Chapter 2
Geology

2.1 Regional geology

There are several published papers regarding geology in Loei and neighbor
areas. Brown et al. (1955); Bleakly et al. (1965); Jacobson et al. (1969); Workman (1975)
and Bunopas (1981) have undertaker ional and local geological surveys. A number
of geological reports and ge 0g "e«;é APS 0 scale have been published by
many investigators from‘é icé ision, Department of Mineral

Resources (DMR) (Chai

and Sillapalit and Chairand
the Loei AEM area at 1:

Project.
v
The regional geol T'g‘ﬂ summarized from the report of
Bunopas (1988) at 1:100,00 cgmd oL . e et al. (1990) at 1:50,000 scale
Rock sequences begin with M|d%$e§ £ i ‘ morphlc rocks, which mainly include
quartzite and phyllite he s part of >se metamorphic rocks are
unconformably overiaf: b \‘. siltstone with tuff and

intercalated limestone. tense|y folded chert of Middlﬂo probably Palaeozoic age

(Sashida et al. ﬁ; m nit is situated adjacent
to spilitic basalﬁg ﬁﬂs ﬂ(ﬁﬁ Hﬁﬁﬁ ermian (Intasopa and
Dunn, e it“unit narrow nor&-‘trendmg belt. This
sedlmerﬁme;l ﬂﬁiﬁi ij ﬁ;’ti EJT sﬁs&dc unit extruded
on the sea floor forming huge masses of volcanic tuff and pillow lava associated with
sporadic manganese deposits. In Late middle Devonian to Carboniferous, thick
graywacke intercalated with shale and reef limestone, was discovered in several places.
Late Palaeozoic, reef limestone lie unconformable over the older rocks. Felsic tuff and
granodiorite rocks, such as rhyolitic tuff, granodiorite, etc., of mostly Triassic age

(Charusiri, 1989) cover a large area located mostly in the central part of the investigated

area.



Three major structural features, unconformities, folds and faults, are recognized
by Bunopas (1988) and Chairangsee et al. (1990). The main faults and fold axes are
oriented in a north-south direction. The unconformities have been stratigraphically poorly
identified between strata of different ages, for example, between Permian and Late

Triassic and between Lower Carboniferous and Devonian, etc.

Loei Fold Belt". Large anticline axes are mainly in the north-south
direction, are recorded espegiaty-ii- Silus aﬁn rock sequences. Many folds
are dislocated by several seissof fauits. Sirl rending northeast-southwest
seem dominant and they dislocats ' '; \ NG xisting thrust faults. Sinistral

movement, which is more dop thar ‘déxtral movement, is present especially in the
western part of Loei. & robably d ‘ he continuous clockwise rotation of
continental southeast A : h-trending overthrust in the
eastern part of Loei arg! an metamorphic rocks from

Carboniferous sedimentary ra

2.2 Tectonic Setting L2k

Y )

Several authorsm'gree that Thailand is composeﬂf two continental terraines,
The Shan- Thai Iﬁﬁ nﬂ m ﬁﬁﬁ the east, where were
welded togethe E]B g-as in Fig 2.1.

% ug@ mgmy mqamma Etlalland western

Peninsular Malaysia and northern Sumatra. The terraine consists of Precambrian

granitoids, and high-grade metamorphic rocks overlain by the Palaeozoic and Mesozoic
rocks (Bunopas, 1981 and Fontain, 1986) intruded by the Carboniferous to Cretaceous

granite.
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Several researchers (Bunopas and Vella, 1983,1992; Chantaramee, 1978;
Bunopas, 1989) proposed westward subduction beneath Shan-Thai terraine, prior to
collision. This is due to the wide distribution of Silurian-Devonian and Middle Permian-
Early Triassic volcanism in central north Thailand and due to the westward structural
variance. However, Beakinsale et al. (1979) and Cooper et al. (1989) suggested an
eastward subduction beneath Indochina, based on the position of S-and I- type intrusive

rocks.

iland, Laos, Cambodia and part of

: wddle Palagozoic rocks and
Permian platform carbo \ ~‘~\'\?\“ ks (Wielchowsky and Young,
g O

1985). These rocks were initidse aceous granite in Loei folds

The Indochina terraine

Vietnam. In Thailand, the i ;

belt and are covered by gantly foldatiMesoZoic i I sedimentary sequences of
» ‘_!;,J Kl
'i"'.';f ¥ )

oz Y
The Indochina terr@ing! probably” fifted off Hror

the Khorat Group.

the Gondwanaland during
Palaeozoic time. Although the py '7.1}' is not known, the presence of a
regional unconformity of the late-Devor N Carboniferous period seems to support

Devonian rifting (Bunopé

een the Shan-Thai and Indoching]Terraines represents by the
L7

¢ o
Nan-Chantaburi : rﬂ w ‘ WI‘H GTTT ﬁNan-Uttraradit Suture
by the others (Bag%nald, 91). This suture is the mobile area of repeated
orogeni leit i . i S0 y et be the late
Triassicﬁismn (eﬁgmim gﬂjﬁﬂmmmian times,

the Shan-Thai terraine collided with Cathaysialand, and the suturing to the Indochina

The boundary be

terraine was largely completed by the late Triassic (Bunopas, 1981 and Chaodumrong,
1992). Charusiri et al. (1997) described the Loei suture in the Indachina plate as shown
in Fig. 2.2.
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Figure 2.2 Location of Nan and Loei Suture Zones (reproduced from Charusiri et al.,

1997).
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As noted above, many researchers mostly studied the Shan-Thai terraine, but the
characteristics and the evolution of the Indochina terraine is not fully understood.
Chairangsee et al. (1990) reported the tectonic events by using the rock sequences in

the Loei area as follows:

The oldest known orogeny in the study area, which produced the regional

metamorphic basement, can be dated only as older than Late Silurian, because Upper

Silurian sediments were not affected

gan during the Middle Devonian,
with the almost syn-s “de ation of ‘chert associated with submarine
volcanism. The tectonic a . Vhile sedimentation continued in
most past of the area, v ertain areas to erosion, thus
enabling the Bashkirian#eef Jimg ong i ag ate ddle Devonian spilitic basalt,
and the upper Carbonifg vu q A : coal series to be deposited on the

rescher
12

—

Middle Devonian serpentifi The, Grogeny its climax during the Late

Carboniferous. The coal series a n""" limestone were still affected by

the deformation, but to a lesser degres. “The

e

g was complete before the Upper

Permian-Triassic ignegus_activity com d ie emplacement of granodiorite and
. ]

eruption of rhyolitic tuff. Late stricted to some insignificant

faults with unknown vertiCal displacement.

‘a v

Very recﬂ Mfﬂegtemhﬂuojﬁﬂoﬂs’ol mjap area and exposed
more than th uth, 'with It le"structu m v - southward.
2.3 Lithology and stratigraphy

The compilation of a detailed geologic map can be explained by grouping of

rock types and ages. Many sedimentary, igneous and metamorphic rock units raging in

age represent the geology in the study area from Silurian to Quaternary (Fig 2.3).
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The rock sequences are controlled by bedding and structure in a north-south
trend. Most of the Palaeozoic rocks are deposited in a marine environment, whereas
younger rocks are predominantly non-marine. The sequences of the Silurian to Triassic

rocks are as follows:

2.3.1 Na Mo Formation (Silurian)

The oldest rocks in the Loei

ow-grade metamorphic rocks, which are
distributed in the eastern part. /1 ist of phyllite, chlorite and pelitic
schists, meta-tuff and qua WP A-NO th trending escarpment in the

eastern part of the Loei . rizi \{\ were obviously affected by
tectonic deformation an , . \‘\:‘::’\"!’ ly than all other rocks in the
are. Kno

map area. The ages n of middle- late Silurian age

(Chairangsee et al, 19 s is unknown because the

eastern part is covered

\ recks and on the west it is a
thrust fault contact with Car@nifer unopas, 1981)

\

2.3.2 Pak Chom Formatio

]
o

The latest Silt

A

bP.ainly east of Loei, and
consists of two membelm (Bunopas, 1988). The lower pam (Ban Nong Shale Member)
from a narrow oﬁ:op of t‘aﬂy shale, thin bédded limestone, tuff and chert containing

- b BB UL M Bh bR dormaton ek orom

Chert Member) is more extended to the east of Logigespecially in PakyChom district. It

ts’i}q WL\ L8 beastad &b Mool R L |8 Fbstone banas

containing middle Devonian fossils (Fountain and Tantiwanit, 1987). The rocks of this

abundant Devo

member are thought to grade into Carboniferous rocks, but some conglomerates are

found in many places in the lower part of these rocks.
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2.3.3 Wang Saphung Formation (Carboniferous)

Wang Saphung Formation (Bunopas et al., 1988) consists mainly of sandstone,
shale with some thin limestone beds and conglomerate. These rocks are mainly shallow
marine in origin with some fossil leaves and corals near the lower part, indicating more
intervening of continental deposits in this area during the late Palaeozoic time. The

formation is divided into 2 members from top to bottom.

The lower member (Nong Dok Buz )covers a wide area in Pak Chom,
consisting of thin bedded , S and limestone lens with some
conglomerate containin s (Fountain et al.,, 1982;
he upper member (Wang
Saphung Member) consistsof ghal r dstone silstor d limestone lens containing

Carboniferous brachiop@ds (fanagida, 1975; Waterhouse, 1982; Fountain et al., 1994).

The Saraburi group (Bun j 31, 19 forms a succession at dominantly

massive and bedded lif N nd s e/ It mainly occurs to the west

A

of Loei area, consisting0f as follows:

235 Thaﬁ Nam Ma#olan Formation ./

BEINENINEINT

The Tham Nam Maholan Formation consists, mainly of thick-bedded limestone
i oocsolby oo sl bardsdne b e rel bt convomany
overlies and/or interfingers with the marine clastic-carbonate facies of the Wang
Saphung Formation. It is believed that the lateral and vertical facies variation or the
interfigering characteristic relation between the Tham Nam Maholan and Huai E-Lert
Formations on the basis of the existing relative age, as determined from the fossil record
to be Lower Permian (Yanagida, 1967). Fossils from the Saraburi Group indicate a
marine shelf environment, and their different relative abundance suggest shallow water

to the east and deeper water to the west (Bunopas, 1992).
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2.3.6 Huai E-Lert Formation

The formation was assigned to the Middle Permian sequence (Charoenprawat
and Wongwanich, 1976). The sequence is mainly exposed as long narrow trends, sub-
parallel to the western side of the Loei River. The formation is represent by mainly shale
interbedded with chert and occasionally tuffaceous and limestone lends. Thin-bedded

limestone and chert are present at the lower part where thin-bedded sandstone, shale

€ sequences.

2

2.3.7 Pha Dua Fo  —

The Pha Due Fo/ Iy tO \o\i ost Permian succession in the

shale, silstone, sandstone

Q\\‘ \ ocks have been gently to

intensively folds. This forgmati | ' onformably underlie the Mesozoic

and silstone are intercalated at the u

Loei area, and is clasties in

and pyroclastic tuff. M

strata without any field evi nformably evetlies the Huai E-Lert Formation.

2.3.8 Volcani t 0C
The distribution gvolcamc ocks has beer separ d in three north-south belts
along the eastern, centrdl,zand western pasts of the Loei area (Jungyusuk and

hosianon, 198) et SLiY Jooh P b e Devorian ot

Middle Devonian- ?(I)wer Carboniferous Basalts and Permo-Triassic angesite, respectively

) 05 104 8 ARk B e

Macdonal, 1991) or in the east-central Thailand volcanic belt (Intasopa, 1993).

The volcanic rocks are andesite, dacite, rhyolite, agglomerate and tuff that earlier
mapped as Permo-Triassic age (DMR, 1988). Small bodies of granite, granodiorite and
diorite intruded them. The volcanic rocks unconformably overlie the Permian carbonates
and unconformably underlie the upper Triassic conglomerate. Chairangsee et al., (1990)

pointed that the tuff unconformably underlie the Nam Pong Formation, and locally
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underlies the Huai Hin Lat Formation (Jungyusuk and Khositanont, 1992). The
occurrence of these volcanic rocks has been interpreted to be the products of arc
volcanism (Panjasawatwong et al., 1997) and have formed above an eastward dipping
subduction zone (Bunopas, 1981; Hutchison, 1985). The volcanic facies was developed
due to the emplacement of subduction related I-type plutonic activity (Charusiri, 1989;
Charusiri et al., 1994) in the Late Palaeozoic before the suturing between the Shan-Thai

and Indochina terraines

2.3.9 Granite-Granodiori

- e e Eastern Granitic Belt of
S .~' arboniferous and Permian

rocks. The I|-type gra *1989; ‘: }"\ grat and Putthapiban, 1992;
- \\\\}\ haracteristic arc-type-arc-

e n omposition from granite to

granites contemporaneously @ 3ineéd biotite hornblende granite and

The granitic rocks

Thailand. They form ba
Putthapiban, 2002) has
dium-coarse grained pinkish
dating (Charusiri, 1989; Charusiri et

diorite as well as hornblendite.

al, 1991) and K/Ar isotopic/ag all, 1969) indicated a narrow

N,

time interval (227Ma . 4 occurrences of theses

granites has been con '»l to be due to collision be n the Shan-Thai and the

g T endweang
U :
2.3.1(ﬁuatemary Sediments ¢ o Qs
Bec?ause of the high rate of eroded degradation, Cenozoic colluviums and
related residual sediments resulting from active weathering, cover most of the Loei area.

Exposed rock usually occurs with thin lateritic soil. Nevertheless, Quaternary sediments

can be subdivided into 3 units from older to younger as follows:
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1. Colluvium, terrace and residual deposits (Qt) which consists of undulating
colluvial high terraces from 250-300 m above the sea level. The thickness of the colluvial
and alluvial fan deposits ranges from 2-7 m and is observed showing lateritization.

2. Alluvium and valley deposits (Qa) consist of silt sand and gravel covering alluvial
plains and valley plains on distributary’s channels. Because of the high erosion gradient,
sediments of this type are rather different from place to place.

3. Meandering belt and channel deposits (Qc) are the youngest debris in Loei and

Nam Mae Khong. The form meandel oxbow lake, abandon channel, natural

levee and recent terraces. > sedin posed of silt, sand and gravel

as a high potential area for Mingfal-acourrent “example, gold, copper, lead, zinc,
| (Fig.2.4). Some of these mineral
occurrences are ecopafiic in grade, and are oceasignally mined using modern

methods.

The Per lpT ions appeared to be
parental source@uﬁqﬂmﬁﬂsjes I]:jﬁ neous rocks are ali i-
type a i 571 nary crust of
Indochma mg aﬂﬁgﬂ‘til ﬁj‘\ ﬂﬁrﬁéﬂongthat 1992

and Charusm et al., 1995) are fairly common to the Loei fold belt of the Indochina
terraine. Manganese, barite, and iron ores are the additional mineral occurrences

characterize of the terraine.
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In the southeast extension of the Indochina terraine, there are only gold and
sedimentary or hydrothermal manganese, which had been activity, mined in the past.
Iron ore, chromite, magesite, stibnite and fluorite are considered to be minor in term of

their economic occurrence.

Chairangsee at al. (1990) summarized characteristic of main mineral

occurrences in the Loei area as foll ' /y/
2.4.1 Barite

Most barite o

\{ -south trending geological
structures. They are ¢ and form a straight line coincident

with the long axis of d

yosited by the hydrothermal

solutions that were prob from: el ssic granodiorite intrusions.

2.4.2 Copper
Copper ores « e | ite chalcopyrite, bornite and
native copper, whic V, al o and magnetite. The Ban
Nong copper occurre (798100E, 2014700N) was mmd by using geochemical

exploration fri MR and’| praved that the striké of copper mineralization corresponds to

spitic basat umm El NINEIN?
amamzu AN Y

Galena occurs in fault breccia zone trending east-west, cross-cutting the general
north-south geological strike. it was considered to be younger than the sedimentation
and folding of the country rocks and formed from hydrothermal solutions mobilized

from the intrusion of granodiorite.
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2.4.4 Iron

Iron ores consist of magnetite, hematite and pyrite. Most occurrences are
situated at the contact of carbonate rocks and granodiorite intrusions (skarn deposits).

They were most probably originated from the exhalations from the igneous bodies into

Most gold occurrenc 3 pﬁsits in stream near the granite

ini JE, 1,920,800N), gold occurs in

LA

and is associated with the rhyorite and

the surrounding sediments.

2.4.5 Gold

the sedimentary rock be

chalcopyrite.
2.4.6 Manganese

Manganese ores are sentral part of the study area. They are

commonly distributed rather than

e

ion to the geological structure. They

occur as irregular bodig 9 , mainly chert. It was

believed that manganese. hydrothermal solutions on the

sea floor. The hydrothermal solutions that precipitated the @nganese ore seem to have

been related toi basic‘iﬁous activity. This view corresponds with the fact that
i/t rgi)

tql u& lmcﬂ QM:]BMre spilitic basalts are

widespread. ¢

RN IUANINEAY

manganese ore
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