CHAPTER II

GEOLOGY

In order to fully understand the origin of the basin forma-

tion of the Mae Moh Tertiary basin, it is considered that the geolo-

gical setting of the study aréa hboring area, stratigraphy as

well as the tectonic ang he basin including the

structural features 1 established. Therefore,

the discussion in pon the geological set-

ting and geologicad

2.1 Geological sefti ighboring ‘area

The geologi shboring area of Mae Moh
basin were previously Fepgefed hy usfauthors, namely, Pitakpaivan

(1955), Piyasin (19?1. 1E§%E%éj 7&; posakul (1979), Chonglakmani

(1981, 1984), etgo—An atten n——-~-—~--v,u~r-%ih; to remap the area
— i - v
with emphasis on -*iflv ar «tf'" deposits (Figure 2.1 a).
!

It is noted that the 11thnstratigraph1c boundaries of rocks are

slightly mudﬂ uﬂiﬂaﬂﬁmwmﬂ? this study remain

unchange accdifing to Chonglakmanl {1931
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was furthar subdivided on the bases of age and lithology into 5 forma-
tions. Later on, Liengsakul (1979) supervised by Piyasin had
reconsidered the Lampang Group and included only 4 formations of
marine sediments in this Group, namely, Phra That, Pha kan, Hong Hoi
and Doi Chang Formations in ascending order. As a consequence, the

Pha Daeng Formation is now excluded from the Lampang Group because of
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its continental origin and belieyed to be equivalent to the Nam Pha
Formation of the continental khorat Group ( Chonglakmani, 1972 ).

Recently, Chonglakmani (1981, 1983) has revised the classification of
Lampang Group in ascending order as, Phra That, Doi Chang, Hong Hoi

and Doi Long Formations. The comparative classification from previous

works of Lampang Group is sl able 2.1a and the classification

of Chonglakmani (1981) is study.

At present _Mch basin is roughly tri-

angular elongated -lluwing the regional

strike of the oldg pd northern parts of the

basin are bounded § rocks of Volcanic Forma-
tion and by Marine up, which are oriented in the

approximate northeasg Further north, the area
is occupied by Huai 'Ratburi Group. The eastern

and northeastern parts ?J'giiéfiif 2 bounded by low terrain of Hong
Eign expnsed as high-relief
)
; structure of Doi Long

!
and Pha Daeng Fo .:‘1un are or1ented approximately in the northeast-

southwest dﬂqﬂoﬂ Twﬁmﬂﬂn‘lﬂuﬁm is covered by ba-

salt trap of Bleistocene age [F1gure

q RIDIAIQUNBAINUINE o « o

fbrmatlnn of Ratburi Group and exposed in the northern part of  the
mapped area (Figure 2.la). The lithology of this formation is cha-
racterized by dark gray shale with intercalation of reddish brown
sandstone, conglomerate, light brown limestone with some rhyolite and

andesite fragments. occuring in sandstone and conglomerate, Fossils of
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Table 2.1a Development of the Stratigra
Vicinity of Mae Moh Basin by \a
Pitakpaivan Piyasin Piyasin
(1955) (1971) (1972)
Pha
Daeng
Doi Long Doi Chang
Hong Hoi S| Hong Hoi | 2
2 2
4] &}
= e
a a
Doi Chang LST. 5 E
[Doi Chang SH & | JJHEJ
Ss Pha Kan :
LST cCgl.
Foss. LST p
Calc. SS & oolite ‘w
Pha Kap LST ‘
Phra: That Phra That

Phra That

Phra That

b

Chonglakmani
(1981) Present Study
Pha Daeng Pha Daeng
Doi Long Doi Long
E‘ Hong Hoi g Hong Hoi
o ©
E E
2 3
Doi Chang Doi Chang

Phra That

Phra That
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brachiopods, pelecypods and bryozoa indicate that the age of the for-
mation is ranging from Kazanian to Kungurian of Upper Permian (Piyasin,

1972).

Volcanic Formation flanks the western and northern parts of

the study area as a high mount ge elongated in the northeast-

tion overlies conformably on

the Huai Thak Forma iQE lﬁlfnmbly the marine Tri-

assic Lampang Gro:sai‘;i‘iff ] :\gf.f acterized by rhyolite, tuff,

1\ at Doi Chao Nai, Doi

southwest direction.

s Small area in the western
part of the mapped agla Jednsisting ¢ andStone, siltstone and cong-
lomerate with occasio a:_‘;=;1  d Bedded limestone. These rocks
are generally coarse grai ad ¥ coloration at the base, and

: reen to gray color.

gradually decreasins

They are believed % ;5 -shore and partly con-

| !
tinental environmenits. One locality of fossil has been found and later

identified ﬁﬁ Ei}ﬁpﬂﬂﬂﬁﬁf{;ﬁ% sp. The age of

this formatidp from previous wurks rangas from aner Triassic to Middle

"m"a‘mwnm UAINYAY

Doi Chang Formation lies conformably on Phra That Formation
and underlies conformably the Hong Hoi Formation. In the eastern part
of the mapped area (Figure 2.la) the formation consists predominantly
of bedded and massive gray to dark gray limestone, while in the western
part the formation consists of bedded gray limestone, gray to green

shale and sandstone (Figure 2.la). The interbedding of gray to dark
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gray limestone, gray to green shale and sandstone in the west probably
reflect the facies change of near - shore environment. Chonglakmani
(1981) reported that age of this formation range from Upper Anisian

to Upper Karnian.

Hong Hoi Formation normally underlies the areas of rolling

topography which are wiut.g.? e eastern part, and some areas
of limited areal exted in t of the mapped area. This

e
formation forms t it of Teptid itrata which is evident from

borehole LM 2813 ‘ ' \\;\fE::* terized by predominant

gray to greenis 4 : \\ s0dda racture, and sandstone,

siltstone, congl ’\\k rbedded argillaceous
limestone. Numerg : ivalyes and\ammonoids were found in this

formation which indi s panging £ Scythian to Lower Norian.

Doi Long Furmat : ;. Tesent study is a synonym of Doi

Chang Formation~ dered to be the topmost

g ly on Hong Hoi Formation

formation of Lz '!";f:
and is disconfungly e e Daeng@“mtiun. Doi Long For-

mation is eEazsed Gd!hd the flanHlfnf the Doi Pha Daeng Syncline in

the northealiedd okt O behbba TLE) B )i Brotogy 1o charac-
ZZiii§ ia T4 ﬁiﬁm& QlpVi T

he. formation. The age of the formation is con-
sidered to be Middle Karnian on stratigraphic position (Chonglakmani,

1981} .

The stratigraphic sections of Lampang Group in the vicinity

of Mae Moh basin is shown in Figure 2.1 b.
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Pha Daeng Formation forms synclinal structure in the northeas-
tern part of the mapped area (Figure 2.1a). In the present study, it
is recognized as an independent lithostratigraphic unit excluded from
the Lampang Group on the account of its red-bed character and its dis-
conformable contact. The lithology is characterized by a sequence of

aceous limestone at the base passing

upward to red conglomerate, Sandsfs d shale at the top. From

the macrofauna found Te#r-the ba ormation, the age is con-

cluded to be r-ﬁdd{ \

consolidated sedi ‘» s, nearly\horizontal upon the bevelled
edges of folded olg Ek rally exposed as small hills
in the southern pa ﬁ " Ban Mae Pong, and some
areas of rasidentiil._ , 4.. - hieshe h lignite mine. Evidence

from the borehole in the w3 ine W23 indicates that the thick-

et e bt
ness of unconsgl e is métres. The lithology 1is

v

1‘_
mainly character patsing to finer clastic

Wi il |
fle f.ap. Clasts are generas

w—oCLR) | ETVI"E TR e

cani rok

QEIIATH NH BN ot

several phases of basalt flow forming elevated flat surface. This basalt

associations at y rounded with low to

is called '"Mae Tha basalt' consisting of dark gray to black, fine -
grained, vesicular and usually flows as pahoehoe type. Thin- section
study by Jungyusuk and Sirinawin (1983) revealed that this basalt has
a microporphyritic texture with abundant olivine microphenocrysts.

Barr and Macdonald (1978), and Vichit et al.(1978) classified Mae Tha
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basalt as basanite and basanitoid, respectively. The age of Mae Tha
basalt, base on paleomagnetic ground, indicate the ranging of 0.69 -
0.95 my. (Barr et al., 1976). It is noted that there are two small
cones in the north of Ban Pa Lad, namely, Pha Kok Hin Foo and Pha

Kok Jum Pa Dad which are aligned in the north-south direction. These

cones generally show the ap 1 the northern flank of the craters

Previous

n . the termontane Tertiary basin in
the northern paft : } Tertiary formation over-
§ \ ary age. The lithology is

described as sedimen Bttt e and fluviatile origins, and al-
#* 3 ‘

most all of them are bel fewsd tc comtain coal deposits. Various macro-

lies unconformably d underlies unconformably

the unconsolidated

fauna and florg owever, these fossils were

L —

collected from h:,, 41 which has led to con-

flicting age assignations © = basins. @e to the fact that almost
all of the tiﬂﬁ qsits are Wét exposed and almost all of drilled
holes are @u ' gm Hnﬂnﬁ Mﬂﬂcﬁpenetnted only a
few elow the c ©il shale ¢ prospectinfimaterials. Very
limithﬁjnﬁeﬁ ﬁimmm;]\:lh ' ':‘l Eﬁlracks. There-
fore, the knowledge on the whole Tertiary stratigraphy of those basins
are very limited, even in the Mae Moh basin which have thousands of
boreholes, the stratigraphy of the basin is partly established only in
early 1984. The data which are obtained from the so-called " strati-

graphic hole" have drastically altered the picture of previous strati-

graphic works. It is interesting to note that the useful concepts of
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sedimentary facies and depositional environment which are obviously

proved to be the most valuable exploration criteria have been comple-

tely neglected in the past.

2.2.1 Previous classification

The term ""Mae Sot "s igs s first used in the report of

pTesent iary rocks of semiconsolidated

ne_sedime tswrthem part of Thailand.
it o depo: it.in“the Mae Moh basin as the Mae

Brown et al. (1953) to
fluviatile and lacus
They also reported

Moh lignite.
Gloe (195 used the term Mae Moh
Tertiary Sediments #£o0 dese d ertiany Sequence which contained

lignite in the Mae gnite beds have been recog-

nized and assigned in G ence from bottom to top, namely,

L Shale, L Lignite, M Shake; ¥ Lig ale, N Lignite, O Shale,

0 Lignite, and ;___7 ‘é;"

. The fi.rst.mtailed stratigraphy of thé Mae Moh basin has been

proposed by ‘ﬁ 1 o ibed a type section
of the Mae mﬂ mﬂm Emtlgmps and boreholes.
He n W | For w ﬁpralﬂ Erfrrg tion) which
was Eer I@vm using .;]Iahabatlcai, sequence nﬂuing similar

to sequence of Gloe (1955), into 11 beds, namely, Unexposed, L clay-
stone bed, L lignite bed, M claystone bed, M lignite bed, N claystone
bed, N lignite bed, O claystone bed, 0 lignite bed, P claystone bed,
and concealed in ascending order. The thickness of the Mae Moh Forma-

tion was also estimated and reported to be 937 metres.
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Toble 2.2.L.a  Comparative stratigrophic clossification of the Mae Moh Basin by previous works.
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The ‘term ''Mae Mo Group'" (Recently spelled Mae Moh Group) is
named by Piyasin (1971) to describe the Tertiary rocks in northern
Thailand. The name came from the Mae Moh lignite mine where the rocks

of Tertiary are well exposed and best recognized.

As oil price increases after the energy crisis in 1973, the

alternative energy resour c more concerned. Utilization
of lignite as a sour v ' ical generation is a pro-
fuation, the proposal to
assess the quality azi hin the Mae Moh basin was
jointly carried oug h CMPS Engineers in 1979.
As a result of thi :.-' : 1{..- H: M Engineers (1981) divided

and described the s iithin the Mae Moh basin using
general term, from to rficial gravels and allu-
vium , Red beds, Gre? g ;;1 g, U [gnite seam "K', Interburden-

grey claystone, Lower 11.%_;{H¢ and Grey claystone. The maxi-

mum thickness uf_vu- "qfce is estimated to be
1,030 metres. BeSTde ﬁ? which records a depth

to basement of some EED mzllisecunds, which is equivalent to the appro-

RS L L1 T

the deepest hdle drilled was abaut 560 metres at grld N5 W13, which

= ARTREN TN e -

this stully as 2 Member)

Itisinteresting to note that the term Mae Moh Tertiary Sedi-
ments of Gloe (1955) and Sithiprasasna (1959), Mae Moh Formation of
Gardner (1967), and Tertiary sequence of Longworth CMPS Engineers (1981)
only described and covered claystone and lignite which can be com-

pared or equivalent to the Mae Moh Group of this present study as "B
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Formation"

Recently, the project so-called "Australian Development Assis-
tant Bureau" (ADAB.) currently carries out the future development plan
of the Mae Moh lignite Mine. ADAB. (inpreparation) has divided the

asin into zones as shown in Table

stratigraphy within the Mae M

2.2.1a.

roup requires that major
subdivisions in the gaefinfavé |form lon.rank. The hierarchy of for-
mal lithostratigrapl yF e &ludes group, formation, member, and
bed. In line with gh ‘furrﬂ;f' th sent investigation, several

changes are proposedf ation of new formations,

members, and beds.

2.2.2 Geomet

The Han y triangular elongate
trending in NNEASENW di g not close off in the

south and the Terlgary seque ontinue haiﬂnth a relatively younger

cmﬁuﬂ%ﬂﬂﬂ§WHﬁﬂi

@l result from ths seismic Iinas in assuciatlnn with some

M AR E R ROk m

basins | namely, main sub-basin, northern sub-basin,western sub-basin,

basalt

and southern sub-basin, three sub-basins of which are separated by
a structural high, and the last is considered as possible sub-basin.

There are as follows:

a) The main sub-basin contains significant occurrences of

lignite within a roughly rectangular area, defined by grid lines S 30
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to N'46, and W O to W 35. The area of the main sub-basin is chosen
for detailed study in the present thesis because almost all of EGAT.
investigation were conducted within this area. The seismic basement

profile of the study area is shown in Figure 2.2.2 a.

b) The northern sub bgsin, appears to be a northward continua-

tion of the main sub-basin, but 5&fifiedts were deposited on a rela-

t.h of grid line N' 46.

Led"to check the response of
the seismic reflectopsagtys /4 wed by g "\; \ysical logging. There is
no evidence of econopf eaite _. asit snerally, the seismic ref-
lector bands indiffteffe] ;. they 1 3 bétween red clay and gray

\. lignite and ligneous clay.

c) The westergl s 75%4;7' ichillies to the west of the main
sub-basin, is separated basins by a structural high
located near gr~;ﬁ #basin is relatively deep
- -

as illustrated "‘i ™6, N 30 and N 13.
I!I r'l
- i

d) One possihble sub-basing so-called the southern sub-basin,

e o AL NIWKIDT reretary serae

beneath the basalt cap. These Tert:,ar:.rdtrata are wn clearly on

R RARIRITANN Y REARE oo 10 o

llgnita deposits underneath the basalt cap to the south of the study

area.

2.3 Structural features in the neighbourhood of the study area.

Generally, the major structural trend in the neighbourhood

of the study area lies approximately in the northeast - southwest
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direction. This trend is a part of the regional trend in northern
Thailand which swings in a curved - or "S - shape" concaying north-
westerly toward Changwat Chiang Mai. Further north of the study area,
in the areas of Pha Yao and Wiang Pa Pao the structural trend changes

it's direction into north-south, in Changwat Chiang Rai area it swings

back to the northeast - squthweSuy again. The shape of the intermontane

Tertiary basins in the nor! : ' Ly conformable to this regional

area,faults ‘are generally
the NNE/SSW directions.

s with the orientation of
the mountain ranges and 2.3.1 b.). Some of these
are sinistral type : Qoi Nok, Doi Pha Chi -=and
dislocated the ;*‘"T“: STOUp-as ‘ Pha Daeng Formation.
The western flanf ™! bounded, the northeast-
southwest trending fﬂ.t cutting lw,the approximate north - south
cening G N H VT HHART 1mse comroe
faults are r%orted by Longwerth CMPS oEngineers (4981). The report
- SR AR AINYARE s
5e15m1 profile and several geological sections. The middle of the
study area is a graben of about 1.5 kilometres wide, trending appro-
ximately in the NNE/SSW direction, and bounded on eastern and wes-
tern sides by major fault zones each of which has a total throw of
more than 200 metres along much of its length. Few faults have been

detected within the graben, but many faults with throws ranging from
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10 to 60 metres have been mapped in the bordering area up 1 kilometre
wide (Figure 2.3.1 c). Almost all of these faults are normal type,few
reversed faults are also reported (Longworth CMPS Engineers, 1981; Tan-
dicul, 1983) with vertical displacements up to 40 metres. Vella (1983)
suggested that these reversed faults appear to be surficial structure

caused by gravitydriven collapse of the weakly consolidated Tertiary

strata from the uplifted eéastern idaftpwards the centre of the basin.

In addition, based on™ meworth CMPS Engineers (1981)

coupled with the s swgeological sections as well

as the seismic p ¢ faults have been evalu-

ated in this study®

study area are found in

two zones on the east ¢ 'obvious synclinal structure

of Pha Daeng Formation and the other is anticlinal

structure of Dolﬂi‘ TRV - fid and Doi Pha Tup. It

. d
is also noted thafﬁ}h : Mae Moh Tertiary strata is

1 |

probably folded as %rncllnal structure based on evidence of the pre-

sence of Hmﬂl—fu H‘m’ét%ﬂﬁ‘ﬁn%b&ﬁﬂ 1%:‘3.5 at borehole no.

LM 28135,

q W'lﬁﬁeﬂjm UA1AINYA Y

Generally, the Tertiary strata in Northern Thailand over-

lies unconformably on the pre-Tertiary rocks and underlies unconforma-
bly the surficial unconsolidated sediments of the so-called Mae Taeng”
Group. Late Middle Miocene unconformity is reported to occur widesprea-

dly elsewhere in the Gulf of Thailand, Chao Phraya basin, Phitsanulok
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basin and the Sundaland area of southeast Asia. In the study area,

Mae Moh Group is subdivided into 3 formations,namely, A,B, and C For-
mations in ascending order. It is noted that the C - Formation overlies
both conformably and unconformably on the B-Formation. Although, the
age of the C-Formation is uncertain, this unconformity is probably

younger than Late Middle Mioc

ftime in northern Thailand.

2.4 Geological evolut

After the Traees i = 1Bmwof Shan-Thai, Indochina and
South China microc® | nents were welded and un-
dergone little ch@ 4 early Cretaceous (Bunopas,
1981). A permane erust occured through
complicated crustalfdefogms ~:;;F', ‘ p building. The term
"suture" is used to SMes : ed attanhment process (Bolt,
1980) . When the colli exth tensional tectonic regime should
occur and create normadidatil t ; . faults which deposited of late

Triassic tD cre ;T.i.ii--( T s T o — --—a—-.---_\:_ 0N is ct}nsidered t_u be

a part of the Indﬁi ﬁated the marine deposition

on Thailand almost Rermanantly Therefbre, most depositions are contin-

ental clastﬁ %ﬂq wtt}xﬁﬁ WEJ:{:};‘H ‘%posned locally. Juras-

sic and Cretataous tectonlsmgwas malnly sinistral straln manifested by
o QR Y 10 AL BTG s sr
slip ﬁﬁults which are subparallel to the Red River strike-slip fault of
which appears to be dextral at present. The tin bearing Cretaceous
granites forming a belt subparallel to, and partly overlapping with the
tin bearing grahites of the late Triassic-early Jurassic belt which ex-
tendings through Burma, west Thailand, the Malay Peninsular and northwest

Indonesia (Suensilpong et al.,1979; Bunopas, 1983). The Mae Ping and
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Three Pagodas faults ceased moving late in the Cretaceous or early in
the Tertiary. These sinistral strike-slip faults dislocate the
main geological province of Thailand and their trends have been modified
by sinistral oroclinal bending that appears to be associated with the
strike-slip fault (Bunopas and Vella, 1983) (Figure 2.4 a). During

Cretaceous to Present time, Indial plate was drifted toward the north.

Although, the time of collisipe ' the India and the Eurasia
plates which resulted ’ ‘ ﬁlaya mountains is still Con-
troversy. Curray and Moe®eri1974 ‘ Suensilpong et al. (1979) pro-

posed that they too time or approximately 55

million years ago, widflefid hds Sl ‘$£4\\x\\ (1980) believed to be

about 40 million y€argl Mdeording #b the Horthward drift of the Indian

plate which resultefl i eastern margin of the

present Bay of Bengalf, gpenidg : I Andaman Sea, initiation of Anda-

oz :
man-Nicobar chain , and ‘;; : dian Ocean (Tanasithipitak,1979;

Bunopas and Vella, 1980)% —f (1983) proposed that the

L

tin-bearing Creta

T

e A
of subduction. 'I'h%ffe

‘¥dsulted from this phase
ayan @'ngmy on Indosinian
were in the form of brpad regional folding and block faulting. It

was provasty ik B TR A0, 1 atcocen

or early Eocene, that the emplacement ofgefertiary gramite took place.
mis piabdlr N okgebld oah b Remdebeblab JBN Ebgenic and 15
generall?r found as dikes, stocks, or sub-batholiths superimposed on

the pre-existing granites (Suensilpong et al.,1979).

According to Bunopas and Vella (1983), Bunopas (1983),a tensional
regime developed during the Tertiary and a system of north-south trending

normal fault appeared. The faults are nearly parallel to the present day
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motion of oceanic crust decending beneath indonesia along the Java
Trench. Tension was probably started in the south with the opening of
the Gulf of Thailand where many north-south trending faults have been
revealed by seismic surveys and they have moved continuously during the
deposition of sediments, Besides, these faults extend northwardly

into northern Thailand, Burma) : Rifting was east-west,at right

robably initiated on an
eroded pre-Tertia HVE‘.i_#3fi - 2s of topographic expres-
sion (Knox and Wa , L: - i;' : .b-; to Middle Miocene, wide-
blished in the onshore

spead development

basin of Thailand. n the central basin and

ene-Pliocene and late middle
Miocene unconformity (G 200UATONg 983). In the Phitsanulok
basin the coincidence afdﬁggﬂﬂi"} with the unconformity dated

as 10.3 + (0.2 mi .:;,_.u_-;xa Dyl .--u--....—...::. ‘ ge [Knux and Halkefleld

1983). Other onla ?'i- i 1 on7Ko Kut Island, eastern

Gulf of Thailand, daﬁid as 8,5 + 1 mllllun years (Bignell and Snelling,

1977). The Lﬂoﬁﬂ{ﬂ %ﬁm%&lﬂeﬂ %r episode of uplift

which followediby an influx af coarse to f1ne clastie s diments.

% B8N TIIMIANE '.Lﬁ - —

ted in nnrthern, central and southeastern parts of Thailand. Judging
from the fact that basalt is overlying on the gravel bed at Nam Mae Jang
in the north, the attitude and ground elevation of gravel bed at present
time, and according to Baum et al. (1970), the late Tertiary and/or
Pleistocene normal faulting and uplift determined the present day to-

pography of northern Thailand.
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