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INTRODUCTION
Definition

Ores

Ores ar¢ rock in which valuable or useful metal occurs at a concentration
sufficiently high, relative to average rocks, t0 make it economically worth
mining.

Metal Concentration of ores:

Cu cone. Factor=100 time of Avg. 80 ppb

Au conc, Factor=1000 time of Avg. 4 ppb

- Ore mineral: 1s refers to metal minerals

- Industnial mineral; is refers to non-metal minerals

Gangue: are valueless minerals associated with ore minerals.

Protores: are rocks containing ore minerals but the concentrations are too
low for economic working,

Marginal ores: are rocks that con not be mined economically under
present conditions, but may become of interest in the future.

Syngenetic: Ore formed at the same time as the host rock

Epigenetic: Ore formed later than the host rock

Stratiform: parallel to bedding

Strata-bound: restricted in a particular part of strata

Country rock: the rock bodies in which enclose an intrusive or vein or
replacement bodies.

Intrusion

A body of igneous rock, which has forced itself into pre-existing rocks,

either along some definite structural feature or by deformation and cross

cutting of invaded rocks.

1. Abyssal rock: [Deep Intrusive]

Plutonic

¢ To describe a body of igneous material of presumed deep-seated
origin.

e To describe a body of igneous rock implying a large intrusion formed
at depth.

¢ Loosely as a synonym for coarse grained.

¢ H.H. Read, A division of rocks comprising granites and their
associated (Migmatite: regionally metamorphosed rocks)

Stock

An intrusive mass of plutonic igneous rock smaller in size than a

batholith and usually possessing a more or less circular or clliptical cross

section.



Batholith

Any large intrusive mass of igneous rock (Mostly mean granite rock, in
its widest sensc.)

Laccolith

An intrusive dome-like mass of igneous rock which arches the overlying
sediment and which has a more or less flat floor,

Lopolith

An intrusive saucer-shaped of igneous which is concave upwards.

2. Hypa-byssal rock: [Shallow Intrusive]

Dike (American) / Dyke (British)

A sheet-like body of igneous rock, which is discordant or cut across the
bedding or structural planes of the host rock.

Sill

A sheet-like body of igneous rock, which is conform to bedding or other
structural planes.

Extrusion
A body of ignecous rock, which has flowed out at the surface of the Earth.
It is synonymous with volcanic.

Shield

A major structure unit of the earth’s crust, consisting of large mass of
Pre-Cambrian rocks both metamorphosed and igneous which have
remained unaffccted by later orogenies.

Metamorphism

1. Local metamorphism:

e Thermal metamorphism (T): This involves heat alone, without
significant pressure effect.(Aureole/Contact metamorphism)

¢ Dynamic/Dislocation metamorphism (P): This involves intense
localised stress which tend to break up the rocks.(Sometime->
Mylonite)

2. Reginal metamorphism (T&P): This is involves both heat & pressure
in large scale action producing a wide range of new minerals in
Tectonite. (Assocated w/ orogenies & igneous intrusions)

3. Autometamorphism (RF): This involves change which occur during
the cooling of an igneous mass as a result of the activity of residual
fluids within the mass. (Hydrothermal, Pneumatolysis,
Serpentinization)

4, Contact metamorphism: = Thermal metamorphism ~ Metasomatism

Metasomatism/replacement: A metamorphic change which involves

the introduction of material from an external source.
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Classification of ore deposit
Magmatic differentiation (1,000-500*C)

As magma cools, it crystallizes and separates into fractions.

- Mafic magma yield Cr, Ni, Pt

- Silicic magma yield Sn, Zr, Th

Pre-differentiation (Diamond-Chromite)

Gravity setting (Chromite in peridotite rocks)

Liquid immiscibility (Pyrrhotite-Pentlandite-Chalcopyrite in basic

rocks)

4. Late stage magmatic differentiation (Titano-magnetite, Magnetite dep.
with Apatite)

Pegmatite (<600*C)

Pegmatite are coarse grained igeous rock.

1. Acid pegmatite arc consist of quartz and feldspars with subordinate
mica.(Cassiterite, Columbite, Tantalite, Be-mins., Li-mins.)

2. Basic pegmatite do occur, but are rare/seldom contain economic
minerals.

Contact metasomatism (400-800*C)

- Metasomatism/replacement is a metamorphic changed which involves
the introduction of material from an external source. (Skarn deposit
with magnetite, scheelite, molybdenite and sulfide ore)

Hydrothermal (500-90*C)

1. Hypothermal dep. (Sn) 300-500*C (3-10 km) Ore deposits within
intrusive / peripheral zone / meta-sediment environments.

2. Mesothermal dep. (Cu) 200-300*C (1-4 km) Ore deposits within
several environments (porphyry / tabular / limestone / metamorphic
environments)

3. Epithermal dep. (Sb, Ag) 90-200*C (0.3-1.3 km)Ore deposits within
extrusive / sedimentary environments.

4. Telethermal dep. (Hg) <90*C (<0.3 km)Epigenetic ore deposits far
from source within little deformed sediment environment.

5. Xenothermal dep. T (high to low) P (low) Intrusion of plutonic rocks
at shallow depth eject high-temperature fluids into low-pressure
environment. (Dumping results of mixed high to low temperature ores
deposited near the surface)

Surface process (T = 20*C)

1. Eluvial & Alluvial deps. (Placer)

- Eluvial deposits are weathered material (Float) which 1s still at, or
near, its point of formation. The term is especially applied to deposit
of economic substances
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- Placer deposits are closely related to weathering and subsequent
mechanical concentration of the heavy and not decomposed minerals.

2. Residual deps.(Bauxite, Laterite)

- Residual deposits are product of rock decomposition / chemical
weathering.

3. Sedimentary deps.(Fe, Mn, S, PO4)

- The ores is deposited by chemical precipitation process after
transported by rivers.

4. Supcrgene deps.(such as CuS)

- Secondary enrichment by meteoric waters that migrate downward to
the ground water table

Estimate temperatures
1. Melting points of constituent mins. (Max.Temp.)

2. Inversion points-polymorphism (Definite T&P)

- Quartz: Hexagonal -> Trigonal @ 513*C/1Atm

- Chalcocite: Hexagonal -> Rhombic @ 100*C/1 Atm

3. Exsolution

- Magmatite-llmenite sol. -> magnetite + ilmenite @700*C

- Ilmenite-Hematite sol. -> ilmenite + hematite @675*C

- Chalcopyrite-Sphalerite -> chalcopyrite + sphalerite @400*C

4. Fluid inclustons: It is assumed that fluid filled cavities, were
completely filled with a single fluid phase when the mineral were
formed. Upon heating one of the phascs will disappear thus marking
the lower limit of mineral genesis.

Search for new ore deposits

1. Knowledge
Mineralogy Petrology
Structural geology Economic geology
2. Mcthod

Geophysical exploration
Geochemical exploration
3. Ore deposits consideration

-Content; Impurities -Size & regularity
-Location -Capital investments.
-Smelting costs -Market analysis

-Transportation costs
-Taxes and government regulation
-Mining and milling costs; labour
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General geology of Thailand
A large part of Central Thailand is blanketed by Quaternary sediments
which conceal a number of basins formed in response to dextral shear
on the Mae Ping and Three Pagodas Fault Zone systems during the
Tertiary.
Palaeozoic rock dominates the N, W and peninsular regions of
Thailand while extensive Mesozoic rocks occurs in NE Thailand.
In the Khorat area the sedimentary sequence consists of an initial rift
sequence of Carboniferous to Triassic and a sag sequence of Late
Triassic to Cretaceous. The two sequences are separated by a regional
erosive unconformity, known as the Indosinian orogeny, which
represents the main collision of Indochina with its neighbours.
The transition from an active margin in the Permian to subsequent
continent-continent collision in the Early-Middle Triassic (Indosinian
orogeny); Late Triassic extension; Thermal subsidence of Khorat
sequence; Early Tertiary inversion.,
Compression structures formed during the Early Tertiary inversion are
thick-skinned and Cooper et al. (1989) selected detachment depth of
15 km.
The Phu Phan uplift originated as a Triassic depocenter, which is now
inverted.

Regional Plate Tectonic
Continental SE Asia has been shown to be a composite of
alochthonous terranes which originated from rifting of the margin of
Gondwana and accreted to one another during the Palacozoic and
Mesozoic (Metcalfe, 1988).
There is general agreement that they had all sutured to each other by
the Late Triassic.
Indochina is sutured to South China at the Song Ma and Song Da
sutures, and to Shan Thai (Sibumasu) along the Nan-Uttaradit suture,
The sutures are indicated by ophiolites, metamorphic belts, imbricate
thrust zones, major wrench faults, voleanic arcs and intrusive granites.

Basin evolution

Rifting (Devonian)

Palaeomagnetic and faunal assemblage data (Metcafe, 1988; 1996)
indicate that this occurred in the Late Devolnian, when five fragments,
including Indochina, South China, became rifted and separated from
the Northern margin of Gondwana. Fault blocks is occurred from the
Devonian to the Late Permian

The oldest rocks in loei and Chanthaburi are the meta-sedimentary
rock (phyllite, tuff, chert) and meta-limestone. The meta-limestone




contains fossil of coral Favosites Sp. of Devolnian age (workman,
1972)

The Esso Yang Talat-1 well drilled below the Variscan unconformity
encountered undifferentiated volcanic, granite (329 + 3 Ma),
metasediment & sedimentary rock.

Indochina & South China Collision
(Variscan orogeny, Early Carboniferous)

Thrusting as well as volcanic and plutonic activities were occurred.
The closure of the Song Ma suture is thought to have occurred in the
Early Carboniferous (Metcalfe, 1996) and to have resulted in the Mid
Carbonifcrous unconformity,

This may represent the full collision of Indochina with South China
(Hutchison, 1989, Metcalle, 1996), or a minor collision with the Song
Da arc fragment (Mouret, 1994).

Back-arc:ShanThai/Sukhothai...Loei\Indochina
(L.ate Carboniferous — Late Permian)

Extensional back-arc basin began in Late Carbonifcrous and fully
developed in Permian. It is continuing extension and drift phasc.
After the deposition of Permian the area was emerged and the Tethys
Sca existed only in the northern part of Thailand. However, it may
abate in Late Permian and rcjuvenated.

They are predominantly widespread shelf carbonate with limited area

of inferred reef.

There are three units in Pm-Cb. Sequence

1. Lower unit consists of clastic deposited in delta environment.
Volcaniclastic deposited in continent and lagoon grading upward
to shallow marine environment.

2. Middle unit consists of shallow carbonate platform. These
carbonates were found in the well Nam Phong-1, None Sung-1 and
Phu Lop-1X (Phu Phan Anticlinorium area).

3. Upper unit consists of bituminous limy-mudstone and laminated
shale deposited in pro-delta shelf.

Shan-Thai & Indochina Collision 1
(Indosinian orogeny 1, Middle Triassic)

Middle Triassic was a time of collision and suturing in this region.

1. The closure of the Song Da suture (Metcalfe, 1996)

2. The remote suturing between North China (Sino-Korea) and South
China (Metcalte, 1996; Mouret, 1994)

3. The closure of Nan-Uttaradit suture between Indochina and Shan-
Thai (Bunopas and Vella, 1983; Cooper et al., 1989, Metcalfe,
1988)

Middle Triassic was a major compression uplifting and erosion of

Indochina and Shan-Thai collision with a consequence of clockwise



rotation of Indochina (Mouret, 1994). He interpreted from seismic
data in the Phu Phan area and called Indosinian I event.

- As the result of Indochina, Shan Thai and South China micro-plates
collision, rhyolitic volcanic and granite plutonic are occurred.

- The orogeny caused inversion of the preexisting normal faults
commonly 70-700 m. or 3,000 m. at Phu Kao area.

- Permian carbonates are uplified and formed a Karst topography
accompanied by the volcanic eruption.

Huai Hin Lat Ex¢tension

(Late Triassic)

- During the Late Triassic the extension movement was follow after the
completion collision between Indochina and Shan Thai (Piyasin,
1995). The extension caused a number of intermontane basins of half
grabens shape and accumulated Huai Hin Lat lacustrine sediment up
to 800 m, thick or Kuchinarai continental red-bed sediment up to
1,500 m. thick (Pradidtan, 1995),

Shan-Thai & Indochina Collision 11

(Indosinian 11, Late Jurassic)

- Prior to the deposition of Khorat Group there was a significant
compression which led to fault reactivation, folding and regional
peneplanation. This event (Indosinian 1I) is generally dated as Late
Triassic. However, Stokes ct al. (1996) use west of Laos data to
suggest the closure of the Nan-Uttaradit suture is Late Jurassic and
Racey et al. (1996, 1997) use biostratigraphic data to suggest that the
base Khorat unconformity is also Late Jurassic. The isotopic age data
from metamorphic zircons sample across the suture in Thailand,
which indicate a maximum age of Early Jurassic for the last
amphibolite facies overprint (Ahrendt et al., 1993)

- The Indosinian orogeny I & II marks a change from dominantly
marine to matnly continental sedimentation.

Khorat subsidence I (Jurassic)

- First thermal subsidence took place overmuch of northern Indochina
after the Indosinian orogeny, Sag basin with an almost absence of syn-
depositional faulting was developed and deposited Khorat group
sediment which reaches a maximum thickness 4,200 m. in the Phu
Phan Anticlinorium area (Canham et al., 1996).

Western Burma & Shan-Thai Collision

(Early Cretaceous)

- The first inversion is atiributed to the closure of Western Burma with
Shan-Thai along the Shan boundary suture during the Early
Cretaceous (Metcalfe, 1996). The long wavelength structure which
dominate the surface of the Sag basin have resulted from a



combination of Mid Cretaceous and Tertiary episodes of thick-skinned
inversion.

Maha Sarakham subsidence II
(Late Cretaceous)

Sccond thermal subsidence took place again and deposited the Late
Cretaceous Maha Sarakham and Phu Tok formations in restricted
basins (Sakhon Nakhon basin, Khorat basin and Sayabouri basin in
Laos). The similarity of basin architecture to the earlier Sag basin
indicates that thermal processes were the mechanism of subsidence.

India & Eurasia Collision
(Himalayan orogeny, Early Tertiary)

The second inversion occurred during the Tertiary (Sattayarak and
Porachan, 1990) was driven by the collision of India with Eurasia and
thc opening of the South China Sea. The NE Thailand was subjected
to compression forming Phu Phan Antictinorium and inversion of the
preexisting faults. Fission track analysis (Mouret et al., 1993; Lovatt
Smith et al., 1996) has identified thc age of maximum paleo-
temperature in the basin as 60-65 ma which is indicated that maximum
burial occurred at this time. The latest phase of compression in the
Tertiary has involved a substantial amount of uplift and erosion.
However, the Late Cretaceous section is tectonically un-deformed,
showing that this uplift has been regional.

The top part of Khorat group was eroded only Phra Wihan formation
is capped on the Phu Phan Anticlinorium.

The age of maximum Tertiary uplift and erosion is suspected to
coincide with the wrench-related rifting of the adjacent Central
Plain/Gulf of Thailand to the west and the opening of the South China
Sea to the east. Recent modelling shows that Indochina underwent
extrusion towards the SE during the Oligocene-Miocene (Hall, 1996)
thus suggesting an age for the related rifting and uplitt.



Tectono-stratigraphic zone
Thailand can be divided into 3 tectonic area..
1. Shan Thai:
Belt 1+2+3; Zone Western Thai + Inthanon
2. Yunnan-Malay Mobile belt:
- Sukhothai fold belt
Belt 4, 5; Zone/Terrane Sukhothai
- Loei fold belt:
Belt 6, Zone Phetchabun
3. Indochina:
Belt 7; Zone None
Shan-Thai microplate
East: Yunnan-Malay mobile belt
Nan-Uttaradit Ophiolite (Thailand)
Mae Ping Fault Zone (Thailand)
Sra Kaeo-Chantaburi Ophiolite (Thailand)
Three Pagoda Fault Zone (Thailand)
Bentong-Raub Ophiolite (Malaysia)
West: Bhamo-Myitkyina Ophiolite {Burma)
Shan/Sagiang Fault Zone (Burma)
Mergui Fault Zone (Andaman sea)
Sumatra Fault Zone (Indonesia)
Belt 1+2; Western Thai Zone: (Sil-Dev-Cb)
This zone is foreland thrust belt in Early Mesozoic, folding is inclined to
the west and lie on the Shan-Thai basement in the east. Thrust faults
intruded with Cretaceous granite are commonly found in this region.

Stratigraphy

- Tr-Ju: Marine

- Mpm: Marine

~ Cb-Epm: In the north is Cb red bed while in the south is Cb-Epm
pebbly fine grain clastic rock or diamictite

- S11-Cb: Fine clastic sediment, Ist thin bed, nodular and chert
overlie on siliclastic and carbonate rock

Kaeng Krachan G (Cb): (turbidite, glaciomarine)
Khao Phra Fm:

Mdst+S1t+Sst quartzitic/arkosic sst, bryozoa bed
Ko He Fm:

Mdst+Gvl diamictite, channel filled structure
Spillway Fm:

Slt worm burrow, lone stone, quartzitic sst, hummocky
Khao Wang Kadat Fm:

Sst+Mdst graywacky sst




Thong Pha Phum G (Sil-Dev-Cb): (South-Shelf)
Pa Samed Fm: (deep to shallow marine)

Sh gy-bk, lamination, ammonite, brachiopod deep

Sst bw, rd, bouma sequence, ammonite shallow

Sh bk deep

(Fossil: trilobite, brachiopod, cephalopod, graptolite, nautiloid)
Kuan Tung I'm: (shallow marine)

Lstrd, thin bed, stromatolite, mud crack

Lst gy, thin bed

(Fossil: trilobite, conodont)
Wang Tong Fm: (deep marine)

Sh bk, Cht bk, Sst gy-gn,

(Fossil: trilobite, brachiopod, graptolite)
Bl 00113131 1411 L —

Belt 3; Inthanon Zone: (PreCm - Pm)
Basement is the dominant feather of Intranon zone. it is high-grade
metamorphic and igneous rocks overlie by Paleozoic rocks. This zone is
corresponding to granite belt in the northern part of Thailand. It is consist
of Pre-Cm ortho-gneiss overlies by Cm-Ord continent shelf, Sil-Dev
deep-water basin, Cb paralic basin and E-Mpm limestone. Ucb-Epm
volcanic rocks are found in Chiang Mai belt (possible trench).
Thung Song G (Ord) 1,600 m: (shallow-deep marine)

Pa Kae Fm: (deep marine)
Lst rd, thin bed, inb w/ mdst
(Fossil: trilobite, stromatolite)

Rung Nok Fm: (barrier reef)
Lst wh, thick bed, inb w/ dol
(Fossil: trilobite, nautiloid, crinoid, bryozoa, coral)

Lae Tong Fm: (lagoon)
Lst nodular, hummocky, inb w/ rd, gy, sh
(Fossil: trilobite, nautiloid, brachiopod, veséier)

Pa Nan Fm: (subtidal)
Lst gy, thin bed
(Fossil: stromatolite, sponge)

La Nga Fm: (shallow tidal)
Lst gy, thick bed, inb w/ thin dol, cross bedding, mud crack, tidal channel
(Fossil: U-shape worm borrows, nenshiu)

Tolo Dang Fm: (lagoon}
Lst pk, gy, nodular, thin bed, inb w/ limy sh, gy-gn, rd, cross bedding,
(Fossil: Horizontal worm borrows)

Malaka Fm:
Lst mdst tex, thin bed, inb w/ dol-1st, mud crake



(Fossil: Vertical worm borrows, algal mat, inter-tidal)
------------- Transition contact ------=------

Tarutao G (Cm) 800 m: (marine red bed)

Upper: Sst bw, thin-mod bed, inb w/ slt & sh

Middle: Sst bw, thick bed, ortho-quartzite, cross bedding (W->E), inb

w/ gy to gn sh

Lower: Sst bw, thick bed, C gn, occ Cgl

(Fossil: trilobite, brachiopod})
AANANANAANAA Ul‘lCOllbe'mHy FaTaYAYa YaVaVaTVaVaVvuN

Lan Sang Gneiss (Pre-Cm): (Shelf)
Marble |Calcareous increasing upward,
Quartzite  |Cataclastic or Mylonization and
Calc-silicate |Lst

Mica-Schist |Sst (Arkosic, Graywacke), Sh Para-Gneiss |and
Pyroclastic

Ortho-Gneiss (Anatexite/Migmatite) |Granite

FAVAYAVAVAVAVAVAN Vari scan FAYAYAYAVAVAVAN

2, Carboniferous to Permian
Ratburt G (Pm): (shallow marine) massive Ist, sh, sst,
congl
ANANANANN Il’ldOSinlan I FAYANAYAYAN
3. Triassic
Mae Moei G (Tr-Ju): (N} sh, sst (Shelf)
AAAANAN Indosinian ]I & III AAANNAAANNANAN
4, Jurassic to Cretaceous
Kalaw Redbeds: (W) Ist {shatlow marine)
Chumpon Redbeds (Ju-Cr): (S) sst, slt (shallow marine)
Khorat G (Ju-Cr): (E) congl, sst, sh (Molasse-like)
- Structure
Folding
The basement was folded during Pre-Cambrain. (Fold axes is NW-SE
to N-S)
The cover rock, intensity of folding generally increases with
increasing thickness from E to W.(Fold axes is NW-SE to N-S with W
vergence)
Faulting
N-S fault: active since Carboniferou-Permian
NW-SE sinistral fault: active since Late Mesozoic
NE-SW dextral fault: active since Late Mesozoic




Indochina plate
East: Annamitic fold belts
Fault at the edge of the Vietnamese shelf
Salat fold belts
West: Yunnan Malay mobile belt
- Basement (Precambrain)
High grade metamorphic rocks (gneiss, schist)
- Cover rock
Divided into 3 units by unconformities,
1. Devonian to Carboniferous
Pak Chom Fm: (Shelf) clastic and calcareous
Wang Saphung Fm:
N: {Uplift, intermontane basin) clastic, coal
S: (Shelf)

ANAAANNANNANANNNAAN V ar] scan ANAAIADAAANANNAANNA

2. Permian
Saraburi G: (Shallow marine}) st
AAAAAANNANANNANAN IndOSinian I ANANNNNANNNAN
Triassic (Scatter rift basin)
Huai Hin Lat G: (Fluvial and Lacustrine)
vol, sh, sit, sst
AANANAANNANNANNN Indosinian II & III AANAANAAANAANNNNN
3, Jurassic to Cretaceous
Khorat G: Uniform sedimentation (Molasse-like)
- Structure
Nothink is known about the structure.
Yunnan Malay mobile belt
Loei fold belt

Belt 6; Phetchabun zone:

It is consist of Sil-Dev shale, chert, Dev limestone Cb-Pm limestone,
shale, chert, tuffaceous sandstone (gywk) Mpm limestone. The uppermost
is shale and sandstone with leaves fossil. Upm-Etr volcanic is widely
dispersed and indicated subduction. All of them are overlie unconformity
(indosinian II) by Utr rocks and I-type granite.

Basement (Pre-Devonian)

Low grade metamorphic rock

(quartzite, phyllite, schist, amphibolite, marble)
- Cover rock

Divided into 5 units by unconformities.

1. Silurian

Na Mo Fm: (Slight metamorphism) sandy shale

IAAAPODAAANANANAN C a] cdonlal-l AALMANANNNAANANANN



2. Devonian to Carboniferous

Pak Chom Fm: (Shelf) Ist, sh , sst, congl

Wang Saphung Fm: chert, Ist, sh
N: (Uplift, intermontane basin) clastic, coal
S: (Shelf)

AAAANNNANNANPNANNAN Variscan AAANNANANNDAANNANN

3. Permian

Saraburi G: (Shallow marine) lst
FAVAVAV AV VAV AV AVAV AV VLV VAV VA IndOSII]Ian ‘[ ANANNNANANNAAN

4, Triassic
Nam Pat Fm: {Accretionary complex)
Lomsak, Nam Pha Fm: ()

FaYAVAVAVAVAVAV, WA VAVAWAN IndOSinlan II & III AAAANANANNAANAN

5. Jurassic to Cretaceous
Khorat G: Uniform sedimentation (Molasse-like)

- Structure
Foiding
Variscan orogeny was folded during U-Dev/L.-Carb
{Fold axes no data)
Indosinian orogeny was folded during U/L Norian (Fold axes is N-S
with E vergence}

Sukhothai fold belt
Belt 4; Sukhothai zone: ()
Folding and thrusting in Paleozoic and Mesozoic rocks and volcanic
rocks are the dominant feather of this zone. It is also intruded by [-type
granite.

Basement (Lower Paleozoic)
Low grade metamorphism in Pm

1. Quartzitic series: (volcanic arc-trench)

Quartzite, quartzitic sandstone intercalated with phyllite. (volcanic,
graywacke sandstone, argillite and Cb-Mpm limestonc)

2. Underlying metavolcano-sedimentary series: (volcanic arc)
Quartzite, phyllite, quartzitic schist, tholeiitic basalt (graywacke
sandstone, tuffaceous shale, radiolaria chert and limestone).

- Cover rock

Ju (Volcanic and Khorat G3)

Tr (Lampang G)

N N N N Y Y Y Y N Y AV A A P A VAN AV AT AV AN A VAV AT
Upm-Etr volcanic and pyroclastic
M-Upm limestone



Sukhothai G: (Voleanic island arc)

(W) Back-arc Volcanic-arc Fore-arc (E)

Chert Am/Hb schist Chert

Lst Tuff Phyllite
Sh Rhyolite Sst (gywk)

Vol. (tine gn) Andesite

Dan Lan Hot G: (Basin) sh, sst, cong]
AANAANANNAANANNNAN Variscan AVAVAVAN AV VAT VAV VAV VAV SV
2. Permian

Phrae & Chanthaburi G: (Subduction)

Ngao G: (Basin to arc)

AAAAANANANNANNNANA It‘ldOSIIllan I AANAANANNNANNN
3. Triassic

Lampang G: basin: (Arc to trench)
AAANNANANNNN [ndOSJHIan I] & II]’ AAANANANAANANAN
4. Jurassic to Cretaceous

Khorat G: Uniform sedimentation (Molasse-like)

- Structure

Folding

The basement was folded during 344+/-22 Ma

(Fold axes is N-S with non-uniform vergence)

The cover rocks was folded during 62 Ma

(Fold axes is N-S with E&SE vergence in the N, upright vergence in
the C and E vergence in the W)

Tectonic evolution

Ancient cratons in South-East Asia

Indochina plate
South China plate
Shan Thai plate
West Burma plate

Archean (Precambrian)

During the Precm the Shan-Thai craton were part of NW Australia (W
of Gondwana).

Assyntic orogeny (Precm)
The Shan-Thai and the Indochina were folded, metamorphosed and
intruded by granite to be paragneisses or crystalline cratons. On the
basic of the structure trend and composition of the two crystalline
cratons, it is not possible 1o assign them to the same orogenic belt.




Paleozoic

Australia and Shan-Thai _
Paleomagmetic, geography and paleontology indicated that the Shan-
Thai and the Australia is the same counter clockwise rotation around
equator or low latitude of the Northern Hemisphere in Lem-Eord.
Ecb, rifting was occurred between the Shan-Thai and NW of the
Australia.
Mcb-Mpm, the Shan-Thai was separated form the Australia as
evidenced by the Kaeng Krachan diamictite. This is confirmed by the
Shan-Thar rotatton had changed from counter clockwise to clockwise
rotation in Ecbh. However, Metcalfe (1997) believe that the rifting
between the Shan-Thai and the Australia was formed in Epm and fully
separated in Mpm.

Shan-Thai and Indochina
During Ldev/Ecb, an ocean (mid ridge?) had been formed between the
Shan-Thai and the Indochina.
In Ldev the Indochina became a passive margin until Lpm as
evidenced by thick bed of shelf sediment (Sil-Tr) without any volcanic
istand arc sediment in the Phetchabun fold belt. However, Intasopa
(1993) proposed rhyolite along west of Indochina as an indicating
subduction in the west of Indochina in Ldev-Ecb.
In Sil/Lcb a subduction had been form in the east of Shan-Thai, which
is evidenced by fore arc, Chieng Rai volcanic island arc (tholeiites
basalt) and Chieng Mai back arc sediment along Sukhothai fold belt.
According to Macdonald & Barr (1978), the tholeiites basalt
presumably generated in an island arc above a westward-dipping
subduction zone.

Variscan orogeny {Ldev-Cb)
The Yunnan, Shan-Thai and Indochina were uplifted during Variscan
orogeny as evidence by the Post-Variscan sediments contains mainly
platform carbonate and minor narrow pelagic sediment was deposit
between them.
Hahn et al (1986) proposes two time of uplifting. 1% Uplift, Loei fold
belt (Caledonian)
Predev folding start at the eastern part of the ocean which are related
to subduction & obduction as evidenced by the isolated ultrabasic in
Thialand and eclogite in Laos.
Ophiolites of Bentong-Raub line i Malaysia mark a former trench
position with westward subduction.
Final folded during Indosinian orogeny
2" Uplift, Sukhothai fold belt (Variscan)




Ldev/Ecb folding and metamorphism of the Sukhothai fold belt
basement are related to closing of the ocean as evidenced by
obduction of Nan-Uttaradit ophiolite,
Final folded during Himalayan orogeny
Result of the two uplifting
Intramontane grabens were formed at the rim of the Indochina while
the Shan-Thai resulted in shelf carbonates and red bed.
During Pm, the Shan-Thai moved northward with slow clockwise
rotation and came very close to the South China as evidenced by
passive margin. Until Lpm mid ocean ridge was formed between the
Shan-Thai and the Indochina. The oceanic lithosphere subducted the
Shan-Thai to the W and the Indochina to the E,

Indosinian orogeny (Lpm-Ltr)
At the end of Epm South-China plate and Indochina plate are nearby
as evidenced by Catheysia flora in the both plates while Shan-Thai
plate is far away as evidenced by Walchia flora (Fontaine, 1986)
Collision time of the Shan-Thai and Indochina plates along Yunnan
Malay Mobile belt:-
Cobbing et. al. 1986 Rb/Sr dating
E-Central Thailand is I-type granite (260 Ma)
W-Central Thailand is S-type granite (200-230 Ma)
Cooper and Hurbert 1989
Upper Permian, the Shan-Thai is subducted under the indochina. After
the collision Shan-Thai/Indochina is moved northward and subducted
under South-China. Shan-Thai/lndochina collided with South-China
along Song Ma Ophiolite at Upper Triassic.
Collision time of the South-China and the Indochina plates along Song
Ma Ophiolite have purposed by several authors:-

-----------------------------------------------------------

U. Paleozoic (Stauffer, 1973)
U. Permian to L. Triassic (Hutchison, 1975)
L. Tnassic

(Thanasuthipitak, 1978; Cooper & Hurbert, 1939)
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U. Triassic (Hahn, 1986)
U. Triassic

(Bunopas & Vella, 1978; Ounchanum, 1978)
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U. Triassic/L. Jurassic

{Suensilpong & Puttapiban, 1979)

-----------------------------------------------------------



- Helmcke believed that Indosinian orogeny is the last stage of Variscan
orogeny as the result of three cratons (South China, Indochina, Shan-
Thazi) are join together.

- Hahn (1974) divided indostnian orogeny into 3 phases.

Phase [ (Upper Permian-Lower Triassic)

- Occurrence of block faulting in both fold belts due to the collision
between Shan-Thai and Indochina.

- First collision in Lpm, the Shan-Thai collided the Indochina in the
south as indicated by isoclinal fold in Pm himestone, melange
sediment and Tr granit (I-type and S-type).

Phase II (Upper Triassic)

- Occurrence of folding & uplifting in Loei fold belt, Lao, Vietnam
while only block {aulting in Sukhothai fold belt and less effected to
West of Shan-Thai area due to the collision between Shan-
Thai/Indochina and South-China,

- Second collision is in Etr as evidenced by Tr open fold to Ju gentle
fold, Tr radiolaria in Nan-Uttaradit-Chanthaburi suture and
unconformity between Ju Khorat group and Serpentinite melange of
Nan-Uttaradit suture.

Phase 1 (Upper Triassic-Lower Jurassic)

- Occurrence of block faulting & uplifting to form a large landmass in
Thailand except the western par{ was still be marine environment.

- Third collision is in Mtr-Ltr, the Shan-Thai was clockwise rotation
and completed the collision as evidenced by Tr Lampang group and
Tr-Eju granite.

- Indosinian orogeny effected Laos, Loei fold belt and Central
Malaysia. The center of uplitt was in the N of Indochina craton. As the
result of folding & uplifting all marine environment was migrated out
from Indochina to the west.

- Post indosinian orogeny was dominated by molasse-like red sediments
excepted W-Thailand and E-Burma, where marine continued to
prevail.

- Due to Variscan and [ndosinian orogeny the Shan-Thai plate was
broken into small blocks along Ping, Three Pagodas, Ranong,
Klongmarui faults.

Mesozoic _
- As Western Burma collided with the Shan-Thai, marine Ju was in 8/S
faults, molass Cr sediment in Khorat plateau and Ltr-Cr basin in Nan

arca.

Cenozoic



India collided with Eurasia in Eocene (50'my) producing Phetchabun
fold belt, Phu Phan uplift and reverse the /S faults movement. N-S
rifting occuired in the gulf of Thailand and progressive upward to the
central of Thailand.

Himalayan/Alpine orogeny (I ju-Eter)

- As India plate collided with Eurasia plate during Early Tertiary age.

- Two phase folding are effected S-Thailand & Malaysia first and N-
Thailand later, while the intensity of folding decreases from W to E.
However, Mitchell (1981) suggest the orogeny resulted from the
collision of the W-Burma island arc with Shan-Thai plate along Shan
boundary fault during Jurassic age.

~ In Early Tertiary, it has been associated with mostly antithetic block
faulting.

Periodic intrusions of granitic magma
1. Shan Thai Plate
Late Cretaceous-Early Tertiary (K/Ter)...Himalayan
Late Jurassic-Early Cretaceous (J/K)...Indosinian3
Late Triassic-Early Jurassic (Tri/J)...Indosintan2
Late Permian-Early Triassic (P/Tri)...Indosinianl
Late Carboniferous-Early Permian (C/P)...Variscan
Precambrian (Pree)... Assyntic
2. Sukhothai Fold Belt
Late Cretaccous-Paleogene (K/Ter)...Himalayan
Late Jurassic-Early Cretaceous (3/K)...Indosinian3
Late Triassic-Early Jurassic (Tri/J)...Indosinian2
Late Permian-Early Triassic (P/Tr1)...Indosinian]
Late Carboniferous-Early Permian (C/P)...Variscan
No data
3. Loei Fold Belt
No data
No data
No data
Late Permian-Early Triassic (P/Tri)...Indosinianl
Late Carboniferous-Early Permian (C/P)... Variscan
No data
4, Indochina Plate
No data




Mineral deposits in Thailand

Mineral Potential
Marine volcanic-sedimentary sequence are considered to be the original host
rocks of mineralization, which were remobilized by hot aqueous solution
and precipitation either in the original mineralization or in the overlying
rock.
Deposits:

1. Epigenetic deposits:
They are associated with granite in Shan-Thai plate and Sukhothai fold belt
{western part). Both areas are post-orogenic elevated basement (fauli-block)
and high temperature gradients (hydrothermal veins),
(Epigenetic: Ore formed later than the host rock)

2. Syngenetic deposits:
‘They are deposited in the basement of Shan-Thai plate and Sukhothai fold
belt.
(Syngenctic: Ore formed at the same time as the host rock)

3. Secondary deposits:
They are representing the major part of ore potential in eluvial and alluvial
placer deposits.
(Eluvial deposit is the weather material (float) which is at/near its point of
formation.)

Metallic mineral resources
Tin, Tungsten

Source:

I. Mesozoic Granite (K/Ter)
The ore is not a function of either age or chemical composition of the
granite but depends on S-type granite. Sn and: W had been concentrated
since magmatic differentiation and precipitated in pegmatitic stage. (S-
type granite: back arc, fore arc-thrust belt, outer arc related granite)

I1. Shan-Thal (Precambrain)& Sukhothai fold belt (Lower Paleozoic)
The western part of Thailand from Tak-Phuket is a back arc belt. During
upper Mesozoic (K/Ter) the India plate subducted under-neat the western
part of Thailand. Stratiform ores in the basement of the Shan-Thai plate
and the Sukhothai fold belt were melted and provided plutonic rock,
which are biotite, biotite-muscovite, tourmarine granite and adamelite.

Deposits:

There are 3 types of primary Sn & W deposit.

L. Stratiform (Syngenetic)




11.

II.

They were formed in Paleozoic & Precambrian basement
(metavolcano-sedimentary rocks) and were formed before
metamorphism. (Some of them are syns¢dimentary origin as they
were formed outside area of granite influence.)

Contact zone of granite (Transition)

The zone is between granite & stratiform which is associated with
veins/veinlets. It is less often disseminated in the granite.

Roof zone of granite (Epigenetic)

They were formed in the cover rocks of basement as veins or in the
surrounding sedimentary rocks.

Example 1: Sukhothai fold belt

I.

i.

IIL

Doi Mok (Chiang Rai)...Sukhothai G

Stratiform: Scheelite-sulfide ores occur in three horizontal layers in
the lower Paleozoic metamorphic sequence (cale-silicate + quartzite)
which is intercalated with volcanic rocks.

Dot Mok (Chiang Rai)...K/Ter granite

Contact zone: Scheelite-suifide ores occur only where discordant early
Mesozoic granite contacts with the lowest of stratiform layer.

Doi Ngom (Northern Thailand)...Lampang G

Roof zone: Ferberite, associated with fluorite & stibnite in silicified
breccia zone of Triassic sandstone & shale.

Example 2: Shan-Thai plate
1. Samoeng (Northern Thailand)...Lan Sang

Stratiform: Scheelite and cassiterite with a very low percentage of
sulfide ores occur in Precambrian blocks of high graded metamorphic
rocks {gneiss, marble, calc-silicate) in Mesozoic granite. Near Kong
Loi and Bo Luang intercalation of basic volcanic rocks in the form of
orthoamphobolites have been found below small scheelite occurrences
in this Pre cambrian sequence.

I1. Samoeng (Northern Thailand)...K/Ter granite

Contact zone: Scheelite and cassiterite with a very low percentage of
sulfide ores occur only where mica granite contacts with the ore
bearing Precambrian rocks.

II1. Mae Lama (Northern Thailand)...Thung Song G

Roof zone: The variety of sulfides in addition to wolframite, scheelite,
cassiterite are associated with granite intruded into the cover rocks.
The granite body is about 4 km in diameter and shows a gradual
change from biotite to muscovite granite while the cover rock is
limestone, sandstone and shale of Cambrian-Ordovician age.



Note

I Together with cassiterite, tantalum & niobium are the most important by
products and decrcases from north to south,

Secondary deposits arc increases toward the south due to chemical
weathering increase in this direction.

b

Lead, Zinc

Source:

1. Shan Thai (Paleozoic) & Sukhothai/Loei fold belts (Paleozoic marine vol.)
The major source rocks of Pb, Zn is stratabound ores in Ordovician
limestone of Shan Thai and Paleozoic marine volcanic rocks of
Sukhothai & Loei fold belts that were remobilize due to the intrusion of
granite. (I-type granite: magmatic arc related granite)

I1. Sukhothai/Loei fold belts (Mesozoic vol.)

The minor source rocks of Pb, Zn is Mesozoic voleanic rocks in
Sukhothai & Loei fold belts.

Deposits:

- Stratabound or hydrothermal remobilize deposits

Example:

1. Southern Thailand...Thung Song G

The present of Lead, Zinc in the Ordovician limestone of the Shan Thai is

due to acid volcanic activity (Rhyoritic tuff and Tuffite)
Remobilization of stratiform and thermal processes has resulted in the
Ordovician limestone and surrounding sediments.
2. Song Tho mine {Kanchanaburi)... Thung Song G
- Lead, Zinc ores locally reach 20 m. thick extend
N-S several km. are in Ordovician limestone.
- The main minerals are silver-bearing galena, sphalerite and pyrite in fine
crystalline form while accessory min. are fahlore and Sb-Ag Sulfosalt.
- Lead-rich slags of old smelters were discovered
due to extraction of silver in old chinese archives.

. Ban Muang Kut (Chiang Mai)...Thung Song G
Metasomatic sphalerite, galena occurs in
recrystallized Ordovician limestone in the contact
zone with Triassic granite.

Note: .

- Mining took place since about 14" century as proven by C-14 analysis on
charcoal of the old smelters. (Bundesanstalt, 1972)

- A model age is 1600 +/- 55 years BP as proven by
C-14 analysis on timber and bamboo.

LS



Copper

Source:

1. Sukhothai/L.oei fold belts (Triassic ophiolite/ intrustve/extrusive)
The major source of Cu is in Sukhothai fold belt as ophiolite and in Loei
fold belt as Triassic acid-intermediate extrusive or associated diorite
intrusive, porphyry copper.

I1. Sukhothai/loei fold belts (Paleozoic marine vol.)
The minor source of Cu is in Sukhothai/Loe¢i fold belts as Paleozoic
marine volcanic rocks.

Deposit:

- Stratabound or hydrothermal remobilize deposits

Example:

1. Kaeng Ngu Hao mine (Petchaburi)

- Ordovician remobilization of stratiform, vein-like galena, barite with
minor sphalerite, chalcopyrite, pyrite occur in Silurian-Devonian
graywacke, shale and unconformity.

Antimony

Source:

1. Mesozoic granite

I1. Shan-Thai (Paleozoic)/Sukhothai fold belt (Lower Paleozoic)

Deposits:

Mostly Hydrothermal vein and some Stratabound

Example:

1. Mae Fa mine (Lampang)... Lampang G

- Stibnite-stibioconite-quartz veins (15 m. length, 2-3 m wide, NE-SW

strike and dip 55* SE) ocecur in breccia zones of Triassic shale and
sandstone.

2. Pha Had mine (Phrae)...Ngao/Phrae G ,
Stibnite vein is 500-700 m. long and up to 3 m. thick occurs/replaced n
Permo-Carboniferous shale with intercalation of quartzite.

. Sriwirakul mine (Phrae)...Granite
Stibnite-quartz vein occurs in Mesozoic granite

(e

4. Huai Hia mine (Chiang Rai)...Sukhothai G

- Stratabound mineral occurs in silicified tuffs and silexited of Paleozoic
metavolcano-sedimentary.

5. Kanchanaburi... Thong Pha Phum G

- Stibnite is found in fine clastic rocks in rings around lead-zinc ores.



Manganese
Source:
[. Cenozoic hydrothermal
[1. Sukhothai/l.oei fold belts (Paleozoic)
Mn occurs mainly in Cenozoic hydrothermal vein deposits in association
with Paleozoic sediments that may be regarded as the source rocks.
Deposits:
Primary deposit in hydrothermal vein and secondary deposits in tropical
weathering process
Example:
1. Mae Jong mine (Lamphun)... Sukhothai-Ngao G
Veins of psilomelane and pyrolusite occur in 20 m. wide, fissure in
Paleozoic limestone & shale. Secondary deposits of manganese-bearing
faterite occur in 1-8 m. thick, covers the Paleozoic shale.
2. Loei...Sukhothai-Ngao G
Hydrothermal with resecondary deposit occurs in steeply dipping beds of
Devonian and Lower Carboniferous quartzite, phyllite and shale.
Manganese oxides, Rhodochrosite have formed as pod fillings in breccia
fractures or porous rocks and narrow veins.
. Mae Tang mine (Chiang Mai)...Sukhothat-Ngao G
Secondary deposits of manganese oxides occur in the form of
unconsolidated pebbles and nodules as residual concentrations in Permo-
Carboniferous shale and quartzites.

GJ

Uranium

Source:

1. Triassic granite
Triassic granite in the northern Thailand has a high uranium background
(6.1-12.3 ppm U).

Deposits:

Epigenetic and Hydrothermal vein

Example:

1. Phu Wiang (Khon Kaeng)...Khorat G

- Three lenticular of U308 occurs in channel sandstone of Sao Khua
formation. The ore is associated with calcareous mudstone chips, plant
material and humate matter. (Epigenetic) '

- The major U mineral is coffinite with minor in carnotite and torbernite

- There is a good correlation with Cu mincral
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2. Ban Doi Tao (Chiang Mai)., . Hydrothermal

- U is associated with fluorite and pyrite, occurs in vertical quartz-fluorite
vein strike NE, 610 m. long, 5 m. wide in Triassic muscovite granite.

- Pitchblende was found in the vein and meta-autunite as secondary deposit
in the altered muscovite granite.

Non-metallic mineral resources
Fluorite

Source:

[. Cenozoic hydrothermal

11. Triassic Granite

HI1. Shan Thai/Sukhothai fold beit {(Paleozoic)

Deposits:

Hydrothermal vein and metasomatism along fractures / faults in Shan-Thai

and Sukhothai fold belt

Example:

1. Ban Hong (Lamphun)...Ngao G
Vein-like type of 800 m. long and 30 m. thick, is occurred with a vertical
tault striking N40*W in Permo-Carboniferous limestone, shale and tuff,
In the limestone metasomatism are also found.

. Mahalarna mine (Mae Hong Son)...Granite

- Fluorite occurs in a vertical vein several hundred m. long, 3 m. thick, NE

strike in Triassic granite.

b

Barite

Source:

1. Cenozoic hydrothermal

11, Triassic granite

Deposit:

Stratiform, Hydrothermal veins and cavity fillings

(Barite is not associated/contact with granite body.)

Example:

1. Ban Hin Khao (Loei)... Wang Saphung Fm

- Barite deposited as stratiform (syngenetic) or metasomatism in steep
dipping of Lower Carboniferous (dolomite, shale, tuff) over 1200 m. long
with 5 m. thick.

2. Phu Mai Tong (Chiang Mai)

- Barite occurs as stratiform or concordant veins in Silurian/Devonian
shale. (Sukhothai G)




- Barite also occurs as residual/bedded type in Doi Tao (Chiang Mai), Nam
Pad (Uttaradit), W-Tak.

- In Uttaradit barite lenses, 1 m. wide, 3 m, long, occur in sandstone of
Khorat group indicate chemical precipitation.

- In W-Tak several thin barite beds of 10 m. wide dip 50, are interbedded
in sandy shale.

3. Ban Thimongtha {Kanchanaburi)

- Barite occurs in veins in Upper Ordovician-Stlurian shale and sandstone.
(Thong Pha Phum G)

- Mahavajana (1972) suggest that most of the baritc occurs as veins and
cavity fillings along local structure such as in Chiang Rai, Mae Hon Son,
Chiang Mai, Phrae, Uttaradit, Loei, Tak, Petchabun, Petburi, Ratburi,
Kanchanaburi, Surathani, Nakon Srithamarat.

- Barite occurs in the same form as fluorite deposit on the Shan-Thai and
Sukhothai fold belt, during Cenozoic hydrothermal phase.

Gemstones
Source:
I. Alkaline basalt (Pliocene/Pleistocene)
Alkaline basalt is originated in mantle. Corundum crystallized from the
basaltic magma when it moved to shallow depth. Sapphires and rubics are
the most important gemstones found in Thailand.
Deposit:
[. Gemstones are recovered in eluvial/alluvial placer/residual soil from
basaltic lava.
Example:
Gemstones occur in Chanthaburi, Trat, Kanchnaburi, Phrae and Ubon
Ratchatani.

Quartz and Feldspar
Source:
1. Granite/Pegmatite
Deposit:
I. Porphyritic Granite or Pegmatite vein
[1. Shoreline sand
Example: _
Quartz and Feldspar are used for glass and ceramic. .
1. Orthoclase feldspars have been mine from pegmatite veins and |
porphyritic granite such as Chonburi, Nakon Srithamarat, Ratburi,

Kanchanaburi, Tak.
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2. Silica sand, have been found along shoreline Nakon Srithamarat-Pattani,
several islands of the West Coast, Lam Mae Pim (Rayong).

Asbestos
Brown et al. (1951) reported Uttaradit asbestos are associated with dike, sill,
pyroxenite, serpentinite and diorite which intruded into a sequence of
strongly folded, interbedded, shale, sandstone, slate, quarizite, argillaceous
schist and greywacke.

Diatomite
Brown et al. (1951) reported diatomite only from the Lampang basin.
Diatomite is exposed on the south bank of Mae Chang (a tributary of Mae
Wang), military head quarters at Km 4 Lampang-Ngao, Ban Phichai, Ko
Kha.

Potash
Source:
I. Maha Sarakham formation (U-Cretaceous)
Deposit:

I. Hyper-saline lake

II. Secondary solution processes

Sylvite is interpreted as secondary solution processes. (Most of the potash
deposit consists of carnallite with accessory sylvite.)

Example:

1. Sombun mine (Udontani)

- Upper salt

Halite

Anhydrite/Residual bed (erosion)

...... non-calcareous soft claystone, mudstone......

- Middle salt

Halite (massive)

Anhydrite

Residual bed (eroston)

...... non-calcareous soft claystone, mudstone......

- Lower salt

Halite

Carnallite (more pollution) .

Sylvite (primary deposit approximately is 3 m. thick, fine grain, red-orange,
homogeneous)



Gypsum
Source:

I. Pha Nok Khao formation (Permian)

Deposit:

L. Re-hydration

Massive gypsum with thin carbonate points toward being deposited in

hyper-saline lagoons as bedded selenite. Core observation shows that it was

formed by re-hydration on the upper part of the formerly anhydrite mass,
which resulted in profound swelling and probably fracturing of the overlying
limestone.

Example:

Three commercial deposis of gypsum in Thailand: Surat Thani, Nakhon

Sawan, Pichit. They are all mined by open-pit of high quality and is

marketed without further dressing.

1. Loei

- Gypsum and anhydrite are thought to be much more older than the
evaporites found in Sakon NaKhon and Khorat basins.

- QGypsum and anhydrite of 220 m. thick are associated with U-Paleozoic
limestone. Anhydrite with gypsum were found in Chiengkhan area
(Jacobson et al., 1969) is interbedded with limestone, tuff, shale and
mudstone.

- QGardner (1969) suggest that the ore were probably flowage during
folding and faulting.

.

. Phichit

- The ore body is gypsum and anhydrite of 650 m. wide, 3000 m. long and
> 400 m. thick. It lies between parallel to steep-dipping faults, strike N
(15-25)* E.

- 96% of the ore is gypsum, white, massive, granular, which reserve is

11.5-25 million ton of gypsum.

Oil shale
Qil shale occurs in many Cenozoic basins in Thailand. In Mae Sot, Oil shale
of varying thickness is intercalation with fluvial and lacustrine sequence.
The oil yield from this oil shale amounts to about 5%.

Lignite
Lignite occurs in lacustrine deposits mainly in post Himalayan intermontain
rift basin. More than 50 lignite has been discovery in Thailand, 80% in the N
and 20% in the S.
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1. Mae Moh basin

Several lignite seams of 25-45 m. thick occurs in Miocene/Pliocene
claystone-siltstone sequence.

2. Li basin

Fine clastic sediments accompany lignite seams of 60 m. thick.

3. Krabi basin

Palaric lignite of Paleogene age is being mined.

Clay

Domestic industry clays are classified into: residual, transported, bedded by

Brown et al. (1951)

1. Residual clay (Kaolinite) derived from the weathering of granite have
been mine in Prachiburi and used as filler inipaper or second grade
porcelain.

2. Transported clay (black, plastic) is found throughout the Chao Phraya
River. It is raw material for common bricks, water jars, basins, stoves
etc. in Nonthaburi.

3. Bedded clay (Kaolin) is found at Sawankalok, Chonburi and Chantaburi.
Nattor1 (1969) also found Kaolin on the bank of Yom River.

[ Aranyakanon (1969) postulated that Kaolinite ih S-Thailand was the

alteration product of alumino-silicate in granite by pneumatolytic process. |

Clay reserves, given by Puengrusami (1972)

Kaolin
Amphur Changwat Reserve (million tone)
Chae Hom Lampang >100
Muang Uttaradit 73
Na San Surathani 1
Muang Ranong 0.5
Klaeng Ranong 0.03
Ball clay
Muang Prachinbury 0.4(black), >4(white)
Na San Surathani  >0.2

Ban Song  Surathani  >0.04
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Fig. 1: Tectonic Subdivision of Thailand




110 Long EAST

=

LAT NORTH

N SC

S -~ '
A —r 20
,—.‘.(.".'.'.":r\ < \\_,..--‘
'-.c.o‘- IV.'.'.'.'.\\ ‘ ..-.. .

®rte P s \

...'.o.o.o‘l.o...‘\ \
--------------- \ ;
............ a SN
------ Koo- % < '
lllllllllllll [ >
------- Sessere s ..
ooooooooooooooo o‘ :D
oooooooooooooooo ) H

sPtevsareenived .o

-------- essanl| .
LAY ERRY | A
- b -1
» wm—
M
oy -
i

| FOLD-BELTS|
N N suknhothai
//'

/ Loei .

S. China -

~ \\_Ophiolite

Figure 2. Ancient cratonic areas; I, Indochina (including
eastern Thailand); SC, South China and ST, Shan-Than-
Thai (eastern Burma, western Thailand and Northwestern
Malay Peninsula). Adjacent fold-belts are formed of thick
mainly marine Paleozoic to Triassic sediments and tholeitic
volcanic rocks that accumulated along the margins of the
cratons. Ophiolites lie between contiguous fold belts.
Sinistral faulting and oroclinal bending occurred mainly
during the Jurassic and Cretaceous. K, Khorat Basin;
CM, Chiengmai; V, Vietiane; WM, West Malay Peninsula;
EM, East Malay Peninsula; B, Bentong ophioolite line.
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e - Cenozoic basins of
20° 1~ Thailand
18°1-
16°} -

. 14°
12°71
100
80__.
60»-
- Scale
L | | | ! I | i [ | !
96° 98° 100° 102° 104° |
1. Fang 11. Phetchabun 21. Hua Hin
2. Mae Sai 12. Nang Bua 22. N.Western
3. Chiang Rai-Payao 13. Lad Yao 23. Western
4. Chiang—Mai 14. Nakhon Sawan 24  Kra
5. Lampang 15. Suphan Buri 25. Chumphon
6. Phrae 16. Kamphaeng Saen 26. Pattani
7. Pua 17. Ayutthaya 27. Nakhon
8. Nan 18, Thon Buri 28. Songkhia
9. Mae Sod 19. Sakhan 29. Malay
10. Phitsanulak 20. Paknam 30. Khiensa
31. Mergui

Figure 1 Significant Cenozoic basins in Thailand



GENERALIZED STRATIGRAPHY OF CENOZOIC BASINS
IN  NORTHERN  THAILAND

i | R
w :'j u ﬂ
] Ll Z LITHOLOGY ENVIRONMENT | &
<T ',S O on
i = ©
z U
E
o)
2w i1y | © GRAVELS
ud LZLI )
8 by LOOSE SANDS ALLLUVIAL. FAN
el !
a.
o
wy
SHALES .
E 2
o grey, occasionally with gy,
T : ‘ ‘ LACUSTRINE 2 &
thin lignite 1n the e
1 = i
2 lower part g _3
ut o -
z Yoz
wi - <
L w
o SHALES 2.
P _ FLUVIO LACUSTRINE| & 2 &
E grey, interbedded with o EE
Q E ‘Ig
[+ 4] . . o e
ot arkosic sands in the a 2 ts
I | 5<%
upper part aond thin -
o 158
X © lignite in the lowar part LAGUSTRINE ™ - %E
! £ .3
i R
c SANDS TONE g5
) o =
=z . w
8 L 8 red-brown , brown FLUVIATILE i 2
3 . interbedded with £ 3
o o _ : f
2 o brown shales P
o 53
(&) =
PRE - TERTIARY COMPLEX IGNEOUS , METAMORPHIC  AND
BASEMENT SEDIMENTARY ROCKS

{Compiled ofter Sethakul , 1984 )

Table 4 Generalized stratigraphy of Cenozoic basins in Northern Thailand
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Fig. 8. Stratigraphic correlation between the Mergui and North Sumatra Basins.
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