
THE SIL J AN DISTR ICT 

Valda r Jaanu s son 

The S i l jan d i s t ric t i s  situa ted north of Lake S i l jan, i n  the  p ro v i nce 

of Da l a rna ( l a tini s e d  Daleca r l i a) .  The t e rm i s  a trans l at i on of the  

Swed i s h  si l jans bygden (= The S i l jan d i s t r i ct ) . The Pa l aeozo i c  s t ra ta 

occur  i n  a camp l ex r i ng-s true ture of downfa u l ted s ed i men ta ry rocks , 
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5-18 km wide (F i g .  l ) , wh i ch s u rround s a centra l upl i ft o f  t h e  S u b

Jatni an Da l a  g ran i te . W i th i n  t he r i ng s tructu re , t he rocks a re s t rongl y 

fa ulted , and ma pp i n g  of the  bed - rock i s  d i ffi cul t becaus e of the  extens i ve 

cover of Qua rterna ry deposit s .  The Orda v i e i an s equence , w i th  a tota l 

th i c kness in the i ntermound fac i es of a bou t 1 00 m ,  cons i s ts  predom i nant l y  

of ca rbona te roc k s, overl a i n  by S i l ur i an g ra pto l i tic s h a l es . The 

younge s t  sed i menta ry roc k s  a re represented by t he Orsa Sand s tone which i s  

barren and whose age i s  uncerta i n; i t  may s t i l l  be of S i l u r i an (po s s i b l y 

Henl oc k) age. 

It i s  now gene rall y agreed tha t the  S i l jan ring s tru c t u re s hou l d be 

c l a s sed a s  a proba b l e hype rv e l aci ty i mpa ct  e ra ter (Svens son 1 9 7 1 , 1 9 7 3 ;  

Ronda t  1 9 7 5 ) . Two mel t sampl es from the centra l gran i te ha ve yie l ded an 

i nteg ra ted K-Ar a ge of 3 6 1 .9 ± 1.1 m y for t he i mpact (Bottoml ey e t � · 

1 9 78)  . 

LOWER ORDOVICI AN (OELAND I AN) 

Ba sa l Ordavie i an tra n s9.!:_es s i �-�- Throug hout the whol e d i s tric t , the  

Orda v i e i a n sed i ments res t  on wea thered Precamb r i an rocks. The  wea t her i ng 

of the  P recambri an ba sement i s  mos t  intense i n  the  g ra n i tes of the ea s t

ern pa rt of the d i st r i ct; i t  is l ess prono unced i n  the l a te P recamb r i an 

porphyr i es  and sands tone s to the north  and wes t. In the south-ea s t  and 

i n  s ame pla ces i n  the north-ea st the  ba s a l  Ordav i e i an bed s  bel ong to the  

l owe r Tremadoc . I n  t he wes t  and i n  other  p l aces in the  north the who l e 
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Figure l. Map showing distribution of the Palaeozoic beds in general 

and carbonate mounds in particular, in the Siljan district, Dalarna. Data 

on the carbonate mounds are based onThorslund (1936), but later additions 

are also included. A quadrangle shows the area of the map on Fig. 2. 

l, Skälberget; 2, Unskarsheden; 3, Kullsberg; 4. Osmundsberget; 5, Fjäcka; 

6, Djupgrav; 7, Kårgäde. 

Tremadoc is missing and Lower Arenig rests directly on the Precambrian. 

T rema doc Lower Tremadoc deposi ts consist of various terrigenous clastic 

rocks. Their thickness and composition varies from seetian to section, 
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reflect i ng the u neven topogra phy of the  pre - Ordovician  lan d  s urfa c e . At 

Sjurberg, for example, the Lowe r Tremadoc  is repres e n ted by a thin bed 

of con glamerate which i s  formed by gravel  and pebbles der i ved  from 

wea thered gra n i te , a nd  i nclud e s  also gra i ns of phosphori te and worn fra g

ments of Obolus. At �lverberg the con g l amerate a l so con ta i ns pi e c e s  of 

g rey , f i ne-grained  lime ston e, a bounding i n  q uartz gra i n s  a n d  i nd i ca t i n g  

tha t severa l pha ses were invalved i n  t he forma t i on o f  th e conglame rate 

(Hadd i ng 1927 ) .  The cong l amera te is  overl ain by well l i t h i fi ed  quartz 

san d s to n e  which  con tain s fra gmen ts of Obolu s va l ves . At Gärd s jö ,  

erra tic boulders o f  soft q uartz sa n ds tone have bee n  fo und, simi l a r in 

appeara nce to the Obolu s Sa nds tone (Maardu Bed s ) of northe rn Eston i a , 

and  con ta i nin g well pre served valves o f  Obolus  tr i angula ris Mi c kwi tz . At 

Djupgrav (Sto p 2:2 ) , a th i n  layer of  shale, fou n d  close to th e  top of the  

fa i rly th i c k  conglomerate , has  y i elded D i ctyon ema flab ell i fo rme soc i ale. 

Influence  of the  pre-Ordovi c i an bed-roc k  topography on t h e  basal O rdo v i 

c i a n  depo s i t i o nal cond i t i o ns i s  part i c ularly o bv i o us at S kattu ngbyn. I n  

t he  Djupg rav see t i an  (Stop 2:2), a Lowe r Tremadoc  conglome ra te , abo u t  3 m 

th i c k, i s  develo ped, whereas i n  t he Talubäc ken  sect i o n, s i t uated  only 

2 km to the ea s t, Lowe r  Are n i g conglomeratic limes tone, wi t h  sca ttered 

pebbles of porphyry , re s t s di re c t l y upon late Precambr i an po rphyry . The 

Upper Trema doc  i s  not developed in the S i lja n d i strict , and the brea k may 

compri se a l s o  the uppe r pa rt of the Lower Trema do c . 

La tarp (Hu nn eberg i an and B i llengen i a n  Stages )  and La n na ( Volkhovian Stage) 

Lime s tone s Lata rp a nd Lanna Limes tones  are ba s i cally lithostratigraphic 

u n i ts and earre spond roughly to the Pla n i limbata ar.d L i mbata Limes tone s 

i n  the  old classi f i cation . Howeve r ,  th e  boundary betwee n  the  u n i ts is 

tra nsit i ona l li th o l o g i call y a n d  therefore diffic ult to def i ne  precisely 

i n  terms o f  lithology . For th i s  rea s o n, the p resent u s a g e  i s  to def i ne  

the l oca tion of the  bo u nda ry i n  b i o s tra tigraphic terms, ba s ed o n  trilo b i te s . 

The carbonate depos i t i on th a t  bega n wit h the  Latarp Lime s tene belon g s to 

a ma i n  l i thofacies , narned in Sweden sin c e  1828 the  Ort hoce ra t i te L i me 

stone. The fa c i e s i s  c harac teri s ed by a predomina ntly t h i c k  bedded l ime

s tene which i n  parts of the s equence abou nds i n  larg e orthoco n e  ceph a l opod 

conchs. In the Si l ja n  d i s tr i ct the  Latarp and Lanna  bed s are c ampo sed of 

red or var i egated red a nd grey arg i llaceous calc i luti tes.  They conta i n  
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n ume rous d is c on t i n u i ty s u rfa ces  wh i c h  have mos tl y a ye l l ow, goe thi ti c 

m i n e ra l i s a t i on .  In the s e  beds cepha l op od s  a re re lat i ve l y  u ncommon , a n d  

the  l a rge rna erafa una  is d omi n ated b y  a s aph id a nd n il e i d  tril ob i tes . A 

h a rd bott om fa una  i s  re pre s en ted main l y by s ma ll pe du nc u late orthac ean 

bra c h iapad s whose  a d u l t s i ze is ju s t  above or bel ow the s i ze l i mit 

( 0 . 5 c m) between l a rge a n d  sma l l macrofa u na .  In the Zone of Megista s ��  

( Eke ras p i�) a rma ta a s ma l l  c a me rel l a cea n brachiopod, pre v iou s l y  re fe rred 

to Lyc ophori a b u t  be l ongin g t o  a n ew  ge nu s, is fa irl y c ommon. In the 

Si l ja n  d i s t ri ct, the b i ostra ti gra phy of th e La nna beds ha s not yet been 

s tu d i ed i n  d etai l .  

The p os t-Trema d oc depos i tion bega n ea rl ies t  i n  the  s ou t h -ea s t  wh e re t he 

l owe r Hu nnebe rgi a n  Megi s ta s p i s ( E kera s p i s ) a rmata Zon e is deve l oped .  I n  

the  wes t  n ot o n l y  the  Trema doc but  a l so the �mat� Zone i s  m i s s i n g;  a t  

Kå rg ärd e  ( Stop 7 )  t h e  ea rl i e s t  i de nt i f i a b l e Ord av i ei a n bed s a ppea r  t o  

b e l on g  to t h e  Zo n e  of Megi s ta s p i s ( Va rva spis ) p l a n i l i mba�_ (c� Tje rn v i k 

1956 , 16 7 -1 68 w i th  rega rds t o  the  nea rby Hal en sec t i on ) .  In the Tal u 

b äck en s e et i an e ven mos t o f  the  Hu nneberg ia n Sta ge appea rs to b e  mi s s i n g ,  

beca u se the  ba s a l  Ord av i ei a n bed ,  formed by  grey, gl a u c on i tife ro u s l i me 

s t one  wi th  n u mero u s  pe bbl e s  of p orphyry ,  probably be l on gs t o  the u pper

most part of the  p l a n il i mba �� Zon e . 

In the  Ta l ubäc ken  s ection a t  Ska ttungbyn ,  parts of t he  Bil l i nge n Stage 

a re rep l a c ed by a g rey i s h -green gra p tol iti ferou s s h al e, a bout 2 m t h i c k , 

wh i c h  is a wedge of the  T öyen Sha l e  ( 1Lowe r Didymogra ptu s  Sh al e •  ) .  The 

s h a l e  i s  grey i s h -green  i n  the l ower pa rt a nd red in the u p per  pa rt . The 

expos u re ha s been k n own s i n ce  1 87 6  a n d  is the type l oc a l ity of the i nd ex 

fos s i l s  P h yl l ogra p t u s  d e ns�� T örn qu is t  a nd Me ga l a spi d e s  da l ecarl i c u s  Ho l m. 

Ho l en L i me s t one  ( Ku n d a n  Sta g e )  In t h e  Si l ja n  d is tr i c t , the Ho l en 

Li me s t one  ( new t e rm ,  s e e  stop 7; •va gi natum Lim e stone•  in the  o l d c l a s s i 

f i c a t ion ) i s  a t opo s t ra t i gra ph ic u n it .  It s ba s e i s  s h a rp l y  def i ned  a l s o  

l i th ol ogica l l y  whe rea s the def i n i t i on of th e u pper boundary i s  ba sed  on 

b i os tra tig ra p h i c  e v idence  ( top o f  the Zone of Me gis ta spis ( ���sta s p i de l l a ) 

g i g a s ) .  

Th ro ug h ou t  the d is tri ct , the ba s e  o f  th e Hol en  Lime st one i s  norma l l y  

ma rked by a d i s c o n t i nu i ty su rface with a limo n i tic cru s t  or m i n era l i sa t i on . 
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It i nd ica tes  a b rea k wh ose  ma gn i tude  ca n n ot be d e termine d  a t  p rese nt . 

The tran s i t i on from the La nna  t o  Hal en Li mes t on e s  wa s a s s oc i a ted  w i th a 

c on s i dera b l e in crea se in wa t er e nergy. The s ed i me n t  c h a n ged from 

c a rbona te mud t o  s ke l e ta l  s a n d , a nd a l s o  the c o l ou r  of the ro ck c h a nge s , 

fro m red t o  grey . Moreove r ,  the  g rey ro ck i s  ool it ic , wi t h  n umerou s 

l i mon i t i c  ooi d s  wh ich i n  s ome ex pos u re s  ( Le s ku s ängen) a re e s pec i a l l y  

l a rge . In the u pper  pa rt of the col it i c  l ime s t en e  ( l owe rmos t Va l a stean  

Sub s ta g e ) c ha mos i te oo i ds a ppea r a n d  cha mos i te a l s o occ u rs a s  ca v i ty 

f i l l i ngs with i n s ma l l s k e l e ta l  gra i n s .  

The appea rance  of c h a mos i te s i gn i f i e s  a n  i mp orta n t  c h a n ge i n  the fa c i e s 

of a ut h i gen i c s il i ca te mi n era l s .  I n  beds  be l ow th a t  l eve l  the a u th i gen i c  

s i l i ca te ,  whe re presen t , i s  i n v ar i a b l y  g l a u con i te ,  wh i l e  a bove the l eve l 

the mi nera l i s  cha mos i te ,  a t  l ea s t  i n  h i gh ene rgy e n v ir onme nts  ( i n con s i d 

e ra b l e  q u a n ti t i es  of gl a u con i te occa s i ona l l y  occu r  i n  l u tit i c  roc k s ) .  

The cha n ge can  be fo l l owed , at  about  t he  s a me l e ve l , ove r  the.whol e 

sa l tasca n d i a n reg i on .  The cha mos i te fa ci e s pers i s ts u n t il the  mi dd l e 

Vi rua n Ska gen  Li me s tone .  In h i g her  bed s o f  Bal tos ca n d i a a u th i gen i c  

s i l ica te s  a re ra re b u t, wh e re deve l o ped,  t hey a re repre sented by g l a u con i te  

( e . g . the  l owe r Sl a n d ro m  Li me s t ene  of the  Si l ja n di s t ri c t ) . The  e n v i ron 

men ta l  s i gn ifi c a n ce  of the  cha nge s  in a u thige n i c s i l ica te fa cie s  is 

u n k n own . 

The i n crea se  i n  the gra i n  s i ze of the s e diment at the b a s e  of the Hal en  

Li me s tene i s  a s s oc i a ted w i th the a ppea ra n c e  of a va ried fauna , i n c l u d i n g  

l a rge b ra c h i op od s  wh i c h  a re pedun c u l a te (Orthi� calla c t��· An t i g ona mbon i te s , 

Lyc oph or i a ,  Pora mb on i tes , etc . ), a mb i t op i c  ( Inv�rs el l a , �h t i e l l a ) a nd 

rec u mbent  ( P s e u d ocra n i �) ,  ga s tro pods , hyol ith id s ,  etc.  In mos t s eet i an s  

t h e  l owe r mo s t  Va l a s tea n bed s  a re even  deve l oped  a s  a coq u i n a  ( a b ou t  40  cm 

th i c k )  camp osed  ma i n l y  of l a rge tril ob i te pygi d i a  ( As a p h us ( As a p h u s ) a n d  

Meg i s ta s p i � ( Me gi s ta s pi d e l l a )) a nd va r i o u s  ce pha l opod c on ch s  ( J a a n u s son  

& Mutve i 1951 ) . 

The rock of the  Hal en  Forma ti on a b ove the grey col iti c l ime s t ene  i s  mo s t l y  

red , ca l ci l u t i ti c  a n d  poor in rnae rafos s i l s  ( ma i n l y  c e pha l opods a n d  oc ca s i on 

a l  a s a ph i d s ). In the Si l jan  d i s tr i ct th i s  p art  o f  th e s eq u e n ce ha s not 

been s tu d ied  i n  deta il . 
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M IDDLE O RDOV ICIAN (V IRU AN ) 

Segerstad  Li mes tene ( As e ria n Stage )  On exposed  roc k s u rfa c es the boundary 

between t h e  On tikan Hal en a n d  t h e  Viru an Se ge rsta d L i mes t one s is c o mmon ly 

n ot immedia te l y apparent ,  beca u s e  t h e  red l imes tene on e i t her  s i de o f  the 

boundary is a l mos t  ide n ti c al ma c ros cop i ca l l y . A c l os er l oo k  s oon re vea l s  

t h at  th e uppe rmos t bed s  of the  Hol en Format ion a b aund  i n  l a rge py gi d i a  o f  

Me gi s ta s p i s  ( Meg i s ta sp i d e l l a) g i g a s  wh i c h in the l owermo s t  Seger s ta d  beds 

are rep l a ced  b y  a bu n d an t ,  e qu a l ly l a rge p ygi d ia of Asa p h u s  ( Ne oa s a ph u s ) 

p l a tyuru s . I n  some s ee ti an s a t l ea s t, the a ctua l bounda ry is formed by 

a va r i ou s l y  fu rrowed s u rfa ce cove red by  a s t r oma tolit i c a l g a l  mat of the 

same type as  i n  t he  Lun n e  L i me stone of the  au toc h t h onou s of  Jä mt l and .  

In the V i ka rby  s e e tian t he  stroma tol it ic mat i s  6 cm t h i c k  ( Ja a n u s son , 

u n p u b l is he d ) . The s t ro ma tol itic s t ru c ture s c a n  be c l e ar l y ob served 

a f ter th e s u rfac e is p ol i shed and etched. 

The b ounda ry be tween  t he  Ku n d an a nd Aseria n  sta g e s  c oi nc i de s  wit h  a ma jo r 

c ha n ge i n  t he  be n th i c  fa u na al l ove r  the whole of Ba l to s c a n d i a . In the  

red l ime s to n es of the  type  of the upper  Hol en an d Segers ta d  L i me s t one , 

the  fa u n a l  d i ver s ity i s  l ow, a n d  the rna e r afa una  is c amposed  ma i n l y  of 

c epha l op od s a nd t ril ob i tes; the re are ve ry few sedenta ry forms . 

In the  Sege rstad  Lime s tone two s u bdiv i s ion s h a ve been  d i s t i n g u i s h ed , a 

l ower red , mai n l y  c a l c i l u t ic Kå r gä rde  L i me stone  ( Zone of An ge l i nocera s 

l a tum)  a nd a n  u pper  va r i e gated  red a n d  g re y, mos t l y ca l c a ren i t i c  V i ka rby 

L ime s t one  ( Zone of Il l ae n u s  pl a n�tron � i n  th e t rilob i te  s ca l e a n d  Zone  

of T r il ac i n oc era s t oe rnq u i s t i  in  th e l ituitid s ca l e ). I n  t he  V i ka rby  

see t i an the  b oundary i s  formed by a s u rfac e  with p r obab l e  mud e ra e k s  

over l ain by a th i n  cong l omera t ic l ayer in wh i c h t he  peb b l e s  con s i s t  o f  

red c al c i l u tite d erived from t h e  s u bs tra te ( Ja a n u s s on & Mutve i  1953). 

S kä r l öv Li mes t on e  The  Skä rlöv L i me stone is a l i th os t ra tigra ph i c  u n i t 

wh ic h  c on s ists of red ,  fin el y nod u l ar l i me s tone  w i th arg i l l a ceo u s  i n te r

ea l at i ans a n d  a few ind i vidu a l  beds  of red c a l c i l u t i te . The u n i t ha s a 

wide s p a tia l d is tr i b u t i on w i th in the cen tra l  Ba l tos c a nd i a n  c o n fac i e s 

be l t , from the  a u toc h th onou s  of Jämt l a n d  to Öl a n d ,  but  the  fi n e l y n od u l a r, 

a rg i l l a c e ous  roc k wea thers ea s i l y  and is th ere fore very p oor l y exposed . 
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I n  the s o uth-ea s te rn pa rt of the Siljan dis tric t  (V ika rby sec t i on )  

Skärlöv Limestene i s  not  deve l oped,  and  t he Seby L i me stone rests  

d irec t ly on  the Segerstad Lime stene (Ja a n u sso n 1 96 3a ) .  The u n it i s  

poo rly fo s s i li fe ro u s ,  a n d  rna erafos s il s  a re a s  a ru l e  poo rly pre s e rved . 

The l o we r  pa rt of the Sk är l öv Lime stene is of  Ase r i a n  a n d  the u ppe r pa rt 

o f  La s namaegi a n a ge ,  but  be ca u se o f  the ra r i ty of  fo ssi l s  the l evel  of 

t he bou n da ry i s  d i ff i cu l t to l oca te . 

Seby a n d  Fo l ke s l u n da L i me s tones  (La s nama egia n Sta ge ) I n  the Si l ja n  

dis tric t  both  u n i t s a re def i ned  by l i tho s t ra t ig ra phi c c r ite r i a , bu t 

they a re also disti n ctive  fa u na lly, espec ia lly with rega rd to li tui t i d s  

a nd hyo l ithid s . I l l ae n u s  c hiron Ho l m  is a common trilo bite in both 

fo rma t i o n s . The Seby L ime stene con s ists o f  variega ted grey a nd red , 

ma in l y  c alc a renitic bed s ;  i t  is a thi n u n i t b u t  c a n  be fo l lowed a lmo s t  

over  the who le ce ntra l  Ba ltosca nd i a n confac ie s  belt .  The Fo l ke s lunda  

L ime s tene  (Upper Grey Orthocera t ite Lime s tene accord i n g to the o l d 

term i nology )  is grey, ma in l y  ca l ca re n itic . I t  is the uppermo s t  u n it i n  

the Swed i s h  o rthoceratite l ime stone  fac ie s . 

Furu da l L i mes tene ( Uha kua  Sta ge )  The Ortho ceratite L ime stene i s  over

la i n  by  a re la t ive l y  thi c k  sequence  o f  bedded  ca l ci l u t i t es  with a rgi lla 

ceou s in te rca l a t ions ,  the Fu ruda l L i me s tone . The ca l cilu t i t ic se quence 

in i tiates a tempora ry s tab i l i sa t ion  i n  the d epos i t i on a l  co n d it i ons  o f  

the cen tra l Ba lto s c a nd i a n  confa ci es  b e l t ,  proba b l y  d ue  to i nc rea sed  

wa te r depth. The t hi c kne ss  of ind i v i d ua l d i st in gu isha b l e u n i t s  i n c rea s e s ,  

bo th l ithos tra tigra phic a n d  b io s tra tigra p hi c (ba se d  on she l l y  fau na s ) , 

a nd within the be l t t he re a re no  brea k s  known which ca n not  be  exp l a ined 

by re la t ive ly la te po st-depo s it i ona l erosi on .  

The fa ir l y de n s e  lim es tone is spa rse l y  fossi li fer ou s .  N i l eu s  i s  t he 

domina n t  trilobite, a pelophi le a lso found  e lsewhe re , while b ra chiapads  

a re repre sented  by  sma ll fo rms among whi ch Chr i st i a n ia i s  norma lly the 

commonest . The soft c a r bonate  mud wa s obv i ou sl y  a n  u n s u itable su b strate 

for la rge amb i topic a n d  recu mben t  orga n i sms . The ra r i ty of  the se ,  in 

tu rn , contr i buted to the ra r i ty of ha rd bottom organ isms,  s uc h  a s  enerust

i ng a n d  ramose  b ryozoa n s  a n d  l a rge ped uncu la te b ra c hi opo d s  which re qu ired 

a ha rd s u bst ra te fo r the ir a t ta c hmen t .  
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I n  the  Si l jan  di stric t th e Fu ru da l  Li me s tene  is ba s ica l l y  a l ithos t ra t i 

gra p h ic u n i t, b u t  its u p pe r  bo unda ry is l itho l ogica l l y  tra n si tiona l a nd  

therefore d iff i cu l t  to de f i ne precisel y i n  te rms of l ithol ogy. Fo r th is 

rea son  the bou n da ry is de f i ne d a s  the l eve l whe re the Da l by fa u n a  a ppea rs . 

The fa u na l  c h a n ge i s  p ronounced  a n d  ca n be fo l l owed th roughou t the c e n tra l 

Ba l tos ca n di an con fa c i e s be l t . Acco rdi n g  to th i s d e fi n it i on of the  u pper  

bou n da ry o f  t h e  Fu ruda l Li me stone , and  co n s equentl y a l so  of the l owe r 

bou n da r y  of the  Da l by Li me stone , these  two u n i ts a re in p ra ct i ce topo

s tra ti gra p h ic u n its ( on e  bounda ry de fined by l itho l ogic a l  a n d  the other 

by  fa una l  cr i teria ) .  

Da l by Li mes tene In crea sed wa te r ene rgy close a bove the ba s e  of the 

Da l b y Li mes tene  re s u l ted in depos i t ion of s ke l eta l s a n d ,  and the  u n i t 

con s is ts pre domin a n tl y  of ca l ca ren i te s .  The  c ha n ge in s u b s tra te wa s 

a ccompa n i ed by a ch a n ge in b e nth ic ma crofa u n a ,  a n d  th e l a tter c ha n ge 

forms a r.  e xc e l l e n t  examp l e of  a fa una l s h i ft ( J a an u s son 1976 ) .  N umerou s  

l a rge ambito p i c (e . g. ma s s i ve trepos toma te b ryozoa n s )  a n d  s eve ra l re

c umbe n t  orga n isms a ppea r , a s s o c ia ted with ramase  b ryozoan s , l a rge ped u n 

c u l a te b ra c h iopods,  n ume ro u s  cystoids , e tc .  �c h i no s phaerlte � ��-�a n ti u � 

a u ra n t iu � (Gy l l e n h aa l ) i s  e s pecial l y  common (Fig. 6), a n d  th i s  wa s the  

rea son why  the div i s ion wa s forme r l y te rmed Cys toi d Lime stone . The 

i n te re s ti n g  fa c t  is tha t  in north e rn Es to n ia ma ny o f  the  gene ra ,  a n d  

eve n a n umber of s p e c ie s , l ive d in a s imil a r  s k e l eta l s a n d  e n v i ronment  

a l rea dy in Uha kua  ti me , t ha t is, du ring th e t i me of the depos iti on of  

the Fu r u da l  c a rbo n a te mud . Whe n  i n  the  Si l ja n  d is tri ct , a s  we l l a s  i n  

mos t oth e r  di s tri c ts of the cen tra l Ba l to s ca n d i a n  be l t , the s edi me n t  

cha n ge d  to s ke l e ta l  s a n d  t he se  forms fol l owed t h e  cha nge i n  e n v ironme n t  

a nd  e n tered the c e ntra l belt. T h e  top of th e Da l by Lime s te n e  i s  formed 

by a di s ti nc t i ve  c amp l ex of be n ton i ti c  be ds wh i c h  a re w i de l y d i s t r i b u ted .  

Ska gen  and Mol då Topo forma t i o n s  Litho s t ra t i gra ph i ca l l y, Skagen  a nd 

Mo l då Topoforma tions  form a s i n gl e  l ime s tene  u n i t, Freberga  Forma t i on 

( new te rm; defined  a s  i n te rva l 87.80-73.85 m i n  the Smeds b y  Gård b ori n g ,  
Ös te rgötl a n d ) .  T h e  s equ e nce begi n s ,  both i n  th e Si l ja n  di s tr i ct ( Ma r tn a  

1955 ) a n d  i n  Ös tergöt l a nd, by bedded ca l ca re n it i c  ca l c ilu tites  w i th t h i n  

interea l a t i an s  of ca l ca reou s  mudston e  ( roug h  lithos tra tigra p h ic equ iva l ent  

to t h e  u pper 4ba a n d  4b6 of the O s l o district), i n  the midd l e pa rt o f  the  
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forma tion  ca l c a reous  mud s tone  is domin a n t  and  l imestone is rep re s e n ted  

by nodu l es o r  dis co n tinuo u s  bed s {rou ghl y e qui v al en t to 4by), an d  t he top  

of  the sequence  i s  fo rn�d predomin a n tl y  o f  lime sto ne {approximatel y 4b 6). 

Ho wever, these  l i tho l o gi ca l su bdiv is i on s  are d ifficu l t to define  bec a u s e  

of the  fa ir l y  con t inuou s  t ran s i t i on between  the v a r io u s  l i t ho l o gi e s . The 

bo unda ry betwee n the Ska ge n  and Mo l d å To po fo rma t i on s  is sit u a ted  wit hi n 

the mud ston e  s ubdiv is i on a n d  is c ha r acter i sed by a fair l y  abru pt f auna l 

c hange (F i g. 7 ; fo r pa laeocope a stracode fauna  see  J a a n u s so n  1976, F i g .  9). 

The l ev e l  o f  the fau n a l  c ha n ge is ea s il y  recogn i s a b l e in section s where 

the mud s tone  i s  at l ea s t  mode ra te l y fo s s il ife ro u s . The  fa u na l c ha nge 

is p redominant l y  o f  a n  i mmigra t ion  type ,  bec a u se many o f  the fa u n al 

e l ements  whic h a ppear at tha t  l eve l appear to l ac k  cl o se re l at i ves  in 

ea r l ie r  beds  e l sewhere in the Ba l tosca nd i a n re gion . The e n v ironmenta l 

fac tors  that  ea u sed the fa u n al c hange a re not  re fl ected in t he l it ho l o gy .  

I n  the bed s between  t he Lower  Dal by and Sl and rom L i me stone s t he faun al 

deve l o pme n t  in t he central Ba l tosc an d i an confa c ie s  be l t differs  s o  muc h  

from that  i n  northe rn Eston ia tha t  earre l a t io n s  are stil l un certain . For 

t his rea son  a c l as s ification at s t age l e ve l for the  who l e Ba l tos c a nd ia n  

region is a t  p re sent  h a rd l y  poss i b l e . 

UPPER O RDOV I C I AN (HA RJ UAN ) 

Sl a n d rom Li me stene This is a lithostrat igra phi c u n i t charac te rised by 

bed s of dense ,  h ard,  fin e l y  nodu lar ca l c il u tite (in the Si l jan d i str i c t 

co l l oqu i al l y te rmed 'mas u r k al k s te n '  ) ,  in terc al a ted by b edded  l imestone . 

The u n i t ha s al ways been  poo r l y exposed  a nd ,  a l tho u gh some o f  t he bedded 

l imestone  does no t ap pe a r  to be poor l y foss il ife ro u s, the roc k  qua n t ity 

whi c h  ha s been  a v ai l abl e fo r co l l ec t i n g  fossil s has been  very l imited . 

There are some ind ic at ions  th at the fo rmat io n i nc l u de s  t wo s u c c e s sive 

benthic fa unas  {Ja a n u sson 1 9 5 3).  The poo r k nowl edge of  t he s e  bed s in 

t he centra l  B al to scand i a n confa c ie s  be l t  ma kes  it d iffi c u l t to app l y  a 

c l a s sific at i on a t sta ge l e ve l .  

I n  a regio na l  context ,  the de n se c al cilut i te s  of  the Sl androm  Fo rma t ion  

a re p ro ba b l y  wed ges  fro m the ma in cal c il u t i te deposi t io n  ( Lo we r  Öste rs jö 
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L i mes tone )  a l ong the a x i s of t he Ba l t i c  ( northern Got l and, Got s ka Sa ndön, 

the s u bmari ne sou th  8o t h n i a n dis tr i ct) where t he whol e equ i va l ent sequence 

consis ts  o f  dense , a p h a n i t i c  calci lut i tes w i t h  a low content of terri

geno u s  c l ay. T he same ca l c i l u t i t i c  development of the sequence cont i nues 

ea s twards into nort hern Estonia (Rakvere and N a bala Stages ) .  

Fjäcka S ha l e  T h i s is a mo s t  d i s t i nct i ve l i t h o s trati gra p h i c  uni t con s i st-

i ng o f  dark brown gra ptolitic shale. It i s  a wedge from the main gra pto

l itic shale belt a s  develo ped in sca n i a  and on Bornho l m , and has  a w i de,  
s pa t i al extent, from J ämt l and to  La tv i a ,  and even to  s o u t h -ea s tern Es toni a 
(�1änn i l  1966). The gra pto l i te faun a  i s  tha t o f  the Zone of Pleurogra ptu_� 
l inear i �, and evidence from Ki nnekul l e in Vä stergöt l and s h ows that t he 

upper boundary of t he s h a l e coinc i des wi th  the  base o f  the D i c�lograptu s  

camp l ana t u s  Zone (Skog l und 196 3 ) .  The Fj äcka S hale o f  the Siljan dis tr i ct 
is the type hari zon for bo t h  D i pl ogra ptu� pri s t i s (His i nger) , the type 
s pec i es of D i pl ogra ptu s ,  and Treta spis set i cornj2 (H i s i n ger ), t he type 

s p eci es o f  Tre ta spis . T he fa una o f  the s ha l e  conta i ns bot h  gra pto l ites 
and s helly fo s si l s ,  b u t  the latter are poorly descr i bed . Choneto i d ea 
i duna Öp i k  a nd Flexica l ymene trinucle i na _  ( Törnqu i s t) are common i n  s ome 

bed s. Other no ta ble s peci es are Tr i art hru� QYgma��- Törn q u i s t and 
Ra�h i op h�rus setiro s tr i s Angelin . 

J onstorp Forma t i o n  ( incl u d i ng the N i ttsjö  Bed s; Jerresta d  Stage) T hese 

soft  bed s ha ve always been poorl y expo sed in the Silj an di s trict , a n d  
mos t  o f  our k nowl e d ge i s  der i ved from exca va t i o n s  o r  temporary ex po s ure s . 

The seq uence (15.6 m a t  Amtjärn ) cons i s t s  main l y o f  f i nel y n odul ar argi l l a 
ceo u s  calci l utite, grey i n  t he l ower a n d  u p permo s t  part but otherwi se red. 

A distinct s u bd i v i s i on ( Ög l u nda L i mes tone) , con s i s ting o f  h ard , dense, 
f i nely nod ular calc i luti te i s  devel oped i n  s ome s ect i on s; where present 
it separa tes the Lower a n d  U p per Members of the forma t i on. T he term 

N i tts jö  Forma t i o n  wa s or i gi na l l y  app l i ed to t he  topmost grey bed s of the  
sequence (Jaa n u s son 196 3b), b u t  t hey d i ffer from t he u nder l y i ng beds only 

with res pect to colo ur. In t he Silj an distr i ct, i t  now a p pears pract i cal 

to i nclude these  beds , as  a n  informal subd i v i s i on ,  i n  t he J o n s torp 
Formation. 

In the S i l j an distr ict , t h e  Jons torp Formation i s  poor l y fossili fero u s  a nd 
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i t s fa u na i s  not  we l l known . At Amtjä rn t he u p permo s t  0.42 m o f  the  

N i t t s jö  Bed s ( refe rred to the S ta u rocepha lu� Zone  ( = A l l eberg  Beds; see  

Västergö t l a n d) ) ha ve y i e l ded Da l ma n i t i n a (Muc rona s pi�) muc ronata  (B rongn . ) , 

Sta u roce pha l u s cla v i fro n s  Ang ., P h i l l i p s i n�� pa ra bo l a ( Ba r r.) , Treta s p is 

sp. , etc . {Thors l und  1 935) . 

Tomma rp Forma t i on  ( H i rna n t i a n  S tage ) I n  the i n te rmou n d  fa c i e s t he  ba sa l 

H i rnant i a n beds  v a ry from calca reou s s and s to n e  ( u p to 0.5 m th i c k  a n d  i n  

p l a c e s  wi th r i pp l e ma rks ) to ha rd, i n  p l a ce s  pe l l eta l c a l c a ren i te 

( l oca l l y termed K l i ng ka l k ). The o ver l y i n g  beds, abou t  2 m  t h i c k ,  st i l l  

o f  H i rna n t i a n  age  a c co rding  to fos s i l s ,  con s i s t  o f  so ft, g rey, a r g i l l a 

c eo u s  l i me s to ne a n d  ca l ca reous mud s tone, w i th  occa s i o n a l  i n te rea l a t i a n s  

of  c a l c areou s  s a ndstone  or  s ilts tone  i n  the l owe r pa rt . The rema i n der  

o f  t he  sequence  be tween  the fo s s i l i fe ro u s H i rna n t i a n  a nd L l a ndove ry 

grapto l i t i c  sha l e  {Gl i sstj ä rn Fo rma t i o n, some 1 3 m thic k; Stop  3 )  i s  

campo sed  of  v a r i ou s  mud s tone s, mo s t l y  g rey but w i t h a red po rt i on  i n  the 

u pper  pa rt. These bed s, a s  we l l a s  the unde rly i n g  soft  H i rna n t i a n roc k s , 

a re ve ry poo r l y expos ed, a n d  mo s t  of  the  a va i l ab l e  i n fo rma t i on  i s  based  

o n  excava ted  see t i an s  {Thors l u n d  1 93 5) where  the a c c e s sib l e roc k  ma ter i a l  

fo r co l l ec t i n g fos si l s h a s  been  very l i m i ted . Except  fo r a few l eve l s  

t h e  G l i s s tjärn Forma t i on a ppea rs  t o  be  ba rre n; i t  i s  o ver l a i n  b y  Lower 

L l a n dovery g ra pto l i t i c  sha l e wi th the  Zone of  Monograptu s  revo l u t u s  

a t  t h e  ba se (Waern  1 960) . There a re no  i n d ica tion s  of  a n  a pprec i a b l e 

brea k w i thin the  sequence  between the fos s i l i fe rou s H i rnan t i a n a nd the 

revo l u t u s  Zon e , a n d  t h u s  the G l i s s tjä rn Forma t i on  i s  probab l y, for the 
mos t  pa rt  a t  l ea s t, a n  eq u i va l e n t  to the  p re - re v o l _t�tu s po rt i on of  the  
Lower L l a ndovery. However ,  ba sed  on  t h e  a va i l ab l e  ma ter i a l ,  the top  o f  

the  H i rna n t i a n  c a n n o t  be a dequately def i ned in t he  S i l j a n  d i s t r i c t . 

Mo re exte n s i ve e x po s u res  mQy l ea d  to a redefin i t i on o f  the top  of  H i rna n 

t i a n  a nd the  b a se of the G l i s s tj ärn  Forma t i on . 

S t roma ta c t i s - bea ring  c a rbona te mou n d s  The S i l j a n  d i s tr i c t  i s  we l l known 
fo r i t s M i d d l e a n d  U ppe r  O rdav ie i a n s t roma ta c t is- bea r i ng c a rbo nate  mou n d s  
wh i ch a re exten s i ve l y  qua rr ied  a nd thu s we l l exposed. The mo u n d s  occ u r  
a s  huge l e n se s  o f  h i g h-ca rbonate l i me s tone  su rro u n ded by fa r  t h i n n e r , 
a rg i l l a ceous  i n termo u n d  depos i t s .  T he  rnau n d  core is  ma s s i ve ,  t h a t  i s ,  
w i thou t e v i dent  s t rat i f i ca t i on .  I n  the  per i phera l  p art  of  t he  mound s th i n, 
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a r g i l l aceous i n te rea l a t i an s  a ppea r ,  and  the rna und  f l a n k  depos its  a re 

fo rmed by bedded s troma ta c t i s-bear i ng  l i mes tones w i th red o r  g reen  

a rg i l la ceo u s  pa rt i ngs. The flan k  deposits are very r i c h  i n  s keletons 

o f  v a r i ous  s e denta ry o rga nisms. 

The  mound s  l a c k  a n  a rga n i e  frame, a n d  no t ra ces of a n  a rga n i e  con t ro l  

on the g rowth o f  th e mo unds h a ve been  recog n i sed. A n  i mpo rta n t  ma c ro 

s cop i c  con s t i tuen t  i s  fo rmed by wel l -def i ned  bod i es o f  spa rry ca l c i te ,  

e l o n ga te o r  l am i n a r  i n  c ro ss sec t i on , wh i ch a re a rra nged roughly paral l e l  

t o  t h e  depo s it i o na l  p l a n e  a n d  comp r i se u p  t o  50 per  cent o f  the vo l ume 

of the mou n d  core . M i c ro scop ic  examina t i on  revea l s  tha t  the ca l c i te 

c rys ta l s tha t  fo rm the bod ies  h a ve undulose ext i nct i o n, h i ghly i rregu l a r 

i n te rc rys tall i ne bou n da r i e s, and  a re freque n tly d i v i ded i n to su bgra i n s .  

S uch calc i te is  te rmed rad i axial . The central pa rt of  the ca l c i te 

bod i es is occas i onally fo rmed by n ormal, pa ra-axial calc i te wh i c h may 

e nc l os e  a re s i dua l c a v i ty i n  the cen tre of the calc i te body . The ma e ro

a nd m i c ro s c o p i c  cha racte r i s t i cs of  the c alc i te bod ies ag ree wi th those 

known as s t romatactic from many Pa l a eozo i c  ca rbonate mounds . T here is  

a fa i r l y  genera l  agreement  t hat  thes e s truc t u re s  rep rese n t  i no rga n i c 

ca v i ty f i l l i ngs (Ba th u rs t  1959). The o r ig i n  o f  the c a v i t i e s, o n  the  

o the r hand , i s  d isp u ted . Howe ve r ,  the rock of the mounds appears to  

have  been l i th i f ied ve ry ea r l y, and  i t  is  poss i b l e  tha t  t he mounds a re 

compa ra b l e to mode rn l i thohe rms (Ja a n u s son  in  Ross et �· 1975; 
Jaanuss on  1979; Bathu r s t  1980, 1982). 

I n the S ilj a n  d i s tr i c t  s t roma ta c t i s-bea r i n g  ca rbona te mo unds occu r a t  

two leve l s; u p p e r  V i rua n (Kul l s be rg L i me s tone) a nd  m i ddle-upper Ha rj u a n  

(Boda  L i mes tone). Some 35 i ndi v i dua l mo u nds a re known i n  the d is t r i c t  

( F i g. l) ,  1 1  o f  wh i ch re p res e n t  Ku l lsberg L i mestone . I n  fo u r  p l a c e s  a 

Boda rnaund  has g rown d i rect l y  u pon a Ku l l s berg mound .  I t  sho u l d  be 

note d  t h at s t romata c t i s - b ea r i ng ca rbona te mound s  o f  the d i s t ric t represen t 

fa r l a rge r s t ructu res t h a n  the  u p pe rmo s t  V i rua n a n d  H i rna n t i a n  a rga n ie 

ree fs i n  the Oslo Region a n d  northe r n  E s ton i a  and a l so  far l a rger  bu i l d

u p s  tha n  a ny S i l u ria n a rga n i e reef on Gotland . The mounds  formed promi n

e n t  ele va t i o n s  on the sea fl oar . When  the g rowth o f  a rnaund  had  ceased, 

depo s i t i o n o n  the top  of the mound did not  res ume u nt il the leve l of 

s u r rounding  sedime n ts bega n to approach the l e ve l of  the mound  top; for  
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t h i s rea son  the re i s  a b rea k a t  the  to p o f  e ve ry mou n d . Towa rd s the  rna und  

f l a n k  t he  brea k i s  s u c c e s s i ve l y  fi l l ed . 

In  t h e  S i l j a n  d i st r i ct very l itt l e i s  known a bo u t  t he  geome t ry of  t h e  

i nd i v i du a l  mo und s exc e pt tha t i n  c ro s s- s eet i an they a l ways a p pea r t o  b e  

samewhat mu s h room s ha ped , w ith  the  g re a te st a rea l extent o f  t he  rnau n d  core 

be i n g  s i tua ted i n  t he uppe r pa rt o f  t he  mo und. The  Ku l l s be rg mo u n d s  

a ppea r to  a tta i n a d i amet e r  of  300-350 m a nd a th i c kn e s s  o f  a bo u t  40-50 m . 

T he Boda mou n d s  a re muc h l a rger , w i th a ma x i mum d i amete r  u p  to l 000  m 

a n d  a ma x i mum th i c knes s o f  a bo ut 1 00- 1 40 m. It i s  i n terest i ng to  note 

that the  d i mens i o n s  of  t he Boda mou nd s  a re compa ra b l e to t ho s e  of the  

modern l ithoherms  in  the  St ra i g ht of  F l o r i da . 

S tra i n, deve l o ped  beca u se of d i ffe re n t i a l  campact i on i n  t h e  s u bs t ra te , 

ea used  the  r i g i d  mo und  bod i e s  to c rac k ,  a n d  every rna und  h a s postdepo s i

t i on a l c rev i ce s  wh i ch a re f i l l ed w ith  yo unger  s ed i ment s, ma i n l y  da r k  

grapto l i t i c s ha l e ( Fjäc ka S hale i n  the  Ku l l s be rg Limes to n e  a nd L l a ndove ry 

s ha l e i n  t he  Boda L i mesto ne) . Syndepo s it i o nal c re v i c e s  a l so occur , 

a l t hough  it  i s  d i ff i c u lt to recogn i s e the se. 

K u l l s berg  L i me stone  The  ba s e  of  the  Ku l l s berg  L i m es tone  co i nc i des  c l o s e l y  

w ith  that of  the  S k a gen  L i mestone , bec a u s e  the  Ku l l s berg mo u n d s  bega n to  

deve l op i mmed i ate l y  a bove  the  ma i n  bento n i te  bed at the  top  o f the  Da l by 

L i meston e  ( Ja a n u s s on , u n p u b l i s hed ) .  The  ma i n  pa rt o f  the  Ku l l s be rg L i me 

stone  i s  a n  e q u i va l e n t  t o  the  S ka gen  L i mes tone , a n d  there i s  some fauna l 

e v i dence  that  depo s i t i on of  the  mounds  cont i n ued i nto the  ba sa l Mo l då n  

eq u i va l ents . On t h e  f l a n ks of  t h e  K ul l s be rg mou nds , t h e  ea r l i e s t  beds  

tha t rest on the  K u l l s berg L i mestone  con s i st of  a nod u l a r ,  a rg i l l aceo u s  

ca l c a re n ite re present i ng a wed ge  of  t h e  u p p e r  Mo l då L i mestone  wh i c h i s  

termed t he S kå l be rg L i me stone  ( Ja a n us son  1 973 ). The  S kå l berg L i mestone  

h a s  a samewhat g reat e r  g ra i n  s i ze  than  t he  Mo l då ca l c i l ut ite , but it  i s  

o t herwi s e  s i m i l a r to  t h e  eq u i va l ent  i n te rba n k  beds, bot h l it ho l o g i ca l l y  

a n d  fa una l l y. Towa rd s t he  s umm it  o f  the  Ku l l s berg  mo und s bot h  upper  

Mo l då and  S l a n d rom eq u i va l e nts s ucc e s s i ve l y  t h i n  out  to noth i ng ,  a nd  the  

Fjäc ka S h a l e ,  w ith  a g reat l y  reduced  t h i c knes s , re s ts d i rect l y  on t h e  

mou n d . 
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The mou n d  c o re o f  the Ku l l s berg Lime s ten e conta i n s a d i verse, ma i n l y  

va g i l e  fa una  wh i c h i s  poor l y  kn own, exce pt for the tri l o b i tes  (Wa rbu rg 

1 925) a n d  b i va l ves  ( I s b erg 1 934) . The bedded fl a n k depo s i t s  a bound  i n  

s eden ta ry orga n i sms, partic u l a r l y  b ryozoa n s, cys to i d ( Ca ryocys t i tes  

l a gena l is, Ha p l os phaeron i s  o�]on ga, He l i ocrin i te s  granat��) , c r i no i d s 

( Cor n u c r i n u s), a n d  a rt i c u l a te bra c h i opod s (Ptychog lyptus, N i col__ e l l a, 

P l a ty s t rophia a f f . l yn�, Eopl ectodonta  percedens, � i mu r i a, Ch r i s t i a n i a c f .  

h o l tedah l i ,  S u l evo rth i s, e tc . ) .  I n  t hese  beds  there a ppears  a l so the 

earli e s t ta bu l a te cora l i n  Ba l to sca ndia ( Eof letcheriaJ. The  S kå l berg 

Bed s co n ta i n  Toxoc ha smops  e x ten s a  (Boec k), N i cQl_e]�. Leptes t i i na a ff .  

i ndentata ( Spje l d n�s), Tr i g ramma r i a n. sp.A, Coel o s ty l is toernq u i s t i  

L i n d s t röm, v a r i o us bryozoa n s, e tc. 

Boda L i me s tene  The Boda  mound s  began  to deve l o p  s oo n a fter the d epo s i 

t i on o f  the Fjäcka Sha l e  had  c eased ( Stop l ) . T he  g rea te s t  a rea l 

extent of  the  i nd i vidua l mou n d s  i s  c l o s e  to  the i r  top, i n  beds  that  

conta i n  Ho l o rhy�c h�� a nd a re proba b l y  of  Hirna n t i a n  age  ( Stop 4 ) . Howeve r, 

a n  e a r l y  gene ra t i on o f  postdepo s i tiona l c revic es  i s  f i l l ed wi th a g rey 

ca l ca reou s  s i l tstone  wh i c h a t  So l be rga conta i n s  a Hi rna n tian  bryozoan  

fa una  ( B rood, u n p u b l i she d). Th is may i n d i ca te th a t  the Boda  mo unds  

ceased to g row be fo re t he end  o f  the H i rna n t i a n . The brea k at the to p 

of  the Boda  mound s compr i s e s  bo th Lowe r  a n d  M i dd l e  L l a ndovery; the  

ea rl ie s t  recorded g rapto l i te zone  i n  t he over l ying  g ra p to l i t i c  sha l e i s  

the  Zone  of  Monog raptus  sedgwi c k i .  T h e  a va i l a b l e expos u re s  d o  n o t  s how 

how the b reak is fi l l ed �ong  the f l a nks of t he mound s .  

The rnae ra fa una  o f  the Boda L i me s tene  is  rich and d i ve rse ( e.g . 46 t r i l ob

i te gene ra (Wa rburg 1 925; Owen & Bruten  1 980) and 40-45 gene ra o f  a rt i c u 

l a te brach i o pods) . B i v a l ves  have  been de scr i bed  b y  I s berg 1 93 4 a nd 

rugo s e  ea ra l s by Ne uma n ( 1 96 9) . A s  i n  the K u l l s berg  L i mes tone, the 

mo und  co re conta i n s ma i n l y  a vagi l e  fa una  ( t r i l o b i tes, ga s t ropods , cepha l o 

pod s, pe l ecypod s) whe rea s sedenta ry ma e ro-orga n isms ten d  t o  be l e s s  

common . Common t r i l ob i tes  a re Eobron teu s l a t i cauda  ( Wa h l e n berg ), S teno

pa re i a l i nna rs s o n i  Ho l m) a nd ,!:l�o t r?�he l u2_ p u n c t i l 1 o s u s  (Törnq . ) wh i c h 

frequent1y oc c u r  i n  pa tches  con ta i n i n g h un d red s of  ind i v i d u a 1 s . Oth e r  
commo n trilo b i tes a re S p�ae rexoc h u s  ca l vu� (McCoy) a nd var i ous spec i e s of  

Amphi l i�_h a s . �� b_o_n _ _y_�-�-t:�i_� �o_r!'_�-9_!�a (Li n d st röm) is the commonest pe l ecypod , 



29 

a n d  among  b rac h i a pads  Cryptot hy re l l a  terebratu l i na (Wa h l . ), Aph a nome n a  

l un� ( L i ndström) , C l i fton i� �� itta c i n� (Wa h l . )  a nd ot her tr ip l e s i i d s tend  

to be more common i n  the  mou n d  core  t h a n o n  mound  f l a n k s . The bedded 

fl a nk depos i t s abound i n  sedentary orga n i sms, part i c u l arly a rt i c u l a te 

b ra c h i opods , cysto i d s ,  bryozoan s ,  a n d  var i ou s  cora l s  (rugose , he l i o l i t i d  

a n d  t abu l ate ( se e  Stop 1 :4 )� No  undoubted s troma toporo i d  h a s  e ver be en 

fou n d  i n  the Boda L i mestone  a l though  t h i s g ro u p  i s  fa ir l y  common i n  

co ntempo raneous  bedded l i mestene  of  North  E s to n i a  a nd t he  O s l o Reg i on .  

1:1 S KALBERGET ( F i g s . l ,  2 , 3) A 'twi n' o f  s t ramatact i s-hea r i n g  

ca rbonate  mou nd s . The Upper  Orda v ie i a n Boda L i mestene  to  the east 

re sts on  t he M i d d l e Orda v i e i a n  K u l l sberg L i m es tene  to  the  we s t .  

The  co ntact between the  Boda L i mestene  a n d  the  L l a ndo v e ry s ha l e s 

{ Ka l l ho l n Forma tion; w ith  t he Zone  o f  Monogr a ptu s sedgwi c k i .  a t  the 

ba se) was prev i o us l y  ex posed fa rthest to the  east . T he  stra ta d i p  

a l most vert i ca l l y ,  a nd the  c arbonate  mou n d s  i ncrea s e  i n  th i c kness 

downwards . The  qua rry was a ba ndoned  s ome 25 year s  a g o , a n d  now 

parts  of  t h i s i n struct i ve  l oca l ity are a lready covered. The  type 

l oca l i ty of  t he S kå l berg L i mestone i s  at  the  o l d ,  nort h er n  e n trance 

to the  quarry ( sec t i on 4 i n  F i g .  3 ) .  

I n  t h i s q ua rry t he  mo und  cover  bed s  between  the Ku l l s berg  a n d  Boda 

mounds of  the  Ku l l sberg L i meste ne  are we ll exposed . I n  the northern 

entrance  ( s ec t i o n  4 )  the s equence  between  the mou n d s  i s  d eve l oped 
l arge l y  as  i n  t he  i ntermound  fac i e s .  Note  the  d i searda nt contact 
between the  K u l l s berg L i me s tene  ( pe r iphera l c o re fa c i e s ) a nd t he 
S kå l berg L i me stene  ( a  s i m i l ar d i searda n t  c e n ta c t  ca n be  o b s erved 
a l so i n  the  qua rr i es of  Ku l l s be rg a n d  Amtjärn ). The S l a ndrom 
equ i va l ents are mo re coa rse  g ra i ned t h a n  i n  t he  i n termound  fac i es 
b u t  i nc l ude  same t h i n beds o f  t he f i n e  g ra i ned  'ma s ur ' l i me stone . 
T he  Fjäcka  S ha l e  is muc h  t h i n ner  t h a n  farther  away f rom the  mo und s  
but part  o f  t he  s equence  ( 0 . 4  m )  i s  a b l ac k  s ha l e .  I n  the J o nstorp  
Forma t i on even  the  O g l unda  L i me stene  ( 0 . 9 m )  i s  d e ve l oped . The  
see t i an  at  the  southern  entrance  to  the qua rry i n  t h e  Ku l l s be rg 
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Limestene ( section 5) is towards the top of the Kullsberg Limestone. 

The skälberg Limestene has obviously thinned out to nothing, the 

thickness of the Slandrom 

- Boda L. 

IIIIIIIIIllli Kullsberg L. 

� Precambrian 

, 
Unskarsheden 

,.k 'å l berget 

Figure 2. Carbonate mounds in 

the Kullsberg area. The loca

tion of the area is indicated 

by a quadrangle in Fig. l. 

equivalents has decre ased, and 

the Fjäcka Shale is represen

ted by a very thin unit. Equi

valents to the red Jonstorp 

beds of se etian 4 are developed 

as a red, argillaceous rock 

rich in crinoid ossicles, in 

a facies characteristic of the 

flank facies of the Boda Lime

stene elsewhere. In the 

tunnel section, most of these 

red Jonstorp equivalents are 

developed in the peripheral 

rnaund core facies. 

In seetian 5 (northern wall) 

the following section, in 

ascending order, is exposed 

below the lowermost massive bank (1.3 m thick) of the peripht-->.r:al core 

facies in the Boda Limestene (V. Jaanusson, unpublished). 

Lowermost Boda flank deposits (equivalents to the lower 
part of the Jonstorp Formation )  8.55 m 
Dark grey, nodular limestene with irregular argilla-
ceous i nte re ala tians . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .  0.95 m 
Dark grey. breccia-like argillaceous rock with 
angular limes tene pebbles . ..... . .... . ..... . .... . .. . ... . ... 0.2 m 
Red and variegated red and grey argillaceous rock, 
mostly rich in crinoid ossicles, with limestene 
beds and lenses. Bimuria sp, Diarnbcni a s�, 
Eoplectodonta schmTcff1TCindström), -Christiania sp., 
s u l evortl1Ts ___ sp.-:--Ptyc]16p l e u re l l a ema r9-1nafa ·wr;·rght 
rtype sTrafum and local fty)�-tospirigerfnä sp., 
several species of cys toid (Eucystis;-eTC). etc . ......... 6.3 m 
Greenish grey calcareous mudstone rich in crinoid 
colurnnals, alternating with limestene beds .. . .. . .. . . . .. . .. . l.l m 

"Grey Jonstorp beds" 0.55 m 
Regular alternation of grey argillaceous mudstone 
and beds of brownish grey limestene ...... . .... . . . . ... . .. . . 0 . 5 5 m 
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F i gu re 3. Ma p o f  t he S kå l be rget  q ua rry 

Fjä c ka S ha l e 0 . 25 m 
S ha l e i n  t h e  l ower 6-7 cm dark  b rown, i n  the uppe r 
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part  g rey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.25 m 

S l a nd rom equ i va l ents 2. 95 m 
Da rk g rey , b i tumi n o us l i me s tone . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.15 m 
Grey. th i c k-bedde d  to  nodula r lim e s tone with argil l a-
ceous i n te rca l ations. N i co l e l la s p. is a commo n 
bra c h i o pod  . . . . . . . . . . . . . . . . . . . :-:- ................... . . ...... 2.8 m 

K u l l s be rg L i mes tone ( mou nd  co re ) 
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l :2  UNSKARSHEDEN ( F i g .  2)  A ' tw i n '  of  stroma tact is - bea r i n g  ca rbonate  

mou n d s  wh i c h d i p a l mo s t  vert i ca l l y: t he M i d d l e O rdav ie i a n  K u l l sberg 

L i mestone  to the north-wes t over l a i n  by the  Upper  Ordav i e i a n Boda  

L i mestone  to  t he  sou t h-ea s t. L l a ndovery g rapto l i t i c  s ha l es 

( K a l l ho l n Forma t i o n) w i th l a rge, rou nded l i me s tone  l en se s  ( co nc re

t i o ns ) re s t  upon  the  Boda L i me s tone  farthest  to t he  s o uth- east . A 

th i n  seq uence  o f  g ree n is h  g rey, t h i n bedded l i mestones between  the  

K u l l s be rg and  Boda  L i mestones  be l o n g  to the  mou nd cover  o f  t he  

K u l ls berg  L i mestone; they have  not  yet  been s tu d i ed i n  d e ta i l , bu t 

a p pea r to i n c l ude  a t h i n wedge  of  t he  S l a nd rom equ i va l e n ts a n d  

Fjäc ka S ha l e eq u i va l e n t s  deve l o ped ma i n l y  as g reen mudstone . Note 

the c re v ices  i n  t he Boda L i mestone  fi l l ed w i t h  b l ac k  L l a ndo v e ry 

sha l e .  

Fa rth est  to t he  north-wes t, remova l o f  l oo s e  d r i ft depo s i t s  w h i c h  

covered  the bed- ro c k  ha s exposed l a rge  s u rface s  of  t h e  K u l l sberg 

L i mes tone , p o l i shed by the P l e i s tocene  l a n d  i c e .  T hese  s u rfa c es , 

a p p ro x i ma te l y  perpend i c u l a r  to the depos i t i ona l p l a n e , show the  

s truc t u re s  o f  the mo und  co re exce l lent l y .  The  s urf a c es a re n ow 

exposed a t  the tra n s i t i on be tween t he mou n d  core a nd the  f l a n k  

depo s i ts, a n d  the  red co l o u r  of  the l i mes tone ma tr i x contra s t s  

d is t i nc t l y  a ga i n s t  the  drusy c a l c i te o f  s t roma tac t i s .  T hes e  

s urfaces have  b e e n  repea ted l y  f i g u red ( Ja a n u ss o n  1 979; Ba th u rs t  

l 980' 1 982 ) . 

l :3 KU L L SBERG ( F  i g .  2 )  Type l oc a l i ty of  t h e  M i d d l e O rdav i e i a n  

K u l l s be rg L i mes tone , a s troma ta c t i s -bea r i ng  ca rbona te mound . The  

q ua rry i ng  ceased when  the h i g h ca rbo na te  l i me s tone  of  the  mo und  core  

h a d  been  q u a r r i  ed  away . Some o f  t he  mo  und  c o re rema i n s to the l eft 

of the e n t ra n c e  to  t he q u a r ry ,  o t herwi se  the q u a r ry wa l l s a re i n  the 

bedded  rnound  f l a n k  deposit.s .  T he  southern  wa l l  of  t he  q u a r ry ex-

po s es the fo l l ow i n g  see t i a n  ( based  o n  u n p u b l ished  data  by V .  J a a n u s son, 

J .  Ma rtna, H .  M u tve i a nd H .  Neu ha us i n  1945-47). 

Fjäcka  S ha l e  The  top o f  the  s ec t i o n  a ppea rs to be c l ose  
to the  ba s e  of  t he Fjäcka  Sha l e, bec a use p i eces  of  
t h is  b l a c k  s ha l e  occ u r  o n  the  g round  i mmed i a te l y  
south  o f  the  q ua rry (see a l so Wa rb u rg 1 91 0 ) . 



S l an drom eq u i va l en t s  
Predom inan t l y  ca l c a ren i t i c , g rey , th i c k  bedded l i me s ton e  
wi th some th in  port i o n s  o f  nodu l a r ,  a r g i l l a c eo u s  l i me 
s ton e . Some bed s in  the  m i dd l e con t a i n  g l a ucon i te 
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g ra i n s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 . 5 m +  

S kå l berg L i mes tene 
P redom in an t l y  ca l c a ren i t i c , g rey , mo s t l y nodu l a r a r g i l l a 
c eou s l i me s ton e . Toxoc ha smo p s  exten s a  (Boec k) , 
T r i �ramma r i a n. s p. A ,  LeptestTin a  aff . i n d en tata  
(SpJ eldncl!s ), N i co l e l l a s p., etc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l .  7 m 

Ku l l s berg  L i me s tone 
T h i c k bedded to ma s s i ve l i mes ton e be l on g in g  to the  per i -
phera l fa c i e s of  the  moun d core . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 . 5  m 
Th i n  bedded c a l c a ren i te wi t h  g reen a rg i l l a ceou s  pa rt in g s . 
U pper  bo unda ry t ran s i t i on a l . The s e  bed s  s t i l l a p pea r to 
b e  S ka ge n  eq u i va l en ts .  Eoel ec todo n ta perceden s , P l a ty-
s t roph i a c f . l yn x , Chr i s t 1 an ia holtedahl i , etc  . . . . . . . . . . . . .  1. 0 m 
Red to v ar i egated red and g reeni sh g rey l i me s tene o f  
v a ry in g th i c kn e s s  of  i nd i v i d ua l  b e d s  an d w i t h  a r g i l l a c eo u s  
i n terca l a t i on s . A s a p h u s  ( Neo a s a ph u s) c f .  l ud ib u n d u s  
Tö rn q . ,  Eo�l ec todon ta pe rc eden s ( HoTtedah l  } ,  E .  cf . 
a c um in a ta Holt . ) , Birnun a s p., Ptycho g l ypt u s  sp., C hr i s t -
ian ia hol teda h l i Spjeldncl!s , O epi kin a  s p., Pl a tystroph i a  
aff. l ynx  (Ei chw.) ,  N i co l e l l a  s p., Da l e ro rthi s s p� 
S u l evortni s  s p., Ca rtocys t 1 tes l agen ali s Regnel l ,  H a p l o -
s pha e roni s o b l onga An g . ) , etc  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 . 8 m 
Green i sh g rey a rg 1 l l a ceo u s  l i mesten e w i t h  a rg i l l a c eo u s  
i n terea l a t i an s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0 . 5 m +  

OV ERTHRUST PLAN E 

The  Ku l l s berg  moun d  ha s been th ru s t  o ver  a nother  Ku l l s berg  c a r bona te 

moun d wh i c h  wa s s i tua ted be l ow the l e ve l  of  th� p re sen t  q u a r ry 

f l oor . The  c o re of  th i s  mound  wa s a l so qua rr i ed , b u t  the  p i t i s  

n ow f i l l ed .  P a rts  of  the  thru s t  p l an e  a re v i s i b l e  a t  t he  en tran c e  

t o  the  qua rry ,  an d a l so t o  t h e  r i g h t  wi th in  t he  q u a r ry .  A t  t h e  

en t ran c e , t he  u pper  Ku l l sbe rg moun d  wa s thr u s t  o ver  s teep l y d i p p i n g  

U p p e r  O rdav i e i an i ntermo un d  bed s  and Lowe r  L l an do very mud s ton e s  

{th i s sec t i on i s  t h e  type l oca l i ty of  t h e  G l i s s tjärn Fo rma t i on) . 

Th i s  s ect i on i s  now poo rl y exposed but  i s  s t i l l a c c e s s i b l e  in  pa rt 

and represen ts t he  bes t  a v a i l a b l e s eet i an of the i ntermo un d  H i rna n 

t i an b e d s  in  the S i l j an d i s tr i c t . The  fo l l owin g d e s c r i pt i on  o f  the  

s ect i on i s  ba s ed o n  Thors l u n d  ( 1 9 3 5 ; h i s ma ter i a l  has  s in c e  been  re

examin ed , an d the  i den t i f i ca t i on s  o f  fos s i l s  have been u pd a ted ) . 
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LLANDOV ERY  
Ka l l ho l n Fo rma t i on 

Da rk  g ra pto l i t i c  s ha l e  w i th  l i mes tone concret i on s  . . . . . . . . . . 7 m 

G l i s s tj ä r n  Forma t i o n  1 3 . 0  m 
G rey mud s tone  wi th  th i n  bed s o f  f i ne l y  nodu l a r  l i me s tone  . . . 1 . 5 m 
Red mud s tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4. l  m 
Da� g rey , s oft mud s tone  w i t h  s ome beds  o f  ca l ca reou s  
mudstone . E nc r i n u r u s  s �, F l e x i ca lyme ne?  s p� Ha rpi de l l a  
s p .  T he  b a s e  o f  �d i v i s i o n , a s  d e fi ned by Thorsl u nd 
( 1 9 3 5 ) may be w i t h i n  the H i rna nt i a n  . . . . . . . . . . . . . . . . . . . . . . . .  7 . 4  m 

UPP E R  ORDOV I C I AN 
Tomma rp  Fo rma t i o n  ( H i r nant i a n  Sta ge  ) 2 . 3 5 m 

Grey , a rg i l l a c eo u s  l i me s tone  w i t h  t h i n i n te rea l a t i an s  
o f  g rey mud s tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  O .  9 5  m 
Dark  g rey , th i n  bedded mu d s tone  wi th some t h i n  i n te r -
ea l a t i an o f  g rey a rg i l l a ceou s  l i me s tone  . . . . . . . . . . . . . . . . . . . .  0 . 3 5 m 
Grey , ca l c a reo u s  muds tone . F l ex i ca l ymene s �, 
Lepta e n a  c f .  rugo s a  Da l man , Fol i omena s �, Lea nge l l a  
{ Lepte s t i i n a )  s �, Hi nde l l a  cf . c ra s s a  i nc i pi e n s  
( Wi l l i ams )  { =  ? H i ndel l a ca s s i dea  {Dalma n ) ) ,  Loxonema 
s� i nde�, S treptel a sma u n i c um Neuma n . . . . . . . . . . . . . . . . . . . . . . .  0 . 9 m 
G rey , h ard  c a l ca renlrfe { =  Kl i ng ka l k )  w i t h  s pa rse , 
rounded  q ua rt z  g ra i n s ( ma x i mum d i ameter  0 . 3  mm ) i n  
the  ba s a l 2 cm Da l ma n i t i na ( Mu c rona s p i s )  muc ronata 
( Bro n g n . ) ,  F l exical)men e  s �, Hi ndel l a  c f . c ra s sa 
i nc i� i en s  ( Wi l l i ams , Lo xonema s �, Gyronema ? n .  s p . , 
Cl a t  ro pora b i fu rcata  {Brood) , St reptel asma u n i cum  
Neuman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -. -. :---:-:-: . . . . . . . . . . O. 1 5  m 

J o n s torp  Fo nna t i o n  
U pper Membe r .  Grey , i n  s ame bed s var i ega ted red a nd 
g rey , f i ne l y  nodu l a r a rg i l l a ceo u s  l i me s tone  g ra d i n g 
i n to g rey muds to n e  w i t h  l i me s tone  nodu l es ( pro ba b l y  
A l l e be rg beds ) .  Atra c to pyge s p., P h i l l i ps i ne l l a  
pa ra bo l a ( Ba rr . ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 8  m 
�ed , i n  t h e  l owe rmo s t  part  g rey f i n e l y nodu l a r l i me-
s tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c .  9 m 
Ög l u nda L i me s tone . Grey , ha rd , very f i n e  g ra i ned  
f i ne l y  nodu l a r l i me s tone  ( ma s u r - ka l k )  . . . . . . . . . . . . . . . . . . .  c .  m 
Lower Memb e r. Grey f i ne l y  nodu l a r  l i me s ton e . 
T h i c knes s u ncerta i n .  

Fj ä c ka S ha l e 
B l a c k  s h a l e ,  d i s torted d u r i n g  fa u l t i ng ,  t h i c kn e s s  
u n known . 

On  t he  way to t he north , \'le pa s s  Boda c h u rc h  on  the l eft s i de ,  

s i tua ted o n  t he  top  o f  a c a rbonate  mou n d , t he  type l oc a l i ty of  

the  Boda  L i me s tone . 



35 

1 : 4 OSMUNDSBERGET ( F i g s . 2 , 4) A l arge  qua rry i n  a nother  ' tw i n ' o f  

s t roma tac t i s - bea r i ng  ca rbonate moun d s . The  M i dd l e Ordav i e i a n 

Ku l l s be rg L i mes tone to the  s o ut h  i s over l a i n  by the  U pper  Ordov i 

c i a n  Boda L i me s tone . At the  nort hern e n tra nce  to the  quarry ,  

L l a ndovery depo s i t s  re s t  upon  the  Boda L i mestone  w i t h  t h i c k

bedded  l i g ht  g rey l i me s tone bed s  a t  the  ba se . T h i s  l i me s tone  forms 

the i mmed i a te mound  cover  here . The bou ndary be tween t he Boda  L i me 

s tone a n d  the L l andovery sequence  i s  not  a l ways i mmed i a te l y  

obv i ou s  mac roscop i ca l l y .  However , th e L l a n do ve ry l i mestone l ac k s  

s troma tac t i s a n d  a s soc i a ted carbonate  mou n d  s tructures , a n d  i ts 

deve l o pmen t  wa s o bv i ou s l y  a s soc i a ted wi t h  pa rt i c u l a r  depo s i t i o n a l 

cond i t i o n s  c l o s e  to t he top o f  a n  e l e va t i o n  o n  the  s ea f l oor . 

H i g h e r  u p , the  L l a n dovery sequence  c o n t i n u e s  a s g ra pto l i t i c  s h a l e 

c o n ta i n i n g rou nded  l i me s tone  co n c ret i on s  o f  va r i o u s  s i ze ,  a n d  a 

camp l ex  o f  be n to n i te bed s . The  rna und  cover  o f  the  Ku l l s berg L i me

s to ne , between  the  Ku l l s be rg a n d  Boda  mou nd s ,  i n c l u de s  th i n  

equ i va l e nt s  o f  bo th  the  S l a nd rom L i me s tone  a n d  Fj äcka S h a l e ,  but  

the se  bed s  h a ve not  been  s t ud -

i e d  i n d e  ta i l . 

I n  t he  eas tern pa rt o f  t he 

q uarry the  tra n s i t i on between 

the  Boda mou nd core and the  a r 

g i l l a ceou s , r e d  a nd  g reen , 

bedded mou n d  f l a n k  d e po s i ts  a re 

exposed . North  o f  the  north

ea s te rn e n tra n c e  to the  q ua rry 

the  rnau n d  f l a n k  depos i t s o f  the  

u p permo s t  Bo da L i me s tone  con 

ta i n  Ho l o rhyn c h u s  a n d  a re obv i -

O 1 00 200m 
'-----�--------' 

N 

t 

N enrren c e  

Mounrl ..; l ' V I ' r , 
Ku l l shf!fq l 

F i g ure 4. S ketch-ma p  o f  the  

Osmund s berget  q u a rry .  

o u s l y  o f  H i rna nt i a n  age . T here , t he  bedded l i me s tone  a n d  ma r l  a re 

ri c h  i n  va r i o u s  sedenta ry ma c rofos s i l s .  Common a rt i c u l a te brac h i apads  

i nc l u de  Eospi r i ger i n� expa n s a  ( L i n d s trHm) ,  Hya tt i d i na ?  po rt l oc k i ana  

( Reed ) ,  C h r i s t i a n i a s �, B i mur i a s �, Eop l ectodonta  s c hm i d t i  ( L i n d strHm ) , 

D i ambon i a  s p., D i coe l o s i a  i ndenta ( Cooper ) ,  Epi tomyo n i a  g lypha_ 

Wr i g h t , N i co l e l l a  o swa l d i  ( Ro emer) , S u l evorth i s  s p., a n d  Da l ero rt h i s 

s p . A commo n ru gose  cora l i s  Bodophy l l um o smu nden s e  Neuma n . He l i o 

l i th i d a nd  ta bu l a te cora l s a re represented  by Aca ntho l i t h u s  l ame l l as u s  

( L i n d s trHm ) , Ca ten i po ra a n d  o ther  fo rms . Cys to i d s , ( Eu cy st i s ,  
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Tetre u cys t i s ,  Ca ryocys t i tes , etc . ) fo rm a n  i mporta n t  mac ro fa un a l  

con s t i t u e n t . 

2 : 1  FJÄC KA S E CT I ON ( F i g .  5 )  A con t i n u o u s  s e e t i an  f rom the  u p p e r  pa rt 

of the  F u ruda l L i me s tone  to  the Upper  Jon s to rp Fo rma t i on . T he  

l owe rmo s t part  o f  t h e  s e c t i on , i n  t he  Fu ruda l L i me s tone  a n d  the  

l ower h a l f o f  the  Da l by L i me s tone , i s  expos ed i n  a sma l l ,  l o n g  

a b a ndoned  q ua rry ,  wh e rea s t h e  rema i n der  o f  t h e  s ee t i a n  i s  a n a t u ra l  
o u t e ro p  a l o n g  t he s l o pe  o f  t he �-1o l då va l l ey . T h e  l o ca  l i ty wa s f i  r s t  

3 0 m  

F i gu re 5 .  S ke tc h - ma p  o f  the  ma i n  

expo s u re s  a l o n g  the  Fj ä c ka b ro o k  
a t  Mo l då .  Ba s ed o n  a ma p o f  the  
Fj ä c k a  a rea  by  J .  Ma rtna . 

des c r i bed by Törnq u i s t i n  1 86 7 , 

b u t  a comp l ete  s ee t i a n  wa s f i r s t  

obta i n ed t h ro u g h  excava t i o n s  i n  

1 94 5 - 1 946 by Va l da r  J a a n u s son , 
J U r i  Ma rtna , Harry Mu tve i a n d  

Hen r i k N e u h a u s , who i n i t i a ted  
wh a t  i s  i n fo rma l l y  te rmed 

P roj ec t Fj ä c ka . The  who l e s e e 
t i an wa s d e s c r i bed by J a a n u s son  
& Ma rtna  ( 1 948 ) ,  the  l i t h o l o gy 
o f  the  S kagen  a n d  Mo l då topo

fo rma t i o n s  by Ma rtna  ( 1 9 5 5 ) , 

a n d  t h e  Furuda l a nd  Da l by L i me

s to n e s , w i t h  pa rt i c u l a r empha s i s  
o n  t he  s ucc e s s i on o f  pa l a eocope  
a s tracode  fa u na s ,  by  Jaa n u s s o n  
( l 963a ) .  L a u fe l d ( 1 967 )  des-
c r i bed the  c h i t i nozoan  s uc c e s s i on ,  

S .  Berg s t röm ( 1 97 1 ) th e conodo n t  s ucc es s i on a n d  J a a n u s s o n  ( 1 976 ) 

s umma r i s ed  t h e  i n fo rma t i on  o n  M i d d l e Ordav i e i a n  a s tracode  ran g e s . 

Ad d i t i o n a l wo rk  i s  i n  p ro g re s s ( e . g . s ee  F i g s . 6 ,  7 ) .  The who l e 
s ec t i o n  wa s re - e x c a vated  by c o u rtesy o f  t h e  Ko ppa rberg Co u n ty Go vern

me n t  i n  1 9 7 6 , and  t he a rea now fo rms a pro tec ted Na t u re Rese rve . 

Th e Fj äcka s e e t i a n  i s  t he  typ e  l oc a l i ty fo r F uruda l , Da l by , Mo l då 
a n d  Fj äc k a  Forma t i on , a n d  fo r th e No r t h  At l a n t i c  conodont  zone s  o f  
Pygod�_?_ ? n s e r i  n u s , 8mo rphogna  th t�2- tvaeren s i s ( a nd i t s t h re e  s u bzones ) 
a n d  A111o rph�gn_�_t h u s  _?_�pe rb�� . 
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P l ea s e  na te t h a t  t he  a rea i s  a Na ture  Reserve  a n d  t h a t  a c c o rd i ng to 

l aw no  co l l ec t i ng  i s  perm i tted w i t ho u t  s p ec i a l  p erm i s s i on from 

s kog s vå rd s tyre l s en  ( Fo re s t ry Pro tee t i a n  Cou n c i l )  of the  Koppa rberg 

Cou n ty ( a pp l i c a t i o n s  fo r t h i s s h ou l d be s u bm i tted prefera b l y  t hrou g h  

La rs  Ka r i s a t  t he Geo l og i ca l  S u rvey o f  Sweden ) . P ermi s s i on ha s been  

g ra n ted for the  e xc urs i o n . Go l l ee t i ng for P roj e c t  Fj ä c ka i s  be i ng 

do ne  w i t h  bed- by- bed prec i s i on ,  a nd a s  the  a v a i l a b l e q ua n t i ty o f  roc k  

fo r each  bed i s  l i m i ted , e very s pec i me n  o f  mos t  s pec i e s i s  i mporta n t . 

I t  i s  a l s o  i mpo rtan t  tha t t he  l eve l  o f  eac h s p ec i me n  fo u n d  s h o u l d 

be dete rm i ned by mea s u r i n g  t he  s t ra t i g ra ph i ca l  d i s ta nc e  ( pe rpend i 

c u l a r  to the  s tr i ke a nd d i p )  from the  c l a s e s t  fo rma t i ona l bounda ry 

o r other  i ndex  l eve l ( s u c h  a s  a bento n i te bed ) . 

The  s e e t i an a t  Fj �c ka i s  a s  fo l l ows : 

U P P E R  ORDOV I G I AN ( HARJUAN SE R I ES )  

J o n s to rp Fo rma t i o n  6 . 5  m + 
Red , fi n e l y  nodu l a r , a r g i l l a c eou s  l i me s tene  . . . . . . . . . . . . . . . .  4 . 1 m +  
�rey i s h - green , f i n e l y  nod u l a r ,  a rg i l l a ceous  l i me stene  . . . . . . 3. 8 m 
Og l unda  L i me s tone . V ery f i ne  g ra i ned , ha rd , f i n e l y 
nod  u l a r ca l c i l u t  i te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O .  8 m 
Greyi s h - g reen , f i ne l y nod u l a r ,  a rg i l l a c eo u s  l i me s tene  . . . . . .  3 . 0  m 

Fj ä c ka S ha l e 5 . 8 m 
B l a c k s ha l e .  Some beds  ( e s pe c i a l l y  i n  t he l owe rmo s t  
pa rt ) a re r i c h  i n  fo s s i l s ,  s u c h  a s  Treta s p i s s e t i corn i s 
( H i s i n ge r ) , F l e x i c a l yme ne  t r i n uc l e i na ,  "OnnTell a "  
a rgen tea  ( H i s . ) , Chonetoi d ea iduna  Öp i k ,  Ac ti nomena ? 
:a ra chnoide� ( L  i nd s t rom) , etc .-. -. .  -. · . . . . . . . . . . . . . . . . . . . . . . . . . . 5 . 8  m 

S l a ndrom L i me s tene  8 . 4 m 
Ha rd , very f i n e - g ra i ned  ( ' l  i t hogra p h i c a l ' ) , f i ne  l y  
nodu l a r  l i mes tene (' ma s u r' l i me s tone ) ,  a l terna t i n g  w i t h  
fa i r l y  t h i c k  bedded , mos t l y  ca l c a re n i t i c ca l c i l u t i te .  
The  ' ma s ur ' l i m es tene  h a s  been rega rded a s  e s pec i a l l y  
c ha ra c te r i s t i c fo r t h i s  forma t i o n  bu t i n  fa c t  i t  o cc u p i e s  
o n l y  a bo u t  30% o f  the  tota l t h i c knes s o f  t h e  forma t i o n . 
Poor i n  fos s i l s .  Toxoc ha smo p s  c f .  we sen bergen s i s  h a s  
b e e n  rec orded  from-the l owe r pa rt (Ja a n u s son  1953 ) ,  
and  Treta s p i s s e t i c o rn i s e e c u rs i n  the  upper  pa rt . . . . . . . . . . 8 . 4  m 

M I DDLE  ORDOV I C I AN ( V I RUAN S E R I E S ) 

Mo l då Topofo rma t i o n  5 . 8  m ( fo r  t he  rnae ra fa una  see  F i g .  7 
Grey , t h i n  bedded , a rg i l l a ceo u s  ca l c i l u t i te , i n  t h e  
l owe r ha l f w i t h  i n te rea l a t i a n s  o f  c a l ca reou s  m ud sto n e  3 . 6  m 
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Regu l a r l y  bedded , g rey , a rg i l l a c eo u s  c a l c i l u t i te  w i t h  
th i c k i n terea l a t i a n s  o f  ca l c a reo u s  mud s tone  . . . . . . . . . . . . . . . . 2 . 2  m 

S ka g e n  To pofo rma t i o n 5 . 6  m ( fo r  the  rnae ra fa u na s ee  F i g .  7 )  
Regu l a r l y  bedded , g rey a rg i l l a c eou s c a l c i l u t i te wi t h  

Q) c 
o 
"' 
"' 
E 

_J 

"' 
o 

th i c k  i n te rea l a t i an s  o f  ca l ca re o u s  muds tone . . . . . . . . . . . . . . . .  0 . 5  m 
Grey , t h i n bedded , a r g i l l aceous  ca l c i l ut i te wi t h  
regu l a r i n te rea l a t i a n s  o f  ca l ca reou s  mud s tone  . . . . . . . . . . . . . . 2 . 4  m 
Grey , th i c k bedded , a rg i l l a ceo u s  ca l c i l u t i te wi th  
a rg i l l a c e o us pa rt i n g s  . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .  2 . 7  m 

i F i g u re 6 .  Sampl e - freq u e n cy 
O f-- B 

d i s tr i but i on o f  t he  common s pe-

l 

c i e s i n  the  l a rge rnae rafa una  

Q; ( ex c l u d i n g  b ryozoa n s ) i n  the  
D 
E Da l by L i me s tone  o f  the  ma i n  (J 
:::; 5 
Q; Fj ä c ka s ee t i a n ( v . J a a n u s s o n , Q_ Q_ 
::> 

o r i g i n a l ) .  T he  f i g u re s hows 

l 

s pec i e s wh i c h were fo u n d  i n  a 

s e r i es  o f  2 . 5 kg  samp l e s ; c .  f-- B 
1 0  
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the  l ev e l  o f  ea c h  samp l e i s  

i n d i c a ted  by b l a c k q u a d ra n g l e s 

a l ong  the  roc k co l umn . Spec i e s 

wh i c h  occu rred i n  l e s s  t ha n  

t h ree  sampl e s  a re exc l u d ed . I t  

s h o u l d be emp ha s i sed  t h a t  for 

mo s t of  t h e  s pec i e s the  f i g ure 

does  not  s how the known v e rt i 

ca l ra nge  ba s ed o n  a l l a va i l a b l e  

ma te r i a l  ( se l ec t i v e  co l l ect i ng 

"C o. .� � � => Q> � � "' � 
=> � 20 � � � .� � o. Ll. _J \IV'J o � � � .. � � � Q. � . � � o. E .. � .. 
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o .. • . o � 
. o. . ·o. .. � 
:.;; � � u E 
u � � ?: . "' o '" "' <l) ... o i n c l ud  ed ) . 

Da l by L i mes tone  1 9 . 9  m ( for  common forms i n  t he  rnae ra fa u na see  F i g .  6 )  
Upper  Mem ber  ( 1 3 . 3  m ) . A camp l ex o f  7 ben to n i te beds , 
w i t h  the  t h i c ke s t  bed ( 2 6 cm ) on  the  top , i n te rca l -
a ted by be d s  o f  grey , c a l c a ren i t i c  c a l c i l u t i te .  T he  
ba s a l  b e n ton i te bed  ( l  cm  th i c k ) ,  s e p a ra ted  from the  
other  bed s  o f  the  c amp l ex  by  50  cm o f  l i me s tone , i s  
ta k en a s  a refe rence  l e v e l  ( O  m )  w i t h i n t h e  Da l by 
L i mes tone  be l ow t he benton i t i c  camp l ex  . . . . . . . . . . . . . . . . . . . . . 1 .8 m 
G rey , s amewh a t  nodu l ar l i me s tone  ( c a l c a ren i t i c  
c a l c i l u t i te to ca l ca ren i te )  w i th  i rreg u l a r  a rg i l l a -
ceous  i n terca l a t i o n s . A benton i te bed ( 3 - 5  cm th i c k )  
a t  th e ba s e o f  t he u n i t  fo rms  a conven i en t  i n dex  har i zo n  . . .  9 . 5  m 



Samewha t nodu l a r  l i me s tone , i n d i s t i n g u i s ha b l e from 
the roc k  a bove . Beds  adj a c e n t  to the bo u n d a ry 
betwee n  the  Lowe r a nd Upper  Members  of  the  Da l by 
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L i me s tone  a re poor l y e xposed  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  c .  2 m 
Lowe r  Membe r ( c . 6 . 6  m ) . T h i c k  bedded , g rey 
ca l ca ren i te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c .  4 m 
Grey , fa i r l y  t h i c k  bedded l i me s tone , ma i n l y  
ca l c i l u t i t i c . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .  c .  2 . 6  m 

Furuda l L i me s to n e  5 m +  
Grey , fa i r l y  t h i c k  bedd ed c a l c i l u t i te . . . . . . . . . . . . . . . . . . . 5 m + 
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F i g u re 7 .  Mac rofa una  l l og 

( exc l u d i n g  bryozoa n s ) from 

the  S ka g e n  a n d  Mo l då Topofor

ma t i o n s  o f  t h e  ma i n  Fj ä c ka 

s ee t i a n  ( M . G .  Ba s sett  a n d  V .  
Ja a n u s so n , o r  i g i na l ) . W i th  

the  except i o n of  T r i g ramma r i a 

s � A ,  s p ec i e s  wh i c h have  been 

fo u n d  a t  a s i n g l e l e ve l a re 

exc l uded . The  l og i s  i n  many 

r e s pec t s  p re l i m i n a ry bec a u s e  

a mo nogra p h i c s t udy of  the 

fa u n a  i s  not yet c omp l eted . 

2:2 DJ UPGRAV ( Loc . 6 ,  F i g .  l ) Road c u t  i n  t h e  ba sa l Ordav i e i a n  c o n g l om

e ra te , re s t i n g  on the J a t n i a n s a n d s tone . The bed s d i p a l mo s t  vert i 

ca l l y .  The  con g l ame ra te i s  c .  3 m  t h i c k  a n d co n s i s t s  o f  rou nded  

pebb l e s  o f  v a r i o u s  P recambr i a n  roc k s , mo s t l y  s u b- J a tn i a n  po r p hyr i e s , 

embedded  i n  a ma tr i x o f  coa rse  s a n d stone . A s  a res u l t o f  fa u l t i ng ,  

t he  s equence  i s  repeated a l o n g  t h e  roa d . The  topmo s t  c .  3 0  cm of  

t h e  cong l ame ra te i s  samewha t  d a r k e r  tha n th e  u n e rl y i n g  bed s ,  a nd 

ha s a v e ry th i n l aye r o f  a g rey i s h s ha l e  a t  t h e  ba s e . I n  the  

wes te rn expo s ure  t he  s ha l e i s  bl a c k  a n d  conta i n s gj__�_
tyo_r:J�_fi!_� s oc i a_�� 

( Thors l u nd  & Jaa n u s son  1 960) . The  co n g l amera te i s  o v e r l a i n  by the  

La tarp L i me s to ne wh i c h conta i n s  n ume ro u s  d i scon t i n u i ty s u rfa c e s a n d  
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has  a s a ndy g l a ucon i t i c  c l ay a t  t he  ba se . 

2: 3  KARGÄRDE ( Loc . 7 ,  F i g .  l )  A c o n t i n uo u s  sect i o n  from t he  Precam

b r i a n  to t he top  of the  M i d d l e Orda v i e i a n  Da l by L i mestone . I n  t he 

i mmed i a te  v i c i n i ty sma l l expo s u re s  cover i n g mo s t  o f  the  sequence  

h ave  been  known for a l a ng  t i me ( Tö rnq u i s t 1 88 3 ) . A cont i nuo u s  

s ec t i o n  from the  La nna  L i me stone  t o  t he Furud a l  l i me stone  wa s 

expo sed  by excava t i o n  i n  1 9 47 ( d e s c r i bed by J a a n u s son  & Mutve i 

1 9 5 3  a n d  J a a n u s so n  l 96 3a ) .  The  present  s ee t i a n  wa s prepa red by the  

Go vernme n t  o f  t he  Kop pa rberg  Cou n ty i n  1 976 and  i s  p ro tected  as  a 

N at ure Re serve . 

At  Kå rgärde  a re t he  type s ee t i a n s  o f  t he  Ho l en a n d  Kå rgärde  L i me

s tone s , and  t he  North  At l a n t i c conodont  Z on e  o f  fygod� s erru s a s  

we 1 1  a s  i t s s ubzones  o f  E o p  l a cogna�-�� s uec i c u s , �· f o l_ i a c eu s , 

E. rec l i na tu s  a n d  E .  l i n d s t roem� (S. Bergs t röm 1 97 1 ) .  

T he  new expo s u re ha s n ot  yet been s tud i ed i n  deta i l . T he fo l l owi n g  

d e s c r i pt i o n of  t h e  sec t i o n  wa s prepa red by L a r s  Ka r i s .  We s t  o f  

t h e  maj or  fa u l t o n  t h e  t o p  of  t he  Da l by L i me s tone  t h e  sequence  i s  

repea ted a n d  c o n t i n u e s  i n  the  Furuda l L i mestone  wh i c h  i s  a l s o  ex

posed  i n  a sma l l ,  a ba n do ned  q u a rry fa rther  to t he  we st . I n  t he 

wes te rn part  o f  the  q ua rry tra n s i t i on to the  Da l by L i me s tone  h a s  

b e e n  expo s e d . I n  the  who l e Kå rgä rde  a rea t he bed s d i p a l mo s t 

v e rt i  ca  l l y .  

MAJ OR  FAU LT 

M I DD L E  ORDOV I C I AN 
Da l by L i mestone  1 8 . 1  m 

A comp l e x  o f  benton i t i c  beds  s e p a ra ted by beds  o f  
g rey ,  samewha t nod u l a r ,  a rg i l l a ceo u s  l i me s to n e . 
The  u ppermo s t  benton i t i c  bed i s  c .  1 5  cm t h i c k ,  a n d  
3 th i n  a d d i t i o n a l bed s  ca n b e  reco g n i sed  l owe r down 
Grey , bedded to n o d u l a r  l i me s tone  wi th  i rreg u l a r  
a rg i l l a ceo u s  i n te rca l a t i o n s . Ec h i nos�haer i tes  
a u ra n t i um i s  a c o n s p i c u o u s  mac rofo s s i  . . . . . . . . . . . . . . . . .  . 
"Grey , th1 c k  bedded  c a l c a re n i te . . . . . . . . . . . . . . . . . . . . . . .  c .  
G rey , f i ne  g ra i ned , ma i n l y  c a l c i l u t i t i c  l i mes tone  . . . .  c .  

0 . 5  m 

1 1 . l m 
5 . 0  m 
l .  5 m 



Fu ruda l L i me s tone 9 . 2  m 
Un i form sequence  o f  th i c k  bedded , g rey c a l c i l u t i te s  
w i t h  a rg i l l aceo u s  i n terea l a t i a n s  . . . . . . . . . . . . . . . . . . . . . .  . 

Fo l ke s l u nda  L i mes tone  2 . 4  m 
Fa i r l y  t h i c k  bedded , g rey ca l ca ren i te . . . . . . . . . . . . . . . . .  . 

Fa i rl y  t h i c k  bedded , g rey ca l c i l u t i te 
w i t h  a rg i l l a c eou s i n te re a l a t i an s  . . . . . . . . . . . . . . . . . . . . . .  . 
One  bed o f  grey c a l ca ren i te . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Seby L i me s tene  l . 55 m 
Va r i ega ted red a nd grey , f i ne l y  nodu l a r  ca l c i l u t i te  . . . .  
V a r i ega ted red a nd  g rey , ma i n l y  fa i r l y  t h i c k  
bedded l i m es tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Skä r l ö v  L i me s tone 3 . 4 0 m 
Red , f i n e l y nod u l a r  to  nodu l a r  c a l c i l u t i te 

Seger s ta d  L i me s tone  3 . 1  m 
V i ka rby Bed s ( Zone  o f  I l l a en u s  p l a n i fro n s ) .  V a r i ega ted 
red a nd g re y ,  th i  c k  bedded l 1me s tones  . . . . . . . . . . . . . . . . .  . 
Kå rgä rde Beds  ( Zo ne of  Ange l i nocera s  l a t um ) . Red , 
t h i c k  bedded l i me s tone  wi th same i nfercälat i o n s  o f  
red , f i ne l y nodu l a r  l i me s to ne .  T he re a re t ra ce s  o f  
s t romato l i t i c  a l ga l  ma t s  i n  t h e  l owermo s t  bed s . . . . . . . .  . 

L OWER  ORDOV I C I AN 
Ha l en L i me s tone  ( type l oca l i ty )  7 . 1  m 

Th i c k bedd ed c a l c i l u t i tes , i n  the  u pper  pa rt  red , i n  
the  l ower pa rt va r i egated  red a nd  grey . . . . . . . . . . . . . . . .  . 

Grey , t h i c k bedded l i me s tone , ma i n l y  ca l c a ren i t i c  . . . . .  . 

Grey , th i c k bedded coq u i no i d  l i mestone , a bo u nd i ng 
i n  d i s a rt i c u l a ted  tr i l ob i te s  c a ra pa c e s  a nd frag -
men ta ry cepha l opod conc h s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

G rey , oo l i t i c  l i me s tone wi th  l i mon i t i c  oo i d s , 
pa rt i c u l a r l y  i n  t he  l ower 0 . 8  m .  The  ba s e  i s  
f� rmed �Y a

.
d i s c o n t i n u i ty s u rfa ce  w i t h  l i mo n i t i c 

m 1 ne ra l 1 s a t 1 on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

L a n n a  a n d  La to rp L i me s tone s  ( not  yet s tud i ed )  
G rey , med i um to th i c k bedded l i me s tone  w i t h  d i s -
cont i n u i ty s u rface s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

P a l e red , t h i c k  bedded  l i mes tone wi t h  n umero u s  
d i  s cont i  n u  i ty s u rfa c e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Red , t h i c k  bedded ca l c i l u t i te wi th  a few d i s -
co nt i n u  i ty s u rface s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

M I NOR  FAU LT 

4 1 

9 . 2  m 

1 . 4 m 

0. 85 m 
0 .15 m 

0. 5 m 

1 . 05 m 

3 . 40 m 

O .  7 m 

2 . 4  m 

4 . 8  m 
O .  7 m 

0 . 4  m 

l .  2 m 

0. 8 m 

1 . 4 m 

2 . 0  m 

Da r k  red mudstone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . O .  7 m 
Red , t h i c k  bedded c a l c i l u t i te wi t h  goeth i t i c  
m i nera l i sa t i o n a t  s ome l eve l s ;  ba s a l  1 5  cm nodu l a r  . . . . . 0 . 6 m 



4 2  

A l terna t i ng  b e d s  o f  red o r  va r i ega ted red , grey a n d  
ye l l ow ca l c i l u t i te and  red muds tone . . . . . . . . . . . . . . . . . .  . 

Red muds tone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Va r i ega ted red , g reen a nd ye l l ow ,  nodu l a r  
ca l c i l u t i te . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Green g l a ucon i t i c  c l ay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
G l a ucon i te sa n d s to ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Con g l amerate  wi th  a c a l c i te matr i x .  
The  pebb l es  a re mo s t l y  fo rmed by porp hyry , 
der i ved  from t he s u bs tra tes , but  g ra n i te a n d  
l i me s tone pebb l e s  a l so  occ u r  . . . . . . . . . . . . . . . . . . . . . . . . .  . 

J OTN I AN PORPHYRY  

1 . 8 m 
0 . 7 5 m 

0 . 1 m 
0 . 3  m 
0 . 2 5  m 

0 . 2 5 m 


