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Introduction and acknowledgements . 

In prev ious papers of the present series deali ng  with separate groups of 
organ isms occurring  i n  a sect ion of the Lower Ordavie ian of the Silj an Di
strict (the province of Dalarna ,  Sweden ) , mention has been made of the 
l i thogenesis and the changes of leve! which occurred in  the d istrict during 
th is period .  

These questions are more thoraugbly elucidated in  the present paper .  
In a special chapter the ooids present are described and an interpreta

tion of their genesis is given.  
Since the strata! sequence is partly iron-hearing to a considerable degree, 

a special discussion is  devoted to the origin of this iron . It  seerus to have  
been  derived , at !east to a great extent ,  from volcanic ashes ej aculated i n  
t h e  Silj an District during that time. 

This volcan ic i ty may also have eaused the changes of l evel . 

In presenting the results of th is  investigation I wish in  the first place 
to express my deep gratitude to the late Prof. G. SAvE-SöDERBERGll who 
drew my attention to the  interesting strata! sequence investigated ,  and  who 
facil itated my work in several respects. 

I am also greatly indebted to Prof. H. G. BACKLUND for h is in terest in 
the investigation .  

For valuable discuss ions I cordially thank Mr V .  jAANLJSSON. 

The chemical and granulometrical an alyses were performed by Mr J .  
LUKJNS, Dipl .  Ing. , and  Mrs E. Ll�KINA. The  spectral analyses were made 
by Dr P.  H. LUNDEGÅRD!f. Dr O. MELLlS bad the kindness to perform 
somc petrological analyses . 

The thin slides were prepared by Mr G. ANDERSSON . The diagrams 
were drawn by Mrs I .  TI-IOMASSON and Mr A.  NILSSON. 

My wife has assisted me both during the field work and in the labora-
tory research . 

To these collaborators I am very pleased to express my sincere obl igation .  
Final ly, I thank M r  C. jACKSON, M .  A., for the l inguistic revision . 

Insti tute of Palaeontology, Uppsala, Sept. 1948 .  

Ivar rfess!mtd. 
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I. Material and methods of investigation. 

The metl1ods used i n  geological investigations are of course adapted to the 
purpose of each separate investigation . As a matter of  fact, however ,  in
vestigations which aim to elucidate the genesis of  a formation must necess
arily be based on as many ways of i nvestigation and as much comprehensive 
indicative data as possible .  Interpretations of the l ithogenesis are favoured 
if, besides the minerogene sedimentary phase, the formation considered also 
includes a biogene. 

The present l i thogenetic investigation is based on material including both 
a mmerogene and a biogene phase.  

Material. 

Vertical sequences of  samples th roughout stratum G and the adjacent 
parts of  R l and R !l (cf .  the chapter on the stratigraphy, p .  449) were 
taken i n  5 local it ies .  In 4 addit ion al local it ies parts of this strata! sequence 
were available .  These 9 localit ies were more closely investigated ; they are 
situated in the fol lowing parts of  the mainly circular Ordovician-Gotlandian 
Si lj an District (Fig .  1 ) : 

Southcrn part: 

Eastcrn part : 

N orthern part : 
W estern part : 

Rävanäs (R l, G, R il ) 
Röj eråsvägen (R l, G, R il ) 
Granmor (R l, G, R fl) 
Si lverberg (part of G) 
Silverberg II (upper part of G, R fl) 
Born-Dådran (upper part of G, R J!) 
Gulleråsen (R l, G, R Il) 
Leskusänget (R l, G, R Il) 
Stenberg (R l, lower part of G) 

Furthermore, material was secured from 10 addit ional local it i es : 

Southern part : Amtjärn (R l, G, R Il) 
Eastern part : Blecket (R l, G) 

Nedre Gärdsj ö  (drifts ; G) 
Born (drifts ; G) 
Fj äckan (R l, C, R fl) 



LlT H O G EN E S I S  AND CHA NG E S  OF l.EVEL I N  T H E  SILJAN lliSTRI CT 441 

o Ii lO 20 km 

Fig .. 1. Map of the Silj an District, sh owing the circular Ordavieian and Gotlandian for
matiOn . Black surfaces in dicate basaltic dikes. The localities described in this paper are 
printed in fat-faced types. Compiled from TöRNQUIST 1883 and THORSLUND 1936 ; som e 

northern boundaries of the formation corrected .  

Northern part : Granån (R l, G, R Il) 
Skattungbyn (R J, G, R Il) 

W estern part: Ho l en (G) 
Kårgärde (G) 
Åberga (R l, G, R II) 

The vertieal distanee between two eonseeutive samples in a sequenee is 
not uniform. In  seetians of obvious in terest the samples l ie c lose to eaeh 
other, but m other seetians the distanee varies, aeeording to the eir
eumstanees. Samples were, as a rule ,  taken from both sides of l ithologieal 
diseonti nuiti es .  
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In  the diagrams drawn in  this paper the midheight of the samples 
is marked . On the average, the d istance between these levels is I 8 cm 
(min.  5 cm, max. 50 cm), exclusive of Rävanäs and Röj eråsvägen where the 
corresponding data are 53 cm (min .  I 5 cm, max. 1 .6 m) . 

The samples are of different weights : i n  most cases a bo u t  I--3 kg, bu  t 
sometimes much more. A great deal of the samples was used up in the 
fossil analyses . 

Laboratory research. 

Polished seetians and thin slides. 

Lithologi cal structures were stuelied i n  pol ished seetians at a low magn i
fication and in th in  sl ides at  a h igh magni fication .  

Sequences of thin slides are  absolutely necessary for l i thogenetical i n 
vestigations o f  fossil iferous depos its . They are  not !east necessary for the  
investigation of the biogene phase i n  showing not on ly  the faunist ic earn
position of the arganie debris, bu t also its state of preservation, which may 
be very elucidative of the pal<eohydrology ; ( inorganic corrosion and activity 
o f  penetrative algae are, for instance, ind ications of special hydrological 
conditions) . Furthermore, they are necessary in order to show the mode of 
precipitation of i ron and phosphorus col iaids especially, which , l ikewise, is 
of great importance for the elucidation of  the palceohydrology and conse
quently also of the l ithogenesis and the changes of leve! . 

Granulometry. 

Minerogene particles. 

The residuum which remains after the components sol uble in acids have 
been dissolved consists of  mineral particles, amorph ous s i l ica part icles ,  and 
s i licified organic tissues. In  the present case the amount of such t issues is  
negligible .  

Before d iscussing the genetic significance of  the granulometric d istribution 
of the i nsoluble residues i t  is  necessary to examine to what extent they 
represent the  original  distribution of the particles. The size of particles can 
have been i nfluen ced by diagenetic processes and by the treatment with 
the d issolving agent .  

Diagenetic changes of the insoluble residue. The total  frequency of  
the  minerogene phase can  be proportionally increased by a more or less 
far-reaching chemical destruction of the biogene phase. The mutual distribu
t ion of the parti cles with in  the minerogene phase can also be changed, 
especially by colloidal agglomeration of particles d uring the consolidation 
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of the sediment,  by format ion of new minerals dur ing tectonic pressures, and 
by d isintegration during weatheri ng. 

Col lo idal agglomerat ion is  of great importance in siates but may play 
a minor role i n  l imestones. 

In the present case, the rock samples have  not been exposed to weath
erin g  in any noteworthy degree, and the tecton i c  processes which have 
occurred i n  the  S i lj an District have only to a relatively smal l  extent affected 
the strata! sequence i nvestigated. In connect ion with the tecton i c  raising of 
the strata (vvh ich was d ifferent i n  the particular local it ies) only minor sl ides 
took place. 

The orig inal granulometric composit ion of the m inerogene phase has 
thus scarcely been changecl to any larger extent in the  present case . 

Changes of the insoluble residue by means of acids. Mineral parti cles 
are, to a certain extent, soluble by the acids used for the i r  l iberation .  As 
a rule of  general appl i cati on ,  the salubi l i ty of the particles i s  due to the i r  
s i ze : th e smallest are th e most  soluble .  Bu t m inera ls  h ave different solub i l ity. 
Quartz seems to be practically insoluble both in d i lute hydrochloric and in 
su lphur ic acid ; feldspar, cia y minerals , and mica are partial l y d issolvecl . 
They are also influenced by argan i e  ac ids but not i n  so h i gh  a degree . 
In the present case boi l ing hydroch lor ic aci d  was used, i n  order to d i ssolve 
the iron ooids and the fossi l  fragments encrusted with hydrous i ron oxide .  
Glaucon ite and chamosite were also dissolved by th i s  method .  

The  minerogene particles were certa in ly i nfluen ced by th is  procedure of 
l iberation , but to what extent is d ifficult  to ascertain .  The changes may 
scarcely have been of such an order that the general appearance of the 
d istr ibution curves was changed very much , judging from the fact that 
the  s ize changes of clay minerals were fai r ly moderate when the minerals 
were treated with I 8 % HCI (evaporat ion to dryness) , as stated by Tmr::
HAULT ( 1 925) .  In the present case i t  happens that the small-sized fractions 
are much more frequent than the next large-s ized sequence which scarcely 
should be expected if consi derable d i ssolut ion took place, which , in  the first 
place, should have occurred j ust in the small -s ized fract ions .  

Consider ing the rounded amorphous s i l i ca  particles, they were observed 
to occur mainly in  the larger res idua! fractions after the samples bad been 
treated with hydrochlor ic acid .  The question is whether they are orig inal or 
whether they were newly formed by the activity of the hydrochlor ic aci d .  

Particles of th i s  k ind do not appear after treatment of  the samples w i th 
acetic ac id .  In this case, there are also s i l ic ious particles but they have a 
different appearance ; some of them are i nterna! moulds or have been en
crusting fossils . Such structures do not occur in the residuum left a fter treatment 
with hydrochloric acid .  Very Iikely, the particles appeari ng after treatment with 
hydrochlor ic acid are transformed sil icious compounds.  Duri ng  the hydro
ch lor ic acid process j el ly-l ike substances are v is ible in the solut ion .  
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Presentation of results. The granulornetry of the residuum was examined 
partly by s ieving (fractions  > o.o6 mm) and partly by the so-called pipette 
analytic method (fractions < o.o6 m m) .  

The fractions are ehosen so that the value of  the  upper l imit o f  each 
fraction i s  twice as !arge as that of the lower limit (thus the fractions are 
m mm : I - 0.5 ; 0.5 - 0 .25 ;  0 . 25 - o. 1 25, and so on) .  The graph ical 
presentation , which is made by means of h istograms, i s  facil i tated in th is 
way.  When the l imits of fractions are ehosen j ust as was said,  the  bases 
of the bars wi l l  be  equal (the logarithmic  scale of the x-axis becomes in  
th i s  case equal to an arithmetical) . 

From the above discussions i t  may appear that the curves scarcely re
produce the original frequency and distribution of the minerogene particles, 
but a\so that d iageneti c processes and  the dissolution by acids are hardly 
of such an order that the general appearance of the curves has been con
siderably changed. 

The granulometry of the amorphous s i l ica particles is most I ikely eaused 
by the treatment with hydrochloric acid , and their present size distribution 
is thus of no  importance for the i l lustration of the original granu lometry . 
The amount of such particles has been determined i n  the sieve fractions 
( > 0.06 mm) bu t not  i n  the fractions i nferior to 0 .06 mm.  Irregularities 
in the curves of the fractions < o.o6 mm ma y part! y be du e to s u ch substances. 

As already mentioned, the curves may give an idea of the origina l  size 
d istribution of the minerogene  particles. But th ere i s  reason for only mode
rate conclusions as regards the transporting agencies and the conditions of 
deposition , on the basis of the frequency.  Total curves of the distribution 
of the m inerogene phase are also, for another reason ,  sometimes unsuitable 
for such d iscussions .  For that purpose the frequency curve of one group  
o f  particles which are d ifficult  t o  transport should be  pu t  i n  relation  t o  that 
of another group of particles which are easily transportable ; if  the d istance 
between the maxima of the curves along the x-axis is great, one may con
clude that the sediment bad been deposited i n  an area traversed by currents. 
On the other hand,  if their maxima appear at particles of abou t  th e same 
size there is reason to bel ieve that, carried there by differen t agencies ,  
the part ic les were deposited i n  stagnant water. 

Since the p resent material offers other indications for an interpretation 
of the pal<eohydrology I h ave, as regards the granulometry of the minero
gene phase, only establ ished its total distribution , which , as said , may be 
sufficient to give an idea of the supply of mineral particles during the  
genesis of  the strata! sequence.  
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Ooids and encrusted fossil fragments. 

The ooids occurring  are described on  p .  477  f. They consist mainly of 
l imonite and chamosite .  

The rock also i ncludes non -oo id ic  fragments of hard organic t issues 
encrusted with l imonite (occasionally encrusted with chamosite) . 

The ooids and the non-ooid i c  fragments encrusted with i ron components 
were freed and studied as regards frequency and shape. An analysis of  trace 
elements i n  the l imonitic ooids was also performed . 

The particles now mentioned were freed from the matrix by means of 
acetic acid, except for the ooids which were analysed chemically ; these latter 
were separated mechanically. 

D ilute hydrochloric acid is not suitable for freeing l imonit ic particles since 
the particles themselves are somewhat dissolvable .  Dilute aceti c acid is also 
a solvent, but  i t  acts much more slowly. In  the present case, the rock 
samples were exposed to the action  of the acid for two-h our periods unt il 
the whole sample was d issolved. The encrusted particles freed duri ng  each 
period were detached and washed.  Iron was n ot d iscern ible, or occurred 
only as traces in  the acetic acid after such a two-hour period.  

The encrusted particles set free were sieved and the fractions  weighed . 
The frequency data thus obtained are presented as h istograms. 

By this same method of l iberation  phosphoritic and amorphous s i l i c ious 
particles were also set free .  Th eir total frequen cy i s  plotted separately in 
the h istograms . 

Chemistry. 

Elements analysed. 

I n  the present case it is of m inor in terest to know the total chem ical 
composition of the sediment. It is of greater importance, however, to establ ish 
the frequency of some special elements which may indicate the palceohydrology 
and the l ithogenesis .  

Some of  those elements are either of organic origin or their mode of  
occurence has been infiuenced by the vital processes of  organisms. 

Duri ng  their l i fe-time, organisms act upon the sediment i n  several re
spects: mechan ically by creeping and draggin g themselves through the surface 
layers, and chemically by other act i vi ties. 

Many elements are suppl ied to the sed iment in the excretory products 
of the animals, above all phosphorus and n i trogen (phosphorus may also 
be derived from shells of certain groups of organ isms, especially inarticulate 
brach iopods but also other groups, such as Conularia) . 

The frequency curves of phosphorus and n itrogen may, however, not 
without consideration of certain condit ions be suggested to i l lustrate the 
frequency of an imal I i fe duri ng  the sedimentation of the strata con cerned.  
Si nce they are easily soluble from new ly formed faeces , surroundings traversed 
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by currents continu ing to the ocean are not favourable for their preservation; 
but  stagnant waters are conducive to such preservation .  Furthermore, s ince 
both phosphorus and n itrogen are very important nutr it ious elements for 
plants ,  the course of their frequency curves can have been influenced by algal 
resorption .  

Waste gases, earbon diox ide  produced by respiration (also produced by 
decompositi on ) , and oxygen from plants, influenced the composition of  
the  sediment in  various ways. Carbon d ioxide favoured plant  I ife ,  and oxygen 
animal I ife .  The C02-pressure in the water was of  great importance for the 
salubi l ity of  the i ron bi carbonate :  at a h igh pressure great quantities would be  
in solution ,  but  at a diminished pressure ( inter a l i a  eaused by algce) , and in  
the  presence of  oxygen (partly produced by algce) , i t  was  precipitated as 
hydrous iron oxide. 

Many elements become in corporated i n  the sediment when animals and 
plants are embedded postmorta lly. Such important elements are earbon and 
sulphur .  

For these elements the same fact i s  applicable as was just stated about 
phosphorus and n itrogen; th ey are best preserved i n  stagnant surroundings .  
Also , i n  this case their frequency curves may have been influenced by plants , 
v iz .  i n  that these elements are oxidized by the oxygen produced by algce. 

Potassium and magnes ium occur both in plants and an imals .  Potassi um 
i s  especially d istinguish i ng  for plants ; i n  non-caleareons plants i t  takes first 
position among the metals .  Magnesium comes third ,  after calcium; in ter 
al ia ,  i t  is  included in  the chlorophyl l .  In  marine algce encrusted with cal
cium carbonate, the conten t of magnesiu m  is regularly h igh . In marin e in
vertebrates, on  the other hand ,  magnes ium,  as a rule, occurs in  small quantit ies .  

The sediment, however, may be suppl ied with potassium and magnes ium 
derived not only from organisms (especially plants) , but also from inorgan ic  
sources, especially basalt ic and trachytic effusives and ashes. 

In the present analyses of magnesium,  both the quantity confined to 
silicates and that which is not confined to si l icates has been examined . The 
former may be  main ly i norganic ,  indicat ing the quantities of  volcanogene 
compounds i n  the minerogene sedimentary phase; the latter may be  of argan ie  
(mainly phytal) origi n .  As for potassium,  only the quant ity not confined 
to  si l i cates was analysed , which may thus be mainly · phytogene .  

However, th is  investigation has indi cated that these potass ium and 
magnes ium components are less elucidative of the phytal activity than 
mig h t be expected (c f. p. 46 1 ) . 

The most important component of arganie origin is calcium carbonate. 
Besides occurring in  the form of  sheils and other calcified hard tissues i t  is 
also precipitated in an amorphous or  granular state. 

As a matter of  fact ,  calci um and carbonate ions can be supplied to the 
water and also precipitated as calcium carbonate by means of inorganic 
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agencies. However, amorphous and granulase layers of calcium carbonate 
can also be formed organically. It  is a well-known fact that easily soluble 
Ca-salts of  the sea are converted into CaC03 by the v ital processes of in
ferior plants ,  especially denitrifying bacteria . Furthermore, calc ium ions 
are released from calcareous substances by the activity of boring organ isms 
(not !east penetrative alg.r) and supplied to the water; they may finally 
be precipitated as CaC03, either inorganically or on account of the earbon 
dioxide ass imilation by plants. 

Interpretation of  the genesis of  amorphous calcium carbonate i n  sedi
mentary rocks i s  a difficult problem. It i s  impossi ble to decide to what extent 
it has been formed in  an i norgan ic way or  by the activ ity of organisms. 
However, by studying certain microscopical structures one may arrive at 
some idea in this respect. If  sheils are bored by alg.r to a great extent there 
is reason to bel ieve that this algal activity has been conducive to the for
mation of amorphous calc ium carbonate .  Corrosive activity by acids (formed 
as v ital waste products , or at decomposition ) can also have released Ca · · ions 
wh ich were later precip itated as CaC03 .  

Changes i n  the original chemical frequency due t o  diagenesis. 

In the above d iscussion of chemical elements elucidative of  the type and 
the in tensity of the ancient b iocoenoses , and the pal.rohydrology, some 
remarks were made concerning the fact that the  frequency of certain elements 
rna y have already been changed before th ey were embedded in  the sediment
(phosphorus and n itrogen ma y have been u sed up by alg ;r; earbon and 
sulphur may have been oxidized, and calcium carbonate may have been 
dissolved by different agencies) . 

Changes i n  the frequency of ch emical elements may also have appeared 
because of  d iagenetic processes. 

There are thus reasons to be most carefu l  in the in terpretation of the 
frequency curves of the elements. 

Changes in the concentrations of chemical elements after the sediment 
has been consolidated can have been eaused by different agencies. 

The circulation of  pore water is one such factor; the circulation is 
proportional to the porosity. 

In fine-sediments the c irculation is very restricted ; clays (diameter of 
particles < 2 p,) are impenetrable for water .  In  sediments of  greater porosity 
both solution and precipitative activity may take place by means of circula
t ing pore water, thus changing the original concentrat ion of certain  elements. 
Also, the possibil ity may not be excluded that ions carried away have been 
replaced by other ions .  Calcium ions may thus be replaced by magnesium ions .  

Volcanogene and tectonic processes can also cause changes in  the 
proportions of many elements. Hydrathermal and pneumatolytic activ it ies , 
which occur i n  the vicinity of  lava masses, are of great importance in 
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this respect ,  not !east i n  adding j uveni le and resurgent elements to the  
sediment. lncrease of temperature and pressure eaused by vulcanogene 
and tectonic processes is also of great importance for changes in proportions, 
and for recombinations of  many chemi cal elements . Diffusion is increased, 
which may result that certain elements (for instance carbon) are expelled 
from the sediment. By means of  the catalytic effect of volcanicity and tectonic 
processes, elements of biogene origin (for instance phytogene potassium) may 
be included into newly formed minerals and thus transferred into the insoluble 
residue ,  th e main part of  which is abiogene .  

Considering the strata h ere i nvestigated ,  they are  more  or less raised, 
but sl ides occur only in  parts of  the sections and are of  subordinate im
portance .  No magmatogene infl.uence is traceable in the localities examined .  
The sediments are very fine-gra ined ,  and redeposi tion and replacement of 
chemical elements by means of  circulating pore water must h ave been very 
restricted. A far-reaching recrystal l izat ion has not occurred .  

As a matter of  fact, di agenetic processes do not seem to h ave infl.uencecl 
in an y noteworthy degree the orig ina l  composition of the chemical elements 
investigated h ere. 

Methods of analyses. 

Iron.  The iron , occurring mainly as hydrous oxides ,  was el issolved by 
boiling (4 -6 ho urs) i n  di! ute hydrochloric acicl .  The ferric ions elissolved 
were reduced to ferrous state by means of stannous chloride ,  the excess 
of  which was clestroyecl by mercuri c chloricle. Titration by means of per
manganate. 

Sulpltur. Oxidation in the wet way by means of aqua  regia .  Evaporation 
to clryness with some hydrochloric acicl. Immers ion of th e sample in  hot 
water to which was addecl r cc concentratecl hydrochloric acid. Filtration . 
Iron and aluminum precip itated with ammonium hydroxide and filtered off. 
Sulphur cletermined as barium sulphate .  

Plwspltorus. Oxidation in  the  wet way by means of aqua regia for 
one hour ,  followed by two further evaporations to d ryness ; some nitric 
acid was aclded each t ime. The molybdate methocl was used in  the 
analyses. 

Potassium. Only the content of  potassium not bouncl to s i l i cates was 
analysecl . 

Samples were heatecl to 400-5 00° C, then aclded to cold water. Possible 
occurrence of sodium established.  After filtrat ion ,  iron and aluminum were 
precipitated by means of ammonium hydroxide, and calcium by means of 
oxal ic  acid .  Filtrate ac id ified with hydrochloric ac id and evaporated to 
dryness. Potassium determinecl as potassium chloride after h eating to a tem
perature of 200-300° C. 

Magnesium, total amotmt. Fusion with sodium carbonate or solution in con-
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centrated hydrochloric acid . Iron and aluminum precip itated with ammonium 
hydroxide and filtered off. Calcium precip itated with oxal ic  ac id ,  and mag
nes ium with el iammonium phosphate. Magnesium determ ined as pyrophos
phate. 

Magneszimt, not bou11d to si!iwtes. After ignition and treatment vvith 
ammon ium hydroxide the continuation of the analyses was performed as 
j ust described . 

Nitrogen. Analyses accord ing to KJELDAIIL's method in PARNAS' and 
vVAGNER's modification . A KJELDAHL macro apparatus was used. Digestion 
accord ing to ARNOLD and "-7EDEMEYER (potassium sulphate, mercury su lphate, 
copper sulphate, and sulph ur i c acid ) .  N itrates redtiCed by means of  powdered iron . 

Carbon and carbonate. Organ ic earbon substances and earbon bound as 
carbonate were determined accord ing to the direct methocl. 

First, the content of the carbonate was determined .  The earbon dioxide 
was expel led with d i lute sulphuric acid ( 1 :5) ;  short boi l ing .  The gas was 
cleaned of possibly occu rring hydrogen sulphide in a tube conta in ing copper 
sulphate and pumice, dried in two other tubes (concentrated sulphuric acid 
and quartz, and si l ica gel resp . ) ,  and absorbed in two tubes with natron 
asbestos and silica gel. 

Before entering the system the travers ing air had been cleaned and dried 
in Concentrated sulphuric acid and in a natron asbestos tube. An absorption 
tube with natron asbestos and si l ica gel prevented air to enter the system 
from the suction s ide .  

The organic earbon was then determined .  It  was oxidized with chromium 
trioxide and concentrated sulphuric acid during IO mim1tes of boil ing ; further 
treatment ident ical to that j ust mentioned .  

2 .  Stratigraphy of the la y ers investigated. 

A stratigraphic  survey is g iven in  part l of  the present series o f  papers 
(ostracods) .  

It appears from th is  one that ,  for the t ime being, it is scarcely possible 
to make complete stratigraphic con·elations to the Lower Ordavie ian strata 
of Eston ia  and the Island of  Öland which are the areas where the prevail ing 
Lower Ordavieian stratigraphy of the Scando-Estonian Region has been 
founded.  Judging by the rnaerafossils i t  appears, however, that the Lower 
Grey Ort/wceras Limestone  which later was called Expansus Limestone ,  
includes the Expansus and almost certainly the  Raniceps zones of  Ingerman
land and Estonia (B III a and B III f3 resp . ) .  

The Estonian strata next  subjacent to  the Expansus Zonc ,  i .  e .  the  1-epi
durus and Bröggeri zones (B II f3 and B II y resp . )  do not seem to occur in 
the Silj an District. Neither rnaerafossils nor the characteri stic ostracodal fauna  
of  the  Lepidurus Zone have  been founcl h ere. 
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'vVhether the Eston ian stratum next superj acent to the Raniceps Zone ,  i .  e .  
the r_!dnvaldi Zone  (B I I I  y), is represented in  the Silj an District h as not been 
ascertai n ed. 

The mainly grey l ayer which includes the  h"'_rpausus and Raniceps Zones 
is h ere provisional ly called stratum G. The subj acent red stratum (the 
Limbala LimestoneJ is  mentioned as R l. The superj acent stratum i s  called 
R II. Its lower part is generally called Gigas Limestone  wh ich may be an 
unsu itable denomination for th is stratum which is practically non-fossi l iferous 
up to about 5 m above the boundary G/R II where Megalaspis gigas ANGELIN 
is represented with )arge quantities i n  a th in  layer. 

The boundaries between R J and G (R f/G) and between G and R II 
( G/R If) are mainly synchronous in  the whole Si lj an District accord ing  to 
reasons presented in  the above·mentioned stratigraphic survey. 

The fol lowing maero-fossils were found :  
In  the  Limbala Limestone :  Megalaspis limbala (BOECI�) 
In the E .. rpansus Zone: 
Asaplms n:pausus (L) W AllLENBERG 
Ptyclwpyge augustifrol!s (DAU.IAN) 
Niobe fronta/is (DALMAN) 
lVIegalaspis acuticauda Scr-IMIIJT 
Illamus esmarkii (Sci-ILOT!IEI'\1) 
fllaenus ceutrotus DALJVIA:t\ 
Ampyx uasutus DALMAN 
Agnostus sp .  
Pterygometopus sp .  
Lingula aff. longissilna PAKIJER 
Ortltis callactis DALMAN 
Lycoplwria Jlllcella (DALlVIAN) 
Pseudoconu/ana dalccarlia' HESSL;\N u 
In  the Rauiceps Zone :  
Megalaspis !teros (DALJ\IAN ) 
.Megalaspis rudis ANGELIN 
Cyrtometopus affinis (ANGELIN) 
Nieszkowskza tu11zzdus (ANGELIN) 
Clitambonites (fru,") zonala (DALMAN) (Acc. to Mr V. jAANIJSSON) 
Altticila dalecarlica HESSLAND 
Lycoplwria nuceila (DALMAN) 
Group of Ortltambonites cal!igramma (DALMAN) 
In the stratum G there also occur specimens of the group of Porambmzites 

intercedens PAN DER, of the groups of Sowerbyella quinquecostata (M' Cov) and 
S. undulata (SALTER), and Inversdia sp .  Fu rther investigations of the macro
scopical brach iopod fauna will show that i t  i s  much richer in species than 
appears from the data presented above. 
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3· Biogene and minerogene components 

of the sedimentary rock. 

General appearance. 

The three sections of the  strata! sequence investigated (the strata R f, 
G, and R fl) are l i thologically differen t .  However ,  the s imi larity between 
R l and R fl is  greater than that between any of  these strata and stratum G. 

More definite information concerning the  distribution of abiogene and 
biogene components i n  th e strata! sequence appears from descriptions given 
later in  this paper, and from the diagrams. 

In the present connection a brief account is given of the general 
appearance of the sediment and of special structures. 

S t r a t u m  R J  a n d  t h e  b o u n d a r y  RJIG. The main colour of stratu m  
R J is  reddish maroon, b u t  m inute grey-green ish spots m a y  occur. Very 
dist inctive for this stratum are th i n ,  irregularly undulating m icrobeds of  
yellowish colour Conforming mainly to the  mean  bedding .  The microbeds , 
which are situated a few centimetres from each other ,  are only a few mi l 
l imetres th ick .  

The reddi sh maroon colour  is main ly due to iron oxides (especial ly 
l imonite ,  but also goethite or hematite) ; the colour is also influenced by 
a phosphorous compound (most I ikely an iron phosphate) and possibly by 
a very small  content of  manganese oxides .  The colour substances coat the  
microscopical crystals of  calc ium carbonate and o ther parti c les w i th  a th in  
film.  Small grains of glaucon ite occur now and then . 

The yellowish microbeds appear brownish in th in  s l ides .  They are con
centrates of hydrous iron oxides and the ph osphorous compound mentioned .  
The concentration of these substances in creases upwards i n  the m icrobeds bu t 
they end abruptly (PI . l ,  Fig .  1 ) . At the lower l imit  of th e microbeds there are, 
as a rule ,  rather many grains of  u ncoated glaucon i te .  Glauconit ic grai ns 
appear on ly occasionally i n  the upper ,  more concentrated part of the 
microbeds ; in this case the gra ins are genera l ly coated by l imon ite. Glauconite 
also occurs as fil l ings in canals of argan ie  bard ti ssues. ln  the upper part of  
the microbeds especially tri lobite shei ls  are distin ctly corroded by acidic sub
stances . S ulphuric components (pyritic nodules) may occur in  th e interior of 
relatively greater fossil fragments (especially crin oids) .  Small  quantities of 
minute pyrite nodules ma y also occur in  the substance between the microbeds . 

Just at the transit ion to stratum G, the concentrati ons of the iron and 
phosphorous compounds are very d istinct ,  so that  discontinuity su rfaces 
may be formed (PI . I ,  Fig. 2 ) . These surfaces are covered with a phosphorit ic 
film . At Blecket, the very boundary R l/G is constituted by a distinct such 
surface. The d iscontinuity surfaces are, i n  t urn , often covered with a stratum 
of samewhat impure glauconite (PI . I ,  Fig. 3; PI. II ,  Fig. 1 ) . 
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It ts a characteri st ic fact that the calcium carbonate is often recrystal
lized to a rather great extent j ust above the discontinu ity surfaces. Phos
phorite (partly from the discontinuity surface) was squeezed out among 
the calcite crystals at the recrystall isation . 

The surfaces are crowded for the most part with smal l  i rregular pits .  
Some of the pits continue i n  narrow canals (2--3 mm diameter) ,  filled 
with the sam e sediment as occurs j ust above the surface (PI . II ,  Fig.  1) .  
Their walls a re  covered w i th  black phosphorite j ust a s  is t he  discontinuity 
surface. The canals from one surface do not penetrate the next subj acent ,  
but deviate and run parallel to it .  This rueans that an imals d igging canals 
from the actual sea bottom could not penetrate the next subj acent su rface 
which had thus hardened at that t ime.  

Stratum R l i s  crowded with fossi ls ( for the greater part cr inoids ,  ostra· 
cods,  small orthoids, and fragments of tri lobites) . Perforative algae are, as 
a rule ,  scarce, but girvanelloid algae encrusted with calc ium carbonate 
occur sometimes. In the substance between the yellow m icrobeds the fossils 
a re not encrusted for the most part, but in the microbeds they are often 
fil led whith l imon ite and phosphorite ( in a few cases with glauconite also) . 

S t r a t u m G a n d  t h e  b o u n d a r y  G/Rlf. The thickness of stratum G 
varies between r . 8  and 4 m .  The colour is samewh at varying i n  the 
lowermost part , but  generally l ight grey or greenish grey. In the middle 
part the colour, as a rule, i s  dark grey , and i n  the uppermost part l ight 
grey . Small red spots may occur ,  and a reddish zone may be developed 
111 the upper part . 

I n  the lowermost part there are two disti nct discontinuity surfaces. 
The stratum is ,  above al l ,  characterized by being partly oolit ic (PI .  I I I ,  

F ig .  1 ) ;  on e oolite i n  the Expansus Zon e and another in  the Raniceps Zon e .  
The oo ids  (which are  more  precisely described later in th i s  paper) a re  mainly 
l imonit ic ,  but a few are chamositic, especially in the Raniceps Zone. The 
content of  iron is h igh in  the hxpansus ool i t ic  zone .  

Some specia l  structures in  stratum G shall now be  mentioned .  
Somewhat below the Expmzsus ool i te  th ere occur invariably some 

characteristic substan ces consisting  mainly of l imonite and covered with 
black phosphorite . They give the unmistakable impression of hav ing been 
semifluid (PI . I I ,  Fig. 3) . A great many fossi l  fragments are generally in
c luded.  Phosphorit ic ooids are sometimes developed. The substances often 
form irregular lumps ( lengthened or rounded) ,  or  a kind of "canals" (about 
r cm thick) mainly parallel to the bedding .  In other cases , however, they 
form regular layers , obviously earrespondent to the discontinu ity surfaces 
j ust around R l/G and to the yellowish m icrobeds in R l. The irregular lumps 
and "canals" h ave  certainly been precipitated as such layers , but  have 
been s l id samewhat dur ing subsequent  s l ight  movements of the water . 
Such movements have also been registered in  the sed iment surmunding 
the aforesaid substances (PI .  II, Fig.  4 ) .  
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I n  the Expmzsus oolite there are sometimes ftattened harizontal canals 
filled with c lay substance ,  as observed at Leskusänget .  The ooids occu r 
more or less irregularly i n  the matrix ,  hut they are sometimes concentrated 
in agglomerations ,  one or a few centimetres in diameter. 

In the stratum next above the Expansus oolite the rock bas generally a 
sotnewhat cracked structure owing to the presence of i rregularly undulating 
cleavages , which are  sl ightly oblique to the bedding.  Minute cleavages 
of  this kind are discern ible in t h in sl ides; they are covered with greyish
brown iron and phosphorous substances . These structures are remin iscen t 
of  a very sl igh t criss-cross bedding .  

The l ight grey uppermost part  of stratum G constitutes a fairly dense 
rock without any special structures . 

The transition to stratum R II i s  marked as a colour change which i s  
clearly discern ible in  unweathered rocks . 

Stratum G is in part r ichly fossi l iferous ; fossi l fragments are penetrated 
and t>n veloped by algae to a very great extent .  The distribution of the 
organisms is accounted for in  the next chapter and on PI .  J X .  

S t r a t u m R II (PI .  III , Figs. 2 and  3) . The colour is  maroon with green
ish spots. A characteristic feature is that the abundant cephalopods are 
generally coated with a bluish layer of  h ematite. 

The maroon colour i s  mainly due to l imonite and sometimes hematite . 
The minute calcite crystals are coated with a film of  these substances. As  
observable i n  thin sl ides ,  they are i rregu larly concentrated , partly into 
microbeds runn ing in different directions .  In these microbeds the abundant 
fossil fragments are encrusted with the substances mentioned .  The frag
ments are bored by algae only to an inconsiderable extent .  On the other 
hand , they are in part fairly corroded by acidic substances. 

Biogene components. 

Distribution of animal groups. 
Cf. PI .  I X .  

The macrofossils which have  been determined are  enumerated on p .  4 50. 
1-lowever, the greater part of the macrofauna consi sts of sti l l  undescribed 
s pecies. For this reason , only a short su rvey of the vertical distribution of the 
groups of organ isms is g iven in  th is paper .  

Acrotretzds. This group includes several species ,  the ventraJ valves 
of which are specifically fairly characteristic and which have a restricted 
vertical distr ibution .  They will probably appear to be of stratigraphic 
importance when described after having been stud ied in ternally (cf. BELL 

194 1 ) . 
O n  the whole ,  the group  is not abundant ,  hut represented through the 

greatest part of the strata! sequence im·estigated . A few specimens may 

3 0 - 48705 Bull. oi Geo!. Vol. XXXIII 
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be observed in the uppermost part of R l, bu t i n  the lower part of stratum 
G the group is fairly abundant ,  especially somewhat below the l!--_tpmzsus 
oolite. Above this zone ,  aerotretids are absent or occasionally occurri ng, 
but  towards G/R II they reappear in  small n umbers. In R II they occur 
invariably. 

Atremate bracltiopods.  This group of brachiopods is represented by some 
fairly weil preserved specimens (J ingul ids and obolids) , but  most of them 
are fragmentary. Fragments are rather often observed i n  th in  sl ides. 

Thin sections of these brachiopods are somewhat reminiscent of  those 
of conulariae (PI. IV, Fig .  4; cf. part III  of the presen t series PI .  I ,  Fig.  z ) .  
They are different i n  the brach iopod sheils be i ng  more distinctly stratified ,  
and lacking the longitudinal ridges and canals wh ich distinguish th e co
mdaria shells. 

The group is represented al l  through the strata] sequence,  but it 
has its greatest frequency i n  the lower half of  stratum G and the upper
most part of R I Obol ids occur main ly in this part of the strata] sequence .  

Small ortlwids . In  th is  group are  included dalmanell ids wh ich  exter
nally are very s imi lar to real orth ids .  

Small  orthoiels are abundant in  the uppermost part of R I and the 
lowermost part  of  stratum G. Thereafter, the frequency is low (shel l  fragments 
observed only in  th in sl ides) , but  the group increases for the most part 
towards G/R II and occurs generally in  R II, though by far not as abun
dantly as , i n  the uppermost part of  R l and the lower part of G. Judgi ng  
from t h e  series of  t h i n  sl ides, dalmanell ids occur especial ly i n  t h e  lower 
part of  stratum G. 

Large brachiopods. Brach iopods of larger size appear fairly regu la rl y  
i n  two sections o f  stratum G :  one around the Expmtsus oolite and a seeond  
around  the  correspond i ng  part of the Raniceps zone.  Some of these bra
ch iopods are enumerated on p. 4 50. 

Crinoids. Fragments of smal l  species (PI . V) occur abundantly all t h ro u g h  
t h e  strata! sequence .  Sametimes they are less frequent ,  such a s  i n  t h e  
section just above t h e  1-.,"".tpansus ool ite .  

Gast1'opods.  The maj ority of the gastropads are small-sized; on ly a 
few somewhat larger specimens were observed .  The gastropods have a 
characteristic distribution : they are fairly abundant in  the  uppermost par t  
of R I and th e lowermost part  of stratum c·, bu t they disappear general ly 
almost completely in the r_-_rpmzsus oolite. For the  most part they reappear 
towards G/R Il (th ey are often abundan t somewhat below this boun dary ) . 
I n  R If, they soon seem to d imin ish in  frequency again .  

Ceplzalopods . They are frequent i n  the uppermost part o f  stratum 
C and  j ust above G'/R II but occur occasionally also in other parts of t he  
strata! sequence .  However, as a rule ,  they werc n ot fou n d  below t h e  l:�t-
pansus oolite .  
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Triiobitcs . Fragments o f  tri lobites (PI. IV,  Fig. 6) occur al l  through 
the strata! sequence .  For the most part they consist of  asaphids an d me
galaspids. They are very numerous and partly weil preserved in two sect ions 
of  stratum G, viz .  i n  the Expmzsus and Raniceps ool ites ; the species 
determined are mentioned above, p .  450 . 

lt may be added that larva! hypostomas, most Iikely of megalaspids 
(according to a statement by Prof. L. ST0R'VIER) , appear in  some locali t ies 
i n  fairly great quanti ties j ust above G/R II (Leskusänget, Bom-Dådran , 
S ilverberg I I ,  and Rävanäs). 

Ostracods. They occur in  great quantites in the lower part of  stratum 
(;, but disappear almost completely in connection with the important 
precipi tation of hydrous iron oxide during the .Cxpansus period .  Only isolated 
specimens occur thereafter. but towards GIR II further species appear in 
increas ing numbers .  A sudden culmin atian in this migration was reached j ust 
after the de velopment of &/Rlf. A detailed description of the  ostracodal 
fauna is  given in part I of  the present series of papers .  

Bryozoa. Fragments (PI . IV,  Fig .  5 )  occur  occasionally i n  d ifferent parts 
of the strata! sequence. 

Graptolites. Scattered fragments h ave been observed in the Expausus 
section of stratum G (Leskusän get and Stenberg) . 

Cmzodonts. Only a few conodonts were observed,  mainly in  the l��r
/1mtsus zone .  

Polyclzaeta .  A few j aws were seen in  stratum G. 
Conularia. Small ,  indeterminable fragments of conulariae were seen , 

especially in  the Expansus zone, bu t also in  the uppermost part of  stratum 
G. A special paper i s  given on a new species of  Pseudoconu/aria (part 
III of the present series) . 

Otiter chitinous organisms. Minute black globules, sometimes observed to be 
provided with a pore, occur in  all localities, partly rather abundantly (PI . IV, 
Fig. r ) . They are found in all div is ions of the strata! sequence investigated. 

The nature of these globules is  unknown.  Most l ikely, they were eggs. 
The fact that the i r  frequency is very similar to that of the tri lobites may 
indicate that they were eggs of trilobites . 

Also a few chit inous tubes, S \vollen in  the  shut end ,  were observed in  
the  upper part of the Expansus Zone .  Other  lengthened chit inous tubes 
o ccur occasionally i n  this zone .  In th e uppermost part of R J a single 
specimen of an organ ism remin iscent of  Lepidocoleus was observed. 

Miä'oorganisms. In  thin sl ides and i n  the insoluble residues hystricomorph 
bladders and rad ialarians were seen , but these fossils have not been studied . 

Summary. Some groups occur fairly constan tly all through the strata! 
sequence, especially the atremate brach iopods,  the crinoids ,  and the minute 
chit inous globules . However, the latter ones are generally more frequent  
i n  the oo l i te  section of stratum G than elsewhere. 
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The other groups constitute three divis ions .  
One  of them consists of those groups which  occur ma in ly  around R 1/G 

(especially j ust above this boundary) and around G/R 11, but are absent or  
infrequent i n  the mai n part o f  stratum G.  To th i s  div is ion are  referable 
the smal l  orthoids, the smal l  gastropods, and possibly the acrotretids,  which , 
however, also may be fairly numerous i n  the middle part of stratum C 

A seeond div is ion is formed by those groups which are represented 
only in stratum G or are by far most abundant th ere . Larger brachiopods 
were found on ly in this stratum ; they have the greatest frequency i n  th e 
ool it ic hor izons .  The tri lobites are also most abundant  i n  these two zones .  

The th ird d iv is ion i s  represented by the cephalopods which may occur 
111 the m iddle and lower part of  stratum G, but are much more numerous 
in the upper part of this stratum and i n  the lower part of  stratum R If. 

Animal frequency compared to that of the minerogene substance 

and the chemical elements. 

Cf. PL X, X I ,  X I I I ,  and XIV.  

As regards the ostracods the calculation of the frequency was based upon 
count ing of the  i ndiv iduals (part I of th is series ; special ostracodal frequency 
curves) . The frequency of the other groups has on ly been valued i n  ac
cordance with a sea le I -- 5 .  The ostracods are here i n cluded in the total 
animal frequency curve, and for th is reason the ostracodal frequency was 
transformed in  accordance with the scale. 

It  i s  evident that such a valnation is of  restricted reliabil ity for the  
elucidation of the total b iological effect of the fauna ,  since the animals of 
the different taxonomic groups are of partly very different  s ize and were 
partly ecological ly different .  

The following comparisons ma y only give an i dea of the relations of the 
necrocoenoses to the insoluble res iduc and some chemical elements. 

Minerogene substance. In  most of  the localit ies th ere are dist inct contrari eti es 
between the animal frequency and the minerogene substance as regards maxima 
and min ima.  Only occasionally can some few vague s imilar i t ies be traced , and 
exceptional ly s ingle maxima are contemporary. It a lso happens that the great 
animal maxima are not corresponded by any changes in  the curves of  th e 
minerogene substance, w h ich i s  especially elucidated by the ostracodal curves. 

Regarding the quest ion whether th ere are special affinit ies between 
particular an imal groups and the minerogene substance, one may say that, 
in some cases , correspondences exist (e .  g .  abundance of tr i lobites may 
earrespond to a h igh content of  minerogene particles) , but regulari ties are 
not apparent. Further ,  the ostracods seem to show s l ight affinit ics to fine 
sediments ,  but n or are regularit ies ascertainable i n  th is  case.  
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Considering the s ieve fraction particles, a sl ight tendency of increase 
of the fauna seerus to occur when these particles are few ,  but there are 
exceptions .  N o regular correspondence i s  ascertain able .  

Calcium cm·bonate. \Vith the exception of Stenberg, there is a fai rly 
far-reach ing correspondence in  th e main course of the curves, and to a 
very great extent also as regards details i n  their fluctuation .  (However,  
there is no regular commensurabil ity for the most part as regards the 
magnitude of the fluctuations . )  In S i lverberg II there i s  a complete corres
pondence all through the strata! sequences. 

The incomplete correspondence observable in  several cases i n  parts of 
the strata! sequence where the content of calcium carbonate is low may 
not be as much referable to a low frequency in  animal I i fe as to h igh 
contents of the insoluble residue and iron . Smal l  discrepances for the rest 
may mainly be due to different frequencies of m inute shel l  fragm ents or 
amorphous calc ium carbonate the amoun t  of wh ich has not  been cal
cu lated. However, particles of this kind are not of  such range in the  pre
sen t case that they conceal the fact as ind icated by the  curves ,  v iz .  that 
there existed a close connection between the density of  an imal I ife and 
the content of  calcium carbonate of the sediment .  

Considering ostracods especially, there i s  a main difference between their 
frequency and the amount o f  calcium carbonate .  Ostracods are abundant 
in  the lower h al f  of  stratum G where the  content of  calc ium carbonate is 
low, but the low ostracod frequency i n  the  upper part i s  not corresponded 
by a decrease i n  th e calcium carbonate curve.  In  most cases , however, 
s imi larities as regards· details occur, especi ally in  the lower half hut also 
in  th e upper .  A remarkable divergence appears in the Röj eråsvägen 
curves. 

In spite of the fact that the main frequencies of  ostracods and calcium 
carbonate are different ,  there are several s imi larities hetween the curves 
which indi cate that a real correspondence exists. 

Iron. A regular correspondence seerus to exist between these components. 
:vraxima are contemporary in  a few cases , but generally they alternate. 

As regards the ostracods, i t  i s  very characteristi c  that the ir  maxima do 
not earrespond to the maxima of iron , hut that the iron maxima in  a most 
regular way generally fol low those of the ostracods ( i n  Röj eråsvägen both 
maxima appear contemporarily) . 

Phosplwrus. In stratum G the phosphorus curves are often h igh where 
the fossils are abundant, but there is a general tendency for the phos
phorus curves to d im in ish or disappear in R J and especial ly in R II i n  
sp i te  of  the fact that  the an imal  curve i s  sti l l  h igh , which may be  due to  
the fact that  the soluble phosphorus compounds were probably transported 
to the ocean during these ven tilated periods. 

As regards details of the curves the maxima of the phosphorus curve ,  
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as a rule ,  are not conternporary w ith the maxirna of the animal frequency. 
Phosphorus and fauna exclude each other. 

Considering ostracods, the fluctuations of the curve alternate for the most 
part. In some cases the maxirna appear conternporarily. It  also h appens 
that one curve is indifferent when the other forms a maximum. 

Carbon. In a few cases ,  great maxirna are contemporary (Leskusänget, 
Granrnor,  and Si lverberg II) , but ,  as a rule ,  the curves are irregular to each 
other, or  the fluctuations alternate . Regular correspondence is not ascertainable .  
This is also referable to the ostracods. 

Sulphur. Owing to the fact that the sulphur curve is  very low and 
l i tt le fluctuating,  cornparisQns are scarcely rel iable .  Single s irni larities can 
be observed ; some maxirna are mainly contemporary, but maxirna are 
often alternating .  

Potassium . Maxirna are sornetirnes conternporary , but alternations are 
rnore common . Regular correspondence between the ostracodal curves and 
the potassiurn curves are scarcely ascertainable .  

Nitrogen. The n itrogen curves are low and so insignificantly fluctuating 
that comparisons are of  small rel iab i l ity. In  rnany cases the fluctuations 
are contemporary with the animal frequency curves, but for the most part 
the curves are alternating .  These remarks are also true as regards a earn
parison with the ostracodal curves . 

Org. magnesium. Maxirna of these components are occasionally con
ternporary, but ,  as a rule, they alternate. Similar conditions prevail as 
regards ostracods .  

Inorg. magnesium . The relation between the curves is rerniniscent of  
that  between the animal and the organic magnesium curves. Concerning 
the ostracods, there is no  regular correspondence as  regards the course of 
the curves . 

Summary. In  most cases there is no regular correspondence between 
animal I i fe and the minerogene substance and the chemical elements . How
ever, the calciurn carbonate curve seems to reproduce the elensity of ani
mal l i fe .  Furthermore , precipitation of iron seeros to h ave  been influenced 
by animals or  th eir waste products, judging by the fairly regular alterna
tion of their maxima. Irregularities as regards the density of the animal l i fe 
and the phosphorus content of the sediment may be partly due to the fact 
that the phosphorus acid was carried away during the venti lated periods. 

Distribution of plants. 
Cf. Pl .  X .  

The penetrative and enveloping a lgae of the present sequence of strata 
are described , and their l i thogenetic significance is d iscussed in  part Il of 
this series of  papers . 
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Here it may be recapitulated briefly that penetrative algae are very 
abundant in stratum G, especially in and around the .hxpansus oolite. They 
also occur in the adj acent parts of R l and R Il but disappear in  some cl is
tance from R l/G and GiR Il. Enveloping algae are restricted to stratum G. 

Calcareous ,  girvanelloid algae (PI. IV, Fig. z ) have about the same ver
t i cal distribution as the penetrative algae. 

Plant frequency compared to that of animal groups. 

C f. PI .  X and I X .  

/otal amount of animals.  Regular correspondences between the frequency 
of algal and animal I ife are not ascertainable .  

Ostracods. The beginning of the h igh algal frequency i n  the Expansus 
Zone is corresponded by a catastrophic decrease of the ostracocls. 

Acrotrettds. Ko correspondence. Aerotretids occur both in  the most 
algae-bearing horizons and in  non-algal strata. 

Atremate brachiopods. No correspondence. 
5'mall ortJwzds. This group and algae mainly exclucle each other .  
Lar.t;er bradtiopods.  There is a fairly good corresponclence between the 

d i stri bution of algae and this group.  
Gastropods .  Gastropaels do not occur in sections with h igh algal fre

quenctes .  
Trilobites. Regular corresponclence does not  seem to exist. Highest fre

quencies of trilobites occur, however, often in those zones where algae are 
abundant.  Trilob ites also occur where no algae were observed. 

Cepltalopods. No correspondence. 
Crinozds. There are several exarupies of the fact that a high frequency 

of algae is corresponded by a low frequency of crinoids ,  but also vice versa. 
Exarupies are also given of the fact that the crinoid frequency is not 
el i minished during h igh algal frequency. Crinoids are thus indifferent in 
relation to algae. 

Summary. The similarities and dissimilarities wh ich are ind icated above 
ma y ch icfly be results of  accidents. For instance, i t  i s  difficult to understand 
why gastropads should be absent where algae occur .  However, the catas
troph ic  clecrease of ostracodal frequency may be connected with precipita
t ion of  hydrous i ron oxide on account of algal activity (cf. p. 478 ) . 

Plant frequency compared to that of the minerogene substance 

and the chemical elements. 
Cf. P I .  X, X I ,  X I ! l ,  and X I V .  

ll!finerogene substance. Considering first the group of localities char
acterizecl by an invariably low content of minerogene particles (Rävanäs. 
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Röj eråsvägen , and Granmor) , penetrative algae occur all through the strata! 
sequence, save for Röj eråsvägen , where algae are absent in R J and the 
lowermost part of  G, and in the middle and most of  the upper part of G. 
The penetrative algae are abundant ,  except generally in R I, R Il, and 
adj acent parts of  G. The d istribution of enveloping algae is more restricted ; 
these algae occur mainly around the midheight of stratum G. The greatest 
frequency of these algae is generally immediately followed by a sl ight in 
crease i n  the content  of the minerogene particles. From this one may con
clude that the transparency was decreased and the algae consequently 
dim(nished in  frequency. 

Regarding now the group of localities distinguished by a high content 
of  minerogene particles in  the lower h alf  of stratum G (Leskusänget, Sten
berg, and Gulleråsen) ;  penetrative algae occur throughout the strata! sequence, 
except generally the lowermost part of R J and the uppermost part of  R II. 
The frequency is h igh , save for the uppermost and lowermost seetians o f  
the algae-bearing  sequence of  strata. 

There is one example of  the fact that the frequency of both penetrat ive 
and enveloping algae was increased after the  greatest maximum of minero
gene particles (Stenberg), and another (Gulleråsen) of the fact that an 
increase of the minerogene particles eaused a decrease of an abundant 
vegetat ion of  enveloping algae which had arisen samewhat earl ier during 
a period of low intensity in  the supply of minerogene particles. On the 
other hand,  as i l lustrated i n  Leskusänget, an abundant vegetation of pene
trat ive algae existed during  the very rich supply of minerogene particles , 
and the envelop ing  algae began to form a frequent vegetation j ust durin g the 
greatest supply of these particles. 

This must mean that the water was very shallow at Leskusänget at 
this t ime. 

In  relation to the supply of minerogene sieve fraction particles th ere is 
no regular correspondence of the algae. 

Calcium carbonate. The content of  calcium carbonate i s  generally lowest 
when the great algal frequency begins (exception Granmor) , but increases 
thereafter. However, real correspondence may not occur s ince the low 
values of the calc ium carbonate curve are eaused by the h igh values of iron 
and minerogene particles. 

Iron.  I t is dist inctive that the greatest maximum of iron is corresponded 
by the beginn ing of a very h igh algal frequency in most cases , and that 
the iron content is steadily decreased during the continuous abundance of 
algae. Thus, in  the greater part of the upper seetian of stratum G a h igh 
frequency of  algae is not invariably corresponded by a h igh content o f  iron . 
It is shown in  th is  paper (p .  478)  that algae are conducive to precipitation 
of hydrous iron oxide, but a rich supply of iron seems to be the most 
im portan t reason for a h igh content of iron in the sediment .  In  other words 
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favourable conditions for precip itation of iron are not sufficient to cause a high 
content of iron i n  the sediment i f  the supply of iron to the water is scanty .  

P/wsp/torus. The curves i ndicate that ,  in  stratum G, a h igh frequency 
of  algae is corresponded by a low content of phosphorus.  But ,  on  the 
contrary, where algae are absent the content of phosphorus is h igh (cf. for 
instance Röj eråsvägen ) . 

As regards R J and R II, there are no  regularities i n  the relations 
between algae and phosphorus. 

Carbon. A h igh frequency of algae i s  very often corresponded by an 
increase of carbon.  However, th e content of  earbon may soon decrease, in 
spite of  the fact that algae are st i l l  abundant .  On  the other hand,  it also 
h appens that the content of  earbon is h igh , though algae are few or 
absent. 

Sulphur. There is possibly a regular correspondence between sulphur 
and algae so much that  they seem to exclude each other .  However, 
the content of  sulphur is so insign ificant that definite statements cannot 
be made. 

Potassium. Regular relations between algae and potassium cannot be 
ascertained. It happens that the potassium curve increases at the same 
time as the algal frequency, but there are equally as many examples of the 
contrary. The  potassium curves form maxima independen t of algal frequency. 

Nitrogen. No regular relation was discernible .  
Organic magnesium . A high frequency of  algae seems fairly invari 

ably to be  corresponded by a diminution in  the content of  organic mag
nesmm.  

Inorganic magnesium . There is no regularity in  the relations between 
this component and algae.  

Summary. A rich supply of minerogene particles (w h ich diminished 
the transparency of the water) decreased the algal frequency, except in 
the locality which is interpreted to have been situated closest to the shore 
(cf. p .  462) .  

The beginn ing of the h igh algal frequency may possibly have induced 
the I ively precipitation of hydrous iron oxide. 

Abundance of algae seem often to have eaused a d im inution of phos
phorus and sulphur and possibly an increase of carbon . 

It is astonish ing  that real correspondence was not observed between 
algal frequency and that of  potassium and the magnesium wh ich is not 
bound as si l icates. These substances were suggested to be phytogene, but 
they may also be partly of another origin .  The value of  these analyses i s  
t h u s restricted . 
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Residue insoluble in dilute hydrochloric acid. 
Cf. PI .  XL 

As pointed out i n  the d iscussion of the influence upon the granulornetry 
by treatment of the samples with hydrochloric acid (p .  443 f. ) , the size distri
bution of the particles has certainly been altered but probably not to such 
an extent that the general appearance of the curves was considerably 
changed.  The curves may thus give an idea of the supply of minerogene 
particles duri ng  the periods concerned .  

The  localities constitute two main types of granulometric d istribution . 
One  type is dist inguished by the fact that the content of the insoluble 

residue is i nvariably low, save for the  uppermost and lowermost parts of 
the strata! sequence where the amount  o f  fine-particles i s  samewhat h igher .  
The content of  !arge part icles ( i .  e .  those of the s ieve fractions) is low al l  
through the strata! sequence. Localities characterized by th is type of the 
in soluble res idue are Rävanäs, Röj eråsvägen , Granmor, and possibly S i lver
berg. The three former localities are situated in the sot1thern part of the 
S i lj an District ,  and Si lverberg i n  the eastern part. 

The seeond type is constituted by Leskusänget, Gulleråsen and Stenberg, 
which are situated mainly in  the northern part of the district . This type 
i s  characterized by the fact that the total amount of insoluble particles 
fluctuates greatly in stratum (;; the content is generally h igh in the lower 
hal f  of  this stratum .  The amount of !arge particles is h igher than in the 
first type of localities , and their changes in  frequency are more considerable .  
Especially in  Leskusänget !arge particles are abundant i n  some sections ,  
and  the changes in  frequency are  very pronounced . These changes are 
partly contemporary with those of the total amount  of the insoluble residue,  
but many d ivergencies occur. Examples of such divergencies are given in 
Lesl-msänget (samples 1 3-- 1 4) ,  Gul leråsen (samples 8-9) , and Stenberg 
(sample 8 ) .  As far as R I is cancerned there i s  a slight  correspondence 
between the fluctuations of the total amount of the insoluble residue and 
the !arge particles . In R I l, on the other hand , the increase in  the total 
amount  of  the insoluble residue is not corresponded by an increase of the  
!arge particles. In th is respect there is similarity wi th  the first group of  
localit ies. 

The different size and frequency distribution of the insoluble particles 
as represented by the two types mentioned must have been eaused by the 
fact that  the sedimentation took p lace at different d istances from the shore .  

The local it ies belonging to the first type must have been situated at a 
greater distance from the shore than those belonging to the latter type ,  
i .  e .  the shore I ine  must h ave  been s ituated i n  the north , certainly not far 
from Leskusänget, and the Sotithern part of the area must have been situated 
towards the open sea.  
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Frequency of the insoluble residue compared to that of the 

chemical elements. 

Cf. P I .  X I ,  X I I I ,  and X I V .  

Calcium carbonatc. The great min ima of  the calcium  carbonate curves 
generally correspond to the maxima of  minerogene parti cles. Regular 
correspondence to the frequency of  the s i eve fraction particles is  not ascer
tai nable .  

Iron. As pointed out at the description of  the curves of the minerogene 
part ic les ,  two types o f  curves occur : one with i n frequent  vari abil ity and 
one with h igh values in  the lower half of G. 

Consideri ng  the first-mentioned type of curve ,  the great iron maximtnn 
m the .C�tjJansus Zone is not corresponded by an increase i n  the content 
of minerogene particles ( in Granmor an ins ign ificant maximum earresponds 
to i t ) .  In the upper part of stratum G the iron curve grows i nvariably 
i n ferior to that of  the min erogene particles . A certain amoun t  of con form ity 
is discern ible in R l. 

Regarding the seeond type of curve of minerogene particles, the greatest 
values, as mention ed, occur in the lower h al f of G. This  is also true of the 
iron curve, bu t i t  is distinctive that the maxima of  the curves are not  qu ite 
contem porary. In the upper part of G both iron and minerogen e particles 
are less frequent than in the lower half. The small Raniceps maximum of 
iron i s  corresponded by a decrease o f  the curve of minerogene particles. 
The uppermost part o f  the i ron curve (mainly in R Il) is  invariably inferior 
to the minerogene curve (j ust as in the first-mentioned type of  curve). 

The content of  minerogene sieve fraction particles is ind ifferent to th e 
iro n  maxima i n  the local i t ies where the content of these particles is i n  variably 
low and l i ttle fluctuating (the southern localit ies) .  

I n  the group of  localities where the content of  ! arge particles is great 
and their frequency is very fluctuating in  the lower h alf  of stratum G there 
are both correspondences and divergences (the northern group  of localites) . 
The greatest iron maximum is invariably corresponded by a lower content 
of  ! arge particles than in  the nearest sub- and superj acent samples. As regards 
the smaller iron maxima,  opposite condit ions occur for the most part. 

Plwsplwrus. Regular earrelations between the phosphorus and the total 
curve of minerogene particles do not seem to exist .  

Concern ing the sieve fraction m inerogene particles : w hen the content 
is h igh the phosphorus content is o ften lo w ;  a striking example o f  this 
i s  Leskusänget 5 ,  where an occasion al i nerease i n  the curve o f  the s ieve 
fraction particles is corresponded by a complete absence of  phosphorus .  
However, regularit ies do not  occur ; a h igh content of ph osphorus may 
also be corresponded by fairly great quantities of  s ieve fraction part i cles .  
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As regards the group of locali ties where the steve fraction particles are 
i nvariably few ,  the phosphorus curves run qu ite irregularly in  relation to 
the frequency of these particles. 

Carbon.  Regtdar correspondence to the curve of the total minerogene 
particles and to the sieve fract ion particles does not seem to exist . 

In some cases, an increase in the content of  the s ieve fract ion particles 
may be  corresponded by a decrease in  the content of  carbon , but an in 
crease can  also be without effect upon the earbon curve.  In many cases, a 
direct correspondence is d iscern ible, but in  others there i s  no regularity. 

Sulpftur, potassium , nitrog en, and organic magnesium. Regular earrelati on 
not ascerta inable. 

Inorgmzic magnesium . In those local it ies where the content of  minerogene 
particles i s  h igh in  the lower part of G there i s  a good correspondence 
with the inorganic magnesium curve i n  the lower part of  the stratum hut 
not in the upper .  Correspondence may be  re-established to sorne extent in  
R II. However, the magnesium curve often d imin ishes or disappears below 
G/R II. 

In those localities where the content of minerogene particles is  invariably 
low there is no correspondence between the curve of the total minerogene 
particles and the i norganic magnesium curve (except Granmor which in  
th is respect i s  remin iscent of  the  above-rnentioned group) . 

As regards minerogene sieve fraction parti cles there i s  no  regular corre
spondence to the inorganic magnesium curve .  

Summary. Regular earrelat ions between total amount of minerogene 
particles and chernical elements do not  seern to occur as regards most of the 
elements .  A certain amount of earrelation occurs with iron and inorgan ic  
magnesium,  v iz .  i n  the lower part of stratum G in  the northern group of  
local i ties wh ich are  interpreted to  have been situated relatively close to the 
shore.  The greater i ron maxirna are  here invariably corresponded by a 
decrease of  the minerogene sieve fraction particles . 

The calciurn carbonate curve is contrary to the curve of  the total 
mmerogene  particles with regard to the greater maxima .  

Residue insoluble in acetic acid. 

Cf. P I .  X I I .  
By the treatmen t of rock sam ples wi th  aceti c ac id  as  described on p .  445, 

particles cons isting  of l imonite ,  glaucon ite, chamosite, undeterrn ined amor
phous sil icious compounds,  and phosphorite were released . 

The total d istribution of these components is reprod uced in  PI . X I J .  
The black fields i n  the h istograms show th e total frequency of ooids.  

S ince ,  in  many cases, concentrically structured l imoni ti c  ooids cannot be 
disti ngu ished external ly from those non-concentri cal ly structured ,  and since 
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the  chamosit ic ooids are too few to be reproduced separately ,  th ese different 
types of ooids are accounted for as one group .  The main part are con
centrically structured l imon it ic ooids. (It happens that ,  i n  PI .  X, a few 
samples are ind icated to contain ooids ,  but th is  does not  appear from 
PI . XII wh ich , however ,  i s  due to the fact that the frequency is  too infer ior 
to  be reproducible i n  the h istograms. )  

The hatched areas i l lustrate the frequency of the non-ooidic l imon itic 
particles .  The total frequency of the remain ing insoluble particles (mainly 
phosphori tes and undetermined amorphous s i l i cates) i s  reproduced by open 
fields .  The frequency of each separate component of  th is  group was not 
i l lustrated ,  partly on account of the fact that  the frequency is  sometimes 
low and partly since the particles often consist of more than one of the  
components.  

The components released by means of aceti c acid are briefly accounted 
for below. 

Limonitic particles. 

These particles are partly ooidic ,  partly non-ooidic .  Two horizons with 
a la r ger content of  ooids are generally discernible : on e in the .h�rpansus 
Zon e and another i n  the Raniceps Zone .  The  former is the r ichest ooid
bearing .  The horizons are for the most part separated by a non-ooid ic  layer. 
l n Rävanäs and Röj eråsvägen the Raniceps ool ite is less d ist in ctly developed .  

Leskusänget takes a special posit ion on account of  i t s  great r ichness in  
oo ids .  In Rävanäs, on the other  hand,  the content of  oo ids is remarkably low.  

As far as the s ize of  the oo ids i s  concerned,  most  of  them belon g to 
the fraction of 0 . 2 5 - 1 .0 mm.  Also fairly common are oo ids of  the size 
0 . 1 2 5 -0 . 2 5  mm. There are, moreover, samples including rather numerous 
ooids of the o.o6-o. r 2 5 mm fraction (Raniceps ool ite of  Gulleråsen) .  On the 
other hand,  1 -2 mm ooids occur in  some local i t ies , especial ly i n  the most 
oo id-bearing part of the Expansus Zone. 

As a rule ,  the s ize of  the ooids in  the Expansus Zone is  in creased 
upwards.  Camparing the size of  the ooids in  th i s  zone of the different 
local i t ies ,  one finels that the ooids are larger in  the  mainly northern loca
l i t ies ( Leskusänget ,  Gulleråsen ,  and Stenberg ; ch iefly 0 . 2 5 - 1 .o mm) than 
in  the southern localit ies (Rävanäs, Röj eråsvägen , and Granmor; mainly 
o .  1 2  5 -o. 5 mm) .  The former we re situated nearer the sh o re t han the latter 
group (cf. p. 462 ) .  The S i lverberg ooids are , on the whole ,  very small (for 
the  most part o . I 2 5-0. 2 5 mm) .  

Concern ing the s ize of  the Rarziceps ooids, they are , in  Leskusänget, 
equal ly !arge as in the Expansus Zone ,  but in the other local it ies where 
the Raniceps Zone is  represented in  reproducible quantit ies (Gulleråsen 
and Stenberg) they have el iminished i n  size i n  relation to the _A).:pansus ooids .  
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The non-ooidic l imonit ic particles occur partly in layers with out ooids 
and partly in  the ooid-bearing horizons. From the  h istograms it appears 
that, in the northern localit ies , the amount of  non-ooidic particles is !arge 
below the ooidic maximum of th e E-.rpansus Zone, but that i t has decreased 
considerably in  this zone. The content remains low in  the conti nuation . 
Thus ,  during the h eavy precipitation of hydrous iron oxide in  the Expansus 
period there occu rred a change towards an increased formation of ooids .  
This earresponds to the fact that enveloping algae increased in number 
contemporari ly .  

In the southern localit ies (which seem to have been situated in a greater 
depth , cf. p. 462) the content of  non-ooidic particles is h ighest in the most 
ooidic samples .  This may be  due to the fact that enveloping algae were 
not as abundan t as i n  the northern localities situated closer to the shore .  

As regards the s ize of the non-ooidic particles i n  the Expansus Zone ,  
they occur ,  i n  the northern localities , for the greater part in  more small
s ized fractions than the main part of the ooids. Exceptions may appear 
occasionally, such as in  Leskusänget sample I 1 .  In the southern localities, 
they are for the most part of mainly the same size distribution as the ooids .  

In the Raniceps Zone the size distr ibution of the non-ooidic l imonite 
particles is mostly s imilar to that of  the Erpansus Zone. 

The occurrence of l imonit ic ooids is campared below to minerogene 
particles and chemical elements .  

Jl1inerogeuc partides. The content of  minerogene particles is invariably 
h igh before the  appearance of the ooids .  In the very oolite the frequency 
of  minerogene particles is decreased, and partly very low (for instan ce 
Gulleråsen ) . In Leskusänget i t  occurs that a h igh frequency of ooids is ac
companied by a high content of  minerogene particles (sam p les I I and I 3) . 

As far as the sieve fraction particles are concerned , it is characteristic 
that they increased in  11t1mber at the end of the formation of oo ids 
and in  the next fol lowing non-ooidic per iod .  It may also be observed that 
the content of ] arge particles is high at the beginn ing of  the format ion of 
the oo ids (cf. Leskusänget ) .  During the culminatian of the formation of  ooids 
the supply o f  such  particles, as a rule ,  decreased . 

(."afcium carbonatc. The conten t of calcium carbonate is generally low 
111 the ooidic layers . 

Iron. Correspondence evident .  
Pfwsplwrus. The ooidic harizons are rich in  phosphorus,  but the 

h ighest phosphorus values often appear j ust below the ooidic horizons. 
Phosphorus content is often high after the  end of the formation of ooids 
(sometimes absolute phosphorus maximum in  this horizon ,  as i n  Gulleråsen ) . 

Carbon. The ooidic layers are generally corresponded by a h igh content  
of earbon ; maxima of ooids and earbon often contemporary. Examples 
of  the fact that the content of  earbon is low during the formation of oo i cls 
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also occur (e. g. Rävanäs 5, and Stenberg g) ; on th e other hand ,  a h igh 
content of earbon (also the absolute maximum ) can occur w i thout formation 
of ooids. 

Sulpftur. The content of sulphur  seems generally to be low dur ing the 
formation of the ooids. 

Potassium . The content of potassium is often h igh in  the ooidic layers , 
such as in  Leskusänget, but h igh values appear in many cases both below 
and above ; sometimes the potassium values are low in the ool i te and h igher 
on both s ides .  Regular correspondence not ascertainable. 

Nitrogen . The content of n itrogen is  often low in  the ooidic layers but 
also somewhat h igher than above and below. Regular correspondence not 
established. 

Magnesium. Regular correspondence not discernible .  Occasional corre
spondence may appear, such as is the case regard ing inorgan ic  magnes ium 
tn Leskusänget and Gulleråsen . 

Summary. The most favourable condit ions for format ion of l imoni t i c  
oo ids seem to have been near the shore when the supply of m inerogene 
particles had diminished, especially those of larger s ize .  At the end of the 
formation of oo ids ,  large-particles were suppl ied i n  i ncreased numbers. 
The content of  phosphorus and earbon in  the sed imen t i s  h igh ,  indicat ing ,  
l ike the above-mentioned distribut ion of m inerogene particles , that the \:Vater 
was stagnant during the most i n tensive formation of ooids .  The increase of  
minerogene large-pa rticles dur ing the  end of th i s  period and the  fol lowi n g  
o n e  indicates that t h e  water h a d  begun t o  be less stagnant .  

Chamosite and charnoside ooids. 

Chamosit ic substances occur ma in ly in the Ra11iceps Zone,  where they 
form ooids to a great extent .  Chamos i t i c  oo ids occur occas ional ly also in 
the Expausus Zone.  

The occurrence of the  chamos i t i c  substances is referab le  to minerogene  
particles and the chemical e lements in  the fol lowing  way : 

Minerogene partic!cs. Greatest frequency of chamosite occurs dur ing 
a main ly low supply of i nsoluble part icles ; the content of s ieve fracti on 
particles i s  not very l�:nv, hovvever. 

Ca!cium carbonate. Regular correspondence scarcely d iscern ible .  
/roll . Occurrence of chamosite corresponded,  more or  less perfectly, with 

an increase in  the curve of i ron .  However ,  the i n crease of i ron i s  eaused 
also by l imoni te . 

Pftospltorus. Occurrence of chamosite corresponded by a relative ly 
h igh content of  phosphorus .  

Carbon. As a ru le ,  equal to phosphorus .  
Su!plmr . Jns ign ificance of sulphur excludes companson .  
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Potassium. I n  several cases, chamosite was formed during a period of 
potassium decrease, and fin ished j ust as potassium increased again .  But ,  
there are also exam ples of  the fact that formation of ch amosite took place 
both duri ng maxima and min ima of potassium and also at a complete absence 
of potass ium. High content<> of potassium may, on  the contrary, occur without 
formation of chamos i te .  Thus,  the appearance of chamosite is i ndependent 
of potass ium. 

iVitrogen. Regular correspondence not  discern ible .  
Magnesium. Equal to n i trogen . 

Summary. The occurrence of chamosite substances corresponds with a 
h igh content of  iron , phosphorus,  and carbon ,  and a low content o f  
minerogen e part ic les ,  a l l  of wh ich indicates stagnancy. 

Phosphoritic and undefined silicious remains. 

The frequency of these compounds is h ighest in  the northern group of 
local it ies .  They are proportional ly most  abundant before the formation of  
the Erpansus ooids .  Du r ing the actual formation of these ooids they generally 
decreased i n  frequency. In  the Raniccps Zone they seem to have increased 
proportionally again ,  as observed in Leskusänget. 

In  the southern group of localities these compounds have a low frequency 
( R.ävanäs ,  Röj eråsvägen , and Granmor) . 

Glauconite. 

Glauconit ic  grams appear espccial ly around R l/G though not  in larger 
quantities. They are more frequent i n  the southern local it ies . In  a few 
localities they may occur fairly invar iably in very small quan tities rather 
h igh  up in stratum G (such as in  Leskusänget and Stenberg) . 

The more richly glaucon ite-bearing  strata have a rather h igh content of  
minerogene particles, and the content of  potassium is i nvariably rather h igh . 
I n  relation  to other elements no  regular correspondences are discernible .  

A sl ight temporary increase of the iron  content arou n d  R l/G seems to 
b e  eaused by the glauconite .  

Glauconite and chamosite main ly exclude each other, hut it may happen 
t hat some glaucon itic grai ns occur in chamositic strata . Occurrence of 
chamosite in main ly  glaucon i t ic  layers was not observed , however .  

Analyses of chemical elements. 

Chemical analyses. 
C f. PI. X I I I  and X I V. 

Calcium carbonatt· . The content of carbonate was determined by 
d ispell ing the earbon dioxide.  The earbona te is presented as calcium earbona te. 
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Only a small part may occur as magnesium carbonate j udg ing by th e fact 
that the  content of magnesium is low. Some small quant i t ies may also be 
present as iron carbonate. Thus ,  the cu rves practically reproduce the content 
of  calci um carbonate. 

The content of calcium earbona te is about 80-90 % of the sedimentary 
rock, except in  the lower half of  stratum G, where i t  often decreases to 
60-70 % .  It  may decrease even more ; the min imum content of cal c ium 
carbonate observed i s  2 7 . 20 % .  

The curves show invariably one o r  more pronounced min ima i n  the 
lower h alf  of stratum G. For the rest the curves fluctuate only a l i ttle .  The 
transit ions at R J; G and G/R fl take place without  break. 

hon. The iron substances are mainly oxides and are presented here 
as Fe203. Iron occurs i n  smaller quantit ies as pyrite and possibly i n  
earbonates and  phosphates. The  quantit i es of  glauconite and  ch amosi te are 
also of subordin ate importance .  

From the curves i t  appears th at the frequency of i ron is considerablc 
in the lower half of stratum G where the content of  Fe203 can amount to 
30-45 % of the sed imentary rock. In  some local it ies ,  only one maximum 
was observed ( the local it ies of  the  southern part  of the Silj an District : 
l�ävanäs, Röj eråsvägen , and Granmor) ,  but  i n  others, three maxima may 
be d i scerned (th e localities of  the n orthern , n orth-western and north-eastern 
parts : Leskusänget, Stenberg and Gulleråsen) .  

The content of Fe203 is low in  the remain i ng  parts of the strata! sequence 
i nvestigated .  In a few localit ies one may discern a small maximum i n  the 
Ralliccps Zone. The iron content is low in the reddish strata R J and R JJ 
( i n  R J mostiy 2-3 % [min .  about 2 % ,  max. about 5 % ] , i n  R fl mostly 
2 - 3  % [m i n .  about 2 %, max. about 5 %] ) .  

Plwspltoms. Th i s  element is presented a s  P205. 
l n R f and R if the content of phosphorus is very low,  or phosphorus 

1 s  someti mes completely absent. 
In stratum G, on the other hand, the content of  ph osphorus is  fa i rly 

h igh in certain sections (maxima for the most part 0 . 7- 1 .4 % P205) . l n  
the  lower ha l f  of  the stratum (wi th the  exception of Rävanäs) two  maxima 
are d i scern ible ,  the greater of wh ich corresponds mainly to the most oolit ic 
part of the l!_xpansus Zone. The seeond maximum appears j ust above R f/G. 

In the upper part of the stratum there is for the most part a d istinct 
maximum in the Raniceps Zon e ;  sometimes i t  is  followed by a small seeond 
max imum,  such as in Leskusänget, Gulleråsen and possibly Born -Dådran . 
A th i rd cl i st inct maximum may appear j ust below GIR fl as stated i n  
Gul leråsen and S i l verberg I I ,  where samples were taken immediately below 
this boundary. 

Some few analyses were made in order to cletermi ne  whether phosphorus 
i s  Concentrated i n  the l imon it ic ooids .  It was found that the phosphorus 

3 l - 48 705 Bull. of Geo/. Vol. X X X I II 
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content 1s sl ightly h i gher  than in  corresponding samples consisting of ooids 
and the matrix . In Leskusän get sample 1 3 , for instance, the content of  
phosphorus in the oo ids i s  0 -43 , but i n  the oo ids plus the matrix 0 . 30  % .  

Cm-bott. The content o f  non-earbonatic earbon ("organic"  carbon ) is ,  
as a rule , fairly low (most often < 0. 2-0.3  % C) . In  stratum G the content 
sometimes is higher ; a maximum of about  0 . 8 % is reached i n  Leskusänget. 
For the most part, one maximum appears i n  the �xpansus section and another 
in the Raniceps section of stratum G. 

Sulphttr. The content is low, or sulphur is  completely absent .  I t  does 
not exceed 0. 1 % ;  for the most part i t  is i n ferior to 0 .05  % .  

Potassium. Only the potass ium which i s  not  bound to sil icates i s  
considered here. I t is  present ed  as  K20.  The content is lo w ;  for the most 
part, the curves vary between 0 .0 1 and 0.05 % K20 ; the absolute maximt1 1n 
is about 0 .08 % .  The h ighest values most often appear i n  the  Expansus 
part, but h igh values may also occu r i n  the Raniceps part. 

JVitrogen. The content of n i trogen is low in all samples. In  most cases 
i t does no t  exceed 0.02 % N; maximum amounts to about 0 .04 % .  

Magnesium . The content o f  magnes ium is fai rly low. In most cases 
it amounts to about 0 .2-0. 5 % MgO . In two local ities (Röj eråsvägen and  
Stenberg) i t  i s  extremely low (maximum about 0.0 1 %) .  

The  d istribu tion of  the  magnesium occurring a s  s i l i cates and  that 
occurring as other compounds are presented in  separate curves .  

In  the uppermost part of  R l, sometimes on  e of these curves i s  rnore 
frequent, sometimes the other ,  but i n  stratum G the curve of the mag
nes ium wh ich is  bound to components other than s i l icates domin ates, 
especially in  the lower half. This curve can be superior practically to GIR fl, 
but, as a rule ,  i t  is exceeded by th e curve of the magnesium bound as 
s i l i cate somewhat below GiR Il. In some cases i t ma y also have disappearecl 
below th is boundary. If cont inuing in  R Il, the curve forms a minor max imum 
j ust below C/R Il. 

Spectral analyses. 

Some spectral analyses have been made to establish the frequency of 
some elements i n  the l imon it ic ooids (Leskusänget sam ples 5 and 14 ,  and 
Röj eråsvägen sample 4) and i n  the or ig inally semiflu id  l imon i t ic substances 
which occur in the lower part of stratum G (Gulleråsen sample 5 ) . 

The elements were ehosen partly with the intention to examine whether 
there exists a ny correspondence between the ool ite and some sulph ide  ores 
in  the Si lj an District . 

The table s hall not be commented upon in its entirety ; only some 
remarks shal l  be made .  

I t  may first be  mentioned that  the  content of potassium and magnes i um 
i s  con siderable wh ich  may be due to  phytal con centration (the ooids i n c lude 



L I T HOG E N E S ! S  A N D  C H AN G E S  OF LEV EL IN T H E  S ! LJ A N  D!STR !CT 4 7 I 

both penetrative and enveloping algae,  and shel l  fragments bored by algae 
are also included i n  the l imonit ic Gulleråsen substance analysed) . The fre
quency of these elements is h igher in  the lower of those Leskusänget 
samples investi gated . 

The relatively h igh content of manganese i n  the Gulleråsen l imon itic 
substance may derive from manganese components in its black, mainly 
phosphorit ic ,  discontinu ity surface.  The content of manganese i n  th e ooids 
has d iminished in  the uppermost sample investigated (Leskusänget 1 4) .  

The  partly h i gh  content of  titanium in  t he  ooids is remarkable .  This 
element ,  which i s  generally abundant i n  volcanogene products, may have 
been incorporated in  the ooids as a col loid .  The h ighest content was found 
in  the l ower Leskusänget sample .  

The reason for the decrease upwards i n  stratum G of the elements 
now mentioned, (K,  Mg, Mn and Ti ) which are frequent  i n  basic volcan ic 

Elements l Röjeråsvägen 4 1  Leskusänget 5 l Lcskusänget 1 4  l Limoni t ic  
substance 

Ag < 0.0000) < 0.00005 o Traces 

Al c .  4 c. 8 - 1 . 5 

A s  o o -- o 
A u  o o - o 

B O .OI  0. 0 1  0.002 -

B a 0. 1 0. 1 o 0.2-0. j 
B e  -- -- o 0. 2 

Ca 3 · 2 5  2 . 3 j l .  O 2 5 . 5  

C e o o - -

Cd Traces Traces - Traces 

C o < 0.00005 < 0.0000 5 o Sl ig  h t t raccs 

C r 0.0003 0.0002 5 0.003 0 .0002 

C u o o Traces Sl ig h t  traces 

Fe 38 o 24 .0  37 ·3 1 4 .0 

In o o --- Traces 

K 1 . 1 0  1 .4 5  o .Sz  0.9 1 

L i 0.005 o.oo:; o.oo6 < O.Oj 
.Mg 2 . 5 7 1 .66 0 .65  J .  5 5  
M n 0.030 0.024 0.06 0. 1 34 
M o  Traces ? Traces ? o o 

N a < O. I O < 0. 1 0  < 0.0 1 < O. I 
N i  < 0.00003 < 0.00003 0.00 1 0 .0005 
P b o o o Traces 
P t o o - Traces 

Sn Traces Sl ight traces - o 

Sr  0.09 0 .20 Traces  0. 2--0 .4  

T i l .  O 2 .0 O. l > o. 5-(3) 

v 0.03 0.0 1 5  0.02 0 .0!  

w < 0.00 ! < 0.00 ! - -
Z n 0.0 ! o.ooS o 0 .05 
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products ,  i s  not known . The different contents may be the result of an 
accident ,  but real eauses may also be suggested .  However, the scattered 
data as given above are not sufficient for definite conclusions in this respect . 

The content of boron and sodium seerus also to be samewhat h igher 
i n  the ear l ier  part of  the G stage which may ind icate that the sali n i ty 
had decreased . 

Chemical elements campared to each other. 
Cf. PI .  XII I  and XIV.  

The following comparisons between the distribution of the chemi cal 
elements is only a brief accompanying text to th e curves .  Thereby, not  
only have the elemen ts been compared which show similar it ies to each other .  
but ,  for the sake of completeness, also those where no  relations occur or  
can be  expected to occur .  

Ca!cium earbonale - iron. The most pronounced min imtun of calc ium 
carbonate generally earresponds to the  greatest maximum of i ron . The  
smaller m in ima are  often corresponded by smaller maxirna of the i ron  curve .  

Ca!cium earbonale - plwsplzorus. I n  a few cases ,  occasional s imilarit ies 
occur, but often the curves run contrari ly. Real correspondence is not 
ascertainable .  

Calcium earbonale - carbon. Some occasional similari ties occur ,  especial ly 
in the upper part of the curves, but generally they are contrary to each 
other or otherwise mutually irregular .  Real correspon dence rnay not exist . 

Ca!cium earbonale - su!phur. Real correspondence is not discern ib le .  
Ca!czimt earbonale - potassium. I n  some localities there is  a certain 

similar ity in the main course of th e curves or in details (cf. Gul leråsen ) , 
but i n  others the curves are contrary or rnutually irregu lar. Correspondence 
i s  hardly discern ible .  

Ca!cium earbonate - uitrogen. In  some local it ies there are sl ight s imilar
it ies ,  but for the most part the curves are contrary or mutually i rregular .  
Correspondence is  scarcely ascerta in able .  

Calcium earbmzate - organie mag11esium . The most pronounced min ima 
of calcium carbonate are for the most  part  corresponded by maxima of 
organ ic  magnesium .  I n  those parts where the content of carbonate i s  h igher ,  
s im i lari ties i n  the course of the curves may occur . 

Ca!aimz earbonate - inorgauie magnesium. I n  a few local i t i es ,  there i s  
some similarity i n  parts of  the  curves, bu t  mostly no  s im ilarit ies appear .  
General correspondence may not occur .  

Iron - ea!cim1t carbonatc. Cf. above .  
Irou -- plwspltorus. The great i ron content i n  the Expausus Zone is 

gen eral ly corresponded by a high conten t of phosphorus .  However, maxima 
are practically ne \·er contemporary . l n  th is  part  of  the strata! sequence the 
phosphorus maxima preccdc th e iron max ima ,  but i n  the Raniceps section 
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the contrary appears for the most part. In some cases phosphorus i s  
abundant but  t h e  iron content i s  low.  

Iron - carbon. The course of these curves is s imi lar i n  some localities 
even as regards details , v iz .  in the lower half of  stratum G (Leskusänget, 
Gulleråsen ,  and Stenberg) . However, th e earbon curve is  high i n  the upper 
half of  stratum G of th ese localit ies , but  the iron curve i s  low.  

In  other localit ies th e curves are often d issimi lar .  It may happen that 
a h igh  content of i ron in the lower part of stratum G i s  not corresponded 
by abundance of carbon . The curves may also be contrary to each other 
i n  th e upper part of th is stratum and i n  R Il (Si lverberg II and Born-Dådran) ; 
the content of earbon is low i n  this case. 

Iron - sulplmr. In most cases there is opposit ion between the concentra
t ions of  these elements ; the sulphur curve is  lo w, however, and a comparison 
is of  minor rel i abil ity. 

Iron - potassium . Th e great maxima of these curves i n  the lower half 
of  stratum G are generally not perfectly correspondent .  In  the majority of 
those localit ies where the closest sequences of samples were examin ed ,  i t could 
be  observed that the absolute maximum of the potass ium curve appears 
somewhat earlier than that of  the i ron curve, such as in Leskusänget and 
Stenberg. In other localit ies, the maxima may be contemporary (Röj eråsvägen , 
maximu m  of potassiu m  low) ,  or the absolute iron maximum may preceed the  
potass ium maximum (Rävanäs and Gulleråsen) ,  but in  the latter cases there 
is also a potassium maximum below the iron maximum,  though at somewhat 
greater distance. 

In  relation to that of i ron ,  the potassi um  curve runs proportionally h igh 
i n  the upper part of stratum G i n  most of the localit ies (sometimes i t  runs 
h igh er t han i n  the lo w er hal  f of this stratum ; Röj eråsvägen ,  Gulleråsen ,  and 
Granmor) .  

Iron -- nitrogen. Both in the upper and lower sections of  the strata! 
sequence there are important correspondences, especially in the lower h alf 
of stratu m G. 

The great i ron maximum of the .hxpansus Zone is corresponded by 
high contents of n itrogen i n  the localities with the closest samples .  Also 
similarities in details as regards the course of the curves are often observed . 
In the local i ties with larger in terspaces between the samples, correspondences 
between the curves as now mentioned were not observed. 

The smaller iron maximum in  the Ramäp·s Zone may also be  corres
ponded by a small n i trogen maximum (Leskusänget, Gulleråsen , and Bom
Dådran) .  I n  Röj eråsvägen there is a fai rly great n i trogen maximum which 
is not  corresponded by a similar increase of the iron content. Contrarieties 
between the curves were observed in one locality, v iz .  Si lverberg I l .  

I n  fact, there  are  many i ndications of  a correspondence between iron 
and ni trogen . 
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Iron - organic magnesium. These elements are, as a rule, more abundant 
in the lower part of G than in the upper .  A small enrichment of both in 
the upper part is often seen . However, general correspondence as regards 
the details of the curves does not occur .  

Iron - inorganic magnesium . Both elements have generally the h ighest 
frequency in  the lower part of  stratum G. The main course of the curves 
is  often correspondent ,  as in  Leskusänget, and in  many cases one may trace 
a far-reaching similarity as regards details, for i nstance Gulleråsen . 

PJwsphorus calcium carbonate. Cf. p .  47 2 .  
Phosphoms - iron. Cf. p .  472 .  
PhospJwrus - cm-bon. The  main d i stribution of the elements is fairly 

similar, hut there are differences in  the details. I t  may be discernible that the 
earbon maxima are most often preeecled by phosphorus maxima .  

Plwsphorus - ·  su!plmr. In  many cases a maximum of one curve i s  
corresponded by a minimum of the other .  Only occasionally, some conformity 
may occur .  

P/tosphorus - potassium . In  the lower half  of  stratum G there is 
mostly correspondence between the great maxima of the curves. As regards 
the small maxima there are, however, irregulari ties for the most part . 

I n  the upper part of  stratum G, there are mostly s imilarities. 
In R II the phosphorus curve decreases i n  most cases hut that of 

potassium is i ncreased. Maxima of the two curves are entirely earrespondent 
i n  one locality (Röj eråsvägen) .  

There seems to exist some correspondence between t he  distribution o f  
phosphorus and  potass ium.  

P/tosphorus - nitrogen.  A few accidental coincidences between the 
curves may appear. 

Plzosphorus - organic magmsium. In Rävanäs and Born-Dådran there 
are distinct correspondences. As regards Leskusänget and Granmor, many 
similarities occur, hut also divergences. Far-reaching or complete dissimilari
t ies ,  on  the other hand ,  exist i n  Gulleråsen ,  Si lverberg, and Si lverberg I I .  

Regular correspondence may not  occur .  
PJwsphorus - inorganic magnesium. Correspondences are discern ible ,  

even as regards detai ls ,  between the curves of these e lements . However , 
some striking  differences also occur, viz .  in Gulleråsen (lower part of stratum G). 
Silverberg II (middle part of G), and Si lverberg. 

Carbon - calcium carbonate. Cf. p. 472 .  
Carbon - iron. Cf. p .  47 3 ·  
Carbon - p/tosplwrus. Cf. above .  
Carbon - su!pJmr. Regular correspondence I s  not  ascertainable. 
Carbon -- potassium. There is a good correspondence between the 

curves i n  several localit ies : Rävanäs ,  Granmor, S i lverberg, and Si lverberg II .  
In  the remain ing local it ies ,  thcre is partly a far-reach ing  correspondence 
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but also d istinct d ifferences. The differences appear mostly i n  the upper 
part of stratum G. 

Carbon nitrogen. A good correspondence occurs i n  Si lverberg and 
S i lverberg II .  In  most of the other localities the curves are ind ifferent or 
d ivergent ,  but also main ly sim ilar (somewhat higher frequencies in  the 
hxpansus and Raniceps Zones separated by a minimum ; Leskusänget, Gul ler
åsen , and Granmor) . 

Some correspondence between earbon and nitrogen may possibly exist, 
but it is  not more defin itely establ ished .  

Carbon - organic magnesium. These curves are samewhat more earres
pondent than those of earbon and inorgan i c  magnes ium,  but there are also 
d issimilarities (especially Röj eråsvägen and Si lverberg II), and it is  d i fficult 
to ascertain whether any regular correspondence occurs. 

Carbon - inorganic magnesium . Sim ilarities may occur (especia l ly Räva
näs and Bom-Dådran ) , but for the most part the curves are indifferent or 
contrary. Regular correspondence does not  seem to exist .  

Sulpltur - calcium carbonate. Cf. p .  472 .  
Sulpltur - iron. Cf. p .  473 · 
Sulplzur - plwsphorus. Cf. p .  474· 
Sulpltur - earbon Cf. p .  474· 
Sulpltztr - potassium. A few occasional correspondences occur, but ,  as 

a rule .  there is no  regtdar correspondence between the etu·ves. 
Sulpltztr - nitrogen. Reliable comparisons are scarcely performable on 

account of i nsignificant concentrations of  these elements. 
A few correspondences occur, but for the most part the curves are 

fa i rly i nd ifferent .  Whether regular relat ions exist is not decidable . 
Sulpltur - organic magnesium. Most of the curves do not show any 

s imi larities. Only a few occasional coincidences appear. Rcgular correspond
ence i s  not ascerta ined .  

Sulpltur - inorganic magnesium. Occasional coincidences occur, but in  
most cases there are  no  similarit ies, and regular correspondencc is  not  proved . 

Potassium - ralcium carbonate. Cf. p .  472 .  
Potassium - iron. Cf. p .  473 · 
PotassiU11l - plwsphorus. Cf. p .  474 · 
Potassium carbon. C f. p .  47 4 · 
Potassium -- sulphur. Cf. above .  
Potassium - nitrogen.  A far-reach ing  correspondence occurs in  most 

o f  the localities as regards the lower half of  the curves .  However, the curves 
may also be indifferent (Rävanäs) or sl ightly contrary (Röj eråsvägen ) . 

The curves are i n  most cases contrary i n  the uppermost part (except 
Röj eråsvägen and Silverberg Il) . 

Potassium - orgamc magnesium . The main frequencies of the elements 
are ,  for the most part, fairly earrespondent (generally a h igh frequency in 
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the lower part of stratum G and samewhat below &/R If, b u  t a lower 
frequency in  the i ntervening section) . 

As regards details i n  the courses of the curves there is a certain amount 
of correspondence i n  the lowermost part  of stratum G, but for the rest 
there are no regular detail s imi larit ies .  

Potassium � inorganic magnesium . Certain similarit ies occur in  the  
lower part of stratum G, but regt!lar correspondences a re  not  discern ib le  
for the rest. 

1Vitrogen � ca!cium carbonate. Cf. p. 47 2 .  
Nitrogen -- iron .  C f.  p .  473 · 
Nitrogen � phosphorus. Cf. p .  474· 
Nitrogen � carbon. C f.  p .  47  5 .  
Nitrogen � sulplzur. C f. p .  47 5 .  
Nitrogen � potassium. C f. p .  47 5 .  
Nitrogell � organic magnesium. No regular correspondence. 
"Vitrogen � inorganic magnesium. A practically perfeet correspondence 

was observed in  one local i ty (Gulleråsen ) , but  i n  the other localities there 
i s  a great variabi l i ty as regards the relations between the two curves.  Same 
accidental coin cidences occur ,  but  for the most part the curves are ind i f
ferent, and i n  Granmor they may be said to be contrary. 

Org. magnesium calczum carbonate. Cf. p .  472 .  
Org. magneszum iron. Cf. p. 474· 
Org. magneszum � phosplwrus. Cf. p .  474· 
Or g. magneszum � carboJl. C f. p .  47 5 .  
Org. magneszum � sulphur. Cf. p .  47 5 ·  
Or g. magnesium � potassium. C f. p .  47 5 .  
Org. magneszum � llitrogen. Cf. above.  
Organic magnesium � inorgmzic magnesium. Cf. p .  470. 
fnorg. magneszum calcium carbonate. Cf. p. 47 2 .  
Inorg. magneszum iron .  Cf. p. 474· 
Inorg. magneszum plwsplwrus. Cf. p. 474· 
Inorg. magneszum carbon. C f. p. 47 5 .  
Inorg. magnesium sulphur. Cf. p. 47 5 .  
htorg. magneszum � potassium . Cf. above.  
btorg. magneszum nitrogen. Cf. above.  
ht01l[. magncsutm org. magnesium. Cf. p .  470. 

Summary. The sulphur curves are ind ifferent to the other curves to a 
great extent. Sulphur is ,  however, weakly Concentrated and the curves fluc
tuate very l ittle so that camparisans with other elements are scarcely reliable. 

The curves of the magnes ium wh ich i s  considered to be organogene 
are ind ifferent to most of  the curves of the other elements. Hov.:ever, 
s imi larities occur with iron and phosphorus. 
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The curves of calcium carbonate are i ndifferen t to most of the other 
curves. They are contrary to the curves of iron and arganie magnesi um .  

A partly far-reaching correspondence seems to exist between the  distri 
bution of the following elements : iron - phosphorus - earbon - potassium 
- n itrogen - magnesium.  

4·  Genesis of the present types of ooids.  

T here a re  5 main types of ooids present : 
I .  Chamositic real ooids .  
z .  Limonit ic ooids with concentric structures. 
3 · Limonitic ooids without concentric structures. 
4 ·  Calcitic concretionary ooids .  
5 .  Phosphoritic concretionary ooids. 

Since i ron ooids are the most frequent of  these ooids, some data and 
considerations wil l  be given as regards the mode of occurrence of iron i n  
th e sea before disenss i ng  the formation o f  the ooids . 

The occurrence of iron in the sea. 
H ydrous iron oxide. 

In the presen t sea,  iron occurs only i n  inconsiderable quantities as real 
solutions ,  viz . as ferri c fluoride (COOPER 1 93 7) ,  which is a very l ittle dissoci
able compound .  Easily dissociable iron compounds ,  released for instance 
by the decomposition of organisms, cannot  exist in these surmundi ngs but  
a re  hydrolysed into hydrous ferric oxide. I n  those parts of the sea where 
the content of strong electrolytes is high the colloids thus formed are 
flocculated . The content of  i ron i n  such waters wil l  thus be  low. Also in 
waters where the amount of electrolytes is low only n egligible quantities 
of  hydrous iron oxide can be dissolved owing to th e fact that its salubil ity 
is very small at the pH prevai l ing in the sea (about 8 ) .  No l arger quan
tities of sols  covered with coat ing colloids can exist  in  a ventilated 
water, since the coating  colloids are readily oxidized so that the sols be
come released and precipi tated . 

Thus it appears that i ron compounds are generally not  accumulated i n  
sea water : a s  they arrive they are Successively precipitated and incorporated 
in  the sediment .  

However, the water ' s  content of i ron  can be raised during certa i n  
circumstances, v i z .  i f  the C02-pressure i n  the water i s  h igh .  Such  condit ions 
are created i n  closed areas where great quantities of  organogene detritus 
are accumulated and the content of oxygen is low, thus in shallow and 
endosed coastal areas. In  this case the iron occurs as a solution of Fe(HC03)2 .  
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This unstable compound i s ,  however, easily transformed into hydrous 

fet-ric oxide when the C02 -pressure is lowered in  the presence of oxygen . 
This transformation can be eaused by a mechanical stirring up  of the 

water .  But it may also occur i n  a constantly stagnant water ,  mainly because 
of the process of  earbon clioxide assimilation by plants and by the decom
posit ion of argan ie substan ces with an excess of  oxygen . 

The importance of plants for the preci pitation of hydrous iron oxicle is 
d i scussed in  part II  of the present series of papers (cf. also below) . 

A few words sh al l  be mentioned here on the importance of the process 
o f  decomposit ion for th e precipitation of hydrous iron oxicle .  

Carbon dioxide is rel eased at decomposition , and in  stagnant water the 
C02-pressure may be in creased considerably in  spheres around decayi ng 
bodies .  Large quantities of Fe(HC03)2 may be accumulated in  such spheres, 
especially if simultaneously the 02-pressure is low, which is  often the  
case i n  such surroundings .  

However, i ron and sulphur are a lso released, but at  the high C02-pres
s u re the iron is converted into Fe(HC03)2 :  

FeS + zH20 + z C02 _,. Fe (HC03)2 + H2S 
Thus, at the same time as the concentration of the bicarbonate is in

creased , the solubil i ty of this compound is decreased because of the lowered 
C02-pressure . 

I f  oxygen is absent, the Fe(HC03)2 is transformed into the neutral FeC03 
w h i ch is precipitated as a colloid : 

Fe(HC03)2 _,. FeC03 + H20 + C02 
As  a matter of fact, a partial re-solution of FeC03 may take place as 

the C02-pressure increases when C02 is continuously produced at the de
composition ,  and when Fe(HC03)2 i s  converted into FeC03. But iron and 
su lphur are conti nuously rel eased (production of Fe (HC03)2 and decrease 
of C02-pressure) ; further ,  C02 is d iffused ,  and the quantities of C02 con
surned at the formation of  Fe(HC03)2 are, moreover, larger than those 
released at the formation of FeC03. Thus, the final result will be  that 
FeC03 is formed as Iong as iron and sulphur are released. 

I f, on  the other hand,  oxygen is present at the decomposition , hydrous 
i ron oxide will be the final product. This wil l  happen if  plants are present 
t n accordance with the fol lowing scheme : 

Fe(HC03)2 ->- FeO + H20 + 2 C02 (consumed by plants) 
zFeO + t02 (produced by plants) � Fe203 
Fe203 + n H20 -� Fe203 · n  H20 
The decomposition will not change the pH in  any h igher degree if 

calcium carbonate is present. The calcium carbonate and the waste carbonic 
ac id wil l  create a buffer solut ion of pH about 8 ( i n  physiological laboratories 
buffer solutions of  pH 8 are made by th e action of H2C03 upon CaC03 ; 
verbal communication by Prof. P. E. L!NDAITL) .  The solubility of the 
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hydrous i ron oxide is thus qu ite negligible ,  and the prec ip itat ion w i l l  take 
p l ace at once .  

The consistence of the precipitate is dependent on the amount  and type 
of  electrolytes in the water. If the flocculation value is exeeded , precip itates 
of greater concentration are formed ; but if this value  is  not reached , less 
Concentrated colloids may be deposited. In  addition to that, the el ectrolytes 
have a dellydrati ng  effect (SPRING r 899) . Thus ,  very subtie structures can 
be expected (for instance fil l ings of minute canals in arganie b ard t issues) 
if the electrolytic effect is low.  On  the other hand ,  if the electrolytic effect 
is h igh , one may expect that the coliaids are generally precip itated as 
i rregular masses and  coat i ngs .  

Iron silicates. 

The iron of the sea is precipitated not only as hydrous ox ides but to 
a !arge extent as colloidal s i l icates. However, very l ittle is known about 
their present formation . 

A necessary condit ion for their format ion is that s i l ica is present to 
wh ich iron ions can be fixed. Si l ica is suppl ied by so-called peptizat ion of 
s i l i c ious skeletons ,  but  the greatest quant i ties are terrigenous ,  carried to 
the sea by streams. Very great quantities are supplied when a deeply 
weathered land surface is  i nvaded by the sea.  The fact ,  for instance, that 
the land surface of NE Scania was deeply kaoli n ized when the Senan ian  
sea  invaded th i s  area is certa in ly the  reason for the circumstance that great 
masses of green i ron s i l i cates were formed dur ing this transgress ion . 

I f  a period characterized by a precipitation of iron si l i cates is followed by 
a prec ip i tat ion of hydrous i ron oxides, th is  must be  due to the c i rcumstance 
that the supply of si l ica h as ceased . The si l icates do not  exclude the hydrous 
oxides. As a matter of fact, the presence of both is  favourable for the i r  
prec ip i tation s ince they have different electric charges. 

A precipitate of  a positively charged hydrous oxide in cluces a pre
c ip i tation of the negatively charged si l i cate around the oxide .  The s i l i cate 
stratum incluces, i n  turn , a precip i tat ion of hydrous oxide ,  and so on .  Such 
alternating preci pitation is often seen in the present mater ial  (cf. for instance 
PI . VI, Fig. r ) . 

Just as i n  the case of the hydrous oxides, the water ' s  content of electro
lytes is of great importance for the consistence of the s i l icates precip i tatecl .  
The  most subtie structures may be formed at a l ow content of  electrolytes , 
and concretions at a high content .  

Chamositic real ooids. 
P I .  V I ,  Figs.  3-6 and PI .  V I I I .  

In the present case these ooids occur tagether with l imon i t ic  oo ids .  
They may occur sparsely i n  the Expansus ool i te ,  but they are cl istinct ive 
for the Raniceps oolite ; however they are not very abundant .  
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The ooids are often distinctly stratified .  A nucleus is observable in many 
cases .  This one may be  a shel l  fragment encrusted with l imonite .  A fine 
interealatian between l imonit ic  and chamositic strata may be observed in  
the stratified part  of the ooids .  The surface layer is often dark green or 
black. The black colour is mainly because o f  the presence of  phosphorous 
and sulphurous compounds.  In  the interior the ooids are greyish green or 
w h itish and often of  a somewhat mealy appearance ; this whitish substance 
seems to be  identical with myel ine ( = nacrite) , w h ich is interpreted by 
S LAVIKOV1\ and SLAV! K ( I  9 I 8) as a secondary product of chamosite. Some
times the ooids may inc lude layers of originally colloidal calcium carbonate .. 
Enclosures of phosphorite and pyrite are common .  In  the ooids there are 
generally fine radiating cracks , which are certain ly origina l .  

Chamositic ooids occur in  d ifferrent parts of the Palaeozoic region of 
Scando-Eston ia .  They have partly also been described , but their chamosi t i c  
character has  not been recognized . 

ORVIKLi ( I  940) has most thoroughly described s u ch ooids from the Ase r r 
stage of Estonia .  The ooids are mentioned by him as "wh ite oo ids"  and 
the i r  substance i s  considered to be mainly calcite (p .  1 07 ) .  Calcit ic  oo ids 
occur ,  as a matter of fact, i n  h is material (cf. PI .  XXIV, Figs .  4-7) but 
the majority of the "white oo ids" are chamositic . This appears from h i s  
descript ion (p . I I 3 ) ,  a n d  from h is very elucidating photographs. I have 
myself bad the opportun ity to study so-called white ooids from the Aser i 
stage both macro- and microscopical ly. There is no  doubt as to their charnosi 
tic nature .  It may be added that they coincide perfectly with the present ones .  

Chamositic ooids (partly includi ng  original ly colloidal calcium carbona te) 
occur also in  the Island of Öland .  Especial ly at Byerum this stratum is wei l  
developed .  Accord ing to ora l  communication by Dr B .  BOHLIN and Mr H .  
MUTVEI , th i s  horizon is referable to  the Raniceps Zone, i .  e .  the same hor izo n 
as that o f  the S i lj an District where the chamositic oo ids are most common . 

Lower Ordovic ian layers of chamosite oo ids are known from other coun
tries . The ore fields at N ucice and some other places in  Bohemia con ta in 
chamos it ic  oolites to a large extent .  The well-known ores of Thuringia and 
\Vales are  a l so  chamosite-bearing .  Chamositic oo ids  form an important part 
of  the ores in the Armori can schists and sandstones ("bavalite et vari etes " ,  
according t o  CAY E U X  I 909, p .  2 7 I ) .  I n  the iron ores o f  Wabana ,  Ne\\'
foundland, chamositic ooids constitute a n  essential part. 

Younger iron ores partly consist of chamositic oolites, such as t he  
J urassi c ores of Cleveland and Lorra ine .  Oolit ic iron ores of  the same age  
consisting  to  a !arge extent of  chamosite also occur i n  Scania ,  Sweden 
(HADDJNG 1 93 3 ) .  

Return ing t o  t h e  Scando-Estonian Lower Ordovician chamositic oo ids ,  
they attain  the i r  highest frequency after the greatest abundance of the l imon i t i c  
oolite has  occurred. In the Si lj an  District the frequency of the chamos i t i c  
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ooids in the Raniceps Zone is stil l i nferior to the frequency of the l imon itic 
ooids, but i n  the Island of Öland the Raniceps chamositic oolite forms a 
fairly considerable layer, whereas l imonit ic ooids are qu ite sparse. The l imon itic 
oolite in the h�tpausus Zone is, on the contrary , less comprehensive in  Öland 
than in the Silj an District .  ORVIKU ( 1 940, p .  6 5 )  mentians that the "wh ite 
ooids" replace the l imon itic ooids in  the uppermost part of the Aseri stage . 

These alternations m ust mean that the water ' s  content of si l ica had in
creased,  according to the facts mentioned i n  the  general discussion above 
of hydrous iron s i l icates (p .  479) . This in crease is possibly due to the fact 
that sediments r ich in fairly mobile s i l ica were exposed and the si l ica 
transferred to the sea after a covering layer of r ichly ferrugin eous sediments 
had been consumed . 

In  the following, some facts shall  be mentioned which are elucidative 
of the formation of the chamositic ooids i n  the S i lj an  District .  

lt  was mentioned above that the n egatively charged chamosite was 
deposited around a nucl eus which in many cases could be observed to be a 
grain of hydrous ferric oxide or an obj ect covered by this substance (thus 
positive charge) . In  the cont inuation ,  chamosite and l imonite were precipitated 
alternately in partly extremely thin layers . This indicates that the pre
c ipitation which may have been eaused by opposite electric charges of 
both substances could proceed qu ietly. A condit ion for this was that 
interference of other electrically charged particles was smal l ,  i .  e .  that the 
water ' s  content of  strong electrolytes was low. The fact that the l ayers are 
partly so very th in indicates, furthermore, that both substances were very 
dilute preci pitates, possibly sols . The low concentration and the weak super
ficial tension is shown by the circumstance that the appearance of some 
oo ids has been influenced by gent ie movements i n  the water .  Colloidal 
precip itatcs of  such a low concentration may h ave been formed only if the 
amount of electrolytes i n  the water was inferior to the flocculation va lue .  
One  additional  fact favours the idea that the content of electrolytes was 
low, \· i z .  that ind ications of dehydrative activity by electrolytes are not  
d iscernible .  Such an activity is manifested by V-shaped eraeks in  the margins. 
The substances wh i ch are characterized by such eraeks have a lso another 
appearance. They are homogeneous and concretionary, and give the un
m istakable impression of h aving been deposited as gels, i .  e .  i n  a water 
with a h igh content of  electrolytes. Glauconit ic concreti ons are of  this 
type .  The fine ,  radiating eraeks which occur frequently in the  chamositic 
ooids are certai n ly partly due to cracking dur ing the normal agin g of  the 
col loicls ,  but  partly also to tensions due to recrystall ization inducecl by 
certain enclosures, especially particles of l imonite or phosphorite .  

Thus,  there are many indications favouring the idea that th e ooids were 
formed in a water with a relatively low amount of  electrolytes . There are 
also reasons wh i ch favour th e idea that the water was fa i rly stagnant .  
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Such a reason is that the ooids often include particles of  phosphorus 
and sulphur compounds,  o r  are surrounded more or  less completely by such 
substances. The phosphorus curve especially shows a maximum i n  the part 
of the strata! sequence where the chamositic ooids occur. Both phosphorus 
and sulphur occurring in  larger quantities ind icate a stagnancy of the water. 

The earbon curve is mostly h igh in  the chamosi te-beari n g  part of  the  
strata! sequence .  Th is  a l so  indicates stagnancy . The fact that the supp ly  
of m ineral particles was  low at that  t ime points in  th is  direction too .  

The hydrological conditions dur ing the formation of the  Estonian strata 
conta in ing chamosit ic ooids h ave not been stuelied along the same I ines as in 
the present c ase .  Bu t j udging from the appearance of the ooids, the hydrology 
seems to have been very s imilar to that of the S i lj an Distri ct . The oo ids  
are  so equa l  that  they are  not distinguishable from each other .  They are 
accompanied by phosphorus and sulphur  compounds j ust as in the pre
sent case. 

The ch amositic ooids from the Raniups Zone of Ö land have not been 
described.  l have only stuel i ed them in a few thin sl ides. They are s imi lar  
to those from the  S i lj an  District and Eston ia .  

Chamosite and glauconite precipitation. 

None of th ese substances is homogeneons in chem ical respect. They are 
chemically closely related, but they show some differences. 

They are different in chemical respect mainly as regards the proport ions  
of Si02 ,  Al 203, iron , and potassium . Chamosites h ave  lower content o f  
S i02 ,  bu t  a h igher content of Al203 and  iron . The  iron is essentially ferrous 
sil icate, whereas that of  glauconite is ferric si l icate to a la rger exten t .  
Furthermore, the chamosites a re  com pletely devoid of potass ium, the \' ery 
d istingu ish ing element of  glauconi te .  

Glauconite has not the  abi l ity of forming ooids ,  vvh i ch is  a character i s t i c  
feature of chamosite .  Glauconite is concretionary for t he  most par t .  Bu t  i t  
may b e  pointed out that chamosite and glaucon i te can b e  structurally s imi lar .  
Chamosite may occasionally be concretionary as the glauconite, but  both 
can a lso occur as i mpregn ations in  structures of  organic bard tissues .  Such 
structures are general ly very n arrow, for i nstance the fine canals i n  spon ges 
and crino ids .  In these cases the si l i cate substances have certa i n ly been 
preci pi tated as weak concentrations ,  i . e .  in a water where the ftocCLJ ! at i n g  
effect was relatively low. A s  regards both the present chamositi c and  g lau
conit ic precip itates of  this type it  can be stated that the water was stagnant .  
The chamositic precip itates were formed in the surmund ings j ust descr ibed i n  
the  discussion o f  the  chamositic ooids .  As  far as  the  glaucon it ic prec ip itates 
of this type are concerned , th ey were observed i n  the yellowish microbeds  i n  
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the  upper part o f  stratum R J. These microbeds certainly indicate periods of 
stagnation j udging by the fact that the content of  i ron and phosphorous 
compounds is  h igh . 

Stagnation i n  itself does not , as a m atter of fact, mean that the amoun t  
of  electrolytes was  low. The  fact that rounded concretions of glauconite 
with V-shaped superficial dehydration eraeks occur i n  the yellowish micro 
beds (PI. VI, Fig .  2 )  also ind icates that th is was not the case. But i n  stagnant 
water, the efficiency of the electrolytes can be d im inished locally, v i z .  i f  
the salubil ity of the sil icate i s  in creased in  this area .  This  takes place i f  the 
pH is i ncreased . Such a local increase in the pH occurs around decaying bodies 
in stagn ant water. But ,  when the pH successively decreased as the decompos i 
t ion ceased and the bas  i c s u bstances diffused i n  to the surroundings ,  a 
gentie preci pitation could occur .  The precipi tate was of small concentration 
and could thus be adsorbed capi l lari ly inta m inute structures i n  the resistan t  
tissues of the decaying body. I f  hydrous i ron oxides w i th  a contrary electri c 
charge were present, an altern at ion between si l icat ic and oxidic strata could 
be realized . The present material affords several examples of this sequence 
of development . PI .  VI, Fig. 1 shows an altern ating preci pitation of hydrous 
iron oxide and glaucon ite in a crino id skeleton ; a concretionary glauconite 
with dehydration eraeks i s  deposited at the s ide ,  wh ich i ndicates that th e 
flocculating effect was h igher i n  th e surround ings .  

For  the precipitation of glauconite in  the weakly concentrated form as  
described h ere special condit ions are  thus  requ ired .  Nor is th is  type o f  
glaucon ite the most common,  bu t ,  a s  mentioned ,  concretion ary types (which 
must be postulated to h ave  been precipi tated as gels) are those wh ich  
general ly occur .  

The charnosites, on  the contrary, must ,  as a ru le ,  h ave been precip i tated 
in a weakly concentrated form : they occur as d iffuse impregnations in 
sediments ,  as fill i ngs in minute structures of  b ard tissues, or as finely lam i na
ted ooids.  

Now the question arises : why does not the glauconite form ooids i n  most 
cases rather than concretions ,  and what is the reason for the fact that 
chamosit ic substances h ave a special ab i l i ty of formi ng  ooids ?  

Such  an in tricate debate must  be preeecled by a br i e f  d iscussion of the  
surroundings in wh ich chamosite and glauconite are  generally formed . 

These substances can occu r together ,  though with a great predom i 
nance for o n e  o f  them . B u t  in  a broad sense i t  may b e  said that glauco
n ite and chamosite exclude each other. 

HADDING ( 1 93 2 ,  p .  1 62)  r ightly poi nted out that "the structural as well 
as the chemical d ifferences show that the charnosite was formed under qu ite 
d ifferen t mi l ieu condit ions than the glauconite" . He  postulated that cha
mosites "were formed in an oxygen-free and probably strongly reduc in g 
env ironment" owing to the f act t hat they are "typical ferrous minerals" . 
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To th i s  argumentation some further facts may be added. 
Consideri ng first glauconite, i t  may be  recapitulated that its conten t of  

i ron and aluminu m  is relatively low.  As pointed out earlier i n  this paper ,  
only fa ir ly small quantities of iron can be accumulated in  the open sea , 
where the water is ventilated and the pH and the content of electrolytes are 
h igh .  Aluminum i s  very s imi lar to iron in  this respect. S i l ica ,  on the other 
hand, is fairly easi ly soluble at the pH in the sea (about 8 ) ,  and it is  further
more hydroph ile ,  i .  e .  considerably less influen ced by th e electrolytes than 
are the hydrous iron and aluminum oxides which are hydrophobic .  Thus ,  
h igh concentrations of  si l ica can be reached, especially i n  coastal regions ,  
s ince s i l ica for the most part  is transferred from the land .  When a precipita
tion takes place, substan ces r ich i n  s i l ica can be formed.  As glauconite is 
rich in  s i l ica ,  surmundings of this type are Iikely to be favourable for i ts 
formation . Fi nal ly ,  the glauconit ic i ron is ferric for the most part which is 
to be expected in  a venti lated sea. 

These features as regards the chemical composition of glaucon ite favour 
the  idea that glaucon ite i s  formed in  the open sea relatively near the shore. 
As was mentioned above, a high conten t of electrolytes may have been 
present as appears from superficial dehydration eraeks i n  concretionary 
glauconite .  

As the water ' s  content of s i l ica was high , fa irly !arge lumps could be  pre
c ip itated when they were acted upon by a ]arge amount of  strong electro
lytes. The dellydrat ing effect of strong electrolytes eaused an exsiccation  
and consequently a constriction of the  surface layer of th e l umps ,  which 
rendered them rounded in appearance. Sametimes glauconit ic lumps are 
covered with a stratum of hydrous i ron oxid e ;  th is stratum was certai n ly 
attached on account of  the different electri c charges of the sil icate an d 
the hydrous oxide .  But o ften there is no  coati n g  of hydrous iron oxide.  
This may be due  to absence of such compounds in the water ,  but also 
to an effect of the immediate dehydration , viz. that the surface stratum 
was Concentrated so much that it was de-electrified . 

Surmundings of the  type now considered were obviously suited for 
formation of concretionary glauconite ,  but  very unsui ted for formation of 
iron si l icate ooids .  

Consider ing,  secondly ,  chamosites, their content of  si l ica is i n ferior to 
that of  glauconite but their content of a luminum and iron is superio r ;  
moreover, the  iron is main ly i n  a ferrous state. Great amounts of  iron (and 
a luminum) and a low oxidiz ing stage of the iron can be expected in coastal 
basins  with a h igh content of  earbon dioxide ; the high contents of iron thus 
occurring as Fe (HC03)2 i s  transformed in to ferrous oxide when the C02-
pressure is lowered. This and other oxides are adsorbed by the si l ica which 
can occur in  fa irly great quantities i n  these stagnant surmundings where 
the pH is at !east 7 ·  
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The pr incipal d istribut ion of the ma in  chemical elements i n  closed coa
stal areas may thus be  suitable for the formation of chamosites. The green se
d iments wh ich are today precipitated in such areas of lower latitudes 
may possibly be chamositi c ;  the i r  chemical composit ion i s  not known to me ,  
however (cf. MDNSTER-STR0M 1 936 ,  p .  72 ) .  

In  such  closed areas th e amoun t  of electrolytes may be lower than  i n  
the open sea  and th i s  must  be  favourable for the  development of the cha
mosit ic structures, which in  the presen t case, as mentioned ,  are d iffuse im
pregnations i n  the sed iment ,  fil l ings i n  structures of organ ic  h ard tissues, 
and not !east, ooids. This mode of occurrence indicates a very fluid con
sistency of the precipitates which must be due to a low amount of elec
trolytes i n  the water. Especially the development of the ooid ic  structures 
required to be undisturbed by charges of electrolytes in the surround ings; 
furthermore,  a quiet water was necessary (p .  48 I ) . 

From this argument i t  may appear that the  formation of glauconite i s  
favoured in  surmundings different from those  which are  su itable for the 
formation of chamosite . The former surmund ings are n ot favourable for the 
formation of ooids which , on  the contrary, is  the  case as regards the Iatter. 
Th is  may be  the real reason for the i nability of glauconite to form ooids,  
and, on the other hand, the abil i ty of chamosites as regards th is process . 

A question which is of great in terest i n  this connection i s  why glauco
nite is rich in potassium ,  whereas chamosite is  devoid of this element. 
One might conceive that both substances h ave  about the same abil ity to 
adsorb potassium ,  but that the available amount of  potassium was h igher 
during the formation of  glaucon ite than during  the formation of chamosite. 
Another alternative is that the two substances h ave d ifferent abi lity to 
adsorb potassium .  

The  seeond alternative is obviously correct. In the  present case the  supply 
of potass ium was about the same during the formation of chamosite as 
during the formation of glauconite .  Their d ifferent abil it ies to adsorb potas
sium must be referable to a difference as regards their Iattice structure. 
The Iattice of glaucon ite which is akin to that of  the mica group must be 
suitable for fixation of potassium with its great ion radius ,  but  that of 
chamosite which is  akin to kaol in i te does n ot seem to be su ited for th is 
purpose. 

Limonitic ooids with · concenttic structures. 

Ooids of this type  have not been formed i n  the same way as the cha
mosit ic ooids. The Iatter, which are interpreted to h ave been formed i n  such a 
manner that col lo idal substances with a d ifferent electric charge were 
precipitated alternately around  a n ucleus j ust on account of  the d ifferent 

3 2 - 48705 Bull. o f  Geol. Vol. XXXIII 
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charges of the colloids, are considered real ooids. The l imonitic ooids ,  
on the other hand,  are not considered real ooids i n  spite of the fact that 
they are concentrically stratified . The reason for this is  that these structures 
were already existing  when the precipitation of the hydrous iron oxide 
took place. These exist ing structures were merely filled with hydrous 
oxide. 

As described i n  part II of the present series of papers the structures 
consisted of enveloping algae. In  this paper was also described how the hy
drous oxides were precipitated on account of the process of earbon dioxide 
assimilation by algae. 

Obviously the hydrous  iron oxides were precipitated in  a di lute con
sistence. The fine algal filaments would otherwise not h ave been ent irely 
filled . This mode of precipitation indicates a low content of electrolytes 
in  the water. Furthermore, the precipitation m ust have taken place in a 
stagnant water, which was necessary for the local decrease i n  the C02-pres
sure and the in crease of the 02-pressure requ isite for the precipitation . 

Lirnonide ooids without concentric structures. 

These ooids have been formed 111 different ways . They usually consist 
of rounded shell fragments .  

As described i n  part I I  of  the present series of papers ,  the roundness 
has been realized by the activity of perforative algae. Precipitatian of hy
drous iron oxide was also eaused by the algae (the process of earbon dioxide 
assim ilation ; c f . above as regards laminated l imonit ic ooids) . As in  the lami
nated l imonit ic ooids ,  the hydrous iron oxide must h ave been preci pitated 
in  a di lute consistence and consequently formed in  similar surroundi ngs .  

False l imonitic ooids are also formed of entire ,  smooth ostracod cara
paces, the interior of which was filled with hydrous iron oxide and pos
sibly some iron carbonate, and the surface of which was covered with 
hydrous iron oxide. Now and then one of the valves in such false ooids 
belongs to one species and the opposite valve to another (cf. part I of 
the present series , PI .  XVIII ,  Fig.  3) . It  also happens that false ooids referable 
to the group now concerned include only one valve, whereas the opposite 
side is formed of a rounded hydrous iron oxide lump which fil ls up  
t h e  concave part of t h e  valve (part I of t h e  present series , PI . XVI , 
Fig. 4) . 

The precipitation m ay have been eaused i n  this casc by decompo
sit ion processes as described above ,  p .  478. The oxygen required for the for
mation of the hydrous i ron oxide was derived from algae l iving in the 
immediate vicin i ty (sometimes in the ostracodal valves) . For this precip itation 
s tagnant water was required.  
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Phosphoritic-limonitic and calcitic false ooids. 

In the present material there occur blackish false ooids ,  consisting of 
phosphorite and l imon ite (PI . VIII) . They are often ell ipsoidal i n  shape.  
Sometimes they are connected by narrow bands of the same material (PI . 
VIII, Fig. 1 ) . Ooids of th is type are not very common . They were formed 
during the most stagnant part of the G stage . 

These false ooids are most I ikely coprolites . The formation mentioned, 
which is reminiscent of  a str ing of pearls, i s  very s imi lar to the faeces of 
certain gastropods, for instance Hydrobia. 

The reason for the fact that the coproli tes have been preserved may be 
that hydrous iron oxide was adsorbed and that the stagnant su rrounding pre
vented the phosphorous compounds from be ing dissolved and carried away. 

These ooids ,  as weil as those which include chamositic ,  l imonitic, and 
phosphoritic substances, are often surrounded by calcite crystals, arranged 
radially (PI . VII, Fig. 5 and PI. VIII) . Limonit ic substances of the ooids are 
often squeezed out between the calcite crystals thus givin g  prominence to 
the radial  arrangement of these crystals. Calcite crystals can have  been formed 
i n  such quantities that the aggregates consist of calcite for the greater part. 
They become ell i psoidal i n  shape and are properly characterized as false 
calcite ooids. 

The l imonitic and phosphorit ic substances seem to i nduce the formation 
of  calcitic crystals. They are partly used up during this process, so that 
they may occur as irregularly shrunken lumps with i n  the calcitic ooids .  

Pure calcit ic concretionary ooids are rare i n  the present  material . 
Ooidic particles consisting of srnooth ostracods filled with calcite may 

possibly also be  called calcitic false ooids .  
ORVIKU ( 1 940) h as described ooidic particles consisti ng  of a dark opaque  

substance wh ich i s  often coated with a layer of radially arranged calcite 
crystals. The dark substance is said to be  iron hydrate. They are very 
similar to the above.mentioned false ooids wh ich are in terpreted as coprol ites. 
O RVIKU also figured false calcite ooids. 

5 .  The origin of the iron.  

As appears from the  descript ive part of th is paper ,  the  content  of iron 
m the strata! sequence is partly very high , viz .  somewhat below the mid
height of  stratum G. As a matter of fact ,  it is of  great interest to know 
the reason for this h igh content of iron . 

Theoretically one may think of several reasons for the h igh iron content. 
One such reason is  that the supply of iron was fairly eonstant during the 
whole period concerned , but that conditions for the fixation of iron 
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were especially favourable when the stratum with the very h igh iron content 
was formed. Another i s  that conditions for the fixation of iron were fai rly 
similar during the whole period concerned, but that the supply of iron 
ions was very i ncreased during the formation of the stratum with the h igh 
content of  i ron .  A third possibility is that the genesis of  this stratum is due to 
the circumstance that the supply of iron was especial ly high at the same time 
as conditions for the fixation of the iron were particularly favourable .  

In disenssing th is question it  may first  be  recalled that the iron-hearing 
substances in the present case are  l imonite, chamosite , glaucon ite, and 
possibly i ron phosphate and some iron carbonate. The substance which 
represents the greatest quantities of  iron is l imonite .  Chamosite and glauc
onite are partly fairly abundant and may thus have a certain inftuence upon 
the content of  iron i n  the sediment. 

From the preceding chapter i t  has appeared that the content of  iron in  
the open sea is low, but that  the i ron content can be  h igher in  coastal 
basins with restricted communication with the sea. Thus i t  is theoretically 
impossible that any larger quantities of  iron are precipitated in  the former 
surroundings ,  but the latter type is favourable for fixation of iron i n  the 
form of l imonite and chamositic substances (siderite in non-oxygenized 
water) . 

The  vertical d istribut ion of  the iron in  the present case is i n  coincidence 
with this fact : the amount of i ron i s  low i n  the open sea stages R l and 
R Il (cf. p .  469) ,  but partly h igh in the endosed stage G. However, the 
amount of  iron is  very different within the G section .  It may also be  noted 
that chamosite generally appears after the greatest l imonite maximum. It is 
of decisive i mportance to establ ish whether the condit ions for fixation of 
iron changed so much during the G stage that the very different contents 
of  iron were realized on that account .  

The stagnation did not  change in  any higher degree during the G 
stage ; the water possibly b ecame even samewhat more stagnant in  parts 
of the district during the Raniceps period (when the iron precipitation was 
fairly small) than duri ng  the Expansus period (when the iron precipitation 
was very high ) . The fact that the stagnancy was sti l l high i s  indicated by 
the circumstance that the amount of earbon and phosphorus is h igh and 
partly h igher  than in  the Expansus Zon e ;  also sulphur may be relatively 
abundant (PI .  XIV) .  That communication with the ocean was restricted du
ring this period is  indicated by the ostracodal fauna (part I of  the present 
series of papers) . However, there existed a certain  amount of oxygen 
in the water, j udging by the fact that plants were sti l l  present, though not 
so abundantly as dur ing the preceding period (PI . X) . The presence of 
oxygen is also indicated by the fact that the iron to a great extent 
was precipi tated as hydrous ferric oxide ; on ly a small part was fixed as 
chamosite and pyrite. 
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Conditions for the accumulation of  iron i n  the water were thus equally 
as favourable as during the formation of the subj acent h ighly iron-hearing 
stratum.  In  fact, the ch anges in the content of  iron in the G stage re
produce mainly the changes in the supply of i ron to the S i ljan  District 
during this period. 

The origin of the iron shal l  now be discussed. 
The circumstance that especially great quantit ies of iron were fixed at 

Leskusänget, which seems to have been situated near the shore (p .  462 ) , 
indicates that the iron was supplied from the land to a great extent. The 
i ron may thus be expected to have derived from an iron-hearing formation 
which was disintegrated and transported to the sea especially during the 
i<_xpausus period. 

Those rocks which occur around the present ool it ic formation are the 
Digerberg Sandston e ( !arge areas in  the north ; lacking i n  the  southern part) , 
gneiss and gran ite (to the south and east of  the formation ; granite also in 
the area endosed by the formation - the central cupola) , and porphyry 
(to the west and north ) . 

The iron content in these rocks is low, and the  rocks are not  very easily 
disintegratable ,  so there is no reason to bel ieve that greater quantit ies of 
iron were released from the fresh rocks. 

From weathered rocks of the present types iron may have  been more 
easily released, however. 

A sample of Digerberg Sandstone from Vattnäs (W part of  the Silj an 
District) had a Fe203 content of  2 . 5 7  % .  Another sample of weathered granite 
from Alsarbyn (S part) showed 3 · 5 7 % Fe203• 

As a matter of  fact ,  the land surface in  the Silj an District was weath 
ered when the district was invaded by the Ordavieian sea.  Great quantities 
of iron were obviously also suppl ied to the sea during this t ime, as appears 
from the following. 

The fact that the surface was fair ly deeply weathered can often be ob
served. The rock, especially gran ites, are often disintegratable in to a coarse 
grave! ,  and kaolinized small parts are sometimes observable .  Great quantities 
o f  fine-grained weathering products i n  an original position have  not been 
observed , however, so notb ing can be specifically stated on  the ancient exten
sion of these products. 

Judging from the fact that ,  as mentioned , traces of  kaol ine can be found 
the weathering was scarcely l ateritic but  of  kaolinit ic type .  No greater 
desilication of  the weathering products may thus have occurred which, 
however, would have appeared i n  case of a laterization . This means that both 
the si l ica (the hydrophi le sols of  which are relatively mobile) and the iron 
oxides (the hydrophobic sols of which are more easi ly ftocculable and thus 
relatively l ittle mobile) were retained in  p lace unti l  a transgression stirred 
about in the sediment. Provided that the silica was retained unt i l  then ,  
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great quantities could at once be released together with hydrous iron 
oxide, and thus a great amoun t  of  glauconite could be  formed during the 
very transgressi on .  The fact i s  that an intensive productian of glaucon ite 
began at the same time as arkoses and conglamerates were formed (th e 
Obolus Conglamerates and adj acent sediments) . The precipitation  was i nten
sified during the formation of  the following Obolus Grave! Limestone and 
the adj acent formation of glauconitic clays . An  Obolus glauconite clay from 
Kårgärde (W part of  the Si lj an District) contains I 3 .60 % Fe203• Durin g the 
succeeding Ceratopyge period the formation of glauconite diminished, and 
during the Plamlimbata and Limbala periods the iron was precip i tated as 
hydrous oxides to a great extent .  

The total amount of  iron prec i p itates had decreased ,  meanwhile ,  and it  
was also low dur ing the first part of the stage succeeding the Limbata 
period, i .  e. the G stage. It was previ ously alleged in this paper that con
ditians for the accumulation and fixation of iron i n  the Si lj an District were 
not very d ifferent from those prevai l ing dur ing the fol lowing very h igh i ron 
precipitation (the l!,xpansus ool ite) . 

The reason for the decrease in the iron content of the strata! sequence 
must be that the iron-hearing  formation h ad been consumed . The new inten
sive precipitation of  iron must be explained in  the way that another i ron
hearing sediment had been incorporated w ith the sea . This might be  ex
plained by the circumstance that the sea, dur ing a transgression , had reacl1ed 
new parts of  the weathered land surface. But ,  as shown on p .  497 f. not a 
transgression but a regression i s  indicated to have taken place exactly during 
this t ime.  The explanation mentioned is  thus untenable .  Most I ikely the 
explanation is  that the i ron derived from volcanic substances .  Volcanic  
ashes r ich in i ron may have been carried partly direct and partly second
arily to the sea after having been deposited on land . 

Like di abases and basalts volcanic ash is a good source of iron : the 
content of iron is  h igh and the  i ron is  easily dissoluble .  Accord ing to 5 
analyses,  the amount of Fe203 + FeO is on the average 1 4 . 5 8 % in Vatna
j ökull ash (BART I I  I 93 8 ,  p. 34) .  VON ECKERMANN states a content of  up to 
I 7 .90 % iron oxides in the Swedish Gävle diabase ( I 92 5 ,  p. 304) . TRYGG
VASON found I 4. 78 % i n  a basaltic boulder from the Bothnian Gulf ( 1 940, 
p .  I 79) . The average value of the iron oxides i n  the volcan ic  strata of the 
Swedish Lappland series of  Mesket (KULLlNG I 9 3 3 ,  p .  402)  i s  8 ,88 %.  In 
the Lower Ordavieian Stören Greenstone  of Norway the iron oxide content 
is I 0 . 8 2 % (VOGT 1 945 , p .  466) . TRYGGVASON ( 1 943 , p .  3 I 3 ) made a survey 
of 3 5 2  analyses of basalts from different parts of the world ; it appears from 
this t hat the mean i s  I 2 .  5 r % Fe203 + Fe O .  The greatest part of  the i ron 
of basaltic volcan ic  products is  ferrous. 

Four samples from diabase dikes in the  Si lj an District were tested . The 
fol lowing Fe203 contents were observed : 
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Dike from the vicin ity of Leskusänget . . . . . . . . . . . I I . 8  5 % 
>> » >> Gulleråsen . . . . . . . . . . . . I 3 . 60 % 

>> » >> » Storstupet (N part of the Si lj an District) I 7 . 3 5 % 

The occurrence of two elements i n  the strata! sequence may also be  
elucidative for the  origin of  the  iron , v i z .  titan ium and  magnesium .  

Basaltic substances are r i ch  i n  titan ium : the Vatnaj ökull ash  2 . 5 I --
3 . 2o % TiO� , the Gävle diabase 3 . 24 % ,  the above-mentioned basaltic boulder 
from Östhammar 2 . 70 %, for instance ; diabases from the Si lj an District do 
not contain so much titan ium (Leskusänget 0 . 8 5  % ,  Gulleråsen 0. 3 3  %, and 
Storstupet 0.66 % ) .  The sediment from the G stage is, however, fairly rich 
in  titan ium.  In the ooids i t  may have been Concentrated up to 2 % titan ium 
(p .  47 1 )  and i n  th e bentonit ic clay from Gulleråsen (p .  492) 0 . 8 2 % and 
0 . 7 8 % Ti02 were observed. For comparison ,  analyses were performed of 
the bentonit ic clay reported by JAANUSSON and MARTNA ( 1 948) from the 
Middle Ordavieian of the Si lj an District and another bentonitic clay of the 
same age from the Mount of Kinnekulle i n  Västergöt land,  Sweden .  In the 
former case the content of Ti02 was 0.30 %, i n  the latter O . I 6  %. Accord ing 
to TIIOI�SLUND ( I 947) who publ ished analyses from different Middle Ordo
vic ian bentonitic clays , the Kinnekul le  clay contain s  o .  I 4 % Ti02 •  A bento
n itic c lay from Bornholm,  on the other hand ,  h ad a Ti02 content very si
m ilar to that of  the Gulleråsen clay, viz. 0 . 7 8  % .  

The h igh content o f  titan ium i n  the sediment from the lower part of 
the G stage and in ooids from the corresponding part of  the stratum indi 
cates that the great quan tities of  minerogene  particles suppl ied at that t ime 
were of  volcanic origin to a great extent .  This supports the idea that the 
great quantit ies of  i ron which were precipitated contemporaneously also 
were derived from volcan ic  products . The surmunding pre-Ordovician rocks, 
as a matter of fact, did not yield such great quantities of  titan ium.  The Di
gerberg Sandstone  and the granite from Alsarbyn contain only sl ight traces . 
The glauconit ic clay from Kårgärde mentioned above, which was certainly 
formed of derivativ e  products of  these pre-Ordovician rocks, contains only a 
small amount of titanium (0.04 % TiOz) .  

Considering magnesium,  the content is h igh i n  volcanogene layers (the 
Vatnaj ökull ash : 4 . 70- 5 .00 % MgO ; average of the 3 5 2  analyses quoted 
by TRYGGVASON : 7 .06 % ) .  GOLDSCHMIDT ( I 926) has shown that the content 
of  magnes ium is  much h igher in volcanogene Norwegian sedimentary rocks 
than i n  non-volcanogene sediments. The diabase dikes in the Si ljan  District 
are fairly r ich in magnesium : in the Leskusänget dike 2 . 5 5  % ,  in the Gul
leråsen dike 3 .00 %, and i n  the Storstupet dike 2. I 7 % MgO . On the other 
hand,  the MgO content i n  the D igerberg Sandston e  is 0 . 8 2  % and in  the 
Alsarbyn granite only 0. 3 7  %. The relatively high magnesium values which 
are observed i n  the most abundan t ooidic zone may thus indicate a volcan ic  
origi n of th i s  element.  

A few \Vords may be added on the bentonit ic clay which occurs in  
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Gulleråsen and possibly a few other localities in the lower part of stratum 
G. This clay substance is partly stratified and shale- l ike.  It  swells in water 
and is  split up along the stratificat ion surfaces thus ind icating that m inerals 
of the montmoril lon ite group are present. In  thin slides a foliaceous struc
ture is vis ible .  Furthermore, there are isotropic substances present (colourless 
to brown) which have a refract ive i ndex of I .60, and particles show i ng 
aggregate polarization (analyses by Dr O. MELLIS) . The isotropic substances 
may be organic  substances or  glass particles from bas ic ashes (the refract i v e  
index of  t h e  Vatnaj ökul l  glass i s  1 .6 1 ,  according t o  BARTI-I 1 93 8) ;  th e  par
ticles showing aggregate polarization  may be derivative products of glass. 
Fresh glass particles were not observed , nor biotite. 

It may be added that isotropic particles occur also in other parts of 
the G stage, as weil as lumps of chalcedony in the oolites. 

From the above-mentioned data it may appear that there are in  the  
sediment many indications that volcan ic  products were transferred to the 
Si lj an District especially during the first part of the hxpansus period. 

It  i s  d ifficult to trace the  orig in  of  these sediments,  s ince volcanicity 
i s  not known to have  occurred in the vic in ity during this period. But, as 
a matter of fact, there are a great many traces of  volcanic activity in  the 
Silj an District, and it is  possible that this activity took place partly dur ing 
the Expansus period. 

As appears from the map (Fig .  r )  there are several basaltic dikes i n  
t h e  area ; a revised field investigat ion on  that point  would certainly yield 
man y more. TöRNQUIST (r 8 7 2 ,  p .  26) points out that the Digerberg Sand
ston e is practically invariably broken through by the dikes .  This sandstone 
i s  considered to be  sub-Jotnian (RAiVISAY 1 93 1 ,  p .  2 74) . On  the other  hand,  
TöRNQUIST states that the Orsa Sandstone is not  broken through by the 
dikes ( loc .  c i t . ) .  The  Orsa Sandstone is considered as belonging to the  
u ppermost Gotland ian . Thus ,  one  may conclude that  the volcanic i ty took 
place between the sub-Jotn ian and the upper Gotlan dian . There are, howe
ver ,  a few facts which may be ind icative for a samewhat more exact dating 
of the volcanicity. 

During later years i t  has been observed that bentonite-like clays occur 
in  d ifferent parts of  the Middle and Upper Ordavieian of the Si lj an District 
(JAANUSSON and MAKrNA 1 948) .  The orig in of the bentonite h as not been 
traced, but  i t  may perhaps be  suggested to originate from the local volcanic 
activity during which parts of  the dikes mentioned were formecl .  Another 
part of  the d ikes may be somewhat older, as suggested by TölU,QUIST 
( r 8 8 3 ,  p. 1 3 ) :  " th e  appearance of the dikes may at !east partly fal l  with in  
the t ime of the format ion of the Ortlzoce1'as Limeston e" . 

TöRNQUIST bad made observations on the relations between some dikes 
and the Orthoceras Limestone ( 1 87 1 ,  p .  97 and 1 2 5 ; 1 87 2 ,  p .  24) .  A cletailed 
dati ng  of these dikes, on the basis of  the clescriptions by TöRKQUIST, is 
not possible, however,  and I have not yet had the opportunity to make a 
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thorough field investigation of this problem. T h e  strata are partly covered 
with earth at Åberga, the locality which is perhaps the most elu cidati ng .  
However, I could not  observe that  the Macrourus Limestone  was broken 
through by this d ike,  nor the subj acent Platyurus and Gigas Limestone ,  
so i t  is  I ikely that  the d ike was formed durin g the Lower Ordovician . 
This question is intended to be  stud ied dur ing further field work. 

AsKLUND ( 1 936 ,  p .  3 8 3 )  declared as regards the age of the Åberga 
dike that h e h ad proved i t to be "post-Cambrosi lurian , possibly Permian " .  
N o  proof was given , however. 

Origin of the iron of limonitic oolites extraneous to 

the Siljan District. 

The Eston ian strata of iron oolite are well -known : th e "untere Li nsen 
schicht" i n  the Raniceps Zone and a sequence of oolit ic horizons constituting 
the "o  be re Linsenschich t"  of  the Ase r i stage. Both these " Linsensch i chten " 
are reported to have been observed i n  a boring  in  Latv ia  at a depth of 
about 500 m (KRAUS 1 93 7) .  The latter is also represented in  the Island of Got
land, as observed i n  the File Haidar deep boring (THORSLUND and WEsTERGÅRD 
1 93 8) ;  (another ool ite probably i n  Sclzroeteri Limestone ; corresponding to 
the Lasnamäe stage of Estonia) .  In the submarine area of the Bothn ian 
Gulf the Scltroeteri Limestone also includes l imonit ic ooids .  This  stratum 
earresponds to Lasnamäe and the uppermost part of  the Aseri stage (the 
kowalewskii stratum) according to Mr V. ]AANUSSON (verbal communication ) ;  
the kowalewskii stratum also i s  ooidic .  

As a matter of  fact, i t  is impossible to make definite statements on 
the or ig in of  the  ooidic iron i n  these regions without special i nvestigations .  
Some considerations may be made ,  however. 

Prior to the formation of the ooidic strata , great quantit i es of iron 
had been precipitated partly as glauconite (particularly in  the B I and B II a 
stages) , and partly as pyri te ( in the Dictyonema shales) .  Iron was pre
cipitated as glauconite i n  the beginn ing of B III et ,  i . e .  the l-_xpansus 
period, but only small quantities were prec ipitated dur ing the remaining 
part of  th is  stage. Somewhat up i n  the fol lowing stage (the Raniceps Zone} 
a concentration  of  iron in  the form of  the "untere Linsenschicht" took 
place. During the following period (B III y) the iron precipitation seerus 
to have been small . I n  the succeeding Aseri stage, iron was precipitated 
aga in ,  mainly as ooids ; some glauconite was also precip itated , especially 
i n  the western part of  the middle section ,  i .  e .  the Echinosphaerites Lime
stone .  There are irregularities i n  the regional d istribut ion of  the ooids, 
but it  is characteristic that the ooids are most abundant in the Cephalopod 
Limestone ,  i .  e .  in  the uppermost section of the Aseri stage. The formation 
of ooids occurred repeatedly . 
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These data may ind icate that the i ron released from the weathering 
products had been used up  before the ool it ic strata were formed . The 
i ron necessary for the ir  formation may be suggested to be derived from intact 
weathering products reached by the sea during a transgress ion at that 
t ime, or  from volcan ic  ash . 

The former alternative i s  scarcely probable .  The occurrence of ooids 
of  exactly the same type as in the Si lj an District indi cates that the periods 
of formati on of the ooli tes were periods of stagnancy. This is accentuated by 
the fact that many d iscont inu ity surfaces covered w i th phosphorite occur 
in the Aseri stage. Furthermore, exactly during the r ichest formation of 
ooids ( in  the uppermost seetian of the Aseri stage) enveloping algae seem 
to have appeared (cf. ORVIKU 1 940 , p. 1 36) which may sooner ind i cate that a 
regress ion  b ad taken place. During such circumstances it i s  scarcely pro
bable that remain ing layers of weathering products r ich i n  i ron could have 
been uti l ized . 

For such reasons i t  seems more Iikely that th e ooidic iron or ig inates 
from volcanic ash .  This idea is also favoured by the fact that the forma
tion of ooids took place rhythmically and that the oolit i c strata have a 
vast occurrence.  As ment ioned ,  they appear, more or less completely, i n  
t h e  submarine area of t h e  Bothn ian Gulf and  i n  the subgrounds of Gotland 
and Latvia .  Another reason which may favour the idea that volcan ic  sedi
ments were carried to th e sea duri ng  the periods concerned i s  the h igh 
content of  magnesium in  the corresponding strata of Estonia .  

Evidences of volcan ic i ty dur ing the lower Ordovic ian in  the region 
concerned do not seem to exist. The only traces of  an activity which may 
be connected with volcan ic eruptions are some eraeks formed during the 
Expansus or the Rauiceps periods in  the Island of Odensholm , Eston ia ,  
wh ich ÖPIK ( 1 92 7 ,  p .  s s ) most I ikely very correctly in terpreted as seismic .  
A basaltic dike was found i n  a bor ing in Estonia, but this seems to have 
been formed i n  the upper Gotland ian or the middle Devonian (ÖPIK and 
TIJAMiVf 1 93 3 ) .  The mere suggestion may be made, however, that parts of  
the volcan ism which is  represented by basaltic rocks and d ikes i n  Inger
manland (Svir  region ) and in  the Ladoga region of SE Finland took place 
in the Lower Ordovic ian .  The formations now mentioned are considered post
Jatnian by RAMSAV ( 1 93 1 ,  p .  2 89) . In the surmundings of the submarine 
area in  the Bothnian Gulf there are volcanic rocks of post-Archaean but  
not  more definitcly determined age .  Such rocks may a lso ex ist  i n  the 
Bothnian Gulf itself j udging from the fact that  glacially drifted basalt ic 
boulders occur in  the coastal region of Uppland . 

As a matter of fact ,  for the t ime being it is not possible to state 
whether a Connection existed between any special volcan ic  activity as 
mentioned here and that or those postulated to have provided the ash from 
wh ich the ooidic i ron in the aforementioned areas may have been derived. 
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Some facts on Lower Ordovician volcanicity. 

A very active \'olcanicity took place i n  other areas dur ing the  Lower 
Ordovic ian . 

VoGT ( 1 94 5 )  has shown that a mighty series of volcan i c  rocks was 
formed in the Trondheim region during th is  period. To the Skiddavian 
VOGT has referred the Stören series vvhich consists of  thick effusive green
stones with pyraclastic materi a l .  The thickness i s  about  2 5 00 m. The 
HöJonda andesit ic porphyrites are considered to h

·
ave been formed dur ing 

the Llandeil ian . The thickness is estimated to be  a few hundred meters. 
The volcanic activity continued dur ing the Middle and Upper Ordovician , 
but  seems to have been practically expi red at the  close of the  Ordovician . 
The Stören Greenstones are characterized as be ing beyond comparison th e 
most extensive of the volcan ic  rocks. 

Volcanic activity occurred also i n  other Norwegian regions duri ng  the 
Lower Ordov ic ian .  The basic lavas from the Island of Smöla W of Trond
heim and those i n  the Os and Stord districts of the Bergen region are 
correlated with the Stören Greenstones .  

In Swedish Lappland volcan icity also took place during the Ordovician .  
KULLING ( 1 93 3 ) ,  discerned different series of  volcan ic layers . Especially 
the Mesket series forms a mighty sequence, which is considered by KULUNG 
to be  of Lower or  Middle Ordavieian age. VOGT is of  the opinion that 
th is series is contemporaneous with the Stören volcanism . 

It i s  a well -known fact that a I ively volcanic activity occurred in the 
British Isles during th e Lower Ordovician . Dur ing  the Skiddavian , volcan ic  
rocks were formed i n  Scotland and Wales.  The greatest outbursts took 
place i n  Llanvirnian with the formation of th e ash series in  the Arenig 
D istrict and the Llanvirn ashes in  Wales ,  the Stapely ashes of England,  
and the radialarian cherts and tuffs of Scotland .  During the Llandei l ian , 
the  mighty Borrowdale volcan ic  series were formed.  In the Caradocian the 
volcanicity diminished, and i t  finished in  the Ashgil l ian . I ron oo ids occur 
in many volcan ic  series. Those of North Wales h ave attached great in terest, 
s ince these oolites are workable .  They are chamosit ic to a great extent .  
Most of  them are of Llandei l ian age. 

Very close relations between tuffitic layers and iron oolites can be ob
served in  the Bohemian an d Timringian oolit ic fields . In  these cases the 
idea has been proposed that the oolit ic iron is derived from volcan ic  products 
(SLAVIKOVA and SLAVI K 1 9 1 8 ;  cf. a]so HAYES 1 9 1 5 ,  p. 87 ) .  

From th i s  survey it  appears that  a I ively Lower Ordavieian volcanicity 
occurred in  many regions.  It is also evident that a close connection exists 
between certain iron ool ites and contemporaneously formed surmunding 
volcan i c  rocks. 

As regards the iron ool ites of  the S i lj an District and the area in the 
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Bothn ian Gulf as weil as those of  Estonia ,  Latv ia ,  and Gotland ,  definite 
connections with part icular volcanogene formations are not establ ished ,  as 
mentioned above. However, the volcanogene products which are considered 
to have been the source of the  ooidic iron do not seem to h ave derived 
from the vakanieity in the Scandinavi an Mountain Chain .  If this had been 
true, more iron-hearing harizons would have been expected in  the more 
closely situated Silj an District than in  Estonia ,  but the contrary i s  the case.  
As anticipated , the volcanic products which yielded iron to the ool ites 
most I ikely were ej acula"ted with in  the particular areas or i n  adj acent regions .  

For the rest ,  it is difficult  to correlate exactly the  periods of formation 
of oolite both in  the Si lj an District and in  the other areas mentioned with 
any of the volcanic activities in  the Mountain Chai n .  But this can be due 
to some erroneousness in  VOGT's  dating .  As a matter of  fact ,  this dati ng  
i s  a very difficult task. 

The Stören group is petrographically of s imi lar type as the Skiddavian 
volcan ic products of the British lsles .  The earrelation of the Stören group 
with the Brit ish Skiddavian i s  not ,  however, made on account of  this 
s imi larity, bu t i s  based on a palaeontological dating of the superj acent beds. 
VOGT referred these beds to "probably Lower Llanvirnian age, indicating 
a Skiddavian age of the Stören Greenstone"  ( 1 94 5 ,  p .  5 1 2 ) .  However, 
Mr V. ]AANUSSON, who has especially studied the brachiopod genera in 
guestion , points out that the beds cannot be older than the Llandeilian , provid ed 
that the genera are correctly determined (verbal communication) . Thus 
VOGT may have referred them to an earl ier period than is  really indicated by 
the fossils . The Stören Greenstones m ay,  in fact, possibly be Llanvirnian 
and thus contemporary with the greatest Lower Ordavie ian outbursts of 
the British Isles . 

The occurrence of Ni!eus sp .  and Niobe ? sp .  which are considered by VOGT 
to be of great value as age ind icators , are not very su itable in this respect, 
the former genus occurring both in the Llandeil ian and Llanvirn ian , and 
the latter being obviously so badly preserved as not to be determinable .  

The vakanieity here postulated to have taken place in the separate oolite
beari ng areas may also be correlatable with the Llanv i rn ian volcan ism . 
Tetragraptus species do not ,  practically, seem to go above the Limbala 
Limestone (EKSTRÖl\f 1 937 )  nor above the Skiddavian of the British Isles 
(STUBBLEFIELD and EVANS, p. 72 and ELLES and WOOD 1 9 1 8 , Table A). Didy
mograptus murcltisoni (BECK) wh ich appears in the Upper Llanvirnian earre
sponds main ly to the P!atyurus Limestone  and to the Aseri stage, which 
includes the "obere Linsenschicht" (cf. EKSTRÖM 1 93 7 ,  p .  28 and RAMSAV 
1 93 1 ,  p. 3 2 7 ; the Scltroeteri Limestone is correlated by THORSLUKD 1 940, 
p .  1 8 3 ,  with the Lower Llandei l ian G!yptograptus teretiuscu!us Zone) . The 
intervening layers which include the "un tere Linsensch icht"  and the Si lj an 
oolites may thus belong to the Lower Llanvirnian · 
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6 .  The changes of leve! . 

The macroscopical appearance of the presen t strata) sequence does not 
ind icate that any changes of leve) occurred duri ng  its formation .  However, 
changes of leve) may have taken place.  

An analysis of  this problem is int imately connected with the study of 
the development of the hydrology . The most important i nd ications of the 
hycl rological changes are obta ined by studying  the mode of  occurrence of 
certa i n  chemical compounds precipitated as colloid s ,  especial ly hydrous 
iron oxides, hydrous iron si l icates, and hydrous phosphorous compounds.  
Of  great importance are ,  furthermore, the changes of the amoun t  of sulphur 
and earbon i n  the strata) sequence .  The composit ion of the n ecrocoenoses 
as weil as of  the insoluble residue  have also to be considered . 

On  the basis of such data (which are collectecl i n  the prev ious chapters 
of this paper) an analysis is given here of the hydrology and the changes 
of leve) duri ng  the formation of the strata) sequence i nvestigated . 

Siratum R I .  
The depth o f  the  water was fairly shallow du ring the R I stage, especially 

towards the very close of the period j udging  from the fact that penetrative 
algae began to appear at that t ime.  A few encrusted g irvanel loid algae 
were also found ,  but enveloping algae ,  which seem to ind icate a very 
shallow water, d id not occur .  

On  the whole ,  the water was fairly venti lated during this stage,  j udging 
from the fact that the content of  carbon , phosphorus ,  and sulphur  in  the 
sediment is rather low. The amount of shell  detritus is ,  however, h igh so 
that considerable quantities of su lphur and earbon may have been released 
at the decomposit ion of the soft tissues. S ince algae were few duri ng  th is 
stage no greater quantities of  oxygen were produced by phytal ac
tivity, and the oxidation of sulphur and earbon compounds was thus cer
tainly eaused by oxygen brought there by the movements of  the water. 
The fact that the iron was precipitated as glauconite to a rather great 
extent favours the idea that the water 's  content of oxygen was fai rly h igh . 
The absence of chamositic substances points i n  the same direction (cf. p .  484) . 
The phosphorus was leached out from the faecal pell ets and partly carried 
away to the ocean .  

There are  some reasons which indicate sal i n i ty to have been rather high 
during the R I stage , viz .  traces of the dehydrating  activ i ty of salt water. 
The l imonite is  sometimes partly dehydrated to a redd ish oxide ,  and the 
glaucon ite grains are sometimes superficially cracked (cf. p .  48 r ) . 

The yellowish microbeds of the R I l imestone i ndicate that certain occa
s ional changes in the hydrology bad taken place. The c i rcumstance that the 
microbeds are concentrations ,  besides hydrous i ron oxides, also of phosphorit ic 
substances indi cates that a sl ight stagnation had appeared . In  a vent ilated 
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water the phosphorus acid is extracted from the  animals ' excretive products 
(the most important source of phosphorus) and to a great extent carried 
away to the ocean , whereas, i n  a stagnant water, the phosphorous com
pounds are enriched (MONSTER-STR0M 1 936 ,  p. 5 3 ) .  

The  hydrous iron oxides and  the phosphorous compounds we  r e  continuously 
increased upwards in the yellowish microbeds, thus showing that th e effect o f  
t he  stagnation had increased. Phosphorus acid and  acidic decomposition pro
ducts could locally be so enriched that shell fragments were deeply corroded. 

A special circumstance which supports the idea that the water was stagnant 
during the formation of the yellowish microbeds is that the small amounts of 
glauconite which were formed during these periods were partly precipitated 
in so di lute a state that fine canals in arganie  hard tissues could be filled 
(argumentation p. 483 ) .  

Salin ity may not have changed i n  any h igher degree during these short 
periods of stagnation . The amount of electrolytes must have been rather h igh 
s ince the hydrous i ron oxides were partly precipitated in  a fairly Concentrated 
state j udging from the  fact that fine canals in  argan ie b ard tissues were 
sometimes not filled an d some glauconites are superficial ly cracked. 

The reserve of oxygen may not have been used up  j udging from the 
fact that iron was precipitated in  a ferric state ,  and sulphur  and earbon were 
oxidized to a great extent .  

The changes back to venti lated condit ions seem to have taken place 
rapidly, since the upper limit of  the yellowish microbeds is rather distinct 
for the most part. 

Towards R l/G the periods of stagnation grew more pronunced.  The 
concentrat ion of the phosphorous compounds had increased so that a th in 
but  continll'Ous layer of  a blackish brown substance mainly consisting of  
phosphorite h ad been formed. The amount  of electrolytes may still have  been 
sufficient to flocculate the phosphorite and perhaps i t  also eaused the 
dehydration of the phosphorus precipitate so that a b ard surface was created . 
But the bard surface was more I ikely formed by the influence of the new set 
of  electrolytes which were supplied j ust i n  the beginn ing of the ventilation . 

Immed iately a fter the format ion of  such su rfaces fairly much glauconite 
was precipitated .  This glauconite originates certainly to some extent from 
the i ron which had been accumulated in  the water as bicarbonate during 
the preceding period of  stagnation (cf. P I .  I ,  Fig .  3 ) .  

The  supply of minerogene particles had  been proportionally h igh  during 
the R J stage ; i n  some cases the amount of these substances had increased 
towards R I/ G. 

Stratum G. 
As mentioned above,  the depth of water had obviously decreased during 

the R J stage .  The decrease continued i n  the G stage.  The amount of  pene
trative algae was rapidly i ncreased , and enveloping algae appeared thereafter. 
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These algal groups are very abundant in  the middle part of stratum G;  the 
very maximum is generally reached somewhat below the midheight .  This h igh 
algal frequency appeared in  spite of  the fact that the transparency of the 
water must h ave been low s ince minerogene fine-particles were supplied 
abundantly at the same time. The abundance of algae thus certainly indicates 
the water to have been very shallow. 

During the latest part of the G stage , envelopin g algae disappeared com
pletely ; they h ad diminished in frequency already about at the midheight or 
shortly afterwards . The amount of penetrative a lgae had decreased,  bu t they 
continued even to the lowermost part of  the stratum R Il, where they, 
however, soon d isappeared. 

Let us now return to the development around R l/G. 
This border is a colour border between a mainly red stratum (R J) and a 

mainly grey (G) . The colour of the former (the venti lated parts) is du e to 
the fact that the colour substance is dispersed in  the sediment coating the 
separate particles with a thin film . In  the latter stratum the sa id co lour  sub
stance (hydrous i ron oxide for the greater part) i s  concentrated to particles 
consisting of mainly l imonite .  The colour of  the rock is thus eaused chicfly 
by the colour pecul iar to the matrix of the sediment. 

The border R l/G evidently indicates a very im portant hydrological change, 
viz .  that the Si lj an District bad been mainly permanently stagnant .  In the 
previous discussion i t  is shown that the in termi ttent periods of stagnation 
during R l bad been more and more pronounced towards R l/G. The G 
period is notbing but a stage in  this progressive sequence of stagnations .  

However ,  the G per iod was not perfectly uniform in  hydrological respect . 
During its first part certain structures were developed which indi cate that 
occasional  communications with the ocean were establ ished. Such structures 
are two distinct discontinuity surfaces occurring  j ust above R l/G. They 
are covered with a phosphoritic crust upon which glau conit ic grains occur. 
The phosphoriti c stratum was very I ikely flocculated and dehydrated by 
invading salt water, and the iron ,  accumulated in  the water during the 
previous stagnation ,  was precipitated to some extent as glaucon ite indicating 
that the invad ing water was rich in oxygen . 

Thereafter, a few periods of salt water inflow may sti l l  h ave appeared ,  
j udging from some structures, v i z .  the i rregularly formed l imon itic masses de
scribed on p. 45 r .  They also contai n phosphorite w h ich i ncreases in  frequency 
upwards and often culminates i n  a black film covering the surface. 
These substances were certainly formed during a high degree of stagnation , 
but  the surface stratum may h ave been fixed by dectrolytes transferred there 
with inflowing water. This inflow is also marked by superficial fluida! structures 
in the l imon i tic substances and sometimes by the arrangement of the particles 
j ust above the surface which indicates that turbulent movements in the mobile 
sediment occurred at that t ime (PI . I I ,  Fig. 4) .  
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The assumption that water with a h igh content of electmlytes was brough t 
i nto the S i lj an District duri ng the first part of the G stage is fu rthermore 
indicated by the circumstance that some of the precipitates of  hydmus iron 
oxide somewhat above R l!G b ad been dehydrated i nto a reddish compound 
{goethit  or hematite) . 

Thereafter, a period of fairly uniform stagnancy appeared , v iz .  when the 
r:xpansus ool i te was formed. Periods of extreme stagnancy followed by periods 
of venti lation cannot be discerned to have occurred during this t ime.  However, 
water wi th a h igher salin i ty may have flowed in occasionally during the first 
part of this period j udging by the fact that the ooids h ave sometimes been so 
dehydrated as to have become reddish in colour. 

There are no  structures in the sediment which indi cate that movements in 
the water took place during this period of intensive formation of ooids .  
According to the theory on the formation of the l imonit ic  oo ids which 
was given in  a preceding chapter and in  part  I I  of  the present series of  
papers, a necessary condit ion for the i r  formation was t hat the w ater was stagnant .  
Positive on  that point  is ,  fu rthermore, the fact that the content of  phosphorus 
is in  variably h igh in this part of  the strata! sequence. The content of earbon 
is generally also h igh ,  i n  a few localities very high . The sulphur ,  wh ich is a 
dist inguish ing element for stagnant waters, i s  invariably low and l ittle fluc
tuating ,  bu t th is  is certainly du  e to oxidation by means of the oxygen produced 
by the algae. 

After this pronounced stagnancy, a period with slight movements in  the 
w ater see m s to ha  ve  appeared . Certain irregular bedding structures we re 
formed (p .  4 5 2 ) ,  and the hydrous iron oxide was somewhat diffusely precipitated . 
I n  a few cases hydmus oxide covers the calcite crystals with a fi lm,  thus 
giving the rock a sl ightly reddish appearance. Ooids were not formed,  or 
only in a small  number .  

This period was in  turn followed by another period of pronounced 
stagnation (the Rauiceps period ) when ooids were formed again ,  though not 
in quantities as great as in  the .h�pansus period . In this part of  stratum G 
are the majority of the chamositic ooids. They are in terpreted to have been 
formed in very stagnant surmundings with a low content of oxygen (p.  484) . 
The low oxygen content is in accordance with the fact that algae bad 
decreased in  number at that t ime and that the amount of earbon was con
siderable in several cases . The h igh content of phosphorus also indi cates a 
d istinct stagnancy. 

In the narrow zone between the Raniceps oolite and G/R II (except j ust 
below this boundary) only small quantities of hydrous i ron oxide were 
precipitated ,  mainly as fil l ings in  canals and cavities of bard tissues. The 
matrix is practically free from limonite. Chamosite was stil l precipitated , 
though no longer as ooids but  as fil l ings in  organic bard tissues . The content 
of oxygen may sti l l  h ave been low, and the surmundings may continuously 
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have been stagnant. The stagnancy is especially ind icated by the fact that 
shel l  fragments are corroded to a great extent, most Iikely of  phosphorus 
acid and acidic decomposition products . 

Stratum R I I. 
The algae soon disappeared in this stratum in spite of the fact that there 

were great quautities of  sheils to be bored, so the disappearance was 
not eaused by any deficiency of penetrable substan ces. Th e reason may be  
that t h e  water had  been too deep for algae t o  be able t o  l ive there. After 
the development of  G/Rlf the hydrous iron oxide was partly precipitated as 
a diffuse substance constituting a thin cover ing of the calcareous particles . Fossi l  
fragments were encrusted and in  part  fil led with hydrous i ron oxide .  Glauconite 
was not formed. The phosphorus content is generally low, or  phosphorus 
is absent. The content of  earbon and sulphur is also mostly low. 

This means that a seeond important change in  the hydrological conditions 
had occurred , a change of equal importance to that which occurred at the 
transition from R I to G. The communication with the ocean h ad been 
reopened. 

Ventilated sea water invaded the Silj an Distr ict and eaused the iron bi
carbonate to be precipitated . A slight occasional increase of the iron curve 
can be discerned j ust above G/R II. The water could no longer be  charged 
with iron as bad been the case during the enclosed G stage when the 
C02-pressure had been high . 

This hydrological change was accompanied by a faunist ic .  Pelagic or
ganisms, such as radialarians and larvae of  trilobites, occur abundantly j ust 
above G/R II in some localities . Cephalopods appear in  great quantities. 

The change is  especia l ly distinct as regards the ostracods.  After the 
catastrophic decrease probably on account of  the heavy preci pitation of hydrous 
i ron oxide du ring the Expansus period,  the ostracodal fauna  could not recover 
during the remaining part of  the G stage, as the communication with the 
ocean was very restricted and the ecological conditions were obviously not 
favourable for oceanic types (cf. part I of  the present series) . But when the 
communication with the ocean bad been opened and tolerable ecological 
conditions for oceanic species h ad been re-establ ished in  the Silj an Distri ct 
a very distinct and sudden increase of  the ostracodal fauna  took place. 

However, ecological conditions permanently equal to those of an open 
ocean coast do not seem to have been created by the transgress ion .  The 
animal I i fe was not improved to such an extent as might be expected from 
the sudden increase j ust at the formation of  GIR II. Instead, the frequency 
was soon diminished. The consideration may not be excluded th at the 
communication with the ocean became somewhat more restricted again . 
The fact that shel l  fragments are corroded by acids to a rather great 
extent and that concentrations of phosphates may occur indicate that there 
was a certain amount of stagnancy . 

33 - 4870 5 Bull. of Geol. Vol. XXXIII 
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The hydrology and the changes of leve! in R Il and the next superj acent 
strata wil l  be taken up for further discussion in a future paper. 

Summary. See introduction of the fol lowing chapter. 

7 .  O n  the nature of and reason for the changes of lev el. 

In the preceding chapter i t  was shown that the he ight of water had 
changed during the genesis of  the sequence R l- G-R Il; i t  had dim inished 
to about the Expansus period and increased thereafter. 

The regression had been repeatedly interrupted by small transgressions 
represented by the venti lated stages· in stratum R l and by the traces of  
inflowing water which are discern ible i n  the lower part of stratum G.  The 
periods of venti lat ion had grown cont inuously shorter, whereas the periods 
of stagnation had grown longer and more distinct .  Correspondent intermi t
tences are not certainly ascertainable from the post-Expausus transgressive 
phase of  the G stage. 

The changes of leve! are theoretically referable to vertical movements i n  
the earth '  s crust, or  t o  variations i n  t h e  height of the leve! of t h e  ocean, o r  
to  both  of these fundamental factors of  leve! changes. 

In discuss ing this question the transgressive intermittences during the 
regress ion are of  special i n terest. 

These transgressions took p lace suddenly, j udging by the fact that the 
stagnant periods were ended very abruptly. Such rap id  changes may not  
occur i n  the  height of  the  oceani c  leve! . 

Nor is there reason to suggest that the venti lation was eaused by 
in tramarine transgressions ,  i . e .  transgressions of interna! layers in the sea. 
By such an occasional transgression there were scarcely any larger quantities of  
oxygen supplied so as to cause the Iong periods of ventilation which occurred 
at !east i n  the beginn ing of the sequence of events described h ere. To suggest 
series of  i ntramarin e transgressions during the venti lated periods would hardly 
be plausible . 

The changes of leve! are th us certainly referable to vertical movements 
in the earth ' s  crust. The general elevat ion of the Silj an District during the 
R l stage and the first part of  the G sta ge was ,  however ,  not a un iform 
process of  swell ing ,  hut i t  was in terrupted by minor shock-like sinkings 
(represented by the above-mentioned sudden transitions from periods of 
stagnation to periods of  ventilation and by discontinu i ty surfaces) ; as a 
matter of f act, t hese s inkings di d not i nfluence the final res u l t of the elevation . 

The most distinct traces of the shocks were formed dur ing the latest part 
of the sea stage (R J) when the water was shallower than earl ier ,  and during 
the very first part of  the enclosed G stage. The fol lowing shocks are only 
slightly traceable ,  v iz .  i n  the form of certa in iron and phosphorus precipi-
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tations eaused by i nflowing sa l t  water (cf. p .  499) . During the maxima 
enclosure no shocks seem '' have been registet . J in the Si lj an D istrirt .  It s 
also not  certain that such events occurred during this t ime . h ich o b Jus y 
marked a change in  the vertical main movements of the earth 's  crust in so far 
that the regression was turned i n  to the post-Expansus transgression . The abrupt 
transit ion from G to R II which at once eaused a mari ne  type of hydrous 
iron oxide precipitation to occur and also eaused a new fauna  instantly to 
invade the Si lj an District, may have been realized on account  of a shock-like 
sinking .  

The discont inu ities dur ing an epeirogenetic main process, as ind icated in 
the present case ,  are not unique,  but may be the  general mode of reaction 
of the earth ' s  crust upon changes of  i ts leve! .  VON PosT ( 1 947) found that 
such shocks were registered in Seandinavia during the restoration of the 
equil ibrium of the geoid after the Quaternary glaciation .  

The elevation of t h e  earth ' s  crust i n  the Si lj an District during the R J 
stage and the first part of the G stage was certainly eaused by the volcanism 
which is interpreted to have taken place contemporarily i n  this region .  

The succeeding sinking of the earth 's  crust might be imagined to have 
been eaused by the circumstance that  the volcan ic  products depressed the 
crust after the volcanic ity possibly had ceased in  th e Expansus period. But  
i t  i s  certainly more Iikely that  th is  movement was brought about when the 
equil ibrium had to be restared after the preeecting volcanic d isturbance. 
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Explanation of plates. 

Photograph s  taken by the author and Mr N .  HJORT (Plate I I ) .  N o retouch .  

PANPHOT photographic equipment,  fi l ter  l ight  green (y), G EVAERT REPLICA ortho

chromatic plates. 

Plate I.  

40 x .  

Fig. I .  Stratum R I. Section through upper part of  yellowish microbed (period of stag

nan cy) and adjacent part of superimposed stratum (period of ventilation). Röj e råsvägen I .  
Fig. 2 .  Border between the strata R l and G with di scontinuity surface (R I! G) 

covered with ph osphorite. Blecket 2 .  

Fig. 3 .  T h e  same discontinuity surface a s  in  Fig. 2 ,  i n  turn covered with glauconite. 

Plate II. 
Figs. I -J : N at.  size.  Fig. 4 :  8 X (pol ished section). 

Fig. 1 .  Rock sample showing uppermost part of  stratum R l and lowermost part 

of stratum G. The boundary R l/G developed as a discontinuity surface cruwded wi th  

smal l  pits which partly continne in canals fi l led with the same sedi ment as in  stratum 

G; surface covered with a thin layer of  phosph orite which  may in  turn be overlain with 

glauconite (r ight half of the discontinuity surface). Another discontinuity surface seen 

from below i n  the lowermost part of the rock sample.  Blecket.  

Fig. 2 .  Di scontinuity surface i n  stratum (;. Below the surface i s  phosphorite (black), 

above are l imonit ic (appears light i n  the figure) and chamosit ic i m pregnations i n  the 

limeston e.  B lack ooids consist of chamosite an d phosphorite ; those ooids  w h ich appear 

l ight are l imoniti c .  Stenberg 4·  

Fig. 3 ·  Limonitic ,  originally semifluid substance below the ExjJansus oolite.  Guller

åsen 5 ·  

Fig. 4 ·  Transverse, pol ished seetian through l imonit ic substance a s  shown in  Fig. 3 ·  

The brown l imonit ic substance appears ligh tish in  the figure. A thin covering of  phos· 

ph orite visible.  The particles above this  surface arranged i n  accordance with turbulent 

movements in the water. Gulleråsen 5· 

Plate III. 

40 x .  

Fig. 1 .  Expansus oolite.  Thin seetian showing l imonit ic ooids and fossil fragments 

en crusted with limoni te .  M atrix much recrystal lized .  Röjeråsvägen ,  sample taken by 

Prof. G.  SÄVE· SÖDERBERGH.  
Fig. 2 .  Stratum R fl. Thin seet ian of a sample from a locality situated at a rela

tively great distance from the sh ore (Röjeråsvägen 9). M atrix i mpregnated with hydrous 

iron oxide and crowded with fossi l  fragments ; fragments of  ostracods ,  gastropods,  tri lo· 

bites, and calcareous algae visible. 

Fig. 3 .  Stratum R Il. Thin seetian of a sample from a locality situated relatively 

near the shore (Leskusänget 2 5). The matrix i s  more r i chly impregnated with hydrous 

i ron oxide than in  the above sample from the locality situated at greater distance from 

the shore. (Among the fossil  fragments are trilobites, ostracods ,  brachiopods ,  and a radio

larian .) 
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Plate IV. 
Fig. 1 :  265 X .  Figs. 2-6 : 40 X ,  except Fig. 4 ( 1 30 x ). 

Fig. I .  Section through chitinous globule.  S tenberg 8 .  
Fig .  2 .  Section through calcareous alga. Röjeråsvägen I .  
Fig. 3 ·  Section th rough shell of orthid  brachiopod. Leskusänget 2 .  

Fig. 4 ·  Section through shell of inarticulate brachiopod. Leskusänget 2 1 .  

Fig. 5 ·  Section through bryozoa. B orn· Dådran 7 .  

Fig. 6 .  Section through corroded carapace fragments of trilobites. Gulleråsen 5· 

Plate V. 
40 X ,  except Figs. 2 (76 X )  and 4 ( 1 30 X ). 

Figs. r-8.  Different seetians of crinoids ,  for the most part encrusted with hydrous 

i ron oxide. 

Fig. 1 .  Sten berg I 3. 

Fig. 2 .  B orn- Dådran 5 ·  

Fig. 3 ·  Rävanäs 8 .  
Fig. 4 ·  Gulleråsen 10 .  

F ig .  5 .  Gul leråsen 1 6. 

Fig. 6. Gulleråsen 6 .  

Fig .  7 .  Leskusänget 22 .  

Fig. 8 .  Born-Dådran 2 .  

Plate VI. 
Figs. r ,  2, and 6 :  1 30 X .  Fig. y 76 X .  Fig. 4 :  40 X .  

Fig. 1 .  Fragment of  crinoid filled with alternat ing layers of l imonite (black) and 

glauconite (ligh t). To the righ t a concretionary glauconite grain .  Leskusänget 2. 

Fig. 2 .  Concretionary glauconite grain with superficial cracks, covered with a thin 

layer of  hyclrous iron oxide. Leskusänget 2 .  

Fig. 3 ·  O o i d  with alternating layers of  deep green and whitish chamosit ic substances. 

Some thin layers of limonite also occur (black). Stenberg 9· 

Fig. 4. Regenerated chamosi t ic  ooi d ,  and ooids consisting  of chamosit ic ,  l imonitic,  

and phosphoritic substances surrounded by a layer o f  radiately arranged calcite crystal s .  

Limonite squeezed out among the calcite crystals .  Pyritic substances cover the upper 

part o f  the upper left ooid .  S tenberg 9.  

Fig. 5 ·  Crinoid fragment surrounclecl by laminated chamosit ic  substance .  Guller

åsen 5· 

Fig. 6.  Regenerated chamosit ic ooid.  Gulleråsen 8 .  

Plate VII. 
40 X ,  except Figs .  r (r 30 X )  and 4 (76 X ). 

Fig.  1 . Dist inctly laminated chamositic ooicl with a dark green central zone sur

rouneled by a whit ish zone which is dist inctly laminatecl (intercalating d ark I ines partly 

l imonitic substan ces). Gul leråsen 8. 
Fig. 2 .  Distinctly laminated chamositic wrapper around a calcit ic nucleus. Dark 

in tercalated bands partly l imonit ic substances.  Stenberg 9· 

Fig. 3- Indistin ctly Jaminated chamosi ti c  ooid partly covered with calcite and pyrite 

(pyrite  particles also incluclecl). Stenberg 9·  
Fig. 4- Regenerated ooid including calci te (white) both in  the primary and in  the 

seconclary ooid. Wrapper i n  both cases chamosite with in terealating minute layers of 

limonitic substances. D ark dots pyrite particles. Gulleråsen 3-
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Fig.  5 ·  C h a rno s i l i e  ooids i n  t h e  upper h a l f  o f  t h e  figure w i t h  a d ark cen tral part 

and a l i g h t  outer .  T h e  c e ntral ooid partly surro u n d e d  b y  a thin limoni t ic  stratum and 

a Jow stratum o f  radi a l l y  arranged calci te  crystal s .  Dark dots  above and i n  t h e  ooid 

are pyrites .  

I n  t h e  lower h a l f  of t h e  figure c h am o s i t i c ,  J imonit ic ,  a n d  phosphori t i c  substances 

surrounded b y  radial ly arranged calc i te  crystals .  Li monite squeezed o u t  between the 

crystals .  Stenberg 9·  
Fig.  6 .  P a r t l y  irreg u l arly strati fied chamosi t i c  ooic! e n c l o s i n g  calcite (white), and 

surrou n d e d  b y  radi a t e l y  arranged calc i te  crystals  a n d  pyrites .  The chamosit ic  substance 

part ly  gree n i s h ,  partl y w h i t i sh . Limonit ic  strata i n tercal ated . Several fi n e radiating crack s .  

Sten berg 9· 
Plate VIII. 

40 X ,  except Figs .  2 and 7 ( 7 6  X i. 
F i g .  1 .  False ooi d s  c o n s i s t i n g  m a i n l y  of h y d rous iron o x i d e  and ph osphorite .  Very 

remi n i s c e n t  of faecal  pel lets  of gastropods.  Leskusänget I 6 . 

F i g s .  2-6 and 8 .  False o o i d s  (origi n a l l y  m o s t  I i ke ly  faec a l  pel lets) consist ing of 

hydrous i ron oxide and p h o s p h o r i t e ,  part l y  d eformec! at t h e  formation of t h e  covering 

c a l c i t i c  stratu m .  Calci te crystal s arrangec! rac! i a l l y ,  l i 111 on i t e  sq ueezed out  bet\\'een t h e  

crystals .  

F i g .  2 .  Leskusänget 1 6 .  

F i g .  J .  Leskusänget I I .  
Fig.  4 · Stenberg 8 .  

F i g .  5 ·  S te n b e rg 8 .  

Fig.  6 .  Stenberg 9 ·  
F i g .  8 .  Leskusänget 1 7 . 
F i g .  7 .  M a i n l y  calc i t i c  ooi d s ,  i n c l u d i n g  a n u c l e u s  c o n s i s t i n g  of c h a m o s i t i c  and Ii mo·  

nit ic  substances (partly a l s o  pyrite and phosph orite e n c l osed\ N uc l e u s  deformed when 

the calc i t ic  layer was created ; l imonite  squeezed o u t  between t h e  c a l c i t e  c rysta l s .  I n  centrum 

a tangen t ia l  s e e t i a n  of a calc i t ic  ooic! .  Stenberg 9.  

Plate IX. 
Vertical  distr ibut ion o f  a n i m a l  grou p s .  T h e  s ize  of t h e  s i gn a t u res  i n di cates t h e  fre· 

quency.  D i stance N / '(;-c;_;R Il 4 m .  
Plate X. 

Total frequency of a n i m a l s  and p l an t s .  F requency of a n i mals  i n  accordance w i t h  a 

scale I - 5  for each gro u p ,  fre q u e n c y  of p l ants  i n d i cated by t h e  breadth of t h e  I i n e s  

s h o w i n g  t h e  v e n i c a l  d i s t r i b ut i o n . 

Vert ical  d i stri but ion of ooi d s ,  and c h amosi t i c  and glaucon i t i c  substances .  D i stance 
R I!G- (; 11? 11 -1 m . 

Plate XI. 
D i stri but ion of resi dues  i n so l u b l e  in h y d r o c h l o r i c  acid (mineral  parti c l e s  and a m orphous 

s i l  i ca) .  H at c h e d  areas m sieve fra c t i o n s  i n d i c ate content  of  minerogene part i c l e s .  D i stance 
R 1/ G- G/R Il 4 111 . 

Plate XII. 
D i str ibut ion of res idues  i n so!uble in acet ic  acid . R e s u l t s  are reprodtJCecl o n l y  

wh ere t h e  sa111 p l e s  conta i n ooi d s  i n  reprod u c i b l e  q u a n ti ti e s .  D i st a n c e  R 1/G-G!R J l 4 111 . 
B l a c k  areas = o o i d s  (m a i n l y  l i moni t ic) ; h atched areas = part ic les  e n c rustecl w i t h  l i 111 o n i t e ;  
w h i te areas = re111 a i n i n g  i n soluble  p a r t i c l e s  (mai n l y  a m o r p h o u s  s i l i c i o u s  co111 poun d s  a n d  
ph osphorites). 
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Plate XIII. 
U p pe r  s u i t e : 

D i stribut ion of calcium carbonate ,  iron , and residues i n soluble  i n  h y d roch l o r i c  aci d .  

Lo w e r  s u i te : 

Distr ibution of nitrogen a n d  potassi u m .  

D i s t a n c e  R f/G-GIR If 4 m .  

Plate XIV. 
U pp e r  s u i t e : 

D i str ibut ion of carb o n , p h o s p h orus ,  and s u l p h ur .  

Lo we r suite : 

D i s tribution of argani e  and i n organi c  m agnes i u m .  

D i s tance R !/G-GIR fl 4 m .  
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