e (229

\

H VL

Pht
= Cawdt
o et

= T

,ONOLOGY OF THE PAI AEOCLIMATIC EVENTS OF THE

ATE CENOZOIC PERIOD IN THE KASHMIR VALLEY

by

: Sheelai,_;KuS’ufhgé}x}
Physical Research Laboratory
Ahmedabad 380009

and

Tata Institute of Fundamental Research
Bombay 400 605

A thesis
submitted for the degree of

DOCTOR OF PHILOSOPHY

of the
UNIVERSITY OF BOMBAY |
o : , 043
March 1980 w
Tl B11229

i THE LIBRARY
PHVSICAL RESE 0o 0 ABORATORT

BAYRANGPURA 2t 40~380000
: IN \ | :




CONTENT S

Page No.
”af ¢5ﬁtents i
Synopsis iv
mﬁﬁtement required by the University xii
fistyéf:ﬁigures XV
§£ Qf Tables xvi
CkﬁéWlédgements ' xviii
HAPTER I INTRODUCTION i
 §TﬁR 1T GEOMORPHOLOGY AND STRATIGRAPHY OF THE 6
. \ SEDIMENTARY DEPOSITS IN THE KASHMIR VALLEY\
II.1. General features R | 7
II.1.A. Geomorphologyhaﬁd geology 7
II.1.B. The Karewas and their origins 11
IT.1.C, Chronological controversies 21
IT.1.D. Glacial features 27
IT.2. Palaeontological data 29
II.3. Our approach and sampling 39
H?f;éTER III RADIOKCTIVE DATING 46
- III.1. Introduction . 47
IiI.Z. Radiocarbon dating 47
| III.2.A. Principles 48
IIT.2.B. Techniques 53
IIT.2.B.1. Chemical procedure 53

I1T,2.B.2. Assaying techniques 59
and detection limits '
111.2.B.3. Calculation of ages 64



ii

Page No,
IIT.2.C. Dating material and 67
sample collection
ITT.2.D. Results and discussion 69
IIT.3. Uranium series dating 75
IITI.3.A. Principles 76
IIT.3.B. Techniques 82
ITT.3.B.1, Extraction and 82
radiochemical
purification
IIT.3.B.2. /issay of uranium 84

and thorium isotopes

III.3.C. Sample collection 86
IIT.3.D., Results and discussion ' 86
DEPOSITIONAL REMANENT MAGNETIZATION AND -89
STRATIGRAPHY OF THE KAREWAS
IV.l. Introduction ' 90
IV.2. Principles of Palaeomagnetism 91
IV.2 .k, Origin of Palacomagnetism . 92
IVv.2.B. Reliability of the record of 94
magnetization
IV.2.C. 4 criterion for stability of 97
NRM in the sedimentary rocks
IV.3. Measurement technigues , 100 -
IV.4. Sampling procedure and collection of 102
Ssamples
IV.5. Results 108
IV.6. Magnetostratigraphic correlation: 113

discussion




Page No.
DLTING OF Pi‘xM;EOCL'IMZ-;TIC EVENTS 139
V.l. Introduction 140
V.2. Global climatic change 140

V.2.4. Quaternary climatic fluctuations 143

V.3. Palaeoclimatic cycles in the 148
Kashmir valley

CONCLUSIONS : 154

 BIBLIOGRAPHY 155



SYNOPSTIS

The present study was carried out to provide a chrofology
alaeoclimatic and palaeoenvironmental events of the
te Cenozoilc period in the Kashmir valley using radioactive

d*magnetic polarity dating methods.

;Thé Kashmir valley (Lat. 330 30' to 34° 30“N., Long.
kt6 75O 30' E.) has a continuous and éaéily écqessible
ecéfd[of hhe late Cenozpic lake sediments of about 3000m
kékness. This reiict lake bed which waé drained out due to
iuplift providesvsuitably exposed sections with well

signatures of the various glacinl and interglacial

deposits of the basin can'bé divided into three

Loess, Uppe: Karewa and Lower Karews. 55 the drained
bed presents plateau like burraces, they have been
rmed Karewa in the local Qlalbct This term has now been

epted in the geoloqlcal literature The Lower Karewa

lignite with an alternation of clay, silt and sand
Their total thickness is estimated to be about 2500m.
bper Karewa formation, on the other hand, consists of

ZQQtal beds oi gravel, calcareous clay s, marl-bands ete.



‘35 57£otal thickness of about 100m. Various glacial
1ﬁé5rand Out«washeé intrude into the Karewa fommations
*strat¢gLaph1c mdrker Aécordinc tb-de Terra(and 
e ldke tlnally ‘drained out during the I1 1nterm
z'tﬁus exposing the lake beds on the Himalayan no:thw
sidé}also. The Pir Panjals were continuously ric 1ng and
iéke‘beds ori that side were already exposed when the Karewa

_chrank and shifted towards the Himalayan side. It appears

ﬁ'atfthé*last(?) glacial period is marked by loessic deposition

hich is thicker on the Pir Panjal side, as it was exposed

ier, and thinner on the Himalayan side.

s continuous record of the Late Cenozoic palaeoenviron.-
ptal,events has been a subject of great interest to geologists
Qr‘over 100 vears. The classical methods of geomorphology,

*palaeon tology, and palynology have been applied to these deposits

~bqt not yet in a comprehensive and systematic manner., So far no
hy sical methods were available to the earlier workers and
herefore many controversies remained unresolved. ¥or example,

fthe beginiiing of the Karewa lake has been variously dated from

iocene to kleistocene times.

 Thé Kashmir basin attracted cur attention as it provided

~pnique sediment profile ofw.3000m thickness in a continental



1oﬁ;f~50 far the long palaeoclimatic records were
v’deé?énly by the sea~cores and the lake profiles (for
13;;1aké Biwa ox léke_Van) nave been s0 rar bored only
e a maximum depth of 200m or so. BEut since in the case of
euéaﬁld\go back to perhaps 5 m.y. and sample 3000m
&menﬁ,Without reéourse to boring, I took up the

o _cf dating the Karewa lake sediments by using radio-

_and palaeomagnetic technicques.

Tﬁe results oi these studies are presented in six chapters,
st being introductory and the last summarising the

sions.

In CHAPTER TWO, I have provided an outline o: the geomor—
1 features and their stratigraphic correlations in the

I have described the physiography and geological formations

clﬁdingfthe present day ecology. I have also triad to‘define‘
’belem'of Plio-Pleistocene boundary. The drainage pattern and
 C%§limanifestations have been described in de£a11 as they provide
geomO?phdlogical markers for dating the eventé./‘ihe rolé‘played‘

ectonics has also been explained.

In short, the available evidence on geomorphology, palyno-
"ndmpalaeontology has been sumarised to provide a backdrop
tbblems to be tackled. Though the available palaeontolo-

and\pélynological evidence is not yet adequate, it does



T

e broad chronological pegs on winich a time-frame can

Itgmust be emphasized'that it is a continuous and

;recora”so\it is an ideal location for macgnetic
tigraphy ..
have also shown that the loess represented the last

~tibnal'episode in the wvalley and probably marks the last

;aridity. In the body of the loess there are scveral
,édls which should represent che relatively wetter and

erfepisodes in an otherwise arid and cold phase.

LR THREE deals with radicactivity dating in which

e radiocarbon and uranium/thoriwn methods, I have described

ieory and technigue of both the methods and their limita-

in the context of the samples collected by me. I have also
scribed the methane reactor that was developed by me for prepar-

acdlocarbon samples.

,fﬂé,upper'part of the "Loess'" deposit has been dated with the
Véthdd; both organic and inorganic fractions were extracted
heir radioactivity determined to check on the validity of

f,_ It is gratifying to note that in general there was a

., 14 .
d.concordance between the C dates bPased on organic and

rganic fractions.



. o - s 14
nce the Karewas cannot be dated with the ~°C method,

pted to obtain approximate "ages" using the Ionium

' °dating, Following ikauifman and Broecker's attempt at. .the

dﬁglaciation in the valley. These sites are generally located
éboﬁt C.1600m altitude. This resuit is in accord with the
dat=d pollen profile from a bog at ¢.3120m
deglaciation was in progress there at ¢.15,000
that the last deglaciation in the Central
started around c¢.18,000 . + lOOQ B.r., which is
iﬁ'keeping with the latest ¢lobal evidence as repbrted by
imagic Committee repor£ ot the Australian academy of
yyuf fﬁe lower palaeosols are older than 30,000 ﬁ.P.

ut 10 sites have been sampled for palaeosol-dating.



\DTER FOUR, I discuss the provlems and results of
nagnetic measurements made on the Karewa profile. We have

1fthe.Hirpur section as thae typical representative formation

the Lower Karewa and for the Upper Karewa, Saki Paparian

,01¢hibagh have been chosen. 7The results have been verified oy

ng few other sites. s the Upper Karewa deposit has a

kness of only about 100m, I could &0 an intensive sampling by

ring*all the clay bands present. Thus about 80 ‘samples were
ed for the Upper Karewa. The Lower Karewa samples presented

ble problems of extensive field-work and accessibility of the

ed sections because of their sheer steepness. I have

Ctorily covered only about a 10km long section in the

?a §alley, near Hirpur., As it was essential to cover the
;éWér:Karewa section to detect all the magnetic épochs, 1
idea uan an extensive sampling and collected about 80

S,ét‘broad intervals. Thus my palavomagnetic stratigraphv

aSed upon 150-16¢ magnetic samples.

‘héﬁjChathr, I have also dealt with the principles ad

\besides giving the sampling procedure adopted by

ne.

dsUrements were made with the help or an astatic magneto-

fMounted with Helmholtz coils to neutralize the earth's

t magnetic field; this instrument which was made available
Work was housed at a field station far away from the city

gh?r;Sensitivity measuremant

=
Doe



’hg ﬁagnctlp medsulcmgnt results have been stratigra-
'orrclatpd to the different exposed sections available
; tAli the Upper Karewa samples show normal
O;arlty;i\Neag the top of the Hirpur section (Lower Karewa)
ve some saples ueplctln; a reversed polarity covering a 1Om
ﬁiéééﬁeht of the section. The lower ssctions exhibit

ormalfpoldfity. Keeping in view the geological stratigraphy,

i a od¢tiﬁe dates and the climatic =vents, I f£ind that the
‘eti¢;measurements provide a consistent chronological frame-
f:Qﬁf re31lts thus show that the Karaswa lake sediments
VQver the Brunhes (.« 0.72 m.y.), Matuyama (0,72-2.47
jauss (2.47-3.41 m.y.) magnetic epochs.

,QHAPTEP MIVE makes use or the chronoloyy determnined in the
Séﬂﬁ”wOrk using the radioactive and palaeomagnétic techniques,
O'lbéate various palaeoclimatic and palaeocenvironmental events

the valley in a time-sequence.

-

.- CHAPTER SIX summarizes the results of the present work
lch-clearly points to the availability of a comnplete palaeo-
imat C sequence covering the late Cenozoic. It would be

Nt to check by sampling several sites in the Lower Karewas

detemine the oldest available sequence.
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Thréé condlusions could be drawn from the present work:
u,>65e,topamost palaeosol in the loessic deposit

‘;‘réﬁresents the last deglaciation which started

’é{:ﬂ”\l‘\faoofr'n at 34° N, Lat. at about ¢.1800 + 1000 B.b.

”jgﬁﬁpper Karewa represents Brunhes Epoch (.<0.72 m.y.)

iTﬁéré is good indication that the top-most section

f _bf the’Lower Karewa represents the HMatuyaina Epoch

  (0.72~2.47 m.y.) and the section below probably |

}; indicates the Gauss (2.47-3.41 m.y.) magnetic normal

:?‘Epoch.

These investigations have made available a chronologic
entary sequence covering the late Cenozoic in the Kashmir
which cun now be more extensively studied using conventional

s to delineate palaeoclimatic changes in this period.

It Should ke emphasized that this work provides the first

on the Karewas based on physical dating methods.



’STPTEMENT RIS UIRLD DNDLR ORDINANCE Q. 770

ereby stdte that the work described in this thPS]S has
,Qh submitted to this or any other University fo r‘Ph D.

y‘other degree.

STATEMENT REQUIRED UNDER ORDINANCE 0.771

'tatement regarding the diScoverY and important new factsg

ggté éhrbnologies have been provided to the palaeo-
c and palaeoenvironmental events of the Late_CemoioiC
”d;ih'ﬁhe Kashmir valley. Io ;‘the first time, 1 have used
1¢§l'dating methods for providing chronologies ta exposed

5was‘ (the relict lake beds) in the Kashmir valley. So far

*133310 1 mathods were used to date the Karewas.

tfhe radiocactive dating methods were used for dating the

'eOspls within the topmost loessic deposit and the Upper

3

_ The magnetic polarity dating was employed for the

}nd the Lower Karewa deposits.

:ThE'ﬁopmeSt palaeosol within the loessic deposits dates to
rOOO + 1000 years before present, thus dating the laét
efl@éiation in Kashmir. The Upper Karewa is ascribable to the
hhés Epoch (< 0.72 h.yq). The topmost sediment below the
rﬁv?;;bed iﬂ the Hirpur section probanly belongs to the
V§W§ EPOChv(O,72w2ﬁ47 m.y.) and the section beiow this

ab%jdthe Gauss (2.47-3.41 m.y.) magnetic normal epecch.
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taﬁeméﬁturégardingkcontributicn of the author

Jhe large number of samples of soils (palaeosols) for

arbon dating and samples of clay for palaeomagnetic

'1e$:werp Pollected at several sites in the Kashmir Valley

wére measured by the author. Assistance was provided in

d ’ork by Dr.. D.P. Agrawal, Mr. R.V. Krishnamurthy,

tlyal and DL. R.K. Pant.

‘%e plepdratloﬂ of countlng gas for LadwocaLoon dating and
,extractlons of uranium and thorium were done by the guthor
ith occasional help from Mr. R.V. Krishnamurthy, Dr. S. Krishna-

Dr. R.K. Pant and Dr. B.L.K. Somayajulu.

iocarbon dating. The procedure of preparing contamination

Ihe palacomagnetic measurements were carried out using an
atic magrnetometer housed at Tata lInstitute of Fundamental
Reséarch (Khandala) and at the National Geophysical Research

*tlLute (Fyderabad) in collaboration with Dr. S.D. Likhite and

ES;iRao.

[?he planning of sampling procedures and sampling regions,
Ne in consultation and collaboration with my. guide

Lal and Dr. D.P. Agrawal
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The interpretation of experimental results have been

ied out Ly the author in consultation with my guide

al, Dr. D.P. Agrawal and Dr. C.R.K. Murthy.
In all these phases of investigations the author Carried
a significant share of work.

A list of publications of the author together with a copy
h o:f the bPapers supporting the thesis are attached at the end
the thesis:,

(Sheela Kusumgar)
ﬁy@fhat the above stater

ments are correct

D, Lal
(Guiding Teacher)
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CHAPTER T

INT RODUCTION

Thisfﬁhesis t#iesaﬁo deriﬁe anrabséldte chronological
éwérkikﬁfthe pa laeoenvironmental and palaeoclimatic

 §8 33 fecorded in the sediments of the Karewa lake in the
hﬁgrfvalley. Though geologists and palaeontologists have
 Workiﬁg in this area for over a century, vet the physical
fﬂdﬁ£ing;emplo¥ed by me have been used for the first
nvthéQVailéy; and, in fact, palaeomagnetic dating for \
h¢ Céﬁonic formations in the vallgy is being attempted for

he first time in India.

Several important consideratigns influenced my decision

select the Kashmir valley :

The basin provided é'unique record of about

3000 m of a sediment profile.

‘\,iectonic\uplifts and a 5000 sg. km, areal spread
5f>the'relict lake allowed me 'to pick, choose
and correlate different sections for sampling

of the complete profile, without getting:into
‘the formidable logistics of deep~-drilling.

From the continenal situation, tﬁe basin
provided a unique palaeoclimatic recofdvgoing
back to the Cenosoic périod.' Such deep redords

are hardly accessible elsewhere, excepting from



théfseé—cores.
‘kfdr fieldéwork and stratigraphic correlation
in the Kashmir basin, I could get expert help

_and guidance from other workers.

‘fhé Qagley of Kashmir (Lat. 233° 30"-34° 30' N.,.
yg” 74d?75O 30" E.,) is flanked by ghe Himalayas on the
heast and the Pir Panjals on the southwest. The lake was
'“by the Upllft of the Pir Panjals which impounded the
1malayan dralnage. The depn51tlonal processes have
ihfluénced'by both climatic and tectonlc factors. The
QQ:Sediments provided a plateau like surface which in the
Jai;diaiect is called 'Karewa', a term now used in the
'ljgical literature for the relict basin sediments, The
mentary profile is divided into three members: ~the Lower
_rewa (also called, Hirpur Formation); the Upper Karewa’(alSO
called, Nagum Formation); and the Loess. The first two are
'°§gqat:1ne and the uppermost is of aeolian érigin, As
_3:550ve, these deposits have an overall depth of BOOO\ﬁ\

nd SOOQ sq. km. areal extent.

.1‘The valley has attracted the attention of geologists and
p@laebntologists for more than a century (Godwin-Austen, 1859;
BYdekker, 1883 ; de Terwa and Paterson, 1939; Wadia, 1941;

arpoqi and Desai, 1974; and Bhatt, 1976). The considerable



us geological-work alone makes it possible for one to
:hékﬁroblems and plan sampling strategies. Though
;ageostill’unresolvéd geoiogical problems, yet it's
'w£hekhérd work of geologists and palaeontologists from
,ehker s (1883) énd Godwin-Austen's (1859) times onwards,
,Lhc basin sediments are understood well-enough for the

”plioatlon of finer preCLSlon'of the physxcal methods.
1ﬁ§ﬁ[geomorphoiogical and\péléeonto;ogical studies
fWiil be discussed in detail in the nexﬁ\chapter, various

geqéstimates were given'for the beginnings of the lake which

ried from Miocene to Pleistocene periods. Though there still
soa dlfference of greater than 12 m.y. about the age of the
K':Ewaolake, yet even this information is valuable in the
lanpiogoof the sampling and the amount of work involved in any

uchoeffoxt.

ﬂﬁhis,study, I ﬁave used mainly three,techniques,of
 the radiocarbon, the uranium series and the palaeo-

mééhétic dating methods.

IVRadiocarbon, an isotope of carbon, was first used by Libby
(1955) for dating organic remains. It is produced in the
tmosphere by the interaction of slow rieutrons with nitrogen

nqclei and has a half-life of 5730 vears (Godwin, 1962). The



_rbon method is now a well estébliéhed method (for
é;~8ee Chapter III) and was used to date the palaeosols
nlthe loessic dep051ts as also the archaeological deposits
;ljing fhé loess. The *c dating method has a range only

+ géé;OOOvyears and we therefore tried the uranium series

nethod to be able to extend the dating limit furﬁﬁer,

;The disequilibrium features of the radioactive uranium in

natural waters provide qguite a few possibilities of using them

déting methods (Chapter III), We have tried to use here

2 U ratio changes with depth as also 230,

Th deflc1ency
_Both these methods have been tried by me carefully.

the results did not turn out to be very satisfactory,

,mofe useful and allowed us to date the whole sedlmentéry
mroflle of the Karewas (Chapter IV). Since it is only a relative
“thod of dating, we had to ensure the relative completenéss
ffthé'Sedimentary record, as also define some independent

hronological markers in the profile, Plelstocene fossils and

absolute dating of the upper~portlons of the profile allowed us

to“put the magnetic polarity scale in an absolute time-frame,

Slnce this thesis was mainly aimed at dating the sedlmentary

e and Lhe events recorded in it, we bring out the relevance;



ting efforts towards this aim in Chapter V. It is

\h3£ §hé-is dating only the various manifestations of

ticfinte:pretations of fossil and sedimentological data.

sequently change, our chronology will continue to hold good

 s directly,related to the lithozones which are fixed

ts of the sedimentary profile.

last chapter summarizes the conclusions.



CHAPTER II

EOMORPHOLOGY AND STRATIGRAPHY OF THE
SEDIMENTARY DEPOSITS IN THE KASHMIR VALLEY

General features

- II.1.A. Geomorphology and geology
II.1.B. The Karewasand their origins
II.1.C. Chronological controversies
II.1.D. Glacial features

~ Palaeontological data

QOur approach and sampling



1, General features

This dhaptérfprbvides the essential backdrop to the

bléms of stratigraphy, recognition of palaeoclimatiec events,

,hroholoqy and terminology of the Cenozoic formations in the
ev. The impértance, validity and meaning of our chrono-
gi¢ data depends a great deal on the geomorphologic and

dimentologic framework delineated here.

'Iﬁalso attempt to explain in this chapter the need for
fdéting of the Karewa events, as chronological discre-

né1és of j;lo million years exist between different estimates.

II.1.A. Geomorphology and geology

The Kashmir valley (Lat. 33° 30' N. to 34° 30' u., Long.

1E; to 75° 30! E.) lies in the northwestern part of the

:alayan mountain chain within India. Geographicaliy it forms

:tféf the Himalayan region.

Thé §a;ley (Fig. II.1) has an area of nearly 5000 sq. km;
d 1$fellipsoidal in shape. The longer axis (140 km) roughly
:éhds:horthwest to southeast (general trend of the“Himalayan
ihain}, The width varies greatly but the maximum is reached

n the central part (40 km).



ep of Kashmir valley (after de Terra and

paterson, 1939), showing sampling locations

nd Karewa sediment distribution.

Burzahom; (2) Saki Paparian; (3) Olchibagh;
) Pﬂmamum;(S)'mnnrﬂmmf;(m Puthkhah;

Hirpur
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ie)

Valiey is intermontane fault basin with a sinking
ahd tﬁe_mountain belt has a rising propensity - these
mainffactors responsible for the palaeogeography of

réglbﬁ (de Terra & Paterson, 1939).

’Tig'Kashmir valley lies between the Pir Panjal and the
imalayan ranges. In this region the Pir Panjal range
‘es,an‘elevation of about 4000 m and the Great Himalayan
 about 6000 m. The maximum and minimum elevations, of
1 y}prbper; are 2200 m and 1500 m respectively. The
Qn‘difference of 700 m is evenly distributed through the
us:‘KareWa' terraces. The term Karewa, adopted from the
i_langﬁage meaning flat-topped plateau like natural

"ures, was introduced into the geological literature by

A,ﬁiansverse section of the Karewa sediments shows a slant
40r@f6ver-a distance of 40 km from the Pir Panjal to the
lath‘slope. Its deepest portion lies along the Jhelum
fwhosé course runs through the rocky spurs of the north-
ﬁﬁiflahk. The entire Pir Panjal drainage, except for the
helum, enters the basin at about 2100 m, whereas the Hlmalayan\,

treams enter the valley at about 1600 m elevatlon (de Terra and

Pat/rson, 1935) .,
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1akes and swamps occupy much of‘the northwestern part of
jyélief; The lakes Wular, Manasbal, Ankar and Dal lie in
éfléoa plain of the Jhelum, whose broad meanders have cut
wanpy lowlands out of the Karewa terraces (de Terra and

. 1939). The occurrence of the sub-recent/recent
UQ'is restricted in general to the more central portions
'the Kashmir valley. Along the major drainage lines the
_luviél tract extends deep into the Pir Panjal and the Great

malayan ranges (Bhatt, 1975).

,  The periphery of the Karewa basin indicates that Panjal
;ép'and Triassic limestone are the most widely distributed
é@k'units of the basement, particularly in the central and
uﬁhWestern parts of the Kashmir valley (Bhatt, 1975). It is
y5that in the valleys of Liddar, Sind, Pohru and Mawar,
he Lawer Palaecozoic rocks form the base for the Karewa sediments.
“céééidnally, in the central parts of the Kashmir valley basement
:rpéks, consisting mostly of Tiiassic limestone and some of

énjal trap, crop out in the form of small inliers, such as at
Biru, Tral Kham, Sombur, Anantnag, Baba Rafiuddin etc. Such
nliérs are, however, more numerous along the peripheral ranges,
:Whére they represent valleyward extension of the mountain spurs.
Thé position of Kashmir within the Himalayan mountains is

emined by two important geologic features: its location on




11

mardih of a young mobile mountain‘belt and its proximity

r é'gtructﬁral syntaxis. The first feature characterizes it

{ Low anticlinal ridges and intermediate synclines

%

his area the aspect of a fold belt in the process of

”aﬁiqn (de Terra and Paterson, 1939).

I1.1.B. The Karewas and their origins

The studies on the Karewas go back to the nineteenth

Céﬁtury when Lydekker (1878) investigated the lithblégy and
'ﬁrétigraphy of these deposits, Middlemiss (1911, 1924) followed
péfthése studies with special reference to structure and
tééﬁ@nics. The most detailed and multipronged study was made by
féfﬁa & Paterson (1939), In recent years several other
wquers\have continued such investigations (Chatterjee and Bhatt,
1969; Bhatt, 1976; Farooqui and Desai, 1974; Roy, 1975; Pant ot

al, 1978; agrawal et al, 1978).

Below we will discuss the problems related to the definition,

.otigins, distribution and terminology of the Karewas.



he Karewa deposits have been designated as the Karewa
p (Farcoqi and Desai, 1974; Bhatt, 1976), which is divided
,t&c parts. The Lower and the Upper Karewasthave been

inea?feSpectively as 'Pakharpura Formation' and 'Shopian

iﬁé@idnf;by Faroogi and Desail (1974). Bhatt (1976) does not

ee;ﬁith their teminology and argues that especially for the

ppef;Kaiewa, the stratigraphic definition is based upon only
vviiiSed geomorphic features. Accordingly, Bhatt (1976) has
‘finéd them under the stratigraphic terms 'Hirpur-Formatign'\
~£he'Lower Karewa and 'Nagum Fomation' for the Upper KareWa,('

relies upon different type sections. The Hirpur Formation

Téssentially a lacustrine sequence with minor valley~f£ill, Bt
eltaié;and lagoonal deposits in the marginal areas of the basin;
5le7§he Nagum Formation represents glacio-fluvial and loessic

osits (Bhatt, 1976) .

Lower Karewa (Hirpur Formation): The Hirpurs-consist of a

kq&ehée of dark bluish-grey clays, light-grey clays, grey
GﬁfélaYS, laminated varve clays, green sands with sporadic
ndénce of sand beds intercalated with lignite beds in the
rginal areas of the basin. It may be noted that exposures
' iignité beds are restricted to the southwestern margin. In
,éiflégk of the Pir Panjal range (along the southwestern margin

- the Karewa basin) a prominent and persistent conglomerate
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izon is exposed in the lower part (Fig. II1.2).. The varve

- sediments,

In’additioﬁ to the lacustrine features, fresh water

Oof the lepurs. Krynine (in de Terr: and Paterson, 1939,

\b}helds similar views based upon his sedimentalogical

yase of the Karewa sequence (

de Terra and Paterson, 1939;

‘nueMlttre, 1964; Faroogi . and Desai, 1974) . Bhatt's (1976)

kdy“in the upper Rembiara valley has, however, revealed the

sence of a 250 m thick depos;t of sands, clays and llgnltes‘

» We have also observed these underlying

Signif ficantly enough, the constltuent gravels of all

s show a preferred arlentatlon towards the northeast

s,the Yegional dip dlrectlon of the Hirpur Formation,

t 1975) therefore infers that the conglomerate sequence

sents 4 post-tectonic molasse, formed by a tectonic agency

ed to the Pir panjal range rather than its being a glac1a1

WaSh dep081t as suggested by de Terra ang Paterson_(l939).

otal thlckness of the Basal Conglomerate being 200 m,

1t 1se



lepur Section-A showing Basal Conglomerate

; znear Dubjan. It has a thickness upto 200 m.

4/;)\1, ‘,//
. ‘,\ ,
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Schematic sections across the Kashmir basin,
showing the stages of the Karewa lake formation
as a result of tectonic movements (after

de Terra and Paterson, 1939).
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gﬂjd,have given rise to such a thickness of deposits., The

in the basin took place through‘a fluvial agency (Bhatt, 1975),

| Upper Karewa (Nagun Formation): The Nagum Formation

" 1ow, as described by Bhatt (1976),

- The basal part is represented by glacio-fluvial gravel
fgh’and gravel bed of re-sorted glacial moraines, mdde up mostly
£ fragments of Panjal volcanics, with a minor component of
:quartzite and limestone. 1In the central part of the Kashmir
alley the gravel fragments are rounded to sub-rounded. South-
;wéstwardly towards the source in the Pir Panjal range, however,
the clasts become angular to subangular. Along a cross-section

across the Kashmir valley, the thickness of glacio-fluvial

ra01es of the Nagum Formation is highly variable; it is about
130 m on the Pir Panjal flank but only about 10-15 m on the
b“Hlmalayan side. de Terrs and Paterson (1939), however, referred

“to this deposit as Karewa gravel and considered it +to represent

Ie-sorted glacial debris belonging to the II Glacial stage of

fPlelstocene, a view w1th which Wadia (1961) also agreed.



17

fThé iacustrine lithofacies above the gravel of the Nagum
'ormégidn restricted td,northeastern part and about 100 m thick
”ETSombur (Lat. 34° 57! N., Long. 74° s56° E.), consist of pale
1Yéilbw laminated marls and silt with marlekar bands, and layers

f interbedded medium to coarse grained greenish sands, marlstone,
ialcareous grits and varved clays. These lithological character-
Stics unmistakably point to their being lake sediments.
,feponderance of marls indicates alkaline environment of
abosition. Bhatia (1968) has reported from this lithofacies
:biific fresh water ostracode assemblage, indicating a large
:permanént, cool, slightly alkaline lake environment of deposition,

comparable to that of the present day Wular lake.

Loessic deposits: The topmost member of the Karewa Sequence
ls répresented by a brown, granular, non-stratified silty deposit,
'With carbonaceous bands in between. These carbohaceous bands
?epresent palaeosols, indicating temporary periods. of non-
'dgposition and also indicating probably humid and warm climate
\ﬁgléton and King, 1969; Kusumgar et al, 1979). The loessic

deposit invariably caps the Karewa sequence everywhere.

In the southwestern (Pir Panjal) side of the Kashmir valley
these deposits have two, three or more distinct palaeosols
Within them. In the northeastern part one comes across only

ftwo to three palaeosols within the loessic deposits. On the
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Panjal side there are some sites with 90 m thlck loessic

aepoSits juét above the gravel bed, whereas on the Himalayan
1de the loessic thickness is only about 10 m and the deposits
cVerlY the lacustrine beds of the Upper Karewa.

The tQp loessic deposits dpparently formed during the last

;gla01al period which was marked by low temperatures and general

*arldlty. But the palaeosols within the loess probably represent

warmer/wetter conditions (Embleton and King, 1969 Grootes, 1977).

eThe loessic deposits bossess the property to remain stable

eveh“in a vertical cutting (Bhatt, 1976) and do not show any
They are well-graded and have a maximum
/u. The aeolian origin oi these

fand SLM studies (Pant et al, 1978 ; aAgrawal et al, 1978).

Origin of the Karewas: Godwin-hAustin (1864) and Lydekker

The key region to the solution of the problem lies between

iBaramula and Rampur. In this portion the river cuts through
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high spur at Shir Narwao, where its course is still deflected.

This spur is part of the ancient divide through which the

gnéestral Jhelum cut backward, finally to capture the drainage

k :he Kashmir basin. The anciént divide is a fault-line scarp
nnuﬁhe'Kashmir side, characterized by seismic disturbancés.

‘The river was nearly graded when the uplift must have carried
ﬁhe,old divide to such a height that the river was deflected
,éﬁd prevented from pursuing its course. The Jhelum gradient

was fairly established and there was no deep transverse gorge
such as exists today, which means that a slight initial uplift
would have been sufficient to first block the stream and then
ﬁurn it backward to the basin. A landslide may have dislodged
fhe fan deposits on the now steepened slope and helped to bar
stream., After this, flooding of the basin must have been
instantaneous, as indeed the sudden change from coarse sandy to
 ¢lay beds in the Lower Karewa indicates. The lake probably
éstablished its spillway at an early period, but as its channel
‘had been dislodged through uplift, it could not cut into its old
fbed but was forced to flow across a convenient gap in the rocky
;divide. This retarded the outflow of the lake, the bottom of
QWHich undoubtedly subsided further in adjustment to the Pir Panjal
Ep;ift. This sinking of the lake basin led in turn to new dis-
,lééements along the mountain front, the faulting carried the

ind Jhelum to even greater height. The spillway now entrenched



tselfvmote vigerpusly_in the bedrock, which may have caused the
ifsﬁedraining of the KereWa lake at the first interglacial
eriod. This is the phase of the green-sand deposition along
»ith Himalayan slope and of the upper lignite bearing sandy

ﬁéds on the Pir Panjal side. The lake was at a low le&el end
¢0nsiderably reduced in size when the second glaciation set in..
ihe’Lower Karewa beds were already tilted, and the spillway was
unquestionably firmmly established in the bed rock, but from now
onethe existence of the lake was no longer so dependent on the
retio of uplift to erosion but rather on lowering of the spillway
and water supply in the basin. The relative scarcity of glacial-
leke deposits indicates that during the second glacial the inflow
ilackened and the spillway presumably remained stationary. At’
e'beglnnlng of the following interglacial period, however,

Vhe lake deepened again, and it must for a time have been well
 eealed off, as the sediments prove (marl-bearing beds). Once more
ffhe Uplift temporarily interrupted the outflow, and in this
fptocess subsidence of the lake floor, which caused lowering of
 the lake level, must have played a dominant part. Presumably,
1this deepening of the lake was short-lived, because not'only the
ainfall decreased but the amount of the ice in the valleys as
.Wéll. Once the lake had regained the spillway it emptled qulckly,f
,”nd with continued uplift the new Jhelum valley deepened, thus

Zleadlng to complete spilling of the lake (de Terra and Paterson,

1939),
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I1.1.C. Chronological controversies

VThé'main reason for this research was to resolve the widely
ivergent chronologies for the sedimentation in the Karewa lake.
iﬁ fact, the discrepancies between the different estimates
vfo:vthé beginnings of the Karewas are more than 12 million yearsk
(fgbles II.1, 2, 3 & 4). Since the Karewas preserve a Valuablel\
paiéeoclimatic record, I thought that the application of physiéél
%éthods of dating would help a great deal in providing better

chronology to these events.,

Below we discuss the various age estimates for the Karewa

events,

Lydekker for the first time used the term 'Karewa' and
‘aivided it into the Upper and Lower parts, assigning the Upper
%Siwalik or Pliocene age (Lydekker, 1833). Dianelli (in de Terra
aﬁd Paterson, 19395 made extensive observations on the glacial
mSéquence and recognised four main glaciations in the Pleistocené.
fMiddlemiss (1911, 1924) also assigned Plio-Pleistocene age to

the Karewas.

A more systematic study was carried out by de Terra and

Paterson (1939). rThe presence of Elephas hYSudricus helped
de Terra and Paterson (1939) in assigning a definite Pleistocene

;ége to the Lower Karewa and thus correlating it with the Pinjor



(o938 ‘sotuedTOop Telueg ‘SauolsaWTT OTSSBTIL) SOOI I9pPTo

~ TYIOVTIO T c)
™ w009 N
TYIOVIONIINT I YMEIIYY ¥ EMOT w

0

L

TYIOVIO IT m

w 00g o

TYIOVIOWEINT IT YMEIYY dEddn w_

(6£6T ‘uosisaeg pue BIXSY 8P I93JEB) SemaIrey

2U3 IO uoTsSsaoons StudexbTaieiang S,BII9 3P *T°II ST4eRT




ArT3aeg~a1g

TeTORTD-0a4 .
M } Z
« ®3TUbTT pue speq e3erswoTBuco MUH£UmEmwm ;
= s : g

s9uc3spues ‘saTeys SNO23DRUOQI®D Us3J0 ;MMWD %
| I
H.m-.mUMHO T 1
S AeTO sax®ea psppagssoro ¢ )

Taaeab pue ’

s . ) s
PURS ‘SeT®US Keab snlq pue Iyng sntg mmmmmw mMmom .
- N
a
I®ToeTs 17T 2
=] I :
Peq IspTnoq Teseg L
S
SABTD sAz®A ‘soTyRIIS B

SISPINCQ UYaTM sieto : s e oo -
| T2 PU® Spues psppsq TTom VMY MTddn o
T
d

(8761 ‘etpem) s

, , BM3IPY 2yl JO
 UOIsSsSsoons orydeabr: £

m;mﬂﬁng;.muHHcmﬂamam




AxeTaaei~aad

M EaH O UMREME
=

< spsq a7qasd psppaq 1M
N Pue 93TubTT IO Swess yj3Tm Spues W
pue SaTeyUs ‘SABTDO ybnoy ‘A=a1b w009
SIBP ‘330S PSITNRI PUR PSPTOL YMEI YEIMOT
TBTO®TD

STsARID pu®v §93RISWOTHUOD
‘sTeTI®@3BW AWROT ‘S83TTTIR
OST® ‘SOT3RIIS PUR SISPTNOQ

‘s feT0 xeTnuRab pue ZpuwBs ‘S3TTS . , w QOfg
Du®R sSPUBRS pPIppsq ATTRIUOZTION YMHEEYY daddn

A HONE ODEL 2 ]

(GL6T 'Aoy) semaxey U3 IO
uotsssoons orydeabririzs s, Koy

"€°IT °TdRL



25

J21SSViIy L anN

v 210Z03Vvd

VM3 Y VA -3y

S Y

5

NOILVWHOAS
SNdYIH

WOSTE (1 puoz)

5007 24p12wo|buoo~ai4

| 9oPF (1 auoz)

I auoz sjpiawo|buo)

{ pasodxd jou asog)

NOILVYWYHOS Wooo'T ¥ (17 3U07 )

M NdYIH 3U0Z8}0J43Ww0|bu0d - {504
e >»_,E;3coum_.o ...lL?«»:.E»o..Eouc: 10nbuy A
weo WOBI T o T 2.7
H38W3W T3AYYHO .Jw><mowm

~ WQO6 T (wool23pI0) 3 &
wsn o ¥IBW3IW Wyol|g &
g38W3W LIS s

Q3 LVNINVT

lﬂ.l.l D

NOILVAHO0S
WNAOVUN

sy

S320443| 43nil

JO 5j3s Om]

Gsiz(woonabunon) ¢
Y38AN3W Wy O o
WAIANTY

WNIANTTY

d

VM 3YVH

dNoydo

ot
AR

3PP

307

T TIT I T
\\\N\Nm pl2ie L byl
Vs Ls VIR RIIDY.

\~\w\\s..u A

Sviovie 1

INEEESIRREN R

\\\‘ T
s .
7 : .
i

WIOVIOE 3LNI 1]

7777, 7
\\\\\w\mﬁaé@
NIl

ATIDVIIOHILNLI
- A AP A S A
\\.\\Jiuiou@
YOIV OIDINI IS
TUIDYOEIINIIT

¥

.

| 3n3d017d

Avidv19 -1S0d

500l IN 3D 0L STITd

IN3IO03N

O

N

L v

A H V N Y 3




26

ge "c}f the Upper Siwaliks (Table II.1). Wadia (1941, 1948)
ojinVeétigated the major glaciations, their bearing on the
IEWB deposits, Plio-Pleistocene boundary and the advent of

arly man. He assigned a pre-glacial (Pliocene) age (Table II.2)

the lower units of the Lower Karewa, overlain by beds_containingi\

;aines of the earliest glaciations, followed by those of the

ssive glaciations. The diatom evidence in Lower Karewa can

sub~divided bio—stratigraphically into two bio-zones, the

x5part being characterised predominantly by Centrales, the

T one by Pennales (Roy, 1975; Table II.3). The Upper Karewa

devoid of diatoms. As regards the lower age limit of the

,reWas, Roy (1975) while agreeing with Middlemiss (1924) and

"dla (1948) that it extends into Pliocene, suggests that 1t”mayL\§ M§

 n>extend into Miocene. Further he thinks that the Sombur

n_ne bed belongs to the Upper Karewa though de. Terra and Paterson

939) ascribed it to the Lower Karewa. The Pleistocene age

us‘may be used only to date the upper part of the Lower Karewa.

¢burse at Sombur the Lower Karewa sediments are very poorly

eserved
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© II.1.D. Glacial features and terraces

Thréé interglacial and four Pleistocene glacial features
héve been recognised by de Terra in Kashmir, following the

ipine sequence, along the vallejs of Liddar and Sind on the
imélayan Side. From the glacial relicts the intensity of
aifférent glaciations could be determined. The first two glaciui
dvances were much more extensive than the rest and the II

glacial period was the most extensive and came down upto the

SOO m contour. From the size of moraines the extent and the
iﬂténsity have been estimated. At Mangon, the termiﬁal moraines
céme as far down as 1680 m in the Sind valley. From the exteﬁts
»f erosion and deposition, the duration of the interglacial
'efiods have also been determined. It appears that the glacial

periods were much shorter than the interglacial periods (de Terra

ind Paterson, 1939).

The terraces on the tributaries of the Jhelum can be
orrelated with various glacial advances and retreats.
yrishnaswamy, who was a member of the Yale-Cambridge team,

escribes (Krishnaswamy,‘l947) the processes as follows:

Terraces are found mainly in the transverse valleys

of the flaking mountains and are well preserved along the
Vishav river (a tributary of the Jhelum), south of
Srinagar and east of Shupian. The first terrace was

cut into the Karewa formation by the river by dissecting
the soft silt until it reached the underlying more
resistant gravel fans. This must have happened before
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the third glacial advance, because its moraines

are found at a much lower level, 30 m beneath the
surrace of the fans of the second glaciation.
Evidently the streams could have dissected the Upperxr
Karewa beds of the lake only after it had been drained
_out. And there is evidence of this in the tributary
valley west of Srinagar and elsewhere in the form of
a ledge referable to Terrace 1 between the two slopes, .
the upper one of which belongs to the Upper Karewas.
Below the lower slope, the moraines of the third
 glaciation occur. The lower slope thus belongs to the
latter half of the second interglacial and the ledge
(Terrace 1) must therefore belong to the earlier half
of the second interglacial period.

v Terrace 2 is encountered below a prominent slope
and in general is not well preserved. However, in three
 instances its correlation with the teminal moraines

 of the third glaciation was clear. Terrace 3 is ‘
_conspicuous by its great width. Up~stream this terrace
__cuts into the third glacial moraine, as in the Pir Panjal
~ _mountains, and therefore is erosional in origin and has
__to be placed in the third interglacial.

o The fourth glaciation was less effective in Kashmir
 than the preceding ones and the glacial outwash resulting
_ from it is therefore generally thinner. The corresponding
 terrace (Terrace 4) lies for the most part 12 m to 15 m

~ above the present stream-levels and carries a veneer of

~ loamy silt probably derived from the weathered loess,

o The fifth and lowest terrace concludes the sy stem
and is encountered in most valleys of the Kashmir basin
6 m to 10 m below an erosional slope cut into Terrace 4.
It is composed chiefly of a brown loamy silt, corresponding
clearly to the Late post-glacial advance, which in turn
relates itself clearly to the yYyoungest and freshest set
- 0f the small, thin moraines at the highest valley level
__on either flanks of this basir.

Thus the Quaternary terraces 1 to 5 in the glacial
_portion of the Kashmir Himalayas have been due to alternat-—
1ng aggradations of stream~level corresponding to glacial
Stages (Terrace 2, 4 & 5) and degradation in the inter=

glacial stages (Terrace 1 and 3), aided by interpolated
diastrophic uplifts. The terraces therefore begin from
_ the later half of the second interglacial.
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. Palzeontology of the Karewas

The Karewas are quite rich in a variety.of faunal and

ral remains which provide significant chronological and
laéo—ecological markers. As I am using palaeomagnetic dating;
hich is only a relative method, such fossil markers provide
;éal bio-stratigraphic clues. For example, the Villafranchian
"%uﬁa, which marks the Pleistocene, cannot occur beyond the

stuyama Reversed Epoch.

I have tried to tabulate the fossil evidences under separate
égories: plant megafossils (Table II.5):; spores and pollen

ble II.6); diatoms (Table II.7); invertebrates (Table I1.8);

Id vertebrates (Table II.9).

Though we have a large number of fossils, their stratlgra—
th locations are known only in a very broad sense. We have
~therefore depended on absolute dating methods to define the
ppérmost part of the Karewa stratigraphic column. Through
rsonal enquiries from the various workers we have, however,

hecked that the Vlllafranbhlan fauna occurs only in upper parts

the Lower Karewa.
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!II.B, ‘Our*approachAand samplinq_

k Our aim was to déte‘thé climatic events witnessed by the
ashmir valley. We therefore had to try to date the various
anifestations of the climétic cﬁange, like floral and faunal
 riations; advances and retreats of glaciers; terrace sy stems;
dess formations and their palaeosols,; sedimentary cycles in the
éWa basin etc., Since we chose the sediments of the Karewa

1sin for our study, our sediment profile starts from the
wcimation of the Karewa lake to the recent archaeological deposits

that overly the loessic deposits.

Since we have used relative dating methods like magnetic
,élarity reversals besides absolute methods, we have to ensure
5wb things before sampling: (i) completeness of the sediment
record sampled; and (ii) absolute chronological markers to

lace the magnetic polarity scale in an absolute time~frame,

For the stratigraphic scheme we have relied upon the earlier
work by de Terra and Paterson (1939) and Bhatt (1976). Essentially
 there are three main members in the depositional formations of

‘he Kashmir basin: the Lower Karewa, the Upper Karewa and the

Loess,

The Hirpur (Lower Karewa) lake was formed by the rise of
the Pir Panjals. Further uplift on the Pir Panjal side raised

the Hirpur lake sediments, thus tilting and shifting the lake
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hé Hima1ayan>side. The loess now had exposed Hirpur
edlmén£S to'be déposited upon, but on the Himalayan side, the
gum Lake (Upper Karewa) was alive. As a result, the loess
@ffﬁhe Pir Panjal side is partly'coeval with the Upper Karewas
f the Himalayas. When finally even the Nagum Lake was drained
Jf, loess deposited all over the exposed lake sediments of both
the north-eastern and south-western sides. Thus, to complete

he sedimentary record one has to cover all these depositional

mempers.

We have, therefore, sampled the Upper Karewa (lacustrine)

and the Loess (aeolian) from the Himalayan side and the Hirpur

waer Karewa sequence on the Pir Panjal flank. Thus we have
ensured that the complete sedimentary record of the basin is
évered by our sampling. For example, at Saki Paparian a complete
Upper Karewa sequence is probably sitting over a Lower Karewa
deposit marked by cross-bedded sands and bluish clay. The two

fre separated by a thin gravel sheet which is a continuation of
he gravel bed separating the Upper from the Lower Karewas

Fig. II.4).

For absolute chronological markers we have made use of both
fossils and absolute dating methods. For example, Burzahom is
one of our representative sections (Fig. IL.5) where we have
dated the archaeological deposits to ¢.4500-3500 B.P. (Agrawal

and Kusumgar, 1974). Below the archaeological deposits is the
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A view of the lowesf part of the Saki Paparian
section showing the horizontal lacustrine |
strata of the Upper Kafewa overlying the tilted
cross~bedded sands and bluish clays, probably 
belonging to the Lower Karewa. The two are

separated by a thin sheet of gravel here.
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:éeés with three palaeosol bands which have also been 14C
étea;v For dating thé'next underlying member (lacustrine
pper Karewa) we tried to date the marlekar bands by U-series
ethod. This stratigraphically controlled dating not only
néﬁréd.that we had a complete sequence upto the late Holocene
but we could also roughly extrapolate the age of the Upper

rewas on the basis of the available absolute dates.

For the Lower Karewas, we had three stratigraphic controlS'

the Boulder Conglomerate; the Gravel 2; and the Gravel 3; the

sedment profile into several sub-sections for palaeomagnetic
stratigraphy. This approach would also help in correlating the

various Hirpur fommation sections at different sites with each

'other.

We have tabulated (Tables II.5 to IT.10) the fossil evidence
from the Karewas, but very few fossils are really useful as
chronological markers. Diatoms show a distinctive bio-
Stratigraphic distribution. The Centrales are confined to the
lower part and the Pennales to upper part of the Lower Karewas;
.ﬁhe Upper Karewas, however, are bereft of them (Roy, 1975).
'Though a large number of vertebrate fossils are known (Badam,

1979) from the Karewas, vet stratigraphically controlled samples
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ig. II.5. Schematic section at Burzahom, near Srinagar.

It shows, from top bottomwards, an archaeological
(Neolithic) deposit; followed by a loessic deposit,
along with its three palaeosols; at the bottom

is the beginning of the lacustrine Upper Karewa

sediments. Radiocarbon dates are marked against

the deposits.
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are few. Elephas hysudricus, Eguus sivalensis etc. are

ycbﬁfined to the upper-most part of the Hitpur se@uence viz.,
VAbOVG Gravel 2 in our scheﬁe. It is, therefore, obvious that
the Plio~Pleistocene boundary (0Olduvai event on the magnetic
éale) has to be located between Gravel 2 and 3,

as indeed the magnetic measurements indicate (Chapter IV).

Our litho- and magneto-stratigraphic scheme has the
ﬁpotential to provide a framework in which all the fossil data can
:be put at its proper place and a bio-stratigraphy is evolved for
cach type of fossil evidence. Of course, such a correlation can
bé brought about only through a big project in which the original
 palaeontologists who have worked in the area coordinate their‘

efforts following the stratigraphic scheme suggested here.

In the present state of fieldninfonmation, there is no better
preserved or more complete section of the Lower Karewas than the
one exposed by the River Rembiara between Dubjan and. Shopian.

It has all the virtues of being selected as the key type section

for the Lower Karewas. We have also made this as our index

‘section.
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For the Upper Karawa sectlons, we found Saki Paparian

and Olchlbagh as the best preserved ones. We have therefore

used them,,especially, Sakil Paparian, as the type section for

the Upper Karewas,

A detailed discussion of the dating of the climatic events

will be given in Chapter V.
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IIT.1. Introduction

- Beveral radioéctive isotopes produced by cosmic rays in
he earth's atmosphere were discovered during 1948-1960
(Libby, 1955; Lal and Peters,.1962); out of these 140 and
;pbssibly 1OBe are suitable for dating the Karewas. Several
radioactive isotopes belonging to-the U/Th series can also be
sed for daﬁing the Karewas. We have attempted to make use of
the two radioactive methods for dating (besides palaeomagnetic

Edating, Chapter IV) the Loess and the Upper Karewa formations

in Kashmir,

In this Chapter we will discuss the dating techniques :
bésed on the radicactive isotopes 14C, 234U, 238y and 23044

which were used in the present work.

IIT.2. Radiocarbon dating

Amongst the physical methods, the radioccarbon dating
technique for dating organic remains is still unsurpassed in
accuracy . Nommally its dating range is 40,000 vears; the range
can, however, be extended to 75,000 Years by an enrichment
technique (Grootes, 1977) and possibly upto 100, 000 years using\
the recently developed accelerator atom counting techhique
(Muller et al,. 1978; Bennett et al, 1978). fThe principle and

the techniques involved in radiocarbon dating are given below.
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1IT.2.A. Principles

'.The technique of determining ﬁhe chronology of ancient
,diVilizations by measuring the radiocarbon content of organic
_remains was developed by Libby and collaborators (Anderson,
Armold and Libby, 1949; Libby, 1955, 1975). The method is
based on the fact that radiocarbon (14C) atoms are continuously
produced in the atmosphere as a result of (n, p) reaction
Jinduced by slow neutrons on atmospheric nitrogen nuclei (14N).
A lesser amount (Eglo%) is also produced as a result of the
interaction of fast neutrons with nitrogen and ongen nuclei of
fhe atmosphere (Lal and Peters, 1962). The newly formed carbon
is oxidized to 14CO2 and rapidly mixes with atmospheric carbondi-
oxide (lZCOZ). Part of the atmospheric 14C02 and lZCozbenter
:plant tissue as a result of photosynthesis. Animals pa:take of
carbon through the consumption of vegetable matter. The larger
_part of the 14C02 (and l2002) goes to the ocean where it gets

incorporated in the marine carbonates (Coz, HCOE,

the exchange processes occurring at the air-sea interface.

Cog) through

_ Thus the marine biosphere also receives a supply of radiocarbon.
'5From the atmosphere, which is its birth place, 14C is distributed

"glObalLy through the 'carbon cycle'. A steady ~state equilibrium

18 maintained by the production of 14?C in the atmosphere and its
radioactive decay. All living matter on earth is thus labelled

Y radiocarbon atoms at a constant level (activity per gm of
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It is this large-scale labelling which gives the

 radiocarbon method a verY wide scope of épplicability (Libby,

1655; Olsson, 1970).

The basic assumptions for 'dating' with radiocarbon can be -

summarised as follows:

(1)

The production rate of 14C has been esgentially
constant over a period of the order of several
half-lives of the isotope (105 years) and its
activity is well mixed in the atmosphere.

The size of the dynamic carbon reservoirs {(atmos-~
phere, biosphere and the ocean) has not changed
appreciably in size.

After the removal of a carbon containing substance
from the dynamic carbon reservoir, there is no fresh
supply of carbon and the loss is due only to radio-
active decay of 14C atoms with a half-life of

5730 years. In other words, the system to be dated
becomes isolated and ceases to exchange carbon

with the environment.

1f these assunptions are valid, the age of a sanmple bearing

organic carbon is given by :

tﬁt
e

A = AO veee LIT.1.
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. ' : ' oo 14, . .
re A 1s the measured activity due to C in units of
siﬁtegrations per minute (dpm) per gm of carbon, B is the
qﬁilibrium concentration and ﬁ&&is.the disintegration

~1
onstant (yr )

i = T eeae LIT.2.

{3 = half life of % (5730 years).

A great deal of work has been done in order to find out to

t extent these assumptions are realistic. In view of the

xpénsion of the routine dating range to approximately 75, 000

ears one has to check carefully on the validity of the

ssumptions (1) and (3). A brief review of these studies is

given below,

Measurement of wood samples whose age had been independently
etermined by tree ring counting and of organic material
,aSSociated with annual layers of varves (Stuiver, 1970; Yang

d Fairhall, 1972) showed that both short and long term
riatiensof the initial 14C content did occur. It has been

Stablished that a slow decrease in 4C concentration of about

0% occurred during the period 8000 B.P. to the present (Suesg,

1970; Ferguson, 1970; Michael andARalph, 1972 ; Damon et al, 1972).
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| This variation has been ascfibed ﬁo the fluctuations in
hé'éosmic ray flux pehetrating the earth's atmosphere due to
hénges in the level of modﬁlation of cosmic rays by solar wind
_in the intensity of the esarth's magnetic field. Evidence

or the latter is strongly suggested from the observed .
orrelation of 146 variatidn with the intensity of earth's

magnetic field during the Holocene (Bucha, 1970).

In view of the above, we have made the plausible assumption
- 5 .

that 146 production over the last 10~ years did not change by
‘dre than 25%; correspondingly, the oldest samples will have

uncertainties of + 2000 years.

The closed system assumption (No. 3) has turned out to be
dnly partially valid in the case of materials containing
exclusively inorganic carbon. Organic materials, on the contrary,
fdo not exchange carbon with the surroundings. They oCccur,
hbwever; mixed both with inorganic and organic matter of
,different ages, referred to as contaminants. In practice it is
lbften possible to eliminate contamination and to develop criteria

which can be used to decide that this has been accomplished.

~ With the above considerations in mind, one can calculate
he age of a sample by measuring A in equation III.1 and
substituting the values of Ao and .iQ In practice, both A and

Ao'are measured where AO refers to activity of an international
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tandard prepared in the same way and measured in ﬁhe same
éqnﬁihg sysfem aé A, VThis method avoids various possible
Qﬁplications so that the results of different laboratories
afe comparable, At the Fourth Radiocarbon Conference at
roningen (Godwin, 1959) the standard for modern activity of

14C activity of a

.D. 1950 has been defined to be 95% of the
certain batch of oxalic acid prepared by the U.S. National

Bﬁféau of Standard (NBS). This was subsequently specified to
a??ly to counting gas prepared from the NBS oxalic acid, having
;'”{5130 PDB = -19%e(Flint and Deevey, 1961). |

The unknown activity of a'éample is usually measured in a

gas proportional or liquid scintillation counter under the same
standard conditions as the activity, Ao’ of the standard sample,
vof long the internationally accepted value for the half-life

of 14C has been 5568 + 30 years. According to some subsequent
_careful measurements, however, the value of 5730 + 40 years seemed
{to be a better working value (Godwin, 1962). As can be seen from
the relation (III.1), the calculated age is directly proportional
to the value off’% used. Therefore the percentage systematic

error in a date arising from the use of an incorrect value of

‘half-life is equal to the percentage error in the value of? 34

The use of a more current value of the 14C half-life,

'§w% = 5730 years, instead of the conventional value of 5563 vears;

would lead to an expansion of the complete time scale by a
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tant factor (1.03). 1In both the cases the relative
; o ' . ; 4 o : _ |
tion of measured samples on the 1 C time scale remains

fected.

ITI.2.B., Techniques

In this section we will discuss the methods adopted for
preparation of the samples, the counting of 14C activity

| the derivation of age from the measured activities.

ITIT.2.B.1. Chemical procedufe

The first step is to convert organic carbon and carbonate
5carbondioxide in a glass vacuum system (Fig. III.1).
Carbonate samples were treated with A.R. grade concentrated

hosphoric acid in an evacuated flask. Evolved carbondioxide was

|
|

én passed through a moisture retaining trap (carbon tetrachloride :
us trichloroethylene taken in equal volﬁme and slush was made' .
;th liquid nitrogen to get ~BOOC) and a silica-gel-cum-activated
harcoal tube and collected in traps cooled by liguid nitrogen.

N the case of organic carbon the sample was burned by heating

t in a stream of oxygen. The gases evolved were passed through

 eated CuO (at BOOOC), a moisture trap, acidified KMnoO heated

4[
; : o .
AgO (at 350°C), and finally through two moisture collecting traps

; (@] . R . .. . )
Cooled at -80 C. The purified carbondioxide, free from HZS’
NO., N

2o 205, etc. was collected in traps at liquid nitrogen
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Combustion train for preparing CO2 for radio~

carbon dating. Sample is burnt in a quartz tube
which is heated by burners and heaters (Fl and
F2) and CO2 thus evolved is passed through a

heated CuO tube; acidified KMnO4(T2, Ta) and

through heated AgO (F;). The purified co, is

finally collected in traps T5 to T7 at -195°C,
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pérature. Unutilised oXygen was pumped away (Fig. ITI.1).

In the Nnext step the Prepared CO2 gas was converted to

thane (Fig.LII2, 3) for counting in a proportional counter,

.’%ea&mmﬁwm

using the methed of methane counting are: (i) rapia synthesis;

(ii) preparation of radon free gas; (iii) the non-explosive nature

»df methane., In addition, methane behaves as a good counting gas

'Vén with a purity level of 99% in contrast to C02 which requires

11 higher purity.

- T
CH4 : 2H2O eeea 1IT 3,

i
The reaction was Successfully used for the first time by

Fairhall et a1 (1961) for radiocarbon mea surement ,

. For using
hlS methogd,

the hydrogen gas should be free of any 3H activity
Nd was obtained from Messrs Griesheim GMBH, Dusseldorf, andg |

ndian Oxy gen Ltd., Calcutta. The reaction vegsel designed by us

Has a volume of 26 litres, and is made of hemispherical stainless
teel vessels with flanges on their rims. At the bottom ig a
talnless steel finger (r

ig. III.3). The Stainless steel finger

‘S_covered with an external heater connected to an automatic




ITT.2.

56

Methane purification system for radiocarbon
samples. Traps N,‘O and P are cooled to about
—BOOC and Q, R and S are cooled to —19SOC. The
mixture of gases entef the system at N are
finally pure CH4 is collected in a 10 L. flask.
N, O and P retain all moisture and Q and R any
traces of unconverted CO,. Pure methane distills

2
over to S and hydrogen is pumped off.
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Reaction vessel to reduce carbondioxide to
methane. The lower thimble contains the
catalyst () and is heated to about 500°C.
Total 032 is converted to methane in about

4 to 5 hours. The reaction vessel igs cooled

by a water tank (W) or bv a fan on the top.
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tch and py rometer to maintain the témperature at ,~500°C.
1iéatalyst.used iS~O;5% Ru on AiéOB pellets and is housed in
e finger (thimble). The two reactor parts are closed with
£eflon O-ring, placed in the groove on the flanges. For

syﬁthesis, CO, and H corresponding to 20% excess over the

2 27

stolchiometric requirément, were let into the reactor and the
catalyst thimble heated to 500°C. The reaction took about four

o five hours to complete.

After completion of the reaction, CH4 was separated from

20, excess of unconverted H2 and also from C02 (in case the

eaction was not complete). The reaction products were let

hrough three dry-ice cooled traps to remove all traces of H,0

Oé, if any. In liguid nitrogen cooled traps, CH, was also

: partLy trapped with 1.5 cm Hg pressure. Finally all CH, was

4
distilled in liguid nitrogen cooled silica-gel (12-28 mesh)

kept in a U-tube trap. The reactor was emptied and hydrogen was
removed, by gentle pumping for 20 to 30 minutes with rotary
pump, on the leading end of S (Fig. IITI.2). No methane was

lost from S provided the quantity of silica~gel exceeds 7 g

per litre of CH4. A1l CH4 got distilled in silica-gel trap within
an hour or so, with pumping on the outlet end of S, alternating

at every 15 minutes with the help of a liguid nitrogen cooled

~ activated charcoal trap. The methane so purified was then
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gpaed into flasks. The analysis by gas chromotography of
ufified Cﬂé sample Showed ;:O.Z% of hydfogen and 0.1% of
rbondioxide. The above pfocedure enabled complete synthesis
_even large samples. This trouble-~free high efficiency synthesis
sts on the fact that we use hydrogen in ekcess of stoichiometric
requirements., The excess of 20% used is an optimum amount
’c5rresponding to conversion yields close to 100%. But the reaction
sults in incomplete synthesis with yields of 95%, if 30% excess
;is used. In such cases, purification of CH4 from excess H

2
comes quite problematic.

Before filling the methane gas in the counter a further
urification of the sample gas was carried out. Methane was

irst trapped in a liguid-nitrogen-cooled charcoal~silica-gel

(in the ratio of 1:5 by volume) U tube trap and then allowed to

 distil to a liquid air cooled trap by warmming up the charcoal-
silica-gel trap to room temperature, This methane trap was

°qmped for 10~15 seconds to remove any residual hy drogen.

III.2.B.2. Assaying techniques

The upper limit of dating by the normal radiocarbon method

dEPends on the sensitivity of the techniques used for the measure-
14 o . - L

ent of the C activity of the sample. With most of the sensitive

L . 14 .
-echniques available at present one can measure C concentration

~ Upto a factor of 150 smaller compared to that of modern carbon,
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responding to an age of .., 40, 000 vears i.e. 7 half-lives of
é,‘fln older samples, it becomes necessary to make an

richment of ! C in the sample and this pushes back the limit

the 14C method to c¢.70,000 yvears (Haring et al, 1958; Vogel and

gwijin, 1967).
The recently developed direct counting technique for radio-
arbon atoms has extended the range of radiocarbon dating upto

- i . , 14
0,000 years. Here one measuUres the relative number of C

hs in a sample. Recently, data obtained by the normal counting

ethod and by the electrostatic accelerators have been compa red;

e dates determined by the two methods are concordant with each

other (Bennett et al, 1978).

Although a number of methods are available for the measure -

nent of residual radiocarbon activity in a given sample, in the

resent work the methane gas proportional counting method

activities corresponding to (30-35) x 10° years.

C measurement was done in a low background gas proportional

_counting system shown in Fig. III.4. The vital components of the

SYstem are counter, shield, cathode tollower, a three channel

dnaly ser, high voltage power supply and auxiligry power supply.
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+ A schematig diagram of the "housing" of the
Houterman's—-Oschger counter and the electronics

seleckion and recording sy stem.
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= counter is a low background HoutérﬁaDSWOeschger type
s peroftionai founter (Houtermans and Oeschger, 1958;
gréwal'ét al, 1965) having a total volume of 2.7 litres.

ﬁe counter is composed of two sensitive volumes which are

illed with the same gas but function independently. A
'lindrical volume of 1,5 litres is surrounded by an aﬁnular
one having a volume of 1.2 litres (Fig. III.4). The two .zones
re Separated by a thin gold plated mylar film of thickness

14

6 mg. em™2, Since the maximum energy of the ~ C beta radiation

s only 156 Kev, corresponding to a half-thickness less than a

is mostly due to the beta radiation emitted by the radiocarbon
ample. Because of this construction, the counter is specially

uited for measuring the weak radiation of ‘4c with a high

ensitivity .

A schematic diagram of the metal shielding and the electronics
System is shown in Fig, III.4., The counter is successively
Urrounded by mercury, steel and lead as shown. Such a: shield-

hg is commonly adopted in low level counting to cut off the

&Xtraneous radiation. The sy stem for the selection of pulses is
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hown in Fig., III.4; channels (i) and (iii) register total
ounts in the central volume and the outer volume of the

ounter respectively. Channel (ii) registers only counts in

;the central volume which appear in anti-coincidence with those
afising in the outer volume. Thé difference in the counting
ates betWeen the channels (i) and (ii) is a measure of the
ounts due to the penetrating compohent of the cosmic radiation
mbétly mesons) and charged particles produced in the counter
bédy from any incidental extraneous radiation. This selection
$ystem thus results in a large decrease in the background count-
iﬁg rate of the system, due to the elimination of the penetrating
component of the cosmic radiation and also of charged particles
materializing in the counter wall, without any appreciable loss
in the counting efficiency for the radiocarbon radiation emitted
in the central volume. A voltage-regulated tube supply was used
 provide the required high tension to the counter. Completely
fansistorised electronics units were used. The units displayed

1igh stability and freedom from pick-up of stray radio-frequency

ignals.

| The counter was always filled with CH4 to a&ptesgure of 900 mm
Oof Hg, or of 400 mm of Hg in case of a small sample. The counter
Characteristics were studied without any external source. The
Operating potentials were fixed from a study of¥£ﬁé counting rates
'ith modern and dead carbon samples. Pulses greater than 7 and

2 millivolts coming from the guard and centre counter respectively
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were selected.

A number of éteps were taken to ensure a high standard of
performance. Before measuriﬁg the 140 activity of sample, the
voltage and sensitivities of electronics were checked by volt-
keter and a pulser. Dead and standard (NBS oxalic acid) carbon

samples were counted on either side of a set of six or seven

samples for which dates were required.

Table III.1 gives the details of the counters used.

IIT.2.B.3. Calculation of radiocarbon ages

The radiocarbon age (T) of a sample was calculated using

he relation:

.'Z/thl/ OI’I X 0,95
e T
T ) in Sn eaes EIT. 4,

here Oh and S_ are the net counting rates of the standard NBS

xalic acid and the sample respectively. The relation is, of

course, based on:

An = A_ exp. (

o .»I.. III.S‘

Where, Ao is the original activity at time T = O and:AT is the
activity present in the sample having age T. Taking the activity
of modern carbon, as internationally accepted at the Groningen
Conference (Godwin, 1959), equal to 95% of the net oxalic acid
#ivity A is equal to 0.95 0./E, where E is the counting

ficiency.
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Particulars

Units

Counter IT Counter III
Material Stainless steel Stainless steel/
perspex/ perspex/
gold mylar gold mylar
sample counter of mm 76 76
gold mylar
diameter
Thiékness of mg,/cm 6 6
gold mylar
um 5
/ 1 15
. 30 ‘
/um 30
mm 380 380
Sample beta counter ltr 1.5 1.5
ltr 1.2 1.2
mm of 400 900
Hg
Kv 2.794 4.580
KV 2.916 4.940
cpm 0.9 + 0.15 1.6 + 0.15
 tounting rate=B
Net standard cpm 5.3 + 0.2 11.35 + 0.2
ounting rate=A o
Figure of merit 5.59 8,97
/B ‘
o
Range in a 40 hrs.
unting period in years ~= 31,000 = 35, 000
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Since AT is given by Sn/E one gets the age equation III.4
from III.5 where the efficiency E cancels out and need not be

known.

Though the counting set—up.was operated in an airconditioned
room, temperature fluctuations of 1 to 3% occurred. The age
kcalculated using relation (III.4) was corrected for the effects
of f£illing unequal amount of gas in the counter due to the
~ Variation in the temperature by an amount:

T (to~ts) ‘
Ln? (273+t8) eeee 1II.6.

__where tO and tg are the filling temperatures for oxalic acid

N

standard and sample respectively.

The error (one standard deviation), T, on a date was

_calculated using the equation:

Y "
Ty | S, + 2B O + 2B |
= =2 / < 2 2
T n2 | "S2.¢ T oot to2f + 2c eeo. ITI.7.
n no "

!.N

wi Yy | 1

. [mina\ ) s

{ L v

~ This relation takes into account the errors due to counting

~ statistics, fractionation effects in the preparation of CH4

(£ = fractional error in 14C/lzc ratio arising from fractiona-
iﬂtion effects), instability of the counting system (¢ = frachticral

Crror arising due to drifts in the electronic system), and
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method we do not expect any isotopic fractionation due to almost

total conversion of C02 into CH4 gas, and so the fnactionation

 factor £ was taken to be equal to zero.

The value of ¢ has been inferred to be 0.5 x lO”2 from the
observed reproducibility of the counting rates of the NBS oxalic
acid. The long temm variation observed from the oxalic acid

standard counting rates is within the expected statistical limits.

he error in the dates arising from this variation are probably

ell covered in the assumed value of ¢ = + 0.05 for the instability

in the electronics.

ITT.2.C. Dating material and sample collection

We have used the radiocarbon dating method to obtain ages

- of the palaeosols within the loessic fomation. Both soil-

organic matter and carbonate fractions of the palaecosols have

7be¢n dated. Dating these soils will help to place the climatic

nd environmental events associlated with their formation.

Total soil organic matter was dated which can give average

ages,
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As mentioned in Chapter II, one cbmes across palaeosols
;w1th1n the thick loe551c deposits both on the Himalayan and the
Pir PanJal flanks from where samples were collected. The

sample sites of the Himalayan side, are Burzahom, Garhi,
‘Olchibagh‘and Saki Paparian and of the Pir Panjal flank, Puthkhah,

Pakharpur and Tsrar Sharif (Fig. IT.1).

We have labelled the palaeosols alphabet cally for each

site (Table III.2; Fig. II1.5), following a stratigraphic sequence

,(top bottomwards) at each section. At this stage it is not

ipossible to stratigraphically correlate the palaeosols of

different sites, It is the refore to be clearly noted that, for

éxample, the Palaeosol A of Saki Paparian and Palaeosol A of

Olchibagh have Rer se no implied stratigraphic correlation. One

_can only correlate them ©n the basis of 14C dates.

At Burzahom one comes across three Palacosols (a, B and C;
Fig. II.5) within 5-6 m thick loessic deposit overlying the
Upper Karewa and below the 5-6 m thick archaeological deposit.

Garhi and Burzahom are very close to each other and therefore

:Stratigraphically Oone expects Palaeosol C of Garhi to correspond

Lo Palaeosol C of Burzahom. Because of steepness of the exposed

ection, we could only collect Palaecosol C from an accessiblé

slope. At Garhi also one finds three Palacosols (A, B and C),

below the archaeological deposit, within 5-6 m thick deposit of

he loess.
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At Puthkhah also one finds archaéological debris above
the loessié depoéit. There were two palaeosols within it.
Both Paléeosol A and B wére above the Upper Karewa. At
Qlchibagh and Saki Paparian also one comes across Palaeosol A

and B, within the loessic deposit, above the Upper Karewa.

Burzahom, Garhi, Olchibagh, Saki Paparian and Puthkhah

are at an altitude of about 1600 m MSL.

At Pakharpura one comes across Palaeosol A and B within an
8 m thick loessic deposit. The loess overlies the gravel bed, |
ﬁhe latter is above the Lower Karewa. At Tsrar Sharif also one
finds Palaeosols A, B and C within a 6«8 m thick loessic deposit.
A gravel bed intervenes between the loess and the Lower Karewa.

Pakharpura and Tsrar Sharif both are at an altitude of 2000 m MSL.

From all the above mentioned sites, palaeosol samples were

éollected for 14C dating.

IIT.2.D. Results and discussion

4
The T C dates on the loess and palaeosol samples are given

}in Table III.2.

The Burzahom C dates are quite consistent in ascribing the

'(tOp) Palaeosol 4 to ¢.18,000 + 1000 B.P. and the Lower Palaecosols

counters.

B.and C are dgreater than 31,000 years B.P. As the organic fraction

e et et e e AR S0 e £

£ the samples was small, they could not be counted in high pressure
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We expected,Palaeosol C of Garhi to correspond to

aiéeosol C.of Burzahom;.but'the former géve only an age of
.zépOO,VWhich was youngér than expected. As mentioned before,
Palaeosol C was collected with some difficulty from an accessiblé
,lbpe but it appears that humic contamination from the decayed

”gjass of the slope surface made Palaeosol C date younger. Both

;aﬁ Burzahom and Garhi there was a Neolithic deposit on the top

éted to ¢.4500-3500 B.P. (Agrawal and Kusumgar, 1974).

At Puthkhah Palaeosol A dated to ¢.18,000 B.P. (organic
raction) and Palaecosol B to c.26,000 B.P. (organic fraction).‘
he dates are in conformity with those of Burzahom Palaeosol A,
hqt Puthkhah Palaeosocl B seems to be vyounger than Burzahom B.
The Olchibagh dates are a bit anamolous. Palaeosol A did not
yield any datable organic matter, Palaeosol B is anamolously

younger than Palaeosol A. As Palaeosol B sample did th'bélong to

the same section from which Palaeosol A derived, and also as
Palaeosol B did not have any significant loess cover, an admixture

ith younger debris fallen from the adjacent section cannot be

Qléd out.

At Saki Paparian the dates are more consistent and both
Palaeosols A and B are greater than 31,000 years B.P. and tﬁerefore
Probably correspond with Palaeosols B and C of Burzahom (Fig.iII.Sj
énd Palaeosol B is grwater than 35,000 vears, Pakharpura ‘

Palaeosol A is C.28,000 years B.P, while at Tsrar Sharif all the
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lééosois (A, B and C) are greater than 35,000 years B.P.

Discussion: The significance of these dates is threefold.

rstly, we could compare dates based on both organic and

cause of an unknown initial l4c/12c ratio in the carbonate and

Lxcept for PRL-598 and 618 (Table III.2), all other dates on

the relevant soil,

Secondly, in the geomorphological context of the valley the
, . .
-€5 fall in a distinct pattern. The 14 dates from the smtes

(Burzahom, Garhi, Saki Paparian, Puthkhah) falllng in the area of

ated Samples of Palaecosol A mostly where they are preserved

der archaeological debris. Lxposed palaeocsols would be subject
the Subsequent soil foming processes as the climatic conditions

Ce_the last deglaciation have not changed much. Though the




74

adiocarbon date, PRL-598, 596 and 617 are on the carbonate

raction of Palaeosol B. yet>they appear younger than the dates
RL--597, 595 and 618 on the carbonate fraction of Palaeosol A
t Olchibagh, Saki Paparian and Puthkhah. &s stratigraphicaliy

k?alaeosol‘A overlies Palaeosol B, the anomaly in radiocarbon

ates probably indicates introduction of vounger carbomns

But the palaeosol dates from the Pir Panjal side suggést
‘Hhat either we have not been able to identify the top palaeosol
rresponding to Palaeosol A of Burzahom etc. or that it has
roded away from the sampled sites or else the right locations
ould not be sampled. Both the Palaeosols A of Pakharpur andv
Tsarar-Sharif give dates greater than 35,000 B.P. Since loess

é deposited by aeolian agencies, the absence of its toP‘;n\the;\
piifted portions of the Lower Karewa is enigmatic. dnezékplané;jw
ion could perhaps be that the wind activity in a confined valley
ould not lift its silt load beyond a height of 1600 m and’therefor
ﬁhe portions of the exposed sediments which we re tectonically

uplifted above 1600 m did not receive any loessic deposits,

Thirdly, it is clear now that the last deglaciation in the
valley goes back to ¢.18,000 #+ 1000 B.P. which is far beyond the
ﬁraditional dates of the inception of the Holocene., It is
interesting to note that the +%C dated pollen profile from

>shmaidan indicated that the last deglaciation was already in

'ngress at ¢.15,000 vears B.P. at 3120 m altitude.
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Deglaciation at an altitude of 1660 m sﬁould therefofe be still
 earlier_and therefore 18,000 + 1008 B.P. date for it is
consistent with the Toshmaidén avidence'(Singh and Agrawal,
:976). Recent work shows that the onset of deglaciation has
been globally pushed back, far beyond the Holocene (Mercer,
_’972). The report of the Australian Academy of Science (AAS,
’97 6) says,

It is established that the last major deglaciation was
taking place between 18,000 and 9000 years ago in all

investigated parts of the world.

, Our evidence from the South Asian context therefore assumes
great significance.

ITI.3. Uranium series dating

For dating the entire Pleistocene epoch no single technicue
1s available as yet. With isotopic enrichment (Grootes, 1977),
and accelerator (Muller, et al, 1978; Bennett et al, 1978)7
feChniqueS one can now go back, at least theoretically, to loo,deL
years with the radiocarbon. With isotopes belonging to thé
Qranium series, one can go only as far back as 0.3 MaY « (thoiium—,
230) and 1 m.y. (uranium-234). These methods are apblicable fof‘
1 variety of materials in which uranium is relatively enriched,

. carbonates (Ku, 1976; Krishnaswami and Lal, 1978). The
:ppiication of these methods has contributed significantly
ﬁowards obtaining chronologies of palaeo-events, in particular

of the Iate Pleistocene climatic fluctuations (Ku, 1976) .




 As some of our Late Plelstocenu samples were caloonate

8_.
ch we have attempted ddtlng them with the 230'?1/’23
U/238

U and

U methods. Below we discuss the principles and the

LIT.3.A. Principles

Radioactive chronologies are generally based on either

) the decay of a radicactive nuclide or (b) the build-up

in growth) of a

daughter nuclide to attain secular equilibrium

ith its parent.

Case (a). When a technique is based on the decay of a

uclide with depth in a sediment profile, the basic requirements

are: (i) the flux

of the radionuclide to the sediment - water

interface should remain constant; and (ii) no migration of the

adionuclide should occur over the dating interval, i.e. the

change in the concentration of the nuclide in the system should

be only due to its radioactive decay. If these assumptions ‘are

whe re A is the activity of the nuclldm (dpm/g) in a freshly

deposlted sediment at time t = o, i.e. at the sediment-water

lnterface and its radiocactive decay constant.
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Case (b). When the chronology relies on the ingrowth of

aughter from its parent, then the ratio of the daughter to

parent activity at any time '¢!

is:

= Fle P Td 5 ee.. ITI.C.

shere A is the activity, _4A_ the decay constant ang the subscripts
d and P refer to daughter and Parent nuclides respectively . In
equation I1I.9 it is assumed that the activity of the daughter
’ =0, at t = o, i.e., the time of fomation of the deposit,

# 0 at time t = G, then it is essential to have a precise
nowledge of Ad/AP at the time of formmation. In this methog

Oof the assumption of no-migration in system as

(a) is necessary for both the parent and

jdaughter nﬁclides.

Below we discusgs 230
;234U/238

Th (Ionium) ang

U methods for dating of carbonate fractions of

the Ilake
deposits.

Th, a daughter nuclide of 238U’decay series, has bheen

fed to date marine corals (Barnes et al, 19563 Tatsumoto ang
”oldberg, 1958; Blanchard, 1

963; Thurber et al, 1965; Veeh,

66 ; Broecker ang Van Donk, 1970) . These Carbonates,
their growth, incorporate in their skeleton, the uranium isotopes

from the water colunn with very little 230Th. Therefore, the
tine dependant growth of OTh to attain Tadicactive secular
Equilibrium, following'kynchronuous deposition of 254U, can be
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used to estimate the age of the sample, if the assumptlons

 ment1oned above hold good.

The expected 230Th/238U activity ratio in a sample having

234U/238U = 1 and ZBOTh = O at the time of fommation,

1hitial
s given by :

e = (1_6-“/&Ot) o-.'o III.lO.

_ 3
- In most of the natural water sy stems, however, the 234U/23 U

ictivity ratios are more than one due to preferential leachihg'

f 234U during weathering process. In such case the activity

230
2T TTh - Nt MNo (A, - A
— o - + (R-1) =t 1-- 4 o ey
CECn (1-e"P0%) + (re1) S2Em (1o )
. o & o III.ll.
| 234y
where R = —— initial ratio
238U

The assumptions given above have been shown to be valid for

marine corals. Kaufman (1964) and Kaufman and Broecker (1965)

have tried to extend the 2°9r h/238U dating technique to lacustrinef

Carbonates using the same assumptions. Their results based

on about 50 samples of gastrapods, chara, tufa and marlvfrom

es Lahontan and Bonneville indicate that in general 230Th ages

re in agreement with 14C ages and for samples beyond the 14C

‘ 230 , , , . . :
ge, the 3 Th ages are consistent with stratigraphic information.
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mlike the marine corals, however, several of the lacustrine
pisiﬁs'seem to incorpdraté 230Th in theﬁ during ﬁheir growth,
evidenced by the presence'of measurable 232Th in them.

knce a correction for the initial 230Th content would be

ecessary to get reliable age estimates of the lacustrine

rbonates. Kaufman (1964) and Kaufman and Broecker (1965) over-—

méﬁthis problem by estimating the initial or nonuradiogenic \V
Orn content of the samples, using the relation:

230 230 23

Th (initial) = Th (observed) - Orh (expected)

weas LIT.12.
, 230 ‘
here 3 Th (observed) is the measured 230Th content orf the

2
2305, (expected) is the calculated 230

ample and Th abundance

; 4 :
n samples of known l‘C age using recent samples (4120,000 vears

230/232

in age) they estimated that the initial Th ratio in the

kes Lahontan and Bonneville should be 1.7. This correction

nvolves the assumption that the initial 230Th was incorporated

aﬁ the time of formation of the carbonate and not at a later date. |

Inspite of the uncertainty in the non-radiogenic 230Th

. , 230
Cerectlon, the ©~ Th/238U method has proved to be a very useful
dating tool for lacustrine carbonate and salt deposit samples

upto 300,000 years old where no other dating method is

8pplicable (Broecker, 1965).
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The discovery of anomalously high 234U/238U activity
Iatioe in natural waters_(Cherdyntsev and Chalov, 1955;
ehérdynetev et al, 1$61; Thurber, 1962, 1963) opened the
possibility of using this radioactive‘disequilibrium between
the two uranium isotopes as a dating tool for deposits forming

such waters.

The fractionation or disequilibrium between these uranium

sotopes has been attributed to recoil effects during the trans-
- . 238 234 . . .
omation of U to U involving alpha and beta particle
misSion. The recoil energy imparted to the daughter nucleus seem

o be large enough to occasionally rupture chemical bonds thereby

234

elea51ng the U atom or leaving it in a metastable lattice

osition (Starike et al, 1958; Cherdyntsev et al, 1961) or to

(idise it to +6 valence state (Rosholt et al, 1963; Dooly et al,

Because of these effects 234U is more susceptible to

238

eaching compared to U from rocks/soil resulting in an excess

234

U in natural waters. The extent of 234U/238U disequilibrium

in the waters seems to depend both on the type of soil/rock
belng weathered and the chemical composition of water (Thurber,

1963 Bhatt and Krishnaswami, 1969).

234U can be formed in the water because of the

In addition, a certain

‘raction of

dreferential dissolution of alpha recoil 234U’(Kigoshi, 1971) .

Any precipitate foming from these waters would have a

,QU/238 234

U activity ratio same as in water. This excess U can



'a measure of the age of the éystém, if (i) the
e time of its fomation is known and if
11) the system hasg remailned 'closed"over the dating interval,
f these assumptions hold, then the age activity ratio relation

ie given by :

.."' 111013.

is the 234U/'238U activity ratio, g is the

[ *
decay constant of 231U and subscripts t and o refer to time t

nd zero respectively.

Thurber (1963) ang Kaufman (1964) have e€xplored the possi-
blllty of using this method to date lacustrine carbonate £rom
luVlal lakes. In these samples, the major problem is “to

¢ascerta1n the 234U/238U activity ratios at the time of the

1Carbonate deposition. Based on the analy ses of several samples,

‘ aufman (1964) observeq that the ‘234(7/238 activity ratios in
old samples were too high to be consistent with the assumption
that thesge samples formed with the same 234U/238U‘activity
ratio as those observed in recent samples,g;éo,ooo Years age,
'ThlS variation could be attributed to changes in the 234U/“
ratio of lake water, caused by climatic variations, or because
the lacustrine Carbonates are "open" sy stems and the present

day measured activity ratio are due to secondary effectsg causead
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'yvgroundwater interactions with the carbonates, Because of

234, 238

hese uncertainties, the U dating method has met only

ith limited success for dating lacustrine carbonates.

Ii1.3.8B. Techniques

III.3.B.1. Extraction and radiochemical
purification

Several radiochemical procedures for the separation and

, fification of uranium and thorium exist in literaturé,
apﬁpilation.of which have been made by Hyde (1960 and-Grindlef
:Ki962). These procedpres havg;late been modified and additional
1steps developed by aAmin (1970) and Krishnaswmi and Sarin (1976).

in the present work we have followed these improved techniques

!described briefly for the saké of completeness.

The adopted procedure is summarised in a flow chart (Fig.

11I.5). The samples were the carbonate phase of the sediments.

60 g of well-mixed material was taken in a beaker with 0.5 M HC1

to dissolve the carbonate fraction. The solutidn was filtered

and the residue was rejected. Known activities of 234Th and

232 .
‘3 U (1300 counts per minute of 234Th and 8.79 counts per minute

232U

of ) were added as tracers to the solutioi., /A precipitation

All samples were dried at 110°C and finely ground. About 40%:

|
|
o
f
f
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FPlow chart for extraction of uranium

and thorium.
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f group IIIA was done to SCcavange uranium and thorium. The
'ron was removed next by .ether extraction. Subsequently,

ranium and thorium were separated by ilon-exchange methods

‘as shown in Fig. III.5,

The organic matter in the elutoo containing uranium and
thorlum was destroyed by treating with HHO At this stage there

should be no visible residue in the beaker. A few drops of 12M

i/were added to the beaker and evaporated to almost dryness.

orium or uranium was taken up in a mixture of 1 ml of O.0L M

MO3: 2 mL of 2 M NH4C1 (PH-2) and 2 ml of saturated solution

of ammonium oxalate (Amin, 1970; Krishna swami and sSarin, 1976).,

he solution was transferred to a teflon plating cell and thorlum

2e uranium was plated on a 2.5 cm diameter, 0.025 mm thick

latinum disc (the plated area of the disc was 2 mm2)

Both uranium and “horium were plated at a starting current

‘1.0 A, 'The current increased initially to about l1.4-1.5 &

d_then decreased to 0.7 A in 30-40 minutes. When the current

eached about 0,5 A few drops of ammonia were added to the bath

d the anode was removed, washed with water, dried in a flame

nd counted,
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JII1.3.B.2. Assay of uranium and
thorium isotopes

The alpha activities of uranium and thorium isotopes were
ﬁermined using surface barrier'aetectors. The beta activiﬁy of
4Th tracei‘was assayed using an end-window G-M counter as
scribed by Amin (1970). The alpha spectrometer assembly
ﬁéisted of: (i) n~type surface barrier detector (supplied by
TEC); (ii) one set of charge sensitive low noise preamplifier,
in amplifier and post-amplifier (supplied by ECIL); and (iii) a

channel nuclear data (ND110) pulse height analyser.

The detector had an active area of 450 mm2 with a depléﬁion
1yer of 100 micron and was mounted inside a vacuum chamber Which,
1S continuously evacuated by a rotary pump. A,trap cooled by
iquid nitrogen was provided in between to absorb thé condensible
gases. A positive bias of 80 volt was applied to the detector.

e resolution of the detector (FWHM) at 4.19 MeV (238U) alpha
éﬂergy was 127 KeV (3%). The counting efficiency of the detecto r
andﬁthe stébility of the alpha spectrometer was periodically
vheéked by counting the standard NBL (National Brownswick Laer%ﬁOIY)'
:ample. The counting efficiency for detecting alphas in the |
‘nérgy range of 3.6 to 6.9 MeV, which fully covers the enerqy
range of alphas, was detemmined to be 23 + 1%. The background was
egligible being less than 20 counts in 2 days. The sy stem

isplayed high stability over months of counting. Samples were



ted for a period of about 48 hours and statistical errors

A , 238
1% on the measurements of U, 234U and less than 2% for

hl~230Th isotopes could be obtained.

iGénerally a 20 channel enveldpe (covaring a total

rgf rangé of 300 eV) was éelected to compute the number of
n£5~under‘each isotope peak. No corrections for blank and
kground were made since the sum effect of these contributions

d not amount to30.1% of the total counts occurring in individual,

~ From the spectral peak area, the absolute disintegration

e D(dpm) for each isotope (238U, 234U, ?32“1 23OTh) wa s
ulated using the formula:
C x 100
D = —=— ee.. IIT.14.
E
c

he re CO was the count rate per minute, Ec was the counting

fficiency in percentage.

The chemical efficiency in the case of thorium samples was

etermined by counting the high energy beta of 234Pa (E

max
2.31 MeV), a short lived daughter of 234Th. The beta activity
. 234

ﬁz Th tracer was analysed using an end-window, gas flow (93, 7A

hellum and 1.3% butane mixture gas type) G-M counter. It had a

. ; 2
gold mylar window of 6 mg/cm” to absorb both alpha particles as

234

'ell as the low energy beta of ThE® = 0.19 MeV).
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232

The tracer U was calibrated by depositing a known

olution of the tracer and counting on the alpha spectrometer.
The growth of 23

with parent 238U in a carbonate sample (assumed to be a closed

OTh towards the radiocactive equilibrium

system) is given by the relation (Broecker, 1963). From

gquation III.11, one can calculate the age,

The re-establishment of radicactive equilibrium between

38U and 234U in a closed system is given by the relationship

(Cherdynastsev et al, 1963), equation III.13.

The uranium series age can be calculated by the tfollowing

2 3C 38,
two methods, (i) based on the measured 30 2 “u

! Th/
234 238

ratio and

U by using equation III.11 and ITII.13 respectively,

IIT.3.C. Sample collection

For dating the Upper Karewa formation, two sites were
ampled. Carbonate samples were collected from Burzahom and
atwari from below the loess on the Himalayan side. The samples

ere collected at 5 to 10 m intervals.,

IIT.3.D. Results and discussion

The results for uranium and thorium isotope measurements

are presented in Table III.3.
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The Burzahom samples have carbonate content of about 50 to

0% while the samples from Hatwari contain about 6 to 12% only.

238U concentration is of the order of 0.1 to 0.6 dpm/g

lhich is too little for dating the carbonate fraction.

\SZBOTh concentrations do not show any systematic decrease with

”pect to depth.

The ratio of 230Th/232Th is only 1.008 for the sample BRZ/79/
. and 1.13 for BRz/79/3. Other samples show 2320y, concentration

nore than 230Th. Possibly 0.5 m HCl treatment dissolves clay

"raction also.

238

There is no systematic variation of 234U/ U ratio with

From the available data it appears that U-series dating method
as not worked for dating the carbonate fractions of the Upper

arewa.
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Iv.1. Introduction

 The magnetic polarity reversal sequence observed in the

ean sediment profiles and their correlation with the reversal
‘cord of the continental rocks provides an age index extending

r;beyond the Pleistocene epoch. The significance of the study

'f the palaeomagnetic reversal seqguences lies in providing

bsolute chronologies for the ocean sediments (Opdyku,,1972) Wthh{

ave been intercompared with extrapolated dates obtained on
lcanic rocks by radicactive dating methods. The Cenozoic

‘rbnology has been founded on biostratigraphy : the terrestrial

tem is based on specific events of mammalian evolution, and the

ne system is based on molluscan or foraminiferral faunal

hts. The correlation of continental and marine strata is

ifficult because their mutually exclusive environments oOf
eposition preclude the freguent interdigitation of diagnostic

fauna and flora. As a consequence, the resolution within and :

yetween the continental and marine records has reached its
tactical limits with the conventional biostratigraphic correla-
on techniques. The recent development of the magnetic polarity ,;
“ratigraphy as an accurate chronological correlation tool (Opadv ke,
)72) has now made it possible to correlate strata even from

Utually exclusive depositional enviromments. The success of

imanent magnetic studies in defining the stratigraphy of pelagic

sediments has shown the way for its use on other sediment types,




ially terrestrial sedimentary formations, like lake and

- sediment deposits.

Magnetic polarity stratigraphy hés been extensively used

Qr sequences of volcanic rocks (Roche, 1950, 1951; Hospers,

54 and many others), but its use in terrestrial sedimentary
pQSits has been rather restricted. The Russian workers were
oﬁg the first to use the technigue . the Pliocene and Quaternary
ctions of Western Turkmenia (Kharmov, 1958). A number of

Véstigators have worked on terrestrial sediments like Griffiths

55),

Bucha et al (1969), Van Montfrans and HoSpers (1969),
1son et al (1975), Keller et al (1977) . The present study ?

ies to extend this type of work to the Kashmir valley, especially

o the Karewas.

IV.2. Principles of Palaeomagnetism

Generally rocks show magnetic properties. One such property

5 the tendency of a rock Specimen to behave as a magnet, with
Dorth and a south pole and a magnetic axis. This magnetisation

4 naturally occurring property and is referred to as fossil

agnetism, or natural remanent magnetism, which is abbreviated

S NRM, Fossil magnetism is impressed when the rock is formed,

ltS axis being along the dircction of the earth's magnetic field

t the time. as a result, rocks serve as fossil compasses usceful
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- detemining the direction of the ancient geomagnetic
laeomagnetic) field. The intensity and the ancient direction
the field can be detemined by employing suitable techniques

ch will be discussed later.

IV.2.A. Origin of Palaecomagnetism

Most rock-~fomming minerals do not contribute to fossil
égnetism and are referred to as the non-magnetic minerals. The
ssil magnetism is due to the iron oxides and sulphides present
~accessory minerals which generally constitute no more than a

mall percentage of the total rock. They are referred to as the

gnetic minerals.

The fossil magnetism has been used for determining the
rection of the ancient geomagnetic field. The mechanism by
hich the fossil magnetism is acquired depends on the mode of
férmation and the subsequent history of a rock. It may be
 écquired on cooling from high temperatures when it is ca;led
ﬁhermoremanent magnetism (TRM), or during the formation of iron
inerals at low temperatures, when it is referred to a chemical
remanent magnetism (CRM). NRM of a sedimentary deposit is
;enerally considered to be caused by the statistical alignment
f the ferromagnetic mineral grains along the direction of the
mbient magnetic field during their sedimentation and this

remanent magnetization in bulk is called the detrital or
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\ositionél reménent magnetization (DRM). A Ggreat deal of
eomagﬁetic investigations on NRM of sedimentary rocks has
?én made in the last decade. As mentioned, the procedure
depends on the ability of the sediments to record and preserve
é geomagnetic imprint at the time of deposition; The lake
diments can acquire a remanent magnetization in the direction
lthe ambient field by two different mechanisms. First, they
anyacquire a chemical magnetic remanence (CRM). This happens
hen the magnetic grains in the sediments grow through a critical
ze known as the blocking volume. At this time, thebremanent
:gnefization is parallel to the ambient field and remains fixed

n this direction even if the field direction changes or the grains

ncrease further in size.

The second type of remanence is detrital remanence magneti-
zation (DRM). In DRM, the magnetic grains within the sediment s
which already have a remanent magnetization rotate to align
themselves parallel to the ambient field direction. Originally

was thought that this mechanism operated when the sediment

211 through water, but it has now been shown that this alignment

Occurs after deposition.

It is also possible for the fine dgrained particles to rotate
and align themselves to the ambient field direction in water
filled interstices of unconsolidated sediments. This specific

tYpe of remanence is called post—depositional remanence (PDRM).,
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magnetization acquired by the above means is referred to

he primary magnetization and any magnetization acquired after
nsolidation, or due to new chemical changes is temmed as the
condary component., The secondary component of magnetism can

removed by using alternating current field demagnetization

. the samples.

Iv.2.B. Reliability of the record of
magnetization

;In palaeomagnetic studies the directions of naturél remanent
gnefization (NRM) fall into two distinct groups, opposite in
irection to each other. Even after correcting for the unstable
Qmponents, one finds that the mean directions of the groups are,

ithin experimental errors, found to be 180° apart. In both

gneous and sedimentary rocks one finds both normal and reversed

larity almost in equal proportion,

For the reversals, the following two altermative explana-

-ONs have been suggested:

(1)  The geomagnetic field may have periodically

reversed itself;

(2) Some rocks may have acquired a spontaneous

magnetization in a direction opposite to that of
the applied field, known as self~reversed

magnetization.
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Several possible mechanisms for self—reversal have been
uggested, but experiments carried out in thé laborétory may

ot be able to Simulate‘naturé, because in nature. geological

ime scales are involved. If the. observed reversals of magnetiza-
ion arose from field reversals, then certainly the following

ffects should be recognizable:

(a) The same polarity should occur in rocks of
the same age irrespective of the rock type in all
regions, if field has remained the same during the
fomation of the beds. Positive and negatiﬁe zZones
should occur in stratigraphic succession so that
boundaries between the zones of opposite polarities
are parallel to the time planes and do not cut acroés
them.

(b) In between the opposite polarities, transitional
direction of magnetization should occur at least in
some cases. Because of the fragmentary nature of the
record, the transitional levels may not be discernible
in all cases. In favourable circumstances traverses
through the same stratigraphic levels at different
localities should show comparable direction changes.

(g) There should not be any difference in chemical,
mineralogical, or physical properties of the
magnetic minerals in positive and negatively

polarized rocks,
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(d) The polarities in igneous bddiesvshould be the
 same as those in their respective baked contact
rocks.

(e) The laboratory tests for self-reversal mechanisms
should prove negative when due account is taken of

“the uncertainty of such tests.

Only in the Haruna rock (Nagata, 1952) spontaneous self-
reversal of total TRM occurred by cooling the natural rock. In

the Asio and Sokoto rocks, a partial TRM component is self-

reversed, but the total TRM is parallel to the field. In the
{Allard lake specimens and the carboniferous pY rrohotite shale,
~specific heat treatments are Necessary to induce self-reversal.
Out of the many thousands of TRM experiments on natural rocks, the

Haruna dacite is the only established case of spontaneous self-

reversal. The demonstrated cases of self-reversal properties in

rocks occur in minerals of the ilmenite~hematite series and in

pbyrrhotite. No self-reversals have ever been found in magnetite,

itanomagnetite or hematite, which are the minerals responsible

for the fossil magnetism of the most igneous rocks and sediments.

The results from the extensive palaeomagnetic study show that

the Recent and Late Plelstoceng rocks are negatively magnetized

in the same sense as the present field. The geomagnetic polarity -

Stratigraphy is available for the last 5.0 m.y. on marine sédiments

based on Ke-ar ages, with revised K-Ar decay constant (McDhougall,

1978) .




97

\One therefore feels-féirly.secure_in using the palaeo-
égﬁétié pdlarity data for magnetostratigraphic and chronological

orrelations.

Iv.2.C. A criterion for stability of
NRM in the sedimentary rocks

The natural remanent magnetisation (NRM) of a rock is
'mﬁosed of (a) the primary magnetisation acquired by the rock-mass
. the time of formation and (b) the seconda ry components of
gﬁétization acquired subsequent to formation. There are fcw
tural processes like influence of the geomagnetic field,
veathering, heating due to physical contact with an igneous body,
UHdel bolt etc., responsible for the secondary magnetization.:
e‘secondary componient could be strong enough in some cases to
listort the original magnetic polarity condition (Radhakrishnamurthy
nd Misra, 1966). So one is likely to encounter inconsistencies
N magnetic directions among samples from a site in spite of all

he precautions taken during sampling.

The known laboratory stability tests, like thermal and

lternating current field demagnetization techniques, can be used

Sily in the case of igneous rocks, but they are quite difficult

'decumbersome to use in the case of weakly magnetic sedimentary

rocks (Radhakrlshnamurthy and Sahastrabudhe, 1965).
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The field tests for sedimentary rocks suggested by Graham
1949)’énd Everitt and Clegg (1962) require special in situ
Cbnditions and hence have limited applicability. The technique

uggested by Radhakrishnamurthy and Misra (1966) can be used

or igneous as well as sedimentary rocks and possess an added

emagnetization work.

A useful parameter, first introduced by Koenisberger (1938),
_is the ratio of intensity of the natural remanent magnetization
(ﬁn) to that induceg (Ji) in a field of the order of the earth's

ield (0.50e) .

A simplified Koenisberger ratio, referred +to here

as an
an be defined as:
In
ana-‘—“ .o J_V 1-
i
According to Nagata (1953), the Qn values for the igneous

rocks vary from about 1 to 175, being around 10 in most of the

effusive rocks. Though not explicitly mentioned in literature,

t is a common belief that, as pointed out by Radhakrishnamurthy

et al (1968) (Radhakrishnamurthy, 1970; Amin et al, 1972), high

Qh'means a high remanence per unit volume of magnetic material

of the rocks, i.e. a large fraction of single domain or pseugo~

Single domain particles, hence high stability, on the other

and, a low value of Q, indicates the opposite, i.e. a large
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fraction of multidomain or paramagnetic particles.,

as a general rule Qn ratios greater than 0.5 indicate
favourable magnetic properties gin the present context) and
ithose less than 0.5 do not. The available data on susceptibility
of sedimeﬁts in weak fields is rather scanty, chiefly because

of the measurement of the magnetization induced in low fields

has been quite difficult. But now we have a technique of

measuring Qn of sediments (Likhite and Radhakrishnamurthy, 1965).

The specimens having Qn values of about 1 or less do not

- 1966) . So the value of Q can be taken as a significant criterion

for cleaning studies. Here the measurement Gf J, does not involve

do it for all the specimens. The value &f Q. can be used as

a general and significant criterion for assessing the magnetic
stability of the various rock types, particdularly the weakly%

magnetic sedimentary rocks (Radhakrishnamurﬁhy and Misra, 1966:

Anmin et al, 1972). Here AC cleaning process was not attempted

because of the large size of the samples and alse because our
interest is on the indication of reversals and not on precise

A and D of the samples.




100

IV.3. Measurement techniques

In all the cases orientations of the samples collected are

recorded. Hence the direction and Q, value (the ratio of

natural magnetic moment to the induced magnetic moment in a
field of 0.50e) for all samples could be measured. Both are
vmeasured for the same sample. The details of the mea surements

are described below.

The induced magnetic moment in a field of 0,50e was

measured using a sensitive susceptibility apparatus developed

by Likhite and Radhakrishnamurthy (1965).

The apparatus is an improved version of the one designed

by Bruckshaw and Robertson (1948). It consists of a pair of

Helmholtz coils at the centre of which is placed a double coil.

A uniform field is proviged by feeding current in #Helmholtw coils_
through high quality power amplifier and audio-frecuency

oscillator combination. The double coil can be balanced to a

_very high degree at any frequency upto 200 C.P.S. by means of

an extra winding connected through a potentiomete r. The specimen
P P

which is placed inside the double coil behaves like an alternating

dipole under the influence of energizing field and induces a

differential emf in the coil. The signal is amplified and read

on a meter,
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Measurements of magnetic moment and direction of natural
omanent magnetization in the specimens were made using a high
ensikivity astatic magnetometer (Blackett, 1952). The magneto-

?tér consists of two almost identical Alcomax IV bar magnets,

, m x 2 mm x 3 mm, mounted in an antiparallel direction at two

:ds of an aluminium beam. The beam carries a mirror at the

htre and is suspended with a quartz or phosphor bronze fibre.
M§ échieVe good astatization two additional small trimmer

gnets made of viccalloy were mounted on the beam, at right angles
o each other. The whole system behaves as a non—maghetié one when

Qniform magnetic field is applied. The specimen is mounted on

. turn-table under the magnetic sy stem which is housed at the

rents to neutralize the earth's field. Magnetic direction
d intensity were calculated from the measured value of cbmponents
: Y, 2 of the magnetic vector. Declination (A), inclination (D),

emanent intensity (Jn) and the induced intensity (Ji) in the

-1Y
A = tan l '}'(' seee IV:Z'
Z
. ""I Ml LI IV 2
D = +¢an 2 217 T e
[X +Y°
S
oL x4 y? g2
Jn —_— M w-oa:‘“.‘.IVGBQ
-4
g
Jl == "‘l\-,l‘q e 0 e IV.4.
Jn h
Qn = :j——"q « s e IVo’Sy-




102

here A and D are. expressed in degrees, J and J in emu,

o

and ¢ ‘are the instrumental constants of the magnetometer

and the susceptibility apparatus. respectively. M denotes the

£ &, Dand Qn to

value

of M is not essential. d 1is the deflection due to the speeimen.

IV.4. gampling procedure and collection of sample

To collect oriented sediment samples, plastic sample holders

ere used (Fig. Iv.1). Cylinders of the sediment were carved out

after removing the weathered portion) on the horizontsl strata

and collected in the plastic holders by fixing them with Plaster

of Paris (analar grade Caso ) The top and the north directions

Were marked on the sample holder. Two Spirit levels at right

Plaster of Paris Was poured again to fix the bottom

fportlon of the sample also in position in the holder.
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Fig. IV.1l. sSchematic section and plan of palaeomagnetic

plastic sample holder.
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Samples for‘magnetostratigraphy were'collected from both
the Himalayan and Pir Panjal sides of the Kashmir valley.

Care was taken to choose only those Karewa sections where

maximumﬁﬁgﬁﬁthicknesglavailable and which were located in a
. R U 2y

clear stratigraphic context.

In the case of the Upper Karewa,
we have collected samples from all the clay strata of the

sections approximately at one meter interval, thus ensuring

that we do not miss any magnetic events,

Samples of Upper Karewa formation were collected from three

sites: Olchibagh, Saki Paparian and Puthkhah (F Fig. II.1). For

the Lower Karewa formatlon a total of three gites namely lepur}

Aripanthan and Pakharpura were sampled (Fig., II.1). Hirpur

nd Aripanthan sites we re sampled to cover the entire deposit

whlle from Pakharpura only one sample was collected below

 Gravel 3,

All the three sites of Upper Karewa formation (Nagum Lake)

_ Olchibagh, Saki Paparian and Puthkhah have 1 loessic deposit.

Olchibagh has a total thickness of about 30 m of lacustrine

_ sediments of the Upper Karewa, and at Saki Paparian about 44 m,

Nearly 8o pPalaeomagnetic samples were collected from these sites,

t Saki Paparian the Upper Karewa sediments are sepa rated from the

0p of the tilted beds of Lower Karewa by a thin gravel sheet

s
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Fig. IV.2. Schematic sections of Saki Paparian (S-1, S-2,
S-3) and Olchibagh (0) with magnetic sample

locations and their polarity.
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Puthkhah has a total thickness of about 20 m. Both Saki

Paparian and Olchibagh sites are on the Himalayan side, while

Puthkhah falls on the Pir Panjal side.

As discussed in Chapter II, the maximum exposure of Lower

_Karewa formation is on the Southwest on the Pir Panjal side of

the valley i.e. along the Rembiara River near Hirpur. The

Rembiara River cuts through the Lower Karewa deposits and has

exposed a complete section Of Lower Karewa between Dubjan, Hirpur
; nd Shopian. There are large exposures available on the two banks

f Rembiara which allows one to understand the stratigraphy.

The occurrence of three gravels serves as stratigraphic markers

and has been used for palaeomagnetic sampling. The lepur sectlon

was sampled at broad intervals to enable us to cover the complete

sequence. A total of 40 Mmagnetic samples was collected from this
Section, between Gravel 1 to Gravel 3. The Lower Karewa formation

has been divided into Hirpur- A, B, C, D, E ang L, II, and III

ub~sections, Hirpur-A consists of Basal Conglomerate of 200 m

'yhickness. Hirpur-B, C, D, E and the lower half of T con81st of

ternate deposits of laminated members of clay, silt andg sand with

bcca51onal llgnlte beds in between. Hirpur sections I and TII

,Comprlse Gravel-2, overlain by laminateqd members of clay,

Sand the latter continue

silt and
S upto Hirpur IIT,.
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Fig. IV.3. Stereographic projections of magnetic polarity

measurements from the Upper Karewa sites o

Olchibagh, Puthkhah and Saki Paparian,
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At Ari Panthan, another Lower Karewa formation site, which
was sampled, the laminateq members of clay; silt ang sand

Sandyich the middle gravel (Gravel 2).

From Pakharpura, only one sample was collected. The

section has the following sequence, from top bottomwa rds:

Loess at the top; 3 m thick deposit of Gravel 3; 100 m

deposit of laminateqg members of alternating clay, silt ang
1éand; 8-10 m of sand;

Iv.5. Results

The results of deteminations of magnetic moments and Qn\

values (Jn/Ji) in the samples collected from the Loess, the

Upper Karews (Olchibagh, Saki Paparian ang Puthkhah) and the
Lower Karewa (Hirpur, ari Panthan and Pakharpura) are Presented

in Tables V.1 to IvV.6 ang Fig. Iv.2 to V.6,

enmu to a maximum
eému and induced magnetic moment around
(30 +10) x 10™° enu, Most of the values of the samples\éhdw, |
“Qn values around 2 + 1, thus indicating Stability of the magneti
Components, Declination ang inclination of all samples showed

Positive polarity site (Table V.1; rig. 1v.2, 3).
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Saki Paparian (Upper Karewa) site also shows nommality in

he whole of the section (Table IV.2; Fig. Iv.2, 3) with total

cemanent magnetic moment variation from 35 x 10 emu to 110 x

10 emu. And all samples show total induced magnetic moment

, -5 -5 .
ranging from 11 x 10 to 97 x 10 7 emu, with Qn value %;l (near

0 or’more than 1) .

Puthkhah (Upper Karewa) site showed normal polarity (Table

fIV.B; Fig. IV,3). Total remanent magnetic moment variation is from

6 x 10~ emu to 155 x 10_5 emy while total induced magnetic moment

is around 35 x 10_5 emu uniformly through out the section except
I/3 samples show Q, ratio == 1.

All the Upper Karewa sites show nomal polarity and high Qn

1.€., around 1 or higher than 1, which is the main criterion for

At Ari Panthan (Lower Karewa) samples above Gravel-2 show

omal polarity (Table IV-4; Fig., IV.5). The total ‘remanent

:agnetic moment is very low ranging from 6 x 10"5 to 21 x IO_S emu,\\’

?hough total induced magnetic moment, which is indicative of the

agnetic material, lies between 30 x 10™° emu to 50 x 107 emu.

xcept for two samples AI/7, AI/6 all other samples show very low Q.

dlue viz., less than one, rendering the measurements unrellable

f:Radhakrlshnamurthy and Misra, 1966; Amin et al, 1972). The section

€low Gravel 2, the inclination shows reverse (

dmple A/5,

~ve) direction in

and Sample AI/2 shows reverse declination with + 7

Nclination; the Q, is very low (Table Iv.4) .
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_Tablé IV.5 gives the direction of polarity and magnetic

moment of remanent and an induced magnetization of the Hirpur

samples.

Hirpur III shows reverse polarity (Fig. IV- 4,5) in HIII/?

and HIII/1 samples, with Q. values 2.28 and 1.16. Sample HIII/6

_shows an indication of reverse polarity but has a very low Qn'

value] HIII/5 shows reverse polarity in only inclination, but

‘has nomal 17° declination.

Hirpur Sections II and T show nomal polarity in all samples
fwﬁere Qn value is high, i.e. more than 0.5 (Fig. IV~ 4, 5).

Hirpur sections E and D also show nommal polarity (Fig. IV-

5). In Section E, Sample HE/2 and &/l both show low Q,

value viz., less than O0.5. 1In Section D, two samples show high

d value while another two saiples show low Qn

0.5 (Table IV.5).

viz., less than

Hirpur Section C and B show reverse polarity in samples

HC/3 and HC /1. HC /2

shows nomal polarity (Fig. Iv.4, 5).

HC/B has Qn value of 0.74, while the other two samples have Qn

value less than 0.5,
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ig. IV.4. A composite section of the Hirpur sub-sections

showing magnetic sampling locations and polarity

reversals.
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Fig. 1Iv.5, Stereographic bProjections of the polarity

measurements of the Hirpur and ari Panthan sections.
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IV.6. Magnetostratigraphic correlation: discussion

On‘the Himalayan side, lying unconformably below the loess
are the Upper Karewa sediments. These are horizontally bedded

lacustrine and glacio-~fluvial sediments.

lower :
Due to tectonic uplifts described in Chapter II, th§r106531c

deposit ¢f the Pir Panjal side is coeval with the lacustrine

Upper‘Karewas of the Himalayan flank.

The total seqguence of the loess and Upper Karewa formations
_on the Himalayan side shows a clear normal polarity and high Qn

values in all the samples collected from Olchibagh, Saki Paparian

and Puthkhah.

The Uppex'Karewa and the loess represent a normal epoch,bi.e.
runhes normmal epoch., The loess capping Upper Karewa has also

been dated by radiocarbon method.

The section Hirpur III, lies between Gravel 2 and 3, covering
a total thickness of about 30 m and shows a reverse magnetic

polarity with high Qn value.,

The Hirpur Section B shows a reverse polarity in Samples
’HB/B and HB/2, with Q, value 2.41 and 0.41 respectively. Other
samples show normal polarity, only HB/4 shows a Qn value' of
\0.85, while other samples have Qn values less than 0.5, i.e.

0.47, 0.29 and 0.42 for gamples HB/2, HB/1 and HB/la respectively .
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Fig. IV.6. The composite section of the total Karewa

column showing/correlation between litho-,
bio-, and magneto -Stratigraphies. Position

of Pleistocene fossils is approximately ma rked.
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The Sample Ha/1 from Section A shdws normal polarity and
1 has a Qn value less than 0.5, i.e. 0.47. Pakharpura, another

 Lower Karewa site, shows a reverse polarity with 0.56 Q. value.

Almost all the samples from the Upper Karewa and the Lower
Karewa show induced magnetic moment in the range of 30 X 1077 emu

to bOo x 10”5 emu, while remanent magnetic moment in the Lower

Karewa shows some variations.

The section Hirpur II, I, E and D all show normal polarity

and thus may be representing the nommal Gauss epoch (Fig. IV.4).

The Hirpur B and C sections have a good indication of reverse
 polarity in samples. This can probably be identified as the
 reverse Gilbert epoch (Fig. IV- 4, 6). This probably includes

~ Hirpur A also.
Though detailed stratified faunal evidence is not available

(Table II.lO)? the occurrence of at least two Pleistocene forms

Equus sivalennis (Tiwari and Kachroo, 1979) and Elephas hy sudricus

(de Terra and Paterson, 1939) has been reported below Gravel-3
on Section IITI (Fig. IV~ 4, 6). This reversal epoch may thus
:,repreSent the Matuyama epoch. The nommal epoch below this,
covering sections Hirpur II, I, E and D, might thus represent
the next epoch, Gauss normal (Fig. IV- 4, 6). The sections ‘
labelled Hirpur B and C, where again there is a good indication
of a reversed polarity, might thus rep¥esent the Gilbert epoch

(Fig. IV.6).
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Thus by ensuring a. thorough sampling of some of the best
presetvéd complete sections,'we could cover the total sediment
profile. To make sure that we are starting with an intact t&p,

We 14C dated the top of the loess and the overlying aféhaeological
fdeposit. The bottom of the lake is provided by the basal rocks.
Pleistocene fossils helped us in defining the placement of the
Matuyama epoch. We could thus work out with 146 dates and fossils
as absolute dating markers, a complete magnetostratigraphy of the
Karewa sediment profile which covers Brunhes, Matuyama, Gauss

and Gilbert epochs thus indicating that the lake was probably
r formed around 5 m.,y. Of course, the absolute time inte:pretat;ons
;‘of these magnetic polarity events depend upon the present undér; 

standing of the sedimentary profile and its completeness.
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CHAPTER V

DATING OF PAIAEOCLIMATIC EVENTS

V.l. Introduction

V.2. Global climatic change

V.2.A. Quaternary climatic fluctuations

V.3. Palaeoclimatic cycleg in the Kashmir valley
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V.l. Introduction

The main aim of this thesislis ﬁé employ physical
techniques for dating the sedimentary profile of the Karewas
in the Kashmir basih. We have been able to give a broad
chronological framework for the various lithozones of the
Karewa Stratigraphy (Fig. IV.6). Since our chronology is
tied down to the . well-defined lithostratigraphic units, it is
hoped that this work would provide the chronological framework

to future workers investigating some of these sections.

In this chapter, we would like to use our chronological-
framework to date the palaeoclimatic sequence in the Kashmir
basin. We would, however, like to emphasize here that this work
is not aimed at offering any palaeoclimatic interpretation of the
sedimentary profile. We will only make use of the available
climatic data both for Kashmir and the world. The main aim of
this chapter is to show the potential of building up a detailed
palaeoclimatic curve in Kashmir with the help of the time-frames

provided by us.

V.2, Gleobal climatic change

There is clear evidence of the climatic fluctuations the
earth has gone through. Various estimates suggest ice ages

coming every 250 m.y. From the middle of the Tertiary the
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evidence of progressive cooling of the earth is now better
documented. Floral remains from Antarctica show that it had

a deciduous type of vegetation before the ice-sheets developed
there. But by 7 m.y. the great ice-sheets of Antarctica (Fig.
V.1l) had come into existence destroying all vegetation

(Lamb, 1977). From Argentina also there is evidence of glacia-
tions around 3.6 m.y. and between 2.1 and 1 m.y. There was

no glaciation there between 3.6 and 2.1 m.y. (Fleck et al, 1972).
But the most intense and severe glaciations wére witnessed by

the earth only during the Quaternary period.

Several efforts have been made to define the Plio-
Pleistocene boundary all over the world. The XVIII International
Geological Congress agreed that the base of the Calabrian in

Italy, defined by the appearance of foraminifera éégmalina

baltica and mollusk Arctica islandica should be taken as the
boundary between Pliocene and Pleistocene. In the sea-cores,

extinction of Discoasteridac and Globorotalia menardii (dextral)

and appearance of Globorotalia tuncatulinoides etc. around

1.9 m.y. marks the plio-Pleistocene boundary (Ericson et al,

1964) . In the magnetic polarity scale, the Olduvai event
marks the Plio-Pleistocene boundary.
Climatic curves have also been constructed from the percentage .

of coarse particles (fragments of foraminifecra greater than 180 /u

. 18 6 . . o . .
diam) and O/l O variation on some foraminiferal species (like
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Globeriginaides sacculifera) from the sea-cores (Emiliani,

1961; Shackleton and Opdvke, 1976). ©Such curves show some
ten glacial maxima during the last million vears. Hays et al
(1976) made a power spectrum analyses of such climatic curves

of the last 500,000 years and discovered fluctuations of
100, 000 years, 40,000 years and 20,000 years lengths, thus

lending support to Milankovitche's (1930) theory of glacia-
tion. He attributed the glacial-interglacial periods to changes
in insolation arising due to the earth's orbital vagaries:

(Milankovitch, 1930). Ample experimental proof for global scale

climatic geophysical changes has recently been acquired (Hays

et al, 1976;Bhandari, 1977; Somayajulu, 1977). There are

many theories attempting to explain climatic changes attributing
them to fluctuations in solar radiation (Simpson, 1957); volcanic
dust (Budyko, 1969); instability of polar-ice caps (Brooks, 1949);
polar wandering (Ewing and Donn, 1956) etc., to name only a few,
into which we will not go here. Here we will only delineate the
global climatic curve and try to evaluate the Kashmir basin

evidence in that light.

IV.2.,A., Quaternary climatic fluctuations

The four-fold sequence of Alpine glaciation, comprising
Gunz, Mindel, Riss and Wurm was considered more or less a

universal sequence of Pleistocene glaciations, though the names



Fig. V.l.
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Global climatic correlations for the last 100
million years based on a variety of global data.

A marked cooling during the Pliocene is clearly

indicated (after Lamb, 1977).
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foryﬁhesé events in various continents varied. As there is no
unanimity about the correlation of regional and global schemes,
the regional sequences continue fo be usegq, creating quite a
bit of confusion. We give here Lamb's (1977) tentative scheme
of correlation (Table V.1) of glacial and interglacial

events. But subsequent work showed that there are more glacial
stages. For example, glacial maxima during Wurm and Riss have
been identified as Wurm -I, -II and -III, Riss -1, and -II

(Table v.2).

Recently Shackleton and Opdyke (1973) have used Emiliani's
curve to mark the various climatic stages during the last million
Years (Fig. V.2). This is based on studies of the Pacific core

(V28-238) in which oxygen lSOtOplC variations in Glober1q1n01dcs

sacculifera have been interpreted as indicators of cllmatlc

change. In this core, which covers 0.87 m.Y ., they have
identified 11 cold and 12 warm fluctuations. Cold phases are

even numbered and warm ones odd. These stages have been

“"correlated with the revised Atlantic and Caribbean time sequence

(Table, Vv.2), following Emiliani and Geiss (1957). But as one

goes back in time the uncertainties of correlation increase.

For the last 100, 000 vears the climatic record is on firmer
f grounds. Fig. V.3 depicts the global climatic variations based

3 upon a variety of data. Multiple evidence from Greenland ice

Cores, Gulf of Mexico, Southern France, North America, summarized
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Fig. V.2. Climatic oscillations during the last 870, 000
Years based on oxygen isotopic measurements
of marine foraminifera from the sea core V28-~238

(after Emiliani, 1961; Shackleton and Opdyke, 1976) .
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Climatic record of average temperatures over

the last 100,000 yvears derived from various

indicators.

(a)

(b)

(c)

(a)

Northem Greenlands: Oxygen-18 variations

at Camp Century (77° N., 56°

W.) (after
Dansgaard et al, 1970).

Central Eurcope: Mean air temperatures in
July, from evidence of the flora, fauna and
soil mollusca (after Gross, 1958).
Netherlands: Mean air temperatures in July,
from evidence of flora and soil formations
(after van der Hammen et al, 1967.

Mean sea surface temperature in the tropical

l80/160 ratio in the

Atlantic (all yvear) from
remains of planktonic foraminifera in the

ocean bed deposits (after Emiliani, 1961).
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by Lamb (1977) indicates‘the end of a watm‘phase around

90,000 vears B.P. and the sddden onsetrof a cold phase. There
was a wamm period following this phase and before the main Wurm/
Wisconsin ice age which starts at ¢.70,000 years B.P, Despite

a warm interstadial, the glacial ice sheets continued to grow
till they attained a maximum around 45,000 yvears B.P. The
glacial maximum seems to be at C.20,000 years B.P. Though the
record of the glacial maxima and even interglacial periods are
better preserved, the intervening interstadials leave only an

ambiguous record.

V.3. Palaeoclimatic cycles in the Kashmir valley

As explained in Chapter II, we tried to put the faunal
and floral evidence, reported so far, in our lithostratigraphic
scheme. As de Terra and Paterson (1939) did not probably go
beyond Hirpur, they could not report on the significancerf the
complete Hirpur section, nor could they tie up the other sections
to the key section of Hirpur. Moreover, their correlation of
different sections is based on lignite layers and not on litho-
markers. As pointed out by Bhatt (1979), lignite layers are
likely to fomm on the peripheral ShallbW’pOHdS and not in the main
lakes and therefore are very unreliable markers for correlation.
Within thege constraints we would try to draw inferences from

the palaeonﬁolégical and sedimentological evidence and see how
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they fit in our chronological framework.

Floral evidence: de Terra and Paterson (1939) described
a detailed list of plant remains from Lithozone 4, Vishnu
Mittre (1974) described a vegetation sequence by assuming a

glacial-interglacial scheme of his own and superimposed it on

de Terra and Paterson's (1939) lithological scheme. It is,

however, obvious that there is a clear successjion of plants,

thus showing climatic fluctuations.

de Terra's Lithozone 1, on the basis of Laradura section,
can perhaps be equated with our pre-Boulder Conglomerate zone.
It had an ocak-deodar-alder forest type vegetation marking a
warm, temperate, wet climate. This will fall in Pliocene period

or Gilbert's magnetic polarity epoch.

The first cooling follows Lithozone 1, and should therefore

be marked mainly by the Boulder Conglomerate. Unfortunately

it has been interpreted differently by different workers. But

if it represents a glacial outwash, it must represent a massive
glaciation. The blue pine vegetation associated with it indicates
glacial conditions. It is interesting to note that Pliocene
represents a period of general cooling and fall in sea-levels
(Fig. 14.9 in Lamb, 1977). In our magnetic dating (Fig. IV.6)

this Boulder Conglomerate is appreciably older than 3.4 MY «
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As mentioned earlier, there is evidence from Argentina of a
pre-3.6 m.y. glaciation. Thus the Boulder Conglomerate
(Gravel 1; Fig. IV.6) may be the.first dated evidence of a

Pliocene glaciation in the Asian continent.

Above this, presumably in de Térra's Lithozone 3, wammer
conditions prevailed, followed again by a cold oscillation.
de Terra and Paterson's Lithozone 3-4 was marked by the
destruction o £ blue pines; only grasses (Artemesia and Chenopodia-
ceae) grew. According to our chronology this cold phase should

still be in the Pliocene, though not in its terminal phases:

The last warm phase, before the onset of the Pleistocene
glaciation, is marked by de Terra's Lithozone 4. The palaeo=-
botanical evidence would suggest a mixed dense ocak-deciduous=

broad-leaves forest with some spruce and deodar.

Matuyama epoch would cover most of de Terra's Lithozone 5,
but botanical evidence is hardly available for the main’Pleistocene
glacials and interglacials. As explained above (Fig. V.2), even
between Matuyama (partial) and Brunhes, there were 12 cold
climatic phases recorded in the sea-cores, The Plio-Pleistocene
boundary should be located somewhere between the Gravels—-2 and

-3 (Fig. IV,.6) in the section.
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Identification of the northern hemisphere
glaciations on the northern continentgs
with Emiliani's numbered stages found

in deep sea sediments (after Lamb, 1977)

iiﬁggr‘ Alpine glaciation
2 | Wurm II and III
4 Wurm I
6 Riss or Riss II
8 ?
10 Mindel
12 5

14 Gungz




152

Tentatively one cah place two major glacial maxima, in

our section, between the loess and the upper part of the

laminated member underlying it. Thus G-3 (Fig. IV.6) may
represent a major Pleistocene glacial maximum (stage 10 of
Emiliani, or Mindel in the Alpine sequence). The rest of the
glacial maxima and intervening interglacials and interstadials

are represented by the loess (loess plus lacustrine sediments on
the Himalayan side) covered by the Brunhes magnetic epoch (greater

than 700,000 years B.P.; Fig. IV.6).

There are three palacosols representing warmer periods

exposed on the Himalayan side. The topmost is radioca rbon dated
to 18,000 + 1000 years B.P. and the lower two are older than
32,000 years B.P., but presumed to be younger than 100, 000 yéars
B.P. This 18,000 years B.P. palaeosol should represent the last
deglaciation, though minor ephemeral colder phases even after this
cannot be ruled out. It is supported by the radioca rbon dated
pollen sequence of Toshmaidan (Singh, 1963; Singh and Agrawal,
1975) which shows that the onset of wamer conditions at 3000 m
sites was already on at €a15,000 B.P., followed by a cold and

warm phase,

The loess on the Pir Panjal side is far thicker than the
Himalayan flank and possibly has many more palaeosols. AsS our

field work on the palaeosols and loess of Pir Panjal side was
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limitéd; and very little has been done by previous workers, it
will be premature to hazard any guess at this stage regarding

their age.

Iﬁ is therefore obvious that the Karewa sediment profile
contains a unique climatic record of a series of climatic
oscillations, comprised of glacials, interglacials and inter-
stadials, thus the number of glaciations definitely exceeds four,
The evidence seems to indicate a Pliocenc glaciation, as also

several climatic oscillations during the Pleistocene.

This study thus provides a broad time- -frame within whlch

these climatic oscillations can be arranged.



- CHAPTER VI

CONCLUSIONS

Following are the major conclusions which could be

drawn from the present study:

(1)

(2)

(3)

(4)

(5)

The topmost palacosol in the loessic deposit is
dated to ¢.18,000 + 1000 B.P. and marks the last

deglaciation in the Kashmir valley (Fig. II.5).
The Upper Karewa sediment falls within the Brunhes

magnetic nomal epoch, younger than 0.72 m.y.

(Fig. IV.2, 6).
The Plio-Pleistocene boundary lies between the

Gravels -2 and -3 (Fig. IV.6).

There are good indications that the topmost section

of the Lower Karewa falls within the Matuyama (© .72-
2.47 m.y.) and the middle section probably the Gauss
(2.47-3.41 m.y.), and lower section_withi: the Gilbert
magnetic epochs (Fig. IV.6).

With the help of the chronology built by this work

and the available palaeontological and sediment -logical
data, one can broadly delineate the climatic fluctan

tions, as outlined in Chapter V. The probability of an

extensive early Pliocene glaciation has also been

pointed out.
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