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Vorm", Atso 1972: On the contact aureole o f thc Wiborg rapakivi 

granite massif in southeastern Finland. Geologica! 1'111"1") 0/ Fillialld, 

Blllle/ill 255. 28 pag::f., 1 figurc, 3 tables, 1 platc. 
Potash feldspars from Svccofennidic plutonic rocks around thc 

Wiborg rapa kivi massif wcre studied tO detcrm ine their the rmal state. 

Around thc \'qibo rg massif there is a thcrmomctamorphic aureole about 

live kilom~tcrs hroad, in which the initial microcline was transformcd 
into orthoclasc owing co thc hcat gencrated by the rapakivi. The 

orthoclasc aureoles around thc small satellitc massifs of Suomennicmi , 

Mäntyharju and Onas are much narro\Vcr, and in placcs tbey seem to 

be lacking . 
Some hornfclscs are discussed. The emplacement temperature of 

the rapaki\'it ic magma evidently exceeded 800 C. 
The age relationship between the Suomenniemi massif and the main 

Wiborg massif is di scussed. The Suomenniemi ma sif is cvidently older 

than the Wiborg massif. 
The general nature of the thermometamorphic aureo les around 

di fferent granitic rocks IS re viewed in the light of potash feldspar 

stu dies. 



INTRODUCTIO 

T his study deals with the contact aureole around the anorogenic Wiborg rapa

kivi granite pluton emplaced into the Svecofennidic belt about 1 700 million years 

ago (Kouvo 1958, Kouvo and Simonen 1967). The country rock of the rapakivi 

consists of metasediments penetrated by Svecofennidic plutonic rocks - gabbros, 

diorites, quartz diorites, granodiorites and granites - about 1 900 million years ago 

(Kouvo and Simonen 1967). Prior to the emplacement of the rapakivi, the post

metamorphic (metamorphism related to the S\"ecofennokarelidic orogeny) uplift and 

the erosion of the Svecofennidic belt were far advanced. Cratonization is revealed 

by, e.g., the Subjotnian diabase dike S\\'arm which, slightly o lder than the rapakivi, 

cuts the Syecofennidic belt rectilinearly (Laitakari 1969, pp. 59- 60). The rapakivi

granite intrusion is shallo\\' (Vorma 1971, pp. 60- 61 ) or, in Buddington's (1959, p. 

676) classifi.cation, epizonal. 

The petrography and petrology of the Wiborg rapaki"i granite has recently been 

described by Simonen and Vorma (1969) and by Vorma (1971). In the latter paper, 

emphasis is laid on the behavior of alkali feldspars during the consolidation of the 

composite pluton; the order-disorder phenomena in alkali feldspars in submagmatic 

temperatures are given particular attention. 

The study at hand is mainly concentrated on establishing the thermometamorphic 

aureole in which, owing to the heat produced by rapakivi, the potash feldspar gained 

a hiaher thermal state than it had prior to the emplacement of the rapakivi. Potash 

feldspars present exclusively in the plutonic country rocks are studied. To obtain 

more information on the temperature of the emplacement, some previously published 

data on contact hornfelses are discussed. 

Alkali fe ldspars from granodiorites occurring in the northeastern contact zone 

of the rapakivi granite, i.e., in the neighborhood of Lappeenranta, have ea rli er 

been studied by Vorma (in Marmo cl al. 1963, pp. 66- 70 and Vorma 1965, pp. 33 
- 34). Even though the regiona l distribution of the monoclinic potash feldspar, as 

known in 1963, indicated that the orthoclase was mainly a product of thermometa

morphism caused by the rapakivi g ranite , the then scanty data suggested that it \,\'as 

not necessary to take into account the influence of the rapakivi granite (Marmo cf 

al. 1963, p . 68). The results reported by K o rnfält (1969), especially with respect to 

the bahavior of the alkali feldspars in the country rocks of the Subj o tnian Ragunda 
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rapakivi massif in Sweden, persuaded the present author to re-evaluate his previous 

interpretation. Kornfält submits that the heat from the rapakivi intrusion converted, 

in a rather wide zone, the original triclinic potash felds par of the surrounding rocks 
into a strictly monoclinic form. Also, the work of Eskola (1951, especially pp. 38-
41) on the Pitkäranta area, nortlleast of Lake Ladoga, in which he established a 
pronounced »orthoclase province» near the border of the Salmi rapakivi massif, 

inspired the present author to do further work with the country rocks of the Finnish 
part of thc Wiborg rapakivi massif and especially with their alkali feldspars. 

CO ' DITIO S PRIOR TO THE EMPLACEMENT OF THE RAPAKIVI 

Grade of regional metamorphism 

.At such distance3 from the contact of the Wiborg rapakivi massif that the thermo

metamorphism produced by it did not play any role, the country rocks are supra
crustals, which are migmatized and granitized in many places, as folIows: 

Metapelites: 

Quarrzites: 

plagioclase-biotite gneisses 

garnet-biotite gneis ses 
cordierite-biotite gneisses 
sillimanite-biotite gneisses 
(Note: potash feldspar only seldom cocxists with sillimanite and j 

or cordierite; neither kyanite nor andalusite are met with) 

sillimanite quartzites 

Calcareous rocks: wollastonite limestones 
diopside limestones 

Basic rocks: amphibolites 

diopside amphibolites 

hornblende gneisses 
diopside gneisses 

These assemblages reflect high-grade regional metamorphism under low-pressure 
conditions of the amphibolite facies. According to Winkler (1967), it corresponds 
to the sillimanite-cordierite-muscovite-almandine subfacies of the cordierite-amphib

olite facies of the Abukuma-type metamorphism, and occasionally it reaches the 
sillimanite-cordierite-orthoclase-almandine subfacies of the same amphibolite facies. 
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A ssumed history of the potash felds par of plutonic rocks 
of the Svecofennidic belt 

The present study deals mainly with granodiorites occurring as country rock of 

rapakivi. In addition, some data on quartz diorites and granites are presen ted. 

The granodiorites and quartz diorites are generally regarded as synkinematic 

upper-catazonal rocks that were metamorphosed, more or less, during the Sveco

fennokarelidic orogeny. Their potash felds par originally crystallized in monoclinie 

form. After the magmatic crystallization at submagmatic temperatures or during 

the regional metamorphism, the amount and press ure of pore fluid in a supercritical 

state - aqeous fluid - increased enough to cause the monoclinie orthoclase to 

be co me transformed into triclinic microcline. The majority of the granodiorites and 

quartz diorites in southern Finland are likely to be microcline-bearing even though 

orthoclase-bearing varieties may occur locally (see, Matisto 1962, Manno et al. 1963). 

Vorma suggested (1971) that, in a1l probability, the Sil Al ordering in rapakivi 

granite alkali feldspar mainly depends on the action of pore fluid at submagmatic 

temperatures. In rapakivi granite, the thermal state in alkali felds par decreases gradu

ally from olivine-bearing hornblende granite, over hornblende granite to biotite 

granite and dike rocks. To a certain degree, the chemical potential of H 20 also regu

lated the crystallization of anhydrous and hydrous Fe-Mg silicates . By analogy, it 

may be presumed, although no adequate data for testing the presumption are avail

able as yet, that the Si l Al ordering in the potash felds par of the Svecofennidic synkine

matic plutonic rocks is farthest advanced in the biotite-rich varieties but less so in 

the hornblende-rich and, especially, the pyroxene-bearing varieties. Thus it is quite 

understandable that some granodiorites and quartz diorites contain potash feldspar 

in a high thermal state also outside the thermometamorphie aureole around the 

rapakivi massif. 

To an overwhelming extent, the granites in the study area evidently are late

kinematic Svecofennidic plutonic rocks (see, Simonen 1960, p. 64) and belong to 

Sederholm's (1932) second group of granites. The granitization phen omena relate 

in one way or another to these granites (see, Sederholm 1926, Simonen 1960, pp. 

64-72, Härme 1965, Marmo 1967a and 1967b). The characteristics indicate crystalli

zation in places from hydrous silicate melt and in other places to an origin through 

granitization produced by the aqueous fluid expelled from the hydrous silicate melt 

(see, J ahns and Burnham 1969). In these granites, the cross hatching in the po tash 

feldspar proves the potash feldspar to have crystallized originally in monoclinie 

form (see, Laves 1950). Owing to the high volatile pressure at temperatu res between 

400° and 500°C, the thermal state almost everywhere decreased to correspond to 

that of nearly maximum microcline. Only exceptionally has orthoclase been observed 

to be the main potash felds par of the late-kinematic granites. 

Summing it up: Prior to the intrusion of the rapakivi granite, the synkinematic 

and late-kinematic plutonic rocks contained potash feldspar mostly in a low thermal 
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state. Only occasionally did the potash feldspar exhibit monoelinic symmetry indi
cating higher thermal states. 

THE CONT ACT 1\ UR EOLE 

The contact aureole in the light of mineral p arageneses 

Because the supracrustal rocks of the country rock of tbe rapakivi \\'ere meta

morphosed during the Svecofennokarelidic orogeny under the loy,'-pressure condi

tions of amphibolite facies, they are cbaracterized by mineral parageneses that do 

not deviate much from those belonging to the contact-metamorphic hornblende

hornfelds facies. Therefore, the contact aureole cannot be di\'ided by conventional 

procedures into different hornfelds zones. Here and there, mineral assemblages of 

the pyroxene-hornfels facies representing an innermost contact zone have been 

obser\'ed. On the other hand, mineral assemblages characteristic of the albite-epidote

hornfels facies luve also been discovered guite near the contact. These assemblages 

deviate so much from the usual ones in the surrounding Svecofennidic belt that it 

seems advisable to review the most important of them, especially since they render 

an estimation of the minimum temperature of the emplacement possible. 

P)'roxene-hornf.ls Jacies (1 umbers from one to six in Plate 1.) 

1. Hackman (1933) described a contact in the northeastern contact zone bet\\'een 

guartz diorite and rapakivi . The guartz diorite xenoliths in the rapakivi were 

altered into hypersthene-plagioelase-diopside-biotite ( -1- ilmenite ~ quartz) 

hornfels . 

2. Hackman (1934) also described hypersthene-bearing hornfelses occurring in 

basic rocks as large inclusions in rapakivi in different localities south ofLap

peenranta. 

3. Vorma (1965) mentioned a hypersthene gneiss occurring at an immediate 

contact with rapakivi north of Lappeenranta. ] n the author's present vie\\', 

the rock is a hypersthene hornfels. Later studies of sampies collected between 

sites 1 and 3 have revealed numerous instances of diopside-bearing hornfelses. 

4. Simonen and Tyrväinen informed the author about the three pyroxene gneisses 

shown on the SaYitaipale map guadrangle, scale 1 : 100000 (Sirnonen and 

Tyrväinen 1965). A ll three pyroxene gneisses are rich in hypersthene, and the 

two eastern localities also bear diopside. According to the investigators ci ted, 

all three are products of thermometamorphism caused by the rapakivi. The 

hypersthene-bearing rocks cover guite extensive areas, measuring hundreds of 

meters across. Further away from the .contact, the hypersthene-hornfels zone 

is succeeded by cordierite-biotite gneisses. Considering the high grade of the 

regional metamorphism, these rocks do not form an outer zone of contact 

au reole. 
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5. Savolahti (1956, 1962) described, from the western contact of the satellite 
rapakivi massif at Mäntyharju, a 5 cm broad pyroxene-hornfels zone against 

biotite rapakivi. According to Savolahti (1962, pp. 48- 50 and 76), the horn
fels contains abundant potash felds par - which is almost entirely lacking in 
the rock with an identical bulk chemical composition situated farther than 
5 cm from the contact - as weH as plagioclase, hypersthene, hornblende, 

pigeonite and some biotite and chlorite. The pigeonite was identified by optical 
methods: 2V y agrees with that of pigeonite but not with the indices of refrac

tion given, which do apply to diopside-hedenbergite. Considering the environ
ment of the mineral and the inconsistency in the optical data, it is evident that 

the mineral is diopside-hedenbergite and the assemblage belongs to the pyrox

ene-hornfels facies with minor retrograde reactions. Noteworthy is the fact 

that amphibole occurs as narrow rings around pyroxene. Presumably, the 
conditions of the pyroxene-hornfels facies las ted only for a short time. 

6. Lehijärvi (1964) described a hypersthene-cordierite hornfels from the western 

contact of rapakivi. Basic schists (biotite-hornblende gneis ses and amphibolites) 
intercalated with mica gneis ses occur there in contact with rapakivi. According 

to Lehijärvi (personal communication), the hypersthene-cordierite hornfels 

is less than 100 meters broad measured perpendicular to the contact line. The 
dip of the contact is not known. Thus no estimate of the actual width of the 

pyroxene-hornfels zone can be given. Lehijärvi (ap.cil .) regards this hornfels 
as analogous to the classical pyroxene hornfelses in the Oslo area . 

Turner (1968, p. 258) accepts the lower limit of temperature at 1 kb pressure of 

H 20 to be about 650°C for the mineral assemblages characterizing the pyroxene

hornfels facies. Winkler (1967, p. 79) places the lower limit of the orthopyroxene 
subfacies of the K-feldspar - cordierite - hornfels facies at 1 kb press ure of H 20 

at about 700°C. Because the temperature of the magma cannot be reached in the 
country rock - xenoliths are exceptions - and when also the local areal extent of 

the pyroxene hornfelses are taken into consideration, it may be concluded that the 
intrusion temperature of the rapakivi must have been considerably higher than the 
fi gures given, evidently somewhat high er than 800°C. 

Simonen (1961 ) estimated that the feldspar equilibrium temperature of wiborgitic 

rapakivi is about 730°C. For the Salmi rapakivi massif northeast of Lake Ladoga, 

Sviridenko (1968) reports higher crystallization temperatures , based on the composi
ti on of titaniferous magnetite: wiborgite 880°C, even-grained granite 900°C, pyterlite 
800°C and uneven-grained g ranite 940°C. 

A lbite-epidate-harnfels facies 

According to Yletyinen (1952), the metamorphic basic volcanic rocks with a 
mineral assemblage of the amphibolite facies at Koskenkylä, close to the south-

21 8 544-7 1 
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\vestern contact of the massif, change at a distance of about 100 m from the contacr 

to an assemblage of the greenschist facies (Iocality 7 in Flate 1). Yletyinen attributed 
this change to the thermometamorphism produced by rapakivi. If this interpretation 

is correct, then the designation albite-epidote-hornfels facies should be used. In 

any case, at tbe locality in question, the thermal gradient caused by the rapakivi 

was either extremely steep, allowing the conditions of the albite-epidote-hornfels 

facies to be reached at a distance as short as 100 m from the contact, or then the water 

pressure was so high that retrograde reactions led to the formation oflow-temperature 

mineral assemblages after the massif had cooled down and the gradient had become 

gentler, with a subsequent drop in the temperature. 

The occurrence of contact hornfelses shows that the Wiborg rapakivi created a 

thermal dome, in which a steep gradient developed at the contacts. Owing to the 

large size of the massif, the gradient at first, over aperiod of hundreds of thousands 

- perhaps mi ll ions - of years, became gentler without any appreciable decrease 

in the contact temperature. During this stage, the country rock underwent progressive 

tbermometamorphism. Owing to the former mineral assemblages of the amphibolite 

facies, the progressive stage left no clear marks. Pyroxene hornfelses are to be found 

only in the immediate vicinity of the contact and in the xenoliths. 

Potash feldsp ar of plutonic rocks in the aureole 

Sampling 

The phenocryst and /or porphyroblastic potash feldspars were picked out by hand. 

Splinters of the even-grained specimens as weil as of the matrix of the porphyritic 

and/or porphyroblastic varieties were crushed and the feldspars were separated by 

using heavy liquids. Table 1 lists the specimens from which potash felds par con

centrates were made. The cbaracteristics of the feldspar and the specimen itself are 

included in the list. 

X -ray investigatio n 

Smear mounts were made of each of the potash felds par concentrates and X-ray 

diffractometer patterns were run, using filtered copper radiation. The patterns were 

estimated in accordance with the method used by Vorma (1971, p. 42) on the rapa

kivi granite alkali feldspars. The following tentative structural types based on the 

131 and 131 reflections were used: 

I Orthoclase only 

I /II Orthoclase with subordinate high microcline 

II Orthoclase with high microcline or high microcline only 

II /III Orthoclase with subordinate intermediate microcline 

III Orthoclase with inter mediate microcline (single broad peak; unresolved) 



Atso Vorm(J; On the contact aureole of [he Wiborg rapakivi granite massi f 11 

IV Orthoclase with intermediate microcline (three peaks) 

III /V Nearly maximum microcline or intermediate microcline with subordinate 

orthoclase or high microcline 
V Intermediate microcline or maximum microcline only 

For examples of the reRection types on wh ich the tentative structural types I- V 

are based, see Fig. 1. 
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TAßLE 1 

Specimens of plutonic rocks around the \Xliborg rapakivi massif investigated for their potash feldspar 
by X -rays . 

-" u 
o 

"' 
1 Gd 
2 IGd, Ph 
3 Gd 
4 Gd 
5 I Gd 
6 ! G 
7 G 
8 G 
9 U 

10 IGd, Ph 
11 Gd I 
12 G 
13 I Gd 
14 Gd 
15 G 
16 I Qd 
17 Qd 
18 Gd 

19 G I 20 G, Ph 

21 I Gd 
22 Gd 
23 Gd 
24 I G 
25 Gd 
26 G 
27 G 
28 G 
29 G 
30 G 
31 Gd 
32 Gd 
33 Qd 
34 Gd 
35 Gd 
36 G 
37 Gd 
38 Qd 
39 G, Ph i 
40 G, Ph 
41 IGd, Ph 
42 I Gd 
43 Gd, Ph 
44 IGd, Ph 
45 Gd 
46 1 G 
47 G 

g 
rg 
Ig 
rg 
g 
Ir 

rg 
Ig 
rg 
rg 
g 
g 
rg 

rg 
dr 
Ig 
rg 
rg 
g 
rg 
g 
g 
rg 
Ig 
rg 
Ir 
Ir 
rg 
drg 
g 
drg 
rg 
g 

r 
dr 
rg 
rg 
g 
Ig 
g 
g 
r 

g 
rg 

m 
m 
m 
m 
mc 
c 
c 

mc 
m 
m 
mc 
c 
m 
m 
m 

m 

m 
m 
m 
s 
mc 
m 
m 
ms 
c 
c 
mc 
s 

ms 
m 

m 
m 
mc 
m 
m 
mc 
mc 
mc 
mc 
c 

f 
f 
f 
ff 
f 

I n 
n 
f 
f 
f 
f 
f 
ff 
f 
f 
f 
ff 
ff 
f 
f 
f 
f 
f 
f 
f 

I f 
I f /r 
' n 

f 
ff 
ff 
ff 
ff 
f 
f 
r 
ff 
ff 
f 
f 
f 
ff 
f 
f 
ff 
f 
f 

ReAecrion 
type 

III 
1/11 
V 
IV 
II 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
1 
V 
V 
V 
III 
m 
V 
V 
V 
V 
1/11 
V 
Il IIII 
I 
V 
I l lI 
III 
TIl 
II llII 
1Tl 
V 
V 
1lI 
I I II 
1I 
III 
V 
V 
V 
V 
V 

11/Ill 

\' 

\' 

\ ' 
V 
I /n 

V 
V 

x 

Fe-Mg silicate 
paragenesis 

(+ muscovite) ' ) 

x (x) 
x 
X 

X 

(x) 
X 

x 
x 
X X X 

X X X 

X X 

X 

x 
X 

X 

x 

X X 

X X 

X X 

X X 
X X X 

X 

(X) X 
X 

X X 

X x 
X 

X 

X 

X X 

X X 

X X 

X X 

X X 

X 

X X 

x 

X X 

X 

X X 

(x) x 
x x 

x 
(x) x x 
x x 

x x 
x X 

X X 

X 

X 

X 

x 
X 

X 

X 

X 

X 

x 

-I 

X 

X 

x 

x 
x 

Rcmarks 

augen gneissose 

+ diopside 
/.':, = 0.6 5 7) 

,/.':, = 0.5 0 



Atso Vorma: On the contact aureole of the Wiborg rapakivi granite massif 13 

48 G 
49 Qd I 
50 Gd, Po 
51 G 
52a G 
52b G 
53 Qd 
54 Gd 
55 G 
56 Qd 
57 Gd 
58 Gd 
59a Gd 
59b Gd 
60 Gd 
61 Gd 
62 Gd, Po 
63 G 
64 Qd 
65 Qd 
66 G 
67 Gd 
68 G 
69 G 
70 Gd 
71 Gd 
72 Gd 
73 Gd 
74 Gd 
75 Gd 
76 Gd 
77 Gd 
78 Gd 
79 Gd 
80 G 
81 G 
82 Gd 
83 G 
84 G 
85 Gd 
86 G 
87 Gd 

88 1 G 
89 Gd, pol 
90 Gd 

91 I Gd 
92 Gd 
93 G 
94 G, Po 
95 G 

96 G 
97 G 
98 G 
99 G 

100 G 
101 Gd 

102 1 Gd 
103 G 
104 Gd 
105 ,Gd, Ph i 

rg 
dg 
g 
Ig 
Ir 
Ir 
dr 
Ig 
Ig 
drg 
g 
g 
g 
g 
drg 
g + r 
rg 
g 
dg 
dg 
g 
rg 

Ig 
g 
rg 
g 
rg 
g 
rg 
g 
g 
Ig 
Ig 
Ir 
r 
Ig 
r 
Ir 
g 
g 
g 
g 
g 
g 
g 
g 
r 

Ig 

Ig 
r 
Ir 
Ir 
r 
rg 
Irg 
rg 
g 

c 
s 
m 
mc 
c 
s 
c 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
m 
c 
m 
m 
m 
m 
m 
m 
mc 
mc 
c 

m 
c 
m 
c 
c 
s 
ms 
c 
ms 
m 
m 
m 
m 
c 
c 
c 

C 

ms 
c 
S 

c 
m 
mc 
m 

c 

11 

ff 
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f 

ff 
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f 
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f 
f 
f 
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I
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11 
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V 
IV 
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III/V 
III 
I /II 
V 
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II/III 
V 
V 
V 
V 
V 
V 
V 
V 
II 
I/lI 
I 
II 
III 
III 
I /II 
II 
V 
V 
V 
V 
V 
V 
V 
III 
III 

IV I 
1II 
Il /III 
II 
V 
V 
IV IV 
V 
V V 
V 
V 
III 
III/ V 
II/III I 

I /II 

m l 
II/III 
III/V 
III/V 
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II 
III/V 
V 
V 
V V 

x 
x x x 
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x 
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x 
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x 

x 
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x 
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x x 
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x 
x x 
x (x) 

x 
x 
x 
x 

x x 
x x 
x x 
x x 
x x 
x x 
x x x 

x x 
x x 

x 

x 
x 
x x 
x x 
x x 
x 
x x 
x x x 
x x 

Table " conld. 

x 16 = 0.7 

x 
x 

x 

x 

x 
x 

some granitizatiol1 
some granitization 

some granitization 

+ diopside 

almost white 

spotted 

l au gen gl1eissose 

almost white: + pil1ite 
after cordierite 
+ pinite + cordierite 

+ sillimanite + pil1ite 
6 = 0.78 
6 = 0.75 

= 0. 6 5 
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Tab/e I, contd. 

106 Gd g mc f V x 
107 Gd dg ms r V x 
108 Gd,Ph g c f I /II I/lI x x x 
109 Qd dg m ff III x x x x 
110 Gd g m f I x x (x) x 
111 Gd g m n II x x 
112 Gd rg m f I /II x x x 
113 Qd dg m ff 

I/lI I IV 
x x x 

114 Gd,Po g m ff x 
115 Gd g m f II/III x x x 
116 Gd,Ph Ig ms n V V x x x 
117 Gd g s f I /II x x x x 
118 Gd rg m f I I x x x x 
119 Qd rg c f I I/ II x x x 
120 Gd dg c f I II/III 

x x x spotted 
121 Gd, Phi g m f II/1II II x x (x) 

~ii IG~dPh I 
Ig mc n III III x x 
g m ff I /lI x x x 

124 Gd g m ff I /II x x x 
125 Gd, Ph g m f I II x x x 
126 G gr c f V x x (x) 
127 Gd, Po g mc f I /II x x x may be thermometa-

morphosed by the 
adjacent Subjotnian 
diabase 

128 G rg mc n III x x I' "0'" -," 'ting d; k,' 

II/IIT I 
may be rapakivi 

129 Qd d m n x x x (x) greenish; + olivine + 
clinopyroxene 
(rapakivi?) 

130 Gd g m f I III x x 
131 Gd g c f III x x x x spotted 
132 G~,PO I g mc ff III/V x x 
133 c n V x x (x) 
134 Pe c (r) V x x I + green spinel 
135 G m n V (x) x x x 
136 Gd dg m n V x x x 
137 G Ir c n V x x 
138 I G m n V x x x 
139a 

~ I 

r m n 
I/II I x x x 

139b r c n II/III 1I (x) x x 
140a G, Po dr m n II/III x 100 m from the 

140bl 
contact 

Gd rg f x x x 1300 m from the 
contact 

140cl G c n II x x x 500 m from the 
contact 

141 Gd dg m ff II x x (x) 
142 Gd g m ff I/lI x 
143 Gd g m f III x x x (x) 
144 Gd g m f IV x x 
145 I Gd g m n ~/III I x x x 
146 Gd g 

I 

m ff x x 
147 IGd, Po g c ff II/III V x x 
148 G, Po c f V (x) x (x) 
149 I G r s ff V x x x x 

I reddish albite 150 I U, Po dg + r m n V x x x 
phenocrysts 

151 U r c ff V x x 
152 I G~~ pJ 

Ir c f II x x x x 
153 g c n II/Ill ! II x x x 
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154 1 Gd I r 
155 G 
156 G Ig 
157 Gd, Po g 
158 Gd 
159a Gd, Po g 
159b Gd, Po g 
159c Gd, Po 
160 Gd, Po g 
161a Gd, Po r 
161b Gd, Po dg 
162 Gd, Po g 
163 Gd, Po g 
164 Gd, Po g 
165a Gd dg 
165b Gd dg 
165c Gd, Po dg 

166 Gd I g 
167 G r 
168 Gd g 
169 Gd g 
170 Gd, Po g 
171a Gd, Po g 
171bGd,Po g 
172 G 
173 Gd, Po 
174 Gd, Po g 
175 Gd g 
176 Gd, Pol 
177 Gd, Po 
178 Gd, Po 
179 Gd, Po g 

180 G i g 

~~~ G~, Ph ~ 
183 G Ig 
184 Gd g 
185 Gd, pol g 
186 Gd, Po rg 
187 G r 
188 G Ir 
189 G, Po g 
190 Gd, Po g 
191 G, Po 
192 Gd, Po g 
193 Gd, Po g 
194 Gd, Po Ir 
195 Gd, Po g 

196 Gd, Po dg 
197 Gd, pOl g 
198 Gd, Po g 
199 Gd, Po g 
200 Gd g 
201 Gd g 
202 Gd r 
203 Gd Ig 
204 Gd Ir 
205 Gd g 
206 Gd g 
207 G 
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~/II1 I 
lI/III 

V V 
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I V 
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II 

lI/IlI 
I /II 

II 

I ~ /II 
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I /lI 
I/lI 
V 
V 
V 
V 
V 
V 

v 
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I ~/lll 
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III 
I/lI 

I/lI 

l
I/lI 
I 
I/Il 

x x x 

x x 
x x 

x x x 
x x x 

x 
x (x) 
x x 

x x x 
x x 
x (x) 

x x x 
x x x (x) 

x x x 
x x x 

x x 
x x x 
x (x) 

x x 
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x x 

x 

x 

Tobte I, cOllld. 

a cross-cutting dike 
+ iddingsite 

augen gneissose 

I t::. = 0. 5 4 

a cross-cutting dikc 

[ + diopsidc 

I 

biotite in the s ta te 
of disintegration 

x l 
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Tob/. 1, cOllld. 

208 
209 
210 
211 
212 
213 
214 
215 

216 
217 
218 
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Gd 
Gd 
G 
Gd 

Gd, POl 
Gd 
G 
G 

Gd 
Gd, Phi 
Gd 
Gd 

220 
221 
222 
223 
224 
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226 
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228 
229 
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231 

I Gd 
Gd, Po l 
G 

I 
II , 

ur 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

XIII 

G 
Gd 
G 
Gd 
Gd 
Qd 
Gd 
Qd 
Gd 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

19 
rg 
rg 
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g 
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f 
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11 

f 
f 
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ff 
f 
ff 
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f 
n 
ff 
ff 
n 
n 
11 

n 

I 11 

n 
11 

n 

I ~ 
n 

I n 
n 
n 

lll /V I 
V 
V 
IV 

V 

I ~/ur I 
l[ 

V 

V V 
I /lI 
I 

I 

IV 
IV 
V 
V 
lI/rn 

~ I 
V 
III/V 

I/Il 

V V 
V III 
V 
V 
V 
l1/llI 
II 
I 
II 
II 
I 
I /I[ 

x x 
x x x grani tized 
x (x) x 
x x x 

x x x 
x x x 

x x + cordierite + pinite 
x x x x + pinite (after cor-

dierite) 
x x 

I x x x 
x (x) 
x x + tremolite; calci te -

rich 
x 

x x 
x x (x) x 
x x 
x 
x x 

x x 
x x 
x x x 

x 
x x x 

x x 
contact variety 
contact ,'ancty 

contact variety 

1) G = granite; Gd = granodiorite; Qd = quarrz diorite; Pe = pegmatite granite; U = unakite; 
R = rapakivi; Po = porphyritic and /or porphyroblastic; Ph = with scattered phenocrysts or 
porphyroblasts. 

2) g = grey, greyish; r = red, reddish; d = dark, darkish; I = light. 
3) If the rock is porphyritic or porphyroblastic the grain size refers to the matrix. c = coa rse 

grained; m = medium grained; s = sma11 graincd. 
4) Foliation as observed in hand specimen: n = massive, i.e., no foliation observcd; f = weakly 

folia ted; ff = strongly foliated; r = cataclastic crushing present. 
5) Only recorded if occurring as large flakes; i.e., sericite after felds par omitted. 
6) x = present; (x) = present in very sma11 quantities. \'Vhen no thin scction ava ilable the columl1 

is blank. 
7) L = triclinicity of porash feldspar. 
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Table 1 lists the structural types of both the matrix potash feldspar and the inset 

potash feldspar. In Plate 1, the structural types I- II are indicated by the orthoelase 

symbol, structural types II /III- IV by the symbol of randomly disordered potash 

feldspar and types III /V and V by the microeline symbol. If any deviation occurs 

between the matrix and the inset potash feldspar , the symbol of matrix potash felds par 
is used. Also those few cases in which the trielinicity indicates an inter mediate thermal 

state ( 6 = 0.4-0.6) in reflection type V are indicated by the symbol of randomly 

disordered potash felds pars. 

The obliquity, as defined by Goldsmith and Laves (1954), was measured in cases 

where the potash feldspar was characterized by reflection types IV, III /V and V. 
Mostly, the obliquity is around 0.9 (from 0.80 to 1. 00). Cases where it is less than 
0.80 are indicated in Table 1. 

The thermal state of the potash feldspars of the matrix and the insets in the same 

specimen are generally similar. O nly in a few cases are there differences. 

Width of the aureole 

Plate 1 shows the thermometamorphic aureole around the Wiborg rapakivi massif 

as revealed by the increase in the thermal state of the potash feldspar. The width of 

the aureole varies considerably. In the northeastern contact zone, it is about 5 kilo

meters broad (see, however, p. 21 ). Observations in the field reveal that the contact 

surface in this area slopes outward. Thus the actual width of the contact aureole as 

measured perpendicular to the contact surface is lcss than 5 kilometers. Individual 

rapakivi granite dikes penetrate thc country rock in this area to a distance of 2 to 4 
kilometers. 

In the west, the contact aureole is similar in width to or slightly narrower than 

the northeastern aureole. There the contact evidently has quite a steep dip. 

Around the satellite massifs - at Suomenniemi, Mäntyharju and Onas - , the 

orthoelase aureole is considerably narrower than around the main Wiborg massif, 

being only a few hundred meters broad, or in pi aces it seems to be lacking. South

west of the Mäntyharju massif, there is an extensive area characterized by potash 

feldspar in a high thermal state, suggesting the presence of buried rapakivi. 

Physical conditions in the aureole 

The paragenetic observations concerning the hornfelses indicate high tempera

tures, possibly exceeding 800°C at the contacts . During the prog ressive stage, the 

intergranular pore water was a supercritical aqueous fluid which catalyzed the trans

formation of microeline into orthoelase. At 1 kb pressure 1) of HzO, the transforma

tion temperature presumably is elose to 400°C (see, Vorma 1971, pp. 66- 67; see 

I) Vorma (1971) assumed the rapakivi granites to have crystallized under the pressure of 1 
kb of Hp. 
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also Steiger and Hart, 1967, p. 114, for a slightly lower estimate of the transformation 

temperature). 

When the contact metamorphism culminated and the temperature began to drop, 

the amount and pressure of pore fluid were evidently smaller than during the progres

sive stage. This also explains why, during the retrograde stage, the transformation 

of orthoclase into microcline can be expected to take p lace only in localities where 

the amount of pore fluid becomes exceptionall y large: the aqueous fluid escaped 

from the rapakivi massif, the greatest part of which solidified du ring this stage. 

Taking into account the fact that the rapakivi did not influence the country rock 

metasomatically, it is evident that the fluid phase escaping from the rapakivi did 

not percolate evenly through the country rock, in which, owing to the existing high 

grade of metamorphism, the pore volume was small. Instead, it escaped through 

larger over-pressure valves and possibly reached the earth's surface. 

Relationship between the rapakivi variety and the nature of the potash feldspar 

in the aureole 

Orthoclase is the prevailing potash feldspar in the Wiborg rapakivi g ranite, 

although in some large rapakivi masses the potash feldspar is exclusively microcline, 

as shown by Vorma (1971). These are mainly biotite-bearing rapakivi granites devoid 

of hornblende and fayalite. They are pyterlites, porphyritic rapakivis, rapakivi g ranite 

porphyries, even -grained biotite rapakivis and porphyry aplites and dike rocks. The 

distribution of these varieties in the Wiborg massif is roughly indicated in the map 

on Plate 1. Especially in large areas along the northern border zone, the rapakivi 

consists of varieties rich in microcline. 

At first, it seems odd that a rock causing thermometamorphism should contain 

alkali feldspar in a lower thermal state than the country rock o r the rock that was 

subjected to metamorphism. If the ordering of AI /Si depended only on temperature 

and the cooling rate, such a situation would be difficult to explain. When the activating 

role of the supercritical aqueous fluids is also taken into account, the explanation 

becomes self-evident: the amount of such fluid is surely larger in the cooling intrusive 

body than in the surrounding non-porous or only slightly porous country rock, 

especially at the stage when the culmination of the rising temperature in the country 

rock has been passed and the tempera ture begins to drop. 

Observations of alkali feldspars in the aureole 

In thin seetions of rocks ou tside the thermometamorphie aureole, a perfectly 

sharp microcline twinning is observed in most, if not all, of the specimens . In the 

aureole, most specimens show grains with no cross-hatching at all; there are also 

grains with diffuse cross-hatching or patches in grains with marked microcline 

twin ning. In some specimens, furthermore, most of the grains show diffuse or dis-
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tinct cross-hatching, even though their reflection type indicates a high thermal state. 
This may be due to the fact that the cross-hatching originated at very low triclinicity 

values, immediately after the cell symmetry deviated from that of monoclinic orthoclase. 
Having undergone a complex thermal his tory prior to the emplacement of the 

rapakivi, the alkali feldspars of the plutonic rocks show a highly heterogeneous 
perthite texture. This heterogeneity is enhanced by the original compositional dif
ferences in the alkali felds pars of the plutonic rocks investigated. Some of the alkali 

feldspars are from quartz diorites, most from granodiorites, either even-grained, 

porphyritic or porphyroblastic; and the rest from granites that crystallized either 

from hydrous melts or are a result of granitization. Some of these alkali feldspars 
are characterized by an irregular vein-perthite texture, some by an irregular patchy 
perthite texture, and sometimes, especially among those from granites, by a highly 
developed film-perthite texture besides the irregular vein-perthite texture. The film

perthite texture is often seen in perfectly sharp microcline-twinned alkali felds par in 
complete contrast to the rapakivi granite alkali feldspars in which the film-perthite 

texture is confined exclusively to orthoclase (see, Vorma 1971, p. 37). A weil developed 
plate-perthite texture is sometimes met with in the alkali felds pars of the plutonic 

country rocks, wh ich is also an indication of the complex thermal his tory undergone 
by the rocks. In many a grain the microscopical investigation did not reveal any 
perthite texture. 

No thorough study was made of the differences in perthite texture between the 
alkali feldspar in and outside the aureole. As a rule of thumb, it may be said that 

perthite texture is somewhat less clearly developed in the rocks of the contact aureole 

than outside it. Slight support is obtained from the compositions of the alkali feldspars 
so far studied (Marmo cf al. 1963, p. 70). Table 2 shows the albite content in solid 

solution in the potassic phase of three alkali felds pars from the contact aureole and 

three from outside it. The figures point to a slight homogenization of the alkali 
felds par in the orthoclase aureole. Perhaps the homogenization of the alkali feldspars 

TABLE 2 
Solid solution of N aAlSi30sin potash feldspar of the porphyritic or po rphyroblastic granodiorites, 

northeast of the main Wiborg massif, SE Finland. 

Specimcn N o . 
(sce Tablc I ) 

In the aureole 
197 .. ... ... . .. . .. . ... . ..... . 
171a . . . .. . ...... . . . .. . ..... . 
193 . .. . ..... . ... . . . .... . .. . . 

Outside the aureole . .. ... . ... . . 
185 . . . . ....... . . . .... . .. . . . . 
190 . .. . .... . ... . ..... . ..... . 
159b ... ...... . .......... .. . . 

Triclinicity 

0. 0 
0.0 
0.0- 0 .20 

0.9 5-0.97 

0.90-0.95 
0.94 

NaAlSiaOein solid 
solution in potassic phase 

( in wt. %) 

6 (G & L)l), 4 (T & B) 2) 
7 (G & L ) , 7 (T & B) 
7 (T & B) 

3 (G & L) 
4 (G & L) 
4 (G & L) 

1) (G&L) rcfers to the method of Goldsmith and Laves, 1961 
2) (T &B) » »» » » Tuttle and Bowen, 1958 
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TABLE 3 
Optical data of the potash feldspars of the synkinematic po rphyritic or po rphyroblastic granodiorites, 

NE contact aureole of the main Wiborg mass if, SE Finland . 

In the aureole 

Spc:cimen No. 
(see table 1) 

171a .......... . ....... . ...... . . .. . 
174 ....... . .. . ...... .. ........... . 
165 .... . ........................ . 
193 .... . ... .... ............. . .... . 
156 ........ . . ...... . . ..... ... .. .. . 
198 . . . . ......................... . . 
197 . . ............. . .. . ..... . ... .. . 

Outside the aureole 
181 ... . .. . .. .. .. . . ............... . 
177 .. ...... . .. .... ... . .. .. .. .. . .. . 

2Vn 

60°-68° 
44° 
68° 

80° 
65° 
62°-65° 

76°-86° 
74° 

I 

_1- Ny 1\ .l (010) 

0° 
0° 
7° 
0°_10° 
0° 
0° 
0°_ S° 

18° 
15° 

was more complete during the culmination of the thermometamorphism but was 
followed by subsequent exso lution. Grains with weil developed film perthite, in 

addition to the irregular perthite texture, as mentioned in the foregoing, support this 
assumption. 

Table 3 is a compilation of U-stage data published by Marmo and others (1963, 
p.74) on seven potash feldspar insets of plutonic rocks from the contact aureole and 

on two from outside it. Again, the same general tendency is to be found: in the 
contact aureole, the axial angles are low, while farther away 2Va increases . 

The axial an gl es vary from _ 44° to that characteristic of a maximum microcline. 

The orthoclase in specimen 174 has 2Va = 44°. This specimen was taken from a 

distance of a few meters from the rapakivi granite contact. Specimen No. 156 repre
sents an even-grained granite that genetically may be classified as a synkinematic 
granocliorite. The felds par is orthoclase microperthite; both the extinction angle 
and the triclinicity determined by the X-ray powder method indicate orthoclase. The 

value of the axial angle, 2Va = 80°, however, could be explained if the potash feldspar 

is assumed to be a submicroscopically and sub-X-ray twinned microcline. All the potash 

feldspars listed in Table 3, with 2Va close to 60°-65° and wirh a straight extinction, 
might be submicroscopically twinned as weil, because the individual lamellae have 
structural states that fall between an orthoclase an a maximum microcline. 

Notes on the behavior of o ther m inerals of plutonic 
rocks in the aureole 

Cummingtonite 

Cummingtonite is of special interest for this study. Most of the cummingtonite
bearing granodiorites of the area so far investigated contain potash feldspar in a high 
thermal state, as determined by X-ray powder methods. Most of the cummingtonite-
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bearing specimens are from the northeastern contact area. Specimens 108, 41 and 49 

are from tbe area to the west of the Wiborg massif, outside tbe contact area. To some 

extent, the cummingtonite seems to be a pseudomorpb after ortbopyroxene, wbich 

would imply quite dry conditions of crytallization for granodiorite; but a primary 

origin is also possible. Invariably coexisting with cummingtonite is green hornblende, 

derived from cummingtonite, at least partly, by areaction between the anorthite 

component of the plagiodase and tbe cummingtonite. 

Notice should be taken of the fact that tbe biotite in cummingtonite-bearing 

granodiorites is only exceptionally chloritized and that tbe rock is lacking in musco

"ite. On the other hand, in some of the specimens biotite has a distinct reddish-brown 
color, indicating, according to Hayama's (1959) studies, high Ti0 2 contents, an 

indication of high crystallization temperature. 

Ir is assumed that the cummingtonite predates the emplacement of the rapakivi 

bccause cummingtonite is quite a common mineral in amphibolites and gabbros 

outside thc contact aureole. Thus the existence of an orthodase »zone» older than 

the rapakivi emplacement is to be expected in the area, ""hich later became the north

eastern contact aureole of the rapakivi. Accordingly, the contact aureole proper 

there might be some\yhat narrower than shown in the map in Plate 1 (see also p. 17). 

Hornblende 

The data in Table 1 suggest that tbe hornblende-bearing granodiorites and 

quartzdiorites outside the contact aureole contain potash feldspar in lower thermal 

states than tbe biotite granodiorites do. Tbe bebavior of the hornblende near the 

contact line and its assumed compositional dunges caused by thermometamorpbism 

await future studies. In some cases, near the contacts, tbe bornblende shows bluisb 

hues, wbicb point to possible alkali enricbment. 

In some of thc rocks, tbe bornblende has al tered, producing minerals of tbe 

epidote group, and tbe biotite has cbloritized. In certain other rocks, the hornblende 

was only bleached while some epidote was produced. Tbe rock of specimen o. 118 

\\·as subjected to this kind of retrograde metamorpbism. lts potasb feldspar is mainly 

orthoclase and the specimen is from tbe thermometamorphic contact aureole. If 
tbe retrograde reactions predate the rapakivi emplacement, then the temperature of 

the rock during tbe contact metamorphism presumably was some\\·here between 

400° and 600°C (see, e.g., Turner 1968, p. 154). Another possibility is that the retro

grade reactions tb at led to tbe epidotization of tbe ampbibole took pi ace after tbe 

culmination of tbe thermometamorphism, orthodase being left as a relict. 

Biotite 

The da ta available on biotite do not justify its use as an indicator of thermometa

morphism around the Wiborg massif. Cbloritization is a common feature of biotite. 
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In granitic rocks, it oEten is quite Ear advanccd, in granodiorites usually not so Ear. 

Bet",-een hornblende-bearing and hornblende-Eree granodiorites, no clistinction can 

be made in this respect. Both varieties show biotite with varying chloritization (see 

the cummingtonite-bearing varieties in the Eoregoing). In the author's opinion, most 

iE not all oE the chloritization of the biotite, also in the contact aureole, took place 

beEore the emplacement oE the rapakivi. 

NOTES 0 THE DEFORMATIO OF THE COU TR Y ROCK OF THE 

RAPAKIVI 

The different contact phenomena, e.g., chilIed margins, contact breccias and 

banded marginal modifications caused by the flow of magma (see, e.g., Vorma 1965), 
point to a disharmonie intrusion. The contacts cut across all the structures of the 

SvecoEennidic belt. Around the Wiborg rapakivi massif, arterites produced by rapa

ki'li are eithcr extremely rare or completely lacking. The country rock presumably 

never began to melt and never became mobile. The SvecoEennidic rocks were sub

jected only to epeirogenic movements and fracturing during the emplacement of 

the rapakivi granite. The intrusions Eorced their way by stoping and intrusive Eaulting. 

The diabase dikes, which are older than the rapakivi but evidently Subjotnian in 

age, are related to the Häme diabase dike set in southern Finland (Laitakari 1969), 
and they cut rectilinearly tbe SvecoEennidic structures. As far as the author knows, 

thc~e dikes show no signs near tbe rapakivi of plastic deformation during the emplace

ment oE the rapakivi. Their trend is constant, westerly to northwesterly. Thus most 

oE the plastic deformation oE the country rock predates the intrusion of the rapakivi. 

DISCUSSION 

Around both tbe synkinematic and late-kinematic deep-seated plutonic rocks, 

the contact aureole is indistinct. The tbermal gradient induced was low during tbeir 

emplacement, tbe cooling rate sluggish and tbe volatile press ure mostly in equilibrium 

in both the plutonic and regionally metamorphosed rocks. The thermal state oE the 

potash feldspar was controlled by the metamorphie facies involved: 

- in a dry milieu, e.g., under thc conditlOns oE granulite Eacies and the upper 

part oE amphibolite facies, orthoclase is produced (Es kola 1952, 1957; Heier 

1957; Sedova and Kotov 1970), 

- in a milieu richer in volatiles, e.g., under the conditions oE amphibolite facies, 

lower thermal states usually prevail in potash feldspar (Heier 1957, Sedova 

and Kotov 1970). 
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Budding (1968) described potash feldspar occurring in Precambrian metasedi

ments in the Västervik area in southeastern Sweden which were metamorphosed 

under the conditions of regional metamorphism in the upper part of the amphibolite 

facies. This potash feldspar shows zero to low obliquity. The metasediments are 
penetrated by late-kinematic granites. In the immediate exocontact zone, the ortho

clase has inverted to microcline. Budding attributes this change to granitic emana

tions. The granite itself has potash feldspar in a low thermal state. Budding concludes 

that recrystallization and solid state reactions in the granitic rocks had taken place 

at lower temperatures than in the metasediments; this reflects the higher water content 

of the granitic melt, wh ich was probably water-saturated during much of its crystalli

zation his tory. He points out, however, that the scarcity of volatiles in the meta

morphic rocks may have prevented further ordering. 

Zones of orthoclase around shallow intrusions have been described from several 

Jocalities. Mostly the intrusions are postorogenic. Eskola (1951) described a pro

nounced orthoclase province, a couple of kilometers across, connected with the 

western contact aureole of the Salmi rapakivi granite massif, northeast of Lake 

Ladoga. In his general description of the rapakivi g ranites in Finland, Väyrynen 

(1954, p. 93) noted that usually the influence of rapakivi on the country rock is very 

slight; only the microcline in granitic country rocks is inverted into orthoclase. 
Kornfält (1969) described the thermometamorphic contact aureole around the 

Subjotnian Ragunda rapakivi massif in Sweden . The aureole measures in pI aces 

a few kilometers across, and it is characterized by orthoclase transformed from 

microcline. 

Marked orthoclase development is not confined to rapakivi alone. Heier (1957, p. 

477) and Rao (1960) discussed the contact metamorphism produced by the Permian 

igneous (subvolcanic) rocks in the Precambrian gneisses of the Oslo region. Close 

to the contact, the potash feldspar is of a markedly higher thermal state than that 

farther from the contact. According to Rao, the zone containing disordered potash 

feldspars is only a few tens of meters wide. 

The Tertiary Eldora quartz -monzonite stock in Colorado is a shallow intrusion 

that converted the microcline perthite of Precambrian pegmatites into orthoclase 

(Steiger and Hart 1967). The pronounced orthoclase zone is from 600 to less than 

2900 feet across. Shimazu (1962) described orthoclase in the high-grade zone of 
the contact-metamorphic aureole around the Cretaceous Tanohata granitic mass, a 

shallow intrusion in Kitakami Mountainland, Japan. According to Shimazu (op .cit., 

p. 233), these contact-metamorphic rocks formed under much lower rock press ure 

than those of the central Abukuma type. The Donegal g ranites in Ireland intruded 

into an epizonal assemblage of folded sedimentary rocks of Dalradian age during a 

late episode in the Caledonian revolution (Pitcher and Read 1963). Hall (1966) showed 

that the higher thermal state in the potash feldspar at the eastern end of the Ardara 

pluton, Donegal, is very probably related to the subsequent intrusion of the main 

Donegal g ranite. 

- I 
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Tilling (1968) described the alkali feldspars of the granodioritic Rader Creek 

pluton, emplaced at a relatively sballow deptb, witbin tbe Cretaceous composite 

BOlllder batbolitb in southwestern Montana. Tilling's study suggests tb at exsolution 

and partial inversion of ortboclase into intermediate microcline took place during 

tbe cooling of tbc Rader Creek pluton and, subseguently, tbe intermediate microcline 

assemblage transformed into ortboclase during rebeating brougbt about by tbe 

intrusion of YOllnger plutons witbin tbe batbolitb. 

Late-kinematic granites, dated 930 m.y. (Smitbson 1963, p. 177) penetrate Pre

cambrian metamorpboscd (upper catazonal) supracrustal rocks in tbe Flä and Bamble

Telemark areas, soutbern Norway. Tbe low and/or variable obliguity of tbe potash 

feldspars in tbe augen gneisses occurring near the contact of tbe Flä granites (Smithson, 

op.cil.) has been attributcd to tbc intrusion of tbe granitcs mentioncd. No continuous 

orthoclase zone can, howevcr, bc found around the granites. l\1igmatization of the 

country rocks is more pronounccd there than around tbe Subjotnian rapakivi granites 

in Finland . Evidcntly this diffcrence is due to the much dccper burial of thc fli 
granites than that of the rapakivi massifs . The same applies to thc Hcrefoss granitic 

pluton, studied by Nilssen and Smithson (1965). The potash feldspars in the country 

rocks belonging to tbe Telcmark gncisscs exhibit lo\\', variable and some higb triclin

icity vailles. 

In most of thc cxamples citcd, the allthors have regarded the volatilcs to be the 

major cause in rcgulating thc order-disordcr relations in potash feldspars. All the 

cxamples, thc aureolc around the Wiborg rapakivi granitc includcd, prove that the 

potash feldspar can bc used as a wol in mapping the tbermometamorphic contact 

allreoles, provided that the study is bascd, hO\\'cvcr, on a sllfficicntly large number 

of specimens. 

In addition to thcir usc in the estimation of the depth of emplaccment of a granitic 

mass and of the thermal gradient arollnd it, in favourable circumstanccs potash 

feldspars give information on the age relations of different intrusive phases within a 

composite pluton. It has not becn possiblc, for example, to establish by held mcthods 

alone the age relation of the Sllomenniemi satcllite massif (Plate 1) to the main Wiborg 

massif (see also Vorma 1971, p . 7). The potasb feldspars open a new approach to the 

problem. 

The Suomennicmi massif shows chilIed margins against non-rapakivitic country 

rocks. Hornblende rapakivi grades over to a granitc porphyritic variety with a fine

grained groundmass. ChilIed margins are also seen along the southern contact zone, 

\\'here it is located inside the orthoclase zone, about 5 km broad, around tbe main 

rapakivi massif. Had the Suomenniemi granite intruded slightly after the emplace

ment of the main massif, cbilled margins would not bave been produced in rocks 

warmed up by the heat emanating from the main massif. The assumption involving 

the precedence of the emplacement of Suomenniemi granite in respect to the main 

Wiborg rapakivi receives support also from the nature of the al kali feldspars containcd 

in the Suomenniemi granite. r\lthough scattered, the data indicate that its potash 
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feldspar is microcline. In the rocks adjacent to the contact line (not exposed) against 

the main Wiborg rapakivi, orthoclase is the prevai1ing potash feldspar. The micro

c1ine in the southeastern margin of the Suomenniemi rapakivi seems to have been 

transformed into orthoclase by the heat generated by the main rapakivi . This would 

indicate betwcen the intrusion of the Suomenniemi massif and the main Wiborg 

massif a time gap of such a length that the Suomenniemi massif had cooled down at 

least to 400°C before the intrusion of the main Wiborg rapakivi granite took place. 

The contact aurcoles of the satellite massifs of Suomenniemi, Mäntyharju and 

Onas are much narrower than the aureole around the main Wiborg massif. It is thus 

high1y like1y that the satellite massifs represent intrusions tru1y separate from the 

main Wiborg massif. Were the non-rapakivitic granite area between the Suomen

niemi and Mäntyharju massifs mcrely a thin roof topping a combined Wiborg

Suomenniemi-Mäntyharju massif, as supposed on the basis the gravity data reported 

by Lauren (1970), there wou1d be no apparent reason for the diversity of contact 

aureoles around the different »cupo1as». 
The interpretation of the development of the thermometamorphic aureole and 

the thermal behavior of alkali feldspar opens a possibility to evaluate the age relations 

of the different granitic dikes that occur in the aureole. A cross-cutting granite dike, 

0.2- 1 m broad, at Sarviniemi, Lappeenranta (see, Vorma 1965, p. 37), may serve 

as an example. It is situated about 700 m away from the contact of the \Viborg massif. 

It bears maximum-microcline, as do most of the rapakivi dike rocks (Vorma 1971). 

The orthoclase zone in the Lappeenranta area is about 5 km broad (see, Plate 1). 
In the terrain, no prooh.\'as found to show the dike to have originated from rapakivi, 

but the potash feldspar relations strongly point to the rapakivitic origin of this dike. 

As a matter of fact, the dike rock in question contains plenty of fluorite and zircon 

as accessory minerals, both characteristic of the rapakivi suite. Thus it seems possible 

to distinguish the rapakivitic dikes, at least the youngest of them, from the Sveco

fennidic dike rocks in the thermometamorphic aureole. The latter underwent 

thermometamorphism, whereby their microcline inverted into orthoclase. In contrast, 

the rapakivitic dikes crystallized from silicate melts rich in volatiles. At submagmatic 

temperatures, the volatile pressure in the dikes was high enough to catalyze the 

inversion of the orthoclase into microcline. In the country rock, the volatile pressure 

was lower and no transformation took place in the potash feldspar along wJth 

decreasing temperature. 
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Finnish part of the Wiborg rapakivi granite massif 
and its surroundings 

1 Rapakivi granite 
W wiborgite 
Py pyterlite 
Po porphyritic rapakivi 
G even-grained rapakivi 
PA porphyry aplite 
vertical striation 

dark and darkish rapakivi 
granite 

2 Subjotnian diabase 
3 Svecofennidic granites 
4 Svecofennidic granodiorites 

5 Svecofennidic basic plutonic rocks 
6 Svecofennidic supracrustal rocks 
7 hypersthene hornfels 
8 albite-epidote hornfels 
9 orthoclase 

10 randomly disordered potash felds par 
11 microcline 
12 tentative outer border of thermo

metamorphic aureole as 1:evealed by 
the increase of thermal state in 
potash felds par 

The map was generalized by Mrs. EIsa Järvimäki from the petrological map 
quadrangles, scale 1 : 100000, compiled by 

Laitakari and Simonen 1962 
Simonen and Lehijärvi 1963 
Laitala 1964 and 1965 
Lehijärvi 1964 and 1970 
Vorma 1964 

Simonen 1965 
Simonen and Tyrväinen 1965 
Meriläinen 1966 
Lehijärvi and Tyrväinen 1969 
Simonen and Laitala 1970 
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