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CHAPTER VI
INTERPRETATION AND DISCUSSION

V; Pit Thong cassiterite-sulfide
@ a complex tin ore (Hosking,

nera11zat1on at Renison

Mineralogically, the

(magnetite) deposit ca

Bell in Western Tas ralia “terms S of geologic setting and
mineralogy (Patter NN of jts complex mineral
assemblage, it is b-d : : acities of oxygen and
sulfur during the o mna e erature of formation of

those minerals and ther Mﬁf ‘3: f’ he relevant minerals and

Nl

"\l

It is ratn | emperature data on the
mineralization at t‘he Takua Pit Thong or nearby deposits are available

o e BN WY Y i

on fﬂhng d freezing temg;—:ratures) Neverthe]ess, some temperature
1nf0&w r}aaa ﬂ %m Nsﬁe’}f}ﬂﬂqa E]Thaﬂand or
Southe%st Asian tin belt and from some similar types of tin deposits
in other parts of the world. For example, Jackson and He]geson (1985a)
have estimated the temperature and depth of Southeast Asian tin
deposits to be at ~ 350 Oc and 500 bars in the presence of an elec-
trolyte solution containing ~ 1 molal (m) total chloride from the

fluid inclusion filling and freezing temperature on quartz-cassiterite
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deposit at the Samoeng mine in Chiangmai, the Saha Kit mine in Phuket,
the Thung Kamin mine in Songkhla and Tong Seng mine of the Kinta
Valley in Malaysia. Somewhat wider:range of 500 - 250 °% and 0 - 1
molal NaCl fluid has been estimated from fluid inclusion study of
minerals in cassiterite-wolframite-quartz-hematite veins at the Yod
Nam mine in Nakorn Sri Thamar orman and Trangcotchasan, 1982).
Similarly, the temperat a\\ /) 0 °c to 300 °C have been

inferred for the org_m f.]y'ldm] uid inclusion, mineralo-
Sﬂ-" Q \N\‘,\ﬂhtemte -sulfide minerali-

gical and stable i

zation at Renison nia (Patterson et al., 1981).
Therefore, as a rou nﬁ&bt be assumed that the
temperature of formagio _‘ ‘*'akua Pit Thong mine

could have been belo C ely 850 "C with 1 molal NaCl solution.

Wbt |
Phase relations i s SnO - HZS— H20 - O2 and Fe0 -
15 .
HZS - H 0 - 0 plotted f.-i}%"} ffugacity of 02 and HZS are
available (Jackshl ard Helgeson ﬁ]d be directly appli-

cable to the mi

(Figure 56). Based on textural Vidence betause magnetite precipi-

"~ tated sh’gh ’ETY.I?W aﬂﬁth cassiterite in
the sheared ﬁeed;Er‘I zone a orebody as weﬂ as the No.1l
AW M"ﬂ‘%m’”ﬂ T IN RITR Epr resmonsioe

for precipitation of this mineral assemblage should be within the
magnetite stability field (Figure 56). However, owing to the fact
that some magnetite crystals contain small blebs of pyrite and
pyrrhotite (suggesting that pyrite and pyrrhotite were precipitated
slightly preceding and/or contemporaneous with magnetite), the condi-

tion of the ore solution in the phase diagram was likely to be very
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Figure 56

Superimposed phase relations in the system SnO—HZS—HZO—O2

and FeO- HZS HZO 02 as the function of the fugacities of

02 and st for unit act1V1ty of H 0 at 500 bars and 200

250°, 300° and 350 °C. The so]1d curves designate boundaries
between the stability fields of minerals in the system
FeO—HZS—‘O2 and the dashed curves represent boundaries between
the stability field of minerals in the system SnO-HZS-Oz.

The Tong-dashed curve corresponds to the Tower boundary of

the stability field of H20 (after Jackson and Helgeson, 1985).
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close to magnetite-pyrite-pyrrhotite triple point. As the ore solution

ascended to the granite/country rocks contact to precipiteate cassi-

terite with being followed by pyrrhotite, pyrite and chalcopyrite, the

condition of ore solution might have been shifted from the magnetite-

pyrite-pyrrhotite triple point to pyrrhotite-pyrite boundary but still

remained within cassiterite s 111ty field (Figure 56). In other

words, it may be assum %‘37

tion at the Takua P1 leF ox1mate1y close to the magnetite-
i s also supported by the fact

pyrite- pyrr‘hotﬂ:/ hid a “*m
that cassiterite alsido rot show any sign of corrosion

or resorption th ) ;' , ﬁﬂgqg Tibrium condition during the

11 condition of the ore deposi-

pyrrhotite, pyri
Takua Pit Thong o magnetite-pyrite-pyrrhotite
buffer is exactly th ed during cassiterite-sulfide
mineralization at Renls f&eil ;-;:1ié (Patterson et al., 1981) and

those responsib?fifbr»fﬁé’Sd&th&*‘; ; iggmineralization (Jackson and

gL .tondition of the Takua Pit

Thong ore so]utioﬁ]cdﬁ d

10'39 at 250 °c oI‘a.]O at 200/ °C with the f haveing been 10

o 30 °c, fir L hon Y]&Mﬁ?ﬂﬁd’lﬂ‘?u 200 .
cator ) mmmmma AN Y

Color variation of biotite has long been known relating to its

350 °c, ~ 1073° at 300 °c,
e

composition (Grout 1924; Tilley, 1926; Harker, 1932; Hall, 1941 and
Hayama, 1959). According to Hayama (1959), the color of biotite

depended largely on its T1‘02 content and Fe203/(Fe203 + Fe0) ratio.
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Principally, if the Fe203/(Fe203 + Fe0) was less than about 0.2, the
color of biotite would be controlled by its T1'02 content. That was
the color was becoming progressively darker in shades of reddish-
brown as increasing T1‘O2 content. In conrast, biotite with relatively
Tow Ti0, content (< 2 wt%) would display yellowish to greenish-brown
to green as the Fe 03/(Fe20 + increasing from ~ 0.2 to 0.6,
@ngnts of both T102 and Fe2 3/
(Fe,05 + Fe0) ratio wdeg:y its color intermediarily.
Nevertheless, in géﬂ!F'-—f‘ _‘ : ‘-ﬁ?‘-‘ﬂrnwny cases T10 and Fe O

However, biotite with in

l\‘.

phic rocks. He further UQ
% |
ague minerals to be expected

as investigation the b1oji£§_éont_ litic rocks petrographically.

contents and ilmenite rather ‘ ‘hematite was likely
to occur, if any, as opaque ox1de In contrast shade. of greenish-

brown was mﬁ um wﬂ:wﬁnwﬂq ﬂjﬁr hematite and, of

course, Fe 1ght form a s1gn1f1cant fraction of the total iron in

bw“@mﬂﬂ@ﬂ LB BRI 52 e

concern ng the color variation of phlogopite and phengite.

The color variation is observed in bictite, phlogopite and
phengite from the Takua Pit Thong deposit. As a consequence, it
would be interesting to know whether the variation in their colors

are really related to the difference in their chemical constituents
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(i.e., Fe203, Fe0, Ti0,, Mg0 etc.) as being outlined above by direct
chemical analysis, eventhough the occurrence of those micas was

probably connected to hydrothermal processes. The chemical analysis
would also reveal that the so called "biotite, phlogopite and phengite"
are chemically correct or not. Unfortunately, however, such the

W d out in present study yet.
a&ges outlined earlier, it is

pate the chemical composi-

chemical analysis has not b

Nevertheless, using t

e chemistry of the ore

\\
_q%alorat1on of phlogopite

late to the ore-forming
by the fact that green
ite are the most common

and nearby the orebodies.

‘v‘,iihorat1on was developed

inward in a sing@‘h ys;ﬁﬂs and relatively more

intense toward an gpen vug which might have been channelways of

the ore fomufmmmwmm

arti hat maghetite usually associates with
gree%ﬁiaﬂﬁ ﬁm‘;‘] w:mlﬁ|YJﬂ 1@%11 te in the
orebodies probably took place shortly before and/or contemporaneous
wﬁth magnetite and cassiterite. The green coloration of biotite also
appears to be more intense in the No.3 orebody where magnetite and

cassiterite are the major ore minerals with sulfides as being only

trace minerals. The No.3 orebody is believed to represent a feeder
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zone of the ore solution. A1l textural evidences seem to point to
the same conclusion that the green coloration of biotite should have
a direct relation to the occurrence of magnetite. In other words,
prior to and/or contemporaneous with the precipitation of magnetite,

the ascending ore solution should have a rather high Fe3+/Fe2+ ratio

because magnetite precipitat ' equires two Fe # and one Fe2+ ions
(i.e.,physicochemical cuq~\H magnet1te stability field).
The Fe3 in the ore ,,'? mq'ht n introduced into the

original brown bio

H‘;w eventually converted

its color to greeni greensas_the Fe3+ contents in the

biotite increased.

The mechani ion ecould enter into the biotite
structure is unknown « ondition. Experimental
studies on the substi jg§;§%; otite are available mainly
at high temperature and ;;éééﬁc- 400 - 800 "C and 1 - 2 kilobars)

| on the basis of analyses

results, that much of the
éﬂk ferriannite (A]

e @mmeyjm%‘ BT A e

that the F contents e., oxyan e content) of annite increased

mhaommmmm*mm By

simildrly found a relation between Fe and by which at conditions

k| y
§+ in biotite could be accobnted for by

more oxidizing the Fe3 content increased proport1ona11y. Ferrow
and Annersten (1984) further concluded that the Fe3* substitution in
annite occured by the oxyannite mechanism and by the creation of
interlayer vacancies. Eventhough these experimental data were per-

formed at high temperature and pressure conditions, they seem to agree
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fairly well with present observation that the green coloration of

biotite, apparently reflecting a relatively high contents of Fe3+,
took place in a high fO condition in which magnetite was stable.

3¢

The substitution of Fe” in the brown biotite to form the green

biotite could be by the mechanism similar to any one of them or

! ”} ferriannite and interlayer
vacancies).

The mechani co10% wogopite or biotite to
form phengite in the 6 i N;;T?ﬁgt:“ﬂi The ore solution as

combination of the three (ox

it ascended closer icate hornfels contact

o could have been

colorless or pa]e:green pheng1te

o B8] B BRI BT Forsind

green b1ot1€y is abundant ingthe orebodjes toward the granitic contact

e A BV b Vhlben s o

b1ot1te whereas the colorless or pale green phengite is enriched

toward the marble and calcsilicate hornfels contact.
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Generalized Model for the Minera_Hzation at the Takua Pit Thong mine

The data in the preceding sections can be combined into a
generalized model for the mineralization at the Takua Pit Thong mine

and depicted in Figure 57 and Table 3.

In Upper Cretaceous, various phases of strongly differentiated
Takua Pit Thong-Khao Daen % pegmatite and aplite intruded into

presumably Ordov1c1an one and clastic sequences of

the Khao Noi Sethi ation i Song Group and thermally
metamorphosed the fefcs .erbedded with calcsilicate

hornfels and met S : ( Tende hornfels facies.
Following the gra c §%‘1hzat1on aqueous phase
of probably the sa _have been migrated along
a certain weak zone jto He un : ‘#ts of the granitic pluton and

caused intensely pervasiye tion within the granitic

body. Contemporaneous ynfh—or 3 t to the greisenization, at

or near the contz
rocks, the asceni (
metasomatic infil rat1on both in country rocks and gran1t1c rocks as

et 5 ot B SO e i

alteration. UThe brown bioti te and ph]ogop1 te rather‘ than muscovite
were@rﬂﬂﬂﬁmﬁ‘?ﬂjrﬂ W’}q W%’ ’%}ﬁ%’ because of
high céntents of Mg and possibly Fe in the aqueous phase. Further.
more, the brown biotite formed during the metasomatic infiltration
and pervasive alteration was likely to be of Mg-rich type. Phlogopite

tended to be enriched toward the marble and calcsilicate hornfels side

because of the high activity of Mg2+ in the solution toward its soyrce
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Intrusion and contact metamorphism

sion of brown biotite and /or phlo-
rsion of brown to green

ﬂpne to phengite .
ol
biotite

Infiltration + brown biotite
chalcopyrite,fluorite etc.+ conver

pervasive alteration
Greisen alteration
Cassiterite , pyrrhotite 2 Pyrite

Development of idocrase,
phlogopite etc. + phlogopite
pervasive aiteration

Greisen alteration.
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Schematic diagrams showing the sequences of events taken

place at the Takua Pit Thong mine.

Figure 57
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Table 3 Summary of the minerals occurred during the various
events at the Takua Pit Thong mine.

Early Late

I IT ITI
Contact metamorphism | Metasomatic infiltration | Mineralization

calcite

green biotite

(recrystallized) ™

phlogopite Wietcite “--,““ phengite

7/ age \ '\ magnetite

diopside
tremolite-actino gffilasto te cassiterite
clinozoisite | garnet
sphene pyrrhotite
plagioclase \ chalcopyrite
“Fremo 4 n8l1i pyrite
| | arsenopyrite
sphalerite
epidote
¢ muscovitew’ ‘ fluorite
AU ANENINY NG,

s sitifihinenas

brown biotite

green hornblende
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Tectonic movement was followed in approximately north-south
direction and provided as additional channelways for subsequent
ore-forming fluid which was probably high in Fe3+/Fez+ ratio to
ascend. This ore-forming solution as ascending through the feeder
zone, might be responsible for the color conversion from brown to
green in the biotite by Fe |
time or slightly later \k‘f

the physicochemi cal-Mn was

itution and, at about the same

;—‘-ﬂnetite and cassiterite while

magnetite stability field
“""

(relatively more oxidi | ition) . The condition of the same
fluid, as leaving t : ' l[;\ anite/country rock

WY,
contact, might have e -3@2:? through green biotite

"‘\J."‘ I

evolved ore solution w chf;ﬁﬂa; ﬂ;_ leted in Fe3+/Fe2+ ratio
might be respons1b1e forfféggs of phlogopite and/or brown
biotite to co]o(]yss 3r'pafé g ontemporaneous with

and/or subsequent tie»ph“' ion, the same ore fluid,

E)ou]d precipitate cassi-

:i::::p::f:ﬁuﬂ,mﬁ%‘m L. e
9 W‘Tﬂﬁﬂ‘ﬁmﬂ%ﬂﬂ %‘?Eiﬂ"ﬁﬁf tenlied Ja

precipftate earlier and enriched toward the feeder zone as well as

with add1t1on of é] from the country'rocks

associated with only green biotite whereas most of the sulfide
minerals (plus cassiterite) and, in particular, fluorite were proé
gressively enriched toward the granite/country rocks contact and
associated with both green biotite and phengite. The depositional

mechanism of these minerals especially cassiterite could be the
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increasing pH resulting from reaction with marble or wall rock
alteration or decreasing temperture or combination of the two

(Jackson and Helgeson, 1985 a, b).

Another alternative explanation for the observed sequence of

mineralization is that the ore solution responsible for precipita-
”/ rtz was entirely different
1t1on from those respon-

r1te This alternative

tion of magnetite, cassiteri

both in time and its p y

utions came at different
time, it should be @Xpactéd t at ;=f" ' pyrrhotite to be
deposited more eve ih Aarms_of.their . ities both in feeder

zone and at the gray

Ore Beneficiation

Most of gas: iarge_gunedral to subhedral
crystal with the avs “1E]meters Inclusions of
foreign component'1n cass1ter1te is rare]y found. Intergrown of

cassiterite ﬁtuﬂq /| did wﬁz?qs&’*ﬂﬁoarse crystalline.

These texturallevidences reveg] that to eparate cas ter1te from
other &quﬂﬁw Ngm ’]I(asm E}%ﬂw&}ug in order
to save time and money. However, abundant micas in the ore may pose
some problems during the grinding because of their platy property.
Furthermore, mineralogy outlined earlier should also serve as a

helpful data in mineral dressing.
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