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Three breccias composed of a heterogeneous mixture of rock f rag-
ments in a clastic mat r ix have been studied in the Enklinge area, 
southwestern Finland. One of them is the »Bockholm conglomerate», 
by Sederholm considered as a basal conglomerate for the Bothnian 
formation. The breccias intrude into the surrounding Svecofennian 
volcanics and tonalites. Minor intrusions of quartz porphyry and 
plagioclase porphyry accompany the breccias. On Bockholm the 
breccia and the porphyry are weakly mineralized by chalcopyrite 
and arsenopyrite. It is proposed that the breccias form small in t ru-
sive pipes connected to, but younger than, the intrusion of the 
tonalites. 
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Introduction 

In his s t ra t ig raph ic scheme for t h e Sveco-
fenn ian rocks of sou th -wes te rn F in land , J . J . 
Sederho lm (1932) recognized two d i f f e r en t 
fo rmat ions of suprac rus ta l rocks. T h e classi-
f icat ion was based upon the age re la t ion-
ships be tween the schists and volcanics on 
the one h a n d and the grani to id rocks of d i f -
f e r en t ages on the other . T h e Bo thn ian fo r -
mat ion, charac ter ized by basic and in t e r -
med ia ry volcanics was, according to Seder -
holm (1932), younger t han the t r ondh jemi t i c 
— granodior i t ic gneissose g ran i t es (granites 
of the f i r s t group), whi le the Svionian schists, 
including the lept i te fo rma t ion in sou thern 
Fin land, w e r e older t h a n the genissose g r a n -
ites. The Bothn ian fo rma t ion represen ted a 
second cycle of suprac rus t a l rocks deposi ted 
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on top of a deeply denuded basemen t con-
sisting of me tamorphosed Svionian sup ra -
crusta ls and gneissose grani tes . For a h is tor i -
cal out l ine of the s t ra t ig raph ic classif icat ion 
of the rocks in sou th -wes te rn F in land , see 
Simonen (1953). 

Among the a reas in sou th -wes te rn F in land , 
considered by Sederho lm to consist of Bo th -
nian volcanics, is the Enkl inge area in the 
eas te rn archipelago of the Å land Is lands 
(Fig. 1). The m a p of the »Bockholm conglom-
erate» was publ ished by Sederho lm 1930 and 
the descript ion f o u r years l a te r (Sederholm 
1934). In his pape r (1934) Sede rho lm descri-
bes a small outcrop of »conglomerate» on the 
island of Bockholm southeas t of Enk l inge 
(Fig. 1). T h e »conglomerate» is at the contact 
be tween the volcanics of Enkl inge (Bothnian) 
and the su r round ing gneissose grani te . Nu-
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Fig. 1. The locations of f r agmen ta ry rocks in the 
Enklinge area. 

merous rounded f r a g m e n t s of the same 
gran i t e gave the »conglomerate» an addi-
t ional s t ra t ig raph ic significance. It is not 
surpr i s ing tha t Sederho lm immedia te ly ac-
cepted the rock as a basa l conglomera te 
proving tha t the volcanics a re deposited on 
top of a basement of gneissose grani te . 

However , a f t e r hav ing visi ted Bockholm, 
Magnusson (1936) called the rock a pseudo-
conglomerate , caused by tectonical forces 
b reak ing up in tersec t ing dikes of gneissose 
grani te . As the suprac rus t a l rocks of K u m -
linge and Enkl inge all belong to the same 
s t ra t ig raphica l succession (Rancken 1953, 
Ehle rs 1976) and as the proofs of the exis tence 
of a Bothnian fo rma t ion genera l ly a re u n -
sat isfactory, the »conglomerate» of Bockholm 
has been re -examined . 

The rock tha t Sederho lm (1934) called 
gneissose g ran i t e comprises several grani to ids 
of s l ightly d i f f e ren t compositions. According 
to Ehle rs (1978) the rock on Enkl inge and 
Bockholm is a tonal i te and this n a m e is used 
in the fo l lowing sections. F r a g m e n t a r y rock 
is used as a descr ipt ive non-genet ic t e r m for 
the d i f f e ren t types of breccias and conglom-
era te - l ike rocks. 

The basic and i n t e r m e d i a r y rocks in the 
Enkl inge area lie in a syncl ine and they con-
s t i tu te a f a i r ly wel l p rese rved local volcanic 
centre . The rock sequence wi th in the syn-
cline s ta r t s at the bo t tom wi th qua r t z - fe lds -
par schists and in te rca la ted layers of crys ta l -
line l imestone, fol lowed by pi l low lavas, 
pil low breccias and polygonal ly jo inted a m -
phiboli t ic lavas (Ehlers 1976). T h e Enkl inge 
syncl ine is su r rounded by an in t rus ive tona l -
ite (Ehlers 1978, Fig. 6). 

Fig. 1 shows tha t the outcrop of f r a g m e n -
t a ry rock on Bockholm, original ly described 
by Sederho lm as a conglomerate , is s i tua ted 
at the contact be tween the volcanics and the 
tonali te . 

In 1976 two more outcrops of f r a g m e n t a r y 
rocks, resembl ing the original »conglomerate» 
of Bockholm were found in the sur roundings . 
On the l i t t le islet of Vedg rund (Fig. 1) be-
tween Bockholm and Enkl inge the re is a set 
of n a r r o w pebble dikes. The dikes cut the 
amphibol i t ic pi l low breccias and they con-
ta in sparse pebbles of a rock resembl ing t h e 
su r round ing tonal i te . 

Ano the r outcrop of f r a g m e n t a r y rock is on 
the island of Gloskär wi th in the tonal i te 
massif (Fig. 1). The f r a g m e n t a r y rock on 
Gloskär is associated wi th a l ight m e d i u m -
gra ined plagioclase p o r p h y r y t h a t cuts 
t h rough the tonal i te . 

The fragmentary rock and associated 
porphyry on Bockholm 

The outcrop, which is complete ly exposed 
was mapped by Sederho lm 1930 and de-
scribed 1934. I t is s i tuated on t h e n o r t h -
eas tern shore of Bockholm and i t measures 
some 30 X 10 me t res (Fig. 2). T h e rock con-
sists of a wel l mixed mass of f r a g m e n t s t ha t 
va ry g rea t ly in size, round ing and rock type 
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Fig. 2. The fragmentary rock on Bockholm. 

(Figs. 3, 4). The f r a g m e n t s r ep resen t local 
rock types and rounded pebbles of tonal i te 
a re conspicuous (Fig. 3). The m a t r i x is a 
med ium-gra ined clastic rock pas te composed 
of the same ma te r i a l as the f r agmen t s , f i l l ing 
the insters t ice be tween them. 

Along the marg ins of the outcrop of f r a g -
m e n t a r y rock the re is a zone, u p to a m e t r e 
wide, compris ing smal le r f r agmen t s , some of 
which have a dark amphibole - r ich crus t (Fig. 
2). A layer of qua r t z - f e ldspa r schist can be 
fol lowed th rough the marg ina l zone as a t r a in 
of angu la r f r a g m e n t s which seem to lie 
almost in the i r original posit ions (Fig. 5). In 
Fig. 2 the rock is p lot ted as breccia ted qua r t z -
fe ldspar schist. 

The f r a g m e n t a r y rock shows the same type 
and amoun t of de fo rma t ion as the sur -
round ing rocks, the ma in s t ruc tu ra l f e a t u r e 
being a s t rong mine ra l l ineat ion coupled wi th 

a weak schistosity. The f r a g m e n t s a re elon-
gated para l le l wi th the mine ra l l ineat ion and 
f l a t t ened para l le l wi th the schistosity. La rge 
ga rne t s have g rown in some pa r t s of the 
ma t r ix . 

Fog. 3. Fragments of varying size, roundness and 
rock type from the central parts of the frag-

mentary rock on Bockholm. 
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fore, the f r a g m e n t a r y rock on Bockholm mus t 
be younger t han the volcanic rocks of the 
Enkl inge syncline. 

Associated wi th the f r a g m e n t a r y rock t he r e 
is a l ight med ium-gra ined qua r t z - f e ldspa r 
rock tha t d i f fe r s f r o m the ear l ie r ment ioned 
qua r t z - f e ldspa r schists. On Sederholm's m a p 
this rock is called »schistose arcose» (Seder-
holm 1934) and he considered it a p a r t of the 
»conglomerate». A closer examina t ion re -
veals t ha t the qua r t z - f e ldspa r rock is i n t ru -
sive into the tonal i te (and possibly also into 
the f r a g m e n t a r y rock) and tha t it contains 
small rounded f r a g m e n t s of tonal i te . T h e 
in t rus ive qua r t z - f e ldspa r rock carr ies smal l 
rounded quar tz »eyes» in a g rey m a t r i x and 
here it is called a quar tz po rphyry . 

Unde r the microscope the qua r t z »eyes» can 
be seen to be rounded , somet imes w i th idio-
morphic outlines. B ipyramida l quar tz m e g a -
crysts a re common. They are 3—4 mil l i -
met res in d iamete r and usual ly have embayed 
marg ins and inclusions of g roundmass . M a n y 
quar tz megacrys t s a re uns t ra ined , b u t some 
gra ins show signs of s train, and g r o w t h of 
subgrains . This implies a f a i r ly complicated 
his tory wi th possible g r o w t h of p o r p h y r o -
blast ic qua r t z g ra ins (Hopwood 1976). 

The g roundmass is most ly f ine-gra ined , 
consisting of plagioclase and quar tz in a 
he te rogeneous granoblas t ic polygonal t ex ture . 
The plagioclase has the composit ion of oligo-
clase-andesine. Biot i te and cumming ton i t e 
occur in d i f fe r ing amounts , in p a r t as m e g a -
crysts and aggregates . The biot i te is pa r t l y 
t r a n s f o r m e d to chlori te . S t rong ly g r anu l a t ed 
and sericit ized megacrys t s of plagioclase a re 
common and they can somet imes be seen only 
as aggrega tes of serici te and epidote. Epidote 
and calcite a re p resen t in all s tudied t h in 
sections. The calcite is no rmal ly in t e rming led 
wi th sericite and epidote. T i tan i te is a b u n -
dan t in all th in sections. 

Smal l s t r ingers of s t r a in - f r ee quar tz and 
opaques (chalcopyrite), coarser t han the 

Fig. 4. Large slab of amphibolite and rounded 
pebbles of tonalite embedded in a matr ix con-
sisting of a medium-grained rock flour. Bock-

holm. 

The f r a g m e n t a r y rock is su r rounded by 
amphibol i t ic pi l low lavas and pil low lava 
breccias (Fig. 2). The contact agains t the 
lavas is sharp , showing tha t the f r a g m e n t a r y 
rock cuts t hem discordant ly (Fig. 6). T h e r e -

Fig. 5. Angular f ragments of quartz-feldspar 
schist forming a zone of brecciated rock along the 
western contact of the f ragmentary rock. Bock-

holm. 



Fig. 6. The contact between the fragmentary rock 
and the surrounding pillow lavas. The lava struc-
tures are cut by the fragmentary rock. Bockholm. 

groundmass , indicate a par t ia l recrys ta l l iza-
tion. Table I shows examples of moda l com-
posit ions and table II gives the chemical 
composit ion of one analysed sample of the 
qua r t z po rphyry . 

The qua r t z p o r p h y r y and the pi l low lava 
breccia a t the eas tern contact of the f r a g -
m e n t a r y rock (the contact against t h e tonali te, 
Fig. 2) a re w e a k l y minera l ized by arseno-
pyr i t e and chalcopyri te . Along the contact , 
pa tches and veins of a r senopyr i te and 
chalcopyr i te occur in both rock types. In the 
qua r t z p o r p h y r y chalcopyri te is i r r egu la r ly 
d is t r ibu ted as t iny disseminated gra ins of less 
t han a mi l l imet re in d iamete r up to l a rge 
aggregates a f e w cen t imet res in d iamete r . The 
p o r p h y r y shows no visible signs of minera l i -
zation on the outcrop. 

Fragmentary rock and associated 
porphyry on Gloskär 

On the n o r t h e r n shore of the is land of 
Gloskär a f r a g m e n t a r y rock cuts t h rough the 
su r round ing tonali te . The outcrop on Gloskär 
is much l a rge r t han tha t on Bockholm and 
its a rea is d i f f icul t to es t imate because it is 
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la rge ly covered by w a t e r and vegetat ion. Fig. 
7 shows only a small p a r t of the outcrop. 

The f r a g m e n t a r y rock on Gloskär contains 
f ew rounded f r a g m e n t s and its appea rance is 
not t ha t of a conglomera te (Fig. 8). A n g u l a r 
or sub - rounded f r a g m e n t s of dior i te and 
gabbro are a b u n d a n t whi le f r a g m e n t s of 
tonal i te a re less f r equen t . Gabbros and 
diori tes a re not found in the immedia te 
vicini ty of this area. The f r a g m e n t s on 
Gloskär a re more compacted and the rock as 
a whole is more »fused» compared w i t h the 
conglomera te- l ike rock on Bockholm. The 
m a t r i x consists of g round f r agmen t s , a rock 
f lour s imilar to the ma t r i x of the f r a g m e n t a r y 
rock on Bockholm. 

The f r a g m e n t a r y rock is pa r t i a l ly su r -
rounded by a medium-gra ined , l ight q u a r t z -

Fig. 7. Map of a small area within the fragmen-
tary rock on Gloskär. 
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Table 1. Point-counted modal analyses of the 
porphyries on Gloskär (Nos. 1, 2, 3), and Bock-

holm (Nos. 4, 5). 

1 2 3 4 5 

Quartz 31.6 35.3 24.7 44.5 43.0 
Plagioclase 59.4 54.6 59.6 31.8 37.1 
Biotite 2.8 0.9 0.3 16.8 0.4 
Amphibole 2.8 4.5 11.2 10.9 
Chlorite 1.6 2.2 0.3 3.2 0.1 
Epidote 1.1 1.5 1.2 2.4 5.0 
Calcite 0.4 1.2 0.3 1.7 
Titanite 1.2 0.1 1.4 
Opaque 0.4 0.3 0.1 

99.7 99.7 99.7 99.2 99.6 

Table 2. Chemical analysis of the quartz por-
phyry on Bockholm. 

S i0 2 63.70 
AI2O3 15.10 
FeäO;j 6.89 
F e b 
MgO 3.85 
CaO 3.89 
Na-jO 2.40 
K äÖ 2.00 
CO-j 0.10 
TiÖ> 0.44 
P2O5 0.046 
H>0 + 1.61 
Cu 0.44 
Mo 0.05 

100.47 

and fe ldspar - r i ch rock tha t is crushed, 
fo rming a sha t t e r breccia of compacted 
r andomly or iented angu la r f r a g m e n t s (this 
rock is not visible in Fig. 7). The spaces 
be tween the f r a g m e n t s a re f i l led w i th 
aggrega tes of amphibole , chlorite, epidote, 
and calcite, fo rming a p a t t e r n of roughly 
t r i angu la r da rk a reas del imit ing the f r a g -
ments (Fig. 9). The sha t t e r breccia merges 
g radua l ly into the su r round ing tonali te . 

In t rus ive into both the tonal i te and the 
f r a g m e n t a r y rock is a l ight med ium-gra ined 
rock spot ted by a b u n d a n t plagioclase mega-
crysts of some mi l l imet res in d iameter . I t 

f o rms a dyke, several me t res wide, t ha t cuts 
the tonal i te and occurs as i r r egu la r masses 
and dykes wi th in the f r a g m e n t a r y rock, 
cu t t ing it and enclosing pieces of it (Fig. 10). 
There is a superf ic ia l s imi lar i ty be tween the 
porphyr ie s on Gloskär and Bockholm both in 
the i r in t rus ive behav iour and in h a n d 
specimens. The porphyr ie s a re in t rus ive into 
the tonal i te and they conta in small inclusions 
of tonal i te and o ther rocks which m a k e the i r 
composit ion and t e x t u r e var iable . Both rocks 
have a p ronounced mine ra l l ineat ion and 
seem to have t aken pa r t in the same d e f o r m a -
tion as the su r round ing rocks. 

Fig. 8. Mixed f ragments on Gloskär. The rock is Fig. 9. Shatter breccia comparising densely 
more breccialike compared with that on Bockholm packed angular rock fragments . This rock forms 

(Fig. 3, 4). a zone around the mixed f ragmenta ry rock. 
Gloskär. 



Fi.g 10. The plagioclase porphyry tha t cuts 
through the tonali te and the f r agmen ta ry rock on 

Gloskär. 

The plagioclase p o r p h y r y on Gloskär lacks 
visible qua r t z »eyes». The rock is spot ted 
wi th pale yel low plagioclase megacrys t s a f ew 
mi l l imet res in d iameter . The microscopic in-
vest igat ion reveals t ha t the rock is a p la-
cioclase p o r p h y r y wi th a b u n d a n t id iomorphic 
and zoned megacrys t s of oligoclase-albite. 
Sparse s t rongly sericit ized and epidotized 
megacrys t s of older plagioclase a re common. 
A f ew rounded aggregates of quar tz w i t h 
recrystal l ized subgra ins f o r m »eyes» reminis -
cent of those on Bockholm. 

The m a t r i x of the plagioclase p o r p h y r y is 
more coarse-gra ined t h a n tha t of the quar tz 
p o r p h y r y on Bockholm, and the qua r t z is, 
w i th f ew exceptions, s t ra in - f ree . La rge aggre-
gates of cumming ton i t e a re found together 
w i th chlorite, epidote, calcite, and t i tani te . 
With the except ions of sparse small g ra ins of 
chalcopyr i te the plagioclase p o r p h y r y is 
ba r ren . Table I shows examples of the modal 
composit ion. 

Pebble dykes on Vedgrund 

On the l i t t le islet of Vedgrund , n o r t h of 
Bockholm, t he r e is a s w a r m of n a r r o w (5—10 
cm wide) dykes consisting ent i re ly of rock 
f r a g m e n t s of d i f f e r en t sizes and types. The 
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locality is s i tuated about half a k i lomet re in -
side the area of volcanics (Fig. 1). T h e rock 
f r a g m e n t s r ep resen t local volcanic rock types, 
bu t single l a rge r f r a g m e n t s of a tonal i te- l ike 
rock can be found. The f r a g m e n t s v a r y in 
size and roundness and they are wel l mixed 
(Fig. 11). Rounded and subrounded f r a g m e n t s 
a re abundan t , and thus the dykes can be 
classed as pebble dykes (Bryner 1961) r a t h e r 
t han breccia dykes. The pebble dykes on 
Vedgrund cut t h rough the volcanics. They 
are de fo rmed together wi th the coun t ry rock 
showing the same s t rong elongat ion of t h e 
f r a g m e n t s and the same mine ra l l ineat ion. 
The pebble dykes have p robab ly in t ruded at 
approx ima te ly the same t ime as t h e f r a g m e n t 
rocks on Bockholm and Gloskär . Wi th the 

Fig. 11. A thin pebble dike cutt ing through 
amphiboli te volcanics on Vedgrund. Many pebbles 

are well rounded. 



24 Carl Ehlers 

except ion of minu te amoun t s of sulphides t h e 
dykes a re ba r ren . 

Discussion 

The mixed f r a g m e n t s of d i f f e r en t size, 
roundness , and rock type as well as the 
abundance of tonal i te f r a g m e n t s a re f e a t u r e s 
tha t the f r a g m e n t a r y rocks on Bockholm and 
Gloskär have in common. The sha t t e r breccia 
on Gloskär and the marg ina l zone of the 
Bockholm breccia a re corresponding par t s of 
an in t e rna l zonal s t r uc tu r e wi th in the f r a g -
m e n t a r y rocks. The m a t r i x in both localit ies 
is composed of a clastic rock pas te of the 
same ma te r i a l as the f r agmen t s . Many of 
these f ea tu re s can also be found in the pebble 
dykes on Vedgrund . 

The character is t ics l isted above agree well 
w i th those listed by Bryne r (1961) as cha rac -
teris t ic of breccia columns or pebble columns. 
B r y a n t (1968) proposed the t e rm in t rus ive 
breccia fo r the same type of rocks, which h e 
def ined as »a he te rogeneous m i x t u r e of angu-
lar to rounded f r a g m e n t s in a m a t r i x of 
clastic ma te r i a l t h a t has been mobilized and 
in t ruded into its p resen t position along p r e -
exis t ing s t ruc tures» (Bryant 1968). Thus t h e 
most logical exp lana t ion for the origin of the 
f r a g m e n t a r y rocks in this a rea is t ha t of 
in t rus ive breccias. 

On Bockholm and Gloskär the in t rus ive 
breccias a re associated wi th subsequen t minor 
in t rus ions of porphyr ie s which, in accordance 
wi th Sill i toe and Sawkins (1971) can be de-
r ived f r o m the roof zones of an unde r ly ing 
la te s tage tonal i te -daci te magma. 

The mixed and rounded f r a g m e n t s indicate 
a process of f luid in t rus ion or f lu id iza t ion as 
or iginal ly described by Reynolds (1954) and 
la ter by m a n y authors , for example , B r y a n t 
(1968). The concept involves t r anspor t a t ion 
and suspension of solid par t ic les in an u p w a r d 
f lowing m e d i u m of lower densi ty t han t h a t 
of the f r a g m e n t s (Reynolds 1954). 

T h e medium, which can be a l iquid or a 
gas or both, is conceivably der ived f r o m a 
magmat ic source. The f lu id-gas moves up -
w a r d along sui table zones of weakness 
ca r ry ing pieces of f r a c t u r e d rocks. More and 
more mate r i a l is suspended and the f r a g m e n t s 
and m a t r i x a re mixed, rotated, and somet imes 
a t t r i t ed and rounded. A weak h y d r o t h e r m a l 
minera l iza t ion fo l lowed on Bockholm, pos-
sibly in connection wi th the in t rus ion of t h e 
quar tz po rphyry . 

The tectonic de fo rmat ion of the in t rus ive 
breccias and pebble dikes indicate t ha t the 
in t rus ion is re la ted to, and closely follows, 
the syn-tectonic in t rus ion of tonal i te . It is 
obvious tha t the tonal i te has been solid and 
competen t at the t ime of the breccia empla -
cement . The in t rus ive breccias could be 
caused by h y d r o t h e r m a l gases and f luids t ha t 
together w i th the po rphyr i e s const i tu te the 
la test s tage of the in t rus ion of the tonali te . 
According to Whi tney (1977) a m a g m a of 
tonal i t ic composit ion could have subs tan t ia l 
vapour genera t ion close to the surface . 

Many au thors have called a t ten t ion to the 
s ignif icance of minera l iza t ions in breccia 
pipes (Bryner 1961, P e r r y 1961, B r y a n t 1968, 
Gi lmour 1977) and most of t h e m agree t h a t 
they migh t of fe r a clue to the exis tence of 
bur ied copper mineral iza t ions . Hopwood 
(1976) concludes genera l ly tha t »the combined 
association of a) pyr i te - r ich uni t s and b) a 
charac ter is t ic quar tz -eye bea r ing p o r p h y -
roidal acid rock type appears closely re la ted 
to the occurrence of volcanogenic massive 
pyr i t e Cu — Zn sul f ide deposits». 

It is conceivable t ha t in t rus ive breccias of 
this type a re m o r e widespread than r e -
cognized ear l ier and tha t they are a f e a t u r e 
connected w i th the la te s tages of in t rus ions of 
tonal i tes and granodior i tes . Such a breccia is, 
for example , the P a r o n e n copper minera l i za -
tion in Ylöjärvi , which according to H immi 
(1954) is »a resul t of an explosion-l ike gas 
outburs t» . P e r r y (1961) pointed out the 
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similar i t ies be tween the Chilean tou rmal ine 
breccia pipes and the breccias in Ylöjärvi . 

The Ylöjärv i and Chilean breccias d i f fer , 
however , f r o m the Bockholm occurrence in 
the i r tourmal ine - r i ch m a t r i x and more ex-
tensive su lphide mineral izat ion. 
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