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ABSTRACT 

The Zinda pir anticline of northern Sulaiman fold belt exposes, along its 
periphery, the Siwalik Group which comprises Vihowa, Litra and Chaudhwan 
Formations (in younging order). Petrographic studies of the upper Litm and 
Chaudhwan Formations indicate that the sandstones of these formations are 
tcxturaly similar. Moderate angularity and sorting, along with high content o f  
feldspar, indicate fatural imaturity of these sandstones. The Litra Formation is 
characterised by the abundance of almandine garnet and blue-green hornblende, 
indicating substantial contribution from the northern provenance (i.e., Kohistan 
island arc). Whereaspetromict orthocongZomerates of the Chaudhwan Formation 
indicate a predominant wcsternprovenai2ce (i.e., Fort Monro anticline). 

INTRODUCTION 

Neogene molasse sequence of Pakistan, the Siwalik Group, has attracted the 
attention of numerous research activities for more than a centu~y (e.g., Blanford, 1883; 
Pilgrim, 1915). Duiing the past two decades extensive bio-magnetostratigraphic and 
sedirnentologic studies have been carried out in the Kohat-Potwar Plateau of northern 
Pakistan (Barndt et al., 1978; Opdyke et d., 1979; Early et at., 1980; Tawre & Opdyke, 
1982; Johnson et dl., 1985). However, the Siwalik Group exposed in the Sulaiman fold 
belt appears to been one of the least attracted areas in Pakistan due to hostile climate 
and tribal politics. Hemphil & Kidwai (1973) proposed new names for the molasse 
sequence of northern Sulaiman fold belt. Only recently some very interesting studies 
have been carried out involving surface and subsulface investigations (Banks & War- 
burton, 1986; Jadoon et d., 1989; Lillie et al., 1989; Jadoon et al., 1990; Humayon, 
1990). Considering this, efforts have been made to study the petrography of the upper 
Siwalik Group rocks of the northern Sulaiman Range for understanding the 



provenance of these rocks. Lithologic correlation of the Siwalik Group of the Sulaiman 
Range with the similar rocks of Kohat-Potwar Plateau and Trans-Indus b n g e s  will 
help in developing a broader understanding of the tenlporal as  well as  spoti J evolution 
of the  Himalayan orogen and its related foreland basins, in Pakistan. 

The Siwalik Group in Sulaimnn fold belt comprises a molosse sequctlce of about 
3000 m, that has been divided into three formations (Hemphil and Kidwai, 1973). This 
sequence includes (in you~iging order) Vihowa, Litra and Cliaudllwan Furtmt-i(m. 'I'll@ 
Vihowa Formation is predominantly coniposcd of red to maroon sandy and silty clays- 
tone, with subordinate greenish-gray, thick bedded sandstone. An unconfonnity be- 
tween Vihowa Formation and the underlying Chitmwata P ~ r n l a t i o ~ ~  has 1)ecn i c l ~ ~ r t d  
from a locality close to the present study area (Enmcs, 1952). Further ~lcrrth (in B ~ I ~ u  
quardrangle), where the  Chitalwata Formation is ruissing (or riot rt.cogniscdl, tho 
contact with the underlying formation is disconformable and sharp. The upper contxt.  
of the Vihowa Formation with the Litra Fornlation is transitional. TElc f,it,ra F n m a l  i o t t  

represents middle part of the Siwalik Group in the Sulai~narl fuld belt;, Light gray frail~le 
sandstone makes up  the  larger poition of this formation. Sornc red to rcdtlish-lxtrwn 
clay beds are also present. Upper contact with the Chaudhwm For~nation is iqyar:~titIy 
conformably in the study area. The Chaudhwan Formation forms the upper rimst 
formation of the Siwalik Group in this area and prccIominanl,ly ca~npriscs ctilcitu- 
cemented conglomerates. Towards the base subordinate amounts of ~salc-l,n)wn 
sandstone and mudstone are present interbedded with the conglotmr:rtSc. U p p r  con- 
tact of this formation with the overlying boulcler bed is unconfoi*lnatrlc, urld is ixdiwt-ctl 
by the differential tilt of the beds. 

The study area, vicinity of Snlilii Salwnr, is locatcd in the southern port.itrtt of thc 
Zinda Pir anticline, near Dera Ghazi I<hnn, in the Sulainlnn f d d  belt (Pig. 1). Fort. 
Monm anticline is the ominant structural feature in this area ant1 c q o s o s  uppcr 
Cretaceous and Cenozoic rocks. Present itivestigations incorporato upper 700 nt of t . l ~  
Litra Formation and 571 rn thicli Chaudliwan Format,iotls, forming upper port of tht? 
Neogene molasse Siwalik Group. This part of the Siwalik Group has been nssigrictl Plio- 
Pleistocene age on the basis of prili~nirlaiy magnetstratitigraphic studies (Alrmatl, 1990). 

PETROGRAPHY OFTHE UPPER LITRA AND CHAUDI4WAN FORMATIONS 

Petrographic studies of the upper Litm and Chnudhwnn Formations, rsposctl 
along the Sakhi Saiwar nnla, in the southern Zinda Pir sturcturo, are carricd out ou the 
basis of thin sections of sandstone samples, conglomelnte gllcnoclast- composition 
study in field, and thin section study of conglomerate matrix. Tllcsc st,~~rlios provirlt! 
important clues regarding the nature of the source rock, history of uplift and evolution 
of the orogenic belts in  the source area. 
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Sandstone Petrography 

The texture and major framework components of the sandstones of the upper 
Litra Formation and the Chaudhwan Formation are generdy similar. According to the 
classification of Dott (1964), the sandstone compositions of the upper Litra Formation 
range from feldspathic arenites to lithic arenites, whereas the sandstone of the 
Chaudhwan Formation is lithic arenite (Fig. 2; Table 1). The most eye-catching dif- 
ferences observed are absence of garnets, and near absence of hornblende in the 
Chaudhwan Formation, in contrast to upper Litra Formation. On the QFL provenance 
discriminantion diagram of Dickinson et al., (1983) these sandstones fall in the field 
typical of collision orogens and suture belts (Fig. 3). 

TABLE 1. REPRESENTATIVE MODAL POINT-COUNT DATA OF THE UPPER 
LITRA AND CHAUDHWAN FORMATIONS 

S.NO. ~m ~p ~ e ~ d  ~m b sf ~f ~b ~t MI EP at op ch  ROC^ N I ~ O  

1 26.7 8.0 17.7 3.7 14.3 1.3 6.3 7.0 2.0 1,3 5.0 1.7 3.7 1.3 Lithic Arenib 

2 40.3 6.7 21.7 3.0 9.0 1.0 7.0 2.3 3.3 1.3 2.3 Tr 2.0 - F- Arcnib 

4 36.3 2.3 21.7 4.0 19.0 0.7 6.3 8.0 2.0 0.7 2.0 Tr 2.7 0.3 Lithic Arenib 

7 47.7 2.0 13.7 2.3 15.7 2.0 8.0 1.7 0.3 - 4.3 1.3 1.0 - Lithic A d b  

Abbreviations used: QM = Monocrystalline quartz, QP = Polyc~ystalline quartz, F d d  = Feldspar, 
Lm = Metamorphic lithics, Ls = Sedimentary lithics, St = Shell fragments, Hb = 
Hornblendc, Bt = Biotite, Ms = Muscovite, Ep = Epidote, Gt = Garnct, Op = Opaque 
phase, Ch = Chlorite. Classification of Dott (1964) used for naming the sandfitones. 
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2 (Left). Plot of point-count data of uppcr Litra (circles) and Chaudhwan (triangles) 
Formations, on the tornary diagram of major framework components (rock classification 
after Dott, 19ti4). Ficlds shown arc (a) = quartz arcnitc, (b) = subarkose, (c) = sub- 
litharcnito, (d) = fcldspathic rircnitc, (c) = lithic arcnitc. 

Fig. 3 (Right). Point-count data from upper Litra (circles) and Chaudhwan (triangles) Formations 
plotted on QFL provenance discrimination diagram of Dickinson et al., (1983). Ficlds arc 
(a) = r ~ ~ y c l e d  orogen, (b) = transitional continent, (c) = bascmcnt uplift, (d) = dissected 
arc, (c) = transitional arc, (f) = undisswtcd arc. 

Texture: The upper Litra Formation and Chaudhwan Formations comprise of friable 
light-grey and pale-brown sandstsues, respectively. Generally, the sandstone is medium 
grained, but  some sand bodies are fine grained. Most of the detrital grains are sub- 
rounded to  angular (Fig. 4), but some quartz and lithic grains show comparatively high 
roundness. The sandstone is generally moderately sorted (Fig. 4). Elongated grains of 
mica show preferred orientrition defining thin beds or laminae in the sandstone (Fig. 4). 
Mechanical deformation of mica due to compaction during burial and later tectonics is 
also observed in the sa~~dstone (Fig. 5). Detrital grains are mostly framework supported 
(Fig. 4). At places where the sandstone is well-cemented, the intergranular spaces are 
completed occupied by sparly calcite. Moderate angularity and sorting, along with the 
high content of feldspar evince the textural ixnmaturity of these sandstones. 

Framework Componcrzts: Quartz, feldspar and rock fragments are the dominant 
framework components of the sandstone that are useful for provenance determination. 
These framework components are described below. 



I 
Fig. 4. Photomicrograph (plane light) showing moderate sorting and parallel alignment of 

elongated grains of biotite in sandstone of upper Litra Formation. 

ig. 5. Photomicrograph (plane light) of mechanically deformed biotite grain in the sandstone 
from the upper Litra Formationa. 



Quartz is the most common detrital constituent. It generally makes up from 46% 
to 60% of the framework components of the studied sandstones. Based on their optical 
properties, quai-tz grains were grouped into two catagories; 1) monocrystalline grains 
with undulatoly and nonundulatoiy extinction, and 2) polyclystalline grains. Meta- 
quartzite fragments, where present, were counted as polyclystalline quartz. Some 
qua* grains contain inclusions of muscovite and epidote. 

Feldspar is a prominent detrital constituent and makes 16% to 32% of the 
framework components. It occurs preclominantly as orthoclase with subordinate 
plagioclase and microcline. Feldspars are mostly fresh but some show the effects of 
sericitization. Inclusions of epidote, zircon and tourmaline are commonly present in the 
feldspars. 

Rock fragments form a major component of the framework constituents, ranging 
from 22% to 34% of the total framework components. The metamorphic lithics are 
mainly schists with some gneiss fragments, Sedimentaly lithics include sandstone, 
siltstone, limestone (both, micritic and sparry), shell fragrne~its (mostly forains), and 
some chert. The sedimentmy lithics such as siltstone are derived from within the basin 
of deposition by erosion of previously deposited silt and clay. Sandstone rock fragments 
are mostly of the Cretaceous Pub Sandstone exposed in the Sulainlan belt west of the 
study area. Most of the carbonate lithics have been derived from the Eocene shelf 
sediments (as indicated by the presence of nun~milities shells) also exposed in the 
Sulaiman belt (Fig. 6). 

Heavy minerals are a major discri~ninating factor. on the basis of which the 
sandstones of the upper Litra and Chaudhwan Formations can be easily distinguished. 
The heavy minerals identified in the Litra Formution include amphibole, epidote, 
biotite, muscovite, garnet, chlorite, opaclues and traces of tourlaline, Whereas the 
heavy mineral assemblage obselved in Chaudliwm~ Formation includes biotite, traces 
of epidote, opaques (heluatite and some magnetite), and nluscovite. 

Amphibole occurs as elongated flakes with irregular broken edges. It commonly 
exhibits well developed cleavage and is strongly pleochroic. The amphibole from upper 
Litra Foramtion is the blue-green hornblende, chemically ranging from tschermekite to 
magnesio-hornblende (Fig. 7). Among micas, biotite is the dominant type. It  forms the 
major heavy mineral phase in both upper Litm and Chaudhwan Formations. At places 
the biotite grains are covered by iron-oxide coating making them almost opaque and 
difficult to r ecop ize  Subocdinate amounts af muscraviteisalso +rese-ntT Epidote is a 
------  

common heavy mineral in upper Litra Formation. In this formation the epidote grains 
are commonly fractured and have irregular outline. In Chaudhwan Formation only a 
scant amount of epidote was observed. Opaque minerals are dorninantly hematite, 
magnetite and probably ilmenite. 



Fig. 6, Photomicrograph (crosscd nicols) showing nummulitics shcll in the sandstone from the 
upper Litra Formation. 

Fig. 7. Amphibole analyscs from uppcr Litra Formation (circlcs) and Kohistan Island Arc 
(triangles) (Bard, 1983). Ficlds dcfincd arc (a) = magncsio-hornblcndc, (b) = Tschcr- 
makitic hornblcndc and (c) = Tschcrmakite (Leakc, 1978). 

A prominant feature of the Litra Formation is the presence of garnets. The 
garnets occur as subrounded grains and can be easily identified due to  their isotropic 
behavior under cross- polarized light and high relief. Chemically the garnets are 
dominantly of the almandine-rich variety (Fig. 8). No garnets were seen in the 
sandstone of Chaudhwan Formation. 



Fig. 8. ~ n - ~ g ~ e ' '  ternary diagram of garnets from upper Litra Formation (circles) and 
Kohistan Island Arc (triangles) (Bard, 1983). 

Conglomerates 

Upper Litra Formation: The lenticular channel-fill conglomerates of the Litra Formation 
are dominantly polygenetic (polymictic) orthoconglomerates. Texturally, they have a 
framework of boulders, cobbles, pebbles and granules with coarse-sand-size grains of 
quartz, feldspar, limestone and shell fragments filling the voids. At places the voids are 
filled by spariy calcite. The largest boulders range in size from 25 to 35 cm. The boulders, 
cobbles and pebbles are generally roundecl (Fig. 9), whereas the sand grains in the matrix 
are subrounded to angular. The phenoclasts comprise mostly of limestone (mostly 
Eocene as evinced by the presence of nummulities, Fig. lo), sandstone (some of which 
bear semblence to the Pab sandstone), quartzite, chert, along with some intrabasinal 
pebble-size rip-up clasts of mudstone. Almost 90% of the phenoclasts are limestone while 
sandstone and the other types account for the rest. 

Chaudhwan Formation: Chauclliwan Formation is marked by the preponderance of 
petromict ~~thoconglomerates. Most of Chaudhwan Formation comprises of thick se- 
quences of granule- and pebble-size conglomerates with lenses of cobbles and boulders 
(20 to 35 cm). The lenses become more prominent towards the top of the formation. The 
phenoclasts of Chaudhwan Formation are generally similar to those occuring in the 
channel-fill conglomerates of Litra Formation. The most prominent feature of these 
conglomerates is abundance of nummulities shells (Fig. 10). Generally, these con- 
glomerates are cemented by spariy calcite. However, quartz and feldspar grains also 
occur in the voids. 



Fig. 9 (left). Conglomerate of thc uppcr Litra Formation. 

Fig. 10 (right). Photomicrograph (crosscd nicols) of a nummulities shell surrounded by sparry 
calcite. Conglomcratc from thc Chaudhwan Formation. 

CONCLUSION 

Plio-Pleistocene fluviatile molasse sediments of the upper Siwalik Group exposed 
in the Sakhi salwar nala, southern Zinda Pir anticline comprise Litra and Chaudhwan 
Formations. The Litra Formation dominantly comprises of sandstone, with subor- 
dinate siltsone/claystone. Whereas in the Chaudhwan conglomerate is preponderant. 
The sediments of the upper Litra Formation were predominantly derived from north- 
ern provenance (including Kohistan islan arc) as is indicated by the presence of tscher- 
makite/magnesian-hornblende and almandine-rich garnet in these sediments. 
However, the sporadic occurance of limestone (Paleocene-Eocene) and sandstone (Pab 
Sandstone) bearing conglomerate at  various stratigraphic levels in the upper Litra 
Formation indicates that uplifting along Fort Monro anticline had initiated by that 
time. Thus exposing Cretaceous Pab Sandstone and Paleocene-Eocene limestone. 

REFERENCES 

Ahmad, W., 1990. Scdimcntologic and magnctostratigraphic studies of the uppcr Siwalik Group, 
Sulaiman Range, Pakistan. Unpub. MSc. thesis, Univcrsity of Pcshawar. 

Banks, C.J. & Warburton, J., 1986. 'Passive-roof duplex gcomctry in the frontal structures of 
the Kirthar and Sulaiman mountain bdt, Pakistan. Jour. Struct. Gcol,, 8, 229-237. 



Barndt, J.C., Johnson, N.M., Johnson, G.D., Opdyke, N.D., Lindsay, E.H., Pilbcam, D. & 
Tahirkhcli, R.A.K, 1978. The magptic polarity stratigraphy of the Siwalik Group near 
Dhok Pathan village, Potwar Plateau, Pakistan. Earth Planet. Sci. Lett. 41, 355-364. 

Barry, J.C., Bchrcnsmcycr, A.K. & Monaghan, M., 1980. A geologic and biostratigraphic 
framework for Mioccnc scdimcntation near Khaur village, northern Pakistan. Postilla, 
183, 19p. 

Blanford, W.T., 1883. Geological notcs on thc hill in the neighborhood of the Sind and Punjab 
frontier bctwccn Quetta and Dcra Ghazi Khan. Mem. Geol. Surv. Ind. 20, 1-136. 

Dickinson, W.R., Bcard, L.S., Brakcnridgc, G.R., Erjavcc, J.L., Fcrguson, R.C., Kcrry, F.I., Knepp, 
R.A. Lindbcrg, F.A. & Ryberg, P.T., 1983. Provcnancc of north American Phanerozoic 
sandstones in relation to tcctonic setting. Geol. Soc. Amer. Bull. 94, 222-235. 

Dott, RH. Jr., 1964. Wackc, graywackc and matrix - what approach to immature sandstone 
classification'? Jour. Scd. Petrol., 34, 625-632. 

Eames, F.E., 1952. A contribution to thc study of Eoccnc in west Pakistan and wcstern India, 
Part A. Thc gcology of standard sections in thc wcstcrn Punjab and in the Kohat District. 
Geol. Soc. London, Quart. Jour., 107, 159-172. 

Hemphill, W.R. & Kidwai, AH.,  1973. Stratigraphy of the Bannu and Dcra Ismail Khan area, 
Pakistan. U.S. Gcol. Sulv. Prof. Paper, 716-B, 36p. 

Humayon, M., 1990. Structural interpretation of eastern Sulaiman foldbelt and foredecp, 
Pakistan. Master's thcsis, Orcgon State University, Corvallis, Oregon, U.S.A. 

Jadoon, I.A.K., Lillic, R.J., Hurnayon, M., Lawrence, R.D., Ali, S.M. & Chccma, A., 1989. 
Mechanics of dcforrnation and the nature of the crust underneath the Himalayan forcland 
fold-and-thrust belts in Pakistan. EOS, Transaction, American Geophysical Union. 70, . 
1372-1373. 

Jadoon, I.A.K., Lillie, R.J. & Lawrcncc, R.D., 1990. Balanced and rctrodeformed geological 
cross-section from thc frontal Sulaiman lobe, Pakistan: Duplex dcvelopmcnt in thick 
strata along thc wcstcrn margin of the Indian plate. Paper for proceedings of: Thrust 
Tectonics (April 4-6, 1'300). Royal Halloway and Bcdford Ncw College, University of 
London. 

Johnson, N.M., Stix, J., Tawte, L., Ccrveny, P.F. & Tahirkheli, R.A.K., 1985. Palcornapetic 
Chronology, fluvial proccsscs and tectonic implications of the Siwalik deposits near Chinji 
village, Pakistan. Jour. Geology '33, 27-40. 

Khan, M.J., 1983. Mapptostratigraphy of Neogcne and Quaternary Siwalik Group sediments of 
the Trans-Indus Salt Range, Northwcstcrn Pakistan. Unpub. Ph.D. thesis. Columbia 
University, U.S.A., 217p. 

Khan, M.J., Opdyke, N.D. & Tahirkhcli, R.A.K., 1988. Magentic statigraphy ofd thc Siwalik 
Group, Bhittani, Marwat and Khasor Ranges, Northwestern Pakistan and thc timing of 
Ncogenc tectonics of thc Trans Indus. Jour. Geophys. Res. 93 (BlO), 11,773-11,790. 



Lillie, RJ., Lawrence, R.D. Hurnayon, M. & Jadoon, I.A.K., 1989. The Sulaiman t l l ~ s t  lobc of 
Pakistan: Early stage underthrusting of the Mcsosoic rifted margin of the  Indian subcon- 
tinent. Geological Society of America, Abstracts with program., 3 18. 

Opdyke, N.D., Lindsay, E.H., Johnson, G.D., Johnson, N.M., Tahirkheli, R.A.K. 6G Mimu, M.A., 
1979. Magnetic polarity stratigraphy and vertebrate palaeontology of the  Uppcr Siwalik 
Subgroup of northern Pakistan. Palacogcogr. Palaeoclimatol. Palacoccol. 27, 1-34. 

Pilgrim, G.E., 1915. New Siwalik primates and their bearing on the  question of'thc uvolution of 
man and anthropoidea. Rec. Gcol. Surv. Ind. 45, 1-74. 

Tauxe, L., & Opdyke, N.D., 1982. A time framework based on magnetostratigraphy o f t  hrt Siwalik 
sediments oft he Khaur area, northern Pakistan. Palaeogeogr. Palucocliniatd. Ptila~~wcol. 
37,4341. 


