
SYNN EUS IS 0 1'-' PIJAGlOCl,ASE WL'I'H K-FELDSPAJt 

IN M.'I'E CAPANN E (E I ,BA ISLAND) GHANODI ORI'rE 

AUSTIlACT. - The ol"itlll stu,]y of Ihe plagioelaS<.'8 tOlllnine<:i in the K·feldspar 
rnogaery~'s of tho M.l o Cnpallue ( El ba 1 ~lund, !tuly) grnllo<:iiorilo IUI3 shown 
Ihat 90% of t.hom uro thrce·(\i ll,ellsionHl oriented Hglliust. the ho~t, K·tolUSI)a r. 
'l'he mC1UlUrod dat,~ Hllow 10 concludo ro r It typical "ynncn~is ~tructure betweeu 
two different minerals. 

R USSUNT(I. - Vcngono riportati i dnti relutid nd uno ~tudio oll ico eseguilo 
III T. U. 8U 286 plllgioolnsi cOlltelluti ill tro cristlllli porfirici (]j feld!!pnto ]lOllUl­

sico due dei quuli IJroveuicllti dal1u grUllodiorito d,cl M. lo Cn pllllllo 0 UIIO prove­
niento da rooee porfiricho dell' holn d 'Elba (Tosc:ann). Di lutti i plngioelRsi lIli · 

~urat,i eirea iJ 90% IIT('SCnta ulla or ielll ln~iolle erillln llogrflfiea Call il fel<:ispato 
pota88ieo ehll li ClIpil ll; tu le oriel1tu>;ione il e'Lr:Ltteriuuta dal Ilnrnllcli!lJlo Ira i 

piani {O 10} del plngioellUlio Il i piul1i {O,IO} 0 {001} 0 {110} del feldspnto ]lOtlUl-
8ioo. Nclht mnggior plLt ta tlei ~n~i, qu" ,ulo il parnlleliStHO inloreS!;IL i Il iuni {OlO} 
dei duo mi Ll er"li ~ i OSl!et\'n flncho il pntILlI~li8rno tlei rellLti" i ll.;Isi ~ri~tltIlQgrafici. 

l dati ollenul,j porrnettolLO di Slnbilire In Ilre!lellUl di lipiehe ~trulture d i 
sinuousi lru questi due mineral i. 

K-feldspar mcgllcrysts (Kfm ) churllctcrizc many porph iritic gra­
nitic or granodioritic facies. T h~ megacrysts include the minerals of 
the grolllldmass of the host rock, in particulllr they contll in many 
small oriented laths of plagioc lll8e. The mutulIl orienta t. ion!; of KFm 
and included plagioclases has been studied III length by 1I1 /111y llul hol'S 
(see fOI' I'c rerences F' rHsl, 1954 ulld Vauce, 1969). 

(-) htilulo (l i MiuenLlogia 0 PclrogrfLfilL, UlLi\'crsitil dl P iS{! ( !tI,ly). 
Cculro st udi per In mincrogcnesi, Ilotrogeuesi, t cltogoucsi dell'Appeuuino 

Centra ~cttcul rional e, del C.N. I? 



Studying thc K1<'1I1 of the M.t.e Cnpallnc ( Elba Island, ltaly) g)'a­
nodioritc wc havc observed typicH I synneus is struetures between K · 
feldspar lInd plagioclascs. W(' I'eport t he results of fill optical study 
of these structures. 

Experimental procedures , 

F or' t his study three KJ.' m thin sections luwe been seleclcd. 'r he 
thrN,> sections uro identified as follows: 

A Granodiorite, pcripherieRI fllcil'S. 'I' he section has beeD cut almost 
pe q>endicuJar to (0.1 0) of t ire KFm. 

B GI'anodiO I'it ~ periphe l'ieHI fll cics. 'r he section hms been cut nlmost 
parallel 1.0 ( .100) of the I( )i'm . 

e POl' ph iritie dikE'. 1'lw fi{'etioll hns beell cut. nhnost parallel to 
(00.1 ) of the .I0'm. 

All thc three KPm exnmincd lire Karlsblld twins with the two por­
tions of the twin almost equnlly developed. [n every sectioll , find on ly 
in one POl'tiou of the twin, t he Ol'icntatious of nil the incl uded laths 
of plagioclases havc been det e l'lt)in~d by optica l menus utilizing all 
uni"ersal shlge, 
- Albite-Karlsbad twinned phrgioclnses. [n these twins the orienta­
tion of the (010) plane and of the [001 ] and [100] directions IU1s been 
measured. The measu l'es al'e re£ert'ed to tlUlt po rtion of the plagio­
clase k<u'lsbnd t.win whic h is towllnl the corp of thc KF'm ( portioll 2 
in figure I ), 

The [OOI J direction has been identified mCllsu r illg the exti nction 
vlllues of the two portions of the Kllrlsbad tw in brough t to the equal 
ilIwlliJJation in the sYlIllll('tri cn l zone. Th(> 11001 direction hns been 
identified studying the extinctiou vulues measured in the synunetricn? 
zone at severnl distances h om tll(' t.wo possible positions (). = 0 II l1d 
). = 90°) of t.h c equal illumination of the Karlsblld twi n. No effol·t hus 
been made to determine t.he orientlltioll of: the [OlO J axis; thnt is 110 

('ffort has been made to determine what of the t.wo portion of t he nlbit e 
tw in was townrd the col'e of the K-feldspar megaerysts. 
- Albitc twinlled plagioelnscs. On these twins it would be Jloss ible 
in theory to determine the orientlltion of the [001 1 direction construc­
ti ng the whole extinction cUl've in t he synulletl'icnl zone. Howeve r we 



SYNX'EUSIS OF I'L,\Q IOCLASE WITlt " 'rC, 23 

hflve preferred to determill (.l the orient ation of th e X-axis of the op­
tical indicatrix. The measured plug ioclases have in fact a compos ition 
in the range AII2."\-An3~: the ollticll l indicatrix X-uxis is therefore very 
near to the [100] direetion. F'or these twillS obviously it remains Illl 

ambiguity for whllt concern the orientation or the [001] direetioll . 
- Other tw inned plagiochlses. When it has bcen possible the er;",sta l-

A 

Pig. 1. - A typiclI l K ·fcldsJln f 1lI<lgllcryst ( Kllrl~bllo.l 

twinnt'll) aud olle of the includod Illagioelase~ lire 
"howl(. All the ineluded plllgioelnlle'l hlll'e boon mea· 
sural in the A p;;orlion or the l(.reldspar twill; l he 
orientation or the Albite-Kllrltd)ll(\ twinned Jllagioelal!e8 
;$ referred to Ihe portion 2. 

lagra phic orientation has been obtllincd mellsuring the optical orielltll­
tions of the Iwo portions of the Iwin llnd plotting the data on n 
WuJff net. 
- Not twinned plagioclases. 1.'01' these plagiccluS('s which are very 
rare, we JUlve not tried any meAsures. The)' II rc refcITed to as not 
detennined ill thc following tn bles. 

Results" 

All the mellsured plag ioclllse~ have been ploUed on fI stereographie 
net ugainst the orientAtion of t1w ]{F'm that eontllined thcm. 1," i­
gure 2 repol'ts 111 1 the mellSl\I"es obtuin ed hom the thl'CC thin seetions. 
'l'he KFIII orientation hus bcen normll lized to the standard projection 
with [OOtj ut t.he center o[ the net llnd (010) at the right. Results 8re 
more clearly shown in tables 1, 2 All d 3. 

Table 1 I"CPOI"ts the observed orien tations of the {OlO} planes of 
plllgioclllscs agllinst pilUles of ]{ I"m. For every orientation CL dist,inc-
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f" ig. 2. - S teroographic projeetion of a ll the measured phlgiocla.ses Ilgllin8t. tbe 
~ I anda rd llrojcetion of 1100 K·(eldspur; 0 ( ~ullre!l) reprCt!ent {lOO] Il .. li ~ i 

X (er0!)ge3) (010) pluu.!>!; (I}()iuts) loot] u:i$ and 6. (Irinugles) the X-uill 
of the Olltical ind iCllt rix. Some irnportllut erySlallogrll llhie direet ione of K-feldspar 
am also report ed. 
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tion hHS been made between the different observed twin types. AI1 
the partia l totals nre report.ed. 

Table 2 reports the datll Ilbout the th ree-dim cnsionnl orientation 
of Al bite-Karlsbad t.wiulled plagioclases. El evell modes labelled a. 

TA8LE 1. 

Orient. Twin Thin Seetion TotaJe 

A B 0 

A-K 11 13 51 51 
tO tO} Ab 11 25 38 " K 1 

29 38 89 lOO 

A·K 1 5 12 

(OOI) Ab 8 12 20 
M 1 

" 
11 33 

A-K 2 19 21 
{llO} Ab • 18 22 

K 2 , 
• 39 " 

A-K 2 2 • 8 
No orientoo Ab , 2 8 15 

M 1 1 
P 1 2 

9 • !3 26 

No determined , 1 U 26 

Tota!1I 65 66 155 286 

th rough m) of three-dimensional orientations have been recognized. The 
more interest ing crystaJJogrllphie features of four of these eleven 
modes are schematieally represented in figure 3. 



26 

/ 
/ 

/ 
/ 

, , 
/ 

;.. / , 
, 

• 

(- X ) , 
I 
I 
I / 0 / 

/'/ , 

c 

Plane (010) 

/j 
/ 

-x 
A /, 

, , , , , , 

(.Z ) 

, , " , 
, , 

(- X ) I 

(.Z ) 

1101) 

' -, , , 

·z 

b 

z 
..... (- X ) 

1-

, 
. ...... . I 

' . ' ' - , 
'> 

d 

l"ig. 3, - The figure re llresents on t.he (010) pla ne t he (our obsen'oo 
orientntions of t he plngioelasc net (dotted line) ngninst the K-feldspnr 
Ilet (~oll l inuOIL'" line), 
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• • 
'l'ABLE 2. - Albit e-KUI'lsb«d " 'winoS. 

Orientation Sect ion Totals 

Plag. {010} [001] [100] A D 0 

! (100] (. ) 6 3 21 36 
[001] 

[101] (b) 16 3 16 " 
K-f'eldsp. {D ID} (foOl (, ) 2 

[lOt] ( t! ) • 5 , 
n.O 1 2 5 8 

17 13 51 81 

(.) 1 
(100] 

(f001 K-f'eldsp. {OOl} 

) 
( t ) 5 3 8 

[110) 
[ 11 01 (g) 2 2 

0.0 1 1 

7 5 12 

(110J (h) 2 2 
[001] 

[112 1 ( I) , , 
K·Feldsp. { 1l0 } 

[0011 (I ) 5 5 

(110] [li2) (m) 2 , 
0.0 2 • , 

, 19 21 

Totals " 18 " 11. 

'r nble 3 reports pllltial data collected on Albite twillned plagio-
clases. These partial data show the same crystallographic features ob-
served in the Albite-Karlsbad twinned plagioc.lases. 
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' r AlILE 3. - Albite Twills. 

Oricnllltion Thin Sootion Totals 

PIng. {DID} • A R c 
[lOO] 2 10 9 21 

[00 1] 1 1 3 5 

K· t'cllhp. {DID} [lOll 2 6 13 21 

0.' , 2 6 

n.d 2 8 11 21 

11 25 38 74 

(100J 7 5 12 

(l10J 3 3 
K·Feld!!p. {~Ol} 

n.o 

II,d , 5 

8 12 20 

f( ·P c1dsp. { nO} !l.0 , 18 22 

, 18 22 

TotAls 23 37 56 116 

Oiscussion of results. 

Tt has been possible to mclt!wre the orientation ( tota l 01' partia l) 
of 260 out of It lotn! of 286 observed plagioelases laths. Of these 260 
mcasul'cd plngioelllses only 26 dOIl 't show ally clelll' evi dence of simple 
crystallographic oricntnlion Il.gainst K-£eldspar. T he fi rst obvious rule 
is that the {010} plagioc1ase plImes IIrc parallel to {O1O} or {00l} or 
{11O} K-feldspar planes. 

This fact CRll be interpretated as It conseq uence of the morpho­
logy of the two mi ncrfl ls. T he plagioclases are essc.ntiu lly represented 
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by laths with great development of {OlO} planes, The KFm show well 

developed {0l0} faces flccompflnied by {001} pinacoid and {110 } 
prism, 

The relfltive frequency of the three obsen'ed orielltations of pla­

gioclflse lat hs are roughly proportiolllll to th e relative development 
of the f{Fm fflees, 

Por wh1lt conce rn t he three dimensional rules of isoorientatiou we 

can utilize only the data on Albite-Karlsbad twins (table 2), 

Lt appears clea r t hat first of all the sYflIleusis structures are con­

dition ed by th e morph ologica l developm ent of the two minerals that 

partecipate to the formation of sueh structure. 

Th e isoorienhLtiOIl between the planes {0l 0 } of plagioclase and 

{UO} of K-feldspaJ' cannot surely be explained c laiming simple re­

lations between the nets on t hese two planes. \Ve conclude t herefore 

that obviously to develop synneusis struct.ures t he two minerals would 

ha.ve deYeio ped faces. 

However the morphologica l developmeJl t, 1Ilthough preminent in 

the formation of synneusis struct ures, is not the only determining 

facto r. \Vc observe in fact that on a tot1l1 of 114 measured Albite­

Karlsbad twinned plagioclases, 99 show a preferell ti1l1 isoorienta tion 

of their net aga inst t hat of K-feldspar. 

Tabl e 2 shows all the observed isoorientlllions. Of particui1lr in­

terest is the situlltion of plagioclases wit h their {010} plant>!; parallel 

to the ones of K-feld spar. 

Of the four observed orientation there are two (a and b in fi­

gUJ'C 2) which are greatly favoured. 'rhe one (a. orientation) has the 

il.xis of plagioclllse8 parallel to the ones of K-feldspar. The othcr ( b) 

has the axis of plagioclases J'elated to the Oll es of T{' felds par ItS through 

11 Karlsbad twin. 

T he other two orientation, for which there is a certain misfit 

between the axis of plagioclases and K-feldspar, a J'C many times more 
rare, 

The same situation is observed fo r t he other orientation although 
the picture is not so clear owing t.o the scarce number of plagioclases 
with their {0l0} planes paral\eJ to {OOl} planes of K-feldspar, 

Th e data of table 3, al t hough not complete, point out toward 
the SiJ mc conclusion, 
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Conclusion . 

The present study has shown thflt 90ro of the plag ioclase laths 
contained in the K-feldspnr mcgacrysts of the ~I.te Cnpnnne (Elba 
Isinnd, Haly) g ranodiorite am) its nssoeiated dikes, lire isooriented 
aga inst the host K.FeldspHr. 

This situation can be explained only as due to synneusis pheno­
mcna·. On the basis of the Vanee hipothcsis (1969) we have to COIl­

clude t hat the K-feldspllr megll.erysts are of magmatic origin Hnd that 
thei r crystallization has taken place in presence of EL liquid phase in 
which free moviment o[ c rystals was possible. 
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