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ixt the time of N. V. UssiNG's death in July 1911 this trea

tise was almost ready for the press. Chapters 1—3 were already 

in the press ; chapters 4 and 6 had been translated, and apparently 

revised, of chapter 5 there was only the Danish manuscript, and 

the translation had not yet been undertaken. 

According to a wish expressed by Ussing the Committee for 

the geological and geographical investigation of Greenland entrusted 

me with the task of undertaking the publication of the treatise. 

As regards the chapters which were already translated only quite 

formal corrections have been made in the proofs, and the fifth 

chapter has been translated in close conformity with Ussing's Da

nish manuscript. 
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CHAPTER I. 

INTRODUCTION. 

The country around Julianehaab is  of  great  interest  to 

geological  science for more than one reason.  I t  is  the locali ty 

of  a  large number of r are minerals;  i t  is  the only part  of  South 

Greenland where a sedimentary rock-formation is  found which 

is  newer than the Archaean and Algonkian series;  and,  above 

al l ,  i t  is  remarkable for  the occurrence of complexes of 

highly differentiated igneous rocks which afford extremely favour

able condit ions for  geological  s tudy.  The occurrences of the 

minerals  and the sedimentary formation are dealt  with by pre

vious explorers in several  publications.  In the present  paper 

wil l  be found the results  of a  study of the general  geology of 

the country and of the geology and petrography of the igneous 

rocks.  

GEOGRAPHY. 

The settlement of Julianehaab ("Juliana-Hope") is  s i tuated 

on the south-west  coast  of  Greenland,  in 60° 43'N. lat .  and 

46° 1 '  W. long. ,  about 160 kilometers north-west  of  Cape Fare

well  (Plate I) .  The ent ire south-west  coast  of  Greenland is  

diff icult  of  access by sea,  the approach being barred,  during 

a great  part  of  the summer,  by the Polar  pack-ice which 

moves in a  southerly direction along the east  coast  of  Green

land but,  after  having reached Gape Farewell ,  turns off  towards 

the west  and the north-west .  But the pack-ice provides good 

condit ions for seal-hunting and,  for  Greenland,  this  coast  is  

1* 
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densely populated.  That  part  of  the country which is  not  ice-

covered consists  here,  as  elsewhere in Greenland,  of a  rather 

small  s tr ip bounded on the one side by the ocean and on the 

other by the inland-ice :  at  Julianehaab the distance from the 

margin of the inland-ice to the outermost  skerries in the ocean 

is  about ninety kilometers.  

The coast- line is  intersected by a  large number of f jords 

with an average direction from south-west  to north-east .  Some 

of them at  their  heads meet with the outlets  of the inland-ice 

and receive icebergs from it .  The outer  skerries and the 

peninsulas have low, bare cl iffs ,  but  further inwards,  the moun

tains become gradually higher and some vegetat ion occurs upon 

their  lower slopes.  Bordering the inner parts  of the f jords we 

find magnificent  snowcapped mountains,  and here a compara

tively r ich vegetat ion covers the f loor of the valleys.  But no

where is  the least  t race of a  wood to be found ;  this  in com

bination with the numerous floating icebergs which are seen 

in the f jords e ven during the warmest  summer months,  has the 

effect  of  rendering the general  character  of the scenery entirely 

Arctic in spite of  the relat ively low lat i tude.  

At Julianehaab the mean temperature for the whole year 

is  very near 0° Centigrade,  and for the summer months (July,  

August)  i t  is  about 8°.  Around the inner branches of the long 

fjords the summer is  even somewhat warmer,  and trees could 

possibly grow there,  if  there were locali t ies where they could 

be sheltered from the dry and strong easterly gales.  The rain

fal l  is  considerable;  at  Ivigtut ,  about 120 kilometers west  of  

the district  we are considering,  the average annual  rainfal l  is  

1 *24 meters,  and i t  is  probably similar  at  Julianehaab.  The 

snow-line is  at  a  height  of 1100 to 1150 meters above sea-level .  

Under these condit ions the chemical  decomposit ion of mine

rals  and rocks by atmospheric agencies takes place very slowly,  

and the geologist  can almost  everywhere procure without diff i

culty rock-specimens in a  fresh condit ion.  



o 

HISTORY. 

RED ERIK,  the f irst  European colonist  in Greenland,  in the 

year 983 sett led down in Tunugdliarf ik Fjord,  the longest  of  

the f jords near Julianehaab,  and i t  was from the same fjord 

that  his  son LEIF sailed when he discovered America.  But the 

old Norse colony which RED ER IK foun ded,  perished in the six

teenth century,  and since then for more than two hundred years 

the southernmost part  of  Greenland was scarcely visi ted by Eu

ropeans as the new colonisat ion was confined to the more easi ly 

accessible tracts  further to the north-west .  Not unti l  the year 

1775 was the set t lement of Julianehaab founded.  

We owe our f irst  knowledge of the mineralogy and geology 

of the country around Julianehaab to C. L.  GIESECKE who visi ted 

this  distr ict  in 1806 and 1809.  GIESECKE'S diary1  shows that  

he made himself  fair ly well  acquainted with the whole of the 

area which will  be described in the present  paper,  i ts  peculiar  

minerals  and rocks having at tracted his  at tention to a  high 

degree.  We are indebted to him for excellent  collect ions of 

minerals  including several  which were then new to science:  

arfvedsonite,  sodali te ,  and eudialyte.  Moreover,  he was the first  

to give a  descript ion of the red sandstone of Igaliko which he 

compares with the Old Red Sandstone of Scotland.  Hut owing 

to the deficient  knowledge of that  t ime with regard to igneous 

rocks his  descrip t ions of the nepheline-syenite and of the geo

logical  s tructure of the country are of l imited value.  Some 

variet ies of the nepheline-syenite he regards as a kind of "mica-

slate",  but  others are correctly interpreted as a "syenite" which 

1 GIESECKE'S Mineralogisches Reisejournal. Meddelelser om Grönland, 

XXXV, pp. 15, 29—39, 211—220 (1910). 

For an account of the mineralogical collections which have been 

made from time to time in the district of Julianehaab, see "Meddelelser 

om Grenland", XXXII, pp. IX—XIX (1905). 
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is  of  later  origin than the ordinary granite1 .  The first  notice 

of the occurrence of newer abyssal  rocks in South Greenland 

is  due to Giesecke,  but  he does not  express any opinion re

garding their  age relat ive to the red sandstone.  

In 1828 C. PINGEL visi ted Julianehaab and Igaiiko and some 

years later  he published a descript ion of the red sandstone 

with i ts  porphyry-dykes2 .  The indefatigable H. RINK who , about 

the middle of the last  century,  made exhaustive and valu

able contributions to the scientif ic  knowledge of Greenland,  

s trangely enough,  scarcely occupied himself  with the igneous 

rocks of Julianehaab,  and i t  was not  unti l  the year 1876 that  

more l ight  was thrown upon the geology of these rocks.  

In that  year the Danish Government began a series of 

systematic scientif ic  investigations in Greenland,  and the first  

expedit ion,  that  of  K. J .  V. STEENSTRUP who was accompanied by 

G. HOLM and A. KORNERDP made a topographical ,  geological ,  and 

archaeological  reconnaissance of the whole country around Ju

lianehaab.  Among the chief  results  may be mentioned a topo

graphical  and geological  sketch-map of the area north of this  

set t lement and a brief  descript ion of the geographical  and geo

logical conditions3. Dr. STEENSTRUP re visited the country in 1877, 

but almost  the whole collect ion of minerals  and rocks which he 

had brought home from these expedit ions was lost  when the 

Castle of Christ iansborg,  in Copenhagen,  was destroyed by fire 

in 1884. 

In 1888 and 1899 Dr. STEENSTRUP made other journeys to 

Jul ianehaab,  chiefly fo r  purposes of archaeological  and practical  

interest .  On those occasions he took opportunity of making 

1 C. L. GIESECKE, The raineralogical Geology of Greenland (1816). Re

printed in T. RUPERT JONES, Manual of Greenland, pp. 330 and 332 

(London 1875). 
2 C. PINGEL, Om den, af Porphyrgange gjennembrudte, rade Sandsten i 

det sydlige Granland. K. Danske Videnskabernes Selskabs Skrifter (4), 

X, 1843. 
3 Meddelelser om Grenland. 11, 1881. 
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new col lect ions of  minerals  and rocks which he has  kindly 

placed a t  my disposal  for  the preparat ion of  the present  paper .  

He also made some geological  observat ions with special  reference 

to  the red sandstone 1 .  In  1897,  under  the auspices  of  the 

"Commission for  the Direct ion of  Geological  and Geographical  

Explorat ions in  Greenland",  Dr.  G.  FLINK ,  of  Stockholm,  invest i 

gated the mineral  local i t ies  north-east  of  Jul ianehaab and dis

covered a  great  number  of  ne w a nd interest ing m inera l  species ,  

which have been descr ibed by Dr.  FLINK and others 2 ;  in  his  

report ,  however ,  Dr.  FLINK touches only cursori ly  upon geologi

cal  quest ions.  

In  1899 the "Commission for  the Direction of  Geological  

and Geographica!  Explorat ions in  Greenland" enjoined the in

vest igat ion of  th e igneous r ocks of  Jul ianehaab upon the present  

author ,  and,  as  a  preparation,  I  vis i ted the Chris t iania  dis t r ict  

together  with Mr.  O.  B.  BOGGILD who was to  take par t  in  the 

expedi t ion to  Jul ianehaab in the fol lowing year .  Owing to  Pro

fessor  BRÖGGER'S  kind help we had an excel lent  opportuni ty  of  

s tudying the large igneous complex of  this  dis t r ict  which,  as  

is  wel l -known,  has  formed the bas is  of  some of  the most  c las

s ical  invest igat ions in  the department  of  petrology.  

The resul ts  of  the explorat ions in  1900 wil l  be  found in 

the present  report .  A few supplementary observat ions which 

the author  was able  to  make during a  short  s tay a t  Jul ianehaab 

in  July 1908 have been included.  

1  K. J. V. STEENSTRUP, Geologiske og antikvariske lagttagelser i  Juliane-

haabs Distrikt. Meddelelser om Granland, XXXIV, p. 117 (1909). 
2  G. FLINK. Berättelse om en Mineralogisk Resa. Meddelelser om Gran

land, XIV, p. 221 (1898). — Idem, On the Minerals from Narsarsuk. 

Ibidem. XXIV, p. 181 (1899). — C. DRETER and V. GOLPSOHMIDT, Ueber 

Albit von Grönland. Ibidem, XXXIV, p. 1 (1907). 



CHAPTER II. 

THE ROCK FORMATIONS. 

SUMMARY. 

From a geological  point  of  view t he greater  part  of  Green

land is  an old continent ,  composed of crystal l ine rocks mostly 

of Archaean a ge.  Newer sedimentary formations of marine origin 

are met with near the coast  in the northern and middle parts  

of Greenland.  But the southern third of the country,  south 

of 69° N. lat i tude,  is  extremely poor in sedimentary rocks.  

With the exception of the loam, sand,  and gravel  deposi ts  of  

the Quaternary epoch,  which on the whole occur in relat ively 

small  quanti t ies,  there have been found in southern Greenland 

only two small  areas of post-Archœan sediments,  both at  about 

61° N. lat . ,  viz.  the Arsuk group and the Red Sandstone.  Since 

the only organic remains which have hitherto been detected in 

these sediments are sponge-spicules (in the Red Sandstone),  

an exact  s tatement of the geological  age is  not  possible.  On 

the other hand,  from the strat igraphical  relat ions and the petro-

graphical  characters of the different  rocks,  and from a compa

rison of the sediments with those of East  Greenland and of 

the north-east  of Canada,  we may infer  not  only the order of 

succession of the different  rocks but  also their  probable geolo

gical  age.  In this  way we arrive at  the following classif icat ion 

of the formations of South Greenland: 
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Quaternary  Moraines and alluvium. 

Devonian (?) 

Plutonic rocks (granite, nepheline-syenite, etc.) 
and volcanic sheets. 

Hed Sandstone. 

Algonkian (?) Plutonic rocks (granite, diorite, etc.). 
Arsuk group. 

Archaaan  Gneisses and crystalline schists. 

The areal  dis t r ibut ion of  the rock-formation is  given in  

the geological  map,  Plate  I 1 .  

Archaean rocks are  the most  widely dis t r ibuted rocks in  

South Greenland,  but  in  the country around Jul ianehaab they 

are  of  minor  importance.  Only in  the nor th-easternmost  part  

of  the area which we shal l  here  consider  more par t icular ly  

(Plate  i l )  there  occurs  a  gneiss  or  a  fol ia ted grani te  which 

probably belongs to  the Archaean per iod.  

The Arsuk group covers  only a  smal l  area s i tuated about  

150 ki lometers  W. N.  W. of  Jul ianehaab.  Since i t  has  no direct  

connection with the subject  of  the present  paper  a  br ief  enu

merat ion of  the main rocks wil l  suff ice  in  this  place.  I t  con

sis ts  of  a  succession of  intensely folded s la tes ,  phyl l i tes ,  dolo

mites ,  quartzi tes ,  graphi te-schis ts ,  and metamorphosed diabases  

and tuffs .  They may probably be correlated with the la te-Al-

gonkian (Keeweenawan) rocks of  Labrador .  

The country around Jul ianehaab consis ts  a lmost  exclusively 

of  rocks which belong to  the four  upper  divis ions mentioned in  

the above table ,  viz .  Algonkian grani te  (Jul ianehaab grani te) ,  

1  This map has been constructed on the basis of t he reports and the geo

logical maps published by T. EBERLIX (Meddelelser om Grönland, IX), 

A. JESSEN (ibidem, XVI), P. SYLO W (ibid.,  VI), and K. J. V. ST KENSTKUI-

ibid.,  II),  and has been supplemented and corrected by means of the in

formation obtained from an examination of the collections of rocks from 

South Greenland, in the Mineralogical Museum in Copenhagen. With regard 

to the stretch of coast between Arsuk and Julianehaab additional in

formation was obtained by the author's journeys in 1900 and 1908. 
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Devonian sandstone (lgaliko Sandstone),  newer igneous rocks 

(volcanic sheets and abyssal rocks),  and Quaternary deposits 

(compare map, Plate II).  

JULIANEHAAB GRANITE. 

General aspect and surface relief. — The most widely 

distributed rock within the area represented in Plate II is  a 

granite which is supposed to be of late-Algonkian age and for 

Fig. 1. Kidtlavat Mountain (A. K ORNERUP). 

the sake of convenience is d esignated by the above name. The 

surface relief of the granite areas is irregularly mountainous. 

The heights of the mountains usually vary between 300 and 

900 meters,  and their form s are more or less rounded and ice-

worn because, as Dr. STEENSTRUP has shown, the whole district  

has been covered by the inland-ice to a t  least  a height of 1200 

meters1 .  An essentially different scenery is seen only on Kidt-

1 Meddelelser om Granland, XXXIV, p . 121 (1909). 
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lavat Mountain :  here the granite rises in an extremely pict uresque 

mountain ridge to a height of 1260 meters (Fig. 1).  

The Julianehaab granite has great power of resisting 

weathering. The flanks of the mountains are frequently very 

steep and the talus at  their foot is  comparatively small  in 

amount.  In several places the surface has not suffered any 

desintegration since the inland-ice retired from the district ,  and 

almost everywhere the lichen-coatings impart to the mountains 

a dark and monotonous appearance. Near the shores and in 

sheltered localit ies fairly dense birch and willow copses may 

sometimes be met with.  

Petrography. — The distinctive character of the Juliane

haab granite as compared with the more ancient granitic r ocks 

is the absence of gneissic or dynamic structures.  In some 

cases,  however,  a slight indication of banding is observed, but 

this is of primary origin and is not accompanied by any kind 

of cataclastic s tructure.  As to colour,  the rock most frequently 

is  white or l ight gray, but reddish varieties are by no means 

uncommon; near Ig.aliko an d in some other places the granite 

is  intensely red-coloured. 

Mineralogically the rock is an ordinary hornblende-bearing 

biotite-granite.  I t  is  coarse-grained, compact (not miarolit ic),  

and frequently of a pronounced porphyritic structure produced 

by some of the felspar crystals attaining a length lof one or 

two c entimeters while th e a verage size of grain is much smaller.  

Under the microscope the dominant felspar is seen to be a 

microcline of the ordinary cross-hatched twin-structure,  some

times with and sometimes without perthitic veinlets.  Oligoclase 

occurs subordinately.  The quartz is allotriomorphic and mostly 

intersti t ial  between the felspars.  The dark-coloured constituents 

are a brownish-green biotite and a common green hornblende, 

as a rule in about equal amounts.  As minor accessories occur 

magnetite,  t i tanite,  zircon, and apatite.  

The rock has not been analysed chemically,  but it  may be 
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inferred from its microscopical characters that i t  belongs to the 

granito-dioritic series of igneous rocks, following ROSENBÜSCH'S 

classification. This is of importance because the newer igneous 

rocks of the area here considered belong to the alkali  series.  

Diorite. — In several localit ies in South Greenland there 

occur smaller bodies of diorite which appear to be genetically 

related to the J ulianehaab granite.  Within the area represented 

in Plate II ,  however,  the diorite is  rare.  One of the localit ies 

is  at  the inner (northern) end of Igaliko Fjord where the diorite 

covers an area of almost a square kilometer.  This rock is 

medium-grained and rather dark in c olour.  The felspar is of a 

thick-tabular habit  and is somewhat decomposed; the fresh 

portions of i t  prove t o b e andesine and the decomposition pro

ducts are muscovite,  epidote,  and calcite.  A green hornblende 

and a brownish-green biotite a re abundantly present,  and quartz 

occurs in small  amount.  

A more basic diorite is  found at  Sigsardlugtok, on the 

western side of Igaliko Fjord, and is conspicuous even at  a long 

distance on account of i ts  dark colour.  This diorite is  traversed 

by irregular veins of a l ight-coloured granitic rock. 

Ore deposit. — A small deposit  of copper-ore is found 

in the granite not far from Julianehaab. The locality is H1 /^ 

kilometers due east of th e sett lement,  in the eastern part  of the 

island of Kekertarsuak. The ore is copper-glance with s ome bornite 

and occurs in grains,  nodules,  and veinlets,  impregnating a breccia 

of various crystall ine rocks (granites,  felsites,  gneisses,  and amphi-

bolites) with q uartz as the principal cementing material .  The ore is 

very unevenly distributed in this breccia and is,  on the whole,  rather 

scarce. In the neighbourhood of the ore deposit  several diabase 

dykes occur having a direction from north-east to south-west.  

This ore deposit  was found as long ago as before 1800, 

and appears to be the first  one known from Greenland. It  was 

investigated by GIESECKE in 1806 1 .  In the middle of last  century 

1 Meddelelser om Gi'0nland, XXXV, p. ?9 (1910). 
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the deposit  was worked for a short t ime, and on that occasion 

fifteen tons of ore are said to have been shipped to London 

(1852).  Some years ago the locality was again visited by mining 

engineers,  but the results were unsatisfactory. 

Geological age of the Julianehaab granite. — As already 

mentioned the age of the granite cannot be fixed with full  

certainty,  but several facts support the hypothesis of a late-

Algonkian age. In the first  place, i t  should be pointed out 

that granitic rocks similar to the Julianehaab granite in petro-

graphical characters,  have a very wide extension in the southern

most part  of Greenland (see Plate I).  They cover — with inter

ruptions — an area which in a direction from east to west 

measures about 300 kilometers,  and from north to south they 

extend over perhaps an even greater distance. This greatly 

extended distribution may be taken as a strong indication of a 

pre-Cambrian age. Secondly, the relation of this granite to 

the Arsuk group is of importance. The latter is  separated by 

a strip of gneiss from the nearest granites of the Julianehaab 

type, but the distance is only twelve kilometers.  Since the 

Arsuk rocks have been greatly influenced by tangential  stresses 

while the granite does not show any trace of cataclastic structure,  

i t  is  highly probable that i ts  consolidation took place later than 

the processes which folded the rocks of the Arsuk group or,  

in other words,  the granite must be younger than the Arsuk 

group which is probably of late-Algonkian age. Thus, judging 

from our present knowledge of th e geology of South Greenland, 

i t  appears reasonable to attribute a late-Algonkian age to the 

Julianehaab granite.  

RED SANDSTONE (IGALIKO SANDSTONE) AND 

VOLCANIC SHEETS. 

The central  part  of the district  we are here considering 

(Plate II)  co nsists of a formation of red sandstone which is in 

some places overlain by a succession of volcanic sheets.  The 
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sandstone rests directly upon the Julianehaab granite, and its 

lowermost layer has usually the character ot '  an arkose. The 

total thickness of the sandstone formation is about 1200 meters, 

that of the volcanic series about 1000 meters. The sandstone 

is supposed to be of Devonian age, but as the correctness of 

this supposition has not been definitely proved it  would be ad

visable to have a local name for this formation. The name 

"Igaliko Sandstone" has been chosen because Igaliko is the 

only place within the sandstone area which is inhabited. 

Distribution. — We cannot doubt that the Igaliko Sand

stone and the volcanic series must originally have had a wide 

extension in S outh Greenland. Even at the present day isolated 

sandstone areas appear to exist in several places in the ice-

covered interior as may be inferred from the not uncommon 

occurrence of boulders of this rock in recent moraines of the 

inland-ice. But in that part of South Greenland which is free 

from ice, both formations have now a very inconsiderable ex

tension and do not occur beyond the limits of the map, Plate II.  

Since some of the main occurrences will be described more 

fully in the following chapters it  will suffice in this place to 

give a general account of these formations and a discussion of 

their geological age. 

The total area of the Igaliko Sandstone may be reckoned at 

about 200 square kilometers. The largest part of this area lies 

between the Fjords Sermilik an d Tunugdliarfik. Another impor

tant sandstone area surrounds the head of Igaliko Fjord, and a 

few isolated patches of th e sandstone are found near the outlet 

of Tunugdliarfik Fjord, between Narsak and the head of K angerd-

luarsuk Fjord. The volcanic rocks are entirely restricted to 

the peninsula between Sermilik and Tunugdliarfik where they 

cover an area which is less than one-fourth of the sand

stone area. 

The present boundaries of the sandstone area are of diffe

rent kinds from a geological point of view. Towards the south-
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east ,  south of  Igat iko,  the border- l ine coincides  with a  large 

faul t  which runs in  a  direct ion from E.  N.  E.  to  W. S .  W. Towards 

the north,  in  the low ar ea between Tasiusak and Kagsiarsuk,  the 

boundary,  as  shown by STEE NS TRÜP 1 ,  i s  very i r regular  and i ts  course 

is  condi t ioned by t he denudat ion:  the under lying grani te  appears  

in  a lmost  a l l  of  the val leys  between the numerous small  sand

stone hi l ls .  But  even here  the boundary,  f rom a  more general  

point  of  wiew,  may be said to  be connected with a  faul t ,  which,  

however ,  runs at  a  l i t t le  d is tance north of  the actual  border  of  

the sandstone.  The presence of  this  faul t  i s  indica ted by the 

fact  tha t  while  the northernmost  out l ier  of  the sandstone,  a t  

Tasiusak,  i s  only s l ight ly  e levated above sea- level  the grani te  

r ises  to  very considerable  heights  (1272 meters)  less  than three 

ki lometers  north of  the border  of  the sandstone.  Towards the 

west ,  the south-west ,  and the east ,  the  sandstone areas  border  

par t ly  upon the f jords  and par t ly  upon the newer abyssal  rocks.  

General aspect and surface relief. — The strat i f icat ion is  

exceedingly wel l  pronounced both in  the sandstone and in  the 

volcanic  ser ies  and is  on the whole a lmost  horizontal  or  s l ight ly  

incl ined towards the south-west .  The general  aspect  of  these 

formations is  therefore  far  different  f rom that  of  the grani te :  

plains  and plateaus are  the predominant  surface forms.  As the 

sandstone plains  are  s i tua ted around the middle  and inner  par ts  

of  the  f jords  where the summer cl imate  is  favourable  to  vege

tat ion,  and as  the plains  are  usual ly  covered by a  thin layer  

ot 'morainic  mater ia l  or  of  a l luv ium, they produce fer t i le  pastures  

or ,  in  other  places ,  copses  of  wil low and birch which may be 

so dense that  they are  diff icul t  to  penetrate .  Upon the plateaus 

and upon the terraced s ides  of  t he mountains  the vegetat ion is  

scarce ;  the escarpments  are  qui te  bare  and even at  a  long di

s tance show the dark-red colour  of  the sandstone which gives  

a  pecul iar  charac ter  to  the ent i re  scenery.  

1 Meddelelser om Gr0nland, XXXIV, p. 121 (1909). 
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The dark-coloured rocks of the volcanic series compose 

the highest of the plateaus, the Ilimausak plateau, which rises 

above the snow-line and is therefore covered with a cap of 

snow and ice. From this cap, small glaciers descend on all 

sides giving rise by their erosion to picturesque cirques with 

precipitous walls and separated by bastion-like projections of 

the plateau. The flat snow-cap which has an altitude of about 

1100 meters is surmounted by two higher summits; the highest 

of these is a somewhat rounded and partly snow-covered hum

mock which the Greenlanders have named Ilimausak, a term 

denoting the plug upon the fore-end of the shaft of the har

poon, used for keeping the detachable bone fore-shaft in its 

right position. 

À very conspicuous feature of the sandstone formation is 

the presence of numerous dark-coloured dykes and sills.  The 

sills are more common in the upper than in the lower horizons, 

and they constitute no unimportant part of the total thickness 

of this formation. The dykes are very regular and almost all 

of them run in a N. E. to S. W. or E. N. E. to W. S. W. direc

tion, parallel to the main direction of the fjords. As the power 

of resistance of the dykes and sills to erosion and weathering 

is different from that of the sandstone, they influence the de

tails of the surface relief in numerous ways. 

Igaliko Sandstone. — This is a red-coloured or brownish-

red sandstone, fairly hard and resistant to weathering. It  is 

composed of well-rounded grains of quartz mixed with a vary

ing, but usually very small,  amount of felspar grains. The ce

ment is silic eous or, rarely, ferruginous. The outer appearance 

sometimes approaches that of a quartzite ;  in such cases the 

microscopical examination shows that the quartz-grains have 

been secondarily enlarged at the cost of the cement. Ripple-

marked surfaces are often to be seen. 

In several places there occur thin, subordinate beds of a 

dark gray shale in which fossils have been sought for in vain. 
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Other subordinate beds, of less common occurrence, consist  of 

a  red-and-white,  jasper-iike chert .  The microscopic examination 

of a specimen of the latter kind, found by Dr. STEENSTRUP at 

Igaliko, has revealed the presence of numerous sponge-spicules.  

Beds of conglomerate,  from half a meter to two meters in 

thickness,  are very common in the Igaliko Sandstone. Ail the 

pebbles are well  rolled; most of them are small  but in some 

beds they range up to two or three decimeters in diameter,  

and occasionally thoroughly rounded stones half a meter in length 

have been observed. Almost all  of them consist  of a red sand

stone of the same appearance as that of the underlying sand

stone beds; granite-pebbles have been found in a few cases 

while pebbles of diabase are very rare.  

Where the Igaliko Sandstone comes into contact with in

trusive masses of fairly large dimensions it  is  intensely meta

morphosed. The red-coloured sandstone is altered to a white,  

sometimes greenish or black, indurated quartzite-like rock, and 

the shaly beds are transformed into a dark-coloured hornfels 

rich in biotite.  

Volcanic sheets. — The Igaliko Sandstone is conformably 

overlain by a volcanic fo rmation consisting of a series of lava-

flows a nd sil ls which, according to their o uter appearance may 

be designated as diabases,  porphyrites,  and porphyries.  Inter

calated beds of indurated volcanic tuffs are found, but appear 

to be very subordinate.  The petrographical examination has 

proved that the volcanic rocks belong to the alkali  series and 

should be classed as trachydolerites and alkali-trachytes.  

The volcanic rocks are found almost exclusively in the 

vicinity of the ll imausak batholite described below, and they 

form a roof over this batholite.  Without exception they have 

been highly influenced by contact-metamorphism. No doubt 

the non-metamorphosed parts of the volcanic sheets were more 

liable to decay and have therefore been entirely removed by 

erosion. 

XXXVIII. 2 
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Relative age of the Red Sandstone and the volcanic 

sheets. — As alre ady mentioned the greate r part of the volcanic 

sheets rests upon the sandstone tind is, consequently, younger 

than this. On the other hand, it does not seem improbable 

that the volcanic outbursts have commenced at a time when 

the deposition of the sandstone was still in progress. The 

question of the relative age is somewhat difficult, because we 

have not succeeded in finding a locality where the uppermost 

sandstone-beds are well exposed to view and, at the same time, 

readily accessib le, and n o decisive observations have been made. 

The facts which apparently indicate a partial contempora

neity of the sandstone formation and the volcanic activity are 

the following: (1) Although most of the volcanic sheets which 

occur intercalated between the sandstone-beds have the character 

of ordinary sills, Dr. STEENSTRCP has observed a few sheets 

whose upper surfaces present the slaggy appear ance of a lava-

crust: thus, in several places near Igaliko and at Musartut on 

the north coast of Tunugdliarf lk Fjord1 .  The horizon of the 

"slaggy diabase" of Musartut is about 800 meters lower than 

the uppermost sandstone-bed. (2) While most investigators 

have only found sandstone-pebbles in the conglomerate-beds of 

the sandstone Dr. ST EENSTRUP ,  after careful research, has found 

a conglomerate layer with numerous pebbles of diabase at an 

altitude of about 200 meters near Igaliko2 .  (3) At the head of 

Kangerdluarsuk, near the shore, an erratic is observed, about two 

cubic meters in size, which consists of red sandstone with a number 

of thin conglomerate beds; in these several pebbles of a porphyry, 

much like the porphyry of llimausak, and a few diabase pebbles 

are associated with the sandstone pebbles of the usual kind. 

Geological age of Igaliko Sandstone. — Different authors 

have expressed widely divergent opinions as to the geological age 

of the sandstone of Igaliko. GIESECKE (1818) classes this formation 

1 Meddelelser om Grenland, XXXIV, p. 127, Fig. 1 (1909). 
2 Ibidem, p. 130. 
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as Old Red Sandstone as a matter of course1 .  PINGEL (1843), 

on the oth er ha nd, referring to the abundance of porphyry-dy kes 

in the sandstone, compares it with the Permian "Rotliegendes" 

in Germany3 ,  while JO HNSTRCP is of the opinion that a pre-Cam-

brian age is more probable3 .  In the second volume of "Ant

litz der E rde", SUESS points out the analogy between the fgaliko 

Sandstone and the Liefde Bay gro up of Spitzbergen ; the latter 

which according to NATHORST'S i nvestigations contains Cephalaspis, 

Scaphaspis, and plant-fossils agreeing with those of the Old 

Red Sandstone, is the oldest sedimentary deposit of Spitzbergen 

which is uninfluenced by tangential stresses, and in South Greenland 

the Igaliko Sandston e occupies a similar position; it is probable, 

therefore, that the Igaliko Sandstone is of Devonian age4 .  

During recent years a number of scie ntific expeditions have 

explored t he eastern coast of Greenland a nd have thus afforded 

the means of adducing for comparison the sedimentary succes

sion of this c ountry. The southernmost occurence of sedimen

tary rocks in East Greenland is in the district north of Scoresby 

Sound from which the expeditions of RYDE R (1891 —1892), NAT-

HORST (1899),  AMDRUP and HARTZ (1900) have provided informa

tion of great interest in regard to the question of the geological 

age of the Igaliko Sandstone. 

Thus, in the inner branches of King Oscar's Fjord and of 

Emperor Frantz Joseph's Fjord (72°—74° N. lat.) NATHORST found 

a series of Silurian (or Cambro-Silurian) deposits resting on a 

basement complex of gneisses and crystalline schists5 .  This 

Silurian series consists of folded limestones, dolomites, slates, 

1 Ch. L. GIESECKE, The Mineralogical Geology of Greenland (1818). 

Reprinted in T. RUPERT JO NES, M anual of Greenland, p. 332 (London 

1875). 
2 C. PINGEL, Om den, af Porphyrgange gennembrudte, rade Sandsten. 

K. Danske Videnskabernes Selskabs Skrifter, 4. ser., X. p. 13 (1843). 
3 Meddelelser om Granland, II, p. 38, (1881). 
4 E. SUESS, D as Antlitz der Erde, II, p. 89 (1888). 
6 A. G. NATHORST, Bidrag till nordöstra Grönlands geologi. Geologiska 

Föreningens i Stockholm Förhandlingar, XXIII, p. 288 (1901). 

2 *  
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and sandstones,  and some of the strata are fossii iferous. East 

of these rocks he found a sandstone formation, more than 

1500 meters thick t he lower be ds of which are of a gray colour 

while the upper ones are red-coloured; the beds are on the 

whole horizontal,  though in some places no unconformity is 

seen at thei r ba se.  The upper,  red-coloured sandstone contains 

fish-remains [Holoptychius and Asterolepis) which prove that 

it  must be classed as Old Red Sandstone. Later than this 

formation, but probably older than the Triassic,  is  a number 

of igneous rocks rich in alkalies which occur on Cape Parry 

(aegirine-syenite,  t inguaite),  on Cape Fletcher (porphyritic dyke-

rocks), and in other places; they have been described by BÄCK

STRÖM1 and NORDENSKJÖLD2. 

Carboniferous sediments are wanting in the district  north 

of Scoresby Sound (in East Greenland they are only found north 

of 80°  N.  lat .) ,  but the Triassic system is represented by the 

"Fleming Inlet series" which consists of horizontal beds of 

more or less compact sandstones,  shales,  and limestones of 

varying colo urs (partly red)8 .  The unfossil iferous "Cape Brown 

and Hurry Inlet  series" probably also belongs to the Triassic 

(or perhaps to the Permian)4 ;  i t  comprises a succession of 

conglomerates,  sandstones,  and micaceous shales ;  some layers 

of this series are red-coloured while others are gray or green. 

The conglomerates contain pebbles of porphyries which agree 

with the porphyries of the igneous series of Cape Parry and 

Cape Fletcher.  Later than these formations is a long succes

sion of Rhaetic,  Jurassic,  and Tertiary strata which are as a rule 

fossii iferous and do not contain any red-coloured sandstone 

deposit .  Thus in ea stern Greenland only two geological systems 

are represented by deposits of red sandstone: on the one hand 

1 Geologiska Föreningens i Stockholm Förhandlingar, XXIII, p. 301 (1901). 

2 0. NORDENSKJÖLD, On the Geology and Physical Geography of East-

Greenland. Meddelelser om Granland, XXVIII, p. 196 (1908). 
3 Ihidem, p. 175. 
4 Ibidem, p. 178. 
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the Devonian system and on the other hand the Triassic (or 

Permo-Triassic)  system. 

The distance from the Igaliko Sandstone to the nearest  

North American deposits  of  s imilar  kind is  even greater  than 

the distance from Igaliko to King Oscar 's  Fjord.  In New Found-

land Devonian sandstone occurs on the north side of White 

Bay; in Nova Scotia and New Brunswick we meet with exten

sive deposits  of Old Bed Sandstone and here also the Triassic 

(and Permian?) series is  developed as red sandstone and reaches 

as much as 800 meters in thickness 1 .  Coarse-grained igneous 

rocks younger than the Devonian sandstone occur in Nova Scotia,  

and the well-known igneous rocks of Montreal  which belong to 

the alkali  group are later  than the lower Devonian2 .  

Now the distances from Igaliko to Scoresby Sound in the 

north-east ,  and to Nova Scotia in the south-west ,  are so large 

that  an agreement of the pétrographie characters cannot be 

taken as a  proof of an original  direct  connection between the 

sediments.  But on the other hand we are taught by geological  

observations in many countries that  the peculiar  formations which 

are characterised by the abundance of red sandstones poor in 

fossils  are not  of a  local  nature,  but  must  have originated under 

physical  condit ions which controlled the sedimentation over a reas 

of a  very wide extension.  For this  reason the presence of red 

sandstone deposits  belonging to the same two geological  periods,  

and the absence of red sandstones belonging to other periods,  

both in the south-east  of  Canada and in East  Greenland — where 

almost  the entire series of geological  systems is  represented by 

sedimentary deposits ,  — may be taken as an indication that  if  

a  considerable deposit  of  red sandstone occurs within the area 

that  l ies between these locali t ies i t  must  belong to one of the 

same periods.  Igaliko is  si tuated almost  exactly on a  l ine drawn 

1 HENRY A. AMI, Synopsis of the Geology of Canada. Trans. Roy. Soc. of 

Canada (2), Vol. VI, Sect. IV (1900). 
2 F. D. ADAMS, The Monteregian Hills. Journal of Geology, XI, p. 239 (1903) 
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from the Gulf of St. Lawrence to Scoresbv Sound, and it will 

thus be seen that the geological conditions of the sedimentary 

areas which lie nearest to S outh Greenland strongly support the 

view that the only geological periods to which the Igaliko 

Sandstone can be referred with some degree of probability are 

the Devonian and the Triassic. 

On the other hand the following considerations will show 

that the assumption of a Devonian age is much more likely 

than that of a Triassic age. (1) The Igaliko Sandstone bears a 

much closer resemblance to the Devonian series of the district 

north of Scoresby Sound than it does to the Triassic series of 

this district.  (2) The enormous amount of the denudation to 

which the plateau of So uth Greenland has been subjected since 

the formation of the Igaliko Sandstone and the volcanic series 

strongly suggest that the geological age of these rocks must be 

much older than the Mesozoic. The original thickness of the 

sandstone and the volcanic sheets must have amounted to 

several kilometers, nevertheless they have been entirely removed 

from thousands of square kilometers and have escaped total 

destruction only within a narrowly limited and deeply sunken 

area. A still  more suggestive testimony of the great amount 

of the denudation lies in the fact that the nepheline-syenites 

and the other true abyssal rocks which are later than the sand

stone are exposed to view over extensive areas of South Green

land (compare map, Plate I).  

It  will ap pear from the above discussion that a number 

of facts, the most important of which are due to the investiga

tions of recent years in East Greenland, tell strongly in favour 

of the view, first expressed by G IESECKE ,  that the Igaliko Sand

stone is of Devonian age. 

NEWER ABYSSAL ROCKS. 

The abyssal rocks of S outh Greenland which are later than 

the Igaliko sandstone are granites, syenites, nepheline-syenites, 
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and gabbros (including essexites).  The granites,  the syenites,  

and the nepheline-syenites occur as "batholites" (large irregular 

masses without visible bottom). The gabbros (essexites) occur 

as bosses of relatively small  dimensions and, more frequently,  

as large dykes.  

The granites,  the syenites,  and the gabbros are of common 

occurrence in South Greenland, but nepheline-syenites are only 

found in three localit ies (Plate I) .  One of these is in the di

strict  east  of lvigtut where a nepheline-syenite of the ordinary 

Foya type covers a relatively small  area.  The two othe r occur

rences are situated in the neighbourhood of Julianehaab and 

are associated with other abyssal rocks of the alkali  group. A 

detailed description of the newer abyssal rocks in the country 

around Julianehaab is given in the following c hapters;  in this 

place a few remarks may be premised for orientation. 

Distribution. — Within the area represented in Plate II  

there are two bat holites:  the Il imausak batholite and the Igaliko 

batholite.  The latter is  the larger one, but the Ilimausak batholite 

is much more interesting on account of i ts  very peculiar and 

complex structure,  which ca n be made out with certainty owing 

to the fact that the batholite is deeply dissected by the large 

fjords.  

The Ilimausak batholite surrounds the outer parts of Tu-

nugdliarOk Fjord and stretches northwards as far as Sermilik,  

southwards to K angerdluarsuk ;  north of Tunugdliarflk i t  reaches 

an alti tude of 1100 meters.  The original cover of the batholite 

is  partially preserved in the Il imausak Mo untains,  i t  consists of 

the volcanic sheets mentioned in the preceding pages.  The 

maximum horizontal extension of the batholite is from north

west to south-east and amounts to about 20 kilometers;  the 

breadth, measured in a north-easterly and south-westerly di

rection, is 10 to 15 kilometers.  The westernmost portion is 

separated from the bulk of the batholite by a narrow strip of 

volcanic roc ks, but since the natural section in the large valley 



24 

north of Narsak shows that the breadth of this belt  decreases 

rapidly downwards it  must be assumed that both portions of 

the batholite are in c ontact with one another a li t t le below the 

floor of the valley. 

The Igaliko batholite is  situated at  the eastern end of 

Tunugdliarfik Fjord and is of much greater dimensions. Of 

this batholite,  however,  only the more easily accessible parts 

in the vicinity of Igaliko and along the coasts have been visited 

by the writer.  The highest point of the Igaliko batholite is 

Igdlerflgsalik (1750 meters).  

Scenery. — In its broad features the surface relief of the 

newer abyssal rocks has been produced by the same agencies 

which gave the surrounding mountains their form: first  the 

inland-ice and subsequently the local glaciers.  When exposed 

to the atmospheric agencies,  to t he actions of frost and changes 

of tem perature,  the batholit ic rocks,  however,  behave in a very 

different manner from the rocks mentioned in the preceding 

pages: while the latter ro cks are of a durable nature the newer 

abyssal rocks are subjected to mechanical disintegration on the 

largest scale.  This rapid decay gives the batholites a very 

characteristic ou ter aspect.  In the first  place it  prohibits vege

tation :  the mountains are almost everywhere sterile and appear 

with the individual c olour of the rock. In the second place i t  

produces a relatively rapid degradation of the precipitous walls,  

and the accumulations of debris at  their feet therefore reach 

very considerable dimensions. The occurrence of numerous 

large screes,  which may attain heights of many hundreds of 

meters,  is  a characteristic feature in the scenery of the newer 

abyssal rocks,  and as the decay rap idly attacks the loose blocks 

of the screes the latter a re usually devoid of vegetation an d con

spicuous at  a long distance. 

Yet another result  of the rapid mechanical decay of the 

newer abyssal rocks deserves to be mentioned, viz.  the strong 

development of the process which J.  G. ANDERSSON has termed 
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solifluction1. The more gentle slopes,  with inclinations varying 

from a few degrees to 20° or  30° are real  "streams of s tones" 

sometimes several  ki lometers in breadth,  immovable during the 

later  half  of  the summer when the ground is  dry,  but  yielding 

at  each step if  you set  your feet  o n them during the f irst  part  

of  the summer when scattered remains of the snow-covering 

are st i l l  to be s een,  and water  f i l ls  the interspaces in the lower 

part  of  the rubbish layer.  The total  thickness of this  movable 

rubbish sheet  which co vers the surface of the solid rock varies 

between wide l imits ,  in some of the "stone-rivers" at  the head 

of Kangerdluarsuk (Plate VIII ,  Fig.  2)  the thicknes was seen to 

be very small ,  0 '2 or  0 '3 meters.  The movable sheet  contains 

rock-fragments of  almost  al l  s izes,  but  there is  a  preponderance 

of small  fragments about as large as hazel-nuts and walnuts.  

That  the sheet  does move,  though on the whole verv slowlv 

and at  intervals ,  is  apparent  from the phenomena observed close 

to the larger block s t he diameter  of  which considerably exceeds 

the thickness of the rubbish sheet .  On that  s ide of each of 

such blocks which looks in the direct ion fro m which the "stream" 

moves,  there is  a  considerable thickening of the rubbish sheet  

as if  th is  would overflow the block,  while on the opposite side 

the rubbish sheet  is  thinner or  even wanting.  This evidently 

indicates that  the bulk of the rubbish sheet  moves faster  than 

the blocks which are more or  less checked by fr ict ion against  

the underlying rock-surface.  Dist inct  indications of movements 

are also observed in the small  turf  carpets  which may excep

tionally be found on the rubbish:  the turf  shows numerous 

f issures perpendicular  to the direct ion of maximum inclination 

of the surfaces .  Sometimes considerable areas of the rock 

surface are laid bare when one port ion of a  rubbish layer moves 

downward while the supply is  temporari ly stopped.  

Locally broad streams of rubbish stretch from the summits 

1 Journal of Geo logy, XIV, p. 91 (1906). 
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of the mountains in o ne continuous trail  to the sea,  and under 

such conditions considerable areas may be found where the 

solid rock is nowhere exposed to view. On the whole,  how

ever,  the subaerial  crumbling-down of the rocks is only in i ts 

first  sta ges,  and geological obs ervations are only locally impeded 

by the rubbish covering. 

General character of rocks. — Both batholites are entirely 

made up of rocks which belong to the alkali  series;  common 

to both is also the prevalence of the nepheline-syenites.  But 

in other respects the two batholites are widely different.  

The batholite of l l imausak consists of a large number of 

individual rock-bodies.  The nepheline-syenites are represented 

by lujavrites and and other relatively ra re types which may be 

interpreted without difficulty to b e produced by the differentiation 

of one parent magma of a peculiar composition. Besides,  the 
« 

batholite contains alkali-granite,  alkali-syenite,  and essexite.  

The large Igaliko batholite is of a much more uniform 

structure and composition. The principal rock is a nepheline-

syenite related to the ordinary Foya type; it  is  associated with 

an olivine-bearing nepheline-syenite and with a syenite of the 

Larvik type. As t he northern and eastern parts of this batholite 

have not been surveyed it  is  possible that future investigations 

may reveal the presence of other rocks, but the study of the 

erratics has not supported any supposition of this kind. 

Geological age of the batholites. — No direct communica

tions have been observed between the batholites and the vol

canic sheets.  At the junction the rocks of the volcanic series 

show distinct effects of contact metamorphism and the batholit ic 

rocks send out numerous apophyses into the surroundings whether 

these consist  of Algonkian granite,  of sandstone, or of volcanic 

sheets.  If  the dykes that traverse the batholites are excepted, 

the batholit ic rocks must have been the latest  igneous rocks 

of the district  to co nsolidate among all  that erosion has left  to 

the present day. On the other h and the pétrographie examination 
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and the chemical  analysis  show that  the batholi t ic  rocks and 

those of the superincumbent volcanic series are so nearly 

related that  i t  must  be assumed, according to commonly accep

ted hypotheses,  that  both kinds of rocks have originated from 

one parent  magma and belong to one cycle of igneous activi ty.  

For this  reason the rocks of the batholi tes are here referred to 

the same geological  period as the volcanic series or  in other 

words,  they are supposed to be of Devonian age (compare Table,  

p.  9) .  

The question whether or  not  the process of intrusion of 

the batholi tes was contemporaneous with the superficial  igneous 

outbursts  wil l  be considered more fully below (see Chapter  VI).  

I t  wil l  be shown that  while the study of the contact  rela t ions 

is  insufficient  to set tle  the question,  certain observed features 

of the abyssal  rocks themselves apparently indicate that  there 

has been at  least  a  part ial  c ontemporaneity between both phases 

of the igneous activi ty.  



CHAPTER III. 

DESCRIPTIVE GEOLOGY OF THE 
ILIMAUSAK REGION. 

INTRODUCTORY. 

The region to be described in t he present chapter embraces 

the igneous complex of Il imausak and its surroundings. Its 

situation is shown on the index map, Fig. 2 and a geological 

map on a larger scale (about 1 :  113,000) is given on Plate III1 .  

The whole region can be viewed f rom Mount Il imausak, which 

lies in the northern part  of the district ,  and whose two highest 

peaks, separated by a small  glacier,  reach alti tudes of respec

tively 1370 meters and about 1450 meters.  

The main direction of the four large fjords which cut through 

the region is from west-south-west to east-north-east.  The 

southernmost is called Kakortok Fjord and lies entirely within 

the area of the Algonkian granite.  The newer igneous rocks 

have their southern boundary a li t t le to the north of the water

shed between this fjord and the next one, Kangerdluarsuk, 

1  The topographical foundation of the map has come essentially from the 

surveys made hy STEENSTRUP, HO LM ,  and others,  whose maps have been 

published in earlier v olumes of the Meddelelser om Grönland. During 

the geological survey of the region in 1900 and 1908 no trigonometrical 

measurements were made, but at several places on the map details from 

sketches and photographs have been added for geological reasons. The 

heights of the hills are given in meters and are also taken for the most 

part from the work of earlier expeditions. The contour-lines are only 

intended to show the orography very rou ghly; they are drawn mainly 

from the barometric measurements and photographs of 1900. 
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the innermost end of which cuts deep into the nepheline-syenite 

body. The third fjord, Tunugdliarfik, cu ts through the nephe

line-syenite mass at  i ts  br oadest ;  dividing it  into a southern and 

a northern half, and the northernmost fjord, the ice-filled Ser-

milik, forms the n orthern boundary of the newer igneous rocks. 

Within the area indicated on the map there is at  present 

only one inhabited place, Narsak, lying in the south-western 

part  of the peninsula between Tunugdliarfik and Sermilik.  

In the following description the region is divided for the 

Fig. 2. Index map showing location of area represented in Plate III. 

sake of convenience into six districts.  The first  embraces the 

surroundings of the inner part  of Kangerdluarsuk Fjord; the 

second and third respectively the southern and the northern 

coast of Tunugdliarfik Fjord; the high mountains of Il imausak 

may be considered as a fourth district ,  while the last  two divi

sions are the neigbourhood of Narsak and the south coast of 

Sermilik Fjord. 

THE AMPHITHEATRE OF KANGERDLUARSUK. 

The word Kangerdluarsuk has almost the same meaning as 

fjord, and half a hundred of the innumerable fjords of Greenland 

C. Fa-rvel 
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are called by this name by the natives. The present Kanger-

dluarsuk is the one which has made the name known to miner

alogists; it is the place where GIESECKE in 1806 found the first 

specimens of sodalite, arfvedsonite and eudialyte. 

The Kangerdiuarsuk Fjord is only about 26 kilometers long 

and lies so near to the colony of Julia nehaab, that it is but a 

convenient day's journey from the colony in to the head of the 

fjord with the ordinary "conveyance", the women's boat. The 

first 22 kilometers from the mouth of the fjord offer little of 

interest; the surrounding hills are low and much the same the 

whole way, and consist of the ordinary Julianehaab granite. 

But about four kilometers before reaching the head of the fjord, 

just after passing the projecting point Niakornarsuk, there opens 

out the strangest, geological scenery that can well be imagined. 

The fjord contracts to les s than two kilometers in breadth, steep 

cliffs rise up like an amphitheatre round the still, lake-like 

water, almost every trace of vegetation disappears, and one 

glance reveals a manifold complex of rocks, each with its own 

characteristic colour. In certain respects the scenery reminds 

one of the famous Monzoni in the Tyrol, but the amphitheatre 

of Kangerdiuarsuk is on a much grander scale and gives an 

insight into far more variegated and characteristic, geological 

conditions. 

In the south rises the peaked mountains Iviangusat (the 

word means "the nipples") to a height of 770 and 900 meters 

above the sea. In front of these lies the high plateau Kring-

lerne, abo ut 400 meters high, built up of alternating black and 

white sheets, which produce the impression of sedimentary 

rocks with unusually well-pronounced stratification (Pl. V, Fig. 1 

and Pl. IX) ; but what seem to be sedimentary layers are in 

reality nepheline-syenite. Towards the east the amphitheatre is 

bounded by Mount Kitdlavat ("the comb", 1260 meters), which 

with its magnificent series of jagged granite peaks commands 

the whole region (Pl. V, Fig. 3 and Pl. VII, Fig. 1). In front of 
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Kitdlavat lies Laxefjceld (660 meters) with a strangely incongruous, 

dark-green colour; it  consists of lujavrite. Towards the north

east and north the fjord is hemmed in by lower mountains, 

more crumbling in their nature, with more rounded form and 

even slopes; they consist in part of da rk-coloured lujavrite, but 

mostly of a white nepheline-syenite. Towards the north-west, 

lastly, Mount Nunasarnausak (750 meters) with its almost ver

tical sides projects right out to the fjord (Pl. V, Fig. 3 and PI. 

VII, Fig. 2); its plateau form and its dark masses of sandstone 

and diabase are in striking contrast to the adjacent light-coloured 

nepheline-syenite. 

On the north side of t he fjord a mountain torrent has cut 

out a gully and given rise to the deposition of a gravel cone 

(Pl. "VII, Fig. 2). Here by the beach there is a little grass and 

low shrubs, and travellers are accustomed to set up their tent 

at this spot. At the head of the fjord there is a brook of no 

great size, marked on the map as Lille-Elv ,  and a short 

distance to the south of this there is a more considerable 

water-course, which comes from the valley between Kitdlavat 

and Laxefjaeld a nd which, owing to the abundance of salmon in 

it ,  is called Laxe-Elv (i.  e.  Sa lmon River). Close under the 

steep Nunasarnausak near the north side of the fjord lies the 

small island Kekertausak. 

In the following detailed description of the geological features, 

the main types of the igneous rocks are only dealt with on 

broad lines, just as they appear on viewing them directly; a 

more exact, pétrographie description will be given in the fol

lowing chapter. 

THE INNERMOST END OF THE FJORD: 

THE NATJJAITE. 

General features. — From the small island Kekertausak as 

far as the outlet of Lille Elv, or over a distance of a little more 
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than a kilometer in west to east direction, the cliffs along the 

shore consist of the rock which is the most characteristic of 

the whole region and which in 1878 was called sodalite-syenite 

by STEENSTRUP1. The same name was later used by LINDGREN 

for quite a different rock and by HIBSCH for a third kind; it  is 

also objectionable in so far, that the Greenland rock does not 

belong to the family of syenites but to the nepheline-syenites. 

In the sequel, therefore, STEENSTRUP'S sodalite-syenite will be 

called naujaïte (from the locality Naujakasik). 

Naujaite is a nepheline-syenite extremely rich in sodalite 

and with a characteristic poikilitic structure (Pl. XVIII). The 

rock is composed of alkali-felspar, nepheline, aegirine, arfved-

sonite and eudialyte in crystals, which can often be measured 

in decimeters; and all t hese minerals are tightly and uniformly 

speckled with sodalite crystals, the diameter of which as a rule 

does not exceed half a centimeter. Each crystal of the first-

mentioned minerals may contain several hundred sodalite crystals, 

and these lie so close, without touching one another, that the 

rock as a whole contains from 30 to 60 per cent of sodalite. 

All the constituents are fresh and the light-coloured min

erals are semi-transparent; the sodalite green or bluish green, 

the nepheline whitish or grayish, the felspar greenish. The 

eudialyte is of a fine bluish red and along with the coal-black 

cleavage-surfaces of t he segirine and arfvedsonite gives the face 

of the cliff s a beautifully variegate d appearance, when seen close 

at hand. The eudialyte in the rock varies greatly in amount; 

at some places it  is only seen as small spots (2 or 3 centimers 

in diameter) here and there, at others it  may appear in such 

abundance that it  s eems to compose a fourth of the whole rock. 

In the latter case the crystals of eudialyte reach a size of 

25 centimeters or more and enclose a very large amount of 

sodalite crystals. 

1 Meddelelser om Grönland, II, 1881, p. 35. 
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The felspar  crystals  appear  in  the rock surfaces  as  large,  

white  rectangles  spot ted with sodal i te  crystals ,  in  form they are  

l ike thick plates ,  which a  thickness  of  2—6 centimeters  whils t  

the  length may reach 25 cent imeters .  The dark-coloured min

era ls  f i l l  th e  angular  interspaces  between the l ight-coloured ones 

and frequent ly  reach over  30 cent imeters  in  breadth and length.  

The total  amount  of  arfvedsoni te  and aegir ine var ies  between a  

tenth and a  f i f th  of  t he rock Their  re la t ive quant i ty  is  var iable  ;  

a t  some places  one is  predominant  with exclusion of  t he other ,  

and at  other  places  both are  present  in  considerable  quant i t ies .  

The very large s ize  of  grain of  this  character is t ic  rock 

leads one to  think of  a  pegmati te  ;  but  there  can be no ta lk  

of  this  here .  Naujai te  is  in  fact  one of  the main rocks in  the 

whole igneous complex;  f rom the above-mentioned coastal  s t retch 

a t  the head of  Kangerdluarsuk i t  extends many ki lometers  to  

the north-west ,  nor th  and nor th-east ,  forming a  fair ly  horizontal  

igneous mass some hundreds of  meters  in  thickness .  I t  rests  

upon hi javr i te  (p .  36) ,  and i t  i s  overlain by another  related 

rock,  sodal i te-foyai te ,  which is  widely dis t r ibuted in  the region 

of  Tunugdl iarf lk  and wil l  be  descr ibed with the la t ter .  The 

relat ion of  the naujai te  to  these rocks makes i t  c lear ,  fur ther ,  

tha t  i t  cannot  be considered as  a  pegmati te  formation on a  

large scale .  As wil l  be  shown below,  i t  i s  connected by gradual  

t ransi t ion with the sodal i te-foyai te ,  and i t  i s  dis t inct ly  older  

( i .  e .  ear l ier  consol idated)  than the lujavri te .  

Seen from a  dis tance the nauja i te  cl i f fs  are  a lmost  white  

or  faint ly  bluish gray.  On a  freshly broken surface the rock 

usual ly  shows a  very conspicuous,  violet-red colour ,  which 

quickly disappears  in  the l ight .  This  phenomenon has  

been mentioned in  an ear l ier  repor t . 1  The rock is  everywhere 

of  a  rapidly crumbling nature ,  but  i ts  decay is  only mechanical  

1  Meddelelser om Granland XIV, 1898, p. 130. — TH. ALLAN, Me morandums 

respecting some Minerals from Greenland. Thomson's Annals of Phil.,  

1813, 1, p. 104. 

xxxvii l .  3  
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and not accompanied by any chemical alteration; even the 

sodalite crystals lie quite fresh in the rubbish. At certain places, 

it is true, there are found varieties of the naujaite, where the 

sodalite has throughout been converted into spreustein, and 

in which the other minerals are also more less altered; but 

the local distribution of these varieties and the nature of the 

secondary minerals show, that these have not arisen from any 

atmospheric decay but from the action of hot s ources, belonging 

to a period long passed away. 

Owing to the rapid crumbling of the naujaite all the more 

level stretches are covered with a continuous layer of debris 

from the rock. So long as this layer is moist — thus in spring 

when the snows are melting — it glides slowly or at intervals 

abruptly downwards, thus forming an excellent example of the 

solifluction mentioned in the preceding chapter; later on in the 

summer it becomes completely dried, and no movement seems 

to take place in it. As a result of the crumbling of the rock 

and the rapid drying of the rubbish, the naujaite ground is 

practically devoid of vegetation. The landscape is whitish gray and 

waste; only here and there in a shallow depression, where a brook 

spreads moisture around, do we find small green shoots of plants. 

A well-marked system of partings divides the naujaite in

to sheets, ranging in thickness from half a meter to three me

ters ;  on the stretch considered here, between Nunasarnausak 

and Lille Elv, the shee ts have in general an inclination of about 

15° towards the north-west, but local differences are frequent. 

At L ille Elv and east therefrom the inclination is on an average 

a little greater, about 20°, and the dip is towards the west. As a 

rule there are two series of almost vertical joints at right angles to 

each other and as the crumbling proceeds most rapidly along 

the joints, the rock appears divided into hu ge parallelopipeda (P I. 

VIII, flg. I). At many places the remains spar ed by the weathering 

have a distinctly roundish form; loose, crumbling, spheroidal 

masses of 2—4 meters in diameter are common. 
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Pegmatites. — Pegmatitic segregations and veins occur in 

great number in the naujaite. The majority are almost horizontal, 

following the direction of the above-mentioned partings; others 

have an irregular course. The thickness may be as much as 

some few meters, but as a rule is much less; it is variable in. 

one and the same vein, and most of the veins thin away and 

die out after a short t ime. The mineral composition is variable, 

but the pegmatites always lack the poikilitic structure, which is 

so conspicuous in the main rock. 

As an example of the pegmatite veins I may describe here 

in more detail one of the larger of them. The vein r epresented 

on the accompanying figure lies close above the highwater mark 

on the south side of the small island Kekertausak in Kanger-

Fig. 3. Naujaite ( A )  with a pegmatitic vein (a —d ). 
Island of Kekertausa k, from the south. Height about 2'5 meters. 

dluarsuk. It has a certain practical interest, as considerable 

quantities of eudialy te were taken from it in 1888 for technical 

purposes. This vein is parallel with the partings of the naujaite 

(it dips about 10° towards the south); its breadth is variable, 

usually about 50—80 centimeters. It is a composite vein con

sisting of several parallel bands (Fig. 3, a—d). The uppermost 

of these (a) is sharply marked off fro m the overlying naujaite ;  

it has a breadth of 5—20 centimeters and consists of felspar 

with zinnwaldite and 2—8 centimeters long prisms of aegirine ;  

it also contains some eudialyte. Under this comes a band 

0—20 centimeters thick (b), consisting of a green felt-like aggregate 

of aegirine needles with a few large (10—15 centimeters long) 

prisms of the same mineral ; most of these larger aegirine crysta ls 

3* 
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lie vertically an d proceed from the upper and lower borders of 

the band. Then comes a 10—40 centimeters broad band (c) of 

very variable character; it  is composed mainly of felspar with 

a good deal of aegirine, which lies in part in radiating groups 

of crystals ;  further, there is a little eudialyte, rinkite, and 

arfvedsonite. The lowest band (d), has a thickness of up to 

60 centimeters, but thins out wedge-like at both sides; it  consists 

of an almost pure, coarse-grained mass of eudialyte. This 

eudialyte vein sometimes shows a sharp contact, sometimes 

a gradual transition towards the underlying naujaite, which is 

here unusually rich in eudialyte. At some places the three 

uppermost zones (a—c) are replaced by a single pegmatite zone 

30—50 centimeters thick, which has very large crystals; its 

felspar plates measure up to 25x8 centimeters, the arfvedsonite 

30x10 centimeters, the aegirine 10x2 centimeters ;  here also 

there is nepheline (e. g. 4x5 centimeters) and in pockets crystals 

of natrolite. 

A second pegmatite vein which deserves to be mentioned, 

lies at the head of the fjord, in the shore cliffs a little north

west of Lille Elv. This vein is up to 0'5 meters broad and 

like the ûrst-mentioned almost horizontal.  It  consists mainly 

of felspar, sodalite and arfvedsonite. The felspar crystals are 

up to 25 centimeters long and are quite devoid of included 

sodalite crystals; the latter mineral is in large green crystals, 

which lie between the felspars. This vein contains aegirine in 

long prisms, eudialyte, steenstrupine, brown schizolite, yellow 

sphalerite, molybdenite, zinnwaldite, albite and analcime. 

FROM LILLE ELY TO LAXEPJELD. 

THE LUJAVRITES AND THEIR RELATION TO 

THE NAUJAITE. 

The breccia zone. — As already mentioned, the naujaite 

sheets have on the whole a slight dip towards the west and 



37 

north-west;  the lowermost  sheets  of the rock are thus found 

in the neighbourhood of the Lil le  Elv.  Further to the east ,  

the underlying lujavri te appears on the surface,  but  the junc

tion of these two rocks is  of quite a  peculiar  kind.  

On the west  side of the Lil le  Elv already,  conspicuous black 

masses begin to show in the lowest  parts  of the white naujai te;  

these black masses form veins which run paral lel  in the main 

with the naujai te beds,  but  they also cut  across these.  The 

further we g o towards the east ,  the more numerous and broader 

become the black veins,  the naujai te is  divided into large and 

small  fragments and lenses,  and the black rock envelops these 

completely,  forming a continuous,  greatly branched network of 

veins,  as  shown schematically in Fig.  4 (p.  38).  The black veins 

are composed of lujavri te;  their  breadth is  from 0'5 to 10 meters 

or  even considerably more.  The lenses of the naujai te may be 

100 or 200 meters long and 10 or 20 meters in thickness,  but  

some are quite small .  The whole rock-complex between the 

Lil le  Elv and the western arm of the Laxe Elv has this  charac

terist ic  s t ructure:  lenses of naujai te separated by ret icular  veins 

of  lujavri te  between them. In addit ion to the regularly rounded 

lenses,  we now and then also find naujai te masses which have 

the form of sharp-edged fragments,  and the structure then 

approaches the ordinary structure of a n igneous breccia.  In the 

cl iffs  about Tunugdliarfik the last  form is  t l ie  ru le;  the photo

graph Pl .  XIII ,  Fig.  2,  gives a  good i l lustrat ion of this  condit ion.  

In the parts  round the outlet  of  the Lil le  Elv the 

lujavri tes are black;  here and there,  however,  we also find 

lujavri te  of  a  pronounced green colour in veins I—6 meters 

broad,  which are usual ly f lanked by black lujavri te  on both 

sides.  

Following up the Lil le  Elv from i ts  mouth,  the lujavri te 

veins become more rare and at  a  height  of  2—300 meters above 

the sea the cl iffs  c onsist  of  a  uniform naujaite.  At st i l l  greater  

heights (fur ther to the west)  the naujaite is  covered by sodali te-
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foyaite. Going from the heights here towards the south-east,  

we meet in turn the outcrops of deeper and deeper layers 

of the igneous mass and thus come to know the whole series. 

The accompanying figures (Figs. 4 and 5) illustrate this condi

tion. Furthest to the west, at a height of 400 — 500 meters, we 

have the sodalite-foyaite and under this a thick sheet of nau jaite; 

beneath the latter comes the just described alternation of nau

jaite le nses and black lujavrite, forming a sheet 100—300 meters 

thick which is inclined towards the west. Below and to the 

east the naujaite lenses become gradually scarcer and the rock-

mass consists principally of black lujavrite ;  under this come 

lujavrites mainly green in colour, often alternating with the 

black in parallel sheets. In the Laxefjseld the green lujavrites 

rise to a height of 650 meters above the sea, and the platy 

Nunasamausak 

LiH«-Elv 

N.7i'W 

Fig. 4. Section of the nepheline-syenite complex from Nunasarnausak to 
Laxe Elv. — Scale 1 : 38000. 

parting of the rock has a dip here of about 25° towards the 

north-west. The uppermost peaks of Laxefjœld consist of au gite-

syenite, which rests u pon the lujavrite, the contact plane being 

almost horizontal or with a slight inclination towards the south

east; at some places here the lujavrite is observed to send out veins 

into the augite-syenite ;  at other places the latter contains veins of 

nepheline-syenite pegmatite near its boundary towards the lujavrite. 

Between the lujavrite sheets of the Laxefjseld appears as a 

subordinate mass (Fig. 5) the characteristic, banded kakortokite; 

this towards the south, in the mountain called Kringlerne, swells 

up to a thickness of several hundred meters and will be de

scribed below. Under this we find again the black lujavrite. 
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The lujavrites. — The rocks which are called here the 

lujavrites,  have in their general habit  a good deal in common 

with the typical lujavrites, which we know through W. RAMSAY'S 

work from the Kola Peninsula; the dark-coloured minerals are 

very a bundant and have the form of needles or slender prisms, 

and the whole rock has as a rule a well-marked flow-structure 

which produces an apparent schistosity.  They are distinct from 

the Kola rocks, in that the size of grain is as a rule smaller 

and the black mi nerals are more strongly represented. In outer 

appearance they are very different from the ordinary igneous 

KitcU avat 
1260 m 

Augite-sy. Granite (algonk) 

Banded 
kakortokite 

S.75* E. 

Fig. 5. Section of t he nepheline-syenite complex from Laxe Elv to Kitdlavat. 

(continuation of the section Fig. 4). — Scale 1 :38000. 

rocks and resemble most of all  the crystall ine schists;  the 

few travellers who visited this region in the first  half of the 

19 t h  c entury call  the lujavrites "chlorite schists" or "a kind of 

gneiss".  

In the chemical composition the main difference between 

the black and the green lujavrite is in the oxidation stage of 

the iron, but their external appearance is very different and 

each may be described separately therefore.  

The black lujavrite — arfvedsonite-lujavrite — is in i ts 

typical form a moderately fine-grained, grayish-black rock of 

a somewhat schistose structure.  The one conspicuous co mponent 

is arfvedsonite ;  i t  contains,  further,  nepheline, micr ocline, albite 



and eudialyte. The arfvedsonite builds thin, coal-black and 

shining prisms, usually not more than 2 millimeters long and 

with a breadth seldom more than one fifth of the length; they 

are arranged parallel to the schistosity and often produce a faint, 

silky lustr e on the surfaces of schistosity. The felspar and the 

nepheline may be s o fresh that they are colourless, and the rock 

then seems quite black; just as frequently they are white or faintly 

brownish white, being more or less zeolitised. The nepheline 

is in crystals of t he usual form averaging one or two millimeters 

in diameter. The felspar forms thin plates of similar length 

and arrangement as the arfvedsonite prisms. The eudialyte is 

in small brownish grains or crystals, which as a rule are a 

littler smaller than the crystals of the nepheline. 

More locally we find medium-grained or even coarse-grained 

varieties, which are connected by transitional forms with the 

fine-grained. In extreme cases the arfvedsonite prisms and the 

felspar plates may reach up to 1 centimeter in length and 

2 millimeters in thickn ess. Massive varieties which do not show 

any trace of schistosity or flow-structure are likewise of purely 

local occurrence. 

The green lujavrite — cegirine lujavrite — has a glaring 

grass-green colour; its most conspicuous mineral component 

is aegirine in small needle-shaped crystals — they are rarely 

more than one to two millimeters long and 0 01—O'Oo milli

meters thick. This mineral plays here the same role as the 

arfvedsonite in the black lujavrite. Nepheline, felspar and 

eudialyte appear in the same manner as in the arfvedsonite-

lujavrite. Like the latter the green rock is fine-grained and 

schistose, to an even greater extent as a rule. A very con

spicuous difference between the two rocks arises from the fact, 

that whilst the first is even-grained, the aegirine-lujavrite c on

tains relatively large crystals of arfvedsonite, which appear as 

black spots in the green mass. These arfvedsonite crystals are 

not ordinary phenocrysts, but enclose poikilitically all the other 
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minerals  of the rocks.  In some cases the arfvedsonite forms 

irregular  but  fair ly isometric an hedra of up to 2 —3 centimeters 

in diameter;  in others i t  forms prisms of 1h to I1  h centimeters 

in length and s ome few mill imeters in thickness,  [n the aegirine-

lujavri te  near the mouth of the Lil le  Elv and at  a  few other 

places the arfvedsonite prisms are in radiat ing groups,  which 

remind one of the turmaline 's tars '  of  certain granites and give 

the green rock a very pleasing appearance ;  but  as a rule the 

arfvedsonite prisms are irregularly scat tered.  

The aegirine-lujavri te  lacks these black arfvedsonite spots 

at  many places;  in such cases,  however,  close observation shows,  

that  the arfvedsonite has been present  originally but  has been 

replaced by a  brown inconspicuous substance which consists  of  

acmite.  This al terat ion of the arfvedsonite is  also common 

in the pegmati t ic  veins and has been described on an earl ier  

occasion \  

When exposed to the atmosphere the lujavri tes are inclined 

to spli t  asunder,  though not  to such a great  extent  as  the 

naujai te .  Whilst  the lat t ter  crumbles to gravel- l ike debris ,  the 

lujavri te  spli ts  into large,  plate-l ike fragments,  which at  many 

places form screes diff icult  to pass.  

THE PLATEAU OF KRINGLERNE. 

General features. — The high plateau which is  cal led 

"Kringlerne" is  the most  peculiar  rocky mass in appearance in 

the whole region,  and in geological  regards is  perhaps without 

paral lel  in the world.  Towards the Kangerdluarsuk Fjord,  

Kringlerne present  an abrupt  fal l ,  a  naked,  whit ish gray wall ,  

in which we can count about 40 black bands (Pl .  V,  Fig.  3  and 

Pl .  IX).  These run to some extent  horizontal ly and,  seen from 

a distance,  seem to have great  uniformity in thickness with 

1  Meddelelser om Grenland XIV, p. 198 (1894). 
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equal  distances between.  The outer  appearance of the whole 

mountain-mass is  that  of  a  verv regular  strat if ied sedimentary 

complex.  Though the strata are highly crystal l ine one might 

be inclined to suppose,  on first  observing them, that  they are 

of sedimentary origin — an explanation of this  kind has indeed 

been suggested by several  previous observers.  As a  matter  of 

fact ,  however,  the strata are al ternating white,  red and black 

sheets  of coarse-grained igneous rocks belonging to the family 

of nepheline-syenites.  

Above the steep wall  fa cing the f jord there is  a  somewhat 

undulat ing plateau at  about 400 meters above the sea,  and be

hind the plateau r ises the granite mountains of Iviangusat  (Pl .  V,  

Banded kakortokite Auyih-syentte Granitf 

S E  1  k f l o m e t e r  

Fig. 6. North-west—south-east section of Kringlerne. 

Scale of lengths and heights about 1 : 30000. 

Fig.  3) .  The plateau is  whit ish gray and the whole appears an 

absolutely barren waste,  as  the white sheets  of the kakortokite 

crumble even more rapidly than the naujai te ;  not  a  herb is  to 

be seen and not  even the l ichens are present  to darken the 

colour of the stone.  The regular  al ternation of the variegated 

sheets  is  continued into the rounded eminences of the pla teau;  

round about these the outcrops of the black sheets  appear as 

conspicuous,  large r ings which show a sl ight  inclination towards 

the f jord.  The surface of the ground thus obtains the charac

terist ic  markings which have given r ise to the name Kringlerne 

(r ing-twisted cakes).  

A sect ion north-west—south-east  through Kringlerne (Fig.  6)  

shows,  that  the inclination of the kakortokite sheets  is  some

what variable,  and that  the sheets  are somewhat undulat ing.  



43 

Nearest the fjord they have a dip of 20°—30° towards N. W. 

and N. N. W. ;  farther in on the plateau they are almost hori

zontal and may even at  places show a slight inclination in the 

opposite direction; sti l l  furthe r in,  the dip again b ecomes north

westerly,  but soon afterwards the stratification gradually dis

appears and close to the south-east border the rock is uniform 

and without banded structure.  

The kakortokite. — Petrographically the variegated sheets 

of Kringlerne are nearly related, so that they may be regarded 

as varieties of one rock-type, for which the name kakortokite 

has been chosen1 .  

The kakortokite is a coarse-grained, distinctly miaroiit ic 

rock and recalls in i ts  outer appearance nepheline-syenites of 

the type which BRÖGGER has designated by the name foyaite2 ,  

that is to say, the most prominent,  structural feature is the 

plate-like form of the felspar crystals,  which show a strong 

tendency to parallel  arran gement.  But the kakortokite is  distinct 

from the ordinary foyaites by con taining a very high percentage 

of dark-coloured minerals;  in this respect i t  resembles the 

lujavrites or even exceeds them. Characteristic of the kakortokite 

is further the abundance of well-developed, moderately small  

crystals of eudialyte and the frequent occurrence of a bedded 

or sheeted structure.  

The "white" kakortokite which forms t he thick, white sh eets 

is one of the most beautiful rock-types to be found anywhere. 

The felspar plates a re white,  and not semitransparent as in the 

naujaite and lujavrite ;  their thickness is 0 '5—P5 millimeters 

(in the varieties with coa rsest grain PO—P77 millimeters),  their 

length and breadth are about ten t imes the thickness.  They are 

intermingled with g rayish clear grains of nepheline, black prisms 

or anhedra of aegirine and arfvedsonite,  and bright red crystals of 

1 From Kakortok, th e Greenland name for the colony Julianehaab. 
2 Zeitschrift für Kristallographie XVI, 1890, p. 39. 



44 

eudialyte which a ttain about two millimete rs in diameter.  Among 

the minor constituents rinkite is  seen almost constantly as pale-

yellow, fiat  prisms. — In spite of i ts  colour the white kakor-

tokite is  a melanocratic rock-type, but the pure white colour 

of the felspar becomes very prominent owing to the size and 

form of i ts  crystals,  and the contrast  with the black sheets 

further accentuates the light colour.  

The black sheets of the kakortokite have quite a similar 

size of grain and structure as the white,  but the black minerals 

(arfvedsonite and subordinate^ œgirine) are here quite predominant 

among the constituents of the rock, making in all  about two-

thirds of the whole; the remaining third is felspar,  nepheline 

and eudialyte.  The eudialyte is here usually brown and not 

fresh. — In addition to these two principal varieties we also 

find very frequently a red kakortokite.  This has the same 

mineral components an d s tructure as the white an d black sheets,  

but i t  contains clear red eudialyte crys tals in such great quan

tit ies,  that the rock is of a distinctly red colour.  The red 

kakortokite occurs in sheets between the others;  in some of 

the red sheets t he black mineral components are almost entirely 

wanting, in others there are just  as many of them as in the 

white sheets.  

The white an d sti l l  more the red sheets are rapidly decay

ing, the black some what harder.  In the slopes of the mountain 

therefore the black sh eets form the vertical walls,  the white and 

the red sheets the more level terraces.  Seen from a distance 

there seem to be sharply defined contac ts between the differently 

coloured sheets,  but closer examination shows that this is not 

the case.  Thus, if  we examine the junction of a white and a 

black sheet,  we will  observe in the white kakortokite to

wards the boundary that the amount of dark-coloured minerals 

gradually increases,  and thus a perfectly even transition to the 

black kakortokite is effected; but usually the transitional zone 

only has a breadth of some few centimeters.  
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Thickness and order of succession of the sheets. — The 

plateau of Kringlerne is most easily ascended along the river 

which flows down from the small  lakes south of Laxefjaeld and 

runs towards the north-west over a number of water-falls,  to 

NW SE 
Fig. 7. Banded kakortokite. Kringlerne. 

a, sheet of white kakortokite, 4meters; b, red kakortokite, 1 meters; c, black kakortokite, 
reaches 0'4 meters above the river; a, white kakortokite in the foreground. 

end in the Laxe Elv a li t t le distance from the mouth of the 

latter.  The kakortokite begins here,  directly covering the black 

lujavrite,  a t  a height of a bout 80 meters above the sea,  and the 

lowermost sheet at  this place is while with a thickness of about 

12 meters.  This is overlain by a 4 meters thick sheet of black 

kakortokite,  a nd these two main varieties now continue to alternate 
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in sheets of varying thickness. The red sheets only begin to 

appear somewhat higher up ; at an altitude of 200 meters we 

meet with splendid sheets of the red variety (Fig 7); here the 

sheets dip about 16° towards N. 10° W. Passing from here 

further up towards the east, the distinctly red sheets cease, 

but the black and white continue to alternate up to about 

350 meters above the sea, where they are replaced through a 

gradual transition by a uniform, more finely grained and moder

ately dark kakortokite, which upwards passes into lujavrite. 

South of the river the alternation of the white and the black 

sheets continues right up to over 400 meters. 

In the western part of Kringlerne, north of Iviangusat 

Mountains, there is a spot about 180 meters above the sea 

where the thicknesses of some few successive kakortokite bands 

could be measured. 

The measurements were (from abov e downwar ds) :  

white sheet thickness not measured 
red —• — 1k meters 

black — — s/4 — 
white — — 5 — 
red — — 2 — 
black — — not measured 

Down by the tjord at the west end of Kringlerne the single 

sheets were unusually thin (O'l—2 meters) and not specially 

distinct; at this place the dip is 30° towards N. 35° W. 

The average thickness of the white kakortokite sheets may 

be estimated at 6 to 8 meters, and the black usually have only 

a third of this thickness; when red sheets occur they have a 

similar or somewhat less thickness than the black. A very 

characteristic feature is, that the red sheets are situated im

mediately below the white; each red sheet rest upon a black, 

not on a white s heet. 

Relation to adjacent rocks. — As briefly mentioned above 

(p. 38) the kakortokite is both covered by and rests upon lujav

rite on the west side of Laxefjaeld. The junction is exposed 
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at  the r iver  on the north-eas t  s ide of  Kringlerne.  Fol lowing up 

th is  r iver  we f i rs t  pass  over  uniform arfvedsoni te- lujavri te ,  the  

part ings of  which have an incl inat ion of  about  30° towards the 

north.  A l i t t le  over  70 meters  above the sea we begin to  f ind 

in  the lujavri te  small ,  very f la t  lenses  of  kakortoki te ,  0 '2—2'0 

cent imeters  th ick;  these lenses,  which are  r ich in  eudialyte ,  

are  inser ted paral le l  to  the par t ing planes of  the rock.  Upwards,  

the  lenses  become more numerous and about  80 meters  above 

the sea the lujavri te  is  conformably overlain by the typical ,  

sheeted kakortoki te .  Fur ther  to  the west ,  where the kakortoki te-

body in  Kringlerne swel ls  up to  more than 300 meters  in  thick

ness ,  there  is  apparent ly  a  gradual  t ransi t ion from the arfved

soni te- lujavri te  to  the superincumbent  kakortoki te ;  the  lower

most  port ion of  the kakortoki te  is  fa i r ly  uniform at  this  spot ,  

and the different ia t ion into different ly  coloured bands begins  about  

10 meters  higher  up.  Hence i t  fol lows that  there  cannot  be 

any considerable  difference in  age between the lujavri te  and 

the kakortoki te  ;  the la t ter  must  have consol idated s imultane

ously with or  a  l i t t le  ear l ier  than the lujavri te .  

In  judging the relat ive age i t  i s  a lso of  interest ,  tha t  the 

kakortoki te ,  jus t  l ike the neigbouring lujavri te ,  conlains  here  

and there  lenses  of  naujai te .  Four  of  these in  a l l  have been 

ohserved in  the kakortoki te  of  Kringlerne,  the largest  being 

50 meters  long.  

The junct ion between the kakortoki te  and the augite-syeni te ,  

which surrounds Kringlerne towards the south and west ,  i s  

f inely ex posed on the south shore of  Kangerdluarsuk,  a lmost  

r igh t  opposi te  the Niakornarsuk Peninsula .  At  this  place the 

contact  surface is  ver t ical  and has  the direct ion N.  55° W. The 

kakortoki te  sheets  have an incl inat ion of  a bout  30° towards the 

N.  35° W. ;  they thus l ie  a lmost  a t  a  r ight  augle  to  the contact  

plane.  At  a  greater  dis tance from the augite-syeni te,  the  kak

ortoki te  is  made up of  t he ordinary white ,  red and gray sheets ,  

but  about  50 meters  f rom the contact  the sheets  begin to  loose 
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their differences and the sheeted structure as well as the thick 

platy parting gradually disappear when we approach nearer to 

the contact. Moreover, the size of grain becomes variable in 

irregular 'schlieren' and large numbers of pegmatitic veins of 

some decimeters in b readth appear. The size of grain of these 

pegmatites (which cons ist of felspar, nepheline, arfvedsonite and 

occasionally eudialyte) frequently exceeds 1 decimeter. On the 

last 5 to 10 meters nearest the contact the rock changes over 

to a very coarse-grained foyaite, variegated white and black, 

which contains fragments of augite-syenite. The largest of the 

fragments observed was O 'Bxl'o meters. The pegmatitic veins in 

this border-facies are arranged parallel with the contact-plane, 

or they go round the augite-syenite fragments. The augite-

syenite, on the other hand, shows no structural variations in 

towards the surface of contact. It  results from these observa

tions, that the consolidation of kako rtokite has taken place later 

than that of the augite-syenite, but while the latter still  pos

sessed a high temperature. 

Dykes. — Only a very small number of dykes have been 

seen in Kringlerne. West of Laxefjœld two vertical dykes of 

respectively 8 and 2 meters in breadth have ben observed, with 

the directions E. N. E.—W. S. W. and N. E.—S.W.; they consist 

of a rock-type resembling bostonite, fine-grained and light 

greenish gray with plate-like phenocrysts of felspar. Occasion

ally, small tinguaitic dykes have been seen in boulders of kak

ortokite. 

SOUTH-EASTERN AND SOUTHERN BORDER OF 

THE COMPLEX. 

General features. — Behind the south-eastern and southern 

margins of the igneous complex, the Kangerdluarsuk amphitheatre 

is bounded by h igh mountains, Kidtlavat and the two l viangusats 

(Pl. V, Figs. 2 and 3). These mountains are composed of Al-



49 

gonkian granite (Jiilianehaab granite). I3ut the nepheline-syenite 

is not in direct eontact with the granite ;  between them lies a 

narrower or broader belt of augite-syenite, which can be fol

lowed continuously for a distance of about ten kilometers from 

the north end of Laxefjseld towards the south and west as far 

as Kangerdluarsuk (Pl. III).  The augite-syenite is subject to 

rapid decay and the syenite zone thus comes to appear as a 

depression for a long distance ;  it  forms the valley between 

Iiitdlavat and Laxefjœld (cf. Fig. 5, p. 39 and Pl. VII, Fig. 1). 

North-east of Laxefjœld, near the north-eastern end of the 

augite-syenite belt,  the conditions are as shown schematically 

in Fig 8. The main body of the igneous complex is here re-

Fig. 8. West—east section through a small mountain N. E. of Laxefjaeld, 

showing junction of newer abyssal rocks and old granite. 

presented by segirine-lujavrite, and this possesses as usual a 

very distinct system of joint planes, which split  it  up into thin 

plates. As we graduall y approach the boundary, the dip of the 

joint planes becomes steeper, until at last they are vertical 

(with the direction S. 10° W.), and along a contact plane with 

the same direction they border on kakortokite, which at this 

place is not banded. The kakortokite is here only about 40 

meters broad ; to the east of it  we find the augite-syenite, 

forming a belt of similar breadth. Passing from here towards 

the south and south-west, the augite-syenite continues as a 

regular be lt,  but its breadth gradually increases to several hun

dred meters ;  the crumbling debris of the augite-syenite and 

kakortokite cover the most of the plateau south of Laxefjteld, 

and the precise boundaries of the augite-syenite cannot be 

XXXVIII. 4 
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observed here. On the steep, north side of the eastern peak 

of Iviangusat the augite-syenite is seen as a broad zone, which 

even at a distance is very conspicuous with its dark reddish 

brown colour. The boundary towards the granite has here a 

dip of about 70° towards the south-west. On the south side 

of Kangerdluarsuk Fjord both boundaries of the syenite belt are 

exposed ; here the boundary planes are vertical and strike from 

east-south-east to west-north-west; the breadth of the augite-

syenite belt at this place is about 250 meters. 

It will be seen from this, that the augite-syenite in the 

region considered forms a broad, dyke-like mas s, whose boundary 

surfaces towards the surrounding rocks are vertical or inclined 

at large angles. The augite-syenite body however has not the 

form of a typical dyke ; on Laxefjaald, for example, there are 

three or four smaller portions of the augite-syenite, isolated 

both from one another and from the main body in the valley 

east of Laxefjaeld. One of the se outliers forms the top of Laxe-

fjœld (see Fig. 5, p. 39), and they all rest upon the lujavrite 

with more or less horizontal boundaries towards this. 

The augite-syenite. — This rock is of coarse or medium-

sized grain, and of a whitish gray colour. It consists mainly 

of a white felspar (size of grain about 1—3 millimeters) an d is 

irregularly spotted with black minerals in consid erable quantities. 

Among these a coal-black augite (with grains up to 6—7 milli

meters in diameter) is predominant, and magnetite is relatively 

abundant. With the aid of th e lens small yellowish brown grains 

of olivine are frequently seen. None of the constituents show 

a distinct crystal form; the grains are interlaced irregularly. 

It is only seldom and in patches th at the felspar is quite fresh; 

it then shows a grayish clear colour with a fine blue schiller. 

A very characteristic feature of this rock is the reddish brown, 

rusty coating, which is seen everywhere on the outer surfaces 

and along the fissures ; it is undoubtedly connected with the 

presence of the olivine which is rich in iron and is readily 
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decomposed. This coating gives the augite-syenite cliffs a con

spicuous, reddish brown appe arance. 

Contact-facies of the augite-syenite. — The augite-syenite 

shows a very marked, endomorphic contact-modification at its 

southern and south-eastern border, where it comes into contact 

with the old granite. This contact-facies is a fine-grained, 

white o r gray rock in which the black minerals appear as small 

dots; locally the structure is porphyritic, due to the presence 

of phenocrysts of felspar. On the so uth shore of Kangerdluarsuk, 

right opposite the Niakornarsuk Peninsula, this border-zone 

has a breadth of 4 to 10 meters, and in it occur a few irreg ular 

veins, 1 or 2 meters broad, of a newer granite. On the north 

side of Iviangusat, at an altitude of 6—700 meters, there is a 

zone, about 8 meters broad, of a characteristic, fine-grained, 

dark-gray rock between the syenite and the old granite (or 

perhaps in the granite but very near the contact); this rock 

forms a dark band conspicuous even at a distance. Seen under 

the microscope, it consists of aegirine-augite and anorthoclase 

with some titanite and iron-ore; the structure seems to have 

been modified by contact-metamorphism. This rock is perhaps 

a dyke or a remnant of an ancient border-facies. Further to 

the east and near the foot of Kitdlavat the solid rock only 

projects from the debris-covered plain in small, isolated patches, 

but so far a s could be observed, the augite-syenite with its 

usual fine-grained contact-modification borders directly on the 

Algonkian granite along the whole of this stretch. 

The junction of the augite-syenite with the nepheline-

syenites is only exposed at quite a few places already referred 

to (pp. 47—50), and it will be seen from what has been 

said, that the augite-syenite has consolidated earlier than the 

nepheline-syenites. It follows from this that the augite-syenite 

is not a dyke, b ut constitutes the first consolidated part of the 

batholitic complex. 

The sandstone-fragments. — At the northern foot of the 

4* 
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Iviangusat peaks, close to the fjord, the augite-syenite contains 

numerous fragments of sandstone (one of the fragments is 

shown in the drawing, Pl. V, Fig. 3, and in the photograph, PI. 

XI, Fig. 1). As these offer a much greater resistance to weather

ing than the augite-syenite, the larger of them project as dark, 

lichen-covered cliffs. There are four or five of these, forming 

short ridges with the direction almost north-south. The largest 

of the sandstone fragments is over 100 meters long and 50 meters 

broad; the dip of th e sandstone beds is different in the different 

fragments, but usually steep (70—90°) ; in the 40 meters long frag

ment near the shore the strike was found to be S. S. E.—N. N. W., 

in a second fragment S. S. W.—N. N. E., in a third S.—N. 

In addition to the large, small sandstone fragments also occur 

right down to such small dimensions, that a hand-specimen may 

contain two or three of them. 

This sandstone is very hard, almost quartzite-like ; its 

colour is white with black spots formed by contact-metamor-

phism, a few beds are uniformly black-gray. On closer examina

tion the black spots sometimes appear as short and broad 

pyroxene prisms of dark-green colour, quite filled with sand 

grains. 

These large sandstone fragments in the augite-syenite are 

of great theoretical interest. It is obvious, namely, that they 

have descended from above; this will be clear from the fol

lowing reason. In the whole Julianehaab region there is no 

other sandstone-formation than the Devonian sandstone ("Igaliko 

sandstone"), and the fragments must therefore belong to this 

formation; their pétrographie characters are in agreement with 

this, as they are quite the same as those of the Igaliko sand

stone at the places, where it has been metamorphosed by con

tact with the newer igneous rocks. The original position of 

the sandstone must therefore be above the Algonkian granite, 

which in the immediate proximity of the sandstone fragments 

rises 900 meters above them. Thus, the conclusion seems 
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unavoidable that the sandstone fragments have arrived at their 

position by sinking down through the augite-syenite at a time 

when the latter was still  in a molten condition. We are in

duced to consider from this, that the magma of the augite-

syenite had a lower specific gravity than the sandstone, and 

that this condition has played some part in the mechanism of 

intrusion of the magma. 

There is also a second feature of gre at theoretical interest 

in connection with the sandstone fragments of th e a ugite-syenite. 

All these fragments, the large as well as the small,  are sepa

rated from the augite-syenite by a zone of soda-granite ,  which 

sends out small apophyses into the sandstone and frequently 

contains a large number of very small rounded fragments of 

the latter. The width of the soda-granite veins is very variable, 

usually 112—2 meters. In the neighbourhood of the sandstone 

fragments, but without a pparent connection with th em, there are 

irregular and branched veins, O'l—0'5 meters broad, of soda-

granite in the syenite, and at one place a quantity of small 

(up to the size of a fist),  globular masses of coarse-grained 

soda-granite was found enclosed in the syenite. 

This soda granite consists of yellowish-white felspar and 

light grayish, almost transparent quartz; in addition, it  contains 

black minerals, which look like arfvedsonite to the naked eye, 

but under the microscope they prove for the most part to be

long to other alka li-bearing kinds of th e amphibole and pyroxene 

(aegirine, segirine-augite, and catophorite-like hornblende). In 

the above-mentioned veins the soda-granite is medium-grained, 

but in the zones round the sandstone fragments it  is usually 

coarse-grained. Directly surrounding the sandstone there is 

always a black zone, not more than 1h a centimeter broad and 

containing exclusively black-green pyroxene or black hornblende 

in short prisms which lie at right angles to the surface of 

contact; then comes a slightly broader, white zone, which 

consists of large anhedra of felspar and quartz with a relatively 
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small amount of black minerals, and outwardly the white zone 

passes into the more uniform soda-granite. The size of grain 

of the latter is sometimes variable, so that coarse grained por

tions may alternate with fine-grained in the most irregular manner, 

even within one and the same hand-specimen. At some places 

the soda-granite contains small patches of a conspicuous, blue, 

felt-like mineral, probably crocydolite, which seems to have 

originated by alteration of the hornblende. As a rule the junc

tion between the soda-granite and the surrounding augite-syenite 

presents a sharp line;' the augite-syenite retains its normal 

character right in to the contact, while the soda-granite shows 

irregular variations in the size of grain. 

It follows from the manner in which this soda-granite is 

connected with the sandstone fragments, that it must have 

originated by the magma of the augite-syenite dissolving the 

sandstone, so that the soda-granite in this locality may be 

characterised as a resorption-facies of the augite-syenite. Since 

the conditions mentioned above show, that the soda-granite has 

solidified later than the surrounding augite-syenite, we must 

conclude that the absorption of silica has lowered the temper

ature of consolidation of the magma. 

IVI ANGUS AT AND KITDLAVAT. 

The Algonkian granite of these mountains, which form the 

southern and south-eastern enclosure of the newer igneous 

complex, is a coarse-grained, white or reddish, biotite granite 

with a strong tendency to porphyritic structure. The size of 

grain remains unchanged right on to the junction with the 

newer a byssal rocks, but in the proximity of the latter the habit 

of th e granite often differs from the ordinary ; thus at the junc

tion north-east of Laxefjaeld the granite was found to be rich 

in a mineral resembling crocydolite, which apparently replaced 

the original, dark-coloured components. In comparison with 
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the newer abyssal rocks the granite is extremely resistant to 

weathering. 

At one place a small intrusive body of nepheline-syenite 

was observed, namely, on the east side of lviangusat at an 

altitude of a bout 550 meters. Here there occurs a fine-grained, 

grayish black arfvedsonite-lujavrite, fairly poor in eudialyte; 

the rock is exposed over an ellipsoidal area of many square 

meters which is surrounded on all sides by the granite. 

The lviangusat peaks and Kitdlavat are traversed by a 

number of dykes. The great majority of these may be called 

diabase from their macroscopic appearance. They are of a 

black or dark-green colour, and the larger of them are medium-

grained with more close-grained marginal zones. The eastern 

peak of lviangusat, for example, is traversed by several dykes 

of diabase, from 15 to 30 meters wide, which can be followed 

for kilometers through the granite; these dykes have not the 

usual north-west—south-easterly direction, which characterises 

by far the most of the larger dykes in the Julianehaab region; 

their direction is east—west and they have a dip of about 

60° towards the south. They are thus almost parallel with the 

adjacent boundary-plane of the large igneous complex. 

In Kitdlavat several dark-coloured dykes can be seen from 

a distance, running in a regular course parallel to th is mountain 

ridge from N. N. E. to S. S. W., thus, parallel here also to the 

contact-surface of the granite and the augite-syenite. These 

dykes have not been investigated, it  is probable that they form 

a continuation of the diabase dykes of lviangusat. 

The huge mountain Kitdlavat (Pl. VII, Fig. 1) forms, as 

already mentioned, a serrated ridge of surprising narrowness 

and steepness. It  seems reasonable to suppose, that the form 

of the mountain is due in the main lines to its proximity to 

the large nepheline-syenite body; Kitdlavat forms the south

east wall of the ancient magma reservoir. The diabase dykes 

have probably contributed in details to the mountain obtaining 
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by erosion its unusually pointed and picturesque appearance. 

The difference in outer form between Kitdlavat and Iviangusat 

can be naturally explained by the difference in the dip of the 

diabase dykes; on Iviangusat the dip as mentioned is about 

60° towards the south, but on Kitdlavat the dykes are almost 

vertical. 

MOUNT NTJNASAENAIJSAK. 

The amphitheatre of Kangerdluarsuk is enclosed towards 

the north-west by the 770 meters high Mount Nunasarnausak, 

which extends right out to the fjord with an almost vertical, 

precipitous wall. The photograph Pl. VII, Fig. 2, will give some 

notion of the picturesque appearance of the mountain; the 

coloured sketch, Pl. V, Fig. 1, shows the geological structu re. 

Nunasarnausak may be said to represent one large orogra

phic block which consists of Algonkian granite and Devonian 

sandstone with sills of diabase. The whole block has apparently 

sunk some distance down into the newer abyssal rocks, and 

the beds show a dip of almost 10° towards the north-east or 

north-north-east. The uppermost part of the mountain forms 

a small plateau, whose surface slopes in the direction m entioned; 

as already described by Dr. STEENSTRCP, the plateau is ice-smoothed 

and the direction of the striation is from E. N. E. to W . S. W1 .  

The highest point lies close out towards the Kangerdluarsuk 

Fjord and offers a magnificent view over the whole region. 

The abrupt wall of the mountain towards Kangerdluarsuk 

presents the following succession of sedimentary and igneous 

rocks in descending order (cf. Pl. Y, Fig. 1). 

1. A sheet of diabase almost 150 meters thick. This 

sheet is marked on the cliff wal l as a conspicuous, black b and; 

it composes the uppermost plateau. The rock is of a greenish 

black o r grayish black colour, fine-grained or medium-grained, 

and of a distinct ophitic structure. At some places it is 

1 Meddelelser cm Granland II (1881), p. 33. 
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porphyritic with numerous tabular crystals of plagioclase about 

half a millimeter thick and 6 millimeters long. Epidote and 

calcite are often seen as alteration-products.  At the junction 

towards the underlying sandstone the diabase assumes a dense 

structure.  As will  be mentioned later,  this diabase may be 

classed as a trachydolerite, according to the system of ROSENBÜSCH. 

A comparison with the sections north of the Tunugdliarflk 

Fjord shows, that the diabase at  the top of Nunasarnausak is 

an intrusive sheet,  the original sandstone cover of which has 

been removed by erosion. The diabase is cut by several dykes 

of a reddish brown syenite-porphyry which have the direction 

from N. E. to S. W. ;  the largest of these dykes has a width of 

five meters.  

2.  Under the thick diabase sheet l ies a sandstone bed of 

about 300 meters in thickness with subordinate,  thin,  intrusive 

sheets.  The whole of this part  is inaccessible from Kanger-

dluarsuk owing to the precipitous nature of the mountain wall .  

The upper,  about 100 meters thick, portion of the sandstone 

wall  towards this fjord is of a pure white colour; under this 

comes a narrow, but conspicuous, dark coloured sil l ;  beneath 

this again sandstone, which consists of alternating white and 

black beds. In the north-western part  of the mountain the 

upper white sandstone layer is divided into two by an intrusive 

diabase sheet (see Fig. 9).  

Fig. 9. Nunasarnausak, from W. S. W. 

The hills in the foreground are Algonkian granite. 
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3. The granite, which supports the sandstone in the 

south-western part of Nunasarnausak, is a white or reddish 

biotite-granite with large (up to 2 centimeters), porphyritic cry

stals of felspar; it is not different from the ordinary Algonkian, 

Julianehaab granite. On Pl. V (Fig. 1) only the eastern point 

of the granite is seen, but further t o the south-west the granite 

comes down to the beach; it composes the Niakornarsuk Penin

sula and the whole region further west. A little north-west of 

Niakornarsuk a 20 meters dyke of a somewhat porphyritic diabase 

intersects the granite; the direction of the dyke corresponds 

with the main direction of the fjord. 

4. Under the granite in the south-western part of Nuna

sarnausak and directly underlying the sandstone in the eastern 

portion of the mountain, the augite-syenite appears in a belt of 

very variable breadth. This is obviously a continuation of the 

augite-syenite belt on the south side of the fjord, as the rock 

is of quite the same character as there; for which reason 

reference may be made to the previous description (p. 50). 

The augite-syenite forms the coast cliffs on a portion of 

the distance between Niakornarsuk and Kekertausak. At several 

places it contains veins of pegmatite which consist mainly of 

felspar and amphibole in crystals 5—8 centimeters lo ng; albite, 

green garnet and ilvaite1 are found as secondary products in 

this pegmatite. The ilvaite occupies the place of dissolved 

amphibole crystals. Some of the pegmatite veins are hori

zontal and 0*1—0 -3 m eters in thickness, others have an irre

gular course and greatly varying breadth. The ilvaite is also 

found in the augite-syenite itself a s an alteration product. 

The contact-plane between the augite-syenite and the Al

gonkian granite intersects the coast-line a little distance east 

of Niakornarsuk. Here the augite-syenite shows a 4—8 meters 

1 The ilvaite from this locality has been described by J. LORENZEN", (Med-

deielser om Granland II, 1881, p. 67. — Zeitschrift für Krystallographie 

IX, 1884, p. 243. — Mineralog. Magazine V, p. 63). 
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broad, fine-grained border-facies, which is comparatively poor 

in dark-coloured minerals. The contact-plane shows an ir

regular, sinuous course, but is on the whole vertical and runs 

in a north-easterly direction. 

From the place mentioned the augite-syenite belt continues 

towards the north-east and upwards, and the rock is here ex

posed in dark, steep walls; it contains rounded fragments of 

the sandstone. Further to the north-east the syenite belt is 

greatly restricted in breadth and on bending round the east 

end of Nunasarnausak the rock assumes the character of an 

igneous breccia, being quite filled with white, metamorphosed 

sandstone fragments resembling quartzite. The syenite sends 

out long and very conspicuous apophyses between the sand

stone beds (see Pl. V). These apophyses are quartz-bearing. 

Directly east of the uppermost plateau of Nunasarnausak the 

augite-syenite reaches an altitude of ab out 650 meters, and the 

syenite zone continues from there downwards in a north-westerly 

direction with greatly increased breadth. 

The contact between the augite-syenite and the uppermost 

diabase-sheet of Nunasarnausak is exposed to view for a long dis

tance. The diabase shows distinct signs of contact-metamorphism 

to a distance of 10 meters from the contact, displaying the charac

teristic lustre which indicates the presence of newly formed 

biotite; directly at the contact the biotite flakes may attain a 

size of half a millimeter. The syenite sends offshoots into the 

diabase and contains contact-metamorphosed fragments of it.  

5. Under the augite-syenite naujaite appears at the foot 

of the eastern part of Nunasarnausak. The contact surface 

between these two rocks intersects the north- coast of the 

Kangerdluarsuk Fjord at a spot which lies almost due west 

of the small island. In consequence of the solifluction the 

immediate contact is not exposed to view, but as far as could 

be ascertained both rocks have their usual size of grain, at 

least to a distance of less than two meters from the contact. 
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The augite-syenite contains irregular pegmatite veins, one or 

two decimeters broad, which consist of aegirine, felspar and 

nepheline. 

SOUTH COAST OF TUNUGDLIARFIK. 

On the south coast of Tunugdliarfik Fjord the nepheline-

syenites are exposed to view over a distance of almost ten 

kilometers between South Siorarsuit and Agpat (see map PI. III). 

The cliffs along the coast are on the whole lower than those 

in the inner end of Kangerdluarsuk. At most places they des

cend vertically into the water and many of them are the favouri te 

haunts of se a-birds during the breeding season. It is only at 

a few places that there is any convenient landing for boats. 

The principal landing-places and tenting-grounds, in order from 

west to east, are South Siorarsuit, Naujakasik, and Tupersuatsiak. 

For the sake of convenience the following description is 

divided into three sections; first the land round South Siorar

suit, including the north-western slope of Nunasarnausak and 

the western border of the ign eous complex; then the mountains 

at Naujakasik and Tuper suatsiak; and lastly, the stretch Tuper

suatsiak to the eastern bo rder of the igneous complex at Agpat. 

ENVIRONS OF SOUTH SIORARSUIT. 

At South Siorarsuit a cone of detritus projects a little 

way out into the fjord. It ha s a sandy beach on which numerous 

small icebergs lie stranded and landing is easy here. This place 

is the most convenient starting place for an ascent of Nuna

sarnausak. 

The north-west slope of Nunasarnausak (Fig. 10). — The 

uppermost part of the mountain is composed of an intrusive 

sheet of diabase, about 150 meters thick. It rests on a hard, 

white sandstone 50 to 60 meters thick, and under this is a 
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second sill which consists of a diabase similar to that of the 

uppermost sheet; the thickness is much less, however, and 

shows considerable, local variation (from 20 to 60 meters). This 

second diabase sill thins out towards the south; on the south

west slope of the mountain (see Fig. 9, p. 57) the sill is seen 

very distinctly ending as a wedge, without appearing on the 

side of the mountain which looks towards Kangerdluarsuk. 

The second diabase sheet rests upon 30 meters of white s and

stone. Under this comes an intrusive sheet almost 20 meters 

thick and of g reat regularity ; this is the same sheet that appears 

Nu_n.a«arnau.3alc 750m. 

NE Gra.ni.te 

Fig. 10. North-west slope of Nunasarnausak, aboyé S. Siorarsuit. 

A, sodalite-foyaite covered by pulaskite; B. naujaite; C, naujaite with veins of lujavrite. 

as the second uppermost intrusive sheet on the face of the 

mountain towards Kangerdluarsuk (p. 57). It is a dark reddish 

gray, dense rock, almost felsitic in outer appearance and 

probably a somewhat altered tephritic type. Passing downwards 

from this, we come upon a succession of sandstone beds, 

partly of white, partly of dark colour, alternating with ferru

ginous sediments which have been greatly altered by contact-

metamorphism. At S. Siorarsuit the sandstone continues right 

down to the beach, but the strata gradually rise towards the 

south-west and on following the beach about 500 meters in this 

direction we meet with the underlying Algonkian granite. Fur

ther to the south-west the granite rises gradually to form a 

coastal strip of several hundred meters in breadth ; at the 
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south-west point of the sandstone area the sandstone-covered 

surface of the granite lies about 200 meters above the sea. 

The junction between the sandstone and the granite is 

exposed along the whole of this distance and the granite is 

seen to be older than the sandstone. The lowermost beds of 

the latter are granite-conglomerate or at some places arkose. 

It is of interest to note, that the sandstone gradually as

sumes its usual red colour as we get further away from the 

newer igneous rocks. At S. Siorarsuit, directly at the contact 

with the syenite, the sandstone appears as a snow-white, very 

compact rock, with numerous veins of transparent, colourless 

quartz. These veins may be from 2 to 10 centimeters broad 

and their course is quite irregular; they end at a short distance 

from the syenite. The apophyses sent into the sandstone by 

the syenite can be followed to a considerably greater distance 

and, like th ose mentioned from Kangerdluarsuk, contain a great 

amount of quartz. The white colour is still retained by the 

sandstone at a distance of several hundred meters from the 

syenite, but at a still greater distance red portions begin little 

by little to appear; it is the lowermost beds of the sandstone 

which first show this change in appearance. At the point 

furthest to t he south-west the lowermost 50 meters of the sand

stone are of the ordinary red colour, but even here the upper 

sandstone beds have been discoloured. 

Towards the north-east the sandstone beds and the in

trusive sheets of N unasarnausak border upon the great igneous 

complex. \s the figure (p. 611 shows, the sandstone is not in 

direct contact with the neplieline-syenites but is separated from 

them by a zone of augite-syenite. This is the continuation of 

the earlier mentioned augite-syenite of K angerdluarsuk and has 

almost the same general character. It should be mentioned, 

however, that the syenite at the shore by S. Siorarsuit has a 

reddish colour for a short distance and its felspar crystals 

show a strong tendency to assume a form which gives short 
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rectangular sections. The appearance of the rock thus recalls 

that of certain varieties of syenite (nordmarkite) on the shore 

of Tunugdliarfik lying directly opposite. 

The syenite shows as usual a fine-grained border-modifica

tion at the junction with th e sandstone and the diabase, and is 

thus distinctly more recent than these; on the other hand, the 

coarse-grained syenite extends right out to the contact towards 

the nepheline-syenites. 

The nepheline-syenites appear close to the north-east of 

S. Siorarsuit and from there extend further in an easterly and 

south-easterly direction. The cliffs of the coast consist of 

naujaite traversed by lujavrite veins in the same manner as 

above described (p. 37). Higher up the lujavrite veins are 

wanting but the naujaite continues until about 400 meters above 

the sea; it  is here covered by the sodalite-foyaite and a little 

more than 100 meters higher up, this in turn is overlain by a 

white syenite poor in nepheline, which forms the uppermost 

part of the plateau north-east of Nunasarnausak. The rocks 

last mentioned and their mutual relations will be dealt with in 

more detail in the next section (Environs of Naujakasik and 

Tupersuatsiak). 

The ilvaite locality at S. Siorarsuit. — The igneous rocks 

of S. Siorarsuit have b een described above as naujaite, lujavrite 

and augite-syenite, but over an area of perhaps a quarter of a 

square kilometer their appearance is very different from the 

ordinary, their original mineral constituents being partially or 

wholly replaced by new. Within this area, which stretches from 

S. Siorarsuit a little over half a kilometer along the coast to

wards the east ,  the rocks have been intensely altered by chemi

cal processes, which without doubt must be referred to pneu-

matolytical action. Where these processes have only been at 

work to a small extent, the original structure of the rock has 

been preserved, but at many places the alteration processes 

have effected changes of a more radical kind, and in such cases 
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the original nature of the rock is more or less disguised. In 

the first stages of the alteration there is a copious formation 

of yellowish green epidote, a mineral which is otherwise quite 

absent from these rocks. Where the pneumatolytic metamor-

phism is further advanced, the rock contains a considerable 

amount of oth er secondary minerals: micaceous haematite, small 

green garnet crystals, fluorite, albite in well-formed crystals, 

and as the most characteristic product splendid crystals of 

ilvaite showing a rich diversity of crystal forms1 .  The different 

stages of the metamorphism are most readily seen in the nau-

jaite owing to the peculiar structure of this rock. In the par

tially altered naujaite the sodalite and the nepheline are replaced 

by a mixture of epidote and a white, spreustein-like aggregate 

which consists in part of sec ondary felspar; some pseudomorphs 

consist almost entirely of spreustein, others mainly of epidote. 

The dark-coloured minerals in the naujaite are already at this 

stage entirely converted into a dark-green, flaky chlorite ;  the 

felspar on the other hand is unchanged except that it  has as

sumed a slightly reddish colour. With further alteration the 

felspar is also attacked and becomes dull and spreustein-like, 

ilvaite develops in place of the chlorite and small scales of 

haematite appear here and there. 

ENVIKONS OF NAUJAKASIK AND TTTPERSUATSIAK. 

The coast-cliffs. — At Naujakasik ("the bad gull-cliff") a 

small rocky platform is found at the beach, which permits of 

easy landing. At Tupersuatsiak ("place s uitable to s et up tents") 

there is a small bay and within t his a small green plot (Pl. XII). 

Between the two places the coast-l ine is formed by a continu

ous, vertical cliff-wall of 100—200 meters in height, and above 

1 0. B. BÖGGILD, On ilvaite from Siorarsuit. Meddelelser om Grönland XXV, 

p. 43 (1902). — V. GOLDSCHMIDT, Ueber A lbit von Grönland. Meddelelser 

om Granland XXXIV (1907). 
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this  the land r ises more evenly in a  southerly direct ion with 

bare and rapidly decaying hil ls  of  nepheline-syenite,  between 

which the solif luction gives r ise to long,  even slopes.  

The cliffs  of  the coast  from Naujakasik to Tupersuatsiak 

consist  of  typical  naujai te .  Veins of lujavri te  occur locally,  but  

they are of quite subo rdinate importance on this  s tretch.  Well-

marked and almost  horizontal  part ings divide the naujai te  into 

beds of 2—10 meters in thickness.  This structure is  i l lustrated 

by the photograph Pl .  XI,  Fig.  2.  

Pegmatites of the naujaite. — The commonest  pegmati t ic  

segregations in this  part  of  the naujai te  area have the form of 

almost  horizontal  veins or  sheets ,  which run along the part ing 

surfaces and as a rule have a  thickness of 10—20 centimeters.  

They consist  of  the same minerals  as  the naujai te ,  but  in con

trast  to this  do not  have a poikil i t ic  s tructure;  their  thick fel

spar plates,  their  eudialyte,  and their  arfvedsonite have almost  

the same size as in the surrounding naujai te ,  but  they are not  

dotted with small  sodali te  crystals ,  and we thus obtain the 

impression from a rapid examination,  (hat  these pegmati tes are 

even more coarse-grained than the naujai te .  The sodali te  is  

not  constantly present ,  but  where i t  occurs i t  forms crystals  of  

s imilar  s ize to those of the other consti tuents (up to ^centi

meters in length) ;  the anhedra of the nepheline are also larger 

than in the naujai te .  The sodali te  is  idiomorphic towards the 

felspar,  and the lat ter  is  idiomorphic towards nepheline and the 

coloured minerals .  Among the last ,  ainigmati te  is  sometimes 

special ly a bundant;  the crystals  of  this  mineral  frequently l ie  

quite embedded in the eudialyte.  The largest  quanti ty of 

ainigmati te  was found at  Tupersuatsiak ;  here the pegmati te  

veins form small  horizontal  ledges in the hil l  a nd hundreds of 

the ainigmati te  crystals  could be collected on these ledges.  

Locally eudialyte is  also very abundant as large,  red anhedra 

enveloping felspar and the other l ight-coloured minerals .  At 

Naujakasik well-formed crystals  of  the brown variety of  eudialyte 

XXXVIII. 5 
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can be picked out in large quantities from the arfvedsonite of 

the pegmatites. 

In addition to these regular pegmatitic sheets, three kinds 

of newer pegmatitic veins can be distinguished, which follow 

an irregular, winding course and are of varying thickness. The 

one kind consists chiefly of felspar crystals and arfvedsonite 

anhedra which may be over half a meter long. This kind of 

pegmatite is not rare in the Naujakasik district ,  but the finest 

examples are found on Nunarsuatsiak, north of Tunugdliarflk 

Fjord (see below). The pegmatitic veins of the second kind 

are much narrower and contain well-formed, prismatic crystals 

of arfvedsonite, frequently over 2 centimeters in thickness and 

imbedded in a granular aggregate of zeoli tes; these veins have 

been most frequently observed in the district east of Tuper-

suatsiak. Lastly, the veins containing steenstrupine occur here 

and there over the whole district; as a rule they are only of 

restricted width and consist mainly of aegirine, steenstrupine 

and lithium-mica, imbedded in a fine-grained albite. Sometimes 

these veins also contain schizolite. 

The sodalite-foyaite. — As already pointed out, the nau

jaite is covered by a rock which is here provisionally termed 

sodalite-foyaite. This rock is much like the naujaite i n general 

appearance and can not be distinguished from it at a distance. 

On closer observation, however, it  is seen that the sodalite-

foyaite does not have a poikilitic but a foyaitic structure with 

thick, tabular, felspar crystals; further, the order of crystallisa

tion is different in the two rocks, and the sodalite-foyaite is 

considerably richer in dark-coloured minerals. 

The felspar of th e sodalite-foyaite is white or grayish ;  the 

tabular crystals are about 2 millimeters thick and 1—2 centi

meters in length and breadth, but occasionally the thickness 

reaches up to 4 millimeters and the length to 5 centimeters. 

Nepheline is abundant, also sodalite, but somewhat less than 

in the naujaite, and these minerals have crystallised partly 
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simultaneously with, partly later than the felspar. The quantity 

of eudialyte is extremely variable ;  at a few places the whole 

rock appears red from this mineral,  but often we can walk 20 

and even 50 meters over naked surface of sodalite-foyaite with

out seeing a single eudialyte crystal.  Ainigmatite, œgirine and 

arfvedsonite are constant components, and the arfvedsonite is 

as usual the last mineral to crystallise; sometimes a little rink ite 

can be seen macroscopicallv. 

Like the naujaite the sodalite-foyaite has a well-marked 

system of alm ost horizontal partings, which divide it  into thick 

beds; the partings in both rocks are parallel to one another 

and also to the direction of the transitional zone between the 

rocks. A b anded structure has been observed in a foyaite hill ,  

two or three kilometers north-east of Nunasarnausak ; at this 

place the foyaite contains numerous, almost horizontal,  very 

coarse-grained bands which are richer in arfvedsonite than the 

bulk of the rock. 

Transition from naujaite to sodalite-foyaite. — There is 

no distinct contact between the sodalite-foyaite and the under

lying naujaite, the two are connected by a gradual transitfon. 

The transitional zone has as a rule a thickness of s ome meters. 

On ascending we can observe how the felspar plates in the 

uppermost beds of the naujaite gradually become smaller and 

the poikilitic sodalite crystals fewer and fewer; at the same 

time a later generation of sodalite appears as interstitial an-

hedra between the other constituents. 

Shape of the sodalite-foyaite body. — A little to the west 

of Tuper suatsiak the transitional zone between the naujaite and 

sodalite-foyaite lies 90 meters above the sea, and from this spot 

it  rises towards th e west, south and east.  One and a half kilo

meters further west, at Naujakasik, it  lies at a height of about 

200 meters, and at S. Siorarsuit about 400 meters above the 

sea. Towards the south-west and south the transitional zone 

rises almost as rapidly as the mountain surface itself,  and as 

5 *  



68 

a result of this the sodalite-foyaite forms the surface of the 

ground over nearly the whole stretch from Tupersuatsiak to 

Nunasarnausak, whereas down towards Kangerdluarsuk the nau-

jaite lies exposed on the slopes of the mountain. From Tu

persuatsiak towards the east the transitional zone rises somewhat 

more rapidly; already a short distance to the east of Tuper

suatsiak it  i s met with at a height of 150 meters and a little fur

ther to the east the naujaite forms the surface of the plateau, 

the sodalite-foyaite having been removed by erosion. 

Taken as a whole the sodalite-foyaite thus forms a thick 

sheet or stratum which rests upon the naujaite. At places the 

thickness is considerably over 150 meters. The sheet is not 

Agpat Tu-persiunUiak fjaujattasil* tS.Stovorauil 
I 

Granit, 
J IJVaujaitc JVau/ätCC kNayzitc. 

Fig. 11. Schematic section along the southern coast of Tunugdliarfik, from 

Agpat to S. Siorarsuit: showing stratiform arrangement of the different 

varieties of nepheline-svenite. — Length of section about 10 kilometers. 

quite horizontal,  but forms a flat basin with the lowest part 

lying close to the west of Tupersuatsiak and rising from there 

to the east,  south and west (Fig. 11). The district south of the 

Tunugdliarfik Fjord contains only t he southern half of the basin; 

the remainder is found in the mountains north of the ijord. 

The earlier mentioned, oldest pegmatite sheets of the naujaite 

as well as the very distinct system of parting, run parallel with 

the under-surface of the sodalite-foyaite, and the same is the 

case with th e lujavrite veins in the deeper part of the naujaite. 

Thus the nepheline-syenites constitute a stratified igneous com

plex which is built up of a number of slightly c oncave sheets, 

the one above the other (cf. also the figures pp. -38 and 61). 

Transitional forms covering the sodalite-foyaite. — At a 

few places within t he district considered here the sodalite-foyaite 
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sheet in its uppermost portion assumes a divergent character, 

and is covered by other coarse-grained rocks. Conditions of 

this kind are seen on the plateau north-east of Nunasarnausak 

and at a place which lies a little over 200 meters above the 

sea, south-west of Tupersuatsiak 

At. the former place the sodalite-foyaite is overlain by a 

foyaite poor in sodalite, and the foyaite in turn is covered by 

pulaskite. Between these rocks no sharp boundaries can be 

drawn, but they are connected with one another by insensible 

gradations. The foyaite differs from the sodalite-foyaite in the 

following characters. The sodalite is much scarcer or quite 

wanting, the felspar plates are relatively thinne r, a nd the struc

ture is thus more distinctly "trachytoid" (as a rule, however, 

there is no parallel arrangement of the felspar plates). Further, 

the nepheline has a greenish or reddish elaeolitic appearance, 

eudyalite is a lmost entirely ab sent, and sometimes the rock con

tains olivine. The microscope also shows differences in the 

character of the dark minerals, as will be discussed in more 

detail in the pétrographie section. This foyaite sheet seems to 

have but little thickness. 

The pulaskite, which covers the foyaite, forms a more 

considerable sheet, about 20—50 meters thick. This rock is 

white, coarse-grained, somewhat miarolitic, an d consists mainly 

of white felsp ar in thick, plate-like crystals giving stout rectan

gular sections; between these are anhedra of dark-coloured 

minerals and iron-ore, sporadically also white, dull pseudo-

morphs which probably represent nepheline. Apart from the 

form of the felspar crystals the pulaskite has a good deal of 

outer resemblance to the earlier-mentioned augite-svenite ;  like 

the latter it  crumbles easily and a rusty coating often covers 

the joint-planes. 

In the locality south-west of Tupersuatsiak the sodalite 

foyaite is covered by a 20—30 meters thick sheet of pulaskite. 

This can be followed southwards for a considerable distance, 
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over which the surface gradually rises to a height of 320 meters. 

Near the northern end of the sheet there are several small, 

projecting cliffs of a light greenish, coarse-grained arfvedsonite-

granite. Each of these masses is only some few meters in 

extent and is connected by a gradual transition with the 

pulaskite. From their mode of occurrence at this place one is 

inclined to consider them as local magmatic segregations of the 

pulaskite; but this is improbable when the conditions north of 

Tunugdliarfik Fjord are taken into account. As will be described 

in detail later, we find there a heavy sheet of arfvedsonite-

granite which rests upon the sodalite-foyaite and as a transit

ional zone between them there is a sheet of this same pulaskite. 

It seems reasonable to conclude, therefore, that the sodalite-

foyaite between Tunugdliarfik and Kangerdluarsuk has also 

originally been covered by a sheet of arfvedsonite-granite, and 

that the small arfvedsonite-granite masses south-west of Tu-

persuatsiak are the only remains, left by erosion, of this sheet. 

FROM TTJPERSUATSIAK TO A.GTAT. 

But few lujavrite veins occur in the naujaite at Tupersuat-

siak. Passing eastward from here over the coastal cliffs, the 

lujavrite veins become more numerous and broader (cf. Fig. 11, 

p. 68), and the naujaite is reduced to large lenses or fragments, 

which are quite surrounded by bla ck arfvedsonite-lujavrite. These 

naujaite fragments are often as large as houses, more than 50 

meters long and 10 meters high. The structure of this char

acteristic igneous breccia is best seen in the photograph PI. 

XIII. Fig. 2, which represents a vertical cliff-wall faci ng t he south, 

about two kilometers east of Tupersuatsiak. 

Further to the east the naujaite fragments become rarer 

and the hills consist almost entirely of black and green 

lujavrite. This does not crumble so rapidly as the naujaite; 

the hills rise higher and more steeply, and there are many 

small lakes between them. Towards the fjord the lujavrite 
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cliffs  descend almost  vert ical ly into the sea and the waves 

have carved out  many small  caves.  The easternmost  lujavri te  mass 

is  the highest  and steepest .  I t  consists  entirely of green œgirine-

lujavri te and is  cal led Agpat ("the auks").  I t  r ises 300 meters 

from the sea as an unbroken,  almost  smooth wall  with a  slope 

of 75°.  

At the eastern end of Agpat the sandstone appears in the 

coast-cl iffs .  Right  down at  the beach a l i t t le  of  the old granite 

shows under the sandstone.  But the lujavri te is  not  in direct  

contact  with the sandstone ;  between the two l ies a  kakortokite 

r ich in eudialyte.  This rock occurs here apparently a s a  regular  

dyke the direction of which is  north to south and i ts  breadth 

about 100 meters.  The contact  relat ions are here of a  similar  

kind to those north of Laxefjrcld (Fig.  8,  p.  49),  except  that  the 

augite-syenite is  wanting at  Agpat.  

The kakortokite at  Agpat is  moderate ly coarse-grained;  i t  

does not  show any differentiat ion into black and white sheets ,  

but  is  throughout uniform. I t  is  further remarkable in that  i t  

contains sodali te  in idiomorphic crystals .  I t  has tabular  felspar 

crystals  without any tendency towards paral lel  arrangement.  

There is  no decrease in the size of grain,  neither at  the con

tact  with the lujavri te  nor at  the contact  with the sandstone,  

but  near the lat ter  contact  the kakortokite contains numerous 
* 

pegmati t ic  veins,  which are paral lel  to the contact-plane.  This 

pegmati te consists  of  felspar,  nepheline,  sodali te ,  ainigmati te 

and arfvedsonite.  

The sandstone bordering on the nepheline-syenite just  east  

of  Agpat is  white,  quartzi t ic  and dist inctly strat if ied;  the beds 

dip about 25° towards the south-west .  Along the coast- l ine 

the sandstone only extends for about 100 meters and i t  can 

be followed upwards to a  height  of some few hundred meters.  

So far  as could be seen,  this  sandstone is  only a  large frag

ment and has obtained i ts  present  posit ion in consequence of 

fault ing.  East  of  this  sandstone body there is  a  breccia of 
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grani te and smaller  sandstone fragments.  I t  is  only at  a  distance 

of about 150 meters from the border of the nephel ine-syenite 

that  we meet  with the unbrecciated and uniform Algonkian 

granite in the coast-cl iffs .  

The character  of the landscape changes at  the boundary of 

the nepheline-syenite.  East  of  Agpat the naked,  s trongly co

loured cliffs  and the large rubbish-covered plains without vegeta

t ion disappear and are replaced by dark,  l ichen-covered hil ls  of  

hard granite,  and in the valleys a  comparative abundance of 

birch and wil low copses make their  appearance.  

NORTH COAST OF TUNUGDLIARFIK. 

On the north coast  of  Tunugdliarf ik Fjord we have higher 

and steeper mountains than on the south coast  and thus gain 

a  more complete insight  into the structure of the strat iform 

abyssal  complex.  Pl .  VI,  Fig.  1,  gives a  picture of the most  

instruct ive part  of  this  coast .  The highest  peaks of I l imausak 

are composed of porphyries,  which originally formed the roof 

of the subterranean magma-reservoir .  Under this  roof the 

abyssal  rocks are exposed to view from an al t i tude of about 

1100 meters down to the surface of the sea.  In the following 

descript ion the more important  locali t ies on this  coast  wil l  be 

dealt  with in order from north-east  to south-west .  

NUNASAßNAK. 

Nunasarnak (Pl .  XIV) is  a  mountain r idge with a  flat  top,  

which forms a peninsula on the north side of Tunugdliarf ik 

Fjord.  I t  reaches a height  of 620 meters above the level  of  

the sea.  The sides are steep and the r idge can only be as

cended from the north-eastern end.  The whole mountain con

sists  of al ternating beds of sandstone and si l ls  of  diabase and 
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porphyri te.  The bedding-planes are on the whole sl ight ly in

clined towards the south-west .  

The south-west  point  of  N unasarnak consis ts  of  nepheline-

syenite,  and the junction of the abyssal  rock with the strat if ied 

main body of Nunasarnak is  f inely exposed (Fig.  12).  Just  at  

the contact  a  sl ight  depression runs transversely across the 

peninsula,  and south-west  of  the depression the nepheline-

syenite r ises as a  small  elevation about 300 meters high1 .  

The nepheline-syenite of Nunasarnak is  a  naujaite which 

is  broken up into a  large number of lens-shaped masses sep-

Nwncxsarnak 

300 

WSW Naujaite with, veins of lujavrite andfraqm* of dùziajc-e/t. Lujavrite ENE 

Fig. 12. Junction of nepheline-syenite and stratified rocks. 

South-west point of Nunasarnak. 

arated by a  network of arfvedsonite-lujavri te veins.  Petrographi-

cally the naujai te is  extremely variable.  Besides the typical  

naujai te described above,  we find here variet ies in which the 

sodal i te  crystals  are so abundant,  that  the other mineral  con

st i tuents are quanti tat ively of quite subordinate importance and the 

1 STEENSTRUP (M eddelelser om Granland II. 1881, PI. I) called this locality 

Kumerngit (perhaps a corruption of "Kingmernat" ("bilberries"), a plant 

which is very common here). This name does not seem to be known 

any longer by the Greenlanders. —• In 1888 STEENSTRUP found here a 

variety of nepheline-syenite of a foyaitic structure a nd with small brown 

crystals of eudialyte, which on microscopic examination proved to be 

partially transformed to cataple'iite (see N. V. USSING , Meddelelser om 

Granland XIV, p. 167); the earlier described, sodium-free microcline was 

found in pegmatitic segregations in this rock (Meddelelser om Granland 

XIV, p . 12). 



74 

rock may be characterised as "sodalit i te" or "sodalitgestein"1 .  

On freshly broken surfaces of these varieties the above-men

tioned, violet-red colour is very finely displayed, but i t  dis

appears quickly under the influence of the light.  The sodalite 

is everywhere perfectly fresh and more or less transparent;  

when the red colour has disappeared the mineral appears 

greenish or colourless.  Some naujaite variet ies of Nunasarnak 

are relatively fine-grained :  while the poikili t ic sodalite crystals 

in the typical rock are as a rule about half a centimeter in 

thickness,  we find here varieties in which the crystals have an 

average diameter of only one millimeter.  In such cases the 

dimensions of the other constituents are also reduced but not 

to such an extent;  thus the felspar crystals are seldom less 

than 1*5 centimeters thick by 4 or 5 centimeters long. In com

parison with other rock-types, however,  these variet ies of nau

jaite may be called very coarse-grained2 .  

The main interest of Nunasarnak is connected with the 

junction of the lujavrite with the sandstone and the porphvrite 

(Fig. 12, p.  73).  The lujavrite is of the black, arfvedsonite 

variety,  often with green veins of the segirine variety; the flow-

structure is exceedingly w ell-marked and gives the rock a pro

nounced schistosity or fissil i tv.  The fissil i ty-planes become 

steeper and steeper as we approach the contact .  At a distance 

of 100 meters from the latter they have a dip of 60° towards 

the south-west,  and stil l  nearer the contact they are vertical 

and parallel  to the contact-plane. The endomorphic contact-

modification has a breadth varying from 10 to 20 meters;  i t  is  

more or less close-grained, and often of a somewhat chert-l ike 

appearance. At many places it .  is  distinctly banded, parallel  to 

the contact-plane; the bands are a few centimeters in breadth 

1 Meddelelser om Granland XIV, p. ISO. — H. ROSENBÜSCH, Mikroskopische 

Physiographie IT, I (1907), p. 240. 
2 Similar comparatively f ine-grained varieties of n aujaite are met with north 

of Nunarsuatsiak and in the district between Tupersuatsiak and Agpat. 
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and are al ternately white and black (or green).  The white bands 

consist  of  a  saccharoidal  aggregate of felspar,  sometimes with 

dots of green aegirine 2—5 mill imeters in diameter.  The colour 

of  the black and green bands is  due to arfvedsonite and segirine.  

At several  places near the contact  the lujavri te is  t raversed 

by pegmati t ic  veins,  which consist  mainly of large arfvedsonite 

prisms and felspar.  The border-modificat ion of the lujavri te 

sends out  numerous apophyses,  sometimes o ver 20 meters long,  

into the adjacent  strat if ied rocks.  

The sandstone bordering on the lujavri te is  white with a  

somewhat quartzi t ic  appearance.  The igneous sheet  which covers 

this  sandstone consists  of  a  porphyrite with numerous pheno-

crysts  of felspar;  the lat ter  show dist inct  twin lamellat ion and 

appear in the form of plates about 1 mill imeter  thick by 1 or  2 

centimeters long.  At many places the phenocrysts  have a  

fluxional  arrangement ,  and the direction of the f low-structure 

is  almost  at  r ight  angles to the contact-plane with the nepheline-

syenite .  As shown in Fig.  12,  several  detached fragments of 

porphyri te ,  some hundreds of meters in length,  are found in 

the nepheline-syenite ;  around these fragments the lujavri te  

shows the same contact-facies a s described above.  With regard 

to the exomorphic contact-effects  in the porphyri te ,  these can 

hardly be seen with the naked eye where the adjacent  lujavri te  

has a dense structure ;  only at  a  few places,  where the lujavri te  

is  f ine-grained at  the contact ,  the porphyrite is  dist inctly con

tact-metamorphosed and contains innumerable,  small  f lakes of 

brown mica.  

NUNARSUATSIAK. 

The south-west  point  of  N unasarnak is  separated from the 

I l imausak Mountains by the Tunuarmiut  Inlet .  At the foot  of 

l l imausak,  on the north shore of the inlet ,  l ies  the smal l  iso

lated hil l  Nunarsuatsiak which reaches a  height  of about 160 

meters.  This hil l  is  seen in the photograph Pl .  XV. I t  consists  
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of nanjaite with broad, irregular veins of arfvedsonite-lujavrite 

and a li t t le œgirine-lujavrite;  i t  is  of interest chiefly as a min

eral locality.  At the top there is an irregular pegmatitic 

segregation, probably the coarsest-grained pegmatite in the 

whole region. It  contains plate-shaped crystals of felspar1 ,  

the thickness of which may be up to 30 centimeters,  while the 

length is nearly one meter ,  and between the felspar plates lie 

allotriomorphic anhedra of arfvedsonite of similar dimensions. 

In the less coarse-grained portion of this pegmatite there also 

occur sodalite and nepheline, as well  as a li t t le aegirine and 

polylithionite.  

In 1900 a new mineral was found in the low coastal cliffs 

below Nunarsuatsiak, the yellow erikite,  which has been de

scribed by O. B. BÖGGILD 2 .  

North of Nunarsuatsiak the country for a short distance is 

flat  and covered with gravel;  behind this level part  r ises the 

south-east slope of l l imausak. At the foot of the slope the 

rock is a fine-grained arfvedsonite-lujavrite with almost horizontal,  

flat  lenses of naujaite.  

From Nunarsuatsiak towards the north-east the naujaite 

lenses become gradually more scarce, until  at  last  the cliffs 

consist  of a uniform lujavrite,  which here belongs to the green 

variety (aegirine-lujavrite).  At the same time the dip of the 

parting planes increases,  and a li t t le more than a kilometer 

north-east of Nunarsuatsiak the œgirine-lujavrite borders on the 

diabase sheets (Pl.  VI,  Fig. 1 and Pl.  XV). The aegirine-lujavrite 

shows here a well-marked contact-facies,  assuming the form of 

dense, green rock, speckled with black, short needles of arf

vedsonite.  

1 A complete description of this felspar, which is a microline-microper-

thite, is given in "Meddelelser om Grenland" XIV, p p. 22—28 (1894), 

where this locality is called "Serrarsuit". G. FLINK mentions the same 

locality under the name "Nunarsiuatiak" (Meddelelser om Grönland XIV, 

p. 246 (1898)). 
2 Meddelelser om Grönland XXVI, p. 93, (1903). 
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ENVIRONS OP NORTH SIORARSTJIT. 

From the heights of Ilimausak two mountain-torrents rush 

down towards the Tunugdliarflk Fjord (Pl. VI, Fig. 1 and Pl. X, 

Fig. 1). At a height of a little more than 200 meters above 

the sea the torrents unite in a narrow gully, at the mouth of 

which they have deposited a crescent-shaped alluvial cone or 

fan which is known as North Siorarsuit.  Even in dry summers 

the brook which flows out over the alluvial plain is of quite a 

respectable size. 

The mountain slope north of N. Siorarsuit consists of 

naujaite with veins of lujavrite. The veins have on an average 

a dip of 20°—40° towards the south. This mountain slope is 

traversed by a peculiar red-coloured band which is conspicuous 

even at a distance of many kilometers (Fig. 13) and indicates 

a local metamorphism due to pneumatoiytical action. Where 

the alteration is but slight , the structure of the original rock 

is well-preserved, but the colour has become brick-red; upon 

closer examination it is seen that the rock has been filled with 

ferric oxide and violet fluorite, and the original mineral consti

tuents are altered to a varying degree. The felspar remains rela

tively unalter ed, but sodalite and nepheline are converted, some

times to red spreustein, sometimes to pale-green gieseckite-like 

pseudomorphs ;  arfvedsonite and aegirine are replaced by chl orite. 

Where the alteration is more intense, the original structure can no 

longer be detected, and the rock is throughout transformed to 

zeolitic agg regates, which are filled with fine micaceous haematite 

and with fluorite. The metamorphism is on the whole of a similar 

character to that observed at S. Siorarsuit (p. 63), but at N. 

Siorarsuit ilvaite and epidote are wanting, and the rock has 

become intensely red. What is specially instructive at N. 

Siorarsuit,  is the regular form of the red zone (Fig. 13); it  ex

tends almost like a dyke in the direction W. S. W. to E. N. E., 

thus intersecting the lujavrite bands of the naujaite at an 
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oblique angle. The red zone thins out towards the west-south-

west and disappears a little to the west of the place where it 

cuts across the brook at a height of about 230 meters. Fol

lowing it from here upwards the zone gradually becomes 

broader; at a height of 420 meters it is almost 100 meters 

broad, but further to the E. N. E. the alteration is less intense 

and there is a gradual transition to the unaltered rock. It is 

evident from the mode of occurrence that the transformation 

has proceeded from a vertical fissure ; through this there was 

first an emanation of gases containing fluorine and iron, 

which saturated the rock with fluorite and haematite; later, 

with decreasing temperature, water vapour and hot water have 

Fig. 13. North Siorarsuit, seen from the west. 

S, gravel plain of N. Siorarsuit; N, Nunarsuatsiak; /, sodalite-foyaite ; n, naujaite and 
lujavrite; xx, zone of red-coloured naujaite and lujavrite; d, diabase. 

found a way thr ough the fissure and led to the formation of 

zeolites. 

The mountain slopes west of N. Siorarsuit. — At the foot 

of the mountain west of the gravel-plain the naujaite is ex

posed. At an altitude of about 140 meters this is overlain by 

the sodalite-foyaite, in quite the same manner as south of the 

fjord (p. 68). The sodalite-foyaite is cut by a considerable 

number of tinguaitic dykes, which are dark-green or bluish 

green and of a dense structure, but have only a slight breadth. 

The largest tinguaite dyke observed here was 70 centimeters 

broad. Between the naujaite and the sodalite-foyaite there is a 

gradual transition. The transitional zone is not quite hori

zontal, but rises from N. Siorarsuit both towards the north and 
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west; on the whole it  is parallel to the direction of the part

ings in both rocks. The thickness of the sodalite-foyaite at 

this place amounts to about 200 meters. To the north and 

west the thickness decreases; two and a half kilometers west 

of North Siorarsuit it  is reduced to some few meters. 

In the upper parts the sodalite-foyaite gradually becomes 

poorer in sodalite and passes into a foyaite, which contains 

olivine and is of the same composition as the foyaite south of 

Tunugdliarfik (p. 69). As the transition is very slow I am un

able to give the exact thickness of the olivine-bearing foyaite; 

probably it  does not exceed ten meters. 

Transition from foyaite to arfvedsonite-granite. — A c on

siderable body of arfvedsonite-granite rests upon the foyaite 

(see Pl. VI, Fig, 1 and Map Pl. III) ,  and the two rocks are con

nected by a gradual transition. This interesting transition from 

a nepheline-syenite to an alkali-granite was more closely 

studied in the mountain slope facing the east,  just over the 

head of th e alluvial fan of North Siorarsuit.  Here the following 

series of coarse-grained rocks was found (in descending order): 

Arfvedsonite-granite 

Quartz-syenite, red (ca. 16 meters) 

Pulaskite, red (ca. 4 meters) 

Pulaskite, white (ca. 5 meters) 

Pulaskite, white, with pegmatite (ca. 1 meter) 

Foyaite 

These rocks lie as almost horizontal strata above one an

other without any sharply defined contact between them. In

specting the cliff from below up wards we obs erve, at an altitude 

of about 370 meters, that the foyaite passes into a coarse

grained pulaskite without showing any variation in the size of 

grain. The pulaskite is of quite the same composition as the 

pulaskite south of Tunugdliarfik (p. 69). The lowest bed of 

pulaskite, which is about a meter thick, contains grains of a 
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reddish spreustein which indicate the original  presence of nephe-

line in small  amount;  i t  also contains two or three horizontal  

pegmati t ic  veins,  but  a  few centimeters broad,  which consis t  of  

felspar and nepheline.  The upper beds of the pulaskite,  with 

a  total  thickness of about nine meters,  are devoid of nepheline.  

In the lower beds of the quartz-syenite,  quartz is  only present  

in very small  amount and is  only seen under the microscope;  

in the upper beds quartz is  easi ly seen with the naked eye.  

The quartz-syenite has a thickness of about 16 meters and is  

covered by the arfvedsonile-granite,  which is  r ich in quartz.  

Nearest  the quartz-syenite the granite is  of a  l ight  grayish-red 

colour and a l i t t le  variable in size of grain,  coarse-grained and 

medium-grained variet ies al ternating in indistinct ,  horizontal  bands.  

As indicated in the above scheme, the upper part  of  the 

transi t ion-ser ies is  of  a  red colour.  This is  due to an al ter

at ion of a  similar  kind to that  in the red zone in the moun

tain north of N. Siorarsuit  (p.  78);  but  in the transi t ion-zone 

the process has not  been carried so far  and has everywhere 

left  the felspar unchanged.  

The junction of the nephel ine-syenite with the superincum

bent arfvedsonite-granite has proved to be of the same character  

at  the other places where i t  has been closely invest igated,  but  

the thicknesses of the different  t ransi t ion-sheets are variable.  

A second example of the transi t ion series may be given,  as  

found about two and a half  ki lometers W. S.  W. of the place 

just  described,  at  an al t i tude of about 600 meters near Igdlun-

guak.  Here the transit ion-sheets have a  dip of almost  20° to

wards the north or  north-west  and the succession is  the fol

lowing :  

Arfvedsonite-granite,  l ight  greenish;  

Pulaskite,  white,  10—15 meters;  

Not exposed,  2 meters;  

Sodali te-foyaite,  ca.  1 meter;  

Naujai te.  
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The transi t ion from the arfvedsonite-granite to the pu-

laskite was finely exposed to view and proved perfectly gradual .  

The arfvedsonite-granite. — The colour of this  rock ex

hibits  considerable variat ions.  At some places i t  is  l ight  

greenish,  at  others white,  gray or  grayish brown; locally also 

reddish or  intensely red variet ies are found.  But apart  from 

this  the composit ion of the granite is  very uniform in the 

whole distr ict  north-west  of  North Siorarsuit .  The rock is  more 

or  less coarse-grained,  the size of  grain being frequently over 

3—4 mill imeters;  i t  has a  typical  granit ic  s tructure,  indicating 

that  felspar and quartz have crystal l ised simultaneously on a  

large scale;  there is  no trace of paral lel  arrangement of the 

consti tuents,  nor of porphyri t ic  or  rapakivi- l ike str uctures.  The 

quartz is  grayish clear  and occurs abundantly as rounded or 

irregular  grains.  The felspar grains often have a  form which 

gives broad,  rectangular  sections,  but  most  of  them are more 

or  less equidimensional  and do not  show any good crystal  

outl ines except  where they are bounded by arfvedsonite.  The 

lat ter  is  a s  a  rule the only dark-co loured mineral  which can be 

seen with the naked eye;  i t  occurs in two different  forms: 

on the one hand as elongated prisms (1—2 mill imeters broad 

and 5—10 mill imeters long),  on the other hand as broad al lo-

tr iomorphic anhedra which do not  exceed 5 mill imeters.  At 

some places the arvedsonite is  mainly of the lat ter  form, at  

others the columnar form is  predominant and the granite has 

then a very different  appearance from ordinary granite.  From 

the form of the arfvedsonite we can thus dist inguish between 

two variet ies of  this  rock,  but  they seem to occur quite i rreg

ularly together and transi t ional  forms are very frequent.  As 

regards colour,  the l ight  greenish variet ies represent  the rock 

in i ts  freshest  condit ion,  and the granite is  often uniformly of 

this  colour over large distances.  Most  of the red port ions of 

the granite do not  seem to have obtained this  colour from 

ordinary weathering,  but  from pneumatolytical  act ion of a  similar  

XXXVIII. 6 
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kind to  that  mentioned above (p.  78) ,  though of  less  intensi ty .  

The whole lower port ion of  t he  arfvedsoni te-grani te  body which 

is  exposed at  a  height  of  300—500 meters  in  the mountain 

s lope to  the west  of  North Siorarsui t ,  i s -so dis t inct ly  red that  

the colour  is  conspicuous a t  a  dis tance of  several  ki lometers  ;  

we also f ind red patches of  large extent  in  the nor thern par t  

of  the arfvedsoni te-grani te  area.  

IGDLTJNGTTAK AND TTJGTUP AGTAKORFIA. 

West  of  the al luvial  fan of  North Siorarsu i t  the  s ide of  

the mountain descends more or  less  abrupt ly  towards the f jord,  

and in  front  there  is  only a  narrow,  rocky beach.  This  part  

of  the coast  has  only been invest igated cursori ly  in  geological  

regards  but  does not  seem to offer  features  in  any essent ial  

way different  f rom those on the opposi te  s ide of  the f jord.  

Some few words only wil l  be  devoted to  the two mineral  loca

lities, Fgdlunguak and Tugtup Agtakôrfla know from I)r. FUNK'S 

Expedi t ion of  1897 1 .  

Igdlunguak l ies  on the north s ide of  Tunugdl iarf ik  r ight  

opposi te  Naujakasik (see Map PI .  I l l )  and but  a  short  dis tance 

west  of  North Siorarsui t .  At  this  place the coast- l ine forms 

two small  project ing points ,  which are  bui l t  up of  arfvedsoni te-

lujavri te  and naujai te .  On the point  to  the east  the lujavri te  

exhibi ts  a  peculiar  kind of  orbicular  s t ructure ,  containing nu

merous spheroids  of  2—20 cent imeters  in  diameter ,  which are  

frequent ly  somewhat  f la t tened paral le l  to  the scl i is tosi ty  of  the 

rock.  The spheroids  have essent ia l ly  the same composit ion as  

the surrounding rock,  but  they are  somewhat  more l iable  to  

1  The localities were first described b y G. FLINK in Meddelelser oni Grön

land XIV (1898), pp. 256 and 258 under the names Agdlunguak and 

Tutop Agdlerkofia. The minerals from these places were described by 

J. C. MOBERG in Meddelelser om Grönland XX (1S98), p. 245, and O. 15. 

BOGGILII and CHR. WIXTHER in Meddelelser om Grönland XXIV (1899), 

p. 181. 
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decay,  and the surface is  thus full  of  circular  holes.  Round 

each spheroid there is  usually a  l ight-brown zone of about a  

centimeter  in breadth.  On examination with the microscope we 

find,  that  the l ight-brown zone consists  of ordinary lujavri te  of  

s imilar  composit ion to the surroundings,  but  with the arfved-

sonite replaced by acmite;  the l ight-coloured minerals  have 

part ial ly been converted to analcime, and this  al terat ion has 

advanced further i n the spheroids than in the main body of the 

lujavri te .  Furthest  out  on the western of the two points  we 

find some few veins,  up to half  a  meter  broad,  which contain 

an abundance of s teenstrupine crystals  and of t ransparent  green 

natroli te .  

At the coast  about two kilometers W. S.  W. of Igdlunguak 

there is  a  small  projecting cliff  cal led Tugtup Agtakôrfia.  At 

this  locali ty the rock is  an aegir ine-bearing arfvedsonite-lujavri te 

which contains numerous fragments and lenses of naujai te .  

The mountain which r ises above ïugtup Agtakôrfia has the 

same structure up to about 300 meters,  but  higher up there is  

uniform gray naujai te (Pl .  X,  Fig.  2) .  In the lujavri te of  the 

rocky shore there are several  i rregular  veins up to half  a  meter  

in breadth,  which mainly consist  of  a  white,  f ine-grained al-

bite or  at  other places of coarse-grained analcime. In these 

veins we find steenstrupine in beautiful  crystals ,  schizoli te  and 

epistol i te  ;  further a  number of other,  less rare,  minerals  in 

well-developed crystals ,  such as arfvedsonite,  eudialyte,  albi te,  

analcime and natroli te;  sphaleri te  occurs in compact  masses.  

ILLMAUSAK. 

As will  b e seen from the geological  map,  Pl .  I l l ,  the moun

tain group of I l imausak is  crowned by a  snow-covered plateau,  

1200 to 1300 meters high.  The plateau is  not  very large and 

i ts  f lanks everywhere bear the mark of intense erosion,  due to 

6* 
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a recent  local  glaciat ion.  With i ts  vert ical  walls ,  i ts  deeply 

notched ridges and small  glaciers I l imausak in i ts  higher parts  

presents a fragment of magnificent  Alpine scenery.  

Over the plateau and near i ts  southern margin r ise two 

isolated peaks,  Mount Steenstrup ("Steenstrup's  Fjaeld" 1370 

meters)  and the highest  point  of  I l imausak which is  about 1450 

meters high (see Pl .  VI,  Fig.  2) .  So far  as known, the lat ter  

has never been ascended by any traveller .  Between the two 

peaks a  small  glacier  descends towards the W. S.  W. (Pl .  XIII ,  

Fig.  1) .  The glacier  f i l ls  th e uppermost  part  of  a  broad U-shaped 

valley which in i ts  whole length bears the mark of glacier  

sculpture.  Only below each of the numerous water-fal ls  the 

r iver has excavated small  ravines after  the glacier  has retreated 

to i ts  present  position.  

South and south-east  of the two highest  points  there is  a  

row of three peaks of less height  running in east  to west  di

rect ion;  these are outliers  of  the plateau,  separated from it  by 

a  number of part ial ly confluent  cirques.  The central  peak of 

these three,  "Hatten",  has a  dist inctly hat-l ike form and com

mands the whole view of the mountain-group when seen from 

Tunugdliarf ik (Pl .  X,  Fig.  1) .  In the two cirques which meet 

behind "Hatten" and no longer contain any glacier ,  r ise the 

two ear l ier-mentioned brooks,  which flow down towards the 

south and south-east  to North Siorarsuit .  

The principal  features in the geological  s tructure of the 

I l imausak mountains are as follows.  The plateau as also the 

two highest  peaks are buil t  up in part  of  effusive,  in part  of  

intrusive sheets  of porphyries,  porphyri tes and diabases,  which 

are inclined sl ightly towards the south ;  they are older than the 

underlying,  abyssal  complex.  The lat ter  is  strat if ied,  but  the 

abyssal  sheets  are strongly and somewhat irregularly inclined.  

The arfvedsonite-granite is  the uppermost  sheet  and under this  

come the quartz-syenite,  the pulaskite and the nepheline-syenites.  

The greater  part  of  I l imausak is  readily accessible.  But 
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the great differences in th e heights and the necessity of return

ing each evening to the tent on the shore of the fjord meant 

a considerable loss of t ime, and as but few days were available 

for the investigation of this region in 1900, the work was of 

a more cursory nature than in the case of the regions hitherto 

dealt  with.  When the author visited the district  in 1908 at the 

end of July,  the moutains were covered with snow from 500 

meters upwards and no geological investigations were possible.  

ABYSSAL ROCKS OF ILIMATJSAK. 

The nepheline-syenites are mainly represented by naujaite 

and lujavrite in the upper parts of Il imausak. The sheets rise 

rather rapidly from North S iorarsuit  towards the west and north 

and are exposed to view ove r a ring-shaped area round about 

the arfvedsonite-granite.  This ring of nepheline-syenite is nar

rowest.  close to the south of Mount Steenstrup, where the 

nepheline-syenites are partially co vered by the Narsak Glacier.  

Ascending from North Siorarsuit  towards the west and fol

lowing the western part  of the nepheline-syenite belt ,  we reach 

the watershed above Igdlunguak at  a li t t le below 600 meters;  

close to the west of the watershed lies a lake (Tasek),  whose 

surface is about 500 meters above the sea.  The larger,  eastern 

part  of the lake is surrounded by naujaite with very few veins 

of lujavrite.  To the west the naujaite borders upon almost 

horizontal sheets of porphyrite,  which are older than the nau

jaite;  but the junction is not well  exposed, the plateau being 

to some extent covered with morainic material .  At one place 

near the boundary a white augite-syenite is observed, probably 

a continuation of the au gite-syenite zone between Nunasarnausak 

and South Siorarsuit .  North-west of the lake, at  a height of 

only 520 meters,  we c ome across another watershed, from which 

we have a view down into a broad valley which extends from 

the Narsak Glacier towards the W. S. W. Naujaite forms a great 

part  of the mountain slope on the west side of the valley, but 
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i t  contains many and broad veins of arfvedsonite-lnjavri te and 

down by the r iver the lujavri te prevails .  On the r ight  side of 

the giacier-r iver the lujavri te extends towards the north up the 

mountain slope and reaches here i ts  northernmost  point  about 

four kilometers north of T asek.  Naujaite and lujavri te continue 

along the r iver r ight  u p to the glacier ,  and the terminal  moraine 

mainly consists  of  naujai te boulders.  

The uppermost  sheet  of the nepheline-syenite complex,  the 

sodali te-foyaite,  which at  North Siorarsuit  is  about two hundred 

meters thick,  becomes gradually thinner towards the west  (see 

p.  79).  No investigation was made on the mountain side north

east  of  Tasek,  to see whether i t  was present  there or  not ,  but  

further to the north ,  on the south side of the glacier  valley,  

the fovaite is  exposed in a  zone of considerable thickness be

tween the naujai te and the granite at  a  height  of a bout 700 meters.  

The eastern part  of  the naujai te and lujavri te area extends 

from North Siorarsuit  nor thwards a nd east  of  Hatten,  then bends 

round towards the west  and culminates at  a  l i t t le  over 1100 

meters in the narrow ridge,  which separates the Narsak Glacier  

from the cirque behind Hatten.  Towards the east  and north 

the nepheline-syenite area borders upon the diabase and por

phyry sheets.  At the junction the nepheline-syenite is  usually 

represented by lujavri te ;  east  of Hatten,  however,  the naujai te 

comes into direct  contact  with the diabase.  At the contact  the 

size of grain of the naujai te is  somewhat smaller  than usual  

( the sodali te  crystals  average about 15 mill imeter  in diameter 

and the felspar shows rectangular  sections of a bout 5 centimeters 

by 1 centimeter);  the diabase is  intensely metamorphosed,  being 

fi l led with very small ,  dark-brown scales of bioti te .  North of 

this  place the naujai te is  separated from the porphyrite sheets  

by a  zone of white augite-syenite with numerous fragments of 

porphyrite and porphyry.  The highest  part  of  the naujai te that  

forms the above-mentioned ridge south of the Narsak Glacier ,  

is  remarkable for  i ts  brick-red colour,  which is  conspicuous 
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even at a long distance. The original structure is usually well-

preserved in this red naujaite,  but the dark-coloured minerals 

and the sodalite are replaced by soapstone-like or chlorit ic 

aggregates,  and the felspar is fi l led with ferric oxide and fre

quently zeolit ised. Thus, we have he re a similar local alteration 

to that found N. W . of Nunarsuatsiak. 

The arfvedsonite-granite forms a sheet of considerable 

thickness above the nepheline-syenites.  It  occupies an area of 

irregular b ut roughly ci rcular fo rm, a li t t le more than four kilo

meters in diameter.  As mentioned earlier (p.  70),  i t  has origi

nally extended over an area several t imes larger,  namely, right 

over to the other side of the Tunugdliarfik Fjord. At North 

Siorarsuit  t he transitional zone between the arfvedsonite-granite 

and the underlying nepheline-syenite l ies at  a height of about 

400 meters;  from here it  r ises towards the north and close to 

the south of the Narsak Glacier reaches a height of almost 

1100 meters.  This corresponds to an average inclination of 

about 11° towards th e s outh, but in reality the transitional zone 

is bowl-shaped and the inclination is steepest in the northern 

part .  The thickness of the arfvedsonite-granite sheet can be 

estimated at  about 300 meters.  

The general appearance of the arfv edsonite-granite has been 

described above (p. 81).  The colour of the granite in the 

higher part  of the region is usually l ight-greenish, but reddish 

varieties have a considerable extension; at  a few places (in the 

narrow rid ge s outh of th e Narsak Glacier at  a height of 1000— 

1100 meters and close to the south-west of Hatten at  760 meters) 

there is found a variety of a strong red colour ;  this variety is 

Oiled with secondary fluorite and micaceous haematite.  

Within the area shown on the map (PI.  I l l)  as arfved

sonite-granite,  syenite has been observed at  two places.  The 

one place l ies almost in the centre of the granite area,  at  a 

height of 650 —720 meters south-west of Hatten; here a white 

syenite is found, in part  very closely related to the augite-syenite 
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of  K angerdluarsuk.  The second place is  on the south and south

west  s ide of  the high mountain between Tasek and the glacier ,  

where a  white ,  rapidly decaying syeni te  is  observed in  the s teep 

cl i f f -wal l ;  a t  this  place the syeni te  sheet  is  apparent ly  over  

100 meters  th ick and rests  upon the arfvedsoni te-grani te  ;  above 

i t  l ie  the porphyry sheets .  

On the south-east  s ide of  the mountain between Tasek and 

the Narsak Glacier ,  the  arfvedsoni te-grani te  is  direct ly  covered 

by the porphyry sheets ,  and the same is  the case in  Hat ten.  

The junc t ion is  on the whole more or  less  horizontal ,  but  on 

closer  inspect ion the contact  l ine proves verv i r regular  and 

indented.  In the vicini ty  of  the porphyry the grani te  becomes 

banded with a l ternat ing f ine-grained and coarse-grained "schl ie

ren",  then fol lows a  f ine-grained contact-facies  of  one or  two 

meters  i n  breadth and above this  the porphyry,  which has  been 

great ly  modif ied by contact-metamorphism.  Numerous apophyses  

of  f ine-grained grani te  penetrate  into the porphyry;  most  of  

them are  only a  few cent imeters  broad but  several  meters  long.  

PORPHYRITIC ROCKS OF ILIMAUSAK. 

A glance a t  the sect ions,  Pl .  VI,  wil l  show, tha t  the I l i -

mausak Mountains  have preserved considerable  port ions of  the 

roof  which covered the abyssal  complex at  the t ime when the 

la t ter  was in  a  molten condi t ion.  These remnants  of  the roof  

consis t  of  a  ser ies  of  more or  less  horizontal  sheets  of  por

phyries  and diabases  with a  total  th ickness  of  about  one ki lo

meter ;  yet  we must  suppose,  that  what  has  escaped erosion is  

only a  small  remnant  of  the or iginal  mass .  The ser ies  is  bui l t  

up of  a  large number of  sh eets ,  par t ly  intrusive,  par t ly  effusive.  

As ment ioned,  the whole mountain region has  only been cur

sori ly  invest igated,  and i t  cannot  be said with cer tainty which 

of  the sheets  are  effusive and which intrusive.  Intrus ive sheets  

are  very common in the sandstone ,  and i t  i s  probable ,  there

fore ,  that  they also occur  in  abundance in  the volcanic  ser ies .  
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On the other  hand the occurrences,  even if  few,  of  volcanic  

agglomerates  te l l  in  favour  of  th e  view tha t  some of  the sheets  

are  ordinary lava-f lows.  On the west  s ide of  Mount  Steenstrup 

at  1220 meters  above the sea a  rock great ly  modif ied by con

tact  metamorphism was found,  which consis ts  of  sharp-edged 

fragments  of  diabase and porphyry,  some few cent imeters  in  

s ize  and imbedded in  an extremely f ine-grained matr ix  of  garnet  

and epidote .  A s imilar  rock was found as  a  boulder  on the 

south-east  s ide of  I l imansak above Nunarsuats iak.  Another  

boulder ,  found on the plateau above Narsak,  consis ts  of  por

phyry fragments  imbedded in  a  matr ix  of  minute  felspar  f rag

ments  with some garnet  and epidote ,  thus  probably a  somewhat  

a l tered porphyry-tuf f .  

According to  their  macroscopic  appearance the rocks of  

the volcanic  ser ies  of  I l imausak may be classif ied provis ional ly  

as  diabase,  porpbyri te ,  porphyry and quartz-porphyrv.  Most  of  

these rocks exhibi t  very marked effects  of  contact-metamor-

phism.  Microscopic  examinat ion has  not  succeeded in  showing 

the presence of  nephel ine in  them, but  f rom the chemical  ana

lyses  there  can be no doubt ,  that  they are  effusive forms of  

magmas of  the alkal i  group and must  be referred to  t rachydo-

ler i te ,  a lkal i- t rachyte ,  comendi te  e tc .  Without  doubt  they are  

genet ical ly  connected with the nephel ine-syeni tes  and the other  

rocks of  the abyssal  complex,  a l though the la t ter  a t  the junc

t ion always appear  to  be younger  than the volcanic  ser ies .  

As ment ioned,  i t  has  not  been possible  to  make a  separa

t ion of  the effusive f rom the intrusive sheets ,  nor  has  i t  been 

possib le  to  determine with cer ta inty the chronological  sequence 

of  the severa l  rock-types.  We may take i t  as  not  improbable ,  

however ,  that  the order  of  er upt ion corresponds with increasing 

acidi ty ,  s ince diabases  and porphyri tes  are  predominant  in  the 

lowermost  par t ,  while  the porphyries  form the highest  par t  of  

the series ;  the quartz  porphyries ,  which are  only known as  

dykes,  are  dis t inct ly  younger  than the porphyries .  
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A brief  descr ipt ion may be given of  the  macroscopic  ap

pearance of  the main types with notes  on their  occurrences.  

The diabases  of  I l imausak are  much l ike those of  Nuna-

sarnausak (p.  56) .  A dense,  dark-gray diabase,  r ich in  secon

dary epidote ,  was found north of  Tunuarmiut ,  a t  a  height  of  

about  300 meters .  Other  var ie t ies  with f ine-grained or  medium-

grained s t ructure  make up the uppermost  part  of  Mount  Steen-

s t rup;  these var ie t ies  are  unusual ly  r ich in  large,  macroscopic  

grains  of  magnet i te  and needies  of  a pat i te  ;  they have been very 

intensely modif ied by contact-metamorphism and are  Oiled w ith 

f lakes  of  a  brown biot i te .  The except ional  intensi ty  of  the  

contact-metamorphism here is  doubt less  connected with the 

fact ,  that  the mountain is  t raversed by very numerous dykes of  

arfvedsoni te  grani te .  

The porphyri tes  are  the most  widely dis t r ibuted rocks of  

the whole ser ies .  They have a  dense,  great ly  a l tered ground-

mass of  dark brownish,  greenish or  grayish-violet  colour .  The 

felspar  phenocrysts  show twin-s tr ia t ion ;  they are  of  a  thin 

tabular  f orm,  usual ly  Vs—I 1  h mil l imeter  thick and 15—25 mil l i 

meters  long.  As a  rule  they show a  well  pronounced f luxional  

arrangement .  

The porphyri tes  have been observed as  sheets  a t  the fol

lowing places:  on the mountain 760 meters  high south-west  of  

Tasek;  on Nunasarnak above the nephel ine-syeni tes  ;  a t  Tunu

armiut ;  a t  a  height  of  800 meters  above Tunuarmiut ;  on the 

west  s ide of  Mount  Steenstrup at  heights  of  1000 meters  and 

1140 meters ;  a t  a  height  of  about  750 meters  on the unnamed 

mountain lying to  the west  of  Mount  Steenstrup.  

The name "I l imausak porphyr ies"  may be given to  a  num

ber  of  porphyries ,  probably effusive,  which are  found especial ly  

in  the highest  par ts  of  th e  ser ies  and form a  well-def ined group 

in thei r  macroscopic  appearance.  Their  ground-mass is  abso

lutely dense and of  a  dark bluish-black or  brownish-black col

our;  i t  contains  fe lspar  phenocrysts  to  a  varying amount .  The 
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la t ter  have a  l ight  r eddish colour ,  are  comparat ively small  (about  

1h cent imeter)  and of  varying forms giving short-rectangular  

or  roundish sect ions.  Superf ic ia l ly  the I l imausak porphyries  

have a  resemblance to  cer tain  of  the porphyries  f rom Dalarne 

in  Sweden,  especial ly  the so-cal led Kli t tberg porphyry,  but  in  

chemical  and mineralogical  composi t ion they are  very different  

f rom this ;  chemical ly  they are  related to  the rhomb-porphyries  

of  the Chris t iania  dis t r ic t .  

These porphyries  res t  on the arfvedsoni te-grani te  in  the 

mountain Hat ten;  they also occur  in  the high mountain west  

of  Hat ten,  and in  Narsap Kakâ west  of  the pr incipal  mass  of  

I l imausak;  las t ly ,  a  sheet  of  I l imausak porphyry has  been ob

served at  a  height  of  about  1320 meters  on the west  s ide of  

Mount  Steenstrup.  

A remarkable  var ie ty  was found at  a  height  of  1100 meters  

west  of  Hat ten.  I t  has  phenocrysts  and ground-mass l ike the 

ordinary I l imausak porphyries,  but  i t  contains  innumerable ,  

small  sandstone fragments .  These are  more or  less  rounded 

and vary in  s ize  f rom the same dimensions as  the felspar  

phenocrysts  down to  1 mil l imeter  and less .  The rock resembles  

quartz  porphyry and i ts  t rue nature  is  f i rs t  seen on microscopic  

examinat ion.  

A number of  other  types,  as  a  rule  of  a  more acid char

acter  than those just  ment ioned,  are  found scat tered about  the 

whole region.  Thus,  in  the scree under  Hat ten,  a  dark-gray,  

much decayed porphyry was found with white ,  rhomboidal  

phenocrysts ;  and pebbles  of  the same rock are  common in the 

al luvial  fan of  North Siorarsui t  ;  the rock is  interest ing from i ts  

s t r ik ing resemblance to  cer tain  var ie t ies  of  the Norwegian rhomb-

porphyry.  A green porphyry,  which occurs  as  a  sheet  of  con

siderable  thickness  on the plateau south of  Tasek Lake,  a t  a  

height  of  about  600 meters ,  has  some resemblance to  grorudi te  

but  contains  no quartz .  I t  has  small ,  l ight-reddish felspar  

phenocrysts  of  rectangular  form.  — The reddish-gray syeni te-
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porphyry,  which is  very common as dyke-rock in the whole 

region,  also occurs as si l ls ;  thus on the west  side of Mount 

Steenstrup,  at  a  height  of  540 meters and also nearer  the top.  

At the former place the rock contains a  l i t t le  quartz.  

Dykes cutting the volcanic series. — The volcanic series 

of I l i inausak is  cut  by a  large number of dykes.  Most  of  them 

are str ict ly vert ical  and run in a  direct ion corresponding to the 

main direct ion of the f jords (about N. 60° E.);  as  a  rule they 

do not  penetrate into the abyssal  complex.  

The commonest  dykes are composed of a  bluish-gray or  

reddish-gray syenite-porphyry;  their  ground-mass is  f ine-grained 

and usually [not  always) devoid of quartz;  the phenocrysts  are 

l ight-gray or  reddish crystals  of  felspar,  which have in some 

cases rhomboidal ,  in others short-rectangular  or  irregular  out

l ines.  One of these dykes (1250 meters above the sea,  on the 

west  s id e of Mount Steenstrup) contains numerous fragments of  

sandstone,  about the size of  peas.  The syenite-porphyry dykes 

hold their  course for  long distanc es and are frequently over ten 

meters in width.  

Quartz-porphyry dykes are not  quite so common, they a re 

from two to ten meters in width and their  direct ion is  N. E.-

S.  W . or E.  N. E.-W. S.  W. The most  frequent variety has 

a  grayish-red or  grayish-violet  ground-mass of dense or  ex

tremely f ine-grained structure;  as phenocrysts  oc cur both felspar 

(broad,  rectangular  sect ions,  3 — 8 mill imeters in length) and 

quartz;  the lat ter  is  in well-developed crystals  of  1—2 mill i

meters in length.  This type was met with on the plateau west  of 

the mountain Hatten and on the west  s ide of Mount S teenstrup.  

In several  of  the quartz-porphyry dykes the ground-mass is  

crowded with dark dots of  the size of a  pin 's  head,  which 

proved to be spheruli tes on microscopical  examination.  A di

vergent  variety of  q uartz-porphyry is  common a mong the p ebbles 

in the large al luvial  fan of  North Siorarsuit ;  i t  has the same 

colour and general  habit  as  the i l imausak porphyry,  but  differs  
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f rom this  in  containing numerous phenocrysts  of  wel l -developed,  

bipyramidal  form.  

Other  dyke-rocks are  more restr ic ted in  their  occurrence.  

Thus the uppermost  par t  of  Mount  Steenstrup c onta ins  a  number 

of  dykes which consis t  of  a  red,  coarse-grained grani te  and 

are  probably connected with the underlying a rfvedsoni te-grani te  ;  

they have an i r regular  course and are  from one to  ten meters  

in  width.  They cut  through the above-mentioned dykes and 

s i l ls  of  syeni te-porphyry and contain f ragments  of  these.  One 

of  the arfvedsoni te-grani te  dykes passes  through the very t op of  

Mount  Steenstrup.  — A dyke of  grorudi te ,  one meter  wide,  of  

a  very f ine-grained s t ructure  and l ight  grayish-green colour ,  

occurs  east  of  K akarsuak at  a  height  of  about  600 meters .  A dyke 

of  a  s imilar  grayish-green rock,  but  containing no quartz ,  cuts  

the porphvri te  of  the mountain south-west  of  T asek (about  750 

meters  above the sea) .  This  dyke is  o nly half  a  meter  in  width 

and is  remarkable  for  i ts  f ine spherul i t ic  s t ructure ,  with densely 

packed spherul i tes ,  which are  f rom 4 to 8  mil l imeters  in  dia

meter  and consis t  of  radiat ing f ibres  of  fe lspar  and aegir ine.  

I t  may be mentioned,  las t ly ,  that  a  vein containing a  l i t t le  

copper-glance,  borni te ,  malachi te ,  brown garnet  and albi te ,  has  

been observed in  the porphyri te  above Tunuarmiut  a t  a  height  

of  about  800 meters 1 .  

NARSAK DISTRICT. 

The Narsak Distr ic t  referred to  here  embraces  the outer

most  (south-western)  par t  of  the  peninsula  between Sermil ik  and 

Tunugdliarf ik  Fjords ,  including Mount  Kakarsuak and the coastal  

s t re tch lying to  the south and west  of  th is .  

1 O. B. BÖGQILD, Mineralogia Groenlandica p. 56 (Meddelelser om Groii-

land XXXII, 1905). 
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Narsak is  a  pleasant  l i t t le  hamlet ,  s i tuated at  the western 

foot  of  Kakarsuak on a small  plain covered with vegetat ion ;  

i t  is  one of the few places in Greenland where cows can be 

kept .  Owing to the al luvial  deposits  a nd vegetat ion which con

ceal  the rocks,  the geological  investigations are more diff icult  

here than at  the places mentioned hither to.  In addit ion,  the 

geological  s tructure is  extremely complicated and the following 

descript ion can therefore only be regarded as an account of the 

most  conspicuous features.  

BASEMENT GRANITE 

AND SANDSTONE AT NUGARSUK. 

Nugarsuk is  the name of the low peninsula about two 

kilometers south-east  of  Narsak.  The rock furthest  out  on the 

peninsula is  Algonkian granite (Julianehaab granite)  of  a  white 

or  reddish-gray colour.  In the northern part  of  the peninsula 

the granite is  covered by a rkose,  and this  in turn by the sand

stone;  the lowermost  sandstone-beds are of a  red colour but  

the upper beds are white and quartzi t ic .  The bedding planes 

have a sl ight  inclination towards the north or  north-west .  The 

main features of the geological  s tructure are thus similar  to 

those on the south coast  of  Tunugdliarf ik Fjord (p.  62),  but  the 

arkose at  Nugarsuk shows a much greater  development.  

The rocks are best  exposed on the small  peninsula close 

to the north-west  of Nugarsuk.  Here the arkose covering the 

granite has a thickness of 10—15 meters;  i t  is  very compact  

and on a cursory view may be mistaken for granite.  The 

lowermost  port ions of the arkose are of a  greenish-white colour ,  

the main body brownish-red.  I t  consists  of large and small  

grains of quartz and felspar,  intermingled with a  microcrystal-

l inic aggregate of felspar and epidote,  which seems to have 

originated by conversion of the original  felspar.  The quartz is  

frequently of a  milky appearance and the felspar is  not  very 

fresh.  The red variet ies of the arkose are fi l led with minute 
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flakes of ferric oxide, and small  metallic htematite crystals 

may sometimes be seen in them. The sandstone above the 

arkose is dark violet-red, very fine-grained and regularly bed

ded. Higher up and nearer the newer igneous rocks the sand

stone has been discoloured. 

The sandstone on Ntigarsuk and in i ts vicinity forms a 

belt  running west to east  with a breadth of half a kilometer.  

To the north this belt  borders upon the newer abyssal rocks 

Igranite and nordmarkite).  The junction is excellently expos ed 

on the rocky s hore north-east of Nugarsuk: the sandstone is in 

contact with a light-gray or reddish, medium-grained arfvedso-

nite-granite and is traversed by a network of small  apophyses 

of arfvedsonite-granite,  which are more coarse-grained than the 

main body of the granite.  

To the west of this locality the northern boundary of the 

sandstone belt  is  covered by alluvial deposits and vegetation. 

On the geological map the sandstone area borders directly on 

the nordmarkile of Kakarsuak, but in reality there seems to 

be a narrow zone of a diabase fil led with sandstone fragments 

between the two rocks. 

THE ESSEXITE. 

Distribution. — The houses in Narsak are built  on this 

rock, which likewise compo ses the low cliff s round the harbour 

and the northern part  of the island outside. From here the 

essexite continues about three kilometers along the coast to 

the bay at  Panernak, and it  is  again found at one small  spot 

on the north side of the bay (see PI.  III) .  

The essexite is thus exposed within qui te a restricted area,  

but since it  reappears at  Sigsardlugtok on the east side of 

the island Tugtutok, about seven kilometers west of Narsak 

(see Pl.  II) ,  i t  probably occupies a considerable area below 

the sea.  At Sigs ardlugtok the essexite occurs as two or three 

large dykes which continue for a distance of several kilometers 
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towards the W. S. W. The essexite is also found at two places 

without any apparent connection with these localit ies,  namely, 

six kilometers north-east of Narsak within a small  area on the 

southern side of the valley which leads from the Narsak Glacier 

to Panernak Bay, and secondly about 23 kilometers north-east 

of Narsak on Kangerdluak Fjord (PI.  Ill),  where the Algonkian 

granite is cut by a dyke of essexite several hundred meters 

wide. 

General appearance. •— The essexite decays so rapidly 

that i t  gives rise to rubbish-covered areas quite bare of vege

tation, whose uniformly gray colour makes them conspicuous 

even at  a distance. The rock is coarse-grained and of a well-

pronounced ophitic structure.  The main constituents are a 

felspar with conspicuous twin-lameliation and tabular form; the 

length of the crystals is usually 20—30 millimeters,  the thick

ness about 2 millimeters.  I ts colour is clear grayish or with 

incipient weathering white.  Black allotr iomorphic augite,  brown 

biotite,  and magnetite occupy the interspaces between the fel

spar crystals,  and in most varieties olivine is detected with the 

help of the lens.  Epidote is commonly present as an alteration-

product .  

As a rule the felspar tables are not arranged in any def

inite order;  in some cases,  however,  they show a strong ten

dency towards parallel  disposition, as a result  of fluctional 

movements of the magma before the final consolidation. Here 

and there we find very coarse-grained portions of 10—30 

meters in extent,  where the felspar crystals reach up to 6 

centimeters in length and 6 millimeters in thickness.  Judging 

from their size of grain we might be inclined to consider these 

portions as essexite-pegmatite,  but in most cases they look like 

large clots and often consist  almost entirely of felspar;  i t  is  

probable,  therefore,  that they represent early segregations of 

the magma. In some of these very coarse -grained portions the 

dark minerals have been dissolved and in the cavities thus 
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formed beautiful crystals of epidote 3—4 millimeters long are 

found. A true vein of essexite-pegmatite,  half a meter wide, 

was found in the essexite cliffs near Panernak Bay; it  is  com

posed of felspar and pyroxene in crystals often exceeding 10 

centimeters.  

Contact relations. — The junction of the essexite and 

sandstone is exposed in the low cliffs of the coast,  about one 

kilometer south-east of Narsak. The essexite shows a well-

marked contact-facies almost 12 meters broad. This is a por-

phyritic rock crowded with large, white phenocrysts of felspar,  

while the ground-mass is a medium-grained essexite;  the fel

spar phenocrysts are up to 14 centimeters in length and 2—8 

centimeters in thickness.  Immediately at  the junction with the 

sandstone the rock changes to a dark-green, serpentine-like,  

decayed mass without phenocrysts.  The contact-plane is not 

vertical but has an inclination of 20—30° towards the south

east;  the essexite is thus partially cov ered by the sandstone. 

— At Sigsardlugtok (7 kilometers west of Narsak) the essexite 

shows a gradual dec rease in size of grain towards the adjoining 

Algonkian granite.  

Magnetite-pyroxenite. — Two kilometers north-west of 

Narsak a narrow point runs out towards the N. W., separating 

Panernak Bay from the sea.  On the outer side of this point 

the essexite contains a small  mass of black, fine-grained mag-

netite-pyroxenite,  not very different in appearance from the 

well-known magnetite-olivinite from Taberg in Sweden. This 

mass extends for at  least  40 meters from N.W. to S. E. and at  

least  15 meters at  right angles to this direction. The contact 

between this rock and the surrounding essexite was not inves

tigated. 

Dykes cutting the essexite. — The essexite is traversed by 

a number of dykes which may be briefly mentioned at this 

place. 

(1) Two dykes of a syenite-porphyry (or sölvsbergite) occur 

XXXVIII. 7 
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close south-west of Narsak. Their ground-mass is fine-grained 

and of a gray colour; i t  is  speckled with moderately small  

phenocrysts of a reddish-white felspar with broad rectangular 

outlines.  One of these dykes is five meters wide and runs in 

the direction north-south, the other,  two or three meters wide, 

running in the direction north-east to south-west.  

(2) A dyke 17 centimeters wide of a l ight-coloured, fine

grained arfvedsonite-granite was found in 1888 by Dr. STEENSTITOP 

on the north side of the harbour at  Narsak. This dyke is re

markable for i ts  coarse-grained border-zones.  

(3) Gray, fine-grained, bostonite-like dykes of about half a  

meter in width and irregular sinuous course occur at  several 

places in the neighbourhood of the harbour.  

(4) Perhaps the commonest of all  the dykes are composed 

of a peculiar,  jasp er-like rock of bluish-black or greenish-black 

colour.  These dykes are only 0 - l  meter in width. Their 

border zones are of a glassy or pitchstone-like appearance and 

contain spherulites of a few millimeters in diameter with a 

fluxional arrangement.  The central  zone of the dykes consists 

almost entirely of spherulites,  which may reach one centimeter 

in diameter,  and here also some few small  phenocrysts occur 

of a transparent felspar,  with out twinning. Under the micro

scope the spherulites appear turbid and brown or brownish-

green ;  they consist  of radiating, extremely fine fibres.  They 

seem to have originated through devitrification after the rock 

had solidified. These dykes cut those mentioned under (1).  

THE NORDMARKITE 

AND THE EOCKS OP KAKARSTTAK. 

The nordmarkite. — This rock occupies the north-eastern 

part  of the plain around Narsak and composes the slope of 

Mount Kakarsuak which faces Narsak. Towards the north

west the nordmarkite extends across Panernak Bay to Nungmiut 

where it  bends round towards the north-east along the south 
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coast  of Sermilik Fjord.  At the higher levels  i t  is  everywhere 

covered by the volcanic series.  

The nordmarkite is  a  reddish-gray,  coarse-grained syenite,  

which in outer  habit  shows a certain amount of resemblance 

to BR0GGER'S typical  nordmarkite from the Christ iania distr ict .  

The main consti tuents are felspar,  which is  in part  l ight-gray 

and fresh,  in part  l ight-reddish and weathered;  frequent ly the 

central  parts  of the crystals  are pure gray,  c hanging to a  more 

reddish colour towards the periphery.  These colour-shadow-

ings give the rock a characterist ic ,  mott led appearance.  The 

form of the felspar crystals  is  i rregular,  most  being elongated,  

one or  two centimeters in length by half  a  centimeter  broad.  

In some variet ies of the nordmarkite the felspars show dist inctly 

rectangular  outl ines.  The dark-coloured minerals  a re hornblende,  

pyroxene and bioti te .  Quartz is  frequently present  but  only in 

very small  amount.  

At Panernak,  about 2 kilometers north-west  of Narsak,  

where the junction of the nordmarkite and the essexite can be 

studied in the cl iffs  along the shore,  we find that  the nord

markite is  younger than the essexite.  The contact-plane is  al

most  vert ical  and the difference in age of the two rocks is  

manifest  from the following observat ions.  

(1) The essexite has a marked flow-structure,  which is  cut  

across transversely by the nordmarkite.  

(2) The essexite has a  uniform, coarse grain r ight  up to 

the contact ,  while the nordmarkite shows extreme variat ions 

in size of grain in a  zone about 20 meters broad along the 

contact ,  due to the al ternation of coarse pegmati te-l ike and 

fine-grained bands and patches.  

(3) A fragment of essexite ( two or  three square meters 

large) was found in the nordmarkite near the contact.  

The junction between the nordmarkite and the porphyri t ic  

rocks is  f inely exposed above Narsak on the south-west  slope 

of Mount Kakarsuak,  where the nordmarkite is  covered by the 

7" 
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characteristic Kakarsuak porphyrite to be described below. The 

nordmarkite exhibits here a well  developed contact-facies with 

a fine-grained ground-mass and large felspar phenocrysts,  w hich 

in places show rectangular,  but more usually rhomboidal outline.  

This contact-modification has a breadth of some few meters.  

The same structure,  though usually an even more fine-grained 

ground-mass,  is  shown in the numerous apophyses which enter 

the overlying rock. 

At the southern foot of Kakarsuak, the map would indicate 

that the nordmarkite borders upon sandstone, but the contact 

has not been observed here.  

Occurrence of fluorite at Panernak. — In the immediate 

vicinity of Narsak the land is very low and swampy, but about 

two kilometers N. N. W. of the town some low heights called 

Panernak ("the dry place") rise over the marshy plain.  The 

rock is a red granite,  or facies of nordmarkite rich in quartz,  

and contains here a system of quartz veins running side by 

side as a rule,  though branching, the main direction being 

E.  10° N.—W. 10° S.  There is a large number of veins,  10—20 

may be counted within a distance of ten meters ;  the veins vary 

in width from one to 30 centimeters.  Besides quartz the veins 

contain fluorite in cubes and coarsely crystall ine ag gregates of a 

white or l ight greenish colour.  The largest fluorite masses 

seen in 1908 had a length of 0 '3 meters,  but these are only 

the remains of originally mu ch larger masses.  The Greenlanders 

are very fond of the fluorite,  which they use as snuff,  and they 

have removed most of what could be got at  easily ;  in conse

quence a hole has been made here about half a meter deep 

and three meters long. This is the most extensive occurrence 

of fluorite which has hitherto been found in Greenland; but i t  

is  not sufficiently large to be of econo mical importance ;  a brief 

account of it has first been given by Dr. STEENSTIIUP1. 

1 Meddelelser om Grönland II, p. 35 (1881). 
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Dykes cutting the nordmarkite. •— The commonest dykes 

are composed of a red or reddish-brown arfvedsonite-granite;  

they have a south-westerly direction and a width of 3 —10 meters.  

In appearance and character they are very similar to the large 

masses of arfvedsonite-granite north and east of Narsak; prob

ably they are offshoots from the latter and thus indicate,  that 

the consolidation of the granite has occurred later than that 

of the nordmarkite.  Similar granite-dykes are observed in con

siderable numbers at  Nungmiut,  about seven kilometers N. N. W. 

of Narsak. Above Narsak a reddish-gray, bostonite-like dyke 

is found; i t  is  ten meters wide and the direction is W. S. W. 

—E. N. E. At Narsak and at  the south coast of Panernak Bay 

a few narrow (0* 1—0'25 meters) and irregular dykes occur of 

the same black sph erulit ic rock-type, which forms dykes in the 

essexite (p.  98).  A dyke of diabase is observed in the nord

markite at  Nungmiut;  this is remarkable for the vasicular 

structure of i ts  border-zones.  It  is  two meters wide and the 

direction is W. S. W.—E. N. E. 

The rocks of Kakarsuak. — The top of Kakarsuak consists 

of essexite-porphyrite,  which directly covers the nordmarkite.  

The "Kakarsuak porphyrite",  as the rock was called during the 

fleldwork, is  greatly altered by contact-metamorphism and is 

remarkable for i ts  large and numerous felspar phenocrysts,  w hich 

are packed so thickly together that the dark ground-mass is 

reduced to a very small  amount fi l l ing the interspaces between 

them. These phenocrysts show twin-lameilation and usually 

have a form which gives broad rectangular sections; in size 

they a re very varying (1 —10 centimeters) and they are of a dull  

greenish white appearance. The essexite-porphyrite is a minor 

intrusion of irregular shape, which has been intruded among 

the bedded porphyries.  It  has a great resemblance to the 

above-mentioned border-facies of the essexite.  

The essexite-porphyrite is cut by numerous dykes of red 

arfvedsonite-granite;  the width of these dykes is from O'l  me ter 
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up to 30 meters and their  direction is  almost  N. 60° E.—S. 60° W. 

They are probably connected with the extensive intrusive mass 

of red arfvedsonite-granite,  which is  met with a  short  distance 

east  of the top of K akarsuak.  North-east  of  this  intrusive mass,  

which is  only a  few hundred meters broad,  we again come 

across the essexite-porphyri te,  here fi l led with numerous frag

ments of sandstone.  Following the plateau fur ther towards the 

north-east ,  the essexite-porphyri te soon joins the ordinary por

phyries,  which l ie  in dist inct  sheets  and have been described 

above (p.  88).  

SOUTH COAST OF SERMILIK. 

GENERAL FEATURES. 

The south coast  of  Sermilik offers a  magnificent ,  geological  

section (see PI VI,  Fig.  2) .  The cliffs  r ise almost  vert ical ly out  

of the water  l ike a  straight  wall  1000—1200 meters high,  and 

above the wall  extends the snow-covered Il imausak plateau 

deeply notched by picturesque glacier-f i l led cirques and sur

mounted by the two highest  peaks of I l imausak.  The eastern 

part  of  this  imposing wall ,  which is  about 20 kilometers in 

length,  is  buil t  up of the red sandstone,  and as the surface of 

the cl iffs  is  not  covered by any vegetat ion,  the dark red colour 

of the sandstone is  conspicuous at  a  long distance.  The sand

stone formation is  t raversed by numerous dykes and si l ls  of  

diabase and porphyry;  as the dykes run almost  paral lel  with 

the coast ,  they appear often l ike the si l ls  as  horizontal ,  dark 

bands in the cl iff-wall .  In the middle part  of  the section the 

sandstone is  covered by the dark masses of the volcanic series.  

In the western part  the cl iffs  are somewhat lower and from the 

sea upwards to about 600 meters consist  of  nordmarkite,  over 

which the volcanic rocks form a cover.  
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JUNCTION OF THF NORDMARKITE AND SANDSTONE. 

In  Sermil ik  Fjord the junct ion of  the  nordmarki te  and 

sandstone is  f inely exposed jus t  under  Mount  Steenstrup.  The 

plane of  contact  is  a lmost  ver t ical  and at  a  r ight  angle  to  the 

shore- l ine .  Towards the contact  the nordmarki te  becomes f ine

grained and porphyri t ic  ;  about  one meter  f rom the sandstone 

i t  passes  into a  quartz-bear ing syeni te-porphyry consis t ing of  

a  brownish-gray,  f ine-grained,  ground-mass with thick,  tabular  

fe lspar  phenocrysts  about  one cent imeter  long.  St i l l  c loser  to  

the sandstone the rock becomes so r ich in  quartz  that  i t  must  

be character ized as  a  grani te ;  the s t ructure  here  is  medium-

grained and the colour  l ight-brown.  Microscopic  examinat ion 

shows,  tha t  the quartz-grains  of  this  contact-facies  are  not  

sandstone fragments ,  but  have crystal l ised together  with the 

other  const i tuents .  Thus ,  the syeni te  magma appears  to  have 

absorbed a  very considerable  quant i ty  of  s i l ica  f rom the sand

stone,  in  a  zone along the contact  about  one meter  broad.  

At  the contact  with the nordmarki te  the sandstone ex

hibi ts  dis t inct  effects  of  contact-metamorphism :  i t  has  become 

quartzi te - l ike and the red colour  has  disappeared.  Under  the 

microscope the inters t i t ia l  mat ter  of  the sandstone is  seen to  

have ent i re ly  disappeared and the rock consis ts  of  c lear  inter

locking quartz  grains .  The white  quartzi te- l ike contact-zone 

has  a  breadth of  some meters .  

TOTAL THICKNESS OP THE RED SANDSTONE AND 

OF THE VOLCANIC SERIES. 

The natural  sect ion exposed on the south s ide of  Sermil ik  

Fjord gives  us  a  means of  fo rming a  fair ly  t rustworthy est imate  

of  the thickness  of  the red sandstone.  The beds have a  very 

regular  incl inat ion of 'about  2°  on the average towards S.  S.  W. 

At the head of  the small  s ide-f jord Kangerdluak (fur thes t  to  the 

lef t  in  the sect ion Pl .  VI,  Fig.  2) ,  the  basement  rock appears  
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under the sandstone; it  is  a coarse-grained, i ight-reddish bio-

ti te-granite,  and just  as on Nugarsuk (p.  94) the lowermost 

sheets of the sandstone formation consist  of arkose. From here 

up to the top of Nasanguak, the most easterly peak of l l i mausak, 

the mountain is built  up entirely of the sandstone formation, 

and the numerous intrusive sheets in this show that no fault  

of any considerable amount of throw cuts the sandstone for

mation between Kangerdluak and Nasanguak. As can be seen 

from the section (Pl.  VI,  Fig.  2),  the top of Nasanguak corre

sponds very closely to the upper boundary of the sandstone. 

As this mountain has a height of about 1050 meters according 

to measurements made by Dr. STEENSTRUP ,  the total  thickness 

of the sandstone formation, taking the inclination into account,  

is  about 1200 meters.  The original thickness of the sandstone 

has not been quite so much as this,  since the intruded diabase 

sheets have considerably added to the thickness of the forma

tion. The lower half of the sandstone contains but few and 

thin sil ls,  but in the upper half these are extremely numerous 

and thick: one of them has been estimated to be over 100 

meters thick, and the total  thickness of the sil ls probably 

amounts to ab out 300 meters,  though the latter estimate is ad

mittedly a rough one. 

The volcanic series which covers the red sandstone, rea

ches an alt i tude of almost 1450 meters in the highest point of 

l l imausak. From this we may calculate that the actual thick

ness of the series amounts to about 1000 meters,  regard being 

taken of the inclination of the sheets towards the S. S. W. But 

since this,  the uppermost formation, has undoubtedly been ex

posed to denudation through an enormous stretch of t ime, the 

original thickness of the volcanic series must have been very 

much greater,  probably several thousands of meters.  

This conclusion gains in probabili ty from the fact,  that 

the porphyries in Hatten and in the highest peak of l l imausak, 

that is,  the uppermost part  of the volcanic series sti l l  preserved, 
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only form a relat ively thin cover f rom 200 to 800 meters in thick

ness over abyssal  rocks,  which have consolidated later  than 

the porphyries.  We can hardly assume that  abyssal  rocks have 

crystal l ised at  a  depth of but  200 to 300 meters under the 

earth-surface,  and from this  point  of  view we must  conclude,  

therefore,  that  the volcanic rocks now exist ing must  originally 

have been covered by igneous,  or  sedimentary,  sheets  of very 

considerable thickness.  A st i l l  more direct  proof is  found in 

the numerous,  large and regular  dykes which traverse the whole 

of the st i l l  exist ing part  of  the volcanic series,  showing that  

volcanic rocks must  have composed at  least  an important  part  

of  the masses which have been entirely removed by erosion.  

We are thus led to the conclusion,  that  the red sandstone in 

the I l imausak region has originally been covered by a series of  

volcanic sheets  with a  total  thickness which probably amounted 

to several  ki lometers,  but  of the whole of this  formation only 

a  very small  part  has escaped destruction by erosion,  the part ,  

namely,  which has been al tered by contact-metamorphism round 

the abyssal  rocks and has thus gained a special  power of 

resistance.  



CHAPTER IV. 
t 

PETROGRAPHY OF THE IGNEOUS 
ROCKS OF THE ILIMAUSAK REGION. 

INTRODUCTORY. 

The igneous complex of l l imausak comprises a  great  diver

si ty of rocks which prove genetical ly connected.  Furthermore 

the whole complex is  dissected in such a way by the deep fjords 

that  the arrangement of the rock-bodies,  and their  geological  

relat ions on the whole,  are exceptionally plainly revealed.  The 

complex is  therefore of prominent interest  from a petrological  

point  of  view. As moreover a  great  part  of  the rocks differs 

considerably from what i s  known from other places,  a  complete 

pétrographie descript ion would not  be inappropriate.  For practical  

reasons,  however,  only the leading types wil l  here be described.  

The petrographical  examination of rocks from the region 

considered in this  place w as based to begin with on the collec

t ions made by Dr.  K. J .  V. STEENSTRCP during his  various visi ts  

to the dist r ict  of  Julianehaab.  A number of specimens from 

these collect ions was studied during a stay at  Heidelberg in the 

winter  of  1888—89, and the author is  under great  obligation 

to Professor ROSENBDSCH for  many valuable suggestions at  the 

commencement of the work.  That  i ts  continuation has been 

greatly promoted by the excellent text-books of Professor ROSEN

BÜSCH need hardly be pointed out  to the petrographical  reader.  
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In 1892 and 1894 the author obtained a subvention from 

the Carlsberg Fund for mineralogical and petrographical in

vestigations of the nepheline-syenites of South Greenland, and 

in the latter year a monograph on the principal constituent 

minerals of these rocks was published1 .  The geological sur

veying of the district  of Julianehaab during the summers of 

1900 and 1908 has greatly augmented the collections available 

for the petrographical investigations whose results are stated 

in the following pages.  

ABYSSAL ROCKS: CLASSIFICATION. 

From a geological point of view the igneous rocks of the 

Il imausak complex may be divided into three main divisions.  

One division comprises the rocks of what may be called the 

'stratified batholite ' ,  i .  e .  t he central  and north-eastern parts of 

the abyssal complex within which the rocks are arranged in 

almost horizonlal sheets one upon the other .  These rocks 

enumerated from the top downwards are as follows :  — 

arfvedsonite-granite 

quartz-syenite 

pulaskite 

foyaite 

sodalite-foyaite 

naujaite 

lujavrite and kakortokite. 

The second division com prises a number of more indepen

dently occurring abyssal rocks which compose the western and 

1 Mineralogisk-petrografiske Undersogelser af Granlandske Nefelinsyeniter. 

Meddelelser om Gr0nland XIV. — Some temporary results concerning 

the petrography of th ese rocks have been published in the section about 

nepheline-syenite in the 3 r ( i  edition of Mr. Rosenbusch's Mikroskopische 

Physiographie II (1896) and in his Elemente der Gesteinslehre (1898). 
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southern parts of the ll imausak complex. The following types 

are here represented :  — 

arfvedsonite-granite 

augite-syenite 

nordmarkite 

essexite. 

The third division comp rises the volcanic rocks of l l imausak. 

During the field work these were classified as diabases,  por-

phvrites,  porphyries,  and quartz-porphyries.  For convenience 

the same headings will  be used here; i t  should, however,  be 

borne in mind that these rocks in reality belong to the alkali-

group. 

In the following description the rocks will  be mentioned 

in the order given above with the exception that the description 

of the arfvedsonite-granite of t he second division is given in con

nection with tha t of the corresponding ro ck of the first  division. 

GRANITES. 

The granites of the ll imausak complex are alkali-granites 

and as a rule they are arfvedsonite-bearing. The principal 

granite-body belongs to the 'stratified'  batholite a nd will  be de

scribed as the 'arfvedsonite-granite of l l imausak' .  In the western 

unstratified part  of the abyssal complex a closely related rock 

occurs which will  be described under the head of 'arfvedsonite-

granite of Narsak' .  A third variety of granite which will  also 

be mentioned in this place is the 'soda-granite of Iviangusat ' .  

This,  however,  is  no independent abyssal rock but occurs under 

peculiar conditions as subordinate masses in the augite-syenite 

and is intimately connected with the presence of sandstone-

fragments.  
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ARFVEDSONITE-GRANITE OF IL IM AUS AK. 

The arfvedsonite-granite of Il imausak covers an area of 

about 16 km2 ,  south of the highest summits of Il imausak (see 

map, PI.  III) .  This granite-body has the form of a heavy sheet 

or stratum, 150 to 400 meters thick. Ft is  overlain by the 

porphyry-sheets which are older than the granite,  and it  rests 

upon pulaskite and nepheline-syenite which are about contem

poraneous with it .  South of Tunugdiiarfik Fjord erosion has 

only left  a small  remnant of arfvedsonite-granite which rests on 

the nepheline-syenite near Tupersuatsiak. This remnant is of 

interest  because it  indicates that the granite has originally ex

tended southward across the fjord and has covered the nephe-

line-syenites round Tupersuatsiak in the same manner as it  

st i l l  covers those at  Il imausak. 

Macroscopic appearance. — The arfvedsonite-granite,  when 

fresh, is  a light greenish coarse-grained rock the main consti

tuents of which are easily detected with the naked eye. The 

diameter of the felspar-grains varies from 2 to 4 millimeters,  

the quartz-grains are a li t t le smaller,  while the arfvedsonite-

anhedra may sometimes attain a length of 10 or ,15 millimeters.  

As a result  of al teration-processes the rock has assumed a light 

brown colour in some places and a reddish or violet-red colour 

in others.  A fuller description of the local variations of the 

outer habit  has b een given in the preceeding chapter (see p.  81).  

Microscopic characters. — Under the microscope the rock 

is seen to be made up of the following minerals:  alkali-felspar,  

quartz,  arfvedsonite,  ainigmatite,  and a li t t le aegirine.  Occasio

nally zircon, pyrochlore (?),  and elpidite (?) are found. In those 

varieties which have undergone alteration processes there are 

found several secondary products viz.  magn etite (or t i ta no-mag-

netite),  f luorite,  haematite,  fe rric hydrates,  and calcite.  

The felspar is  in more or less equidimetisional grains,  

sometimes also in imperfect crystals giving broad rectangular 
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sections.  It  is  a microperthite made up of intimately intergrown 

potash-felspar and plagioclase ;  sometimes a rather high power 

is required to make out the structure.  Between crossed niçois 

the sections exhibit  a mosaic-like or reticular appearance, yet 

both felspars show a marked tendency to form veinlets parallel  

to b (010),  or,  in other specimens of the rock, perpendicular 

to b (010).  The potash felspar is a microcline without cross-

hatching but showing a quite irregular twin-structure,  one in

dividual of the twin forming numerous dots or stains within 

the other;  in some felspar-sections only one microcline-indivi-

duai is seen. In the more decomposed varieties of the rock 

the potash-felspar is turbid and has the appearance of ortho-

clase.  — The plagioclase of the microperthite shows a fine 

twin-lamellation according to the albite-law; when examined 

after BECKE'S method it  proves in all  positions less highly re-,  

fringent than quartz.  The examination of a number of sections 

showing symmetrical extinction of the twin-lamellae gave for the 

plagioclase a maximum angle of extinction amounting to 15° 

or 16°, while the microcline in the same sections gave values 

varying from 0° to 9°.  As to the microcline the maximum 

angle of extinction in symmetrical sections was found to be 

about 19°, and the extinction-angle of the plagioclase of the 

same sections was 9° or 11°. This proves that the plagioclase 

is almost pure albite.  The felspar of this rock, then, is a 

perthitic microcline-albite. 

The relative proportion of microcline and albite varies 

somewhat,  yet as a rule the albite is predominant.  The mar

ginal zones of the felspar consist  sometimes of pure albite,  

less frequently crystals are found consisting entirely of this 

mineral.  

The greenish colour of the fresh felspar is due to minute 

prisms or slender needles of aegirine imbedded in the felspar.  

In some cases the felspar also encloses small  patches of arf-

vedsonite.  In the red varieties of the rock the felspar contains 
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numerous minute scales of yellowish red haematite or other 

iron oxydes. 

Quartz occurs very abundantly in rounded or irregular 

grains rarely showing a slightly undulating extinction. It  con

tains numerous minute fluid-cavities with a mobile bubble.  In 

some cases these cavities have the form of negative crystals 

(dihexahedral pyramids).  

The Arfvedsonite is  in large irregular anhedra o r in elong

ated prismoids with irregular outlines.  In sections parallel  to 

the plane of symmetry (010) the angle of extinction c:a is  7 to 

12°; the intense absorption and the strong dispersion of the 

axes of optic elasticity prohibit  a closer determination of this 

angle.  The optic axes are parallel  to the plane of symmetry. 

The absorption-scheme is :  — 

a dark indigo-blue or Prussian blue 

b grayish blue 

c l ight grayish green 

These characters indicate that the mineral is very closely 

related to the typical arfvedsonite occurring in the nepheline-

syenites of the same igneous complex, yet with a slight ten

dency towards the riebeckite,  as mentioned on a previous 

occasion 1 .  

In some varieties of this rock the central  part  of each 

arfvedsonite-anhedron is of a l ighter and more brownish colour 

with gradual transition to the blue arfvedsonite of the marginal 

zone. In such cases the angle of extinction c :  a augments from 

the margin towards the interior where it  may reach 30°. The 

central  parts of these crystals,  therefore,  may be characterised 

as catophorite.  

Small prisms of cegirine are sometimes enclosed within the 

arfvedsonite-anhedra.  More often aegirine occurs as a marginal 

1  Meddelelser om Grönland XIV, p. 197 (1S94). 
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zone of very varying width surrounding the arfvedsonite; the 

aegirine in this case encloses irregular patches of arfved

sonite show ing the same optic orientation as the main individual. 

The appearance of this i ntergrowth is s uch as to suggest a con

version of arfvedsonite into aegirine having occurred towards 

the final stages of the consolidation of the rock. Sometimes 

aegirine is also found in independent crystals; on the whole, 

however, this mineral occurs very sparingly in the typical 

arfvedsonite-granite. It is a little more abundant in those 

varieties where the arfvedsonite contains a catophorite-like' 

nucleus. 

Ainigmatite has been found in almost all specimens of 

arfvedsonite-granite from llimausak and also in the specimens 

from Tupersuatsiak. It occurs as irregular or elongated grains 

of rather small dimensions (less than one millimeter). The 

mineral is easily recognisable by its cleavage and by its deep 

brownish red or black absorption-tints. As a rule it  is asso

ciated with the arfvedsonite, and it is often enclosed within 

this mineral.  Sometimes it is partly converted into a black 

metallic substance, probably titano-magnetite ;  a titanite-like al

teration product is rarely seen. 

Zircon has only been found in one specimen. Small yel

low pyrochlore-Mke crystals (optically isotropic) are somewhat 

commoner. In one specimen of greenish arfvedsonite-granite 

collected at an altitude of 830 meters, above N. Si orarsuit,  a 

fibrous, light brick-red mineral is found rather abundantly. 

Owing to the finely fibrous structure no goniometric measure

ments could be obtained, but the mineral agrees, both macro-

scopically and microscopically, with elpidite.1 

Among the secondary minerals of the arfvedsonite-granite 

fluorite is the most common, especially in the red varieties of 

the rock. Calcite has only been found in quite inconsiderable 

1 I a m informed by Professor BKÖGGER, that he has found elpidite as an 

accessory in the soda-granites N. of Christiania. 
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quanti t ies.  Probably i t  is  an al terat ion-product  of  the dark-

coloured minerals  of  the rock.  

Structure. — The structure of the arfvedsonite-granite is  

hypidioraorphic-granular  without any tendency to paral lel  ar

rangement of the elongated mineral-components .  A characteri

st ic  feature is  the almost  com plete ab sence of minor accessories 

(apati te ,  zircon,  and iron ores)  among the f irst  crystal l ised 

minerals  of  the rock.  If  the «egirine-microli tes are left  ou t  of  

considerat ion the felsp ar is  the mos t  idiomorphic and the arfved-

sonite the least  idiomorphic consti tuent .  A marked idiomorphism 

of the felspar,  however,  is  only observed in a few variet ies of  

the rock;  in such cases the felspar sect ions are broad and 

rectangular  while quartz and arfvedsonite f i l l  the interspaces 

between them. More commonly the structure points  to a  s i

multaneous crystal l isat ion of felspar and quartz the grains of 

the lat ter  mineral  being more or  less rounded.  Micropegmati t ic  

intergrowths of felspar and quartz are also observed,  though 

not  very often.  The arfvedsonite is  always al lotr iomorphic whe n 

bounded by felspar,  and as a  rule the same holds true when i t  

borders upon quartz.  The ainigmati te  is  older than the arfved

sonite but  i ts  age in relat ion to the other minerals  is  un

known. 

Chemical composition. — A chemical  analysis  of  this  rock 

has been made by Dr.  WINTHER with the results  given in 1  of 

the following table.  The specimens selected for analysis  were 

of  a  fresh-looking,  l ight  grayish-brown variety collected at  an 

al t i tude of 450 meters,  above North Siorarsuit .  From this  a na

lysis  we may reckon that  the rock has the following approxi

mate mineral  composit ion:  — 

Felspar 

Quartz  

Ainigmatite 

Arfvedsonite 

Per cent 

. 64 

. 24 

3 

9 

100 

xxxvm. 8 
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Analyses of arfvedsonite-granite and related rocks. 

1 2 A 

Si02   70-59 71-24 71 "65 

liO.,  

ZrO,  

•44 
J "68 trace 

AI2O3  12-38 13-78 13-04 

Fe203   1 -61 1 -30 2-79 

FeO  3-33 2-83 1-80 

MnO  •08 •1 5 

MgO  none trace trace 

CaO  •93 •38 trace 

Na„0  6-95 5-32 6-30 

K2O  3-74 5-10 3-98 

H,0 above 110° • • •21 
I  MO 

H20 at 110° •20 
I  MO 

CI  none 

P2O5   trace 

Total. .  .  100-46 100-78 100-66 

Sp. gr.. . .  2-657 2 6 4 1  

1. Arfvedsonite-granite, llimausak, S. Greenland. G. WINTHER , 

analyst.  

2. Soda-granite, Iviangusat, Kangerdluarsuk, S. Greenland, G. 

DETLEFSEN ,  analyst.  

A. Soda-granite, Hougnatten, Lougendal, Norway. L. SCHMELCK, 

analyst (W. C. BRÖGGER ,  Die Eruptivgesteine des Kristiania

gebietes I 1894, p. 127). 

About one third of the felspar is potash-felspar, the rest 

is soda-felspar. 

Pure arfvedsonite-granites like the one described here — 

1  Determination by Dr. K. J. V. STE ENSTRUP. 
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that  is  to say a granite in which arfvedsonite is  largely predo

minant among the dark minerals  — appear to be very uncom

mon rocks.  As instances of closely related rocks may be ci ted 

the arfvedsonite-bearing soda-granites from the distr ict  south 

of Kongsberg in Norway as described by BR ÖGGE R (see analysis  

A in the above table) ,  a nd those from Madagascar described by 

LACROIX 1 .  From a chemical  point  of  view the arfvedsonite-

granite of I l imausak shows a close relat ion to the grorudites 

of many regions,  and a somewhat less pronounced analogy to 

the Icelandic liparites and obsidians described by BÄCKSTRÖM2 .  

ARFVEDSONITE-GRANITE OF NARSAK. 

In the vicinity of  Narsak arfvedsonite-granite covers three 

small  areas separated from the arfvedsonite-granite of  I l imausak 

by a zone,  5  kilometers broad,  of  nepheline-syenites and por-

phyri tes.  Although belonging to the western part  of  the 

igneous complex the Narsak granite wil l  be described in this  

place on account of i ts  near analogy to the I l imausak rock.  

The arfvedsonite-granite of Narsak is  a  coarse-  or  medium-

grained rock.  As a rule i t  is  of  a  strong red colour ,  locally 

also grayish white variet ies are found.  Under the microscope 

the main consti tuents are seen to be felspar,  quartz,  arfvedso

nite and aegirine;  apat i te  and magneti te  commonly occur as 

minor accessories.  The felspar is  a  perthi t ic  microcline-albite 

of  the same kind as that  of  the I l imausak granite;  as a  rule i t  

is  somewhat more idiomorphic in the Narsak granite.  Micro-

pegmati t ic  intergrowths of felspar and quartz occur rather 

abundantly.  The quartz is  of  the usual  character .  The prin

cipal  difference from the I l imausak granite appears in the 

dark-coloured minerals:  in the Narsak granite no ainigmati te 

has been found and the arfvedsonite is  accompanied by a 

1 A. LA CROIX, Matériaux pour la minéralogie de Madagascar. Nouvelles 

Archives du Museum (4) 1, p. 82, Paris 1902. 
2 Geologiska Föreningens i Stockholm Förhandlingar, XIII, 1891. 

8* 
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considerable  amount  of  other  minerals  of  the pyroxene-  and 

amphibole-groups.  Only in  cer ta in  var ie t ies  of  the rock the 

prevalent  dark mineral  is  arfvedsoni te ,  in  others  both aegir ine 

and a  catophori te- l ike hornblende are  a lso present .  The 

aegir ine is  par t ly  in  independent  crystals  or  anhedra,  par t ly  i t  

i s  in  paral le l  intergrowth with the arfvedsoni te ;  in  the la t ter  

case the œgir ine most  f requent ly  makes up the per ipheral  par ts  

of  the anhedra enveloping an i r regular  nucleus of  arfvedsoni te .  

The catopl ior i te- l ike hornblende shows brown,  green,  and bluish-

green absorpt ion-t ints ;  in  sec t ions paral le l  to  the plane of  sym

metry (010)  the angle  of  ext inct ion c:a varies  f rom 20° to  70°.  

A narrow marginal  zone of  arvedsoni te  commonly surrounds 

the hornblende.  A f ibrous,  crocidol i te- l ike mineral  in  small  

protuberances project ing from the arfvedsoni te  is  observed in  

several  specimens.  A colourless  augite  has  only been found in  

one specimen.  

SODA-GrEANITE OF IVI ANGUS AT. 

At the foot  of  Iviangusat ,  on the south s ide of  Kanger-

dluarsuk,  the augite-syeni te  contains  numerous fragments  of  

sandstone,  and each of  these fragments  is  surrounded by a  

zone of  soda-grani te .  The width of  the  zones is  f rom one half  

to  two meters .  The detai led descr ipt ion of  the mode of  occur

rence has  been given in  the preceding chapter  (see p .  53) ,  and 

i t  has  been shown that  this  soda-grani te  must  have or iginated 

by a  process  of  resorpt ion the augi te-syeni t ic  magna having 

dissolved sandstone.  The interest  connected with this  occur

rence is  great ly  added to  by the fact  tha t  the rock,  both mine-

ralogical lv  and chemical ly ,  bears  a  close resemblance to  the 

arfvedsonite-grani le  of  l l imausak and Narsak.  Macroscopi-

cal ly  the s imular i ty  is  a lmost  complete ,  as  the dark mineral  

of  the Iviangusat  rock s t rongly resembles  arfvedsoni te ;  upon 

closer  inspect ion,  however ,  i t  proves to  be aegir ine-augi te  and 

catophori te .  
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As already mentioned in the geological section the soda-

granite of Iviangusat is  of a rather varying size of grain.  

Coarse-grained and pegmatit ic portions alternate irregularly or 

in stripes with medium-grained or fine-grained portions.  The 

colour of the rock as a rule is l ight gray or yellowish. 

Microscopic characters. — In a thin section the main con

sti tuents are seen to be the following: felspar,  quartz,  cato-

phorite-like hornblende, and aegirine-augite ;  a li t t le aegirin e is 

usually associated with the latter mineral.  Small crystals of 

zircon (sometimes with zonary banding) and others of magnetite 

are always present.  Apatite is  rare.  An intensely yellow-

coloured mineral occurs rather sparingly in small  prisms and 

fibrous aggregates;  i t  is  optically biaxial and probably t i tani-

ferous; i t  is  accompanied by a leucoxene-like decomposition-

product.  

The felspar is a perthitic microcline-albite of a rather fine 

lamellar structure.  The lamellse are of a tolerably regular shape 

and perpendicular to b (010) as in ordinary orthoclase-micro-

perthite.  The microcline is irregularly twinned. In many fel spar-

sections the majority of the microcline-areas belongs to one in

dividual. The albite shows a fine twin-striation parallel to b 

(010); i ts  indices of refraction are in all  sections found to be 

lower than those of the adjoining quartz.  The felspar is rather 

idiomorphic and of a thick-tabular habit .  

The quartz has fluid-cavities with a mobile bubble.  It  is  

quite allotriomorphic and often occurs in relatively large an-

hedra each of which encloses a considerable number of felspar 

crystals.  This structural feature may even be observed in the 

vicinity of the contact with the sandstone. But immediately a t  

the contact i t  changes into the reverse: here the felspar be

comes allotriomorphic and is seen to enclose isolated quartz-

grains and send out off-shoots between the quartz-grains of 

the adjoining sandstone. 

A catophorite-like hornblende is the most abundant ferro-
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magnesian mineral.  It  occ urs in allotriomorphic anhedra which 

are somewhat unevenly coloured. In sections parallel  to the 

plane of symmetry (010) the absorption-tints are:  — 

c (or b) rather dark dirty-brown or greenish-brown 

a light brown or sometimes reddish-brown. 

In cross-sections the absorption-tint for b (ore) is found to be 

dark grayish-brown. The angle of extinction c :  a varies from 

60° to 70°,  it  is  distinctly larger for green than for red light.  

This hornblende has a dark blue marginal zone with the cha

racters of arfvedsonite (c :  a = ca. 10°),  and there is a gradual 

transition from the greenish-brown core to the blue marginal 

zone. The angle between the a-axes of the two hornblendes is 

50° to 60°.  The directions of the cleavage are the same in 

the nucleus and in the marginal zone, indistinctly bounded 

dark blue patches may also be found in the interior of the 

gréenish-brown hornblende. 

The aegirine-augite occurs in varying amounts and is 

sometimes entirely wanting. It  is  of the ordinary intense green 

colour.  In sections parallel  to b (010) the angle of extinction 

c:a is about 30°; in the central  portions,  however,  the colour 

is l ighter and the extinction-angle c :  a is g reater.  This mineral 

occurs in parallel  intergrowths with the catophorite-like horn

blende. It  is  especially abundant within a narrow zone imme

diately surrounding the sandstone-fragments.  

Chemical compositon. — A typical l ight-gray, rather fine

grained specimen (without aegirine-augite) was selected for the 

chemical analysis.  This was made by Mr. C. DETLEFSEN with the 

results given in No. 2 in the table p.  114. It  will  be seen that 

the composition closely agrees with that of the i l imausak gra

nite,  and that the only remarkable difference is the very low 

amount of l ime. 
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TEAN SITION-ROCK BETWEEN AK I1  V E D 8 OX IT E-GRANITE 

AND PULASKITE :  THE QTJARTZ-STENITE. 

The arfvedsonite-granite of l l imausak rests ,  as  previously 

mentioned (see p.  79),  on a relat ively thin sheet  of quartz-

syenite and this  in turn is  underlain by the pulaskite.  The 

thickness of the quartz-syenite-sheet  varies from 0 to about 

20 meters.  I t  is  connected by gradual  transi t ions both with the 

arfvedsonite-granite and with the pulaskite,  and i t  may be re

garded,  ei ther as a  lower border facies of the granite charac

terised by a relat ively low content  of  quartz,  or  as an upper 

quartz-bearing border facies of the pulaskite.  

The quartz-syenite sheet  reaches i ts  maximum thickness in 

the mountain slopes above North Siorarsuit .  I t  is  here — to

gether with the lowermost  part  of  the;  granite and the upper

most  part  of  the pulaskite — intensely red-coloured.  The size 

of the grain is  most  frequently abouf the same as that  of  the 

granite but  irregular  bands of a  somewhat less coarse-grained 

structure are also found.  

The felspar or  the quartz-syenite is  a  perthi t ic  microcline-

albite closely agreeing with that  of  the arfvedsonite-granite of 

l l imausak.  I t  shows a very sl ight  tendency to idiomorphism 

against  the quartz.  This lat ter  mineral  occurs rather abundantly 

in the uppermost  port ion of the sheet  but  downwards the 

amount gradually decreases.  In the middle part  of  the sheet  

only very l i t t le  quartz is  visible to the naked eye.  Under the 

microscope a somewhat larger number of quartz-grains are 

detected;  as a  rule they are much smaller  than the felspar-

grains and are often associated in groups of four,  f ive,  or  more 

grains.  In the lowermost  port ion of the sheet  quartz is  only 

present  in a  very small  amount.  

The original  dark minerals  of this  rock have been entirely 

converted into f ine-grained aggregates of i ron oxides and hydrous 

iron oxides intermingled with abundant f luori te and a l i t t le  
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dark-brown mica. This conversion is intimately connected with 

the intense red colouring of the rock and is probably due to 

pneuraatolyticai actions.  Of this rock no chemical analysis has 

been made, but the characters observed of the salic minerals 

show that the rock, chemically,  may be characterised as an 

alkali-syenite rich in sil ica.  

PULASKITE. 

The pulaskite cons titutes a sheet of varying thickness (from 

10 to -30 meters or more) which covers the uppermost sheets 

of the nepheline-syenitic complex. It  occurs both south and 

north of Tunugdliarfik.  North of this fjord i t  is  overlain by 

the arfvedsonite-granite just  mentioned. South of the fjord 

erosion has only left  a very small  remnant of the arfvedsonite-

granite (near Tupersuatsiak) and the pulaskite,  therefore,  is  as 

a rule uncovered. 

As to outer habit  the pulaskite may be described as a 

coarse-grained rock in most cases of white colour consisting 

of rather thick tabular felspar crystals and dark minerals 

fi l l ing out the interspaces between the felspars.  Chemically 

this rock is closely related to the syenites of the unstratified, 

western and southern parts of the batholite (augite-syenite and 

nordmarkite).  

Microscopic characters. — Under the microscope the 

following minerals a re seen :  felspar,  arfvedsonite,  aegirine,  segi-

rine-augite,  biotite;  in small  quantit ies a lso magnetite and fluo-

rite;  zeolites and a mineral that is  probably catapleii te occur 

as secondary products.  The original presence of scarce grains 

of nepheline, ainigmatite,  and eudialyte is indicated by pseudo-

morphs observed in some specimens of the rock. 

The felspar crystals are of a form giving rectangular sec

tions e.  g.  6 millimeters long by 1*5 millimeter broad. They are 
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made up of a  microperthi t ic  intergrowth of microcline and al-

bi te;  within each crystal  the two kinds of felspar al ternate in 

short  and irregularly bounded lamellae which are most  frequently 

elongated paral lel  to b (010).  The microcline shows a very 

f ine an d irregular  twin-structure producing a moire-l ike appear

ance of the sections;  one of the individuals of  the microcline-

twins is  not  infrequently reduced to a  number of minute areas 

dott ing the other individual .  The moire-l ike twinning prevents 

an exact  determination of the extinct ion-angles;  i t  therefore 

remains uncertain whether the microcline is  soda-bearing or  

not .  The albite is  f inely twinned paral lel  to (010).  The perthi t ic  

felspar crystals  are sometimes surrounded by a marginal  zone 

of pure albi te;  small  tabular  crystals  of  albi te w ithout micro-

cl ine-inclusions may also be found.  In one specimen of the 

rock some of the angular  interspaces between th e felspar crystals  

are f i l led with a  clear  und coarsely twinned albite of  the same 

optic orientat ion as the albi te of  the adjacent  perthi t ic  crystals .  

The felspar contains minute needles of aegirine and some

times also of arfvedsonite.  I t  is  always somewhat clouded with 

kaolin-l ike decomposi t ion products,  and the microcline always 

proves more affected by this  decomposit ion than the albi te.  

In some specimens of this  rock a  few, dull  white or  red

dish pseudomorphs are seen which are probably derived from 

nepheline.  They consist  of  zeoli tes (spreustein) .  

The dark-coloured minerals  of  the pulaskite are always 

al lotr iomorphic.  As a rule both arfvedsonite,  aegirine,  aegir ine-

augite,  and bioti te  are present ,  but  the relat ive amounts of 

these minerals  show quite irregular  variat ions,  al though the 

rock,  as  to outer  habit ,  keeps very constant .  In some speci

mens from Tupersuatsiak and Nunasarnausak the prevalent  dark 

mineral  is  an arfvedsonite closely agreeing with the typical  

variety found in the nepheline-syenites both as to absorption-

colours and as to optic orientat ion (c :  a =  ca.  14°).  I t  has often 

been part ial ly con verted into œgirine of the same crystal iogra-
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phic orientation. This alteration-process begins a long the margin 

of the anhedra,  and the arfvedsonite ma y at last  become reduced 

to a number of isolated lapped remnants enclosed within the 

aegirine.  As the conversion has been effected without any 

separation of iron-oxides and as the alteration-product is not 

an aggregate but a single crystal  of aegirine the process has 

probably taken place before the final consolidation of the rock. 

In some specimens from North Siorarsuit  œgirine is  present 

in considerable amount.  Some of the aegirine-individuals are 

surrounded by a narrow and irregular rim of arfvedsonite in 

parallel  position. The arrangement in this case is the converse 

of that mentioned above. In other specimens from North 

Siorarsuit  the prevailing dark mineral is  œgirine-augite. The 

angle of extinction c : a of thi s mineral varies from 30° or more, 

in the core,  to 14° in the outer zone. This indicates a zonary 

banding due to an admixture of aegirine molecules in the outer 

zone, a feature which is frequently observed with aegirine-augite.  

The pleochroism is as follows: — 

a deep green 

b a li t t le l ighter green 

c l ight brownish green. 

A deep brown and strongly pleochroic biotite is  observed 

in most of the slices and is sometimes relatively abundant.  It  

is  always associated with arfvedsonite and magnetite.  Fresh 

ainigmatite has not been found, but in several specimens from 

North Siorarsuit  pseudomorphs are seen which have probably 

been derived from this mineral.  The pseudomorphs are enclosed 

in the arfvedsonite.  They consist  of an aggregate of magnetite 

(or t i tano-magnetite) and brown mica. Another kind of pseudo

morphs supposed to represent eudialyte a re found sporadically 

in some specimens of the rock. They consist  of an aggregate 

of colourless tabular crystals with hexagonal outlines and with 
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the optical  propert ies of  cataplei i te .  These pseudomorphs are 

al lotr iomorphic against  the felspar.  

Fluorite is  not  uncommon in some specimens but  very 

scarce in others.  I t  belongs apparently to the primary con

st i tuents of  the rock,  for  i t  is  commonly inclosed within the 

dark minerals .  Thus,  the arfvedsonite and the aegirine-augite 

are frequently so fi l led with small  rounded fluori te  cry stals  that  

they get  a  sponge-l ike appearance.  — A li t t le  analcime is  also 

present  f i l l ing small  interst ices between the felspar crystals .  

Chemical analysis. — An analysis  of  this  type was made 

by Dr.  C.  WIHTHE R with the results  given in the following table.  

The specimen selected for  analysis  was taken at  North Siorar-

suit  in the transi t ion-zone from granite to foyaite,  about three 

meters above the upper boundary of the foyaite (see p.  79).  As 

shown by the analysis  the rock must  belong to that  group of 

alkali-syenites which comprises the rocks commonly termed 

nordmarkites,  pulaskites,  and umptekites according to the char

acter  of  their  dark minerals .  For the sake of comparison 

WASHINGTON'S analysis of the original pulaskite of J. F. WILLIAMS 

is  given in A. The Greenlandic rock differs  from the typical  

pulaskite in so far  as  arfvedsonite or  aegirine-augite in many 

specimens of the rock is  more abundant than the bioti te ,  but  

i t  agrees with typical  pulaskite in al l  essentials  and also as to 

outer  habit .  

I t  many other kin ds of r ocks,  as  is  well  known, the nature 

of the femic consti tuents is  of  systematic significance,  but  with 

rocks of the alkali  series the dist inction between mica-,  am

phibole- ,  and pyroxene-bearing types is  of  very l i t t le  value 

from a systematical  point  of  view, and the above described 

rock furnishes a str iking example of this  fact .  The pulaskite 

of  the I l imausak complex is  of  a  well  defined type,  nevertheless 

i t  conta ins mica,  amphibole,  and pyroxene in irregularly varying 

relat ive amo unts so that  very often two sl ices of the same rock-

specimen should be classed into different  groups if  the nature 
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Analyses of pulasJcites. 

3 A 

Si02   57-88 60-20 

Ti02   1-23 14 

ZrO,  none none 

^ '2^3 14-80 20-40 

Fe203   5-86 1-74 

FeO  3-71 1-88 

MnO  15 trace 

MgO  none 1-04 

CaO  2-71 2-00 

Na20  9-12 6-30 

K,0  3-06 607 

H20 above 110° • •  •90 •23 

H20 at 110° •23 •10 

CI  none •09 

S03   none •13 

P2O3   trace 15 

Total.  . .  99-65 100-47 

Sp. gr..  .  .  2-772 

3.  Pulaskite,  3 meters above uppermost foyaite-bench, North 

Siorarsuit ,  S.  Greenland, C. WINTHER,  analyst.  

A. Pulaskite,  Fourche Mt. ;  Arkansas.  H. S. WASHINGTON ,  ana

lyst (Journal of Geology, IX, 1901, p.  609).  

of the prevalent dark mineral was used as a basis of classi

fication. 

NEPHELINE-SYENITES. 

The family of nephe line-syenites in the usual sense of the 

word comprise s bo th leucocratic types,  as the ordinary fovaites,  
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and melanocratic ones,  as most lujavrites.  From a systematic 

point of view it  would perhaps be more convenient to class the 

melanocratic types as a separate family; in the present descrip

tion, however,  the term nepheline-syenite is used in the ordinary 

wide sense. The bulk of the l l imausak batholite consists of 

melanocratic nepheline-syenites,  leucocratic types are also re

presented though mainly by a very peculiar variety.  The different 

types are here described under the following heads: — 

Foyaite 

Sodalite-foyaite 

Naujaite 

Lujavrite 

Kakortokite.  

As mentioned in the preceding chapter the geological ar

rangement of these rocks is generally spoken that of tolerably 

flat  sheets or bowls placed one upon the other,  and the suc

cession given in the above enumeration corresponds with the 

actual succession of the sheets.  The only exception is that the 

kakortokite is not only overlain by lujavrite but also underlain 

by this rock. It  is ,  however,  not improbable that the kakortokite 

was originally the lowermost layer of the whole complex since 

the actual arrangement and shape of the sheets has been modi

fied by movements occurring during the final stages of the 

consolidation. 

The uppermost sheet,  the foyaite,  is  quantitatively very 

subordinate.  As to outer habit  and general character this type 

may be compared with the well-known rocks from Foya. It  is  

especially noteworthy that the dark-coloured constituents are 

aegirine-augite and catophorite-like hornblende while aegirine 

and arfvedsonite are the characteristic dark minerals of all  the 

other nepheline-syenites of l l imausak. 

The sodalite-foyaite is  a very coarse-grained rock with 

thick tabular felspar-crystals and a considerable amount of 
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sodalite. The name which was given during the field work has 

been retained in this report for practical reasons. It should, 

however, only be regarded as a provisional name, for the rock, 

upon closer examination, has proved to belong to the melano-

cratic division of the nepheline-syenites. 

The naujaite is still  more coarse-grained. It is charac

terised by a very high amount of sodalite and a peculiar poi-

kilitic structure. Since it differs considerably from any other 

knowi rock and since it is of wide distribution within the lli-

mausik region it may be regarded as the most characteristic 

rock of this complex. 

The lujavrites of Ilimausak are more or less fine-grained, 

melarocratic rocks rich in needle-shaped aegirine or arfvedsonite. 

Some varieties of the aegirine-lujavrite of this locality are much 

like Ihe original lujavrite from Kola as described by W. RAMSAY. 

The extension of the lujavrite-group to c omprise all the varieties 

which are described a s lujavrites in this report is in accordance 

with the remarks of RAMSAY as to the use of this term which 

was originally introduced by BRÖGGER1. 

The kakortokite is structurally related to the foyaites, che

mically to the lujavrites. The main body of this rock is more

over characterised by a most extraordinary banded structure. 

POYAITE. 

The pulaskite-sheet of t he Ilimausak batholite passes down

wards into the coarse-grained foyaite which constitutes the 

uppermost sheet of the nepheline-syenitic complex. The foyaite 

in turn is connected by insensible gradations with the under

lying sodalite-foyaite. For this reason it is impossible to indicate 

the accurate thickness of th e foyaite-sheet. As far as observa

tions go the approximate thickness varies between 0 and 10 meters, 

1 ¥. RAMSAY, Das Nephelinsyenitgebiet auf der Halbinsel Kola II. Fennia 

XV, Nr. 2, 1898, p. 4. 



127 

but the lat ter  f igure may perhaps be erroneous as no at tention 

was given to the difference between the foyaite and the sodali te-

foyaite during the f irst  part  of  the f ield work.  

Macroscopic appearance. — The outer  habit  of  this  rock 

is  that  of  an ordinary coarse-grained foyaite with rather thin 

tabular  felspar-crystals  averaging 1 or  Ph centimeters in length 

while the thickness seldom exceeds one-tenth of the length.  

The interspaces between the felspars are f i l led with a  grayish,  

greenish,  or  reddish translucent  nepheline and with black 

minerals .  As a  rule there is  no law of arrangement of the 

felspar-crystals ,  sometimes,  however,  they show a very marked 

paral lel  disposit ion.  Variat ions in size of grains are observed in 

some cases.  

Microscopic characters. — The main consti tuents of this  

rock are felspar,  nepheline and a dark mineral  which is  com

monly aegirine-augite but  in some cases catophori te-l ike horn

blende.  Subordinate consti tuents occurring in varying am ounts ,  

or  sometimes wanting,  are:  sodali te ,  biot i te ,  aegirine,  arfved-

sonite,  ainigmati te ,  ol ivine,  eudialyte.  Apati te  and iron ore 

are constantly present  though in verv small  quanti t ies.  Cata-

plei i te ,  cancrini te,  sprenstein,  and analcime occur as secondary 

products.  

The apatite which o ccurs in small  prisms is  often en closed 

in the felspar and in the nepheline,  sometimes also associated 

with the dark minerals .  The constant  presence of apati te  in 

this  rock is  noteworthy because apati te  is  absent  or  almost  

absent  from all  the other nepheline-svenites of  I l imausak.  The 

iron ore is  in rounded grains and occurs sparingly enclosed 

within the dark minerals .  

The felspar is  in tabular  crystals .  I t  is  a  microperthi te 

consist ing of microcline and albite.  The lat ter  is  present  in 

somewhat greater  amount than the microcline,  and the outer  

boundary of the crystals  is  frequently pure albi te.  The micro-

perthi t ic  s tructure is  of  the same type as in the pulaskite 
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(p. 121), but it is somewhat coarser and the microscopic ap

pearance of the felspar therefore approaches that observed 

in the sodalite-foyaite (see below). While in some speci

mens the felspar is fresh and clear, in others it is clouded 

with kaolin-like decomposition products; in the unfresh cry

stals the twin-structure of the microcline is indistinct or in

visible. 

Nepheline occurs rather abundantly. It is idiomorphic when 

bounded by the dark-coloured minerals, but allotriomorphic 

against the felspar crystals. It is of elîeolitic habit. In some 

specimens it is partly converted into radiating or irregular ag

gregates of cancrinite, in others it has been changed to spreu-

stein or analcime. 

Sodalite occurs sparingly in this rock, and in some spe

cimens it is entirely absent; these specimens, however, are 

rich in spreustein and it is possible that some of the spreu-

stein-aggregates may have originated from sodalite. One portion 

of the sodalite is in tolerably idiomorphic crystals, another por

tion is interstitial between the felspar crystals. As most spe

cimens also contain interstitial analcime the sodalite was 

identified by treating the slices with nitric acid and nitrate of 

silver. 

JEgirine-augite in allotriomorphic anhedra occurs abun

dantly in most specimens of the rock. The absorption-tints are 

the same as in the pulaskite (p. 122). In sections parallel to the 

plane of symmetry (010) the extinction-angle c:a averages 30° 

or 40°. This angle has its maximum value (sometimes ex

ceeding 50°) in the central part of each crystal and decreases 

gradually towards the outer boundary where it may be less than 

10°. The central portions with large angle of extinction are 

of a rather pale green colour, the marginal zone is intensely 

green. In those portions of the segirine-augite which are char

acterised by an extinction-angle of about 30° a strong disper

s i o n  o f  t h e  a x e s  o f  o p t i c  e l a s t i c i t y  i s  o b s e r v e d :  t h e  a n g l e  c : a  
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is  larger for  green than for red l ight .  — The aegirine-augite 

has not  infrequently been converted into an aggregate of f ine 

scales of brown bioti te .  

The catophori te-l ike hornblende shows the characters men

tioned in the descript ion of the s oda-granite (p.  I l l ) ;  i t  is  often 

surrounded by a dark bluish-green marginal  zone resembling 

arfvedsonite.  iEgirine and arfvedsonite are found in small  amo unts 

in most  specimens of the rock;  they are in rather large al io-

tr iornorphic anhedra which f i l l  the interspaces between the 

felspar crystals .  Ainigmati te  and brown bioti te  occur in the 

same manner but  only in a  few rock-specimens;  small  scales 

of  brown bioti te ,  however,  are not  rare in the resorption-bands 

mentioned below. 

Olivine is  so abundant in some specimens of the foyaite 

that  i t  must  be regarded as one of the main components,  in 

other specimens,  however,  i t  is  entirely absent .  I t  is  in i rreg

ular  grains sometimes reaching a length of 3 mill imeters.  In 

thin sections i t  appears colourless or  sl ightly yellowish.  The 

grains are surrounded by a zone of black metal l ic  i ron ore 

which also occurs along the cracks of the olivine.  This al ter

at ion-zone has often a  spongy appearance,  the iron ore being 

intermingled with some bioti te  and hydrous iron oxide.  These 

characters indicate that  the olivine is  of  a  variety r ich in i ron,  

perhaps fayal i te .  

Eudialyte in al lotr iomorphic anhedra is  only seldom ob

served in the foyaite.  In some specimens i t  is  replaced 

by pseudomorphs consist ing of an aggregate of cataplei i te  

crystals .  

Sequence of crystallization. — As already mentioned the 

felspar of  this  rock is  idiomorphic against  the nepheline,  and 

this  in turn is  idiomorphic against  the dark-coloured minerals .  

The lat ter  show rather irregular  variat ions in their  mutual  re

lat ion and succession,  which may be i l lustrated by a  few e x

amples.  

XXXVIII. 9 
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In one specimen — the same of which a  chemical  analysis  

is  given below — the prevai l ing dark-coloured minerals  are 

catophori te-like hornblende,  aegirine,  and ainigmati te.  The 

ainigmatite has been part ial ly converted into an aggregate of 

i ron ore and bioti te;  besides,  i t  is  often surrounded by a  zone 

or fr inge which consists  of  an aegirine-aggregate of i rregular  

columnar structure.  Where the ainigmatite has al tered,  this  

aegirine-zone follows the original  contours of the mineral .  iEgi-

rine is  also found in large anhedra.  Some of these are homo

geneous;  more commonly,  however,  each aegirine anhedron 

only forms an outer  shel l  enveloping a pseudomorph.  These 

pseudomorphs are of three kinds:  some consis t  entirely of 

an aggregate of catophori te-l ike hornblende;  others are ag

gregates of brown bioti te ;  others,  again,  contain both horn

blende and bioti te .  I t  is  probable that  these pseudomorphs 

have originated from aegirine-augite by a resorption-process.  

The catophori te-l ike hornblende also occurs separately as large 

anhedra which are sometimes surrounded by a narrow fringe of 

columnar aegirine.  

Another specimen, taken direct ly below the pulaskite-sheet  

near North Siorarsuit ,  contains abundant olivine which is  sur

rounded by the above-mentioned rim of i ron ore with some 

bioti te .  iEgirine-augi te,  too,  occurs abundantly;  this  as usual  

has an outer  zone of intensely green aegirine.  Both olivine 

and aegirine-augite are frequent ly enveloped by large anhedra 

of catophori te-l ike hornblende with a  dark-coloured,  arfvedso-

nite-l ike outer  margin around which a last  resorption-band is  

found,  consist ing of f ine-grained aegirine with some bioti te .  In 

so far  the sequence of crystal l izat ion is  well  marked.  But in 

the same sl ices a  few grains of ainigmati te are also found,  and 

these are only surrounded by a zone of f ine-grained aegi

r ine.  Finally ordinary aegirine and arfvedsonite are present  in 

large anhedra bounded only by l ight-coloured minerals  so that  

their  age in relat ion to the other dark minerals  is  not  evident  



131 

from direct observation. Probably they are the latest crystallized 

minerals of the rock since they fill  out even the narrowest inter

stices between the felspar crystals. 

From what has been said above it  will be seen that the 

sequence of crystallization of th e dark-coloured minerals broadly 

speaking is as follows: — 

First,  scarce crystals of iron-ore; next, olivine, biotite, 

ainigmatite, and aegirine-augite; a fter this, under partial resorp

tion of the minerals first enum erated, magnetite, biotite in scaly 

aggregates, catophorite-like hornblende, and aegirine, and finally, 

during the last phase of the consolidation, only aegirine and 

arfvedsonite. It  is further to be noted that the aegirine here, 

as in most o ther nepheline-syenites, has crystallized during the 

entire epoch of consolidation: (1) i t  is found as minute prisms 

enclosed in the felspars; (2) it  occurs, though very sparingly, 

as a little larger crystals which are idiomorphic against the 

felspar; (3) it  surrounds the aegirine-augite and is present in 

some of the resorption bands mentioned above; (4) it  appears 

as one of the latest crystallized minerals of the rock. The 

arfvedsonite has a similar wide range of crystallization. On 

the other hand, the structure of the rock proves with cer

tainty that the greater part of the aegirine and of the arfvedso

nite has crystallized d uring the lat est s tage of the consolidation-

process. 

Chemical composition. — A specimen of the foyaite, taken 

on the mountain-plateau above Naujakasik, has been analysed 

by Mr. G. DETLEFSEN with the results given in No. 4 in the table 

p. 132. The composition on the whole is not very different 

from that of the most common type of nepheline-syenites. The 

closest related rocks outside of Greenland are found within 

the igneous complexes of Kola and of the Los Islands. Two 

analyses of rocks from these localities are quoted for compar

ison (A and B). Considering the analogy between the South 

Greenlandic igneous complexes and those of the Christiania 

9* 
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Analyses of foyaites and related rocks. 

4 A B C. 

SiO,  56-31 56-40 5610 54'55 

TiO,  ] •84 •21 
\  1-40 { 2-82 

•21 
\  1-40 

ZrO,  ) •31 J 

AI2O3  2011 21-36 21-80 19-07 

f"e2^3  3-93 2-96 2-26 2-41 

FeO  1*45 2-39 •87 312 

MnO  •60 •49 •58 •17 

MgO  •36 •90 •83 1-98 

CaO  •62 1-81 •88 3" 15 

Na20  8-76 8-57 9-85 7-67 

K2O  4-65 4-83 4-35 4-84 

H20  1 13 •011  1-66 1  •72 1  

CI  •15 •45 

P2O5   13 •74 

10102 10015 

n
 

1! 0
 

•03 •10 

Total. .  .  100-99 100-56 100 05 99-82 

Sp.gr. .  .  .  2-67 2  1 
4r. Foyaite, Naujakasik, S. Greenland. C. DETLEFSEN,  analyst.  

A. Nepheline-syenite, Poutelitschorr, Umptek, Kola. F. EICH-

LEITER ,  analyst (V. HACKMANN ,  Der Nephelinsyenit des Umptek. 

Fennia XI, 1884, p. 139). 

B. Nepheline-syenite, aegirine-bearing, Ruma, Los Islands. PISANI, 

analyst (A. LAC ROIX ,  Les syénites néphéliniques des îles de 

Los. Comptes rendus CXLI, 1905, p. 988). 

C. Lardalite, main type, Löve, Lougendal, Norway. V. SCHMELCK, 

analyst,  (W. C.  BRÖGGER ,  Die Eruptivgesteine des Kristiania

gebietes, 111, 1898, p. 19). 

1 Loss on ignition. 2 Determination by Dr. STEE KSTRUP. 
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district  i t  is  also of interest  to note that one of the analyses 

of lardalite,  given by BRÖGGER and quoted in C in the table,  

is  pretty similar to the analysis of the foyaite of Naujakasik; 

i t  differs,  however,  in containing a somewhat greater amount 

of l ime. 

SODALITE-FOYAITE. 

Occurrence. — The sodalite-foyaite occurs as a heavy 

sheet underlying the foyaite described above and resting on 

the naujaite.  It  occupies two areas separated by the Tunug-

dliarflk Fjord. The area north of the fjord may be estimated 

at about 20 km2 and that south of the fjord at about 8 km2. 

In the former area the sodalite-foyaite is  covered by the 

arfvedsonite-granite and the transition rocks mentioned in the 

preceding pages,  and it  is  only visible in a narrow zone of 

approximately circular form. South of the fjord this rock is 

for the most part  uncovered. Both areas have evidently been 

considerably reduced by t he effects of erosion, a nd there is no 

doubt that the sodalite-foyaite originally formed one continuous 

sheet extending from the high mountains of l l imausak to Kan-

gerdluarsuk and covering an area of about 50 km2 .  The thick

ness of the sheet varies from 2 to more than 150 meters;  vet 

the mean thickness cannot be estimated at  less than about 

100 meters.  Thus the total  volume of sodalite-foyaite originally 

present within the ll imausak com plex probably a mounts to about 

5 km3. 

Macroscopic appearance. — When seen at some distance 

this rock i s a medium gray owing to the freshness of the felspathic 

constituents and the considerable amount of dark minerals.  In 

hand specimens the appearance is mottled in consequence of 

the very large size of grain.  The structural habit  on the whole 

is conditioned by the tabular felspar crystals arranged without 

any law or tendency to parallelism. Their thickness averages 

two or three millimeters,  the breadth and the length are from 
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5 to 10 times as great as the thickness. Between the felspar 

crystals abunda nt nepheline and sodalite occur in grains or im

perfect crystals measuring 5 to 10 millimeters across; both 

these and the felspars are translucent and of a grayish or 

slightly gree nish colour. The dark-coloured minerals, aegirine 

and îrfvedsonite, are in large allotriomorphic anhedra which fill  

the angular interspaces between the felspathic constituents. 

Eudiilyte, of the typical bluish-red variety, occurs abundantly 

in many specimens; it  is allotriomorphic against the felspar. 

Microscopic characters. — The main components of this 

rock are the following: alkali-felspar, nepheline, sodalite, arf-

vedscnite, aegirine, ainigmatite, and locally al so eudialyte. The 

numler of minor accessories is rather considerable: magnetite, 

biotite, aegirine-augite, astroph yllite, rinkite, s teenstrupine, poly-

lithionite (?), and fluorite. Catapleiite, analcime, and spreustein 

occur as secondary products. 

The felspar crystals are microcline-microperthite, as proved 

by tbeir optical properties. They are developed tabular on b 

(010) and very often twinned according to the Carlsbad law. 

Between crossed niçois they show a microperthitic structure 

whict is considerably coarser than that of the microperthites 

of the rocks described above. In sections parallel to c (001), 

see Fig. 14, the bands of microcline and albite are elongated 

parallel to the plane of symmetry (010). In sections parallel to 

b (010) the microperthitic structure is of the usual habit with 

lamellae at an angle of about 72° with the direction of the 

cleavige. The microcline is twinned according to the albite -

(or pjricliue?) law; it  never shows cross-hatching but the two 

individuals penetrate one another in a very irregular manner 

(see Fig. 14). The twin-structure of the albite is of the usual 

fine hmel lar kind. On the whole the structure is similar to that 

characterizing the felspar of ce rtain foyaitic pegmatites belonging 

to thä same complex and described in detail in another place1 .  

1 Mîddelelser om Grenland XIV, p. 21 and PI. 1 (1894). 
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There is ,  however,  some difference as to the relat ive amounts 

of microcline and albite:  in the sodali te-foyaite the lat ter  pre

vails  or  both felspars are present  in about equal  amounts ,  

while microcline predominates in the microperthi te of the peg

mati tes .  

The felspar crystals  of  the sodali te-foyaite inclose numer

ous minute needles of aegirine and occasionally also of arfved-

sonite .  A peculiar  t ransformation into analcime is  observed in 

Fig. 14. Microcline-microperthite of the sodalite-foyaite. 

Section parallel to c (001); crossed niçois; X 150. — The black and the heavy shadowed 
lamellae are albite; the white and the light shadowed areas are microcline. 

one specimen of the rock:  here the microcline.  is  intact  but  the 

albite-areas of the perthi t ic  crystals  are replaced by analcime with 

the exception of a  few small  remnants now lying entirely im

bedded in the newly formed analcime. This analcime shows the 

'eudnophit ic '  double refraction and a dist inct  cubic cleavage.  — 

The felspar crystals  are as a  rule uninfluenced by ordinary 

weathering;  only in a  few specimens a sl ight  kaolinization is  

seen,  and this  has only affected the albite while the microcline 

has remained clear .  
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Sodalite occurs abundantly though in varying amount in 

the different spe cimens of the rock. Sometimes it is in dode-

cahedra enclosed in felspar crystals; more often it is allotrio-

morphic towards the felspar but at the same time idiomorphic 

where it borders upon the eudialyte or the dark-coloured 

minerals; in other cases, again, it is interstitial. Between 

crossed niçois it proves perfectly isotropic. It is always sprinkled 

with a large number of minute short prisms of aegirine and 

arfvedsonite ;  these as a rule show a zonary arrangement paral

lel to the dodecahedral faces. Rounded fluid-pores with a 

mobile bubble are also found. In most specimens the sodalite 

is partially altered, especially at the outer border or along the 

cracks; the alteration-product is in some cases analcime in 

others natrolite (spreustein)1 .  

Nepheline also occurs rather abundantly. It often fills a n

gular interspaces between the felspar tables and never shows 

crystallographic boundaries when it borders upon this mineral. 

As a rule it is also allotriomorphic towards the eudialyte, but 

it is idiomorphic towards aegirine and ainigmatite. Towards 

sodalite it behaves in a varying m anner: in many cases it en

closes crystals o r rounded grains of primary sodalite b ut within 

the same specimens instances of the reverse may also be ob

served. In contradistinction to felspar and sodalite the nephe

line is very p oor in aegirine microlites. Alterations to zeoiitic 

matter are common; sometimes also t he nepheline is of a cloudy 

appearance, probably in consequence of ordinary weathering. 

Eudialyte occurs in greatly varying amount. As a rule it 

is fresh, showing distinct double refraction. Locally it has been 

converted into an aggregate of catapleiite and light green aegi

rine. This alteration has not the character of a resorption 

process, for the original outlines of the eudialyte have been 

1 For a fuller description of the alteration-processes of the sodalite of 

this rock and of the naujaite, see 'Meddelelser om Grönland' XIV, p. 135 

(1894). 
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preserved in most  cases;  on the other hand observations show 

that  the cataplei i te  has formed prior  to the analcime,  and the 

transformation of the eudialyte must  accordingly have occurred 

before the cooling down of the rock1 .  

JEgirine and arfvedsonite showing the typical  characters2  

are present  in great  amounts.  They occur in large al lotr io-

morphic anhedra,  sometimes in paral lel  intergrowth with one 

another,  f i l l ing the interspaces between the other minerals .  The 

aegirine is  not  only a  primary con sti tuent  of  the rock,  but  i t  is  

also found as an al terat ion product  of  arfvedsonite.  In the 

lat ter  case i t  occurs as very l ight  coloured,  f ibrous aggregates 

and the majori ty of the f ibres are paral lel  to the vert ical  axis  

of  the original  arfvedsonite.  Interspersed in this  aegirine-

aggregate numerous minute scales of a  strongly pleochroic 

mineral  showing deep reddish brown and l ight  grayish brown 

absorption-t ints  are commonly found; the direct ion of maximum 

absorption in some sections is  paral lel  to,  and in others per

pendicular  to,  the direct ion of elongation of the scales;  the 

mineral  is  probably hydrous iron oxide.  

This al terat ion of the arfvedsonite begins at  the margin 

and proceeds along the.  c leavage crak s;  as a  rule i t  affects  only 

small  port ions of each arfvedsonite-anhedron.  Locally ,  how

ever,  the arfvedsonite has been completely c onverted into such 

fibrous aggregates of l ight-coloured or  colourless aegirine,  and 

this  wil l  a pply to al l  the arfvedsonite-bearing rocks of l l imau-

sak.  Nice pseudotnorphs of this  kind have already b een found by 

the earl iest  explorers of  the l l imausak region.  The existence of 

the pseudomorphs has no doubt contributed to the uncertainty 

about the chemical  composit ion of arfvedsonite which prevailed 

unti l  J .  LORENZEN cleared up the quest ion3 .  

1  The conversion of  eudialyte  into cataplei i te  has  been descr ibed in  'Med-

delelser  om Grönland '  XIV,  p .  164 and Pl .  VI (1894) .  
2  Ibidem, p.  176 and p.  191.  
3  Meddelelser  om Grenland 11,  1881,  p .  147,  and Mineral .  Magaz.  V,  p .  50.  
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In some pseudomorphs the hydrous iron oxides mentioned 

above are wanting, in others they are replaced by micaceous 

haematite, while the aegirine is always of the same acmite-like 

habit and fibrous s tructure. A fuller descri ption has been given 

in another place1;  here, the analysis of them is quoted to

gether with analyses of arfvedsonite and aegirine in order to 

show the general character of the alteration process. 

Arfvedsonite Arfvedsonite- JEgirine 
(Lorenzen) pseudomorphs 

(Detlefsen) 

(Lorenzens 

Si02   .  .  43-85 4419 49-04 

AI3O3   . .  4'45 4 6 3  1-80 

Fe2^3  3-80 34-67 29-54 

FeO  . .  33 43 1 1 6  4 8 2  

MnO  •45 tr. 

MgO  •81 •18 tr. 

CaO  4-65 2-35 270 

Na.,0  8 1 5  11 "61 13-31 

K2O  1 0 6  13 tr. 
H , < >   15 2  •30 — 

100 80 99 67 101-21 

Sp. gr. .  .  .  3 44 3 57 3 63 

This alteration of the arfvedsonite no doubt belongs to 

the pneumatolytic phase; it  is of special interest because it  

indicates the presence of an excess of oxygen during this 

phase. It is probable that the process is contemporaneous 

with, and partly due to the same agencies as, the conversion, 

mentioned above, of eudialyle into catapleiite; for in the spe

cimens where the arfvedsonite is highly alte red the same holds 

good of the eudialyte too. 

Ainigmatite occurs in the sodalite-foyaite in varying but 

as a rule small amounts; it  is in allotriomorphic anhedra. Mi

crographie intergrowths with arfvedsonite or aegirine are not 

uncommon. 

1  Meddelelser om Grenland XIV, p. 195 (1894). 
2  Loss on ignition. 
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With regard to the minor accessories the iron ore is  very 

limited in amount and sometimes entirely wanting. The biotite 

also is very scarce; it  has a strong pleochroism varying be

tween a very dark brownish green and a light yellow-brown. 

jEgirine-augite is  rare; i t  has only been observed in two sp e

cimens where it  occurs in rounded grains with the usual mar

ginal zone of aegirine and is surrounded by arfvedsonite in a 

parallel  position. Astrophyllite h as only been observed in one 

specimen ;  i t  is  in groups of irregularly arr anged laths less than 

08 millimeters long. This mineral has previously been found 

in somewhat larger crystals in different localit ies within the 

Julianehaab region1 .  The rinkite is  rather common in this 

rock; i t  is  often visible to the naked eye. In thin sections it  

is  a lmost co lourless and shows a polysynthetic twinning parallel  

to the cleavage ;  the extinction-angles of the lamellae are very 

small .  Steenstrupine in well  defined crystals,  reaching 05 

millimeters in length, occurs very sparingly. Between crossed 

niçois it shows the peculiar microstructure described by BÖGGILD 

as pertaining to the crystals of his second type2 .  It  is  asso

ciated with colourless flakes of a mica which is supposed to 

be polylithionite because this mineral is an almost constant 

companion of the steenstrupine in the pegmatit ic veins.  Small 

crystals of ;üuorite are not uncommon in the sodalite-foyaite ;  

they are perfectly isotropic and colourless.  Their index of 

refraction is perceptibly lower than that of sodalite,  and this 

feature in connexion with the characteristic cleavage has been 

used for the identification of the mineral.  I t  o ccurs in cr ystals,  

seldom more than Ol millimeter across,  enclosed within the 

dark-coloured minerals.  

1  J. LORENZEN,  Unters uchung einiger Minerali en a us Kangerdluarsuk. Zeit

schrift für Kristallographie IX, p. 253 (1884). 0. B. BÖG GILD ,  On s ome 

Minerals from Narsarsuk (Meddelelser om Grönland XXXIII, 1906, p. 103) 

and Mineralogia Groenlandica (ibidem XXXII, 1905, p. 351). 
2  0. B. BÖGGILD,  New examinations of Steenstrupite. Meddelelser om 

Grönland XXIV, 1900, p. 208. 
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Analcime very commonly fil ls narrow interstices between 

the other minerals.  The intersti t ial  analcime is of the same 

habit  as that occurring as an alteration product of the l ight-

coloured minerals,  and both kinds of analcime often belong to 

the same crystaliographic individuals.  For this reason the in

tersti t ial  analcime is not reckoned among the primary consti

tuents of the rock. It  is ,  however,  decidedly older than the 

natrolite.  

Sequence of crystallization. — From the above description 

it  will  be seen that the order of crystall ization of the main 

components is a s follows: first  felspar,  next nepheline, and fin

ally œgirine and arfvedsonite.  The sodalite shows a very wide 

range of crystall ization, since one portion of i t  is  older,  and 

another portion of i t  later,  than felspar.  Eudialyte as a rule 

is later than felspar and older than nepheline. This order of 

crystall ization is of interest  because the naujaite,  t hough closely 

related to the sodalite-foyaite,  shows a different order.  Only 

the place of the œgirine and the arfvedsonite at  the end of the 

succession is common to both rocks and also to many other 

nepheline-syenites of related composition. This feature which 

is opposed to the general rule,  that the sequence of crystall i

zation corresponds with decreasing basicity,  has been noted 

long ago in the descriptions of aegirine- and arfvedsonite-

bearing nepheline-syenites from several localit ies1 .  I t  is  true 

that the crystall ization of the dark-coloured minerals in the 

sodalite-foyaite may be said to have com menced at a very early 

stage of the consolidation process because minute needles of 

aegirine and arfvedsonite are enclosed within the felspar,  but 

this portion of the dark coloured minerals is quantitatively quite 

insignificant as compared with the large anhedra; and since in

dividuals of intermediate size are relatively rare there is no 

doubt that the bulk of the aegirine and of the arfvedsonite has 

1  V. HAC KMAN , Petrographische Beschreibung des Nephelinsyenites von 

Umptek. Tennia XI, No. 2, p. 101 and 131 (1894). 
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Analyses of sodalite-foyaite and tavite. 

5 A 

SiO,   49-38 47-29 

TiOo  •63 

Zr0 2   •61 

AI 2O3   17-31 15-46 

Fe 20 3   4-20 1200 

FeO  5-25 2-35 

M n<>  •08 t race 

MgO  •53 1-32 

CaO  2-23 1-61 

NaJ)   13-87 14-74 

K2O  2-55 1-23 

H20 above 110° • •  1-30 1 "85 1  

H20 at  110° • • •  • 16  

CI  1-68 n.  d .  

S0 3   none t race 

none 

99-78 

CI — 0  •38 

Total .  .  .  99-40 97*85 

Sp.  gr ..  .  .  2-653 

5. Sodal i te-foyai te ,  Tupersuats iak,  S.  Greenland.  C. WINTHER, 

analyst .  

A.  Tavi te ,  Lujavr-Urt ,  Kola.  H. BLANKETT ,  analyst  (W. RAMSAY, 

Das Nephel insyeni tgebiet  auf  der  Halbinsel  Kola I I .  Fen-

nia  XV, No.  2 ,  1899,  p .  24) .  

1 Loss on ignition. 
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actually crystallized later than the main mass of the o ther con

stituents of the rock. 

Chemical composition. — A chemical analysis of specimens 

of this rock, taken at Tupersualsiak, has been made by Dr. C. 

WINTHKR ,  with the results given in No. 5 of the above table. If 

this analysis is compared with the analyses of other nepheline-

syenites it  will be found to differ c onsiderably from most of 

them. Among the rocks of Lujavr-Urt, Kola Peninsula, how

ever, a closely related type occurs, namely the tavite of RAMSAY 

(see above, analysis A). The analysis of the tavite is incom

plete, chlorine not having been determined, but as a variety of 

sodalite (hackmanite) is a main constituent of the rock it is 

probable that a more complete analysis would s how a still  greater 

agreement with the analysis of the Greenlandic rock. On the 

other hand it deserves notice that the tavite as to structure is 

much more similar to the Greenlandic naujaite than to the 

sodalite-foyaite. 

From the chemical analysis the mineral composition of 

the sodalite-foyaite of Tupersuatsiak is found to be approxi

mately: 
Per cent. 

microcline 16 

albite 20 

sodalite 22 

nepheline 5 

eudialyte 4 

jegirine 12 

arfvedsonite 6 

ainigmatite 7 

zeolites (analcime and natrolitej.... 6 

fluorite, rinkite etc 2 

100 

In calculating these figures it  has been assumed that the 

eudialyte, the aegirine, and the arfvedsonite are of the same 

composition as those of the pegmatites as analysed by J.  Lo-

RENZEN. Likewise the analysis of nepheline by CLARKE and that 
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of ainigmatite by FORSBERG have been used. But as the actual 

composition of all  these minerals in the rock may be more or 

less different from that given in these analyses the above cal

culation is only likely to give a very approximate idea of the 

relative amounts of the mineral components.  

NATTJAÏTE. 

The naujaite may be regarded as the most charateristic 

rock of the Il imausak region. It  covers a larger area than any 

other nepheline-syenite of this complex, and it  is  exceptional 

as to mineral composition and structure.  It  appears in the 

coast cliffs at  most of the landing-places used by travellers 

going in search of rare minerals,  and it  has therefore long 

ago attracted attention. As a separate rock-type it  was first  

described by Dr. STEENSTRUP who termed it  'sodali te-syenite 'x .  

The naujaite may be defined as an extremely co arse-grained 

nepheline-syenite,  characterized by a very high content of so-

dalite and by a peculiar poikilit ic structure.  

Occurrence. — The naujaite reaches its maximum thick

ness,  about 600 meters,  at  the inner end of Kangerdluarsuk. 

From this place i t  e xtends northward and northeastward all  the 

way to Tunugdliarfik; north of this fjord it  reappears and 

covers a considerable area around and below the arfvedsonite-

granite.  The total  area where the naujaite is exposed to view 

may be estimated at  about 24 km2 .  To this may be added the 

areas where it  is  covered by the other rocks or by th e sea,  as 

well  as those from which it  has been removed by erosion. In 

this way it  is  found that the original extension amounts '  to 

about 60 km2 .  As the mean thickness is estimated at  300 meters 

the total  volume of this rock originally present within the 

1 Meddelelser om Gr0nland  II, 1881, p. 35. — The term 'sodalite-syenite' 

is also used in later publications by STEENSTRUP, LO RENTZEN, BÖQGILD, 
USSING and others. The reasons for the introduction of a new name have 

been given in the preceding chapter (p. 32). 
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Il imtusak complex amounts to 20 km3  or a li t t le less.  These 

figures,  however,  are only to be regarded as approximate.  

The general shape of the naujaite-body is that of a toler

ably flat  or slightly concave sheet.  In the higher parts of the 

mountains it  is  overlain by the sodalite-foyaite.  It  rests upon 

lujavrite.  Between the naujaite and the sodalite-foyaite there is 

always a gradual transition; towards the lujavrite the con tact as 

a rule is  well  marked though transitional forms are found in 

some places.  

Colour. — The colour of the naujaite cliffs when seen at 

some distance is l ight g ray; upon closer inspection or in hand 

specimens the rock has a conspicuously motley appearance 

owing to the large dimensions of the individual white,  greenish, 

red, and black crystals and anhedra.  On freshly broken sur

faces the sodalite exhibits a magnificent,  d eep bluish-red colour 

which rapidly disa ppears when the surface is exposed to the 

light (p.  33) 

Mineralogical characters. — The main constituents are 

sodalite,  nepheline, alkali-felspar,  aegirine,  arfvedsonite,  and eu-

dialyte,  the latter in varying and sometimes in very small  

amoint.  As minor accessories the following minerals have 

been detected: ainigmatite,  r inkite,  rosenbuschite,  molybdenite,  

sphalerite,  biotite,  polylithionite.  and apatite.  The micro

scope also reveals the presence of analcime and natrolite 

(spreustein) occurring as secondary minerals in the same man

ner as in the sodalite-foyaite.  A li t t le intersti t ial  analcime is 

often observed. 

The sodalite is  very abundant in veil  developed dodeca-

hedra.  It  is  the most idiomorphic constituent of this rock; 

only where i t  borders upon nepheline i t  does not show any 

distinct idiomorphic form. The dodecahedral cleavage is well  

developed. The crystals are isodiametric or slightly elongated 

paralel  to a trigonal axis.  The diameter commonly varies be

tween 3 and 5 millimeters;  exceptionally very el ongated crystals 
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may reach a  length of  1  or  2  cent imeters .  As a  rule  the 

sodal i te  is  qui te  f resh ,  t ranslucent ,  and of  a  greenish colour  

{rarely colour less) .  In  polar ized l ight  i t  proves s t r i c t ly  i sotropic .  

LORENZENS analysis  of  this  sodal i te  is  here  quoted:  

Analysis of sodcilite-crystals of naujaite1. 

Si02  36 50 

AU).,  31-53 

Fe, 19 

CaO -25 

Na.,0 _>»»30 

K..U -18 

CI 730 

102-25 

Cl = O L  1-65 

Total . . .  100-60 

Sp.gr. . . .  2 31 

The sodal i te-crvstals  conta in innumerable  minute  needles  

or  microl i tes  of  arfvedsoni te  and aegir ine whic h are  responsible  

for  the greenish colour  of  the crystals .  As a  rule  the arfved-

soni te-needles  are  more abundant  than the aegir ine-needles .  Their  

dimensions are  very small ,  except ional ly  they may reach a  

length of  0 '05 mil l imeters  and a  thickness  of  0 -01 mil l imeters .  

Most  of  them l ie  paral le l  to  the cleavage direc t ions,  but  they 

do not  show any zonary arrangement ,  with the except ion that  

the marginal  zone of  the  sodal i te-crystals  in  some cases  is  

f ree  f rom microl i tes .  Minute  f luid- inclusions with a  mobi le  

bubble  occur  in  large number ;  these are  a t  least  par t ly  of  

secondary or igin,  for  they are  of ten arranged in  long rows 

s t retching across  several  crystals .  The sodal i te  is  sometimes 

found to  be par t ia l ly  converted into analcime,  but  the com

monest  a l terat ion-product  is  natrol i te-spreustein.  Even in  the 

freshest  rock-specimens the microscope reveals  the presence 

of  smal l  patches of  natrol i te  a t  the margin of  the sodal i te-

crystals ;  these patches appear  just  a t  the boundary between 

1  Meddelelser om Grönland 1!, p.  59 (1881). 

XXXVIII. 10  
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sodali te  and felspar,  and the al terat ion-process at tacks both 

minerals  s imultaneously.  I t  is  therefore probable that  the for

mation of spreustein in this  case begins according to the 

equation 

sodalite albite natrolite 

Na4AI3ClSi3012 + NaAlSisOg + 4H20 = 2(Na2AlaSi3010 . 2H20) + NaCl. 

Next to the sodali te  nepheline is  the most  idiomorpic mi

neral  of  the naujai te .  I t  oc curs in hexagonal ,  short  prisms,  one 

or two c entimeters across .  The crystals  as  a rule are fresh,  

white or  sl ightly grayish,  and translucent .  Under the micro

scope many of them are quite clear  while others contain 

f luid-pores and minute prisms of arfvedsonite (rarely aegirine );  

these prisms are of considerably larger dimensions than the 

mieroli tes contained in the sodali te ,  but  they are not  very 

numerous.  

The mutual  relat ions of nepheline and sodali te  are some

what intr icate.  Very often the larger nepheline crystals  en

close crystals  of  sodali te  in a  poiki l i t ic  manner,  but  within the 

same sl ices also micrographie intergrowths of both minerals  

may be observed as well  as  instances where the nepheline has 

been part ial ly converted into sodali te .  In the lat ter  case sodali te  

has formed not  only round the margin of the nepheline but  

also in irregular  patches in the interior ,  and at  a  more ad

vanced stage of conversion the nepheline is  reduced to isolated 

lapped areas enclosed in the sodali te .  The sodali te  replacing 

nepheline in this  manner is  of  the same microstructure as the 

marginal  zone without mieroli tes that  surrounds some of the 

idiomorphic sodali te-crystals  as  mentioned above.  This seems 

to indicate that  the transformation of the nepheline has oc

curred before the f inal  consolidation of the rock.  There are,  

however,  found indications that  a  conversion of nepheline into 

sodali te  has also taken place after  the consolidation,  for  in 

some cases the outer  zone of the nepheline-crystals  has been 

changed into a  sodali te  showing convex or  mammillary surfa ces 
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towards the remaining portion of the nepheline; in this sodalite 

no cleavage is visible,  and its s tructure is probably fine-grained 

or spherulit ic.  Thus, while the greater part  of the sodalite in 

the naujaite has crystall ized prior to the nepheline, sodalite in 

minor quantit ies has formed at the expense of nepheline both 

before and after the consolidation of the rock. This is in 

harmony with the well-known experiences in regard to the 

artificial  production of sodalite1 .  Another less common altera

tion of the nepheline of this rock is the conversion to spreu-

stein ;  this process is always posterior to the 'sodalit isation' .  

In comparison with the crystals of sodalite and nepheline 

those of felspar are of gigantic dimensions: their length varies 

from 3 to 25 centimeters and averages about one decimeter.  

They are of thick tabular habit ,  the thickness amounting to 

about one fourth or one third of the length. Each felspar-

crystal  encloses a large number of sodalite-crystals poikili t ically; 

the cleavage surfa ces for this reason are of a peculiar,  coars ely 

dotted appearance. The clinopinacoidal crystal-faces (010) are 

well  developed, sometimes also prismatic faces (110) are seen 

where the felspar is bounded by arfvedsonite.  The crystals 

are very fresh, translucent,  and of a light greenish or grayish 

colour.  

Under the microscope the felspar is seen to be a micro-

cline-microperthite.  The perthitic structure as well  as the 

twin-structure of the microcline is very different from any of 

the ordinary types represented by the felspars of common gra

nitic and syenitic rocks,  but both structures are of the same 

types as those characterizing the felspar of the sodalite-foyaite 

(see Fig. 14, p.  135).  A sti l l  clo ser a rrangement is found between 

the felspar of the naujaite and that of the pegmatit ic veins.  The 

latter has been described onj a previous o ccasion2 ;  the chemical 

analysis is  here quoted: 

1 H. ROSENBUSCH, Mikroskopische Physiographie I, 2, p. 40 (1905). 

- Meddelelsei' om Grenland XIV, p. 21 and Pl. I (1894). 

1 0 *  
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Analysis of microcline-mieroperthite of vaujaite-pegmatite. 

I II III IV 

SiOj 65-62 -77 65 86 65 80 

Ali,*)., 18-50 -03 18-76 18 75 

Fe.,0., *55 *55 — — 

MgO tr. — — — 

Na20 3-50 -21 3'34 3'36 

Kat) 11-86 — 12 04 12-09 
Loss on ignition... -38 — — — 

Total... 100 41 1 56 10000 10000 

Sp. gr.. . .  2'58 

I.  Microcline-microperthite of naujaite-pegmatite, Nunarsuatsiak. Analysis 
ty C. DETLEFSBN. 

II.  Deduction for œgirine-inctusions. 

III. Calculated composition of the felspar after deducting 156 per cent of 
of segirine. 

IV. T heoretical composition of a felspar c ontaining 7161 per cent. KAlSi.,O a  

and 28 39 per cent. NaAlSi308. 

la the felspar-crystals of the naujaite,  microcline as a rule 

dominates over albite;  very often, however,  the central  part  of 

«ach crystal  is  relatively rich in albite while microc line becomes 

gradually more prevalent as we approach the margin. 

As i t  has been pointed out in the earlier description of 

these felspars1 their structure is no doubt due to a primary 

mtergrowth of microcline and albite.  This is indicated by the 

fact that the composition surfaces of microcline an d albite show 

a pronounced tendency to assume a direction parallel  to b (010) 

which is the predominant crystal  face. This feature is common 

to most of the perthites of the Il imausak nepheline-syenites 

land it  has also been noticed elsewhere in rocks of similar 

composition) while i t  i s  o pposed to the behaviour of the perthitic 

structure in most other rocks in wh ich the perthitic c omposition 

planes do not follow the direction of any crystal  face3 .  J .  H. 

L.  VOGT in his interesting study of the crystall ization of the 

1 loc. cit. p. 33. 
2 loc. cit. p. 86. 
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fe lspars  in  magmas 1  has expressed a  somewhat  different  opinion.  

He supposes  tha t  the felspar  of  which the chemical  composi

t ion has  been given]  above has  formed as  a  homogeneous crystal  

of  potash-felspar  containing the highest  admixture  possib le  of  

a lbi te-s i l icate  (according to  his  theory about  28 per  cent . ) ,  and 

that  the per thi t ic  s t ructure  has  or iginated by recrystal l izat ion 

when the sol id  crysta l  adjusted i tself  to  another  s ta te  of  equi

l ibr ium at  a  lower temperature .  I t  deserves  not ice ,  therefore ,  

that  the s t ructural  feature  mentioned above is  not  the only fact  

te l l ing against  the view of  Professor  VOGT .  Thus,  the micro

scopical  examinat ion of  the rock indicates  the presence of  a l l  

gradat ions connect ing the per thi tes  in  which albi te  dominates  

with those containing prevalent  microcl ine;  and the naujai te  

i tself  with i ts  per th i t ic  fe lspars  is  connected by gradual  t ransi

t ions with the lujavri tes  in  which microcl ine and albi te  occur  

in  separate  crystals  of  widely varying relat ive amounts2 .  

1 J. H. L. VOGT, Physikalisch-chemische Gesetze der Krystallisationsfolge 

in Eruptivgesteinen. Tschermak's Mineralogische und Petrographische 

Mitteilungen XXIV, p. 533 (1906). 
2 Another hypothesis set forth by Professor VOGT (loc. cit p. 522) and 

relating to the same question, viz. that the cryptoperthites of certain 

augite-syenites (larvikites) represent the eutectic mixture of soda- and 

potash-felspar also seems open to some doubt. As a matter of fact 

the augite-syenites in question in many localities occur in connection 

with nepheline-syenites containing perthitic alkali-felspars of a chemical 

composition which differs considerably from that of the cryptoperthites, 

and for geological reasons it se ems very unlikely, if not impossible, that 

the felspars of the augite-syenite have crystallized a t a lower temperature 

than the other felspars. At Ilimausak the naujaite-pegmatite has 

evidently crystallized at a lower temperature than the naujaite itself, 

and this in turn has crystallized at a lower temperature than the 

augite-syenite which is of the Larvik type. Accordingly it might be 

expected that the eutectic alkali-felspar w as to be found in the pegma

tite rather than in the augite-syenite. But in the hypothesis of Profes

sor VOGT the reverse is assumed: the pegmatitic felspar mentioned 

above is quoted as an instance of an originally h omogeneous soda-hear

ing potash-felspar, and the felspar of the augite-syenite is interpreted 

as an eutectic intergrowth. To the present writer the assumption 

seems more likely that the augite-syenitic cryptoperthites in most cases 

have crystallized at a relatively high temperature as originally homo-
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iiinute prisms of aeginine and of arfvedsonite are always 

fount included in the felspar of th e naujaite. They are, however, 

neither so numerous nor so small as in the sodalite of this 

rock. Another difference is that,  among inclusions in the 

felspir,  aegirine is predominant, while, in the sodalite, arfved-

soniU-prisms prevail.  The commonest alteration of the felspar 

in this rock results in the formation of analcime. 

The felspar of the naujaite has often been partially c on

verted into analcime. Among the slices of one single hand-

specinen some may afford marked instances of this conversion 

while in others the felspar is quite intact.  The transformation 

always b egins from the margin and from a few cracks, and the 

analcme formed in this way is very coar sely crystalline, showing 

distinct cleavage and the usual anomalous double refraction. 

Curiously enough in many cases only the microcline has been 

altered to analcime while the albite is unaltered; instances of 

the reverse, however, are not uncommon. 

The principal dark-coloured minerals of the naujaite are 

œgirme and arfvedsonite. The former is predominant in some 

places a nd the latter in others, but these variations are quite 

irregular and specimens containing aegirine and arfvedsonite in 

about equal amounts are also rather commonly found. Both 

mineials occur as large allotriomorphic anhedra often reaching 

a length of 20 or 30 centimeters. Each anhedron encloses a 

arge number of so dalite-crystals poikilitically (sometimes several 

hundred). Upon closer inspection aegirine proves a little more 

idiomorphic than the arfvedsonite: while the latter is always 

interstitial and never shows any trace of external crystal faces 

gtneous mixed crystals; while the primary perthitic felspars found in 

the Ilimausak pegmatites, in the naujaite, and in many other rocks, 

hive crystallized at a lower temperature than the inversion temperature 

at which the felspars are transformed into non-isomorphous forms. 

Tie latter view of course depends on the assumption which has not yet 

been strictly proved, that the alkali-felspars are isomorphous at high 

temperatures. 
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( the minute prisms enclosed in the sociali te  e tc.  are here lef t  

out  of considerat ion! the aegir ine,  though mainly interst i t ial ,  

shows traces of idiomorphism towards the felspar.  At their  

mutual  boundaries neither aegirine nor arfvedsonite shows idio-

morphic outl ines.  The optical  character  of the aegirine and the 

arfvedsonite of  this  rock indicate that  both are typical  repre

sentat ives of these mineral  species .  The well-known analyses of  

aegirine and arfvedsonite from 'Kangerdluarsuk' by LORENZEN, 

DO ELTER ,  and BERW ERTH refer  to specimens from the pegmati tes 

of  the naujai te .  

The eudialyte is  present  in widely varying amount in this  

rock:  in some places i t  is  abundant,  in others i t  occurs as a  

verv subordinate consti tuent.  I t  is  in fresh red crystals  of  

s imilar  large dimensions as the felspar,  and as a rule i t  is  a  

l i t t le  more idiomorphic than the lat ter  mineral .  I t  is  always 

closely dotted with sodali te-crystals ,  while inclusions of other 

kinds are very rare.  Optical ly i t  agrees with the typical  variety 

of  eudialyte foun d in the pegmati tes of  the naujaite1  and ana

lysed by LORENZEN and RAMMELSBERG. 

As mentioned above the number of minor accessories 

occurring in the naujai te  is  rather considerable but  most  of  

them are very rare.  I t  deserves notice that  i ron-ore is  entirely 

absent .  Also apatite is  extraordinari ly scarce;  only in a  few 

sl ices three or  four minute prisms have been observed,  im bed

ded in sodalite or nepheline. Small scales of brown biotite 

occur rather commonly as a thin coating on those nepheline-

crystals  which are imbedded in the arfvedsonite.  Sphalerite has 

been found in small  grains,  enclosed in aegir ine,  and in crystals  

surrounded by analcime; in thin sl ices i t  is  of  a  yellowish 

brown colour.  Among the other accessories,  mentioned above 

(p.  144),  only the rosenbuschite needs a  more detai led descrip

t ion as this  mineral  has not  been found previously in Green-

1  Merldelelser om Grönland XIV, p. 147 (1894). 
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in odourless (or slightly yellowish) needles and slender prisms 

reading a maximum length of 2 millimeters. Most of them 

are ncluded in the outer zone of the sodalite-crystals. The 

needes are monoclinic and elongated parallel to the è-axis. 

Then is a very distinct longitudinal cleavage. The optic axial 

angle is large. The refractive power, the birefringence, and 

the jeneral habit agree with those of the rosenbuschite from 

Langesund. In several slices of the naujaite a few small crystals 

are cbserved showing characters agreeing with those of schi-

zolitt, a mineral which has been found in the pegmatites of the 

naujaite1;  no exact determination, however, could be made of 

these crystals. 

Structure. — The photograph, Pi. XVIII, showing the sur

face of a naujaite cliff near the inner end of Kangerdluarsuk 

Fjord, will give a general idea of the peculiar poikilitic struc

ture of this rock. The rock may be said to be made up of a 

hypiciomorphic aggregate of felspar, nepheline, eudialyte, aegirine, 

and irfvedsonite. This aggregate is exceedingly coarse-grained 

(the length of the individual crystals with exception of the 

nephelines commonly exceeds 10 centimeters), and all crystals 

of t ie aggregate are closely and uniformly dotted with dode-

cahedra of sodalite averaging half a centimeter across or a little 

less. This contrast as to size between the sodalite and the 

othei consti tuents is always very conspicuous: the sodaii te-

crystals never show the slightest tendency to attain dimensions 

comparable with those of the other minerals2 .  The bearing of 

this structure on the question of the origin of the naujaite will 

be dscussed in the last chapter. 

1 0. B. BO GGILD, On some minerals etc. Meddelelser om Grönland XXVI, 

1903, p. 121. 
2 This refers exclusively to the naujaite itself: in the pegmatitic veins of 

tie naujaite the same minerals may be present and the sequence of 

crystallization may be the same as in the naujaite but the structure is 

entirely dif ferent (p. 65). 
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The sequence of crystal l izat ion when only the main consti

tuents are considered is  as fol lows:  

I .  Sodali te  

II .  Nepheline and eudialyte 

III .  Fe lspar 

IV. iEg irine,  and finally arfvedsonite.  

This applies to the t ime of crystall izat ion of the bulk of each 

consti tuent .  But i t  wil l  be evident  from what has been said 

above that  the periods of growth of the different  minerals  

largely overlap one another,  j .  Thus,  the main port ion of the 

sodali te  which is  r ich in inclusions is  no doubt older than the 

nepheline,  but  the crystal l izat ion of sodali te  has slowly co n

t inued contemporaneously with that  of  nepheline and far  beyond 

the t ime when felspar began to crystal l ize.  On the other hand 

there are no indications whatever that  sodali te  or  nepheline 

crystal l ized later  than felspar,  and this  is  a  very noticeable 

difference from the sodali te-foyaite where felspar is  the most  

idiomorphic mineral .  As to the aegirine and the arfvedsonite 

their  behaviour is  the same as in sodali te-foyaite (see p.  137).  

Chemical composition. — Owing to the extremely large 

size of grains of the nanjai te  great  care was needed in the 

select ion of specimens for the purpose of chemical  examination.  

Two analyses have been made with the results  shown in the 

table on the next  page.  The first  analysis  (No. 6)  was made on 

specimens collected as typical  representat ives of the naujai te  as  

i t  ap pears  a t  Kangerd luarsuk .  For  the  second  ana lys i s  (No.  7)  

typical  specimens were taken at  Nunasarnak,  on the northern 

side of Tunugdliarf ik.  

From the chemical  analyses the mineral  composit ion is  

approximately found to be the fol lowing 1 :  — 

1  With regard to the chemical composition of the minerals the same as

sumption have been made here as in the calculation of the sodalite-

foyaite (p. 142). 
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Analyses of naujaite and related rocks. 

t)  7  A B C 

SiO  49'46 43-39 I 48-10 48-35 
?45'28 1 

TiO  •16 •20 
?45'28 1 

13 *45 
ZrO.,   •38 •27 trace 

AI2O3  23-53 23-13 27-37 24-20 23-10 

Fe2°3  3-04 3-62 3-56 Ml 2'48 

FeO  1-02 3-24 •49 2-47 1 "89 

MnO  •17 trace 19 •48 
MgO  trace none •33 *51 •89 
CaO  •80 "56 1-22 •45 2-51 
Na,0  14-71 19-68 17-29 15-20 13-20 

KOO  4-34 1-51 3-51 3-00 3-58 

H ,0 above 110° • .  • ) 1 36 ] 
2-91A 

1 1-38 •21 
\ '402 1-20 2-91A 

H,0 at 110° 1 1-38 •21 J 
CI  2-25 3-63 2-80 1-49 

SO;!  none none 

P2O,  none none 

101-24 100-80 99-65 3 100-85 

CI — 0 •51 •82 •63 •34 

Total.  .  .  

Sp.  gr. .  .  .  

100-73 

2-53 

99-98 

2*545 

99-53 

. 

99-02 100-51 

6. Naujaite,  Kangerdluarsuk, S.  Greenland. N. V. USSING, 

analyst4 .  

7. Naujaite,  Nunasarnak, S.  Greenland. C. WINTHER,  analyst .  

1  Including "ca. 2 per cent. Ti02". 
2  Loss on ignition. 
3  In the original the sum is given as 99'45. 
4  This analysis has previously been published in H. ROSENBUSCH,  Ele

mente der Gesteinslehre, 1898, p. 126. As given above the analysis 

has been completed by the determination of TiO s ,  made by Dr. 

WINTHER. 



A. Unite ,  Lujavr-ür t ,  Kola.  A. ZILLIACÜS,  analyst . (W. RAMSAY, 

Das Nephel insyeni tgebiet  auf  der  Halbinsel  Kola II .  Fennia  

XV, No 2,  1899,  p .  22) .  

B.  Nephel ine-syeni te ,  r ich in  sodal i te ,  Los Is les .  F .  PISANI, 

analyst  (A.  LACROIX ,  Sur  les  faciès  de var ia t ion de cer ta ines  

syeni tes  néphél iniques des  î les  di  Los.  Comptes  rendus 

CXLII ,  1906,  p .  684) .  

C.  Nephel ine-syeni te ,  r ich in  sodal i te .  Zeekoegat ,  Transwaal .  

F.  PISA NI ,  analyst  (H.  A.  BROÜWER ,  Transwaalsche Nephel ien-

syenieten.  s 'Gravenhage 1910,  p .  42) .  

.Naujaite Naujaite 
analys is  No.  6 analys is  No.  

Kangerdluarsuk Nunasarnak 
Per cent. Per cent. 

sodal i te  31 54 

nephel ine  18 5 
eudia ly te  3 2 

microcl ine  . 20 6 

alb i te   10 —  

ain igmat i te  . . . .  —  2 

œgir ine  10 12 

ai fvedsoni te  1  ô 
analc ime 7 14 

100 100 

The f igures  given in  this  table  a t  once show that  the 

sal ient  feature  of  this  rock is  the extraordinar i ly  high amount  

of  sodal i te .  They also show that  the naujai te  of  Nunasarnak is  

s t i l l  r icher  in  sodal i te  than the Kangerdluarsuk var ie ty  while  on 

the other  hand felspar  and nephel ine are  considerably lower 

in  the former rock.  These differences in  as  far  as  sodal i te  and 

nephel ine are  concerned express  an or igina l  var ia t ion in  the 

composit ion.  As to  the amounts  of  fe lspar ,  however ,  the  

or iginal  difference is  much infer ior  to  that  indicated by the 

analyses .  The microscopical  examinat ion shows tha t  the large 

amount  of  analcime found in  the Nunasarnak naujai te  has  

formed mainly a t  the expense of  fe lspar ,  while  the zeol i t ic  
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matter  in the Kangerdluarsuk rock is  not  only present  in smaller  

amount but  i t  has here formed at  the expence of al l  the sal ic 

minerals .  

The chemical  type represented in the naujai te is  of  rarer  

occurrence.  The writer  is  only aware of three other locali t ies 

where similar  rocks have been found (see analyses quoted in 

the table p.  154).  At Lujavr-Urt  in the peninsula of Kola the 

rock-type which is  termed urt i te  has a  chemical  composit ion 

fair ly analogous to that  of  the naujai te.  The similar i ty,  how

ever .  does not  extend to the mineral  composit ion,  for  the urt i te  

as  described by RAMSAY is  not  sodali te-bear ing.  Nevertheless 

the chemical  agreement is  of  great  interest  from a theoretical  

point  of  view, because both the urt i te  and the naujai te are 

associated with lujavri t ic  rocks.  A st i l l  c loser agreement is  

manifest  between the naujai te and certain sodali te-bearing nephe-

line-syenites from the Los Isles and from Transvaal  (see ana

lyses B and C, p.  154).  These rocks,  too,  occur in connection 

with lujavri tes.  

Sodalitite. 

The descript ion given in the preceding pages refers to 

the bulk of the naujai te.  A peculiar  variety with exceptionally 

small  and numerous sodali te-crystals  has been mentioned in 

the geological  chapter  (p.  74).  Another more divergent  variety 

is  the 'sodali t i te '  found at  Nunasarnak in subordinate masses in 

the naujai te.  I t  is  almost  exclusively made up of sodali te  ex

hibit ing the same microstructure and occurr ing in grains of 

the same size as in the naujai te.  Small  amounts of aegirine,  

felspar,  and eudialyte are also present  in the sodali t i te .  

LUJAYEITES. 

As previously mentioned the naujai te of the I l imausak 

batholi te  rests  upon lujavri tes.  As a  rule the lower part  of  

the naujai te-body has been spli t  up into huge fragments or  



ienses  separated by a  framework of  lujavri te-veins .  The veins  

increase downwards in  number  and thickness ,  and thus the 

breccia-zone passes  into the more uniform lujavri te-body.  In  

some places,  however ,  a  gradual  t ransi t ion from naujai te  to  

lujavri te  is  observed.  

The lujavri tes  are  dark-coloured and rather  f ine-gra ined 

rocks showing a  thin platy par t ing and a  corresponding f iss i l i ty  

paral le l  to  the thick platy par t ing of  the superincumbent  nau

jai te  and paral le l ,  too,  to  the upper  surface of  the lujavri te-

body.  Since the la t ter  surface is  not  qui te  horizontal  but  on 

a  large scale  cup-shaped,  the lujavri tes  are  exposed in  a  

tolerably c i rcular  zone which surrounds the naujai te  area and 

reaches i ts  maximum width,  about  two ki lometers ,  in  the south

eastern part  of  the  complex.  I t  i s  probable  that  the general  

form of  the lujavri te-mass is  s imilar  to  that  of  the naujai te ,  

but  no substra tum is  exposed to  view and i t  i s ,  therefore ,  not  

possible  to  indicate  the actual  thickness  of  the lujavri te-body.  

In  the southeastern par t  of  the bathol i te ,  between Laxe-Elv 

and Agpat ,  the  vis ible  thickness ,  measured perpendicular ly  to  

the direct ion of  the par t ing,  exceeds 600 meters .  Roughly 

est imated,  the volume of  that  par t  of  the  lujavri te-body which 

is  above sea- level  is  about  equal  to  the total  volume of  the 

nauja i te  and the sodal i te-foyai te  taken together ,  and as  the 

lujavri tes  no doubt  extend far  below the sea- level  they are ,  

quant i tat ively,  the most  important  rocks of  the bathol i te .  

The lujavri tes  occur  in  two var iet ies ;  the  green œgir ine-

lujavri te  and the black arfvedsoni te- lujavrite .  Transi t ional  forms 

are  also found,  though they are  not  common.  On the whole 

both var ie t ies  are  present  in  about  equal  amounts ,  but  their  

mutual  dis t r ibut ion is  ra ther  i r regular .  The veins  in  the lower

most  port ion of  the naujai te  as  a  rule  consis t  of  arfvedsoni te-

lujavri te .  Some veins  have been found,  however ,  the  marginal  

zones of  which are  of  the  arfvedsoni te  var ie ty  while  the inter ior  

is  aegir ine- lujavri te .  As to  the main body of  the lujavri te  the 
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uppermost sheets, immediately below the breccia-zone, are as 

a rule arfvedsonite-lujavrite. Farther downwards the aegirine 

variety domi nates and is here exposed in cliffs several hundred 

meters high and of an uniform green colour. In the lower

most visible s heets of the complex, at the mouth of Laxe-Elv, 

the arfvedsonite variety again prevails. 

JEgirine-lujavrite. 

Macroscopic appearance. — This rock is as a rule of a 

rather fine-grained structure and there is a very conspicuous 

parallel arrangement of the minerals producing a marked fis-

sility or schistosity. The surfaces along which the rock splits 

up are somewhat uneven and often exhibit an almost silky 

lustre. This, as well as the peculiar grass-green or dark green 

colour, is due to the aegirine occurring abundantly in slender 

needles. On a fresh fractured surface parallel to the fissile 

structure aegirine i s often the only visible constituent. Most of 

the needles lie parallel to the surface and not unfrequently 

they show a slight tendency to parallel arrangement in one 

direction. On the cross fracture felspar, nepheline, and eudia-

Ivte may be detected with the naked eye. The felspar is in 

very fresh and clear, small crystals of thin tabular habit,  ar

ranged parallel to the schistose structure. The nepheline com

monly appears as small white crystals of short rectangular or 

rounded outl ine; and the eudialyte crystals, when fresh, are of 

a clear brown c olour and as a rule of much smaller dimensions 

than the nepheline-crystals. 

A very co nspicuous feat ure of most varieties of the aegirine-

lujavrite is the presence of relatively large |1 — B centimeters) 

black patches of arfvedsonite producing a porphyritic appear

ance. In some places these arfvedsonite-patches are of quite 

irregular shape, in others they are prismatic and the prisms 

are sometimes arranged in radiate groups. These crystals 

and anhedra of arfvedsonite are not ordinary phenocrysts: 
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upon closer inspection they are seen to enclose poikili t ically 

all  the other c onstituents of the rock with the exception of the 

aegirine.  

Microscopic characters. — Under the microscope the rock 

is seen to be made up of the following main constituents;  

felspar,  nepheline, eudialyte,  œgirine, and arfvedsonite.  Anal-

cime is present in very varying amount but this mineral is  

apparently always of secondary origin.  Locally th e rock con

tains large icositetrahedral phenocrysts of analcime which per

haps indicate the original p resence of leucite (?).  Primary sodalite 

is not common. Minor accessories are often entirely absent;  

only in a few instances fluorite,  sphalerite,  biotite,  and astro-

phylli te have been observed. Besides analcime also catapleii te,  

sodalite,  hydronephelite,  and natrolite occur as secondary pro

ducts.  

The felspars of the aegirine-lujavrite are microcline and 

albite.  The crystals are of tabular habit  parallel  to b (010) and 

slightly elongated parallel  to the a-axis.  The length averages 

3 or 4 millimeters (varying between 1 and 6 millimeters),  and 

the mean thickness is ab out 0'4 millimeter (O'l  — 07 millimeter).  

The mode of crystall ization of the alkali-felspars of this rock 

010 

Fig. 16. Microcline in lujavrite,  

basic section (X TO). 

Fig. 16. Albite in lujavrite,  

basic section. (X 120). 
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offers a peculiar interest.  Perthitiç intergrowths are entirely 

ivanting: on optical examination some of the crystals prove to 

be pure microcline while others are pure albite; both kinds 

may be found in the same rock-slices and very often lie side 

by4  side. In some specimens of the rock microcline-crystals 

and albite-crystals are present in about equal amounts, i n others 

the former are predominant, in others again albite-crystals pre

vail.  These variations are not connected with any kind of va

riation in the outer habit of the rock. 

Between crossed niçois the microcline shows an irregular 

twin-structure (Fig. 15) of the same type as in the naujaite; 

not seldom one individual of the twin is in excess of the other. 

The albite exhibits the ordinary polysynthetic twinning accord

ing to the albite-law (Fig. 16). Fluid-cavities and minute inc luded 

needles of eegirine are not rare. 

In almost all other rocks the alkali-felspars, as is known, 

occur either in pertliitic intergrowth or in homogeneous mixed 

crystals (soda-orthoclase etc.).  The complete separation into 

crystals of pure microcline on the one hand and crystals of pure 

albite on the other hand, characterising the Greenlandic lujavr-

ites1 ,  may be supposed to result from the following co nditions: 

— (1) Movements of the magma during the crystallisation are 

indicated by the structure of the rock. (2) An uncommonly 

high degree of liquidity of the magma is probable for reasons 

inferred from the chemical composition of the rock and from 

the peculiar character of the differentiation-processes which will 

be considered more fully in the final chapter. (3) A relatively 

low temperature of consolidation probably also characterises 

the lujavrites. The latter assumption is supported by the 

1  Meddelelser om Granland XIV, p. 98 (1994). — In the lujavrites of 

Kola and of Transvaal a sitnilar behaviour of the alkali-felspars may 

sometimes be observed (W. RAMSAY, Fennia XV, No. p. 7, 1899; H. 

A. BROUWER ,  O orsprong en samenstelling der Transwaalsche nephelien-

syenieten, s'Gravenhage 1910, p. 120. 
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geological  relat ions w hich indicate that  the lujavri t ic  magma — 

though present  within the batholi t ic  chamber at  the same t ime 

as the magmas of most  of the other rocks now consti tut ing 

the batholi te  — has been the last  to crystal l ize.  That  the two 

first-mentioned condit ions would favour the formation of pure 

crystals  of  non-isomorphous minerals  is  evident .  As to the 

influence of the temperature the experimental  data are insuf

ficient  in order to set t le  the question 1 ;  in the writer 's  opinion,  

however,  geological  observations on the whole support  the 

view, held by many authors 2 ,  that  the homogeneous mixed 

crystals  c ontaining considerable amounts of both kinds of al kali-

felspars only form at  high temperatures and that  a  iow temper

ature of crystal l izat ion favours the separation.  

The felspars of the aegirine-lujavri te also in other respects  

differ  fro m those of the rocks described in the preceding pages:  

very often the larger among them are influenced by mechanical  

s tresses.  Thus many of the crystals  are traversed by cracks 

or  even bent ,  and not  seldom strain-shadows may be observed.  

The lat ter  phenomenon is  especial ly common with the larger 

albi te-crystals  in which also the distr ibution of the twin-lamellae 

has been influenced by the formation of the cracks.  The dyn

amic effects  on the microcline crystals  are as a rule manifest  

only in the development of cracks and of s mall  mutual  displace

ments of the fragments.  

In the aegirine-lujavri te the felspars have been converted 

into analcime on a large scale.  Only in a  few specimens both 

microcline and albite have been found quite unal tered,  in most  

cases they are part ly replaced by analcime and sometimes the.  

felspar-substance has entirely disappeared.  Even in the lat ter  

1 A. L. DAY a nd E. T. ALLEN, The Isomorphism and Thermal Properties 

of the Feldspars. Carnegie Inst. Washington, Publ. No. 31 (1906). 

2 N. S. KURNAKOW und S. F. ZEMODZNYI , Isomorphismus der Kalium- und 

Nalriumverbindungen. Zeitschr. f. anorgan. Chemie, L1I, p . 186 (1907). 

— Comp, also p. 149, above. 
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case the original shape of the crystals is easily discernible be-

caust most of them are surrounded by aegirine-needles which 

are ininfluenced by th e zeolit ization 1 .  In different slices of one 

singl;  hand-specimen instances of all  stages of conversion may 

not nfrequently be found. The analcime formed in this way 

shows a low birefringence with an irregular and often finely 

lamelar distribution of the doubly refracting areas.  It  also 

exhifits a distinct cubic cleavage, and the directions of the 

cleavige-cracks indicate that the crystallographic orientation of 

the ;nalcime very often keeps constant throughout each pseu-

domtrph and not seldom in the adjoining pseudomorphs also. 

The same holds good in those cases,  too, where the original 

crystiis have been bent or broken. Hence it  follows that the 

trans'ormation of the felspars into analcime is subsequent to 

the (ynamical effects.  

Sepheline occurs r ather abundantly in c rystals giving square 

or hixagonal sections,  commonly I or 2 millimeters across.  It  

does not show any sign of mechanical deformation, but the 

crystiis have been more or less rounded by magmatic resorp

tion. The ends of the felspar-laths sometimes project into the 

neplnline a nd not seldom small cryst als of felspar and eudialyte 

are entirely included within i t ;  besides,  i t  contains numerous 

minne prisms of arfvedsonite and aegirine.  

I  marginal zone of sodalite,  probably d ue to some kind of 

resoration-process,  has been observed surrounding the nephe-

line in some specimens of the aegirine-lujavrite.  The sodalite 

was ested according to the method of LAMBERG3 .  More com

monly the nepheline has been transformed into analcime. This 

proctss,  too, commences at  the margin of the crystals,  and it .  

1 Tie conversion of felspar in to analcime has been described in Meddelel-

sir om Grönland XIV, p . 105 and Pl. V (1894). — A similar extensive 

ftrmation of analcime at the expense of felspar and other salic miner

as also characterizes some of the Transvaal lujavrites (H. A. BROUWER, 

Op. cit. pp. 130, 147) . 

Zeitschrift der deutschen geologischen Gesellschaft, XIJI p. 737 (1890). 



is later than the socialization. In many cases an inner core 

of the original nepheline has remained unaltered, but instances 

of complete alteration are also very common. The analcime 

shows the same characters as that replacing the felspars. As 

a rule the nepheline is more altered than the felspar: in such 

specimens where only a small amount of nepheline has been 

converted into analcime the felspar is intact.  — Another com

mon alteration of the nepheline is that into radiating zeolitic 

aggregates known by the name of spreustein l .  This alteration-

process is later than the formation of analcime; in several 

specimens it  has affected the entire quantity of nepheline which 

has escaped the conversion into analcime. The nepheline-spreu-

stein as a rule consists of hydronephelite as shown by the 

optical characters of the mineral; it  is uniaxial with positive 

double refraction, (n a few cases, however, nepheline-pseudo-

morphs of a somewhat different app earance have been observed 

which upon optical examination prove to be natrolite. 

Eudialyte is present in varying amount and in some spe

cimens it  is abundant. It  is in idiomorphic crystals of the 

ordinary form, 1/a or 1 millimeter broad. Occasionally, minute 

prisms of arfvedsonite and aegirine a re found as inclusions, in 

hand-specimens the colour is brown, never red, and in thin 

sections it is clear and colourless or slightly brownish. Be

tween crossed niçois a zonary banding is sometimes seen. The 

birefringence is often abnormally low; as a rule it  is positive, 

but the outer zone of the crystals sometimes show a very low 

negative birefringence, and irregular patches of the same char

acter may be found along the cracks. Occasionally small dis

placements along the latter indicate that the crystals have been 

slightly acted upon by mechanical forces. — In several speci

mens the eudialyte is replaced by pseudomorphs consisting of 

aggregates of catapleiite-crystals with some analcime2 .  

1 Compare Meddelelser om Granland XIV, Pl. VI, Fig. 1 (1894). 
2 Ibidem, Pl. VI, Fig. 5 and 6. 

1 1 *  
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ÀEgirine is always very abundant in green needles show

ing he usual characters and arranged parallel to the rock. The 

needes are usually from OOl up to 0"20 millimeters thick by 

1 oi 2 millimeters long. As a rule they are well crystallized 

and bounded by the faces (100) and (110) in the prismatic 

zone; less frequently terminations are seen. The needles 

are often found broken or curved round the light coloured 

minerals. 

Arfvedsonite appears in scattered anhedra or prisms of 

relatvely large dimensions (1—3 centimeters) poikiliticaliy en-

closng a very great number of crystals of felspar, nepheline, 

and îudialyte. !n many specimens it has been entirely converted 

into aggregates of acmite-grains or -prisms of the usual kind 

(see p. 137). 

Sodalite as already mentioned is found as an alteration-

prodict of nepheline. In a few specimens it has also been 

obse-ved in independent crystals of about the same dimensions 

as tie nephelines. The sections of the sodalite-crystals are 

roughly hexagonal though the crystal form is hardly deve-

lopel. 

Analcime is much more abundant in this rock than in 

thosi previously described. As far as it has been ascertained 

it if always a secondary product replacing the light-coloured 

minerals in the manner described in the preceding pages. The 

amoint of analcime present varies within wide limits; of two 

rock-specimens, externally alike and taken in the same place, 

one may prove nearly unaltered while the other has been so 

stroigly influenced that analcime replaces almost the entire 

amoint of light-coloured minerals. 

In a few cases the analcime occurs in a very peculiar 

manier building large icositetrahedra sometimes attaining 12 

centmeters in diameter and appearing as big knots in the 

schi.tose rock. The icositetrahedra have been analyzed by Dr. 

JUL. P ETERSEN with the following results: 
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Analysis of pseudo-leucite (?) of œgirine-lujavrite• 

Per cent. 

SiO  51 4 

A1„0  25.1 

N'a.,0  14.3 
K .0 

11,0 . . . . 8'7 

99.5 

The composition is that of an ordinary, slightly altered 

analcime. Between c rossed niçois this analcime shows the usual 

'eudnophit ic '  birefringence. It  co ntains numerous minute needles 

of aegirine and arfvedsonile crowded in the central  part  of the 

crystals.  Dr.  STEENSTRUP who, in 1888, observed the icositetra-

hedra in the lujavrite in several places both on the northern 

and on the southern side of Tunugdliarflk held them to be 

leucite or altered leucite.  Indeed, as they behave like pheno-

crysts i t  seems very unlikely that they are primary analcime-

crystals,  though the crystallographic orientation as indicated by 

the cleavage corresponds with the icositetrahedral form. It  is  

probable,  therefore,  that they are pseudomorphs replacing original 

phenocrysts of leucite or some unknown mineral.  

Structure. — Although the aegirine-lujavrite as shown by 

Ihe mode of occurrence has crystall ized under abyssal condi

tions i ts structure is very different from that of ordinary abys

sal rocks.  The accompanying microdrawing (Fig. 17) will  give a 

general idea of the principal features.  In the first  place i t  is  

to be noticed that the minerals of this rock do not show the 

pronounced sequence of crystall ization cha racterizing the typical 

abyssal rocks: with the exception of the large poikili t ic pse udo-

phenocrysts of arfvedsonite,  which have evidently been the last  

to crystall ize,  all  the other minerals exhibit  a marked tendency 

towards idiomorphic development.  The most peculiar s tructural 

features,  however,  are the schistosity of the rock and the rela

tively small  size of grain.  It  is  t rue that varieties are also fo und 

which are almost devoid of schistosity; in such cases the size 
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of the grain is invariably much greater than in the common 

variety of the rock: the segirine-prisms attain a length of 5 or 

10 millimeters and a thickness of 2 or 3 millimeters. But such 

more or less massive varieties are of rare occurrence and are 

always very subordinate: the ordinary eegirine-lujavrite of the 

Ilimausak batholite is a rather uniformly fine-grained and 

schistose rock. That the schistosity has not been superim-

Fig. 17. iEgirine-lujavrite, x 20. 

Showing felspar (/), eudialyte (e), and nepheline (n), imbedded in a felt-like aggregate of 
segirine-needles. The white areas surrounding the nepheline are analcime; the black area 
on the right is a portion of a poikilitic anhed ron of ar fvedsonite. The felspars are mi

cro cline an d albite in separate crystals. 

posed upon the lujavrite by mechanical movements after the 

consolidation, is shown by the large arfvedsonite-anhedra being 

entirely uninfluenced and the schistose structure, therefore, 

is essentially a flow-structure produced by fluxional move

ments operating during the earlier stages of the consolidation-

process but ceasing before the rock had entirely solidified. 

The question connected with the origin of this structure 

will be considered more fully in the last chapter of this 

report. 
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Chemical composition. — Three varieties of the aegirine-

lujavrite have been selected for examination. The results are 

given in the table on the following page. The first analysis 

(No. 8l refers to a specimen of which the only felspathic con

stituent is microcline (as far as observed in the slices); it  is 

possible, however, that the rock may locally contain albite and 

that the absence of this mineral in the slices may be casual or 

due to its conversion into analcime. The total amount of anal-

cirne in this rock is small and the relatively high content of 

water is mainly due to the fact that hydronephelite largely re

places the nepheline. 

The specimen of which an analysis is given in No. 9 dif

fers from the preceding in the proportion' of felspars, albite 

being the dominant felspar while microcline occurs subordi

nate^. Arfvedsonite is rather scarce and has partly been con

verted into acmite. Analcime is almost absent, but the outer 

zone of the nepheline-crystals has been transformed into 

sodalite, and the interior has partly changed into hydrone

phelite. 

The analysis No. 10 shows the composition of an aegirine-

lujavrite in an advanced state of zeolitization. The aegirine is 

intact but the great majority of the light-coloured minerals has 

been replaced by analcime. In each slice there may be found 

areas where only aegirine and analcime a re seen within the field 

of the microscope. Such areas at first sight give the impres

sion that the aegirine-needles are imbedded in a colourless 

base. Upon closer inspection, however, the contours of the 

original crystals of felspar, nepheline, and eudialyte are seen to 

be indicated by the arrangement of the aegirine-needles, and in 

other parts of the same slices remnants of these minerals may 

be found. 

A comparison of the figures given in the table will show 

that the analyzed varieties are all of the same chemical type. 

The differences in the proportion between soda and potash, in 
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Analyses of cegirine-lujavrites. 

SiO,. .  

TiO, . 

ZrO, . 

Al203  

F P 2 0 3  

FeO .  .  

MnO . 

MgO • 

CaO . . 

Na20 

k,0  

H,0 above 110° 

H20 at 110° • • 

CI  

p,o, 

CI = 0. 

53-74 

•501   

1 63 

14-02 

10-63 

1-71 

•36 

trace 

1 1 8  

9-02 

4-77 

none 

9 

53-44 

•30 

1-00 

18-64 

9-38 

•86  

•10  

none 

•79 

1 2 - 1 0  

2-43 

1 1 2  

•34 

12 

none 

, 100-62 

•03 

10 

50-72 

J 2-84 

15*45 

11-82 

•80  

•31 

13 

14 

10-83 

2-94 

4-66 

none 

i  
B 

53-50 53-68 

•86 )  
>  1 3 5  

ne ) none 

16-44 

8-72 

1-48 

•47 

1-05 

1 '50 

9-98 

4-58 

1-76 

18-42 

5-91 

2-57 

"75 

•88  

2-05 

9-46 

4-92 

•89 

52-35 

•59 

•39 

1 4 1 1  

7-98 

2-17 

•62 

' 6 6  

4-65 

9-30 

2-78 

3-20 

Total.  .  .  

Sp. gr. .  .  .  

100-96 

2 67£  

100-59 

2-834 

100-64 100-34 100-90 

2-703  

100-302  99 

8. JSgirine-lujavrite, Laxefjaeld, Kangerdluarsuk, S. Greenland. 

N. V. US SING, analyst.  

9. ZEgirine-lujavrite, T upersuatsiak, S. Greenland. C. WINTHER, 

analyst.  

10. yEgirine-lujavrite, S. Siorarsuit,  S. Gree nland. C. DETLEFSEN, 

analyst.  

1  Determination by Dr. C. WINTHER. 
2  Including 150 per cent.  C02 .  
3  Determinations by Dr. K. J.  V. ST EEXSTRUP. 
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A. Lujavrite, rich in aegirine, Angwundas, Lujavr-Urt, Kola. 

Z. ZILLIACDS ,  a nalyst.1  

B. Eudialyte-lujavrite, Tsutsknjun, Lujavr-Urt, Kola. W. PETERS-

SON ,  analyst1 .  

C and I).  Lujavrite, Pilandsberg, Transvaal. F. PISANI,  a nalyst2 .  

the content of water etc. agree with the results of the micro

scopical examination. The very low amount of lime proves 

that the aegirine and the eudialyte of this rock are much poorer 

in lime than the varieties of aegirine and eudialyte which have 

been analyzed hitherto. Indeed it must be supposed that the 

aegirine of this rock has a composition which approaches that 

of the pure acmite-silicate NaFeSi206 .  On this assumption it 

is found by calculation that the Greenlandic lujavrites, of 

which the composition is given in No.s 8, 9, and 10 of the 

table, contain respectively 31, 27, and 34 per cent, of aegirine. 

The rock, thus, has a pronounced melanocratic character. 

For the sake of comparison a number of analyses of other 

typical lujavrites, two from Kola and two from Transvaal, are 

included in the table and it will be seen that they are all very 

much like the Greenlandic rock. 

Contact-fades of cegirine lujavrite. — As before mentioned 

the aegirine-lujavrite has a distinctly marked endomorphic con-

tact-facies where it  borders upon the rocks of the volcanic 

series. Specimens of this contact-modification, taken in the 

mountain-slope northeast of Nunarsuatsiak, about 300 meters 

above the sea-level, are of a grayish-green dense appearance 

and dotted with numerous small prisms of arfvedsonite which 

attain dimensions of 3 millimeters by 0 '5 millimeters. As proved 

by the microscopical examination this rock may b e characterized 

1 W. RAMSAY, Das Nephelinsyenitgebiet auf der Halbinsel Kola 11. Fennia 

XV, No. 2, p. 16 (1899). 

H. A. BRO UWEK, Sur certaines lujavrites du Pilandsberg. Comptes rendus, 

nov. 29th, 1909. 
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as an exceedingly fine-grained variety of aegirine-lujavrite: in 

the contact-modification the aegirine-needles reach a length of 

not more than 0'2 millimeters. In the specimens examined the 

light-coloured minerals are entirely replaced by analcime, but 

the contours of the original crystals of felspar and nepheline 

are clearly indicated by the arrangement of the aegirine-needles. 

Contact phenomena of another kind pointing to a much 

slower rate of cooling are seen at the eastern boundary of the 

lujavrite, between Agpat and Kitdlavat. Here the aegirine-

lujavrite borders upon Algonkian granite, the contact-plane is 

vertical, and the size of grain is seen to keep constant or even 

to increase on approaching the granite. Nearest to the c ontact 

the lujavrite is traversed by a large number of pegmatitic veins. 

Arfvedsonite-lujavrite. 

This rock appears dark grayish-black; it has a moderately 

fine grain and a somewhat schistose structure. With the naked 

eye or with the lens it is seen to consist of arfvedsonite, 

felspar, nepheline, and eudialyte. The arfvedsonite is the chief 

constituent and occurs in small glittering black needles or 

prisms arranged parallel to the schistose structure. The light-

coloured minerals are of the same general habit as in the 

aegirine-lujavrite. In contradistinction from the latter rock the 

arfvedsonite-lujavrite is tolerably even-grained and never shows 

a porphyritic or pseudo-porphyritic appearance. 

Microscopic characters. — Under the microscope the main 

constituents are seen to be arfvedsonite, microcline, albite, 

nepheline, and eudialyte. jEgirine and sodalite are present in 

some specimens but in others one of these minerals or both 

may he entirely absent. Locally analcime is very abundant as 

a secondary product replacing felspar and nepheline, not un-

frequently spreustein is a lso present. The number of occasional 

accessories is considerably greater than in the aegirine-lujavrite; 

they will be mentioned below. 
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The felspars are microcline and albite in separate crystals 

similar to those of the aegirine-lujavrite. Perthit ic intergrowths 

do not occur. In some specimens of the rock both kinds of 

felspar-crystals are present in about equal amounts, other 

specimens abound in microcline, others again contain chiefly 

albite. The felspars are in many cases fresh and transparent, 

in others they have partly been altered to analcime. 

The nepheline and the eudialyte of this rock are quite 

similar to those of the aegirine-lujavrite and show the same 

alterations. Sodalite when present as a primary constituent, is 

in rounded grains of the same size as the nepheline-crystals. 

Egirine in needles similar to those of the aegirine-lujavrite is 

seen in many specimens. 

The arfvedsonite of the arfvedsonite-lujavrite is in elong

ated prisms averaging about one millimeter in length. They 

do not show any good crystal outlines but are mostly allo-

triomorphic. Ortopinacoidai twinning is often observed. The 

absorption-tints are slightly more greenish than those of the 

typical arfvedsonite. The pleochroism-scheme is as follows: — 

a very dark bluish green, 

b deep bluish green (with a faint grayish tone), 

c light brownish green. 

In sections parallel to b (010) the angle of extinction c :  a is 

found to be 10 or 12 degrees1 .  Not unfrequently the arfved

sonite has been partly alter ed to acmite as described above (see 

p. 137). 

A considerable number of occasional accessories have 

been detected in the arvedsonite-lujavrite, but most of them 

are present only in a few and small crystals, A dark brown 

biötite, small crystals or grains of sphalerite and fluorite, a nd 

small cubes of pyrochlorey?) are not seldom seen, but their 

1  Meddelelser om Granland XIV, p. 196 (1894). 
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occirring offers nothing of special interest .  Schizolite is  

founi in several rock-specimens from Kangerdluarsuk and 

Tugup Agtakôrfia.  This mineral is  in colourless crystals less 

than one millimeter long. It  is  more idiomorphic than the 

arfvtdsonite and less idiomorphic than the felspar.  I t  has been 

idenified by the following observations.  The crystals are of 

prisnatic habit  and w ithout terminations.  There are two distinct 

cleavages parallel  to the direction of elongation of the crystals,  

and the axis of minimum optic elasticity c coincides with (or 

is vtry near to) the intersection of the cleavages.  In cross-

sectnns the angle between the cleavage-traces is found to be 

abou 85°. The bisectrix a lies in the obtuse angle between 

the i leavage-planes and is 15° or 2(3° from one of them. The 

c-axi;  is  acute bisectrix,  and the apparent optic axial angle is 

abou 90°. All these characters agree with those of the 

schiiolite1 .  — Ainigmatite is  very rarely seen in the arfved-

sonib-lujavrite ;  i t  is  in short  prisms. More frequently minute 

crystds of an unknown, deep brownish red mineral are found; 

this s  strongly pleochroic and bears some resemblance to the 

rhönte of Solg e r 2  but i t  differs in the absorption-tints.  — 

Erikte has been observed in specimens of arfvedsonite-lujavrite 

from South Siorarsuit. This substance as described by Böggild 3   

occu's in large well-defined crystals in the pegmatite veins of 

the irfvedsonite-lujavrite in several places near Nunarsuatsiak. 

In t l in slices it  is  seen to be a pseudomorph consisting of an 

interjrowth of a yellow mineral in minute grains and a zeolite 

ihydnnephelite).  In the rock-slices from S. Siorarsuit  the 

erikib-crystals only attain half a millimeter in diameter but 

their micro-structure is identical with that of the large crystals.  

The ;ellow mineral of these pseudomorphs resembles monazite. 

1 0 B. B0GGILD, On some minerals etc. (Erikite and Schizolite). Meddelel-

sir om Grönland XXVI. p. 121 (1903). 
2 Nmes Jahrbuch für Mineralogie,Beilage-Band XXIV, 1907, p. 475. 
3 Middelelser om Grönland XXVI, p. 93 (1881). 
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but owing to the verv small  dimensions of the grains 1 have 

not been able to identify them with certainty1 .  — The slices 

of the specimens from Lille Elv (the same specimens of which 

a chemical analysis is given below) contain grains of a some

what altered mineral which bears some resemblance to the 

olivine when in an advanced state of serpentin ization (with m esh-

Showing nepheline (white), f elspar (light gray), eudialyte (small and well-defined 
crystals), and arfvedsonite (longitudinal sections black and transverse sections 

dark gray). 

Fig.  18.  Arfvedsonite-lujavri te,  Nunasarnak; X 20. 

structure');  the mean index of refraction, however,  seems to be 

a li t t le lower than that of olivine. — Finally i t  may be men

tioned that zircon has been observed in one specimen of this 

rock (from Nunasarnak); i t  is  in minute grains crowded in 

1  The chemical  composit ion of the erikite (Meddeleser om Grenland XXVI, 

p.  104) is  approximately that  of a  mixture of two thirds of monazite and 

one third of hydronepheli te.  



1 7 4  

small  lumps which have probably originated by magmatic re

sorption of eudialyte1 .  

Structure. — The structure of the arfvedsonite lujavrite 

(see Fig. 18) is  of the trachytoid type owing to the bath-like 

form of the felspar,  and there is a more or less pronounced 

tendency toward panidiomorphic development.  The typical va

rieties of this rock show a conspicuous flow-structure and 

a corresponding schistosity.  The felspar-crystals are not seldom 

seen to be curved or broken but the arfvedsonite columns 

never show any sign of deformation. On the other hand the 

flow-structure is not so pronounced as that of the typical 

segirine-lujavrite described above, and in many places the rock 

gradually passes into more or less massive varieties.  

Chemical composition. — To illustrate the chemical com

position of the arfvedsonite-lujavrite two typical speci mens have 

been analyzed and the results are shown below in columns 11 

and 12. The first  specimen, of which an analysis is  given in 

11, has been taken at  Lille El v, Kangerdluarsuk. In the slices 

the mineral composition is seen to be the following: arfvedso

nite,  aegirine,  albite,  niicrocline,  nepheline, sodalite,  and minor 

accessories.  The albite-crystals are present in greater amount 

than the microcline-crystals ;  aegirine is relatively abundant 

while zeolites (analcime and hydronephelite) are only found in 

small  quantit ies.  The second analysis (12) is  of a specimen 

from Nunasarnak. Externally both specimens are alike,  but 

upon microscopical examination the latter specimen proves 

richer in arfvedsonite and poorer in aegirine.  

For purposes of comparison the mean composition of the 

analyses of the Greenlandic segirine-lujavrite (analyses No. 8,  9,  

and 10, see p.  168) is given in A, and it  wil l  be seen that 

the chemical composition of the arfvedsonite-lujavrite is  of 

the same general character as that of the aegirine-lujavrite but 

1  Meddelelser om Grenland XIV, p. 172 (1894). 
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Analyses of arfvedsonite-lujavrite 

and œgirine-lujavrite. 

11 12 A 

SiOo  53-01 5664 52.63 

TiOo  •33 •30 ) 
1 2-09 

ZrO.,  •65 — 
1 2-09 

A1,0  15-33 16-10 1604 

Fe „0 .  1 o 9 1 4  4-90 10-61 

FeO  4-44 6-86 1 1 2  

MnO  •13 •57 •26 

MgO  •10 none •04 

CaO  •67 •39 •70 

Na.,0  11-86 11-50 10-61 

K o O   2-60 1 00 3-38 

H, 0 above 110° • • 1-88 1-54 ) 
H.,0 at 110° . . .  •20 •04 1  3 1 7  

CI  •23 trace 12 

S03   none none none 

P.,0  trace none none 

100-57 100-77 

" " 
•05 •03 

Total.  .  .  100-52 100-29 1  100-74 

Sp. gr..  .  2-844 2-79 2  2-73 3  

11. Arfvedsonite-lujavrite, Lille Elv, Kangerdluarsuk, S. Green

land. C. WINTHER ,  analyst.  

12. Arfvedsonite-lujavrite, Nunasarnak, Tunugdliarfik, S. G reen

land. CHR. CHRISTENSEN ,  analyst.  

A. jEgirine-lujavrite, S. Greenland. Mean of analyses No.s 8, 

9, and 10 Isee p. 168). 

1  Including (M5 Nb 205 .  
2  Determintaions by Dr.  K.  J .  V.  STBENSTRUI'. 



176 

thai the latter rock has a higher ferric oxide and lower ferrous 

oxice. 

Contact fades of arfvedsonite-lujavrite. — At Nunasarnak 

the arfvedsonite-lujavrite passes into a peculiar contact modifi

cation directly bordering on the sandstone. This contact facies 

is i  very fine-grained or dense rock of a conspicuous banded 

and spotted appearance as described p. 74. Upon microsco

pical examination it  proves to be of a more acid character than 

the typical lujavrite: nepheline occurs only in small amount 

and in many specimens it is entirely absent while small allo-

tricmorphic anhedra of quartz fill  the interstices between the 

felspar-laths. The white bands of this contact rock are almost 

exclusively made up of lath-shaped crystals of albite, some-

tim?s intermingled with microcline-laths, and there is a pro-

noinced parallel arrangement of the crystals. The green spots 

are large anhedra of aegirine which enclose a great number of 

felspar-crvstals in a poikilit ical manner. The black bands of 

the contact rock have the composition and structure of a very 

flnt-grained arfvedsonite-lujavrite devoid of nepheline, and in 

some cases they are quartz-bearing. Minute patches of a yel

lowish red mineral,  probably an iron-oxide, are frequently 

found in all varieties of this rock. Schizolite has been ob

served in one (nepheline-bearing) specimen. Of special interest 

is the occurrence of a mineral, which is probably corundum, 

in an apophysis in the sandstone. This apophysis is of the 

whte variety with green spots described above. The mineral 

wh.ch is supposed to be corundum is in small columns without 

dis;inct crystallographic form and about 0'5 millimeter long by 

01 millimeter broad. They are colourless and optically uni-

axiil with a low birefringence of negative character; the mean 

index of refraction is like tha t of aegirine. 
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KAKORTOKITE. 

The rock-type which has here been termed kakortokite is  

much like lujavrite in chemical as well  as in mineral compo

sition, but i t  differs in the structure which is coarse-grained 

and of the 'foyaitic '  (W. C. BRÖGGER)  or ' trachytoid'  type. The 

felspar-crystals are of tabular habit  and as a rule they show a 

conspicuous parallel  a rrangement;  the black minerals are deve

loped in broad anhedra or in stout prisms which are not of 

very good crystal  form. A noteworthy peculiarity of this 

rock is the abundance of eudialyte in idiomorphic crystals,  

But the most striking feature is the strong tendency to dif

ferentiation in bands or sheets of different colour and compo

sition. 

The kakortokite composes the mountain plateau of Kring-

lerne (see Plate IX). I t  attains i ts maximum thickness,  about 

400 meters,  in the southern and southwestern parts of the 

plateau. Towards the northeast the kakortokite-body becomes 

gradually thinner- and north of Laksefjseld i t  disappears.  I t  is  

underlain by the lujavrite,  and at i ts  northern end it  is  also 

covered by this rock. The macroscopic appearance of the alter

nating white,  red, and black kakortokite-sheets has been de

scribed in the preceding chapter (see p.  43).  

Microscopic characters. — The minerals composing this 

rock are: eudialyte,  alkali-felspar,  nepheiine, arfvedsonite,  and 

œgirine. In many specimens there is a small  amount of soda-

lite prese nt.  Other oc casional accessories are ainigmatite,  biotite,  

r inkite,  f luorite,  and rarely epistoli te;  zeolites occur as second

ary products.  The different sheets of the kakortokite are all  

alike i n qualitative mineral composition the difference b eing in 

the relative amounts of the main constituents.  

Eudialyte in idiomorphic crystals of the usual form is 

abundantly present in all  varieties of the kakortokite.  In the 

red kakortokite i ts  amount is even greater than that of any 

xxxvm. 12 
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other constituent.  The diameter of the crystals averages about 

two millimeters.  Macroscopically they are of a bright red col

our,  but in thin slices they are almost colourless.  Between 

crossed niçois the crystal-sections frequently show an irregular 

'hour-glass structure'  or more rarely a zonary banding due to 

the alternation of moderately birefringent areas with others of 

a very weak birefringence. 

While in many specimens of the kukortokite the eudialyte-

crystals are clear and unaltered, in others a partial  or com

plete conversion has taken place giving rise to pseudomorphs 

of a dull  brown appearance. Under the microscope the pseudo

morphs are seen to consist  of an aggregate of catapleii te,  ac-

mite,  and zeolites;  sometimes also felspar and a li t t le green 

mica are present.  This conversion of the eudialyte is probably 

due to pneumatolytical effects.  

Felspar is  the chief constituent of the 'white '  variety of 

the kakortokite and is abundantly present in the.other varieties 

too. It  is  in tolerably idiomorphic crystals of rather thin ta

bular habit  parallel  to 6 (010).  There are two kinds: large o nes 

and small  ones.  The latter are qualitatively quite subordinate 

and are sometimes entirely absent. The large felspar-crystals 

average about one millimeter in thickness (varying from 0 -5 to 

17 millimeter),  while the length is about ten t imes the thick

ness.  They are often twinned according to the Carlsbad law. 

When examined between crossed niçois they a re seen to be of 

a microperthitic structure and to consist  of microcline and 

albite ;  the general appearance is much like that of the fel

spars of the sodalite-foyaite (see Fig. 14, p.  135).  In some spe

cimens of the kakortokite the felspar crystals contain a greater 

amount of microcline than of albite,  in others the albite pre

vails .  Very often the marginal portion of each crystal  consists 

of pure albite.  The most common inclusions in the felspar 

are minute needles of aegirine; besides,  t he crystals are gener

ally a little clouded with kaolin. — The small felspar-crystals 
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attain a length of only one-fourth or half a millimeter.  They 

never show perthitic intergrowths, but the majority of them 

are pure albite while a few are pure microcline. As a rule 

they are heaped together in small  clusters or are arranged in 

definite short  trails ;  very often they are enclosed within the 

arfvedsonite-an hedra.  

Nepheline is  very a bundant in clear crystals or grains of 

the usual form, averaging two millimeters in diameter.  It  is  a 

li t t le less idiomorphic than the felspar.  As a rule i t  contains 

numerous fluid-pores and tlakes of arfvedsonite;  less frequently 

aegirine-needles oc cur as inclusions.  In many cases the nephe

line has been partially conv erted into sodalite.  

JEgirine and arfvedsonite are usually present in about 

equal amounts and are always very abundant,  all  varieties of 

the kakortokite showing a melanocratic character.  In the black 

sheets of this rock the total  amount of segirine and arfvedso

nite is  65 per c ent.  In the white variety of the kakortokite and 

in the red one both minerals are allotriomorphic and largely 

intersti t ial  between the l ight-coloured c onstituents.  In the black 

kakortokite,  too, they are less idiomorphic than the eudialyte,  

the felspar,  and the nepheline; nevertheless both segirine and 

arfvedsonite show a strong tendency towards idiomorphic de

velopment in stout prisms, which attain a length of one or two 

centimeters.  In several cases the arfvedsonite has been parti

ally conv erted into acmite-aggregates of the usual appearance 

(see p.  137).  

Sodalite rarely occu rs i n rough dodecahedral crystals.  More 

frequently i t  appears in formless masses fi l l ing small  interstices 

between the felspar-crystals.  As shown by the direction of the 

cleavage-cracks this intersti t ial  sodalite often belongs to the 

same crystallographic individuals a s the sodalite oc curring as an 

alteration-product of the nepheline. It  is  probable therefore 

that the conversion of nepheline into sodalite has taken place 

during the final stages of the consolidation-process.  

1 2 "  
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A bro wn biotite has been observed in almost all the slices; 

it  is in scattered small scales or more rarely in elongated small 

prisms, and its total amount is very small.  Ainigmatite is 

sometimes rather abundant, but in many specimens it is en

tirely ab sent. It  has not been found in the black variety of 

the rock. Rinkite which is always accompanied by fluorite 

often occurs in small amount. Epistolite1  has been observed 

in the slices of the analyzed specimen of the red kakortokite 

(analysis No. 14). It  is in aggregates of small scales not ex

ceeding 0'1 millimeter in length. This mineral is colourless 

and resembles muscovite but differs in the angle of extinction 

(a :  c — ca. 7°). Analcime is rare ;  only in the black variety of 

the rock it  has occasionally been found in noteworthy amount 

filling small interstices between the other minerals. Hydro-

nephelite and natrolite are common alteration-products of ne phe-

line and sodalite. 

Structure. — As set forth more fully in the preceding 

chapter the entire kakortokite-mass consists of a large number 

of sheets of alternating white (or gray), red, and black colour. 

In the 'white'  sheets the prevailing minerals are felspar and 

nepheliue, in the red sheets the eudialyte is the chief consti

tuent, and the black ones abound in aegirine and arfvedsonite. 

All t he sheets are coarse-grained, markedly miarolitic, and of a 

pronounced foyaitic structure due to the tabular form of the 

felspar crystals. A less conspicuous, though very peculiar, 

feature is the frequent occurrence of a subordinate amount of 

very small felspar-crystals which are not connected with the 

ordinary large felspar-crystals by any kind of transitional forms. 

These small felspar-crystals! are commonly inc luded in the large 

arfvedsonite-anhedra. and their formation, accordingly is prior 

to the final consolidation of the rock. Perhaps they must be 

regarded as fragments detached from the large felspars by 

1 See 0. B. BÖGG ILD, Meddelelser om Granland XXIV, p. 1S7 (1900). 



181  

some kind of  mechanical  or  chemical  process ,  perhaps also 

they represent  a  second generat ion of  fe lspar .  The f i rs t  as

sumption is  supported by their  mode of  occurrence s ince they 

are  commonly found in  small  c lusters  which are  abundant ly  

present  in  some sl ices  (see Fig.  19)  but  are  absent  in  others .  

It ,  i s  t rue tha t  the large crystals  are  of  a  per thi t ic  s t ructure  

while  as  a  rule  the small  ones  are  pure albi te .  But  this ,  ap

parent ly ,  i s  no ser ious object ion s ince the large felspar-crysta ls  

seginne 

eudialyte 

perthitic felspar 

nepheline 

albi te 

arfvedsonite 

Fig.  19.  Kakortokite ( 'white '  variety).  Kringlerne.  X 8.  

often have an outer  coat ing of  a lbi te .  Moreover  i t  i s  found 

that  the boundary of  the large felspar-crystals  is  very i r regular  

where the a lbi te-coat ing is  wanting,  and not  seldom crystals  are  

observed showing a  half-detached albi te-shel l ,  a  smal l  s t r ipe of  

arfvedsoni te  being in tercalated between the per thi t ic  nucleus and 

the albi te-coat ing.  

While  in  the white  var ie ty  of  the kakortokite  the black 

minerals  are  inters t i t ia l  and have evident ly  crystal l ized la ter  

than the l ight-coloured ones,  the black kakortoki te  does not  

show any marked sequence of  crystal l izat ion but  al l  the  con-
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Analyses of kakortokites. 

13 14 15 A 

SiO,  51-62 4939 48-90 51-82 

Ti02   •44 •49 n.  d.  "35 

ZrOo  1 -70 4-89 1 961  2-05 

Al,<>  15-63 10-39 7-85 13-68 

Fe203   6-06 4 31 1 1-46 7-32 

Fed  4-98 7-72 13-32 7-27 

MnO  .33 •97 1 1 1  •57 

MgO  trace none •38 •09 

CaO  3-13 5 1 1  1-95 3-06 

Na20  1009 11-45 7-40 9-75 

K,0  4-19 2-62 3-23 3-92 

H20 above 110° • • 2 1 2  1-24 1-80 — 

H 2  0 at 110° . . .  • — •22 — — 

CI  17 •51 •03 16 

F  n.  d.  "7 5 n.  d.  — 

IV»  none none none — 

100-46 100-362  99-39 100.04 

Ci = 0 . •04 12 •01 •04 

F = 0 — •32 — — 

Total.  . .  100-42 99'922  99-38 10000 

Sp. gr . .  .  .  2-7 63  2853  3 I 2 3  

13. Kakortokite,  white sheet.  Kringlerne, Kangerdluarsuk, S. 

Greenland. N. V.  USSING ,  analyst4 .  

1 Zr02+Ti02. Probably titanic acid is very low since no ainigmatite is 

found in the specimen. 
2 Including 0 30 Nb20s. 
3 Determinations by Dr. STEENSTRUP. 
4 Ttie analysis No. 13 has previously been published by H. ROSENBUSCH 

(Elemente der Gesteinslehre, 1898, p. 126). As given above the percen

tage of CaO has been corrected, and determinations of Ti02 and CI 

have been added. For the latter determinations the author is indebted 

to Dr. WLNTHER. 
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14. Kakortokite,  red sheet,  Kringlerne. Kangerdluarsuk, S. Green

land. CHR. CHRISTENSFN ,  analyst.  

15. Kakortokite,  black sheet,  Kringlerne, Kangerdluarsuk, S. 

Greenland. C. DETLEFSEN,  analy st.  

A. Calculated mean composition of kakortokite (see p.  184).  

st i tuent minerals of this rock show a strong tendency towards 

idiomorphic development.  

Chemical composition. — The analyses which have been 

made of the different varieties of the kakortokite are given in 

the above table (see p.  182).  No. 13 shows the composition of 

a specimen of the white sheets;  No. 14 refers to a specimen 

of the red sheets;  and No. 15 to one of the black sheets.  It  

will  be seen on comparison that the composition of the white 

sheets of the kakortokite is much like t hat of the lujavrites 

(see analyses No.s 11 and 12, p.  175).  The red and black 

sheets show a chemical composition which is very different 

from that of other known rocks. The salient feature of the 

red kakortokite (No. 14) is  the extraordinarily high zirconia 

which indicates that eudialyte makes up about one-third of 

this rock. The distinctive characters of the black kakor

tokite (No. 15) are the very high iron combined with high 

alkalies and low alumina; this combination is the chemical 

expression of the peculiar fact that in spite of i ts  extremely 

melanocratic character the rock is entirely devoid of iron-ore.  

As shown by the analyses the ,white,  re d, and black sheets 

of the kakortokite ar e so different in chemical composition that 

they would have to be classified under very different heads in 

any quantitative system of rock-classification. Moreover,  since 

the individual sheets are of a large areal extention and of no 

inconsiderable thickness,  some of them even exceeding ten 

meters in thickness,  and since each of them shows a tolerably 

constant structure and mineral composition throughout i ts en

tire mass,  they cannot be regarded as 'Schlieren'  but have the 
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character  of t rue rocks.  I t  might,  therefore,  be natural  to give 

to each of the three kinds of sheets  a  dist inct  name of i ts  

own. The reasons w hy i t  has here been preferred to introduce 

one term comprising al l  the sheets  are the following: — ( 1 ) The 

entire series of about one hundred white,  red,  and black sheets  

consti tutes a  rock-body which must ,  for  geological  reasons,  be 

regarded as a  unit  and needs a name of i ts  own. (2) There 

are no indications whatever that  three kinds of magma corre

sponding with the three kinds of kakortokite-sheets  have existed 

at  any t ime.  As i t  wil l  be shown in the last  chapter  i t  must  

be assumed that  there has been only one kakorlokit ic  magma 

which was differentiated in place during the process of crysta l

l izat ion.  (B) As previously mentioned the sheeted kakortokite-

body passes into an unsheeted kakortokite both at  i ts  upper 

boundary and at  the northeastern end,  and this  undifferentiated 

kakortokite is  of  a  mineral  composit ion which is  intermediate 

between the three kinds of sheets.  

In A of the above table (p.  182) is  given the supposed 

mean composit ion of the kakortokite.  In order to obtain this  

the three analyses of kakortokites have been calculated to 100 

per cent,  omitt ing H20,  F,  and Nb205  (see table at  the end 

of the summary).  From the figures obtained in this  way the 

mean composit ion has been calculated under the assumption 

that  the total  thickness of the white sheets  is  three t imes as 

great  as the total  thickness of the black sheets ,  and nine t imes 

as great  as that  of  the red ones.  This assumption,  however,  

is  somewhat arbit rary since the observations relat ing to the 

thicknesses of the sheets  are very incomplete (see p.  46).  
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AU GITE-S YENITE. 

The augite-syenite of the I l imausak region is  an alkali-

syenite related to the Larvik-type of the Christ iania distr ict1 .  

I t  appears as a zone,  only a  few hundred meters wide,  along 

the southwestern,  southern,  and southeastern margins of the 

igneous complex.  

In general  appearance the rock shows only very small  local  

variat ions.  I t  is  a  coarse-  or  medium-grained,  somewhat wea

thered rock of grayish-white colour in which the da rk-coloured 

minerals  f orm conspicuous spots sometimes at taining a diameter  

of  1 centimeter .  There are no traces of a  paral lel  arrangement 

of the consti tuent  minerals .  The main component,  the white 

felspar,  does not  show the lenticular  form characterist ic  of  the 

felspar of  the Larvik-type bu t  o ccurs in irregular  gra ins without 

any defini te shape or  elongation;  in some cases,  however,  i t  

shows a strong tendency towards a thick tabular  development.  

The common variety of the rock o ccurs irregularly intermingled 

with the type containing the tabular  felspars and connected with 

i t  by transi t ions.  

Microscopic characters. — Under the microscope the mi

neral  composit ion proves somewhat variable.  In the variety 

which is  here considered as typical  and is  found represented 

by spec imens from all  the chief  locali t ies ,  the main com ponents 

are as fol lows:  felspar (soda-orthoçlase) ,  augite of pale violet-

brown colour,  and olivine.  In smaller  amount the rock con

tains:  nepheline,  green hornblende,  brown hornblende (barke-

vikite) ,  biot i te ,  i ron-ore,  and apati te .  In other variet ies of  the 

rock some of these minerals  may be absent  while o thers may 

1 W. C. BRÖGGER, Die silurischen Etagen 2 und 3. Kristiania 1882, 

p. 256, aud Zeitschrift für Krystallogvaphie XVI, 1890, p. 30. — There 

is also a noteworthy agreement between the Ilimausak augite-syenite 

and the 'larvikite, type II '  from Madagascar (see A. LACROIX, Les roches 
alcalines, 1902, p. 103). 
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occur,  viz:  zircon, ainigmatite (?),  aegirine-augite,  catophorite-

like hornblende, arfvedsonite,  cryptoperthite,  microperthite,  and 

quartz.  

The apatite, which is almost entirely wanting in the 

nepheline-syenites and lujavrites of this region, occurs invari

ably and in relative abundance in the augite-syenite,  partly as 

small  and slender prisms enclosed in the augite,  partly in 

larger grains and stout crystals that may attain a diameter of 

one millimeter and are irregularly disperse d in the rock. Iron-

ore is a constant component;  i t  is  rather frequent,  in crystals 

and irregular laps.  It  is  sometimes accompanied by small  

t i tanite-like grains and seems to be highly t i tan-bearing. An 

ainigmatite-like mineral has been found as a subordinate con

stituent in only two specimens of olivine-bearing augite-

syenite.  

Olivine is  abundant in the main type of the rock but in 

other varieties i t  may be entirely absent.  It  is  quite fresh and 

has the form of grains or very] imperfect crystals that may 

attain a diameter of 1k centimeter.  In thin slices the mineral 

is c olourless or of a faint yellowish-green. Sometimes it  is  f i l led 

with close-lying black l ines due to l inear-shaped inclusions 

imbedded parallel  to (100) and elongated parallel  to the cry-

staliographic 5-axis.  These inclusions are metallic and, where 

they are very thin,  brownish and translucent.  Probably they 

consist  of i lmenite.  They produce a schiller-structure of si

milar but much coarser kind than that observed in the pyr

oxenes.  

Biotite is  an almost constant but quite sub ordinate consti

tuent.  It  is  strongly pleochroic with absorption-tints from pale 

yellow to almost black. 

The commonest pyroxene in the augite-syenite is a faintly 

coloured augite characterized by an extinction-angle c :  c of 

about 42°. The pleochroism is not very pronounced the ab

sorption-tints varying from quite pale brownish-violet to some-
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what strong brown-violet,  less frequently the mineral is faintly 

greenish without pleochroism. Locally i t  may be fil led with 

extremely fine and close-lying short,  black lines arranged in 

two d irections in the usual manner (parallel  to (1001 and (001)) .  

The augite grains are quite allotriomorphic and of a similar o r 

somewhat larger size than the olivine. Many of them show a 

narrow green marginal zo ne c onnected with the interior by even 

transition. In the green marginal zone the extinction angle 

c :  c increases to about 50°, indicating a transition to œgirine-

augite.  In several specimens of the augite-syenite the l ight-

coloured augite has been replaced by a more or less strongly 

green aegirine-augite with extinction angle c : a = 35° to 40°. 

The value of this angle is as usual somewhat greater in the 

central  parts of the crystals than in the marginal zone. The 

aegirine-augite is especially frequent in those varieties of the 

rock in which the felspar shows a tendency towards t he tabular 

form. Only rarely i t  is  observed in the same specimens of the 

rock as the l ight-coloured augite.  

Together with the augite one or several members of the 

hornblende-group can usually be found as subordinate consti

tuents.  In the typical variety of the rock both green and brown 

hornblende are found, often both in parallel  intergrowth with 

the augite.  in sections about parallel  with the plane of sym

metry (010) the green hornblende shows an extinction angle 

c :  c of about 20° and the pleochroism-scheme is a s follows: — 

û light yellowish green 

b dark brown-green 

c dark green 

The brown hornblende has the same extinction angle and ab

sorption-tints as barkevikite.  In other sp ecimens of the augite-

syenite a brown or blue-gray catophorite-like hornblende has 

been found, with varying extinction angle,  and together with i t  

a  few anhedra of arfvedsonite.  
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The felspar of the typical augite -syenite is a soda-orthoclase. 

The grains show traces of crystallographic development where 

they touch augite, hornblende, nepheline, or quartz, but as a 

rule they are of quite irregular form. The maximum diameter 

is mostly only 2 or 3 millimeters. The extinction angle in 

sections perpendicular to the obtuse bisectrix (and thus parallel 

to 010)) is about 12°. In the same sections the homogeneity 

is often broken by narrow bands of microperthitic structure 

extended about parallel to the vertical axis1 .  Other felspar-

grains in the same slices show a more or less plain crypto-

or microperthitic structure throughout, with the orthoclase and 

plagioclase a reas quite irregularly  ̂ dispersed in dots or patches. 

The latter seem to belong to an oligoclase-albite. A closer 

inspection is rendered difficult by the felspars being usually 

rather weathered. The degree of weathering seems to bear a 

certain proportion to the degree of differentiation which the 

felspars have undergone: the fresher the felspars, the more the 

structure approaches the homogeneous soda-orthoclase. — In 

the variety of augite-syenite where the felspar-crystals show a 

tendency to the tabular shape, their dimensions are as a rule 

greater (length 1h to 1 centimeter) and the structure more va

riable: in some cases soda-orthoclase, in others chiefly cry pto-

perthite, in others again microperthite with fine and irregularly 

dotted structure or with a tendency to a banded structure pa

rallel to (801). 

Nepheline is only present in very sc ant degree in this rock 

so that in each slice only a few, r ather weathered anhedra are 

seen filling angular interspaces between the felspars. In the 

specimens of augite-syenite with tabular felspar nepheline is as 

a rule quite absent. 

Quartz is found sporadically in a few specimens of the 

coarse-grained augite-syenite and occurs abundantly in a contact-

1 Described in Meddelelser om Grenland XIV (1894), p. 63 and table V, 

fig. 1. 
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faciès described below. In both cases it  is no doubt derived 

from the absorption of sandstone or granite. 

Structure. — The most peculiar structural feature is the 

agglomeration of the femic ferromagnesian minerals which is 

essentially of the same kind as in the Larvik-type. The pyr

oxenes and amphiboles are generally arranged like a cover, 

round a core, consisting now of a single crystal of iron-ore 

or olivine, now of a small aggregate of crystals of both these 

minerals and apatite. The augite is generally found nearest the 

core and surrounded by hornblende in parallel position. The 

barkevikite is sometimes seen as a narrow band between the 

iron-ore and the augite, and aggregates of biotite-crystals as a 

rule surround those areas of iron-ore which are not intergrown 

with the augite. 

Chemical composition. — A specimen of the typical aug ite-

syenite, taken at the foot of the Nunasarnausak, on the north 

coast of Kangerdluarsuk, has been analyzed by Dr. Winther 
with the following results (No. 16). For the sake of comparison 

two analyses of the original Larvik-type from Norway have also 

been given. As will be seen by the figures the conformity is 

not as great as might be expected from the similarity in mi- '  

neral composition, the Greenlandic rock differing f rom the Nor

wegian in alumina, ferrous oxide, and alkalies. On the other 

hand, if the analysis of the augite-syenite is compared with 

that of the pulaskite (analysis No. 3, see p. 124), a very close 

conformity between these two rocks will be discovered. 

Contact fades of augite-syenite. 

Normal contact fades. — Where the augite-syenite bor

ders on the old granite, it  often shows an endomorphic contact 

modification which may be characterized as a fine-grained and 

sometimes rather porphyritic variety of the common augite-

syenite. At the immediate contact the rock is in some places 

— e. g. at the foot of Iviangusat — richer in dark-coloured 
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Analyses of augite-syenites. 

16 A B 

SiO.,  55-79 56-85 57-12 

TiO 1-81 — — 

ZrO — •— — 

^2^3 15-76 21-56 21-69 

F e2^3 1 60 3-44 1-63 

FeO 7-56 1 1 4  3 6 5  

MnO 14 — — 

MgO •41 •85 1 55 

CaO 3-70 5-26 4-03 

Na,0 7-72 607 5-93 

K o 0 4-34 3-66 3-48 

H20 above 110° • • •18 •52 •58 

H 2 o at 1 !  0 °  . . .  - •34 

Cl  none 

P2O5  •36 

Total.  .  .  99 7 1 99-35 99-66 

Sp. gr 2 7 6 6  

16. Augite-syenite,  N. coast of Kangerdluarsuk, S. Greenland. 

C. WINTHER, analyst.  

A. Larvikite,  Nötterö, Norway. G. FORSBERG, analyst1 .  

B. Larvikite,  Frederiksveern, Norway. G. FORSBERG, analyst1 .  

minerals and of a rather peculiar structure.  It  consists of a 

fine-grained allotriomorphic aggregate of soda-orthoclase with 

numerous rounded crystals or anhedra of olivine, l ight gray 

augite and a li t t le barkevikite;  the iron-ore is scattered in 

small grains throughout the mass so that every crystal of 

1 W. C. BRÖGGER, Ze itschrift für Kristallographie XVI, 18 90, p. 30. 
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augite or  felspar often contains several  of  the black metal l ic  

grains.  A dark brown bioti te  often surrounds the iron-ore 

grains,  and apati te  in minute crystals  is  abundantly dispersed 

throughout.  At the contact  with the diabase at  Nunasarnausak 

a fine-grained contact  modificat ion of augite-syenite containing 

the same mineral  consti tuents as the main type of the rock,  

has also been observed.  

Quartz-bearing contact fades. — Where the augite-

syenite borders on sandstone,  as at  Nunasarnausak,  i ts  border 

facies,  on microscopical  examination,  invariably proves quartz 

bearing and often contai ns this  mineral  in considerable quanti ty.  

The same applies to the apophyses which the angite-syenite 

sends into the sandstone.j  The size of grain in the quartz 

bearing augite-syenite is  often rather coarse r ight  up to the 

contact  with the sandstone.  When the quartz is  only present  in 

smaller  quanti ty i t  is  always interst i t ial  between the felspar 

crystals  and when the rock conta ins more quartz i t  also oc curs 

in micrographie intergrowth with the felspar.  The other mine

rals  are general ly the same as in the normal augite-syenite,  

with the exception that  ol ivine and barkevikite are always 

wanting.  In one specimen,  however,  from the southern side of 

Nunasarnausak,  no augit ic  mineral  was found,  but  a  very l ig ht  

brown-green hornblende with a  f ibrous (ural i t ic)  s tructure .  Here 

a  ural i t izat ion of the augite seems to have taken place through 

the influence of the acid magma 1 .  

As the augite-syenite only becomes quartz-bearing when 

in touch with s andstone and not  by the contact  with granite 

and diabase,  there can be 110 doubt that  augite-syenit ic  magma 

has dissolved si l ica from sandstone.  This process has reached 

i ts  maximum development round the huge sandstone fragments 

in the augite-syenite at  the foot  of  Iviangusat  where the 

1  Cfr .  L. DUPARC, Sur  l 'oural i t isat ior i  du pyroxène.  Comptes  rendus 1907, 

Nov.  4 .  
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magma has become so completely altered that it  has consoli

dated as a true soda-granite. The occurrence is described in 

p. 53 and p. 116. 

NORDMARKITE. 

The nordmarkite covers an area of about] 12 km2 in the 

extreme west of the peninsula between Sermilik Fjord and Tu-

nugdliarfik Fjord. It is a coarse-grained, flesh-coloured or 

grayish-red alkali-syenite. In habit it  shows considerable 

likeness to BRÖGGER'S original nordmarkite from the district 

of Christiania. The macroscopic description is given p. 98. 

Microscopic characters. — In thin sections under the mi

croscope the minerals seen are apatite, iron-ore, biotite, a ugite, 

aegirine-augite, horn blende, felspar, and frequently quartz. JSgir-

ine, arfvedsonite, and ainigmatite have been observed in some 

specimens of this rock, lluorite only in one specimen. Calcite 

and brown or black ferruginous material are not seldom found 

as alteration-products of the ferromagnesian minerals. 

Apatite is abundantly present in small prisms. Iron-ore, 

in more or less irregular grains is not so abundant as in the 

augite-syenite. It  is mostly magnetite (or titano-magnetite) but 

small crystals of pyrite may sometimes be found. Where the 

rock contains quartz in greater quantity, the amount of apatite 

and iron-ore is diminished. 

The biotite is strongly pleochroic, the absorption tints va

rying from a very dark red-brown or greenish- brown to quite 

pale yellow. It often surrounds the iron-ore and occurs in greatly 

varying quantities. 

Augite in rounded grains or allotriomorphic anhedra is 

rather abundant in some specimens, in others it  is scant or 

absent. It  is colourless, pale gray or greenish. In sections 

parallel to the plane of symmetry (010) the angle of extinction 
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c :  c  i s  42° .  I t  on ly  s e ld o m s hows  i nc lu s ions  o f  t he  b l ack  m i -

c r o l i t e s  so  com mon  in  t he  aug i t e  o f  t he  aug i t e - sven i t e .  S o me

t imes  i t  i s  a ccompan ied  b y  a -g i r i ne - aug i t e .  Le s s  f r equen t l y  

aeg i r i ne  o ccu r s  i n  t h e  no rdmark i t e  and  when  suc h  i s  t he  ca se  

t he  aug i t e  i s  w an t i n g .  

Hornblende i n  l a r j r e  qu i t e  a i l o t r i omorph i c  anhedra  i s  c om 

mon ly  t he  p r edominan t  da rk  mine ra l .  I n  s ec t i ons  pa r a l l e l  t o  

t he  p l ane  o f  sym m e t ry  ( ( >10 )  t h e  ang l e  o f  ex t i nc t i on  c :  c  ha s  

been  found  t o  be  f rom 15  to  25° ,  so mewh a t  d i f f e r en t  i n  t he  

d i f f e r en t  spec imens .  The  ab so r p t i o n  t i n t s  a r e  r a t he r  va ry ing  

w i t h  a  l i gh t  b rown  o r  ye l l owi sh  g r een ,  wh i l e  b  and  c  show  

da rk  g r een ,  b rown  o r  so m e t im es  b lu i sh  b rown  co lou r s .  A  th in  

b lue  mar g ina l  zone ,  i n  wh ich  t he  ang l e  o f  ex t i nc t i on  c :  c  i s  a  

l i t t l e  g r e a t e r  t han  i n  t he  i n t e r i o r ,  i s  o f t en  s een .  I n  va r i e t i e s  o f  

t he  rock  wh ich  a r e  r i che r  i n  qua r t z  t he  u sua l  ho rnb l end e  may  

be  r ep l aced  b y  a r fvedson i t e .  A in igma t i t e  h a s  on ly  been  obse rved  

a s  a n  occa s iona l ,  s ub o rd in a t e  co mp o n en t .  

Th e  fe lspar i s  ch i e f ly  an  a lk a l i - f e l sp a r  o f  com p l i ca t ed  pe r -

t h  i  t i c  s t r uc tu r e  an d  shows  a  so mewh a t  va ry ing  fo rm  and  hab i t  

i n  t he  d i f f e r en t  s p ec i m ens .  The  s i z e  o f  g r a i n  ave r ages  abou t  

ha l f  a  cen t im e t e r  an d  t he  shape  i s  r a t he r  i r r egu l a r ,  o f t en  t e nd 

ing  t o  a  f o r m  tha t  g ive s  b road ly  t abu l a r  s ec t i ons ,  o r  i n  o the r  

sp e c ime ns  w i th  a  t e ndency  t o  a  more  e longa t ed ,  r hombo ida l  

f o rm .  In  t h e  l a t t e r  c a se  t he  f e l spa r - c ry s t a l s  may  a t t a i n  a  l eng th  

o f  3  cen t im e t e r s .  

I n  t he  va r i e t i e s  o f  t he  rock  whe r e  qua r t z  i s  a lmos t  en t i r e l y  

ab sen t ,  t h e  f e l spa r  i s  a  soda  o r t ho r l a se  i n  m ic r ope r th i t i c  i n t e r -

g rowt h  w i th  o l i goc l a se .  I n  s ec t i ons  pa r a l l e l  t o  6 (010 )  t he  ma i n  

po r t i on  i s  op t i c a l l y  hom og en eo u s  w i th  an  ex t i nc t i o n  ang l e  o f  

+  9° .  Loc a l l y ,  howeve r ,  a  ve ry  f i ne  c ry  p tope r t  h  i  t i c  l ume l l a t i on ,  

unde r  a n  ang l e  o f  72  o r  73°  w i t h  t he  c l eavage - t r ace s ,  i s  s een  

unde r  h igh  magn i f i c a t i on .  T h i s  i s  due  t o  an  a l t e rna t i on  o f  

l am e l l ae  o f  on ly  s l i gh t l y  d i f f e r en t  i ndex  o f  r e f r ac t i o n  and  t he  

l ame l l a t i on  i s  be s t  s een  i n  n o n -p o l a r i z ed  l i gh t .  I n  t he  more  

XXXVIII. 13 
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or  less ho mogeneous ma in port ion are included numerous a reas 

of oigoclase showing an extinction angle of about +4°.  These 

areas have the form of an irregular  oval  and are elongated par

allel  to the direct ion of the cryptoperthi t ic  lamellat ion.  In 

sections perpendicular  to (010) the oligoclase areas show an 

imperfect  rectangular  form and are sl ightly elongated paral lel  

to t ie  trace of (010) ;  the twin lamellat ion is  not  easi ly per

ceptible.  The cryptoperthi t ic  lamellat ion is  also observed in 

these sections and i ts  direct ion is  perpendicular  to (010).  

In other variet ies of  the rock,  containing more quartz,  

the felspars consist  of  orthoclase and albite in very irregular  

spoty and dotted microperthi t ic  intergrowth.  Sometimes the 

bourdary of the crystals  consists  of  pure albi te and sometimes 

pure albi te i s  observed in separate crystals .  In a  specimen of 

nordmarkite from Nungmiut,  north-west  of Narsak,  the felspar 

is  r i ther  peculiar .  In this  specimen larger,  scat tered crystals  

of  ol igoclase are found,  while most  of the felspars consist  of  

micnperthi t ic  microcline-albite and this  microcline shows a 

very marked cross-hatching.  I t  is  olherwise extremely rare to 

f ind cross-hatched microcline in the pos t-Devonian igneous rocks 

from this  area.  

The felspar is  general ly a  l i t t le  weathered and under the 

microscope proves more or  less turbid.  In the perthi t ic  cry

stals  the orthoclase is  always more weathered than the pla-

giocase.  

Quartz commonly occurs as a  subordinate component,  

sometimes,  however,  i t  is  almost  entirely wanting,  i t  f i l ls  

angilar  interspaces between the felspars and the other mi

nerals .  

The structure is  a  typical  hypidiomorphic-granular  one 

without any tendency to a  paral lel  arrangement of the consti

tuents.  Apati te  and after  that  i ron-ore and augite are the most  

idiort iorphic c omponents,  next  comes felspar.  The other dark-

coloired minerals  are as a  rule less idiomorphic than the 
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felspar,  while the quartz appears as the mineral last  cry

stall ized. 

Chemical composition. — For the chemical analysis speci

mens were taken of a tolerably fresh rock from a spot on the 

west side of Kakarsuak near Narsak. The rock in this place 

is,  howerer,  not quite typical in so far as i t  is  practically free 

from quartz.  The mineral composition is as follows: soda-

orthoclase with some oligoclase,  green and brown hornblende, 

colourless o r grayish augite,  some biotite,  iron-ore and apatite,  

finally a li t t le hydrous iron oxide, arisen from decomposition of 

the ferromagnesian minerals.  

The result  of the analysis which was carried out by Dr. 

W i n ther  has been given in No. 17 of the table on the next 

page. For comparison two analyses of the typical nordmarkite 

(13 and C) have also been given. These show a somewhat 

greater content of sil ica and alumina and a slightly lower co n

tent of l ime, while the amount of alkali  is  equal in the Green-

landic and Norwegian nordmarkite.  The Narsak rock shows a 

sti l l  greater conformit y with the pulaskite from North Siorarsui t  

(analysis No. 3,  p.  124),  from which it  chiefly differs by a lower 

content of iron and a slightly higher content of alumina, l ime, 

and phosporic pen toxide. From a purely chemica l point of view 

the analyzed nordmarkite variety from Narsak might be sup

posed to be a pulaskite variety,  but from a geological point of 

view it  belongs to a well  characterized nordmarkite-mass and its 

low percentage of sil ica is accounted for by the fact that the 

material  for th e analysis was accidentally taken in a place where 

the rock was exceptionally poor in quartz.  

Rock-types that are closely related to the one here de

scribed occur pretty frequently all  over the globe. In this place 

the very close agreement in chemical composition with the 

nordmarkite from Cabo Frio,  described and analyzed by F. E. 

W r igh t ,  is  especially pointed out.  The analysis of this rock 

has been given for comparison (in A). A comparison with the 

13* 
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Analyses of nordmarkite and related rocks. 

17 A B c .  D 

Si0 2  58-17 58-46 60  45 63-20 63-71 

TiO 2-09 •28 — •46 •86 

^'2^3 16-07 16-56 20-14 17-45 16-59 

Fe„G.,  1-30 5-69 
1  3-80 \  3-60 

2  92 1-30 5-69 
1  3-80 \  3-60 

2  92 

FeO 504 2'59 J J •66 

M11O •07 t race — — •20 

MgO 1 20 •62 1-27 •75 •90 

GaO 3-42 2 61 1-68 1 -40  3 1 1  

Na 20 7 41 6-23 7-23 6-90 8-26 

to
 0
 

4 65 5  44 5-12 5-88 2 79 

H 2 0 above 110°  • •  •  •41  
1 1-21 

•71 •50 •19 

11,0 at  110°  •19 1 
Cl  none — — — — 

so. .   none t race — — — 

P 2 O 5   •42 •23 — — — 

co 2   none •0'i — — — 

Total .  .  .  100-44 9996 100-40 10014 10019 

Sp.  gr . .  .  .  2-74 2-674 

17. Nordmarkite, W. of Kakarsuak, Narsak, S. Greenland. C. 

WINTHE R ,  analys t .  

A. Nordmarki te ,  Cabo Frio,  Rio de Jane iro.  F .  E. WRIGHT, 

analyst  (Tschermak's  mineralog,  u .  petrog.  Mit te i lungen XX, 

1901,  p .  233.  

B. Nordmarki te ,  Aueröd,  S.  Norway.  G. FORSBERG,  analyst  (W. 

C. BRÖGGER ,  Zei tschrif t  für  Krystal lographie  XVI,  1890,  p .  54) .  

C.  Nordmarkite .  Tonsen Aas,  Chris t iania .  G. FORSBERG,  analyst  

(NV. C.  BRÖGGER loc .  c i t . ) .  

D. Umpteki le ,  Umpjavr ,  Kola.  W. PETERSSON,  analyst  (W. RAMSAT, 

Fennia  IX,  1894,  p .  205) .  
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Umptek i te  o f  Kola  (D in  the  above  tab le )  i s  a l so  of  in te res t  a s  

th i s  rock  appears  as  par t  o f  a  rock  assos ia t ion  s imi la r  to  the  

Narsak-norcJmark i te .  

Contact Fades of Nordmarkite. 

Normal contact fades. — As ment ioned  in  the  geo log ica l  

sec t ion  (p .  100)  the  nordmark i te  has  a  d i s t inc t ly  marked  endo-

morph ic  contac t  fac ies  wh ere  i t  borders  on  the  super incumbent  

rocks  of  the  vo lcan ic  se r ies .  This  con tac t  fac ies  may  be  char 

ac te r ized  as  a  nordmark i te -phorphyry  conta in ing  the  same mi

nera l  components  as  the  main  type  of  rock .  The  phenocrys t s  

a re  fe l spars  cons i s t ing  ch ie f ly  o f  soda-or thoc lase ;  the  angle  of  

ex t inc t ion  in  sec t ions  para l le l  to  (010)  i s  abou t  - f -  9° .  They  a re  

remarkable  by  the i r  fo rm which  g ives  a  lozenge  shaped  sec t ion  

as  in  the  Norwegian  rhomb-porphyr ies .  They  a re  much  less  

pure  than  the  fe l spars  in  the  coarse -gra ined  nordmark i te  a s  they  

enc lose  smal l  rounded  c rys ta l s  o f  aug i te ,  hornb lende  and  i ron-

ore .  The  ground-mass  cons i s t s  o f  soda-or thoc lase  wi th  per -

th i t i ca l ly  imbedded  a lb i te ,  g reen  hornb lende,  somet imes  a l so  

a  l i t t l e  aug i te  and  b io t i t e ,  fu r ther  i ron-ore  and  apa t i t e ,  and  

f ina l ly  in te rs t i t i a l  quar tz  which  i s  a  cons tan t  bu t  very  subord i 

na te  component .  The  fe l spars  of  the  g round-mass  have  the  

fo rm of  l a ths ,  se ldom more  than  01  mi l l imete r  wide ,  and  the  

s t ruc ture  i s  a  typ ica l  t rachyto id  f low-s t ruc ture .  

Granitic contact facies. — At  the  contac t  wi th  the  sand

s tone  on  the  sou th  coas t  o f  Sermi l ic  F jord  (p .  103)  the  nord

mark i te  has  d i sso lved  s i l i ca  f rom the  sands tone ,  and  in  a  zone ,  

one  ha l f  to  one  meter  wide ,  neares t  the  sands tone  the  rock  i s  

a  medium-gra ined  gran i te .  This  con tac t - rock  cons i s t s  o f  fe l 

spar  and  quar tz  wi th  some seg i r ine ,  a r fvedsoni t e  an d  a in igmat i t e .  

The  fe l spar -crys ta l s  have  a  shape  g iv ing  imper fec t  t abu la r  sec 

t ions ,  and  cons i s t  o f  microc l ine-microper th i te .  The  twin  s t ruc

ture  of  the  microc l ine  i s  i r regu la r ly  g ranu la r  o r  f ine ly  do t ted ,  

and  the  per th i t i c  s t ruc ture  i s  f ine ly  l amel la r  wi th  somewhat  
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irregular  lamellae ar ranged in the same manner as in an ordi

nary orthoclase-microperthi te.  The quartz is  al iotr iomorphic 

and is  present  in ab out the sa me proport ion as the felspar.  The 

anhedra are of considerably smaller  dimensions in this  granite 

than in the adjoining quartzi t ic  sandstone.  The arfvedsonite is ,  

apparently by magmatic resorption,  very extensively al tered to 

aegirine with numerous inclusions of black ferruginous material .  

ESSEXITE. 

The essexite covers a  small  area of almost  two square 

kilometers along the coast  by the Narsak set t lement.  On the 

opposite coast  i t  appears again at  Sigsardlugtok,  about seven 

kilometers west  of  Narsak and in Sermilik Fjord i t  is  found at  

Kangerdluak.  I t  is  a  coarse-grained dark gray rock whose 

main component,  a  plagioclase,  is  developed in large tabular  

crystals .  The occurrence of the rock and the variat ions in 

i ts  appe arance have been described at  length in a  former chapter  

(p.  95).  

Microscopic characters. — Under the microscope the mi

nerals  seen are:  apati te ,  i ron-ore,  ol ivine,  augite,  hornblende,  

bioti te ,  labradori te ,  orthoclase and secondary products.  INephe-

l ine has not  been observed.  

The apati te  is  relat ively abun dant in prisms of the usual  

form. The crystals  may reach a length of 5  mill imeters and a 

thickness of OS mill imeter .  The iron-ore occurs in consider

able amount;  i t  is  in crystals  and irregular  grains sometimes 

measuring several  mil l imeters across.  I t  is  t i taniferous and 

gives r ise to secondary t i tanite.  In the pseudomorphs a  frame

work of unaltered iron-ore indicates that  the original  ore had 

a  lamellar  s tructure 1 .  I t  is  usually bordered by a fr inge of 

scaly bioti te .  

1 The pseudomorphs agree with those figured by ROSENBUSCH (Mikrosk. 

Physiogr. I, 2, Pl. II, 6 (1905)). 
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Olivine is  a lways present  in  considerable  amount .  I t  oc

curs  in  rounded crystals  or  grains ,  one or  two mil l imeters  

or  more in  diameter .  I t  i s  '  most ly  f resh and sometimes 

clear ,  sometimes f i l led with minute  black microl i tes  producing 

a  "schil ler"  s t ructure .  In  many specimens of  the rock the 

ol ivine shows prominent  resorpt ion-phenomena:  a long the mar

gin and cracks i t  i s  changed to  a  black metal l ic  mat ter  —-

probably magnet i te  — with i r regular  boundaries .  Sometimes 

a  whole ol ivine crystal  has  been changed in this  manner  with 

the except ion of  a  few small ,  separated remnants .  The outer  

par t  of  the black zone c ontains  numerous needles  and bunches 

of  act inol i te  which is  sometimes accompanied by colourless  

augi te  in  s l ight  quant i ty .  Round this  zone of  magnet i te-act in-

ol i te  is  found an outer  f r inge of  f inely scaled,  colourless  or  

fa int  greenish mica sometimes containing half  discoloured re

mains of  brown biot i te .  In  other  cases  the ol ivine may be im

mediately surround ed by fresh brown biot i te .  In  less  f resh spe

cimens of  the essexi te  the ol ivine is  of ten surrounded by a  

margin of  serpent ine,  or  i t  may be qui te  serpent inized.  

Augite of  a  more or  less  pronounced violet  t int ,  and 

therefore  probably t i taniferous,  i s  a  constant  component  of  the 

essexi te .  I t  occurs  in  about  the same amount  as  the ol iv ine.  

I t  i s  as  a  rule  qui te  a l lotr iomorphic  and of ten contains  the 

usual  black microl i tes ,  these,  however ,  are  not  uniformly dis

persed in  the augi te  but  concentrated in  patches.  The ext inc

t ion angle  c : c is  large and exceeds 40°.  Local ly  a  l i t t le  pale  

green ural i te  may be found in  the margin of  the augi te-anhedra.  

In  the more decomposed var ie t ies  of  the  rock the augi te  to

gether  with the other  ferromagnesian minerals  has  changed to  

aggregates  of  serpent ine,  chlor i te ,  epidote ,  calci te  e tc .  

A brown hornblende with the absorpt ion-t ints  and opt ic  

or ientat ion of  the barkeviki te  is  found in small  amount  in  most  

of  the essexi te-specimens.  I t  occurs  in  small  short  pr isms or  

shapeless  grains  mixed with the biot i te-aggregates  ;  sometimes 
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a lso  as  a  th in  ou ter  zone  sur rounding  the  augi te  and  para l le l  

wi th  i t .  

Biotite of  a  brown co lour  i s  found  in  ra the r  cons iderab le  

amount .  I t  occurs  as  aggrega tes  of  smal l  sca les  o r  p la tes  

round  the  i ron-ore ,  somet imes  a l so  in  l a rge ,  t abu la r  c rys ta l s  

sur rounded  by  fe l spar .  I t  i s  s t rongly  p leochro ic ,  the  absorp

t ion- t in t s  vary ing  f rom deep  chocola te  co lour  to  qu i te  pa le  

ye l low.  

A labradorite in  ra the r  id iomorphic ,  t abu la r  c rys ta l s  i s  the  

main  component  of  the  essex i te .  The  c rys ta l s  a re  of ten  severa l  

cen t imete rs  long .  They  a re  a lways  twinned  acco rd ing  to  the  

a lb i te - law.  loca l ly  a l so  per ic l ine- lamel l îB  a re  seen  and  Car l sbad-

twins  a re  to le rab ly  common .  Upon op t ica l  examinat ion  the  

main  par t  o f  each  c rys ta l  p roves  to le rab ly  homogeneous  bu t  in  

an  ou ter  she l l  o f  vary ing  th ickness  a  decrease  of  bas ic i ty  t akes  

p lace .  Th is  zonary  banding  i s  as  a  ru le  very  p ronounced .  For  

a  more  exac t  de te rmina t ion  of  the  p lag ioc lase ,  measurement  

was  employed  of  the  ang les  of  ex t inc t ion  in  symmetr ica l  sec 

t ions  of  Car l sbad- twins  and  in  sec t ions  para l le l  to  6  (01  Ol .  The  

main  por t ion  of  each  c rys ta l  was  in  th i s  way  found  to  cons i s t  

o f  a  l ab rador i te  the  c ompos i t ion  of  which  var ied  in  the  d i f fe ren t  

spec imens  of  the  rock  f rom Ab 3 An 4  to  AbjAn, , .  In  the  ou te r  

par t  o f  the  c rys ta l s  the  ex t inc t ion-angles  decrease  and  a t ta in  

va lues  charac te r iz ing  an  andes ine  Ab 2 Anj ,  and  somet imes  the  

ou termos t  zone  i s  o l igoc lase .  

In  some spec imens  of  the  essex i te  the  p lag ioc lase  i s  q u i te  

c lea r  and  f resh ,  in  o thers  i t  i s  f i l l ed  wi th  minu te  dus t - l ike  

inc lus ions .  When  the  fe l spar  con ta ins  smal l  enc losed  b io t i t e  

c rys ta l s  the  dus t  i s  o f ten  want ing  in  the  immedia te  v ic in i ty  o f  

these 1 .  In  many  cases  the  p lag ioc lase  i s  more  o r  less  a l t e red  

and  the  c rys ta l s  a re  f i l l ed  wi th  smal l  sca les  of  a  co lour less  

1  A similar  micro-structure of the labradorite has also been observed in 

essexiles from other localities (ROSENBUSCH ,  Mikrosk. Physiogr. 1907, II, 

1, p.  392).  
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mica- l ike  subs tance ;  where  the  t ransformat ion has  progressed 

far ther ,  epidote  in  ra ther  la rge  crys ta ls  a lso  occurs .  

Orthoclase occurs  in  the  f resh  specimens  of  I  he  essexi te  

in  grea t ly  varying amount ,  and in  some of  them i t  seems to  

be  ent i re ly  absent .  I t  must  be  emphasized tha t  even where  

the  or thoclase  i s  want ing  the  minera l  composi t ion  i s  for  the  

res t  unal te red  and typica l ly  essexi t ic .  In  the  more  decomposed 

var ie t ies  of  the  rock the  or thoclase  cannot  be  ident i f ied .  I t  i s  

a lways  the  minera l  las t  c rys ta l l ized;  i t  par t ly  forms an  outer  

cover ing of  the  plagioclase  c rys ta ls  and is  par t ly  in ters t i t ia l .  In  

the  specimens  f rom Sigsardlugtok where  i t  only  occurs  very  

spar ingly  i t  appears  to  bu a  normal  or thoclase  wi th  an  angle  

of  ext inc t ion  on  (010)  of  about  +  4°.  But  in  the  spec imens  

f rom the  Is lands  a t  Narsak and f rom Kangerdluak the  minera l  

i s  more  abundant  and proves  to  be  a  sodn-orthoclase with  an  

angle  of  ext inc t ion  on (010)  of  about  - f -  8° .  This  soda-or tho-

c lase  shows a  more  or  less  p la in  cryptoper th i t ic  s t r ia l ion  tha t  

in  sec t ions  perpendicular  to  (010)  fo l lows a  di rec t ion  para l le l  

wi th  the  è-ax is ,  and in  sec t ions  para l le l  wi th  b (010)  i s  or ien

ta ted  under  an  angle  of  abou t  +  7 '°  l ' i e  «-ax is .  I t  

i s  of ten ,  but  not  a lways ,  more  c loudy than the  p lagioclase .  

Structure. — As a l ready ment ioned the  plagioclase  in  th is  

rock i s  developed in  la rge  and ra ther  id iomorphic ,  t abular  c ry

s ta ls  and the  dark-coloured minera ls  f i l l  up  the  in terspaces  be

tween them.  Apat i te  i s  a lways  the  ear l ies t  minera l .  Af ter  th is  

comes  i ron-ore  and ol iv ine .  P lagioclase  and augi te  have  per

haps  to  a  great  extent  crys ta l l ized  s imul taneously  but  the  cry

s ta l l iza t ion  of  the  augi te  has  cont inued longes t  and augi te-

anhedra  have  grown out  s o  that  they f i l l  even narrow in ters t ices  

be tween the  p lagioclase-crys ta ls .  Somet imes  a lso  ( l ie  b io t i te  

aggregates  take  par t  in  th is  f i l l ing  up  of  the  in ters t ices .  When 

or thoclase  i s  present  i t  i s  of  even la ter  da te  than the  augi te .  

Usual ly  each anhedron of  augi te  f i l l s  only  one  in ters t ice  and in  

no  place  the  augi te-anhedra  are  large  enough to  mould  severa l  
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felspar-crystals .  The structure may therefore perhaps best  be 

characterized as sub-ophit ic .  

The order of  succession of the dark-coloured minerals  is  

very pronounced: iron-ore and olivine are in separate grains 

but  both are embraced by augite,  and very often a  single 

augite-anhedron contains several  grains of the two minerals  

f irst  mentioned.  Bioti te  mixed with] mo re or  less barkevikite 

surrounds the augi te and is  found as a 'corona'  round the iron-

grains outside the augite.  This tendency in the dark-coloured 

minerals  to embrace one another in regular  succession is  com

mon to the normal variet ies of  the essexite and the augite-

syenile (p.  189),  and in both rocks the f ine-grained border 

variet ies show a more even-grained development of the min

erals .  

Mechanical  phenomena are as a  rule absent  in the es

sexite,  in those variet ies,  however,  that  show a marked flow-

structure the labradori te  crystals  are at  t imes somewhat bent  

or  broken.  But the mechanical  phenomena do not  affect  the 

augite and orthoclase and must  therefore have been produced 

while the rock was as yet  semi-fluid.  

Chemical composition. — It will  be seen from the preced

ing sections that  the mineral  composit ion and structure of the 

rock described is  tolerably typical  of  essexite and the same 

holds good from a chemical  point  of  view as i t  wil l  appear 

from the subjoined analysis  (No. 18).  The specimens analyzed 

have been collected at  Panernak Bay,  northwest  of  Narsak 

where the rock had a very fresh appearance.  For purposes of 

comparison I give a number of analyses of  essexite from various 

parts  of  the world where the essexite occurs in a  somewhat 

similar  associat ion of igneous rocks as in South Greenland.  

The agreement especial ly with the essexite of Essex is  very 

conspicuous.  As the igneous rocks of the l l imausak area are 

on the whole dist inguished by a high content  of  i ron in pro

port ion to the regions mentioned in the table on the next  page 
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Analyses of essexites. 

18 A B C D 

Si02   46-10 46.99 4859 43-66 47-90 

Ti<>,  3-34 2 9 2  2-71 1-21 1-91 

Zr02   — — — — — 

AI2O3   18-59 17-94 17-91 17-35 16-55 

Fe203   2-63 2-56 309 7-88 5-67 

FeO  6 6 8  7-56 6 41 5-40 7-50 

MnO  •05 trace 15 — •60 

MgO  3-23 3-22 3-06 4-27 4 44 

CaO  9-86 7-85 7-30 9 39 9-35 

Na20  6-22 6*35 5-95 5 1 2  3 23 

K,0  •63 2-62 2-56 2-07 2-08 

H20 above 110° • • •  •80 •65 
1 -95 1-99 •20 

H20 at 110° •11 — J 
CI  none — n. d.  — — 

iv>.   1-41 •94 I l l  1 32 •32 

CO.,  none — f-13]1  — — 

Total. .  .  99-65 99-60 99'92 9 9 6 6  99-75 

Sp. gr. .  .  .  2-895 2-919 

18. Essexite,  Panernak Hay, Narsak, S. Greenland. C. WINTHER, 

analyst.  

A. Essexite,  Salem Neck, Essex Co.,  Massachusetts.  H. S. 

WASHINGTON,  analyst (Journal of Geology VII,  1899, p.  57).  

15. Essexite,  Mount Johnson, Quebeck. M. F. CONNOR ,  analyst 

(F. D. ADAMS ,  The Monteregian Hills.  Journal of Geology XI, 

1903, p.  265).  

C. Essexite,  Cabo Frio,  Rio tie J aneiro.  M. DITTRICH,  analyst 

(H. HOSENBCSCH ,  Elemente der Gesteinslehre 1898, p.  172).  

1 BaO 0 08 and NiO + CoO 0 05. 
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D.  Essex i te ,  Tof teholmen,  I lo lmes t rand ,  Norway.  V.  SCHMELCK, 

ana lys t  (W.  C.  IJRÖGGER ,  D ie  Erupt ivges te ine  des  Kr i s l i an ia -

geb ie tes  I I I ,  1898 ,  p .  83) .  

one  might  have  expec ted  tha t  the  ana lys i s  would  have  g iven  

par t i cu la r ly  h igh  f igures  fo r  th i s  e lement .  But  as  a  compar i son  

wi l l  show,  th i s  i s  no t  the  case ,  even  i f  i t  i s  t aken  in to  con

s idera t ion  tha t  the  i ron  may be  supposed  to  be  par t ly  re p laced  

by  t i t an ium.  I t  i s  o f  in te res t  to  no te  th i s  c i rcumstance  as  the  

magma of  the  Narsak  essex i te  mus t  be  p resumed or ig ina l ly  

to  have  conta ined  a  surp lus  of  i ron ,  a  surp lus  which  has  

been  la id  down in  the  magnet i t e -pyroxeni te  ment ioned  be low.  

Another  in te res t ing  fea ture  i s  the  very  low percen tage  of  

po tash  in  the  ana lyzed  spec imens  of  essex i te  f rom Narsak .  

This  f igure  i s  the  on ly  one  dev ia t ing  cons ide rab ly  f rom what  

mus t  be  counted  as  typ ica l .  Never the less  i t  cannot  be  taken  

as  a  s ign  of  any  essen t ia l  d i f fe rence  be tween  the  Narsak  type  

and  the  ord inary  essex i te  type ,  fo r  as  a l ready  ment ioned  the  

po tash- fe l spar  con ten t  of  the  Narsak-essex i te  i s  loca l ly  var iab le :  

in  th in  s l i ces  of  the  ana lyzed  spec imens  1  have  no t  been  ab le  

to  de tec t  any  or thoc lase ,  whereas  th i s  minera l  has  been  found  in  

no  incons iderab le  a mount  in  the  e ssex i te - spec imens  f ro m var ious  

o ther  loca l i t i es  ( the  i s land  a t  Narsak ,  S igsardh ig tok ,  Kanger -

d luak)  where  the  rock  does  no t  o therwise  show any  dev ia t ions  

f rom the  ana lyzed  var ie ty .  

MAGNETITE-PYROXENITE. 

The  magnet i t e -pyroxeni te  occurs  wi th in  the  essex i te  a rea  

a t  a  loca l i ty  ab out  2  k i lometers  nor th -west  o f  Narsak  (p .  97) .  

I t  i s  a  f ine-gra ined  rock  of  b lack  co lour .  I t  i s  s t rongly  mag

ne t ic  and  somet imes  possesses  po la r i ty .  Under  the  microscope  

i t  i s  seen  to  be  made  up  of  pyroxene ,  i ron -ore ,  o l iv ine  and  

b io t i t e .  Al l  these  minera l s  fo rm more  o r  l ess  i somet r ic  g ra ins  



205 

Analyses of magnetite-pyroxenite. 

and related rocks. 

19 A B 

SiO. ,   31 77 38-38 45-05 

Ti0 2   12-97 4 32 2 -65 

A I 2 O 3   none 6 I 5  6-50 

Fe 20 3   12-97 11-70 3-83 

FeO  10-23 8  1 4  7-69 

MnO  t race •16 — 

MgO  15-77 11-47 1207 

CaO  12-20 I860 18-66 

Na aO  2-69 •78 •94 

K2O  *54 1 3  00
 

H 2 ( )  above 110° • •  •60 •54 
I  2-40 

I I 20 at  110° • •  •  •05 •18 f 
^2^5 trace •17 •31 1  

Total . .  .  9979 10072 100 88 

Sp.  gr . .  .  .  3-561 

19. Magnet i te-pyroxeni te ,  Nursak,  S.  Greenland.  C.  WINTHER, 

analyst .  

A. Jacnpirangi t ,  Jacnpiranga,  Brazi l .  [I. S.  WASHINGTON,  analyst  

(The Foyai te-l jol i te  Ser ies  of  Magnet  Cove.  Journal  of  Ge

ology IX,  1901,  p .  620| .  

B.  Pyroxeni te ,  Brandberget ,  Gran,  Norway.  L SCHMELCK analyst  

(W. C.  B R A G G E R ,  The Basic  Erupt ive Rocks of  Gran.  Quart .  

Journ.  Geul  Soc.  L,  1894,  p .  31) .  

of  tolerably uniform size,  their  diameter  varying only from 0 07 

to  0  3  mil l imeters .  

1  Ca3P 2O s .  
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The pyroxene is  of a  l ight  brown (not  violet)  colour and 

consti tutes almost  half  of  the rock.  I t  is  of  the diopsidic type;  

the extinction angle c  :  c is  38° .  The iron-ore forms black 

metall ic  grains.  To judge from the,  chemical  analysis  of  the 

rock i t  must  be highly t i taniferous.  No pyri te is  seen.  The 

olivine is  quite colourless and contains small  f luid cavit ies.  I t  

occurs in about the same quanti ty as the iron-ore.  The bioti te  

is  less abundant.  I t  is  in irregular  grains and is  the least  

idiomorphic consti tuent  of the rock.  I t  is  s trongly pleochroic 

with absorption-tints  varying from dark yellowish-brown to 

quite pale brownish.  I t  contains innumerable minute needles;  

these are arranged in three systems intersecting each other at  

angles of 60° and all  lying in the plane of cleavage.  All  the 

consti tuents are fresh and decomposit ion products are entirely 

wanting.  

The chemical  composit ion of this  rock is  shown in the 

above table.  The most  str iking feature is  the very high figure 

for t i tanic acid,  in which respect  the rock calls  to mind the 

i lmenite-nori te of  West  Norway, and the absence of alumina.  

Apart  from this  the rock shows evident  aff ini t ies with the jacu-

pirangite from Brazil ,  Magnet Cove,  and other places.  This 

rock is  a  differentiat ion-product  of foyait ic  magmas,  whereas the 

Narsak-rock is  to be classed with the e ' - .xi te.  As far  as  I  

am aware no exactly similar  d ifferentia t ion-products from essex-

it ic  m agmas are known elsewhere,  but  the pyroxenite from Gran,  

quoted in the table for  comparison,  appears as a  facies of 

essexite and may be ci ted as an example of a  differentiat ion 

which to a  certain degree goes in the same direction as that  

which has produced the magnetite-pyroxenite of Narsak.  

ESSEXITE-POKPHYBITE. 

This rock composes the upper part  of  the Kakarsuak 

Mountain at  ISarsak.  I t  is  a  minor intrusive body of i rregular  

shape.  I t  is  older than the nordmarkite but  is  i tself  intrusive 
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in  the  sheeted  d iabases  and porphyr ies  which comprise  the  

bulk  of  the  volcanic  se r ies .  On the  geologica l  map the  essexi te-

porphyr i te  i s  not  shown separa te ly  but  inc luded in  the  volcanic  

ser ies .  

The  rock in  ques t ion  i s  porphyri t ic  in  appearance ,  charac

ter ized  by very  numerous  and large  p lagioclase-phenocrys ts  

imbedded in  a  scant  ground-mass  of  very  f ine  gra in  and of  

greenish-black colour .  The  phenocrys ts  a re  of  a  shape  giv ing 

broadly  tabular  or  rounded sec t ions  and somet imes  they are  

broken .  In  the  var ie ty  of  which an  analys is  i s  g iv en below they 

se ldom exceed 1  cent imeter  in  length  whereas  o therwise  they 

of ten  reach a  length  of  10  cent imeters .  They are  greenish  of  

colour ,  the  c leavage p lanes  are  of ten  dul l .  

Upon microscopic  examinat ion  the  rock proves  grea t ly  a l 

tered  by con tac t-metamorphism and the  or ig inal  s t ruc ture  of  

the  ground-mass  i s  qui te  ef faced.  The  fe lspar-phenocrys ts  

where  they are  f resh ,  a re  twinned according to  the  a lb i te- law,  

somet imes  a lso  according to  the  Car lsbad- law.  They are  labra-

dor i tes  of  about  the  composi t ion  Ab 3 An 4 .  The  smal ler  phe

nocrys ts  have  of ten  a  coat ing  of  or thoclase .  The  crys ta ls  a re  

par t ia l ly ,  and many of  them throughout ,  converted  to  a  colour

less ,  nonhomogeneous  aggregate  of  ext remely  f ine  s t ruc ture .  

The main  const i tuent  of  th is  aggregate  has  about  the  same re

frac t ive  index and in ter ference- t in ts  as  scapol i te  and i t  i s  mixed 

wi th  minute  gra ins  of  a  somewhat  more  highly  ref rac t ing  mi

nera l ,  probably  epidote .  

The  ground-mass  has  a  s t ruc ture  indica t ing  in tense  con

tac t-metamorphism.  I t s  or ig inal  s t ruc ture  was  probably  less  

f ine-gra ined than the  ac tua l  s t ruc ture .  I t  consis ts  of  smal l  

i r regula r  gra ins  and sca les  of  colour less  minera ls  f ine ly  dot ted  

wi th  innumerable  smal l  b lack gra ins .  The  minera ls  a re :  p lagio-

c lase ,  or thoclase ,  augi te ,  i ron-ore ,  and apat i te .  P lagioclase  i s  

the  predominant  const i tuent ,  the  sec t ions  are  somet imes  e long

ated  and may a t ta in  a  length  of  0 '2  mi l l imeters .  I t  i s  somet imes  
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Analysis of 

essexite-porphy rite. 

20 

Si0 2   50-98 

Ti0 2   1-38 

A1 2 0 3   2 2 1 5  

Fe 2 0 3   1-04 

FeO  4  25  

MnO  t race  

MgO  •79 

GaO  7-90 

Na,0   6-84 

K ,0  2-71 

H 2 Oabove 110°  • •  1  22  

H 2 0  a t  1 1 0 °  12  

CI   t race  

I ' O ,   •38 

CO,   t race  

Tota l .  .  .  9 9 7 6  

Sp.  gr . .  .  .  2-82 

20. Essexi te-porphyr i te ,  450 meters  above sea- level ,  Kakarsuak 

near  Narsak,  S .  Greenland.  G.  W INTHER ,  ana lys t .  

twinned and somet imes  twinning is  want ing .  The  larger  gra ins  

are  of ten  a l te red  in  the  same way as  the  phenocrys ts .  The  

maximum value  of  the  ext inc t ion-angle  in  sec t ions  perpendicu

lar  to  (OlOl  i s  38°  in  the  cent ra l  par t  of  the  crys ta ls .  This  

indicates  a  labrador i te  of  a lmost  the  same composi t ion  as  the  

phenocrys ts .  The  ext inc t ion-angle  decreases  towards  the  margin  

of  the  gra ins  and they are  surrounded by a  zone of  or thoclase  

(or  soda-or thoclase) .  This  minera l  i s  a lso  found as  in ters t i t ia l  
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grains.  Augite is  abundantly present  in small  rounded grains,  

O'Ol—0*06 mill imeter  in diameter ,  evident ly al l  formed by the 

metamorphism of the rock.  The apati te  is  in small  needles 

and the iron-ore in grains of varying size (0 005—0 1 mill i 

meter)  sometimes surrounded by a yellow bioti te .  

The chemical  composit ion is  given in the table above from 

which i t  wil l  be seen that  the composit ion is  of essexit ic  type.  

A comparison with the analysis  of  the Narsak-essexite (p.  203) 

shows for the essexite-porphyri te more si l ica,  alumina,  and 

alkalies,  and less t i tanic acid,  i ron oxides,  and magnesia.  This 

corresponds with the circumstance of the rock being extremely 

r ich in felspar-phenocrysts  and poor in ground-mass.  

ROCKS OF THE VOLCANIC SERIES. 

The volcanic formation rests  on the red sandstone and is  

buil t  up of a  large number of sheets ,  some effusive,  others 

intrusive.  The total  thickness is  about one thousand meters.  

The original  thickness was probably much greater ,  this  forma

tion being the uppermost  in South Greenland .and having been 

exposed to erosion through enormous periods.  I t  consti tutes 

the highest  snow- and icecovered part  of  the I l imausak moun

tain group and only in very few places stretches down to the 

level  of  the sea.  During the field work i t  has been impossible 

to subject  this  formation that  is  so diff icult  of  access,  to any

thing but  a  very cursory examination.  

Rocks of quite similar  character  occur as dykes and si l ls  

in the red sandstone.  They are here classed with the volcanic 

series .  

In the following pages a few typical  examples wil l  be de

scribed,  the aim being to give a  general  idea of the character  

of the rocks and to show the relationship or  consanguinity 

with the rocks described in the foregoing chapter.  According 

XXXVIII.  14 
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to their macroscopic appearance the rocks of the volcanic 

series have been mentioned in the geological chapter by the 

names of diabases, porphyrites, porphyries, and quartz-porphyries. 

From each of these groups a typical representative has been 

selected for description. 

DIABASE (TRACHYDOLEBITE) OF NUN AS AKNAU SAK. 

The diabase which forms the flat top of the Nunasarnau-

sak mountain is the relic of an intrusive sheet in the sand

stone. The thickness of the sheet is about 150 meters. The 

rock has an ordinary dolerite- or diabase-like appearance. Its 

colour is a greenish black or grayish black and its structure is 

ophitic and more or less fine-grained, the tabular felspar-

crystals having an average length of about one millimeter. At 

the lower surface of the sheet as well as at the summit of the 

mountain the structure is a lmost dense a nd sometimes porphyr-

itic; in some places a flow-structure is also seen here. 

Microscopic characters. — Examined in thin slices under 

the microscope the rock proves greatly altered. The alterations 

are probably d ue to co ntact-metamorphism and in many respects 

recall those of the Tertiary basaltic lavas of Skye, as described 

by HARKER1 .  It  can be established that the following minerals 

have constituted original components of the rock: apatite, iron-

ore, olivine, augite, and plagioclase (labradorite). Judging from 

the chemical composition of the rock orthoclase and perhaps 

nepheline, brown hornblende, and mica have probably al so been 

originally present, but the microscopical examination gives no 

downright proofs of this. 

The apatite is comparatively abundant in s lender p risms or 

needles. The iron-ore is in crystals and irregular grains, it  

probably consists of titano-magnetite. 

1 A. HARKER, The Tertiary Igneous Rocks of Skye. Memoirs of the Geo

logical Society of the United Kingdom, 1904, p. 50. 
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Fresh olivine has not been found, but the rock abounds in 

pseudomorphs which may with certainty be referred to this 

mineral,  owing to the fact that the alteration has begun in the 

same way as in the essexite, viz. by the formation of a 

zone of iron-ore round the grains and along their cracks. 

The interior of these pseudomorphs consists of a greenish 

serpentine aggregate crowded with numerous small needles of 

actinolite. 

The augite is partly fresh and of a pale reddish violet 

colour. The extinction-angle c :  c is about 45°; it  is slightly 

greater for a blue than for a red light. The mineral is quite 

allotriomorphic, moulding the tabular felspar-crystals. It  has 

originally been present in about the same amount as the oliv

ine but the augite-anhedra have to a great extent been con

verted into a greenish fibrous hornblende whose fibres are 

about parallel to the vertical axis of the augite. This uralitic 

hornblende is rather impure being full of small grains of iron-

ore and of a strongly refringent mineral with high interference 

tints, perhaps titanite. The conversion of the augite is no 

doubt due to contact-metamorphism; yet in the most intensely 

altered portions of the rock (viz. those nearest the augite-

syenite) there is no uraüte left,  but the rock is full of small 

grains of newly formed augite and scaly yellowish brown mica. 

The felspar is in tabular crystals giving sections of about 

1 millimeter in length by 0'1 millimeter in breadth. The de

composition-product is a colourless muscovite-like aggregate. 

Those parts of the felspar-crystals that are not decomposed in 

this manner are perfectly clear and fresh, a sign that the alter

ation of the rock is not due to ordinary w eathering. The clear 

felspar has a faint brownish tint which is not due to visible 

inclusions of any kind; the outer zone of the crystals is,  how

ever, usually colourless. The crystals are always twinned ac

cording to the albite-law and sometimes also pericline-lamellae 

are seen, Carlsbad twins are frequent. In a number of sym-

1 4 *  
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Analyses of diabase (trachydolerite) of Nunasarnausak 

and related rocks. 

21 A B C D 

Si02   45-27 45-61 44-16 45-55 45-75 

Ti<>.  4-41 3-48 3 1 4  4 45 2-95 

AI2O3   15-03 15-70 15-94 15-40 13-40 

Fe 2 ^ 3   4-04 6-17 2-61 2-43 8-21 

FeO  9-10 7-29 9-75 9 1 2  6.35 

MnO  trace trace — — •24 

MgO  6-59 4-84 4-62 5-20 7-29 

CaO  6-64 6-34 8-96 7-70 12-05 

Na„0  5-07 5-06 5 1 3  4-54 
1 1-33 

5 1 3  4-54 
1 1-33 

K . O   1-08 2-67 •72 2-04 ) 
H 2 0  a b o v e  1 10° • • • 1-85 

) 2-34 
2-88 2-35 1 '75 

H , 0  at 110° 14 J 
Cl  si. tr. 

SO 3 none •24 

P 2 0 5   16 1-50 

co 2   •38 2 1 5  

Total. . .  

S p .  g r . .  .  .  

99-76 

2-988 

99-50 

2-87 

99-55 100-93 99-32 

21. Diabase (trachydolerite), Nunasarnausak, South Greenland. 

C. WINTHER ,  analyst. 

A. Basalt (trachydolerite), Franklin Island, Antarctic. G. T. PRIOR, 

analyst (Mineralog. Mag. XII, 1899, p. 80). 

B. Diabase (trachydolerite) Neuwerk an der Bode, Hartz, Germany 

(quoted in H. ROSENBÜSCH,  Elem. d. Gesteinslehre 1910, p. 440). 

G. Camptonite, Hvinden, Gran, Norway. L. SCHMELCK,  analyst (W. 

C. BRÖGGER,  Eruptiv gesteine des Kristianiagebietes III, p. 60). 

D. Essexite-melaphyre, Holmestrand, Norway. G. SÄRNSTRÖM,  ana-

lyst) W. G. BRÖGGER,  Zeitschr. f. Krystallograph. XVI, 1890, p. 27). 
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metrical sections of such twins the extinction-angles were 

measured. The values obtained indicate that felspar is a 

labradorite of about the composition Ab3An4 .  The extinction-

angle in some cases slightly decre ases from the middle towards 

the margin of the crystals.  These statements refer to the 

brownish felspar which constitutes the main component of the 

rock. The outer colourless shell  which covers many of the 

brownish labradorite-crystals,  in sections perpendicular to (010) 

shows a fine twin-lamellation and very small  extinction-angles.  

It  has an index of refraction somewhat lower than that of the 

labradorite but higher than that of Canada balsam. The outer 

shell  consequently consists of oligoclase.  

Besides the crystals and pseudomorphs mentioned, numer

ous formless areas,  consisting of aggregates of serpentine, 

muscovite,  actinolite,  and sometimes epidote and calcite,  are 

seen in the slices.  

Chemical composition. — For the chemical analysis speci

mens were taken in a spotfat  a height of 560 meters on the 

north side of Nunasarnausak, near the lower boundary of the 

sheet.  The results of the analysis are given in No. 21 of the 

table above. The composition is evidently of an essexitic type 

and very similar to that of the essexite of Narsak given in A 

of the same table.  According to the system of ROSENBDSCH the 

rock may be characterized as a trachydolerite related to ne-

pheline-basanite.  In the table the analyses of some other 

related rocks are quoted for comparison. It  is  of special 

interest  to note that rocks approaching these in composition 

occur in the petrographical province of the Christiania district .  

PORPHYRITE (TRACHYDOLERITE) OF TASEK. 

At the southwestern end of Lake Tasek and about 4 kilo

meters northeast of Narsak a mountain rises from the flat  

moraine-covered tableland to a height of 750 meters above the 

level of the sea.  This mountain consists of a porphyrite here 
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to be described by the name of the Tasek-porphyrite. The 

mountain is the relic, left by the erosion, of a thick sheet 

belonging to the volcanic series. The sheet is probably effu

sive as the rock contains vesicles, though not in any great 

number. The vesicles are mostly about 1 centimeter long and 

filled with felspar and epidote which have perhaps formed at 

the expense of an original filling of zeolites1 .  

The rock contains numerous phenocrysts of felspar imbed

ded in a greenish-black, dense ground-mass. These felspar-

crystals have a thin tabular shape and usually only measure 

1 or 11/2 millimeter in thickness while they may attain a length 

and breadth of 1 or 2 centimeters. Their colour is gray or 

greenish and the bright cleavage-planes parallel to (001) show 

a very distinct twin-striation. The crystals show a strong ten

dency to parallel disposition. 

Microscopic characters. — Upon examination under the 

microscope the rock proves so highly affected by contact-

metamorphism and subsequent alterations that none of the 

original minerals have remained unaltered with the exception 

perhaps of apatite and some grains of iron-ore. The felspar-

phenocrysts are filled with innumerable minute scales of a 

green mica which also occurs in the ground-mass. Usually 

they also contain more irregularly distributed small grains of a 

mineral which from its refractive power and double refraction 

is supposed to be epidote. Neither the mica nor the epidote 

shows the faintest trace of crystallographic boundaries. The 

clear felspar substance in which these decomposition-products 

are imbedded is twinned according to the albite-law; it  has a 

composition between that of an acid andesine and an almost 

pure albite, but on account of the impurity of the crystals an 

exact determination was impossible. The extinction-angles in 

symmetrical s ections are small though in some cases they reach 

1 Cfr. A. HARKER , The Tertiary Igneous Rocks of Skye, 1904. p. 50. 
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15°; the) '  are larger along the margin than in the middle of 

the crystals,  and the outer shell  seems often to consist  of pure 

albite.  The mean index of refraction is a li t t le lower than that 

of Canada balsam. 

Pseudomorphs from another kind of phenocrysts occur in 

small  number.  They are smaller than the felspars and often 

show hexagonal outlines.  They consist  of a microcrystall ine 

aggregate of colourless minerals dotted with iron-ore and mica 

scales.  

The ground-mass is  of the trachytoid type in regard to 

structure.  It  is  in the main composed of felspar-laths and a 

felt-l ike aggreg ate of green biotite ;  moreover i t  contains a patite 

and iron-ore. The apatite is in stout prisms. The iron-ore 

occurs in grains and crystals sometimes reaching a d iameter of 

03 millimeter,  but generally much smaller.  Most of the iron-

ore crystals are surrounded by a reaction rim consisting of an 

extremely fine-grained aggregate of a highly refringent and 

strongly birefringent mineral,  probably ti tanite.  Many iron-ore 

crystals are almost entirely altered, only a small  nucleus being-

left, and in some cases the alteration is complete. The felspar-

laths of the ground-mass average ab out 0 '4 millimeter in length 

by 01 millimeter in breadth. They are simple or once twin

ned; more seldom they are polysynthetic.  Their mean refrac

tion index is slightly lower than that of Canada balsam. The 

maximum extinction-angle in sections at  rightj  ang les to the 

albite-lamellae is about 10°. The felspar-laths of the ground-

mass thus consist  of an acid oligoclase or nearly pure albite.  

It  is  possible that also other kinds of felspar or felspathoid 

minerals may be present in small  amount.  The colourless 

minerals of the ground-mass,  with the exception of the augite,  

are fi l led with exceedingly small  scales of brown biotite and of 

colourless or greenish needles giving hexagonal sections.  The 

latter as a rule attain only 001 or 002 millimeter in length, 

they are rather highly refringent,  but owing to the minuteness 
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Analyses of porphyrite of Tasek and related rocks. 

22 A B 

S'02   47-79 46-10 52.78 

TiO,  3-82 3-34 1-50 

A1203   16-88 18-59 19-08 

Fe203   4-66 2-63 3-63 

FeO  5-92 6-68 3-79 

MnO  trace •05 trace 

MgO  1-51 3-23 1-58 

CaO  5*58 9-86 5-09 

Na,0  7-76 6-22 7-95 

K2O  3-26 •63 3-85 

H20 above 110 f  • • 1-17 •80 J -44 
H20 at 110° 14 11 

J -44 

CI  none none •33 

•76 1-41 •63 

CO,  none none 10 

Total.  .  .  99 25 99-65 100-75 

Sp. gr.. .  .  2-921 2-895 

22. Porphyrite (trachydolerite), Tase k, Narsak, South Greenland. 

C. WINTHER ,  analyst.  

A. Essexite, Narsak, South Greenland (analysis No. 18, p. 203). 

R. Trachydolerite (lava) M eru, East Africa. B. MACRITZ ,  ana lyst 

Tschermak's petrogr. u. mineralog. Mitteilungen XXVll, 1908, 

p. 322). 

ol the needles no birefringence can be detected. Perhaps they 

may be actinolite. The green biotite, which quantitatively is the 

mineral next in importance to the felspar in the ground-mass, 

forms irregular sc ales seldom more than 01 millimeter, the ab

sorption-tints for b and c are grayish-green or brownish-green 
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(not very dark) and for a very pale greenish,1 .  The biotite is  

often mingled with small  grains of iron-ore and irregular ag

glomerations of t i tanite-like grains.  

Chemical composition. — The chemical composition is 

given in No. 22 of the above table.  Upon a comparison with 

the analysis of the Narsak essexite (p.  203) i t  wil l  be seen that 

the rock must be derived from an essexitic magma and may 

therefore according to the system of ROSENBÜSCH be termed a 

trachydolerite.  The main difference from the trachydolerite of 

Nunasarnausak above described (p. 2101 is in the alkalies which 

are higher in the Tasek rock, in reality this later rock ap

proaches the tephrites in chemical composition and it  is  prob

able that in fresh condition it  has been nepheline-bearing. 

For comparison the analysis is given of a trachydolerit ic lava 

from Meru which bears a close resemblance to the rock here 

described. 

ILIMAUSAK POBPHYRY. 

The ll imausak porphyry has a dense violet-black ground-

mass with rather small  and sparse felspar-phenocrysts of a 

shape that gives square or short-tabular sections.  It  occ urs in 

sheets of considerable thickness,  probably effusive, in the 

highest parts of the l l imausak mountains.  The sheets are in

tensely altered by contact-metamorphism and owing to the ex

tremely fine grain the microscopic examination gives rather 

unsatisfactory results.  

The specimens to be described were taken at  a height of 

1  The brown, strongly pleochroic mica so frequent in contact-meta-

morphosed rocks is wanting in the Tasek-porphyrite but is otherwise 

very extensively spread in the igneous rocks of the llimausak region. 

In a diabase from the summit (1370 meters) of Mount. Ste enstrup the 

brown mica is partly converted into a more faintly coloured green mica 

of the same appearance as that of the Tasek-porphyrite. It is therefore 

probable that also the green mica of this rock is an alteration-product 

of brown mica. 
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about 800 meters,  at  North Siorarsuit  in the talus at  the foot 

of Mount Hatten and come from the upper part  of this moun

tain1 .  

Microscopic characters. — The reddish-white felspar-

phenocrysts have varying forms. Most of them are rather 

isometric with short-tabular or square or rounded forms, a few 

are thick-tabular.  Their greatest  diameter seldom exceeds 5 

millimeters and is in some cases parallel  to th e a -axis,  in others 

parallel  to the vertical axis.  They are as a rule very impure, 

fi l led with minute brownish particles,  small  dots of iron-ore,  

and a lit t le larger scales of colourless mica. Their index of 

refraction is a li t t le lower than that of Canada balsam. The 

optic examination shows that the felspar-phenocrysts are of 

various kinds.  In sections parallel  to (010) some of the cry

stals show an extinction-angle of + 5° in their central  part;  

in the marginal zone this angle is greater and may reach about 

-j-  10°.  In other crystals the extinction-angle is considerably 

greater both in the central  portion and the marginal zone, 

varying between -f-  14° and + 19°. In both kinds of crystal  

locally an indistinct cryptoperthitic striation is seen, making an 

angle of -f- 66° to -j- 70° with the cleavage-traces. In sections 

perpendicular to (010) the extinction-angles vary in the dif

ferent sections from 0° to about 17°; some of the crystals 

show a fine and irregularly granular twin-structure and others 

a not very distinct twin-striation parallel  to (010).  In the latter 

case the extinction-angles are always very small .  These ob

servations show that the felspar-phenocrysts are alkali-felspars 

of the soda-microcline series (anorthoclase) with a composition 

1 The upper part of this mountain is not accessible as it is too steep, 

but at a height of about 1090 meters specimens were taken from the 

wall of the rock immediately above the arfvedsonite-granite. These 

specimens agree with those taken among the fallen boulders in the 

talus with the exception that they are still more intensely meta

morphosed. 
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ranging from that of an almost pure potash-felspar to that of 

albite. 

Besides the felspar also apatite and iron-ore occur as 

phenocrysts. The apatite is rather abundant in stout prisms 

of 0'6 to 0 -2 milimeter. The iron-ore, probably titano-mag-

netite, occurs in more isometric crystals partially changed to 

titanite. 

The ground-mass consists mainly of small felspar-laths 

and shows a marked flow-structure. The felspar-laths have a 

length of 0 -04 to 015 millimeter, while the thickness is one 

seventh or one tenth of this. Their index of refraction is a 

little fainter than that of Canada balsam. They show about 

parallel extinction or they are longitudinally once twinned with 

extinction-angles from 0° to 8°. Consequently they are alkali-

felspar and probably anorthoclase. Besides felspar the ground-

mass contains a great quantity of colourless needles, grains of 

titanite and scales of muscovite and the whole is finely do tted 

and splashed with innumerable minute grains of iron-ore. The 

colourless needles have a thickness of 0 001 to 0"002 millimeter 

and the length is about ten times as great; the axis of maxi

mum optical elasticity apparently coincides with the long axis 

of the microlites. 

Chemical composition. — A chemical analysis of the lli-

mausak porphyry is given in No. 23 of the table below. The 

composition is rather peculiar. It  may perhaps have been 

slightly modified by the alterations the rock has suffered, but 

it  does not seem likely that it  should differ g reatly from the 

original composition. It is of a type related to the alkali-

trachytes; on the other hand it shows analogies pointing to

wards phonolite and trachydolerite. There is a rather striking-

analogy with the mugearite of Skye an analysis of which is 

quoted for comparison. The main difference is in the alkalies 

which are higher in the llimausak rock. There is also some 

analogy with the rhomb-porphyry of South Norway (se analysis 
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Analysis of Ilimausak porphyry and related rocks. 

23 A B C 

Si02   49 64 49 24 5312 540 

Ti02   4-25 1-84 •25 2-0 

AloOg  13-74 15-84 20-48 18-9 

Fe2C>3  7-10 6-09 5-13 
1  7-8 

FeO  4-97 7-18 1-50 I  

MnO  •03 •29 •4 

MgO  1-58 3-02 1-88 •7 

BaO  •21 •09 

CaO  4-88 5-26 4-29 3-8 

Na 20  6-33 5-21 6-20 6-5 

K 2O  4-42 2-10 4-88 3-9 

H 20 above 110° •81 1-61 2-25 2-33  

H20 at ,  110° • • .  14 1-08 

P2O 5   C57 1-47 •43 

Total .  .  .  99*67 100-46 1  100-832  100-3 

Sp.  gr . .  .  .  2-892 2-79 2-684 

23. Ilimausak porphyry, Hatten, Ilimausak, South Greenland. 

C. WINTHER ,  analyst .  

A. Mugeari t ,  Druim na Criche,  Skye.  W. POLLARD,  analyst  (A. 

HARKER ,  Tert iary Igneous Rocks of Skye,  1904,  p.  263).  

B. Trachyte ( tephri l ic) ,  Columbretes Islands,  Spain.  R.  I'FOHL, 

analyst  (F .  BECKE ,  Tschermak's  mineral ,  u.  petrogr .  Mittei l

ungen XVI,  1896,  p.  168).  

C.  Rhomb-porphyry,  Brumun Valley,  Norway. H. BÄCKSTRÖM, 

analyst  (Bihang ti l l  K.  Svenska Vetenskaps-Akad.  Handl.  XIV, 

II ,  No.  3,  1888,  p.  11).  

1  Including F 0M8 a nd S 003 but,  less 007 (0 =F).  
2  Including Cl 0 28 and S03  0 14.  
3  Loss on ignit ion,  



221 

C, p. 220).  True rhomb-porphyries which cannot macroscopic-

ally be distinguished from the Norwegian ones are also found 

in the igneous complex of l l imausak, but they are only found 

as erratics and have not been subjected to closer inspection. 

A peculiarity in th e ll imausak porphyry, which deserves pointing 

out,  is  i ts  relatively high content of baryta.  It  is  the only 

baryta-bearing igneous rock found in the ll imausak region. 

QTJAETZ-PORPHYßY (COMENDITE). 

Quartz-porphyries are only found as dykes and intrusive 

sheets.  But as they belong to the latest  rocks in the volcanic 

series,  and as the dykes are very numerous and large, i t  is  not 

improbable that effusive rocks of the same composition may 

have been present in those parts of the volcanic series which 

have been entirely removed by erosion. The quartz-porphyries 

have not been so much altered by conta ct-metamorphism as the 

igneous rocks mentioned in the preceding chapters,  sti l l  they 

have not quite escaped this influence. 

The commonest type of quartz-porphyry in the l l imausak 

region has a dense or extremely fine-grained ground-mass of 

grayish violet ,  g rayish red or entirely red colour.  There are 

phenocrysts of quartz as well  as of felspar.  Usually th e fe lspar-

phenocrysts are 2 or 3 millimeters,  and have about the same 

colour as the ground-mass; they have shapes giving short-

tabular sections and they sometimes occur in groups of 3 or 4 

intergrown crystals.  The quartz-phenocrvsts are of somewhat 

smaller dimensions and are quite clear and fresh. They have 

the usual bipyramidal shape. Sometimes they are found in g roups 

of 2—4 crystals.  

Microscopic characters. — Under the microscope the fel-

spar-phenocrysts are seen to be strongly clouded by weath ering 

products.  They consist  of an irregular microperthitic inter-

growth of potash-felspar and albite. '  T he albite is less weathered 

than the potash-felspar and exhibits the usual twin-lamellation. 
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The potash-felspar, when clear, is seen to be microcline with 

a fine-grained twin-structure but, when turbid, it  looks like 

orthoclase. In some specimens of quartz-porphyry the felspar-

phenochrysts seem to be soda-orthoclase with only a few and 

small veinlets of albite perhaps of secondary origin. 

The ^«arte-phenocrysts are sometimes sharp edged crystals, 

sometimes they are more or less corroded in the usual way. 

They contain fluid-pores and included portions of the ground-

mass. Phenocrysts of ferromagnesian minerals now quite con

verted into iron oxides have been found in a few cases. They 

have the shape of long prisms and have perhaps originally con

sisted of soda-amphibole. 

The ground-mass is micro-granitic or micro-pegmatitic. 

When tolerably unaltered it consists of potash-felspar, quartz, 

and a blue amphibole. 

Among the specimens collected the least altered comes 

from a heavy dyke in the sandstone on the south coast of the 

Sermilik Fjord just below Mount Steenstrup. In this specimen 

the ground-mass is microgranitic, but small areas of micro-

graphic intergrown felspar and quartz are seen with tolerable 

frequency in the slices. The size of the grain of the ground-

mass is 0'05—0'2 millimeter. The quartz is very abu ndant and 

shows some tendency to crystallographic outlines. The felspar 

is in broad and short laths or grains. It is a microcline-

microperthite. The blue amphibole is in small allotriomorphic 

anhedra which are mostly elongated parallel to the vertical 

axis. The extinction-angle c : a is small but cannot be deter

mined with exactness; the absorption-tint for a and b is a dark 

grayish blue, for c a light grayish green. The mineral is thus 

probably a riebeckite. 

Another specimen from a dyke in porphyrite 5 meters 

wide and from a locality east of the summit of the Ilimausak 

and about 830 meters above sea level, has almost the same 

structure but is more altered. There is no blue amphibole but 
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in  i ts  place smal l  dots  and i r regular  laps  of  black i ron oxide.  

The felspars  of  the  ground-mass are  more clouded and consis t  

of  or thoclase-microperthi te  mixed with crystals  of  pure albi te .  

A few small  grains  of  z i rcon were observed,  a lso a  l i t t le  

f luori te .  Of this  rock a  chemical  analysis  is  given below.  

In a  third specimen from the same local i ty  as  the las t  

one,  but  f rom a  dyke only two meters  wide,  the ground-mass 

has  a  micro-pegmati t ic  (granophyric)  s t ructure  with a  marked 

tendency to sphaerul i t ic  arrangements .  The dark minerals  are  

completely converted into i ron oxides  and the whole ground-

mass is  f inely dot ted with black i ron-ore.  Somewhat  s imilar  

is  a  specimen taken at  a  height  of  800 meters  in  the ta lus  a t  

the foot  of  a  peak east  of  Hat ten,  in  this  rock,  however ,  the  

sphaerul i t ic  s t ructure  is  s t i l l  more developed,  the ground-mass 

consis t ing almost  ent i re ly  of  sphaerul i tes  with a  diameter  of  

about  one mil l imeter .  The sphaerul i tes  in  this  case contain not  

only fe lspar  and quartz  but  a lso radiat ing needles  of  a  mineral  

tha t  has  been completely converted into i ron-ore .  The sphae

rul i tes  of  this  rock have therefore  macroscopical ly  the appear

ance of  innumerable  small  dark spots  in  the ground-mass .  

A somewhat  different  type of  quartz-porphyry is  ra ther  

common among the blocks in  the large al luvial  fan a t  North 

Siorarsui t  and must  be supposed to  be f rom one of  the high 

I l imausak peaks.  This  rock macroscopical ly  resembles  the I l i -

mausak porphyry with the except ion that  i ts  phenocrysts  are  

both quartz  and felspar .  The quartz-phenocrysts  have a  sharply 

developed bipyramidal  shape and the felspar-phenocrysts  are  

microcl ine-microperthi te .  The ground-mass is  bluish black and 

macroscopical ly  looks homogeneous.  Under  the microscope i t  

i s  seen to  be ful l  of  smal l  arfvedsoni te- l ike pr isms in  tolerably 

paral le l  arrangement  so that  they produce a  pronounced f low-

structure.  Their  length var ies  about  0 '05 mil l imeter ,  their  thick

ness  is  only one tenth of  this .  The ext inct ion-angle  c  :  a  is  

small ,  and the absorpt ion-t ints  are  those of  the arfvedsonite ,  
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Analyses of comendites. 

24 A 

SiO,  73.68 74-76 

Ti02   •57 trace 

ZrO,  •24 — 

AI2O3   11-05 11-60 

3-93 3-50 

FeO  1-45 •19 

MnO  trace — 

MgO  none •18 

CaO  •48 •07 

\a.,0  5-20 4-35 

K2O  4 0 5  4-92 

H20 above 110° • • •08 
j  -64 

H,0 at 110° 17 
j  -64 

CI  trace — 

P2O5   none trace 

Total.  . .  100-90 100-21 

Sp. gr. .  .  .  2-694 

24. Quartz-porphyry (comendite), llimausak, South Greenland. 

C. Winther ,  analyst.  

A. Comendite, Comende, San Pietro Island, Sardinia. M. D itt-
rich ,  analyst (H. Rosenbcsch ,  Elemente der Gesteinslehre, 1898, 

p. 257). 

varying from a very dark greenish blue (a and b) to a pale yel

lowish green (c). A few of the needles are partly converted into 

black iron oxide. This arfvedsonitic felt is imbedded in a very 

microcrystailine aggregate of felspar and quartz which seems to 

have been produced by divitriflcat ion a s the boundaries between 

the quartz grains a nd the felspar grains take an irregular course 
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which is quite independent of the presence of the arfvedsonite-

like needles.  

Chemical composition. — A specimen of the above ment ioned 

quartz-porphyry from a dyke 5 meters wide, at  a height of 830 

meters,  east  of the summit of the l l imausak, has been analyzed by 

Dr. WINTH ER .  Th e results have been given in No. 24  of the table 

above. The figures of the analysis and the microscopic charac

ters agree in showing that the quartz-porphyry from the ll i

mausak belongs to the alkali  series and must accordingly, in 

the system of ROSENBÜSCH ,  be referred to the comendites.  For 

comparison an analysis of the comendite from Comende in Sar

dinia has been given in A. 

XXXVIII. 15 



CHAPTER V. 

DESCRIPTIVE GEOLOGY AND 
PETROGRAPHY 

OF THE IGALIKO REGION. 

INTRODUCTORY. 

The distr ict  to be described in this  chapter  extends round 

the eastern ramificat ions of the Tunugdiiarf ik and Igaliko Fjords.  

I t  includes the area shown on the index m ap (Fig.  20),  and given 

on a larger scale (about I :  212000) on the geological  map 

(Pl .  IV).  

From a topographic point  of  view the dist r ict  offers con

siderable variat ion.  The tracts  lying west  of  the Tunugdiiarf ik 

Fjord and the area between this  f jord and the inner end of the 

Igaliko Fjord are rather low, and consist  mainly of sandstone 

plains on which grass grows more prolif ical ly than is  usually 

the case in G reenland.  In the Middle Ages the Norse colonists  

had a principal  set t lement here,  a  number of ruins st i l l  s tand

ing as mementoes of that  t ime.  Later  on the whole distr ict  

was deserted for several  centuries,  unti l ,  a  l i t t le  more than a  

hundred years ago,  a  Dane,  ANDERS OLS EN by name, who had 

been a merchant at  Julianehaab,  took up his  abode at  Igaliko 

with his  Greenland family and a small  s tock of cat t le .  The 

place is  now inhabited by about twenty Greenlanders,  descend

ants of ANDERS OLSEN ;  they l ive by the rearing of cat t le  in 
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connection with seal fishery. Low lands with grassy plains and 

luxuriant shrubberies of willow an d birch trees and many Norse 

ruins are locally to be found also outside the sandstone tracts. 

Thus at Kagsiarsuk in the south eastern corner of the district 

here mentioned, and at Kiagtut farthest north. 

Moreover the last mentioned place is famous as being able 

to show some of the tallest birches in Greenland (3—4 meters 

in height). The summer temperature in these innermost parts 

of the Tunugdliarflk and the Igaliko Fjords is higher than that 

C.Farvel 

*5' 

Fig. 20. Index map showing location of area represented on PI. TV. 

at the outer coast,  and residence in the inner fjords in sum

mer would be most enjoyable if the mosquitoes and the violent 

Föhn winds were not there, but these annoyances reach their 

maximum in the Igaliko district.  

In contradistinction to the plains described just now a 

wild highland scenery is to be found in the eastern half of the 

area. The mountains south of the Korok Fjord with the high 

summit of the Igdlerflgsalik (1750 meters) are especially of a 

true Alpine type, and their upper parts have received their 

contour through the activity of local glaciers. The photograph 
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(Pl .  XVI) gives a  view of this  enormous group of mountains 

seen at  a  great  distance (40 kilometers)  from the east ,  and the 

scenery is  yet  far  more picturesque on the north eastern side,  

where four hanging glaciers are fed by the snow masses of the 

Igdlerfigsalik.  

Only in one place does the inland ice extend to the area 

shown on the map (Plate IV),  namely in the northern arm of 

the Korok Fjord.  Here a  rather narrow branch of the large 

mer-de-glace forces i ts  way among the steep bluffs ,  and forms 

a  large number of icebergs.  By the wind these are quickly 

driven to the place where the Korok Fjord unites with the 

Tunugdliarf ik,  but  here their  progress is  arrested by a sub

marine moraine,  a nd they a re packed in such numbers that  the 

entrance to the Korok Fjord is  blocked up dur ing the greater  

part  of  the year.  In August  and September,  however ,  i t  wil l  

nearly a lways be easy for a  boat  to make her way through the 

ice.  Other large moraines are found at  Kiagtut ,  but  they are 

al l  on dry land.  

Three large r ivers are to be found in this  region:  at  

Kiagtut ,  in Giesecke's  Dale ( the eastern part  of  the Korok 

Fjord),  and at  Kagsiarsuk (the eastern branch of the Igaliko 

Fjord).  All  three of them are mighty,  turbid streams,  taking 

their  r ise from the outlet  of  the inland ice,  and having 

formed large deltas at  the mouths,  where i t  is  very diff icult  

to land.  

There are three rock formations in the Igaliko terr i tory 

viz:  basement rock,  red sandstone,  and newer abyssal  rocks.  

The basement rock is  a  granite which is  supposed to be of Al-

gonkian age,  a nd i t  is  denoted here as the "Julianehaab granite".  

The red sandstone the "Igaliko sandstone" l ies directly upon 

the granite.  The sandstone formation is  deposited in fair ly 

horizontal  s trata.  I t  contains numerous s i l ls  und dykes of dark 

coloured igneous rocks.  Whilst  the sandstone formation in the 

I l imausak distr ict  i s  present  in i ts  original  thickness and covered 
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by the volcanic  ser ies ,  in  the Igal iko dis t r ic t  only the lower 

part  of  the sandstone is  to  be found,  and the upper  s t rata  of  

sandstone as  wel l  as  the whole volcanic  ser ies  have been worn 

away by erosion.  The newer abyssal  rocks are  exposed over  

an extens ive area.  They const i tute  the large "Igal iko bathol i te"  

which occupies  one third of  the area lying to  the north eas t ,  

as  shown on the map (Plate  III) ,  a nd most  probably i t  extends 

far  beyond the l imits  of  the map.  

From a mineralogical  point  of  view the Igal iko dis t r ic t  presents  

a  local i ty  of  the  greatest  interest ,  pr incipal ly  Narsarsuk at  the 

wes tern s ide of  the foot  of  the Igdlerf lgsal ik  mountain ,  where 

an unusual ly  large number of  rare  minerals  have been found.  

In  the fol lowing descr ipt ion we shal l  t reat ,  f i rs t ly  the ba

thol i te ,  i t s  rocks (nephel ine-syeni te  and augi te-syeni te) ,  and con

di t ions of  contact ,  and secondly the basement-grani te  and the 

sandstone areas .  

IGALIKO BATHOLITE. 

The lof ty  mountains  nor th,  south,  and east  of  the Korok 

Fjord belong to  a  large bathol i te  which is  indica ted here  as  

the "Igal iko bathol i te" .  I t  mainly consis ts  of  nephel ine-syeni te ,  

but  in  places  where the junct ion between the bathol i te  and the 

ear ly  rocks has  been examined,  i t  has  been found that  the ne

phel ine-syeni te  is  bordered by a  narrow zone of  augi te-syeni te .  

The eas tern parts  of  the dis t r ic t  being diff icul t  of  approach 

have not  been surveyed 1 ,  thus  i t  i s  impossible  to  indicate  the 

extent  of  the nephel ine-syeni te  area.  The par t  of  i t  which has  

been vis i ted is  the largest  nephel ine-syeni te  area in  G reenland,  

1 The author had but fourteen days at his disposal, of which he lost 

some on account of bad weather, for the geological surveying of the 

Igaliko district. Consequently the observations are incomplete in various 

respects. 
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and most  probably i t  i s  one of t he largest  in the world,  for  as far  

as can be judged according to the topography and the aspect  

of  the mountain slopes regarded from a distance,  t he nepheline-

syenite is  continued very far  to the east ,  and in al l  l ikel ihood 

i t  extends under the inland ice.  

The general  appearance of the Igaliko batholi te  mountains 

differs from that  of the Uimausak batholi te .  They are higher 

and steeper.  Boldly and precipitously they tower a bove the sea,  

and at tain to large al t i tudes,  there being,  as  a rule,  no beach.  

I t  is  obvious from the shape of the mountains t hat  we a re here 

closer to the inland ice,  so that  the erosion which is  due to 

the f jord-glaciers has been maintained unti l  quite recently.  The 

mechanical  disintegration of most  of the rocks in the Igaliko ba

tholi te  is  not  as conspicuous as this  phenomenon at  Kangerdlu-

arsuk and Uimausak,  and vegetat ion is  frequently found on the 

lower part  of  the hil ls .  Upon the whole ,  however,  the decay of 

the Igaliko batholi te  must  be characterized as relat ively rapid,  and 

in several  places i t  determines the appearance of the mountain 

slopes.  In this  respect  they differ  co nsiderably from the compact 

and hard sandstone rocks in the west ,  a nd the old granite north 

of the batholi te.  The contrast  is  less apparent  at  the south 

border,  where,  s ingular ly enough,  the old granite in the Tav-

dloruti t  mountain is  covered with screes to almost  as great  an 

extent  as is  the case with the syenite on the opposite side of 

the valley,  and looked at  from a distance the rocks might be 

supposed identical .  Therefore earlier  explorers have at tr ibuted 

to the syenite a  larger extent  than i t  real ly has.  

NEPHELINE-SYENITE OF THE IGALIKO BATHOLITE. 

The bulk of the Igaliko batholi te ,  as  far  as  is  known, con

sists  of nephel ine-syenite .  Seen from a distance the colour 

of  the rock is  reddish;  sometimes i t  is  intensely red l ike that  

at  Angmagsivik or  grayish as in the southern part  of  the 
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batbolite. In most places where specimens have been collected 

the rock is not unlike the well known "foya type" although dif

fering in pétrographie details. This rock which is probably the 

main rock of the batholite will be described here as the , ,Ko-

rok type". An essentially different type the "Usuk type" has 

been found in the valley ea st of Usuk. 

Korok type. 

Macroscopic appearance. — The foyaite of this type is a 

coarse-grained rock of a reddish-gray colour, less frequently 

brownish-red or gray. Among the thick tabular felspar crystals 

plenty of nepheline and dark-coloured minerals are to be seen. 

The felspar tables are of a very fresh, g rayish appearance. On 

an average their thickness is o millimeters (varying from 1 to 

8 millimeters in the different places), and their widest extent 

which is parallel to the a-axis is from five to ten times as large 

as their thickness. Frequently they are arranged in parallels. 

The nepheline is reddish and of an elaeolithic habit.  It  is in 

grains and in short prisms of a diameter of one quarter of a 

centimeter to a centimeter. It  is ju st a little less idiomorphic than 

felspar. The dark-coloured minerals to be seen with the naked 

eye are a black pyroxene (aegirine-augite) a nd a black mica. 

In most places the foyaite is of a uniform size of grain. 

Considerable variations have only been observed in the western 

part of the foyaite area near the contact with the augite-

syenite. Here both porphyritic and pegmatitic varieties are very 

common. The latter occur in veins and segregations of ir

regular form; locally they are extremely coarse-grained with 

felspar crystals which exceed half a meter in length. Rare 

minerals have not been found in these pegmatites. 

Microscopic characters. — Under the microscope the rock 

is seen to be made up of the following minerals: apatite, iron 

ore, aegirine-augite, hornblende, biotite, felspar, nepheline, can-

crinite, and alteration products (zeolites and calcite). Very smal l 
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quantities of zircon, fluorite, and a rinkite-like mineral have 

been found in one specimen of the rock. 

The apatite in stout prisms o r grains is more abundant in 

this rock than in most other nepheline-syenites. The diameter 

of the prisms rarely exceeds 0'1 millimeter. The iron ore is in 

black metallic grains; it  occurs in very small quantities and is 

entirely absent in some slices. It  is sometimes associated with 

pyrite. 

The principal dark-coloured mineral is aegirine-augite. This 

occurs in very imperfect crystals or allotriomorpbic anhedra, 

several millimeters in diameter. It  is intensely green with 

marked pleochroism. The extinction angle c : a is large (30° to 

40°) in some specimens, and small (about 20°) in others; 

within each crystal the angle has its maximum value in the 

central portion and decreases towards the margin, but the dif

ference is only a few deg rees. In one instance an anhedron of 

aegirine-augite has been observed which contained a nucleus 

consisting of colourless diopside with an extinction angle of 

about 45°. 

Hornblende is entir ely absent in so me specimens, b ut o thers 

contain a considerable quantity of it .  It  is in allotriomorphic 

anhedra. The plane of the optic axis is parallel to (010), and 

the angle of extinction c :  c is about 22°; this angle is slightly 

higher in the boundary-zone of the crystals. The pleochroism 

is marked with c dark green, b brownish green, and a light 

brown or greenish. 

The biotite is intensely pleochroic; the absorption-tints 

vary from a very dark green (or in some specimens of the 

rock: greenish brown) to a light brownish yellow. It is in 

allotriomorphic plates or aggregates of thick scales. It  is 

sometimes found in micrographie intergrowth with the aegir

ine-augite. As a rule it  is in smaller quantities than the 

aegirine-augite, but in two specimens of this rock (from Nia-

kornarsuk and from the mountain between Giesecke's Dale 
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and Flink's Dale) i t  is  the most abundant dark-coloured mi

neral.  

Felspar is the main constituent of the rock. It  occurs in la rge 

tolerably idiomorphic plates.  The dimensions have been given 

above. Between crossed niçois i t  is  seen to consist  of a mi-

croperthite with a very fine perthitic structure,  often graduating 

into crvptoperthite.  In some cases the inner portion of a cry

stal  is homogeneous or cryptoperthitic while the outer zone is 

perthitic.  In sections parallel  to (010) the perthitic bands are 

arranged in the ordinary manner at  an angle of about 71° to 

the basal cleavage. In sections parallel  to (001) the perthitic 

structure is of a reticular type: numerous veinlets of plagio-

clase follow a direction perpendicular to (010) and are connected 

with one another by ramifications.  The structure in some re

spects recalls that described from the pegmatites of Narsarsuk1 .  

As a rule the potash-felspar of these perthites is orthoclase; in 

some cases,  however,  an indistinct,  grit ty or moire twin-struc

ture is observed, which indicates the presence of microcline. 

The plagioclase-veins show twin lamellation according to the 

albite law, the lamellae are fine and the extinction angles 

small .  A comparison of the refracting power with that of 

Canada balsam and of nepheline shows that the plagioclase is 

not pure albite,  but an acid oligoclase. Roughly estimated the 

two felspars are present in about equal quantit ies,  but the 

central  portion of each crystal  is  richer in orthoclase while the 

oligoclase predominates in the peripheral portion, and a narrow 

zone of pure oligoclase often surrounds the crystal .  More 

rarely crystals of pure oligoclase are found. In a specimen of 

foyaite from the mountain W. of Flink's Dale the perthitic 

structure differs from the above,described type in being coa rser 

with relatively large areas of orthoclase and oligoclase which 

are elongated parallel  to (010).  

1 Meddelelser om Grenland XIV, Pl. 4, Fig. 2 (1894). 



234 

In most specimens of the foyaite the felspar is very fresh 

and clear or onlj  a li t t le clouded, but in o ther specimens which 

apparently are no less fresh many of the felspar crystals are 

seen to contain small  irregular grains or patches of clear 

calcite.  

Nepheiine occurs very abundantly.  The crystals are fresh, 

or contain only a small  quantity of secondary muscovite.  At 

their border they have frequently been partially conve rted into 

natrolite.  The nepheiine is sometimes a li t t le more and some

times a li t t le less idiomorphic than the felspar.  Cancrinite is 

entirely a bsent in many specimens, b ut in o thers it  is  relatively 

abundant.  It  occurs in large lapped anhedra fil ling the inter

stices between the crystals of felspar and nepheiine. Sodalite 

is another occasional constituent of the rock, but the quantity 

of i t  is  never large. Sometimes it  is  intersti t ial ,  sometimes it  

occurs as a magmatic alteration product of the nepheiine. 

As to structural details observed under the microscope it  

may be noted that the dark-coloured minerals,  though as a 

rule disseminated through the rock or occurring in irregular 

intergrowths, in some few specimens show a tendency towards 

concentric arrangement.  This peculiarity is especially well  de

veloped in a medium-grained nepheline-syenite collected at  the 

coast due N. of lgdlerfigsaiik.  In this rock the dark-coloured 

minerals are crowded together in patches which consist  of an 

aggregate of aegirine-augite sur rounded by h ornblende which, in 

i ts turn, is surrounded by biotite.  

Chemical composition. — The chemical analysis of the 

rock is given in the first  column of the following table.  The 

specimens selected for analysis were taken N. N. W. of lgdler

figsaiik at  the south coast of the Korok Fjord. Mineralogically,  

they are of the ordinary type: aegirine-augite predominates 

among the dark minerals,  and sodalite and cancrinite are pre

sent only in very small  quantit ies.  The structure shows some 

tendency towards the porphyritic.  
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Analyses of foyaites and related rocks. 

25 A B C I) 

Si02   53-53 53 68 52-25 53-71 53-73 

TiO,  •44 
]  1-35 

•60 1-03 •09 

Zr02   — J  — — — 

A12  0 j.  19-69 18-42 22.24 21-82 20-35 

fe203   5-09 5-91 2-42 •78 3-74 

FeO  2-83 2-57 1-98 2-47 213 

MnO  •24 •75 •53 19 *51 

MgO  none •88 •96 •56 •47 

CaO  1-87 2-05 1'54 1-90 2-72 

Na20  9-61 9-46 9-78 8-52 7-94 

K2O  5-23 4-92 6-13 7-07 6-05 

H20 above 110° • • • •34 
\  -89 •73 2-27 2-02 

H20 at 110° •25 J  ( ign.)  

Cl  •04 — trace •23 

P2O6   •31 — trace — 

co2   •40 — — — 

Total. . .  99-87 100-88 9916 100-32 99-98 

Sp. gr  2-751 2-578 2-580 

25. Foyaite (Korok type), Korok, South Greenland. C. WINTHER, 

analyst. 

A. Eudialyte-lujavrite, Tsutsknjun, Kola. W. PETERSSON,  analyst 

(W. RAMSAY ,  Fennia XV, No. 2, 1899, p. 16). 

B. Foyaite (Chibinite), main type, Umptek, Kola. V. HACKMANN 

analyst (Fennia XI, No. 2, 1894, p. 132). 

C. Foyaite, Picota, Serra de Monchique, Portugal. P. JANNASCH, 

analyst (Neues Jahrbuch für Mineralogie 1884, II, p. 13). 

D. Foyaite, Renseburg, Transvaal. E.A.WÜLFING,  analyst (Neues 

Jahrbuch für Mineralogie 1888, II, p. 32). 
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The analysis  and the mineralogical  characters agree in 

showing that  the rock belongs to a  rather common type of 

nepheline-syenites.  In most  parts  of the world,  indeed,  i t  is  

possible to find rocks which are closely related to the foyaite 

of  Korok.  I t  is  also noteworthy that  rare elements are almost  

entirely absent .  On the other hand,  if  al l  foyaites of  the com

monest  type be arranged according to the iron contents,  the 

foyaite would be placed at  that  end which is  r ichest  in iron.  

Thus the rock may be regarded as a transi t ional  type between 

the ordinary foyaites and the nephel ine-syenites r ich in iron 

which are represented in the I l imausak balholi te  and in the 

lujavri tes of  a  few o ther occurrences.  To i l lustrate this  relat ion 

an analysis  of  a  lujavri te  from Kola is  quoted for comparison.  

Most  lujavri tes,  however,  and especial ly those of I l imausak con

tain a  st i l l  larger quanti ty of i ron.  

Usuk type. 

A different  type of nepheline-syenite occurs in the large 

valley east  of  Usuk.  The same type has been found as errat ics 

on Mount Iganek.  This rock,  when fresh,  is  of  a  pure gray 

colour;  on weathering i t  becomes reddish-gray.  Structural ly i t  

differs  from the Korok type in the size of grain and in the 

form of the felspar crystals .  These are Carlsbad twins,  deve

loped in very thick plates;  their  thickness frequently exceeds 

one centimeter ,  while the length only at ta ins three or  four centi

meters.  The nepheline is  in anhedra or  imperfect  crysta ls ,  one 

or two centimeters in diameter.  The dark-coloured minerals  a re 

al lotr iomorphic.  

The mineral  consti tuents of the Usuk type are:  felspar,  

nepheline,  ol ivine,  ainigmatite,  aegirine-augite,  hornblende,  bio-

t i te ,  i ron ore,  and apati te;  in one specimen a crystal  of  eudia-

lyte,  about f ive mil l imeters long,  has also been observed.  The 

felspar is  a  microperthi te of the same kind as that  of  the Korok-
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type; more rarely a soda-orthoclase exhibiting a beautiful blue 

schiller has been observed. 

It is not improbable that the Usuk type has a wide distri

bution in the upper part of the Igdlerfigsalik Mountain which 

has not been visited by the author. At the summit of the 

mountain Dr. STE ENSTROT, in 1888, has collected specimens of a 

weathered and red-coloured nepheline-syenite which belongs to 

the Usuk type. 

Dykes cutting the nepheline-syenite. 

In the nepheline-syenite only a few dykes have been ob

served. They belo ng to the following t ypes: fine-grained nephe

line-syenite, tinguaite, and syenite-porphyry. 

Two or three dykes of a fine-grained nepheline-syenite 

were found by Mr. BÖGGILD in the large valley east of Usuk. 

These consist of a gray and somewhat weathered foyaite in 

which the prevalent dark-coloured minerals are a brown biotite 

and a diopside with a green marginal zone. One specimen is 

olivine bearing and of a porphyritic structure, showing pheno-

crysts of microperthite and nepheline which may attain a length 

of two or three centimeters. 

In the coarse-grained foyaite of the mountain west of 

Flink's Dale in Korok two dykes of tinguaite have been ob

served. Each is about one meter wide and follows a curved 

course. The rock is dense and of a greenish-black colour. 

Under the microscope the main constituents are seen to be: 

alkali-felspar, biotite, aegirine, and analcime. The felspar is 

very abundant and appears in the slices as small laths, O'OI 

millimeter thick by 003 millimeter long, sometimes arranged 

in radiating groups. Some of the laths are orthoclase, others 

consist of a plagioclase, probably albite. I'erthitic intergrowths 

are also common; the combination-surfaces are irregular or 

partially parallel to (010). The analcime is not very abundant, 

it occupies small areas of irregular form and is partly inter-
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stitial between the other minerals. The biotite is present 

in large quantities. It  is strongly pleochroic, showing light 

yellow and deep greenish-black absorption colours. The 

aegirine in small grains and rounded prisms is less abundant 

than the biotite. A cancrinite-like mineral occurs subordin

ated as small allotriomorphic anhedra. Needles of apatite 

are rare. 

A dyke of syenite-porphyry, about ten meters in breadth, 

traverses the nepheline-syenite on the peninsula west of the 

Korok Fjord, near the northern end of the submarine moraine. 

This is a fresh-looking, grayish-brown rock with numerous 

phenocrysts of felspar (soda-orthoclase), about one centimeter 

long, which are of a form giving rhomboidal or broad rectan

gular sections. The ground-mass is fine-grained and of a tra-

chytoid structure: it  is mainly made up of felspar-laths which 

show a marked tendency to parallel disposition. The laths are 

rarely more than one millimeter long and consist of a very 

cloudy microperthite. Besides felspar the ground-mass con

tains allotriomorphic anhedra of a brownish-green hornblende 

with an angle of extinction c:c varying from 15° to 25°. In 

small quantities the ground-mass also contains rounded prisms 

of a colourless pyroxene with large angles of extinction. 

Apatite and iron ore occur as minor accessories. This dyke 

is of particular interest because it  is the only known instance 

of a syenitic dyke cu tting the nepheline-syenites of the Juliane-

haab district.  

AU GITE - SYENITE OF THE IGALIKO BATHOLITE. 

Occurrence. 

The augite-syenite|  covers a border about one kilometer wide 

along the western side of the foot of the Igdlerflgsalik mountain 

group, and north of the Korok Fjord it  appears again in the 

coast rocks between Niakornarsuk and the mouth of the fjord. 
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To the east and north it  abuts on the nepheline-syenite,  to 

the west on the rocks of an older origin (vide map, Pl.  IV). 

The rock is verv rapidly decaying, and consequently it  has 

given rise to the formation of plains more or less level a nd 

covered with rubbish which contrast  markedly with the more or 

less steep slopes of the abutting nepheline-syenite (Pl.  XVII).  

As a rule these rubbish plains lack vegetation, but a certain 

break in the uniformity is produced by the presence of small  

rocks projecting through the rubbish on account of their g reater 

power of resisting erosion. The augite-syenite in Korok's coast 

rocks forms an exception to this.  The rock is here altogether 

fresn ;::"1 compact ,  n o doubt because the glacial  erosion in the 

fjord has been so intense that the hardest parts of the rock 

only have been preserved. 

Petrography. 

Macroscopic appearance. — In its outer appearance the 

augite-syenite of the Igaliko batholite shows a considerable 

l ikeness to that of the i l imausak batholite,  but sti l l  more striking 

is the likeness to the familiar larvikite from southern Norway. 

As will  be seen from the following this l ikeness also extends 

to their microscopic characters and chemical composition, in 

i ts freshest state the rock is of a dark gray colour,  but usu

ally i t  is  of a somewhat l ighter gray or brownish-gray, and on 

the surface it  can sometimes be reddish-gray. The structure is 

coarse-grained; an imperfect parallel  arrangement of the oblong 

felspar crystals is found in some cases.  Porphyrie varieties 

have especially been found in the western part  of the area 

near the junction of the sandstone. The main constituent of 

the rock is a gray, semi-transparent felspar which becomes 

whitish by weathering and very often shows a beautiful blue 

schiller.  The crystallographic form of the felspar is badly 

developed, sti l l ,  on fresh surfaces of fracture the rock exhibits 

felspar sections which evidently tend towards stout rectangular 
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or rhomboidal outlines.  Both forms are generally to be seen 

in each specimen. The length of the crystals is  one or two 

centimeters.  The width of the rhomboidal slices is a li t t le l ess 

than half as large, whilst  that of the rectangular slices is often 

one third of the width only. Dark-coloured minerals are pre

sent in no small  quantity; augite and biotite are to be seen 

with the naked eye. 

Microscopic characters. — Under the microscope the rock 

is seen to be built  up of the following minerals:  apatite,  iron 

ore,  augite,  hornblende, biotite,  and alkali-felspar.  In addition 

to these a large quantity of olivine and nepheline has been 

found in some specimens, and only in very few ca ses and very 

sparingly ainigmatite,  t i tanite,  and zircon have been found. 

As usual the apatite has been developed in stout prisms, 

and can be found imbedded in all  the other minerals.  The iron 

ore is in grains or in irregular anhedra sometimes as large as 

2 millimeters in d iameter.  In reflected l ight i t  is  black metallic 

and often shows distinct twin-lamellation. 

Olivine oc curs rather abundantly in some of the specimens 

from Niakornarsuk, but is lacking in those from Narsarsuk and 

lganek. The size of the grains does not exceed B millimeters.  

In the slices i t  has a very faint yellowish colour,  and often 

contains the very same streak-like inclusions mentioned on p. 

199. The cracks are fil led with black disintegration products,  

but on the whole the mineral is  very fresh. It  is  often sur

rounded by a border zone of greenish augite.  

The augite which is always the main ferromagnesian con

stituent forms allotriomorphic anhedra of a diameter of several 

millimeters.  "Schiller" inclusions in two directions are often 

observed; as a rule,  this structure affects only a small  portion 

of each crystal .  The colour of the augite in most of the spe

cimens examined is quite l ight,  grayish-green, but in the va

riety of the rock from Niakornarsuk which has been analyzed, 

the augite is grayish-violet and exhibits a slight pleochroism. 
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In both cases the extinction angle in section paral lel  to the 

symmetry plane (010) is  about 45°,  and l ikewise the augite has 

often a  narrow green border zone in which the angle c  :  a is  

somewhat smaller ,  indicating a  sl ight  admixture of the aegirine-

molecule.  In some specimens (both ol ivine-bearing and the 

opposite)  the augite is  accompanied by or  replaced by an 

segirine-augite with an extinction angle c  :  a  amounting to 

about 25°,  and sometimes with a  border zone of almost  pure 

œgirine.  

The hornblende in this  rock is  of  a  brown colour.  The 

extinction angle c : c is  about 15—20° and the pleochroism-

scheme is:  

û entirely l ight  brown 

b dark brown 

c dark greenish-brown. 

I t  is  al lotr iomorphic and occurs in greatly varying quanti t ies,  

in some specimens i t  is  almost  as plentiful  as  augite,  in others 

i t  is  very scarce.  I t  is  often found in paral lel  intergrowth 

wilh augite,  thus,  an augite crystal  may enclose many small  

i rregular  areas of hornblende,  and at  the same t ime be sur

rounded by this  mineral .  Sometimes a narrow border of pale 

green augite surrounds the hornblende.  Biotite  f lakes of  a  

deep brown colour are usually present  to a  very small  extent  

only;  as  a rule they are associated with iron ore.  

Felspar,  the chief  consti tuent  of  the rock,  is  a  soda-ortho-

clase.  The extinction angle is  about 11 —13° in sections par

allel  to (010).  Sometimes i t  is  quite homogeneous,  and in 

such a case vaguely defined specks may be found in the cry

stals  which,  among the crossed niçois ,  show an extremely fine 

cross-hatching indicating the presence of soda-microcline.  More 

frequently the felspar amo ng crossed niçois  has a  more o r  less 

irregular  patchy or  moire appearance due to variat ions in the 

chemical  composit ion.  As a  rule the central  port ions of the 

XXXVIII. 16 
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crystals are richer in potash-felspar, whilst the peripheric por

tions approximate more to pure albite. A cryptoperthitic diffe

rentiation is also to be seen very frequently. Minute pulverous 

inclusions, giving a dark colour to the mineral, have been found 

in the felspar in some specimens of the augite-syenite from Nia-

kornarsuk. In nearly all the specimens of this rock the felspar 

is fresh, or only a little clouded by reason of disintegration 

products. 

Nepheline is entirely absent in some specimens, but gener

ally it is present in considerable quantities. It is partially 

interstitial, and partially in micrographie intergrowth with the 

felspar. As a rule it is fresh; in some cases, however, it has 

partly changed to muscovite. 

The structure of the rock is typical hypidiomorphic, and 

presents nothing very particular compared with the augite-

syenite from other places. But it is worth mentioning that al

though the dark minerals are often grouped together as in 

other syenites of the Larvik type, this feature does not approxi

mately come out so strongiy in this augite-syenite as in that of 

Kangerdluarsuk (p. 189). 

Chemical composition. — Specimens were taken for ana

lysis of the very fresh augite-syenite from Niakornarsuk on 

the north western side of the Korok Fjord. The minerals in 

this variety of the rock are felspar, violet augite, some olivine, 

and iron ore, and very small quantities of brown hornblende, 

biotite, and apatite. As most of the varieties of the Igaliko 

syenite differ from the specimen analyzed in not containing 

olivine, it is probable that the general composition of the rock 

is a little more acid than that of the variety analyzed. The 

result of the analysis is given in No. 26 in the table annexed. 

As a comparison is stated the analysis of the augite-syenite of 

Kangerdluarsuk and of a larvikile from Norway. 

The Korok augite-syenite, as will be seen from the table, 

shows a rather c lose conformity to that of Kangerdluarsuk, and 
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Analyses of augite-syenites. 

26 A B 

Si o 53-71 55-79 56-85 

TiO,  3-40 1-81 

A1 2  0 3 15-37 15-76 21-56 

Ft\,0 . 3-28 1.60 3-44 

FeO  5-72 7-56 114 

MnO  14 14 

MgO  1-58 •41 •85 

CaO  5-20 3-70 5-26 

Na20  6-84 7-72 6-07 

K2O  41 4-34 3-66 

H20 above 110° • • '45 •18 •52 

H20 at 110° • • • • •33 •34 

P2O5   •52 •36 

Total. . .  100-65 99-71 99 35 

Sp.gr... . 2-697 2-766 

26. Augite-syenite, Niakornarsuk, Korok Fjord, S. Greenland. 

C. WINTHER ,  analyst. 

A. Augite-syenite, Kangerdluarsuk, S. Greenland (= analysis 

No. 16, p. 190). 

B. Augite-syenite (larvikite), Nötterö, Norway. G. FORSBERG, 

analyst (W. C. BRÖGGER, Zeitschrift für Krystallographie XVI, 

1890, p. 30). 

as both of the rocks, especially the last mentioned, in some 

degree show local variations in their chemical composition 

the idea is not excluded that the two rocks may be identical 

in their general composition. Still it would seem probable that 

the presence of lime in greater quantities in the analysis of the 

Korok rock; is not casual, but an expression of a general 

16* 
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difference between the augi te-syeni te  of  the Igal iko bathol i te  

and that  of  the  I l imausak bathol i te .  Furthermore i t  wil l  be  

seen from the table  that  the Korok augite-syenite  c losely agrees  

with the larviki te  f rom southern Norway,  especial ly  as  far  as  

the f igures  for  l ime and alkal i  are  concerned.  The main dif

ference is  in  the i ron oxides .  

Border fades of augite-syenite. 

The augi te-syeni te ,  a t  i ts  western border  a t  the junct ion 

of  the sandstone and the basement  grani te ,  shows a  very 

marked endomorphic  contact  modif icat ion which,  however ,  is  

only a  few meters  wide.  Towards the point  of  con. tact  the  

rock gradual ly  becomes more f ine-grained and of ten porphyri t ic .  

Sometimes a  coarse-grained and a  f ine-grained rock al ternate  

in  "schl ieren" .  Dense modif icat ions,  not  seldom wilh wel l  

developed f low s t ructure ,  have also been observed in  the nu

merous apophyses  penetrat ing the sandstone.  Examined under  

the microscope this  border  facies  essent ia l ly  displays the same 

mineral  composi t ion as  the main rock:  i t  is  made up of  soda-

orthoclase ( in  one specimen:  microperthi te)  and augi te  with 

some iron ore ,  apat i te ,  and of ten some brown hornblende and 

biot i te .  As a  contrast  to  the main rock i t  must  be mentioned 

that  in  al l  the  specimens examined of  the border  rock ol ivine 

as  wel l  as  nephel ine are  absent ,  whils t  in  some few cases ,  the  

more coarse-grained apophyses ,  quartz  enters  as  an essent ia l  

const i tuent ;  i t  i s  a lso worth mentioning that  the dark minerals  

are  not  crowded together  in  specks,  but  are  evenly dis t r ibuted 

throughout  the rock.  

Occurrence of rare minerals on Narsarsuk. 

The rocks in  the Igal iko bathol i te ,  the  augi te-syeni te  as  

wel l  as  the nephel ine-syeni te  are  a l together  poor  in  rare  mi

nerals ,  whils t  the  case is  the reverse  as  regards  the rocks in  

the I l imausak bathol i te .  St i l l  there  is  one except ion and a  
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very noteworthy one: Narsarsuk's mineral locality.  Here the 

rare minerals occur in pegmatit ic segregations belonging to 

the augite-syenite,  a nd consequently their occurrence should be 

treated here.  

The augite-syenite by its disintegration has formed a fairly 

level plain called Narsarsuk (Pl.  XVII) at  the western side of the 

foot of the Igdlerfigsalik Mountain.  It  is  situated at  an alt i tude 

of 250—300 meters a nd has an area of a lew sq uare kilometers.  

The plain is entirely denuded of vegetation, and is covered by 

coarse rubbish of decaying augite -syenite,  the wind having car

ried away all  f ine material .  In a closely defined area not 

more than a hundred meters in diameter an amazing number 

of rare and well  crystall ized minerals have been found, mostly 

loose in the rubbish, but belonging to the rock disintegrated 

on the spot.  The mineral locality is about 270 meters above 

sea level,  a li t t le less than one kilometer south of the southern 

end of the moraine near the entrance to the Korok Fjord. The 

spot is marked by a cross on the geological map (Pl.  IV).  

The locality was not known until  1888 when the Green-

landers from lgaliko took Dr. STEENSTRDP to the place w here the 

large aegirine crystals,  which are now familiar to all  collectors 

of minerals,  were found. A few years later neptunite and other 

rare minerals were found by the Greenlanders,  but a thorough 

mineralogical investigation of the locality was not undertaken 

until  1897 by Dr. G. FUNK who found a large number of new 

minerals 1 .  

Each year since then the Greenlanders from lgaliko have 

searched for minerals on the iVarsarsuk, and several European 

mineralogists have visited the place, but only some few fresh 

discoveries have been made2 .  

1 G. FLINK, Berättelse om en Mineralogisk Resa i Syd-Grönland 1897. 

Meddelelser om Grönland XIV, p. 223. 
2  O. B. BöGGiLn, On some minerals from Narsarsuk. iMeddelelser om 

Grönland XXXI11, p. 97 (1906). 
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Dr. FLINK has writ ten a  memoir "On the Minerals  from 

Narsarsuk" in which an exhaustive account of most  of  the 

minerals  from this  place is  given,  accompanied by a descrip

t ion and diagram of the place i tself1 .  By undertaking a number 

of minor excavations he found that  al l  the minerals  in question 

originate in irregular  pegmali t ic  segregations of syenite.  In 

some of the specimens which FUNK has collec ted the pegmati te 

is  in contact  with a  white quar tziferous sandstone,  probably 

occurr ing in fragments in the syenite.  The pegmali t ic  rock 

mainly consists  of  felspar and aegirine with some quartz and a 

l i t t le  eudialyte,  and most  of the rare minerals  a re found in small  

cavit ies in the pegmati te.  As may be seen from the map 

(Pl .  JV) the place is  only a  few hundred meters away from the 

point  of contact  between the augite-syenite and the sandstone 

to the westward of that  which dips to the east  at  the junction.  

Consequently the pegmati tes may be said to belong to the 

border facies of  the augite-syenile ,  and with so much more 

reason as the augite-syenite i tself  has a somewhat porphyric 

structure in the mineral  locali ty.  

As to the minerals  from this  place the following are found 

in large crystals  especial ly well  developed: synchysite,  epidi-

dymite,  albi te,  aegirine,  cataplei i te ,  elpidite,  and neplunite.  A 

complete l is t  is  given in the table over-leaf .  The entire l is t  

of  minerals  is  also entered in the table for  al l  the localit ies 

belonging to the l l imausak batholi te  ( i .  e .  the mineral  locali t ies 

which in mineral  collect ions are usually indicated Kangerdluar-

suk,  Naujakasik,  and Siorarsuit)  because a  comparison is  of  

interest ,  considering the large geological  differences between 

both batholi tes.  In the l is t  al l  such minerals  h ave been omitted 

which are only identif ied by microscopic examination.  The 

1 G. FLINK, On the Minerals from Narsarsuk. Meddelelser om Granland 
XXIV, 1899. In the diagram accompanying Dr. FUN K'S treatise (Pl. IX i 
the sandstone west of the mineral locality has wrongly been indicated 
as granite. 



247 

List of the minerals found, at Narsarsuk 

and of those found in the mineral localities of the llimausak 

batholite (Kangerdluarsuk etc.). 
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Graphite  X X 
Molybdenite  X 
Galen i te  X X 
Sphaleri te  X X 
Fluori te  x X 
Quartz  X X 
Hœmatite  X 
Magneti te  X 
Caleite  X X 
Rhodochrosite  X 
Cordylite  X 
Synchysile  X 
Ancylite  X 
Eudidymite  X 
Epididymit.e  X 
Leucosphenite  X 
Potash-felspar  X X 

Albite  X X 
jEgirine  X X 
Schizolite  X 

Hornblende  X 
Riebeckite  X 
Crocidoli te  X X 
Arfvedsonite  X X 
Ainigmatite  X 
Eudialyte  X X 
Catapleii te  X 
Elpidite  X X 
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Stenstrupine  X 
Leueophane  X 
Nepheline  X 
Sodalite  X X 
Garnet  X 
Zircon  X 
Epidote X X X X 
l lvaite  X 
Analcime  X X 
Natroli te  X X 
Polylithionite  X X 
Bioti te  X X 
Chlorite  X 
Spodiophyllite  X 
Tœniolite  X 
Astrophyll i te  X X 
Neptunite  X 
Narsarsukite  X 
Lorenzenite  X 
Rinkite  X 
Microli te  X 
Chalcolamprite .... X 
Endeiolite  X 
Epistolite  X 
Erikite  X 

Britholite  X 

Apatite  X X. 
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names pr inted in  i ta l ics  indicate  minerals  which were new to 

science on being found in  this  region.  

Narsarsuk 's  r ichness  in  rare  minerals  is  character ized by 

the fact  shown in the table  tha t  the number of  previously un

known minerals ,  which,  mainly through Dr.  FUNK'S effor ts ,  

have been found in  the very small  area of  the Narsarsuk 

local i ty ,  i s  no less  than thir teen.  Compared with this  the 

I l imausak bathol i te  may be cal led relat ively poor ,  as  in  the 

aggregate  i ts  numerous and much more thoroughly worked 

local i t ies  have only enriched science with eleven new mineral  

species ,  and some of  these are  even rather  common minerals  

which by a  mere chance were f i rs t  descr ibed from Greenland.  

When comparing the l is t  of  the  Narsarsuk minerals  on the 

one s ide,  with tha t  of  the minerals  occurring inside the I l i 

mausak bathol i te  on the other ,  one 's  f i rs t  impress ion is  that  

of  a  rather  cons iderable  diss imilari ty .  The Narsarsuk l is t  a l to

gether  comprises  41 mineral  species,  the other  l is t  35,  and of  

these only 21,  or  a  l i t t le  more than half  of  the number,  are  

common to both of  the l is ts .  But  on closer  considerat ion the 
» 

differences turn out  to  be of  s l ight  importance,  when looked 

a t  f rom a theoret ical  point  of  view.  Thus i t  deserves  mention 

that  the discrepancies  would already be considerably smaller  i f  

the  minerals  which have only been observed under  the micro

scope had been entered in  the l is t .  Greater  importance must  

be at tached to  the fact  that  i t  does  not  seem possible  out  of  

the differences to  der ive def ini te  rules  for  the divis ion of  the 

minerals  in  the two l is ts ,  but  the differences have a  rather  

chance character ,  w hils t  on the other  hand there  a re  important  

points  of  s imilar i ty ,  especial ly  as  regards  the presence of  less  

common elements .  So that  Narsarsuk as  wel l  as  the local i t ies  

in  the I l imausak batholi te  are  character ized by the presence of  

minerals  in  large quant i t ies  r ich in  z i rconium, t i tanium, nio

bium, and cer ium metals ,  and by the occurrence in  smaller  

quant i t ies  of  beryl l ium and l i thium compounds.  Furthermore 
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they  uni te  in  the  absence  of  cer ta in  rare  e lements  which may 

be  found in  o ther  p laces  in  the  pegmat i te  be longing to  the  

rock of  the  a lkal i  ser ies .  Thus  boron is  ent i re ly  absent ,  and 

tanta lum is  only  presen t  in  ext remely  smal l  quant i t ies .  

The  table  a t  foot  wi l l  show more  dis t inc t ly  the  analogies  

be tween the  Narsarsuk minera l  local i ty  and tha t  of  t he  I l imausak 

bathol i te  ( Kangerdluarsuk e tc . )  re spec t ing  the  occurrence  of  min

era ls  r ich  in  z i rconium,  t i tanium,  n iobium,  cer ium meta ls ,  be

ryl l ium,  and l i th ium.  

Minerals 

rich in 
Narsarsuk Kangerdlu

arsuk etc. 

Zirconium Eudialyte 

Catapleiite 

Elpidite 

Zircon 

Eudialyte 

Elpidite 

Titanium Neptunite Ainigmatite 

Astrophyllite Astrophyllite 

Tœniolite 

Narsarsukite 

Lorenzenite 

Leucospbenite 

Cerium metals Synchysite 

Cordylite 

Ancylite 

Steenstrupine 

Rinkite 

Erikite 

Britholite 

Niobium Chalcolamprite Epistolite 
Endeioli te 

Beryllium Epididymite Leucophane 

Eudidymite 

Lithium Polylithionite Polylithionite 

Tœniolite 
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Dykes cutting the augite-syenite. 

Only some few dykes have been observed in  the augi te-

syeni te ,  but  as  the greater  par t  of  the  syenite  area is  covered 

with rubbish,  several  dykes may have been overlooked.  An 

apl i t ic  dyke was found in  the l i t t le  val ley north of  the lganek 

Mountain a t  a  place lying about  250 meters  above sea level .  

This  dyke is  only 13 meter  wide;  i t  i s  quartz-bear ing and 

f ine-grained,  the colour  being gray .  A narrow marginal  zone 

on each s ide consis ts  of  a  black glassy mater ia l  with pheno-

crysts  of  white  fe lspar  showing broadly rectangular  sect ions of  

a  length of  1  or  2  mil l imeters  only.  

A more peculiar  dyke was found near  the r iver  south of  

the  Narsarsuk Plateau a  l i t t le  abov e the water-fal l  made by this  

r iver  where i t  fa l ls  on to  the low grani te  area north of  the 

Igal iko Fjord.  The dyke is  a  t inguai te .  I t  i s  f ive meters  wide,  

and runs from E.N.  E.  to  W. S.  W.,  the same direc t ion as  most  

of  the dykes in  the sandstone terr i tory.  The rock is  a  grayish-

green porphyry with a  f ine-grained ground mass;  in  the border  

facies  the ground mass is  dense and the colour  a  clearer  g reen.  

This  dyke is  special ly  interest ing as  i t  contains  scarce quartz

l ike grains  3—5 mil l imeters  in  s ize  which a re  probably extraneous 

inclusions in  the rock,  and which on closer  invest igat ion proved 

to  be cordier i te .  They have the appearance of  milky quartz  and 

are  r ich in  minute  inclusions which are  needle-shaped and 

arranged paral le l  to  the least  axis  of  o pt ic  e las t ic i ty ,  whils t  o ther  

inclusions consis t ing of  smal l  rounded pyroxene-l ike gra ins  are  

arranged in rows at  r ight  angles  to  the former.  The mineral  is  

opt ic  biaxial ,  and has  a  mean index of  refrac t ion s l ight ly  lower 

than that  of  the Canada balsam. The microscopic  tes t  which 

indicated the presence of  large quant i t ies  of  magnesium moreover  

proved the ident i ty  of  the  minera l  with cordier i te .  The ordinary 

phenocrys ts  of  the rock consis t  of  a  c lear  or thoclase in  ra ther  

scarce large tables ,  about  10 mil l imeters  by 3—5 mil l imeters .  The 
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ext inct ion angle  on (010)  is  7°  indica t ing the presence of  

a lbi te  s i l icate  to  a  s l ight  extent .  A few aegir ine-pr isms also 

occur  as  phenocrysts .  The ground mass consis ts  of  fe lspar ,  

aegir ine,  analcime,  and probably nephel ine,  besides  small  quan

t i t ies  of  a  reddish-brown strongly pleochroic  biot i te ,  a  few 

small  patches of  a  blue arfvedsoni te- l ike mineral ,  and perhaps 

sodal i te .  The felspar  of  the ground mass occurs  in  la ths  about  

half  a  mil l imeter  in  length;  they are  twinned,  and seem to be 

albi te ,  but  an exact  determinat ion was not  possible  on account  

of  their  r ichness  in  aegir ine-microl i tes  and other  inclusions.  

The aegir ine is  very abundant ,  and shaped both l ike pr isms 

and al lotr iomorphic  anhedra.  The analcime is  a lso very 

abundant  and is  apparent ly  qui te  secondary.  I t  contains  rem

nants  of  a  s t ronger  refract ive mineral  resembling nephel ine.  

CONTACT RELATIONS OF THE IGALIKO BATHOLITE. 

As may be seen from the geological  map (PI .  IVi  the 

boundaries  of  the Igal iko bathol i te  are  par t ia l ly  covered by a l

luvial  deposi ts  and by the sea,  and par t ia l ly  t hey have not  been 

explored.  Only in  the dis t r ic t  between the Tunugdliarßk Fjord 

and the large val ley nor th of  Tavdlorut i t  in  a  t ract  of  about  

seven ki lometers  the author  had the opportuni ty  to  s tudy 

the junct ion between the augite-syeni te  and the rocks of  an 

older  or igin,  which are  represented here  by red sandstone and 

grani te .  

The junct ions are  of  a  type far  different  f rom those met  

with near  the I l imausak bathol i te .  The contact  planes observed 

at  the la t ter  are  in  some places  ver t ical ,  whils t  in  others  the 

rocks of  an older  or igin overl ie  the bathol i te ;  but  a t  the par t  

of  the junct ion which has  been examined the contact  plane is  

ncl ined towards the augi te-syeni te ,  so  that  we may regard this  

as  rest ing upon the said rocks a t  i ts  junct ion,  just  a s  i t ,  in  i ts  

turn,  has  been covered by nephel ine-syenite .  
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Sect ions a lmost  a t  r ight  angles  to  the horizontal  border  

l ine have been observed in  three places:  on the Iganek Moun

tain,  and at  the southern and northern ends of  the Narsarsuk 

Plateau.  The augi te-syeni te  a t  a l l  three places  is  bounded by 

sandstone,  and the sandstone beds dip to  the east  under  the 

syenite  (Figs .  21 and 22) .  

Mount Iganek. 

The mountain so cal led l ies  on the Igal iko Fjord opposi te  

to  Igal iko,  and according to  STEENSTRUP'S measurements  i t  has  

an al t i tude of  562 meters .  I ts  upper  par t  consis ts  of  a  quartz -

i t ic  sandstone great ly  metamorphosed and very capable  of  re-

'/z 1 kilometer 

Fig. 21. ENE —WSW section of the northern part of Mt. Igan ek showing 

junction of augite-syenite and sandstone. — A basement granite; B sandstone 

and hornfels; C augite-syenite. 

sis tance to  erosion.  I t  i s  presumable tha t  the augi te-syenite  

formerly covered the top,  and that  the hard quartzi te  now pro

jects  as  a  separate  mountain on account  of  the rapid dis inte

grat ion of  the syeni te .  

Through a  faul t  (Pl .  IV) the mountain is  divided into a  

southern and a  northern half .  The southern par t  consis ts  of  

sandstone s t ra ta  dipping at  an angle  of  about  8°  to  N.  IN.  W .,  

but  the contact  between these s t ra ta  and the augite-syenite  

to  the east  is  not  exposed to  view.  A r ivulet  running north

ward has  excavated a  smal l  val ley nor th of  the faul t ,  and on 

the lef t  s ide the contact  is  wel l  exposed (Fig.  21) .  The augi te-

syeni te  a t  the bot tom of  the val ley is  of  the usual  gray and 

coarse-grained type,  but  a t  the contact  with the sandstone i t  
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becomes reddish and turns  to  a  f ine-grained and sometimes 

porphyri t ic  border  facies .  I t  s ends numerous apophyses  into the 

sandstone .  These are  reddish,  f ine-grained or  dense,  more or  

less  porphyri t ic ,  and sometimes they show a  s t rongly-marked 

f low s t ructure .  Their  course is  somewhat  i r regular ,  but  they 

most ly  run paral le l  to  the bedding planes of  the sandstone 

( this  fact  i s  only imperfect ly  shown on the diagram) .  Direct ly  

a t  the point  of  contact  the sandstone beds have a  sharp and 

rather  i r regular  dip in  an eastern direct ion,  but  a l ready at  a  

shor t  dis tance from that  point  they become very regular ,  with 

a  uniform incl ine of  33° to  the eas t  and 10° to  the nor th.  The 

ent i re  thickness  of  the sandstone in  this  place is  less  than 200 

Narsarsuk ltiortaflk 

WW. 

Fig. 22. NW—SE section of the plateau of Narsarsuk near the moraine at 

the entrance of Korok Fjord. — A basement granite; B sandstone; 13i sand

stone and hornfels; C augite-syenite. 

meters ,  and al l  the  beds a re  great ly  metamorphosed by contact ,  

and consis t  of  a  white  quartzi t ic  rock with minor ,  but  thick 

seams of  a  black hornfels  r ich in  mica.  The crest  of  the moun

tain is  formed of  white  quartzi te .  

During the f ie ld  work i t  was thought  that  the sandstone 

was lying in  i ts  or iginal  posi t ion in  proport ion to  the old 

grani te  which is  to  be seen under  i t  on the western s ide of  

the mountain ,  and the junct ion between grani te  and sandstone 

was not  c losely examined.  However ,  doubt  may ar ise  as  to  

whether  the sandstone in  the northern half  of  the Iganek 

Mountain (Fig.  21)  represents  the lowest  sandstone beds deposi ted 

on the grani te .  This  wil l  appear  f rom a  comparison of  the 

order  of  the s t ra ta  in  the two halves  of  the mountain divided 
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by the fault .  In the southern half  the succession in descending 

order is :  

Alternating beds of white quartzite and black hornfels; about 200 meters; 

Granite; 

whilst  the following succession was noted for the southern half  

during a cursory examination (the thicknesses have not  been 

measured,  but  only est imated):  

White quartzite, about 60 meters; 

Black hornfels with subordinate quartzite beds, about 40 meters; 

White quartzite and black homfels, about 100 meters; 

White quartzite with subordinate dark beds, about 200 meters; 

White sandstone, about 100 meters; 

Red sandstone, about 200 meters; 

Granite. 

This last  section is  of i tself  interesting as showing a gradual  

transi t ion from the relat ively unaltered red sandstone at  the south

ern side of the foot  of  the mountain to the greatly metamor

phosed strata in the crest  which is  quite close to the contact ,  

and probably was at  one t ime covered by a ugite-syenite.  If  the 

quartzi te  in the northern half  of  the lganek Mountain (Fig.  21) 

had been lying in i ts  original  posit ion in relat ion to the granite 

on which i t  now lies,  i t  should correspond to the red sand

stone in the southern part  of  the mountain,  and the numerous 

thick hornfels  beds in the quartzi te  north of the fault  should 

be represented south of i t  by slate beds and diabase sheets  

wedged into the red sandstone.  But this  sandstone at  the south

ern side of the foot  of  the lganek Mountain,  a s  far  as has been 

observed,  is  very poor in diabase and shale.  On the other hand 

there is  a  str iking l ikeness between the strata directly covering 

the granite north of the fault  and those south of i t  which l ie  

several  hundred meters above the granite.  Consequently i t  does 

not  seem unlikely that  the sandstone mass delineated on Fig.  21 

is  only an isolated large fragment of s andstone which has gained 

i ts  present  posit ion in relat ion to the granite through the dis

turbances which a ccompanied the intrusion of the abyssal  rocks.  
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A more detailed investigation, however, will  be necessary in 

order to decide the question. 

Narsarsuk. 

The augite-syenite with its usual fine-grained contact facies 

north of the Iganek Mountain borders directly on the old gra

nite,  but the contact plane also inclines here towards the 

batholite,  so that the margin of the augite-syenite l ies upon 

granite.  Sandstone appears again on the Narsarsuk Plateau. 

The sandstone beds at the direct contact plane incline towards 

the syenite at rather sharp angles (40°—50°).  They are of a 

quartzitic nature, and alternate with beds of black homfels rich 

in biotite,  quite like the Iganek Mountain. But at a short 

distance west of the contact plane the sandstone strata are 

horizontal and of a more uniform nature, and they remain so 

for a long stretch to the westward. A good section of the 

junction between the sandstone and the augite-syenite is ex

posed in the steep wall at the north coast of the Narsarsuk 

Plateau (Fig. 22),  and quite a similar section is to be seen at 

the southern end in the steep rocky wall dividing the plateau 

from the low granite tract north of the Igaliko Fjord. The total 

thickness of the inclined sandstone strata in both places was 

found to be less than 200 meters. 

The occurrence of rare minerals attached to the border 

facies of the augite-syenite on the Narsarsuk Plateau is men

tioned on p. 244. 

Contact metamorphism of surrounding rocks. 

Where the wall of the batholite is made up of sandstone 

formations it  has passed through an intense contact meta

morphism. Rocks of this formation altered in a high degree 

are to be found along the margin of the batholite from the 

outlet of the Korok to the valley north of Tavdlorutit.  The 

metamorphosed strata, especially on the Iganek Mountain, are 
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splendidly exposed,  the whole crest  of  the mountain consis t 

ing of  s uch rocks of  a  total  thickness  of  se veral  hundred meters ,  

whils t  the  red sandstone at  the south western s ide of  the foot  

of  the mountain s tands out  with i ts  usual  character is t ics  as  

mentioned on p.  254.  

On ascending the Iganek Mountain f rom the west ,  the  f i rs t  

t races  of  the contact  metamorphism already appear  a t  an al t i 

tude of  about  50 meters ,  the  red colour  of  the sandstone dis

appear ing,  a nd the beds assuming a  white  or  gray colour .  The 

al terat ion is  more intense higher  up the mountain.  The beds 

which consis t  of  re la t ively pure quartz-sandstone are  white  and 

quartzi t ic ,  the  impure beds appear ing l ike d ark gray,  f ine-grained 

seams.  On microscopic  examinat ion these dark gray beds s how 

the following peculiar i t ies :  the  quartz  grains  have retained their  

rounded contours ,  but  the cement  has  been re-crvstal l ized to  

an aggregate  of  fe lspar  and quartz  grains ,  through which a  

number of  other  minerals  are  disseminated:  granules  of  a  col

ourless  pyroxene,  scales  of  biot i te ,  minute  specks of  black i ron 

ore ,  and groups of  hornblende needles .  These are  in  some 

cases  blue and crocidoli te-l ike,  in  others  they resemble ac-

t inol i te .  

In  the upper  part  of  the mountain the operat ions of  the 

contact  metamorphism reach their  maximum. The rocks are  

hornfels  and white  quartz i te ,  the  beds of  the f i rs t  ment ioned 

being exeedingly numerous,  varying in  thickness  f rom a  few 

cent imeters  to  about  ten meters .  The f issures  in  the rock are  

covered by crystals  of  garnet ,  epidote ,  act inol i te ,  f luori te ,  and 

sometimes graphi te .  The hornfels  beds are  most  f requent ly  

black or  dark gray,  but  gray and pale  green beds may be found 

too.  All  o f  them are  of  a  massive not  schis tose s t ructure ,  thei r  

s ize  of  grain being extremely small ,  i r respect ive of  the large 

scales  of  black mica which are  to  be found in  many of  them. 

A large par t  of  these hornfels  rocks are  no doubt  a l terat ion 

products  of  the diabases  and other  igneous rocks occurr ing as  
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in t rusive  sheets  in  the  sandstone ,  whi ls t  another  par t  has  come 

in to  exis tence  f rom subordinate  beds  of  impure  sandstone  or  

argi l laceous  mater ia l .  I t  i s  not  imposs ib le  tha t  in  some cases  

a  t ransference  of  mat ter  f rom the  magma to  the  sediments  may 

have  taken place .  A c i rcumstance  point ing  in  th is  d i rec t ion  i s  

the  not  unusua l  occurrence  of  f luor i te  a nd crys ta l l ized  haemat i te  

in  Assures  in  the  sandstone ,  even far  away f rom the  l ine  of  

contact .  Some of  the  hornfels  sheets  may perhaps  have  been 

enr iched wi th  i ron  in  th is  manner ,  and the  graphi te  may per

haps  be  of  pneumato lyt ic  or ig in .  

Under  the  microscope the  hornfe ls  beds  appear  to  b e  of  an  

ext remely  varying composi t ion ,  and not  two sp ecimens  have  been 

found a l ike .  The  number  of  minera ls  to  be  seen in  th in  sec

t ions  i s  very  large ,  but  on  account  of  the i r  smal l  s ize  of  gra in  

the i r  ident i f ica t ion  i s  of ten  di f f icul t  or  imposs ib le .  We wil l  o nly  

refer  to  a  few ins tances  here .  

A spec imen which seems to  represent  an  ent i re ly  re-cry

s ta l l ized  igneous  sheet  shows large  sca les  {about  1  mi l l imeter )  

of  chocala te-brown biot i te  i r regular ly  d is t r ibuted  over  a  very  

f ine-gra ined mass .  This  cons is t s  of  a  micro-crys ta l l ine  aggre

gate  of  twinned fe lspar  gra ins  mixed wi th  a  number  of  o ther  

minera ls ,  among which a  f ibrous  greenish  hornblende and a  

colour less  minera l  having the  qual i t ies  of  the  c l inozois i te  a re  

most  conspicuous .  Apat i te  needles  are  to lerably  abundant ,  i ron  

ore  only  occurs  in  re la t ive ly  la rge  i r regular  gra ins  surrounded 

by bio t i te .  Smal l  c racks  in  the  rock are  f i l led  by  analc ime and 

a  l i t t le  f luor i te .  

In  another  s pecimen which i s  probably  of  s im i lar  or ig in ,  the  

bio t i te  i s  of  a  brownish-green colour  mixed wi th  brown garnet ,  

granules  of  i ron  ore ,  t i tani te ,  a nd a  large  quant i ty  of  pa le  gr een 

augi te .  The  la t te r  i s  par t ly  in  re la t ive ly  la rge  anhedra  which seem 

to  be  remnants  of  the  or ig inal  augi te  of  the  rock,  and par t ly  in  

smal l  rounded gra ins .  Among these  minera ls  l ies  a  colour less  

aggregate  of  fe lspar  and a l tera t ion  products  of  same.  

XXXVIII. 17 
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The third specimen is  a  dark gray,  very f ine-grained rock 

in  which the microscope reveals  the presence of  granules  of  a  

green spinel ,  scales  of  biot i te  and muscovi te ,  and qui te  small  

syeni te- l ike grains ,  lying evenly dis t r ibuted over  a  f ine-grained 

aggregate  of  fe lspar ,  probably or thoclase .  

A more divergent  type is  represented by a  number of  very 

heavy specimens of  black hornfels .  Felspar  is  usual ly  absent  

here , ,  and i ts  component  e lements  are  smal l  rounded grains  of  

a  colourless  or  greenish augi te  and of  black i ron ore ,  a malgam

ated with very sm all  scales  of  brown biot i te .  Brown garnet  and 

t i tani te  of ten occur  too,  and sometimes the augi te  is  replaced 

by a  greenish-brown hornblende.  

An andalusi te  hornfels  has  been found represented among 

a series  of  specimens col lected by Dr .  ST EENSTRCP in  1888 on 

the Iganek.  This  rock is  dis t inct ly  s t ra t i f ied of  a  ra ther  dark 

reddish-gray colour ,  and speckled with scales  of  biot i te  about  

one mil l imeter  in  s ize .  Under  the microscope the biot i te  is  seen 

to  be of  a  l ight  brown colour ,  i ts  quant i ty  being rather  incon

siderable ,  as  the rock is  essent ia l ly  made up of  andalusi te ,  

quar tz ,  fe lspar ,  muscovi te .  and small  specks of  i ron ore .  The 

andalusi te  is  colour less;  i t  o ccurs  in  anhedra several  mil l imeters  

in  extent  ent i re ly  f i l led by granules  of  the other  minerals .  This  

rock has ,  no doubt ,  or iginated in  an argi l laceous bed,  and the 

same is  probably the case with a  hornfels  r ich in  biot i te  col

lected near  the top of  the mountain,  and in  which the col

ourless  minerals  are  qui te  f i l led by very f ine s i l l imani te- l ike 

needles.  

BASEMENT GRANITE AND SANDSTONE AREAS. 

As wil l  be  seen from the geological  map (Pl .  IV) the 

country west  and south of  the Igal iko bathol i te  is  made up of  

basement  rock,  mainly grani te  and sandstone.  The sandstone 
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contains several intrusive sheets of igneous rock, and the 

former as well  a s the basement rock is traversed by hundreds 

of dykes.  The sandstone areas in this region are upon the 

whole low lying, and in only very few places do they extend 

beyond 400 meters.  The basement rocks often form moun

tains of an alti tude of more than 800 meters,  but even these 

appear low compared with the lofty and snow covered summits 

of the adjacent batholite.  Also in other respects do the topo

graphic features vary from those of the batholite,  th e basement 

rocks and the sandstone being relatively compact and capable 

of resisting weathering. The surface of the rock in higher 

alt i tudes is therefore most frequently dark and overgrown by 

lichen, and the lower areas are green with shrubs and grass,  

but we do not find such extensive surfaces without vegetation, 

such large screes and stone rivers l ike t hose which are so com

mon within the domain of the batholite.  An exception is men

tioned on p. 230. 

CHARACTER AND DISTRIBUTION OF ROCKS. 

Basement rocks. — The most widely sprea d basement rock 

in this region is the Julianehaab granite,  the pétrographie qual

it ies of which have been mentioned in the first  chapte r.  In the 

same place reasons are given which favour the belief that this 

rock is of Algonkian age. 

Inside the granite territory subordinate masses of diorite 

(p.  12) have been found in several places,  but these diorite 

areas are but small ,  an d as their l imits have not been minutely 

examined, they are not indicated on the map. The places where 

diorite has been found are the following: 1) Directly north of 

the Igaliko a quartz-diorite occurs in an area of less than two 

square kilometers.  This diorite l ies upon the granite near the 

coast,  and at an alt i tude of about 50 meters i t  is  covered by 

sandstone. 2) A diorite of quite a similar nature is to be 

found in the upper part  of the Tavdlorutit  Mountain east of 

17 '  
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Igaliko.  This diori te  area is  also rather small .  On ascending 

the mountain from the north western side one observes that  

the lower part  of  i t  is  a  granite of the usual  type part ial ly red,  

part ial ly gray ;  the diori te  appears again at  an al t i tude of a  l i t t t le  

more than 300 meters,  and forms the western top (about 800 

meters)  of  t he m ountain.  But at  a  short  distance,  perhaps half  a  

kilometer ,  east  of  the top i t  again gives place to the bioti te-

granite.  3)  A dark diori te  without quartz occurs near Sigsar-

dlugtok on the western side of the Igaliko Fjord.  On i ts  easte rn 

side opposite to Sigsardlugtok the granite contains dark coarse

grained inclusions or  segregations,  which in their  oute r  ap pear

ance correspond to the diori te  from Sigsardlugtok.  

A rock,  probably much older,  is  to be found near Kiagtut  

(on the northernmost  pa rt  of  the m ap,  Pl .  IV),  namely a strongly-

marked foliated and somewhat porphyri t ic  gneiss or  gneiss-

granite of a  greenish-gray colour.  

Igaliko sandstone. — The Igaliko sandstone,  no doubt,  

has originally covered large distr icts ,  but  on account of dislo

cations accompanying or  preceding the formation of the batholi te  

and the long continued erosion,  m ost  of the sandstone has dis

appeared,  and that  which is  now left  covers four mutually 

separate areas (vide map,  Pl .  IV).  One of these,  the sandstone 

of the Iganek Mountain,  h as been mentioned previously (p .  253).  

The sandstone area stretching westward to the Tunugdliarf lk 

Fjord from the Igaliko hamlet  is  considerably larger.  To the 

south,  on the mountain Nulup Kakâ,  i t  is  cut  off  by a  fault ,  

south of which the old granite r ises to an al t i tude of 800 

meters.  The sandstone at tains a  considerable thickness,  more 

than 500 meters,  due north of the fault ,  but  northward the 

surface sinks,  and the lower surface r ises so that  the layer 

becomes flat ,  and in the low depression,  I t ivdlersuak,  connect

ing the Tunugdliarf lk Fjord with the inner end of the Igaliko 

Fjord north west  of  the hamlet ,  the sandstone has entirely 

crumbled away by erosion.  The inclination of the sandstone 
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beds in  the envi rons of  igal iko is  O—5°,  and runs,  as  a  rule ,  in  

a  southern direct ion,  but  j ust  a t  the faul t  considerable  dis turbances 

are  to  be seen,  and a  s teep dip to  the north may of ten be ob

served here .  The colour  of  the sandstone in  this  area is  usual ly  

red,  but  a t  the direct  contact  with the dykes i t  i s  of ten discol

oured.  

[n  1900 the author  had only l i t t le  opportunity  of  under-

Fig. 23. Sandstone cliffs near Igaliko. 

taking a  closer  invest igat ion of  the sandstone formations near  

Igal iko,  but  a  number of  observat ions from previous vis i ts  

there  have been reported by K.  J .  V.  ST EENSTRCP 1 .  We learn 

from these that  a t  least  four  diabase sheets ,  sometimes exhi

bi t ing a  f ine columnar  s t ructure ,  occur  among the sandstone 

beds.  Some of  these igneous sheets  are  decidedly s i l ls ,  but  

1 Meddelelser om Grenland XXXIV, p. 119 (1909). 
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one of  them, occurring about  50 meters  above Jgal iko,  i s  in  

i ts  upper  part  of  a  pronounced s laggy ap pearance.  But  pebbles  

of  diabase have not  been found anywhere in  the sandstone beds 

which immediately cover the diabase sheets, and Dr. STEENSTREP 

consequent ly  regards  i t  as  being most  probable  that  a l l  the  

diabase sheets  are  intrusive.  On the other  hand the s laggy 

surfaces  show that  the rock cannot  have been formed to  any very 

cons iderable  depth below the surface,  and thus we come to the 

conclusion that  Igal iko 's  s laggy diabase represents  one of  the 

oldest ,  i f  not  the oldes t ,  manifestat ion of  the igneous act ivi ty  

which in  i ts  fur ther  development  produced the bathol i tes  of  

Igal iko and I l imausak.  

The sandstone appears  again north of  the I t ivdlersuak de

pression,  and forms the l l ior taf ik  Plateau which has  only an 

al t i tude of  2—300 meters.  Here the s t ra t i f icat ion is  horizontal  

and the thickness  of  the  sandstone s t ratum is  very s l ight ,  so  

that  the underlying grani te  is  vis ible  a t  the foot  of  the  plateau 

on the north western as  wel l  as  on the southern s ide (vide 

Fig.  22,  p .  253) .  The sandstone on the l l ior taf ik  Plateau is  

pecul iar  f rom the fact  tha t  the upper  beds are  white  and 

quartz i t ic ,  whils t  the  sandstone s t rata  are  red some dis tance 

below the surface on the south western par t  of  the  plateau.  

I t  i s  l ikely that  the quartzi t ic  character  of  the upper  beds 

is  due to  contact  metamorphism,  as  the beds,  which are  now 

on the surface of  the plateau,  were a t  one t ime covered 

ei ther  by augile-syeni te  or  some intrusive sheet  of  a  consider

able  thickness .  

The sandstone area which is  to  be seen on tbe map (Pl .  IV) 

west  of  the Tunugdliarf ik  Fjord is  the largest  of  a l l  of  them, 

and s t retches  westward towards the I l imausak bathoi i te .  The 

sandstone in  this  area closely corresponds to  that  near  Igal iko.  
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FAULTS. 

As we have mentioned (p.  260)  the area inside which the 

red sandstone is  to  be found is  l imited,  to  the north as  wel l  

as  to  the south,  by large faul ts  with a  main direct ion E.  N.  E.  

to  W. S.  W. The exact  posi t ion of  the northern faul t - l ine w hich 

l ies  ent i re ly  inside the grani te  terr i tory is  not  known,  but  most  

l ikely i t  crosses  the Tunugdliarf ik  Fjord somewhere near  Kiag-

tut .  The southern main faul t  runs about  two ki lometers  south 

of  Igal iko a long the nor thern s lope of  the mountain Nulup 

Kakà.  This  faul t  i s  most  obvious when the mountain is  looked 

a t  f rom the f jord or  f rom the opposi te  coast .  I t  i s  a lmost  

ver t ical ,  and s t r ikes  f rom W. 10° S.  to  E.  10° N.  The vert ical  

displacement  amounts  to  800 meters  a t  least ,  th is  being the 

al t i tude to  which the grani te  r ises  closely south of  the faul t ,  

whi ls t  on the northern s ide the bas is  of  the sandstone is  below 

sea level .  Just  north of  th e f aul t  the  sandstone beds dip abrupt ly  

in  a  nor thern direct ion,  or  in  some places  they l ie  i r regular ly ,  

but  within a  short  dis tance from this  place they are  near ly  

horizontal .  

Faul ts  have been observed also inside the sandstone area,  

but  they are  not  very common,  and,  as  a  rule ,  the throw is  

only insignif icant .  The faul t  through the Iganek Mountain 

forms an except ion (vide map Pl .  IV and Fig.  24 on next  

page) .  The s t r ike of  this  faul t  i s  about  N.  60° E.  and S.  60° 

W.,  the southern s ide has  subsided,  and the down-throw is  

about  400 meters .  The sandstone s t ra ta  in  the southern part  

of  the mountain are  incl ined a t  an angle  of  about  8°  to  N.  N.  

W.,  whils t  the  highly contact  metamorphosed beds covering 

the grani te  norl l i  of  the faul t  d ip  about  33° E.  10° N.  (vide Fig.  

21,  p .  252) .  

A faul t ,  probably the cont inuat ion of  the Iganek faul t ,  

i s  to  be seen on the western s ide of  the f jord a  l i t t le  nor th  of  

Igal iko (vide map,  Pl .  IV).  The extent  of  the  ver t ical  d isplace-
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ment  i s  not  known here ,  but  most  l ike ly  i t  i s  far  less  than on 

the  Iganek.  

DYKES.  

The percept ib leness  and f requency of  the  dykes  i s  one  of  

the  most  s t r ik ing pecul iar i t ies  of  the  Igal iko  region,  as  i t  ap

pears  to  the  explorer  who vis i t s  the  inner  d is t r ic ts  of  the  Tu-

nugdl iar f ik  and Igal iko  Fjords  for  the  f i rs t  t ime.  More  or  less  

para l le l  dark  bands  or  l ines  are  to  be  seen near ly  everywhere  

on the  surfaces  of  the  basement  grani te  and sandstone  moun

ta ins ,  and i t  i s  of ten  poss ib le ,  whi ls t  s i t t ing  in  a  boat  on  the  

f jord ,  to  fo l low them with  the  eyes  for  a  d is tance  of  severa l  

k i lometers .  Actual ly  the  Igal iko  d is t r ic t  of fers  a  splendid  op

por tuni ty  of  s tudying a  large  col lec t ion  of  genet ica l ly  re la ted  

dykes .  The t ime we had a t  our  d isposal  dur ing the  f ie ld  work 

was ,  however ,  not  suff ic ient  for  any sys temat ic  s tudy of  them,  

and here  we wi l l  o nly  g ive  a  shor t  repor t  of  what  seem to  be  

the  main  fea tures  according to  the  observat ions  a t  hand,  and 

we wi l l  leave  severa l  ques t ions  open concerning the  dykes .  

General features. — The dykes  in  the  basement  gran i te  

and the  sandstone  of  the  Igal iko  ter r i tory  in  the i r  genera l  re

la t ion  show a  considerable  cor respondence  to  those  of  the  I l i -

mausak region .  In  both  ter r i tor ies  the  mos t  f requent  type  i s  

a  reddish-brown syeni te-porphyry;  the  d i rec t ion  of  the  dykes  i s  

a lmost  ident ica l  (N.  E . —S.  W.) ,  and i t  i s  not  imposs ib le  tha t  

some of  the  individual  dykes ,  on  subsequen t  inves t iga t ions ,  wi l l  

be  found to  extend in  connect ion  f rom one dis t r ic t  to  another .  

The  dykes  of  the  Igal iko  region are  much eas ier  of  approach 

than most  of  those  in  the  I l imausak ter r i tory .  This  i s  due  to  

the  fac t  tha t  the  f jords  run  in  varying d i rec t ions .  In  the  I l i 

mausak dis t r ic t  they run  a lmost  f rom N.  E.  to  S .  W.  fol lowing 

the  genera l  ru le  as  regards  the  f jords  in  th is  par t  of  Greenland.  

Consequent ly  the  dykes  are  para l le l  to  the  coas ts ,  and many of  

them are  only  to  be  looked for  o n  the  lof ty  p la teaus ,  the  débr is -
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covered surface of which is most unfavourable to investigation. 

But in the Igaiiko district  we meet with quite exceptional direc

tions of the fjords.  Thus the main branch of the Tunugdliarflk 

Fjord here takes a direction N.—S., and the innermost end of 

the Igaiiko Fjord' 'even runs from N. W. to S. E. In this region, 

therefore,  practically all  dykes intersect the coast l ines,  and are 

well  exposed in the naked coast cliffs.  

All  the dykes are almost vertical and very regular.  The 

width of most of them varies from 5 to 10 meters,  but numer

ous narrow as well  as large dykes are to be found even up to 

a width of 50 meters.  As we have already m entioned, the strike 

is ab out N. E. and S. W. varying between N. 25° E. — S. 25° W. and 

N. 65° E.—S. 65° W. As a rule the dykes are a li t t le more 

liable to decay than is the case with the country rock, and not 

seldom have they been the cause of the formation of p icturesque 

cliffs.  Stil l  there are many exceptions to this rule.  Near the 

abyssal rocks most of the dykes are intensely contact metamor

phosed. 

Rocks composing the dykes. — On the preliminary exami

nation of the dyke-rocks collected from the basement granite 

and the sandstone areas of the Igaiiko district ,  the following 

types were found represented: 

diabase, 

monzonite-porphyry, 

augite-syenite-porphyry, 

hedrumite,  

nepheline-porphyry, 

sölvsbergite (?).  

Also a few very small  pitchstone dykes have been found in the 

neighbourhood of Igaiiko. 

When we compare this l ist  with that of the type of dykes 

known from the Ilimausak territory, i t  will  be noticed that 

quartz-porphyries which are so common in the last  mentioned 
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locali ty have not  been found,  whilst ,  on the other hand,  the 

nepheline-porphyries have only '  b een found in t he Igaliko distr ict .  

To some degree this  difference may possibly b e due to the in

completeness of the invest igations.  

The above l is t  should only be regarded as prel iminary.  

Many of the specimens collected are rocks which have under

gone sl ight  al terat ions,  and only very few of them have been 

chemically analyzed.  Consequently,  the systematic posit ion of 

these rocks is  in several  cases somewhat dubious.  As already 

mentioned,  moreover,  the dykes have not  been subjected to any 

systematic study during the f ield work,  and many small  areas 

have not  been visi ted at  al l ,  n ot  even those which from the 

boat  could be seen to be extremely r ich in dykes.  I t  is  there

fore l ikely that  the number of dyke-rocks wil l  be increased c on

siderably on future research.  

Diabase dykes. — Dykes of a  diabase-l ike appearanc e f ine

grained or  dense and of a  greenish-black colour are commonly 

found both in the granite and the sandstone terr i tories.  As 

pointed out  by Dr.  ST EENSTRUP1  they are not  as frequent as the 

red-coloured porphyry dyke s mentioned below. They are nearly 

always of an al tered or  weathered appearance,  and have not  

been subjected to closer invest igation.  

Monzonite-porphyry. — A few hundred meters north of 

the houses in Igaliko the sandstone is  penetrated by a  por

phyry dyke 15—20 meters wide of a  str ike almost  N. E.— 

S.  W. Looked at  from a distance,  this  dyke appears of a  l ight  

gray or  greenish colour,  forming a sharp contrast  to the sur

rounding dark red sandstone.  As i t ,  moreover,  projects  a  l i t t le  

above the surface of the sandstone,  i t  is  easi ly perceptible even 

from the opposite side of the f jord.  I t  was f irst  mentioned by 

Dr.  PINGEL 2 .  In hand specimens the rock is  grayish-green.  The 

1  Meddeielser om Grenland XXXIV, 1909, p. 1?6. , 
2  Om den af Porphyrgange gennembrudte i '0de Sandsten. Videnskabernes 

Selskabs Skrifter 1843, p. 16. 
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phenoerysts ,  w hich are  present  in  a lmost  as  large quant i t ies  as  

the ground mass,  consis t  of  a  white  or  greenish felspar .  They 

have a  shape giving broad rectangular  sect ions,  their  length is  

most  f requent ly  about  one cent imeter ,  but  in  some parts  of  the 

dyke they may at ta in  f ive cent imeters .  On microscopic  exami

nat ion they appear  to  a  large extent  converted into a  muscovi te

l ike aggregate ,  w hils t  the  s t i l l  f resh parts  consis t  of  labradori te .  

The ground mass is  greenish-gray and f ine-grained,  the s ize  of  

grain averages 0"1—0 -3 mil l imeter .  I t  i s  made up of  or thoclase 

and plagioclase with some augi te ,  i ron ore ,  apat i te ,  and 

chlori te .  In  symmetr ical  sect ions the plagioclase shows ext inc

t ion angles  indicat ing a  rather  acid labradori te .  The augi te  is  

l ight  gray and is  sometimes surrounded by a  marginal  zone of  

a  green colour .  The chlor i te  appears  to  replace biot i te .  As 

the rock is  ra ther  dis in tegrated and no chemical  analysis  has  

been made,  i t  i s  diff icul t  to  say whether  i t  i s  an essexi te-por-

phyry or  a  monzonite-porphyry,  but  when we consider  the 

large quant i t ies  of  or thoclase in  the ground mass,  the la t ter  

supposi t ion seems to  be the more probable  one.  

Another  dyke which most  l ikely is  a lso a  monzoni te-por-

phyry occurs  a t  a  shor t  dis tance east  of  the Igal iko set t lement .  

This  dyke is  about  10 meters  wide,  and s t r ikes  a lmost  E.  N.  E.  

—W. S.  W. I t  has  numerous white  fe lspar  phenoerysts  about  

one cent imeter  long,  and of  a  shape giving broad rectangular  

sect ions .  They are  tolerably f resh,  and consis t  of  andesine 

with a  rather  thin marginal  zone of  or thoclase.  Olivine is  

sometimes to  be found in  grains  of  a  s ize  of  1  or  2  mil l imeters .  

The ground mass is  a lmost  dense,  and of  a  dark brownish-

gray colour .  I t  i s  essent ia l ly  made up of  short  fe lspar  la ths  

par t ly  or thoclase par t ly  ol igoclase,  the  former most  f requent ly  

as  a  thick mantle  round the la t ter .  The ferromagnesian con

st i tuents 'are  l ight  grayish augi te ,  brownish-green biot i te ,  a  l i t t le  

ol ivine,  and i ron ore .  A small  quant i ty  of  sodal i te  or  analcime 

occurs  in  the inters t ices  between the felspar  la ths .  A s imilar  
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but contact  metamorphosed dyke has been found in th e quartzi t ic  

sandstone on Mt.  Iganek,  i t  is  perhaps a direct  continuation of 

the former.  

Augite-syenite-porphyry. — A common sort  of  dyke in 

this  region has a dark reddish-brown ground mass of a  f ine

grained or almost  dense structure and phenocrysts  of  white 

felspar.  These are tabular  and,  as a  rule,  they do not  exceed 

1 centimeter .  They consist  of  alkali-felspar,  most  often soda-

orthoclase.  The ground mass is  of  a  trachytoid structure,  

and is  mainly made up of small  iaths of orthoclase and 

albi te;  in some cases these laths are perthi t ic ,  in others the 

orthoclase forms the centre of the crystals ,  whilst  the mar

ginal  zone is  albi te.  The felspar is  thoroughly saturated with 

red ferr ic oxides.  The other consti tuents of the ground mass 

are:  gray and green augite,  green bioti te ,  a  l i t t le  apati te ,  and 

t iny grains of i ron ore.  Chlori te ,  calci te ,  and brown iron oxides 

commonly occur as secondary products .  

Hedrumite. — The recently described type of dyke rocks 

is  by transi t ions connected with a  type which may be charac

terized as hedrumite1 .  The dykes of this  type are almost  as 

common as are the augite-syenite-porphyries,  and some of 

them are very wide.  Thus one dyke north of the Igaliko 

houses is  about 40 meters wide.  The colour is  dark brownish-

red or gray,  the structure is  f ine-grained and trachytoid.  The 

paral lel  arrangement of the small  felspar tables imparts  to the 

rock a sl ight  si lky lu stre when i t  is  spli t  paral lel  to the direc

t ion of the flow structure.  Phenocrysts  are absent .  The main 

consti tuent  is  a  perthi t ic  alkali-felspar.  Aggregates of muscovite 

replace the nepheline and are present  in varying,  b ut  on the 

whole,  small  quanti t ies.  The ferromagnesian minerals  are a  l ight  

gray augite,  aegir ine-augite,  œgirine,  brownish-green bioti te ,  and 

1 W. C. BRÖSGBR, Die Eruptivgesteine des Kristianiagebietes III (1898), 

p. 183. 
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dark brownish-green hornblende. A more complete description 

with chemical analysis of a dyke of this kind is given below 

(p. 278). 

Nepheline-porphyry. — Dykes of this kind are found in 

different parts of the Igaliko region, but are not common. The 

pétrographie description is given below (p. 274). 

Sölvsbergite (?). — In the vicinity of the landing place at 

Igaliko two tinguaïtic dykes are found. One is 5 meters wide, 

and the other 8 meters. Both strike from E. N. E. to W. S. W. 

The ground mass is grayish-green, dense or very fine-grained. 

Under the microscope it shows a typical tinguaïtic structure. It 

consists of fine aegirine needles distributed evenly, but without 

parallel arrangement over an aggregate of salic mineral grains 

which are mainly microcline. 

Age of dykes. — As far as observation goes, t he dykes are 

later than the sandstone, and, as a rule, they are also younger 

than the sills between the sandstone beds, for the sills in a 

great many instances are seen to be cut by the dykes. Only 

once, as mentioned by Dr. STEENSTOTP1 ,  i s a diabase sill  seen 

to be in direct connection with a dyke of the same rock. 

It is difficult at present to give a satisfactory answer to the 

questions as to the age of the different kind of dykes in rela

tion to one another, and to the abyssal rocks of the Igaliko 

batholite. These questions are evidently of great importance 

from a theoretical point of view, but they will require much 

additional field work for their entire solution. 

Still  i t  is possible from the observations in hand to draw 

certain conclusions as regards the age of the different dykes. 

On the one hand it may be regarded as established that, whilst 

dykes are rather rare in the augite-syenite and the nepheline-

syenite, they occur much more frequently in the closest abut

ting areas of basement granite and sandstone, as for instance 

1 Meddelelser om Grönland XXXIV, 1909, p. 126. 
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on the Narsarsuk Plateau and Mt.  Iganek.  Furthermore ,  a lmost  

al l  the  specimens of  dyke rocks col lected from these places  are  

great ly  contact  metamorphosed.  Thus we arr ive a t  the conclu

s i o n  t h a t  t h e  m a j o r i t y  o f  d y k e s  a r e  ol d e r  t h a n  t h e  b a -

thol i te .  But  the diabase dykes and the numerous reddish-

brown porphyry dykes in  the environs of  Igal iko must  probably 

be reckoned among this  older  group.  

As pointed out  in  the foregoing,  on the other  hand,  dykes 

have been found which intersect  the augi te-syeni te  and the 

n e p h e l i n e - s y e n i t e .  A  s m a l l  n u m b e r  o f  t h e  d y k e s  a r e  

thus  of  la ter  or igin than the bathol i te .  I t  i s  of  in

terest  tha t  most  of  these younger  dykes have the same direc

t ion as  the older  ones.  The t inguai ' t ic  d ykes mentioned on p.  

237 and p.  250,  and most  probably also the sölvsbergi tes  men

t ioned above,  belong to  Ihese younger  dykes.  I t  has  been 

mentioned (p.  237)  that  the syeni te-porphyries  are  also repre

sented in  the younger  ser ies .  That  diabase dykes of  this  ser ies  

have not  been found in  the Igal iko terr i tory is  probably only 

due to  the cursory nature  of  the f ie ld  work undertaken.  The 

exis tence of  the younger  ser ies  of  dykes is  of  importance to  

the apprehension of  the geological  his tory of  the dis t r ict ;  i t  

shows tha t  we must  look a t  i t  as  not  impossible ,  perhaps even 

probable ,  that  the volcanic  act ivi ty  on the surface of  the 

ear th  has  cont inued as  la te  as  down to  the t ime when a  large 

par t  of  the bathol i tes  became sol idif ied,  even if  the  main part  

of  the  volcanic  phase be older  than the bathol i te .  

PETROGRAPHY OF NEPHELINE-PORPHYRIES 

AND RELATED DYKE-ROCKS. 

As already mentioned foyai t ic  dyke-rocks are  of  ra ther  

common occurrence in  the Igal iko dis t r ic t .  They belong to  a  

number of  different  types,  of  which the most  important  wil l  be  

descr ibed in  the fol lowing pages.  
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Nepheline-porphyry : Fox Bay type. 

This rock,  in a  somewhat al tered condit ion,  is  known 

under the name of gieseckite-porphyry1 .  I t  is  the mother-rock 

of the pseudomorphs called gieseckite which formerly hav e,  been 

regarded as a  part icular  mineral .  The fresh rock was f irst  

found by PINGEL 1828.  Later ,  TAMNAU, examining PINGEL'S col

lect ion,  found that  gieseckite in fresh condit ion is  identical  

with elaeoii te2 .  The specimens to be described in the following 

l ines have been collected by Dr.  STEENSTRÜP, in 1888.  The exact  

locali ty is  on the northern side of a  small  bay,  Fox Bay,  a t  

Akuliarusek on the Igaliko Fjord,  

Mineralogical characters. — The fresh rock is  a  porphyry 

with large phenocrysts  of  nepheline and felspar imbedded in a  

violet  brow n, almost  dense ground mass.  

The nepheline-phenocrysts  are present  in large quanti t ies.  

They are short  hexagonal  prisms showing the combination 

(1010) • (0001) • (LOFL).  The thickness of the prisms averages a  

l i t t le  more than one centimeter ,  and the height  is  about the 

same. The general  appearance is  that  of  typical  elae oii te  and 

i ts  colour is  green.  In some cases an al terat ion to reddish 

aggregates of muscovite has taken place on the surface of the 

crystals  and along cracks.  The nepheline contains innumer

able minute inclusions,  part ly f luid-cavit ies and part ly m inerals .  

Among the lat ter  the most  conspicuous are scales of a  green 

bioti te  and small  grains which apparently are aegirine,  but  the 

majori ty of the inclusions are in such small  grains that  no 

determination of their  nature has been possible.  In the central  

port ion of each nepheline-crystal  the inclusions are evenly 

scattered,  in the pe ripheral  port ion they s how a zonary arrange

ment.  

The felspar-phenocrysts  ar e le ss numerous than the nephe-

1 H. ROSENBÜSCH, Mikroskopische Physiographie II, 1, p. 544 (1907). 
2 PoggendorlFs Annalen der Physik, vol. 43, 1838, p. 149. 
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l ine-crystals .  They are  of  a  f resh reddish appearance and de

veloped in  thick tabular  crystals  which are  of ten Carlsbad twins.  

The thickness  of  the tables ,  as  a  rule ,  is  less  than 05 cent i 

meter  while  the length may exceed 2  cent imeters .  They con

sis t  of  a  soda-orlhoclase sometimes s ta ined with i r regular  

patches or  shreds of  a  clouded albi te .  In  sect ions paral le l  to  

1010)  the  soda-orthoclase shows an angle  of  ext inct ion amount

ing to  about-]-  11°,  while  in  the albi te  areas  the corresponding 

angle  is  about  20°.  In  the same sect ions the soda-orthoclase 

upon closer  examinat ion sometimes shows an indis t inct ,  broadly 

veined s t ructure  a t  an angle  of  72° with (001)  corresponding 

to  the ordinary per thi t ic  s t ructure .  The felspar  phenocrvsts  

of ten enclose a  great  number of  small  fe lspar  l a ths  of  the same 

kind as  those of  the ground mass.  

The or iginal  presence of  a  third kind of  phenocrysts  is  

indicated by dul l  greenish-black s ta ins ,  less  than 0"5 ce nt imeter  

in  diameter .  They consis t  of  an aggregate  of  green biot i te  

scales ,  which are  sometimes par t ia l ly  a l tered to  chlor i te .  Rem

nants  of  a  colourless  augi te  have sometimes been found enclosed 

within these aggregates .  The biot i te  aggregates ,  therefore ,  have 

probably or iginated from magmatic  resorpt ion of  augi te  pheno

crysts .  

The prevai l ing const i tuent  of  the  ground mass is  an alkal i -

fe lspar  which appears  in  la ths  of  very i r regular  out l ines .  There 

is  no tendency to  paral le l  arrangement  of  the la ths ,  but  some

t imes radiat ing groups are  found.  The length of  the la ths  is  

0 '2—03 mil l imeter .  Their  refract ive index is  a  l i t t le  lower than 

that  of  Canada balsam. Many of  them show twin lamellat ion 

with ext inct ion angles  indica t ing albi te ,  o thers  are  heteroge

neous:  the border  zone consis ts  of  a lbi te  while  the nucleus 

apparent ly  is  a  soda bear ing or thoclase.  Except ional ly  an ex

tremely f ine and indis t inct  cross-hatched twin s t ructure  is  ob

served.  

Besides  felspar  the ground mass contains  the fol lowing 

XXXVIII. 18 
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l ight coloured constituents: nepheline, sodalite.  analcime, and 

small quantities of cancrinite and fluorite.  They are all  in very 

small grains or anhedra which are interstitial between the fel

spar laths. 

The principal ferromagnesian mineral of the ground mass 

is a green biotite in scales or shreds averaging 0 -2 millimeter 

in length. They are strongly pleochroic with absorption-tints 

varying from dark green to light yellow. A light g reen aegirine 

in imperfect prisms and rounded grains occurs in varying 

quantities.  A colourless or light yellowish-green mineral with 

the same refractive power as aegirine, but differing in its being 

optically isotropic, is probably garnet.  It occurs rather abun

dantly in groups o f very small rounded grains sometimes show

ing roughly hexagonal contours. Iron ore is present in minute 

crystals and grains. Apatite is rare. 

Chemical composition. — The chemical an alysis of this type 

is shown in the first c olumn (No. 27) of the table on the next 

page. In the same table the composition of the following type 

(No. 28) is also given. Both agree rather closely and are near 

related to the nepheline-syenite of Korok (analysis No. 25, p. 

23Ô). The same chemical type is rather common among the 

nepheline-porphyries and tinguaïtes from foreign localities.  As 

examples are cited the analysis of a nepheline-porphyry from 

Predazzo and of a tinguaite from the Christiania district.  

Nepheline-porphyry : Nuk type. 

A nepheline-porphyry of a somewhat differing type has 

been found at Akuliarusek on the peninsula south of Fox Bay. 

This dyke strikes N. 35° E. Its width is 13 meters.  It is  a 

composite dyke, i .  e.  the middle portion is about 5 meters wide, 

and is flanked on either side by a sharply defined marginal 

zone of a somewhat different character. 

Central part of the dyke. — The rock which makes up 

the central part of the dyke shows some resemblance to the 
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Analyses of nepheline-porphyries and related rocks. 

27 28 A l i  

Si02   51-31 54-58 53-19 55 65 

Ti02   1-20 •62 trace 

AI2O 3   21-54 20-43 22-57 20-06 

Fe 203   3-68 2-08 1-98 3-45 

FeO  3-37 3-39 1-72 1-25 

MnO  .41 trace trace 

MgO  •18 trace -49 •78 

CaO  1 39 1-56 2-55 1 4 5  

Na20  9-25 10-70 8-86 8-99 

KoO  5*49 5*74 6-60 6 07 

H20 above 110° • •  
I  '84 

1-02 
!  1-47 1-51 

H,0 at 110° • •  / 12 1 

CI  • 17 1  
— •37 

! > , ( )  t race trace trace 

C02   .151  11 

98 98 99-91 

CI =  0 •04 •08 

Total  98 94 100-24 99-83 99-21 

Sp.  gr .  .  .  2*712  i  2 -698 

27.  Nepheline-porphyry,  Fox Bay type,  Akuliarusek,  Igaliko Fjord,  

S.  Greenland.  C.  DETL EFSEN ,  analyst .  

28.  Nepheline-porphyry,  Nuk type,  Akuliarusek,  Igaliko Fjord,  

S.  Greenland.  C.  WINTHER ,  analyst .  

A. Nepheline-syenite porphyry,  Val dei  Coccolet t i ,  Predazzo.  

M. DITTRI CH ,  analyst  (G. RO MBER G ,  Si tzungsberichte der k.  

preuss.  Akad.  d .  Wiss.  1902,  p.  748).  

1  Determinat ions  by  Dr.  C . WINTHER. 

- Determination by Dr. K. J. V. STEENSTRUP. 

18* 
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B. iEgir ine- t inguaï te ,  Hedrum, Norway.  V.  SCHM ELCK,  analyst  

(W. C.  BRÖGGER ,  Die  E rupt ivgesteine des  Kris t ianiagebietes  I ,  

1894,  p .  191) .  

preceding type,  but  i ts  outer  appearance is  dul ler  and the rock 

is  evident ly  somewhat  a l tered.  

The phenocrys ts  are  very abundant .  There are  four  kinds.  

The felspar  phenocrysts  are  the most  numerous;  they are  de

veloped tabular  on (010) ,  measuring about  12 mil l imeters  by 2  

mil l imeters .  The cleavage surfaces  are  dul l ,  the  colour  is  

white  or  reddish.  Under  the microscope the large felspar  

tables  are  seen to  be f i l led with a  large number of  small  fe l 

spar  crystals  which apparent ly  have or iginated by re-crystal l i 

zat ion.  The low index of  refract ion proves that  the felspars  are  

alkal i - fe lspars.  Sometimes an indis t inct  microperthi t ic  s t ructure  

may be observed,  but  as  a  rule  the felspars  are  too turbid for  

a  c loser  determinat ion.  

Fresh nephel ine is  not  found as  phenocrysts ,  but  a  number 

of  pseudomorphs consis t ing of  muscovi te  with some felspar  

must  probably be der ived from nephel ine.  

A t hird kind of  phenocrysts  c onsis ts  of  an unknown colour

less  mineral  which shows some resemblance to  cordier i te ,  but  

differs  in  several  respects .  I t  occurs  in  ra ther  equidimensional  

crystals ,  varying from 3 to 5  mil l imeters  in  diameter ,  which 

probably belong to  the rhombic system. The crystals  show a  

very marked lamellar  s t ructure  in  one direct ion,  and two in

dis t inct  c leavages perpendicular  to  one another  and to the la

mellae.  Sect ions paral le l  to  the lamellae show tolerably hexa

gonal  outl ines ,  sections perpendicular  to  the lamellae are  rect

angular .  The hardness  is  about  the same as  tha t  of  nephel ine,  

the specif ic  gravi ty  is  2 '63.  A negat ive opt ic  bisectr ix  is  per

pendicular  to  the lamellae;  the plane of  the opt ic  axes  is  

paral le l  to  one of  the cleavage direct ions;  and the angle  between 

the opt ic  a xes  2  E is  25—30° .  The mean index of  refract ion is  
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sl ightly inferior  to that  of  Ca nada balsam, a nd the birefr ingence 

is  about equal  to that  of  felspar.  Under the microscope the 

lamellar  s tructure is  seen to be due to rows of f luid-cavit ies;  

otherwise the mineral  is  perfectly t ransparent  a nd fresh.  I t  ge

lat inizes with hydrochloric acid and on microchemical  test  gives 

a  s trong reaction for sodiu m. The mineral  co uld not  be chemic

ally analyzed for  lack of  material .  

The fourth kind of phenocrysts  is  represented by relat ively 

numerous,  dull ,  greenish-black pseudomorphs,  I o r  2 mill imeters 

in diameter .  Under the microscope they are seen to be made 

up of a  f ibrous green hornblende surrounded by a reaction 

r im of green bioti te  and œgirine.  The fibrous hornblende 

contains remnants of big crystals  of  a  l ight  grayish augite with 

large extinction angles and with numerous i nclusions of apati te ,  

zircon,  and iron ore.  

The ground mass has a  trachytoid structure.  I t  consists  

of  felspar,  nepheline and decomposit ion products of  this  min

eral ,  œgirine,  and green bioti te .  A gray augite with green 

margin and l i t t le  grains of t i tanite are found in small  quanti t ies.  

The felspar of  the ground mass is  a  lath-shaped microperthi te,  

and there is  a  strong tendency to paral lel  arrangement of the 

laths.  Their  length is  about 05 mill imeter .  A l i t t le  analcime is  

often found among the felspar laths.  

Marginal zones of the dyke. — A four meters broad zone 

on each side differs  from the central  part  of  the dyke.  While 

the lat ter  abounds in phenocrysts  and has an almost  dense 

ground mass the marginal  zones are extremely poor in phe

nocrysts ,  and their  ground mass is  coarser  and of a  foyait ic  

s tructure.  They consist  of  felspar,  nepheline,  and œgirine.  The 

felspar is  a  microcline-microperthi te of  about the same type as 

in the naujai te  (p.  147);  i t  is  in small  plates showing a very 

marked paral lel  arrangement.  The nepheline is  very abundant 

and less idiomorphic than the felspar;  i t  contains numerous 

œgirine-microli tes,  and has part ially been converted into aggre-



278 

gates of a colourless mica. The aegirine is also abundant;  i t  is  

allotriomorphic.  The very few phen ocrysts consist  of a dull  white 

felspar of the same kind as the felspar phenocrysts of the cen

tral  part  of the dyke. 

Chemical composition. — According to the analysis by Dr. 

WINTHER ,  th e c entral  part  of the dyke has the co mposition given 

in the above table (No. 28, see p.  275).  The marginal zones have 

not been analyzed. 

Hedrumite of Akuliarusek. 

Among the dykes of Akuliarusek on the Igaliko Fjord several 

instances of a type which may be characterized as hedrumite 

have been found (vide p.  269).  These dykes probably repre

sent transitional forms between the foyaitic and the syenitic 

dykes.  

The rock to be described in the following lines constitutes 

a three meters wide dyke running from N. 40° E. to S. 40° W.; 

it  was found at a li t t le dista nce so uth of the last  mentioned ne-

pheline-porphyry. The rock is fine-grained and devoid of p heno

crysts.  The structure is trachytoid. The main constituent of the 

rock is a felspar which is developed in tabular crystals about I 

mill imeter long with a fluxional arrangement.  Under the mi

croscope the felspar tables are seen to be made up of ortho-

clase and plagioclase in perthitic intergrowth. The composition 

surfaces of the two felspars are about parallel  to (010).  The 

orthoclase is a li t t le clouded and locally i t  is  microcline-like,  

showing an indistinct and irregular twin structure.  The plagio

clase has the optic characteristics of albite,  or of an oligoclase-

albite poor in l ime. Helween the felspars allotriomorphic ag

gregates of moscovite occur in rather small  quantit ies.  These 

aggregates are probably secondary replacing nepheline, but 

fresh nepheline has not been found. The femic minerals of thi s 

rock are the following :  brownish-green hornblende (c :  c — ca. 16°),  
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gray augi te,  aegirine,  and green bioti te ,  al l  in about equal  quan

ti t ies.  Apati te  and iron ore occur but  sparingly.  

Analyses of Hedrumites. 

29 A B 

SiO„  56.90 59-88 57-52 

TiOo  1-09 .85 •92 

^ '2^3 16-34 17-87 18-46 

' • 'e20..   3-61 2-67 2-23 

FeO  5-72 1-50 2-44 

MnO  trace trace 1-20 

MgO  •22 1-04 1-08 

CaO  2.21 2-01 2 1 2  

Na20  8 1 0  7 9 6  7-58 

K2O  4 '96 5-69 4-08 

I120 above 110° • •  1 1 0  •901  1 "80 1  

H 20 at  110° •08 

CI  t race 

P200  •17 •32 •21 

Total .  .  .  100-50 100 69 99-64 

Sp.  gr .  .  .  .  2-783 

29.  Hedrumite,  Akuliarusek,  lgaliko Fjord,  S.  Greenland.  C.  

WINTHER ,  analyst .  

A. Hedrumite,  Sundet ,  Aasrum Lake,  Norway. V. SCHMELCK, 

analyst  (W.  C. BRÖGGER ,  Die Eruptivgesteine des Krist iania

gebietes III ,  1898,  p.  190).  

B. Hedrumite,  Skirstad Lake.  Norway. V. SCHMELCK,  analyst  

(W.  C.  BRÖGGER .  1 .  c .) .  

1  Loss on ignition. 
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The chemical composition of this  rock is  given in No. 2t> 

in the table above.  Por comparison two analyses of typical  

hedrumites from southern Norway are ci ted in the same table.  

I t  deserves notice that  the hedrumite is  chemically closely 

related to the pulaskite of  Jl imausak (vide analysis  No. 3 ,  

p.  124).  

Tinguaïte-porphyry of Tavdlorutit. 

Tavdloruti t  (about 800 meters above sea level)  is  the west

ernmost  top of the mountain r idge which borders the southern 

side of the great  nepheline-syenite area of Igdlerf igsalik.  The 

country rock is  a  diori te  at  this  place,  but  at  a  short  distance 

east  of  Tavdloruti t  the r idge consists  of a  red bioti te-granite.  

At al t i tudes between 800 and 1000 meters this  granite is  c ut  by 

a  number of t inguaïte-porphyry dykes which contain crystals  of  

låvenite,  a  mineral  which has not  been found at  o ther places in 

Greenland.  The width of the several  dykes ar e from half  a  m eter  

to six meters,  and their  direct ion is  from N. N. E.  to S.  S.  W. 

The t inguaïte-porphyry has a  f ine-grained or  dense ground 

mass doited wilh phenocrysts  of  felspar,  nepheline,  låvenite,  

sometimes also black mica,  and a  few grains of i ron ore.  The 

colour of the ground mass is  greenish-gray or  less frequently 

dark reddish-gray.  When examined under the microscope the 

ground mass shows a typical  t inguai ' t ic  s tructure:  i t  is  made 

up of aegirine in rather shor t  needle-shaped crystals  which are 

imbedded in a  hypidiomorphic aggregate of felspar a nd nephe

line with some sodali te  and fluori te .  The felspar of the ground 

mass tends to assume a lath-shaped form, and consists  of  a  

more or  less turbid microperthi te;  i t  is  intermingled wilh abu n

dant nepheline,  part ly converted into muscovite.  The felspar 

phenocrysts  are up to 5 mill imeters long and of a  tabular  

habit ;  they are soda-orthoclase.  The nepheline phenocrysts  are 

about 1 mil l imeter  in diameter;  most  of  them have be en al tered 

to muscovite.  
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The låveni te  is  in  imperfect  crystals  of  a  brown colour ,  

some few mil l imeters  in  diameter .  As a  rule  they are  more 

abundant  than the felspar  phenocrysts .  In  the s l ices  the 

låveni te  appears  of  i r regular  or  rectangular  out l ines ,  and con

tains  numerous inclusions of  fhior i te ,  fe lspar ,  and aegir ine.  

The mineral  has  been ident i f ied by the fol lowing observa

t ions.  The mean index of  refrac t ion is  s l ight ly  infer ior  to  

that  of  aegir ine.  The birefr ingence is  about  the same as  

tha t  of  aegir ine.  The minera l  is  opt ical ly  biaxial  and negat ive 

with an axial  angle  2E exceeding 100°.  The pleochroism is :  

a  l ight  yel low,  a lmost  colourless ,  

b  l ight  yel low,  

c  deep orange-yel low.  

Sect ions perpendicular  to  the opt ic  b-axis  show dis t inct  c lea

vage cracks,  and the angle  between the a-axis  and the direct ion 

of  the cleavage is  about  20°.  

Lieb enerite-porphyry. 

At severa l  local i t ies  within the terr i tory of  the Igal iko 

sandstone dykes are  found which on account  of  their  outer  

appearance may be character ized as  l iebeneri te-porphyry.  They 

are  always in  a  very unfresh condi t ion,  but  deserve to  be 

mentioned because of  their  c lose resemblance to  the l ieben

er i te-porphyry of  Predazzo.  Dr.  STEENSTRDP ,  in  1875,  found a  

dyke of  this  rock near  Igal iko.  According to  his  labels  the 

dyke is  1*5 meter  wide and the direct ion is  f rom N.  26° E.  

to  S.  26° W. In 1888 he found another ,  3  meters  wide,  dyke 

of  the same kind near  the former.  In  1900 a  very wide 

dyke of  l iebeneri te-porphyry was observed on the sea shore 

near  Musar tut  on the western s ide of  the Tunugdliarf lk  Fjord.  

I t  i s ,  therefore ,  not  improbable  that  these dykes,  upon con

t inued invest igat ions,  wil l  prove to  be ra ther  common.  
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The Greenlandic  l iebeneri te-porpl iyry contains  numerous 

phenocrysts  of  fe lspar  and l iebeneri te  lying in  a  very f ine

grained or  dense ground mass of  a  br ick-red or  brownish-red 

colour .  The felspar  phenocrysts  are  l ight  red and occur  in  

wel l  def ined crystals  which are  tabular  on (010) .  The thickness  

of  the crystals  is  I—3 mil l imeters ,  the  length 1—2 cent imeters .  

They are  of ten Carlsbad twins.  In  the more weathered var ie t ies  

of  the rock they may sometimes be picked out  of  the ground 

mass without  diff icul ty 1 .  Under  the microscope they are  found to  

be considerably al tered,  f i l led with muscovite  aggregates  and dust .  

In  most  cases  they are  too turbid for  opt ical  determinat ions;  

occasional ly ,  however ,  they are  tolerably t ransparent  in  thin 

sect ions,  a nd the s t ructure  then proves ra ther  inconstant :  some

t imes they are  soda-orthoclase,  s ometimes microperthi te,  and at  

other  t imes microcl ine with a  marginal  zone of  plagioclase.  

The l iebeneri te  is  in  wel l  developed and tolerably equidi -

mensional  crystals  of  the ordinary form character is t ic  o f  nephe-

l ine.  The crystals  are  seldom larger  than 0 '5  cent imeter .  The 

colour  is  greenish-gray.  They consist  ent i re ly  of  a  muscovi te  

aggregate  and no remnants  of  the or iginal  nephel ine have been 

found.  As shown by the microscopic  examinat ion dark minerals  

were or iginal ly  represented among the phenocrysts  of  this  rock,  

but  they have been converted into aggregates  of  chlor i te ,  cal-

ci te ,  and i ron oxides .  

The ground mass is  a lways very decomposed.  I ts  main 

const i tuent  is  an alkal i - fe lspar  in  small  la ths .  Flow s t ructure  

is  not  observed.  

1  The felspar crystals  from the above mentioned t  o meter wide dyke have 

been described by O B. BÖSGILD (Meddelelser om Grenland XXXII, 190O, 

p.  44 0).  They are twins,  and the twin plane is  paralle l  to (201).  The 

forms observed are (010) •  (001) • (110) • (20l) .  In sections p arallel  t o (010) 

I found the extinction angle to be + 10°;  these crystals  accordingly are 

soda-orthoclase.  



CHAPTER VI. 

SUMMARY AND CONCLUSIONS. 

OUTLINE OF THE GEOLOGICAL HISTORY OF 

THE COUNTRY AROUND JULIANEHAAB. 

The records of past  geological  periods found in the regions 

here considered are extremely fragmentary.  The only sedi-r  

mentary formations which remain are Devonian sandstone and 

superficial  d eposits  of  Quaternary age.  The igneous formations 

are quanti tat ively much more important .  They belong to two 

dist inct  epochs of igneous activi ty:  the one of Algonkian and 

the other of Devonian or  post-Devonian age.  From a geological  

point  of  view, the principal  interest  is  connec ted with the igneous 

activi ty of  the lat ter  epoch.  

The following pages contain a  discussion of the nature of 

the igneous activi ty,  but  for  better  comprehension a brief  s um

mary wil l  f i rst  be given of what  is  known of the general  geo

logical  history of the country.  

As mention ed in t he seco nd chapter  the old Archae an rocks ,  

which are widely distr ibuted elsewhere in Greenland,  do not  

occur in the country around Julianehaab.  The oldest  and 

most abundant rock in this part of Greenland is the Juliane

haab granite.  This rock is  regarded as Algonkian;  i t  is  later  

than the latest  folding which has affected southern Greenland.  
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During the early part  of  Palaeozoic t ime continental  con

dit ions prevailed in South Greenland.  Long continued erosion 

removed al l  the rocks which originally covered the Julianehaab 

granite,  and the surface of the country gradually assumed the 

character  of  a  peneplain.  Probably in late Silurian (or  Devo

nian) t ime s t he condit ions were cha nged,  a  subsidence occurred,  

and the lgaliko sandstone was laid down upon the granite.  

That  the condit ion of the surface,  before the deposit ion of the 

sandstone,  was at  least  part ia l ly that  of  a  peneplain,  is  indicated 

by several  facts:  — (1) as  far  as  has been observed,  the upper 

sandstone covered surface of the granite is  almost  level  and 

paral lel  to the bedding planes of the sandstone;  (2) a  layer 

of  arkose general ly of considerable thickness immediately ove r

l ies the granite;  (3) the conglomerate beds of the sandstone 

are almost  exclusively made up of sandstone pebbles.  

The lgaliko sandston e for reasons given (p.  18) is  supposed 

to be Devonian.  Except  where metamorphosed i t  is  red stained 

throughout.  Perhaps i t  is  largely of aeolian origin,  but  s ince 

conglomerate beds with large and well-rounded sandstone peb

bles are intercalated at  several  horizons,  wave act ion must  at  

intervals  have played an important  part  in i ts  formation.  The 

total  t hickness of the sandstone is  about 1200 meters.  

The sandstone is  overlain conformably by a series of  vol

canic sheets:  diabases,  porphyri tes,  and porphyries.  The ques

t ion whe ther the volcanic act iv i ty immediately succeeded th e for

mation of the sandstone,  o r  not ,  has not  been defini t ively set t led.  

Certain observations mentioned in the second chapter  tel l  in 

favour of the view that  the condit ions of sedimentat ion which 

gave r ise to the red sandstone,  continued after  th e beginning of 

the volcanic act ivi ty,  and the second igneous epoch in South 

Greenland is  for  this  reason believed to have commenced in 

late-Devonian t imes.  

This period of igneous activi ty was no doubt a  long one,  

and i t  showed considerable intensi ty.  The total  thickness of 
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the volcanic series now exist ing at  l l imausak is  about 1000 

meters,  but  there is  evidence that  the original  thickness was 

several  t imes as great .  

Volcanic sheets,  sandstone,  and basement granite al ike 

have been invaded by Plutonic rocks which ar e now exposed in 

two separate areas.  The l l imausak complex of abyssal  rocks 

is  the westernmost  of  these areas,  while the Igaliko complex is  

s i tuated farther eastward and immediately adjoins the inland ice.  

The most  conspicuous feature of both complexes is  the pre

sence of a  great  Plutonic rock-body of batholi t ic  habit .  The 

distance between the eastern margin of the l l imausak batholi te  

and the western margin of the Igaliko batholi te  is  ab out 27 ki

lometers.  

The consolidation of the batholi tes was later  than the 

formation of any part  of  the volcanic series which now remains.  

But as  the composit ion of the two suites of rocks is  closely 

related,  i t  is  probable that  both belong to the same cycle of  

igneous activi ty.  Some observations suggest ,  too,  that  the 

abyssal  rocks may have consolidated before the f inal  cessa

t ion of lava outpourings at  the surface.  The geological  age 

of the batholi tes,  therefore,  is  also assumed to be late-Devo-

nian.  — 

Of the long succession of geological  periods which sepa

rate the close of this  igneous activi ty from the Quaternary ice 

age no substantial  records have been detected in southern 

Greenland.  I t  is  probable,  therefore,  that  during late-Palaeo

zoic,  Mesozoic,  and Tert iary periods the country has been ele

vated above sea level .  During this  t ime the greater  part  of  the 

volcanic series has been removed,  and only in the peninsula 

belween Sermilik Fjord and Tunugdliarf ik are the remnants 

st i l l  preserved.  The reasons why remnants have escaped de

struction there are,  f irst ly,  that  t l iey have been sheltered by-

local  subsidence,  and secondly,  that  they have been much 

al tered by contact  metamorphism, thus acquiring an augmented 
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power to  res is t  the  ravages of  erosion.  The Igal iko sandstone,  

too,  has  for  the inost  par t  disappeared in  a  s imilar  way.  At  the 

close of  the Mesozoic  and perhaps also during the Tert iary 

per iod the surface of  the country was for  the second t ime 

reduced to  a  peneplain,  surmounted here  and there  by a  few i so

lated and smoothed monadnocks.  

In  the Quaternary per iod the country was ent i re ly  covered 

by thick inland ice .  The ice  removed al l  incoherent  and wea

thered mater ia l  f rom the surface,  and dissected the peneplain 

into deep val leys  and f jords .  Later ,  the  inland ice  re t i red 

from the coast  bel t  leaving local  glaciers  in  the highest  par ts  

of  the country,  where local  glaciat ion has  produced an Alpine 

type of  sculpture .  St i l l  la ter ,  the  ice  has  contracted to  i ts  

present  boundaries .  

The high mountains  of  I l imausak and Igdlerf igsal ik  present  

typical  examples  of  the  Alpine topography,  and here  con

siderable  remnants  of  the local  glaciers  are  a t  work.  At  the 

foot  of  Igdlerf igsal ik  the ice  s t ream of  Korok,  which has  i ts  

or igin in  the inland ice ,  may be regarded as  a  small  remnant  

of  one of  the large f jord glaciers  of  the ice  age.  The pre-Qua-

ternary peneplain is  bel ieved to  be represented by the ice  

smoothed plateau which can now be seen around I l imausak a t  

an al t i tude of  700—900 meters ,  and towards the inner  part  of  

the country their  a l t i tude increases.  The f jords ,  as  already 

mentioned,  are  thought  to  have been excavated by the ice ,  but  

the f i rs t  beginning of  thei r  formation is  probably much older  

than the Quaternary.  In  that  respect  i t  i s  worth ment ioning 

that  the main direct ion of  the f jords  coincides  with the direc

t ion of  the most  important  sys tem of dykes which radiate  f rom 

the Palaeozoic  Plutonic  rocks.  

The Quaternary sediments  of  the country around Jul ianehaab 

are  but  s l igh t  in  bulk.  A l i t t le  morainic  mater ia l  of ten covers  

the plateau;  relat ively large screes  are  found on the s lopes of  

the rapidly decaying bathol i t ic  rocks,  and al luvial  fans  occur  a t  
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t h e  mou ths  o f  t he  r ive r s .  Te rmina l  mora ines  o f  no tewor thy  

d im ens ions  a re  se en  on ly  a t  Korok  and  a t  K iag tu t .  — 

Af te r  t he  r e t rea t  o f  t he  in l and  i ce  f rom the  coas t  be l t  an  

upheaval occurred. According to some observations by STEEN-

STRUP and  JESSEN 1  t he  ex t en t  o f  t h i s  upheava l  i n  the  coun t ry  

a ro und  Ju l i anehaab  may  be  e s t ima ted  a t  abou t  50  mete r s ,  and  

i t  i nc rea ses  g radua l ly  towards  the  nor th .  Severa l  exp lo re r s  have  

expres sed  the  op i n ion  tha t  t he  l and  i s  now-a -days  s lowly  sub

s id ing ,  and  a l though  the  co r rec tness  o f  t h i s  v i ew ha s  no t  ye t  

been  de f in i t e ly  p rov ed ,  t he re  i s  no  doub t  tha t  t he  pos t -g l ac i a l  

r i s ing  o f  t he  l an d  has  long  ago  ceased .  Th i s  f ac t  i s  o f  spe c ia l  

i n t e res t ,  because  the  oppos i t e  coas t  o f  t he  Dav i s  S t r a i t  i s  s a id  

to  be  s t i l l  r i s ing 2 .  

GENERAL STRUCTURE OF THE COUNTRY. 

As on ly  a  sma l l  pa r t  o f  t he  roc k  su r face  i s  covered  by  

Qua te rna ry  depos i t s ,  and  the  st eep  s ided  f jo rds  a nd  va l l eys  exh ibi t  

magn i f i ce n t  na tu ra l  s ec t ions ,  t he  count ry  a f fo rds  exce l l en t  op

por tun i t i e s  fo r  t he  s tudy  o f  t he  geo log ica l  s t ruc tu re .  The  l ack  

o f  su f f i c i en t ly  de t a i l ed  topograph ica l  maps  and  the  l imi t ed  t ime  

ava i l ab le  fo r  t he  f i e ld  work ,  have  made  i t  imposs ib l e  ye t  t o  ac 

compl i sh  a  de ta i l ed  inves t iga t io n  o f  a l l  t he  phenomena .  I t  i s  

be l i eved ,  however ,  t ha t  t he  obse rv a t ions  men t ioned  in  t he  p r e 

ced ing  chapte r s  wi l l  su f f i ce  t o  demons t r a t e  so me  o f  t he  ma in  

f ea tu r es  o f  t he  s t ruc tu re  o f  t he  coun t ry .  

The  gene ra l  s t ruc tu re  i s  t ha t  o f  a  p l a t eau  a rea  wh ich  i s  

t r ave r sed  by  f au l t s ,  r ang ing  a s  a  ru l e  f rom no r theas t  t o  

sou thw es t  o r  f rom E .  N .  E .  t o  W.  S .  W.  Fo lds  and  o the r  

1  Meddelelser om Grönland XVI, p.  150 (1890). .  

R,  A. DAI.Y, Th e Geology of the Northeast  Coast  of Labrador.  Bull .  Comp. 

Zool.  Harvard XXXVIII,  p.  261 (1902).  
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structural features,  attributable to lateral thrust movements,  are 

entirely absent.  

Faults. — Two main faults are recognized (Fig. 25).  The 

northern of them follows the south coast of Sermilik Fjord, 

north of the mountain group of l l imausak, and farther to the 

northeast traverses the northern part  of the peninsula between 

Sermilik and Tunugdliarflk,  where it  is  apparently replaced by 

a number of smaller dislocations,  which for the most part  l ie 

Fig.  25.  Sketch-map of the country around Julianehaab,  showing the distr i

bution of the main faults  (ss) .  — Scale about 1 :  1000000. 

I Algonkian granite. II red sandstone and volcanic sheets. Ill Igaliko batholite. 
IV l limausak batholite. A—A line of section represented in Fig. 26. 

within the granite district ,  and cannot be located with accuracy. 

Farther eastward the fault-l ine follows the Kiagtut valley, but 

here it  is  concealed by the Quaternary dep osits a nd the glacier.  

The southern main-fault  may be traced from Kangerdluarsuk 

to the country south of Igaliko; i ts  continuation east of the 

Igaliko Fjord is entirely covered by alluvial deposits.  Minor 

faults are observed at  several places within the sandstone ter

ritory (see Fig. 24, p.  264).  
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The two main faults bound a sunken area which has its 

greatest length from W. S. W. to E. N. E., and the sandstone, 

the volcanic sheets, and the newer Plutonic rocks are only pre

served within this sunken area. 

That the sandstone formerly extended far beyond its pre

sent boundaries is evident from the distribution of the erratics,  

and from the phenomena seen along the great fault  south and 

southwest of Igaliko (p.  260).  The volcanic sheets must also 

once have extended over a large area; their feeder dykes oc cur 

abundantly,  not only within the sunken area,  but also in the 

areas adjoining, and everywhere maintain the same general char

acter and have the same main direction from N. E. to S. W. or 

from E. N . E. to W. S. W. 

Apart from minor irregularit ies,  the sandstone strata in the 

larger northeastern part  of the sunken area show a slight dip 

towards southwest or south, while the strata in the so uthwestern 

part  of the area are inclined northeastward. If the original 

surface of the sunken area is reconstructed parallel  to the 

stratification of the s andstone, this surface, though broken irre

gularly,  will  on the whole be trough-like,  and its lowermost 

portion will  l ie in the south or southeast of the Il imausak 

Mountains,  over the central  part  of the Il imausak batholite 

{Fig. 26).  

Since the sandstone outside the sunken area has been 

entirely removed by erosion, the full  extent of the vertical dis

placement cannot be acertained. At INulup Kakà, south of 

Igaliko, where the southern main fault  is  well  exposed, the 

minimum amount of the down-throw must be 800 meters.  At the 

southwestern end of Nunasarnak Mountain the uppermost sand

stone beds outcrop about 300 meters above sea level,  and as 

the sandstone has a fairly uniform thickness of about 1200 meters,  

and the old granite only seven kilometers south of this place 

attains an alti tude of 1260 meters,  the vertical displacement 

here must be at  least  2000 meters.  In that part  of the area 

XXXVIII .  19 
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where the depression reaches i ts maximum, a subsidence amount

ing to about three kilometers may be postulated. 

Age of faults in relation to the Plutonic rocks. — It is  

evident from d irect observations t hat the main faults a re younger 

than both the sandstone and the undestroyed part  of the vol

canic series.  The absence of these formations outside the 

sunken area is easily explained as a consequence of the de

nudation. It  is ,  however,  a very remarkable fact that intruded 

abyssal rocks,  which have risen to considerable heights within 

the area of subsidence, are nowhere visible in the adjacent 

N N W  S S E  

Fig. 26. Reconstructed cross-section of the Ilimausak batholite. 

Scale of lengths and heights 1 : 260000. 

a Algonkian granite. — b sandstone. — c volcanic sheets. — d Plutonic rocks. 
(The position of the section is indicated on the sketch map, Fig. 25. 

tracts,  and this notwithstanding that natural sections down to 

sea level are found in many parts of the district .  This would 

seem to indicate that the main faulting is not later than the 

consolidation of the batholites,  and a closer examination will  

corroborate this view1 .  

The relation of the faults to the batholit ic rocks can be 

best studied along the great southern fault .  This fault ,  as 

previously mentioned, is very conspicuous south and southwest 

1 Here only the main faulting is considered. The first beginning of the 

crustal deformations may perhaps have preceded the first manifestations 

of the late Devonian igneous activity, but, as discussed in the descrip

tion of the. structure of the Ilimausak batholite, subsidence in some 

places may have continued after the consolidation of some of the ba

tholitic rocks. 
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of Igaliko, where a vertical breccia z one separates the old gra

nite from the sandstone formation. Farther to the west the 

fault  for a distance runs under the sea (Tunugdliarfik Fjord),  

but near Agpat the breccia zone reappears in the coast cliffs.  

From this point the fault  l ine (see Fig. 25) extends southwest-

ward, between the mountain ridge of Kitdlavat,  in which the 

Algonkian granite rises to 1260 meters,  and Nunasarnausak 

where the s andstone is at  sea level.  But the area between these 

mountains is occupied by th e batholite,  a nd no fault  is  expo sed 

to view. Since the granite rises abruptly and without breccia-

tion at  the southeastern border of the batholite,  i t  is  evident 

that the fault  cannot intersect i t ,  and since the peculiar stra

tification of the batholite proves the absence of any noteworthy 

dislocations in it ,  i t  cannot traverse the Plutonic rocks. Even 

along the boundary between the old granite and the batholite 

no fault  is  observable: but instead the abyssal rocks show an 

ordinary contact facies with apophyses running into the gra nite.  

Hence the main faulting, though later than the formation 

of the sandstone and the oldest sheets of the volcanic series,  

is  prior to the final consolidation of the bathoiites.  It  is  

scarcely possible to give any more precise determination of the 

age relations.  At first  sight it  might seem probable that the 

faulting was directly co nnected with the intrusion of the batho

iites,  but at  this place i t  is  only necessary to call  attention to 

the fact that since the place of the ll imausak batholite coin

cides with the area of maximum subsidence, the faulting can

not directly have forced the magma of the l l imausak batholite 

into i ts present position. 

Comparison with the Christiania district. — Although the 

connection of a local subsidence of the earth crust with the 

occurrence of large Plutonic bodies is by no means a general 

rule,  yet i t  is  possible to cite a great number of analogous 

cases from other plateau regions. It  will  suffice to quote here 

19* 
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the  instance of  the Chris t iania  dis t r ic t ,  where a  s imilar  con

nect ion was pointed out  by BRÖGGER in  his  c lassical  invest iga

t ions several  years  ago1 .  Without  enter ing into a  detai led 

comparison i t  may be mentioned that  the subsidence c onnected 

with the igneous act ion is  much more marked at  Jul ianehaab 

than at  Chris t iania;  for ,  while  tbe depressed s t r ip  a t  Jul iane

haab is  only about  half  as  broad as  the corresponding bel t  a t  

Chr is t iania  Fjord,  the ampli tude of  the subsidence is  as  great  

or  greater  than at  the former place.  I t  i s  further  worthy of  

ment ion that  the or iginal  covering of  the  Plutonic  rocks of  

l l imausak had a  decided concave or  t rough-l ike form,  while  in  

the Chris t iania  dis t r ic t  the s t ra t i f ied rocks or iginal ly  overlying 

the Plutonic  masses  had a  convex or  arch-l ike surface,  a ccord

ing to the reconstruction given by BRÖGGER. 

MECHANISM OF INTRUSION OF THE BATHOLITES. 

Introductory. — Owing to  the world wide dis t r ibut ion of  

Plutonic  rock bodies  of  bathol i t ic  habi t  the  quest ion of  the pro

cesses  by which these bodies  have invaded the upper  part  of  

the  earth  crust  is  of  great  interest .  Recent  inves t igat ions by 

SUESS,  ID DINGS,  BARROIS,  MICHEL LÉVY,  BUÖGGER,  DALY ,  and many 

others  have added largely to  our  knowledge in  this  respect ,  but  

the ques t ion is  in  most  cases  unset t led,  and the hypotheses  

which have been put  for th  are  not  general ly  accepted.  The dif

f icul t ies  a r ise  par t ly  f rom the complex nature  of  the intrusion,  but  

they are  also par t ly  due to  the fact  that  the present  shape of  

the bathol i tes  is  commonly so modif ied by erosion,  that  the 

or iginal  form cannot  be made out  with cer ta inty.  Very of ten,  

too,  the exposures  are  so inadequate ,  and do not  give any clear  

idea of  the character  of  the junction with the invaded rock.  

1 W. C. BRÖGGER , Ueber die Bildungsgeschichte des Kristianiafjords. Nyt 

Magazin for Naturvidenskaberne XXX, 1S86. — Idem, Die Eruptivgesteine 

des Kristianiagebietes II, 1895, p. 133. 
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In the preceding chapters two batholi tes have been de

scribed.  One of them — the large Igaliko batholite — is in 

a  state of  preservation which is  very unfavourable to a  study 

of any geological  features which might lead to an interpreta

t ion of the mechanism of intrusion,  in this  case the original  

cover of the batholi te  has been entirely d enuded,  the junction 

with the country rock is  only exposed in a  few sections of  

inconsiderable height ,  and i t  is  not  possible to arr ive at  any 

defini te conclusion as to the mode of formation of the batholi te .  

I t  deserves mention that  the posit ion of the sandstone at  Nar-

sarsuk and Iganek (more than 1700 meters below the near top 

of the batholi te)  favours the supposit ion that  invasion here has 

taken place under condit ions quite l ike those which controlled 

the invasion of the batholi te  next  to be mentioned.  

The Ilimausak batholite is  exceedingly we ll  exposed for an 

inquiry into the mechanism of intrusior .  The original  cover is  

part ly preserved,  and junctions with the country rocks are dis

closed in numerous natural  sect ions from sea level  to an al t i 

tude of more than 1100 meters.  

Form and boundaries of the Ilimausak batholite. — The 

general  features of the batholi te  as  to shape and contact  rela

t ion wil l  appear fro m the se ctions given in Fig.  27 (see also P late 

111,  V,  and VI).  The plan of the mass is  a  rude el l ipse,  the 

maximum diameter  being about 20 kilometers while the breadth 

is  less th an 15 kilometers.  The boundaries are of two kinds:  in 

some places they are more or  less paral lel  to the strat if icat ion 

of the invaded rocks,  while in others they are dist inctly t rans

gressée.  Contact  surfaces of the former kind are found in the 

two southernmost  peaks of I l imausak.  There erosion has left  

two outl iers  of  the cover rest ing horizontal ly upon the Plutonic 

rocks.  On closer inspection this  contact  plane proves very 

irregular:  but  on the whole i t  is  paral lel  to the strat if icat ion.  

At the periphery of the batholi te  the boundaries are transgres

sée and often vert ical .  In al l  cases the contact  proves to be 
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a primary igneous contact ,  and the Plutonic rock exhibits  an 

ordinary border facies and sends out  apophyses into the 

country rock.  I t  is  notable that  the remnants of the flat  roof 

consist  entirely of volcanic sheets  (porphyries)  and that  the 

batholi te  has not  only traversed the ent ire sandstone forma

tion but  also penetrated a  large part  of  the volcanic series.  

Section A—A. 

I LIMA USA K *§• 
Kl TOI A VAI 

Section B—B. 

KAKARSUAK 

SW NE 

Section C—C. 

NUMA5ARNAUSAK NUNASARNAK 

Fig. 27. Three cross-sections of the llimausak batholite. 

Scale about 1 : 150 000. 

<7 Algonkian granite. — s sandstone. — v volcanic shee ts. The rocks of the batholite 
are given in black. The position of t he section is indicated on the map, Fig. 28. 

To the reconstruction given in Fig.  26 (p.  290} i t  might be 

objected that  we cannot know whether the upper contact  has 

been,  on the whole,  of  the same kind as that  observed with the 

small  remnants of the cover now consti tut ing the two southern

most  peaks of l l imausak.  This,  of  course,  is  t rue:  but  on the 

other hand the observed dip of th e strata al l  r ound the batholi te ,  

and the regular  sheeted structure of the batholi te  i tself  s trongly 

support  the view that  the whole upper contact  surface was 
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tolerably flat ,  and that i ts  position may be approximately indi

cated as suggested in Fig. 26. 

Hypotheses to explain the mechanism of intrusion. — Since 

granitic and other abyssal rock bodies occupy a space which 

prior to the intrusion was occupied by the 'country rock' ,  the 

intrusion must be preceded or accompanied by a removal of 

the latter rock. To explain this removal various hypotheses 

have been put forth.  We will  here discuss the question whether 

one or more of these hypotheses are applicable to the l l imau-

sak batholite.  

([ .)  In regions where moun-

tain-making processes are going 

on, lateral thrust-movements may 

produce a subterranean cavity 

which is fi l led with magma con

currently with i ts formation (in

trusion by folding)1 .  In the l l i-

mausak region no movements of 

this kind have occurred, and the 

hypothesis,  consequently,  may be 

left  out of consideration in the 

present case.  

(II .)  An empty space in the 

earth crust may be produced by volcanic outbursts of an ex

plosive character,  and the cavity thus formed may be fil led 

with magma. That this hypothesis which applies to a large 

number of 'volcanic stocks'  is  unable to account for the Il i-

mausak batholite,  is  shown by the form of the cover and the 

large dimensions of this batholite.  

(III .)  The pressure of the magma may have lifted the 

country rock from the space now occupied by the abyssal rock 

(laccolit ic intrusion)2 .  Of late year several geologists have 

1  E. SUESS ,  das Antlitz der Erde I,  p. 218 (1885). 
2  W. C.BRÖGGER ,  die Eruptivgesteine d es Kristianiagebietes II, p. 116 (1895). 

Fig. 28. Map of the Ilimausak 

region showing position of sec

tions given in Fig. 27. — The 

closely dotted areas indicate the 

hatholitic rocks. 
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endeavoured to apply this  hypothesis  to large granit ic  intrusions 

of i rregular  habit .  Nevertheless the applicabil i ty of the hypo

thesis  does not  seem to be sufficiently p roved in any such caseT  

and in the present  instance i t  is  easy to see that  we are not  

concerned with phenomena comparable to those which are ex

emplif ied in the laccoli tes.  This is  shown by the following 

facts:  — (a) The strata of the country rock are cut  off  almost  

vert ical ly by the batholi te  from sea level  to an al t i tude of more 

than 1100 meters.  If  the int rusion was of the laccoli t ic  kind 

the contact  surfaces must  as a  rule be paral lel  to,  and not  

perpendicular  to,  the bedding planes of the country rock,  

(b) The cover of the l l imausak batholi te  is  concave or trough

like,  and occupies a  sunken posit ion in relat ion to the adjacent  

parts  of  the ear th crust  (see Fig.  26 and Fig.  27).  The cover 

of a  laccoli te  is  convex o r  domed and is  elevated in relat ion to 

the surroundings.  I t  is  to be concluded,  therefore,  that  the ,  

intrusion of the l l imausak batholi te  is  due to processes diffe

rent  from those which produce laccoli tes.  

(IV.)  According to the assimilat ion hypothesis  the magma 

is  supposed to melt  i ts  way upward,  and thus incorporate a  

large port ion of the country rock1 .  

This hypothesis  is  in accordance with the general  form of 

the l l imausak batholi te ,  but  i t  does not  seem to be sat isfactory 

from a chemical  point  of  view. This is  indicated by the fact  

that  most  of the abyssal  rocks of l l imausak are characterized 

by certain chemical  peculiari t ies of  composit ion — extremely 

large quanti t ies of  sodium and zirconium — which seem to pre

clude the assumption that  the bulk of the batholi te  has originated 

from the assimilat ion by any magma of large port ions of the 

country rock.  Further the comparison of the Julianehaab d istr ict  

with that  of Christ iania furnishes an argument against  the sup-

1 A. MICHEL LEVY, Contributions à l'étude du granite de Flamanville. 

Bull, des services de la carte géol. de la France V, No. 36, p. 35 (1893). 

A. LAC ROIX, Le granite des Pyrénées. Ibid. X, No. 64, p. 62 (1898). 
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posit ion that  sediments have been absorbed on a large scale in 

the upper part  of  the batholi te .  I t  is  found that ,  al though the 

Plutonic rocks of both distr icts ,  from a chemical  point  of  view, 

belong to similar  types (nepheline-syenites,  soda-syenites,  soda-

granites),  the sediments invaded are very d ifferent .  Thus,  while 

in the Christ iania district  the Plutonic masses are often bounded 

by l imestones and shale,  sediments of these kinds are entirely 

absent  at  Julianehaab1 .  Moreover,  when the junction of the 

i l imausak batholi te  with the country rock is  studied in detai l ,  

i t  is  found that  indications of a  marginal  assimilat ion are 

entirely absent  at  many places.  This applies to the whole 

contact  surface between the arfvedsonite-granite and the over

lying porphyry ;  probably i t  holds good also of the contact  be

tween the batholi te  and the Algonkian granite south of Timug-

dliarf lk.  

I t  is  easy to see,  however,  that  these arguments do not  

suffice to refute the assimilat ion hypothesis .  All  that  can be 

concluded is  that  the bulk of the visible part  of  the I l imausak 

batholi te  is  not  an assimilat ion product ,  but  consists  of material  

which has originated from some unknown source in the interior  

of the earth,  and that  if  assimilat ion has played any part  in 

the mechanism of intrusion,  i t  must  have been accompanied by 

other processes.  Now proofs are not  wanting that  a  local  

assimilat ion of the invaded rock has actually taken place at  

I l imausak.  Thus,  both the augi te-syenite and the lujavri te pass 

1 The complete absence of carbonate-rocks in the whole country around 

the very large nepheline-syenite areas o f south Greenland is inconsistent 

with the hypothesis recently set forth by DALY relating to a genetic 

connection between carbonate-rocks and nepheline-syenites (Origin of 

the Alkaline Rocks. Bull. Geol. Soc. of America XXI, p. 87, 1910). 

The only carbonate bearing formation of South Greenland is the Arsuk 

group (p. 9). The possibility that dolomites of this group have once 

existed at Julianehaab cannot be denied. But the late-Algonkian igneous 

series (Julianehaab granite etc.) which is later than the Arsuk group 

consists of sub-Alkaline rocks. Thus, actual observations tell against 

the hypothesis in every way. 
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into quartz bearing contact  modificat ions at  the junction with 

the sandstone.  Since assimilat ion is  dependent upon the temp

erature,  i t  must  be assumed that  i t  has operated on a larger 

scale in the deeper port ions of the batholi te  which are not  ex

posed to view. I t  must  also be borne in mind that  the effects  

of  the assimilat ion may become concealed or  obscured by su b

sequent differentiation of the magma. 

The above considerat ions wil l  show that ,  al though the as

similat ion hypothesis  does not  suffice to account for  the me

chanism of intrusion of the l l imausak batholi te ,  yet  i t  is  prob

able that  the intrusion has taken place with the co-operat ion of 

assimilat ion processes.  

(V.)  Finally we have to consider the hypothesis  of  batho-

li t ic  invasion by subsidence of roof blocks.  This hypothesis  

postulates a  long continued breaking and sinking into the 

magma of fragments of the roof rock,  and a corresponding rise 

of  the magma to occupy the place of the sunken fragments.  

The hypothesis  agrees with the assimilat ion hypothesis  in as

suming a passive and slow invasion from below, and the pro

cess does not  necessari ly imply any movements of the earth 

surface.  I t  differs  from the assimilat ion hypothesis  in the 

assumption that  the older rock is  removed as fragments which 

pass down to unknown depths,  leaving the chemical  composit ion 

of the upper part  of  the magma uninfluenced.  BRÖ GG ER has 

drawn attention to the fact  that  roof blocks must  in some 

cases have sunk through the magma1 ;  but  the theory that  a  

process of this  kind may be the main cause of batholi te  inva

sions was f irst  set  forlh in a  more elaborate form by DA LT in 

19032 ,  who termed the process 'overhead stoping' .  According 

1 W. C. BRÖGGER, Die Eruptivgesteine des Kristianiagebietes II, p. 145, 

(1895). 
2 R. A. DAI.Y, Geology of the Ascutney Mountain. Un. St. Geol. Surv. 

Bull. No. 209, p. 93 (1903). — Idem. The Mechanics of Igneous Intru

sions. Amer. Journ. of Science 4th series XV (1903), XVI (1904), and 

XXVI (1908). 
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to DALY i t  is  extremely probable that all  magmas, with excep

tion of some of the basic ones,  have a lower specific gravity 

than common rocks at  the same temperature,  and a sinking 

down of detached blocks is for that reason possible To ac

count for the breaking free of the roof blocks, i t  is  assumed 

that local heating of the roof rock by contact with the magma 

will  prod uce local expansion, resulting in the formatio n of cracks 

and fissures into which the magma makes i ts way and thus 

progressively detaches one block after another.  

A very striking instance of a batholite,  the intrusion of 

which seems only to be intell igible on the basis of this hypo

thesis,  is  the Marysville batholite in Montana as described by 

BARRRLL l ,  and in the opinion of the present writer the same 

may be said of the l l imausak batholite3 .  

Evidence of subsidence of roof blocks at llimausak. — A 

direct proof of the subsidence of roof blocks is found in the 

presence of numerous sandstone fragments,  the largest of which 

exceeds 200000 cubic meters,  in the augite-syenite a t  th e foot of 

the Iviangusat M ountains,  Kangerdluarsuk. This occurrence has 

been described in chapter 111 (p.  51),  and it  has been shown 

that the fragments can only be derived from above, and that 

they must have sunk down through more than 900 meters of 

magma. Another instance of roof blocks in the batholit ic rock 

is observed at  Nunasarnak (p. 75).  

1  J. BARRELL, Geology of the Marysville Mining District. Un. St. Geol. Surv., 

Professional Paper No. 57, 1907. 
2  The author on his first visit to the llimausak region, in 1900, arrived 

at the conclusion that the coming to place of this batholite was 

mainly due to subsidence of roof blocks, and in January 1902 expressed 

his view in a lecture in the Danish Geological Society. Shortly after 

this DALY published his paper on the mechanics of intrusion, and 

put forth the hypothesis in a much more elaborate form and on much 

broader grounds than the present author had intended, and the pub

lication of the view was therefore deferred until the present full 

report. 
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Subsidence of roof blocks probably was the chief cause of 

intrusion of the Il imausak batholite.  — The premises from 

which this conclusion is drawn may be summarized thus: — 

(1.) A strong evidence in favour of the hypothesis of 

intrusion by subsidence of roof blocks is shown by some of 

the general features of this batholite,  viz.  (a) the flat  roof;  

lb) the more or less steep flanks abruptly cutting off the 

strata of the sandstone and the volcanic series from sea level 

to an alt i tude of 1100 meters;  (c) the numerous reentrant 

angles and minor irregulari t ies of walls and roof.  

(2.)  The direct evidence, mentioned above, of subsidence of 

roof blocks. 

(3.)  The results of the preceding discussion which shows 

that the other hypotheses are unable to constitute a satis

factory explanation. 

Since a relatively low specific gravity of the magma is the 

condition of the subsidence of roof blocks, i t  might be objected 

to the applicabili ty of the hypothesis in the present instance 

that some of the abyssal rocks of Il imausak are heavy. Thus 

certain nepheline-syenites rich in iron attain a specific gravity 

of 31. These rocks, however,  owe their large quantity of iron 

to differentiation processes operating after the intrusion of the 

magma, and the low specific gravity of the naujaite offers a full  

compensation. The mean specific gravity of the batholit ic rocks,  

calculated from the figures given in the tables of analyses,  is  

lower than that of the augite-syenite which envelops th e sunken 

sandstone blocks mentioned above. Thus no difficulties to the 

hypothesis arise from the presence of subordinate masses of 

heavy rocks. 

As DALY has pointed out the hypothesis of overhead stop-

ing is not opposed to the assimilation hypothesis.  The roof 

blocks which sink will  gradually be subjected to higher temp

eratures,  and it  must be supposed, that at  least  some of them 

will  melt ,  while marginal assimilation may be an important 
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factor tending to enlarge the lower part  of  the batholi te .  

Probably overhead stoping wil l  not  be possible on a larger 

scale without the co-operat ion of assimilat ion.  Since the l l i -

mausak complex of abyssal  rocks represents the uppermost  

port ion of a  batholi te  i t  is  not  to be expected that  i t  wil l  

show more than relat ively small  and local  instances of assimi

lat ion.  As mentioned above,  such have actually been observed 

both in connection with the detached fragments and at  the 

walls .  

The subsidence of the orographic blocks was only indirectly 

connected with the invasion of the batholite.  — That there 

must  be some kind of connection between the formation of the 

I l imausak batholi te  and the fault ing of the sandstone a reas has 

been stated above,  but  i t  is  also evident  that  the hypothesis  

suggested by BR ÖGGE R for  the Christ iania distr ict1 ,  viz.  that  the 

subsidence of orographic blocks was the direct  cause of the 

intrusion,  cannot hold good for a  region l ike that  of  I l imausak,  

where the place of the batholi te  coincides with the area of max

imum subsidence of the earth surface.  The most  probable 

supposit ion appears to be that  the subsidence of the orographic 

blocks was direct ly connected with the volcanic act ivi ty at  the 

earth surface and the formation of dykes and si l ls ,  and that  the 

fault ing only influenced the batholi t ic  invasion in so far  as  i t  

faci l i tated and localized the processes by which the more acid 

port ion of the magma slowly be gan to move upward.  Another 

factor which contributed to determine the localizat ion of the 

batholi te  at  the region of most  intense volcanic act ivi ty,  was the 

heating of the earth crust  produced by the volcanic materials  

themselves.  

According to this  view the batholi t ic  invasion is  in al l  

essentials  independent of  the subsidence of the earth crust ,  

while fault ing,  on the other hand,  may have played some part  

1  W. C. BRÖGGER,  die Eruptivgesteine (les Kristianiagebietes 11, 1895, p. 15t.  
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in the localization of the intrusion. Nevertheless, at Ilimau-

sak the latest subsidence of the overlying earth crust took 

place after the intrusion of the batholite, but this, as men

tioned below, was a purely local subsidence, being probably 

caused by the diminution of volume of the magma during cry

stallization. 

The original thickness of the cover. — When the igneous 

activity came to an end, the llimausak batholite had a cover con

sisting of tuffs, lava sheets, and sills,  which probably had a 

considerable thickness. How great was this thickness cannot 

be acertained, for the quantity of rock material which has been 

removed from the surface during the long continued period of 

erosion which followed the volcanic activity is unknown. The 

remnants still  remaining on the lofty peaks of llimausak 

doubtless represent only a small part of the cover which 

once existed. In the reconstructed section, Fig. 26 (p. 290), 

the cover has been given a thickness of a little more than one 

kilometer, but this is quite an arbitrary estimate. 

The cover which existed at the time of cessation of the 

igneous activity is not, however, necessarily the original cover. 

It has been pointed out by several authors that the hypothesis 

here adopted to account for the mechanism of intrusion in

volves the question of the maintenance of the cover. This 

problem may be regarded from two different points of view. 

From the statical point of view it is difficult to imagine 

how a batholitic magma of very large horizontal dimensions 

could support a cover consisting of a material heavier than it

self.  In the present instance, however, the horizontal dimen

sions are not so large that the cover would be in danger of 

foundering if stoping ceased at a distance of one kilometer or 

more from the surface, and as the question has been elabo

rately discussed by DALY1  from a general point of view, it  may 

here be left o ut of consideration. 

1 Amer. Journ .  o f  Science (4) XXVi, p. 30 (1908). 
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On the other  hand the exis tence of  the cover  is  direct ly  

endangered by the s toping process .  How does the process  

come to an end before  the earth  surface is  reached,  and why 

does the magma ' never  break through '?  BARREL ,  d i scussing this  

diff icul ty ,  co mes to  the conclusion tha t  'a l though depending on 

many factors ,  the  key to  the permanence of  the cover  appears  

to  l ie  in  the difference in  temperature  between the cover  and 

the magma,  and in the viscous nature  of  the  magma when cooled 

near ly  to  the point  of  sol idif ica t ion '1 .  HARKER3  speaks of  the fact  

that  bathol i tes  'never  break through'  as  an obvious diff icul ty  

when overhead s toping is  considered as  a  more than subsidiary 

factor  in  the mechanics  of  intrusion.  

In  some respects ,  however ,  the correc tness  of  these ob

ject ions does not  appear  to  be suff ic ient ly  borne out  by obser

vat ion.  There is  of  course no quest ion that  overhead s toping 

does in  some cases  come to an end before  the magma reaches 

the ear th  surface.  Thus the Marysvi l le  bathol i te ,  as  descr ibed 

by BARRELL in  the important  monograph ci ted above,  evident ly  

had a  permanent  cover  of  sedimentary rocks,  and the same may 

be t rue of  several  other  bathol i tes ,  but  this  fact  cannot  be 

considered as  a  grave object ion to  the hypothesis .  Overhead 

s toping must ,  no doubt ,  be  a  very s low process .  I t  requires  

a  cont inual  supply of  heat  f rom below,  and when the magma 

nears  the earth  surface the consumption of  heat  wil l  g o on at  

a  rapidly increasing rate ,  and the process ,  thus,  wil l  be  more 

and more retarded.  The escape of  water  vapour  and other  vo

lat i le  substances through f issures  wil l  probably be the chief  

method by which heat  is  lost ,  and as  soon as  the loss  of  heat  

exceeds the supply from below,  the magma wil l  become more 

and more viscous,  unt i l  the  process  gradual ly  ceases .  Since 

bathol i t ic  magmas are  of  acid or  intermediate  composi t ion,  loss  

1  Un. St. Geol. S urv., Professional Paper No. 57, p. 174 (1907). 
2  Natural History of Igneous Rocks (1909), p. 86. 
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of water may perhaps also raise the temperature of consolida

tion, and the chill ing effect will  thus be increased. 

The fact that batholit ic magmas in several instances have 

failed to swallow up their cover i s n ot,  therefore,  opposed to the 

hypothesis of intrusion by subsidence of roof blocks, and the 

value of the objection mentioned above, entirely depends on 

the correctness of the statement that batholitic magmas never 

break through. If,  however,  the possibili ty of overhead stoping 

be admitted, the 'never breaking through'  cannot be considered 

as an established fact.  Of course we cannot assume that an 

acid magma would appear at  the earth surface as a lava lake 

like that of Kilauea. But when we do consider the probable 

result  of a breaking through, i t  will  be found that certain ob

served phenomena are not at  all  incompatible with the suppo

sition that many batholit ic magmas may have actually penetrated 

their cover,  and some may perhaps have done this on more 

than one occasion. 

Penetration of the cover would presumably lead to a vol

canic outburst  of catastrophic character with more or less 

heavy explosions,  accompanied by th e outpouring of heavy lava 

flows and the formation of a solid lava c rust.  The immense 

loss of heat,  caused by such an outburst ,  would establish a 

period of quiescence, but after a time hot magma from below, 

being brought by convective currents into contact with the 

newly formed roof stoping, would be set up again. Thus inter

rupted, perhaps by repeated volcanic outbur sts,  the stoping pro

cess would continue until  the dying away of the igneous acti

vity.  The final result  would probably be a batholite under a 

relatively thin cover of i ts  own lava, and at  the contact the 

batholit ic rock would present a fine-grained, marginal facies 

sending apophyses into the roof rock, without any direct evi

dence of the breaking through. 

But in many cases the record of the breaking through 

might be yet more concealed. If  volcanic a ction continued at 
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neighbouring centres  f rom which lavas  were poured out  over  

the roof  of  the bathol i te ,  the  thickness  of  the lava cover  would 

be mater ia l ly  augmented,  and if  s toping was s t i l l  in  progress  

the bathol i t ic  magma would invade this  new part  of  the cover 1 .  

I f  p rocesses  going on within the bathol i t ic  cham ber  resul ted in  

the formation of  a  magma different  f rom that  exis t ing a t  the 

t ime of  breaking through,  a  fur ther  complica t ion obscuring the 

record of  the breaking through might  ar ise .  The possib i l i ty  of  

such a  par t ia l  replacement  of  one bathol i t ic  rock by another  

must  be al lowed if  the  overhead s toping hypothesis  be ac cepted;  

as  DA L Y  and others  have pointed out  there  is  a  probabi l i ty  that  

such replacements  have actual ly  occ urred in  some cases ,  and 

this  wil l  a lso appear  f rom the discussion given below of  the  

internal  s t ructure  of  the l l imausak bathol i te .  

We thus conclude that  i f  a  bathol i t ic  magma on one or  

more occasions during i ts  intrusion has  penetrated i ts  cover ,  

the  incident ,  as  a  rule ,  wil l  be  obl i terated by the cont inuat ion of  

the s toping process .  The presence of  a  sedimentary cover ,  as  

a t  Marysvi l le ,  shows that  outbursts  f rom the bathol i t ic  magma 

can only have occurred through f issures  in  the cover ,  but  ba-

thol i tes  of  this  kind are  relat ively rare .  More commonly the 

cover  ent i re ly  consis ts  of  lavas  belonging to  the same cycle  of  

igneous act ivi ty  as  does the bathol i te  i tself  (e.  g .  Boulder  ba

thol i te  of  Montana2 ) ,  and several  of  the large Plutonic  masses  

of  the Chris t iania  dis t r ic t ,  and of  the west  of  Scot land etc .  In  

such cases  the observed phenomena a re  not ,  as  a  rule ,  incon si

s tent  with the assumption that  the bathol i t ic  magma has  broken 

through,  and has  even taken par t  in  the product ion of  the very 

lava s heets  into which the consol idated bathol i te  is  intrusive.  

1  Of the porphyry covering the l l imausak bathol i te  i t  i s  not  possible  to  

decide,  whether  i t  i s  der ived from l l imausak or  f rom Igal iko or  f rom 

some other  unknown centre .  
2  J .  BA R R E T , [ . ,  Geology of  the  Marysvi l le  Mining Distr ic t ,  1907, p.  167. 

XXXVIII. 20 
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The Ilimausak batholite is of the latter kind. Its cover is 

a porphyry — the Ilimausak porphyry — which is consan

guineous with the batholitic rocks, and it is interesting to note 

that this porphyry, while chemically very different from the 

arfvedsonite-granite which now forms the uppermost part of 

the batholite, is very closely related to another batholitic rock, 

viz. the augite-syenite (compare analyses 16 and 23), which for 

other reasons must be supposed to represent the composition 

of the batholitic magma during earlier stages of the intru

sion. This of course does not prove that the cover has 

been produced by an outburst of the batholitic magma itself, 

but it indicates the possibility of a connection of this kind. 

Mechanism of intrusion in other parts of South Greenland. 

As far as observation goes, the Ilimausak batholite is the only 

instance in South Greenland of a batholite with remnants of 

the cover still  preserved. The Igaliko batholite is situated 

within the same area of subsidence, and is also in contact with 

the Devonian sandstone; but as it rises to greater heights its 

roof has been entirely removed by erosion. In other parts of 

South Greenland a great many Plutonic rock masses occur 

which are also younger than the Algonkian Julianehaab granite, 

and are probably contemporaneous with the batholites of Ili

mausak and Igaliko. These, however, are situated within areas 

from which all Palaeozoic sediments have been denuded, and 

their age relations cannot be determined with certainty. These 

for convenience, will be spoken of as the 'Palaeozoic' intrusions. 

They are of great interest in discussing the question of me

thods of intrusion, and illustrate t he occurrence of different k inds 

of intrusive rocks within a deeply dissected crystalline mountain 

plateau which is almost everywhere exposed as bare rock. 

As a supplement to the evidence obtained from the Ili

mausak and Igaliko batholites we give here a brief review of 

the general characters of the other occurrences. These, as 

will be seen from the following data, are in close agreement 
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with DALY'S theory of the mechanics of intrusion. They are 

also in accordance with the experience gained in other regions 

of similar geological structure,  as for instance large districts of 

eastern Scandinavia.  

The main features of the Palaeozoic intrusions of South 

Greenland, o utside the Julianehaab area,  may be summarized as 

follows :  

1.  The Palaeozoic Plut onic rocks of South Greenland are 

granites,  syenites,  nepheline-syenites,  and gabbros (incl.  es-

sexites) .  

2.  They have invaded the upper part  of the earth crust at  

a time much later than that of the latest  foldings of the coun

try.  At the t ime of the intrusion the country was probably a 

plateau; but this,  during later periods,  was deeply dissected by 

the agents of denudation. The encasing rocks now remaining 

are entirely crystall ine (Aigonkian and Archaean granite s,  gneisses 

and schists).  

3.  The intrusions have nowhere a laccolit ic habit .  

4.  The heavy gabbroid rocks occur in innumerable vertical 

dykes, which are very coarse-grained and often more than 150 

meters wide. Some few boss-like masses are also found, but 

their horizontal dimensions are small ,  and seldom exceed one 

or two kilometers.  The original form of the boss-like occur

rences has very often been obscured by later intrusions of more 

acid magmas. 

5.  The granites and the syenites occur as large batholites 

of more or less irregular shape. These batholites a re indicated 

on the map, (PI.  1).  Their minimum horizontal dimension amounts 

to 5—30 kilometers or more. Both granite and syenite are of

ten found within one batholite.  Nepheline-syenite has only b een 

met with at  one place outside the Julianehaab area,  viz.  east  of 

Ivigtut.  This occurrence is a small  and elongated batholite,  9 

kilometers long by 2 kilometers broad. 

The junctions of the batholites with their encasing rocks 

20"  
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are  general ly  ver t ical ,  and the contact  re la t ions on the whole 

are  analogous to  those of  the  I l imausak bathol i te ,  and thus in

dicate  that  the igneous masses  have replaced corresponding 

port ions of  the invaded rocks.  No indicat ions of  a  pushing 

aside of  the wal l  rocks have yet  been found.  

6 .  Fragments  of  crystal l ine rocks,  ident ical  with those of  

the surroundings ,  are  sometimes found enclosed within the 

bathol i tes ,  but  these,  on the whole,  are  rare .  Although the sur

rounding rocks are  ent i re ly  crystal l ine the bathol i te  of  Cape 

Desola t ion a t  some places  encloses  numerous sandstone frag

ments .  

The sal ient  feature  is  thus the contras t  between the mode 

of  occurrence of  the dense gabbroid rocks and the spe

cif ical ly  l ighter ,  more acid rocks.  The same contras t ,  as  is  

wel l  known,  may also be observed in many other  regions of  

s imilar  geological  s t ructure .  I t  is  t rue that ,  large gabbro ba

thol i tes  are  found at  several  places  in  other  countr ies ,  but .  

there  can be no doubt  tha t  the rule  which is  i l lust rated so 

conspicuously in  southern Greenland,  with i ts  many and excel

lent ly  exposed Plutonic  rock bodies ,  is  of  more than local  s ig

nif icance 1 .  No theory of  intrusion,  therefore ,  can be regarded 

as  sat isfactory which fai ls  to  account  for  this  difference in  the 

typical  mode of  occurrence of  the gabbroid and the other  

abyssal  rocks.  Perhaps both the assimilat ion theory and the 

theory of  subsidence of  roof  blocks may to  some extent  meet  

this  demand,  b ut  the insuff ic iency of  the former t heory i s  shown 

by t he fact  that  the chemical  composi t ion of  the bathol i t ic  rock 

is  independent  of  the wal l  rock in  South Greenland as  else

where .  In  addi t ion,  direct  support  is  given to  the la t ter  

theory by the f inding in  the grani te  of  Cape Desolat ion of  

sandstone fragments ,  which can only be der ived from a  sand

stone layer  formerly overlying the crystal l ine rocks,  and which 

1 Compare DALY, Amer. Journ. of science (4), vol. XXVI, 1908, p. 40. 
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must ,  accordingly,  have sunk many hundred meters  through 

the magma.  

All  the  bathol i t ic  intrusions of  southern Greenland,  thus,  

are  therefore  bel ieved to  have mainly come to place by the sub

sidence of  roof  blocks,  that  is  by the same process  of  intrusion 

which brought  the l l imausak bathol i te .  

From the fact  that  dykes of  ordinary grani tes  and syeni tes  

are  extremely rare ,  while  bathol i tes  of  these rocks a re  common,  

we may conclude that ,  as  a  rule ,  the bathol i t ic  magmas of  this  

area did not  possess  the relat ively high degree of  l iquidi ty  

which is  necessary for  dyke intrusions.  This  implies  a lso 

tha t  the process  of  magmatic  s toping must  have acted very 

s lowly.  

The quest ion of  the f inal  fa te  of  the sunken roof  blocks 

has  been hi ther to  ent i re ly  neglected.  The Palaeozoic  ba thol i tes  of  

South Greenland supply no information on this  mat ter ,  for  the 

blocks ,  with very few exceptions,  have sunk down beyond the range 

of  observat ion.  Some indicat ions may perhaps be obtained in  

another  way.  Within the immense areas  of  pre-Cambrian grani tes  

in  South Greenland fragments  of  crystal l ine schis ts  and gneis

ses  of  widely different  s izes  occur  abundant ly  in  many places .  

This  may perhaps suggest  that  a t  greater  depths  some of  the 

rock fragments ,  without  necessar i ly  being ass imilated,  may cease 

to  s ink.  

In  the general  problem of  the mechanics  of  igneous in tru

sions the dis t inct ion drawn by HARKER 1 ,  between intrus ions 

which are  connected with tangent ial  pressures  of  the part  of  

the ear th  crust  which is  invaded and those which are  not ,  i s  no 

doubt  of  fundamental  s ignif icance.  I t  must ,  therefore ,  be borne 

in  mind that  the above discussion refers  exclusively to  in tru

sions of  the  la t ter  kind,  which occur  under  condi t ions al lowing 

of  the formation of  a  large number of  mass ive ver t ical  dykes.  

1 Natural History of Igneous Rocks, 1909, p. 60. 
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The intrusions of South Greenland all  belong to the category 

of plateau intrusions. 

CHRONOLOGICAL SEQUENCE OF 

INTRUSIVE ROCKS. 

About twenty years ago BRÖGGER, TEALL, WADSWORTH,  and 

others found that in several petrographical provinces there is 

a definite order of succession of extensive Plutonic intrusions. 

The most basic rocks are the oldest,  and they are followed by 

rocks more and more acid, but BRÖGGER and WADSWORTH have 

also indicated as a very common exception to this rule of 

'decreasing basicity' ,  that nepheline-syenites are younger than 

the syenites with which they are associated. More recent 

investigations in many parts of the world have, as a rule,  con

firmed these results1 .  

The Palaeozoic ab yssal rocks of South Greenland conform to 

the general rule.  Their order of succession is:  first  gabbros 

(incl.  essexites),  next syenites,  and finally nepheline-syenites 

and granites.  

The extrusive rocks and dykes, on the other hand, show a 

sequence which is much more complicated, a nd the results ob

tained from an examination of the succession of lava flows and 

dykes from different petrographical provinces apparently can-

1 W. C. BRÖGGER, Ueber die Bildungsgeschichte des Kristianiafjords, 1886, 

p. 75. — J. J. H. TEALL, On some Quartz-Felsites and Augite-Granites 

from the Cheviot District. Geol. Mag., dec. Ill, vol. II, 1885, p. 106. 

— J. R. DAICYNS and J. J. H. TEALL, On the Plutonic Rocks of Ga-

rabal Hill. Quart. Journ. Geol. Soc. vol. 48, 1892, p. 104. — M. E. 

WADSWORTH, Syenite and Gabbro in Massachusetts. Geol. Mag., dec. 

Ill, vol. II, 1885, p. 207. — For fuller references see W. C. BRÖGGER; 

E r u p t i v g e s t e i n e  d e s  K r i s t i a n i a g eb i e t e s  I I ,  1 8 9 5 ,  p p .  1 6 5  —  1 8 1 ,  a n d  I I I ,  

1898, pp. 345, 363. 
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not  be  summarized under  any s imple  ru le .  In  th is  connect ion  

i t  may suff ice  to  make ment ion of  the  c lass ica l  researches  which 

have  been made by JDD INGS in  the  weste rn  Sta tes  of  America ,  

by  A.  GEIK IE  in  the  Br i t i sh  Is les ,  and by BR ÖGGE R in  the  Chr i 

s t iania  d is t r ic t 1 .  

Most  authors  agree ,  as  i s  wel l  known to  every  peno

logis t ,  tha t ,  wherever  a  regular i ty  in  the  sequence  of  igneous  

rocks  has  been observed or  infer red ,  t he  cause  of  the  regular i ty  

must  be  sought  for  in  the  laws which contro l  the  processes  

of  d i f ferent ia t ion  by wh ich the  individual  rocks  of  the  par t icular  

pe t rographica l  province  are  bel ieved to  have  descended f rom a  

common parent  magma.  From the  order  of  success ion of  the  

rocks  conclus ions ,  accordingly ,  a re  drawn as  to  the  na ture  of  

the  supposed processes  of  d i f ferent ia t ion .  From th is  point  of  

v iew the  d i f ferent  ru les  of  chrono logica l  sequence  are  out  of  

harmony,  and var ions  a t tempts ,  which in  the  opinion of  the  

present  wr i te r  a re  not  qui te  sa t i s fac tory ,  have  been made to  

reconci le  them 2 .  

IIARKER3  poin ts  out  tha t  when only  large  Plutonic  masses  

are  concerned the  ' ru le  of  dec reasing bas ic i ty '  i s  of  wor ld  wide  

appl ica t ion ,  and th is  d is t inc t ion  i s  no  doubt  of  grea t  va lue  in  

the  t rea tment  of  the  problem.  The ' ru le  of  decreas ing bas ic i ty '  

may as  in  the  Chr is t iania  d is t r ic t  hold  good in  some cases  a lso  

for  ext rus ive  rocks ,  b ut  as  a  genera l  law (wi th  some except ions)  

i t  i s  only  app l icable  to  abyssa l  rocks  which belong to  the  same 

cycle  of  igneous  ac t iv i ty .  With  th is  l imi ta t ion  the  ' ru le  of  

1  J. P. IDDTNGS, T he Origin of Igneous Rocks. Bull. Phil. Soc. Washington, 

vol. 12, 1892. — Idem, Journal of Geology, vol. I, 1893, p. 840. — Idem, 
Quart. Journ. Geol. Soc., vol. 52, 1896, p. 617. — A. GETKIE, ib idem, vol. 

52, 1896, Proceedings p. 178. — W. C. BRÖGGER, Op. cit. — A. HA RKER, 

Natural History of Igneous Rocks 1909, pp. 110—146. 
2  W. C. BRÖGGER, Eruptivgesteine des Kristianiagebietes 111, 1898, p. 

363. — A. HARKER, Natural History of Igneous Rocks, 1909, pp. 112 

— 117. 
s  Op. cit. p. 114. — Tertiary Igneous Rocks of Skye, 1904, p. 421. 
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decreasing basicity '  must point to some universal and not to 

any local causes.  

We may now consider the question whether one should 

seek the universal cause for the 'rule of decreasing basicity '  

in the processes of differentiation which belong to ' the first  

order ' .  

The age of an igneous rock, and its place in the chrono

logical sequence, is assumed at the t ime of i ts  consolidation, 

and the observations from which the relative age of two asso

ciated abyssal rocks can be inferred, are of the phenomena at  

the contact between the two rocks (apophyses,  variations in 

size of grains,  cutting off of structural planes etc).  Hence it  

must follow that the sequence, found by observation, is  really 

the sequence of consolidation and nothing more. This view 

was clearly enunciated in some of the earlier statements about 

chronological sequence of Plutonic rocks1 .  But in the later 

l i terature the sequence of consolidation is freely considered as 

synonymous with the sequence of intrusion or sequence of 

coming to place, which with abyssal rocks may be something 

very different.  The sequence of intrusion in turn is by pure 

hypothesis often referred to a sequence o f dif ferentiation within 

the supposed common magma reservoir,  and thus an apparent 

connection is postulated between the order of consolidation 

of contiguous abyssal rocks and the hypothetical differen

tiation processes which operate in the deeper portions of the 

earth crust.  

It  has already been observed by many penologists that 

the differences between the age of associated abyssal rocks 

are often very small .  Thus DAKYNS and TEALL ,  spea king of the 

1 DAKYNS and TEALL, Quart. Journ. Geol. Soc., vol. 48, 1892, p. 106 

("Taking all facts into consideration, there seems no escape from the 

conclusion that we have in this area the record of a series of events 

connected with the consolidation of a vast subterranean reservoir of 

molten rock" [th e italics are ours]). 
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rocks of  Glen Ti l t ,  say1 :  'as  a  rule  the one type passes  gradu

al ly  into the other  — grani te  merges into dior i te  — but  oc

casionally  one rock veins  the other ,  and when this  takes  place,  

the grani te  is  a lways seen to  be the younger  of  the two' .  

HRÖGGER ,  d iscussing the relat ive age of  larviki te  and lardal i te ,  

ment ions that  in  some places  the former rock proves to  be 

decidedly older  than the la t ter ,  while  in  other  places  the 

contact  re la t ions are  such as  to  suggest  that  both rocks may 

have been par t ly  f luid (or  viscous)  a t  the same t ime 3 .  In  the 

bathol i tes  of  South Greenland contact  re la t ions of  this  kind are  

very common.  

Now, i f  the  f inal  consol idat ion of  both rocks takes  place 

af ter  the intrusion of  both rocks,  the development  of  contact  

modif icat ions e tc .  wil l  depend upon the temperatures  of  conso

l idat ion:  and the magma with the highest  consol idat ion temp

erature  wil l  consol idate  f i rs t ,  and perhaps become 'veined '  by 

the other .  The problem of  the chronological  sequence of  

abyssal  rocks cannot ,  therefore ,  be solved without  regard to  

the temperatures  of  consol idat ion of  the different  rocks.  

Of these temperatures  there  are  verv few exact  data .  I t  

must  be taken for  granted,  that  each rock has  a  considerable  

temperature-range of  crystal l izat ion,  an d that  the lower point  of  

this  range,  especial ly  in  acid roçks,  is  very different  f rom the 

melt ing point  of  the pure mineral ,  and is  largely dependent  

upon pressure and the amount  of  volat i le  substances which 

they contain,  and hence no precise  s ta tements  can be given.  

There is ,  however ,  no doubt  that  under  l ike condi t ions acid 

magmas crystal l ize ,  as  a  rule ,  a t  temperatures  lower than those 

of  basic  magmas 3 .  The most  important  except ion to  this  rule  

is  that  magmas which are  r ich in  a lkal ies  and in  i ron must  in  

many cases  be assumed to crysta l l ize  a t  a  lower temperature  

1 Op cit. p. 107. 
2 Erupt.-gest. d. Kristianiageb. ILL, p. 38. 
3 A. HARK ER, Natural History of Igneous Rocks, 1909, p. 186. 
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than other magmas of corresponding acidity.  Thus nepheline-

syenites often consolidate at  a temperature lower than the 

syenites with which they are associated. It  wil l  be seen, there

fore,  that the usual order of succession of associated abyssal 

rocks — (1) gabbro, (2) syenite,  (3) nepheline-syenite,  and 

(4) granite — corresponds bet ter with a law of decreasing temp

erature of consolidation than it  does with a law of decreasing 

basicity.  

For the closer study of the influence of the temperature 

of consolidation upon the relative age of associated abyssal 

rocks,  we may consider some important cases separately.  For 

the syenitic and granitic rock-bodies here discussed, the usual 

batholit ic habit  wil l  be assumed and it  will  easily be seen that 

many of the results are also applicable to large laccolites.  

Gabbro and syenite (or granite).  — It  can scarcely be 

doubted that large syenitic (and granitic) batholites may often 

remain more or less fluid during the whole period of intense 

igneous activity,  and though intrusion may have commenced at  

an early date (p.  312),  consolidation can only be expected when 

the igneous activity begins to decline.  Even small  batholites 

must remain fluid for a very long time. If we assume that a 

gabbroid magma is intruded into the upper earth crust during 

the same period of intense igneous activity,  but later than a 

syenitic magma, the g abbro will  probably not break through the 

unconsolidated syenite,  b ut the magmas m ay perhaps come into 

contact somewhere along a more or less vertical surface along 

which, by reason of the viscousity of the syenite,  they may not 

mix. In this case,  as mentioned above, contact relations will  

entirely depend upon the order of consolidation; the syenitic 

magma, solidifying at  the lowest temperature,  in some places 

may send out apophyses into the gabbro; in other places it  

may encroach upon the gabbro by magmatic stoping and, if  so,  

i t  wil l  become fine-grained at  the contact;  in other places per

haps no signs of difference of age will  be visible.  Such in 
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many places  are  the actual ly  observed contact  re la t ions between 

associated gabbros and syeni tes ,  and i t  may be concluded tha t  

these relat ions,  while  just i fying us  in  saying tha t  the syeni te  is  

younger  than the gabbro,  do not  set t le  the quest ion of  the 

or iginal  order  of  intrusion,  and st i l l  less  the order  of  their  dif

ferent ia t ion.  

Contact  re la t ions which,  on the other  hand,  show syenite  

younger  than gabbro may,  however ,  throw l ight  upon the 

quest ion of  the sequence of  intrusion.  Thus,  when syeni te  is  

overlain direct ly  by a  gabbro of  ear l ier  consol idat ion,  we may 

with cer ta inty conclude that  the intrusion of  the syeni te  is  

la ter  than the consol idat ion of  the gabbro.  In  this  case s ince 

a  heavy magma cannot  res t  upon a  l ighter  one,  the gabbro 

cannot  have been f luid when in contact  with the syeni te .  

Nevertheless  i t  may be qui te  doubtful  whether  or  not  the 

observed sequence agrees  with the or iginal  sequence of  in tru

s ion.  Syeni te  may be e xtremely s low in s toping i ts  way through 

the overlying rocks,  and may perhaps meet  with sol id  gabbro 

s i l ls  or  laccol i tes  which have been intruded by a  process  of  

re la t ively rapid intrusion at  a  t ime la ter  than that  a t  which the 

syeni t ic  magma began to  invade the upper  earth  crust .  

When the igneous act ivi ty  decreases ,  the bathol i tes  wil l  

s lowly consol idate .  When they have done so,  the igneous ac

t ivi ty  wil l  of ten be near  i ts  f inal  wane .  Bathol i tes  are ,  there

fore ,  in  many cases  t raversed by but  few independent  dykes,  

and as  basic  dykes are  the commones t  of  a l l  dykes,  the la tes t  

of  these wil l  probably be basic .  

If  af ter  a  long interrupt ion igneous act ivi ty  recommences 

the bathol i tes  wil l  have at ta ined a  sol id  s ta te .  Syeni tes  under  

these circumstances may be invaded by a  gabbroid magma,  

and except ions to  the ' rule  of  decreasing basici ty '  wil l  resul t .  

In  such except ions to  the rule ,  the  observed order  of  consol i 

dat ion has  a  real  bearing upon the or igina l  order  of  sequence 

of  intrusion.  
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Syenite and granite. — The syenitic magmas are denser 

and generally solidify at  a higher temperature than do the 

granitic ones.  The contact relations between a syenite and a 

granite belonging to one cycle of igneous activity will ,  there

fore,  depend upon the same kinds of factors as are mentioned 

above for gab bro and syenite,  and the granite will  usually seem 

to be younger than or contemporaneous with the syenite,  what

ever the original order of intrusion may have been. 

After the coming to place of the magmas, crystall ization 

by reason of the difference as to chemical composition between 

crystals and magma, will  involve 'secondary differentiation 

processes ' .  These processes will  tend generally to accentuate 

the evidence that granite is younger than syenite,  and the 

residual magma from the crystall ization of the latter rock may 

give rise to the formation of quartz bearing dykes or veins 

within it .  

Summary. — From the above discussion it  will  be seen 

that the sequence of eruption of associated igneous rocks may 

most safely be asce rtained from the s uccession of lava flows, or 

from the intersections of their dykes and minor intrusions.  Studies 

of this kind have been pursued even since the beginning of the 

science of field petrology, and their importance has been em

phasized by v. RICHTHOF EN,  ID DINGS ,  a nd many others.  Of late 

years attention has been paid to abyssal rocks and the pheno

mena of their mutual contacts have been observed. For these 

rocks a sequence corresponding to decreasing basicity has 

proved to be the usual rule,  and it  has been assumed that 

this rule indicates the sequence of intrusion, and with it  per

haps also the sequence of differentiation. The interpretation, 

however,  of the contact relations of large abyssal rock bodies 

involves special difficulties which appear to have been to some 

extent overlooked. For lavas and dyke-rocks sequence of con

solidation of course is identical with sequence of protrusion, 

but with abyssal rocks no such connection needs necessarily 
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exist .  Even in cases  where magmatic  s toping can be neglected,  

the consol idat ion of  abyssal  rocks may have taken place much 

la ter  than their  intrusion.  With bathol i tes  in  which the con

tact  re la t ions are  largely determined by the effects  of  s toping,  

the contact  phenomena wil l  depend rather  upon the f inal  

s tages  of  the process ,  than upon the or igina l  sequence of  in

trus ion.  

For  this  reason the magma reservoirs  f rom which superf i 

cial  lavas  have or iginated may present  themselves  as  apparent ly  

la ter  intrusions into thei r  own lavas (p.  305) ,  and for  the same 

reason the of t -discussed regular  sequence of  abyssal  rocks 

obeying the ' rule  of  decreas ing basici ty ' ,  i s  in  most  cases  

s imply a  consequence of  the fact ,  that  basic  magmas as  a  rule  

crystal l ize  a t  a  higher  temperature  than acid magmas,  and is  not  

necessar i ly  an expression of  the or iginal  sequence of  intrusion.  

The ' rule  of  decreasing basici ty '  i s  in  fact  essent ia l ly  a  rule  of  

decreasing temperature  of  consol idat ion.  

We may express  the above s tatement  f rom another  point  

of  view thus :  — when the contact  re la t ions of  abyssal  rocks 

indicate  a  sequence of  consol idat ion which agrees  with the rule  

of  decreasing temperature  of  consol idat ion,  the evidence is  in

suff ic ient  to  set t le  the quest ion of  the or iginal  sequence of  in

t rusion;  but  w hen the contact  re la tions are  a t  var iance with that  

rule  (e .  g .  gabbro veining grani te)  we may conclude that  they 

express  not  only the sequence of  consol idat ion,  but  a lso the se

quence of  intrusion.  

The PalaBozoic  abyssal  rocks in  the south of  Greenland 

agree with the rule  of  succession according to  decreasing temp

erature  of  consol idat ion (gabbro — syenite  — nephel ine-syeni te  

and grani te) .  This  fact  in  connect ion with the scarci ty  of  basic  

dykes cut t ing the acid and intermediate  bathol i tes  seems to  show 

that  a l l  belong to  one uninterrupted cycle  of  igneous act ivi ty .  
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STRUCTURE OF THE ILIMAUSAK BATHOLITE. 

While the great balholite of Igaliko as far as is known 

shows a rather simple,  geological structure,  the l l imausak 

batholite contains many interesting rock types which are ar

ranged in an unusual manner.  The details of the geology and 

petrography of this complex have b een presented in the preced

ing chapters,  and at  this place the principal features will  be 

considered from a more theoretical point of view. 

The ll imausak complex of abyssal rocks can be divided 

into two parts which are very different in their geological 

structure: a western which is unstratified, and an eastern, 

stratified part .  The main rock of the western part  is  a 

syenite.  The eastern, stratified part  consists largely of lujavr-

ites and other peculiar rock types belonging to the family of 

nepheline-syenites.  

The unstratified part of the complex. — In the unstratified 

complex the inter contact surfaces of the abyssal rocks are ge

nerally more or less vertical,  and present the ordinary struc

tures found in complex batholites.  

This part  of the l l imausak complex occupies a considerable 

area in the west of the district ,  from Sermilik to Kakarsuak. 

South of Tunugdliarfik Fjord it  occupies only a narrow zone, 

and fringes the southwestern and southeastern border of the 

stratified complex. 

The rocks of the unstratified complex are essexite,  syenite 

(nordmarkite and augite-syenite),  and granite.  These rocks are 

generally coarse-grained even at  the very contact of one rock 

with another,  and must all ,  therefore,  belong to one period of 

igneous activity.  Wherever a difference of age is demonstrable,  

the essexite is seen to have consolidated prior to the syenite,  

which in turn is prior to or almost contemporaneous with the 

granite.  



319 

The essexi te  occupies  a  small  area around the Narsak sett le

ment .  The or iginal  form of  the whole essexi te  body cannot  

be indicated,  as  the rock on one s ide borders  upon the sea 

while  on the other  i t  i s  in  contact  with the younger  syeni te .  

The syeni te  apparent ly  has  s toped away a  port ion of  the 

essexi te ,  and the s t ructural  planes of  this  la t ter  rock are  cut  

off  by syenite  which contains  f ragments  of  essexi te .  

The essexi te  was probably intruded in  a  different  way from 

the other  abyssal  rocks of  the complex.  This  is  indicated (1)  by 

the presence of  very wide dykes of  coarse-grained essexi te  — 

which increase s l ight ly  in  width towards E.  N.  E.  — (eg.  on the 

is le  of  T ugtutok (west  of  Narsak) ,  and in  the case of  one large 

dyke of  a  s imi lar  rock at  Kangerdluak (N.  E .  of  Narsak)) ,  and 

(2)  by the frequent  occurrence of  f low s t ructures ,  which are  

more or  less  ver t ical  even within the main body of  the essex

i te .  The s t r ike of  th is  ver t ical  s t ructure  was noted during the 

f ie ld  work a t  one place only (namely a t  Panernak)  where i t  runs 

from E.  N.  E.  to  W. S.  W.,  a nd paral le l  to  the ordinary direct ion 

of  dykes over  the ent i re  dis t r ic t .  These circumstances seem 

to indicate  tha t  the essexi te  of  Narsak cannot  be considered 

as  an ordinary 'bathol i t ic '  rock body but  may,  perhaps,  re

present  the confluence of  two or  more converging dykes,  

whose westward cont inuat ion is  concealed under  the sea,  and 

whose eastern continuat ion has  been s toped away by the syeni t ic  

magma.  

In this  par t  of  the complex the syeni te  is  the dominant  

rock.  I t  has  a  wide dis t r ibut ion in  the country nor th of  Nar

sak where i t  has  a  reddish colour ,  and as  i t  of ten contains  

a  l i t t le  quartz  i t  has  been cal led Nordmarki te .  South of  Tu-

nugdl iarf ik  Fjord the syeni te  most  of ten is  a  gray and ol ivine 

bear ing augi te-syeni te .  The difference in  chemical  composit ion 

between the two var ie t ies  is  not  very grea t  (compare analyses  

l ( i  and 17)  and t rans i t ional  f orms are  observed.  Geological ly  both 

syeni te  masses  may perhaps be regarded as  one uni t .  
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The stratified batholite. — Upon the map this part  of the 

complex shows a roughly ell ipsoidal outline,  and is about 16 

kilometers long and 10 kilometers broad. It  consists of a large 

number of coarse-grained rocks arranged as approximately hori

zontal sheets or strata one above the other.  Each stratum ex

hibits a platy parting parallel  to the upper and lower surfaces.  

The thickness of the successive strata is variable,  but most of 

them are thinnest at  the northern margin of the complex. As 

the topography of the region has not been surveyed in detail  

the thicknesses can only be given approximately.  

Between the top of the batholite and sea level the follow

ing stratified s eries are present (the figures indicate the thick

nesses) :  

arfvedsonite-granite,  150—400 meters 

quartz-syenite,  0—20 meters 

pulaskite,  10 — 30 meters 

upper foyaite,  0—10 meters (?) 

sodalite-foyaite,  2—150 meters 

naujaite,  200—600 meters 

lujavrites,  more than 600 meters.  

The lowermost series ' the lujavrites '  to speak more definitely con

sists of irregular alternating sheets of arfvedsonite-lujavrite and 

aegirine-lujavrite,  and in the s outhern part  of the batho lite there 

is also a heavy series of kakortokite sheets occurring as an 

intercalation among the lujavrites.  

The character of the contact phenomena at the junction of 

the successive sheets is as follows :  

1.  The size of grains does not change appreciably towards 

the junction. 

2.  There is a gradual transition from sheet to sheet,  but 

the transition zones are generally rather narrow. Away from 

the transition zones each sheet seems to maintain a uniform 

composition. 
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3. There are no apophyses passing from one sheet into 

the next.  

The junction of the naujaite with the lujavrite is excep

tional.  In some places there may be found a slow and gradual 

transition, but more usually this junction is represented by a 

characteristic breccia zone which will  be considered more fully 

below. 

From these contact relations i t  is  inferred that all  the 

sheets are of approximately the same age, and that most of 

them have probably been in a semi-fluid or viscous state at  

the same time. Furthermore, the tolerably horizontal disposi

tion of the sheets seems to indicate that gravity was the main 

factor which controlled the form and the distribution of the in

dividual rock bodies.  

The most simple assumption, therefore,  which at  once 

lends itself  as a possible explanation of the sheeted structure,  

is  that we are dealing with the results of differentiation in 

place; or speaking more precisely,  that which was originally a 

more or less homogeneous magma, has,  while yet in a semi

fluid condition, separated itself  under gravity into horizontal 

sheets of different compositions.  Upon closer examination, 

however,  the question proves to be more complicated, but be

fore it  can be discussed more fully i t  will  be necessary first  

to consider some other facts relating to the structure of the 

batholite.  

The concave shape of the sheets. — In the above state

ment,  the batholit ic sheets have been spoken of as approxi

mately horizontal.  Their actual form more exactly can be c har

acterized as that of flat  s aucers piled up upon each other (Fig. 

29).  This is seen very clearly in the natural sections,  especially 

in those on the two side s of Tunugdliarfik Fjord (see p.  68, Fig. 

11, an d Pl.  VI,  Fig.  1) .  

The behaviour of the stratification at  the boundaries of 

the batholite is variable.  At some places the sheets are at  

XXXVIII. 21 
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right angles to the boundary planes (see p. 42, Fig. 6, and p. 61, 

Fig. 10), but in such cases the stratification becomes indistinct, 

and finally disappears on approaching the boundary. At other 

places, especially at the eastern boundary, the marginal parts 

of the sheets are bent almost vertically upward until they be

come almost parallel to the walls of the encasing rocks (see p. 

73, Fig. 12). 

Apart from this last mentioned abnormal dip the sheets 

show, on the whole, a low and moderate inclination towards the 

centre of the area occupied by t he stratified batholite. Towards 

K a k o r  t o k  i  k  

Fig. 29. Diagrammatic section of the stratified part of the Ilimausak batholite. 

this point also the porphyry strata which form the roof of the 

batholite are inclined, and the same dip also affects the series 

of sandstone beds and volcanic sheets which surround the 

southwestern, the northwestern, and the northeastern sides of 

the batholite. From this we may conclude that the sheets of 

the batholite were originally more horizontal than at present, 

and that they have attained their concave form by reason of 

a local subsidence, which reaches its maximum beneath the 

central part of the batholite. 

The breccia zone. — At the junction of the light-coloured 

naujaite with the dark lujavrite the regular transitions from 
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sheet  to sheet ,  described above,  are replaced by a peculiar  

breccia zone.  

The character  of this  breccia zone which may be more 

than two hundred meters thick is  best  seen from the photo

graph,  (PI.  XII) .  The rock consists  of  immense blocks of nau-

jai te in a  network of lujavri te  veins;  a  detai led descript ion is  

given (p.  37).  The breccia is  evidently an igneous breccia;  as  

proved by i ts  f low structure i t  has originated at  a  t ime when 

the naujai te was solid and the lujavri te  semi-fluid,  but  since the 

lujavri te shows no noticeable diminution in the size of i ts  grains 

towards the contacts  with the naujai te,  the lat ter  must  have 

been hot  when the breccia was formed. 

I t  can hardly be doubted that  the formation of this  breccia 

was due to the same local  subsidence which gave the concave 

form to the batholi t ic  sheets ,  and the subsidence,  thus,  must  

have occurred after  the consolidation of the naujai te a nd during 

the crystal l izat ion of the lujavri te .  This view is  corroborated 

by the fact  that  the schistose structure of the main mass of 

the lujavri te  — a structure produced before the final  consoli

dation of the rock (see p.  166) — is paral lel  to the general  

concave benching of the batholi te;  while the lujavri te along the 

eastern vert ical  walls  of  the batholi te ,  where i t  has apparently 

been forced upward by the subsidence of the central  port ion,  

is  characterized by an almost  vert ical  schistosi ty.  

I t  may be asked why the breccia zone cannot have ori

ginated from magmatic stoping.  The character  of the breccia 

indeed is  in some respects about such that  might be expected 

of a  true 's toping breccia ' .  But there a re also considerable dif

ferences,  viz. :  

1.  The lujavri te,  as  mentioned above,  shows no noteworthy 

diminution in size of grains at  i ts  junction with the naujai te.  

2.  The upper surface of the lujavri te is  on the whole con

cave,  while the upper surface of a  stoping magma, as a  rule,  

must  be convex.  

21* 
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3.  The number of  detached blocks of  naujai te  imbedded in  

the upper  par t  of  the  lujavri te  mass  is  very large,  and near ly  

al l  l ie  undis turbed with thei r  par t ings paral le l  to  those of  the 

overlying unbroken naujai te  mass .  In  a  ' s toping breccia '  re la

t ively few roof  blocks would fai l  to  s ink,  and the s ides  of  the 

different  blocks would in  s inking take up very var ious posi

t ions.  

The absence of  s toping act ion may evident ly  be referred to  

the low specif ic  gravi ty  of  naujaite ,  as  compared with that  of  

lujavri te .  The specif ic  gravi ty  of  naujai te  is  2  5 ,  and of  lujavri te  

2 '8 .  At  the t ime of  formation of  t he breccia  the lujavri te  magma 

was of  c ourse l ighter  than 2 '8 ,  but  lujavri te  magma was probably 

ra ther  viscous,  a nd that  i t  had already s tarted to  crystal l ize  has  

been proved by the f low s t ru cture .  I t  i s  not ,  therefore ,  probable  

that  the specif ic  gravi ty  a t  the t ime of  intrusion should have 

been so much lower than 2 -8 that  nauja i te  blocks could s ink.  

The breccia  zone is ,  thus ,  assumed to have been produced 

by the same movements  which gave r ise  to  the concave form 

of  the sheets ,  viz .  the  unequal  subsidence of  the mass.  In  

seeking for  the explanat ion of  this  local  subsidence which,  as  

we have seen,  must  have occurred during the la test  s tages  of  

the consol idat ion of  the bathol i te ,  two possibil i t ies  are  to  be 

considered:  e i ther ,  the  bathol i t ic  chamber  at  the t ime of  the  

subsidence may have communicated with more deep-seated re

servoirs ,  or ,  i t  may have been cut  off  f rom communicat ions of  

this  kind.  If  the  bathol i t ic  chamber  were open,  the most  s imple 

explanat ion is  that  the magma has sunk.  If  c losed,  the un

known substratum of  the lujavri te  may perhaps have remained 

fast ,  and the subsidence may have been caused by the diminu

t ion of  volume of  the lujavri te ,  as  i t  crystal l ized and became 

sol id .  As we do not  know the thickness  of  the lujavri te  mass  

i t  must  remain undecided,  w hether  the la t ter  hypothesis  suff ices  

to  explain the subsidence or  not .  

Mutual relation of the stratified and the unstratified parts 
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of the batholite. —• Though north of Tunugdliarfik Fjord the 

stratified part  of the batholite is separated from the un-

stratified part  by a strip of volcanic rocks, i t  may be inferred 

from the inclinations of the junction surfaces exposed in the 

large valley no rth of Narsak, that the two parts of the batholite 

are in contact below sea level.  South of Tunugdliarfik Fjord 

the unstratified part  of the batholite is only represented by a 

narrow zone of augite-syenite which encircles the southwestern, 

southern, and southeastern boundaries of the stratified ba

tholite (see PI.  Il l) ,  which itself  here consists entirely of ne-

pheline-syenites.  The augite-syenite thus forms, as it  were,  an 

outer shell  around the southern third of the stratified bath olite,  

and on both sides of Kangerdluarsuk the junctions are well  ex

posed. 

The relations between the nepheline-syenites and the bor

dering zone of th e au gite-syenite ar e of more than local in terest ,  

for apparently similar geological features are also met with in 

other localit ies,  s uch as the western side of the Igaliko bath olite 

(Pl.  IV) and at  Umptek in Kola1 .  At Umptek the northeastern 

margin of a great nepheline-syenite mass is bordered by 

a narrow zone of umptekite (a syenite related to the nord-

markite of Narsak),  but Kangerdluarsuk is the only o ne of these 

localit ies where the contact relations have been studied in any 

detail .  

A glance at  the map, (PI.  I l l) ,  will  show that the distribu

tion of the rocks admits of three different interpretations: 

(1) The syenite may represent an endomorphic contact 

modification of the nepheline-syenite.  This is the hypothesis 

indicated by RAMSAY to explain the conditions at  Umptek, but,  

as HARKER remarks2 ,  no observations which could give any di

rect support to this view are cited. 

1 W. RAMSAY und V. HACKMAN, Das Nephelinsyenitgebiet auf der Halbinsel 

Kola. Fennia XI, No. 2, 1894, p. 81. 
2 Natural History of Igneous Rocks, 1909, p. 136. 
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(2)  The syenite may be a  later  intrusion forced up between 

the nepheline-syenite and the encasing rocks.  The syenite on 

this  assumption would be a kind of dyke.  

(3) The syenite may have been intruded prior  to the nephe-

line-syenite.  

In order to set t le  the question i t  is  necessary to discuss the 

contact  re lat ions.  At the outer  margin,  where the syenite borders 

upon Algonkian granite and sandstone,  the contact  features are 

of the well  known kind which characterize the junction of a  

batboli te  with country rock.  They are the reduced size of grains,  

enclosed fragments of the wall  rock,  numerous apophyses,  and 

contact  metamorphism of the wall  rock,  which have been de

scribed (pp.  51,  59,  103).  Away from the margin of the ba-

tholi te ,  at  the junction of the syenite with the nephel ine-syeni te,  

the contact  relat ions are entirely different .  There,  in the exposed 

sections,  the junction generally appears as a defini te l ine,  and 

both rocks are coarse-grained to the verv contact .  There is  

no contact  metamorphism, and no apophyses have been ob

served.  At I viangusat ,  where this  junction is  e xcellently exposed,  

the size of grains of the nepheline-syenite actually increases 

near the contact ,  and fragments of the syenite are enclosed 

within the nepheline-syenite.  The lat ter ,  moreover,  is  cut  by 

numerous veins of extremely coarse-grained pegmati te,  and 

the veins are paral lel  to the contact  plane (p.  48),  and hence 

the nepheline-syenite must  have consolidated later  than the 

syenite,  but  not  so much later  than that  the syenite had t ime 

to cool down. 

Another circumstance of great  interest  is  the peculiar  be

haviour of the strat if icat ion of the nepheline-syenite near the 

contact.  The contact  plane,  as  a  rule,  is  almost  vert ical  and 

the strat if icat ion nearly horizontal .  Moreover,  on approaching 

the contact  the strat if icat ion does not  change i ts  direction,  but  

gradually fading away becomes indist inct ,  unti l  the nepheline-

syeni te nearest  to the junction does not  present  any sheeted 
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structure,  but  changes i ts  composit ion gradually from sea level  

to the top of the mountains.  

I t  wil l  be seen,  therefore,  that  the syenite can neither be 

interpreted as a contact  modificat ion of the nepheline-syenites ,  

nor regarded as a dyke,  but  that  i t  must  have originated as 

an independent intrusion prior  to the arrival  of  the nepheline-

syenites.  To some extent  at  least  i t  must  have been solid when 

the nephel ine-syenit ic  magma was intruded,  but  i t  has had no 

chil l ing effect  on that  magma. 

If ,  as  here asserted,  the complex has come to place 

mainly by magmatic stoping the syenite can only be interpreted 

as a  remnant of an older batholi te ,  of  which a  great  port ion 

—-II-

Fig. 30. Idealized section of the Ilimausak batholite, illustrating its 

complex nature. 

I The older, unstratified part of the batholite (mainly syenite). II The newer, stratified 
part of the batholite (mainly nepheline-syenite) which has partially replaced the syenite. 

has been replaced by the nepheline-syenite (Fig.  30).  As the 

specif ic gravity of  the nepheline-syenite is  considerably lower 

than that  of  the syenite,  i t  is  probable that  also the nepheline-

syenit ic  magma was less dense than the syenit ic  magma, and 

the replacement,  therefore,  may perhaps have occurred at  a  

t ime when the syenite was in a  somewhat viscous state.  On 

the other hand,  the fragments mentioned above tel l  us that  

some port ions of the syenite at  least  have been removed in the 

solid sta te.  

This hypothesis  for  the mutual  relat ion of the strat if ied 

and the unstra t if ied parts  of the abyssal  complex gives a  satis

factory explanation of their  distribution,  both horizontal ly and 

vert ical ly.  On the northeastern side the nepheline-syenit ic  
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magma has entirely replaced the older filling of the hatholitic 

chamber, and as proved by th e contact relations at Nunasarnak 

has even advanced beyond the former limits of the chamber 

(see p. 74); on the southeastern and southwestern sides a 

narrow zone of syenite, which now coats the nepheline-syenites 

as an outer shell,  remains; and on the western and north

western sides of the complex a large portion of the original 

syenite-batholite has been left.  This latter portion has later on 

been penetrated by some independent granitic invasions (see 

map, PI. III).  

The hypothesis also explains the presence of a small rem

nant o f augi te-syenite in the southernmost part of the Ilimausak 

Mountains (at the north side of Tasek) where it  rests between 

the arfvedsonite-granite a nd the roof of the batholite (me ntioned 

p. 881. 

THE LUJAYRITIG STRUCTURE. 

Abyssal nature of lujavrites. — The lujavrites of Ilimausak 

are very different in their structural characters to ordinary abys

sal rocks. As a rule they are fine-grained and display a pronounced 

schistosity which has been assumed during the crystallization (see 

p. 166). It  is true that coarse-grained varieties also occur, but 

these are quite subordinate. When, in 1892, 1 undertook the 

examination of these rocks 1 had not seen the occurrence in 

the field, and from the structure I incorrectly drew the conclu

sion that the lujavrites s hould be regarded as a peculiar kind of 

chilled edge to the coarse-grained nepheline-syenites1 .  

For the lujavrites of Kola, which are on the whole a little 

more coarse-grained and a little less schistose than those of 

Ilimausak, a somewhat similar view w as e nunciated by W. RAMSAY 

1 Forhandlinger ved 14. Skandinaviske Naturforskermade. Kabenhavn 1892, 

p. 433. 
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at about the same time. RAMSAY regarded the lujavrites as 

making up ' the upper portion of a laccolite '1 .  But this view 

is mainly inferred from the structure of the rock3 ,  for at  Lujavr-

Urt no remnants of the cover of the ' laccolite'  has escaped de

struction, and there is no indication that the lujavrite has been 

covered directly by the country rock. On the other hand, the 

presence of some remnants of coarse-grained tavite in the 

upper portions of the mass suggests that,  as is sti l l  the case 

with the Greenlandic lujavrite,  the Kola lujavrite may origin

ally have been overlain by similar coarse-grained abyssal rocks. 

At Il imausak the geological position of the lujavrite is 

clear.  (1) I t  is  the lowest visible rock of a batholite whose 

upper part  consists of very coarse-grained naujaite,  foyaite,  

syenite,  and granite,  and these rocks already occupied their 

present position when the lujavrite solidified. The lujavrite,  thus,  

has consolidated in a situation more abyssal than that of the 

granite.  (2) The total mass of the lujavrite exceeds that of all  

the 'other nepheline-syenites of this batholite put together (the 

volume of lujavrite at  Lujavr-Urt is perhaps sti l l  greater).  (8) At 

the junct ion with the wall  rock the lujavrite exhibits a contact 

modification quite analogous to the junctions of ordinary abyssal 

rocks (see p.  176).  

We must,  therefore,  conclude that the lujavrite,  in spite 

of i ts fine-grained and schistose structure,  is a true abyssal 

rock. 

1 Fennia XI, no. 2, 1894, p. 97. The laccolitic nature of the Kola ne-

pheline-syenites, suggested by RAMSAY in this important memoir, is a 

matter of inference as no bottoms to the laccolites have been observed. 

The assumption is based mainly upon the observation of stratified rocks 

which have been found locally at the margin of the nepheline-syenites. 

These stratified rocks dip towards the Plutonic mass and are, partly, 

covered by it. The conditions apparently are analogous to those de

scribed in the present report as occurring at Mount Iganek (see Fig. 21, 

p. 252) and at several other places. 
2 "Dafür spricht in erster Linie die Structur der Lujavrite" loc. cit. 

p. 97. 
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Interpretation of the structure. — The fact, t hat when abys

sal or hypabyssal rocks are considered the size of the grains is 

independent of de pth, has been demonstrated at o ther localities1 .  

Many instances are also known where a coarse-grained rock 

has crystallized nearer the surface of the earth than a less 

coarse-grained one2 .  The usual explanation given is that the 

size of grains depends upon the chemical composition of the 

magma. An explanation of this kind, however, is not applicable 

to the structure of the lujavrite of Ilimausak. Firstly, it  does 

not explain the schistosity of the rock, and secondly, it  a ppears 

to be quite insufficient to account for the small size of grains. 

Not only is there a vast contrast b etween the size of gra ins of the 

lujavrite and those of the superincumbent ro cks, but the lujavrite 

itself contains an intercalated rock body of kakortokite which 

has the same chemical composition, but i s much coarser grained. 

Moreover the fine-grained texture seems to be related to the 

schistosity: where the schistose structure is wanting the rock is 

somewhat coarser. 

A key to the explanation both of the small size of grains 

and of the primary schistosity of the Greenlandic lujavrite may 

probably be found in the fact (see p. 324), that during the cry

stallization of the lujavrite the overlying strata have sunk; as 

far as that part of the rock which envelops the naujaite frag

ments of the breccia zone (p. 322) is considered, it  is obvious 

that there must be a connection between the magmatic move

ments and the structure of the lujavrite. On the other hand, 

there is no perceptible difference in structure between the 

lujavrite of the breccia z one and the bulk of the rock, but that 

the parallel arrangement of the mineral components in the 

1 W. CROSS, The Laccolitic Mountain Groups of Colorado, Utah, and 

Arizona. U. S. Geol. Survey, 14th Annual Report, Part 11, 1894, p. 230. 
2  W H. WEEP and L. V.  PIR SSON, Geology of the Judith Mountains. U. S. 

Geol. S urvey, 18th Annual Report, Part III, 1898, p. 574; Geology of the 

Little Belt Mountains, ibidem 20th Ann. Rep., Part HI, 1900, p. 562. 
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upper port ion of the mass follows surfaces which curve round 

the naujai te fragments,  while in the main part  of  the rock the 

structure follows the general  inclination of the batholi t ic  sheets  

which are indicated in Fig.  29 (p.  322),  though there is  an even 

transi t ion between the two arrangements.  Observat ions,  thus,  

seem to indicate that  the schistose structure of the whole 

lujavri te  mass is  causally connected with the sinking down of 

the upper strata.  But here we meet a  diff iculty,  f or  i t  would 

appear that  a  structure produced in this  way must  be l imited 

to the border zone,  whereas,  as  a  matter  of  fact  the schistose 

structure affects  the whole mass.  

The lujavri te has crystal l ized after  the other rocks of the 

batholi te ,  and,  therefore,  probably at  the lowest  temperature.  

The high content  of low melt ing point  minerals ,  such as arf-

vedsonite.  and the behaviour of the felspars of the rock (see 

p.  160),  confirm the assumption that  the crystal l izat ion occurred 

at  a  low temperature.  On the other hand the large quanti ty 

of secondary analcime replacing almost  al l  the l ight  coloured 

minerals  occurs as anhedra which are larger than the average 

crysta ls  of the primary consti tuents of the rock.  The verv 

common pneumatolytic al terat ion products which are found in 

al l  rocks of the batholi te ,  also seem to indicate that  the 

lujavri te  during i ts  crystal l izat ion must  have given off  great  

quanti t ies of volat i le  substances.  

For these reasons the lujavri t ic  magma i s  supposed to have 

been very r ich in volat i le  substances,  and to have cooled down 

to a  relat ively low temperature before i t  became finally conso

lidated.  

Another peculiar  circumstance relat ing to the crystal l iza

t ion of this  rock may be mentioned,  namely the absence of an 

active pressure from below. When an ordinary abyssal  rock 

crysta l l izes,  i t  must  be assumed that  the decrease of volume 

caused by the crystal l izat ion,  as  a  rule,  is  compensated by an 

addit ional  supply of magma from below. But since the over-
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lying rocks subsided during i ts  crystal l izat ion i t  must  have 

been otherwise with the lujavri te .  The cause of this  peculiar  

condit ion may perhaps be found in the very low consolidation 

temperature of the lujavri te.  We do not  know what underl ies 

the lujavri te  at  I l imausak,  but  whether i t  be an essexite,  or  an 

augite-syenite,  or  any other rock,  i t  had probably a  higher 

consolidation temperature than lujavri te,  and i t  may thus in 

spite of the greater  depth have been capable of crystal l iz

ing first .  

By these assumptions — (1) a  low temperature of conso

lidation;  (2) a  large proport ion of water  etc. ;  and (3) a  solid 

substratum — the peculiar  s tructure of the lujavri te  seems to 

be intel l igible.  The subsidence and the Assuring of the upper 

strata,  and the accompanying forcing up of a  portion of the 

lujavri t ic  magma along the eastern and perhaps the northern 

borders of the batholi te ,  would facil i tate the escape of volat i le  

substances,  and would thus accelerate the cooling and crystal

l izat ion,  but  would counteract  the development of large crystals .  

The solid substratum would prevent the supply of addi t ional  

magma, and the contraction produced by the escape of water  

vapours,  and by the transi t ion to the crystal l ine state must  

therefore have resulted in a  subsidence of the overlying rocks 

which continued during the entire period of crystal l izat ion.  

This subsidence of the solid roof,  being somewhat irregular ,  

would produce movements within the magma basin,  and the 

movements would continue,  and gradually affect  al l  parts  of  

the magma, unti l  even the deepest  portions had contracted to 

solid rock.  The movement,  thus,  would be,  not  only an addi

t ional  cause favouring the development of a  f ine-grained st ruc

ture,  but  might also produce a primary schistosi ty of the 

whole mass.  The observed geometry of the schistosi ty,  the 

dip of the parting planes etc.  are in agreement with this  hypo

thesis .  

I t  wil l  easi ly be seen that  the above a t tempt to explain the 
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lujavri t ic  s t ructure  does not  imply the assumption that  abso

lutely al l  par ts  of  the magma must  crystal l ize  to  a  schis tose 

rock,  nor  that  the rock must  a lways be f ine-grained,  as  would 

be the case if  the  s ize  of  grains  depended upon the chemical  

composi t ion only.  

I t  wil l  a lso be seen that  the assumption of  a  sol id  and 

pass ive substra tum is  an important  point  in  the interpreta t ion 

of  the schis tose s t ructure .  At  l i imausak the presence of  this  

kind of  substratum cannot  be proved by direct  observat ions,  

but  i ts  presence may be inferred with grea t  probabi l i ty  f rom 

the form of  the upper  surface of  the lujavri te  body which has  

been actual ly  observed.  On the other  hand,  i t  must  be remem

bered that  the s implest  explanat ion of  the passive substratum 

depends upon the assumption of  an except ional ly  low temper

ature  of  consol idat ion for  the lujavri t ic  magma,  and we are ,  

thus,  referred back to  the chemical  composi t ion of  the magma 

as  the ul t imate  cause of  the pecul iar i t ies  of  the  lujavri t ic  

s t ructure .  

I t  might ,  therefore ,  be expected that  l ujavri tes  a l so a t  other  

local i t ies  would of ten show structures  l ike those of  the l i i 

mausak lujavri te .  Some other  occurrences of  lujavri te  have 

already been descr ibed,  but  in  these the analogy with the l i i 

mausak rock is  very s t r ik ing.  

The most  important  lujavri tes  outside Greenland are  those 

of  Kola 1  and of  t he Transvaal 2 ,  and from both local i t ies  the small  

s ize  of  the crystal  grains  and the schis tosi ty  are  mentioned as  

usual  and character is t ic  f eatures  of  the rock.  A s imi lar  s t ructure  

a lso character izes  the lujavri te  of  Ruma3 .  

1 W. RAMSAT, D as Nephelinsyenitgebiet auf der Halbinsel Kola II. Fennia 

XV, No. 2, 1899. 
2  H. A. BROUWER, Oorsprong en Samenstelling der Transwaalsche Nephe-

liensyeniten. s'Gravenhage 1910, p. 107. 
3 A. LACR OIX, Sur les faciès de variation de certaines syenites néphéli-

niques des îles de Los. Comptes rendus CXLII, 1906, p. 681. 
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RAMSAY,  in 1899, discusses the problem of the lujavrit ic 

structure in some detail1 .  He points out the difficulty con

nected with the interpretation of this structure,  and expresses 

the opinion that ' i t  must be referred to a slow cooling and a 

quiet crystall ization of the magma'.  He opposes the view held 

by BEÖGGER and others,  that the structure is an ordinary flow 

structure.  His objections are mainly based upon the assump

tion that the schistosity,  if  produced by magmatic movements,  

must be connected with the intrusion of the magma, and are 

apparently of no effect if  the movements have b een produced 

in the manner explained above. 

It  appears,  therefore,  that the schistose structure of lu-

javrites in Greenland and elsewhere may be explained as a true 

flow str ucture produced under peculiar conditions.  

CHEMICAL COMPOSITION OF THE ILIMAUSAK 

AND IGALIKO ROCKS. 

The analyses of igneous rocks from the country around 

Julianehaab have been given and discussed separately in the 

chapters dealing with the petrography of the country. For 

convenient reference all  analyses are grouped in one table at  

the end of the volume, and at  this place the main features 

characterizing the igneous complexes will  be briefly considered 

from a chemical standpoint.  

Common characters. — The igneous rocks of Il imausak a nd 

Igaliko belonging to a single cycle of igneous activity (probably 

of late Devonian date) exhibit  cer tain common characters which 

may be summarized thus :  — 

(1) All  belong to the alkali  family of rocks.  

1  Fennia XV, No.  2 ,  p .  I t .  
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(2) Soda predominates strongly over potash. 

(3) Magnesia is almost entirely absent. An exception is 

found in the magnetite-pyroxenite of Narsak (analysis 19), but 

this rock only occurs within a limited area of quite insignifi

cant dimensions. 

(4) Lime is relatively low. 

(5) When the basic rocks (essexites and trachydolerites) are 

left out of consideration alumina in relation to alkalies is low. 

While these characters illustrate the general consanguinity 

of the llimausak and Igaliko rocks, a close relationship asserts 

itself within some of the main divisions of the complexes. As 

only a few analyses of the effusive and hypabyssal rocks have 

been made, these rocks are omitted from the following dis

cussion. 

Igaliko batholite. — The main rock is a nepheline-syenite 

(analysis 25) which agrees with the habit of the ordinary Foya 

type. It  is also chemically related to the Foya type, but shows 

a marked tendency towards the agpaïtes mentioned below. As

sociated with the main rock is an augite-syenite (analysis 26l, 

closely related to that of the llimausak batholite. This rock is 

the only type which is common to the two batholites. 

Unstratified part of the llimausak batholite. •— The ana

lyses of the principal rock types are graphically represented in 

Fig. 31 *. The figure shows that the compositions of the syenites 

(nordmarkite and augite-syenite) are generally intermediate be

tween the compositions of the granite2  and the essexite. This, 

1 In the Figs. 31 and 32 the horizontal rows represent the analyses cal-

culated at 100 per cent., omitting H20, F, a nd Nb206. Ti02 and Zr02 

have been added, and the sum is given as Ti02 if Ti02 be predomi

nant, and as Zr02 if this be predominant. The percentage weights are 

given as absciss®. 
2 In Fig. 31 the first column ought to give the composition of the arf-

vedsonite-granite of Narsak, described (p. 115). As, however, no chemical 

analysis has been made of this rock, the corresponding rock from North 

Siorarsuit has been taken to represent the Narsak granite, with which it 

agrees very closely. 
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as is well  known, is usually taken as an indication that the 

rocks have been produced from a parent magma by so me kind 

of progressive differentiation, but it  would by far exceed the 

scope of the present report to give any discussion of the pro

blems which this view involves.  Here we need only mention that if  

the rocks of the unstratified batholite have been p roduced by differ

entiation, that differentiation m ust have been prior to the intrusion. 

The stratified batholite of llimausaJc. — The chemical 

compositions of the rocks of the stratified batholite show much 

more complicated relations.  If  the results of all  the analyses 

are represented in a variation diagram of the ordinary kind1 ,  i t  

will  be found that the variations ar e pictured as highly i rregular 

curves.  It  is  not even possible to arr ange all  the analyses into 

one series,  because several rocks with almost identical sil ica 

percentages differ widely in their other constituents (compare 

analyses 5 with 14, 6 with 15).  A glance at  the accompanying 

figure (Fig. 32) in which a number of the nepheline-syenites are 

graphically represented will  show the same fact (comp.N1  with K3) .  

I t  is  scarcely possible in the present state of knowledge 

to arrive at  a quite satisfactory interpretation of the genetic 

relations between the large number of chemically differing 

rock types which occur within the stratified batholite,  although 

in some details a probable interpretation may be given. Some 

of the variations appear to be attributab le to a differentiation by 

fractional crystall ization combined with the effects of gravity in 

si tu,  while in other cases the variations are probably due to 

successive arrivals of different magmas. 

From a chemical point of view the rocks of the stratified 

batholite may be com prised under three main divisions: (1) the 

granite;  (2) the rocks of the transition zone; and (3) the ag-

païtes,  the latter name3  being chosen as a convenient term for 

!  A. H ARKER, Natural History of Igneous Rocks, 1909, p. 118. 
2  Agpaite from Greenlandic agpa, auk, pi. a gpat, the name of a locality 

on the S. side of Tunugdliarflk, within the area of the batholite. 



that peculiar subdivision of nepheline-syenites which is repre

sented at  l l imausak, by the rocks described as sodalite-foyaite,  

naujaite,  lujavrite,  and kakortokite.  In the following table the 

rocks are enumerated in order from the top of the batholite 

downwards, with indication of the main divisions: 

I.  Granite (arfvedsonite-granite) 

f Quart z-syenite 

II .  Tr ansition zone ;  Fulaskite 

Foyaite 

Sodalite-foyaite 

III .  Agpai ' tes Naujaite 

Lujavrites and kakortokites.  

I .  The arfvedsonite-granite constituting the uppermost 150 

—400 meters of the stratified batholite is,  chemically,  related 

to the soda-grani tes of the Christiania district .  The flat  under 

surface of this rock body and the gradual transitions to the 

underlying rock lend some support to the view that the granite 

has not been separately intruded, but has originated by differ

entiation in place. On the other hand it  is  difficult  to imagine 

any process by which the arfvedsonite-granite could originate 

in situ as a differentiation product of the agpaïte rocks which 

now underlie i t .  

The question can, however,  be viewed in another l ight.  It  

has been pointed out that the stratified abyssal rocks do not 

represent the original fi l l ing of the batholit ic chamber.  At se

veral places large masses are left  which suggest that the 

original fi l l ing was a syenitic magma. It  is  perhaps not im

possible to imagine that the granite in some way may have 

originated from the syenitic magma. Owing to i ts  lower specific 

gravity it  may have accumulated at  the top of the chamber,  

while both magmas were yet in a semi-fluid conditio n. For rea

sons given above (p. 321) a genetic relationship between the gra-

2 2 -
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nite and the sy enile is probable,  and it  appears to be indicated 

also by the presence of granite en closures in the augite-svenite 

of Iviangusat (see p.  53).  

II .  The transition zone between the granite and the ag-

pai ' tes consists of three layers:  quartz-syenite,  pulaskite,  and 

foyaite,  t he total  thickness of which only amounts lo 10—50 

meters.  Only the central  one of these layers,  t he pulaskite,  has 

been found constantly separating the granite from the agpai ' tes,  

while the two oth er layers are wanting at  some places,  and are 

always somewhat variable in their mineralogical constitution. 

The quartz-syenite has not been chemically analyzed. The 

pulaskite (analysis 3) is  chemically very closely related to the 

syenites (nordmarkite an d augite-syenite) which occur in the un-

stratified part  of the batholite.  Th e foyaite (analysis 4) has about the 

same sil ica percentage as the syenites,  but differs in i ts  alkalies 

which are a li t t le higher,  in alumina which is about 5 per cent 

higher,  and in iron oxides and lime which are lower.  The 

presence of this rock as a subordinate sheet within the l l imau-

sak batholite is re markable,  for the rock is chemically of a type 

which is very different from all  the other rocks of this ba

tholite,  but shows a certain analogy with the foyaite of the 

Igaliko batholite (compare Fx  and F2 ,  Pig.  32) and is very like 

the foyaites of many localit ies outside Greenland. 

The rocks of the transition zone cannot apparently be re

garded a s having been brought in by successive intrusions along 

the boundary plane which separates the granite from its sub

stratum. Here, as elsewhere, the hypothesis of successive in

trusions fails to explain the differences between contiguous 

sheets,  and only accounts for contact phenomena which ap

pear at  the boundaries between the sheets.  But at  Il imausak 

such phenomena are entirely wanting; the sheets are uniformly 

coarse-grained throughout;  and there is everywhere a gradual 

transition without any trace of a contact plane between them. 

These facts seem to point to the conclusion that the junctions 
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of the sheets have been viscous at  the s ame time, and thus an 

origin by successive intrusions seeins to be precluded. 

The most probable interpretation of the rocks, of the 

transition zone appears to be that they have been produced in 

situ by an interaction between the granitic and the agpai ' t ic 

magmas, and that the mingling along the junction has given 

rise to reaction sheets which have crystal l ized at  a higher 

temperature than either magma. Another theory is that the 

above explanation should only be applied to the upper and 

lower sheets,  and that the middle sheet,  the pulaskite,  is  a 

remnant of the original syenite which at  one time fil led the 

reservoir.  The latter view is perhaps supported by evidence 

from the northeast side of Nunasarnausak, where the pulaskite 

sheet comes next to the augite-syenite of the unstratified com

plex. Here no boundary has been detected between the two 

rocks, but further observations are needed before the question 

can be sett led. 

The agpaïtes. The term agpaïte (see footnote p.  338) is 

here introduced as the name of a subgroup of the great family 

of nepheline-syenites.  As a subgroup it  i s  charac terized by c er

tain peculiarit ies of chemical composition. The compositions 

for the ll imausak agpaïtes are given in the analyses 5—15, and 

the main types are represented graphically in Fig. 31 (S, N, L, 

and K). For comparison the figure also gives the composition 

of two ot her nepheline-syenites,  one of whic h (Fx)  may be taken 

as a representative of ordinary non-agpaïtic foyaites,  while the 

other (F2)  is  approximately intermediate between the ordinary 

foyaites and typical agpaïtes.  

The chemical character which distinguishes the agpaïtes 

from other nepheline-syenites is the excess of alkalies in pro

portion to alumina. Thus, if  na, k, and al are the relative 

amounts of Na-,  K-,  and Al-atoms in the rock, the apaïtes may 

be characterized by the equation: 

na + k -> 
_ 1-2, 
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whereas in ordinary nepheline-syenites this ratio does not ex

ceed l  l1 .  The agpaïtes are thus in a position within the ne-

pheline-syenite group which is somewhat analogous to that 

occupied in the family of rhyolites by the pantellerites.  

Iron is generally present in large quantit ies,  but owing to 

the excess of alkali  i t  does not appear as iron ore in the rocks: 

i t  crystall izes instead as aegirine,  arfvedsonite,  and ainigmatite.  

Even in the black kakortokite (K 3  in Fig. 32) with 25*4 per cent,  

of iron oxides there are no iron ores.  Alkalies ar e also un

usually high, while magne sia is wanting, an d lime in most cases 

is low. A very characteristic feature is the presence of zir-

conia and chlorine. In some extreme differentiation products 

of the agpaïtic magma these elements are present in consider

able quantit ies:  thus,  the red kakortokite conta ins 5 per cent,  of 

zirconia,  and some varieties of the naujaite consist  of almost 

pure sodalite.  

A glance at  the curves given in Fig. 32 will  show that 

the agpaïtic rocks vary from melanocratic to leucocratic.  In 

this report the melanocratic agpaïtes have been classified under 

three heads according to their structure: — (1) lujavrites,  ch ar

acterized by aegiri ne and arfvedsonite in needle shaped crystals;  

(2) kakortokites,  which are coarse-grained with stumpy anhedra 

of aegirine and arfvedsonite and rather thin tabular crystals of 

felspar;  and (3) sodalite-foyaite,  a very coarse-grained rock 

with thick tabular cr ystals of felspar and a considerable quantity 

of allotriomorphic sodalite.  The name which has been given to 

the last  mentioned rock is not very adequate,  and may be re

garded as only provisional.  Chemically the rock is closely re

lated to the tavite of RAMSAT ,  but structurally it  is  quite different,  

1  The values  of  the  rat io  ma k)  :  a t  for  each of  the types which have 

been analyzed for  this  report ,  are  given at  the end of  the volume in  

the table  of  analyses  calculated a t  100 per  cent .  In  the agpaï tes  of  l l i -

mausak the rat io  var ies  f rom 1 2 to  while  in  oidinary nephel ine-

syeni tes  the rat io  is  f rom OS to t ' l .  
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as the tavite i s characterized by a poikilitic struct ure more ana

logous to that of the naujaite. 

The leucocratic agpa'ites are represented at Ilimausak by 

the naujaite, which after the lujavrite is the major constituent 

of the batholite. The chemical composition of the naujaite dif

fers so much from that of the melanocratic agpa'ites, that it  

might seem somewhat arbitrary to class both kinds of rocks 

into one subgroup merely on account of the alkali excess. The 

chemical type represented in the naujaite of Ilimausak has, 

however, hitherto always been found associated with melano

cratic agpaïtes (in Greenland, Kola, Transvaal, Los Islands) and 

it is probable, therefore, that the two ty pes are genetically con

nected. 

Mean composition of agpa'ites at Ilimausak. — Since the 

variations of chemical composition within individual rock bodies 

are only imperfectly known from a small number of ana

lyses, the mean composition of the types cannot be accurately 

calculated. Still  greater uncertainty necessarily affects any cal

culation of the mean composition of the entire agpai 't ic rock 

body, in which the volumes of the individual rock bodies 

can only be roughly estimated. The compositions given in the 

table on the next page can only, therefore, be regarded as 

probable mean compositions, and in the la st c olumn ('Agp') the 

calculation based on an estimation of the relative original 

volumes of the lujavrites, naujaites, etc. is given,1  for the pur

pose of affording a probable guess as to t he mean composition 

of the agpaïtic magma at Ilimausak. 

Considering that the agpaïtes are chemically characterized 

by medium silica, extremely high sodium and iron, relatively 

low aluminium, and no magnesium, their composition seems to 

indicate a silicate mixture which had a definite melting point. 

Hence, if the agpai'tic magma owes its origin to any kind of 

differentiation processes connected with partial solidification, 

this magma is probably a residual magma. This view is in 
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Mean composition of agpaïtes, llimausak. 

S N L K Agp. 

SiO.,  50-42 46-93 5 5 1 2  51-81 51-86 

Ti0o   •64 •18 •36 •35 •33 

ZrO„  •62 •33 •84 2-05 •79 

A U ) .   17-68 23-59 16-28 13-68 18-35 

Fe903   4-29 3-37 8-66 7-32 6.50 

Fe O 5-36 2-16 3-53 7-27 3-68 

MnO  •08 •08 •29 •57 •23 

MgO  •54 trace 03 •09 •08 

CaO  2-28 •69 •77 3-06 1 1 3  

Na.,0  14-16 17-40 11-30 9-75 13-26 

K,0  2-60 2-96 2-75 3-92 2-91 

CI  1-72 2-98 •09 •16 1 1 3  

P2O5   — — trace — — 

na + k 

al 

100-39 

1-5 
! 

100-67 

1-3 

100-02 

1-3 

100-03 

1-5 

100-25 

1-4 

S composition of sodalite-foyaite calculated at 100 per cent., 

with H20 omitted (analysis 5). 

N approximate mean composition of naujaite (mean of ana

lyses 6 and 7). 

L approximate mean composition of lujavrite (mean of ana

lyses 8, 9, 11, and 12). 

K approximate mean composition of kakortokite (sum of 

nine parts of white kakortokite (analysis 13), one part of 

red (14), and three parts of black kakortokite (151). 

Agp. probable mean composition of the agpai'tic batholite of 

llimausak, calculated as a sum of one part of sodalite-

foyaite (analysis S), three parts of naujaite (N), five parts 

of lujavrite (L), and one part of kakortokite (K). — 

1 0 A g p .  =  S + 3 N  +  5 L  +  K .  
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agreement with the circumstance that  t he agpaït ic  type is  some

times represented among dyke rocks (certain t inguaïtes)  even 

in petrographical  provinces where no abyssal  agpaïtes have been 

found.  

SPECIFIC GRAVITY OF THE ABYSSAL ROCKS 

OF ILIMAUSAK. 

While the specif ic gravity of an abyssal  rock is  a  quanti ty 

of very l i t t le  i nterest  from the standpoint  of  the laccoli t ic  theory 

of intrusion,  the theory of batholi t ic  invasion of subsidence of 

roof blocks demands that  i t  be given considerable importance.  

Though we are not  able to calculate the original  specif ic 

gravity of the magma from the observed specif ic gravity of  

the rock,  the lat ter  quanti ty wil l  in most  cases give an ap

proximate idea of the relat ive specif ic gravit ies of  different  mag

mas.  The peculiar  strat if icat ion of one part  of  the l l imausak 

batholi te  seems to show that  in this  peculiar  case differences 

of specif ic gravity have not  been without importance in the 

arrangement of i ts  rocks.  For these reasons the specif ic gravi

t ies of the abyssal  rocks of l l imausak have been grouped to

gether in the following table.  The determinations were made at  

about 20° C. 

As most  of  the rocks are conspicuously miaroli t ic  Dr.  

STEENSTRCP s uggested that  i t  might be of interest  to examine,  

not  only the specif ic gravit ies of  the rocks in a  powdered con

dit ion,  but  also in large unbroken specimens.  Thanks to his  

great  kindness I am able to uti l ize the results  which he ob

tained by weighing whole specimens,  and subsequently deter

mining their  volumes with a  mercury volumenometer.  The 

specimens used for these determinations weighed from 500 to 

1000 grams.  The table shows that  the porosity varies very 
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greatly,  and evidently it  varies more in the case of such local 

factors as the decomposition of the rocks, than does the spe

cific gravity of rock powder.  Even slight decomposition will  

generally lower perceptibly the specific gravity of the powder,  

but by sometimes fil l ing the pores and sometimes enlarging 

them in different cases it  affects the porosity very differently.  

The sandstone, the specific gravity of which is entered in 

the last  l ine, has been taken from the great sandstone fragments 

which are inclosed in the augite-syenite at  Iviangusat (see p.  51).  

Specific Weight 

gravity pr. cm3  

(powdered (whole 

rock) specimens) 

Stratified part of the batholite: 

Arfvedsonite-granite, Ilimausak (very fresh, greenish) 2-72 2-70 

Arfvedsonite-granite, Ilimausak (fresh, brownish) . .  2-66 265 

Pulaskite, N. Siorar suit  2-72 2-69 

Foyaite, Naujakasik  2-67 2-62 

Sodaiite-foyaite, Tupersuatsiak  •>'65 259 

Naujaite, Kangerdluarsuk  253 2-51 

.Sgirine-lujaviite, Nunasarnak  2'75 2'70 

Arfvedsonite-lujavrite, Nunasarnak  2-79 2'76 

Kakortokite, white, Kringlerne  2'76 2-72 

Kakortokite, black, Kringlerne  3-12 305 

Unstratified complex : 

Nordmarkite, Narsak  2'74 2-66 

Augite-syenite, Nunasarnausak  2*77 274 

Essexite, Narsak  2-90 2-87 

Sandstone, quartzitic, Iviangusat  2'66 264 
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DIFFERENTIATION OF THE AGPAITIC MAGMA. 

It  has been shown above that the nepheline-syeni tes which 

make up the bulk of the stratified l i imausak batholite have 

certain common distinctive chemical characters,  and it  was 

found convenient to group them under a common name :  

agpaïtes (see p.  338).  The several agpai ' tes — viz.  s odalite-

foyaite,  naujaite,  lujavrites,  and kakortokites — are closely 

related to one another,  b oth from a chemical and from a min-

eralogical point of view. All of them contain practically the same 

minerals,  but i n very different proportio ns.  From this evidence i t  

is  extremely probable that all  the agpai ' t ic rocks of l i imausak are 

genetically connected, o r speaking more precisely,  are differen

tiation products of one parent magma: the agpai ' t ic magma. 

Further,  if  we consider,  (1) the stratiform arrangement of the 

rocks, (2) the absence of any structural differences between 

the inner part  of each stratum and its border zones,  and (3) the 

gradual transitions from sheet to sheet,  i t  will  be seen that the 

conditions are such as to su ggest a differentiation in situ.  This 

supposition also agrees with the circumstance that the stratified 

batholite of l i imausak is the only occurrence of agpai ' t ic rocks 

in southern Greenland. 

In the following paragraphs we shall  try to show that 

the assumption of a differentiation in place is not incon

sistent with the observed facts,  and that in this case the 

differentiation may partly be explained on the old principle 

of mechanical separation by gravity of crystals from their 

magma. 

As is well  known observations bearing directly upon a 

process of this kind are extremely rare,  and we may safely 

assume that in most batholites the viscous condition of the 

magma has prevented even heavy crystals from sinking1 .  This,  

1  A. H A R K E K ,  N atural History of Igneous Kocks, 1909, p. 322. 
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however,  in our case does not constitute an objection, for the 

composition of the agpaïtic magma suggests that i ts final temper

ature of consolidation was extremely low, whereas several of the 

minerals which are characteristic of agpai ' tes under magmatic con

dit ions have exceptionally wide temperature ranges of crystalli

zation1 .  I t  is ,  therefore,  not difficult  t o imagine that the agpai ' t ic 

magma during the early stage of crystallization may have been 

more fluid than are most other magmas. 

As quoted above the agpai ' t ic sheets from above downwards 

are as follows (the figures in parantheses indicate the average 

thickness of each rock body): 

sodalite-foyaite (100 meters) 

naujaite (300 meters) 

lujavrites and kakortokites (more than 600 meters).  

The approximate mean composition of these rocks as well  

as the probable composition of the undifferentiated agpaïtic 

magma (leaving o ut volatile matter) has been given in the table 

(p.  344).  

It  is  obvious from this table that the composition of the 

uppermost layer — the sodalite-foyaite — is very near to the 

average composition of the agpai ' tes.  Considering that the 

sodalite-foyaite is a very coarse-grained rock, and that only 

one analysis has been made, i t  can hardly be said that any 

difference in chemical composition between this rock and the 

mean agpaïte has yet been proved. Provisionally,  then, the 

sodalite-foyaite may be regarded as undifferentiated agpaïte which 

in the upper part  of the magma chamber has crystallized en

tirely without disturbance. 

The naujaite and the lujavrite differ from the mean agpaïte 

1 This follows from the observation that sodalite, aegirine, and arfved-

sonite, often constitute the latest products of crystallization in the same 

agpaïtic rocks where idiomorphic crystals of these minerals are enclosed 

in the felspars. 
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in opposite directions.  The first  problem to be considered is 

whether the compositions and the mutual arrangement of nau-

jaite and lujavrite can be accounted for by the hypothesis of 

differentiation in place. 

When this problem has been dealt  with,  the relation of 

naujaite to sodalite-foyaite will  be separately considered. 

Finally t he origin of the kakortokite mass with i ts regular 

alternations of white,  red, and black sheets will  be discussed. 

Origin of naujaite and lujavrite. — It is generally ad

mitted that differentiation in place may be produced either by 

fractional crystall ization1 ,  with one or more minerals crystall i

zing at  the coolest border of the magma chamber,  while the 

remaining magma by diffusion or convection currents is kept 

homogeneous, or by gravity,  by which the first  formed crystals 

are mechanically separated from the magma. In both cases 

the normal result  of the process is a solid rock which con

tains a very large proportion of the first  mineral to crystall ize,  

and a residual magma showing corresponding impoverishment 

in that substance2 .  

In the present case we are taught by observation that the 

naujaite crystall ized before th e lujavrite.  It  has also been stated 

that the first  formed mineral of the naujaite is  sodalite.  The 

first  question is,  therefore,  whether the composition of naujaite 

is such as would result  if  a  portion of the agpai ' t ic magma has 

become strongly enriched in sodalite,  and if so whether the re

maining portion, impoverished in that substance, would assume 

the composition of lujavrite.  

This question must be answered in the affirmative: a 

mixture of 63 per cent,  of 'mean agpaite '  and 37 per cent of 

1 G. F. BECKER , Fractional Crystallization of Rocks. Amer. Journ. Sc., 4 

ser., vol. IV, 1897, p 257. 
2 As TEALL has pointed out complications may arise when crystals de

scending to lower l evels are dissolved there (Geolog. Magazine, ne w series, 

decade 3, vol. II, 1885, p. 119.) 
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sodal i te  wil l  give a  rock of the same composit ion as naujai te (see 

table p.  351).  I t  is  t rue that  the values which have been cal

culated according to the supposed process of differentiat ion 

differ  a  l i t t le  from the average composit ion of the naujai te as 

calculated from the analyses.  But as al l  the rocks contain 

varying quanti t ies of al terat ion products,  mainly zeolites,  the 

agreement may be regarded as close enough.  

I t  wil l  thus be seen that  the chemical  as well  as  the min-

eralogical  composit ion of naujaite is  sufficiently explained by 

the hypothesis  that  this  rock has originated from the agpait ic  

magma by a  differentiat ion set  up by the local  concentration of 

the first  crystal l ized mineral  (sodali te) .  

In the calculat ion given in the table (next  page) the start

ing point  is  the average composit ion of the ent ire agpaïte mass 

which is  regarded as made up of the mixture;  

S + 3N + 5L + K 

the let ters  signifying respectively sodali te-foyaite,  naujai te,  lu-

javri te,  and kakortokite (comp. p.  344).  I t  might perhaps be 

more correct  to deduce S before calculat ing the mean com

posit ion,  but  since in this  part icular  case S has approxi

mately the mean composit ion of the agpaïte mass,  and forms 

only one tenth of the whole,  the result  wil l  be practical ly the 

same. 

As the calculated composit ion of the 'mean agpaïte '  de

pends mainly upon the naujai te and the lujavrite ,  i t  fol lows that  

the hypothesis  set  forth in the preceding paragraphs will  ac

count for the mean composit ion of the lujavri tes ( including ka-

kortokites)  just  as well  as  i t  does for the naujai te.  

Passing now to examine the relat ive posit ion of naujai te 

and lujavri te from the point  of  view of the supposed differen

t iat ion process,  we find that  the evidence agrees with the sup

posit ion of differentiat ion in si tu.  The differentiat ion,  if  due to 

fractional  crystal l izat ion,  must  give r ise to an upper layer 
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S iO, 51-86 32-67 37-14 13-74 46-41 46-93 52 

TiO  •33 •21 •21 •18 •03 

ZrO.,   •79 •50 •50 •33 •17 

A I 2 O ,  . . . .  18-35 11.56 31-60 11-69 23-25 23-59 -34 

Fe 2  0 3  . . . .  6-50 4 1 0  4-10 3-37 •73 

Fed)  3-68 2-32 2-32 2 1 6  16 

. \InO  •23 15 -15 •08 •07 

MgO  •08 •05 •05 trace •05 

CaO  1-13 •71 •71 •69 •02 

Na 20  13-26 8-35 25-60 9-47 17-82 17-40 •42 

K2O  2-91 1-83 1-83 2-96 -f-  1-13 

CI  1 1 3  •71 7-31 2-71 3-42 2-98 •44 

100-25 63-16 101-65 37-61 100-77 100-67 

strongly enriched in sodali te  which was the f irst  mineral  to 

crystal l ize,  and consequently i t  must  have formed at  the upper 

border of the magma chamber,  where heat  was being continu

ally lost  by conduction.  The layer enriched in sodal i te  would 

consolidate as naujai te,  and the remaining magma would be 

left  with the composit ion of lujavri te .  As a  matter  of fact  the 

naujai te does consti tute the upper layer,  and is  underlain by 

the lujavri te.  In i ts  broad features,  therefore,  the mode of oc

currence of the rocks is  in harmony with the hypothesis .  Upon 

closer examination,  however,  i t  wil l  be seen that  fract ional  

crystal l izat ion has probably not  been the only cause of differen

t iat ion.  For if  i t  had,  we should expect  to f ind naujai te,  not  only 

as an upper layer,  but  also as a  border zone along the wails  
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of the lujavrite body, in all  places where the marginal decrease 

in the size of grains indicates that the magma has been in 

contact with a cooler wall  rock. As a matter of fact,  however,  

the naujaite nowhere occurs as a border zone to the lujavrite ;  

and the whole form of the naujaite mass is in favour of the 

view that gravity has been the dominant factor controlling the 

distribution of the rocks. It  seems, therefore,  very probable,  

that the low specific gravity of sodalite has played an important 

part  in the process.  Indeed, as lujavrite has a specific gravity 

of 2'7-—2'8, c ompared with the 2 -2—2 -3 of sodalite,  i t  will  be 

seen that even if the lujavrit ic m agma has been considerably 

l ighter than the solid lujavrite,  i t  may yet have been heavier 

than sodalite.  

To sum up, the above discussion indicates that i t  is  ex

tremely probable that naujaite and lujavrite are differentiation 

products of the same magma and have separated in situ.  The 

cause of the differentiation may be referred partly to fractional 

crystall ization — sodalite crystall izing at  the upper border of 

the magma chamber —, and partly to the floating away of 

sodalite crystals from the heavier residual magma under the 

influence of gravity.  Both causes have acted in the same di

rection, and it  is ,  therefore,  not possible to decide which was 

the more important.  

Conditions of this kind — fractional crystall ization and 

gravitative separation acting with i t  — are unusual with most 

magmas, for nearly all  minerals will  no doubt tend to sink in 

any magma in which they grow. The co-operation of the two 

processes explains the considerable thickness (about 300 meters) 

of the naujaite layer.  

The structural differences between naujaite and lujavrite,  

and the character of their mutual contact have been discussed 

in earlier sections (pp. 322, 328).  

Relation of sodalite-foyaite to naujaite. — The coarse

grained sodalite-foyaite occurring as a sheet of varying thick-
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ness (2 —150 meters)  immediately above the naujai te,  seems at  

f irst  s ight  to present  characters which are incompatible with 

the hypothesis  advanced in the preceding paragraphs.  The che

mical  composit ion of sodali te-foyaite is  that  of  undifferentiated 

agpaïte ,  with some sl ight  enrichment in sodali te  (see table p.  

344).  The rock,  accordingly,  is  heavier  than the naujai te (2*65 

as  against  2*55).  The sodalite  contents is  considerably lower 

(about 15 — 20 per cent,  as  compared with 30—60 per cent ,  in 

the naujai te)  and the sodali te  is  largely al lotr iomorphic.  In i ts  

jower port ion the sodali te-foyaite passes into naujai te slowly a nd 

gradually — the only perceptible change being a gradual  increase 

in the number of idiomorphic sodal i te  crystals  — and both rocks 

must  evidently have been solidifying in their  present  posit ion at  

about the same t ime.  

The diff iculty in interpretat ion is  this:  — If sodali te  be the 

first  mineral  of  the agpaït ic  magma to crystal l ize,  as  indicated 

by the structure of the rock (the minute crystals  of  aegirine 

etc .  inclosed in the sodali te  crystals  are here for the moment 

left  out) ,  and if  the magma, as explained above,  differentiate 

ei ther by fractional  crystal l izat ion or  by the movement of cry

stals  under gravity,  then the uppermost  layer of  the agpaïte 

should be naujai te and not  sodali te-foyaite.  Since the condi

t ions of differentiat ion in this  case belong to the early stages 

of crystal l izat ion,  no assumption that  sodali te-foyaite crystal

l ized before differentiat ion commenced,  can remove this  dif

f iculty.  

A key to the explanation is  probably found in the obser

vation,  made during the field work,  that  the sodali te-foyaite 

shows a certain structural  and mineralogical  resemblance to the 

horizontal  pegmati te veins or  benches of the naujai te.  

As more fully discussed in the descript ive section,  the 

naujaite possesses a peculiar  suite of pegmati tes.  Besides a  

number of pegmati t ic  veins which occur l ike ordinary peg

mati tes (exceedingly large size of grains,  varying width,  i rregular  

XXXVIII. 23 
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course),  there are also others which both in age and structure 

occupy a posit ion intermediate between the naujai te,  properly 

so called,  and the ordinary pegmati tes .  These intermediate 

types a re str ict ly regulated in their  distr ibution by the benching 

of th e rock,  a nd should perhaps be considered as the latest  pro

ducts of the consolidation phase rather than as the first  pro

ducts of the pneumatolytic phase.  I t  is  probable that  the 

sodali te-foyaite in the manner of i ts  formation ought to be com

pared with these.  

Under this  assumption the succession of events leading to 

the formation of naujai te and sodal i te-foyaite is  believed to have 

been as follows.  

When the crystal l izat ion of the agpaït ic  magma commenced 

fractional  crystal l izat ion and gravitat ional  separation caused an 

accumulation of sodali te  crystals  in Ihe uppermost  port ion of 

the magma. If  consolidation had been accomplished without 

reduction of volume the ent ire upper port ion of the magma 

would have crystal l ized as naujai te,  and the sodali te-foyaite 

would not  have come into existence.  But as crystal l izat ion in

volved contraction water  and other expansible matter  would 

tend to accumulate above the naujai te;  and if  we assume that  

volat i le  substances lower the temperature of consolidation and 

the specif ic gravity of the magma, i t  is  evident  that  by degrees 

a moderate quanti ty of magma rich in volat i le  matter  would 

accumulate above the naujai te (and later  between the naujai te 

benches alsol .  This uppermost  magma sheet  by reason of i ts  

low specific gravity would prevent sodal i te  crystals  from rising,  

and perhaps 'by this  t ime the temperature would have fal len so 

much that  viscousity hindered further differentiat ion.  Under these 

condit ions the magma would not  grow richer in sodali te ,  and 

when consolidation took place the structure would be similar  to 

that  of  the pegmati te benches mentioned above.  In this  way 

both the posit ion,  the composit ion,  and the structure of the 

sodaii te-foyaite would be explained.  



355 

Origin of banded kakortokites. — The kakortokite mass of 

Kringlerne is the most remarkable portion of the abyssal com

plex of Il imausak. The batholite on the whole is characterized 

by an uncommonly well  marked stratification, but with the ka

kortokite this structure is developed to such a degree that i t  

may almost be said to be unique (comp. Pl.  IX). The geo

logical description of this rock body is given in the third 

chapter (pp. 43—47); for petrography and analyses see (pp. 

177 — 184).  

The kakortokite mass considered as a whole has the com

position of a lujavrite which is slightly enriched in arfvedsonite 

and eudialyte (see table p.  344).  As i t  belongs to the more 

deeply seated portions of the agpai ' t ic c omplex this enrichment 

may perhaps be due to subsidence of crystals through the 

magma. The coarse-grained structure proves that the kakor

tokite has crystall ized under much more undisturbed conditions 

than the lujavrite.  As to the date of i ts  consolidation obser

vations seem to show that i t  is  approximately co ntemporaneous 

with the lujavrite,  but the exact age relations between these 

rocks have not with certainty been made out.  As previously-

mentioned the kakortokite at  some places is not only covered 

with lujavrite,  b ut also underlain by this rock. It  may be, how

ever,  t hat the kakortokite consolidated first ,  and that as a result  

of the movements connected with the subsidence of the roof of 

the batholite a portion of the lujavrite in a fluid condition was 

forced into i ts present position below the other rock. 

From other countries several examples of stratified abyssal 

rocks are known. The most famous are the banded gabbros of 

Skye, des cribed by A. GEIKIE and TEALL1 ,  and the ultrabasic r ocks 

of Rum, described by HAKKER2 .  Of these only the latter oc

currence presents features which are all  comparable with those 

1 Quaterly Journal of the Geol. Soc., Vol. 50, 1894, p. 645. 
2 Geology of the small Isles of Inveniessshire. Memoirs of the Geol. 

Surv., 1908, p. 69. 

23" 
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of  the s t ra t i f ied kakor toki te .  There are,  however ,  a lso con

s i d e r a b l e  d i f f e r e n c e s ,  a n d  t h e  i n t e r p r e t a t i o n  g i v e n  b y  H A R K E R —  

tha t  the different  sheets  of  the ul t rabasic  rocks of  Hum repre

sent  dis t inct  intrusions — is  not  direct ly  appl icable  to  the case 

here  considered.  

The pecul iar  kind of  s t ra t i f icat ion character iz ing the kakor-

toki t ic  complex wil l  appear  f rom the fol lowing l is t  of  a  number 

of  consecutive sheets  :  

black kakortoki te ;  thickness  ca .2—3 meters ;  sp.gr .ca .3 '12 

white  kakortoki te  » 6—9 » » »  2*76 

red kakortoki te  » 1  — 2 » » » 2 .85 

black kakortoki te  » 2—3 » » » 3 '12 

white^kakortoki te  » 6  — 9 » » » 2 '76 

red kakortoki te  » 1-—2 » » » 2*85 

black kakortoki te  » 2  — 3 » » » 312 

The succession as  given in  this  table  cont inues through a  total  

th ickness  of  about  400 meters ,  t he number of  individual  sheets  

amounting to  more t han a  hundred,  while  the number of  repe

t i t ions of  colour  se ts  is  about  for ty .  I t  i s  worth mentioning that  

the red sheets  in  many places  are  badly developed or  even want

ing,  b ut  even in such cases  the lowermost  port ions of  the white  

sheets  or  the uppermost  port ions of  the black ones are  re la

t ively r ich in  eudialyte .  

In  general  i t  may be said that  a  considerable  number of  

processes  are  known which can produce banded s t ructures  in  

igneous rocks.  In  the present  case,  however ,  s ince we are  

concerned with abyssal  rocks in  a  local i ty  wh ere the co-opera-

t ion of  crus tal  s t resses  is  precluded,  the quest ion is  less  com

plicated,  and the banded s t ructure  of  the kakortoki te  must  be 

supposed to  have or iginated ei ther  by successive intrusion of  

different  kinds of  magma or  by different ia t ion in  place.  

The theory of  successive intrusion,  as  has  already been 
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pointed out ,  has  fai led to  account  for  the differences between 

the individual  rocks of  the agpai ' t ic  complex.  In  that  case the 

diff icul t ies  ra ised were the very close chemical  and minera lo-

gical  re la t ions between the individual  sheets ,  the absence of  

contac t  p henomena,  the gradual  t ransi t ions,  the horizontal  dis t r i 

but ion,  and the fact  that  no dykes are  found which are  exact ly  

l ike any of  the individual  agpaï t ic  sheets ;  and al l  these factors  

te l l  against  the assumption that  different ia t ion occurred before  

intrusion.  The regular  order  of  succession of  the banded ka-

kortoki tes ,  and the fact  that  each white  sheet  is  much thicker  

than the immediately under lying red or  black sheets ,  are  fur

ther  diff icul t ies  which must  be faced by the theory of  succes

sive intrusion.  If  only white  and black sheets  took par t  in  the 

bui lding up of  the complex i t  might  be conceivable  — though 

not  probable  consider ing what  has  already been said — that  

the black sheets  had been intruded along par t ings between the 

white  ones or  vice-versa ,  but  when the intercalat ion of  red 

sheets  below and not  above each of  the white  ones is  con

sidered,  a  concept ion of  this  kind is  precluded .  In  short ,  i t  

may be said tha t  no observat ions whatever  have been made 

which would suggest  the hypothesis  of  successive intrusion by 

different  magmas,  and the only s ignif icance of  the hypothesis  in  

the present  case is  that  i t  would refer  the different ia t ion pro

cesses  to  unknown depths ,  and to  causes  which are  beyond any 

observat ion,  whils t  i t  g ives  no explanat ion at  a l l  to  the actual  

present  arrangement  of  the rocks.  

The main factors  which can produce different ia t ion in  

place are  thought  to  be fract ional  crystal l izat ion and separation 

by gravi ty .  Upon closer  examinat ion i t  appears  improbable  that  

f ract ional  crystal l izat ion has  played an important  par t  in  the 

formation of  the banded kakortoki tes .  True,  f ract ional  crystal

l izat ion may be able  to  produce sheeted s t ructures ,  a nd if  wi th  

this  we combine the assumption that  the magma at  the con

tact  with the crystal l iz ing rock became supersaturated with 
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different  compounds al ternately,  a  recurrent  deposit ion of three 

different  kinds of rock sheets  might perhaps be produced.  With 

the kakortokites supersaturat ion is  extremely improbable,  for  al l  

the sheets  contain the same minerals ,  and the aegirine and 

the arfvedsonite,  which were generally the last  to crystall ize,  

occur also as minute crystals  inclosed in al l  the earl ier  minerals .  

Moreover,  t he succession of the sheets  bears no apparent  rela

t ion to the order of crystal l izat ion.  

The question remains to be discussed whether the hypo

thesis  of separation by g ravity can account for the peculiari t ies 

of  the banded kakortokite or  not .  This problem may be con

veniently considered under two heads.  The differentiat ion of 

the kakortokite into white,  red,  and black sheets  is  readily ex

plained by the assumption of gravitat ive separation,  but  the 

recurrence of the sheets  is  not  explicable in this  way.  

That  gravitat ive separation is  able to account for  the dif

ferentiat ion wil l  appear from the following considerat ion.  The 

black kakortokite sheets  (sp.  gr .  3" 12) are characterized by the 

abundance of arfvedsonite (sp.  gr .  3*4) ;  the red sheets  (2 -85) 

which overl ie the black ones abound in eudialyte (2 '9);  and the 

white rock (2*76) which covers the red sheets  has alkali  felspar 

as  i ts  dominant mineral  (2 -6).  The arrangement ,  thus,  agrees 

with what should be expected if  i t  were due to gravitat ion.  

Further i t  must  be remembered that  the difference between the 

individual  sheets  depends almost  exclusively upon the relat ive 

quanti ties of the different  mineral  components ,  and that  each min

eral  exhibits  the same habit  a nd the same size of grains through

out each set  of sheets ,  and generally in contiguous sets  also.  

Finally the microscopical  examination of the kakortokit ic  rocks 

has shown a much less marked order of crystal l izat ion for the 

mineral  components than is  commonly the case with abys

sal  rocks.  I t  wil l ,  thus,  be seen that  if  each set  of  kakor

tokite sheets  (a white,  a  red :  and a black) is  considered sepa

rately,  the observat ions tel l  decidedly in favour of the view 
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that  the differentiat ion is  due to separation of crystals  by 

gravity.  

Accepting this  as a  working hypothesis  the recurrence can 

be more precisely understood.  The complex now can be re

garded as made up of about forty layers which,  originally,  al l  

al ike have been each in i ts  turn differentiated by a separation 

of i ts  crystals  under gravity so that  each layer has given r ise 

to three dissimilar  sheets .  Such a succession of processes may 

be accounted for in two different  ways.  

(1).  Each layer (of three sheets)  may represent  a  separate 

intrusion.  The objections we have raised in discussing the 

hypothesis  of  successive intrusions of the different  rocks ( ' in

trusion after  differentiat ion')  disappear for  the most  part  if  in

trusion preceded different iat ion.  The remaining objections — 

absence of contact  phenomena and gradual  transi t ions between 

the sheets  — may perhaps be met by the assumption that  the 

intrusions followed upon one another rather quickly,  and that  

the magma was not  superheated,  but  i t  wil l  be seen that  the 

hypothesis  of  successive intrusions,  applied in this  way,  s imply 

expresses a  part icular  mode of manifestat ion of the recurrence,  

and does not  explain the recurrence in i tself .  

(2) .  The entire kakortokite mass,  in a  tolerably homogeneous 

state,  may have taken up i ts  present  posit ion before consolida

t ion.  Outside influences may then have determined the re

current  crystal l izat ion of a  certain qaunti ty of magma. Thus 

crystals  would be formed which would sink towards the bot

tom, and these when sinking might be to some extent  sepa

rated according to specif ic gravity,  after  the manner of a  

coarse rock powder when treated with THODLET'S solut ion.  This 

hypothesis  of  ' intermittent  crystal l izat ion'  does not  explain the 

recurrence of the condit ions which caused the crystal l ization,  

and in this  the hypothesis  is  no more sat isfactory than is  the 

assumption of recurrent  intrusion.  I t  does however harmonize 

with the contact  relat ions between the kakortokite and the 
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augite-syenite,  for  at  this  contact  i t  is  observed that  the st ra

t if icat ion of the kakortokite gradually disappears,  and that  the 

rock w hich comes nearest  the contact  is  completely unstrat if ied,  

whilst  instead of horizontal  part ings vert ical  pegmati t ic  segre

gations occur paral lel  to the contact  plane.  

Under ei ther hypothesis  the recurrence of the processes ,  

as  expressed in the forty repeti t ions of the same set  of  sheets ,  

demands some further explanation by a n outs ide source.  In the 

interior  of the ear th any plausible cause for such regular  re

currence seems very diff icult  if  not  impossible to f ind.  At the 

earth 's  surface recurrence is  generally connected with igneous 

activi ty,  and i t  may even be said that  recurrence is  a  funda

mental  character  of volcanic outbursts .  Recurrence is  manifest  

in the strat if ied structure of every lava plateau at  every age,  

and the volcanic rock series of l l imausak is  no exception to 

the rule.  

I t  does not  seem improbable that  a  large v olcanic o utburst  

should influence the physical  condit ions of the subjacent  magma 

bodies.  In the first  place the pressure within the magma re

servoirs  must  varv:  an explosive outburst  wil l  cause a  rapid 

decrease of pressure,  and the quiet  outflow of lava increas

ing the pressure at  some places must  lessen i t  at  others.  

Secondly,  as  each eruption causes a considerable loss of heat  

the subterranean temperature will  be affected.  Thirdly,  volcanic 

eruptions may cause movements or  currents within the magma 

bodies.  All  these processes may be assumed to be able to 

modify the rate of magmatic crystal l izat ion,  and if  crystal lizat ion 

is  in progress concurrently with the volcanic activi ty,  this  lat ter  

condit ion will  probably often be realized.  Thus i t  must  be 

admitted as possible that  volcanic outbursts  under favourable 

condit ions may leave a  permanent record upon the structure of 

abyssal  rocks,  and the characteris t ic  feature of such marks 

must  be that  they are recurrent .  

For the banded kakortokite of  the l l imausak complex the 
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simplest  supposit ion is  perhaps that  the recurrent  layers have 

originated in consequence of repeated varia t ions in pressure.  

Each reduction in the pressure may have caused the dissocia

t ion of a  certain quanti ty of volat i le  matter  from the magma, 

and this  process in i ts  turn may have caused the crystal l izat ion 

of a  certain quanti ty of the magma1 .  

The above at tempt at  the interpretat ion of the peculiar  s tra

tif ied s tructure of the coarse-grained kakortokites may be sum

marized thus:  — 

The ent ire series,  comprising more than one hundred in

dividual  sheets,  may be divided into a  smaller  number of groups 

of layers (about 40),  in which each group consis ts  of  an upper 

white sheet  and a lower black one,  and betveen them as a  

general  rule an intercalated red sheet  or  a  transi t ion zone r ich 

in eudialvte.  Each group of sheets  is  supposed to have ori 

ginated by differentiat ion in si tu owing to a  separation of cry

stals  under gravity.  The repeti t ion of the groups indicates that  

the consolidation process was of recurrent  or  intermittent  char

acter ,  and i t  is  suggested that  the repeti t ion is  a  kind of abys

sal  reflect ion of the intermittence which characterizes igneous 

surface activi ty.  

Of course this  mode of abyssal  strat if icat ion is  only pos

sible where the crystal l izing magma possesses an exceptionally 

high fluidity.  I t  is ,  therefore,  important  to note that  the st ra

tif icat ion here considered is  not  the only fact  which suggests  a  

very fluid condit ion of the magma: a number of other peculiar  

features of the agpai ' t ic  rocks of l i imausak,  which have been 

discussed in the preceding sections,  point  to the same conclu

sion.  In ordinary viscous magmas the variat ions of pressure 

etc. ,  caused by contemporaneous volcanic eruptions,  must  of 

course also be supposed to influence the crystal l izat ion of the 

1  Compare F.  RINNE ,  Durch Entgasung bewirkte Krystallisationen in 

Schmelzflüssen. Neues Jahrbuch für Mineralogie, 1909, II,  p.  129. 
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magma. But with even a moderate viscousitv there can be no 

separation of crystals by gravity, and although the crystallization 

may have been intermittent the consolidated rock will be uni

form in structure. Viscousity to some extent will also check 

the transmission of rapid variation in the pressure. 

ABSORPTION OF PRE-EXISTING ROCKS 

BY THE MAGMA. 

Hybrid nature of the soda-granite of Iviangusat. — The 

Palaeozoic igneous rocks of South Greenland do not as a rule 

show any indications whatever which point to an assimilation 

of the wall rock. There are, however, some exceptions to this 

rule, and one of these is of special interest from a theoretical 

point of view. 

At t he foot of the Iviangusat Mountains, in Kangerdluarsuk, 

the augite-syenite contains large and small fragments of sandstone, 

and these fragments are surrounded by a zone of soda-granite 

the width of which may vary from about half a meter up to 

two meters. The detailed geological and petrographical de

scriptions have been given in the preceding chapters (pp. 51 

and 116). The naked coast cliffs exhibit very fine sections in 

which the mutual relations of these rocks have been studied, 

and there can be no doubt that the soda-granite zones a re root

less igneous rocks connected with the contact between sand

stone and augite-syenite. As most of the small fragments are 

well rounded it must be supposed that the magma has dis

solved sandstone, and there seems to be no escape from the 

conclusion that the soda-granite a t this place is a hybrid rock1 ,  

and has originated by t he assimilation of sa ndstone in the augite-

1 A. H ARKER, Natural History of Igneous Rocks, 1909, p. 333. 
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syenite magma. Further evidence is  afforded by the fact  that  

the syenites of the I l imausak complex,  and at  al l  other places 

where they come into contact  with the sandstone,  c ontain con

siderable quanti t ies of quartz,  while no enrichment in this  min

eral  is  ever observed at  the junctions with Algonkian granite or  

diabase.  

Under these condit ions i t  is  of  interest  to see whether the 

composit ion of the hybrid granite agrees with what we might 

expect  if  i t  were the resul t  of  an addition of sandstone mate

rial  to augite-syeni te.  The sandstone has not  been chemically 

analyzed,  but  on microscopic examination the sandstone frag

ments in the augite-syenite of Iviangusat  have been proved to 

consist  of  rather pure quartzi te,  and their  s tructure in consequence 

of the contact  melamorphism is  crystal l ine.  At other locali t ies 

felspar grains also are found in the sandstone,  and with them 

a cementing material  which is  mainly si l ica.  I t  has therefore 

been calculated,  f irst ,  how much pure quartz must  be added to 

augite-syenite in order to raise the si l ica percentage to the 

same value as in the soda-granite ;  and secondly,  how much 

quartz and felspar have to be added to augite-syenite in order 

to produce a mixture which has the same percentages of s i l ica 

and alkalies as the granite.  

Calculated and actual composition of hybrid soda-granite. 

A B C D 

Si02  66-25 70-7 70-7 70-69 

Ti02  .  1 82 1-2 •6 •67 

A1203  15-89 10-6 13-8 13-67 

Fe203  1-61 11 '5 1-29 

FeO 7-62 51 2-5 2-81 

MnO . 14 1 — 15 

MgO. . •41 •3 1 trace 

CaO. 373 2-5 1-2 •38 

Na20 779 5-2 5-3 5-28 

K„0 438 29 51 506 

P2O5  •36 '2 1 — 

Total .  100 00 99-9 99-9 100-00 
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A Analysis of augite-syenite from Kangerdluarsuk calculated at 100 per 

cent, with omission of H20 (analysis 16a). 

B Calculated composition of a mixture of augite-syenite (A) and quartz in 

proportion A : Si02 = 100 : 49'5. 

C Calculated composition of a mixture of augite-syenite (A) with quartz, 

o r t h o c l a s e ,  a n d  a l b i t e ,  i n  p r o p o r t i o n  A  :  S i 0 2  :  O r  :  A b  =  1 0 0  :  6 7 6  :  

67 : 72. 

D Analysis of soda-granite from Kangerdluarsuk calculated at 100 per 

cent, (analysis 2a). 

The calculat ion shows that  the qaunti ty of quartz,  which 

must  be dissolved in the augite-syenite if  the si l ica percentage 

is  to be raised to the same value as found in the granite,  is  

not  less than half  the weight  of  the augite-syenite (more exactly 

49 '5 per cent. ,  compare column B in the table) .  This mixture 

of 100 parts  of syenite with 49*5 parts  of quartz has ,  however,  

a  composit ion which differs considerably from the actual  com

position of soda-granite.  

Again,  if  we calculate the quanti t ies of quartz,  albi te,  and 

orthoclase which must  be added to the augite-syenite in order 

to make the percentages of si l ica,  soda,  and potash identical  

with the values given by the granite,  i t  wil l  be found that  i t  

is  necessary to add about 70 per cent ,  of  each of these min

erals .  This proport ion of quartz to felspar differs widely from 

that  actually found in the sandstone.  Moreover ,  if  the result  

of  the calculat ion (given in C) is  compared with the composi

t ion of the soda-granite (D),  i t  wil l  be seen that  there are con

siderable differences in the iron oxides and in l ime.  In this  

case the discrepancy of the iron oxides is  of  no great  interest ,  

for  the magma might be supposed to have taken up iron 

oxides from the sandstone which is  locally r ich in haemati te,  

and thus the agreement might be made up.  With l ime,  how

ever,  the difference is  more significant ,  as  in spite of the fact  

that  the dissolved matter  in the calculat ion is  supposed to be 

free from lime,  the calculat ion gives too much of this  com

pound. The dissolved sandstone may probably have contained 

small  quanti t ies of l ime bearing felspars.  
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From what has just  been said the following conclusions 

may be drawn :  — 

(1) There is geological evidence that the augite-syenite at  

Jviangusat has dissolved some sandstone, and has produced a 

hybrid rock: soda-granite.  

(2) The composition of the hybrid rock cannot be calcu

lated as a simple addition mixture of the component rocks. 

On the contrary, i t  must be supposed that the assimilation of 

the sandstone has been accompanied by processes of differen

tiation or diffusion1 .  When evidences for and against the 

assimilation theory are discussed the circumstance that assi

milation may produce differentiation is not seldom overlooked; 

though it  appears to be in harmony wilh the fact that assimi

lation will  change temperature and sequence of crystall ization, 

and specific gravity of the magma. 

(3) The quantity of solid material  which has been absorbed 

by the magma is probably not less than half the weight of the 

absorbing magma, but by reason of the differentiation (men

tioned in (2)) i t  cannot be calculated until  we have a more 

detailed knowledge of the differentiation processes which have 

taken place. 

The arfvedsonite-granite of Ilimausak. — The hybrid soda-

granite of Iviangusat is of special interest  from another point 

of view. As already mentioned it  agrees chemically and in all  

mineralogical essentials with the arfvedsonite-granite of Il imau

sak (compare analyses 1 and 2, p.  114).  The latter rock mass 

both in size and in mode of occurrence has quite the char

acter of an ordinary abyssal rock. The arfvedsonite-granite 

type, moreover,  though by no means a common rock, is known 

from several foreign localit ies;  and is usually regarded as a 

normal differentiation product of magmas belonging to the 

1  A. HARK ER, N atural History of Igneous Hocks, 1909, p. 358. 
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alkali  series .  The soda-granite of Iviangusat ,  thus,  though i t  is  

of  hybrid origin,  produced at  moderate depth through the as

similat ion of sandstone by an alkali-syenit ic  magma, is  an 

instance of a  rock possessing the composit ion of a  normal 

abyssal  rock.  

The theoretical  question thus arises,  whether or  not  i t  is  

possible that  the l l imausak granite could have come into exist

ence as a  consequence of assimilat ion processes which were 

similar  to the processes indicated by the small  granite bodies 

which envelop the sandstone fragments at Iviangusat. MARKER 

raises the general  object ion to any theory of absorption of sedi

ments on a large scaie ' that  i t  demands an enormous amount 

of heat  to raise the solid rock to the point  of  mel t ing and to 

melt  them, and no source of this  heat  is  indicated1 ' .  In the 

case here considered an objection of this  kind can scarcely be 

maintained.  The sediments dissolved are not  those in the roof 

of the batholi te ,  but  fragments which are slowly sinking through 

the magma, and such fragments may be rather intensely heated.  

Further,  s ince the soda-granite at  Iviangusat  not  only surrounds 

the sandstone fragments,  but  also occurs as veins in the 

syenite (p.  53),  we are taught by actual  observation that  the 

temperature of the consolidation of the hybrid rock was lower 

than that  of the original  magma. The amount of heat,  contained 

in the syenit ic  magma, under these condit ions must  be supposed 

to have been sufficient  to melt  considerable quanti t ies of sand

stone;  just  as sal t  even at  a  low temperature may be dis

solved in water .  

In this  way i t  seems probable that  the syenit ic  magma has 

been able to dissolve considerable quanti t ies of  sandstone.  The 

rock interpreted as an assimilat ion product  has a  lower sp ecif ic 

gravity and a lower consolidation temperature than the syenit ic  

magma, and i t  s eems to be within the bounds of possibil i ty that  

1 Natural History of Igneous Rocks, 1909, p. 339. 
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port ions of the hybrid magma have gradually moved upward 

into the upper port ion of the batholi te ,  and are thus separated 

both from the syenite and from the sandstone.  The final  result  

of  the movement should be an upper layer of  granit ic  magma 

rest ing on the syenit ic ,  and taking into considerat ion that  the 

greater  part  of  the syenite,  as  previously mentioned,  must  be 

supposed subsequently to be replaced by the agpai ' t ic  magma, 

this  is  in harmony with the actual  mode of occurrence of the 

arfvedsonite-granit .e  at  I l imausak.  

I t  wil l ,  thus,  be seen that  the assimilat ion hypothesis  is  

not  in this  part icular  case disproved by actual  observation.  On 

the other hand,  no definite proof has been found,  and the 

question of the origin of the I l imausak granite is  therefore left  

undecided.  The above considerat ions are mainly intended to 

show that  the assumption of assimilat ion,  operating on rather 

a  large scale within moderate depths of the earth's  crust ,  may 

be in some cases a  reasonable working hypothesis .  
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CHEMICAL ANALYSES OF ROCKS. 

For convenient  reference the analyses of rocks made for 

this  report  are tabulated below. Of these analyses,  numbers 

1,  3,  5,  7,  9,  11,  16,  17,  18,  19,  20,  21,  22,  23,  24,  25,  26,  

28,  29 have been made by Dr.  CHR. WINTHER ;  numbers 2,  4,  10,  

15, 27, by Mr. C. DETLEFSEN; numbers 12 and 14 by Mr. CHR. 

CHRISTENSEN ;  and numbers 6,  8,  13 by the author .  The same 

analyses,  calculated at  100 per cent ,  omitt ing water ,  are given 

under the numbers la—29a.  For the calculated mean compo

sit ions of the agpai ' t ic  main types the reader is  referred to the 

table (p.  344).  
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Igneous Rocks of the llimausak Complex, S. Greenland. 
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Igneous Rocks of the Ilimausak Complex, S. Greenland. 
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Igneous Rocks of the Ilimausak Complex, S. Greenland. 
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Igneous Bocks of the llimausak and the Igaliko Complexes, 

S Greenland. 
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Analyses calculated to 100 per cent., omitting H20. 
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Analyses calculated to 100 per cent., omitting fl20, Nb205> and Fl. 
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Analyses calculated to 100 per cent., omitting H^O. 
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Analyses calculated to 100 per cent., omitting H20 and COs-
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INDLEDNING. 

Ingen Del af Grenland har i mi neralogisk Henseende naaet 

saa stor en Beremmelse som Fjeldstrsekningerne Nord for Juliane-

haab. Her, ikke langt fra de Egne, hvor ERIK R0DE og hans 

Ledsagere grundlagde Landets Bebyggelse, har ferst GIESECKE 

(1806) og efter ham talrige Rejsende gjort forbavsende Fnnd af 

sjaeldne Mineraler. Har end intet af disse vist sig af teknisk 

Betydning, maatte dog allerede den Omstaendighed, at man intet 

andet Sted i Grenland og kun yderst faa Steder i den evrige 

Verden Ander saa mange sjaeldne Min eraler |samlede paa en lilie 

Straekning, vaekke videnskabelig Interesse. Hertil kom, at man 

fra de samme Egne, men tilsyneladende uden Förbindelse med 

de sjaeldne Mineraler, havde laert at kende en begraenset Fore-

komst af red Sandsten, som blev noget nejere undersegt af 

PINGEL ( 1828), og som maatte tildrage sig en saerlig Opmaerk-

somhed som den eneste i hele Syd-Grenland opbevarede Levning 

af Aflejringer fra det uhyre Tidsrum mellem Urfjaeldets Dannelse 

og Nutiden. Da Sta ten paa J. F. JOHNSTRUP'S Initiativ paabegyndte 

de sammenhaengende videnskabelige Undersegelsesarbejder i 

Grenland (1876), var det saaledes naturligt, at den ferste Eks-

pedition, som udsendtes, gjaldt Julianehaab og blandt sine Op-

gaver havde Undersegelsen af den rede Sandsten og af Mine ral-

flndestederne ved Kangerdluarsuk1). 

') Dette i Grenland paa saa mange Fjorde anvendte Navn er i den asldre 

mineralogiske Litteratur Faellesbetegnelsen for de sjseldne Mineralers 

Findesteder Nord for Julianehaab. 
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Julianehaab-Ekspeditionen i 1876, s om lededes af davaarend e 

Museumsassistent K. J.  V. STEENSTRUP ,  mede ns de ovrige Deltagere 

var davaerende Premierlieutenant i Flaaden G. HOLM og cand. polyt. 

A. KORNERUP ,  maatte ifolge Sägens Natur vaere en Rekognoscerings-

rejse, ved hvilken dels de da foreliggende Kort kunde forbedres, dels 

Egnens almindelige g eologiske Bygning oplyses i Hovedtraekkene, 

dels endelig de Steder udpeges, hvor i Fremtiden mere ind-

gaaende mineralogiske, geo logiske og arkaeologiske Undersogelser 

maatte foretages, lkke desto mindre lykkedes det Ekspeditionen 

bl. a. i  geologisk Henseende at naa betydningsfulde og paa 

mange Punkter ret detaljerede Resultater og et stort Udbytte af 

indsamlede Mineraler og Bjaergarter; hertil  bidrog, at Ekspedi-

tionens Leder allerede i 1874 havde aflagt et kort Besag i de 

samme Egne, ligesom han ogsaa i Efteraaret 1877 blev i Stand 

til  at g0re enkelte supplerende lagttagelser. 

Som et Hovedresultat af disse Undersogelser erholdt man 

et geologisk Kort over Julianehaab Egnen1 ,  som klarlagde det 

vaesentlige i  Egnens Bygning, og som har vaeret til  uvurderlig 

Nytte for de senere Ekspeditioner. 

En udfarlig mineralogisk Bearbejdelse af Samlingerne fra 

Julianehaab Egnen paabegyndtes efter Dr. STEEKSTROP'S Hjemkomst 

af J.  LORENZEN ,  medens forstnaevnte i  e n Aarraekke helligede sine 

Kraefter til  Undersegelser i Nord-Gronland. En Raekke Resul tater 

af sine Arbejder offentliggjorde LORENZEN i  «Meddelelser om 

Grönland»; hans tidlige D od(1884)og dertil  Christiansborg Slots 

Brand i samme Aar, hvorved den overvejende Del af de i Ju

lianehaab Egnen indsamlede Bjaergartprover tilintetgjordes, haem-

mede en Tid lang Arbejdernes Fortsœttelse. 

Imidlertid havde en rivende Udvikling bra gt Petrografien og 

saerlig Laeren om de eruptive Bjaergarter frem i Forgrunden 

mellem Geologiens Arbejdsfelter. H. ROSENBUSCH havde (1877) 

•udsondret Nefelinsyenit (Elaeolitsyenit) som en selvstaendig Hoved-

') Medd. om Granland II (1881), Tav. I. 
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gruppe af Bjaergarter,  sidestil let  med Granit  og Syenit ;  ban 

havde paapeget,  at  Bjaergarten fra Kangerdluarsuk, hvori de 

sjaeldne Mineraler var Bestanddele,  t i lherte den forstnaevnte 

Gruppe, og det blev gennem hans, W. C. BROGGERS og andres 

Arbejder lagt for Dagen, at  de paa forholdsvis smaa, men over 

hele Jorden spredte Pletter optraedende Nefelinsyeniter havde Krav 

paa den allerstorste Interesse og gav ny og uventede Indblik i  

de Udviklingsprocesser,  der er foregaaet i Jordskorpens dybere 

Partier.  

Der var saaledes staerk Op fordring til  at  fortsaette og udvide 

Undersogelserne i Julianehaab Egnen. Imidlertid onskede Dr. 

STEENSTRDP at overdrage de udforligere Undersogelser ti l  en anden, 

og han opfordrede mig til  under forskellige Studieophold i  Ud-

landet at  forberede mig til  et  saadant Arbejde. Selv sorgede 

han for at  erstatte de ti l intetgjorte Samlinger med omfangsrige 

ny, medens han i Somrene 1888 og 1899 i  anden Anledning 

opholdt sig i  Julianehaab Egnen. 

Efter at  jeg havde gennemgaaet det rige Steenstrup'ske 

Materiale af Prover fra Julianehaab Egnens Bjaergarter og afsluttet  

Bearbejdelsen af nogle Dele deraf1) ,  blev det af «Kommissionen 

for Ledeisen af de geologiske og geografiske Undersogelser i  

Granland» överdraget mig i  Sommeren 1900 at fortsaette de 

geologiske Arbejder paa Stedet.  

I den af Kommissionen udfaerdige Instrux af 2.  April  1900 

fastsattes som Ekspedit ionens Hovedformaal «en Undersogelse 

af de Eruptivbjaergarter i  Egnen omkring Tunugdliarfik-Fjord, 

som er brudt frem efter den dervaerende rode Sandstens Dan

nelse». Saa vidt Tiden kunde ti l lade det,  skulde endvidere de 

nefelinforende Bjaergarter ved Ivigtut undersoges, og paa Over-

rejsen skulde anstil les lagttagelser angaaende Havvandets Farve 

og Planktonmaengde efter STEENSTRUP'S Metode2) .  

*) Meddelelser om Grönland XIV. 
2) Medd. om Gronl. XXIV, 1 901, p. 251 og XXVI, 1 904, p. 143. 
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Ved velvill ig Im edekommen fra den kgl.  Grenlandske Handel 

og fra Kryolit  Mine- og Handelsselskabet blev Rejsen ordnet 

saaledes, at  den foregik med Kryolitselskabets Skib ti l  Ivigtut,  

medens Turen derfra ti l  Julianehaab og Rejserne i de indre 

Fjorde skete i  e n li l le,  Kolonibestyrelsen i  J ulianehaab ti lherende 

Traebaad med grenlandske Roere, et  Befordringsmiddel som i 

dette Tilfaelde va r i  hej Grad at foretraekke fremfor de saedvanlig 

anvendte grenlandske Skindbaade ;  disses Hovedfordel,  at  kunne 

tages i  Land omtrent hvorsomhelst,  vilde nemlig vaere uden 

Betydning i  de berejste Egne, hvor Grenlaenderne forud kendte 

ti lstraekkelig mange Landingssteder,  hvor Traebaaden uden Van-

skelighed kunde skaermes mod Segangen. 

Forinden jeg i  det folgende gaar over ti l  e n naermere Rede-

gerelse for Ekspedit ionens Forleb, maa det vaere mig ti l ladt paa 

dette Sted at  rette en aerbedig og hjaertelig Tak til  de Institu

tioner og Personer ,  ved hvis Imedekommen og Understettelse 

den geologiske Ekspedition blev sat i  Stand til  med forholdsvis 

smaa Midier og paa kort Tid at  udrette sit  Arbejde ;  nemlig ti l  

Kommissionen for Ledelsen af de geologiske og geografiske 

Undersegelser i  Grönland, ti l  Direktionen for den kgl.  Gren-

landske Handel og til  Direktionen for Kryolit  Mine- og Handels

selskabet,  og dernaest t i l  Embedsmaend og Funktionaerer i G ren

land — fremfor alle Kolonibestyrer BRUMMERSTEDT i  Julianehaab 

og til  Driftsbestyrer EDWARDS og Kontroller HASTRUP i  Ivigtut — 

som ikke alene viste min Ledsager og mig den mest udstrakte 

Gaestfrihed, men til l ige ved at forberede og ordne alt ,  hvad der 

angik Baadrejserne, og ved at bistaa os med Raad og Anvis-

ninger i  hej Grad lettede Rejsen for os.  

En saerlig Tak skylder jeg Dr. STEENSTRUP,  som ikke alene 

har fert  mig ind paa dette Arbejdsfelt ,  men som ved sin kyndige 

Vejledning under talrige Samtaler har gjort  det muligt for mig 

orud at laegge en udferlig Plan for Rejsen og forud at vaere 

orienteret i  en stor Del af de videnskabelige Opgaver,  som paa 

hvert enkelt  Sted skulde seges leste.  
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Endelig maa det her f remhaeves, at  Museumsassistent,  Docent 

O. B. B0GGILD, som paa Rejsen var min Assistent,  har en meget 

vaesentlig Andel i  de gjorte Fagttagelser;  vi fo retog f ra de enkelte 

Opholdssteder et  stort  Antal af Fodturene hver for sig og i for-

skellige Retninger og sammenstil lede bagefter Iagttagelserne, 

en Arbejdsdeling, der bl.  a.  var en Betingelse for at  faa det 

geologiske Kort over Julianehaab Egnen faerdigt i  den til  Raa-

dighed staaende Tid. 



Oprejse. — Ivigtut. 

Ekspeditionen, bestaaende af IN. V. Ussing og O. B. Beggild 

afgik fra Rjebenhavn den 10. Maj 1900 med Ivryolitselskabets 

Skruesk.onnert «Fox II», Kaptajn FREDEKIKSEN .  Den 25. Maj om 

Aftenen fik vi Kap Farvel i Sigte.  Som saedvanlig laa der en 

Del Storis längs Grenlands Kyst,  dog ikke mere end at Skibet 

i  klart  Vejr,  om Formiddagen den 27. kunde naerme sig Arsuk 

indtil  omtrent 40 km Afstand; men derfra indefter laa taet sam-

menpakket Is.  Vinden gik samme Dag om i Nordvest,  og Is-

bseltet  t i l tog nu efterhaanden i  Bredde, medens Skibet,  der 

holdtes taet op ad Iskanten, langsomt drev udefter.  Den 29. Maj 

om Morgenen var vi drevet saa langt,  at  Isbaeltets Bredde maatte 

antages at  vaere omtrent 100 km, og da Vinden til l ige var lejet  

af,  sattes Maskinen i Gang, og vi dampede ind i  Isen i diset 

Vejr.  Der viste sig at  vaere god Pläds mellem Flagerne, kun 

en enkelt  Gang maatte en smal Isbarriere gennembrydes. Det 

var en forunderlig og uforglemmelig Sejlads mellem de vidt-

strakte hvide Flager med deres dybtblaa Skygger og deres Be

folkning af Klapmydser og Sofugle.  Efter fem Timers Sejlads 

klarede det noget,  og Fodstykket af Umanak — den maleriske 

Klippee, som betegner Indsejl ingen til  Ivigtut — blev synligt 

under de lavthaengende Sneskyer.  Yderligere syv Timers Sejlads 

gennem Storisen, förbi Arsuks uanselige Gronlaenderhytter og 

gennem Fjorden, bragte os ti l  Ivigtut.  Her modtoges vi med 

overordentlig Gaestfrihed af Driftsbestyreren, Hr. E. F. EDWARDS, 

og fik Bopael i  det s .  k.  Amerikanerhus. 
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Ved Ankomsten t i l  Ivigtut  modtog jeg Brev fra  Koloni-

bes tyrer  BREMMERSTEPT i  Jul ianehaab,  a t  han havde ordnet  vor  

Sommerrejse  saaledes,  a t  vi  erh oldt  den samme Traebaad («Otto»)  

og delvis  den samme,  med de indre Fjordkyster  og med Mineral-

f indestederne for t rol ige,  grenlandske Besaetning,  som i 1897 

havde far t  Dr.  FLINK og i  1899 Dr.  STEENSTRUP om i  Jul ianehaab 

Egnen.  Naeste  Dag (30.  Maj)  t i lbagesendtes  derfor  Kajakposten 

t i l  Jul ianehaab med Underre tning om vor  Ankomst ,  og al lerede 

den 7.  Juni  ankom den ene af  de  Grenlaendere,  Kolonibestyrer  

BRUMMERSTEDT havde skaffet  os ,  nemlig «Grenlands Mineralog»,  

Kajakmanden PAULCS og meddel te ,  a t  «Otto» med Besaetning var  

sej le t  f ra  Jul ianehaab t i l  Kipisa ko (omtr .  30 km Sydest  for  Ivigtut) ,  

hvor  den afventede vor  Ankomst ,  saaledes a t  a l t  nu var  klar t  

t i l  Bejsen.  

Vejret ,  som i  de  fors te  Dage ef ter  Ankomsten t i l  Grenland 

havde vœret  godt ,  var  imidler t id  bleven regnfuldt  og s tormende,  

saa a t  Segangen i  den ydre Del  af  Fjo rden forhindrede Afrejsen 

l ige t i l  den 14.  Juni .  

Del  nedtvungne 15 Dages Ophold i  Ivigtut  fa ldt  os  ikke 

langt .  Paa t re  Godtvejrsdage undersegtes  forskel l ige Steder  i  

den indre Del  af  Arsuk-Fjord:  Grenne-Dal ,  Ekalui t  og Isbraeen;  

paa Begnvejrsdagene f oretoges,  saavidt  Vejret  t i l lod det ,  Under-

segelser  og Indsamlinger  i  Kryol i tbruddet  og dets  naermeste  

Omgivelser .  Ved Grenne-Dal  og Ekalui t  konstateredes Ti ls tede-

vaerelsen af  en anse l ig  Nefel insyeni tmasse1 ) .  

J) A. E. TÖRNEBOHM (Geol. Fö ren. i Stockholm Förh. VI, 1883, p. 693) har 

paa Grundlag af Prover indsamlede af N O. HOLST beskrevet en nefelin-

fattig Augitsyenit sammestedsfra, der kun kan vœre en lokalt og i ringe 

Udstraekning optraedende Facies af Nefelinsyeniten. 
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Fra Ivigtut til Julianehaab. 

Den 14. Juni forlod vi i  Graavejr det venlige Ivigtut med 

dets travle Virksomhed. Ved Driftsbestyrerens Velvill ie t i lbage-

lagdes de forste 30 km med Kryolitbruddets li l le Dampbaad, og 

vi naaede ved Middagstid Kipisako, hvor vore Grenlaendere ventede 

med Baaden «Otto». For dem havde de 8 Dages Ventetid i  

Fig. t .  Overbœrestedet (Itivdliatsiak) paa Vejen fra Ivigtut til Kagsimiut (1900) .  

Kulde og Regn paa dette ugsestmilde Sted, hvor Vinden staar 

l ige ind fra Davis-Straede, vaeret alt  andet end behagelig; i  

Julianehaab var der medgivet dem 20 Dages Proviant,  men 

Kulden havde f oroget Kaffeforbruget,  og da Lyngen var saa vaad, 

at  den ikke kunde brående, saa at  de maatte koge ved Spaek, 

var baade den sidstnaevnte Nodvendighedsartikel og Kaffen sluppet 

op syv Dage f or vor Ankomst.  Dette var den eneste Gang under 

hele Sommerrejsen, hvor det gode Humor syntes at  have forladt 

vore Grenlaendere. Der behovedes dog ikke mere end Kaffe og 
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den Afveksling,  som Arbejdet  gav,  t i l  ä t ter  at  bringe Humöret  

op hos Gronlaenderne ;  med stor  Snildhed forstod de at  faa 

anbragt  vor ret  voluminose Bagage i  den l i l le  Baad,  og vi  kunde 

endnu samme Dag passere det  gründe Lob ved Kipisako og 

endda ro et  Stykke videre.  

Vejret  var raakoldt ,  og der laa tyk Is  paa vor Yandspand 

den naeste Morgen.  Kl.  9*/a naaede vi  det  bekendte Overbaere-

sted (l l ivdliatsiak,  Fig.  1)  og derfra gik det  i  gunstigt  Vejr  videre 

ad Kagsimiut  t i l .  Da vi  havde passeret  Torsukatak,  blev Far-

vandet  staerkere og stärkere isopfyldt ,  idet  (sen först  nylig var 

brudt  op fra de indre Fjorde.  Kajakmaendene maatt .e  Gang paa 

Gang op paa de naermeste Höjder for  at  spejde efter  brugbare 

Passager,  og kun ad tal lose Omveje og under idelige Koll isioner 

med Isen kunde Baaden komme frem. Farvandet  vilde have 

vaeret  ufremkommeligt ,  om vi havde haft  Skindbaad,  og vore 

Julianehaab Gronlaendere var Here Gange ved at  opgive iEvret  ;  

vi  havde imidlert id det  Held at  vaere i  Folge med Missionaer 

BALLE ,  hvis  Baad med en rask Besaetning af  Arsuk Gronlaendere 

al t id var föran,  vante som disse var t i l  saadan Sejlads i  Trae-

baad gennem Isen.  Ud paa Aftenen kom vi ud i  mere aabent 

Farvand mellem store Isfjaelde og utal l ige Smaaoer.  I den blik-

st i l le ,  kolde Sommernat ,  under Gronlaendernes stemningsfulde 

Nynnen og med fri  Udsigt  t i l  Indlandsisens Majestaet  i  Nord 

kom vi rask fremad, men det  blev dog langt  over Midnat ,  for  

vi  naaede Udstedet  Kagsimiut .  

I  Kagsimiut ,  hvor Udstedsbestyrer  HANS JENSEN modtog os 

med stor  Elskvaerdighed,  blev vi  en Dag over,  f or  a t  Besaetningen 

kunde udhvile s ig efter  den 19 Timers Botur.  I  s traalende 

Solskinsvejr  praesenterede denne l ivl ige Gronlaenderby sig over-

ordentl ig t i l talende;  Kajakker og Koriebaade kom og gik,  Sael-

hunde bragtes i  Land og blev f laensede,  og der var en ivrig 

Beskuen af de nyankomne. Takket  vaere vort  Folgeskab med 

Missionaer BALLE f ik vi  her  Lejl ighed t i l  a t  overvaere en sjaelden 

Fest ,  idet  al le  Born,  som var fodte,  s iden Byen sidste Gang 
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besagtes af en Praest,  og derfor var dobte af d en indfodte l iateket,  

nu blev fremstil lede i  Kirken for at  faa Daaben bekraeftet  af 

Missionaren. Alle kom i Stadstojet og en sydländsk Livlighed 

bredte sig ti l  den talrige Befolkning, som med Kvindernes og 

Bornenes smukke brogede Dragter bod et målerisk Skue, da 

den efter Kirkehojtidens Slutning spredte sig over Byen. Den 

mandlige Befolkning gav sin Stemning Luft ved at  skyde med 

Fig. 2. Kirken i Kagsimiut; i  Forgrunden Gr0nlaenderhuse, liggende paa 

nogne Rundklipper af Julianehaab-Granit (1900). 

last  Krudt med Gevaererne, og denne barnlige Förnöjelse fort

sattes en halv Timestid.  Derpaa kom Kaffedrikningen, som ved-

varede Besten af Dagen, idet Kaffen t i lberedtes i  alle Huse, og 

alle besagte hverandre. Min Ledsager og jeg mente at  have 

gjort  vor Skyldighed med ét Kaffebesog, men vi slap ikke saa 

let ,  thi  Graenlaenderne kraever,  at  hans Naesle i  fuldt Maal skal 

dele l ians Glœde; én for én kom alle Husmodrene med deres 

Kaffekedel og fyldte vore Kopper.  Om Aftenen viste tre unge 

Gronlaendere deres Rajakfaerdighed i den af Isfjaelde oplyldte 
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Havn ved utallige Gange at vende rundt, ro over hinanden o. s.  v. 

En Dans i det fri til  langt ud paa Natten dannede Afslutningen 

paa den festlige Dag. 

Den folgende Dag var Sondag. Efter at der var holdt Guds-

tjeneste, forlod vi ved Middagstid Kagsimiut sammen med Mis-

sionaer BALLE og slog om Aftenen Telt ved lpsens Havn paa 

Kerrortusok. Mandag den 18. Juni naaedes Julianehaab. Her 

modtoges vi med störste Imodekommen af Kolonibestyrer BRUM-

MERSTEDT ,  og vi förblev ved Kolonien i no gle Dage, idet vi under 

hans kyndige Vejledning fuldstaendiggjorde Ud rustningen og traf 

de sidste Förberedelser til  vort Hovedarbejde. 

Kakortok- og Igaliko-Fjordene. 

Den 21. Juni roede vi fra Julianehaab ind ad KakortoJc-Fjord 

og slog Telt ved Udlobet af Kugssuak, der fra Kidtlavat (R ede-

kammen) soger mod Syd. Skönt Afstanden fra Julianehaab 

naeppe er 20 km, fandt vi os her pludselig Ansigt til  Ansigt 

med den ejendommelige Natur i Syd-Gronlands indre Fjorde :  i 

Stedet for det raakolde og taagede Vejrlig paa d e n ogne Klipper 

ved Davis-Strsede og de ydre Fjorde, hvor vi indtil  da fœrdedes, 

medte os nu et prangende, solbeskinnet Blomsterflor og saftig 

gronne Graes- og Kratstrsekninger; stråks ved Landstigningen 

overfaldtes vi af Myg og Fluer i taette Svaerme, og Termometret 

viste 14° C i Skyggen. 

Kugssuak-Elv, hvis Udlob kun ligger et Par Kilometer 

Nordvest for den beromte Kakortok Kirkeruin, afvander Dalen 

mellem de to hoje Fjaelde :  0stre-Iviangusat og Kirkefjaeld. 

Bjaergarten ved Fjorden er gammel Granit (Julianehaab Granit),  

der ogsaa udgor de naevnte Fjaelde; m en allerede i den naermest 

nordligere Fjord, Kangerdluarsak har man Nefelinsyenit og a ndre 

yngre Eruptiver, saaledes at Sydgraensen for disses Omraade 
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maatte soges mellem de to Fjorde. Naermere at kortlaegge og 

undersoge denne Graense var 0jemedet for vort Ophold ved 

Kugssuak. 

Ved Stranden og i den vestre Skraaning af Kugssuak-Dal 

fandtes lose Blokke af Nefelinsyenit og Augitsyenit i saa store 

Maengder, at man maatte formode, at disse Bjaergarter var fast-

staaende indenfor det Omraade, som Elven afvander; i Virke-

ligheden drejer det sig dog overvejende om Blokke, der er 

komne over Vandskellet ved Istransport, hvad der viste sig, da 

vi den naeste Dag fra Teltpladsen gik nordpaa for at opsoge 

Graensen. Vi fandt Graniten faststaaende helt op til Vandskellet 

mellem Kakortok-Fjord og Kangerdluarsuk ; stråks efter at man 

har passeret Pashojden (520 m o. H. if. Barometermaaling), be-

gynder Augitsyenit, som et Stykke laengere nedad mod Kanger

dluarsuk afloses af Nefelinsyenit. Omtrent ved dette Pas naar 

Nefelinsyenit-Omraadet sit sydligste Punkt, og Graensen forlober 

iovrigt saaledes, at den er lettest tilgaengelig fra Kangerdluarsuk-

Siden. Der var derfor ingen Grund til at forlaenge Opholdet 

ved Kugssuak; vi roede den naeste Dag ind gennem Igaliko-

Fjord og slog om Aftenen Telt paa den rode Sandstens Graes

sletter ved Igaliko. 

I Igal iko förblev vi fra 23. til 30. Juni. Dette for sine talrige 

Nordboruiner beromte Sted fortjener ikke mindre Paaagtning i 

geologisk Henseende. Grundfjaeldet, den rode Sandsten og de 

yngre Eruptiver traeder her frem med et saa karakteristisk Ydre 

i Former, Farver og Forvitringsfaenomener, at de överalt kan 

kendes paa lang Afstand ; de vaeldige Spring, som skiller Gru nd

fjaeldet fra de ovrige Dannelser, ses allerede ved forste 0jekast 

med större Tydelighed end paa nogen skematisk Teg ning; smaa 

og store Eruptivgange gennemkrydser liele Terraenet, og de 

kornede Eruptivmassers Graenseforhold, deres Udlobere og Kon-

taktvirkninger ligger klart i Dagen. Naturen taler her med större 

Tydelighed end nogen Laerebog, man kan ikke undgaa at taenke 

paa, at en Maengde af de geologiske Resultater, som först er 
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naaede efter  megen Tvivl  og gennem Menneskealderes mojsom-

meiige Arbejde i  de europaeiske ßjaergegne,  hvor Fjaeldet  l igger 

skjul t  under Plantetaeppet  og Forvitr ingsgruset ,  her  kunde vaere 

vundne uden mindste Besvaer.  

Fra Igaliko undersogtes Landet  omkring den indre Del af  

Igaliko-Fjord,  mod Syd indti l  Nuluk paa Fjordens Vestside 

og Tavdloruti t  paa 0stsiden og mod Nord indti l  Minerallokali teten 

Fig. S. Igaliko. Graessletter i den rede Sandstens Omraade (1900). 

Narsarsuk.  Igaliko er  berygtet  for  s ine hyppige og staerke F ohn-

storme, og vi  undgik heller  ikke denne Ulempe :  omtrent  sam

tidig med vor Ankomst blaeste det  op fra 0st ,  og Vindstyrken 

steg i Lobet  af  nogle D age t i l  en endog i  Igaliko sjœlden Höjde,  

saa at  det  blev umuligt  at  faerdes oprejst  i  det  fr i ,  og begge 

Teltene blaeste i t u;  kun paa to af  de syv Dage,  Opholdet  varede,  

var Vinden svag.  De almindelige geologiske Forhold i  Igalikos 

naermeste Oraegn er  omtalt  af  t idl igere Ekspedit ioner ;  vore 

Undersogelser  kom derfor vaesentl ig t i l  a t  dreje sig om Egnen 

XXXVIII. 26 
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0st for Fjorden, dels Bjserget Iganek, dels Egnen Sydest for 

dette,  hvor det viste sig,  at  de yngre Eruptiver strakte sig langt 

ud over de af Dr.  ST EENSTRCP besogte Egne. For at  undersoge 

deres Udbredelse i  den sidstnaevnte Retni ng besteges den Fjaeld-

ryg, som ender ned mod Fjorden med Tavdlorutit-Fjaeld,  indtil  

en Höjde af 1020 m, ligesom Undersogelserne ogsaa fortes 6—7 km 

Fig. 4. Udsigt fra Igaliko mod Nordest.  Over Fjorden ses tilhejre det nordlige 

Affald af Iganek, i  Baggrunden Igdlerfigsalik (Kistefjœld, 1750 m). Fot.  1900. 

ind i  Dalen Nord for Fjaeldry ggen. Fra nysnaevnte H«jde aabner 

der sig en pragtfuld Udsigt mod N0. til  Fjaeldpartierne 0 st  om 

Igdlerfigsalik: maegtig e spidstakke de Alpe fjaelde af staerkt smuld-

rende, nefelinsyenitiske lSjaergarter,  et  Landskab som staar i  

iojnefaldende Modsaetning ti l  de is-afrundede Klippeformer,  der 

ellers er naesten eneherskende. 

Den 1. Juli  forlod vi Igaliko og roede ud a d Fjorden. Rortere 

Ophold gjordes ved Akuliarusek, Gieseckitens Findested, hvor 

Grundfjaeldet gennemsaettes af interessante,  t i l  de yngre Eruptiver 
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hörende Gange, endvidere ved Kagsiarsuk, hvor der hverken 

faststaaende eller mellem de läse Blokke fandtes noget Spor af 

yngre Eruptiver1),  samt ved Kanortok ,  l idt Syd for Sigsardlugtok 

paa Igaliko-Fjords Vestside. I de iojnefaldende sorte Fjeelde, 

hvorefter dette Sted har Navn, ansaa jeg det for rniiligt,  at der 

kunde foreligge et til  de yngre Eruptiver hörende Essexitmassiv, 

men Undersogelserne viste, at det drejer om Gabbromasser, 

der tilhorer Grundfjaeldet. 

Den 2. Juli kom vi tilbage til  Julianehaab, hvor vi förblev 

to Dage for at faa Teltene reparerede og Provianten ordnet til  

den folgende Tur. Det var Hensigten herfra at ro direkte til  

Bunden af Kangerdluarsuk, men Regn og Modvind nodvendig-

gjorde et midlertidigt Ophold ved indlobet til  denne Fjord, og 

först den 8. Juli kunde vi slaa Teltene op i Bunden af Ka nger

dluarsuk paa det s amme Sted, taet unde r Nunasarnausaks maegtige 

Fjaeldmur, hvor de tidligere Ekspeditioner under S teens trcp og 

F l inr  havde boet. 

Kangerdluarsuk. 

Kangerdluarsuks indre Ende er en smal og dyb Grydedal; 

enkelte Steder flndes en smal Strandbred, bag hvilken de staerkt 

smuldrende Klipper haever sig i stejle Skra aninger, andre Steder 

rejser Fjaeldveeggen sig naesten lodret lige fra Vandet, eller 

Fjorden hegnes af vaeldige «Ilovser» af neds tyrtede Blokke, uden 

foranliggende Strandbred. Kun paa Nordsiden, under Nunasar-

nausak-Fjaeld (Fig. 5) er smaa Stykker af Skraenterne graes-

') Rejsen til Kagsiarsuk var foranlediget ved en Notits i Meddelelser om 

Grenland XVI, 1 896, p. 123, som fremhaever Sandsynligheden af, at der 

kunde flndes yngre Eruptiver i Egnen Sydest for Kagsiarsuk, og at disse 

mulig kunde vaere sa mmenhaengende med dem ved Igaliko. En saadan 

Sammenhaeng synes altsaa at vsere udelukket, men det vil vaere for be-

holdt fremtidige Undersegelser at faa oplyst, om der flndes Nefelinsyenit 

i det store, omtrent ukendte Omraade Sydest for Kagsiarsuk. 

26-
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klœdte, og Uren delvis l ikénbevokset,  iovrigt ses kun nogen Sten. 

Stiger man op over de stejle Fjordsider,  naar man i 3—500 m 

Höjde noget fladere Terraen, dannet ved Klippemassernes Hen-

smuldren; her findes vidtstrakte svagt skraanende Grussletter,  

hvis Materiale i  Snesmeltningstiden er i langsomt flydende Be-

vaegelse nedover,  saa at  naesten ingen Plante kan finde Faeste ;  

man kan faerdes her i Timevis uden at mode saa meget som 

Fig. 5. Nunasarnausak i Kangerdluarsuk. Fotograferet af Dr.K.J. V. STEENSTRUP. 

en Kvadratmeter Graes- eller Mostaeppe. Bag disse ode Vidder 

haever sig mod Syd og 0st maegtige spidstoppede Fjaelde, blandt 

hvilke det 1260 m hoje,  mserkelig formede Kidtlavat behersker 

hele Landskabet.  Faa af de gronlandske Fjorde gor i  landskabelig 

Henseende saa skummelt og ode et Indtryk. 

Helt  anderledes i  geologisk Henseende. Man mindes uvil-

kaarligt om Monzonis beromte Klippe-Amfiteater i  Tyrol;  men 

det geologiske Indtryk af K angerdluarsuk er langt maegtigere og 

indholdsrigere.  Saedvanlig seger man til  Bjaergtoppene for at  
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faa  Ov erbl ik  over  geologiske Bygningsforhold ;  l ier ,  midt  mel lem 

de fra  Dybet  f remtraengle  Erupt ivmasser ,  faar  man nede fra  

Stranden i  Bunden af  Fjorden et  s ikkert  enestaaende Indbl ik  i ,  

l ivad der  er  foregaaet  i  Jordskorpens Dybder .  

Paa det  Sted hvor  vi  s taar ,  maa vi  taenke os ,  a t  der  t i l  a t  

begynde med — laenge fer  Fjordens Dannelse  — var  en ens-

formig Grundfjœlds-Jordskorpe ,  der  naaede hojere  op end de 

nuvœrende hejeste  Fjœlde,  og over  hvi lken den rode Sandsten 

og maegt ige Lavadœkker  bredte  s ig  som et  Here Tusind Meter  

tykt  Taeppe.  Nede fra  Dybet  naer mede s ig  den i ldf lvdende,  d amp-

rige Erupt ivmasse («Magmaet») ;  Temperaturen s teg,  og Jord

skorpen losnedes mere og mere i  s ine Sammenfojninger  ;  det  

ene msegt ige Stvkke ef ter  det  andet  af  Grundfjseldsjordskorpen 

sank langsomt ned i  d et  i ldf lydende Magma,  som derved t rœngte 

hojere  og hojere  i  Vejret .  Ef terbaanden blev G rundfjaelds-Jord-

skorpens hele  Tykkelse  gennembrudt  paa denne Maade,  o g Stykke 

ef ter  Stykke af  de omliggende Sandstensmasser  maat te  nu synke 

og give Pläds for  Magmaet .  Hojere  og hojere  kom det te  op,  

men samtidig begyndte  det  a t  afgive s ine Dampmasser ,  som 

fandt  Vej  gennem den overl iggende Jordskorpes Spraekker ,  og 

det te  Forhold i  Förbindelse  med den t i l tagende Afkol ing f ra  oven 

kan have sat  en Graense for  den videre  Fremtraengen,  saa a t  

det  ikke er  umuligt ,  a t  Erupt ivmassen t i l  s ids t  s torknede,  endnu 

inden Jordskorpen var  hel t  gennembrudt .  Forst  i  langt  senere  

Tider  har  Erosionen taget  s törs te  Delen af  det  Daekke bor t ,  som 

laa over  den s torknede Erupt ivmasse,  saaledes a t  nu selve denne 

traeder  i  Dagen i  ansel ig  Udstraekning (se  Kortet  Tav.  III) .  Den 

yngste  af  de s törre  geologiske Forandringer  i  Egnen er  Fjord-

dannelsen,  som vaesent l ig  maa t i lskr ives  den udgravende Virk-

somhed af  Is t idens Gletschere ;  det  er  f remfor  a l t  d isse  dybt  

nedskaarne Fjorde,  som gor  det  muligt  a t  s tudere Jordskorpe-

bygningen.  Tunugdl iarf ik-Fjord gennemskaerer  Erupt ivmassen 

omtrent  paa Midten,  hvor  den er  bredest ,  Kangerdluarsuk naar  

vestfra  kun et  Stykke ind i  den.  



398 

Den, som staar i Kangerdluarsuk-Fjords Bund,  omgiven 

nœsten t i l  al le  Sider af  s tej le  Nefel insyenit-Vœgge,  befinder sig 

saaledes dybt nede i  Eruptivmassen.  Mod Sydvest ,  Sydost  og 

Nordost  begrœnses den Egn,  man kan överse,  af  hoje Fjœlde:  

Iviangusat ,  Kirkefjœld og det  for  nœvnte Kidtlavat ,  som i  Farve 

og Overfladebeskaffenhed stråks forraader sig som vœsensfor-

skell ige fra Forgrundens Nefelinsyenitmasser ;  det  er  i  Virkelig-

heden Grundfjœldet ,  som her med nœsten lodrette,  mod Beskueren 

vendte Vsegge rager adskil l ige hundrede Meter op over Nefel in-

syeniten,  og disse Grundfjœldsvœgge er  intet  andet  end Side-

vœggene i  den fordnms Magmabeliolder (sml.  Tav.  V).  Nefelin-

syeniten og de ovrige yngre Eruptiver er  yderst  let  hensmuldrende 

i  Sammenligning med Grundfjœldets Graniter ,  og derfor hœver 

nu de sidste sig t i l  langt  s törre I lojder.  Ogsaa mod Vest  og 

Nordvest  ser  man fra Kangerdluarsuks Bund den gamle Magma-

beholders Grœnser,  men Bil ledet  er  her vœsentl ig forskell igt  

fra det  forrige:  den mœgtige,  750 m hoje Fjaeldklods Nunasar-

nausak,  som her trader taet  ud t i l  Fjorden er  et  Stykke af  den 

överste lagdelte Jordskorpe (Sandsten med intrusive Diabaslag),  

som oprindel ig hvilede paa Grundfjœldet ,  men nu er  sunket  

dybt ned i de yngre Eruptivmasser,  der  tydeligt  ses at  s trœkke 

sig ind under den (Tav.  V).  Isolerede mindre Sandstenspart ier  

— dog hver for  s ig saa store som smaa Fjœlde — ses paa 

Fjordens Sydside under det  vestre Iviangusat-Fjœld ;  de er  under 

deres Nedsynken i  de oprindelig f lydende Eruptivmasser l igesom 

standsede paa Halvvejen,  saa at  de blev omgivne af s torknet  

Syenit ,  ved hvis Smuldring de nu er  begyndt at  st ikke frem i  

Dagen.  

Men det  er  ikke alene den gamle Magmabeholders Vœgge 

og Form og Nedsynkningsprocesserne,  ved hvilke den dannedes,  

som trader frem for Beskueren ved Kangerdluarsuks Strand.  

Ogsaa indenfor selve Eruptivmassen faider de forskel l ige Ud-

viklingsformer og deres Anordning slœrkt  i  0jnene,  takket  vœre 

Bjœrgarternes raske Hensmuldren,  som ikke alene umuliggor 
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l ïevoksning,  men i  mange Tilfaelde forh indrer  Skorpedannelse .  

De al lerf les te  af  Bjaergar terne fremtraeder  derfor  a l lerede paa 

Afstand med samme Farve som paa fr iske Brudflader .  Naermest  

Tel tpladsen har  man den hvide s torkornede «Naujaï t» ,  en Nefe-

l insyeni t -Variete t ,  som udgor  den hele  Erupt ivmasses  mest  

karakter is t iske og kvant i ta t ivt  mest  f remtraedende Bjaergar t ;  laen-

gere  borte  ser  man i os t l ig  Retning de sorte  og sor tgrenne 

Lujavri ter  i  uregelmaessige,  faa  hundrede Meter  hoje  Fjaelde,  o g 

op over  disse  rager  e t  660 m h e j  t  jEgir inlujavri t -Fjaeld,  som, 

skent  det  l igger  4  km borte ,  skinner  med denne Bjaergar ts  e j en-

dommelige,  s taerkt  gr onne Farve 1 ) .  Mod Syd haever  s ig  paa den 

modsat te  Fjordside e t  Fjaeld af  afve kslende «Lag» af  hvid og sort  

Nefel insyeni t  («Kakortoki t»)  ;  set  f ra  neden fremtraeder  »Lagene» 

nogenlunde vandret te ,  men set  f ra  hojerel iggende Standpunkter  

danner  de sor te  Lag,  e jendommeiige uregelmaessige Figurer ,  der  

har  skaffet  denne Fjaeldmasse Navnet  «Kringlerne».  Derover  

igen ses  Augitsyeni ten,  som trods s in  smuldrende Beskaffenhed 

er  beklaedt  med rus tbrune Skorper .  Med et  eneste  Blik f ra  vort  

Standpunkt  i  Bunden af  Kangerdluarsuk-Fjord ser  vi  saaledes 

en velafgraenset  Erupt ivmasse,  der  er  s torknet  s om en hel  Raekke 

af  forskel l igar tede Bjaergar ter .  

Opholdet  i  Kangerdluarsuk s t rakte  s ig  over  en Uge,  hvor  

Vejret  i  det  hele  var  gunst igt ;  Undersegelserne udstraktes  mod 

Nord t i l  Vandskel lel  mod Tunugdliarf lk ,  mod Vest  t i l  Niakor-

narsuk2 ) ,  mod Syd og 0st  t i l  Graen serne f or  de yngre Erupt iver :  

de vanskel ig  t i lgaengel ige Graenser  under  Kidt lavat-Fjaeld naaede 

vi  dog ikke a t  faa  undersegt .  

' )  Dette Fjaeld, som for de n geologiske Beskrivelses Skyld behaver et Navn, er 

her — efter Laxeelven, derflyder rundt om det — betegnet som «Laxefjœld». 
2) I Medd. om Grenl. II, 1881, p. 35 , omtales Forekomsten af Sodalitsyenit 

(Naujait) paa Ha lveen Niakornarsuk i Kangerdluarsuk; vi fandt imidlertid, 

at det her kun drejer sig om en stor istransporteret Blok af naevnte 

Bjaergart, der ved Smuldring har drysset saa meget Grus omkring sig, 

at den i hoj Grad ligner en lille fast Klippe, der stikker frem af sit Grus. 
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Tunugdliarfik og Korok. 

I  Midten af  Jul i  forlagdes Undersogelserne t i l  den naermest  

nordligere Fjord,  Tunugdliarf ik,  den gamle Eriksfjord.  I Stedet  

for  den marke og dodsst i l le  Kanger dluarsuk havde vi  fr a nu af  

föran Teltene en bred og solbeskinnet  Vandflade,  hvis  talr ige 

Isf jaelde bragte Afveksling o g jœvnlig Larm; Kajakker og Kone-

baade kom ikke sjaelden förbi ,  og adskil l ige af  dem aflagde 

Besag i  vor l i l le  Lejr .  Vor ferste Teltplads ved Tunugdliarf ik 

var Sendre Siorarsuit.  Der er  paa dette Sted ingen Havn for  

Daaden,  men denne kan traekkes paa Land,  idet  der  er  sandet  

Strandbred paa en l i l le ,  i  Fjorden fremspringende Deltakegle,  

dannet  af  en Vildbaek fra Nunasarnausak.  Fjordvinden indfandt 

sig her regelmässig hver Eftermiddag,  medbringende en gen-

nemtraengende Kulde,  der  kunde vaere generende nok,  naar man 

varm efter  Dagens Fjaeldtur kom ned t i l  Teltene.  Ogsaa Myggene 

syntes paavirkede af  den kolde Vind;  i  det  mindste har jeg 

intetsteds i  Gr enland fundet  dem saa ivrige efter  at  traenge ind 

i  Teltet  som her.  

Paa Sandre-Siorarsuits  S andstrand var der  bekvem Lejl igl ied 

t i l  a t  iagttage Gletscherisens Beskaffenhed i  de talr ige ved Kalv-

ningen dannede Smaastykker,  som ved Ebbe blev l iggende paa 

Sandet .  Alle Stykkerne bestod her af  ren Is  (uden Moraene-

rnateriale) ,  kun de faerreste var  imidlert id saa opteede af Sol

varmen, at  Strukturen kunde ses,  og denne viste s ig da al t id 

at  vaere overmaade storkornet ,  ja  i  adskil l ige af  Stykkerne var 

Gletscherkornene knytnaevestore.  Isstykkernes Overflade var som 

saedvanlig bedaekket  med store,  f ladt  skaalformede Fordyb-

ninger.  Man har undert iden vil let  saet te disse i  Förbindelse 

med den kornede S truktur1) ;  det  fort jener derfor at  fremhœves,  

at  den direkte lagttagelse viste,  at  de to Faeiiomener er  uafhaengige 

af  hinanden,  idet  selv de starste af  Kornene er  langt  mindre 

') Meddelelser om Grenland XV], 1896, p. 164—165. 
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end de skaalformere Fordvbninger,  der  iovrigt  udviskes mere 

og mere,  jo staerkere Solskinnet  bringer Kornstrukturen t i i  a t  

t rade frem. De skaalformede Fordvbninger er  ojensynlig et  

Smeltningsfaenomen, fremkaldt  ved det  bevaegede Vands Angreb 

paa Isen,  medens denne endnu er  saa gennemfrossen,  at  Korn-

strukturen slet  ikke er  i  Stand ti l  a t  influere paa Smeltningen.  

Sendre-Siorarsuit  l igger omtrent  paa Graensen mellem de 

yngre Eruptiver og Sandstenen,  som naermest  disse ved Kontakt-

metamorfose e r  omdannet  t i l  hvide grovkornede Kvartsaggregater .  

Efterhaanden som man fjerner sig fra Graensen.  antager Sand

stenen mere og mere sin normale Struktur,  kun den hvide 

Farve viser ,  at  man endnu er  indenfor det  af  Eruptiverne paa-

virkede Omraade ;  först  naar man er  kommet henved 3 km fra 

Graensen tr affer  man Sandsten,  der l iar  bibeholdt  s in oprindelige 

rode Farve.  En anden interessant  Omdannelse iagttoges taet  

0st  for  Teltpladsen indenfor de yngre Eruptivers Omraade,  idet  

disse her over et  s törre Areal  viste s ig forandrede naesten t i l  

Ukendelighed ved Dannelse af  talr ige sekundäre Mineraler:  Epidot ,  

Albit ,  Jaernglans,  Lievri t  m. m.,  delvis  i  smukke Smaakrystal ler .  

Efter  s in lokale Optrae den og hele Deskaffenhed maa denne Om

dannelse formodes i  s in Tid at  vaere frembragt  af  hede Kilder,  

og vi  f ik denne Förklaring bekraeftet  ved senere paa Fjordens 

Nordside at  traeffe en l ignende,  ojensynlig t i l  en Spalte bunden 

Omdannelse.  Undersogelsen af  disse Forhold i  Förbindelse med 

Kortlaegning af  Granserne og den nojere Udforskning af  Nuna-

sarnausak-Fjaeld,  som bekvemmest best iges fra denne Side,  

medtog fire Dage,  saaledes at  vi  den 20.  Juli  kunde flyt te Teltene 

t i l  Tupersuatsiak.  

Tupersuatsiak (Fig.  6)  l igger ved Sydkvsten af  Tunugdliarf ik 

og omtrent  midt  i  det  hele Nefelinsyenit-Omraade,  saaledes at  

man herfra — mod Syd t i l  Lands,  mod Nord efter  forst  at  ro 

over Fjorden — paa én Dags Ture kan besoge störste Delen 

af  Omraade t .  Dert i l  kom, at  Stedet  bod en fortr inl ig l i l l e  Baade-

havn,  og en udmaerket  Teltplads med Lae for  Fjordvinden og 
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med foi 'holdsvis faa My g, og vi  be sluttede da at  udfore saa stor  

en Del som muligl  af  Undersogelserne med Benvttelse af  dette 

Udgangspunkt.  Opholdet  kom derved ti l  a t  straekke sig over 

et  Tidsrum af t re Uger,  i  hvilken Tid Vejret  nsesten uafbrudt  

var gunstigt .  

Umiddelbart  ved Tupersuatsiak flndes et  l i l le  Stykke smal 

Strandbred,  men baade 0st  og Vest  derfor gaar Klipperne lodret  

ned i  Havet .  Indenfor Teltpladsen hsever Fjaeldet  s ig stej l t  ca.  

Fig. 6. Tupersuatsiak set estfra. Kotograferet af Dr. K. J. V. ST EENSTRUP. 

100 m, hajere oppe traefïer  man svagere Skraaninger og vidt-

strakte Fläder af Smuldringsgrus,  som paa fugtige Aarst ider 

f lyder langsomt nedover;  Vegetat ionen mangier  nsesten helt .  

Bjaergarten er  den lyse,  s torkornede Naujai t ,  og Stedet  er  for-

tr inl ig egnet  t i l  a t  folge de strukturel le Variat ioner i  denne 

interessante Bjsergart .  I  Teltpladsens naermeste Omegn inde-

holder den en Maengde,  oftest  vandrette Pegmatitgange,  ved hvis 

Smuldring sjaeldne og ofte vel  krystal l iserede Mineraler  kommer 

t i l  a t  l igge last  paa Overfladen;  isaer af  det  sjaeldne Mineral  

Ainigmati t  var  det  her  muligt  at  indsamle et  s tort  Mater iale.  
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Ror man längs Kysten et  Par Kilometer mod Vest,  naar man 

ved Naujakasik et  bekvemt Landingssted ;  dette er ber0mt ved 

de talrige smukke brune Eudialytkrystaller,  som tidligere Eks-

peditioner har indsamlet dér.  Mod 0st  traeffer man efter 4 km 

Roning det imponerende Agpat,  der med en regelmässig,  75° 

stejl  (altsaa t i lsyneladende nœsten lodret) negen Fjœldflade rejser 

sig over 300 m lige op fra Vandet,  og hvis truende Udseende 

ligesom understreges af Bjaergartens saelsomme gronne Farve; 

Fjaeldet bestaa r helt  af Lujavrit .  I  Kloften u middelbart  0st  herfor 

har man Eruptivfeltets 0stgraense; de yngre Eruptiver stöder 

her sammen med en omtrent lodret,  Nord—Syd-gaaende Vaeg 

af Sandsten og derunder l iggende Granit .  

Mod Nord og Nordvest,  tvaers over Fjorden, ser man fra 

Tupersuatsiak over ti l  llimausaks maegtige Fjseldmasse, der 

ifolge t idligere Maalinger haev er sig 1410 m over Havet.  I l imausak 

udg0res foroven af et  Plateau af vandret udbredte Porfyr- og 

Diabasmasser,  men Plateauet er dybt ind skaaret af amfiteatralsk e 

Dale med flad og hojtl iggende Dalbuud og naesten lod rette Sider 

— Botner — og frembyder der for overordentlig maleriske Former 

(Tav. X). De mod os vendende Botner,  som ligger paa S olsiden, 

er omtrent snebare ;  deres Dannelse t i lhorer Istiden, da maegtige 

Snemasser fyldte dem. De to störste af dem lober sammen 

bagtil ,  saa at  en Del af det Fjaeldparti ,  der oprindelig skilte 

dem, nu staar isoleret som en maegtig,  afstumpet Pyramide. 

Paa Kortet  og de geologiske Profiler er dette ca.  1250 m hoje 

Bjaerg kaldt for «Hatten». Fra Botnerne kommer to Vildbsekke 

ned, en paa liver Side af »Hatten»; de har skaaret sig dybe 

Klofter i  de ietsmuldrende Bjaergarter.  Baekkene forener sig 

ved Foden af Fjaeldet;  her har de givet Anled ning ti l  Dannelsen 

af en flad Gruskegle af imponerende Udstraekning, det s .  k.  

Nordre Siorarsuit, s om rager langt ud i Tunugdliarfik.  Grus-

keglens Toppunkt l igger ca.  2 00 m o. H. — Umiddelbart  ved 

Fjorden og taet 0st  for den store Gruskegle l igger det l i l le 

isolerede Bjaerg Nun arsua-tsiak (160 m), naer hvis Top der flndes 
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en uregelmaessig Pegmatitmasse med kaempemaessige (henimod 

meterlange) Feldspat- og Arfvedsonitkrystaller,  der jaevnlig er 

omtalte i  Litteraturen1) .  I Strandklipperne föran Nunarsuatsiak 

samlede vi e t  betydeligt Materiale af et  gult  Mineral,  Erikit2) ,  

det eneste ny Mineral,  som iagttoges paa denne Ekspedition. 

llimausak-Partiets geologiske Bygning, saaledes som den 

fremtraeder i de n»gne Fjaeldvaegge mod Tunugdliarfik-Fjord, 

er overordentlig interessant (Tav. V I).  De hojeste Fjaeldtoppe 

bestaar som ovenfor naevnt af vandrette Baenke af Porfyr- og 

Diabas,  men disse danner kun et  forholdsvis tyndt og delvis 

sonderskaaret Daekke over de yngre Eruptivers vœldige Masser .  

Her er m. a.  O. endnu bevaret en Del af den gamle Jordskorpe, 

som laa over Eruptiverne, da de sterknede; disses Natur af 

«Dybbjaergarter» traed er saaledes tydelig frem for den umiddelbare 

Betragtning. At Eruptiverne virkelig er yngre end de overlig-

gende Porfyrer o.  s.  v. ,  bevises af de talrige Udlobere (Apofyser),  

som hine sender ind i  Porfyrerne, og ved den staerke Kontakt-

metamorfose, som de sidste har lidt .  Er saaledes Kangerdluarsuk 

enestaaende ved den Udstraekning og Tydelighed, hvormed dér 

den fordums Magmabeholders Vaegge traeder fre m, giver Nord

siden af Tunugdliarfik os et  for Forstaaelsen nodvendigt Supple

ment ved at  vise Taget,  som laa over Magmabeholderen. 

Selve Erupti vmassen er her,  l igesom Syd for Tunugdliarfik,  

iojnefaldende «baenket», d.  e.  delt  ved nogenlunde vandrette 

Spraekker,  og Baenkene forandre r Beskaffenhed, efterha anden som 

man folger dem nedefter.  Alleroverst ,  umiddelbart  under «Taget», 

er Eruptivmassen kiselrig,  af granitisk Beskaffenhed (Arfvedsonit-

granit)  o g overvejende rodfarvet.  Under denne Granitmasse, hvis 

Tykkelse er flere lnindrede Meter,  kommer efter nogle Over-

gangslag de lyse Nefelinsyeniter hvis Hovedmasse, Naujaiten, 

*) Saaledes af K. J. V. STEBNSTRUP i Ussing, Alkalifeldspaterne (Meddelelser 

om Grenland XIV, p 22; Stedet er her betegnet som «Serrarsuit») og 

at G. FLINK (sa mmesteds p. 246). 
2) Meddelelser om Grenland XXVI, 1903, p. 93. 
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i  Midten af  Omraadet  naar helt  ned t i l  Havfladen,  medens dens 

Underflade skaalformet lofter  s ig ud mod Omraadets Periferi .  

Under Naujai ten l igger de morke (sorte og granne),  jaernrige 

Lujavri ter ,  som paa Grund af den skaalformede Lejring haever 

s ig hojt  op i  Fjaeldene längs Omraadets Periferi .  Övergången 

mellem de to sidstnaevnte Bjaergarter ,  er  dog ikke pludselig:  

der  er  mel lem begge en ejendommelig Blandingszone af  adskil l ige 

hundrede Meters Tykkelse,  hvor den hvide grovkornede Naujai t  

er  sonderstykket  i  kantede el ler  l inseformede Fragmenter,  som 

er helt  omflydte ,af  den merke finkornede Lujavri t  ( ïav.  X).  

De her skitserede Hovedtraek i  Eruptivmassens Bygning 

taenker jeg mig forklarede paa feigende Maade.  1 den oprindel ig 

homogene,  smeltede Masse skete ved begyndende Udkrystal l isat ion 

og vaesentl ig efter  Vœgtfvlde en Sortering (Differentiat ion),  hvor-

ved de tre naevnte Hovedlag (Granit ,  Naujai t ,  Lujavri t)  dannedes 

og adskil tes med omtrent  vandrette Graenseflader.  Senere,  da 

al lerede de to överste Lag var nogenlunde storknede,  skete en 

Nedsynken af det  övers te og midters te Part i ;  herved opstod den 

nuvaerende skaalformede Lejring,  og samtidig pressedes den 

dybtl iggende og endnu halvtf lydende Lujavri tmasse op längs 

Randene og op i al le  Spr aekkerne i  d en ovenoverl iggende Naujai t ,  

hvorved den ovennaevnte Blandingszone opstod.  Den l ier  antydede 

Förklaring angaar kun de ovennaevnte Hovedbjaergarter;  fra en 

naermere Omtale af  de mere underordnede,  t i l  dette Eruptiv-

omraade knyttede Bjaergarter  maa der paa dette Sted ses bort ;  

det  anforte vil  vtere t i ls traekkeligt  t i l  a t  give en Forest i l l ing om 

det  enestaaende Indblik i Dybets Eruptivmasser og deres ind-

byrdes Forhold,  som Kangerdluarsuk- og Tunugdliarf ik-Fjordenes 

Fjaelde giver.  

For at  fuldende Undersogelserne og Kortlaegningen af  l l i -

mausak Omraadet  behovede vi  endnu Kendskab ti l  de Vest  for  

I l imausak l iggende Egne ved Narsak og Sermilik;  paa Grund 

af  Beliggenheden var det  imidlert id hensigtsmaessigst  at  opsaette 

det te Arbejde t i l  s idst,  og da vi  den 5.  August  forlod Tupersuatsiak,  
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sattes derfor Kursen til det indre af Tunugdliarfik-Fjord, hvor 

det ved Igaliko begyndte Arbejde skulde fortsaettes mod Nord 

og Nordest. 

Samme Dags Eftermiddag slog vi Lejr paa Tunugdliarfik-

Fjords Sydestkyst, umiddelbart Nord for det beremte Mineral-

findested Narsarsuk, ved det maegtige Igdlerflgsaliks vestlige 

Fod. Tunugdliarfik-Fjord gaar herfra med en brat Ombejning 

videre indefter i nordlig Retning, medens en smallere Sidearm, 

Korok-Fjord, straekker sig mod Nordest i Forisaettelse af den 

ydre Tunugdliarfik. Korok er ca. 12 km lang, i dens Bund ud-

munder en jaevn lig kalvend e Udleber fra Indlandsisen, og i Fjorde n 

er der derfor altid talrige Fsbjaerge. Baade Korok og de til-

graensende Dele af Tunugdliarfik er for störste Delen uden 

Strandbred, idet Fjaeldet gaar lodret ned i Vandet, men just 

ved Korok-Fjords Munding ligger der stöttet op til den stejle 

Fjaeldvaeg et Stykke g ammel og delvis kratbevokset Mor aene, hvor 

Baaden kunde hales paa Land, og Teltene slaas op. 

Denne lille helt af Moraene dannede Halve bestaar af Here 

parallele Rygge med foranliggende smaa Lagunseer og velud-

viklede sandede Strandvolde og straekker sig henved en Kilo

meter längs Fjaeldsiden. Moraeneryggene peger ud i Fjorden 

mod Vest, og den underseiske Fortsaettelse af Moraenen er let 

at spore ved de taetliggende Isfjaelde, som staar paa Grund her: 

Moraenen straekker sig i en stor Bue mod Nord og 0st og 

steder ätter til Land omtrent ved Spidsen af Halveen Nord 

for Korok; ogsaa her ved den nordlige Ende rager Moraene-

grusmasserne op over Havet og danner en lignende, til Fjaeld

siden stettet Moraenehalve s om paa Sydsiden (se Kortet. Tav. IV). 

Det drejer sig her om en gammel, af Koroks Isstrem afsat 

Endemoraene. 1 Moraeneh alveen paa Sydsiden naar de enkelte 

Rygge omkring 30 m Hejde; den indre Struktur er synlig i flere 

naturlige Indsnit og er typisk Moraenest ruktur: Udseendet svarer 

ganske til det hos almindeligt dansk, stenrigt Moraeneler, kun 

er Lermaengden saa ringe, at Materialet maa betegnes som 
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Moraenegrus. Farven er graa, og Stenene, der forekommer i 

alle Storrelser, er overvejende isskurede og temmelig kantede, 

rullede Sten findes kun som Undtagelser. Af saerlig Interesse 

er, at Morœneryggenes ydre Former njensynlig er fuldkomment 

upaavirkede af Fjordens Holger og Strom helt ned til de maegtige 

Nutids-Strandvolde ; thi heraf kan vi med Sikkerhed slutte, at 

Landet ikk e har haevet sig i d et T idsrum, som er forlobet, siden 

Korok-Isstrommen trak sig tilbage fra Moraenen. Sikre lagttagelser 

over Tidsforholdet mellein Landets Haevning og Indlandsisens 

Tilbagevigen er ievrigt yderst sparsomme 1).  

Fra Teltpladsen naar man efter et Par hundrede Meters 

Opstigning ad den brätte Fjaeldvaeg e t Plateau, der er dannet 

af rask smuldrende graat Syenitgrus. Hist og her stikker målerisk 

formede Rester af den faste Klippe op gennem Gruset; vi be-

finder os paa Narsarsuk. Det beromte Mineralfindested er paa 

Kortet (Tav. IV) mserket med et X; det ligger omtrent 270 m 

o. H. De sjœldne Mineraler herer hjemme i Pegmatitmasser, 

som optraeder uregelmaessig fordelt i Syenitbjsergarten og er 

underkastede Vejrsmuldringen i endnu hejere Grad end denne. 

Man er derfor lienvist til  at söge Mineralerne i det lostliggende 

Grus, og det Udbytte, som nu kan erholdes uden sterre Grav-

ninger, er yderst ringe, da hele Omraadet, hvor de sjœldne 

Mineraler optraeder, er ganske lille o g allerede er grundigt gen-

nemsogt2).  Vi turde derfor ikke anvende mere end en Dag til 

Mineralsegning paa dette Sted og maatte iovrigt koncentrere 

Opmaerksomheden paa de geologiske Forhold. 

Syenitbjaergarten ved Narsarsuk viste sig at vaere e n umid-

delbar Fortsaettelse mod Nord af den paa 0stsiden af Iganek-

*) Sm l. den udforlige Omtale af Sporgsmaalet hos A. JESSEN i Meddelelser 
om Grönland XVI, 1896, p 154. 

2) Med Hensyn til Mineralforekomsten Narsarsuk henvises i övrigt til den 
udforlige Beskrivelse af G. FLI XK i Meddelelser om Grönland XIV, 1898 
(P. 226 og Tav. IX) og XXIV, 1901 (p. 10 og Tav. IX); ved en Fejl er 
paa disse Steder den til Augitsyeniten mod Vest grœnsende Bjeergart 
angivet som Granit i Stedet for Sandsten. 
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bjaerget faststaaende Syenit, som vi havde undersogt under vort 

Ophold i Igaliko. Den danner kun en forholdsvis smal Braemme 

längs Vestsiden af det vaeldige Igdlerfigsalik-^lassiv, der saa 

vidt hidtil vides, helt igennem bestaar af Nefelinsyenit, ligesom 

Tilfaeldet ogsaa er med de Nord og 0st for Korok liggende 

Egne. Som det ses af Kortet (Tav. IV), er det endnu ukendt, 

hvor langt denne östlige Nefelinsyenitmasse straekker sig ind i 

det indre af Landet; af hvad der allerede er kendt, fremgaar 

dog sikkert, at den er langt större end Nefelinsyenitmassen ved 

Kangerdluarsuk og llimausak, ja den synes at vœre en af de 

störste Masser af denne Art, som findes i Verden. 

En saerlig Interesse frembyder Forskellighederne mellem 

de to saa naer ved hinanden liggende sydgronlandske Nefelin-

syenitomraader. Medens Eruptivmassen ved Kangerdluarsuk— 

llimausak som ovenfor skildret udmaerker sig ved at vœre rigt 

differentieret, idet den frembyder en Maengde og yderst inter

essante Variationer i Bjaergartbeskaffenheden — for störste Delen 

vidt forskellige fra, hvad man kender andensteds i Verden — 

er den kolossale Eruptivmasse i Igdlerfigsalik-Omraadet af for

holdsvis ensformig Beskaffenhed, saa vidt den hidtil er under-

sogt, og de her iagttagne Bjaergartvarieleter ligner i ikke ringe 

Grad dem, man kender fra andre Nefelinsyenit-Omraader i 

Amerika og Europa. 

En anden Forskellighed, som mulig haenger sammen med 

den forrige, angaar Eruptivmassens Forhold til Omgivelserne. 

Ved llimausak er som ovenfor nœvnt en Del af Taget over 

Eruptivmassen bevaret, og i Fjaeldvaeggen ned mod Fjorden paa 

Sydsiden af llimausak ser man tydelig, hvorledes Eruptivmassen 

bliver bredere og bredere nedefter, saa langt den kan folges; 

hvad der rager op over Ilavfladen, er saaledes kun den överste 

Del af en i Dybet stivnet Eruptivmasse, hvis störste Part rime-

ligvis ligger under Havets Niveau. I Igdlerfigsalik-Massivet er 

Forholdet et ganske andet. Her er intetsteds fundet Spor af 

de Masser, der i sin Tid dannede Taget over den underjordiske 
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Magmabeholder, denne e r her bleven haevet saa hojt,  at Erosionen 

har borttaget alt det,  der laa over den og sandsynligvis ogsaa 

alt det överste af selve Eruptivmassen ;  ja Erosionen er traengt 

saa dybt ned, at der endog er blottet Klippemasser, som synes 

at tilhore den gamle Magmabeholders Underlag. Undersoger 

man nemlig Syenitens Vestgraense, viser det sig, at paa hele 

Straekningen fra Moraenen ved Narsarsuk i Nord til  Iganek i 

Syd, (i a lt  ca. 7 km), faider de tilgraensende Sandstenslag mere 

eller mindre stejlt  ind under Syeniten, og endnu ejendommeligere 

er Forholdene laengere mod Vest. Her fortsaetter INarsarsuk-

Plateauet sig i det naesten helt horizontale, 250—300 m o. H. 

liggende lliortaflk-Plateau, der bestaar af vandrette Sandstenlag 

med underliggende Grundfjaelds-Granit,  og her iagttager man, 

at de överste Sandstenslag i langt hojere Grad end de nederste 

har undergaaet saadanne Forandringer i ßeskaffenhed, som frem-

bringes ved store Eruptivmassers Naerhed (Kontaktmetamorfose) ;  

i de allerunderste Lag har Sandstenen bevaret den rode Sand

stens oprindelige Beskaffenhed. Dette gor det meget san dsynligt,  

at de yngre Eruptiver, for Erosionen var skredet saa vidt frem 

som nu, dœkkede en stor Del af Iliortafik-Piateauet, og at dette 

saaledes maa siges at tilhore Eruptivmassens Underlag. Igdler-

figsalik P artiet viser sig herigennem at give et storslaaet Ind-

blik i helt andre Omraader af Eruptivmassernes Geologi end 

Ilimausak- og Kangerdluarsuk-Egnen. 

Fra Teltpladsen ved Narsarsuk foretog vi den 9. August en 

Rotur ind i Koroks beromte Isfjord, som paa Grund af sine 

Ismasser régnés for utilgaengelig for gronlandske Skindbaade. 

Dog har GIESECKE saavel i 1806 som i 1809 besogt Fjorden i 

en saadan, og han er til  Dato den eneste, som — rigtignok 

ufrivilligt — har overnattet derinde1).  Fjorden har senere (i 

Traebaad) vreret besogt saa vel af FUNK (1897)2) som af STEENSTRUP. 

') Gieseckes mineralogiske Rejse i Grenland ved F. JOH NSTRUP. Kebenhavn 

1878, p. 35 og 173. 
2) Meddelelser om Grenland XIV, 1898, p, 253. 

XXXVIII. 27 
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Om Bjaergarterne var dog omtrent intet bekendt, og da vi des-

uden i Modsaetning til, hvad Tilfasldel var ved de to sidstnaevnte 

Besog i Fjorden, havde helt klart Vejr, blev Turen rig paa Ud-

bytte baade i g eologisk og i landskabelig Henseende. Faa Timers 

Roning med indadgaaende Strom forte os längs Igdlerflgsalik 

Fjaeldvaegge til Pynten Nord for dette Bjœrg. Allerede denne 

Fig. 7. Ca. 16OOmh0.it Fjœld Nordest for Igdlerflgsalik, set fra Vest. 

De smaa Isfjselde i F örgrunden svommer i den östlige Bugt af Korok. (1900). 

ydre Del af Korok g0r ved Fjaeldenes maegtige Hojde og Stejlhed 

et mere storslaaet îndtryk end nogen anden Fjord, vi besagte 

i Grönland. Ved den naevnte Pynt aabner sig en Bugt mod 

0st, medens lsfjorden selv böjer om i nordlig Retning. Fra 

Bugten straekker sig mod 0st den af GIESECKE beso gte Dal, som 

paa Kortet er betegnet med hans Navn; denne Dal gennem-

strommes af en slamrig Elv fra Indlandsisen, og dens nedre 

Del er derfor helt udfyldt af Sand og Ler, aflejret i pragtfuide 

Terrasser. Den ovenfor fremhaevede fuldstœndige Mangel paa 
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haevede Terrasser ved Narsarsuk laerer os,  at  disse Terrasser i  

den indre Korok ikke kan skyldes nogen Haevning af Landet;  

de maa ejensynlig vaere a fsatte ,  raedens Braeen nordfra strakte 

sig nd gennem hele Korok-Fjord og saaiedes kunde omdanne 

den ydre Del af Giesecke's-I)al t i l  en Indso med opstemmet 

Vandspejl .  Opefter mod 0st deler Giesecke's Dal sig i  en 

nordostlig og en sydostlig Arm; mellem begge ligger en målerisk 

Fjaeldpyramide af kolossale Dimensioner (Fig. 7).  Det er dog 

först ,  naar man er naaet ind ti l  Nordsiden af Giesecke's-Dal,  

at  denne Egns storslaaede Alpenatur helt  udfolder sig.  Man 

kan da se ind i den nœvnte sydostlige Arm af Dalen, hvis Bund 

haever sig rask opefter,  hegnet af maegtige, spidstoppede Fjaelde 

med brätte Styrtninger og mellemliggende Haengegletschere, og 

end mere gribende ved sin storslaaede Skonhed er Nordsiden 

af [ gdlerfigsalik-Massen, mellem hvis maleriske Toppe fire Glet-

schere haenger ned. Laengst inde i  Giesecke's-Dals Sydostgren 

kunde jeg genkende en spids Fjaeldpyramide, som jeg tidligere 

havde iagttaget i  nordvestlig Betning fra Tavdlorutit  ved Igaliko-

Fjord. Der synes at  vaere Sammenhœng 0st om Igdlerfigsalik-

Massen mellem Sydostgrenen af Giesecke's-Dal og den Dal,  som 

fra Igaliko-Fjord straekker sig ind mellem lganek og Tav

dloruti t .  

Overalt  i  den indre Korok moder 0jet en målerisk Fjaeld-

skulptur,  som viser hen til  intensiv Erosion i  Nutiden, — en 

paafaldende Modsaetning ti l  de afrundede, fra Istiden overleverede 

Former, der behersker den overvejende Del af det gronlandske 

Kystbaelte.  Vi finder i ignende Alpelandskaber laengere mod 0st,  

f .  Eks. i  den beromte Tasermiut Fjord. Utvivlsomt e r det vaesentlig 

Fjaeldenes betydelige Höjde, som betinger denne staerke Nutids-

erosion og de brätte Affald, i  det de store Höjder giver An

ledning ikke alene til  intensiv Vejrsmuldring, men ogsaa ti l  

Dannelsen af anselige lokale Gletschere, som udmejsler skarpe 

Fjaeldkamme, og som i Förening med Indlandsisens Udlobere 

graver de dybe Trugdale.  Mangelen paa beskvttende Vegetation 

27* 
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og de yngre Eriiptivers Tilbejelighed ti l  at  smuldre er med-

virkende, men vistnok ganske underordnede Faktorer.  Hvad 

saerlig Sm uldringstiibejeligheden angaar,  fortjener det at  frem-

haeves,  at  den ikke er fast  knyttet  t i l  de yngr e Eruptiver:  netop 

i Ko rok-Egnen finder man ingenlunde sjaelden t Fja eldvaegge, som 

er saa yderst  l idt  smuldrende, at  man efter Erfaringerne fra 

Kangerdluarsuk-Egnen skulde anse dem for Grundfjaelds-Granit ,  

medens de i  Virkeligheden bestaar af yngre Syenit  og Nefelin-

syenit;  og omvendt finder man ogsaa (f .  Eks.  i  Tavdlorutit  ved 

Igaliko-Fjord|  Grundfjœlds-Granit ,  der er saa staerkt smuldren de, 

at  man efter Udseendet i  Fra stand vilde tro,  man havde at  gere 

med yngre Eruptiver.  De œldste geologiske Kort over Egnen 

er aabenbart paavirkede af dette Forhold. 

Omtrent 12 km Nord for Koroks Munding ligger Kiagtut 

paa TunugdliarOk-Fjords 0stside. Til  dette for sin «Skov» 

(Fig. 8) bekendte Sted havde vi allerede i  Slutningen af Juli  

gjort  en Udflugt.  Ved Kiagtut udmunder en anselig Elv fra 

Indlandsisen, og der har dannet sig en stor Grusslette,  afbrudt 

af flere smukke Endemoraenevolde og mellemliggende Gry der og 

Soer.  Disse Endemoraener indeholder i  Modsaetning ti l  den ved 

Narsarsuk overvejende rullede Sten. Omtrent gennem denne 

Slette gaar Nordgraensen for Igdlerfigsalik-Omraadets Nefelin-

syenitmassiv :  Fjaeldet paa No rdsiden af Sletten viste sig at  bestaa 

af Grundfjaelds-Gnejs,  og Syd for Sletten har STEENSTRUP allerede 

1876 fundet Nefelinsyenit .  

Under vört  Ophold ved Narsarsuk var Vejret i  det hele 

ugunstigt ,  dels med Kulde og Regn, — der faldt endog lidt 

Sne ved Havoverfladen den 8.  August,  — dels med Tillab ti l  

Fehn; kun den Dag, der benvttedes ti l  Turen i Korok, dannede 

en Undtagelse.  Dagen efter,  den 10. August,  bragte ganske vist  

ogsaa Solskin, saa at  vi haabede at  kunne fortsaette Under-

s0gelserne Nord for Korok, men Granlaenderne naegtede paa 

det besternteste at  ro ind ad nogen af Fjordene. De pegede 

ind mod Korok, og unaegtelig var det ikke indbydende, hvad 
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man her saa: ud fra Giesecke's-Dal kom med uregelmaessige 

Meliemrum enorme Stovskyer,  som fortes over mod den stejle 

nordvestlige Fjordside med saadan Fart ,  at  de dér haevede sig 

adskill ige hundrede Meter op i Vejret.  Det var Föhnen, som 

Fig. 8. liirketrœ ved Kiagtut i Tunugdliarfik (1900). 

for Älvor havde taget fat  derinde, skönt der ved Teltpladsen 

endnn raadede Vestenvind (Fjordvind).  I)a Föhnen antagelig 

snart  vilde naa ud ti l  vor Teltplads,  bred vi op og roede et  

l i l le Stykke ud ad Fjorden. 

Vi slog Telt  ved Musartut paa Nordsiden af Tunugdliarflk,  

et  af de fleste t idligere Eksp editioner besogt Sted, hvor vi kund e 
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gore Indsamlinger af  et  af  STEENSTRUP fundet  sjaeldent  Mineral ,  

Willemit ,  medens vi  ventede paa,  at  den naeste Dag skulde 

bringe bedre Vejr.  Den smukke blaa Wil lemit  f indes i  Strand-

Fig. 9. Fjaeldport ved Naujavsuit i Tunugdliarfik, udhulet i en Porfyrgang 

i den rede Sandsten. (1900). 

klipperne og er  ikke kendt fra noget  andet  Sted i  Grenland; 

den viste s ig at  vaere meget  sparsomt t i l  Stede,  men Besaget  

gav dog noget  Udbytte,  idet  det  lykkedes at  konstatere Tilstede-

vairelsen af  smaa (indti l  25 cm brede) Sandstengange,  d.  e .  

Spraekker,  som er fyldte med nedgledet  og senere haerdet  Sand 
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(Willemiten sidder i disse). Bjaergarten paa Stedet er den rade 

Sandsten i omtrent vandrette Lag, og Sandstengangene er lod-

rette med samme Retning som de talrige Porfyrgange, der 

naesten överalt gennemsaetter Fjaeldet, d. e. Nordost—Sydvest. 

Sandstengangenes Tilstedevaerelse antyder saaledes, at Sand

stenen endnu kun delvis var haerdnet, dengang de vulkanske 

Udbrud begyndte. 

Umiddelbart ved Musartut er Landet lavt og bevokset med 

taet o g h0jt Krat; men lidt V est for Te ltpladsen haever den rede 

Sandsten sig i el  prœgtigt, ved sine iejnefaldende Porfyrgange 

udmaerket Fjaeld, kendt fra KORNERUP'S Tegning1).  Ud mod Fjorden 

vender dette F'jaeld imponerende lodrette Vaegge, som kaldes 

Naujarsuit,  idet de er Yngleplads for utallige Tejst er og M aager. 

Porfyrgangene forvitrer lidt raskere end Sandstenen, og da de 

gaar omtrent parallelt med Kysten, giver de Anledning til  Dan

nelsen af maegtige Klafter og af Fj;eldporte nede ved Vandet 

(Fig. 9). 

Den naeste Dag bragte ikke det ventede bedre Vejr, og da 

vi kun havde en halv Snes Dage til  Disposition, besluttede jeg 

at anvende disse paa Egnen ved Narsak, hvor vi allerede gen

tagne Gange havde aflagt Besag for Provianteringens Skyld og 

havde set.  at der var et yderst interessant geologisk Arbejdsfelt,  

der kunde undersages uden Brug af Baaden, saa at man var 

nogenlunde uafhaengig af Vejret.  Med Fahnen taet i  Haelene 

naaede vi Narsak den 11. August om Eftermiddagen. 

Narsak og Sermilik-Fjord. 

Ved det venlig beliggende Udsted Narsak opholdt vi os til  

den 17. August. Teltene sattes op paa en frodig Grassslette, 

og da Stedet ligger overmaade lunt, havde vi trods forholdsvis 

') Meddelelser om Grenland II, 1881, Tav. 3. 



4 1 6  

uroligt  Vejr  ingen andre Ulemper end den,  at  Koerne indfandt 

s ig regelmässig hver Morgen,  saa snart  det  lysnede,  for  at  

gnubbe sig op ad Teltene,  der daarl ig kunde staa for den Be

handling.  Omegnen er  overordentl ig kompliceret  i  geologisk 

Henseende og frembyder en saadan Maengde Forhold af  Inter

esse,  at  den sikkert  vi l  lonne Maaneders Arbejde;  nogle af  de 

geologiske Hovedtraek ly kkedes d et  dog formentl ig at  faa udredet  

med Sikkerhed.  Paa dette Sted skal  kun fremdrages,  at  Egnens 

Hovedbjaergarter  er  yngre Eruptiver,  men af  vaesentl ig fo rskell ig 

Beskaffenhed fra de t idl igere omtal te;  her  Andes Essexi t ,  Syenit  

(Nordmarkit)  og Granit ,  som er brudt  frem ti l  noget  forskell ige 

Tider og synes at  vise en besternt  Eruptionsrakkefolge i  den 

naevnte Orden,  saaledes at  Graniten er  yngst;  man faar her 

Indblik i  Kapit ler  af  Eruptivbjœrgarternes Historie,  som danner 

et  vigtigt  Supplement t i l  dem, der kan studeres i  de t idl igere 

omtalte Omraader.  Som endnu yngre end Graniten,  ja  som en 

af de al lersidste Ytringer af  den fordums Eruptivvirksomhed i  

Syd-Grenland maa man vistnok betragte en anselig Intrusivmasse 

af  rad Kvartsporfyr,  som man trœffer  i  en målerisk Fjaeldkloft ,  

e t  Par Kilometer Nord for Narsak.  

Nordost  for  Narsak trseffer  man i  omkring 600 m Höjde et  

vidtstrakt  Plateau,  opbygget  af  vandret  udbredte Porfyr-  og 

Porfyritmasser ,  og delvis  daekket  af  Morœnegrus.  Ad dette Plateau,  

som viser  s ig at  vœre en nedsunket  Flage af  den gamle Jord-

skorpe over Eruptivmasserne,  naar man efter  nogle Kilometers 

Vandring Indsoen Tasek,  hvor I l imausak-Part iets  t idl igere om

talte Nefelinsyeniter  begynder.  Störst  Interesse i  geografisk 

Henseende frembyder imidlertid den Nordvest  for  Plaleauet  l ig-

gende Dal,  der  gaar paa längs gennem den ydre Del af  Narsak-

Halvo.  Denne Dal viser  s ig ved sin typiske U-Form med 

stej le  Sider og flad Bund som en udpraeget  Gletscherdal  ;  men 

nu er  kun dens överste Ende optaget  af  en l i l le  Gletscher (Tav.  XIII)  

hvis Elv strommer ned over Dalbundens Lujavri tbaenke i  en 

Baekke af  smukke Vandfald.  At det  er  laenge siden Gletscheren 
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udfyldte Dalen, fremgaar af de dybe Klefter i Dalbunden, som 

Erosionen ved Vandfaldene har frembragt.  Interessant er ogsaa 

den anselige Sidemoraene, som ses paa Afbildningen, og som 

viser,  at  Gletscheren i den allersidste Tid har trukket sig t i lbage. 

Fra Narsak foretoges den 17.—20. August en Udflugt i  

Sermilik-Fjord. Paa dennes brätte Sydside findes ingen brugelig 

Teltplads,  og vi maa tte derfor slaa Lejr ved Igdlomiut paa Nord

siden og derfor lade Baaden ro os frem og ti lbage ti l  Sydsiden. 

Sermilik-Fjord danner nemlig, som vi véd fra Dr. STEENSTRUP'S 

Rejser,  Nordgraensen for de yngre Bjergarter i  denne Egn, dens 

Nordside bestaar af Grundfjaeld.  

Udsigten fra Teltpladsen ved Ilimausak tvaers over den is-

fyldte Fjord gjor et  maegtigt Indtryk. Uden Forstrand rejser 

Fjaeldmassen sig stejl t  op fra Vandet som en regelmässig Mur, 

der paa en lang Straekning er over 1000 m hoj;  foroven baerer 

den et Plateau, deekket af evig Sne og Is ,  som dog ikke kan 

ses nede fra Vandet.  Men over Plateauet ser man haeve sig 

som en isoleret Kegle den af STEENSTRCP i  1875 bestegne Top 

11370 m), som jeg paa Kortet  har betegnet med hans Navn, og 

lidt t i l  venstre for den skimtes over Plateauranden det överste,  

mod Nordvest lodrette Affald af I l imausaks Top (1410 m). Selve 

Fjaeldmuren er iojnefaldende og omtrent vandret lagdelt;  de 

nederste to Trediedele af Lagene har den rode Farve, som ud-

maerker den sydgronlandske Sandsten, medens Baenkene foroven 

er sorte Eruptiver1) .  Den nojere geologiske Undersogelse gav 

det kaerkomne Resultat ,  at  Sermilik-Fjords Sydkyst i  et  eneste 

sammenhaengende Profil  blotter den rade Sandsten i  s in fulde 

Tykkelse og derti l  saa meget af de ovrige Dannelser,  at  man 

her har l igesom et Generalprofil  for hele Julianehaab-fignen 

') Af den östlige Del af denne Klippevaeg har A JESSES meddelt et Fotografi 

i Meddelelser om Grönland XVI, Tav. XL. Paa dette i Forsommeren 

1894 tagne Billede ligger der Sne paa alle de fremspringende Afsatser, 

hvorved Lagdelingen bliver saerdeles iojnefaldende. Ved mit Besog i 

August 1900 var Fjaeldvaeggen helt snebar, og de smaa Gletschere traadte 

derfor tydelig frem. 
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(Tav. VI). Sandstenlagene skraaner svagt mod Sydsydvest, saa 

at man nede ved Fjordene traeffer aeldre og aeldre Lag, efter-

haanden som man ror indad ;  til  sidst,  i Bunden af den lille 

Sidefjord Kangerdluak, finder man den underliggende Grund-

fjaelds-Granit .  Den samlede Tykkelse af Sandstenformationen, 

regnet fra den gamle Overflade af Grundfjœlds-Graniten op til  

de överste Sandstenbaenke under Diabaserne i Ilima usaks Höjder, 

viser sig at vaere ikke mindre end 1100 m! Sandaflejringens 

oprindelige Tykkelse har dog vaeret mindre end den nuvaerende; 

thi Formationen er efter sin Aflejring og Haerdning blevet i 

nogen Grad fortykket ved de talrige Diabasbaenke, der under 

den paafolgende vulkanske Virksomhed blev pressede ind mellem 

Lagene. Disse Diabasbaenke tegner sig som sorte Baand i den 

rode Sandstenvaeg, de er talrigst i den övre Del af S andstenen, 

og man kan folge deres regelmaessige Forlob over lange Straek-

ninger; dette Forhold i Förbindelse med Kontinuiteten i de 

Eruptivbaenke, som daekker Sandstenen, viser, at Profilet ikke 

er gennemsat af större Spring, som vilde gore den ovennaevnte 

Tykkelseberegning illusorisk. 

Over den rode Sandsten ser man de morke Eruptivmasser, 

der danner Ilimausaks överste Plateau og de op over dette 

ragende Toppe. Ogsaa denne Eruptivformation, som vi her for 

Kortheds Skyld vil kalde Porfyr formationen, viser sig i Ser milik-

Profilet iojnefaldende lagdelt o g regelmaessig afsat oven paa Sand

stenen. Man har her for sig vulkanske Masser, der har bredt 

sig vandret ud over Sandstenaflejringen kort efter dennes Dan

nelse. Porfyrformationens Bjaergarter (Diabaser, Porfyriter og 

Porfyrer) svarer i  Hovedtraekkene til  dem, der produceres af 

Nutidens Vulkaner ;  de synes delvis at vaere virkelige Lavastromme 

fra hin fjerne Tid, delvis er de Intrusivlag, pressede ind m ellem 

og under Lavastrommene. Da de har ligget överst,  har de i 

endnu langt hojere Grad end Sandstenen vaeret udsat te for Ned-

brydning, og hvad der nu er tilbage af dem, er udentvivl kun 

en forholdsvis ubetydelig Best; at de oprindelig har bredt sig 
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i vid Udstraekning over Egnen, derpaa tyder de tallose E ruptiv

gange, som gennemsaetter ikke alene Sandstenen, men ogsaa 

Grundfjaeldet udenfor Sandstenens nuvaerende Graenser. 

Ilimausak-Partiet og dets Affald mod Tunugdliarfik er det 

eneste Sted i Grenland, hvor denne Porfyrformation Ondes be-

varet.  Grunden liertil  falder let i  0jnene fra vort Standpunkt 

i Sermilik: folger vi Sandstenlagene i den Retning, de ses at 

skraane, finder vi Porfyrformationen bevaret i  större og större 

Tykkelse. Hvad der er tilbage af denne Formation, indtager i 

det hele og store det dybest scenkede Parti af den gamle Jord-

skorpe og ligger alts aa paa det Sted, hvor Nedbrydningen mindst 

kunde gore sig gaeldende. I Detaillerne viser Udbredelsen be-

tydelige Üregelmaessigheder, saaledes som det ses af Kortet,  

og saaledes som det nodvendig maa blive paa Grund af den 

Uregelmaessighed, hvormed Erosionen skrider frem. 

Porfyrformationen danner foroven et udpraeget Plateau, hvad 

der er en letforstaaelig Folge af den lagdelte Bygning. Lige 

saa let forstaaelig i Hovedtraekkene er Plateauets Trappetrins-

Skraaninger o g dets talrige Indskaeringer, som skyldes Erosionen. 

Derimod kan man ikke af det ydre forklare sig de staerkt iojn e-

faldende Porfyrtoppe, som vi ser haeve sig over Plateauet og 

danne Ilimausaks, ja hele Egnens hojeste Fjaelde. Men under

soges disse naermere, finder man, at deres Diabas- og Porfyr-

baenke er gennemvaevede af Granit- og Syenitgange (delvis Ud-

lobere fra de nedenunder liggende Masser), som har haerdet og 

omdannet Ikontaktmetamorfoseret) dem i betydelig G rad og der-

ved lokalt frembragt Partier, der er saerlig modstandsdygtige 

mod Erosionen. Da saaledes de hojeste Porfyrtoppe kun er 

Erosionsrester, kan Porfyrformationens oprindelige Tykkelse ikke 

konstateres, men kun Tykkelsen af den til  vore Dage bevarede 

Del. Denne kan dog i Modsaetning til  Sandstentykkelsen ikke 

uden videre maales i Fjaeldvaeggen paa Sermilik Sydside; tlii  

Baenkene s kraaner ikke alene i Fjordretningen, men ogsaa i 

Retning mod Tu nugdliarfik, og de hojeste Toppe ligger et godt 
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Stykke derhenad.  Tages dette i  Betragtning,  f inder man for 

den bevarede Del af  Porfyrformationen en Tykkelse af  henved 

1000 m. Heraf feiger,  at  de lagdelte Sandsten- og Porfyrfor-

mationer,  som i s in Tid daekkede store Dele af  Syd-Granland,  

t i lsammen maa have haft  en oprindel ig Tykkelse af  betydelig 

over 2 km. Ser vi  nu hen t i l ,  hvor faa og smaa Rester ,  der i  

vore Dage er  t i lbage af  disse mœgtige Formationer,  faar  vi  e t  

Indtryk af  det  uhyre Arbejde,  Erosionen har udrettet  s iden Por-

fyrernes Dannelse,  og det  bl iver forstaaeligt ,  at  naar vi  nu i  

Vaeggene af  de dybt nedskaarne Fjorde underseger Nefelin-

syeniternes og de evrige kornede Eruptivmassers Forhold,  faar  

vi  îndblik i  Resultaterne af  geologiske Processer,  hvis virkelige 

Skueplads laa kilometerdybt under Jordoverfladen ;  l igeledes vil  

det  forstaas,  at  disse kornede Eruptivmasser med Rette karak-

ter iseres som «Dybbjaergarter».  

Ogsaa disse sidste er  repraesenterede i  det  ProBl vi  h ar  for  

os paa Sermilik-Fjords Sydside.  Omtrent  l ige over for  Telt-

pladsen paa Igdlomiut  ser  man alle Sandstenlagene og de nederste 

af  Porfyrbsenkene brat  afskaarne af  en stor  Syenitmasse,  som 

vedvarer vestef ter ,  saa langt  Profi let  raekker.  Nedadti l  s traekker 

Syenitmassen sig t i l  ubekendte Dybder,  men foroven ser  man 

en stor  Del af  de over Sandstenen l iggende Porfyrbaenke fort

sat te sig mod Nord og Syd som et  f ladt  Tag over Syeniten.  

At denne Syenitmasse er  yngre end baade Sandstenen og Por

fyrformationen,  som saaledes dannede den Jordskorpe,  i  Ly 

under hvilken Syeniten sterknede som Dybbjœrgart ,  lod sig 

sikkert  konstatere ved Undersagelsen af  Grsenseforholdene.  

Under Opholdet  i  Sermilik-Fjord besagtes ogsaa Nordsiden 

af  Kangerdluak,  hvor JESSEN kortel ig naevner,  at  han har iagt-

taget  yngre «Syenit»1) .  Det  viste s ig,  at  det  her drejer  s ig om 

en maegtig Gang af en stœrkt  smuldrende yngre Dybbjaergart  

(Essexit) .  Gangen,  hvis Retning stemmer overens med den 

Meddelelser om Granland XVI, 18 96, p. 123. 
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almindelige Fjordretning, saas fra Baaden at fortsaette sig mindst 

en Kilometer ind over Land; dens Bredde er flere hundrede 

Meter, men Graenserne saas intetsteds blottede. I denne Sam-

menhaeng kan det antares, at vi iagttog en ganske lignende, 

dog noget friskere Essexitmasse ved Sigsa rdlugtok paa den store 

0 Tugtutok (Vest for Narsak), der vaesentlig bestaar af Grund-

fjaeld; saa vidt det kunde skonnes fra Baaden, strakte Essexiten 

sig som en eller flere Gange mindst 5 km langt gennem naevnte 

0, folgende Fjordenes Hovedretning. 

I Sermilik-Fjord og paa llimausak er der rig Lejlighed 

til  at gore Studier over Gletscherfœnomenerne-, under vort korte 

Ophold med andet Hovedformaal kunde der dog kun blive Tale 

om en Indsamlen af tilfaeldige Iagttagelser. I Fjordens Bund 

udmunder de af MOLTKE og JESSEN i  1894 undersogte Udlobere 

fra Indlandsisen1),  som er saa produktive, at de dannede Is-

bjaerge ofte gor Sejladsen i Fjorden ret besvserlig, og det er 

allerede fremhsevet i  den naevnte Ekspeditions Beretning, at 

mange af Isbjaergene i Sermilik transporterer anselige Maengder 

Moraenemateriale. Her hidsaettes (Tav. X IX) et Par Fotografier af 

saadanne lsbjaerge ;  det ene, som udmaerker sig ved si n maleriske 

Form med en hoj af Vinden udvidet Port,  indeholder kun en 

mindre Maengde Moraenemateriale, medens det andet praesenterer 

sig som en maegtig, svommende Moraenevold. 

Saerlig Interesse frembyder de lokale Gletschere paa lli

mausak, og da de ikke tidligere har vaeret omtalte, skal her 

anferes de faa Ia gttagelser, vi fik Lejlighed til  at gore over dem. 

Hele det everste Plateau paa llimausak er Firn-daekket. Hejden 

af dette Fjaeldplateau synes at kunne ansiaas til  omtrent 1150m 

(Firnen naar betydeligt hojere); da man nu paa det Fjaeld, der 

ligger Sy dvest for llimausak (mellem denne og S oen Tasek), har 

en meget anselig Flade i ca. 1100 m Hojde, en Flade der den 

19. Aug. fra Toppen af Steen strup's-Fjaeld saas at vaere s aa godt 

l) Meddelelser om Grönland XVI, 1896, p. 93, 163. 
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som snebar,  vil  man nœppe kunne ansaette Snegrsensen i  disse 

Egne lavere end til  1 100 à 1150m o. H.;  paa Skraaninger,  hvor 

Sollyset faider svagere, eller hvor der endog delvis er Skygge, 

Fig. 10. Ilimausak-Plateauets Affald mod Sermilik-Fjord, set vestfra. 

Billedet viser omtrent vandrette Baenke, foroven af Diabas og Porfyr, forneden 

af red Sandsten. Meilern de bastionagtige Fremspring ligger de tre Botner 

med Gletschere. (Fot. 17. August 1900). 

kan Sneen naturligvis holde sig Sommeren over i  langt ringere 

Hejde. 

Il imausak-Firnen giver Naering ti l  mindst 5 Gletschere. Den 

sterste af disse,  den tidligere omtalte Narsak-Gletscher (Tav. XIII,  
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Fig. 1) gaar i  vestsyüvestlig Reining og skonnedes at vaere 

betydelig over en Kilometer i  Laengde. De ovrige blev ikke 

iagttagne paa naermere Hold; én af dem gaar mod Sydost og 

har Afleb gennem den Elv, der ved Tunuarmiut munder ud i  

Tunugdliarfik-Fjord, medens de tre ovrige gaar mod Nordvest 

ad Sermilik-Fjord ti l .  Disse tre Gletschere naar saa langt ned-

efter som til  4—500 m o. H. Den vestl igste af dem gaar taet 

norden om Steenstrup's-Fjaeld stejlt  nedad som en sammen-

hsengende Gletschertunge ;  de to andre er derimod ved naesten 

lodrette,  flere hundrede Meter heje Bratninger skilte fra Firn-

plateauet og er saaledes «regenererede» Gletschere. Den ost-

ligste ernaeres kun af Laviner fra Plateauranden. Den mellemste 

faar desuden Naering fra en lil le Haengegletscher,  som haenger 

et  Par hundrede Meter ned fra Plateauranden; Haengegletscheren 

kalver i  Luften, og den nedstyrtende 1s faider först  ned paa en 

Fjœldafsats,  hvor noget ls bliver l iggende, og derfra styrter 

Gletscherlavinerne videre ned paa Hovedgletscheren i  den lil le 

Dalbund. Udseendet af denne mellemste Gletcher vii  sandsyn-

ligvis paavirkes staerkt selv af smaa Forandringer i  Gletscher

standen. 

Alle Gletscherne paa li imausak har udskaaret sig regel-

maessige Botner med halvkredsformede, for störste Delen naesten 

lodrette Sidevaegge og jaevn, udadskraanende Bund. Foruden 

disse,  endnu under Dannelse vaerende Botner findes der flere 

paa Sydsiden, som nu er gletschertomme {Side 403).  Plateauet 

er saaledes fra alle Sider dybt indskaaret af Botner,  af hvilke 

de fleste stadig udvides og rykker deres lodrette lndervaegge 

laengere og laengere ind; geologisk tait  kan den Tid naeppe 

ligge fjernt,  da Plateauet bliver helt  gennemskaaret og forvandlet 

t i l  et  Alpelandskab med isolerede Fjaeldkamme og Tinder1) .  

*) Plateauet syntes (set fra Steenstrup's-Fjaeld) noget smallere, og Botnerne 

dybere indskaarne og stasrkere fremtrœdende, end det er vist paa det 

geologiske Kort (Tav. III), hvor disse ikke opmaalte topografiske Detailler 

kun er last skitserede. 
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Udsigten fra Steenstrup's-Fjaeld over dette gletscherind-

skaarne Ilimausak-Plateau ger et overvaeldende Indtryk ved sin 

vildt senderrevne Karakter. Netop fordi e n Del af de oprindelige 

Overfladeformer er bevaret i Plateauet, trader her de glaciale 

Erosionsfaenomener Tilskueren i Mede med en Tydelighed, som 

er enestaaende i Sy d-Grenland. Man har her ligesom Neglen til  

Forstaaelsen af de vilde Alpelandskaber, der genflndes i Korok 

og i en stor Del af Landet Sydest for Julianehaab, og som 

staar i en saa paafaldende Modsœtning til  de mere jaevne og 

afrundede Bjeergformer, d er behersker sterste Delen af d et gren-

landske Kystland. Det jaevnede Bjaerglandskab skyldes Indiands-

isens Erosion i tidligere Tider, da den strakte sig lsengere ud; 

Alpelandskaberne skyldes lokale Nedisninger og er endnu under 

Dannelse i saadanne Egne, hvor Fjœldstrakninger udenfor Ind-

landsisens nuvaerende Omraade rager op over Snelinien. 

De yngre Dannelsers Nordgrsense i Sermilik-Fjord beror 

ejensynlig paa Tilstedevaerelsen af et Spring i Jordskorpen, et 

Spring, längs h vilket Landet paa Sydsiden e r sunket flere Tusin d 

Meter i  Forhold til  det paa Nordsiden. Springet felger Fjordens 

Retning. Ved et tilsvarende Spring afgranses den rede Sand

stens Omraade mod Syd i lgaliko Egnen. Dannelsen af disse 

store Spring maa i det mindste for en Del feres tilbage til  en 

Tid, da den eruptive S'irksomhed endnu ikke havde forladt 

Egnen; thi den naermere Undersegelse viser, at nogle af Sp rin-

gene er aeldre end eller samtidige med Dybbjaergarternes Frem-

trœngen; endvidere er Springenes Retning — omtrent Nordest 

—Sydvest — den samme som Retningen af de tallose store 

Gange af Porfyrer og Diabaser, der gennemsœtter naesten hele 

Egnen, og som ved lgaliko og Musartut er seerlig smu kt blottede. 

Den samme nordost—sydvestlige Hovedretning karakteriserer 

ogsaa det vigtigste Fjordsystem i hele Egnen. Derved opstaar 

naturlig det Spergsmaal, om Fjorddannelsen mulig i nogen Grad 

er voldt ved Saenkninger längs Spring, og den her betragtede 

Egn er med sine store Variationer i Bjœrgartbeskafïenheden 
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saer l ig  egnet  t i l  a t  belyse det te  Sporgsmaal .  Vi  ser  da ved 

naermere Betragtning af  det  geologiske Kort ,  a t  der  udover  den 

naevnte  Overensstemmelse i  Hovedretning ikke e r  noget  vaesent l igt  

Afhaengigbedsforhold mellem Fjordene og Springene :  längs gen-

nem Sermil ik  gaar  e t  s tor t  Spring;  Kangerdl i iarsnk er  paavisei ig  

uden Spring i  Laengderetningen,  og det  samme er  i  d et  mindste  

overvejende sandsynl igt  for  Igal iko-Fjords  Vedkommende ;  Tu-

nugdl iarf ik  endel ig  har  i  s in  midters te  Del  en kortere  Straekning,  

hvor  Sydkvsten repraesenterer  e t  Spring,  men det te  fe lger  knn 

Fjorden paa en ca.  10 km lang Straekning og for tsaet ter  s ig  t i l  

begge Sider  i nd over  Land uden engang al  fe ige noget  udpraeget  

Dals t rag,  medens Fjorden bortset  f ra  den naevnte  Straekning 

for leber  ganske uafhaengigt  af  Jordskorpeforskydninger .  Ti lbage 

bl iver  da kun Overensstemmelsen i  R etning,  og denne lader  s ig  

natur l igt  forklare  saaledes,  a t  Jordskorpen al lerede paa den Tid,  

da de yngre Erupt iver  dannedes ;  slog ta l r ige Revner  i  omtrent  

nordest—sydvest l ig  Retning;  nogle  af  Revnerne fyldtes  afErupt iv-

masser  og blev t i l  Gange,  nogle  blev Saedet  for  Forskydninger ,  

og al le  kom de t i l  a t  indvirke paa Erosionsfamomenerne ,  som 

let tes t  skr ider  f rem längs Revner  og Bjaergar tgraenser .  

Fjordene kan saaledes i  d eres  fors te  Anlaeg m ulig gaa meget  

langt  t i lbage i  Tiden,  og da Grenland har  vaeret  haevet  over  

Havet  og haf t  mildt  Klima under  lange Tidsrum efter  de l ie] 1  

omtal te  Bjaergar ters  Dannelse ,  kan Dalene ef terhaanden vaere 

bleven udviklede t i l  ansel ige Floddale ,  indt i l  Indlandsisen over tog 

Erosionsarbejdet  og omfor inede Dalene t i l  Fjorde .  Som bekendt  

har  Forholdet  mel lem Floderosionens og Iserosionens B etydning 

for  Fjorddannelsen vaeret  e t  laenge omstr id t  Spergsmaal ,  og 

Diskussionen herom kan naeppe r egnes for  afs lut te t 1 ) ;  det  synes 

mig,  a t  man for  de ber  behandlede Fjordes  Vedkommende maa 

t i Iskr ive Iser osionen den langt  overvejende Rolle  i  de  nuvaerende 

Fjorddales  Ti lvejebringelse .  For  det te  ta ler  isaer ,  a t  Fjordene 

•) Se bl. a. d en betydningsfulde Behandling al' dette Spergsmaal af F. NANSEN 

(Norwegian North Polar Expedition, Vol. IV, 1904). 
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er saa talr ige og taetl iggende netop i  den ydre Del af  Egnen,  

medens Floddaie maatte antages udef ter  at  samle sig i  faerre og 

bredere Lavninger;  endvidere synes en udpraeget  Fjord som 

Kangerdluarsuk,  der udspringer paa en smal Halv» mellem to 

iaengere Fjorde,  vanskelig at  kunne tœnkes udgravet  af  Vandet ,  

der  maatte f inde naturl igere Afl«b g ennem de store Nabolavninger.  

Den 21.  August  t i l t raadtes ï i lbagerejsen fra Narsak.  Regn-

vejr  opholdt  os tre Dage i  Kagsimiut ,  saa at  vi  forst  den 28.  

om Aftenen naaede Ivigtut .  I  de folgende otte Dage,  som for 

s terste Delen var regnfi i lde,  gjordes forskellige supplerende 

Undersagelser  ved Kryoli tbruddet  samt en Tur ti l  Bunden af 

Ika-Fjord,  hvor vi  formodede og ogsaa fandt Fortsaettelsen af  

Granne-Dals Nefelinsyenitmasse.  

Den 6.  September forlod Ekspedit ionen Ivigtut  om Bord paa 

«Fox II»,  der  paa 19 Dage farte os t i l  Kjabenhavn.  
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Fig2. South-side of Sermilih-FjorcL. [Scale about 155000j\ 
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Medd. om Grönland. XXXV111. Tavle V II. 

Fig. 1. Kitdlavat Mountain (1460 m), seen from the West. The mountain is Algonkian granite. 
The plain in the foreground is rapidly decaying augite-syenite. 

Fig. 2. Nunasarnausak Mountain (750 m), seen from Kangerdluarsuk. Sandstone with diabase sills 
on left, naujaite on right. 





Medd. om Grenland. XXXV111. Tavle VI II. 

Fig. 1. Cliffs of naujaite. Kekertausak. Showing horizontal partings. 

Fig. 2. Cliffs of naujaite. Kangerdluarsuk. Large screes downwards passing into stone rivers. 





M edd. om Grönland. XXXVIII. Tavle IX . 

Fig. 1. Banded kakortokite. Kringlerne, Kangerdluarsuk. 
The height of the escarpment is about 350 meters. 

Fig. 2. Mountain plateau of Kringlerne, seen from the summit of Nunasarnausak. Note the 
banded structure of the kakortokite exposed below the snow covered areas. Phot, by G. Laub. 





Medd. om Gr enland. XXXVIII Tavle X . 

Fig. 1. North coast of Tunugdliarfik, Ilimausak Mountain (1450 m) in the rear. Showing remnants 
of the roof resting on the abyssal rocks (comp. Pl. VI, Fig. 1). 

Fi o-. 2. North coast of Tunugdliarfik : Tugtup Agtakôrfia. Showing naujaite fragmants in dark-
coloured lujavrite. Height about 750 meters. 
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Medd. om Grönland. XXXVIII. Tavle XI. 
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Medd. om Oronland. XXXVIII. Tavle XIII. 

Fig. 1. Narsak Glacier, from the West. Phot. Aug. 13., 1900. 

Fig. 2. Naujaite fragments in lnjavrite. Near Tupersuatsiak. A person stands as a scale of measure
ment below the rounded naujaite block. 
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Medd. om Orenland. XXXVI11. Tavle X VII. 
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