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4 METALLOGERESIS OF FLUGRITE

Je1 Temperaiure-Pressure Conditiong of Fluorite Deposgition ir Howthern

Thailand

The homogenization temperature of fluorite deposition at
Fang, Mae Tha end Ban Hong deposits is mostly between'410—250.c for the
firet siage, and 280“57.0 for the gecond stage of deposition (aypendix
D, Table D-5 ), Mae La Hoi and Ban Muang Ngai (Chiang Ieo) fluorite
deposits show similaxp homogenization temperature to thoge of Fang, ae
Tha arnd Ban Hong. Amphoe Pai fluorite reveals narrow range of {emperge-
ture, inclusions mostly homogenized between 155m160.o, with only cne
inclusion homogenized at 309'0. At Tha Song Yang and Ban Sop Tan
(OMKoi), homogenization temperatures axe similar to those of smphoe Pui,

In Fang, Mae Thay and Ban Hdng deposits, there are two
types of fluorites formed at greatly different temperature and pressure
conditions, The open-gpace filling fluorite with rock fragments at
Fang, the grenular fluorite associated with stibnite at Mae Tha, and
the pale yeliowish brown flucrite with rock fragmenis at Ban Fong con-
tain gaseous inclusions (Type 4), They are formed at high temperatures
of 250-410 ¢ _(251.3-*357.2.0 at Fang, 271.7*410} at Mae Tha, 287,8~379,8
¢ at Ban Hong ), This type of fluorite distributed throughout the wveins
at Pang, Mae Tha and Ran Honé,x but mostly concentrated in the lower
portions of the ore bodies, The shape of most gaseous inclusiong is
irregular, since they are tropped beiween grains of fluorite, Zotryoidal
and concentrically layered flucrite around rock miclel, and aggregates

L ]
of fine radiated crystals are formed at lower temperatures (57=-280 C)e
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¥ost of the inclusions are of Type 2 and 3 y and are negative of the
crystals or related to crysial growih zones, They were formed throughout
the temperature range below the first atage, but most of them were
suddenly deposited at certain tempersiture intervals, as shown by tﬁe
higbograms (Figs. 3.15;5.18,5&9}. These inclusions tend %o ocour in the
upper parits of ore bodiess. .

The pressure of formation of the high temperature fluow~
rite can not be defermined by uging a decrepitation temperature-pressure
curve, a method in use for quartz, because such a curve for fluorite
is not available at present., Fluorite with Types 2 and 3 inclusions
was depogited latex than the high temperature~pressure fluorite of the
first stage, ihe Pressure was low, possibly very close to atiospheric
Pressure, as indicated by mineralization in Pleistocens gravel beds in
some Places and related o recent topography, This fluorite is relatéd
to the hot springs, az will be discussed later,

The other studied deposits in northern Thailand algo show
twe generations of fluorite deposition, as in Fang, Mae Tha, and Zan
Hong, But the stage of high temperature~pressure fluorite indicated by
gaseous inclusions is not as clear, Mosti of the fluorite is colour—
layered fluorite or well-crystallized fluorite, formed at temperztures
less than 200'c. In Amphoe Pai, it obcurs in the upper portiong of veins
in the region. This type of flucrite is quartz-free, There are also four
inclusions from flucrite intergrown with oryptocrystalline quartv homo-
geniZed between 259.? and 309,4'0. This type of flucrite ig ugually found

at lower elevation in this region,
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In Tha Song Yang and Ban Sop Tan {Omkci), homogenization
tenperatures are wniform, They range from 200 %o 125 c. There are no
faseous inclusicns., The deposition consist of well crystallized cuble

fluorite formed by only ome generation of deposition.
4e2 hAmsociation with Hot spring : Model for Fluorite Deposition

The study of the fluorite deposite in the previous
chapters indicates thail they were Formed under similar conditions of
deposition, Mest of them occur arcund Cenczeic structurel basins, along
major structural aligrments, and associatéd with present-day hot springs
in most places (Shouls, 1972).

The gubsurface reservolr Lemperatures ffom hot springs
in Chiang Mai were calculated by Premgamol and oiheré (1976) and later
by Barr and others (1977), using the water chemistry of the hot springs
as f silica geothermometer — and " HaK~Ca geothermometer ﬂ(Appendix
F 4 Table F~1), The subsurface temperatures of the hot springs in the
mine areas and others are in the same range as the temperatures of
second stage fluorite depogition determined fyom fiuid inclusion
studies, FMirst stage flucrites forxmed st much higher temperatures,

At 5P Mine; Mae La Noi, the subsurface temperature of the hot spring
negar the fluorite deposits is esiimated at 152.0 by silica geothermome-
ter, shile the surface temperature is 80.0 {Appendix ¥, Table I ).
The hot spring 1.2 km north of the Fang fluorite deposit has 185‘0 gub-
surface temperature, and 100-0 surface temperature. The warm water
in the flucrite vein is about 40.0 at the surface, Hot pools in the

fluorite vein at Thepnithi claim, Mae Tha are at 42 c, and the surface
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temperature‘of water in the Universal vein is 27 c, the saﬁe az the
surrounding temperature in winter., BDoth waters contain 25 pom fluorine

(Ratanasathien 1979). Hot pool in the fluorite vein in the Thai
Fluorspar claim at Ban Hong show a Temperature ahout 40~50°c at the
suriace, The temperature of hot pools in the Pai River close to Mahalan—
" na veln was not determined,

Subsurface reservoir temperaiures of hot springs in .
all areas of northern Thailand range from 65 to EOO.c by the silioa
geothermometer, This range is the mame as for most inclusicn homogeni~
zation temperatures determihed, and for the probable true formation
temperatures, The subsurface temperatures of several hot pools in
fluorite deposits are still under investigatioh.

Chemical analyses of the hot spring (Appendix F, Table
F-2 ) indicate that the fluorine content of the thermal walers ranges
from 11~167 ppme The range of fluoride values found in the ground waterw
in the world is only 0.5 to 1.5 ppm (Graham and others, 1975).

Shouls (1972) observed that in Ran Kong Khak fluorite de
posit;TOkm SW of Chiang Mai , is still being deposited from hot |
springs, He noted that hot springs have cemented a recent pébble bank,
and adjacent to some of the hot spring vents botryoidal eﬁcrustations
of fime grained , vadiating fluorite are found around replacement
mineralization,

-Thus, a close association between hot springs and'fluOf
rite deposits-is indicated by s-

(a) the homogenization temperatures of inclusions reveal
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the same range of temperature as subsurface reservoir temperatures of
hot springs in fluorite devosita and at other localities possessi;g
gimilax geologic getiings.
" (b) hot spring watei is wausually rich in fluorine.
| (b) fluorite is still being precipitated,
Ramingwong and others (1978) suggested the geologic
getting of hot springs in northern Thailand as -

1) The associated rocks and possibly reservolr rocks
of the thermal water systems are predominantly granitic rocks of variocus
ages or sedimentary rocks near the granites, Some springs are associ-
ated with voleanic rocks. At Fang, Mae La loi, and Ban Hong, hot pools
in or near veins are in limestones and the other rocks, while the poot
at Mae Tha isg in voleanic vocks c¢loge to limestone,

2) Most bf the hot springs oceur in the areas of
ngtural dischange and therefore may net be immediately above the heat
source. The general flow component of the therﬁal water system is
vertical, although there are some indications of horizontal (lateral)
flow compoﬁént (eege abt Thepancm hot springs, Amphoe Mae Cham). Where
lateral flow is present, the thermal water undoubtedly follows a local
ground water flow patitern. As a regult of this, thermal water will mix
with loecal ground water and subsurface temperatures as calculated_from
this type of thermal water will yield relatively low temperatures,

3) Faults and fractures which have been reactivated
during‘the iaté Cenozoic are definitely related to the thermal water

system, They are though io act as convenient {low chammels for
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discha;ging thermal waters, and have raised heated rocks'close to the
'surface (Fig. 4.1 ) Moreever, considerable heat is thought to héve been

added to the adjacent rocks as a result of the movement of the rocks

Fig 4471 Schematic model of a hot- -spring system having a heat suurt.c.
of unspecilied nalure and inlerconnected permeability,

(after Fournier and others, 1974)

aiong the fault zome, ‘Fracturing is of great importance as regards
Stérége'capacities, recharge and discharée quantities.

4) Thermal water is of local meteoric. orlgln as evidenced
from 1sotoplc analysis, D/H and 018/016rat10, and low sallnlty. It is
derived from altltudes some what higher than the. discharge.area.

Ramlngwong and others (1978) concluded that most of the
hot springs are the result of deeply clrculaiing, locally derived
meteoric water that has accqu;red heat and chemlcal constltuents by
percolatlon through fractured granltlc Plutons and surrounding wall
rocks-to considerable depth. The heated water found access to the sur—:
face along fractures and faults in the Plutons, If the geothermal gra~

dient in northern Thailand is, pn average 40-50 ¢/ km, and a maximm
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Fige 4o 2 Schematic model (1) for obtaining a mixed-water warm spring in which both the enthalpy and silica conlent of the hot-water content
are the same as in the original deep water {model 1) and schematic model (8) in which the hot-water component has lost slear before mixing

with cold waler (model 2).  (a2fter Fournier and Truesdell, 1974).

subsurface temperéture as calculated by the chemical'geothermometer is
180 ¢, this would suggest that water reached a depth of 1,6=2 km. Rela-
tively recent faults may have a vertical displacement in the order of 2
kn (Ramingwong and others, 1978).‘ : | |

| ‘ The hot springs in the fluorite deposits seem to be differ-
ent from the nommal hot springs. The faulting and fracturing of ro§ks,

hatural discharge, énﬂ the nature of the reservoir rock are similar, but
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the sources and fractions of waters in the hot springs (that is, the
amount of meteoxic water,and the amount of magmatic water~the ordinary
composition of most hot springs ranging from 5-10 % by volume ), ig
different. In fluorite-forming hot springs, there must be a huge
volume of high temperature fluorine-rich magmatic water (evidenced by
gaseous inclusions in replacement fluorite and open space filling fluo—
rite near rock nuclei in deposits associsted with hot springs) mixed
with some local ground water at depth. Fluwerine~bearing water ascends
from depth along a chanmel way such as a structural fault or Jjoint, and
mixes with shallow cold ground watexr near the surface, usually at the
edge of g Cegozoic basin; befere flowing 1aterai1y tc the river, At the
depth of miwing, the weighﬁ of the overlying columm of cold water is
greater than the weight of warm miked water. Thusg, the pressure rela=
tions are such that o0old water enters the hot-water channel and the
mixture flowe to the suxface and is discharged as a warm spring (Fig,
462 Aa ) Fieure 44.28s shows a case in which a fumarole occurs hecause
steanr escaped before the hot water mixed with ground watexr,

In fluorite-~forming hot springs, the mean tempersture of
original hot magmatic walers was about 2,0~2.86 times greater than after
nixing. This is evidenced by comparing homogenization of the [imrast
stage fluorite containing saseous inclusioné and second-stage fluorite
containing gas-liguid inclusions (Appendix D , Table D=5 ). 4t the
zone of mixing, super-saturation of fluorite ocecurred, and fluorite was
deposited from the zone of mixing to the surface., BRecause the rate of

temperature decrease was progressively greater upward to the suxface,
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the fluorite ore body is usually wedge~shaped with the upper part (near
stirface )} wider than the lower part of ore body, e.,g, at Fang, iee Tha,
and Ban Honge Below the mixing zone, the fluorite 1s scarcely depoe
sited, Some fluorite may be deposited along the channel way from the
magma chamber up to the zone of mixing, and to the surface by reaction
of fluorine vavour with the‘wall rock, but not bscause of supersatura-
tion.- |

To utnderstand the néture of the hot spring model fox
fluorite deposition, it is necessaxy to study the limit of solubility
for deposition of fluorite in the low~temperature water, and the mode
of forxmaiion of flucrite at low temperatures, and the assooiat;d franene

minerals such as stibnite, gquartz, etc,

4e3 Chemistry of Fluorite TNeposition

7 In low temperature systems (under 250.0) fluorite is
orly sparingly soluble in water (Strubel, 1965). The sclubility in pure
water rises‘frbm about 9 ppm CaF2 (45 ppm,F) ot 25.09 vo 15 A CaF?
(8 ppm F) at 100'0 (Fiz, 444 )e Solubility at temperatures uwp to 100'0
is doubled in 0.1 H NaCl solution and tripled in 2 N NaCl solution,
presumably because of the formatior of complexes or ion pairs. Amorphous
silica in solution increases the solubility of fluorite, but the change
In solubility with temperature is Tittle affected (Fllis and Fahon,
1964)w Cooling from saturated solution will precipitate fluoriie in
only small amounts from about 100.0 down to surrounding surface tempera-—

ture. Fluorite can precipitate readily at 25 ¢ from moderately super-

saturated solutions (Roberson and Schoen, 1973), At 1 atm pressure
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and neglecting ionic strength effects, a solutlon which is saturated ati
100 ¢ would be supersaturated by a factor of 3 if the solution is cooled
to 25 ¢ (Roberson and Schoen, op. cit. ). They also pointed that some
thermal water sources of the Snake River Basin, Tdaho, are near satura-
tion with respect to fluorite. The amount of fluorite which can be depo~
sited by cooling low—temperéture fluorite-satufated solutions has been
discussed by Hbiland (1967)s He showed that under optimnm‘éohditions,25,'
mg of fluorite could be precipitated from 1'kg df water (25‘gm / Ton) if
the saturated solution was cooled from 101.5 ¢ to 20fc. Saturated solu-
tions with caleium and fluorite not in equivalent Proportion would preci-
vitate less fluorite. The solubiiity of'fluorite decreéses with inecreas-
ing catt content in the watex,

Thus mixing of water from different lithologic assemblages

could occur as water moves towards a thermal gpring orifice, and super—

saturation with respect to fluorite could ;esult in the mixture., If other
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conditions were favourable, precipitation could occur at the mixing
point ox beyond it in flow path; especially if the temperature of water
decreased significantiy,

The mode of formations of northern Thailand fluorite has
been studied by Shouls (1972), He deseribed four possibile causes of
flaorite precipitation - |

1) From modern thermal water,

In modern thermal water, salinities up to about 500 ppm
occur (Appendix F , Table P2 ) This repregents an electrolyte concen~
tration of about .01 N., which iz enocugh to affect the solubility_of
fluorite, even allowing for dilution of thermal water by unheated low
saiimity ground waters, Spring water to which caleium is added from
other sources, e,&., from calcium rich rocks, or by mixing with calcium
| rich waters can precipitate fluorite,

In northern Thailand, limestone and other sources of cal-~
cium are abundant. The altemmating wet and dry monsoonzl climate provides
& mechanism where this mixing could be achieved, especially where par-
megble hill areas provide fluctuating hydrostatié pressure gt +the base
of slopes, The more conatant hydrostatic pressure from the thermal water
allows the interface between the ground water of meteoric origin, and
the geothermal water to move seasonally, and thus spreads the zone of
mixing and‘reaction through an sppreciable thickness of rock,

2} Cooling of fluorite-saturated solubions.

Shouls (1972) suggested that some deposits show low beme

perature textures, However, he suggested that this method of deposition
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can not account for major fluorite occurrences such'as the Ban Iong
depésit. He calculated a heat balance for the Ban Hong deposit by
agsuning that optimum cooling conditions occurred in the fluorite satue
reted solution, He assumed that the deposit formed in a million yeaxrs,
and calculated the symmal hest loss for each square centimeter of walle
This comes to 8800 cal/cmz/year. This figure may be compared with ithe
average surface heat flow cof about 40 cal/cmz/year for the Barth's land
surface, and a maxinum value of about 341 cal/cmz/year in a geothermal
ares in Japan (Holmes, 1965). On this basis a period of about 25 milliion
years weuld have been necessary to éccount for the formation of the
deposite Hence this cause of deposition is unlikely to have been of
great importance.

%) Release of pressure.

In a high pressure-high temperature system, & release of
pressure lowers the solubility of fluorite, The system however ingen-
sitive to pressure changes at low temperatures, and therefore pressure
change are discounted as heing of major importance in low temperature
fluorite formation, However, in a chemical system rich in Fluoride
iongy release of pressure andlboiling may foxm a fiuworide-rich wvavour
Phase which ﬁay 5

(a) react with calecium-rich rock to form fluorite as
in the equation -

2" 4 2 4 20800, ——3 CaF, + 2(HC0;)™ + o™

in solution solid solid in solution
This gives a volume reduction of 60 %,and consequently

viods are formed,
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(b) dissolve in water to precipitate fluorite directly
if the water 1s rich in calcium, or form a secondary fluoride-wich:
water either by condensation or solution,

4) Supersaturation

Supersaturated solutions can exist in the calcium fluo-
ride - vater system. Shouls suggested that significent supersatursiion
ig uniikely %o have existed during the formation of deposit at Ban‘Kong
Khak because . the fine grained banded texture of fluorite indicates
the existence of many centers of orystallization during depositior.

He suggested that long-term supersaturated solutions can not he the
main source of the deposit, although slight femporary supersaturation
may have affect local deposition of ore within tﬁe vein,

Shouls {1972) finally concluded that thermal water in
northern Thailand, of the same origin in both modern and earlier times,
are the parent fluids of the fluorite deposits by the process of indi-
rect mixing and reaction with Ca~rich rocks as outlined in 1). Muo=-
ride~rich vapours as ocutlined in %) may have been additional sources
of fluorite,

The results of the present study wrelate tec the mede of
formation, Temperature of homogenization and type of fluid inclusions
from many deposits suggests that the earliest fluorite was depcsited |
by release of pressure (3) and supersaturation(4), and later fluorite
was deposited by addition of addition of caleiwn (1), The early fluo-
rite homogenized at 410_250,0 with vapour-dominmated inclusions 3 the

source was the vapour phase of the late stage of magms which probabiy
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. by the methods 3 and 4., (Note : the fluorite replaced

country rocks near magme chamber).
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conceﬁtrated.in the upper paré of a magma chamber axd migrated upward
along structural faults, Because of release iﬁ pressure, fluorite would
deposit by methods 3a and 3b., These high temperatuée_gaseoué inclugions
are abundént in deposits inwhich the country rock is limestone, such as
Fang, Mae Tha, and Ban Hong. The processes 3b and 4 ére suitable for
deposits inwhich country rocks are not 1imestoné,(hcnce 17 and 3s nﬁﬁ
operative), but Ca~water nay be supplied from Ca~saturatod ground water,
Supersaturation (4) may also cccur at the zone of mixing with ground
water near the surface. This process may be operated for the open—-space
filling in granitic country rock, such as the Mahalanna Mine (hmphoe
Pai) and Ban Sop Lan (Omkoi) deposits. The processes of adding caleium
(1) and cooling (2) may also have occﬁrred but wouid not have been so
important during the initial period inwhich the fluorite-saturated mag-
matic water rogse upward,

The later fluorite homogenized at;57-28000 with gas—
liquid or entirely liquid inclusions. Addition of Ca (1) and cooling
(2) are likely to be the only processes active in the later period,

In the veriod of mggmatic ﬁater, the flucrine. vapour
could react with country rocks along_the channel beyond the-magma cham-
ber up to the near—éurfaoe ore body (Fig. 4.5 )e A% preséntg activity
has ceased , and there may be only hot.spots wderneath the denosita,
The circulation of modern thermal waters in hot springs with saliﬁity up
to 500 ppm (Appendix ¥ , Table’-2 ), may dissolve fluoride originally
deposited from magratic waters in the deeper parts of channel ways (146

2 km)s 'Thermal water ascends along the channel to the near-surface ore
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in the same zone of mixing, and increa.aing the gize of
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body. Fluowite would redeposit by ccnling (2) or by mixing with Ca-
saturated shallow ground water (1), %his fluorite forms fine grained
banded masses around the earlier-formed Fluorite (Fige 4.6 ).

In Mae lLa Noi, the fluorite replaced limestone, with
relicts of Qriginal texture, Mixing with caleium rich vwater could have
caused the later precipitation as layering around the replacemert typey
or as ceating layers in the vugs. Later the fluoride content is reduced
to a level of unsaturation and the oaicium carbonate’in the water
becomes relatively saturated during the temperature drop at the hod
gpring orifice. Caleite then precipitated as interstitial fillings in
the remaining space in the wug.

neme deposits contain cryptocrystalline quartz (mainly
chalcedony) intergrovm with fluorite e,¢. some veing in Mahalanns, Mine,
and gome parts in Fang, Mae Tha, and Ban Hong, Pothisat (1973) explained

the relationship between fluorite and silica by using the following

equation j-
4HF + 8102 — 51ﬂ4 + ZHéO 1
SiP,+ 3t e H_S10_4 2H SiF
331 4+ 3&20 ﬂéSlOBﬂ H231ﬁ6 2
H,SiF a : ¥, o+ H i :
a28116+ BCLCO5 — Cai2 + dgo + 3002+ inQ %
SLF, + 20aCoz o 2067, + 810, + 200, 4

Silica has the very close relation %o Fluorite depositiony
especially that was redeposited by cooling (2) and (1) because it oan be
dissolved in high concentrations, up to 400 ppm in thermal spring
(tedepohl and others, 1972). The silica contents of hot spriﬁg water in

the world range from 46529 pom (White and others, 1963) while those in
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northern Thailand range from 85,6 to278.0 ppm (Appendix F , Table I~3),
It can simultaneously depodited with fluorite,in cryptocrystalline form
as chalcedony and other varieties « In the 1Ststage of fluorite depo-
sition (much higheﬁ temperaiures iﬁdicated by gasecus inolﬁsion homo-
genization temperatures), silica is not prominent. The.fluocrine vapour
escaped from the upper part of magma chamber was probably guariz-—free

or contained only small amcunt of guartz.

4od Evidence of Mixing of Fluorine~rich Water with Shallow Ground Water

TImportant features of the thermal water‘model are the
mixing of fluorine rich magﬁatic water.in the first stage, and of
fluorine~-rich brine in the second stage, with shallow cool ground water
near the surface, The evidences from this study are -

1) The temperature of formation of fluorite suddenly
dxops to about a half or o third of itz original wvalue.

2) The phase ratio of fluid inclusions changes from an
abnofmally_high gas-liguid ratio (Type 4 ; mas 50 % by volume ) to
liguid inclusions (Type 1) or gas-liquid inclusions (Types 2?3).

%) The shape of inclusion changes from irregular, trapped
between coarse granular fluorite, to reguwlar-angular , trapped in the
crystals, indicating different rate of cooling., The former indicated
very fast cooling, while the iatter indicates slower cooling,

-4) Critical temeratures of gasecus inolusions, guggested
oy the.rate of honogenization, are in nearly the same range of tempera-
ture, even inLdifferent deposits. But temperatures of gas~liquid inclu-

sions vary greatly evan between inclusion with the same phHase ratio.
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Their degree of fillings are usually greater than the critical density.
This suggests that volatile fluorine came from a single source, and is
mized with other liguids,

5) The histogramz of homogenization temperatures reveal
sharp peaks in the inclusion popﬁlations, starting at & definite tem-
perature in each deposit, This mean that althovgh fluorite was formod
continuously during temperature drop, it mostly deposited at a certain'
point of temperature, fThis almost certainly represents sudden‘cooling,

6) Some ihclusions show two immisible liquids in the
same inclusion ,

Ofc- 7) Thé elevation of ore bodied are the same or nearly
the zame as recent shallow grovnd water of the basinss

8} Gradation of temperature within meny deposits further
supports mixing and_iowering of temperature with time,

" In Mahalanna Mine, fluorite veins show a temperature
decrease from wall wock towards the centre, In Vein no., 5, the mea

temperatures~change from 15645~158,4 ¢ in pale viclet,pale green, and

colorless fluorite at ﬁhe middle paxt of the 4 m, thick vein to 164,6
.c in colorless filuorite near the wall rock, The temperéture decreased
across the vein is 4.cfm. Concentrically layered flucrite shows a,
systematic decrease in temperature outwands, (samplos BHI(U) 02 andéf1;
Fan Hong 'p..281., Appendix D , Table D-4.3). Botryoidsal fluorite show
a decrease in temperature cutward (§,27O Je Zones of inclusions from
core at Fang show a teﬁperature decrease upwards the ore body {Core TDH

9y 0277 ). At Mae Tha, gascous inclusions show a similar ranze of
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temperature all across the deposit, ™ut gas-liguid ineclusions shov
increasing temperature sastwards probably towards the source of thermal
waters (p.280, Appendix D a Tableﬁ45); this is gupported by the higher
temperatures in the present thermal s8prings in the eagtern part of the
depcsit (p,291)

Observed and inferred differences between noxmal Lot

gprings and those associated with fluorite deposits are listed in Table,

Table 4,1, Comparison of the characteriéﬁics of hot =" . -

gprings  associated. with fluorite deposite and normal hot springs

Hot springs associated with ' Normal hot springs

fluorite deposite

Te Occur in_strong tectonic zohes : especially
along extensional faults near margins of Cenozoic basins,
2e Near or in granite,
5e¢ Couwntxy rocks are normally Je Country rocks afe mogstly
limestone, granite,

4o Young age (Pleistocene-Recent)

5 May or may not be neaxr - 5« Usually ccour nesr natural
natural discharge, discharge, )
6, Present temperature of the 6. Present itemperature of the hot

spring in the vein is xrelatively spring 1is B50-100 ¢ at surface,
low {40~60 ¢), subsurface is 100-180 ox 200 ¢ subsurface,
not much studied (152¢ atiSP Mine)

Te Heat energy from magmatic source,
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8) Volatile fluorine ascending 8) No direct source of volatile
to the spring orifice from depth, fluorine,
- 9) Magmatic water or brine is | 9) Mo magmatic water involved,
major component of hot-spring _ the het spring water is less saline.

water during early stage of hote
spring processes,

10) Mixing of magmatic watgr 10) May or may not show mixing
and hot brine with shallow cold with shallow cold ground wotor,
ground water caused supersatura-— |
tion and deposition of fluorite,

The nature of the country rocks is closely related to
fluorite deposition . Ca~rich country rocks and Ca-satursted
shallow grounﬁ water are closely associated with fluorite deposition
from hbt springs. The volatile fluorine from megmotic water can react
with Ca~rich rock and form replacement deposits., The fluorine in water
can react with Ca-saturated shallow ground water and deposit fluorite
during cooling to a half or a third of the original temperature, at the
mixing zone., I the amcunt of volatile fluorine emerging at the spring
orifices is ths zame, areas with limestone country rock will contain
Flucrite deposits more then zranites or other coﬁﬁtry focks whicn are
legs calcic, Jurthermore, the later stage deposition by hot spring
processes, subsequent to volatile fluorire emanation, will occuwr 1more
readily in the Ca-Satursted shaliow ground waters in limestone areas
than in ground water in granite or other kind of rocks,

The uniformity of grain size relates to the range of
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temperature of homogenization. The mnre uniform and larger the
crystal size, the narrower the range of temperature, especislly in
country rocks other than limestone or Ca_rich,types. The histograms
of homogenization temperature suggest that the temperatures dropped
only a few tens of degrees during deposition cf the whole ore body,.
This certain fluowite formed by supersaturation of the fiuorite- satu-
rated brine ? at the mixing zone with shallow ground water at the
soring orifice ¢, The rate Qf supply of fluorine saturated brines to
mixing zone muét be very constant for a long period of time in order
to get equal zmounts of ore as those in the regions of (a-rich rocks,
The rate of cooling must be very slow at the mixing stage, The
temperature dropped to about half at the mixing zone, and remained at
that certain temperature for a 1oﬁg period of time during the deposi-
tion of epithermal well-crystallized fluorite. The decrease in fluorite
concentration in brine during mixing with ground waters must be very

smali,

Table 4,2 Comparison of devosits in limestone country rocks with

those in granites and other rock types.

Deposits in limestone country rocks  Deposits in other rocks

1) Shape of orxe bodies partly ) 1) Shape of ore bodies are
regular along fault zones and nermally regular in open spaces
Paxtly irregular as cavity ' such as fault zones,

filling and replacement,



2) Repilacement fluorite common Ho
predominant,

3) Mainly fine greined crystal-
tirg 3 concentrically layered and
botryoidal,

4) Colour of fluorite mainly grey
and colorlessg pale colours and
oxiginal eoloud of limestone,

5) Fluid inclusions concentrated
locally, especially in weil crys-—
tallized parts: zones of incla-
sions common,

&) Shape of primary inclusions
Irregular to regular angularm

(Lox shaped or pyramid)

7) Fluid inclusions of Types 142,

-

3 and 4. The phase ratio of ine
clusions ranges from 0-100 % gas
8) Broad range of crystallizmation

temperature.
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2) Replacement fluorite very rare.

%) Mainly well-crystallized, &s
large cubic crystals or flat =
layered fluorite,

4) Colour of fluorite variable

(eeg. deep green, purpie, color—

less, etc.)

5) Fluid inclusicns randomly dis-

tributed,

§) Shape of primary inclusions
priswatic, box chaped, as nega-
tive of crystais.

7) Fluid inclusions mainly of

Type 3, with constant phase ratio.

8) Farrow range of cxystallization

temperaturs,.

4;5 Genesis of Minor Sulphides Associated with Fluorite,

e thermal water is effectively free from heavy metal

ilong, but traces of
depogitss The most

fluorite in the ¥Mae Tha deposits.

sulphides are found quite freguently in the fluorite

famous cccurrence is the stibnite associated with

There are at least 2 stages of
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stitnite mineralization in the paragenetic sequence (Eig.l2.25)a
Stibnite is associated with fluorite ﬁt Mae Phu, Amphoe Thoen whers the
stibnite.increases.in guantity with depth, and at Tha Song Yang ieposit.
At Amphoe Pai, small bladed stibnite crystals are found locally with
fluorite., Pyrite is found cnly in small amcunts in most flucrite
deposits.

Shouls (1972) believed that the sulphides associated
with fluorite were deposited during mixing of a hydrothe;mal Liguid
oéntaining fluoride and sulphide ions with a ground water containing
calcium and heavy metal ions, Tﬁe.commonest heavy metalrion in noxrthern
Thailand ground water is irons the commonest Sulphide in fluorite should
be pyrite, The sulphide ion cohcentrgtibn in the waters is less than
1 ppm (possibly abbut\0,1 ppm). The amount of pPyrite precipitate from
ground water-thermal water mixing should be thus one or twe orders of
the magnitude less than the fluorite, and this is found at Ban Kong
Khal: for sample,

e étibnite can not be explained zs in the case of pyrite.
fntimony is not common in ground water. The close association of
stilnite~-Tfluorite in various kinds of country rock alsc indicates that
antimony has not come from country rock. Antimoﬁy mast be hydrothermal
in origin, Stibnite probably precipitated from saturated solutions
agsociated with fluorite. |

Transportation and deposition of stibnite from hot spring

waters can take place by a variety of processes, Dickson and
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Tunell (1968) saggested the’following processes 1 : depcsition from
gimple HQO with concentrations in paits per million 3(2) from boror—
con%aining selutions witl: concentrations ranging from parte per million
to thousands‘of parts per million at high boron contents 3 (5) fiom
Sulfidelsolufions with high concentration, The process (3) ig reason~-
able for stibnite-fluorite deposits in,northefn Thailand which contain
as much as 5 jo by volume of stibnite (Mae Tha), 90 % by volume (Tha
Song Yang), 10 % by volume (Mze Phu ‘). The sulfide solution may he
the immisible liquids with fluorine vapour, The (SbSB)B_ don may be
izportant in the tramqurta%ion of antimony in agueous solulbion rather
than (Sbsz‘", (Hgbs?_)“ ox (Sb 487)2“ (Brookins, 1972), Dickson and
Tunell (1968) also poinmted out that the solubility 6f stibnite in every
instance is greatly énhanced with increasing alkalinity. %The tempera-—
ture coefficienta are sfrongly positive, In éolution with the pregence
of HQS with SbZSB ¢ -80lubility increases as a function of increasing
temperature (Brookins, 1972), Deposition of stibnite could take place
by temperature decrease, décreasing alkalinity, increasing acidity ox
by oxidation of sulfur-bearing species to SO4= . which mechanism
operated in specific areas of recent stibnite de@osiﬁion depends on the
physico-chemlical history of the hot springs invelwved,

| Hot spring waters contain Cl*, 304:, 003:, and HCOB—
and rare anions'seém to have no particular association with . waters
from which s%ibnite originated, .. . 8

The solubility of stibnite in pure Hy0 is about 65 ppm

b 250'c and 100 bars, which is sufficientiy high for F,0 to act as ar

Ore-carrying soclution, Solubility in,HéO iz 20 ppm at 100%c¢, and much
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dissolved -Sb2S3 woudd precipitated from saturated solution originally
at elevated temperature and cooled to 1OO¢0 or lower. (Dickson and’
Tunell, 1968),

Stibnite would be dess sgoluble in Gozuﬁzo than iﬁ nure
HBD‘ Ratanasathien (perscnal comminication, 1979) explained the récent
depogition of stibnite crystals from vapour from hot spring in the Thep-
nithi claim, Mae Tha, as due to the 002 concentration of the vapouxr -
near the surface where the country rock.is limestone,

The stibnite depesited with fluorite in Mae Tha, Tha
Song Yang and lMae Phung may reflect supersaturated or saturatéed sulfide
solutions iﬁmiﬂcibly associated with supersaturated fluoride vapour ér
saturated fluoride solutions. Depositicn occurred during the drop of
temperature af the mixing gone with ground water saturated with COzh-
EQO in areas of 1iméstone country rock, The increase of 002 in HZO
towards the limestone comtry rocks (probably by the reactiocn of fluo-
ride with the limestone to form fiuorite deposition) increased the -
rate of deposition of stibnite, This may explain the vprismatic stib-
nite aggregates found thrqughout the fluorite deposit at Mae Tha and
Mae Phu .. The formation of stibnite by at least 2 stages of sulfide~

saturated sclution cccurred in the Mae Tha region,

446 Tectonic Setting of the Fluorite Province

4e6e1 Relation to (ranites

The fluorite province is closely related to granites in
northern Thailand. Most deposits are in granites, at the contact zones,

or in the nearby sedimentary or-metamorphic rocks, The age of granites
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should therefore be related to the age of fluorite mineralization,

The granites and crystclline rocks crop out primarily in
three approximately north-south striking stxﬁotural units (Fig. 4.7 N

1) +the central crvstalline complex wést of Chiang Mai,

2) the chains of granite bodies cast of Chiang iai,

%) the chains of granite bodies west of Chiang Mai,

he central crystalline complex contains gheiss and
senist and comprises Precambrian to Caquniferous rocks, Unstressed
poxphyritic granite, wostly Triassic in age is present in,the central
complex (G.G.M., Rebort, 1976).

Granites of the eastern chain yield Berly Trizssic dates
( Mg, 4,7 ). whole rock isochrons yield Early Triassic dates of
232 £ 31 meYe, 235 L 5 mey,, and 236 £ 14 m,y., respectively, for the
Fang Mae Buail, the Ban Hong, and the 14 intrusions of the easterm gra%
nite chain {G,G.M, Report, 1976), |

The Mae Sariang granite of the western chain inbruded

during Ladinian to Barliest Jurassic times. Dating of the wesbermmost

Mae Lama grenite by Rb/Sr whﬁle Tock analyses indicated T0-80 m,.y¢ and
Kjﬂf anzlyses of miscovite and biotite revealed about 69 mey, and 60
HeYe, Tespectively ((.0,M, raport, 1976).

Foxr the granite veine at the western margin of the - .
central crystaliine complex, the ages determind for muscovite‘and Dio=
tite suggest a_quick termination of thermﬁl influences in Iate Cretaw
ceous time (G.G.M. Report, 1576). Much younger dates were found for

mice frem four nearby grenite bodies, by the K/Ar and Rb/Sr methods 3
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this indicate ¥ Mixed ages ! éaused by incomplete loss of radiogenic
isotopes during at least one Tertiar, thermals event, K/Ar biotite
agés ig 18.6, 19,6 m,y., showing that these Tertiary influences did not
end. earlier than the Early Mioccene in the eastern parts of the central
brystalline complex (G.G.M., 1976),

Tegzin (1975) reported that Mae Sariang granite is 213
Te¥e § Samoeng 195 m,y. 3 Fhuntan 206 m.y. § Tak (the white granite)
208 m,y. and Tak, (the pink granite) 212 m,¥. He stated that mosi
granites are genersdly potassic in charscter,

Granite pl@tonism in northexrn Thailand has been closely
linked to orogenic events, Im the Barly Triassic , there were rcnewed
novements especially in the regions of Chiang Rai and iMze Sariang,
Elsewhere comparatively stable conditions prevailed until Post-Carnian/

Horian time when a major folding phase affected northern Thailand, The
final shepe of the present fold structures ig mainly due to two phases,
Late Triassic, and Jurassic/Cretacecus (G.G M., 1972). Intense lateral
compression in some areas produced overturned and isocclinal folds or
upthrusts, in others only gentle folding and warping. Direction and
degree of overturn of fold structures changes considerably in different
parts of northern Thailsnd. DMuring the Mesozoic (Post Carnian/Worian),
numerous stocks of bictite granite were emplaced,

The Carboniferous granites did not yield arny menticaable
fluorite mineralization (G.GeMe, 1972). HMesozoic granités are very
impoxrtant for tin-tungsten mireralization. Some minor fiucrite is assc-

ciated with this tin~tungsten minerslization. Tin~tungsten deposits are
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intimately related to Middle Triassic gquertz veins and their sguivalents
ocourring near the tdp,'or in the marginal portions of Middle Triassic
granite stocks or in the overlying metasediments, TFluorite ig found

a8 ganguee wmineral in t ' n~tungsten deposits at Mae Lama district,
Fluorite commonly ocours in separate veins from +he wolfram-bearing
Quartz veins at Mae Lama Mine (Panupaisal, 1978}  Small crystals of
light green fluorite were found within the cassiterite bearing vein at
Pa Mark Mine, At Huail Luang Minég_fiuorite ocours asg colorless and

pPale green crystals in cassiterite-wolframite bearing greisén. Eheée
evidgnces indicaté that fluorite is closely assceiated with tin-tungsten
mineralization, The age of mineralization is believed to be nearly the
same as that of the Mae Lamm adamellite -not older than late Crotaceous.
Fluid inclusion study by Panupaisal (1978) indicated that the fluorite
formed at temperatures ranging from 475 to 390.0. _

Another recent aiscoverw'of W-p mineialization is at Doi
Ngom,'Amphoe Long, Phrae Province, Hexre, the minexslogy is complex
including ferberite-stibnite-fluorite with quaxtz and chalcopyrite
gangues, The ores occur ag Tracture—filling in breceiated siligified
country rocks of the lLempang Group? The age of miperalization is still
not known,

Most fluorite deposits of nerthern Thailand arelprobably
related to the youngest granite phase,(Néoéene}, (GoGal.y 1972)s  These
late intrusions generally occurred within the older granite areasg, and
their subsequent manifestations most Probably caused a partial mobdlira~

tion of the more volatile components of older intrusive bodies,
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Flvorine was carried in solution into structurally and lithologically
favourable zones where fluorite was precipitated (G.G.M., 1972 )
Favourable regions for fluorite depomits are major fault zones in the

vieinity of Mesczoic and/or Tertiary granites.
44642 Relation to Cenozoic Fracturing

Late Cenozoic faultigg-influenced mach of the pressut
day topography of Thailand, Many young, frequently antithetic faults
run paraliel to previous thrust-folding, <thus sometimes forming graben—
tike structures. This has resulted in a mozaic of tectonic vlocks, the
subside parts of ;hich form local basins., Locally the vertical dig=~
Placement is considerahle(e.ge, the block of the Fang Basin was dige
placed down along its western main fault about 2,000 m),

Fluorite deposits are found at the edges of the Fzult
blocks, and in minor blocks within the basins., Hot springs present in
some parts of the region, are similar in geologic setting to the fluc-
rite deposits. The basins are generally bounded by faults‘which follow
older tectonic patierns rejuverated dvuring Cenowoic fime. They contain
Te:tiary and Quaternary scediments of lacustfine or fluviatile origin
(eete 15300 m thick in the Fang Basin) which in some basins may be as
cld ag Paleoecene (Buravas, 1975). laulting has continued into uater-
naxy times, as indicated by faults affecting terraces of Late Tertlary
or Pleistocene age,

Some fluorite depomits and kot springs are associated
with faults at the marging of granite. batholiths e.a. Amphoée-Pai, and

Ban OQumkhuty and major fault zones., The Nam Mae Yuam fault zone rung
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from south of Mae Sariang, northwards to the Burmese border. Minerali-
zation 1s known only on the east side of the structure, the side closest
to the granite batholith ; fluorite occurs at lVae Sariang, Mae Ta Noi,
Mae la Tvang and others associated with hot springs, Nam Mae Cham
fault ié a minor northegouth trending structure aboui 50 km sast of Mae
Sariang., ¥luorite mineralization appears to be minor, and some corre-
lation with hot springs is evident, particularly at Ban Kong Khak,
Stibnite and lead oécur further from the hot springs than the three
fluorite locaglities, Amphoe Pai deposits are situated north of the
Preceding ares at the center of an intersecting set of strong lineaments
in granites and nearby sedimentary and metamorphic rocks, The struce
tures could be interpreted as fhe fractured top of a domé. The aren is
well mineralized and numerous hot springs correlate c¢losely with the

structural line and mineralizaticon,
4e6a3 Age of Mineralization

It is evident that mineralization mainly post-dates the

major fauwlting, The zze of mineralization may be therefore be estimated
from it aate of the block Ffaulting., The faﬁlt;boﬁnded Mae Mol Fasing
Lampang Province containg the youngest sédiments known in the Terﬁiary
basing, dated as lower to middle Plioceme {(Von Koeningswald, 1959 é
outside” age limits of 7 and 4 m.y., according tc Punell, 1964), I=ulting
in this area must be Pliocene or Younger, The recognition of the latest
possible date for the block favlting dis also difficult, as a lower to
riddle Pleistocene age has been suggested Ffor the sediment above the

mconformity at Nakhon Sawan (Von Koeningswald,1959), and mid or late
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Pleistocene movemenis are suggested by the.high level terrace (neax
Amphoe Mae Tzeng, 40 km north of Chiang Mai), .

The more recent igneous activity in Thailand was the
extrusion of basaliic magmas which occurred in Iate Cenozoic time
throughout Thailand and South East Asia. Age dating and paleomagnetic
studies indicate that extrusions in northern Thailand occurred during
.'the last 600,000 yéars (Barr and others, 1976). The occurrence of
basalt is scattered in northern Thailand and its distribution does not
show any obvious correlatién with that of hot springs and fluorite
deposits,

Fluorite is closely associated with Neogene gravel beds
in some areas. At Ban Hong, flucrite mineralization cuts Tertiary
conglomerate (GnG.M,; 1972); The conglomerate is faulted against
Permian limestcne, and the fluorite waé deposited in the fault zone
end partly filled in the Tertiary conglomerate. At the Thepnithi Mine,
Fang, the upper part of the wvelns consists of many rounded fluorite
pebbles ( " egg ore ¥ )e This fluorite is concentrically layered
around rounded pebbles of the Neogene gravel beds, The mineralization
is therefore Neogene or younger, At Szeng Thong Mine, south of Amphoe
Hod, fluorite occurs as replacement in Tertiary conglomerates {G,G.ll.,
1972)e At Ban Pong Nam Ron, King Amphoe Klong Lan, Amphoe Muang, Kam~
vhaeng Phet Province, fluorite was deposited as layer surrounding
rounded pebbles isclated in the clay matrix of gravel beds (Bunopas,
1976). The age of this semi-~consolidated coﬁglomerate is Pliocene to

Pleistocene (Bunopas, 1976). Thus most districts contain fiuorite in

HNecgene beds,
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Flﬁorite iz still being depogited from hot springs at
Ban Kong Khak (Shouls, 1972). Ratanasathien (@ersonal communication,
1979) stated that fluorite is still being deposited from hot aprings
in the Thepnithi Mine, Mae Tha, At Pa Ia ﬁoor deposits which bhelongs to
Sahachart Mining Co., fluorite is also still being precipitated from
the hot springs within the veirn, |

In sumreary, the fluerite deposits in northern Thailand
show similar geologic setiting and ége. Age of miﬁeralization is very
young, probably ranging frmniate Tertiary-Recent? Phe mineralization
in the early stage was related fo ﬁagmatic water;“-and in the latex

stage to hot springs processes.

447 Compaxison with Other Major Fluorite Provinces in the World

44Te1 Regional Setting of the Deposits

luorite deposits in northern Thailand are sinilsr in
geologic setiing, age of nineralization, temperature (& pressura) of
formation and mineralogy with other major fluorite provinces in the
world; Their location is shown in Figure 4.8, Van Alstine (1976)
showed .hat major fluorspar distPiets ave localized chiefly along and
neax continental rift zones and lineaments, In western U;S,A,, mére
than 45 fluorite districts are cited along the Ric Grande graben of New
Mexico and the Colerado Plateau, and: along this rift projected
northward through Colorado, Wycming, Idaho, Montana, British Columbia,
Yulton Territery and Alasgka, and projected southward into Mexico. The

graben is bounded by normal faulté.and cross faulis,
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Others U.S.A. fluorspar districts ﬁre similarly assom .
cisted with tengional rifts and lineaments in Illinois, Kentucky, Oregcny
Nevada, Ontario, Neva Scotia and Wewfoundland,

The 6,400~km~long Afro-Arabion rift zome is also asso-
clated cleogely with major fluorspar districts and alkalic and gilicic
igreous rocks (Baker.and others, 1972 3 Logatchev and others, 1972),"
Flﬁorspar deposits and distridts are found along this rift in Kenya,
Tanzania, Malawi, and Mozambigue.

The Rhine graben (Bedexke, 1966 3 Illies, 1972) is agso-
ciated with alkalic.igneoué rocks and majqr_fluorspar districts in
Germany and northeastern France., Along its extension to the goutn, the
Hhine depression in gastern France also has major fluorspar deposits
near it. Murther south along thls Tertiary continental »ift are tne
laxrge fluorgpar deposits of Sardlnla, Ttaly (Van Alstine, 1976).

One of the world?s largest fluorspar provinces is in
eastern Trensbalﬂalia, TeBaS Bng hetween lake Baikal and Mﬁnchurlu 3 it
contains more than 200 known dep051ts (Yakzhin, 1962), This fluoxspar
province ad301ns the Baikal rift zone, a linear systen of grabens that
extends .or about 3,000 km (Florensov, 1966), Fluorite deposits, grabers,
and volcanic rocks are found along and within 65 km of a northsast -
trending regional fault (Ivanova, 19;4)

At Amba Dongar, Gujarat, Ilea, very large fluorspar
deposits associated with curbonatxte, svenlte, and other potaaqlumu
feldspar rocks in a ring complex have been found about 5 km north of a

major Tertiary wift dissecting the Deccan Plateau (beans and others).
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Other fluorspsr deposits are near this rift along the Narmada Valley,
80 km west and 200 cm easﬁ of the Amba Donga deposits.

Fluorspar deposition thus seems to be genetically
related to rifting, which evidently provided access for‘the volatile
fluerine from depth,

The well-documented U.S.A, deposits show close similaxi-
ty to those in northern Thailand. ' In western U,S.A., there
are two brosd belts of fluorite deposits, the western and the eastern
belts (Shaﬁe, 1976). The epithermal deposits in western United States
sre similar to those in northern Thailand, There is close spatial asso-
ciation of epigenetic fluorite with major fault zones as in Thailand,
egpecially in areas of tension along the mérgin of uplifts, Meny depo-
sits cccur as veinskalong tensional faults or as replacement deposits
in fractured rock close to the faults, The distribution of the fluo-
rite depogiis élosely follows the Basin-Range structures, The distri-
bution in belts suggests an aséociation with strike-slip fault zones
that seem to constitute a fundamental structural framework of the conti-
nental crust.- The devosits are associated with high fluorine igneous
rocks which are predominantly Terfiaxy in age., 'The mineralization ip
western U,S.A. is Tertiary, vounger than 32 m.y. (worl, 1972) 5 mo
deposits are demonstrably younger'thanl6 m,y., except for a few hot -~
spring apron deposits such as 0jo Caliente, New Mexico, currently being
deposited, This 6~32 m,Y. aée range does not concide with the'age.diSw
tribution of andesitic-basaltic volcanism in western U.S.4. . the depo=
gite formed locally after volcanism.

In western United States, the deposite are chiefly veins
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along tensional normal faults, stockworks, and ﬁipes. At a few locali-
ties, ore solutions migrated from the faults, feplaoed carbonate rocks
at favourable horizons, and formed strata bound or manto dépésits.

Fludriné-bearing thermal waters are found near the rifts,
At Ojo Caliente, New Mexico, and Poncha swamp, Colorado, fluorite was
reported-in travertine deposited ffom the thermal waters,

The temperature of the fluoxrite deposition in western

) .
. United States was low (below 200 c¢), and pressure was also (Van Alsiine,

1976), lost deposits are epithermal , similar jb those in noérthern Thai-
land, Grsin size ranges from coarsely crystalline to very fine grained
material that con&nonly is fibrous; banded or 'crustified, ¥luid inclu-
sions sugges% that this type of fluorite formed from veiy dilute solu~
tions probably a mixture of hydrothermal and shallcow meteoric water

(Van Alstine, 1976). . This is similar to the hot spring models and magw

matic waters desceribed in the previcus chapter,
.4.7.2 Relation of Fluorite Deposits to Geophysicsl Properties

Fluorite deposits in both northern Thailand and western
ﬁhited States are in region of high-heat flow; In western U,S,A,, the
heat flow values exceed 2 HFU (2% 10*6oa1/0m?/seo } in broad regions
that obincide remarkably with the distribution of fluorine~rich igneous
rock and fluorite deposité (Shawe, 1976), Present heat flow may be
different from that in the Middle to Late Tertiary when fluvorine mineral.
deposits were forming., However, some of the fluorine-rich rocks are as
young as 3 me¥. and the occurrence of fluorite in moderm hot~spring

aprons indicates that the episode of fluorine mobility likely extends

!
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from Tertiary to Holocene, Probably'the episcde of fluorinemrich FALTIA
tism and fluorine minerzl deposition that commenced about 30 MeYe
(Widdle Tewtiary) in western UoSeds is still manifested by high heat
flow throughout the region,

In northern Thailand, the heat flow values ave high,
The geothermal gradient measured in an oil well in the Fang Basin indi-
cate 70"90.c/km or more,{Barr.and others, 1977)., The heat flow value
is‘probably-2~5 ARy (Barr and others, 1977). ‘The heat flow values at
Amphoe Mée Sod;,Tak Province = 2,62 HFU g in comparisoﬁ the heat flow
valuesrat Khorat Plateau are less than 1 HFU and in the. Andaman Sea
5027 HFU {Barr and others, 1977 ).

In western U,3.A., the low gravity regions concide with
fluorspar district59 ranging from less than -250 to -150 milligels,
These low gravity regions brozdly represent crustal zénes intruded by
significant volumes of silicic igneous rock.‘ Mooze (1962) suggestéd a
correlation between high potassium content of Cenozoic igneous rock and
low Bouguer gravity valﬁes in the wesfern United States. Low gravity
.gontours also roughly outline topographically high region - the MOV i~
tainous parts of fhe country.; that have risen isostatically in |
response to their low density, In nortﬁern Thailand, there has been no
regional study of Bouguer gravity and other geophysical properties oi
rocks, Teggin (1975) reported that the granites of northern Thailand
nostly are potassié in characier, They_are probably similar to those
in the western UqSoAn-

A broad region of low {less than 8 km/ sec) upper mantle
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seisﬁic velocity is present in westerm United States and this region
gquite closely encompasses the reglon of Middle to Late Tertiary volca~-
nigm and fluorine minerglization.‘ This region of low velocity in upper
mantle is likely characterized Ly above -noxmel temperatures, and this
condition generally accordé with high heat flow in the dverljing cruste
Woolard (1968) propesed that thé'région of low seismic welocity in the
upper mantle ma& reflect a phase transition from normal manile material
of dunite oompositioﬁ, high seismic velocity, and density of 3,35 iuto
mantle material of eclogite composition; lower seismic velocity, and
higher density. The compositional change resulting.fromrthe thase tran-
sition.ﬁuggested by Weolard may have involved ffaotionation'of materials
from the upper mantle into the overlying crust, and this eveﬁt may have
taken place in the recent geologic past, from Middle'Tertiary time
onwaird, Possibly these materials ineluded high fluorine-basaltic and
rhyolitic magmas‘and flucrine~-rich fluids that penetrated upward toward
the surface of the crust, to account for the fluorine=rich igneous rocks
and fluoriné'mineral deposits of Middle Tertiary and younger age in the
province,

Shawe (1976) suggest that magmatism and fluorine minerali-
zatlion may have originated within the ocrust, bui in Tesponse to high
heat flow from mantle and to related processes, In any case, the spatial
coincidence of the region of low vpper-mantle seismic velocity with a
region of high heat flow, Middle to Late Ter%iary fluorine~rich maamaw
tism, and Middle to.Lafe Terﬁiary fluorine mineralization indicates a

strong mantle control on the magmatism and fluorine mineraligzaiion,



Table 4,3 Comparison of northern Thailand fluorite province and

western United States province

Northern Thailand

1) Occur in major fault zoncs and
rift zones,

-2) Closely related to granites
(some in contact zones or nearby
sedimentary rocksj. 2 4

3) Igneous rock noxmelly is
potassic granite,

4) Regions show high heat flow
and high geothermal gradient;

5) Low éravity reéion ?

6) not known,

7)Occurs near back-arc continen-
tal margin, scource of flucrine
may be Trom magmsz from assimila-
ted mantle wedge.

8) Young age of mineralization

(Pleistocene~Recent ),

9) BEpithermal deposits.
10) Grain size coarse crysitalline

to very fine grained.

Western United Siates

1) Occur in major tensional fault
ZOYIES .
2) Closely related to fluorine-

rich igneous rocks.

3) Igneous rock is potassid
granite?(alkaline)

4) Region shows high heat flow
values, '

5) Low graviiy region,

6) Area has low seismic velocity.,

7) Strong mantle contrel on magma-

tism and fluorine mineralization,

8) Young age of mineralization
(326 meys), with some more
recently formed.

9) Epithermal deposits.

10) CGrain size coarse crystalline

to very fine grained.
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4.8 Sources of Fluorine

Because of the sgimilarity in the environments and geology
of fluorite deposition in nérthern Thailend and western United States,it
is useful to consider the vossible source of fluorine in westexn United
States, svggested by Shawe (1976).

The possible scurces of fluorine which fdimed flucrite
deposits near the continental vifts zones or lineaments include

1) Volatile emanations from a crystallizing alkalic or
gilicic magma, closely assoclated.

2) Remelting of 1ate—f1uorine rich alkalic fractions of
underlying intrusive MESEES,

3) Melting of fluorapatite, hornblende, or other
fluorine-bearing minerals in.ultramafic mantle rocks.

4} ¥Melting of fluorine minerals in descending erustal
rocks in a nearby paleosubducticn zone s hornbleﬁde'and other fluorine-
bearing minerals in basalt or gabbro, or fluorapatite in maxine phos-
vhate rock and nodules. | |

In northern Thailarnd, the sources of fluorine are most
provably from volatile emanations from ﬁounger potassic granites,

(source 1) in the region of older granite (C.G.I., 1972).

NeG Flate Tectonic Model of Flucrite Mineralization in Northern Thailand

The digtribution and origin of mineral deposits including
fluorite heve recently been interpreted in terms of rlate tectonics.
The hypothesis :a shown to be useful in explaining the origin of host

rocks of fluorite and also the deposits themselves. Fluorite
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minerslization occurs in different periods of time, in different tecto-.
nic settings at plate boundaries  (Mitcholl and Garson, 1976), as
described below i- '

1e Intra-continental volcanic beits.

mig type is uvnrelated to subduction., Fluorite-tin-
tungsten-niobium ores occur in sodic granite and asscciated pluton
with ring complexes, The soﬁrce of fluorine mﬁy be from the mantle,
High tface metai confeﬁfs are pregent localiy in young oceanic igneous.
rocks adjacent to hot.épéts ¢ but the initial Sr87/5r86 ratics suggesf'
a continental crustal source for at least part of the granite and
hence possibly also for the associated‘metaléo The age of mineraliza=

tion was Jurassics
2. Magmatic belts related to subduction,

Tin-tungsten-and fluorite mineraiizgtion‘is present in,'
the eastern Andes of Bolivia and Peru. Mineralization is of Late
Tertiary age, and its genesis has been related to a Benioff zone in
or near the position of the present one, Deposiis are associated with

alkal®rz ox other granites.

3, Continentzl oollision magmatic bells related to tin- .

tinmgsten~-flucrite associated,

Pogt-tectonic bir—tungsten-fluorite bearing granites of‘
southwest England were generated in the underthrust continental plate
following continental cellisicn in a setbing analiogous to that of the

Late Tertiary Malarkachung granite in the Himilayas. Most post
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collision granites iﬁtruded tightiy folded and thrﬁst metamorphosed
sediments, commonly of flysch facieé, a lithology that characteristi-
cally contains very low trace smounts of tin. These sediment host
rocks were probably deposited oceénic crust, but were underthrust by
continental crust prior to intrusion by granites, and hence were not
p;esenﬁ at deep crustal levels fteo form a souxce for the magma and
metalis, Limited evidence suggests that the graniies and probably the

4in are derived from the lower continental cxust.
4o FBack-arc continental margins,

Around the western Pacific margins‘énd_in SE Aéia,
continental margins are mostly bordered by marginal basins of Late
Mesozoic to Tertiary age andrby igland arcs. Tn Bast and SE Aslia, some
of these margins include belts of Late Mesozsecic to Barly Tertiary
granitic plutons with gssociated deposits of tin and tungsten and miﬁor
molybdenum and bismuth ¢ fluorite is commonly present. Examples are
the Late Mesozoic mineralized granites of peninsula Burma and Thailand
bordered by the Andaman-Nicobar arc, and the South China tungsten pro-
vincé of hate Mesozoic age,.

In South Fast Asia, the‘widespread associétion of flué-
rite and tin deposits near back-arc continental margins has been
related to the rise of fluorine with other volatiles from deep levels
of an owtwardly migrating Benioff zohe during marginal basin development;
The rising fluorine can extract tin from deep levelg of already emplaced

but still hot granitic bodies and deposit it around the upper levels of

the intrusions.
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© WEST MALAYA BLOCK EAST MALAYA BLOCK

CENTRAi. BELT  $aut Coast Range

'a.)Corboniferous —Triassic

Benlong Raub Qphiclite

Main Rung. ; Take S:l\ilul e

Geosyncline

S

b.) Late T;idssic

Fige 44710 Tectonic setting of Malay peninsula during the Carboniferous to Late Triassic.

(after Asanachinda, 1978).

C.nnlrul lowland [»  JE.Burma N.Thailond
"

Uplifting Khorgt Plota
of Burma iy PN Rhevat Flatau

a.) Cretaceous—Tertiary

And Island P lar Thailond :
INDIAN OCE{AN QO ™ A niioman Sea eninsular Thal Gulf of Thailand
/( :4‘\- n 7 !\. I- JI .!
o, el e = >
b.) Tertiary - Recent N Yy ' \ h’ O

f18s 4611 Post—Jurassic evolution of Burmese Mulayan orogen. (afier Asanachmda., 1978).
Epithermal fluorite deposits(F) occur in peminsular Thailand.
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Younger granite (Cenozoic)
"older granite. (Mesozoic)

Epithermal fluorite deposit (Pleistocene-Recent)

.
T

' WA " Mesothermal 7 fluonte deposits (pegmatite,greiaen,
contact metasomatic ~ Mesozoic ?)
=2 gedimentary rocks and metamorphic rocks..

Tig. 4.12 Model for fluorite generation and deposltion in
‘ northern ‘Thailand.
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Since most economic epithermal fluorite devposits in
northern Thailand are Pleistocene to Recent age, they mast be reléted
to the plate tectonic evelution in Cretacecus-Tertiary, and Tertiafy 1o
Lecent times, In Cretaceous~Teitiary time, back-arc extensicnal tecto- -
nie possibly occurred at the end of the Mhsgzoic exra 1eadiﬁg to back-
arc updoming along with thermal events (Burton and Bignell, 1969), and
formation-of the intracratonic Gulf of Thailaﬁd besin (Pariwatvorn;1977).
This may have been caused by weakening of the east;west stress field_due
to the progressively decreasing subduction rate northwarxd along strike
of the trench axis in.pérticular. The suggestion proposed heré is |
supborted by Stauffer (1973) who mentioned the clockwise rotation of
theAwhole peninsular region dﬁring'the Cenozoic (Asanachinda, 1978),

Post-Jurassic back-arc extension occﬁrred in two distinet
periods of time, namely Late Cretaceous to Early Tertiary (Fig,4111A.),
end during the Miocene (Asanachinda, 19?8). The latter has been found
“to be responsible for the formation of Andaman Basin {Rodolf0,1969),
(Fige 4e11 B;); In the Tertiary-hecent, tﬁe dip of the plate uhder the
Andaman Islande was steeﬁer than in Cre%acéous—Ter%iaﬁy (Aganachinda,
1978).

The éubduotion»related medel was applied te the minerali~
zation in the Western Tin Belt by Mitchell and Garson {1972), They
auggested thé% the main period of mineralization was contemporary with
the marginal bhasin development, The‘upward migrating volatiles generated
during such development leached tin from the lower part of the s4i1l hot

granitic rocks and deposited it at high levels with possibly addition of
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mantle~derivad tin simd tenescusly with the‘rise of fluorine from an
anomalous mantle wedge'underlying the back-are region, This mechanismn
of mineralization could bg well explain the origin and genesis of
apparently young vein types of fluoxite, stibnite, and stibni£e~
ferberitemfluoriteuquartz associatioﬁ partibularly in noxrthern Thailand
{isanachinda, 1978),

Volatile fluorine rose to fhe fault zones in neorthern
Thailand, and formed fluorite deposits since the begining of mineraliza-
tion (about Pleistocene), The most sultable areas for depositioﬁ are
the upper varts (near surface) of Pleistocene tensional faults at the
‘margins of Tertiary basins, Volatile fluorine in the deeper parts may
react with the country rocks and deposits . Bub the hot brines of heot
springs can dissolve, transport;‘qnd redeposit the fluorite at/or near
the surface if the heat energy used for convection and circﬁiation of
wéter iﬁ hot springs iz still encugh, The flﬁorites have been recently
deposited bj‘hot spring processes since the upward rise of wvolatile

fluorine ended,



