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Abstract. 
_\ hrief rt'\ie" of tlw .ueolou:<':d hi,;tory of the Late Pki:-;lon:·nl' nwrillC' da~· 

rlt'posit:-; of the 0:-;lof.iord area_ :-outhea,.;lent part of ~on,·a~·. has heen gi,·en. and 

a ;-;tratigraphi(':d diYi,.;ion of the:-;t' ,.;edinwnt,.;. t>:'lah]i,;hed upon the ha,;i,.; of their 

induded Foraminifera. ha" het>ll prt>,.;t'nlt>d. Thi.-; foraminiferal ~tratigraphy ha,.; been 

('~liTelatt>d ''ith older di,·i,;ioi~:-< of the dt>po,.;il,.; ha,.;t>d m1 nwgafossib. Tlw striking 

ohsenation has het>ll made that a (']o,.;t' <'dJTelation exi:-;ts lwl\\een tlw stratigraphy 

of a da:; depo,.;it and it,; geotechnical propertie,;. Thi,.; i:-; mo,.;t lwautifull~· demon­

,.;lrated h~· one of the properties. Yiz. the ,.;hear :-;trength. It has been attempted 

lo e'\plain this hy the n·lation behn·en original and present "alt <·oJIC'entraticn in 

the pore \\a ter of the day. Final!~·. mi('ropaleontolog·y has heen applied to thP 
problems of tnwing old land ,.;]ides and rt'('E'lll slip plane;-;. ,.;u('h application,.; haYinu 

lwe11 illustratt->d hy cxnmpks from Tmndheim a11d (),;]<l. 

Introduction. 
The main :-;uhjecb of 'oil mechanic:-~ in '\'orway are the proper­

ties of Lat(' Pleistucene marine clay dcposits. and the present papcr 

is an attt'mpt at introdncing the mcthods of micropalcontology 

into thesc practical problems. 

The adYantagcs of micropalcontulogy. compared "·ith the clas­
:-~ical inYcrtchrate palcontology. in clas . .;.;ifying diffcn·nt laycr:-~ of 

a sediment Iie in the sm<dl size (Jf the fos:-~ils "·ith \Yhich it dcals. 

B~, horing:-; through the subsurface mcgafossils. or fragments therc­
of. \Yill onl,\' accidcntall,\· he present in the corc cYcn if the :-~edimcnt 

i:-; rich in fussils. This is due to tlw rdatiYcly small diameter of the 

drill hole. or the :-~mall cntrance diameter of the piston sampler. 
Stratigraphic work on con· material. \Yhcn basecl on mcgafossib 
alone. \Yotdd thl'l'dore he difficult. if possihlc at alL \Yherca:-~ micro­

fossib \Yill usuall,\· occur ahundantly cYen in drill cmTs. Instead 

of single specimens or scattl'l'cd fragments the microfossils JH'OYick 
whole popnlations for stratigraphic intcrprdatiun. On account of 

their ];ngl' mnnhcr microfossib l'an he trcatc(l statistically, and 

also hy this thcy constitndc a far safn hase for paleostratigraphic 

conclusions than specifie detcrmination of a fcw. oecnsionally oe­
currmg. nwgafossil~. For the same rea:-;on microfo~~il~ are partie-
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ularly u~eful in palco-ceology. "·hich i:-; comTl'lll'd \\·ith the en,·iron­

mental conditions at the time when the microorgani:-;ms liYed and 

died and \H'l'C dcposited-such as temperature. depth nnd salinity 

of the \Y a ter. 

The Xon\·et6an I~atc and Po:->t Glacial marine el<~.''·" han' their 

greatest t•xtension around Oslofjorden and Trondheim~fjorden. 

and Foraminifera form the hulk of the microfo~~il.-: in thc.-.c sedi­

ments. In addition some speeie.-. of Ostracoda occur in mu.-:t sampk:-­

and oecasionally a . .-ing le specimen of Radiolaria or Dia tomaC('<l 

may he obs(TYed: microscopic dement-; of larger animal,; are re­

presentcd usually hy echinid spine." and skeletal remain.-: and inter­

mittently also h.\· spongc spicule-.;. 
The Foraminifer<l are singk-celled animals lwlonging to tht· 

Protozoa. B.\· far the greater part uf them are marine. only Yery 
few lin· in hraekish or en·n fre:-:h \\·a ter ( Cushman 1940). Tlwy 

deYelop a test \Yhich in a fL·\\· :-:pecie:-> is composed of a thin. flcxihk 

<md transparent layer of c hit in o us materiaL in othcr specil''­
it is made up of arcnac·c·ous material of foreign origin uwrc 

or less firmly ccmente<l on a ehitinous ha-.;al la_\Tr. and the largest 

group han· c al ca ren us tests which may he pcrforatc or im­

perforate and appcar hyalinc or porcellanous. Siliceous tests al-.;o 

occur. and among largc·r Foraminifcra. such as Fu;;;ulinidm·. highl;\· 
elaboratc wall structun·s are dcn·lopcd (Clac,-::-;ncr 1948). Largt.' 

Foraminifera han·, lHJ\H'YCT. not hccn ohserYed in ~tJl''Xegian Late 
Pleistocenc <.kposib. 

Foraminiferal tcsts are :-:urpri:-:ingl,,· re;;i:.;tant. nncl ma;: he prt·­

scrn·d in sediment.- eYcn of Camhrian origin. The ~izc of spcci­

mcns frum Late and Post Clacial days of XonYa_\· getH·rall_\· ran!H'" 

from O.l to 0.5 mm. the majorit.\· of them haYing diamd<Ts or 

lcngths hl't,n·cn 0.2 and 0.3 llllll. 

The specics of Foraminifern \Yhich han_, becn fuund in thest· 

.\·oung scdimcnts are all rcccnt. llOlH' of tlwm han· hccumc cxtinet 

in the course of 20.000-10.000 .\"C<HS. XcYertheless, <lue to their 

:'C'nsihilit.\· to changes in enYironmcntal eonditions. th<:·.\· han: 
IH'OYed tlwir usefulncss in stratigraphie rcseareh cn·n ... ,,·ithin thi:-. 

comparatin·ly short -;pau of time. The diffcn·ncTs in compo;;ition 

of foraminifcral populations from the scqucncc of I~ate Plci-,toectw 

deposits reftect i.a. the chang6 in \Yatcr tcm}>crature and salinit~· 
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\Yhich \n_Tc cau~ed h,,. the Yariations and O'icillations of the dimate 

during this time. and thus. these diffcrcnccs become stratigraphi­
cally significant. _-h the fo:-;sil fauna:-; are composcd of rccent forms. 

the ccology of somc of the spccics is quitc \Ycll knmYn. 
In 1954 Dr. G. Holmsen of the Trondheim Harhour Committcc. 

rccognizing the practical Yaluc of micropaleontolog~·. made usc of 

foraminifcral analyses in :-;uhsurfacc inYestiga tions of the harbour 

of Trondheim. and la ter scYcralmicropaleontological inn'stigations 
ha Ye he(·n carrie<l out for the ::\ onYcgian Gcotechnical Institute 

(Oslo and Trondheim). Thi:-; institute has made a considcrabk 

m1mhcr of suhsurfacc cxploration:-; and lahoratory cletcrmination-­

of the gcutechnic;1l propertics of soils, mostly conncctecl \Yith engi­
neering projccts ( Bjerrum 1954 a). The grcatcr part of thcsc soib 

are Late Glacial and Po:-;t (~lacial marine clay:-;. and the clircctor 

of the in:-;titutc. Dr. L. Bjcrrum. has generou'ily placed at my 

disposal a large munher of corcs from numcrous horings through 
XonYegian Late Plci:-;tocene dcposib. This materiaL though a.-. 

~·et on l~· part ly exa min cd. has grea tly contrihuted to the establish­
ing of a stratigraph~· of these :-;cdimcnts ha:-;ed upon mierofo:;;:;;ik 

In the preparation of thi.~ paper m~· \York has hcen highly 

stimulatcd h.'· discu~sions ,,·ith Dr. BjerrunL and I am espeeially 

inclehtcd to him for his ncn-r-failing interest and for facilitating 

the \York hy gem·rousl~· placing ~amplc~ and gcotechnical n'cord~ 
at my di:-iJ>Osal. I :-;lwuld al~o like to expre:-;s my tha nks to Dr. G. 

Holmsen \dlO kindl~· read tlw manuscript and offered many u~dul 
:-;uggestimh. and al:-;o to Curator H. Hoscndahl and Professor 
Dr. I. Th. Rosenq,·i:-;t for their ,,·jllingncss to discus:-; problems. I 

am furthcrmorc gn·atly indehtcd to the F.1ctdty atti:-;t :\fiss Ingrid 
LmYZO\\. \d10 preparcd the dra\\·ings. and to the Faculty photo­

graphcr :\fiss Bergliot :\Lauritz \\·ho preparcd the photographs. 

I finall.'· thank Xorgcs Geotekniske Institutt. Sorges Ynrckrigsfor­
sikring:-; Fond and ::\orge:-; AlmcnYitcnskapdige Forskning:-;rad for 

finaneial :-;upport in the prcparation of the paper. 

This papcr should han· lx·cn lH'l'C('<kd h~· onc dealing \Yith tlH· 
foraminiferal fnuna of the different zone:-; of the new stratigraphical 

di,·ision herc prcscntt'<l. This latter papcr i:-;. lw\H'HT. not yet rcacl,,­

for publica tion. hut from a gcotechnical point of Yic\\· it has hccn 

thought dc:-;irahk not to dela~- the puhlication of the present OIH'. 



Geology. 

Geological history. 
During the Plci~tocene cpoch ScandimtYia \Yas at lea~t thrce 

times coYered by immcnse ice slwets, the adYancing front of "'hich 
carricd a\Yay most of the unconsolidated scdiments '"hich the~· 
met on their wa~·. The unconsolidatcd sediment:-; of Xorway to-day 
are thcrcfore, in general, those \Yhich \HTC depositcd at the re­
ti-eating front of the latest glaciation. The accumulation of sno", 
and icc in Fennoscandia caused a depression of the land mass so 
that its coasts hccamc dceper suhmerged into the sea than the.'' 
were hefore the glaciation. During the subsequent period of cli­
matic amelioration the \Yeight of the ice masses lcssened, and 
consequently an isostatic eleYation of the preYiou:o;ly glaciated 
region took place. A grcat part of the marine sediments werc thus 
raised aboYe sea Ien'l, now forming the huilding grouncl in somc 
of the most denscl:• populated areas of Xorway. Yiz. the areas 
around Oslofjorden and Trondheimsfjorden. Due to the incrtia 
of the earth crust the general cleYation of the land mass has con­
tinucd. at a rctarding rate, en'l' sincc the ice con'r of the Iatest 
glaciation decrcased and Yanislwd. and is still assertcd to-day. At 
Oslo the higlwst raised shoreline is !Hm· founrl 221m ahoYc present 
sea leYcl (see also (~.Holmsen 1955). 

The retreat of the icc of the latest glaciation was. from one time 
to another. interrupted hy stagna tions. oscilla tions or cn·n rc­
adnmce of the ice front. The positions of the icc front at the se 
periods are marked h:, marginal moraincs, the most prominent of 
\Yhich is the well known Ra \\·hich in the Oslofjord area can he 
traced from Halden oYcr Sarpsborg to .:\foss. and from Horten to 
LarYik-Helgeroa. Its stratification. as \Yell as its contcnt of marine 
fossils. sho"· that this conspicuous nwraine is a suhmarine forma­
tion. Of later origin are prominent morainic dcposits farther north 
at .:\Iyscn, ~\s-Ski. Storsand. Tlwse are approx. ("Ontcmporaneous 
marking a stagnation or oscillation of thl' reccding icc front which 
is called tlw As-Ski stag c. The ncxt distinet stage is found 
in moraincs just north of the city of Oslo-at Linnerud. Grefsen. 
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Fig. l. Schematic illustration of lhe morames marking the different stages of the 
retreating ice cO\·er of the latest (Wiirm-Wiscon in) glaciation of the Oslo region. 

(Reclrawn from Holtedahl 1953.) 

Jf orenetrinn avsatt wzder isens tilbakeTykning . 
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Sognsnmn, Bogstadnmn and. farthcr \\·est. Egge in Lierdalen 
(Lier Yalley) north of Drammen. Thcse moraincs indicatc a glacial 
rc:ulYancc. and are referrcd to as the A k c r stag c. In the region 
of Romerike, north and northeast of Oslo. marginal glacial forma­
tions are found at Berger, .Jessheim and Haucrseter. the latest 
stagnation of the icc front in this area lwing the ~I inn c sund 
stag c at the soutlwrn end of the lake ~fjøsa. 

The different morainic stagcs of the area han' hccn schcmatic­
all~· marked in figure 1: for details about the stages the readcr is 
refcrred to the dcscription of Holtedahl (1953). ~Iarinc sediment.;;; 
of Late Pleistoccnc origin haYc hccn found as far north as the 
southern c>nd of ~Ijøsa and. along the rinT Gl~\ma. nortlnY<Hds 
to Våler (sce G. Holmsen 1954 and fig. 2). 

Stratigraphy. 
From a quantitatin' study of the foraminifcral content of somc 

marine Late Pleistocenc samplcs from the Oslofjord area ( Fe~·ling­
Hansscn 1954 a and h. 1955) it appcars that sedimcnb of Late 
Glacial age, when an icc> conT still existed and the thcrmal con­
ditions of the sea \HTe arctic. are casily distinguishable from Post 
Glacial ones. the first bcing dominated b~· the foraminiferal specie." 
Elphidium cla'L·atum together with Cassidulina crassa. tlH_, latter 
by Bulimina marginata toget her with El ph idiwn inccrtum. The 
numlwr of ~pecies are also usually gTeatcr in Post Glacial st'dimcnt.-. 
than in Late Glacial. 

La ter micropalcontologieal work \Yith co re ma tcrial from a 
num ber of horings \\·it hin the Oslofjord area (Sarpsborg. Fredrik­
stad, Oslo \\·ith suhurhs. Dramml'll, Humcrike) and also some from 
the city of Trondheim has Ycrifi<'<l the simple distinction hetween 
Late Glacial and Post Glacial da~·s. It has furthcrmorc hcen pos­

siblc to suhcliYidc the Late Glacial into 4 zones \Yhich are called A. 
B. C and D. and the Post Glacial into 3 zoncs. Yiz. E. F. and G. 

Thcsc zoncs are rccognizcd from one corc to another: eYen 
though local enYironmental conditions haYc added different ehar­
acters to the foraminifcral fauna. the stratigraphic characters 
appear through the facies diffcrcnces. In two later papers \H' \Yill 
sec how uur seYcn zoncs are defincd hy the occurcnec and frequency 
of certain spcci<'S of }"oraminifcra in the deposits. in the Oslofjord 
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Fig. 2. The rnaximum extension of the Late Glacial sea. (Holmsen 1954.) 

Den maksimale utbredelse av det senglariale haL 
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area a:-; \\Til a:-; in the region of Trondheimsfjorden. In current 
micropalcontological \\·ork the zoucs are in general casily distin­
guishcc1 h,\- a fe\\· common spccics in their foraminifcral contcnt. 
In the present papcr. hmn·vel'. \\T will just treat our zones as 
\Ycll-defincd stratigraphical units. and sec how thcsc units may 
contributc to the solution of practical gcotechnical problems. 

Z on c A compriscs the oldcst strata of the ~onn·gian Late 
Plcistocene. thcy \HTe dq>osited under high-arctic climatic con­
ditions "·hen ::\orway was almost entircl,\- cm-ercd b,\- icc. In the 
Oslofjord area clays of zone A han· onl,\· lwen found to the south 
of. and into. the plTYiously nwntioned large marginal morainc 
called the Ra. For rcasons which \Yill be discusscd in a later papcr. 
\\·c ma,\- assumc th:1t the scdimcnts of zone .\ wcrc depositC'd in 
.;ca-\Yatcr of rather high salinity. Among the ~Iollusca Portlandia 

arctica is the indcx fossil of zone A. 
Z on c B comprisc:-; sediments which \HTc <lcposited during 

amelioration of the dimatc when the iec margin receded north­
\Yards from the Ha. Outside (-iouth of) the Ha these deposits occur 
.;uperposed on sediments of zonc A, but north of the Ra the,\- rest 
on moraine. Clays belonging to zone Bare found northwards almost 
to the city of Oslo. Great masses of ice must han' becn melted away 
during this period, and the water of the corresponding Oslofjord 
must haYe been much diluted by fresh melt-water. The salinitY 
\Yas thcrdore prohahly considerahly lower than that of the zone A 
sea. prohahly lmnT than 30 ° oo. Anwng the ::\lollusca Ratlzyarca 

glacialis (= .lrca ylacialis) is the index fossil of zmw B. 
Z on c C comprises sediments \Yhich secm to han' been depositcd 

under marine-ecological eonditions which \H're distinctly hetter 
than those of the }H'evious zom·.;. The water temperature must 
han' bccn cumparatin·ly high. at kast at the beginning of the 
1wriod. The highest marine limit in Oslo. 221m ahoYc present sea 
len·L dates from the pcriod of ZOIH:' C. The col'l'l'sponding fjord 
hasin was thus considerahly wider and hetter Yentilatecl than the 
hasin of to-da,\-. and the salinit,\- of the water \Yas certainly hetwecn 
30 and 35 ° o1J. Clay layers helonging to zone C haYe lwen found 
in boring~ from Fredrikstad, Oslo. Dran1men, Eidanger and Trond­
heim. In Oslo. \Yhen prc:-;cnt. the,\· form the oldcst part of the ela,\' 
.... equcncc. Zonc C sccms lo be ahsent in the area of Romerike 
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northca~t of o~ lo. in proicctcd localit ic~. ho\\l'Yer. ~edimenb lw­

longing to thi~ zone \Yotdd be cxpected en·n tlwrc. Among mega­

fo~:'iils the pclecypod J'oldiel/a lcntic·ula ( = Portfandia lenticula) 
i~ the most frequcnt onc in sampks from zmw C. 

Z on e D comprisc~ ,-.;cdiment~ which contain a poor foramini­

feral fauna. Thesl' scdimcnts secm to haYc hccn deposited in "·atcr 

of low tcmpcrature. ~\t the hcginning of this periocl the elimati<' 

conditions had 011cc again lwcomc arctic or at !east suharctic. and 

the glaciers had n·adYancecl almost to to the site of the city of 
Oslo forming the marginal moraines of the ~\ker stagt•. A considcr­

abk decrease in salinit,\· took place ,,·hen the glaciers recedcd ane\\·, 

.'-Upplying the fjord \\·ith large qnantities of frcsh mclt-\\·ater. and 

during this period of gla cia! re(Tssion grea t ma~~e~ of zone D sedi­

ments \HTl' depo-.;ited. Thl' ~alinit.'· of tlw ('Ol'l'l'~JHHHling water \\·as 

probahl,Y considerahly lo\\Tr than 30 11 
1111, prohahly hl'hn·cn 30 and 

16 11 
1111. Sediments helonging to zom· n han· heen found around Oslo 

nncl Drammen and north\Yards oYer Romerike to the southcm end 

of ~Ijo~a. The mo~t frcq uent megafo::.;sil of zonc D is J'oldicl!u 
lenticula and in addition Portlandia arctica occtns intcrmittentl~-. 

'Yith the dcpo:-~ition of the z on c E layers the marine-dimatic 

conditions han· changed from arctic or suh-aretic to horcaL and. 

;1ccordin.g to thi~. \\T han· anin·d from Late Glacial into Post 

(~hu·ia! age. A shrinking ice sheet prohahly stillcxi~tcd in the fir~t 

part of this pcriod. hut. on the \\·hole, the icl' conT had Yanishul 

from the land. Tlw contemporancous ~ea-\Yatcr mu~t han· had 

high salinit,\·. ccrtainl,\· 30-35 11 
1111. Sedimcnts hclonging to zmw E 

han· not hl'cn found in the Homcrikc district hut secm to he 
(·ommonly di~tributcd dse,dwre in the Oslofjord area. ~-\mong 

the megafo~sils of zonc E are Jlytilus cdulis. c.IJJJI'ina islandico. 

Cardium cchincdum and Canlium cdulc. 
Z on l' F comprisc~ sedimcnts \Yhich \YC'l'l' dcpo~ited during 

a period of optimum climatic condition:-~. Both \Yatcr tempcrattm· 

and salinity ~ccm to han· hecu higlwr than during an,\· otlwr Late 

Plei~tocenc JKTiod. ZoiH' F layers occur at Oslo and south\Yanb 

in the area, hut tlwy han· hitlwrto not. at ka~t not in t,\·pical 

dcYt' lo p Ill l' Ilt. he en md wi t h in t hl' Dra mm en dis tri et. Dra mm ens­

fjordcn is se pa ra tcd fmn1 Oslofjorden hy the ~n·h·ik moraim· 

through \\·hich a Jlal'l'OW ~ound ha~ lwcn croded. The nwraine i-. 
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lo-day 50 m high in its middlc part and nses to approx. 70 m at 

the eastern fjord side. It dates from the time of zone B and was 

deposited as a submarinc formation. During the subsequent periods 

the shorelinc was lmn'red, more or less constantly, and at the 

heginning of the time of zonc F its position at SYelYik was approx. 

60 m aboYe present sea lcn·l (sec Holtedahl 1953. p. 735). Con­

sequently the top of the moraine "·as. ahout that time. raised 

abo,·c sea kYel, :md the fjord inside the morainc hccamc land­

lockc<l with stagnant \Yatcr in its (kcpcr parts. From this time on 
the liYing eouditions for a population of bcnthonie Foraminifcra 

wcrc cxtremcly had, and. thcrcforc, the foraminifcral fauna charac­

tnistic of zonc F (and C) probahl~· nenT cxisted in Drammens­

fjorden inside Sn·h·ik. nt kast not in its decpcr part:-.. 1 Among the 
mollusks lsocardia cor is Lhe index fos:;;il of zonc F. 

Z on c G comprises sediment:-: \Yhich contain rcmarkably less 

Foraminifera than thosc of the IH"CYious zonc. ~\ dderioration of 
the climate took pla(T during the deposition of the zmw G laycrs, 

transforming it. Iittlc h~T Iittle, into tlw present onc. Sinmltaneous1~.' 

the shoreline was lmYcrc<l from approx. 20m ahovc sea lcn·l. at 
Oslo. to its present position. in nwn.\· placcs changing IHCYiou~-.J~T 

wcll Yeutilatcd parts of the fjor(l into more or less land-lucked 
hays or inlcts with hadly Ycntilated "·atcr of lo"· salinity. Accord­

ingl:T many samplcs from this zmw contain only a fc\Y arcnaceous 

forms and, as acccssihlc sedimcnts of zonc G \H'IT gencrally dc­
positcd in shallow water, they will oftcn contain shallm\"-\Yatcr 

species. Zonc G should, thercforc, at many placcs he rcgardcd as 

n facics unit more than a stratigraphic onc. Concerning the imwr 
part of the Oslofjord region. the salinit~T of the \Yatcr into \Yhich 
the scdiments of zonc G \H're depositcd must han~ hccn lo'.\·, 

probahl~· lwt\n-en 30 <liHl 20 11
, n11. Among the ::\follusca the index 

fossil of this zonc is ScrolJicularia ]Jlana. 

The present sl ra tigraphic schcmc docs not represcnt a ddini te, 

in cn-r~· detail compktcd, diYision. Continucd \H>rk with ~on,·c-

1 Str~1m ( 1936, p. 68) described a chang·e from laminated lo massi\·e day "hich 

occ~1rred in a 0.7 m lon~-(' ccre from the hot lom of Dramnwusi'jorden inside Sw·h·ik. 

and explained this as rcsulling from a (·bange in climalc \Yhich probaldy took place 

al the year 1300 A.D. This change has nolhing to do "ilh the cunditions dis­

cusscd abon~. 
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gian marine deposit:-; from the Late Pleistoccnc \Yill most prohahly 
involn· ehanges in the diagram as to stratigraphical occurrcnec 
of ccrtain foraminifcral spccics, thus improving its practical valne. 

It has, hmYcn'r, in its prc:-;cnt form alrcad~· pron'd its usdulncss 
in currcnt micropaleontological \York. In the following chaptcr 
this schemc, bascd on Foraminifcra, will be corrclated \Yith two 
older strntigraphical (livisions of the I.atc Pleistoccnc of the Oslo­
fjord arcn \vhich \Yas hast>d on megafos.sils. 1 

Correlation. 
Broggcr ( 1900-1901) es ta hlish(•(l a stra ti gra ph~· of the manne 

scdinwnts depositcd at the rctrcating front of the ice of the 
latcst glaciation on the basis of thcir contcnt of fossil pdccypods 
(bindn•s). The Late Jllcistoccne clay sedinwnts of the Oslofjord 

region wcre thus dividc<l into 12 zones. and contunporancou-. 
littoral dcposits into 6 ;-;hell lH,·ds as follmYs: 

S,cro!;icularia clay 

lsoca rdia el av 

l'JIJicr Ostrea cla!J 

l'mmyer Cardium clay 

Older Cardium clay 

Jf vti!us & c,, mina clay 

Younyest .l rca & Portlandiu ela.'' 

l'oungn .1 rca &· Portlan~lia clay 

JJ idd le .1 rca & Older Portlandia claz1 

Older Area clay 

J'ounun J'oldia clay 

Older J'oldia clav 

Lou·er TaJICS hcds 

l' }J Jie r T aJICS he ds 

C p J>er Ost re a l;crls 

Lo1l'f'r Jf va heds 

l'JIJ)('I' Jlya {;eds 

Jlytilus gra re! 

1 Our stratigraphical term:'. zone A, zone B. etc .. han' nothing to do \1 ilh lht 

geotedmical zone,.; A, B. C and J) introduced by Bjerrmn (1D.14 c·). or \\ith tlw 

pullenanalytical zones ,\-D deser;bed by Kari Egede Lar,;scn ( ln.50). 
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This sclwmc in general nppcars to lw too dctailcd for practical 

purposcs because the different ZOilcs are not ahYays recognizahl•· 

in the field. From its slwll contcnt a clay deposit can. u:mally. he 

identified as a Y old i a c l a~- or an Ar c a ('l a y or a Po.st Gla­
cial ela~·. hut if it shonld he dassificd as Old c r or Y o u 11 g c r 

Y old i a (•l a y. or as Old c r. Y o 11 n g c r or ~I idd le Ar c :i 
clay. or as l'pper Ostrca clay or Isocardia clay can­

not often he dccided. Broggcr's ."tratigraphy. slightly modified. ha..: 

hccn schcmatically illustratcd in figun· 3. in \\·hich the different 

clay zoncs and tlwir rclation to morainic stagcs. shcll hcds and 

height.;; a bon· prcsc·nt sea Je,·cl a re indica tcd. 

To the right in the diagram (fig. 3) anoth'-'l' paleontologien l 

diYision. cstahlishcd hy Øyen ( 1915). has hecn inscrtcd. This i..: 

a diYision of littoral formations hased upon and nanwd after 

charactcrist ic mollusk species and rdcrred to ccrtain intcrYal..; 

in the position of the shorelinc. The L it to ri n a stag c i~ thu:­

a 1wriod. c1wradcrizcd hy the prcscllC'l' of the gastropod ( snail) 

Littorinrt littorea in Uw littoral deposit-;, during \\-hich the slwre­

linc at Oslo \Yas lmn·rcd from 175 to 130 Ill <l:' rcfened to prcscnl­

day SCH len·!. The different stagc..; aud tlw C(llTesponding position 

abon· present -;ca lcn·l uf thcir uppcr -;lwrelinc·s at Oslo and 

Trondheim are as follows ( ~J~Tn 1917): 

Jlytilus stayf' 

Port! and i u sto ye 

221m 

205 " 
Littorina :daye . . . . . . . . 175 .. 
Ph o! as star; c . . . . . . . . . . . . 142 .. 
Jlactra sfagc ........ ca. 95 .. 
Tapes staye 

Tri1·iu staye 

Ostrea staue 

J/ya stur/l' 

70 " 

47 " 
22 .. 
o .. 

Tr;mdheim 

200 lll 

183 .. 
164 .. 
126 .. 

ca. 95 .. 

69 .. 
45 .. 

22 .. 
o .. 

Heturning nm\· to Bmgger\ stratigraphical /:om·s for the suh­

littoral dcpusits (the clays). in tlwir modified form of figm-e 3. the· 

oldcst zonc. the Y old i a c l a~-. \\-;t-; depositcd under climatic 

eonditions which werc high-arctic. Its index fossil:' is Pmtlowliu 
arrticu ( = J'oldiu arctica) which is to-day Jj,·ing in high-;uctic 
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Fig. 3. Schematic illustmtion of the marine Lale Pleistocene dcposits 

of the Oslo region accm·ding lo Br0gger's straligraphy (slightly modi­

fiPd). To the right Øyen's shoreline slages. The heighls ahoYe sea 

IPYel refet· to Oslo, tlwy haYe also been indicaled as percentages of 

the total t>lenllion of the land. Morainie stages are also indieated. 

(Constru<·l<'d in <'OOJWI'alion \\'ith O. Jlollt•dahl and Tl. Rosendalll.) 
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Skjematisk frnnstilliny ar dr mari11e senkrarfærc m'scfninyrr i Oslo­

omNidet efter BrØyyers stratiyrafiske systc111 l modifisert). Tif hØyre 

f)yrns stmmllinjeni,1•lier, hØydene referer til Oslo, de er og.wl auyitt 

i prosenter a1· den hele landstiyniny . .1/orencfrinnenc er oys/i al'-

mnl;f'f. 



-18-

waters. The Y old i a c l a y has only bccn found outside (south 
of) the large marginal moraine called the Ra, and is identical with 
z on e A of our micropalcontological diYision. Elphidu1n clavatun1 
which dominates the fossil foraminiferal fauna of zone A, is also 
the dominant species of Foraminifera in arctic waters of to-day. 
Furthermorc, Po-rtlandia arctica is often found together with the 
microfossils of zone A. 

The Ar c a c l a y was deposited during ameliora ti on of the 
climate when the icc front retreated from the Ra to the Ås-Ski 
stagc, and the Youngcr Area & Portlandia clay during 
further retreat from the moraincs of this latter stage. The index 
fossils are Bathyarca glacialis (==Area glacialis) and Yoldiella 
lenticula (== Portlandia lenticula). A mild climatic oscillation cor­
responding to that of our z on e C and a subsequent cold one 
corresponding to z on e D are not rcgistcred in the sequence of 
BrØgger's zones. Considering, hmvever, the regional distribution 
of the sediments and also the content of mcgafossils 'vithin our 
micropaleontological zones, we may suggest that z on c B roughly 
corresponds to the Ar c a c l a y (see also Feyling-Hanssen 1954 a), 
whereas z on c C and z on e D fall within the Y o ung c r Ar c a 
& Portlandia clay. 

The ::\I y ti lus & C y pr in a c l a ~T, the O l el e r and Y o u n g er 
C ard i u m c l a y and the Ost re a c l a y werc dcposited during 
periods of considerably improved climate. The~T correspond roughly 
to zone E, whereas the Isocardia clay, index fossil lso­
cardia cor, should be correlated with :z on e F, deposited during 
optimum climatic conditions. The S c ro bi c u l ar i a c l a y, index 
fossil Scrobicularia plan a, (and also the Recent ~I y a c l a y) 'vas 
deposited during climatic deterioration; it usually contains fe,v 
species, and corresponds to our z o n e G . 

As to the littoral stages of Øyen, the ~Iytilus stage refers to 
a period of relatiYely mild climate, lHytilus edulis appearing for 
the first time in the deposits, whereas the subsequent Portlandia 
stage inYolved a severe deterioration of the climate, Portlandia 
arctica reappearing in the deposits. The mild Jiytilus stage and 
the subsequent arctic Portlandia stage must be correlated with 
the micropaleontological zones C and D respectively which indicate 
similar climate oscillations. The Tapes and Trivia stages (Tapes 



u 
+' 
o 

-~ (/) 

t)V 
,rn 
V O 
eV} 
"i: 
o 
2 

__j 

~ 

-
u 

~ 

__j 

<..9 

l 

l-

l/) 

o 
0... 

__j 

~ 

-
u 
~ 

_j 

<..9 

l 

w 
l-

~ 

__j 

~ 
+-' 

~ (/) 

o B rogger 's byen 's c L. 
..... o 

o V o (/)' 

V 
..... 

- (/) c Shorel i ne c V 

o V Zones o c 
o. c E +' v 
o o o Stag es L 
L N L. (/) o 
u o (Mol!usca o ..c. 
·- l.J... (Mollusca) 0... (/) 

2 
~ in clay deposits) 

m.a.s.l. 

MYA ARENARIA MYA 
o 

G 
SCROBI CULARIA OS TREA 

22 

TRIVlA 
F l SOCARDIA 

47 

TAPES 

70 

O STREA MACTRA 

95 
E CARDIUM 

P HO LAS 

MYTI LUS 142 
& CYPRINA 

LITTORINA 

175 

D YOUNGER ARCA 
PORTLANDIA 

& 205 

c PORTLANDIA MYTILUS 

221 

B ARCA 

? 

A YOLDIA 

Fig. 4. Correlation. 

råre 111ikropaleontulogiske soner sammenholdt med Broggers 

og Øyens systemer. 

V 
+' 
o 
E 
·x V 
o rn 
L o o. 
o. 
~ 

years 

o 

2000 

4000 

6000 

8000 

? 

? 



-20-

decussatus and Tril'ia eurOJJea), indicating optimum conditions. 
correspond to z on e F. 

The corrclation of the micropaleontological zones \Yith Brøgger's 
zones and Øycn's shorcline stages has been illustrated in figure 4. 
In this figure the positions of the shoreline at Oslo hase becn 
indicated from the marine limit down to present-da~· sea len'l. 
and to the right in the schcme the approximate age in years B.C .. 
deduced partly from a modified shoreline chronology (Rosendahl 
1955) and partly from Dt• Gecr's varve chronolog~·. 

The Late Pleistocene of the distriets around Trondheimsfjorden 
has had a development parallel to that of the Oslofjord area (Ø~·en 
1915). Investigated Late Glacial strata at Gl~ishaugen (HØyskolc­
plaHtct) in the city of Trondheim sho\Y that the zones A.B, C and 
D are present therc with a content of Foraminifera whieh comparcs 
wcll with that of the corrcsponding zones of the Oslofjord area. 
and hoeings in the bottom sediments of Trondheim harbour have 
revealed Post Glacial strata with foraminiferal populations similar 
to the Post Glacial faunas of the Oslofjord area. 

In a later paper \H' will see how our micropaleontological zones 
are corrdatcd with the stratigraphical result of foraminiferal in­
vcstigations of horings near Gothenburg in S\Ycdcn (Brotzen 1951). 
and also touch upon a comparison with pollenanalytical zones. 



Application to soil mechanics. 

Stratigraphy and geotechnical properties. 

Comparing the stratigraphical result of micropalcontological 
inYestigation of a large number of subsurface samples from the 
Oslofjord area with the geotcchnical properties of the same samp­
les, it appcars that a transition from one stratigraphical zone to 
another is, as a rule, accompanied hy changes in geotcchnical pro­
pcrties, especially in shear strength. 

In the diagrams of figures 5-7 stratigraphy and corresponding 
geotcchnical propertics haYe been illustrated for three horings 
from Oslo. two from the inner harbour at BjØrYika and one from 
)Iajorstuen approx. 50 m aboYe sea level. )Jicropaleontological and 
geotechnical invcstigation han_' been carried out on suceessiYe 
samples from the cores. In boring 4 at Bjørvika the Post Glacial 
zones G, F and E are represented: in boring 6 of the same locality 
zonc E is lacking, whereas the Late Glacial zone D is present. 
Boring 5 at )lajorstuen contains the Post Glacial zones F and E, 
and the Late Glacial D and C. Zone G is lacking in this boring 
because of the high position of the locality (sce fig. 4). The upper 
part of the core from this boring, down to a core len· l of 7.5 m, 
consists of comparatively coarse material, claye~T silt and silty 
clay. As, therefore, the grain size distribution of this part is con­
sidcrabl,\T different from that of the rest of the con', the geotcchni­
cal properties of the uppcr part have not bccn considered in this 
connection. 

Regarding the water content, w, this has, on the \Yhole, its 
grcatest valucs in the Post Glacial parts of our thrce borings, 
rcaching a maximum of approx. 50 per cent in the zones G and F. 
Othcrwise the water contcnt seems to dccreasc \Yith incrcasing 
dcpth in these three cores without any clear relation to the strati­
graph_\T. At an.\T la,\Ter of coarser-grainccl material in a cla.\T dcposit 
the water contcnt will show a pronounccd decrcasc. 

The liquid limit, w~., which is the water content at \Yhich the 
cla,\T changes from a plastic to a liquid state. has a maximmn of 
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BJORVIKA 
Surface level - 6,1 m.a.s.l. 
Boring 4 Proj. No. O. 223 

W AT E R C O N T E N T l N °/o 

l o 20 3 o 40 50 60 70 

o o 

W = water content + vane tests 
wl= liquid limit ø unconfined 

1 t· 1 .t compression 
Wp= p as 1c 1m1 tests 

DENSITY IN t/m.l 

1.7 1,8 1,9 2,0 2,1 

SHEAR STRENGTH 

l 2Vm
1
3 4 

}'ig. 5 Stratigraphy aud geotechnical properties of clay sedimenls at the inner 

harbom of Oslo. as revealed by a 25 m deep boring at BjØrYika. 

Samn1cnheng mellont stratigrafiske soner (til venstre! og, spesielt, :-:kja·rfasthet 
!fil hØyre) for en :?.5 m dyp boring i Bjp!r1'ika, Oslo. 
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BJORVIKA W = water content + va ne tests 

Surface level - 4,4 m.a.s.l. WL= liquid limit ø unconfined 
41 

Boring 6 Proj. No. O. 223 'p= plastic limit 
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Fig. 6. Stmtigraphy and geoteclmical properties of a 20 m deep boring at Bj<II'­

Yikn, inner harbour of Oslo. 

Stratigrafi og geotekniske egenskaper, spesielt skjærfasthet, for en .?0 m dyp 

[;oring i BjØrcika, Oslo. 

approx. 50 per cent ·within the zoncs Gand F, its smallest values be­
ing found within zone D; it increases again in zone C (~Iajorstuen). 

The plastic limit, wp, which is the water content at which a clay 
sample changes from a plastic to a crumbly state, is quite constant 
throughout the cores, varying between 17 and 25 per cent. 

The plasticity inclex, lp, which is the difference between liquid 
limit and plastic limit, has its greatest valne within the younger 
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MAJOR STUEN 
Surtace level- 47,2 m.a.s l 

Bonng 5 ProJ No O 283 

w water content t vane tests 

liquid lim1t 

plast1c ilm1t 

" unconf1ned 
compress1on 
tests 

Fig. i. Stratigraphy aud geotechuieal properties of clay deposits in a boring at 

~fajo~·stuen, Oslo, approx. 50 m above sea leve!. 

Stmtigraji og geotekniske egenskaper i leirarsetningcr 1·ed Jlajorstuen, Oslo, 

nmtrcnt 51! 111 oz·er havet. 

stratigraphical zones. It seems to be smallest in zone D, and again 
greater in zone C. 

The densit;v, in tons per cubic metre, is, on the wholc, smaller 
in Post Glacial parts of the cores than in Late Glacial ones, haYing 
its maximum, 1.95 t/111a, within zone C of boring 5 at _:\Iajorstuen. 

The most beautiful demonstration of a relation between strati­
graphy and propert~· is, howeYer, given by the shear strcngth, s, 
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expressed in tons per square metre. The shear strength, determined 
hy vane tests and unconfined compression tests, shows linear in­
crease "·ith clepth "·ithin every single stratigraphical unit, but at 
the transition from onc zone to another there is a more or less 
sudden break in this linear increase. At the transition from zone G 
to F in boring 6 at Bj~)n·ika the shear strength drops from 2.30 
to 1.75 t 111

2
, at the transition from zone F to D (E is lacking) it 

drops from 3.27 to 2.00 t/m2
, and at the transition from D to C 

in boring 5 at ~Iajorstuen it incrcases from 2.70 to 3.60 tlm3
. This 

elose rclation is rather notable because the microfauna. determin­
ing the stratigraphical zones, rdkcts the physical conditions under 
which the ela~' was originally deposited, whereas the shear strength. 
i.a .. is a result of that which has later happenecl to the clay. 

In order to eliminate the inftuence of the clepth upon the value 
of the shear strength and thus facilitatc the comparison of the 
shear strength of different zones at different core levels. the shear 
strength of a ela~· is characterized b~r the ratio between shear 
strength, s, and effective overburden pressure, o(., i.e., s/ o c (Skemp­
ton 1948, Bjerrum 1954 b ).1 This holds good only for clays which 
are known never to have been subjected to higher pressures than 
the present overburden, i.e. only for normally consolidated clays 
(Bjerrum 1954 a). The general linear increase in shear strength 
with depth does not apply to the upper, so-callcd drying crust of 
a elay <lcposit. This crust is characterized by a shear strength, and 
a s 'ac-valuc. which is much higher than for other parts of the 
deposit, and is not considercd in the present account. 

In the table (p. 26) is brought together the results of micro­
paleontological as wcll as geotechnical investigation of clay samples 
from 10 borings from 5 localities within Oslo. For cach boring is 
given the height abovc, or below, present sea leve! of the surface 
of the deposit, and for each stratigraphical zone within cvery single 
horing is calculated the average value of water content. Atterberg 

1 For the calculation of the effef'iiYe oYerburden pressure ( = the eonsolidation 

pressure) the ground water leYel is in most cases estimat ed from obserYations of 

the ''"ater len·l in bore hoies. Jf the ground water ]eYel is d. the density of the 

clay at the ground water ]eyeJ ll'.t· the considered depth a, and the density at this 

depth 1;'.,· then the effectiYe oYerburden pressure at a is: 

, 0(' = d · t;'d +(a-d)· (tj',
1 
-l) 
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Stratigraphy and geotechnical data for lO borings in Oslo. 

Loeality 

Atterberg 

Limits 
>~ ·;: 

~ '§ 
Q.i c:; 

r::. z. 
t/m !l 

S r (1 
(' 

Bjørvika 0.223 2 - 3.5 G 46.0 45.0 23.0 22.0 1.75 i) 0.33 

.. .. .. .. F 46.0 50.0 22.3 27.7 1.75 4 0.24 

.. .. .. .. E 42.0 46.0 26.0 20.0 1.78 3 0.18 

.. l .. " .. D 35.0 37 .O 21.0 16.0 1.88 3 l 0.14-

Bjørvika 0.223 4 l - 6.1 G l 50.0 45.0 22.0 23.0 1.72 3 0.33 

.. .. ,. .. F 40.0 43.3 23.7 HJ.6 1.85 4 0.22 

.. .. ,. .. E 34.0 36.0 21.0 15.0 1.82 ~~ O.H\ 

.. .. .. .. D 40.0 43.0 2!5.0 18.0 1.81 3 O.l;) 

Bjørvika 0.223 ;) - 7.11

1 

G 147.fi 1

1 

:s.O l ~3.0 23.0 1.74 l i) l 0.3;) 

.. .. .. •••• DF l 44.0 DO.O l :.8.0 22.0 1.741 4 0.30 

.. .. .• 1.87 3 l 0.14 

Bjørvika l 0.223 6 - 4.4 G 45.0 48.0 23.0 25.0 1.671 2 l 0.36 

.. l .. .. .. F 41.7 46.0 22.;) 23.5 l.7H :31 0.26 

.. .. .. .. D 33.0 38.0 20.0 18.0 UJO l 3 0.14 

Grønland torv\ 0.120 l 3 + 2.5 1 G 38.5 48.9 l 23.0 25.9 l.7H ;) 0.33 

.. .. .. .. F 37 .. 5 .50.0 23.0 27.0 1.83 3 0.25 

.. .. .. .. E 33.H 43.4 2Ul 21.5 1.83 3 0.17 

.. .. ,. 1 .. D 35.0 l 47.5 20.0 27.5 1.80 l ;) 0.10 

.Majorstuen l 0.28311 l +48.41 F 142.2132.2121.0 j11.21l.80 l 81 O.l B 
.. .. .. .. D 36.8 26.3 17.81 8.5 1.85 4fl o.on 

}lajori'ituen l 0.283141+48.71 F 140.7~2~ .. 5 ~2~.~ l 8.~ 11.7~ ~~~l O.U) 
.. .. .. .. D 36.0 3:..0 l1 .. > 14 .. ) l.81 ;) O.ll 

:\Iajorstuen 0.283 5 +47.2 F 36.0 2D.7 l 19.2 10.5 1.84 H 0.24 

.. .. .. .. E 42.0 34.0 22.0 12.0 1.80 !l 0.14 

.. .. .. .. D 36.2 28.2 1n.2 n.2 1.8;) 6 0.13 

.. ., .. (' 27.5 37.0 16.0 21.0 l.H5 ;) l 0.18 

Bryn 

l 
O.HH:J 1181 +~11.5 1 ~ l !~·;) l !3·~ 117.~ l 6.0 11.8~ l ;)~ l 0.0~ 

.. .. l .. ( 1-·'·0 :.0.;) 14..> 6.0 1.9D 81 0.1.J 

0.35 4 118.1 E 37.0 24.R 18.4 6'"' 1.86 3001 O.ll 

.. .. .. D 36.0 25.0 Ul.O 6.0 l.flO 220 l 0.08 

.. .. .. (' 32.0 21.0 15.8 5.2 UJ4 ;)00 0.13 

Manglerud 
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limits, density, sensitivity1 and the ratio bct\n'en shear strcngth 
and dfective ovcrburden prcssurc, s/ ac. 

It is known (Bjerrum 1954 a) that there is a close corrclation 
between plasticity index and ratio of shear strength to effectin' 
overburden pressure. As the value of the plasticity indcx depends 
i.a. on the mineral composition and grain size distribution of the 
clay, the value of s a<. will also be dependent on these factors. The 

clay samples from which the geotechnieal values in the table are 
derived originate, however, from a rather narrow area, thus being 
quite similar as to mineral composition and grain size distribution. 

Regarding the ratio shear strength to effective overburden pres­
sure, s/oc, the values of which also in the table sho\v the most 
convineing relation to the .stratigraphy, thcse values are greatest 
in samples belonging to zone G, i.e. from the youngest part of the 
sediments. In the four borings in which this zone is represented 
its s/ ac-value varies betwccn 0.33 and 0.36.2 Zone F has, for the 
five borings at approx. sea lcvel, an average s/ac-valuc of 0.25. 
whereas the avcrage value for the same zone at -:\Iajorstucn, approx. 
50 m above sea levcl, is only 0.20. Zone E has, at sea level, an 
average Yalue of s. 'a<.= 0.18, and at 2\lajorstuen 0.14. This zone 
is not reprcscnted in boring 18 from Bryn, but at -:\Ianglerud, 
118.1 m a. s. l., the s /ac-value of this zonc is only 0.11. The arctic 
zone D is in all the borings charactcrized hy the lowest valne of 
the ratio shcar strcngth to effective overburden pressure. In the 
borings at sea leYel the average valne of this zone is s/a<. = 0.13, 
at ~Iajorstuen it is 0.11, at Bryn 0.09 and at ~Ianglerud 0.08. Zonc 
C is not reprcscntcd in the low-positioned borings of the table, at 
~Iajorstuen its ratio s 0<. = 0.18, at Bryn 0.15 and at -:\Ianglerud 
0.13. Thus, in the borings whcre zone C is rcprescnted, its s/ al.­
valuc is greatcr than that of zonc D and also greater than that of 

zone E. 
Thcse conditions are not cxccptional and rcprcscntcd only in the 

horings of the table. The~· oecur in the same way in every boring 
through homogcnie sedimcnts shmving discontinuous variation of 

1 The sensitiYity is the ratio bet\\een undisturbed and re-moulded shear strei1gth. 
2 Due to possible dredgings, the sediments from the bottom of the bay Bjøn·ika 

may preYiously haYe been subjecled to higher pressures thau the present oYer­

burden: jf so. the calculated ndues of s/a(. from Bj<lrYika "·ill be slightl~· loo high. 
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:-;hear strength with depth. As long as the texture of a ela~' deposit 
is approx. the same throughout the section, the hreaks in the Yaria­
tion in the shcar strength are closely related to the stratigraphical 
zones. A deposit with another mineral composition and grain sizc 
distribution than those of the borings listed in the table on p. 26 
will shmY other geotechnical propcrties. Zone F of a boring at 
Fredrikstad, east of the en trance to the Oslofjord, shows a s/ a('­

Yalue of approx. 0.4, which is considerabl~' higher thau of the cor­
responding zone at Bjfh'Yika in Oslo. 

Reduced salt concentration. 
In collsidering the properties and stratigraphy of ela~, deposits, 

the borings from different eleYations ahoYe sea level have to be 
kept apart from each other because the geotechnical properties 
cviclently changc with the elevation at which the dcposits are 
situated. This change is usually asserted as decreasing magnitude 
of the properties 'vith increasing height above sea len·l. The highest 
water content, table p. 26, is found in samples from Bjørvika 
these borings being situated elose to sea level. 

::\Iore distinctly such a decrease is demonstrated by the liquid 
limit, Wr., which is 40-50 per cent in the lmv-positioned deposits, 
about 30 per cent at ::\Iajorstuen (approx 50 m a. s. l.) and about 
23 per cent at Br~'n (80 m a. s. l.) and ::\Ianglerucl (approx 120 m 
a. s. 1.). A similar change can also be traced in the values of the 
plastic limit, wp. but is far more pronounced in the values of the 
plasticity inclex, lp. according to the distinct Yariation of "'r.· The 
average changes of Ip in the borings contained in our table han• 
been plotted against height in the diagram of fig. 8 b. Such a cor­
respondencc between plasticit~' index and height aboYe sea len:l is 
also found with the borings listed by Bjerrum (1954 a, table 4). 

Regarding the shear strength, reprcsented b~, the ratio s/ a(., 

:-;imilar conditions are found. An~< onc zmw has a grcater Yaluc of 
s/ a,. in dcposits elose to sea lcYel than the corrcsponding zone in 
tleposits situatcd at greater elcYation. This clependcncy of the ratio 
:-hcar strength to effectin' overlmrden prcssure on the hcight aboYc 
sea leYd at which the deposits are found, is, for the 10 borings of 
our tabh-, illustratccl in the diagram of figure 8 a. Therc scems to 
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s/a('. for the different straligraphie zones of 10 horings from Oslo. with the elent­

tion at whiC'h the deposits are found. b) \'ariatiou of plasticit.v imlex for sonw 

clay deposits from Oslo (see table p. 26) 'vith the e]e,·alion abo,·e sea leYel at 

\vhich the deposits are fonnd. 

a) llrordan forholdet skjærfastlzet til effektirt ocerlagringstrykk. slae. rariercr 

med høyden orer havet for de forskjellige stratigrafiske soner i Jn boringer fra 

Oslo rtahellen s. lU). lJ) Hz·ordrm plastisitetsinde/;sen for noen leim1•sctninuer 

fra Oslo (tabellens. ,?(i) 1·aricrcr med arsetningens høyde oz·er haref. 

be also a connection betwcen the scnsitiYity of a clay and the 
height a boYe sea level of the deposit, the most sensitin:· cla:vs of 
these borings being found at the greatcst altitudc (table p. 26). 

These conclitions, in fact, demonstrate the general relation 
between geotechnical propertics and reduced salt concentration in 
the pore "·a ter of the ela y. 

S,vstcmatic investigation of the salt concentration of XonYcgian 
clays has prm'ed that considerablc reduction has taken place since 
the seclimentation (G. Holmsen 1929. · Roscnqvist 1946 a and h. 
Bjerrum 1954 a). It is furthermore knmYn that reduced salt content 
is accompanied by dccreased Atterberg limits (G. Holmsen 1934 
and 1938, P. Holmsen 1946, Rosenqvist 1953 ). In figure 9 are illu­
stratecl the changes in properties of a normally consolidated marine 
clay when subjectcd to leaching hy fresh water (Bjerrum 1954 a). 
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It is shown that the liquid limit dccreases considerably with re­
ducecl salt concentration whereas the plastic limit is practically 
unaffected. This means dccrease in plasticity index with reduced 
salt content. It is furthermore found that a leaching out of the 
original salt content is accompanied by reduction in shear strength 
of the undisturbed clay. Small values of the ratio of shear strength 
to effectivc overburden pressure occur in relatively salt-free clays 
'vith low plasticity index, whereas the high s/ ac-values are found 
in clays which have, more or less, kept their original salt concen­
tration. As the re-moulded shear strength is reduced to a very low 
value by a reduction in the salt content, such a reduction consc­
quently results in increased sensitivity. The reduction in geotechnical 
properties does not take place in linear proportion to the reduction 
in salt conccntration. Even a considerable decrease in salt concen­
tration will result onl~· in negligible reduction in properties as long 
ns the salt content is kept above 10 gram per litre, but further 
leaching, resulting in salt concentration beyond this value, will 
cause considerable change in geotechnical properties (Bjerrum 
1954 a). 

The degree of leaching, resulting in reduced salt concentration, 
is dependent on the ground water flow in the deposit, and the 
gronncl water flow is again dependent on the hydraulic gradient 
of the locality (Bjerrum 1954 a). The hydraulic gradient will be 
larger in places where the sediments have been raised above the 
erosion base than in places where they have remained below or 
dose to this level. Very often, but not always, the hydraulic gra­
dient increases with increasing height above sea level, and conse­
quentl~· a marine sediment situated high above sea level has, very 
often, been subjected to a higher degree of lcaching than a sedi­
ment, of corresponding age, situated dose to sea level. The salt 
concentration in the pore water of our samples from ::\Iajorstuen 
(approx. 50 m a. s. l.) varied between 0.19 and 0.91 gram per litre 
whereas at ::\Ianglerucl (approx. 120m a. s. l.) it was 0.06-0.18 gram 
per litrc. 

This is, of com·se, no general rule. A clay sediment deposited in 
a closed rock basin will have a hydraulic gradient which is in most 
cases approx. zero whatever altitnde this place may be raised to. 
At many localities, ho"·evcr, the degrec of leaching, and consequent 
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reduction in salt concentration, is evidently higher in deposit~ 

situated close to the former marine limit than in such which are 
found close to present-da~T sea level-as demonstrated by tlw geo­
technical properties of the borings of the tahle on p. 26. 

Salt concentration and stratigraphy. 
As \H' have seen, the relation between the original and the present 

salt concentration in the pore water of a ela~· is essential to it~ 

geotechnical properties. The clegree of reduction in salt content 
depends upon the hydraulic gradient of the deposit and, as a matter 
of fact, also upon the span of time during which the deposit has 
been subjected to leaching. A ~·otmg clay sediment will therefore 
possess high plasticity index and high value of the ratio of shear 
strength to effective overburden pressure for t\YO reasons. firstl~· 

because it is young and has not had time enough for any con­
siderable degree of leaching, secondly because it has not been 
subjected to any considerable degree of isostatic elevation since ib 
deposition. An increase of the hydraulic gradient. augmenting the 
velocity of the ground water flow. has therefore gencrally not taken 
place. 

Provided undisturbcd original stratification and constant con­
ditions as to mineral composition and grain size distribution, an 
approximately constant decrease in salt content with increasing 
depth would be expected in a marine deposit. The deeper layers 
are older than the upper, and in consequcnce the~' have bcen sub­
jected to longer periods of leaching. Disregarding the effeet of che­
mical weathering, which is especially high in the upper 5-6 metres 
of a deposit (~Ioum and Rosenqvist 1955), this clecrease in salt 
content would be expected to be accompanied by similarly con­
stant decrease in geotechnical properties, especially in Ip and sia,. 

with increasing depth in the deposit. 'Vhere a succession of stra ti­
graphical zones, G, F, E, D, C, occurs in a boring through a homo­
genic ela y deposit, the value of s / ae should thus be smaller in 
zone F than in zone G, and smaller in E than in F. a continuous 
decrease woulcl be expected from the ~·ounger to the older layers 
of the deposit. As we have seen, however, the variations in plasti­
cit~' index and s 'a,,-valuc do not appear in this way. Certainl~-
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the s/ae-Yalue is smaller in zone F than m .zone G, smaller in E 
than in F and eYen smaller in D than in E. but in zone C it i:-; 
again greater, according to our table (p. 26) and other borings. 
Furthermore there is in these borings more or less sudden hreak~ 
in the Yariation of S

1 ae at the transitions from one zone to another. 
In any particular boring any one stratigraphical zone can be related 
to a certain Yaluc of s/ ac. 

In order to explain this rclation between geotechnical properties 
and geological histor,v of a clay deposit it is natural to bring into 
focus the salinit,\· of the \Yater into \Yhich the clay was originall,\· 
deposited supposing that the original total salt concentration in 
the pore water of a clay was the same at the total salinity of this 
sea-water (for details about the salinity, see G. Holmsen 1930 and 
RosenqYist 1955). As we know from the description of the different 
micropaleontological zones, the sediments of these zones were 
deposited during periods of different climatic conditions which 
\Yere accompanied by changes in the salinity of the contempora­
neous sea. Indications of brachyhaline sea-water, with salinit,\· 
between 16 and 30 ° joo, were found in zone D and zone G, whereas 
the microfauna of zone C and zone E indicates sea-water of rather 
high salinity, between 30 and 35 °/oo. Zone F was formed in sea­
water of high salinity, approx. 35 °/oo. Sediments of zone A and 
especially those of zone B, were deposited in water of salinity lower 
than that of zone C. 

It is thus eYident that these marine Late and Post Glacial sedi­
ments \HTe deposited in a sea \Yhich neYer had a salinity lower than 
approx. 15 °1 oo, probably eYen not lower than 20 ° 10o. The original 
salt concentration in the pore water of these cla,\·s has thus for all 
stratigraphical zoncs been well abm·e the critical ,·alue of 10 gram 
per litre, and therc would seem to be littlc hope of finding an 
explanation of the different geotechnieal properties only in the 
original salt concentration of the clays from the different zones. 
On the contrary, a sequence of stratigraphical zones in a homo­
genic clay deposit \Yould he cxpected to JH'OYicle samples with 
approximately constant Yalue of the ratio shear strength to effec­
tive oYerburden pressure throughout the sequcnee. This is also 
the case-as long as the salt concentration of the clays has not been 
considerably reduced h,\· leaching. 
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Regarding therefore the leaching out of salt in a clay deposit, 
this process takes place at different rates from one place to another, 
as previously mentioned, and varies considerably with the perme­
ability of the sediment. At any particular locality, however, it is 
a function of time. What kind of a function cannot be told, because 
many details of the leaching process are still insufficiently investig­
ated. The adsorption of ions to clay minerals (Rosenqvist 1955), 
to mention one complicating factor only, has a retarding effect 
upon the leaching process, whereas silty laminae in the deposit 
accellerate it (oral communication with L. Bjerrum and I. Th. 
Rosenqvist). However, for the purpose of explaining the relation 
between geotechnical properties and stratigraphical zones as a 
principle, and in order to simplify the account, we may assume 
that the leaching process takes place in linear proportion to time. 
This has been illustrated in the diagram of figure 10, the abscissa 
of which has been divided into hypothetical time units of 1000 
,vears. 'Ve thus assume that a certain clay, which was once depo­
sited in sea-water with total salinity of 35 ° joo and later subjected 
to constant leaching, will after 10,000 years have the salt concen­
tration of its pore water reduced to 15 ° joo. Another ela y with an 
original salt concentration of 30 ° joo will, according to the same 
hypothetical diagram, have its salt content reduced to 10 °/oo in 
the course of 10,000 years. 

From geotechnical investigations (i.a. Rosenqvist 1946 a, b, 1955; 
Bjerrum 1954 a, b) we know, as previously mentioned, that the 
leaching out of salt in the pore water of naturally consolidated 
marine clays is accompanied by changes in their geotechnical pro­
perties. As we have also seen, these changes are negligible as long 
as the reduction in salt content has not reached a value of approx. 
10 gram per litre, but they become considerablc and extremely 
important when this critical valne is surpassed. 

Turning now to the hypothetical diagram of the process of 
leaching, we will regard two clay deposits during the process. One 
was deposited in sea-water giving to the pore water of the sediment 
an original salt concentration of 35 gram per litre, the other in 
brachyhaline water giving this sediment an original salt concen­
tration of only 25 gram per litre. If the mineral composition, 
gTain size distribution and other conditions are the same for the 
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Ilypotetisk reduksjon ar saltkonsentrasjonen med tiden. 

two deposits, they will, before leaching, probably also shmY the 
same geotechnical properties even though there is a difference in 
salt content of 10 gram per litre in thcir pore water. Howevcr, if 
they were dcposited contemporaneously, and later subjected to 
a process of leaching according to the diagram of figure 10, the 
decreasing salt concentration of the brachyhaline clay, 25 gram 
salt per litre, will surpass the critical value of 10 gram per litre 
5000 years before the sea-water cla;v. When the sea-water clay has 
reached a salt content of 15 gram per litre, and is consequcntl;v 
still a normal clay of lmv sensitivity, the brachyhalinc clay has 
had its salt contcnt reduced to 5 gram per litre, and has most 
probably changed into a highly sc'nsitive quick clay. 

From the borings of the table (p. 26) it appears that the valuc 
of sl ar is greater in zone G than in zone F even though the original 
salt concentration of zone F is considerably higher than that of 
zone G. Howevcr, the G-clays are the youngest in the stratigraphi­
cal sequence and han~ thus had little time for leaching, whcreas 
the F-clays may have been subjected to leaching during a pcriod 
of 5000 years, on an average. The great difference in s:'a<. betwcen 
zone F and zone D, S 1 a,F in any particular horing heing approxi-
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mately twicc as great as s1 '(\·D' is explainccl both hy the fact that 
zonc D is almost 4000 years older than F and also b~, the much 
higher original salinity of zone F. The reason why s/ a('(. is greater 
than s/ a('n' evcn though zonc C is pro ba bly 1000 years older than 
D, is found in the higher original salt conccntration in the pore 
water of the C-clays, this factor overshadowing the effect of the 
relatively small differencc in age. 

As previously stated, we do not know the clctails about the 
lcaching process, we know that it is an extremely eomplicated 
process and that it certainly differs much in rate from one localit,\· 
to another. It is probable, however, that this leaching process. 
together with the value of the original salt concentration in the 
pore water of a clay, explains the close relation between the geo­
technical properties of a clay and the stratigraphical zone to which 
it belongs. 

Therc will also be a tendency towards greater shear strength. 
or s/a<.-value. in younger sediments than in older, because the 
particles of younger scdiments may be assumed to have been 
repeatedly redeposited thus probably having been weathered to 
a highcr degree than particles in older sediments which have re­
mained in sit u unaccessible to the oxygen of the air (oral com­
munication "·ith I. Th. Rosenqvist). 

Homogenic clay deposits which have not been subjectcd to any 
considerable degrec of leaching will show little or no discontinuity 
in geotechnical propcrties from onc stratigraphical zone to another. 
Such clays ha ve to a large extcnt kcpt their original salt con tent. 
and cven though this is different for the different zones, this does 
not affect the geotechnical properties to any considerablc degre(' 
as long as the salt concentration is higher than 10 gram per litre. 
Thus borings through undisturbed clay deposits at Drammen show 
shear strcngths which increasc continuously with depth, giving 
a constant ratio of shear strcngth to effective ovcrburden pressurc 
throughout the profile (sec Bjerrum 1954 a, fig. 8, rcproduced in 
the present paper as fig. 11). The salt concentration in the pore 
water of thcsc clays varied bctwcen 26.7 and 13.4 gram per litre. 
Such clays are usually found close to prcsent-day sea leYel, or in 
other places \Yhere the ground water flow has bccn small. On the 
other hand. deposits at Vaterland and Bjøn·ika in the cit~' of Oslo 
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~ho"· that also clays situated close to, and cYcn helow, prcscnt-day 
sea lcYel may haYe heen subjectcd to leaching rcsulting in dis­
continuous changes in gcotcchnical properties at the transitions 
between different stratigraphical zones. 

The borings from the city of Oslo, which we haYe trcatcd here 
(tab le p. 26), show that in any onc boring, samples from the strati­
graphical zone D ha Yc the lo west Y a lue of s/ o,., and this condition 
\Yill certainl~- he found in most borings from the Oslofjord area. 
This, howeYcr, docs not mcan that quick clays shoulcl neccssaril~, 
belong to ZOlll' D. As wc haYc secn, quick clays are fornwd when 
marine ela~· dcposits which originally haYc a high salt concentra-
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tion m their pore water are subjected to a consiclerable clegree 
of leaching, and such a leaching out of the original salt content 
may take place within any one stratigraphical zone. In accordance 
with this P. Holmsen (1949) states that the quick clays of Norway 
are not associated espeeially with Post Glacial clays, some of the' 
largest quick clay slides have occurred in old Late Glacial deposits 
(sec also G. Holmsen and P. Holmsen 1946). 

Tracing of old land slides. 
Clay deposits which have been involved in land slips, han' 

attained geotechnical properties highly different from those of the 
undisturbed sediment. Carrying out subsurface investigations for 
the purpose of engineering projects it therefore interests the geo­
technician to know whether the sediment in question has remained 
undisturbed, or if the deposit, or parts of it, has been subjected 
to previous slides, i.e. whcther the stratification of the sediment 
is the original one, or if any secondary disturbance has taken place. 
The existence of old slides are in must eases revealed by the traeing 
of unconformities of the strata or even by inversion of the strati­
graphical sequence. For this purpose already the micropaleonto­
logieal demonstration of strata which can be recognized from one 
borehole to another within the area of a certain exploration. may 
lead to useful conclusions even if these strata are not correlated 
with an~' regional stratigraphy. If the borings are numerous enough 
and propitiously spaced, the normal sequence of the loeal strati­
graphy will soon appear and anomalies readily detected. 

To illustrate this kind of application of mieropaleontology to 
soil mechanics, an investigation of marine clay deposits at Høy­
skoleplatået in the city of Trondheim is recorded in the following. 

HØyskoleplatået, or GlØshaugen, is formed by a plateau, or ter­
race, with an area of approx. 170 x 100 m, and its surface situated 
55 m above sea len~l. This plain is terminated to the south by 
a cliff deseending to a much smaller terraee surface at 46 m a. s. l. 
Another cliff slopes from the lower terrace down to approx. 37m 
a. s. l. (figs. 12 and 13). This complex is made up of clay, except 
for a quite thick layer. of sand in its western part. The total thiek­
ness of the dcposit, from the uppcr terrace surfacc to beclrock, is 
about 20-25 m. 
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Fig. 12. Sketch map of Høyskoleplatået (Gløshaugen) in the city of Trondheim 
with positions of borings and direction of the profile of fig. 13. Equidist. l m. 

Kartskisse o1•er l!Øy.vkoleplatået i Trondheim med angivelse av boringer og 

retningen av profilet i fig. 18. 

Samples from four borings (cf. figs. 12 and 13) were micropale­
ontologically investigated; samples from the sand layer were not 
examined. The fossil microfauna was composed of rather few spe­
eies, and the number of specimens was also low in most samples. 
In order to give an impression of the foraminiferal fauna and its 
variations, analyses of four representative samples are recorded 
on page 40. 

The scarcity of species together with the relative high frequency 
of Elphidium clavatum and Cassidulina crassa suggest Late Glacial 
age for the sediments (see Feyling-Hanssen 1954 a, b), this view 
being supported by the presence of Cassidulina teretis. The occur­
rence of some valves of the pelecypod Yoldiella lenticula is also in 
accordance with Late Glacial age. No part of the deposits is Post 
Glacial. The age is of minor interest in connection with this parti­
cular task; it is, however, \vorth mentioning because it shows that, 
altough the whole section represents exclusively Late Glacial sedi­
ments, a stratigraphical subdivision is still possible. This has been 



Species 

ElphicHum clavatum • o. o •• 

Cassidulina crassa o o o o •••• 

Pyrgo williamsoni • o. o ••• o 

T'irgulina loeblichi . o. o o o o. 

Elphidium subarcticwn o o o o 

.lstTOnonion gallou·a};i .... 

ViTgulina sp. • o ••••••••••• 

Cassicl1llina teretis • o o •• o •• 

Son ion labmdoricum ••••• o 

Bulimina maTginata • o o ••• 

Elphichzun incertum ...... 

Lenticulina sp. •• o o. o •• o. 

Pullenia osloensis •• o o •• o o 

Cassiclulina leam~gata ••• o o. 

Lenticulina el' OTbign_yi • o o. 

(}uinqueloculina stalkeri .. 
(}uinqueloculz~na subrotunda 
Virgulina fusifonnis o. o o •• 

Ostracoda ............... . 
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carried out in the thrce vertical distribution charts (figs. 14-16), 
the cores having been divided into four zones, A, B, C and D, 
according to the composition of the foraminiferal faunas. The most 
rare species have been excluded from the charts. 

Zone A, the lowest part of the scction, was charaeterizecl by 
an cxceptional poor fauna, most samples from this zone containing 
only a fe\V specimens of Elphidiwn clavatum and Cassidulina crassa. 
The maximum number of species in one sample was 10, and ostra­
cods were absent in most samples. Elphidium clavatum was the 
dominant species except for two samplcs from the lower part of 
the zone in boring 2 and 8 which contained more Cassidttlina crassa. 
Zone A was represented in all the borings. and had a thickness of 
approx. 10 m in boring 8. 
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o . • 208 l 

BORING 
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Fig. 13. Profile Il, Høyskoleplatået ( ee fig. 12) with the borings projected into 
the same profile. The white parts of the cores have not been micropaleonto­

logically investigated, they consist of coarse sand. 

Boringene i liØyskoleplatået (fig. 12) projisert inn i profil Il. De hvite deler 
av borkjernene e1· ikke undersØkt, de består av grov sand. 

BORING 

2 

In zone B the samples contained more species and more speci­
men . Elphidium clavatum was the dominant pecies in most 
amples, but Cassidulina crassa dominated some of them. Pyrgo 

williamsoni, which occurred only in two samples from zone A, was 
quite common in zone B. Virgulina loeblichi occurred in most of the 
amples and Elphidium subarcticum, in some of them; they were 

not found in zone A. The maximum number of species in one 
ample was 11, and ostracods were quite common. 

Zone C was characterized by alm ost equal abundancy of E. 
clavatum and C. crassa, and by a high frequency of Virgulina 
loeblichi. Cassidulina teretis was common and so was N anion 
labradoricum. Bulimina marginata occurred in one of the investi­
gated sample from zone C, indicating amelioration of the water 
temperature at the corresponding period. The maximum number 
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Fig. 14. Vertical distribution chart of boring 2, HØyskoleplatået (Gløshaugen) , 

Trondheim. As samples are lacking between core level 5 and 7 m , the position of 

the border between zone B and C is only estimated. 

Vertikalf01·delingsdiagram for de v anlig forekommende foraminiferer boring .'2, 
li Øyslwleplatået, Trondheim . 
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kfariny i fig. 1.;!. 

of species in one sample was 17, and ostracods werc frequcnt. This 
zone was also represented in all the borings. 

Zone D was characterized by pronounccd dominance of C. crassa 
together \vith the appearance of Quinqueloculina stallæri. V. loeb­
lichi, N.labradoricurn and P. williamsoni wcre absent in most samp­
les, and C. teretis and E. subarcticum wcre rare. E. clavaturn wa~ 
less frequent than in the pre\'ious zonc, and so were the ostracods. 
The maximum number of species in onc sample was 20. This zmw 
was not represented in boring 4. 

The cores from the four borings, stratigraphically divided in 
accordance with the scheme, have heen introduccd into figure 13. 
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Fig. 16. Yerlieal distributi()n ehart of boring 13. H0yskoleplal<let. Trondheim. 

l'crti!.-alfordelingsdiayram for l)(n·ing ].~. 1/pyskoleplatrlct. Trondheim. 

in which the horings ha Ye all heen projecte<l in to on c aud the same 
profile. From this illustration it appears that the succcssion of the 
zones is the same in all borings, zone A obYiously being the oldest 
one and D the youngest. This would suggest primar~· and undis­
turbed stratification of the deposits, if not the thickness of cor­
responding strata 'H'l'l' highly different from onc horing to another. 
This is clearly demonstrated in horing 8, wherc the thickness of 
zone C, and particularl~· that of zone B, is Yery small compared 
'vith the corresponding zones in the other borings, suggesting 
movements and deformations to haYe taken place, itt least within 
the strata ahoYe zone A. The upper part of the con' of boring 13 
evidcntly represents material which has slid dmn1 from the eliff 
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of the higher platcau, the youngcr part of the stratigraphical 
sequencc being repeated at the top of the boring. 

Comparing the result of the micropaleontological cxamination 
\Yith thosc provided by geotcchnical invcstigations of Gl~)shaugen. 
the geotechnieians arrivcd at the conclusion that large-scale slide.;; 
must han' taken placc at times wh('l1 the deposits were not yet 
raised ahon:' the sea. By these slides the laycrs abovc zone A slid 
upon the gcntly sloping surface of this zone in such a way that 
invcrsion of strata generally did not occur. 

Old landslides of this type may sometimes be difficult. or im­
possible. to dctect by paleontological methods. Younger parts of 
the sedimcnts ha H' becn mo ved from o ne placc to another. but 
micropaleontological investigations of borings through the dcposib 
reavcals no break in the stratigraphical sequence, because younger 
layers still rest conformably upon older oncs after the slide. In 
most cascs, however, landslidcs han_' hcen more tumultuous. de­
formed strata and invcrted stratigraphical scquC'nce proving their 

existC'n C' c. 

Tracing the slip plane. 
A large group of landslidcs occur at slopcs or cliffs \Yhcre the 

cquilibrium of the clay deposits is unstahle. The immediatc cause 
of such slides is nowadays very often JHovidcd by man, e.g. h,\· 
rcmoval of counter-pressure in drcdging for quays and channels 
or by construction of road or rail cmbankments on claycd soil 
nYenner 1951). This kind of a slide takes place along a more or 
less spherically cun·ed slip plane. 

For the chccking of stability computations, wich is generall,\· 
carried out b,\· using imaginar,\· slip plancs in circular arcs, it \Yould 
be very important to find in the clay dC'posits the position and 
form of the real slip plane. Some indications ma,\· he drawn from 
the occurrence of dr,\· crust in the eore samplcs, in most cases. 
howcYer, it is hardly possiblc to trace the slip plane b,\· geotechni­
cal methods a lo ne. '"enn er ( 1951). in H'stigating a large num ber 
of landslidcs, could onl,\· in four cases determinc the probablc 
position of the slip plane in the cm·es. In the solution of thi:-; 
problem micropalcontolog,\· may. in somc cases, pron' to JH'OYid(' 
a uscful additional nwthod. 



-46-

Figure 17 illustratcs a schematical profile of clay deposits in 
unstable cquilibrium, I before, and Il after the slide. The slip 
plane is indicated by the dotted curve of figure 17 I. Soon after 
t lw primary slide has taken place, additional slumping will, in most 
cases, obscure the rear part of the slide scar, as schematically in­
dicated by the dotted curve (betwecn boring 5 and 7) of figure 
17 Il. Provided no previous slide has disturbcd the stratification 
of the deposits and that, e.g., four zones. D, E, F and G are micro­
paleontologically recognizable, the stratigraphical conditions before 
and after the slide will be approx. as illustratcd in figurc 17. 

For geotechnical as wdl as micropalcontological investigation, 
('ore samples -;hould be securcd from borings carriecl out both 
within the actual slide area and in the adjacent part of the deposits, 
which has remained undisturhed after the slide. ~licropaleonto­
logical examination of samplcs from the undisturbed part of the 
deposits, e.g. boring 6 and 7 of figure 17, reveals the local strati­
graphy which, in this case, is a succession of four nearl~, horizontal 
zones mcntioncd above, D being the oldest onc and G the youngest. 
When this stratigraph,v has been thoroughly established for the 
undisturbecl deposits, the zones have to be recognized within thosc 
parts of the sediments which hase been involvcd in the slide. 

In boring l the Foraminifera will demonstra te the presencc of 
zones F, E and D in the same succession as in the undisturbed 
deposits. The lack of the youngest zonc, G, indicates that this part 
of the clays reprcsents the lmver part of the original cliff (fig. 17 I), 
but there are no micropalcontological indications of the slip plane. 
In boring 2 the whole scquence from G to D will be present, but 
also there is no indication of the position of the slip plane: zone E 
of the slid material rests upon zone D, which is the normal suc­
cession in the undisturbed sedimcnts. The borings 3, 4 and 5, on 
the other hand, provide excellent demonstration of the position 
of the slip plane; in boring 3 and 4 the succcssion will be G, F, D, 
zone E bcing absent in both borings, and the slip plane situated 
at the transition between F and D. In boring 5 zone F is lacking, 
and the slip plane situated at the transition between GandE. 

In this idealized landslide the rear part, or the rear half, of the 
slip plane could be tracecl by micropaleontological examination of 
core samples, and such is the case with most lanclslides of this type. 
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6 7 

}'ig. li. Idealized profile through clay deposits in unstable equilibrium. I before. 

li after the slide. D. E. F and G indicate stratigraphical zones. the numbers l to 7 

mark borings. Slide plane indicated by the clotted line in I. 

Idealisert profil gjennom leirm·setninger i ustabil likerekt, I før, 11 efter raset. 

D, E, F og O angir stratigrafiske soner, tallene 1-1 markerer boringer. Den 

prikked!' linje representerer glidefiaten. 

The traced part of the are of the slip plane in the profil will, how­
cver, greatly facilitate the construction of the complete are for 
stability computation. This will be particularl.v simple if the rear 
edge of the slide scar, b~, horing 6 in figure 17, is preserved. In the 
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front part of the slide, to the left of boring l, the presenee of dry 
crust in the core will probably indicate the position of the preYiou~ 
clay surface which has been overrun by the slide. 

L"nfortunately, it may in some cases be impossible to determine 
the slip plane of a slide because the deposits have been inYoh·ed 
in previous slides. The foraminiferal analyses will then reveal 
more than one break in the stratigraphical sequence of the different 
borings. In fact, several breaks and stratigraphic invertions ma,v be 
recognized within one single core, the stratification having thcn 
been disturbed to such a degrce that it has become impossible to 
point out any certain slip plane. To illustrate such a complicated 
case, the investigation of a landslide which took plact> at Lodalen 
in Oslo on October 6th, 1954, is recorded in the following. 

The locality is situated approx. l Vz km east of the centre of 
Oslo at the main northern railwa~·, and the slide was causcd h~· 
extension of a marshalling yard. It is furthermore known that land­
slides have taken place within the same area previous to that of 
1954 (Sevaldson 1956). A sketch map of the locality, with the limit 
of the slide and the placings of the borings indicated, is reproduced 
in figure 18, and a profile, section 2 in figure 18, sho"·ing the sur­
face of the deposits before ( dotted line) and after the slide. is illu­
strated in figure 19. 

Core samples from six borings, boring nos. l, 2. 3, 4. 6 and 7. 
wcrc micropaleontologicall~· investigated. Three of these borings. 
2, 3 and 4 were from the slide whereas the other three were from 
adjacent parts of the deposits which were unaffected by the slide 
of 1954, boring l was situatcd abovc the slide and 6 and 7 \Yest 
of it. Foraminifera occurred in all samples examined, and in ac­
cordance \Yith the composition of the foraminiferal fauna from 
different samples it was possible to divide the sediments into four 
stratigraphical zones, D, E, F and G (in boring 2 cven zonc C wa~ 
present). Zonc D is charactcrizcd b~· the precense of fe\\· specics. 
and usually also few specimens, Elphidium clavatum generall~· 

being the dominant one. The maximum number of specics in one 
sample of this zone was 14. Zone E is characterizcd by the appear­
ance of Bulimina marginata together with Elphidium incertum. 
Elphidiurn cla1·atum still being frequcnt. The maximum nmnber 
of species in onc sample was 28. In zonc F Bulimina marginata 
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Section 
2 

O 10 20 JO 40 50 

Mefres 

Fig. 18. SkPtc!t map of the landslide at Lodalen. Oslo: limit of slide and position 

of borings indieated. 

Kartskisse (JI'er raset i f.odalen, Oslo, lJOringene og rasets hegrensning er angitt. 

30--------------------

Befo-e the si1de 

--3C 

20----------. ----------- -------2C 

"",----After the sl1de 

o 2 4 6 8 10 

M et res 

Fig. 1\l. Profile of the landslide at Lodalen. Oslo. sedion 2 in fig. 18. 

Profil az· raset i l.odafen, Os1o. 

shows pronounced dominance. Elphidiwn incertwn being second 
in number. The maximum numbcr of spccies in onc samplc \Yas 24. 
Zone G is characterized by quite frcquent occurrence of Eggerella 
scabra and Streblus beccarii: the nnmhcr of species was rathcr low 
in this zonc. 11 being the maximum in onc sampk. 

·o 
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The anal~'ses of four rcpresentatiYe samples, onc from caeh zone, 

are recordecl below: 

Speeics 

Elphidiwn clavatum ..... . 
Cassidulina crassa ....... . 
Quinqueloculina stalkeri .. 
Pullenia osloensis ....... . 
Fissurina semimarginata .. 
Quinqueloculina subrotunda 

Zone D 
Boring Z 

Depth 

:?0.6 111 

351 
84 

6 

5 
3 
l 

Lagena distoma . . . . . . . . . . l 
Cassidulina teretis . . . . . . . . l 
Cibicides lobatulus . . . . . . l 
Elphidimn subarcticum ... . 
Elphidium incertum ..... . 
Bulimina marginata ..... . 
i.Vonion sp .............. . 
Liebusella goesi ......... . 
Cassidulina laevigata ..... . 
Quinqueloculina seminulum 
P.11rgo cf. simplex ....... . 
Olobobulimina turgida 
Elphidium excavatum 
;Yonion barleeanum 
Yirgulina fusiformis 
~Y onionella auricula 
E ponides e;L~Iguus ....... . 
P.7Jrgo ?.Dilliamsoni ....... . 
Lagena substriata ....... . 
Lagena laevis ........... . 
Buccella frigida ......... . 
Eggerella scabra 
Streblus beccarii 
All.'eolo ph ragmium c ras si m. 

Ostracoda ............... . 

l 
l 

455 
l 

Zone E l Zone F 

Boring:? l Boring :2 
Depth Depth 

1:?.1 111 S.:? m 

339 
69 
2 
2 

2 l 

89 
83 

4 

3 
2 
l 
l 
l 
l 

599 
16 

l 

36 

3 

4 

126 
720 

2 
42 
11 

78 
18 

6 
5 
3 
2 
l 
l 

1058 
4 

· Zone G 

Boring Z 

·1 Depth 

3.6 Ill 

2 

24 
68 

28 

133 
29 
2 

286 
9 
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Fig. 21. Yertical distribution ehart of boring 3. Lodalen. 

l'ertikalfordt'linr;sdiagralll for l)()rinr; .~. Lodalen, Oslo. 

To illustrate the Yariations in the composition of the foramini­
feral fauna through the sediments, Yertieal distribution eharts for 
the borings 2 and 3 ha ve be en rep rod ueed in figures 20 and 21: 
rare speeies haYe becn exeluded. In boring 2 the zone D oeeur three 
times and zones E and F two times in the same core: in horing 
3 the zones D and F oecur twicc. 

From micropaleontological examination of other horings tluough 
elay deposits in Oslo it is, as \Yl' haYc seen, known that the normal 
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Fig. 22. The boring;; at Lodalen. stratigraphi<"ally diYided. projected into one profile 

(;;ed ion 2 of fig. 18). 

De stratir;rafisk i1111ileltc [Jorinyer i Lodalen projisert inn i jJrojil! 

r seksjon .! på jiy. JS J. 

:-;ucccssion of the stratigraphical zoncs \Yhich occur in Lodalen is 
D. E, F, G-D bcing the oldcst zmw and G the youngcst. Xonc 
of the borings from Lodalen showcd this normal succcssion. EYcn 
the cores from thosc parts of the dcposits which \Yerc not inYolYccl 
in the slide of 1954, horings l and 6, show a disturbcd stratifica-



-54-

tion (fig. 22). Boring 7, which was also taken outside the latest 
slide, showed normal succession of zones F and G: this boring was. 
however. not deep and only the two youngest 7.ones \Yere present 
in the core. 

On the \\·hole, the micropaleontological investigation of the land­
slide of 1954 in Lodalen revealed scveral breaks in the strati­
graphical sequence, indicating that the sediments have been in­
volved in several slides previous to the 1954 one. To point out 
any certain slip plane scems, however, to be very unsafc in a case 
like this. 



Conclusions. 
l. The adYancing fronts of the Pleistoccnc ice shcets of Scancli­

naYia carriecl a\Yay most of the unconsolidated sediments which 
they met on their way. The marine clays which are the subjcct 
of the present paper, were depositcd at the retreating front of the 
latest glaciation (\Viirm-\Visconsin) during periods of climatic amc­
lioration. As the weight of the ice masses lesscned. isostatic eleYa­
tion of the preYiously glaciatcd region took place. In consequencc. 
a great part of the marine sediments \YlTe raiscd ahoYc sea leYcl. 
The retrc·at of the icc was interruptcd by stagnations or oscillations 
which are marked b~· marginal moraines, the most prominent of 
which is the Ra. Other well-known morainic stages are the As-Ski 
stage. the Aker stage and the ~Iinnesund stage (fig. l). 

2. On the basis of thcir content of fossil Foraminifera it has hccn 
possible to diYidc the marine cla~·s of the Oslofjord area into sen·n 
stratigraphical zones: A. B. C and D being of Late Glacial age. 
E, F and G of Post Glacial. Zonc A comprises the oldest strata of 
the Late Pleistocenc, they "·erc deposited under high-arctic climatic 
conditions in sca-\Yater of rather high salinity. Zonc B comprises 
sediments depositcd during climatic amclioration wlwn the \Yatcr 
of the Oslofjord "·as much dilutcd hy melt-watcr and. accordingly. 
had a rathcr low salinity. The sediment:-; of zone C \YtTe deposited 
under marinc-ecological conditions distindl~· hetter t han those of 
the preYious zones: the salinit~· must haYe heen high .. \t the hegin­
ning of the period of zonc D the clima te ha el once aga in becomc 
arctic and the glaciers had readYanccd to the position marked hy 
the moraines of the Aker stage: a considcrahlc decrease in salinit~· 
took place when the glaeiers n·eeded anew. 'Yith the deposition 
of the zone E layers the marine-elimatic conditions had changcd 
to boreal and we han· arrived into Post (;}acial age: the salinit_,. 

of the contcmporancous fjord \Yatcr \Yas rather high. Zone F com­
pnses sedimcnts deposited under optimum elinwtic conditions; 
water tempcraturc and salinit~· seem to han· lwen highcr than 
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during any other Late Plei~toeene periocl. Deterioration of the 
dimate took place during the clt'position of the zone G layers, and 
the contemporaneous ~alinit,v of the water \Yas quite low. 

3. The foraminiferal zonc .\ is correlated with the Y oldia day 
of BrØgger's classical cliYision, zonc B roughl~· with the Area clay, 
zonc F corrcspond~ to the lsocardia clay and zone G to the Scrobi­
cularia clay. Zonc C is correlatcd '"ith Øyen 's Jfytilus stage and 
D \Yith his Portlandia stage (fig. 4). 

4. A dose eorrclation exists betwecn the stratigraphical zones 
aiHl the shear strengths of a ela~· cleposit. 1n horings through 
homogcnic sedimenb, shm\·ing cliscontinuous Yariation of slwar 
strcngth \Yith depth. the hrcaks in the Yariation of shear strength 
occur at the transitions from onc stratigraphical zonc to another 
(figs. 5-7). Thus, in clays of approx. equal mineral composition 
and grain size distrihution any Olll' stratigraphical zone can be 
rdatcd to a certain Yaluc of the ratio shcar strength to effectiYc 
oYcrburclen prcssure. s o, .. Among the zoncs occmTing in the Oslo 
region zone D is characterized by the lmn'st Yalue of s o, .. 

5. In most cases any one stratigraphical zone has a greater Yaluc 
of s. o,. in cleposits dose to sea lcYel than the corrcsponding zonc 
in deposits situated at greater eleYation (fig. 8 a). This clemon­
:-;trates the general relation betwecn geotechnical propertics and 
rcducccl salt conccntration in the pore water of the day. Small 
Yalues of the ratio shear strcngth to effectin~ oYerburden pressurc 
occur in relatiYel~· salt-frce days wlwreas high s 'n(.-Yalues are found 
in clays which ha H', more or less, kept thcir original salt conccn­
tration. The clegrcc of leaching. rcsulting in reduced salt concentra­
tion, depends upon the h;vdraulic gradient \Yhich, as a rnle, is largcr 
in placcs wherc the secliments haYe bcen raisecl ahon' the erosion 
base than in places whcrc the~· ha.Ye remaincd helmY or dose to 
this lcYel. 

6. The lcaching process takes place at different rate from one 
placc to another and Yaries considerably with the pcrmeability of 
the sediment: at a11~· particular localit~·. hmn:'Yer, it is a function 
of time. It is knmn1, from other inn'stigations, that the changcs 
in geotechnical properties, causccl by lcaching, are negligible as long 
as the rcduction in salt content has not reached a Yaluc of approx. 
10 gram per litre. lmt that tlwy hcconw cxtrcnH'l~· important \\·hen 
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this critical Yalue is surpassecl. A elay belonging to zonc D, \Yhich 
\Yas depositcd in water of low salinity, will, during the proccss of 
lcaching, pro ba bly rcach this critical Yalue som c thousand years 
hdorc a. clay which hacl a high original salt content in its pore 
water (fig. 10). 

7. l t is, in most ca ses, casily demonstratc<l by micropalconto­
logical mcthods \Yhether a sediment has remainecl undisturbed or 
if it has lwen suhjccted to preYious slides: to trace the position and 
form of the real slip planc is, hO\H'HT, a much more difficult task. 



Sammendrag. 

Mikropaleontologi anvendt på geotekniske 
problemer i Norge. 

Innledning. 
En hoYedoppgaYe for den geotekniske forskning i Xorge er å ut­

rede våre leiravsetningers egenskaper og på den måten hjelpe til ved 
lØsningen av praktiske spØrsmål, f. eks. i forbindelse med bygge­
prosjekter. Hovedmassen av de leirer som kommer på tale i denne 
forbindelse er såkalte marine leirer, dvs. de er avsatt i sj~)vann, og 
skriver seg fra den tid da siste istids bredekker efterhvert smeltet 
ned og trakk seg tilbake innover landet. At en så stor del av avset­
ningene st•nere er kommet til å ligge tØrt, har sin ~u·sak i den land­
stigning som har funnet sted under og efter avsmeltningen. 

X ærværende arbeide er et forsøk på å dra nytte a,, mikropalc­
ontologien ved lØsningen av praktiske geotekniske problemer . 

.:\Iikropaleontologien arbeider med fossiler som er så sm[t at man 
må bruke mikroskop for å studere dem nærmere. I våre marine 
leiravsetninger tilhører de aller fieste mikrofossiler gruppen Fora­
minifera, encellede dyr med skall som oftest er bygget opp av kalk. 
Det er skallene vi finner i avsetningene og størrelsen av dem er som 
regel 0.2-0.3 mm. l~t fra kjennskapet til hvordan forskjellige arter 
av foraminiferer len_·r i våre dager, om denne eller hin art krever 
kaldt eller temperert vann, stort eller lite dyp, h~iy eller lav salt­
holdighet, kan man dra slutninger om hvilke klimatiske forhold 
de forskjellige leirlag hk avsatt under og dermed om lagenes rela­
tin_' alder. 

For å skaffe pr~iver fra undergrunnen, ndt man i stor utstrekning 
benytte seg av kjerne boringer. Hvis man bare hadde de vanlige 
skall av muslinger og snegler å holde seg til ved utredningen av 
lagfølgen i en slik boring, ville holdepunktene være f[t og usikre. 
For slike relativt store skall (megafossiler) vil sjelden eller bare 
helt tilfeldig forekomme i bm·kjernene, mens mikrofossilene i almin­
delighet vil nerc til stede i store mengder sclY i tynne horkjerner. 
Istedenfor spredte eksemplarer eller bruddstykker, fhr man a Y 
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mikrofossiler hele faunaer. eller populasjoner. ~t arbeide med. Og 
da må resultatet kunne bli langt sikrere. Der kan iallfall Yærc 
opptil 30 000 foraminiferer i en leirpr~iYc som i tØrr tilstand Yeier 
100 gram. De aller fleste foraminiferer leYer i saltYann, noen få 
arter forekommer i brakkntnn og nesten ingen i ferskYann. 

Geologisk historie. 
l;nder knu·tærtidcn (Pleistocene) Yar SkandinaYia iallfall tre 

ganger dekket a Y enorme ismasser som under sin Yekst skjØY unna 
nesten alt som fantes a Y losmatcrialc i omr[Hlet. De løsmasser (i 
motsetning til fast fjell) som Y i finner under marin grense i X orge 
i dag er derfor Ycsentlig slike som ble a Y satt foran isdekkets Yikcnclc 
fronter under siste istids aYsmcltningsperiode. 

Ansamlingen a Y sne og is i Fcnnoskandia (Finn land og Skandi­
naYia) resulterte i en ncdtrykning aY landmassen slik at kystene 
lå dypere ncddukket i sjøen enn de gjorde f~)r nedisningcn. "Cndt·r 
den derpå f~ilgende fm·hcdring a Y klimaet letnet trykket a\' ismas­
sene, og f~ilgen Y ar en langsom stigning a\' de tidligere nedisede 
landområder. På den måten hlc cn stor del aY dc marine sedimentt•r 
l~iftct opp onT haYniYået slik at de i dag utgj~>r byggegrunnen i 
noen a Y Y åre tettest befolkede områder, f. eks. omkring Oslofjorden 
og Trondheimsfjorden. I Oslo finnes den h~1ycst hen'de strandlinje 
i dag 221 m on'r nunerendc haYnidt. 

Tilbakcrykningcn a\' isen ble fra tid til annen aYbrutt aY still­
stand eller smtt fornycde fremrykninger. Iskantens stilling til disse 
tider finner Yi merker efter i store randmorcner. I Oslofjord-om­
rådet er den mest fremtredende a\' disse den Yclkjcntc Ra-morene 
som kan f9)lgcs fra Halden on'l' Sarpsborg til ~loss, og fra Horten 
til LarYik-Hdgcroa og som fortsct ter både i Sn·rige og YestoYer 
utenfor Yårt område .. Lagdelingen i Hact samt dets innhold a Y 
marine fossiler Yiscr at det opprinnelig er aYsatt i sj)kn. Senere 
gjorde isen en stans. med smi1 frem- og tilbakerykninger, Yed linjen 
-:\Iysen. As-Ski. Storsand. I nordkanten a,. Oslo h~·. Ycd Linncrud. 
Grefsen, SogusYann, BogstadYann og lenger Ycst Yed Egge i Lier­
dalen, ligger morener som Yist'r frcmst~H HY hrcmassenc (Aker­
trinnet). og p[t Honwrikc finnes isranddanndsl'r Yed Berger . .less-
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heim, Ha uerscter, nwd ~Iinnesundtrinnet som den siste stagnasjon 
aY isranden i dette område (sml. fig. 1). :\Iarine aYsetninger er 
funnet så langt nord som Yed sydenden as :\fjy)sa, og i Glåmas 
dalfore nordoYer til omkring V:"der (fig. 2). 

Stratigrafi. 
Y ed st nd ium a,. fora miniferinnholdet i lcirpr~)n'r fra en lang 

rekke boringer i Oslofjord-omnl.det Yiscr det seg at de marine HY­
setninger kan inndeles i syY soner: .:-\, B. C, D, E, F og G, med A 
som den eldste og G som den yngstt'. Sonene A, B, C og D skri,·er 
seg fra senglacial tid da en innlandsis emm fantes i landet, mens 
E. F og G ble aYsatt i postglaeial tid da all is Yar smeltet bort. 
.\ Ysctningt'r tilh~>rende sone A er i Oslo-feltet hare funnet syd for 
Hact, de ble aYsatt under hdyarktiske klimaforhold ela et ishaY 
sk~·llet mot innlandsisens kalYingsfront i områdene omkring det 
som nu er ~·tre Oslofjord. Sone F derimot, omfatter aYsctninger 
som skriYer seg fra postglacial Yarnwticl, stenalderen, da klimaet 
onT hele X orges lawl Yar gunstigere enn det er i dag. Foraminifer­
innholdct i de forskjellige soner Yil bli utf~irlig behandlet i et senere 
arbeide. 

I figur 4 er Y<he mikropaleontologiske soner sammenholdt med 
Brøggers tidligere inndeling som grunner seg på innholdet av 
muslingskall i leirene, og mecl Øyens strancllinjeniYåer som har 
naxn efter muslinger og snegler i strmulaYsetninger. Strandlinjenes 
h{1ycle i Oslo til clc forskjellige tider er ogs<\ angitt, og helt til h~1,vre 
i skj('mad er anf~)rt avsetningl'ncs tilnærme(lc alder. 

Stratigrafi og geoteknikk. 
For en lang rekke lcirpr5iver fra boringer i Oslofjonl-områclet 

er eler iakttatt en sanimenheng mellom stratigrafi og geotekniske 
egenskaper. slik at overgang fra en stratigrafisk sone til en annen 
som regel f~)}ges av en forandring i geotekniske egenskaper. Dette 
gjelder i særlig grad leirens skjærfasthet, som er den motstand en 
Ieirs,vlincler av bestemt tverrsnitt gj~h· mot [t slites onT pA tvers. 

I figurene 5-7 er sammenhengen mellom stratigrafi og noen 
geotekniske egenskaper vist Yecl to boringer fra BjyH'Yika og en fra 
:\Iajorstucn. Oslo. Tendensen i forandringen i skjærfasthctene 
(skjærfasthetenc fremstilt ved ringer og kryss til h5;)~Te i diagram-
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mene) er illustrert Yecl rette linjer (sml. Bjerrum 1955). Innenfor 
bYer enkelt stratigrafisk sone tiltar sk.i<erfastheten forholds\·is jeYnt 
med d~·1wt i aYsdningen, men Yed onTgangen fra en sone til den 
neste er der et mer dkr mindre plutselig brudd i denne jenw 

~>kning. 

Yi holder oss her hare til skjærfasthctcn. og for i Yitre betrakt­
ninger A eliminere dens okning med dypet, cliYidcrcr Yi skjærfast­
hcten s med det dfcktiYe oYcrlagringstrykk Iie og får dermed et 
forhold s ·o,. som er noenlunde konstant for h HT sone innenfor en 
og samme boring. I tabellen side 26 er sammenstillet resultatene a\· 
mikropalcontologiskc og geotekniske undersøkelser for 10 boringer 
fra 5 forskjellige steder i Oslo. Forholdet skjærfasthet til effektiYt 
oYerlagringstrykk, s. o, .. Yiser innenfor hYer enkel horing påfallende 
sammenheng med boringens stratigrafiske soner. Således Yiscr det 
seg at sone D i alle boringer har den lan'ste s o

1
.-Yerdi. Disse for­

hold gjelder selYf0lgclig hare i den utstrekning kornstprrclst'sfor­
dcling og mincralsammcnsetning er konstant gjennom hele den 
lwtraktede dd aY aYsctningell. 

Redusert saltinnhold. 
Det Ylser seg Yidere at de geotekniske egenskaper stort sctt er 

aYhengige aY leiraYsetningens h~)yde oYer haYet. Idet Yi stadig 
holder oss til skjærfastheten, representert Yed forholdet s '01., ser yj 

at hYer sone (C, D, E. F, G) har en stØrre Yercli a Y s 'o,. i aYsetnin­
ger nær haYniYå enn i a\·sctninger som befinner seg h~1yere opp. 
Denne aYlwngighet er, for boringene i tabellen side 26, illustrert 
i diagrammet p~t figur 8 a. og i Yirkeligheten demonstrerer den den 
almindelige sammenheng mellom geotekniske egenskaper og redu­
sert saltkonsentrasjon i leirenes port'Yann. 

S~·stematiske underspkclser onT saltinnholdet i norske marine 
leirer har Yist at en betraktelig reduksjon har funnet sted siden 
de ble aYsatt. Og det er Yidere blitt klart at redusert saltinnhold 
medfy)rer f. eks. redusert skjærfasthet (RosenqYist 1946 a. Bjerrum 
1955). Dette forhold er illustrert i figur 9. Lan_· s 'o

1
.-Yerdier finnes 

i relatiYt saltfrie leirer mens h0yere Yerclier finnes i leirer som mer 
eller mindre har beholdt sitt opprinnelige saltinnhold. Reduksjonen 
i geotekniske egenskaper foreg~n· ikke i samme forhold som reduk-
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sjonen i saltinnhold. Selv en betydelig reduksjon av saltinnholdet 
medfører bare helt ubetydelige reduksjoner i leirens geotekniske 
l'genskaper så lenge saltkonsentrasjonen holder seg over 10 gram 
pr. liter. ~len blir saltinnholdet lavere enn denne verdi, påvirkes 
de geotekniske egenskaper i betraktelig grad. 

Reduksjonen av en leires opprinnelige saltinnhold er avhengig 
av grunnvannssirkulasjonen i avsetningen. Og grunnvannsbevegel­
sen vil meget ofte, men slett ikke alltid, være livligere i avsetninger 
som er hevet opp i større høyde over havets nivå enn i slike som 
er blitt liggende i eller nær ved sjr>en. Derfor finner vi ofte la verl' 
saltholcligheter og lavere skjærfastheter i hØytliggende leirer enn 
i lavtliggende. 

Saltkonsentrasjon og stratigrafi. 
Reduksjonen i saltinnhold avhenger også av det tidsrom som 

har stått til rådighet for grunnvannets utlutende virksomhet. En 
ung leiravsetning vil derfor ha hØy s/o,.-verdi av to grunner, for 
det f~-lrste fordi den er ung og ikke har hatt tid nok på seg til noen 
nevneverdig reduksjon av saltinnholdet, og for det annet fordi den 
hare har fått være med på en liten del av landstigningen. Grunn­
vannssirkulasjonen har derfor ikke kunnet økes i noen betraktelig; 
grad og altså har ikke noen nevneverdig utlutning av saltinnholdet 
kunnet finne stecl. 

I en homogen leiravsetning (hvor vi ser bort fra tørrskorpe­
fenomenene) der de stratigrafiske soner G, F, E, D, C forekommer, 
skulle verdien av S/o,. således være mindre i sone F enn i sone G. 
og mindre i E enn i F. man skulle vente en kontinuerlig minking 
i forholdet fra yngre til eldre lag i avsetningen. ~Ien som vi har 
sett varierer ikke s o,.-verdien på den måten. Visstnok er s/o,.­
verclien mindre i sone F enn i G, mindre i E enn i F og mindre i 
D enn i E, men i sone C er <len igjen sWrre. Dessuten er der en 
llllT eller mindre hn\ forandring i s/o,.-verdien ved overgangen fra 
en sone til en annen. l en bestemt boring har hn·r sone sin bestemte 
s /o,.-verdi. 

For å pr~1ve å finne en forklaring p<t dette p<ltagelige forhold 
mellom skjærfasthetens st~>rrelse og leira vsetningens geologiske 
historie. for de stratigrafiske soner avspeiler jo den geologiske 
historie. er det naturlig {i se nærmere ptt den totale saltholdigheten 
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av det sj~)vann som leiren opprinnelig ble avsatt i. Vi antar da at 
den opprinnelige saltkonsentrasjon i leirens porevann var den 
samme som saltholdigheten i dette sjøvann (sml. G. Holmsen 1930, 
Rosenqvist 1955). Som vi har sett under omtalen av våre mikro­
paleontologiske soner, ble avleiringene innen de forskjellige soner 
avsatt i perioder med skiftende klimatiske forhold som igjen med­
førte forandringer av saltholdigheten i det tilhørende sjøvann. 
Indikasjoner på lav saltholdighet ble funnet i forbindelse med 
sonene D og G, mens mikrofaunaen i sone C og sone E tyder på 
temmelig hØy saltholdighet. Sone F ble dannet i sjøvann med stor 
saltholdighet, omtrent 35 gram pr. liter. 

Vår<:• sen- og postglaciale leirer ble avsatt i sjØvann som antage­
lig aldri hadde saltholdighet la ve re enn ca. 20 °/oo. Det vi] si at den 
opprinnelige saltkonsentrasjon i leirens porevann for alle strati­
grafiske soner har vært vel over den kritiskE· verdi 10 gram pr. liter, 
og der synes å være lite håp om å finne en forklaring på de for­
skjellige skjærfastheter ut fra den opprinnelige saltholdighet i 
leirene fra de forskjellige soner. :\Ian skulle txert imot vente å finne 
konstant s-'a1.-Verdi gjennom hele serien av stratigrafiske soner i 
en homogen leiravsetning. Dette er også tilfelle - så lenge ikke 
saltkonscntrasjonen i leirem' er blitt betraktelig redusert ved ut­
lutiiing. 

Utlutningsprosessen foregår med forskjellig hastighet på for­
skjellige steder, og varierer i hØy grad med kornstørrelsen i av­
setningene. :\len i hvert enkelt tilfelle vil den være avhengig av 
tiden. På hvilken måte utlutningen avhenger av tiden vites ikke, 
for mange detaljer i prosessen er utilstrekkelig kjent (sml. Rosen­
qvist 1955). :\len for å forenkle fremstillingen antar vi her at reduk­
sjonen i saltkonsentrasjonen, ut]utningsprosessen, er direkte av­
hengig av tiden, slik at altså dobbel tid gir dobbel utlutning. En 
slik antagelse har ingen prinsipiell innflytelse på forklaringen av 
forholdet mellom skjærfasthet og stratigrafiske soner. Den antatte 
reduksjon av saltinnholdet er fremstillet på fig. 10, hvor grunnlinjen 
i diagrammet er delt inn i hypotetiske tidsintervaller på 1000 år. 
Vi antar altså at leire som engang ble avsatt i sjøvann med total 
saltholdighet på 35 °/oo og senere utsatt for utlutning, efter 10 000 
;l.r vil ha saltinnholdet i sitt porevann redusert til 15 °· oo. En annen 
leiravsctning med opprinnelig saltinnhold på 30 ° 110 viL ifØlge 
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samme hypotetiske diagram. ha sitt saltinnhold redusert til 10 11 
IHI 

etter 10 000 år. 
Som før neYnt for~usaker utlutningcn aY saltet i leirenes porc­

Yann forandringer i deres geotekniske egenskaper. Videre Yd Yi 
at disse forandringer er helt ubet~'delige stt lenge saltinnholdet 
fremdeles er h~)~'ere enn ca. 10 gram pr. liter. men at de blir sk.iebne­
sYangre når saltinnholdet reduseres ytterligere og bringes ned under 
denne kritiske Ycrdi. 

Idet Yi atter betrakter elet hypotetiske diagram (fig. 10), skal 
Yi fØlge to lein·r gjennom utlutningsprosessen. Den ene ble aYsatt 
i sjønum og fikk en saltkonsentrasjon på 35 gram per liter i porc­
Yannet, den annen ble a Y satt i brakt sj~,)Yann og fikk e11 opprimw­
lig saltkonscntrasjon på hare 25 gram per liter. H Yis mineral­
sammensetningen, kornst~)rrels{:sfordelingen og andre forhold er 
like for de to aYsetninger, så yj} de, fØr utlutningen. antagelig ogsa 
ha samme skjærfasthet, eller rettere samme s o,,-Yerdi. sdY om der 
altså er en forskjell på hele 10 gram pr. liter når det gjelder salt­
innholdet i deres poreYann. Imidlertid, hYis de ble aYsatt samtidig 
og senere utsatt for utlutning on·n·nsstemmende med diagrammet 
(fig. 10), så Yille saltinnholdet i den brachyhaline aYsctning. opp­
rinnelig 25 gram per liter, nå den kritiske verdi 10 gram per liter 
5000 år fØr leiren med opprinnelig saltinnhold på 35 gram per 
liter. :Når saltinnholdet i 35 °/oo-lciren Yar blitt redusert til 15 gram 
per liter, og altså a Y setningen fremdeles var en normal leire 
med laY sensitivitet, ville saltkonsentrasjonen i den braehyhaline 
leire samtidig være redusert til 5 gram per liter, og denne avset­
ning ville antagelig da Yære forandret til en kvikkleire med hØ~' 
sensitivitet. 

Av boringene i tabellen side 26 fremgår det at Yerdien aY s 'o,, 
Pr stØrre i sone G enn i sone F selv om det opprinnelige saltinnhold 
i sone F må ha vært adskillig stØrre enn i sone G. Ptt den annen 
side er imidlertid G-lcirenc de yngste i den stratigrafiske rekke­
fØlge og har således hatt liten tid til utlutning, mens F-leirene kan 
ha vært utsatt for utlutning gjennom et tidsrom aY omkring 5000 
~u·. Den store forskjell i s o,. mellom sone F og sone D. s 0d· ser 
ut til å være omtrent det dobbelte a Y S1 o,,n i en og samme boring. 
forklares både ved at sone D er omtrent 4000 ~h eldre enn F og Yed 
den h0yere opprinnelige saltholdighet i sone F. Arsaken til at s 0,,: 
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er stØrre enn s/at~ll• sehT om sone C antagelig er 1000 ;Ttr eldre enn 

D, ligger i den h~i~Tere opprinnelige salt konscntra.-.;jon i C-leirenes 

poreYann, demte faktor onTskyggcr Yirkningcn aY tkn forholdsYis 

lille tidsforskjellen. 

Homogc'tte JeiraYsdninger S(llll ikke har ,.a,rt utsatt for ullutning 

i m'YlleYcTdig grad, Y iser liten dier ing('ll diskont in u i kt i skja.'r­

fastheten p<l overgangc11 mellom lo slratigrnfbke soner. Slike lcirn 

har i stor utstrekning hel10ldt. silt opprinnelige saltinnhold. og sch· 

om dette er forskjellig for forskjellige stratigmfiske soner, p<tYirkcr 

ikke det skjærfastheten i IH'YJH'nTdig grad sit lenge konsentra­

sjonen er bØyeTe enn 10 gram pr. liter. Shlcdcs Yiscr boringer 

gjennom uforstyrrcdc Jeiravsctningcr i Drammen skjærfasthctcT 

som tiltar jeYnt med dypet og nltsit gir d konstant forhold mellom 
skjærfasthet og dfckliYt o\·crlagringslrykk gjennom hek profilet 

(fig. 11) sd\T om flere stratigrafiske soner forekommer. Disse l<'inT 

Y i sle seg å ha en saltkons('lll rasjon p[i mellom 26.7 og 13.4 gram 

pr. liter i poreYamwt. Slike leirer finnes i almimwlighet nær Illl­

værendc haYniY<L dkr andre skdn der grmmYannshcYcgelsen ('l' 

liten. l)ii den alliH'll sidt' Yiser aYsdningenc YC(l Vaterland og i 

Bj~)l·yika i Oslo at ogs;l. leirer som lwfinncr seg na'r, eller endog 

under, 1111\'<Pl't'!lde 1wYniYit kan l1a f<tll sitt opprinnelige sallilllllwld 

redusert. 

I de omtalle boring<'!' fra Oslo (tabellen side 26) Yiscr det seg 

altså :tt sone D innenfor hnT cnh,lt horing lwr den laYcste s /o,­
\Tl'<li, og delte forhold \·il nok gjenfinnes i de ficslc uforstyrredr' 

aYsetninger i Oslofjord-ornr<tdd . .:\len dd \·il ikke si al kYikklcirer 

n0dn'ndigYis mit Lilhdrc sone D. For, son1 Yi har sett. k\·ikkkire1w 

fn,mkonll!H'I' Ycd nt c11 opprinnelig forholdsYis lH),\· snllkonscntr<t­

sjon i leirenes pon'\'alln reduseres i lwl raktelig grad. Og dd le kan 

skje med leirn innen h\·ilken som helst stratigrafisk sone. I onT­

t'HSstemmelsc hermed anf~)nT P. Holmsen (1949) at kYikklcin'lll' 

i Norge ikkt' <'l' spesielt kuylld til postgla<"i:de kirn. flt'l't' a\· dt· 

stdrsk leirfall ha1· foregi'tlt i scngl:~Ci:tJ,, lt·ir"r. 

(;ande skred. 

I.eira\·svtuing('l' sont har deltatt i skred. l~:~r i al1niudeliglwt fall 

lwlt nndre geotc>kniske cgcnsk<t per e1111 den uforst y nede a Ysdni11g 

haddt>. Dcrfm· er dd a\· inlt·n'ssc for gt·otekllikt·n·JI it Yil,, o111 hn11 
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har med forst.nTede eller ufurstynedc lag a KJPrc. Allerede den 
mikropalcontologiskc pttYisning a\· lag som kan kjennes igjen fra 

det ene horhull til det andre Yil h(T Yrcrc til hjelp, selv om disse 

lagene lwhandks :-~om ht·lt lokalt• fordecbcr og ikk<· kn~·ttes til 

noen regional stratigrafi. l-IYi'l boringene er tallrike nok og fornuftig 

plasert, Yil den normale lokale lagf<llgc :-~nnrt Yise seg, og uoYercns­

stemmelser Jar seg ]d t oppspore. 
Slik allY('lH1(·1sc a,, Jll ikropa kon tologicn l il oppsporing a Y gamle 

utglidninger er illustrert Ycd et eksclllpcl fra IIdyskoleplablct (Gly)s­
haugcn) i 'Trondheim. Pit ka rtskisscn. figur 12, ('l' vist plas(:•ringen 

HY horiugcJH\ 2, 4, 8 og 13. og: pit figur 13 er disse boringer. strati­
grafisk imHldt, projisert inn i profil li. Ptt figurcJH' 14--16 er Yist 

hYordan forekomst og hyppighet <1Y endd foraminiferarter er lagt 
til grunn for en stratigrafisk iundeling (se ogsi't tabellen side 40). 

Samtlige lag er av senglaeial alder. Smw A er karakterisert Yed 
('Il fattig fauna; sone B har Here arter, rirgulina loelJlichi opp­

trer og P.IJrgo zcillianuwni ('l' ganske hyppig: sone C er karakterisert 
ved forhoJdsYis stort artsantaJl, Yed rikelig forekomst aY rirgulina 

loehlirlii og Yed opptreden av Cassidulina teretis: sone D har som 
r(·gd fa.'rre arter enn C. og Yiser ('Il utpreget domimms a\' Cassi­

dulina crassa. 

Som Yi ser er rekkefolgen aY lagene den samme i alle boringer, 
men lagent•s store forskjell i tykkels(' tyder p;~, glidninger i materi­

alet. I overste dd a\· horing 13 har Yi <l(•ssuten en gjentagelse aY 

lagene C og D som Yis(·r at <leniH' del har sklidd ned fra skrenten 
av dd hpyer<' plata (si' fig. 13). 

Glideflaten. 
); ilr del gjeldn a IH·stcmnH· posisjoJH'll :n· glidctla ten Y cd skred 

i kiraYsetninger. kan mikropalemllologicn i noen tilfdle yde assist­

ause. Figur 17 visn et skjema lisk profil gjennom en leiraYsetning 

i ust~j liken·kt, r for. Il dkr msd. Den prikkvde kurYc angir 

glid etla tvn. l h· is der ikke lw r gatt r:ts l idliger(', kan lagdelingen 
Y:en~ slik SOlli angitt pa figun·n med f.eks. fire soner. D, E.F og G. 

'Iikrop:~leontologisk liJHit-rsokelst• :t\' horing 6 og 7. altså i den 
uforstyrrede dd a Y a \'Sd ningen, klarkgger den stratigrafiske rekke­

f~ilge aY de fire llCYllk soner. ~ar dette er gjmt, kan sonene finnes 
igjt·n i horingPJl(' innen rnsotllr;tdd. I horing l Y il foraminiferene 
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Y ise tilstcde,·ct•JTb<·n a,. so!ll'Ilc F. E og D i saiHillc rekkdolgc som 

i den ufor::;tyrredc del a\· aYsdningcn, glideHatcn yjJ ikke apenhan· 

seg. I horing 2 Yil hele rckkdolgcn fra G til ]) Y<Trc l'l'JHescntcrt. 

men ingen indikasjoner a\· gliddialcn, sone Ei elet utraste materi­

ale hYilcr pa sone J), og dd ('l' den llOl'lllak rckkcfolge. :\fell 

boringene 3, 4 og 5 Yil gi utmerkede lwldepunklcr for gliddiatcns 

bestemmelse: i boringene 3 og 4 m;mglcr sone E, og gliddiatcn 

Yil Yærc it finne pit oY<·r·gnng<·n mdlom FogD. I horing 5 mangler 

sone F. ug glidcfla len li lllW"\ nwllonl (; og E. 
l nwngc tilfelle Y il det imidl<·rt id Y<t'l'l' lllttlllig il IJcs!<'lllll}(' glide­

Matens beliggenhet fordi a\·sctninge11 har \';{'1'1 inm·ikkt i tidligl'l'<' 

skred. Foraminift'l'IIIllkrsokeb<·n ,·il d<t ,·ise ll)('r <'1111 dl brudd i 

den stratigrafiske rekkcfolgc. Til illustrasjon a\' el kotnplisnt til­

fell(' anforcs skredet i Lodakn, Oslo, de11 6. oklulH'r 1954. Pa figur 

18 er Yist en kartskisse on'!' onll'add liH'd skrcdds h('grcnsning 

og boringencs plasering. Figur 19 YistT i profil onTflaten il\' skrcd­

omriiclet f~)r og efter ra sd. Pr~)H'l' fra seks boringer ble w1dersv>kt 

mikropalcontologisk, tre a\· <lisse, 2, 3 og 4. \'ill' fra sein· rasomritdet. 

mens de andre ln· Y ar fra det t ilgr<·Jls<'ll< !<- otnrittk som ikke deltok 

i raset a\· 1954. Pa grunnlag a\· foramiuifcrinnlwldd kunne a\·­

setningen deles i fire karakteristisk(' SO!lCl', n. E.F og(;, i horing 

2 er til og med <'Il sone C repn·sc11lert (se tabellen si<k 51). l 
boring 2 (fig. 20) opptrer sone D tre ganger og sonem· E og F to 

ganger i samme horkjertH'. i boring 3 (fig. 21) forekommer solll'IH' 

Dog F to ganger. Til og med horingn fra de deler aY aYsdningcll 

som ligger utenfor rasd a\· 1954 Yisl'!' forstynd lagf~>lgc. I Jigur 22 

er de stratigrafi:-;k oppdelte boringer innfprt i profil 2. og viser s;1 

mange brudd i <len stratigrafiske rekkddlge at del ville Ya.'l'c et 
meget usikkert foretagende a forsokc it p<'k(' ul hcsll'mlc gliddiatcr. 
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Plate l. Zone A. Fossil fauna of Foraminifera from a boring nt Sarp~borg . 15.5 m 

belo"· the surface. Elphidium c!aratum dominnting. 

Sone .1. Fossil fommin iferfauna fra en lJoring 1·ed Sarpsl){)rg. 15.5 111 under Ol' r r­

fi rden. Elphidium claratum -laminerer. 



Plate 2. Zone C. Foraminiferal fauna from boring 4, Høyskoleplatået, Trondheim, 
3.3 m below the stu· face. ViTgulina loeblichi frequently represen ted. 

Sone C. Fossil forarniniferfauna fra boring 4, l!Øyslwleplatået, Trondheim, 3.J 1n 

under overftaten. Rikelig forekomst av ViTgulina locblichi. 



Plale 3. Zone F. Foraminifera and some Oslracocla from a boring al Nalional­

lhealeret, Oslo, 11.3 m bclo,,· Lhe surl'ace. Bulimina marginata dominaling. 

one F. Fossile foraminiferer og noen ostracoder fra en boring ved Nationaltheateret, 

Oslo, 11.J Ill under overflaten. Bllliminct marginata dominerer. 



A. W. BRØGGERS BOKTRYKKERI A/S 


