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(IEOL. YOCEX. FORIIAXDI,. Ihl 34. 11. 7. Dcc. 1912. 727 

Studies 011 tlic geology of thc iron ores of Lnpplnnd. 

By 

PER GEIJER. 

The  following pages will contain the  results of sonie studies 
on the geological problems of the iron ores of Lappland, 
made during the last few years. During the years 1905- 
1909, the writer was engaged in examinations of thegeology 
of the  iron ores of the Rirnna district, the IIrorli forming one 
link in the series of scientific researches arranged by the 
mining company, Luossavaara-I(iiriina~aara dktiebolag. The  
result of the writer’s morli mas published in 1910 as a mono- 
graph,’ a summary of the general geology of the district 
being gircn a t  the  same time by the organizer of the re- 
searches, D r  HJ. LuNDBoIIJI.2 

Jly work at Kirnna resulted in  the formulating of a 
working hypothesis regarding the origin of the apatitic ores 
of Lappland. This paper contains some new material for the 
solving of this problem, p there t l  during the years passed 
since the writing of the Kirnna monograph. Direct quota- 
tions of the latter will be given in some special cases only, 
as it is supposed to be a t  the hands of the 

Igneous rocks and iron ores of Kiirunamrn, Lnossamara and Tuolluvaara 
(In the series >Scientific and practical researchcs i n  Lappland arranged by 
Luossavaarn-Kilrunaraara Aktiebolag>), Stockholm 1910. This ITork will be 
hcrc referred to  ns Xirioin, for the sake of convenience. 

G. F. F. 32: 761 (Also as 
guide N:o 5, SI:th internat. geol. congress, Stockholm 1910). 

An author’s abstract is published in Econouic Geology, Vol. V, 1910, 
p. 609-718, and a shorter one in  Geol. Zentralblatt: cditcd hy K. KEILIIACK, 

* Sketch of the geology of the Kirunn district. 

1‘01. SVII, p. 290. 
OO-i20223. G. F. F. 1912. 
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I'EII GEIJEG. [I)cc. 1 !I 12. 

I. 

Geology of the Ekstromsberg ore field. 

lntrodnction. 

Ekstr~insberg, as to the size the third of the iron ore fields 
of Lappland (the larger ones are  Iiiirnnaraara and the Gelli- 
Tare group of mines) lies nearly due west of I<iirunavara, 
the distance from the town of Iiirunn being 30 6az as the 
crow flies. The ore field was known during the 1S:th centiiry, 
but its exact site was forgotten, and it was not refound un- 
t i l  in 1S95. Since 1907 it is the property of the Swedish 
Cro\vn. 

The field lies 4 7;ni south of the I<alix river, on the  lowest 
western slope of the PidjastjHkko mountain, the summit of 
wliich attains a height of 1013 iiz above sea level (547 111 

above the level of the river). It lies in the uppermost fringe 
of the birchwood, in benut i fd  snrrounclings. The nearest 
settlements are a t  two points a t  the river, each a t  a distance 
of about 5 7 m . 1  

The geology lias been studied by SVEKONIUS,~ B;~CKSTR~~JI 
and STUTZER.~ The niinieroiis interesting features described 
by these authors made a risit desirable, so tha t  I should be 
able to coinpare the field with the other iron ore deposits of 
the Lappland region, especially with those aronnd Rirona. 
I n  1910, I therefore spend about ten days at EkstrBmsberg. 

The position of EkstrBmsbcrg is indicatcd on maps in the atlascs nccompa- 
nying > Jukknsjlrvi niahntraktr by F. SVEXOSIUS and V. PCTERSSOS (Sreriges 
Gcol. Unders. Ser. C, n:r 183) and >Iron ore resourccs of the world, (Stock- 
holm 1910). 

? Op. cit. 
G .  F. 6. L'G: 160 (Abstract of pnpcr read a t  tlrc meeting, Xarch 9:d, 

Serics Jahrh. fiir X n .  ctc. Iieil. Dd. XXII', 1907, p. 548. 
1904). Sec also Rep. British Assoc. 1901, p. 5GO. 
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jl(I 34. IT. 7.1 Til l :  IEOS ORES O F  LAl’l’LASI). 729 

The inain outlines of the geology of tlic field in question 
hnvc been traced by tlie previous visitors, and STUTZEIL’S 
opinion of tlic origin of the ores is (in the niaiii points) 
shared by the writer, but  m y  researches gave inany new 
results which iiecessitate a complete new description of the’field. 

Professor B ~ C I S T I ~ ~ ~ M  has most kindly put  a t  my disposal 
his specimeiis froin Ekstriimsberg and the  thin sections cnt  
from them. This inaterial has been of great service to  me, 
as sonie prospecting works were inaccessible a t  the  t ime for 
my visit. Further,  my thanks a re  clue to JIr G. MOSTELIUS, 
mlio most friendly acted as camp-hand dnring illy stay at 
Elistriimsberg. 

The ore field is in most par ts  drift-covered, but there are 
also scattered ontcrops, especially along its sonthwestern 
border. North of the  sontheastern end, the coiuitry rock is 
well exposed in a number of small  gorges, cut b y  the drain- 
age of a big ice-dammed lake which occupied the plateau 
country to  the south during the las t  stages of the great  glacia- 
tion. 

Unti l  1903, prospecting and developing work was eagerly 
carried on. A detailed magnetic snrvey of the field was 
completed, and a, t rne reading of the  results was made pos- 
sible through the digging of trenches across the strilic of t he  
ore bodies a t  various points. I n  th i s  way, a fairly good 
idea of the nature and size of the deposits was obtained. 
The first geological description was giren in 1899 b y  Dr 
SVEXOSIUS,~ leader of one of t he  field parties of the Swedish 
Geological Snrvey which were engaged in  the study of t he  
new-found ore deposits i n  Lappland. SVEXOSIUS describes the  
general ontlines of the  geology of Elistriimsberg. There ap- 
pears a number of parallel ore bodies, some of magnetite, 
some of hematite or  locally a mixture of both, alternating 
with beds of a, red porphyry. The occurrence of ~skarnD-lilie 

Op. tit. 
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i 3 0  PER cr:r.rt:~t. p c .  1912. 

rocks ant1 of interstratified qwirtzit ic bands is also liientioncda 
S r ~ ~ o s r u s  p ~ ~ b l i s h e s  an analysis of the  porphyry (see 1). 739). 
No opinion of the geological history of the  field is given and 
most attention \vas paid t o  featllres Of economic interest, the 
chief object of the expedition. T h e  description is accompanied 
b y  a geological map i n  1 : SO00 and a i m p  of a p a r t  of t h e  field 
on a larger scale (both compiled b y  Jlr A. 0. BEHQJIAS, 11. E.). 

The prospecting work at  Ekstromberg was continned, and 
a detailed map was coinpiled by the late Xr C. ERICBSOX, 
M. E. On this  map, the  one published b y  Prof. V. PETERSSOX 
in d ro l l  ore resonrces, is based, and also t h e  one accompa- 
nying this  paper. The  next  geologist to visit the  field was 
Prof. BRCKSTROM, who spent a week there wi th  7th Enrcs- 
sos in 1903. Only a very brief account of his observations 
has appeared in pr int ,  an abstract  of a paper read before 
Geologislta Fijreningen i n  S t ~ ~ l i h ~ l ~ i ~  H e  regards t h e  p o p  
phyries as extrusives, and  t h e  ores as pnenmatolytical pro- 
ducts; a granophyre occurring between the ore  beds is de- 
scribed as probably intrusive. 

Dr STUTZER, in  1906, during his series of researches on the 
Lappland iron ore fields also visited Elistriimsberg. I n  the 
descriptive p a r t  of his paper, t h e  attention paid to  t h e  bands 
(PStrome,) of ore i n  the porphyries is especially to  be noticed. 
STUTZIX shares BXCKSTRON’S opinion of the porphyries, but 
regards the  magnetite ores as magmatic surface flows. No 
definite opinion of the  hematite ores is given, but  they are 
possibly, according to  th i s  author, submarine pncumatolytical 
prodncts. 

Snrvey of the geology. 

The ore bodies form ? system of parallel beds, raised to 
a nearly vertical position, t h e  dip being about SO’ to the 
southwest. Iiitiinately alternating. with the ores appears n, 

porphyry, withont  quar tz  phenocrysts bn t  carrying quartz 
in the groiindinass, l ike the  quartz-porphyries of Riirnnavaara- 
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Lid 34. 11. 7.1 TlIE IRON ORES OF LAPl’LANU. 731 

1,iiossavaara and Tnolluraara. It is certainly an estrusive 
rock. Syenite-porphyries, partly rich in magnetite, occur a s  
narrow baiids which are, in most cases, also probably snr- 
face flows. The position of exposiires in the neighbonrhood 
of the ore field is indicated on the sketch, fig. 1. 

Fig. 1. Position of outcrops in the  ncighbourhood of Ekstriinisbcrg: 
1. h’jakak, a hill consisting of magnctitc-syenitc-porphJ.ry and albite porphyry. 
2. Ekstriimsbcrg. 3. Soinmit of PidjastjSkko, porphyries sintilar to those of 
Ekstriimsbcrg. 4. Skuokimjokk, a continuation of Ekstriimsber~. 6. Kavct- 
Sirc, porphyry of the same chemical composition as that of Ekstriimsbcrg.. 

The main ore body at Ekstriimsberg is a magnetite ore 
mole-than 1200 n t  in length. Further  there are  beds of 
specnlar hematite, and magnetite beds of a smaller size, a l l  
mainly to the southwest of the main ore. It is a matter of 
taste how many ore beds one will connt, as  the porphyry is 
partly very intimately banded with ore. 

Ou the northeastern side of the main ore there is a homo- 
geneous porhyry l with some baiids of syenite-porphyry and, 
near the ore (at least in the middle of the field) containing 
streaks of’ ore and apatite. Between the ore beds, at y = 200 
to 400, there is a similar porphyry and, within the north- 
eastern portion of this area, a granopliyric phase of intriisire 
origin (BIcIsT~~FAI, op. cit.). The porphyry southwest of the 
main hematite ore contains large quantities of ore and apa- 
tite, occurring a s  parallel bands of varying width. To the 

With >porphyry> i s  hcrc nlaays uiidcrstood the quartz-porphyry. 
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c.,o 3-1. I I .  i.] TIIE I R O S  OKES 01.' LAPPLISI). ( a0 

sonthrvest, this porphyry is bordered by a new hematite zone, 
broader than the bands just  mentioned, bnt not attaining the 
size of the inain bed of this ore. Fur ther  t o  the southwest 
outcrops are very scant and do not reach more than some 
ten meters across tlic strike, the porphyry is devoid of orc 
bands. 

Signs of pressure metamorphism are  seen everywhere in an 
eyident and sometiiiies pronoiinced schistosity. 

TllC c~llnrtz.porpllJrJ. 

The porphyry exhibits certain variations which make it 
desirable to  gire  separate descriptions of the Yarieties eharac- 
terizing different parts of the field. 

The p q ) h y r y  ~torflmrst of tltc eastent e n d  of the fielt7. Red 
feldspar phenocrysts, usually 4-G wni in diameter, lie in a 
tlense gronndmass of a retldisli or reddish gray colonr. The 
gronndmass is quantitatively predominant so that  the rock is 
perpatic i n  the sense of certain American anthors. The  
similarity to the hanging m-all rock of %rnnavaara is strik- 
ing. The rock seeins t o  be rather homogeneous in composi- 
tion and strnctrrre. The phenocrysts consist of inicrocline 
with subordinate perthitic intergrowths of albite, they a re  
thickly tabular or compoiind, ns in  the corresponding rock 
of I<irnna. The gronndmass consists of feldspar and quartz, 
finely distributed iron ore, scattered zircon crystals and 
aggregates of small titanite grains. The structure is >patchy,, 
the quartz forming sponges about 0,2 I M ~  in diameter with 
irregular outlines agrainst each other. In  these sponges, the 
heavily pigmented red feldspar appears as irregular grains 
or laths, sometimes partly forming a continuous structure. 
Xercrtheless, i t  can in inany cases be shown that  the  inter- 
growth is of a poikilitie nature, while in  others ;t decision ~ o u l d  
be difficult, mere it not for the resemblance to the plainly 
poikilitie eases. Here is not the place to discuss this structure 
in detail, it mny only be pointed ont that  i t  is entirely the 
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731 PER GEIJEK. [Uec. 1312. 

snnie structure which is so common in the siinilar porpIlyry 
of the  Ri runa  district.' 

I n  the plienocrysts, new-formed iiiuscovitc and small tour. 
maline prisn1s a rc  sometimes seen, evidently the  results of a 
pneumatolytic after-action  auto-pneuinatolysis~ of LACROIX 2). 

P r e s u r e  phenoincna a re  always visible, but vary  greatly in 
force: sometimes the  phenocrysts a re  intact, sometimes they 
are crushed and rolled out, wi th  new-formed quartz bctjj-eell 
tlie fragments. Tlic qiiartz sponges of the gronndmass s h ~ \ ~  
strain shadows and become elongated, or a re  divided into 
smaller individuals. 

l'lrc poryliyry iiiii)icdintcZy giortliectst of the 11iai18 ore is ex- 
posed in one small tes t  p i t  only, at x = 700, y = 75. It is 
reddish gray, has smaller phenocrysts than the already des. 
cribcd type, and contains numerous parallel bands of apatite 
and magnetite, usually only some i ~ i i i i  thick, bnt solnctimes 
reaching a width of one c h .  The phenocrysts are even here 
perthitic microcline, they are  gathered in streaks, parallel t o  
the ore bands; some are  crnshed. The gromdmass contains 
i n i d  red pigment, i t  is patchy with the sponges elongated 
in  thc direction of the flow structure, which is otherwise 
marked by  the  ore bands and the  phcnocrysts. 

Tlic rock ~ r c a  at x = 200-450; y = 0 fo - 25. The  north- 
eastern half of t he  area is a granophyre (comparc below), 
the other is a l ight red, sl ightly schistose porphyry wit11 
bands of coarsely crystalline blue magnetite. These bands 
follow, on the whole, the general dip of t he  series, they 
cannot be called dikes, as they  are lying freely in tlie por- 
phyry, with a length t h a t  is often only a few times the width. 
This  la t ter  reaches several dat in some cases. There arc also 
smaller stripes, with much apatite, titanite and hornblende. 

* This structure will bo fully described in another  paper, now i n  prcpara- 
tion. 

* A .  LACROIX: ktudc minCralogiqnc dca prohi ts  si1irati.s dc I'eruptioii do 
V ~ S U V C  (arril 1906). lionvelles Archivcs du Mus-i.um, 4. Scrie, T. IX, Paris 
1007. 
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The coinposition of  the rock is t h e  same a s  at the  precedent 
localities. The  plienocrysts arc  often criished, the groundmass 
shows stripes of new-formed quartz.  

5% porpl~yry Zlcizoccn tlie iiiniia ore aiid tlic largest Iieniatitc 
bc(7. In this area, the  porphyry forms several beds of mode- 
rate thiclincss, al ternating with ore. T h c  phenoerysts a re  
small, t h e  gronntlmass has a deep recl colour. A v e r y  pro- 
nounced fluidal striicture, parallel t o  the  strike and dip of 
the series, is proclnced by innumerable streaks and bands 
of apatite-magnetite or pure magnetite, varying i n  width 
from n fraction of n 1)1m u p  to  1 cnt. This  banding with 
white and bluish-black streaks is r c r y  conspicuous. It is 
d o u b t e d l y  a fluiclnl structure of pr imary  origin, a l though 
somewhat acccntnnted through la te r  pressure. I n  some places 
there appear bands up to  1 i n  in width,  of a grayish or  
bluish-white quartzite.’ T h e  inicroscopic examination reveals 
a quartz  mosaic wi th  magnetite and some apatite. Everything 
suggests a silicification of apatite-magnetite bands as t h e  
origin of this quartzite. 

Under  the microscope, the  banded porphyry is very similar 
to that  occurring immediately northeast of the  niain ore. 
The phcnocrysts a r e  microcline with perthitic albite patches 
and a r e  generally somewhat damaged, the  fragments being 
cemented by new-formed microcline, albite, perthite and 
quartz. The  groundmass is fluidal w i t h  an indistinct patchy 
structure and strealis of probably new-formed quartz. Also 
here, everything points a t  a pr imary  flow strncture, streng- 
lheiicd b y  pressure metnmorpliism. In  one tes t  pit, the  
rock has  a yellowish white colour caused by much sericite, 
the phenocrysts a re  albite with.  snddenly terminating twin 
lamellrc, the type called >striped albite, in  the  Ri rnna  mono- 
graph. 

T h e  ore and apat i te  bands a r e  aggregates of rather coarsely 

This rock is evidcntly thc interstrntified quartzite mentioned by SVESO- 
SICS. 
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i 3 6  I'kX GE:IJI:IL [Dcc. 1312. 

crystalline magnetite in the porphyry, or more sharply defi. 
lied bands of apatite, niagnetite (idioinorphic), muscovite in 
shape of crystal plates, orthite rather abundant in irregnlal. 
grains, some quartz. The in tiinate connection be tmen  these 
bands and the porphyry shows beyond any donbt that t l q  
must be regarded as  a kind of schlieren (or wontemporaneoas 
reins,), and not as  dilies or re ins  distinctly younger than 
their wall  rocli. The reinnants of a patchy structnre in t h e  
porphyry groundmass m d i e  it clear, tha t  the  rock innst be 
a inassire ernpt i re  and no tuff, consequently tlie bands cannot 
be layers. 

The prp7ilJ1'tJ ~ ~ l l f l i l c ~ ~ t  o f  f h c  I ~ v ~ c s ~  Ilc1Izntife bcd. I n  a 

geological respect, this arca is  the most interesting part  of 
the field. The porphyry itself is megascopically similar to  
the las t ly  described type and shows a fluidal alternation of 
bands of sl ightly different colour, bu t  the  banding with ore 
and apati te is here of infinitely more importance. 

I n  wide areas, the  bands predominate over the porphyry. 
The whole rock mass becomes pseudostratified throngh these 
parallel bands of ore (generally hematite) and  more o r  less 
piire apatite. The peculiar phenomenon becomes even inore 
accentnated through the  fact that soine of tlie larger bands, 
3-5 d)n in width, show a regular banding of n second order, 
with alternating lines of ore and apatite, l ike the  astrati- 
fied ores> of Kiirunavama and Tuolluvaara. Some bands, 
however, ha re  a inore irregular interior structnre, and others 
do not eshibit  the layer-like appearance but  form more ir- 
regular schlieren. 

The phenocrysts consist mostly of the usnal perthitic mic- 
rocline. Within considerable areas, however, the  albite con- 
tent  is  higher, and some slides show only s t r iped,  albite. 
The  la t ter  do not seein to represent a separate flow but to 
cohere with phases richer i n  potash. Signs of crushing are 
often seen. The groiincl~nass, always drenched with rcd pig- 
ment, winds around the  phenocrysts. The patchy structure 
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34. 11. 7.1 TIIK IROS ORES OF LAPPLASD. 737 

is coininon, and the  sponges a re  often (pseudo-?) fluidally 
nlqmged. Sometimes this strncture is d e d o p e d  only i n  
s ~ ~ n e  par ts  of the slide, t he  rest being very fine-grained, pro- 
bably devitrified. I n  other cases the groundmass may be 
called microgranitic, a strncture which here probably also 
l-esnlts from devitrifieation. Streaks of new-formed quartz 
are common. 

The ore and apati te bands show the  samc characters that  
lire already described above. The apati te mostly forms 
slightly elongated grains, and the structure resembles tha t  

Fig. 3. Crushcd npatitc rock, showing strain shadows and granulation. I<k- 
strijmsbcrg. Sic. +, m a g .  20 d iaml  

of the  apatite masses in  the  I<irunn ores, or the apati te 
dikes of that  district. STIJTZER (op. cit) observed a ease of 
fluidal arrangement of apati te prisms in an  apatite band i n  
the porphyry. The present writer has  fonnd another pheno- 
iiienoii of considerable interest: an originally coarsely cry- 
stalline apatite band showing the  efkcts of iiiechanical 
grnnnlntion in an uucommonly perfect clerelopment. The  
original size of the  apati te grains was from a few to 10 
I U I ~ L  The present state is a typical Dmortar strnctnreD, with 

I an1 indebted to 3Ir A .  IIJ. G~ssos for the taking of thc microphotographs 
accompnnging this paper. 
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grains of up to 8 j u i u  in size lying in a finely granulated 
inass. The larger grains show irregnlar strain sliadolVs 
and are interwoven by  a network of crushing zones, pro. 
dncing cvery transition from an  entirely honiogcneons crystal 
to a finely granular aggregate. Even where the outlines of 

the separate grains are distinct, their nature of fragments is 
obvious. The  structure sometimes assumes an aspect similar 
to the trachytoidal flow structure met with in certain apa. 
titic ores of Lappland, but a closer examination reveals con. 
siderable and decisiye differences. In the inashed apatite 
yocli, the grains do not show the regular prismatic form and, 
thoiigh sometimes snbparallely arranged, never form windings 
and eddies as is frequently seen in the other case. 

Orthitc is a  innio ion mineral in the ore and apatite bands. 
It alivays forms irregular grains, sometimes as much as 1 
in  diameter. The pleochroism is strong, with brownish red 
and golden green colours, the birefringence (7-a) amounts at 
least to 0.032, the maximum value given i n  text-books. 

Signs of chemical alteration are frequently observed i n  t h e  
porphyry, evidently caused b y  volcanic after-action like the 
silicification of apatite bands already described. Xost often, 
this metamorphism appears as a new-forming of quartz in 
streaks in the groundmass, together with hematite (crystal 
plates), feldspars, tourmaline and fluorite. Both the hematite 
and the green fluorite may be inegascopically visible. In  a 
loose boulder, a peculiar phenomenon was found. The rock 
is made up principally of quartz grains, generally about 
0.1 0-0.15 ?)i?)t in diameter, and with irregular outlines. l\lnch 
hematite and orthite is also present, concentrated on the 
boundaries between the separate quartz grains. Some small 
patches of a fine-grained quartz-feldspar groundmass are vi- 
sible. It seems highly probable, t ha t  this peculiar structure 
is the result of the silicification of a porphyry with a patchy 
groiindmass, the large primary quartz fields of which deter- 
inined the orientation of the later on added silica. 
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Ti ic cltciiiical con ips i t i o t i  o f  thc porphyry. 

739 

I. 
sio, . . . . . . . .  69.65 
M,O, . . . . . . . .  l4.CS 
Fc,O, . . . . . . . .  9.01 

FeO. . . . . . . . .  1.01 
JIgO . . . . . . . .  0.32 

CnO . . . . . . . .  1.02 
Rl,O . . . . . . . .  0.22 
K*O. . . . . . . . .  9.25 

P20, . . . . . . . .  
TiO, . . . . . . . .  0.44 

- 

H,O. . . . . . . . .  0.ii 

100.34 

11. 
i 2 . 9 2  

19.iO 
0.93 
1.10 

0.25 
0 29 

0.19 

9.10 

0 .x  
- 

0.69 

111. 
69.-I1 
19.92 
3.53 
1.52 
0.64 

0.89 
5.59 

3.08 
0.88 
0.05 

0.6-1 

90.53 99.4 5 

I. ZPorphyry from Pidjastjiliko>,’ SVESOSIIX, op. cit. (p. 15). 
. 11. Porphyry from Snppatsch, Stora sjiifallet (ibic?.). 

111. Average of four analyses of the hanging-mall rock 
of ~iirunavaara-Luossavaara (Kinom, p. 13Q2 

SVESOXIUS emphasizes the remarkable likeness between 
Nos. I and 11, especially as compared with the more sodic 
rocks of Kirnna. No. I1 does not belong to the iron-bearing 
region (Snppatsch is situated about 55 lilt1 sonthwcst of Ek- 
striimsberg) but it is probably closely related to the ore- 
bearing eruptires. The analyses will be discussed in  the 
following. 

The gmuophgrc. 

This  rock occupies about the northeastern half of the rock 
area a t  x = 200-450. It carries phenocrysts of perthite (with 
a considerable albite content), some few w m  in size, generally 
surrounded by n micrographic fringe. Quartz phenocrysts are 
wanting. The groundmass consists of perthite and quartz, 
in n slightly complicated intergrowth. 

This  name is sometimes nscd also for the ore field. The annlyzcd rock 
rcrtainly comes from Ekstr5meberg. 

See foot-note 1x0 1, 11. 737. 
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Thc granophyre consequently has the saliic composition ;ls 
the predominant porphyry. On account of the great mega. 
scopical resemblance of the two rocks, tlic actual colltact 
between them is difficult to trace. It is, nevertheless, quite 
obrious tha t  the granophyre, as already esplained by  B;icIi- 
STROM, is a magma rest which contrary to the main mass ]las 
solidified as an  intrusive. 

The s)cnite-porpli~ries. 

These rocks are confined to  certain parts of the field 
form narrow bands running parallel t o  the strike of the  
quartz-porphyry. 

I n  the porphyry north of the 
eastern end of the field I fomid two Ilands of dark greenis11 
gray, schistose rock, riinning in the general direction of strike 
about 10 1)) apart. Each band does not reach much Inore 
than 1 111 in width. Tlie rocli in  one of them consists main- 
ly of an acid oligoclase in broad laths O . l ~ - O . ~ O  I J ~ ~ U  in 
length, together with a network of probably new-formed 
biotite and some magnetite and apatite. The rock of the  
other band is of a rather different character. It carries so 
mnch magnetite as to justify the name magnetite-syenite- 
porphyry, with small highly corroded feldspar phenocrysts, 
in a groundniass of albite and magnetite. The albite shows 
a fine lamination. The slide shows narrow crnshing zones, 
and streaks of new-formed qnartz and micas. Between these, 
howcver, the primary strncture of the rock is well preserved. 
It is the most common one of the magnetite-sycnite-porphyry: 
small and narrow feldspar la ths  with the magnetite squeezed 
in  between them. All the primary characters of the rock are 
very similar to those of the porphyry of the neighbonring 
hill Njalral; (see fig. 1, and the next section of this paper). 

The small hematite area to the east 
of the main ore is exposed in two small test pits only, both 
showing narrow hematite bands in a. brownish gray, hi&? 

Aro,?l~cnst of flm waiii OW. 

At 2 = 1300-2 400. 
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Scliistosc porphyry. The microscopic exaiiiination reveals a 
l.ocl; differing froni the jus t  described magnetite-syenite- 
porphyry only in a little loirer magnetite content and a higher 
degree of pressure inetainorphisin. 

At x = 5.35, y = -SO, there is  
erposed a band of sycuite-porphyry in the middle of the 

hematite ore, with contact approximately paraliel to 
the s t r ike of the ore body. Its width is aboiit .3 111. The 
roc]; consists of an oligoclase-albite (about Xb,, An,,) in 
narrow laths O . o ~ - O . ~ o  vmi long. Between them lie small 
crystal aggregates of magnetite, and there is  also some iiew- 
formed biotite. The rock exhibits ;L very beantiful trachy- 
toiclal flow strncture. 

Iii the innin Iicniatite ore. 

At Elistriimsberg, both inagnetite and specular hematite 
appear as ore minerals. The  main ore bed consists of magne- 
tite locally rnisctl with hematite, especially at the sontheastern 
end, where the oxide enters in a considerable quantity. The  
smaller magnetite beds are ra ther  similar in this respect. 
The largest  hematite bed is very low in magnetite. 

The most important gangue iiiineral - practically tlle only 
primary one - is apatite, which occurs in Yarying, though 
never very great qnantities. 

The following analytical figores are taken from PETERSSOX’S 
report in &on ore resoiircesa. 

Two coiiiplete analyses on magnetite ore hare  been made: 

1. 
Fe,O, . . . . . . . . . .  4.63 

Fe,O, . . . . . . . . . .  S2.28 
MnO. . . . . . . . . . . .  0.18 
CnO . . . . . . . . . . .  3.84 

JIgo. . . . . . . . . . .  0.50 
A1,0, . . . . . . . . . .  0.Cl 
S O l .  . . . . . . . . . . .  5.33 

11. 
4.09 

80.12 
0.35 
4.C6 
0.i3 
0.88 
4 . 2  1 
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I. 11. 
P20,. . . . . . . . . . .  2.52 3.4s 
TiO,.  . . . . . . . . . .  n. d. 0.11 
S . .  . . . . . . . . . .  O . O G  0.0.7 __ ~ 

. 99.56 %.G2 

About hwidretl general samples show the following figures: 

Other orcs. 
JIain magnc- Unin hc111n- 

tite ore. . titc ore. 
Iroii . . . . . . . . . . .  6S.43-6S.GS 5l.GO-65.94 56.51-67.8j 

> , arcragc. . . . . . .  ti4.10 61.0i 63.15 

Phosphorus. . . . . . . .  0.280-2.42 0.732-2.33G 0.238-1.842 

a , average. . . .  1.2s 1.4G 1.094 

Sidphiir varies from 0.03 to 0.07 per cent, TiO, from 0.17 
to  0.5G. 

X a g n e f i f c  ore. The qualities of this ore being somewhat 
different in the various larger exposed areas, each one of these 
requires a separate description. 

I n  the area abont s=2iO-310, y =  -30 t o  -50, the 
magnetite is rather m i d i  mixed with hematite. Its apatite 
content is high, the mineral mostly appearing as bands or 
streaks, usually following the general direction of strike. 
The largest band reaches a width of 15 cnt and a length of 
3 ni .  Ore varieties with different apatite content alternate 
in an irregular, schlieric manner, distinctly appearing on 
weathered surfaces. Skeleton f o r m  of the magnetite are 10- 

cally observed, but  this interesting structure does not reach 
the regularity found in  certain parts of Kiirunavaara, espe- 
cially a t  Bergmiistaren. Streaks of light green, fibrous horn- 
blende also occur. 

Also around x = 500, y = 0 to. - 50, the finely crystalline 
ore carries mnch apatite. A variety consisting of magnetite 
with mnch apatite evenly distributed forms regiilar bands, or 
anastoinosing or forking schliereii, in ore low in apatite. 
Some stripes consist of a fine-grained mistnre of apatite and 
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/Id 34. rr. 7.) TIIE I R O S  ORES OF LAPPLAND. 743 

qlm+z. There are also more coarsely crystalline strealis 
nit11 well developed apatite ciystals. STUTZER (op. cit.) lias 
already called attention to the fact that this, structure is 
Common at Ekstromsberg, but very rarc  a t  Riruna. All pa- 
rallel structures follow approsimately the general direction 
of itrilce. 

At s = 690, y = 0, the ore is similar to the lastly descri- 
bed exposure. A t  x = 9S0, y = 20 to -20 the ore does not 
carry much mcgascopically visible apatite. Hematite occurs 
in  narrow bands and more or less niiiigled with the magne- 
tite, also as crystal plates in small fissures, as on Kiirnna- 
vaara. 

Under the microscope, small crystals of zircon are some- 
times observed in the ore. Quartz is common, in aggregates 
of small grains. There can hardly be any  doubt as to its 
secondary nature. One finds, for instance! varieties made up 
of magnetite and qnartz, entirely corresponding to the above- 
mentioned silicified apatite bands in the  porphyry. Like the 
secondary quartz in  the porphyry, this  one also shows strain 
shadows and granulation. 
The contact of the  main magnetite ore body with the  por- 

phyry is well exposed near x = 275, y = - 30. Towards 
the northeastern contact, the  ore becomes rich in green fibrous 
hornblende in streaks and lumps, enclosing both magnetite 
and apatite. The hornblende felt partly carries abundant 
titanite. The microscopical examination shows the following 
mineral constituents of the x&arn~: hornblende, magnetite. 
apatite, titanite, biotite, quartz, calcite. The titanite forms 
idiomorpliic crystals of widely varying size. Here and there, 
small patches of porphyry gronndmass appear in the slides. 
Thus this zsliarnr is entirely analogous to that  of Kiirana- 
vaara, both in its mode of occurrence and in  its composition. 
Especially noteworthy in both cases is the abundance of 
titanite, and the fact that  the cskarm replaces porphyry. 

At x = 515, y = -50, in a prospecting trench, an ore 
51--120223. G. F. F. 1912. 
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744 PER GEIJER. p e e .  1912, 

variety sorne\vhat similar to the zsk'arn, forms a band about 
10 1 1 )  wide, borderecl by porphyry on both sides. It consists 
of magnetite, apatite, quartz and hornblende. 

Bcirintife om. The ore in the  main hematite ore body can 
be considered as typical of the  oxide ore of the field. This 
ore body is Ivell exposed, forming a long, low outcrop. It 
shows a very pronounced jointing, the predoininant system 
following the general directions of strike and dip. On a 
weathered surface, the ore has a coke-like aspect. It is often 
unclistinctly stratified wi th  narrow, very short layers of ore 
with a different content of apatite. Karrow stripes of pure 
apatite are sometimes seen, and similar stripes of' reddish 
quartz. Over wide areas, however, the ore is entirely mas. 
sire. h drusy structure is very common, the cavities being 
lined with small hematite crystals and further partly filled 
with reddish qnartz in rounded grains. Under the microscope, 
this qiiartz sometimes shows a peciiliar wary  extinction, quite 
distinct from the usual strain shadows and probably caused by 
a primary radial structure.' It is probably of hydrothermal 
origin. 

Exposarcs ill the Iieigliborirliood of Elisfriieisberg. (See fig. 1, p. '731). 

The magnetite-syenite-porphyry and associated rocks of 
Njakak will be described in another section of this paper, 
in  this connection only their similarity to some of the syeni- 
tic rocks of the ore field ought to  be emphasized. The three 
other groups of outcrops shown in fig. 1, the summit of Pid- 
jastjiklio, Sknokimjokli and XaretHive, have tha t  in coinnion, 
that  their rocks are closely akin to the quartz-porphyry of 
Ekstriimsberg. At the summit of PidjastjAkko two or three 

Compare XICIIEL-L~JI- and UUSIER-CIIALL~S: 3ICmoire sur dircrscs for- 
mes afl'cct4cs par  le rescan BlCmcntairc du quartz (Boll. SOC. Franc. de Mine- 
ralogie 1E98, p. l%), and LIHDGRES and RASSOJXE: Gcology and gold deposits 
of the Cripple Creek district, Colorado (U. S. Gcol. SurvcF, Prof. Papcr KO 54, 
p. 179). 
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I:d 34, 11. 7.1 TIIE I R O S  ORES OF LAPPLAXD. 745 

knobs of solid rock, snrrounded by blocks broken off by  the 
frost, break the monotony of the drift-covered country. They 
are very distinctly visible cren from liirnna. These out- 
crops, the next ones in an easterly direction from EkstrBms- 
berg, consist of a porphyry with numerous big feldspar pheno- 
crysts in  a dense, grayish red or sometimes nearly black 
b aroundmass. The examination of three slides has shown, tha t  
the phenocrysts consist of tstripeilo albite with subordinate 
perthitic laths of potash feldspar. Two slides contain large, 
strongly crushed quartz grains, which may hare been pheno- 
crysts, but more probably amygdules. Xotwithstanding the 
high degree of crushing that  has befallen these rocks, a 
sphrcrulitic structure is well preserved in some parts of the 
groundmass. The third slide shows no large quartz grains, 
its feldspar phenocrysts show a high degree of idiomorphism. 
The groiindmass is extremely fine-grained and rather rich in 
magnetite. The latter is unevenly distributed, the ground- 
mass consisting of small rounded patches without magnetite, 
separated from each other by a mass rich in this mineral. 
There can be no doubt t ha t  this groundmass originally soli- 
dified as  glass. The  rock is striliingly similar to  one phase 
of the Riruna qiiartz-porphyry (specimen from near the church, 
Kiruna). 

Sliuokimjokk was not visited by the  present writer. hccor- 
ding t o  S~ENOSIUS (op. cit.) there are  small exposures of a 
schistose porphyry with narrow hematite beds. It 'nay be 
called n continuation of Ekstremsberg. 

I n  the collections of the Geological Survey of Sweden there 
is a slide labelled 6 0 0  n z  west of tlic summit, Navetiire,. 
The rock has phenocrysts of albite surrounded by splixrulitic 
growths, and similar sph,-ernlites malie UP a good (leal of the 
groundmass, while the rest shows t h e  intcrgron+,h of quartz 
and feldspar characterized as arcticulating qnartzo. 

1 This structnre will be further described in mother paper now in prepara- 
tion. 
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~ l ~ e  gc0logic:il liistorr of the district. 

The first question presenting itself is this: is the  quartz. 
porphyry an extrusire or  iiu intrusive rock? The two authors 
who hare  hitllerto uttered any opinion on tha t  matter quitc 
agree with one another: BXCIiSTROJI calls the  rocks effusive 
beds (but points out the abscence of  pyroclastics), STUTZER is 
of the same opinion, being especially impressed by the pro- 
nounced flow structure. As the present writer also shares 
this opinion, no discussion is required here.' 

The effusive origin . of the Ekstromsberg porphyries is of 
a very great importance for the  interpretation of the geology 
of another ore field, namely I(iiriina\.aara-Luossavaarn. BACK- 
STROM and LUSDDOIIX 2 considered the porphyries of this di- 
strict as surface ernptives, an opinion that  has  been shared 
by DE LAUXAT,~ while STUTZER~ regards them as sGangpor- 
phyre,. F r o m  a consideration of all facts i n  the case, the 
present writer becanie pretty well convinced of the t ruth of 
the Peff'usive* interpretation, R detailed discussion being given 
i n  the Kirnna monograph. At Ekstriimsberg, I hare got un- 
expected proofs of the correctness of this view. As already 
emphasized, tlic structure of' the Ekstromsberg quartz-por- 
phyry is practically the same as that of the chemically simi- 
l a r  rock of Riruna, although there appear, of course, in the 
one field certain phases t h a t  do not have exact correspon- 
dance in the other. As the structure of chemically similar 
rocks depends only on the ra te  of cooling, this  factor must 

1 I n  the literature concerning Eks t rhsbcrg ,  there are some vague rcniarks 
about the csistence of transitions bctneen the porphyries and B n granite- 
like rockr. There 
are outcrops of granite to  thc cast of Pidjastjikko (Svgsos~us op. cit.), but 
this granite stands in no direct relation to  the porphyries of the orc-bcaring 
zone. 

G .  F. F. 20: 6s. 
L'origine et  les chnracthrcs des gisements dc fer scandinaves. dnnales des 

It is impossible to  understand whence this idea has come. 

Mines, 1903. 
' op. eit. 
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jld 36. 11. 7.1 TIIE IROS ORES OF LAPPLAND. 747 

hare been nearly the same at I h i n a  as a t  Ekstriimsberg. 
.4s the  extrusive nature of the Ekstromsberg porphyry is 
1lnirersally recognized, it follows as a corollary that alko the 
quartz-porphyry of Iiiirunaraara-Lnossa~.nara must be re- 
D nnrded as a surface eruptive. 

At the typical ore fields of Lnppland one finds, closely 
associated with the ore, syenite-porphyry or qnartz-porphyry 
or both these rocks. The syenite-porphyry has a silica per- 
centage of 5 5 4 0 ,  otherwise its coinpositioc may vary con- 
siderably, while the  quartzporpliyry, with about 70 per  cent 
silica, is essentially an alh-alifeldspar-qnnrtz rock with some 
magnetite, carrying phenocrysts of feldspar but not of quartz. 
A t  ICirnna, the main ores lie between syenite-porpyry and 
quartz-porphyry beds of about the same order of magnitude. 
ht  Tuollnvaara, the country rock is quartz-porphyry, syenite- 
porphyry being present only as  very subordinate dikes, while 
a t  BIertainen, where the mode of occurrence of the ore rather 
much reminds of Tuolluvaara, only syenite-porphyry occurs. 

The  proportion between the two rock types a t  Ekstriims- 
berg is about the same ns a t  Tuolluvaara. Unfortunately, the 
mode of eruption of the syenite-porphyries cannot be satis- 
factorily determined. It is sure, t ha t  they are older than 
the folding that  ' has raised the  series to a nearly vertical 
position, but it remains to find out whether they are  inter- 
stratified surface flows or  later intrusions in the series of 
quartz-porphyry beds. The first described syenite rock can 
hardly be interpreted otherwise than as  an intrusive, its 
structure being too coarse for a surface flow of such a small 
thickness, also the band in  the main hematite bed is probably 
intrusive, mhile the  other bands perhaps are  lava flows. The 
latter are apparently to be regarded as outliers of the syenitic 
rocks of Njaliai, while the quartz-porphyry of the ore field 
forms the northwesternmost exposed part of a series of such 
flows estending in a southeasterly direction at least to  
Save  tbive. 
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The late- o r  post-volcanic thermal action has been of the 
same nature a t  Ekstriimsberg as  at  Kirnna, bu t  of much less 
inten'sity. Its most important form is the silicification, but 
there is also to  be noted the frequent developing of specular 
hematite, orthite, sericite, and locally tourmaline and fltlorite. 
The infrequent calcite probably also belongs to this set.' 

The origin of the ores. 

This problem has been discussed by BXCKSTROM and by  S r u r z ~ ~ ,  
The former expresses the  same views as concerning I<iruna and 
Nertainen, namely tha t  the ores hare  been formed through a 
pneuniatolytic after-action in  connection with the eruption of 
tlie surrounding rolcanics, while the latter considers the magnet. 
ite to be a n  extrusive bed, contemporaneous with the porphyry, 
as  to arguments for its magmatic nature he refers the read er t o  
his detailed discussion of Kirnna. A scdiiiicntary originis, accord- 
ing to him, impossible also for the qnartziferous beds) quartz- 
magnetiterocks) and for the analogous hornblende-bearing bed, 
as  they show fluidal structures. He expresses no definite opinion 
r e g d i n g  the hematite ores, bn t  they might perhaps be pneu- 
matolytic, if the eruptions were submarine. To the present 
writer, the iuagmatic nature of the magnetite ore seems certain, 
because of the analogies u7ith Iiiruna and the close connection 
\.r.itli the porphyry. As the quartziferous beds, as stated 
above, most probably are nothing else than highly silicified 
magnetite beds, originally rich in apatite, and secondary 
quartz occurs also in the main ore, the whole difference lies 
in the degree of secondar.y alteration - consequently the 
qnartziferous beds have the same origin as the main ore. 

The hematite beds offer a more complicated problem. Com- 

1 STUTZER considers it an original constitnent of the porphyry. rIni Echliff 
fan4 sich weiter Calcit, der ncben nnzersetztcn JIikroperthiten anftrat. Er 
diirftc hier nicht als seknndares sondern als primarcs Produkt  gcdentct werdcn. 
also magmatisch seinr (op. cit. 1). 613). The proof referred to, thc  unaltered 
state of adjacent feldspars, stems a very weak footing for the daring idea of 
calcite as a primary constitucnt in  nn  extrusive quartz-bearing rock. 
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n d  34. 11. 7.1 TIIE IROX ORES OF LAPPLAND. 749 

paring the ore of the  main magnetite bed and typical hemn- 
t i te ore, one finds distinct differences, and al l  attempts t o  find 
proofs of a secondary (niartitic) origin of the  la t ter  h a r e  been 
in vain. On the other hand, there is often found a mixture 
of t he  two minerals, and the ore bands in the porphyry 
consist now of magnetite, now of hematite, indicating no very 
great  difference in  the conditions at  their forming. T h e n  I 
came to Ekstrijmsberg, I expected to  find tlie hematite beds 
to be, wi th  regard to  their origin, in broad lines analogous 
to tlie hematite ores of tlie Kiruna district (Hadii complex) 
regarded by me as products of late- o r  post-yolcanic pneuma- 
tolytic action, as suggested with regard t o  the Ekstriimsberg 
ores b y  BBCIiSTRSJI and also, though wi th  reservation, for t he  he- 
matites by  STUTZER. However, I found i t  impossible to maintain 
this idea. The main hematite bed at  i ts  eastern end splits 
up into a number of ore stripes wi th  porphyry between, and 
the more narrow bed fur ther  t o  the south shows a similar 
ending tonartls the  west. Considering also, tha t  the  ore 
bands i n  the >banded porphyry)) between these two beds mostly 
consist of hematite (while i n  other par t s  of the field generally 
of magnetite), one must admit t h a t  the hematite ores a re  
quite as closely associated wi th  the  porphyry as are the  
magnetite beds. There are many factors at a surface crnp- 
tion (perhaps even submarine!) tha t  may cause the  iron com- 
pounds to  crystallize now as magnetite, now as hematite. 
From the technical handling of iron ores many examples i n  
this respect can be gathered. 

The  very intimate association between ore and porphyry 
gives sufficient proofs for t he  igneous origin of the former. 
The masses of ore and apati te must  hare  been segregated 
prior to  extrusion, forming bodies of the most varying size, 
and have been rolled out through fluidal movements. 

Some details deserve special attention. The lmrtiblendc d ~ ~ r m  
occiirs in entirely the same way  a t  Ekstromsberg as at 
Iiiirunavaara and the  similari ty in  mineralogical composition 
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is striking, the high titanite content being especially note. 
worthy. This  mineral’s abnndance in the contact rock is 
quite agreeing with its inotlc of occurrence within the Ores 
(Luossavaara) where it chiefly is found in druses. Like the 
tourmaline, which is found at some points on IKiirnnavaara 
(Ifinom, pp. 104 and 115), the  titanite evidently avoids t h e  
ore bodies proper, its formation taking place through reac- 
tions of the  kind commonly classed as pnenmatolytic. For 
the Riruna district, I have pointed out this fact and its 
accordance with the rOle of the titanite in  the silicate rocks 
of the tract, and it is now very interesting to find it to hold 
true also at  E1;striimsberg. 

Another interesting feature is the occurrence of the orthite. 
It is rather common in the apatite-ore-bands in  the porphyry, 
with al l  probability as a primary constituent, and fnrther 
occ1irs in the  rocks in a may that  makes it highly probably 
tha t  it has been formed secondarily, during the silicification. 
I n  the Riruna district, I have found the orthite in  various 
kinds of rocks. The microscopical examination shov-s a few 
scattered grains in the porphyries and the Kiiruuavaara ore 
body, while it is a little more common in  the apatite dikes 
or their immediate mall rocks. Negascopically visible, some- 
times in  crystals several C I U  long, the orthite is very com- 
mon in the  mainly of quartz and ankcrite consisting veins 
tha t  were formed throngh the thermal after-action of the 
quartz-porphyry, and it is also common, though only i n  grains 
of microscopical size, in the quartzitic hematite ores resulting 
from the same after-action (Xirum, e. g. pp. 153, 183, lS9). 
Further  I have found it in microscopical quartz veinlets in 
porphyry from the Painirora ore field (together with tour- 
maline) as small scattered grains i n  the Svappavaara ore and 
abundant in  the feldspar nodules of the magnetite-syenite- 
porphyry of Njakal; (see the next section of this  paper). In  
all these cases, crystal outlines are generally lacking, except 
in  the quartz-ankerite-veins of IKiruna. The common tmin- 
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Bd 34. 11. 7.3 TIIE IRON ORES OF LArrL.wD. 751 

ning of the orthite is often observed, but no zonal structure. 
The pleochroism is always strong, in  reddish brown and gol- 
den green colonrs, the birefringence, very high, amounting to  
0.032. This widespread occiirrence of the orthite in the ore- 
bearing igneous formation is in itself an interesting fact, bn t  
its paragenetical relations are especially noteworthy. I n  ac- 
cordance with its behaviour in other magmas, for instance 
in granite, it is concentrated in the last crystallizing pa r t  
of the magma', being most common in the products of the after- 
action. I t s  occurrence in the apatite-ore-segregations a t  E k -  
striiinsberg is therefore interesting, as it is in favonr of the  
working hypothesis proposed by the present writer for t h e  
origin of the Lsppland ores (ILi'rtt)~a, pp. 26.1-273). The oc- 
currence of the orthite is a feeble argument alone, bu t  it is 
one of the many facts in  advance of this hypothesis. 

Tlic cliciiiicnl clinrnctcr of llic porphyrr. 

Reference has already been made to  the unnsual chemical 
character of the Ekstriimsberg porphyry, and its similarity 
to a porphyry from Suppatsch. SVCSOSIUS points out the 
striking resemblance between these two analyses, and their 
contrast to the sodic rocks of the  Iciruna district: tiiere exist 
perhaps two zones or provinces, an easterly one with prera- 
lent sodium, and a western one with potassium, but  SVESONIUS 
also remarks tha t  the material is too scanty to allow any  
definite conclusions in this respect. La ter  analyses (the ave- 
rage of the quartz-porphyry analyses is given on p. 739) 
have shown tha t  the relation between the alkalis in the 
Riruna rocks is more varying than snpposed, though sodium 
is generally predominant. Turning t o  the Ehtriimsberg por- 
phyry, it mill be found that  none of the numerons specimens 
collected by Prof. B;~cI;sT~~~JI  and by myself corresponds to the 
analysis, as considerable quantities of albite are visible even 
in those cases where the potash feldspar predominates. When 
I examined the slide of the analyzed rock, however, I found 
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752 PER GEIJER. pee. 1912. 

a type wi th  no risible albite,’ but otherwise qnite similar 
t o  my own material. It therefore seems, as if by a peculiar 
cliance the specimen selected for analysis should represent an 
esceptional case, the main inass of the rocli being of a coIu- 
position rather similar t o  tha t  of the Iiirnna q~~artz-porpliyry, 
though with somewhat more potash. 

New data on magnetite-syenite-porphyries. 

The name magnetite-sjenite-porphyry was introdiiced (&- 
rzimr, pp. 55, 231-235) to comprise a-oclis consisting of al- 
kali-feldspar (with only a r e r y  small proportion of anorthite) 
and of magnetite in a great qtiantity’, other ininernls being 
present in  insignificant amounts only. The scope was made 
wider than the qualities of the examined type rock necessi- 
tated (this being pre-eminently a sodic rock) as it was deemed 
convenient to wait for more linowledge concerning this pe- 
cnliar magma before introducing a too narrow definition. It 
was shov-n that rocks of this kind appear as subordinate 
schlieren in the syenite-porphyries of I<iirunaraara, and as 
bodies of geological importance north of Luossaraara; in both 
cases the magnetite-syenite-porphyry is only a differentiation 
phase of the normal syenite-porphyries, connected i&li them 
by transitional forms. Further, attention was called to the 
occurrence of related rocks i n  other parts of the iron region 
of Lappland, especially to SUNDIUS’ find of pebbles in t h e  
Kurravaara conglomerate, representing many highly inte- 
resting types, and t o  certain rocks from Ualmberget (Gelli- 
rare) examined by  HBano~r; finally. the close resemblance t o  
a fragmental rock from Ural was emphasized. 

New data are now available, and make it possible to get a 
better idea of the  r61e of the magnetite-syenite-porphyry in 

1 It must be remembered that only the phenocrpts, not the feldspars of the 
groundmass, can be dctcrmined. 
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nd31. 11. 71. TIIE I R O S  ORES OF LAPPLAND. 753 

the differentiation processes in the rocli magmas of the iron- 
bearing region. The pebbles in the Rurravaara conglomerate 
have now been studied in detail by SUXDIUS. As his treatise 
appears in this journal, and probably is at  the disposal of 
every reader of this  paper, I need not give any review of it 
no\v, but reference will later be made to some of the  more 
important of his results. Diiring my  stay a t  Elistriimsberg 
in 1910, I was lucky enough to  find i n  the neighbourliood of 
this ore field a new occurrence of magnetite-syenite-porphyry, 
forming tlie Xjakali hill (se fig. 1 ,  p. 731) about 1.3 l m  distant 
from the northwestern end of the El~strijnisberg field. Further, 
as already described, sinall bodies of this rock appear inter- 
stradified in the quartz-porphyries of t h i s  ore field. 

Although modelled on a larger scale, Xjakal; rather much 
resembles Hopnklia near Iiiruna, which also mainly consists 
of rocks of a magnetite-syenitic character. It forms a ridge 
in a nT-E direction, about 1 or 1.5 h r  long, and the viestern 
end shows gentle slopes in a l l  directions and is connected 
with adjacent hillocks, but n t  the eastern, higher one it forms 
a more marked ridge, rising at least 100 w r  above the sur- 
rounding more level country, with an  especially bold precipice 
towards tlie sontli. Seen from the east, as from the trail 
leading from the Kalix river to  Elxtrijmsberg, it presents a 
peculiar sugar-loaf-like outline, re ry  much different from that  
of the mountains i n  this tract in  general. Al l  gentler slopes 
are eorered with a continons drift mantle, but the steep sides 
show good esposures. Natural  outcrops are, therefore, limited 
to the eastern end, but a little further rnestv-ard there are  
some small pits dug when, in the nineties, the magnetic pro- 
perties of the magnetite-rich rocks inspired prospectors ivith 
ra in  hopes.' The sonthern side consists of dark magnetite- 
syenite-porphyry and pinli-coloured syenite-porphyry, the latter 
occupying its eastern end. The same roclis are found on the  

Kjakak is often mentioned among t h e  small >arc fleldsa n i thont  econoniic 
ralne, bu t  its geological natnrc has never bccn described. 
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norther11 side, bnt here the limit is more to  the west, iudica- 
t ing that tile boundary plane between the two rocks bas a 
northwesterly trend. The boundary is not sharp, having the 
character of a differentiation contact> zone; it has a vertical 
position. 

The lnagnetite-syenite-porpltyry has a dense, r e r y  (lark 
bluish gray  gronnrlmass and scattered small red feldspar 
phenocrysts, further it carries red feldspar nodules, which are 
cornpact or not seldom drnsy, sometimes abundant, but ill 

other phases rare. These nodules are generally regularly 
rounded, circular or elliptical in  cross-section, from a few iip 
to  10 W I I I  in size, and often fluidally arranged. Besides the 
feldspar, magnetite, chalcopyrite and pyrite enter as consti- 
tuents, sometimes also quartz (in drusy nodules); the sdphides 
are also often found on fissures. Narrow strings of red feld- 
spar, apparently related to  the  nodules, are  common. 

The pink-colonred porphyry carries feldspar phenocrysts i n  
a fine-grained groundmass, its nodules consist of feldspar and 
quartz. This  rock, as already mentioned, occupies the eastern 
end of the yidge, but  it also forms subordinated schliercn in 
the magnetite-syenite-porphyry. Rocks with an intermediate 
magnetite content are more rare. They usually have a grayish 
red colour and are connected with the magnetite-syenite-por- 
phyry through gradual transitions. Also between the latter 
and the pink rock there is no real difl'crence i n  age, as one 
never sees sharp contacts between them, bnt always a gradual 
transition, although often a very rapid one. The relation 
seems to be that  of a basic phase (the inagnetite-syenite-por- 
phyry) to a more salic phase of the same rock. Within t h e  
border zone, one observes schlieren of magnetite-syenite-por- 
phyry, a few (7m long, in the pink porphyry, but within the 
par t  of the  mountain occupied by the former rock, t he  latter 
is found only as >dike schliercm, often vaguely defined and 
usually not more than a few ciit wide. This close connection 
of (subordinate) alkali-feldspar rock with the magnetite-syenite- 
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J I ~  34. H. 7.1 TIIE IRON ORES OF LAPI’LASD. 755 

porphyry was also noted in the  Ri runa  district (Xirttna, p. 

The  ~nicroscopical examination of the typical magnetite- 
syenite-porphyry shows the small and rare feldspar pheno- 
crysts to be ifi some cases orthoclase, in others striped, albite. 
The shape is always very irregular due to corrosion. A black 
pigment (magnetite?) is very common, especially in the mar- 
ginal portions. The  chief constituents of the groundmass are 
feldspar and magnetite, further there is rather much titanite 
(in small grains) and apatite. The feldspars are always lath- 
shaped, usunlly 0.OGO-0.075 by  0.008-0.015 IIW Albite la- 

69-63). 

Fig. 4. ~Iagnctite-sycnitc-l,orphJ-rS, Sjakak. 

fcldspar groundmass. 
Ord. light, m a p .  20 diam. Fcldspar nodule (in the corner) and maguetite- 

inination is often visible. The index of refraction indicates 
oligoclase-albite. Irregular perthitic spots of potash feldspar 
can sometimes be discerned. The laths’ are sometimes tm- 
chytoidally arranged, or form sheaf-like‘ groups. Between 
these feldspars, which i n  ordinary light appear as sharply 
defined white rectangles, lies a mass consisting mainly of 
magnetite but also containing some feldspar material. Si- 
milar phases occur also at Kiruna, but there the separation 
has often been carried on so that  the  rectangular feldspars 
lie in  a mass of magnetite only. The magnetite content of 
the Njakak rocks is irregularly mrying ,  it may be estima- 
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ted to 25-35 per cent of weight in  the magnetite-syenite- 
porphyry proper. 

The nodules are very well defined against the surrounding 
groundmass and consist mainly of feldspars, 0.2-0.6 11111) in 
size. The feldspar is par t ly  s t r iped,  albite with or without 
intergrown microcline, partly potash feldspar wi th  perthitic 
laths of albite. JLagnetite sometimes appears as crystalline 
aggregates. Irregular grains of orthite are common, they are 
not much inferior in size to  tlie feldspars and usually occupy 
the outer portions of the  nodule or lie in the groundmass 

Fig. 5. JIngnetitc-syenitc-porphyry, h’jakak. 
Ord. light, m a g .  2G diani. Gronndniass of feldspar a n d  magnetite. 

jns t  outside of it, as does often the apatite in the nodule- 
bearing rocks of Kiruna. It shows the usual optical proper- 
ties of the orthite in  tlie ore-bearing rocks of Lapplnnd (com- 
pare p. 751). Finally there is some quartz in small grains, 
and pale brown biotite. The red strings do not directly co- 
here with the nodules, contrary to  the relations of siinilar 
bodies in the magnetite-syenite-porphyries of IGruna, they 
seem to be a little younger. They consist of albite, microc- 
line, qnartz and some apatite; the individuals of feldspar and 
quartz usually stand perpendicularly to the plane of the 
string. 
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A. slide of pink-colonred porphyry, from the eastern end of 
the ridge, shows a rock consisting of striped, albite, in 
slightly elongated grains 0.10-0.20 1)1116 in size, with irregn- 
Inr outlines. There is further rather much titanite in small 
0 nrains, some apatite, a few small grains of magnetite, and 
finally much calcite, partly as reinlets. The nodules consist 
of albite and quartz and are connected with the surrounding 
groundmass in  a way that  suggests secondary enlargement of 
the nodule minerals. The quartz shows strong strain shadows, 
the structure of the groundmass is also best explained b y  
assuming some degree of metamorphism, but through lack of 
material I cannot decide whether this  is only a local pheno- 
menon. A slide of a typical pink-coloured schliere in magne- 
tite-syenite-porphyry shows a rock in  all essentials similar 
to tha t  just described, it carries rather much apatite (at least 
3 o r  4 per cent). 

The transition from magnetite-syenite-porphyry to  a reddish 
gray schliere was also examined. The transitional zone is 
only n. few 1)11n wide, but nevertheless there is a gradnal 
transition (differentiation contactn), and no sharp .boundary. 
M'ith diminishing content of magnetite, this mineral is con- 
centrated into fewer and larger crystalline aggregates, the 
feldspars grow larger and especially broader, and are coloured 
by a red pigment. This rock is very similar to some por- 
phyry varieties of Hopnkka, which a re  also connected with 
magnetite-syenite-porphyry, though not so closely as  is here 
the case. 

I n  a chemical respect, the magnetite-syenite-porphyry of 
Njakak does not materially differ from the corresponding rocks 
of Riruna. The only difference lies i n  the content of potash, 
which is high especially as  compared &th the analyzed spe- 
cimen from Kiruna (compare below). The bulk of the potash 
feldspar, however, is contained in the nodules, as is also the 
case in some magnetite-syenitic schlieren of Iiiirnnavaara. 
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Of the magnetite-syenite-porphyries of Lappland there are 
two analyses, riz. of a specimen from the area south of labe 
Nokutiisjsrri2 Kiriilia district ( K i r z m ~ ,  p. GT), and of one from 
NaImberget, Gellirnre.' An analysis of the corresponding 
rock from Tl7yssol;aja Gora, Ural, has been published by 
LOEWISSOX-LESSIXG.? 

I. 
SiO, . . . . . . .  45.32 

AI,O3 . . . . . . .  13.09 
Fe,O, . . . . . . .  21.i-i 

c FeO . . . . . . .  1.12 

JInO . . . . . . .  0.01 
x g o  . . . . . . .  0.18 

. CaO . . . . . . .  2.19 

Na,O . . . . . . .  7.51 

K,O . . . . . . .  0.1; 
II,O . . . . . . . .  O X  
P,O, . . . . . . .  0.31 

TiO, . . . . . . .  1.15 

s .  . . . . . . . .  0.02 

co, . . . . . . .  1.263 
100.35 

11. 

32.83 

9.21 

3 b i i  
14.84 

0.05 
0.4i 
0.55 
4.92 

0.86 

0.35 

t race 
0.62 
0.03 
- 

100.53 

111. 

45.05 

14.30 
16.93 

7.13 
n. d. 
1.30 
2.81 
6.14 
1.8G 
3.19 (Loss at ign.) 1 n. d. 

99.01 

I, Nol;utnsjfirri, Riruna; 11, Xalmberget, Gellivare; 111, 
Wyssokaja, Ural. 

It is apparent from the descriptions, that  the magnetite- 
syenite-porphyry of Njaliak shares the general characters of 
the analyzed rocks. The regularity, in the main points, of 
the magnetite-syenite-porphyry rock type both in chemical 
composition and in strnctnre, together with its geological re- 
lations, characterizes it as a normal link in the series of the 
ore-bearing rocks and makes it evident, that  it has not been 
formed through some kind of resorption of pre-existing ore 
bodies by the magma. 

A. G .  IIijcnou: The Gel l i rarc  I ron  Mountain, G .  F. F. 3'5561 (also aa 

A m .  dc 1'Inst. Polytcchn. dc St. PCtersburg V, 19C6. 
Calcite, mainly in cavities. 

guide KO 4,  X I t h  intcmat .  geol. congress, Stockholm 1910). 
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The pebbles studied by SUNDIUS carry a practically pure 
albite. The rocks are  somewhat altered, however, and there 
are, according to SUSDIUS, reasons to  snspect that  th i s  pure 
albite is of a secondary origin, the original plagioclase having 
been of 'a somewhat more basic character. The important 
question is whether the content of anorthite in the magnetite- 
sycnite-porphyries increases' or decreases with that  of iron. 
The la t ter  seems to  be the rule, the  analyzed rocks showing 
plagioclases (calculated from the  analyses) of the composition 
Abgs Anq, Ab,, An, and Ab,, An,, respectively. (The rock 
from Ural is perhaps altered, as it shows a very high loss 
at ignition.) The optical properties of the plagioclase in the 
Njakak rock point at a composition somewhere about Abgo An,,, 
-Ab,, An8. The average titanium content in  the magnetite- 
syenite-porphyries is not higher than in the normal syenite- 
porphyries, rather the contrary. The  phosphorus content is 
generally a t  least as high as in the latter, but astonishingly 
low in  No 11.' The characteristic feature, however, is the 
ratio (FeO +Fe,O,): NgO. I n  the normal syenite-porphyries it 
varies from about 4 per cent to 3 up to 15 : 2, and its further 
variations may be illustrated by the  following percentages: 
Phase of Kiirunavaara syenite 15.21 : 1.96, magnetite-syenite- 
porphyry of Wyssokaja (111) 24.06 : 1.30, d:o of Nokutusjarvi 
Kirnna (I) 28.8G2 : 0.18, d:o of Gellivare (11) 5O.Gl : 0.47. 

It is true tha t  there are  certain cases (not analyzed) where 
the XgO content is higher, notably i n  some peculiar uralite- 
bearing pebbles described by SUNDIUS, but  it is impossible to  
deny the fact that  the differentiation has tended, from the be- 
ginning, so separate the iron from the magnesia. I n  this re- 
spect, as well as  with regard to  the relation of the  titanium 
to the iron, the differentiation producing magnetite-syenite- 

It may also be pointed out, that  the apatite content is a t  least as high in 
the Echlicren of albite rock a8 in the magnetite-syenite-porphyry, with which 
they are associated. 

* This figure is a little too hfgh, as the magnetite here is  evidently to  
some extent oxidized to hematite. 

52-120223. G. F. K 1912. 
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porphyry is similar to  the one which has produced the “pa- 
titic iron ores of Lappland. 

ROSENBU~CII, in his ,Elemen te der GesteinslelireP, points out 
that  in the foyaitic magmas I\Ig dissappears together with 
Ca, but in the grano-dioritic magmas with Fe. In the latter 
case, F e  0CCllr .q mainly as ferrous iron, combining with hlg to 
form silicates, Tyhile it in the former case i s  trivalent and 
takes the place of A1 in silicate molecules. F e  appearing 
as magnetite seems generally to  follow the componnds of IIg, 
the only case ryhere the differentiation tends, from the begin- 
ning, to separate these two elements being when the mague- 
tite becomes concentrated in the pegmatitic mother-liqnor, as 
has been imagined by the present writer regarding the Lapp- 
land ores. It seeins, therefore, that  the magnetite-syenite-por. 
phyry bears the same relation t o  the mother magma as do 
these ores, that  is, t ha t  it has a lower temperature range of 
crystallization than the normal syenite-porphyries. The com- 
position of the plagioclase already referred to is in favour of 
this explanation. 

The physico-chemical properties of the system albite-magne- 
tite hare  been studied by L E X A R ~ I C ~  and by Dar and ALL EN^, 
and it has been sho1t.n that  even a small percentage of mag- 
netite in the  melt very Considerably reduces the extreme vis- 
cosity of albite, in  fact, LESAREIC succeded to  obtain crystal- 
lized albite in this way. It is possible tha t  this important 
lowering of the viscosity is caused by an exceptional lowering 
of the melting-points, but the laws controlling the viscosity 
of solutions are but Iittle linomn as yet. According to D ~ L -  
TER? the entectic ratio albite: magnetite is 3: 1, a relation 
that  is rather common in the  magnetite-syenite-porphyries.’ 

* Centralbfatt flir >!in., SXIII, 1903, p. iO5. 
Isomorphism and thermal properties of the feldspars. Carnegie Inst., of 

* Physikslish-chemische Minernlogie (Leipzig 1905), p. 133. 
* This ratio seems to have been obtained from the melting-points of glasses, 

Washington, pnbl. KO. 31. 

3 method which ought t o  give 3t least approximate figores in this respect. 
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W e  do not possess much knowledge concerning the  diffe- 
rentiation process that  leads to the forming of ore deposits 
from a magnetite-syenite-porphyry, consequently we cannot 
decide whether this  rock really represents a transitional stage 
between the parent magma and the ore. The ores described 
by SUXDIUS are known only a s  pebbles, and their geological 
relations to the parent rock are  therefore practically unknown. 

Some cases were found during the survey of the Kirunn. 
district, the most important one being a certain portion of 
the ~Nokatusvaara ore field, (Eirzina, p. 1 S i  and 191, and 
fig. 591.' There, the  ore - magnetite with much apatite - 
forms dike-lilie schlieren of widely varying size and form. It 
is par t ly  rich in  albite, whose relations to the magnetite are 
those most common in magnetite-syenite-porphyries: the ore 
mineral, though bounded by its own crystal faces, is squeezed 
in' between the feldspars (Kirzina, fig. 59). It is remarkable 
tha t  the same structure is found in magnetite-feldspar segre- 
gations formed by the coalescence of nodules in a Iciiruna- 
vaara porphyry (Kirtim, p. 37). I n  some other porphyry 
varieties of the same mountain, especially rich in apatite and 
magnetite, we find the same tendency to give off these mine- 
rals, in the form of nodules and similar bodies (the extreme 
inhomogeneity of theso rocks makes a short revicw impos- 
sible, compare Eirumr, p. 33-41). 

The fact tha t  the magnetite in most magnetite-syenite-por- 
phyries has most evidently crystallized after the feldspar 
points the same way: that the  differentiation of ore bodies 
from a magnetite-syenite magma at least generally takes 
place in the way suggested a s  the probable explanation for 
the genesis of the iron ores in general in the Lappland re- 

Additional field rork  on this little exposed area has shown, that the country 
rock for the most part deserves the name magnetite-syenite-lorphgrS, carrying 
np to 30 per cent magnctite or more. 
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762 PER GEIJER. [Dee. 1912. 

gion, that is, as a part magma with a lower temperature of 
crystallization.' 

I n  striking contrast to these cases of ore differentiation 
stands the common occurrence of alkali-feldspar - mainly 
albite - in  the same manner, i. e. as nodules and as dike- 
like schlieren which seem t o  be of a little later consolidation 
than the magnetite-syenite-porphyry, as for instance at Nja. 
kak. While we cannot yet explain these facts, it may be re. 
membered that albite rocks sometimes appear as part mag- 
mas with a very low crystallization temperature2, therefore 
this phenomenon is not incompatible with the hypothesis that 
the crystallization of the magnetite-syenite-porphyry took 
place at a lower temperature than that of a normal syenite. 

Adcleridic?it. This paper was already in press, when the 
.Oct,ober number of the BZeitschrift fur praktische Geologic, 
appeared containing W. DIECKMANN'S paper ,Die geologischen 
Verhaltnisse der Umgebung von Nelilla unter besonderer 
Beriicksichtigung der EisenerzlagerstMten des Gebietes von 
Beni-Bu-Ifrur im marokkanischen RifD. The ore deposits in 
question are, according to  DIECKMANN andesite varieties with 
an uncommonly high content of magnetite, the author calls 
them magnetite-andesites and compares them with the mag- 
netite-syenite-porphyries of IFirnna described by the present 
writer. Unfortunately the highly altered state of the rocks 
makes it for the present impossible t o  fix the bearings of the  
interesting discovery on the problems discussed above. The 
plagioclase of the andesites is a very basic variety (bytoso- 
nite) but the magnetite-rich rocks represent, according t o  
DIECIiMANN, smaller eruptions of a later date than the main 
masses of the district, a fact that  at least makes it possible 

porphyry. 

* Some sides of thc differentiation problem mill be treated in D later sec- 
tion of this paper. 

* Compare for instance V. N. GOLDSChIDT:  Die Kontaktmetamorphose im 
Eristianiagebiet (Xristiania 1911), p. 301. 
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tha t  the phenomena in  question i n  the andesites of Nelilla 
are analogous to those of the alkaline eruptires of Lappland. 

III. 
Eruptive s t ruc tu res  in apatite-magnetite rocks. 

The structures of the Lappland ores have furnished several 
important proofs of their magmatic origin. In the Eiiruna- 
vaara ore body, the ophitic distribution of the pyroxene, the 
skeleton forms often developed by the  magnetite and the tra- 
chy toidal arrangement of apatite prisms are especially sug- 
gestive features. It may be true tha t  the  skeleton form of 
the  magnetite, a s  pointed out by Prof. BERGEAT in a revicw,' 
in itself is no proof of n magmatic origin, but  when there 
are only two processes to  choose between, magmatic crystalli- 
zation or pneumatolytical sedimentation, this structure seems 
to point a t  the first alternative. 
I have devoted further attention to the trachytoidal flow 

structure, having a number of new thin sections cut from the 
specimen from Geologen, Kiirunavaara, which furnished the 
elide reproduced in Kinom, p. 110. It has been of a special 
interest to compare this structure with the effects of mecha- 
nical granulation of apatite, which a re  so well illustrated by  
the crushed apatite rock from Ekstriimsberg, described p. 737. 
As already pointed out, the la t ter  partly shows characters 
resembling the trachytoidal rock, but a closer inspection re- 
veals very important differences. There are no sharp boun- 
daries between the grains, they a re  not so elongated as to  
justify a parallel arrangement from fluidal movements and. 
above all, they are  never arranged in  nTindings.and eddies. 

The typical fluidal ore from Geologen consists of variously 
shaped lumps of crystalline magnetite, from several ciii in  
size downwards, and of thin lamellre of the same mineral, 

Die genctischc Dentnng der. nord- nnd mittclschwcdischen Eiscnerzlager- 
Fortschr. d. Mineralogie, Kristal- st l t ten i n  der Littcratnr der letzten Jahrc. 

lographie nnd Petrographic; I, 191?. 
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7 64 PER QEIJER. [Dee. 1912. 

embedded i n  a finely crystalline apatite mass. The apatite 
prisms are of n practically uniform size, a fact that alone is 
enough to  show tha t  they have not been formed throughthe 
crushing of larger grains. Also the shape of smaller apatite 
patches shows beyond any shade of doubt t ha t  the size of 
these prisms must be an original one. The characteristic fea- 
ture of this  structure is, however, as already mentioned, the 
frequently Jvhirl-like arrangement of the apatite prisms. This 
phenomenon is illustrated by fig. G ,  showing a typical slide 
magnified 3 times. The apatite prisms are of too small a 

. .  

.. 

I 
Fig. 6. Glide of.ore zcitlt $ o x  s t w c t i w e ,  Gcologen, hii rnnavaara;  m a p .  3 
times. Blnck is niaguctite, the  gray lines indicate the nrrnngcmcnt of the 
apatite prisms in the  various par ts  of the slide. (See also the text!) The 
area reprodoccd in fig. 7 occupies about 14 b;. 18 N W )  with centre a t  t he  

point indicntcd by the two arrowa. 

size t o  be shown in this scale but  the drawing is meant t o  
show the direction of the flow structure in the different parts 
of the slide, especially the larger windings. It is a t  once 
apparent, tha t  neither granulation nor recrystallization under 
stress could bring forth strnctures that are so evidently caus-. 
ed by the hindering influence of the already solid magnetite 
lumps and lamellac on the crystallizing apatite mass between 
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gd. 34. 11. 7.1 TIIE IROX ORES OF LAPPLAND. 765 

them. Fig. i shows, on a larger scale, a detail of this flow 
structure. 

A similiar flow structure was also found in an apatite con- 
centration in the so-called Relitor inagnetite ore of Luossa- 
vaara. I n  this case, there is no magnetite to cause so marli- 
ed windings as in the Geologen ore, but the structure i s  
nevertheless a typical trachytoidal one, and the regularity 
also here excludes the  possibility of a secondary origin. 

It would of course be of interest to  coinpare the structures 

Fig. 7. Tmcliytoidnl f lo iu  striwtioe (apntite),  Enme slide as fig. 6.  Nic. +, 
mngn. 1G times. Black lumps (near t h e  sides) and la ths  are magnetite. 

of the apatitic iron ores of Lappland with those of other 
igneous apatite-magnetite rocks. Nagmatic ores of this  com- 
position, however, are rare, and the only types I have exami- 
ned are  phases of the titaniferous ores in the  nepheline-sye- 
nite of Alno, described by  HOGBOJI,' which represent deep-seat- 
ed types. Attempts to  s tudy the strnctnres developed by  
G. F..F. 17: 100. 
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766 PER OEIJER. [Dee. 1912, 

a more rapid crystallization, by melting ore rich in  apatite 
encountered many difficulties. Lacking the experimental 
equipment necessary for careful work of this kind, I wason. 
ly able to obtain some rather  insignificant results, which, 
however, in yiew of the  scarceness of published data of this 
kind may deserve some attention. I am indebted to  Prof. 
P A L m m ,  of the High School of Technics, Stockholm, for per- 
mission to use a cryptole resistance furnace and an arc fur- 
nace in his laboratory. The high melting-point of apatite' 
combined with the impossibility t o  regulate the temperature 
within certain limits, prohibited the use of platinum vessels, 
and the magnetite's faculty of resorbing many crusible mate- 
rials (spinel, corundum, MgO) made the work still more diffi- 
cult. The results mere thus practically limited t o  some ex- 
perience regarding the crystallization of pure apatite melts. 

By very rapid cooling - removing the eriicible with the 
still molten charge from the furnace - the apatite was obtained 
in a partly glassy state. The  crystallization had produced 
skeleton individuals 0,2-0,4 m n  in  length, hollow hexagonal 
prisms compact only at the middle. These prisms sometimes 
show a tendency to trachytoidal arrangement. The  forms 
are such as  one mould expect at quickly crystallizing apatite, 
and the strange forms described by HERRSJANX? from Lausitz 
granites probably depend on other causes. 

Wi th  the small arc  furnace used there were obtained roughly 
circular melts 2-4 cm in  diameter and only 3-4 9 m t  thick, 
below was a sintered crust. The temperature range from some- 
where near 2000" down to red glow was passed in about 
a minute or  a little more. Nevertheless, the melts crystalli- 
zed as  a mass of compact apatite prisms, up  to  several i m  

Althongh I hare made only a few and very uncertain temperatnre mC8- 
snrements, I feel convinced that the flnorinc apatite from Kiirnnavaara, shich 
I nsed, does not melt belon 1550" the fignre given by BRUK (Recherches sur 
I'exhalaison volcanic, p. 33) as the melting-point of npatlte. Figures of 1300- 
1350' are certainly too IOFF. 

* Krystallskelette Ton Apatit, h'. Jahrb. f. Min. etc. 1893 I1 p. 52. 
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in length. I n  the very surface of the melt, the crystals ge- 
nerally lie in the surface plane, but deeper down they lie at 
random or tend to stand at right angles to  the cooling sur- 
face (compare fig. 8). These experiments thus show a great 
rapidity of crystallization of the apatite. I n  the main lines, 
both as regards form and arrangement of the apatite grains, 
the structures obtained in  this way are rather closely similar 
to some structures of the apatite concentrations in the Kiiru- 

, 6. 
:” r 

Fig. 8. Yelt  of apatite mid mngnetite. Ord. light, magn. 33 times. Section 
at right angles to the upper surfaco of thc melt, which is 1-2 cm above the 
upper cdgc of the figure. The apatite prisms enclose crystal skeletons of mag- 

navaara ore, while the la t ter  in other eases are so to say 
intermediate between the synthetical products and the deep- 
seated ores of Alno. Radial grouping of the prisms is of- 
ten seen in  the melts. Xagnetite crystallizes as regular ske- 
letons, the bars being respectively parallel and perpendicular 
t o  t he  longer axis of the enclosing apatite prisms (fig. S). 

The  typical iron ore of Alno (HBOIIOY’S type VI) according 
t o  HOOBOX consists of about 40 per cent (weight) titanomag- 

netite (seo thc text). The white spots are steam cavities. 
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netite, 42 per cent apatite, 5 per cent pyroxene, and Some py- 
rites and calcite. Another type (VII) carries less magnetite, 
but a great quantity of olivine and some biotite instead of 
the  pyroxene. The rocks are rather inhomogeneons. 

Both types are mottled, the apatite being partly gathered 
in patches. I n  these patches, it forms isometric grains mith 

Fig. 9. A p a t i t e  ore in nephcline-s-cnitc, A M .  S c .  +, magn. 16 times. The 
apatite is  white or gray in various shades,. the magnetite black, at p p two 

pyroxene grams. 

simple outlines against each other, only occasionally showing B 

tendency t o  elongation parallel to the c axis. As soon as there 
also appears magnetite, however, the size of the apatite grains 
decreases, and they often attain a more prismatic form. Fig. 
9, a slide of Hoanox's type VI, shows a typical aggregate of 
apatite grains and, both in the centre anh near . the sides, 
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small patches showing intergromth of apatite and magnetite. 
Both these structural forms are  of interest for the compari- 
son with the Lappland ores. The  pawment  structure of apa- 
tite shown in  the figure is not actually found in  the latter, 
evidently because of their volcanic character, bu t  there are  
sometimes tendencies towards it. The intergromth of apatite 
and mngnetite is entirely analogous to  certain phases of the 
Eiirnnavaara ore, and also the differences between the apatite 
in the  pnre patches and the one intergrown with magnetite 
is sometimes observed in the latter. 

As a summary of the new researches may thns be said, 
tha t  the further study of the trachytoidal flow structure has 
definitely proved its primary nature, and tha t  the comparison 
of the  apatitic iron ores of Lappland with other magnetite- 
apatite rocks of igneous origin has shown that  also the other 
structural forms are such tha t  could be expected in  a rather 
quickly cooled igneous rock of this  composition. 

IV. 
Problems in the  geology of the  Kiirunavaara-Luossavaara 

o r e  bodies. 

Part of the new. observations tha t  are  described in the 
previous sections of this paper, throw new light npon some 
of the  more discussed points in  the geology of the most im- 
portant among the airon mountains, of Lappland, Kiiruna- 
vaara. Since the writer finished the report on the ore fields 
of the  Kiruna district, to which reference has been made 
many times in  this  paper, many papers have appeared, in 
which various sides of the geology of this district have been 
considered, and also my interpretation of these phenomena 
has been now supported, nom criticized. The authors of these 
papers are generally members of the excursions of the  inter- 
national geological congress i n  1910, and many important 
new views were also put  forth in the  lively verbal discus- 

1 Even when evidently intrusive, ns at Tuolluvaarn, the ores must have 
cooled so rapidly that they may be cnlled yolcanie. 
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770 PER OEIJER. pet. 1912. 
sions during these excursions. It is therefore now snitable 
to consider the points where any  more important differences 
of opinion exist, notably the questions of the mode of erup. 
tion of the wall rocks and the  ore bodies. Before that ,  how- 
ever, I wish to  thank those who in some way or other have 
taken par t  in this discussion, for their friendly criticism and 
ialuable help. I f  many of them left Eiruna with ideas that 
I must regard as unsupported by  the facts, the fault lies 
mainly with me who have failed to  convince them by word 
of print or mouth. 

There are  especially two points in  the geology of the Ki- 
runa ores tha t  still form the subject of discussions: the mode 
of eruption of the porphyries, and that of the Kiirunavaara- 
Luossavaara ore bodies. Considering first the  problem with 
regard to the rocks, those geologists mho have taken part i n  
the detailed survey of the district have always agreed in  
regarding the porphyries a s  most probably effnsires, while 
the opposite opinion is especially represented by Dr. SSTUTZER. 
During the congress excursions this problem became much 
discussed, and the agglomeratic zone of Luossavaara made 
many before hesitant excursionists inclined to accept the 
effusive interpretation. 

The problem in  question derives most of its interest from 
its relation to the mode of eruption of the ores. I f  the por- 
phyries are  intrusives, it follows a s  a corollary tha t  the orea 
must be so too, while the proving of their effusive nature 
would leare it an  open question whether the  la t ter  are of 
intrusive or  effusive origin. I n  the Kiruna monograph, my 
position to the problem regarding the ores mas put forth in  
a rather summary manner, which makes it desirable to bring 
out more clearly the facts speaking for and against. A dis- 
cussion of this problem, however, to  my mind must be footed 
on the basis that  the ore-bearing rocks are probably effusives, 
or, a t  least, that their intrusive nature is very far  from being 

1 Compare for instance the paper by Prof. TERJIIER, quoted on p. 775. 
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proved. Thus the problem with regard t o  the porphyries 
must first be considered. 

Let it a t  once be emphasized, that me know the exposed 
rock areas around Eiruna enough to be able to  say, that  
Done of the rival hypotheses can be proved with any absolute 
certainty to be the right one. There are no intrnsions of the 
porphyries in question known in the supposed laccolite roof, 
nor are there in the porphyry beds any interstratified rocks 
that are undeniably surface deposits. 

STUTZER has pointed out, that  fragments of the quartz- 
porphyry are lacking in the lower part  of the Hanki complex. 
As these beds, however, generally seem to be of a tuffogeneous 
origin, this argument is of rather little importance. The 
other arguments for STUTZER'S opinion were also discussed in 
the Eiruna monograph, and none of them was found con- 
vincing. Among later writers on the subject, the most decided 
position in defence of the intrusive explanation has been taken 
by Dr FERYOR.~ I n  his paper, however, I have only found 
one single argument for this opinion: >The foot-mall syenite- 
porphyry, which is seen on Kiirunavaara to pass downwards 
into crystalline syenite of a plutonic aspect, must be an in- 
trusive rock and not a surface lava f l o w  (p. 116). Whether 
the fine-gained syenite of Eiirunavaara really has a plutonic 
aspect may be a matter of taste, but it is certainly not sure 
that it a w s t  be an intrusive rock. It seems quite as certain, 
that the lower parts of a very thick lava flow of this com- 
position ought to crystallize in this way, and I have recently 
seen examples that go  rather far to confirm this view. During 
the excursions last June, t o  which Swedish geologists were 
invited by Prof. BROQOER of Christiania, I had occasion to  
see the famous rhomben-porphyry beds, which are now being 
mapped in detail by Prof. BROQOER and his assistant, Dr J. 

1 It will, however, be rery difficult t n  explain the agglomerate of Lnossa- 
vaara with i ts  rounded pebbles as part of an intrusive rock. 

See p. 778. 
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773 PER GEIJER. [Dee. 1912. 

SCIIETCLIG. While the thickness of these beds never actually 
reaches tha t  of t he  supposed flow of Rirnna, it may a t  least 
be said t o  be of the same order of magnitnde, and the maSg 
brought forth at  one single eruption probably in some CaseS 
snrpasses tha t  of the latter. Especially striking is the 
structure of the porphyries, which are holocrystalline practi- 
cally right up to  the upper surface, the quickly chilled crust 
being of a very insignificant thickness (some dat at most). 
Indeed, the structure through the whole thickness of a bed 
is that of a syenitic dike porphyry, and the feldspars of the 
groundmass may reach se-reral tenths of a millimeter in dia. 
meter, the rock thus resembling the transitional stages between 
porphyry and fine-grained syenite in  IErnnavaara.  When 
having formed acquaintance with these products of giant 
fissure-eruptions, one can hardly deny the fact t ha t  the Ri- 
rnna syenite cnit be an  effusive rock.' 

With regard to the quartz-porphyry, it has already been 
pointed out, that it is etrncturally very similar to the effusive 
porphyry of Ekstriimsberg. Comparisons with other porphyries 
of similarly high geological age make me believe, that the 
microgranitic structure in the  Kiruna quartz-porphyry, more 
often than I hare previously maintained, is a devitrification 
structure. The fluidally elongated, litophyste-like >button- 
boles$ also point to  an effusive rather than to an intrusive 
rock. The only coarser phase, atype 3, (ILi'rzozn, p. 131) ie 
perhaps a small intrusive body like the granophyre of Ek- 
stromsberg. Finally, there is the agglomerate of Luossavaara 
to  reckon Tvith. As already mentioned, many of our congress 
visitors regarded this as the deciding factor in favour of the 
effusive interpretation. 2 I n  v i e r  of all these facts it is 
apparent, that  the effusive origin of the porphyries is still 

' 1  That even-grained sjenite can be formed at a r e r j  moderate depth below 
the surface is also illustrated by LACROIX' rccent researches on RBunion. 
(C. R. dc. Sc., T. 154, 1912.) 

Dr FERMOR does not mcntion this rock: and it scems as if he unfortunately 
missed the excursion to it. 
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~d 34.. 11. 7.1 THE IRON oms OF LAPPLAXD. 773 

the most probable explanation, at least tcc liacc n o  right fo 
base m y  coiiclusioiis tclintcccr o n  tlicir siilqioscd iiitricsice 
orig iiz . 

As already said, if the rocks are intrnsivcs the ores must 
be so too. This is the position taken by STUTZER, who also 
points out some observed facts favouring his hypothesis. I f  
the porphyries, on the other hand, a re  effusive, as I argued 
in my pyevious report and still maintain, this fact gives no 
information with r e p r d  to  the ores in  this respect. They 
may be effnsive, or concordant intrusions. 

I n  the Riruna monograph, I uttered as my belief, without 
discnssing things for and against, t ha t  the ores are effiisires. 
With regnrd to  the  age of the ores, compared to that  of its 
wall rocks, this idea may  be called a magmatic modific a t' ion 
of the pnenmatolytic-sedimentary hypothesis of B ~ ~ C K S T R ~ I  
and DE LAUSAY. 

The facts on which to base one's opinion are chiefly: the 
geological position of the ore bodies, the nature of their 
contacts and the occupence of ore fragments in the hanging 
mall rod;. 

The  geological position of the  ore bodies, following the 
contact between syenite-porphyry and quartz-porphyry * is 
well in accordance with the effusive idea bnt does not, how- 
ever, deny the possibility of their intrnsire nature. The 
contact phenomena are characterized by a certain degree of 
metamorphism and some small intrusions of ore in the foot 
wall, while such phenomena are  lacking or very feebly de- 
reloped at the hanging wall contact. This  difference, and 
the insignificance of the last-mentioned phenomena, favours 
the idea that  only the foot wall existed a t  the i i i isc cia place 
of the ore, bu t  it may be questioned, whether the pressure 
of the magnetite flow (amonnting to P5-30 lig, on the sq. cnt) 

* Diamond drill cores from southeastern Kiirunaraara (Konsuln ores) h a w  
recently been studied by Jlr Z c s z h  and the writer and shox that also these 
ore bodics mark the contact already mentioned. There must thus be several 
faults in this part of the mountain. 
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could be enough to  produce the injections of ore magma 
visible in the foot wall of northern Kiirunavaara, even when 
taking into account the high fluidity of molten magnetite. 

It is the presence of ore fragments in the quartz-porphyry 
tha t  forms the main footing for the hypothesis of a surface 
flow. of ore magma. L e t  it only be remembered here, that 
these fragments generally a re  sharply defined, sometimes 
angular, and that  they represent nearly all ore types of 
Kiirunavaara, fragments of various types often being found 
together. These fragments cannot be basic segregations from 
the surrounding rock, they must come from an ore body 
petrographically identical to the Riirunavaara-Liiossavaara 
ores and cut  through by  the quartz-porphyry. 

The undeniably intrusive nature of the Tuollnvaara ores has 
certainly impressed many in favour of the  intrusive idea,l 
while the acquaintance with the unfortunately distant and 
seldom visited Ekstromsberg ought to work the  other way. 

There is undeniably mnch fascination in  the intrusive inter- 
pretation, especially if the writer's views of the differentiation 
process hold true, that  is, if the  ore magma has crystallized 
at a somewhat lower temperature than the associated rocks, 
and contained more pneumatolytic substances, which perhaps 
would have escaped if brought to only atmospheric pressure. 
This side of the problem has probably influenced Prof. BEROEAT, 
who regards the ores as aa pegmatitic injection>. 

Those who accept the intrusive origin of the ores must 
remember, tha t  from their geological relations they  must, in 
this case, have been formed as a nearly horizontal sheet, and 

In fact, Dr  FERYOR writes (p. 117) that he was >convinced of the mag. 
matic intrnsive origin of the Lapland ores, the clinching piece of evidence 
being the magnetite dikes at Tnollnvaara rnnning through the porphyries,. 
It cannot, of course, be his opinion tha t  this phenomenon proves the intrusive 
nature of the Kiirunavaara orc, for by  that way of reasoning we could point 
at Ekstrcmsberg as proving that it is effnsive (although it is trne, that the 
intrusive nature of Tnollavaara is evident, but the effnsivc nature of EkstrBme 
berg only very highly probable). 
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cr Ik1 3.1. 11. 7.1 THE I R O S  OItES OF LIPI’L.\XD. ( ( 5  

i iof  ( I S  a dike. The  latter idea mas especially attractive when, 
before and dnring the first stages of the mining operations, 
the ore back-bone of Kiirunavanra rose above the snrrountling 
rocks in the same way that  has given to  dikes their Scotch 
name, bnt a ‘closer inspection shows that  this explanation, 
while certainly the right one for Tnollnvanra, does not hold 
good here. 

Among papers published since the writing of the Iiiriina 
monograph, and treating the problems discnssed above, the 
following ones may be cited: 

S R L T ,  H.: Geologie der Eisciierzlagerstiitten von Kiruna 
und  Gellivare. Gliickauf I9  11. 

BERGEAT, A.: Die genetisclie Deutnng der nord- und mittel- 
schwedischen Eiseiierze in der Literatur der letzten Jahre. 
Fortschr. d. Nineralogie etc. I, 1912. 

FERMOR, L. L.: On the origin of the iron ores of Sn-edish 
Lapland. J. Iron and Steel Inst .  1911, p. 113. 

XEWLAXD, I). H.: Xotes 011 the origin of the Swedish 
magnetites. Xew Tork State Xiisciirn, B d l .  149, p. 107. 

TERJIIER, P. : L’excursion X 2 dn 11 nre Congrbs gkologiqne 
international. Bull. SOC. gkol. de France 1910, p. 752. 

For criticism of my interpretation of these problems 1 a m  
further indebted to  several other Congress visitors, and to 
Prof. R. A. DALT, of Boston, who in personal letters to  Dr 
LUXDBOIIM and myself has inade many interesting and valuable 
suggestions. 

V. 
The differentiation process. 

The last part of the precedent section was devoted to n 
problem in the geology of the Iiiruna district that  by its 
very natnre hardly can be expected to become definitely 
settled in a near future. The most important riddle, hon-ever, 

53-120223. G. F. F. 1912. 
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77G PER QEIJEl1. [Dec. 1912- 

a id  the one of t h e  most niiiversal interest seems t o  
ra ther  generally regarded as  par t ly  solved. Tlie opinion of 
t h e  congress visitors a t  Kirnna,  expressed during the excur- 
sions or in  pr in t  afteriyards, shows tha t  the idea of t h e  ores 
being magmatic differentiation products, and having crystallize(\ 
from igneous solntions, is supported b y  most authors. I n  some 
previous sections of this  paper  new proofs for this  opinion 
h a r e  been bronght forth. 

g u t  th i s  is only a step on t h e  way to t h e  solution of the 
problem of the  origin of these ores. When the  detailed work 
i n  the Ririina region had resulted i n  the gathering of many 
new facts to support  the magmatic theory, which had already 
been made probable by H6ono~r and STUTZEPI, I proceeded to 
carry the  investigration farther,  and t o  trace t h e  outlines of 
t h e  differentiation process. T h e  result was siimmarized as 
folloivs (Kirann, p. 2FS):' ,The ores thus represent t h e  las t  
crystallizing parts (i. E .  t h e  parts having the  lowest tem- 
peratnre of crystallization) of' t h e  series, i n  which t h e  diffcr- 
entiation of the  original parent magma has resul ted.  . . The 
main ores, which a re  almost free from 'pneumatolytic' snb- 
stances - except the  apat i te  - must have crystallized under 
qui te  magmatic conditions, equal to those of the  rocks; the 
apatite dikes, though having magmatic structures, have in 
these regards been akin to  pegmatites. T h e  hematite ores 
a r e  not igneous- and perhaps not eruptive i n  a proper sense, 
though their deposition may b e  regarded a s  one of the  last  
phases of the  volcanic activity., 

This  hypothesis has been favourably commented b y  some 
authors, especially by Prof. BERGEAT, Dr FERJIOR and D r  
ARLT.~ To m y  mind, the  solntion of this problem is a ne- 
cessary condition i f  we wish to  turn the establishing of the 
magmatic nature of t h e  ores t o  fur ther  profit for the science 
of ore deposition, and of petrology in  general. T h e  idea was 
advanced as a ,working hypothesisn, and since the  opinion 

In t he  papers quoted p. 773. 
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lid 34. 11. 7.1 THE I R O S  ORES OF L.WPLASD. 777 

quoted above was written, I have tried t o  gather new facts 
relating to it. 

The rGle of the orthite in the ore-bearing magmas of Lapp- 
land, discussed in R previous section of this paper, in itself 
an insiguificant feature, becomes of importance when it points 
in the same direction as many other phenomena. The  ores 
of Painirora have been characterized as a magnetite-apatite 
pegmatite (Kimnu, p. 2iO). TT’hile occnrring in a porphyry, 
the feldspars of which do not surpass some tenths of a milli- 
meter in size, the ore contains apatite crystals of a finger’s 
size. The position of these crystals, a t  right angles to the 
contact with the wall rock or  fragments of it also reiiiinds 
one of a common structure of pegmatites. Outside of the 
Lappland ore region, I ha re  examined the ore deposits in 
tliabase a t  Nssberget, which were briefly mentioned in t h e  
Kiruna monograph (p. 362) and found ample ex-idence t h a t  
their origin was of the nature I had assumed from only a 
cursory examination. , The examination of the only iron ore 
prospects in the wide areas of abyssal syenite rocks in northern 
Sweden (south of the Lappland ore-bearing region), on the  
other hand, showed them to be analogons to the titaniferous 
ores of the gabbro family.2 

The  problem i n  question, however, is a complicated and 
difficult one, and also certain foreign deposits, which I have 
not been able to visit, must be taken into account. Nevertheless, 
I think the material already gathered makes it highly prob- 
able, that  the magmatic differentiation in the case of all t he  
Lappland ores of this type has worked in  the way I imagined, 
and a rericw of their relation to other iron ore types may be 
of interest. 

G.  F. 5’. 33: 21. 
* G. F. F. 34: 1E3. 
To gct the problem of iron ore differentintion illustrated in so many ~ a y s  

as pousiblc, I also studied the quartz-landed magnetite deposits of Sydvarangcr 
in Norway, but the rcsnlts caused me to oppose the hypothesis of their mag- 
matic nature (Ci. F. F. 33: 312). 
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77s PER QEIJCR. [Ikc. 1912.  

The formation of an eriiptire 1 iron ore deposit reqnircs a 
magma containing iron compounds, and its subjection to 
clifferentiation. We can distinguish two main types of dif- 
ferentiation, a t  least in deep-seated rocks. In the one, the 
iron (as magnetite or ilmenitc) is concentrated (how, we do 
not exactly line\\.) togethcr with compounds with a high 
melting-point (as Xg-olivine, rhombic pyroxene, spinel) and 
forms ,basic segregations*. This  is the origin commonly 
attributed to  the titaniferons 'ores of the gabbroid rocks. I n  
the other type, the iron occurs as  volatile compounds which 
during the crystallization of the rock are gradually sqiieezcd 
out, this being the source of the iron content of contact 
deposits. ? 

The first type, as  already mentioned, is fonncl in abyssal 
(or rarely hypabyssal) forms of the gabbro family, and also 
i n  nepheline-syenites. No deposits of this kind arc reported 
from a real diorite, and there a re  only insignificant examples 
known in syenites and qiiartz-syenites. I n  granites such 
ores seem to be very rare, or entirely lacking. Ores formed 
through the action of iron rapours emanating from an intrusive 
rock are, on the contrary, much more common with acid rocks 
than  with the  basic ones. There is hardly more than one 
single contact deposit with gabbro but there are  

With eruptive is  hcrc understood an iron ore deposit. t h c  iron of which 
has becn deposited there as i ts  first solid phase. I n  this  way, tho tern1 cm- 
braces not only all ore p d n c t s  of magmatic cry~tal l iznt ion,  bu t  also all  
deposits from gaseous eninnations from the  igncons rocks, including such caws 
where they havc minglcd with underground waters and thus been brought to  
t h e  surface. 

* I n  a t  least many cnscs, it i s  evident t h a t  thc iron has becn carried i n  
t h e  forGi of halogene compounds, but  it may bc asked nhether  it not soinc- 
times has occurred as  watery solutions, abovc the critical temperature. 

As an  esample may be citcd the occurrences In northern Swcden described 
by the  present writer (see p. S77, foot-note). 

The C C I J O I I ~  district i n  Colorado. recently described by SISGEWALII (Economic 
Geology, Tol. YII, 1912, p. 5 G O )  is the first example of n titanifcrous iron ore 
of contact-metamorphic origin. Another form of iron orc deposit formed through 
cmanations from a gabbro rock is  thc  specular hcnintite-albite vein type (compare 
J. II. 1'. TTOGT, G. F. F. 14: 214). 
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34. 11. i.] TIIE IRON ORES OF IAITLAXD. 7'79 

iiiany following the  contacts of diorites and nionzonites a n d  
especially syenites and granites. Practically tlic same is t r u e  
of the hypabyssal phases of these niagmas. This difference 
has long been noted, and h a s  often been referred to  a higher 
content of mineralizers i n  the acid rocks. 

Tnrning now to  the effnsire phases, the most striliing 
feature is the absence of any surface forms of the  titaniferous 
ores. Instead, basalt eriiptions are  often followed by the  
emanation of rast quantities of iron conipourids in  gaseons 
s t a t e  or liquid water solutions, t he  iron becoming more or  
less ininiediately precipitated and giving rise to  sedimentary 
ore deposits. This  is, i n  short, the  origin attribnted t o  the  
red hematites of the German Deronian and is also the hy- 
pothesis regarding the main mass of thc primary material of 
the Lakc Superior iron-bearing formations now embraced 
by the leading American workers i n  this regi0n.l The  la t ter  
authors emphasize the contrast referred to between the  deep- 
seated and the  surface forms of the gabbro magma, and point 
to difference in pressure as being possibly the  came.' Volcanic 
rocks of a syenitic and quartz-syenitie composition a re  some- 
t imes accompanied by magmatic iron ores (Riirunaraara type), 
bn t  acid rhyolites a re  generally barren. It may be noted, 
liowerer, tha t  there are, according to the anthors quoted 
above, signs indicating that snch rocks in  par t  of the  Lalie 
Superior region hare  been at least as closely associated with 
the  ferruginous sediments as  have the  basalts. 

Apparently, ernptire iron ores may be conveniently classed 
in three groups: 1. the titaniferons ore group: magmatic, with- 
out  pneumatolytic minerals and standing i n  a basic segregation 
relation to the  parent magma; 2. a group comprising ores 
t ha t  are  the products of magmatic crystallization, b n t  

Compnrc' YAS IIrsc, LEITII and MEAD: Gcolo;y of the Lakc Superior 

01'. cit. 1'. 3 1 .  
Op. cit. p. 507. 

region. U. S. Gcol. S u n .  JIonog. IJI. 
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'is0 PER GEIJER. [IICC. 1912. 

carry pneluniatolytic niincrals as accessory constituents, 
and stand in  a pegmatitic relation to the parent inagrlla 
(Kiirunaraara type, and others); 3. the emanation group, 
differring from the othcrs in being. non-magmatic, and typic- 
ally represented by contact deposits. The last two groups 
are  comprised in BERGEAT'S term po-inicrgnintic deposits. 1 1 
shall here use the term late-magmatic for the second group, 
which comprises those perimagmatic ores tha t  are really 
iiiagniatic or igneons in the sense these i ~ o r d s  are used for 
rocks. To this gronp belong the  deposits of the I<iiriinaraara 
type in Lappland and certain deposits closely related to theni 
(e, g. the apatitic ores of the Bdirondacks), fiirther magnetite 
masses in pegmatite (likes, which son~etiines attain considerable 
proportions, even if they can not be called ore in  a commer- 
cial sense, the  magnetite ore i n  diabasc a t  Xiisberget and 
similar deposits in diorite in the Alps. 

I n  the discussion of the differentiation pro1)leni in the R i r~ ina  
monograph, it was shown tha t  halogenes cannot hare  played 
any  important r61e, the natiire of' the differentiation being 
that  the crystallization of the magnetite was deferred. Indeed, 
it is a striking feature in the orc-bearing rocks of Lappland, 
notably in the magnetite-syenite-porphyries, t ha t  tlie niagnetite 
has crystallized after the feldspars. Xon- this deviation from 
the usual order of crystallization must have been caused by 
the chemical composition of the rocks, as  it is too regular 
and widespread a phenornenon to  be accoiinted for only by 
incidentally favourable physical conditions. If, however, i t  
depended on this composition a s  shown in  the analyses, we 

Fortschritte d. 3Iineralogic, Iiristallographic und Pctrographic, lieraus- 
gegeben yon Dr G. 1,rsc~. Bd 11, 11. 9. Tho difl'crcnce betwccn the two sub- 
divisions of the pcrimagmatic group has also lJccn emphasized by Prof. ~ E R G E A T  

i n  this paper. 
G. F. F. %? : 21. Thc pegruntitic relation of the Xisbcrgct ores to the mother 

rock is evident, and i t  is highly probable that  they crptall ized from a flnid 
(molten) and not from n gascores solotion. 
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1jd 34. 11. 7.1 TIII: IROS ORES OF LAPPLASD. 781 

conld expect a similar differentiation in innumerable igneous 
bodies where it is non- lacking, as the  analyses show a rather 
wide range in  the  composition of the  various rocks t h a t  occur 
in a very close relation to  the ores. It was therefore snpposed 
t h a t  magmatic water  was an important factor in the differentia- 
t ion (Kinum, p. ”S). 

T h e  magmatic water has undeniably been called npon t o  
explain all  sorts of phenomena t h a t  prove .in some way 
mysterious to  the petrologist. This popularity, however, lias 
suffered much through BRUS’S excellent researches on yolcanic 
emanations, which in all  examined cases have prox-ed the  
absence of water at tlie pnroxysinal stage. BRUS has, howerer, 
failed t o  explain the  presence of water-containing minerals as 
podi ic ts  of magmatic crystallization, and because of tha t ,  
antl of certain fcatnres of pegnintites antl the frequently 
associated quartz veins, I think most petrologists still find it 
necessary to  reckon with n certain amount of water as dis- 
solved in the iiiagma, eren if the  astonishing results of 
BRUS’S investigations have shown t h a t  the volcanic explosions 
a re  caused by  other constitnents, and tha t  water is absent at 
the  paroxysmal stage of the  many volcanoes examined b y  

It may also be remembered, tha t  because of the low 
molecular weight there are no great quantities of water 
needed to produce a considerable effect in lomering tlie 
freezing-point, a fact tha t  lias rec’ently been emphasized b y  
BASTIS in EL paper on the pegmatites of Xaine.‘ 

The  idea tha t  water has been a t  least one of t he  caiises of 
t h e  differentiation becomes still more probable if we consider 

* It lies near ut hand to refer the lowering of the frcezing-points to the 
characteristic pair magnetite-apatite, but the widely varying relations betwen 
thcse inincrals in the ores makes it improbable that this association ulone has 
been the cause of the differentiation. Some typical titmiferous ores are also 
rich in  apatite, as a t  Alnii. 

BRUS, A.: Rechercbes snr  l’exhalaiion volcaniqne. 
Compare for instance A. x’. TVISCIIELL: Hrnn’s n c x  data on roleanism 

Journal of Geology. Yol: S Y I I ,  1910, 1’. 297. 
(Ec. Geology, Tol. YII, 1912, 1’. 1). 
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iS2 P E R  G l < L I l X .  [Dcc. 1912- 

also the peculiar nodnles in tlie ore-bearing rocks, \vliic]l 
were very  closely described in the  Kirnnn monograpl~. It is 
t rue tha t  magnetite and apati te a re  not  the  only minerals 
tha t  form nodnles. hornblende being also coininon, and titanite 
and feldspar ra ther  frequent, bu t  tliere are so inany striking 
parallels between the  results of differentiation as they appear 
in the nodules and in  the  ores tlint we can hardly escape t o  
refer both processes to similar caiises, even if tliere h a r e  been 
certain differences in a physico-chemical respect.' The nodules 
are  mainly confined to the syenite-porphyries and are in  tlie 
quartz-bearing porphyries replaced by  apatite dikes, magnetite 
sclilieren or similar bodies. I n  botli cases, minerals t ha t  in 
general belong to  an early period of consolidation, especially 
magnetite and apatite, are found in  the last residunm, and 
rather sharply separated from the  mother rock. 

Sodnles entirely analogous to  those in qnestion are certainly 
yare, and those of magnetite are,  so far  as the writer's know- 
ledge goes, iuilmown outside t h e  pa r t  of coiintry now iiiider 
discussion; t he  fact tha t  they are, so to say, co-limital with 
the ores of t he  Kiirnnaraara type, can hardly be merely an 
incident, i t  must involve some common canse. 

X'ater must have contributed to the  forming of the nodules, 
as is especially apparent when they have the  character of 
only partly filled vesicles (Kinoza, p. 240). It may be that 
also other gases Can give rise to vesicles, bn t  there 
is Iiardly anything else than water we can think of 
as the solvent, from which the  nodule minerals have beeo 
rleposited. 

I n  m y  previons disciissioii of the  nodules (Iiirzcnn, p. 240), 
I thouglit t h a t  the water and the  dissolved substances (now 

.. 

B ~ C I ~ S T R ~ ~ M  was tlie first who einphasizcd (G. F. F. 50: 74) that the 

Thcir absence in the eren-grained syenite is probahly doe to the higher 

The analogous r6le of the watcr in  the forming of niiarolitic cavities bas 

oriEin of the ores iiiust reseinble that of the  nodules. 

pressure in this  part of rhe crnpt i re  body (liir.iriirr, p. 240). 

been pointed out  by BASTIS (op. tit.). 
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Jld 34. 11. 7.1 TIIE IROS ORES OF LAI'I'LASD. 'is3 

forming the nodnle minerals) liad been separated from the 
rest of the niagnia in  the liquid state, as  a resiilt of limited 
~niscibility. This way was talien especially to account f o r  
the absence of any decided striictnral break between ground- 
Inass and nodule in  iiiany cases. Xost characters of t he  
fiodiiles, h o ~ e r e r ,  can be explained by  assuming that  they 
were formed tlirougli crystallization froin gaseous watery 
solntions. This woiild 11larli a difference from the magniatic 
apatite dikes and the ores, and there a re  also other dissimila- 
rities, but they cannot obscure the still more important 
malogics. 

The idea that  water has contribnted to the forming of iron 
ores through mngmatic differentiation in intermediate and 
acid rocks has been advanced also by Prof. SJ~GIWN' and D r  
SCWLASD, who finds it probable for the non-titaniferoiis 
magnetites of the Adirondacks. Prof. V O G T , ~  in a recent 
paper, has quoted the opinion of these authors and t h e  
present writer, and finds that  the  idea deserves attention a s  
a working hypothesis>. 

It thus seems, that  the general chemical coinposition of 
the ore-bearing rocks together with ,z certain amount of  
water hare  been the cmses of t ha t  separation of magnetite 
etc. of which we see results of the most varying magnitude, 
from nodules and small dikes i ~ p  to some of the largest ore 
bodies knowi, hit it is iinpossible to  decide, how mnch is to  
be credited to the former factor (and to the pair inagnetite- 
npntite) and how mnch depends on the later escaped water- 
I ha re  already (p. 7SO) pointed out  some facts indicating, 
that  the differentiation may perhaps hare  had the character 
of a fractionary crystallization, bn t  the inaterial at  hand is 
too incoinplete to allow any conclnsions in this respect - it 

G .  F. F. 30: 115. 
Geology of the Adirondack magnetic iron orcs. S e a  Tork Stntc Jlusenm, 

Ubcr die Bildung roil Erzlagcrstiitten durch magmatische Dift'crcntiation. 
Bull. 119, 1905. 

Fortsclir. d. Jliueralogie ete. 11, 1912. 
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7s4 PER GEIJRR. [Dee. 1912. 

is possible t h a t  diffL1sion processes and perhaps even liinited 
miscibility haye also illflueliced t h e  results. 

Even  if  water has infliienced t h e  differentiation, the crys. 
tallization temperature of at least the  larger ores (I<iirunn. 
r a a r a ,  Luossavaara, Ekstriimsberg) must hare been rather 
near t h a t  of the porphyries. The  augite in t h e  I<iirLinavaapa 
ore is the  same as in t h e  rocks (and it cannot be xenocr-pts), 
d i l e  i n  t h e  nodules, notmithstanding their  rery close coiiiiec.. 
tion with the  porphyries, Lornblende instead appears, a differ- 
ence tha t  most probably depends on the  teinperatnre. It is 
also a characteristic featiire t h a t  the t i tanite,  which in t h e  
rocks belongs to  the r e r y  l a s t  phase of magmatic crystalliza- 
tion, or is of even la te r  consolidation, in  the  ores is confined 
t o  the  borders and druses, as is also the  tourmaline. The 
apati te dikes, however, as was pointed ont in t h e  Kirnna 
monograph, represent a lower crystallization temperatiire. 
The  hematite ores (Hauki  coinplex), par t ly  accompanied by 
calcite and  barite may most appropiately be classed as 
hydrothermal, .the frequent occnrrence of ortliite - a charac- 
teristic component also of the  quartz-anlierite re ins  of t h e  
district  - together wi th  their  geological position marking 
their relation to  the  volcanic activity. They  belong to the 
second subdivision of t h e  perinlagmatic group. 

It is apparent, t h a t  halogeiie componnds, if present in the 
magma, ought  t o  be concentrated in  the late-magmatic diffe- 
rentiation product. As already pointed out  (l i jrzom, p. 259) 
it is probable t h a t  t h e  1-eins of specnlar hematite in the larger 
magnetite ores have originated in this way, the  main inass 
of these ores, howerer, being of magmatic origin. 

As a snmmary, it may be said t h a t  the working hypo- 
thesis discnssed here seems fair ly  well i n  accordance with 
the l ino~vn facts concerning the apati t ic iron ores of Lapp- 

* Only pnrt of t h e  IIauki ores ivcre esaniincd 1- the  present writer. A 
.fuller understanding of them will be possible nhcn Z ~ s z t b ' s  researches .are 
completed. 
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land, even if many points require extensive further rese- 
arches. 

I have liere only considered tlie ores of Lappland, with 
di ic l i  I am myself familiar, not the various analogous deposits 
in other parts of the world. Some of the latter OCCLW in 
deep-seated rocks, as tlie Solberg and Lyngrot mines in  
Sorway, the Xinerille and related deposits in the ddirondacks, 
or in  rocks of uncertain origin, as the  Griingesberg deposits 
in Centrai Sweden. There arc, even apart from the cliarac- 
teristic apatite content, inany features pointing at a similar 
origin of all these deposits and those of Lappland, and the 
mode of origin attributed by XEWLASD t o  the Adirondacl; 
ores does not materially differ from the  one proposed by the 
writer regarding tlic latter. 

Among deposits connected with effusive or hypabyssal 
roclis, i. c. in a geological association similar to  that  of the 
Lapplaud ores, the group of deposits connected with tlie 
sycnite rocks of Ural, and the solitary Cerro de Xercado in 
Xexico offer many resemblances. At the latter, the geology 
of tlie ore body is to  R great extent veiled by superficial 
deposits. Froin the available data, however, the following 
general idea may be obtained. The ore forms one or several 
dike-like bodies in Tertiary rhyolitcs of rarying acidity, which 
probably are effnsives. The contacts are covered, bu t  the 
frequent occurrence, in the talus, of rhyolite fragments coated 
with iron ore in crystals to my mind suggests, that the wall 
rock is interwoven with ore veins, and when weathering 
most readily splits up along these planes of weakness. The 
occurrence of small veins with, among other minerals, apatite, 

01). eit. 
t The writcr's knowledge concerning the Cerro de JIercado is mainly based 

31. F. RASGEL: Criadero de fierro dcl Cerro de Xerrado en Dorango (1501. 

0. C. FAERISGTOS: Observations on the geology and geography of western 

a n  the following papers: 

Inst. Gcol. de Xexico R o  16). 

3Iesico ctc. (Field Columbian JIuseuiil, Geol. Series, 1'01. 11, No. 5). 
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7% PER GEIJElZ. pee. 1912- 

hornblende and specular hematite is a feature recalling related 
pheiioinena in  the Lapplnnd districts. The ore itself has much 
in  common with the  Lappland ores. It is crystalline hematite, 
a type tha t  in Lappland is best represented by some ore bodies 
of Elrstriimsberg. It is extremely hard and shows signs of 
columnar jointing. The  cavities with mart i te  crystals (repro. 
tlnced by FARIUNTOS) recall drnses in the  Riirunaraara  ore. 
T l~ere  is n characteristic apatite content of several per cent, 
knd t i tanium in  a quant i ty  similar to the one in the Lapp. 
land ores. The silica seems to be n later addition, like the 
silica content in, for instance, the hematite ore of Ekst,riiins. 
berg. It seeins as i f  there are only two alternatives to 
choose between regarding the  origin of the  Cerro rle Xereado: 
pneumatolysis or  niagmatie crystallization. The  mailable 
data  allow no definite conclusion, but  it seems to the  present 
writer, t h a t  the physical properties of this geologically young 
ore body make the la t ter  alternative the more probable one. 

The analogies between the ores of Lappland and  the Blagodat- 
Wyssokajn type of Ural were emphasized fifteen years ago by 
Hii~uoar. The nssociated rocks are very closely similar to  
the  syenitic rocks of Lappland, the  occnrrence of magnetite- 
syenite-porphyry in both regions being an especially inter- 
esting featnre, bu t  t he  quartz-porphyry type  of I<irnna, 
Tuollnraara and Elistriimsberg seems to be lacking in  Ural. 
The Ural ores a re  high in iron and low in titanium, like the  
Lapplancl deposits, and their  apatite content is generally IOU- 
but  sometimes high (Lebjahinskoje), in the  la t ter  case the  ore 
is s t r ikingly similar t o  certain varieties of the  Lappland 
ores - even the  s t ra t i f ied ore> is found here.2 Tlie mag- 
matic origin of at  least the majority of these deposits must 
be regarded as prox*ed, but  it must be admitted tha t  they do 
not i n  all respects confirm the  ideas expressed above concerning 

G.  F. F. 20: 115. 
Dnm,novITscII, Ii.: Dic Eisencrzc Itasslands. Iron Ore Rcsonrccv of the  

World. p. 359. 
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the nature of the difl'erentiation. IThile some features conld 
be cited that  do so, the common occnrrence of spinel and 
pyroxene in the  Blagodat ore rather points to  an origin 
similar to tha t  of t he  t i t h f e r o n s  niagnetites. 

Sammanfattning. 

I fiirestlende uppsatser redogiires fiir en tlel af fiirf. under 
de senaste t re  Aren utffirda undersijkningar inom Lapplands- 
lualrnernas geologi saint disknteras n Q r a  rednn i Kiriina- 
rnonografin 1910 behandlade problem, som i nigon rnBn be- 
lysas af de n n n a  nya erfarenheterna, och riirande h~ i l l i t t  en 
del liritiska anmiirkningnr ocli nya uppslag frnmfiirdes af  
1910 5rs liongressdeltagare. 

Undersiiliningar af Ekstrijinsbergs malmfalt hafra risat, a t t  
den rldanlle porfyren darstiides stru1;turellt stir inycket n%ra 
Kirunns krartsporfyr (ehurn den iir mera pressnd iin denna 
senare) och n t t  i keiniskt liiinseende sliillnaden mellan dessa 
b i d s  bergarter nr mycket mindre %n fiiriit fiirmodats. Lik-  
soin fiirnt iifven STUTZER ansluter s ig  fiirf. t i l l  B ~ C K S T R ~ X S  
uppfattning, att porfyrens hiifvudmassa iir en serie lara- 
striimmar, men det lilla granofyromriidet en intrnsivbergart. 
Siirskildt afseende fiistes r idare  Tic1 den rikliga fiirekomsten 
af  band af malm och apati t  i porfyren, hvillia antyda, a t t  
icke blott  magnetitmalinen, s l som redan fiirut angifri ts  af 
STUTZER, ntan tifven blodstensbiiiddarna iiro af magmatiskt 
nrsprnng och samtidiga med porfyren. .Den rnllianiska efter- 
rerkan liar r i d  Elistriimsberg, liksom yid Iiirnna, linfvod- 
sakligen haft karaktiiren af en silicifiering. Hiir liar dennn 
rarit mindre omfattande, men den iir af siirslrildt iiitresse 
dgrigenom, n t t  tydligen apati tr ika mahnbands fiirliisling led t 
till uppkomsten af de I i~ar ts i t is l ia  inlagringar i porfyren, 
hvilka redan beskrifrits af Srcxosrus. 

De syenitporfyrer, som i helt  underordnad miingd iipptriicls 
r i d  EkstrBmsberg, iiro clelris s l  magnetitrilia, att de hiira 
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788 PI:R GEIJER. [Dee. 1912. 

beteclaias som maguetitsyenitporfyrer. Virlarc befanns det 
strnx nordrast om Elistriimsberg beliigiia bcrgetXjakak uppbyg- 
gas af skdana bergarter jiimtc en hufrndsakligcn af nlbit bcsti. 
ende porfjr, en association som rifrcn kterfinnes inom andr- 
omrkden, srisoin r id  Xokntnsjsrvi niira Kiruna. Njakaks 
rnagnetitrilia porfyrer lilina de inom detta sistnriiiinda omr$(Ie 
fiirekommande, srirslrildt med afseende pk strulitnren; kemiskt 
fiireligger en r iss  olikhet sb till rida, , a t t  Njakalibergarten 
iir kalirikare - clock upptriider kalifiiltspaten h11frl1(ldiligen 
i mandlarna. Xed stiicl af bittills tillgiingliga data  riirande 
magnetitsyenitporfyrer pbrisas, a t t  dessas relationer till iifriga 
differentiationsprodnkter af modermagman synas rara analoga 
med malmernas (jnmfijr vidare nednn). 

Dd i Xirunamonografin s tor t  afseende fiistes vid fyndet af 
trakytoidal s t rnktur  u t i  Kiirunaraaras malm, har fiirf. iignat 
denna struktnrform fortsatt  nppmiirksamhet qch anser dess 
primiira na tur  stiilld ntom a l l t  tvifvel. Vidarc liar jiimfiirel. 
sen med nbgra o m s n d t n  apatitprof och med den af H ~ ~ B O X  
beskrifna apati tr ika malmen fr8n AlnGn visat, att cle apatit- 
r ika Lapplandsmdmernas strukturer iiro sbdana, som man 
lian vlinta s ig  hos magmatiska malmer mcd dessa senareg 
sammanslittning och geologiska upptriidande. 

I Kirunamonogrsfin hade fijrf. anslutit s ig  till LTJXDBOHMS 
och B~~CKSTR~JIS  Bsikt, att I(iirunaranra-Lnossaraaras porfy- 
rer  giro ytbergarter och, ehuriz vfvertygad om malmernas na- 
t u r  af magmatiska stclningsprodukter, ocksb till dessa fiir- 
fattares nppfnttning af lnalmerna s l s o m  ytbildningar. S 5 - d  
under geologkongressens exkursioner som senare i tryck ha 
dessa ksiliter bl i f r i t  kritisernde och delvis mycliet bestfimdt 
ntdiimda. Hrad bergarterna betriiffar, visas hiir, a t t  denna 
opposition stfir p;i slililigen svaga fetter. Daremot vill fiirf. 
icke fiirneka, a t t  flera omstlindigheter tala fiir att nialmerna 
kunna rara intrusiva, dock synas dlt jr imt skalen fiir den 
motsatta uppfattningen mera iifrertygnnde. 

Slutligen har har Aterupptagits den redan i Rirunarnono- 
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nrnfin disknterade frKgan om malniernas fijrhillande till 1110- 

(lermaginaii. Den af fiirf. sfisom arbetshypotes framstiilldn 
tollaiiingen, ett malmerna ntgijra et t  i viss m8n pegmatit- 
artaclt sekret, livnrs lrristallisationstemperatur legat under de 
met1 den1 saiiimanliijrande bergarterna, liar genoin de nya  er- 
fiirenheterna i liijg grad  runni t  i sannolikhet. 

Xineralog. Inst.,  Stockholm Hiigskola, nor.-dec. 191 2. 
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