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Geology. - "On pecuLia1' sieve strztCüt1'es in (ljneolts rocks, 1'ich in 
alcalies" . By Dl'. H. A. BROUWER. (Oommunicateel by Prof. 
G. A. F. MOI,ENGRAAl!'l!'). 

(Communicated in the meeting of September 30, 1911), 

The following poicilitic strnctures, occurring in nepheline-syenitic 
rocks from the Pilanelsbergen (Tl'ans vaal) , are very instructive with 
regarel to the insight which they allow into the order of succession 
of the crystallizations in magma's which are rich in alcalies. 

1. Inte7'fJ1'owtlts of da1'l.; minemls with felspats 
and felspatoids. 

A tat'dy cl'ystallisation of the alcalipyroxenes and alcaliamphiboles 
is known in alcaligranites, alcalisyenites and nephelinesyenites. 
Sieve skuctUl'es in which the crystals of the dark minerals are 
l'amificatecl bet ween the colourle5s ones m'e founct e.g. in the paisa­
nites and tbe alcaligraniteporphyries from ZnmER (Sokota) 1). This 
strl1ctUl'e is very common in rocks from the Pilanelsbergen and is 
beautifully deyelopeel in aegirineamphibolebiotitenephelinesyenite­
porphyries fl'om Wijdhoek (701), in which principally the alcali­
amphibole is ramificateel in skeletons of equal optical orientation 
between the elements of ihe gl'oundmass: nepheline, sodalite, felspar, 
biotite, fluorspal', iron compounds anel traces of apatite 2). Macros­
copically lhose crystals are visible as round spots of a few m.M. in 
diameter contrasting with a grey, medium- to finegrained "grounel­
mass". The larger crystals of biotite anel aegirine, which are very 
subordinate, show the same poicilitic structure, The biotite also 
occurs in small crystals in the groundmas'3, whilst the pyroxene, 
amphibole, anel lal'gel' crystals of felspatoids are onIy crystallized 
aftel' the colourless mineraIs. 

The same sieve strllctures enclosing the eolollrless mineraIs, are 
found in crystals of 1H01engraaftite and astrophyllite. 

In lavenitebearing lujamitepol'phyries fl'ol11 Wijd hoek (701), the 
larger erystals of molengraaffite anel aegirine are speek led with small 
Cl'ystals of nepheline 1), whilst the felsparcrystals are completely free 
from inclusions. 

1) A. LACROIX. "SUl' les microgrunites alcalins du territoire de Zinder." C. R. 
Ac. des Sciences, t. CXL, 1905 p. 22 .. 

2) See PI. IV, fig. 1 anel 2 in H. A. BRouwen. "Oorsprong en samenstelling der 
Transvaalsche nepheliensyenieten." Thc Hague. Mouton and Co. 1910. 

1) See~ibid, fig. 9, p. 158. 
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PoiciHti(' intergrowths of astrophyllite with felspatoids oreur in 
adjacent astl'ophyllitelujaurites, where nnmerous ieliomol'phic pseudo-" 
morphoses of zeolites and analcime aftel' nepheline, and also aegirine 
are enclosed by large crystals of astrophyl1i~. In the lujauriteporphYl'ies 
from Wijd hoek (701) which are rich in peetolite, sirongly pleochroie 
crystals of eucolite poicilitically enclose nepheline anel sodalite, whereas 
sometimes the)' are intersected by lath-shaped felspal's as is found 
to OCCUl' with the augites of the diabases. 

2. Jllut1lal interg1'owths of fel~pars anti felspatoids. 

In the aegil'inealllphibolebiotitenephelinesyenitepol'pbYl'ies mentioned 
sub 1, we find besides {he interlaced crystals of the dark mineraIs, 
numerous large crystaIs of idiomorphic nepheline, which only between 
crossed nicoIs contrast wii.h the tlnegl'ained mixture: Sometimes 
th is nepheline is free ti'om inclusions, sometimcs it is fiI1ed with 
short. laths of felspar. Some or the cl'ystals of llepheline arc e11closeel 
by an mnphibole skeleton anel themselves ellclose nnmerous small 
cl'ystals of felspar and biotite. All tral1sitions from nepheline fl'ee 
fl'om fels par to nepheline rich in felspar can be seen; in an intel'­
mediate form the inclusions are limited to the mal'ginal parts of the 
crystal. 

Oonsequently in this rock real phenoerysts of nepheline must have _ 
been rrystallized before the finegmined mixture was formeel. 

In alesser degree the enclosing of felspatoids by felspal's, anel the 
cl'ystallization of nepheline with angular forms in tIle spaces between 
the felspars, is a common phenomenoll in the rocks of this l'egion. 
In these rocks also OCCUl' large felspatoid cr)'sta,ls, enclosiug the 
smaller ones. 

JVlacroscopically the 'rock is medhungraineel with lightgreen felspal's 
and lightbrown nepheline; aegirine is very subordinate. U neler the 
microscope we see tbe pecnlial' stl'uctl1l'e between rl'ossed nicols: tlle 
crystals of' idiomol'phic llepheline nnel sodalite whieh are VelT abulldant, 
the mieropel'thitie felspal', anc! the aegirine enclose innnmembie small 
idiomorphic anel rounded cryslal::; of nepheline (anel socla,lite); UlO 
cl'ystals which m'e 1'ich in inclusiOlls are reelucecl to skelctons. The 
felspatoids are pal'tly cleeomposeel to cancl'ini1e; we finu complete 
psclldo1l10l'phoses, \Vitl! the [oL'm of the originaI cI'ystn,l, \Vhich consist 
of Ol1e Cl'Jstal of cal1cl'Înite with sieve structmc. Il is intet'esting 
thai Uw enelosed smal! cl'ystaJs of fcJspatoic1s are Bot altel'ed at nll; 
tl~el'e must be a canse why they could resist t.he 00 2 bearing 
agencies, 111ay be as a resuli of clmngecl chcmical composition o~ thc 
mngma el ming the el'ystallizat ion. 



- 4 -

( 38!) ') 

3. Intm:91'owths of other mineraIs. 

In astrophyllitelujaul'ites we mentioned the poicilitic intel'growth 
of astl'ophy Uite with felspatoids. In schistose lujaurites ffom Tusschen­
komst (331) wbch are very 1'i(':h in aegirine, erystals of astrophyllite 
'which are allotriomorphic wUh regal'd to felspars and felspatoids, 
enclose innumel'able needIes of aegirine with different orientation; 
the aegil'ine ean fill up more than half of tbe crystal. 

Thus in - these rocks astl'ophyllite is the latest product of crystal­
Hzation, whereas it is one of the iil'st cl'ystallized minerals in aegirine­
amphibolefoyaites from Wijdhoek (701), where its idiomol'phic 
cl'ystals lie scattered in the other mineraIs. The eucolite mineral 
which is strongl.y altered to catapleite, is idiomorphic in these rocks, 
whel'eas in a lujaurite from Kruidfoniein (649) it is allotriomorphic 
with regard to felspars ttnd felspatoids, and encloses innumerable 
smaIl cl'ystaJs of aegirine. ' 

In ibis roek eucoliie is Lhe latest prod net of cl'ystallization ,just 
as jn the askophy llitebeal'ing aegirineamphibolefoyaites fi'om Wijd­
hoek (701), where it. has been formed simuItancously with aegirine­
spherolites, which are younger than all othel' mineraIs. 

In the molengl'aaffitebeal'ing lujaurites from the southwestern part 
of Wijdhoek (701), crystals of a pectoIite mineral occur, which are 
cl'ystallized in angnlar forms betweell the other mIneraIs, and enclose 
nUmel'Ol1S needIes of fLegil'ine. Between cl'ossed nicols the aegil'ine 
contl'asts against a stl'ongly bil'efringenL back-gl'ound showing equal 
optical ol'ientation over a large clistance whereas the connection 
botween different parts of one single cl'ystal is often broken. 

In a 111jaUl'itepol'phyry from Wijd hoek (701) which is 1'ich in pectolite, 
this minel'al is eithel' jammeel in angulal' form between the othel' 
minerals, Ol' it encloses poiciliUeally the felspatoids anel aegirine of 
the gl'oundmass, whilst lath-slHtped felspal's OCClll' in them with 
idiomorphic forms. Especially with the felspatoids it is of ten interlaeed 
witll sicve stl'l1ctUl'e. In the same rock both the felspatoids are e11-
closed by ellcolite, aud the sodalite principally is ellrlosed b.Y the felspal'S. 

The cl'ystallization of thc pectolite all'eady belongs to the pnen­
matolytic period in which the maLel'ial fol' Lhe gl'owth of the minel'a)s 
was pttl'tly given by l'eabsol'ption of these minerals whirh had been 
cl'ystallized previollsly. Accol'ding to this we see it accompanied by 
abnol'mal analcime, sphel'ical aegil'ine, albite and 11uol'spal'. 

All thai bas been said above, tends 10 prove tha.i fhe order of 
succes sion of the cl'ystallizatiol1 is not constant in these rocks, and 
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gives all illllstration of the strong fOl'ce of cl'ystallizatioll of some 
minerals under cel'tain cil'cumstances, which enables them io crystal- ~ 

lize in large cl'ystals still in a nearly completely Rolidified magma. 
Fol' the development of lal'ge crystals, I,he circumstances must ha\'e 
been most favoul'able short1y before the end of tl~e cl'ystallization, 
because the same minerals we re often already formed in small cl'ystals 
befol'e. Further the richness in pneumatolytical and therm al minel'als 
is charactel'istic fol' all the rocks of this l'egion; according to this the _ 
loss on ignition is always vel'Y cOllsiderable. 

ProbalJly nnder certain definite pressures anel tempel'atU!'es the 
above descl'ibed stl'uctures eau be formed in magma's which, in con se­
quence of their riehness in pneumatolytical gases, are very flllid, 
whilst tile changes il1 the succession of cl'ystallizat.ion are pl'incipally 
detennined by the chemical com position of the magma. 

In connection with this, we finel that in rocks rich in nepheline, 
although they may ha\'e vádely elifferent structures, nepheline is 
constantly the first mineral to cl'ysiallize, whereas in rocks poorel' in 
nepheline tbis minel'al has cl'ystallized aftel' the felspal''J. This we 
see as weIl in rocks in which the felspar encloses the nepheline, as 
in rocks in which the nepheline ene10ses the ielspar. In lu.iaurite­
porphyries from Wijelhoek (701) the felspars en close numel'OUS neeelles 
of aegil'ine, whilst the felspatoids contain those sometimes, bui only 
in tile marginal zone. Aftel' tIle crystallization of the largel' feJspatoids, 
a mosaic of smalt idiomol'phic crystals of felspaioids was formeel, 
still later the cl'ystals of l1l01engraafiite and aegit'ine enclosing the 
small felspatoids poicilitically. 

These rocks are l'elatively l'ich in nepheline; aftel' n pel'iod of 
crystallization of larger cl'yf,lals of felspatoic1s folIo wed the cl'ystalli­
zation of the largel' felspars and smal! neec1les of aegirine, w hile 
the cl'ystals of felspatoids grew on slow Iy. Then the pl'incipal part 
of the felspaloicls crystallized a8 a mosail'., pl'obably unclel' suddenly 
changed conclitions, and at last the largel' pertoratecl crystals of aegirine 
anel molengmafiiie wel'e formeel. 

In the aegirineamphibolebiotiLenephelinesyenit.epol'phyries wlüch are 
l'ich ju nephelÎlle and pOOl' in dark mlnerais, a period of crystallization 
of fe18pat.oicls 1'1'ee from inclusions, and of Rome felspal' was followed 
by tbe cl'yst.allization of small short felsparln,ths anel some biotite, 
while 1he largel' crystals of llephelinC' grew on simulianeollsly; 
smaller cr,)' si n,I s of tllis lattel' minel'al were noL formeel, wbich is 
evidenL fl'om the OCCUl'l'ence of ped'orateel cl'.)'stals of nepheline 
englobing, the felspal's only, The inclusions are often limited io their 
marginal zone. 'fhe amphiboles allel pyl'oxeJ1(~s have been fOl'med 
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onl)' in large cl'ystals, anel exclusively aftel' the colourless minerals. 
In the aegil'inenephelinesyeniteporphyries from Olivenfontein (145), 

which are very l'ich in nepheline, the first cl'ystallizeel mineral is 
the apatite; it was followed by small crystals of nepheline and 
sodalite, still later by largel' crystnls of perforated nepheline, sodalite 
and felspar, simultaneonsly with tlle encloserl small needies of 
aegirine; finally the pcl'foratecl aegirines coulcl still ~ be formeel in 
large crysta[s. 

Oll account of the tardy crystallization of tlle larger crystals the 
order of suecession of the crystallizations can be studied more easily 
in these rocks than in theil' normalgrained equivalents. 

The sieve stl'uctUl'es elescriberl above, can be distinguished from 
those of the contactl'ocks and crystalline schists by the occurrence 
of exelnsively ieliomol'phic or l'ounded inclusions, according to theil' 
l'elative age. From the real- phenocl'ysts of the porphYl'ic rocks the 
lal'gel' crystals hel'e descl'ibed differ in this respect that. the .inclllsions 
are not mngecl aftel' the laws of cl'ystallizalioll of the enclosing 
cl'ystal. 

As tbe pel'forated crystals usually show a ped'ectly idiomol'phie form, 
we see that the rule according tn which the relative age of the 
cl')'stals in igneous l'ocks is proportional to theÏl' icliomorphism, does 
not hold gooel here. 

Mathematics. - "An eajtension of the inte,qml theo1'em of FOUlUl<1R." 
By Mr. J. DRos'm. (Communicated by Prof. J. C. KLUYVER). 

(Communicatcd in lhe meeting of September 30, 1911). 

As is known, fol' an extensive class of fUllctions f(x) the equation 
00 b 

.tt,v) = flaf~ (,IJ, y, a) f(y) dy 

o a 

becomes au identity in x, if we pui b = - Cl, = 00 ancl 11' e.p, y, ct) = 
= cos a (.'IJ--Y) ; ill this way we fincl the illtegra.l theorem of Founum 
whiclt can be regal'clecl as a limiting case of the series of FOUHIER. 

In the theol'y of tlle integl'al eql1afions fhL13ER'l' t"[,ncl SClIlIIIDT have 
pl'ovec1 c1evelopmellts in series of whieh those of FOURIER are special 
Cfises. 'rhe followillg is a theol'em whieh is in sneh a manner an 
extension of the integ'l'al lheol'em of FOUHUlR. 

Le(. J((x,y) be a continuolIs symmetl'ical kemel, ({ll (:v), ... , (pv (.IJ), ... 
n complete system of normali7.ecl ol'thogonal fllllctions of that kemel 
and belonging to HlO limits of iniegration (( anel b, anel )'1" •• , ) J, ••• 

the eOl'l'esponc1ing 1'oo(.s ("Eigenwerle"). 


