, sugges! that much of

the Siwalik molasse was dsposited in an area
with a warm moist climate. o

The modern fauna of the Potwar Plateau
is a warm dry fauna with abundint gerbils, as
well as the murids Mus and Golunda (and some
other rodants), but no rhizomyids (Roberts,
1977). It thamoadern rodant fauna bacime
established in the Pliocene or early Pleista.
cene, as suggested above, then it is plausible
that the climate was. becoming dryer at that
time. The major implication here is that the
Plsistocene in the area of the Potwar Pleatau
was relatively warm without the trauma of
cold climates indicated by abundant faunal
evidenca in tha Holarctic realm.
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LTRANIUM-THORIUM MINERALIZATION IN SOME GRANITIC
BODIES OF THE PARACHINAR AREA, N.W.F.P,, PAKISTAN

BY
M. A. RAHMAN

Pakistan Atomic Energy Commission, Atomic Energy Minerals Centre,
Ferozepur Road, Lahore,

Abstract 1 A uranlum-thorium mineralization distributed In
bodles occurs in the Parachinar area,

some pgranite gneiss and pegmatite
N.W.F.P. Laboratory Investigations Involving p:trogrophy, outo-
radlography, minerogrophy and chemical analyses. were conducted on sixteen selected rock samples
from the area. The reslts Indicated that allanite ond radicactive epldote, present as accessory
constituents of the granitic bodies, were the sources for both uranium and thorium. Anather notable

mineral was uraniferous lmonite which was presént os secondary wuranlum

enrichment, depending
upon mobility of wvrenium ond lron during weathering process. The study suggests that the mineraliza-
tion is present in the form of discretely disseminated grains of allanite and radioactive epldote as weil

o an uraniferous limeonife In minor amounts,

INTRODUCTION AND GEOLOGY

Recent radiometric surveys conducted by
geologists of the Atomic Energy Minerals
Centre, Lahore, helped to locate some radio-
active anomalies in tha Parachinar area,
N.W F.P., Pakistan, which showed rather
wider distribution on subsequent fisld woik
(Baig 1976), The present work was under-
taken to provide laboratory data on the host
tocks as wall as on their radioactive consti-
tuents. Accordingly, the work involved field
observations alongwith collectlon of samples
and subsequent extensive laboratory investi-
gations,

The Parachinar area lies in the northwest-
Pakistan. The area was geologically
studied as part of mapping of the Parachinar
Quadrangle by Meissner et al. (1975). This
consists mainly of quartzites, limestones, sand-
stones and shales ranging in age from Jurassic

to Pliocene. The sedimentary rocks are

inrtuded by granitic bodies in which pegmatites
occur frequently. The stratigraphic succes-
sion of rock formations in Parachinar area ls
given in Table 1. A generalized geological
map of the area showing distribution of rock
samples is shown in Fig- 1. Radioactive
anomalies are present mainly in the granitic
rocks which show high radioactivity in local
spots on the surfacs,

Sixtesn representative samples from radio-
active granitic bodies were examined for their
petrographic  characteristics. The studies
helped to classify tha rocks Into three types :

1. Granite
2, Granitic Gneiss
3. Pegmatite
PETROGRAPHY
1. Granite

Texture and Structurs : The granite generally
shows hypidiomorphic granular texture. The
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rock Indicates poor otientation of biotite
flakes. The granite represents such forms as
gheared granite and foliated granite In
sheared granite, plagioclase feldspar grains
are bent and fractured. The foliated granite
exhibits parallel alignment of mica flakes and
quartz bands.

Petrogrophic Description : The granite essen-
tially consists of quartz, microcline, micro-
cline-perthite, plagioclase, biotite and mus-
covite ; chlorite, epidote, sphene, tourmaline,
rutile and opagquaes are present as accessory
minarals. Rarely garnet is also presant.

Generally, quartz is the most abundant
constituent of the rock. The grains are frac-
tured and show invarisbly strong strain
shadows.
line and occurs interstitially. Itis also present
as Inclusions in feldspar.

In the granite rocks, alkall feldspars are
present as microcline-perthite and perthite.
Microcline is sometimes fractured and highly
stressed which is indicated by the bending of
twin lamellas. It shows development of
myrmskite growth at the grain boundry.
Microcline-perthites are characterized by
string and vein type forms. (Moorhouse,
1959). Perthite-microcline is rarely present
as porphyroblasts, Plagioclase feldspar is of
albite/oligoclase composition, pressnt. as
porphyroblasts with bant twin lamallaa.

Biotita is distributed throughout the rock,
showing fairly parallel orientation. Freguently,
its flakes are curved and show kinking. These
are also intergrown with chlorite.. Muscovite
is present as fine flakes associated with
biotite.

Chlorite is present in minor amount. It
occurs as aggregates and as irregular growths
logally, Epidote occurs as fine-grained aggre-
gates generally in association with Dbiotite.

Fine grained quartz is polycrystal-.

25
1t is zlso present as an alteration product
associatad with feldspar. Tourmaline,
and sphene arm rara consfituents. Garnet.is
al:o rarely present. The apaque minerals are
identified as pyrite grains irregularly dis-
seminated in the rock.

2, Granitic Gneiss

rutile.

Texture ond Structure:  Texturally, the
granite gneiss is porphyroblastic granular con-
taining porphyroblasts of feldspar and soma
times of quartz as well.  The feldspar is
generally altered, showing sericitization and
enclosing biotite flakes. Occasionally quartz
exhibits short thin bands forming a sort of
lamallar structure.

Petrographic Description : The granitic gneiss
consists essentially of microcling-perthite,
plagioclase feldspar. quartz, muscovite and
biotite. Chlorite, epidote, tourmaline, rutile
and opagues are as accessory
minsrals.

present

Feldspar is present predominantly as micro-
cline und microcline-parthite. The perthite
grains show vein type form and are porphyro-
blastic. Plagioclase-feldspar is  albitef
oligociase in compaosition and Is generally
enclosed by perthites. In some samples, the
grains shaw saricitization. Qurtz-as porphyro-
blasts ocours commonly as fractured grains
and is highly strained. The apparently coarss-
grainad quartz is genarally aggregate of fine-
grainad and polycrystaliine guartz.

Muscovits flakes with blotite creale
tion in the rock. At places chlorite is also
associated which occurs as fine flaky aggre-
gatas in the interstitial areas. Biotite occurs
as porphyroblasts, generally bent and showing
kinking. it is also present as fine grained
aggregates.

folia-

Epidote is mainly present at one location,
whare it forms a major constituent of the



Table 1

Stratlgraphl: Succession In the Parachinar Quadranglﬂ [Ml‘.‘rdiﬂﬂd after .
Meissner Et Al., 1975)

System

Series Group ~Description

— —

| | Dhok Pathan Formation :
Conglomerates and sandstones with beds of siltstone and
silty clay

Magri Formation ;
Sandstone and clay (conglomeratic)

Chinji Formation :

Pliocene
Siwali

Clay and sandstons

Kmlial Formation ;
Sandstone, siltstone and clay
Murree Formation :
Clay, sandstone and conglomeratic grit [ayars

Rawalpindi

Terrtiary

: _Unconformity

Kohat Formation v
Limestone and shala
Mami Khel Clay
Clay with dolomitic limastona and sandstana

Jatta Gypsum :
Gypsum bands

Bahadur Khel Salt ;
Rock Salt containing clay layars

i Panoba Shale :
Shale with limestone and sandstona

Patala Formation ; :
Shale with argillaceous limestons and sandstone

Chharat

Eoceng

Lokhart Limestone :
Massive limestone

Hangu Formation :
Sandstone

| Unconformity

Paleocane

.Jlum'sait:i

Crotaceous

l

I Darsamand Limestone :
Shale and marl

Lumshiwal Sandstona :
Sendstone

Chichali Formation :
Sandstone and shale

Cretaceous Quarizite :
Conglomeratic quarlizile

h Unconformity.__ s

Samana Suk Limestone :
Limesione

Datta Formation :
interbeded limestone, sandstone and shale

__ Unconfarmity.

Igneous Rocks :
lgnecus rocks intrude Jurassic and Cretaceous rocks.




ctock. 1t ocours generally  as & ggregates of
ccolumner grains shawing fracturing,  fine-
rgrained epidote is pressat howeover along
intergranular areas. Tourmaline is present as
schorlite variety in minor amount in the
granitic gneiss. Rutlle is also present inthe
rock. Minor amount of apatlte is also present.
Limonite occurs in iron stained areas, Pyrlteis
also present as opaque minaral. g

3. FPegmatite

Texture ond Structure : The rocks ara
generally hypidiomorphic granular in which
quartz is highly strained. Pegmatita bodies
oceur having concordant contact with. granite
and granitic gnaiss in the area.

Petrographic Description : The pegmatites
of quartz, microcline and chlorite.
Tourmaline, epidote and muscovite are present
as minor minerals.

consist

Quartz is abundantly present. the grains
being highly stralned. Chlorite is intergrown
with serlclte genaraily enclosing’ epidote grains.
Tourmaline, as schorlite variely, occurs as
aggregates generally developed at the grain
houndary of quartiz. Epidote and muscovite ara
also present in the rock in minor amoeunts.
The pEgmalilect}ntainsa”anlte and tha rodlo-
gclive epidote as radioactive minersl grains.
Radioactive epidote was distinguished from
the common epidote (non-radicactive) by
autoradiography.

AUTORADIOGRAPHY AND X-RAY
DIFFRACTION

A radiometric measurement of the samples
was first made using a minimonitor with
geiger tuba and a spectrometer to detarmine
general levels of radioactivity. Autoradio-
graphy was used to locate radioactive mineral
sources in thin sections and polished sections
employing nuclear emulsion platas. Alpha
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.particle tracks shown on the autoradiographs
appeared- as' point sources as well as dis-
sgminated: sources The tracks so cobtained
wera matched with thin and polished sections
to locate radioactive sources. The mineral
phasas thus located were examined for their
optical propsriies for possible identifications.
Tabla 2 lists distribution of radioactiva
minerals in the rock samples.

A sampla rich in radioasctiva grains was
crushed and ground to less than 60 meshin

_order to libarata radioactive minerals, the

minsral grains were concentrated using heavy
liquids and lsodynamic magnsatic separator.
The grains wara thea mounted on an llford

o' Nueclear Emulsion Plata (thickness 50 um) to

obtain Alpha tracks around radioactive grains.
About 20 to 25 grains of allanite, praviously
identified by transmitted light 'mi::rm::npv,r,
wara hand-picked under a binocular -micro-
scope for thes X-ray diffraction work. The
mineral did not show any }{-raf pattern in-
dicating that- the mineral is metamict. This
also providsd. a confirmation to .tha optical
character of the allanits.

MINERAGRAPHY

Mineragraphic studies were conducted on
polished sections of rock samples. The
samples indicated presence of minor amounis

of pyrite, ilmeni‘e and goethite which are
briefly described as foliows @

Pyrite : Pyrite is inregularly disseminated in
the rock as subhedral to anhedral grains,
generally ranging in size from 0 01 to 0.1 mm.
The grains are yellowish while in- calour with
reflectivity of nearly 5095 at 500 nm in the air.
it is waekly anisotropic. The grains are
generally fractured and show alteration to
limonite. sometime lzading to complate
pseudomorphism. Consequently pyrite is also
present as very fine grains in the rock.
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limenite :  llmenite is present as fine sub
hedral grains showing light to dark brown
colour and distinct bireflectance, giving reflec-
tivity range from 17 to 20%, The minaral is

characterized by strong anisotropy and brown
internal reflactlon. Tha ilmsnite grains are
irregularly disseminated in minor amount in
the granitic gneiss.

Table 2

Radioactive Minerals Detected in Rock Samples

——

Sample No. Radioactive Minerals in Order of Abundance
PC—39 Uraniferous Limonite, Allanite, Radioactive Epidote
PC—42 Allanite, Radioactive Epidote
PC—49 Allanite, Radicactive Epidote
PC—E0 Not detected
PC—81 Uraniferous Limonite, Radioactive Epidote
PC—EBB Allanite, Radioactive Epidote
PC—62 Allanite, Radioactive Epidote, Uraniferous Limonite
PR—1 Allanite, Uraniferous Limonite
PR—2 Allanite
PR—3 Allanite, Radioactive Epidote
PR—4 Not detected
PR—5 Allanite
PR—G Allanite
FR—11 Mot detected
FR—12 Mot detected
FR—13

Radicactive Epidote, Uraniferous Limanits

——




Limonite : Limonite is white in colour dis-
tinctiy bireflectant and with reflectivity about
20%, in air. It is strongly anisotropic and shows
reddish brown internal reflection. Limonita
is present as an alteration product of pyrite
and occurs as fracture-filling veins and as
pssudomorphs after pyrite.
goethite is present in association with
limonite. The radioactivity is found to be
distributed in areas localised with limonite
generally in association with colloform
goethite,

Minor amount of

Goethits : Gouthite is pressnt as fine grained
colloform phase less than 0.01 mm in aggra-
gatas. Goethite is characterized by grayish
white colour with bluish tint, weekly bire-
flectant and showing stromg anisotropy. It
shows reflectivity batween 15 and 20° in air
and reddish brown internal reflection. Goethite
is present as colloform aggregates in associa-
tion with limonite, as filing of the pyrite
pseudomorphs and of fractures.

CHEMICAL ANALYSIS

The suite of samples were chemically
analysed for uranium and thorium. The
analyses provided uranium and thorium levels
in the samples as given in Table 3. The
analyses gave average values for

U30; =0.088% and ThO, - 0.2847%.

The highest level of uranium is indicated in:
sample PR—1 which can be accounted for the
presance of uranium in limonite in addition to
that in allanite as shown in Table 3, On the
other hand, minimum. value of uranium is
indicated in sample PR—5 which is otherwise
devoid of uraniferous limonite. The maximum
value of thorium in sample PR—13 is due to
the presence of higher amount of radioactive
epidote in that sample.

29
RADICACTIVE MINERALS

The radioactive minerals identified in the
rock samples are allanite, radioactive epidote
as primary minerals. and uraniferous limonite
associated with goathite as secondary uranium
phase. The optical proparties of allanite and
radioactive epidote are summarised in Table 4.

Table 3

Analyses of Radioactive Samples for
Uranium and Thorium

Sample Radiometric Radiometric Chemical

No. ThO;%, U055 U104%
PC—39 0.90 0.185 0.230
PC—42 0.050 0,146 0.126
PC—49 0.203 0.107 0.104
PC—&0 0.083 0.206 0.198
PC—6B1 0.051 0.046 0.041
PC—&6 0.157 0.071 0.070
PC—69 Traces only
PR-1 0.087 0.234
PR—2 0.023 0.020
PR—3 0.026 0.012
FR—4 0.010 0.005
PR—56 0.022 0.007
PR—E 0.029 0.167
PR—11 0.208 0.038
PR—12 0.022 0.012
FR—13 2.388 0.080 o

* Analyses provided by Dr. F. I, Nagi,
Head, Chemistry Division, A E.M.C., Lahore.
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grain  (middla)
associated with allanite (dark grey).
FPolarized light (X60).

Common epidole
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Fig. 5 Uraniferaus limonite (dark areas)
showing fractura filling in the rock.
Polarized light (X80).



Allanite

Allanite shows its developmant from
pidote as Indicated by Its overgrowth on
epidote. Generally radial fractures are deve-
loped around it (Fig. 2), resulting from stresses
that originated on metamictization (Hutton,
1960). The allanite grains are more abundant
in the rocks than radicactive epidote.

Radioactive Epidote

The radieactive epidote (Fig. 3) is charac-
terized by yellowish green colour and distinct
pleochroism. It can be distinguished from
normal epidote (Fig. 4) present in the granitic
bodias by their weak pleochroism, pale colours
and strong birafringence. Fractures are more
common in the radicactive epidote than in the
normal epidote. Radioactive epidote is
present as discrete grains disseminated in the
rock with the exception of sample PR—13

which contains radioactive epidote in abun-
dance.

Uranpiferous Limonite

Mineragraphic studies have indicated the
presence of uranium as dispersed phase in
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association with goethite. It suggests that
limonita Is formed as a result of altsration of
pyrite disseminated in the rosk. Uranlferous
limonite is irregularly distributed “in such

features as minor fractures (Fig. 5) and pyrite
pseudomorphs.

MATURE OF MINERALIZATION

In‘igneous rocks, radicactivity is generally
due to uranium and thorium elements in which
uranium Is distributed in the highsr amounts
near the acidic end. On the other hand, the
concentrationof uranium in basic and ultra-
basic rocks is extremaly low. On an average,
uranium content in granites ranges from 2,2 to
15 ppm (Rogers and Adams, 1974). - Thie ThjU
ratio varies between 2.5 to 5 for most igneous
rocks (Adams and Pliler, 19568). Furthermors,
in igneous rocks, the radinactivliw due to
uranium and thorium is present in eccessory
minerals, essential minerals 'or -in “insterstitial
phasas.
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Table 4 Optical Properties of Allanite and Radioactive Epidote

Frc.rpar:ias ' Allanite Radioactive Epidote
Form Prismatic t0 irregularly shaped Subhedral grains
grains

Colour Pala brown to reddish brown Yellowish green

Grain size 0.8 to 0.2 mm Average 0.9 mm

Cleavage Two Two

Relief High High

Pleochroism Non-pleachroic Distinctly pleochroic

Birefringence Weak and spotty (due to meta- Anomalous and weak 2nd order
: mictization) .

Isatropism Weakly anisotropic Anisotropic

Extinction Paralle! Parallel -

Interfererice Figure i Not determinable Biaxial (-ve)




+ This work has estabiished that anomalous
radioactivity .is distributed In some granite,
granitic gneiss and pegmatite bodies in Para-
chinar area.  The concentration of = uranium
and thorium in the rocks is of mixed nature.
Tha studies have indicated that both uranium
and thorium are contained in the allanite and
radioactive epidote which are pressnt as
accessory constituents of the granitic bodies.
These mineral grains are discretsly dis-
seminated in the rocks.

Allanite is characterized by partially aniso-
tropic nature which can be explained, by the
partial destruction of its cr-,r_stal structure by
metamictization.

Radioactive epidote is pn_as'ent in the
granite and granitic gneiss in addition to the
normal epidata. The two types of the epidote
probably belong to two different phases, the
older phase being the radioactive epidote as
its structure is disturbed due to metamictiza-

tion. The normal epidote probably belongsto -

the younger phasa Secondary uranium is
also distributed in association with limonite
and goethite,

In the granitic bodies in Parachinar area,
allanite and radioactive epidote are mainly

responsible for “the source of wranium and '

thorium in the rock This can probably be
explained = by. the concentration of-both U3%
and Th** ionsin these aczcessory minerals in

late magmatic fractions This view can be

supported by the fact that relatively large
- ionic radii of U and Th** make it difficult 1o

gnter into the crystal structure of essential
constituents of the rock (Heinrich, 1958),

The uraniferous limonite is localised along

minor fractures and in pyrite pseudomorphs.
The association of uranium ‘with limonite can
probably be explained by the simultaneous
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mobilization of uranyl ion with.iron in sofuticn
as the latter has a greater affinity. for uranium.

Thus uranium was fixed with the iron oxide
on precipitation.

Chemical analyses of the samples as-given
in:Table 2 and 3 indicate ‘that'the'allanite'and
radioactive epidote are related to very low
levels of uranium and thorium with thorium
predominating. Furthermore. higher uranium

contant up to 0.234%, Us0z in the sample can

probably’ be accounted by the presence of

uraniferous limonite in: addition o allanite in
tha rock.

From' Table 3 average vslues can 'be cal-
culated for Th=0.2419, and U=0.0745,which
provides a ratiao of ThjU=3.2.. This value falls
within the range of Th/U ratios for igneous

rocks as determined by Adams and. Pliler
(19586).

It is interesting to note that the average
level of thorium and wuranium in the rock
samples from Parachinar are higher than
average U and Th contents in the primary

‘minerdls  alianite’ .and" radioactive . epidote

(Heinrich, '1958, ' Deer 'at al., 11974). At this
stage, it is not possible to account for this
variaticn. Probably the higher avaragﬂ' values
for uranium in_these rocks can be explained
by the fixation of uranium in urariferous
limonite. Furthermore, trace amuum of both U
and This contributed by ‘their presence in!the
essential rock . forming minerals, (Rogers and
Adams, 1974).

CONCLUSIONS

" Radioactive anomalies eccur in the Para.
chinar'area in' soma granite, ‘granitic gneiss
and pegmatite bodies of post-Cretaceous: 'age.
Primary radioactive minerals in these rocks
are identified as allanite and radiocactive
epidote which are irregularly disseminated in
tha rock. " This forms a 'low 'level mixed



36

uranium-thorium  mineralization ‘in the area.  mability of iron oxide by weathering.” Further
Secondary uranium minerafization also occurs work'is suggésted to understand the relation-
in these rocks as uraniferous limonite can- ship ‘of  the secondary mineralization with
centrated in minor fractures and fillings™ 'in possib'a primary sources of uranium in the
pseudomorphs. - This form of uranium enrich-  aréa.

ment is of local natwie depending on the
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INVESTIGATION OF PROSPECTING AREAS AND HORIZONS OF OIL AND GAS
IN PAKISTAN
BY
5. M. SHUAIB

Oil and Gas Development Corporation Karachi.

Abstract, Belt, of Potwar-Sulaiman-Kirthar foredeeps along with adjoinlng uplifts and highs 'In Punjab
Sind plains aad Mekran Coastal areas are considered Important for the exploratlon and prospecting of oll
and Gas reservolrs In Protoquarlzrte to orthoquartzite sondstones and froctured [Imestones belonging to
Paleozolc, Mesozolc and Paleogene oges. These contaln olf the geologlcal factors which are charac-
teristic for oll and gas bearing reglons namely thick sodimentary sequences ; presence of reglonal and local
traps for hydrocarbons ; almost all the oil and gas seepages Including mud-volcances, and so far all the

discovered oll and gas flelds. Prespecting areas ore discussed In the light of the wells drilied ond tectonc
movemenls,

INTRODUCTION in great detail. Great tracts of the region

Pakistan has sufficient gas reserves to last
about ninety years at the present rate of pro-
duction i.e 5 billion cubic metres per year.
Howsaver, annual oil production .is 0,3-065
million tens which is about. 8% of the
country’s. demand. So investigation and
drilling may be concentrated in arsas of
possible oil reserves and thera seems to be no
reason as to why sufficiently large oil reserves
ara not discovered to meet country’s require-
ment with the stepped-up exploratory opara-
tians.

The general- outlook for Patroleum pros-
pecting in Pakistan has been ably summarized
by Dr- D N. Wadia., who outline the region
concerned as the broad zone of Msasazoic and
Palaogene sedimants. which, stretches - from
Lower Sind to north-eastern Punjab,. passing
through Baluchistan and. the North-Wast
Frontier Provinze. Surfaza indications of both
oil and gas are known at many placss in it,
some locations have besn tested, others hive
been examined, many but supetficially, others

still await methodical investigation by petro-

leum geoloegists : indeed, the most widsly

spread expanse of Mesozoic and Paleogene

rocks ranging from Mekran to Karachi and

thence northwards to Kohat, in which the

sinuous. folded, surface exposures have a width
of frarm 150 to 400 Kms., remain for thée most

part unexplored from this point of view. '

AREAS OF OIL AND GAS PROSPECTING

Structurally, Pakistan is divided Into five
zones as shown in- Fige 1, which are further
divided into sub-zones.. These zones are as
follows :

Zone - 1 : Indian Platform ;

(0} Bassment areas exposed at Sargadha
and Nagar Parkar-

{b) Wast slope of Indian Platform namely
Punjab:and Sind plains having nimiber
of uplifts and highs such as Mari-
Kandhkot uplifts, Jacobabad high,
lakhra uplifts ete.
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Zone Il : Belt of Foredeeps : —

(o) Potwar and Bannu-Kohat foredeeps

(b) Sulaiman-Khirthar foredeeps consisting
of Sub-Sulaiman foredesps, Marri-
Bughti Transverse uplift, Sibi trough,
Sub-Khirthar  foredeeps, Badhra-

Sunbank Transverse uplift and Karachi -

trough.

Zone H1: Falded Arc or Beit :

ifa) Attock-Hazara folded zone,
() Sulaiman-Khirthar Maganticlinotium.

. Zone IV 1 Belt of Rear Troughs :

{a) Sulaiman-Khirthar  Meganticlinorium

rear flysch trough.

. (b} Mckran coast rear molasse trough.

VU Zane ¥V, Median Mass :

i{a)- Karakorum median mass.
(b) Baluchistan median mass.

<20 Out of-the above five structural 'zones of
Faklstan belt, of Potwar-Sulaiman. Khirthar
foredeeps (Zons I} alongwith adjoining uplifts
and hlghs in Punjab-Sind plains and Mekran

coast rear trough (Zone IV b) are considered
important for the exploration and prospecting

of oil and gas reservoirs a5 shown in Fig.v 1.
These zonas contain 1l the geological factors
which are characteristic for oil and gas bearing
regions, namely (1) thick' sedimentary sequ-
ences (2) rpresence of regional and local | traps
for hydrocarbons and (3) almost all.the oil and
gas seepages including mud-volcanoass.

HROIZONS - OF . OIL & GAS PROSPECT-
- ING r '

Protoquartizite to nr!'hriquarlizite sand-
stones and fractured limestones belonging to

Paleczoic, Mesozoic and Palsogens (Paleocane
and Eocene) are considered imporlant reservoir

- rocks.,  0il and gas ‘are trapped in the suitable

structures such as paleoreefs, deltas, ele. but
mostly in anliclines in these rocks of above
mentioned prospecting areas.

Potwar, Kehat _and Sub-Sulaiman fore-
deeps as well as the adjoining Punjab plain
had undergone thrnugh galt intrusions which
played significant role in the formation of oil

and gas reserviors in the region. Salts behave

_Inke plastics umier pressure, induce the forma-

ton of spemfrc shapes and are guud SCreens
as well as cap ‘rocks for oil and gas. Salt of
Salt Range, its Trans Indus continuation and
adjoining areas, is of Pre-Cambrian to Cam-
brian age which is proved by deep diilled wells
such as Kallar Kahar 1, Dhariala 1, Adhi 5 and
Karampur 1, whereas Kohat Salt exposed in
contra] Kohat' is’ supposed to 'be of Middie
Eocene dge but it’s age is still to be confirmed
by drilling deep wells to penatrate "tha forma-
tions below Kohat 'Salt. " In the Kohat' Salt
hearing " region according to Dr. E. R. 'Gee,
**tha rock salt at several places contains traces
of oil and it is not improbable that'it forms a
cap-rock 'overlying 'in places’ petroliferous
limestones and shales of 'Lower Eocene age.”

This view is shared by Professor N. A! Kalinin,

Chief of Russian expart team on a short visit
to Pakistan during 1978-77 and ‘sdggested
drilling in Nandrakki and Shakardara structures
to penstrate the formations below KoRat Salt.
So a datail study of salt movements in these
areas will help to locate and understand the
influence of'salt tectonics’on tho I-'urmatlun of
oil and gas pnnls. -

Clays and shalas also possass plastie pro-
perties _Iiku salt under pressure and tempera-
ture. For example Ghazij shales uf Early
Eocens age in Sulaiman I’m&da.ep show thicken-



ing ‘and flow
portions of

along ~ the folded 'anticline
Pitkoh; " 'Rodho, Dodhak and
Damanda wells:

DISCUSSION :

Wells were not drilled decp enough in
Mekran coast area (Zons IV b) to penetrate
Mesozoic or even. Paleocgene formations to
investigate the presence of oil and gas
reservoirs in thess  formations. However, oil
and gas ressrvoirs were discoverad in Potwar-
Sulaiman-Khirthar foredeeps (Zons 11} in Paleo-
zoic, Mesozoic and Paleogene formations. Wells
drilied in differant parts of prospscting areas
along with a brief description are given
below. These wells are shown in Fig 2.

I. Morthern and Eastern Potwar Wells

1. Chharat {ADC)
2. Chakbeli Khan {PPLIPOL)
3  Bains (FOL)
4. Adhi1-4 (PPL/POL)
4b, Adhi&E & 6 (PPLIAMOCO)
5. Maheslan (PPL)

Mesozoic and Paleogene formations are
gither missing or thinned out in Eastern
Potwar and 5o Cambrian sandstone (Paleozaic)
may be tested for oil and gas reservoirs, Adhi 5
well was drilled up to the depth of 2810
meties and penetratad 3 :metres of Pre-
Cambrian Saline series (Salt Range formation).
0il was discovered in Permian Conglomeratic
sandstone *(Tobra formation) and Cambrian
Khewra sandstone in 1878. Thus base of
Permian namealy Tobra formation and Cam-
brian sandstone are proved to be prospectiva
horizons in Eastern Potwar region. So a detail
geological explorations are recommended to
study the structures and thicknesses of pros-
pective horizons in order to drill exploratory
wells en suitable structures.

a9

Marthern Potwar adjoining Attock-Hazara
folded zone is too compressed, faulted and
broken to hold commercial oil/gas reser years.

1. Central & Western Potwar Wells

1. Dadhumbar (OGDC)
2. Tut (0OGDC)
3. Nuryal (OGDC)
4. Meyal (BOCJAOQC)
6. Khaur (POL)
6. Dhulian (FOL)
7. Kot Sarang (OGDC)
8. Karsal (POL/PPL)
9. Balkasszar (POL/PPL)
10. Joya Mair (POL)
11. Chak Naurang (POL)

Qil reservoirs weara discovered in Jurassic
sandstone and Paleccens-Eocena limsstones
in Toot, Meyal, Khaur and Dhulian wells as wall
as in Eocence limestones in Karsaj, Balkassar
and Joya Mair wells. However, Joya Mair 3
is the first well to find oil in Cambrian sand-
stone in 1847,

Triassic shales may be the source rocks for
oil reservoir in Jurassic sandstone which is
cappzd unconformably by Paleacene Dhak
Pass shales. Paleocene Khairabad limestone
seems to be gond source and reservoir rock
which 15 capped by Paleccene Patala shale.
Eocene Sakessar and Bhadrar (Chorgali) lime-
stones are also good source and reservoir rocks
capped by red clay and shale. Thus Central-
Western Potwar and Kohat region scems to be
attractive for further prospecting for oil and
gas. Important known structures in the region
for further drilling ars Dhormund, Parawali,

Jabbi Dhok, Nandrakki, Shakardara and
Latambar .
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I1.. Bannu—Southern Potwar Wells

1. Pezu (PPL)
2. Marwat (PPL)
3. Kundian (PPL)
4, Kallar Kahar POL)
5. Karang (OGDC)
B. Khabakki (AOC)
7. Jhatla (POL)
g. phanala {FPOL)

The possiblility of oil and gas reservoirs
in the southern Potwar does npot seem to be
bright because of the proximity of Salt Range
where  Fre-Cambrian to Cambrian rocks

including Saline series are expossd. However,

Fglppzuic sandstone (mainly Cambrian spnds-
tone) may prove to be oil/gas reservair where
Iﬂt_!s cnqped by proper shaly cover.
v, Punjab Slnpa We h ﬁdlomlng
Eub Sulairpnn Fnra:fup

1. Karampur (PSOC)
2, Tola (AMOCO)
3. Sargi Sidpu (4MOC0)
4. Budhuana (AMOCO)
6. Kumyab (AMOCO)

_ Ne oil and gas reserveir is encountered
in this area thougq gas shaws are recorded in
Mesczpm sadimants of Sa{ﬂl mdhu well and in
Fre-Carnhnan Sallne !_E‘-_en_e_.v_. of Karampur
well, Th,g area is covered by alluvium
anﬂ s0 requires detail gravity _and seismic
survey in arder to explora tha exlslanca of
nu_s_slb_!e trap structures and straugraphm
thicknesses.

V. Sub-Sulaiman Foredeep Wells

1. Giandari (PSOC)
2, Kot Rum or Choti {{JG.DE}
3. Sakhi Sarwar (AMOCO)
4. Rodho (0OGDC)
5. Dodhak {0OGDC)
6. Domanda (PPL/POL)

Gas reservoirs were discovered in cretacsous Pab
sandstone  and Palsocena  Dunghan/Ranikot
formation, capped by Eocens Ghazij shales in
Rodho and Dodhak wells. Condensate was also
discovered in Dodhak 1 well in Late Creta-
ceous Pab sandstone in 1978. It was for the
first tima that condansate was discovered out-
side Potwar region in Sulaiman foredeep.” So
the area of Sub-Sulaiman foredeep seem to be
interesting from the point "of future discovery
of 0il and gas raservoirs in  Mesozoic ‘and

Paleogane farmations. Important known
structures where wells are recommended for
drilling are Afiband, Zindapir, Domanda

and Drazinda (Fig. 2).

V1. Sibij Trough, Marr-i-Bugli transverse
uplift and adjoining high uplifts in Sind plain

and Northern part of Sub-Kirthar foredeep
Wells

1. Kbhairpur (PPL)
2. Mari (svVOC)
3. Kandhkot (PPL)
4. Jacobabad (PPL)
5. ‘Uch (PPL)
6. Sui (PEL)
7. Zin (PPL)
8. Pirkoh (QGDC)
9. Bannh (PPL)

Gas reservoirs were discoverad in Lower
Eccene—Paleocene Sui Main limestone capped
by Eocene shales in Khairpur, Mari, Kandhkot,
Sui, Ugh and Zin wells, Gas was also dis-
covered in Late Cretaceous Pab sandstonsin
Pirkoh 1 wsllin 1977. Area taequires further
geological and geophysical investigations
specially. in Sibi- trough because of. the pre-
senca of numerous oil-seepages. However,
known stiuctures in the region for explaration
oil and gas are East Zin, Bambar (Mumtaz) and
Loti.in Mami-Bugti. region ; Nari and Kotin
Sibi trough and Bolan Pass area of northern
Sub-Kirthar foredeep,
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VIi. Karachi Trough to Southren Part
of Sub-Kirthar foredeep Wells

1. Karachi ' (PPL)
2 Sari (OGDCI
3, Hundi ({OGDC)
4. Khothar (0GDC)
5. Benir (OGDC)

. 6. Kand (OGDC).
7. Badhra (HIPC)

gl Phutpi “(HIPC)
9. Mazarani (PPL/HIPC)

i /Gas reservoirs ' were discovered in' Paledcene

‘Ranikot limestohe/sandétons and Lower Eocens -

Laki limestonses, capped by Eacane shalesin
Sari,Hundi, Khothar and;Mazarani wells. . Gas
1:_rﬂscrvuirs ara _comparatively smaller. bscause.

* of lateral change in facies to Karara shales
towards west of the area in Karachi and Kand
““wells: Important areas of oil and gas expTuratTdn'
in Mesozoic and Paleogene formations, after
. further geological and .geophysical investiga-
tions, seem to be (1) South of Mazarani gas
fieldin the southern portion of Sub-Kirthar

foredeep and (2) Benir and Mann structures of
northern part of Karachi trough.

Vill. Karachi Shore Line to Lakhra High
wells,

1. Dabbo Creek (Sun oil)
2. Patiani Creek {Sun oil)
3. Korangi Creek (Sun oil)
4, Karachi (PPL|Tide)
5. Sunbzk (HIFC)
6. Lakhra (HIPC)
7. Dasori {PPL/Sun oil)

Comments on Karachi trough are already
made above.

Howaever, tha prospect of oil and gas depasits
in post-Palecocene sediments in Indus oft-shora
basin seem to be quita encouraging in view of
the discovery of oil and gas in Bombay off
shore basin in Early Eocene sandstone and
oligpcene as well as  Miccene limestone
(biomicrite}.

dl

1¥. Karachi trough to Magar Parkar
- Slope Wells Fig. 2,
1. Paiaini Cresk (Sun oli)
2. Mirpur-Batore (SVaCc)
3. Talhar (SVQC)
4. Badin (SVOCH
5. Digh (SVOC)
G Nabisar (SVOC)
¥. Mekran coast to Indus Marine Wells
Fig. 2.
1. 'Garr Koh (Marathon)
2, Kech Band | (Tide)
3. Dhak (DIPC)
4. Indus Marine C-| {(Wint)
5. Indus Marine B-I _(Wint)
6. Indus Marine A-1 (Wint}

None of the above wells penetrated
through Paleogene and Mesozolc formations.
Howevar. on the basis of field evidence of
South Baluchistan Mesozoic formations are 10
ba axplored for tha prospect of oil and gas
raservoirs- . e i :

IX.” Area batwaan Karachi Trough and Nagar
"1 Parkar basamentl.e. Thar Slop wells."

1. Mirpur Batoro (SVOC)
2. Talhar (SVOC)
3. Badin (5vOC)
4. Digh (SNOC)
b. MNabisar (5VOC)

Thar Slop lies between Karachi Trough and
MNagar Parkar basement. It is covered by al-
luvium and so wells were drilled on the basls
of geophysical investigations. Post Early
Cretaceous sediments are generally missing or
thinning out eastward from Karachi in Thar
Slops a3 such Mesozoic and possibly? alsozoic
sadimanis become drilable depths. Sandstone
hotizons of Mesozoic/Paleozoic formations
may prove to be oil/gas reservoirs and further
drilling on suitable structural 1raps should be
pursued after detail geophysical investigations.
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PHYSICO.CHEMICAL METHOD FOR THE DETERMINATION OF CHEMICAL
COMPOSITION OF CHROMITE

RBY

SHAFEE@ AHMAD
Institute of Gealogy, University, of the Punjab, Lahore,

Abstract: A detailed study of the physical properties such as specific gravity, cell edge dimension,
microhardness and refractive Index. Is" described and compared with chemlcal compasition af chromite.
t has been found that from known: values of microhardness and refracti.e Index, it Is possible to
while with the help of specific gravity  and call
edge dimension It Is possible to find out welght percentages of Cral0s3 Ala0s, Fe,0, Fel and

guess the welght percentages of Cr5 05, Al ;04

Mg 0 within + 59, error,
INTRODUCTION

Some attempts have been mads to corre-
late the chemistry of chromites with some
of its physical propertiss, Fisher (1929) while
comparing specific gravity with weight per-
centages of Cra0i. Al; 0,, Fes0i, Fe0, reported
that spinellids, taken as a group do not
show any relationship between the mentioned
weight percentages and specific gravity.
Chakraborty (1965) has given specific’ gravity
values of five chromites from India.” None of
the constituent oxides show any posilive or
negative relationship towards specific gravity.
Chromite analyses provided by Thayer
(Personal communication} also showed that
there is no simple  relation’ between' specific
gravity and weight percentages of the cons-
tituent oxides; !

Clark (1932), compared weight percentage
of Al>03; with cell edge dimension and
observed an increase in its value with dec-
rease in welght percentage of Al 2 03, Chak-
raborty (1965) observed similar results Sreven
(1944)  showed ‘an ‘increase in céall edge
dimension with increass in weight percentage
of Cr203 Golding (1971), related cell edge

dimension with weight percentages of Cr ; 0 4,

- study  of
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Al; 03 Fe0, Mg0 and obsaerved an increase in
cell edgs dimension, with increase of Cr,0 3,
FeD and a decrease in its value with anin-
crease of Alz 03 and Mg0.

Demirsoy (1968), presented a comparative
microhardness  with' Cr and Fa
cantents in chromite. The wide spread of
points showed that microhardness doss not
very linearly with variation of Cr and Fs con-
tents.

Fisher (1928a) reported ' that spinsllids
taken as a group do not show any relationship
when Crz 03 “Alz03, Fe303 andFs0 are
plotted against refractive index.

EXPERIMENTAL

Chromite samples separated by magnetic
separator and purified by heavy liquids were
analysed by tha analytical schems of Ahmed
(1969). Specific gravity of clean chromite
concentrates were determined by pycnomster
method. The values given are mean of thraa
determinations. Values for call edge dimsnsion
were determined using a powder camera with
120 mm  diameter and Mo K = radiations.
Microhardness of polished samples were detar=
mined in terms of Vickers Hardness Number
(V.H.N ) using a G, K. N. microhardness tester
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at a load of 200 grams. The values given are
mean of tan determinations made on each

sample: ~Refractive indices wete: ﬂatﬂrminad T

by immersion method,

For the present study spacific q:avity, call
edge dimension, and mmmhardness of 18

chromite specimens are given in table 1, which

cover tfie maximum tanga of variation obsar-"
ved in chtomites from Pakistan. "The table also '
Jinelude refrective indices of 8"gamplesi " ool

SPECIFIC GRAVITY

"A plat of welght percentages of Grz -‘.}3,'

Al20i: Faps03 Fal Mg0 and spem{m
fgravity -in Fig. 1) sHow that there rs no tsintila
irelationship” batwaan wéfght purnenlagcé “Df
the constituent uxiqe_s and specific 'gravity.
A rough conclusion that can be drawhn s that
with.amrincrdase iinCry 0’3, \Fa30%, Fo O
»-and CrfFe ratio; specific grevity intfease Land
it shows a dasrease with an irmmaha in Al- a ,
‘-and-Mg0;

In‘order to ‘study the effects of all the
major oxides on spscific grvaity, ‘3 naw
¢ | diagtam Fig:' 2,0 is presented” from:the data
-~ givern -in) Ahmad {19872).0 Thiscis based "on
the assumption:that tha fotal sum of trivalent
cations is 16 and that of:blvalent cations is” 8.
It was observed that therais-a gradual change
in specific gravity from one and with high Al
to the other with low Al cﬂntents Points
having similar values of spemfm gmwty were
joined, and It"was ahsarved that thasa lines ara
parallel to'each other as shown in Fig. 2,
In order to ascertain whether the spating of
the lines is udiferm or'not, Figl 3. was drawn
“‘botween ‘specific gravity ‘and'” Al catians at
éonstant value of Fe?+ 'cations '(3'{]33} fhjs
““figure showed a linear Trelation bstween Al
cations and speclfm grawtv at constant value
of ' Fu®* ‘cations.  Keepingin view of these
observations; ‘a detailed Fig. 4 was drawn
covering the specific gravity variation range in

"

chromites from Pakistan. Plot of chromite
analysas of Chakrahorty (19685) and Thayer

TfParsonnal’ tammudiddtiols)O 6= thi& figure

shawed bBehaviour similar to the one observed
during the present study.

"'An equation was derived between specifie
gravity and'¢ations of Al, Fe 2+ as:
K 22 4023 a=10bji 5 1TA
WestCationsof sl bop rzanbndors
r@s=Oations of «Fal 101 boud '

i

Mo Specificgravitysiied dgisw =il

With the help‘af above equation, number
of cations of Al in a ¢hiomite sample” can be
calculated from known values of a2+ cations
and specific gravity- If Fe S cations are also
knawn the canﬂns nf Cr can ha r:alculated by
suhtractlng the total Al, Fe 3+ cations from 16
{1he total number of 1rwnlant nagmﬂs per_unit
cell in chm.rmf,e} Elmilarlv cations of Mg _are

] obtamed b‘,l' ﬂuhtrachng uahu-!s of F&*+frum 8,

{The : totaI number of. .

hwalan: ca:nnn; per

: l.II'III ﬂel! in chromlte)

In.. arder. to., uonvm th&se caunns mtn

“ﬁrmght percentages of respective oxides,  Figs,

,5.10,9 were drawn on the basls of, least squate
ma:hnd wnh 93 ‘}L confidenge _interval, from
tha data gwan in Ahmad {19?2]

. Frnm ihe ahova_mantianed disgussion’it is
clear that from known values of Fei2# [ Faid+

- -and-specific.grayity-of a;chromite, weight par-

centages of Cr 2 0 3, Al 203, and, Mg0Q .can: be

_calculated, These values when checked on an

unknown sample, came oul 1o bs very near to
tha ansalytical values with an error of only
4 5er as shown in 'table 2.

C'ELL EDGE DIMENSION 1

_ Acamparaiwe study.of nali edge. 'dimen-
_si_c-_n.w:th ~weight . psraentagas, of nCr3.0 3,
Ala 0. Fe 0 3, Fe 0, MgO-and: CefFairatio
s presented. in, Fig. 1ﬂ This figure shows
that with an increase in weight percentage of
Cr; 05 calledge dimension increases whereas



the casa is raverse for Al 0 5.
waight percentages of Fe 0, Mg 0, Fa 2 0 3 and
Cr/Fe ratio is not so significant as the spread
of points is quite large.

However a rough conclusion may be drawn
that with an increase in Fed, Fe ; 0 1 coll edge

dimension increases, and with an increase of
Mg0. it decreases,

Keeping in view the relation between, cell
edge dimension and weight percentages of
Cr 205, Al20; Fig. 11 and 12 were drawn on
basis of least square method with 95%, confi-
daence interval. These figures help to find out
weight percentages of Cr; 03, Al; 03 from
known value of cell edge dimension. The
weight percentage of Al;0;. Crz 03 so determi-
ned, on substitution in the equation for specific
gravity, will help to determine Fe ? 4-, and
Fe 3+ cation. So a combination of these two
physical properties help to find out waight
percentages of all the five major oxides as
shown in table-3. Difference in the observed
and calculated values for Fe ; 03 may be as
much as +59% of the contained oxide. How-
ever, Fe ; 0 3 contents of podiform chromites
all over the world rarely exceeds 8.00 percent.
Therefore the absolute value of error in the
estimation of Fe ; 0 3 by the method outlined
above is not likely to be moare than a few
percant.

MICROHARDNESS

A comparison of microhardness with weight
percentages of Crp 03 Al, 0s, Fea0; FeD,
Mg0 and Cr/Fe ratio, given in Fig, 13, shows
a wide spread of points. However a rough
conclusion that can be drawn is that with an

The effect of -
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increase in weight percentages of Cra 01, Fa 0,
microhardness decreases, while it shows an
increase with increase of Al 03 A plot of
microhardness value in Figs. 14 and 15 show
that the influence of wvariation in chemical
compasition of chromite on microhardness is
not uniform and is comoarativaly lass at highar
values of mierohardness.

REFRACTIVE INDEX

Refractive indices of only eight samples
are presented in table and compared with
weight percentages of Cr; 03, Al; 03, Faz 0y,
Fa0, Mg0 and Cr{Fe ratio in fig. 16. The figure
shows that with an increase in weight percen-
tage of Al 2 0 5, refractive index decreasas and
is reverse for Cr 2 0 1 contents. The curves for
waight percentages of Fe®, Mgl and Fa,0,
do not show a definite relationship. Increasa
in Cr/[Fe ratio is attended by an Increase in
refractive index.

Plot of refractive index values in Fig. 17
and 18 show that the influence, of variation in
chemical composition of chromite on refractive
index is not uniform and is comparatively less
at lower values of refractive index.

The above mentioned study shows that
from known values of specific gravity and Fe 0,
Fe 2 0 3, contents, the weight percentages of
Crz03 Al:z:03 and Mg0Q can be determined
within +59 error. Weight percentages of all
the five major oxides i.e Cro0,4 Al20;,
Fa;03 FeO and Mg0D can be determined
within 5% error from known values of speci-
fic gravity and cell edge dimension.
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Weight parcantag

TABLE |

the range of variation Ahmed, (1972).

s of major oxides and physical properties of chromites covering

Speci- Vickers  Refrac- Cell edge
Cr:0; A0y Fe;0, FeO Mg0 CrlFe fic hardness tive dimen-
Gravity numbers  index sion
1.39.05 2824 448 1199 15662 2.21 4 245 1321 1.855 8231
2, 42.05 26.29  3.07 1519 1283 206  4.340 1314 1.963 B.241
3. 49.95 20.31 1.14 15.04 12.86 2.07 4418 1283 — 8.258
4. 50.66 18 86 2,34 12.26 1526 ' 3.1 4.383 1299 — 8 268
5. 52.55 16.66 322 1117 15.09 3.15 4.406 1306 2.025 8277
6. 52.55 16.40 320 12.I-34 14 57 2.98 4.428 1299 — 8.274
7. 53.189 14.63 363 1401 137N 2.7 4.476 1239 -_— B.783
8. 53.35 15.18 2.84 15.48 12.46 2.64 4 500 1225 - 8.278
g 53.82 1234 464 16.98 1156 224  4.567 1204 — 8,292
10. 64 45 15.11 1.60 15.68 1262 2 80 4.501 1218 _ 8.277
11, 55.08 12.81 1.86 18.97 10.55 2.24 4.595 1197 — 8.292
12, 55.21 1265 406 14.97 1261 2,64 4537 1218 2.105 8.292
13. 56.72 13.16 288 1557 1206 2.70 ' 4,632 1211 _ 8.286
14, 57.11 12.67 258 12.01 16.15 352 4461 1249 2.088 8 249
16. 57.11 1383 2.61 10.87 14984 380 4.428 1276 2.05 B 288
16 58 25 10.54 511" 8.37 '"15.62 3.57 4.457 1249 — 8 293
17, 58.89 9.60 551 8.41 1593 3.61 4455 12439 2.088  8.302
18 59 61 1152 2.36 11.97 14.14 372 4.483 1245 2.088 8 295
TABLE 1
Comparison between observed and calculated weight percentages Cr 2 0,
Aly 05, Mg 0,
Crz03 Al203 Mg 0
Observed Calculated Observed Calculated Observed Calculated
A. 6B.72 58.20 12.59 12.00 13.56 13 80
B, 47.26 47.70 19.19 18 85 14.56 1385



Compaiison between weight percentages
obtained by analysis and by the use of cell edge dimension and

-TABLE 3

specific gravity.
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I:I-r l:r; ujl Alz DJ Fe u3 FEZ ﬂ_; and ME 1]

CI‘;D}

Weight percentages

Al203 Fe,0¢g

Calculated Observed Calculated Observed Calculated Observed
1. 40.05 39.08 27.60 28.24 3.15 4.48
2. 4300 42 03 25.10 26.29 3.05 3.07
3. 47.50 49.95 20.80 20.31 3.30 1.14
4., 50.50 50.66 18.20 18.86 302 2.34
5. 53.00 52.55 15.94 16.66 3.25 3.22
6. 52.50 5255 16.68 16.40 2.75 2.20
7. 54.30 53.19 14.40 14.63 3.00 3.63
8. 53.20 5335 15.50 15.18 3.30 2.54
9. 56.00 53.82 12 21 12.34 3.35 4,64
10. 52.80 54.45 15.76 15.11 3.10 1.62
11. 56.80 55,09 12.26 12,61 3.36 1.96
12. 56.80 55.21 12.25 12.65 3.36 4.05
13. 5500 55.72 13.76 13.15 3.25 2,88
14. 57.20 57.11 12.04 12.67 3.35 2.66
15. 5650 67.11 13.20 13.83 2.30 2,61
16. 58.81 658,25 10 50 10.54 3.58 5,11
17. 59.40 58.89 9.80 9.60 3.45 5.41
18. 57.50 59.61 11.50 11.52 3.51 2.36
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TABLE (3)—continued

Fe D

Weight percentage

MgO

12

B bl

o © @

Calculated

11.60
14.E80

15.20
1240
11.68
13.10
14.30
16.20
17.30
16.22

18 0
14 £0
16.22
11.58
10.40

9.80

9.30
12.00

Observed Calculated
11.89 15.0
16.19 13.25
15.04 12.75
12.26 14 75
11.77 14.70
12 64 14.20
14.0% 13.55
15.48 12.80
16.98 11.95
15.68 12.78
18.97 19.95
14.97 13.20
16 57 12.20
12.01 14 67
10.87 15 60

9.77 15.80
9.41 16.15
11.97 14.75

Observed

15.52
12.83

12.86
15.26
15.09
14.57
13.71
12,46
11.58
12.62

10.55
12 61
12 06
15.15
14 94
15.62
15,98
14.14
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GEOLOGICAL RECONMNAISSANCE IN THE ISHKUMAN AND KARAMBAR VALLEYS
(NORTHERN PAKISTAN)
BY
R. CASNEDI

Institute of Geology, Pavia University, ltaly.

Abstract: The formations crossed on o route travelled In the ishkuman and Karambar valleys, along
the profile of the Karakorum Ceaphysical project, are described. The section includes o plutenic core of
granodioritic composition surrounded by metamorphic rocks; In this body two batholiths can be identified, the
northern one of which seems to constitute the axial batholith of the Karakorum, To the 5 of this structure
there Is devziopment of metasedimentary and Igneous rocks divided Into two complexes ; the greenstone comp-
lex with slates, phyllites, marbles, Intrusives and middle-basic volcanics, and the clastic metasedimentary suc-
cession of turblditic origin, To the N a thick sedimentary saquence was observed, consisting of sandstones,
limestones, dolomites,argillites, marls and conglomerates cemprising terms frem the Permion to the Creta-

ceous, never reported before,

INTRODUCTION

The Ishkuman-Karambar valleys constitute
the geographical western limit of the Kara-
korum and separate this chain from the
massifs of the Hindu Kush and th= Hindu Raj.
The upper part of the Karambar valley is
difficult to explore both for military reasons
due to its closeness to the Afghan border and
for logistic reasons, since there are no
roads and the vortiginous river must be forded
on several occasions.

Tha Ishkuman valley and the lower part of
the Karambar valley were already visited and
briefly desciibed by Ivanac, Traves and King
(1956, and by the Kyoto University-Funjab
University Joint Expedition (Matsushita and
Huzita. 1865) up to the height of the con-
fluence of the Karambar while
cartographic representations were carried by
Gamerith and Kolmer (1973) and Buchroitner
and Gamerith (1978).

LITHO-STRATIGRAFPHY

From the confluence of the Ishkuman

valley in the Gilgit River 1o the head of the

Glacier,

Karambar valley there are outecrops of igneous,
sedimentary and metamorphic rocks which can

be grouped intoe four complexes, greensione me-
tasedimentary clastic sequence, granodiorites
and gneisses, northern (Tethys) sedimentary
sequence. They have an EEW development and
are separated by large displacement along this
direction.

The greenstone complex—The term Wwas
coined by lvanac et al. (1958), who described
the complex along the sections of the lower
Yasin, Ishkuman and Hunza valleys. In the
Ishkuman valley the outcrops are mainly slates
and phyllites with marble intercalations; at
various lavels there are basic intrusive rocks
and volcanites of andesitic-basaltic type, with
corresponding pyroclastites. The gresn rocks
are more widespread S of Hasis Gol, where
they form a possibly tectonic cover for the
sedimentary rocks. The complex dips south-
wards with repetitions due to faults (see
Schneider's profils 1960), the most important
of which, along the Hasis Gol, is probably the
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western conlinuation of the
{Desio, 1955).

Chalt fault

The continuity of this complex northwards
and its stratigraphic bond with the metasedi-
mentary clastic sequence appearing in the said
profile are rendered doubtful by a fault
along the Phakor Gol; this displacement, also
identified by Matsushita and Huzita (1965) and
by Desio et al. (1978), has its logical con-
tinuation ‘eastwards in the Hunza wvalley,
where it separates the Chalt Formation to the
& from the Dumordo Formation to the N (Hini
Fault of Desio, 1964).

The  metosedimentary  clostic  sequence—
Between Phakor and the confluence of tha
Karambar in the Ishkuman, a thick anrchimeta-
morphic sedimentary succession crops out It
shows a general dip southwards with inclina-
tions from B50° ta the vertical and intense
folding and repetition. The sedimentary struc-
tures and graded bedding of the strata indicate
that the series is of turbiditic origin and in
normal position: the basal part observed S of
Imit consists mainly of meta-sandstones
(orthoquartzites with little feldspar), shales,

marbles in lesser quantity, thick conglomerate

layers with quartzitic, feldspathic and lithic
elements and rare volcanitic roundstones. The
upper part conzists of slates with fine interca-
lations of sandstones and siltites outcropping
southwards nearly to Phakor.

Granediorites ond greisses—The whole of the
lower and middle part of the Karambar valley
is cut into immense igneometamorghic bodies
rising to aver 7C00 m and forming the axis of
the Karakorum chain (to E) and the Hindu Raj
(to W), The N-S tract of the valley crosses
the main stiucture at right-angles. It presents a
central part of chiefly metamorphic type
{Karambar Glacier Zong) with vast outcrops of
gneiss (Peribatholithic migmatic plagioclase

gneiss) in which the granodioritic batholiths of
Bad Swat (to 5) and Koz Sar (to N)can be re-
cognised; the latter should constitute the axial
batholith of the Karikorum in continuation of
the Batura-Muztagh group (Schneider, 18567 ;
Desio, 1974).

On the slopes of the Koz Sar along the
Karambar valley, upstream from a deep gorge,
there is development of rocks strongly meta-
morphosed by contact with 1he batholith
(hornfels) and crossed by a dense network of
leucocratic dikes,

Morthern sedimentary sequence—The upper
part of the valley as far as Its head (Karambar
An) exhibits a characteristic WNW-ESE trend;
the watersheds form the Afghan border and the
boundary with the Yarskhun. This trend is
parallel with the mean direction of the strata
of a thick sedimentary series having ils grea-
test development on the northern flank of the
valley, @s far as the Afghan border; the suc-
cession presents a general NNE dip with
numerous folds and faults.

In the lower part there are outcrops of
foszsil-bearing limestones and sandstobes
{brachiopods); in the middle part, dolomites,
fossil-bearing limestones (molluses), grey and
red marls; in the upper part, limestones and
dolomites again and. discovered in broken
outcrops in probable unconformity, polygenic
conglomerates. The paleontologic study now
being made on the samples collected has evis
denced the presence of Permian and Triassic-
Liassic fauna, while Cretaceous microfossils
have been found in the conglomerate elements,

CORRELATION AND GENERAL REMARKS

The Ishkuman-Karambar basin occupies an
intermediate geographical position between
those of Yasin (to W) and Hunza (to E). Its
N-S mean direction offers a cross-section of the
structures of the westen part of the Karakorum



parallet to that ¢l the two mentioned valleys,
and hance lends itself to good correlations with

the serles cropping out in the said basins and
already studied previously.

The greenstons complex, according to the
assumption of lvanac et al. (1956), form a band
with a considerable surface area to the W(see
map by Desio et al.. 1977), in which' it is
distinguished into the following formations:
Dundi Gal wvolcanic agglomerates, volcanic
rocks mostly porphyritic andesite and basic
igneous rocks while to the E,inthe Hunza
valley, a complex with similar  lithological
characteristics crops out at Chalt (Schneider's
Chalt:Schiefersarie, 1957). The complex, pre-
viously referred to the Paleozoic, was attributed
to the lower Cretageous by Matsushita and
Huzita (1955) on the basis of the discovery
of corals in the Ghizar valley.

The clastic metasedimentary sequence
offers soms analogies wilh the Darkot Group
{(lvanac st al., 1958}, and more particularly with
the southern element of this group which crops
out S of the Gamugal batholith (Casnedi, 1976),
it may in fact constitute the lateral continuation
thersof with a higher degree of metamor-
phism. This progressive increase in the degree
of metamorphism fram W to E may axplain the
presence, in a similar structural position,. of the
parametamorphic - formation indicated | as
pumardo Formation in Desio’s map (1964)
which ‘might therefore constitute tha side £qui-

]

valent of such series. The attribution of this
complex to the Darkot Group (Upper Paleozoic)
does not excluds the possibility of more recent,
Mesozoic terms in it.

Recent absolute datings (Casnedi et al.
1978) have referred the batholith of the Hindu,
Raj—Darkot Pass Granodiorite Auctorum to the
oligocena-Miccene boundary and, through the
Karambar valley, it should correlate with Koz
Sar and hence Batura-Muztagh and constituts
the axial batholith of the Karakorum. The dis-
tinction between this batholith and that of the
Gamugal (af similar composition, but mora
ancient) is very evident In the Yasin vallay, since
the Darkot Group is inserted between the two
structures; it cannot be excluded that a similar
distribution can also be made in the Karambar
valley between tha Koz Sar granodiorites and
those of Bad Swat, To confirm this hypothesis
radiometric detarminations on the granodioritic
samples | collected between Bad Swat and the
Koz Sar base are desirable.

The lithological characteristics and the
fossils contained in the northern sedimentary
Zone gives reason to suppose that it may be
correlated with  a group of formations cropping
out in the Hunza valley  to -the N .of the axial
batholith (Schnsider, 1957 ; Desio and Martina,
1972). Palsontologic studies are being carried
out with.a view to establishing preci:e chrono-
stratigraphic correspondences.
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GEOTHERMAL GRADIENTS IN PAKISTAN
BY :
HILAL A, RAZA
Hydrocarbon Development Instituta af Pakistan
Islamabad, Pakistan.

Abstract: Hydrocarbons are ganerated by thermal dlazenesis of organic motter, The study of sub-surfu:e:eni
peratures and thermal gradients within the earth, therefore, offers ciues for hydrocarbon. exploration. Tempe-
rature ranges within which particular types of hydrocarbons, for example, oll or gas, would form are now well
khown. Geothermal gradients as determined from bottom hole temperatures recorded durlng logglng opera-
tions In 27 wells drilied In Pakistan show that general geothermal gradlents In Poklstan are between I and 2°F
per 100 feet. The gradients are comparativeiy higher in the south perhaps because of the Cretaceous|
Paleocene igneous actlvity, ,Qil Window'. 1. e., the depth sector having prospects for liquid hydrocarbons,
lles at varioble depths In different reglons, but within the depth range of 6,900 to 18,000 fect.

INTRODUCTION studies have shown that within certain

The present study was undertaken in broad temperature ranges particular types
the Hydrocarbon Development Institute of of 'hydrocarbons  are generated from the
Pakistan (HDIP) as a part of the Basin mother substanca called kerogen. These
Studiss programme, which is aimed at look- temperature ranges are (Gill, 1978) :

ing Into the hasins from fresh angles, in 150°=1B0°F biogenic gas only

order to evaluate and re-evaluate hydrocar- 180°—270°F pil (& gas) i < 0ll
bon prospects. Data of 27 wells (Fig. 1) Window™'

were used in the study: which wers taken 270°—325 F gas and condensate

from oil company reports pertaining to the 326°—500°F  dry gas

surrenderad  concessions = lodged - with the more than barren (if no surviving
Directorate ‘of Petroleum Concessions in the S00°F poaroperm).

Ministry - of Petrolaum and:  Natural
Resources, and seconded to the HDIP for
Basin Studies programme, « These data were
presented by parmission of -the Ministry,  at

This - general theory has  very satisfac-
torily answered many quastions relating to
anomalous reservoir contents where other
variables were constant. The  study of
the 6th’ P:1:P. . Symposium cheld at Lahore geothermal gradients should, therefore, now
in December, 1377. be applied as a standard ‘tool = of prospect
GEOTHERMAL GRADIENTS AND THEIR evaluation.

EFFECTS However, geothermal gradients as
it is now well known that hydrocarbon determined from bore-hole  tempsrature
generation  in the geological column is evaluation alone may bs meaningless
mainly a function of progressive heating of unless tied-up with other relevant studies
the karagen. Experimental  and basinal of the conventional source—ieservoir—
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cap—trap evaluation. Most important of
these in petroleum exploration is the appli-
catlion of parameters of source rock thermal
diagenesis which has assumed new dimen-
gsions in recent years. In Pakistan, a study
has besn wundsrtaken by ths author, at
HDIP, to investigate into the organic con-
tent and thermal diagenesis of source rocks
in Potwar and Sulaiman régions which has
given important leads. ]

The question whether the ambisnt sub-
surface temperalures are the. maximum 1s a
eprious one. This has to be resolved by  the
study  of changes in chemical and optical
properties of rock constitutents which is a
vast subject by itself and demands wvery
detailed investigation.  However, if the facts
that rocks are not good conductors  'of heat
and that the thermal gradients’ require long
time in geological history to establish them-
selves, ara taken Into dccount then it 'is
perthaps safe to- assume that /in younger

rocks (Terliary, Mesozoic) the. ambient
thermal gradients are within acceptable
limits of bging the maximum. Another

pointto note whils generalising tempera-
ture data is that thermal  gradients often
vary significantly within short distances.
horizantally ‘as well asverti¢ally (Fig.-2).

Furthermore, . lhe ambient bottom hols
temperatures (BHT) .. measured, during logg-
ing are normally lower than the temperature
“ of the: formation | due to cooling. effects of
the mud during circulation. Mathematical
end graphical methods have been designed
to compute the true formation temperatures
from ihe observed ones by applying certain
comections | which invelve knowledge of
circulation time and the timing of
of the temperature. Details of the
are described by Dowdle & Cobb
also ustd by Kenyon & Beddoes

recording

method
(1974) and
(1977). A

comparison of recorded BHTs and the true

formation temperaiure  computed after
applying - corrections, ~ for 53 wells in
Indonesia (Kenyon et al., 1976) has, how-

evar, shown that the
reasonably close agreement with each
other. Thus, the BHTs  actually recorded
during logging operations can safaly be
used for computing the geotherma]
gradients. In view of this, and since the
data required for.computation of the correc-
tions was not available to the present
study, the recorded BHTs have besen  assum-
ed as comresponding 1o the true formation
temperatures.

1wo parameters are in

The object of this paper is: - not-to
attempt a comprehensivea evaluation _ﬂf the
entire territory of Pakistan for thermal
gradients but 1o make some  initial determi-
natlons for assistance in designing a
petraleum exploration strategy, and to
present the subsurface temperature  informa-
tion for general geclogical modelling.

EVALUATION OF DATA

The electric logs of 27
which ‘were - available - were) used  in. this
study (Figio1).  The BHTs recmded  in the
logs “were  plotted on - equidistant ., scale

cxploratory wells

anajnst the dapth. ~Average geothermal
gradients weare  computed: for individual
wells in  degrees Fahrenheit per thousand

feet (Figs. 3 to 7). In cases 'where-signifi-
cant  wvariation in ‘geothermal - gradients
existed as a function of depth, the gradients
were separately established  for the different
depth - sectors. The data were used to

postulate probabla depths in which parti-
cular  types of hydrocarbonis may be
expected.



THE OIL WINDOW

Since the current pressures on the
cuuﬂ.tr"_-'*ﬁ economy demand  higher priorities
for locating liquid hydrocarbons, the data
have been generalised (o show
depths in different regions which
to the ""OIL WINDOW"
in which temperatures are favourable for oil
to be present (Fig. 8). It may be ssan that
in the Potwar region tha = 0Qil Window lies
betwean 9,000 to 18,000 feet whereas in
the south, - in Kirthar and Karachi regions,
since the geothermal gradients are high the
Oil Window goes only as- desep as 12,000
feet. In Thatita region, the wells are hotter
like the anes in tha Kirthar and' Karachl
regions while the wells In Badin reglon are
cooler like those in Potwar., Karampur waell
has a vary low thermal gradient having not
reached the Qil Window  even at 14,500 feet
(inferred from gradient). Domanda well
would remain within' Qil Window down to
16,000 fest (inferred) whereas Giandari is
sufficiently hot to cross the Oil Window
' even at 8,500 feet. Kech Band in the
Baluchistan basin had yet to reach Oil
. Window at 11,000 feet and, with a gradient
of 13°F/1000 feet, may bs expected 10 be
. within the Oil Window at depths as mnch as
18,000 feet, If drilled.

probable
correspond
i. e., depth sector

CONCLUSION
Importance of geothermal gradients
within drillable depths, locally . and

regionally, is significant. It should be taken
into account, besides  other factors, while
planning exploration strategy.
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Geopthermal gradients
ficantly within short distances,
as well as wvertically.
studied, *‘hot spots” (e.g. wells Dabbo
Creek-1. Lakhra-1 Giandari-1, etc) and
“cold spots" (e. g. Karampur-1, Kech
Band-1, Kundian-1}) are irregularly located.
However, it is observed that the dominant
aradient in the northern areas, 1. e. Potwar
region, is betwsen 1% and 1.5°F per 100 ' feet,
while in the south, i. e.  Kirthar region, ths
gradient is batwaan 1° and 2°F per 100 feet.
A plausible explanation for the "hotter
south" could be the igneous activity that

took place in the region during Cretaceous/
Paleocene times.

The study of geothermal gradients show
that prospects for  liquid hydrocarbons are

likely to be present in Pakistan at depths as
shown below :

horizontally
Within the region

Reglon Depth to Ol Window™
In feet
Polwar 9.000—18.000
Kirthar 9,000—1 2000
Karachi region 8.000—12,000
Thatta region 6,000—11,000
Badin region 8.000—17,000
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often vary signi-
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PETROLOGY OF KOGA NEPHELINE SYENITES AND PEGMATITES OF SWAT DISTT :
BY
M. NAWAZ CHAUDHARY, MUAAMMAD ASHRAF, AND S. SHAHID HUSSAIN
Engineers Combine Limited, Lahore
Abstract ; Detailed petrograpiy, chemistry and petrogenesis of the Koga nepheline syenite intrusion is being
described. A total of 70 petrographic modal analyses and 56 chemical analyses of various types of
nepheilne syenite and lts associates were carried out. The data was processed on IBM 1130 computer using

fortran 1V language, thus averages, standard devations and correlation co-efficlents were worked out The
nepheline syenites show characteristics of miaskitic type. A generalised evolutionary sequence of the nepheline

syenltic rocks Is as faoilows .
Pulaskite-nepheline syenite-foyaite-sodalite syenlte-fenite-carbonatite,

The Intruson Is a part of the alkaline province Iylng between Lo Shulman and Chamla, The province
Is compased of northern nepheline syenites, syenites and carbonatites and southern soda granites and soda

Porphyries. The extent of eastward extenslon of this province Is not known, The province Is assoclated  with
substantial dislocations,

INTRODUCTION syenite area was investigated by Engineers

The Koga area, of nepheline syenite, is a Combine Limited (E.C.L., 1975), on behalf of
part of Swat and Mardan districts of N W E P Directorate of Industries and Mineral Davelop-
The deposits of nepheline PR Al t'ha ment to evaluate its utilization in various fields
south southeast and southwest of Koga. Koga like glass, ceramics and allied industriss. On
lies at Iﬂtitude 34723'N and |ﬂ!‘|gitudﬂ 70°32°E !hﬂ‘ bjﬁis of Dﬂcﬂuraging results a detailed
(43B/11). Koga is a small village of Swat investigation survey was carried out by E.C.L.
district situated in the Chamla valley of Bunair In 1976. This paper is an outcome of tha

area, and lies at- a distance of about 56 km. same,

northeast of Mardan via Rustam and about GEDJLOGY OF THE AREA

90 km from Mingora via Karakar Kandao and The geologic region of Swat in which the

Daggar. Koga area lies, consists of low to high grade
Previous work: The Koga nepheline syenite metamorphics which are cut by various igneous
was reported for the first time by Siddiqui intrusions. Metamorphic rocks grade from
(1865). The area was mapped by Siddiqui, chlorite to sillimanite schists while the igneous
Shakoor and students of Department of Geo- rocks range from ultrabasic to acidic (Martin
legy, University of the Punjab in 1966-1957. et al. 1962).
The occurrence of a few carbonatite bodies Two rock units of th2 area are worth man-
was noted by Siddiqui (1967). Koga syenits tioning. They are *"Swat-Chamla’ ' matasedi-
is an oval shaped body with irregular outlines- mentary group and “Ambsla granitic complex.'”
originated by the crystallization differentiation The former group consists of low grads meota-
from a peralkaline parent magma (Siddiqui. morphics and forms the lower most part of this

Chaudhry and Shakoor, 1968). The nephellne geologic region.
83
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The Ambela granitic complex has been
emplaced into the core of an anticline in Swat-
Chamla metasedimentary group. Neph:line
syenite occurs in this complex.

Geology of Nepheline Syenite: Nephe-
line syenite of Koga lies in the central part of
the alkaline complex. It roughly extends from
Koga, to Maranji Kandao, Miane Kandao ‘and
Sura. These rocks occur as massive bodies
near Maranji Kandao, Bagoch Sar, Shpala and
Kharkai and as dykes of various texture in-
truded in the host Babaji syenite. The dykes
appear to bs youngar than rest of the rocks,
Generally weathered colour is grey, rusty grey
and dark grey and fresh colour is whitish grey
and light grey with black specks of matics.
Rocks are much jointed. Boulder and spher-
oidal weathering is the preminent feature of
these rocks.

There pravails marked haterogenaity both as
regards compositions and lithology. Nepheline
poor to nephsline rich syenites are present in
this area. Rocks area also cut by numerous
nepheline bearing or nephsline free microcline
pegmatites.

Texturzlly nepheline syenite is medium to
coarse grained but -aplitic dykes at some
places are also found. Chilling and coarzening
of the rock is a common phenomenon observed
in the whole area. These rocks also show
flow ' structura. Dykes of the nepheline
syanita are fine to coarse grained. Fine to
medium grained dykes are exposed to the
west, southwest and south of village Koga, at
Bibi Dheri, and south of Agarai and Sura.

Central and eastern parts of the nepheline
syenite consist of small to huge dykes intruded
in the Babaji syenite. Thess dykes, measur-
able upto hundreds of feet, have been chille
at thsir contacts with the host rocks.

Minerals recognisable in hand specimen are
nepheline, micracling, albits, sodalite, pyribole,
biotites, sphene, zircon, apatite, fluorite, mag-

netite and pyrita. The older rocks contain pyribole
as dominant minor mineral whereas younger
dykes contain biotite instead of pyribole.
Calcite is the essential mineral of nepheline
syenite  exposed - around Naranji Kandao.
Sodalite can be observed in almost whole
nepheline syenite complex excluding pulaskite,
Fluarite in younger dykes is also common.

Low nephsline baaring rocks are exposad
at Kharkhal and around Bagoch Sar whereas
rocks around Landi Patao Sar, South of Agaral
and Miane Kandao are very rich in nepheline.

Mepheline syenite has been hydrothermal ¥
altered at many places. These altered rocks
make discontinuous belt starting from north of
Landi Patao Sar to south of Maranji Kandao.

Apophyses of the nepheline syenite with
chilled margins cut the Chinglai granodiorite
gneiss as well as the Babaji syenite. Xenoliths
and screens occur within nepheline syenite at
contact with the Chinglai granodiorite gneiss.

Corbonatites : The Koga carbonatite rocks
are confined to the western part of the syanite
and eccur (arcund Naranji Kandao) in tha form
of lenses, pockets and veins that vary from a
few inches to about 45 matres in width with
lengihs of upto 120 metres. Thass bodies are
mostly observed in calcita bearing nephszline
syenite.

They are composed essantially of car-
bonates and pyriboles while feldspar, apatite,
sphene, magnstite and sodalite occur as minor
to accessory minefals. The mineral - distribu-
tion is known with segregations of mafics at
many places.

Fenites : Carbonatites of Koga nepheline
syenite have fenitized thea country rock. Ata
few places to the north west as weall as south-
west of Naranji Kandao dark grey lenticularf



bodies measurable in few metres are presant.
Light grey to dark grey microcline is the major
constituent of the rock. - Its mzgacrysts ranga
from 2 cm to 16 e¢m in length. Other minerals
recognisabla in hand specimen are calcite,
pyroxene, amphibole, magnetite and biotite.
These may be the melanocratic. fenites as das-
cribed by Heinrich (1966).

Lamprophyres ; These bodies range in
length from 2 to about 75 metres and from
1.25 to 18 matres in width. Lamprophyric
dykes occur within nepheline syenite (as well
as in Babaji syenite), These dykes are parti-
cularly conspicuous south of Agarai, south of
MNaranji Kandao in nephslins syanilte and
southwast of Koga village in Babaji syenite.
The lamprophyres are composed essantially of
pyriboles. Apatite, sphane and magnatita are
minor to acsessory minerals. Quartz may
occur as a rare accessory. Yellowish brown
sphene ocours as crystals of about 0.6 em 'in
size, Some of the lamprophyre dykes are
traversed by small veins and dykes of felds-
pathic and epidositic composition, The felds-
pathic dykes are a few cm to 2 metres in
width and from about 1.25 to 12 metrés in
length. The epidositic veins are composed
mainly of epidote and feldspar. The minor to
accessory minsrals are amphibole and mag-
netite, These bodies are a few cm wids and
upto 6 metres long.

Acidic Bodies and Albitites: Acidic
bodies and albitites are present in the nephe-
line syenite as well asin Babaji syenite. In
nepheline syenite acidic bodies are of two
types. Firstitype of bodies are much sheared
and weathered and second type occur as
massiva and compact rocks. First type seems
to be older. In Babaji syenite acidic dykes
with largar dimensions are in abundance.

An albitite-aplite peagmatite (minor) com-
posite body about 756 metres long and 45

B3

malres wide'is observad to' tne southwast of
syenite. The aplite is composed of albite,
microzline, biotite '‘and quartz,  Within: ths
body coarzening of its erystala at soma- places
has taken placs wheresas albitite appears to
consist of major plagioclase and minor biolite
and quartz.

Pegmatites : Pagmatites cf various com-
positions and dimensions ara present in the
nepheline sysnita. A major body of type ‘A’
given below occurs in Babajl syenite. This
type Is howaver, genetically direstly connected
with nephelina syenite. Only a few pegmatites
arazoned and the rest are unzoned, These
pegmatitss show a complex mineralogy. Tha
pegmatites fill tha joints and waak zoneas of
the rock.: Microgline is the essential consti-
tuent of all the pegmatites. On  the basis of
mineralogy they can  be divided into the
following types ¢

A, Sodalite-nephsline = cancrinite-micro-
clina:(zircon) - (biotite) | pegmatite=
zoned.

B. Nephsline-microcline pegmatites

zoned mostly
unzoned

C. MIcmelinevaIbita-néphefina-pwibula

zoned mostly
unzoned

D.  Microcline-pegmatites =unzonad

="
pagmatitas=<

E. Microcline-nephslins-cancrinite-
fiuorite-(zircon) pegmatites =zoned
(only ona).

F. , Napheline cancrinite-albite-pyribola-
calcite-(zircon)-pegmatite =zonead.
A, Sodalite—nepheline-cancrinite-microcline-
(zircon)-(biotite) pegmatite. This is the largest
pegmatite of the-area: which contains sada-
lite 'in -addition: to nephelinga, | cancrinite,
microcling, . albite, ilmenite,  biotite and
pyroxene. - Pyrite:and zircon- are  also present
at a faw places. within . this bady. This
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pegmatite is about 13.5 metres long and 7.5
metres wide (coordinates 529379). On
western side- of the pegmatite a few small
unzoned pegmatite veins consisting mainly of
microcline and nepheline branch off from the
main body. The main pegmatite consists of
three zones.

(i) Outer Zone : This zone -is mainly com-
posed of microcline with some albite
and black minerals. ~Thickness of
microcling is different on either sides
of the body and varies from 1.2 to 3.6
motres. Microcline crystals upto 23
cm long are present. Microcline. is
white to greyish white in colour. In
the eastern side of the pegmatite 0.60
metres  thick biotite  veins project
from the intermedliate zone to micro-
cline zone, Biatite is black In colour
and pinches out after about 2 matres.

(i) Intermediate Zone: - This Zone consists
of nepheline -with small amount of
cancrinite and microcline.- Nepheline
crystals are upto 30cm across: |t is
grey to black in colour. Cancrinita
is present assoclated with nepheline
and is white to pinkish while. At a
few places crystals of ilmenite upto
16 cm long also occur in this Zone.
Zircon crystals showing bipyramidal
habit are also present. These are
yellow in colour witha size of upto
1cm.

(iify Core: In the core of the pegmatite
sodalite and nepheline are the domi-
fnant minerals. Sodalite is formed by
the replacement of the nepheline
Sodalite concentration is more in the
lower half of the pegmatite. It forms
upto 21° cm thick veins in the nephe-
line mass. Colour of the . sodalite is
light blue to deep blue. Albite, biotite

and microcline are usually  present
slongwith sodalite. ]

B. Nepheline-Microcline Pegmatites:  These
pegmatites ars present at Bibi Dheral outcrop
and In the locality south of village Agarai. At
Bibi Dherai outcrop, it occurs as irregular veins
upto 30 cm thick and 1.8 metres in length
(coordinates 543382, sheet 43 B[11). Mephe-
line is green coloured and the microcline is

‘light grey. Microcline crystals are upto 2.5cm

long.
In thin pegmatites (coordinates 557372,

“sheet 43 Bf11) microcline and nepheline crys-

tals have developed parallel to the walls
of the pegmatite and form the alternate
layers.

At coordinates 560364 (Shest 43 B/11) a
few pegmatites upto 0.60 metres thick are
present. These peg matites consist of nephe-
line_ and microcline with small amount of
pyroxene and other black minerals. In the
core the minerals are comparatively fine
grained.

C.  Microcline-albite-nepheline-pyribole  peg=
matites: One of the zoned pegmatites is
present at coordinates 515386 (Shest, 43 B[7).
It is about 4.5 metres thick and 7.5 metres
long. Albite is present in the outer-inter-

mediate zone and rest of the zones consist of
microcline and black minerals and a litile

amount of nepheline. Brownish coloured
zircon crystals were also found in this pegma-
{ite. Another zoned pegmatite is present at
coordinates 513371, (Sheet 43 Bf7). It is
composed of microcline, albite, nepheline,
biotite pyroxene and other black minerals.
This pegmatite can be divided into 4 zones.
() Wall zone: This zone consists of
albite and microcline with some black
specks.

(il) Outer Intermediate Zone: It consists of
albite, microcline and muscovite.



(lil) Intermediate. Zone: It is richin albite,
microcline and muscovite.

(iv) The corei |t consists of albite, micro-
cline and nepheline.

D. Microcline Pegmatltes: Numearous peg-
matites are present in the area consisting
predominantly of microcline. At a few places
black minerals are also found in these pegma-
tites. Size of these pegmatites varies from
few cms to 3 metres and length Is upto 30
matres. One pegmatite is present on the way
from Shpala to Lalu. |t is composed of micro-

cline only, This is 1.2 metres thick and 30
metres in length.

E. Microcline- nepheline-cancrinte-fluorite-
(Zircon) Pegmotites Fluorite  beaiing nepheline
syenitic pegmatite is present at coordinales
557373 (sheet 43 B/11). Thisis 1.2 msters

_thick and 6 matres in length. MNumerous small
pegmatites are also present around - this place
which fill__the joints.. In hand specimen com-
position is  microcline, nepheline, cancrinite,
fluarite, biotite and other black minerals. Buff
coloured zircon crystals are also found in this
pegmatite.

F. . Nepheline-canétinite-albite-pyribole-caleite-
(Zircon) pegmattes i Calcite-bearing pegmatites
occur  around  Naranji  Kandao, They
are from small veins to 1.8 metres thick and
upto 4.5. metres long. The pegmatites are
zoned. Different zones and their minerals of
the pegmatita present at coordinates 505336
{sheet 43 B/7) follow : —

() Wall Zone: This zone consists mainly
of amphibole with calcite and albite.
It is green coloured with high specific
gravity.

(1) Intermediate: Zone: Albite, nepheline
and black minerals are present in  this
zonse. A few grains of chalcopyrite
can also be seen.

&7

(/1)) Core * in the centra of the  pegmatite
nepheline  and cancrinite are present
with small amounts of albite.

PETROGRAPHY.

General: The following is a petrographic
account of the Koga nepheline syenite and
some of the associated rocks. The petrogra-
phic study included the minseral idsntification
as well as textural and structural studies. A
total of seventy thin sections were studied.
They included twenty three nepheline syenites
(sensu stricto), five nepheline syenite dykes,
sight sodalite nepheline syenites, eight litch-
fieldites, three foyaites, ten intermediate
{feldspathoidal) pegmatites two carbonatites,
one acidic dyke from the Babaji syenite, thres
acidic dykes from nepheline syenite and one
albitite. Computer analysis giving averages,
standard dsviations and correlation coeffi-
cients are given, The significance level used
throughout is 0.05 or 5%,. It may be noted
that some constituents show truncated distri-
bution. They have also been included in the

statistical analysis. The data was processed

on IBM 1130 computer wusing Fortran IV
language.

A few lines regarding the current classi-
fication and the classification followed here~
after merit attention. There is as yet no
general . aareement on the classification of
the alkaline rocks. However, the classifi-
cation given by Sorensen (1974) is regarded
more or less acceptable. But the classifica-
tion followed here departs in some respects
from that of Sorensen (op. cit). This has bean
done in view of the practical considerations
which require laying greater emphasis on the
nepheline contents, mode of occurrence and
relative amounts of soda feldspar and ths
potash feldspar. The classitication followed
here is mainly after Siddrqui, Chaudhry and



iShakoor (1968) given.for the alkalina racks of
Koga. Where the amount of nephline is more
than the amount of total feldspar, the rocks
have been termed as foyaites. Those, in which
nepheline is less than total feldspar, have
been further classified into nepheline syenites
and litchfieldites depcnding upon tho relative
amounts of alkali feldspar. The litchiicldites
contain more albite than microperthite where-
as ihe nepheline syenites contain more
microcline perthite than albite The nepheline
syenite dykes and the pegmatites have been
separated from the nepheline sycnites on
the basis of mode of occurrence and texture.
The sodalite-nepheline syenite (dykes) have
been separated on the basis of significant
presence of sodalite (0.76%) and of course
the mode of occurrence. The pegmatites fall
_in two groups namely pulaskites (seven) and
‘nepheline syenite pegmatites (three). Albitite
has been defined according to Ashraf and
Chaudhry (1978). The Babaji syenite is from
nordmarkitic.. to soda granitic. Acidic dykes,
fenite, lamprophyre, and carbonatite need not
be elaborated as they are ‘beyond the scope of
this paper-

Mepheline Syenite: The mineral com-
position of twenty three samples of nepheline
syenite alogwith means, standard deviations
and correlation co-cfficiants are given. The
nepheline syenite fallsinto thres grain sizes
i . coarse grained, medium grained and fine
grained. The coarse and medivm grained

'_ varieties are by far the most common. Theay
show hypidiomorphic porphyritic texture. The
fine grained varieties are from saccharoidal to
hypidiomorphic. Microcline (20.00 to 69.429L),
albite (2.00 to 41.78%.) and nepheline (5.00
to 39.67°,) are three most important minerals

of the rock having means and standard devia-
tlons respectively as follows:

¥=50.53 and S=11.48,

X=16.43 and S=9.50.

X=19.74 and S=9.96.

albite-microcline crystals.

| ‘Excaptithe fina grained varieties microclina
perthite occurs as phenocrysts which may look
porphyroblastic. It is. strangly perthitic and
in many instances the crystals look like mixed
It shows slight 1o
moderate alteration to  sericite and clay.
Albite mostly occurs as subhedral to anhedral
crystals, It occurs mostly as small subhedra.
In some Instances it occurs as bigger crystals
which show partial to complete development
of chess-board twinning. It may also cccur as
intergrown (mixed) crystals of albite and
microcline. It shows alteration to clay. Ne-
pheline mostly forms subhedral to anhedral
crystals and their aggregates, eumorphic
grains being rather rare. It also occcurs as
an interstitial mineral. Other accessory 10
minor minerals which may occur arc sodalite
(X=0.08, 5=0.40) cancrinite {(X=0.94, S=-
2.03), Aegirine (X=3.71, §=355), arfved-
sonite (X=1.79, $=2.66), biotite (X=2.12,
§-2.02), muscovite (¥=1.01, §=2.29), cal-
cite (X=1.62, S=4.00), apatite (X=0.01, 5=
0.06), zircon (X=0.32, 5=0.439), sphene (X=
n.78, 5=0.81), ilmenite, melanite (garnat)
(X=0.38, $=0.80), haematite (X=0.10, 8=
¢.33), magnetite (X=0.03, § = 0.15), | pyrite
(X=0.13, 5=0.23), and epidote (X=0.16, S =
0.55). The coloured minerals may form -diff-
used streaks imparting the rock from poor to
moderare foliation. The fine grained wvarie-
ties are rare. Thay do nct appear to differ
significantly from the medium ‘1o coarse
grained rocks. However, the present data: on
the finer grained varieties is insufficient to
confirm or-reject this possibility.

Microcline shows significant negative
correlations with albite, aegirine and calcite
and positive correlation with ilmenite.  Nephe.
line shows positive comelation with apatite.
Albite shows negative  correlation with
ilmenite and positive correlation ‘with haema-



tite.  Sodalite shows positive correlation with
ilmenite.. Aegirine shows positive correlation
wirh calcite and sphene shows positive’ corre-
lation ' with  pyrite. Magnstita  and pyirite
show positive correlations with epidote,

Foyaites: The mineral composition of
three foyaites is given. Foyaites are mostly
from fine to medium grained hypidiomorphie
granular to protoclastic. They are poorly
foliated to non-foliated. They are composed
mainly of nepheline (44 50 to §5.87%) micro-
cline (5.00 to 25.299,) and albite (9.11 to
38.00%) having mesans and standard devija-
tions respectivaly as follows :

X=5108 and $=4.82, X=18.40 and $ =9.48,
X=17.99 and S=14.17.

Nepheline occurs as aggregates of small
subheaderal to anhedral crystals. It is often fresh
but may show slight alteration to clay, sericite
and zeolite. Microcline
moderately perthitic. It occurs from subhedral
to anhedral crystals, Albite occurs from sub-
hederal to anhederal and rather fresh crystals.
Microcline occurs as relatively larger crystals.
Cancrinite (2.00 to 7.45%) occurs as small
aggregates forming anhedral crystals. These
may, therefore, be called cancrinite-foyaites.

is from poorly to

Other minerals which may ba present are
aegirine, biotita, zircon, sphene and ilmanite.

Nepheline
with ' zircon.

shows negative correlation
Microcline shows  nagative
correlation with albite and positive with ean-
crinite, zircon' and sphens. Albite 'shows
negative correlation with cancrinite and posi-
tive = correlation . with -sphene. Cancrinite
shows positive . correlation with zircon and
sphene.

Nepheline Syanita Dykes. Ths mineral
composition of five samples of the nepheline

syenite dykes- with their means, standard

&9
deviations: and correlation co-efficients ara
given: They are all foyaites but have been
set apart from the nepheline syenite, which
are also foyaitic, on the basis of texture and
mode of eccurrence. From a prastical angle
their setting apart is warranted because of

their - relatively . higher avarage nepheline
content.

The nepheline syanite dykes can be classi-
fied into the ralatively finer-grained (from fine
to barely medium-grained) hypidiomorphic but
subparphyritic  to  porphyritic  texture and
relatively = coarse grained  hypidiomorphic
dykes. The former are: much more common
and show flow structure. . Nephsline (20.00
to 30.23%). microcline (45 00 to 57.00%%) and
albite (5.00%, to 13.98%,) are the most impor-
tant. minerals having means and standard
deviations respectively as follows :

X=24.92 and 5=4.03, X=51.94 and $=5 05,
A=19.36and S=3.82.
Microcline mostly occurs as subhedral

phenoerysts.  Smaller grains also ' occur.
Albite occurs mostly as subhedral to eumar-

phic laths. It a has composition cf upto 6%
An.  The feldspars show slight altsration to
clay and sericite. Mepheline occurs as an-
hedral to subhedral crystals, Soms eumorphic
Crystals may also occur in soms samples.
It shows slight alteration to clay. The sample
KA-75-AS-31B  contains 16.00%, cancrinite
and may be called cancrinite-nephsline
syenite dykes Tha  other (accessory aod
minor minerals) are sodalita (X=0.30,
S -060), Cancrinite (X=3.20, 5=5.39),
aegirine (X=037. §=75), arfvedsonite
(X=370, §=3.79), biotite (X =3.57, S =1.66),
muscovite (X=080 S§=1.20), apatite
(X=040, 5=0.73), zircon (X =0.60, $=0.79), -
sphene (X =087, 5 =0.44), ilmz2nite (X=0.40,
S =0.43), melanite (garnet) (X =1.18,5=1,13)
and epidote (X =026, 5=0.52).
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limenite shows negative corielation with
albite and positive with  zircon. Sphene
shows neqgative correlation with ‘sodalite and
biotite. Cancrinite shows positive - correla-
tions with muscovite and apatite. Aegirine
shows positive correlation  with  epidote,
Apatite shows positive correlation  with
muscovite. Melanite shows positive correla-
tion with ilmenite.

Sodalite-Nepheline Syenite : Themineral
composition  of eight  sodalite’ nepheline
gyenite samples alongwith = their means,
standard deviations  and correlation co-
efficients are presented. The sodalite-nephe-
line syenite occurs mostly as dykes. They
are hypidiomoerphic porphyritic. - Microcline
commonly forms phenocrysis. It ranges from
44.41° to 63.00%. The microcline is from
moderately to strongly perthitic. It may show
minor alteration to clay and sericite.  In the
cancrinlte-bearing varieties it may be replaced
at places by canciinite. Mepheline ranges
from 11.00 1o 23.47%. - It occurs as relatively
<maller grains which are mostly subhedral to
anhedral, | It is either interstitial or forms
small sggregates. In seven cut of | eight
samples albite ranges from 1.41%t0 6.00%,-
Only one sample i.e. KA-76-AK-32B contains
25.00% albite. It mostly occurs as small
<ubhedral laths.  Sodalite makes up from 6.99
to 22.14% of the rock. The means and
standard deviations of nepheline, micracline,
albite and sodalite are as follows iespec-
tively :

¥=14.68 and 5=6.36, X=5544 and
5—5.77, X=6.05 and $S=7.33, X=13.63 and
S=4,90. Sodalite iz a replacement mineral
and may enclose. nepheline, feldspar, biotite
and ore grains.

Four samples do not contain cancrinite.
One sample contains 12.23% cancrinite

(KA-76-SK-61) and may be called cancrinite-
sodalita-syenite. The other three samples
contain from 1.40 to 3.10% cancrinite. [t
replaces ' feldspar, sodalite and nepheline
but also ‘occurs as independent grains: and
their aggregates, Aegirine is absent whereas
arfvedsonite (5 40%) is present in_ only one
sample (KA-76-AS-5B). Similarly zircon is
absent and sphene (1.00%,) is present in only
one sample (KA-76-AR-32E). Other
accessory and minor - minerals that may be
found _are _biotite (X=4.35, §=3.06),
muscovitea (X=1.12, S$=2.31), ilmenite
(X =0.55, S=0.63) sphene {(¥=0.12, 5=033),
haematite (X =0 18, § = 0.34), pyrite (X=0.58,
S=0.95) and epidote (X =0.12, 5=10.33).

Mepheline shows negative correlations with
albite, sphene, ilmenite and epidote. Albite
shows positive correlations with sphene and
ilmenite. Sodalite shows negative correlation
with haematite. Cancrinite shows positive
corrélation with haematita. Sphene shows
positive correlation with ilmenite. llmenite
shows positive correlation with epidote.

Litchfieldites: Tha mineral composition
of eight litchfieldites is given alongwith
means, standard deviations and correlation
co-efficients. Litchfielditas occur mostly as
dykes. They mostly show from moderately
to well ‘developed flow structure which is
marked by parallel to sub-parallel alignment
of albite laths. They are fine to barely
medium grained rocks. They are mostly
subequigranular to porphytitic,  Albite (44.00
to 60,00%,), nepheline (11.00 to 23.62%;) and
microcline (5 00 to 32.00%,) are the main
minerals having means and’ standard devia-
tions respectively as follows :(—

{¥=53.15, §=5.55), (X=19.05, S=4.71)
and (X=1568,5=8&7)

Albite occurs mostly from fine to medium
grained subhedral to ‘eumorphic laths. ‘In



specimen KA-76-5-21B  albite Is from subhe-
dral to anhedral and in specimen KA-76-SK-35
phenocrysts  of - albite . also  occur. ' Albite
(except phenocrysts) is mostly upto, 0.65 mm.
It.contains upto 65, An. microcline {upto 1.63
mm) occurring. from- subhedral | to anhedial
erystals which are poorly to moderately
perthitic. Inclusions of pyribole and albite
may be present. Both albite and microcline
show alteration to clay and sericite. Mephe-
line occurs as individual crystals as well as
aggregates. It is upto 0.38 mm. It shows
slight alteration to sericite and zeolites.

Four cut of eight samples studied do not
contain pyribdles, Three samples’ coaniain

atfvedsonite (from 050% 1o 10.00%) and’

two samples contain 3.003% and 5003, aegi-
rine. They are from euhedral to subhedral
and upto 0.5 mm in length. Small biotite
flakes (upto' 0.15 mm) are pleochroic from

pala yellow to dark brown or-brownish
green.

Other minerals which may be present are
sodalite (X=0.07, S=0.19), cancrinite (X=
3.12, 5=5.58), muscovite (X=1.00, 5-2 64),
aegirine (X=1.00, S =1.80), arfvedsonite
(X=168, 5=23.28), apatite (X=0.25, 5=0.66),
zircon, sphene, (X=1.00, $=1.58), ilmenite
(%=1.51,/°'8=1.56), ' melanite : (X=1.25,
S=216), 'hasmatita’ (X=0.62, 5=1.63).
pyrite (X=0.25, $=0.68) fluorite, zeolite and
astrophyllite.

Mepheline shows negative correlation with
haematite. Microcline  shows
correlation with albite and ilmenite, and
positive correlation  with pyrite.”  Albite
shows nzgative correlation with muscovite,
zircon and ~ pyrite. Sodalite shows positive
correlations  with  aegirine. Arfvedsonite
shows positive correlatiois with' apatite.
sphene, ilmenite and garnet. Biotite shows
negative correlation with muscovite, zircon

negative
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and pyrite. Muscavite shows positive
correlations with zircon ari:l_pvril':é. Musco-
vite shows positive correlations with zircon.
and pyrite. Apatite shows positiva correla:

tions  with sphene, ilmenite and melanite.
Zircon shows ' positive correlation  with
pyrite. limenite shows’ positive correlation

with sphena.

Pegmatites : Ten thin sections of unzoned
to simply and partially zoned alkali pegmati-
tes were studied.  Seven' of the thin sections
are pulaskitic and three of them are nephsline
syenits pegmatites. The sample KA-76-ASA-1
to KA-76-SA-4 represent three zones of a
pegmatite. Tha other samples represent unzon-
ed pegmatites. The means, standard deviations
and correlation co-efficients are given. Thay
are all hypidiomorphic and coarse-grainad,
They show uneven segregations of the consti-
tuent minerals. Seaven out of ten samples
are pulaskitic and only three samples are of
nephelina ' syenita’ (=zensu stricto) which
contain from 8 00 to 18.00%} nephelina.

Microcline varies from ;14.00 to 93 003
(X =50.08, S=25.63). It mostly occurs as big
crystals which show  strong perthitic growths.
Often the intergrowlhs appear to bes mixed
crystals of albite and microcline.  Nepheline
(X=5.49, 5=65.66) when, prasant, occurs as
aggregates of smallar. crystals which are form
suhhedral to--anhedral,. Albita (X=32 49,
$=18.48) ranges from 1.20 to 57.00%. It
mostly occurs as smaller crystals and may
form mixed crystals with microcline. Sodalite
is absent and. cancrinite occurs in, only one
sample i.e. KA.-76-5-12B (0.79%), Calcits,
apatite and zircon are lacking. The
accessory to minor minerals which may occur
are pyriboles (X =2.86, S=4 98; X=0. 80,
§=1.53), muscovite (X=2.08, §=3.92)
biotite (X=1.95, S=1.64), sphene (X=0.50,
5 =0.92), ilmenite (X =1.09, $=1-96) melanits
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(X=0.25,
5=0G4).

hasmatite
(X=0.30,

(X=0.30,
S$=0.60),

g a1.50),
magnstite

pyrite (X=0,50, 5=1.02) and epidote (X=0.10, ~

S5=0.21).

The four zones of the simply and partially
zoned pegmatites are *

(1) The wall zone: It is hypidiomorphic
porphyritic (ASA-1). It contains 895
nepheline, 437, albite, 2L biotita,
5% ilmenite, 23, pyrite and 2%
haematite.

(2) Outer Intzrmediate zone: Its texture is
pegmatitic with uneven segregation of

minerals. It contains only 2% nephsline,
Albite is 45, and microcline is 307,
Unlike the wall zone it contains 159
acgirine, . It also contains 555 ilmenite
and 3%} biotite.

(3) Inner Intermediate zone: Its  textura
is pegmaltitic with uneven segregation
of minerals, Itis free of microcline.
Unlike the other two zones described,
it contains 132}, muscovite and unlike
the outer intermediate zone Is free of
aegirine. It contains 4% biotite and
6% ilmenite. Unlike the outer two
zonas ' described’ it ‘" contains' 3%
sphene.

{4) Core: Its texture is pegmatitic with
uneven sagregation of minérals, The
cora shows concentration of nepheline.
It contains 5%, muscovite and 3%
biotite. ‘Albite is 3794 and microcline
Is only 14%%.

Going from core inwards the amount of
albite increases whereas the amount of
microcline decreases. Nepheling first decreases
and falls to zero in the inner Intermediats
zone but then jumps 1o 18.00%, in ths core.
Biotite occurs in all the zones and the core, its
maximum concentration being in the inner

intermediate zone.

Microcline shows negative correlations with
albite and biotits, and positive correlations
with epidote. Albita shows positive corrala-
tion 'with 'biotita. ' Biotits shows" positive
correlation with ‘ilmenite.  Muscovite shows
positive corralation with sphene.

Four samples of the various zongs of. the
complex zoned pegmatite were studied. The
wall zono is composad of nepheline syenite.
The intermediale zona is pegmatitic. It is
composed of 88% nepheline, . 7% cancrinite,
29/ sodalite, 19,biciite1%, albite. Tha core is
composed of 209 sodzlite, 5034nepheline, 159,
cancrinite, 103, albite, 3.9, elbite, 3%
biotite and 2% ilmenite. . In addition there is
a partially. developed biotite zone. It occurs
near the wall. zone, which contains 70%
biotite, 18% ilmenite, 2% haematite, 6%
microcline perthite, . 3% . albite , and 2%,
nzpheline.

Carbonatites : Two samples of carbonatites
were studied. They are coarsa-grained and
hypidomarphic. They contain 587, te 607
calcite, 6%, mircroclineg, 7%, to 103, asgirine
augite, 79 te 119, arfvedscnite, 15 to'187,
apatite and from 0%, to 1%, ilmznite. The
apatite conlent is of interest.

Fenites : . Two, fenite ' samples: weare

studied: The: fanita is hypidiomarphic; and
poikilitiec.  They . contain. 3.28 to 10.00%

nepheline, 44.00 to 49749, microcline,
10.00%, to 51.265%, albite. 0.00 to 4.00%,
arfvedsonite, 2 00 to 3.029% . bistite, 0.0} to
0.43%, muscovite, 1.40 to, 25.00%, calcite,
0.00 to 5.005, apatite and 0.00 to 1.0.%
ilmenite. , The values. of the iwo samples
reflect the hetrogensity of fenites associated
with carbonatites of the Koga area.

Lamprophyre : One sample of lamprophyre
was studied. It contains 68%, pyribole, 7%
biotite, 29, quartz. 6%, sphene, 6% apatite and
5°L magnetite.



Babaji Syenite; Th:ea samples of whal
is known as the Babaji syenite were studied.
It is fram guartiz syenit: to soda granite
in compasition. It is a coarse grained and
hypidiomorphic —rock. It containg 653 to
775%, microcline 0% to 17%, albite, 79 to
2054 quartz. | Other  minarals . which: may
occur as accessories are soda pyriboles,
biotita, sphene, apatite, zircon, haematite and
ilmenite.

Acidic Dykes : Qne acidic dyke associated
with the Babaji syenite and three dykes
asseciated with nepheline syenite were
studied, They contain 5% to 2% m’crocline,
152, to 309, albite and 159, to 507, quariz.
Other accessory to minor minerals are soda
pyroxene,  biotite, muscovite,  sph=ana,
haematite, ilmenite, magnetite and pyrite.
The agidic dyke associatad with the Babaji
syenite differs from those associated with the
nepheline syenite in that it has much higher
quartz and much lower total feldspar.

Albitite = One albitite was studied. It

contains 86°/ albite, 6%, quartz 59, epidote,
17, sphens and 29} ilmenite.

CHEMISTRY

General : A total of forty nine chemical
analyses of the Koga nepheline syenite com-
plex wore carried out. In  addition, two
analyses of zoned complex pegmatite, one of
albitite, ono of Babaji syenite and three
analyses of acidic dykes were carried out.
Twenty threa of the analyses are of nephe'ine
syenite (sensu stricto), seven of nepheline
syenite dykes, five of sodalite nephelin3
syenits, seven of litchfieldites, two of foyaites
and five of pegmatites. In the following a
brief account of their chemistry is given.

Nepheline Syenite:  The averages and
standard deviations for important constituents
of nepheline syenite are given below !
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§=3.05 Al0; = 20.33,
§=1.65;: Na0=7.79, S=1.43; K= 6.08.

Siaa=58.23,

S= 032 Fe0,= 2.97, 5= 1.15; Naz0 + K ;0=

1385 ; Naz0: K;0=129:Ti;=018.S=01386;

MnU=0.03, S=0.13; Mg =086, S=076
Cad =202, S =1.60; P0s=0.15,  $=0.25

Hi0 =144, S=1128

The contents of 5i0, show significant
negative- correlations  with  MgQ, Ca0 and
H;0 The contents of Na,0 show significant
negative correlation with Al:Qs.

Foyafte : Two chemical analyses of foyai-
tas are given in the following. Since the
number of analyses are-enly two, therefore,
correlations cannot be given. 'The averages

for the important constituents sre Sil,=
57 13. Al =22.27, Na;0=9.98; K30 =.07 and
Feals =2.37, Na,0 + K;0=15.05, Na,0 : KD =

1.97, Mo0 =1.91, Ca0 =1.30, H;0 *=1,78.

Nepheline Syenite Dykes : Seven chemical
analyses of the nepheline syenite dykes were
carried out. The averages and  standard
deviations from a practical angle far important
conslituents are given balow :

Si0,=58.07, S=1.76:
S=1.64 ; Naz0=7.98, S=126 ; K;0-6.87,
: Fead;=191, 5=0599 ; Na0O *

AT,0; =20.82,

§-1.32
K30 =14.85 ; N30 ; K0=1.16 ; Mg0=081,
S-071; Ca0=2.17, S=1.04 ; Pa0s=0.21,

S =0 26 and H:0*=1 28, $=0.39.

Since the number of analyses is Small,
therefore;  significant = correlation (—vea) s
shown only by Al0; and P;0s Butitdoes
not mean that other correlations do not axist
in the population.
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Sodalite-Nazphelinz  Syznitz ¢ Fiva chemical
dnalyses''of the sodalite nophecline :syenites
were carried out.  The averages and standard
deviations from a practical point of view for
impurtant_uonstf!uants ara given balow :

S0, =5592,, ''§=2,29; 'ALD;=23 46,
‘s -047 : Na:0=1068, S=1.28; K:0=4.97,
S =043, Fo,0,=2 32, S=0.76; Na,0 * K=
15.85
0.23; Ng0=0.15,

-89 ; Fzﬂs-ﬂ'ﬂfl S=ﬂ 09 and H2ﬁ+‘-1 11,
§¢.0.32.

The number of analyses is small, therefore
sall'possibla correlations cannot be determined.
sHowever: lhen following correlations’  wera

found :

Elgnlimant negative correlations between
18i0;.'Naz0 snd P20s. :

E:gnlflcant positive cnrfelatmn between

TJDz a"d Pzﬂﬁ ;
Significant positive carrelation  between
Fe;01and Mg0. " : HinsyZ snil
~ ' Significant positive correlation
; Kzﬂ and H;0.

Significant negative currelatlun between
K.O and Hz0.

Litehfieldit 1 Seven chemlcal analyses of
litchfieldites were carreid out. The averages
and standard deviations, from a practical
point of view, for important constitutents are
given below :

;_Naiu:xzi}:zm:Tiﬂ;_:ﬂ.m, o=
$=0.17,Ca0=1.27, 8=

hatween

51[}; =-5E|S'EI,
§$=0.94 :

§=236 ; ﬂ;’cn}:ztsa:.
Naz0 =9.56, $=1.16 ; Kg =4.70,
§=0.93 ; Fe203=1.70, S =0.80 ; Na;0 + Ks0 =
14/26,N30 : xn-zna;nuz-ﬂm

Mnﬂ—-ﬂ U]l

S =0.03,

5=002 ; Mgl}-ﬂ'ES S = 023

Ca0=1.99, 5=071, y;us =0.15, $=0.29 and

tuents are as follows :

a0 =%, 10,:8=0:62.v5 ijsded arlt 28 1 i

Since the. number, of: analyses is small,

therefore; all possible correlations cannotbe

found = However, the following significant
correlations were found :

Between TiOz and Al (*ve).
MnO and P20; (+ve).
{+\'E]- - ¥

Pegmatites : Five chemical analyses of

pegmatltas wera carried out. Avaragea and
standard deviations of the lmportant consti-

Between
Between CaQ and H,0

-

5102=61.65, 'S =183, ~Al0;=21.01,

--:l_l-. ‘am——
S=0.24: Na0=6.12, 5=1.72: K,0=6 97,
N:'lz h"
—
K.r= 0.85 ; ng 0.14,

Mr0=0.01, §=0.03

Fes03=2:88 and 5=2.11,
K20=13.C0 Ma.0 :

S=1.26,

S=0.27; ;' Mg0 = 0.4,

§=0.65 ; Ca0=0.55, S 0.38 : P:0,=0.01

$=0.02 and H:0*=0.57, S =0.22,
Since the number of analyses i3 small,

" therefore all possible correlations cannot be

given. However, the fn”uwlng -:rar:eiahc:ns

were found :

Mgﬂ_andP 0: (*ve). K:0 and P30 and
(P20s (+ve). " Tioz and Mno’(*ve):

But these correlations ara doubtful dus
to the truncated distribution of, TiO,, P-0; and
MnoO.

PETROGENESIS

The Koga nepheling 'syenite is'riot an
independent ‘isclated ‘or a local’ derivative.
It'is on the" contrary 'a part of the alkaline
province 'strétching « from Loe '‘Shulman: to
Chamla as Known presently. (Ashraf and
Ghaudhry. 1978).7 This provinca is composed
of nepheline syznites, carbonatites, . soda
granites.and. alkali. porphyries. The:members



of this province

; known so far ara Loa
Shulman nephalina

syenite and associated
carbonatites. Warsak sods granite, Malakand
carbonatites. (Ashral & Chaudhry 1973,
Shewa alkali porphyries, Babaji soda granite
and syenites and Koga nephsline syenite and
associated carbonatites (Siddiqui. Chaudhry
& Shakoor 1988 and EC.L., 1978). This
province is related 1o a zone of weakness

daveloped south of the Dir-Swar subduction
zone.

Some of thase rocks may ba vary young say
Pliocene. The relationship betwaen tezlonic
sslting and alkalines rocks is wzll established.
The alkaline rocks tend to form in areaz of st-
ructural weakness ar tectonic quiesgenze, Such
relations hava bean discussed by Harker (18935)

Kuznetsov (1958, 1%E4) and Sorenssn 1970,
1974).

Along this zene were emplaced the alkaline
rocks and their relatives and derivatives. Pre-
sent authors think that this alkaline province
is rather poorly studied Babaji syenite and
soda granite are comagmatic. The Shewa
porphyries also appear to be related to them.
The Chinglai granodiorite gneiss howeaver is
much older and belangs to earlisr oragenesis.
This gneiss is genetically not related to the
nepheling syenite.

Siddiqui, Chaudhry and Shakoor (1988) regar-
ded the Koga syenite as a single horse shos
shaped intrus’on and derived a sequence
of evolution within this intrusion. Detailad
field investigations and mapping stretched

over a period of one year has changed thes
pictura.

The nepheline syenite is a composite
intrusion consisting of an oblang oval shaped
intrusion of syenite, pulaskite, calcite beating
syenite and nepheline bearing syenites {conta-
ining upto only 153, nephseline) and a
number of dykes rich in feldspathoids to the
gast and northeast of this intrusion. Thesa
dykes are empliced in Babaji syenite. The
differentiation tock place at decper level and
the present nephelin: syenite complex is a

result of multiple intrusion.

The sequence of evolution Is as follows.
Starting from Babaji soda granite and through a
progressive evolution to an alkali entichment
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Babaji nordmaikite, pulaskite and nephzline
syenite were formed. The evolution is mainly

dua to ¢rystallization differantiation and alkali
distribution due to wvolatile concentration

cte. Soda . granites, and nordmarkite  were
emplaced Ffirst. This was followed by
emplacement of western body of

pulaskite and nepheline syenite. At this stage
pulaskitic pegmatites of 0 (with microzline
only) and C types (microzline albite-nepheline
& pyribole bearing) developed With the
nepheline syenits in  this intrusicn developad
nepheling syenite pegmatites of B | 1yos
(nephsaline and microcline bearing) by the enri-
chment of alkalies. {

After the development of nepheline Syenite
propar, thera started a process of “alkali and
volatile enrichment. This resulted in the
development of generatiuns of dykes (rich in
nepheline) and pegmatites This was followead
by development of melanite, pyribole (bictite)
bearing nepheiine syenite of Koga, Bibi Dharai,
Agarai and Sura  Although these dykes ars
rich in alkalies and wvolatiles yet they are
aplitic Their aplitic nature is supposed to be
due 1o pressure quenching., They were followed
by a generation of dykss near Agarai. Namdar,
Landi Patao snd Mians Kandao. They wero
developed due to alkalies and volatiles enrich-
ment. They are coarse grained to psgmatitic.
There are also 'ine equivalents present in the
above areas which is due to pressure quench-
ing. With ‘this came to an end the main
intrusion forming -activity. Thereafter startad
a rapid. concentration of volatiles and alkalies
resulting in the formation of feldspathoids
rich pegmatites. First, dus to enrichment of

-alkalies, Cl, H:0, CO;, 5, Fe formed the soda-

lite bearing pegmatites of group A (Sodalite-
nepheline-cancrinite-microcline biotite .and
py:ite (bearing).

- This was followed by enrichment in alka-
lies, F, H.0, 503, CO;and S which rﬂsulteq in
the formation of pegmatite of type F. (nephe-
line-cancrinite-albite-pyribole-calcite baaring).

Within this evolutionary frame woik and in
the western main body there started ‘the
development of caleite Lbearing nepheline
syenile and catbonatites with accompanying

alkali metasomatism and the formation of
fenites
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AN ANALYSIS OF LITHO-TECTONIC ZONES ASSOCIATED WITH THE
HIMALAYAN OROGENY, IN NORTHENR PAKISTAN

' BY -
R. A. KHAN TAHIRKHELI
N.C.E. and Departmeant of Geology Peshawar University PeshawarPakistan

Abstract. The Karakdrum Himalayas is' chatacterised by some unigue t=ctonic features - which
distinguishe It from the rest of the Himalayas, Some of these are ; occurrence of an island are on its ‘north-
western margin, existence of two suture zones west of Nanga_Parbat —Horamosh ontifarm, and -the cbsence
of the Main Central Thrust, which, in the Central Himaloya demarcates o prominantly the boundary between
the Lesser Himalaya and the Himalayan crystalines. _ :

in this paper, under the light of new tectonic data, an analysis is attempted to differentiats various
Ii ho-ectonic zones in northern Pakistan which were involved in the Himalayon orogeny. ' '
INTRODUCTION, i and ophiolites - bearing flysch of the Indus-

During the past, several geologists have Brahamputra suture.

attempted to produce morpho-and lithotectonic' "~ ' _ There are some features unique to certain
classifications of various, geographical sectors - regions of the  Himalayas which are traceable
of the Himalaya in the Indo-Pakistan sub* *overanaormous distance:  But in some ways,
continent. Thesa, schemes, more or less, ths tectonic models of the Central and Easten
fitted inl_aWadia's'ﬂEE?] four-fold classifica- Himalaya are not consistant with the
tion of " the Himalaya, on  the basis of generalized scheme of the northwestern
orographic featdres ; Wadia's divisions from Himalaya. Some such recently discerned
south to north are : (i) The Outer Himalaya, faatures, which: restrict this correlation,  are
(ii) The Lesser Himalaya, (iii) The Central or enumerated below,

Great Himalaya, and (iv) The Inner Himalaya

- Recent researches on the regional tectonics
or Ladakh Himalava. ¢

_ carfied out in the northern and western. parts

Among the recent workers, Powell and of Pakistan, under the frama-work of global
Conaghan (1973), divided the Central _plate tectonics, have changed. the old concept
Himalaya into fiva morphotectonic zones, g '

alay: and a new tectenic model has emerged for
which from south to north includa :

this region. This change is brought in by

(i) Upper Miocene to Recent molasse of the presence of anisland a'c located on the
the Indo-Gangetic plain and Siwalik Hills, northwestern termination of the Himalayas and
which is separated by the Main Boundary ~~ by thebifurcation of the Indus Tectonic Line
Thrust from, (ii) a zone of southward directed into two suture zones, the Northern Mega-
thrust and nappes of the Lesser Himalayas, shear and the Main Mantle Thrust {Tahirkheli,
(iii) the high Himalaya composed of schists, 1979, West oF = Nanga S Fatbat=Haramosh
aneisses and granites, (iv) fossiliferous transverse antiform.

Cambrian to Eocane sediments of the Tethyan The MBT and MCT, the Quter and Inner

zone, and (v) Cretaceous to Eocene radiclarites boundary of tha Lower Himalaya, meet slightly
o8



wast of the Sutlej River and coatinue-north-
viestward as two adjacant paralisl faults, the
Krol as the outer thrust and Panja as the
inner thrust. Ganssar (1934) has combined
the two. If so, than the Lesser Himalayas,
speaking undsr gzological context, becomes
absent from the northwast terminal section of
the Himalayas. Thus the MCT, which separates
he Lesser Himalaya from ths  Himalayan
crystallines in the Central Himslayas, so for

remains obscured in Karakorum ; as a result, -

some other parameters are to be adopted to
dsmarcate tha entity of Lesser Himalayas in
Pakist:an.

This new development in the tectonic
model necessitated to differentiate the major
litho-iectonic zones in the ncrthern Pakistan
which were involved in the Himalayan otogeny
is order to provide a basa for correlation with
the rest of the Himalayas. In this paper an atte-
mpt has been made to decipher various lithotec
tonlc zones in a stretch, besiween the Shield
Balt exposed in the Indus plain in the -south,
and the northern tip of Karakorum bordering
China in the north.

DESCRIPTION OF MAJOR LITHO-TECTONIC

ZOMES
Shield Belt. The outcrops of the Indian

shield elements are exposed in two areas in
Pakistan. One is the Nagar Parker crystalline
massif, developed in Krunihar Hill on the
southzastern tip of Sind province adjoining
the Indian border. This mass is composed
of grey and pink, medium grained granites,
partially decomposed, which ara intruded by
the later phases of acid and biasic ignzous
rocks, most common. being pegmatite, aplite
and quartz in the former and epidiorite and
gabbro in the latter.

The other exposed remnants of the penin-
sular shield are the scattersed outliers striking
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‘E-\W and constituting low, deaply waathered

hills known as Kirana and Sangla, lying in
Sargodha  district, batwasn  Jhelum and
Chanab rivers Thess consist of slate,
phyllita and phy'litic schists intarrelated with
conglomerata. These matasediments are
interbedded with andesita, rhyolite and tuffs
which are sorrelated with tha Malani valcanics
of southern India. . Among the acid and basic
igneous - rocks, granite, psgmatita, dalerite,
dirrite and gabbros are common.

The Kirana outliers are considsred to ba
ths extsnszion of Upnar jCuddappa systam with
their type section located in the Aravalli
Mountain. in southern India. The deep
seismic profile shows a subsurface connection
of the Sargodha High with the latter which
suggests, the extension of .the Indian shield
to the northwest, concealed under the thick
alluvial of the Indus basin in Pakistan.
Powell and Conaghan (1973), and Stonslsy
(1974, have extended the shield balt in
Pakistan up to Ornach-Nal and Chaman faults
on the west and beneath the HimaTava.'atluast
as far as the Indus ophiolite belt in the north
and northeast. The author considers this belt
to terminate in the north along the Main
Boundary Thrust as shown in the attached
geological section {Fig. 1).

This PreCambrian shield belt in Pakistan
held a pivotal position during and subsaquent
to Indo-Pakistan—Eurasian- collision by form-
ing a formidable check to the stresses gene-
rated from the north and northwest, which
resulted in architacturing the major tectonic
scars in the northwestern margin of the Inda-
pak. p'ate. How much this shield belt
itself is affected by this resistance is not dis-
cernable because of limited exposures of the
outcraps available for structural studies. How-

avar, the outcoma of limited structural
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welding Indo-Pak. plate with
arc.,

the, Kohistan

In Hazara, the MMT occupies a high topo-
graphic front from' the southarn terrain, sug-
gesting the northern contact to coincide' with
upthrown block over the rocks of Hazara and
their equivalents’in the west, which has 'been
incorporated by ' the author in tha Lesser
Himalayan Zone.

Along the MMT, the mafic and ca'calkaline
‘rocks of the Kohistan Zone have thrust over the
folded and varyingly metamaorphosed metase-
dimentary sequence of Besham G_rﬂUp (Tahir-
kheli, 1979), which occupies the northern
margin of the Indo-Pak. continent. Ths

thrust /is-southward . directed and -sutficial
observations reveal a displacement of 10-15

kn, locally in some, sections  this throw may
have further cnhanced: The seismic pattern
on its underground behaviour telemstered from
Tarbela chservatory, suggest this lineament to
spread in 20-40 km wide zone.

The accessibla sections, whera this thrust
is. not much affected by surficial scavengering
and can be clearly deciphered, are located, east
of Sassi Panyari and near Babu Sar Ulta vil-
lage - in  Gilgit . region, Jijal, Shangla and
Mingora in Swat. and near Zulum and Khar
villages in Dir,

This megashear has special s’‘gnificance in
having association of high density rocks, such
as peridotites, mainly harzburgite with web-
slerites, diopsidites and garnet pyroxenites,
which are tectonically trapsported from the
upper mantle. Between Jijal and Pattan, in
the Indus valley, high pressure granulits facies
rocks commonly of garnet — diopsidic pyroxene
—Cafplagioclase—zoisite—tutile are associat-
ed with the MMT,

A thick slice of Besham Group has shown
glaucophane schists association in the close
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vicinily of MMT.  The nateworthy occurrences
are localad in Shangal and Topsin, which were
earlier reported by Shams (1872) and Desio
(1974). Recently some mora sections cone
taining glaucophane-bearing schists are report-
ed from Babu Sar, northeast of Mingora and
east of Zulum. These places contain sporadic
showings of glaucophana schists, its thickest
development being in Shangla, which are
associated with the subduction zone of the
Indo-Pak. plate along the MMT.

KOHISTAN-ZONE

Gansser (1864) and Desio (1964) had
termed Kohistan as a tactonicz zone of Kara-
korum. Due to fack of geological informa-
tions, the tectonic status of Kohistan in the
framework of NW Himalaya remained uncertain
for long. During recent years, researches
carried out by Tahirkheli et al (1979) revealed
a new picture in which Kohistan has been
differentiated as an island arc on the north-
western tip of the Indo-Pakistan Plate.

Kohistan i3 comprised: of  dominantly
mountainous “terrain whera the elevation of
the'mountains rises to over B000' m. a.s.l. The
general trend of the ranges swings beatwean
east and north-east which “corresponds with
the general strikes of the rocks.

Beapause of high ralief, most of the: moun-
tains are snow-clad during winter months, as
a result’ the erosional features of Kohistan
distinguishes it from the surrounding' aress.
Ice skittled, Malterhorn type sharp poaks with
precipitous valleys dominate’ the general
topographic fealures.

The dominant rock types in Kohistan are
comprised of calcalkaline /malic igneous. suite
and granites with subordinata voleanics.. The
matasedimants, forming E-W.trending isolated
linear belts in the vicinily of Kalam, Dir, Chilas
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.and Chalt, show varying degraa of metamor-
phism. 'The following litho-units have been
differentiated in Kohistan (Tahirkheli, 1979).

8. Kohistan Granites, incorporating Ladzkh

Granodiorite and Swat Granites.

7. Deshai Diorites : Orbicular Diorites, Smoky
Diorites, Massive Diorrtes,
Gneissose Diorites.

&§. Kohistan Complex : Bahrain Pyroxena' :
Granulites

Kamila Amphibolites
Jijal Ultramafics
Pattan Garnet Granulites
6. Yasin Group : Shyok Meta-volcanics,
Reshun Group.
4. Dir Group ji. Utrer volcanics
i. Baraul Banda Slates

5. Kalam Group iii. Shou Quartzites
ii. Deshan Banda Limsstong
i. Karandukai Slates

2, Greenstene Complex

1, Chalt Formation

A detailed description of these litho-units
will be beyond the scopa of this paper, there-
fare 'the readers are recommended to fellow
them in a special Monograph on-the Geclogy
of Kohistan by Tahirkheli and Jan (1978).

The Kohistan Zone, as a result of its inter-
action as an Island arc with Eurasia and - Inda-
Pak.  continents, has: undergone severo
deformations. that, beside inducing wvariable
metamorphism in ils rock assemblage, has
created numerous- major and minor tectonic
scars which have not been properly -decipher-
ed so far. The protrusion of Nanga Parbat—
Haramosh transverse antiform Into Kohistan
Zone Is the' reésult of the stresses gencrated
after welding of 'Kohistan “with” Eurasia and
Indo-Pak Plates during “the last phases of
the Himalayan orogeny.

The mealasedimentary deposit, localed on
the northern margin of Kohistan and discussed
eisewhere by the author under Chalt Forma-
tion, Is relatively more metamorphosed than
the rocks of Dir and Kalam Groups. Their
grade of metamorphism, in g neral, rangses
from epi-to meso. but in some isolated sec-
tions in Shigar-valley in Baltistan and-in the
northwest of MNanga Parbat—Haramaosh, loop
kata—grade rocks are also associated. Wadia
(1245}, on the basis of higher grade of meta-
morphism and association of graphitic beds,
had considered these rocks to be equivalent to
Salkhalas undsrlying the Dogra Slates on. the
northwestern morgin of Indo-Pak. Plate.

This metasedimentary belt s consldered
to' bhe ‘much younger 1o "Salkhalas and the
author dees not think it to be older than
Crelaceous. - There are {hres réasons for It
being more metamorphosed than the rest.

Firstly, this belt is involved in severe
tcclonics because of its location between the
Northern “Megashear and 'Nanga Parbat—
Haramosh loop ; secondly, there are chances
of inclusions of tectonic slices from the
abducted Dumordu Formation which is com-
prised of relativaly more metamorphosed rocks
on Eurasian plate margin ; and thirdly, the
elfects of contact metamorphism “by ‘the
younger igneous emanations.

The rest of the metasedimentary outcrops
in the Kohistan zone are comprised of slates,
mica schists, garnet schists, quartzites aod
semi-crystalline limestone. The slates hava
yielded fcssils, identified as Actinocycling,
Discocycling and Nummulites Atacicus,

NORTHERN MEGASHEAR

The northern extent of ihe Kohistan Zone
is dolimited by a Megashear ‘which separates



it from the Karakorum Zone. . This megashear,
since the inception of the idea of the Indus
F_Tactnnic Lina in. ths Tsang Po area: welding
India with the Eurasian Plate, is being con-
sidered its western extension.

The Northern Megashear is demarcated
through Machelu-Hashupa-Tissar in Baltistan,
Hini—Chalt—Yasin in Gilgit and passes in the
vicinity of Drosh through Chitral before enter-
ing Afghanistan. This Meégashear forms a
‘southwardly concave arc which corresponds
to the general trend of the mountains in this
region. This arcuate bend, as considered
earlier by Wadia (1932) and Gansser (1954),
is the raflection of Hazara—Kashmir syntaxis.

Along this tectonic line the metasedi-
mentary sequence of Dumordu Formation has
thrust over the Yaszin/Reshun . Groups and
Greenstone Complex which represent the last
remanants of marine sedimentation. during
Cretaceous in the shrinking Tethys in_ this
region.

The thrust is directed southward and has
a displacement of 10-15 km. In some sections,
this thrust gives a look of high angle reverse
fault which may ba the result of subsequent
stresses generated during the late Himalayan
oragency.

The Morthern Megashear is sssociated
with ophielite suite along the subduction
zone. ' The -volcanic 'rocks, some ‘with well-
developed pillow structure indicating oceznic
origin, 'are assoclated with the Yasin Group
and its equivalents in Baltistan and Chitral:

KARAKQORUM ZONE

Tha Morthern Megashear scparates the
Kohistan zone from the Karakorum, ‘which
comprises tha southern margin of the Eurasian
platform. In Karzkorum, two litho-tectonic
zones are diflarenliated.
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iv Tha Matamorphic Zone |
ii. The Tethyan Zone

These zones have extensions in Chitral
and Baltistan, lying respectively, towards
west and east of Hunza valley where these
observations were made. The ' Karakorum
Range inhibits some of the tallest peaks in'the
world. In the vicinity of Hunza, the elevations
of the mountains ranges from 2400 to 7785 m
above sea level. The main floor of the Hunza
valley isabout 1800 m, in the vicinity of Chalt
and culminates to aver 3500 m. as 1. in ths
north, near the border with China.

The.metamorphic zone,. Iying. on the
sauthern, margin..of the Eurasian continent,
obducts the Kehistan Zone along the Northern
Megaszhear.- -This zons is divisible into two
litho-units ;

i." ‘Axial Granodiorite Batholith, dnd
ii. Dumordu Formation

The Dumordu Farmation of Desio (1863)
was also earlier called Darkot Group by lvanac

et al (1956) and- Baltit Group by -Stauffer

(1968)- (It is comprised of two lithologies,
pelites and carbopates, the former bsing
dominant.

These rocks are comparativaly mora meta-
morphosed than the other rocks occupying the
marginal area of Edrasian ' continent, The
southward extension of these rocks. as stated
earlier, is delimited by the Northern: Megas-
hear and on the north thelr ¢ontact with the
Karakorum Granodiorite is gradational,, which
is demonstrated by the tanguing of granodio-
rite, pegmatite, aplite and lamprophyre bodies
inthe meta-suita. Besides, large bodies of
xenoliths from Dumordu “Formation ares also
found emplaced’in the'batholith-near the'con-
tact zone.
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Among the common: rock types compris-
ing the Dumordu are gneisses, garnet mica
schist, garnat amphibolite, staurolite schist,
micaceous quartzite, and marble. The author
considers thesa rocks to form one of the oldest
units' on the southern margin of Eurasian

plate.

The Karakorum Granodiorite forms an arc-
uate bend, following the general trend of the
mountalns in Karakorum. It starts from Shyok
ﬁal!ay in Baltistan, in the east, and terminates
near Mastuj in Chitral, in the west. Tha
granodiorite is medium grained, mostly mas-
sive but displaying gneissosity on the margins
whera the effect of metamorphism' is more
proniounced. Cumulative result based on the
examination of several thin  sections, reveal
35-40%; quartz, 25-30%, plagioclase 25287,
muscovite and biotite with lesser amounts of
microcling, ortheclase and myrmekite, Acces-
sories ugually constitute less than 13 and
consist of ilmenite, 'magnetife, zircon and
apatite.  The microscopic texture developed in
some minerals, for instance strained quarlz,
bent plagioclase twin lamellae, and presence
of minute garnet crystals point out to some
degree of metamorphism, the Karzkorum
Granodiorite has been subjected to. dating,
with Rb/5r method on two samples of grano-
diorite (Deslo  1984), has given an age of
8.6.-m.y. This date places it .in Pliocene,
which suggests its mild metamorphism to bs
the result of ilast ‘phases of Himalayan

orogeny.

The northern contact of Karakorum Grano-
diorite is faulted. In Hunza valley, this fasit
lies between the . granodiorite and Passu
States. - The fault is east-west. trending and
dips steeply towards south and marks a sharp
contact between the rocks,

.. This fault has a regional status'and has
besn also diagnosed’ farther east, displacing
the similar type of saquence between Alchori
and Dassu in Shigar valley and upstream of
Machelu in Shyok walley in Baltistan, whers
the extansion of Karakorum Granodiorite has
been: marked. The fault lies between the
slates, considered eqguivalent to. Passu. Slates
and Karakorum ar-Axial Granodiorite:Bathalith.
Here also the fault: is. northward  directed at
medium. to high angles and may have a dis-
placement of 5-10 km. - Mattauer &l al. (1979)
have named this fault as Main -Karakoram
Thrust. Soma_[ate acid igneous Intrusives
assoclated with the granodiorite cut across
the fault and appear to be younger to the
fault. It may be meantioned here that some
of the earlier workers considered the Axial or

Central Gneisses of Karakorum to form a
wedge of upthrust basement forming a root

of northward directed thrust and nappes of the
Lesser Himalayas, which was assigned a
Precambrian age.

The Tethyan Zonsa is separated from the
metamorphic zone by Karakerum Granadiarite
batholith, It is comprised of sedimentary
rocks which yielded Late Palasozoic fauna.
Based on Schnieder’s (1957) and Desio's
(1972) classifications, the following rock for-
mations are differentiated in this zone :

(i) Passu Slate, -(ii) Gujal Dolomite, (iii)
Gircha Formation, a complex of argillaceous,
arenaceous and calcareous rocks, (iv) Kilik
Formation, dominantly calcareous with sub.
ordinate argillaceous and arenaceous beds,
and (v) Misgar Slates.

The assemblage of competent cathenate
and incompatent argillaceous rocks in the
Tethyan Zons have behaved varyingly to the
regional tectonics, as a result complex natura
of structures are developed. Undulatary



sirikes, squeazed folding, block faulting and
thrusting are qui:a significant structural
features displayed by these rocks.

The general tectonic trend In tha rocks
swings between NW: to - WNW _and is paralls!
to the tectonic axis of the Karakorum Granodi-
crite batholith, lying to the south. On the
basis of various cycles of igneous. emanations
and structures, one may work out atleast three

phases of orogenic activities during Alpine

period, Paleocene,

Pliocena.

Eocene and Miocene/

Pre-alpine structural elements are present
in the Tethyan rocks which have esriier been
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_reported by Desio (1872) also. Those elements

scem ‘to point out to an orogeny in the
Palagozoic, which may belong to Heréynian
or earlier. According to Dasio; thess move-
ments have given rise to Upper Hunza Fault
and Chalt Fault, which were reactivated dur-
ing later Alpine orogenic. phases, The author
considers both of these faults to  have
ofiginated during the earlier Alpine orogeny ;
Chalt Fault which is the westward extension
of the Indus Suture was created during
Kohistan—Euarasia contact sometime  during
late Cretaceous whereas the Upper Hunza
Fault may be as young as Oligocene/Miccene.
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TECTONIC FRAMEWORK OF THE INDUS OIL AND GAS BASIN
By
MAHMOOD H, CHAUDHRY

Hydrocarbon Development Institute of Pakistan, Basin Studies Division, Islamabad, Pakistan.

Abstract : The tecronic framework of the Indus oll and gas basin sensu stricto [ rermas of Interrelation

ship of Its varlous constituent structural elements, is belng considered for the first time, Generally speaking

the indus oll and gas basia Is comprised of plateform monoclines In the east and belt of en echelon depresﬂuﬁs
alongwith thelr folded flanks. In the west.

A detailed study of geological construction of the Indus oil and gas basin comprising of an area of
275,000 59, Km , aided with the Interpratation of satelllte imagerles furnishes a great deal of Informatlon
cbout varlous structures existing in the area, otherwise uniddentifiable through canventional geologlcal means
of study. It was noticed that most of  the  structural elements In the study area are demarcated by regional
faults, The transitianal zonss betwean - the platform monoclines and depressions .are complicated by meri-
dionally elongatad val structures. The Sukkur region Is Interpreted as an aulacogen. It Is established that

Sukkur agalacozzn Is In dirzct continuation with the Gambay graben, a highly prospective reglon “for oll paols,

INTRODUCTION : system of deep depressions which have
The present paper deals with the tecto- fnrm?d in- _the ‘cnn]ug.atlun of African,

o K ¢ thieset Pakistan Arabian and Indian ‘ancient platforms with

g tramework Of gesilLaamis " the Alpine-Himalayan orogenic belt (Fig. 1).

stretching between |atitude 24°N —32°N and P : :

longitude 67° E-73° E approximately. The Thesa vast regions of subsidence are distin-

areg undor - study, satisfying all 1ha. threa guished as laterally heterogencous (Olenin
oy ) 4 1977) or folded-platform basins' (Sokolov

conditions, I..e. generation, accumulation of :

: : 1977). Thess are charactarized by asymme=

dispersed hydrocarbons and conservation of : i :

il and gas pools, for a given oil and gas trlg construction®  Their dno flank is formed

E T hean' namMet Ly iha avthor)as of a wide, gently dipping platfarm mono-

?:::Ius oil and as bodnd_ Geogiaphically cline and the other presents  itself as a

7 . Daepl

itis confined 1o the ‘lower course of the narrow  folded zo.na asply "submerged

river Indus. Since, the oil and gas basin parts of| these |basinz jaje ‘ganerally—cofn-

occupying the upper course of river Indus is prossed againstjihe folcat Hank.

popularly known in the literature as * Kohat-

Foldad-platform or laterally hetero-
Potwar oil and gas basin'’, therefore, it will

geneous Indus oil and gas basin is situated

be appropriate to call the area under review bstwesn the alpine mountain ranges in the
simply as “Indus oil and gas basin." west and Thar desert in the east. Northern,
On regional basis, Indus oil and gas eastern and southarn limits of the basin are

basin may be considered as part of a vist defined by the large platform uplifis. In the
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west it is bordered by the Sulaiman-Kirthar
orogenic belt. In the south-west tha basin
extends into the shelf area of the Arabian
sea, where its western boundary is marked
by the submerged Murray ridga (Fig. 2). In
the extreme north, Indus basin is separated
from the Kohat-Potwar oil and gas basin by
the Pezu anticlinal zone.

Major part of the
basin lies within
insignificant

Indus oil and gas
Pakistan, whereas an
south-gastern part extends
over the Indian territory. Tha basin
occupies an approximate area of 275,000
5q. Km, Maximum thickness of sedimentary
cover in its daeply submerged parls exceeds
10 km.

The present discussion of tectonic
framework of the Indus oil and gas basin
sensu stricto is being attempted for the first
time. The study is accomplished through
personal observations of the area, supple-
mented with tha interpretation of satellita
imageries and analyses of the available
geological and geophysical - data in
Iirerature_.

PREVIOUS WORK :

Literature dealing with the structural
framework of Pakistan in general and that
of Indus oil and gas basin in particular is
very limited. Short notes, touching upon
separate structural elements of Pakistan are
eonfained in the principal works of D. N.
Wadia (1953) and M. S. Krishnan (*968)
also  some gelogical informations ara
available in publications by Vredanburg
(19.:1), Ges. (1948), Eames (1852), Tainsh,
et al. (1959),  Williams (1959), Gigon
(1963), Khan, et al. (1963), Gansser
(1973), Khain (1974), Beka, et al. (1976),
Farah, st al. (1977), Victosky et al. (1977)

and others. Colombo plan project report,
Reconnaissance geology...1960 has been a

significant contribution towards the under-

standing of tectonic framework of south-
western  Pakistan,  Similarly geological
map  of Pakistan in the =cale of

1:2.000,000 provides a great deal of infor-
mation for understanding the nature of
individual structural constituents of Pakistan.

Geological construction of Pakistan, as
a whole, was discussed by W, A. Zuberi and
E. P. Dubois (1962) in their work on the
basin architecture of Pakistan and by H,
Rahman (1863) while describing the petro-
leum geology  of Pakistan. - Finally a
detailed account of the “major. tectonic
elemnents of Pakistan was. described  and
partrayed on a tectonic mapin the ‘scale of a
1:2,000,000 byl A, Voskeresensky, K, N,
Kravichenko and B. A. Sokolov (19.65) B. A.
Sokolov andS H. A Shah {1968). This_ tecto-
nic map was Improved and reproduced in the
scale of 1: 5,000,000 (Voskresensky, Kravt-
chenko, Sokolov, 1968, 1971). Rizvi, st al.
(1972) while discussing oil and gas prospects
in Pakistan, have _also described tectonic
framework of parts of Pakistan, :

PRINCIPAL STRUCTURAL ELEMENTS

From the tectonic point of view, Indus
oil and gas basin is comprised of two
major elements. These are from west to castern
echelon bsjt of depressions alongwith their
folded flank and platform  area The en
echelon belt of depressions from north to easten
south is composed of - Suiaiman, Southern
Sibi, Kirthar andg Karachi depressions, The
folded flank of tha depressions from north
to south is comprised of Zindapir,” Mari-
Bugti  and Sanni-Mazarani folded zones,
From cast the belt of -depressions is adjoin-
ed by the platform monoclines -Punjab and
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Sind. Almostin the centre ‘of the platform
area, in sublatitudinal direction, extends the
Sukkur aulacogen, separating the Punjab
monocline from that of Sind.

Considering paculiarities of construc-

__tion of Indus oil and gas basin, all of its

territory can be subdivided into three
structural elements—Punjab region, Kirthar-
Sind region and the intervening Sukkur
region. The limits of these elements are
generally defined by faults, established by
the author during the interpretation of sate-
llite imageries. (Fig. 3).

Sukkur Region

Peculiarities of construction and develop-
ment of Sukkur region permitted to propese
new, significantly differing from the earlier,
interpretation about its tectonic nature. Here
it is being considered as an original structure,
instead of a superimposed plateform high as
defined by the earlier workers, which may be
called an aulacogen. It occupies intermediate:
position between Sibi depression on the west
and Cambay graben on the east, and is
stretched in ‘orth-west direction. The length
of Sukkur aulacogen is approximately 410
Km., and width 210 km.

In the north, frem west to east Sukkur
region is bounded by Southern Sibi depres-
sien, Mari-Bugti folded zone, platform flank
of the Sulaiman dspression and Punjab
monocline. In the west it is limited by
Kirthar depression and in the south it is
berdered by the Sind monocline. At its
eastern continuation, from' north to south
are situated-Jaisalmer-Barmer uplift (con-
sisting of exposures of Mesozoic and
Paleogene sedimentary rocks), Cambay graben
and Nagar Parkar uplift of the plateform.

From these elements the aulacogen is separat-
ed by the Jaisalmer-Sujawal lineament
(Fig. 3).

The  structural interrelationship of
Sukkur  aulacogen and Sulaiman-Kirthar
folded system reminds that of correspond-
ing Khaptchagai vaal and verchoyan folded
system in the Leno-Vilui oil and gas basin
of U. S. S. R, as described by B. A. Sokolov
and E. P, Larchenkov (1977-7.). The
author has also noted, that N. A Kalinin
(1966) has marked in the Sukkur region and
existence of a north-west oriented fault, on
a hypothetical map describing the structure
of Prascambrian basement of Indian platform.
This major fault is shown to extend from
the relatively young Cambay graben all
through - the  Sukkur aulacogen and Si bi
depression Whereas J. B. Auden (1974)
has indicated a possible continuation of
Cambay graben in the Sukkur region. In
author’s opinion in the south, the Cambay
graben and adjoining Katch, Kathiawar grabens
furnish an example of marginal splitting of the
Indian platform into individual blocks. (Fig. 2).
This may have permitted the formation of the
above mentioned modern  intraplatform
depressions,

Sukkur aulacogen is composed of Mari
vaal in the north, Jacobabad vaal
in the south and intervening intraplat-
form Pano Agil depression. Al | these
elements are stretched in north-west direction
and are demarcated by major faults (Fig-3).
At the south eastern continuation of Mariand
Jacobabad vaals, slightly offset by the Jaisai-
mer-Sujawal lineament, are Situated Jaissimer
uplift and Nagar Parkar block upiift of the
platform. It is worth mentioning. thas Cambay
graben is in continuation whith fano Agil
intraplatform depression.

OO OO OO0t At




Jacobabad vaal forms the elevated part of
the Sukkur aulacogen, relativa to which Marl
vaal is low lying. Jacobabad vaal consists of
two domes; Jacobabid in the north and
Khairpur in the south Th'ckness of Cretaceous
rocks at Khalrpur structure excesds 1.5 km .,
whereas at Jacobabad structure they complete-
Iy pinch out and here Jurassic horizons  occur
at:a depth of 1 0 kmor so; This characterizes
tha Sukkur region for shallow occurrence of

Mesozoic rocks especially the Lower and
Middle.

Maost of the Sukkur region is covered by
recent sedimsents, and only near  Khairpur city
Middle Paleogsns rocks are exposad within its
confines, Sulaiman-Punjab Region.

Sulaiman-Punjab region is composed of
Sulaiman depression alongwith' the: folded

flank-Zindapir, Mari-Bugti folded zones; and
Punjab monocline.

SULAIMAN DEPRESSION

Itis a large area of subsidencs.  Intha
west it is bounded ‘by ‘Sulaiman maganticli-
norium and Southern Sibi depression. In the
east it conjugates with' Punjab monocline and
in the south with Sukkur aulacogen. Inthe
north itis separated from Kohat-Potwar de-
pression by the Pezu anticlinal zone.

Two distinct elements are distinguished
within the .confines of Sulaiman depression.
These are: (I) internal folded flank and (1I)
external platform flank. = As compared with
the - platform flank, folded flank of the
gulaiman depression is much shorter. Platform
flank presents itself as a simply constructed
monaocline.

(1) Internal folded fiank of thes Sulaiman
depression is comprised of two folded zones :
(a) Zindapir and (b) Mari-Bugti.
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(a) Meridionally oriented Zindapir foldad
zona forms the western flank of Sulaiman
depression (Fig: 3). It is approximately 320
km. long and 30 km. wide. In the west Zinda-
pir folded zone is bounded by the Sulaiman
meganticlinorium, The contact between the
two is marked by the Zindapir fault (Fig. 3).

Zindapir folded zone consists of two en
echalon anticlinal zones ; Afiband and Sakhi
Sarwar. These anticlinal zones ara offset by
the Sakhi Sarwar fault (Fig. 3). Afiband
structure presents itsalf as a major anticlinal
zone with narrow crest and box form. Its
hinge, as a whole is plunging towards north.
It has a siza of 110% 10 km. approximately.
Four anticlines are distinguished on the axis
of Afiband anticlinal zone. These are from
south to north Zindapir, Afiband, "Rhodo and
Dhodak. Cretaceous and Paleogene rocks are
exposed in the cores of these structures,
Afiband anticlinal zone has a complicate struc-
ture. Within its confines are distinguished
underthrusted and overthrusted blocks. Ele-
ments of analogous construction are known
from a number of other ragions of the world,
for example, in tha western folded flank of the
Weastern-Canadian oil and gas basin aid in the
Tar-Sunjen range of the Northern Caucasus
(E 0. Brod, et al., 1960).

in the south, Afiband anticlinal zone is
en echelon succeeded by Sakhi Sarwar anti-
cline, which has a size of 30x10 km. approxi-
mately. Neogene rocks aia expased in the
core of the anticline.

(b) Distinctly expressed In relief  Mari-
Bugti folded zone occurs in the south-west of
zindapir folded zone. It has a size of
150 x 100 km. approximately. For this strue-
tural element of the Indus cil and gas basin,
sublatitudinally  oriented

anticlinal ' zonss
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are characteristic. Tha latter are separated
from each other by wide. shallow synclines.
From north to south, following major anti-
clinal zones ara distinguished; Pirkah,
Giandari-Zin, and Sui-Uch. At these folds
rocks: of Lower and- Middle Paleogene are
exposed. The folds hava wids, smooth crests
with gently dipping northern and stesp
southern limbs. Generally fold construction
approaches to box form.

Mari-Bugti folded zone, dus to its expres-
sion in relief and construction of folds, can be
divided into two parts-Northern and southern
zones. Northern zone is characterised by
elevated position in relisf, expressed as moun-
tain ridges and complicate folds. The anti-
clinal zones of this part, along the strike, are
in continuily with the structures of the nsigh-
bouring Southern Sibi depression, The
Southern zone is low lying in relief andis
characterized by simple fold farm.

(1) External platform {lank of the Sulaiman
depression presents itself as a submeridionally
oriented large area of subsidence, It has a size
of 470x75 km. approximately.. Most of the
territory of ‘the platform flank is coverad by
alluvium.  In the upper part, it is filled with
Neogene, Upper Paleogene molasses, which is
underlain by thick sequences of Mesozoig and
Lower-Middle Paleogene marine sediments.
Thickness of the molasse complex exceeds 35
km. and total thickness of sedimentary filling
may be waell over 10 km. Mesozoic and Lowar-
Middle Paleogene rocks sharply thin out in the
direction of Punjab Monecline.  This provides
a sound base to postulate the existence of
traps connected with: pinch out.and unconfor-
mities on the platform flank of the Sulaiman
depression.

FUNJAB MOMOCLiIMNE

Punjab monocline is situated in the nosth-

eastern part of the Indus oil and gas basin. It

is bounded in the north-east by Sargodha, in
ths east by Bikaner and in the south-east by
Jaisalmer-Barmer  uplifts of tha platform.
Sukkur aulacogen serves as its southern limit-
ing element. In the west it conjugates with
Sulaiman depression.  MNorthern, southern and
south eastern boundaries of the Punjab mono=-
cline are marked by faults (Fig. 3), Its length
exceeds 550 km. and width' reachss a ‘maxi-
mum of 180 km.

Morthern half of the Punjab monocline is
comparatively shorter than the southern. The
angle of inclination of Masozoic racks is in the
order of 2-3°. Dip direction changes from
south-west In the north, to north-west in the
south (Voskrasensky, et al., 1971). At tha
extreme east of the Punjab monocline, base-
ment rocks were penctrated at-a depth of
approx.: 3 km: in the Karampur. structure.
During the interpretation of the . sateliite
imageries, possible vaal type, submeridionally
oriented structural element-Kot Adu (Fig. 3)
was  noted in the:transitional zone between
the Punjab monocline and Sulaiman dapres-
s10on.

KIRTHAR SIND REGION

Kirthar Sind Region occupies the southern
half of the Indus oil and gas basin. It is com-
prised of Kirthar depression alongwith its
folded flank-Sanni-Mazarani, Southern Sibi
depression, 'Karachi despression and Sind
monocling.

KIRTHAR DEPRESSION

Kirthar depression .is'a narrow, ‘meridig-
nally elongated ‘asymmetric zona of subsi-
dence. It has (1) a narrow, internal folded
flank in the west and (II) comparatively wider,
external p'atform flank in the east.

In the west Kirthar dspression Is limited
by Kirthar meganticlinorium and in the east by
Sind Monocline, and Sukkur aulacogsn. In



tha. north, itis suczaad ed by Southern Sibi
depression. In the south of Kirthar depres-
sion, en echelon occurs ths Karachi depres-
sion. Eastern boundary of the Kirthar depres-
sion, as interpreted from satellite imageries, is
marked by the Jangshahi fault (Fig. 3).

() Internal folded fiank of the Kirthar
depressions is represented by the Sanni-
Mazarani folded zone (Fig, 3).. It is made up
of two asymmetric -anticlinal zones. These
ara (a) Sanni in the north and (b) Mazarani in
the south. Their total length is around 340
km. and width upto 20 km.

{a). -Sannl - anticlinal, _zone fiom  the
surface is mads up of Middle, Upper Palsa-
gene and Neogene rocks, In the northiten
echelon joints  with Bennh anticline of
Southern Sibi depression.. Within its confines
narrow, | comb - like, anticlinial fold-Sanni,
having a size of approx- 55x 10 km. is clearly
outlined.. Structure of the Sanni fold Is com-
plicated by faulting and secondary folding.

(b) Within the confines of Mazarani anti-
clinal zone, meridionally oriented Mazarani
fold, having a size of abont 70x15 km.is
distinctly expressed in relief.  In'the section,
it has a smooth transverse profile. Tha
gastern limb of the fold is complicated by
faulting. Roecks exposed on the Mazarani fold
are of MNeogene age.

(1) External platform_flank of the Kirthar
deprassion is a meridionally elongated, narrow,
submerged zone and has dimensions of
380 x40 km - approx.  In the north it is filled
with Neogene maolassic complex reaching a
thickness of more than 4 km. (Movshovitch,
et al., 1965). This i5s underlain by Palsogena
Mesozoic marine sediments. The total thick-
ness of sedimentary filling exceeds 10 km.
Within the confines of platform flank as a
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result of geclogical and geophysical studies
iwo local depression are distinguished. Thesea
are Dadu in the south and Kachhi in the north.

(Voskresensky, et al., 1971, Rizvi. et al.
1972).

SOUTHERN SIBlI DEPRESSION

In the present study it is consicered, that
anly the southern, submerged part of the Sibi
depression falls within. the limits of Indus oil
and gas basin.. It is, most probably, centro-
clinal-closure of :tha Kirthar depression. Its
siza is- approximately 120x 80 km. . In the
north it is bounded by the MNorthern Sibi
depression; which is, at places. orographically
elevated _up to 3.5 km. or mora above sea
level. Inthe north and south Southern Sibi

depression Is limited by Sulalman meganti-
clinorium and Sukkur aulzcogen respectively.
Its western boundry with the Kirthar depres-
sion is marked by Jungshahi fauit (Fig. 3),
whereas its eastern extension is limited by the
Mari-Bugti . folded zone.  Southern = Sibi
depression Is filled with molassic complex,
exceeding 5-7 km. in thickness.

In the Southern “Sibi depression folds are
perpendicularly oriented to its main elongation,
e g. Sshpal, Khattan-Nari, Bambor-Bannh
etc. Fold structure in the south is asymmatric
and simple. In the north thess are complicated
by secondary folding and havs stesp limbs
and deeply submargad synclinal troughs.
According to Voskresensky et al.,' (1971) the
folds are developed in Neogene molasse and
have a tendency of overturning towards south.

Peariclines of folds from the neighbouring
zanes for'a long distance  project in the
Southern Sibi depression: - Thus, for example,

western pericline of Pirkoh anticlinal zone ol

the Mari-Bugti folded zone joins with the
anticlinal zone Bambor-Bannh, which, in turn,
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en echelon joins with the Sanni anticlinal zone
of the Kirthar depression.

KARACHI DEPRESSION

The Karachi depression is situated at the
southern periclinal termination of the Kirthar
meganticlinorium. The length of the Karachi
depression is approximately 230 km. and width

reaches to a maximum of 100 km. in its
southern part. From west and north it is

[imited by Kirthar meganticlinorium  In the
east it conjugates with Sind monoeline and
here its boundry is marked by the Jungshahi
fault (Fig. 3). Karachi depression narrows
down in the north, where as in the south it
opens up into the Arabian sea.

Sedimentary filling of the Karachi depres
sion includes Palecogene and Neogenes marine
terrigenous sediments reaching a thickness of
§ km. or mora, underlain by the Cretaceous

and possible Jurassic rocks.

In the section, Karachi depression has
an asymmetric profile with the shifting of
its axial part, some what towards wesl.
Almost all the anticlinal zones are confined to
eastern flank of the Karachi depression.
Western flank presents itself as a -narrow,
simply constructed monocline. Structura of
the eastern flank of the depression. is com-
plicated by submeridionally oriented asym-
metric anticlines, Northern half of the depres-
sion relative to the southern is hypsometrically
elevated. Here the folds have smooth gentle
crests.. The cores of the folds are formed of
Uipper Paleogene rocks.

Southern haif of the Karachi depression is

submerged. Here rocks of Miocene age are
exposed on- the suiface. Towards further

south these are wunderlain by terrigenous
Pliocene sediments. The rocks have principally

near horizontal attilude and clearly expressed

folds are abzent, Some local structures are
known in the south-western offshore and

south-castern shelf area.
SIND MONOCLINE

Sind monocline is situated in the south-
eastern part of the Indus oil and gas basin.
It is limited from north-by Sukkur aulacogen,
in the east-by Nagar Parkar uplift of the plat-
form. In the west Sind moneeline conjugates
with Kirthar and Karachi depressions. Here
its boundary is marked by Jungshahi fault
(Fig. 3)-

Sind Monocline, as compared with the
Punjab monocline, is significantly low lying.
In the extreme west structure of the Sind
monocline is complicated by meridionally
elongated Mohenjodaro-Lakhra vaal, ' having
a size of 300x40 km. approx. Northern
Mohenjodaro part of the ‘structure (Fig. 3) is
marked by the author curing the interpretation
of satellite imageries. Lakhra part, occupying
the southern half of the' ' structure, is compli-
cated by meridionally elongated brachyanti-
clines. Aocks of Paleogene and Neogene ages
are expased within the confines of the vaal.
Msbisar - arc | is another structural featurs
situated in the south-sast of Sind monocline,

where a number of small local folds are out-
line . Moithern half of the Sind monocline is

submerged relative to Sukkur aulacogen and
Mohenjodaro-Lakhra vaal.

Sedimentary cover on the Sind monocline,
where a number of small local folds are out-
lined. Northern half of the Sind monocline
is submerged relative to Sukkur aulacogen and
Mohenjodaro-Lakhra vaal.

Sedimentary cover on the Sind monocline
is formed of Mesozoic, Paleogenes and
Meogene rocks. These are, for most part of
the Sind monecline, underlain by alluvium.
On the Sind monocline Mesozoic rocks are



fully developed: Paleogens formations show a
tendency of sharp, decrease in their thickness
fram west to east.

DISCUSSION AND CONCLUSIONS

The present detailed study of geological
construction of Indus oil and gas basin aided
by the interpretation of satellite imageries
permitted to define its boundaries. It has
been noticed by the author that eastern boun-
dary of the basin is marked by Bikaner and
Jaisalmer-Balmer uplifts of the platform.
Whereas within the confines of the Nagar-
Parkar high, limiting the southern extention of
the basin, a separate block elemant boundad
by the faults, has baen delineated.

The performed 'studies: revealed that: the
Sukkur region of the platform "area provides a
classical “example ~of triple junction. - It is
postulated that Sukkur ‘region through, and
only at a later stage, possibly at ‘the end of
Jurassic time, it has exprienced an inversion
under the effect of lateral compressional
movements. Thisis confirmad by ths com-
plete absence of Cratazaous rozks at Jacob-
abad dome.

Interpretation of the Sukkur ‘region asan
aulacogen is of great significance, both from
theoratical point of view and for practical pur-
poses. Sukkur region, probably, hasa black
construction. This is propounded both for the
Mari and Jacobabad vaals -and: for the intra-
platform Pano Aqil depression. Such an
interpretation also offers solution for the
sudden exposures of Middle Paleogene rocks
near Khairpur and - Mesozoic-Paleogene rocks
in the viginity of Jaisalmer, uplift of individual
which have most probably resulted due ta the
blocks, under the effect of dominant compres-
sional area.

Sulaiman-Punjab and Kirthar-Sind region
though situated in the north and south of

=kl

Sukkur aulacogen. ' demonstrate a striking
similarity in their construction, From east to
west these ‘are composed of platform mono-
clines ‘and ‘adjoining ~depressions. In both
these reglons, maridionally 'oriented  vaal
structures are- disposed 'in the transitional
zones between the platform monoclines and
depressions.

Position of Mari-Bugti folded  zone,
termed by the previous workers as Sui trough
(Zuberi and Dubois, 1962) or saddle (Sokolov,
and Shah. 1966) is conjectural. This strue-
tural element is considered in the present work
as a folded flank of the Sulaiman depression.
Therefore, it is proposed, that within the
confines of Mari-Bugti area both the internal
and external flanks of the Sulaiman’depression
have undergonse lateral compressional as well
as vertical movaments. Thus the present sub-
latitudinal orientation  of the anticlinal zonas
of Mari-Bugti folded zons is possibly a resul-
tant of an action of a variety of forces. The
intensity of compressional forces was more
savere from the northern, that is from the
rising alpine orogen side. This is confirmed
by the complicate folds in the northern and
comparatively simple fold -forms in the
sputhern parts of the Mari-Bugti: folded zone.
The latter was not only compressed, but was
also pushad forward towards the more mobile
aulacogen region.

There is no doubt, that the newly inter-
prated structures need further work for the

precise confirmation of their internal constrdse-
tion. However, it is possible to say that the
focation of Sukkur aulacogen in continuation
of Cambay graben, a highly prospective region
for oil pools, provides a reason 1o carry aut
such studies by geophysical means and strati-
graphic drilling. ~ Similarly vaal type platfarm
structures-Kot Adu and Mohenjodaro-Lakhra
could also be prospective for oil accumulation.
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-They are such disposed, that migrating hydro-
carbons from the neighbouring depressions
could hardly escape. -if intercepted on their
way by suitable traps. In this iconnection
Lakhra structure may be cited as - an aexampla,
which has yielded, though overwhelmed by
uncombustible components, gas pools.

An immediate deduction of the above
‘8ludy shows that the several constituent

structural elements of the Indus ol -and 'gas
basin are demarcated by major faults, which
have been interpreted for the first t;me from
satellite imagery. . It, therefore;  confirms that

these, features viz., platform area, Sukkur

aulacogen and depressions need separate
treatment, while evaluating their potential in
terms of minerals and mineral fusls.
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A PRELIMINARY STUDY OF TECTONIC ELEMENTS
IN DARRA ADAM KHEL AREA, DISTRICT KOHAT

By

ABDUL WAHEED

Hydrocarbon Development Institute of Pakistan, Islamabad, Pakistan.

_ Abstract : A part of Kohat tribal belt in Darra Adam Khel- area. (Kohat distrlct) was: mapped. for
geological and structural studles, The area exhibited a tectonlc style of typlcal |lateral comprassional
movements. Two enormous sheets of older allochthonous sediments are overthrusted -over. younger autoch-

thonous strata In quick suecession.

A detailed study of geology and mode of deformation of two allochthonous

sheets Is given along with thelr possible mechanisms of detachment and tangentlal displacement,

INTRODUCTION

The area studied covers approximately 135
square kilometers in Kohat-Potwar depression,
lying within longitudes 71°26, 20"'-71° 34
35" East and Ilatitudes 33°36, 407-33° 0"
North.

The ares is of moderate relief with surface
of rock strata rising approximately 534 metres
above sea level from the alluvial tracts to
abhout 1526 metres above sea level in
mountain peaks. A network of intermittent
streams drains the entire area with major
streams occupying mature, terraced valleys.
Dominant drainage pattern Is dendritic. Alter-
nating hard and soft lithologies make distinct
escarpments and strik e velleys in the scuthern
and middle part of the area.

Four times photographic enlargements of
original toposheet No. 38 0/6 & 38 0/10 of
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Survey of Pakistan provided the base for all
geological and  structuraj . studies. Tha
project was completed as part of requirements
for M. Sc, thesis,

STRATIGRAFHY

Tha rack units exposed in the area range in
age from Middle Jurassic to Miocena with
sub-Recent to Recent alluvium. The body of
rocks consists of structurally complex sequence
of sedimentary units that exhibit significant
contrasts in their facies -and" thickness. After
the study of inter-relationship betwean
lithology and structure it was evident that
Miocene autochthonous: strata of Murres
Farmation are owverthrusted by older alloch.-
thonous sediments in two successive sheets.
Following stratigraphic = succession  was
established in the area :



Autochthonous Sediments
Age
Early-Middle Miocene

Allochthonous Sediments
Age
Paleocene

Crelaceous

Jurassic

Formation
Murree Formation

Formation
Patala Formation

Lockhart Limestons

Hangu Formation

Kawagarh Formation

Lumshiwal Formation

Chichali' Formation
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Characters

Sandstone, purple. dark-
greyish-brown, - greenish-grey,
medium to coarse-grained,
conglomeratic ; shale, pumple
and reddish brown.

Characters

Shale, greenish grey. calca-
reous, hard, splintery; intercal-
ations of 'nodular limestone;
uncommon grit and - microcon-
glomerates eccurrence; Forama-
nifera commaon.

Limestone, medium' to dark
gray, finaly crystalline, massivs,
nodular; fetid odour; Forami-
nifara commaon.

Sandstone; white, stains rusty
brown, reddish, pisolitic laterite
neat the base; shale reddish
brown, ferruginous; intercala-
tians of marl and shale.

—Disconformily—————- (g

Limestone: light 1o medium
grey, fineé grained, medium 1o

thick-bedded, occasionally
thin-bedded.
———Disconformity —————

Sandstone and quartzose sand-
stone, greenish grey’ to” brow,
nish grecn, stains brown, fine
to medium grained.

Shale, black, areenish grey,
glauconitic; yellow dolomite
with ~ bedded  chert; | fossil
fragments on weathered ferru-
ginous surfaces at the base.

——————— ——Disconfarmity ———

Samana Suk Formation

Limestone, medium. to - dark
grey, oolitic, medium to thick
bedded, occasional dolomitic
beds; base not exposed.
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TECTONIC ELEMENTS

The maost  distinctive tectonic elsmeants
established after detailed geological and
structural studies are two low-angle thrust
faulls of significant translational movements.
Two allochthonous sheets made up of older
sediments have thrusted over younger auto-
chthonous infillings one after the other along
these bedding plane thrust. faults and repre-
sent two nappe Structures.  Th2ss nappes
possibly resulted as a consequence of
sdecollement’” of the sedimentary cover along
some favourable lubricating horizons involving
allochthonous series of sediments. Sadiments
of two allochthonous sheets wera deposited
with a similar history of formation but differed
gomewhat in® material because the source
rocks in two areas were to soms extent
different. This is evident by significant fagies
differences shown by Chichali Formation and
Hangu Formation within 1he two sheets.
Thrusting can satlisfactorily “explain juxta-
position of two varied facies groups now
piled one above the other. Even the deforma-
tion -pattern. . showed marked contrasts.
While folding appearing more intense in the
Lower nappe, the rock sequence in upper
nappe is frequently disrupted by faulting
(generally  intensity 'decreasing away from
thrust planes).

AUTOCHTHONOUS TERRAIN

Autochthonous terrain is represented by
Murree  Formation of Early-Middle Miocene
age, Rock strata consists of sandstone and
shale of fresh-water arigin. Autochthonaeus
terrain covers both the southern and northern
extremities of the area, however outcrops in
norihern part are more wide-spread and extend
further northward into Khyber Tribal Agency.
These strata are not intensely deformed as the
averthrusted allochthonous sediments. Folds

are far more numerous which ars generally
of isaclinal type.
ALLOCHTHONOUS SEDIMENTS

(a) Kotal Nappe

The first detachment of sedimentary cover
occurred at the Lower-Middle Jurassic lavel
and led s to . the emplacement of first nappe.
The thrust blanket of allochthon became
datached and rode over a different tectonic
terrain. The thrust that provided translational
movement to this nappe iz referred here as
Kotmela Thrust'(namead after Village Kotmela
in Akhurwal area). Kotmela thrust is a low
angle bedding plane thrust and abruptly
separatas underthrusted autochthonous
Murres Formation of Middle Miocene age
from overthrusted Samana Suk Formation of
Middle Jurassic. The sedimentary pile, of
which Kotal nappe is built up, consists of
rocks of varying compstencies interstratified
in a sequence of variable but enormous
thickness. Rock sequence belonging to this
nappe covers bulk of the study area in the
southern part whereas in northern part thick-
nass is considerably reduced showing a wedg-
ing tendency towards south. The facies of
Kotal.nappe  are dominantly composed of
fossiliferous shale, limestone, minor sandstone
and dolomite and all these [ithologies appear
to be deposited in open, marine, shallow
water environment with some minor stragna-
tion st certain stratigraphic levels, - The
principal mode of deformation is a folding
phase which seems to be contemporancous
with emplacement of second allochthonous
mass. Intensity of folding varies and one
finds open gantle flexures to tight folds with
axial planes exhibiting all tendsncies from
vertical to horizontal. Fold axes show a
roughly East-West orientation. Few folds are

plunging.



Brecciation and contortions of strata ajong

Kotmela Thrust at several places signifies the
intestity of movements involved. This thrust
has'northward dip- in southern part and 'sou-
theily dip in the northern part of the area.

b Zarghun Khel Nappe

A second detachmant at Lower Jurassic and
Lower Paleocena (2) lavel led to anplacemznt
of second overthrust shaet, rafarred here as
Zarghun Khel Nappe (Rock stiata bslonging to
this sheat are exposed in the. surroundings af
Zarghun Khsel). The -thrust that provided
translational - movement for this napps is
referred hera as - Qasim Khel Thrust {(named
after village Qasim Khel in Zarghun Khel
area). Qasim Khel Thrust is also a bedding
plane thrust and separates Hangu Formatien
(Lower Paleocene) of Kotal Nappe from
averthrusted Samana Suk Formation (Middle
Jurassic ags) of so-named Zarghun Khel
Nappe. The surface traces of this thrust arae
markedly curvilinear and at few places this
thrust is slightly folded. The extent and
importance  of translational
involved could be sappreciated in relation
to tha facies differences shown by various
rocks units of Zarghun Khel Nappe Strati-
graphic succession is similar to lower
Kotal Nappe with the only exception that
Upper Paleocene Patala Formation Is not
exposed, Lockhart limestone being the
youngsst formation. Dominant lithologies are
limestone, shale and sandstone deposited in
open marine environment. Rock succession
is disturbed by several faults which are of
reverse dip slip types. Imbricate structures
are observed near villages Ataro Kili, Garhi
Sar and around Qasim Khal area.

ASSOCIATED STRUCTURAL ELEMENTS

movemenis

(1) Schuppen Structures
At soveral places in the area, rock
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sequancs. is disturbed by repsated
thrusting. All faults are high-angle
reverse dip-slip types ' and run roughly
in an- east-west direction parallel to
major thrusts.

(1) Fenster

Due to erosion of overthrusted Zar-
ghun Khel Shest, rock units of Lower
Kotal Sheet are exposed in middle
part of thse area and represent a
typical fenster.
(1)) Klippe

In the southern 'part, erosion has
dislocated two small Klippen of gentla
dipping Jurassic 'limestone which are
now resting on autochthonous terrain
(Murree Formation) as isclated
hillocks.

(iv) Inliers/Outliars

These structures were commonly
ohserved in intesly folded rock units
of Kotal Nappe east of Kotal Frontier
Constabulary Post along N.W F. Road.

CONCLUSIONS

Tha possible explanation for genesis of
these low-angle bedding plans thrusts is that
they resulted from decollement of the sedi-
mentary cover. The detachment of sedimen-
tary cover is facilitated by the presence of
certain plastic horizons (Soap layers) in a
particular succession. The first structure te
advance over the autochthon is Kotal Mappe
for which thera is evidence for detachment at
Lowsr—Middla Jurassic level. It is likely
that Shinawari Formation (Lower-Jurassic)
which incorporates lithologies such as marls
and clays might have acted as soap layer. A
second detachment at Leower-Jurassic and
Lower Paleocene (?) level led to emplacement
of Zarghun Khel Nappe for which Shinawari
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Formation as well as Hangu Formation (7)
acted as soap layer,

Intensity of deformation varies. Folds and
flexures effect the rock units of entire area but
folding is more intense in the Kotal nappe.
The oventiden rocks of Kotal nappe were more
folded probably mainly as a result of frictional
drag of Zarghun Khel overthiust. Part of
the forward movement of overriding thrust
sheet probably. resulted from the shortening
of overriden rocks by this folding, Faulting
is very uncommon in the under-thrusted
autochthonous strata. Among the alloch-
thonous masses Zarghun Khel Nappe is more
intensely fauletd. | Tectonic slices (Schuppen
zone) are formed along equidistant. reverse

dip slip faults, most of which are inclined
towards same direction (towards the source of
stress).

As indicated from inclinatlon of major and
minor thrust faults, transport of nappes pro-
bably took place from north during Post-
Miocene period. The overthrusts and faults
can be attributed to'the fundamental compres-
sion of crust related to collision between
Indian and Eurasion plates. Collision type
orogenies exhibit nappe and thrust asymmstry
toward the plate being consumed. ~ Upon
collision the ' buoyancy of the converging
continent prevents the consumption of
crustal slices and larga ‘nappes and thrusis are
produced s it resists subduction.
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A NEW ELEPHANT FROM THE UPPER SIWALIKS OF PABBI HILLS, PANJAB,
PAKISTAN

By

MUHAMMAD SARWAR
Department of Zoology, Panjab Uiversity, Lahore.

Abstract : Elephas corrugatus, new specles, from Pinjor Zone of the Upper Siwaliks exhiblts a
comb'nation of primitive and advance dental choracters. [n a comparisen with the known Astatic elephants,
it has proved to be a specialized form It was a short lived abortive offshoat of the species, Elephas

planifions.
INTRODUCTIORN

In the year 1985, the author found
an elephantine right mandibular ramus basring
last molar fram the Pinjor formations of the
Upper Siwaliks in Pabbi Hills of Gujrat, Panjab.
The molar tosth shows a primitive and advan-
ce characters together, On account of fina
enamsl corrugacy. the name Elephas corrugatus
has been given to this new elephant spzcies.

SYSTEMATICS
Order Proboscidea
Suborder Elephantoidea
Family Elephantidae
Subfamily Elephantinae
Genus Elephos Linnaeus
Elephas corrugatus, new species
Holotype
A damaged right mandibular ramus bearing
third molar, U. Z 65/2 (fossil collection in the
Department of Zoology. University of the Pan-
jab, Lahore, Pakistan).
Hypodigm
Type only.
Locality
south of village Sardhok, Pabbi Hills.
Panjab, Pakistan.
Age
Pinjor zone (Lower Pleistocens) of the
Upper Siwaliks.
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Diagnosis

Molars broad and subhypsodont. Ridge-
plates widely spaced and thin enamelled.
Enamsl layer finely plicated like that of Elephas
maximus, Lataral and madian sinuses present.
Csment abundant, Last molar with ten ridge-
plates.

Mandibular ramus quite robust, Vertical
ramus broad anteroposteriorly than that of
Elephas planifrons,

DESCRIPTION
Mandible (Figs. 1-3)

The specimen is compact, hard and well
preservad. It consists of a horizontal ramus
and a basal portion of the ascending ramus.
The horizontal ramus is quite robust,a little bit
deeper anteriorly but rounded behind. Posteri-
orly, the ramus ascends very gradually making
a quite rounded contour visible in the lateral
view. Having halfworn last molar it can be said
that the specimen was balonging to a fairly old
individual. Due to the old age, various linings,
protuberances and grooves have become pro-
minent. There is only one meatal foramen
situated at about 80mm below the anteriormost
ridge-plate of the tooth. The foramen is
glongated downwardly and to some extent
forwardly at the anterior face of the ramus,
there is a large downwardly elongated vacuity.
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Fig 1. Elephas Corrugatus, new species. Crown view of the

holotype, U. Z. 65/2. Pinjor zone af the Upper
Siwaliks = ¢

Fig. 2. Elephas Corruzatus, ‘new species. Outer view of
the holotype, 1112652 Pinjor zone of the Upper
o Siwaliksx T, SR A
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Fig. 3, Ejephas corrugatus, new species. Inner view of
the holotype, U.Z, 65/2. Pinjor zone of the Upper
Siwaliks. = 1/4.

Fig. 4, Elephas corrugatus, new species. Crown view of
the lower right thiré molar in U. Z, 65/2.x {.
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This vacuity appears to be just an abnormality
and was most probably of no use to the
bearer. The tooth alveolus is rounded in out-
line and is visible at the broken face of the
ascending ramus. It is very large and is now
filled with sand stone.
The tooth (Fig. 4)
Like the mandibular ramus, the tooth is
also heavily built The molaris somewhat

broader posterio:ly than anteriorly (table ).
It was most probably subhypsodont. It is

slightly damaged at the antero-external corner.
The tooth is in the middle stage of wear. The
antetior contour of the tooth suggests that the
first preserved ridge-plate is the actual first
ridge-plate in succession. The ridge plates
are widely spaced but thin-enameslled. Enamal
layer Is very finely plicated like that of Eicphas
maximus,

In the center, the ridge-plates ara ex-
panded antero-posteriorly to form a pre-and a

post sinus. In a late westing stage, the pre-
sinus of a ridge-plate fuses with the post-sinus
of a preceding ridge plate. Similarly, a pre-
and a "post-sinus also tend to appear at the
lateral margins of the ridge-plates. These
lateral sinuses meet anteriorly as well zs
posteriorly with their respective sinuses of the
preceding and the succeeding ridge-plate.
Thus on wear, the dentinal matter of the iwo
adjacent ridge plates become confluent at the
externz| border internal broader and in the mid-
dla. As a result their intervening transverse
valley takes the shape of two cement islets
bounded by enamel layer. A thick layer of ce-
ment covers the lateral as well as the pos-
terior sides of the tooth. The enamel figures
of the posterior ridge-plates suggast that
the ridge plates were proBably surmountad by
5 conelets. Of these, the outermost and tha
innermost canslet was comparatively deeply

 1ABLE |

Mandibular and dental measurements (in mm.) in the holotype (U.Z. 65/2)
of Elephas corrugatus,

Mandibular depth below the anteriormost end of the tooth (taken fm;-irmm sida)
Mandibular depth at the middle of the tooth (taken from inner side)
Mandibular depth below the posterior end of the tooth (taken from inner side)
Basal antero-posterior length of the ascending ramus ...

Maximum crown length of the tooth
Transverse width of the third ridge-plate
Transverse width of the sixth ridge-plate
Transverse width of the sevenih ridge-plata
Transverse width of the eighth ridge-plate

are

Transverse width of the penultimate ridge-plate

240
204
231

.- 225
e it i = 244
: a5
B ek A, e 95
T e — 1Gﬂ
e 99
85



clefted. Tha penultimate ridge-plate is
smaller in transverse wjdth as compared to the
others. The last ridge-plate is probably
abnormal in development. Itis semi circular
and multituberculated. Its outer tubsercles even
cover the outer side of the penultimate ridge-
plate. The heel is represented by a single
conelet.

DISCUSSION

Regarding the number of ridgae-plates, it
can be relatad with the spscies, Elephas plani-
frons. However, othar dental characters of
U.Z. 85/2 such as very thin and finely plicated
enamel and the loxodont sinus do not permit
its inclusion in that species. In dental charac-
ters, it diffars from the Asiatic elsphant
material included in the species, E planifrons or
in the Pohlig's (1888) genus, Archidiskodon by
Falconer (1858), Teilhard de Chardin & Tras-
saert (1937), Osborn (1942), Hooijer (13955),
Chow and Chow (1938) and Chow (1981).
Of this material, a posteriorly damaged man-
dible bearing a second lower molar of either
side described as Archidiskodon tokunagal by
Teilhard de Chardin & Trassaert (op. cit. pl. xi)
shows maximum resemblance with the siwalik
specimen, U Z. 65/2 Enamel corrugacy and
thickness are equally shared by the Siwalik
and tha Chinese spscimen. However, they
differ in the development of post-sinus which
is absent in tha Chinesa spaciman. More-
over, the tooth is relativa'y longer than wider
in Chinese specimen than in the Siwalik speci-
men. The other lower molars referred to
Archidiskodon tokunagal by Teilhard de Charain
and Trassaert (op. cit.) are entirely different
from the abova said Chinese tooth (pl. xi). It
means that Teilhard de Chardin and Trassaert
have erroneously grouped two different taxa
in onse species.
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Apart from dental differences, it also
differs in size of the mandible and its profile.
The jaw bone in U.Z. 65/2 is robust especially
at the base of the ascending ramus than those
of the Elephas planifrons (fig. 5).

It can readily be dilferentiatad from the
type and referred material of Elephas hysudricus
described by various waorkers such as Falconer
(1868), Osborn (1942), Deraniyagala (1944,
1958), Hooijer (1955) and Pra-ad and Daniel
(1968) in hav'ng relatively low crown haight,
small number of ridge-plates and low lamellar
fiequency. Of the known material of this
species, a molar fragment designated as the
holotype of Hypselephas hysudricus sinhaleus by
Deraniyagala (1344), shows maximum resem-
blance with the specimen under study, Both
have strong enamel plications and widely
spaced ridge-plates. However, they differ in
the development of median sinuses which ara
absent in the Nagoda speciman but fairly indi-
cated in the Siwalik speciman. Moreover, tha
Siwalik specimen is relatively much widsr than
ths Nagoda specimen.

Ths spacimen under study also differs
from the South Asiatic spacies, Elephas nama-
dicus in having low lamellar frequency. The
ridga-plates in the molar tooth of U. Z, 65/2
are widely spaced wharas thass are relatively
much appressad in those of the typs specimen
of E'ephos namadicus describsd by Falconer &
Caiutlay (1846) In the sams character it can
gasily be discriminated from ths Siwalik mam-
muthine specimens described by Sarwar (1978,
1980).

Infact, thin and finely plicated enamsl,
loxodont sinus, lateral sinuszs, abudance of

cement, broad and widely spaced ridge-plates
and the lateral jaw contours are the charactars

of the specimen under study which strongly
warrant for the errection of a new species.
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Fig. 5. Mandibuiar profile of U.Z. 65/2 compared with that of Elephas planifrons. Both } natural size,
A. Holotype, (U.Z. 65/2) of Elephas corrugarus, new species, QCuter view.
B. Left mandibular ramus (Amegican Muscum No. 19819) of Elephas planifrons ref.
(labelled as Archidiskodon planifrons in Osborn, 1942, p. 958.



Due to strong enamel corrugacy, it is dasig-
nated as Elephas corrugatus. Elephas corrugatus is
a primitiva Siwalik elephant, probably a deri-
vative of the Elephas planifrons, Early in its
evolutionary history, it evolved some highly
specialized characters such as reduction In the
enamel thickness, corrugacy and the median
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and lataral sinuses. Reduction in the ename]
thickness and the fine plications in the enamel
layer were the characters highly beneficial to
the species. But unfortunately, these ware not
accompanied by the increase in the number of
ridge-platés. Probably. this drawback brought
about the extinction of the species.
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EYGI.UTION OF THE MOLAR RIDGE PLATES AN ELEPHAWT‘S
1By enig
MUHAMMAD SARWAR
Department of Zoology, Punjab University, Lahora

Abslract. f 3
The toxcrnomle Importance of the molar ridge-plates In the famlly elephantldae has been emphusfzed'
by many werkers such as Osborn (1942), Hooljer (1955), Azzoroll (1966), Agulrre (1962), Magllo (1970,
1973). Maglio and Ricca (1978 and Sarwor (1977, 1978). It Is dus to the fact that the molar plates have
character!stic morphological features in varlous groups. of the fomily elephontidee. In a transition from
Stegodon to_ Antelephas, the changes hapbened were the slight increase In the crown height, increase In
the cement depesition and the decrease In the enamel thickness.  However, there occurred no change in
the ge,,gm; ;aﬂpg of the rldge-plate Ie the rl'd'gc plates were tmnsnr&:!}r Hnear fn the pmrf:h'e stegadunu
as well 05 In ﬂ'li'. Antelephos.

In, elaphants prlmill!.ri.‘.:l'f _the i'ritewahing ' nra'snen ln_i_he molars of Anreicphas (Sarwar,
lransverse vaﬁevs batween the rru}la: platas 2y l???‘_l p
WEre stegndunlmm e V- shapad in lateral view Ina transult}n, fmm A.utair:p}ras to Elephas,

(sarwar, 1978). Such types of ridge-plates lha intervening - transvarse. valle-,rs became

“'Fig. Ia" Posterior fragment of the type tooth ' ' /Fig./Ib: Latéral view of 'a ‘molar fragment

of Antelephas tatrotensis showing V shaped {U Z. 671 IE} of Elephas planifrons showing U-
intervening transverse valley. {me Sarwar, ""shaped intervaning lransvmse valley.- Crown
1979). - height 84 mm.

13—



U-shapead,
and .the . cemant  deposition - incra:

Hﬂwavar.- 'lharr- happaned no change. in tha
crown helght. Thus the molars in the early
mamhers of the genus Elephas are dnffemntm;ud
from those of Antelephas on the basis of shapa
of the intermeciate valleys, anamel thickness
and the cement depusatmn {f:g la& Ib). In
this transition also, the rldga p\atza remained
transversely linear. From  this primitive
condition, the elephantine ridge-plate under-
went various devslopments.
example, tha development of pre-sinus, the
post-sinus, the pm+and pusl-:lnus tngalhar

and the _ laleral sinusas {Snrwar 1930]

Basides this, the ridga- pIatas ma'n_.! rmt remam :

fransversely ~ linear and n'la'f bscoms wavy.

Such a pattern, if not accompanied by the
‘peculiarities,

other mandibular or cranial

may nnl be of any sigmimanea However,

if it is accompanied by some unusuall dmre[up L

the enamel became less thicker!!

Thase are for

~ unworn condition.
_ in the molars of Anancus amung _the mastodons.
_Since, nothing is knuwn about the mandible
“in which the tooth, U.Z. EB}?BE was inserted,
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' 'ments present in the mandible or tha cranium,
increased, .

may be of taxonomic value. The type tooth

of Elephas irshadi is such an exampla (Sawar,

1977). . ‘The molar | plates. of, a last upper
molar  (U,Z. 68/739); from. the. Siwaliks, is
still morg interesting. than, that of the type of

. Elephas irshadl. This. tooth [t:gs 23 & 2b) is
-|n tha var-,r Iate stagu of wear and exhibits
,lha mumhnlagmal faatures nf the Iast two

ridge plates only. The inner._halves of the
nmolar plates are uxtramelv dlsincatud and are
cnnnented with their raspactwa half through
a narrow channel. , Tha narrow channel

. indicates that tha two h-!ves of a ridge-plate

prnhahly, _desply ‘isolated in
Such a dislocation is seen

were, mast

this unusuall dlslﬂcatmn uF tha ndge plates

is uf no Ia‘xunumm vnlua.

Fig. 2b Side view of a second upper mola
(UZ, 65/789) of Elephas. Not drawn to the
scale,

Fig- 2a. Crown view of a second upper molar
(U. Z. 63/789) of Eiephos showing dislocafion
of the conelsts. Not drawn to the scalea.
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“FTHE TERTIARY BIVALVES AND GASTROPODS OF PAKISTAN
4 By
M. W. A. IQBAL
. Geological Survey of Pakistan Punjab Division Lahore

Abstract

The purpose of this paper Is to present a resume of the paleontological research on the Tertlory bivalves
and gustrupn# of Pakistan, The writter (Igbal, 1972a) presented a detailed account on the subject for the
first time during the 13th Sessfon of the Science conference, Sclentific Society of Puklstan, March, 1972.
Later on a brief paper on the Tertlary bivalve and gastropeds of Sind was also published {lqbal. 1972).
The wriiter (Iqbal, 1974) also preseated a paper on the Baluchistan fauna durlng the Semlnar on Develop-
ment In Geufugfcni' Sclences in Paklstan, University of Baluchistan, September, 1972, The. blostratigraphical
research condurted by the writter during 1963 to 1980has given more emphasis to the Tertlary biavalve and
gastropod fauna, In most of the cases, the bivalre and gastropad species were found . extremely uvseful In
determination of the specific stratigraphlcal problems and reconstruction of the depositional history of the
geologlcal formatlons In which they occur. Moreover, the world-wide geographical distributlon and compara-
tive analysis of the fauna proved helpful in under- standing of the basinal distribution, the possible
oceanlc connectlons In between the varlous In certain geolopical time, and the genetic relationship  between
certaln ‘species.
STATUS OF PALEONTOLOGICAL It is interesting- to note that Archiac and
RESEARCH Haime (1953-54), Vredenburgh (1916 ; 1923a,

q b, c. d; 1925; 1927; 1928a, b.) and Cox (1930;

The paleontological research on the Ter- 1931) are regarded as poinaers who have intro-
tiary bivalves and gastropods of Pakistan was duced the world with the Tertiary bivalve and
started in 18353 and during the last 127 years, gastropod fauna from Sind Punjab, Baluchistan

the following nine worker have made their and NWFP respectively. The number of
contribution :— workers before partition of the Indo-Pak
1. Archiac : 1833-54. Subcontinent was seven with a total of sixteen
2. Haime ; EE publications whereas after independence, only
3. Cossmann @ 1909;1927 two workers have made their contributions.
4, Pissaro  : Eames (1951 ; 1952) has two publications and
5. Vredenburgh: 1916;1923a, b.c. d: the writer (Igbal, 1963 ; 1969a, b, c ; 1972 a,

19256; 1927 ; 1928a, b, b,c d: 1973 ;1974 : 19804, b, c) has fifteen

G. Douvizlle : 18929, publications to his credit.

7. Cox ¢ 1830:193A 2

8. Eames . 1851 ; 1952. In order to evsluate the paleontological

9. Igbal : 1963 ; 1969a, b, cd ; research work done sofar, it is .nucassan: 1o
1972a. b, c: 1973 ; discuss the contributions of the previous
1974 ; 1979 ; 1980a ; workers first and lastly to present; an. account
b, ¢, d. of the work done by the writer.
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PREYIOUS WORK

Archiac & Haime (1853-54) have described
103 new species from Sind and Punjab. ' Their
publication deals with the systematic treat-
ment of the species, assignment of age and
correlation with the Europsan froms. This
contribution is of great value to the subsequ-
ent workers.

Cossmann & Pissarro- (1909 ; 1927) have
published two monographs in which the fauna
from the Paleocene formation .is described.
The have introduced 85 new species.

Vredenburgh (1916 ;1923a, b ¢ d; 1925;
1827 ; 192Ba, b) has nina publications’ Ha
made large faunal collection from the Tertiary

formations of Sind and Baluchistan and “his -

valuable work includes the systematic descrip-
tion of 230 species of which 221 species are
new. Vredenburgh has revised tho previously
described . nomenclature, presented regional
correlation, cnmﬁ_arison with tha European

forms and the geological history of the forma-

tions.

Douville (1929). has described 35 new
species from the Paleocene of Sind. His work
consists of one publication centaining discus-
sion on the previously described forms and
systematic treatment of the fauna,

Cox (1930, 1931) studied the fauna inom
the Tertiary formations of Sind, Baluchistan
and NWFP. - His valuable work consists of two
publications, containing revision of the pre-
viously described forms, correction of pre-
employed names of the species and redssigna-
tion accoerding to the zoological nomenclature,
Cox has described 35 new species from Sind
Baluchistan and NWFP.

Eames (1860 ; 1851) made a large collec-
tion from the Eocene formations of Punjab and
NWFP. His two publications contain systema-

- Kirthar formation - (Mid,
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tic description of 285 forms including 252 new

species and revision of previously described
fauna,

PRESENT WORK

The biostratigraphical studies of the Terti-
ary formations based on the bivalve and gast-
ropod fauna carried out by the writer (Igbal,

1963; 19694, b, ¢, d, 1972a, 1973; 1974; 1979:
1980a. b, ¢, d) from the basis of the present
work. The writer's humble contribution consists
of 15 publications, including research papers,
reports, bibliographical work and- technical
articles. '

During 1863 1o 1980, the writer has com-

pleted the biostratigraphical studies of Khadio
and Lakhra formations (Paleocene : Kirthar
Province), Hangu Fm,, Lockhart Lst., {Paleo-
cene : Salt Range and Kohat Provinces); Ghazij
formation (Lr. Eocene: Axial Belt and Sulaiman
Province), Margal a Hill Lst. and Chor Gali Fm.,
(Lr. Eocene : Salt Range & Kohat Provinces) ;
Eocene : Kirthar,
Sulaiman and Kohat'Provinces and Nari & Gaj
Formations -(Oligo.-Miocene:  Kirthar &
Sulaiman Provinces).

The faunal. collection was made from 46
measured sections, .representing 25 major
localities (Fig. 1). The systematic description
of ‘the fauna includes 129 bivalves, 184 gast-
ropods and 36 new 'species with uptodate
classification and revised nomenclature,

The geographical distribution of the fawna
from the type localities in Pakistan was com-
pared with several countries. It was establish-
ed that between . Pakistan and 23 countries of
Asia, Africa and Europe there - ware several
common . species . showing ﬁ wellmarked
affinity during Paleocene, Eocena and Oligo.-
Miocene - time. The occurrence of such

..common forms also - suggests ths possible
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oceanic connections Inbetween thess areas formations in which they occut. . On the basis

which have been interrupted from time to time.  of the fauna and lithology of forma tion regio-
nal correlation was made and geological

The writer has also destermined several
history was reconstructed,

index species represanting specific aga for the
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SOME PHENOMENA WITHIN CONTACT ZONES OF THHE HAZARA GRANITIC
COMPLEX, N.W. HIMALAYAS, PAKISTAN

By

F. A. SHAMS

Institute of Geology, Punjab University, Lahore, Pakistan,

Abstract : Concise description Is glven of some important phenomeno observed within contact
-zones. between various outcrops of the Hozara granitic complex and the associated metamorphic formations.
Briefly,. these ore recorded as thermal, structural, metamorphic and hydrothermal effects which have
important bearlng on origin and evolution of the granitic complex. with regionol implications: to other parts

of the Himalayas.
INTRODUCTION

. Extensive outcrops of granitic bodies are
present along almnst the entire length of the
Himalayas ; a fact first of all recognised and
described by Stolickza (1865). He grouped
thoso together as the “Cantral Gneiss” and
opined that such bodies constituted cryst-
alline backbona of the Himalayas. For the
first time, Verchere (1866) proposed an igne-
ous origin forthose rocks on the basis of his
observations Morth of the Mansehra town,
Later, Wynne (1887) made extensive field
investigations within tha Mansehraarea and
suggested a prograde metamorphic arigin from
the associated argillaceous-arenaceous forma-
ations. ' This was, howaever, challanged by
Middlemiss  (1896) who had reverted to
an  igneous theory. Thus, an illuminating
granite controversy raged during the very
initial stages of geological work in the crysi-
alline belt of the Himalayas. However, most
of those works suffered from lack of intimate
fisld studies and rigorous laboratory investig-
ations.

After a lapse of 70 years or so, the
granitic-metamorphic complexes of the
Mansehra and the adjeining areas were
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brought under extensive revision, including
large scale ‘mapping (Fig. 1) and systematic
sampling leading to a concapt of granitization
under  the agency of metasomatizing fluids
of ultimate igneous origin (Shams. 1261,
1867). The essential details of geological and
lithological features of the area were published
earlier (Shams, 1969) including publications
en some minor members of the granitic rocks
(Shams etal, 19:6; Shams, 1930 : Ashraf,
1874, a, b). The present article -aims at
describing some of the phenomena observed
within ' the granitic-mstamorphic —contact
zones which have been found to have import-
ant bearing on origin ‘of the Hazara granitic
complex and similar complexes elsewhere in
the Himalayas.

THE THERMAL EFFECTS

The rocks' 2t wvarious contact auresles
of the Hazara granitic complex display
prominent effects of thermal metamorphism
of metazedimentary formations, which had
suffered earlier a regional metamorphism of
the Barrovian type. Extensive zones of horni-
elses are developed and can be observed
along road scctions of Chorgali, Chitta Batta,
Balhag Utli and Gamian Seri etc., missing,
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howaver, at contacts whera upthrusting and
faulting had sliced those off, such asin the
Khabbal-Oghi area. Maximum thickness of
the hornfelse zoneis of the order of 1 km,
with a regular sequence of following mineral-
ogical changes as the granitic contacts are

approached : -
() Hardening Effects : These are tha
very early signs. of thermal effects

leading to hardening of the malasesi'j y

imentary schists which are now
relatively difficult to brgak. This
appears to have happencd dus io
loss of hydroscopic water and textural
interference of constituent mingrals
to produce an inter-locking fabric.
There was slight increase in the grain

size although no new mineral had’

daeveloped.

(1) Mica Porphyroblasts @ This marks
the next stage of thermal metamor-
phism and is recognised by the ap-
pearance of porphyroblastic pools of
muscovite and/or biotite flakes ; thera
was a general increase in grain size
of the rocks, Biotite had developed
as a new mineral with simultaneous
assimilation of chlorite due to follow-
ing reaction.

muscovite #+ chlorite+Ore=biotits
The bictite, thus formed. is weakly

pleochroic from greenish to pale
brown colour and imparts a similar
hue to the rocks.

In the case of banded schists (Shams,
1969), thermal metamorphism produced
effects of false overturned bedding (Fig. 2)
due to coarsing of grain size and darkening
of colour towards upper (Pelitic) portions of
individual bands as compared with their lower

(psammitic) portions. In such cases, mica
porphyroblasts had developed with their
drawn-out ends that are rooted mostly in tha
lower quartz-rich portions. Excellsnt exam-
ples of such hornfelses can be seen in the
Chitta Batta, Chhar and Chorgali contact
aureoles. In the case of nonbanded schists,
mica porphytoblasts were developed without
any recagnisable regularity of distribution.

It isnotable that general schistosity of

.- metasediments was never disturbed ;so that

foliated structure of the ‘rocks can be recog-

| .nised easily. -

(iii) Growth. of Andalusite : The develop-
mant  of-biotite was fellowed by the growth
of andalusite -as pinkish “and plecchraig
prisms ; the associated biotite is now a deeply

reddish-brown variety which is strongly pleo-

chroic and shows rather ragged margins. At
this stage, the rocks were generally recons-
tituted within -their original framework 50
that_lithological banding. wherever present,
Was still recognisable although lost mostly
within the bands. In most cases, biotite
flakes were formed in a rather decussate
arrangement which was also adopted by
andalusite crystals. Like the biotite-grade
hornfelses, the andalusite-bearing rocks also
show false appearance of overturned bedding
similar to those 'described by Read (1938)
due to amount and size of andalusite grains
increasing towards pelitic' tops of individual

bands.
Andalusite appears to have formed by the

foliowing reaction ;

muscovite + quartz - andalusite + ortho-
clase + Hz0.

The andalusite crystals are therefore full

of quartz inclusions and are attended by a
new generation of orthoclase, which is also



studded with tiny quartz grains. Due to non-
availability of carbonaceous matter, the
familiar **chiastolite cross’* was not developsd
although similar arrangements were occasion-
ally displayed by quartz inclusions.

{iv) Formation of Fibrolite : The develop-
maent of fibrolite vaniely of sillimanite appears
to have initiated just after growth of andalu-
site with an overlapping period of genesis:
fibrolite is most prolific in rocks near the
granitic contacts. The fibrolite sappears to
have developed as hair-like slender needles,
have grown at (epitaxis ?) or out of biotite
flakes and frem andalusite ; somelime mats
and thin bands were also developed.

At this stage, garnet of the schists also shows
evidence of having suffered thermal effects
which caused its break-down and release
of rods and granules of black orej by this
stage, the rocks were strongly reconstituted
and biotite appeared dark brown.

(v) Metasomatic Effects : These are
observed in the rocks at the immediate
granite contacts and show hydrothermal
alteration of thermal meatamorphic minerals.
Andalusite and fibrolite wers hydrolyzed and
were gradually made over to muscovile,
occasionally  producing pseudomorphs that
appear not very much different from
“Shimmer" aggregates so extensively found
in the marginal faciss of the Mansehra
granite (Shams, 1959). Simultaneously, there
was a prolific growth of feldspar. Garnet had
suffered strong alteration to hematite with
pseudomorphic tendency. Biotite flakes had
faded in colour to light pals-brown while
tourmaline and apatite were added appreci-
ably.

Fig. 3 shows the sequence of appearance
and ranges of stability of warious minerals in

the hornfelsed rocks.
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(vi) Calcarsous Hornfelses : As already
described (Shams, 1969), calcareous forma-
tions are almost missing in the area except
for two locations so far observed near
Pattian, North of Phulra, and _East of Chitta
Batta. As a result of thermal metamorphism,
such minerals were formed as wollastonite,
epidote, grossularite, augite hornblende and
sphene (Shams, 1963).

THE SHEETING EFFECTS

A prominent phenomenon in the contact-
sone schists is the occurrence of wveins and
sheats of granitic-aplitie material, varying
in thickness from a fow centimetres to many
metres and extending for hundreds of matres.
Sometime, many sheets are closely emplaced
in parallel arrangement. Mostly the sheets
follow schistosity planes of the rocks but
discordant and even cross-cutting bodies are
also present, tha latter are mostly related to
joint pattern of the host rocks and occur
also in the marginal portions of the granitiz
complex. Rarely, composite bodies are present
where an aplitic exterior may contain por-
phyritic granitic interior or vice versa;also
intersecting sheets of different granularity
and composition are present, such as are
exposed in tha Chorgali section, North of
Khaki.

Petrographically, these [shesets are of
granitic composition, with variations teo
aplitic nature. The latter class also includes
soda aplites, albitities and rare porphyry
badies (Shams, 1980). When intruded into
metasediments, a number of chemical effects
wero produced depending upon composition
of the host rock such that pelitic rocks were
more reactive as compared with the psammitic
material. While granitic-aplitic shests also
contain xenoliths of the host rocks, no prom-
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‘inent reaction was produced. The main effects
on the meta-sediments were 1—

(i) feldspathization of the schists.

(ii) thermal breakdown of the hoinfels
minerals such as garnet, andalusite
and biotite.

(iii) Introduction of volatile constituents
in the form of apatite, tourmaline and
water.

THE STRUCTURAL EFFECTS

An important category of contact-zane
phenomena is related to structural effects
recorded on both directions of the contact
plane and shed light on structural and tectonic
evolution of the granitic-metamorphic com-
plex of the area. For instance, measurements
of joint surfaces accros the contact planes
show similar pattern (Fg. 4).

Structural changes in the granitic bodies
become recodnisable as one approaches
their margins from a distance of many hun-
dred kilomstres. Megascopic structures of the
rocks show development of shear foliation with
thin micaceous layers wrapped around augen-
shaped arcas of feldspar and/aor quariz ; near
contact, the structure becomes almost my-
lonitic (Fig. 5). On breaking apart along it3
foliation plane, the sheared granite shows
distinct traces of a lineation marked by

smeating of micaceous minerals. In  thin
geclions, lhese rocks show general fracturing,

bending and granulation of constituent
minerzls and their parallel alignmenl.

In the case of metamorphic rocks,
structural effacts are even mora conspicuous
and can be observed over much greater
distance than thermal effects. The most
important effect is intense refolding of primary
schistosity giving rise to a strain-slip cleavage.

the latter had offered new set of planes for

1 51z
tcctonic slippage and mineral reorientation.
These effects had produced small scale folds,
puckers and fine crenulation on schistosity
planes of the rocks related to intense slickens-
iding with attendant lineation.

It is notable that everywhere the supar-
imposed structures in the contact
granitic and metamorphic rocks, such ss
lineation. crenulation and microfolds etc.,
are mutually conformable as well as parallel
to the nearby contact planes. Structural
effects are also sufered by aplitic and basic
minor intrusives, leading to their shearing,
houdinage and tear-faulting (Fig. 6). It is also
important that many of those minor bodies
had suffered movements along such a set
of joint system which is mostly oriented
diagonal to the nearby contact planes. (Fig. 7).
That such a disturbance was post-thermal is
proved by disrupted bedding of hornfselsed
schists (Fig. 8).

SPECIAL EFFECTS

In addition to various mineralogical and
structural changes in the centact zone, follow-
ing changes are also notable :

Zone

(i) Metamorphic Degradation : This effect
is soen as breakdown of high grade metamor-
phic minerals so that biotite, garnet and
staurolite show gradual and progressive
replacement by chlorite and ore granules,
Occasionally, this breakdown was complate
enough to produce pssudomorphs. In
addition to origin by replacement; chlarita
was also developed extensively in almost
all types of matamorphic rocks, thus reflecting
a younger wave of phyllenitic matamorphism
related to the period of structural invelvement
of contact zone rocks. The orientation of
this chlorite is again conformable to tha
marginal shear structures.
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Fig. 4 Equal area (Schmidt) projection of poles to joint planes
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Fig. 6 Sheared (a) tearfaulted and bondinaged(b) aplites in the
contact zone near Gamian San (dj : diagonal joint )
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(li) Kyanite Pssudomorphs After Andalu-
site ; This iz a rather rare phanomenon and
so far has been observed near Cholan and
East of Chorgali. This spactacular effect is
obsarved in hornfelsed metasediments wherein
big(3x1x1 cms.) andalusite prism were
replaced by bluish coloured kyanite crystals
altering to muscovite. The pseudomorphism
was so perfect that even interpenstration
twinning of original andalusites was pres-
erved, The latter fact points towards absence
of any action originating from shearing
stress In the Harkerian sense (Harker, 1939) ;
rather, an origin by hydrostatic pressures
related to granite tectonics was considered
as the fundamental cause (Shams, 1985).

DISCUSSION

The variety and nature of various pheno-
mena, as recorded within contact zones of
the Hazara granitic complex and the associ-
ated metamorphic formations, show the
following sequence of events :

1. Pre-granitic regional metamorphism
of the geosynclinal argillaceous-
arenaceous sediments, causing recry-
stallization of original minerals and
growth of new minerals of Barrovian-
type sequancs.

2. Thermal metamorphism of the metaza-
diments, forming new minerals,
causing thermal breakdown of older
minerals and destroying to variable
degree the primary fabric of the
metasediments.

3. Hydrothermal metasomatism of the
hornfelsed metasediments hydrolyzing
minerals, with simultaneous appear-
ance of feldspar, tourmaline, apstite
elc.

4. Upwelling and expansion of the
granitic bodies, producing marginal
shear structures and upthrust-faulting

at their contacts.

5. Regional phyllonitic metamorphism,
partly overlapping the phase (4)
above.

From the above, various events in the
evolutionary geohistory of the Hzzara granitic
complex can be grouped as :

(i) Thermal Typeii) Metasomstic tye i)
Structural type. The basic phenomena were
concerned with thermal preparation of the
metasediments to become more amanable to
the action of metasomatising solutions, the
heat having travelled much quicker and farther
than the metasomatising solutions |t was as
a result of change in chemical, minsralogical
and textural composition of the metasediments
that new mechanical properties were induced
due to granitization. Helped by the pora
fluids, the granitic bodies got mobilized
under regional stress. Thus, those ware
elevated into the cores of unchanged metased-
imentary formations, now generally met at
lower topographical levels due to subsidence
and erosion.

In the transformation sequence from
metasediments to granitized rocks, the and
alusite-bearing granites have an important
position. Those are mst generally within 1-2
km marginal portion of the granitic complex.
Their main differences from the andalusite-
hornfelses are the grain size znd relative
preportions of wvarieus essential minerals.
During regional study of the Hazara granitic
complex (Shams, 1867), andalusite-bearing
granites were recognised to present asone
stage in the gechistory of the complex, leading
to the Mansehra granite composition and
ultimately 1o the Chitti Dheri-type porphyries®



Like the latter, certain pegmatites, aplites
and albitite phases of the area were also
found to have originated by anataxis.
Detailed studies of the acid minor bodies have
been published (Ashraf, 1974, a, b, Shams
and Rahman, 1966, Shams, 1880).

The tourmaline-bearing granites, such as
the Hakale granite, Sukal granite, etc, make
a younger group of granites. Among other
of their characteristics are the mineralogical
zoning, ubiquitous replacement of plagio-
clase by sodic micrecline, variation in size
down to thin veins and as smearing on cpen
joint faces. All such bodies were found 1o
have arisen - from- granitic  liquid of anatectic
origin. Thus, these rocks represent the ultim-

ate product of granitization of metasediments. .

Temperature estimations, based on two
teldspar thermometry (Shams  and' Rahman,
1867) gave adequate range for anatexis.

Some of the age data on Hazara granites
(Shams, 1967 ; Le Fort et al, 1980; Bordst
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et al. 1971 Jager et al, 1971) show that those
were present prior to the Himalyan orogenic
episode. Thersfore, it is believed that the
Hazara granitic complex was present even
before the Himalayan orogeny and got mabili-
zed during tectonic evolution of the mount-
ain rangse. Such ~a mobilization is found to
be responsible for generation of heat
mobility of metasomatising fluids which
carried out granitization of the cover rocks,
through various stages described earlier. This
is thought to be the reason that lithologies
of differsnt ages were involved. such as
Tanols in the Hazara area, Salkhalas in the
Nanga Parbatarea, the particular nature of
geanitization -depended - on  the particular

lithology invalved as was proposed by Misch
(1949) in the case of the Nanga Parbat

granitic area,

The model presented here is considered
to be most suitable for application to other
granitic-migmatitic complexes of ‘the Himal-
ayas which make thrust sheets and nappes.

*
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Fig. A 100
Heazlewoodite in a granular aggregate (white)
surrounded by serpentine (black)

Pentlandite (white) in the inlerstices of serpentine
grains (bBlack)
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DINOFLAGELLATES AND POLLEN
By

FROM EOCENE OF PAKISTAN

5.M. RASUL
Department of Geology, King's College, London, U.K,

Abstract: Fifteen dinoflogeilates taxa, and

twenty-seven  pollen taxa are recorded from the

Eocene of Zao River and Shaplal Khwara sectians, Sulalman Ronge, Baluchistan, Pakistan, They are repres-
ented by eleven dinoflageliate genera ond fifteen pollen genera. Although most of the palynomorphs are
typlcal of Eocene age, some reworked palynomorphs from Triassic-Cretaceous are recorded.

INTRODUCTION

Published work on palynology of the
Tertiary material from Pakistan is scanty.
The present author recorded, far the first
time, several taxa of dinofiagellate cysts,
pollen from the Eocene of Zao. River and
Shaplai Khwara sections {Fig. 1). Eames
(1952) published his work on the lithological
subdivisions of the Eocene succession of
Zao River and Shaplai Khwara sections.
Siddiqui (1971) studied ostracods from these
two sections and sub-divided the Eocne
sirata into several biostratigraphical units,
|-V, based on ostracods. A complete succe-
ssjion of the Shaplai Khawara and Zao River
area has been provided by him. In general,
Shaplai Khwara strata, locally known as
Ghazij formations, are Lower Eocene in age,
They consist predominantly of shales with
intercalations of sandstones, grits, clays,
siltstones, marls, etc. These shales are
overlain by Kirthar formations, middle to

ASSEMBLAGES RECARDED
Dinoflagellate assemblages
Cri groperidinium sp.

Cordiosphaeridium exihmurum Davey &
Williams 1966

Homotrilobum sp. 1
163

upper Eocene in age. Rocks exposed along
Zao River area are Kirthar formations, pre-
dominantly consisting of limestones, calcar-
eous shales with intercalations of _mudstones,
clays, siltstones, marls, etc.

In general, Shaplai Khwara samples
{mainly shales) yialded more abundant palyno-
morphs than Zao River samples (mainly
limestones). From the point of view of the
preservation of palynomorph asssemblages,
shales are better preserved material than
limestones.

Dinoflagellates are regarded as exclusi-
vely marine microplankton, whereas pollen
usually predominate in a continental deposit
implying a proximity toa land mass. Since
almost all the samples, under the present
investigation, yielded both dinoflagellates and
yollen, it is probable that aszsemblages recor-
ded on the whole represent a near-shore
deposit.

Age
early-mid Cretaceous (reworked)

Eocene
Eocene
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(After Eames 1952, and Siddiqui,1971)



Peridium sp.

Adnotosphaeriditum aemulum Deflandre 1838
Cleistosphaeridium sp.

Homotriblium sp, 2

Spiniferites sp.

Spiniferites ramosus var. ramosus Mantell
1850

Polystephanephorus sp.

Hystrichosphaeridium tubiferum Ehrenberg 1238 ?
Oligosphaeidium anothophorum Cookson &

Eisenack 1958
Cleistosphaeridium diverspinosum Davey.
Downie, Sarjeant & Williams 1966

I;Ig;;rinhaerfdium sapingophorum Deflandre

Chlamydophorella of. walla Cookson and
Eisenachk 1260

Pollen assemblages recorded

Palmas sp.

Polycolpites sp.

Tricolpites of. retriculatus Krutzch
Spinozonocolpites sp.

Diparites sp.

Myssa pollenites

Neoraistrickia truncatus (Cookson) Potonie 1856
Laevigatisporites sp.

Selixens sp.
Cedripites sp. (gymnosperm)
Tricolporpollenites sp.

Ericipites sp.

Triporate sp-

Tilliapollenites sp.

Vitraispolites pallidus (Rsissinger) Nilsson
1958 (gymnosperm)

Periporopollenites

Monoporitias sp.

Eocene

Upper Jurassic (reworked)
Jurasic (reworked)
Eocene

Eccene

Eocens
Jurassic (reworkd)
Eocene

Cretacecus (rewaorkd)

Eocene

Eocene
Jurassic (rewaorkd)

Eocene
Eocene
Eocene
Eocens
Eacene

' Eocene

Eocene
Eocene

Cretaceous
Eocene
Eocene
Eocene

Trias

? Eocene
Focene
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CONCLUSIONS

In this work, a praeliminary attempt has areas with a view lo seventually establishing
been made to document palyonmorph assem- a standard set of assemblage zones which will
blages from the Eccene of Pakistan. This facilitate inter-Eocene correlation and com-

result, in turn, will be useful for further parison of Eocene matarial from Pakistan and
investigations of new material from other  adjscent areas.
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5

Figura 6
Figura 7
Figura 8
Figure 9
Figure 10
Figura 11
Figure 12
Figure 13
Figure 14
Figure 15

Ilata |
(All figures x 750)

Cribroperidinium sp.
Cordosphaeridium exilimurum
Homotriblium sp. 1

Peridium sp.

Adnotosphaeridium aemulum

? Cleistosphaeridium sp.
Homotribolium sp, 2

Spiniferites sp.

Spiniferites ramosus var, ramosus
Polystephanephorus sp.
Hystrichosphaeridium tubiferum
Oligosphaeridium anothophorum
Cleistosphaeridium diversispinosum
Hystrichosphaeridium sapingophorum
Chlamydophorella cf. walla
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Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figura 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figura 21
Figure 22
Figura 23
Figura 24
Figuras 25
Figure 26
Figure 27
Figure 28

AR

{All figures x 300)

Palmae sp. 1
Polycolpites sp. 1
Tricolpites cf. reticulatus
Spinozonocolpstes sp,
Diporites sp.
Polycolpites sp. 2
Tricolpites sp. 1
Myssapollenites
Neoraistrickia truncatus
Tricolpites sp. 2
Palmaa sp, 2

Palmae sp. 3
Tricolpites sp. 3
Tricolpites sp. 4
Laevigatisporites sp.
Selixene sp.

Cedripites sp.

Palmae sp. 4
Tricolporopollenites sp, 1
Ericipites sp.

Triporate =p.
Tricporopollenites sp. 2
Tricolpite sp. 6
Tiliapollenites sp.
Vitreisporites pallidus
Tricolpites sp. 6
Periparopollenites sp.
Monoporites sp.






NOTICES, ABSTRACTS AND REVIEWS

PRELIMINARY ACCOUNT OF THE OCCURRENCE OF Ni SULPHIDES IN SERPENTINI-
TES OF SOUCH AREA KAGHAN VALLEY, DISTRICT MANSEHRA, N.W.F.P. PAKISTAN.

Souch area lies botween longitude 730 40°
—730 40’ E and latitude 340 55'—340 59' 30"
N. Qadir(1979) has described in detail the
Petrology of the area and classified the area
into three groups.

1. Metamorphic rocks consisting of garnat
mica schist, graphitic schist, marble, amphi-
balites,

2. Quartzofeldspathic racks consisting of
granite gneiss, pegmatites, aplites.

3. Ultramafics, cunsistir_mg of dunites,
Serpentinites, Pyroxenites, Talc and Carbona-
tes,

The first outcrop of the ultrabasic is at
1% km. above Lidi a small village on right bank
side of river kunhar, Chemical analysis of
two serpentinite rock samples showed
Ni—0.28 to 0.32 9%. The rock under study
was weathered to greenish black and fine to
medium grain size,

The major minerals are antigorite, chry-
sotile, olivineforsterite, | with small amounts of

magnesite, magnetite heazlewoodite and
pentlandite. The presence of heazlewoodite
(Fig. A) and pentlandite, (Fig. B) was identified
By the Ore-microscopic techniques, such
as, reflectivity, microhardness and etch tests

described by Cameron (1961) and Ramdohr
(19639).

These two minerals occur as small
disseminated among and molded about
silicate minerals, and appears to be a primary
accessory of the ultrabasics,

The texture of mineral assemblages and
their association favours the Phenomenon of
Sulphide-silicata immiscibility and consequent
magmatic differentiations in situ. Such sulfide
disseminated In ultramafic rocks have been
reported by many workers, such as Souch,
Podolsky st al (1969), from Sudbury deposits
Canada and Weodal and Travis (1389) from
kambalden deposits in Western Australia. In
these, sulfides grade from minor dissemin-
ations in ultramafic rocks to massive oras,
The disseminated ores appear to represent an
early stage of the process that formed massive
ores,

A detail work on the other ultramatic
rocks of the area is in progress and will be
published soon.

The author is highly thankful to Mr. Qadir
for providing samples.
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