CHAPTER Il

GEOLOGY OF THE MAE THAN BASIN AND NEIGHBORING AREA

Physiography

The Mae Than basin isa Cenozoic intermontane basin situated between latitude
17°57'N to 18°02'N and longitude 99°26'E to 99°32'E covering approximately 50
square kilometres (Fig. 3.1). The shape ofthe basin outline is elongated in the NE-SW
to E-W directions (Fig. 3.1) which is also conformable to the NE-SW regional
structural trend. The elevation of the ground surface within the basin falls within the
range 0f 300-385 metres ahove the mean sea level. The overall drainage pattern within
the Mae Than basin is characterized as a subdendritic pattern under the influence of the
local geological structures (Fig. 3.2). The drainage pattern on the eastern part are the
subdendritic pattern of tributaries of the Nam Mae Wa which is oriented approximately
in the NW-SE direction and flows northwardly (Fig. 3.2). The drainage on the western
part is characterized by the subdendritic pattern in both NW-SE and NE-SW directions
of tributaries of the Huai Mae Sariam - Huai Mae Than which eventually flow
westwardly to join the Wang river further west. The general picture of the landform
within the Mae Than basin is represented by both flat and undulating terrain.

The Mae Than basin is almost entirely surrounded by numerous mountain
ranges (Fig. 3.1). The northern border of the basin is bounded by Doi Mon Huai
Klang (578 metres MSL.), Doi Mafai (467 metres MSL.), and Doi Luang (484 metres
MSL.). However, a narrow flat plain of Nam Mae Wa in the northern part of the basin
extends northwardly to join the large flat terrain of the Lampang basin. The eastern
border of the Mae Than basin is bounded by the complex mountain range of  Doi
Mon Kha Kao (1,149 metres MSL). The southern part of the Mae Than basin is
bounded by the mountain range of Doi Khun Khiat (1,665 metres MSL.). The
southwestern comer of the basin is characterized by a narrow flat terrain extending



Fig. 3.1

Topographic map ofthe study area shows high relief mountains in the north and the southeast of Ban Mae Than
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southwestwardly to join the large flat terrain of the Sop Prab basin. The western part
of the basin is border by the mountain range of the Doi Phak Tut (370 metres MSL.),
and Mon Tok (405 metres MSL.).

Distribution of pre-Cenozoic rocks surrounding the Mae Than basin

The pre-Cenozoic rocks forming the mountain ranges surrounding the Mae
Than basin consist of metamorphic, sedimentary and igneous rocks (Fig. 3.3). They
have been mapped into four rock units, namely, Don Chai Group of Silurian-Devonian
age, Huai Thak Formation of Permian age, Permo-Triassic volcanic rocks, and Phra
That Formation of Triassic age (Charoenpravat et al. 1986 and Tiyapairach, 1990).
These rocks probably form the basement rocks underneath the Mae Than basin. They
are the potential sources of sediments in the Mae Than basin because the major
tectonic and topographic scenario of the country have not been dramatically modified
since Tertiary. Detailed description of each of these rock units will be outlined below
together with their likelihood to be the source of kaolin-rich sediments in the basin.

The Don Chai Group

This rock unit is exposed on the southeastern part of the Mae Than basin (Fig.
3.3). It forms a very steep mountain range with the highest elevation at 1,267 metres
MSL. (Fig. 3.1). Topographically, therefore, it suggests that this rock unit is a highly
resistant group of rocks (Fig. 3.4). This unit comprises mainly of schist and minor
phyllite and quartzite. Their age is inferred to be Silurian-Devonian.

Schist

In the field, this rock occurs as outcrop and float. The rock shows a
well developed schistosity and slightly folded (Fig. 3.5). The attitude of schistosity is
approximately NE-SW with moderate northwest dipping. In hand specimen, the rock
is light grey on weathered surface and dark grey on fresh surface, highly resistant, and
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EXPLANATION

Sedimentary and Metamorphlc rocks

Recent Deposits (partly especially in the southwestern part of the Mae Than
basin underlai by the Tertiary deposits)

Phra That Formation (Triassic; Sandstone with reddish-brown to red shale)
Huai Thak Formation (Permian; Massive limestone with sandstone)

Don Chai Group (Silurian-Devonian; Schist, mica-schist, phyllite and quartzite)
Igneous rocks

Permian-Triassic volcanic rocks (Rhyolite and rhyolitic tuff).

SYMBOLS

Boundary Mine activity
Fault

Reservoir

Strike and Dip of bed

Geological sketched map showing the mining activities in the southwestern part of the Mae Than area (modified after o

Charoenprawat et al. (1986) and Tiyapairat (1990)).



Fig. 3.4

Fig. 3.5

The rocks of Silurian-Devonian age, the Don Chai Group, show high-
relief mountain range indicating a high resistant rock.

Mica-schist of the Don Chai Group exposed naturally, and shows NE-
schistosity with moderate northwest dipping.
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show a well developed foliation of micaceous minerals (Fig. 3.6). Under the
microscopic the rock is classified as mica-schist. It is composed mainly of quartz,
feldspar and micas with minor opaque minerals (Figs. 3.7, 3.8, and 3.9). The rock is
characterized by the prefened orientation of micaceous minerals (mainly muscovite).
Ribhon texture of mica-rich layers and recrystallized quartz-rich layers is also noted
(Figs. 3.7, 3.8 and 3.9). The gram sizes are fine- to medium-grained, occasionally with
porphyroblasts of plagioclase and quartz (Figs. 3.7, 3.8 and 3.9). Rotation of feldspar
porphyroblasts is also observed (Figs. 3.7, 3.8 and 3.9).

Phyllite

This rock was found as floats in the Huai Mae Than. In hand specimen,
it is purplish-grey, hard, and show well developed phyllitic structure (Fig. 3.10).
Microscopically, the rock is very fined-grained, and composed dominantly of quartz
and green actinolite with minor hematite and other opaque minerals (Figs. 3.11 and
3.12). Characteristics foliation is recognized by the preferred orientation of finely
fibrous actinolite. Small scale folding and micro-folding are also observed under the
microscope (Fig. 3.12).

Quartzite

This rock occurs in minor amount and is found as floats in the Hual
Mae Than. In hand specimen, the rock is brownish-grey on weathered surface and
dark grey on fresh surface, hard. Microscopically, the rock is medium-grained and
composed essentially of quartz. Mortar texture, defined by large, old stained quartz
grains surrounded by fine, recrystallized new quartz is a characteristics feature of this
quartzite (Fig. 3.13).

From the above description, the likelihood of this rock unit to be the source of
kaolin-rich sediments in this basin is relatively low.
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Fig. 3.6 A specimen of mica-schist of the Don Chai Group showing general
characteristics of this rock.

Fig. 3.7 Photomicrograph of mica-schist showing rotation of medium-grained
feldspar porphyroblast (G12) with some pressure shadow (F14).
Ribbon texture of mica and recrystallized quartz have been noted. The
base ofthe photo is approximately 2 millimetres, (cross nicois)



Fig. 3.8

Fig. 3.9
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Photomicrograph of mica-schist of the Don Chai Group showing
rotation of porphyroblasts (H10), layering of micas and recrystallize
quartz, and en%ulftexture in porphyroblast (B9). The base ofthe photo
is approximately 3 millimetres, (cross nicois)
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Photomicrograph ofthe Don Chai mica-schist showing porphyroblasts
of quartz (C10), and well-oriented mica flakes (J12). The base of the
photo is approximately 1.5 millimetres, (cross nigois)
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Fig. 3.10 A specimen of phyllite of the Don Chai Group showing general
characteristics of this rock.

Fig. 3.11 Photomicrograph of phyllite of the Don Chai Group showing phyllitic
structure of green actinolite. (cross nicois, 20x)



Fig. 3.12
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Photomicrograph of phyllite shows microfolds and faults. The base
of the photo is approximately 4 millimetres, (upper : uncross nigois,
lower cross nigois)



Fig. 3.13 Photomicrograph of medium-grained quartzite showm? mortar texture
(E9). The base of the photo is approximately 2 millimetres, (cross
nlgms
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The Huai Thak Formation

This rock unit forms as small steep mountains on the northeastern part of the
Mae Than basin (Figs. 3.1 and 3.3). This rock unit comprises dominantly limestone
with minor sandstone. The age of this unit is inferred to be Permian (Piyasin, 1972).

In the field, the limestone is massive and fractured (Fig. 3.14). The major
fracture system is oriented in the NW-SE direction. In hand specimen, the rock is dark
grey finely crystalline (Fig. 3.15). Microscopically the rock is classified as packstone
(Dunham, 1962) or biomicrite (Folk, 1959, 1962). It is characterized by 70 per cent
gram-supported allochems in 30 per cent micrite matrix (Fig. 3.16). The gram
components consist mainly of bioclasts and minor pelloids. The recognizable bioclasts
comprise crinoids, foramimfera, bryozoans and brachiopods (Fig. 3.16). The size of
the allochems vary from 0.1 to 2 millimetres in diametre. The intergranular spaces are
completely infilled by lime mud (micrite) and pseudo-sparite (Folk, 1959, 1962). This
limestone is also slightly dolomitized. Dolomite forms as small rhombic-shaped
crystals replacing bioclasts. Microstylolites are also commonly observed. Some ofthis
limestone samples are highly deformed in such a way that the primary textures are
poorly preserved (Fig. 3.17).  The prominent deformation fabrics include
deformational twinning of large calcite crystals, gliding or bend twin planes and the
formation of parallel layers of dark brown minerals (foliation-like structure) (Fig.
3.17).

The sandstone is found as floats in minor amount. In hand specimen, the rock
is purplish-brown and compacted. Microscopically, it is classified as lithic greywacke
(Pettijohn et al. 1973, Folk, 1974). The rock is very fined-grained and composed of
approximately 80 to 85 per cent grain component and 15 to 20 per cent matrix and
cements (Fig. 3.18). The gram component comprises 60 to 65 per cent quartz and 35
to 40 per cent chert rock fragment. The grams are sub-rounded to sub-angular and
moderate to well sorted. The matrix is micaceous and other fine-grained minerals with
siliceous cement.



Fig. 3.14

Fig. 3.15
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Natural exposure of the Huai Thak rocks shows massive, and fractured
INNW-SE direction, (looking northwest)
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A specimen of the Hual Thak limestone showing general
characteristics of this rock.
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Fig. 3.18 Photom|cror h of ve fine-grained lithic greywacke showin
. %une to% ub-anqular Cerate to wellgso ed. The %asegofS the
0to IS approximately 2 millimetres, (Cross nicoIs



The likelihood of this rock unit to be the source of kaolin-rich sediments in this
besin is relatively low.

The Permo-Triassic volcanic rocks

This rock unit is a volcanic association of Permo-Triassic age (Piyasin, 1971).
It covers the northem and the western margin of the Mae Than hasin (Figs. 3.1 and
3.3). This unit comprises mainly of rhyolite and rhyolitic tuff. The Permo-Triassic
volcanics in this area will be divided into two areas, namely, the northem area and the
western area, based on the differences in geological characteristics (i.e., lithology, and
degree of weathering), and physiography. Detailed of two areas will be described as
follows

The volcanic rocks in the northern area form the high mountain range with the
highest elevation at 679 metres. MSL. (Fig. 3.1). They are oriented in the E-W
direction. The cominant rock of this unit is rhyolite (Fig. 3.3). Inthe field the rhyolite
is slightly weathered, massive, hard, and fractured (Fig. 3.19). The major fracture
systems are orientedl in NW-SW and NE-SW directions. In hand specimen, the rock is
yellowish-brown on weathered surface and whitish-grey on fresh surface, finely
crystalline with porphyritic texture (Fig. 3.20). Microscopically, this rock s classified
as rhyolite. It is characterized by 15 per cent subhedral quartz grains as phenocryst
(ize -0.5-1 millimetres) in 80 per cent microcrystalline quartz as groundmass and 5
per cent mica (muscovite) flakes (Fig. 3.21).  Glomeroporphynitic quartz is
occasionally found. Quartz phenocrysts commonly show embayment texture,

The likelihood of this rock unit to be the source of kaolin-rich sediments in this
besin is relatively low.

On the western part of the Mae Than basin, the volcanic rocks forma group of
N-S trendling low hills (Figs. 3.1, 3.3 and 3.23). The highest elevation is about 408
metres MSL. at the unnamed hill, north of the Mon Tok (Fig. 3.1). Many NW-SE and
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Fig. 319  Man- made £X osure In the northemn area of the Permo-Triassic rocks
ShOWIEg Wq X \weathered, massive, nard and fractured in NW-SE
NE-SWdirections, ﬁoo ing westg
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Fig. 320  As Rﬁmmen 0f Permo-Triassic volcanic rocks In the northem part of
the Mae Than basin showing aphanitic and porphyritic textures.
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Fig. 321 Photom|cro ?Hh of rhyolite |nth? northem area shows phenocrysts of
lath sanl_ﬁg{) Spar, ﬁcrc Stal meck as] rourﬁ%ss Wit some
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NE-SW faults or fracture systems are noted in this unit (Fig. 3.1). This rock is
described as rhyolitic tuff. In the field, the rhyolitic tuff is highly altered, soft, and
friable (Figs. 3.22, and 3.23). It still shows some relicts of foldling (Fig. 3.24). Inhand
specimen, this rock is yellowish-white, soft, and fine-grained which make it impossible
to make thin-section and study under microscope. This rock Is therefore studied by
means of x-ray diffractometry, differential thermal analysis and electron microscopy
methods for mineral identification. The x-ray diffractometry reveals that this rock
consists mainly of quartz, illite, and kaolinite with minor amount of pyrophyllite and
chlorite-smectite mixed layers (Fig. 3.25). The amount of kaolinite increases in finer
fraction (Fig. 3.26). Clay fraction of this rock is tested by DTATTG method and
confirmed that it is kaolinite (Fig. 3.27). The DTATG pattern shows the exothermic
neak at low temperature about 100°c of adsorbed water, the main endothermic peak
at 566.5°c, and the exothermic peak at 995.7°c of kaolinite (see discussion of this
peak in Chapter IV). This rock under electron microscope shows stacks of kaolinite
and euhedral quartz (Figs. 3.28, 3.29, 3.30 and 3.31) with EDS curves (Figs. 3.32 o
3.30).

The occurrence of pyrophyllite in this altered rhyolitic tuff as well as the
presence of many faults and fractures in this rock unit suggest that this rock might have
been subjected to some degree of hyarothermal alteration which make them more
favorable for weathering later on.

Hence the likelihood of this rock unit to be the source of kaolin-rich sediments
inthis basin is relatively high.

The Phra That Formation

This rock unit forms small hills on the southeastern part of the Mae Than basin
(Figs. 31 and 3.3). It is noted that the Phra That Formation (Piyasin, 1972, 1975;
Chonglakmani, 1972, 1981) is synonymous with the Pnra That Muang Kham
(Bunopas, 1981) which is only exposed in the Lampang sub-basin (Chaodumrony,
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Fig. 322 Panoramic viewed of the volcamcs in the western area displayed by a
group of low hills.

Fig. 323 Characteristics of rhyolitic tuff in the western area is highly altered,
soft, and friable.



Fig. 324 Relicts of folding of rhyolitic tuffare observed in the western area
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9. 325 X-ray diffractograms of the Permo-Triassic rhyolitic tuff in the western area.
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Fig. 326 X-ray diffractograms of various particle size fractions of the Permo-Triassic rhyolitic tuff in the western area
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Fig. 3.28 Scanning electron micro%r hof weathered rtyolitic tuff from the west

f the Basin showing Stacks of kaolinite 1n the form of “book”,
%Izngcraetlé/% 2(3? in situ ornntllésn (see EDS curves of &agﬂn?te (C8g n

Fig. 329 ning electron micrograph of weathered rhyolitic tuff from the west
: gﬁﬂe Bgs?n S owmgG%n%u?gr quartz grains (sée EDS curvegnm Hgure
3.33) a Co, B9, and Go,
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Fig. 330 Scanning electron microaraph of weathered rhyolitic tuff showing the
g mixturesg of kaolinite ( ,35)6) and i?ﬁte fF?, 9) (see EDS curves in
Figures 3.34 and 3.35).

Fig. 331 Scamning electron micrograph of weathered rhyolitic tuff sho
‘ lrgg%lﬁ the morph%]logg/g oﬁopyrop#ﬁﬁte (E9) (see EDS cun/esv\lﬁ

%),



Olperator : BOONLAER[david]
Client : none

Job . EDX{ZOKV]

(18/3/98 13:13)

3.32 Enﬁgsgy dispersive X-ray spectrum of kaoUnite. All the specimen was coated with gold which appears as the prominent
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Fig. 3.33 Energy dispersive X-ray spectrum of quartz.



0
C

i

erator : BOONLAER(david]
ent_none

Job . EDX{ZOKV)

(18/3/98

0:38)

Fig. 3.34

Energy dispersive X-ray spectrum of illite.
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Fig. 3.35 Energy dispersive X-ray spectrum of kaoUnite,
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Fig. 3.36 Energy dispersive X-ray spectrum of pyrophyllite.



1992).  This rock unit consists mainly of fine- to medium-grained sandstone
interbedded with siltstone (Fig. 3.37) and pebbly sandstone. The age of this unit is
inferred to be early Triassic (Anisian-Scythian) based on Piyasin in 1975,

In the field, exposure of this unit is medium- to fine-grained sandstone
Interbeaded with siltstone (Fig. 3.37). They are oriented  S80°w trend wth 45° diip.
The major fracture systems are oriented in NE-SW and NW-SE directions. In hand
specimen, sandstone is purplish-brown, dense, hard, and fine-grained (Fig. 3.38).
Siltstone is purplish-brown, soft, and friable. Pebbly sanastone is purplish-brown,
dense, hard, medium- to coarse-grained with pebbles (Fig. 3.39). Microscopically, it is
classified as lithic greywacke and litharenite according to Folk in 1974 (Figs. 340 and
341). Lithic greywacke is fine- to very fine-grained and composed of approximately
80 t0 85 per cent grain component and 15 to 20 per cent matrix and cement (Fig.
340). The grain component comprises 75 to 80 per cent volcanic rock fragment, 20
to 25 per cent quartz, and minor amounts of feldspar. The grains are sub-rounded to
sup-angular and moderately sorting.  The metrix is fine-grained minerals with
ferrugenous cement.  The other, litharanite is medium to coarse-grained and
composed of approximately 85 to 90 per cent grain component and 10 to 15 per cent
matrix and cement (Fig. 3.38). The grain component comprises of 75 to 80 per cent
rock fragment, and 20 to 25 per cent quartz. The grains are sub-anqular to angular
and moderately sorted. The matrix is fine-grained minerals with ferrugenous cement.

The likelihood of this rock unit to be the source of kaolin-rich sediments in this
basin is relatively moderate.

Geology of the Cenozoic rocks in the Mae Than basin

The Cenozoic sediments of intermontane basins  the northern Thalland,
inclucing those in the Mae Than hasin, commonly overlie unconformably on pre-
Cenozoic rocks (Piyasin, 1975). The Cenozoic rocks in the Mae Than basin are
oenerally characterized by the sedimentary rocks of the Tertiary age overlain by the
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day’ (Ho 340 Trar cremcd ad ceramic properties wil ke disoussed in @
Sparated cgtey. Tre day mirerdl contents of the dlay-sized fraction are ainly
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kealinie (-70-80 per cart), miror llte (~20-30 per cent) ancl trece arvourt of gvectite
(<5percant) (g 344).  Thinly ool ek are cocesiorally infertecchdl - thisunt

Cravactenistics of this ssolmentary seoLee Suogest thet this Uit wes
oRposited ina fresnatey lacustrine enviromert of presurety Tevtiary ae

Unite

This ut is represerted by the so-called “Uoer Gl Sand”, They conpnse
rrairly of thickly to thiiy (-0.2 to 13 rvetres) ccal ek with partirs of claystore and
trinly lecobdl ccely claystore (Fig 347). Tre thickress of this it veres fram 100
3 netres Thsooalseanmmmcnnmmdy@qjate_datﬂ'epese[tune Tre
ocel 15 broan to back friatde and clil. The claystore is cark elloaisHoroan to
broan, soft and rocerately plastic. The coely dlaystore is cark yellonishoronn, soft
adlsometines contairs ol fragnerts

Crerectenstics of this sclentary SUests et the Uit ¢ was
CBpoated Lok the Subsicing peet Snanp ard lecusnre enranTerts of presuvedly
Tertiaryece. Tre relatively thick coal seemof subatLminoLs rark incicated thet e
reectivetion of fautting cLnng the peat formration vies essentially recLired

UnitD

This untt is representad by yellowisn- to greyisanite daystore intercalated
with lers of fanglomerate, irorstore ardl thinly-0ecoed ligneats d Fos. 348
ad349. Tre 'dmsofﬂisu*itvaiesfran&)tozlogn?é e

Tredaystone verying inthiokress from02 to 3 etres is grerally soft, sam-
corsolictenl ooerately plestic. The day contents of this daystone \ery frrm 0 1o
60 per cart. Tre clay mirerals of the clayesized fraction are mainly keolinte (- /5-80
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Fig. 3.49 Close-up figure from Figure 3.48.
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(pFairo%‘t),)n‘irtramﬂ of lrte (-20-25 per car), arcltrace of svectite (< 5 e care)
0 34)

T IR IO TR e
LIS a\ElONSHIey MMUIE 0

o%ﬁtgg Tre coare fragyvents are angular to subarodar, poordy sorted] \eryig

sze from Lto 3 centinvetres (g 350, 351 ardl 352) ardl composed of oAz, rack

fragerts, andocel fragens

This ssdnvertary seoLence indicates thet this fangonerate wes tre
introcLotion of alluddl fon irtermvttently ceosited - the nargine fecies of te
ey lcLstmne ot

The Ironstore is crerecterized by a oonoect, Ferd] cark broan to rectis
broan lerees or nocles with 9z¢ Up to 20 netres in lergih and 05 meres
thickness (g 353). Tre irorstore is nairty found reer tre coel ssemibathonatoee
and below Tre irorstore IS conyoosed of iron carrete (Sickite) canenting and

ey ez grain andays (Hs. 3%, 3% and 35%6). The Scknte aLally fom

mct@alewmohkmmmmquﬂrgganm:ma_ .

Soonchry replacaent tedure of Sckite sLogest et ths irn cartonete i
heve boeen renvolalized fromthe rearty pest snanp eviamvert. Tre renataliztin
Scente nvay e sugported by the presane of spherulitic Sicente replaoing the volcanic
esarvent rooks (PsutherAvond per; com),

- Tre drevadtenstics of secimentary feoes  this unt incicate & lecustrire
environent of presunetly Tertiary e

UnitE

This unt is the “Loner Gl Send” with parting of daystore aro
daystore. The thiokness of this urt varies from 10 to 40 etres ﬂeagld%
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Fig. 3.57 Photomicrograph of pale yellow spherulitic siderite surrounded in the

boundary with dark red iron oxide. The base of the photo is
approximately 4 centimetres, (cross nicois)
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daaimzedQ/hwmtoHadﬁfnaUearddﬂ The dlaystore is chrk yellonish-

1Eamcamloormosedof&) oertd frections.  Tre day
mra'dsmtheday Joncarmprise kealinte mroert)ardmmrlllrte(~25|mr
eant) (H. 344). The ooaly daystore is cbrk yellowishHoroan, soft and contain ool

Tre cravactentics of secentary faoes inthis untt incicate a
lecLstmre wmwtofpw%ay@ s

Unit F

Thsistre lonest unit cdtained fromalrole ro. MI-13. 1t s representedl by
velloaisrHorann, soft claystore with interteckbd sancly sifistore. Tre information on
this ut is rether poor dle to the limttedl core sape aallede  Ths unt s

Interpretec to ke cioosted inlecustnne envrorment of presuvably Tertiary e

It srouldl e rotedl thet st ohlloles, the keolinte cortert inte dlay-
Szl fraction cominete over- tre llite cortent. Howevey, the fluviatle factes of Unt A
TS to contain relatvely loney keolintefllite ratcs trentossofthe lustire fes
of Unis B Dand It 1s poossible thet sone illte miht reve been trarsformed into
keolinite whichis nore siabe maadc;ﬂs»\amam S0LBTNe MRS

Incondusion, the sdinertary seoLence intre southvestem it of the Ve
Thenbeain s inteypreted] intre light of secinertary feoies o e of fluolecustrire
and et Snanp inangin. I s also noted thet the reectivation of rtradeesind and
tesnvargndl feulting are belieed to coour inermitiently throughat tre

tiorel history of e secimerts inthis soutfwiesterm et of the besin Buicknoes
ofa:l]ve&tsl%mdﬁtofamrgrd iﬂy@iﬁymmﬁ ety méd%rg
of runeros sdmentary Unis %A fajomerate CRosits
Intercalate with laostnre facies, efc
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