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D I STRIBUTION AND MINERALOGY OF S ILT-S I Z ED TERRIGENOUS MATERIAL 

I N  THE NORTH BJI.LT IC UPPER S I LU�IAN DEPOS ITS 

E .  Jürgensan 

The Upper S i lurian section in the North Baltic area cons i s t s  pr imar i ly o f  b i ogenic 

c a l caren i t e s  and c a l c i lut i t e s  i nterbedded with thin l i thocalc irud i t e s  and inter layer s 

of mar l . Reef - l imes tone s are not uncommon . The content of terr igenous mater i a l  var i e s  

between 3 - 5 % i n  reef - l imes tones and 7 0 - 9 0  % i n  mar l s  and c l ays . �1os t  o f  the terr i genous 

mater i a l  is repr e s ented by c lay fraction wi th c l ay m inera l s , such as i l l i te and 

chlor i te . Gra ins in s i l t- and sand- s i ze are commonly minor increa s ing upwards in the 

section .  

I n  the cour s e  o f  a genera l s tudy o f  the B a l t i c  S i lurian carbonate rocks a spe c i a l  

study of i t s  terr igenou s mater i a l  ( insoluble res idue ) wa s carried o u t  ( �pre HcoH , 1 9 7 0 , 

1 9 7 7 ) . The present s tudy i s  based on the granulometric and mineralog i c a l  i nve stiga tion 

of Upper S i lurian s i l t  fraction . Samples were c o l l e c ted from 9 borehol e s  of We s tern 

Estonia ( Saaremaa , Ruhnu ) and South-We s tern Latvia ( F i g . ) . I n  order to compare the 

ma te r i a l  with neighbouring areas a ser i e s  of determinations was made i n  samp les from 

Lithuania and Gotland . At the author ' s  d i sposal were some s amp l e s  from the S i lurian 

sequence of Gotl and , kindly q iven her by Dr . E inar Klaamann and Dr . Sven Lau f e l d . 

2 5 0 samp l e s  were a c i d i zed in the s tandard manner w i th 3 . 5  % HC l . Granu lometric 

analyses were performed by pipetting and s i eving . For the minera log i c a l  ana l y s e s  the 

c iay fraction wa s wa shed ou t and the re s t  o f  r e s idues s eparated into two c l a s se s : sand 

( grains with d i ame ter over 0 . 1  mm )  and s i l t  ( 0 . 0 1 - 0 . 1  mm ) . The pre s ence of sand grains 

i s  c ommonly rare , the i r  content doe s not exceed 1 0 % ,  even in the depos i t s  known as 

ühe s aare Sands tone s from Saaremaa and the Burgsvik S and s tone from Ronehamn , samp l e s  

analysed b y  the author of the present paper . 

The s i l t  fraction of the inso luble r e s idu.e var i e s  between 5 % and 9 0  % .  We can 

calcul ate the real content o f  s i l t  fract ion of ter r igenous materi a l  a f ter the identi f i ­

cation and exc l u s ion of authigenic minera l s  ( pyr i te , chal cedony ) . The max imum s i lt 

fraction in the North Ba l t i c  occurs in the • ohe s aare S tage as B B - 9 3  % ( F ig . ) . Tak ing 

into account the carbonate component the s i l t  content in the who le rock does not exceed 

60 % .  eale areaus s i l t s tone s are known in the ühe saare S tage from boreho l e s  Ohe saare - 2 

( 4 . 6 - 5 . 2  m )  and Kaavi ( 7 . 8 - 8 . 9  and 1 7 . 5 - 1 8 . 0  m )  in the thicknes s  of about 0 . 5 - 1 m .  The 

carbonate companent con s i s ts mainly of sparry c a l c i te wi th ske letal detr i tus in Ohesaa­

re- 2 and dolomi te c ry s t a l s  in Kaavi . The ealeareaus s i l t s tones of Got l and are · o lder and 

occur mainly l n  Burgsvik Beds ( the s tratigraph i c  nomenc l a ture and correlation used in 

thi s  paper is that
. propesed in Pe�eHH� . . . , 1 9 7 8 ) . A .  Hadd i ng give s the thicknes s  gf 

Burg svik Sand s tones about 40 m ( Hadd ing , 1 9 4 1 ) . The content of sand - s i l t  fract ion in 
the total rocks reache a 80 % ( af ter S te l , 1 9 7 8 ) . In the s ample from Roneharon analysed 

by author the content o f  sand s i l t  fraction in the s a nd s tone was 4 6 . 2  % .  The s i l t  con­

tent in the depo s i ts o f  the s ame age in the E a s t  Baltic area does not exceed 1 0 - 1 5  % of 

the tota l rock . 

Loc a l  max irna of the s i l t  content occurred in the Kauga tuma S tage in the bo�eho les 

of Ohe saare , Ko lka and Ventsp i l s  ( 2 6 - 3 7  % o f tota l rock ) ( F ig . ) . I n  Li thuania the max i ­

mum of s i l t  content i n  terr igenou s material o f  Upper S i lurian depo s i t s  w a s  e s tabli shed , 

in mos t  c a s e s , in the beds ana logous to the Kauga tuma S tage . Further to the south (bo� 
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hol e  Virba l i s  8 7 5 . 5  m )  

Paad l a  S tag e . 

the max imum occur s . in c a l c areous mar l s  corr espond ing to the 

There is no d e f i n i  te r e l a t ionship be tv1een gr ain s i z e  and arnount of terr ig enous ma -

ter ia l .  We can pre l iminar i ly d i s tingu i s h  two ma in types o f  the accumul ation o f  sand­

s i l t - s i z ed mater ia l .  The f i r s t  type is connected wi th an intens ive accumu l ation o f  ter­

rigenous mater i a l  ( 2 0 - 8 0  %) • The se are the arg i l l aceous l ime s tones and mar l s  of tran s ­

gre s s i ve character d i s tr ibuted m a i n l y  in t h e  l ower part of t h e  P a a d l a  S tage, i n  the Ku­

res saare S tage and in th e l ower par t of the ühe saare S tage . The second type of accumu­

lation exi s t s  in l imes tone § conta i n ing terr igenous material moderately ( 1 5 - 3 0  % )  ; the se 

are the coar se cry s ta l l ine l imes tone s , particularly some l i thoca l careni tes o f  regr e s ­

s ive character occurr ing in the upper part o f  t h e  Paadla S tage , in t h e  Kaugatuma S tage 

and some uppermo s t  bed s  in the ühe s aare S tage ( Ventspi l s  2 7 1 . 0  m ) . 

Ac cording to the granu l ome tric ana l ys i s  carried out by pipett ing and direet mea­

surements made under the microscope , the mos t fr equent diameter o f  the s i l t grains i s  

0 . 0 3 - 0 . 0 8 mm . The material i s  coarser in the cal careous s i l t s tone s , with med ian grain 

s i ze of ühe saare s i l t s tone 0 . 0 5 - 1 . 0  mm and Burg svik Sands tone 0 . 0 8 - 0 . 1 1 5  mm ( a f ter 

Stel , 1 9 7 8 ) . The s i l ty oo i J a l  l ime s tones from the upper part of the Burgsvik Beds con­

tain quar t z  grains w i th d i a;ne ter about 0 . 0 5 mm ( Hadd ing , 1 9 4 1 ) . Biocalcaren i t i c  l ime­

s tone wj th ooids at the boundary of Burg svik and Hamra Beds , ana l y s ed by the author , in 

a samp le from Lunde contai ned quar t z  grains wi th di ame ter about 0 . 8 - 1 . 2  mm .  

The minera log i sa l  i d e nti f i c at i on o f  the s and- s i l t - s i zed fraction wa s carried out 

under a microscope ;  the grains were mounted in immer si on- l iqu ids . The l ight and he avy 

miner a l s  were not separa ted with bromo form ( DpreHcoH , 1 9 7 6 ) . More than 5 0 0  l ight and 

1 0 0  heavy mineral g r a i n s  were counted in each s ample . The re la tive frequenc ies ( per­

cent ) o f  d i f ferent minera l s  wer e  compu ted separately for the l ight and heavy fractions . 

I t  mu st be noted that heavy mine r a l s  are concentrated mo s t ly in the sma l l er s i z e  frac ­

tions ( < 0 . 0 5 mm ) . 

The l ight minera l fraction of the terrigenous mater i a l  accounts for about 9 8 - 9 9  % 
of the tota l number o f  s i l t  grains in mo st of the samples studied . Of thi s  to tal , the 

l ight frac t i on l e s s  than 1 - 2 pe reent is compe s ed of mica ( muscov i te , chlor i te ) . The con­

tent o f  quar t z  and f e l d s par v a r i e s  between 3 0 - 4 0  %
·

and 6 0 - 7 0  % .  In mo s t  c a s e s  the quar t z  

prevai l s . In t h e  sandc l a s s  the content of quar t z  i s  higher , reaching 9 9  % .  The index o f  

matur i ty ( quar t z : feld spar ) var i e s  in the Upper S i lur ian terri genous mate r i a l  from 

1 . 5  to 4 . 7 ,  increas ing in younger depos i ts . More remarkab l e  concentrations of s i l t  are 

o f ten charac ter i z ec by a high index of ma tur i ty ( over 3 ) , only in samples w i th a 

notab le content of m i c a  ( b ioti te , mu scovite ) the values of indexe s  are moderate ( 1 - 3 ) . 

n.uar t z  grains are mo s t l y  subangu lar e� angu l ar . Rounded grains occur as a rule in 

the sand c l a s s . Inclus ions o f  gas and rut i l e , and traces o f  so lution and overqrow th s of 

chlor i te are typica l o f  quar t z  grains . The wavy ex t i nc t ion is not rare . Gra ins wi th 

microcry s t a l l ine tex ture were found in the Kur e s s aare and Kaugatuma S tage s . 

Feldspars are repres ented mainly by or thoc l a s e . Gra ins of p lagioc lase occur spora ­

d i c a l ly . In general the grains o f  feldspar are subangular and moderate ly or strong ly 

weathered . Gra ins with trace s or solution and s econdary overgrowths are known from 

the terrigenous mate r i a l  o f  the Paadla S tage . 

Muscovi te i s  common in many o f  the s amp l e s  as we l l  rounded co laur l e s s  f l akes . 

Chlorite i s  repre s en ted by greenish f l ake s , partly a l lothigenous , partly occurr lng as a 

weather i ng produc t o f  b i o t i te . Fr agments of extremely f ine -granular s i l t s tone are pre­

sent in many s amp l e s  o f  the Upper S i lurian terrig enous mater i a l  ( boreholes  of Kaugatuma , 

Tulpe , Ventspi l s ) . The d i ameter o f  the s i l tgrains doe s not ex ceed 0 . 0 2 mm and they 

are cemented mo s t l y  by s i l ic ious mater i a l , which i s  some time s weak ly phosphat ic . The 

d i ameter o f  the s i l t s tone partic l e s  var i e s  between 0 . 0 3 -0 . 0 6 mm .  I n  the Burg svik Sand-
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s tone o f  Roneharon s i l t s tone fragments were not i ced in the sand c l a s s  ( d i arn .  1 . 0 - 1 . ?  mm )  

compes ed of quar tzouse g r a i n s  with d i arneter 0 .  0 5 - 0 . 0 8 mm ( " '  1 5  % of t h e  1 igh·t frac­

tio n ) . The f i r s t -mentioned s i l t s tone fragment s  are we l l  rounded and mo s t  likely o f  a l l ­

ochthonous origin . T h e  s i l t s tone fragmen t s  in Bur gsvik S and s tone s eem t o  b e  more com­

pac t l y  cemented pa r t i c l e s  of autoch thonou s oriq i n .  

The non-opaqu e b eavy mineral s u i te ob scrved in s amp l e s  taken fr"om the Upper S i ­

luiian s i l t - s i z ed terrigenou s mater i a l  i s  character i zed b y  a biotite - z i rcon-garnet­

tourma l ine a s s o c i ation ( Table ) . The content o f  biotite preva i l s  in mos t  s arnp l e s  taken 

from the centr a l  part of the Paad la S tage ( exc luding boreho l e s  o f  Kaugatuma , Kolka , 

Ruhnu ) . I n  the Kur � s s aare S tage i t  preva i l s  only in samp l e s  taken from boreho l e s  mor e 

c �o s e l y  s i tuated to the probab l e  s hore l i ne (Vaivere , Tulpe ) . The arnount of biotite i s  

higher in t h e  Kaugatuma S tage and i n  the ühe saare S tage ( Kaavi and Ventsp i l s )  n o t  in­

c lud i ng the uppermos t  beds o f  the s equence . There is much biotite in s amp l e s  taken from 

the Burg svik Bed s . Brown-coloured biotite i s  more common in the depo s i t s  of the Paadla 

Stag e , the g r eenco loured var i e ty i s  more frequent i n  younge r  depos i t s . Many o f  the 

f lake s o f  b i o t i te are a ttacked by weathering . Abundant bleached biotite has been no­

t i ced in the depo s i t s  o f  the Kur e s s aare S tage which has entirely lost colour . 

The highe s t  precentag e s  o f  z ircon in the Upper S i lurian are found in the Paadla 

S tage { Tab l e ) where the max imum values reach 6 0 - 7 0  % .  6 0  % o f  z ircon was a l so not iced 

in the s arnp l e s  from the upper part o f  the Hemse Beds of Gotland . The z ircons studied 

were o f  two type s : s l ightly rounded colaur l e s s  fragments and idiomorphic crys tal s .  

Fragmental rounded z ircons are more common and d i s tr ibuted throughout a l l  the s i ze 

e l a s s e s  whereas the idiomorphic cry s ta l s  are rere and conf ined to the upper l imits of 

the s i l t  s i z e  grains . 

As a ru l e  the garnet i s  l e s s  abundant ly d i s tr i buted in the Upper S i lurian than 

z ircon . Mos t  frequently it varies between 1 0 - 2 0  � .  On ly in the boreho l e s  o f  Vaivere and 

Ruhnu does garnet prevai l  over z i rcon i n  s ome s arnples from the Paad l a  and Kure s s aare 

Stages . The highes t content of garnet in the ana l y s ed sarnples o f  Got land occurred in 

the Hemse Beds from Ocks arve . The grains o f  garnet are very o f ten subangular with 

tr aces of sol ution ; the colaur l e s s  or yel lowi sh gros sular i s  mo s t  wide ly d i s tr ibuted . 

Rare grains of brown andrad i te have been a l s o  found . 

Tourma l i ne i s  a minor companent of the heavy mineral a s soc iati �n , the average con­

tent usua l lv does not exceed 1 0  % .  The arnount of tourmal ine is h igher in the Paad l a  

S tage in boreho l e s  of Ruhnu , Kolka and Kauga tuma . Mos t  tourma l ines occur a s  subangular 

pr i smatle grains wi th a pleochro i sm from green to brown . B lue -coloured var i e t i e s  are 

rare and they are known only from the ühe s aare Stage . 

T i tanif erous miner a l s  are represented by ruti l e , bruk i te , anatas , ti tan ite and 

l eucoxene . Mos t  common of them are rut i l e , t i tanite and leucoxene , the latter as a 

weathering product of i lmen i te and rut i l e . The average arnount of t i taniferous miner a l s  

var i e s  from 4 . 2  to 2 2 . 4  % ,  i t  seems t o  have loc a l  concentrations in t h e  boreho l e s  o f  

Ruhnu and Ohesaare . T h e  rut i l e  and bruk i te a r e  repr e s e n ted mainly by redd i s h  brown 

l i tt l e  pr i sma t l e  grains { 0 . 0 1 - 0 . 0 5  mm ) . 

The occurrence of arnph i bo l e s  and pyroxenes i s  in mo s t  c a s e s  sporadi c .  Average con­

tent doe s not exceed 2 % .  O f  the arnph ibo l e  group the green hornb lende i s  mo s t  common . 

The pyroxenes are repr e sented ma inly by aug i te and hype r s thene ; diops ide was ident i f i ed 

in the depo s i t s  o f  the ühe saare S tage . 

The average content of corundum may reach 1 9 . 0  % among the non-opaque heavy mine­

ra l s  o f  Upper S i lurian depos its . In the former inve s t igations it was noted { �preHcoH , 

1 9 7 7 ) tha t corundum i s  concentrated in the Upper Wenlock depo s i t s  in the nor th -wes tern 

par t of the S i l ur i an sedimentat ion b a s i n  ( Ohe saare , Kip i )  where the max imum content 

reaches up to 8 0  % of the heavy mineral fraction . The average abundance of corundum is 
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con s iderably high in the sect ion o f  ühe s aare , even in the Paad l a  and Kur e s s a are S tage s , 

and deerea s e s  at the lower boundary o f  the Kaugatuma S tage . The analys es from s amp l e s  

of Gotland do n o t  indicate corundum in Ludlow . However ,  i t  i s  pres ent in t h e  terrigen­

ous mater i a l  of the S l i te and Högkl int l ime s tone s . Corundum occurs as eeleur l e s s  an­

gular grains with r e l a t ively h igh d i ame ter s compared wi th z i rcon , garnet and other 

heavie s .  

The r e s t  o f  the non-opaque heavy fraction i s  represented by stauro l i te , d i s thene , 

epidote , s i l l iman i t e , apa tite and monac i te . S tauro l i te and d i s thene are common ly pre ­

sent in transgr e s s ive depo s i t s  at the lower boundary of the Kur e s s aare S tage and the 

ühe saare S tage . The appearänce o f  the se minera l s  i s  ma inly connected w i th the beginning 

of megacyc l e s  of sedimentation . D i s thene occurs in s l ab l ike l i tt l e  grains , ee leur l e s s  

o r  pa l e  b l u i s h . S tauro l i te was found as pr i smatic grains , s l ightly rounded , p l eochroic 

from d�rk brown to yel lowi sh- grey . 

The presence of epidote and s i l l imani t e  i s  of occas ional character . Grains of 

epidote are we l l  rounded pale gree n , and weak l y  pl eochro i c . S i l l imani te was mainly 

identi f ied i n  the ühe s aare S tage a s  l i tt l e  pri smatic grains . 

The pre sence of apa t i te and mona c i te in the inso lub l e  r e s idue of carbonate rocks 

depend s on the activity of the solution proce s s . Dis solvab l e  i n  d i lute hydrochloric 

acid the pre s ervation of phosphatic miner a l s  depends mos t l y  on the duration o f  solut ion 

and l i tholog i c  charac ter of the rocks ana lysed . It is certain that we c annot account 

for the ab solute amounts of these minera l s  in such c a s e s . 

B a s ed on the accumul a ted evidence reported in thi s  paper some general conc lus ions 

may be der ived . The Upper S i lurian rocks i n  the North Baltic and Got land are cons ider­

ably r i c h  in s i l t- s i zed terrigenous ma ter ia l ,  which concentrations occur on s everal l e ­

vel s  a s  lenses and l ayers of c a l c areous s i l t s tone s . T h e  d i s tr ibution o f  t h e  l atter i s  

l imi ted and s tr i c t ly depend s  on local hydrodynamic cond i tions . üwi ng t o  that f a c t  they 

cannot be - taken a s  a very r e l i ab l e  corre lation c r i teria . 

The miner a l og i c a l  compos i tion of s i l t  concentra tions may be of two kind s : 1 .  h igh 

value of ma tur i ty index accompanied w i th much micas (muscov i te , biotite , chlor i t e )  and 

a mocerate suite of non-opaque heavy miner a l s  and 2 .  lower va lue of matur i ty indexe s , 

moderate content of micas and a mere numerous suite of heavi e s . The total content o f  

terrigenous mater i a l  i s  h i gher in t h e  f i r s t  c a s e . 

Compari son of heavy mineral suites might a f ford a ba s i s  for corr e l ation when there 

has been a ma j or change in cond i t ions of s ed imenta tion ( transgre s s i on ,  regre s s i on ) . 

The non-opaque heavy rninerals have long been u s ed a s  valuable ind i c e s  to provenanee 

or source areas . The i r  u s e fulne s s  is gr eatly reduced in our case , because many o f  thern 

are mo s t  l i kely to be der ived from o ldcL sed imentary rocks . The heavy minera l suites 

observed in s amp l e s  taken from the depo s i t s  in the Nor th Baltic and Gotland contained 

near ly the s ame minera l s  but in varying frequenc i e s . It s eems very l ikely tha t a great 

par t o f  the s i l t  fraction wa s derived a lmo s t  entirely from one and the same source 

area , though the quanti ty and coar sene & s  o f  the s i l t  fraction i s  greater i n  the depo ­

s i t s  of Gotland . 
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РАСПРЕДЕЛЕНИЕ И МИНЕРАЛЬНЫЙ СОСТОВ 'АЛЕВРИТОВОЙ ФРАКЦИИ ТЕРРИГЕИНОГО НАТЕРИАЛА 

В I3ЕРХН_ЕСИЛУРИйСКИХ ОТЛШШНИЯХ СЕ ВЕРНОЙ ПРИБАШИКИ 

Э. А. ЮРГЕНСОН 

Исследован гранулометрический и минеральный составы 'lлевритовой фракции верхнеси­

лурийских карбонатных отложений Западной Эстонии и Сеnеро-Западной Латвии. Для сравне­

ния приведен ряд данных из соответствующих отложений Литвы и острова Готланд. Макси­

мальная концентрация алевритовой фракции установлена в Северной Прибалтике в даунтоне, 

в охесаареском горизонте /рис./, на острове Готланд - в известковом алевролите слоев 

Бургсвик /лудловский ярус/. 

Минеральный состав терригеиного материала Северной Прибалтики и Готланда мало от­

личдется между собоР:. В основном в<:рьируются количество и частота встречаемости отдель­

ных минералов. Прозрачные аллотигенные минР.ралы тяжелой фракции представлены биотит­

циркон-гранат-турмалиновой ассоциацией /табл. 1/. f1ожно предполагать, что большинство 

терригеиного материала происходит из одного и того же источника, распологавыегося, ви-

димо, ближе к Готла�ду, чем Прибалтике, так как его количество и размер зерен в первом 

районе больые. 
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