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MultichanneJ seismic rdlectiOn profil ing has rcvcaled thallhe basail layer on the Outer Vj:jring 
Plateau is uoderla in in places by s ' ceply dipping layered renceloTS. 
Two opposÎng theories have bec n cons idered for the orisin of the layered rdlcclOTS; 
1) They are Mesozoic sed iments deposited before the Tertiary openingof the Norwegian Sen. 
2) They are Tertia ry deposits formed during the early stage of openi ng of the Norwegian Sea 
by seafloor spreading. 
The multichannel seismie result s combined with earlier shipboard geophysieal measurements 
as weil as aeromagnetie profil es obtained by the Norwegian Geologieal Su rvey help 
discriminalc helween these theories. 
As a result of our investigations we find thal ; 
a) magnetic anomaly 24 can he traced eontinuously from the Lofoten Basin on to the VJ:j r ing 
Plateau. This al'lOmaly is associated wilh thc oldest seafloor generaled În the opening o f the 
Norwegian Sea ; 
b) the layered reOeClon fOTm a characteris tica lly shaped wedge that coincides with 
anomaly 24 ; 
c) the material comprising the wedge possesses seismic veloci ties which increase from about 
2.6 km/sec. in the upper parI to about 6.4 km/sec. in the lower part. 
The above observat ions strongly support a Te rt iary age for the material comprîsing the wedge, 
which we believc consists of basalt ic fl ows a nd votcanoge nic sediments and which is 
associated with sea floor ereated a few mill ion years afte r the Star! of spreading. The data a re 
used 10 make infere nces about eve nts oeeurr ing dur ing the time spa n between initiation of 
opening and establishment of a l'IOrm~tl pattern of sea rtoor spreadi ng. 

OcttlnO/. A cta. 1981. Procccdings 26'· International Geological Congress , Geology of 
continental margins symposium , Paris. July 7·17. 1980. 23·30. 

Le début de l' ouverture de la mer de Norvège . 

Les profi ls de sismique réflection mult itrace o nl montré que la couche de basal te du V~r ing 

Pla teau externe surmonte localement des réf lecteurs s trat if iés forteme nt inclinés. 
Deux hypot hèses contradictoires concernant ces réfl ecteurs peuvent ê tre avancées: 
1) Il s'agil de sédiments mésozoïques déposés avant l'ouverture de la mer de Norvèse au 
Tertiaire. 
2) Ce sont des dépôts Tert iaire formés lors de la phase précoce d'ouverture de la mer de 
Norvège. 
Les résultats de ta sismique multi trace, les données géoph ysiques antérieurement acquises et 
les profils aéromagnétiques obtenus pllr le Service Géologique de Norvèse permettent de 
tntncher entre ces deux théories. 
a) L 'anomalie magnétique 24 peut ê tre dessinée continuement depuis le Bassin des Lofoten 
jusqu 'au V~ring Plateau. Celle anomalie correspo nd au plancher océanique le plus ancien 
assoc ié à l'ouverture de la mer de Norvège. 
b) Les réflecteurs stra tifiés forment un prisme caractéristique coïncidant avec l'a nomalie 24. 
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c) Le matériel constituant le prisme a une vitesse sismique varÎant de 2.6 kmls dan~ 1:, partie 
supérieure à 6.4 krnl~ dans la partie inférieure . 
Les observations précédentes renforcent l'hypothèse d'un âge lertiaire pour Je malériel 
con~ . ilullnt le prisme. qui est probablement composé d'écoulements basalliques e l de 
sédiments volcanogéniques. et qui est associé au pl<lncher océ<lnique créé quelques millions 
d"lfInées après le début de r..ccrétion. Les données présentées permettent d'aborder l'étude 
des événements aya nt eu lieu entre l'initiation de l'ouverture et l'établissement d'un régime 
d'accrétion océanique normal. 

OCC(Hlol. A ('W, 1981. Acte~ 26< Congr':s International de Géologie. colloque Géologie des 
marges continentllle~. Paris. 7-17 juil. \'::IllO. 23-30, 

INTRODUCTIO N 

Most Siudies coneerned wilh dc tails of the proccss of sea 
floor spreading are carried out at the axis of the mid-ocean 
Tidge. and they deal wit h steady state phenomena. In order 
to get Il fuller undcTstanding of the process of crustal 
accret ion we also need det .. ils of events at the lime of 
init ial ion of spreading. Passive Illargins are the appropriate 
place for this s iud y. and we believe thal the Norwegian 
margin north of 66°N is ve ry weil suited for this purpose , 

The Norwesia n Illarsin is a young margin - the Norwegian 
Sell opened in the early Terliary and. in contrast to many 
older Mesoloic margins. the oceanic part of the mMgin is 
eovered by a relatively thin layer of sediments. In the last 
dec:ade Ihis margin has been eXlensively studied by geophy­
sical mellns, especially in the area where the ocean· 
continent boundary is expected 10 lie. Closely ~paced 

magnctic surveys cleilrly indieate sea floor spreadi ng type 
anomal ies whic h serve to dis tinguish :lreas that (Ire oceanic 
:Incl also help 10 defi ne the hi~tory of opening. Muhichannel 
seismic rcflection surveys have most recently been 
cmployed 10 inves tigate sub·bascment s tructures which are 
c rucial to understlmding the cvol ution of this area. 

T he fact that the basement underlying the QUler VfJring 
Plateau is unusulllly shallow h;.s led sorne investisators to 
ques tion whelher the results obtained here would h;tvc 
applicabi!ity c lsewhere. In geneTal the ocean ic crust formed 
al the time of init ia tion of sea floor spreading is covered by li 
thick scdÎmcntary covcr and is poorly known in det:liJ. The 
few Sludies concerned with the subjeel do suggest (Rubino­
witl. La Breeque. 1977 ; Veevers. 1977) that shalJow cru ~t 

is formed at the time of Înilial opening. Furthermore, we 
will show thal s imilar cru stal struclures continue from the 
l.nomalously shal10w V"ring Platc:1U tO Ihe normal occanie 
depths of the Lofoten margin to the north . Thu~ the Outer 
V"ring Plateau instead of being considered unsui table for 
studies coneerned wilh early opening misht be considered 
especililly ~uitablc in Ih:'1 struct ures related to the phenome­
non of initiation are particularly weil devclopeJ here , 

DESCRIPTION OF TH E MARGIN NORTH OF 66 N 

The Vliring Plateau which is outlined quite aceurately by the 
1.500 fathom contour (Fig. 1) is a prolllinent feature of the 
Norwegian marg;n . The buried V/::Iring Plateau Esearpment 
wh ich divides il into the inner and outer segments continues 
northward along the margin of the Lof olen Blisin. From 
earlier ~tudie~ il W;IS dedueed that the V"ring Plateau 
esearpment defines the ocean-continent boundary (Talwani, 
Eldholm, 1972). In this study we sh"l1 demonstrate wilh 
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Batl. ymel ric dlUrl (in IIwuil!lIl fat/,oms) of Iht Qrt'Q disn.ssl!d 
S/'0"';1I8 /OC(l/;U/I uf DSDPIJ,)idu drill ,f ;les "ri lite Ower Vllri,,!; 
Plateall and rllt' location of Mes /inH m~lIli"ned in Ji.e It'XI. 

more complete magnetic data. as weil as ",ith multichanncl 
seismic rcflect ion data. that the earlier conclus ion is sub­
stanti .. ted. 

The Norwegian Geological Survey has rceently released a 
closcly ~paceu ilcromagnctic ~ uf\ey of the Norwe1>iiln 
Margin (Hagevang et cll .. in prep.). In Figure 2 we have 
plotted some profiles from this sun'ey together with availa­
bIc surface shÎp magnetic data. The magnelic lInomaly 
sequence in the Lofoten Basin which ès at normal oceilnic 
depths i;; considered wei! eslabl ishcd (Avery tI al.. 19611 ; 
Talwani . Eldholm. 1977). The earliest m:lgnetiC' anomal y is 
:lnomaly 24 (60 m.y. :Iccord ing to the Heirti':ler el al. ( 1%8) 
lime scale or 56 m.y, aceording 10 the LaBrecque el al. 
[1977J time scnle) and is approximately parallel to the 
northeastward extension of the V"ring Plateau esearpment. 

Clearly. anomaly 24 cont inues from the Lofoten Ba sin on to 
Ihe Voring PI:l teau. The uetailed shape of anomaly 24 does 
vary along ilS length , which is probably 1. manifesta tion of 
the diffe rence in basement eleva tion and struc ture [rom the 
V0ring Pla.eau to the Lofoten Basin. We note that 
anomal ies 21. 22. and 23 arc ail c lose to parallel 10 
anomal y 24. and il b the continuit y of the overall paHern of 
these anomalie~ that lea ves \'e ry little doubt of the presence 
of ilnomaly 24 on the V,0ring Plateau. Although anomaly 24 
Î ~ genera ll y pamllel also to the escarpment. it is not eXf.ctly 
50. The only dbconlinuilY in anomaJy 24 occurs al aboul 
68' N where the southern segment i~ offset to the east. wilh 
respect 10 Ihe northern segment. A negalive :lnomaly lies on 



Figure 2 
Compila/ion of surface ship magne/ies and aeroma1:IIelic dal// 
from Ill e Non.'el?ian margin. Aeromagne/ic da/II Url' sh" ",n willl a 
dushed buse line and fi/le unumuly /ine. LOGO surface sllip JUIll 
are $ho "'" ",ilh a heovy tmOllialy line and rOlilinuous base line. 
/)o/a from Pia/leI (Roeurci al.. 1975) are sllo",n willl JolleJ tines. 
MUline/i~' all(}lIIalie~' 24 lu 20 are sho"'/I in su/iJ shadi"lJ. A 
promillelll magnellr: rmugll is idemified by 1/ dOl . and lire Vdrin /( 
l'ialeall Esrarpmelll. ",llh ",lIich il is associa/l'd, Is slUJ"'n in denu 
$huding. 

the seaward s ide of the Vifring Plateau escarpment but is 
weil developed only on the plateau itse lf. We believe that it 
corresponds to the ocean-continent boundary. 

Th,1( pHrt of the m,ugin which lies landward of the Vl'Jring 
Plateau Escarpment is underlain by li thick sedimenlary 
seclion. Over li seismic horizon which has been designated 
Horizon D by Rifn nevik el al. (1975), llnd which h:ls been 
idcntiried by a number of in vestigators (e.g. Jo rgense n. 
Na vresllld. 1979) as a L<l[e Kimmerian uncom formity lies a 
success ion of undis turbed sediments. This suggests that the 
area landward of the esearpmenl is e ither continentHI in 
origin , o r if it is floored by oceanic crust i[ is pre-Horizon D 
in age. In view of the presence of a ma.snetic quiet zone in 
this area (Fig. 2 and 3). we prefer to consider this a rea to be 
continental in origin - a bas in which appears [0 have 
subs ided almost con[Înuously through the Mesozoic and the 
Tertiary (Talwani. Eldholm, 1972). 

The sect ion in Figure 3 across the V,;;ring PI,lteau shows nur 
Interpretation of the struc ture along the margin. Landward 
of the esearpment a Tertiary and Mesozoic sedimentary 
sequence is present. Regionally this sequence is relati vely 
undis turbed <lnd fiat Iying excepl immedialely adjacent 10 

the escn rpment. The deepest extensive well-idcntified 
Mesozoic horizon under the Norwegi.m shelf and shallow 

MCS UNE 162 
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part o f the slope is Horizon D. and il varies in depth from 
perhaps 3 109 km regionally benea lh Ihe margin (very close 
10 the escarpment the identification of the Horizon J) is not 
certain). A deeper Mesozoic Horizon - termed Horizon E 
- is found in sorne areas. Below il lie s anolher horizon 
which is probably Caledonian basement. This has been 
identif ied dose to the shelf where il dips steepl y westward . 
The total sedimentary section on the Norwegian margin 
may. in places. be eXITemely thic k - perhaps exceeding 
10 km. 

Seaward o f Ihe escarpment, the TertillTY section is weil 
defined by a lar.se amount of seismic data calibrated by 
Ihree loideslDSDP drill holes 338. 342 lmd 343 (Talw,mi. 
Udintsev. 1976). What lies below the Tertiary sediment s has 
been a matter of cons iderable stud y and specuhtt io n. Earl ier 
s ingle-channel seismic reflection profiles revealed /1 s lrong 
rdlcetor ( B in Fig. 3) which. frorn samples recovered În 
drill holes ]38 and 342. was found to be Ear[y Terliary 
basait. However, multiehannel seismic profiling revcaled 
the presence of layered refleelor~ below B (Hinz. Weber . 
1976) and "truc'" basement was beJieved to lie below B. 
Horizon C in Figure 3 m<ly be this " true " basementllccor­
ding to them . 

The identificat ion of the Illyered refleClOrs Iying bene:l[h B 

Fisure 3 
Une dru ... ing ;n/l'rprt/a/ÎtJ/J of MCS li,le 162 
at'quired by RIV CQllrud in 1978. Tlle lime 
sec/ioll "'IIS c01l1'erteJ 10 deplll usil'K 
"e!ot"ily ~"fllClUr"s detem';IIed by me/huds 
dl'scribed ill tlle texr. V.I'. E. is Vlfrill8 
Plu/eu" E.u:arpme"t . 
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is extremely important. Some invesligators have suggested 
Ihat this layered sequence represents a Mesozoic sedimen­
tary succession similar to that found land ward of the 
escarpment , and the Tertiary fl ow B caps this sequence. O n 
the other hand, our amllysis strongly suggests that thi~ 

layered sequence is Tertiary in age and is domina ntly 
composed of volcanic products - a combination of lava 
rlows a nd volcanogenic sed iments. T his view would imply 
that these rdlectors can be considered a part of basement. 
ralher than a sequence thal overlies basement . 

The identification of these layered reflectors is not only 
fundamental to Ihe problem of evolution of this area. il also 
bears on evalualing resource potential fo r oil and, paranthe­
ticatl y, on the question of whether scientific drilling into this 
sequence can be ca rried out without elaborate sarety 
precautions. We note thal the application of the mult ichan­
nel seismic technique extensively over areas of uceanic 
basement has revealed such layered reflectors in many parb 
of the world ocean. and they are not unique to the Vl;lri ng 
Plateau. 

The layered ref[ectors terminate rather abruplly. allhough 
the exact nature of the termination is not clearly observed 
(Fig. 3 and 6). Nole that along the profile in Figure 3 Ihe 
layered reflectors are associated with anomaly 24 but lie 
land ward of anomaly 23 . This associluion with anomaly 24 
and lack of overlap with anomal y 23 is generally true for 
this entire area. Seaward of the wedge. 8 and C ca nnot be 
separated : in fact, they may be identical. Landward of the 
wedge, 8 and C are almost paral1el 10 each other where 
separated. bUI il is often difficult 10 identify C. We also 
nOie thal the average level of B deepens away trom the 
escarpment reaching normal oceanic levels seaward of 
anomaly 23 (Fig. 4). 

The NorwegÎan margin nonh of the Vj6ring plateau , Ihat Îs , 
in the region where the Lofote n Basin ties adjacent 10 the 
narrow Norwegian shelf and s lope, is basically similar to Ihe 
margin al the V",ring Plateau. Many of the prominent 
features associaled with the V"ri ng Plateau are. however, 
less weil developed further norlh. Horizon 8 dips seaward , 
but ilS relief is less than Ihat on the Vl;lring Plateau . The 
layered rdlectors within base ment occupy a smaller volume 
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Ihan Ihey do in the V"ring Pla teau, but Ihey are similar in 
thatlhey are associated with anomaly 24 but lie la ndward of 
anomal y 23. The depth 10 B is grealer and correspondingly 
the escarpment is Jess steep in this area (see Fig. 8). 

We also cali attention to the association of the layered 
ref lectors wilh smoolh "basement"' since B. which lies at 
the top of Ihe wedge. has a rather smooth topography and 
has been identified as basement in early studies. Eldholm et 
al. (1979) noted the presence of this smooth basement in 
regions of oceanic crust close to the cont inenl-ocean 
boundary. 

DET AILED DE$C RJlYTI ON OF WEDGE OF DIPPI NG 
REFLECTORS 

Typically the overallllPpearance of this reflecting sequence 
is Ihat of a wedge . In fact. in many cases the rdlectors 
appear 10 converge almosl to a point in the section, and the 
point of convergence is always adjacent to a ma jor structu­
ml high. However, a detailed examination of the structure 
of the wedge re \'eals thal individ ual reflectors may not ait 
pinch out al the same point . 

Figure 4 shows the structure contours on horizon B. The 
correspondence of the bathymetric contours with the depth 
10 horizon B clearl y indicates that the balhymetry i5 
controlled by the structure of B. We also note thal the 
wedge is roughly parallel to the escarpment indicating Ihal 
ils position was probably controlled by the latter. The 
associai ion of Ihe wedge wilh anomaly 24 as shown in 
Figure J and 4 is clear. Given that anomaly 24 is part of a 
sea f100r spreading sequence, this wedge which is of large 
horizontal extent would he expected lodisrupl the magnttic 
pattern. The variation in the shape of anomaly 24, nOled 
earlier. may indeed be caused by Ihis disrupting magnetic 
influence of the wedge. At the same lime we note thatlhÎ.\o 
disruption is not major enough to prevent identification of 
Ihe a nomaly. 

We have made a delailed s lud y of the seismic velocities of 
Ihe ma lerial compriSing Ihe wedge. We have mainl y concen-

Figure 4 
Slructure contours on Hori:'Qn "8". Illt /Op 0/ Ihe bunment. 
The dtplhs "'ere determined uslng 011 a.'eragt udimen, .'e/odly 
/or Ih e TeT/iar)' stelion 01 1 (X){) m/sec. A iso shawn art IIlt 
locolioru 01 anomulitt 14. 23, und 11 (lnd ,ht ma{lped e:rltnr 0/ 
Iht "'edgt 01 sub·bastmtnl rtllec/jng maleriul. The IUI/t( is 
deltrmined lrom e:raminolion 01 Q)nrad mulliehonntl rtf/tcllun 
dOla (lnd Vtm(l sjnglt<honntl dOla . On Venta dOla Juh-boJt· 
mtnl rtf/tetions ore nOI appartnl, und tht prtstnct 01 tht .. ·tdgt 
js dtlermilltd Irom tht chorocttriSlic smOOlhntJJ ollht acoultie 
hUJtmtnl . 
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Figure 5 
/ he series of must ra/ions sho ... s the ... ay in ... hich l'e/oeil)' informU/iOlI is deril'ed from Ihe nwlti·c:hllllnei seismic urray. Pm'!S A to D (Ipply /0 
MCS Une 164; E /0 H apply /Q MCS Un~ 174. Fi/ture5 A sho ... s IhM pan of Ih t MCS Une unalyud ... illl Horizons " B " and "C' identified. 
Fi!lure 5 B sho ... s a semblanc:e clIlalysis far ane CDP dllla shawn al lefl. The semblunc:e s/(l/islic is compuled every 15 msee. aJ arrivai lime Jor 
RMS ve/oeiliu ran!ling fram 1,500 la 4,500 m/see. in ;ncremenlS af JO m/see. usinJ.: hyperboUe lrajectories rhrm/!lh rhe dalO. Semblance maxima 
appear us down ... ard deflee/ions Qn Ihis plO!. Only "alues abQve O. 1 ure plO/ud (semblana values range from 0.0 la 1.0). In FiJ[lIre 5 C I ... ell'e 
sueh umblanc:e unalyses ha"e been cambined. For Ihe scan al each Irave/lime increment Ilrrte semblmlce maxima are all/amaliclIlI)· picked and 
displayed an Il Ihrte level plot. This emphasi1.es the R'ouping of semblanct maxima and c/eurly rel'eals a reliular inereast in RMS veloeily ... itlt 
increostd ref/eetion time. In 5 D lire RMS "elacilits and limu are eanl'ened /Q inUfi'al "eloei/ies la slrOk' the deduad layer l'e/aeilies as 
parrrayed in Figure 6: Figures 5 E la 5 H sha k' similardwaJ'Jfparl oJ MCS Une 174. Here B. T. reJers to Ihe /ocU/ion oflhe Bose Terl;(lryle"el in 
the uelion. and D is tlte lel'el of Horizon D. 

trated o n the analysis of moveout in the multichannel 
seismic reflection records and on sonobuoy results. The 
semblance statistic (Taner, Koehler, 1969) is used to esti­
mate velocities (rom moveOUl analysis and is described in 
Figures 5 A to H . The tight groupingof semblance maxima 
de(ine velocit ies quite precisely, and we note for the section 
in the Outer V~ri ng Plateau that below B the velocities 
increase sharply from aboui 2.6 km/sec to 6.4 km/sec. In 
contrasl a similar analysis performed in the Inner Vt1Iring 
Plateau in an area where the thickness of Tertiary sediments 

Figure 6 
Parl of MCS Une 164 {In tlle Ollier Vllring Pluuau ... llue 
umblance "elocity wralyses hal'e been performed sySiemmi· 
colly a/ong the profile. Figure 1 gives Ihe locmion. Smuller 
numbers grl'e semblance deril'ed ,'c/oôties in melers/sec .. 
larger "u",bers are "eloeities deril't'd {rom Sonobuoy 273 
obtained k'hile mullic:hannel prnfilrng. Horiw ns "8" and "C" 
are identiJied. Note Ihe rapid increau in \'e/QCity ",illl dtptlr in 
loyers benea/h "'B " and tllat veloeily inurfaeu basie/III)' 
fol/ok'in8 reJ/eeting horizons ",ilhin lire "'edKe. 
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is simiJar, to that on the OUler Vt1Iring Pla teau, the 
underlying Mesozoic section has a much gentler increase in 
velocity with depth. Only below the deep Mesozoic Hori· 
zon 0 (1) is the rate of velocity increase comparable to the 
veJocity increase below B on the Outer Vt'lr ing Ph.teau. 

We have made s imilar velocity analyses at a large numberof 
points throughoui the wedge . using data from the various 
multichannel seismic reflection profiles. We illustrate the 
analysis along line 164 in Figure 6. We note Ihal appreciable 

\Il::LOCITY ANALYSIS 
Mes LINE 164 

-
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ve locity changes occ ur across the prominent renecting 
horizons which consti tute the wedge. The veloci lY within 
each layer comprisi ng the wedge increases downdip 
a llhough the velocity at a givcn horizontalle vel in the wedge 
tends to remain constant. The seismic velocities in the 
wedge range from about 2.6 km/sec JO 6.4 km/sec. T he 
vertica l gradients ;\Te large: th Îs change in velocity from 2.6 
10 6.4 km/sec occurs in 2 km. Refrac tion sonobuoy resul ts. 
by and large , are consistent with the velocity analyses 
perrormed on the mult îchannel seismîc reflection records. 
The wedge is shawn :llong two other lines in Figures 7 and 
8. MCS Ilne 167 in Figure 7 lies in the northern part of the 
Vf:lring Pla teau. MCS line 172 in Figure 8 runs from the 
Lofoten Basin to the Norwegian margin . The refleClors 
comprising the wedge can def initely be recognized here 
although they are not .IS prominent as on the V",ring Plateau . 

.---r-----r-----r----,-----,-----,----"'~ .. ~·""'''2''\_--! 1 
NW " Mes UNE 167 

Figure 7 
Parr of MCS Line 167 un Ihe Oiller V!1ring l'ia/eari. FigarO' 1 sho"'s 
/he lot'a/j(nI. Djppi/I/: rej/et'IOf$ furminll a ... edge are cJearly p",senl 
Ilae in Ihe /wrllrefll purr of Ille Vpring Plme(U/ us in Ihe maÎlI part of 
lire ploteau. 

Figure Il 
Pori of MCS Lint 172 in Ill" Lufnltn 80sin sho""ng de",,/opmtm of 
a rt'fleding "'edge be/"'u" abol<l ~'hol puin/s (SI') 2300 and 2750. 
Th e margillal "$Carpmenl lien is abou/ sr 2750. Figure 1 Riru 
Im·u/iull. 
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It coulcl be argued that the mme rial comprising the wedge 
represenlS high velocity prc Horizon D sediment s. Wc think 
that this is unlike!y because no similar st ructures have been 
seen 'lIlywhere else beneath the Norwcgia n margin even in 
areas where Horizon 0 is shallow and the Caledonian 
bOIsement secn bclow it in se ismic records. Furthermore. 
under a Mesozoic sediment hypothes is the association of 
anomaly 24 (in the Yoring Plateau an<l the Lofoten Basin) 
and thc proximit y of the magnelic edge anomaly 10 the 
wedge would havc to bc explained in some other way. This 
hypolhes is would also require that the ocean-continent 
boundary lie at the seaward border of the wedge. But in 
contrast 10 the Voring Plateau Esc,lrpment (which is charac­
tcrized by a large gravi t y gradient and a change in the 
characler of the magnetic field. Fig. 3). we see no promi­
nent changes in the gravit y .md magnetic signatures al the 
scaward boundary of the wedge. 

We suggest instead Ihat the wcdge is dominantly composed 
of Tert iflry volelmic products - a combination of lava flows 
and volcanogenic sediments. We beliel/e that the rapid 
downward increase in I/elocity is a consequence of healing 
.. nI.! self compactioll of the pile of volcan Îc mate rial. The 
wedge cOI/ers an area exte nding about 30 km seaward from 
a structural high Iying dose 10 the escarpment but never 
covers the crust prQd uced III .momaly 23 lime or la ter. Sincc 
thc deepest reflectors at the base of the wedge appeaT 10 lie 
over roughly Ihe .'lame area as the shallowcst reflectors in 
the wedge. it seems reaso nable to suggest thal the wedge 
was crealed in a relat ively short amount of time just before 
anomaly 23 came into existence. The age of anomaly 23 
according 10 the Heirtzler lime scale is 58 m.y. : this age is 
generally regarded as too greal llnd Ihc age from the 
Lal3recque time SCOlIe is 54.5 m.y. Evcn this age may bc too 
sreat by a few million yeaTS. The radiometric ages obtained 
from the basnlts in JoideslDSDP drill hales Dt! and 342 
(identified here with layer fi at the top of the wedge) range 
from 44 10 46.6 m.y .. while the faunal age for Ihe immedia­
tely ol/erlyi ng sediments at site 33K is est imatcd at 49 to 
53 m.y. (the sma)) discrcpancy between rad iometric and 
faunally derived ages in probably best attributed to uncer­
tain tics in the radiometr ic meaSurements). These Early 
Tertiary ages fOf the overlying 1>.1sall are not inconsÎstent 
with our su~gestion that the material comprising the wed,ge 
which lies bclow the basait layer was produced prior to 
anomaly 23 lime. 

We note that the weclge is underlain by c rus t that lies 
shaIJower Ihan the adjaccnt younger crust - whîch is the 
rC l/erse of the usual reli1lÎonship. ln fact. we believe thal the 
dis tribution of malerÎal in the shape of a wedge is governed 
by this anomalous relatiollship bctween depth and age of 
oceallic crus!. 

EARLY EVOLUTION OF TH E NORW EG IAN MARGI N 

Our ideas about the evolution of Ihe Norwegian mMgin 
stMt ing from the initi,.tion of sea floor spreading arc 
summarized by a series of sketches. 
Figure 9 A dcpicts the situation just prlor to opening. A 
continued Mesozoic sedimentary basin existed. Within the 
Ihick Mesozoit: seclion in the region o f the Inner V~fing 
Plaleau we cOIn identify li prominent reflector-probably 
Horizon D. From extensive multich:lnnel seismic reflection 
coverage on the Norwcgian Margin we see no evidence 
either of regional doming or of extensive normal faultîng in 
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Figure 9 
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the post- Horizon D sec tion. This observation is in conflict 
with the generall y llccepled nolion of the prevalence of 
no rmal fault ing prior to the init ia tion of sea floor spre,ldi ng, 
We nOle_ in par ticula r , the complete absence of any lis tr ic 
fa ulls which a rc associated with extension and have been 
c iled as evide nce fo r il. 
Figure 9 n is a c ross sec tion across the lnllrgin roughly 
1.5 Ol .y. after the initiation of opening. The newl y forllled 
oceanic c rust was emplaced dose 10 or above sen level and 
Ihe escarpme nt . which defines the boundary betwccn conli­
nental and oceanic crus!, came into ex istence as a result. 
The flow s t" ) Iying above Ihe Mesozoic sequence landward 
of the escarpment mlly weil huvc used the escarpment as a 
conduit. 
In Ihe sleudy s tllte genermio n of oceanic c rust at mid-ocean 
ritlges the youngest crus t is emplllced III a constant elevation 
and is shal10wer thlln the immediately a ider c rust which has 
subsided (Sdaler et al .. 1971). However , aJong the Norwe­
gian murgin the oceanie e rus t is emplaced not at a constant 
level but at success ively deeper ele v:u ions, so tha t. in spite 
o f ~ Il y subs idence fol1owing emplacement. the younger 
crust is aelUaJJy deeper thlln the older crust. Thi s progres­
sive deepening of younger c rust Î.s mosi no tÎce,.bJc fil Ihe 
V,,"ring Platen u where the oldesl oceflnie e ruSI wns emplaced 
su baerially (Talwllni et lIl .. 1976): it is also no tÎeeable 
furlher north at the margin of the Lof olen Bas in where the 
oldest crust ngain appears 10 he shallower than the c rust in 
the deep part of Ihe bas in . This phenomenon of progressive 
ueepening of the spreading axis during the carl y phases of 
opening hns been nOled by Rabinowit z Il1lcl LliBrecque 
(1977), 

We bel ie ve thllt becuusc of the abse nce of any very large 
gravit y a nomalies (approaching hu ndreds of mgal) the c rusi 
underlying the O uler V.dring Platellu is probably cons idera­
bly thicker than normal oceanic c rust. 
Figure 9 C envisi.ges the sehcme of e rus lal for matioll des­
c ribed a hove al the lime of <lnomaly 23. The wedge of 
re fi eClOTS was e rell ted between anomal y 23 and 24 lime . Ry 
analogy wÎth the 1,lva flow s in lce land wh ieh dip IOward s the 
rift zone (Palmason, 1980), the laye red rdleelors of the 
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INITIATION OF OPENING OF THE NOAWEGIAN SEA 

OUier V0ring Plateau cnn be thought to have been generated 
as subaerial Java flo ws of cons iderable horizontal ex tent. 
Such a pile may typically comprise the upper part of the 
oceanic crust immedia tely adjacenl to the ocean-collt ine nt 
boundary. Wc note Ihat horizon B whieh is the top of the 
wedge is very smoolh compareu to the b<lsement surfllce 
beyond the wedge. The reaso n for smooth baseme nl in 
man y part of the world ·s oceans has been a puzzle. The 
associlltion with the layered reflec lors ma y expia in the 
smoothness of basement in man y <lreas. 

Subsequent 10 a nomaly 23 time morc normal conditions of 
ocean crust Generation were established and new ocean 
erus t is emphlCeu fil shallower clepths than the immed illtel y 
precedÎng erust which has subs ided . Figure 9 D iIlustrates 
this, 

ln eonstrucling Figure 9 we ha ve assumed that Ihere was no 
differenlial verticlll motion across the V0ring Plllte;1U esc;!r­
pment. Howe ver , some vertica l motion, especially close to 
the lime or opening. may have occurred . 

T1ME OF INITIAL OPE NING AN D RATES OF SEA 
FLOOR SPR EADING 

l n Figure 10 wc have plo tted the average rates of spreading 
deduced from Ihe pos Ît ion of magnetic anomalies 24, 23 . 22 , 
21 , ilnd 20 measured a long the azimuth of carly opening 
(obtained from Talwa ni , Eldholm, 1977), The decre<lse in 
Ihe raie of spreading al about anomaly 23 ti me agrees with 
earlier observations in the North Atla nt.ic (Williams . 
Mc Kenzie. 1971 : Pit man , Talwani , 1972). Wh ile it is 
difficuJ t to he absoJuleJy precise about the raIe of !ipreading 
between 'Inomaly 24 and 25 time. the available data in the 
Nort h Aila ntÎC and Norwegian Sea requires Ihat the init ia­
tion of spreading nt the Vjojring Platea u escarpment occ urred 
very shortJ y after anomaly 25 time. and this anomaly is not 
seen on the Vilring Plateau or e lsewhere in the Norwegian· 
Greenland Sea. Sinee the highe r ra te of sprcauing prior to 
ano maJy 23 oceurs both in the Norwegian Sen and in the 
North Atlant ic. it cannot he direc tl y attributcd to the 
in it ia tio n of opening of the Norwegilln SC'I. lt is also 
pO!isihle that there are errors in the reversaI ehronology near 
the lime of anomal y 25 to anomaly 23. If sud e rrors exisl , 
our deduceJ mtes of spreauing will correspondingly change 
bUI our Infere nce that the lime of ini ti,! tion of opening lies 
belween anomaly 24 and anomaly 25 time will nOI change. 
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Rares <JI uap()o~ .tp~eadi"g ohluilled from IIIIa/y.fis of the mugll~I Î(' 
allumai)' pUl/em presenred i ll Figure 2. TI!e 1·II';OU.t .t)'mho/.ç .t / III'" 
rUleS e!eferlllilll~d for "arlous pariS of the marl/ill . \Vi hl/V'" made lire 
calculall""s III .t Î;r rouglrly equall)' spaced /oca /;OI1S 1110 111/ Il!e 
mars;lI . Raies be' '''u ll allQlllalÎes 20 11IIe! 21 are Illul/ ed " sing Ihe 
mldpllill/ be/ ... eell IUlomal)' 20 alld 21 lime for abseisslI {/lia so 0 11 
(1"'0 Iloi"h' hlll'" b/!ell plol ud lor tI,e In/el'\'ol bl'l wl'l'IIlII"'''wlies 20 
alld 22 ",/,ere (mo ili/JI)' 2 1 M'/IS 110/ ubIl'rI'ed). 
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CONCLUSIONS 

1) Anomaly 24 , the o ldest anomal y found in the Norwegia n 
Sea. ca n be foll owed without interruption from the Lofoten 
Basin. where il is weil defined , to the OUler V0ring PhHeau. 
This establishes a Tertiar)' age for ocean crust formed by 
sea lloor spreading for the Outer V.0ring Pla teau. 

2) We suggest tha! the reflec lo rs delected by multichannel 
seismic profiling underl)'ing the basait nows of the Outer 
Vilr ing Plateau are comprised of fJows and volca nogenic 
sediments generaled subaeriall y duri ng the first tWO million 
years fo llowing ope ning as the spreading axis deepened with 
time . 

3) The phenomenon of emplacemenl of Ihese reflecto rs is 
responsible for the appearance of smooth acoustic base· 
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