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TIN~BEARING AND TTH-BARREN GRANITES : A DISCUSSION

The studied aree is one of the most interesting areas where tin
deposits are likely to be temporary and spatially associated with the
granites. The enly important guesticn remaining tc be answered is
whether it is true that all the granieic types of Phuket Plutons bear a

potential source of econemic significance with regard to tin.

Opinion on the topic ¢emcerning the differentiation between tin-
bearing and-barren granites, however, vary from the optimistic suggesting
possibilities of finding tin ores according to the associated granitic
types (Chauris, 1965; Hosking, -1967; Groves, 1972: Aranyakancn, 1978;
Juniper & Kleeman, 1979) to the pessimistic (Flinter, 1971; Ewers & Scott,
1977) which have questioned such conclusive statement. In meny cases,
not only several previcus authours have found the differentiation but
also Rattigan (1964), Klominski and Groves (1970), Hesp (1971), Hesp & Rigby
(1974), and Sheraton & Labomne (1979) have attempted to correlate

petrochemical and mineralogical compesition of granites with tin deposits.

The term "tin-bearing granite" is here taken to mean a granite
which has given rise to Sn-mineralization, while a tin-barren granite is
cne which has not, even though superimposed lode:tin deposits may occur
within it. When applying the terms "tin-bearing end-barren" to fhe

pranites in the area studied, data on Table 4 and Figure & indicate that
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G-3, G=5, G-4 (including greisen granites) tend to be tin-bearing granites
whereas G-1 and G-2 are preobably tin-barren onmes due to the fact that the
former have hirhly Sn~concentrations in the rocks. Not only the small trace
amount of tin in granites can be used to classify such terms, but some
criteria based particularly upon the temporal, spatial, mineralogical, and
petrochemical aspects are also catogorized the tin-related and unrclated-

granites,

8.1 Temporal and Spatial Aspects

Tischendorf (1973) sfddied the relation between granites and

associatzd tin deposits in the ‘Brzperbirge', German Democratic Republic

and concluded that there is/ a ¢lose temporal coherence between granites

of the Younger Complexes and tim mineralization. Suensilpong (1977a, 1977b)

and Mitchell (1979) found similar situation in granites of Thailand and

suggested that Late Cretacsous to Tertiary are possible ages of tin

mineralization. In areas where there ars/mere than cne phase of granites

in the plutons, the latest phase seems to be richer in tin than the

earlier phases, such as those of Southern Baltic Shield (Sminova, 1974),

Central and Eastern Mongolia (Gudsanbun, 1974), Northeast Tasmania

(Groves & Taylor,

& Labonne, 1978), Nigeria (Macleod,et al,, 1971). 1In Thailand, many

reports on tin-related granites (Lranyakanon, 1961: Pitakpaiwan, 1969,

Garson,et al., 1975; Suensiopong, 1977b; Ishihara. et al.; 1978} Arrykul,

ot al., 1978, Beckensale et al., 197%) concluded and remarked thet tin-

deposits become dominantly associated with intrusion of granitic magma

since an early stage of the post-magmatic stage (greisenization and

hydrothermal alteration). The study of gyanites in the area are temporally

1973), Eastern USSR (Lugov, 1978), NE Queensland (Sheraton)
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in accord with those of the mentioned statements. Thé biotite-muscovite
granites (G-3, G~4 and G-5) are younger than the biotite granites (G-1,
G-2). The gecchronological data on gpranites (Table 1) appear to be
conformable with the geclogical cbservations which supgest that the G-4

granites are the late sequence of major acid intrusions.

Evidence from many countries alsc suggests that commonly in a

given tin field the strongest primary mincralization occurs s;atielly-‘ﬂh

within, or in the vicinity of clearly defined steep-sidec cupclas. Tauson &
Kozlov (1973) have emphasized that even within a single pluton, the Sn 1
content can vary cconsiderably/from 25 pom in the apical part to only 5.8

ppm in the abyssal part ¢f /the Verkneurmijeky granite massif, MacLeody

TR

et al. (1571) have shown that tin tends tc be concentrated in the roof
zones of the Nigerian Younger Gramites. Similar conclusion had been

also reported in tin-bearing granites of Eastern Transbaikal, E. Siberian |

1

(Tauson, et al., 1966; Tauscn, et al,, 15€8) and of Blue Tier Batholiths, |

Australiz (Croves & MacCarthy, 1978). In Phuket, in the Pzhang y

Copsolidated Mine (Malaysia), and in Cormwall, the strong tin-mineraliza-

tion is in the vivinity of the marked cuppla (Hesking, 1967, 1971).

In the arca of investigation, the more or less biotite-muscovite ;ﬁ

-
P

greisenized granites at Khao Rang, Khao To Sae and Khao Sapam are
locally in contact with the sedimentary rcocks of Phuket Groups and are i
believed to be the rcef zone. Tin-centents in these granites are found

to be much higher than those of the cther granites (Table 4b and 6).

T S e R Ll e SN L e
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8.2 Mineralogical Aspects

The mineralogical characteristics of the granitic rocks that bear

more than one sort of mica, muscovite and probably lepidolite, are more
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important than those granites with only biotite (Tauson, 1968; Tauson,

1974; Wastneck, et al., 1974; Smith in Garscm, et al,, 1975). In most ig
cases, the hornblende-bearing granites are barren of tin-mineralization -}é
(Kloosterman, 1967; losking, 1967). Smith (in Garson, et al,, 1975) in ;é
his summary on the geochemistry of tinwbeariné granites pointed out that _lg
the role of muscovite seem to be more important than biotite & hornblende. '1;5
His study alsc showed that Sn-concentrations-in muscovite mineral average  £$
about 380 ppm, whereas those foundviq,hornblende and biotite minerals l:&
are averagely about 75 and 150 ppm, fespectively. Taylor (1979) reported ?ﬂ
that tourmaline can contain Sn conteatdany other minerals in granites. -;
Earlier workers (Rattigan, 1964; Bradshaw, 1967; Hesp, 1971; Groves, 1972) . E
indicate that the tin contributiom from biotite closely approximaﬁes the _é
tin contents of the rocks (both tin-bearing and-barren). They alsc %
summarized that biotite is the ﬁajor'concentrator for tin. However, - ,i
Chauris (1965) has argaed agéinst this assumption and showed that tin .E;
content of bictites can be higher in the barren granites than in the ;2
tin-granites of American Massif (N, France). -Qé

Schene has shown to be a major contributer of tin (Barsukov & };ﬂ

2

% |

Durasova, 1966; Petrova & Legeydo, 19€5; Flinter et al., 1972), but
primary sphenc had been only observed in biotite granites of Phuket
Plutons which contein less tin traces than two-mica granites. The present

investigation seems to be opposited from those of previous authors.

Particularly noteworthy are the high concentration of volatile
components in tin-bearing grenites, as suggested by the abundance of
fluorite or tourmaline, or both (Tischendorf, 1277; Taylor, 1979).

aThough not abundant, fluorite and tourmaline are scatterly distributed




throughout most of the biotite-muscovite granites and some grains of

tourmaline are alsoc found particularly in the G-3 and G-5 granites.

These twe minerals are alsc found abundantly in Elizsbeth Creek and
Esmeralds tin-bearing granites of Australia (Sheraton & Labonne, 1978),
Blue-Tier tin-bearing granites (Greves, 1972), and Haad Som Pan granites .

(Aranyakanon, 1961).

In the USSR, a distinction has been drawn between ilmenite-monaéite
granites and spheue-allanitgg,rStem?toﬁ»(19?9) suggested that the
ilmenite-monazite granites maﬁifest tinybearing. Similar conclusion can
be mede in Phuket Island as veporxted by Carsonm, et al. (1975) and
Suensilpong & Putthapiban (1979) . (Studies of the Phuket Plutons also
show that biotite granités usually contain sphene and ailanite whereas
ilmenite and monazite as stated by‘Gnrson, et al. (op. cit,) are

frequently found as common accessorfes in biotite-muscovite varietiesr.

The significancﬁ of opaque minerals in granites for tin-mineraliza-
tion was first pointed out by Aranyaskanon (1961; p. 100, 101). He
summarized that if the granite has a very gmall amcunt of magnetite
(0.02 wt% approximately) it may provisionally be regarded as of the
tin-bearing gramites, but tin-barren granites contain average 1,26 wtZ
cpaque magnetite. OCroves (1972) in the study on Blue Tier Batholith
reported the magnetite contents of tin-bearing granites being lower than
tin-barren ones. A similar conclusicn was obtained from studies of
Phuket Plutons. G~3, G-4 and G~5 hgve lower ncrmative magnetife content
(average 0.35 wt%) whereas G-1, G~2 have 4 time higher in magnetite

contents (average 1.56 wt%) suggesting the former have tendency to
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become tin-bearing than the biotite.

.Shunso Ishihara (1971, 1977) divided the granites on the basis
of the opaque minerals present into 2 magnetite-bearing magnetite-series
and a magnetite-free ilmentite series. Magnetite-series granites are
characterized by mapnetite (0.1-2,0 VEI.K), ilmenite, hematite, pyrite,
sphene and higher ferric/ferrous oxides of bulk chemistry; whereas
ilmenite-series cranites are chéracte;ized by ilmenite (less than 0.1
Vol%Z), pyrrhotite, graphite;gmuscoﬁiﬁ;;flover ferric/ferrous oxides
(Tsuesue-& Ishihara, 1974). THeir studies on Japanese granites and
related rocks gave the eeﬁclusion.that F6203/Fe0 ratios of the bulk
rocks higher 0,5 are of magnetite—series whareas those of ilmenite-series
being much lower than 0.5, Magnetite<scrics granites were, consequently,
formed under conditions of higher nxigEn fugacity than the ilmenite-
series (Ishihara, 197143 Ishihara and Terasfina, 1977; Tehihara, 1978)
and are considered to havé‘been,generatedfin a deeper level (upper mantle
and lower crust): whereas the ilmenite-series generated in the middle to
lower continental crust, Besides these, ilmenite-series can be easily
distinguished in the field from magnetite-series by rather lower
magnetitc susceptibility, assemblapes of ferromagnesian-silicates, color
of biotite (Ishihara. et al,, 1978). If these empirical criteria are
applied to the granites of Phuket FPlutons, it is no‘doubt to conclude
that the biotite granites (i.e. G-1, G~2) are of magnetite-series
characterized by high FezoalFaO ratio (average 0.47, maximum 0.71), the
presence of several greenish brown biotite, ﬁrimary sphene, absence of
primary muscovite wherecas the biqtite-muqqovite varieties (i.e. G-3, G-4

and G-5) being ragarded as ilmenite-series approved by the abundance of ngi

(2
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muscovite, reddish brown biotite, absence of sphene, and rather low LE

Fe203/FeO ratio (averace 0.2, maximum 0.05), 3 N

8.3 Petrological Aspects

The D.I. (differentiation index) of Thornton & Tuttle (1960), is
2 useful petrologic feature used by Flinter, ct. al,, (1972) for grouping
131 plutonic rccks of the New England igneous complex as either tin-
bearing or -~ barren granitig;gpgka;/é@bgy found that D.I. is highly
positively correlated witﬁ‘gi;','nott%é:%éll corrclated with A1£)3 and
Kzo uncorrelated with Na 0 as well as shows a good inverse relationship
(negative correlation) with CaO' Feﬂ TiO,; and MgO. Such cases of data

seem to be in accordance.wlth those of Phuket Plutens (Figure 25a, 25b

and 25c), Flinter, et s (oc. cit ) concluded that tin-minerlization

oceurs in granitic rocks wherc D I is,over 8) (most of the D.I. of G-3,

G-4 and G-5 of Phuket Plutonﬂ‘axce?é 85}-——Bhith and Burer 1976y S ?;%;i*

introduced a recalculated petrological inﬁex, P.I, (observed volume percent 7353
of biotites as total ferromagnesian minerals) to selecting 75 Dev mian
granitic rocks in Nova Scotia, East Canada which are most likely to be

, TR
tin-bearing. They concluded that muscovite-bictite granites as well as

alaskites and leuccgranites having P.1.{ 4 are tin~bearing granites and Qzﬂ“
biotite granites and grancdiorite rocks having P.I.Y 4 are tin-barren ﬁﬁrk

NG

granites. The only granites of Phuket Plutons that meet these requirementa

.N" LF
‘?t

completely (i.e. average D.I1.90.5, p.1.~4) arc the finer-srained

TN

s

biotite-muscovite cranites (G-4 and 6-5). The coarser-grained biotite-
muscovite granites (G-3) have lower D.I. (87.8) and slightly high P.I. . g

(~0) whereas the biotite granites (G-l end G-2) have much lower D.I. ot
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(average 78.78) and relatively higher P.I.) (averzpe 15.4). These |
observations sugrest that G-4, CG-5 and probzbly G-3 are the most ;
favourable for tin-mineralizaticon. J
It had been showp for two decades that metascomatic and hydrothermal ; ?;
alterations are important metallogic indicators of tin-mineralization !i
(Atanyakanon, 196 1; Beus & Zalashkova, 1962; Juniper & Kleeman, 1979). 3;?
According to Aranyakancn (1961), thé Haad Sompan granites crystallized 1fé
originally has been alitered in the latér stazes of coeling by permeating 1?
gases. Sn anc W are intreduced 'in the gaseous stage at the same time. _ ;E
Janecka & Stemprock (1967) found that the granitic rocks of the Bohemian ;i
Massif with tin deposits dsgcociated are characterized by magmatic IE
metascmatism or greisenizatién {decompesitions of feldspar and biotite, |
formation of quartz, muscovita, topaz, and ore minerals)., Such metasomatie ;;
. - o]

alterations are also féunq abundantly in erenitic rocks of Saxonian ;
Erzgebirge (G.D.R.) (Wastornacky et al,, 1974) and of Finnish Rapakivi . uﬁ
granites (Haaspala, 1974) with whichltin and related mineral deposits are 5
associated.Groves (1972, 1974) obscrved little alteration in biotite- EE
muscovite tiﬁ—bearing granites of Blue Tier Bathelith. Aranyakanon z ?j
(1961, 1978) and Stemprok (1979) suggested that secondary or deuteric ig
Lol

alterations are as possibly major concentraiors for tin and other rare ;ﬁ
metals and that these altérations may lead to chenges in the normative 3{!
o

compositions of the granites. The biotite-muscovite and mica-tourmaline _‘ii
granites (G-3, G-4 and G-5) of Phuket Plutons have undergone comparatively hg
more alterations than biotite pranites.(G-! and G~2). /As shown in ‘fi
details in the petrogrzphical studies, the alterations are characterized l*é

by chloritization,silification, and sericitization. Aranyakanon (1978) Y. e



has further summarized that the porphyritic/coarser textures of parent s

granites enable to be altercd to finer varietits, Such features also RS

occur locally in granites of Phuket Plutons (e.g. at Khae Mai Tao Sip e

‘Song). As indicated in Figure 33a, the trends for change in normative &8
composition of granites according to various poatmagmgtic alteration
processes (Stemprck % Skver, 1974) can be compared with plets Qf.thése
compositions of grenites o? Phuket Pluton; (Fipure 33b). It is

illustrated that all types oﬁ\graniﬁéﬁ cf Phuket Plutons have undergzene

\,_ // i,
more or less sericitization : aaﬁ 613 ~Ga anj G-5 have been subjected to
_ /// By

scme silification as wcli.’ ‘C;Q
/ // ,’/' .

7 / fAR0m

8.4 Majeor Element Geochémical;Qhafacterization
§ /v ‘, \:\’ A t

/

A ternary plot, 510 /i (t*ao + MgO + Te0) - (Na,0 + K,0 + Al

2 203
used by juniper & Kleeman (1???§§ qan be applied to define a Sn—mineralizing 38

rock field of New Enpldnd  Fipure 26 show-chat G-3, G-4 and G-5 have
been plotted within or G&OB;\E; the field Bf New England tin-bearing

. rocks and G-1, ¢-2 plots falling within the tin-barren field. Though
tin-bearing field of Phuket\?lutona and New England are not in the same d{
position, both of which show a separation diatinguished~from those of

tin-barren.

Rattigan (1964) used the ternary plots (Na + K) - Fe - Mp and Na
- Ca - K to infer a trend of magmatic evolution and tc clearify tin-bear
from tin-barren fields. Figure 27 and 28 show the groups of G-1, G=~2
and of G~3, G~4 and G~5 plotting comparatively with tin-barren and
-bearing field of New England granises. Thouzh the two fields of tin-

bearing as well as of tin~barren are not coincidéd,exactly with each
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7/ Na,0+ K,0+ AL 0,

Figure26.7€RNARY sysTEM  Si0,—| Ca0+ MgO + Fe0 | = [ Na,0 + K0 + Al,0;] FOR
-
GRANITES OF PHUKET PLUTONS COMPARED WITH 1A TIN-BEARING AND
\ 2
TIN-BARREN NEW ENGLAND GRANITES [JUNIPER KLEEMAN, 1979 ] .

* G ? G-2 X 1G9 ® G-+ O G

137
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Figure27. system (Hul()-Fe-Mg FOR GRANITES OF PHUKET

s
PLUTONS COMPARED WITH TIN-BEARING | A |

beaaad

AND TIN-BARREN [ B | GRANITES OF NEW ENGLAND

GRANITES (JUNIPER & KLEEMAN, 1979),

*G1 ®G62 xG3 eG4 QOG5

Figure28. sysemNa-K-Ca ror Granires OF PHUKET

-

PLUTONS COMPARED WITH TIN BEARING, A !

eead

AND TIN BARREN| B [roCKks oOf NEW

ENGLAND GRANITES (JUNIPER & KLEEMAN, 1979),

Ca
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other, those of tin~bearing groups can be discriminated from those of
tin-barren ones. As shown in Figuré 29, the Phuket Plutons have been
ploited in the FAM triangular diagram. It was shown that G-1 and.G~2
trend is close to that of Dumbeno tin-barren granites (Sheraton & Labonne,
1978) and G-3, C-4 and C-5 trend close to that of Esmeralda tin~bearing

granites (Sheraton & Labonne, op. cit.).

Aranyakanon (1961), Groves (1972) reported that the tin-bearing

granites commonly higher in 510, content and lower slightly in K,0 content

2
whereas many authors (Gotman & Rub,,1961; Rattigan, 1963; Hesp & Rigby,
1974) demonstrated that tin-bearing granites are usually highly potassic.
ritakpaiwan (1962) and Sheraton & Labonne (1978) have studied tin-bearing
and -barren granites of Thailand and NE Queensland, respectively and
indicated that the tin-bearing are usually higher in 5102 and KZO content.
Stemprok (197%) concluded that tin-bearing granites appear to be silica »
and Kzo—rich but depleted in other oxides; such conclusion is also

resonable with the tin-bearing (G-3, G-4, and G-5) and tin-barren (G-1,

G-2) granites of Phuket Plutons (see also Figure 13, Table 4a).

8.5 Minor-and Trace-element Geochemical Characterization

Trace elements offer some of the most reliable criteria for
differentiating between a potential tin-bearing granite and one that is
not. According to Tauson & Kozlov (1973), they have cmphasized that not
only must the original magma contains suitable conéentrations of ore-
forming elements, but also the suitable conditions of crystallizationls;‘

must exist to allow ore~forming scolutions to evolve. They suggested that

trace element concentrations and elementazl ratios indicate the sources of
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a rock, its mode of origin, and also the evolution of the magma during
crystallization., Tischendorf (1977) suggested that the average amounts
of Rb present in mineralized granites tend to range from 380 to 780 ppm
and are paerticularly tend higher than non-mincralized granites. Amazonite
(rare-metal-bearing and albite-rich)granites of the Soviet Union, with
which tin deposits are associated are enriched in Ta and Nb relative to
the granites of other types (Zalashkova & GCerasimovskii, 1974). Tauson
(1974) showed that there is a s}ight tendency of Y enrichment in tin-
bearing granites of Tranabaikaliﬁ zone (USSR). According to Klominsky &
Absclonova (1974), the' tin-bearing granites of Karlovy Vary Granite
Massif (Czechoslovakia) show & distinct decrease in the concentration of
Mg, Ca, Zr, and Ba probably caused by the secondary alteration (autometa-
somatic stage). From the elqmental concentration shown in Table 4b with
relative to data described abeve, 6-3, G-4 and G-5 are more or less
equivalent to those tin-bearing granites of various regions while G-1

end G-2 do not show such tendency. Flinter and others (1972) and Croves
& MeCarthay (1978) reported that B and F or F-minerals is not neccessary,
nor indicative of tin mineralization, wbereés Garson, et al., (1975) and
Ishihara, et al. (1978) in their studies on tin-bearing and - barren
granite in Southern Thailand, including the area of investigation found

that the presence ¢f F and B are enriched in tin-bearing granites.

The Ba/Bb ratio has been reccommended by Tauson & Kozlov (1973)
as the best indicator of mineraliation. Ratio of less than L 8
generally confined to late-stage highly fractionated granites that are
often accompanied by tin deposits. Figure 31 illustrated Kb poltting

against Ba of granites analyzed, thc plots conform with the field of NE
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Queensland tin-bearing and - barren granites (Sheraton & Labonne, 1978).

Plimer and Elliot (197%) emphasized that granites associated with
mineralization commonly have much higher Rb/Sr ratic (as a result of
fractionation and alteration) thén the unmineralized granites. The ratio
is highest where alteration is most intense and minceral deposit is present.
Sheraton & Labonne (1978) found that the Upper-~Paleozoic Elizabeth Creek
tin-bearing granites have average Rb/Sr ratic about 13.6 whereas the
other Upper-tfaleoczoic tin—bar:eﬁ\grgnitag have the ratio about 3.2 A
‘good aggrement of these two raiioa‘(fébinga, and 3c) are also found

from the Phuket-Fluton granité;. The C-B; G-4 and G-5 is favourably tin-
bearing whereas G-1 and Gﬁlzare 5bsqlute1y not, Figure 30 shows that
K/Rb ratio of granites agaiyzed'are"often considerably lower than the
crustal average of 230 ppm (Ta§lor, 1965) . The G-3, G-4 and G-5 granites
can be grouped in the same f1EI§;anﬂ distinguished from the C-1 and G-2
granites. The K/Rb ratics cf the G%3,'Grﬁ¢&ﬁd G-5 granites are rather
low (Table 3b and 3c), béing‘of fiﬁ*ﬁé&ri;éﬁas cecmpared with those of
Elizabeth Creeck tin-bearing granites. These ratios of G-l and G-2 are
relatively bhigh and compatible with those of Herbert Creek tin-barren
granites. The same geochemical correlation among these types of granites
have been further dome by using Ca values against Sr concentrations
(Figure 32). It is found that the G-3, G-4 znd G-5 granites are able

to correlate with Elizabeth Creek tin-bearing granite whereas G-1 and G-2

vsually conform with Herbert River tin-barren granites,

8.6 Sn Characterization
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resgpnsible for tin mineralization and to distinguish them from those

which are not. The lack of reliatle data has contributed to the dilemma. -

¢

PR W MW, T T

And tin element is, consequently, difficult to analyze, due to detection
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1imit of the instrument, especially in a rock matriz as reported by

Juniper & Kleeman (1979). However, many peology workers as mentioned in

TVen. . A

Table 7 believed that SnR values should be correlated with some mineraliza-

v/,

Al AN A 1

tion and that tin-bearing granites have a greater SnR than tin-barren
granites. According to Ivanova (in /Vederpohl, 1969), Rattigan (1964),

Barsukov (1957, 1967) and Ianova {1963) fcund tin-bearing granites to

ol

contain 15-30 ppm compared with 5 ppm for tin-barren ones, mostly with the |

A

detection limit of about 5 ppm, "Hesp & Rigby (1974) notad that for all

rocks in Tasman Geosynclime ‘the ratio of the mean SnR in tin-bearing and
-barren granites was around 7:1, ~ Tauson (1975) reported the average SnR
(6.3 ppm) of the tin-bearing is two times higher than those of tin-barren
(2.9 ppm). Tischendorf {(1977) and Stemprok (1979) showed that tin-bearing
granites appear to contain SnR-ranging from 6 up to 22 ppm, and those of
the barren vary from 2'to 5 ppm, In the light of these conclusions, no
surprising is, thercfore, the fact that G-3, G-4 and G~5, especially
greisen granites have a strong tendency to become tin-bearing while G~1
and G-2 have not. Figure 19 showing the plots of SnR versus S:LO2 of

Phuket Flutons compared with the Australian granites (Rattigan, 1963;

T
o NI

Sheraton & Labomne, 1978) indicated that the Phuket Plutons trend is

-~
=

higher than those of Australian granites. The explanation for this higher

P ey )

trend may lie in the realization that the high amount of Sn content in
granites with which tin-deposits are associated exhibit the highly
evolved gecchemical characteristic in any given tin province (Pitakpaiwan,

1969). Otherwise, it might be that whether Sn mineralization occurs
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depend primarily on the physicochemical condition (c.g. temperature,

pressure, pH, Eh) (Ewers & Scott, 1978) and geclogical environments such
as types of wall rccks (Aranyakanon, 1969), occurrence of fracture zones
(Black, et al., 1 978), degree of melting (Hutchison & Chakraborty, 1979)

rather than the absolutc concentration of SnP.
L

8.7 Miscellaneous

According to Stemprok (1979). the tin-bearing granites usually
from at rather low temperature and water pressure, as indicated by
plotting normative quartz (Q); albite {Ab) and orthoclase (Or) in the
triangular diagram used by Tuttle & Bowen (1958). The study of the
Phuket Plutons reveals that/all the analyzed rocks contain greater ‘than
75% normative Q+Ab+0r. The G-1 dnd G-2 granites have the average
normative nearly 77.0%, G-3 about 86.5%Z, and G4 as well as G-5 close
to 89%. These proporticonal ratics of normative compositions have been
plotted on the experimentally dérived phase diagram in the systems
Q- Ab - Or H20 (after Tuttle & Bowen, 1958) and Q - Ab - Or -~ An < H20
(after James & Harilton, 1969). The two enclosed fields represent
Esmeralda tin-bearing granites, NE Queensland (Sheraton & Labonne, 1978)
and the biotite~muscovite granites of Blue Tier Batholiths, Tasmania
(Groves, 1972). The latter contaln normative corrundum (i.e. alumina
excess) and are reported as tin-bearing rocks, some granites of Fhuket
Flutons also contazin some normative corrundum (Tzble 2). The analyzed
samples plot in a restricted compositional field in the Tuttle & Bowen
system, and tend tc cluster near the quartz-feldspar boundary at fairly

low P H,0 (nearly 0.5 kb up to 2.5 kb) (Figure 33b). It is apparent
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that the G~3 and G-4 granites plot close to the region of the ternary

minimum at 500-1,000 bars of this system. Such field is alsc coincided E
with that of tin~bearing granites of NE Queensland and Tasmania, suggesting E
that low-water pressure prevailed during crystallization. Because of the _:
high K/Na ratio (Table 2a, 2b and 2c) the plots lie on the Or side of the ;E
ternary system. Similar conclusion was drawn also by Stemprok & Skvor '}i
(1974) that the common tin-bearing granite (biotite, muscovite, and two=- ﬁE
mica granites) are closely grouped oOver the low temperature minima of the -?é
feldspar-quartz cotectic of the Ab—0¥hQ normative diagram. The G-1 and 8
G-2 granites, on the other hand, plot close to the ternary minima between
1,000 to 2,500 bars water pressure,’ indicative of higher water pressure
during crystallization., -In/the quartz-saturated ter ary system at 1 kb
P HZO (Figure 34), the granitic roeks form a fairly well defined trend E
extending from a point inside the plagioclase field at temperature nearly f;
800°C (i.e., G-1 and G<2) towards the boundary curve at 730°C (i.e., G-3) >
and within the alkaline feldéparﬂfield (Gé4 and G-5) near the termary _:;
minimum of the granite system. }?
It is important to conclude here from the above data that the G=4, =1
G-5 and probably G-3 grenites plot close to the ternary minima of low .;%
temperature and water pressure while the G~1 and G-2 granites are plotted tf
in the higher water pressure field. According to their sizes of exposures ?i
(Map 2), grain-size variaticn and abundances of pegmatites and aplites, %ﬁ
the coarser-grained granites (i.e., G-1) are deeper phase with relative -xi
to the finer-grained varieties (i.e., G-4, G-5). Not surprising is, ;3
therefore, to state that G-3, G-4 and G-5 become more tin-bearing than 'F%
Al
&

G-1 and G-2.
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FaguwB.’Ja. THE TRENDS FOR CHANGE IN NORMATIVE COMPOSITION OF GRANITES
ACCORDING TO  THE INDICATED POSTMAGMATIC ALTERATION PROCESSES

(STEMPROK & SKVOR | 1974,
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The granites of Phuket Flutons have been further regrouped
according to whether they have been derived from (meta)-sedimentary source
rocks (s-type granites) or by the differentiation of igneous source rocks
(I-type granites) (Chappel & White, 1974) . Accerding to their studies,
such classification is relatively genetic but it is based mainly upon
geochemical parameters which, when taken collectively, served to
distinguish the twe types. One of the main parameter is the ratio of
K20 to Nazo, it is lower in I-types rhan S-type. The G-1, G-2 granites
have an average KZOINaZO ratic approximately 1.66, that of 6-3 is 1,91,
and those of G-4 and G-5 is‘néarly 2.1, The other parameter is the
difference in the oxidation ratic IOOFu3
higher in I-type than in S-types: As illustrated in Figure 35 the
oxidation ratio differs markedly among the types of granites of Fhuket
Plutons. It is relatively higher in G-1. G-2 than in G-3, G-4 and G-5.

This is presumably due to reduction o5f carbon (Flood & Shaw, 19753),

hydrocarbon (White, et al., 1977) or sulfur (Hine, et al., 1978) present

in the more silicic granite (i.e., G-3;
during partial melting or progressive metamorphism, The low Fe203/Fe0

of the S~type is reflected in the reddish brown biotite and pessibly,
ilmenite (Hine, et al., 1978). Such biotite appears to be characterized

of G-3, G-4 and probably G-5.

+X(Fe3+ + Fez+), it is considerably

7

G-4, G=5) originally from sediments

Mineralogy of granites, are netrographically distinguished S-from

I-types., I-types are characterized in thin sections by the presence of
primary sphene, allanite, hornblende, greenish brown biotite, long
slender apatite, weakly developed pleochroitic haloes of zircon as well

as zoned and complex-twinned plagioclase (ﬁhite & Chappel, 1977). All

el B, N

=
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these minerals and their characteristics, except hormblende, are found
abundantly in the G-1 and G-2 granites. The typical minerals found in
S-type are reddish brown biotite, equigranular apatite, zircon with dark
pleochroitic haloes, muscovite, homogenecus or weakly zoned plagioclase,
cordiﬁrite, garnet, and ilmenite (White & Chappel, 1977). All these
minerals with an exception of cordierite are found scatterly in thin

sections of granites belonging mostly to G-3, G=4 and G-5.

From the mentioned critéria used for granitic rocks classification
of Chappel & White ( 1974) and of Ishihara (1977) (Secticn 8.2) . it should
be noted here also that these two classification of granites are
approximately equivalent to gach other, No surprising is, therefore, to
conclude also that the biotite granite¢e (G-1 and G-2) are likely to be
I-type or magnetite-series granites and the biotite-muscovite granites
.(G-3, G-4 and G-5) arelaf S-type or ilmenite-series granites. Tin
mineralization is frequently confined to-the highly silicic part of the
'S—type' or 'ilmenite-series' granites whereas "I-type or ‘magnetite-se
series' arc responsible for tungsten, molybdenum, and porphyry copper
mincralization (Chappel & White, 1974; Ishihara, 1977; beckensale, 1979).
Anatexis of sialic crust is capable of yiclding highly evolved 5102 and
K20 rich granites with which tin deposits are known to be associated
(Hutchison & Chakraborty, 1978, Sheraton & Labonne, 1978). The fact
that all granites of crustal origin are not tin-bearing suggests that
the abundances of tin in crustal rocks is variable, due perhaps to
highly irregular distribution of tin-containing silicates and oxides
phases such as biotite, muscovite, tourmaline, zirconm, ilmeniﬁe, and

magnetite. Censequently, tin-bearing granites is likely to be the



m: mact:ivation of the t:l_n-enrj_cheﬁ part of tha siali.c crust. The

geonhemical data of the younger gtxanites (G—-3. G-4 anﬂ G-5) enablea m
¥ o=

prove su_ch statement. :
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