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ABSTRACT

Kathmandu basin is an intermontane basin located in Kathmandu Nappe. This study focus on the basin-fill sediments
deposited at the southern part of the Kathmandu basin. Lithofacies characteristics from field as well as available laboratory
data were used to understand deposition environmental system in the basin. Lithofacies of sedimentary deposit in Buranchuli
area exclusively represents proximal alluvial fan system having debris and normal river water current flow sediments.
In contrast, lithofacies in the Pyangaon area reveals two distinct sediments: the lower fine-grained deltaic and the upper
coarse-grained alluvial fan sediments. This study constrains occurrence of centennial scale lake level fluctuation evidenced
from process of sedimentation. Alluvial fan is one of the major key mechanisms for the control of lake level changes in
Kathmandu basin. Thus, depositional terraces of fluvio-deltaic origin at the northern part of the basin were developed as

a result of modification in the alluvial fan system at the southern part of basin.
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INTRODUCTION

Kathmandu basin is situated at the northern margin of
Kathmandu Nappe (Hagen 1969) and it is a piggy-back
intermontane basin transported along the Mahabharat Thrust
(Stocklin and Bhattarai 1981) (Fig. 1). Morphologically, the
basin is closer to a circular shape, which is characterized by
centripetal drainage pattern (Holmes 1978). Basement rocks
and surrounding mountains of the basin is consisting of
Paleozoic meta-sedimentary sequence in east, west and south,
and Precambrian augen gneiss and pegmatite in the north
(Rai, 2001). Thus, the basin has accommodated predominant
siliciclastic sediments derived from meta-sedimentary
(phyllite, siltstone, shale, metasandstone and limestone)
and crystalline (schist, gneiss and pegmatite) rocks and has
archived up to 600 m thick sedimentary record since 3 Ma
covering for about 400 km? surface area (Moribayashi and
Maruo 1980; Yoshida and Gautam 1988; Bajracharya 1996;
Sakai 2001). These siliciclastic sediments were accumulated
as alluvial fans, fluvial and deltaic terraces at the margin to
outer central part and lacustrine deposit at the central part of
the basin (Yonechi 1973; Natori et al. 1980; Gajurel 1998;
Sakai 2001; Sakai et al. 2006). These sediments are separated
into coarse deltaic and shallow lacustrine facies, fine deltaic
and deep lacustrine facies, and alluvial fan facies (Fig. 2).
Stratigraphically, the basin sediments have been classified
into various ways (Dhoundial 1966; Yoshida and Igarashi
1984; Dongol and Brookfield 1994; Sakai 2001; Shrestha
et al. 1998; Sakai et al. 2008). At southern part of the basin
the sediments are classified as Boregaon, Chapagaon and
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Pyangaon terrace deposits and Lukundol Formation (Yoshida
and Igarashi 1984); recently the classification is being further
refined by Sakai (2001) separating into Itaiti, Lukundol and
Tarebhir Formations at the south, and Patan, Kalimati and
Bagmati Formations at the central part of the basin. Likewise,
at the northern part of Kathmandu basin, the stratigraphy is
revised with details by Sakai et al. (2008). They separated
the sediments into Patan, Tokha, Thimi, Gokarna, Kalimati
and Dharmasthali Formations. Here the stratigraphy of the
basin-fill sediments have been separated into northern, central
and southern parts as earlier researchers and summarized
in Table 1 and geochronological data obtained from the
basin-fill sediments are compiled in Table 2. These age data
set have bracketed the basin sediments into Patan (14-10
ka), Tokha (20-14 ka), Thimi (34-20 ka), and Gokarna (50-
34 ka) Formations using '“C radiometric dating method.
Sunakothi formation consisting of fine deltaic sediments is
equvalent to Gokarna and Themi formations at south (Paudel
and Sakai 2010). For the older sediments, paleomagnetic
dating technique set the age boundaries for Itaiti (<730 ka),
Kalimati (1 Ma-12 ka), Dharmasthali (>780 ka), Lukundol
(2.5 Ma- 730 ka) and Bagmati (3-2.5 Ma) Formations.
Depositional geomorphological form of the sedimentary piles
have preserved as terraces, which are named as Boregaon
(1,410-1,430 m), Chapagaon (1,440-1,460 m) and Pyangaon
(1,480-1,520 m) at south and Patan (1,300-1,320 m), Thimi
(1,330-1,340 m), and Gokarna (1,350-1,390 m) at central
and northern part of the basin (Yoshida and Igarashi 1984;
Sakai et al. 2008). Unfortunately, the present days’ chaotic
and rapid urbanization within the Kathmandu valley has
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Fig. 2: Geological facies map of Kathmandu basin with geology of surrounding area (modified after Stocklin and Bhattarai 1981;
Shrestha et al. 1998; Sakai 2001; Saijo and Kimura 2007)
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Table 1: Stratigraphic classification of basin-fill sediments of Kathmandu valley (compiled after Shrestha et al. 1998; Sakai 2001;

Sakai et al. 2008)

Formations
Age Lithology/Environment
Northern part | Central part | Southern part
Patan Patan 10-14 ka Silt, sand and sandy gravel/Fluvial, delta front and alluvial fan
Tokha 14-20 ka Pale green to black silt with thin diatomite, sand and gravels/Delta
plain, delta front and prodelta; local alluvial fan with debris flows
Thimi 20-34 ka Mud, sand, gravel and diatomite. Dlta plain, delta front and
Sunakothi prodelta
Gokarna 34-50 ka Mud, sand, gravel and diatomite.Plant and molluscan fossils/ Delta
plain, delta front and pro-delta
Kalimati Kalimati Kalimati 10 ka-1Ma Fine to very fine sand, silt, black clay and diatomite. Plant and
molluscan fossils /Open lacustrin with occasional tubidite
Dharmasthali >780 ka Dharmasthali Fm: silt, sand, gravel and pebbly mud/Delta plain to
subaqueous cone or conical delta
Itaiti <730 ka Itaiti Fm: Gravel, sand and mud/Alluvial fan
Lukundol 730 ka-2.5 Ma Lukundol Fm: Grey to black mud, angular granule to pebble bear-
ing reddish brown mud, lignite, rhythmic alternation of silt and
sand. Invertebrate and vertebrate fossils like elephant, crocodile,
deer,etc. /Alluvial fan and marginal lacustrine with debris flow
Bagmati Tarebhir 2.5-3 Ma Bagmati Fm: Pebble to boulder conglomerate with minor sands
and mud/Alluvial fan
Substratum Precambrian- Augen gneiss, pegmatite, meta-sandstone, phyllite, siltstone and
Ordovician limestone

triggered larger modification and disappearance of such
geomorphological features.

Existence of Paleo-Kathmandu Lake in the piggy-back
basin started since 1 Ma thank to damming up of the river
at southern outlet of the basin (Hagen 1968; Fujii and Sakai
2001; Sakai 2001). Evidences of lake level fluctuation in
long and short term periods have preserved in the sediments
of central and northern part of the basin (Sakai et al. 2006;
Gajurel 2006). The sub-aqueous (lacustrine) to sub-aerial
(fluvial) depositional sedimentary systems in the Kathmandu
basin have played a major role for the architecture of the
stacked sedimentary piles (Fig. 3). In contrast, reworked
organic and siliciclastic sediments owing to fluctuation in the
two systems as well as iso-time lines at these depositional
environments complicate the geology of the basin-fill deposit.
This study explore sedimentary environmental signature in
the sediments at the southern part of the basin in order to
understand the major deposition environmental fluctuations
in the Kathmandu basin.

LITHOLOGY AND SEDIMENTARY
ENVIRONMENT

Detail columnar sections were prepared in field at 1:20
scales in Buranchuli-Pyangaon area in order to understand
depositional sedimentary environment of upper most part
of the basin-fill deposit at the south (Fig. 2). Lithology and
environment of deposition of these areas are described below.

Bﬁranchuli site

The Burunchuli site is located close to the mountain slope
at south. The area is comprised by sequences of matrix- to
clast-supported gravels lying at bottom and red to grey-
black mud at top (Fig. 4 and 5). Gravels are comprised by
fine-grained sandstone, siltstone and limestone derived from
surrounding mountain rocks. Sandy and silty layers are very
rare and appear as lenses. The sequences range in thickness
from 2 to 10 m and contact between sequences is sharp to
slightly erosive in the mountain front area, while to the basin
ward direction occasional deep erosional surfaces up to 4 m
relief are formed on mud layers. Other characteristic feature
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to be observed in the basin ward direction is the occasional interpenetration structure
between gravel and mud layers that form lateral wedge shaped contact for more than 3
m. Depositional surfaces are inclined to 5-21° due N0-120°.

South
Colluvium

Source rock =

Depositional facies are separated into coarse-grained and fine-grained facies. Coarse-
grained facies is predominant over the fine-grained facies.

Coarse-grained facies

Coarse-grained facies are characterized by multiple phase of unsorted to moderately
sorted gravel having normal to reverse grading structures. Lensoid to tabular silty mud units
separate the multiple events. Matrix is comprised by silt and clay. The coarse-grained facies
are further sub-divided into matrix-supported gravel and clast-supported gravel (Fig. 5).

Matrix-supported gravel

Muddy matrix in this lithofacies has two sets of color: red to reddish brown and grey
to dark grey. Matrix-supported gravel horizons are 40 to 200 cm thick and the proportion
of matrix increases toward top. The horizons are normal to inversely gradded and are in
gradational contact with underlying clast-supported gravel and overlying red to reddish
brown mud or grey to dark grey mud. The upper contact of the horizons in some case is
convex upward. Occasional horizons of clast-supported lensoid gravels are accumulated
within the facies without having sharp contact. The gravels are angular to sub-rounded
in the proximity of mountain slope and sub-rounded to round toward basin direction and
size decreases to pebble to small boulders. In some cases the matrix-supported facies is
also lying within dark grey mud as lens (Fig. 5). The lithofacies is similar to top part of
recent debris flow deposit observed at right bank of the Buranchuli Khola consisting of
grey mud-supported gravel passes to grey mud at top that having dispersed angular to
sub-rounded pebble clast (Fig. 5).

Proximal alluvial fan

Phulchauki

Clast-supported gravel

Clast-supported gravel horizons are mainly comprised by pebble, cobble and boulders.
Average size of the gravels is represented by 60-70 cm diameter, however, occasional
boulders up to 3 m are also present. Small pebbles and large cobbles to boulders are
sub-angular, while large pebbles and small cobbles are rounded. Sub-rounded clasts
are normally discoidal in shape. These gravels form usually unsorted and disorganized
fabric. The highly unsorted gravels contain elevated and vertical boulders, which are
situated close to fine-grained facies (Fig 5). Sandy granule lenses are sandwiched in this
lithofacies. Massive boulder to cobble beds have reddish brown colored sand-silt-clay
matrix. Gravels having moderate sorting produced weak imbrication structure.

Fine-grained facies \

Fine-grain facies are appeared at top of gravel sequence and represented by sand, silt
and mud. Sands are very rare, while muds are predominant. The muds are red to reddish
brown and grey to black with carbonaceous matter and contain angular to sub-rounded
sand, granule to pebbly clasts (Fig. 5). These facies are normally 15 to 40 cm thick. The
sediment of the facies is named as diamictite by Sakai (2001).

Interpretation
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The gravel horizon characterized by ungraded and disorganized fabric, vertical and
elevated clasts, inverse grading i.e. pebble lying on erosion surface of mud horizon change
to cobble toward top and again to up section the size decreases, and the contact at basal
part having sharp to some erosional relief with underlying muddy unit is interpreted as
debris flow deposit (Nemec and steel 1984; Miall 1996; Blair 1999). The debris flow
sequence ranges in thickness from 2 to 10 m.

Fig. 3: Panoramic view of architecture formed by sedimentary piles in Kathmandu valley from southern part of valley towards NNE-E, inset photo marked as A is an

example of exposure.

Gravels having better roundness and imbrication structures in the sequence are 3
interpreted as high-energy stream current flow deposit. These sequences range in
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thickness from 2 to 5 m. Thus, the facies in the Buranchuli
area represent an alternation of debris flow and stream current
flow as well as an amalgamation of the two types of flow
producing up to 10 m thick sequence.

For transportation direction of the sediments, current
flow indicators in imbricated fabric were measured at
Bur-1 (27°34.01°N and 85°18.13’E), Bur-3 (27°34.34’N
and 85°18.33’E), Bur-4 (27°34.359°N and 85°18.490’E),
and Burs-1 (27°34.276’N and 85°18.067°E). The data set
indicate that the vector mean of transportation direction of the
sediments are towards N46°, N1° and N328°, respectively,
at locations Bur-1, Bur-3 and Bur-4, while the mean vector
flow is towards N129° at Burs-1 (Fig. 4).

Legend
Lithology
== Mud

1

Sand
Matrix-supported gravel
Moderately sorted, clast-supported gravel

Unsorted to poorly sorted, clast-supported gravel
with silt and clay matrix

1619m Burl

Mean vector
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c‘Iay sand] 1520
silt  gravel
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Pyangaon site

The Pyangaon site lies between latitude 27°35°30.01 "N
to 27°35°54.59”E and longitude 85°19°39.74’N to
85°19°59.08”E. Seven lithological logs were extracted along
a section from southwest to northeast. The sediment deposit
at this site generally discloses upper coarse and lower fine
sediment assemblages that are separated by a major erosional
surface (MES) (Fig. 6). Thus, the lithofacies are categorized
in the Pyangaon site as lower fine-grained facies and upper
coarse-grained facies, however, in log Py-3 and Py-4 the
coarse grained facies appeared at different time event below
the MES.

1538 m BUrs2.

1535

1530

Sedimentary structures
Lamination
Distorted lamination 1525

trough lamination

Sedimentary grain size

Fig. 4: Columnar section observed at Buranchuli site. (A) Bur-1 at latitude 27°34.276’N and longitude 85°18.067°E. (B) Bur-2 at
latitude 27°33.97°N and longitude 85°17.95’E. (C) Bur<3 at latitude 27°34.34°N and longitude 85°18.33’E. (D) Bur-4 at latitude
27°34.359°N and longitude 85°18.490°E. (E) Burs-1 at latitude 27°34.276’N and longitude 85°18.067’E. (F) Burs-2 at latitude
27°34.346°N and longitude 85°17.991°E. Bar daigrams show pebble inclination direction, thus the flow is opposite to it.

338



Sedimentary facies at southern marginal part in Kathmandu basin, Nepal

8007 '[& 12 Tedes 8T€'1 Ty, - s1eak 08F 001%T SNV auodaulg [edueureurg
800T '[& 12 1exeS 8¢ PUIRYOD) Tr6sA'1d s1eak 09¢F 009'F¥ SNV §1001 POOM IeyseutIRy(
9007 [2Infen 9T€'1 g, £500S-VV s1eak 019F 098'c€ SNV [e0dIRYD g,
9007 [21nfen [443)! BuIRYOD) 79005-VV sxeak 00¢‘ 1F 000°0F SNV anudry Tejedueg
9007 [panfen 12€°1 euIRYOD s1eak 00Z'cF 00L'8¥ 5 anudry ueqniy
9007 [2anfen 1261 BUIRYOD) 85005-VV s1eak 00L'€F 00L'8¥ SNV e[eodIeyD JTejedueq
8661 [PAnfeD) [ 05°0ZE‘T iy (ex0)805-uok] s1eak 091°1F 081°€F |  [PUORU2AUOD e[e0dIRyD) g,
/61 [eX)] pue Zuel] 0z€'T ueieq 06€-TIA s1eaf 0STF 0S0%1 E : yodary
9007 [anfeny 0z€T BUIRYOD) S9005-VV s1eak 006'CF 00€°L¥ SNV e[e0dIRYD) nfefeg
8007 "Te 12 rexes 071 euIRYOD) S99FONI s1eak 09p1F SE9LY SNV paas edei], nfrewuey
9002 [Panfen [ 0S°61€°T g, 95005-VV s1eak 0£6F 0LT°9€ SNV e[e0dIRYD) iy,
1102 '[e 32 Jarusnpy 61€1 ueieq 0079-YeD s1eak 08¢ F OFI'El = - 10MS210)
110 ‘Te 12 1o1uSny 81€T uejed 1029-¥eD s1eak 067F 0L0°TT = - 10MS2)0)
007 uosnsiag pue [eAepneg 8I€'T iy, 6L61-TIA s1ek [ 006'L€< |  [euonuaAuO) 2 g,
8661 [Panfen SIET newey - siak [ 000'€p< |  [euOnUAAUOD ayudiy uoe3LeNIYpY
00T uosnsio,] pue [eAepneq G Ty, 0861-1IA s1eak 00Z'€/009'SF 00LTF |  [euonuaauo) ¥ Ty,
8007 e 12 1exes 0T€T newey 176SA'1d sk OpF | ,SPSTI SV |  juawSesy poop newrey
8007 e 12 1exes 01€'1 BuIRYOD) P99PONI sxeak 0601F SS8'py SV | uowsSely poom uedey
8007 Te 12 1ees 01€T BUIRYOD) 95EFONI s1eak OZeF 091°6€ SNV | uawsSely poopn Ie1eI0D

8007 Te 12 Texes 01€'T Ty, 168€DNI sreak 067F SPS'6T SNV | IuawBey poop ruyy, oueg i
900 [2anfen LOE'T iy, (20d).£561-u0AT s1eak 0STF 05912 SNV Poom Ty,
8661 [Nk | 05'90¢°T wyy, (eXQ) 60S-UOAT s1edk 1€ 1F ovI‘sy [BUONUIAUO)) B[RODIRYD) nryy,

9007 [21nfeny POE'T iy, 68111-41 s1eak 06€ 17 067'67 |  [eUONU2AUO) yeg gy
8007 Te 12 1eyes 00€°T BUIRYOD) 099FDNI[ s1eaf O16F 088°Ch [BUORUIAUO) Juawdely poop uedey
800T '[& 12 redes 00€'1 uyy, 6S9¥ONI s1eak OpLF 0z€0¥ SV | uawSelj poom yuou yiL,
8007 T¢ 12 1eyes 00€'1 uejed 8S9PONI sk 0117 | L061¥1 SNV au0d duid [eSuewreutg
800T ‘I8 12 1eyes 00€°T g, 068EDNI s1eak 0L€F S66'€E SV |~ uawSesy poom gy, oueg
8007 Te 12 1eyes 00€°T iy, 688€ONI s1eak 00FF 078°p€ SNV | uawSely poopm Ty, oueg
9007 [2anfeny L6T°1 Ty, ThE6-A1 s1eak 071+ S9T'8€ SV POOM wyp,
6007 T& 32 Tyseepy €621 newney - - L00621 [BUONUIAUOD) uoqaed druedio uemeyqiqey
600 Te 12 1ysede 9871 newney £ - «op061 SNV [ uoqueddruedio sueMeyqIqey
6002 '[e 12 1ysedey V8T newey r -1 .0zT0T SV |  uoqieddwuesio JueMeyqIqey
6007 e 12 1ysedepy €871 newney r -l .oveee SNV |  uoqieddmuedio SUBMEYQIqRY
600 'T& 12 1ysedey 1871 newney - -] «ozese SNV |  uoqiesdmuedio sueMeyqQIqey]
00 redes pue ning 0821 newney : s1eak OpF 079'S1 SNV s Yeg [eadsoy sig
600C '[e 12 1ysedey 0871 newnpey r -| 080z -|  uoquesowedio SUBMRYQIqRY
600T e 12 1ysedey 8LT'1 newey £ - .0p9gE SNV |  uoqieddwedio sueMeYqIqEy
6007 e 12 1yseke LLTT newey - -] .08¢€8¢ SNV | uogiesdruedio SUEMBYQIqEY
6007 e 12 1ysede SLTT neurey F S| .oppop SV |  uoqed dwesio sUeMRYQIqEY
6007 e 12 1ysedey €LT1 newney : -|  «o8zHb SNV |  uoquesdruedio sUEMEYQIqEY
7002 texes pue nfng 0LT'T newney - s1eak 067 012'6T SNV s Yoeg nseq nues
210§ apmny UONRULIO] apod qe a8y poyid Suneq | ferdyewr Suneq uoned’o0| A3ojouoiyroany

$37IN0$ sNoLIEA Woay pafidwod £3[[eA npuewIYILY] JO SJUIWIPIS [[J-UISeq WO} PIUIe}qo ejep [e2130[0u0Iyd095) 7 d[qe],

339



Ananta P. Gajurel

861 BULIRYS PUE NI -NUYSIA ~VLET - T61-Tid s1eak Op9F 00¥LT 4 ¢ nypjueg
7861 PWLIRYS PUE JININ-NUYSIA ~1LE1 BuIBYOD) S61-Tid seak [ 0000F< & : nypjueg
$861 BUWLIRYS PUB JINIA-NUYSIA ~T1LET BUIRYOD) ¥61-Tdd s1eak 000°0F< - - nyyues
861 BUWLIBYS PUE JININ-NUYSIA ~1LET BUIRYOD) €61-Tid steak | 0000¥< - G nypjueg
861 PULIBYS PUE 21T -NUYSIA ~0LET euIBY0D) 961-Tid sreak | 000°0p< z : nypjueg
661 eBulARH pue [exry ~0¥E1 iy, 809-NIA s1eak 0011 F 00767 = poom nedueyy
7861 BULIBYS PUR JINIA-NUYSIA ~LTE1 g, 9081 s1eak 0zsF 0vL'ST - | 4ep snoadeuoqies g,
P61 PULIEYS PUE NN -NUYSIA ~97€1 unyy, L08-T s1eak O16F 0L0°ST - = uyg,
861 PULIRYS PUB JININ-NUYSIA | ~€7TTET iy, 80811 sreak 002'L€ . & iy,
iy, gg61 ‘[e 12 Iysered] ~90€1 unyy, 0Z11-0S) s1eak 00FE/0009F 00€'SH - - g,
£00T eInwry pue ofteg 09¥'1 - LSTOVT-e1g s1ek 00T F 091°T€ | [PuOnu2AUOD) pnw druedio PPIEN
£00T eanwry pue ofteg SEVl 2 SepseI-eRg s1ek 016 F 0TTEE | [PUONUIAUOD pnw druedio [eftrepung
£00g eIy pue ofteg €€ - pEPSEI-vIg s1eak OpEF 0€1°2€ |  [euonuaAuO) pnw Sruesio PYjuIsnyg
£00Z eInwny] pue ofreg r{5 Al - cepser-elag s1eak 0¥6°9¢< [BUOIIUDAUO)) pnur druedio [PyuIsnyg
£00T eanwry pue ofteg 1651 - TEPSEI-RIRg s1eak 00STF 06167 |  [PUONU2AUOD) pnuw druesio PyuIsnyg
£007 eInwry pue ofreg €1 - 09Z0¥1-819g sreak 00€°0F< [BUOHUIAUO)) pnw druedio uoeduny)
£00T eanwry pue ofteg 0TH'1 - 65T0¥1-219g s1ek OST1 7 001°2€ |  [eUONUAAUOD) pnuw duedio uoeSiunyy)
8007 T8 12 1eyes 00%'1 ejoyl, 799¥ONI sk 0917 | .08€61 SNV $100y YoyaLreydIg
800T '[e 12 rexes 08¢ BUIBYOD) £68€ONI s1eak 00pF 08%¥€ SV | uawSely poom uednpy
110T [¢ 32 Lepueyg SLET BuIBYOD) < s1eak 0787 0L1'€S SNV nu juerd uoedisag
8661 [2in{en) 0LET BUIBYOD) - sieak 000F¥< [eUONUAUO)) audi] nypjues
800T 'T& 12 rexes S9€°T eyoy[, 0v6sA’1d s1eak O079F 6567 SNV Poom Teysewey(
800T '[e 12 rexes €9¢'1 »joy], 8€65A'1d sk OpF | L0STHI SWV | juawsSely poom ejoyy e[dueg
8007 e 12 1ees 09¢°T ey 6€650Td sk 0chF | 0Thop SNV 51001 POOM 1[eyiseweyQ 2
800T ‘Te 12 1eyeS 09¢°‘1 eyoyJ, 999FDN/| s1eaf OF1F L0811 SNV yuawery poop eysewrey(q
8007 Te 12 reyes 09€°1 BUIBYOD) €99PDON/( s1eak 096F SOTEV SV juawdery poop Ieyisewrey (g N\
8007 ‘T8 12 redes 09€°T euIRYOD) LS9¥ONI s1eak OZ1€T SIS'¥S SV | uawsSeyy poom Yoyiureydig
8007 '[¢ 12 1exeg SSE'l BUIRYOD) 9v6S'ld s1eak 068+ 0v0'€S SNV 12g emn[eg-rejediueg
9007 [2anfe 1S€°7 BUIBYOD) 7900S-VV s1eak 007‘€F 006'LY SV | . e[e0dIRYD) 1joxeung
8007 'Te 12 Iexes 0S€°1 ey, se65A'ld s1eak 00pF 009's¥ SV | juawdely poop 1eyIsaIyqey
800T '[2 12 1eyeg 0S€‘T BUIRYOD) 1997ON/ s1eak 0£6F S8ETH SNV | uswSdey poom YoyiLreydIg
2002 [eAepneq SPE'l BUIBYOD) 1861-TIA sieak | 001°9¢< - = sedeyq
700¢ [edepneqg ShEl BUIBYOD) 81€ET-NID sxeak 00L1/001°TF 00€°'6¥ - % 1sedey
800T '[2 12 1edes ShE'l BUIRYOD) Sy6SA1d s1eak 076F S90'8¥ SNV $1001 POOM emn[eg-rejediueg
8007 T8 12 1edeS SPE'T Ty, L£65A'Td s1eak 001 07T'LT SNV | juawSery pooy eoyy e[dueg
800T '[& 12 1eeg SPE'T BUIBYOD) L99VONI s1eak 01117 0£9'SH SV |  juawdesy poop feyiseuLIey(
9007 [2anfe 7€ BUIRYOD) 6500S-VV sieak | 0066F< SV e[eodIRyD) Tejedueg
800T ‘[& 12 1eyeg o€l BuIRYOD) T68EONI s1eak 095 F 06¥'SE SNV | uawdely poom 1[eyIseuLIey(
8007 'Te 12 1eyes 8€€T euIRYOD) 9€65A'1d s1eak OSHF SLL'OY SNV 1001 POOM ejoyy e[dueg
800T 'T& 12 reyes SEe'T Ty, = 10k OSTF 0¥S¥T SNV auodaulg [eSuewreurg
8007 '[& 12 1eyes SE€T BUIROD) Pr6sa1d sk | 009°15< SV $1001 POOM, 1eyiseusey
8007 Te 12 rees 0€€1 iy, ; s1eak 0717 08¥¥7C SNV auodauld [eSueweug
800 ‘e 12 1exes 6T€'1 BUIEYOD) £v65A'1d s1eak 0zeF 0LT'Eh SNV §1001 pay 1[eysewey(y
ERLTVN apmny uoneurio apod qe a8y poyidly Suneq | [edjew Suneq uoned>o| ASojouoiyroany

340



Sedimentary facies at southern marginal part in Kathmandu basin, Nepal

ardwes 210)) ,,

Jaded 200mos jo 1xa) pue dew 0) SuIpI0dodR pajedoal pmnfe ~

a3e pajeiqipeo ,

nre)| ®y 0£L>
8861 Wenes) pue eprysox R [opunyn’ -BN 6T - - [opumyny
100 e 32 weneo 00%1 | Ieyisewreyqq BY 084< - - redidneyy, snauSewoaged
pL61 YosOd : BUIRYO) 681-1L 1024 G87°T/0TT'EF SI16T 7 : nypjueg
861 1ysee3] pue eprysox = (2965-eD s1ek 0F0°T/099°TF | 06£'6T - 5 euIRY0D)
861 1yseed] pue eprysog - (0Z09-eD s1ea4 000°7/009°TF 06V'87 - = euIRYOD)
861 Iysexed] pue epIysox - (£965-eD s1eak 096°1F 0TH'¥PT i s 2 BUIRYO0D)
1002 2 2 A - g, - 184 G99‘TF SI8'ST - SLIGap JuE[d iy,
€007 Te 12 A = newipey - s1eak 0081/0L%°T F 09167 - urewas juefd PYIERUERYD
861 1ysered] pue eprysox & uejeq 67L-HL s1e24 09€/06€F 0LS'%1 | [euonuaAuO) - nednyseq
9L61 TYIIUOK = 6619-eD siak | 06€€T< - - ueeq
€002 e 12 [ : newey - s1ek 0117 ST681 - . IeyqoyD
1002 [ 32 ['a - Ty, - 51834 060°T/096F S95'€T - - B[Oy nyyeN D
€61 IY2UOK - - S/87-eD 18k 00F€/001°9F | 00T'€E z : [yeleyy
9L61 TYIIUOK > 2 8619-YeD s1eak O0p6°1/00STF | 0€5°9C - - uejed
9/61 1Y23UOK < : L619-YeD steak | 059'97< : ; Teiedng
9L61 1YoaU0x - : 9619-320 sk | 0L5'9z< s - Teieing
9/61 1yo3U0K - ueyed 0029-YeD sk 08€F | OPI‘El |  [euonudsuo) = 10MS10)
9£61 Y22u0x - uejeq 10292 s1eah 067F 0L0°T1T [BUOTIUIAUOY) - I10MS0Y
9/61 1Y2IUOK : uejeq S619-eD s1eah 0851F | 0£6'81 | [euonuaauo) g L
9.61 1Y2UOK - ueyed €619-YeD s1eak 050 TF 16041 | [euonuaauo) - nyaL,
9/61 1Y23UOK - ueyeq 761980 s1eak O78F 068%1 | [eUOnUAAUOD : nyaL
€002 T2 32 [I'A ~06€T BUIROD) - s1eak 0ZET/0L0TF 067°0€ z urewrai yuefd nypjues
221n0§ apmnry UOTJBULIO apod qe a8y poyioy Sune( | rerjew Suneq uoned0| ASojouoiyoan

341



Ananta P. Gajurel

T e S

NS
>

Fig. 5: Field photographs from Buranchuli area with lithofacies interpretation according to Miall (1996). (A) cross-bedded
gravel deposit (Gp), matrix-supported massive gravel (Gmm), and Clast-supported massive gravel (Gem). (B) Unsorted, clast-
supported massive gravel (Gem) having elevated (E) and highly inclined (I) boulders. Angular rock-fragments bearing mud (Mg)
layer is marked by black arrow and details of ‘c’ mark-is shown in photo (C). (C) Reddish brown mud (Mg) having angular to
sub-rounded gravels marked by black arrow. (D) Moderately sorted, clast-supported massive gravel (Gem) with imbrication fabric.
Black arrows delimit mud and gravel zones. (E) Angular rock-fragments bearing dark grey mud (Mg) enclosed matrix-supproted
angular massive gravel (Gmm). Scale of tool (T) is 33 cm in length. (F) Unsorted, angular to sub-rounded, clast-supported massive
gravel (Gmm).

contd....




Sedimentary facies at southern marginal part in Kathmandu basin, Nepal

.... contd

(G) Debris flow deposit in the Itaiti Formation; lithofacies inversely graded, clast-supported gravel (Gei), Gem and Gmm. Note
the convex upward contact Gmm at the base of photograph marked by three arrows and the planar to undulating contact between
gravel and mud marked by a single and two arrows. (H) Recent debris flow deposit of Buranchuli Khola; lithofacies matrix-
supported massive gravel (Gmm) overlain by angular rock-fragments bearing mud (Mg).

Lower fine-grained facies

The lower fine-grained facies are represented by 2 to
30 cm thick, very fine- to medium-grained, grey to reddish
yellow sand, 2 to 50 cm thick, light yellow to dark grey silt
and 2 to 200 cm thick, light to dark grey silty clay. Sand and
silt are massive to parallel, cross- and current-ripple laminated
and silty clays are massive to parallel laminated. Laminae
are comprised by very fine sand, silt, clay and organic matter
and are disrupted and distorted due to organic activity. Very
fine-grained sand and silt are also rhythmically alternating.
Sporadic plant debris is dispersed in fine sediments. Up to
6 cm deep burrows are frequently observed particularly in
silty sediments and are slight to vertical in inclination. 5 to
20 cm thick gravel layer is consisting of angular to rounded
pebble-cobble size clasts comprised by sandstone.

Interpretation

These facies are interpreted as a deposit in delta plain]
delta front and pro-delta environments (Fig. 6). In the
delta plain deposit, the facies is characterized by gravel,
very fine-grained sand and silty clay. Pebbly clasts are
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dispersed in sand, silt and clay matrix. Gravel level contains
dominant pebble of sand stone and also reveals very angular
intraformational mud clasts and plant debris. At upstream
section it is associated with slumped and micro-faulting up
to 14 cm in displacement at location Py-1 (27°35°40.33”N
and 85°19°25.43”E), where parallel to buckled laminated,
medium-grained sand layer contains rounded granule and
pebble of high sphericity. Sand lenses in silt and silty clay are
frequent at upper part of the deposit. The top layer is often
mottled and bioturbated and consists of carbonized wood
fragment and rootlets.

In delta front deposits, massive to parallel and ripple
cross-laminated, very fine- to fine-grained sand and silt
disclose roots, bioturbation and burrow structures. The
laminae are often distorted and interrupted and the sediments
are sometime mottled. Large to small carbonized wood
fragments are also accumulated in the sediments (Fig. 7).

Pro-delta deposits are characterized by alternation of
massive, parallel to ripple cross-laminated, very fine sand,
silt and silty clay. Sands are generally very thin and their
proportion is much lesser than silt and silty clay. Small
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Sedimentary facies at southern marginal part in Kathmandu basin, Nepal

fragments of carbonized wood are sparsely dispersed in the
sediments and in some cases organic matter also develops
laminae in silty clayey sediments. Silty sediments are often
bioturbated. Blue colored vivianite is occasionally found in
silty clayey sediments.

A sequence is characterized by a 3 to 5 cm thick, parallel
laminated, massive to graded, fine to medium-grained,
reddish light yellow sand having undulating erosive basal
surface is overlain by a 3 to 5 cm thick current ripple
laminated very fine sand, which is covered by 0.5 to 2 cm
thick parallel laminated very fine sand and silt with 0.5 to
1 cm thick, massive grey muddy silt and silty clay at top.
The basal sandy horizon sometimes also contains scattered
pebbles (6 x 3 x 2 cm). Such sequence is interpreted as a
complete sequence of turbidite (Fig. 7). These sequences are
found in the deposit of lacustrine environment.

5 to 7 cm thick, matrix supported, gravel horizon having
planer to undulating basal contact with delta front deposit
consisting of interbedded, very fine-grained sand, silt and
clay and irregular contact with overlying silty clay and sandy
lenses is interpreted as sub-aqueous debris flow deposit
(Fig. 7). The deposit is consisting of sub-angular to rounded
extraformational pebbles and deformed intraformational
angular mud clasts. Matrix is comprised by sand, silt and
clay.

The sediments composed of laminated, fine-
grained sands, dark grey muddy mottled silt having
carbonized wood fragments, rootlets, and bioturbation
structures and thin layer of lignite at top are interpreted as
a deposit of swampy area in the delta plain environment.
Directions of sediment transport measured in cross-laminae
of fines grained facies indicate from N30° to N105° (Fig. 6).

Fig. 7: Field photograph from Pyangaon area. (A) Example of exposure in Py-3 site, clast-supported massive gravel (Gem), massive,
fine- to coarse-grained sand (Sm) and lithofacies related to pro-delta environment (PDE). (B) Intraformational angular clasts shown
by black arrow and three arrows at left indicate paleo-river-bank of gravelly river system. (C) Example of turbidite sequence;
base of sequence is marked by four arrows, top of faint laminated sand is marked by three arrows; top of ripple-cross laminated
horizon is marked by two arrows; top decanted massive silty clay is marked by single arrow; downward indicating arrow shows
deformed laminae in sand. (D) Deposit of delta front environment (DFE) and pro-delta environment (PDE); three arrows at best
mark the inclined surface of silt and fine sand lithofacies, two arrows mark sub-planar to undulating contact at base of debris
flow produced due to high shear friction.
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Upper coarse-grained facies

The coarse grained facies assemblages are more than
4 m thick and normally have distinct MES at its basal part
that separates from lower fine-grained facies, however it
appears below MES as different time events in Py-3 and
Py-4 (Fig. 6). It is comprised by sub-rounded to rounded
and generally discoidal shaped pebble, cobble and boulders
(20 x 10 x 8 cm maximum) embedded in sand, silt and clay
matrix. The gravels are characterized by normally massive
clast-supported fabric with imbrication structure. Granule to
pebble supported and pebble to cobble supported lens develop
both normal and reverse grading. The clasts are composed
of mostly sandstone derived from southern metasedimentary
terrain. In some places, it contains up to a meter large angular
fragments of lower fine-grained facies, which could be
derived from bank collapses (Fig. 7). Erosional bank scar at
Py-3 above MES slopes around 62° due N140°, which means
valley was oriented toward northeast direction. Fine- to
coarse-grained, massive to cross-laminated, light grey sand
and silty mud lens up to 110 cm thick are found in the gravel
layer. The upper coarse-grained facies assemblages end at top
with fine- to coarse-grained, massive sand and grey clayey
silt with rootlet and plant debris. Basal depositional contact
dips 10° due N120°.

1

Interpretation

The gravelly lithofacies is interpreted as river channel
deposit fed by basin ward propagating high energy water
current in alluvial fan that developed at the southern
headwater area of the basin indicating a humid climatic
regime with enough precipitation (Carling 1996; Shukla
and Bora 2005). Measurement of paleocurrent directions on
imbricated structure show highly variable values for mean
vector flow. Mean vector flows at location Py-3 and Py-4
show the transportation direction towards N30° to N117°
for the deposit below MES and N66° and N328° for gravel
beds situated above MES (Fig. 6). These deposits could be
the product of gravelly meandering river similar to present
day Godavari Khola locatedto eastern part of Pyangaon area,
which flow from south-southeast to north at:basin center.

DISCUSSION AND CONCLUSION

Deposition environmental fluctuation

Kathmandu basin has accommodated around 600 m thick
sediments (Moribayashi and Maruo 1980). At the southern
part of the basin the pattern of sedimentary piles reveal an
area of alluvial fan system with gently inclined depositional
surfaces (Fig. 3). Grain size analysis performed in micro-
granulometric laser Malvern model-215 at the University
of Chambery, France for less than 1 mm matrix sampled
at location Da 4 (27°35°3.55”N; 85°17°4.5”E; 1260 m)
from the deposit show the proportion of sand:silt:clay as
32:47:21% (Table 3). Gravels at fo the area is interpreted as
debris flow deposit (Gajurel 1998).
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In Buranchuli area, the basin-fill deposit from 1500 to
1620 m amsl is comprised by monotonous several cycles
of thick, coarse-grained sediments (gravels) that terminate
toward the top by fine-grained muddy sediments. In fact, to
the proximal fan area sediments were accumulated mostly
in debris flow and normal river current flow conditions
(e.g. Bull 1972). Toward the basin center these sediments
are associated with lacustrine sediments in inter-fingering
relationship. In contrast, the sediments in the Pyangaon area
are clearly distinct into upper coarse-grained and lower fine-
grained facies associations. Between 1477 and 1435 m amsl
in the area, lower fine-grained facies association represent
delta plain, delta front and prodelta sub-environment, while
first delta plain sub-environment is found between 1477 and
1473 m. The record of first delta front sediment starts at 1473
m that mimics the high stand paleo-lake level in southern
part of Kathmandu basin. In fact, the fine-grained facies is
eroded and truncated by upper coarse-grained gravelly river
facies association from 1448 to 1480 m to the basin ward
direction. Therefore, sedimentary records of high stand
lake level in the Pyangaon area are not preserved. However,
decreasing level of MES clearly depicts the increasing surface
area of sub-aerial environment within the Kathmandu basin.
Lithological logs extracted from the extreme northward
direction of basin in the study area (Py-4 and 5) reveal
distinct two cycles of gravelly river deposit that start from
1448 m is characterized by fining upward sequence (Fig.
6). The upper cycle is ended around 1449.50 m by paleosol
consisting of very fine-grained, reddish yellow sand and silt
with rootlets. The paleosol is covered by very fine-grained,
reddish yellow sand and silt having parallel- and ripple-
cross laminae and burrow structures, which is interpreted
as delta front deposit. Toward top, delta plain sediments of
about 2 m thickness are preserved. To a distance of about 30
m southwest at the same level two fluvial cycles disappear
and replaced by a deposit of bioturbated, very fine-grained
sand, silt and clay with burrow structures, where plant
debris and roots are found. These sediments are massive to
parallel- and cross-laminated. Black silty clay, black clay,
light to dark grey silt, very fine-grained, light grey sand are
alternating. Laminae are often distorted. These sediments
are covered by the same paleosol observed at 1449.5 m.
Toward top, delta front facies is continuous in this location
also. It means lake was lowered, consequently erosion
occurred (gravel) and again lake level was raised (delta
front deposit). Thus, the sub-aerial deposition environment
changed sub-aqueous deposition system toward the higher
level. It suggests that at least 5 m lake level was raised. At
around 1,440 m, increase in smectite (50%) corroborates
for the blockade in drainage system of the basin (Table 3).
Then again lake was lowered and erosion occurred (gravelly
river system). The mechanism for the lake level fluctuation
could be regulated by the alluvial fan aggradation system,
and degradation thanks to erosion at the outlet of the Bagmati
River in south. For example, paleocurrent directions at the
Buranchuli area indicate sediment transportation towards
basin center, however, occasional thick pulses of sediments
(Burs-1 at 1555 m) were brought from northwest to southeast



Table 3: Grain size, clay mineral and oxygen isotopic composition of modern and basin-fill sediments
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direction at the marginal basin parts. Debris flow as well as
landslide occurrences at the basin outlet could play major
role for plugging of Bagmati at south. Furthermore, the
same mechanism could regulate for the establishment of
various depositional delta plain and delta front terraces
to the north at different time scale since the southern fan
system is continuous in its record (Sakai et al. 2000; Gajurel
2006). Debris flows like Burs-1 at 1555 m elevation could
be a major cause for the lacustrine sedimentation at around
1471 m in Pyangaon and around 1400 m in the Tinpiple area
(27°46°35°89” and 85°16°41.07""), where the altitude of col
(about 1465 m) is found the lowest point in the water divide
line of the Kathmandu basin (Saijo and Kimura 2007). The
basin would be drained through the col to the Trishuli River
system at the time of deposition (Fig. 1). Figure 8 summarizes
the deposition environmental fluctuations, particularly, at
northern part of the basin focusing on the fan sediments with
altitude at the south.

Age paradox

Depositional ages of the sediments of Kathmandu
basin-fill deposits (Table 2) have been established using
“C-radiometric, paleomagnetic and paleontological
methods. Long- and short-term lake level fluctuations in
the Kathmandu basin have consequences as: first sediment
mixing of two contrast ages that is revealed by reverse age
pattern in normal order of superposition and second a large
depositional time gap without having conspicuous erosional
surfaces in normal order of superposition. There is plenty of
14C age records of highly remobilized i.e. reworked sediments
from previous deposits, particularly in the central part of the
basin. Thus, such reworked sediments extremely confused
4C-radiometric depositional age of sediments if a limited
number of age data on hand. Furthermore, the mixing is
occurred between the sediments of a short range, for example,
stacking of sediments of 11, 830 — 13,390 years BP in reverse
order of superposition in 1.25 m thick, carbonaceous clay
in airport section or sediments of 17,270 — 13,710 years
accumulated in 2 m thick carbonaceous clay at Nariwalphant
(27°41°25.98” and 85°16°33.61”") area (Vishnu-Mittre and
Sharma 1984), and between the sediments of long age range,
for example, at Thimi section 21 ka sediment appeared at
middle part of a 25 m thick section, while to the upper part at
the same section the sediments of greater than 45 ka reworked
is mixing (Gajurel 1996; Paudel 2002; Igarashi et al. 1988).
It means that the basin was intermittently subjected to active
sedimentation as well as erosional processes during the course
of basin filling. A large depositional gap between >40,000
and <17,400 years observed in sediments from Sankhu area
further corroborates active sedimentation-erosion activity
within the basin (Vishnu-Mittre and Sharma 1984; Gajurel
1998). Figure 9 summarizes sedimentation- erosion process
within the Kathmandu basin.
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Geological cross-section ﬁken through the basin-fill sediments from Buranchuli-Chhampi-Patan-Teku-Gongabu to Sangla showing sediments of various depositional

environments within the Kathmandu basin with '“C-age of upper part of sediments to rightside of the section.
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Fig. 9: Cartoon showing sedimentation-erosion location of Paleo-Kathmandu Lake during deposition environmental fluctuation.

Climate and Sedimentation

Pyangaon site is bordered by high mountainous (1766
to 2765 m) area, while the Buranchuli site covers larger
watershed area of lower altitude. Sediment transportation in
the Buranchuli site was predominated in the form of bed load
as debris flow as well as normal river water current, while the
sedimentation processes in the Pyangaon site was performed
in the form of suspension load and decantation processes.
Furthermore, Pyangaon site is located at the border of the
lake near a sediment source with high relief area, however,
record of debris flow events is rare. Lower fine-grained
lithofacies association representing silty clay sediment of
pro-deltic sub-environment indicates a calm decantation
process in sub-aqueous environment, while sandy sediments
indicate activity of strong current i.e. monsoon rain. This
cycle is interrupted by episodic pulses of sediment flux,
for example, at level 1463, 1464, 1465, and 1466 m amsl
in Py-2 location. Such sequences are the pulses of turbidity
current flow at the marginal area of the basin. These deposits,
in fact, represent a pulse of high-energy transportation
process from considerable distance within a calm lacustrine
environment since the pebbles are rounded in form,
which mimic occurrence of intermittent heavy precipitation
within the boundary of southern watershed of the Kathmandu
basin.

The sediments in Thimi area represent deltaic and
lacustrine environment with minor fluvial systems. Age
data from Vishnu-Mittre and Sharma (1984) indicate that
3.7 m thick carbonaceous clay was accumulated between
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15,070 and 37,200 years BP, which calculates the rate of
sedimentation around 6 mm/yr, which is higher than in
open lacustrine environment at Sundarighat (0.1 mm/yr)
and Rabibhawan (0.18 to 1.2 mm/yr)(Fujii and Sakai 2001;
Hayashi et al. 2009; Kuwahara et al. 2010). Considering the
maximum sedimentation rate at Piyangaon site, 1 m thick
sedimentation excluding compaction, suggests the lake level
was stand for 165 years at locations Py-4 and Py-5 (Fig. 6).
It means deposition environmental fluctuation had occurred
for centennial scale.

During the wet climatic regime an intense chemical
weathering and erosion of basement rock at the surroundings
of the Kathmandu basin promote transformation of illite to
kaolinite (Kuwahara et al. 2010). Clay mineral composition
in saprolite sample developed on gneiss to the north of
Sankhu (27°44°17.01”N and 85°28°0.04”E) illustrates
more than 70% kaolinite and less than 5% smectite at
the present day’ monsoonal regime i.e. 1500 mm average
annual precipitation (Table 3). In contrast, around 20 m
thick grey mud that was deposited at the altitude of 1,315 m
show increase in proportion of smectite and illite-smectite
(50%) ratio in clay mineralogy at the southern part of the
basin, which indicates a water logged condition probably
caused by outlet plugging of the Bagmati River (Table 3). It
means the climatic regime was represented by a dry climate
interval with a poor drainage system in the area (Gajurel
1998; Kuwahara et al. 2010). Likewise, around 20 m thick
grey mud deposited at around the altitude of 1,315 m show
increase in proportion of smectite and illite-smectite (50%)
ratio in clay mineralogy. The change is also indicated in §'*O
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of clay between the saprolite (17%o) and basin fill-sediments
(12%o) at south (Table 3).

The lithofacies consisting of grey to dark grey colored
matrix in the Buranchuli area is interpreted to be the product
of debris flow at humid climatic regime, while the red to
reddish brown colored is to be the product in arid climatic
regime (Blair 1999).

Tectonics is certainly another major player for the
contribution of sediments in the Kathmandu basin (e.g. Sakai
etal. 2006), however, sedimentary facies at the southern part
of the Kathmandu provide signature of climatic changes that
is associated with the deposition environmental fluctuation
in the Kathmandu basin.
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