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Two sectionsweresampledin the BhittaniRange,thefirst atBain Passconsistingof 60 sites through2200m of
sectionandthe secondalongtheNorth WestFrontierProvinceRoadnorthof Pezuconsistingof 25 sitesthrough
1000 m. Both sectionsarein rocksknownto rangein agefrom thelatePlioceneandPleistocenebasedon averte-
bratefaunaof Pinjorage.After partial thermaldemagnetizationa seriesof magnetozoneswereestablished,tenat
Bain Passandsix atPezu,which canbecorrelatedto eachotherandto the standardmagnetictime scale.Thesedi-
ments fromthelong sectionatBain Passspanthetime from themiddle Gaussto theuppermostBrunhesChron.
TheJaramilloandOlduvaisubchronsarepresentwithin theMatuyamaChron.A shortnormalmagnetozoneis
presentin thesectionprecedingtheOlduvaisubchronwhich correspondsin ageto theReunionsubchron.Basedon
therateof sedimentationduringlower Matuyamatime which would be0.95 m/1000 y for theBainPasssection,the
Reunionsubchronwould spanat least25000 y. Thesectionat PezuPassbeginswithin theOlduvaiandends
betweentheJaramffloandtheBrunhes/Matuyaniaboundary.Thesedimentationratedeterminedat this sectionis
0.77 m/1000y. Therateofsedimentationin this regionwasmuchhigherthan over comparabletime spansprevi-
ously determinedfrom theeasternSaltRange.The folding of theBhittani Rangemusthaveoccurredlessthan
730 000 yearsago,sinceBrunhes-agesedimentshavebeendeformed.

1. Introduction tion, serveasa meansof correlationof thesefluviatile

TheHimalayanmountainchainhasbeenattri- sediments,collectively calledtheSiwalik System.
butedto theeffectsof thecollision of theIndianand By virtue of vastexposuresandabundantverte-

bratefossils,therocksof the Siwalik SystemhaveEurasianplatesovera spanof time rangingfrom
attractedthe attentionof variousworkerssincethe

Eoceneto thepresent.The mostrapid uplift of the
endof the 19thcentury(Wynne,1875;Pilgrim,

Himalayastookplacein mid-Miocenetime,andit was 1913;DeTerraandTeilhardde Chardin,1936)and
during this timethat largeamountsof fluvial sedi-
mentswere depositedin a narrow depressionalong an agerangeof Mioceneto Pleistocenehasbeen
the foothills of therisingHimalayas.Increased assignedto theserocks.The correlationof thesesedi-

mentson thePotwarPlateau,basedon magneticamountsof detritusaccompaniedby a gradualsub-
reversalstratigraphy,hasbeenworkedoutby Opdyke

sidenceof the foredeephaveresultedin anexcellent
recordof the geologicalhistoryof theregion. et al. (1979)andKelleret al. (1977).The present
ThroughtheupperCenozoic,a successionof verte- work is part of the effort to extendthecorrelationof

Siwalik sedimentsacrosstheIndusreentrantinto the
bratefaunas,demarcatedby extinctionandmigra- Trans-IndusSalt Range(Fig. 1).Initially theSiwalik
* Lamont-DohertyGeologicalObservatorycontribution sedimentsof the Bhittani Rangeare studied.On one

No. 3085. section60 siteswere takenalongtheroadat Bain
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7030E 70045E 7100E youngerthan2.8My, i.e. latePlioceneandPleisto-
cenein age.

~ QIJATERNARY

ALLUVIUM Recently,Hemphill andKidwai haveattemptedto

GHAZNI~ MALAGAN FM. renametheKargocha,MarwatandSheriGashafor-
RHEL SHERI GASIjA FM mationsas theChinji, NagriandDhok Pathamforma-

tionsrespectively,basedon the lithologic similarities
FM 32~0N of theKargocha,Marwat andSheriGashaformations

MAIN PASS KARGOCHA FM to thesethreeformations,whose typesectionsare on

MAE TERTIARY thePotwarPlateaufar to the east.WepreferMorris’s
- original terminologyfor two reasons.First of all the

Kargocha,Marwat andSheriGashaformationsare
- I~III~ PlioceneandPleistocenein age,whereastheChinji,

PEZU Nagri andDhokPathamformationin their type sec-
tionsaremiddlelateMiocenein age(Pilbeamet a!.

1977;Tauxe,1979);alsoit is not possibleto physi-0 5KM ——
3215N cally tracetheseformationsfrom their type sections

Fig. 1. Locationsof theBain PassandPezusections. into theBhittani Range.We thereforeretaintheter-

minology of Morris (1938).

Pass,througha sectionmeasuring2200m. The 2. Paleomagneticstudies
secondsectionstudiedwasalongthe roadnorthof
Pezu,consistingof 25 sitesthrough1000 m of sec- Three,andin somecasesfour to five oriented
tion. handsamplesper sitewere collectedfrom silstone

Thesedimentsexposedin theBhittani Rangehave N N

HemphillandKidwai (1973).The Bain Passsection /previouslybeendescribedby Morris (1938)and ~ NRM
PZ3A

beginsin rockswhich consistof thick reddish-brown .7 BP25ANRA

claystonein zonesup to 100 m in thicknessseparated (
+

by gray andbrown crossbeddedsandstoneup to 10 m

in thickness,which Morris calledtheKargochaforma- 2OO~ )3O0~7NRAtion. This formation is followed conformablyby a ~~6R / MPGA 300thick seriesof brown silty claystonesalternatingwithmassivegraysandstoneup to 20 m thick. Thisfor-
mation,which in theBain Passareaisup to 1800m 201 ‘6? 184

in thickness,was calledtheMarwat formationby ~PZ2OA .8P25A

~PZ lABMorris (1938).Conformablysucceedingthis forma- 00Z36
tion is a thinner sequenceof brown claystonewith BOr ~PZ25A 80 .BP2A

IOU

subordinatesandstone,about400m in thickness, 60 ~ 60

whichrepresentstheSheri Gashaformationof Mor- j /f~~ 40

ris. This is succeededby a thin unit of coarsebrown 20]

sandstoneandconglomeratecalledthe Malaganfor- 20

mation.This formationis in turn overlainby Quater- 0 50 00 50 200 0 50 00 50 200 250 300

naryalluvium. PEAK ALTERNATING FIELD bE) PEAK ALTERNATING FIELD (OE)

Vertebratefossilshavebeenobtainedby Morris
(1938)from theMarwat formationof theBhittani Fig. 2. Alternatingfield demagnetizationfor samplesfromPezuon theleft andBain Passon the right. Thedirectionsare
Range.Thesefossils aretypical of thePinjor faunal plottedon equalanglestereographicprojections.The inten-

stage,shownby Opdykeet a!. (1979)to beconfined sity decreasewith increasingalternatingfield is shownfor

to sedimentsin the easternPotwarareawhich are eachsampleplottedon the stereonet.
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TABLE I 300Oe wasapplied.Plotsof intensitycurvesfor

Resultsfor Bain PassandPezusamples thesesamples(Fig. 2) suggestedthatmostof the
samplesbehavesimilarly. Somesamplesshowedan

N Declina- Indina- k a
95 increasein intensityafter100 Oe field wasapplied

ion tion (Fig. 2, sampleBP18A). This is attributedto the

Bain Pass removalof a secondarynormal componentof magne-
NRM tization superimposedon anoriginal reverseddirec-
Normal sites 20 20.4 32.7 15.3 8.6 tion.Directionsof remanentmagnetizationobtained
Reversedsites 20 158.4 —28.8 6.6 13.6 were plottedon a stereonet(Fig. 2).Although direc-

After AF demagnetizationat250 Oe tionschangedwith theapplicationof higher field, no
Normal sites 19 13.6 35.1 13.5 9.4 systematicchangewas observedafter 250Oe.With
Reversedsites 20 165.6 35.3 12.1 9.5 this in mind two samplesfrom eachsitewere sub-

After thermaldemagnetizationat430°C jectedto a peakfield of 250 Oe. Meandirectionsob-
Normal sites 16 3.7 32.0 10.9 11.6 tamedfor all normal samplesaregiven in TableI.
Reversedsites 24 177.8 —35.1 16.1 7.5

Pilot samplesfromPezu sectionbehavedvery dif-
Pezu ferentlycomparedto thoseof the BainPasssection.

Normal sites 15 17.6 93.5 10.9 12.1 Many of thesamplesshowedan abruptdecreasein
Reversedsites 11 153.7 —32.9 6.9 18.6 intensityafteran 100—150Oe field wasapplied,

After thermaldemagnetizationat 450°c someretainedlessthan40%of totalNRM intensity
Normalsites 7 359.4 30.7 25.1 12.1 after100 Oe while othersstill retainedmore than 50%
Reversedsites 19 170.2 —35.3 7.4 13.1 of totalNRM intensityevenaftertreatmentin a 200

After thermaldemagnetizationat6000C Oepeakfield (Fig. 2). It was observedthat although
Normal sites 7 0.5 29.7 25.6 12.1 the directionsdo changewith higherfield,no change
Reversedsites 19 176.7 —29.6 7.9 12.7 in polarity is observedup to 200 Oe. Thevery differ-

entbehaviorof thesesamplessuggestedthatsecondary
magneticmineralsare of veryhighcoercivityandare
thereforehardto isolate from their characteristic

bedslying betweensandstoneunits.Eachsamplewas magnetizationby AF demagnetizationtechniques.
thencut into a cube2.5cm on a side.Directionsof
magnetizationweremeasuredby usinga fiuxgate 2.2. Ther~naldemagnetization
spinnermagnetometerdescribedby Molyneux
(1971).The intensityof NaturalRemanentMagneti- Selectedsamplesfrom bothsectionsweresub-
zationof samplesfrom BainPassvariesfrom I X jectedto thermaldemagnetizationin temperatures
l0~to 1 X 108 Gausswith anaverageintensityof from 100—675°Cat intervalsof 30—50°C.
4.4 X 10-6 Gauss.Theintensityof NRM of samples Thesamplesfrom BainPassshoweda systematic
from Pezuvariesfrom 1 X 10-6 to 1 X 10-8Gauss, anduniform behavior.Most of thesewere reducedto
with anaverageintensityof 4.09 X 10—6 Gauss.Direc- less than50%of totalNRM intensityaftertempera-
tions of magnetizationforbothsectionsare givenin turesof 400—450°C(Fig. 3). An increasein intensity
Table 1. wasalsoobservedat 100—200°C(Fig. 3, sample

BP38C)which suggestedthe removalof a secondary
2.1. AFDemagnetization componentof magnetizationwith oppositepolarity.

Thedirectionsof remanentmagnetizationwere
After measuringtheNRM directionsof all plottedon a stereonet(Fig. 3) andno significant

samples,somesamplesfrom bothsectionswere arbi- changein directionswasobservedafter450°C.Soall
trarily selectedfor AF demagnetization.Samples samplesfrom eachsite(includingthosewhich had
from BainPassshoweda gradualdecreasein intensity alreadybeensubjectedto AF demagnetizationat 250
andin most casesless than50%of thetotal NRM Oe)were thenthermallydemagnetizedat a peaktem-
intensityremainedaftera peakalternatingfield of peratureof 430°C.It wasobservedthat thepolarity
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N althoughintensitydecreasedto lessthan 5% of total

~ ~~26C/ AP Dc ~ NRM intensity.NOM~ / NRM 650 It is probablethat thevery low blocking tempera-7 ture componentisolatedmay be dueto the presence~ of goethite,while themoderateblockingtemperatureI I5GM / component,isolatedat 400—450°C,might beduetopjSC NRM \~IC~ ~ / themagnetizationof magnetitein theEarth’spresent660 dipole field direction,andthehighblocking tempera-

~0 turecomponentmaybe thedetritalmagnetization,‘AM SAC carriedby hematite.Keepingthis in mind all samplesBPIZC stepsof 450°Cand600°C.The meansite directions,PZ2OC z a:OPZ25C00 ~I4C ~ 400 were subjectedto thermaldemagnetizationat two! oFZ 3C Bp31c of all normal andreversedsitesaregiven in TableI.3. Reliability of data
0 00 200 BOG 400 0 400 ZOO 3040 4O•O 500 600 700

PEAK TEMPERATURE (
4C) ‘°° PEAK TEMPERATURE I’d SitemeanNR.M directionswere plottedand it was

Fig. 3. Thermaldemagnetizationof samplesfrom Pezu(left) observedthat normallymagnetizedsiteslie closeto
andBain Pass(right). Thedirectionsareplottedon anequal theEarth’spresentdipole field, andthosewith
anglestereographicprojection.Lower diagramsshowthe reversedpolarity do not lie on thesameaxis.How-
decreasein intensity with increasingtemperatureon the ever,theplot of site meandirectionsobtainedafter
samplesplottedon thestereonet.

thermaldemagnetization(Fig. 4) showedmuchim-
provementof groupingaroundthe respectivemean
directions,whichin turn are almost 180°apart.This

changedfrom normal to reversein threesites(Nos. indicatesthat magnetizationdirectionsobtainedafter
15, 16, 17),while no changeof polarity was observed thermaldemagnetizationwere acquiredprior to the
for the restof the sites.Sitemeandirectionsobtained folding of thesesediments.Thisobservation,corn-
for all normal andreversedsitesare given in TableI. binedwith theyouthfulnessof the structure(see

Thermaldemagnetizationof pilot samplesfrom below)suggeststhatmagnetizationdirectionswere
thePezusectionshowedan interestingresponseto acquiredduring the depositionof thesesediments.
thermaldemagnetization.Theintensityof remanent
magnetizationdecreasedgraduallyin a few samples
up to 400°C,beyondwhich they showedrapid
decreasesof intensity.In othercasesa rapiddecrease -- *

in intensitywasobservedat 100—200°C,followed by
a moreor lessstableintensityup to 5 70°C,thena 4’/Omagnetizationobtainedafterthermaldemagnetiza-rapiddecreasein intensityof remanentmagnetizationup to 675°C,wherein most caseslessthan5% of thetotalNRM intensity remained(Fig. 3).Directionsof
tion at eachstepwereplottedon a steronet(Fig. 3). BAN PASO PEZU

It was observedthatsomedirectionschangerapidly
up to 300°Candin somecaseswith achangeof Fig. 4. Sitemeandirectionafter thermaldemagnetizationforBain PassandPezusectionsitesindicatedby the filled and
polarity from normal to reversed,while little or no opencircles,respectively.Themeandirectionsof magnetiza-
changeat all was observedafter 300°C.Othersamples tion andcirclesof 95%confidence(Fisher,1953)areshown

(e.g.PZ3C,PZI 4C) howevershowedno changein the for thenormalandreversedcases(filled andopenstars,
directionsof magnetizationevenup to 675°C, respectively).
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4. Bain Passsection thick wasmeasuredalongtheBainPassacrossthe
northernlimb of theanticline (Fig. I). The entiresec-

Thesoutheasternpart of the Marwat—Kundi anti- tion consistsof alternatingsandstoneandsiltstone
dine in theBhittani Rangeexposesa thick sequence bedsof varyingthicknessandhardness.Sandstone
of Siwalik sediments.A sectionmore than2200m bedsare brownat thebaseof the sectionanddark

BAIN PASS PEZU
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Fig. 5. Stratigraphicsectionsand magneticstratigraphyof theBain PassandPezusections.The latitudeof thevirtual geomagnetic
polepositionfor eachsite is plottedwith respectto its positionon the measuredsection.Normalpolarity is indicatedby black
barsand reversedpolarity by openbars.The correlationwith themagneticpolarity time scaleis givenin thecentralcolumns.
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tolight gray at the top.Siltstonebedsarebrownish nine magnetozones.Exceptfor N5, all polarity events
redat the baseandpalebrown in theupperpartof aremarkedby more thanone site.In order to con-
the section.Two distinct,butthin unitsof conglo- firm the validity of theN5 polarity event,the samples
meratewerenoticed700and975 m from thetop of were separatelysubjectedto thermaldemagnetization
the section.Thestratigraphically-lowerconglomerate at 600°C.As no changein directionwas observed,the
unit might betheequivalentof the BainBoulder Bed polarity is regardedasvalid. Vertebratefossils
(seebelow)of Morris (1938). reportedby Morris (1938)from Siwalik sedimentsin

Sitemeandirectionsobtainedafter thermal Bhittani Rangeare of Pinjor age,andtherecentwork
demagnetizationat 430°C,for all ClassI sites,are doneby Opdykeet a!. (1979)andKeller et a!. (1977)
plottedin Fig. 4. The meandirectionsfor all normal in thePotwarPlateauhasshownthat thesesediments
and reversedsitesdo not differ significantly andare cannotbe olderthan latePliocene(GaussChron,
closeto the directionof the Earth’spresentdipole Hedberget al. 1979)in age.Comparisonof the ob-
field, at this locality shallowerin inclination by about servedreversalsequencewith themagnetostrati-
15°.Thisdifferencein inclinationmaybe due to the graphictime scaleof MankinenandDalrymple(1979)
beddingerror(King, 1955).It is also notedthatmean suggeststhat themeasuredstratigraphicsectionspans
declination at all sites is closeto a north—south axis, a time ranging from lower Gauss(about 3.10My BP)
suggestingno or negligiblerotation of this partof the to lower Brunhes(about0.70My BP). A plot of
Indianplatesince3.10My ago(seebelow), thicknessvs. time(Fig. 6) suggestsa sedimentation

Magneticpolarity stratigraphyis establishedon the rateof 0.95 m/l000y from lowerGaussto the
basisof meansitedirectionsobtainedafterthermal upperOlduvai andof 0.62 m/l000y from upper
demagnetizationat 430°C,andlatitudesof virtual Olduvai to lowerBrunhes.Thisis ahighsedimen-
geomagneticpoles(VGP’s) areplottedwith respectto tationrateascomparedwith thoseobservedby
the relativestratigraphicpositionof eachsite(Fig. 5). Opdykeeta!.(1979)andsuggestsa morerapidsub-
Tenreversalsare observedmarkingtheboundariesof sidenceof the basinof depositionanda higher

~~~CLDUVAI

BAIN PASS

0 I I I I I I I I I I I I I I I I I I I

0 400 800 1200 1600 2000 2400
STRATIGRAPHIC THICKNESS (M)

Fig. 6. Timevs. depthplotsof Bain PassandPezusections.Normalpolarity is indicatedby thebroadblack barandreversedpolar-
ity by theslenderline.
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amountof sedimentsupplythanin theUpperSiwalik cycle it is estimatedthat theReunionpolarity event
sectionsfurther to the east. as observedin this sectionlastedfor atleast25000y.

In orderto establishthevalidity of magnetozone
N3, which is coincidentin timewith theproposed ~. Pezusection
Reunionevent,additionalsampleswerecollected
from four siteswithin onesiltstonebed.Onesample The easternmostpart of theMarwat—Kundianti-
from theuppermostsiteandanotherfrom the dine in theBhittani Rangeis exposednorthof
lowermostsite were subjectedto thermaldemagneti- SheikhBudin,wheretheSiwalik sedimentsare
zation from 100 to 650°Cat stepsof 50°C.A Zijder- traversedby the NorthWest FrontierRoad (Fig. I).
veld diagramfor oneof thesetwo samplesis plotted A sectionabout1000m thick consistingof alternate
in Fig. 7. sandstoneandsiltstonebedswasmeasuredand

No changein polarity was observedup to 650°C sampled.The sandstonesaregray in colorandcorn-
althoughintensitydroppedto less than 14%of total pactat thebaseascomparedto thebedsat thetop of
NRM intensity.Theseobservationssuggestthat the thesection.The siltstonebedsare brownat the base
directionsobtainedafter 430°Crepresentthestable andpalebrownin theupperpart. Thesectionis
directionsof magnetization.Exactupperandlower entirelywithin theMarwatandSheriGashaforma-
limits of this eventcouldnotbe determineddue to tions.Thegeneralratio of thicknessof siltstoneto
thefact thatbothboundarieslie within coarse- sandstoneis higherin theupperpartof the section
grainedsandstonebeds.On the basisof theapproxi- (SheriGashaformation)ascomparedto thelower
matetime involved in the depositionof one fluvial part(Marwat formation).TheBainBoulder Bed

(Morris, 1938)liesbelowthemeasuredsectionbutit
is notexposedin Pezunala(stream)wherethesec-

UP,N tionwasmeasured.
— - 12 Meansite directionsfor all ClassI andClassII sites

andreversedsitesdo not differ significantly.How-

— - 8 B P6 C ever,themeanNRM directionslay slightly to theeastareplottedin Fig.4. Meandirectionsof all normal

NRM a north—southaxis andsuggeststhat thispartof the— 6 of thenorth—southaxis.After demagnetizationat- - 600°Cthis slight deviationis eliminated.Themean— - directionof all normalandreversedsitesis closeto

- - 2 Indianplatedoesnotshowobservablerotation since
1.88 My ago.

-600 Magneticpolarity stratigraphyis establishedbased
w E on directionsobtainedafter thermaldemagnetization

4 2 - - 2xlO
6G at 600°C.Latitudesof VGP’s are plottedrelativeto

- 2 the locationof their sitesin thestratigraphicsequ-f ence(Fig. 5). A totalof five changesof polarity are
observed,markingtheboundariesof four magneto-f/~ zones.All, exceptone,magnetozonesaremarkedby

6 morethan one site.A goodcorrelationcanbemade
with the BainPasslocality whichlies to theNorth

8 West.Correlationof theBainPasssectionwith the

standardpolarity time scaleis basedon the fact that
DOWN, S the BainBoulderBed definitely underliesthe section

Fig. 7. Zijderveld (1967)diagramof thermaldemagnetiza- measuredin Pezunalaandthegapis notmore than
tion of normallymagnetizedsamplefrom theReunion
event.The filled and opencirclesarevectorendpointson 2—3 fluvial cycles,andsamplesfrom one site above
thehorizontalandvertical planes,respectively.Demagneti- the BainBoulderBed, collectedfrom thesouthlimb
zationwastakento 600°C.
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of the anticline from BainPasssection,showreversed Anotherimportantfeatureobservedis thesedi-
polarity.Therefore,considerationof polarity event mentationrate,which is higherthan thoseobserved
Ni asOlduvai is thebestinterpretation.Thusit is for anysectionin thePotwarPlateau(Opdykeet at.,
evidentthat thesectionspansa timerangingfrom 1979).Thissuggeststhat thebasinof sedimentation
lowerOlduvai(1.86My BP) to upperMatuyama was rapidly subsiding;however,absenceof multi-
(0.74My BP). A plot of stratigraphicthicknessvs. age storiedsandstonesin thesesectionssuggeststhat the
suggestsan overallsedimentationrateof 0.77m/ location of thebasinof sedimentationwasout of the
1000y (Fig. 6) during the depositionof entirethick- axial zoneof themajorstreamresponsiblefor the
nessof sediments,which is verycloseto the average depositionof theseSiwalik sediments.
sedimentationrate calculatedfor theBainPasssec-
tion.
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