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REPORT ON GEOLOGY OF THE ATTAPU DISTRICT (2008)
GEOLOGICAL SHEET MAP, 1:200.000
TOPOGRAPHIC MAP NO.: D-48-X1

Geology of the Attapu District

Siphandone Vilayhack*, Sixomxeun Duangsurigna*, Sisaad Phomkenthao™*, Amkha Voravong***,
Phonetatome Vilaysan*, and Thavone Khounchanthida**, Khampha Phommakaysone*,
Motomu Goto**** Yoshimitsu Negishi**** Kazuyasu Tsuda**** Yasushi Watanabe®**** and
Yoshiaki Shibata****

The geological sheet map of the Attapu District at a scale of 1:200.000 was produced as a part of the
project “The Geological Mapping and Mineral Information Service Project for Promotion of Mining
Industry in the Lao People’s Democratic Republic™ agreed between Japan International Cooperation
Agency (JICA) and the Ministry of Energy and Mincs (MEM). Lao People’s Democratic Republic (Lao
P.D.R.) for promotion of investment to mining industry in 2005. This is a bilatcral cooperation project
between Japan and Lao PD.R. for promotion of investment to mining scctor through improving
information system of mineral resources.

The field survey and preparation of the geological sheet map were conducted implementing capacity
development of the Department of Geology (DGEO). A mecting was held in June 2006 for deciding the
target area for geological mapping and mineral resources service, and the arca including Attapeu.
Champasak and Sekong provinces was selected. The selected arca, 60km (East-West) X 80km
(North-South), covers two quadrangles of topographic map sheets, D-48-XI and D-48-X1, at scale of
1:200,000. The geological sheet map of the Attapu District corresponds 1o one quadrangle and the other
corresponds to the geological sheet map of the B.Dakyoy District.

The geological sheet map was produced through cooperation of DGEQ staff, namely Mr, Chansone
Sencbouttalath, director general, Mr. Khampha Phommakaysone, deputy dircctor, Ms. Chansavath Boupha,
deputy director general, and Mr. Qudom Phammakaysone, director of the information center for geology and
mineral resources. Valuable suggestions were given to us by Mr. Thongphath Inthavong, director general of
DOM, and Dr. Simonc Phichit, deputy director general. During field work, much assistance was given by Mr.
Khoune, dircctor of DGEO Pakse branch office, Mr. Souksamay, director of the Department of Encrgy and
Mines, Attapeu Province. Discussion concerning particularly the geological boundaries were held with Mr.
Binh and staff of geological sheet map group of the INTERGEQ, Vietnam for the deciding the some
geological boundaries.

Finally, we wish to express our sincere appreciation to the officials of the Embassy of Japan in Lao
PDR., JICA Lao PD.R. office and the Ministry of Energy and Mincs, LAO PD.R. for their close
cooperation extended to the project.

Photo |
Photo 1 showing cliffs of Bolaven Plateau, looking from Attapeu City.

*! Department of Geology, LAO PD.R.,, **: Department of Geology, Pakxe Office, ***' Department of
Energy and Mine, Attapu Province, ****: JICA Expert, *****: (Geplogical Survey of Japan, AIST.
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I Geographical Features and Weather

The Attapu District selected for geological mapping
covers mainly Attapeu Province and slightly Xe Kong
and Champasak Provinces in the southern area of Lao
PD.R. The district is situated at latitude 14°40' to
15°20°N and longitude 106°00" to 107°00°E.

Bolaven Plateau occupies the central area of the
Attapu District, which is the altitude of approximate
900m to 1,568m. The frat area of Bolaven Plateau has
the altitude of approximate 900m to 1,100m. The
northeastern area consists of mountains which is the
altitude of 1,200m to 1.500m. The highest mountain is
located on the mountain ridges situating in nertheastern
area of Bolaven Plateau, which is the altitude of 1.568m.
The higher mountains of 1,509m and 1,276m in altitude
are located in the northern arca of Bolaven Plateau, The
margins of Bolaven Plateau form the steep cliffs. In the
southwestern part of Bolaven Plateau, the gentle slopes.
which the lava flows are forming, are extended dipping
southward. Mount Ph.Din of volcanic center is located in
southern area of Pakxong City. The topographic feature
is very clear that the lavas erupted from Mount Din flow
out and down to southward. And the lavas are separated
eastward and westward. Other volcanic craters are
arranged to north-south direction.

In the eastern part of Xe Kong River which flows in
the northeastern area of the Attapu District, the steep
mountains of approximate 300m to 1,000m in ahitude is
formed. And the ridge-lines are spread to northwest-
southeast trend. The mountains of 200m to 600m in
altitude are distributed in southeastern margin of the
Artapu District, And the mountains of 150m to 400m in
altitude are distributed in southwestern margin of the
Attapu District,

In the southeastern area of the Attapu District, a -

lowland area is spread among the Bolaven Plateau, the
northeast steep mountains and the southeast mountains.
Attapeu City is located in the lowland. Rice paddy fields
have been widely made along Xe Kong River, Xe Kaman
River and Xe Xou River in the district.

The water river systems in the Attapu District are
mainly consisted of Xe Kong river drainages which are
biggest river in the district. And other river systems are
both of formed Xe Kaman and Xe Xou river systems and

Xe Namnoy river system of tributaries of Xe Kong River.

These river systems are occupied in 50 % of the Attapu
District. Two river systems of Xe Khampho River and
Xe Pran River exist in western part of the district and
cover the distribution area of volcanic rocks.

Xe Kong River is more than 300m in maximum width,
flows from northward to southward in the eastern part of
the Attapu District and changes the flow westward in the
southern part of the district. In the northeastern area, Xe
Namnoy River flown from Bolaven Plateau flows into
the Xe Kong River. And in the southeastern area, the Xe
Kaman River flowing from east also joins it. Two rivers
of Xe Pian River and Xe Khampho River are flowing
southward from Bolaven Plateau in the southwestern part

of the Attapu District,

The weather in the Auapu District characterizes
tropical monsoon. A year is divided into three seasons in
general. The hot season is hot and wet from March to
May. The rainy season is from June to October. The dry
season is cool and dry from November to February.
Period of spring and autumn is very short and shows
transitional character. It is fresh in the periods and gets
along easily. It extremely gets cold in the mountain area
during the dry season. Temperature, humidity and
rainfall in a year are shown in Figure 3.

Main road networks in the Attapu District are slightly
developed. The highway No. 16E. 16 and 11 are
connected from Pakxe City to Attapeu City and the
highway No. 18B is connected from Attapeu City to
international border enfering into Vietnam. These main
roads are the paved roads. Other traffic networks are the
non-paved roads in and around Pakxong City in Bolaven
Plateau and the national road No. 18 of the non-paved
road from Attapeu City to B. Sanamxai Village. There
are other many small roads. However, the road, which
cars can pass through in dry season, is the non-paved
road from B. Sanamxai Village in the western part of
Attapu to Thang Beng City in the southern part of Pakxe
City and so on. Only four-wheeled vehicle can pass
through the road in the dry scason.

Average Precipiation in Attapeu
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II  General Geology

The tectonic classification in the Indochina area was
compiled by geological Survey of Vietnam (1991) as
shown Fig. 4. Tectonic Regions of Laos is divided into
Northwest Lao Tectonic Region, Truongson Tectonic
Region and Kontum-Savannakhet Tectenic Region from
northern side. The Northwest Lao Tectonic Region is
characterized by NNE-SSW structurc. The Truongson
Tectonic Region and the Kontum-Savannakhet Tectonic
Region arc characterized by the main structures of
NW-SE trend.

The Northwest Lao Tectonic Region belongs to
Himalayan orogenic belt characterized by folding and
faulting of NNE-SSW trend. Truongson Tectonic Region
relates to Hercynian orogeny characterized by the
geological structure of NW-SE trend and is extended to
southeast of Vietnam, The region is constructed by the
geosyncline sediments of middle Paleozoic age and the
granitic  plutonic  rocks. The  Kontum-Savannakhet
Tectonic  Region belongs to Baikalian orogeny of
Pre-Cambrian  and  Caledonian  orogeny of  early
Paleozoic age. The region consists of basement rocks and
plattorm sediments of Mesozoic age.

As shown Fig. 4, the Atapu District is situated in the

central arca of the Kontum-Savannakhet Tectonic Region.

The district is located in and around the geologic
boundary between the basement rocks of Baikalian
orogeny and Caledonian orogeny and the platform
sediments of Paleozoic. These rocks form mainly the
Khorat Hill in the castern part of Thailand. And the
Attapu  District is formed mainly by the platform
sediments,

Geological map and geological sections of the Attapu
District are shown in Fig. § and 6. Geologic column of
cach area is drawn in Fig. 7. Carboniferous rocks of
Paleozoic are distributed in the northeast margin of the
district. Continuously, the upper formations of Triassic to
Cretaceous are distributed in westward from there. The
formation of upper Cretacecous and the Bolaven
Formation of Tertiary to Quaternary overlie widely the
Bolaven plateau. The terrace depesits of Neogene and
the alluvial deposits of Quaternary are distributed along
main rivers, The geological stratigraphy in the Attapu
District is summarized in Table 1.

Paleozoic is distributed in northeastern part of the
Attapu District and consists of Kadon Formation of
Carboniferous, which is deltaic deposit developed around
continental margin. Mesozoic 1s widely distributed in the
district and is stratified by Trassic, Jurassic and
Cretaceous formations.

Triassic is stratified by Dakdouan Formation (T1-2),
Alak/Katha-Tai Formation {(vT1-2, vT1-3} and Makkhua
Formation (T2). They are composed mainly of
sedimentary rocks and acidic voleanic rocks of lacustrine
to continental origin. Jurassic is stratified by Namhiang

Formation (Jt)}, Lavi Gnai Tai Formation {(J2) and
Kanglo Namho Formation {(J3) from lower part. They are
composed mainly of sedimentary rocks of shallow sea to
continental origin, Upper formations gradually change to
typical red-sedimentary lithofacies. The Kunglo Namho
Formation of Upper Jurassic includes tuft fragments and
tuffaceous  patches. Cretaccous is stratified by
Lagnao-Kang (K1) and Latsaluay Formation (K2). The
Lagnao-Kang (K1) is composed mainly of fluvial
sedimentary rocks, so called Deltaic deposit. it is
unconformably covered by the Latsaluay Formation
accompanying with a clay layer in geologic boundary.
The Latsaluay Formation is limitedly exposed in the
western part of Bolaven Plateau.

At a later time, the area is uplifted. And the plateau
such as Bolaven Plateau is formed by erosion during
Tertiary to Quaternary. In the period of Late Cretaceous
and Paleogene, basaltic lavas of Bolaven Formation
Lower Unit spewed out on the plateau. The volcanic
activity such as basaltic magmas continued to Neogene
or Quaternary. Olivine basalt lavas of Bolaven Formation
Upper Unit spewed out including upper mantle materials
composed of xenoliths of olivine nodule etc,

Geological Structure of the geological map of the
Attapu District is formed by the faults of NNW-SSE
trend developed in the northeastern marginal area, the
folding with anticline and syncline extending NNW.SSE
trend in the northeastern area and the volcanic activity on
Bolaven Plateau,

The fault structures were formed by big scale faults
dividing Carboniferous of Paleozoic and Triassic and
Jurassic of Mesozoic. The fold structures situated in the
west side of the faults were formed in a series of the
faulting activity. From east to west, these structures
change to syncline, anticline, monocline and flat
structures in turn, which are controlled by NNW-SSE
structures. lgneous activity changes from pyroxene basalt
and plagioclase basalt of the Bolaven Formation Lower
Unit to olivine basalt and nepherine-olivine basalt of the
Bolaven Formation Upper Unit in turn. Especially, the
alkalinc basalt includes xenoliths of the upper mantle
materials. The magmas are originated in the deeper part
of mantle.

The survey results of geological survey reports and
papers are summarized in the stratigraphic correlation
table, as shown in Table 3. The stratigraphy of Laos is
compiled from Geological Survey of Vietnam (1991) and
British Geological Survey (1991). And other stratigraphy
of the southern area of Laos is compiled from Gerhard H.
Martin (1994) of LAOS HUNT OIL COMPANY. The
geological stratigraphy of the Attapu District is compiled
in the Table 3 together with these survey results.
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I[I1 Paleozoic

H1.1 Carboniferous

II1.1.1 Kadonr Formation (C)

Formation Name: Kadon Formation was newly
named in this report.

Type locality: The formation is observed in the
outcrops along river and road surrounding B. Kadon
Village, where is located at upper river of H. Vi River of
tributary of Xe Kong River flowing in the castern area of
the Attapu District.

Distribution:  The formation appears around B.
Kadon Village in the northeastern area of the Attapu
District.

Stratigraphic relationship: The formation overlies
unconformably the lower formations of Silurian to
Ordovician distributed in the geological mapping area of
the B. DAKYOY District.

Thickness: The total thickness of the formation
reaches about 800m.

Lithofacies: The formation accumulates in
continental or neritic environment and consists of
conglomerate/arenite alternating beds and sandstone
beds.

The conglomerate/arenite alternating beds consist of
massive conglomerate with pebble gravel and sandstone,
as shown in Photo 2.

The sandstone beds are formed by massive to layered
beds as shown in Photo 3. The beds show dark gray color
and consist of hard and compact, fine to medium
sandstone and interbed conglomerate beds. Quartz veins
with comb structure are observed m the formation as
shown in Photo 4.

Geologic Age: The formation is probably correlated to
Carboniferous. The geologic environments are
continental or fluvial.

Photo 4

Photo 3

Fig. 6 Outcrops of Kadon Formation. Photo 2 showing conglomerate around B. Kadon Village located in upper river
of H. Vi River of tributary of Xe Kong River. Photo 3 showing sandstone beds at a road connected to Attapeu City.
Photo 4 showing comby quartz vein observed in sandstone beds.



IV  Mesozoic
1V.1 Triassic

1V.1.1 Dakdouwan Formation (T1-2)

Formation Name: Dakdouan Formation was formation distributed in the B. DAKYOY District.
newly named in this report. Thickness: The total thickness of the formation
Type locality: The formation is observed along reaches about 800m.
upper-middie river of H. Po River located in east of B. Lithofacies: The formation consists of sandstone
Sapouan in eastern part of the Attapu District. beds and siltstone/sandstone afternating beds. It is
Distribution: ~ The formation widely appears interbedded by conglomerate beds and rhyolitic
trending to north-south with Skm width on the volcanics bed.
middle-upper river of H. Po River in the east of B. The sandstone beds are cumulated in the
Sapouan. continental or lacustrine environment and consist
Stratigraphic  relationship: The formation mainly of massive, compact, hard siltstone and
overlies conformably the Silurian to Ordevician sandstone as shown Photo 5.

Photo 5

Photo 7 o 7 : Photo 8

Fig.7 Outcrops of Dakdouan Formation (1). Photo 5 showing typical, massive, compact, hard siltstone and sandstone
of Dakdouan Formation in H. Po River near B. Sapouan Village. Photo 6 showing black to dark gray, thin
mudstone interbedded in the formation. Photo 7 showing fragments of black to gray mudstone in the beds. Photo 8
showing conglomerate bed interbedded in the beds.

The siltstone/sandstone alternating beds consist of sandstone and lithic arenite accompanying with granule
layered or banded sandstone beds, which one bed is of conglomerate and black rock fragments, which are
several tens cm to 2 m in maximum thickness. The beds composed of lake deposit. And the beds interbed black to
consist of alternating beds of finc to medium, lithic gray, muddy thin bed as shown in Photo 6. In some




places, it interbed somec black to gray, thin
siltstone/mudstone beds (Photo7). The sandstone beds
include the thin conglomerate beds and the conglomerate
of lenticular- or spindle-shapes (Photo 8). The coarse
larmination structures are indistinctly developed in a unit
bed of the sandstone beds which gradually change into
mudstone with lem to 15cm thick. Upper bed overlies
the lower bed cutting its structure, The conglomerate
beds show pale greenish gray. consist of well rounded
granule and are composed of tuffaceous siltstone and
sandstone in the matrix,

In addition, the sandstone beds interbed the thin beds

of rhyoritic tuff breccia, lapilli tuff (Photo 9), coarse tuff
(Photo 10), andesitic wif and tuffaceous sandstone. The
lapilli tft’ shows greenish gray to gray, consists of
subangular to subrounded fragments of rhyolite and
andesite. The matrix is tuffaccous and includes crystal
fragments of biotite and quartz. The lapidli tuff bed
accumulates conformably on the lower sandstone bed
with several mm thick. as shown in Photo 11, The coarse
tutt shows pale grecnish gray and includes small crystal
tfragments of biotite and quartz. The andesitic tuff shows
greenish gray and consists of coarse tuff in matrix.

Photo 11

Photo 12

Fig. 8 Outcrops of Dakdouan Formation (2). Photo 9 showing rhyoritic tuff breccia to lapilli tuff interbedded in the
sandstone beds in H. Po River in the cast of B, Sapouan Village. Photo 10 showing conglomerate interbedded in
the sandstone beds in H. Po River, Photo 11 showing conglomerate in H. Po River. Photo 12 showing a tloat stone

of rhyolitic welded tuff in H. Po River.

As shown in Photo 12, many float stones of rhyolitic
welded tuff are observed along the middle-upper river of
H. Po River in the eastern part of B. Sapouan Village.
These float stones are belong to the rhyolitic welded tuff

consisting of Alak/Katha-Tai Formation.

Geologic Age: The Formation was probably correlated
to Triassic. The geologic environments are continental,
fluvial or lacustrine.



1V.1.2 Alak/Katha-Tai Formation (vT1-2, vT1-39)

Formatien Name: Alak/Katha-Tai Formation was
newly named in this report.

Type locality:  The formation is observed in
southern part of B. Katha-Tai Village located i the
middle-lower part of H. Po River in the cast of B. Alak
of the northern part of Attapeu City, and is observed in
the southern margin of the Attapu District.

Distribution: The formation appears in the
middle-lower part of H. Po River and in the lower river
of H. Pakpo in the cast of B. Sapouan, where arc located
in the northern part of Attapeu City, and in the southern
part of Xe Xou River of the east of B. Donngiou Village,
where arc located in the southern part of the Attapu
District,  The formation is  distributed  around B.
Katha-Tai Village in south of Attapeu City and in the
southern part of B. Phapho Village in the southwestern
part of the Attapu District.

Stratigraphic relationship: The formation overhes
unconformably the Dakdouan Formation, as the
formation consists of continental acidic voleanic rock

such as ignimbrite. And acidic pumice tuff overlies
unconformably the Dakdouan Formation at 25km cast
from B. Paam Village in the B. DAKYOY District.

Thickness: The total thickness of the formation
reaches more than 200m.
Lithofacies: The Alak Formation (vT1-2) of

Alak/Katha-Tai Formation (vT1-2, +T1-3) consists
mainly of volcanic breccia, tuff breccia and volcanic
conglomerate and slightly of acidic welded tuff, which is
distributed in the cast part of B. Sapouan Village. The
Katha-Tai Formation (vT1-3) consists of acidic welded
tuff, which is distributed in the southern part of B.
Donngiou Village, around B. Phapho Village and in B.
Phapho Village in the southern parts of the Attapu
District. In the southern part of B. Donngiou Village, the
brown to pale brown welded tuff belong to Alak
Formation of the lower formation and the light gray, pale
yellow and pale green welded tuff belong to Katha-Tai
Formation of the upper formation.

Photo 13

Photo 15

Photo 16

Fig. 9 Outcrops of Alak/Katha-Tai Formation (1). Photo 13 and 14 showing volcanic breccia and tuff breccia in H.
Pakpo River of tributary of Xe Kong River. Photo 15 showing tuff breceia covered the volcanic breccia in.Photo
13, Photo 16 showing volcanic breccia in H. Po River in the cast of B. Sapouan Village.




The volcanic rock of Alak Formation concentrated in
the castern part of B. Sapouan Village shows brownish
gray and pale gray to white, which consists mainly of
lapilli tuff, volcanic breccia and volcanic conglomerate.
Photo 13 and Photo 14 show volcanic breccia and tuff
breccia distributed in the lower river of H. Pakpo of the
tributary of Xe Kong River. The volcanic rocks include
angular fragments of white rhyolite, welded tuff and twff,
which are [0em in average diameter and 40cm in
maximum diameter. Its matrix consists of white to gray
coarse tuff’ comprising crystal fragments of biotite and
quartz. Photo 15 shows rhyolitic tuff breccia, which
forms upper bed of volcanic breccia observed in the
same area. Its matrix shows white color. Photo 16 shows
rhyolitic volcanic breccia, which is observed in
middle-upper river of H. Po River of the east tributary of
Xe¢ Kong River.

The volcanic rocks of Katha-Tai Formation dispensed
in the southern part of B. Donngiou Village show pale
brown to pale green, which consist of acidic 1o neutral
lapilli tuft and tuff breccia and coarse to fine tuff. The
village is located in the southeastern part of the Attapn
District. Fragments in the rocks consist of angular
fragments of rhyolite. andesitc and tuff, The matrix
comprises many crystal fragments of biotite and quartz.
Strike-slip fault is observed in acidic wif as shown in
Photo 17. The rock shows flow structure formed by
faulting. In the southern part of the Attapu District where
the volcanic rocks are distributed, the topography makes
secep cliff and the taller waterfall is observed. In the area
as shown in Photo 18, neutral volcanic rock unit is
occurred m lower part and the acidic volcanic rocks
overlie these rocks.

Photo 17

Photo 18

Fig. 10 Outcrops of Alak/Katha-Tai Formation (2). Photo 17 showing rhyolitic tufl elongated by the fault activity in
south of B. Donngiou Village. Photo 18 showing the steep cliff formed by andesitic tuff in lower and rhyolitic tuff

in upper,

The volcanic rocks of the Katha-Tai Formation, which
is distributed in southern area of B. Phapho Village of the
southwestern area of the Attapu District, consist of
welded tuff, volcanic breccia and tuff breccia including
many lenticular volcanic glasses. The welded structures
are conspicuously observed in the rocks, which include
volcanic glasses with several cm in long diameters and
many fragments of tuff. The matrix is hard and compact,
and comprises many crystal fragments of biotite and
quartz.

Geologic age: The formation was probably formed at
Triassic age.

IV.1.3 Makkhua Formation (T2)

Formation Name: Makkhua Formation was newly
named in this report.

Type locality: The formation is observed in the
middle-lower river of H. Po River, where flows in the
castern area of B. Sapouan Village located at north of
Attapeu City.

Distribution: The formation appears at the
middle-lower river of H. Po River and at the lower river
of H. Pakpo River. It is distributed in the southern area of
B. Donngiou Village {ocated in the southeastern margin
of the Attapu District. And it is distributed in the eastern
area and the western area of the B. Phapho Village
located in the southern part of Attapeu City.

Stratigraphic relationship: The formation overlies

conformably the Alak/Katha-Tai Formation of lower

formation.

Thickness: The total thickness of the formation
recaches more than 400m.,

Lithofacies: The formation, from lower te upper,

consists mainly of finc to coarse tuff, tuffaceous
sandstone or sandy tuff, medium sandstone, sandy
limestone and cherty mudstone. The tuffaccous
sandstone incfudes fossils of bivalve (Corbiculids).

The fine to coarse tuft shows pale gray and is rhyolitic
tuff including crystal fragments of quartz and biotite in
matrix. The tuffaccous sandstone or sandy tuff shows




pale greenish brown to brown. The sandstone shows
yellow and is mediwm sandstone. The sandy limestone
shows gray to dark gray and overlics the sandstonc. And
it is 2m thick. Photo 19 shows a layer of limestone in
which white calcite veins are developed. The cherty
mudstone shows greenish gray to bluish gray as shown in
Photo 21. 11 conformably overlies the limestone and
gradually changes to cherty fine sandstone.

The fossils of bivalve as shown in Photo 21 are
occurred in the sandstone below the limestone bed. As
the result of observation, the rock samples of No. A228a

and No. A228b include fossils of bivalve. The fossils
were identificd as a species of Corbiculids. The species
of Corbiculids shows the environment of fresh water and
brackish water. As the fossils are in a poor state of
prescrvation, the geologic age could not be decided.

Geologic age: The formation was probably formed at
late Triassic age. However, there is possibility that the
geologic age is Permian age according H.M. Gerhard
(1994). He indicated that the formation includes the
fossils of bivalve showing Permian age.

Photo 19

Fig. 11 Outcrops of Makkhua Formation (1). Photo 19 showing limestonc in H. Po River in east of B. Sapouan. Photo
20 showing cherty mudstone in the mountain trail located in the same area.

Phbtd 2

|

Fig. 12 Fossils in Makkhua Formation. Photo 2 [showing bivalve fossils. species of Corbiculids, in the sandstone beds
under the limestone bed in H. Po River in east of B. Sapouan Village.
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IV.2 Jurassic

IV.2.1 Namhiang Formation (J1)

Formation Name: Namhiang Formation was newly
named in this report.

Type locality: The formation ts observed on the
lower river of H. Po River in the eastern part of B.
Sapouan Village, where located in the north of Attapeu
City. It is exposed in the lower river of H. Vi River of the
tributary of Xe Kong River in the northeastern part of the
Attapu District.

Distribution: The formation widely appears from
the mountains and hills to the flat plain in the eastern part
of the Attapu District. It forms the west wing of fold with
fold axis of NW-SE trend developed in the east arca. The
formation continuously extends from north to south in
the eastern part of the Attapu District and expands to the
B. DAKYOY District. It continues from the southwest

area ot the B. DAKYQY District to the southeast area of
the Attapu District. Again, it is distributed from
northeastern area to southern area, besieging the Bolaven
Plateau in the southern part of the Attapu District.

Stratigraphic relationship: The formation overlies
unconformably the Makkhua Formation (T2) of lower
formation.

Thickness: The total thickness of the formation
reaches more than 1.500m.
Lithofacies:  The {ormation consists mainly of

sandstone alternaiing beds layered and banded and it
partly interbeds thin muddy limestone beds. The
formation consists of the lithotacies of marine to
continental sediments,

23
TR

Photo 25

Fig. 13 OQutcrops of Namhiang Formation (1). Photo 19, 20, 21 sowing sandstone alternating beds of turbidite in H. Vi
River of tributary of Xe Kong River. Photo 22 showing sandstone alternating beds of turbidite on the hill near H.

Chouang River of tributary of H. Vi River.

The formation, from lower, is piled up sandstone main
and mudstone alternating beds, sandstone beds,
mudstone main and sandstone altermating  beds,
sandy/muddy limestone beds and sandstone main and
mudstone alternating beds.

The sandstone main and mudstone alternating beds
appear along the tower river of H. Vi River, which flows
from east to west 1n the cast part of the Xe Kong River,
The Namhian Formation continuously exposed along the
lower river of H. Vi River. The alternating beds are gray



to pale gray and consist mainly of sandstone layered and
banded. The formation is formed by turbidite sediments,
which is characterized by graded bedding, moderate
sorting, and well- developed primary structures.

The sandstone beds recach more than 300m in
thickness in some places. As shown in Photo 23, a
sandstone bed is banded layer of 10cm to 30cm thick in
average and Im thick in maximum, 95% of a bed
consists of coarse to fine sandstone with sorting structure.
Upper part of a bed gradually changes siltstone or
mudstone sorted. Photo 25 shows the sandstone beds
observed in the hills located in the west part of H
Chouang River, which is composed of the alternating
beds varying from 10cm to 30cm thick.

The mudstone main and sandstone alternating beds

show red 1o brown, which is observed in the area and
consists mainly of mudstone. In some places, it shows
bluish gray. The beds vary from 140m to 220m thick.
The beds are formed by turbidite sediments of several cm
ta 20cm thick in a unit. Photo 26, 27 and 28 show a
series of outcrops of the Namhiang Formation exposed
along the lower river of H. Vi River. The formation
mainly shows dark brown to reddish brown, consists
mainly of siltstone and mudstone and interbeds medium
to fine sandstone. As shown in Photo 29, vein type
mineralization with copper high grade are occurred in the
bluish gray mudstone beds, which includes copper
minerals such as malachite, azurite, chalcopyrite,
chalcocite etc.

Photo 28

Photo 29

Fig. 14 Outcrops of Namhiang Formation (2}.

Photo 26 and 27 showing siltstone/mudstone alternating beds in H. Vi

River the tributary of Xe Kong River. Photo 28 showing siltstone/mudstone alternating beds in H. Po River in the
east of B. Sapouan Village. Photo 29 showing mincralized rock with copper mineral such as malachite, azunte,
chalcopyrite, chalcocite ete. in H. Vi River of tributary of Xe Kong River.

A calcarcous sandstone bed occurs in the upper part of
the beds, which accompanics copper mineralization, so
called strata-bound copper deposit of sandsione type.
The thickness of bed varies from 10em to 2m in
maximum. The bed is covered by gray mudstone which
is broken like flake shapes of several em in size by
weathering. Photo 30 and 31 show pale greenish gray.

calcareous sandstone including fossil seashell, which s
observed at the road running on the hill near the H.
Chouang River of tributary of H. Vi River. Photo 31
shows calcareous sandstone with copper minetals. A
fossil sample (B0O50) collected from the sandstone bed is
pethaps identified a species of Balanus. The bed
accompanies the copper mineralization with malachite,
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azurite, chalcopyrite, chalcocite etc.

Photo 30

Photo 31

Fig. 15 Fossils in Namhiang Formation. Photo 30showing fossils of bivalve in the calcarcous sandstone bed in lower
river of Man Vi River. Photo 31 showing sample of No.BOSO including a species of Balanus and a sandstone type
copper mineralization accompanying the copper mineralization with malachite, azurite, chalcopyrite. chalcocite

etc.

Again, the sandstone main mudstone alternating beds

appear on the above-mentioned beds, which the
thickness varies from about 150m to 100m.
The sandy/muddy limestone beds overlic the

above-mentioned beds, which varies from 100m to 60m
thick. A unit of the limestone beds varies from 10cm to
70cm thick and is formed by calcareous turbidiie with
clear lamination as shown in Photo 32. In some places,
calcite veins are observed in the limestone beds. The
footwall and hanging wall of the limestone bed consists
of calcareous siltstone and mudstone, which is a serics of
turbidite. Fossil samples (Sample No. A236) collected

from sandy/muddy limestone beds arc identified a
species of oyster, which shows the environment of
brackish water.

The sandstone main and mudstone altermating beds on
the above-mentioned beds reach more than 200m thick.

Massive, red mudstone beds are developed in the
upper part of Namhiang Formation. Photo 33 shows the
massive, red mudstone beds which are distributed around
a ferry of Xe Kong City. The bed mudstone beds are
characterized by typical, red continental sediments.

Geologic age: The formation was probably formed at
early Jurassic age.

Photo 33

Fig. 16 Qutcrops of Namhiang Formation (3). Photo 32 showing sandy and muddy limestone in H. Vi River. Photo 33

showing red mudstone bed.



1V.2.2 Lavi Gnai Tai Formation (J2)

Formation Name: Lavi Gnai Formation was newly
named in this report.

Type locality: The formation is observed in the foot
of a mountain of the west of B. Lavi Gnai Tai Village
which is located in the northeast margin of the Attapu
District. And it is also observed in the outcrops along the
road running north to south in the eastern part of the
district.

Distribution: The formation widely and
continuously appears besieging the cast to south margins
of Bolaven Plateau which is situated in the center of the
Attapu  District.  The formation is  continuously
distributed north 1o south district. Again, it is expanded
from the southeast flat plain to the southwest flat plain.

Stratigraphic relationship: The formation overlies
unconformably the Namhiang Formation (J1) of lower
formation, because many bioturbation of trace fossils 15
observed in the lowest bed of Lavi Gnai Tai Formation
which consists of calcarcous sandstone and because
many silicified woods of Pteridophyta are scattered along
the ncar boundary between Namhiang Formation and
Lavi Gnai Tal Formation.

Thickness: The total thickness of the formation
reaches more than 400m.

Lithofacies: The formation shows red to brownish
gray, which consists of calcareous sandstone beds.
sandstone/siltstone alternating beds, siltstone/mudstone
alternating beds and banded sandstone beds, from lower
beds. It is decided that the stratigraphic boundary
between Namhiang Formation and Lavi Gnai Tai
Formation is composed of the calcarcous sandstone beds
including tracc fossils.

The calcareous sandstone bed of the lowest beds 1s
found in the B. DAKYOQY District. The beds show light
gray to greenish gray and consist of calcareous sandstonc.
The bioturbation of trace fossils is discovered in the
sandstone bed as shown in Photo 34.

The sandstone/siltstone alternating beds are formed by
alternation of strata, which consists of pale gray to pale
purple, lithic, medium to fine sandstone and red to
purplish gray siltstone. Each bed is formed by the
turbidite sediments. Photo 35 shows the silicified woods
of Pteridophyta. They occur in the fowest bed of the
formation and are continuously scattered on the surface.

Photo 34

Photo 33

Fig. 17 Fossils in Lavi Gnai Tai Formation. Photo 34 showing many bioturbation of trace fossils in south of Route
I8B. Photo 35 showing many silicified woods of Pteridophyta in the siltstone in the eastern part of the Attapu

District.

The siltstone/mudstone alternating beds show red to
purplish gray and are formed by the turbidite sediments,
which a unit of the beds is several ¢ to 30em thick.

The banded sandstone beds are observed along the
paved roads running north to south or along the Xe Kong

River. The beds show red to reddish brown and are
formed by the turbidite sediments. Photo 36 and 37 show
some fine sandstone beds banded.

Geologic age: The formation was probably formed at
middle Jurassic age.




Photo 36

Photo 37

Fig. 18 Outcrops of Lavi Gnai Tai Formation. Photo 36 showing surface of the ved siltstone/mudstone alternating beds
in Xe Kong River near B. Namhiang Village. Photo 37 showing the red to purplish gray siltstone/mudstone

alternating beds

IV.2.3 Kanglo Namho Formation (J3)

Formation Name: Kanglo Namho Formation was
newly named in this report.

Type locality: The formation is observed along the
road in the lower river of Xe Namnoy River flowed from
Bolaven Plateau. And it is exposed along the mountain
trail connected from B. Mixai Village to the top of the
plateau, where H. Ho hydroelectric power plant exists.

Distribution: The formation widely and
continuously appears along the eastern marginal cliff of
the Bolaven Plateau. And it is linearly distributed toward
east-west along the southern slope of the plateau. It is
widely distributed along the road south of Xe Namnoy
River and exposed along the mountain trail climbing the

plateau from B. Mixai Village.

Stratigraphic relationship: The formation overlies
conformably the Lavi Gnai Tai Formation.

Thickness: The total thickness of the formation
varies from about 100m to 300m.

Lithofacies: The formation consists of red siltstone/
mudstone alternating beds, banded sandstone alternating
beds, red siltstone/mudstone alternating beds, green tuff
bed and red siltstone/mudstone alternating beds, from
lower beds. The characteristics of the formation are that
the red siltstone/mudstone alternating beds include rock
fragments of green tuff and interbed the green tuff bed.

Photo 38

Photo 39

Fig. 19 Outcrops of Kanglo Namho Formation (1). Photo 38 showing red siltstone/mudstone alternating beds along

the road in south of Xe Namnoy River,

Photo 39 showing the massive, red siltstone bed and red
siltstone/mudstone alternating beds near the Photo 38,




The lower red siltstone/mudstone alternating beds are
composed mainly of reddish brown mudstone and
siltstone and interbed reddish brown fine sandstone beds.
It is formed by turbidite sediments as shown in Photo 38
and 39. And the mudstone in the red siltstone/mudstone
alternating beds is red as shown in Photo 40. The beds
include many granule size fragments of pisolitic tuff. The
tuff fragments sometimes contain grains of malachite in
some places,

The banded sandstone alternating beds are relatively
massive and consist of red, medium to fine sandstone. As
shown in Photo 41, the beds are stronger against erosion
than the siltstone/mudstone alternating beds and form a
big waterfall at the middle river of Xe Namnoy River.

The middle red siltstone/mudstone alternating beds in

the formation consist mainly of reddish brown mudstone
to siltstone as same as the lower siltstone/mudstone
alternating beds. And the beds intercalate thin beds of red
fine sandstone and contain granule fragments of pisolitic
tuff.

The green tuff bed 1s composed of green, andesitic
coarse tuff or green tuffaceous coarse sandstone and has
weak paralle] lamina structure. The beds contain [apilli
size fragments of andesite and mudstone. Total thickness
of the bed reaches more than 10m.

The upper red siltstone/mudstonc alternating beds
show reddish brown and contain granule fragments of
tuft'as shown in Photo 42. As shown in Photo 43, parallel
and oblique lamina structures are observed in the beds,
which a unit is several cm in thickness.

Photo 41

Fig, 20 Outerops of Kanglo Namho Formation (2).

Photo 40 showing the massive, red siltstone bed and red

siltstone/mudstone alternating beds along the road in south of Xe Namnoy River. Photo 41 showing the layered
sandstone alternating beds in the waterfall of Xe¢ Namnoy River,

Photo 42

Photo 43

Fig. 21

Outcrops of Kanglo Namho Formation (3). Photo 42 showing the upper red siltstone/mudstone alternating

beds including fragments of tuff in small mountain of 4km northeast of Attapeu City. Photo 43 showing red
sltstone/mudstone alternating beds accompanying with fine lamination in the district.
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IV.3 Cretaceous

IV.3.1 Lagnao-Kang Formation (K1)

Formation Name: Lagnao-Kang Formation was
newly named in this report.

Type Locality: The formation is observed along the
mountain trail climbing from B. Lagnao-Kang Village to
the top of the Bolaven Plateau, which is located in the
western part of Attapeu City. Especially, it is observed
along the streams around B. Cheuk Mai Village, B.
Dousau Village and B. Mixai Village. And it is clearly
observed at the outcrops in the east margin and south
margin of the Bolaven Plateau. The formation forms the
steep cliffs in the eastern and southern margins of the
Bolaven Plateau as shown in Photo 1.

Distribution: The formation widely appears from
the northern area of north of Xe Nammnoy River to the
southern area of the Attapu District. The drainage of Xe
Namnoy River widely covers the eastern part of the
Bolaven Plateau. And it is also distributed in the basin
areas of H. Parai River, Chaipai Rivey, Panallang River
and Xe Pian River, which are flowing in the western part
of the plateau.

Stratigraphic relationship: The formation overlies
unconformably the Kanglo Namho Tai Formation.

Thickness: The total thickness of the formation
varies from about 600m to 1,500m.

Lithofacies: The formation forms the steep cliffs in
the eastern margin and southern margin of the Bolaven
Plateau as shown in Photo 44. It is observed in the
strcams and along the mountain trails. The formation
consists mainly of hard and compact coarse sandstone
and intercalates hard mudstone beds with 2m to 6m in

thickness,

The coarse sandstone is shown in Photo 45. The
sandstone is observed in the upper river of H. Ouk River,
which is flowing near B. Choumphoy Village. The
sandstones of the formation are medium to coarse size
and include coal fragments, which are solid and compact.
The formation intercalates the pebble size conglomerate
beds formed by fragments of lithic sandstone. The very
rough lamination of several 10s cm to 2m in a scale is
developed in the formation. In an outerop located in the
northern part of B. Cheuk-Mai as shown in Photo 46,
very clear oblique laminas are observed. A Unit of
lamination is several 10s ¢cm te 2m in a scale. The
tormation is formed by the Delta sediments. which is
accumulated in the continental enviromment where
lamination is made in a big scalc.

Three or more beds of hard mudstone are intercalated
in the lower parts and the upper parts of the formation.
The beds show bluish gray to blue-greenish gray. Photo
47 appears hard mudstone intercalated in the upper part
of the formation, which shows blue-greenish gray. The
bed is observed at 600m altitude in the upper stream of H.
Ouk River. The float stone composed of pebble
conglomerate 1s observed at 300m altitude in the stream
as shown in Photo 48. And the bed is also observed in the
cut earth of west of dam for hydroelectric power plant. In
the place, the blue-greenish gray, hard mudstone bed is
observed as shown in Photo 49, which is interbedded by
the coarse sandstone beds of the footwall and hanging
wall.

Fig. 22 CIliff of Lagnao-Kang Formation in Bolaven Plateau,

" Photo 44

Photo 44 showing general bed of sandstone alternating

beds in the steep cliff of the Bolaven Plateau near B. Choumphoy Village.
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Photo 45
Fig. 23 Outcrops of Lagnao-Kang Formation (1). Photo 45 showing oblique and parallel lamination in the coarse
sandstene altemmating beds in H, Ouk River near B. Choumphoy Village.

Photo 46 Photo 47

Fig. 24 Outcrops ot Lagnao-Kang Formation (2). Photo 46 showing oblique lamina structures in north of B.
Cheuk-Mai Village. Photo 47 showing bluish-greenish gray hard mudstone bed in H. Quk River near B.
Choumphoy Village.
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Photo 48‘ \ ) | Photo 49

Fig. 25 Outcrops of Lagnao-Kang Formation (3).Photo 48 showing float stone of pebble conglomerate in H. Ouk
River near B. Choumphoy Village. Photo 49 bluish-greenish gray hard mudstone bed in the cut earth of west of
dam for hydroelectric power plant.

1V.3.2 Latsaluay Formation (K2)

Formation Name: Latsaluay Formation was newly upper river of Xe Namnoy River. Photo 51 shows clay by
named in this report. kaolinization of the formation. The clay bed is covered
Type Locality: The formation is observed in the by the massive sandstone. In the western part of the
outcrops along the road in the east side of Xe Namnoy bauxiie cxploration arca, where located in the southern
River, which flows in the eastern part of the B. Latsaluay part of the B. Namhan Village, it is observed that the
Village located in the southeastern part of the Bolaven sandstone of the lower formation changes to kaolin clay.
Plateau surtface. And the clay tayer is covered by the massive sandstonc
Distribution: The formation appears in the bed including pisolitic bauxite pebble layer in the lower
southeastern and southern parts of B. Namhan located in part as shown in Photo 52 and 53.
the upper stream of Xe Namnoy River in the The massive sandstone composed of coarse sandstone
southeastern part of the Bolaven Plateau surface. And it shows white to pale gray and is soft and permeable. It
is distributed in the northeastern part of the B. Namhouni contains much granule of angular quartz, Photo 54 shows
Village located in the middle river of Xe Namnoy River. the massive sandstone bed, which appears in the castern
Stratigraphic relationship: The formation overlies part of the upper river of Xe Namnoy River.
unconformably the Lagnao-Kang Formation, because a The laminated sandstone bed composed of coarse
clay bed underlies the bottom part of the Latsaluay sandstone shows paie gray, which is soft and permeable.
Formation. Parallel and oblique laminae are conspicuously
Thickness: The total thickness of the formation developed in the bed, which a unit of laminac is several
reaches about 100m. ¢m to several 10s ¢cm. Photo 53 shows the laminated
Lithofacies: The formation consists of a clay bed, a sandstone bed in a outcrop near road located on the hill
massive sandstone bed and a laminated sandstone bed. of ecastern part of the Xe Namnoy River. Very clear
The clay bed is formed by the bed which sandstone oblique lamination is ebserved in the bed.
and mudstone of the Latsaluay Formation are change to Geologic age: The formation was probably formed at
kaolinite clay. Photo 50 shows the blue-greenish gray, late Cretaceous age.

hard mudstone alternating beds of Lagnao-Kang
Formation, which are distributed in the eastern part of
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Photo 50 Photo 51

Fig, 26 Outcrops of Latsaluay Formation (1).Photo 50 showing hard mudstone alternating beds of Lagnao-Kang
Formation in cast of Xe Namnoy River in Bolaven Plateau. Photo 51 showing kaolinite clay bed in the top of
Lagnao-Kang Formation.

Fig. 27 Outcrops of Latsaluay Formation (2). Photo 52 and 53 showing the kaolinite clay bed of Lagnao-Kang
Formation covered by sandstone bed of Latsaluay Formation in west of Xe Namnoy River, which pisolitic bauxite
pebble layer occur in the lowest part of Latsaluay Formation.
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Photo 54 Photo 55

Fig. 28  Outcrops of V Formation (3).  Photo 54 showing massive sandstone bed of Latsaluay Formation in cast of Xe

Namnoy River on Bolaven Plateau. Photo 55 showing sandstone bed accompanying with very clear oblique
lamination.
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1V.4 Upper Cretaceous - Paleogene

{V.4.1 Bolaven Formation Lower Unit (1) (bP1-1)

Formation Name: Bolaven Formation Lower Unit
(1) was newly named in this report.

Type Locality: The Lower Unit is observed in tourist
waterfall situated in the southern part of Route 18 located
in the western part of the Belaven Platcau.

Distribution: The Lower Unit widcly appears in the
northwestern part, southwestern part and southern part of
the Bolaven Platcau and is distributed in the northern
part of the Xc Namnoy River of the tributary of Xe Kong
River, which is located in the castern part of the Bolaven
Plateau. And the Lower Unit is slightly distributed in the
top of mountain located in the eastern area of Xe Kong

River.

Stratigraphic relationship: The Lower Unit overlies
un