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B (v) .= Grey granitic rocks (modal analysis givel in sample 3 of table III).
!, Upper Hlimbitwa river.
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demonstrated. However, it must be kept in mind th.t, though the contamina-
ted zone is fuirly wide, the contuct 1tsslf botween the yuartz-dioritic
rocks and the basic wall-rocks is rother shurp waen tae dimﬁunons of the
whole "gronitice" massif arce considered. In the south, the wall-rocks
described in chupter IIT ciun in places be seen to be broken and
procciated. The nctual contuct boutween the "grunitic" rocks and the basic
rocks in the Hlimbitwa valley is Lidden by alluvie, but it must take
place within 100 to I50 yards uniccensible to obscrvation. The writer
fuils to sce nny proof thot the "granitic" rocks could derive from the
granitization of the amphibolites., Such .n extensive grunitization
involves tremendous movoments .nd migrations of matter plus the supply
of the great gquuntity of unurgy required to complete the procese., When
one considers the seale wnd the extent of the phenomena which would be
involved in granitization, 1t seoms impossible thut grunitization should
stop dead whithin I00 yords without the .mphibolitic wall-rocks being
othorwise modified thun by locul brececiution .nd partial recrystallizution
(without any sapply of muterial from outer gourc:s). Together with
BOWEN (1948), the wriier “"denies... that it 1s proper to extrapolate to
the whole body the metasumatic replacement relation that mey be patent
for purt of its marginal facies".

The writer prefors to beliove in the emplacement of an intrusive
magma, In this cuse, the southernmost "granitic" rocks rich in cafemic
minerals must be considered to be the rosult of cndomorphismy i.¢.
modification or contamination of the "granitic'" rocks by the basic rocks.

The northern "grani*ic" massif has & teend more or less parallel
with all the other belts. It must have been emplaced at some depth since
the contumiégé zone is o fow hundred® yards widej the wull-rocks must
hiave been in a state of potontiul reactivity, attested by partial

recrystallizntion of the amphibolites shomsclves (enapter 1I11), othorwise

a "normal" small contaot aureolc and not a thorough soaking of basic

rocks by acid motcrial - ver a fow hundred yards would have been observed.

This fits in with BSKOLA'® (1932) definition of synkingmatio massife:
.nd cmplaced into highly mobile surroundings.

concord.unt in structure
it should be recalled that this

As for the dictyonitic gtructurss,
ships bctween the coarser pink
s the pink

: "gr:mi te"
term designates the relation

and the grey rock. The latter i8 the younger wnd corrode

"eranitic" rock.
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The writer is of the opinion that two ovents must be distinguished
here. The first ic charactoriscd by the emplacement =zt depth of the pink
quartz—dloritc magma. The whole maussif must thon have undergone uplift to
higher levels of the crust whore the solidified rock became brittle and
underwent extensive breceiation and fragmentation into ungulur fragments,
Into the interstitial spuces flowed the younger gruy "granitic’rock. Why is
the dictyonitic structurc not ovscrved in the contaminated rock?

There is no obvious unswur to this: the nature of the tectonic forces
which induced the breeccintion is not known. The northern murgin of the
“zronitic’massif is hidden from view. It appears preoablc to the writer
that this cbscnoe of brocciation in the conbaminated rim could be explained
by differences in mocLanical behaviour between the cortuminated and
uncontaminated rocks. The contaminated zone is by no wcans free of
fractures; faults involving a horizontal displacument of a few inchces can
best be seen with the holp of dark patchos or layers of cafemic minerals
which have been slightly offset by these faulvs, Though the latter may in
places by very abundant, they lack the regular pettern of the fractures
in the uncontaminated rock snd scarcely rcach I or 2 yards in length.

The torm brecciation cannot possibly bo applicd to these fractures. The
replacement by groy "granitic’ rock hus taken pluce only where brecciation
wos extensively developed, i.e. in the uncontaminated "granitic” rocks. The
brecciation could quitc simply be due to the emplucement of the grey
“granitc” itsclf, poerhaps by o procuss akin to "magmatic stopping".

It is well-known that in gronitic messifs ewrly fractures can be
filled with & finer-grained later variety of the m:in rock. Is it the
ocase here?

Pirstly, the grey ‘granitic’rock cannot exaetly be called a variety
since it is richer in potash. Secondly, it

of the main, pink "gronito",

must hive been very mobilu to form large patches sometimes more than

pink'grunitio"rock nd to corrode it. This mobility

pimply filling frocturca in

I0 yards wacross in tho

would be gquitc uncxpeotod if this rock wore
the pink'granitic”rock at a late stage of the latter's solidification.
In the writer's opinion, tho omplacement of 1t
4t deeper levels aftor renowed

he grey‘@runitio”rook

charscterises a second event: 1t took place
pink Wepanitic" rock. The injection of morc

depresaion of the frocturcd
isti g with
potassic "grunitic" magma ccecurcd along pre—oxisting fracture

pink quurtz—diorito. Renewed depression and the

pertizl solution of the
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consequent elevation of temperature were sufficiont to provide mobility to
the magma of thu grey"grxnitid'rocks, but insufficiecnt to allow of the
complete digustion of the pink‘“granitic' rock., Tuis process pust be onvisaged
28 an oscillation in the uplift of the metamorphic complex rather thun a

complete palingenutic cycla,

P,- REACTION BLTWELIN THo ACID M.GMA AND THE AMPHIBOLITIC WALL-ROCKS.

The most striking fonture of the "grunitic" rocks in the vieinitr of
their amphibolitic wall-rocks is their abunconce in aggregates of hornblende
and /or their clteration products: biotite aussociated with cpidote, sphene,
ore and apatite.

The writcer rogards the nggregates as microxenoliths, i.e. minute relics
of busic rocks which have been soaked and impregnated with quartz-dioritic
Magmt..

RBOWEN (1928) h.s showm in his work on the reaction series that if
hornblende comes into contact with molten magma already supersaturated
with such & high member of the reaction series s amphibole, this mineral
cannot enter the liquid stage (i.e. re-melt), but will be converted to the
mineras with woich the liguid is saturated at this moment. In this case,
the latier was biotite und the hornblende was transformed into biotite.

In this replacement excess lime from the hornblende is set free and
crystallizes as epidote. Microscopic observation has ghown that some quartz
is also pruduced as 2 by=-product of the reaction (symplektic associstion).
There is no way of working out « chemical resction, since there is no
ovidence that the reaction took pluce at constant volume but 2 qualitative
reaction would have the following form:

Hornblunde + K20 + Al?O3 + H20 = ipidote + Quartz + Biotite

A consequence of the above reaction is the 1nverse relation between

the quantities of biotitc and potash foldepars in thie reaction zone rocks

rich in biotite do not contain much potash feldspars The wbundance of

biotite decrcases from the reaction zonu towards the interior of the

mussif bociuse the contamination by hornblende is higher in the rim of the

y for potash feldepar to occur in large
e potash has becn fixed .nd nearly
gaction

maseif. Thoere is no possibilit

quantitics in these rocks, sincoe t!

exhiusted 1n the biotitisation of hornblende higher up in the T

series, well aboye such low members as feldepars.
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To @ummarise, the "granitic" mussif h.s been emplaced at depth in
contuct with amphibolitic wallerocks. Reaction h.os taken place between the
two rock types with the effcet thut the amphibolite h:s been thoroughly
goaked over o few hundred yurds by the acid mugme and thot its hornblende
was biotitised. To achicve this, supply of some cxtra potassium from the
magma into the rim hus boen nuoussary. Also, migration of cufemic elenonts
towards the rim of the muesif huoa occured from the interior of the reaction
zone., The fact that this roaction in the contamin.tion zone is fur from
complote and that amphibolitus situated further to the south of the
grunitic massif have been unuffocted by the latter, shows well enough thav
the supply of energy (mainly thermic) in intrusive granites (und thus
ondomorphism) is limited ( PERNISR, 1956). To conclude, these phcnomena
are the result of thermodynzmic diagquilibrium between the "granitic" massif
and ite wall-rocks, at a level of tho crust deep cnough to allow of rather

intense reaction between both rock types.

G.=- THEORETICAL CONSIDERATIONS: RELATIONSHIPS BETWEEN QUARTZOFESLDSPATHIC

MINZRALS,
Though thie paragraph may seem out of place here, it appeared
necessary to the writer first to give a full descrption of the massif und
to clear up its origin before dealing with the important rolationships

botween gquartzofcldsputhic mincrals.

(2).= Corrosion of plagioclasc by potush feldspar

In the rocks of the northern massif miorocline frequently corrodas
plagioclase, Thie phenomenon hus buen observed by various writers in acid
and intormediate rocks: DREER (1935), OSTERWALD (1955), BELLIERE (1960)
and others, Among these authors, BELLIEBHE has suggested an intoresting

sélution: ho hos doducwd from the study of thu rocks of tho Aiguilles

Rouges massif in the Alps that this corrosion results from tue featurcs

albite=-silica ut high water prossurcs.

From the well-=known phese diagram NuAlSisoa-KAISiBOs_pzo af tor BOWEN and

TUTTLE (1950), BELLILRE hos inferred thut-at high water pressure=- the
solvus must intersecct the liquidus in o sutectic point. He then suggested
nSiO2- the univariant line {rom this

of the tornmary systen orthoclase-

that-in the ternary systom Or-Ab

eutectie point on the Join Or=Ab reaches & peritectic point somewhere

At this peritectio point,
This would explain the

j ase would
in tho triangular diogrom. plagioolase

diminish in amount whilu microcline increasess

observed corrosion effucts.

-
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There tru no indications that a true potassium metzsomatism has taken
place in the granitic’ rocks, which-in fact-are poor in potassium, If
potassium metasomatism had taken place, there is no rcason why the wall-
rocks should not have been affected to a courtain extent, which they have
not.

In the writer's opinion, hypothesie (b) is closer to reality, If
natural systems wore cxectly within the Ab-Or-SiOz-Heo system, the lowest
temperature 1t whioh n silicute liquid could exist would be 660°, (BOUEN
and TUTTLE, 1958). But, according to BOWEN .nd TUTTLE, in natural system
there would probably remuin o silic:te liquid below this temperature. The
composition of thlis rosidual ligquid would be in the NJZO-KZO—SiOQ-Hzo
eyatem. ROY 'nd TIPPLE (1956) have shown thuat there ie complete solubility
in the system K20~3102-H20 between .nhydrous silic.tes w.nd waterjy TUTTLE
and FRIEDMAN (1946)h~ve Bound the same relationship for Na,0-310,-H,0.
GORDON SMITE (1963) h.s pointed out that in prootice the difficulty is
enormous, the system to be coneidered being quartz Ab-Or—Hzo-Nazo-Kzg-
MgO-CaO—BZO3-P205-HF-HCl-SOB-HZS otc. wi h P und T as additional variables.

Suffice it for these purposes to conelude that the components,
of alkali silicates mey oxist in excess in late=magmatic fluids. As early
as 1928, BOWEN demonstrated that potash increnscs relatively to soda in
late differentiates, In these rocks, where the plagioclase is oligoclase
or andesine, the plagioelase ficld in the system plagioolase-Or-SiO2 will
be wide and, ne plagioclase i much in ecxcess, this mineral will be the
first to crystallize. The gomminution of the plagiocluse has been
desoribed and it was pointed out that the microcline was not affected
by this oatanclusis (oxcept for a few unimport.nt cracks). The
erystallization of the microcline his thus taken placc after tho main

period of cataclasie. The writer sugges
taken in solution in residuxl water (probably under complex physical

uro of the massif). Later on, this
oda by potash under the law of mass
atively by the following

ts thot the potassium silicate wus

conditions duc to the synkinematio not

late-magmatic solution would replice 8

aotion (0'NZTLL, 1948). This may be rendored quali®
= ' N0

reaction (purely hypothetical) 2NaAlB1,0g * K0 = @ KA1S1,0g% T

The soda may be olimin:ted as sodium carbonate solutions in thermal

wators (SKOLA, 1956)
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This replacement is porticul.rly conspicuous in granulated plugio-
clases or along cracks of this mineral where deformed crystal lattices
have permitted casier corrosion.

Another problem crops up heres the origin of the myrmekites. The
pame myrmekite was given by SEDERHOLM in 1899 to wart-like ussociutions
of plagioclase wnd vermicular quartz. Voarious conflicting explanations
hive been proposed for tho origin of myrmekite: megmatic corrosion (FOUQUE
and MICHEL-LEVY, 1879),suporficial alturation (ROSENBUSCH, 1887),culoo=-
sodio solutions transforming orthoclase (BuCKE, 1908), secondary
transformation of plagiocluse (SEDEZRHOLM, 1916) c¢te. In 1948, DRESCHER-
KADEN demonstrated the eoxistence of two types of myrmekite: myrmekite I,
formed from plagioecluso by orthoclase~bonring solutions, and myrmckite 1I,
formed by siliceous hydrothermal metasom:tism along tho ueparation surfuces
of orthoclase nnd plagiooclnse. SPENCER (1945) and TUTTLE (1955) believe
that the constitucnts of myrmekites were in sclid solution in potash
foldspar -+t high temporsture. This welter of explanations is rather
inconclusive, SPENCER's .nd TUTTLE's hypothescs in general secem rather
pliusible to the writor, but obviously c:.nnot apply to this type of rock,
in which tue orystallizution of microcline is the rosult of late-magmatic
renctions .t relatively low temporaturc. In 1955, ROQUES worked out the
sransformation of plogiocluse to myrmekite for the first time in a
quentitetive way. Ho demonstrated thaet for the tronaformation to take
plaoe only silioca is noeded, while ~lumina, lime and soda are beiug
released., Also, myrmekites can form from potash feldspar in the viecinity
of pluagioclise with introduction of silica, sod: replacing potash und
alumina being leached out.

In the rocks of the northern mig8if, most myrmckitos ure oldor than
the potash feldspar and younger thun the plagiocluse. They oan be asoribed
to type I of DRESCHER-KADEN (from a deseripive point of view), These
growths are purtly dissolved by the potash foldapary the albite in the
myrmekites is dissolved by the potagh feldspar but droplots of quartz
are usually not assimilated and remain in the potash foldapar isoluted
from the rest of the intergrowths., This type of corrosion his boon

observed by BUGGE (1943). Also, a few myrmokitic warts growing from the
wen noticed in this ngranite'y

of myrmekito. In the
ained by the action of

plagioclase into the mierocline have b
though they are not o8 Jbundant as tho {first type
light of ROWUES' paper, both phenomens eun be vipl
8ilica=-con .aining rosidval liquids on plagiocluse (or on microcline in

the last cnse,)
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Thus, myrmesitisation h.s main ' ) i ‘
. li o : v inly ocouayd bﬁforu the crystallization of
miorocline and ulso after, in the ne & )
’ w fow ocourvnces of warts growing into

the microcline. Actually, myrmekitisation is responsible for the corrosion
e e v e —

of plugioclasc,

Tais brings up o third problem: tho origin of the perthitic texture
of tne microcline. These porthitus are of the string type. They are often
concontrated on the rim of tue microcline crystale in the vicinity of the
plugioclase, Whenever myrmeokite is corroded by microcline, n.%heter of
albitic strings occurs in the potash fuldspar at tie contact or in the
vicinity of the intergrowth, kxsolution of sodium f@ﬂ%par in solid
solution in potassium feldspar ot higher temperature cannot explain these
porthites (this microcline h.s been formed .t low temporature) 2nd would
be comntrary to its occurence in taw vieinity of myrmekites. Henoe, it
mist be admitted that some albito of the myrmekites h.s been tuken into
solid solution in the microcline during corrosion and his been exsolved
in the areas of higher concentraticn-adjacent to the myrmekites- as
string perthites. Helics of plagic.!use in potash fuldspar are of'ten
devoid of = myrmekitic rim: the potash feldspur hus completely corroded

the myrmoekite, In the rogks oi the porthern m.ssif, the plugioclisc hus
srmokitisationy when sicroclinc formed, it

gorroded this ulbite.

The exsolution of perthite is also conncoteod to a lesser degree with
parts of the mieroclino orystuls which have beoen subjected to stresscs.
Though these crystals have undergone nothing like the granulation that
affected tho plogioclase, some crystals have beon fructured or their
edges have been slightly strained. These parts of the orystals show o
high development of albitic strings. As suggested by GATES (1953) and
MICHOT (1938), the str: ned lu:ttice of miorocline seema to have
difficulties in kecping the nlbitic gomponent in solid solution and
exsolves it,

A few oocué;nCUo of potash feldspar in plagioclase have been
observed: thoy sre intorgrowths and result from tho exsolution at lower

tumpersture of some potush feldspar whioh was in solid solution in

plagiocluse feldspar at higher temporaturs (untiyorthitu)-

To conclude, =t some stage of the erystallisation, molton ek
ata m i ds. This
have beon token into solution Wwith water an late magmatic flui

¥ 2 3 ) o] (]
liquid has react 4ith plgioclusos: gilica hoas buen trunsferred to th
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replace meinly the gronulated ploagioclase und hes little offect on larger
‘ ‘mgr.mul'xted plagiooclusa.

This mutual corrosion moy nlso oceur in upggregutes of quartz between

quartz grains and ie best scen by tho use of the gypsum auxiliary plate
(0)s= Qranulation of tho Plagioolase.

' Meohanical streesce have been shown to granulate plagioclase crystals

und to break them down into finc-graincd aggregntos made of delicately
jmbricatod cnd stroin-free tiny plagiooluse erystals. The writer attributes
these foaturcs to recrystallization., The fact that roerystallization yiclds

| fine=grained aggrogates rothor than lorge crystals is not unusual and has
beon noted by TURNER und VURHOOGEN (1960) we yathor common.
| (d).- Conclusions.

f The relationships between quurtz and feldspars have been shown to be
gomplex. They ure tho rosult of o combination of fuctors: deformation and

resction of lute megmatic solutions with carly-formed minercls,

‘ D.formation h.s been important in fi.cilituting replicement processes
1 by lute-mignatic solutiona; to gquote GLANGEAUD (1947)s 'If the crystalline,
% vitreous and liguid states are vory well=known to physicists .nd chemists,
the same ocannot be suid of dynamomorphic stutes. These are known to

| te~tonicians and petrclogists us cataclastic toxturce'.

Av= Pegmutites und aplites,

These rocks are particularly abundant in the rim of the "granitic"
massif, Pﬁ&os 44 and 45, Plate XXIII, will give an idea of their comploxity.
Aplites are seen to cut pogme tites (Pﬁ}o 45, Plate XX111) and occur in

fissures or oven in faults of fsotting the pugmatite veins (same Photo).
intorsceted by both

Futo 46, Plate XXIV

Thin quartz voins aro Also numerous and mLy be

‘ pegmatites and tho aplites or in turn interecot those.

ghows some quartz veins which have been offset by the emplacoment of emall

intrusive and dilative aplitic veins with ckilled bordors.

The pegmatites are never more than o few yurds wide and along strike

peter out af'ter a short distanco.
and may ooour in

The aplites are ususlly much more gontinuous
XXIV), One of these is

0
composite dykes 2 to 3 yurds wide (Phto 47, Plate

48 thrue difforent=looking types of
W aplite oh.racterized by

rocks o fine=
composed of w8 mony

grained nplite (grain=sizv luss thun 1 mme )y ¢
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purallel aligrment of thin biotite flukes; aund a courser-grained aplite 7
(up to 2 mm.). Quite o fow uplite dykes follow the eame trend s some of
the basic dykes (Phn%o 47, Plate XXIV .nd photo 48, Plate XXV); they are
scen to be cut by the busic dykes, which must therefore have been emplaced
at o later stage. Doformation of the "granitic" host-rock hns sometimes
folded or offset some of *the aplite veins, whioh then pase laterally into
gwarms of folded clusions, as in photo 49, Plute XAV.

Unisr thu nicroscope, the aplites are composed of plugioclcse, micro-
oline sni quartz. The composition of the plagioclusus runges from anlesine
4or Ary, Yo nligoelise L7 iny,They nre twinned aecording to the aldate law
and thoir maximum wize is 2.0 mm, Thoy sre more or less corroded by
miecrocline whioh is poerthitic and may roach 2.0 mm. wross. The juartsz
ig 2.0 mm. wido and very corrosive. It is often intorgrown with plagiocluse.
Aocessorine are onloritized biotity, epidove =nd sphone. Modal agaiysen
are given in tuble 26.

TABLE #26

ps i A1l

Plogiocinse STel 22.3 28.2
Mieroclin 4.2 9,7 28.8
Quartz 35.1 63,2 4244
Chloritizcd

biotite 1.8 3,0 0.4
Sphene 0.5 2.5 "
Epidote 0.7 - n,¢

700, 0 100. 0 300.0

There is evideatly o rother large variation °rom @w,.e to sampla.
Under the microscope the pegmatites show tho aame ¢rar. teristics

a8 the apl®.c, out their grain-size is up to 10 om.

B.~ Trondiijemites,
AL over the rim of the mupeif, dykes of light coloured raus ouv®

acerosi the ‘granitic’ rocks, Thoy are 8 to 20 ft. thick ond oul the

pegmatites nnd tho aplites. However, thoy may in turn be transsected by

Thin busic dykes mey 1180 cut these dykes

(Photo 51, Plate XXVI). However, some of the trondhjomite dykes whioh

have buen emplaced against thick porphyroblustio basioc dykes have
Veinlots of woid material

netwerks of thin aplite veins.

shattored the basie rock in the contaot zona.
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have been injected into the basic rock. Acid aykes are thus younger than

some of the basic dykes.

Modal analyses of thesc rocks ur:z given in table V).

They are scen to be wiiely divergent., These rocks all have in common
a great abundance of sulic minerals (from 80 to 90%) und a very low colour
indox. They are best described by the term TRONDHJEMITE.

LABLE ¥227

Pluag. Mi. Ho. Pt Qz. gp. Sp. Ore
17.5 4.8 - 4.5 I2.2 0,8 0.2 ~/100.0
49.0 5.4 0.6 2.4 8.8 2.1 0.7 1.0/100.0
57.2 7.0 - 5.0 28.2 1.6 - 1,0/100.0

| VIS FS I

Under the microscope, they are seen to consist of porpayroblastic
plagioclase (5 mm.) ocouring in a groundmass of plugioclase {0.I to C.5 mm),
miorocline (I mm.) ond quartz (0.0I to 0.5 mm.), with some biotite, sphena,
spidote und hornblende.

Ango-30

The plugioclases huve compositions ranging from andesine 30—to-—dbm
in the porphyrotlasts which are positively zoned and twinned according
to the albite-Carlsbad law. The plagiocluases in the groundmass have
compnsitions ranging from andesine 337 Angto oligoclase 287 Ange The latter
are corroded by interstitial veins or grains of microcline. Biotite occ.irs

e TR RS U AR T T A TR

in schlieren or in .ggregates und is then associated with epidote, sphene

; 4
ctdE wp ey

and ore. It is strongly chloritized und altered to sphene. Hornblende in
scarce a2nd is slightly altercd to biotite .nd epidote. Quartz occurs in
aggregates of severe’ arystals.
C.~ Conclusions,

Pegmatites and aplites are abindant in the rim of the massif ond most
of these veins have been emplaced in fractures, i.e. when the "granitic" ;

iy ‘ i x-&‘&wm:nﬁ*ﬁ,

massif wos more or less golidifid., This ocou{gnce is due to the fact

that, when thc magma solidified, fluid phases tonded to escape from the

magsif and formed pegmatitic ond, later on,

splitic veins in the fractures " g
Trondhjemite veins are more difficult ;

of the cooler rim of the wassif,

to account for. Thc writer hus noticed a striking similitarity between
"granitic" rocks of ihe rim from a qualitative

+tes of biotite with @epidote, sphene

them znd the contaminated

point of views they t .0 ‘have LIgreg:
1 with the relics of microxenoliths found in

and ore which arc jdentioa
stals of hornblende being

the OOntamiaéd rocks; they 2lso show a fow cry
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