1+ INTRODUCTION

tel General Location of‘Deposité.

Fluorite deposits in Thailand are distributed from norih
to south along the mountainous region in the western part of the countyy,
Approximately two-thirds of the total production comes from nerthern
Tbailand, where fluorite deposits are located in Chiang Mai, Mae Hong
. sonL Lamphun, Lampang, Chiang Rai, Tek s Hamphaeng Phet and Sukhdﬁhai
Provinces. (Tabled), In central-western Thailand, many deposits are
found in Phetchaburl, Ratchaburi and Kanchanaburi }roﬁlncos. Flu011te

occurrences in southern Thailand are found in Surat Thaﬁl and Krabi

Provinces,

1e2 Type of Occurrence

Fluorite deposits in Thailand occur mostly as epithermal
deposits, but some of them ccour as pegmatite and greisen deposite,
Veeraburus(1974) studied the type of fluorite deposits and pregented

the following classifications

Te2471 Fissure Vein Type

This type occurs as epithermal veins in Tractures and
fault fissures, chiefly in zranite and din the host sedimentary rocks
closed to the contact with granite,

1e2+2 Pegmatite Type

TPegmatite dikes consist of fluorite and coarse grained

dQuartz, feldspar, and muscovite,

)



Tiuerite occurs in open fractures and cavities, mostly in

limesgtone,
1244 Replacement Type
Fluorite cecurs in limestone, sandstone, conglomerate,
shale, etc., Breccia zones seem to be the most important siructural cone
trol, Ore textures show relic Tragments anﬂ textures of the original

rockse In some stratified sandstone and shale, fluorite tends to selec—

tively réplace sandstone, particularly arkosic sandstone.

Te3 Mineral Assemblages

The associated minerals in fluorite depesits differ from
one occurrence to another, according to their genesis and temperature—
Pressure conditions, With reference to the associated minersls, the

fluorite deposits can be classified into g
1431 Fluorite - (quartz ).

This type is very comnom in epithermal_deposits. Quartz
is the most common gangue and ocoﬁrs in crystalline form or as crypto~
crystalline varieties such as chalcedony. The mineral crystallized either
simultanecusly with fluorite or at a different stage. Where guartz formed
before fluorite, it could have served as a micleus for crystallization

of the later fluorite, The ratio of the voluwmes of the fluorite g

quartz is different in different ueposits.
14342 Fluorite - Stibnite - (Quartz)

-Stibnite usually forms prismatic crystal aggrogates closely



agsociated with grey or colorless fiucrite, The stibnite~fluorite assoe
ciation can be seen thyoughout the deposite Quartz and other sulfides

are ninor gangues,
143.3 Fluorite - Tin-Tungsten Minerals - (Quaftz)

This “ype of ocourrence seems o have formed at a rather
higher temperature than the other types. In nofthefn Thailend, fluorite
is commonly féund with cassiterite, wolfranite, scheelite, and sulfides
in pegmatite and greisens, Fluorite, cassiterite and wolframite crystal-
lized at nearly the same time in greigen and pegmetite, Iate fluorite-
quarts veins without tin-tungsten minerals occur in some areas, This
indicates that fluorite can orystailize el.ther at fhe same time or after

the Sn-W mineralization,
103.4. Fluorite - Stibnite - Tungsten Minerals ~ (quartz)

Examples are found at Doi Ngom, Amphoe Long, Thrae Prow
vinee, and Khao Sun, Amphoe Chawang, Nakhon Si Themmarat Province'in
southern Thailand, Fluorite and stibnite may occur in the upper parts
of vein systems associated with ferberite“(ﬂew04)~in some parise Asso-
¢iated sulfides are chalcopyrite, pyrite, etc, Perberite occcurs ag fine

grained erystalline agzregatesg,

14349 Fluorite - Calecite,

A typical fluorite - calcite association occurs at 4P,
Mine, Amphoe Mae La Noi, Mae Honm Son Province. Here, calcite is formed
later than fluorite and occurs as coarse grained interstitial fillings,

The volume of calecite is about 3-4 times that of fluorite, and in some



places it also shows gradation of colours,

le4 Topography and Climate of Northern Thailand

Northern Thailand is mostly mountainous., The average
height of the mountain is about 1600 Me 0oDoy the hisghest peak being
Doi Intanon , 2595 m 0.0., 56 km SW of Chiang Mei bown. The meunbein
chains are oriented NS, with many nérrow or wide elongate basing bet-
ween the mountain chains, such ag the Chlang Mai, Lampang, and Chiang
Rai basinsg, In these basins there are many south- flowing rivers inciu-
ding the Ping, Wang, Yom and Naﬁ, which are branches of Chac Phra ¥a
River,

The climate in northern Thailand is tropical savennah
type according to Koppen (Klammeszri, 1973). The temperature is always
above O.q, except on some high mountein peaks in winter, when small ice
drop may form. Climatic data for northern Thailand in the yearl951-1975
is #iven in fppendix 4, Tables A-241,4~2,2 ard A=2,3 .

S%ﬁmsinnmﬂmmlﬂmﬂaﬁEmeckmﬁimdasfﬂlmm

"t e Rain&’Seagbr

Thié begins when the South-West monsoon Passes across the
country, for a period of § menths from mid Mzy to mid October, This rainy
Season maybe earlier or later than this by.about 2 weeks, Mean monthly
rginfall in northern Thailand reaches the maximum in August with 442,.5
miat Chiang Rei, and 408.9 at Mae Sod, The mean relative bumidity also
reached the maximum in Auvgust, Mean annual rainfall ranged from 1054, 1mm,

at Tak to 1795,1 mm. at Chiang Rai. Mean monthly temperature is relatively



gonstant during the raiﬁy geason. After the rainy seasbn; very little

rainfall is experienced during the six month dry period,

Telde? Winter

Ciimate is effectoed by the col&~winter or NE monsoon
from November to February, Mean monthly temperature is at a minirmm in
Januaxry ( 19.6bc at Chiang Rai, 20.0.6 aﬁ Chiang Mai, and 20.6.0 at Mae
Hong Son)s hocording to (lammesri (19?3),‘the ainimun temperature recorded

at Chiang Mai during 19511965 was §4.4 cy
10403 Sunrer

This stretches from mid February to mid May, Mean monthly
temperatures in northern Thailand reach a mawimum in April, 32.3.0 at
Bhumirhol Dam.to 2”.5.c at Chiang Rale The maximum temperature recorded
during 1951-19585 is 36.8.0 in April,:

The perioda between the.NE-monsocn and the 5V mbnsoon,

( mid February to mid May, and late September to mid Octobexr ), are

characterized by wicertain wind direction,

1«5 Geologic Setting of Deposite

Mogt of the fluorite deposits in northern Thailand are
in ox near the granite mountain ranges and at the contzct between granite-
and various sedimentary wecks (Fig.d8). The granitic country rocks are
of Doth Carboniferoué and Triassic age, but the relationships of the B
nitic rocks in northern Thailand are still not ciear.

Granites are the only igneous rock closely associated
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with the fluorite deposits, Amorig the sedimentary rocks occurfiﬁg near
the grandte plutons, limesione seem +to be the most common hogt rock fox
fiuo:ite deposits, mainly of weplacement type. Fowever, - fluoxite glgo
replaces sandstones, ghales, etc,

Fluorite commonly occurs as £issure vein and cavity £ill-
ing types aiong major faults, boths in gmaniteland sedimenfary rocks,
The major faults, shear mones, and fault brecocias are the important ag

.channels for mineralizing hydrothermal golutions and serve as open space
for deposiiticn.
. Mogt of the fluorite depogits in nofthern Thailand occcuxr
in fault zones in the rock near the edge of Cenozcic basing, The eleva-
-tion of the exposed veins 1ls similar to that of the adjacent besins.

( Table A-3),

Most of the fluorite depcsite oceur close to the hot
springs; or there may be active hot aprings within the deposits them—

soelves,

1e6 Fluorite Districts .

Regions containing fluor: . deposits in northern Thailand
- L]

are situated in the western part between‘17.- 20 W, and lomgitude 97 50‘E
- 99. 56'E. About 53 deposits are located in the Chiang Mai Province,EG
deposits in Mae Hong Son Province, 7 in Lamphun, 8 in Lampang, 3 in
Chiang Rai, - 5 in Tak, 3 in Kamphaeng Phet, and 1in Sukhothai (Pable A-1

Appendix A« )e They can be divided into 8 districts ( #go1e1 ), as

follows:



146e1 Fang District

This district contains 4 known deposits, The district liss
nainly in Chiang Mai Province but also includes the deposits in the |
western part of Chiang Rai Province, The biggest deposit is at ihepriim
thi Jiine near the well known ¥ang hot sprines at the edge of the TFang
Baein. The district is half-circle shaped, and covers an avea of aﬁout

2580  sguare km.
10642 Pai District

This district contains more than 15 known deposits mosily
along the bauvks of the Pai Niver in Mae Hong Son Province. The biznest

deposit is at Mshalsanns Mine, Large reserves of at least 200,000 tons

-

wre alsc reported at the Universal claim, 20 km west of Hahalonne Mine,
along the Pai River, but the deposit is not yet in production. Many hot
springs are found near these deposiise.The distriet is circular in shape,
with .an area of about 1230 sguare kn.
Tebe3 Eae La Noi D:is-trict

This.district consistas of .2 Yae Soriang flucrite depo-
sits { Sahachart Mine near Mae Sariang Town), the Mae La Noi fluorite
deposits (S.P, Nine), and toe Maes bLa Luang deposits ( Universal Miﬁing
Coe )e This district runs N-S parallel to the major fault gyatem develo-
red between Mae Sa Riang and Mae Hong Sone The district covers an area

of about 1650 square km,
1e644 Mae Cham District

The deposits in Amphoe Mae Cham, Chiang Mai Province,



cecur along fault zones both in the Mae Cham Basin and along the Mae
Cham Iiver, 'The:y' include the Tha Wang FPha fluorite deposit, The district

is oval- ghaped trending HeS, and is about 600 aqguare km,
146e5 Ban Hong Diatrict

is district includes all cepoasite in Zmphoe Ba.li Hong,‘
en hoth éides of the Paholyothiﬁ Highway at km 54 in the cbncessions of
the Universal Mining Coey Thai ¥luorspar & Minersls Cos, and the depo-
sits. at Doi Tone, km 48, This distriet has produced most of the fluorite
-from Thailand in the past ten years, Mozt deposits are in the resions of
strongly faulted sedimentary rocks, and are alined parallel to the Nam
Mae Ii fault, The district is mango —shaped, with an area of zbout

660 square Kum,
1e6e6 Doi Tao District

In the vieinity of Doi Tao Digtrict, Chiang Mai Provinee,
fluorite deposits of fissure vein typle oceur along fault in granite and
in the coritac't zone of granite and sedimentary rocks, and within the
’sedimenta,ry rocks,. lany mines are at Khao Pre Fo ug, The district is cir-

cular—shaped, and covers an area of about 1940 square lon,
Te647 Thoen Tistrict

Thoern fluorite district in Lempang and Sukhothal Provinces
is a pear-shaped area of about 2320 sguare km, The deposite are concen=-
trated in the north-western end of tue distriet, but some are situsted

in the south~eastern part of the district. Most of the deposite in this
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digtrict are located gt the same elevation as the present basin or strean
not on high mountains, The district also includes the IMae Thu depcsit

near fmphoe Thung Saliam, Sukhothai Province,
14648 Mae Tun District

The fluorite deposits are found in the fault zones in
granite and neaxrby sedimentary rocks aloﬁg the Tun River iﬁ Chiang M=l
and Tak Provinces, The most important depogit is the Doi Chang deposi
hear fan Huei Nam Khao, which is mined out by Sun Mui Co, This districf
also includes Ban Sop Lan flucrite deposit, 30 km north of Tumbol Tun;
and Pa La Door and Huai Nok Nuek fluorite deposit on both banks of Tum

River in Amphoe Mae Remat, Tak Province. The area is 1030 équare lem,
1e6e9 Other Deposits

Some deposits which are also of ecoricemic importance,
ccour outside these districts, The Mae Tha fluorite deposit in Ban Eae
Kha-nad, Tumbol Tha Kady Amphoe Mae_Tha, Lamphun Province which belonsg
Partty to Tniversal Mining Co., and Thepnithi Coe, has been one of the
most productive fluorite deposits of northern Thailand during the past
ten years, The deposits are in strongly favlted sedimentary rocks near
the margin of the Mae Tha Bagin, - Other important deposits in-
clude the Samoeng flucrite deposits in Amphoe Semoeng, Chiang Mai Prov-
inpe, Muang Ngai deposit in Tumbol Maang Ngsi, Amphoe Chiang Dao, Chiang
Mai Province, and Tha Song Yang fluorite — stibnite deposit in Tai

Frovinge,
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1+7 Previocus Work

Brown and othera, 1951, noted the - ooCuxrence of fluorite
assoclated with epithermal barite -- lead - copper veilng in Ban Fin area,
Phrae Province, and fluorite veins in a porphyritic granite in_hmphoe
Pai, Mae Hong Son Jrovincs, Hone of this narrow vein depoéits wag consi-
dered econcmically, Gaxdner and Smith, 1965, estimated the reserves
500,000 tons of fluorite at Doi Tao, Chiang Mai Province, and 3,600,000
tons at Ban Heong, Lamphun Province, They concludéd that most of the fluw
orite occurs in epithermal veins in fault zone in granite and in meta-
sedimentary rocks are similar in mode of occurrenoe‘and‘indicated a
contemporary genesis in Tertiary Time, Takimoto(1968) studied fluorite
deposits at Dol Tao, Chiang Mai Province, and concluded that all the
fluorite deposits of Thailand belonz to the same metallogenic province
which iz related to the post -~ igneous activities of granite magmas. :
During 1965 -~ 1971, the German Geological Mission ( a joint operation
of the Geological-Survey of the Federal Republic of Germany and the Thai
~ Goverrment) surveyed the Kanchanabumi region and parts of northern Thai~
land, In the 1972 final report, they desoribed various fluorite deposits,
some of which were interpreted to be young in age as evidenqed by fluo=
.rite deposits in Pleistocene tervace gravel at Ban Hong (Universal Nine),
and other places,

?revious detail studies on sach fluorite deposits have
bgen done mostly by the D.IMLE. geol~aists, especially those from the Egoe
nomic Geclogy Division, But most of the work has concentrated on explo~-

ration and development of the deposits. However, complete estimation of



12

flvorite reserves of Thailasnd is not Possible because data on deposiits
which have been extensively drilled by private cperators is not avail~
able, Some exploration by diamond Arilling hds been done by the D,M.R.
The last compilation was made in July 1973 (Veeraburus, 1974}, The egti-
mated potential reserves éf metalluraical srade fluorite iﬁ Thailand
may exceed 11,500,000 metric tonsa, A

Geophysical exploration was carried oud by the DJM,E, in
in the area A0 Im southrof the town of Lamphun ( Veeraburusgl1974).
Gravimetric and magnetic methods were applied for detecting geological
structures suitable for fluorite depqsits. Fzults of high potential for
fluorite deposits were located, However, several thousand Ffeelt of dig~
mond, drilling revealed only the fault structures and traces of Ffluorite,
They concluded that geophysical methods are useful only in a broad way
for outlining the structures. Turther study and more experiments with
geophnysical methods are required.

The regional geoclogy and mineral resources in Amphoe Pai
region, Mae Hong Sor Province were surveyed by the L,G.D, of DM, Eay
@ichit and others, 1971), 17 flucrite deposits in this region were
discussed and the location of hot gprings noted, numerous along .the Pai
River, At least 2 stages of nineralismation of fluorite were observed at
the Thai Reéources Development Mine froﬁ field evidence,

‘Charoensri (1972 aybeand c)reported on the geology and
egtinated regserves of fluorite deposits at hoi Chang, Muang Ngai, and
Ban Honge, Diamond drilling at Muarg Ngai indicated 35,000 tons proved

reserves and more than 5,000 tons potential reserves, At Ban Hong drilling
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indicated 16,000 tons of proved resexves in Thal Flourspar ﬁine.

Japakasetr.ang othersi(1973)‘reported on the geology and
mineral deposits in the.Nam Mae Li Region, Lamphun Province, especially
the Bun Hong fluorite deposits, Mae Tha depogits, and Dol Tac depositsa,
| Dr, M, Shouls.(1974), Colombe Plan Instructor in the De-
partment of Geological Sciences, Chiang Mai Universi v studied the pos-
gible relationship between hot sprines and fluorite mineraiization in
'northern Thailand, He also reported on the chemical analysis of selected
hot-spring waters for SiO2 by a student at the Department of Chemistry,
Chiang Mail University in 1974,

In 1977; Sandra Barr Mcdonald, CUSO instructor in the
Departﬁent of Geclogical Seiences, Chiang.Mai University, and others,
studied the chemical geocthermometer of hot springs in northern Thalland,
and also the geothermal grsdient in +the Fang Baéin to determine the
likely . depth at which the hot springs reservoirs oceur. This bears

indirectly on the relationship between hot springs and fluorite depoaits,

148 Problems of Fluorite Cenesis

Even though there are many economic fluorite devosits in
Thailand; the genesis of fluorite deposits is still not well understood,
Problems includes

1aB8e1 Age of the Fiuorite Minerslization

Flucrite deposits in or near the granitic rocks can be
dated only by geologic relations. The age relations of the same tipe and

different types of deposit are complex.
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1.8.2 The Relationship botween Fluorite Devosite and Hot Springs

Shouls (1974) concluded that fluorite can be deposited
from the hot spring water even at the present day. Veeraburus (1974)
stated that there is no definite evidence that fluorite was deposited

by solution from hot springs, but he 4id not resesrch thisy
1e843 The Pressure - Temperature Conditions of Formation

For the Mae La Ma District, Panupaisal (1977), from a
study of phase assemblages, repcrted that the late fluorite crystalli~
med at abopt 475l390.c, Veerabufus (1974) noted that some pegmatife
fluowrite is related o hydrothermal solution and that pressures and
temperatures during formetion were high, He also stated that fluorite
with coiloform baﬁding and -crustified textﬁres geem to form under very
low temperature and pressure conditions. Fluid inclusion atudies are.an
important méans of understanding the genesis of fluerite, The tempera-
Ture of homégenization of fluid incdusions is a guide to the formation

tenperature, The compogition of inclusion fluwide is also very 1lmpor-

tant, These aspects are the aim of the present study,



