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Abstract.
A brief review of the geological history of the Late Pleistocene marine clay

deposits of the Oslofjord area, southeastern part of Norway, has been given, and
a stratigraphical division of these sediments, established upon the basis of their
included Foraminifera, has been presented. This foraminiferal stratigraphy has been
correlated with older divisions ot the deposits based on megafossils. The striking
observation has been made that a close correlation exists between the stratigraphy

of a cla^ <lepaBlt and itB leoteonnical propertieB. I'niB is most beautifully demon
strated by one of the properties, viz. the shear strength. It has been attempted
to explain this by the relation between original and present salt concentration in
the pore water of the clay. Finally, micropaleontology has been applied to the
problems of tracing old land slides and recent slip planes, such applications håving
deen il!uBtrate6 by exainpleB from Trondheim and Oslo.

Introduction.
The main subjects of soil mechanics in Norway are the proper

ties of Late Pleistocene marine clay deposits, and the present paper
is an attempt at introducing the methods of micropaleontology
into these practical problems.

The advantages of micropaleontology, compared with the clas
sical invertebrate paleontology, in classifying different layers of
a sediment lie in the small Bi^e of the koBBilB with >vnicn it 6ealB.
By dorinZB tnrouZn tne BudBurkace me^akoBBilB, or kra^inentB tnere
of, >vill onl^ aceidentall^ be present in the eore even ik tne sediment
is rien in fossils. This is due to the relative!^ small diameter of the
drill hole, or the small entrance diameter of the piston sampler.
Stratigraphic work on core material, when based on megafossils
alone, would therefore be difficult, if possible at all, whereas micro
fossils will usually occur adundantl^ even in drill coreB. InBtead
of single BpecimenB or Beattered kra^mentB the microkoBBilB provide
vvliole populations for Btrati^rapliie interpretation. On account of
their large number microfossils can be treated statistically, and
also by this they constitude a far safer base for paleostratigraphic
conclusions than specific determination of a few, occasionally oc
curring, megafossils. For the same reason microfossils are partic-
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ularl^v UBekul in paleo-eeolo^v, wliicti i» coneerned >vitli tlie environ
mental eonditionB at tne time >vnen tne microorZani3MB lived and
died and depoBited—Bueli 28 temperature, deptli and Balinitv
ok tne water.

The Norwegian Late and Post Glacial marine clays have their
greatest extension around Oslofjorden and Trondheimsfjorden,
and Foraminifera form the bulk of the microfossils in these sedi
ments. In addition some species of Ostracoda occur in most samples
and occasionally a single specimen of Radiolaria or Diatomacea
ina^ be observed; microscopic element of larver animal are re
preBente6 UBuallv by ecninici Bs>ineB and B^eletal remainB and inter
mittently also by sponge spicules.

The Foraminifera are single-celled animal belonging to the
Protozoa. By far the greater part of them are marine, only very
few live in brackish or even fresh water (Cushman 1940). They
develop a test wnicli in a ke>v 3pecieB is composed of a thin, flexible
and transparent larver of chitinous material, in other species
it i8 made up of arenaceous material ok foreign olivin more
or less firmly cemented on a chitinous basal laver, and the largest
group have calcareous teBtB wliieli may be perforate or im
perforate and appear hyaline or porcellanous. Siliceous tests also
occur, and amonz larver l^oraminikera, Buen a8 I'uBulin!dae, nizlilv
elaborate wall BtructureB are developed (Glaessner 1948). Large
Foraminifera have, however, not been observed in Norwegian Late
Pleistocene deposits.

teBtB are BurpriBinglv re^tant, and mav ne pre-
Berved in BedimentB even ok (^amorian ori^in. Bixe ok Bpeei-
M6NB krom I>ate and ?08t (?laeial clavB ok Zenerallv ran^eB
krom 9.1 to 0.5 mm, tne ma^oritv ok tnem navin^ diameterB or
len^tn3 l)et>veen 0.2 and 0.3 mm.

I^ne BpeeieB ok l^oraminikera wnien nave veen kound in tneBe
voiiNA Bediment3 are all recent, none ok tliem kave decome extinet
in tne courB6 ok 20,000-10,000 vearB. due to tneir
senBidilitv to elian^eB in environmental eonditionB, tlie^ nave
proved tneir UBekulne3B in Btrati^rapnic reBeareli even >vitnin tniB
eomparativelv Bli«rt Bpan ok time. 'lne disserenceB in eompoBition
ok koraminikeral populationB krom tne 86HU6nce ok Late I^le^tocene
depoBitB retleet i.a. tlie cnan^eB in xvater temperature and Balinitv
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>vnicn vvere cauBed ov tne variationB and oBeillati«NB ok tne cliinate

during tniB time, and tnuB, tneBe diikereneeB oecorne BtratiArapni
callv Bi^nitieant. tlie koB3il kauna3 are conipoBed ok reeent kormB,
tne ecolozv ok 30lne ok tne speeieB 18 o^uite vvell known.

In 1954 Dr. G. Holmsen of the Trondheim Harbour Committee,
recognizing the practical value ok micropaleontology, made use ok
foraminiferal analyses in subsurface investigations of the harbour
of Trondheim, and later several micropaleontological investigations
have been carried out for the Norwegian Geotechnical Institute
(Oslo and Trondheim). This institute has made a considerable
number of subsurface explorations and laboratory determinations
of the geotechnical properties of soils, mostly connected with engi
neering projects (Bjerrum 1954 a). The greater part ok these soils
are Late l^lacial and Post (^laeial marine davB, and the director
of the institute, Dr. L. Bjerrum, has generously piaeed at my
disposal a large number of cores from numerous borings through
Norwegian Late Pleistocene deposits. This material, though as
vet onlv partlv exaniined, has zreatlv eontributed to the eBtadliBN
ing ok a Btrati^rapnv ok tneBe Bediment3 based upon microkoBBilB.

In the preparation of this paper my work has been highly
stimulated by discussions with Dr. Bjerrum, and I am especially
indebted to him for his never-failing interest and for facilitating
the xvoric by ZenerouBlv placing BainpleB and geotechnical recordB
at my diBpoBal. I Bnould aiZo like to express my tnankB to Dr. G.
Holmsen who kindly read the manuscript and offered many useful
suggestions, and also to (kurator H. Rosendahl and Professor
Dr. I. Th. Rosenqvist for their willingness to discuss problems. I
am furthermore greatly indebted to tne Faculty artist Miss Ingrid
1.0W20W who prepared the dlawin^B, and to the Faculty pnoto
grapher Miss Lerzliot IVlaurit? who prepared the pnoto^rapnB.
I finally thank Norges Geotekniske Institutt, Norges Varekri^3kor
sikrings Fond and Norges Almenvitenskapelige Forskningsråd for
financial support in the preparation of the paper.

paper Bnould nave !)een preceded liv one dealinA v^ itn tne
koraininikeral kauna ok tne ditkerent xoneB ok tne ne^ Btrati^rapnical

diviBion nere preBented. latter paper 18, kow ever, not vet readv
kor punlication, l)ut krom a Aeotecnnical point ok view it naB neen
tnouznt deBiradle not to delav tne pudlieation ok tne preBent one.



Geology.
Geological history.

During the Pleistocene epoch Scandinavia was at least three
times coveret by immenBe iee sneetB, the advancing front of >vliieti
carried away most of the unconsolidated sediments which tnev
met on their way. The unconsolidated sediments of Norway to dav
are tnerekore, in general, tnvBe >vliicn >vere depoBited at the re
treating front of the latest glaciation. The accumulation of snow
and iee in k'ennoBcan6ia cauBed a clepreBBion of the land inaBB 80
that its coasts became deeper submerged into the sea than they
were before the glaciation. During the subsequent period of cli
matic amelioration the weight of the ice masses lessened, and
consequently an isostatic elevation of the previously glaciated
region took place. A great part of the marine sediments were thus
raised above sea level, now forming the building ground in some
ok the most 6enBel^ populate6 areaB of Norway, vi?, the areas
around Oslofjorden and Trondheimsfjorden. Due to the inertia
of the earth eruBt the general elevation ok the land inaBB has con
tinued, at a retarding rate, ever since the ice cover of the latest
glaciation decreased and vanished, and is still asserted to-day. At
Oslo the highest raised shoreline is now found 221 in above present
sea level (see also G. Holmsen 1955).

I"ne retreat ok tne iee ok tlie lateBt Zlaciation n aB, kroni one time
to anotner, interrupted l)v Bta^nationB, 08eiIIation8 or even re
advance ok tne iee kront, "lne poBitionB ok tne ice kront at tneBe

periodB are marked dv marginal moraineB, tlie moBt prominent ok
nnieli i 8tlie vvell Icnovvn li, a >vliicli in tne O^ok^ord area ean de

traeed krom Halden over 3arpBdor^ to IVIOBB, and krom Horten to
I^arvik-llel^eroa. ItB Btratitieati«n, a8vvell a8itB eontent ok marine
f«88il8, Bliovv tkat tniB eonBpieuouB moraine i8a Budmarine korma

tion. Ok later ori^in are prominent morainie depoBitB kartner nortli

at IVlvBen, H.B-Bl<i, BtorBand. are approx. contemporaneouB
marlcin^ a Bta^nation or 08eiIIation ok tne recedinA iee kront >vliien
18 ealled tne Bta^e. next diBtinct Bta^e i8kound
in moraineB juBt nortn ok tne city ok 0810—at I^innerud, (!rekBen,



Fig. 1. Schematic illustration of the moraines marking the different stages of the
retreating ice cover of the latest (Wiirm Wisconsin) glaciation of the Oslo region.

(Redrawn from Holtedahl 1953)

Morenetrinn avsatt under isens tilbakerykning.
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Bo^nBvann, VozBtadvann and, kartner west, Egge in verdalen
(Lier vallev) north of Drammen. These moraines indicate a glacial
readvance, and are rekerred to as tne Aker stage. In the region
of Romerike, north and northeast of Oslo, marginal glacial forma
tions are found at Berger, Jessheim and Hauerseter, the latest
stagnation of the ice front in tnis area being the Minnesund
s t a g e at the southern end of the lake Mjøsa.

The different morainic stages of the area have been schematic
ally marked in figure 1; for details about the stages the reader is
referred to the description of Holtedahl (1953). Marine sediments
ok Late Pleistocene origin have been found as kar north as the
southern end of Mjøsa and, along the river Glåma, northwards
to Våler (see G. Holmsen 1954 and fig. 2).

Stratigraphy.
From a quantitative study of the foraminiferal content ok some

marine Late Pleistocene samples from the Oslofjord area (Feyling-
Hanssen 1954 a and b, 1955) it appears that sediments of Late
l^lacial age, vvnen an iee cover still exiBte6 and the tnermal con
ditions of the sea were arctic, are easily distinguishable from Post
Glacial ones, the first being dominated by the foraminiferal species
Fi^lH?tm clavatum together with Cassidulina crassa, the latter
by Bulimina marginata together with Elphidium incertum. The
number of species are also usually greater in Post Glacial sediments
than in Late Glacial.

I^ater micropaleontolo^ical vvork vvitn core material krom a
numder ok dorinZB w itnin tne 08lohorcl area (BarpBdorB, Fredrik.
Bta6, 0810 vvitn BudurbB, Drammen, liomerike) and alBo B«me krom
tne cit^v ok Irondneim naB veritied tne Bimple cliBtinctiun between
I^ate 6lacial and ?03t (^lacial clavB. It naB kurtnermore deen poB-
Bidle to Bubdivide tne I^ate (^lacial into 4 2oneB vvkicn are called
V, d! and v, and tne ?oBt l^iacial into 3 2one3, vi«. N, ?, and O.

I'neBe 2oneB are recognixed krom ane core to anotner; even
tnou^n local environmental conditionB nave added different cnar-
acterB to tke koraminikera! kauna, tne Btrati^rapnic cnaracter3
appear tnrou^n tne kacieB ditkereneeB. In two later paper3 yve vvill
836 novv our Beven Lone3 are deKned d^ tne oceurence and kre^uencx
ok certain BpecieB ok koraminikera in tne depoBitB, in tne 08iok^ord
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Fig. 2. The inaximuin extension of the Late Glacial sea. (Holmsen 1954.)

Den maksimale utbredelse av det senglaciale hai-.
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area as well as in the region of Trondheimsfjorden. In current
micropaleontological work the zones are in general easily distin
guished dv a few common species in their foraminiferal content.
In tne present paper, however, we will just treat our zones as
well-defined stratigraphical units, and see how these units may
contribute to the solution of practical geotechnical problems.

Zone A comprises the oldest strata of the Norwegian Late
Pleistocene, they were deposited under high-arctic climatic con
ditions when Norway was almost entirely covered by ice. In the
Oslofjord area clays of zone A have only been found to the south
of, and into, the previously mentioned large marginal moraine
called the Ra. For reasons which will be discussed in a later paper,
we may assume that the sediments of zone A were deposited in
sea-water ok rather high salinity. Among the Mollusca Portlandia
arctica is the index fossil of zone A.

Zone B comprises sediments which were deposited during
amelioration ok the climate when the ice margin receded north
wards from the Ra. Outside (south of) the Ra these deposits occur
superposed on sediments of zone A, but nortn ok the Ra they rest
on moraine. Clays belonging to zone B are found northwards almost
to the city ok Oslo. Great masses of ice must have been melted away
during tniB period, and the water of the corresponding Oslofjord
must have been much diluted by fresh melt-water. The salinity
was therefore probably considerably lower tnan that of the zone A
sea, probably lower than 30 °/00. Among the Mollusca Bathyarca
glacialis (= Area glacialis) is the index fossil of zone B.

Z o n e C comprises sediments which seem to have been deposited
under marine-ecological conditions which were distinctly better
than those ok the previous zones. The water temperature must
have been comparatively high, at least at the beginning of the
period. The highest marine limit in Oslo, 221 m above present sea
level, dates from the period of zone C. The corresponding fjord
basin was thus considerably wider and better ventilated than the
basin of to-day, and the salinity of the water was certainly between
30 and 35 °/00. Clay layers belonging to zone C have been found
in borings from Fredrikstad, Oslo, Drammen, Eidanger and Trond
heim. In Oslo, when present, they form the oldest part of the clay
sequence. Zone C seems to be absent in the area of Romerike
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northeast of Oslo, in protected localities, hovvever, sediments be
longing to this zone would be expected even there. Among mega
fossils the pelecypod Yoldiella lenticula (= Portlandia lenticula)
is the most kreo^uent one in Bampleß from zone C.

Zone D comprises sediments which contain a poor foramini
feral fauna. These sediments seem to have been deposited in water
of low temperature. At the beginning of this period the climatic
conditions had once again deconie arctic or at least subarctic, and
the glaciers had readvanced almost to to the site of the city of
Oslo forming the marginal moraines ok the Aker stage. A consider
able decrease in salinity took place when the glaciers receded anew,
supplying the fjord with large quantities of fresh melt-water, and
during this period of glacial recession great masses ok zone D sedi
inentB >vere 66p«8itec1. The Balinit^v of the cori-eBpon6inB water vvaB
probably considerably lower than 30 °/00, probably between 30 and
16 °/00. Sediments belonging to zone D have been found around Oslo
and Drammen and northwards over Romerike to the southern end
of Mjøsa. The most frequent megafossil of zone D is Yoldiella
lenticula and in addition Portlandia arctica occurs intermittently.

Witn the depvBition of the 20 ne E layers the marine-climatic
eonditions have cnan^ed from arctic or sub-arctic to boreal, and,
according to this, wc have arrived from Late Glacial into Post
Glacial age. A shrinking ice sheet probably still existed in the first
part ok this period, but, on the whole, the ice cover had vanished
from the land. The contemporaneous sea-water must have nad
high salinity, certainly 30-35 %o. Sediments belonging to zone E
have not deen konnd in the Romerike district but seem to be
commonly distributed elsewhere in the Oslofjord area. Among
the megafossils of zone E are Mytilus edulis, Cyprina islandica,
Cardium echinatum and Cardium edule.

Tone I' coinpriB6B BediinentB >vnicn >vere depoBited during

a period ok optiinurn cliinatic conditionB. Votn water teniperature
and Balinitv Beein to nave deen ni^ner tnan during anv otner I.ate

?leiBtocene period. Tone la^erB occur at 08io and BoutnvvardB
in tne area, dut tne^ nave nitnerto not, at leaBt not in tvpical

development, deen inet witn in tne vraniinen diBtrict. VrainnienB

kjorden i 8Beparated kroni O^okjorden dv tne svelvik moraine
tnrouFN wnicn a narrow Bound naB deen eroded. 'lne inoraine i8



14

to-day 50 m high in its middle part and rises to approx. 70 m at
the eastern fjord side. It dates from tne time of zone B and was
deposited a8 a submarine formation. During the subsequent periods
the shoreline was lowered, more or less constantly, and at the
beginning of the time of zone F its position at Svelvik was approx.
60 m above present sea level (see Holtedahl 1953, p. 735). Con
sequently the top of the moraine was, about that time, raised
above sea level, and the fjord inside the moraine became land
locked with stagnant water in its deeper parts. From this time on
the living conditions for a population of benthonic Foraminifera
were extremely bad, and, therefore, the foraminiferal fauna charac
teristic of zone F (and G) probably never existed in Drammens
fjorden inside Svelvik, at least not in its deeper parts.1 Among the
mollusks Isocardia cor is the index fossil of zone F.

Zone G comprises sediments which contain remarkably less
Foraminifera than those of the previous zone. A deterioration of
the climate took place during tne deposition of the zone G layers,
tranBkorniin^ it, littie by little, into the present one. Simultaneously
the shoreline was lowered from approx. 20 m above sea level, at
Oslo, to it3 present position, in many places changing previously
well ventilated parts of the fjord into more or less land-locked
bays or inlets with badly ventilated water of low salinity. Accord
ingly many samples from this zone contain only a few arenaceous
forms and, as accessible sediments of zone G were generally de
posited in shallow water, they will often contain shallow-water
species. Zone G should, therefore, at many places be regarded as
a facies unit more than a stratigraphic one. Concerning the inner
part of tne Oslofjord region, the salinity of the water into which
the sediments of zone G were deposited must have been low,
probably between 30 and 20 °/00. Among the Mollusca the index
fossil of this zone is Scrobicularia plana.

preBent Btrati^rapnie Beneine 6oeB not repreBent a 6ennite,
in everv detail eornplete6, 6iviBion. <I!ontinue6 vvork vvitn

1 Strøm (1936, p. 68) described a change from laminated to massive clay which
occurred in a 0.7 m long core from the bottom of Drammensfjorden inside Svelvik,
and explained this as resulting from a change in climate which probably took place
at the year 1300 A.D. This change has nothing to do with the conditions dis-
cussed above.
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gian marine deposits from the Late Pleistocene will most probably
involve changes in the diagram as to stratigraphical occurrence
of certain foraminiferal species, thus improving its practical value.
It has, however, in its present form already provet its usefulness
in current micropaleontological work. In the following chapter
tniB scheme, based on Foraminifera, will be correlated with two
older Btrati^rapnical <siviBionB of the Late Pleistocene of the Oslo
fjord area which was based on megafossils. 1

Correlation.
Brøgger (1900 1901) established a stratigraphy of the marine

86ciiinent8 6epoBitecl at the retreatinA front ok the ice of the
latest glaciation on the basis of their content of fossil pelecypods
(bivalves). The Late Pleistocene clay sediments of the Oslofjord
region were thus divided into 12 zones, and contemporaneous
littorai clepoBitB into 6 Bnell i)6tlB a8koIIo>V8:

1 Our stratigraphical terms, zone A, zone B, etc, have nothing to do with the
geotechnical zones A, B, C and D intro^uceci by Bjerrum (1954 c), or vvitli the
pollenanalytical zones A-D described by Kari Egede Larssen (1950).

Clay deposits Shell bsds

eia?/ Lower Tapes beds

/saea^Ha cia?/

Upper Os^ea cia?/

Upper Tapes beds

Upper Ostrea beds

Younger Cardium clay

Older Cardium clay /<o?^e7- M?/a beds

Mytilus & Cyprina clay Upper H/?/a beds

Youngest Area & /'ai-tianciia cia?/ Mytilus gravel

Younger Area & Portlandia cia?/

Middle Area & Older Portlandia clay

Older Area cia?/

I^c)?/ng'e7' I^oic/la cia?/

Older I^oiciia cia?/
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This scheme in general appears to be too detailed for practical
purposes because the different zones are not always recognizable
in the field. From its shell content a clay deposit can, usually, be
identified as a Yo ldia clay or an Area clay or a Post Gla
cial clay, but if it should be classified as Older or Younger
Yo ldia clay, «r a8 Older, Younger or Middle Area
clav, or as Upper Ostrea clay or Isocardia clay can
not often be decided. Brøgger' s stratigraphy, slightly modified, has
been schematically illustrated in figure 3, in which the different
clay zones and their relation to morainic stages, shell beds and
heights above present sea level are indicated.

To the right in the diagram (fig. 3) another paleontological
division, established by Øyen (1915), has been inserted. This is
a division of littoral formations based upon and named after
characteristic mollusk species and referred to certain intervals
in the poBition of the snoreline. The I^ittorina stage is thus
a period, characterized by the presence of the gastropod (snail)
Littorina littorea in the littoral deposit s, during which the shore
line at Oslo was lowered from 175 to 130 m as referred to present
day sea level. The different stages and the corresponding position
aoove present sea level of tneir upper shorelines at Oslo and
Trondheim are as follows (Øyen 1917):

Stages Oslo Trondheim

Returning now to Brøgger's stratigraphical zones kor the sub
littoral deposits (the clays), in their modified form of figure 3, the
oldest zone, the Yoldia clay, was deposited under climatic
conditions which were high-arctic. Its index fossils is Portlandia
arctica (= Yoldia arctica) which is to-day living in high-arctic

Mytilus stage 221 m 200 ni

Portlandia stage 205 „ 183 „
Littorina stage 175  164 „
Pholas stage 142  126  
Mactra stage ca. 95 „ ca. 95 „

Tapes stage 70 „ 69 „
Trivia stage 47 „ 45  
Ostrea stage 22  22 ..

Mya stage 0  0 „
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waters. The Vol di a clay has only been found outside (south
of) the large marginal moraine called the Ra, and is identical with
z o n e A of our inicropaleontolo^ical diviBion. Elphidum <?icwat«?n
>vnicn doininateB the fossil koraininikerai fauna of 2one A, i8 alBo
the dominant species of Foraminifera in arctic >vaterB of to-da^.
Furthermore, Portlandia aT-cttca is okten koun6 to^etker >vitk the
microfossils of zone A.

The Area clay was deposited during amelioration of the
climaie vvlien the ice front retreated from the Ra to the Ås-Ski
stage, and the Younger Area & Portlandia clay during
further retreat from the moraines of this latter stage. The index
fossils are Fttt^^a^ca glacialis (= Area glacialis) and Yoldiella
lenticula (= Portlandia lenticula). A mild climatic oscillation cor
r6Bpondin^ to tnat of our 20N6 C and a subsequent cold one
corr6Bponding to 2on 6 D are not registered in the sequence of
Brøgger's zones. Considering, however, the regional distribution
of the sediments and also the content of megafossils within our
inicropaleontoio^ical 20N68, >ve ina^ BU^^6Bt tnat z0n e B roughly
corresponds to the Area clay (see also Feyling-Hanssen 1954 a),
whereas zone C and zone D fall within the Younger Area
& Portlandia clay.

The Mytilus & Cyprina clay, the Older and Younger
Cardium clay and the Ostrea clay were deposited during
periods ok considerably improved climate. They correspond roughly
to zone E, whereas the Isocardia clay, index fossil /sa
cardia cor, should be correlated with zone F, deposited during
optimum climatic conditions. The Scrobicularia clay, index
fossil Scrobicularia plana, (and also the Recent My a clay) was
deposited during climatic deterioration; it usually contains few
species, and corresponds to our zone G .

As to the littoral Bta^eß ok Øyen, the Mytilus stage rekerß to
a period of relativel^ mild cliinate, H/^/tii^s eci^ilF appearin^ for
the first time in the deposits, whereas the subsequent Portlandia
stage involved a severe deterioration of the climate, Portlandia
arctica reappearing in the deposits. The mild Mytilus stage and
the subsequent arctic Portlandia stage must be correlated with
the micropaleontological zones C and I) respectively which indicate
similar climate oscillations. The Tapes and Trivia stages (Tape»



Fig. 4. Correlation.

Våre mikropaleontologiske soner sammenholdt med Brøggers
og Øyens systemer.
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decussatus and Trivia europea), indicating optimum conditions,
correßp«nd to zo n e F.

The correlation of the micropaleontological zones with Brøgger's
zones and Øyen's shoreline stages has been illustrated in figure 4.
In this figure the positions of the shoreline at Oslo have been
indicated from the marine limit down to present-day sea leve!,
and to the right in the scheme the approximate age in years 8.C.,
6e6uce6 partly from a modified shoreline chronology (Rosendahl
1955) and partly from De Geer's varve chronology.

The Late Pleistocene of the districts around Trondheimsfjorden
has had a development parallel to that of the Oslofjord area (Øyen
1915). Investigated Late Glacial strata at Gløshaugen (Høyskole
platået) in the city of Trondheim show tnat the 20N68 A, B, C and
I) are present there with a content of Foraminifera which compares
well with that ok the corresponding zones ok the Oslofjord area,
and borings in the bottom sediments of Trondheim harbour nave
revealed Post Glacial strata with foraminiferal populations similar
to the Post Glacial faunas of the Oslofjord area.

In a later paper wili 866 now our micropaleontoio^ical xoneB
are correiated witn tne BtratiBrapnieal reBult ok koraminikerai in
veBtiBationB ok dorin^B near (^otnendurg in 3we6en (Vrot^en 1951),
and ai3o toucn upon a compariBon witn poiienanaivtical 2one3.



Application to soil mechanics.
Stratigraphy and geotechnical properties.

Comparing the stratigraphical result of micropaleontological
investigation of a large number of subsurface samples from the
Oslofjord area with the geotechnical properties of the same samp
leB, it appearB tliat a tranBition from one stratigraphical zone to
another is, as a rule, accompanied by changes in geotechnical pro
perties, especially in shear strength.

In the diagrams ok figures 5-7 stratigraphy and corresponding
geotechnical properties have been illustrated for three borings
from Oslo, tvvo from the inner harbour at Bjørvika and one from
Majorstuen approx. 50 m above sea level. Micropaleontological and
geotechnical investigation have been carried out on successive
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
zone E is lacking, whereas the Late Glacial zone D is present.
Boring 5 at Majorstuen contains the Post Glacial zones F and E,
and the Late Glacial D and C. Zone G is lacking in tniB boring
because of the high pOBition ok the localitv (Bee fig. 4). The upper
part of the core from this boring, down to a core level ok 7.5 m,
consists of comparatively coarse material, clayey silt and Biltv
clay. As, therefore, the grain size distribution ok this part is con
siderably different from that of the rest of the core, the geotechni
cal propertieB of the upper part have not been considered in tniB
connection.

NeZardin^ tne water content, w, tniB naB, on tne wnoie, itB
AreateBt valueB in tne ?oBt l^lacial partB ok our tnree korin^s,
reacnin^ a inaxiniuin ok approx. 50 per cent in tne 2ones (^ and I'.
Otner>viBe tne water content BeeiNB to decreaB6 witn inereaBin^
deptn in tneB6 tnree coreB witnout anv clear relation to tne Btrati-

anv laver ok coarBer-^rained material in a elav depOBit
tne water content will Bnow a pronounced deereaBe.

lio^uid liinit, w^ , wnicli i8tne water content at wnien tne
elav cnan^eB krom a plaBtic to a lio^uid Btate, liaB a inaxiniuin ok



22

Fig. 5 Stratigraphy and geotechnical properties of clay sediments at the inner
harbour of Oslo, as revealed by a 25 m deep boring at Bjørvika.

Sammenheng mellom stratigrafiske soner (til venstre) og, spesielt, skjærfasthet
(til høyre) for en 25 m dyp boring i Bjørvika, Oslo.
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Fig. 6. Stratigraphy and geotechnical properties of a 20 in deep boring at Bjør
vika, inner harbour of Oslo.

Stratigrafi og geotekniske egenskaper, spesielt skjærjasthet, jor en 20 m dyp
boring i Bjørvika, Oslo.

approx. 50 per cent >vittiin the 201168 G and F, its smallest values be
ing found within zone D; it increases again in zone C (Majorstuen).

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 index, IP, which is the difference between liquid
limit and plastic limit, has its greatest value within the younger



Fig. 7. Stratigraphy and geotechnical properties of clay deposits in a boring at
Majorstuen, Oslo, approx. 50 m above sea level.

Stratigrafi og geotekniske egenskaper i leiravsetninger ved Majorstuen, Oslo,
omtrent 50 m over havet.

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

The density, in tons per cudic inetre, is, on the whole, smaller
in Post Glacial parts of the cores than in Late Glacial ones, håving
its inaxiniuin, 1.95 t/m3 , within zone Cof boring sat Majorstuen.

The most beautiful demonstration of a relation between strati
graphy and propert^ is, novvever, given by the Bnear Btr6Nßtn, s,
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expressed in tons per square metre. The shear strength, determined
by vane teßtß and unconfined compression teßtß, shows linear in
crease with depth within every single stratigraphical unit, but at
the transition from one zone to another there is a more or less
sudden break in tniß linear increase. At the transition from zone G
to F in boring 6 at Bjørvika the shear strength drops from 2.30
to 1.75 t/m2 at the transition from 2one FtoI)(E is lacking) it
drops from 3.27 to 2.00 t/m2 , and at the transition from Dto C
in boring sat Majorstuen it incréases from 2.70 to 3.60 t/m3 . This
close relation i8 rather notable because the microfauna, determin
ing the stratigraphical zones, reflects the physical conditions under
which the clay was originally deposited, whereas the shear strength,
i.a., is a result of that which has later nappenes to the clay.

In order to eliminate the influence of the depth upon the value
ok the shear strength and thus facilitate the comparison of the
shear strength of different zones at different core levels, the shear
strength of a clay is characterized by the ratio between shear
gtren^tn, s, and effective overburden pressure, oc , i.e., s/ac (Skemp
ton 1948, Bjerrum 1954 b).1 This holds good only kor clays which
are known never to have been subjected to kinner pressures than
the present overburden, i.e. only kor normally Consolidated clays
(Bjerrum 1954 a). The general linear increase in shea* strength
with depth 6068 not apply to the upper, so-called drying crust ok
a clay deposit. This crust is characterized by a shear strength, and
a 8/^'Value, wliicli is much higher than for other partB of the
deposit, and is not considered in the present account.

In tlie tadle (p. 26) 18 drou^nt tozetlier tne reBultB ok inicro
paleontolo^ical a8well a8geoteclinical inveBti^ation ok clav BainpleB
krom 10 dorinB3 krom 5 localitieB >vitliin 0810. I^or eacli dorin^ is

given tne neignt aliove, or l)elo>v, preBent Bea level ok tlie Burkace
ok tlie 6epoBit, an6kor eacli Btratizrapliical xone witnin everv Bingle
l)oring i8calculated tlie average value ok >vater content,

1 For the calculation of the effective overburden pressure (= the consolidation
pr«BBure) the ground water level is in most caseB eBtiniNtecl from odBervationB of
the water level in bore hoies. Ik the ground water level is d, the density of the
clav at the Srnuiicj water level xp å , the c:c>nBi6erell 6eptli a, and the density at this
depth tp , then the effective overburden pressure at a is:

oc — d • yjA -f (a —d) • 1,/i,^ —1)
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tratigrap, ,nd eote hn cal di ta fi <r 10 borin* 's in Oslo.
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Bjørvika 0.223 2 — 3.5 G 46.0 45.0 23.0 22.0 1.75 5> 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 a 0.18
1) 35.0 37.0 21.0 16.0 1.88 3 0.14

Bjørvika 0.223 4 — 6.1 G 50.0 45.0 22.0 23.0 1.72 3 0.33
F 40.0 43.3 23.7 19.6 1.85 4 0.22
E 34.0 36.0 21.0 15.0 1.82 3 0.18
D 40.0 43.0 25.0 18.0 1.81 3 0.15

Bjørvika 0.223 ."> — 7.1 G 47.5 48.0 25.0 23.0 1.74 5, 0.35
F 44.0 50.0 28.0 22.0 1.74 4 0.30
I) 1.87 3 0.14

Bjørvika 0.223 6 — 4.4 G 45.0 48.0 23.0 25.0 1.67 i 0.36
F 41.7 46.0 22.5 23.5 1.79 a 0.26
I) 33.0 38.0 20.0 18.0 1.90 a 0.14

Grønland torv 0.120 a -1-2.5 G 38.5 48.9 23.0 25.9 1.79 .', 0.33
F 37.5 50.0 23.0 27.0 1.83 a 0.25
E 33.9 43.4 21.9 21.5 1.83 a 0.17
D 35.0 47.5 20.0 27.5 1.80 .'» 0.10

Majorstuen 0.283 1 -l-48.4 F 42.2 32.2 21.0 11.2 1.80 8 0.19
D 36.8 26.3 17.8 8.5 1.85 4!» 0.09

Majorstuen 0.283 4 4-48.7 F 40.7 29.5 21.0 8.5 1.78 13 0.19
D 36.0 32.0 17.5 14.5 1.87 ."> 0.11

Majorstuen 0.283 5 -1-47.2 F 36.0 29.7 19.2 10.5 1.84 !» 0.24
B 42.0 34.0 22.0 12.0 1.80 i) 0.14
I) 36.2 28.2 19.2 9.2 1.85 ti 0.13
(' 27.5 37.0 16.0 21.0 1.95 8 0.18

Bryn 0.199 18 -l-81.5 l) 31.5 23.3 17.3 «.0 1.88 .'>4 0.09
(' 29.0 20.5 14.5 t).<» 1.95 H7 0.15

Manglerud 0.35 4 118.1 E 37.0 24.8 18.4 6.2 1.86 300 0.11
D 36.0 25.0 19.0 6.0 1.90 220 0.08
s' 32.0 21.0 15.8 .'..2 1.94 500 0.13
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liniitB, denBitv, BSNBitivitv^ and tlie ratio detween Bnear Btren^tn
and eKective overdurden preBBnre, s/o^.

It 18 knovvn (Vjerruin 1954 a) tliat tliere 18 a cloBe correlation
det>veen plaBtieitv index and ratio ok Bnear Btrengtli to etkective
overdnrden preBBure. tlie valne ok tne plaBtieitv index dependB
i.a. on tne mineral coinpoBition and Zrain Bi2e distridution ok tne
elav, tne valne ok 8/<?<, >vill alBo de dependent on tneB6 kactoi'B. 'lne
clav BainpleB krom vvnieli tne valueB in tne tanie are
derived ori^inate, no^vever, kroni a råtner narrow area, tnuB oein^
o^uite Biinilar a8to mineral eoinpoBition and Bi^e diBtrioution.

Regarding the ratio shear strength to effective overburden pres
sure, s/ac, the values of which also in the table show the most
convincing relation to the stratigraphy, these 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 between 0.33 and 0.36.2 Zone F has, for the
five borings at approx. sea level, an average c-valuec -value of 0.25,
whereas the average value for the same zone at Majorstuen, approx.
50 m above sea level, is only 0.20. Zone E has, at sea level, an
average value of s/ac — 0.18, and at Majorstuen 0.14. I'niB 2one
is not represented in boring 18 from Bryn, dut at Manglerud,
118.1 m a. 8. L, the s/ae-value of this zone is onlv 0.11. The arctic
20N6 D is in all the l)orinAB characterized by the lowest valne ok
the ratio shear strength to effective overburden pressure. In the
borings at Bea level the average value ok this zone is s/ac — 0.13,
at Majorstuen it i8 0.11, at Bryn 0.09 and at Manglerud 0.08. Zone
C is not represented in the low-positioned borings of the table, at
Majorstuen its ratio s/ac — 0.18, at Bryn 0.15 and at Manglerud
0.13. Thus, in the borings where zone C is represented, its s/ac

valne is greater tlian tliat ok xone D and alBo Sreater tkan tnat of
zone E.

eonditionB are not exceptional and repreBented onlv in tne
during ok tne tadle. 'lnev oceur in tne Baine >vav in everv dorinz
tnrou^li noino^enie BediinentB Bno>vin^ dlBc«ntinuouB variation ok

1 The sensitivity is the ratio between undisturbed and re-moulded shear strength.
2 Due to possible dredgings, the sediments from the bottom of the bay Bjørvika

ina^ previouBl^ have neen Bud,jectecl to liljer preBBur«B tiian the present over-
burden; if so, the calculated values of s/a c from Bjørvika will be slightly too high.
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shear strength with depth. As long as the texture of a clay deposit
is approx. the same throughout the section, the breaks in the varia
tion in the shear strength are closely related to the stratigraphical
zones. A deposit with another mineral composition and gram size
distribution than those of the borings listed in the table on p. 26
will show other geotechnical properties. Zone F of a boring at
Fredrikstad, east of the entrance to the Oslofjord, shows a s/ac

value of approx. 0.4, which is considerably higher than ok the cor
responding zone at Vårvika in Oslo.

Reduced salt concentration.
In considering the properties and stratigraphy of clay deposits,

the borings from different elevations above sea level have to be
kept apart from each other because the geotechnical properties
evi6entlv change with the elevation at which the deposits are

situated. This change is usually asserted as decreasing magnitude
ok the properties with increasing height above sea level. The highest
water content, table p. 26, is found in samples from Vårvika
these borings being situated close to sea level.

More distinctly such a decrease is demonstrated by the liquid
limit, w L , which is 40-50 per cent in the low-positioned deposits,

about 30 per cent at Majorstuen (approx 50 m a. 8. I.) and adout
23 per cent at Bryn (80 m a. 8. 1.) and Manglerud (approx 120 m
a. 8. 1.). A similar change can also be trace6 in the valueB of the
plastic limit, w P , but is far more pronounced in the values of the

plaBticitv in6ex, I P , according to the distinct variation of w L . The
average changes of IPI P in the borings contained in our table have
been plotted against height in the diagram of fig. 8 d. 3uen a car
respondence between plasticity index and height above sea level is

also found with the borings listed by Bjerrum (1954 a, table 4).
li,6Mr6inF tlie Bkear Btren^tli, repreBented dv tne ratio 8/o^,

Biinilar canllitionB are koun6. ane xone KaB a Zreater valne ok
8/(?e in 6epvBitB cloB6 to Bea level tlian tne colleBpon<linF 2one in

llepoBitB Bituatecl at elevation. 6epen6encv ok tlie ratio
3liear BtreiiBtn to etkective overdur6en preBBure on tlie liei^lit adove

Bea level at wliicli tlie 6epoBitB are touncl, iB, kor tne 10 dorin^ ok
our tadle, illuBtrate6 in tlie ok n^ure 8 a. "lliere BeeniB to
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Fig. 8. a) Variation of the ratio shear strength to effective overburden pressure.
s/a , for the different stratigraphic zones of 10 borings from Oslo, with the eleva
tion at which the deposits are found. b) Variation of plasticity index for some
clay deposits from Oslo (see table p. 26) with the elevation above sea level at

which the deposits are found.

a) Hvordan forholdet skjærfasthet til effektivt overlagringstrykk, s/ac, varierer
med høyden over havet for de forskjellige stratigrafiske soner i 10 boringer fra
Oslo (tabellen s. 26). b) Hvordan plastisitetsindeksen for noen leiravsetninger

fra Oslo (tabellen s. 26) varierer med avsetningens h<j»yde over havet.

be also a connection between the sensitivity of a clay and the
height above sea level of the deposit, the most sensitive clays of
these borings being found at the greatest altitude (table p. 26).

These coli6iti«nB, in kaet, 6einonBtrate the general relation
between geotechnical properties and le6uce6 salt concentration in
the pore water of the ciav.

Systematic investigation ok the salt concentration of Norwegian
clays has proved that considerable re6uetion has tåken place since
the sedimentation (G. Holmsen 1929, KoBenyviBt 1946 a and b,
Bjerrum 1954 a). It is furthermore known that reduced salt content
is aecoinpanie6 by decreased Atterberg limits (G. Holmsen 1934
and 1938, P. Holmsen 1946, Rosenqvist 1953). In figure 9 are illu
strated the changes in properties of a normally Consolidated marine
clay when subjected to leaching by fresh water (Bjerrum 1954 a).
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SALT CONCENTRATION IN GRAMMES PER «.like

Fig. 9. Changes in properties of a normally Consolidated marine clay when subjected
to leaching by fresh water (Bjerrum 1954 a; c/p = s/o

Forandring i normalt konsoliderte marine leirers egenskaper under en saltutvasking.
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It is shown that the liquid limit decreases considerably with re
6uee6 salt concentration whereas the plastic limit is practically
unaffected. I^niB means decrease in plasticity index with reolueeo!
salt content. It is kurtnerinore kound tliat a leacliin^ out of the
original salt content is accompanied by reduction in shear strength
of the imdisturbed clay. Small values of the ratio of shear strength
to effective overburden pressure occur in relatively salt-free clays
with 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
valne by a reduction in the salt content, Bucn a reduction conse-
Hiientlv results in increased sensitivity.The reduction in geotechnical
properties do6B not take place in linear proportion to the re6uction
in salt concentration. Even a conBi66ral)i6 <?6ereaB6 in salt concen
tration >vill r6Bult onlv in ne^ii^ilile reduction in propertieB a8 lon^
as the salt content i8 kept above 10 gram per litre, dut kurtner
leacnin^, resuitin^ in salt concentration nevane tniB value, xvill
cauB6 considerable cnanZe in Seotecnnical propertieB (V^erruin
1954 a).

The degree of leaching, resulting in reduced salt concentration,
is dependent on the ground water flow in the deposit, and the
ground water flow is again dependent on the hydraulic gradient
of the locality (Bjerrum 1954 a), The hydraulic gradient will be
larver in placeB >vnere the Bea!iinentB have keen raised above the
erosion base than in places where they nave remained below or
c?1o86 to tniB level. Very akten, but not always, the hydraulic gra
dient increases with increasing height above sea level, and conse
quently a marine sediment situated high above sea level has, very
okten, deen Buojecte6 to a ni^lier 6e^ree of leaeninA tnan a sedi
ment, ok corresponding age, situated close to sea level. The salt
concentration in the pore water ok our samples from Majorstuen
(approx. 50 m a. s. 1.) varieci between 0.19 and 0.91 gram per litre
whereas at Manglerud (approx. 120 m a. s. 1.) it was 0.06-0.18 gram
per litre.

This is, of course, no general rule. A clay sediment deposited in
a closed rock basin will have a hydraulic gradient which is in most
eaB6B approx. zero wnatever altitude this place may be raised to.
At many localities, however, the degree of leaching, and consequent
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reduction in salt concentration, is evidently higher in deposits
situated close to the former marine limit than in such which are
found close to present-day sea level as demonstrated dv the geo
technical properties of the borings of the table on p. 26.

Salt concentration and stratigraphy.
As we have seen, tne relation between the original and the present

salt concentration in the pore water of a clay i8 essential to its
geotechnical properties. The degree 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 young clay sediment will therefore
possess high plasticity index and high value of the ratio of shear
strength to effective overburden pressure kor two reasons, firstly
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 its
deposition. An increase of the hydraulic gradient, augmenting the
velocity of the ground water flow, has therefore generally not tåken
place.

Provided undisturbed 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 consequence they have been sub
jected to longer perio6B of leaeninA. OißreFar6inK the effect of che
mical weathering, which is especially high in the upper 5-6 metres
ok a deposit (Moum and Rosenqvist 1955), tniß decrease in salt
content would be expected to be accompanied by similarly con
stant decrease in geotechnical properties, especially in IP and s/ac ,
with increasing depth in the deposit. Where a succession of strati
graphical zones, G, F, E, D, C, occurs in a boring through a homo
genic clay deposit, the value of s/oc should thus be smaller in
zone F than in zone G, and smaller in E tnan in F, a continuous
decrease would be expected from the younger to the older layers
of the deposit. As we have seen, however, the variations in plasti
city index and s/oc-value do not appear in this way. Certainly
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the s/ac-value is smaller in zone F than in zone G, smaller in E
tnan in F and even snialier in D tnan in E, kut in xone C it is
again greater, according to our table (p. 26) and other borings.
Furthermore there is in these borings more or less sudden breaks
in the variation of s/ac at the transitions from one zone to another.
In any particular boring any one stratigraphical zone can be related
to a certain value of s/ac .

In order to explain this relation between geotechnical properties
and geological history ok a clay deposit it is natural to bring into
focus the salinity of the water into which the clay was originally
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
lioB6nczviBt 1955). As we know from the description ok the different
inieropaieontoio^ical 2oneB, the 86llini6nt8 of tnEB6 20N68 >vere
deposited during periods of different cliinatic con<HitionB xvnicn
were accoinpanieci by enanA6B in the saiinit^ ok tne conteinpora
neous sea. In<iicationB of kraeli^naline Bea-water, witn Balinit.v
between 16 and 30 °/0/00 > >vere kound in Lone I) and 2one G, w nereaB
the inicrokauna ok xone C and xons E indicat6B Bea->vater ok råtner
high salinity, between 30 and 35 °/00/00 - Zone F was formed in sea
water of high salinity, approx. 35 °/00/00 - Sediments ok zone A and
especially those of zone B, were deposited in water of salinity lower
than that of zone C.

It i8tnuB evident tnat tneBe inarine I^ate and ?08t l^lacial Bedi

inentB >vere depogited in a Bea wnien never nad a Balinitv lo» er tnan
approx. 15 "/ao, prooakiv Even not lower tnan 2l) "/uo. I^ne original
Balt eoneentration in tne pore water ok tti6Be elavB nag tnuB kor all
Btrati^rapnieal 20N68 keen well akove tne eritical value ok 10 zrani
per litre, and tnere would Beein to be little kope ok Kndinss an
explanation ok tne diKerent onlv in tne
original Balt eoneentration ok tlie elavs krom tne ditkerent 2vN6B.
On tne eontrarv, a Bea,uence ok Btrati^rapliieal xoneB in a lioino-

clav depoBit would ke expeeted to provide BainpleB witn
approxiinatelv conBtant value ok tne ratio Bnear stren^tn to esseo
tive overkurden preBBure tnrou^nuut tne Beo^uence. i 8alBo
tne caBe—a8lonz a8tne Balt eoncentration ok tne elavB naB not keen
eonBideraklv redueed kv leacnin^.
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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 previouBlv mentione6, and varieB coNBicieradlv with the perme
adilitv of the sediment. At any particular locality, however, it is
a function ok time. What kind of a function cannot be told, because
many details of the leaching process are still insufficiently investig
ated. The a^Zoi-ption of ions to clay minerals (lioBen^viBt 1955),
to mention one complicating factor only, has a retarding effect
upon the leaching process, whereas silty laminae in the deposit
accelierate 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, wc 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
years. We thus assume that a certain clay, which was once depo
sited in sea-water with total salinity of 35 °/oo and later Budjecte6
to constant leaching, will after 10,000 years have the salt eoncen
tration ok its pore water re6uee6 to 15 °/00. Another elav witn an
original salt concentration of 30 "/no wiH> accordin^ to the same
hypothetical diagram, have its salt content reduced to 10 "/un 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 wc 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 I)ecoine considerable and extremely
important wnen tniB critieal value i8 BurpaBB6l).

Turning now to the hypothetical diagram ok the process ok
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 ok only 25 gram per litre. If the mineral composition,
gram size distribution and other conditions are the same for the
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Time in hypothetical years

Fig. 10. Hypothetical reduction in salt concentration with time

Hypotetisk reduksjon av saltkonsentrasjonen med tiden

two deposits, they will, before leaching, probably also show the
same sseotecnnieal propertieß even though there is a difference in
salt content of 10 gram per litre in tneir pore water. However, if
they were deposited contemporaneously, and later subjected to
a process of leaching according to the diagram of figure 10, the
decreasing salt concentration ok the brachyhaline clay, 25 gram
salt per litre, will surpass the critical value of 10 gram per litre
5000 years before the sea-water clay. When the sea-water clay has
reached a salt content of 15 gram per litre, and is eonße^uentl.v
still a normal cia)? of lovv Benßitivit^, the dracn^naline cla^ has
had its salt content reliueecl to 5 gram per litre, and has most
probably changed into a highly sensitive quick clay.

From the borings of the table (p. 26) it appears that the value
ok s/øc is zreater in Lone G than in zone F even though the original
salt concentration of xone F is considerably higher tnan that of
zone G. However, the G-clays are the youngest in the stratigraphi
cal sequence and have thus lian! little time for leaching, Avhereas
the F-clays may have been subjected to leaching during a period
of 5000 years, on an average. The great difference in s/øc between
2«N6 F and xone D, s/a in any particular boring being approxi
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inatelv twiee as great as s/at, D , is explained both by the fact tnat
zone D is almost 4000 years older than F and also by the much
kikker original Balinitv of 2vne F. The reaßon wnv s/ocC is greater
than s/øcD, even though zone Cis probably 1000 years older than
D, is koun6 in the kikker original salt concentration in the pore
water of the C-clays, this factor overshadowing the effect of the
relatively small difference in age.

As previously stated, we do not know the 6etail3 adout the
leaching process, we know that it is an extremely complicated
process and that it certainly differs much in rate from one locality
to another. It is probable, however, that this leaching process,
together with the valne 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.

There wili also be a tendency towards greater shear strength,
or s/a,.-value, in younger sediments than in older, because the
particles of younger sediments may be assumed to have been
repeatecilv reclepoBite(i tnus probably håving been weathered to
a higher degree than particles in older sediments which have re
mained in situ unaccessible to the oxygen of the air (oral com
munication with I. Th. Rosenqvist).

Hoino^enic clav depvBitB wnieli liave not deen Budjeetecl to anv
eonsideradle de^ree ok leacliin^ will ?llow little or no diBeontinuitv

in Seoteelinical propertieB krom one Btratizrapnical xone to anotner.
Buen elavB nave to a lar^e extent Icept tneir original Balt content,
and even tnou^li ttiiB i8diikerent kor tne disserent 2oneB, tliiz doeB

not atkect tne Aeoteennical propertieB to anv conBideral)le deZree
a8lon^ a8tne Balt eoneentration i8nizner tnan 10 Arain per litre.
I'llUB l)orin^B tlirou^li undiBturl)ed elav depoBitB at Drammen znovv

Bnear BtrenAtNB vvnicn increaB6 eontinuouslv witn deptn,
a conBtant ratio ok Bnear Btren^tn to etkective overdurden preBBure
tnrouZnout tne prokle (Bee Vjerruni 1954 a, K^. 8, reproduced in
tne preBent paper a8K^. 11). 'lne Balt eoneentration in tne pore
water ok tneB6 clavB varied detween 26.7 and 13.4 per litre.
3uctl elavB are UBuallv kound e1036 to present-dav Bea level, or in
otner p!aeeB wnere tne water tlow KaB deen Binall. On tne
otner nand, depoBitB at Vaterland and L^rviica in tne city ok 08lu
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Fig. 11. Results of a boring in Drammen (Bjerrum 1954 a).

Resultat av en boring i Drammen.

show that also clays situated close to, and even below, present-day
sea level may have been subjected to leaching resulting in dis
coiitinuoUB etiaii^6B in geotechnical propertieB at the tranBitinnB
between different Btlati^rapnical LON6B.

The doi-in^B from the city of Oslo, wnicn >V6 have treate6 nere
(table p. 26), show tnat in any one boring, samples from the strati
graphical zone D have the lowest value of s/a(,, and this condition
will certainly be found in most borings from the Oslofjord area.
This, however, does not mean that quick clays should necessarily
delonz to Lone D. As wc have seen, quick clays are formed when
marine clay deposits which originally have a high salt concentra
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tion in tneir pore water are subjected to a considerable degree
of leaching, and such a leaching out of the original salt content
inav take place xvitnin any ane Btratigrapnical zone. In accordance
with tniß P. Holmsen (1949) states that the quick clays of Norway
are not associated especially with Post Glacial clays, some of the
largest quick ciav slides have occurred in old Late Glacial deposits
(see also G. Holmsen and P. Holmsen 1946).

Tracing of old land slides.
Clay <iepoBitB >vnicn have keen involved in land slips, have

attained geotechnical properties highly different from those ok 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 ok it, has been subjected
to previous slides, i.e. whether the stratification ok the sediment
is the original one, or if any Beconclarv disturbance has tåken piace.
The exiBtence of old slides are in inuBt caB6B revealed by the tracing
of unconkorinitieB of the Btrata or even by inverBion of the Btrati
graphical sequence. For tniB purpose already the inieropaleontn
logical demonstration of strata which can be reeognixeo! from one
borehole to another within the area of a certain expioration, inav
leaci to UBekul concluBionB even ik tneB6 Btrata are not correlatecl
>vitn anv regional Btratigrapnv. Ik the doringB are numerouB enougn
and propitiously Bpaeel!, the normal Bec^uence of the local Btrati
graphy will soon appear and anomalies reaclilv 6etecte6.

I^o illuBtrate tniB liin6 ok application ok inicropaleontologv to
Boil meenanic!B, an inveBtigation ok inarine dav ciepoBitB at H^iv-
Bi<oi6plataet in tne eitv ok I^ronclneiin i8reeor6eci in tne kollowing.

H^VBlcoleplataet, or (Fl^Bnaugen, i8korineti ny a plateau, or ter
race, >vitn an area ok approx. 170 x 1l)l) in, an6itB Burkace Bituate6
55 ni adove Bea level. piain i 8terniinatea! to tne Boutn dv
a eliss 6eBcencling to a inuen Bmaller terrace Burkaee at 46 in a. 3. I.

clit? BlopeB krom tne lo^ver terrace llov^n to approx. 37 ni
a. 8. 1. (KgB. 12 an613). I'niB eoinplex i8ina6e up ok clav, except
kor a huite tnicic laver ok Ban6 in itB weBtern part. I^ne total tnieli
neBB ok tne a'epoBit, kroni tne upper terrace Burkaee to decirocli, i8
adout 20-25 in.
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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. 1 m.

Kartskisse over Høyskoleplatået i Trondheim med angivelse av boringer og
retningen av profilet i fig. 13.

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
«6B, and the nuin^er of BpeciinenB waB also low in most BainpleB.
In order to ziv6 an iinpreBBion of the kuraniinikeral fauna and it»
variations, ana!^B6B of kour representative BainpleB 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 ok the deposits is Post
Glacial. The age is of minor interest in connection with this parti
cular task; it is, however, worth mentioning because it shows that,
altough the whole section represents exclusively Late Glacial sedi
ments, a stratigraphical subdivision is still possible. This has been
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The inaxiinuni number of species in one sample was 10, and ostra
cods were absent in most samples. Elphidium clavatwm was the
dominant species except for two samples from the lower part of
the zone in boring 2 and 8 which contained more Cassidulina crassa.
Zone A was represented in all the boring, and had a thickness of
approx. 10 m in boring 8.

Zone A Zone B Zone C Zone D

Boring 4
Depth

Boring 4 Boring 4 Boring 2
Depth Depth Depth

Species 9.7 in 6.6 m 3.3 in 2.1 ni

Ai^MallATN, clavatum 111 146 346 24
Cassidulina crassa
Pyrgo williamsoni

23
1

175
16

284 790

Virgulina loeblichi 4 207

Elphidium F^ba^cilc^??^ .... 1 6

12
.... 1 1

8p 4

Cassidulina teretis 104 2
Nonion labradoricum 13

Bulimina marginata 7

1
Elphidium incertum 5

Lenticulina sp 3
Pullenia osloensis 3

Cassidulina leavigata 2

16
Lenticulina d'orbignyi .... 1

Quinqueloculina stalkeri . .
Quinqueloculina subrotunda 2

Virgulina fusiformis 2

08tracon!a
135 347 982 849

1 23 86 N

earrieci out in tne tnree verti<cal 6iBtridution cnartB (tigB. 14-16),
tne coreB navinA veen liivi6el<H into kour XON6B, V, (! an6D,

aceorciin^ to tne coinpoBition 0>k tne koraniinikeral kaunaB. I^ne inoBt

rare BpeeieB liave deen exelu6ecd from the charts.
Zone A, the lowest part of' the Beetion, waB characterized by

an exeeptional poor kauna, moiZt BainpleB kroni tniB 2one containin^
only a few specimens of Eljjhidilumclavatum and Cassidulina crassa.
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Fig. 13. Profile 11, Høyskoleplatået (see fig. 12) with the borings projected into
the same proiile. The white part» of the coreB have not keen micropaleonto-

Boringene i Høyskoleplatået (fig. 12) projisert inn i profil 11. De hvite deler
av borkjernene er ikke undersøkt, de består av grov sand.

In zone B the samples contained more species and more speci
mens. Elphidium clavatum was the dominant species in most
samples, 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
samples and Elphidium subarcticum, in some of them; they were
not found in zone A. The inaxiinuni nuinder of Bp6cieB in one
sample was 11, and oBtraeo6B >ver6 u.uite coininon.

Zone C was characterized by almost equal abundancy ok E.
ciaTiat^?^ and C. crassa, and by a high frequency of Virgulina
ioebit'e/tt. OtlFsici^li?t« tei-etis xvaB coininon and 80 was Nonion
labradoricum. Bulimina marginata occurred in one of the investi-
Zateci Banipl6B from xone C, indicating amelioration of the water
temperature at the corresponding period. The maximum number

logically investigated, they consist of coarse sand.
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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 det^veen zone B and C is only estimated.

Vertikalfordelingsdiagram for de vanlig forekommende foraminiferer i boring Z,
Iløy.skoleplatået, Trondheim .
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Vertical distribution chart of boring 4, ll^Bkol«platuet ltil^liau^en)
Trondheim; for explanation of symbols see fig. 14.

Fig. 15

Vertikalfordelingsdiagram for boring 4, Høyskoleplatået, Trondheim (symboljor
klaring i fig. 14)-

of species in one sample was 17, and ostracods were frequent. 'lkiz
zone WNB also l6preBentecl in all the borings.

Zone D was characterized by ploNounce6 6«niinanc!6 of C. o/asFa

tolker witn the appearance of HninHneiocniintt stai/ceT-l. V. iaeb
iic^i, N. iab^acioT-ieu?^ and P. niMaTNso^i xvere adsent in most Banip

les, and C. teretis and E. snba?-otion?n xvere rare. E. cilll>'ai«7n >vaB

less lrequent tkan in the previouB xone, and 8« were the vBtraco6B.
The maximum number of species in one sample was 20. This 2one

was not represented in boring 4.
The cor6B from the kour dorinssB, BtratiBlapnicall^ 6ivi6e6 in

accordance with the scheme, have been introduced into figure 13,
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Fig. 16. Vertical distribution chart of boring 13, ll^sknleplatket, Trondheim

Vertikaljordelingsdiagram for boring 13, Høyskoleplatået, Trondheim.

in which the boring have all been projected into one and the same
profile. From this illustration it appears that the succession of the
20N68 is the same in all boring, zone A obviously being the oldest
ane and D the youngest. This would suggest primary and undis
turbed stratification of the deposits, if not the thickness of cor
responding strata were highly different from one boring to another.
This is clearly demonstrated in boring 8, where the thickness of
Lone C, and partieulai-Iv tnat of xone B, i8 very small eoinpare6
witn the coi-reßpon6ing xoneß in the otner dorin^B, BU^Z6BtinF
movements and deformations to have tåken place, at least witnin
the strata above zone A. The upper part of the core ok boring 13
evidently represents material which has slid down from the cliff
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of the higher plateau, the younger part of the stratigraphical
sequence being repeated at the top of the boring.

Comparing the result of the micropaleontological examination
with those provided by geotechnical investigations of Gløshaugen,
the geotechnicians arrived at the conclusion that large-scale slides
must have tåken place at times when the deposits were not yet
raised above the sea. By these slides the layers above zone A slid
upon the gently sloping surface of this zone in such a way that
inversion of strata generally did not occur.

Old landslides of this type may sometimes be difficult, or im
possible, to detect by paleontological methods. Younger parts of
the 86<Hini6nt8 have N66N innved from one piace to anotner, liut
inicropaieontoiozical inveBtiBationB ok during tnrouzn the 6epoBitB
reaveals no break in the stratigraphical sequence, because younger
layers still rest conformably upon older ones after the slide. In
most cases, however, landslides have been more tumultuous, de
formed strata and inverted stratigraphical sequence proving their
existence.

tke Biip plane.
A large group of landslides occur at slopes or cliffs where the

equilibrium of the clay deposits is unstable. The immediate cause
of such slides is nowadays very often provided by man, e.g. by
removal of counter-pressure in dredging for quays and channels
or by construction of road or rail embankments on clayed soil
(Wenner 1951). This kind ok a slide takes place along a more or
less spherically curved slip plane.

For the checking ok stability computations, wich is generally
carried out by using imaginary slip planes in circular arcs, it would
be very important to Knd in the clav clepoBitB the poBition and
form of the real slip plane. Some indications may be drawn from
the occurrence of dry crust in the core samples, in most cases,
however, it is hardly possible to trace the slip plane by geotechni
cal methods alone. Wenner (1951), investigating a large number
of landslides, could only in four cases determine the probable
position of the slip plane in the cores. In the solution ok this
problem inicropaleontoloAv may, in some cases, prove to provide
a useful additional method.
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Figure 17 illustrates a schematical profile ok clay deposits in
unstable equilibrium, I before, and II akter the slide. The slip
plane is indicated dv the dotted cuTve of figure 17 I. Soon after
tne primary slide has tåken place, additional slumping will, in most
cases, obscure the rear part of the slide sear, as schematically in
dicated dv ttie dotted curve (between boring 5 and 7) of figure
17 11. Provided no previous slide has disturbed the stratification
of the deposits and that, e.g., four zones, I), E, F and G are inicro
paleontoln^ieall^ reeo^nixadie, the Btrati^rapnical con6itionB dekore
and after the slide will be approx. as illustrated in figure 17.

For geotechnical as well as micropaleontological investigation,
core samples should be Beeureu! from borings carried out both
within the actual slide area and in the adjacent part of the deposits,
which has remained undisturbed after the slide. Micropaleonto
logical examination of samples 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 nearly horizontal
zones mentioned above, D dein^ the o!6eBt one and G the youngest.
When this stratigraphy has been thoroughly established for the
undisturbed deposits, the zones have to be recognized within those
parts of the sediments which have been involved in the slide.

In dorin^ 1 tne I^oraininikera vvili 6einonBtrate tne preBence ok
XONKB l', N an<i I) in tne Baine BueeeBBion a8in tne uno!iBturde6
<lep«BitB. 'lne laek ok tne voun^eBt xone, l^, in6icateB tnat tniB part
ok tne clavB repreBentB tne lower part ok tne original cliss (KZ. 17 I),
dut tnere are no inieropaleontolo^ical in6ieationB ok tne Blip plane.
In dorinF 2 tne vvnoie Becluence krom (^ to I) >vill de preBent, dut
alBo tnere i8no in6ieation ok tne portion ok tne Blip plane; xone N
ok tne Bli 6material reBtB upon xone I), i 8tlie normal Biie
eeBBion in tlie un6iBturde6 Be6imentB. dorin^B 3, 4 an65, on
tne otlier lian6, provi6e exeellent 6emonBtration ok tne portion
ok tne Blip plane; in dorinz 3 an64 tne BuceeBBion >vill de l^, ?, D,
2l)ne N dein^ adBent in dotli dorin^B, ancl tne Blip plane Bituatecl
at tlie tranBition det>veen ? ancl D. In during 5 xone ? i8laekin^,
ancl tne B>ip plane Bituate6 at tne tranBition detvveen 6 ancl N.

In tniB i^ealixecl lanclBli6e ttie rear part, or ttie rear tialk, ok ttie
Blip plane eoulcl de tracecl dv micropaleontolo^ieal examination ok
eore BampleB, an6Bueti i8ttie eaB6 ittl moBt lan6Bli6eB ok ttiiB type.
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Fig. 17. Idealized profile through clay deposits in unstable equilibrium, I before,
II after the slide. D, E, F and G indicate stratigraphical zones, the numbers 1 to 7

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

Idealisert profil gjennom leiravsetninger i ustabil likevekt, I jør, II ejter raset.
D, E, F og G angir stratigrafiske soner, tallene I—71—7 markerer boringer. Den

prikkeds linje representerer glideflaten.

The trace6 part of the are of the slip plane in the profil will, how
ever, greatly facilitate the construetion of the complete are for
stability computation. This >vill be particularly simple if the rear
edge of the slide scar, by boring 6 in figure 17, is preserved. In the
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kront part ok tne Blide, to ttie lekt ok dorinA 1, tne preBence ok drv
erUBt in tne eore will prodadlv indieate tne poBition ok tne previ«UB
ciav Burkaee wnicn na» been overrun bv tne Blide.

Unfortunately, it may in some cases be impossible to deterinine
the slip plane of a slide because the deposits have been involved
in previ«UB BlideB. The koraininikeral analvB6B xvili tnen reveal
more than one break in the stratigraphical sequence ok the different
ovring. In fact, several breaks and stratigraphic invertions may be
recognized within one single core, the stratification håving then
been disturbed to such a degree that it has become impossible to
point out any certain slip plane. To illustrate such a complicated
case, the investigation ok a landslide which took place at Lodalen
in Oslo on October 6th, 1954, is recor6ecl in the kollowinZ.

The localit^ is Bituate6 approx. I^2 km east of the centre of
Oslo at the main northern railway, and the slide was caused by
extension of a marshalling yard. It is furthermore known tnat land
slides have tåken place within the same area previous to that ok
1954 (Sevaldson 1956). A sketch map of the locality, with the limit
of the slide and the placings of the borings indicated, is repro6uee6
in figure 18, and a profile, Bection 2 in figure 18, BnowinA tne 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. 1, 2, 3, 4, 6 and 7,
were micropaleontologically investigated. Three of these borings,
2, 3 and 4 were from the slide whereas the other three were from
adjacent partB of tne depoBitB xvnien >vere unassected by the slide
of 1954, boring 1 was situated above the slide and 6 and 7 west
of it. Foraminifera occurred in all samples examined, and in ac
eordanee with 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 even xone C was
present). Zone D is characterized by the precense ok few species,
and usually also few specimens, Elphidium clavatum generally
being the dominant one. The maximum number ok species in one
sample of this zone was 14. Zone E is characterized by the appear
ance of Bulimina marginata together with Elphidium incertuvi,
Elphidium clavatum still beinA frequent. The maximum number
of species in one sample was 28. In zone F Au/innna 77i«^inattt
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Fig. 18. Sketch map of the landslide at Lodalen. Oslo; limit of slide and position
of boring» indicated.

Kartskisse over raset i Lodalen, Oslo, boringene og rasets begrensning er angitt.

Fig. 19. Profile of the landslide at Lodalen, Oslo. Bectian 2 in fig. 18

Profil av raset i Lodalen, Oslo.

shows pronounced dominance, Elphidium incertum being second
in number. The niaxiinum number of species in one sample was 24.
Xone G i8 cnalacterixeci by czuite krequent occurrence of Eggerella
scabra and Streblus beccarii; the number of species was rather low
in tniB zone, 11 being the maximum in one sample.



Fig. 20. Vertical distribution chart of boring 2, Lodalen, Oslo. For explanation of
symbols see fig. 14.

Vertikalfordelingsdiagram for de almindeligste foraminiferer i boring 2, Lodalen,
Oslo (symboljorklaring i fig. 14).
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The anal) BEB of kour representative BainpleB, o e from e ch zone
are rscor^eci Iielow:

S p e eie s

Zone D

Boring 2
veptli
20.6 m

Zone E

Boring 2

Zone F

Boring 2
Depth

Xc»n« G

Boring 2
Depth ? vkptk
12.1 in 8.2 in 3.6 ni

Elphidium clavatum 351 339 36
Cassidulina crassa 84 69 3

Quinqueloculina stalkeri . . 6 2

Pullenia osloensis 5 2 4

Fissurina semimarginata . . 3

2Quinqueloculina subrotunda 1

Lagena distoma 1

Cassidulina teretis 1

Cibicides lobatulus 1

Elphidium subarcticum ....
Elphidium incertum

1
1 89 126 24

Bulimina marginata 83 720 68

Nonion sp 4

Liebusella goési 3 2

Cassidulina laevigata 2 42

Quinqueloculina seminulum 1 11

Pyrgo cf. simplex 1
Globobulimina turgida .... 1

Elphidium excavatum .... 1
Nonion barleeanum 78

Virgulina fusiformis 18 28
Nonionella auricula 6

Eponides exiguus 5

Pyrgo williamsoni 3

Lagena substriata 2

Lagena laevis 1

Buccella jrigida 1

Eggerella scabra 133
Streblus beccarii 29

Alveolophragmium crassim- 2

455
1

599
16

1058

4
286

9'stracoda
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Vertikalfordelingsdiagram for boring 3, /^ociaieTl, Oslo.

To illustrate the variations in the composition of the foramini
feral fauna through the sediment», vertical distribution charts for
the borings 2 and 3 have been repro^uceci in figures 20 and 21;
rare species have been excluded. In boring 2 the zone D occur three
times and 20N68 E and F two times in the same core; in boring
3 the zones D and F occur twice.

From micropaleontological examination of other borings through
clay deposits in Oslo it is, as wc have seen, known that the normal

Fig. 21. Vertical distribution chart of boring 3, Lodalen.
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Fig. 22. The borings at Lodalen, stratigraphically divided, projected into one profile

De stratigrafisk inndelte boringer i Lodalen projisert inn i profil 2
(seksjon 2 på fig. 18).

Bucceßßion of the B^lati^rapliic:al 20N68 wkicii occur in I^o^alen is
D, E, F, G—D being the oldest zone and G the youngest. None
of the borings from Lodalen showed this normal succession. Even
the cores from those parts of the deposits which were not involved
in the slide of 1954, borings 1 and 6, show a disturbed stratifica

(section 2 of fig. 18).
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tion (fig. 22). Boring 7, which was also tåken outside the latest
slide, showed normal succession of zones F and G; this boring was,
however, not 6eep and oni^ the t^o youngest 20N68 were present
in the core.

On the whole, the micropaleontological investigation of the land
slide of 1954 in Lokalen revealed several breaks in the strati
graphical 86Huenc6, indicatinz tnat the Be6iinentB have keen in
volved in several slides previous to the 1954 one. To point out
any certain slip plane seems, however, to be very unsafe in a case
like tniB.



Conclusions.
1. The advancing fronts of the Pleistocene ice 8N66t8 of Scandi

navia carrieo^ away most of the uncon3oii(iate(i 86<^iment8 wnicn
tiiev inet on tneir wav. The marine clavB vvnicn are the Buoiect
of the present paper, vvere 6epoBited at the retreatin^ front of the
latest glaciation Wisconsin) during periociB of climatic ame
lioration. As the weight of the ice masses lessened, isostatic eleva
tion of the previously glaciated region tool< place. In conB6o.U6nc6,
a great part ok the marine sediments were raised above sea level.
The retreat of the ice >^a8 interrupte^ by Bta^nationB or oBcillationB
which are marked by marginal moraineB, the most prominent of
wnicn is the Ra. Other well-known morainic stages are the Ås-Ski
stage, the Aker stage and the Minnesund stage (fig. 1).

2. On the basis of their content of fossil Foraminifera it naß been
possible to divide the marine clays of the Oslofjord area into seven
stratigraphical zones: A, B, C and D beinA of Late Glacial age,
E, F and G of Post Glacial. Zone A comprises the oldest strata of
the Late Pleistocene, they were deposited under high-arctic climatic
eona!itioNß in Bea->vater of råtner high salinity. Zone B comprises
sediments deposited during climatic amelioration when the water
of the Oslofjord was much diluted by melt-water and, accordingly,
nad a råtner low salinity. The sediments of zone C were deposited
under marine-ecological conditions distinctly letter than those of
the previouß 20N68; the Balinitv inußt have keen high. At the begin
ning of the period of zone D the climate had once again become
arctic and tne glaciers had reac^vanceci to the position marked by
the inoraineß of the Aker stage; a conßici6rali>i6 a!eereaß6 in Balinitv
took piaee wnen the Zlacierß recea!e^ anevv. Witn the o!epoßition
of the zone E layers the marine-climatic conditions had cnan^ed
to koreal and vve have arriveci into Post (^lacial age; the Balinitv
of the conteinporaneoiiß fjord water >vaß råtner high. Zone F eoin
priß6B Be6iinentß 6ep«Bit6o! under optimum eliinatic con6itionß;
water teniperature and Balinitv Beeni to have keen ni^ner tnan
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during any other Late Pleistocene period. Deterioration of the
climate took place during the deposition of tne zone G layers, and
the contemporaneous salinity of the water was quite low.

3. The foraminiferal zone A is correlated with the Yoldia clay
of Brøgger's classical division, zone B roughly with the Area clay,
zone F corresponds to the Isocardia clay and zone G to the Scrobi
cularia clay. Zone C is correlated with Øyen's Mytilus stage and
I) >vidk his /'oT-tillNtila stage (fig. 4).

4. A close correlation exists between the stratigraphical zones
and the shear strengths of a clay deposit. In borings through
homogenic sediments, showing discontinuous variation ok shear
strength with depth, the breaks in the variation of shear strength
oeeur at the tranBitionB from one stratigraphical zone to another
(figs. 5-7). Thus, in clays of approx. equal mineral composition
and grain size distribution any one stratigraphical zone can be
related to a certain value of the ratio shear strength to effective
overburden pressure, s/oc . Among the zones occurring in the Oslo
region zone I) is characterized by the lowest value ok s/a(

5. In most cases any one stratigraphical zone has a greater value
of s/ac in deposits close to sea level than the corresponding zone
in deposits situated at greater elevation (fig. 8 a). This demon
strates the general relation between geotechnical properties and
reduced salt concentration in the pore water ok the clay. Small
values of the ratio shear strength to effective overburden pressure
occur in relatively salt-free clays whereas high s/ac.-values are found
in clays which have, more or less, kept their original salt concen
tration. The degree of leaching, resulting in reduced salt concentra
tion, depends upon the hydraulic gradient which, as a rule, is larger
in places where the sediments have been raised above the erosion
base than in places where they have remained below or close to
this level.

6. The leaching process takes place at different rate from one
place to another and varies considerably with the permeability of
the sediment; at any particular locality, however, it is a function
of time. It is known, from other investigations, that the changes
in geotechnical properties, caused by leaching, are negligible as long
as the reduction in salt content has not reached a value ok approx.
10 gram per litre, but that they become extremely important when
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this critical value is surpassed. A clay belonging to zone D, which
was deposited in water of low salinity, will, during the process of
leaching, probably reach this critical value some thousand years
before a clay which had a high original salt content in its pore
water (fig. 10).

7. It iB, in most cases, easily demonstrated by micropaleonto
logical methods whether a sediment has remained undisturbed or
if it has been subjected to previous slides; to trace the position and
form of the real slip plane is, however, a much more difficult task.



Sammendrag.
Mikropaleontologi anvendt på geotekniske

problemer i Norge.
Innledning.

En hovedoppgave for den geotekniske forskning i Norge er å ut
rede våre leiravsetningers egenskaper og pa den måten hjelpe til ved
løsningen av praktiske spørsmål, k. 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 sjøvann, 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 senere er kommet til å ligge tørt, har sin årsak i den land
stigning som har funnet sted under og efter avsmeltningen.

Nærværende arbeide er et forsøk på å dra nytte av mikropale
ontologien ved løsningen av praktiske geotekniske problemer.

Mikropaleontologien ardei6er ine6 loBBiler Bom er 8a Bina at man
ina druke inikroBkop kor a Btu6ere 6ein NNrinere. I vare inarine
leiravB6tninger tilli^rer 6e aller tlsBte inikrokoBBiler gruppen ?ora
niinikera, encelle^e 6vr ine6 Bkall som okteBt er dvgget opp av kalk.
Det er ballene vi Knner i avBetningene og Bt^rrelBen av 6eni er Boni
regel 0.2—0.3 inni. Ilt kra KjennBkapet til nvor6an kolBkjellig6 arter
av koraininikerer lever i vare dager, om 6enne eller nin art krever
kaldt eller temperert vann, Btort eller lite 6vp, n^v eller lav Balt
liol6igliet, kan man 6ra slutninger om nvilke klimatiske korliolcl
6e korBkjellige leirlag die avsatt uncler og 6erme6 om lageneB reia
tive alder.

I^or a skasse prøver kra undergrunnen, rna. man i Btor utßtrekning
denvtte seg av kjerneboringer. Hvis man dåre nådde de vanlige
skall av muslinger og snegler a liolde seg til ved utredningen av
lagk^lgen i en Blik doring, ville noldepunktene vgere ka og ÜBikre.
?or Blike relativt Btore skall (megakossiler) vil sjelden eller dåre
lielt tilkeldig korekomme i dorkjernene, mens mikrokossilene i almin
deligliet vil va?re til stede i store mengder selv i tynne dorkjerner.
Istedenkor spredte eksemplarer eller druddstvkker, kar man av
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inikrokossiler keie kaunaer, eller populasjoner, a ardeide med. Og
da, rna resultatet kunne dli langt sikrere. Der lian iallkall va?re
opptil 30 OliO koraminikerer i en leirpr^ve som i tsijrr tilstand veier
1l)l) gram. Ve aller Keßte koraminikerer lever i Baltvann, noen ka
arter korekommer i drakkvann og nesten ingen i kerskvann.

Geologisk historie.
Under kvartærtiden (Pleistocene) var Skandinavia iallfall tre

ganger dekket av enorme ismasser som under sin vekst skjøv unna
nesten alt som fantes av løsmateriale i området. De løsmasser (i
motsetning til fast fjell) som vi finner under marin grense i Norge
i dag er derfor vesentlig slike som ble avsatt foran isdekkets vikende
fronter under siste istids avsmeltningsperiode.

av sne og is i (I^innland og 81candi
navia) resulterte i en nedtrvlcning av landmassen slili at livstene
Ia dvpere neddulcket i B^en enn de gjorde k^r nediBningen. Under
den derpå krigende kordedring av klimaet letnet trvlcket av isinas
sene, og krigen var en langsoin stigning av de tidligere nedisede
landområder. ?a den maten die en stor del av de marine sedimenter

Mtet opp over navnivaet slilc at de i dag utgjer dvggegrunnen i
noen av vare tettest dekolkede omrader, k. eks. omkring Oslokjorden
og Irondneimskjorden. I Oslo Knnes den lavest neveds strandlinje
i dag 221 m over nuvlerende liavniva.

av isen die kra tid til annen avdrutt av still

stand eller sma kornvede kremrvkninger. Iskantens stilling til disse
tider Knner vi merker ekter i store randmorener. I Oslokjord-om
rådet er den mest fremtredende av disse den velkjente li,a-morene
som kan kriges kra Halden over 3arpsdorg til og kra Horten
til barvik—Helgeroa og som kortsetter dade i Bverige og vestover
utenkor vart område. Lagdelingen i liaet Bamt dets innnold av
marine kossiler viser at det opprinnelig er avsatt i Bj^en. 3ensre
gjorde iB6N en Btans, med sma krem- og tildakervkninger, ved linjen

H.8—Bki, storsand. I nordkanten av Oslo dv, ved Linnerud,
(kreksen, Bognsvann, Logstadvann og lenger vest ved Ngge i Lier
dalen, ligger morener som viser kremst^t av dremassene (^.ker
trinnet), og pa liomerike tinnes isranddannelser ved Verger, «sess-
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keim, HauerBeter, me6Bom 6en BiBte BtassnaBjon
av iBran6en i 6ette omra6s (Bml. tiss. 1). Marine avBetninsser er
kunnet 8a lansst n«r6 Bom ve6Bv6en6en av oss i (^lama?
6alk^re nor6over til omkrinss Vaier (iiss. 2).

Btrati3!-ati.

Ved studium av foraminiferinnholdet i leirprøver fra en lang
rekke boringer i Oslofjord-området viser det seg at de marine av
setninger kan inndeles i Bvv soner: A, B, C, D, E, F og G, med A
som den eldste og G som den yngste. Sonene A, B, C og D skriver
seg fra senglacial tid da en innlandsis ennu fantes i landet, mens
E, F og G ble avsatt i postglacial tid da all is var smeltet bort.
Avsetninger tilhørende sone A er i Oslo-feltet bare funnet syd for
Raet, de ble avsatt under NflvarktiBke klimaforhold da et ishav
skyllet mot innlandsisens kalvingsfront i områdene omkring det
som nu er ytre Oslofjord. Sone F derimot, omfatter avsetninger
som skriver seg fra postglacial varmetid, stenalderen, da klimaet
over hele Norges land var gunstigere enn det er i dag. Foraminifer
innholdet i de forskjellige soner vil bli utførlig behandlet i et senere
arbeide.

I tissur 4 er vare mikropaleonwloss^ke Boner Bammennol6t me6

VlsiisssserB ti6lissere inn6elinss Bom ssrunner 86ss pa innno!6et av

inuBlinssBkall i leirene, oss me6j3venB Btran6lin^'enivaer Bom nar
navn ekter muslinsser oss Bnessler i Btran6avBetninsser. Btran6linjeneB
I,silv6e i 0810 til 6e koi^kjellisse ti6er er ossBa anssitt, oss nelt til ll^vre
i Bk^'emaet er ank^jrt avBetninsseneB tilnserme6e al6er.

Stratigrafi og geoteknikk.
?or en lanss rekke leirpr^iver kra dorinsser i 08l0^'or6-omra6et

er 6er iakttatt en Bammennenss mellom BtratissraK oss sseotekn^ke
ess6NBkaper, Blik at overssanss kra en BtratissraKBk Bone til en annen
Bom ressel k^lsseB av en koran6rinss i sseotekn^ke ess6NBkaper. Dette
ssjel6er i BNrliss ssra6 leirenB BkjNrkaBtnet, Bom er 6en motBtan6 en

leirBvlin6er av deBtemt tverrBnitt ss^r mot a BliteB over pa tverB.

I Kssurene 5—75—7 er Bammennenssen mellom BtratissraK oss noen
sseotekniBke essenBkaper vist ve6to dorinsser kra Vårvika oss en kra

0810. i koran6rinssen i Bk^rkaBtnetene
(BkjNrkaBtketen6 kremBtilt ve6rinsser oss KrvBB til l^vre i 6iassram-
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mene) er illustrert ved rette linjer («nil. Vjerruin 1955). Innenkor
liver enkelt Btratigraksk sone tiltar BkjLerkaBtlieten kornnldBviB jevnt
nied dvpet i avBetningen, inen vecl overgangen kra en sone til den
neBte er der et nier eller inindre plutselig drudd i denne jevne
økning.

Vi holder oss her bare til skjærfastheten, og for i våre betrakt
ninger å eliminere dens økning med dypet, dividerer vi skjærfast
heten s med det effektive overlagringBtrvkk ac og får dermed et
forhold s/oc som er noenlunde konstant for hver sone innenfor en
og samme boring. I tabellen side 26 er sammenstillet resultatene av
mikropaleontologiske og geotekniske undersøkelser for 10 boringer
fra 5 forskjellige steder i Oslo. Forholdet skjærfasthet til effektivt
overlagringstrykk, s/a,., viser innenfor hver enkel boring påfallende
sammenheng med boringens stratigrafiske soner. Således viser det
seg at sone D i alle boringer har den laveBte s/a -verdi. Disse for
hold gjelder selvfølgelig bare i den utstrekning kornstørrelsesfor
deling og mineralsammensetning er konstant gjennom hele den
betraktede del av avsetningen.

Redusert saltinnhold.
Det viser seg videre at de geotekniske egenBkaper stort Bett er

avliengige av leiravsetningens li^vde over kavet. Idet vi stadig
nolder oss til skjeerkastlieten, representert ved kornoldet s/^, ser vi
at liver Bone ((!, v, N, ?, (^) tiar en Bt^rre verdi av 8/0,, i avsetnin
ger na?r navniva enn i avsetninger soin detinner seg n^ivere opp.
Denne avliengigliet er, kor doringene i tadellen side 26, illuBtrert
i diagrammet pa tigur 8 a, og i virkeliglieten denionBtlerer den den
alinindelige Baniinenneng inelloni geotekniBke egenBkaper og redu-
Bert BaltkonBentrasjoN i leirenes porevann.

Bvßteniatiske undersøkelser over saltinnlioldet i norske inarine
leirer nar vißt at en detraktelig redukßjon tiar kunnet sted siden
de die avßatt. Og det er videre dlitt klart at redußert saltinnliold
inedk^rer k. eks. redußert skj^rkastnet (lioßenc>vißt 1946 a, Ljerruin
1955). Dette korliold er illustrert i Kgur 9. I^ave 8/ss,,-v6ldier Knneß
i relativt saltkrie leirer inens tilvere verdier nnnes i leirer soni nier
eller niindre liar delioldt Bitt opprinnelige saltinnliold. deduksjonen
i geotekniske egenskaper koregar ikke i Baninie kornold 80in reduk
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sjonen i saltinnhold. 3elv en detvdelig reduksjon av Baltinnholdet
medtarer bare kelt udetvdelige redukßjoner i leirenß geoteknißke
egenskaper 8a lenge BaltkoNßentlaßjonen holder seg over 11) gram
pr. liter. Men dlir Baltinnh«ldet lavere enn denne verdi, påvirke»
de geoteknißke 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 sjøen. Derfor finner vi ofte lavere
saltholdigheter og lavere skjærfastheter i høytliggende leirer enn
i lavtliggende.

BaltlioNBentl-aBjon 03 Btrati3i-ati.

Reduksjonen i Baltinnnold avlienger ogBa av det tidBroin 80in
nar Btatt til radigliet kor grunnvannets utlutende virkBoinliet. Nn
ung leiravsetning vil derkor ka k^v s/o^-verdi av to grunner, kor^
det torste kordi den er ung og ikke nar katt tid nok pa seg til noen
nevneverdig reduksjon av saltinnholdet, og kor det annet kordi den
dåre nar katt vsere nied pa en liten del av landBtigningen. t^runn-
vannssirkulasjonen nar derkor ikke kunnet Mes i noen detraktelig
grad og altså nar ikke noen nevneverdig utlutning av saltinnholdet
kunnet iinne sted.

I en noinogen leiravBetning (nvor vi Ber dort kra t^rrBkorpe-
kenoinenene) der de BtratigraKske soner (-, I', N, v, d! korekoininer,
Bkul!e verdien av 8/0^ således vZere mindre i sone ? enn i sone (1,
og mindre i N enn i I', man skulle vente en kontinuerlig minking
i kornoldet kra yngre til eldre lag i avsetningen. !!Vlen som vi nar^
sett varierer ikke s/^-verdien pa den maten. Visstnok er s/0,,-
verdien mindre i sone I? enn i t^, mindre i N enn i k' og mindre i
D enn i N, men i sone (! er den igjen Bt^rre. Dessuten er der en
mer eller mindre dra forandring i s/^-verdien ved overgangen kra
en Bone til en annen. I en destemt doring nar liver sone sin bestemte
s/t^-verdi.

I^or a pr^ve a tinne en korklaring pa dette påtagelige korkold
mellom skjzerkastlietens størrelse og leiravsetningens geologiske
liistorie, kor de BtratigraKBke soner avspeiler jo den geologiske
historie, er det naturlig a se normere pa den totale saltholdigheten
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av det B^vann som leiren opprinnelig ble avsatt i. Vi antar da at
den opprinnelige saltkonsentrasjon i leirens porevann var den
samme som saltholdigheten i dette vann (sml. G. Holmsen 1930,
I^oBena.viBt 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 vann.
Indikasjoner på lav saltholdighet ble funnet i forbindelse med
sonene D og G, mens milirokaunaen i sone C og sone E tvder på
temmelig høy saltholdighet. Sone F ble dannet i sjøvann med stor
saltholdighet, omtrent 35 gram pr. liter.

Vare Ben- og postglaeiaie leirer die avBatt i B^vann Bvin antage
lig alclri liaclcle Baltliolcligliet lavere enn ca. 20 "/on. Det vil gi at clen
opprinnelige Baltl<oNB6ntraB^«n i leirenB porevann kor alle Btrati
graKBlie Boner nar vsert vel over clen liritiBice vercli 10 gram pr. liter,
og cler BvneB a v«re lite liap om a Knne en korldaring pa de kor-
Bl^ellige BlcMrkaBtlieter ut kra clen opprinnelige Baltnolcligli6t i
leirene kra cle kolBii^6llig6 Bvner. Biculle tvert imot vente a. iinne
lconBtant 8/s?^-vercli g^ennoin neie Berien av BtratigratiBiie soner i
en noinogen leiravBetning. Vette er ogBa tiikelle — 8a lenge ilci<6
Balti(oNBentraB^onen i leirene er dlitt detralctelig recluBert vecl ut
lutning.

lltlutningßproßeßß6N koregar inecl korßl()6ilig liaßtigliet pa kor
sicjeilige Bte6er, og varierer i li^v gracl inecl l(ornßt^rrelßen i av-
Betningene. i nvert enlcelt tilkelle vil clen va?re avnengig av
ticlen. ?a liviljen mate utlutningen avlienger av ticlen viteß iicice,
kor mange detaljer i prvß6Bßen er uti^trekiielig Icjent (Binl. Noßen
c^vißt 1955). kor a korenilie kreiNßtiiiingen antar vi ner at reclulc-
B^onen i Baltlionß6ntraß^oN6N, utlutningßproßeßßen, er clirelite av
liengig av tiden, 8lil( at altßa cloddel ticl gir cioddel utlutning. Nn
Blilc antagelß6 liar ingen prinßipiell inntlvteiß6 pa korklaringen av
kornolclet nielloin B^Nrkaßtliet og BtratigraKßk6 Boner. ven antatte
reclulc^on av Baltinnnolc!et er kreinßtillet pa Kg. 10, nvor grunnlinjen
i ciiagrarninet er delt inn i nvpotetißli6 tidßintervaller pa 1000 ar.
Vi antar altßa at leire 80in engang die avßatt i Bjsiivann med total
Baitlioldigliet pa 35 og senere utßatt kor utlutning, ekter 10 000
ar vil lia Baltinnnoidet i Bitt porevann redußert til 15 "/00. Nn annen
leiravsetning med opprinnelig Baltinnnold pa 30 "/oo vil, ik^lge
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Bamme nvpotetißke diagram, lia Bitt Baltinnnold redusert til 10 "/<»<»
etter 10 000 kr.

3«m k^>r nevnt korarBaker utlutningen av saltet i leirenes pore
vann forandringer i dereB geotekniBke egenBkaper. Videre vet vi
at disse forandringer er nelt udetvdelige 8a lenge saltinnnoldet
fremdeles er lavere enn ca. 10 gram pr. liter, men at de dlir Bkzedne-
Bvangre nar Baltinnno!det reduseres vtterligere og dringes ned under
denne kritiske verdi.

Idet vi atter betrakter det hypotetiske diagram (fig. 10), skal
vi følge to leirer gjennom utlutningsprosessen. Den ene ble avsatt
i sjøvann og fikk en saltkonsentrasjon på 35 gram per liter i pore
vannet, den annen ble avsatt i brakt sjøvann og fikk en opprinne
lig saltkonsentrasjon på bare 25 gram per liter. Hvis mineral-
BaininenBetnin^en, kori^t^rre^ezkordelinAen og andre forhold er
like for de to avsetninger, så vil de, før utlutningen, antagelig også
ha Bainine skjærfasthet, eller rettere samme s/ac-verdi, selv om der
altså er en forskjell på hele 10 gram pr. liter når det gjelder salt
innholdet i deres porevann. Imidlertid, hvis de ble avsatt samtidig
og senere utsatt for utlutning overensstemmende med diagrammet
(fig. 10), så ville saltinnholdet i den brachyhaline avsetning, opp
rinnelig 25 gram per liter, na den kritiske verdi 10 gram per liter
5000 år før leiren med opprinnelig saltinnhold pa 35 gram per
liter. Når saltinnholdet i 35 %o-leiren var blitt redusert til 15 gram
per liter, og altså avsetningen fremdeles var en normal leire
med lav sensitivitet, ville saltkonsentrasjonen i den brachyhaline
leire samtidig være redusert til 5 gram per liter, og denne avset
ning ville antagelig da være forandret til en kvikkleire med høy
sensitivitet.

doringene i tadelien Bide 26 kremgar det at verdien av 8/0,,
er Bt^jrre i Bone (^ enn i Bone I' seiv om det opprinnelige Baltinnnold
i 80N6 l' rna na VNlt adskillig Bt^rre enn i Bone 6. ?a den annen
side er imidlertid (^-leirene de vngBte i den ztratigran^ke rekke
k^lge og liar BaledeB liatt liten tid til utlutning, menB kan
na v«;rt utBatt kor utlutning gjennom et tid3rom av omkring 5000
ar. Den Btore korBkjell i 8/^ mellom Bone I' og Bone D, 8/^,^, Ber
nt til a va?re omtrent det doddelte av s/c?,.,) i en og Bamme doring,
lorklareB dade ved at Bone D er omtrent 4000 ar eldre enn ? og ved
den li^vere opprinnelige Baltlioldignet i zone IV til at 8/<?,,<
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er større enn s/acø, selv om sone C antagelig er 1000 år eldre enn
D, ligger i den høyere opprinnelige saltkonsentrasjon i C-léirenes
porevann, denne faktor overBkvgger virkningen av den forholdsvis
lille tidsforskjellen.

Homogene leiravsetninger som ikke har vært utsatt for utlutning
i nevneverdig grad, viser liten eller ingen diskontinuitet i skjær
fastheten pa overgangen mellom to stratigrafiske soner. Slike leirer
har i stor utstrekning beholdt sitt opprinnelige saltinnhold, og selv
om dette er forskjellig for forskjellige stratigrafiske soner, påvirker
ikke det skjærfastheten i nevneverdig grad så lenge konsentra
sjonen er høyere enn 10 gram pr. liter. Således viser boringer
gjennom uforstyrrede leiravsetninger i Drammen skjærfastheter
som tiltar jevnt med dypet og altså gir et konstant forhold mellom
skjærfasthet og effektivt overlagringstrykk gjennom hele profilet
(fig. 11) selv om flere stratigrafiske soner forekommer. Disse leirer
viste seg a ha en saltkonsentrasjon på mellom 26.7 og 13.4 gram
pr. liter i porevannet. Slike leirer finnes i alminnelighet nær nu
værende havnivå eller andre steder der grunnvannsbevegelsen er
liten. På den annen side viBer avsetningene ved Vaterland og i
Bjørvika i Oslo at også leirer som befinner seg nær, eller endog
under, nuværende havnivå kan ha fått sitt opprinnelige saltinnhold
redusert.

I de omtalte doringer kra 0810 (tadellen Bide 26) viBer det Bcg
altBa at Bone I) innenkor liver enlcelt boring nar den lav6Bte 8/<?^
verdi, og dette korliold vil nolc g^'enKnneB i de tieste ukorBtvrrede
avsetninger i OsloHord-omradet. Men det vil ikke 8i at kvikkleirer
nødvendigvis rna tiln^re Bone V. I?or, Bom vi nar Bett, kvikkleirene
kremkommer ved at en opprinnelig korlioidsvis k^lv BaltkonB6ntra
sjon i leiren6B porevann reduBeres i betraktelig grad. Og dette kan
skje med leirer innen livilken Bom ne!Bt stratigraiisk sone. I over
enBBtemnielB6 liermed angrer ?. Holmsen (1949) at kvikkleirene
i Norge ikke er spesielt knvttet til postglaeiale leirer, tiere av de
største leirkall liar koregatt i senglaeiale leirer.

Gamle skred.
leiravsetninger som nar deltatt i skred, liar i almindeligtiet katt

tielt andre geotekniske egenskaper enn den ukorstvrrede avsetning
nådde. Derkor er det av interesse kor geoteknikeren a vite om nan
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kar med korstvrrede eller ukorstvrrede lag gj^e. Allerede den
mikropai6ontologißke påvisning av lag 8«m Kari Kjenneß igjen kra
det ene dorkull til det andre vil lier vsere til kjelp, Belv om diBB6
ladene dekandles Bom kelt lokale koreteelser og ikke Knvtteß til
noen regional Btratigrak. llviß doringene er tallrike nok og kornuktig
plasert, vil den normale lokale laglige Bnart viß6 seg, og uoverens
stemmelser lar seg lett oppspore.

Slik anvendelse av mikropaleontologien til oppsporing av gamle
utglidninger er illustrert ved et eksempel fra Høyskoleplatået (Gløs
haugen) i Trondheim. På kartskissen, figur 12, er vist plaseringen
av boringene, 2, 4, 8 og 13, og på figur 13 er disse boringer, strati
grafisk inndelt, projisert inn i profil 11. På figurene 14—16 er vist
hvordan forekomst og hyppighet av endel foraminiferarter er lagt
til grunn for en stratigrafisk inndeling (se også tabellen side 40).
Samtlige lag er av senglacial alder. Sone A er karakterisert ved
en fattig fauna; sone B har flere arter, Virgulina ioeblie^i opp
trer og Pyrgo ivilliamsoni er ganske hyppig; sone C er karakterisert
ved forholdsvis stort artsantall, ved rikelig forekomst av Virgulina
loeblichi og ved opptreden ay Cassidulina teretis; sone I) nar som
regel færre arter enn C, og viser en utpreget dominans av Cassi
dulina trassa.

3om vi ser er rekkefølgen av lagene den samme i alle doringer,
men lagenes store korskjell i tvkkelse tyder pa glidninger i materi
alet. I øverste del av doring 13 nar vi debuten en gjentagelse av
lagene (! og I) Bom viser at denne del kar sklidd ned kra skrenten
av det kavere plata (se Kg. 13).

Glideflaten.
Nar det gjelder a desteinme posisjonen av glidetlaten ved skred

i leiravsetninger, kan mikropaleontologien i noen tilkelle vde assist
anse. ?igur 17 viser et skjema^Bk prot^l gjennom en leiravsetning
i ust^ likevekt, I t>r, II ekter raset, ven prikkede kurve angir
glideilaten. Hvis der ikke kar gatt ras tidligere, kan lagdelingen
veere slik som angitt pa Lguren med k. eks. kre soner, v, N, ? og (-.

undersøkelse av doring 6 og 7, altså i den
ukorstvrrede del av avsetningen, klarlegger den stratigrafiske rekke-
Mge av de kre nevnte soner. Nar dette er gjort, kan sonene tmnes
igjen i boringene innen rasomradet. I doring 1 vil koraminikerene
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vise tilstedeværelsen av sonene F, E oss D i samme rekkefølge som
i den uforstyrrede del av avsetningen, glideflaten vil ikke åpenbare
seg. I boring 2 vil hele rekkefølgen fra G til D være representert,
men ingen indikasjoner av glideflaten, sone E i det utraste materi
ale hviler på sone D, og det er den normale rekkefølge. Men
boringene 3, 4 og 5 vil gi utmerkede holdepunkter for glideflatens
bestemmelse; i boringene 3 og 4 mangler sone E, og glideflaten
vil være å finne på overgangen mellom F og D. I boring 5 mangler
sone F, og glideflaten finnes mellom G og E.

I mange tilfelle vil det imidlertid være umulig a bestemme glide
flatens beliggenhet fordi avsetningen har vært innviklet i tidligere
skred. Foraminiferundersøkelsen vil da vise mer enn ett brudd i
den stratigrafiske rekkefølge. Til illustrasjon av et komplisert til
felle anføres skredet i Lodalen, Oslo, den 6. oktober 1954. På figur
18 er vist en kartskisse over området med skredets begrensning
og boringenes plasering. Figur 19 viser i profil overflaten av skred
området før og efter raset. Prøver fra seks boringer ble undersøkt
mikropaleontologisk, tre av disse, 2, 3 og 4, var fra selve rasområdet,
mens de andre tre var fra det tilgrensende område som ikke deltok
1 raset av 1954. På grunnlag av foraminiferinnholdet kunne av
setningen deles i fire karakteristiske soner, D, E, F oss G, i boring
2 er til og med en sone C representert (se tabellen side 51). I
boring 2 (fig. 20) opptrer sone D tre ganger og sonene E og F to
ganger i samme borkjerne, i boring 3 (fig. 21) forekommer sonene
D og F to ganger. Til og med boringer fra de deler av avsetningen
som ligger utenfor raset av 1954 viser forstyrret lagfølge. I figur 22
er de stratigrafisk oppdelte boringer innført i profil 2, og viser så
mange brudd i den stratigrafiske rekkefølge at det ville være et
meget usikkert foretagende å forsøke å peke ut bestemte glideflater.
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Plate 1. Zone A. Fossil fauna of Foraminifera from a boring at Sarpsborg. 15.5 m
below the surface. Elphidium clavatum dominating.

Sone A. Fossil joraminijerjauna jra en boring ved Sarpsborg, 15.5 m, under over
flaten. Elphidium clavatum iominerer.



Plate 2. Zone C. Foraminiferal fauna from boring 4, Høyskoleplatået, Trondheim,
3.3 m below the surface. Virgulina loeblichi frequently represented.

Sone C. Fossil foraminiferfauna fra boring 4, Høyskoleplatået, Trondheim, 3.3 ra
under overflaten. Rikelig forekomst av Virgulina loeblichi.



Plate 3. Zone F. Foraminifera and some Ostracoda from a boring at National
theateret, Oslo, 11.3 m below the surface. Bulimina marginata dominating.

Sone F. Fossile joraminiferer og noen ostracoder fra en boring ved Nationaltheateret,
Oslo, 11.3 vi under overlaten. Bulimina marginata dominerer.


