
Title Paleomagnetism of the Northwestern Part of the Mahabharat Synclinorium, Lesser Himalaya, Nepal

Author(s) Gautam, Pitambar

Citation 北海道大学理学部紀要, 22(4), 591-609

Issue Date 1990-08

Doc URL https://hdl.handle.net/2115/36768

Type departmental bulletin paper

File Information 22_4_p591-609.pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP



Jour. Fac. Sci .. Hokkaido Univ .. Ser. IV, 
vol. 22. no. 4, Aug., 1990, pp. 591 -609. 

Abstract 

PALEOMAGNETISM OF THE NORTHWESTERN PART 
OF THE MAHABHARAT SYNCLINORIUM, 

LESSER HIMALAYA, NEPAL 

by 

Pitambar Gautam* 

(with 13 text-figures and 5 tables) 

Remanent magnetization of the low-grade metasediments (272 specimens/ 131 samples from 26 
sites) , which constitute the Nawakot and Kathmandu Complexes in the northwestern part of the 
Mahabharat synclinorium, is described. Alternating field (A F) and thermal (TH ) demagnetiza­
tion experiments revea l stable secondary magnetization resting in hematite and represented by 
normal and reverse polarities. The secondary remanence is of prefolding origin in the rocks from 
the Nawakot Complex while it post-dates major folding in those from the Kathmandu Complex. 
The directions are consistent with near-equatorial shallow paleolatitudes. The secondary 
remanence is interpreted to indicate the occurrence of a series of events, i. e. reheating and/ or 
metamorphism, nappe emplacement and folding in this area at the onset or shortly after the earl}' 
Eocene India - Eurasia collision. 

Introduction 

Paleomagnetic research in orogenic belts has shown that the rocks exhibit 
multi-component or multi-phase remanent magnetization. Apart from the primary 
magnetization component, the magnetic remanence records the secondary effects 
(e. g., oxidation, mild or intense reheating, low-grade metamorphism through bur­
ial, deformation or igneous intrusion) which the rocks have experienced during 
their history. The secondary magnetizations may be of viscous, thermal, chemical 
or mixed (thermochemical, thermoviscous etc.) origin. In general, the occurrence 
of multi-component remanences is more common in older rocks because of greater 
probability of exposure to one or more thermal, chemical or tectonic events. In 
metamorphic rocks, the primary magnetization may be completely overprinted by 
secondary remanence which may rest on a new mineral phase produced during the 
metamorphism. Studies of the secondary componets, therefore, may provide infor­
mation on the timing of the metamorphism and associated tectonic events. 

This work is an attempt to elucidate the nature of magnetization in the low 
-grade metamorphic rocks of the Nawakot Complex and the unmetamorphosed to 
metamorphosed- up to -biotite grade sediments of the Kathmandu Complex in the 

Contribution from the Department of Geology and Mineralogy, Faculty of Science, Hokkaido 
University, No. 1999 

Presently at: Central Department of Geology, Tribhuvan University, Kirtipur, Kathmandu, 
Nepal. 
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PALEOMAGNETISM, NEPAL LESSER HIMALAYA 593 

Lesser Himalaya. The remanent magnetization properties are discussed in detail 
and interpretation of the components is given. Part of the material described has 
been taken from Gautam and Yoshida (1988) . 

Geologic setting, sampling and laboratory procedure 

The area dealt with forms a part of 'the Kathmandu area and Central Mahab­
harat range ' (SWcklin and Bhattarai, 1980 ; SWcklin, 1980) . Two major rock 
assemblages are recognized: i) the Kathmandu Complex -a part of the Lesser 
Himalayan crystallines consisting of relatively high-grade metasediments (up to 
garnetiferous schists) but also including unmetamorphic or weakly metamorphosed 
sediments having fossils of early- Middle Paleozoic age on top and containing gran­
ites and gneisses, and ii) the Nawakot Complex -a part of the Lesser Himalayan 
sediments consisting almost exclusively of low-grade (sericite-chlorite) metasedi­
ments. A major discordance known as the Mahabharat Thrust (MBhT) separates 
the two groups. The Kathmandu Complex and Nawakot Complex constitute the 
core and peripheral part of the WNW- ESE trending structure-Mahabharat 
synclinorium, respectively. 

Sampling of the rocks was restricted to three routes (Text- fig. 1): the Thopal 
and Malekhu Khola route in the vicinity of Malekhu (27.8' N, 84.8'E) sampled in 
detail; the Burhi Gandaki route; and, the Mugling- Narayanghat road section. In 
addition, crinoidal limestone samples were collected from a site in the Phu1chowki 
hills, a well known fossil locality, south of Kathmandu. Samples were collected 
from road cut and river bank exposures. Seventy eight samples from 19 sites 
belong to the Nawakot Complex and 53 samples forming 7 sites are from the 
Kathmandu Complex. Block sampling and in situ drilling methods were applied. 
The total number of specimens (2.54 cm diameter, 2.2 cm length) for Nawakot 
Complex and Kathmandu Complex are 134 and 138, respectively. 

Laboratory procedure is essentially the same as described in Gautam (1989). 
NRM measurements were followed by AF and TH demagnetization experiments 
and component-analysis was carried out. Thermomagnetic analysis and isothermal 
remanent magnetization (IRM) acquisition experiments were performed in order to 
determine the magnetic minerals. 

Remanent magnetization in the Nawakot Complex rocks 

NRM data 
Table 1 shows the NRM intensities and directions. Black slates, calcareous 

sediments and some phyllitic rocks possess very weak intensities (n. 10- ' to n. 10- ' 
Ai m ) and their directions cannot be determined with reliability. For the rest of 
the lithologies, the intensities range between n.l0-· and n. 10- ' Ai m. Hematite 
schists are the strongest (n_ 10- ' Ai m) followed by the metasandstones of Nourpul 
Formation (n. 10- 2 Ai m ). 
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NP04- 1A 

In '" 12.8 mAim 

Al\errlaling Field. mT 

Text- fig. 2 Af- followed-TH demagnetization response of a specimen from site NP04. 
a. Vector migration plot (upper diagram) showing changes in direction of the remanent 

magnetization vector during successive demagnetization. Open (sol id) circles denote up­
ward (downward) inclinations and represent projections in equal -area net. 

b. Normalized intensity decay curve (lower diagram) to show the changes in intensity during 
demagnetization. 10 is the initial NRM intensity. 

Demagnetization behavior 
In several instances, AF demagnetization up to 50- 53 mT effectively removes 

the soft components leading to stable directions which remain stable up to high 
temperatures during further therma l demagnetization as shown previously (Gautam 
and Yoshida, 1988) . Additional data (Text-fig. 2) clearly support this fact. In 
some cases, however, pronounced variation in the magnetic behavior between sam­
ples was observed (Text-fig. 3) . In the latter case, the presence of antipodal shal­
low NNE and SSW directions can be inferred, although due to a few numbers of 
specimens no accurate estimates of the directions could be obtained. 

Mean directions at site level and the associated statistical parameters calcu­
lated according to Fisher (1953) are given in Table 2. 

lOmT 

" 
" DG01- 2A P-.. 

I , , , 
, , , , , , , , -+ 1'0 ... T 

~17 

, I 0G01-3A 

".I' .. 
Text-fig. 3 Vector migration plots to show the dual polarity behavior of specimens from Dan­

dagaon Formation. 



596 Pitambar Gautam 

Table 2 Summary of magnetic components from the rocks of Nawakot Complex 

Mean Direction 
Peak Polarity Site N (n) demagnetization In Situ / / Til t-corrected 
field or range (N/ R) 

1/ / 0 1 k a" 
(deg.) (deg. ) (deg.) (deg.) (deg.) 

a ) Charactenstic componel1t : 

RI 3 30mT 234 34 212 - 9 64 10 R 
BG 3 53mT 327 70 196 10 116 7 R 
NI 3 30mT 96 - 50 41 I 123 7 N 
N2 3 50mT 134 -61 26 7 44 12 N 

NP04 6/ 5 40mT 110 - 23 60 3 170 5 N 
NP05 6/ 8 50mT 107 - 53 60 21 93 7 N 

i ) Mean of N & NP sites, only: 
(N = 4) 110 - 47.5 47 6.7 

(k l = 18, a19s= 22.D (k,=18, a295= 22.5) 
Paleolatitude ("N)=3.3 ± 11.3 

ii) Mean of all sites, N & R polarities included: 
(N = 6) 39 4. 3 15 17.6 

Paleolat itude (ON) =2 .1 ±8 .8 
b ) Soft components : 

i ) Recent 
Dl 3 20mT 0 43 81 8 N 
N2 3 0-20 mT 7 51 17 19 N 
ii) Similar to the characteristic component but of post-tiliting origin? 

NP04 3/ 2 < 53mT 231 - 2 40 13 N 

NP05 1/1 < 53 mT? 219 3 N 

Note: 
1. A single number corresponds to the number of samples (n) , where unit weight was given to 

samples. Otherwise, N is the number of specimens and n is the number of specimens, unit 
weight being given to specimens. N/ R in the last column denote normal and reverse po lar· 
ities, respectively. 

2. Part of the data is taken from Gautam & Yoshida (1988) . 
3. Other conventions as in Table 1. 

Remanent magnetization in the Kathmandu Complex rocks 

NRM data 
NRM intensity and site-mean directions are listed in Table 3. Micaceous sand­

stones from KK and TS sites possess very strong magnetic moments (n.10- ' Ai m) 
whereas the phyllitic slates and sandstones from KT sites possess intensities weak 
by an order of magnitude. The NRM directions for site KK show rather well­
grouping. The crinoidal limestone samples are magnetically weak and the direc­
tions-tota lly random. 
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Table 3 Natural remanent magnetization intensities and site- mean directions 
from the Kathmandu Complex with sampling details· 

Site N ( n) 

Intensity 
(xlO- 'Alm) 

Mean S 

a ) Phulchauki Group: 

Mean Direction 

K a" 
(deg.) 

D I 
(deg.) (deg. ) 

I Phulchauki limestone CPP) and Tistung Formation CTS)/ 

Att itude 
lithology 

Stri ke/ Dip 

PPOI 2!( 7) 6.9 ± 3.8 red crinoidal Is. 230/ 655 

TSOI 26ClO) 6.775.7 ±8. 000.2 356 - 9 2 18.3 micaceous 55. 

b ) Bhimphedi Croup: 

I Kulekhani (KK) and Kalitar (KT) Formations/ 
KKOI 16( 8) 4.022.7 ±2.312.6 20 -26 54 4.8 light gray ss. 

KK02 16( 7) 1.608.6 ± 983.4 26 - 1 80 4.0 micaceous 55. 

KK03 13( 7) 2.890.9 ±2.257.1 micaceous 55. 

KTOI 26( 7) 289.3 ± 515.2 348 46 4 14. 4 phyllitic sl. 

KT02 2!( 7) 869.7 ± 951.6 39 - 10 10 10 .0 micaceous 55. 

For symbols and other conventions refer Table 1. 

Site KT02: magnetic behaviour 

During AF cleaning 

N 

98/ 80N 

80/ 45-555 

118/ 605 

93/ 555 

76/ 605 
250/ 88N 

Before cleaning 
---0,. 4 5 

0-;; ..... 
After 50 mT cleaning 

(22) 

• o· 
0 ... 0 

0 • • • • 0 
+ 

0 

• • 
• 

• • 

• 

31 mT ..,. 50 

a'~RM 
KT02-7B 

+ 

3, 

NRM 
KT02-6D NAM 

1.0 

0 .5 

KT02-4B 

o KT02-60 (82.6 
o KT02-7B (150) 
• KT02-4B (141) 

10 20 30 40 50 
Alternating Field , mT 

o~ 00 
00 

+ 

Text- fig.4 Magnetic behavior of spec imens from site KT02, Kalitar Formation. Left: equal ­
area plot of spec imen NRM directions (sol id and open circles denote downward and upward 
pointing directions, respectively) . Centre: vector migration plots and intensity decay pat· 
terns. Right: equal -area plot of ' cleaned' vectors. 

Demagnetization behavior 
In general, AF demagnetization up to 50 mT is sufficient to remove soft compo­

nent (s), if any, present in the specimens. The AF- treated specimens were found 
to be very stable up to high temperatures which are above 600'C and sometimes 
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N 

~<;. .. 
: 

+ 

0 

NRM 
(26) 

T01-7A 
::?~NRM 50 

Site KTOl 

0 

0 

10 mT + KT01-5A ;Ar-r, 

1.0 
NRM KT01-7A 

(17.4) 

KT01-5A 
( 15.6) 

L~2~0;::~4~0~-
Alternating FIeld, mT 

• ..... ' .. -. 

N 

+ 

Soft Compo 
(0-45 mT) 

( 19) 

• 

+ 
After 

45 mT cleaning 

(10) 

Text- fig. 5 Magnetic behavior of specimens from site KTOl. Soft components were derived by 
least-square analysis of demagnetization data. Of the 26 initial specimens only 10 had rea­
sonable intensit ies and relatively stable directions after demagnetization at 45mT. Star 
shows the present dipole field direction for Malekhu. 

reach to 670-680·C. The contribution of components with soft coercivity is highly 
variable and so is the proportion of normal and reverse components when both 
coexist in a single specimen. A major fraction of the total NRM in the KT speci· 
mens is represented by unstable random direction. A steady convergence to shal· 
low NNE or SSW components during the treatment is clear (Text-figs. 4 and 5) . 
Coexisting normal and reverse polarity components were also found (Text- fig. 6) . 
Ideal demagnetization response is exhibited by specimen KK02- 1B in which after 
elimination of a minor reverse component, a stable direction is achieved as demon­
strated by the exact convergence of the components in the vector plots (Text- fig. 
7) . 

Site-mean directions are given in Table 4. 

Magnetomineralogy 

IRM acquisition curves are shown in Text-figs.8 and 9. The curves can be 
broadly divided into two types: those exhibiting an early saturation and those in 
which no saturation is achieved. These curves demonstrate the presence of mag-
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Text- fig. 6 Dual polarity nature of the stable direction as shown by demagnetization analysis of 
specimens from site KK03 CKulekhani Formation) . Upper diagram: vector migration plots; 
lower diagrams: intensity response curves. 
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Text- fig . 7 AF- folJowed-TH demagneti zation response of a specimen from site KK02 showing 
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orthogonal projection diagram (Zijderveld, 1967) where the projections of the end-points of 
the resultant vector during successive demagnetization are shown. Solid and open circles are 
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Table 4 Summary of magnetic components from the rocks of Kathmandu Complex 

Demagnetization 
Mean direction 

Site N/ n Polarity 
value or range D I k a" N / R 

(deg. ) (deg.) (deg.) 

a ) Cllorocfen"slic com/)(mellt : 

T SOI 7 4SmT 19 - 7 41 8.2 N 

1 62S- 64S"C 204 4 R 

KI<OI 8 38m T 20 -26 96 S.O N 

1<1<02 7 SOmT 2S - 1 20S 3.7 N 

1<1<03 3 38mT IS - 3 13 22.2 N 

S 38mT 202 11 3S 10.6 R 

I<TOI 10/ 4 43mT 41 6 16 11. 0 N 

I<T02 20/7 SOmT 40 - IS 16 7.8 N 

i ) Mean directions: KK & TS 
N polarity. il1 situ: 20 - 9 44 13.8 

( Bedding corrected: 23 SO 12 27.7) 

R polarity, ;'11 situ: 203 7 

N + R polarity. il1 silu : 21 - 8.6 68 8. 1 

Paleolatitude (OS) = -4.3±3.S 

ii ) Overall mean: TS, KK & KT sites, in situ: 

N= 8 26 - 7.7 36 9.4 

Paleolatitude (OS) =-3 .8±4.7 

b ) Otlter components : 
(Recent component and recent but deviated towards magnetic lineation axis) 

I<TOI 4(3) <20 mT 3 49 49 10.0 N 

I<TOI 19(7) < 4S mT 330 47 18 7.6 N 

Note: 

1. For TS and KI< sites the mean directions were first ca lculated at sample level and then unit 

weight was given to sample means to calculate the si te mean. For the KT sites unit weight 

was given to specimens. 

2. Other conventions as before. 

netic minerals with soft and hard coercivities represented by magnetite-group and 
hematite (Dunlop, 1972) , respectively. The relative contribution of the soft and 
hard components can be roughly determined by measuring the remanent magnetiza­
tion after demagnetization of the applied IRM in peak alternating field, say 50 mT, 
as shown for specimens NP04 -5B and T S01-2C. The soft component carries the 
unstable low coercivity remanence while the hard one carries hard coercivity and 
high unblocking temperature remanence_ The specimens which were largely 
dominated by the soft coercivity natural remanence showed only soft coercivity 
minerals during IRM acquisition. 

Macroscopic and microscopic examination of the samples and the Curie tem­
perature determinations suggest that hematite is ubiquitous in the rocks of the 
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Text-fig. 8 Isothermal remanent magnetization acquisition curves for some specimens from the 
Nawakot Complex. Upper diagram: normalized intensity curves. Lower diagram; separa­
tion of the total intensity into soft and hard coercivity components. 
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Text-fig. 9 Isothermal remanent magnetization acquisition curves for some specimens from the 
Kathmandu Complex. Here, (a) , (b) and (c) are normalized curves, while (d) demon­
strates the contribution of the soft coercivity mineral and hard coercivity mineral to the total 
IRM intensity of the specimen. 
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Kathmandu and Nawakot Complexes. 

Interpretation of the directions 

1. Timing of the remanence 
a ) Soft components 

In a few cases, well ~grouping of soft components was noted. The mean direc· 
tion from site Dl and the softer component from site N2 are very close to the 
dipole field direction at present for Malekhu (1 = 47' ) . So these directions are inter· 
preted to represent the recent field component of secondary origin. Similar soft 
components were observed in specimens from site BG and KT as well. In majori ty 
of specimens from site KT01, however, the mean declination is westerly deviated. 
This is believed due to the effect of magnetic anisotropy which is discussed else· 
where CGautam, 1990) . 

b ) Characteristic components 
The stable components are designated as the characteristic derections as they 

are thought to represent the dominant part of the remanence in the rocks studied. 

Nawakot Complex 
Stable directions 

N 

In Situ 

BG 
o 

NP05 I +{j!' 
<;'\ N2 0 ~ 
V NP04 
R1 

N 
Tllt-co"ected~~_~ 

R1 

~G 

Text- fig. 10 Equal-area plots of s ite-mean directions, with corresponding ovals of 95% confidence, 
form ing the stable component from the Nawakot Complex. 
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Site-mean directions from the Nawakot Complex are plotted in Text- fig. 10. A 
remarkable feature is that the stable (high coercivity range/ high unblocking tem­
perature) directions diverge into two roughly antipodal directions after tilt correc­
tion. These groups are assumed to represent normal and reverse polarities which 
probably record the ambient geomagnetic field in two polarity states acquired dur­
ing a relatively long time span. Grouping of the directions forming roughly 
antipodal directions after tilt -correction is taken as an evidence for the pre-folding 
(at least, prior to major tilting) acquisition of the remanence. In some sites, e. g, 
NP04 and NP05, in situ components with southwesterly declination and shallow 
inclination were recognized from the demagnetized curves (Table 2, b(jD ) . Such 
directions were probably acquired posterior to the major fo lding_ 

Site-mean directions from the Kathmandu Complex (Text- fig. U ) are well 
-grouped before t ilt-correction in contrast to those from the Nawakot Complex. 
Moreover, they resemble to the ti ltcorrected directions from the Nawakot Com­
plex. This suggests that the directions with NNE or SSW declinations and shallow 
near- horizontal inclinations were acquired in the Kathmandu Complex rocks poste­
rior to major tilting. Judging from the presence of both polarities, it is suggested 
that the magnetization process was active for a long period (several Myrs) during 
which at least once the geomagnetic field reversed its polarity. 

High coercivity ranges/ high unblocking temperatures of the remanence, IRM 
experiments and microscopic evidences suggest that the stable remanence rests on 
hematite, which is believed to be an authigenic product due to metamorphism. 
Hence, the magnetization owes to some thermo-chemical processes which took 
place at the time of metamorphism and it is certainly of secondary origin. 

Interpretation of the components is attempted by comparing the inclinations 
with the inclinations to be expected in the area from the Indian APWP (Table 5) . 

Kathmandu Complex 
Stable dractions 

TlStung Fm. KlAekhari Fm. Kaltar Fm. 

N 
In Situ KK03 (N) 

~.J 
\ KK0 2 

KT01 ~§)-... ..... 
TS0 1(N) 

KK01 
' , 
KT02 

+ + + 

TS01(R) KK03(R) 

Text- fig. 11 Equal- area plots of site-mean direct ions, with corresponding ovals of 95% confidence, 
forming the stable directions from the Kathmandu Complex. 
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The upper section in Text-fig. 12 shows the paleolatitude vs. time plot for the loca­
tion of Malekhu and the plots of paleolatitude estimates (stars) with vertical un­
certainty bars in the paleolatitude curve. Although the mean paleolatitude value 
calculated from the tilt-corrected directions from the Nawakot Complex plots more 
northerly than the mean paleolatitude value derived from the in situ directions 
from the Kathmandu Complex, there is clearly an overlap and the former has lar­
ger uncertainties. Hence, the difference between the two estimates is interpreted 
to be statistically insignificant. At the same, greater significance is attached to the 
paleolatitude estimate from the Kathmandu Complex. From the above reasoning, 
the most likely time range of acquisition of the stable remanence would be around 
50-55Ma, a lthough the paleolatitude- time boxes cover a rather longer period rang­
ing roughly from 35 to 57Ma. 

2 . Estimation of the amount of rotation 
The discrepancy between the expected, from the Indian APWP, and observed 

declinations is interpreted in terms of the clockwise rotation of the Malekhu area 

Age 
( Ma) 

10 

21 
29 
36 
42 
44 
48 
50 
52 
53 
55 
57 
59 
61 
62 
70 
80 

US" 

Table 5 Paleomagnetic directions and paleolatitudes expected for Malekhu 
(27. 8'N, 84.8'E) 

Details of APWp· 

Anomaly 
no. 

5 
6 
8 

13 
18 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
32 
34 

R. T . 

Pole lat. 
('N ) 

83. 1 
78.0 
73 .1 

67.4 
65.4 
64.8 
60.1 
64.5 
57.9 
56.5 
54.6 
52.4 
46. 8 
46.3 
41.2 
36.3 
28.2 
9.0 

Pole long. 
CE) 

303.2 
298.7 
300.9 
307.2 
305.6 
303.8 
305.2 
294.7 
299 .9 
297.2 
293.6 
292.3 
294.1 
292.2 
292.8 
284.7 
280.7 
295.0 

Parameters for Malekhu 

Dec!. 
( 'E) 

355.3 
353.0 
349.8 
344.7 
344.0 
344.3 
341.1 
347.5 
342.2 
342.7 
343.7 
343.5 
340.0 
341.0 
338.4 
342 .6 
343.4 
317. 1 

Incl. 
( ' ) 

39.3 
32.5 
26.1 
20.0 
16.3 
14.6 
7.8 

10.3 
1. 2 

- 2.6 
- 7.8 
- 12.3 
- 20.9 
- 22.7 
-30.3 
- 40.6 
-51.2 
- 61.8 

Plat. 
( ' ) 

22.3(N) 
17.6 
13.7 
10.3 
8.3 
7.4 
3.9 
5.2 
0.6 
13( 5 ) 

3.9 
- 6.2 
- 10 .8 
- 11.8 
- 16.2 
-23.2 
- 31.9 
-43.0 

• After Kl ootwijk el al. 0985, Table2c) , based on data from India -Africa relat ive movement 

data with Africa fixed to hot spot reference frame. 

R. T. stands for Rajmahal Traps. Pole position is after Klootwijk and Radhakrishnamurthy 

( 981) with new age according to Baksi e/ al. (988 ). 
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Text- fig. 12 Timing of the stable magnetic components. The upper diagram represents a 
paleolatitude-time plot for the present location of Malekhu based on data in Table 5. Dots 
are the expected paleolatitudes as a function of time. The mean paleolatitude estimates for 
the Nawakot and Kathmandu Complexes are plotted as stars with vertical uncertainty bars 
so as to yield time-paleolatitude boxes (finely dotted and open) , respectively. The lower 
diagram shows the most probable age bars for various tectono-metamorphic events or proces­
ses accord ing to various sources discussed in the text. Age of the Rajmahal traps is accord­
ing to Baksi et ai. (1988) . 

with respect to the Indian shield. An approximately 45· clockwise rotation was 
inferred previously when only limited data from the Nawakot Complex were avail­
able (Gautam and Yoshida, 1988) . A better estimate of the minimum amount of 
the rotation made using the best site-mean direction (with smallest confidence 
angle) obtained in this study is 38±9· (Text-fig. 13). 

Discussion 

The stable magnetic components from the Nawakot and Kathmandu Complex­
es yielding shallow nearly-equatorial latitudes suggest the most probable acquisition 
time between 50 and 55Ma. The atable remanence in the Nawakot Complex was 
acquired mainly before folding but in the Kathmandu Complex after folding. Fold­
ing, nappe emplacement and metamorphism might have occurred during a short 
time span at the onset or the initial stage of the India-Eurasia collision or even 
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Text- fig. 13 Estimation of the inferred clockwise rotation of the Malekhu area relative to the 
Indian Shield. 

shortly after the collision. The difference in magnetic history should probably be 
searched in the differences in thermal history in the two Complexes along other 
factors. 

Treloar et at. (1989) determined hornblende and mica K/ Ar and 40Ar/ 39Ar 
ages in the rocks of the former Indian plate segment in Pakistan Himalaya to 
range between 25 and 45Ma with a cluster around 30- 35Ma and interpreted in 
terms of the simultaneous occurrence of deformation, heat ing, and metamorphism 
shortly after collision. They advocate the Himalayan-wide nature of the metamor· 
phism which shortly postdated collision and bring to the attention 40Ar/ 39Ar data 
from eastern Garhwal ( Hodges et al., 1988) suggesting a pre- late Eocene early 
Barrovian metamorphism there. 

In the High Himalaya, two metamorphic stages are thought to exist. The first 
metamorphic stage corresponds to the major eo- Himalayan or eo-MCT tectono 
-metamorphic modera tely high pressure event which produced the regiona l fabric in 
the medium and upper part of the crystallines (Caby et al., 1983; Pecher, 1989) 
and is reflected in the older cooling trajectory suggested to range from late 
Cretaceous to Eocene (Arita et al., 1990). The second relatively low-pressure 
metamorphic stage is regarded as Miocene and equated to the pulses of granite 
emplacement dated to range from 25Ma to 15Ma (Deniel et al., 1987) and is 
responsible for the younger post Eocene-Oligocene cooling trajectory of Arita et al. 
(1990) . Hubbard and Harrison (1989) further determined 40Ar/ 39Ar ages on horn· 
blende and mica and came to the conclusion that thrust movement and metamor­
phism in the MCT zone occurred ca. 21Ma and the granitic intrusion in the High 
Himalaya took place at the same time. 

According to Le Fort (1989) the area under consideration represents one of the 
zones of " cold " thrusts, which correspond to the continuation in a more britt le 
domain of the MCT deformation. The transiti on from duct ile to brittle accom· 
panies a thrust climbing up section in the crust along the base of a wedge-shaped 
nappe. In this model, the Mahabharat thrust seems to be an extension of the 
MCT. Provided that the peak MCT activity took place around 21Ma, the time of 
the nappe emplacement would be Miocene or probably even younger. 

Some of the age ranges for the tectono- metamorphic events/ processes are 
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shown in the lower section of Text- fig. 12 to seek the connection between the mag­
netic components observed and those events. The acquisition of the characteristic 
components seems to have related to some phenomena which occurred at the onset 
of the India-Eurasia collision. If proved to be true by further studies, it would 
mean that the tectonic activity and the deformation in the area covered by Lesser 
Himalayan crystallines might have occurred long before the peak MCT activity 
(accepted mainly as Miocene in the existing li terature) , and there may actually be 
no similarity between the MCT and MBhT. That the MCT functioning might have 
initiated at the onset of the collision also seems to be a possibility and should be 
studied in future. 

The actual (regional or local? ) significance of the 38±9' clockwise rotation of 
the Malekhu area relative to the Indian Shield may be established only when esti­
mates of paleomagnetically derived rotations will be available from the neighbour­
ing areas in the Lesser Himalaya. It is noteworthy, however, that similar magni­
tudes of rotations have been reported from the various parts of northwestern and 
central Himalayan region on the basis of observed secondary components, which 
have been dated at 50Ma to less than 60Ma and attributed to thermochemical 
effects associated with the initia l India-Asia collision (Klootwijk et at., 1985, 1986) . 

Conclusions 

Major findings based on this paleomagnetic study can be summarized as fol­
lows: 

a ) Well-defined stable secondary components carried out by hematite are 
present in the metasediments_ In the Kathmandu Complex rocks, the directions 
show NNE or SSW declination with almost horizontal inclination and exhibit good 
grouping before any tilt correction. In the Nawakot Complex rocks, however, bet­
ter grouping of the directions foming the stable component is observed after tilt 
correction resulting also in NNE and SSW declination and shallow- inclination. 
The acquisit ion of the stable directions occurred at near-equatorial lati tudes. 
Occurrence of major fo lding, nappe emplacement and metamorphism during a rela­
tively long time span (probably several Myrs) is suggested to expla in the occur­
rence of pre- folding and post- folding dual-polarity remanence of probably thermo­
chemical origin. Such tectonometamorphic phenomena seem to be in close relation 
to the collision between India and Eurasia. 

b ) A minimum of 38±9' clockwise rotation of the Malekhu area with respect 
to the Indi an shield since the early Tertiary time is inferred. 

c ) Minor in situ components, close to the present dipole field thought to be 
of recent and viscous origin are also observed. 

Finally, it should be noted that further accumulation of paleomagnetic data and 
reliable ages from the Lesser Himalaya will assist in better time resolution of the 
components and better understanding of the tectono-metamorphic framework. 
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