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GLOF Sediments and Geology of River Terraces in Wangdi Phodrang District, Bhutan
Mutsumi MOTEGI”

Abstract

O O Several fluvial terraces and other flat surfaces are well developed in Wangdi Phodrang District
along Chang Chhu O Puna Tshan Chhull in central Bhutan.

0O O The low terrace of 5 m to 18 m in relative height is widely distributed, preserving the river flat
reliefs on the surface.d0 The middle terrace of 20 m to 50 m in relative height is well developed from
Wangdi Phodrang to the upper reaches.d The high surfaces of 110 m in relative height are
distributed only in Wangdi Phodrang Town and Bajo Monastery Hill, which is 2 km upstream from
the former.

O O Geology of the middle terrace is mainly composed of a well rounded and imbricated boulder bed
with several sand beds of lesser amount.

0 O Geology of the high surface in Wangdi Phodrang Town is composed of two members: the
underlying 50 m -thick massive huge boulder bed and the 60 m-thick mudflow deposits overlying the
former horizontally. The huge boulder bed continues to the imbricated boulder bed of the middle
terrace, suggesting that the mudflow forming the high surface is younger than the middle terrace.

O O On the opposite bank of Wangdi Phodrang Town, there are huge mudflow deposits, which have
flowed down towards Wangdi Phodrang Town. Judging from the stratigraphic relation with middle
terrace deposits, flow direction, elevation, size, and lithology, the mudflow can be safely correlated
with the mudflow at Wangdi Phodrang Town.

O O Then, the mudflow may once have formed natural dam by covering the river flat gravel bed of
the middle terrace. Estimated height of the dam is 1310 m as.l, and the crest was almost 1000 m
wide.

O O While Bajo Monastery Hill is composed of two geological members, the northern major portion of
the hill is brown-colored massive sand of over 20 m thick, which are delta fan deposits of a tributary
named Limte Chhu, while massive white sand distributed locally at southern downstream side of the
hill is abutting on the former. Groundwater drilling on the middle terrace revealed that the well
rounded boulder bed is thinly overlaid by white silty sand, which continues to the massive white
sand at Bajo Monastery Hill. This evidently suggests that the massive white sand bed is younger
than the middle terrace boulder bed.
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0O O Judging from massive appearance without stratification and mixed occurrence with blocks and
fragments of varved clay, the genesis of the massive white sand at Bajo Monastry Hill without doubt
resulted from turbidity current of the Glacier Lake Outburst Floodl GLOF[

0 O When the GLOF flowed into the deep lake formed by the mudflow dam, the suspended sand, as
well as transported blocks of varved clay, may have been settled in the lake. Concurrently, the
GLOF may have destroyed the natural dam and drained the lake. Only a small portion of the GLOF
sediments remained at the riverside stagnate concavity in the Bajo monastery area.

O O The above-mentioned Quaternary geo-history constructed from field evidence is identical to the
legend of the Wangdi Phodrang district.

0 0O The legend is that an ancient lake was drained in one night by God, who was angry with the
impious inhabitants. The upper reach of the lake in the legend is Punakha Town, which is at an
elevation of 1340 m. Therefore, the size of the lake in the legend is as same as the size estimated by
geology.

O O The legend may suggest that the GLOF event was observed by ancient inhabitants settled in
this area.
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Fig.[10 Index map of Bhutan showing the area studied
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FigI20 Sketch of the area studied O Looking from right-bank of Chang Chhul[l]
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FigIB Map of geomorphic surfacesl]

1. basement rock mountain, 2. fan, 3. low terrace, 4. middle terrace, 5. high
surface 10 depositional surface of Limute Chhu delta fan massive sand( 6.
high surface 27 depositional surface of mudflow(] 7. depositional surface of
GLOF sediments [J patterned symbol shows the sediments distributed on
other geomorphic unitst] 8. cliff, 9. steep slope

Contour interval is every 10 meters with supplimentary contour of 2
meters at gentle sloped area
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PhotoJ10 Geology of southern slope of the Bajo Monastery hill
0 Monastery is under renovationtO 0 O O
Al Limte Chhu delta fan depositd] reddish brown massive coarse sand[1]
BO GLOF sedimentd] white massive sandJabutting on the delta fan.
CO Sedimentary surface of the GLOF sediments mainly composed of huge

blocks of varved clay.
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Fig. 40 Quaternary geological map of Wangdi Phodrang area.
1. basement rock, 2. middle terrace deposits and confluence
boulder bed, 3. Limute Chhu massive sand, 4. mud flow deposits,
5. GLOF sediments, 6. fan deposits, 7. low terrace deposits
Contour interval is every 10 meters with supplimentary contour
of 2 meters at gentle sloped area.
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Fig.00 5 O Schematic geological profile.
1. basement rock, 2-1. middle terrace boulder bed, 2-2. middle terrace sand bed, 2-3. confluence boulder bed with
Tethyan boulders, 2-4. confluence boulder bed with huge blocks, 3. Limute Chhu massive sand, 4. mudflow

deposits, 5. GLOF sediments, 6. riverwater level
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Photo[20] Boulder bed without wtratification at Wangdi
Phodrang cliff.

AU Well rounded and imbricated boulder bed of the middle
terrace.

B0 Confluence boulder bed cutting the middle terrace boulder
bed.

CO Middle terrace boulder bed captured in the confluence
boulder bed.
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Photo#0J Varved clay] beeing mined as plaster
material (1]
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Fig.[60 Schematic illustrations on landform development.
Each area is 5km x 8.1km. Symbols are the same as Figs. 3 and 4.
6-1. Distribution of river flat gravel and confluence gravell solid ellipsCJduring the depositional stage

J O of the middle terrace.

6-2. Ringchengang mudflow, massive dand of Limute Chhu felta gan and dammed-up eater srea.
6-3. Geology and river flat area at the stage of low terrace.

6-4. Present river flat area and main landmarks.
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