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Abstract

Gravity survey was carried out to clarify the basement topography of the Kathmandu

Valley which is filled with the Quaternary lacustrine sediments. A gravity anomaly map

is produced from 112 gravity measurements within a major part of the Kathmandu Valley

and a basement contour map is presented based on depth calculations along two sections.

The maximum depth of the basement is estimated to be a little more than 650m from

the present surface. Two distinct troughs of basement are detected in the central part of

the Valley. The troughs may be a part of fossil valleys of what Hagen (1968)1) proposed

as the Proto-Bagmati River which supposedly had drained south-south-westerly across the

Kathmandu Valley during the Plio-Pleistocene time.

1.Introduction

The Kathmandu Valley on which the capital of Nepal is situated is a typical tectonic basin in the
Himalayas having diameters of about 30km in E-W direction and of about 25km in N-S direction.

Various research and development programs are under way within and around the Valley.These
include ground water survey,irrigation and power project,natural gas prospecting and natural hazard
research.

The writers aim to present a basic information on the basement of the Valley for these programs
by gravitational method.This is the first gravity survey in the Valley.The present study also can
be expected to give some interesting informations concerning the Quaternary tectonics in the southern
front of the Himalayas.

2.Geomorphology

The Kathmandu Valleyis filled with the Quatemary lacustrine sediments(Nautiyal and Sharma,
1961)2)forming a fertile plain.The average altitude of the flat plain is 1,350m,and the Valley is
surrounded all direction by mountain ranges of 2,000-2,800m high(Fig.1 and Fig.2).

The Bagmati River,the only drainage system in the Valley,has a centripetal drainage pattern

(Fig.2).It drains off towards SSW from the Valley through a narrow channel scraped on the base-
ment rocks which have WNW-ESE structural trend.The altitude of the river bed at the exit from
the Valley is 1,230m which is about 600m higher than present river beds of E-W drainage systems
such as the Trisuli or the Sun Kosi(Fig-2).

―30―

*Geophysical Section, Nikko Exploration and Development Co.,Ltd., Minato-ku,Tokyo.
**Dept ,of Marine Science, Ryukyu Univ., Naha,Okinawa.



昭 和55年6月 Basement Topography of the Kathmandu Valley, Nepal 81

Fig. 2 Topographic outline around the Kathmandu Valley.

The southern four fifth of the Valley's surrounding mountains are composed of slightly metamor-

phosed sediments of the lower Paleozoic, namely argillaceous phyllite, calcareous sandstone and lime-
stones, while highly metamorphosed crystalline rocks with swarms of aplitic veins expose in the northern

a fifth of the mountains (Arita et al, 1973)3). The metasediments and crystalline rocks are bounded by

a SW-NE directing fault with almost vertical fault plane (Arita et al, ibid)3). Given sporadic isolated

outcrops of the metasediments within the Valley, the basement of the lacustrine sediments can be

safely postulated to be the metasediments of the lower Paleozoic.

Several deep drillings, ranging from200m to 450 m, had been carried out within the Valley for

drinking water projects, although none of them reached down to the basement in the central part of
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the Valley (Nautiyal and Sharma, 19612): Sharma, 1964)4). Based mainly on the drilled cores, Nautiyal

and Sharma (ibid) classified the sediments of the Valley into four members from the bottom as follows,

a) basal boulder beds,

b) clay with minor sand and sporadic gravel beds,

c) carbonaceous clays with diatomaceous Kalimati, or black soil,

and d) recent alluvial coarse sand and sandy clay with mountain wash and talus in the peripheries

of the Valley.

The first three members are designated by them (Nautiyal and Sharma) into Pleistocene age.

3. Gravity Survey

Gravity observations were carried out by using the Worden gravity meter in November 1976. The

reading accuracy of the meter is less than 0.1mgal which is one tenth of the contour interval of the

ordinary gravity map.

112 gravity  stations were laid on the roadside within the Valley. Their locations are shown in

Fig. 3 by circles. A double circle near the center of the present area represent a base station from

which reading starts and returns to in every series of gravity measurements.With such a closing

loop method gravity values relative to the base station can be obtained at each station.

Spirit leveling was not applied for the sake of efficiency. However, most stations were laid at the

very points whose elevations are shown numerically in the 1/2,000 or 1/10,000 topographic map, and

Fig. 3 Gravity contour map in the Kathmandu Valley. Contour interval 1mgal.Circles

show localities of gravity station.
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careful barometric levelings were made for the remaining stations. The highest station has an alti-

tude of 1,432m and the lowest one has that of 1,273 m. 66 stations are situated in between 1,300m

to 1,350m.

4. Calculation of Gravity Anomaly

Various corrections were made for measured gravity values; those are earth-tide correction, the

drift correction, the latitude correction, the terrain correction and the elevation correction. Earth-tide

correction and the drift correction eliminate the tidal attraction of the moon and the sun, and the

instrumental drift respectively. The latitude correction compensates the gravity variation caused by

the shape of the earth and its rotation. It decreases towards the south at the rate of 0.67mgal/km

in the latitudinal position of the present area according to the International Gravity Formula.

The terrain correction should be made for the effect of the surface topography of the area within

several tens of km from the station. In the present case a rectangular area of 98km wide in E-W

direction and of 75 km in N-S direction with each station being at its center was considered for every

station in order to manage convenient computer calculation. In the terrain correction the density of

the rocks was assumed to be 2.67g/cm3. This value represents an average density of the rocks such

as Paleozoic sandstone, phyllite, limestone and Precambrian gneiss distributed in the surrounding area

of the Kathmandu Valley. The densities of the rock samples collected in the area range from 2.62 to

2.75g/cm3.

The elevation correction compensates the effect of the difference of the height and material be-

tween the stations whose elevations are not equal to each other. A supposed horizontal plane with

an altitude equal to that of the lowest station was employed as a datum one for this compensation.

The density of the material in each fictitious slab between the datum horizontal plane and the surface

horizontal one in respective station was assumed to be 1.50g/cm3.

After these corrections are made the gravity anomaly at each station is represented in values

relative to the base station whose anomaly was fixed temporarily at 50.0mgal in the present study

because no reliable absolute gravity value has been established in the vicinity of the Kathmandu

Valley.

5. Estimation of the Basement Topography

All the compensated gravity values are compiled and a gravity contour map is produced as seen in

Fig. 3. The map shows prominent gravity lows around the central part of the present area and gravity

values increase towards the peripheries of the Valley. This gravity feature seems to be quite reasonable

considering that the Quaternary lacustrine sediments of low density must be thick in the central part

of the Valley and it might gradually reduce the thickness towards the marginal areas. Also the con-

tour map shows a very good agreement that those portions as in Kirtipur, in Cobhar and in Pasupati-

nath where basement rocks outcrop within the Valley are manifested as local gravity highs. Accord-

ingly it may be  fairly appropriate to regard that the gravity contour map illustrates quite accurately

the basement topography of the Valley.

Estimations of depth to the basement were made along two cross sections, A-A' and B-B', shown

in Fig. 3 by using the method proposed for two-dimensional and two-layer structure by Talwani et al

(1959)5). Two-layer model is particularly appropriate for the present subsurface structure consisting of

two layers, the Quaternary sediments and the Paleozoic metasediments underneath, whose density

contrast is distinctive.

The observed and calculated profiles of gravity anomalies are shown by the solid line and circles

respectively in the upper part of each diagram in Fig. 4. The calculated profile of gravity anomaly

was derived from the basement profile shown in the lower part of the diagram. In the depth estima-

tion two kinds of density difference (4), 0.8g/cm3 and 1.0g/cm3, were assumed since an exact average

density of the Quaternary sediments of the Valley is not known. Consequentlytwo basement profiles

were produced as shown in Fig. 4 by solid line for •¢p4=0.8g/cm3 and by broken line for =1.0g/cm3.

In the previous chapter the density of 1.50g/cm3 was employed for that of material between the

datum plane and the surface one in the calculation of the elevation correction. However, this value

is applicable only to the upper most layer of the sediments. As the lower layer must have a greater

density in general because of compaction, the average density of the Quaternary sediments might be
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Fig. 4 Estimated profiles of the basement along A-A' and B-B' shown in Fig. 3. For

details refer the description.

greater than 1.50g/cm3. Therefore it is certain that the density difference between the Quaternary

sediments and the basement rocks with an average density of 2.67g/cm3 is smaller than 1.17g/cm3.

However a density difference smaller than 0.8g/cm3 seems to be less probable judging from conventional

density data of the Quaternary sediments (Dobrin, 1976)6).

In the result the basement profile estimated from 4p= O.8g/cm3 appears to fit well with an actual

one. When •¢p=0.8g/cm3 is taken to the calculation, a depth to the basement at Harishidhi on B-B'

section is 500m, which agrees well with the fact that a bore hole of 457m did not reach down to the

basement at Harishidhi (Sharma, 1964)4). On the other hand if •¢p=1.0g/cm3 is taken, a calculated

depth is 380m at the same point. It is absolutely contradicting to the fact.

If the basement profiles estimated from •¢p=0.8 g/cm3 are adopted, the deepest place, which is

located underneath Baneswar on B-B' section, could have a depth of a little more than 650m down

to the basement. A depth contour map of the present area roughly estimated from the density dif-

ference of 0.8g/cm3 is shown in Fig. 5. A bore hole of 272 m which reached down to the basement

at roadside of Kathmandu-Thankot line (Nautiyal and Sharma 1961)2), NE of Kirtipur, reveals an ap-

propriate assumption of the •¢p value.

―34―



昭 和55年6月 Basement Topography of the Kathmandu Valley, Nepal 85

Fig. 5 Basement contour map in the Kathmandu Valley estimated from the density dif-

ference of 0.8g/cm3. Contour interval 100m.

6. Concluding Remarks

The expected result was obtained concerning the basement topography of the Kathmandu Valley

as described above. The gravitational method appears to be efficient and effective to estimate the

basement topography of a tectonic basin in the Himalayas like the Kathmandu Valley. There are

other tectonic basins in the Himalayas such as the Pokhara Valley, the Surket Valley and the Dang

Valley which are regarded to be centers of future regional development project of Nepal. The gravi-

tational method may be employed in these tectonic basins as well for obtaining a fundamental know-

ledge.

Also the present study gives interesting informations with regard to the Quaternary tectonics in

the southern front of the Himalayas. In the basement contour map (Fig.5) a N-S trending trough is

clearly seen underneath Maharajganj-Baneswar. Also another trough stretching from the southern

corner of the Tribhuvan Airport to NE direction can be postulated, although the gravity survey did

not completely cover the area. The both meet at just west of Patan and the trough extends further

to SSW, towards the exit of the Bagmati River from the Valley.

In the western corner of the present area in Fig. 5 a WNW-ESE orienting depression of the base-

ment to the north of Kirtipur most likely represents a longitudinal fault expressed by Arita et al

(1973)3). Likewise another WNW-ESE or NW-SE directing depression of the basement in the south
of Kirtipur which can be expected from the basement contour map (Fig.5) or more realistically from

the gravity contour map (Fig.3) implies an existence of another WNW-ESE fault or faults, although
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it has not been reported by Arita et al (ibid)3) or else. The writers, in fact, observed fault cliff-like

escarpments all along the northern edge of the surrounding mountain in the south of Kirtipur.

These geomorphic features of the basement preserved underneath the Quarternary lacustrine sedi-

ments remind the writers discussions concerning the formation of the Paleo-Kathmandu lake presented

by Hagen (1968)1). He stressed contradicting distributions of conglomerates of the Upper Siwaliks, the

Tertiary molasse zone, to the present drainage systems of Nepal, and proposed ancient drainage

systems which might have existed in the Plio-Pleistocene time and which might have supplied the

conglomeratic materials to the molasse zone (Fig.6). He believes that his ancient drainage system

such as Proto-Trisuli or Proto-Sun Kosi once had drained almost straightly SSW direction, and then

had changed their course in the middle to E-W direction after the rapid uplift of a WNW-ESE trending

zone called the Mahabharat Lekh (Fig.6). Also his Proto-Bagmati River, he considered, which sup-

posedly had shed its course in Shisha Pangma had drained south-south-westerly to the molasse zone,

and then it had been dammed up by the rapidly uplifted Mahabharat zone forming the Paleo-Kathmandu

lake behind sometimes in the early Pleistocene. The rapid uplift of the Mahabharat zone even after

the formation of the Paleo-Kathmandu lake is fairly persuasive according to a field evidence that the

basal boulder beds of the lacustrine sediments tilt by 20•‹towards the north at the exit of the Bagmati

from the Valley in the SW corner of the present area (Nautiyal and Sharma, 1961)2).

Fig. 6 Present and ancient drainage systems around the Kathmandu Valley and distri-

butions of conglomerates (dotted area) of the Upper Siwaliks. Lined area is the

present Mahabharat Lekh zone. (After Hagen(1968)1))

The writers are inclined to believe that these troughs of the basement underneath the lacustrine

sediments may be a part of fossil valleys of what Hagen (1968)1) proposes as the Proto-Bagmati River.

The WNW-ESE trending faults in the north and the south of Kirtipur may have taken some parts in

the uplifting of the Mahabharat zone to the south of the Kathmandu Valley.
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要 旨

第 四紀 の湖 成 堆 積 物 が 厚 く堆 積 す る ネパ ー ル ・カ トマ ン ズ 盆 地 の基 盤 地 形 を明 らか にす るた め 重 力 探 査 を お こ

な った。112の 点 にお け る重 力 測 定 か ら重 力 異常 図 を作 成 し,さ ら に,2本 の断 面 に お け る深 度 計 算 に基 づ い て基

盤 深度 図 を作 成 した。

基 盤 最 深 部 の現 在 の 地 表 面 か らの 深 さは,650mを や や こえ る程 度 と推 定 され る。 盆 地 中 央 部 に は,顕 著 な 基

盤 の谷 状 地 形 が2本 検 出 され た 。 これ らの 基 盤 の 谷状 地 形 は,鮮 新 世 ～更 新 世 に現 在 の カ ト マ ン ズ 盆 地付 近 を南

南 西 に 流 れ て い た と推 定 され る古 バ グ マテ ィ河(Hagen,1968)1)の 化 石 谷 の一 部 では な い か と考 え られ る。

(昭 和55年2月5日 受 理)
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