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Preface.

In this paper are presented the results of an investigation of the geochemistry
of iron ores and associated rocks. The author’s primary intention was to study
the distribution of some significant minor constituents in the Swedish pre-
Cambrian iron ores. During the course of the investigation, however, it proved
necessary to enlarge the research material to include ore types not represented
in the Swedish pre-Cambrian iron-bearing formations.

In order to make possible a discussion of the problems connected with the
iron-ore formation in the upper lithosphere from a geochemical point of view,
a statistical study was necessary of the distribution of the most important
major constituents of iron ores and of the principal igneous rocks.

The spectrochemical investigation of the minor constituents was started
as early as 1937 while the author was studying spectrochemical research methods
at the well-known geochemical laboratory of Professor V. M. Goldschmidt at
the University of Oslo.

In the year 1940 a geochemical laboratory was founded at the Geological
Survey of Sweden, so the investigations mentioned could continue there. In
1943 the author published a geochemical study on the apatite iron ores of the
Grangesberg mines. That paper forms part of the present more extensive work.

During the war other problems craved attention in the geochemical labora-
tory, so that at times my studies on iron ores were interrupted. Other diffi-
culties arose during the war. Owing to the lack of communications with foreign
research institutions the research material could not be made as comprehensive
as desired. ‘

Stockholm, February 1948.

Sture Landergren.



Abstract.

This volume deals with the geochemistry of iron ores. By means of spectrochemical
analyses some significant minor constituents have been determined in samples mainly
from the pre-Cambrian iron-ore regions of Sweden. For the sake of comparison some samples
of iron ores of different age from non-Swedish regions have been analysed.

On the basis of the analytical data available some significant statistical quantities
have been computed in iron ores as well as in the main igneous rock series. Special regard
has been paid to the relationship between the distribution principles governing some
major constituents in the iron ores, on the one hand, and in the igneous rocks on the other.
A method is proposed for geochemical investigations of igneous rocks by means of statistical

© data.

With the aid of geochemical premises the endogene relationship between iron ores and
their associated igneous rocks has been discussed.

A theory on the principles governing the formation of iron ores has been advanced and
employed with special regard to the origin of the pre-Cambrian iron ores of Sweden.

Introduction.

In an earlier investigation by the author on the geochemistry of the apatite
iron ores of the Gringesberg mines in Central Sweden the opinion was advanced,
with the aid of geochemical premises, that the ores in question must be regarded
as magmatic — on account of their geological occurrence — but of secondary
magmatic formation. The primary enrichment of iron took place in a cycle
in the upper lithosphere and occurred mainly in the exogene phase of the cycle.

Apart from the accuracy of the working hypothesis advanced in the paper
mentioned, it would seem convenient to divide the ore-forming processes into
two moments, especially when dealing with problems connected with the origin
of metamorphic ores. The primary moment is the enrichment of the ore-forming
elements and the secondary moment includes the geological processes that give
the enrichment product the geological features that are distinctive of an ore.
It is evident, however, that secondary processes of some kind may also frequently
involve an enrichment moment, but the primary enrichment is nevertheless
the principal cause of the ore formation.

This way of looking upon the problems connected with the origin of ores
— axiomatic in itself — is of importance with regard to the research methods
to be used. Thus, when studying the primary moment of an ore-forming process
we should deal with the principles governing the distribution of the elements
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— an essential geochemical matter — since in such a research geochemistry
would have one of its most important applications.

We are fairly well informed regarding the distribution of the elements in
different geological milieus and we have, too, a fair idea of the average contents
of most elements in the upper lithosphere, thanks to the fundamental investiga-
tions of F. W. Clarke, H. S. Washington, R. A. Daly, V. M. Goldschmidt,
G. Hevesy, and many others. However, when turning to the principles regulating
the distribution and, especially, the enrichment of elements during the geo-
logical evolution in the upper lithosphere our knowledge is somewhat limited.
Indeed, many hypotheses have been advanced but few of them are founded
on facts, for there are a number of difficulties to overcome. Some elements
can become enriched due to either exogene or endogene processes, some of them
— probably the major part — only in connection with exogene agents. The
author is inclined to consider that the effects of endogene activity in connection
with the enrichment of elements in the upper lithosphere have hitherto been
overrated. :

In this investigation the problems connected with the enrichment of iron
and the ore formation will be dealt with. The distribution of some elements
significant to different stages of the development of the upper lithosphere
have been estimated and discussed. The distribution of some of the major
constituents of igneous rocks and iron ores has been compared and discussed
on the basis of their correlation coefficients and other statistical characteristics.
Finally, the author advances his opinion — based on geochemical premises —
on the principles governing iron-ore formation in the upper lithosphere.

The book is divided into two parts. The first part contains the data of the
research material, an account of the methods used and the analytical results.
In part two the problems are discussed from a geochemical point of view.






Part One.

Chapter I.

Research Material.

Average samples of ores and rocks are, of course, the most suitable research
material when studying the distribution of elements. When such material has
been available it has, therefore, been preferred, and several average samples
of ores have been placed at the author’s disposal from the various mining fields
included in this investigation. Most of the samples, however, emanate from
rock or ore specimens in the collections of the Geological Survey of Sweden,
the Mineralogical Department of the Museum of Natural History and the
University of Stockholm. A very valuable collection of samples of titaniferous
iron ores was kindly placed at the author’s disposal by the United States Geo-
logical Survey and the National Museum in Washington. A number of samples
of ores and rocks from Central Sweden have been collected by Professor Nils
H. Magnu'sson, Stockholm, and by the author. A collection of samples of Fin-
nish bog iron ores has been available to the author thanks to the courtesy
of Professor E. Kranck of Helsingfors.

In some cases spectrochemical analyses on minor constituents have been
made on material which had previously been chemically analysed. A few data
regarding the distribution of some minor constituents emanate from the litera-
ture. .

The ore samples from Central Sweden have generally been magnetically
separated and the magnetic and non-magnetic fractions have been spectro-
chemically analysed separately in order to get an idea of the distribution of
some minor constituents of magnetite and gangue respectively. All the samples
of apatite ores from Northern Sweden have undergone magnetic separation.

The analytical data necessary for the statistical calculations have been
obtained from the various literature at my disposal. The following works have
been mainly employed: H. S. Washington, Chemical Analyses of Igneous
Rocks (120); F. W. Clarke and H. S. Washington, The Composition of the
Earth’s Crust (15); F. W. Clarke, The Data of Geochemistry (14); V. M. Gold-
schmidt, Geochemische Verteilungsgesetze der Elemente IX (46); Walter
Larsson, Chemical Analyses of Swedish Rocks (72); S. Palmqvist, Geochemical
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Studies on the Iron-bearing Liassic Series in Southern Sweden (g6); Jernkon-
torets analyser & svenska jarn- och manganmalmer II (63); W. Cross, Lavas of
Hawaii and their Relations (16); Th. G. Sahama, On the Geochemistry of the
East Fennoscandian Rapakivi Granites (103); and H. Hougen, E. Kliver,
O. A. Lokke, Undersokelser over Norske Lerer V (62).

Elements Investigated.

The Ferrides. This collective term is proposed for the following elements:
titanium, vanadium, chromium, manganese, iron, cobalt, and nickel. As regards
the atomic structure the ferrides form a group of transition elements where the
construction of the incomplete M-shell continues while the outer shell of the
core remains unchanged. Accordingly, the chemical differentiation is compara-
tively feeble, as mentioned by F. W. Aston (3) and V. M. Goldschmidt (46).
This finds an expression in a certain coordination of the distribution of the
ferrides.in Nature. Thus, when studying the geochemistry of iron, especially
the enrichment of iron, the contents of the other ferrides in different cases of
enrichment should be regarded as significant.

Lithium. This member of the alkali metals is univalent with an ionic radius
= 0.78 A and enters a crystal structure in six-coordination quite similar to
the divalent magnesium, a major constituent of igneous rocks and skarn rocks
associated with iron ores.

From a geochemical point of view Li may substitute Mg in crystals formed
in a later stage of an endogene development. Thus, the content of Li and the
ratio Li/Mg may be regarded as significant, especially for the magnesium-
bearing skarn rocks. |

In the exogene development of the earth’s crust Li can become enriched in
aluminous marine sediments. It should be emphasized, too, that the ratio
Li/Mg in the upper lithosphere is much higher than the corresponding value
of sea-water.

Rubidium. The ionic radius of this univalent alkali metal is large (= 1.43 A)
and in minerals Rb is seldom found in lower coordination than nine to ten.
It occurs to a large extent in potassium minerals of the later stages of endogene
development. The ionic radius of potassium is I.33 A. Thus, the ratio Rb/K
will increase towards the latest fraction of a crystallizing magma.

In the marine clay sediments Rb can be enriched (through adsorbtion) and
the ratio Rb/K tends to values above the average of the upper lithosphere.
The average content of the ratio mentioned is, therefore, higher than that
of sea-water.

In this investigation the contents of Rb and the ratio Rb/K are studied
in the salic rocks associated with iron ores and in the gangues of iron ores.

Beryllium. According to investigations on the geochemistry of beryllium
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it is enriched in the residual liquid during magmatic differentiation. The ionic
radius is small (0.34 A) and it generally occurs in four-coordination. In the
sedimentary development beryllium may become enriched in aluminous marine
sediments. In the present investigation the content of beryllium is noted in
the gangues of the iron ores and in the rocks of Central Sweden associated with
the iron ores.

Boron. This element was earlier looked upon as an element exclusively signifi-
cant to and enriched in magmatic residual solutions. Later geochemical in-
vestigations have shown that the chief milieu of enrichment of boron is the
marine clay sediments. In marine iron ores, too, it can become enriched. The
content of boron has been estimated in all iron ores and their associated rocks
investigated.

The Lanthanides. Some few examples of the distribution of this group of
elements in apatite iron ores are involved in this investigation. The results
mainly emanate from an earlier investigation by the author (67).

Molybdenum and Tungsten. The distribution of these two metals is of minor
importance for the genetic problems to be discussed. Nevertheless, the distribu-
tion of Mo and W in iron ores may be of interest from an economic point of view.

The Quartz Ratio (quv). This quantity is the molecular proportion in per cent
of SiO, and the divalent oxides of calcium, magnesium, iron and manganese.
In calculations of qv in iron ores, however, one equivalent FeO necessary for
the magnetite molecule, and, in apatite iron ores, also one equivalent CaO for
the apatite molecule, are excluded.

The ratio qv was introduced by H. E. Johansson (64), whose fundamental
investigations on the chemistry of the iron ores of Central Sweden made possible
a classification of the iron ores in question from a chemical point of view. Even
if one may have suspicions as to a quotient including so many components,
it has nevertheless proved useful in giving an idea of the content of quartz
entering the gangues of iron ores and the quartz content of rocks.

Degree of Oxidation (og). The importance of the ratio Fe,04/FeO is, of
course, plain to any reader. The quantity og is calculated according to a
formula advanced by I. Sahlin (105) and is the content of oxygen bound to
iron in per cent of the oxygen present if calculated to be bound as Fe,O,.

The Ratio MgO[CaO (mc). The ratio in question is the molecular proportion
in per cent of MgO and CaO. In a pure endogene development of a magma mc
decreases as the content of SiO, increases, partly on account of the difference
in ionic radii of magnesium and calcium respectively (Mg?+ = 0.78 A and Ca?+=
= 0.96 A) and partly due to the difference in coordination number, magnesium
being six-coordinated and calcium higher than six-coordinated. Thus, the cor-
relation between qv and mc is essential when dealing with the problem of the
origin of rocks associated with iron ores and of igneous rocks on the whole.

The Ratio MgO/FeO (mgf). This quotient is calculated in the same manner
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as the mc just mentioned. The ratio mgf is of interest in connection with the
distribution of some ferrides in rocks and iron ores.

The Ratio K,0/Na,O (kn). This molecular proportion in per cent of the two
main alkalies corresponds to the k-value of Niggli’s system. Thus, kn=100 k.
The ratio kn is of major importance when discussing the iron ores of central
Sweden and their associated rocks.

The Ratio Mn|Fe (mf). The quantity in question is, of course, essential for
various kinds of enrichment processes of iron in the upper lithosphere. Espe-
cially in the case of the ores of Central Sweden is the correlation between mf
and the other ratios mentioned above of great importance.

Research Methods.

Most of the major constituents have been determined by means of chemical
analyses made in the chemical laboratory of the Geological Survey of Sweden.
Some control analyses of minor constituents have also been made in the chemical
laboratory mentioned.

Spectrochemical Methods. The minor and some of the major constituents
have been determined by means of optical spectral analyses. The methods used
are familiar to any geochemist or spectral analyst. There is no reason, there-
fore, to repeat the spectrochemical technique in all details; it is available in
the literature cited below. Thus, only a short survey is given of the instruments
and methods used in this investigation.

For analyses in the ultra-violet spectral range a medium-sized quartz spectro-
graph of Zeiss’s construction (“Q 24”) has been mainly used. Lately, also a
large quartz spectrograph of Littrow type (Adam Hilger, London, type E:292)
has been used in some cases.

For the visual spectral region a three-prism glass spectrograph of Zeiss’s
construction (Zeiss’ Dreiprismenspektrograph) with the cameras f: 85 cm and
f: 130 cm (the latter with autocollimation) has been used. Especially in cases
when a large dispersion and dissolving power was necessary the latter camera
proved very convenient. Further optical data regarding the spectrographs
mentioned are available in the catalogues of spectrographs from the manufac-
turers in question.

The electric arc has been used as a source of light in all cases. The interrupted
arc method has been used in cases when metal electrodes were used. In such
cases copper rods with a length of 20 mm and of a diameter of 3 mm were
used. The powdered samples to be analysed were packed into a half-spherical
bore in the electrode used as cathode. In a few cases also carbon rods with a
length of 25 mm and a diameter of 5 mm were used.

The interrupted arc method was elaborated by K. Pfeilsticker (g97). The
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special technique used in the geochemical laboratory of the Geological Survey
has earlier been described by the author (69).

The technique of the permanent carbon arc method was worked out by
R. Mannkoppf and Cl. Peters (85), collaborators of V. M. Goldschmidt. The
method in question still vindicates its position as the most useful one when
determining minor constituents in rocks and minerals. It has been described
in its geochemical applications by several investigators of the Goldschmidt
school, 7.a. L. W. Strock (112), C. Preuss (98), W. Noll (94), W. von Engel-
hardt (19), and others. The method most generally applied. for the purification.
of carbon for spectrochemical use has been described by A. Gatterer (28).

In quantitative work it is preferable to project the light source, or the cathode
layer respectively, enlarged on the collimator lens or the prism of the spectro-
graph. By means of three condenser lenses and a diaphragm (cf. H. Kaiser (65)
the slit becomes uniformly and diffusely illuminated with a maximum intensity.
The focal length of the condenser lenses used is adapted to the aperture of the
- spectrograph. This optical arrangement has proved very useful in quantitative
work and has been applied in the present investigation.

However, in cases when the whole aperture of the spectrograph is needed,
a sharp image of the arc has been focussed on the spectrograph slit by means
of a spherical condenser lens. As Wa. and We. Gerlach (39) have emphasized,
maximum intensity will be reached when the magnification is 1: 1 and the
aperture of the condenser lens is equal to that of the collimator lens of the
spectrograph.

In front of the spectrographic slit was placed a three or six step light filter.
The filters have three or six adjacent areas of density, respectively, bearing
a known relation to each other and producing three or six spectra of different
density with a single exposure. On the filter, or in front of it, a quartz condenser
lens (f=200 mm) was placed in order to produce the uniform illumination at
the slit as mentioned above. In working with the permanent carbon arc method
a rotating seven-step sector replaced the light filter. The time of exposure for
each step decreased with the factor two.

The results obtainable with the step sector or the light filter method have
proved to be of sufficient quantitative accuracy for the present purpose, even
when the photometric measurements are replaced by visual inspection of the
spectra. This very useful method of estimation has been described by L. W.
Strock (112) and has ¢.a. been applied in a spectrochemical investigation of
Swedish sphalerites by O. Gabrielson (27).

In the photometric measurements of the spectral line intensities two types
of photometers have been used: a non-recording spectral line photometer of
Zeiss’s construction (‘“‘Spektrallinienphotometer””) and a non-recording photo-
meter originally constructed by the late Dr. G. Phragmén and co-workers of
Metallografiska Institutet, Stockholm, and now manufactured by the instru-
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ment makers Stalex of Stockholm. In fig. 1 the optical arrangement of the
Stalex photometer is schematically illustrated.

The reproducibility of results obtained by means of spectrochemical methods
depends to an appreciable extent on the composition of the standard mixtures
used. Thus, in the present investigation, a series of standard mixtures was
prepared to approximate as closely as possible to the nature and composition
of the actual samples to be analysed. In determining the content of ferrides
in iron ores, for instance, an iron ore, whose contents of the ferrides to be de-

7 . 8 T
T

Fig. 1. The optic arrangement in the Stalex spectrophotometer. 1 light source, 2,4 and
6 condenser lenses, 3 and 7 glass-prisms and mirrors, 5 table with the spectral plate, 8 slit,
and -9 photoelectric cell.

termined were below the limits for spectrochemical estimation, was chosen as
the basic component of the standard mixture series. When using an internal
standard (e.g. chromium) it was added as a mixture of Cr,Oy in quartz, ferride-
free felspar or calcite, equivalent to 10 per cent Cr,O,. One part of this mixture
was carefully mixed with one part of all standard mixtures and the samples
to be analysed. The samples and mixtures thus contained 5 per cent of Cr,0,.

The accuracy of the spectrochemical methods used is shown in the survey
below. The standard déviation from the mean is approximately 10 to 30 per .
cent. This degree of accuracy is quite sufficient in the present investigation,
if we bear in mind that the distribution of the minor constituents can vary
much beyond the limits of analytical errors.
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‘A survey of the analytical data of the elements spectrochemically determined
is given below.

Titanium. Spectrum obtained with the carbon arc cathode layer method.
Spectral lines 3349.4 and 3349.0. In determining Ti in magnetites the Fe line
3347.9 was used as internal standard. In other cases, when the content of Ti
was low, it was estimated by comparing a standard spectrum with the spectrum
of the samples analysed. The accuracy of the lower titanium contents is com-
paratively low. The error is approximately 4- 40 per cent. The higher contents
of Ti are all chemically determined.

Vanadium. Spectrum obtained with the carbon arc cathode layer method.
Spectral line: 3184.0. Internal standard Cr 3163.1 or Fe 3184.9 (in cases when
Fe was chemically determined). The lower contents estimated by means of the
step sector method. Error 4 25 per cent. The higher contents were determined
by means of photometric measurement of the line intensities. Error: 4+ 10
per cent.

Chromium. Spectrum obtained as above. Spectral line: 4254.3. The contents
estimated by visual inspection and comparison with a standard spectrum of
chromium. Error: approximately 4 30 per cent.

Manganese. Spectrum obtained as above. Spectral line: 2576.1. Internal
standard: Cr 2571.7 or Fe 2575.8. The contents estimated by means of the step
sector method (error + 25 per cent) or by means of photometric measurement
of the line intensities (error < 4 10 per cent).

Iron. In most cases iron was chemically determined. In some cases iron was
spectrochemically estimated (up to 2o per cent of Fe) and then with Cr as
internal standard. Method: see above. Fe line: 2999.5, Cr line: 2998.8. Error
approximately - 15—20 per cent.

Cobalt. Spectrum obtained as above. In cases when chromium was used as
internal standard, the following pair of lines was used: Co 3405.1 and Cr 3403.3.
When iron served as internal standard, the lines Co 3453.5 and Fe 3450.3 were
used. In both cases the contents were estimated by means of the step sector
method. Error approximately 4- 25 per cent.

Nickel. Spectrum obtained by means of the carbon arc cathode layer method.
Spectral line 3414.8. Internal standard Cr 3421.2 or Fe 3415.5. In most cases
the line intensities were measured with the aid of the photometer. Error 4 10
per cent. .

Lithium. Spectrum obtained either by means of the carbon arc method,
cf Strock (111I), or the interrupted arc with copper electrodes. In the carbon
arc method strontium served as internal standard. Spectral lines used: Li
6707.9 and Sr 6408.5. In cases when the interrupted arc was used the intensity
ratio spectral line/background was measured. The latter method was used only
with low contents of Li. Errors: the carbon arc method with internal standard
4+ 10 per cent or lower; the interrupted arc method 4 15—20 per cent. In the

2—838550
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preparation of the standard mixture series of Li a synthetic glass, containing
I per cent Li, was used as basic substance.

Beryllium. Spectrum obtained with the carbon arc method. Spectral line
2348.6. The contents estimated by means of the step sector method. Error
approximately -+ 25 per cent.

Boron. Spectrum obtained by means of the interrupted arc method with
copper electrodes. Spectral line B 2497.7. Internal standard Sb 2598.1 or 2478.3
depending on the content of iron present in the sample to be analysed. The line
intensities were measured with the aid of a photometer. (Cf. Landergren (69).

Magnesium. Spectrum obtained with the carbon arc method. Spectral line
Mg 2781.4. Internal standard Cr 2780.7. Line intensities measured by means
of a photometer. Error 4 10—15 per cent.

Potassium. Spectrum obtained by means of the interrupted arc method with
copper electrodes. Spectral line K 7664.9. The intensity ratio line/background
was measured. Error approximately 4 20 per cent.

Rubidium. Spectrum obtained by means of the carbon arc method. Internal
standard was barium. Spectral lines used were Rb 7800.3 and Ba 7780.5. Line
intensities measured by means of a photometer. Error -+ 15 per cent. The
basic substance for the preparation of the standard mixture series was a syn-
thetic glass containing 1 per cent Rb. See further Goldschmidt, Bauer and
Witte (53).

Molybdenum. Spectrum obtained by means of the carbon arc method. Spectral
line used: Mo 3170.3 and 3864.1. The intensity ratio line/background was mea-
sured. Error approximately 4 20 per cent.

Tungsten. The carbon arc cathode layer method was applied. Spectral lines:
W 2947.0 and 4008.8. The intensity ratio line/background was measured by
means of a photometer. Error approximately +- 20 per cent.

Arcing Procedure. a): The carbon arc cathode layer method: Time of exposure
2 minutes. Rotating step sector or light filter in front of the spectrographic
slit. A 220 volt direct current was employed, regulated with a variable resistance
to 2.5 amps during the first 30 seconds of exposure, and then 8 to g amps for
90 seconds. ,

b): The interrupted arc method: Total time of exposure -2 minutes.  Light
filter in front of the spectrograph slit. The rotating switch was so regulated
that the effective exposure was 30 sec, which makes 120 discharges a minute
and each discharge /g sec. A 220 volt direct current was regulated with a variable
resistance to approximately 9 amps, except for the boron analyses, where it
was regulated to 4 amps. :

Photographic Procedure. The opening of the spectrographm slit was 0.01 mm
in the ultra-violet range and 0.02—o0.05 mm in the visible range.

The following spectral plates have been used: a): in the ultra-violet range
Perutz’ Graphische Platte B, Agfa Phototechnische Platte A-and Agfa Ultra-
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violett Platte. b): In the visible range: Agfa Spektral “blau”, “gelb’”” and “rot”.
Ilford long range spectral plate and (in the infra-red region) Agfa Infrarot
800 rapid and Ilford infra-red plate.

The plates were developed in 3 to 4 minutes at 18° C in a metholhydrochinone
developer.

Statistical Calculations.

The quantities, terms and methods of calculation were as follows:

100 SiO,
v = ;
17 = §i0, + CaO + MgO + FeO + MnO
100 (0. 0.
og — (0.300 4 2220Pi ; p = the ratio FeQ/Fe,0; in per cent of weight.

(0.70040.778 p) —
0.7

100 MgO
"~ MgO+CaO

All ratios are molecular.

N is the number of analyses included in the calculation, except for the iron
ores of Central Sweden, where N represents the average for each mining field
included in the calculations: Thus, 1,600 analyses of average samples of iron
ores are distributed between 214 mining fields. '

; The ratios mgf, kn and mf were calculated as for mc.

-
M is the arithmetic mean. Thus M = :N;{ . M has generally been calculated

from the frequency tables and with the aid of the provisional mean M’. Thus

M:M.{J\/{’,
N

T is called the mode and was calculated in the iron ores of Sweden.
¢ is the standard deviation and calculated according to the formula
Z(x—M')?

0 = N (M — M’)2. 100 ¢/M is the relative distribution or the

coefficient of dispersion.

x and y are the variable quantities, viz. the ratios mentioned above.

Xax — Xmin gives the maximum dispersion.

r is called the product-moment coefficient of correlation of x and y in the
frequency distribution. r is calculated according to the formula

L TeM) M)
TV MJE VEy— M)
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M, and M, are the means of the variables x and y respectively. r, ...
represents the product-moment coefficient of correlation between the ratios

qv and mc, and so forth. The limits of the r-values are 4 1 and — 1.
The standard deviation of the sampling distribution of r (‘“‘standard error

of r”’) is approximately (1 — r2)/\/§, but this is only so when N is large (cf.
A. C. Aitken (1); G. Yule, M. G. Kendall (126); and F. Wigforss (124).

Chapter II. Distribution of the Major Constituents.

In this chapter are presented the statistical data of the distribution of the
major constituents in the igneous rocks and the iron ores of Sweden.

As mentioned earlier the purpose of the statistical investigation is to gain
a conception of the principles of distribution. Thus, the r-values are of major
importance.

The research material is the chemical analyses, available in the literature, of
the most important igneous rocks and of Swedish iron ores, the latter having
been the subject of the most thorough study. Chemical analyses of glacial clay
from Norway have also been statistically calculated in order to demonstrate
the geochemical features as regards the distribution of the major constituents
significant to a type of sediment formed mainly due to the mechanical and
chemical work of ice and fresh water. Unfortunately, the content of alkalies
is generally not determined in Swedish iron ores. The computation of kn was
impossible for that reason.

The results are presented in tables and histograms. The statistical data of
the ratios are found to the left and the r-values to the right side in the tables.
In the histograms the abscissa represents the ratios in question and the ordinate
the frequency in per cent. The class-intervals in the rectangles are 5 or 10 units.

The Igneous Rocks.

The Quartz Ratio (qv). The igneous rocks are classified on the basis of their
content of SiO,. While the quartz ratio, qv, is a function of the content of SiO,,
this ratio should be regarded as the basis to which other ratios calculated should
be related. Table 1 contains the statistical data of qv and its correlation coeffici-
ents. As to the left side of the table, no comments are necessary for reasons
mentioned above. The right side, however, is of importance, showing the
r-values which will be discussed in various connections.

The r-values of Table 1 illustrate, from a geochemical point of view, features
of the distribution of the major constituents which will be familiar to any
petrologist. Thus, 1., . is negative — with the exception of the Rapakivi
granites of Finland and the glacial clays of Norway. This means that minerals
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Table 1. The Quartz Ratio (qv).

v r-values
N q M| o [Fo00
min |{max M qv,mc | qv,og [qv,mgf| qv,kn | qv,mf

Igneous rocks

Average:

Peridotites......... 40| 34.0| 54.0| 42.4| 5.7] 13.4]— 0.76]— 0.08]— 0.50|— 0.04|4- 0.09
Gabbros........... 237| 41.0{ 91.0| 64.3 7.2| 1I.1]—0.32|+} 0.13}—o0.45|+ 0. x1|—0.11
Diorites..... U 263| 58.0] 95.0| 77.5] 8.0| 10.3}—0.23|4 0.31|—0.17|4- 0.22|+ 0.24
Granites........... 170| 83.0/ 99.0{ 93.9| 3.8] 4.1}—0.06/+ 0.27|—0.21|+ 0.24|+ 0.21
Basalts............ 63| 54.0] 85.0] 73.1] 6.5| 9.1]—0.58|+ 0.70]—0.39|4 0.62|+ 0.24
Andesites.......... 181|62.0| 95.0| 81.0] 6.4] 7.9]—0.37|4 0.42|+ 0.01|+ 0.23|4 O.15
Rhyolites.......... 64| 90.0/99.8/97.8| 3.5| 3.6/—0.02|+ 0.38/— 0.12|+ 0.16]—0.22
Sweden:

Gabbros........... 25| 50.0| 82.0| 62.2( 7.8 12.7|—o0.63]+ 0.26f — |+ O.15—o0.16
Diorites........... 32| 56.0| 83.0[ 70.7| 8.3} 11.7|—o0.18/4 0.45] — [+ 0.01|{4 0.21
Granites........... 120{ 79.0] 99.0| 93.1| 4.0 4.3}—o0.10|+ 0.12) — |4 0.30/4 0.07
Leptites........... 158] 53.0/99.7] 96.3] 3.3] 3.4—o0.03]+ 0.23]—0.20|+ 0.06[—0.24
Other Regions:

Rapakivi granites

(Finland) ......... 33| 88.2| 98.9[ 94.3| 2.9] 3.1f+ 0.28/+ 0.55|+ 0.38/+ 0.60]—o0.21
Volcanic series

(Hawaii) .. ........ 43| 47.9] 97.8/ 66.5| 11.2| 16.9|— 0.79|+ 0.54]—0.35|4- 0.36|+ 0.49
Sediment
. Glacial clay, ' .
(Norway).......... 80| 79.2| 93.7| 86.4| 3.5| 4.0/ 0.05|+ 0.75]— 0.04|+ 0.03{+ 0.17

rich in magnesium in relation to calcium are significant for the basic members
of rocks.

There are, however, other aspects of the quantity of r .. to which preli-
minary attention should be paid. The numerical value of r .  decreases
as qv increases and approaches zero in the most salic members. Now, if the
negative sign of r .. represents a distribution principle, the same applies
to the decreasing numerical value of it as qv increases. The latter principle is
equally important, especially with regard to the origin of the upper lithosphere,
which is mainly built up of salic rocks. The two principles mentioned will,

therefore, be discussed in detail in the next part of this paper.

Turning to r, .., we find that it is positive and that there are no excep-
tions. This is in agreement with the well-known fact that the content of minerals
containing trivalent iron increases as the content of SiO, in the rocks increases.
V. M. Goldschmidt has mentioned this feature with reference to the rock
series of the Oslo field (47), but, as far as the author knows, this very important
relationship between qv and og has hitherto been overlooked by petrologists.
The importance of r, . in the igneous rocks should be plain to anyone,
bearing in mind the fact that this quantity is an expression of the distribution

principle of oxygen, the most abundant element in the upper lithosphere.
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The numerical value of r . varies between o.12 (in the Swedish granites)
and o.7o (in the basalts of the world). No regularity could be discovered in the
relatiop of r, ., to the means of qv.

The correlation between qv and kn is also positive in all the cases observed.
This is, too, in full agreement with petrological experience, while the minerals
rich in potassium increase towards the most salic rocks. The numerical values
of Tqvin are lower than those of r . . on the whole, and some of them ap-
proach zero. :

Finally, r,, . is irregular. The numerical values are comparatively low,
in some cases positive, in others negative. The existence of a relationship be-
tween qv and mf in the igneous rocks may be questionable. Some geologists are
of opinion that the ratio Mn/Fe increases towards the salic residual magmas,
e.g. G. Berg and F. Friedensburg (g). Such a relationship may exist in some

exceptional cases, but it is certainly no rule, as seen from Tables 1 and 6.

The histograms in fig. 2 illustrate the frequency distribution of qv in the
igneous rocks investigated.

Degree of Oxidation (og). As already mentioned above, the degree of oxidation
is of great importance, especially when dealing with problems connected with
iron-ore formation in the upper lithosphere. One can readily share the opinion
of B. Mason (86, p. 119) that “The system FeO-Fe,O; is probably the most impor-
tant metal oxide system known to Man”.

However, the determining of FeO in rocks and ores raises difficulties due
to the preparation of the samples to be chemically analysed. Oxidation can
easily take place, e.g. in the grinding, and then the content of FeO will become
too low. When sulphur is present, on the other hand, there may be a reduction
of Fe,O,, which makes the values of FeO too high.

In Table 2 the statistical data of og are given. As seen from the left side of
the table, the means of og increase as qv increases (cf. Table 1) in the rocks.
They are in fact all but proportional. The means of og in the basic rocks (basalts
and gabbros) are 77.5—79.1. The highest value is reached by the rhyolites
(87.4). For comparison it should be mentioned that the og-value of magnetite
is 88.9.

The right side of Table 2 contains the r-values. The figures of r _ . have
been discussed above. The correlation coefficients of og and mc are negative
with the exception of the Rapakivi granite. The numerical values are low and
some of them approach zero. Also the two other r-values, r, ., and r, .,
show undecided tendencies and several values approach zero. Apart from the
significant r,, ., the other r-values illustrating the relationship between
og and mc,kn and mf respectively, are of minor importance on the whole.

Fig. 3 shows the frequency distribution of og in the igneous rocks and the
glacial clays.
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Table 2. Degree of Oxidation (og).
0, r-values
N g M| & [2000

min [max M og,mc |og,mgf| og,kn | og,mf
Igneous rocks
Average:
Peridotites............... 40| 67.5| 85.2| 76.2| 5.6| 7.4 |—o0.05/+ 0.46|/+ 0.06|+ 0.03
Gabbros................. 237|68.0] 96.0| 77.5] 5.9] 7.6 |—o0.23|+ 0.29[—o0.03|+ 0.26)
Diorites................. 237| 68.0] 96.0| 78.9| 5.6} 7.1 |-—o0.15/+ 0.39|+ 0.02|+ 0.17
Granites................. 172|68.0| 96.0} 80.9] 6.6| 8.2 |—o0.02|+ 0.41|+ 0.12|+ 0.14
Basalts.................. 64 70.7197.71 79.1] 6.2 7.9 |—o0.54]+ 0.30]+ 0.43|+ 0.10
Andesites................ 181|67.4/99.1| 85.1f 6.3 7.4 |—o0.09{+ 0.57|+ 0.01{+ 0.01
Rhyolites ............... 62/ 67.7(98.7/87.4] 8.4] 9.6 |—o0.15/4 0.40[+ 0.15/—0.39
Sweden:
Gabbros................. 22| 70.0| 84.0| 76.6| 3.9| 5.0 |—o0.02] — |—o0.33— 0.07
Diorites.............u... 36| 68.0| 90.4]| 80.1| 5.9| 7.4 |—o0.27] — |+ 0.25|+ 0.80
Granites................. 120| 68.0| 96.0| 83.1| 6.2| 7.4 |—0.12| — |—o0.13]+ 0.16
Leptites. . .......... ... 159| 67.798.0[ 81.2[ 7.3| 9.0 |—o0.12|+ 0.14|/+ 0.13—o0.13
Other regions:
Rapakivi granites (Finland)| 33|69.1|90.1}75.6| 4.3] 5.7 |+ 0.64]+ 0.28/—0.16/+4 0.18
Volcanic series (Hawaii)..| 43|70.4/99.4]78.8] 6.6| 8.4 |[—o0.36{+ 0.17}—o0.03(+ 0.51
Sediment
Glacial clay (Norway)....| 8o|71.7|92.9|82.2| 4.0| 4.9 |+ 0.01|+ 0.39|+ 0.05|+ 0.19

Table 3. The Ratio MgO/CaO (mc).
mc r-values
N M g | 1000

min | max M mc,mgf| mc,kn | mc,mf
Igneous rocks
Average:
Peridotites............... 40{ 63.4{100 89.1| 10.3] 11.5| + 0.14) + 0.31| —0.44
Gabbros................. 224| 10.0| 90.0| 46.0| 13.3| 28.9( + 0.31| 4+ 0.08| + 0.06
Diorites................. 237| 4.8] 73.1| 42.6( 10.3| 24.2| + 0.49| —O0.02| —0.16
Granites................. 219| 10.0| 85.0| 36.3| 13.0| 35.8| + 0.45| 4+ 0.13| —o0.01
Basalts.................. 64| 19.0| 72.0| 44.7| 10.5| 23.5| + 0.57| + 0.19| —0.17
Andesites................ 181/ 15.2| 66.0( 38.1] 9.3| 24.4| + 0.42|—o0.14|—o0.16
Rhyolites................ 63| o [100 30.4| 20.2| 66.4| + 0.40| 4+~ 0.15| + 0.10
Sweden:
Gabbros................. 25| 15.0f 80.0] 50.1| 15.7] 31.4 — |—o.14| + o.51
Diorites. ................ 36| 21.6] 76.4| 45.8| 11.9] 25.8 — —o0.06|—0.38
Granites................. 120| 10.0| 85.0| 36.4{ 12.9] 35.4 — —o0.14|—0.32
Leptites. ................ 159 2.o|100 54.4| 25.5( 47.0] + 0.46| + 0.33| —o0.01
Other rvegions:
Rapakivi granites (Finland)| 29| 4.6] 46.2| 19.8| 10.9| 55.0| 4+ 0.94|{—o0.07| + 0.22
Volcanic series (Hawaii)..| 43|17.4| 77.9| 47.0| 12.1]| 25.8| 4 0.68| —o0.45| —o0.44
Sediment
Glacial clay (Norway)....| 80|42.6| 78.0| 60.6| 8.3| 13.6| + 0.15| + 0.42|—o0.13
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Table 4. The Ratio MgO/FeO (mgf).

N mgf » B 100G r-values

min | max M mgf,kn|mgf,mf
Igneous rocks
Average:
Peridotites................ 40 | 62.0 | 94.3 | 81.8 9.9 [ 12.1 |—o0.32| 4 0.61
Gabbros.................. 236 | 14.0 | 96.5 | 65.2 | 14.8 | 22.7 | —o0.19| 4 0.37
Diorites. .......covvvuen.. 276 | 23.8 | 90.8 | 59.8 | 10.6 | 17.8 [—o0.02| + 0.04
Granites.................. 245 1.1 | 90.5 | 45.5 | 17.0 [ 37.4 | —o0.09| 4 0.04
Basalts................... 107 32.0 86.5 66.7 II.6 17.4 | + o.19| —o0.01
Andesites............... 166 | 17.7 | 97.0| 60.9 | 13.8 | 21.7 | —o0.02|—o0.01
Rhyolites................. 57 4.0 | 92.8 | 43.2 | 2I.0| 47.5 | + 0.06|—o0.10
Leptites (Sweden) ........ 159 9.1 | 98.0 | 56.5 | 20.0| 35.4 |—o0.01|—0.03
Other regions:
Rapakivi granites (Finland)| 33 3.6 | 46.1 | 16.7 | 11.0 | 65.9 | —o0.09| -+ 0.16
Volcanic series (Hawaii)...| 43 | 23.0| 84.6 | 58.0 | 15.5 | 26.7 | —o0.43]—0.37
Sediment
Glacial clay (Norway) ..... 80 | 51.0| 75.0 | 62.6 4.9 | 7.8 |- o0.01|+ 0.25

The Ratio MgO/CaO (mc). As mentioned earlier there is reason to presume
that mc decreases as qv increases during the endogene development of a crystal-
" lizing magma. As discussed above mc is antibatic to qv and og respectively.
As seen from the right side of Table 3, 1, ., and r, ., show undecided
tendencies and several of the r-values approach zero. In fact, there seems to
be but little relationship between the quantities in question.

Turning to the left side of the table, we find that the coefficient of dispersion,
v1z. 100 /M, has become considerable, showing an increasing tendency as
qv increases in the igneous rocks.

In the histograms of the frequency distribution of mc (fig. 4) the tendency
mentioned is illustrated. Special attention should be paid to the histograms
of the leptites of Sweden and the rhyolites of the world.

The Ratio MgO/FeO (mgf). In petrology it is well known that the magnesium-
bearing minerals are among the first to crystallize in a cooling magma. Thus
magnesium-bearing olivine forsterite is formed earlier than iron-olivine faya-
lite. According to V. M. Goldschmidt this is due to the difference in ionic radius
of Mg+ (0.78 A) and of Fe?* (0.83 A). He writes (45): ““If there is some small
difference of ionic radius, the bond is weakened for the larger ion; therefore
the melting point of iron olivine is lower than that of magnesium olivine, and
the larger ion is concentrated in the mother-liquor as compared with the smaller
ion according to the fusion diagram found by Bowen and Schairer.”

Table 4 contains some statistical data of mgf. As seen in the left side of the
table, the means of mgf decrease as qv increases, in agreement with what was
mentioned above and similar to the trends of mc. It is to be noted that the
dispersion of mgf is greater than that of mc (cf. Table 3).
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Table 5. The Ratio K,0/Na,O (kn).

kn
N M ] 09 Tkn, mf
min max M

Igneous rocks
Average:
Peridotites................ 27 o 100 33.2 23.2 70.1 | —o.14
Gabbros.................. 224 1.0 90.0 19.4 12.1 62.5 | —o.11
Diorites. ........... ...t 269 3.8 78.6 27.8 14.3 51.5 | <+ o0.19
Granites.................. 219 10.0 Q0.0 46.0 13.2 28.8 + o.10
Basalts................... 64 7.0 55.0 26.0 I1.2 43.0 | +o.11
Andesites...........oo 174 I1.0 72.6 28.2 I1.1 39.3 | + o0.03
Rhyolites................. 64 4.0 96.0 48.9 18.1 37.0 | + 0.04
Sweden:
Gabbros.........c.coven.. 25 1.0 40.0 16.5 10.2 61.8 | - o0.08
Diorites...........coovnnn 32 0.4 91.0 29.7 17.3 58.3 | + 0.40
Granites.................. 120 [ 90.0 49.6 15.2 30.6 | + 0.14
Leptites. ................. 158 1.0 96.0 44.8 28.9 64.5 | + 0.04
Other vegions:
Rapakivi granites (Finland)] 29 38.0 69.0 55.3 5.4 9.8 | —o0.40
Volcanic series (Hawaii)...| 43 3.6 34.9 17.4 6.0 34.5 | + 0.30
Sediment
Glacial clay (Norway)..... 8o 37.0 68.0 56.0 6.1 10.9 | +o0.17

The r-values calculated (the right side of the table) show, on the whole, trends
similar to those found for mc, but it should be noticed that the correlations
in question are feebler than the corresponding ones of mc. Further, the tendency
noted for r., .., that the numerical values decrease as qv increases, is not
so decided in the case of mgf.

The correlation between mgf and some of the ferrides is of great importance
and will be mentioned later (see pp. 126—127).

Fig. 5 below contains the histograms showing the frequency distribution of mgf.

The Ratio K,O/Na,0 (kn). Table 5 above shows the statistical data of kn.
Turning first to the left side of the table, we find that the means for kn in the
igneous rocks increase comparatively rapidly as qv increases, in agreement
with petrological experience. The dispersion is rather high. The lowest value
is shown by the Rapakivi granites of Finland (9.8). The glacial clay of Norway
is low too (= 10.9). In the other rocks, however, the coefficient of dispersion,
100 /M, is 28.8—064.5. Here one notes the tendency towards decreasing values
of the coefficient in question as qv increases. This does not correspond to the
tendency of the numerical values of r_,,,. Thus, there seem to be factors
other than the dispersion influencing the r-values.

The undecided tendency of the r-values of kn, mc and kn, og has already
been mentioned. The correlation kn,mf will be discussed in connection with
the ratio below.
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Table 6. The Ratio Mn/Fe (mf).

mf .
N M 5 100 0
min max M
Igneous rocks
Average:
Peridotites.................. 21 o 9.25 2.5 2.4 97.0.
Gabbros............ ... 82 0.13 17.40 3.2 3.0 93.5
Diorites............. ... ... 147 0.43 13.75 1.8 2.3 128.0
Granites............co...... 158 0.16 31.81 7.0 6.2 89.0
JlBasalts............. o 63 o 7.53 1.8 1.0 15.5
Andesites.............. ... 174 0.22 29.5 2.2 1.0 45.3
Rhyolites................... 52 o 30.0 6.4 7.2 113.0
Sweden:
Gabbros.................... 15 0.88 27.6 4.4 6.6 150.0
Diorites. ... ..., 15 o 7.2 2.4 2.3 95.0
Granites.................... 118 o 34.7 5.6 4.5 80.0
Leptites.................... 120 o 31.0 3.5 4.6 131
Other regions:
Rapakivi granites (Finland). 29 0.42 2.58 1.3 0.6 41.9
Volcanic series (Hawaii)..... 43 o 9.15 2.8 2.1 75
Sediment
Glacial clay (Norway) ....... 8o 0.68 2.95 1.6 0.5 31.2

In fig. 6 the histograms illustrate the distribution of the ratio kn in the
igneous rocks. It should be noted that the kn-distribution in granites is more
regular (approaching a normal frequency distribution) than in the basic mem-
bers of the igneous rocks. Further, the distribution of kn in the ore-bearing
leptites of Central Sweden shows a considerable dispersion towards the extreme
kn-values.

The Ratio Mn|/Fe (mf). Unfortunately our knowledge of the distribution
of manganese in minerals, rocks and sediments is very scanty, and difficulty is
experienced when dealing with the ratio mf. However, some statistical data
of the ratio mf are presented on the basis of the analyses available, but the
results should be treated with discernment.

The left side of Table 6 again contains the figures of the means and the
dispersion of mf. As regards the means we find that they vary in a very
peculiar manner in relation to the corresponding means of qv (cf. Table 1).
Thus, the gabbros show higher means than the diorites, and the means of the
granites increase quite considerably. A similar trend is found in the effusive
rock series. Thus, the basalts and the andesites have approximately the same
means, but in the rhyolites it has increased to a value about three times that
of the aforementioned rocks. Now, if this be a common tendency in the upper
lithosphere, the ratio mf can reach considerable values only in the most salic
rocks. The basic rocks have an average ratio of mf approximately equal to the
average of the upper lithosphere, about z.o.
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Let us now turn to the pre-Cambrian rocks of Fennoscandia. The average
contents of iron and manganese respectively have been estimated by Clarke
and Washington (15). They are 4.98 per cent Fe and 0.108 per cent Mn, and
the ratio mf thus 2.2. However, the authors mentioned make the following
comments on the average composition of the igneous rocks of Fennoscandia:
“This average is no doubt fairly representative of the Fennoscandian area,
although the abundant granitic rocks are possibly too little represented.”

If the analyses available of the igneous rocks of Sweden (72) are represen-
tative, and if we bear in mind the abundance of granites in this part of Fenno-
scandia, we arrive at a probable value of the ratio mf approximately = 5,
which is in very poor agreement with the corresponding average value of Fenno-
scandia as estimated by Clarke and Washington in their paper quoted above.
Again, it is advisable to be very careful with the analytical data of manganese.

The difficulties in estimating the means of mf will be plain when taking
into account the coefficients of dispersion. They are considerable and may
influence the estimations in question. '

On the right side of Tables 1—5 are found the correlation coefficients. The
tendency is undecided. In this connection only one coefficient should be men-
tioned, r,;,,. In most cases it is positive, but the numerical values approach
zero. On the whole there seems to be no indisputable correlation between the
two ratios in question. The author would like to draw attention to the feeble
or non-existent correlation between kn and mf in the leptites of Central Sweden,
a geochemical feature which should be taken into account when dealing with
the relation between the manganiferous iron ores of the region in question,
on the one hand, and the potassium-bearing leptites in the same region, on the
other.

In fig. 7 is shown the frequency distribution of mf in the igneous rocks.
The histograms illustrate the tendency of mf to “spread” in the salic rocks.
The histograms illustrate, too, the extremely asymmetric form of the distribution.

The Iron Ores of Central and Northern Sweden.

The statistical data on the Swedish pre-Cambrianiron ores willnow be presented.
The ratios calculated are the same as those of the igneous rocks. Unfortunately
there are no data available concerning the content of alkalies in the iron ores
of Sweden, so that a discussion on the ratio kn must be deferred. Neither can
the ratio mgf be discussed for evident reasons. Some comments will be made
on the tables containing the statistical data. In the first column are found the
ore types investigated. The first line shows the means of the iron ores of Central
Sweden. The calculations cover 1,600 analyses distributed over 214 mining
fields. Thus N = 214, for it would be incorrect from a statistical point of view
to make the calculations on the basis of N = 1,600 as the number of analyses
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Table 7. The Quarts Ratio (qv).

. qv M| T s 1000 r-values

min {max M qv,mc | qv,og | qv,mf
Iron Ores of Central Sweden:
Average of the Region...... 214 o [100 [56.5|55.0f 6.7] 11.9]/4 0.02|4 0.52|— 0.62
Quartz ores (not banded), avg.| 38 | 50 | 96 | 74.2]92.5] 14.8| 20.0/—0.38(+ 0.53(—0.35
Quartz ores (banded), avg....| 51 | 47 | 94 |81.9|83.5] 9.6/ 11.7/—o0.06]—o0.25|—o0.05
Skarn and lime ores,
(mf<2)avg. .......cooun.n 52 | 17 | 74 |51.2]47.5/ 11.0| 21.5/+ 0.08|+ 0.20]—0.15
Skarn and lime ores
(mf>2) avg. ... 29 6 | 74 | 36.8} 42.5[ 19.7| 53.5]— 0.15|+ 0.35—0.78

Apatite ores (Grangesberg)...| 34 | 37 | 79 |54.1|52.5| 9.2/ 17.0|+ 0.16]—0.09|—0.29

Swedish Ore Fields:
Bispberg (quartz ore) ....... 78 | 56 | 98 |79.8/92.5| 13.1] 16.8]—0.48|+ 0.21f]—o0.17
Striberg (quartzbanded ore)..| 55 | 54 | 97 |82.3]92.5| 14.2| 17.3]—0.57|+ 0.48—o0.23
Persberg (skarnoremf < 2)...] 32 | 16 | 59 | 44.6| 52.5| 1T.0| 24.6{+ 0.31] o0 [—o0.64
Bjérnberget (skarn ore mf < 2)| 25 | 12 | 66 |29.6|17.5] 18.3]61.8|+ 0.94]— 0.07]—0.57
Dannemora  (skarn-dolomite

ore mf> 2)................ 92 5 | 60 [34.8/37.5| 11.8| 34.0|+ 0.28/—0.04|—0.58
Klackberg (skarn-dolomite ore

mi>2).......00iii... 37 o | 21 [11.4] 7.5 4.4]|39.0|+ 0.22]+ 0.51]—0.38
Kiirunavaara (apatite ore)...| 24 | 38 | 75 [ 52.4]47.5] 8.6/ 16.5]+ 0.08{+ 0.27[—o0.18
Gillivare (apatite ore)....... 58 | 26 | 76 | 54.1]62.5| 13.4| 24.5|— 0.03|+ 0.37|—0.28

from the various mining fields varies. In order to avoid the overemphasizing
of some ore fields and ore types, the mean of each mining field is taken as the
unit. The other N-values of the tables represent the number of single analyses
involved in the calculations, but it should be mentioned that each single ana-
lysis represénts an average sample.

In the upper part of the tables, the figures for the various ore types are
presented. The lower part shows the figures from some ore fields representative
for the region. In the iron ores of Sweden the quantity T is calculated, viz.
the arithmetic mean of the class-interval representing the maximum frequency.
The quantity is called ‘the mode’.

The Quartz Ratio (qu). It is plain that the quartz ratio will vary in iron ores
from regions representing so many chemically different iron-ore types. As seen
from Table 7 the variance of M is 11.4—82.3 and of T 7.5—9z2.5. The dispersion
varies, too, and is quite high in some cases (100 o/M = 1I.7—61.8).

It should be observed that the contents of SiO, and CO; are antibatic. Thus,
increasing qv corresponds to the decreasing content of carbonate, especially
within the qv-values o to 50. This fact is of importance with reference to the
distribution of certain minor constituents, and especially influences the ratio
mf, which will be discussed later.

The ore types investigated represent the most predominant pre-Cambrian
iron-ore types in Sweden and the mean of qv varies approximately between
oand 100. Thus, the ratio qv in the iron ores is the basis to which the other ratios
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Fig. 8. Histograms of the percentage frequency distribution (ordinate) of the quartz ratio
qv (abscissa) in some Swedish iron ore types.

should be referred, as in the case of the igneous rocks as mentioned before.
From this point of view the distribution of the major constituents in the iron
ores, on the one hand, and in the igneous rocks, on the other, will be discussed
and compared.

As regards the r-values of qv, some features should be emphasized. Taking
the iron-ore bearing region of Central Sweden as a unit, where the iron ores
certainly are chemically differentiated but — at any rate primarily — syn-
genetic to the leptite formation, the figures representing the averages of the
region may be of interest. Thus, r, .. for the region approaches zero. This lack
of correlation between qv and mc will be plain upon observing the tendency of
T,y me in the various iron-ore types and ore fields investigated. The correla-
tion coefficient in question varies between — 0.57 and + 0.94. Further, we
find that the ore types with the highest qv-values have negative r., .. The
skarn and lime ores show an undecided tendency on the whole, but all the ore

g

8
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Table 8. Degree of Oxidation (og).

o r-values
N g M| T | o |2

min |{max M og,mc | og,mf
Ivon Oves of Central Sweden:
Average of the Region......... 213 | 75 |100 | 89.8| 88.9 | 3.5{ 3. o |—o.53
Quartz ores (not banded) avg....| 37 | 81 | 99 | 92.8| 99.0 | 4.5] 4.8|—o0.19]-—o0.42

(88.9)

Quartz ores (banded)avg. ...... 51 | 89 | 99 | 96.2| 96.2 | 2.5| 2.7|—o0.23|4- 0.14
Skarn and lime ores (mf < 2) avg.| 58 | 87 [ 99 | 89.1| 88.9 | 1.5 1.7|+4 0.15|+ 0.29
Skarn and lime ores (mf > 2) avg.| 30 | 67 | 96 | 87.0| 88.9 | 5.0| 5.7|+ 0.09]—0.49
Apatite ores (Grangesberg)...... 34 | 84 | 97| 91.7| 91.5 | 2.9| 3.2|—0.25|-—o0.08
Swedish Ove Fields:
Bispberg (quartz ore, not banded)| 78 | 85 [ 96 | 91.0| 88.9 | 2.1| 2.3|-- 0.05|4 0.11
Striberg (quartz ore, banded) ...{ 55 | 87 {100 | 95.0] 97.5 | 4.1| 4.3|—0.57]—0.44
Persberg (skarn ore, mf << 2) ...| 32 | 88 | 89 | 88.7] 88.9 | 0.3] 0.4|+ 0.02[-—0.23
Bjornberget (skarn ore mf < 2)..| 2: 88 | 9o | 88.9| 88.9 | 0.4| 0.5]— 0.04/—0.06
Dannemora (skarn-dolomite ore
mf> 2).... .. il 92 | 8 | go | 88.3] 88.9 | 0.8]| 0.9|]—0.32|+ 0.22
Klackberg (skarn-dolomite ore
mf> 2)...... .ol 37 | 83 | 88.] 86.3| 86.5 | 0.9| 1.1+ 0.15|—0.6%
Kiirunavaara (apatite ore)......| 24 | 89 [ 93 | 90.1| 9o.1 | 9.5(10.6|—o0.37]+ 0.15
Gillivare (apatite ore).......... 58 | 87| 98 | go.1| 88.9 | 2.5| 2.8|—o0.15]-—0.24

fields in which this ore type dominates have a positive r, ... The apatite
iron ores (including the ore fields in Northern Sweden) show r-values approaching
zero.,

The correlation qv,og will be examined in connection with a discussion on
the ratio og below.

Turning to r_, ., we find a decisive tendency: the r-values are all negative.
This tendency holds good for the whole region of Central Sweden as well as
for the various ore types examined.

In fig. 8, histograms show the frequency distribution of qv in some of the
iron ores, and in Central Sweden as a whole.

Degree of Oxidation (og). The degree of oxidation is a function of the
ratio Fe,04/FeO. Consequently the og-values depend on the frequency of the
two ore-forming minerals, magnetite and hematite respectively.

In Table 8, M and T indicate which of the two minerals mentioned dominates
in the various ore types (og of pure magnetite is 88.9 and of pure hematite 100).
The dispersion is low for reasons easily understood. In this connection, it should
be observed that the og-values of iron ores are higher than those of igneous
rocks with corresponding qv-values.

The most significant trend is the correlation between the means of qv and
og in the pre-Cambrian iron ores of Sweden. They are all but proportional
(Cqvimogen = + 0.99). This geochemical feature agrees with that of the
igneous rocks.
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Fig. 9. Histograms of the percentage frequency distribution (ordinate) of the degree of
oxidation og (abscissa) in some Swedish iron ore types.

The correlation between og, on the one hand, and the other ratios, on the
other, is rather irregular. Thus, L is positive in some cases but negative
or zero in others. This may be due to the metamorphic processes — including
reduction or oxidation — which the iron ores have undergone. As regards
Lo me and T og mi the tendency is undecided, as seen from Table 8.

The histograms showing the frequency distribution of og are characterized
mainly by the frequency of the predominant ore mineral, as illustrated in fig. 9
above.

The Ratio MgOiCaO (mc). The statistical data of this ratio can be summa-
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Table 9. The Ratio MgO/CaO (mc).

M| M| T | ¢ [0
. mc, mf]
min | max M

Ivon Ores of Central Sweden:
Average of the region.......... 214 o | 100 | 54.5 | 55.0 9.5 | 17.4 |—o.15
Quartz ores (not banded) avg. ..| 38| 12 79 | 49.4 | 47.5 | 16.2 | 32.8 [+ 0.20
Quartz ores (banded)avg. ...... 51 o 66 | 39.9 | 37.0| 15.4 | 38.7 |—o0.15
Skarn and lime ores (mf < 2) avg.| 52| 17 91 | 52.7| 67.0| 20.2 | 38.3 |—o0.14
Skarn and lime ores (mf > 2) avg.| 29 o 93 | 55.6 | 47.5 | 17.5 | 31.4 |+ 0.13
Apatite ores (Grangesberg)...... 34] 49 o1 | 68.1 | 67.5 9.4 | 13.9 |-+ o0.36

Swedish Ore Fields:
Bispberg (quartz ore, not banded)| 78| 20 97 | 59.5 | 62.5 | 17.1 | 28.8 [+ 0.13

(47-5)
Striberg (quartz ore, banded) ...| 355 o | 100 | 46.0| 37.5 | 23.1 | 50.0 [+ 0.19
(32.5)
Persberg (skarn ore mf < 2)....| 32| 42 96 | 68.9 | 72.5 | 16.9 | 24.6 |-—o0.33
Bjornberget (skarn ore mf < 2)..| 25 17 59 | 3.4 | 25.0| 12.3 | 39.0 |[—O.50
Dannemora (skarn-dolomite ore
mE> 2)......00iiiiiiii 92( 35 78 | 58.0 | 67.5 | 11.4 | 19.6 [—o0.06
Klackberg (skarn-dolomite ore
mf>2)... . 371 41 84 | 60.3 | 57.5 | 10.1 | 16.6 |+ 0.03
(67.5)
Kiirunavaara (apatite ore)...... 24| 38 8 | 63.7 ] 72.5 | 11.3| 17.7 |—o0.57
Gallivare (apatite ore).......... 58| 50 94 | 70.3 | 72.5 8.7 | 12.4 [—o.01

rized briefly. The means of mc show no correlation to the corresponding qv-
values. The correlation between mc and the other ratios is undecided. As men-
tioned before, the skarn and lime ores of Persberg, Bjérnberget, Dannemora,
and Klackberg have positive values of r_ .. The Bjornberget ore is all but
proportional as regards qv and mc (ry, ,. = + 0.94).

The histograms of the frequency distribution of mc show some peculiar
features which should be mentioned (fig. 10).

Thus, the histograms of some ore types (e.g. Persberg, Striberg) show a very
irregular or asymmetric distribution. The histogram of Persberg shows a two-
humped distribution and the banded quartz ore of Striberg a four-humped
one. It is obvious that the types of distribution mentioned are of a very complex
nature, indicating the influence of several secondary factors in the distribution
of calcium and magnesium.

The Ratio Mn|Fe (mf). As already mentioned r, . is negative in all the
cases investigated, indicating that we have to deal with a distribution principle
in this respect. H. E. Johansson has paid attention to this feature in the che-
mistry of the iron ores of Central Sweden (64), and in diagrams he has shown
that the content of carbonates in the iron ores and their content of manganese
are symbatic on the whole. Thus, the ratio mf is of a certain importance when
dealing with the origin of iron ores. ’
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Fig. 10. Histograms of the percentage frequency distribution (ordinate) of the ratio
MgO/CaO mc in some Swedish iron ore types.

Table 10 shows the statistical data of mf. The M-values vary and on the whole

depend on the corresponding qv-values (cf. Table 7). The average for mf in
- Central Sweden is approximately the same as that of the upper lithosphere,

viz. 2. The mode (T), however, is only 0.3, showing that most of the iron ores
of Central Sweden are extremely poor in manganese, 80 per cent of the ores
having values of mf < 2. The dispersion is considerable. The correlation coef-
ficients have been examined earlier.

The histograms showing the frequency distribution of mf are found in fig. 11
below.

The frequency distribution of mf in the iron ores of Central Sweden, illustrated
in the left histogram, is characterized by the maximum frequency of iron ores
poor in manganese. Thus, the distribution shows an extremely asymmetrical
J-shaped form, approximately of the same type as that of the salic igneous
rocks (cf. fig. 7). Upon classifying the iron ores of Central Sweden into two
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Table 10. The Ratio Mn/Fe (mf).

N mt M| T o [10€
min | max M

Iron Orves of Central Sweden:
Average of the region............ 212 o 12.0 2.0 | o.3 2.8 |145.0
Quartz ores (not banded) avg. .. .. 37 o.1 0.8 0.3 | o0.2 0.2 60.6
Quartz ores (banded)avg. ........ 51 o 0.6 0.2 | o.r 0.1 56.5
Skarn and lime ores (mf < 2) avg. 2 o.1 1.2 0.5 0.3 0.3 54.0
Skarn and lime ores (mf > 2) avg.| 30 2.1 12.0 5.7 | 2.5 2.9 5I.0
Apatite ores (Grangesberg)........ 34 o.1 1.1 0.3 | o.15 | 0.2 69.4
Swedish Ove Fields:
Bispberg (quartz ore, not banded).. 2 o 0.7 0.2 | o.o5 ] o.1 74.0
Striberg (quartz ore, banded)...... 55 o 0.6 0.2 | o15]| o.1 63.0
Persberg (skarn ore, mf < 2)...... 32 0.1 0.7 0.4 | 0.35| 0.2 37.3
Bjornberget (skarn ore, mf < 2)...| 25 0.2 I.1 0.5 0.3 0.2 46.7
Dannemora (skarn-dolomite ore, ‘
mE>2)...... . il 92 0.6 12.0 3.5 3.0 1.9 55.3
Klackberg (skarn-dolomite ore,
mf>2)....... il 37 6.3 II.o 8.7 | 9.0 I.2 13.9
Kiirunavaara (apatite ore)........ 24 0.1 0.3 0.1 0.15 | 0.05 | 36.7
Gallivare (apatite ore)............ 58 0.1 0.3 0.1 0.15 | 0.06 | 40.0

groups, one with mf < 2 and the other with mf > 2, and making histograms
of the frequency distribution of mf < 2 and mf > 2 respectively, we find that
the histogram of the former shows a rather complex distribution and the latter
a very asymmetric form of distribution. This indicates that the quantity of
mf in the iron ores of Central Sweden is regulated by many factors, the presence
of carbonate ions being one of them. The other histograms in fig. 11 show
J-shaped or extremely assymetrical forms.

The Liassic Iron-bearing Series of Southern Sweden.

Thanks to important pioneer work on the geochemistry of the above formation
by Sven Palmqvist (96), our knowledge of the geochemistry of sedimentary
iron ores has been enriched considerably. On the basis of a great number of
chemical analyses by Palmqvist, the present author has made statistical com-
putations with the aid of the same methods as used before. The statistical data
of the iron ores of Southern Sweden are presented in Table 11 below. The upper
part of the table contains the data on the whole region and the lower part
the data from a sampling of pure sideritic ores.

The Quartz Ratios qu and quvs. According to Palmqvist (96, p. 16) silicic acid
occurs in the iron ores in the form of SiO, (sand), Al-silicates as clay and in
the form of some iron-aluminium silicates. As it may be important to know
the statistical data, both for the bulk of SiO, and for the SiO, found only in
silicates, the author has calculated two qv-quantities, qv and qvs. Thus, qv
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Table 11. The Liassic Iron-bearing Series in Southern Sweden.

A. The Whole Region.

r-v

Ratio| N |x . [*pin| M o |19 alues

M qv qvs mc og kn mif
qv 60 | 83 7 27.6| 21.3| 77.2 — |+ 0.70|+ 0.43|+ 0.78/— 0.20]—0.45
qvs 60 | 97 12 52.2| 29.2| 56.0 [4 0.70] — |+ 0.24|-4 0.54—o0.21]—o0.30
mc 60 | 88 0.7| 29.2| 16.3] 55.9 |+ 0.43|+ 0.24] — |+ 0.34/—0.06|—o0.27
og 60 | 96.7| 67.2| 73.4] 6.3 8.6 |+ 0.78/--0.54/4+ 0.34] — |—o.11—o0.34
kn 59 (100 71 84.8| 4.5 5.3 |—O0.20[—o0.21]—o0.06]—o0.11] — |+ O.04
mf 60 1.8 O 0.7| 0.4| 54.0 |—O0.45—0.30/—0.27]—0.34|4 0.04] —

B. Pure Sideritic Ores.

r-values

Ratio| N |Xpax|*min| M | © I‘;‘/’[“

qv qvs mc og kn mf
qv 22 | 83 8 21.4| 21.5|100.5 — |4 0.96|4 0.68|+ 0.99|— 0.19]—o0.20
qvs 22 | 84 12 28.2| 20.9| 74.1 |4 0.96] — |4 0.32|-} 0.96|—0.03/—0.28
mc 22 | 55 8 27.0| 12.4( 45.8 |+ 0.68/+ 0.32] — [+ 0.63]—0.25—0.41
og 22 | 96.7( 67.8( 73.3} 8.2| 1I.2 |+ 0.99|+ 0.96{4 0.63] — |—o0.11]—0.38
kn 22 [100 75 83.1 5.7 6.8 |—o.19]—0.03—o0.25}—o0.11] — [+ 0.08
mf 22 1.8 0.3 0.9| 0.4| 48.5 |—o0.20—0.28/—0.41/—0.38/+ 0.08] —

represents the ratio where sand is excluded, and qvs where sand is included in
the calculation of the quartz ratio.

As seen from Table 11, the two means for qv are relatively low and only a
little higher in the region than in the sideritic ores. The mean for qvs in the
whole region, on the other hand, is much higher than qvs of the sideritic ores,
where qv and qvs are approximately equal. The dispersion of both qv and qvs
is fairly high: 56.0—100.5 per cent.

It is of interest to study the correlation coefficients of qv and qvs. Tyv.avs
is high. In the region r . is + 0.70 and in the siderites the coefficient is
+ 0.96. In general the numerical values of r_, are greater than those of r ..
There are two exceptions. The correlation coefficients r ., and r . ., are
approximately equal for the whole region. Further, the numerical value of
Tyeme (— 0.28) is slightly higher than of r .. (— 0.20). In some cases the
differences between the r-values of qvand qvs are considerable. Thus, e.g. 1y, 1
in the sideritic ores is + 0.68 but r . is only + 0.32 in the same ore type.

As regards the correlations qv,mc and qvs,mc, we find that they are all
positive. This trend is similar to that found in the skarn and lime ores of Central
Sweden, 7.e. at Persberg, Bjérnberget, Dannemora, and Klackberg (cf. Table #).
On the other hand it is contrary to the tendency found in the igneous rocks,
where r is almost always negative.

qv,mc
The correlations qv,og and qvs,og are positive, too, and the r-values can
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reach appreciable amounts and approach proportionality (e.g. 1y, ,, in the
sideritic ores, which is 4+ 0.99).

In the sedimentary iron ores of Southern Sweden Ty and o p, are
low with a negative sign. The correlation in question may be regarded as
doubtful.

Finally, r, .. and r,, . are negative and the numerical values can be
regarded as medium for the region and medium to feeble in the sideritic ores.
This is in full agreement with the trends of the pre-Cambrian iron ores of Central
Sweden.

The Ratio MgO/CaO (mc). The mean value for mc is 29.z for the whole
region and 27.o for the sideritic ores. Compared with the.means of mc in the
iron ores of Central Sweden, the figures are lower, the lowest value for the
latter region being 31.4 (Bjornberget). The dispersion is approximately the
same for the two regions in question. ' :

" The correlation coefficients of mc are higher in the sideritic ores than in the
region. Thus, r, . in the sideritic ores is + 0.63, and in the whole region
-+ 0.34. The wvalues for Tpckn 1€ — 0.25 and — 0.06, respectively, and for
Tpeme — 0-41 and — 0.27, respectively.

Degree of Oxidation (og). Due to an excess of FeO the degree of oxidation
is comparatively low. The mean is about 73 and much lower than the means
of the igneous rocks and the pre-Cambrian iron ores of Sweden. The dispersion
is not remarkable. The correlation coefficients — not discussed before — are
unimportant. ‘

The Ratio K,O/Na,0O (kn). This ratio is of a certain importance, giving an
idea of the distribution of the two principal alkalies in marine sedimentary
iron ores. The mean of kn — in the whole region as well as in the siderites —
is high, 84.8 and 83.1 respectively. This is a good illustration of the well-known
fact that potassium becomes adsorbed in marine clay (and iron-bearing) sedi-
ments. The dispersion of kn is low.

The correlation coefficients in which kn is one of the Varlables have relatively
low numerical values and some of them are almost zero. The non-correlation
between kn and mf (4 0.04 and -+ 0.08 respectively) should be emphasized
in this connection. Thus, we are dealing with an iron-bearing sedimentary
formation where an iron ore poor in manganese has been formed in a milieu
containing an excess of potassium (kn > 83).

The Ratio Mn|/Fe (mf). The mean of the ratio mf is far below the mean for
the upper lithosphere, which is approximately 2. Thus the mean for the whole
region is 0.7 and for the sideritic ores o.9.

As mentioned above, the iron ores of Southern Sweden are mainly carbonate
ores poor in manganese, but nevertheless the correlation between mf and qv
is negative, as in the case of the pre-Cambrian iron ores of Central Sweden.
It should be observed, however, that there are carbonate ores poor in manganese
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Table 12. Titaniferous Iron Ores.
. i 100 0 . ..
N Xmin Xmax M o i Correlation coefficients
Ratio:
qv 33 4 82 47.2 16.2 34.3 - + o0.13
og 33 69.2 R0. 4 83.2 290.4 35.3 Tqv,og + 0.17
mc 33 12 100 6I.4 22.0 35.8 Tqv,mgt — 015
mgf 33 0.4 66 17.5 16.3 93.5 Tqukn  0-05
kn 21 o 83 241 20.5 85.0 T4y mf + 0.35
mf 33 o 5 1.3 1.36| 104.0 ’
MgO | FeO | Fe,0,| TiO,
Oxide:
MgO 33 o.1 18 4.3 4.12| 96.0 — |—o0.3 |—o0.6 |4 0.25
FeO 33 10.5 34.6 25.3 6.6 26.1 |—o0.3 — |+ 0.4 o
Fe,O4 33 1.4 65.3 31.6 15.8 50.0 [—o0.6 |+ 0.4 — |—o.35
TiO, 33 I.0 18.5 7.5 5.7 76.0 |+ 0.25] o |—o0.35] —

in Central Sweden, too. The ratio mf certainly increases as qv decreases (viz.
as the content of carbonate increases), but it should be kept in mind that the
magnitude of mf is also dependent on the magnitude of mf in the primary
source of the sediment in question and on the physico-chemical conditions
during the transport and during the precipitation. '

Titaniferous Iron Ores.

Table 12 presents some statistical data on the titaniferous iron ores. The
calculations are based on analyses of titaniferous iron ores in Washington’s
work (120) and in that of J. Singewald Jr (x08). Thus, most of the analyses
are from deposits in the United States.

The Quartz Ratio (qu). The quantity qv varies considerably, as seen from
the standard deviation. The mean of qv corresponds to the basic members of
the skarn ores and the apatite iron ores in Sweden.

The value for rg, .. is positive and the correlation is feeble between the
two quantities. It should be observed that the corresponding r-value for the
igneous rocks is negative and rather high.

The Ratio MgO/CaO (mc). There is an evident excess of MgO in these ores
and the mean is > 50, but the amplitude is fairly great.

Degree of Oxidation (og). The og-value is comparatively low due to the
excess of divalent iron significant for this ore type. The correlation qv,og is
positive but quite feeble.

If the og-value is plotted in the diagram in fig. 16 the titaniferous iron ores
are found to fall between the igneous rock series and the Swedish iron-ore
series represented in the upper curve.

The Ratio MgO/FeO (mgf). The mean for this ratio shows a strong exceéss
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of bivalent iron, which is quite natural since the formation of the titaniferous
iron ores occurs in a stage of development in the endogene phase where most
of the magnesium content has already crystallized. In this connection it should
be observed that iron becomes enriched in a lafer stage of development than
magnesium, but the enrichment does not take place in the residual magma.
It is evidently quite incorrect in this connection to use the term ‘‘residual
enrichment of iron”’, sometimes unfortunately met with in the literature.

The Ratio K,O/Na,O (kn). The excess of sodium in this ore type is of in-
terest. There exists no relationship between the quantities qv and kn.

The Ratio Mn/Fe (mf) is of minor interest in this connection. The lower
part of Table 1z contains some statistical data on some oxides of the ores.
These data are of special interest when considering the origin of this ore type
and will be discussed later.

Summary.

The rocks and ores examined are classified on the basis of the quantity of
qv. Therefore this quantity, and its relationship to the other ratios, is of primary
importance. The correlation coefficients where qv is included (one of the vari-
ables) are consequently significant.

Although the r-values not including qv are of little importance at this stage,
some of them will be discussed later. So far we have only dealt with the correla-
tion between a single pair of variables, but in the next part of this book, the
correlation between three variables will be mentioned too (partial correlation).
It is, as a matter of fact, essential for the discussion of a possible hypothesis
to know whether a correlation observed between, say, kn and mf can or cannot
be accounted for solely by a correlation observed between kn and qv, mf and qv.

Table 13 below is a survey of the mean values of the ratios statistically com-
puted in the igneous rocks and iron ores investigated.

Fig. 12 shows the relation between the means of qv (abscissa) and og (ordinate)
in the igneous rocks and the glacial clays of Norway. As seen from the diagram,
the positive correlation, approaching proportionality, between the two means
in question is well illustrated.

The Rapakivi granites (point 11) show a slight deficiency of og. Further,
the andesites (point 5) and the rhyolites (point 6) show higher og-values than
the corresponding plutonic equivalents (the diorites and granites, respectively).
The dotted horizontal line marks the og-value for magnetite (= 88.9).

Fig. 13 illustrates the relation qv-mc. It shows the decreasing tendency of
the mc-means as the qv-values increase. However, there are three exceptions:
the leptites of Sweden (point 10) and the glacial clays of Norway (point 13)
show an excess of mc, and the Rapakivi granites of Finland (point 11) showa
deficiency of mc, as compared with the other means, which are all but inversely
proportional.
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Table 13. Survey of the M-values of qv, og, mc, mf, mgf and kn.

Rocks and ores _ qv og mc mf mgf kn
Gabbros (World)..............coovnnt. 64 78 46 3.2 65 19
Gabbros (Sweden)............. ... .. ..., 62 77 50 4.4 S 17
Diorites (World).............ooiiii.. 78 79 43 1.8 60 28
Diorites (Sweden)....................... 71 8o 46 2.4 — 30
Granites (World)........................ 94 81 36 7.0 46 46
Granites (Sweden)....................... 93 83 36 5.6 — 50
Basalts (World)................. . ... .. 73 79 45 1.8 67 26
Andesites (World)............... ... ..., 81 85 38 2.2 61 28
Rhyolites (World)....................... . 98 87 30 6.4 43 49
Leptites (Sweden)....................... 96 81 54 3.5 57 45
Rapakivi granites (Finland).............. 94 76 20 1.3 17 55
Volcanic rock series {(Hawaii)............. 67 79 47 2.8 58 |- 17
Glacial clay (Norway)...........cooonn.. 86 82 61 1.6 63 56

qvs| 52
Iron sediments (S. Sweden).............. 28 73 29 0.7 — 85
qvs| 28

Sideritic ore (S. Sweden)................ 21 73 27 0.9 —- 83
Iron ores, avg (Central Sweden).......... 58 89.8| 355 2.0 — —
Quartz ores, avg (Central Sweden)........ 74 92.8( 49 0.3 — —
Quartz ores, banded, avg (Central Sweden)| 82 96.2| 40 0.2 — —
Skarn and lime ores, mf < 2, avg » 51 89.1( 53 0.5 — —
Skarn and lime ores, mf > 2, avg » 37 87.0| 356 5.7 — —
Swedish ore fields:
Bispberg (quartz ore).................... 8o 91.0| 60 0.2 — —
Striberg (quartz ore, banded)............ 82 95.0| 46 0.2 — —
Persberg (skarn ore, mf < 2)............. 45 88.7] 69 0.4 — —
Bjornberget (skarn ore, mf < 2).......... 30 88.9| 31 0.5 — —
Dannemora (skarn-dolomite ore).......... 35 88.3] 58 3.5 — —
Klackberg (skarn-dolomite ore)........... 11 86.3| 60 8.7 — —
Grangesberg (apatite ore)................ 54 91.7| 68 0.3 — —
Kiirunavaara (apatite ore)............... 52 90.1| 64 o.1 — —
Gillivare (apatite ore)................... 54 go.1| 7o o.1 — —
Tuollavaara (apatite ore)................ 49 89.7] 8o o.1 e —

The relation between qv and mf in the igneous rocks is seen from the diagram
in fig. 14. As mentioned earlier the mean values of mf should be regarded as
uncertain, and some of the irregularly distributed dots of the means may be
accounted for by analytical errors. However, it would seem to be impossible
to draw the general conclusion that mf increases as qv increases. In fact, in
the region of qv between 60 and go the tendency of mf is a decreasing one.
In the region of qv > go, on the contrary, the distribution of mf is irregular.

Fig. 15 demonstrates the relation between qv-means and kn-means in the
igneous rocks. The means of kn tend to increase as the qv-values increase.
It should be mentioned that the glacial clay shows an excess of kn in comparison
with the other mean values.

Turning to the iron ores, the relation qv-og is illustrated in fig. 16. Here we
find trends in the relation in question similar to those found in the igneous
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Fig. 12. Diagram of the relationship between the quartz ratio qv (abscissa) and the degree
of oxidation og (ordinate) in the igneous rocks and glacial clay.
1 gabbros (avg), 2 diorites (avg), 3 granites (avg), 4 basalts (avg), 5 andesites (avg), 6 rhyo-
lites (avg), 7 gabbros (Sweden), 8 diorites (Sweden), 9 granites (Sweden), 10 leptites (Sweden),
11 rapakivi granites (Finland), 12 volcanic series (Hawaii), and 13 glacial clay (Norway).
The dotted line is the og-value for magnetite.
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Fig. 13. Diagram of the relationship between the quartz ratio qv (abscissa) and the ratio
MgO/CaO mc (ordinate) in the igneous rocks and glacial clay.

1 gabbros (avg), 2 diorites (avg), 3 granites (avg), 4 basalts (avg), 5 andesites (avg), 6 rhyo-

lites (avg), 7 gabbros (Sweden), 8 diorites (Sweden), 9 granites (Sweden), 10 leptites (Sweden),

11 rapakivi granites (Finland), 12 volcanic series (Hawaii), and 13 glacial clay (Norway).
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Fig. 14. Diagram of the relationship between the quartz ratio qv (abscissa) and the ratio
Mn/Fe mf (ordinate) in the igneous rocks and glacial clay.

1 gabbros (avg), 2 diorites (avg), 3 granites (avg), 4 basalts (avg), 5 andesites (avg), 6 rhyo-

lites (avg), 7 gabbros (Sweden), 8 diorites (Sweden), 9 granites (Sweden), 10 leptites (Sweden),

11 rapakivi granites (Finland), 12 volcanic series (Hawaii), and 13 glacial clay (Norway).
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Fig. 15. Diagram of the relationship between the quartz ratio qv (abscissa) and the ratio
K,0/Na,O kn (ordinate) in the igneous rocks and glacial clay.

1 gabbros (avg), 2 diorites (avg), 3 granites (avg), 4 basalts (avg), 5 andesites (avg), 6 rhyo-

lites (avg), 7 gabbros (Sweden), 8 diorites (Sweden), g granites (Sweden), 10 leptites (Sweden),

11 rapakivi granites (Finland), 12 volcanic series (Hawaii), and 13 glacial clay (Norway).
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Fig. 17. Diagram of the relationship between the quartz ratio qv (abscissa) and the ratio
MgO/CaO mc (ordinate) in pre-Cambrian iron ores of Sweden.

1 iron ores of central Sweden (avg), 2 quartz ores, not banded (avg), 3 quartz ores, banded

(avg), 4 skarn and lime ores with mf < 2 (avg), 5 skarn and lime ores with mf > 2 (avg),

6 apatite ore, Gringesberg, 7 quartz ore, Bispberg, 8 banded quartz ore, Striberg, 9 skarn

ore, Persberg, 10 skarn ore, Bjornberget, 11 skarn-dolomite ore, Dannemora, 12 skarn-

dolomite ore, Klackberg, 13 apatite ore, Tuollavaara, 14 apatite ore, Kiruna, 15 apatite ore,
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Fig. 18. Diagram of the relationship between the quartz ratio qv (abscissa) and the ratio
Mn/Fe mf (ordinate) in pre-Cambrian iron ores of Sweden.
1 iron ores of central Sweden (avg), 2 quartz ores, not banded (avg), 3 quartz ores, banded
(avg.), 4 skarn and lime ores with mf < 2 (avg.), 5 skarn and lime ores with mf > 2 (avg),
6 apatite ore, Gringesberg, 7 quartz ore, Bispberg, 8 banded quartz ore, Striberg, 9 skarn
ore, Passberg, 1o skarn ore, Bjornberget, 11 skarn-dolomite ore, Dannemora, 12 skarn-
dolomite ore, Klackberg, 13 apatite ore, Tuollavaara, 14 apatite ore, Kiruna, 15 apatite
ore, Gillivare.

rocks, i.e. a positive correlation between the means of qv and og approaching
proportionality. However, the og-values are higher in the iron ores than in
the igneous rocks, as seen from the dlagram, where the figures of the igneous
rocks are plotted for comparison.
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Table 14. A Survey of the r-values of qv and mc, og, mf and kn.

Rocks and ores Tgv,me Tqv,0g Tqv,mt | Tqvkn
Gabbros (World).............oooiiiiiiiiat, —o0.32 | +0.13 | —o.11 | 4 0.11
Gabbros (Sweden)........... .o, —0.63 | +-0.26 ] —o0.16 | 4 0.15
Diorites (World) . . .......cooiiiiiiii ... —o0.23 | +0.31 | +0.24 | 4+ 0.22
Diorites (Sweden).............cooiiiiiiia... —o0.18 | +0.45 | 4+ 0.21 | 4+ 0.01
Granites (World)..........covviveiiiiiiin.., —o0.06 | +o0.27 | +o0.21 | 4 0.24
Granites (Sweden)..........covvviiiiiiinne, —o0.10 | +0.12 | +0.07 | 4 0.30
Rapakivi granites (Finland).......... e + 0.28 | 4+ 0.55 | —o0.21 | 4+ 0.60
Volcanic rock series (Hawaii)................. —o0.79 | +0.54 | +0.49 | 4 0.36
Basalts (World)...........ooviiiiiiiinnn.. —o0.58 | +0.70 | +0.24 | 4 0.62
Andesites (World). .. ooveevenininnnnneennnnnn. —o0.37 | +0.42 | +0.15 | 4 0.23
Rhyolites (World). ......covviiiiiiiiiinennn.. —o0.02 [ + 0.38 [ —o0.22 { 4+ 0.16
Leptites (Sweden)............coiiviiiiiiiL. —o0.03 | +0.23 | —o0.24 | + 0.06
Glacial clay (Norway)....oveveeeuenennnnnnnn. +o0.05| +0.75| +0.17 | 4+ 0.03
Iron ores of Sweden:
Iron-bearing Liassic series, avg, S. Sweden with qvs | + 0.24 | 4+ 0.54 | —0.30 | —o0.21
+ 0.43 -+ 0.78 | — 0.45 | —o0.20
Sideritic ores, S. Sweden............. with qvs| + 0.32 | + 0.96 | —0.28 | —o0.03
-+ 0.68 -+ 0.99 | —0.20 | —oO0.19
Central Sweden, average of the region......... 4+ 0.02 | +0.52 | —o0.62
Quartz ores, not banded, avg................. —o0.38 | +0.53 | —o.62
Quartz ores, banded, avg.......... ...t —0.06 | —o0.25 | —o0.05
| Skarn and lime ores, mf < 2, avg............. + 0.08 | 4+ 0.20 | —o0.15
Skarn and lime ores, mf > 2, avg............. —o0.15 | +0.35 | —o0.78
Apatite ore (Gringesberg) .................... + 0.16 | —o0.09 | —o0.29
Apatite ore (Kiirunavaara) ................... + 0.08 | 4+ 0.27 | —o0.18
Apatite ore (Gillivare) ©..........ooiiviinn... —o0.03 | +0.37 | —o0.28
Quartz ore, not banded (Bispberg)............. —o0.48 | +o0.21 | —o.17
Quartz ore, banded (Striberg)....... e —o0.57 | + 0.48 | —o.23
Skarn ore, mf < 2 (Persberg)................. + o0.31 o —o0.64
Skarn ore, mf < 2 (Bjornberget).............. + 0.94 | —o0.07 | —o0.57
Skarn-dolomite ore, mf > 2 (Dannemora).......| + 0.28 | —o0.04 | —o0.58
Skarn-dolomite ore, mf > 2 (Klackberg)........ + o0.22 | 0.5t | —o0.38

Fig. 17 illustrates the lack of relationship between the mean quantities of
qv and mc in the iron ores.

Finally, fig. 18 illustrates the relation between the qv-means and the mf-
meais in the iron ores. As seen from the diagram, some of the ores show decreas-
ing mf-values as qv increases. Most of the iron ores, however, have extremely
low mf-values, quite independent of their qv-values, but it should be empha-
sized that the correlation coefficients of qv,mf always have a negative sign.

Table 14 is a survey of the correlation coefficients between qv, on the one
hand, and mc,og,mf and kn, respectively, on the other. To sum up we find
that on the whole r_, .. is negative in the igneous rocks. It is positive in the
Liassic iron-bearing series of Southern Sweden and undecided in the pre-
Cambrian iron ores of Sweden.

The correlation between qv and og is positive in the igneous rocks, in the
Liassic iron-bearing series of Southern Sweden and in some of the pre-Cambrian
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iron ores of Sweden. Some of the latter ores have a negative sign for r, .,
probably due to reducing metamorphic processes.

The correlation qv,mf is undecided in the igneous rocks but always negative
in the iron ores.

Finally, r,,, is positive in the igneous rocks but negative in the Liassic
iron ores of Southern Sweden.

Chapter III. The Distribution of the Minor Constituents.

In this chapter, the contents of the minor constituents in the iron ores and
— for Central Sweden — their associated rocks, are discussed. The analytical
data are distributed over several tables and grouped according to regions,
groups of elements and kinds of samples. Each sample analysed has its specific
number in all the tables belonging to the same region. All contents are given
in per cent of weight.

The Iron-Ore bearing Region of Central Sweden (Bergslagen).

Tables 15—28 show the contents of minor constituents in the iron ores and
their associated rocks. The grouping of the samples into regions and ore fields
agrees with that made by Per Geijer and Nils H. Magnusson in their work on
the geology of the iron ores of Central Sweden (38), this in order to facilitate
comparisons between the geological and geochemical features of the region.

The ferrides. Table 15 shows the distribution of the ferrides in the iron ores
of Central Sweden. The figures in the third column, marked “m” and “‘g”
respectively, give the contents of the magnetic and the non-magnetic fractions
for each sample in per cent. Thus, the figures for each sample in the upper line
represent the contents of ferrides in the magnetic fraction, and the figures
below show the contents of ferrides in the gangue or in the hematite ores ex-
cluding magnetite. In the cases where no figures are shown in the third column,
the sample in question has not been magnetically separated, and the content
of ferrides refers to the iron ore.

The contents of ferrides are given in per cent of weight. The figures for the
iron require an explanation. The content of iron in the gangues is only spectro-
chemically estimated up to approximately 20 per cent. In cases when definite
figures and not only “> 20" are given, the iron content was determined chemi-
cally.

Table 16 presents the content of ferrides in the rocks associated with the iron
ores of Central Sweden. The research material emanates mainly from the
Mineralogical Department of the Museum of Natural History in Stockholm,
and from samples chemically analysed by Dr. Naima Sahlbom of Stockholm.
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Table 15. The Distribution
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of Ferrides in Iron Ores of Central Sweden.

No. Ore Type and Locality Ti A\ Cr Mn Fe Co Ni
The Persberg Region:
1 | Skarn-magnetite ore, Storgru- m: 84.7] o0.04|/<<o0.001 0.1 < 0.001|< 0.001
van, the Persberg Field g:1I5.4] o0.02f o0.003] o0.01 0.4 7.8|<< 0.003] < 0.001
2 | Skarn-magnetite ore, ‘‘the ker- m: 89.5/<< 0.01f{< 0.001 0.03 < 0.001{< 0.001
nel”, Alabama, the Persberg g: 10.5/]<o0.01] o0.002] o0.02 0.3 7.6]< 0.003|< 0.001
Field
3 | Skarn-magnetite ore, ‘“‘the m: 78.1] 0.06]< 0.001 0.02 < 0.001|< 0.001
shell”’, Alabama, the Persberg g:21.9| 0.06/< 0.001f 0.002 oO.15 7.8/ < 0.003|< 0,001
Field
4 | Serpentine-skarn-magnetite ore, m: 77.8] 0.02|<< 0.001 0.2 < 0.001{< 0.001
Skiarstoten, the Persberg Field g: 22.2f 0.03]/<< 0.001|/<< 0.001] 0.3 4.0|< 0.003] o©0.002
5 | Lime-magnetite ore, Skarsté- m: 58.8] 0.02|< 0.001 0.1 < 0.001/{< 0.001
ten, the Persberg Field g: 41.2 o0.01l ©0.003] o©0.001f 0.3 5.2|<< 0.003)< 0.001
The Nordmark Region:
6 | Skarn-magnetite ore, the Nord- m: 80.4] 0.02|< 0.001 0.2 < 0.001|{< 0.001
mark Mine g:19.6] o0.o1|/<<O0.001] O0.01 |> I.0 7.8|< 0.003|<< 0.001
7 | Skarn-magnetite ore, the Ta- m: 92.0]< 0.01|< 0.001 1.0 < 0.001|< 0.001
berg Mine g: 8.0/ o.orf{<o0.001f o0.03 1.0 7.8]<< 0.003] < 0.001
8 | Soft ore, the Taberg Mine m: 32.2f 0.04/<< 0.001 1.0 < 0.001|{< 0.001
g: 67.8 0.09}<< O.001 0.05 0.3 |> 20.0|< 0.003]<< 0.003
9 | Skarn-magnetite ore, the Finn- m: 92.2| 0.07|< 0.001 0.2 < 0.001{< 0.001
mosse Mine g 7.8|< 0.0x 0.001 0.05 0.9 |> 20.0{<< 0.003] -0O.01
10 | Lime-magnetite ore, the Finn- m: 72.2| o0.07|< 0.001 0.2 < 0.001|< 0.001
mosse Mine g:27.8 o0.02[< 0.001/< 0.001|> 1.0 5.6/ << 0.003]<< 0.001
The Grythyttan Region: .
11 | Skarn-magnetite ore, the Hég- m: 37.9| o0.03|<< 0.001 0.03] < 0.001|< 0.001
born Ore Field g:62.11 o0.03}< 0.001f O0.001] 0.3 9.8/< 0.003] 0.002
12 | Skarn-magnetite ore, the Finn- m: 68.9] 0.06/< 0.001 0.02 < 0.001|< 0.001
berget Mine g: 31.11 0.04/<< 0.001] O0.005 O0.45 12.5] 0.003|< 0.001
13 | Skarn-lime-magnetite ore, the m:67.8] o0.04/<< 0.001 0.02 < 0.001|< 0.001
Finnberget Mine g: 32.2| o0.03<o0.001/ 0.005 0.3 10.2|{<< 0.003|<C 0.001
14 | Lime-magnetite ore, the Finn- m: 47.3] o.1 |< 0.00x 0.06] < 0.001|< 0.001
berget Mine g:52.7] 0.05] 0.009] ©0.008] 0.4 7.1/< 0.003|< 0.001
The Nora-Viker Region:
15 | Quartz-magnetite ore, the Pers- 0.04] 0.002] O.001f 0.06] 56.9] o0.003 0,003
hyttan Mines
16 | Quartz-hematite ore, the Pers- 0.4 0.004] 0.002| o0.05| 53.8) 0.003} ©0.003
hyttan Mines )
17 | Quartz-magnetite ore, the m:80.3] o0.05/< 0.001 0.6 < 0.001|/< 0.001
Klacka-Lerberg Mine g: 19.7 < 0.001|< 0.001| 0.3 13.5/<< 0.003|< 0.001
18 | Quartz-magnetite ore, the Ny- m: 96.2| 0.03|<< 0.001 0.06) < 0.001|< 0.001
berget Mine g: 3.8 o0.03/<<0.001] ©0.003 O0.25 12.5/< 0.003|<< 0.001
19 | Quartz-magnetite-hematite m: 70.6f 0.04/<< 0.001 0.06 < 0.001|<< 0.001
ore, Grundgruvan, the Dal- g:29.4] 0.02| 0.003]<<0.001|> 1.0 > 20.0] 0.004|< 0.001
karlsberg Mine
20 | Quartz-magnetite-hematite 0.02| o0.03 0.003] 0.04] 64.5] 0.006] 0.006
ore, banded, Kiarrgruvan, the
Striberg Mines
21 | Quartz-garnet-hematite ore, < 0.01] o0.02 0.003] ©O.o1] 52.5 O.01 0.008
banded, the Striberg Mines
22 | Quartz-hematite ore, banded, m: 6.6/< 0.0x] o0.001 0.3 < 0.001] 0.003
the Striberg Mines g:93.4|< 0.01] 0.001[< 0.001] 0.03/> 20.0[< 0.003]<< 0.001
23 | Micaceous hematite ore, the m: 1.1l o0.07|<<o0.001 0.2 o0.001f O.01
Asboberg Mine g:98.9]< 0.01| 0.002|<< 0.001] 0.02{> 20.0|< 0.003|< 0.001




54 STURE LANDERGREN

No. Ore Type and Locality Ti v Cr Mn Fe Co Ni
The Region Linde-Guldsmedshyttan-Ramsberg:
24 | Quartz-hematite ore, banded, 0.0z] 0.0z 0.008] 0.09] 52.0/ o0.005 oO.001
the Stripa Mine
25 | Quartz-hematite ore, banded, 0.03| o0.01 0.003] 0.10| . 50.0/<< 0.003] o©.001
from the footwall, Stripa .
26 | Quartz-hematite ore (avg), the 0.04/ ©.001f o0.009] o0.13 36.5/<<0.003|<<0.001
Strassa Mine ) .
27 | Quartz-magnetite ore, the 0:08] 0.002| 0.005] 0.08] 46.6/< 0.003{< 0.001
Strassa Mine i
28 | Quartz-hematite ore, the m: 1.0/ 0.02] o0.001 0.04 o0.001| o©O.01
Blanka Mine g:99.0] 0.02| 0.002|< 0.001] O.1 |> 20.0/< 0.003] 0.005
29 | Lime-magnetite ore, Skott- m: 79.4] 0.02{<< 0.001 0.9 < 0.001|< 0.001
gruvan g: 20.6 0.02 0.006|< 0.001|> I.0 5.5/ << 0.003| << 0.001
| The Ljusnarsberg Region:
Manganiferous iron ores from the
Bastkirn field (No. 30—38):
30 | Knebelite ore, Backgruvan < 0.01f O0.005| o0.003] 4.50 37.4] o0.001] oO.001
31 | Knebelite ore, rich in Pb, Back- 0.01| O.007] O.002f 3.82| 38.4] 0.004/<<o0.001
| gruvan
32| Lime ore, Backgruvan 0.02| 0.007/<<0.001] 3.77] 49.0f ©.006] O0.002
33 | Knebelite ore with amphibole, 0.04| 0©0.008] o0.003 6.02] 4I.4/<<o0.003] o0.003
garnet and mica
34 | Knebelite ore with amphibole 0.0z 0.003] 0.002] 5.22| 4I.2] o0.005] ©.002
and mica :
35 | Knebelite ore rich in mica 0.03] o0.007] o0.001] 5.10] 40.5] 0.003 o©.001
36 | Rich ore, mainly knebeliteskarn . 0.03] 0.008/< 0.001f 3.90] 57.4] 0,003 O0.003
37 | Rich ore, calcareous 0.02| O0.007[<C0.001] 4.92 59.9] o©0.003 O©0.002
38 | Rich ore with pyrite 0.o1| O.oxo| o0.002] 3.42| 57.4] o0.003] o0.001
39 | Lime-magnetite ore, the Stall- m: 71.4] 0.03]<< 0.001 I.o0 < 0.001|<< 0.001
| berg Mines g:28.6] o0.02 o0.001{< 0.001|> I.0 12.7{< 0.003|<< 0,001
40 | Lime-magnetite ore, the Stall- m: 76.4] o.01| o0.00x I.0 0.001 o©0.001
berg Mines g: 23.6) 0.01 o0.001| 0.62 7.1 - 0.003] o0.004
41 | Quartz-magnetite ore, the 0.05|<< 0.001{<< 0.001/ 0.08] 65.3]<< 0.001|<<0.001
Lomberg Mines )
42 | Quartz-magnetite-hematite < o.11f O0.001|< 0.001|] I.0 39.9/<<.0.001|< 0.001
ore, the Lomberg Mines :
43 | Micaceous hematite ore, the < 0.10| o0.001f< 0.001] o0.05 57.7/]<<0.001{<<0.001
Lomberg mines 1
44 | Hematite-banded leptite, the 0.86{<< 0.001|<C 0.001] 0.02|..43.6/<< 0.001|<< 0.001
Lomberg Mines
45 | Skarn-lime-magnetite ore, the 0.03< 0.001|< 0.001f 0.11] 57.5/< 0.001[< 0.001
Pullero Mines
46 | Skarn-lime-magnetite ore, the 0.0z|< 0.001|<< O.00x] 0.19] 53.2{<< 0.001|< O.001
Pullero Mines
47 | Skarn-lime-magnetite ore, the 0.10|< 0.001|<< 0.001| ©0.23} 18.3/<< 0.001|< 0O.001
Pullero Mines
48 | Skarn-lime-magnetite ore, the 0.04{< 0.001|< 0.001| ©0.25 <.,0.001|<< 0.001
Pullero Mines .
The Grangdrde-Ludvika Region:
The Gringesberg Ore Field (Nos.
49—55): [
49 | Apatite-magnetite ore, the 0.09|] 0.18 |<o0.00rf 0.16/ . 63.2] 0.002/ 0.006
Export Field (avg) N |
50 | Apatite-magnetite ore, the o.11} 0.16 |<o0.001]  0.12| 5I.9} .0.005 . 0.006
Loénnfallet Mine (avg) . R TN R .
5I | Magnetite ore (poor in P), the 0.06] o©O.01 [< 0.001] -0.07] - 66.0f 0.002] . 0.006
Risberg Field (avg) . e Y EET T SR
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No. Ore Type and Locality Ti v Cr Mn Fe Co Ni
52 | Magnetite-hematite ore (poor 0.15/ o0.001[<<0.001] 0.0z 58.0] ©0.001] o0.001
in P) the Risberg Field )
53 | Hematite ore (poor in P) the 3.10f 0.05 |<o0.001] O.10 0.o01f O.001] .
Risberg Field )
54 | Magnetite ore, Gudmundber- 0.19| o0.001|<<0.001] O.55 0.001| o0.001
get .
55 | Magnetite-hematite ore, the 0.04|< 0.001|< 0.001| oO.01 < 0.001|< 0,001
Granlund Mine :
56 | Apatite-magnetite ore, the m:88.4] o.r 0.1 0.03 0.001| ©0.005
Blotberget Mine g 11.6f O.oz] o0.02 0.001f 0.60[ 1I0.0f 0.003 o©.004
57 | Apatite-hematite ore, the Blét- m: 1.2| o0.06] o0.03 0.2 0.003| ©O.o01
berget Mine g:98.8] 0.2 0.1 [< o0.001] 0.03> 20.0{<< 0.003] ©0.o01
58 | Apatite-magnetite ore, the m:82.1f o.3 0.2 ) o.10 0.003| 0.006
Fredmundberget Mine g:17.9] o©0.01f o0.00xf] o0.008 o.15 12.5/< 0.003|<< 0.001
59 | Apatite-hematite ore, the Fred- m: 30.4] o0.01/< 0.001 0.06) 0.001|<C 0,001
mundberget Mine g:69.6] o0.02f O.0or [<o0.001] 0.03> 20.0|<< 0.003|< 0.001
60 | Epidote-hematite ore, the m: 18.4 o0.01/ o0.001 0.04 < 0.001|< 0.001
Fredmundberget Mine g: 81.6] o©0.08] o0.005] o0.05 0.08|> 20.0|< 0.003|< 0.001
61 | Apatite-magnetite ore, the m:81.9] o0.05] o0.02 0.07, 0.003] ©0.005
Lekomberget Mine g 18.1 < 0.001{< 0.001] O0.22{ 1I5.0f O0.006] o©.02
62 | Quartz-magnetite ore, Vaghal- m: 78.2] o0.06/< 0.001 0.02 < 0.001|<< 0.001
sen, the Finnis Field g: 21.8 0.003] 0.04 o.15] 10.2|/< 0.003|<< 0.001
63 | Quartz-hematite ore, Vaghal- m: 23.7 o0.02|/<0.001 0.03 < 0.001|{<< 0,001
sen, the Finnas Field........ g:76.3] 0.06] 0.002/<< 0,001 0.05/> 20.0[<< 0.003|<< O.001
64 | Quartz-magnetite ore, the Ivi- m: 75.3/< 0.01|< 0.001 0.07 < 0.001|< 0.001
ken Field g:24.7] 0.02[< 0.001{< O.00I[ O.15 4.5|<< 0.003|<< 0.001
65 | Quartz-hematite ore, the Ivi- m: 9.2/< 0.01{< 0.001 0.2 0.002|(<< 0.001
ken Field 8:90.8] 0.0z] 0.003]<<o0.001f 0.15/> 20.0/< 0.003| ©.005
66 | Quartz-magnetite ore, the m: 80.5/<< 0.01|/< 0.001 0.07] 0.002(< 0.001
Ickorrbotten Field g:19.5] o0.03/< 0.001[{< 0.001] 0.3 7.6/ < 0.003| << 0.001
67 | Quartz-hematite ore, the m: 20.0|< 0.01|<< 0.001 0.03 < 0.001|< 0.001
Ickorrbotten Field g: 80.0] 0.03] 0.003/<<0.001| 0.04|> 20.0[< 0.003| ©0.002
68 | Quarts-magnetite-hematite m: 38.6(<< 0.01{< 0.001 0.03 0.001| O.00x
ore, the Haksberg Field g:6I.4] o0.02] o0.01 [<o0.001] O0.03/> 20.0|< 0.003|<<0.001
69 | Quartz-magnetite-hematiteore, m: 21.1/ 0.02|< 0.001 o.r < 0.001[< 0.001
the Grisberg Field g: 78.9|< 0.01] 0.002{< 0.001| 0.4 |> 20.0[< 0.003] 0.006
70 | Skarn-magnetite ore, the Mar- m: 68.0f 0.02|< 0.001 0.10 < 0.001f 0.002
tens Mine, Saxberget g:32.0f 0.0z oO.00rxf O0.002| o0.55] 1I2.5/ 0.006] oO.0x
71 | Lime-skarn-magnetite ore, the 0.06|< 0.001|<< 0.001] oO.19[ 46.9]<< 0.001|<< 0.001
Bjornberget Field
72 | Lime-skarn-magnetite ore, the 0.05/< 0.001|/< 0.001f 0.16] 57.3]<0.001|< O.001
Bjornberget Field
73 | Lime-skarn-magnetite ore, the 0.48{ << 0.001]<< 0.001f 0.20] I5.7/<<O0.001|<< 0.001
Bjornberget Field
The Norrbdrke Region:
74 | Quartz-skarn-magnetite = ore, m: 74.6] 0.07|< 0.001 o.1 ‘0.002|< 0.001
the Karrgruvan Field g:25.4f 0.2 |< o0.001/< 0.001f 0.6 7.8]<< 0.003|<< 0.001
75 | Quartz-magnetite-hematite m: 47.8(< 0.01/< 0.001{<< 0.001] 0.04 <0.001|< 0,001
ore, the Kirrgruvan Field g:52.2] 0.08] o0.002{<<0.00x] 0.03> 20.0/< 0.003] 0.002
76 | Skarn-magnetite ore, the Karr- m: 62.4|< 0.01{< 0.001 0.06 < 0.001|< 0.001
gruvan Field g:37.6] 0.02|<0.001|< 0.001| O.22 5.6/ << 0.003|< 0.001
The Skinnshatteberg Region:
The Riddarhytte Ore Fields
(Nos. 77—388):
77 | Skarn-magnetite ore, the Kill- m: 88.1] 0.02|<-0.001 < 0.03 < 0.001|<< 0.001
fallet Mine (‘‘Anton”’) g: II.9| 0.03]< 0@.001| 0.001 0.03 7.1|< 0.003|< 0.001
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78 | Skarn-magnetite ore, the Kill- m: 9o.4] 0.02|/<o0.001 0.03 < 0.001|< 0.001
fallet Mine (‘“Waldemar”’) g: 9.6 o0.02/<<o0.001] o0.002] o0.09 7.6/ < 0.003|< 0.001

79 | Quartz-magnetite ore, poor in m: 79.7 < 0.001 o.1 < 0.001}< 0.001
sulphides, the Myrbacks Field g:20.3] 0.07/<<o0.001f ©.001] 0.6 6.3 0.003(< 0.001

80 | Quartz-magnetite ore, rich in m: 57.8 0.02|< 0.001x 0.1 0.001|<< 0.001
sulphides, the Myrbacks Field g:42.2f o0.05{<<0.001] o0.004/ 0.6 7.8] o0.03 0.004

81 | Quartz-magnetite ore, poor in m: 84.0|< 0.01|< 0.001 0.06 0.003|< 0.001
sulphides, Pellegruvan, the g:16.0f 0.03/< 0.001|< 0.001] I.0 12.5] o0O.o1 |< 0.001
Hans Urbasson Field

82 | Quartz-magnetite ore, rich in m: 94.8{< 0.01|< 0.001 0.06 0.006/< 0.001
sulphides, Pellegruvan, the g: 5.2 o.5 0.02 o.01 I.0 7.0 [< o0.003] o0.003
Hans Urbasson Field

83 | Sulphide ore, rich in cobaltite, m: 59.4/< 0.01|< 0.001 0.06 > 1.0 [< 0.001
Pellegruvan, the Hans Urbas- g: 40.6] 0.03]< 0.001|/< 0.001/ 0.62| 22.0/> I.o 0.03
son Field

84 | Skarn-magnetite ore. the H6jd- m: 58.7] o0.01|< 0.001 0.2 < 0.001|< 0.001
gruve Field g: 41.3 O.01|< O.001f O0.08 [> I.0 15.0/< 0.003|< 0.001

85| Quartz-hematite ore, banded, m: 2.0f 0.02| o©.003 0.1 0.001| 0.003
type: Blakulla, the Bastnds g:98.0] o0.03/<0.001f 0.001] o0.03 5.6 0.003|<< 0.001
Field

86 | Quartz-hematite ore, banded, m: 5.3{< 0.01|/< 0.001 o.1 0.001| o0.001
type: Blakulla, the Bastnis g:94.7] o0.01 o0.002| o0.02 0.05|> 20.0/< 0.003|<< 0.001
Field

" 87 | Quartz-skarn-hematite ore, m: 63.0{<< 0.01/<< 0.001 0.07 < 0.001|< 0.001
banded, type: Blakulla, the g:37.0/<0.01] 0.001|<o0.001] o0.25| II.1f 0.007] ©0.008
Bastnis Field ‘

88 | Skarn-magnetite ore, the Pers- m: 91.1l o0.01l o0.001 0.03 0.001] o0.001
gruvan Mine g: 8.9 o.01 0.001f ©0.003] I.0 10.2{ 0.003] 0.002
The Novberg Region:

89 | Skarn-magnetite  ore, the m: 84.6/<< 0.01|< 0.001 o.1 < 0.001|< 0.001
Malmkirra Mine g:15.4] 0.02/< 0.001[ o©0.001] o0.32 6.3|<< 0.003] o0.002

90 | Skarn-magnetite  ore, the m: 83.1{< 0.01|<< 0.001 0.1 < 0.001|< 0.001
Malmkirra Mine g:16.9] ©O.o1{<< 0.001 0.03 0.6 6.3]<< 0.003|< 0.001

91 | Quartz-hematite ore, banded, 0.02| 0.005] o0.001f O0.05 47.11<0.003 O.0o01
the Norrberg Field (avg 1940)

92 | Quartz-hematite ore, banded, m: 1.7 ©0.04/<<o0.001 0.2 < 0.001| 0.003
close to a diabase, the Norrberg g: 98.3]< 0.01] 0.002|< 0.001| 0.25[> 20.0|<< 0.003| 0.002
Field

93 | Lime-magnetite ore, Asgruvan, m: 75.5|< 0.01{< 0.001 0.2 < 0.001{< O.001
the Getbacken Field g: 24.5] o0.01f o0.002[ o0.001] 0.6 5.6|<< 0.001] 0.003

94 | Diopside-skarn-magnetite ore, m: 21.1f 0.06] o0.003 0.06 < 0.001|<< 0.001
Asgruvan, the Getbacken Field g: 78.9] 0.03]< 0.001|< 0.001| O0.32 7.8| < 0.003} o0.001

95 | Actinolite-skarn-magnetite ore, m: 41.4] 0.01|< 0.001 0.06) < 0.,001|< 0.001
Asgruvan, the Getbacken Field g:58.6f o0.03/<0.001f o.0x 0.25 7.11< 0.003] o0.001

96 8uartz-hema.tite ore, banded, m: 12.6/<< 0.01|<< 0.001 0.2 < 0.001|< 0.001

rlinggr., the Norberg Field g:87.4] o0.01f o0.002] o0.003 o©0.05> 20.0] o©0.003 ©0.002

97 | Skarn-hematite ore, banded, m: 21.1|<< 0.01/< 0.001 0.2 < 0.001|{< 0.001

| Orlinggr., the Norberg Field g:78.9| o0.01] o0.001l o0.001] 0.07/> 20.0/ 0.003] o0.003

98 | Skarn-hematite ore, banded m: 9.1l o0.ox] o0.oc01 0.2 0.001/ O.001
and rich in garnet, Orlinggru- g:9o.o| ©0.01| 0.002] o©0.002] 0.25 20.0/ o0.003 0.001
van, the Norberg Field

99 | Quartz-hematite ores from the 0.03] 0.005/<< 0.001] o0.04 47.2/]<<O0.003 O.001
Norberg Field (avg 1940) S .

100 | Quartz-hematite ores from the 0.04] o0.003] o0.005] 0.07] 47.7]<o0.003] O0.002
Norberg Mining District (avg
1940)

Tot | Lime-magnetite ore, Gréndal, m: 84.9|X 0.01{< 0.001 > I.0 < 0.001{< O.001
the Klackberg Field g: 15.1]< 0.01|< 0.001|< 0.001] . I.0 12.5|< 0.003|< 0.001




hanging wall, Viggruvan, the
Idkerberget Field

ON SWEDISH IRON-ORES 57

No. Ore Type and Locality Ti v Cr Mn Fe Co Ni

102| Lime-magnetite ore, Storgru- m: 62.3]<< 0.01|<< 0.001 > I.o < 0.001|< 0.001
van, the Klackberg Field g: 37.7]< 0.01{< 0.001|< 0.001[> I.0 13.7[< 0.003|< 0.001

103| Lime-magnetite ore (avg 1933), o0.01l oO.0o1r |[<o0.003 5.14] 48.6] o0.002] o0.003
the G:la Kolningberg Field

104| Lime-magnetite ore, (avg 1933) 0.0z O.0o1 [<0.003] 4.23] 44.4] ©0.004 0.002
the Nya Kolningsberg Field
The Garpenberg Region:

105| Diopside-skarn-magnetite ore, m: 74.6|/<< 0.01|{< 0.001 0.2 0.001[< 0.001
the Ryllshytte Mines g: 25.4|< 0.01|/< 0.001|< 0.001] 0.6 7.8|< 0.003|< 0.001

106| Skarn-magnetite  ore, the m: 34.1/< 0.01]< 0.001 > I.0 < 0.001|< 0.001
Holmgruvan Field g:65.9| 0.01/< 0.001/< 0.001|> I.0 I2.0[< 0.003|<C 0.001

107| Skarn-magnetite ore, rich in m: 58.5/]<<0.01f o0.001 I.o0 0.001f O0.001
sulphides, Holmgruvan g: 41.5|< 0.01] o0.001| 0.003 1.0 7.6] o0.o1 0.001

108| Actinoliteskarn-magnetite ore, m: 72.8/< 0.01| o0.001 o.1 0.001/ O0.001
the Intranget Mines g:27.2| O.o1l O.o01xl O.05 0.62 9.0 o©0.003] o©0.001

109{ Cummingtonite-skarn-magne- m: 50.3] 0.06/< 0.001 0.02 < 0.001|< 0.001
tite ore, the Intranget Mines g:49.7] o0.03|< 0.001{< 0.001| 0.45 12.5/< 0.003|<C 0.001

110| Skarn-magnetite ore, the Vik m: 49.1/< 0.01|< 0.001 0.1 0.001|< O.001
type, the Intranget Mines g: 50.9|< 0.01[|< 0.001{< 0.001] TI.0 12.6] 0.003|<< 0.001

111| Skarn-magnetite ore, the Karl m: 84.4|< 0.01/< 0.001 0.06) 0.03 |< 0.001
type, the Intranget Mines g:15.6/]< 0.01]<< 0.001|< O.001| 0.3 9.0]< 0.001|< 0.001

112| Skarn-magnetite ore, the Kron m: 88.3] 0.04{< 0.001 0.03 < 0.001|< O.001
type, the Intranget Mines g: I1.7] 0.02/< 0.001] O.001] 0.62] I5.0/<<O0.003|< 0.00I

113/ Magnetite concentrate from m: g94.5/<< 0.01{< 0.001 0.1 < 0.001|< 0.001
skarn-magnetite ore of the g: 5.5
Stjarn ore type

114| Pyroxene-garnet-skarn ore the m: 61.7|< 0.01/< 0.001 0.1 0.002|< 0.001
Netzel ore type, the Intranget g: 38.3|< 0.01{< 0.001f ©.001] 0.6 7.8 0.0z |< 0.001
Mines

115/ Skarn-magnetite ore, G:la m: 51.0] ©0.04/< 0.001 o.1 < 0.001|< 0.001
Stjalkgruvan, the Intranget g:49.0f ©0.02{<o0.001|/<O0.001 TI.0 10.2|< 0.003|< 0.001
Mines
The Silvbeyg-Siiter Region:

116| Quartz-magnetite ore, the m: 94.0/< 0.01/< 0.001 0.2 < 0.001|< 0.001
Bispberg Field g: 6.0 o0.01l<<o0.001|<<o0.001] 0.65] 12.5/< 0.003< 0.001

117| Quartz-magnetite ore, coarse m: 97.6(< 0.01|/<< 0.001 0.2 < 0.001{< 0.001
grained, the Bispberg Field g: 2.4 o0.o1] 0.003 0.002f 0.9 |> 20.0|< 0.003|< 0.001

118] Quartz-magnetite ore, banded m: 78.1|< 0.01}< 0.001 o.z < 0.001|< 0.001
and coarse grained, the Bisp- g:21.9[< 0.01] o0.001|/< 0.001] o©0.03 6.5|< 0.003|< 0.001
berg Field

| 119| Quartz-hematite ore, banded, m: 4.0|< 0.01|< 0.001 0.07, < 0.001{<< 0.001
the Bispberg Field g: 96.0|< 0.01| - 0.001] O.03 0.03|> 20.0[< 0.003|< 0.001

120| Skarn-hematite ore, banded, m: o0.7|<<0.01{< 0.001 o.1 0.04 0.003
the Bispberg Field g:99.3]< 0.0o1f 0.003/<< 0.001] 0.2 |> 20.0[< 0.003] ©O.01"

121| Talcous skarn-hematite ore, m: 1.5 ©0.02] o0.001 o.1 < 0.001]<C 0.001
the Bispberg Field g:98.5] 0.03] 0.008|< 0.001] 0.06/> 20.0|< 0.003|<< 0.001
The Southern part of the St. Tuna Region:

122| Knebelite-skarn-magnetite ore, m: 13.7] 0.04/<< 0.001 > I.o 0.004|<< 0.001
the Tuna-Histberg Field g:86.3] o0.0x o0.002] o0.001[> I.0 19.0| 0.006] 0.004

123| Apatite-magnetite ore, Bick- 0.01] O.02 0.002| ©0.07] 64.5/<<0.003] o0.001
gruvan, the Idkerberget Field

124| Apatite-magnetite ore from the 0.90f O.10 0.05 o0.05 56.3 o0.005] o.o0x
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No. Ore Type and Locality Ti A4 Cr Mn Fe Co Ni

125| Apatite-magnetite ore, Berg- 0.05] 0.08 o.o1 0.06] 60 0.004] ©0.008
mistargruvan, the Idkerberget
Field

126| Apatite-magnetite ore, Central- o.o1] o.10 0.005] 0.07 60 0.005| 0.009
gruvan, the Idkerberget Field
The Uppland Region:

127| Lime-magnetite ore, banded, 0.0o1/< 0.001| 0.003|> I.0 40.5|< 0.003] oO.o0r
the Ramhill Field

128| Lime-skarn-magnetite ore, m:75.2| o0O.o1|< 0.001 < 0.001{< 0,001
Sveagruvan, the Dannemora g:24.8] 0.02|< 0.001f o.001f 2.62 47.2
Field (avg)

129| Lime-skarn-magnetite ore, m: 78.5|/<< 0.01|<C 0.001 < 0.001|< 0,001
Sveagruvan, the Dannemora g:21.5|< 0.01|< 0.001f ©0.001| 2.11f 5I.9] o0.01 |<o0.001
Field (avg)

130| Lime-skarn-magnetite .  ore, m: 78.3]< 0.01|< 0.001 < 0.001{< 0.001
Mellanfilten, the Dannemora g:21.7] o0.01 o0.001f O0.005 1I.69] 52.0|/< 0.003]< 0.001
Field (avg)

131| Lime-skarn-magnetite ore, m: 78.6/< 0.01|<< 0.001 : < 0.001|< 0.001
Mellanfilten, the Dannemora g:21.4/<<o0.0x] 0.002/ O0.005| 1I.72] 5I.4/<<0.003|< 0.001
Field (avg)

132| Lime-skarn-magnetite ore, m: 78.3]/< 0.01{<< 0.001 < 0.001|< 0.001
Diamantgruvan, the Danne- g:21.7|< 0.01{<<o0.001| 0.004] 2.71| 50.4/<<0.003|<o0.001
mora Field (avg)

133| Lime-skarn-magnetite ore, m: 79.3{< 0.o1|{<< 0.001 < 0.001|< 0.001
Diamantgruvan, the Danne- g:20.7| o0.02] o0.005] o0.001] 2.56 50.4] oO.o0x 0.003
mora Field (avg)

134| Skarn-magnetite ore, Eknis, < 0.01] 0.008/< 0.001x] 0.38 45.9| o0.02 0.002
the Herring Field

135 Skarn-magnetite ore, Viking, 0.02| 0.004/<<0.001| 0.60] 42.2 o.o0x 0.003
the Herrang Field

136| Quartz-skarn-magnetite ore, 0.05 ©0.006] O0.001] ©0.09] 47.1 o0.006] o0.002
Spatgruvan, the Herrdng Field

137| Skarn-magnetite ore, Fabian- 0.03| 0.004] O.0x o.12f 35.8 0.003] o©0.004
gruvan, the Herring Field ;

138| Skarn-magnetite ore, Sj6- och 0.04] 0.002f O0.003 o0.13 30.2| o0.004 oO.00:x
Dammgruvan, the Herring
Field
The Sodermanland Region:

139| Quartz-magnetite ore, the m:48.5] o0.07/<o0.001 0.02 < 0.001{< 0.001
Kantorp Mine g:51.5] 0.2 |[<o0.001fl O.004f oO.1 7.8| < 0.003|< 0.001

140[ Quartz-hematite ore, the Kan- m: 6.0/<<0.01/<< 0.001 0.06 < 0.001| o©0.005
torp Mine g:94.0f 0.1 |<o0.001f O.03 0.01f] I5.0/<< 0.003]<< 0.001

141| Skarn-magnetite ore, homoge- o.1 0.005 I.0 45 0.003] 0.00%7

| nous, the Utd Mines
142| Quartz-hematite ore, banded, 0.03] O0.009| O.005| o0.05 42.5] oO.o1 0.005

the Utdé Mines

The samples were collected by the late Dr. H. E. Johansson and the late Pro-
fessor Hj. Sj6gren of Stockholm and were destined for inclusion in an investiga-
tion on the chemistry of the iron-ore bearing rocks of Central Sweden. Un-
fortunately, only part of this investigation was published (rog). The material
in question was kindly placed at the author’s disposal by the Director of the
Mineralogical Department of the Museum, the late Professor G. Anynoff
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Table 16. The Distribution of Ferrides in Rocks from the Iron Ore
Region of Central Sweden.
No Rock and Locality - Ti v Cr Mn Fe Co Ni
Leptites:
1 | Leptite, Finnarmossgruvan......... 0.10 0.004] ©0.004] o©0.05 | I.20 [< 0.003] o0.002
2 | Potassic leptite, Backgruvan....... 0.14 0.010[ ©0.002| 0.085] 2.35 |<<0.003]< 0.001
3 | Skarn-banded microline-plagioclase
leptite, the Taberg Mine........... 0.22 0.005/ 0.004] ©0.015] 0.75 | << 0.003|< 0.001
4 | Albite leptite, the Nordmark Mine..| o0.09 0.02 0.o1 0.03 | 0.89 0.003] 0.002
12 | White albite leptite, the Rosberg
Mine, Jarnbods............covviun < 0.01 |< 0.001| o©.003] tr. 0.13 |< 0.003|< 0.001
13 | Brown-grey helleflinta, Nora socken| o0.07 0.002| ©0.003] 0.008] 0.91 [{< 0.003] o0.005
14 | Grey helleflinta, the Knapptorp Mine,
B o) - 0.07 |< 0.001] ©0.004] o©0.015| I.18 |< 0.003{< 0.001
15| Dark helleflinta-leptite, the Viker
MiBe. .t it iii i ittt it iieei e 0.22 0.03 0.01 0.03 | 1.57 0.003] 0.002
16 | Grey helleflinta, the Nya Viker Field| o.05 0.01 0.002 0.04 | 1.62 |[<o0.003] o0.001
17 | Plagioclase leptite with needles of
amphibole, the Berging Mines...... o.11 0.02 0.002| o0.0o15| I.11 {< 0.003] oO.0x
18 | Red leptite, the Skofttorp Field.... 0.50 0.05 0.007] ©0.085] 2.76|/<< 0.003] o0.001
19 | Gneissose biotite-muscovite leptite,|
the Pershytte Field............... 0.49 0.07 0.006f 0.05 | 5.50 [< 0.003] o0.001
20 | Dark-grey biotite-leptite, the Nedre
Pershytte Field................... 0.59 0.005] 0.003] 0.07 | 4.60 |<<0.003|<< 0.00x
21 | Leptite, Dalberget the Klacka-Ler-
berg Field........................ 0.07 0.004] ©O.004] ©0.015] 0.79 |<< 0.003|< 0.001
22 | Pink porphyric plagioclase-leptite,
the Timansberg Field.............. 0.02 |< 0.001] ©0.002/ 0.008 I.10 |[<0.003] 0.002
23 | Grey leptite, the Dalkarlsberg Mine| o0.12 [< 0.001] o0.0x 0.015) 2.05 |<0.003] o0.002
24 | Plagioclase leptite, Karrgruvan, the
1Striberg Field..................... 0.006(<< 0.001] ©0.003] 0.008] 0.08 |<< 0.003|< 0.001
25 | Red potassic leptite, Koministergru-
van, the Striberg Field............ 0.07 0.002| ©0.005| 0.008] 1.72 |< 0.003] o0.001
26 | Red leptite, Grindgruvan, the Striberg|
3 7=3 U < o0.o01 ‘0.002/ ©0.003] ©0.05| 1.65 |<0.003] O0.003
27 | Leptite, the Strassa Field.......... 0.36 0.03 0.01 0.008 3.05 |<< 0.003] 0.002
29 | Grey leptite, the S. Stillberg Field,
Ljusnarsberg.........oovvuevennnn. 0.16 0.001] O0.03 0.09 | 1.87 0.003] 0.003
30| Grey leptite, the Svartvik Field.... 0.05 0.004 ©0.004f 0.03 ]| 1.47 |<<0.003] o.01
33 | Red leptite, the Iviken Mine....... 0.31 0.02 0.004| 0.04 | 2.83 |<<o0.003] o0.00:1
34 | Grey plagioclase leptite, the Ickorr-
botten Mine......covveeeinnnnnn. 0.12 0.003] 0.004] o©0.015] 3.19 |< 0.003]< 0.001
35 | Grey potassic leptite, the Hilling Mine{ o0.12 0.007{ 0.003 0.008] 2.36 [< 0.001{< 0.001
36 | Dark leptite, E. Stortdktsgruvan,
Vastanfors............. e eeeeeaan 0.31 0.02 | o0.004] 0.04 | 2.83 |<<0.003] o0.001
37 | White microline leptite, Ostanmossa,
the Norberg Field ............. 0.06 0.005| 0.002/<< 0.01 | 0.32 [< 0.003] o0.001
38 | Red leptite, Stalgruvan, the Norberg ’
Field....ooviiiiiinieiiiniiennnnns 0.08 {< 0.001]  0.001] 0.008 0.36 |<<o0.003 o0.003
40 | Grey schistose leptlte, the Norberg
Field.oovovieeiinneeneneennnaannas " 0.05 0.003] o0.003{< 0.01 | I.33 |< 0.003< 0.001
41 | Red leptite, the Norberg Fleld. ... o0.0or: o.001xf o0.001f 0.008 0.65 |< 0.003<<0.001
44 | Red plagloclase leptite, the Blspberg )
Field. .. .. ioeerieniinininaas 0.09 |  0.004]  o0.009| tr. 1.58 1< 0.003|< 0.001
45 | Red leptite, the Siter Mines....... | ~0.06:}::002.| 0.2 . 0,02 | 5.66 0.003| 0.002
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No Rock and Locality Ti ' Cr Mn Fe Co Ni
Metamorphic Rocks:
51 | Yellowish quartz-muscovite schist,
the Rosberg Field................. 0.03 0.008f ©0.005] 0.008| I.51 [< 0.003] o0.001
52 | Quartz-cordierite rock, the Dalkarls-
berg Mine..............civiuninn. 0.08 [< 0.001] 0.008] o0.015] 2.24 |< 0.003] o©.001
53 | Quartz-biotite schist, Stripa-Glifsa,
the Striberg Field................. 0.05 0.009| ©0.005] ©0.015 8.50 |< 0.003] o0.002
54 | Quartz-muscovite schist, the Asbo- v
berg Mine, Nora..........cocovunns 0.07 |< 0.001| 0.002|<<0.01 | 0.58 | <<0.003|< 0.001
55 | Andalusite quartzite, Garpenberg 0.06 0.00z| ©0.002f ©0.05] 3.19 0.003] o©O.o001
56 | Cordierite-gedrite rock, the Geté
Silver Mine................. feaeen 0.09 0.001/ ©0.004/ ©0.03| 7.58 |<0.003|< 0.001
Skarn Rocks:
57 | Cammingtonite skarn, the Persberg|
MineS. . .ooiiiiii it 0.01 o0.01 0.005] 0.14 |17.54 0.003] O.o001
58 | Amphibole skarn, Stripa-Glifsa, the
Striberg Field..................... 0.02 o.0x |< 0.001] o©0.05 | 7.28 0.003| o©0.001
59 [ Quartz-amphibole skarn, Stripa-
Glifsa, the Striberg Field.......... 0.06 0.009] ©0.003f 0.05 | 4.71 |[<O0.003] O.001
60 | Cummingtonite skarn, Hagalund
Mine, the Striberg Field........... < 0.01 0.006] O.o01] ©0.18 |12.14 |< 0.003|< 0.001
61 | Mn-garnet amphibole skarn, the Krak-
nds Mine, the Norberg Field....... 0.67 0.10 0.008] 5.98 |13.90 0.003] 0.006
Gramnites and Gneisses:
62 | Albite-mica gneiss, Kvarnstensberget,
the Striberg Field................. 0.06 0.02 0.007] 0.008] 0.73 |[< 0.003] o©0.04
63 | Red gneiss, the Striberg Field...... 0.06 |<< 0.001f ©O.002/ O©0.015] 2.95 |< 0.003] o©O.001
64 | Plagioclase gneiss, the Lekomberg
Mine...covviieiii e ieeenanannn 0.06 0.006] 0.007/<< 0.01 | 0.36 0.003|<C 0.001
65 | Plagioclase gneiss from the footwall,
the Idkerberget Mines............. 0.55 o.o1 0.002f 0.02 | I1.98 |< 0.003|< O.001
66 | Plagioclase gneiss, the Intranget Mines| o0.09 0.009] 0.005] 0.015| I.57 |< 0.003]< O.001
67 | Red mottled gneiss-granite, the Pen-
ning Mine, Torsdker............... 0.32 0.003] 0.007 ©0.42 | 5.96 0.003] ©.o01
68 | Grey plagioclase gneiss, the Malm-
berget Mine, Torsiker..... e 0.06 0.003] ©0.003] o0.015 I.29 [< 0.003] ©.002
Amphibolites:
69 | Quartz-magnetite amphibolite, the
Striberg Field..................... 1.08 o.15 0.005] 0.09 |1I.20 0.004] 0.002
70 | Amphibolite, the Idkerberget Mines| 1.04 0.02 0.001x] 0.14 |13.10 |< 0.003] o©.001

The author would also like to acknowledge the kindness of Dr. B. Asklund,
who made available the late Dr. Johanssons annotations containing the figures
of the chemical analyses.

The figures for Ti, Mn and Fe in Table 16 emanate from the chemical analyses
by Dr. Sahlbom. The other ferrides were spectrochemically determined in the
geochemical laboratory of the Geological Survey.

For the preliminary discussion on the distribution of the ferrides in the
iron-ore region of Central Sweden, we may be guided by Tables 17—22 below,
containing statistical data on the distribution of the ferrides.
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Table 17. The Distribution of Titanium in Iron Ores and Rocks
from Central Sweden.

Class < 0.01 0.01—0.05 0.05—0.10 0.10—0.50 >o0.50

Magnetite ore:

Magnetite. . .. 47.5 35.5 15.5 1.5 o
~ Gangue...... 23.5 6I.0 8.5 5.0 2.0
Hematite ore .. 21.5 60.5 6.0 6.0 6.0
Leptite ........ 8.0 10.0 46.0 28.0 8.0

Titanium (Table 17). The average content of Ti in the upper lithosphere is,
according to V. M. Goldschmidt, o.5 per cent (46). Compared with this mean
value, it is evident that the iron ores of Central Sweden are poor in Ti. So are
the rocks associated with the ores. The content of Ti in the magnetites tends
to be lower than that of the ores. In the rocks, on the other hand, the figures
for Ti are a little higher. g

Vanadium (Table 18). The mean for V in the upper lithosphere is 0.015 per
cent (V. M. Goldschmidt) (46). According to Table 18 the magnetites of the
ores are poor in vanadium, except those of the apatite iron ores. The gangue
rocks are also poor in vanadium, but the tendency is towards increasing values.
This tendency is still more accentuated in the hematite ores. The apatite ores
have an excess of vanadium compared with the mean. The distribution of
vanadium in magnetite and gangue respectively will be discussed in detail
in connection with the apatite iron ores of Northern Sweden.

In the rocks associated with the ores, the distribution of V is almost uniform
and on the whole similar to that in the hematite ores.

Table 18. The Distribution of Vanadium in Iron Ores and Rocks
from Central Sweden.

Class < 0.001 |0.001—0.005 |0.005—0.01| 0.01—0.05 | 0.05—0.1 >o0.1

Magnetite ore:

Magnetite. . .. 95.5 1.5 o 3.0 o o

Gangue...... 65.0 27.5 3.0 4.5 o o
Hematite ore. .. 23.5 47.0 14.5 12.0 3.0 o
Apatite ore..... o o 9.0 18.0 27.5 45.5
Leptite......... 18.0 30.0 20.0 26.0 4.0 2.0

Chromium. The distribution of this element is shown in Table 19. Compared
with the mean for Cr in the upper lithosphere — 0.02 per cent according to
V. M. Goldschmidt (46) — there is a deficiency of Cr in the iron-ore region
of Central Sweden. There seems to be no difference between the distribution
in the gangues of the magnetite ores and that in the hematite ores. The ore-
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Table 19. The Distribution of Chromium in Iron Ores and Rocks
from Central Sweden.

Class < 0.001r [0.001—0.005|0.005—0.01|0.01—0.05 [0.05—0.1 >o0.1

Magnetite ore:

Gangue...... 5I.0 26.0 7.0 iI.0 5.0 o
Hematite ore... 50.0 34.0 " 4.5 9.0 2.5 o
Leptite......... 2.0 60.0 26.0 10.0 o 2.0

bearing rocks show an increasing tendency, the mode being 0.001—o0.005 per
cent Cr. ~ e
Manganese (Table 20). The ratio Mn/Fe has already been discussed in the
preceding chapter. In Table 20 some figures are given showing the principal
distribution of manganese in the iron ores and the rocks of Central Sweden.

Table zo. The Distribution of Manganese in Iron Ores and Rocks
from Central Sweden.

Class < 0.0r |0.01—0.05|0.05—0.10|0.10—0.50| 0.50—1I.0 >1I.0

Magnetite ore:

Magnetite. . .. 1.5 23.0 23.0 37.0 11.0 4.5

Gangue. ..... 1.5 6.0 6.0 38.0 33.5 15.0
Hematite ore... 6.0 33.0 30.0 28.0 3.0 o
Leptite......... 32.0 40.0 20.0 6.0 o 2.0

Cobalt (Table 21). Unfortunately, from a spectrochemical point of view
the content of cobalt is rather low in this region, so that the figures presented
are estimated and thus approximate. As seen from Table 21, the magnetites
of the ores as well as of the ore-bearing rocks are poor in Co and the contents
are mainly below the average for the upper lithosphere, which is estimated
at 0.004 per cent Co by V. M. Goldschmidt (46). In those cases where the con-
tents of cobalt show relatively high values, 7.e. in the gangues of the magnetite
ores and in the hematite ores, the content of Co probably emanates from sul-
phide minerals — mainly pyrite — often present in the iron ores.

Table 21. The Distribution of Cobalt in Iron Ores and Rocks
from Central Sweden.

Class < 0.001 0.001—0.003 | 0.003—0.006| 0.006—0.01 | 0.01—0.03

Magnetite ore:

Magnetite. . ... 83.0 11.0 3.0 1.5 1.5

Gangue. ..... o 79.5 8.0 3.0 9.5
Hematite ore . . . o 79.0 10.5 3.5 7.0
Leptite......... o 80.0 20.0 o o
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Table 22. The Distribution of Nickel in Iron Ores and Rocks
o ) from Central Sweden.. ’

Class < 0.001|0.001—0.003 [ 0.003—0.006 [0.006—0.01| 0.01—0.03| >0.03

Magnetite ore:

Magnetite....| 98.0 2.0 o o o o

Gangue. ..... 72.5 11.5 I1.5 1.5 3.0 o
Hematite ore...| 39.5 35.5 14.5 10.5 o o
Leptite......... 38.0 46.0 8.0 2.0 4.0 2.0

Nickel (Table 22). The average content of nickel in the upper lithosphere
was estimated at o.o1 per cent by V. M. Goldschmidt (46). In general there
is a deficiency of Ni in the ores and rocks investigated, the majority of the
analyses showing values < 0.01 per cent Ni. A comparison between the distribu-
tion of cobalt and nickel discloses the tendencies to be very similar.

The ratio Co/Ni has been much discussed in geochemical literature. According
to V. M. Goldschmidt (46) this ratio is 0.4 for the upper lithosphere. If that is
right, the ratio in question for the iron ores and rocks in Central Sweden is
higher and approaches 1.

Lithium, Rubidium, and the Ratios Li/Mg and Rb/K. Tables 23 and 24 show
the distribution of the two alkalies lithium and rubidium and the ratios Li/Mg
and Rb/K. Magnesium and potassium were partly chemically, and partly
spectrochemically determined. In the latter method the accuracy is lower,
but sufficient to give an idea of the magnitude of the ratios in question.

Tables 25 and 26 contain some statistical data regarding the distribution
of Li and Rb respectively.

In the first column of Table 23 “(0)” represents the content of Li and Rb,
respectively, in the ore, and “(g)”’ stands for the content in question in the
gangue (viz. ore excluding magnetite). _

Lithium. Table 23 contains the analytical data on lithium in the iron ores.
We find that the content of Li is very low both in the ores and in their gangues,
quite independent of the ore types represented. Only in some skarn ores is
the content of Li higher, but it never reaches any appreciable amount.

Turning to the leptites and other rocks associated with the iron ores, we
. find similar trends, 7.e. the content of Li is low. 'Among the rocks showing a
relatively high content of Li, the slates of the Grythytte series, some helle-
flintas, and leptites rich in mica should be mentioned.

Table 25 is a survey of the distribution of lithium in the gangues of the iron
ores and in the ore-bearing rocks.

According to an investigation on the geochemistry of lithium by L. W.
Strock (111) the average value of Li in the upper lithosphere is 0.006 5 per cent.
As seen in Table 25, only about g per cent of the ores (gangues) and 12 per cent
of the rocks contain Li in quantities equal to or higher than the mean. The
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Table 23. The Distribution of Lithium, Magnesium, Potassium, and Rubidium in Iron
Ores and their Gangues from the Iron-Ore Region of Central Sweden.

No. Ore (o), Gangue (g) and Locality Li Mg 100 Li K Rb 100 Rb
. Mg K
The Persberg Region:
1| Skarn-magnetite ore (g), Storgruvan, the
Persberg Field.............oooiiiiiiiat, 0.002 5.0 0.14 0.22|< 0.001 |<< O.21
2 | Skarn-magnetite ore (g), ‘‘the kernel”, Ala-
bama, the Persberg Field................ 0.001 7.1 0.05 0.14|/<< 0.001 < 0.33
3| Skarn-magnetite ore (g), ‘‘the shell”, Ala-
bama, the Persberg Field................ < 0.0005] 7.1 |<o0.025] O0.07/<<o0.001 |<O0.65
4| Serpentine-skarn-magnetite ore, (g) Skir-
stoten, the Persberg Field............... o0.001r | 15.0 0.02 0.10|< 0.001 [<< 0.46
5| Lime-magnetite ore, (g) Skirstéten, the
Persberg Field..............coovviiiin.. < 0.0005] 6.2 {< 0.03 |< 0.07]< 0.001 —_
The Novdmark Region:
6| Skarn-magnetite ore, (g) the Nordmark Mine| o.001 | 10.5 0.03 0.30[ O.001 0.15
7| Skarn-magnetite ore, (g) the Taberg Mine..| o0.0005| 7.1 0.0z 0.25] o0.o01 0.18
8| Soft ore, (g) the Taberg Mine............ 0.003 |< 0.1 |>10.5 0.30f 0.004 0.61
9| Skarn-magnetite ore, (g) the Finnmosse Mine| o0.001 |> 15.0|< 0.02 0.25/< 0.001 |<< 0.18
10| Lime-magnetite ore, (g) the Finnmosse Mine| o0.0005| 3.5 0.05 | ~ 0.14/ o0.003 0.98
The Grythyttan Region:
11 | Skarn-magnetite ore, (g) the Hogborn Field| o.o0x 6.2 0.06 0.22{< 0.001 |< 0.21
12 | Skarn-magnetite ore, (g) the Finnberget Mine| o0.001 3.5 o.10 0.30f 0.008 I.22
13 | Skarn-lime-magnetite ore, (g) the Finnberget
Mine.....oviiiiiiiiiiiiini i, 0.002 1.6 0.44 0.25| o0.007 I.28
14 | Lime-magnetite ore, (g) the Finnberget Mine|<< 0.0005| 0.70|< 0.25 0.35] 0.006 0.78

The Nora-Viker Region:
15| Quartz-magnetite ore, (o) the Pershyttan

317 o PP 0.0007| 0.4 0.60 < 0.00r1 —
16 | Quartz-hematite ore, (o) the Pershyttan

MiNeS. vt it ittt ittt 0.001 0.6 0.58 I.1 0.004 0.17
17| Quartz-magnetite ore, (g) the Klacka-Ler-

berg Mine........coviiiiiiniiniinnennns 0.001 7.1 0.05 < 0.00r1
18 | Quartz-magnetite ore, (g) the Nyberget Mine| o0.002 6.2 o.11 |>1I.0 0.18 |< 8.2

19 | Quartz-magnetite-hematite ore, (g) Grund-

gruvan, the Dalkarlsberg Mine........... 0.001 0.60] o0.58 0.20] 0.0006] O.14
20| Quartz-magnetite-hematite ore, banded, (o)

Kiarrgruvan, the Striberg Field........... < 0.0005] 0.39/<C 0.45 < 0.001 —
21| Quartz-garnet-hematite ore, banded, the

Striberg Field (0).....ccvviiiineenaan... 0.007 o.21 I.17 < 0.001
22 | Quartz-hematite ore, banded, (g) the Striberg

Field.....oiiiin i it i i e i < 0.0005] oO.1 < 0.0005
23 | Micaceous hematite ore, (g) the Asboberg

L 5+ < 0.0005|<< 0.1 < 0.0005

The Region Linde-Guldsmedshyttan-Ramsberg:
24 | Quartz-hematite ore, banded, (o) the Stripa,

Mine....oviniiiiiiiiiii i i e e 0.001 4.8 0.07 0.2 0.001 0.23
25| Quartz-hematite ore, banded, (o) from the .

foot-wall, the Stripa Mine............... 0.0005 3.1 0.06 < o0.001
26 | Quartz-hematite. ore, (avg (0), the Strassa .

L+ - 0.001 0.28 I.24 0.47] o©0.004 0.39

27 | Quartz-magnetite ore, (o) the Strassa Mine| o0.002 I.48] 0.48 0.32| o.or | 1.%3
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No. Ore (0), Gangue (g) and Locality Li Mg |0l g Rb |100Rb
Mg K
28| Quartz-hematite ore, (g) the Blanka Mine..|< 0.0005] 0.50/< 3.5 < 0.00035
29 | Lime-magnetite ore, (g) Skottgruvan...... 0.0005| 5.5 0.032 < 0.001
The Ljusnarsberg Region:
Manganiferous Iron Ores from the Bast-
karn Field (Nos. 30—38):
30| Knebelite ore, (o) Backgruvan, 265 m level|< 0.0005| 0.8 [< 0.21 < 0.0005
31| Knebelite ore, rich in Pb, (o) Backgruvan,
265 m level. ... ... ... i i < 0.0005] 0.60|<<0.29 < 0.0005
32| Lime ore, (o) Backgruvan, 265 m level...{< 0.0005| 2.22|< 0.08 < 0.0005
33| Knebelite ore, containing amphibole, gar-
net, and mica (0)........oiiiiiiiiiiian 0.0005| 0.99] o0.18 I.o 0.004 0.18
34| Knebelite ore, containing amphibole and
MICA (0) «vvvvniiiinn e 0.0005 0.92] O.19 I. 0.0007| 0.03
35| Knebelite ore, containing mica (0)........ 0.002 I.03] o0.68 o. .0.008 0.41
36 | Rich ore, mainly knebelite-skarn (o) ..... < 0.0005/ 0.90[<< 0.19 < 0.0005
37| Rich ore, calcareous (0)................. < 0.0005| 0.79/|<0.22 < 0.0005
38| Rich ore, pyrite-bearing (0).............. < 0.0005] I.70|<<O.10 < 0.0005
39| Lime-magnetite ore (g), the Stéllberg Mines| o0.o0x 5.1 0.07 0.07[ 0.006 3.9
40 | Lime-magnetite ore (g), the Stillberg Mines| o0.001 1.6 0.22 0.22|<< 0.001 |< O.21
41 | Quartz-magnetite ore (o), the Lomberg Mines| o0.002 9.2 0.08 0.6 [<< 0.0003|<< 0.02
42 | Quartz-magnetite-hematite ore (o), the Lom-
berg Mines. ......oovviiiininnenenennns 0.0003| 1.3 0.08 0.005
43| Micaceous hematite ore (o), the Lomberg
MiNES. « o tvee ittt it et eeieeaaeaanen 0.0008| O.2 I.4 < 0.0003
44 | Hematite-banded leptite (o), the Lomberg
MiNES. .o cvvet ittt iteteneaeneeenaneenn 0.0006] 0.4 0.5
45| Skarn-lime-magnetite ore (o), the Pullero
MiNES. « v vo e e eeneneeeraneananeanenans 0.0008| 4.8 0.06 0.4 0.0009| oO.1
46| Skarn-lime-magnetite ore (o), the Pullero
MiNES. oo vt it i it e et e e 0.001 6.6 0 05 0.3 [< 0.0003|< 0.05
47 | Skarn-lime-magnetite ore (o), the Pullero
MiNeS. « ittt ettt e e e 0.0006] 1.6 0.13 0.3 |<< 0.0003|<< 0.05
48| Skarn-lime-magnetite ore (o), the Pullero
MiNeS. . oovvii it ittt e e 0.0006] 3.7 0.06 0.z |< 0.0003{<< 0.07
The Grangirvde-Ludvika Region:
The Griangesberg Ore Field (Nos. 40—55):
49| Apatite-magnetite ore (g), the Export Field
(V)i e o.o17 8.2 0.77 I.x 0.1 4.16
50| Apatite-magnetite ore (g), the Lonnfallet
Mine (Avg). . ..vvviiiiiiiiii i 0.0004| 8.9 0.02 0.74] oO.017 I.05
51 | Magnetite ore (poor in P), (g), the Risberg
53| Field (avg) ... vvveniiiiiininiinnnn... 0.003 4.9 O.21 2.1 0.055 I.2
56 | Apatite-magnetite ore (g), the Blotberget
MinE. s vttt ettt e e e 0.003 2.5 0.42 0.45| o0.01 I.02
57| Apatite-hematite ore (o), the Blotberget
MiDE. s ettt ettt ettt e, << 0.0005] 0.5 |< 0.35 0.15]<< 0.001 |< 0.31
58 | Apatite-magnetite ore (g), the Fredmund-
berget Mine. . .......covivniuvnnenenannnn 0.005 6.2 0.28 |< 0.07|<< 0.001 —
59| Apatite-hematite ore (g), the Fredmund-
berget Mine............oviiiviieinen.. 0.003 0.25| 4.2 0.07| 0.0007] 0.46
60 | Epidote-hematite ore (o), the Fredmund-
berget Mine..............iiiiiiiiiien.. 0.0008 o.10f 2.8 0.07] 0.0006] 0.39
61| Apatite-magnetite ore (g), the Lekomberget
DL+ L 0.003 3.5 0.31 o.15] o.o1 3.05
62 [ Quartz-magnetite ore (g), Vaghalsen, the
Finnds Field........... ... < 0.0005] 0.35/< 0.5 0.50] o0.007 0.64

5—838550
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No. Ore (o), Gangue (g) and Locality Li Mg too Li K Rb 100 Rb
Mg K
63 | Quartz-hematite ore (g), Vaghalsen, the
Finnds Field............. .. .. ..o uh, 0.0008] 0.5 56 0.22] O0.o01 0.21
64 | Quartz-magnetite ore (g), the Iviken Field| o.o001 0.5 0.07|< 0.001 |<< 0.65
65| Quartz-hematite ore (o), the Iviken Field..|< 0.0005/< 0.1 0.09|<C 0.0003}< O.15
66 | Quartz-magnetite ore (g), the Ickorrbotten
Field. ... ..o, .008 1.6 1.75 0.3 .03 4.6
67 | Quartz-hematite ore (g), the Ickorrbotten
Field. ...t it e e .001 0.6 0.6 0.18 .001 |< 0.25
68 | Quartz-magnetite-hematite ore (g), the Haks-
berg Field............oooiiiiiiiiiinin, .003 0.2 5.25 .0005
69 | Quartz-magnetite-hematite ore (g), the Gris-
berg Field............... .. ot .0005] oO.1 [<I.75 L0005
70| Skarn-magnetite ore (g), the Marten Mine| .004 2.8 .5 .o01
71 | Lime-skarn-magnetite ore (g), the Bjorn-
berget Field................ . ..ot .0003| 2.4 0.04 .006
72| Lime-skarn-magnetite ore (g), the Bjorn-
berget Field............coooiiiiii, .0005| Q.8 0.02 .0003
73 | Lima-skarn-magnetite ore (g), the Bjorn-
berget Field............................ .0003| I.5 0.07 0.4 .14 16.0
The Norrbirke Region:
74 | Quartz-skarn-magnetite ore (g), the Karr-
gruvan Field.............. ... oinnt. .0005| 2.8 |< 0.06 0.27 .005 0.85
75 | Quartz-magnetite-hematite ore (g), the Karr-
gruvan Field............ ... . oo .0005 0.75|<< 0.23 0.22 001 |< 0.21
76 | Skarn-magnetite ore (g), the Karrgruvan
Field. ...ttt i ittt eaee .003 9.2 o.11 o.12 .003 I.2
The Skinnskatteberg Region: )
The Riddarhytte Ore Fields (Nos. 77—88):
77| Skarn-magnetite ore (g), the Kaillfallet Mine
(“Anton™)..... .ol L0005 7.1 0.03 0.14 ooy 2.3
78 | Skarn-magnetite ore (g), the Kallfallet Mine
(“Waldemar™) ... ..ooviiiiniiiininnnnn .002 7.1 0.1 |<o0.07/<o0.001 | —
79 | Quartz-magnetite ore, poor in sulphides (g),
the Myrbacks Field..................... .02 2.4 2.9 [>1I.0 .0z |<o0.9
80| Quartz-magnetite ore, rich in sulphides (g),
the Myrbacks Field..................... 007 1.1 2.2 0.20] O0.02 4.6
81 | Quartz-magnetite ore, poor in sulphides (g),
Pellegruvan, the Hans Urbasson Field ... 0.01 2.8 I.25 |>1I.0 .05 |< 2.3
82| Quartz-magnetite ore, rich in sulphides (g),
Pellegruvan, the Hans Urbasson Field ... 0.02 5.0 I.40 o.12 001 |<< 0.4
83| Sulphide ore, rich in cobaltite (o), Pellegru-
van, the Hans Urbasson Field ........... 0.01 1.1 3.0 0.22 o1 2.1
84 | Skarn-magnetite ore (g), the Hojdgruve Field] o0.003 9.2 o.11 0.30 .007 1.1
85| Quartz-hematite ore, banded, of the Blakulla
type (o), the Bastnds Field.............. < 0.0005] 1.6 |<oO.11 0.18 .001 [< O.25
86 | Quartz-hematite ore, banded, of the Bla-
kulla type (o), the Bastnids Field ........ 0.0005| ©O.5 0.35 0.20 .001 < 0.25
87| Quartz-skarn-hematite ore, banded, of the *
Blakulla type (g), the Bastnis Field ...... 0.001 | I0.0 0.04 o.10 .0003] O.14
881 Skarn-magnetite ore (g), the Persgruvan : :
Field...... .o i 0.0005| 10.5 [ < 0.02 0.16 .0o01 |< 0.29
The Norberg Region:
The Norberg Ore Fields {Nos. 89—104):
89 | Skarn-magnetite ore (g), the Malmkirra Mine| 0.0z 10.5 0.67 0.10 .001 0.46
9o | Skarn-magnetite ore (g), the Malmkérra Mine| o0.o01 7.1 0.05 0.07, .o1 6.54
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No Ore (o), Gangue (g) and Locality Li Mg | I Ll g Rb 100 Rb
: Mg K
91 | Quartz-hematite ore, banded (o), the Norr-
berg Field (avg 1940).........coovvunn .. < 0.0005] 0.7 [<O0.25] oO.1 0.001 0.46
92 | Quartz-hematite ore, banded, close to a
diabase (o), the Norrberg Field .......... < 0.0005] 0.3 |< 0.6 0.09/<< 0.001 |< 0.5
93| Lime-magnetite ore (g), Asgruvan, the Get-
backen Field.......... . oo 0.003 3.5 0.3 0.11]< 0.001 |<< 0.4
94 | Diopside-skarn-magnetite ore (g), Asgruvan, )
the Getbacken Field..................... < 0.00035| 5.0 |< 0.04 0.10|<< 0.001 |<< 0.46
95 | Actinolite-skarn-magnetite ore (g), Asgruvan,
the Getbacken Field.................... 0.001 7.1 0.05 0.08/< 0.001 [< 0O.57
96 | Quartz-hematite ore, banded (g), Orling-
gruvan, the Norberg Field...... FRERER << 0.0005] 0.5 [< 0.35 < 0.001
97| Skarn-hematite ore. banded (g), Orlinggru-
van, the Norberg Field.................. 0.0006| 2.5 0.08 < 0.001
98| Skarn-hematite ore, banded, and rich in gar-
net (g), Orlinggruvan, the Norberg Field...|< 0.000s5| 0.7 |< 0.25 0.09|<< 0.001 [< O.51
99 | Quartz-hematite ores from the Norberg Field
. (AVE 1940) (0)« v vvevn i < 0.0005] 0.9 [<o0.19 < 0.001
100 | Quartz-hematite ores from the Norberg
Mining Fields (avg 1940) (0) ............ < 0.0005| 0.3 [< 0.58 < 0.00r
101 | Lime-magnetite ore (g), Grondal, the Klack-
berg Field............ooviiiiiiiiin... 0.0005| 6.1 0.03 < 0.001
102 | Lime-magnetite ore (g), Storgruvan, the
Klackberg Field...................... ... 0.0005| 2.8 0.06 < 0.001
103 | Lime-magnetite ore (o), (avg 1933), the G:la
Kolningberg Field....................... < 0.0005 1.8 [<o0.1 < 0.001
104 | Lime-magnetite ore (o), (avg 1933). the Nya
Kolningberg Field....................... < 0.0005] 2.2 [< 0.08 < 0.001
The Garpenberg Region:
105 | Diopside-skarn-magnetite ore (g), the Rylls-
hytte Mines .................oiitn 0.001 | 1I2.5 0.03 |<< 0.07|< 0.001 —
106 | Skarn-magnetite ore (g), the Holmgruvan
Field............. ... ... e 0.0008| 1.6 0.18 0.30] oO.o1 1.52
107 | Skarn-magnetite ore, rich in sulphides (g),
the Holmgruvan Field................... < 0.0005] 1.6 |<oO.11 0.23] 0.004 0.80
108 | Actinolite-skarn-magnetite ore (g), the In-
tranget Mines........... ..o, 0.00035 7.1 0.02 0.14|{< 0.001 |< 0.33
109 | Cummingtonite-skarn-magnetite ore (g), the
Intranget Mines .............ocvuvinnnnn o0.0005| 8.5 0.02 0.13/< 0.001 |< 0.36
110 | Skarn-magnetite ore (g), (the Vik ore), the
Intranget Mines.................. ... ..., < 0.0005| 3.5 |< 0.05 o.14] o0.03 9.8
111 | Skarn-magnetite ore (g), (the Karl ore), the
Intranget Mines................ ... < 0.0005 5.0 [< 0.04 0.17]< 0.001 |{< 0O.27
112 | Skarn-magnetite ore (g), (the Kron ore), the
Intranget Mines...............cooninnnnn 0.003 7.1 |  o.15 0.10] < 0.001, |< 0.46
114 | Pyroxene-garnet-skarn ore ,(the Netzel ore), -
the Intranget Mines (0) ............cu... < 0.0005 3.5 |< 0.05 0.12| O0.004 1.52
115 | Skarn-magnetite ore, G:la Stjalkgruvan, the
Intradnget Mines (0) . ......c.covvvnnnvennn, " 0.0006] 5.0 0.04 0.14|< 0.001 |[< 0.33
The Silvberg-Sdter Region:
116 | Quartz-magnetite ore (g), the Bispberg Field| o0.001 4.0 0.09 | << 0.07|< 0.001 —
117 | Quartz-magnetite ore, coarse grained (g), the
Bispberg Field.......................... 0.0008/ 3.2 0.09 0.08/ << 0.001 [< 0.57
118 | Quartz-magnetite ore, banded and coarse
grained (o), the Bispberg Field .......... < 0.0005] 0.7 |< O0.25 0.14{<< 0.001 |<C 0.33
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No. Ore (o), Gangue (g) and Locality Li Mg Too Li K Rb 100 Rb
Mg K
119 | Quartz-hematite ore, banded (o), the Bisp-
berg Field............. .. ... i i, < 0.0005 0.3 [< 0.58 o.11 0.0003 0.12
120 | Skarn-hematite ore, banded (o), the Bisp-
berg Field...........ooiiiiiiiiit, 0.0005| 6.0 0.03 [< 0.07]< 0.0003 —_
121 | Talcous Skarn-hematite ore (o), the Bisp-
berg Field.............oooiiiiiiiin... < 0.0005| 5.0 [<0.035] 0.10/<<O0.001 {< 0.46
The southern Pawt of the St. Tuna Region:
122 | Knebelite-skarn-magnetite ore (g), the Tuna-
Hastberg Field................ ... ..., < 0.0005] I.o [<o0.18 < 0.0005
123 | Apatite-magnetite ore (g), Bickgruvan, the
Idkerberget Field....................... < 0.0005| 0.2 |< 0.88 < 0.0005
124 | Apatite-magnetite ore from the hanging wall
(g), Viggruvan, the Idkerberget Field..... < 0.0005|<< 0.1 — < 0.001
125 | Apatite-magnetite ore (g), Bergmaistargru-
van, the Idkerberget Field............... < 0.0005] 0.25|< 0.7 < 0.0005
126 | Apatite-magnetite ore (g), Centralgruvan,
the Idkerberget Field ................... < 0.0005] O0.90|<<0.19 < 0.0005
The Uppland Region:
127 | Lime-magnetite ore, banded (o), the Ram-
hall Field. . .....oviiiiiiiiii i, 0.001 1.4 0.25 0.7 0.02 1.3
128 | Lime-skarn-magnetite ore (g), (avg), Svea-
gruvan, the Dannemora Field............ < 0.0005 7.1 |< 0.02 0.12] 0.003 I.14
129 | Lime-skarn-magnetite ore (g), (avg), Svea-
gruvan, the Dannemora Field............ < 0.0005| 5.5 |< 0.03 0.20/<< 0.001 |< 0.23
130 | Lime-skarn-magnetite ore (g), (avg), Mellan- ’
falten, the Dannemora Field............. < 0.0005| 7.1 |<oO0.02 0.30] 0.006 0.92
131 | Lime-skarn-magnetite ore (g), (avg), Mellan-
filten, the Dannemora Field............. < 0.0005] 5.5 |<o0.03 0.20|/<< 0.001 |< 0.23
132 | Lime-skarn-magnetite ore (g), (avg), Dia- '
mantgruvan, the Dannemora Field....... 0.004 7.1 0.20 0.15/<< 0.001 |<< 0.31
133 | Lime-skarn-magnetite ore (g), (avg), Dia-
mantgruvan, the Dannemora Field....... < 0.0005] 4.5 [<o0.04 0.08]< 0.001 |[< 0.57
134 | Skarn-magnetite ore (0), Eknis, the Herrang
2 123 ' 0.0006] I.21f O.17 0.02|<< 0.001 |< 2.3
135 | Skarn-magnetite ore (o), Viking, the Herrang
2 723 OO 0.0005 I.72] O.10 0.12{<< 0.001 |<< 0.38
136 | Quartz-skarn-magnetite ore (o), Spatgruvan,
the Herrang Field....................... 0.001 I.19] O0.29 0.32 0.003 0.43
137 | Skarn-magnetite ore (o), Fabiangruvan, the
Herrdng Field............. ... .. ... 0.001 3.82 0.09 0.12|< 0.001 |< 0.38
138 | Skarn-magnetite ore (o), Sj6- och Damm-
gruvan, the Herrang Field .............. 0.0006| 3.00| O0.07 0.09|< 0.001 |<< 0.51
The Sodermanland Region:
139 | Quartz-magnetite ore (g), the Kantorp Mine| o.o1 3. 1.0 0.18/< 0.001 [<< 0.25
140 | Quartz-hematite ore (g), the Kantorp Mine| o0.004 0.25 5.6 0.40|< 0.001 (< O.12
141 | Skarn-magnetite ore, homogenous (o), the
J Ut Mines........ooiiiiiiiiiiiiinnn, 0.02 I.2 5.8 |> 2 0.06 |< 1.4
142 | Quartz-hematite ore, banded (o), the Uto .
DL 0.007 0.55| 4.5 < 0.003




ON SWEDISH IRON-ORES 69

Table z4. The Distribution of Lithium, Magnesium, Potassium, and Rubidium in Rocks
from the Ore-bearing Regions of Central Sweden.

No. Rock and Locality Li Mg | 1ol g Rp |[1coRb
Mg K
Leptites:
1 | Leptite, Finnarmossgruvan............. 0.0005 I.18 0.15 I.59 0.004 o.12
2 | Potassic leptite, Backgruvan.......... . 0.0005| I.or 0.18 7.30 0.03 0.19
3 | Skarn-banded microcline-plagioclase lep-
tite, the Taberg Mine................. 0.003 I.03 I.03 4.36 0.02 0.21
4 | Albite-leptite, the Nordmark Mines..... < 0.0005] 0.85 |< 0.21 0.008] 0.004 | 50
5 | Black helleflinta, Grythyttan........... < 0.0005| 0.20 |< 0.88 2.63 0.007 0.12
6 | Black helleflinta, Grythyttan........... 0.003 I.12 0.94 5.80 0.02 0.16
7 | Helleflinta, Hallefors.................. < 0.0005] 0.07 |< 2.5 0.16 0.004 I.14
8 | Helleflinta, Brevik, Grythyttan......... < 0.0005] 0.13 |[< 1.3 0.23 |< 0.0003] oO.10
9 | Dark slate, Grythyttan................ 0.02 I.61 4.36 3.44 0.01 0.13
10 | Black slate, Grythyttan............... o.o1 2.52 I.39 I.61 0.007 0.20
11 | Light slate, Grythyttan................ 0.02 1.64 4.27 3.94 0.01 o.12
12 | White albite-leptite, Résberg........... < 0.0005] 0.17 |< I.05 0.32 0.0003] 0.04
13 | Brown-grey helleflinta, Nora socken....| o0.002 I.29 0.55 4.12 0.02 0.22
14 | Grey helleflinta, Knapptorpgr, Nora ....| o0.0005| o0.21 0.83 I.84 0.008 0.20
15,| Dark helleflinta-leptite, Viker.......... 0.001 I.31 0.27 3.08 o.or1 o.15
16 | Grey helleflinta, Nya Viker Mine ...... 0.0z 1.62 4.4 4.07 o.or1 o.r:
17 | Plagioclase-leptite with needles of amphi-
bole, the Bergsang Mines.............. < 0.0005 2.09 |[< 0.084] o0O.51 0.002 0.18
18 | Red leptite, the Skofttorp Field........ 0.003 I.18 0.89 8.01 0.02 0.09
19 | Biotite-muscovite-leptite, the Pershytte
Field......ccviiiiiiiiii it i, 0.02 I.04 6.8 4.97 0.03 0.28
20 | Dark-grey biotite-leptite, the Nedre Pers-
hytte Field................ ..o on... o.01 1.80 1.95 6.60 0.025 0.17
21 | Leptite, Klacka-Lerberg............... 0.0006[ 0.43 0.48 4.18 0.01 o.rx
22 | Pink porphyric plagioclase-leptite, Timans-
273 o= < 0.0005) 0.24 |< 0.74 0.22 0.002 0.42
23 | Grey leptite, Dalkarlsberg............. 0.0005| ©0.90 o.z0 2.67 0.01 o.17
24 | Plagioclase-leptite, Kirrgruvan, the Stri-
berg Field........c.cviiiiiiiiinnnnnn. 0.0008[ oO.12 2.34 0.19 0.004 0.12
25 | Red potassic leptite, Komministergru-
van, the Striberg Field................ 0.0005 0.37 0.47 5.85 0.02 0.16
26 | Red leptite, Grindgruvan, the Striberg
Field......... ... il 0.0005] 0.70 0.25 7.18 0.o15 0.10
27 | Leptite, Strassa....................... 0.001 2.11 0.08 3.10 0.01 0.15
28 | Leptite, the Bastkirn Field............ 0.0008| 0.49 0.57 8.25 O.o1 0.06
29 | Grey leptite, the S. Stillberg Field, Ljus-
narsberg...... ... ... . i i, < 0.0005 0.42 0.42 10.98 0.05 0.21
30 | Grey leptite, the Svartvik Field, Ljus-
narsberg.........ciiiiiiiii i, 0.0007| 0.89 0.27 5.39 0.025 0.z20
31 | Red potassic leptite, Gringesberg....... 0.82 5.83 0.03 0.20
32 | Grey sodic leptite, Gringesberg......... 0.76 1.36 0.009 0.30
33 | Red leptite, the Iviken Mine........... < 0.0005| 0.19 |< 0.92 6.85 0.03 0.20
34 { Grey plagioclase-leptite, the Ickorrbotten
Mine......ooiiiiiiiiii i i i e 0.002 I.13 0.62 0.97 0.003 0.14
35 | Grey potassic leptite, the Hilling Mine . 0.0008[ 0.60 0.47 6.18 0.03 0.21
36 | Dark leptite, Vastanfors............... 0.003 0.99 I.06 6.38 0.03 0.22
37 | White microcline-leptite, Ostanmossa,
Norberg......cooveiiiiiiinniiinnnnn.. < 0.0005] 0.46 |< 0.38 7.65 0.006 0.04
38 | Red leptite, Stalgruvan, Norberg....... < 0.0005] o0.10 |< 1.75 7.29 0.02 0.13
39 | Sodic leptite, Kallmorberg, Norberg..... < 0.0005 0.29 [< 0.61 0.32 0.001 0.14
40 | Grey schistose leptite, Norberg......... 0.002 0.36 1.95 3.39 0.008 o.11
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Amphibolite, the Idkerberget Mines... ..

No. Rock and Locality Li Mg MLl g Rp |10oRD
Mg K
41 | Red leptite, Norberg.................. < 0.0005| O.or2|< 14.6 3.49 0.08 I.o3
2 | Leptite, Norberg...................... < 0.0005| 0.066|< 2.06 7.40 0.01 0.06
43 | Sodic leptite, Norberg................. < 0.0005| 0.64 |< 0.27 1.34 0.006 0.20
44 | Red plagioclase-leptite, the Bispberg Field|< 0.0005] 0.08 |[< 2.19 0.19 0.0003| 0.07
45 | Red leptite, the Sater Mines........... < 0.0005| 0.25 |< 0.70 5.13 0.02 0.21
46 | Sodic leptite. Markdalsgruvan, Grissle-
hamn........... ... . i, < 0.0005 0.57 |< 0.31 0.34 0.0006] 0.08
47 | Potassic leptite, Vanga (avg)........... 0.0006] 0.31 0.67 9.78 0.009 0.04
48 | Potassic leptite, Norsholm, Vanga...... 0.0008| 0.48 0.59 10.08 0.02 0.08
49 | Potassic leptite, Navekvarn, Tunaberg...[< 0.0005] 0.055/< 3.2 7.88 0.02 O.12
Metamorphic Rocks:
50 | Quartz-chlorite-sericite schist, Grythyttan| o0.001 4.18 0.08 1.68 0.004 o.11
51 | Yellowish quartz-muscovite schist, the
Rosberg Field. . ........cooiiiiiinn, 0.002 2.46 0.28 3.52 0.01 0.13
52 [ Quartz-cordierite rock, the Dalkarlsberg
MinE. e e ittt ittt et e 0.0007| 3.23 0.08 I.91 0.008 0.19
53 | Quartz-biotite schist, Stripa-Glifsa, the
Striberg Field................ovoouut 0.003 4.84 0.22 3.24 0.0z 0.28
54 | Quartz-muscovite schist, the Asboberg
Mine....oiiiii it e e 0.0005 1.36 0.14 2.48 0.02 0.37
55 | Andalusite quartzite, Garpenberg....... 0.0005| I.58 o.11 0.63 0.001 0.07
56 | Cordierite-gedrite rock, the Geta Silver)
Mine. ... ootiiii ittt < 0.0005 5.41 [< 0.03 0.11 |< 0.0005|<< 0.21
Skarn Rocks:
57 | Cummingtonite Rock, the Persberg Mines| 0.0008| 10.95 0.03 0.26 0.001 0.18
58 | Amphibole skarn, Stripa-Glifsa, the Stri-
| berg Field................ it 0.0005| I1.65 0.015| 0.12 |< 0.0005/<C 0.19
59 [ Quartz-amphibole skarn, Stripa-Glifsa,
the Striberg Field..................... < 0.0005| 3.7z [< 0.05 0.34 0.001 0.13
60 | Cummingtonite skarn, Hagalund Mine, '
the Striberg Field..................... 0.0005| 12.33 0.o15| 0.17 0.005 0.13
61 | Mn-garnet-amphibole skarn, the Kraknis
Mine, Norberg.........cooviviiinnn.. < 0.0005 3.92 (< 0.05 2.50 0.002 0.36
Granites and Gnueisses:
62 | Albite-mica-gneiss, Kvarnstensberget, the
Striberg Field. ............ .. ..o, 0.0005| 0.58 0.31 I.48 0.003 0.09
63 | Red gneiss, the Striberg Field.......... 0.0008| 0.31 0.91 2.60 0.006 o.11
64 | Plagioclase gneiss, the Lekomberg Mine| o0.o00r1 0.28 I.24 0.63 0.001 0.07
65 | Plagioclase gneiss from the foot-wall, the
Idkerberget Mines..............ocoun. 0.0005| 2.04 0.09 0.37 |< 0.0005|< 0.06
66 | Plagioclase gneiss, the Intranget Mines..|< 0.0005| o©0.21 |< 0.83 3.49 0.02 0.26
67 | Red gneiss-granite, Penninggruvan, Tors-
AKer. ... ..ooiiiiiiiii i i X 0.0005] I.74 (< oO.10 3.82 o.01 0.12
68 | Grey plagioclase gneiss, the Malmberg
Mine, TorsdKer. ........ouuvieuunennnn. 0.0005| I.71 0.10 1.38 0.008 0.27
Amphibolites:
69 | Quartz-magnetite amphibolite, the Stri-
berg Field................. oo, 0.0006] 3.1 0.07 0.82 0.003 o.17
70 < 0.0005 3.4 < 0.05 0.94 0.003 0.15
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Table 25. The Distribution of Lithium in the Pre-Cambrian Iron Ores
and associated Rocks of Central Sweden.

Class Gangue Leptite Metam. rock Gneiss
0.0001—0.0005. ... ... 45.5 40.5 25.0 335
0.0005—0.00I........ 25.0 27.5 50.0 55.5
0.001 —0.005........ 20.5 19.5 25.0 II.0
0.005 —0.0X. .4t euunn 4.5 o o o
0.01 —O0.05...... 4.5 12.5 o o
Average content..... 0.0023 0.0058 0.0011 0.0011
(weight per cent)

fact that most iron ores and their associated rocks show a strong deficiency of
lithium, is a very remarkable geochemical phenomenon.

The ratio Li/Mg is lower than might be expected in the light of the investiga-
tion by Strock quoted above. From a crystal-chemical point of view, the
magnitude of the ratio Li/Mg is, as mentioned earlier, of great interest, and
both Strock and Frans E. Wickman (125) have discussed the cause of the
increasing value of the ratio in question as the acidity of the igneous rocks
increases. The geochemistry of lithium and its geological importance will there-
fore be discussed in detail in the next part of this work.

Rubidium. The average value of Rb in the upper lithosphere is estimated at
0.031 per cent (V. M. Goldschmidt (46). In the iron ores there is generally a
deficiency of Rb, as seen from Tables 23 and 26 below. Only 7.5 per cent of the
ores contain Rb in quantities equal to or higher than the mean mentioned
above. Thus, the deficiency of Rb is of approximately the same size as that
of Li. In a few cases a high value of Rb corresponds to an increasing value of
Li, but in most cases there seems to be little correlation between the contents
of the two elements in question.

In the rocks associated with the iron ores we find that on the whole there is
a deficiency of Rb, but this deficiency is less marked than in the case of the

. Table 26. The Distribution of Rubidium in the Pre-Cambrian Iron Ores
and associated Rocks of Central Sweden.

Class Gangue Leptite Metamorphic Gneiss
rock

0.0001—0.0005. .. .... II.0 6.5 7.0 14.5
0.0005—0.00TI. . 45.0 2.0 o [o]
0.001 —0.005. . . 23.0 16.5 - 41.5 28.5
0.005 —O0.0T..vuunnn. 10.0 16.5 16.5 28.5
0.0I —0.05......... 8.5 54.0 25.0 28.5
0.05 —O0.T.....ocuun. 2.5 4.5 o o
Average content. . ... 0.0057 0.018 0.0086 0.01
(weight per cent)
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ores (see Table 23). About 25 per cent of the samples analysed have contents
equal to or higher than the mean, as seen from Table 26 above.

A symbaty of considerable strength exists between the contents of Rb and
K in the rocks, the correlation coefficient (r) being + 0.84. It should be mentioned
here that the correlation between Rb and the ratio Rb/K shows a feeble anti-
batic tendency, the r-value being — o0.27.

Beryllium, Boron, Molybdenum, and Tungsten. Tables 27 and 28 show the
contents of the above elements.

Beryllium. The content of Be in the upper lithosphere varies according to
milieu:

Igneous rocks (I. and W. Noddack (91) ................... 0.0005 % Be
Igneous rocks (V. M. Goldschmidt and Cl. Peters (49) ..... o0.00018 7 7
Apatite iron ores of Griangesberg (S. L‘andergren 68) ...... 0.0006 7
Clay slate (V. M. Goldschmidt, H. Hauptmann, and Cl. Peters

(BI) vt e e e 0.00055 "’
Marine bottom sediment from Tyrrhenian Sea, Mediterranean

(S. Landergren (7I) ......ooiiiiiiiniiiiinneninnennnen. 0.00r3 7 7

Table 27 below shows the contents of Be in the iron ores. In the spectra
of the iron ores the spectral lines of Be were generally not visible. Thus, the
content of Be is < 0.001 per cent. In some cases, however, the content increases,
e.g. in the skarn ores of the Persberg region and in various ore types in the
Riddarhyttan and Norberg regions. On the whole there seems to be little rela-
tion between the content of Be and the ore type.

The content of Be in the rocks associated with the iron ores is generally
below the limit for spectrochemical estimation, as seen from Table 28.

Boron. In order to facilitate a comparison between the boron contents in
the iron ores and their associated rocks, the following figures show the distribu-
tion of boron in various milieus: :

Igneous rocks (V. M. Goldschmidt (46) ................ 0.0003 % B
Marine sediments (V. M. Goldschmidt (50) ............. 0.0o15 77
Liassic iron sediments from Southern Sweden (S. Palmqvist ‘

(96) - v e e 0.03—0.003 "
Bottom sediment from the west coast of Sweden (S. Lander-

<3 €5 R () o.0o14 7”7
Alum shale (Cambrium), Southern Sweden (S. Landergren

(70) v o.or4
Bottom sediment from the Tyrrhenian Sea, Mediterranean

(S. Landergren (7I) ....ovvviiiiinniiniiiniinann.... 0.005 7

The distribution of boron in pre-Cambrian rocks in the southern part of
Finnish Lapland has been investigated by Th. G. Sahama (10z). He found,
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Table 27. The Distribution of Beryllium, Boron, Molybdenum, and Tungsten
in Iron Ores of Central Sweden.

No. Ore (o), Gangue (g) and Locality Be B Mo w
The Persberg Region:
1 | Skarn-magnetite ore (g), Storgruvan, Persberg.. 0.005/<< 0.001{<C 0.003|<< O.01
2 | Skarn-magnetite ore (g), ‘‘the kernel’, Alabama,
Persberg.........co il 0.007] ©0.001|<< 0.003{<< 0.01
3 | Skarn-magnetite ore- (g), “‘the shell”, Alabama,
Persberg................ e < 0.001{<C 0.001f ©0.005 O.01
4 | Serpentine-skarn-magnetite ore (g), Skirstoten,
Persberg..........ooiiiiiiiiiiii e < 0.001| 0.006[< 0.003{<< 0.01
5 | Lime-magnetite ore (g), Skirstoten, Persberg... [< 0.001] 0.005/< 0.003|< 0.01
The Novdmark Region:
6 | Skarn-magnetite ore (g), the Nordmark Mine.. 0.003] 0.002|< 0.003|< O.01
7 | Skarn-magnetite ore (g), the Taberg Mine..... X3 0.003] 0.4 0.03
8 | Soft ore (g), the Taberg Mine................ < 0.001f o0.001] o0.005/<<o0.01
9 | Skarn-magnetite ore (g), the Finnmosse Mine.. 0.003] 0.001|< 0.003|< 0O.01
10 | Lime-magnetite ore (g), the Finnmosse Mine... 0.002{< 0.001|< 0.003|<< O.01
The Grythyttan Region:
11 | Skarn-magnetite ore (g), the Hogborn Field... |< 0.001|< 0.001|< 0.003[<C 0.01
12 | Skarn-magnetite ore (g), the Finnberget Mine .. |< 0.001|< 0.001|< 0.003|< 0.01
13 | Skarn-lime-magnetite ore (g), the Finnberget
MiINE. . vttt e ettt e et e < 0.001{<< 0.001|<C 0.003|< O.01
14 | Lime-magnetite ore (g), the Finnberget Mine... | < 0.001|< 0.001|< 0.003]<C 0.01
The Nora-Viker Region:
15 | Quartz-magnetite ore (o), the Pershyttan Mine |< 0.003|< 0.001|< 0.003|< 0.01
16 | Quartz-hematite ore (o), the Pershyttan Mine.. |< 0.003] 0.001|< 0.003|< 0.01
17 | Quartz-magnetite ore (g), the Klacka-Lerberg
DL 5 P < 0.001{<C 0.001{< 0.003|< 0.01
18 | Quartz-magnetite ore (g), the Nyberget Mine.. 0.001|<< 0.001|< 0.003|<< 0.01
19 | Quartz-magnetite-hematite ore (g), Grundgruvan,
the Dalkarlsberg Field....................... < 0.001|< 0.001|<< 0.003|<< O.01
20 | Quartzbanded magnetite-hematite ore (o), Karr-
gruvan, the Striberg Field................... < 0.001|<< 0.001] 0.003] ©O.03
21 | Quartz-garnet-hematite ore, banded (o), the
Striberg Field............. ... . oo, < 0.001|<< 0.001] 0.003] o0.03
22 | Quartz-hematite ore, banded (g), the Striberg
Field. ..o i e e e e < 0.001|<< 0.001|< 0.003|< 0.01
23 | Micaceous quartz-hematite ore (g), the Asboberg
L 5 Y < 0.001|< 0.001|< 0.003|< O.01
The Region Linde-Guldsmedshyttan-Ramsberg:
24 | Quartz-hematite ore, banded (o), the Stripa Field 0.007[< 0.001|<< 0.003|<< 0.03
25 | Quartz-hematite ore, banded (o), (foot-wall), the
Stripa Field......... ... oo, 0.001|<< 0.001] 0.005/< 0.03
26 | Quartz-hematite ore (o), the Strassa Field (avg) [< 0.001{< 0.001] 0.003|< 0.03
27 | Quartz-magnetite ore (o), the Strassa Field.... [< 0.001[< 0.001|< 0.003|< 0.01
28 | Quartz-hematite ore (g), the Blanka Field..... 0.002[<C 0.001{< 0.003{<C 0.01
29 | Lime-magnetite ore (g), the Skottgruvan Field.. [< 0.001{< 0.001|< 0.003]|< 0.01
The Ljusnarsberg Region:
Manganiferous iron ores from the Bastkirn Field:
30 | Knebelite ore (o), Backgruvan, 265 m level... [< 0.001{< 0.001|< 0.003|< 0.01
31 | Knebelite ore rich in Pb (o), Backgruvan, 265 m
Jevel. .o e << 0.001|<C 0.001|<C 0.003|< 0.01
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No. Ore (0), Gangue (g) and Locality Be B Mo w
32 | Lime-magnetite ore (o), Backgruvan, 265 m level |< 0.001|<C 0.001|<C 0.003|< 0.01
33 Knebelite ore with amphibole, garnet, and
TMICA (O) v vvvve ittt iie it < 0.001/< 0.001|<< 0.003|<< O.01
34 | Knebelite ore with mica, and amphibole (0)... [< 0.001{< 0.001|< 0.003|< 0.01
35 | Knebelite ore with mica (0)................. < 0.001[<< 0.001|< 0.003({<C 0.01
36 | Rich ore, mainly knebelite skarn (0)......... < 0.001{< 0.001|<C 0.003[<C O.01
37 | Lime-magnetite ore (rich ore) (0)............. < 0.001|< 0.001{<< 0.003/< 0.01
38 | Magnetite ore, pyrite-bearing (rich ore) (0)....[< 0.0c01/< 0.001[< 0.003]|< 0.01
The Stidllberg Mines:
39 | Lime-magnetite ore (g)...................... 0.003] 0.003{< 0.003|< 0.01
40 | Lime-magnetite ore (g)...................... 0.001] 0.003{< 0.003|< 0.01
The Grangirde-Ludvika Region (excl. The Grin-
gesberg Field):
56 | Apatite-magnetite ore (g), the Blotberget Field |< 0.001{< 0.001{< 0.003|< 0.01
57 | Apatite-hematite ore (g), the Blotberget Field.. [< 0.c01l< 0.001] o0.01r |[< 0.01
58 | Apatite-magnetite ore (g), the Fredmundberget
B+ = < 0.001|< 0.001 0.003|<< 0.01
59 | Apatite-hematite ore (g), the Fredmundberget
DL+ TP < 0.001|<< 0.001|< 0.003] o©.01
60 | Epidote-hematite ore (g), the Fredmundberget
MinE. . ot e ettt ettt it 0.001|<< 0.001|< 0.003|<< O.01
61 | Apatite-magnetite ore (g), the Lekomberget Mine | < 0.001{< 0.001|< 0.003|< 0.01
62 | Quartz-magnetite ore (g), Vaghalsen, the Finnis
Field. . ... oottt et i 0.002{<< 0.001| 0.003|<<0.01
63 | Quartz-hematite ore (g), Vaghalsen, the Finnis
2 T U 0.002|<< 0.001] O0.005/<< 0.01
64 | Quartz-magnetite ore (g), the Iviken Field.... |< 0.001|< 0.001|< 0.003|< 0.01
65 | Quartz-hematite ore (o), the Iviken Field..... < 0.001{< 0.001|<< 0.003|<< 0.01
66 | Quartz-magnetite ore (g), the Ickorrbotten Field | < 0.001] 0.002| 0.005/< 0.01
67 | Quartz-hematite ore(g), the Ickorrbotten Field [< 0.001| 0.003]< 0.003|<<0.01
68 | Quartz-magnetite-hematite ore (g), the Haksberg
2 =3 U P < 0.001|< 0.001] o0.003] o0.01
69 | Quartz-magnetite-hematite ore (g), the Gréasberg
2 T=) o O < 0.001|< 0.001|< 0.003|< 0.01
70 | Skarn-magnetite ore (g), the Marten Mine..... < 0.001|<< 0.001|< 0.003|< O.01
The Norrbirke Region:
74 | Quartz-skarn-magnetite ore (g), the Karrgruvan
Field.......coiiiiii i < 0.001{< 0.001] 0.003|<< 0.01
75 | Quartz-magnetite-hematite ore (g), the Karr-
gruvan Field............ ... ..o Lt < 0.001{< 0.001{<< 0.003]< 0.01
76 | Skarn-magnetite ore (g), the Kirrgruvan Field |< 0.001|< 0.001|/< 0.003(< 0.01
The Skinnskatteberg Region:
The Riddarhytte Ore Fields:
77 | Skarn-magnetite ore (g), the Kaillfallet Mine
(“Anton™) . .. oo it e 0.008] o0.00z] 0.3 0.06
78 | Skarn-magnetite ore (g), the Kaillfallet Mine
(“Waldemar™) . . ...oviiviiii i < 0.001|< 0.001f O.5 o.o1
79 | Quartz-magnetite ore, poor in sulphides (g), the
Myrbacks Field............coooviiiintn, o.o01] ©0.003] 0.005] o0.01
80 | Quartz-magnetite ore, rich in sulphides (g), the
Myrbacks Field............ ..., 0.001] o©0.002|- 0.003] oO.01
81 | Quartz-magnetite ore, poor in sulphides (g),
Pellegruvan, the Hans Urbasson Field........ < 0.001] 0.006/< 0.003] o0.01
82 | Quartz-magnetite ore, rich in sulphides (g),
Pellegruvan, the Hans Urbasson Field........ 0.001| O0.002 0.01




ON SWEDISH IRON-ORES 75
No. Ore (o), Gangue (g) and Locality Be B Mo w
83 | Sulphide ore, rich in cobaltite (o), Pellegruvan,
the Hans Urbasson Field.................... < 0.001 0.28 |< 0.003 0.03
84 | Skarn-magnetite ore (g), the Hojdgruvan Field |< 0.001|< 0.001] 0.003] o0.02
85 | Quartz-hematite ore, banded (o), Blakulla type,
the Bastnds Field............... ... oovin.. 0.01 0.002| 0.005(< 0.01
86 | Quartz-hematite ore, banded (o), Blakulla type,
the Bastnds Field.............. ... ... . .. .. o.01 0.003|<< 0.003/< 0,01
87 | Quartz-skarn-hematite ore, banded (g), Blakulla
type. the Bastnds Field..................... 0.01 |< 0.001}<C 0.003|<C 0.01]
88 | Skarn-magnetite ore (g), the Persgruvan Field 0.01 0.004f O.5 0.03
The Novberg Region (The Norberg Ore Fields):
89 | Skarn-magnetite ore (g), the Malmkirra Mine.. (< 0.001{< 0.001] ©0.004] o0.04
9o | Skarn-magnetite ore (g), the Malmkéarra Mine.. |< 0.001/< 0.001] 0.02 o.01
91 | Quartz-hematite ore, banded (o), the Norberg
Field (aVE T940) . cvuinniiuninnininnenniwnnens 0.006| << 0.001| << 0.005|<< 0.03
92 | Quartz-hematite ore, banded, close to a dlabase
contact (o), the Norberg Field ............... < 0.001|< 0.001| o©0.02 0.05
93 | Lime-magnetite ore (g), the Getbacken Field
(Asgruvan) ................................. 0.01 |[< 0.001{< 0.003|<C 0.01
94 | Diopside-skarn-magnetite ore (g), the Getbacken
Field (Asgruvan)..........ccoceieeiiinennan.. 0.002| 0.003/< 0.003]< 0.01
95 | Actinolite-skarn-magnetite ore (g), the Getbacken
Field (Asgruvan)........co.oeveeeneveeanennnns 0.005|< 0.001|< 0.003|< 0.01
96 | Quartz-hematite ore, banded (g), the Norberg
Field (Orlinggruvan)........o.oeevueevueennn.. 0.001|< 0.001|< 0.003|< 0.01
97 | Skarn-hematite ore, banded (g), the Norberg
Field (Orlinggruvan)..........c.coeeeueereann. 0.003|< 0.001[< 0.003{< 0.01
98 | Pyroxene-garnet-hematite ore, banded (g), the
Norberg Field (Orlinggruvan)................. < 0.001|< 0.001|< 0.003]< 0.01
99 | Quartz-hematite ore (o), the Norberg Field (avg
o 7o 0.007] << 0.001|< 0.005|< 0.03
100 | Quartz-hematite ore (o), the Norberg Field (avg
TO40) et e e 0.008] << 0.001|<< 0.005/< 0.03
101 | Lime-magnetite ore (g), the Klackberg Field
(Grondal). oo ve ittt e i e e < 0.001|< 0.001|< 0.003|< 0.01
102 | Lime-magnetite ore (g), the Klackberg Field
(Storgruvan). ......... .. oot < 0.001] 0.002|<< 0.003|<< 0.01
103 | Lime-magnetite ore (o), the Kolningberg Field
(Gila), aVg 933 ... viiin i, < 0.001|<< 0.001|<< 0.005{<< 0.03
104 | Lime-magnetite ore (o), the Kolningberg Field
(Nya), avg 1933 .. ctviiniiriinnennenennnnnnnn < 0.001|<< 0.001|{< 0.005/<< 0.03
The Garpenberg Region:
105 | Diopside-skarn-magnetite ore (g), the Rylls-
hyttan Mine........... ... o i, 0.008] 0.001|< 0.003]<< 0.01
106 | Skarn-magnetite ore (g), the Holmgruvan Field |< 0.001] o0.001|< 0.003|<< 0.01
107 | Skarn-magnetite ore, rich in sulphides (g), the
Holmgruvan Field........................... < 0.001[{<< 0.001|< 0.003]< 0.01
The Intranget Field:
108 | Actinolite-skarn-magnetite ore (g) ........... . |< 0.001|/<< 0.001}|< 0.003{<< 0.01
109 | Cummingtonite-skarn-magnetite ore (g) ....... < 0.001|< 0.001|< 0.003{< O.01
110 | Skarn-magnetite ore (g), Vikgruvan........... 0.001] 0.001|/< 0.003|<< 0.01
111 | Skarn-magnetite ore (g), (the Karl ore)....... < 0.001[<C 0.001|<C 0.003|<< 0.01
112 | Skarn-magnetite ore (g), (the Kron ore)....... < 0.001{< 0.001| 0.003|< 0.01
113 | Skarn-magnetite ore (g), (the Stjarn ore)...... < 0.001
114 | Pyroxene-garnet-magnetiteore (g), (the Netzel ore) 0.002| 0.001{<C 0.003|<< O.01
115 | Skarn-magnetite ore (g), G:la Stjilkgruvan.... 0.002|<< 0.001|<< 0.003|< 0.01
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The Silvberg-Siter Region (The Bispberg Field):

116 | Quartz-magnetite ore (g)..................... 0.003|/<< 0.001| ©0.003] oO.1
117 | Quartz-magnetite ore, coarse grained (g)...... 0.01 0.001f 0.003{< O.01
118 | Quartz-magnetite ore, banded and coarse

grained (g) .....ovvviiiiiiiiiiiiiiii i 0.005] 0.002|< 0.003|<< O.01
119 | Quartz-hematite ore, banded (g).............. < 0.001|< 0.001|<< 0.003|< 0.01
120 | Skarn-hematite ore, banded (0)............... 0.003|<< 0.001f 0.008] 0.0z
121 | Skarn-hematite ore, talcous (0)............... < 0.001|< 0.001 0.003] o0.01

The Stora Tuna Region (the Southern Part):
122 | Knebelite-skarn-magnetite ore (g), the Tuna-

Hastberg Field............... ... .. ..., < 0.061{<C 0.001{<< 0.003|<< O.01
123 | Apatite-magnetite ore (g), Bickgruvan, the Id-

kerberget Field.............. ..., < 0.001 0.001] << 0.003{<< 0.03
124 | Apatite-magnetite ore (the hanging wall) (g), Vig-

gruvan, the Idkerberget Field................ < 0.001|<C 0.001|<C 0.003|<C 0.03
125 | Apatite-magnetite ore (g), Bergmastargruvan,

the Idkerberget Field........................ < 0.001|] 0.002/< 0.003]<< 0.01
126 | Apatite-magnetite ore (g), Centralgruvan, the

Idkerberget Field....................con.t, 0.001|<< 0.001|< 0.003}{<C 0.01

The Uppland Region:

127 | Lime-magnetite ore, banded (o), the Ramhaill
2 T3 L PN 0.001f ©0.001|] O0.005/< 0.01

The Dannemora Field:
128 | Lime-skarn-magnetite ore (g), Sveagruvan (avg) |< o.co1| 0.002z|< 0.003|<< 0.01
129 | Lime-skarn-magnetite ore (g), Sveagruvan (avg) |<< 0.003] 0.001|< 0.003|<C 0.03
130 | Lime-skarn-magnetite ore (g), Mellanfilten (avg) |< 0.001| 0.001[< 0.003{<< 0.01
131 | Lime-skarn-magnetite ore (g), Mellanfilten (avg) | < 0.003] 0.002|<< 0.003|< 0.01
132 | Lime-skarn-magnetite ore (g), Diamantgruvan

(AVE) ettt it i i e e e < 0.001{<C 0.001{<C 0.003|<< 0.01

133 | Lime-skarn-magnetite ore (g), Diamantgruvan
(avg)....... e e e i et < 0.003[< 0.001|<C 0.003|<< 0.03

The Herring Field:

134 | Skarn-magnetite ore (o), Ekndsgruvan........ 0.007|< 0.001|< 0.003|<< 0.01
135 | Skarn-magnetite ore (o), Vikinggruvan........ 0.003|<< 0.001|<< 0.003{<C 0.01
136 | Quartz-skarn-magnetite ore (o), Spatgruvan.... 0.001|<C 0.001|<C 0.003|< 0.01
137 | Skarn-magnetite ore (o), Fabiangruvan........ 0.005|<< 0.001|< 0.003(<C 0.01
- 138 | Skarn-magnetite ore (0), Sjo- och Dammgruvan| 0.007|< 0.001|< 0.003[< 0.01

The Sodermanland Region:

139 | Quartz-magnetite ore (g), the Kantorp Mine... 0.003] 0.001|< 0.003]< 0.01
140 | Quartz-hematite ore (g), the Kantorp Mine.... |[< 0.001{< 0.001|< 0.003|< 0.01
141 | Skarn-magnetite ore, homogenous (o), the Uto

MiDES. o oottt ittt ittt ettt e, 0.003|<< 0.001|<< 0.003|< 0.01

142 | Quartz-hematite ore, banded (o), the Utd Mines |<< 0.001| 0.003|< 0.003|< 0.01

in full agreement with the results obtained by the present author and presented
below (Table 28), that the content of boron in the salic rocks of pre-Cambrian
age is, on the whole, fairly low.

B. Wasserstein (121) has shown that boron is a constant constituent of
braunite, and that the common ore minerals of manganese, apart from braunite,
carry virtually no boron. This is also in agreement with the author’s investiga-
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Table 28. The Distribution of Beryllium and Boron in Rocks from the Ore-
bearing Regions of Central Sweden.

No. Rock and Locality Be B
Leptites:
1 | Leptite, Finnarmossgruvan. .........cooeuuuineennennnnnnn. 0.002 | < 0.00r1
2 | Potassium leptite, Backgruvan................ ... ... < 0.001 | < 0.001
3 | Skarn-banded microcline-plagioclase leptite, Taberg........ < 0.001 | < 0.001
4 | Albite leptite, the Nordmark Mines...................... 0.002 | < 0.001
5 | Black helleflinta, Grythyttan............................ < 0.003 | < 0.001
6 | Black helleflinta, Grythyttan...................... .. .... < 0.003 0.001
7 | Helleflinta, Hellefors. ............ .. oo, < 0.003 | < 0.001
8 | Helleflinta, Brevik, Grythyttan.......................... < 0.003 0.001
9 | Dark slate, Grythyttan................ . ... ... oL, < 0.003 0.01
10 | Black slate, Grythyttan.....................0 oL, < 0.003 | < 0.001
11 | Light slate, Grythyttan............ ... ... .. oo, < 0.003 o.ox
12 | White albite-leptite, Rosberg............................ < 0.001 | < 0.001
13 | Brown-grey helleflinta, Nora.................. ... ... ... < 0.001 0.005
14 | Grey helleflinta, Knapptorg Mine, Nora ................. < 0.001 0.002
15 | Dark hellefiinta-leptite, Viker........................... < 0.001 0.1
16 | Grey helleflinta, Nya Vikers Mine....................... < 0.001 0.008
17 | Plagioclase-leptite with needles of amphibole, the Bergsing
Mine............ et it it e e e < 0.001 | < O.001
18 | Red leptite, the Skofttorp Field......................... < 0.001 0.001
19 | Biotite-muscovite leptite, the Pershytte Field............. 0.001 0.001
20 | Dark-grey biotite leptite, the Nedre Pershytte Field...... < 0.001 o.ox
21 | Leptite, Klacka-Lerberg..............oiiiiiiiieina... < 0.001 o.001
22 | Pink plagioclase-leptite, porphyric, Timansberg ........... < 0.001 | < 0.001
23 | Grey leptite, Dalkarlsberg............... ..o i, < 0.001 | < 0.001
24 | Plagioclase-leptite, Karrgruvan, the Striberg Field ........ < 0.001 0.001
25 | Red potassium leptite, Komministergruvan, Striberg...... < 0.001 | < 0.001
26 | Red leptite, Grindgruvan, the Striberg Field............. 0.004 | < 0.001
27 | Leptite, Strassa........ouveuiiiiiiiiiiiiiiiiiiiiin., < 0.001 0.004
28 | Leptite, the Bastkdrn Field............................. < 0.003 | < 0.001
29 | Grey leptite, the S. Stillberg Field, Ljusnarsberg......... < 0.o00x 0.004
30 | Grey leptite, the Svartvik Field, Ljusnarsberg............ 0.001 | < 0.001
33 | Red leptite, the Iviken Mine................. ... .. < 0.001 | < O0.001
34 | Grey plagioclase-leptite, the Ickorrbotten Mine ........... < 0.001 0.001
35 | Grey potassium leptite, the Hilling Mine ................ < 0.001 | < 0.001
36 | Dark leptite, Viastanfors............ ..ol < 0.001 0.001
37 | White microcline-leptite, Ostanmossa, Norberg............ < 0.001 | < 0.001
38 | Red leptite, Stalgruvan, Norberg........................ < 0.001 | < 0.001
39 | Sodium leptite, Kallmorberg, Norberg.................... < 0.003 | < o0.001
40 | Grey schistose leptite, Norberg.................... ... ... < 0.001 | < 0.001
41 | Red leptite, Norberg...........oiiiiiii i, < 0.001 | < 0.001
42 | Leptite, Norberg.......coviiuiiiiiiiiiiiini i, < 0.003 | < 0.00r1
43 | Sodium leptite, Norberg. ........ooovviiiiniiiiii.. < 0.003 | < o0.001
44 | Red plagioclase-leptite, the Bispberg Field ............... < 0.001 | < 0.001
45 | Red leptite, the Sater Mines.............coviiiiinn.n. < 0.001 | < 0.001
46 | Sodium leptite, Markdalsgruvan, Grisslehamn............. < 0.003 | < 0.001
47 | Potassium leptite, Vanga (avg)..........covvvuieii.., < 0.003 | < 0.001
48 | Potassium leptite, Norsholm, Vanga..................... < 0.003 | < 0.001
49 | Potassium leptite, Navekvarn, Tunaberg................. < 0.003 | < o0.001
Metamorphic Rocks:
50 | Quartz-chlorite-sericite schist, Grythyttan................. < 0.003 0.05
51 | Yellowish quartz-muscovite schist, the Résberg Mine. .. ... 0.002 0.001
52 | Quartz-cordierite rock, the Dalkarlsberg Mine............. < 0.001 | < 0.001
53 | Quartz-biotite schist, Stripa-Glifsa, Striberg............... 0.004 | < 0.001
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54 | Quartz-muscovite schist, the Asboberg Mine.............. 0.002 | < 0.001
55 | Andalusite quartzite, Garpenberg........................ < 0.001 | < 0.001
56 | Cordierite-gedrite rock, the Geta Silver Mine............. 0.001 | < 0.001
Skarn Rocks:
57 | Cummingtonite rock, the Persberg Mines................. 0.003 | < 0.001
58 | Amphibole skarn, Stripa-Glifsa, the Striberg Field........ 0.01 | < 0.001
59 | Quartz-amphibole skarn, Stripa-Glifsa, Striberg ........... ~ 0.003 0.002
60 | Cummingtonite skarn, Hagalund Mine, Striberg........... 0.004 | < 0.001
61 | Mn-bearing garnet-amphibole skarn, Kraknis, Norberg ....| < 0.o01 0.002
Granites and Gneisses:
62 | Albite-mica gneiss, Kvarnstensberget, Striberg............ < 0.001 o.ox
63 | Red gneiss, Striberg......... ... .. ... .. . oo < 0.001 0.001
64 | Plagioclase gneiss, the Lekomberg Mines. ................ < 0.001 | < 0.001
65 | Plagioclase gneiss (the foot-wall), the Idkerberget Mines. .. 0.001 | < 0.00r1
66 | Plagioclase gneiss, the Intrdnget Mines................... < 0.001 | < 0.003
67 | Red gneiss-granite, Penninggruvan, Torsdker.............. < 0.001 0.001
68 | Grey plagioclase gneiss, the Malmberget Mine, Torsdker...| < 0.co1 | < 0.001
Amphibolites:
69 | Quartz-magnetite amphibolite, the Striberg Field......:!..| < 0.o01 0.002
70 | Amphibolite, the Idkerberget Mines...................... < 0.001 | < 0.001

tion of the manganiferous iron ores of Central Sweden. An earlier investigation
by the author (70) shows that the manganese-bearing iron ores, in particular,
show a distinct displacement towards the higher concentration classes of B.
Among the manganese ores, those containing braunite seem to be richest
in boron. A typical example is found in the Langban ores, where the braunite
ore is much richer in boron than the hausmannite ore:

Braunite ore of Langban.............. 0.033 per cent B
Hausmannite ore of Langban.......... 0.003 7 7 7

As seen from Table 27, the iron ores of Central Sweden seldom contain boron
to any appreciable amount, nor do the rocks associated with the ores, as seen
from Table 28.

Molybdenum and Tungsten. There is a discrepancy in the estimates of the
average content of molybdenum and tungsten in the upper lithosphere. G.
Hevesy and R. Hobbie (59) found the following average contents in igneous
rocks:

0.0015 per cent Mo
0.0069 7 W.

E. B. Sandell (106) has recently studied the abundance of tungsten in igneous
rocks. According to him, the maximum content of tungsten “is not likely to
exceed greatly the value”’ 0.00015 per cent W. He adds “‘at any rate the relative
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amounts of tungsten and molybdenum in the upper lithosphere are not greatly
different”. The author’s experience of the distribution of the two metals in
question in the pre-Cambrian rocks of Sweden, seem to confirm the results
found by Sandell.

Table 27 shows the contents of the two metals in the iron ores. The limits
for spectrochemical estimation are in this case far above the averages for both
Mo and W. In most cases investigated the contents of the two metals are below
the limits for estimation, which is 0.003 per cent for Mo and o.o1 per cent for
W. Tables 29 and 30 are statistical surveys of the distribution of Mo and W.

Table 29. The Distribution of Molybdenum in Iron Ores
from Central Sweden.

Non-magnetic
Class Not separated ore fraction
< 0.003......00.. 63 73.5
0.003—0.0I.... 37 19
0.01 —0.03 .... o 2.5
0.03 —O.1 o o
=0T, o 5

Table 30. The Distribution of Tungsten in Iron Ores
from Central Sweden.

Non-magnetic
Class Not separated ore fraction
<O0.0I....uuivnnn. 50 82
0.0I—0.05. .. 00n.. 49.5 16
0.05—0.T .vuvvn.. 0.5 1
=0Tt o 1

The contents above the limits for estimation may be of some technical in-
terest, but it should be mentioned that the distribution of the two metals in
question in the iron ores of Central Sweden is rather irregular. The most note-
worthy enrichment of Mo and W is noted in the Riddarhytte, Norberg and
Bispberg ore fields, as seen from Table 27. ‘

The distribution of the lanthanides in some Swedish iron ores will be discussed
below in connection with the apatite iron ores.

The Apatite Iron Ores of Northern Sweden.

In an earlier investigation by the author on the geochemis'try of the apatite
iron ores of the Gringesberg mines in central Sweden (68), some data were
given on the distribution of some minor constituents. However, it proved
desirable from various points of view to extend the inveétigation of the apatite
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ores. For this reason, the apatite iron ores from Northern Sweden have been
included in the present investigation.

In Tables 31—34 the analytical data on the distribution of some minor
constituents are to be found. Table 35 is a survey of the distribution of the
lanthanides in some Swedish iron ores, including apatite ores from Central
and Northern Sweden.

The Ferrides. Table 31 shows the distribution of the ferrides. Samples 1—14
have been magnetically separated with great care in order to obtain an idea
of the distribution coefficients of some ferrides of magnetite and gangue re-
spectively (Table 32).

For vanadium, manganese, cobalt and nickel three values are given for
samples 1—14. Thus, “0” (see column 3) represents the contents of the ferrides
in question in the ore, “m’ in the magnetite, and “‘g” in the non-magnetic
fraction.

Titantum. The content of Ti has only been estimated in the magnetic frac-
tion. As far as analyses of the ores in question are available (63), the apatite
ores of Northern Sweden are poor in titanium, though the content seems to
be higher than that of the apatite ores of Central Sweden.

Vanadium. This element is enriched in the ores and the main part of the
vanadium content is bound in the magnetic fraction. The content of V in these
ores is of the same magnitude as in the apatite ores of Central Sweden.

Chromium. The content of Cr is low and in the magnetic fraction in most
cases < 0.0o1 per cent. This is in agreement with the conditions in the Gringes-
berg apatite ore (68).

Manganese. As seen from the table, manganese is generally enriched in the
non-magnetic fraction. The contents of Mn are usually somewhat above the
average for the upper lithosphere.

Cobalt. The content of this metal is comparatively high and higher than
that of the apatite ores of Central Sweden. In the Gringesberg ores the average
content of Co is 0.003 per cent.

Nickel. Compared with the apatite ores of Gringesberg the content of Ni
is higher and generally slightly above the average for the upper lithosphere
(0.o1 per cent Ni).

The average ratio Co/Ni is < 1, as in the ores of Gringesberg (0.6).

An experimental study by W. Oelsen and H. Maetz (95) on the system
Fe0-Ca0-P,0;5-CaF,-SiO, yielded very interesting results, infer alia regarding
the distribution of FeO and MnO in the system oxide-phosphate-fluorite. It
has been shown that the immiscibility of an oxide-phosphate-fluorite melt is
all but complete (at about 1,400° C) when mol CaO/mol P,O; = 3. Then FeO
(and MnO) has become almost immiscible with the phosphate-fluorite com-
pound. At values of mol CaO/mol PO, ; 3 the immiscibility is incomplete.

Now, it would be of interest to study the distribution of the ferrides V, Mn,
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Kiruna Type in Northern

Sweden.
No.|  Ore Type and Locality [®P22%| 1i | v | ¢ | Ma | Fe | Co | Ni
1 | Magnetite ore, type A, Kiiruna-|{ o: 0.1 | 0.130/< 0O.001| 0.05 | 69.44 0.013| 0.02
vaara, avg 1942, P = o.017 %, | m: 97.0 0.13 0.045 : 0.013] 0.02
g 3.0 0.02 0.23 0.04 | 0.03
2 | Magnetite ore, type D, Kiiruna-| o: 0.2 | 0.16 |[< 0.001] 0.08 | 60.60| o©0.011 0.015
vaara, avg 1942, P = 1.96 9%, | m: 86.2 0.18 0.08 0.013| 0.017
g:13.8 0.02 0.09 0.001| 0.003
3 | Magnetite ore, type D, Kiiruna-| o: 0.1 | 0.18 [< 0.001] 0.07 | 54.47| o0.01r | 0.018
vaara, avg 1942, P = 3.609, | m: 78.7 0.23 0.08 0.013| 0.023
g: 21.3 0.01 0.06 0.001{ 0.00I
4 | Magnetite ore, type Cl, Kiiruna-{ o: 0.06] 0.13 |< 0.001] 0.07 | 66.35 0.013| 0.020
vaara, avg 1942, P = o0.392 % m: QIr.2 0.14 0.06 0.013| O0.020
g: 8.8 0.03 0.37 0.015| 0.014
5 | Magnetite ore, type A, Luossa-| o: >0.3 | 0.16 [<< 0.001f 0.07 | 64.94 0.01 | 0.016
vaara, avg 1942, P = 0.018 9, | m: 9I.1 0.17 0.04 0.01 | 0.017
g 8.9 0.02 0.37 0.015| 0.014
6 | Magnetite ore, type B, Luossa-| o: >0.3 | 0.12 (< 0.001f 0.07 | 63.87| o0.01 | 6.016
vaara, avg 1942, P = 0.062 %, | m: go.o 0.13 0.04 0.01 | 0.017
g: 10.0 0.02 0.37 0.015| 0.014
7 | Magnetite ore, type R, Luossa-| o: >0.3 | 0.10 |[< 0.001f 0.08 | 32.04 0.005| 0.009
vaara,avg 1942, P = 4.35 9 m: 39.8 0.18 0.04 0.011f 0.023
g: 60.2 0.04 0.21 0.001| 0.004
8 | Magnetite ore, type A, Géllivare| o: >0.3 | O.110{< 0.001| 0.06 | 69.47 0.013| 0.013
(Malmberget), avg 1942, m: 96.3 0.13 0.05 0.011f 0.033
P =o0.0179 g 3.7 0.0z 0.5 0.07 | 0.009
9 | Magnetite ore, type C, Gilli-| o: 0.1 0.12 |<< 0.001] 0.05 | 69.33 0.013| 0.013
vare (Malmberget), avg 1942, m: 96.6 : 0.13 0.05 0.013] 0.013
P =o0.2179 g 3.4 0.01 0.09 0.003| 0.009
10 | Magnetite ore, type C, Galli-| o: 0.2 | 0.12 |< 0.001] 0.08 | 65.74 0.013| 0.017
vare (Malmberget), avg 1942,/ m:93.3 0.13 0.07 0.014| 0.018
P =o0.125 9% g 6.7 0.002 0.37 0.003| 0.009
11 | Magnetite ore, type D, Gilli-| o: 0.2 | 0.22 [< 0.001] 0.04 | 67.06 0.012| 0.017
vare (Malmberget), avg 1942, m: 94.3 0.2 0.04 0.013f 0.017
P =0.6419 g 5.7 0.006 0.09 0.003| 0.009
12 | Magnetite-hematite ore, type D,| o: 0.1 | 0.09 {< 0.001] 0.05 | 62.52 o.ox1| 0.016
Gillivare (Malmberget), avg| m: 86.9 o.11 0.05 0.013| 0.017
‘1942, P =1.23 9% g 13.1 0.03 0.08 0.003| 0.003
13 | Hematite ore, type D, Gilli-| o: 0.2 | 6.09 |< 0.001] 0.09 | 60.19 0.011| 0.015
vare (Malmberget), avg 1942,/ m: I.2 o.r1 0.15 o0.018] 0.10
P=1.489 g:98.8 0.10 0.09 0.011| O0.014
14 | Magnetite-hematite ore, type D,| o: 0.2 | o.11 [< 0.001] 0.07 | 60.02 O.orxf 0.015
Gillivare (Malmberget), avg| m: 85.0 0.13 0.07 0.013| 0.017
1942, P =1.75 9% g: 15.0 0.02 0.09 0.001| 0.001
15 | Magnetite cre, Ekstrémsberg 0.10| 0.02 0.3 0.003| 0.0r1
16 | Magnetite-hematite ore, Ek- 0.09| 0.0z 0.1 0.003| 0.01
stromsberg
17 | Quartz-hematite ore, Ekstroms- 0.10| 0.006 0.1 < 0.003} O.01
.berg
18 | Magnetite ore, Mertainen 0.06] 0.05 0.15 0.006] 0.04
19 | Magnetite ore, Lime-banded, 0.01] 0.03 0.3 0.01 | 0.05
Svappavaara
20 | Magnetite ore, Nakerivaara 0.03] ©0.05 0.15 0.006| 0.05
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Table 32.

STURE LANDERGREN

The Ratio P,0,/SiO, and the Distribution Ratio Magnetic Fraction/non-

magnetic Fraction of the Ferrides Vanadium, Manganese, Cobalt, and Nickel and the
corresponding Correlation Coefficients in the Apatite Iron Ores of Northern Sweden.

No. | Ore Type and Locality P P,04/Si0; | Vo [V | Mng /Mn_ + Cop/Cop o NG /N
1 | Magnetite ore, type A,
Kiirunavaara......... 0.017 0.05 6.5 0.2 0.33 0.67
2 | Magnetite ore, type D,
Kiirunavaara......... 1.96 4.15 9.0 0.9 13.0 5.7
3 | Magnetite ore, type D,
Kiirunavaara......... 3.60 9.70 23.0 1.3 13.0 23.0
4 | Magnetite ore, type Cl,
Kiirunavaara......... 0.392 0.83 4.7 0.16 0.87 1.4
5 | Magnetite ore, type A,
Luossavaara.......... 0.018 0.028 8.5 o.11 0.67 1.2
6 | Magnetite ore, type B,
Luossavaara.......... 0.062 0.068 6.5 o.11 0.67 I.2
Magnetite ore, type R,
Luossavaara.......... 4.35 I.19 4.5 o0.19 II.o 5.7
8 | Magnetite ore, type A,
Gillivare. . ........... 0.017 0.069 6.5 o0.10 1.6 1.4
9 | Magnetite ore, type C, .
Gallivare............. 0.217 0.88 13.0 0.56 4.3 1.4
10 | Magnetite ore, type C,
Gallivare. .. .o.oovunn 0.125 0.255 65.0 0.19 4.7 2.0
11 | Magnetite ore, type D,
Gillivare............. 0.641 I.91 38.3 0.44 4.3 1.9
12 | Magnetite-hematite ore,
type D, Gillivare. . ... 1.23 2.01 3.7 0.63 4.3 5.7
13 | Hematite ore, type D,
Gallivare............. 1.48 3.41 I.x 1.67 1.6 7.1
14 | Magnetite-hematite ore,
type D, Gillivare..... 1.75 3.01 6.5 0.78 13.0 17.0
Correlation Coefficients|
P,04/Si0, and the ratios| : + 0.04 + o.71 + 0.80 + 0.78
P.O; and the ratios. .. —0.04 + 0.68 -+ 0.84 + 0.85

Co, and Ni in the natural system magnetite-apatite-silicate represented in the
apatite iron ores of the Kiruna type. On the basis of the analyses in Table 32,
the author has calculated the distribution coefficients of the ferrides mentioned
above in the system magnetite-gangue, where the gangue approximately
represents the system apatite-silicate. Thus, the correlation coefficients have
been calculated between the distribution coefficients of the ferrides on magne-
tite/gangue, on the one hand, and the content of P and the ratio P,0;/SiO,,
on the other. The third column of Table 31 shows the P-values, and the fourth
column the values of the ratio P,0;/SiO,. Columns 5—8 contain the distribu-
tion coefficients. Thus, V_/V_ = represents the ratio vanadium in magnetite/
vanadium in gangue, and so forth. At the bottom of Table 32 the correlation
coefficients in question will be found.

The results are interesting. They show that the quantity of Mn, Co and Ni
entering the magnetic fraction and the non-magnetic fraction respectively is
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Table 33. The Distribution of Lithium, Magnesium, Potassium, and Rubidium in Iron
Ores of the Kiruna Type in Northern Sweden.

No.| Ore Type (gangue) and Locality | Li Mg | oM | g Rb |10 RP
Mg K
1 | Magnetite ore, type A, Kiirunavaara,
avg 1942, P =o0.017 %............ 0.01 19.3 0.18 0.6 0.18 13.7
2 | Magnetite ore, type D, Kiirunavaara,
avg 1942, P =1.96%............. 0.002 0.69 1.0 1 0.004 1.83
3 | Magnetite ore, type D, Kiirunavaara,
avg 1042, P =3.60%............. 0.001 3.1 o.11 0.2 0.002 0.46
4 | Magnetite ore, type Cl, Kiirunavaara, : :
avg 1942, P =0.3929%............ 0.005 7.4 0.24 0.4 0.or I.14
5 | Magnetite ore, type A, Luossavaara,
avg 1942, P =o0.018%............ 0.02 6.9 I.0 I 0.009 0.41
6 | Magnetite ore, type B, Luossavaara,
avg 1942, P =0.062%............ 0.003 8.2 0.13 0.3 0.01 1.68
7 | Magnetite ore, type R, Luossavaara,
avg 1942, P =4.35%............. 0.005 I.4 I.25 0.6 0.006 0.46
8 |Magnetite ore, type A, Gillivare
(Malmberget), avg 1942, P = 0.017 %,| 0.002 0.36 1.94 3 0.009 1.37
9 | Magnetite ore, type C, Gillivare
(Malmberget), avg 1942, P = 0.217 %,| 0.001 0.48 0.73 < 0.001
10 | Magnetite ore, type C, Gillivare
(Malmberget), avg 1942, P = 0.125 %,| 0.0005 10 0.02 0.08 |< o0.001 |[<O.57
11 | Magnetite ore, type D, Gillivare
(Malmberget), avg 1942, P = 0.641 9%,| 0.0006 1 0.02 < 0.00x
12 | Magnetite-hematite ore, type D,
Gillivare (Malmberget), avg 1942,
P=I175%. .««cciiiiiiiiiiin... 0.005 3.9 0.45 0.2 < 0.001 |< 0.23
13 | Hematite ore, type D, Gillivare
(Malmberget), avg 1942, P = 1.48 9| ©0.0009 0.5 0.54 0.07 0.002 1.3
14 | Magnetite-hematite ore, type D,
Gillivare (Malmberget), avg 1942,
P=1.23%. .. ctiuiiiiiiinnnnnn 0.001 4.1 0.09 < 0.001

dependent on the composition of the gangue, viz. the content of P and the
ratio P,0,/Si0,. The correlation is strongly positive.

Vanadium is an exception to the rule mentioned. There is no correlation
between the two quantities in question, the correlation coefficients being
-+ 0.04 and — 0.04, respectively, viz. practically zero. This lack of eorrelation
is astonishing. It is probably due to the conditions during the mineral-forming
processes. Therefore, if for some reason the reduction-oxidation potential varied
so that the ionic charge of vanadium changed from say 3+ to 5+, vanadium
could only enter the magnetite structure in the former case (V3+), not in the
latter (V3+). If this variation in the ionic charge of vanadium was independent
of the quantity of P or the ratio P,0;/SiO,, the lack of correlation in question
can be easily understood.

Lithium and Rubidium. As shown in Table 33, the contents of lithium and
rubidium are low in the ores. Only in a few exceptional cases do the values
increase to any appreciable amount. Thus the content of Li in samples Nos. 1
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Table 34. The Distribution of Beryllium, Boron, Molybdenum, and Tungsten
in Iron Ores of the Kiruna Type in Northern Sweden.

No. Ore Type (gangue) and Locality Be B Mo w
1 | Magnetite ore, type A, Kiirunavaara,
avg 1942, P =o0.017 9% ...l 0.002 | < 0.001 | < 0.003 < 0.01
2 | Magnetite ore, type D, Kiirunavaara,
avg 1942, P =1.96%............... < 0.001 | < 0.001 | < 0.003 < 0.01
3 | Magnetite ore, type D, Kiirunavaara,
avg 1942, P =3.60%............... < 0.001 0.001 | < 0.003 < 0.01
4 | Magnetite ore, type Cl, Kiirunavaara,
avg 1942, P =10.392%.............. 0.001 | < 0.001 | < 0.003 < 0.o1
5 | Magnetite ore, type A, Luossavaara,
avg 1942, P =0.018%.............. 0.002 | < 0.001 | < 0.003 < o0.o01
6 | Magnetite ore, type B, Luossavaara,
avg 1942, P = 0.062 % .............. 0.003 | < 0.001 | << 0.003 < 0.01
7 | Magnetite ore, type R, Luossavaara,
avg 1942, P =4.35%............... 0.002 0.002 | < 0.003 < 0.01
8 | Magnetite ore, type A, Gallivare (Malm-
berget), avg 1942, P = o0.017 9% ...... 0.001 | < 0.001r | < 0.003 < 0.o01
9 | Magnetite ore, type C, Géillivare (Malm-
berget), avg 1942, P = o0.217 % ...... 0.002z | < 0.001 | < 0.003 < 0.o1
10 | Magnetite ore, type C, Gallivare (Malm-
berget), avg 1942, P = 0.125 % ...... 0.003 | < 0.001 | < 0.003 < o.ox
11 | Magnetite ore, type D, Géillivare (Malm-
berget), avg 1942, P = 0.641 % ...... < 0.001 | < 0.001 | < 0.003 < 0.ox
12 | Magnetite-hematite ore, type D, Gailli-
vare, avg 1942, P =1.75%......... 0.002 0.001 | < 0.003 < o0.o1
13 | Hematite ore, type D, Géillivare (Malm-
berget), avg 1942, P =1,489,....... < 0.001 | < 0.001 | < 0.003 < o0.01
14 | Magnetite-hematite ore, type D, Galli-
vare, avg 1942, P =1.239% ......... 0.002 | << 0.001 | < 0.003 < 0.01
1—6 and 8—14 (ore)................ < 0.001
ZOTe) v 0.001

and 5 and of Rb in samples Nos. 1, 4 and 6 is relatively high. Such exceptional
Li and Rb contents are also found in the Gringesberg apatite iron ores.

The ratios Li/Mg and Rb/K are low and far below the average values of the
upper lithosphere. Only in sample No. 1 has the ratio Rb/K a value which is
slightly higher than the mean value.

Beryllium, Boron, Molybdenum, and Tungsten. The contents of these elements
are shown in Table 34. In most cases the contents of B, Mo, and W are below
the limits of spectrographical estimation and therefore cannot be discussed.

Beryllium seems to be enriched compared with the mean of the upper litho-
sphere. The average value of Be is of approximately the same magnitude as
that of the Griangesberg apatite ores (68).

Yitrium and the Lanthanides. In Table 35 are shown the contents of yttrium
and the lanthanides in some Swedish iron ore types. For comparison, the figures
for the upper lithosphere (V. M. Goldschmidt (46) and the stony meteorites
(I. Noddack (92) are added. All figures are in parts per million.

The data of the iron ores emanate from an earlier investigation by the author
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Table 35. The Distribution of Yttrium and Lanthanides in some Swedish
Iron Ores, in the Upper Lithosphere, and in stony Meteorites.

i ii iii iv v vi vii viii
39 Y 28.1 6.13 400 " 340 100 900 560 2,000
57 La 18.3 2.05 150 210 tr 350 — 815
58 Ce 46.1 2.30 225 290 — 450 tr 1,360
59 Pr 5.53 0.97 60 100 — 200 tr 270
60 Nd 23.9 3.37 225 200 tr 550 — 540
62 Sm 6.47 1.23 50 8o e 150 — 270
63 Eu 1.06 0.30 — — — — — —
64 Gd 6.36 1.84 40 8o — 300 tr —
65 Tb 0.91 0.58 — — — — — —
66 Dy 4.47 2.34 40 8o — 400 tr —
67 Ho I.15 0.66 10 — — — — —
68 Er 2.47 1.93 — 8o tr 200 — —
69 Tu 0.20 0.34 e — — — — —
70 Yb 2.66 1.85 10 60 tr 200 — —
71 Lu 0.75 0.60 o 20 tr 50 — —

The figures in p.p.m.
i: The upper lithosphere (V. M. Goldschmidt (46).
ii: Stony meteorites (I. Noddack (92).
iii: Apatite-magnetite ore, Kiirunavaara, type G.
iv: ” ” 7, Gallivare, type D.
v: ” ” ’’, Grangesberg.
vi: Apatite-hematite ore, the Blétberget mines.
vii: Dolomite-magnetite ore, carboniferous, Kolningberg, the Norberg District.
viii: Skarn-magnetite ore, the N. Stillberg mines.

(67) and should be regarded as preliminary. The estimations were made by
means of X-ray spectrography at the Institute for Physical Chemistry of Frei-
burg University in Germany. The X-ray spectrographs used were constructed
by Professor G. Hevesy (60).

As seen from the table, the contents of yttrium and the lanthanides in the
apatite iron ores (iii—vi), a dolomite-magnetite ore (vii) and a skarn-magnetite
ore (viii) are far above the average value for the upper lithosphere. In the
apatite ores yttrium and the lanthanides certainly occur in the apatites.
In the dolomite and skarn ores the elements in question may occur in
minerals belonging to the orthite or epidote groups.

The relative frequency of the lanthanides varies. Thus we find that in sample
vi there is a frequency maximum at Nd and in sample iii Ce and Nd are
equal. In the other samples Ce is more abundant than Nd. A secondary maximum
of Dy is found in sample vi. A semi-quantitative investigation of the distribu-
tion of the lanthanides in the Gringesberg apatite iron ores indicates that the
relative frequency of the lanthanides can vary a great deal within an ore (68).

When comparing the frequency of the lanthanides in sample vi with the
frequency in the stony meteorites (sample ii), we find a striking similarity.
Thus, in both cases Nd is the most abundant element; there is further a secondary
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maximum of dysprosium. This similarity between the distribution of the
lanthanides in the meteorites and in a pre-Cambrian iron ore, led the author
to conclude that the distribution of the lanthanides in the pre-Cambrian iron
ore could be regarded as a primary one and undisturbed by later metamorphic
processes. However, after studying several types of distribution of the lan-
thanides in different rocks and ores, the author is inclined to consider the
similarity in question an accident.

The Liassic Iron-bearing Series of Southern Sweden.

In S. Palmqvist’s “Geochemical Studies on the Iron-bearing Liassic Series
in Southern Sweden” (g6), referred to earlier, some very interesting data are
given on the distribution of some minor constituents, which will be reviewed
and discussed. All the figures and. calculations given are based upon Palm-
qvist’s work.

Iron, titanium, and manganese have been chemically determined in 60 samples.
Vanadium, chromium, cobalt, nickel, and boron were determined by means
of spectrographic methods used at the Mineralogical Institute of Gottingen,
Germany. (See (96), p. 119).

The Ferrides. Titanium. The average content of Ti in the Liassic series is
equal to or below the average of the upper lithosphere, as seen from Table 36
below:

Table 36.
Siderites (average content of 33 samples)........ o.z1 per cent Ti
Oolites (average content of 10 samples).......... o.50 7 77
Sandstones (average content of 15 samples)...... o.44 7 77

However, in some cases the content of Ti can increase to appreciable amounts
(up to 2.52 per cent Ti). Titanium then emanates from mechanically trans-
ported ilmenite, a fact which indicates “that during the formation the water
has had, in the course of certain periods of time, a powerful transporting capa-
city” (Palmgqvist (g6), p. 187).

Vanadium. The content of vanadium is seen from Table 37.

Table 37.

Oolite from Kurremélla...................... 0.024 per cent V
Siderite from Rédingeberg.................... o0.009s5 7”7
Siderite, rich in iron silicate, from Kurremélla.. o0.040

iR} ” ”

As shown by Palmqvist, the content of vanadium in pure siderite is consider-
ably lower than in samples containing both siderite and silicate of iron.

Chromium, Nickel, and Cobalt. Table 38 is a survey of the contents of the
elements mentioned.
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Table 38.
% Ni % Co % Cr
Cement from the Baldringe road....... 0.04 0.0008 0.0007
Oolites from the Baldringe road........ 0.04 0.0008 0.035
Glauconites from the Baldringe road ... 0.0008 — 0.068
Siderite from the Baldringe road....... 0.004 — J—
To quote Palmqvist (96), (p. 126): ““... we can state here, too, that the siderite

contains least of the rarer elements and that the proportion of Cr is strikingly
low, which would not have been the case had the sediments derived from a
gabbroidal magma type.”

Manganese. The content of Mn in the series investigated is seen from Table
39 below.

Table 39.
Siderites (average content of 32 samples).............. 0.28 per cent Mn
Oolites (average content of 9 samples)................ o.xg 7
Sandstones (average content of 12 samples)........... o.rxg " 7

This shows that the content of manganese tends to increasing values in the
carbonate ores. This conforms to the conditions in the iron ores of Central
Sweden, which show a positive correlation between the ratio mf and the content
of carbonate. '
The ratio Mn/Fe (mf) has been discussed already in Chapter II.
Boron. This element has been determined in the samples listed in Table 4o.

Table 4o0.

. % B
Glauconite from the Baldringe road....................... 0.032
Brown cement in the oolite from the Baldringe road....... 0.016
Oolite (enriched ooids) from the Baldringe road............ 0.016
Siderite, Kurremolla. . .. ...ttt iiiiieennennnnn 0.016—0.003
Oolitic ore with siderite and iron silicate, Kurremélla....... 0.016—0.003
Siderite, Kurremolla. .......oiiinni it iiiiieennnennnn 0.016—0.003
Siderite, Rodingeberg............ .. ... . i i i, 0.016—0.003
Oolite, arenaceous, Rédingeberg............. ..o, 0.016

Palmqvist rightly considers that the series of strata met with is of a purely
marine character. Here, too, we find that the siderites tend to lower values
than the oolitic and glauconitic samples. This is in agreement with what was
found in the marine sediments of the Tyrrhenian Sea (Mediterranean), where
the content of boron — in spite of the purely marine character of the sediments
— is remarkably low, due to the relatively high content of carbonate in the
sediments (71).

The Bog Iron Ores of Finland.

The preceding chapter was devoted to the distribution of the minor con-
stituents in the Liassic iron-bearing sediments of purely marine character.
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Table 41. The Distribution of Ferrides in Finnish Bog Irom Ores.

No. Locality Ti % Cr Mn Fe Co Ni
1 | Koirusvesi No.1387..] o0.10 | < 0.001 | < o0.001 | 14.1 | 18.8 | o.01 0.003
2 ” " 1405..] o©0.0o1r | < o0.001 | < O.001 5.9 | 34.8 | 0.02 0.006
3 ” 7 1492..| I.o < 0.001 | < 0.001 8.9 | 12.0 | 0.008 0.002
4 ” ” 1517..] 0.03 | < o0.001 | <oO.001 | I2.0 | 3I.0 | O.0x 0.01
5 ” "’ 1547..|<0.01 | < o0.001 [ < O0.001 0.6 | 49.9 | 0.03 0.001
6 ” ” 1656. . 0.03 | < 0.001 | < o0.001 | 16.7 26.1 0.008 0.004
7 | Liesjarvi ”’ 2868..] o.15 | < 0.001 | < 0.001 1.65| 44.22| O.01 0.001
8 ” 7 2872.. 0.08 | < 0.o0r1 < 0.001 I.10| 33.43] 0.006 0.001
9 | Nilakka ’’ 2869..] o.10 | < o0.001 | < 0.001 0.89| 44.22| 0.008( 0.004
10 | Punelia " 2870..|< 0.01 | < o0.001 | < 0.001 2.92| 26.35| 0.008|<< 0.001
11 | Lopenjirvi ” 2871..] o0.03 | < o0.001 [ < o0.001 0.83| 42.44| 0.02 |< 0.001
12 | Kirmajarvi......... 0.20 | < 0.001 | < 0.001 | 23.3 | 25.4 | 0.007 0.008
13 | Kendjarvi, E. Karelia| o0.20 | < o0.001 | < o0.001 | 15.35| 28.27| 0.02 o.orx
14 | Kyrésjarvi.......... 0.0z | < o0.001 | < O0.001 0.20| 40.4 | O.or1 0.003

Now, the distribution of the same elements in iron-bearing sediments of lacu-
strine origin will be discussed. The very valuable collection of bog iron ores
was kindly placed at the author’s disposal by Professor E. H. Kranck of Hel-
singfors.

The Ferrides. In Table 41 the contents of ferrides are shown. Iron and man-
ganese have been chemically determined in Helsingfors. The other ferrides
have been chemically determined in the chemical laboratory (Ti) and spectro-
chemically determined in the geochemical laboratory of the Geological Survey
of Sweden (V, Cr, Co, and Ni).

Titanium. The content of this element is far below the average of the upper
lithosphere, and also compared with the other Swedish iron ores hitherto dis-
cussed, the Finnish bog iron ores can be regarded as extremely poor in ti-
tanium. The high content of sample No. 3, however, is an exception and may
be regarded as an accident.

The contents of vanadium and chromium are low in all the samples and below
the limits for spectrographical estimation, viz. < 0.0or per cent metal.

Manganese. Thanks to the courtesy of Professor Kranck, the collection of
bog iron ores has been chosen so as to make the variance of manganese con-
tents as great as possible. Thus the contents of Mn vary from o.20 per cent
(sample No. 14) to 23.3 per cent (sample No. 12). The ratio 100 Mn/Mn + Fe
(= mf) also varies from o.5 to 47.7.

The content of ¢ron varies between 12 per cent (sample No. 3) and 49.9 per
cent (sample No. 5).

Cobalt. The average value for Co is 0.013 per cent. In all cases the contents
of Co are above the average for the upper lithosphere, which is 0.004 per cent
(V. M. Goldschmidt (46). Compared with other Fennoscandian iron-ore types
the content of cobalt is relatively high.

Nickel. The average content of Ni in the bog iron ores is 0.004 per cent.
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Table 42z. The Distribution of Lithium, Magnesium, Potassium, and Rubidium
in Finnish Bog Iron Ores.

No. Locality Li Mg | ol g Rb | 100RD
Mg K
I Koxrusvesto 1387..... 0.004 0.1 14 < 0.001
2 7 1405..... 0.0005 o.1 1.7 < 0.001
3 ’ 7 1492..... 0.001 0.5 0.7 0.06 0.001 0.76
4 ” 7 I5I7..... 0.0006 o.1 2.1 0.04 |< 0.001 [<I.14
5 7 7 I547. ... < 0.0005 [ < O.1 < 0.04 [<o0.001
6 ” " 1656.. ... < 0.0005 o1 | <1.7 0.05 0.001 0.92
7 | Liesjarvi ' 2868..... 0.004 0.3 4.7
8 ” 7 2872..... 0.0005 0.2 0.9 0.07 0.001 0.65
9 | Nilakka 7 2869..... < 0.0005 | < 0.1 < 0.00r1
10 | Punelia " 2870..... < 0.0005 | < oO.1
11 | Lopenjarvi ”’ 2871..... < 0.0005 | < O.1
12 | Kirmajarvi........... 0.0005 0.09 1.9 0.05 0.001 0.92
13 | Kendjarvi, E. Karelia.. 0.000%7 0.6 0.4 0.04 0.001 I.14
14 | Kyrosjarvi............ < 0.0005 | < oO.1

In comparison with the average value for the upper lithosphere — o.o1 per
cent — there is a deficiency of Ni in most of the samples investigated. The
variation is 0.01—<0.001 per cent Ni.

The mean of the ratio Co/Ni is 3.1 in the bog iron ores. The variance of the
ratio is appreciable, 0.88—>20. The ratio Co/Ni is 0.4 in the upper lithosphere.

There is no correlation between the contents of manganese, on the one hand,
and the contents of Co and Ni, on the other. Nor is there any correlation between
Fe and Co or Ni.

To sum up, we find that, with regard to the distribution of the ferrides in
the bog iron ores, there is an excess of Mn and Co and a deficiency of other
ferrides. This is a very interesting feature in the geochemistry of the lacustrine
iron-bearing sediments.

Lithium, Potassium, Rubidium, and Magnesium. Table 42 is a survey of the
distribution of the alkalies Li, K, and Rb and of Mg. Further the ratios Li-Mg
and Rb/K are calculated. :

The elements in question are all below the average content of the upper
lithosphere. Lithium can also be said to be below the average value for clay
sediments.

The ratio Li/Mg has approximately the same value as that of sediments on
the whole (cf. Strock (111). The high value of sample No. 1 may be an accident.

Upon comparing the ratio Rb/K in the bog ores with that of the iron ores
of Central Sweden, we find that the former generally have higher values. It
is of approximately the same magnitude as that found in the apatite iron ores
of Northern Sweden.

Beryllium, Boron, Molybdenum, and Tungsten. The distribution of these
elements can be stated briefly. A survey of the contents is found in Table 43.
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Table 43. The Distribution of Beryllium, Boron, Molybdenum, and Tungsten
in Finnish Bog Iron Ores.

No. Locality Be B Mo w
1 | Koirusvesi No. 1387................... < 0.001 0.003 < 0.005 | < o0.01
2 ” Y I405. e < 0.001 0.003 < 0.005 | < o0.01
3 ” VUT4092. 0 < 0.001 0.003 0.006 | < 0.0r1
4 . SO 73 £ 2 0.001 0.003 0.005 | < 0.0r
5 ” R 1 7 A < 0.001 0.003 < 0.005 | < 0.01
6 ” IB56. e 0.001 0.002 < 0.005 | < o0.0x
7 | Liesjarvi 77 2868................... < 0.001 0.003 < 0.005 | < o0.o01
8 v Y2872 i < 0.001 0.002 < 0.005 | < o0.o1
9 | Nilakka 2869, e 0.001 0.003 < 0.005 | < 0.01
10 | Punelia Y2870 i < o0.o00r 0.003 < 0.005 | < o0.01
11 | Lopenjarvi "' 2871................... < 0.001 0.003 < 0.005 | < o.01
12 | Kirmajarvi. ........ooooiiiniinn., 0.001 0.004 < 0.005 | <o.or
13 | Kendjarvi, E. Karelia................ 0.0008| 0.003 < 0.005 | < o0.01
14 | Kyrosjarvie...covvivninininnnnn, < 0.o01 0.002 < 0.005 | < 0.01

The content of Be is, in most cases, below the limit for spectrographic deter-
mination, viz. < 0.001 per cent.

Boron. The content of this element is not so low as might be expected, taking
into consideration the lacustrine character of the sediments in question. The
source of boron in the bog iron ores is difficult to explain. It may be that boron
is of organic origin (cf. V. M. Goldschmidt (50).

Molybdenum and tungsten are both below the limits for spectrochemical
estimation and, therefore, cannot be discussed.

With regard to the distribution of the elements mentioned above, it can be
stated that there is a deficiency in the contents.of most of them — apart from
manganese and cobalt — in the Finnish bog iron ores, both in comparison
with other iron ores and with the upper lithosphere.

Bedded and Unbedded Iron Ores in Great Britain.

A collection of samples of iron-ore types from some well-known ore deposits
in Great Britain have been investigated to determine their contents of some
minor constituents. The samples represent both bedded and unbedded ores
and belong to the Mineralogical Department of the University of Stockholm.

Samples Nos. 1—8 are bedded ores of the following ore types:

Samples Nos. 1—4: The Northampton ironstones, Northamptonshire. In-
ferior OQolite, Dogger. Unweathered and weathered chamositic oolites and
sideritic mudstone.

Samples Nos. 5: a—5: h: A vertical profile through the marlstones of Banbury,
Oxfordshire. Middle Lias.

Samples Nos. 6—8: Frodingham ironstones, Lincolnshire. Limonitic oolites.
Lower Lias.
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The geology of the bedded ores quoted above is described in ““Special Reports |
on the Mineral Resources of Great Britain”’, Volume XII, by C. B. Wedd (122).
The petrography and chemistry is described by A. F. Hallimond in the “‘Special
Reports”’, Volume XXIX (55).

Samples from two localities of unbedded iron ores have been spectrochemi-
cally investigated, namely samples 9:a—qg:f of micaceous hematite from
Great Rock Mine, Hennock, Devonshire, and sample No. 10 of limonitic iron
ore from Carricks Mine, Wearhead, County Durham.

The geology of the ores mentioned is described in the aforementioned ‘‘Special
Reports’”’, Volume IX by Henry Dewey (18).

The Ferrides. Table 44 is a survey of the contents of ferrides. The contents
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