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APPENDIX D
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APPEND!X»D - GEOLOGY AND }.I\I’I)ROGEOLOGY
D1 PHYSIOGRAPHY
D.1.1 General

The land-locked mountainous’ !-.mgdom of Bhutan constitutes an inportant segment in the

- geology of the Eastem Hlmalaya i is flanked in south-west, south and cast respcm\ely by

the states of Sikkim, West Bengal-Assam and Arunachal Pradesh of India and in north by
Tibet. Bhutan is belicved to have derived its name from the Sansknit word “Bhutttan or
Bhot-ant”, the former means sudden rise in elevation, while the latter conveys ‘the end of
Tibet. For locals the name of this spectacularly beautiful country is Druk Yul --- Land of

- the Fhundcr Dragon.

' Geomemcally it is roughly an oval shnped LGU!NI‘)’ and hes between latitude 26°45° to

28°10" north and longitude 88°45° to 92°10” east. The east-west leng,th is appm\lmatcly
320 km and the north south width is abowt 175 km.

Bhutan is compamnemalm,d into dillerent units by north-south ﬂowmg rivers. However,
the terrain rises abruptly from the Indo-Bhutan border and reaches different elevations in

" dilferent paits.

* Elevation-wise Bhutan can be classiﬁéd into fhreé uinits: .

- -Somhcm foot hill reglon (Sou!h)
lhe southern foot hill reglon llcs at the edgc of (hc Brahmapu!ra river basin ]‘h’e ‘
* Bhutanese patl of the terrain is found mostly in the river tans \xlnch arc delta shapc -
' aﬁer emergmg from the mounlams : - :
- Vlountam and valley belt { Mldd]c)
in the moumam and vallcy bclt where thc sludy area is snmlcd nature has made deep
- gorges-in the southern pait. and wide river: valleys in the northern part like Paro,
Thimphu, Wangduephodrang elc, of elevalion 1300 to 2500mcters

- Himalayan chain (North)

The Hlmalayan chain Iies in lhe norlh and forms an arc shapc fr0111 éast 1o west,
" Himalayan peaks as high as more than 7000 mclers are found in lhlS cham

' The atlitude of the terrain conlrols the ‘¢limatic paltcrn wh:ch vaiies from hot hum[d

sumimer, heavy monsoon to pleasant winters in: the south, pleasant suimwmer, normal
monsoon to moderately severe cold during winters in the middle part and pleasant summer,
meagre monsoon and severe cold in the northern most and higher altitude terrain. The hills
in the southern and middle pazts nise up Lo an clevation of 3500 meters and support a Ih;cL
forest cover.
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The study avea is accessible by the Easi-West Highway fiom Thimphu within three hours,
Matorable all weather road other than the E-W lighway is the paved Punakha road
running the right bank of the Chang Chhu, the main drainage of the area. Other graveled all
weather roads branch out from the highway connecting villages to major towas.

In and around the study area, Wangduephodrang and Punakha are the only towns where
the public markets are open onge 3 week.

D.1.2 chion’al Geomoi’phology.(l"ig. D.L1) %

The regi_onal' study on the drainage system in the Himatayan Mountains has revealed a
distincl difterence between the Nepal Himalayan and Bhutan Himalayan.

The pattern of the river system in Bhutan is that of the antecedent river system, which
transverses and dissects the mountain range forming deep valleys. This pattem means that
the mountain range, which was formed by the collision of the Indian subcontinent and
Asian continent, is cut by rivers running toward the south.

It is interpreted that the river system has been keeping its flow course during the time of

uplift causing the formation of deep valleys The reason for this phenomenon is that the

'uphﬂ speed of the earth crust in this region has been relatively slow, therefore, the speed of
the river erosion and dmsect has been faster than the uplift speed.

‘ on the other hand, the uplifl speed of the earth crust in Nepal has been faster than that of

river erosion and dissect, . therefore, the iivers have been teinporarily provented their ways’

by the uplifted mountains, and several rivers have cimerged forming a huge lake, then made
a ﬂow—out way. This type of topbgra'phy is gcomor'phologically called "subsequent river".

‘ ll is readable lrom lhelr dramage p'mems that lhe uplift spced in Bhutan has beea slowcr ‘
 than that of Nepal. The mountains in Bhutai has many flat and forested arcas on lh(’H’ tops,

; resulted v rom the slow up!ifl speed. Some of these forest areas sﬂuated over 3,500 Ill(‘ll. rs
’ abox c lhc sea le\ el are under the def‘oresiatlon ‘ :

- [ hese forcs!s contnbute to the water recharge system in the area, ther efore the outsklrts of
“the mountains are so productive as to that a rice-crop is possible in high elevation areas
over 2,500 meters. :

“The dlﬂerence of the upl:ﬂ speeds of the carth cnist so significantly aﬂecls formation of -

their topography and- \egelauon Accordmglj, Hat arcas on the crests of the mountains are

“common, and. forests’ are distributed. in such crests areas up to the clevation: of 4,000 -

“meters. These forests are comhoqed of needle-leaf trees. The mountains in Bhutan show K jg
signiticantly different fandscapes fiom those in Nepat, naked steep mountains,

D.L3  Geomorphological Study

- Topography of a certain area is a product of ils tand-forming geological history, that is the
stum of the amount of movement (uplifling) of the earth crust and the amount of deposition
or crosion.. Accordingly, it is necessary to study a large area including a whole uplilting
unit, rather than to study a small area including only small-scale topographic units.
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Following geomorphological maps have been prepared in the survey.

Drainage system map : 110 50,600 and 1 to 10,000

Geomorphologival land-classification map 110 50,000 and 1 ta 10,000
| Surnmit {evel map I 15 50,000 |
[Retative retiot map 110 50,600 :
Drainage dénsity map 112 50,000
f%* These maps have been made for the studies of geologtcal structure and geological hazards

b as well as hydrogeology.

(1} Brainage System Map (Fig. D:1.2)

- Drainage system map shows the distribution of the present erosion energy, and inchude
general information which should be regionally interpreted at the first stage. The most
predominant physiographic feature in the study area is the Chang-Chhu River following
down to the south-south-east (SSE) and forming river terraces on both banks of upper
reaches of Wangduephodrang and steep gorges in the down stream. Al streams in the
study area are tributaries of the Chang Chhu. Major tributasies in and around the arca
are Dang Chhu and Linwti Chhu on the left bank, and Nabe Rongchhu and Tabe

" Rongehhu on the right bank, The Dang Chhu has its headwaters in the mountain area’

‘about 5000 meters high located around 27°45°N and 90°15°E. The river flows to the’
south and gradually changes its course to the west to join the Chang Chhu Limti Chhu

~ originales its course near Limkha village which is situated about 10 kilometers north-.

% ' * north-cast of the Bajo sub-area. The river flows down to the south-south-west and

joins to the Chang Chhu near Bajo. The Tabe Rongchlwi rises in the mountain area that”

is cast of the Doche-La, and flows roughly to the east to join the Chang Chher at the -
Lobeysa The Nabe Rongchhu approxtmately flows due cast from the mountain pass of
the ancient main trail to Thimphu, and joins the: Chang Chhu at arourid 2 kilometers -
south of' the: Wangduep wdrang bridge. Tributaries on the left bank- ‘generally tlow
down to the south-west whitc the tributaries on . the right bank for wost-to-cast

_ streams. The pattern of the river system of these tributaries is mostly dendiitic which -

- generally indicates homogencous and compact underlymg rocks.. There are some |
limited areas of a parallel drainage pattern which indicates loose and inclined geological :
formations in sonie degree. (Drainage System Map) The mountain area is generally
very stecp forming many landstides throughout the area. The flat land or gentle sloped

-~ fand in the clevated area has mainly resulted from landslide or mud-flow debris. As a
topogmph;c clement, two beautifil cuesta are observed on the left bank of the Chang

- Chhu, Talo Gonpa questa on the north bank of the Tabe Rong Chhu and Khlljllla

~ Gonpa cuesta on the north bank of the Nabe Rong Chhu. Both of the cuesta arc in thc L
arca of highly foliated rocks dipping roughly to north-cast causing the north- east . -
inclined gentle slope and very steep slope facing to the south-west.

(2) Geomorphological Land Classification Map (Fig. 'D.l.3)_

Since the geomorphology is the product of geo-historical processes such as weathering,
erosion, deposition, landslide and so on, carcfd study ‘on the geomorphology may
reveal the geological history of the area. Using the air-photograph and the topographic
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map of 1:50,000 and I: 10,000, the Geomorphological Iand Classification Map has
been prepared by the following procedure.

- Delincate river bed
- Classify river tercaces into high, middle and low terraces
- Delincate fan, colluvium, geatle sloped mudflow plane
- Draw erosion front line connecting the convex knick points
- Delineate the crest plane which may be a relict peneplane covered by thick soil and
- weathered zone fomied during “interglacial warm period”.
- Classify the slope inlo stable, active or other category

The geoimorphological land classification map is the most important basic data for
phystographic study on environment, geo-hazards, and land utilization. Many
topographic retieves such as three levels of river teiraces and fans along both sides of
the Chang Chhu river éxist in the area. In addition, the topogeaphic reliefs such as peri-
glacial planes and peri-glacial colluvium cause by glacial movement, landslide blocks,
and mud flow zones caused by other factors are recognized on the map. Other
topographic charactenistics recognized in the arca are flat crests on the tops of the

~ mountains as a relic topography formed during the time being peneplane, Also it can be -

- read from the existence of the convex knick point or erosion front on the both sides of

* the Dang Chhu an(l Tabelong (‘hhu riveis,: that an abrupt uphﬂmg occurred in the
recent geological age.

(3) Summit .Lévei L\Lla|):(l<‘ig. D.l.n!) :

A sumimit. level map is a hypolheucal topograph]c map, for whlch contour !mes are
- drawn by connecting summits and ridges as if the small valleys and depressions are
: completely buried and filled up. Heights of mountains represenl the hnal results of uplit
o movemcnl and ¢rosion in those aréas. The amount of crosion on the height of the
o mountams is negligible in arcas ha\nng flat crests on their mouitain tops as a relic of
: uphfted peneplaiies. z'\ccordmg,ly, itis, mlerprcted that the relative height of the’ flat
S creﬁts inthe area represem aclual amount of uphﬁlng hom the anc:ent pencplam lcvc!

{4) Rclalwe Rehef Map (lug D.1. 5)

" Relative relief, indicator of status of dissection, is the difference of the elevation
between the highest and lowest points within ceitain arca. The lzgurc has made o
investigate and discuss’ the history ol topogtaphtc formauon measurmg, hights of
topographic rchcf‘s applying same ntethod as in summit level maps. One kilometer grid

. ‘pattern has been drawn on 1:50,000 topograpluc maps, aind the’ relative refief of each ]
block has been read by counting the number of contour fines. As shown on the map, the g "

‘mild relief blocks are observed along the major ‘drainage system, Chang Chhu river, and =~ :
the mountain ridges. The latter may represent a relict pencplain. If so, to make a relative
relief map is quite useful for interpretation of distribution of peneplanes, as-well as
geomorphological land classification map.
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{5} Drainage Density Map (Fig. D.1.6)

Drainage density generally reflects intensity of dissection, therefore a drainage map of
one kilometer grid patteni using 1:50,000 topographic map has been made. The
numbers of the creeks crossing the four sides of the grid have been counted on the map
and treated as drainage densily index. The drainage density has been classified into four
groups. The result shows that the least drainage density in the study area is distributed
on a ridge suggesting that it is a rclict pencplain. Generally, drainage density is great in
impermeable rock areas, and low in permeable rock areas consisted of massive, porous
layers such as tufl' layers. These arcas of low density arc being considered as the
possible recharge areas for groundwater. In the survey area, gently s!opcd crest and
ridge areas covered by forest may ﬁmcuon as recharge 2ones for g goundwater

D.1.4 -Photogrammetric Mapping

A ncw map, scaled 1:10,000, made by pliotogrammetric drawing for the study has prepared
by the Survey of Bhutan. Areal photographs used for the study are a past of 848-A series,’
which was taken in 1978 with approximate scale of 1:35,000.

The photogrammetric mapping instruments uSed for the study are as follows.

- AME! TA- Tab!e and for AGI for drawmg3

- E K 22 for coordmat:on and ele\ ation measuremcnt
" AII these are the produclb of lhe Wlfd Hcerburg ot Switzer land

‘Symbols and marks used have been adapled from 1hose of the topograp}uc map of Bhuhn '

During the field veritication, a theodolite (RKI) with staves, and a rule and plane table with
tripod_have been used. Coniour line interval is set as 10 meters in steep terraing and 2

- meters in flat tcnams 1 hzck contour lmcs, mdcx contours ha»e been drawi fon every 50
' mctcrs ' ‘ P ; :

P2 GEOLOGY
- D.2.1 General Geology

- The first geological information pertaining to Bhutan came from Godwin-Austin (1868) in
- connection with mineral assessment. He was followed by Malict (1875) and Pilgrim (1906).

Lahiri (1941) prowdcd details of the foot-hill geoiogy especially of his ‘Buxa Series”. The
geological investigations got an impetus afler 1961 when the Geological Surv cy of India set

“Up a unit at Sattse (old spelling Samchi). Results of the early geological survey were, '

published by Nautiyat et al, (1964). This was followed by a crisp account of Bhutan
geology by Gansser (1964), Jangpangi (1974, 1978) and Jangpangi et al, (I97">) dealt in-
detail the regional geology of parts of Bhutan. After Nautiyal et al, (1964), except for the
publication of a geological map. {Anon, 1984) no altempt has been made to synthesize
divergent views contained in numerous unpublished reports of the Geological Survey of
India. The emphasis had shifted to mineral exploration. The results of mineral |
investigations have been summarized by ESCAP (Anon, 1991) under United Nations in an
Atlas of Mirieral Resources of Bhutan along with a map. Those existing geological data,

. The Sty o Ground ater Bevelopmant in Wangd.ephod ang Disliat of Bhulan
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alithough limited, are accessible at the library of the Division ‘of Geology and Mines,
Ministry of Trade and Industry, Bhutan. The publication of the Indian Geological Survey
often contains field reports on the Bhutan geology and those are available in Japan.

The outline of the regional geology is as follows.

Like other scctors of the Itimalaya, the Bhutan Himalaya can also be divided into
physiographic sub-divisions of the Siwalik Hills, the Lesser Himalaya and the Higher ._
- Himataya where topography is essentially controlied by geological formations. As would - ‘g%
be cvident in the following: pages, the Siwalik Group is only locally developed and the e
-~ Lesser Himalayan formations below the ‘Thimphu Thrust Sheet are highly attenuated and
tectonically telescoped. As a result the Simalik hills area only discretely developed and the
topography corresponding to the Lesser Himalayan terrain of western and central Himalava
is present only as a narrow zone. ' In most part specially where the Simalik Group is absent,
‘the hills abruptly rise from the plains of India and physiography, beyond a narrow zone of’
the Lesser Himalaya near the foothills, is rugged and comparable with that of the Higher
Himalaya of the westem Bimalaya. The highest terrain which is abode of several glaciers is
:!ocated in lllc northern most part of Bhulan,

‘Based on mc‘k types and lectomc style, the Bhutan H]malaya can be broadiy dmded into
mo 300109,:0211 zones: below’ and abovethe T himphu Thrust.

Below the T hlmphu Thrust Shcct largely unfossrhf'eror.n lesser Hsmalayan formahons are
present:” The Lesser Himalayan sequences, so well dev eloped as distinct tectonic belts in
the westen Himalaya, have been reduced to a narrow width in the Bhofan Ihmala)a The
reduction in width is due to nore southwaid translation of the Thimphu Thiust Sheet and
{iremendous_ tectonic telcscopmg suftered by the Lesser lllmaiayan rocks. - The intense

: tectomcs has completcly dlemptcd lhc ongnal slrauc;raphlc order to these unf‘ossnhierom.
_scqucnces P

: '1 he fo!lov.mg lable shows the gcneral Teciono slraltgraphm order of qup&lposﬂnon in
- Bhutan,

i

. Tectono-stratigraphic order of supe’rp’osilion in the Bhutan Himalaya

Tetipien snoession [(utium e, sude, an]m.u sindone, inestone, volorios )
R e 1 S § YT
s dw Gt ) [( eiss, nmnmk l\pluhnhk (Id]ng:g ade mebsadinuls
. ) o e e T Thated oo eme e e
Jashid e Lnstion R diteganct1a uwhle scdid with foutonic slivers of ganile geiss
) T I Jaihibaxks THoed -oeeemeee emmneia
Shavie l‘:«m:!i.n : Quuetsite, phidlite and dhnte-neca schist, Thrsces Tcstone, a fow l\\ttwﬂ. silvers of muwite goiss in o : o :
A s prut P . . H X o . .
S e ——— ‘hml L R : ’ - g
Divi Famtion ‘ 1lhndm plnihh atite : , ‘ ' S
: e eieen {n\nﬂmll\ 7 - bl bentonisod ———oes Lo
I\m(‘wlp. E (hlt; feldyeahic qrvizite, Tencstone, dobonite, qurtiite, cangounte, dide, tmu’a!c pindlite.
‘ Lot seddes of Pamngan Sotikhala Pomidio
D & I | 1
Dearnads Subnyaup JSadtone, sitdone, e, cod bods )
—— e A - ~
Stwalik Cep [Sandtone, silidane, shle, oy, cogdoavite
----- -Vl —
Quetenray sassin {Sad, cordomnande, silt, vy o




APPENDIX D

Tize Study on Crounds ater Develor mert in War S ot ang Lishicl of Shetan

The Jashidanda Formation and Shumar Formation are referred for the Paso Series,
respecting to the previous name. The most important thrust within many thrusts, which
separate each geological winit, is the Thimphu thrust. Based on rock types and tectonic
style, the Bhutan Himalaya can be broadly divided into two geological zones: below and
above the Main Central Thrust. As described by Molnar (1986} the Main Central Thrust is
not a single, clearly defined plane separating two different kinds of rocks, but a wide zone
of ten or more kilometers in width where all of the rocks have been severally sheared. The
highly metamorphosed sequence above the Main Central Thrust is the Thimphu Series, and
the weakly metamorphosed sequence below the thnist is tiamed the Paro Series  The
Thimphu Series was referred to the Takhtsang Gneiss by Gansser {1983).

The Regional Tectonic Setting is summarized as follows.

The Bhutan Himalayas are composed of a sequence of major geo-tectonic units which
express’ themselves geomorphologically as the following - three zones; namely Sub-
Himalayan zone mainly composed of the Siwalik Forniation; Lesser Himalayan zone imainly
“composed of the Midland Meta-sediments, and Greater Hlmalayan zone composed of the

o Himatayan Gneiss and the Tethys sediments. These zones are separated by major taults.

Among the physiographic belts mentioried above, the Himalayan Chain as well as the

 Mountain and Valley belt belong geologically to the Greater Himalayan zone. As

meritioned above, the Greater Himalaya area is mainly underlain by highly metammphoscd
crystalline rocks with the Tethys sediments’ distributed to the north. The study area
jphyslograplucaily in the Mountain and Valley belt of the mctamorphoscd arystalling rocks
‘accompanied by . thin cover of the ueathercd blanket and the Qualemauy river: lerracc
‘deposits at places . : :

D 2.2 Gco!o& oflhe Slu{h f\l(.“\ (hg D.2. I)

The g g_,colog,acai f'ozmations n and around thc siudy area could be dm(kd mto lo]!omno :
umts Co . R . :
Phylhte mcta—sedimenis i ‘(C'he'kh'a Formation)

- gneissgroup 1 o o (Thimphu Sertes)

f - phyllite, schist group * - (Paro Series)

In addition, small intrusive bodies in the area are scattered.

- The formation names in the blankets are used in'the study report. ‘However, it is necessary

1o slud) ﬁlnhennorc whether or not the name of “the Paro Seriés” for the Phyltite schist

- group is adequate as a proper tenmnoiogy The c:ystaklmc rock scquencc in the study area

has been tentatively classified into two serics, namely the T himphu Seiies and Paro-Series.

* Thé "lhlmphu Seriés is composed of highly mctamorphosed rocks such § parnet gneiss,
para-gneiss and schists, marbles and quattzites with granitic intrusives. The Paro Series is
composed of less metamorphosed pelitic and psammitic rocks such as phyllite and schist
with minor showings of stratabound copper layers. In the field, the highly metamorphosed
Thimphu Series lies as a vast sheet covering the less metamorphosed rocks of the Paro
Series. This reversed metamorph:sm is a well known fact with regards 1o other paits of the
Himalaya mountains but still remains a major future research item.  The petr ographru stucly
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indicates great break in continuity of the metamorphic grade suggesting fault contact of the
two geological series. '

(1) Paro Series

A sequence of metasedimentary rocks, composed mainly of phyliite, slate, limestone,
fraggy and massive quartzite, and biotite schist was designated as the Paro Serics in the
study arca. Individual lithorlogical units of this sericé do not have a regional spatial . -

~ extension  Beside the - fess metamorphosed sequence in the arca, a similar
metasedimentary sequence crops out in west-central Bhutan occupying a considerable
acgial extent around the Paro. Qut of these, the largest one is present around the Paro-
Simtokha areas and was named the Paro Series. Lithologically, the Paro Series is
composed of an altemaling sequence of quartzite and phyllite/mica schist with
impersistent bands of carbonate and lenses of gypsum. Basic sills are common mainly
towards the upper pat of the scquence.  Concordant sheet-like bodies of mylonitised

© granite gneiss are present at different levels within the sequence, particularly towards
the basal part. In the studied area, the: stratigraphic succession of the less
metamorphosed sequence below the thrust consists of phylfitic schist quartzite and
“quartz-biotite schist (quattzose member herein afler), green schist and thin bed of = -

“marble in ascending order.

-zﬂllliOl:gh the ground check on the continuity of the proper Paro Serics has not been _
conducted, the less metamorphosed stratigraphic sequence observed in the study area is:
‘tentatively named the Paro Series. : : S

PIYLITIC SCUIST

.~ The schistose phylifite ovedlies the gametiferous schist'in the oiitside of the study area.

+Fhe Schistose phyllite contains porphyroblasts of biotite which develop generatly near

~ the granite contact. "The-origin of the porphyroblast inay have a genetic relation with

- deep-seated metamorphism, according to: Ga_nssger‘ (1983). EThefSchjsi'osy::.‘phy[]i!c f

 contains biolite chlorite, quartz and feldspar as essential constituents with garnet and

- iron minerals as subordinate minerals. Two types of biotite, bleached pale brown variety
and brown variety are scen in specimens.: The brown biotite occurs as a porphyroblast

~which is riddled with quartz grain. Chlorite,” quartz, feldspar and magnetite are the
common constituients of the rock. S

'QUARTZOSE MEMBER

‘The Quartzite or quartzitic phyllite and quartzose-biotite schist in the study arca are |
grouped into'ohe mienber, This quaitzite member overlies the schistose phyllite. This = = g‘
quantzite consists of quartz, mica and chlorite as the prominent minerals and magnetite,- - L+
tourmaling aiid zircon as subordinate rinerals. The color of quartzite is depends on the

‘minerals; i.e., gréen quartzite contains chlorite and biotite makes gray quattzite. The

Quartzose biotite schist is pale brown top gray in color and composed mainly of quariz,

feldspar gamet and tourmaline. The rock is medium grained, and minerals in the rock

are aligned parallel to the bedding plane. Micaceous quarlzite commonly occurs as

intercalatory bands within the garnetiferous mica schist. The quartzile is medium

grained, greyish white and thinly bedded. Colour bands, defining the bedding, are

-3



&

APPENDIX D

conspicuous and commonly associated with bedding joints. Tlic ‘dominant mineral
constituents arc quartz,:muscovite and comparatively rarc biofite. Accessories include
tourmatine and opaques. -1owever, within the calcarcous zone in addition, carbonate
and epidote grains are found. With the increase in phyllosilicate component, this
quartzitic unit conumonly grades into mica schist.

GREEN SCIIIST

In the study area, a around 10 meters thick bed of dark green cofored hornblende schist
has been folind as oiie of the, uppermost menbers to he Paro Séiies: The essential
constituenis are hornblende, feldspar, quartz, chlorite magietite and biotite. “The
hormblende is green to bluish in color. Epidote oceurs as granular aggregates and
yellow green to coloress. The basic rock occurs as concordant sill-like body with a’
sharp contact with the adjoining country rocks. Concordant as well as fo]:ated nature of
the sills may indicate an ¢arly tectonic emplacemnent of these rocks.

MARBLE

b

The marble o crystalline limestone occupies the top horizon of the Paro Series and is

overlain by. the griciss of the Thimphu Serics. Close association of catbonate and cale- -

silicate wiits-is common and the former is mainly represented by medium to coarse’

- grained, thinly bedded grey to greyish white coloured Iunestoue!malhh, Wel]_
- developed colour baids are observed in some areas. Occasionally within the impure
- zones banding is delined by alternation of carbonate and hornblende-epidoie tich layers,

Main mineralogical constituents of the limestone/marble are carbortate and little quart

- witha few muscovite ﬂaI\es Biotite is rare. “Accessorics include apatite and opaqucs.

lncidence of basc metal (mamly Pb- Zny associated with the carbonate unit is keiown in

 ‘other areds.- Within the calc-silicate unit colour. banding is excellently developed. This - .
© - banding is defined commonly by amphibolc and carbonate quartz rich layers. However, -
- at places epidote as well as gamet (grossular vatiety) form rich layers and thin lenticular .

pm,keis Dominant minerals are tremolite/actinolite, ep:dotc biotite, carbonate and - '

- quartz. The marble’lunestonc bed is thinly banded in texture and grey to whitish grey in
- colour. This bed is well exposed along the foot path ‘conrecting Umtekha Village to

Punakha. But the contract between the Thimphu Series and Paro Series which is lhc

“most lmporlanl geological unknown, is not clearly ob:.ewed in Ihe fietd.

GRANITE

' (.‘oncordant sheet- llke bodies of mylomt;scd gramle gneiss is conumon mthm this
‘series. TIIleﬂCSb of these bodics generally varies between Sim - 50m. }{o“cver in some
“places one body attains a thickness of about 100m. "The gramtc gneiss e\lubus sharp
and highly sheared contact with the enveloping gameltferous mica schists. No thermal.
‘effect and apophyses are observed within the adjoining country rocks. Phyllonitic rock:

is almost invariably present along the contact of these gneisses. At several localitics, a
distinct reduction in size and number of augen related to the intensity of detormation is
found towards the margin of the granite bodies. In other words the gamte with
protomylonitic texture gradually becomes mylonitic towards its margin. The granite.
gneiss is highly deformed and is protomylonilic to mylonitic type. The dominant
minerals are quarlz, K-feldspar, plagioclase, muscovite and biotite. Epidote, apaiite,
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tourmahnc and apaques constitute the main bulk of lhc accessories. All the granite
gneiss bodies are highly deformed and exhibit miylonitic texture. The dominant minerals
in the granite gneiss are quarlz and perthite. K-Feldspar and plagioclase are rare.
Feldspar grains are commonly clouded due to alteration. Common malic mineral is
biotite which is present as tiny flakes, forming thin laminac parallel to the mylonitic
foliation which is continuous with the schistosity of the cnveloping metasediments.

{2) Thimphn Series

The vast sheet of highty nwlamorphosed sequence, structvrally located above the
Thimphu Thrust and comprising gamet-kyanite-sillimanite-para- gne;‘:ses and schists,
augen gneiss, and flaggy quartzites with granitic intrusions, and occupying about half of
the country, is named the Thimphu Series after the- capital of Bhutan. In the studied
arca, the biofite gneiss interbedded with  gametiferous schistose gneiss, augen gneiss
with minor quartzite band and quartz veins, pegmalites aiid gramle conslitute the
Thimphu Series. The stratigraphy of the T hlmphu Serics is repeating alternation of
 biotite-gneiss, garnetiferous schistose gneiss and augen gneiss in general. Judging from
the great discontinuity in the mclamonphlc grade with the underlying Paro Serics, the
Thimphu Series are considered as a thrust-up sheet on the Paro Series but no definite
field evidence of fault contact has been found so far. In contrast to the lower tectonic

contact warked by the Thimphu Thiust, the Thimphu Group is overlain by low grade

melasedimentary rocks réferred to as the Chekhe Series. The contact between rocks of
the Thimphu Serics and the Chekha Series is variously, interpreted as conformable,
~ disconfonmable and in one mstancc unconformable, Based on the present detailed

- surveys in'the study areas and various repoits deating with the Central Cry rstallings, the

~Thiniphu Gtoup in the present work, has been divided into Sure, Naspe and Takhtsang

- Tormations. Though- not. always comcadmg’ with thése proposed lllhoslmngraphic
-~ division: there is a distinct perccpub!e increase in ‘the metamorphic grade {rom south to:

iorth: A shoit d(‘-bCI’lpllOﬂ of lhe maJor rock lypes ‘of lhe Thimpha Series will bc given
il ascendmg order.: - < . :

Bl() l r IF GNl‘ ISS

The basal mcmber of‘ lhc T hunphu Senes consmmg, of blohte b[l("lSS is well e\posed in
the study area, The rock is gray colored, umfo;mly banded but schistose at places, hard
and compact, and medium to coarse grained in texture. Quariz, icldspal biotite,
_sﬂhmamle and gamet are the main rock forming minerals of the gneiss. Silimanite

‘oteurs as knots and sheaves a!ong the foliation plane and at the contact of quartz vein |

‘and quartz—feldspallm, intrusions. On the weathered surface, sillimanite knots show
‘characteristic white color mth silken luster. Biolite, together with a minor amount of
nuscovite occuir as flakes in paralle! orientation and are concentrated at the contact of
quarlz vein, showing well marked hneahon on foliation planes. Other accessory
‘mmcrals are Eamcl apatite, magnetite, zircon and chlorite.

GARNETIFEROUS SCHIST
The schist of thie Thimphu Series differs from the tectonically underlying schist of the

Paro Series in having profiise granite-pegmatite intrusions apart form containing high
grade minerals like kyanite and rare sillimanite. In general, kyanile is more widespread
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~in the Thimphu Series than Sillimanite. Despite subordinate in amount to gamet,
kyanite can be considered as an index mineral of the schist of the Thimphu Series,
Where these two high grade minerals are absent, the schist in Thimphu Series is little
different from the gametiferous mica schists of the Paro Serics. 'The gametiferous schist
crops oul on the east wing of the synform. The bed is overlain by biotite gneiss and is
underlain by biotite gneiss and crystaltine limestone. Thickness of the bed is roughly
measured as 500 metes more or less. The gametiferous schist consists essentially of
quartz, feldspar, mica and garnet. A number of leucocratic veins and pegmatitic lenses
are observed intruding or infercalating the schist.  Segregation banding of quartz and
~ mica rich layers are quite prominent. The feldspar is fairly abundant and somi of the
“ schist is highly feldspathised. Biotite is pale brown to decp brown in color and altering
“to light green chlirite. The garnet in the schist is spotted and well developed having a
“diaineter from 1 centimeters to more than 10 centimeters at places.” Porphyloblast of
_gamel is also commion. Tiny tourmaline and iron minerals occur as accessory minerals.

AUGEN GNFEISS:

Augen aneiss oceurs as compact sfabs or sheets in the biotite gneiss and is consldered
to represent the thrust-up stab. In Nepal, the Main Centrat Thrust (MCT) borders the
'augcn gueiss and underlying schistose phyllllc Porphyroblasts of the f‘eldcp':r in the
gneiss are rectangular, square and “augen”. These augen.are surrounded b) small
quarlz grams and separaled by mleﬁohar biofite tlakes. '

(3) Chckha Series

Adjﬁ(}(‘m to the east and the south of the sludy area, a lat¢- Pre-Cambrian to
Phanerozoic sequence of metasediments is distributed. The sequence is reptesented by -
pameliferous schist and quarizite; schistose phyllite with porphyroblasts of biolite;
green and grey coloured quartzitic phyllite’ anid siliceous marble; grey schlstose phyllite
witl: grey to, white' quartzite and lnneslonc with acid ‘and basic intrusive. These

- sediments are litholiogically very simiar to the rocks of Chekba Series exposed in ihe

~ {ype locality and have been mapped as lhc tocal variants of the Chekha Series w hich is a ;
member of the Tethyan Sequeiice. ‘The contact between the under lymg garnetiterous .

© mica sclw;l of the Thimphu Series is marked by profuse granitic intrusion. ' Due to this
intrusion, the boundary between these two series is not distinét, and oftenly an intimate
mixture of the two rock types is formed. A sfate bed with well defined slaty cleavage
iitercalated in the series is being mined for the roofing states at the upper reaches of the

" Pe Chhu; a tributary of Dang Chhu. The bed is ‘overlain by a impure state bed and

: underlam by a sandstone bed in the mine sitc. In the mine site, tlie state is black to. dark

“ grey in the upper member, and shaly in the- Io“er meimber. The slalc of the upper
“member has clear slaty’ clea\rage which is neaily parallel to lhe original bedding of the _
formation. - The cleavage plans are not buckled or curved ‘and form smooth plane
surface. Because of its charactenstic slaty cleavage, it can be readity split into thin
“slabs. The common size of the slate slabs is 10 centimeters by 70 centimeters, but even
larger ones can also be extracted. The thickness of (hese slabs varies between oite to
1.5 centimeters, but slabs of less than 0.5 centimeters thick are common. ‘The slates are
“uniforin in coinposition, maintaining its colour and tineness throughout the upper part
of the mine site. The slate can be used for roofing, as school slate, for billiard tables and
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blackboards. Since the distribution of the Chekha Series is outside of ihc study area, on
detailed field investigation was conducted.

(4) Quaternavy Geology

Location of the Quaternary system in the study area are limited in the scattered viver
terraces and mud flow deposits of the slope. These two types of the Quaternary system,
river terraces and mud flow deposits, form gentle stoped terrain utilized as farmtand.

)

2)

River Terraces

a) High ienacc'

The relative height of the high terraces in this area are situated more or less 130

meters above the present river. So far observed, the high terraces are developed
mainly in an around the Wangduephodrang town. The high terraces are mainly
underlain by mudflows and boulder beds at the Wangduephodrang brdge,

gravel beds and massive coarse-grained sands beds at the middle Bajo, and -

partly laminated sand beds and gravel beds in the upstream arca.
b) Middle terrace
h The middle terraces have a relative height of 25 meters from t'i_nc:ri\-'en"be_d_.: The
“terraces are widely scattered on both banks of the Chang Chhua. "The terraces

are mainty composed of boulder beds mth thin miercalallon of well soned sand
beds : -

¢) Low l'e-rrace

The low ter race’ wnh a relalwe hcnghi of 5 to 8 incters from thc Fiver bed is ﬂm: -
. most \wddy distributed tefrace along the Chang Chhu river.. The terrace is. -
. ‘mainly composed of gravel beds with minor bands of cross—bedded sands. The’

; ongmal lopographlc n,hefsuch as ancmm rwer channcls i3 \\ell presen ed.

M ud-ﬂow depo'_sits

The cultivated gentle slope in Lobeysa is composed of thick mudflow deposits.
~ Also, adjacent to the south of Lobeysa is another mudflaiv deposit forming a gentle
s'ope where thé camp of the Road l)epariment is located ‘Aside from these major o

- ¢ Tandslides, several muid flow deposits are observed in ‘the study area. These

- mudflow - are” quite ‘uniform in constituent: material and composcd of loose, -
~ unsorted, brown colored massive muddy sediments with’ angular blocks and

fragments of rocks fiom the flow o ag,m

Fan deposit

Small but clear fan deposits arc observed in some places. The typical fan with a
“ considerably large size is only located adjacent to the south of the l.obeysa mud
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ftow where the perenmal spring at the terminal fan is observed. The debris of the
fan is mainly less sorted with sandy and/or nuddy leaticutar band.

D.2.3 Geologicat Structure and Tectonics (Fig. D.2.2}

The most parts of the study area are occupled by the highly metamorphosed rocks, and
these are tentatively classified into two series, the overlying sequence mainly composed of
 gneiss and underlying sequence composed of schist and metasediments. Just for the sake of
conventence of field work, the popular name s for the geological formation. The Thimphu
Series and Paro Series have been assigned. Although great breaks of metamorphic grade
have beéh obscived between the two scrigs, the observed schistosity and stratification of
the two series are quite comformable and patallel. In other words, mostly the orniginal
" bedding of the rocks is in conformity with the schistosity. The ”]hlmphu Series has
_ witnessed several deformation and complex folding as revealed by the frequent change in
" the attitudes and dips of foliation and dislocation of the lands of calc-siticate rock and
* crystalline fimestone, occurring as intercalations in the metamorphic rocks. * A tand of

~ limestone has formed a synform with a north to south trending axis at the center of the -
* study area. The regional trend of foliation is formied to vary NW-SE in the west wing, to
©NE-SW in the east wing, with corresponding dips of 10° to 40° to l’orm a synform. At the =
west bank of the Chang Chhu river, the structural teend is almost east to west with dips of
about 10° to either direction. Two major faults, (i) a transverse fault along the Chang Chhu -
- river, and (i) a small fault along the P¢ Chhu are found in the study area. The fosmer
transverse fault is evidenced by the marked change of the dip and strike in the west and cast
* of the fault. The small fault, trending NE-SW, is evidenced by the abrupt chiange of rock

' facies and a sheared zone founding two rock types. The north-east extension of this fault is
mapped as the boundary between the Thimphu Series and Chekha Series. The rocks ot the
C hekha Series are undulatmg to l‘orm an isoclinal folding stmcture :

3 IIYDROGPOI.{)GY R
( llydrogcolog,zcal sury cy has bccn conducled in lhc study area dunng lhc course ot" lhc field !
study. Those sites to be’ suwc;ed gcophysmally and lhe srles for lhe test boring arcar. ‘

* qelected h) drogeoioglcally

Since no prewous systemallc hydro&,cologlcal study had been c,amcd out in thc- area, no
hydrogcolog:cal report was obiamable

D 3 1 Gener at hy drogeology
G Ba.ausc of the mmmlamous tecrain, ihere is a wide vancly of local groundwatcr condilions;’

ey ertheless the hydrogeolag,tca] condmon of the sludy arca cottld be generalized as an drea
. of two-layered geological model, ic, unpenneable basement rock and: mom or Iesv

- permeable cover of the Quatemaly age.

" The basement rocks, probably Pre—(‘ambnan in age are mamly composcd of massive gnem
and foliated schist. The porosily of these basement rocks is generall) in the form of

foliation and/or interconnected fractures which vary considerably in size and frequency.

" The amount of fracturing in rock depends on both rock type and geologic structures such
as folding or faulting. ' In the areas of massive garnet gneiss, [ractures are less devetoped
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while in the areas of quartzite and schist flactunng is often best developed. These fractures
become less frequent with depth and as a rule, drilling deeper than 10 meters atter
encountering the less fiactured fresh rock is not advisable.

No important water yicld from the basement rock was so far observed in the study area.

Perennial yield of mitor quantity of spring water is often observed at the toe of landstides in
the stady area This landslide related ground water is a sort of “perched ground water” on
the black coloured landslide-ctay, and the best yield of water is just above the black clay.
This type of spring is the most important water sonrce in the area of the Phangyul block.

Peeply weathered rocks with thick soil cover formiing gentle sloped arca onfnear the crest
of mountains may have importait roles in recharging the groundwater, however the water

is unlikely to be exploitable on the crest plane.

Quaternary covers in the study area are river terraces, landstide debris and less permeable
mudilow deposits.

" Quatemary river terraces along the Chang Chhu and other large rnivers are the most

" important aquifer in this study area. Since the area is located in the mountainous area, no

flmpermeab!e bed/layer is intercalated in the tesrace deposils, sug,gestmg that the ground
vaterin lhls ared is unconlmed one. :

By lwo dnll holes groundwatcr was found between the bascmcnt rock and mcrlymg,
impermeable mudflow deposits in Lobeyea “The geological model for these ¢ gbround\\ ater is

‘ thc two model as with the case of the niver teirace.

‘l) 3 2" Classification of Grou‘udwalerﬂ in the Siudy Avea

l"ht, man pan of th, Sludy arta is suuated in the steep mountam area, w hsch is geoloulcally;j
composed of mc(amorpluc rocks, and small-scale nver terraccs arc dnsmbutcd along’ the |

P

pm\mpal nvcr inthe area, the Chang Chhu

chua‘lly 'groundnatet n,sourCes are poor in lhc mountam areas. 1|lb younduatcr mn thc '
mountain is stored and flowing down in fractare and joint zones in the hard metamorphic

rocks, and its volume for uuhzahon is limited.

In some places, springs are scallered for the length off several kilometers in a same Ie\. el of
mountam slopes. It sug,gcsls ihai a contmuous groundwater table exists in thc mountam

In ﬁuch case, Iargc aréas of genllc slopcs are %mlaled in the summit or crest aréas of lhe

mOuntams and thick vegetation is commonly seen in those areas. Also thick debris and -
talus are commonly seei in the mid- slo;)c areas. Thesc areas provide good conditions for

the peuo‘lauon of the precipilated water in the study arca.

-’I‘his lype of mounlain's generally have a large preservation capacity for water, and many
spring waters are commonly seen in mountain slope and foot areas.
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No spring waters from the basement rock arcas is seen in the survey area, however, it is
presumed that the mountains have a large preservation capacity for water, judging from the
lopographic condition and vegetation there.

On the other hand, in the areas of no flat arcas on top of sunumits and poor in vegetation, its
preservation capacity for water might be low. Accordingly its potential for groundwater
development should be low and not sustainable for long time utilization.” A forced
development should bring a serious unrecoverable environmental impact such as dead trees,
disaster of farmland soil crosion caused by decreasing soil moisture.

Even in cases spring waters exist in mountain stopes, if locations of those springs are not in
same level and irregularly scattered, then it is presumed that those springs do not come
trori a same groundwater body.

‘Many landslide blocks exist in the survey area, and stores perched water, which sustained
by a black clayey seam at the bottom of sliding blocks. Most of the springs located in the
iountain slopes are of water squeezed oul from landslide blocks.

The grot md\\atcr in the iand%i:de blocks is recharged by infiltrated precipitation and .

intercalation in the background mountains, however, since the volume of landslide is limited

the available quantity for exploitation is also limited. It is necessary to take adcqualc

pracess for devclopment ior ms{ance to prevent destruction of black clayey scams on the
- bottom. "~ - : :

- The mountain slopes in the Study area is unstable due to the recent abrupt uplift movement,
and landslides occurred in many places. In cases relatively large-scale landslides with some
water cotents occurred, mud fows will occur and run down in valleys and drainage, then
mud flow deposits wilt fill out those dcpresqons Those mud flow’ areas show geitle ﬂai
rc!ope and the water under-flows subsurfice of the mud flow arcas Runnm‘g suﬂace water
in mudﬂow area can be’ seen only during heavy lamlallq o

CThe mud ﬂow dcposns are composed af huge rock bloc]\s boulders o fragmcms, and -

- muddy matrix; and its penneablhly is gencrally low: The boundary between the mudfiow

“deposits and basement rocks, ‘specially in buried anc:e_nt ‘channels, however, is commonly
the best yielding zone for groundwater. The groundwater in such paris are supphed from
the background mountains, in where water is stored as ﬁssurc water and pore water in mud
flow deposits.

- The survey area is %ltuated n lhc mountain area, and only fow small flai lands such as tiver
terraces exist between these motintains. ‘7 hercfore; the state of the g oundwater in the area
“is much different from that of large- scale plains or scdnmcnla:y basins. S

The low terraces having relative height '0f 2 to 10 meters are rich‘in subsusface ater, so
called underflow, and its waler table is almost same as nearby river water level, ﬂucluahng,
their levels snnuhaneously - :

The middle terraces have the relative height of 25 meters, and the groundwater level in the
teraces is about 5 meters higher than that of the river. It is resumed that the water here is
recharged {rom the background mountains and small tributaries. :
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The high terraces are deeply dissected, and its distribution is limited to smalt arcas. The high
terraces, therefore, are not potential targets for groundwater development.
Based on the sutvey results, the groundwater in the area can be classified as follows.

Fraclure water in basement rocks
Groundwater in landslide blocks

" Groundwater in mud flow deposits g
Groundwater in middle terraces i{@
Groundwater in low terraces :

- Groundwater in mountains :

- Groundwater in valleys
- Groundwater in flat lands :

' D33 Groundwater in li1c Study Area (Fig. D.3.1)

With in the Study area, significant exploitable water resources comprise sub surface water

“and groundwater. On the basis of mode of occurrence, groundwater can be classilied into

(I) nver terrace related groundwater, (i) landslide relatcd groundwater and (i) mudflow
related groundwater.

“Water potenial for each sub-area is summarized in the following table.

" {unit - I'min)

Subsurface

Sub-drea D Groundwater B Totel -
) walsr Riverternace | Landshide Mud-flow
Lobeyss nid ‘ I 1) L2450 2,000
© o qBajo’ 1,000 800 <400 - - 2200]
Phanzyul - - “000] Tas0{ . 1450 $
Rubeysa . L 480 900] 1,350 2

() Gg’o(mdwatcr in mountaius:
1y Fra_clu’re xi;at’cr’ i basjemc:it rocks :

: (‘cnerally, ram water f' rst reachcs gr oundu ater tables \cmcally peneuatmg tluoug,h
 soil and nearsutface la)erb then moves to some difection by the gravity dcpendm&, :
on subsurface structures and states of groundwaler tables: Finally, the water comes
back to the surface through various routes or processes. Positions and forms of
grounduater tables depends on states of subsuiface lithology, “structure and
hydrogeology, however the most important controlling factors arc its global
permeability and quantity of precipitation. In cases its meteorological condition is
stable for years, sources or origin of rivers keep almost same: positions in every
‘stream, and positions of springs are also in certain small ranges. In cases no rain ©
Qiailslong, time, suiface run-ofFis drained, and only base nm—oﬂ which is supphed by
water spring flows into rivers. Accordmgl) quantity of base run-off corresponds to g
s porosily - of rocks composing mountain bodies. A quantitalive repealing
measurement at & certain point of slreams in each geological unit has not been
perfonned in this survey, however, the quantity of the water flow in a sinall stream
* through thé duy season has kept same level, less than 10 liters/sec/km2 In Japan
having similar stales of precipitation and vegetation, the base mmn-off in
metamorphic rock areas is 7.6 liters/sec/km? The same figure, therefore, has been
applied for this study. The volume of about 8 liters /sec/km? is quite important

D-16



- APPENDIX D

_Jhe Sty on Ground ster Cevelpment i Wangduephodkapg Juslret of Bhutan

recharge source for the survey area. The base run-ofY in the area appears as rather a
little scepage forming small streanis than clear springs.

2) - Groundwater in landslide blocks

Gently sloped farmtands are scattered several places in the area. A house or several
houses are situated in the highest places of each farmiand. This kind of landscapes is
very comumon in Bhutan, and these gently sloped areas have genetically been
formed by the landstide blocks. The farmeis’ living there depend their water for
domestic use on the springs neatby the areas, normally yielding about 10 liters per
minutes. All these springs are situated in the edges of the landslide blocks, so called
: _ “toe”, and accompanied with black clayey layers. Also tlese springs, in some
[ places, have formed marshes. The black clay bas béen formed from landslide
: material dunng their slide movement, by crashing and grinding of rock fragments
and soil. The clay material has formed inpermeable seams or layers. The landstide
- blocks have been highly fractured during its movenient, and as a result, it has
- become porous blocks. The blocks have formed perched groundwater reservoir:
systems within the bodies together with underlying impermeable clay seams. It is:
j _‘presume'd that the water of the landslide blocks have been recharged from the
fracture water in the background mountains, despite of details of that have not been
studies. Scarps are commonly seen on the taps of the landstide blocks, therefore it
- is presumed that the bottoms of the slide blocks are in spoon-shape. It is mte;p]eied
© that the state and size of Llay seams in the upper parts and lower paits are different,
: _ -~ thick clay seams in the lower and poor in the upper: This interpretation suggests
% S - that the clay seams, ‘which sustain the perched grotindwater, should be unpermeablc'
: in some degree. Also it is reasonable to think thal the upper paits of the landslide
 blocks are being recharged from the fracture water in the background mountains by
- subsurface run-off As described in other chapter, the groundwater in the landslide
- blocks s recharged from: the rain water and substrfce  run-ofl’ from the
: bac!xg,round motntains. The volumes of the rccharge froni both sources are roug,hly
- same, 200 mllhmeters per year from the'rain’ water ‘and 200 millimeters per year -
- from. the Fracturc waler. Accordmgly the volume of the I'CLh?lI’j_.,C(' water in the
: Iandsllde b[ocks Call be calullated appI)mg fol!omn‘g » formuta.

' 'Q (cubic mele'rs) = Arca (square mctcrs) % 0.4 meter

‘The observed quantity of spring waters as nalural ﬁm-_oﬂ‘ water are only a small
~portion of recharged water, therefore, can be utilized double or triple amount of
present yleldmg b} nnprovmg emslmg mlakc {aulmcs in the most of placea :

% : (2) Gromumalel in mllc)s
| 1)y Groundwalcr in nud flow dcposils .

The mud Qow deposits, which form gentle sloped lands burring ancient valleys; are
scattered in the atea, and springs are sometimes seen at the lowest edges of the
mud flow slopes. Two test wells have been drilled in the Lobeysa sub-area situated
in the right bank of the Chang Chhu river in this study. The wells hit groundwater
at the near bottom of the mud flow deposits, and the groundwater there scems to
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~have enough quanlity to be utilized as domestic water supply sources. The nud
flow deposits topographically form wide gentle stope flat lands buriing ancient
valleys, and can easily distinguish in ‘acro photographs using a sterco-scope. The
deposits include vaiious size of fragments of metamorphic rocks, from huge blocks -
- over 2 meters in diameter to fine granules, and its matrix is commonly composed of
reddish brown adhesive muddy silts. The fiagments are not arranged in a same
honizon, and separately scaltered each other in many cases This phenomenon
indicates that the specific gravity of the matrix was high, and fragmeats weére not
sorted and suspended within the dense muddy matrix during the transportation. %%
This occurrence is quite difterent from that of river terrace deposits transpoited by
river water and deposited. 1t is therefore very easy to classify these tow types off
deposits in the field. The mud flow deposits in the area have high porosity but tow
permeability.

The data of the test dnfling TB-4 and 'TB-5 are as follows.

TB-4  Depth:

- Optimum Discharge: 110 liters per minute
“Coeficient of Permeablhly 1.65 x 107
TB-5 - Depth: _ -~ 8l meters -
. Optimal Discharge: 68 liters per minute

Coeflicient of Permeability: ~ 6.78 x 10

*“The catchment area of TB-4 and TB:3 is cxpected as about 8 and 2 kw® - _
: respech\cly “Those mud-flow area is expected as about 2.5 and 0.4 km’ P :
respectively. Comparing the amount of yield from the catchment arca and mud- S
- flow area for each dnll holes, it is concluded that the size of catchment arca’is a |
- more significant factor '::cmlro:)!lmjb ground water volume than either mud-flow area.
- Applying ‘the values sel out in' the previous ‘section, _specific thahargba, of
-~ metamorphic 1o<,k is roughly calculated as 7.6 Vs/km? (450 Ummflun ). 1640% of
this is considered explonablc 180 Yminkm® of gmundwaler 1s cxpcdcd to bc o
' c\plonablcilom the calchmuli area T ! -

These holcs have been drilled in a b‘uried_ creek suggested based on the results of an
electric prospecting. ‘These mud-flow deposits have completely covered the pre-
existing topographic relief, forming new drainage or creek patterns which are
cutirely difterent from the buried drainage pattern. The groundwater in these areas,
however, is still flowing down to buried creeks as mentioned before. This is lhc
main reason why dry creeks are oﬂen obsenxd in the mud-Now area.

: 3 G ) ] ; el ; ; . ; ‘ N - ! | I . B . L | ‘ | : ; ::

{ .). ( l()ll.l (Iu_a_m in ﬂfii ug’;s _ _ MR : S ‘% ,
1} Groundwater i middle terraces

The middle terraces composed of M1 and M2 terraces are situated in the level of

30 to 50 meters above the river, M1 terraces, and 10 to 20 meters above the niver,
M2 terraces.
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[n the swrvey this time, the electric survey applying the Schlumberger method has
been performed. The results of the suivey have revealed two crescent-shaped fow
resistivity zones in the M1 terrace which suggested good potential for groundwater.
Presuming froin these shapes, these low resistivity zones would be resulted from
buried ancient river channels, which would have been formed during the Chang
Chhu river run meandering with a width of several hundreds meters (Fig. D.3.2).

“Two wells, TB-2 and TB-3, have been drilled in the presumed buried channels. The
‘depth of the groundivater table is about 5 meters higher than the present river level.

‘While the chlorine content of the groundwater from TB-2 shows 30 ppm, and the
“spring water from Umtekha village in the mountainous terrain, about 2 kilometers

noith of the drilled area, shows 46 ppm. No other water sample indicates such as.
high content of chlorine in the Study Area. Therefore, it is presumed that the:
groundwater in the M1 area is mostly recharged from the background mountain.
areas as well as the Limuti Chhu river, adjacent to the nosth, mnnmg, water of
w hich shows 15 ppmin ch!onne content.

'Simply prcsnmed.if’ the water from the mountainous area, which contains 46 ppm

~ of chlorine, is diluted by the water from the Limuti Chhu river. which contains 15
© ppm of chlorine, it is estimated that the groundwater from TB-2 is composed of 50
- per cent of watcr from the castern mounlamous ar¢a al.d 50 per cem of water from

the Lm\uu Chhu mer

As disctlsé'scd above, the groundwater in the aiea is being recharged from the fissure

- water in the mountainous area and surface water of the many tributaries: The -
- background arca of the Bajo sub-area is about 2 square kilometers, therefore it is

estimated that the volume of n,chargcd water in the area is |. S liters per second or

900 liters per minute,’ taking the average 355 days specific dlSChaE},b of 7.6
- liters/sectkilometer; same as that of the’ ‘metaniorphic rock areas in }apan of which
: wgeiation and preupuauon is simifar to the one of Ihe Study Area.

-On'th‘e other hand, b}' the s’lii_dy on the chl_omi(_: (‘:0ment, it is presumcd that the
“recharge volume from the surface water of the tnbutarics'is about same as thal of

from the background areas, the total recharge volume in lhe area can be estimated
at 1 800 liters per minute. :

Si:bsu‘rf‘ace water in low tefrace
The low terraces are situate 2 fo 10 meters above the present river level, and well

preserve miceo- topogiaphic relics of ancient river channels, channel bars and banks.
These low terraces are widely distributed in the upper Bajo area.

In the suivey this fime, a dug well with 3.5 meter:. in diameter has becn constructed

on a ancient channel in the low terrace.

The result of the water level observation has revéa]cd_ihat the fluctuation of water
fevel of the Chang Chhu river was clearly recognized in cycles of 15 days of tine
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fag, suggesting that the ancient channel is stilt functioning as subsurface water
channel. That is why we suggest to call the ware “subsurface watet”.

Subsurface water is hydrogcologically connected direcily with waters of rivers and
can not be separated. Therefore, static water levels of subsurface water are close to
or the same as those of river water. Flow velocity of subsurface water is normally
slower than that of surface water, but significantly faster than that of nearby
groundwater.

* Accordingly, exploitable water poténtial of the subsurface water in the area i
cxtremely high due to the direct water supply from the river. The potential can be
related with volume of subsuiface water which is calculated by following formula.

Q=AxKxI
Where Q: flowing volume of subsurface water
A arca of cross section
K coeflicient of Permeability
I°  hydraulic gradicnt

~ If width of subsuriace ﬂow is assunted at 200 m, or one hale that of low terracc '
width, and ewqﬂonable deplh is assumied at 5 ni, then: A =200 m x-S m= 1000 m’
~Assuming a hy: draulic gradient equivalent to that of the river gradient, or 11 S0, and
- acocfficient of permcabihly equal to a standard gra\cl bed, or 2.5 x 107 mfs, then:
-1 Q= 1000 % (1/150) x(z §% 10%) =166V (1 /mm)

- In concluslon the arca has qmtc hlg,h poteitial for e\cp10nab!e water Fesources irom
.the subsurface water, and the exploitable volume. will be decided by numbm ol
f wells and their dcpth duc toits grcat recharge capacny ' :

(4) Water Balance SR . i
1) Waterbaiamc of subsuﬁacc water‘ o :_

Subsu;facc waler is dcﬁned as a large-scale ﬂomng water in sand and g grav ol layers,
formed in -buried -ancient  river channels,  nearby present over llows.
Il)drogeoloycally it is directly connected with river water,” and nuposssb!e to
separate from river water. Accordingly, groundwaier tables of subsurl'ace water’
'gencrally coincide wnh or approxunatc those of'nver waler, :

“As menﬁoncd abo»e subsurface water is essenually same as river water. The
Chang Chhu river, which has about 4,800 square kilometers of catchment arca and

270 cubic meters per second of mean annual discharge, runs in the survey area. A
“sub arca named "Bajo sub-area”, about 1.9 square kilometers, exists beside the
Chang Chhu river. A subsurface water runs in this sub-area, therefore, the water
volume of precipitation, surface run off] infiltration, and evapo-transpiration in the
sub-area is negligible compared with total volunie of the river.
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Judging from this point of view, the water balance of the subsurface flow in the sub
area is negligible from the large-scale water recharge of the Chang Chhu aver.

In conclusions, utilization of the subsurface water in the arca depends upon its
hydraulic conductivity and number of facilitics for exploitation of the water.

Water Balance of Groundwater in river terrace

As mentioned before; the groundwater in the river tesraces is of uncantfined, and its
water table level is observed S meters higher than the river water level of the Chang

) Chlw river.

“ The chlorine contents of the groundwater in the terrace are as follows.

- 46 ppm in the Umtekha sp1ng water in the background mountain

- 15 ppmin the Limti Chhu river water originated from the eastern mountain and
draining the tercace area’

- 30 ppm in the water from the groundwater in the terrace

‘These contents are much higher than that of water from other areas. Judbmg3 from
"above mentioned fact,” the groundivater in the ‘Bajo sub-area is most likely
- composed of the fracture water from the eastem background mountains and the
surface waler from the Limuti Chhu river, a tnbulary of the Chang (‘hhu river.

In the background nountain area al the notth and norlheaqt east of the Bajo sub

area, the groundwater nun- oﬂ from the fissure water into the terrace,” may be
existing. In this case, the 355 days specitic discharge is ‘set to 16 hlers'kmz/scc

~and lhc area of background ntountain is about 2 ki,

Base nm oﬂ = 7 6 Ukm’/scc X 2 0 Lmz =15 b’km’f%ec (900 Ifmm)

This is the \olumc of the groundwaler run off from the eastern mouiain. Based on-

-~ the assuription that the lissure water of the eastern mountain is diluted by same

antount of the river watér ‘from ' the Limti Chhu, the \water ‘supply of "the
groundwater in the area is 2,502 cubic meters per day or 1,800 liters per minutes.

In addition to that, the infiltration water in the terrace, 0.9 square kilometers in

: area, is cxpected Assuining the annual precipitation is 1 ,000 mitlimeters and 20 per

cent of the prec:pltauon water is penetrated in the ground, the volume of 180,000 .

© cubic meters per year, 493 cubic meters per daj,' or ’540 litets pcr minutes, of water

" is added.

I Eecharge from rice fields in the arca is added, then total flow-in vohime wo_uld :

roughly be 3,000 cubic meters per day or 2,000 liters per minutes.

In summary, as a new water source, around 2,000 liters |)ér ninutes  of
groundwater will be able to utilize from the middle terrace. Exploitable volume may
be about 40% (800 V/min) of recharge volume as discussed in next section.
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3) Water Balance of Groundwater in Landslide arcas

The groundwater in the landslide areas is stoted in the fractured landslide debris,
and small perennial springs, yielding § to 20 liters per minutes, are distributed in the
landslide areas.

In the chapter 4, it is discussed that the annual infillration amount to the landslide
arcas is 200 nillimeters from the precipitation and 240 millimcters from the

“background mountain. Accotrdingly, the rechar@,u amount m an area of 300 = 300
meters is cst1maled as follows,

300m x '300m % (.44m = 39,600 ni/year

On the other hand, the volume of the natural discharge of the spring is estimated as
10 liters per minute or 5,250 cubic meters per year.

Accordingly, if the intake facilitics are improved to take double or tipple amount of

water from the springs, only 30 to 40 per cent of total recharge amount can be

utilized. 1t is concluded that lhere is no problem to extract such volume of water
" {from thosa. spnn\ga

(5) Qualit_y of Water
- 1) Seasf)nal Fhictuations of water chemisiry
F he qpnng, water in Phangyul, obse valion poml S-5 _'%xay’ table $-7.: has' been

- chemically assayed four times l‘rom the end of the dw season to the wet season
' F he results are as follows. :

ESA)
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e S The Shudy on Grown
Date Apr.23 30-May 4-hut 19-dun
Whether choudy fine fine fine

1} Physical Exam
Appearande clear clear chear clear
Temperature 158 19.1 -- 212
Conductivity  Us'om e 125.0 1234 t89.1
Turbidity mgl ) 3 3 2
Color degree =5 <5 <5 -5
Taue normal normal normal nooa|
Odos . at 400 none Cone none N

2)  Chemical Exam ) ‘
Ph mg JasNaC 1 7.60 691 754
TDS mg.1 $8.7 Lo6s0 816 95.0
Altatinity - mg] G40 o[ - 620 §2.6
Hardness  mzl ' 130 340 Y 440
Chloride mg1 2 3 N E 2z
Sulfafe mg 1 ) <1 <1 . - |
Phosphate mgl 0.l 0.1 01 . 02
Nilrogen ) .
- Anunonism il - il - nik bl
-Nityite ‘ it ail mb il
-Nitrake mg | onil : © D8 0.5 6.3
Dissolved Oxygen ; .
KMrD$ gt | sl o s RS I 51
Residial Chlorine - S S '
Iron mal i 0 2 D3 005 trave
Manganess mg 1l I nit Caib Conib ©oail
. Iléa\)‘ Matal ‘ ‘ . A i
o © mgl ’ Coinip < il T onit nil
S I mgl Conit nik Con nil

The reason why !he eleclﬂc conductwny of the water mmeases time to time, is
interpreted that salts precnpllated on the surfdcc in the dry season would solved and
run out m the wet season. : :

On the other hand the pH values dccrt.asc irom 821t 6.91. Ihcn increase to 7.54.

1"1 his phenomenon is interpreted that the ifon ‘sullide mier als (pynite; I 082) inthe

s

black clay layers would be oxidized in the diy season because the groundwater level
. |s lowered, then sulluric acid water occurred there w ould be flew out in the wet

season,. concurrently the' groundwater level would be risen over the black clay
!ayer:, then the zone of oxidation would be sealed again.

The content of iron ion decreases from April (o June, and nitrogen or nitrate
appears in May, however these contents are very little. These phenomena should be

~ discussed in relation with other tﬂClO]’b smh as ﬂucluatlon of yield water \olumc
* during the measurement time. '

r\s’sa)} réesult

Three water samples from chemically characteristic springs and four groundwater -
samples from diilled wells have been assayed.
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Sample No. No.1 No.2 ‘No.3 NoAd No.5 No.& Na?
[ hte Thm | TiMay | 30May | Aped® | 9-May | 23:May :
[ Whether Cfine fine fine fine fine fine
T;_[‘l:_\si;al Exam
Appearance clear chear clear s turbid clear Wlear clear
Temperature 230 254 19.1 - 24.0
Condoctivity uSivny 766.9 1372 125.0 1570 RER| oy 716
Tuchidity mg | 3 2 3 7 18 [ 0
Coler degree «5 <% <8 <3 <5 ~5 =8
Taxte neemal nermal nonnal norrmat normad nommal novmal
Odor at 40C none none none none none © | . none stight &R
2y Chemical Exam. . _ &
pH ) - mgdasNaCl 7.23 £6.53 7.60 696 7.35): T4 700 )
TS . TS| 1330 687 650 1228] . 1160]. 1532 3.4
Alkelinity Cmgl 177.0 570 63.0 119.0 260 1214 -
Harducis mgl 1480 300 340 106.0 g1.0] - 1320 96.0
Chloride meh ) 1 46 3 R 0 i 5
Suifate - mglh <1 3 <t s <A <¥ uil
Phosphate g 1 010 0.30 0.20 0.10 0.45 o] Na
© Nitrogen ’
© L Ammeniom ril nit nil nil nil | ni} S
-Nitrite : ml | nit il nil il ail 0.2
“Nitrate . - mgl S B X 08 05 08{ il it
Dissolved Ox)gén . : :
KMnO mg | 50 47) 48 "2 55 2 nil.
" Residual Chloring : ' s o
Tron mgl “wil i 0.3 cas| 7 oas 03] il
Manganese ©ooomigd Tl ] nit - ml C i e
Heavy Metal ' ‘ o . e
B I wal ait uil nil - “nil “nil ol | TN
L nigl ‘i il il nil nil ml © ) )
- Nole! ‘ R o o .
Samiple Nel Upper Mitsina (spring) ] CARD (15-3, dri.li hole) i
C " © o XNal Unitebha (spring) LN Mitshina (1134, drillhele) |
©oNod Proper Phangyul (spring) No? Lobs dysa (1135, drtll hoh}
© Nod Dajo (113-2, &z‘ili!:o!c) N n\ias\n od

C hlonnc in lhe samples fmm Umtckha and Bajo (IB 2) shows high \alucs and
both are gcnchca]ly related cac]n other. This i 15 dlscusscd in lhe prewous chapter :

TOlher geochemical ChﬂfaCtC‘ﬁSlle are that a small amount of iron mn is COI]IIHO]II)/: ;
and phos;)haic content in ‘all qamples is

contained in all samples from the wells,

generally high, from 0.1 to 0.45 ppm.

D.3.4° Present status and ﬁllui‘c piali of _utiliz_alidn of spring waier

\1an) fariners are hwngp in the hi ty areas or mountam slopcs in the sludy area. lhc spring
- water in the area is only one water source for the villagers, and every wllages have their. , .
“own trcaiment plants such'as sunp!e dcsandmg facility and conduits to lhelr wllagcs - . g,

\'Iany of lhose [‘ac:ht:es have been madc by the villagers gellmg, UNICE P s aides mciudm&
technical and {inancial assistance. Many of these facitities do not have storage tanks. -Some
tanks being held by villages aré commonly less than 20 per cent of daily yield of the spring
inits capacity, which is not suflicient even for wrgent accidental demand. The water yielded
in night time is run-out without any use, and sometimes triggers landslides in the farmland

and down slopes.
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Almost all spnngs are genetically associated with landshide blocks. Other types of the

- springs in the area are those veiy fluctuated yielding springs coming out from the boundary

between the basement rocks and surface soil, specially in depressions or valleys, and those
coming out from depressions in the mud flow deposits areas.

The springs witized for drinking water are shown in the hydrogeological map.

The prescat yielding of each spring is shown in the hydrogeological map. ln addition,
potcnttal yielding capacily in relevant geological unit, principally fandstide block, is shown -

*in the groundwater inventory map. [If the water of the potential yiclding is not used, then

most of the yielding will be lost by evaportranspiration. Therefore, no ecological 1mpact is
expected in use of the potential yielding,

On ihe other hand, many villages do not have storage tanks, or even if they have those, the
capacny of those are very small, say less than a quarter of daily yield of the s,prmu Wasted
water is also making tngger:, for landslides or wet lands.

In conclusion, it is recommended, first to make plan for effective usage of the spring water
applying adequate water management plan to utilize it, then to exccule some proper

: clevelopment or treatment plans to increase yleldmg volume trom the spnngs

The water shortage pmblem in dty season m thCSL wllages wtli be eascd by execution of

-~ these measurements
- D35 Grouml'water Development and ils l'invirm“ncntal Tmpact

In this survey, water in the tmdugmtmd is classitied into mo sorts, sub&u]tau: \\dlﬂ'l and.
‘ groundwater :

' SubSurfaCe water presents in the low terraccs and its water table is about 2 meters fron the

.....

" The subsurf'tce water is dtreclly supphcd from the nvers, ‘and then e\p!ouatton may never
affect to the physu:al and ceological environment,

- The groundwater is hosted in the middle terraces and landstide arcas. ‘the middle teriaces

are utilized as cultivated ground or residential areas, and some irrigation water channels are

“constructed for rice fields. I is estimated that the groundwater in the middle terraces, being
‘hosted below 25 to 30 meters from the surﬁce is supphcd and rcchargcd in a rate of about
2,000 hter:. pcr nusnte, - SRR :

'Accordmgly, as far as’ !ess amount than ’ abovb mcnttoned tt_taurc is pumpcd up
environmental mtpact such as change of soil mozsture in farndands is expected on thc

surface in the terrace area.

‘As previously mentioned, two types of recharge patterns to the groundwater in landslide -

areas, penetration (infiltration) from the precipitation and infiltration from the fracture waler
in the background mountain.

13-25
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The amount of infiltration from the' precipitation, annually around 1,000 millimeters, is
estimated as annually 200 niillimeters, and that from the fiacture water in the background
‘mountain is around 240 millimeters. Therefore, the total quantity of annual recharge for
“each landslide block can be calculated as follows.

‘Area (square meters) < 0.44 (m'cler) = Annual recharge (cubic meters)
For an example, if the area is 300 x 300 méters',i then the quantity of the recharge would be
© 90,000 m? >0 dd m = 40,000 ovlycar (76 jitérs per minut'e)

© At present, the yielding from the spring in such scale of landslides is aboul 10 liters per
minutes, therefore no problem in the impact for the groundwater system might oceur even

~if the yielding volume is increased up 1o three times by improvement of the existing

* faclities. S ' . ' o

In conclusion; the groundwater in the landslide areas can be utitized as much as two or
- three times more than present usage anount, by improving existing intake Facilities and/or
“storage tank, without any environmental and ecological impact. Also, the water in the
- micdle level terraces can be utilized within the recharge volume of 2,000 liters per minute
~ ak estimated before. ' L | - o
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Fig. D.2.1_GEOLOGICAL MAP
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