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INTRODUCTION. 

During the British East Greenland expedition 19~5-~6. 

geological studies were made in the coastal and inland 
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regions round Kangerdlugssuaq {Wager 1947). It was :round ·1 

i that the basalts in both the inland and coastal regions, 
1 
I 

with the exception of the higher series of Prinsen af Wales 1 
I 

Bjaerge, had the general parallel arrangement characteristi-c~ 

of Plateau Basal te regions. There the lavas d1splayed a 

new :feature; from a distance they seemed to have been 

tilted,perhaps by laccolithic intrusion, but on close 

examination it was found that overlying the wide-spread 
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horizontal plateau basalt, there occurs a group of lavas ~ 

in which the individual :flows are inclined at 200 to ~0° 

to the horizontal as seen in the mountain sides. The 

term Prinsen af Wales Bjaerge lavas has b·een since 

assigned to these upper series. 

As far as can be ascertained no petrographical 

literature dealing with the Prinsen af Wales Bjaerge 

Lavas has been published, except a brief general 

description by L.R. Wager {1947, p:-. 26). 

The present investigation is mainly concerned with 

the petrography of' these upper inclined aeries, but a · 

brief description of the Plateau Basalts Series in the 

Prinsen af Wales region is also given for comparison. 
luwe, 

These upper inclined series are revealed to Be of special 

-l 
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mineralogical, Chemical and textural features not met 

with in the widespread Plateau Basalts. 

The rock specimens for this study were provided by 

L.R. Wager from a collection made during the British East 

Greenland Expedition (1935-36). li'i ve new chemi cal 

analyses for the Prinsen af Wales Bjaerge lavas were 

made by the author for this paper. 

As a reference map to this work, the geological map 

published by L.R. Wager (1947, Pl. 6) has been repreduced 

as fig 1. 

! .·· 
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FIELD RELATIONS. 

A GEOLOGICAL BETTING. 

The map (fig 1) illustrates the setting of the 

Prinsen af Wales Bjaerge Lavas in relation to the geology 

of the region. The region is in the genera~ for,m of an 

elongated dome whose main axis runs E - W through 

Domkirkbjaerget to the east of Kangerdlugssuaq fjord. 

On the northern flank of this anticlinal structure, th~ 

basalt lavas show a decrease in dip to 2° - 5°. Further 

to the North the lavas are nearly horizontal or lie in a 

shallow syncline running from Seward Nunatakker through 

the upper part of Christian Den IV's Gletscher. On the 

southern flank of the domal structure the dip increases 

from 2° - 3° to high dips as the coast is approached. 

The following account gives a brief survey of the 

rock fonnations in the Kangerdlugssuaq region based on 

published papers by L.R. Wager in 1934, 1935, 1939 and 

1947. In fig. 2 the broad variations in rock types at 

the different localities are illustrated by vertical 

se ctioi:ls. 

The main rock types in the region covered by the map 

are as follows:-

1. Metamorphic Complex. 

- ..... ·.. . . ... . . .... .. -.. ;_ ........ -.... ~· . 



~ 
Ill 
I. 

" ~ • .; 

""" -o 
.,. t'( 

0... .,. 
'7 

,.. 
:t 
~ ... .. ~ ;;... ... 

J"' 
..., 
.s .... 

.:w. :s 
" 0 £ I. 

0 
l.. 

' 
........ ... 
"T1 

.,: 
• 

~ 
I: 

~ 
~ r 1 T i T~ 

~. ( 
..C: (i Li 
~· 

Q:.. ~ 
<i .. .. "" ") .. ~ 

~ .. d 

0"'1 
, 

-d 

u: ql ~ 
:f. " "' "' .. 
l.f"' ~ . s: .. 

"'d -I;;; 
.iJ <I 

'-U .. 
J 

.-1 ~ -' .. ~ 

.~ .., t: 
. ~ 

.; ~ 
t) ' ..J 

.; ... 
1/1 ·" ~ ... 
-' -' • cl 
· ~ v 
~ 0 

" 
...1 

> 



2. Kengerdlugssuaq Sedimentary Series. 

~. Plateau Basalt Series. 

4. Tertiary Plutonic Centres intruded into 

the previous formations. 

5. Coastal Dyke Swar.ms. 

1. The Metamorphic Complex. 

4. 

The oldest for.mation in the region is a Precambrian 

substratum which consists Chiefly of grey acid gneisses. 

Plagioclase Amphibolites enclosed in the gneiss form about 

one-tenth of' the whole complex. Ul trabasi c masses and 

porphyroblastic schists are also present in the gneiss, 

but are of rare occurrence. These rock types present in 

the complex have been interpreted as being of an earlier 

age than the enclosing gneiss. From the study of the 

rock units in the metamorphic complex it would seem to 

indicate that more than one period of magmatic and tectonic 

activity took place during the Precem'brien time. This is 

based on the presence of transgressive sheets of 

plagioclase amphibolite which injected the gneiss and were 

themselves subsequently injected by the gneiss (Wager 1934, 

p.q-Jo) and by the dominance of an easterly direction of 

strike, the result of a Precambrian orogeny. This 

prevailing direction is nearly at right angles to that 
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due to the Caledonian orogeny, in the for-mations to the 

North of Scoresby Sound. 

2. Kan~~qlugss~_§edimentary Series. 

Towards the end. of the Mesozoic era, the land lay 

~oat at sea level. A lirni ted marine transgression of 

Senonian age took place in the form of an ~ stretchi~ 

round and north of Jackobs.on' s Fjord to Isfaldgletscher. 

The sediments in that region contain belemnites. These 

·sediments were laid unconformably over the metamorphic 

complex. Estuarine conditions followed over a large 

area of Middle East Greenland, extending to the West 
. -- . 

about Kangerdlugssuaq and to the N.E. about Nansens 

Fjord. The absence of sediments, and the fact that 

plateau basalts rest directly on the metamorphic complex 

at the Prinsen af Wales Bjaerge, Trnkantnunatakker and 

Hutchinson's plateau would indicate that the sediment-

ation basin did not extend far to the north. On 

Urbjaerget, north of Kangerdlugssuaq, there are no thick 

and constant sedimentary series. In Christian Den IV's 

region, the sediments form the mountains extending for 

60 Kms. from the heed of Rybergs Fjord to Ispaldgletscher. 

These sediments consist of shales, sandstones and 

conglomerates, with occasional cappings of basalt-tuff 

series. Leaf ~pressions ~d fossil fruits are found 

\ 
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in the sandstone. In the conglomerates abundant well-
rou.ndeJ.. 
shaped basalt pebbles were found, which indicate the 

·commencement of the Tertiary volcanic activity elsewhere 

whilst sedtmentation continued in this area • 

Plateau Basalt. 

In early Eocene the sedimentary period over Middle 

East Greenland ended and an intense and wide-spread 

volcanic activity took place by outpouring of the 

plateau basalts. 

'rhe te~ plateau basalt includes both the whole pile 

of basalts and the interbedded tuffs. It is accordingly 

divided into two series (fig. :t) :-

(a) Lower basalts with tuffs and volcanic agglomerates 

and with a thick upper main tuff horizon. 
series of 

(b) An upper uninterruptedAbasalt flow. 

(a) Lower Basalt Series. 

The extent of' the lower series is not great, which 

indicates that basalt extrusion was not always accompanied 

by.an explosive phase. Where they ar~ found, they lie 

confor.mably on the sedimentary series. 

The main occurrences of lavas and tuffs are in the 

country between Kangerdlugssuaq and Mikis Fjord, and 

further east in I.G. Jacobsens fjord • The agglomerates 
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for.ming the base of this series are interbedded with 

basalt and tuffs, occasionally cut out by dolerite and 

gabbro sills. The basalts show spilitic alteration as 

an indication of submarine extrusion, and are followed by 

the upper main tuff horizon. Further to the N. E •. jn 

Rybergs Fjord, the lower series are formed only of the 

main tuffs while the lower basalts tuff's and agglomerates 

are missing. In that region the main tuffs rest on the 

sedimentary series. In Christian Den IV's region the 

lower series are found, but from their general features 

indicate a subaerial formation, as shown by red parti~gs 

of the basalt flows occurring between the thick upper 

and lower tuffs. 

To the N.E., at Nanaens Fjord and to the West at 

Kap Edwards Holm, the lower series are completely missing 

and the upper basalt series rest on the Metamorphic 

complex. The same is also true for Prinsen af Wales 

Bjaerge and Urbjaerget, North of Kangerdlugssuaq. 

(b) Upper Basalt Series. 

The thick main tuffs of the upper horizon, in the 

previous series, represent a definite period of explosive 

igneous activity. Where the upper series rest directly 

on the metamorphic complex, they are consequently of 

later date than the main tuffs. 
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a. 

This wide spread of thick plateau basalts is for.med 

of parallel flows which can be traced in some places over 

ldde areas. The building up of. the flows seems to be 

s~ilar to that shown by ·No,-Nygaard (1942, P.70), which 

briefly shows the flows as being sheets which are 

thinning outwards and with overlapping edges. 

In the inland region and on the northern flank of 

the anticlinal structure, the plateau basalt shows a dip 

of 2° from the horizontal. To the south and as the 

coastal region is approached, the dip increases steadily 

until the high dip of the coastal flexure is reached. 

The thick pile of basalt lavas over the main tuffs 

vary from porphyritic to non-porphyritic varie'&ies. 

From a general comparison of the vertical variation of 

the lavas it seems that the earliest and latest flows are 

commonly non-porphyritic, whilst felspar phyric flows 

occur at intermediate horizons. This variation in 

character seems to be due to a definite time sequence 

of the types. 

Petrographically, the basalts resemble the well­

known Tertiary basalts from the North Atlantic pnovince, 

i.e. the Plateau magma type (Olivine - basalts) and the 

non-porphyritic central type (Tholeiites - Wager 1934, 

P_.34). 
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4. Plutonic Centres. 

There are four plutonic centres to the east and west 

of Kangerdlugssuaq (Wager 1934, P. 37-41) which belong to 

the same igneous cycle as the plateau basalt. 

(1) Kangerdlugssuaq complex to the west of the Fjord. 

This consists of Syenites rffilging from quartz 

to nepheline-bearing types and having gabbroic 

outer borders. 

(2) Kap Edward Holm Complex, south west of the mouth 

of Kangerdlugssuaq, for.med mainly of gabbros, 

penetrated by the quartz syenite masses of Kap 

~i chm~ an~ Kap Boswell. 

(3) Skaergaard intrusion, on the east side of 

Kangerdlugssuaq. This consists mainly of 

gabbros and ferrogabbros (Wager and Deer 1939). 

(4) Liloiae plutonic complex, 150 Kms. east of 

Kangerdlugssuaq. From the n-ature of the 

erratice carried by glaciers to the coast from 

the complex, this seems to be formed mainly of 

Syenites and nepheline Syen:l:tes. 

These four complexes, though belonging to the same 

igneous cycle, were found at different periods. Their 

relative agee had been defined on the basis of two facts:-

(a) 
IS 

The basic intrusion:-' (2) rm,g ~) &;~.@ ~ through by 
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syenitic masses and consequently a later date 
Slljje&fai 

is gi¥eR for the syenitic intrusions (1 and 4). 

(b) The coastal dyke swar.ms cut through the basic 

intrusions in Skaergaard and Kap Edward Holm,. 

but are absent from the syenitic intrusions. 

From their spatial distribution these centrea follow 

the margin of the ~reenland Shield in a N.N.E. direction 

which is the same direction postulated for the exte•nsion 

of the plateau basalts (Wager 1947, P. 29r. The acid 

intrusions mark the close of the main igneous activity 

in Middle East Greenland except for later small dyke 

swarms cutti;ng th~o'Q.gh the K.angerdlugssuaq in.tv.usion. 

5. Byke Swar-ms. 

Along the coast and parallel to its trend dyke swar.ms 

are found. In general their strike is tr~nding E.N.E. -

w. s. w., and they. cut::·through the basalt lavas approx~ 

ately at right angles. . The dominant dykes are doleri tea. 

The dyke swarm is closely related to the coastal flexure 

so that where the flexure is intense the dyke swar.m is-

found to be highly developed following the convex part 

of' the flexure. 

B - PRINSEN .AF WALES BJAERGE LAVAS. 

The Prinsen af' Wales Lavas occur in isolated patches 
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?dth a general N.N.E. tre~d (cf. map, fig. 1). The 

total thickness of the lavas in that region is about 800 

metres, and together with the underlying plateau basalt 

gives a thickness of two kilametres. (fig. ·2). 

Although the extent of the present outcrops is not 

great, it seems that they extended to the south, as large 

blocks of similar lavas have been found in the syenitic 

intrusion to the west of Kangerdlugssuaq Fjord, which 

indicates an older age for the Prinsen af Wales lavas. 

On the other hand, these lavas are not represented in the 

coastal moraine of the glacie,rs draining the inland areas, 

examined between Nansens Fjord and Kap Dalton, so it is 

likely that the series did not exterid ·rar to the e·ast .. 

The N.N.E. trend shown by the lavas outcrops is 

nearly parallel to that taken by the widespread plateau 

basalt in E. Greenland. It is not unlikely that these 

limited areas ·of Prinsen af·Wales lavas had been extruded 

from volcanic vents_probably arranged along the original 

fissures which acted as feeding channels for the plateau 

basalt. The inclined feature displayed by these lavas 

is probably due to their extrusion in a highly viscous 

condition, which would also account for their not 

extending ·far beyond thefr points of extrusion. The 

existence of a former volcanic vent has similarly been 

suggested for the limited rock exposures at Tjaelder 
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Bjaerget {Wager 1947, P.26). 

The Prinsen af Wales lavas were particularly examined 

on the mountains 3 Km. north-west of the point where the 

2° dip arrow is marked, 25 Km. North-north-west of 

Urbjaerget (fig. 1). Porphyritic and non-porphyritic 

varieties are represented in this group of lavas, and, 

moreover, the porphyritic types occur as the uppermost 

series followed by the non-porphyritic types, with 

occasional thin flows of porphyritic varieties. One of 

the thickest lavas was non-porphyritic, a feature which 

has been found to be the reverse of the relation between 

porphyritic and non-porphyritic lavas of the typical 

plateau basalt. 

As the horizontal plateau basalt on which the 

tilted upper series rests overlies directly the older 

metamorphic complex with no sedimentary rocks or tuffs 
se between them, it is considered that the, plateau basalt 

<i.te later than the main tuffs. It seems likely that the 

metemorphic complex stood above sea level during the 

period of sedimentation and volcanic activity, and 

deposited tuffs are assumed to have been washed eastward 

to Christian Den IV's region. 

The plateau basalt in Prinsen af Wales region varies 

from felspar phyric to non-porphyritic.eePi&&. The 

mineralogy and textures of these types {described in the 
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next chapter) closely resemble those described from the 

plateau basalt of other regions in Middle East Greenland. 

c TECTONICS. 

The tectonics in Middle East Greenland seem to be of 

the simplest,. end the events can be summarised as follows:-: 

(1) Early Crustal up warping with concommitant 

denudation, as shown by the high grade of the 

exposed metemorphic complex. 

( 2) The outpouring of the plateau basalt is taken to 

indicate a relief of crustal tension. This 

extrusion of basalt is accompanied by sli·ght 
.. 

. flexuring due to differential sinking of the 

acowrnulated lavas. 

(3) During the middle or upper Eocene period and after 

the formation of the plateau basalt, a major 

epeirogenic movement took place associated 

with coastal flexuring, with dyke swarms where 

the flexure is intense. The coastal flexure 

marks the junction of the differential epeiro-

genic movement which gave rise to the coastal 

mountain belt and the Denmark Strait·· :.. As a 

result of this continual tension repeated 

fracturing was produced, following the convex 
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part of the flexure which is now indicated 

by the dyke swarm. 

Possible later up-warping of the edge of the 

uplifted area as a result of isostatic 

adjustments to erosion and to the development 

of the ice cap • 

...... · 
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I I PETROGRAPHY. 

~ - NOTES ON THE METHODS USED. 

1 Laboratory methods. 

The refractive indices were determined by means of 

standardised immersion liquids. In the case of 

porphyritic roCks fragments of the phenocrysts were 

directly obtained. from the band specimen. The ground-

mass felspar was determined by preparing an uncovered 

slide of suitable thiCkness and the desired grains were· 

piCked, washed with methylated spirit and treated with 

inune·rsion liquids. This last method was only ·used for 

porphyritic rocks of reasonable coarseness. In the 

nonporph;yritic roCks.a sieved rock powder was used., a 

separation into heavy and light fractions being made by 

bromoform. The light fraction was used for the felspar 

.. -·· ..... 

and the heavy for the ferromagnesian minerals. The 

probable accuracy of these determinations is about .:!: .003. · 

1~e optic axial angles for.the olivine and the· 

pyroxene were determined on the universal stage. Not 

less than two determinations ·for each mineral were made 

in every slide and the average value was used. The 

b 1 i b t -+ 20. pro ab e accuracy s a ou The extinction angles 

for the olir:ropyroxene were also determined on the universal 

stage by the Conrad Burri method (Haff 1941). 
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The mineral composition ( vol.u.rn8- %) for most of the 

rocks was determined on the Dollar's integrating stage. 

The lengths of the traverses in the case of the porphy~ 

itic rocks were about 100 times the average lengths of the 

phenocrysts. The specific gravities of the rocks 

analysed were determined with the aid of a Walker 

Steelyard balance. 

2 Determineti ve diagrams use.d f'or the mineral 

composition. 

The composition of the plagioclase felspar was 

determined from Tsuboi 's diagr·am for the refractive 

indices Ng' ~d Np' (Winchell 1927). The nomenclature 

followed is that suggested by Deer and Wager (1939, P.25). 

In case of the pyroxene, the triangular di.egram 

for 2V and i constructed by Deer end Wager {1938, P.20) 

was used. The diagram was found to be more reliable 

than the diagram constructed by Tomita and based on 

extinction angles. As 1' was the refractive index 

usually obtained on cleavage plates an mnount of .004 

was added to the values ofY' to obtain the actual Y 
{Tomita 1934, P.47). 

The composition of the olivine was deter.mined from 

the optic axial angle using the curve constructed by 

DeeT and Wager {1939, P.21). 
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B - PLATEAU BASALT. 

The plateau basalt in Prinsen af Wales region was 

briefly studied in order to provide a general petrograph­

ical comparison with the upper inclined lavas. 

The various types had been grouped according to 

mineralogical and textural characteristics. In the 

first place the presence or absence of olivine was 

considered to be of classificatory i:rr,tportence, and thus 

two major groups were established, i.e. olivine be.sal ts 

and olivine free or olivine poor basalts. These two 

groups were fUrther subdivided according to.their 

porphyritic or non-porphyritic nature. In the porphyr-

it"i c. types -pl"B.gioclase felspar is the main phenocrysti c 

constituent. 

(1) Olivine Basalt. 

The basalts under this heading contain about eight 

volume - per cent. olivine. They have been divided into 

two groups based on textural features, onew.ith 

porphyritic plagioclase and the other is non-porphyr-

i tic. With the exception of ~ few specimens, the 

olivine is completely pseudomorphed by chloritic material. 

The optical data for the constituent minerals are 

determined in the slides 2206 and 2208, which are 

'..i 
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considered to be representatives of the corresponding 

groups, the porphyritic olivine basalt and the aphyric 

olivine basalts respectively. 

(a) Plagioclase- Phyric Olivine Basalt. 

Megascop1cally, the rocks contain large glomera­

porphyritic groups of plagioclase, of yellowish-white 

colour. These are scattered in a fine even-grained 

groundmass of grey to dark grey aspect. 

The following specimens are classed as belonging 

to this group:-

2203, 2206 

2250 

Lava flows, Urb.jaerget. 

Lava flow 60' thick, half-way up to the 

top on Fredericksborg Nunataker. 

Owing to the essential similarity of all the 

specimens a general account of the main characteristics 

will be given. 

The plagiocl~se phenocrysts form large solitary 

crystals or glomeroporphyritic accmnulations, the 

largest individual crystal attaining 3 mm. in length. 

Inclusions of iron ore and olivine or its pseudomorphs 

are commonly seen in the plagioclase. The latter when 

appearing are restricted to the peripheral parts. 

Albite, Carlsbad and pericline twinning are co~non. 

As deterrnined by the immersion liquid method, the 
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plagioclase shows a composition of 66 - 68% anorthite, 

i.e. a basic labradorite. Olivine is represented 

mainly by pseudomorphs of brown iddingsitic material, 

which sometimes retain the original crystal ror.m. 

The clinopyroxene occurs as microporphyritic crystals,: 

and in subordinate amounts to the plagiocla~e and the 

olivine. The grain size is serial, and grades into that 

of the groundmass. It is generally of brownish tinge. 

The following optical data were obtained for the pyroxene:-. 

2'Y .. 50° · c/1 = 38, sutjtJiiitj Wo En Fs"' 
34 52 14 

In the groundmass, the plagioclase occurs as small 

laths of • 2 mm. leng~h, of di vergE;mt orientation. 

Twinning is mainly on the albite and carlsbad lawso 

According to maximwn symmetrical extinct;ion angle, the 

plagioclase is labradorite of 55% An. The pyroxene 

appears in the interstices between the plagioclase laths 

as small grains of rather irregular·outline. It has 

the same brownish tinge as that of the porphyritic 

crystals. Its relation to the plagioclase is geri.~rally 

subdoleritic (Krokstrom 1932, P. 199) as the plagioclase 

laths are not affected by the pyroxene. 

Iron ores are abundant, occurring as large lumps and 

fine grains and indicating an earlier as well as later 

period of crystallisation. 

Abundant brownish chloritic material is distributed 

0 See fr..Jf .JII-. 
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in the groundmass. 

According to micrometric me.asurements (Dollar stage) 

the mineral composition is as follows: (vol. - %) 

l Phenocrysts 24% 
Plagioclase 

Groundmass 25 

Olivine Phenocrysts 7 

~ Phenocrysts 3 
Pyroxene 

Groundrnas s 27 

Iron Ore 6 

Ohlor~tic material and glass 8 

(b) Aphyric Olivine Basalt. 

This group is represented by the following specimens:-

2190 Prinsen af Wales Bjae.rge, at 2° dip arrow ( cf. map) 

2204 II II II II II II II " II 

2205 Ur.ojrer get 

2208 II 

2247 Frederiksborg Nunataker. 

2246 II II 

Megoscopically the rocks are of dark grey colour, 

and fi.ne grained texture. 

In this section, the rmin constituents are found to 

be in order of abundance: Plagioclase, pyroxene, 

olivine and iron ores. Chlorite occurs as a secondary 

product mostly after olivine. Interstitial glass 

n 



21. 

occurs in variable amounts. Apatite is almost 

completely absent. 

Plagioclase occurs in laths of divergent orient-

ation, and with idiomorphic outlines. They may attain 

a length of .5 mm., but on the average are about .2 mm. 

Twinning is mainly on albite and carlsbad laws. The 

anorthite content is 64% (immersion liquid method). 

Clinopyroxene is of a brownish grey hue, and occurs as 

irregular grains enclosing grains and rods of iron ores. 

In coarse grained rocks, the pyroxene shows an ophitic 

tendency towards the plagioclase. In fine textured 

types the pyroxene is in fine grains occurring inter-
. . . 

stitially between the felspar laths in subdoleritic 

relationship. Tvdnning is seen in a few cases, parallel 

to (100). The following optical determinations were 

made for the pyroxene: 

2V'i = ch' 
J'' 

= 

= 

42 Wo En Fe 

1.701 (.:!: .003) 
32 50 18 

consequently the pyroxene belongs to the diopsidic series 

and not pigeonitic. Moreover, it does not differ 

greatly in composition from the pyroxene of the felspar­

phyric olivine basalts. 

Olivine·occurs as microporphyritic crystals in 

different stages of alteration. The crystals are 

generally rounded in outline and rarely show idiomorphic 
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forms. Several shades of colours are shown by the 

chloritic material which pseudomorphed the olivine. 

The common tYPe is the brown iddingsi te which may 
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c~mpletely replace the olivine. Lemon yellow and deep 

green Chlorites are also met with, replacing the olivine. 

The fresh olivine is generally colourless. It has an 

optic axial angle {2V~) of 89° (Fedorow stage), 

indicating a f'ayalite content of' 15%. 

Tne mineral composition was determined ott the 

Dollar integrating stage, and gave the following volumes:­

(Vol ..... %) 

Plagioclase 37% 

Pyroxene 38 

Olivine 8 

Iron ores 4 

Chlorite and glass 13 

(2) Basalts (with subordinate olivine}. 

This group comprises those basalts with a 

subordinate or negligible olivine content. The olivine 

has not been found fresh in any of the specimens studied, 

but its original presence. is shown by its pseudomorphs. 

As in the previous group, two types have been recognised, 

based on textural features, viz. plagioclase phyric 

basalt and aphyri c be. salts. 

~ 
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among the second types are included tholeiitic basalts. 

(a) Plagioclase Phyric Basalt. 

This group or lavas is represented by the following 

ape cimens:-

2201 Urbjaerget lava blocks 400 feet above lowest 

flow. 

2213 Nn. Nunataks, N.W. of Camp (cf. map), highest 

lava 

2236 Nn. 1-Junataks, N.N.E. of Camp ( cf. map), 

lowest flow; 60 ft. thick and vesicular 

throughout. 

Megaecopically the rocks are distinctly porphyritic 

with large glomeroporphyritic accumulations of yellowish­

white plagioclase crystals embedded in a fine-grained and 

grey-coloured grgundmass. Vesicles are usually met with, 

filled with dar·k·:·green chlori_tic material and zeolites. 

The vesicl-es are generally small., about 2 mm. diameter. 

In thin section, the main constituents are:­

Plagioclase occurs in large tubular crystals which may 

attain 4 mm. in length. Inclusions of pyroxene and 

iron ores are commonly seen along cracks and cleavage 

·planes. In most cases the crystals show an idi·omorphic 

habit against the surrounding groundmass. According to 

maximum extinction angle and immersion liquid method, 

.... -... -·-·· ~- ~ ...• -· -~--. ,,._, .............. _,._ .. _.~•-'-""'·'•~"····: .-J;- .... o--.---- .. ···-~:-~····'·. -·· -- '-•· • . .-·-•···· · •. 
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the anorthite content of the plagioclase is 60-65,%, 

i.e. calcic labradorite. ZOning is not conspicuously 

developed, only in a few eases is it seen as either 

patchy extinction or fine multiple zones of the 

discontinuous type. 

The size of the plagioclase phenocrysts shows a 

gradual transition into that of the groundmass. The 

average size in the latter is about .2 mm. The plagio-

clase occurs as thin laths of divergent orientation. 

The composition is found to be nearly the same as that 

of the phenocrysts. 

Pyroxene occurs as fine granular crystals between 

the pl-agic:H~l"ase laths, in a ·subdole·r·i tic relationship. 

It is of brownish tinge and irregular outlines. The 

extinction angle c~ is about ~9° - 42°. The optic 

axial angle is about 45°, as estimated 'tram the curvature 

of the isogyre in an optic axis figure. 

Olivine pseudomorphs are mainly composed of chloritic _ 

mate1 .. ial of brown and dark green varieties. 

Iron ores are abundant as grains and elongated thin 

laths. Ill-defined brownish ch.lori ti·c material, other 

than the olivine pseudomorphs is abundant as interstitial 

infilling between the other constituents. Interstitial 

brown glass is fairly abundant, and in many cases is 

accompanied by chlorite material enclosing abundant iron 
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ore dust and Skeletal rods. 

The mineral composition as determined by micrometric 

measurement is as ~ollows: (Vol. - %) 

Phenocrysts 
Plagioclase 

Groundmass 

Olivine pseudomorphs 

Pyroxene (Groundmass) 

Iron ore 

Chlorite and glass 

(b) Aph~ic Basalt. 

18 

27 

2 

:31 

7 

15 

The ~ollowing spec~ens have been classed as 

belon·ging to thi-s group-:-

2197 Urbjaerget, lowest lava, 30' thiCk. 

2198 

2199 

2200 

2202 

2203 

2207 

II 

It 

" 
" 
" 
It 

a second flow upward from 2197 

100 1 above 2197 

200' above 2197 

Top ~low. 

second flow downwards next to 2202. 

sixth lava downwards from 2202. 

2211 Nn. Nunataks, 2i miles N.W. of Camp (cf. map) 

20' thiCk and with platy jointing parallel 

to flow. 

2214 As 2211, but at higher horizon. 

' ,:: 

·'. 
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2234 N.N.E. of Camp in Nn. Nunataks, highest flow 

of the horizontal plateau basalt. 

2235 As 2234, but below it. 

2248 South-most of the Frederiksborg Nunataks. 

These rocks, megascopically, are all of a greyish 

dark colour; their grain is generally fine; the 

vesicles vary in abundance. In some specimens the 

vesicles are very abundant and their outlines are generally ~ 

marked by dark bluish-green chloritic material along the 

borders. ~eolites, calcite and chalcedony are the common 

materials filling these cavities. 

In thin section, the main minerals are found to be 

iil order of abundance: pl agio c1 ase, pyroxene ana- i-ron 

ores. In general a~pect, these non-porphyritic rocks 

are quite similar to the groundmass of the felspar phyric 

basalts both mineralogically and texturally. 

The plagioclase as a rule is perfectly fresh, and 

occu-~s in l-aths of' • 2 mm length • Same laths may attain 

• a mm. length, thus showing a microporphyritic tendency. 

These types may be consid.ered as transi tiona to the 

typically porphyritic group (a). The average composition 

of the plagioclase according to maximum extinction angle 

is about 55% An. The clinopyroxene occurs as irregular 

crystals of faint brownish colour, and of a grain size 

of the same magnitude as the plagioclase. The texture 
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varies; in certain cases the pyroxene - plagioclase 

relationship approaches ophitic texture, while in other 

cases it is eubdoleritic (Kroketr8m 1923, P. 199). 

Both relations may occur side by side in the same slide. 

The extinction·angle c/~ for the pyroxene is about 
0 0 38 - 41 • 

Iron ores are abundant as irregular grains and 

lobed indiv~duals. Sometimes the plagioclase lathe 

protrude into the grains of ore, which also may contain 

pyroxene grains. 

Abundant chlori tic material is distributed inter-

etitially between other constituents as well as lining 

vesicles filled with green aDnost isotropic glass. 

The following mineral composition was determined 

by micrametric measurements on Dollar's integrating 

stage (Vol. - %) :-
P!lagioclase f'elspar 46%: 

Pyroxene 30 

Olivine a 
Iron ores 10 

Chloritic glass 11 

Sample 2201 belongs to this group, but with abundant 

secondary material consisting mainly of zeolites which 

occur as infillings of' cavities. 

Compared with the rocks of this group, No. 2207 has 

•! 

-~ 

I 
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a high content of glass and vesicles. The glass is of 

brownish colour and encloses abundant iron ore duets and 

fine rods. This feature is quite similar to the ground-

mass of the plagioclase phyric rock No. 2201, which occurs 

in the same locality but at lower level. The vesicles 

are ve~icular in ·fo~ and are lined with fibrous deep 

green chlori tic material with an outer thin band of light 

yellow chlorite. The central part of the vesicles is 

tilled with ~sotropic analcite. 

This rock shows a close similarity to an analysed 

tholeiitic basalt (E.G. 1057) described from Kap Dalton 

(Wager 1935, P. 15). The mineral composition for both 

ro-cks. (micrometri.c measur.ement), is given belo.w .for. 

comparison (Vol. - %) :-

E.G. 2207 E.·G. 105fl 

Plagioclase 40% 35% 
Pyroxene 29 29 

Iron Ore 5 7 

Glass 15 

~ 29 
Chlorite 11 

Zeolites. 

Apart from the zeoli tee filling the ernygdales in 

some of the described basalt flows, beautiful spec~ens 

have been collected from several localities. In these 
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spectmens the zeolites occur in most cases as idiomorphic 

crystals so that identirication or the various members by 

crystal for.m was quite possible in handspecimen. 

The zeolites are represented by the following 

ape cimens:-

2251 Chabasite and heulandite; most southerly of 

the Frederiksborg Nunataks. They occur in 

most or the lava flows. 

2256 Chabasite; from two porphyritic basalts (2245 

2295) on Christian IV. 

by thomsonite. 

It is accompanied 

2264 Chabasi te; N •. E. Nunatak or Frederiksborg group. 

2265 Stilbite; same locallty as 22.64; top eiurt-ace 

Chabasite 

of a flow. 

for.ms bright well-developed rhombs. Twinned 

crystals are connnon. The crystals range in 

size rrom about 1 an. to 3 mm. R.I.(n) 

between 1.483- 1.489 ~.002). It may be 

associated with heulandite and thomsonite. 

Heulandite occurs in idiomorphic elongated crystals, 

\"lith lustrous and bright faces. The 

crystals may att·ai:n a maximum of 3 rmn. length. 

R.I.(n) is between 1.494 and 1.498 (t'.003). 

When associated with thamsonite, the latter 

'j 
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Stilbite 

Thomsonite 

' .• . • .... ": ... _.I~, . . -- ~ · .. 

~pears as swel]ings with pitted surface, 

with a radiating arrangement in cross section. 

is found as white radiating crystals. Large 

crystals or groups of small crystals of 

calcite are commonly found in the centre of 

the radiating stilbite. 

usually accompanies the Chabasite and 

h~ulandi te. It has a botryoidal form and 

a greenish or brownish white colour. 

R.I.(n)is between 1.494 and 1.501. 
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Q - PRINSEN AF WALES BJAERGE LAVAS. 

In the following petrographical description, 

subdivision has been made in to two minor are as, namely 

the Nil. Nunataks and the Til ted Mountain (fig. ~). 

This subdivision is thought to be convenient as the two 

localities are separated by a wide strip of land, and 

also they show some petrographical differences. The 

Nn. Nunataks lavas will be described first as they are 

represented by more specimens and show a greater 

petrographical variation. 

Northern Nunataks. 

In the -followin-g. petr-ographical des.crip.tion, the 

roCks were classed into two major groups based on textural 

features, i.e. porphyritic and non-porphyritic groups. 

1 - PORPHYRITIC GROUP. 

The rocks of this group are all conspicuously 

porphyritic and the phenocrysts can be easily detected by 

the naked eye. In classi:f'ying this group it has been 

found appropriate to use the occurring dominant type of 

phenocrysts as basis for this classification. The first 

.•i, 

group {a) is Characterised by abundant olivine phenocrysts.i 

In the second group (b) the pyroxene forms the main 

phenocrysts. In these two groups (a and b) plagioclase 

; 
j 
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felspar is not present among the phenocrysts. For the 

third group (c) the appearance of the plagioclase is thus 

Characteristic and is accompanied by subordinate amounts 

of olivine and pyroxene. 

The characteristic features of these various types 

are summarised in the accampanying table22, and their 

vertical order of succession is diagrBmmatically 

represented in fig. 4. 

{1) POP~HYRITIC GROUP. 

(a) Oiivine-rich Oligoclase Basalts. 

This group is represented by a single sample, 

E.G. 2215, of a top flow on a subsidiary summit N.W. of 

the locality of the other lavas (see fig. 3). 

Megascopically the roCk is dark grey in colour with 

abundant yellow porphyritic crystals of olivine 4 mm. in 

character, except for rare pyroxene no other phenocrysts 

are seen with the olivine. The phenocrysts are embedded 

in a dense aphanitic groundmassa The weathered surface 

is covered by a thin lustrous serpentinous skin of 

yellowish green colour. This surface shows olivine 

phenocrysts coated with brownish alteration products 

and empty cavities due to their removal. 

In thin section, the phenocrysts are seen to be fo~ed 

mainly of olivine with subordinate pyroxene and iron ore. 

The groundmass is made for the greater part of pyroxene 
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Rock types of the Prinsen af Wales Bjaerge lavas 
( M~j"~Ji.~lUtl\ "'J 5) 

2215 

2216 

2228 

2225 

2226 

Oliv1ne rich oligoclase basalt. The groundmass 
is dominated with pyroxene prisms. Felspar 
is interstetial, white patches and becomes 
coarser near the porphyritic constituents. (Pn). 

Pyroxene phyric andesine basalt (normal 
development). Rock shows pyroxene, olivine 
and iron ore phenocrysts in a fine grained 
groundmass rich in iron ore. The white 
interstetial areas are composed of felspar 
and fine grains of pyroxene. (P43). 

Pyroxene phyric andesine basalt (glassy 
development). The groundmass is formed 
mainly of glass (white) with microlites of 
pyroxene o ( P57). 

Ahdesine phyric andesine basalt. The miner­
als present are phenocrysts of: andesine 
(middle of the field), olivine (upper part), 
pyroxene and iron ore, in a groundmass of 
p-1-a-gio-ci-as·e-and-pyroxene-o -(P7l): 

Andesine basalt. The field shows chlorite 
pseudomorphs after olivine, rounded grains 
of pyroxene and iron ore. The white area 
is of low double refracting felspar. (P&2.). 

2227 Mugeari tic basalt. The cons-tituent miner­
als are the same·as the previous rock, 
but the rock differs in being of trachytic 
texture. (P&7). 
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and interstitial :f'elspar (Fig. 5 and Pl. I, Fig. 1). 
I 

·; 

The mineral composition was determined on the Dollar's:: 

integrating stage and the following results were obtained 

(Vol. - %) :-

Phenocrysts 36~ 

Olivine 

pyroxene 

Iron Ore 

29 

Pyroxene (few olivine) 56 

Groundmass 
Leucocratie minerals 

(~elsp$r analcLme 
apati.te) 

Iron Ore 

21 

9 

The olivine phenocrysts occur a~s fresh well-shaped 

crys t·aJ:s,. Al terat'ion is -onl.y seen- along borders and· 

craCks where brownish green Chloritic material is 

developed. Cleavage parallel to (010) is distinct. 

The following optical properties were determined :f'or the 

olivine:·-

.. 

.-. 

~ 
.: 

2VOCJ = 88 (!· 1) 
;· 

( Fedorov1 stage) , 

~· 1.704 (~ .004) (Immersion liquid method) .l 
These values correspond to a: fayali te content of' 17%. 

The pyroxene phenocrysts occur as prismatic crystals 

up to a maximum of 4 mm. in length.. It is of brownish 

colour with a purplish tinge and feeble plechroism 

(X brownish green = Z < Y slightly darker brownish. 

tinge). Inclusions of rounded crystals of olivine and 
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and iron ore are commonly seen in the »yroxene. Twinning 

is somettmea encountered parailel to (100). Z-oning is 

somet~es seen as irregular undulous extinction. When 

it is regularly developed, the following optical data for 

the centre and margin were obtained:-
.. 

Centre 2V1 .. 56 Margin 2Vr 54. ( Fedorow stage). 

The average composition of the pyroxene was derived 

by optical measurements for 2V and c/r in fairly 

homogenous crystals and the results are given below: 

= 59° c/.; 44° ± 10 

54° (small cry;:§. ted) 
(Fedorow stage) 

Average 2V 57° ch = 44° 

According to Tomita '-a detel'lllinative diagram these 
\LL 

volumes correspond to a composition of Wo En Fs 
45 30 25 

Although these deter.minative diagrams, as well as 

others concerned with pyroxenes, deal mainly with pyroxene 

series free from the R.O. group whiCh the present pyroxene 
2 3 

may vrell contain, it is worth using these diagrams to 

determine the approximate composition. According to 

Winchell! (1935) the presence of Ia. 0 would tend to 
2 3 

increase the extinction angle by 3°- 5°, so the change 

in composition will be along a line parallel to the 

Mg Si0; - Fe SiO• side of the triangle. According to 
3 3 

thi~ displacement the Oa BiG will be very slightly 
3 

affected, while the Mg Si~J. 
3 

• • Fe Sio. will show a 
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marked variation. 

In the groundmaes, pyroxene occurs as fine prismoids 

and rounded grains varying from .04 - .02 mrn. in diameter. 

They form the dominant cons·ti tuents among which in tel'-

sti tial felspar occurs. The felspar occurs as 

interloCking grains rarely twinned and accompanied by 

analcime in some cases. Near srnne of the porphyritic 

crystals, the felspar is seen to develop into laths 

• 2 mm. in length with irr.egul ar twir..ning. 

syll'Jmetri.cal extinction angle showed that their 

composition is around a value of :30% An. 

Iron ore is abundant. Magnetite is the dominant 

ore,· ·present as small -grai-ns and actahedra. It has -a 

wide range in size and seems to belo:il:S.~Ito both early and 

late periods of crystallisation. SUbordinate amaunts 

of skeletal rods, prabably ilmenite are also present. 

Haematite occurs rarely as reddish bro'vn flakes, 

.From ·the micros.oopic study of the mutual relation-

ships of the mineral components, the order of 

crystallisation seems to be as follows: 

Olivine, iron·ore, RYroxene and felspars. 
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Chemical Analysis. 

The rock No. 2215 was subjected to a Chemical 

anaJ.ysis and the results are given in table t. 

Table t. Analy;sis 1. 

36 

Olivine-rich Olisoclase Basalt. SPe oimen 2215. 

' r.· ,, 
f 

F 
~-- --- -·· - .. -

S10o 
2 

Al 0• 
2 3 

Fe 0! 
2 3 

FeO' 

MgO 

CaO 

Na 01 

2 
K 01 

2 
H (). 

2 
H o-
_2 
TiO; 

2 
p ()_. 

2 6 
Mn0; 

B. G. 

IV • • 

Weis!!t ~.-

43.26 

5.88 

3.66 

11.66 

1!7.86 

8.96 

1-.7-3 

1.16 

1.41 

0 .• 20 

3.56 

0.64 

0.22 

100.19 

3.20 

2 : 3 • • 2 

Norm. 

or. 6.84 

a b. 12.00 

an. 4.81 

np. 1.42 

di 28.26 

Oa---Si-0, 14.78 
3 

Mg s1o~ 10.43 
3 

Fe BiOi 3.05 
3 

ol. 31.35 

2 MgO- BiQ, 23.70 
2 

2 Feo, ~o 7.65 
2 

Mt. 5.31 

11. 6.73 

Ap. 1.51 

• • 2 ( Uvaldose) 

Sal 25.07 

Fem 73.16 

1.41 

99-.64 

-, -



. . •• : ,· ' • ; ; ·, • • .• ' . • • .. •• .. • : •• -. • ·' . ,_. .• • ~. • •• ·. ':. . 1 . • . - • 

Nigg11 Val~. 

si 79 P1ag. Ab An 
71 29 

al 6 ti 4.9 
Di Wo En Fs 

:On 72 mg 0.68 52 :37 11 

c 18 k 0.:30 01 Fo Fa 
76 2:4• 

alk 4 P· 0.55 

i' 
I 

'· f 

t 
! 

~ . ; 
' 
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~ .... Table .z. Comp ar;l som. 

A 1 g A ! 5 -
SiO; 4:3.26 45.20 46.57 47.19 48.48 4:3.27 

2 
Al Q. 5.88 6.60 7.81 10.95 8.47 7. 54 

2 :3 
Fe o. :3.66 5.:36 2.40 :3.:31 2.72 2.22 

2 :3 
Fe01 11.66 8.01 8.91 10.21 8.66 6.18 

MgO· 17.86 18.14 19.74 10.52 11 .• 82 17.65 

CaO 8.96 8.02 10.65 9.7:3 10.56 1:3.72 
i 

1.7:3 1.29 [· Na· o. 1.70 4.69 :3.15 1.26 
t 2 r 

K 0· 1.16 1.71 0.:33 0.93 0.54 1.14 
2 

H 0 + 1.41 0.65 0.11 0.17 11.9 0.38 
2 

-H-0- 0.-20 0.56· 0.09 0.07. 0.24 0.22 
2 

TiO 3.55 4.50 1.67 2.27 3.77 1.25 
2 

p 0 0.64 0.34 0.34 0.55 0.:3:3 0.:38 
2 5 

MnO 0.22 0.19 0.13 0.'16 0.11 n.d. 

100.19 100•57 100.45 100.75 10.0.04 95.21 

Sp. G. 3.20 3.164 .2. 881 

Norm. -
Or. 6.84 10.01 1.67 5.56 3.34 
A b. 12.00 11.00 14.15 19.91 20.96 
~- 4.81 7.23 12.79 6.12 7.23 
Np .. 1.42 10.79 3.12 
Di. 28.26 21.92 30.26 30.96 41.14 
Hy. 7.89 00.40 
on.. 31.35 21.92 34.14 17.29 12.66 
Mt. 5.31 7.89 3.48 8.87 3~94 
11. 6.73 7.:30 3.19 4.26 7.14 
A'p. 1.51 0.67 0.67 1.:34 0.67 

( .... 



I 
i 

I. 
1-, ·.J,. ·~ 

.. ' --.-:: ~· .-·· 

:39/ 

A. Olivine rich oligoclase basalt (No. 2215). 

Iv. 2. 3. 2. 2. 

1. Pieri te basalt IV. g~ 3. 22 flow. Hawaii (Washington 

and Keyes 1926, P. 347). Anal. Washington. 

2. Picrite basalt, IV. 1. 3. 22. Mauna Kea, Hawaii 

(Washington 1923, P. 500). Anal. washington. 

3. Chrysophyric oligoclase basalt III. 6. 2. 5. Moun a 

Kea, Hawaii (Washington 1923, P. 500). 

Washington. 

Anal. 

4. Olivine oligoclase ba·sal t (III). IV. 2". 2. 2. 2. 

5. 

Mo~a Loa, Hawaii (Wash-ington 1923, P. 115- 116). 

Anal. Washington. 

Ankar~ite, Ankaramy, Madagaskar (Quoted :from 

Troger 1935, P. 177- 178). 

The rock is characterised by low content of silica 

and al urnini um. Magnesia content is high and is in 

accordan-ce with the modal composition as shown by 

abundant olivine and pyroxene. The titaniun dioxide is 

fairly high and it probably exists :for the major part as 

ilmenite and partly in the pyroxene as indicated by its 

purplish tinge. The low aluminium content corresponds 

well with the modal percentaKe of the :felspar which is 

dominantly oligocl:-ase and forms 10% - 15% of' the whole 

rack. 
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When attempting to class:if'y this rock certain 

difficulties are encountered. No analysis is found in 

Washington's tables (1917) under the same subrang that 

can be said to ahow satisfactory agreement. The near-eat 

approaCh to the present rock is in the picrite basalts 

and olivine oligoclase basalts from the Hawaiian Islands 

described by Washington (192~, P. 498). The texm pi cri te 

basalt has been used for olivine-riCh rooks with subordinate 

felspar, 37.6%- 12.5% relative to femic constituents 

(Cross 1915, Holmes 1916, Washington 192~). washington 

in his study on the Hawaiian lavas (1923) recognised 

another group related to the picrite basalt which he 

As in 

the picrite basalts, this group ~a characterised by 

abundant olivine phenocrysts but differs in having the 

salic and fernie minerals in about equal amounts. Moreover, 

the modal and normative pl·agioc1ase in the chrysophyric 

oligoclase basalt ranges from oligoclase andesine to 

andesine, while in the picrite basalt it is always 

labradorite. 

The picrite basalts (Columns 1 and 2, Table I) have 

a general Chemical similarity to the Greenland rock, but 

differ in detail. 

The chrysophyric oligoclase basalt, columns 3 and 4, 

are comparable in many respects to the present rocks • 
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Both modal and no~ative plagioclase is the same, being 

oligoclase. The petrographical description as given by 

Washington for these roCks also agrees well with the 

microscopic date for the Greenland roCks. 

The rock is also chemically comparable to the 

e.n-k:·a;r·eini te (Col. 8) described by La-croix (1923, P.48-50). 

The comparison is further elucidated by comparing Niggli 

values for both roCks (Niggli values for the ankarmnite 

are calculated by T~ger 1935, P.l78):-

E.G. 2215 Ankaramite (Col. 8). 

si 79 80 

al 6 8.5 

:f'rll 72 61 

c 18 27 

alk 4 3.5 

k 0.30 0.37 

Mg 0.68 0~;79 

In both rocks the grounamass is dominated by pyroxene 

while the felspar is subordinate. The ankaramite 

differs, however, in having labradorite in the groundmass 

and the phenocrysts are mainly of pyroxene and less 

olivine. 

In view of the above considerations, it is found 

convenient to designate the present roCk by the term 

olivine oligoclase basalt, as the chemical and modal 
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di:ffere.nces are sufficiently great to distinguish it 

from picrite basalts. 

(b) Pyroxene ghyri.c Andesine Basalt. 

The following spectmens have been classed as 

belonging to this group:-

(1) No~al development (crystalline groundmase):-

2216 Nn. Nunataks, highest flow on a subsidiary summit, 

200 yds. S.E. of 2215. 

2217 Lava flow below 2216 

221.8 

2219 

2220 

2221 

22~0 

II 

" 
" 
" 
.tl 

II 

" 
n 

" 
" 

II 2217 

II 2218 
,, 2219 

It 2220 
~.t,., I· 

·A,el.ow~ ·flO\\'. n · thes locality wboee 
'tests on .t1.31 w.4iwt 

above lavas eeeaP. ft rests on the plateau 

basal t~eries. 

( ii) Glassy ··development (glassy ..s.roundmass) :-

the 

2228 Nn. Nunatake, thin flow among the nonporphyritic 

fl·ow. Same locality as the above. 

2209 From a hill, West ell-~ where the other lavas occur. 

W1th the exception of the flow represented by the 

sample. 2209, the lavas belonging to this group are 

closely associated in the field, for.ming for the greater 
of 11ie. 

partlsuccessive series of flows. 
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Normal Development. 

The raCks are generally porphyritic, with megapheno­

crysts of pyroxene as well shaped crystals in some cases. 

The pyroxenes are the most common phenocrysts, 4 mm. in 

average lengtn, although in some rocks they may attain 

15 rmn. Olivine occurs rarely as brown glassy-looking 

crystals. The groundmass is dark grey and aphanitic. 

The grain size may, however, vary, probably indicating 

different rates of cooling. A few vesicles are present, 

filled with zeolite material and calcite in some cases. 

In some of the specimens, flow texture is noticed and 

shows itself megascopically by the parallel arrangement 

of the pyroxene phenocryste .. -

In thin section, the main phenocrysts are found to be 

in·order of abundance:- pyroxene, iron ore and olivine. 

These are embedded in a fine-grained groundmass for.med 

of felspar, pyroxene, iron ore, apatite, analcime, 

zeolite, chlorite and glass (Fig. 5, and Pl. 1, Fig. 2.). 

In Table 3· the mineral composition of the ro eke 

belonging to this group is given, as deter.mined by 

micrometric measurements on Dollar's integrating stage, 

(Vol.-%) 
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Table '3,. Mi crometric AnBlysea. 

Phenocrysts Groundmaaa. 
S:peci- Leu co- -K 
~ens. l?yrox- Oliv- Iron Total cratic Fe-Mg Iron Total 

ene ine Ore Min.• Mine. are 

2216 2:3 5 5 ·33% 29 4 34 

2217 14 8 5 27 38 8 27 

2218 15 6 3 24 - - .... 

2219 24 8 8 40 3:3 18 9 

2220 19 9 5 33 44 4 19 

2221 31 6 3 40 38 19 . .- 3 

2230 s 5 2 12. 46 2-:Z 14 

• -Leu·co·cratic-minerals include: Felapara, analcime 

and apatite. 

67% 

7:3 

76 ¢ 

60 

67 

60 

87'' 

~ Feromagnesian minerals include: mainly pyroxene and 

subordinate olivine or ita pseudomorphs. 

sl The fine-grained nature of the groundmaas prevented 

complete integration·. 

Owing to the essential similarity of these lavas 

both mineralogical and textural, a detailed petrographical 

description will not be given, but instead a general 

account of their characteristics, stating any special 

features where necessary. 

The pyroxene phenocrysts occur as soli t·ary crystals 

or in glomeroporphyri tic groups. It is of brownish 
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colour with a purplish tinge which is sometimes seen to 

be stronger at the borders than the centre, where it 

displays a feeble pleoChroism. The crystals are generally 

subidiomorphic, although in some cases they may show an 

idiomorphic tendency. Inclusions of olivine and iron 

ore may occur in the pyroxene whiCh suggest an earlier 
• 

crystallisation than the latter. Twinning is not 

infrequent parallel to (100). The trace of the 

composition plane is often marked by coloured bands. In 

. '1 

a few cases regular z:oning is f'ound as multiple thin layers, 

and the f'ollovdng optical date were obtained (Fedorow stage):: 

Specimen 2216 Centre 2V.1 = 57° cf.; 44.5 

Wo En Fs 
42 28 30 

Margin '2V.1 = 52° c/1 46 

Wo En Fa 
~1 24 45 

In Table 4 the values of 2V, c/)' and "i' for the 

pyroxenes of the various specimens belonging to this 

group are given. 

Figs. 6 and ~ show their position within the deter.min­

ative triangular diagrams constructed by Tomita, based on 

2V - c/'i , and Deer and -mager, based on 2V - "f, respectively: 

(Tbmita 1934, Deer and Wager 1938). 

The two types of' diagrams, as has been mentioned in 

previous pages are not strictly applicable to our 
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Tab~e 4. Op1ti cal Date on ·Pyroxene Phenocrysts. 

Specimens 2V c/7 "'' No .• 

(1) 2216 60- 58 45 
5'8 45 1. 713 (.t. 005) 
57 centre 44.5 
52 margin 46 

(2) 2217 54 
52 44-4~!·5 1.713 ~.005) 

(~) 2218 57 
55 45-46 1.709 (~001) 

(4) 22~9 54 43 
54 42 1.713 (-1. 005) . 

(5) 2230 56 44 
55 - 1.709 (±. 002) 

Average 44 (t2) 1.71~ (::t.oo3) 

pyroxenes, as they only refer to pyroxenes free from the 

R 0 group, whereas the present pyroxenes probably contain 
2 3 
appr~ciable quantitie~~ The presence of alumina will tend 

to increase the extinction angle by 3° - 5°a According 

to this displacement, the composition will only vary 

slightly With regard to the Ca 8i0 , while the quotient 
3 

Mg SiO : Fe Si(l); will show a marked variation. The 
3 3 

refractive indices on the other hand are not affected by 

the presence of other constituents (Deer and Wager 1938) • 
. !i 

This fact is brought out in Table 5, which gives the 

composition (in (Vol. - %) of Ca SiO , Mg SiO· end Fe 8i0 
3 3 3 

-:. 



f.•'• ...... ··----- ..... . 
i 
' ; 

.. .... -·---=---r-;-7-·~·- .. -:-· -· _,..... ·-·. -... ·.-- ·-·-::--·::-··:r,..~~-···"= ...... ,.., ...... . . ......... ··...--· ... · .. --:-·--...... 

47 

according to the two determinative diagrams. 

Table s. Metasilicate Proportions of Pyroxene 

according to 2V - c/-1 and 2V -'i 

Speci- 2V- c/1 2V- 'Y mens 
No. Wo En Fe Wo En Fe 

2216 47 19 34 50 34 18 

2217 37 32 31 40 38 22 

2218 41 25 34 44 38 18 

2219 42 39 19 41 ~7 22 

2230 42 32 26 44 38 18 

Average 42 29 29 43 37 20 

From the above considerations it seems rather probable 

that the actual compositions are better pictured by the 

refractive index dete~inative diagrams than by the one 

based on extinction angle~. The average composition of 

the pyro~ene of the whole group may be adequately 

represented a's Wo En F.s 
. 44 36 20 

The olivine phenocrysts are subordinate to pyroxene. 

The crystals are generally .subidiomorphic. Alteration in 

most cases is confined to the borders and cracks where 

brownish green chlori tic material and brown idd.ingsi te 

are developed. The intensity of alteration is noticed to 

vary according to the nature of the grounamass. . In the 

i 
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extremely fine-grained types the olivine is strongly 

altered and may be pseudomorphed by iddingsite accompanied 

by brownish green chlorite. Cleavage parallel to (010) is 

infrequently develc:>ped.· Optic axial angles as determined 

by Fedorow stage ·are given in Table 6, with the cor1aespond1ng 

Fayalite percentage (Winchell 1927). The average compos-

ition of the olivine phenocrysts in the whole group may be 

represented as Fo Fa 
73 27 

Iron Ore occul~s as irregular individuals varying in 

grain size between phenocrysts and small grains in the 

groundmass. 

'l'a'bl.e_ -~. Opt_ic Axi_al ___ Angle.s ... and .. Rqali.te 
Content of' Glivine Pheno.crysta. 

Specimens 2V Fa%· 
No. 

2217 86 ~ - 86.,5 23 
86-87 

2219 82-83 ~ - 82.5 32 
82 

2230 85 ~ - 84.5· 28 
84 

' 

In the groundmaes the pyroxene occurs as fine rounded 

grains and prisms, .02 mm. in length. It is of pale 

greenish colour and somettmes shows a brownish tint. 

Cleavage is poorly developed and is in many cases laCking. 
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Olivine is f'ound in subordinate amounts as small rounded 

grains, which f'or the greater part is pseudomorphed by 

green chloritic material. Felspar dominates over the 

other constituents. It occurs as irregular interlocking 

grains and also as fine laths ( .04 mm. length), rarely 

showing perfect twinning. The laths in most cases show 

a parallel extinction or an angle of a_f'ew degrees (4°) 

indicating an oligoclase composition. In some parts of' 

the slide, the lathe may attain .14 mm. in length. This 

effect is more noticeable in several cases near the 

porphyritic crystals. Analcime and apatite are abundant 

among the felspar. Iron ore is generally abundant as 

isometric grains, octahedra and elongated rods. Few 

vesicles are f'ound filled with pale brownish zeolitic 

material, which may be lined with chlorite. 

The specimen No. 2221 h~s a slightly coarser ground­

mass, but the general mineralogical and textural features 

described above are retained. In the groundmass the 

felspar occurs in distinct laths of .2 mm. length, but is 

also quite common as allotriomorphic grains. According to 

the immersion liquid method it is seen to be an oligoclase 

of 1~% An. (Np 1.5~4, Ng' about 1.542). Abundant apatite 

needles are enclosed by the f'elspar. The pyroxene in the 

groundmass has a brownish tinge and somet~es shows crystal 

boundaries. The olivine occurs as partially or completely 
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altered rounded individuals. Analcime in noticeable 
< 

amounts is present interstitially among the felspars. 

Abundant zeolitic material of yellowish colour occurs 

interstitially for.ming irregular patches with sharp angles 

in some cases. The felspar laths and pyroxene may be seen 

to have sharp outlines when enclosed in these zeolitic 

areas. 

The flow from which this sample 2221 was collected is 

cut by a pyroxene monchiquite dyke (2222). In hand 

specimen the rock is of basaltic nature, grey in colour 

and fine texture. In thin section it is found to be formed : 

mainly of ti taniferous pyroxene analcime and iron ore. The 

pyroxene occurs as fine pri Siils end grains and few micro-

porphyritic crystals. Next in abundance to pyroxene is 

analcime occurring as allotriomorphic interstitial mater·ial. 

It is colourless and isotropic (N 1.487- 1.49). Abundant 

apatite needles are enclosed in the analcime, and in many 

cases the needles show parallel arrangement. 

abundant as grains and elongated thin rods. 

Sample No. 2218 belongs to the same group. 

Iron ore is 

Compared 

with the other rocks previously des.cribed, the olivine 

phenocrysts in this rock are intensely altered and completely 

pseudomorphed in many cases by iddingsite. Brownish green 

chloritic material may accompany the iddingsite, but the 

latter is, however, the dominant alteration product. 
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The groundmass also shows a marked difference from 

the previous rocks. It is highly cbarged with fine iron 

ore and with mesotasis of greenish colour which can hardly 

be resolved by the microscope. Under high power fine 
-

grains of pyroxene and fel·spar can be detected, which 

appear as fine birefringent speCks between crossed nicols. 

These Si~e embedded in a greenish to greenish-brown matrix 

probably of felspathic composition and glass. This 

material is also seen wedging between the phenocrysts and 

encloses abundant rods of iron ore. In some parts of the 

section this matrix is completely masked by the extreme 

abundance of iron ore. 

·Vesicles-are commo~~y seen as smaii rounded ·cavities 

lined with fibrous green chloritic material. Away from the 

vesicles, the chlorite lining is seen to pass intp a dark 

brown glassy-looking material through different shades of 

colour. Sometimes light and dark bands with an agate-like 

structure may be seen in these transitional parts. In 

several cases this occurrence suggests a replacement of the 

glass by chlorite at least around these vesicular areas. 

Sample No. 2230 is similar in general features to the 

rest of the group but differs in having a rather coarse 

groundmass which exhibits in thin section distinct features 

as described below. 

In hendspecimen the rock is of dark grey aspect w1 th 

·l 
!; 
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abundant pyroxene phenocrysts. Reddish patChes are 

abundantly distributed in the groundmass. 

Under the microscope the roCk is seen to be formed of 

clinopyroxene olivine and iron ore as phenocrysts. The 

grain size is, however, serial graaing to that of the 

groundmas s. The latter is composed of:· :felspar, pyroxene, 

olivine, analcime, apatite and iron ore. (Pl. II, Fig. 2). 

The phenocrystic minerals show the same :features as 

the rest o:f the group, and for which the optical data have 
\ 

been given in previous pages (Table 4). The pyroxene 

phenocrysts are irregular in outlines and o:f a rather 

distinct purplish tinge. The olivine is generally altered 

along borders' and ·-cracks into brow1fish-green and reddish-

brown chloritic matter. The reddish-brown product has not 

been met with among the alteration· products in the prev­

iously described rocks. It has a biotite-like appearance 

~d distinct pleochroism. From the descriptions given by 

Krokstram :for some varieties of iron-rich chlorites, the 

present Chlorite agrees with that referred to as ferrite 

~(Krokstrom 1936). 

In the groundmass the :felspar appears as a base for 

the rest of the constituents. It occurs dominantly as 

clear untwinned allotriomorphic individuals. In a :few 

cases irregular tabular crystals may be seen having lmwnell-· 

ar twinning developed in the central part, the outer zone 

' .. ~ .. 
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being clear. In both cases the crystals show wavy extinc-

tion probably ascribable to some inhomogeneity in compositio~ 

The maximum symmetrical extinction angle of the twinned 

"" felspar is about 11°- 17° (XOlO), indicating an ~orthite 

content of 28%- ~4%, i.e. oligoclase andesine. The 

dominant untwinned felspar is, however, of lower refractive 

index than Canada balsam, and shows a positive sign indic­

ating an approach to oligoclase-albite in composition. 

Pyroxene, olivine pseudomorphs and apatite are frequently 

enclosed in this felspar, in which case they develop 

idiomorphic forms. 

The pyroxene is of the same asp·ect as the phenocrysts 

\vi th a purplish tinge. It occurs in variable sizes and 

forms, with a general tendency towards development of 

prismatic habit. The idiomorphic crystals are more 

noticeable when enclosed in the albitic plagioclase whiCh 

suggests that the pyroxene extended its crystallisation to 

late stages. 

The olivine occurs mainly as pseudamarphs which may 

retain traces of their original crystal fo~. The pseudo-

morphs are generally of dark green Chlorite, sometimes 

fringed with brownish Chlorite similar to that seen in the 

phenocrysts. 

Iron ore is abundant, frequently associated with 

flakes and shreds of the brown Chlorite. 
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Apatite as a rule is abundant in the felspathic 

groundmass and occurs in the for.m of elongated needles 

whiCh are sometimes seen intersecting the olivine pseudo­

morphs. 

Biotite occurs as a few separate shreds of brown 

colour and distinct pleoChroism, with occasional inclusions 

of apatite and iron ore. 

Chemical Analys~~: 

The rock No. 2216 was subjected to chemical analysis, 

the result of which is given· in Table 7 . 

The most conspicuous features in the analysis are the 

low content of alumina, high content of titania and iron 

oxides, with ferrous dominating ov~r ferric. The percent-

ages of the alkalies are high, soda dominating over potash. 

As the silica percentage is low, nepheline appears in the 

nor.m, although its presence in the section cannot be 

ascertained. The normative percentage of orthoclase is 

rather high and it probably occurs partly in solid solution 

with the plagioclase felspars and partly as a _separate 

constituent in the groun.dmass. The high titania content 

seems to exist for the grea-ter part in iron. ore. It is 

also probable that appreciable quantities occur in the 

pyroxene, as indicated by its reddish tint. The high 

percentage of normative diopside is connected with the low 

content of alumina in the rock. As· little aliunina is left 
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Table ?.. AnalySis 2. 

P;v.roxene-Pnyric Andesine Basalt. §i!ecimen 2216. ·-i 

Weight%: ~-
SiO 44.16 Or. 10.~4 

2 
Al 0 8.~4 A b. 14.88 

2 ~ 
Fe o· 5.74 An. 2.89 

2 ~ 
FeO 10.72 lip. . 6.87 

.sa1. 34.98 
MgO 7.80 

Di ~7.99 
CaQ; 11.20 Ca 810: 19.72 

~ 

Na· O· 3.26 Mg SiO 13.04 
2 ~-.... 

K 0 1.75 Fe SiO, 5.2~ 

2 
< 3 

H 0 1.07 01. 6.37 
2 2 MgOSiO; 4.41 

H 0 0.40 2 
2 2 Fe 0810; -1. 96 

TiO'. ·4.47 2 
2 M-t. 8.~~ 

p 0• 0 •. 83 
2 5 ll. 8.48 

MnO: o. 091 
Ap. 1.23 

Fem. 62.40 
99.83 

H o. 1.47 
2 

B. G. 3.orr.- 98.85 

III. 6. 2. 4 (Monchiquose) Or : Ab An 36 : 53 : 11 
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Nissli values. 

si 95 ti 7.3 Plag. Ab An 
83 17 

a1 15 mg 0.46 Di. Wo En :Fa 
52 34 14 

fin 54 k 0.26 01. Fo Fa 
69 31 

c 26 p 0.78 

alk 9 

after combination with the alkalies the major part of the 

l~e goes to diopside. The norm in general 1 s in accord-
1 

ance with the modal composition except for the low percentag~ 

of' normative iron ores which is higher in the mode. 

According to the quantitative system of classification 

which is based on analytical figures and calculated norms, 

the rock lies in the sal:femane class. As the amount of 

nepheline is lower than that of felspars, the. rock lies. in 

the 6th order. The rang is the 3rd, the alkalies and 

a ali c lime being equal. With soda dominant over potash 

the subrang is the. 4th,Monchiquose. 

Glassy Development. 

At a lower horizon than the upper porphyritic series 

described, a rather thin flow (No. 2228) occurs ~ongst 

the nonporphyritic group of lavas to be described later. 

This flow is also correlated with another flow (No. 2209) 

west of the locality of the other lavas. 
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Megascopically the rocks do not differ materially from 

the normal types, with pyroxene phenocrysts in a black to 

bluish black aphanitic groundmass. 

Microscopically, they may be described as pyroxene 

phyric rocks in which the groundmass is composed entirely 

of brownish glass with abundant microlites of pyroxene 

and iron ore (Fig. 5, and Pl. II, Fig. 1). 

The mineral composition of these rocks has been deter-

mined by micrometric measur-ements (Vol. - %) and the 

following results were obtained:~ 

No. 2228. No.2209~ 

Phenocrysts: Pyroxene 15% 10% 
Olivine 5 2 

r·ron Ore 4 2 

Glass and pyroxene micro- l 76 86 
lites and iron ore 

Groundmass·: 

Sp. gravity. (3.063) (2.843); 

The pyroxene phenocrysts are of a bro\vnish colour with 

a purplish tinge. The crystals are idiomorphic to sub-

idiomorphic with an average diameter of 2 mm. They tend 

to be in glomeroporphyritic groups with a stellate fashion. 

Inclusions of olivine and iron or·e are occasionally seen 

· in the pyroxene. Twinning is present with the composition · 

plane parallel to (100}, along which colour bands are 

frequently developed. Undulous extinction may be seen in 
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some crystals which seems to be due to a zoning ef~ect. 

When the latter is regularly developed, it takes the for.m 

of multiple thin layers. Estimation of the optic axial 

angle shows that it varies from 58° at the centre to 53° at 

the margin and may sometimes reach 46° at the extreme 

borders (Fedorow stage)'. This generally indicates an 

increase in Mg SiO - Fe 81& relative to Oa 810 as 
3 3 3 

··. 

crystallisatian proceeds. In the more homogeneous crystals · 

the following optical data were obtained:· 

§jaec-imen 2228 2V"' = 55° cJ..; 45° 

540 43° 

56° 

Aver-a·se 2V - 54° c{t 440 

"''' 
= ~.711 

(.t· •. oo~) 

§Re.cimen 2209 2Vy = 58° ctiJ 46° 

57° 

60° 

Average 2V = 56° c/-1 46° 1' = 1. 7lll. 
(.t • 00"2) 

In Table 8 the composition of the pyroxene in terms of 

Oa 810· Mg 810! and Fe SiO is given, according to the 
3 3 3 

determinative diagrams constructed by Tomita and Deer and 

Wager. 



Table 8. 

Specimens 
No. 

2228 

2209 

Average 

Meta-silicate Proportion of' Pyraxene 

a-ccording to 2V - c/; Slid 2V - t 

2V- c/'j 2V -1 
' 

\Va En Fe Wo En 

42 32 26 43 3"8 

45 15 40 50 35 

44 23 33 46 37 
-. 

-
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Fe 

19 

15 

17 

The optical data f'or the present pyroxene are in good 

accordance with those f'or the pyroxene phenocrysts in the 

no~~ly develaped rocks. 

The olivine phenocrysts are in mast cases partially 

altered to iddingsi te of brown and lemon yel.J.ow colour. 

Complete pseudomorphs are sometimes present with original 

crystal boundaries. In Specimen No. 2209 the olivine is 

generally much more altered than in Specimen 2228, but to 

the same alteration products in both cases. When :fresh 

the olivine is colourless wi~k feia~ pinkish tia§e and 

distinct cleavage parallel to {010). 

The following optical data were obtained f'or the 

olivine:-



§I!ecimen 2228 2V.c = 

It 

A'.veraae 2V = 

s:eecimen 2209 2V~= 

" 
.A'.vera'se 2V = 

84° 

86° 

85° 

85° 

86° 

85 •. 5° 

Fa 
26 

Fa 
25 
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Iron ore occurs among minerals of' early crystallis-

ation as lumps and grains of 4 mm. maximum diameter. They 

may show octahedral faces in a f'ew cases. 

The nature of' the glass, however, is found to vary in 

both rocks. In rock No. 2228 the glass is of dark brow.n 

colour with rare vesicles. The refractive index of the 

glass as determined by the immersion liquid method shows 

an average value of' 1.543 (~ .oo~). According to George's 

determinative curve for the natural glas·ses (George 1924, 

p··. 365-366) this value corresponds to the following 

composition (weight-%) :-

S:LO 55%' 
2 

Al 0 13.16 
2 3 

FeO + Fe Q: 9.5 
2 3 

MgO 3.3 

oao 6.3 

Na 0' 3.7 
2 

K 0' 3.2 
2 
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This composition lies within the andesitic field as 

shown by George's curves. 

The glass in the rock No. 2209 is seen to be fo~ed 

of two kinde; one is dominant of dark brown colour similar 

to that of the sample No. 2228, and the other is of light 

brown colour occurring as patches among the darker type. 

The two types grade into eaCh other through different 

Shades of colour. They are generally isotropic, although 

in some parts the lighter material may display a faint 

double refraction. Refractive index determinations were 

carried out on bo~h types of glassy material and the 

following results were obtained: 

Sample No. 2209 Dark brown glass n 1.567 (% .005) 

Light " " n 1.574 (± .003) 

In contrast to No. 2228, abundant vesicles are found 

in the groundmass of the present rock. The vesicles are 

connected with a system of cracks traversing the section, 

and both are filled with zeolitic material and analcime. 

The analc~e occurs in most cases as well-formed crystals 

lining the cavities, in which the centre is occupied by 

zeolite. 

In view of the above microscopic observations, the 

light brown material seems to have been derived by a 

process comparable to that responsible for palagoni te 
c 

formation described by Peacqk from Iceland. The Icelandic 
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palagonite differs, however, from the present glass, being 

of lower refractive index. The difference in refractivity 

as well as specific refractivity of basaltic glass has been 

shown by Tilley to be influenced by certain constituents, 

even in quite small amounts, e.g. water, magnetite and 

ilmenite (Tilley 1922, P.289). The palagonitisation 

process has been considered. to be a late thermohydrochemical , 

one to which hydrous basal tic glasses are sus-ceptible. 

The permeating solutions remove ferric ions which causes 

the bleaching of the original glass. Lime and alkalies 

are also removed in this 

and zeolites in cavities 

j 
process and may be fixed as calcite : 

c 
(PeacQk 1926, P.315). 

Between the flow represented by the sample No. 2209 

and the horizontal plateau basalt, occurs a flow.(specimen 

2210) which displays a new feature not seen in the rocks 

here d.escri bed. Megascopically the rock is nonporphyritic,-

greenish-grey in colour and of a dense aphanitic texture. 

In thin_ section, the rock is seen to be formed. of dominant 

_ pyroxene and iron ore in a very fine-grained groundmass. 

In some parts of the section there occur irregular patches 

of varying texture. Fine-grained patches highly charged 

with iron ore are usually seen enclosed in a coarser ground-

mass with fluide.l arrangement of pyroxene thin prisms, .03mrri 

in length, and parallel streaks of iron ore. Very few 

lemon-yellow id.dingsi te pseudomorphs are found with 
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excellent crystal outlines reminiscent of olivine crystal. 

These occur as the only microporphyritic individuals. 

Under higher power objective the base for these constit­

uents is found to be of greenish glass with patches of 

chlori tic material. 

Vesicles are commonly encountered filled with 

zeoli tic material and analcime with chlori tic materi.al 

for.ming the lining along the walls. The analcime occurs 

in many cases as well-formed crystals along the walls 

of the cavities; the central part is filled with 

zeolitic material. 

In the vesicular areas, abundant pyroxene prisms 

are seen projecting from the adjacent groundmass, as 

well as separate clusters floating in the infilling 

material. Somettmes, the pyroxene develops into coarse 

prisms .15 mm. in length and showing idiomorphic outlines 

with tw-i·nning parallel to (100) in some cases. 

In general, these observations suggest auto-

·brecciation which took place probably bef'ore the final 

consolidation of the magma. 

Apart f'rom the nonporphyritic nature, this rock 
-

is comparable to the glassy pyroxene rock No. 2209. The 

close association of the corresponding flows and the 

presence of the pyroxene in preference to plagioclase, as 

"""j~ 
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early phases of crystallisation, would appear to indicate 

that both flows belong to the same stage of magmatic 

evolution. 

Chemical Analysist 

The roCk No. 2228 was subjected to chemical analysis 

and the results are given in Table(S), together with the 

norm. 

As is seen by comparison with Table ·V (p. 55) the 

analysis of the glassy rock agrees fairly well with that 

of the normally developed type. The difference in state 

of oxidation seems to be related to the degree of crystall-

inity.ia Qeta t~es. 

in both rocks is: 

The molecular ratio FeO : Fe 0 
2 3 

Specimen 2216 

Specimen 2228 

Feo : Fe 0 
2 3 

" " 
4.2 

7.7 

Washington found that in_many lavas ranging from rhyolites 

to basalts, ferrous dominates over ferric oxide in the 

glassy rock while it is the reverse in crystalline rocks 

of similar composition (Tilley 1922). Tilley in his 

study of natural glasses supports this conclusion reaChed 

by Washington {Tilley 1922). The present differences are 

in hannony with the character of the rocks, one having a 

crystalline-(No. 2216), the other having a glassy-ground­

mass (No. 2228) 

The differences in nor.mative percentage of anorthite~-



65 

Table :s). Analysis 3. 

Glassl P.~oxene Fazric Andesine Basalt. No. 2228. 

Weight%·. Norm. 

SiO. 44.74 Or 8.12 
2 

Al o: 11.87 Ab 16.77 
2 ~ 

Fe 0 3.33 An 13.37 
2 3 

FeO· 11 •. 59 Np. 6.08 
s·ei. 44.34 

Mg0 7.89 
Di. 25.41 

OaO 10.13 Oa SiO 12.93 
3 

Na O;. 3.31 Mg SiO, 6.98 
2 3 

K 0 1.38 Fe Si(l): 5.50 
2 3 

H 0' 2.03 Oil. 16.46 
2 

H 0' 0.26 2 MgO 810 8.81 
2 2 

TiO 2.13 2 FeO SiO· 7.61 
2 2 

p Q; 0.89 
2 5 M-t. 4.43 

Mn0 0.20 
I1. 4.04 

99.75 Ap. 2.12 
Fern. 52.86 

i. H 0± 2.29 
1: 2 
I' 
[: 

99.49 
S. G. 3.06 

III. 6. 3. 4 (Liburgose). Or : Ab : An - 21 45 : 34 

L_ .... __ . 
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Ni~Uili Values. 

Si 97 Plag. Ab An 
57 43 

al 15 ti 3.5 
Di. Wo En Fe 

fin 52 mg 0.49 51 27 22 

c 24 k 0.22 01. Fo Fa· 
54 46 

alk 9 p 0.78 

fke. 
in lte4ia roCks is a reflection of higher aluminium content 

in No. 2228, as more aluminium is present to combine with 

ltme which consequently affects the amount of lime entering 

the nor.mative diopside. 

The ratio FeO : MgO is generally considered as an · 

important quantity to indicate the position of the rock on 

the liquid line of descent. This ratio is found to be 

aunost indentica~ in both roCks being 10.72 : 7.80 in 

No. 2216, respective to 11.59 : 7.89 in No. 2228. 

According to this chemical similarity of the glassy 

and the normally developed rocks, it is found possible to 

group them together in one magmatic group. 

Difficulty is encountered in attempting to classify 

these rocks according to their mineralogical and chemical 

characteristics. According to Iddings' classification 

which is based on normative mineral percentages, these 

rocks may be classified as basalts. In this classific-
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Te.b~e ·10. Comp'arison. 

Please see overleaf. 
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B c. . -1. 2 3 4 5 
...... 

- .. -- . ~. - . - . .:.. .. -- -·-
810: 44.16 44.74 45.08 48.48 45.10 48.31 46.'50 

2 
Al. 0 8.34 ., . 11.87 14.15. 8.47 12.86 13.66 10.86 

i I.· • .. , 
2 3 ' . ':j 

5.74 3.33 2.28 2.72 
I 

2.67 2.70 Fe 0 j 5.66 
2 3 

~eo 10.72 11.59 8.89 8.66 
; 1 . I 7.10 8.80 12.77 

MgO 7.80 7.89 7.01 i.l. 82 I 8.56 6.34 6.27 
' ! 

CaO 11.20 10.13 10.20 10.56 9.10 8.82 11.04 

Na 0 3.26 ·3.31 3.99 3.15 3.99 3.27 2.69 
2 

KO 1.75 1.38 1.79 0.54 1.02 2.24 1.16 
2 

H 0 1.07 2.03 0.75 11.9. 1.53 0.83 1.99 
2 

H 0 0.40 0.26 0.15 0.24 1.10 1.11 
2 

TiO 4.47 2.13 2.93 3.77 3.50 2.20 3.02 
·2· t 

' i 
p-o 0.-8·3--0.-89 0.-62--0 ~ 3-3--- -1-.-ee- e-.-8e --0-.64-j-- -a-· -

2 5 i 
MnO· 0.09 0.20 0.22 0.11 0.08 0.11 0.18 i 

l ... . . ' 

'99. 83 99.75 100.15 100.04 100.60 100.16 99.92 

S. G. 3.065 3.063 3.01 2.88 2.85 2~985. 

' ~- I 
Or 10.34 8.12. 10.56 3.34 6.12 15.47 

. I 
~ 
.I 

Ab 14.88 16.77 23.71 20.96 26.72 28. 2.1 

An 2. 8~ 1·3. 37 15.29 7.23 14.46 9.57 

Np. 6.87 6.08 5.62 3.12 3.41 4.29 

Di. 37 •. 99 25.41 13.74 .41.14 19.-70 19.28 

01. 6.37 16.46 14~83 12.66 10.56 11.80 

Mt •. -8.33 4;.83 3.25 3.94 8.12 2.96 

I1. 8.48 4.04 5.62 7.14 6.69 4.25 

Ap. 1.23 2.12 1.24 0.67 2.35 2.22 'I 

~ i 

I L I I 
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A and B: Pyroxene phyric andesite basalt. 

and 2228 respectively. 

Nos. 2216 

1. Olivine Tracby-andesite. Jan Mayen {Holmes 

1916, P.203-204). Anal. Harwood. 

2. Olivine oligoclase basalt, Mouna Loa, Hawaii 

(Washington 1923, P.ll5-ll6). Anal. 

Washington. 

3. Limburgite, Central Victoria (Edward 1938, 

P.291). Anal. A.G. Hall. 

4. Andesine basalt (= Oligoclase basalt) Central 

5. 

Victoria (Edward 1938, P.279). Anal. 

Ao Bo Edwards. 

Plagioclase basalt Kape Franklin. Quoted 

from chemical analysis of. Igneous and 

Metamorphic ro¢ks. (Geol. Survey of Great 

Britain 1931). 

6 - 7. Basalt ~uoted from Wolf, F. Von: Der 

Vulkanismue Bd. 2 Teil 2. 1, Stuttgart 1931, 

8. Monchiquite, Japan. Quoted from Washington 

Tables of Chemical Analysis 1917. P.675. 
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ation the ter.m basalt ·is defined as olivine bearing rocks 

with equal amounts of normative plagioclase and fernie 

minerals (Iddings 1913). FUrthermore, Iddings subdivided 

the a·cid plagioclase-olivine basalts, on the basis of' the · 

normative plagioclase, into oligoclase basalts and andesine 

basalts. These latter are, however, substi·tuted in the 

C.I.P.W. classification with augite andesite for olivine­

bearing and olivine-free, acid plagioclase-augite rocks 

(Johanson 1931). In view of the above consideration, the 

term pyroxene andesite can be possibly assigned to these 

rocks, if the normative plagioclase is taken into account, 

but due to the fact that high silica content is characte~ 

istic for the andesite proper, the ter.m andesine basalt 

is thought to be more suitable for such rocks which show 

affinities with both basalts and andesites. As the main 

phenocrystic ·component is pyroxene the term pyroxene 

phyric andesine basalt is assigned to the lavas of the 

whole group. 

In Table 1~0 f'Ol' the sake of comparison,. the two 

analysed rocks are repeated together with analyses of 

chemically comparable rocks described from other volcanic 

regions. 

The present rocks show a close similarity to olivine 

trachy andesite (Col. 1) from Jan Mayen, described by 

Holmes {1916) • They differ , however, with regard to the 
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dominant phenocrysts, being olivine in the traChy ande­

sitic roCk. The same is also true with regard to the 

olivine oligoclase-basalt (Col. 2) from Hawaii, described 

by Washington.(l923). The limburgite (Col. 3) from 

Central Victoria shows Chemical similarity to the present 

roCk but differs in having more modal olivine as pheno­

crysts. The andesine basalt (Col. 4) from Central 

Victoria shows a comparable chemical composition {Edwards 

1958). The normative comp.oai tion is in good agreement . 

but modally the two rocks differ as andesine forms the 

main phenocrystic component in the Central Victoria rock. 

In (Cola. 5 - 7) ~e three basalts which show chemical 

similarity to the Greenland rocks A and B. The present 

-~~~;\7-~~s ar_e also comparabl~ with a m_onChiq_ui te ( 9o1. 8) 

from Japan. 

(c) Andesine phyric Andesine Basalt. 

Between the previously described group and the 

nonporphyritic group to be described subsequently, there 

occur three or more lava flows characterised by the 

presence of plagioclase phenocrysts, besides pyroxene and 

olivine. 

The following specimens have been classed as 

belonging to this group:-

.,, -... , 



E. G. 2223 

2224 

222.5 
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Nn. Nunataks, lava flow below the pyroxene 

andesine basalt 22~1. 

Lava flow, below 2223. 

It It 2224. 

As these rocks are essentially s~ilar, a general 

description will be given of the whole group. 

Megascopically, the.···rocks are typ:ically porphyritic. 

Plagioclase is the conspdcuous porphyritic constituent, 

occurring as large thin plates, 1.5 an. in average 

dimensions. In cross section they appear as parallel 

elongated plates, 2 nnu. in thickness. This porphyritic 

feature varies in the different rocks, due to difference 

in frequency and dimensions of the plagioclase pheno-

crysts. Pyroxene phenocrysts in subordinate amounts 

occur as rounded crystals, 5 mm. iri diameter. The 

groundmass is dark grey and fine grained. Vesicles are 

present but vary in abundance in the different rocks. 

They are generally filled with white zeolitic material 

(thomsonite and chabasite). 

In thin section, the rocks are found to consist 

largely of plagioclase, and a lesser amount of olivine, 

pyroxene and iron ore phenocrysts. The grounrunass is 

dominated by felspar accompanied by pyroxene, olivine, 

iron ores, apatite, analcime, zeolite and chloritic 

material (Fig. 5 and Pl. III, Fig. 1). 

-i 
.' 
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The following mineral composition tor the rocks of 

this group was obtained by micrometric measurement methods, 

and the results are given in Table 11 (Vol. - ~) 

T_able ll!. Micrometr1c Analya_e.s. 

Speci- Phenocrysts. Groundmass. 
men .... ' 

No. Leu co~ 
Plag. Olivine 

I 

cra,tic Pyrox. Iron Fe-Ma·g. Iroz: 
Ore Minel'- Mine I'- Ore 

als. ala. 

2223 6 3 5 4 41 31 16 

2224 16 1 5_ 1 57 8 12 

2225 -19 2 5 2 56 10 6 

The plagioclase phenocrysts occur as large tabular 

and lath shaped crystals, solitary· or in gloineroporphyri tic-__, 

e:ccUJIIlll.ations. Inclusions in the plagioclase of parts of 

the groundmass (pyroxene, z:eolites and chloritic material) 

are commonly seen along cracks crossing the crystals. 

The albite and carlsbad twin laws are dominant and,to a 

leas extent, the pericline law. ~ning is_not conspio-

uously developed. The composition of the plagioclase was 

determined by immersion liquid methods, and the following 

results were obtained:-

§Ji!ecimen 2223 44% An. 

2224 44 -45% " 
2225 44 -4'7% ii 

46% An. 
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The composition corresponds to basic andesine. 

Olivine occurs as rounded crystals of 1 mm. in 

maximum diameter, with occasional development of crystal 

faces. It is generally fresh except for alteration along ' 

the borders and cracks where brownish-green ~loritic 

materials are present. Cleavage parallel to {010) is 

commonly met with. The following optical data were 

determined·for the olivine {Fedorow stage):-

§gec:Lmen 2224 2Vov = aa·o (t l) Fa 

85° 
30 

2225 2VQ2 = (i 1) Fa 
26 

84° Averase 2V = Fa 
28 

The pyroxene phenocrysts occur as rounded and 

prismatic crystals of brownish colour v.d. th a purplish 

The· mineral -is-perfectly fresh, With·occae1onal 

inclusions of iron _ores and olivine or its pseudomorphs. 

Fedorow stage measurements on the pyroxene showed the 

following optical properties:-

Specimen 2225 2v. 51 0 
1 = 

42 

~· = 1.714 (.:1.: 2) 

The composition of the pyroxene according to 2V and~ 

is Wo En Fa 
41 38 21 
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The grounamaes seems to be of the same mineralogical 

composition in all specimens but texturally its range of 

variation is very great. Rock No. 2226 is of rather 

coarse groundmass, which is dominated by plagioclase 

occurring in thin laths of .3 nm. in maximwn length. 

They are of random orientation, although in some parts 

they sho\v subparallel arrangement. Twinning is commonly 

on the albite and carlsbad laws. Measurements of 

max~um symmetrical extinction in a large number of grains 

showed that their composition varies only very slightly 

round a mean value of Ab An i.e. acid andesine. 
69 31 

According to the i~ersion liquid method, the refractive 

index deter-minations showed that the anorthite content in 

the plagioclase is about 28,% (WinChell). Interstitial 

to the'laths, there occur allotriomorphic untwinned 

felspars, probably alkali felspar, but exact determinations 

could not be carried out due to the small grain size. 

Analcime occurs in the interstitial constituents, and may 

be seen as colourless isotropic patches enclosed between 

the glomeroporphyritic plagioclase. 

The pyroxene is next in abundance to the felspar. · 

It occurs as rounded grains and fine prisms, .15 mm. in . . 

maximum diameter. Cleavage is not perfectly developed. 
. . 0 

Extin.c:t.ion--an:~le--(.c!i·-l·- is.-.about.44 ... . The olivine is in 

subordinate amounts, and occurs as small rounded grains of 

.. ) 
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.07 mm. diameter. It is highly altered and in many 

cases completely replaced by deep green chloritic material. 

The iron ore occurs as grains and octahedra. Its 

percentage varies with the texture of the groundmass so 

that in fine grained rocks the ore content is much higher 

than in ·coarser types. 

Interstitial zeolites are abundant for.ming yellowish 

wedge-shaped areas among the groundmass co:nsti tuents. 
' 

Felspar laths and pyroxene grains may be enclosed in these 

parts where they. show sharp crystal boundaries. Apatite 

is abundant as fine elongated needles .25 mm. in length 

enclosed in the groundmass felspar. 

Sample No. 2223 is the finest variety. with regard to 

the groundmass. It has an average grain size of .02 rnm. 

and is highly charged with iron ore as dusts and grains. 

In many resp~cts this groundmass ·is comparable to that 

of the described pyroxene phyric group. 

Chemical Analysis: 

The rock No. 2225 was subjected to chemical analysis 

·and the results are shown in Table li. The present 

analysis shows a similarity to the analyses Nos. 2 and 3 

of the previous group. Otherwise, the only difference is 

the low magnesia and lime in the present analysis. 

The system of nomenclature adopted for this group is 

based both on quantitative relations of the normative 
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T.able. 12. Analy$18 4 • 

.A.nde.sine Phyr1c And~sine Basalt. Spe c1men . 2225 .• 

Weis!!t ~; No.nn. 

810 45.81 Or 10.01 
2 

AlO 12.96 .Ab 28.40 
2 :3 

FeO 4.36 An 15.01 
23 Sal. 53.42 

FeO 10.:31 
Di 12.25 

!!tsO 5.75 
Ca 81:0 6.28 

CaO 7.52 :3 
Mg 810· 3.65 

Na 0 3.36 3 
2 Fe 8101 2.32 

K 0 1.70 3 
2 Hy 7.00 

H 0 1.91 
2 Mg 810 4.28 

H 0 0.88 3 
2 Fe 810 2.72 

Tit) 4•03 -3· 
2 Oll. 7.56 

p 0 1.11 
2 5 2 MgOS±O 4.44 

MnO 0.20 2 
2 Fe081o 3.12 

2 
99 •. 84 Mt. 6.33 

I1. 7.65 

~·G. 2.920 Ap. 2.62 
Fern • 43.41 

• 

Hot 
~ 

2.79 

99.62 

III. 5. 3. 4 Cmnptonose. 

'-
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Niggl;1 Value.e. 

si 112 ti 7.4 Or . Ab : An 19 5~ • 28: • • 

al 19 mg 0.42 Pl·ag. Ab An· 
65 ~5 

:fm 5.1 k 0.25 Di. Wo Fe 
51 19 

c 20 p 1.09 Hy. En Fe· 
61 ~9 

alk 10 01. Fo Fa 
59 41 

mineral molecules and modal composition of the rock. 

F~m the calculated nor.m, the salic and fernie minerals 

are nearly equal, so that the rock may be classed as a 

basalt (Iddings, Washington 1923). As the modal f'elspars 

range f'rom andesine 46% An. in the phenocrysts to 

oligoclase. andesine 28 - 31% An. in the groundmass, and 

t~e ~y~r~ge co~poa~tion_ is SAP~ by the norm to_b~ 

andesine 35% An. , the ro.clt can strictly be called andesine 

basalt. Iddings and Washington have classified similar 

ro aks as an_desine basalts, as the ~ame indicates an 

intermediate character between trll9 basalts and andesi tea. 

For comparison, the analysis is repeated in Table 13, 

together with analyses for rocks f'rom other volcanic 

regions. In Columns 1 and 2 are similar rocks described 

f'rom the Hawaiian Is_lands by Washington (1923). The 

andesine basalt (No. 3) ~rom Central Victoria is also 

of similar composition (Edward 1938). Comparison can 

also be made with the Salf'emane basalts f'I'om PBn..tell~.ria 



' 
' 
(,· 

810 
2 

Al 0 
2 3 

Fe o· 
2 3 

FeO 

MgO 

eao 

11a 0 
2 

K 0 
2 

H 0 
2 

H 0 
2 

Tio 
2 

P' 0 
·2-"5 

MnO 

B. G. 

Nom. -
Q 

or. 

ab. 

an 

np 

Di 
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Table 13. Comparison. 

D 1 2 3 4 5 

45.e1 48.42 47.98 47.46 45.72 45.10 

12.90 13.97 15.~.2 15.12 12.45 15.04 

4.'36 4.17 2.49 2.96 1.57 8.85 

10.31 9.57 8.86 9.39 10.01 4.62 

5.75 4.61 6.16 5.70 5.29 6.68 

7.52 8 •. 86 10.28 7.27 9.58 8.71 

3.36 3'-.30 3.56 3.51 3.46 3.78 

1.70 1.29 1.08 1.74 1.08 1.04 

1.91 0.84 0.62 0.57 0.40 1.76 

0.88 0.42 0.25 0.72 0.01 1.31 

4.03 3.25 3.53 3.10 6.43 2 .. 66 

1.11 0.91 0.22 0.78 1.·54 0.56 

0.20 0.17 0.12 0.25 0.16 0.45 

- -99 •. 84 9.9.78 100.49 99 • .-5.7 99.64 100.56 

( 2. 982) (2 .• 989) .(2~.82) - .-

0.84 10.33 

10.01 7.78 8.90 29.77 6.12 

28.40 27.77 31.96 23.04 28.82 

15.01 19.77 21.68 15.57 

1.99 

12.25 15.49 2.22 6.98 18.67 
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T.able 13 ( Oontinue_d) 

D l 2 3 4 5 

Hy. 7.00 l2.S8 3.57 5.91 

01. 7.56 15.35 12.73 6.08 

M~. 6.33 6.03 3.71 4.3:3 2.:32 

Il. 7.65 6.:3:3 6.39 2.:35 12.16 

Ap 2.62 2.02 0.67 1.71 :3.:36 

D. Andesine Phy~ic andesite basa~t, Specimen No. 2225a 

1. Aphyric andesine basalt, Moun a Kea (Washi-ngton 192:3 

(P.493). Anal. Washington. 

2. Felspar'phyric basalt (andesine basalt) Kohala. 

(Washington_ 192~,- P.483). ~al. Washington. 

:3. Andesine basalt. Central Victoria. (Edward 1938, 

P.278) 

4. Oamptonose ( Salfemane basalt). Dyke in tuff'. 

Pantellaria (Washington 1907, P.75). 

5. Olivine basalt (Dunsapie type). Plug. Duncomb Hill, 

numbartonshire {MacGregor 1938, P.352). 

Anal. A. Scott. 

No. 4 described py Washington {1907). The olivine 

basalts {Dunsapie type) No. 5 from the Carboniferous of' 

Scotland is· of' comparable composition but in detail it 

.-~ 
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~iffers in having modal labradorite in both phenocrysts 

and in groundmass. 

2. NON-PORPHYRITIC GROUP. 

As indicated by their name, the roCks belonging to 

this group are typically non-porphyritic ~d are generally 

of un~fonm Character, dark grey in colour and aphanitic. 
'•'"'llfiii!J To Ml!. tlu•ee. 

The lavas Fe::prooentea ey this group of rocks farm a 

eeati!n~oue eePiee e:f' flows whi_ch are interrupted only by 

a thin pyroxene phyric f'low (No. 2228). They are 

preceeded by few flows of the pyroxene phyric and andesine 

phyri c types. 

The nomenclature adopted for these rocks c~uld not 

be achieved by mineralogical study due to their very fine-
- - . .. - ....; 

grained texture and instead the Chemical .composition was 

used. 

The roCks to be described are classified as follows: 

(a) Aphyric andesine basalt. 

(b) Mugearitic basalt. 

(a) Apnyric Andesine Basalt. 

The following specimens have been classed as 

belonging to this ~oup:-

2226 Nn. ·Nunataks, thickest lava flow about 50' 
b.elow the andesine phyri c andesine basalt 2225 

2229 As 2226 but at ~ower level. 
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In thin section, the rocks are seen to be for.med of 

dominant felspar, pyroxene, olivine or its pseudomorphs, 

iron ore, apatite, analcime and chlorite. Hornblende 

and biotite in subordinate amounts are also encountered. 

The mineral composition was determined by micro­

metric measurement and the following results were 

obtained (Vol. - %) :-

Specimen 2226 

Leucoeratic 
Minerals. 

58 

Ferromag. 
Mineral·a. 

24 

Iron Ore. 

18 

Felspar occurs mainly as irregular interlocking 

grains of low double refraction and shows no twinning. 

Sometimes the felspar may be seen to occur·as fine laths 

0.05 mm. in length, but with ill=defined twinning. 

Becaus"e of this "fine grain no e.xact determinations could 

be carried out. 

In specimen No. 2229 the lath-shaped texture is more 

marked and it was found that the dominant felspar is 

plagioclase .. Refractive index determin-ation showed that 

ita composition is about 18 ~ 26% An. (~ereion liquid 

method). The untwinned low doubly refracting material 

probably includes orthoclase. .Analcime also occurs 

among the telepathic constituents as isotropic material. 

It is, however, difficult to estimate the mutual pro­

portions of these constituents because of the low double 

refraction of the· telepathic groundmass. 
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Pyroxene fonns fine grains .1 mm. in length and 

isometric grains of .04 mm. in diameter. It is of pale 

green colour w1 th an occasional brovmish tinge. 

Cleavage is poorly developed. 

Olivine or its pseudomorphs occu.rs as microporphyritic, 

individuals of rounded and elongated tabular forms .25 rmn. 

in length. In the rock No. 2226 the olivine is completely 

pseudomorphed by green chloritic material of high double 

refraction (Fig. 5, .and Pl. III, Fig. 2). In the rock 

No. 2229, the olivine is seen to exist as relics in similar 

pseudomorphs as in No. 2226 (Pl. _-_:L:V- Fig. 1). 

cases it is altered to brown iddingsite. 

In a f'ew 

Iron ore is abui:l.dan t as fine g-rains • 1 mm. in 

diameter. 

Apatite .~e colourless needles • 06 rmn. in leng.th is 

commonly seen enclosed in the felspathic constituents. 

Chemical .Analysis:: 

The rock No. 2226 was subjected to a Chemical 

analysis, the results of which are given in Table 1&. 

In Table 15 the analysis is repeated for the sake 

of comparison with ro-cks trom other localities showing 

chemical s~ilarity and the same magmatic symbol 

(III. 5. 2. 4). 
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Table 14. Analysis 5. 

,A.phyri c Andesine Basalt. Specimen 2226. 

SiO 
2 

Al.O 
2 3 

Fe (!); 

2 3 
FeO 

MgO 

CaQ. 

Ne: .01 
2 

K 0 
2 

H 0 
2 

ij __ O_ 
2 

TiO 
2 

p· Q; 

2 5 
MnO: 

B. G. 

Weight ?fo 

47.37 

14.51 

8.68 

5.01 

8.12 

:3.50 

1.56 

1.44 

3.04 

0.90 

0.03 

100.03 

III. 5. 3. 4. 
Camptonose. 

Or 

Ab 

.An 

Norm. 

9.23 

29.55 

18.79 

Di. 12.66 

Ca SiO: 6.52 
3 

! Mg SiO 4.01 
3 

. Fe SiO 2.13 

Hy. 8.9 

.· Mg 810' 5. 88 
3 

, ·Fe ·aio- · 3.-o9 

01. 2.82 

2. MgOSiO 1. 78 
. 3 

2 Fe.o·$:1. o 1. 04 

Mt. 

Il. 

Ap. 

7.79 

5.76 

2.12 

Sal. 57.57 

Fem. 40.12 

~ot. 1. 94 

99.63 

Or : .Ab : An 15.5 51.7 : 32.8 



. - ·-· ~ ... : .. ·.: ·-... :-:-:r -:- .. • •.• ··: -... ,. ;·.:;· 

Ni&~i V:alues. 

Si 117 ti 5.7 Plag. ~b An 
61 39 

al 21 mg 0.40 Di. wo En Fs 
51 32 17 

fin 47 k o.2a Hy. En Fs 
66 34 

c 21 p 0.89 Al. Fo· Fa' 
63 37 

elk ll 

The rock is characterised by high content of titanium 

dioxide, &~d alkalies with soda dominating over potash. 

The nor.m show~ hypersthene although modally absent, and it 

probably combines with diopside as pigeonitic component. 

The normative plagioclase has a composition of Ab An • 
61 a9 

According to the quantitative chemical classification the 

roCk belongs to the Salfemane class (III) and subrang 

comptonose (4r. · 

As to the general relations between this analysis and 

those of the other lavas discussed,it is found that this 

anBlysis agrees very well with analysis No. 4 of the 

felepar phyric andesine basalt. The total amount of iron 

oxides is almost exactly the same, but there is a slight 

difference in the degree of oxidation. Otherwise the only, 

difference is in the values of' silica and alumina which 

differ slightly. This_chemical similarity and close field: 

association seems to bring out the fact that these rocks 

although very different in texture are still closely 
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Table 15. Comparison 

E 1 2 3 4 5 6 7 8 

SlOl· 47.37 48.40 49.92 49.72 49.09 48.42 46.22 45.72 46.89 
2 

Al.O 14.51 16.66 12.83 14.56 15.15 13.97 12.23 12.45 13.74 
2 3 

Fe o 5.37 8.54 6.96 3.60 2.95 4~17 4.91 1.57 3.88 
2 3 

:;>. 

FeO 8.68 2.45 6.21 8.55 10.22 9.57 7.71 12.01 10.56 

MgO 5.01 4.85 3.78 6.89 4.94 4.61- 6.74 5.29 4.72 

Ce.@ 8.-12 7.44 7.35 9.66 8.47 8.86 0.86 9.58 ·8.01 

Na 0 :3.50 3.42 3.72 2.25 4.03 3.30 3.39 3.46 3.18 
i 2 :r 

K 0 1.56 1.76 1.73 0.62 1.31 1.29 1.13 1.08 1.46 
2 

H 0 + 1.44 1.19 1.05 1.24 0.17 0.84 0.17 0.40 1.85 
2 

HO- o. 50 1.23 0.71 0.07 0.42 0.05 o.o1 0.96 
2 

TiO 3.04 3.06 2.04 2.21 2.66 3.25 5.68 6.43 4.04 
2 - .. .. 

i.54 
_______ ....,: 

p 0 0.90 0.49 9.45 0.22 0.80 0.91 1.46 0.45 
2 5 

MnO_, 0.03 0.52 0.11 0.17 o.-17 n.o 0.16 0.16 

100.0:3 99.89 100.35 99.95 99178 99.55 99 •. 64 99.99 

B. G. 2.919 

!!E!E· 
Q o. 84 

or. 9.23 3.34 7.78 6.67 6.12 7.78 

Ab. 29.55 27.77 34.06 28.82 28.82 27.77 ·. 

An. 18.79 23.55 19.46· 14.73 15.57 19-.46 

Di. 12.66 18.24 14.22 19.54 18.17 15.49 .• 

BY· 8.97 14.22 o. 81 8.06 5.91 12.88 :' 
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Table 15 (Continued) 

E 1 2 3 4 5 6 7 8 

01. 2.82 2.36 12.41 0.28 6.08 

Mt. 7.79 5.34 4.18 7.19 2.32 6.03 

Jl. 5.76 4.28 6.02 10.79 12.16 6.23 

Ap. 2.12 0.67 2.02 3.36 3.36 2.02 

E. Aphyri c andesine basalt. Specimen No. 2226. 

1. Basal tic mugearite. Lower member of composite lava 

flow, RenfrewShire (Kennedy 1931, P.l71). Anal. 

B.E. Dison. (Contains 0.07 Fes2 ). 

2. Mugearite Canna Island, Scotland (Hm .. kel .. 1908, P.lcO). 

3. ~de sin~ b~sal t, ~eew_:a_r_(L _I sl ~~EI, Haw:a~ 1 (Washington 

and.Keyes 1926, P.339). Anal. Keyes. 

4. Olivine oligoclase basalt (=mugearite) Kohala­

(Waehington 19~3, P.480). Anal. Washington. 

5e Andesite, Hamakua volcanic series (Washington 1923, 

P.493). Anal. H· •. s. Wershington .. 

6 - 7. Comptonose ( Salfemane basalt). Pe.n,te11aria 

(Washington 1907, P.74-75). 

a. Olivine basalt (Jedburgh type). Carboniferous Lava. 

~al. B.E. Dixon. Quoted f'rom: Analyses of' 

Igneous an.d Metamorphic Rocks. 

1931~ P.69. 

Geol. SUrv. G. B. 
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related and probably belong to the sane stage of evolution 

of the magma. These marked mutual affinities become 

still more obvious when Niggli values are considered, which~ 

are very much the same for both rocks. 

!! !! ~ _g alk- k m.s - ~ 

~ec~en 2226 117 21 47 21 11 0.2~ 0.40 

" 2225 ll~ 19 51 20 10 0.25 0.42 

Chenlical composition was taken as the basis for 

nomenclature of these rocks as, owing to the very fine 

grain, the micro&copic study could not reveal their true 

nature. The normative percentages of salic and fernie 

constituents are nearly equ,al $Dd lie within the range 

defined by Iddings for basalts, 62.5- ~7.5% (Iddings), 

but as the normative plagioclase is acid andesine the 
- -

rock may be classed as andesine basalt. The close 

chemical stmilarity between this rock and the andesine 

phyric andesine basalt also supports such nomenclature. 

In Table 15 the basaltic mugearite (Col. l) from 

Renfrewshire described by Kennedy (l9~1) is comparable 

to the present rock, but differs in the state of oxid-

ation of the iron oxides. Stmilarity is more clearly 

seen wh~~ Nigg1i values are compared. 

~ al fin .s alk k mi - - -
Specimen 2226 117 21 47 21 ll 0.2~ 0.40 

Basaltic 125 25.5 42 21 11.5 .25 .45 
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The rock also resembles in some ways a mugearite 

(Col. 2) described by Harker fram Scotland (Harker 1908). 

The andesine-basalts (Col. 3), the olivine oligoclase 

andesite (Col. 4) and the andesite (Col. 8) from the 

Hawaiian Islands described by Washington 1923, 1926) 

have similar Chemical compositions to the Greenland roCk. 

Comparison can also be made between the present roCk and 

the·ealfemane basalts, Comptonose (Cole. 5 and 6) from 

Pantellaria described by Washington (1907). In (Col. 7) 

en olivine basalt of Jedburgh type from Scotland shows a 

Chemical similarity to the present roCk; the main 

difference is the presence of modal labradorite in the 

Scottish rock. 

(2)_ Mugeari tic Basal to 

This group is represented by one specimen No. 2227, 

collected from a flow between the nonporphyritic flows 

Nos. 2226 and 2229 previously described. 

Megascopically, it is similar to the previous roCks, 

being typically non-porphyritic, dense and aphanitic. 

In thin section, the rock is seen to be fonned of 

dominant plagioclase, pyroxene, ""'Olivine or its pseudo­

morphs, iron ore and apatite (Fig. 5 and Pl. IV, Fig. 2.). 

-- ~~ 

The mineral composition was deter.mined on Dollar's 

integrating stage and the following results were obtained:-
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Vol. - ~ 
Leucocratic minerals (Felspar, apatite) 64 

Ferromagnesian minerals 22 

Iron ore 14 

(Specific gravity: 2. 836) 

Plagioclase occu-rs as laths • 2 nnn. in length in a 

parallel arrangement exhibiting traChyitic texture. 

Green chloritic material is in most cases seen streaming 

between the adjacent laths. Twinning is mainly on the 

albite and carlsbad laws. Zoning is commonly seen as 

wavy bands running parallel to the length of the laths. 

According to max~um symmetrical extinction and immersion 

liquid method-s the plagioClase has a composition around a 

mean value of 19% An. Among the plagioclase laths 

there are also allotriomorphic grains of felspar with 

low double refraction, probably potash felspar. 

Pyroxene occurs as fine prisms and isometric grains 

0.2 mm. in diameter. It is of pale greenish colour 

with a brownish tinge in a few cases·. 

poorly developed. 

Cleavage is 

Olivine is not found fresh, but instead numerous 

pseudomorphs are found whiCh as a rule show rounded for.ms 

reminiscent of olivine. The material fo~ing these 

pseudomorphs is generally brown iddingsite and to a lees 

extent green Chloritic material. 

! 
' 

j 

-~-
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Iron ore is abWldant a-s grains and thin rods. 

Apatite as f'ine prisms is abundant among the f'elsl?ars. 

The rock. is mineralogically and texturally similar 

to a mugearite from Skye described by Harker (1904) and 

the mineral composition in both rocks shows a fair 

agreement, as shown below: 

Plagioclase 

Orthoclase 

Apatite 

Olivine, augite, ore 

Skye 
Muse ar:_i:te 

57 

12 

26 

I 
see.cimen 
No. 2227 

64 

36 

The present rock also shows a mineralogical similarity_ 

to -the previous nonporphyri tic ro eke, but dif'f'ers in having 

a tra·chyt·i-c·-texture ·whi·ch ·is--absent 1~ ~t-he lat·ter. 
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TILTED MOUNTAIN AREA. 

The specimens collected from this area have some 

features in common with those collected from Nn. Nunataks, 

but they differ, however, in showing less variation. 

The lavas may be divided into two groups, based on 

mineralogical and textural features:-

(a) Porphyritic Olivine Basalts. 

{b) Aphyric Basaltsa 

In the field the porphyritic and aphyric flows are 

found to alternate, and the lowest and the uppermost 

flows are both nonporphyritic. 

(A) PORPHYRITIC OLIVINE BASALTS. 

The following specimens are classed as belonging to 

this group:-

No. 2242 A flow below the uppermost aphyric basalt 

flow. 

2244 

2240 

A flow at lower level. 

" " " " ti 

2238 11 " above the lowest aphyric basalt flow. 

M~gascopically, the rocks are dark grey in colour and 

of slightly variable textqre, but generally fine-grained. 

They contain greenish and black crystals of 2 - 3 nun. in 

magnitude. These are either completely for.med of 

olivine or the latter may be accompanied by a few pyroxene 
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phenocrysts. Vesicles are few, at most 2 mm. in diameter. 

In thin section, the specimens No. 2"238 and 2240 are 

seen to be fo~ed of olivine phenocrysts in a groundmaaa 

whiCh consists of dominant clinopyroxene, subordinate 

plagioclase felspar and iron ore. The mineral composition' 

has been determined by the micrometric method on Dollar's 

integrating stage, and the following results were obtained 

(Vol. - %) :-

Olivine Phenocrysts 

Pyroxene Groundmass 

Plagioclase II 

Iron Ore 

l'Io. 2238. 

26% 

52 

16 

6 

The olivine p}l~nocrysts occur as idiomorp!lic to 

subidiomorphic crystals. The grain size is serial and 

varies between 1.5 and .7 mm. It is generally colourless 

and shows distinct (010) c~eavage. In mo~t cases, it 

has a th~ck opaque border of deep bro\m bowlingi te. The 

olivine usually contains a few small magnetite grains as 

inclusions. Strong resorption effects on the olivine 

are shown by the sinuous appearance of the crystals, 

which are seen also in several cases to be subdivided into 

separate individuals by fissures filled with parts of the 

groundmass. The .axial angle of the olivine 2V~ is 88°, 

which gi vee 18% Fa. 
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5 
The groundmass consists of abundant pyroxene occurring ;. 

in thick interlocking prisms of distinct purplish brown 

tinge, .2 mm. in length. The plagioclase occurs inte~ 

stitielly between the pyroxene, rarely showing crystal 

bounders or regular twinning. The pyroxene is frequently 

seen projecting into the plagioclase or completely enclosed c; 

by it, in which case the pyroxene develops idiomorphic 

forms. This relation seems to indicate a late stage of 

crystallisation of the plagioclase. Fedorow stage 

measurements of the max~um symmetrical extinction angle 

showed that the plagioclase has a composition between 

25 - 35% An. 

Magnetite occurs rather abundantly, in variable grain 

size between .4 - .03 mm. It is usually accompani'ed by a 

mineral of brownish purple colour. This mineral also 

occurs as separate small scales and thin threads. It is 

anisotropic, but its double refraction is masked by its 

strong adsorption colour. It is probably a titaniferous 

ore as can be perceived from the accompanying pyrox~ne, 

being of deep purplish colour, indicating a high titania 

content. 

These rocks are comparable to -the olivine-rich 

oligoclase basalts described from the Nn. Nunataks 

(specimen No. 2215•) The latter ro~s differ, however, 

in having pyroxene as phenocrysts and larger grain size 
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The Spec~en No. 2244 is s~ilar to the previous rock 

in many re ape ct a. It only differs with respect to the 

groundmass plagioclase, being more calcic and having a 

more decidedly lath-shaped development (about .4 x .oa rnm.)~ 
According to max~um symmetrical extinction angle on 

several individuals, the plagioclase is 45- 50% An. 

Interstitial felspar also occurs among zeolitic material. 

The relative proportion and composition of this felspar 

could not be determined. 

The mineral cornposi tion according to mi crometri c 

measurements is as follows {Vol. - %):-

Olivine (Phenocrysts) 

Pyroxene (Groundmass) 

Plagioclase ( Groundmass) 

Iron Ore 

No. 2244. 

19% 

18 

Zeolitic material and interstitial 

f'elspar. 7 

As is seen above, the mineral composition is nearly 

identical with the previous specimens. This rock may be 

considered as a transition to the roCk No. 2242, described 

below. 

Specimen No. 2242. is of slightly coarser nature than 

the above described roCks. It con~ains black rounded 

-.-; 
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crystals of pyroxene, 3 mm. in diameter. 

In thin section, the roclt is mineralogically the same 

as the other roCks of the group, except for the presence 

of small amounts of pyroxene and plagioclase as porphyritic; 

constituents. The mineral composition was determined by 

micrometric measurements and the following resuits were 

obtained (Vol. - %) :-

Olivine (Phenocrysts) 

II Pyroxene ( 

Plagioclase ( " 

) 

) 

Groundmass (Pyroxene, felspar and 

zeoli tic material). 

Iron Ore. 

No. 224_2. 

18% 

8 

5 

66 

Olivine occurs as subidiomorphic crystals, of a 

serial grain size (1.5 mm. - .4 mm.). As in the previous 

specimens, the olivine has a thick opaque border of 

bowlingite and the crystals show distinct resorption 

effects. n1e axial angle of the olivine 2V~. is 78° 

(Fedorow stage) which gives a value of ~5.% Fa. 

Clinopyroxene occurs as irregular individuals, 

solitary or in glomeroporphyritic groups. In the latter 

mode of development the crystals are of rather small 

magnitude, .5 mm. in diameter, against 4 mm. in solitary 

crystals. It has a distinct purplish tinge. Inclusions 
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of small grains o:f- olivine and iron ore are frequently 

met with. The following optical deter,minatione were made:-

2V~ = 50 (! 2) c/tj = 43 ( Fedorow stage). 

These values indicate that the pyroxene is moderately rich 

in lime, Wo En Fe • 
33 46 21 

Plagioclase occurs in tabular and elongated crystals, 

solitary or in groups. There is no sharp distinction 

between the phenocrysts and groundmass felspar, the grain 

size being serial and ranging between 2 mrn. and .4 mm. 

in length.· Inclusions of zeolitic material and fine 

pyroxene grains are common. Twinning.is mainly on the 

albite and carlsbad lawsa Zoning is not conspicuously 

developed. Fedorow stage determinations (Maximum 

s;ymmet1 .. i cal extinction angle) on several grains allowed that .· 

the plagioclase has a composition of 50 - 55% An. 

The gr.oundmass consists of clinopyroxene as rounded 

grains and prisms, .3 mm. in average diameter. The 

pyroxene occurs interstitially 'between the small plagio­

Clase laths, and has a purplish tinge similar to the 

phenocrysts. Interstitially between the pyroxene and the 

felspar there are patches of zeoli tic material and 

chlorite. The zeolite occurs in many cases as radia~ing 

fibres which appear between crossed nicols as spherules 

with fibrous green chlorite as a central core. Fibrous 

chlorite of the same character also appears in the 
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groundmass filling vesicles. 

(B) APHYRIC BASALT. 

The rocks belonging to this group are typically 

nonporphyritic, and are mineralogically similar to the 

olivine-poor basalts described under Plateau Basalts 

(Of. P. 25). 

The following ape cimens are classed in this group:-

No. 2241 Uppermost flow. 

It 2243 Lava flow at lower level. 

tl 2239 tl " tl II " 
" 2237 Lowest f'low. 

Megascopically, the rocks are grey with rusty brown 

patches. Vesicles are rare, occurring as irregular 

cavities at most 4 mm. in dimneter, filled with chabasite 

and sometimes green chloritic material. 

In thin section the rocks are f'ound to be for.med 

of, in order of abundance, plagioclase, pyroxene, and 

iron ore. 

The plagioclase occurs as thin lathe, .2 mm. in 

length. The laths are of divergent orientation, but 

in some parts of the section they show subparallel arrange-

ment. According t·o maximum symmetrical extinction angle, 

the plagioclase has an average composition of 5~ An. 

(Fedorow stage). The clinopyroxene is of faint brownish 
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.. 
( tinge and occurs in irregular individuals, of the smne 

magnitude as the plagioclase. 
. I 

It shows a ~~bdoleritic 
·' 

relationship to the plagioclase. Iron ore is fairly 

abundant as irregular lumps enclosing grains of 

plagioclase and pyroxene. Some iddingsitic material, 

as rounded patChes is found, probably pseudomorphous 

after original olivine. Chloritic material of the 

same character is also seen dispersed among the main 

constituents. 



P1 agio cl ase 
Diopside 
Hypersthene 
Oil.ivine 

Mode (Vol.-%) 

Pheno cryst·s: 

Plagioclase 
Pyroxene 
Ol.:i,.yine 
Iron Ore 

Gr.oundmas;s: 
. . . 

2215· 

43.26 
'A 5~ '8"8 

... ~.~~ 66 
1Jl:~6.6 
17~86 

8 .• 96 
1.7·3 
1~16 
1.41 
0~20 
3~·55 
0~64 
0.22 

10.0.19 

(3. 20) 

14~78l 10.43 
3.05 

23~70 
7.65 

6.84 
12.00 
4~81 
1~42 

28.26 

5.31 
6~73 
1.51 

Ab7l An29 
Wo52 En37.Fsll 

Fe76 FB24 

3 
29 

2 

Leu co crat:i:c .;K 2l. 
Mineral a~:· · · 
Ferromagne sian ¢ 36 
:Minerals~ 
Ir.on Ore~ 9 

~ Includes ·felspar, apatite and 
anB.lcime. · · · · ··· 

pi InClUdes pyroxene, and subordin­
ate olivine or its pseudo­
morphs. 
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2216 

44il6 
8.~4 
5~74 

10~72 
7~80 

11....20 
3.26 
1.75 
1.07 
0.40 
4.47 
0.83 
0.09 

99.82 

( 3.065) 

10~34 
14;88 
2~89 
6~87 

37.99 

l9.72l 
13.04 

5.23 

.... 

6.37 
4.41~ 
1.96 

8.33 
8.48 
1.23 

~b83 An1~ 
Wo52 En34 .·814 

Fo69 Fa31 

23 
5 
4 

29 

5 

34 

2228 

44~74 
11 .. 87 
3~33 

11~59 
7.89 
10~13 

3.31 
1~ 38 
2.03 
0.26 
2.13 
0.89 
0.20 

99 .. 75 

(3.063) 

8~12 
16~77 
13~37 
6.08 

25.41 12.93l 
6.98 
5.50 

16.46 
8.8~~ 
7.65 

. 4.83 
4~04 
2.12 

Ab57 
Wo51 

.An43 
~27 Fs22 

Fo54 Fa46 

].5 

5 
2 

-~~~ 

2225 

45~:_81 
12~90 
4~36 
10~31 
5~75 
7.52 
3~36 
1;70 
1~91. 
o;as 
4~03 
1.11 
0.20 

99.84 

( 2. 920) 

10~-01. 
28~40 
15•01 

12.25 6;2al 
3~65 
2.32 

7.00 
4.28~ 
2.72 

7 .• 56 
4.44~· 
3.12 

6~33 
. 7~65" 

~65 
wo.sl 
Erl61 
Fo59 

19 
2 
5 
2 

56 

10 

6 

2.62 

.An35 
Eil Fs19 30 Fa -
:&, .39 8

41 

22"26 

47.37 I 

14.51 
5.37 
8.68 
5.01 
8.12 
3.50 
1.56 
1 .• 44 
0.50 
3.04 
0.90 

.. 0.:03 

10.0 •. 03 -~ 

.( 2. 919-)} 

9.23: 
29.55 ~ 
18;, 79 ~ 

12.66 : 6.52l 
4.01 
2.13 

5.88~ 
3.09 

8.97: 

·2.82 
1.78~ 
1.04 

7.79: 
5.76' 
2.12 ;\ - .. 

Abs1.An!l:9_ ; 
W6.s1 Er;l32~~~ 
En Fs ·:; 
Fo66F· :34 . . a 

63 37 

.... 

.... 

58. 

24 

18 .. 

··~ 

*' Groundm:ass is mainly g1·a.ss ( 77%) , with mi croli tes of 
pyroxene and iron ore. 
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In the following discussion on the Chemical variation 

among the rocks analysed, it is assumed that members of 

this series of lavas are genetically related. A complete 

elucidation of the gene~ic re~ationship ot the rocks 

cannot, however, be attained at present, as it would 
,. 

require not only a greater nurnber of chemical analyses, but l. 

also an increased knowledge of the field relations and 

extent of the different types. 

The five Chemical analyses are given together in 

Table 16, with their corresponding normative and modal 

composition. 

In order to get a clear view of the chemical variation # .. , 

in the rocks studied and to for.m a general conception of 

the nature of dif"ferent.i'ation, a number of variation 

diagrams have been constructed {Figs. 8- 10). 

The first of these (Fig 8) is an or~nary variation 
-

-~ 
' 
' 

diagram upon which weight percentages of the various oxides.;', 

are plotted against percentage silica. 
~~ 

~~ 
The most striking :: 

feature of this diagram is the rapid decrease in magnesia 

with small increase in silica, while lime and iron oxides 

increase in amount. At the same time, alumina shows a 

rapid increase in the early stages in the differentiation, 

··~ ·····..J· ·-·_.;o......__, ... ___ .......=......_..-... __ ....... ___ ........ _____ ,..__....,. ___ ~--............. . 
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the curve flattening out somewh.at at higher silica 

percentages, as do the curves for the other oxides. The 

form and direction of the curves, then, indicate that the 

main Changes which took place in the early stages of 

crystallisation were a rapid decrease in magnesia and 

increase in lime and iron oxides. This seems to suggest 

that the early separation of a magnesia-rich olivine was 

followed by a lime-rich pyroxene, which is in good agree­

ment with the optical data for the early crystallised 

phases, i.e. phenocrysts. The rapid and continuous 

increase in the alumina is due to the fact that plagio­

clase f'elspars were not among the early crystallised 

minerals. 

Variation diagrams based on the ratio 

FeO + Fe 0 
. 2 .3 X 100 i.e. expressing relative 

.; 

~ 
) 

2 3 i 
enrichment of' iron, have been shown to be more satisfactory.,(: 

than those based on silica percentage, in following the 

sequence in certain differentiation series (Deer and Wager· 
' 

1939, Walker and Poldervaart 1949). Graphical represent- ~ 

ation based on this ratio provides one of the best methods 

of' representing the early and middle stages of crystall.is-

ation differentiation. In Fig. 9 the analyses have b.een 

represented graphically by plotting the oxides percentages 

against the ratio FeO, + Fe203 x 100. 
FeO + Fe o,· !t>MgQ 

2 3 

"<'I 

".'! 
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The projected points for the different oxides occur on 

smooth curves, and the irregularities present in the 

previous diagram, Fig. 81, are mostly el~inated. The 

two diagrams show, however, a similarity in the essential 

features discussed above. 

In order to elucidate further the variations, the 

analyses are also plotted on a variation diagram (Fig. 10) 

based upon Niggli values. The most characteristic 

feature is the antagonistic course of the c and t.m curves 

towards the basic end of the diagram. With regard to 

the other curves, the diagram is very regular. 

The petrographic data for this group of lavas show 

i , 

' 
fair agreement with these chemical variations illustrated ~ 

{ 
by the foregoing diagrams. The main petrographic features:':· 

) 

·" 
' of the lavas may be l;>riefly summarised as follows:- , 
-·.~ 

(1) Magnesia-rich olivine (16 - 27% Fa) and lime-rich 

· pyrqxene (Wo En Fs ) form the main phenocryst''~ 
44 ~6 20 :{ 

in most of the porphYritic lavas without early j 

plagioclase felspar. 

(2) Normative and modal felapar in these rocks is 

oligoclase and is restricted to the groundmass. 
{ 

The nepheli te molecule occurs in the norm, however. ~. 
•\ 
! 

( ~) In those rocks where the plagio·clase felspar· appears/ 

as phenocrysts, together with phenocrysts .of olivine,~ 

and pyroxene, i.t is an andesine with 45 46% An, 
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while .. tne groWldmass felspar is acid ' .. ~de sine to 

oligoclase- andesine. 

( 4) The non:porphyri tic rocks show normative and modal 

felspar of a composition about oligoclase-andesine. 
' . 

The normative pyroxene shows a composition 

appro~ching pigeoni tic (lime-poor) character 

Wo En Fe: 
35 50 25 

(5) Olivine is a common ingredient throughout the whole 

group of lavas, both porphyritic and nonporphyritic 

types • 

. JUdging· from these petrographical and chemical 

char.a.cteristics, it seems that as a consequence of the 

early crystallisation of magnesia-rich olivine, followed 

by ltme-rich pyroxene, the quotient Cap· /·Na 0 has been 
2. 

lowered corripared with the ratio in· the original melt. 

Alumina is thus left to combine with most of the alkal.:t:es· 

and a little l~e to form acid plagioclase. 

So, on the whole, the form and the direction of the 

curves in the variation diagr~s (Figs. 8 -10) seem to 

be mainly controlled by the species of minerals separating 

as ,vell as by their corpposi tion. 

B -- P..O.SSI·BLE .. FACTORS RESPONSIBLE ·FOR .THE DIVERSITY 
OF THE.· R00KS. 

The diversity of the Prinsen af Wales lavas may be 

ascribed to the following factors:-
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(1) The original composition of the parent magna 

(2) crystal fractionation accompanied by gravitative 

settling of early phases, and 

(3) physical environments. 

The character of the parent magma of the Prinsen a:£ 

Wales lavas is undoubtedly of the first ~portance in 

controlling the composition of the early crystallising 

minerals. The average composition of the original m~gna 

is accordingly- to be sought aniong the more common types, 

namely Nos. 2216, 2228, 222:5 and 2~26. The average 

oomposi·tion is given below (Table l~) and it sho.ws to be 

intermediate between the- averages for the Plate·au basalt 

and the nonporphyritic central magma types as defined by 

the authors of the Mull memoir (Bailey 1924). 

Table 1~. · 
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The average Prinsen af ·wales Lavas is clearly 

basal ti.c as is shown by the high content of iron oxides, 

magnesia and lime. The_high content ·of alkali, especially 

soda, i.ndicat.es on the other hand an andesitic a:f':f'inity. 

The conception of two contrasted magma tY,pes, the 

olivine basalt and the tholeiitic type, as put forward 

by Kennedy, suggest that enrichment in alkalies during 

the later stages of differentiation. is a aharacteri·stic. 

of rocks of the olivine-basalt ma·gma: type. He emphasized 

that "the composition of the paren,t magna forms the 

ultimate control of differentiation, but the actual means 

whereby the particul&~ end is attained is seen in the 

mineral phases which separate" (Kennedy 1933, P. 250). 

Kennedy ·explains the difference in mineral characteristics 

of t:Qe ·two maE!Pla types b;v showing that the .olivine basalt 

lies well within the stability field of forsterite in 

the system forsteri te-diopside-sil~_ca and ~ose to the 
' i 

forsteri te-diopside curve. Oryst~llisation starts with 

the precipitation of fora teri te foll-owed by lime-rich 

pyroxene. Considerable.amounts of lime are extracted 

in this early separation of pyroxene, and consequently 

the residual liquids are impov·~rished in this constituent.· 

This early removal of l~e by the pyroxene prevents it 

from combining with alumina to·· form anorthite, and 

consequently the alumina is forced to combine with the 
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alkalies to form alkali-felspars, and eventually 

felspathoids. The tholeiitic magna, on the other hand, 

lies close to the boundary of the forsterite field or 

entirely within the pyroxene field. The early fozmed 

pyroxene is an enstatite-augite, or l~e-poor variety. 

Consequently, most of the lime will be available for 

combination with alumina to form the anorthite. molecule, 

which. is shown to be an important constituent, even in 

relatively acid rock types. 

Barth in his paper "The .Crystallisation Process of 

Basalts" believed in one \~Vorld-wide primary magna end 

showed that slight variation in the composition of this 

magma as well as different .condi tiona ot cooling might 

give rise to over-silicated, und.er-silicEi_ted, or neutral 

residua (Barth 1936, P.350-351). 

In the strongly fractionated Skaergaard intrusion, 

which belo~gs to an olivine basalt magma type, Wager and 

Deer (1939) showed that there is a continuous trend of 
.. 

· crystallisation for the. p~·oxene from diopside-rich 

towards clinohypersthene-rich types. This crystallis-

ation trend passes thro~gh the two fields of the two 

parental magmas as defined by Kennedy (Deer and Wager 1939, ' 

p.,. 256-257) , the diopside-ri ch variety being characteristic 

of the olivine basalt field. Accordingly, they did· not 

incline to Kennedy's hypothesis of two separate magmas and 
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Ti0 
2 

AlO 
2 3 

Fe Q· 
2 3 

FeO 

MnO 

MgO 

OaO 

Na o· 
2 

K 0 
2 

p 0 
2 5 

No. of 
Anal. 

F 

46 .. 79 

3.52 

12 .. 15 

4.47 

10.62 

0.13 

6.79 

9. 51 

3.46 

1.63 

~r.E 18. 

1 

47.4 

2.2 

15.6 

3.7 

9.2 

0.3 

8.5 

10.2 

2.1 

0.6 

0.2 

2 

51.6 

1.6 

14.3 

9.2 

0.3 

5.3 

10.2 

2.8 

1.1 

0.3 

100.00 100.00 100.00 

4 7 11 

.3 

47.35- 53.97 

0.94 - 3.25 

ll.p5- 14.87 

2.73' 5. 87' 

6.32 - 13.08 

0.09- 0.53 

2. 58 - 6. 84 

6.36 - 12.89 

2.36 - 3.48 

0.54 2.27 

0.21 0.55 

9 

F. 

1. 

Average of 4 analys~s of the Prinsen af Wales Lavas. 

He bride an olivine basalt (Bailey and others 1924). 

2. Nonporphyri tic Central Magrila (Bailey and others 1924). 

Range ·in_percentages of oxides in Tholeiitic MaBPla 
typ·e (Daly 1944, P.l395). 

""~·-····-··.!.~-... :·----------· --····'·--"-~------·----. ----~--- ~-·--·----····· 

._.;:. 

.I 
·I 

.~. 
:;: 
·' 
·:i 

' 
.S 

.. , 

·' 
i 

. ( 

-~ 
'I-
' ' 
j 
-~.' 

... 
/ ,. 
~-~ 
I 



-,. 
· ......... ~.-·_ .. ..._..__. _________ ···--·--'"······· 

.105 

believed that the calc-alkaline series of' igneous rocks is 

the result of' mixing of basic and acid material. - The 

normal course of differentiation in basal tic magmas ·has been~ 

shown to be towards iron enrichment in the early and middle 

stages and enrichment of silica and alkalies towards the 

end. Walker and Poldervaart (1949, P.650-655) reached 

the same co"nclusion but they consider it likely that the 

calo-alkel.ine suite may be produced by fractionation of' 

basalt macgma. They did not exclude, however, the 

possibility of assimilation of sialic material, followed 

by crystallisation-differentiation of the hybrid magma 

(1949, Po661). 

In a recent paper, Daly (1944·, F,a·.~6~-1~97) discussed 

critically the conception of' the two ~a~a types as 

pictured in Mull. He showed that the range in stated 

percentages of the oxides. in nine analyses representing 

the Nonporphyritic Central or Tholeiitic magma type of 

Mull. appro·aches towards the basic end, the Plateau Basalt 

magma type (Table 18). Moreover, it is shown that several 

' 
-~ 

l 

.. ~ 
I 

"'( 

. ~ 

' well-known olivine bas:al t provinces lie within that range. 1 

Daly. ascribes the chemical diversity throughout the world 

ultimately to crystal fractionation of a world-wide 

., 
! 
' ., 

primitive olivine basalt magma accompanie_d to e. less extent . 

by syntexis. The latter process is believed to be more 

pronounced in the continental than in the oceanic sectors 

of the globe. 



2215 2215a:. 2216 22:16a 2228 2228a 

Si0· 43.26 36 •. 30 44!.16 45.51 44.-~4. 45.25 
2 

Ali. 0· 5.8:8 9.50 8.34 1-3.37 11.87 1.5.9.9' 
2; 3 

Fe 0- 3 .. 66 2.46 5.74 2.14 3.33 1.53 
2 3 

FeQ. 11.66 10.62 10.72 8.·30- 11 .. '59 10:.54 

Mn.Q· 0.22 0.36 0.09 0.14 0.20 0.27 

Mg0' 17.86 3.43 7.80 3.46 7.89 3.94 

oao 8.96 13.29 1~.20 8.15 10.13 9.00 

Na 0 L73 2.80 3.26 5.24 3.31 4.46 
2 

K 0 1.16 1.87 1.75 2.81 1. 38 1.86 
2 

H 0· + 1.41 2.28 1.07' 1.72 2.03 2.74 
2 

H 0- 0.20 0.32 0.40 0.64 0.26 o •. 35 
2 

TiO· 3.55 5.74 4.47 7.19 2.13 2 •. 87 
2 

p Q'· . 0.64: 1.03 0.83 1.33 0.89 1.20 
2 5 

100 •. 1,9 100.00 99.83 100 •. 00 99.75 100 •. 00 
. NJ.gg1J. .. v~ue.s: 

si '79 116 95 122 96.5 m. 
a1 6 14 11 21 15 23 
fm 12 40 54 37 52 40 
c 18 36 26 24 24 24 
aLk 4 10 9 18 9 13 
mg 0.68 0.32 0.46 0.37 0.49 0.37 
k 0.30 0.34 0.26 0.26 0.22 0.27 
ti 4.9 10.8 7.27 14.5 3.51 5.3 
• o. 6 . 1.1 0.78 1.5 o.8 1 .. 2 

No. 
II 

2215: 
2216: 

Ol.i vine rich oligoclase ba:salLt. 
Pyroxene phyrj.c andesine basalt. 

II 2228:· 

2225 2225a 

45.8]. 46eOl. 

lL2.90i 11..54 

4.36 2.42 
'' 

10.3:1 ll.@9) 

0.20 0·.29i 

5.75 4.07 

7.52 7.74 

3.36 3.41 

1.70 2.12 

1.91 2.72 

0.88 1.26 

4.03 5.75 

1 .• 11. 1.58 

99.'84 100.0.0 

ll.9. 124 
18.6 18 
51.0 47 
19.8 22 
10.6 13 
0.41 0.35 
0.25 0.29 
7.4 11.6 
1.1 1.8 

II 2225: 

u n u n (glassy 
development) 

Andesine phyric andesine basalt. 
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In view of the above considerations, petrographic 

and chemical, the parent magma of the Prinsen af Wales 

lavas seems to have been an olivine basalt of mild 

alkal.ini ty. 

Fig. 11 throws smne light on the reasons for the 

petrological diversity found. ~ong the Prinsen af Wales· 

Lavas m1d to what extent this diversity is due to 

cz•ystallisation differentiation and to what extent it may. 

be due to other causes. In Table·1:9, in addition to the 

bulk con1posi tion of the· analysed porph.yri tic 1 avas, the 

calculated compositiohs.·of' the groWldmass {2215a·, 2216a, 

etc.,) have also been included. For these calculations, 

micrornetric analyses, dete1-m1inations .of' specific gravity 

of the rock's, and the densities of the component 

minerals according to Winchell (1933) have been employed. 

In the plagio.clase, a percentage of orthoclase substi t­

uting for part of the albite was included, acc.ording to 

estimates by .AJ.lin·g (1921, P,; 249). 

If the different types of rock had been developed 

frem a parent magma by normal crystallisation different­

iation, the groundmass should show tendencies towards 

~positions approaching those of the later members of 

the differentiation series. A glance at Fig. 11 shows 

that such a relationship does net exist. In most cases 

the groundmass shows higher si, al, and alk, the other 

• ,,..1 
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groups c: and fm being lower than for the bulk composition 

of the rock. Rock No. 2215 shows a deviation from the 

normal course taken by the other porphyritic rocks of low 

si., by having a higher value f'C?r c than has the bulk 

composition of the rock. By the marked predominance of 

olivine among the phenocrysts, the groundmass is enriched 

in pyroxene (probably lime-rich) and alkali :felspars. 

This roCk has been most probably enriched in olivine by 

gravitative accumulation. 

From the above features, it appears that crystal 

settling may be considered responsible to a great extent 

f'or the diverse characters of' these rocks. 

The phenocrysts. of' the porphyritic flows could 

certa~y not have attained their present dimensions by 

crystallisation after extrusion, but must have been 

J 
l 
.; 

' 

formed during an intercrustal period of' partial crystall- I 

isation prior to extrusion. Most probably there has 

been a gravitati-ve accumulation of' the early crystallised 

phases, the pyroxene and olivine ~inking and the f'elspars 

tending to float. Mi crometri c measurements of the 

f'elspar phyric flows show that there is a gradual 

transitioR to the upper pyroxene phyric lavas, through 

the de crease in the percentage of' the f'elspar phenocrysts 

and a corresponding increase in the percentage of the 

porphyritic pyroxene • This variation can be explained 
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by the differential movement of the crystall.isi~g phases 

under the effect of gravj.ty and hence the mineralogical 

and chemical composition o:f a particular :f'low will be 

controlled by ·the position of the part drained from the 

magma column. 

I 

,. 
4s the matter is usually complicated by the gravitative .. , 

'I 

settling of early crystaJ.lised minerals, it is difficult to ·j 
- . !; 

made any ca,lculations to demonstr.a. te the actual changes 
; 

that took place in the evolution of these types. At any 

rate, it seems safe to conclude that the parent magma, 

olivine basalt, was of such composition as to lie well 

in the pyroxene field in the ~ystem Dio.pside-Anorthi te-

with~.jl 
'I 

·'I ,. 
·, 

Al.bi te (Bowen 1928). The ea~ly crystall.i.sing phases were t 

magnesia-rich olivine and pyrox~ne of diopsidic type. 

By progress of crys.tallisat~on and removal .. of early 

crystals, the composition of the rest ·magma approaches· the , ., 

'Dound.ary curve. There, felspar started to crystallise 

together with pyroxene. The composition of the crystal!-

ising felspar depends tuldoubtedly upon the composition of 

the rest magma at that stage. T.he relatively early 

crystallis:ation of lime-rich pyroxene would impoverish 

the resid~al·liquid in lime and eventually the composition 

of the magma seems to lie somewhe~e on the ·boWldary curve 

where plagioclase of composition about 50% An was produced, ·.j 
:1 

corresponding to the plagioclase phenocrys:.ts in the :i 

.. --



109 

felspar-phyric rocks. Differential movement of the 

separating phases probably continued to take place; the · 

felspar would tend to rise while the pyroxene would sink. 

This process probably explains the enrichment of the 

earlier felspar phyric lavas in plagioclase phenocrysts 

compared with the later flows of the same group. Tapping 

of the magma at different levels in the magma chamber will 

bring to the surface lavas of' diff~rent composition. 

The nonporphyritic. flows seem to represent a part of' 

the magma crystallising at that stage. This suggestlon 

is based on chemical and normative similarity of'.the 

f'elspar phyric and the nonporphyrit.ic . .f'lows (ef'. Analyses 

Nos. 4 and 5). 

The progt~ess of crystallisation along the boundary 

carve with concomitant separation of' the phases produced, 

would lead to enriChment of the crystallising plagioclase 

in.the· albite molecule. This conclusion is in fair 

agreement with the modal and normative composition of the 

groundmass plagioclase in the pyroxene phyric roCks, being 

an oligoclase-andesine. 

Although the above system {.Di-An-Ab) would throw some 

light on the course of differentiation :followed by the 

magma in the evolution of most of the types, it will :fail 

to explain the origin of the olivine-rich basalts, such -as 

Nos. 2215 and 2238. In these types, oli~ine is the 
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dominant phe~ocryst, while pyroxene for.ms the greater part 

of the groundmass associated with a small amount of felspar.-; 
. ! 

The abundance of the olivine pheri.ocrysts seems, as has been·; 
' mentioned above, to be the result of crystal settling under~ 

the influence of gravity. On the other l'lend, the ground-

mass has undoubtedly crystallised after extrusion and 
., 

accordingly it represents a true melt of its own composition; 

It has been shovm in Fig.ll that the calculated 

composition of the groundmass in the olivine-rich rock 

{No. 2215) diff-ers from th~t of the other types in having 

a high content of l~e; th~s probably in.dicates that the 

pyroxene in the groUndmass is a calcic variety. 

It is difficult, however, to explain the origin of 

such a melt which would yield on crystallisation mainly 

pyroxene. It is possible to explain ·this if.we assume 

that the sinking of early crystals of pyroxene takes place ·.j 

soon after crystallisation; the crystals would thus reaCh 

a level in the magmatic chember where the temperature is 

sufficiently high for its resorption. 

It is of interest to mention that the calculated 

composition of the groundmass {Table 1'9 - No. 2215a) 

approaches that of the average for the ~ther analysed 

rocks, except for its lower magnesia content end slightly 

higher content of lime. This may also suggest that the 

groundmass probably represents a liquid of a compost tion 

"'· i 
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near to that of .the parent magma, though modified to some 

extent by resopption of sunken early crystals _of pyroxene. 

The part played by volatiles in the ma~a is unknown, ·1 

and it is difficult to say to what extent the alkaline 

Character of this basic series of lavas is affected by 

them. The derivation of the alkaline ultrabasic roCks 

such as limbuz•gitic basalts, by volatile transfer has 

been suggested by Mae~o,nal~- (1944,. ~-1~60). At shallow 

depths a release of gases t-akes place accompanied by a 

further upward movement of gases which probably contain 

compounds of' l"ock f'orming oxides, among them soda and 

potash. Precipitation of these materials may take place 

in the upper parts of the magma, aiding in the production 

of alkali-rich ultra-basic rocks. 

In a previous section, the petrography of' the 

horizontal Plateau Basalts in Prinsen af Wales region were 

described, and. it was f'ound that they show slight variation-~ 

Like the rest of the Plateau Basalts in East .Greenland they:i 

are felspal'-phyric and aphyric basal tsa Plagioclase is 

usually the dominant phenocrystic constituent, while 

pyroxene hardly occw•s as phenocrysts but it usually 

belongs to a late period of crystallisation. On the 

other hand, the variation among the Prinsen af Wales lavas 

shows a marked and more advanced stage of differentiation 
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during the intratelluric crystallisation. Moreover, the . . . . . 

crystallisation of pyroxene in the intratelluric stage 

seems to ~ave been an ~p~rtant factor _in determining the 

course of differentiation. ~hese upper inclined lavas 

most probably belong to the __ same vo~canic cycle which 

pl'"oduced the hor_izontal basalt series. ~t is likely that 'j 
·: 

a part of the main mastna has been checked for a considel'­

able t~e at a level in the crust which was relatively 

higher than the main ma@Tla chamber. There, different 

conditions of temperature and pressure were enough to 

disturb the physico-chemical equilibria that presumably 

existed between the molecular constituents of the .magma. 

SUch mechanism is believed to give rise to marked 

differentiation products (Dale 1944; MacGregor 1948, 

P.l44-148; Ma1cdonal'd 1949, P.l586-1587). 

The ~bsence of hypersthene as an early crystallis-

ation mineral in these lavas also seems to lend support 

to this hy.pothesis (Lars~n -1940, P. 9"26; Macdonald 1944, 

P.l36; 1949, P.90). High pressure is believed to 

favour the formation of hypersthene at depth ins·tead of 

olivine. This has been explained by the fact that 

hypersthene has a considerably brreater density than the 

average d~nsity of an equivalent mixture of olivine and 

amorphous. silica. 

A parasitic magma ch~ber of this kind would also 

... '' ...... pL.~... -· ' 

··! 
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probably explain the limited extent and the smaller 

thiCkness of these lavas, compared with the thick pile 

of' the Plateau Basalts. 

The inclined. nature of these lavas s~ems to bear 

some relationship to the physical environments under 

which the parent magma existed. It is, however, difficUlt 

to decide the nature of these environments, but neverthe­

less tentative suggestions may be given. 

This inclined nature has been interpreted to be due 

to a high degree of' viscosity of these lavas on extrusion. 

In this. connection the gas content may be mentioned as one 

of the tmportant factors in determining the degree of 

fiuidi ty of lavas. The non-veE?.icular character of the 

rocks might be regarded as indicating that a large amollllt 

of volatiles has been lost before the lavas reached the 

surface. A shallow depth of the magmatic chamber as 

suggested above, and consequently a l'ow pressure, may 

possibly offer an explanation for the escape of the 

volatiles. 

Another factor that may possibly affect the fluidity 

of these lavas is the early crystallisation of pyroxene 

which is believed to have been an important factor in 

causing the diversity of these rocks. Washington (1923, 

p-~421) in his study on the formation of the two types of 
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the Hawaiian lavas, the Pahoehoe and the Aa, has shown that 

they have the smne content of ferrous oxides, although the 

Pahoehoe has· a higher degree of viscosity than the other 

fozm. Besides the low gas content in the PahoehQe form, 

he ascribes its viscosity to t~e early formation of augite 

phenocrysts~ On the other hand, the rapidly flowing 

-. 

highly crystalline Aa f'or.m as observed in Hawaii as well as : 

in Etna and Vesuvius is characterised by the abundance ot 

labradorite phenocrysts but not of' augite. Similar early 

development of felspar phenocrysts is also seen in the 

Plateau Basalts in several regions. Because of' the early 

crystallisaition of pyroxene the portion of the lava that 

remains liquid becomes increasingly poor in f'emic constit-

uents and t·hus fluidity decreases rapidly. In the Aa and 

Plateau Basalts, on the other hand, by the early crystalL­

isation of felspar, femic constituents increase in the 

liquid, and therefore greater fluidity is continually 

maintained. for a long period. 

0 QQ!,fil.ARISON WITH OTHER VOLCANIC REGION-S. 

In the section on the petro~aphy of the Prinsen af' 

Wales lavas, the individual ch~ical ~"lalyses which are 

considered to be representative for the corresponding 

·groups were compared with rock types from other volcanic 

regions. It is found worth while to compare these 

·--· .:. --··- ..•. 1~~·-·-· ·-· -
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~iO 
2 

AlO 
2 3 

Fe o 
2 3 

FeO 

MgQ 

oao. 

Na 0 
2 

K 0 
2 

H 0 +· 
2 

H0-
2 

TiO 
2 

p· 0 
:2 5 

I\'In0• 

~- g. 

Norms. 

Q 
or. 
PJ:J. 
.kn. 
Np. 
Di. 
BY'· 
01. 
Mt. 
11. 
Ap. 

A B c D E 

43.26 44.16 44.74 45.81 47.37 

5.88 8.34 11.87 12.90 14.51 

3.66 5.74 3.33 4.36 5.37 

11~66 10.72 11.59 10.31 8.68 

17.86 7.80 7.89 5.75 5.01 

8.96 11.20 10.13 7.52 8.12 

1.73 3.26. 3.31 . 3.36 3.50 

1.16 1.75 1.38 1.70 1.56 

1.41 1.07 2.03 1.91 1·.~ 

0.20 0.40 1 0.26 0.88 0.50 

3..55 4.47' 2.13 4.03 3.04 

0.64 0.83 0.89 1.11 0.90 

0.22 0.09, 0.20 0.20 0.03 

100.19 99,83 99.75 99.84 100.03 

3.20 

6.84 
12.00 
4.81 
1.42 

28.26 

31.35 
5.31 
6.73 
1.51 

3.065 3.063 3.920 

9.34 
14.88 

2.8Q 
6.87 

37.9Q - ' 

6.3'(' 
8.33 
8.4$ 
1.23 

8.12 
16.77 
13.37 

6.08 
25.41 

16.46 
4.83 
4.04 
2.12 

10.01 
28.40 
15.01 

12.25 
7.00 
7.56 
6.33 
7.65 
2.62 

2.919 

9.23 
29.55 
18.79 

12.66 
8.97 
2.82 
7.79 
5.76 
2.12 

Olivine.rich oligoclase bese.lt, E.G. 2215 
{New analysis). 

B. 

c. 

D. 

E. 

1. 

Pyroxene phyric ahdesine basalt (normal 
development, E. :G. 2216 (New analysis). 

Pyroxene phyric andesine basalt (glassy · 
development), ~.G. 2228 (New analysis). 

I 

Andesine phyric ~desine basalt, E.G. 2225 
(New analys-is). 

Andesine basalt, E.G. 2226 {New analysis). 
I 

Olivine basalt, E.G. 1057, Kap Dalton, 
. I • 

E. Greenland, :a1.11 west o:f .Anchorage and 
100 ft. below lowest sediment; anal. 
H •. F. Harwood. (Wager 1934, P. 32-33). 
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T.A:miE 21. 

1 2 3 4 5 6 7 F 

48.89 47.26 47.81 48.64 48.20 46.84 46.28 45.52 i 

13.60 14.17 13.64 12.02 1L97 17.li 11.95 11.91 '. 

4.72 4.68 4.50 -4.34 4.52 4.95 4.81 4.70; 

9.65 8.32 8.84 7.34 1!1.65 5.01 8.28 10.33 

4.54 6.65 6.51 7.33 4.94 5.72 7.52 6.61 ' 

10.09 10.64 11.29 11.85 10.21 10.21 lll.69 9.24 

2.74 2.30 2.54 1.85 2.39 1.61 2.28 3. 36:-_.: 
. '· 

0.30 0.81 o._35 0.31 0.79 0.69 0.92 1.60: 

1.38 1.45 0.76 1.05 0.62 2.53 1.47 1.61 .. 

1.14 0.90 1.26 2.25 1.63 0.51: 

2.64 2.69 2.51 2.20 3 •. 01 3.98 3.26 3.42: 

0.39 0.23 0.24 0.18 0.92 0.19 0.45 o. 9.0 ~ 

0.24 0.19 -0.44 0.12 0.40 0.16 0.19 0.13--

lOO.lQj 100.26 10.0.47 100.08 99.62 100.61 99.93 99.8:4! 

2 .• -90 

4~50 
1.78 
23~27 
23;.66 

21.70 
10·.5 

6.7 
5.1 
0.5 

2. 

3. 

4. 

5 .. 

6 .. 

7 .. 

2.97 2.95 2.997 2.82 

0.70 o.8o 4.90 3~48 7~38 
4;.80 2~20 1.70 5.00 3.89 9.50: 

19.40 21.50 15.70 20.44 13~62 26.50-
25;.90 24;.50 25;,30 19;.46 37~33 12.70 -

l! .• 000 
21.70 25~50 26.30 20~86 10~1:5 22• 20'; 
13•4 13;.30 12;,00 15o. 57. 9;.60 

11.20_ 
5.90 6.50 6.30 6~50 4~64 6.80" 
5~20 4.70 4.30 5.78 7~60 6.50: 
0.50 0.70 0.30 2.02 0.30 1.80: 

O~ivi.ne l;lasa.lt, E_.G .. 1093, North side of Barclay Bugt, 
East Greenland, AnEU. Harwood ( op ~ t. 1934). 

oa.i vine basalt, E. G.. 1112, Kap Daussy, East Greenland;. 
Anal. Harwood { op.. cit. 1934). 

Basalt L·ava (86') SUirimi t of Jackson Island·, Gael. ~amke·s :_ 
Bay, East Greenland; Anal. Herdsman (Wager 1935, P.l7) 

Dolerite, No. 141, the c6ast near·KirChenpauer Buct, 
Clavering Is; Anal. l'J. Sahlborn (op_. cit. 1935). 

BasaJ. t, Scdresby Sound~ East Greenland; Anal. Harwood 
(Holmes 1916, P.-18~). 

Average ef E. Greenland basalts,- 7 analyses after 
Buckland· and Malmqvist. (Quoted from Krokstrom 
1944, P. 38). 

F. Average of 4 ·analyses of Prinsen af' WaJ.e·s lavas (Nos. 
2216, 2228, 2225, 2226). 
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analyses represented'by a calculated avel"age with well­

known volcanic provinees. 

The average chemical composition of the Prinsen af 

Wales lavas was sho'~ to be an olivine basalt with an 
. . . 

alkaline af':f"ini ty. In general character the average 

composition shows some features in common with the Plateau 

Basalts in Ea:st Greenland (Table· 2.0, Col e.. 1 - 6) ~ The 

high iron oxides, titanium dioxide, lime and magnesia in 

both cases suggest inherited characters from a common 

parent magma. The similarity can also be perceived by 

comparing the average composition of' the Prinsen af Wales 

lavas with that of seven an·!Uyses of' basalts from East 

Greenland given by Backlund and Malmqvist (1932, P.47). 

The h:i,_gh titanium dioJcide is cormno;n tp almost all Green­

landic basaltic rocks (Backlund and M~qvist, op. cit; 

Holmes 1918, KrokstrOm 1944)~ It is believed that this 

high content of' titanium' in the Greenlandic basalts is a 

feature connected with the magmatic evolution in the region. 

as a wliole. The geographical distribution of' the ti tanimn·; 

dioxide in the Brito-Arctic region has been discussed by 

Holmes (1918, P.217) and-he believes that a belt passing 

through the Hare Island, the Faroes, Iceland and Scoresby 

Sound represents a region underlying which the magmatic 

sources are particularly titaniferous. On both sides of 

this belt the content of titanium dioxide fades out • 
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Moreover, he correlated the geographical distribution of 

titanium dioxide with the variation in t~e between the 

older and younger rocks in the North Atlantic Tertiary 

Province, and pointed out that. the later phases of igneous 

activity were the more alkaline. The recent discoveries 

of highly alkaline basalts, whiCh started the Tertiary 

igneous activity in East Greenland, cas.t some doubt on the 

general conception given by Ho~e~ that the progression in 
. . 

ttme is in direction of increasing alkalinity. In the 

basal conglomerate at Kap Dalton .pebbles were collected . . . 

which are believed to be derived._.frem highly alkaline 
:~ . . . . -

igneous field North o:f s·coresby Soun.~ of late Cretaceous 

or early Tertiary (Wager 1935, P.29). ;rn comparing the 

Prinsen af Wales Lavas with these pebbles, nothing is 

found s~ilar to these highly alkaline suite of pebbles. 

The nearest comparison is found between a dyke of 

pyroxene moz:tcl:).iqui te cutting through one of the flows 

(No. 2221) ·and a pyroxene monchiqui te pebble (Wager, 

op. cit., P.22). 

In Table 21 the average Chemical composition of the 

Prinsen af Wales lavas is comp~red with the average of 

a number of magmatic provinces. 

The· Prinsen af Wales lavas- show petrographic 

similarity to the lavas of Etna (Washington and others, 

1926, P.406-408). These are dominantly andesitic and 



TABUE 22. 

AVERAGES OF THE PRINSEN AF W~ES LAVAS, ETC. 

F "1 2 3 4 

BiOi 46.79 51.91 50.8 50.04 49.25 
2 

TiO\ 3.52 1.61 1.5 3.12 2.71 
2 

.Alo~ 12.15 18.16 15.3 13.47 14.05 
3 

Fe e: 4.47 3.09 4.5 2.65 3.43 
"2 3 

FeO 10.62 5.37 6.9 9.79 9.94 

:MnO: 0.13 0.13 0.2 0.12 0.21 

MgO 6.79 3.90 7.5 7.79 6.77 

cao, 9.51 8.36 8.6 10.49 10.20 

Na o: 3.46 4.·85 3.0 2.43 2.48 
2 

K 0; 1.63 2.00 1.3 0.55 0.62 
2 

p Q, 0.93 0.62 0.4 0.29 0.35 
2 5 

~oo •. oo· 100. •. 00 100.00 100. •. 00 100.00 

No. of 
An·al: 4 .., 27 23 30 

F. 

1. 

2. 

3. 

4. 

.1\,verage of 4 analyses of the Prinsen af Wales Lavas. 

Average of' the 1 avas of Etna (Washington and others, 
1926, P.406). 

Average of Central Victoria Lavas (Walker and 
Po1dervaart 1949, P.649). 

Average of Hawaii olivine basalts (Daly 1944, P.1392). 

A. ~and average af'ter Washington f'or P1ate~u Basalts 
frOm Asia, Africa, Nor.th America and various parts 
of the North Atlantic Field (Daly, 1944, P.l391). 
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basal tic. Pyroxene and less olivine are the most 

abundant mafic minerals. _The aver~ge composition of the 

Etna lavas (Col. 1), shows, however, a higher 90ntent of 

silica, alumina and alkal·i.es. 

Comparison can also be made between the average of 

the Pl'insen a.f Wales La.vas and the Cen-t;ral Victo;ria Lavas 

(Col. 2) .. The character of the Central Victoria parent 

magma is considered to be an olivine basalt with a mild 

alkalinity (Edward, 19~8). Limburgites (= olivine 

oligocla1se basalts) and andesine basalts are represented 

among the various rock types, with which chemical 
' ' 

comparison was already made on earlier pages. The trend 

of differentiation of Central Victoria lavas is also 

compared vfi th the trend of the analysed rocks of Prinsen 

a.f Wales Lav.as. For this comparison the constituents, 

MgO, CaO and Na: 0 + K 0 are plotted as variables on a 
2' 2 

triangular diagram, Fig. 12 {Af'ter Wager and Deer 19~9, 

P.316). The trend of differentiation of the Prinsen af 

Wales Lavas shows a similarity to that of the Central 

Victoria Lavas at early stages. As to the crystal 
' ' ' 

sequences in Centr~ Victoz•ia, it has also been shovm that 

magnesia-riCh olivine was the early mineral to crystallise 

from the ma~a, followed by lime-rich pyroxene. The 

. course of differentiation followed by the Prinsen af Wales 

parent masma did not, however, extend to the la~e stages 
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of alkali enrichment as shown by Central Victoria parent 

magna. 

The average composition of the Prinsen af Wales lavas 

can also be compared with the average of the Hawaiian 

lavas (Col. 3}. The latter is, however, less alkalic and 

of slightly l]::ighe_r s~lica· content. The differentiation 

trends of the Hawaiian Lavas and Prinsen af Wales lavas 

are compared in-the triangular diagr,am, Fig. 13, with 

MgQ. - FeO and Na 0 + K 0 as variables (after Walker and 
2 -2~ 

Polderv.aardt 1949, P"..667). In the same diagram the 

differentia;tion trends o:f the .Skaergaard Intrusion and 

Daly's average calc-alkaline suite are also enter.ed. 
. i 

The Prinsen af Wales lavas show a s~ilar tendency in 

their trend to that of the Hawaiian lavas and they follow 

in the early stages the trend of the Skaergaard Intrusion. 

The Hawaiian lavas then f'oll.ow for the rest of' the 

differentiation sequence the trend of'· Daly's average 

calc-alkaline suite~ 

In Col. 4 is given a grand average f'or the Plateau 

Basalts from various volcanic regions, including the North 

Atlantic field (Daly 1944, P.l391). In comparison with . 

the average of the Prinsen af Wales lavas, the average of 

the Pla~eau Basalts is slightly higher in silica and 

alumina and lower in alkalies, while the other 

constituents are similar. 



cHARACTERisTic FEATUREs oF TH.E· PRINSEN AF mEs BJAERGE .. t,AvAs· · 
. I ·•, 

GrolUldmass. 

.·Essential: . Oligoclase to 
· .ol.i go cl ase- andesine, 
·pyroxene and .iron ore. 

Accessory:·. Apatit·e, 
. analcime. : 

. ·Texture: ·Fin:e':"grained. 
F~lspar/Ferromagriesien ratio 
·is 1 ~·2 i 

Remarks. 

I 
I 

i The groundmass is dominated by 

I pyroxene. Felspar is inter.,.. 
stitial. · 

Essential: Plagioclase j The gr01m,.dmass may be completely · · 
.' 

{oll.goclase-andesine') formed of glas·s with mi·crolites .. · ... ·· 
pyroxene ai1d. iron· ore. 

1 
of' pyroxene and iron ore. . lri: : .. 

. AccessorY: f.pati te; glass. 1 some rocks the glass is partJ.:ally: · 
Orthoclase and nepheline 1 palagoni tised. · 
are shovm by' the norm but : 

. not detected;. 
Texture: Fine-grained. 
Felspar/Fe~romagnesian ratio i 

is 5. : -1. ' 

Essenti·al:: ·.Acid andesine, 
pyroxene . and iron ore·. 

I , . . 

.. 

. ·. 

, Accessory:· Apatite, 
·analcime; .zeolite. 

· i. ~e fels:par p!lenoc·ryst·s ar-e .. ~de~·: 
· 1.ne. ·(46%}. The proport:i.oh ... of.· the 
1 phenocrysts varies ~ong·the .group~ 

The upper flows are le·ss in. fer.: .. :_ : · 
spar phenocrysts and their gro~nd....: ... 
!mass is of finer texture than 'the . 
lower ·o:t;tes a:p.d highly charged .:with' 
irori. ore. 

Texture:· ,. Supdoleri tic. 
Fine-~rained. ! 

Fe~spar/FerromagnesiBn; ratio 1 
l.S 5 : 1. .. . I 

·Essential:.·· Oligoci·ase­
andes1ne ~ · pyroxene, Oli v­
·ine and iron ore. · 

Accesso.~y: ·Apatite, anal-

The olivine is mostly pseudo- , 
I !morphed by chlorite; The fei'spar·. 

is in interlocking grai:Q.s~ ,, 
tun twinned and of low d,oub1e 

1 refraction. 

- " i 
Essential: .. Oligoclase, I The rock is simil·ar to typicE,t;t:_ · . 

pyr9xene, .olivine and iron, mugearite except· for i.~-~ highe;r ... 
ore. 

1

, cont·ent of f'erro-magnes.ian:' 
·Accessory:· ~pati te. minerals. 
Texture: . •rrachyti c~· · 

F1ne- grained. 
Felspar/Ferromagnesian ratio. 

, is 3 :. 1. 

Essen.tial :· Pyroxene·~ plagiol-
. clase and iron ore. 1 

Accessory: ·Zeolite·. ~ 
Texture: ·Fine:_ grained. 
Fel spar/Ferr6magnesi an ratio: 

is 1 : 3~ ! 
: 

These lavas alternate with that of 
the next group. In some rc{cks, 
tbe g,roundmass is domina~ed by 
pyroxene while the f'elspar (2~ 
3~~ An) is intersti t:j..al• ,In . 
others, the felsp-ar ( 50-5.5% ;1\11), 
i'ncre ases in amount and develops 
into lath shaped crystals. Iri the 
latter rocks subo-rdinate pyroxene 
also appears. as _ll_henocrx,sts. · 

Es.sentiai:. Plagioclase (-eyeyp· ... These rocks are similar to 
· ·An) , pyroxene, iron or~.~ · 1 · porp~yrtti c basalts or the 
·Texture: Subdoleri ~i c. £lJl~ea spread Plate~u Basalts. 
Felspar/Ferromagnesl.an rat10 

is J.:': 1. · . ~ 



TABLE 22.. 

Phenocrysts. 

Felspar Pyroxene Olivine 

!· N.. NUNATAKS. AREA. 

PORPHYRITIC GROUP. 

1. Olivine rich oligo­
clase-basalt. 

2. Pyro.xene· phyric 
andesine-basalt. 

p (1) P. (2) 

p 

------------------------+--------~-------+----~ 
3. .Andesine phyri c 

andesine basalt. 

NONPORPHY.RITIG 
GROUP·~. . -

1. Andesine basalt. 

2. :MugeSJ."i tic 
Basalt. 

g. TILTED MOUNTAIN 
AREA~ -

A. Porphyritic 
Olivine Basalts. 

B. Basalts. 

p 

p 

(1) p - Present in subordinate amoWlts. 

(2) P, = p~esent in abundance. 

p 



TABLE 22. 

Please see overleaf. 
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SUMMARY AND CONCLUSI:ON. 

In the Prinsen at Wales Bjaerge region there occurs a 

group of lavas which are distinct tram the underlying 

Plateau Basalts in being inclined and in showing a 

variation in dip of as much as 30° within short distances. 

~ilar lavas, but with lese variation in petrographical 

features, also occur to the east in the Tilted Mountain 

area. 

·, 

. j 

The Prinsen af Wales lavas have been divided into two 

major groups, porphyritic and nonporphyritic. In the 

porphyritic types olivine, pyroxene and plagioclase appear ·.< 

as phenocrY,sts in different combinations and variable 

amounts. On the basis of petrographic and chemical 

Characteristics, the lavas are classified into five groups: 1 

(ta.ble22,) (1) Olivine-rich oligoclase basalts. 

(2) Pyroxene phyric andesine ·basalt. 

(3) 

(4) 

Andesine phyric andes-ine basalts. 

Andesine basalts, and 

(5) Mugearitic basalts. 

The absence of hornblende E'..nd. b1oti te in these lavas is 

cltaracteris·tic and probably indicates that the volatile 

constituents have been an insignificant f'ac.tor in 

bringing about the diversity of' these lavas. 

The sequence of extrusion of' the lavas seems to have 

been in the order shown in Fig. 4, the latest lavas being ··· 

probably the olivine-riCh basalts. In the Tilted Mountain 

.; 
............ ~ ~- ... :.:.. • ....,. .... _,, • .l,.... ..... ! ___ ~_ . .._, __ ............. -··· -- .. • --~' ,.,,,.a ... , . ."l' 
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area, however, the olivine-rich· basalts are found to 

a1 tern ate with the aphyz•i c basalts, and their relation to 

the sequence shown by the lavas in the Prinsen af Wales 

Bjaerge region is not definite. 

Chemically the Prinsen af Wales lavas are basal tic 

in composition, with an andesitic affinity. The 

diversity of the rocks seems to have been due to the 

following factors: 

(1). Original composition of the magma, 

(2) Crystal settling, and 

(3) Physical environm~nt. 

The parent magma seems to have been rich in lime, magnesia 

and iron oxides, and low in alumina and silica. The 

crystallisation of lime-rich pyroxene in the early stages, 

and its gr&vi tati ve settling, have been important factors 

in determining the course of differentiation followed by 

the magma. B,y this process, the alkalies are enriched 

relative to the lime in the rest magma, and consequently 

when the plagioclase begins to crystallise at a later 

stage it is an andesine. The olivine-rich basalts with 

pyroxenic groundmass are believed t.o be the result of 

settling of ea~ly crystals of olivine and pyroxene. At 

deep levels reso~ption of the pyroxene would thus modify 

the original composition of' the magma, so that it would 

yield on crystallisation mostly pyroxene.· 
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In contrast to the Ple.te.e.u Basalts, the greater 

diversity of the Prinsen af Wales lavas may be partly 

ascribed t0 a marked change in the physical environment. 

Probably, a part of the main magma has been checked for 

a long time at a higher level in the crust, i.e. at lower 

temperature and pressure. This will result in a more 

marked dif~erentiation than that shown by Plateau Basalts, 

which most likely reached the surface without significant 

pause, and consequently with little opportunity for 

differentiation. 

Such a subsi·diary magmatic chamber would also explain 

the limited extent and smaller thickness of these lavas. 

Moreover, the shallow depth and consequent low pressure 

favoured the exce.pe of volatiles, which is believed to be 

the cause of' the high viscosity, and hence. the inclined 

nature of these lavas. 
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EXPLANATION OF ·PLATES. 

PLATE I. 

Olivine-rich oligoclase basalt (2215). The roCk 
consists or idiomorphie olivine phenocrysts, 
pyroxene and iron ore, in a groundmase mainly or 
pyroxene prisms with interstitial felspar (P.32). 
Magiliri cation .x:34. 

Pyroxene pbYric andesine basalt (2216). Pyroxene 
subordinaie olivine and iron ore phenocrysts are 
in a groWldmass composed or abundant iron ore, 
pyroxene and relspar (P.42). Magnification X48. 

PLATE II. 

Pyroxene phyric andesine basalt (2228). PorphYF­
itic constituents are as in previous rock; the 
groundmass is completely formed or glass with 
rine prisms and microlites or pyroxene (iron ore 
is also present) (P. 51). ![agnirication X34. 

Pyroxene phyric andesine basalt (2230). The 
field shows cle·ar interstitial felspar enclosing 
idiomorphic pyroxene crystals and apatite needles 
(P.57). Magnification X36. 

~ATE III. 

Andesine phyric andesine basalt (2225). Plagio­
clase, pyroxene, olivine and iron ore are present 
as phenocrysts, in a groundmass formed or plagio­
clase pyroxene, in a subdoleritic relationship 
and i1•on ore. (P. 71). Magnification X...~. 

Andesine basalt (2226). The field shows prisms 
of pyroxene, elongated pseudomorphs of chlorite 
after olivine and grains of iron ore, in a 
felspathic base (P.82). Magnirication X.73 

PLATE IV. 

Andesine basalt (2229). The minerals are the 
same as in the previous rock. The field shows 
relics of olivine in elongated chlorite pseudo­
morphs (P.82).. Magnification X-38 

Mugearitic basalt (2227). The minerals present 
are the same as in the previous rock except for 
the presence of traChyitic texture (P.87). 
Magnification X.38 
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1. 

I INTRODU.C,TION. 

The VVester:n extension of the Western Redhills complex 

of Central Skye is fonned of different types of granitic 
t 'i 

intrusions, among which are the rieb.ejki te and the pyroxene 

granophyres which fo:nn the redhil.l Me all Dear g. 

T.he Meall Dearg granophyres were early described by 

it».,kie (1894, P. 218-220), who referred to these as mainly 
c • 

rieb~!te granophyre. He discussed t~e age relations 

between the acid intrusions and the gabbros: and proved that 

the latter is older than the granitic intrusions. 

Harker in Skye Memoir (1904, P.l26-168) conf'ir.med 

!i'£ekie 's views with regard to the gabbro-granite age rel-a,t- -·: 

ions. He gave a detailed account of' the granitic intrus-

ions forming the Redhill s complex and sho\ved that it is 

f'or.med of' several varieties, but he did not, however, 

discuss their relative age relations. Petrographically, 

-· 
·I 
) 
·' 
! 

I 
'\ 

these granitic intrusions have been divided into hornblend~j 

biotite granites and augite granophyres; some hornblende 

granophyres have been considered to f'orm a link between the i 
l 
J two. 

c 
The rieb~ite granophyre has been also recognised, 

j 

but as a less ~on type, restricted to the Meall Dearg ~ 

area. 

The present study is concerned with the petrology of' 

I 
,;: 

•• • • .._ •• •;.,.•J 
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c ·-~ 

the Meall Dearg granophyres, the rieb~ite and the pyroxene ;t 
granoph,.vres, :for which the relative age relation i.e 

established. A detailed study of the pyroxene in th,e 

pyroxene granophyre has been carried out, and chemicBi 
\ 

composition and optical properties have been determined for .. ) 
.. 

. ·.::,, 

thct~. As a reference to this work a sketch map is gi-ven . >' 

as Fig. 1. 
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3. 

II FIELD DESGRIPTION. -
GEOLOGICAL SETTING. 

The altetch map, Fig. l, illustrates the distribution 

J 
."l 
J. 

: 

J 
). 

.,• 

j 

·' : 
·i 

. } 

oj~ the different rock tYPes in, the area. :: 
The older :fo~ . ·'j 

ations into which the granophYl~es are intruded are: 

(1) Agglomerates and tuffs, and 

(2) Gabbro complex. 

i!l ~lomerates and tuffs: These occur as a large .tract 

., 

1 
! 
·i 
i 

to the south of the Me all Dearg granophyres, end to a :less··· .ii 
'•; 

extent to the north of Meall Dearg. That the granophyre.s ·-:f 
. \. 

are younger than the agglomerates is proved by the chillili'g.-'t 
.''l 

t. 

modifications of the granophyres against the agglc:>merate in ~l; 
. . '·\ 

the south. The contact between the granophyres and the· .~· 
. j 

northern outcrop of the agglomerates is, however, not ) .. ; 
' 

exposed due to covering with vegetation. In this locality. :l 
~ 

. the agglomerates are in direct contact with the gabbros, as.~ 
i 
·; 

is seen in the Glen Sligichan. 
.. .. 
·~ 
; 

ill Gabbro..-complex: This is the extension of the Cullin ) 
; 

gabbros. Its contacts with the granophyres are excellentl# 
·.; 

exposed, and the boundary between them runs in a south- i 
"·\ 
J 

easterly d1rec·tion until it reaches the agglomerates in the.'~\ 

south. 
·' 

The granophyres show .fine-grained margins against ·; 
! 

,) 
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the gabbros, thus indicating younger age of the granoppyres. : 
I 

The gabbroi c rocks against which the granophyres are chilled .. 

are of dark colour and fine-grained texture. In thin 

section they are found to be of granulitic nature and formed·: 

of augite and plagioclase {calcic andesine to intermediate 

labradorite). The pyroxene is partially altered to amphi-

bole and chlorite. This rock is found to be closely 

similar to a granulite described by Harker (1904, P.l15-116) 

from Drium an Eihden. The nature of these rocks is, ho~ 

ever, uncertai:n, and Harker believes that there are probably· 

two distinct but similar granulitic rocks; one is a gran-

ulitic gabbro and the other is a metamorphosed basic lava 

entangled by the gabbro complex. As it is difficult to 

decide the nature of these rocks, it may be safe to say that· 

the present granulitic rocks have been existing as such 

before t.he intrusion of the granitic magma. 

In general, the gabbro-complex has been described by 

Harker (1904) and he showed that it is formed of several 

intrusions of different types. These intrusions are of 

heterogenous character, which shows itself sometim~s in the -:: 

form.of alternating leucocratic and melanocratic bands, as 

seen in the area about Drium an Eihden. 

B. MEALL DEARG GRANOPh)[RES. 
i 

~ 
I .. _ 

The two granophyres in the area under consideration are~ 
·.J 
:~ 
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riebikite and pyroxene gr~op~yres. They are generally of , 

a uniform character and their distinctive features are 

retained throughout their outcrop. 

c. 
ill Riebe,k·i te granophyre: This occupies the. southern part 

ll~a.rly 

of the area and its outcrop rises~up to the. top of Meall 

Dearg where it eomes in direct contact w~th the pyroxene 

granophyre. Its extension to the east has been followed 

to the i .. oot of Ruadh· Stac, where it forms part of the latter.l 
t 

In the northern part of Ruadh Stac the rieb~ite granophyre 

is followed to the east by hornblende granophyre, but their 

mutual relations have not, however, been determined {Person~, 

al communication with Mr .. J.M. Carr). 

In the field, the· roc._k is tYPically medium grained and.: 
c ' 

of whi ti. sh colour. The f'erromagnesian mineral, rieb~1kite,_ ·; 

is scattered in the rock as fine grains and elongated 

prisms. ~ecimens with patches of pyrite and fluorite of 

2-3 inches di~~eter were collected from a stream running 

from the side of Meall Dearg eastward to join the main 

stream, Abhuinn Strath no Creitheach. 

In the southern part of the outcrop and to the west 

of Loch an Athain, the rocks display miarolitJ6 features 

and show abundant cavities, 4 mm. in diameter, into which 
. e 

:felspar and riebe,ki te crystals pro.ject. A specimen was 

provided by Prof. L.R. Wager ~~ the drusy granophyre f'rom 

this locality, and the cavities are lined by micaceous 

. . •.· ·- ~· .... 
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g9lden-yellow mineral, which was identified as stilpnomelane~ 

This miarolitic feature was found to decline as the outcrop , 

rises to the top of Meall Dearg. Against the gabbros and 
c. Slu.wJ cJ.;/{cti. m•r:i"', ... Je.o.tiLr'€ wiU.cJ.. 

agglomerates the riebf7kite granophyre!is'!."seen in the rocks 

against the pyroxene granophyre. 

igl pyroxene granophyre: This occupies the northern part 

of the Me all Dearg area·, where it forrms an elongated out-

crop trending in a north-east direction. Its appearance 

in the field varies from green to light green in colour and 

weathers into a brownish-coloured rock. The rock is gene~~: 

ally massive, mediWlll-grained, in which rmmded clote-.,EH:' 

"" c mrn.~diameter,occur, representing segrated dark minerals. 

In a few cases larger clots of 2 3 inches in diameter are 

met with, which in thin sections are seen to be of finer 

texture than the enclosing rock, and contain abundant 

pyroxene, iron ore a..11d f'els:pars, while quartz is in sub-

ordinate amounts. The contact between the pyroxene grano-

=l 

...v.w. ' 
phy1•e and the gabbro complex is well exposed on the :eePtlie:Pll, 

side of Meall .. Dearg facing Herta Currie. There the contact··~ 

is seen to be nearly vertical, with only a few degrees dip 

outwards. ·The rocks at the contact are of greenish colour 

and of felsitic nature. 

, 

The exposures· between the two granophyres are only 

seen in two dimensions and no vertical contacts are 
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available. The relative age :relation of' the two gra110-

phyres could only then be decided by the followin.g ·tex;tu.r:Sl. . 

variations displayed by the rocks along certain parts of 

the contacts. 

(1) The exposed contact between the two granophyres on the . 

top of Meall Dearg shows that the pyroxene granophyre 
c 

develops a fine-grained margin against the riebe~ite 

gran<:>p'hyre. The chilled zone does not, however, 

exceed a foot, and is different from that observed 

against the gabbros, being of coarser texture. This 

may suggest that a shorter interval must have elapsed 

between the t-vvo granophyr·e intrusions than that between 

the granophyres and the gabbros. 

(2) In a stream running from the side of Meall Dearg east-

wards and crossing the two granophyres contact, speci­
e 

mens of rieb~kite granophyres were collected showing 

patches of greenish colour and of finer texture than 

the normally developed rock. Microscopic examination 

revealed. that these rocks show crushing ef'f'ects, most 

likely resulting :from the intrusion of the pyroxene 

granophyre • 



B. 

!!f_ PETROLOGY OF THE GRANOPHYRES. 

c 
A., RIEBEKI:TE GRANOPHYRE: 

Vfuen fresh the rock is of white colour, with recognis­
e 

able greenish- black Grystals of' riebe'ki te. In thin section: 

it is found to be formed of quartz,microperthite, plagio-
c 

clase, r~iebe'kite and iron ore. Other minerals are quantit-; 

ati vely subordinate and consist of apatite, zircon, al~ni te j 

epidoii. and fluorite. Chlorite and calcite are present as 

secondary minerals. 

The quartz occurs partly as independent large grains 

and partly intergrovvn micrographically with the perthite. 

In several cases protuberances and detached parts of' the 

surrounding f'elspar are seen enclosed in the quartz. 

The microperthite is the dominant f'elspar and consists 

of' al ter·ed potash f'elspar, orthoclase, penetrated by fine 

elongated strings of' clear albite. The strings may be seen·:: 

to develop into coarser individuals which may somet~es 

coalesce ~nto patches (Pl. I, Fig. 1). iwinning on the 

carlsbad law is sometimes met with. The adjacent micro-

perthi te crystals are commonly of' irregular outlines, ·and 

in a few cases they show rectangular outlines, surrounded 

by micrographic intergrowths of' quartz and f'elspar. The 

la-tter is in optical continuity with that of' the kernel. 

The apparent idiomorphism of' the kernel .felspar was found 

' 
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to be due to the abrupt ter.mination of the quartz rods in 

the micrograph!~ texture. This seems to indicate the 

early existence of·an idiomorphic.potash felspar whiCh 

extended outwards at later stages with simultaneous 

crystallisation of the quartz. 

The plagioclase is in subordinate amounts. It is an 

oligoclase an'd occurs in small allotriomorphic crystals 

showing irregular albite twinning. The lamellae appear as 

few interrupted individuals in a clear felspar. Moreover, 

they may co;alesce into patche.s in a similar manner to the 

broad type of perthite. Few crystals of rather coarser 

size, 0 .. 7 nm. in average diameter, are present, showing 

rectangular outlines and regular albite twinning. The 

composition according to maximum symmetrical extinction 

angle i.s about 18% An. 
c 

The riebe1kite occurs as small prismatic crystals and 

r·agged shreds, • 4 rmn. in length. In few cases it is sub-

idiomorphic, showing the (010) and (100) faces. It-is of 

deep blue colour and strong pleockroism: Z = ."'( = deep blue, 

and x = greenish-brown. The extinction angle is very small:, 

at most 3°. The principal refrac~ive indices were deter-

mined by the ~ersion liquid method, and the following 

results were obtained: 
= 
= 

1.704 
1.693 

«. = 1. 692 
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St.ilpiiomel ane: In the spec~en ~ the drusy 

riebikite granophyre, west of Loch an Athain, the cavities 

are found to be lined with soft micaceous mineral of 

yellowish-brown colour. The mineral .is pleockroic, 

1 = ~ == dark brown; ot. = golden-yellow to pale brown. 

Fragments of the mineral were picked out of the cavities 

and the following optical properties were determined: 

~ = f) = 1.742 

a£ = 1.633 

71 - ac;;.. = 0.109 ( calcula.ted). 

2V (negative) = about 0. 

The mineral is found comparable in hand specimen 

and optical properties t':J the stilpnomelane from drusy 

cavities in a granopbYre described from the Skaergaard 

intrusion (Wager and Deer, 1939, P.l88-190). The values 

for the refractive indices indicate that the stilpnomelane 

is an iron-rich variety (Hutton 1938, P.l87, Fig. 5). 

As to its origin, the stilpnomelane seems to be the result 

of late aqueou_s solutions operating at late stages of 

consolidation. Pneumatolytic origin has been suggested 

by Hutton for some occurrences of stilpnomelane (1938, 

p. 194). 

In some places near the contact with the pyroxene 
c 

granophyre, the riebe1ki te granophyre shows signs of 
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crushing (~ectmens 10, 11). There the rocks are of 

whitish grey colour with greenish patches. Micros cop-

ically, the rock is found to consist of the same mineral­

ogical constituents as the normal granophyre except for 

the signs of bracciation which the minerals had suffered. 

This effect results in wavy extinction of the various 

constituents and the mineral grains may be fractured or 

broken down into angular fragments of' variable sizes~Pl.I,Fig:2) 

The ferromagnesian minerals are completely pseudomorphed 

by brownish chlori tic material and iron ore. 

The rock against the gabbro (Spec~en 3) is of 

whitish grey colour and aphanitic. In thin section it 

is seen to be formed of a few altered felspar phenocrysts 

in a fine-grained groundmass formed of quartz and felspar. 

The porphyritic felspar shows no twinning and is partly 

perthi tic. The crystals are generally·irregular in 

outline and show signs of defor.mation, being of wavy 

extinction and broken into.detached fragments. Patches 

and streaks of spongy chloritic material associated with 

iron ore are present in the groundmass. 

~· PYROXENE GRANOPHYRE. 

In hand specimen the rock is medium-grained and of 

greenish colottr. Microscopically, the rock is found to 

consist of quartz, orthoclase, plagioclase, pyroxene 
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olivine or its pseudomorphs-and iron ore. The other 

minerals present in quantitatively subordinate amoUnts 

include ap~ti te, zircon, epidot, .allanite and fluorite. 

Qhlorite is present as a secondary mineral {Pl. II, 

Fig. 1). ·The mode was determined on Dollar's integrati~g· 

stage, aild .is given in Table I. 

The quartz occurs partly as large allotriomorphic 

crystals and·partly in micrographic intergrowth with the 

perthitic felspar. 

The or'thoclase is always turbid by alteration 

products. It is generally perthitic of the fine string 

type, en:d .o:ccurs dominantly .in irregular crystals, and to 

.-~. 

a less extent in rectangular crystals, sometimes surrounded:·:;; 

by micrographic intergrowth. The perthite may also· be 

complet·~ly intergrown with the quartz. 

carlsbad law is common. 

Twinning on the 

The plagioclase is somewhat more abundant than in 
c 

the rieb~kite.granophyre. It occurs in large subhedral 

indivi·dttals, 1.4 mm. in average diameter, with fine poly-

synthetic twinning. Zoning in most cases is strongly 

··~ 

developed and the outer zone is usually perthitic. This 

outer perthi tic zone may extend outward in a micropegmatitic> 
·' 

intergrowth with quartz. According to maximum s~etri cal .: 

extinction angle the plagioclase is an oligoclase (12-a:JJ'":An.) :~ 

• • • ~ .• <.· • - , ..... '• .... -.... _ .. -.. •.,.:. 



13. 

The pyroxene occurs in most cases as fresh crystals of 

greenish colour with faint brownish tinge. It is slightly 

pleockroic, i = ~ = brownish green, oC = green. The 

commonest habit of development of the pyroxene is elongated 

prisms, 1.5 mm. in maximum length. These prisms are 

usually embayed by the surrounding felspar, and, further­

more, may be divided by the intervening felspar into detach-

ed part1s in optical continuity. In some cases, the pyrox-

ene may occur as an optically continuous group of small 

rounded crystals embedded in the perthite in ~ a relation 

similar to graphic intergrowths. The relationship of the 

pyroxene to its associating minerals seems to indicate that 

its crystallisation started a short time before the 

crystallisation of the plagioclase and the potash felspar. 

The pyroxene when altered is seen to be replaced by green 

chloritic material and to a less extent by greenish amphi-

bole. Inclusions of abundant apatite prisms are seen. in 

the pyroxene in few cases. 

A detailed study of the pyroxene was made and the 

results are given on later pages. The pyroxene is found 

to be a ferrohedenbergite of a composition Wo39 En5 Fs56• 

Olivine occurs in most cases as relics in pseudomorphs ; 

of brovmish green chloritic material associated with 

abundant iron ore. The pseudomorphs are seen in many 

cases to be enveloped in large patches of deep green 

chlorite of rather high double refraction. 

relation has been observed between the olivine and the 
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pyroxene. The olivine in the fresh remnants is of amber 

yellow colour and unnoticeable pleockroiem. One rather 

coarse remnant was met with which allowed an optic axial. 

determination; the axial angle 2V is found to be 54° 

(Federow st·age) indicating a faye.li te content of 87%. 

According to the classification and nomenclature of the 

olivine group (Deer and Wager, 1939, P.21-25) the olivine 

is a ferrohortonolite. 

The sample 27 is from the marginal part of' the 

pyroxene granophyre, occurring on the top of Me all Dearg, 

where i 1~ somes in direct contact with the rieb~i te grano-

phyre. This marginal ·zone is, however, of small width, 

m1d the grain size increases gradually inwards. In thin 

section the rock is seen to be f'or.med of grains of' pyroxene,: 

felspar, quartz and ir•ln ore. The felspar and quartz: 

occur as i~terlocking crystals without micro·graphic inter-

growth (P. II, Fig. 2). The pyroxene forms abundant :fine 

rounded grains, .06 mm. in diameter, and is associated with 

abundant iron ore. Few patches of chlori tic material and 

iron ore are present, probably after olivine. Coarse 
c. 

patches of riebeki te granophy-re are seen among the fine-

grained constituents, but with indistinct boundaries. 

The latter is only marked by streaks of the granular 

pyroxene and magnetite which run parallel to the edges of 
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c. 
the coarse patches. /l ;Pew riebe!ki te shreds are observed 

among the pyroxene of the enclosing rock. Such occurence 
c 

of rieb~kite together with the pyroxene has not, however, 

been observed in the n·ormal rock away from the contact. 

The contact type of rock against the gabbros (~eci­

mens 15, 17) is of finer te::n::ture than the described marginal 

rock occurr·ing against the riebiki te granophyre. 

Microscopically the main mass o~ the rock (specimen 15) 

is seen to be formed of felspar and quartz as fine angular 

and rounded grains. A Few porphyritic crystals of felspar . 

in isolated crystals or in micrographic intergrowth are 

~only present. They are, however, mostly fractured 

and broken into angular fragments in ~ a manner 

suggesting crushing effects. The ferromagnesian minerals 

are completely pseudomorphed by green chlorite. Calcite 

and chloritic material are present in patches or streaks 

among tl'le groundmass constituents. Specimen 17 is similar 

to the previous roCk (No. 15\ but is of relatively coarser 

texture. Mic~oscopically it is seen to be formed of 

coarse patches of felspar and micropegmatite in a fine-

grained matrix of quartz: and felspar. The felspar and 

micropegmatite in the patches are meChanically defor.med, 

being broken into angular fragments which are left in place! 
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and generally show wavy extinction. Angular grains of 

quartz are present in variable sizes and display andulose 

extinction. The pyroxene is completely p.seudomorphed by 

green chlorite. SUch crushing feature observed at the 

margin was also noticed to occur in the fine-grained margins 
c. 

of the riebekite granophyre in direct contact with the 

gabbros. These features have not, however, been met with 

in the rocks away from the contact. Its occurrence in the 

marginal rocks suggests that the defor.mation of the rock is 

most probably the result of lateral stresses on the margins 

as a consequence of' final consolidation and adjustment of 

the granitic mas~es. 

Docke rock§: on the eastern side of Meall Dearg the pyroxene 

granophyre is cu-t by few thin felsite dykes. One porphyr-

itic felsite dyke further to the south of the other dykes 

is met 11vi th, cutting through the two granophyres across 

their boundaries. It is six feet wide and trends in a 

N.W. direction. The rock is of bro~nish colour and is 

composed of' phenocrysts of quartz, microperthite and a 

SLlbordinate amount of sodic plagioclase. The groimdmass 

consists of quartz, felspar and abundant fine ~eicular 
c 

crystals of riebekite. 

Chemical Analysis: The chemical analysis of the pyroxene 

granophyre gave the res~ts shown in Table 1. 
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TARLE 1. 

ANALYSIS OF THE PYROXENE GRANOPHYRE. 

SiO 
2 

.AJ.O 
2 3 

Fe 0 
2 3 

FeO 

MgO 

CaO 

Ne. 0 
2 

K 0 
2 

H 0 + 
2 

H0-
2 

Ti0 
2 

p 0 
2 5 

MnO 

S,p,. ·G. 

Ratios: 

K 0 X 100 
2 

x ·o +· Na o· 
2 2 

Fe0 + Fe 0 X 100 

Wt.-% Nozm. 

69.24 

12.25 

2.20 

4.14 

0.20 

1.92 

4.20 

4.27 

0.35 

0.23 

·0.50 

0.23 

0.14 

99.87 

(2.67) 

- 50 

Q. 
Or. 
Ab. 
An. 
Di. 

Hy. 

Mt. 
Il. 
A~. 

CaSiO 
3 

MgSiO 
3 

FeSiO 

MgSiO 
3 

FeSiO· 

Or : Ab : An 

Flag: Ab 
96 

Di: Wo 
47 

Hy: En 
9 

2.55 

9.25 

2.57 

0.25 

2.65 

= 41 : 

An 
4 

En 
5 

Fs 
91 

Mode. (Vol.-%) 

23.40 
25.19 
35.49 
1.38 
5.37 

2.90 

3.20 
0.94 
0.54 

57 : 2 

Fs 
48 

Quartz. and micropegmati te 

Orthoclase and perthite 

Pl agio cl e.se 

45 

28 

12 

2 3 = 97 Pyroxene 5 
FeO + Fe 0 + MgO 

2 3 Olivine or its pseudomorphs· 2 

FeaCD~x 100 = 35 Iron Ore a'rld chlorite 8 
FeOJ +· Fe2o3 

·., .·.... . ... ~ ... · .... ~-:..:: .......... ·-·~--- -'·-'~ ··'"'" ........ ~ •'· . 
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T.be distinctive feature of the analysis is the equal 

content of soda and potash. 

It.has been remarked by Harker (1904, P.l53) that the 

British. Tertiary granites and granophyres fall into two 

subgroups, based on silica percentage: 

{1) Sio2 = 75 - 77%: These are mostly granites with 

little biotite as ferromagnesian mineral. 

(2) Si0
2 

= 70 - 72%: these are mostly typical grano­

phyres, and the ferromagnesian minerals are 

hornblende and augite. 

According to this classification, the rock lies in the · 

granophyric group. 

In Table 2, the pyroxene granophyre analysis {A) is 

compared with analyses for augite granophyres from the 

British Tertiary Province (Anal. 1- 5). The augite 

granophyre ring dykes from Mull {Anal. 1 and 2) are 

comparable to the Meall Dearg granophyre, but they show 

slight variation.with regard to the alkali content and the 

state of oxidation of the iron oxides. The same is also 

true for the augite granophyre, acid Craignurite cone 

sheets from Mull (Anal. 3), augite granophyre from 

Ardnamurchen (Anal. 4) and Carrock Fell {Anal. 5). From 

SkY~ the pyroxene granophyre is comparable, both chemic­

ally and modally, to a: pyroxene granite (Anal. 6) from 



TABLE . 2. 

Please see overleaf. 
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SiO 
2 

Al.O 
2 :3 

Fe 0 
2 3 

FeO 

MgO 

GaO 

Na 0 
2 

K 0 
9.· 
"' 

H 0 + 
2 

H 0-
2 

TiO 
2 

MnO 

p 0 
2 5 

Sp. G. 

A 

69.24 

12.25 

2.20 

t.1.14 

0.20 

1.92 

4.20 

4.27 

0.:35 

0.23 

0.50 

0.14 

0.23 

99.87 

TABLE 2. 

1 2 

7~.:32 73.12 71.30 
I 

1~.25 12.44 11.24 
I 
2.77 2.09 1.80 

2.77 1.65 2.84 
I 

~.11 0.14 0.61 
I 

1.65 0.88 1.56 
I 
~.92 3.90 3.44 
I 

2.34 4.67 3.66 
I 

~.35 0.24 1.04 
I 

0.35 0.25 0.39 
i 

q.51 0.39 0.58 
I 

0.12 0.17 0.31 
I 

0.10 0.09 0.22 
I 

99.99 100.03 99.99 
I 
,-

A. Pyroxene granop~yre. Meall Dearg, 
Skye (new analysis). 

I 
1. 

2. 

4. 

Augite granophyre , Krock Ring Dyke, 
Beinn Bhearg, I Mull (Bailey, Thomas, 
et-c. 1924, P.20.) .Anal. E.G. Radley. 

Augite granophyre, Beinn a Ghraig Ring 
:pyke, Mull, ( ~iley and Thomas etc. 
1924, P. 20). I Anal. Radley. 

Augite granophyre, acid Craignurite 
Cone sheet, Craignure Bay Mull 
(Bailey, Thom~s, etc. 1924, P.20) 
Anal. E.G. R•dley. 

Augite granophy~e, Intrusion. S.30°E of 
Gr~gadale, Ar~amurchan. Anal. B.E.Di,xon. 
(R1 chey, ThOM!fiS, et.c,~.-•. 1930, p. 84.) 

! 
· ..... , 



COilfl.P ARI SON. 

4 5 6 7 8 9 

68.42 71.60 71.68 70.34 71.98 71.51 

13. 5~b 13.60 12.55 13.18 13.13 12.82 

2.53 2.40 2.29 2.65 1.33 2.09 

2.02 2.40 2.24 1.64 1.40 

0.22 0.21 0.24 0.40 0.56 0.17 

2.13 2.30 0.92 1.24 1.15 1.09 

5.12 5.55 4.28 3.61 2.98 4.24 

4.08 3.53 4.37 4.90 4.93 4.52 

l 0.70 
0.15 

. o. 25 

0.64 0.76 1. 38 

0.25 0.46 0.39 
~ 1.23 

o. 81 0.38 0.46 0.37 0.10 

0.38 0.03 0.10 0.19 tr. 

0.10 ------ 0.05 0.19 _Q.14 

99.75 99.89 lOO.OEi 100.53 100.17 99.17 

(2.66) (2.63) 

5. Augite granophyre, Carrock·Fell, Cumberland (Harker, 
1895). Jmal. c. Barrow. · 1 

6. 

7. 

B. 

9. 

Pyroxene granite (Gl), Water Worn.Cully S.E. f'ace of 
Beinn Dearg Mhor at 0.1400 feet, Skye, (Unpublished 
analysis). .Anal. E. A. Vincent. 

Hornblende gran.ophyre •. ~.Druim Eadar da Choire, Skye 
(Harker 1904, P.l53). Anal. w. Pollard. (Rock 
also contains c~ = o.ol). 

Hornblende granophyre, Beinn a, Chairn, Broadford, 
Skye (Harker 1904, P.l53). .Anal. w. Pollard. 
(Rock also contains CL2 = O.Ol). 

Granophyre, s. of Saterstugen Breven, Sweden 
(Krokstrom 1932). Anal. K. Winge. 



s. E. face of Be inn Dearg Mhor. 

provided by Mr. E.A. Vincent). 

18. 

( The analysis was kindly 

This granite is classified 

as a2 end is :shown to be younger than the hornblende 

granite (G1) outcropping along its Western margin and to 

the north of' Marsco (International Geol. Congress, XVII 
' 
·.! 

Session, 1948, Po 12). Comparison can also be made between i 

the pyroxene granophyre analyses and two hornblende grano­

phyres (Anal. 7 and 8) described by Harker in the Skye 

Memoir. A granophyre from sweden (Anal. 6) shows a close 

s~ilarity to the Skye granophyre. 

Before closing this discussion on the chemica~ analy­

sis, it may be appropriate to point out the following 

features: 

{1) Although the pyroxene granophyre shows a chemical 

similarity to the hornblende granophyre, pyroxene 

rather than horn.blende was formed. 

(2) The absence of alkali-iron pyroxene, although the 

rock is fairly rich in alkalis. 

The formation of hornblende has been discussed by 

Iddings, and showed that the presence of hydrogen in the 

hornblende indicates the important role played by water 

in the magma (1920, P.l38-141). ~~nner (1926, P.696-700), 

Buddington (1931, P.259), Larsen fuid Irving (1936, P.889-

' •; 

.. · 

- ! 

898) believe with Iddings that the formation of hornblende 
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is attributed to the high concentration of volatiles in the 

magma while the rock of corresponding composition whose 

crystallisation has taken place in less concentration of 

volatiles will be characterised by pyroxene. Kennedy .(.19~6· 

P.207) on the other hand, did not incline to ascribe any 

controlling role to the water concentration in the magmas. 

He concludes that the basic oxides MgO - FeO - CaO in the 

original melt constitute the important factor in the 

separat:lon of' either hornblende or pyroxene. This is 

based on the fact that the hornblende has a composition 

lying in the pyroxene diagram within the field where a 

homogenous pyr·oxene cannot form. 

The comparison between the pyroxene granophyre and 

the hornblende granophyres is ~~ther elucidated by 

comparing the following ratios: 

~0 X 100 

K
2

0 + Na
2
o 

FeO+ Fe2o3 X 100 

FeO + Fe203 + MgO 

Fe
2

0
3

x 100 

FeO + Fe2o3 
cao 

% MgO 

FeO 

SKYE PYRO~""E GRANOPHYRE. 

Anal. 

50 

97 

35 

31 
3 

66 

A. Anal. 7. 

58 

93 

54 

32 
10 

58 

Anal. 8. 

62 

84 

45 

34 

17 

49 
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The discrepancies in the above ratios, although not 

striking, may suggest that variation in composition vd thin 

certain ltmits is likely to be partly responsible for the 

for.mation of hornblende. 

As to the second feature, i.e. the absence of alkali­

iron pyroxene, it seems that the composition of the magma 

and the physical environments have been the controlling 

factors. As is shown later (Table 3) the pyroxene in the 

Skye granophyre is poor in soda and ferric oxide, the main 

constituents of the alkali-pyroxene. Calculation of the 

pyroxene analysis in terms of the normative minerals, aanit 

hedenbergite and diopside, shows that the pyroxene contains 

4% of the acmite molecule. Iddings (1920, P.l36-137) 

favours as an explanation for the formation of the alkali 

pyroxene the presence of ferric iron and the deficiency of 

alumina to combine with all the soda to for.rn albite. 

O.E. Tilley has shown that by the deficiency of alwnina at 

the marginal facies of hornblende-biotite granite by 

transfer of alumina into the adjacent dolomite results in 

the develop.rnen.t of aegirine-hedenbergi te in place of the 

hornblende and biotite. 

As to the ~portance of ferric iron in the formation 

of' alkali pyroxenes, Sabine (1950, P.ll8) in his comparative: 

study on the aanitic pyroxenes has shown that proportions 

of' these constituents in the pyroxene are nearly equal • 
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The state of oxidation of' iron in the ma@Tla is largely 

co~trol.led by the reversible reaction,1Feo + ~0 = 
Fe2o3 + H2~, and it seems, as has been mentioned before, 

that the volatile cons·ti tuents have not been an i.lllportant 

quantity in the process of evolution of the pyroxene 

granophyre • 
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!.Y. THE CLil~OPYROXENE FROM THE. MEALL DEARG . 
GRANOPHYRE. 

Pyroxene granophyres are of common occurr~nce in the 

British Tertiary Petrography. No chemical analyses have 

been made for the pyroxenes in these granophyres, however. 

Separation and analysis of the pyroxene from the Skye 

granoph.yre has thus· been undertaken in order to display 

its characters for any fUture comparison. 

M~THOD OF SEPARATION. 

The concentrate for the chemical analyses was 

separated from the rock by the following procedure: 

The rock w·as crushed and sieved through silk bolting cloth \ 

of 120 mesh; the finest rock flower was washed away, and 

the powder was dried at 100° c. Separation into light 

and heavy fractions was then made, using bromoform of 

specific gravity 2.89. A la·rge amount of rock powder 

was used in this stage in order to get a reasonable amount 

of concentrate. The heavy fraction was rubbed gently in 

an agate mortar to break down any composite grains, and 

was then centrifUged, using a Clerici '.s solution and 

distilled water mixture, of specific gravity 3.2. This 

served·to float the chlorite and any composite grains as 

well as any escaped grains from the light fraction. 

Centrifuging was repeated with constant test for the 

···~ 

· . 
. ·: 

products under the microscope. The iron ore was separated< 
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for its greater part by an electromagnet, followed by 

repeated centrifuging using Clerici's solution of 

specific gravity abou·t 4. The concentrate was then 

washed tlloroughly with hot water. 

Microscopic slide of the pyroxene concentrate \vas 

prepared and a grain counting showed that the foreign 

material is only about 0.4%. 

DETERMINATION OF THE EROPERTIES OF THE .PYROXENE. 

The ·s~ecific gravity of the pyroxene was determined 

on the pure concentrate, using specific gravity bottle 

and toluene instead of water. The deter.mination was 

repeated tWice and the average was used. 
clelU""'-1 

The principal indices of refraction were e&FPie~ on 

the concentrate by the ~ersion liquids and using sodium 

light. 

• 0015. 

The accuracy of the deter.minations is ~ .002 -

For the determj.nation of the refractive indices 

"'' and oc- , grains were selected showing the highest double 

refraction. Measurements were made on several grains and 

the maximum and minimum values were used for 'i and Lt:-

respect! vely. The refractive index ~ was determined on 

pinacoidal parting tablets (Hess 1949, P.627-628). These 

were detected by showing the lowest double refraction, as 

an optic axis emerges from them. In convergent light 

these grains thus show an uncentred optic axis figure. 



t rst.• W .-1o 

Si0 L_b6. 56 
2 

Al. 0 1.42 
2 3 

TiO 0.60 
2 

Fe 0 2.01 
2 3 

FeO 28.05 

MnO 1.24 

MgO 1.82 

CaO 17.96 

Na· 0 0.45 
2 

K 0 0.14 
2 

H 0 + 0.17 
2 

H 0- 0.04 
2 ---

100.46 

Sp. G. {3. 58) 

TABLE 3. 

ANALYSIS AND OPTICAL DATA 
OF . THE PYROXENE. 

2V (positive) = 56 (.:!: 

cf.i = 47 

l ~ = 1.756 

~ Ref'. indices = 1.731 
( 
( ex;, = 1.724 

(Calc.) = .032 

I 
Wo 38.9 

Wt.-% En 4.7 

Fs 56.4 

Mo1ect11ar com:eosition: 

Acmi te . . . . . . . . . . . . . . . . . 4% 
Diopside 0 • • • • • • • • • • • • • 0 5% 
Hedenbergite . . . . . . . . . . . 79% 

(Other constituents • • • • 12%) 

2) 



TABLE 4. 

CALCULATION OF FORMULA OF THE PYROXENE. 

No. Metal atoms on basis 
Mol. Ratios. of 6(0,04) 

SiO 0.7721 1.904 
2 

AlO 0.1390 0.069 1.99 
2 3 

TiO 0.0075 0.019 
2 

Ft;P 3 
0.0126 0.062 

FeO 0.3904 0.963 1.179 

MnO 0.0175 0.043 
;.· 

"' MgO 0.0451 0.111 2.013 ~ 

CaO 0.3202 0.790 

Na 0 0.0073 0.036 0.834 
2 

K 0 0.0015 0.008 
2 

12; 

Fe+ 2 , (Na, Ca K) (Fe+<-, lVIn, Mg)l;2 ( Si, Al, Ti) 0 
0.8 2.0 6.0 
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If the microscope stage is rotated so that the isogyre 

lies east-west, then the ~ direction is north-south. 

The optic axial angle was measured in the thin 

section on the universal stage. The probable accuracy 

is ± 2o. The extinction angle was also measured in the 

same time with the optic axial angle on the universal 

stage, using Conrad Burri method (Haf':f., 1941). 

OPTICAL ANI> CHEMICAL DATA. FOR .THE PYROXENE •. 

Tlle chemical analysis of the pyroxene is given in 

Tables 3 and 4, together with its optical properties. 

As is seen f'rom the analysis, the pyroxene is low in 

sesiquioxides. Manganese dioxide is higher than titania, 

ferrous oxide is high, while magnesia is low and lime is 

moderate. According to the classification and nomen­

clature of the clinopyroxenes adopted by Walker and 

Poldervaart (1941, P.632), the pyroxene is a f'erroheden­

bergi te. 

~1e composition of the pyroxene was also deduced 

from the optical properties using the determinative 

diagrams constructed by Tomita (1939), Deer and Wager 

(1938) and Hess (1949). The values are given in Table 5. 

As is seen in Table 4, the analysi-s shows a f'air 

agreement with the compositions deduced. from the optical 

data. 
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TABLE 5 .. COMPOSITI.ON .. OF THE .PYROXENE .A0CORDING 
TO DIFFERENT DETERMINATI-VE DI:AGRAMSe 

Tomit.a:: 2V- c/t = Wo36 En9 
Fs55 ( wt.-%) 

Deer and 
WaSer: 

2V-

2V-

~ = 
~ = 

tt 

Enl3 " 
~:: 2V - '1 = ca36 Mg10 Fe56 (Atomic per cent.) 

2V- (3 

2V - OC:. 

= 
= 

0837 MglO Fe53 

Ca36 MS7 Fe57 

'' " 
" " 

The general for.mula of the clinopyroxene as given by 

!4.achatschki (1931) is (X., Y~l (Si~ ~T (~OH) 6 in which 

x = Ca, Na (K), (Mu), (Mg) and Y - Mg, Fe, Al, Ti, Mu. 

Warren and Viscoe (1931) aJ.so showed that this formula 

is applicable to many augite analyses. In calCillating 

the formula of the present pyroxene it is found that 

(Si, AL) group is less than 2, and thus Ti is supposed to 

replace part of the silicon. This replacement of silicon 

by titanium in the pyroxene structure has been sho~m in 

several cases to be necessary if the pyroxene structure 

is to l>e maintained (Deer and Wager, 1938, P.l7-18). 

Berman (1937, P. 354) suggested as the general formula 

for the pyroxene ( W') 1-P· (X, Y)l +. p :··~06 in which: 
... 1 

w Ca+ 2 Na+ 1 = , , 
X = Mg+· 2 Fe+ 2 Mu+ 2 rn+ 2 

J ' ' • 
y KL+ 3 Fe+ 3 ca+ 3 Ti+ 4 = ' ' ' • 
z: Si~ 4 

~· 
3 

·- • • 



J .... 

!-
t---\ ..... 

Si 

.Al . - .,. _____ 

Fe .~ 

Fe+2 

Mn 

Mg 

Ca 

Na 

K 

Ti 

0' 

Ca 
39.4 

•\I 
1 

F.e··· 

~ 
~ Na 

772 

28 - -- -- .. -

25 18 

390 

18 

45 

320 

15l 18 
3 

8 

82ft?. 

Mg 
5. 5 

% Al. in z = 0. 3% 

TABLE 6. 

.Al. cr. 
Na· Na 

Fe 
55.1 

2 Al. Al. AJ.. z 

'" . Ti Fe Al y 

w I 

z. 

16 7 (2i 797_i 
{4]: 

7 

WXY 

8~6i 

s 

(atomic percentage·s). 
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P stands for zero or close to it for diopside-hedenbergite 

or a ani te- jadeite ser·ies, and would be 1 or close to it 

for orthorhombic pyroxenes and pigeonites. This grouping 

of elements is based on stmilarity of ionic radii. As 

the oxygen is constant in the unit cell of the pyroxenes, 

an introdu:'ction of Al into a diopside means that this .Al 

must be shared equally by Mg like atoms and by the S1, 

otherwise the valency demands would not be satisfied. 

This relation is expressed by the Tschermak molecule, 

€a Al (Al Si) o6 (Berman 1937, P. 388). The calculation 

of the chemical analyses of the clinopyroxene in the 

ordinary way~ viz~ adjusting the number of atoms in the 

Z group to be 2 by adding a part or all of the .Al, is 

accordj.ngly unsatisfactory as it does not take into .. 

consideration the balancing of the electl .. ostatic charges. 

In a recent paper on the clinopyroxenes, Hess pointed ·to 

these facts, and he proposed a more satisfactory method 

of calculation which is s~ply based on the distribution 

of the various ions in the structure and balancing of the 

electrostatic charges (Hess 1949, P.624-626). In Table 6 

the present pyroxene is calculated by this method. 

percentage of Al replacing the silicon {Z) is 0.3. 

The 

This 

low percentage probably e'~lains the c~ose agreement of the 

chemical composition and the composition deduced from 

the optical properties • 

. -- .. ~.l. 
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COMPARATIVE CHEMICAL ANAL YSESo 

4 

46.54 

5.77 

1.22 

1.88 

24.Q5 

0.74 

0.79 

17.70 

0.62 

0.15 

0.39 

0.18 

100.53 

(3.48) 

1.726 
1.732 
1.753 

490 
440 

43.7 
2.4 

53.9 

. ' 

5 

48o34 

Oo30 

Oo08 

.. l., 50 

22 .. 94 

Co70 

la06 

2lo30 

Ool4 

Oo03 

Oo46 

99a85 

1..723 
la730 
1a751 

61-67° 
46-49° 

47o7 
3o2 

49ol 

' I 
6' 

48a28 

la45 

0.28 

3a96 

27a02 

0.;76 
I 

I 0.;32 

16o18 

lo51 

0.14 

0 .. 15 

0 .. 15 
~-

100.20 

lo736 
la745 
lo7~5 

70~25°' 
56o 5°{?) 

49~5 
1 

59o5 

7 

47o58 

lol6 

Oo37 

2o60 

24o21 

Oo59 

.3o34 

18a80 

Oo47 

Oo2l 

~ Oo34 

99o67 

lo730 
la736 
lo755 

60° 
47° 

42o5 
9~1 

48o4 

4 Ferrohedenbergite 9 from hedenbergite 
andesinite, Skaergaard Intrusiono 
( Opa Ci to 1939 ll Po 77-78) o Analo 
W.A .. Deera 

5. Hedenbergi te 9 Heraurt 9 California 
(Quoted from Hess 1949 9 Po653-4) 
.Anala E .. Sa Shepherdo 

6 •. Ferroaugite 9 from q~artz syenite 9 NoEo 
Ausable Forks NoYa (Quoted from Hess 
1949, P.l20)o ~ala LoCo PeCka 

7. Hedenbergite, from Percy Quadra~gle 
Syenite, New Hampshire ( Chapma.~ and 
Williams 19~5 9 Pa512)a Analo 
F. Ao Conyero 



SiO 
2 

Al.O 
2 :3 

TiO 
2 

:!;'le 0 
2 3 

FeO 

MnO 

MgO 

CaO 

Na 0 
2 

K 0 
2 

H 0 + 
2 

HO-
2 

Sp. G. 

«-
~ 
11 

2V 
i: c 
\Vo 
En 
.Fs 

A -

1 -

2 ) -
3 ) 

TABLE 7. 

A 1 2 

46.56 42.62 46.60 45.16 

1.42 5.24 3.07 Nil 

0.60 1.69 0.59 0.71 

2.01 • 3.74 1.42 Nil. 

28.05 31.54 29.65 31.4.8 

1.24 ·0.78 0.44 0.44 

1.82 0.47 0.66 .1.38 

17.96 12.27 16.01 19.30 

0.45 1.02 0.73 0.73 

0.14 0.23 0.20 0.19 

0.17 0.48 0.4·3 0.42 

0.04 0.22 0.20 0.19 

--
100.46 100.30 .100.:00 100.00 

(3.581) .{ 3. 65) 

1.72~ 1.743 1.745 1.745. 
1.73i 1.751 
1.756" 1.772 1.771 1.770 

56° 58°. 52° 55° 
47° 47° 41° 

38.9 30.0 36.8· 39.5 
4.7 1.5 1.9 3.5 

56.4 68.5 61.3 57.1 

Ferrohedenbergi te, Meall Dearg, Skye 
(New analys'is). 

Ferrohedenbergite :from Faya1ite Ferrogabbro, 
Skaergaard ~trusion (Wager and Deer, 
1938, P.77-78). Anal. W.A. Deer. 

Ferrohedenbergite :from Faya1ite :ferrogabbro, 
Sl.taergaard Intrusion (Unpublished 
analysis by Mr. Muir). The two pyroxenes 
occur in the same rock. 



TABLE17. 

PLEASE SEE OVERLEAF. 



A 

S1 1.904 

Al 0 .. 069 

( Al.) 

Ti 0.019 

Fe -t·3 0.062 

Fe+2 0.963 

Mg 0.111 

Mn+ 2 0.043 

Ca 0.790 

Na 0.036 

K 0.008 

TABLE 8. 

ATOMIC PROPORTIONS OF THE PYROXENES 
IN ·TABLE 7. 

1 2 4 5 

1.785 1.928 1.916 1.867 1.964 

0.215 o. 0?'2 0.133 0.014 

0.043 0.077 0.145 

0.053 0.019 0.022 0.037 0.003 

0.118 0.045 0.057 0.046 

1.105 1.030 1.114 0.827 0.783 

0.028 0.015 0.015 0.025 0.064 

0.029 0.042 0.089 0.048 0.128 

0.550 0.709 0.852 0.761 0.929 

0.083 0.055 0.056 0.048 0.006 

0.012 0.010 0.010 0.008 0.007 

6 7 

L960 

0.070 

1.960 

0.070 

0.040 

0.030 

0.019 

0.026 

0.707 

0.060 

0.004 
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C.OMPARI.SON. WITH OTHER IRO~'RI0H PYROXENES. 

In contrast to the diopsidic pyroxenes, very few 

Chemical analyses for the ferrohedenbergites are know.n. 

In T·able 7 are given a number of Chemically comparable 

iron-riCh pyroxenes. (The writer is indebted to Mr. Muir 

:for prov·iding a manuse:t~ipt of an unpublished paper on the 

clinopyroxenes of the· Skaergaard Intrusion, and from which 

the Analyses Cols. 2 and 3 are quoted). The analyses, 

calculated on the basis of six oxygens to the unit cell, 

are given in Table 8, and the aluminium in the 4 -

Coordination number which remains after allotting the 

amount necess·ary to make Si = 2 is shown as (AL) • 

. :JS 

·2 

-'II .. 
·I 

. ; 

•I 

·I ·2-ft: ., 

(a) 

-2 

.. 
·' .. .. -

.J 

Na •I< ·1 

•J ..... •J 
·~ 

-I .. ... 
·S ·6 -7 ·8 ·9 

c~ 

(b) 

•I .. 
·' .2. 
Feu 

(c) 
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TO illustrate the mutual relationships of the 

various elements in these pyroxenes, a method of graphical 

representation (Fig. 2 a - c) is adopted after Sabint(l950, 

P.ll9) which he used in illustrating such relationships in 

the aanitic pyroxenes. These relations are shown to be: 

(1) Fig.lA: The increase in amount of alumini'Wll 

replacing the silicon is accompanied by an increase 

in the content of Fe • 

(2) Fig. lB: Sodi'Wll and potassium together vary 

inversely with calcium. 

(3) Figo lC: Sodi'Wll and potassium together show a 

tendency to vary directly with Fe • 

The above relationships indicate that the introduction 

of the monoval.ent ion sodium in place of the divalent ion 

calcium or the increase in the amount of aluminium 

rerplacing silicon, require a balancing of the electro­

static charges by the introduction of Fe~1 in place of a 

di valent ion (Fe ·t}· ""-') • 

The pyroxenes Noso 1 - 4 from the Skaergaard intrusion 

are of special interest as they represent late stage 

members of the clinopyroxene series derived by crystallis-

ation differen·t,iation of a basal tic magma. The Skaergaard ~ 

intrusion has, in fact, provided the most valuable data for:. 

the course of crystallisation of clinopyroxenes. Wager 
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and Deer (1939, P.240-248) have shown that the clino-

pyroxenes form an unbroken series of solid solutions, from 

diopside at the early stages to iron-riCh members, ferro-

augi tes ,, towards the end. Further study on the clinopyrox.;.._ 

enes of the Skaergaard intrusion has been recently carried : 

out (Muir, unpublished paper), and two distinct trend lines 

for the pyroxenes in the late stages of crystallisation 

could be established. That for the normal ferroaugites 

crystallised directly .from the magma below the B-Wallaston-

ite inversion temperature; the other trend is that of the 

pyroxenes derived from the B-Wallastonite-hedenbergite 

inversion. In the latter trend, the end stages pyroxene 

has a composition wo30 Fs70 and corresponds to the 

position dedue·t~ct for the lowest temperature relation in 

the hedenbergite-clinoferrosillite series in the artificial.·, 

system C:aO - Feb - Si00 ( Bcnven and others, 1933). 
t:j 
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Fig. 3 shows the position of the Skye pyroxene (A) and the 

pyroxenes from the Skaergaard intrusion (Nos. 1 - 4). It is: 

interesting to find th.at the Skye pyroxene lies on the trend; 

of the no~al pyroxenes which crystallised below the B-

Wallastonite inversion temperature, and close to the 

Skaergaard pyroxene No. 3. -The pyroxene No. 3 has been 

shown to occur in the sa~e rock with the pyroxene No. 2, 

which is, as pyroxene No. ~. interpreted to be derived by 

inversion of B-wallastonite. From the mutual relation of-
.. 

the two pyroxenes, the pyroxene No. 3 is considered to have 

been fo~ed only a little later than the pyroxene No. 2 

(Wager and Deer 1939, P.ll0-111). 

According to the thermal relationships of the four 

component system diopside-hedenbergi te- clinoenstati te­

clinoferrosilite, Wager and Deer showed that with the 

fractional crystallisation of the magma, the pyroxene will 

bear a higher temperature relationship to the liquid than 

the pyroxene that would be in equilibrium with the magma 

if the conditions ceased to be those of fractional 

crystallisation (1939, P.247-248). 

To illustrate such relationship, the percentages of 

the basic oxides CaO - MgO - FeO in the pyroxenes and 

their parent roc...ks, recalculated to 100% are plotted on the.: 

triangUlar diagram, Fig. 4, cognate points being joined 

by tie line • The Skye pyroxene, like the Skaergaard 

.. . . -~-: .. ·--· ~- ... ·--- ·--- •· ·---··---~·-- ····---



:31. 

CaO 

1\ 

.'\ 
\ 

\ 
• c 

r.o 

pyroxenes Nos. 1 - 3, shows to be of relatively great;er 

ratio of the high melting component than its parent roCk. 

The pyroxene No. 4 shows, however, the reverse relation, 

which mo'St probably is due to the enrichment of its parent 

rock in plagioclase felspar. 

The above relationship shows that although the pyroxene 

is present in small amount compared with the other pb.f.ases 

in equilibrium, it was capable of early crystallisation. 

Moreover·, its constituents appear to be insoluble in acid 

magmas and the mineral can exist in equilibrium with free 

silica. The same is also true with regard to the acco~ 

panying iron-rich olivine. It has been shows by Bowen and 
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SChairer (1935) that quartz can exist in equilibrium with 

olivine between Fa68 and fayalite. 

The po~ition of the Skye pyroxene on the trend of 

clinopyroxene crystall.isation {Fig. i) is, however, 

inconsistent with the position of its parent rock on the 

trend of the differentiation followed by the Skaergaard 

ma@Ua. 

teO 

!~~~ 
/I ', 

~-- 5J.~~e1Jdd•d ,., ..... / 

• RJ,,.n/ ,...,, A..lo 1•} .S~tt: 

K._Q+Na,9 

FL9.s. 
If' the pa1 .. ent rocks of the Skye and the Skaergaard 

pyroxenes are plotted on a triangula1• diagram with MgO -

FeO - x
2
o + Na

2
o as variables {Fig. 5) as is seen that the 

Skye granophyre {A) f'alls on the line of' the Skaergaard 

series and is the nearest to the ~0 + Na2o corner. Thus 

although it shows a position on the trend corresponding to 

- . ··-· _., ........... , _____ :_ •. ..:-.'····-·-=-·-·---~---'--"'--'-·--



the latest stages of crystallisation, its pyroxene 

compares with that fro'm rocks of earlier stages, No. 3a. 

Its nearest neighbour is a hedenbergite granophyre, but 

is earlier in the sequence, and the composition of its 

pyroxene li·es very close to the hedenbergi te corner. 

In view of this comparison, it appears that the Skye 

magma has not followed the same trend of iron enrichment 

shown by the Skaergaard magma. SUch course of iron 

enriChment in a crystallising basaltic magma means that 

fractionation would affect the ferromagnesian minerals 

more than the felspars. There are, however, insufficient 

data that can provide direct inforz.nation about the 

different.ia.tion trend followed by the Skye magma. 

It may be mentioned that the Skye pyroxene granophyre 

analysis fits well on the variation diagram for the Mull 

Magma Series at 69% Silica (Bailey 1924). The gabbro­

granophyre association in Mull has been shown to be 

characterised by the persistence of pyroxene crystallis­

ation into the granophyre stage. Bowen (1928, P.lll-113), 

discussing this feature in contrast to hor.nblendic series 

of rocks, concludes that by the strong fractionation in 

the plagioclase series, the liquid will reach a 

composition that only per.mits the formation of pyroxene. 
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SUMMARY AND GENERAL REMARKS .. 

Two of the various granitic intrusions which for.m the 

Western Redhills complex in Central Skye are the riebJkite 

and the~ pyroxene granc>phyres, occurring in the Meall Dearg 

area. Their relative ages have been indicated by Chilling 
c 

of the pyroxene granophyre against the riebekite grano-

phyre and the signs of crushing shown by the latter~ 

There is insufficient data to allow discussion of the 

origin of the Meall Dearg gra:nophyres and their relation 

with regard to the evolution of the other granitic intrus-

ions in general. In fact, the Me all Dearg granophyres 

represent only a part of a large granitic complex and 

consequently any remarks on the origin of these granophyres 

will be purely spec~lative until more is known of the 

complex as a whole. Nevertheless, it may be worth while 

making the following suggestions in connection with this 

pz•oblem. The various intrusions may be considered on one 

hand to have o.riginated independently from each other by 

fractional crystallisa·tion of fresh supplies of basal tic 

magma brought up into the magmatic chamber. Alternatively,. 

the different intrusions may be genetically related and may · 

then be regarded to have been derived f'ron1 a cormnon parent 

magma. 

This latter suggestion seems to be more probable 

than the first alternative, as can be inferred from the 
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intimate geological association of the various intrusions. 

Accordingly, the granitic magma whiCh supplied the 

various intrusions must have existed in an ~ense bulk. 

It is difficult, however, to conce"ive ho\v such granitic 

magma can be generated by crystallisation-differentiation 

of a basal tic magma. In fact, it has been shown that the 

granitic masses in Skye are quantitatively equalling the 

associated basic rocks (Richey, 1948, P.·5~). The 

est~ation of the relative areal extent of the basic and 
p Lu:fo"U. 

acid~rocks in Skye has been shown to be of the following 

magnitude: 

Gabbro and dolerite • • a • a • 

Square Miles. 

28! 

Granophyres and gr~i tes • • • • 30i 

U1 tra-basic • • • • • • • • • • 
3 
4 

The amount of the granitic end product generated in 

the.process of fractional crystallisation has been shown 

to be so small, less than 12 per cent. by volume of the 
se 

original basaltic magma,~ that the extraordinary magnitude 
cate oual~ kel~ 't'e lot t.io.e. 

of granitic bodies eenae1; "Be a:eePieoa to this process 

(Grout, 1926, P.548-551; Fenner, 1926, P.760-765; 

Daly, 1933, P.289-293). Holmes (1931 and 1936) has 

discussed the common association of' acid and basic rocks 

in the Tertiary Central Complexes in N.w. Scotland, and 

he believes that the granitic phase can be generated by 

remelting of the country rocks. 

.-.: 

~ : 
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He suggests that a cupola-shaped magma reservoir rising 
,~vc rise to 

into the earth's crust would emeBa~e ring dykes and cone 

sheets. By means of convection currents the upper parts 

of this cupola will. maintain high temperatures, enough to 

pe~it remelting of their roo~ and the ultimate result 

provides the required condition of co-existence of acid 

and basic magma in the cupola-shaped reservoir (op. cit. 

P .. 249) •. 

Comprehensive data is now available for the no~al 

course of differentiation of large basaltic magmas as the 

Skaergaard intrusion (Wager and Deer 1939), being towards 

iron enrichment in the early and middle stages and enrich-

ment in silica and alkalies towards the end. The calc-

alkaline series, on the other hand, has been shown to 

follow a different course, and is believed to be in the 

main derived from mixing acid and basic material. This 

is based. on the fact that in the normal course of different-: 

iation the intermediate rocks of the calc-alkaline series 

are not represented. As the arnoun t of the iron-rich 

rocks of the middle stages ~n the earth's crust is small, 

they believe, with Daly, Ho~es and others, that the bulk 

of the post-Osrnbrian granites are the result of remelting 

of the Sial. Walker and Poldervaardt (1949, P.650-665) 

consider it likely that assimilation of the sialic material 

may be followed by crystallisation differentiation of the 



.. 

hybrid mae'}lla. 

If these various intrusions are considered to be 
c. 

derived from the same stock magma, the riebdkite grano-

phyre seems to have been fed from an upper part of the 

magmatic reservoir. This suggestion is based on the 

miarolitic feature displayed by the rocks and the presence 

of hydrated low temperature minerals as stilpnamelane and 
c. 

riebe'ki te. By the upward migration of the volatile 

constituents, the upper part of the magma is enriched in 

these constituents. The rate of solidification of the 

magmas on intrusion seerns to have been faster than the 

release of the volatile constituents and the compressed 

gas inside the granitic mass at the final stages of 

complete solidification gave rise to these druses. Water 

seems to have been an essential constituent in this late 

stage gaseous phase, as indicated by the occurrence of the 

ferric iron-rich stilpnomelane in some of these cavities. 

TheEquilibriurn between the ferrous and ferric iron in 

igneous rocks is controlled by the reversible react-ion: 

As has been mentioned above, 

at the late stage of solidification the escape of gasses 

seems to have been checked and consequently the vapour 

pressure would tend to promote the for.mation of more ferric 

iron. These constituents, ferric iron and water, were 

most probably fixed in the stilpnomelane. 
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The pyroxene granophyre, on the other hand, is 

completely free from drusy cavities or any hydrated 

minerals. This probably indicates that the pyroxene 

granophyre has been drained from a deeper part of the 

magma poor in volatile constituents. To this relatively 

dry nature of the pyroxene granophyre magma has been 

ascribed the formation of the pyroxene in preference to 

hornblende. 

In the present limited study it was not possible to 

obtain information that could throw definite light on the 

method of implacement of these granophyres. 

Harker postulated a laccolithic habit for the 

plutonic intrusions of the Western Redhills complex. He 

considered that the vertical junction between the gabbro 

and the granitic complexes marks the position of the 

feeding channels for the magma forming the laccolith 

(1904, P.l26). 

Richey in his paper on 11 Tertiary Ring structures in 

Bri tain11 (1928, P. 69-78) showed that ring dykes and .. 

caulderon subsi.dence as demonstrated in Mull and 

Ardnamurchan can also be applied to the igneous intrusions 

of Skye. He suggests that three centres of igneous 

activity were acting successively in the following order: 

Cullins, Redhills proper (Western Redhills), and Beinn na 
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Caillich (Eastern Redhills) centres. The vertical 

boundary between the gabbro complex and the Western 

Redhills is believed to be an indication or a ring ~yke 

structure. 

It is of' interest to mention that--a distinctive 

feature of these granophyres is the u~ter absence of 

xenolithic inclusions of the country rocks. This 

probably suggests that the implacement of these intrusions 

was achieved by sinking of a large crust block, i.e. 

caulderon subsidence. Moreover, the absence of 

apophyses of one granophyre penetrating the other is 

_probably a feature connected with caulderon subsidence 

(Chapman, 1937, P.l84-185). 
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EXPLANATION OF PLATES. 

PLATE I. 

c;. 

Riebt1ki te- gr-anophyre. 
perthite in wnich the 
broad pat.ches. (P 8 
Magnification X.30 

c 

The field shows 
plebs coalesce into 

) Nicols crossed. 

Crushed 
against 
crossed 

riebekite granophyre (11) 
the pyroxene granophyre~ Nicols 

(P. 11 ) • Magnification X.41 

PLATE II. 

Pyroxene granophyre. The dark minerals 
are pyroxene (middle of the field) and 
altered olivine. The light are :felspar 
and micropegmat.i te (P'.l2. ) • 
Magnifi cation.x 41 

Fine-grained margin of the pyroxene 
granophyre against the riebikite granophyre, 
top of Meall. Dearg. The minerals present 
are rounded grains of pyroxene (dark grey), 
iron ore, altered olivine (almost opaque 
with iron ore) and felspar (turbid). 
(P.l4- ) • Magnifi cation.X41 
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