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5. Summary .

1) Most of the fluorite deposits in northern Thailand
are epithermal and similar in geologic setting. Mbsf zre associatéd
with faults zones or strong tectonic zones at or near the marging of
Cenozolc basins, Tﬁe elevation of the top parts-of the fluorite depo-
'sits are similar to the basin elevations, Mbét deposits consist of
microcrystalline replacement, botrydidal, conceﬁtrically layered
(around rock nuclei), and flat-layered fluovite 3 well crystallized
fluorite is rares dJangue minerals in erosits @re similar, including
quartz, chalcedony, stibriite and calcite, - The deposits thuslbelong to

a single minerslized province,

2) Deposgite in limestone host rocks show lmportant
aifferences from those in granite and other rock types. The deposits
in 1imestone host rocks contain both high temperature mesothermal
fluorite (replacement or open~gpace near rock nuclei), and lower ﬁem—‘
perature epithermal fluorite (boiryoidal, concentrically-layered, etc,)
The oxre bodlies are wedge-shaped, narréwing to depth, They cccur at
elevavions similar to those of the Tertiary bdsins, The_fluorite is
grey or colorless, and the degree of crystallinity varies greatly
%ithin ore deposit. The adjacent host rock is strongly aliered, Iluid
inclusions are of all four types, with Type 4 irclusions concentrated
locaily. |

Tn contrast, deposits in other host rocks (mainly

granite) are entirely epithermal with well~crystallized fluorite common.
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The shape of the ore bodies is variable, depending on the shape éf

open space in fault zones, MCSt.deposits are at elevations welatively
higher than those of the basins, The fluorite varies in colour (green,
purple, colorless, etc.), and is unif rm in degree of crystallinity or
shows symmetry in relation to vein contacts. The adjacent host rock is
relatively unaltered. Fluld inclusioris are of Types 2 and 3, with a
narrow range of phase ﬁatio,\evenly distributed throughout the veins;
Type 1 inclusions are also found in very'small amouﬂts in some deposits,
qssociated with Types 2,3.

These differences occur because the capacity of trapping
flucxine as fluorite'deposits in Ca—rich rocks is better than that of
non~Ca rich rocks, Fluorine vapour éan.react directly with Ca-rich
?ock to form replacement type deposits. In Ca—rich‘rdck (and heﬁoe
_éﬁ—saturated ground waﬁer), deposition can take place even at very low
temperature {eege.57"c), and at a wide range of temperature, In some
deposits in limestone (e.g., Pa Ia Doox, and Mae Phu) the fluorite
conglsts of entirely-liguid inclusions (Type 1), This indicates that
fluorine can be transperted in agueous splution to deposit in 1imestohe,
Large d=posits in non-Ca rich rock without any vugs or remaining open

space in veins (e.g. Amphoe Pai) need very large amounts of fluorine-

bearing fluids and other special conditions.

'3} The associated stibnite gangue in epithermal depo-

site is assoclated with a wide range of temperatures and fluids, such -

as agqueous solution (Mze Phu), and low-density high-temperature £luid -
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(Mae Tha) and fluids with ¢ 0-50 % gars volume in Tha Song Yang. So
this gangue can not be used as an indicatior of fluid composition ox _
tempersture, Stibnite may also be transporied in hyﬁrothermal solution,
but conditions of deposition must be different, Stibnite may deposit
within wide temperazture limits (1003400'0) vhen the stibnite-containing

solution increasés in (0, content by the reaction of associzted ¥

2

solution with Ca~rich rock or CaHbO3 saturated water;:'

4) Fluid inclusions in well crystallized fluorite ére
much more abundant than those in botryoidal or concentrically layered
fluerite. Inclugicns in thé well crystallimed fluorite are ranaomly
‘ distributed, while those in botryoidal or -zoncentrically layereq Fluo-
rite are associated as zones of inclusions, or in certain parts. IMoxe
abundant inclusions indicate:more-rapid orysfallization. Layered_
crystalline fluorite, at Amphoe Pai, contains more inciusions than
cubic crystalline fluorite., This may indicate sudden cooling during
deposition of Amphoe Pai fluorite, |

- Bhape and size of inclusions is reiated to degree of
the crystals and the tjpe cf occurrence., Inclusions trapped hetween
graﬁules have irregular shape as negative of granules, while inclusions
trapped in or beitween well crystallized fluorite have regular shape as“
rnegative of the crystals., Inclusion size varies with crystal and
granule sgize, very smell in botryoidal fluorite, medium sized in zones
of inclusions, and large in well crystallized parf of flat--layered

fluorite or cubic crystalline fluorite. The uniformity of inclusion
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size varies with wmiformity of crystal or gran@le size.

Primary, pseudo~-secondary, and secondary inclusions'ane
easily identified, Primaxy inclusions usually have regular angular
shape asg negatiﬁe of crystals, ox irregular ghape as negative of gra-
3ules, or cccur asg sones of inclusions, Secondary inclusions usually
oceur as groups with irregular shape and uniform phase ratio in
cleavage planes op some ffactures of fluorite crymtzsls. Pseud0msecon—.
daxy inclusioné are usuelly found near fractures in'fluorite, and are
usually rather large, with a shape whioh is parily negative of the

cryatal and partly = fracture.plane.

It is useful to classified inclusicns into four types
depending on their phase ratio 3 Type 1-entirely liquid ; Type 2 (0=5 %
gas); Type 3 (5-50 % gas) and Type 4 ( > 50 % gas’iby volume). Fhase
ratio shows a close welation with density of ore fluid, and hence
compogition of ore fluid. This aids interpretation of the ore genesis.
Shape and size have nordirect or important rélation to the ore fluid,
and are probably both affected by cther external factors.

The phase ratio of inclusions in sach deposit enables
deposits to be divided into three groups. Deposits containing entireliy
tiquid inclusions (Typé 1) are Pa Ia Door, Mae FPhu, and Chom Thong
deposits. Homogenization temperature cannoct be measured for these
inclusions, but these deposits are believed to have forme& at vexry low
temperéture in agueous golution. Depeosits containing only gas-~liguid

inclusions (Types 2,3) are Tha Song Yang and Han Sdp Tan, Amphoe Pai
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deposits are similar to these, but they also contain Type 1 inclusions.
Deposits éontaining all types of inclusions (Type 1 to 4) include Fang,
lMae La Noi, Mae Tha, and Ban Hong, TFor these lagt two groups, Type 2
and'3 inclusions gave homogenization *emperaturcs ranging from 57.4 to
274,2%c,s Mean temperatures for the deposits range from 115 * 27.5%c
t0.179.6 ¥ 12,9%°¢c., Histograms for homogenization temperatures indicate
the modal classes ranging from 110~160°c.. Tyre 4 inclisions gave
homogenization temperatures ranging from 251.3 to 410°c. Mean tempera—
ture for the deposits range from 300,5 % 34,2'c  to %255.8.% 3¢,5%c.
The second group of deposits formed at moderate temperatures from
aguecug-vapour ore fluids. The third group of deposits formed in

two stages : from a high temperature vapour phase core fluid, and from
& moderate temperature agueoug-vapour phase ore fluid.

Temperature of homogenigation of inelusions in well
crystaliized fluorite is undform. for each deposit. ‘Temperature f&r
botryoidal,concentrically~layered and gramilar fluorite, which can be
found in the same deposié; ghow a wide range of homogenization tempera-
ture for each varietj.

Zones of inclusions are related to degree of crystalli-
nity of fluorite. Outside fhe zoneg, inclusions are very rare. This
indicates that supply of the ore fluid‘was not continuous., Samples
with two zones of inclusions indicate at least two pulses of minexali-
zation of fluorite, The mean temperature of the inner zone of inclu-
sions is usually higher than that of the outer zone., This indicates

temperature drop during crystalligation.
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- The pressure and salinity corrections for the formation
temperature could not be determined. However, it is estimated that

the combined correction would be less than * 25°c.

/ | 6) Colour variation is a very distinctive feature of
the fluorite deposits, It would be useful to relate colour to the
Temperature zud history of mineralization in the depogits., In several
deposits, well crystellized cubic fluorite and flat-layered flucrite
show & narrow ranée of homogenization temperature but reveal wany
sha&e.of colours Colouxr in these deposits can not be used as én indi-
cation of mineralizqtibn'temperature_range, and there is also no gpeci-
fic rule concerning the order of temperatuée range beﬁween colours.
But.in some depogits, different colours of fluorite do.shOW'different
mean hemogenization températures : for example, in Ban Sop Lan {(Omkoi),
mesn homogenization temperature decreases from deep green to pale vellow
to sky blue fluorite. Deep green fluorite always shows the extrene
value (highest or lowest ranges) of homogenization témpérature in
fluqrite déposits.

Fluorite of similar crystal size but different colour
commondty differs in abundance of inclusions. Purvle fluorite usually
has very few or nec inclusions. The ratio of number of inclusions
between purple fluorite and flucrite of other colours can be as_high as -
1 2 10, although they have the same degree of crystalliniﬁy, Abundant
solid inclusions are commonly present within purplé fluorite, Purple

Tluorite may crystallize at a slower rate than fluorite with other
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coldurs. Colorless and green fluorite usually contain abundant inclu-
siong. Sky-blue fluorite contains extfaordinarily large amounts cf
gmall seconda;y fluid inclusions in every cleavage plane of the crys~
tais, In Amphoe Pai Vein o, 3, therérare many colours of fluorite,
tut the-less—transparent pale green fluorite usﬁally contains‘oil in-
clusions, with some probable orgahic matter assoclated. TIn zones of -
inclusion.of-concentrically‘layered flucrite, the zones usually have
brighter refracted oolouf, and are moxe fransparenﬁ.

Tarefore, colour and abundance of inclusionsg in fluow..
rite are commonly welated, The incluéions influence the optical pro-
perties of the fluorite directly. More significanitly, both are rela~-
ted 1o processes of mineralization thxough differenceshin compogition

and rate of crystallization,

7) TInclusions in most fluorite devosits in northern
Thailand, do nct show obéervable necking down9 except fér thoze in the
Amphoe Pad deposi%, gspecially in Veiﬁ.No,S. The degree of necking
down is different from vein to vein. The ﬁecking down in Amphoe Pail
caused 1ifferences in phase ratic of adjacent inclusions, indicating
that necking down cccurred after cooling tc below homogenizatioh tempe-
"rature. The necking down process iz therefore caused by récrystallizah
tlon of the fluorite hdst-crystals, and may indicate that there wexe
tectonic events in the Amphoe Pai region. Most deposits de not show
any necking aown process probably because they are very young and have

net been disturbed by tectonic eventis,.
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8) Age of mineralization is very cleary evidenced as
Pleistocens to Recent, Some deposite show direct evidence for this age
(fluorite in gravels,; relation to ?resent topograrhy, fluorite deposited
at hot springs), and other deposits are similar to them in geologic
setting, The young age of mineralization is alsc confirmed by absence
of necking down in most deposits except for that in Amphoe Pai.

The immediate source of flucrine probably was younger
granites associated with thermal events during Cencozoic time., The
fluorine was probably obtained from the older granites which are abnor-
mally F-rich because of time strong mantle control of the province, as
in western U,S.A, (Shawe, 1976)., The fluorine may have risen from part

of 2 mantle wedge underlying a back are continental margin,

9) 'The evidence strongly suggests fluorite deposition -
by mixing of magmatic water with shallow ground water nesr the surfacs,
or surface water. Some parts of fluorite deposits were deposited by
fluorine;bearing vapours in the range of temperature 410-250°c zz meso-
thermal deposits by reaction with Ca-rich rock or (Ca-saturated sclution.
Other parts were depogited on mixing with ground water, and foxrm
epithermal fluorite in the range of temperature 57-210'c, The tempera-
drcpped between the two modes.of deposition to gbout one hzlf to one
third of its initial value.

The presence of gasecus inclusions indicates that low
density volatiie fivorine-rich fluid came from the upper part of a magma

chamber during thermal events in Cenozoic time, Some fluorite was
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deposited along structural faults through to the surface but most was
depogited very cilose to the surface due to the sudden release in pres-
gure and drop in temperatures. The amount of fluorite deposited depended
onn ‘the nature of the country rock and the condition of Ca~saturated
ground water, Study of critical -poimts suggests that velatile fluorine
~rich fluid was similar in different deposits. After this stage,'hot-
spring processes - relatively - nimportant at the time of volatile
flvorine mineraligstion -~ played an important role by convection-circu-
lation of very concentrated brine using energy from remaining magmatiic
heat, This process would have been operating since the release of heat
from magma into the wocks above the magma chamber, Initially, the
temperature of hot springs was very high, and the thermal water very
saline, Some megmatic water was present in this brine., The hot strong
brine redissoived the primary deposits of fluorite abowe the magma
chamber and a2long channel ways (faulis), and on mixing with shallow
ground water, precipitated fluorine again as an epithermal deposite
Mis process would have been less active with time due to the decrease
in amount of heat energy. At present, small amounts of fluorite are
5till being precipitated from hot springs. At Ban Xong Khak, Pa Ia
Door, and Mae Tha, some recent hot springs giffer from hot springs
depositing fluorite in that they contain less magmatic component, less
Py a2nd are of lower salinity. Thig shows that the hot springs can not
deposit fluorite, if they have no source of fluorine, even though they
are high in temperature and contain very strong brine. This source of
fluorine should have been deposited above the magmatic chamber and along

the chennel ways during the period of fluorine mineralization,
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The presence of immiseible liquid (0il?) in some inclusions
also supports mixing of fluids during deposition of fluorite, However
the original fluid may =lso have contained immiscibie couponents,

Mesothermal and epithermal fluorite deposits occur typi-
cally in fault zones at the margin of Cerozoic hasins at nearly the
same basin elevation., This sites are suitable for depositions of
fluorite s

1e The fault zones are usually close to ox above the
vounger granites which intruded into older granite, Younger granite
is the immediate scurce forx fluworine mineralizétion.

2. The deep seated faults serve as channel ways for
fluorine transportation from the magma chamber, and also from the site
of initial depogition,

3, Fault zones at the edge of Cencrmoic basins interseci
the ground water level near the suxface and before the ground watei
hag flowed laterally on the surface to the river in the basing., Mixing
of magmatic water snd ground water can thus occur aleng the fault
planes.

4o The fault blocks commenly contain limestone on the
surface which are useful in deposition of fluorite,

The very young ore hodies in these locations have been

little eroded as indicated .by their close relation to recent topograrhye.

10) The genesis and tectonic setting of fluorite previously
discussed has direct relevance to future exploration work, Many geolo-~

gists have been puzzled about fluorite ore bodies which are usually
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ig. 5.1 Ideal cross section of fluorite ore body., The ore body

is wedge-~shaped or axe-shaﬁed, depogited in faulit zone
at the edge of basin. Major part of the top part of

the vein may Ye hidden because of top soil. (Note : the

‘wall rocks are altered, )
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wedge~shaped and become narrower at less than one lundred meters'depths.
The mechanism of deposition of fluoxite by supersaturation and hote
spring processes at the surface by mixing of waiters can explain the
sudden disappearance of fhe fluorite ore body at depth. The ore body
diminishes at 50-100 m below the surface although the fault cor othér
structure continues to deeper levels, These.deeper levels are below
the mixing zone., In vertical section, the ore body is vsually wedges
shaped or axe-shape (Fig; 5¢1) because mich more depositicn occurs by
supersaturation in the upper pari where the temperature and pressure
drops more quickly: Oxre bodies with only a small-scale exposure may be
larger because part of the true width is hidden by country rock or
irregular fracturing of the country rock at the exposed surface as
-shown in Fig. 5.1. Thie could save expense in drilling projects for
determining shape and size of cre body.

The aliteration of the country rock in the deposit can
indirectly indicate the scale of the deposit. Kaolinite and other clays
are normglly asscciated with fluorite, indicating thermal alteration,
The scale of alteration varies directly with the scale of fluorite
deposits., In any deposits with small exposure of fluorite, if the
alteration of the wall rocks is very gignificant, a big deposit may be
hidden a few meters uwnderneath the surface. |

Puture effort should be concentrated in areas of gtrong
tectonic activity such as fault zones, especially in or near the
tenagional faults along the edge, or within the Cenozoic bagins. Those

agsoclated with granites or alkalic igneous rocks would be prime targeis.
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iny area of high-heat flow is of very great interest,
espedially whére there are hot-springs or evidence of a recent high
goothermal gradient. Ieny of the fluorite deposits contain hot springs
close to or within the vein, Aveas of high heat flow zan be initially
detected by‘thermal_infrared aerial photographs which show hotler areas
a2z white and cocler areas as progressively darker shades of grey,
Promising photographs can be processed through densitémeter, which
resolves the density of the photcgraphs in terms of ground temperature
and applies a predetermined colour scheme to indicate the differences,
The technique provides the first measurement of the extent of geother-
mal gource and range of temperature in the area.

If limestone occurs at or near the hot-springs, cr high
heat flow area, the posibility of finding a fluorite deposit is

increased, This is becausge fluorite can deposit in limestone during a

long distance of transportation until the temperature of solution drops

to 57'c, the minimm homegenization temperature recorded in northern
Thailand,

The underground ore body can also be explored by analy-
sig for the F~content in ground water from drill holes or wells, The
P =content in ground water depends on the type of rock in the area,
The P-content of ground water near the blind dre body will be more than
that further away,

These exploration criteria can probably be applied not

only in northern Thailand flucrite province, but alse in other provinces

such as central-western Thailand, and peninsular Thailand which show a
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similar geologic setting. The Khlong Thom fluorite deposits in Amphoe

Khlong Thom, Krabi Province in southern Thailand are located near hot
aprings, and contain more than 1,000,000 tons of 50-75 % fluorite in

gimilar conditions to those in northern Thailand prov¥ince,

1) Future research should continue along several lines
The freezing stage must be constructed fdr studying the ecutectic bem—
perature of fluid inclusions, the salinity of ore fluids as equivalenf
weight % of NaCl. Knowledge aboud galinity of inclusion fluids leads
to the correction of homogenization temperatures, and hence, the true
formation temperature. The freezming experiment can also be used in
studying the daughter minerals in the inclusions. In the deposits
inwhich iholusions are entirely liquid, freezing experiments can give
the composition of inclusion fluid, the weight % WaCl, while heating
experiments can not berdone. Thie method helps to understand the gehe-
aig of fluorite. The electron microprobe study and the method of LAZER
probe analysis is also very impoxiant in anslysing the true chemical
commosition of inclusion fluids in every itype of inclusions, and in
any small part of an inclusion. Gas chromatogpaphy and spectrophotome-
try would alse be useful in studying the coﬁposition of the inclusions,

Decfepitation temperafuré of fluorite must be gtudied in
the future to estimate the pressure of formation during fluorite depob.
sit. on. The pressure during formation of the fluorite deposits can also
be studied from estimation of the overburden during mineralization,

This require detailed study of zeology and gtratigraphy of northcern



214

Thailand to estimate true thickness of overburden.

The age of mineralization requires further study, This
involves detailed geologic coxrelation between fluorite and the coun-
try vocks of each deposit. Index fossils in the Cenczoic rocks close
to the deposits are a major key for determining the age of the beds
and hence the relative age of mineralization, TFurther moTe, OXygen
isotope studies of the inclusion fluids could provide data on the

exact time of depositiaen,



