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Tin granites, geochemical heritage, magmatic differentiation 
By B. LEHMANN, Berlin::') 

With 12 figures 

Zusammenfassung 

Metallogenetische Provinzen stehen nicht zwangsl~ufig 
mit einer spekulativen regionalen geochemischen Speziali- 
sierung im Zusammenhang. Am Beispiei der Zinngranite 
wird ein Schema zur Quantifizierung der beiden Kompo- 
nenten ,,geochemische Vererbung,~ und ,,magmatische Dif- 
ferentiation~ vorgestellt. Geochemische Vererbung kann 
dabei auf den Bereich yon maximal 5-10 ppm Sn einge- 
grenzt werden. Entscheidender Prozess f/.ir die Bildung von 
Zinngraniten ist die magmatische Differentiation, wobei 
ein variabler Bulk-Zinn-Verteilungskoeffizient das m6gli- 
che Zinn-Potential bestimmt. 

Abstract 

Metallogenic provinces are not self-evident geochemical 
provinces. A scheme to quantify the processes of ,,geoche- 
mical heritage,, and ~,magmatic differentiation,, in the evo- 
lution of tin granites is presented. Geochemical heritage can 
be limited to a maximum contribution in the 5-10 ppm Sn 
range. The crucial process in the formation of tin granites is 
magmatic differentiation. A variable bulk Sn distribution 
coefficient controls the tin ore potential of granites. 

R6sum6 

Les provinces m&allog6niques ne correspondent pas n& 
cessairement fi des domaines ~t permanence g6ochimique. 
Prenant l'exemple des granites ~t &ain, l'auteur prSsente un 
schema qui quantifie les deux composants que sont ,,l'h6ri- 
rage g~ochimique- et la ~diff6renciation magmatique,,. 
L'hSritage gSochimique pent &re limit8 ~ une contribution 
maximale de 5 ~i 10 ppm Sn. Le processus d&isif dans ia 
formation des granites ~i &ain est la diffSrenciation magma- 
tique, au cours de laquelle le coefficient de r6partition de Sn 
est variable et d&ermine le potentiel-m&al du granite. 

*) Author's address: Dr. BERND LEHMANN, Institut ffir 
Angewandte Geologic, Freie Universit~it Berlin, Wichern- 
strage 16, D-1000 Berlin 33 

KpaTKoe eoAep~KaHHe 

MeTa.rLrlOreHeTrlqecKrte HpOBI4HI~HH He o~fl3aTe.rlbHO 
CB~I3aHBI C perHoHa.rlbHOlTt FeOXHMHqecKoI7t cneuI~a.rtri3a- 
mte~I vlx. Ha npl,IMepe o~oBocoaep~xa~/,lx FpaHHTOB 
ape,acTaBYleHa cxeMa ,RYI~ otleHKI, I, KaK "reoxHMHqecI<oI~l 
Hac.rle~cTBeHHOCTH", TaK H "MaFMaTHqecKoI4 ~tqbqbe- 
peH~HaurtH'. FeOX~MHqecKa~ HaC.rle~CTBeHHOCTb 
OKa3bIBaeTc~ orpaHHqeHa Ilpe,ae.~aMt'I 5-10 ppm oYloBa. 
Be,~yLR!4M npoLIeCCOM npH o6pa3OBaHHH O.~080B- 
MeI.aarotuero rpaa~Ta ~B.rI~eTC~ ~2nqbqbepeHR~aart~ 
MaFMbI. 

Introduction 

Ore deposits of certain metals are clustered in rela- 
tively well defined geographical zones on earth. This 
observation led DE LAUNAV (1913) to the concept of 
metallogenic provinces. Often in these regions the 
province-specific metals have become concentrated 
into ore deposits at various times (>>&agement tern- 
porch,; ROFTHIER 1967). 

At first glance it seems logical to interpret these 
observations in that the spatial and temporal rela- 
tionships of ore deposits in metallogenic provinces 
are caused by a common geochemically anomalous 
reservoir. SCHUILINC (1967:540) postulates: >>The 
concept of a metallogenic province implies the exi- 
stence of large-scale chemical inhomogeneities in 
that part of the crust or the mantle from which the 
ore deposits ultimately were derived.<, By this inter- 
pretation the neutral term of >,metallogenic provin- 
ce<< changes into the speculative concept of >>geoche- 
mical provinces,,, >>regional geochemical specializa- 
t ion, ,  or >>metal domains<< (Rol:~I~t~ 1967; 1980). 

In its most elaborate form this concept has become 
the >>Unitarian metallogenic law,, (Rotsa~IE~ 
1980:46): >>Les concentrations d'un m&al prennent 
naissance ~l l 'intersection d'un domaine m&allique 
(en r6alit~ un volume pouvant descendre jusqu'au 
manteau), porteur pendant de longues dur&s (cf. 
permanence et h6ritage) d'un >potentiel m&ah (c'est 
le m&allotecte primordial) et d'autres m&allotectes, 
jouant comme >r&81ateurs, de ce potentiel.~( 
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Tin granites 

Some of the best examples of metallogenic provin- 
ces are the tin provinces, which form well-defined 
belts on a 100-1,000 km scale. 

The ,>6tagement temporel<< in some of these pro- 
vinces is very striking. A famous example is the Boli- 
vian tin province where ore deposits associated with 
both Triassic tin granites and Tertiary tin granites 
and tin porphyries occur in the same area. 

Generally, tin deposits are spatially and tempo- 
rally related to magmatic rocks of granitic composi- 
tion (mainly ,>tin granites<<, in some cases ,,tin por- 
phyries<<). Tin granites display geochemical speciali- 
zation, i.e. enrichment in a suite of characteristic 
trace elements (Sn, F, B, Rb, Cs, Li . . . .  ) and impo- 
verishment in other trace elements (Ba, Sr, Zr, Ti, 
�9  It is interesting to note that geochemical specia- 

lization and ore productivity of tin granites are di- 
rectly related (TIsCHENDORF 1969). 

The geochemical specialization of tin granites can 
be understood in terms of two basic processes: 
1. Geochemical heritage: The geochemical characte- 

ristics of tin granites are inherited from anoma- 
lous pre-grantitic source material�9 

2. Magmatic differentiation: During fractional cry- 
stallization a suite of elements with bulk solid-li- 
quid distribution coefficients KD<I becomes en- 
riched, whereas other elements with KD>I are 
impoverished in residual melts. 

Both processes may be involved in the evolution of 
tin granites. There is general agreement that the trace 
element pattern of tin granites points to an important 
contribution by magmatic differentiation but it is of- 

ten suggested that this process only enhances pri- 
mary geochemical anomalies. The variation diagram 
of Figure 1 allows a quantification of the role of both 
processes. 

The model 

A perfect fractional crystallization process is des- 
cribed by Rayleigh fractionation (RAYLEIGH 1986): 

= �9 . FKDi -1 cit c, o (1) 

whereby F = Mass ratio of residual melt Mt to initial 
total melt Mo 

KDi = Bulk solid-liquid distribution coefficient 
of element i 

Cio = Initial concentration of element i in 
melt Mo 

cit = Concentration of element i in residual 
melt Mt 

The validity of equation (1) for a suite of rock 
samples can be verified by the presentation of geo- 
chemical data of elements with KD 4= 1 in a log-log 
diagram. 

Linear correlation of elements i and j in such a dia- 
gram follows from transformation of (1) into: 

log cit = (KDi -1) �9 log F 
Cio 

cjt 
log cj~ = (KDj -1) �9 log F 

(2) 

(3) 

x I 

/ 

log x I = Ir176 1 . l o g  x i + b  

x.i 

Fig. 1. Quantification scheme for geochemical heritage in magmatic fractionation series ( X  i = neutral fractionation indica- 
tor; xj = element to be tested for geochemical heritage). For explanation see text. 
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The combination of (2) and (3) gives the linear 
equation for a log x/log y plane: 

log cit /log cjt KDi'I 
ci~ Cjo KDj -~ = c (4) 

The constant c corresponds to the slope m of the 
general linear equation: 

log cit = m �9 log qt + b (5) 

The term b can be used as a measure of the compo- 
nent of geochemical heritage in magmatic differentia- 
tion suites (LEHMANN 1982) whereby A b is defined as 
the difference between the term bl of a normal frac- 
tionation line and b 2 of an anomalous fractionation 
line. A normal fractionation line would be one which 
can be traced back to an average rock composition 
field, whereas a fractionation line starting from a 
geochemically anomalous source would be shifted 
away by the amount of A b from such a reference 
field (Fig. 1). 

It should be noted that complications of this 
simple picture may arise from different degrees of 
partial melting for different fractionation suites or 
from the fact that the bulk distribution coefficient 
KD. is treated here as a constant. However, this last 

I 
assumpnon is not unreasonable in the case of tin gra- 
nites whose major element chemistry is essentially 
near minimum melt composition. 

The fractional crystallization pattern in a log-log 
diagram cannot be confused with possible mixing 
processes such as restite control (WHITE & CHAPPELL 
1977) or assimilation of country rocks. The variable 
mixing of two end-member compositions in a log- 
log diagram results in hyperbolic mixing lines. 

R e s u l t s  

Differentiation suites from tin and non-tin grani- 
tes have been plotted in terms of a neutral fractiona- 
tion indicator (x-axis) and the Sn content (y-axis) 
(Figs. 2-10). The Rb/Sr ratio and TiO2 have been 
used as neutral fractionation indicators because these 
elements are readily available in routine geochemical 
analyses and therefore are often given in the literatu- 
re. Other element combinations would of course be 
feasible as well. 

In each diagram reference fields for average cru- 
stal, granite, and shale composition are plotted ac- 
cording to the data collection in ROSLER & LANCE 
(1976). The shale reference field has been slightly en- 
larged towards lower Sn levels down to 4 ppm which 
corresponds to recent geochemical studies by TERAS- 
HiMA & ISHIHARA (1982) and LEHMANN et al. (1983). 
Only one variation diagram for each area is reprodu- 
ced here for reasons of space, but the synoptic dia- 
grams in Figs. 11 and 12 also show the second corre- 
lation line for each sample set. The correlation lines 
are mostly valid at a level of certainty of more than 
99% (solid lines), the correlation lines of very little 
slope for the non-tin granites are valid at a 95% level 
(stippled lines). It follows from the diagrams in Figs. 
2-10 that the data displayed can be interpreted in 
terms of fractionation although the main arguments 
for this finding are derived from other criteria discus- 
sed in the original papers. 

The non-tin granites from the Cape Provin- 
ce/South Africa (KOLB~ 1966) and from the Snowy 
Mountains/Australia (KoLBE & TAYLOR 1966) ar 
plotted in Figs. 2 and 3. There is no distinct increase 
in Sn content during magmatic differentiation. The 
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�9 �9 l 

. . . . . . . .  ,~ ' . b ' ,  s ;  . . . .  ~ 0  

Fig. 2. Granitic samples from the Cape Granite, South Africa (n = 40; r = 0.28). Data from KOLBE (1966). 
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Fig. 3. Granitic samples from the Snowy Mountains, N.S.W., Australia (n = 28; r = 0.44). Data from KOI~BE & TAYLOR 
(I966). 

correlation lines pass through the reference field for 
average granite. 

Data from the Erzgebirge/GDR are plotted in Fi- 
gure 4 (LANCE et al. 1972). The correlation line passes 
through the average shale field at the 5 ppm Sn level. 
A comparison with some data from the t in-barren 
granites of the neighbouring Thuringian Forest 
(Bx~uzR 1970) shows the non- t in  granite characteri- 
stics of Figs. 2 and 3. 

lO~ 
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[ ~. THURINOIAN 
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FOREST~ A I 

[~:]-- CRUST 

10.01 . . . . . . . .  011 . . . . . . . .  1 ~ TiO= 

Fig. 4. Granitic samples from ttae Erzgebirge, GDR (n = 
11 ; means of 456 samples; r = -0.72). Data from LANGE et 
ai. (1972). Crosses indicate mean values and minimum and 
maximum values for each sample group (RG = ,,Reliktgra- 
nite<,; _KG = >>Kltere Granite,<; ZG = ,,Zwischengranite<, ; 
JG = >,Jiingere Granite<@ Data for Thuringian Forest gra- 
nites are from B:RAUER (1970). 

Some data from the Triassic tin granites of nort-  
hern Bolivia are shown in Figure 5 (L~HMANN 1979). 
The correlation line for primary magmatic rocks pas- 
ses through the shale reference field at a 5 ppm Sn le- 
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Fig. 5. Granitic samples from the Cordillera Real, Bolivia 
(n = 13; r = 0.94). Open circles indicate hydrothermally 
altered rocks from the same rock suite. Data from LEH- 
MANN (1979). 
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Fig. 6. Granitic samples from the Massif Central, France (n 
= 73 ; r = -0.77). Data from BOISSAVY-VINAU (1979); BOIS- 
SAVY-VINAU & ROGER (1980); BURNOL (1978). 

vel. Hydrothermally altered rocks from the same 
rock suite give a scatter distribution with distinctly 
high Sn values. The hydrothermal alteration is petro- 
graphically characterized by breakdown of plagio- 
clase and biotite, muscovitisation, chloritisation, 

blastesis of fluorite, tourmaline, apatite, cassiterite, 
and siderite. The highest degree of alteration is 
shown in quartz-muscovite rocks (greisens) where 
the primary magmatic fabric is totally destroyed by 
heteroblastic-metasomatic transformations. 

Data from the Massif Central/France are shown in 
Figure 6 (BoIssAvv-VINAU 1979; BOISSAVY-VINAU & 
ROGER 1980; BURNOL 1978). The least evolved mem- 
bers of this fractionation series are in the 3--10 ppm 
range. A similar behaviour is shown in Figure 7 for 
tin granites of Northern Portugal (NEIvA 1975, 1981 ; 
NORONHA 1982). 

Tin granites from Thailand (IsHIHAt~A et al. 1980; 
NAKAVAD~NG~AV et al. 1985) give correlation lines 
which can be interpreted as related to differentiation 
of average granitic material (Figs. 8 and 9). Hydro-  
thermal alteration in the Takua Pa area/southern 
Thailand is characterized by a strong increase in Sn 
contents at a + constant Rb/Sr ratio. The Triassic tin 
granites from the west coast of peninsular Malaysia 
(LIEw 1983) are the most evolved members of a frac- 
tionation line which would pass the shale reference 
field at a 5-10 ppm Sn level (Figure 10). Geochemi- 
cally less evolved granitic rocks from this region have 
been analyzed by Y~AP (1974) who found Sn contents 
of 4-5 ppm at Rb/Sr ratios of 1-3. 

Conclusions 

The synoptic diagrams in Figs. 11 and 12 allow 
two basic conclusions: 

t. The tin granite fractionation series are traceable 
back to the 4-10 ppm Sn range for relatively litt- 
le-evolved members of the sample suites studied. 
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Fig. 7. Granitic samples from Northern Portugal tin granites (n = 24; r = 0.77). Data from NEIYA (1975, 1981); NORONHA 
(1982). 
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Fig. 8. Granitic samples from Thailand (n = 23; r = 0.73). Data from ISHIHARA et  al. (1980). 

This Sn range corresponds to average shale composi- 
tion which may be a coincidence; but it should be no- 
ted that thick metasedimentary sequences (stratigra- 
phic thicknesses around 10 km) are typical of tin pro- 
vinces. The contribution of geochemical heritage in 
the sense of anomalous source rocks is limited to a 
maximum of 2-3 times enrichment compared to 

average crustal rocks. This possible regional geo- 
chemical specialization is relatively modest as com- 
pared to tin enrichment by magmatic differentiation, 
which may be tenfold and more. It is not evident why 
a possible but only slight regional geochemical spe- 
cialization should critically control the formation of 
tin granites when the effectiveness of magmatic dif- 
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Fig. 9. Granitic samples from the Takua Pa tin granite, Southern Thailand (n = 29; r = 0.69). Open triangles are hydrother- 
mally altered rocks. Data from NAKAPADUNGRAT et al. (1985). 
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Fig. 10. Granitic samples from the West Coast tin province, Malaysia (n = 70; r = 0.68; all samples > 67 % SiO2). Data from 
LIEW (1983). 
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Figs. 11 and 12. Synoptic compilations of correlation lines from the sample suites of Figures 2-10. Crustal averages are from 
ROSLER & LANGE (1976). In the Sn-Rb/Sr diagram an additional correlation line from the Blue Tier Batholith, Tasmania, 
Australia has been included (data from GROVES & M c C A ~ q v  1978). 
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ferentiation can easily balance initial chemical diffe- 
rences. 

There is a possibility that tin granites are the most 
evolved phases of mantle-derived magmas. Current  
research in the Erzgebirge (ScHr3~e et al. 1983; 
DAHM et al. 1985) and in Portugal (SCHERM~RHORN 
this volume) point  to very extensive fractionation li- 
nes. Under  such an assumption the slightly t in-enri-  
ched earliest granitic phases are already the result of a 
long fractionation history. This process cannot be 
traced back by extrapolation of correlation lines in 
the scheme of Figure 1 because the drastic change in 
major element chemistry involved is accompanied by 
a non-l inear  variation of the bulk Sn distribution co- 
efficient. 

2. The slope of the correlation lines in Figs. 11 and 
12 is variable. According to equation (4) this indica- 
tes a different bulk Sn distribution coefficient for dif- 
ferent granite suites. It  can be deduced that KDs n for 
non- t in  granites is <1,  whereas for tin granites it is 
< <  1. The reason for this variable bulk distr ibution 
coefficient is not  well understood but  it may depend 

on the Sn2+/Sn 4§ ratio in the melt which in turn is a 
function of fo2. Under  conditions of low oxygen fu- 
gacity in the melt (ilmenite-series granitoids of ISHI- 
HARA 1977) tin may be in a predominant ly  bivalent 
state and would behave as an incompatible element 
whereas at high fo2 it may behave more compatibly (a 
reverse case of KD-fo2 systematics has been demon- 
strated by TAC*r & CANDELA 1985 for molybde-  
num). 

In summary,  a tin granite is formed by a prolonged 
fractionation history combined with a small Sn bulk 
distribution coefficient. Geochemical heritage plays 
only a minor  or no role. The actual formation of tin 
deposits is, in addition, dependent on the release of a 
fluid phase and the associated release of mechanical 
energy which produces the permeability for effective 
hydrothermal circulation/mineralization. 
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