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The main element- and Rb-distribution has been established in the Pre
cambrian Vallesvær granite, south Norway, and in the surrounding gneisses. 
The granite has a fairly uniform composition of 39 Q-19 Or-39 Ab-3 An, well 
defined compositional trends, normal K/Rb ratios, and a positive K-Rb cor
relation. The composition of the silicic members of the granite is significantly 
different from that of the silicic members of the surrounding gneisses. No 
areal compositional trends were found. The conclusion reached is that the 
granite formed through partial melting of the country rocks, with subsequent 
migration of the anatectic melts to local low pressure areas. 

E. R. Neumann, Mineralogisk-geologisk museum, Sars gate l, Oslo 5, Norway. 

The vast majority of granitic and granitoid rocks have compositions that 
agree very well with those expected for igneous and anatectic granites 
(Tuttle & Bowen 1958, Winkler & von Platen 1961b). The existence of 
granites with differing compositions suggests, however, that granites also 
form by processes other than cooling and crystallization. Barth (1966) has 
brought attention to the wide range of compositions in the granitic rocks in 
the Precambrian of south Norway, and has suggested that nonmagmatic 
processes played a major part in the formation of the granites in this area. 

The systematic study of the Precambrian Vallesvær granite was under
taken in order to establish the genetic history of a granite for which a non
magmatic origin seemed highly probable. 

Geologic setting 

The Vallesvær granite belongs to the Bamble formation, south Norway 
(Fig. 1). The rocks of the Bamble formation are believed to have been strong
ly influenced by metasomatism and anatectic processes in a period of moun
tain building with metamorphism and igneous intrusions, that took place 
800-1100 million years ago (J. A. W. Bugge 1943, Barth 1960). 

The investigated area was originally mapped by A. Bugge (1939), and was 
later surveyed and described petrologically by Dietrich (1959), who sug
gested that the granitic rocks in the area were formed by potash and soda 
enrichment of a sandstone, or essentially isochemical metamorphism of an 
arkosic sediment. The present investigation was started by Prof. T. F. W. 
Barth, and continued by the writer at Barth's suggestion. 
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Fig. l. Location of the Vallesvær granite, south Norway. 

The contacts on the map (Fig. 2) are those of Dietrich (1959, Fig. 1), 
with some modifications made by Barth and the writer. 

The investigated area consists of a central body of granitic rock� the 
'Valles vær granite', surrounded by gneisses and amphibolites. The gneiss is 
banded, in general on the scale of a few centimeters. In the southem part 
of the area, the hands (especially the light ones) increase in width towards the 
granite contact, to become several meters wide. South of the granite there 
is a wne where the gneisses are very rich in pegmatite. The pegmatites 
occur as tabular and irregular bodies, the largest of which are outlined on 
the map (Fig. 2). The tabular bodies are generally parallel to the plane of 
foliation. Also in other parts of the area pegmatite occurs, but only as rather 
small, scattered bodies. The pegmatites consist almost entirely of K-feldspar, 
quartz and a little plagioclase. 

The rocks are foliated with a NNE-SSW strike and fairly steep dip (Fig. 3). 
The foliation continues into the granite, but dies out towards its centre. Al
though the gneisses locally are folded in complex small scale isoclinal and 
ptygmatic folds, and boudinage structures are found in a few places, most of 
the features that would be expected to accompany forceful intrusion (frac
ture- and joint-pattems, well-developed boudining, a marked steepening of 
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the foliation plane towards the contact, contact metamorphism, etc.) are 
lacking. 

Petrography 
DESCRIPTION OF ROCKS 

The granite 
The granite consists of quartz, microcline (6 > 0.85) and plagioclase 
(An<5_15), and less than 10% accessory minerals: biotite, apatite, sphene, 
zircon and iron oxide. Homblende, clinozoisite, muscovite, calcite and gamet 
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Fig. 2. Geologic map of the Vallesvær granite and the surrounding rocks. (Geology 
after Dietrich 1959, with some modifications of the contacts of the granite and the 
large pegmatite bodies). Closed and half-open circles represent localities where one and 
two samples (respectively) have been collected. At a single locality four samples were 
collected, this is marked by a circle divided into four segments. M = marble. 
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Fig. 3. Map showing the variation in altitude of the plane of foliation in the area. 

occur sporadically. Chlorite and sericite are found rather abundantly as 

secondary minerals. 

The texture of the granite varies between two extremes: 

- the rock is granular, with anhedral to subhedral grains 0.1 to 0.3 mm 

in diameter. The grains look fairly free of strain. 

- the rock contains lamellae, or scattered elongated anhedral grains, of 

quartz (commonly with undulatory extinction) and feldspars. These grains, 

which have a mean diameter < 1.5 mm, are set in a finer-grained matrix of 

anhedral to subhedral grains of varying size. Quartz and feldspars are also 

found in the matrix, and thus seem to be of two generations. This rock type 

generally has a 'messy' look due to intergrowth between different minerals, 
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poikiloblastic occurrence of quartz, and development of coarse and fine
grained myrmekite. 

The microcline is generally not perthitic on a microscopic scale, although a 
few grains with string-perthite have been found. The K-feldspar content of 
the rnicrocline was measured to be 80-90%, but as the rnicrocline is 
frequently intergrown with plagioclase, this value may be too low. 

The coexistence of non-perthitic microcline and albite is taken by many 
authors to be an indication of non-magmatic origin. Laves (1950), however, 
from a crystallographic point of view, regards the typical cross-hatched 
microcline (the only type of K-feldspar found in the Vallesvær rocks) as the 
result of inversion from a monoclinic state. This view is supported by Nilssen 
& Smithson (1965) on the basis of their studies of the Precambrian Herefoss 
granite. Schermerhorn (1961) believes the assemblage to be the natural end 
product of three interrelated processes leading to feldspar phases stable 
at low PT-conditions: 

- perthite unrnixing - expulsion of perthitic plagioclase 
- orthoclase - rnicrocline 
- primary plagioclase -+ decalcified plagioclase. 

There is ample evidence in the Vallesvær granite that these processes have 
taken place: 

- traces of string perthite in a few grains of microcline are probably relics 
of an earlier perthitic phase 

- myrmekite ( commonly regarded as the result of exsolution (Widenfalk 
1969) 

- intergrowth between microcline and plagioclase 
- plagioclase grains with twinfree zones at contacts with microcline, and 

calcite along the grain boundaries 
- plagioclase with narrow albite (?) rims. 

The gneisses and amphibolites 

The rocks surrounding the granite consist of the same minerals, but in some
what different proportions. Muscovite is hardly found outside the granite. 
Plagioclase generally shows normal zoning, Atw; _ 45 ( calcic core ). In the 
gneisses the plagioclase exhibits both albite and pericline twinning. Except 
for a few grains with string perthite, the microcline is non-perthitic on a 
rnicroscopic scale. 

The gneiss bands are alternating granitic to granodioritic, and amphi
bolitic to dioritic. The light gneiss bands have texture and grain-size variations 
similar to those found in the granite. The evidence of strain in the rock is, 
however, increased by the presence of plagioclase with bent twin-lamellae, 
and quartz and feldspar with healed cracks. The dark gneiss bands and the 
amphibolites are granoblastic to crystalloblastic. In some rocks hornblende 
occurs as porphyroblasts. The grain size varies between O.l and 2 mm. 
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RETROGRADE METAMORPHISM 

The evidence of conversion of the feldspars to phases stable at lower PT
conditions has already been discussed. Other minerals have also been visibly 
affected by retrograde reactions. As no complete mineral analyses have been 
made, only a brief summary of the main steps of the retrograde meta
morphism will be attempted. 

The earliest step still traceable is the partial breakdown of hornblende. 

hbl + Ksp (±C�)(+ JW) (± �)-
bi + plag + qtz ± calc ± clz ± ore ± garnet 

The potassium necessary to form biotite, must have been derived from 
K-feldspar. Primary muscovite is not present in the rocks. The derivation 
of plagioclase components caused zonal growth on plagioclase in the more 
mafic rocks where hornblende existed in abundance. 

Some calcium seems to have gone into the reaction 

ilm ( + CaO) (+ Oe)-* magn + sph 

As temperature (and pressure) decreased, biotite and some of the remaining 
hornblende became partially chloritized. 

bi+ qtz (+ a�)- chl + micr 
bi + qtz ( + H�) ( ± �)-* chl + muse ± ore 
hbl qtz ( + IkO) -* chl + clz + alb ± ore 

In most rocks plagioclase has suffered different degrees of sericitization. 
Strong sericitization seems to involve formation of calcite from, or saus
suritization of, the An component. (The cases of calcite along plagioclase 
grains used as indication of decalcification, involves fairly fresh plagioclase.) 
In some rocks microcline is also slightly sericitized. 

The reactions involved in the retrograde metamorphism require the pres
ence of water. There is thus reason to believe that water was present in the 
rocks also during the peak of metamorphism. 

Although it cannot be proven on the basis of the available data that the 
retrograde metamorphism was isochemical, it is worth noticing that the 
reactions involved can be explained without the introduction or leaching of 
material. 

Analytical methods 
118 samples were collected from 86 localities in the granite and the sur
rounding rocks (Fig. 2). Two specimens were collected from each of a num
ber of localities so that the significance of the areal compositional variations 
could be tested. 

Sodium was determined by routine flame photometry on a Beckman 
spectrophotometer model B with a flame attachment. The samples are pre-
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pared as follows: Rock powder is dissolved in HF and lk504, evaporated 

to dryness, and redissolved in deionized water with a controlled amount of 

H�04. Li is added. The calibration curve is based on synthetic standards 

(K,Na,Li mixtures). The method has been checked by analyzing inter

national rock standards. The obtained values are systematically low, on the 

average 97% of the mean of the reported values. 

Mg was measured by atomic absorption on a Beckman DB spectro

photometer with atomic absorption attachment. The sample preparation is 

the same as for flame photometry, but Ba is added instead of Li. 

Table l. Analytical methods, their accuracy and precision. 

Elementa Method Analyzing Number of Accuracyb Precisionc 
crystal standards (%) (%) 

Si X-ray P.E. 12-18 1.6 1.5 
fluorescence 

Al " 12-18 2.9 1.7 
Ti LiF 12,15 1.4 (1.7) 
Fe 12-21 1.1 (1.8) 
Mnx " 15-18 (6.1) (2.3) 
Ca " 15 0.9 (1.4) 
K EDDT 12-18 0.8 1.2 
Px " P.E. 15 13.6 

} " " EDDT 12 7.3 5.7 
" Germanium 12,15 2.3 
Rbx " LiF 1(G-1) 2.3 

Mg Atomic 5 (2.3) 
absorption 

Na Flame 4--6 (2.5) 2.4 
photometry 

a In the X-ray fluorescence analyses, minor and trace elements (marked with x) were 
determined on pressed pellets of pure rock powder, and mass absorption corrections 
were made. Major elements were determined on fused pellets made from one part 
rock powder and nine parts sodium tetraborate. 

b The accuracy of the measurements is evaluated through the scatter of standard points 
about the regression curve. The numbers not in parentheses represent 'the relative 
standard deviation of the slope of the curve' 

The values in parentheses are relative deviations from the standard curve 

N 

(l'Yi- y()i 
N-1 

100 N 
X -

N
-

l'y( 

Yi and y( are measured and calculated (from the regression curve) readings, Xi are 
weight percentages, x mean weight percentage of the standards, and N the number 
of standards. 

c Precision is defined as the average of the relative deviations from the mean of each 
set of parallels. The values in parentheses are calculated without contribution from 
the analyzed pegmatites. 
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The other elements measured were determined on a Phillips Electronics 

X-ray fluorescence spectrograph. A chromium tube was used for the lighter, 

a tungsten tube for the heavier elements. Analyzing crystals and types of 
pellets used are listed in Table 1. 

The calibration curves used for the atomic absorption and X-ray fluores

cence determinations are based on series of international and house rock 
standards. 

Corrections for instrument drift have been made for all measurements. 

For each sample at least two analyses were made per analysed element. Data 

on precision (based on the sets of parallels ), and accuracy (based on the fit 

of the standards to the calibration curve) are listed in Table 1. Analytical 

data and mesonorm calculations (Barth 1959, 1962) can be obtained from 

Mineralogisk-geologisk museum, Oslo on request. 

Discussion and results 
GEOCHEMICAL RELATIONS IN GRANITIC ROCKS OF DIFFERENT ORIGIN 

The Vallesvær granite may have any of the following origins: 

- igneous 

- anatectic 

- metamorphic (isochemical recrystallization of a rock of granitic com-

position) 

- metasomatic (granitization through alkalimetasomatism). 

As the discussion on the geologic history of the V·allesvær granite is based 
mainly on the geochemistry of the rocks, a brief review of the known rela
tions between the geochemistry and origin of granitic rocks is given below. 

The Q-Or-Ab-An system 
The most probable compositions of igneous granites are the minimum melt

ing and thermal valley compositions in the Q-Or-Ab-An system, experi

mentally established byTuttle & Bowen (1958), Luth et al. (1964), von Platen 

(1965) and von Platen & Holler (1966). Compositions of natural igneous 
granitic rocks agree very well with the experimental results (Tuttle & Bowen 

1958). 

Partial melting of rocks of different compositions has been experimentally 

studied by Winkler (1957), Winkler & von Platen (1958, 1960, 1961a), 

von Platen & Holler (1966), and others. They found that if the starting 

material contains same potassium, the initial melt will (at 2000 bars �O 
pressure) have a leucogranitic character regardless of the composition of the 

starting material. With increasing temperature the melt becomes progres

sively enriched in the plagioclase components, and attains a granitic to 

granodioritic composition. A further increase in temperature will bring the 
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composition of the melt to a final stage which is dependent on the K20fNa20 
ratio of the starting material. Anatexis at higher pressures seems to yield 
melts richer in the Ab component, and poorer in the Q and Or components. 

A granite formed through metamo!phic or metasomatic processes may 
have any granitic composition, including, of course, those typical of igneous 
and anatectic granites. 

Chemical trends 

The well-defined correlations between the different major and trace elements 
typical of igneous rocks, have been well established through a series of 
studies (Nockolds & Allen 1953, 1954, 1956). 

As anatexis involves fractional metting of the minerals in the host rock 
(Winkler & von Platen 1961b, von Platen & Roller 1966), well-defined cor
relation trends between the major elements may be expected also in anatectic 
granites. The genetic relations between paleosome, leucosome and melano
some are reflected in mutual compositional relations (Biisch 1966). 

The chemical trends of a granite formed by isochemical metamorphism 

will be inhecited from the initial rock. Writers concemed with the origin of 
amphibolites have worked out some methods to distinguish between sedi
mentary and igneous origins of metamorphic rocks. The most reliable 
methods seem to be based upon the comparison of chemical trends. Evans 
& Leake (1960), Leake (1964), Rivalenti & Sighinolfi (1969) and others, 
have found that some parameters are independent in sedimentary rocks that 
are correlated in igneous rocks (Niggli parameters si, mg, c, and p, ti, mg, 
etc.). Rivalenti & Sighinolfi have furthermore suggested that the degree of 
correlation may be used as a supplementary distinguishing criterion for 
trends that are similar in igneous and sedimentary rocks. 

Alkali metasomatism will generally lead to increased K and Si contents, 
and decreased Ca, Mg and Fe contents of the granitized rock relative to the 
initial rock (Mehnert 1968). The variations of the other elements depend 
largely on the composition of the parent rock. 

If the granite and the associated pegmatites are crystallized from the 
residual melt of a strongly fractionated magma, an enrichment in alkalies 
may be expected if the volatile content of the parent magma was low, and 
an enrichment of cations of high ionic potentials if the volatile content was 
high (Taylor 1965). 

Granitic rocks and associated pegmatites formed by metamorphic pro
cesses or by anatexis can be expected to inherit the trace element composition 
of the original rock, 'although selective processes may be involved in segre
gation and recrystallization (Taylor 1965). 

K-Rb relations 

Although the Rb con tent in a rock is somewhat dependent on its mineralogy, 
unaltered igneous rocks have fairly constant K/Rb ratios. Shaw (1968) has 
found the ratio to depend on the overall K content of the rock, decreasing 
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from 433 at 0.01% K, to 254 at 1.0% K and 195 at 10% K. Strongly 
fractionated granites and pegmatites, however, are generally enriched in Rb 
relative to K. 

Based on the mineralogical changes involved, Shaw (1968) predicts that 
anatexis of biotite gneiss under upper amphibolite facies conditions, will 
produce the following three phases: 

biotite gneiss 
{ aqueous fluid low KfRb 

silicate melt normal K/Rb 
residual gneiss higher (?) KjRb 

and that metamorphism resulting in breakdown of biotite (low ratios) to 
form potash feldspar (higher ratios), leads to an increase in the KfRb ratio 
in the rock. 

M etasomatic granitic rocks, and igneous rocks that have undergone meta
somatic alteration or leaching, frequently have very low K/Rb ratios (< 100) 
(Shaw 1968, Ragland et al. 1968). Shaw finds it probable that the KfRb 
ratio can serve as an indicator of metasomatism in favorable cases. A review 
of the K-Rb relations in granitic rocks in the U.S.S.R. by Beus & Oyzerman 
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Fig. 4. Plots of the Vallesvær granite (filled circles) and the surrounding rocks (crosses) 
in the Q-Or-Ab system. The open squares represent experimentally established minimum 
melting compositions (Tuttle & Bowen 1958, Luth et al. 1964, von Platen 1965, von 
Platen & Holler 1966). The numbers in parentheses represent water vapour pressures 
(in kilobars) at Ab/An = oo. The numbers without parentheses represent Ab/An ratios 
at PH2o = 2 kilobars. (The experimental data are recalculated to cation percentages.) 
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(1965), shows that granites having undergone postmagrnatic K enrichment, 
besides having very low KjRb ratios, also have negative K-Rb correlations 
instead of the normal positive ones found in unaltered granites. Beus & 
Oyzerman suggested that the nature of the K-Rb correlation can be used as 
a criterion of the intensity of post-magrnatic replacement in granitic rocks. 

ANALYTICAL RESULTS 

Q-Or-Ab-An relations 

In Figs. 4 and 5, normative quartz and feldspar of the Vallesvær rocks are 
plotted in the Q-Or-Ab and Or-Ab-An diagrams together with experimentally 
established minimum melting compositions at various water vapour pres
sures. 

The bulk of the granite samples are concentrated in the granodioritic 
field dose to the minimum melting composition at 2000 bar PI120 (AbjAn = 

7.8). The plots of the remaining granitic samples, and most of the surround
ing rocks, scatter along the Q-Ab, and Ab-An sidelines, and show no 
relations to the thermal valley. 
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1965, von Platen & H<mer 1966). 
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Although a metamorphic or metasomatic origin of the Vallesvær granite 
cannot be disproved on the basis of its Q-Or-Ab-An relations, the com

position of the granite, and its homogeneity, strongly suggest a magmatic 

origin. It is, in this connection, an interesting detail that the compositions 

of the plagioclase in the granite (An <5_15) and in the surrounding rocks 

(An25_45) are similar to the plagioclase compositions found by Winkler & 
von Platen (1961a) in the melt and in the crystalline residue of their gray

wacke-experiments at 730 °C (2000 bar PH20). The graywackes used as 

starting material in these experiments have compositions similar to the mean 
composition of the Vallesvær rocks. 
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Geochemical trends 

The Vallesvær granite has well-defined negative correlations between Si and 
all elements except the alkalies (Figs. 6, 7, 8). No correlations exist between 
the alkalies and Si, but, as is also evident from the Q-Or-Ab triangular 
diagram (Fig. 4), the bulk of the granites are richer in K than the other rocks. 
The K-rich granites have positive correlations between K, Na and Si. 

The rocks surrounding the granite have strong negative correlations 
between Si and Fe, Ca, Mg, and weak negative correlations between Si and 
Ti, Mn, P (Figs. 6, 8). The alkalies and Al (Fig. 7) have no correlations with 
Si. A few samples (7-67, 27B-68, 32A-68, 33A-68) are evidently enriched 
in either of the alkalies. No areal compositional trends exist either within the 
granite or the surrounding rocks. 
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Fig. 8. Plots of the minor elements against Si <>il (wt % ). 

On the basis of the wide range of �O contents in the analyzed rocks, the 

silicic rocks have been divided into four groups whose compositional differ

ences have been statistically tested. In order to avoid any major effects from 

the correlations between the different elements and Si, only samples with 

a Si02 content above 70% have been included in the tests. The rock groups 

compared are: 

GHK 
GLK 
SHK 
SLK 

Vallesvær granite with K20 > 2.0% 
Vallesvær granite with �< 2.0% 
surrounding rocks with � > 2.0% 
surrounding rocks with �O < 2.0% 

For each oxide the mean concentrations in the different rock groups have 

been compared by t-tests to find whether they are significantly different or 

not. The 5% level of significance was chosen as the basis for evaluation. 
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XA - XB 
t = -----=--�-----

NA and NB are the numbers of samples in group A and B that are tested 

against each other. XAi and XBi are the measured data for oxide i, and XA and 

XB the arithmetic means of XAi and XBi (Crow et al. 1960). 
The mean composition of each rock group, and their standard deviations 

are given in Table 2. The calculated t-values are listed in Table 3. For the 

sizes of the groups compared the table value t5% = 2.04. 

Table 2. Arithmetic means (x) and standard deviations (s) for the compared rock groups 
(in weight %). 

Si� Ti02 Al20s F�Os FeO Mn O MgO Ca O Na20 K20 P205 

GHK x 74.5 0.38 12.12 1.53 2.04 O.o7 0.30 1.26 3.74 3.20 O.o7 
s 1.9 0.13 0.57 0.63 0.43 0.02 0.37 0.51 0.42 0.40 0.04 

GLK x 74.9 0.39 12.72 0.85 2.13 0.05 0.51 1.71 4.71 0.92 0.08 
s 2.0 0.11 0.91 0.54 0.46 0.03 0.23 0.58 0.31 0.35 0.04 

SHK x 73.8 0.37 12.58 0.72 2.52 0.09 0.63 1.96 2.78 3.59 0.09 
s 1.9 0.11 1.09 0.55 0.84 0.09 0.35 0.54 0.89 0.84 0.02 

SLK x 74.1 0.36 12.65 0.55 2.76 0.06 0.70 2.60 3.65 1.26 0.10 
s 2.6 0.11 1.37 0.47 0.64 0.02 0.51 0.89 0.84 0.38 0.06 

In the following comparison of the groups, the alkalies are disregarded to 

avoid circular argumentation. (�O is used as the basis for the grouping of 

the rocks. The distribution of Na20 may be expected to be linked to the 

distribution of �. As a matter of fact, the rocks have a negative correlation 

between Kand Na (Table 2).) 

It is obvious from Table 3 that the surrounding silicic rocks (SHK and 
SLK) are very similar in composition, whereas the K-rich granite (GHK) is 

markedly different in composition from the surrounding rocks. The K-poor 

Table 3. Comparison between the rock groups. 

tTi02 tAI�3 tFe203 tFeO tMnOtMgO tCaO tP205 _2t 

GHK-GLK 0.10 3.05 4.74 0.95 3.15 2.77 3.56 0.67 18.99 
GHK-SHK 0.53 2.37 5.58 3.17 1.36 3.94 5.96 2.94 25.85 
GHK-SLK 0.79 2.25 7.97 6.(J7 2.68 4.25 9.33 2.53 35.87 
GLK-SHK 0.66 0.58 0.79 2.31 2.52 1.72 2.74 3.30 14.62 
GLK-SLK 0.98 0.26 2.36 4.82 1.49 2.23 5.22 2.06 19.42 
SHK-SLK 0.39 0.29 2.22 1.79 2.03 1.08 4.37 0.64 12.81 

8 
Table values for evaluation of the results are: t S% = 2.04, Zt = 16.4. 

l 
The equation for t is given in the text. 

tNa� tK� 

10.84 24.48 
5.79 2.91 
0.53 22.00 

12.86 14.94 
9.33 3.64 
5.37 19.38 
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granite (GLK), however, is only slightly different from both the surrounding 

rocks and the K-rich granite. Table 2 shows a rather systematic variation in 
composition from: surrounding rocks -+ K-poor granite -+ K-rich granite, 

for most elements for which there are significant differences in content 

between the rock groups. 

The compositional differences and similarities strongly suggest that: 

- the silicic surrounding rocks belong to one rock type (SR) which has 

suffered different degrees of mobilisation (and redistribution) of the 

alkalies 

- the K-rich granite is a rock type different from SR 
- the K-poor granite represents relics of country rock (SR) which have been 

granitized by the same agents that formed the K-rich granite. 

K-Rb relations 

There exists a well-defined positive K-Rb correlation in the Vallesvær rocks 

analyzed for Rb (all granites, some gneisses, amphibolites and pegmatites) 

(Fig. 9). The mean K/Rb ratio is 210. The mean ratio of 5 pegmatites is 185, 

but the difference is not significant at the 5% level. 

The positive K-Rb correlation and normal K/Rb ratios are in disagreement 

with the hypotheses that the granite and pegmatites crystallized from a 
residual magmatic liquid, are the results of alkali metasomatism, or that the 

granite is the result of purely isochemical metamorphism. 

The K-Rb relations furthermore confirm the conclusion based on the 

petrography of the rocks, that the retrograde metamorphism was essentially 

isochemical. • 

Conclusions 

On the basis of the following evidence, it is concluded that the granite and 

the associated pegmatites were formed by partial melting of the country 
rocks: 

100 
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.c 
0:: �00 
E 
D.300 
D. 

200 

100 

• K- rich gran ites 

o K- poor "granites" 

x surrounding rocks 

"' pegmatites 

� 5 6 7 8 9 10 
%K 

Fig. 9. Plots of ppm Rb against % K for all samples analyzed for Rb (weight ppm 
and%). 
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- the minimum melting granodioritic composition of the granite 

the well-defined chemical trends of the granitic rocks 

the compositional relations between the silicic rocks 
the complex compositional field relations 
the normal K/Rb ratios and positive K-Rb correlation in the granites and 

pegmatites 

- the overall field relations. 

The frequent occurrence of pegmatoid hands in the gneisses indicates that 
the gneiss banding, as it appears today, is mainly the result of anatectic, 
metamorphic and tectonic processes. 

The different behavior of the anatectic melts, some of which have segre

gated and crystallized locally, whereas others have migrated over some 
distance to form the granite and the larger pegmatite bodies, is best explained 

by the existence of local low pressure areas during the period of anatexis. 
Anatectic melts would then mave along the pressure gradients and crystallize 
isothermally in the low pressure areas. 

The anatexis seems to have taken place during a period of metamorphism 
under amphibolite facies conditions. The peak of metamorphism was fol

lowed by a period of essentially isochernical retrograde metamorphism, 
causing the inversion of monoclinic K-feldspar to microcline; unmixing of 

the feldspar phases; and progressive partial alterations of the amphibolite 
facies mineral assemblage, to assemblages typical of the greenschist facies. 

The nature of the paleosome remains an open question. The negative 
correlations that exist between the cafemic elements and Si must, at least 

in part, have been caused by the anatexis. Chayes (1964) has pointed out 
that: 'Any process which will greatly expand the variance of silica relative 
to other oxides will also lead to strong negative correlation between silica 

and those of the other oxides which are major contributors to the total 

variance of the arra y'. The wide range of compositions in the melanosome 
probably reflects a lirnited range of compositions in the paleosome, accentu
ated through different degrees of melting and segregation. The nature of the 
original elementa} relations is, however, unknown. 
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