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Early fracturing of Palaeogene clays, southernmost North 

Sea: relevance to mechanisms of primary hydrocarbon 
migration

J. P. H enriet, M . D e  Batist, and. M . Verschuren

A B S T R A C T

Argillaceous petroleum  source-rocks often show evidence o f frac­
turing, which is considered to  be an im portant factor for the 
prim ary migration of hydrocarbons. Several authors consider over­
pressuring o f the enclosed pore fluids at great burial depths as a 
m ajor factor for the generation of microfractures, through the  
mechanism of hydrofracturing.

Various scales of fracture networks have been observed in 
Palaeogene clays which have never reached burial depths, greater 
than, a few hundreds of m etres. High-resolution seismic reflection 
investigations carried out in the southern N orth Sea have revealed 
large-scale fracturing patterns, confined to the L ondon/leper clays. 
Equivalent deform ation and microfracturing have been observed

at outcrops on land.
Field evidence suggests an early fracturing o f these clays by 

overpressuring of the pore water at relatively shallow depths and 
at an early stage o f the clay diagenesis. A  locally observed wave­
like deform ation pattern  may prove a relict form  o f a Ray- 
leigh-Taylor instability, related to a tem porary density inversion 
caused by undercom paction. The observed deform ations can to 
some extent be compared with sand-box m odels, developed at 
Rennes University in France.

Argillaceous potential source-rocks, having perhaps already 
undergone general hydrofracturing at shallow depths may thus 
have reached the depths required for catagenesis in a  pre-fractured 
state. This would have a bearing on the timing of the onset of 
prim ary migration.
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Fig. 16.1. (a) Study area with outcrop map of the L ondon/leper Clay in the southern North Sea and adjacent land areas in Belgium and 
France; (b) stratigraphical colum, with schematic illustration of the seismic reflector pattern in each stratigraphical unit. Section 1, see Fig. 
16.4; for Section 2, Fig. 16.5; for section 3, Fig. 16.6; for section 4, Fig. 16.7. For detail of study site, see Fig. 16.9.
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I N T R O D U C T I O N

H igh-resolution seismic reflection investigations have been 
carried  out over the  past tw elve years in the southernm ost 
N orth  Sea (Fig. 16.1) by the  R enard  C entre of M arine 
G eology (S tate  U niversity o f G hen t) in various contexts: 
studen ts’ education  and training, regional geological m ap­
ping, fundam ental sequence-stratigraphic research, har- 
bour-developm ent pro jects , and  test program m es for survey 
equipm ent to  be used in polar-m argin studies. A s a result, 
a  high-density  grid of m ore than 15 000 km  of lines shot 
both  in the  single- and  m ulti-channel m ode with a variety 
o f seismic sources becam e available over a relatively thin 
but com plete P alaeogene sequence, closely tying the clas­
sical Belgian T ertiary  basin to its m any Palaeogene type 
localities (Y pres, the  R upel, etc .).

This data-base soon revealed rem arkable patterns of 
deform ations, confined to the  Palaeogene clays, and per­
m itted a  system atic analysis o f both  the structural style and 
the  spatial ex ten t o f these deform ations. The m arine obser­
vations triggered a  search for such features on land, which 
soon proved th a t w ell-developed intraform ational fault p a t­
terns could also be observed in several clay quarries. Such 
faults and fractu res on clay walls often elude observation 
due to  the relatively uniform  natu re  o f the  clays, b u t som e 
had already been  observed in  detailed  stratigraphical studies 
w here the ir significance had  either been overlooked o r had 
been  a ttribu ted  to  very local basem ent-induced deform a­
tions o r Q uate rna ry  effects.

T he P alaeogene clay deform ation in the  southern  N orth  
Sea thus progressively tu rned  from  an accidental observa­

tion  in to  a sub jec t o f proper in terest, in the first instance in 
view  o f its possible bearing on the stability o f harbour- 
deve lopm ent structures and of offshore sites (H enriet et al. 
1982). Such deform ation , how ever, recently engaged the 
in teres t o f th e  geotechnical sector, w here Palaeogene clays 
a re  evaluated  as potential underground storage sites for 
nuclear w aste (for exam ple, in the  M ol underground 
labo ra to ry , Belgium ) o r  fo r liquefied natu ral gas. T he 
evident concern  in such cases is tha t the fractures could 
develop  in to  preferentia l fluid m igration paths under long­
te rm  therm al stresses.

T h e  significance o f such fractures as potential fluid m igra­
tion paths how ever exceeds the geotechnical dom ain and 
m ay w ell also be o f im portance in petro leum  geology, as 
d iscussed in this paper.

D E E P  H Y D R A U L I C  F R A C T U R I N G

P oten tia l petro leum -source rocks, such as shales, often 
show  evidence o f  intense m icrofracturing, which is' con­
sidered  to  be an  im portan t factor fo r the ‘prim ary’ m igration 
o f  hydrocarbons. Evidence o f early oil m igration through a 
netw ork  o f  fractures has been reported  by Schnaebele 
(1948) from  th e  oil m ines o f Pechelbronn (F rance), w here 
fractures crossing m arl beds w ere found to be lined by oil 
films o r  by a greenish halo (cited in M andl and  H arkness 
1987).

Several au thors consider tha t the m icrofracturing of 
source-rocks is mainly caused by overpressuring o f the 
enclosed po re  fluids; the basic idea is tha t a large increase

Fig. 16.2. Faulting in leper Clay, Koekelberg Quarry (M arke, Belgium). N ote that the striations are due to extraction practices,
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Fig. 16.3 (a) Faulting in lep e r Clay, Koekelberg Quarry, detail (M arke, Belgium), 
(b) Detail of a cleared surface (1) with fault m irror, striae, and the black fault gouge. 
(2) Black fault gouge in cross-section along the fault trace.

in po re  pressure may exceed the tensile strength o f the rock 
and induce m icrofacturing (Snarsky 1962; Tissot and Pelet 
1971). Such a process o f hydraulic fracturing is also p ro ­
posed  as a m a jo r agent of ‘secondary’ m igration o f hydro­
carbons th rough shale cap rocks (M andl and H arkness 
1987).

M ost investigators in the oil exploration world consider 
tha t the  form ation  o f significant m icrofractures by local 
cen tres o f high fluid o r gas pressure is restricted to  relatively 
deeply buried , low perm eability  rocks such as shales o r tight 
ca rbona tes. A ccording to  Tissot and W eite (1984), micro­
fracturing  will be initiated beyond a depth o f 3000 to  4000 m 
in dense rocks. T he main factors responsible for pressure 
build-up  in such circum stances are:

•  the  the rm al expansion o f w ater (B arker 1972);

•  the  specific volum e increase of organic m atter by gener­
a tion  o f gaseous and liquid hydrocarbons from  kerogen 
(Snarsky 1962; Tissot and Pelet 1971);

•  the  partial transfer o f the geostatic stress field from the 
solid rock m atrix to the enclosed pore fluids, as a result 
o f the  conversion o f part of the solid kerogen to liquid or 
gaseous com ponents (du R ouchet 1981).
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E V I D E N C E  O F  S H A L L O W  H Y D R A U L I C  
F R A C T U R I N G

O ur results raise doubts abou t th e  hypothesis tha t shales 
are norm ally buried  in a non-fractu red  state  dow n to  such 
large depths. F rac tu re  netw orks o f various scales have been 
observed in P alaeogene clays in the  sou thern  N orth  Sea 
basin which have never reached burial depths larger than a 
few hundreds o f m etres.

T he m icrofracturing o f the  E ocene L ondon o r le p e r Clay 
and o f the O ligocène Boom  Clay has been  well know n to 
soil mechanics engineers fo r m ore than  a  century. Some 
authors (Fookes and Parrish  1969) have related  the  miroc- 
fracturing o f the  L ondon Clay to  local basem ent-induced 
tectonics. This hypothesis seem s to  be invalidated because 
m icrofracturing in the  equivalent le p e r  Clay is also observed 
in areas in Belgium w here no  basem ent-induced tectonic 
deform ations are  know n.

In addition , high-resolution seismic reflection investiga­
tions have revealed  large-scale in traform ational fault p a t­
terns in the L ondon o r le p e r  C lay over the ir full ex tent in 
the southern  N orth  Sea. Such pattern s  involve faults w ith a 
throw  of several m etres, som etim es up  to  10 m , which, 
how ever, are confined to  the  clay layer and fade away 
tow ards its base and top  boundary . D etecting  such faults in 
the relatively hom ogeneous clay mass is not straightforw ard 
and requires ideal sea-state  conditions and  adequate seismic 
source selection and  tuning (H en rie t et al. 1982). T he best 
images have h itherto  been  ob ta ined  with m ulti-electrode 
sparkers, fired at relatively low energy levels.

Fau lt patterns have also been  observed (with difficulty) 
on quarry  profiles in  S ou th  F landers: they only show up 
clearly during a relatively sho rt tim e interval w hen the

quurry fuce is drying, thunks to  the colour contrast between 
moist and dry beds (Figs. 16.2, 16.3). In  some working 
quarries such as the  K oekelberg  p it in  M arke (Fig. 16.1), 
the 3-D d istribution  o f  these  faults is presently analysed by 
sequential surveys o f the  quarry  face in  the course of 
exploitation.

Some prelim inary  observations o f faults in the K oekel­
berg quarry  reveal th re e  m a jo r fault sets. T he m ajor faults 
[Figs. 16.2, 16.3(a)], w hich apparently  are sim ilar to  those 
Observed on  seism ogram s, display throw s of up  to  several 
m etres, and  dips ranging betw een 80 and 45 degrees, 
although one has been  observed flattening to a horizontal 
position in the  quarry  cut. T he fault surface is generally 
characterized by a  w ell-developed fault m irror with striae 
and a black fault gouge, from  som e fractions o f a millimetre 
up to  15 mm thick [Fig. 16.3(b)]. G eochem ical, textural, 
s tructural, and  m ineralogical analyses of the fault gouge 
m aterial a re  p lanned  o r  cu rren t w ork.

These m ajo r faults a re  regularly  offset by a second and 
m ore dense set o f fau lts, w ith  relative displacem ents in the 
centim etre to  decim etre  scale, often in strike-slip mode. 
They are characterized  by the  absence of any well-devel­
oped fault m irro r, s triae, o r  fau lt gouge. They are probably 
to be considered as decom paction  features, which occurred 
after uplift and  erosion  o f th e  Palaeogene sequence.

A t the  top  o f the  quarry , a few  faults seem  to  have been 
reactivated by periglacial phenom ena in Q uaternary  times. 
Locally, som e o f these  affected the  basal Q uaternary  beds 
in a grow th fau lt m ode. P erm afrost deform ations affecting 
both  the  top  few  m etres o f th e  le p e r  Clay and the overlying 
Q uaternary  deposits have also been  described in o ther 
quarries (V an V aerenbergh  1987).
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Fig. 16.4. Faulted and tilted blocks in the basal interval of the leper Clay (Fig. 16.1, section 1, m ulti-electrode sparker, 300 J). The wavy 
reflector at about 50 ms is the first sea-bed multiple.
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Fig. 16.5. Wavy deform ation pa tte rn  in the lep er Clay (Fig. 16.1, section 2, multi-electrode sparker, 300 J). The flat reflector at about 70 
ms is the first sea-bed m ultiple. On the  right, the base of a palaeovalley is pierced by a diapiric clay ridge, probably the consequence of a 
Quaternary reactivation of a  pre-existing deform ation.

L O N D O N /I E P E R  C L A Y  D E F O R M A T I O N
S T Y L E S

A  few exam ples o f these large-scale deform ations on m ulti­
e lectrode sparker profiles are  shown on Figs. 16.4, 16.5, 
16.6, and 16.7. T hese sections, which a re  located in the 
general outcrop  o r subcrop a rea  o f the  London or leper 
Clay in the sou thern  N orth  Sea (Fig. 16.1), illustrate 
d ifferent deform ation  styles. T h e  results o f a first attem pt 
to  map the  regional zonation in  defo rm ation  styles is shown 
on  Fig. 16.8.

The low er interval o f the  le p e r  C lay, up to  about 25 
m etres above the  undisturbed basal reflector o f the  clay, is 
generally characterized  by a dense p a tte rn  o f block faulting, 
w ith tilted and  arched  blocks and  apparently  random ly 
dipping fault planes (Fig. 16.4). T h e  average throw  at the 
level of a reflector with a d iscrete high-frequency response 
is about 2 m.

In a second in terval, from  ab o u t 25 m up to  a t least 70 m 
above the  clay base, one  m ay locally observe a well- 
p reserved wavy deform ation  p a tte rn  (Figs. 16.5, 16.6), 
consisting o f a festoon-like a lternation  o f b road , rounded 
synclines and narrow , cuspate anticlines. T hese anticlines 
seem  to develop locally in to  d iapiric structures. The average 
(apparen t) w avelength o f th e  w ave-shaped deform ations 
am ounts to  a few hundreds o f m etres, and the  am plitude 
ranges from  2 to  10 m.

The m ost general deform ation  style observed how ever is 
a pa ttern  o f fau lted  and o ften  tilted blocks, som etim es with 
a dom inant tilt d irection. This p a ttern  has the largest 
distribution in the  deform ed zones o f the  le p e r Clay in the

southern  N orth  Sea. T h e  surface density o f the faults has 
recently  been investigated  w ith a  high-density seismic grid 
in  a  te st zone nea r N orth  H inder B ank. T h e  resulting m ap 
(Fig. 16.9) shows a p a tte rn  o f m ore o r less parallel, m oder­
ately curved faults, som e o f them  lying en  échelon, o ther 
ones branching o r  crossing each o ther. Small faults, with a 
throw  of only a few  m etres and  a  length o f only 200 m , can 
be m apped. T he dom inance o f a  certain  fault orientation 
may have been  caused e ither by an early local stress field 
related  to  th e  deform ation  o f an underlying undercom ­
pacted horizon , as discussed la te r , o r  by any contem pora­
neous regional stress field. I t  should  how ever be  m entioned 
tha t the general fault p a tte rn  in terp re ted  here may also be 
biased by the  unid irectional o rien ta tion  o f the seismic lines, 
which was necessitated  by traffic lane regulations. F orth ­
com ing efforts will consequently  focus on a m ore rigorous 
three-dim ensional analysis o f these patterns.

A pproxim ately w here the  Y presian  Clay grades into the 
overlying Y presian sands, abou t 140 m above the clay base, 
ano ther peculiar deform ation  p a tte rn  is observed, involving 
faulted blocks w ithout no ticeab le block m ovem ent bu t with 
inverse drag featu res along the  fault-planes. Indeed , in 
contrast w ith bedding defo rm ation  caused by norm al drag 
associated with block faulting, the  tilting and down-warping 
bedding term inations po in t aw ay from  each o ther (H enriet 
et a i  1989, Fig. 6).

T he deform ation  observed on seism ogram s in the roof 
zone o f the le p e r Clay progressively fades away in the 
sands. O n land, Y presian sands directly overlying leper 
Clay display dense and in tersecting  patterns o f generally 
norm al faults w ith decim etric throw , associated with flow 
structures in clay-rich intercalations.
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Fig. 16.6. Wavy deform ation pattern  in the leper Clay in a nearshore profile (Fig. 16.1, section 3, multi-electrode sparker, 1000 J).
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Fig. 16.7. Block-faulting in the middle to upper interval of the lep e r Clay (Fig. 16.1, section 4, multi-electrode sparker, 300 J). The wavy 
reflector a t about 60 ms is the first sea-bed multiple. T he deform ation on the right is partly basement-induced.

G E N E T I C  M O D E L

A  genetic m odel fo r these features has been p roposed 
(H enrie t et al. 1989), involving a build-up o f undercom pac­
tion  phenom ena and, consequently, a density inversion as a 
resu lt o f self-sealing o f the com pacting clay body 
(Fig. 16.10).

The Y presian clays w ere probably deposited  as soft, high- 
porosity , w aterlogged muds (Fig. 16.10a). A s sedim enta tion  
progressed and the  thickness o f the clay deposits increased , 
p o re  space gradually decreased through the  expulsion of 
p o re  w ate r. P ore w ater drainage was probably g reatest near 
th e  base, due to  overburden weight tending to  reduce pore  
space m ost the re  and to  the  presence o f a perm eab le sand 
substratum  (T hanet sands in the U K , sands o f the  Landen 
G roup in  Belgium) which may have provided an easy escape 
path  fo r the  w ater expelled from  the  basal layers o f the  
clay. T h e  relatively quickly-drained basal clay beds could 
the reby  experience a faster ra te  o f com paction, soon build­
ing a perm eability  barrier which gradually im peded the 
fu rther basal drainage o f the clay beds. T he increased 
com paction nea r the  clay base will have resulted  in a density 
increase, as show n schem atically on Fig. 16.10(b).

Clay sedim entation ceased and gave way to  the  deposition 
o f Y presian fine-grained and dense sands. O ne m ight con­
sequently  im agine tha t a similar sealing phenom enon 
occurred  at the  top  of the lep er Clay sequence. R apid  
d rainage th rough the perm eable sand cover could have 
induced com paction from  the  top  dow n, as well as from  the 
bo ttom  up  [Figs. 16.10(c), 16.10(d)].

A s a resu lt, the clay may have sealed itself. Such a 
s ituation has tw o related  consequences:

(1) as w ater has a  low com pressibility, th e  sealed  part of 
the  clay will have rem ained undercom pacted  fo r a  tim e 
w ith a low er density than  its overburden o f com pacted 
clays and sands [Fig. 16.10(d)]; this density inversion is 
gravitationally unstable;

(2) as soon as drainage was im peded in som e part o f the 
clay body, continued sedim entation m ean t th a t the 
locked pore w ater becam e overpressured; the  resulting 
decrease in effective norm al stress acting on the  inter- 
particle contacts decreased the  shear strength o f the 
sedim ent.

B oth  mechanism s toge ther may be regarded  as principal 
agents in  the  developm ent o f clay tectonic deform ation  such 
as tha t observed in the Y presian Clay, and  especially the 
clay waves. T he gravitational instability probably acted as 
the  m otor, which drove the sedim ent flow, while the 
overpressurized pore w ater acted as a lubricant, decreasing 
the shear resistance at the  grain contacts.

T he observed w ave shape fits a m odel o f deform ation of 
an interface betw een tw o viscous fluids w ith d ifferent dens­
ities and viscosities, w ith the  denser fluid resting on the  
lighter one. Such a m odel is know n in fluid dynam ics as a 
R ayleigh-T aylor instability. I t predicts tha t the  interface 
betw een a high-density upper layer and an  underlying layer 
w ith low er density (and possibly low er viscosity) develops a 
sinusoidal instability tha t may evolve in to  a pa ttern  of 
regularly-spaced upwellings o f the low er-density fluid into 
the  denser layer. This may have been the  case in the 
Y presian Clay [Fig. 16.10(e)].

O verpressure in shallow horizons is how ever intrinsically
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Fig. 16.8. Survey grid and regional zonation of deform ation styles in the offshore extension of the leper Clay.

transitory. I t has its origin in  the  delayed com paction o f a 
clay body and disappears w hen conditions of hydrostatic 
pressure in  th e  po re  fluid are restored , e ither by slow 
seepage o r by fracturing  o f the  perm eability barriers. T he 
fracturing o f th e  com pacted  (and hence m ore brittle) clay 
beds above th e  m ain undercom pacted horizon could have 
taken place bo th  by progressive hydrofracturing and by 
local fau lt developm ents, induced by the  buoyant force of 
the upw elling clay w ave crests.

A s pore  p ressu re  relaxed, the  upper, brittle horizons 
underw ent fau lting  and tilting while progressively sagging 
into th e  initially undercom pacted  horizon, thus destroying 
the initial w ave shape [Fig. 16.10(f)]. T he relict w ave shapes 
observed a t a few  places on the  Belgian continental shelf 
have probably  been  ‘frozen’ by local regimes of pore w ater 
relaxation  (faster, slow er?) which differed from  those gov­
erning the  com paction  over the m ajor part o f the continen­
tal shelf.

S A N D  B O X  A N A L O G U E S

The observed  defo rm ation  presents striking analogies with

som e sand-box m odels o f extensional deform ations, pre­
pared  at R ennes U niversity, F rance (V endeville, 1987; 
V endeville and  C obbold 1987). In  these experim ents, the 
au tho rs  investigated the  behaviour o f sand layers (with 
density  1.3 M g/m3) on top  of a silicone putty  layer (with 
density  1.16 M g/m3), allowed to  flow in one direction on a 
very gen tle  slope, and this under different loading regimes 
(Fig. 16.11).

T h e re  a re  obvious differences betw een the  experim ental 
conditions applied by the Rennes research team  and the 
m odel fo r th e  Y presian Clay described above. A  m ajor 
d ifference is th a t the  developm ent of Rayleigh-T aylor 
instability  in ou r m odel (and in general) does not require 
la tera l flow and hence neither a slope effect nor a basal 
stretch . A  second difference is tha t the R ennes team  
sim ulated synsedim entary growth faulting by step-wise 
addition  o f  sedim ent over progressively tilting and rotating 
blocks. T he Y presian block-faulting is considered to have 
taken  p lace shortly after deposition and consequently does 
n o t involve any grow th faulting.

W hat then  a re  the analogies dem onstrated by this experi­
m en t? O ne is tha t betw een the clay wave shapes observed 
in  th e  Y presian Clay and the silicone deform ations gener-
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Fig. 16.9. Surface distribution of faults on a detailed study site north of N orth H inder Bank (for location, see Fig. 16.1).

STA RT O F 
D E PO SITIO N  O F 

Y PRESIAN  CLA Y  ON 
TH AN ETIAN  SAND 

54.2 M a

SE L F-SE A L IN G  O F 
T H E  CLAY, 

G E N E R A T IN G  
U N D E R C O M PA C T IO N  

AND D ENSITY 
IN V E R S IO N

BASAL 
COM PACTION IN 
YPRESIAN CLAY

RA Y LEIG H -TA Y LO R 
IN STA BILITY  

D E V E L O PM EN T , 
BASAL DRAG AND 

FAULTING OF 
LOW ER HORIZON

h
u

h

• - V . v  . f .

h

\
,>  /  /  -  /  " : y - ' / / -  

1

k
1.5 2 1.5 2 1.5 2

p(M g/m 3) p(M g/m 3) p(M g/m 3)
START OF 

DEPOSITION OF 
Y PRESIAN  SAND 

50 .0M a

d
h

e
h

f
h (m )

A E \ 7 ~ \ - V ^ 7 c . c . A
1.5 2 1.5 2 1.5 2

p(M g/m 3) p(M g/m 3) p(M g/m 3)

O V E R PR ES SU R E  
RELA X ATIO N, 

COM PACTION OF 
U N DER CO M PA CTED  

H O RIZON, ROOF 
FAULTING AND 

CO L L A PSE  
before 49.5Ma
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(d) non-uniform fas t sed im entation

(c) non-uniform slow  sedim entation

(b) fast uniform sedim entation

(a) slow uniform sedim entation

Fig. 16.11. Sand box m odels of deform ations in sand layers (higher density) overlying silicone putty (lower density), for different loading 
regimes (Vendeville 1987). (a) slow uniform  sedim entation; (b) fast uniform sedim entation; (c) non-uniform , slow sedim entation; (d) non- 
uniform, fast sedim entation.



264

E A R L Y  F R A C T U R I N G  O F  P A L A E O G E N E  C L A Y S , S O U T H E R N M O S T  N O R T H  S E A  227

ated under a regim e o f slow , uniform  loading [Fig. 
16.11(a)]. These deform ations are  beautiful exam ples of 
Rayleigh-T aylor instabilities, although n o t explicitly recog­
nized as such by the  au thors. T he ir illustrative value for our 
model is superior to  th a t o f  o th e r published analogue 
models, such as those o f R am berg  (1973) o r  W hitehead 
(described in B onatti 1987). T h e  m ost appealing analogy, 
how ever, is the  progressive corrugation  o f  the  wave shape 
by rotating and  tilting fault-blocks in  the  brittle  cover when 
loading becom es faster and  non-uniform  [Fig. 16.11(b),(c), 
and (d)]. Relaxation o f th e  overpressure in the  Y presian 
Clay also resulted in  an  increase o f  th e  effective norm al 
stress acting on the m ineral fram ew ork , which is equivalent 
to  an increased loading, to  som e ex ten t sim ilar to the one 
created in  the  sand box. D rainage  o f  the  excess pore w ater 
through fractures and faults m ust no doub t have led to 
relatively fast and  non-uniform  loading, like in the sand box 
experim ent. H ow ever, th is is over-generalization of the 
analogy, which is really  in tended  as a conceptual aid. It 
m ight how ever be  rew arding to  design a sand box experi­
m ent which would m ore closely sim ulate the  conditions 
which we believe controlled the  genera tion  o f the  deform a­
tion observed in the  Y presian  Clay.

C O N C L U D I N G  C O M M E N T S : T I M E  O F  
M IG R A T I O N

The deform ation and fractu res o f th e  L ondon /leper Clay 
are by no m eans unique to  the  P alaeogene clays o f the 
southern N orth Sea basin. T he B arton ian  clays also show a 
characteristic, although qu ite  d iffe ren t, in ternal fault devel­
opm ent and deform ation  style (Fig. 16.1). F racturing has 
also been observed in  th e  O ligocène B oom  Clay. The 
deform ations of the le p e r  C lay how ever probably owe their 
am plitude to  th e  large thickness (abou t 150 m in the com­
pacted  state) o f this relatively hom ogeneous clay mass, 
which favoured the  developm ent o f undercom paction.

These clays have a certain  am oun t o f  organic m atte r, and 
could possibly have developed in to  hydrocarbon-source- 
rocks (of w hatever quality ), if b rought to  the depths 
required for catagenesis.

T he idea tha t po ten tia l petro leum -source-rocks may have 
been subjected to  a general hydraulic fracturing at an early 
stage of the ir com paction, a t shallow  depths, has a certain 
im pact on th e  analysis o f th e  tim ing  o f prim ary m igration. 
Rocks which reach the  dep ths requ ired  fo r catagenesis in 
an already fractured  s ta te  will perm it ea rlie r m igration than 
those which still have to  be fractu red . F ield evidence of 
early fracturing of po tentia l source-rocks consequently 
deserves fu rthe r atten tion .
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