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Geoscience Canada Volume 20 Number 2

Tectonics and Seismic
Sequence Stratigraphy

Edited by G.D. Williams and A. Dobb
Gevological Sociely, London,

Special Publication 71, 226 p., 1993,
US $75.00/£45.00

Reviewed by Andrew D. Miall
Department of Geology
University of Toronto

Toronto, Ontario M5S 3B1

The current vigorous debate surround-
ing the subject of sequence stratigraphy
includes several major themes. One of
these involves the need to develop pre-
cise chronostratigraphic frameworks in
order to test Peter Vail's paradigm of
high-frequency global eustasy (108-
year episodicity). Some of the new re-
search in this area was published in an
earlier Geological Society of London
Special Publication (No. 76: High reso-
lution stratigraphy) reviewed by this
writer in an earlier edition of Geo-
science Canada (v. 20, p. 35-36). An-
other major theme Is the attempt to
assess the relative importance of re-
gional and local tectonism as an alter-
native to eustasy in the generation of
base-level changes and the resulting
stratigraphic architectures. An impor-
tant earlier work in this area was Inler-
national Association of Sedimentolo-
gists, Special Publication No. 12: Sedi-
mentation, tectonics and eustasy, edi-
ted by D.I.M. Macdonald. The present
volume is another collection of research
papers dealing with this theme.

The origins of the book are not at alt
clear. There is no preface or foreword
that explains the genesis of the book as,
for example, the product of a research
symposium. Unlike Macdonald’s book,
however, one of the editors provides a
useful introductory, overview paper on
the theme of the book. Even here,
though, the author, G.D. Williams, has
missed an opportunity to pull together
the research he and Dobb collected, in
that he has not made any references to
the papers in the volume. His reviewis a
general discussion on the theme of re-
gional and local tectonism (foreland
fold-thrust development, rift and
wrench faulling) that makes reference
to much of the recent research in re-
gional seismic-stratigraphic analysis,
and is accompanied by several useful,
clear diagrams that will probably make

their way into many undergraduate
courses. There is little beyond 1988,
though, and therefore no references to
Macdonald's book.

There are eight research papers in
this book. All but one are of British ori-
gin, and all but two deal with the North
Sea Basin or the types of problem gen-
erated by analysis of North Sea tecton-
ism and sedimentation, such as the me-
chanics and stratigraphic effects of ex-
tensional block faulting. By focussing
on the North Sea, the book makes a
useful complement to the “active-mar-
gin" basins that were the main focus of
Macdonald's book.

The first paper, by J.A. Cartwright and
co-workers, examines the generation
and preservation of sequence bound-
aries, and their recognition in the seis-
mic record. This is a very useful study. It
points out the much greater degree of
stratigraphic resolution obtainable with
modern seismic data acquisition and
processing techniques than were avail-
able when the Exxon seismic-sequence
work was first published in the 1970s,
and the implications this has for strati-
graphic interpretation. One of the most
important discoveries has been that
stratigraphic relationships that appear
simple on older records are now re-
vealed, in many cases, to be of consid-
erable complexity Many seismsic re-
flection terminations (onlaps, offiaps,
toplaps, ete), geometric features of
such imporiance in stratigraphic analy-
sis, can now be seen to be, in fact, a
lateral thinning down to thicknesses
that were formerly unresolvable. Sedi-
ments immediately below and beyond
such terminations may, therefore, be of
the same age as the apparently termi-
nated unit. This could cause serious
miscorrelation; for example, where
scattered well records are used to date
important onlap relationships as docu-
mentation of base-level rise. It also
makes the exercise of correlation, or
“forcing through” of sequence bound-
aries from seismic cross-section to
cross-section — an essential element in
the development of regional sequence
frameworks — a much more difficult
process. The authors point out that in
many cases, such as in alluvial and
coastal environments, depositionai
dips of such features as channels and
beaches are much steeper than that of
regional onlap/offlap slopes, such as
the slope of typical continental shelves.
In such cases, the actual stratigraphic
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generation of onlap is unlikely to be
simple enough to be readily identified
on seismic records.

The next paper, by S. Prosser, exam-
ines the depositional systems that de-
velop in rift basins. By reference to re-
cent work in North Sea and modern
East African rifts, Prosser demon-
strates that tectonisms can easily out-
pace eustasy {contrary to Vail, Jervey,
Posamentier and the other members of
the Exxon “eustasy” school). Prosser
develops models for "tectonic systems
tracts”, which bring together data on
structural and stratigraphic geometry,
predicted gross stratigraphic composi-
tion and seismic expression. Most of
this is hypothetical, but a few useful
seismic examples serve to illustrate the
main points.

D. Waltham and his co-workers ex-
amine “Sediment geometries and domi-
no faulting”, and develop a computer-
simulation forward model based on
North Sea data. They then use these
data to generate synthetic seismic sec-
tions for comparison with reat North
Sea records. As with all such modelling
experiments, the exercise provides an
excellent opportunity to test the level of
understanding of the processes in-
volved, and the accuracy of the quanti-
tative information used as input to the
models.

Another model of fault-block subsi-
dence and rotation is presented in the
next paper, by A.M. Roberts and co-
workers. This paper examines ques-
tions of scale and evolution of deposi-
tional systems, and the resolution of
stratigraphic and structural information
in seismic records.

Joy's paper, which follows, addresses
a well-known anomaly in the North Sea
Basin, that subsidence rales actually
increased in the Paleocene, contrary to
the expectations of the simple asympto-
tic streiching-cooling models that are
usually applied to this basin (e.g., Scla-
ter and Christie, following Mackenzie).
The last major rifting episode in the
basin occurred in the Late Jurassic,
whereas extensional faulting continued
through the rest of the Mesozocic, and
thermal subsidence should have
slowed to insignificance by the begin-
ning of the Cenozoic. Until the Paleo-
cene, Joy points out, the central and
northern North Sea rifts were relatively
narrow, with subsidence of the rift
shoutders proceding slowly, simitar to
many intracontinentai rifts, such as the
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Rhine graben. Accelerated subsidence
in the Paleocene is attributed by Joy to
an affect of the opening of the nearby
North Atlantic Ocean and the transition
of the rifts from an intracentinental to a
continental-margin setting. Although
not specifically addressed, this appears
to this reader as an example of the
effects of changing intraplate stress of
the type so well described by Cloetingh
and co-workers in several recent pa-
pers.

Another modelling paper follows. This
one is by Higgs and McClay, and specif-
ically addresses the structural style of
the Quter Moray Firth, off northern
Scotland. This is an important area,
containing several major oil fields. The
authors conclude that the fault style
suggests an origin by the gravitational
collapse of a regionally tilted sequence.

The last two papers seem a little out of
place in this particular book, coming as
they do after a suite of North Sea stud-
ies. That by Light and co-workers pro-
vides a regional stratigraphic-structural
analysis of offshore Namibia, nicely il-
justrated with many coloured maps and
sections. The main connection with the
earlier papers woutd seem to be that
this area began in much the same way

as the North Sea, as a rift between two
major continental blocks. In this case, of
course, development proceeded to
form a fully mature rifted Atlantic-type
margin.

The final paper discusses the rela-
tionship between thrust tectonics and
sequence stratigraphy in the Pyrenees.
This is an interesting topic, and the
Pyrenean foreland basins have been
the subject of several important recent
studies by Puigdefabregas, Burbank,
Luterbacher and their various co-work-
ers. Much useful data are presented
here, but the paper is flawed from the
outset, in this writer's view, by the au-
thor's correlation of their succession
with the Exxon global cycle chart as the
starting point of their analysis. In their
abstract, they state, "The apparent cor-
relation between the two groups ofinde-
pendent phenomena is an artefact of
the method which calibrates the tecton-
ic evolution by comparison with eustatic
fluctuations™. Well, yes. | think this is
called circular reasoning.

One of the main conclusions this
reader has reached after reading re-
cent research focussing on the North
Sea is that the North Sea Basin was a
very poor choice for any stratigraphic

templates to be used in establishing the
record of global eustasy. Early work by
Vail, including that by Vail and Todd
published in 1981, made it clear that
North Sea stratigraphy was serving as
one of his major control points, par-
ticularly for the establishment of the Ju-
rassic record. However, stratigraphic
and structurat work by such researchers
as Hallam, Surlyk, Badley and recently,
Underhill, has demonstrated the ubig-
uity of extensional and strike-slip fault-
ing in this basin, and has also demon-
strated that tectonism here, throughout
the Mesozoic, was far from the slow
background effect so preferred by the
Exxon school.

For those concerned with the various
sequence-stratigraphy debates, this
will be a useful book, containing much
ammunition and food for thought. As
usual with the Geological Society of
London preductions, it is well edited,
nicely printed and bound, and an al-
together handsome product at a hand-
some price. See if you can find it on the
reference shelf of your institute library,
unless, of course, your sequence work
provides you with tax write-offs to spend
on things like this.

mineralized rocks.

deposits.

David R. Lentz, Geologica! Survey of Canada
P.O. Box 50, Bathurst, New Brunswick E2A 3Z1
Phone: (506) 547-2070; FAX: (506) 546-3994

SHORT COURSE

ALTERATION AND ALTERATION PROCESSES
ASSOCIATED WITH ORE-FORMING SYSTEMS

GAC-MAC WATERLOO '94 Joint Annual Meeting

This GAC Short Course, whichwill precede the Geological Association of Canada—Mineralogical Association of Canada Annual Meeting,
is sponsored by the Mineral Deposits Division {MDD) of GAC. The course will begin on the evening of Friday, 13 May, and will conclude on
the afterncon of Sunday, 15 May 1994. The basic principles pertaining lo the formation, interpretation and application of hydrothermal
alteration to the study of ore-forming processes will be discussed.

Specific topics include: Mineral equilibria constraints on hydrothermal conditions; Compositional exchange vectors in the analysis of
alteration phases; Compositional systemalics of hydrothermal phyllosiilcates; Oxidation and sulphidation processes affecting silicate
equilibria; Chemical-alteration controls on ore deposition; Mass transfer in alteration systems; Mass-balance analysis of altered and

Ore-forming environments examined In the course include: active sea-floor and epithermal systems, PGE-rich mafic intrusions, Cu-
Au skarns, porphyry Cu-Mo-Au deposits, granophile deposits, mesothermal lode Au-Ag deposits, and volcanogenic massive sulphide

The contributors will be: T.J. Barrett, R.E. Beane, R.G. Berman, M.E. Berndt, A.E. Boudreau, D.M. Burt, A H. Clark, K. Ding, E. Froese,
J.J. Hemley, R W. Kerrich, D.J. Kontak, T.A.P. Kwak, D.R. Lentz, C.H.B. Leitch, WH. MacLean, C. McCuaig, M.H. Reed, PJ. Saccocia, J.G.
Seewald, WE. Seyfried, Jr., C.R. Stanley, N. Susak, S.R. Titley and A.E. Williams-Jones.

A MDD-GAG Short Course Volume will be produced and available before the conference for course registrants.

For more information contact:

R. Gwilym Roberts, Department of Earth Sciences
University of Waterloo, Waterioo, Ontario N2L 3G1
Phone: (519) BB5-1211; FAX: (519) 746-7484.




