CHAPTER i

GEOLOGY OF PHA HOUA XANG

3.1 Physiography

The study area covers approximately 13 square kilometres between latitudes of

17°26" 07" to 17°27" 13"N, and \ desy of 105°00" 32" to 105°03'20"E. The

- /, @graphic terrains as mountainous
terrain and flat plain. f"
The mountaino/ /ers apy ately 70 per cent of the study

oriented in the northwest-

area, particularly in cgftr

southeast direction wit an sea level.

The flat plain terrai ifly"paddy field piés almost all of the southern part

above the mean sea level. This

area is suitable for farming and ri ﬁj;ﬂ g ,
"‘._.-'" e

elLb, thin, mixed deciduous

. T
forest particularly in the mbuntainous part. |

N Stratigraphﬂwf?}% E] Qn {W E] ’] ﬂ ‘5

The study area is mainly obvered by casbonate rocks @Ad unconsolidate

e Wk @NT I HUTINETRE

The carbonate rocks mainly form the karstic topographic feature and mountain

Generally, the stud

ranges with steep cliffs, caves , stalagmite, stalactite in some places. They are exposed
in the central, and northern parts of the study area covering about 70 per cent of the
area. The carbonate rocks are consisting predominantly of very thick-bedded limestone
with subordinate thinly-bedded limestone intercalated by thinly-bedded, dark gray chert

in the northern limited part of the study area.
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The unconsolidated Quaternary sediments are composed of gravel, sand, silty,
clay, lateritic soil, and laterites. They are found in flat plains surrounding mountainous

terrains.

During the present field investigation, totally nine traverse lines of measured rock-
section are carried out in order to determine the lithostratigraphic characteristics of the

study area. The locations of these traverse lines are illustrated in Fig. 3.1. 4 the traverse

from all traverse-line secii samples al 5 takef-where there is a change in

lithological characteristic wth i yenous li gy, the samples are collected

A 4 * .’ L
From the results offfield i stigﬂ', 0qy of thé carbonate rocks of the study

every approximate 50-me

e

area are classified into thiee ini s‘ @ -:'- \\ nit B, and unit C (Fig. 3.2) in

ascending order, respectively,

Unit A:

e

The rock of unit!A is composed of dark-gray @y thickly-bedded dolomitic

limestone . This rock unit i§ present at the bottommost stratigraphic position in the study

aen 1 over LS DL SN D Ty o,

conformably by tma rock unit B. This gock unit is Iocﬂlly exposed in Qy northern part of

the stuﬂaWﬂtﬁé@aﬂe% mmwé}é}%&};@@ sﬂare kilometre.

The rock &ainly consists of dark-gray to gray, medium-grained, dolomitic limestone with
calcite veinlets of 1-3 millimetres in width. The thickness is about 20 metres. The stained

slab of representative sample K2-1 of this rock unit is shown in Fig.3.3.

1721220 32 B
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Figure 3.2 Geological map of the study area. : {z Y
AT

SO

KEO KHAMPHAVONG DEPARTMENT OF GEOLOGY, FACULTY OF SCIENCE 5 X
2003 CHULALONGKORN UNIVERSITY f




38

G (Sie t Sial withr a i gture of arizarin red-S in acid

media and potassium ferricyanide in acic edﬂ? sample N° K2-1, rock unit

A), (see Appendlx B). Dolomite dlsplays in gray, calcnte in red.
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Unit B:

The rock unit B is composed of gray to dark-gray, bedded limestone intercalated
with thinly-bedded brownish-gray to dark-gray chert ( Figs.3.4,3.5,3.6,3.7). The thickness
of limestone bed varies from 3-15 centimetres, whereas the thickness of bedded chert
varies from 0.5-10 centimetres. This rock unit is oriented in the northwest-southeast

direction and commonly dip 10-20°to SW. This unit is very well exposed in a limited area

of the northern part of the study a e lines K,, K, and in some localities of
at traverse line K,. This roc ratigrapfiedliyspresent between the units A and C
_J
The total thickness of thi , w& It covers about 2 square
kilometres. \
Unit C:

The rock unit C is Anish-gray, fine-grained thickly-

to very thickly-bedded 1im : $ (1-3 millimetres thick), showing

abundant joints (with domina est-southeast and northsouth

J“'r d drf
direction, sharp peaks, and strong *"f_r._,_.-_

The very thick {’ :3 tly in all part of the study

16.8,3.9,3.10,3.11,3.12,3.13).

area covering about 8 : uare o e@)arts of them, stylolites are
present especially in traver;e line K, (Fig.3. 12)

AUYINININYINT

Moreovergthe thickly-bedded Ilmestone is also exposed Iocally in traverse line K,,

ek F RO e g

This rock unit is clearly exposed in traverse lines K,, K, Ke. Its lower boundary
conformably overlies the rock unit B, and its upper boundary conformably underlies the

rock unit E. The total thickness of this unit is more than 140 metres.



Fig. 3.4 Thinif¥beade

elongated c

044295

Fig. 3.5. Thin-to medium-bedded, dark gray limestone interbedded with

Nodular, black chert (rock unit B, traverse line K9)- grid reference: 043294
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Fig. 3.6 Natu welt thinly-bedded, dask gray limestone

4 ¥

d"l":p%rt (reckwnit B, traverse line K9)- grid

i
interbedded wi hedde

reference: 043 > A 4
4/

Fig. 3.7 Very thinly-to thinly-bedded, dark gray limestone interbedded with
very thinly - bedded black chert (rock unit B, traverse line K9)- grid
reference: 043292
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Fig. 3.8 Natusl" ex@osfié 6 fine

thickly-beddgd' lims 6

grid reference: #41

A

Fig. 3.9 Natural exposure of light gray fine-grained, very thickly-bedded

limestone with  abundant fructures,(rock unit C.traverse line K7)- grid

reference: 017296
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afid efere
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C

Fig. 3.11 Photograph showing the contact between rock units B and C,

grid reference: 021303

traverse line K6



f_ .nadgun‘?,l exposure 'showing medium to thick
styloﬁes, (roek wnit C, traverse line K7)- grid
. -

reference: 016

Fig. 3.13 Photograph of natural exposure showing cave with stalagmites and

stalactites (rock unit C, traverse line K7)- grid reference: 017295
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Unit E:

The rock unit E is composed of gravel, sand, silty clay, lateritic soil, laterite. This
rock unit is present at the top most stratigraphic position in the study area. This rock unit
is exposed in alluvial plain along the mountain ranges covering approximately 3 square

kilometres. The thickness of this rock unit is about 15 metres.

Due to many ““"_“"3* y area which is generally
characterized by high ' of 471 metres (MSL), with
steep cliff, sharp peak, deep ions are therefore measured
by approximation. They*&re ijjdst, g. 3.1).
Section K,

Section K, is located f ........... e study area, about 400 metres
north of Ban Nadou with the Qrid ~ 9. The total thickness is approximately

140 metres and 4 rep e 0lle ed from this section.

i

One rock samp if_,"’ b “r-' nish-gray, fine-to medium —

I
1
grained, very thickly-bed g d Ilmestone contamlng oolites at lower part of the section.

B U AMENIWEID T e
S A Ty

Section K,

Section K, is located in the northern part of study area with the grid reference
032296. The total thickness is approximately 180 metres, and 5 representative rock

samples are collected from this section.
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One rock sample (K, ,) has been collected from the small very thick-bedded dark
gray medium-to coarse-grained dolomitic limestone with coarse crystal of calcite in the

lower part of this section. The thickness of this unit is about 6 metres.

Two rock samples (K,,, K,,) have been collected from dark gray fine-grained
bedded limestone 3-5 centimetres thick intercalated with thin-bedded brownish-gray to

dark-gray chert 0.5-10 centimetres thi the middle part of the section. Attitude of

bedding is generally northwest-st¢ //1 60/20,135/15,110/10,). Its thickness

is more than 80 metres.

One rock sampl! n.gray fine-to medium-grained
thick bedded or very thi e ostone with thick stylolites (3-5 metres) in the

upper part of this section.

One rock sample TO \ e lower part of the cliff of light-

gray fine-grained limestone i part of the section. Its thickness is

approximately 65 metres.

Section K,

G

Section K, is located in the northwestern part of thﬂudy area, about 500 metres
east of Ban Nakham. Thd' fotal thickness isidpproximately 110 metres and 11 rock

samptes nave tfh el o Aol ik e by 3 E)eegertve ook sampes

have been collectyd from the measured'section.

ARTANT TN URNAINYAY

Tw representative rock samples (K, ,, K,,) have been collected from light-gray

fine-grained limestone. Its thickness is approximately 110 metres.

Nine rock samples (K, 5, Ky, Ky, Kyg Ky Kig Koo, Koo, Ky 4,) are collected from

light-gray fine-grained limestone at the lower part of the mountain in the southern

direction of study area.
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Section K,

Section K, is not measured only 5 rock samples have been collected from two

points of the study area.

One representative rock sample (K, ,) has been collected from the light-gray fine-

grained limestone in the northeastern part of the study area, grid reference 057293.

Section K is locatgd i the study area, about 300 metres south
ately 160 metres, and 12

representative rock samples | ) e ,‘if N this section.
One rock sample (K, )f1as-beer e & from the dark-gray, fractured fine-

grained limestone with: & ant_calcite veins i theowes part of this section. Its

"

rl

w..ecte:i::;mﬁ V1130 I LA e S
WAL R PTI L L ﬁ*ef o

Two rock samples (K,,, K,,) have been taken from light-gray to brownish-gray

thickness is approximates

fine-grained limestone with calcite veins (1-3 millimetres width) at upper part of this

section. Its thickness is approximately 40 metres.
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Section K6

The section K6 is located in the northern part of the study area, grid reference
024303. The total thickness is approximately 170 metres and 9 representative rock

samples have been collected from this section.

Two rock samples ( K ,,Kq,) have b

een collected from dark-gray fine-to medium-

grained limestone at the lower part jon. Its thickness is approximately 18

metres.

Two rock sampl - from dark-gray fine-grained

very thin-bedded lime . lated with very thin-bedded

chert (0.5-5 centimetr ction. Attitude of bedding is

mostly in the nort 5/15). Its thickness is

Three rock samples (K. ... ""‘ f peen collected from gray, fine-grained
limestone with some stylohtuc be ne hick) at the upper part of this section.
Its thickness is about 25ym '

=
Two rock samples (Kg,, Kgo) have bee collect rom light-gray fine-grained

limestone with abundant €algite veinlets andLjoints which are mainly oriented in the

st sonfi I b ) £ o v
W‘mnmumawmaﬂ

Sectnon K, is located in the southern part of the study area , grid reference
017288. The total thickness is approximately 150 metres and 11 representative rock

samples has been collected from this measured section.

Five rock samples ( K, ,, K,,, K;,, K;,, K;5) have been collected from light-gray

fine-grained limestone with stylolites, thick-to very thick-beds ( 3 ->10 metres) at the
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lower part of the section. The attitude of beds is in the northwest-southeast direction and

dipping to the northeast (150/30). Its thickness is approximately 20 metres.

Six rock samples ( K; g0 K7z Krg Kr) have been collected from light-gray to

brownish-gray fine-grained limestone with calcite veins. Its thickness is about 105

metres.
Section Kg
Y
Section Kj is located i he: er}ﬁ study area , about 1 kilometre
northeastern of Ban Nadou: I thi ‘. imately 160 metres, and 4

representative rock sam asured section.

Two rock sampl N brownish-gray fine-grained
limestone (3-5metres thic i L sStyloli 5 er part of this section. lIts
thickness is approximately 2
/6 _been collected from light-gray fine-

Another two rock sample

grained limestone witfi¥cz sinllets and i _t‘ ith dominant northwest-

-

southeast; north-south e nELes.

| Iy i
Section K,
‘a o
Section Qiuﬂegnme&onjrﬂ E'Jt;] It]djarea. grid reference
044296. _The _thickness _of_ th ﬁr _ sectiop™ is _about_ 1 metres, and 6
represeré‘i\wﬁﬁpﬁﬂﬁ ﬂlﬁ!ﬁﬁnﬁh ﬁlg

One rock sample (K, ,) has been collected from dark-gray fine-grained limestone

with abundant calcite veins at the lower part of the section. Its thickness is about 20

metres.

Another two rock samples (Ky, K;,) have been collected from dark-gray

stratified limestone (1-10 centimetres thick) intercalated with thin brownish-gray bedded
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chert (0.5-3 centimetres thick) at the middle medium part of the section. Its thickness is

about 65 metres.

The other two rock samples (Kg,, ky¢) have been collected from dark-gray fine-

grained limestone (0.3-4 metres thick) with some stylolites. Its thickness is approximately

15 metres.
The last rock sample (K ollected from light-gray fine-grained
limestone with abundant calci ). It is at the cliff in the uppermost

From the field inve iong/the stratigra »\' ..\: iimestones in the study area

eristics as shown in Fig. 3.15.

N

are classified into 3 rock unii§ b

The thickness of all rg i % sed sured sections, vary from 6 to 170
metres, while the total thlckgess ﬁ el ! ection (Unit A to Unit C) is
approximately 240 metres.

]

3.3 Geological struct ' o8,

Yo Y

i

. . r| . .
The geological chtures of study area is discussed under the main headings,

namely, folding, beddmg ne, joints.

ﬂ‘iJEl’JVlEWIiWEI’]ﬂ‘i

With respect to the folding, thisgarea lies in a anchne with fOIC@(IS oriented in the

o R RAAIF VU HRIIN TR E

Bedding plane is best observed in the northeastern part of the study area at
traverse line No9. The attitude of the bedding plane is oriented in the northwest-southeast

direction, with the dip angle varies from 10°-30°to southwest.
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Peroid |Rock Units Thickness’ Lithology Descriptions
(m)
Q E 15 Unconsolidated sediments (gravel, sand, silty clay, laterite).
| ]
I
| | ,
l -
—— ///
i 340 ray. b@e—grained. thick to very thick-
a2 limest: einlets of 1-3 millimetres,
e i it direction in the northwest-southeast
2 h-&
c
o
¥ -
© o
O 7k
o) ' \
£ 5 (CR 4
3 i
ray {0 lone, interbedded with
B > 80 ) ‘h ﬂ in-bedded chert with some
mingh dolor esto
;";"z‘ }A?* ,TJ-;,
X ~20 ) -bedded dolomitic limestone with
Icite veins/veinlets.
GEOLOGICAL ASSESSMENT O DIMENTS IN THE SOUTHERN
PART OF THE PHA HOUA PROVINCE, THE LAO PDR.

Figure 3.15 Composite stratigraphic section of the study area.

T

= A TR N

ARIANTUAMINYAE



53

Joints are commonly associated with the rock unit C in almost all traverse lines.
The only two dominant directions of joint planes are observed. They are northwest-
southeast and north-south. In some pérts of this area, particularly at traverse line No 8

the attitude of joints is conformable with the bedding planes.

3.4 Petrography

Petrographic examination of representative carbonate rock samples collected

from traverse line-sections under igation aims at identifying of three

—
principal aspects, notably, the miferalogigal cﬁ texture; and characteristics of

allochems, matrix as wel

\: oth the X-ray diffractrometry

(XRD) of limestone po Oopti their thin-sections, whereas

The mineralogi

the examination of text ' " s, matrix, and cement are

The classification of car (S loyed in the present study follows of

Folk's classification (1959 52) which is. ipésition (Fig. 3.16).

— 5

Detailed mineral@gica ¢ ;h study of each rock unit is
‘ I

described as folows:

MAﬂUB?ﬂHﬂiWBWﬂﬁ
AMOALNIUNBEANEINY, . come

and mncrlte.

Dolomite (Fig.3.17 ) essentially comprises euhedral to subhedral rhombs of

dolomite with size of 0.1-0.8 millimetre, with subordinate micritic calcite.

Micrite (Fig. 3.18) is composed of organic matter-rich, fine-grained calcite with

calcite veinlets and probably brown microstylolites.
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Fig. 3.16 Carbonate rock classification (after Folk, 1959 and 1962).
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Fig. 3.17 TheygRotomi ph st owing eufiedralito subhedral rhombs of
238
dolomite em i fine-grained ealcite, (unit A, sample no K2-1.section
- (F9\ &
K2).(crossed ni 4 - a‘)

4
—

Fig. 3.18 The photomicrograph of micrite cut across by calcite veinlets

and microstylolites.(rock unit A, sample no K9-1,section K9).

(crossed nicols).
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From X-ray diffractrogram of rock unit A, It indicates that the rocks are composed

mainly of dolomite and calcite, as shown in Fig. 3.19.

Unit B:

Petrographic studies reveal that the rocks from unit B are composed of

laminated micrite, and pelmicrite .

Laminated micrite (Figs: 3.21) COmpise af irregular layering fabrics which
are defined by the alteration of ve#y-thin fayers of.dark laminated micrite rich in organic
matter and very-thin layers. micrite. Caleite-veinlets cut across throughout

the rock texture.

Pelmicrite (Fig.”3. asists (dominan \ o:s ( 0.01-0.03 millimetre) of

about 15 per cent by volt = \ an sparry calcite. The cross-cut

calcite veins also occur thréugj utt & rock.” ]

Generally, the rock unit B.is T X ed of laminated micrite rich in organic
matter. From X-ray diffgac rock u mposed mainly of calcite and

subordinate quartz, ag shown in Fig A
"
i

AUYININTNYINT

Petrogra;mlc studies of the rocJ; unit C reveal many rock type namely, oosparite,

=] WTRRT AT Y126 ¢

Oosparite (Figs.3.24,3.25,3.26,3.27 ) is composed mostly of rounded ooids (0.4-

Unit C:

1.5 millimetres) with well-developed concentric structure, but somes ooids are
broken,fractured probably due to post-depositional compaction. Some peloids are also
present. Pore space between ooids are filled with sparry calcite. It is noted that calcite

veinlets across some ooids.
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ograph of laminited micrite rich in organic matter
= 4-1 8

thfougl u'@y.;(':}lcite veinlets.(rock unit B, sample no K4-3,

Fig. 3.21 The photomicrograph of laminated micrite showing calcisiltite
lamina rich in organic matter.(rock unit B, sample no K9-2, section-K9).

(crossed nicols).
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throughout (jalcj,te_ veinlets (
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Fig. 3.24 The photomi apin of opids with very well preserved concentric
layers, some ooidS are rgorie gréim;to-grain pressure solution, and broken
probably due g _ion’a! Tp_action (rockiunit C, sample no K1-1,

section -K1).(crogSeafnigols). %

¥ = .
i -‘..n'.."-}i‘ #

Fig. 3.25 The photomicrograph of oosparite illustrating ooids that have very

well developed concentric structures. Intergranular pores are filled with
micro-sparry cement. Both ooids and cement are fractured and the
fructures are heated by calcite veinlets (rock unit C, sample no K3-9,

section-K3. (crossed-nicols)
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Fig. 3.26 The phbtondicog ap.n ofgosparite illustrating concentric
structures of ogids @are ot wen d§ve‘loped and poorly preserved probably

due to micritizatian p cessuSome_fﬁemlds are also present (rock unit C,

sample no K5-11,sg tlorrKB (croS&i nlco|§

Fig. 3.27 The photomicrograph of cosparite showing ooids poorly developed
and poorly preserved concentric layers probably due to micritization. The
texture is cut across by calcite veinlets (rock unit C,sample no K7-5, section

K7). (crossed nicols).
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Pelsparite (Fig.3.28 ) is composed of large crystals of sparry calcite and poorly
preserved ghost of peloids and ooids. In some parts, it contains subeuhedral to euhedral
(sand size) dolomite.

Oopelmicrite (Figs.3.29,3.30) consists mainly of micrite calcite with peloids (0.01-
0.02 millimetre) of about 30 per cent and some ooids with relatively poorly-preserved

concentric structure enclosing fractured nuclei.

Oopelsparite (Fig.3.31) can es peloids (0.01-0.04 millimetre) ,(25
per cent by volume), and so with poorly developed concentric
layers. All allochems are m ergranulai.pores between allochems are filled with
sparry calcite.

Biopelsparite (Figsd' ) “is—der osed of peloids (0.01-0.03

millimetre) of approximé Jerjcent y 3, and some filament algae rods of less

@ also present. The intergranular pore

A\

Generally, the rock unit-C€6 of rounded oosparite with well-

developed concentriG. re. but some are broken-pro Oy due to post-depositional

X J

'l
I

shown i:r:ir; : ﬂ ﬂrﬁﬁ"ﬂy@ﬂ %{ﬂigﬁﬁeﬁmowy of calcite, as
RIAINTNUNINYINY
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Fig. 3.28 Thegdhotamigragraph of delomitic.pelsparite? showing large

248
sparry calcit ' as bg'en;partially dolomitized in the right side, and

partially dolomitized Ib’idﬁ.iné’\eqower lelf ef the photograph (rock unit C,

i i4d

1

Fig. 3.29 The photomicrograph of oopelmicrite with some ooids (rock unit C,

sample no K3-1, section K3). (crossed nicols,).



Fig. 3.31 The photomicrograph of oopelsparite showing peloids, and ooid with
well preserved concentric layers (rock unit C, sample no K6-9, section

K6).(crossed nicols).
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i "09 aph of biopeIsE)arite showing filaments of

d fabundat peloids (rock unit C, sample no K3-10,

et

ﬂ}é

Fig. 3.33 The photomicrograph of biopelsparite with relicts of unidentified

bioclasts (rock unit C, sample no K3-6, section K3). (crossed nicols).
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