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Reviews

Oid Bones and Serpent
Stones. A Guide to
Interpreted Fossil Localities
in Canada and the United
States.

Vol. 2: Western Sites.

By T. Skwara

lllustrations by Ignatius Fay
Blacksburg, Virginia: McDonald and
Woodward Publishing Co.

vii + 301 p., US $14.95

Reviewed by William A 5. Sarjeant
Department of Geological Sciences
University of Saskatchewan
Saskatoon, Saskafchewan S7N OWQ

Geological travellers are becoming in-
creasingly well served by guides to the
rocks and fossils to be seen on their
wanderings. Inthe United States, in par-
ticular, there are excellent “roadlogs”
reporting on the rocks, structures and
geological vistas to be seen by the way-
side. Though similar works are not yet
widely available for travellers in Cana-
da, their production is beginning. The
Geological Survey of Canada has pro-
duced some truiy splendid guides 1o
rock and mineral localities (e.g., Sabina,
1992) and similar works, though gener-
ally of lesser quality, are available for
various regions of the United States.

The work here under review — its
companion volume has not yet been
published — represents a further step
forward in the provision of guidebooks
for the geological traveller. It cansists of
two parts: a general introduction to pa-
leontology and a guide to 45 selected
sites in western North America south of
the Laurentian Shield (and exclusive of
Alaska).

The introductory section, “The Many
Faces of Paleonlology”, is excellently
conceived, lucid and highly readable. 1t
treats successively the processes of

fossilization and the procedures of clas-
sification (the latter being especially
well set forth), the history of life through
geologic time and, briefly, the geologi-
cal evolution of North America.

My principal problem with this section
is the author’s uncritical acceptance of
the concept of mass extinctions. Yes,
these do add drama to the history of life,
but, as | have striven to demonstrate
eisewhere (Sarjeant, 1990) and as has
been clearly shown by others (e.g.,
Kauffman, 1984; Sullivan, 1987; Hoff-
man, 1989), they have no objective real-
ity. it is regrettable that a work designed
for a mass readership shoutd so whole-
heartedly propagate this particular
myth.

I have probiems also with a number of
points of detail. Humboldt's inadvertant
arection of the earliest-recognized geo-
logical system was based on his study
of the Jura Mountains of France, not
Switzerland (p. 21). As Relallack and
Feakes (1987) have demonsirated,
there is good geological evidence for
life on fand before the Silurian, in contra-
diction to the statement on page 43. We
are told on page 45 that the “early am-
phibians were large animals™ and that
they could not have fed merely on
arthropods; yet, there is an extensive
Carboniferous record of small amphibi-
ans. Also on page 45, we are informed
that there were "no reef-building organ-
isms in the Carboniferous”, a statement
astonishing to a reader like me who
grew up close lo the Carboniferous reef-
knolls of the English Pennines!

On page 52, we are informed that the
ammonites appeared in the Triassic;
well, that might be a matter of seman-
tics, but most invertebrate paleontolo-
gists distinguish the Triassic ceratites,
with their essentially quadrilobale su-
tures, from the true ammonites with
their quinquelobate sutures, whose first
appearance defines the beginning of
the Jurassic. That same page tells us

31

that the mesosaurs were rmarine and
implies that they were present in the
Mesozoic, not so, they were Permian
reptiles of terrestrial waters. Moreover,
the piacodonts, so prominent in the Tri-
assic, are oddly excluded from the list of
six principat marine reptilian groups, as
also are the marine crocodiles which,
contrary to the statement on page 56,
did not survive even to the end of the
Cretaceous, let alone into the Tertiary!
Despite the statement on page 53, the
dinosaurs did not appear in the Early
Triassic, their entry onto the world stage
did not happen until the Late Triassic
{Thulborn and Sarjeant, in press). In
contrast, there is now good evidence for
ankylosaurs in the Jurassic, much ear-
lier than the Cretaceous entry men-
tioned on page 54. In the Cenozoic, yes,
South America had a unique fauna (the
preminence of marsupials in which es-
capes mention) and that fauna was in-
deed largely eliminated when the land
connection to North America was re-
established (p. 57); but surely it cannot
be claimed that the African fauna (ex-
clusive of that of early-isolated Mada-
gascar) was ever similarly unique?

There are also omissions thal may
inadvertently mislead or confuse the
uninformed reader. Large terrestrial am-
phibians disappear from the geological
record in the Late Permian when, in-
deed, the amphibians ceased to be pro-
minent {p. 50). It is, however, not men-
tioned that amphibians of even larger
size — the stereospondyls — were pre-
sent in the marine waters of the Triassic
world-wide and persisted in the Aus-
tralian region, at least, as late as the
Early Cretlaceous. Nor does the Meso-
zoic appearance of the modern types of
amphibians — and, for that matter, of
the turtles — gain menlion.

Allin all, this first section of the book
arouses mixed emotions; enthusiasm
for its readability and dismay at the
number of minor flaws. The second and
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more important section, however,
arouses only admiration. It is an intel-
ligent selection, from the numerous pa-
leontological localities in western North
America, of the ones that are most sig-
nificant, accessible and best displayed.
Their locations are clearly indicated,
their importance well encapsulated,
and the restrictions upon access or col-
lecting very clearly set forth. The listing
of the sites in stratigraphic order (p.
76-77) is helpful. This is a guide that will
be of great value to all intelligent geo-
logical tourists, whether professional or
amateur. | regret, however, that, of the
45 sites listed, only four are in Canada
and none are in Saskatchewan.

The text is enhanced throughout by
Ignatius Fay's neat, clear drawings and
excellent maps. The numerous photo-
graphs have suffered in reproduction
(e.g., Fig. 9). This is a pily, for they were
well chosen and, if the publishers had
done a better job with them, would also
have served as enhancement to the
text.

This book, then, has its flaws, but its
modest price and generally attractive
presentation make it well worth acquir-
ing by all western palecntologists who
like to view their fossils at the outcrop.

REFERENCES

Hoffman, A., 1989, Mass extinction: the
views of a sceptic; Journal of the Geologi-
cal Society of London, v. 146, p. 21-35.

Kauffman, E.G., 1984, The fabric of Creta-
ceous marine extinction, in Berggren,
WA and Van Couvering, J.A., eds,, Ca-
tastrophes and Earth History. The New
Uniformitarianism: Princeton University
Press, Princetaon, New Jersey, p. 151-246.

Retallack, G. and Feakes, C.R., 1987 Trace
Eossil evidence for Late Ordovician ani-
mals on land: Science, v. 235, p. 61-63.

Sabina, A.P, 1892, Rocks and minerals for
the collector: Estrie and Gaspésie,
Quebec and parts of New Brunswick:
Geological Survey of Canada, Mis-
cellaneous Report 46, 156 p.

Sarjeant, WA.S., 1990, Astrogeological
events and mass extinctions: global
crises or scientific chimaeras?: Modern
Geology, v. 115, p. 101-112.

Sultivan, R.M., 1987 A reassessment of rep-
tilian diversity across the Cretaceous—
Tertiary boundary: Contributions Series
of the Natural History Museum, Los An-
geles County, n. 391, iv + 26 p.

Thulborn, T. and Sarjeant, WA.S., in press,
On the tracks of the earliest dinosaurs:
Proceedings of the 2nd. Georges Cuvier
Symposium, in press.

The Sternberg Fossil
Hunters.
A Dinosaur Dynasty

8y Katherine Rogers

Mountain Press Publishing Co.
Missoula, Montana
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Reviewed by William A.S. Sarjeant
Department of Geological Sciences
University of Saskatchewan
Saskatoon, Saskatchewan S7N 0W0

Charles Hazelius Sternberg and his
three sons George Fryer, Charles Mor-
tram and Levi, together with the wives
and children of those sons who were
called upon for aid from time to time,
were indeed a unique family. Their
achievements in the collecting of fossils
— not just dinosaurs, but vertebrates of
all ages from Permian to present, and
notjust vertebrales, but also fossil inver-
tebrates and plants in profusion — not
only are, but are likely to remain, un-
paralleled. Charles Hazelius Sternberg
wrote two books recounting his adven-
tures (The Life of a Fossil Hunter, 1909,
and Hunting Dinosaurs in the Badlands
of the Red Deer River, 1917) and both
George and Charles M. Sternberg wrote
shorter accounts of their adventures
while fossil-hunting. In addition, David
AE. Spalding provided a percipient ac-
count of the family and its achievements
in his “Introduction” to a recent reprint-
ing of Hunting Dinosaurs (1985). The
work here reviewed, however, con-
stitutes the first extended account of the
Sternberg family and, as such, it is im-
portant.

For the writing of this book, the author
was especially well situated. She had
known George Fryer Sternberg for 40
years and was able also to interview on
numerous occasions Myrl Walker,
George's assistant in what became the
Sternberg Museum at Fort Hays State
Universily, Hays, Kansas. After Walker's
death, she was given access lo a large
collection of documents and letters con-
cerning the Sternbergs, including eight
photo albums containing some 2500
photographs taken by George on fossil-
hunting expeditions between 1906 and
1965. She notes (p. x) that:

... hundreds of the pictures have no
captions and have been almost use-
less as research materials...

Nevertheless, encugh of the photo-

graphs could be recognized to furnish
illustrations for her book; these are of
great historic interest.

Equipped with such personal know!-
edge of the Sternbergs and such amass
of data, Ms, Rogers might well have
produced a definitive account of the
Sternbergs and their achievements.
That, however, did not happen.

Ms. Rogers is not a paleontologist
and that is fair enough. Unfortunately.
she seems not to have called upon pale-
ontological assistance to any extent.
Several of the generic names for fossils
that she quotes are junior synonyms,
though not recognized here as such:
examples are Macrophafangia (p. 170),
properly Chirotenotes, and the many
mentions of a great teleost fish consis-
tently called Portheus (e.g., p. 33 and
89), though it is properly Xiphactinus.
George's early misidentification of a
pachycephalosaur skull as Troodon (p.
160) is quoted without comment; proba-
bly it was a skull of Pachycephalosaurus
or Stegoceras. There are mis-spellings
of generic and specific hames —
Hesperornis (p. 168), Araucaria (p. 210).
Lambeosaurus lambei (p. 156) — and of
the first names and surnames of distin-
guished palaeontologists: “Marcelin
Boule" (p. 120), properly Mercellin;
“Handle T. Martin” (p. 193), properly
Handel; the "Ameghine” brothers {(p.
193), properly Ameghino. Darwin's clas-
sic work of 1858 was not called Origin of
the Species as page 8 indicates; and,
despite page 154, a "holotype” is not
merely "a single specimen”. Oreodon
was not “an extinct porcine animal” {p.
60), but a primitive camel-like mammal.
We are not told to what groups several
genera belong; it would have been help-
ful to know that Adinctherium (p. 204)
was a toxodont; Prototherium (p.205), a
sirenian and Parastrapotherium (p.
209), a representative of that quite ex-
tracrdinary South American group, the
astrapotheres, When we are merely in-
formed, for example, that George's par-
ty collected in Patagonia “a rare speci-
men of fossil bird” (p. 208}, the vague-
ness is truly frustrating!

There are some statements that are
outright misleading. We are told (p. 36)
that Charles Hazelius Sternberg "had
no confrontation of any consequence”
with Indians during his fossil-hunting
career, but this is surely contradicted by
the episodes recounted on pages 43,
54 and 62! John Be!l Hatcher's career
was scarcely "long and successful”, as
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page 76 tells us; rather, it was tem-
pestuous and ended prematurely with
his death at the age of 43. How did the
Sternbergs contrive to see “the majes-
tic Rocky Mountains” (p. 138) on a rail-
way journey between Wyoming and
southeastern Alberta? Moreover, my
many Scottish and Canadian friends
who are curling enthusiasts will not like
to see it dismissed (p. 178) as merely "a
game similar to shuffleboard™

The biggest problem encountered by
the reader is Ms. Rogers's awkward
writing style. It is made manifest in the
book's very title, which, taken literally,
refers to persons hunting fossil
Sternbergs! There are, however, many
other obscurities or ambiguities. Some
are amusing: for example, "This sum-
mer's expedition to the chalk beds living
inatent” (p. 3) ; "The cook letthem have
one-fourth of a mutton” {p. 208); and
“There stood Dr. George Sternberg
waiting for them. What a wonderful
sightl” (p. 16). There are strange word
usages, as for example when young
Charles H. Sternberg was "somewhat
incapacitated” (only somewhat, when it
took him three months to recover in
hospital?), or when George M. contrib-
uted "... somewhat regularly to scientific
journals” (p. 168). The word “enormity”
is consistently employed (e.g., p. 144
and 182), not in its modern sense of “a
great crime; outrage; iniquity”, but in its
archaic meaning, "hugeness”. Edward
Drinker Cope “... became self-
righteous, narrow-minded and intol-
erant”, we are told on page 30; butinthe
nexl sentence this is contradicted, for
we are informed that "... he became
increasingly generous and indulgert .."!
All in afl, this text needed, but did not
received, careful editing. For this the
publishers, rather than the author, must
be held blamewaorthy.

On the positive side, the illustrations
are always interesling and the maps
recording the Sternbergs’ travels are
clear and easily understood. The an-
notation is careful and the indexing
thorough. The "References”, however,
will cause problems o persons wishing
to obtain works cited on interlibrary
loan, since they lack pagination. No at-
tempt is made to list all the Sternbergs’
writings, and such a listing would have
been extremely useful.

This book brings together a great deal
of information — especially on George
Sternberg’s activilies — that hitherto
was unavailable. Given better editing

(textual and scientific), it could have
been a classic work on the history of
paleontology. As it slands, it must be
considered only to serve as a valuable
source for the definitive account of the
Sternberg family which, | trust, some-
one else will write some day.
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Georges Cuvier.
An Annotated Bibliography
of His Published Works.

Compiled by Jean Chandler Smith
Introduction by Stephen Jay Gould
Smithsonian Institution Press
Washington, D.C.

xx + 251 p., 1993, US $48.00

Reviewed by William A S. Sarjeant
Department of Geological Sciences
University of Saskatchewan
Saskatoon, Saskatchewan S7TN OWQ

Jean Léopold Nicolas Fréderic, Baron
Cuvier (1768-1832) — remembered as
Georges, a name transferred to him by
his parents upon the death of a thus-
named elder brother — was not only the
first great comparative anatomist and
vertebrate paleontologist, but also a
stratigrapher of distinction and an early
historian of the earth sciences. His con-
cept of successive “revolutions of the
globe", during which a large part of the
animal life of the world was destroyed
and replaced by a new creation, is now
discredited (although it is shadowed in
the stitl-prevalent nightmares of mass
extinctions that continue to plague our
science). However, it helped to make
geology acceptable to the theologians
and politicians of the early 19th century,
and thus had a long-term positive, as
well as a short-lerm negative, influence
upon the development of the earth
sciences.

This comprehensive and clearly pre-
sented bibliography fairly indicates the
breadth of Cuvier's concerns, and sur-
veys admirably the daunting plethora of
republications in various languages,
whaole or partial, of his ariginal contribu-
tions. They include not only the exten-
sive scientific writings that are his prin-
cipal legacy, but also the products of his
30-year labour as Perpetual Secretary
{Classe des sciences physiques) to the
Paris Academy of Sciences and his
posthumously published letters. (Bio-
graphical works and other secondary
sources on Cuvier are not considered.)
This work deserves to be on the shelves
of all serious historians of the biological,
medical and earth sciences.
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After the ice Age.
The Return of Life to
Glaciated North America

By E.C. Pielou
University of Chicago Press
ix + 366 p., 1992, US $24.95, paper

Reviewed by William A S. Sarjeant
Department of Geological Sciences
University of Saskatchewan
Sashkatoon, Saskatchewan S7N OW0

Even during the initial “mixers” and cer-
tainly afterward, participants at many
geological meetings swiftly divide into
two groups: the “real” geclogists who
are concerned with strata nc later than
Terliary in age — good, solid rocks usu-
ally, whether igneous, sedimentary or
spoiled (j.e.. metamorphic) — and the
“superficial” geologists concerned with
essentially unconsolidated sediments
of Quaternary date. Like ice from a trib-
utary glacier alongside a stronger gla-
cial stream, the latter follow a parallel
course to the rest of us, but normailly our
streams do not mix.

In my own palynological studies, |
have crossed the boundary a few times
and have found the experience discon-
certing. Instead of dealing with assem-
blages dated only vaguely within a five
to ten million year span, suddenly one
finds they can be accurately dated with-
in ten, or even five years. The precision
ought to be pleasing; instead, it is some-
how trivializing. If they're so new, how
can they be important or even interest-
ing? How can people devote a lifetime
of research to questions so minor, mere
marginal brushstrokes in the great gec-
logical picture? Well, if you read this
book, you will discover the answer.

The first chapter on "The Physical
Setling” is pedestrian: one feels that the
author wrote it dutifully, since it had to
be there, but without real interest and
certainly without passion. After that,
however, matters change. With this te-
dious business safely behind, Dr. Pielou
can start instructing us on the matters
that truly interest her, that excite her; as
we read, we come to share her excite-
ment. The text is lively and absorbing.
The maps that depict ice advances or
retreats are helpful, as are the sketches
of sections through Quaternary sedi-
ments. The many drawings of animals
and plants are quite delightful and truly

enhance an already very altractive
book.

There are a few problems and care-
lessnesses. Palynology is not syn-
onymous with pollen analysis (p. 41), not
even in the Quaternary (a word often —
three times on p. 13 alone — misspelled
“Quarternary”). Dinoflagellates {p. 43)
are flageliate, yes, butthey are not prop-
erly protozoans; rather, they are proto-
phytes (plants) or, better still, protists.
Yel, after such errors, Dr. Pielou writes
so admirably on procedures in Quater-
nay palynology {p. 53-56), and in par-
ticular on the difficulties in properly in-
terpreting pollen spectra (p. 64-68), that
| am sure to be quoting her in fulure
palynology classes.

On page 108 we have the note "mas-
todons (sometimes written masto-
donts)”, but this is not so. The word
"mastodont” embraces a very much
wider range of proboscideans, including
all the genera with long, somelimes
shovel-tike or down-curving tusks,
whereas "mastodon” refers {o a much
more limited, shorter-tusked group of
extinct elephants. “Jon” Terasmae (p.
97) is properly Jan and there are olher
minor misprints (e.g., “indentical” p. 84)
which need to be tidied up. More se-
rious is the fadure (p. 30 and accom-
pahying maps) to identify the high Arctic
refugium in which, as Paul S. Martin
(1967) has shown, the musk-ox sur-
vived the Pleistocene.

Dr. Pielou’s very interesting assess-
ment of the causes of the wave of Late
Pleistocene exlinctions of terrestrial
mammals properly considers the role of
early man, Martin's (1967) hypothesis of
Pleistocene overkill being fairly pre-
sented. However, she seems unaware
of the amplification of this hypothesis by
Owen—Smith (1987), who demon-
strated how a mere reduction or extinc-
tion of the biggest herbivores could re-
sult in habitat destruction and indirectly
generate a wave of secondary extinc-
tions. For my part, | believe with Martin
that early man's activities marked the
beginning to the only real great extinc-
tion in geological history: the one that
we have caused and, alas, are still caus-
ing each day and each hour.

Such matters require attention in
subsequent editions of this book; for
there should, indeed there must, be fu-
ture editions of so excellent and stimu-
lating a work. If you find these "superfi-
cial” earth scientists hard to understand
and respect, read it and perhaps your

prejudices against them will vanish. If
you're one of them, ready it anyway;
you're sure to enjoy it!
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High Resolution
Stratigraphy

By E.A. Hailwood and R.B. Kidd
Geological Society, London
Special Publication 70

357 p., 1993, US $9700/£58

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

Toronto, Ontario M5S 381

Stratigraphy has undergone two revolu-
tions during my career. The first was the
explosion in facies analysis and facies
modelling in the 1960s and 1070s. The
second revolution, which is still under-
way, is that surrounding the develop-
ment of sequence stratigraphy. There
are two quite separate aspects to the
second revolution. The first of these is
that sequence stratigraphy provides a
framework for the evaluation of strati-
graphic successions, by postulating
that basin architecture is controlled by
absolute or relative sea-level change.
Essentially, this is a new approach to
facies analysis and facies modelling
that is having a powerful effect on the
sophislication of modern stratigraphic
basin analyses. The changes il has
wrought in our discipline can readily be
assessed by careful comparison be-
tween the second (1984) and third
(1992) editions of the Geological Asso-
ciation of Canada’s Facies Models vol-
ume, edited by Roger Walker and Noel
James.

The second aspect of the sequence
stratigraphy revolution takes us back to
some much older concerns of the stra-
tigrapher, and is currently a far more
controversial topic. Peter Vail and his
former colleagues at Exxon claim that
the sea-level changes that control basin
stratigraphy are all of global, “eustatic”
origin, and that, therefore, the frame-
work of stratigraphic sequences is es-
sentially identical around the world.
This major assumption permitted the
Exxon group to develop a “global cycle
charl”, which was offered as a template
for global stratigraphic correlation. This
proposal has stimulated a considerable
amount of research into the details of
the stratigraphic record and into mech-
anisms for global sea-level change. The
major test of eustatic control is global
correlation of the sequence record; the

demonstration of simultaneous sea-
level changes in tectonically separate
basins in different parts of the world,
which can only mean eustatic control.
The key here is the word "simul-
taneous”. Methods of dating and cor-
relation of the stratigraphic record,
which were among the major preoc-
cupations of 19th century stratigrapher,
have once again become of central im-
portance. Itis this subject that the book
High Resolution Stratigraphy
addresses.

The book represents the results of
two research conferences hosted by
the Marine Studies Group of the Geo-
logical Society, held in London in Octo-
ber 1890 and January 1991 The book is
not focussed on sequence stratigraphy,
but consists of a set of 21 research
papers which logether constitute a
lengthy and detfailed snapshot of the
“state of the art” of dating and correla-
tion methods. The papers deal mainly
with British data, but correlations in Eu-
rope and North America also receive
considerable attention; the technical
approaches and kinds of analysis and
discussion are of univarsal relevance.
Those concerned with the controversy
over the Exxon global cycle chart
should examine this book, as it provides
much food for thought, demonstrating,
in fact, that we have a very long way to
go before any realistic assessment of
short-term global eustasy is possible.

Age dating, once a matter of assign-
ing relative ages through the meticu-
lous examination of fossils, and consid-
ered the domain of aged specialists
doddering about in musty museums,
has become an advanced science
using the very highest technology. Fos-
sils are still of central importance, but
their examination now forms part of a
broad and complex subject that makes
use of many other important physical
and chemical properties of the earth
that have undergone gradualand meas-
ureable change with time, Conventional
radiometric dating methods are, of
course, the oldest complement to bio-
stratigraphy. To these two primary tech-
niques are now added magnetostratig-
raphy and several types of high-resolu-
tion chemical stratigraphy. Integration
of all these data, a subject pioneered by
such workers as William Berggren in the
1970s, has resulted in a global time
scale of increasing accuracy and preci-
sion. It is clear from reading these pa-
pers that biostratigraphy is still of crit-
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ical importance. Indeed, J.CW. Cope
makes the claim in a review paperin this
book that for pre-Cenozoic rocks it stilt
provides by far the most accurate meth-
od of correlation, and that for much of
the Phanerozoic, nektonic and plank-
tonic forms permit zonal subdivision
into time slices of 0.5 m.y. or less. Of
course, such precision is commonly
only obtainable in stratotypes and refer-
ence seclions, and cannot be relied
upon for routine correlations. Also, the
assignment of radiometric ages to bio-
zones remains a subject fraught with
error and uncertainty, with residual er-
rors of several millions of years remain-
ing for many important boundaries in
the chronostratigraphic framework.

The book is divided into four sections,
following an introductory review by the
edilors. This review provides a useful
summary of the histcrical development
of stratigraphic techniques that accom-
panied lechnical improvements in the
methods of marine drilling and core re-
covery, and included the application of
advanced physical and chemical sam-
pling methods to core and outcrop sec-
tions. The first section is entitled “Tech-
niques: chronology and correlation”,
and includes three papers. A.G. Smith
provides a review of the method of con-
structing chronograms in order tc deal
systematically with error and impreci-
sion in quantitative age assessment.
A.E. Mussett and A.G. McCormack de-
scribe a new test for assessing the pre-
cision of magnetic reversal correla-
tions, and R. Thompson and R.M. Clark
describe a technique for using oxygen
isolope data lo perform pattern-match-
ing tests for correlating DSDP cores.
The next section, the longest in the
book, consists of nine papers focussing
on the Cenozoic record. Subjects cov-
ered include the use of molecular stra-
tigraphy, magnetic susceptibility and
magnetic reversal stratigraphy, physi-
cal and chemical fingerprinting of teph-
ras, and several papers dealing with
various biostratigraphic topics. The pa-
pers include both regional correlation
studies and attemplts lo improve the
global time scale. The first is important,
of course, because of the improved dala
base from which globat correlations can
be attempted.

One of the most interesting papers in
the Cenozoic section of the book, to this
reader, is that by D.G. Jenkins and P.
Gamsen examining a single biostratig-
raphic datum plane of Pliccene age.
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One of the major foundations of chrono-
stratigraphy is the assumption that bio-
logical evolution is geologicallly rapid. It
has long been assumed that new spe-
cies spread throughout their particular
faunal or floral province at an essentially
instantaneous rate {on geological time
scales). This justifies the use of the term
“first-appearance datum” (my italics) for
the records of such appearances. Much
attention has been paid to the recogni-
tion of such datum planes for pelagic
marine organisms and for palyno-
morphs which blow in the wind, be-
cause of their value in providing regional
or global corretation planes. The short
paper by Jenkins and Gamson casts
some doubt on this fundamental as-
sumption by arguing that the foramini-
fera Globorotalia truncatulinoides took
0.6 m.y. to spread from the South Pacific
Ocean, where it first evolved in the late
Pliocene, to the North Atlantic Ocean.
The proposal is based on careful mag-
netostratigraphic correlation of fossil
records in several DSDP cores, and is
an example of the very high chrono-
stratigraphic resolution that can now be
obtained for Quaternary and some late
Cenozoic sections. A possible error of
0.6 m.y infirst-appearance ages is very
significant for the evaluation of the Cen-
ozoic and Mesozoic record, for much of
which a dating error of +0.5 m.y. is now
claimed. It suggests that such high-pre-
cision correlations should be viewed
with caution, and it casts doubt on our
ability to erect a global sequence frame-
work for cycles of less than a few million
years duralion,

The third section is entitled "Meso-
zoic”, but consists of four papers dealing
mainly with the Upper Crelaceous and
one, the paper by Cope referred to
above, that is a general review of the
Phanerozoic record. The first paper in
the section, by J M. McArthur and six
co-workers, sets out to establish a
strontium isolope curve for part of the
Late Cretaceous, based on samples
taken from the British Chalk. A correla-
tion error of 0.8 m.y. is claimed, which
is very promising. Use of the technique
depends on the presence of suitable
fossil material and absence of dia-
genesis. Next, D.S. Wray and A.S. Gale
report on the geochemical fingerprint-
ing and correlation of marl bands in
Turonian chalks of southern Britain and
northwest France, and demonstrate the
ability to carry out regional correlation
of these bands, which are spaced only a

few metres apart. The data may be used
to construct detailed isopach maps that
throw light on local subsidence patterns
and fault movements. M.B. Hart exam-
ines foraminiferal "events” in the British
mid-Upper Cretaceous, and develops a
British eustatic curve that shows little
relationship to the Exxon “global”
curve. J.M. Hancock updates his trans-
Atiantic correlations, building on earlier
work which he carried out in co-opera-
tion with E.G. Kauffman. He discusses
the apparent simulianeity, or lack there-
of, in various transgressions and re-
gressions in northwest Europe, Mon-
tana, the Atlantic coastai plain of New
Jersey and Delaware, Texas-Arkansas,
and the Gulf Coast, and concludes that
these cannot be correlated very readily
to those in the Exxon global cycle chart.

The Paleozoic section of the book is
the feast useful, in that it consists of four
specialized papers that do not permit
the drawing of any generalized conclu-
sions. Two of the papers are by M.R.
House and his co-workers describing
goniatite biostraligraphy and regional
facies shifts in the Catskill delta, New
York, and the Canning Basin, Australia.
D K. Lydel examines worldwide correla-
tion of Upper Liandoverian graptolites,
an exercise that has suffered from,
among other problems, the destruction
of important Chinese collections during
the Cultural Revolution in the 1970s.
Finally, M.D. Brasier discusses the
emergence of a carbon isotope stratig-
raphy for the Cambrian System.

Itis clear that, despite the increasing
sophistication of chronostratigraphic
work, it will be many years before reat
tests of global eustasy on a frequency of
less than a few million years can be
attempted. While extremely detailed
correlation frameworks are now avail-
able for certain successions in certain
regions, two old and serious problems
remain: the proeblem of faunal provincial-
tsm, and the problem of finding enough
useable samples o provide accurate
and precise radiometric tie points for
the biostratigraphic time scale. Han-
cock and Cope both comment on the
difficulty of correlating Tethyan and
Boreal Jurassic ammonoids, while sev-
eral writers discuss differences inradio-
metric age assignments for critical
stage boundaries. Chronostratigraphic
precision of a few thousands of years
can now be oblained for many Cenozoic
sections and a few older ones, permit-
ting very detailed studies of local subsi-

dence and regional changes in sea
level. However, until these two old pro-
blems are surmounted and a reliable,
practical, global chronostratigraphic
framework suitable for routine correla-
tion at a precision level of al least +0.5
m.y. is available, proposals for a global
framework of short-term cycles (fre-
quently of less than a few millions of
years), such as constitutes the Exxon
global cycle chart, are simply nol
sustainable.
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The days of large-scale frontier explora-
tion might be pastin North America and
Europe (but probably not in Asia, includ-
ing the former communist countries,
where exploration techniques stag-
nated over the years), but this has not
removed the need for skilled reservoir
geologists. Quite the contrary, in fact.
The vast expense of installing produc-
tion facilities for frontier fields, such as
those in the North Sea, means that the
very best geological information must
be made available to bring production
efficiencies to a peak. initially, produc-
tion drilling must be planned in the ab-
sence of detailed subsurface informa-
tion on reservoir geometries, a conun-
drum familiar to production geologists in
the petroleum industry. Once primary
production peaks, however, the skills of
the production geologist are reaily
brought into play, as the anatomy of the
reservoir is carefully examined in order
to maximize secondary production. By
this time, subsurface stratigraphic data
will be more abundant, and production
data on the fluid flow history can also be
brought to bear on the problem of ana-
lyzing reservoir architecture and its po-
rosity-permeability patterns. Among the
techniques used are statistical meth-
ods for evaluating stratigraphic and pro-
duction data, and analog methods for
studying modern environments or oul-
crop examples of geological units con-
sidered to be comparable to those pro-
ducing from the subsurface.

Advances in Reservoir Geology is a
collection of these research studies,
mainly by British and Norwegian geolo-
gists interested in improving production
from various North Sea oilfields. Most of
the papers focus on Jurassic fluvial
deltaic production from the northern
North Sea Basin, some by reference to
outcrop analogs in Britain and North
America. There is also one paper deal-

ing with the Rotliegende Sandstone, an
eolian unit of Permian age.

The first paper is a multi-authored
study by K. Gibbons and co-workers,
mostly Norwegian industry geologists,
and examines the effects of carbonate
cementation on production from Mid-
dle-Upper Jurassic sandstones in the
Troll field, offshore Norway. Application
of sequence concepts to the stratigra-
phy indicated that most of the carbon-
ate cementalion is associated with
maximum flooding surfaces and se-
quence boundaries, and this led to an
intensive study of subsurface stratigra-
phy and correlation, the resuits of which
are reported in this paper. Correlations
with the Exxon global cycle chart are
suggested. Mapping of carbonate-ce-
mented horizons was facilitated by this
study and is of considerable importance
to production planning because of the
barriers to flow caused by the cementa-
tion.

The second paper, by R.W. Lahann
and co-workers uses detailed core and
thin-section studies of facies, petrology
and diagenesis to explain variations in
production performance of a mixed flu-
vial-eolian suite of sediments. The
study examines the Rotliegende Sand-
stone in the gas-producing Vanguard
Field of the southern North Sea. The
best production is from the foresets of
large-scale eolian crossbedded sand-
stones, which exhibit high porosities
and have good interconnectivity.

The use of image-analysis tech-
niques to explore porosity-permeability
patterns forms the focus of the next
paper by WD. Clelland and co-warkers.
Samples were taken from an Upper Ju-
rassic unit in the central North Sea.
Manipulation of digitized images by
computer enabled connectivity of the
pores through small pore throats to be
examined rapidly for many thin sec-
tions, resulting in a vastly increased
data base for formation evaluation than
that obtainable by normal optical thin-
section examination.

There follow three papers using North
American outcrop studies to throw light
on North Sea petroleum production.
The first is by P Lowry and T. Jacobsen,
who carried out an outcrop study of the
Ferron Sandstone in Utah, with the aim
of relating permeability to facies archi-
tecture. The outcrops provide a well-
known example of river-dominated del-
ta front, as documented several years
ago by T. Ryer. The present researchers
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collected approximately 850 permeabil-
ity measurements from the outcrop
faces by using portable permeameters
while suspended in front of the cliff face
on ropes. The data were then employed
in a series of production simulations,
varying facies characteristics and pro-
duction pressures in each run. No de-
tailed comparisons with actual produc-
ing fields were attempted.

@. Heimyr and co-workers compared
permeability distribution in the Statfjord
Formation, Snorre Field, in the North
Viking Graben, and in outcrops of the
Pennsylvanian-Permian Maroon For-
mation of Colorado. Both are inter-
preted as braided fiuvial systems. The
facies architecture of large outcrops of
the latter was used to develop a set of
heterogeneity models for running a
water injection simulation program. by
varying the sandstone permeability
characteristics and the density of shale
breaks, and running a flow aigorithm for
each model. The use of outcrop facies
data was found to provide useful reality
checks on such models.

The last of the three oulcrop papers is
by T. Dreyer, who presents a study ofthe
Miocene fan-delta sediments of the
Ridge Basin, California, and the Tilie
Formation, a Jurassic producing sand-
stone on the Norwegian shelf. Flow
units were defined from the Ridge Basin
data, and were found to be laterally very
extensive, indicating the need for good
subsurface mapping of the reservoir so
that injection and production perfora-
tions can be appropriately placed for
each unil.

The next paper is a think-piece by J.
Alexander that probably should have
been offered as an introductory or con-
cluding article. It provides a thoughtful
review of the successes and problems
with the use of analogs in studying sub-
surface reservoirs (e.g., the problem of
correct comparison of scales of facies
units). Many examples are quoted. but
the author did not draw on the studies
reported in this book, which would have
made this a much more useful review.

The last two papers examine logging
techniques. G.I.F. Cameron and co-
workers developed simulated dipmeter
logs by taking nearly 1600 dip readings
on a large outcrop of a Carboniferous
deltaic complex in central England. The
intent was to test the usefulness of dip-
meters for investigating sedimentary
structures and paleocurrents in the sub-
surface. The outcrops themselves had
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been subjecied 1o a delailed sedimen-
tological analysis by earlier workers.
The authors criticize some of the older,
simplistic ideas about dipmeter inter-
pretation, such as the usefulness of up-
ward decreasing and increasing dip val-
ues {the so-called red and green pat-
terns). However, separation of dip read-
ings according to their magnitude,
made it possible to isolate those relat-
ing to foreset dips, and therby obtain
reasonable estimates of paleocurrent
directions.

Lastly, L.T. Bourke and co-workers
described the use of a nitrogen probe
permemameter to build permeability im-
ages of borehole surfaces, and dis-
cussed the uses of the resulls in inter-
preting petrology and sedimentary
structures.

In conclusion, this is a useful book for
those interested in keeping abreast of
the latest sophistications in reservoir
analysis. In particular, the book throws
considerable light on the types of pro-
blems encountered and methods used
in the development of clastic reservoirs
in the North Sea. Specialist studies of
this type are likely to be of increasing
usefulness in North America, as the pe-
troleum industry is forced, by low oil
prices, to postpone expensive frontier
exploration and focus on increasing the
production efficiency of existing fields
by the careful use of sedimentological
dala to explore reservoir heterogeneity.
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QOttawa, Ontario K1A 0ES

Most geologists are familiar with the
approach of mapping teclonic assem-
blages in the Cordillera, where the
knowledge of faunal assemblages, geo-
chronological and paleomagnetic data
and lithostratigraphy have been com-
bined to help define contrasting geo-
logical terranes. Although some of
these tools are not available to the Pre-
cambrian, geologist Greg Stoll and a
team of "compilers and interprefers’
have attempted to synthesize what is
known about the tectonic assemblages
and plutonic suites of Ontario into five
maps (1:1,000,000) and four charis pro-
duced by the Ontario Geolegical Sur-
vey (QGS) as part of its centenary map
series. For the purpose of this exercise,
a lectonic assemblage consists of
“stratified rock units built during a dis-
creteinterval of time in a common depo-
sitional or volcanic setting and is typ-
ically bounded by faults, unconformities
and intrusions”, whereas a plutonic suite
is “a set of spatially associated plutons
of common age, compaosition and pro-
bably commaon origin™.

These maps contain a wealth of infor-
mation, but most users will need to
study the legends carefully to get max-
imum value from them. At first glance,
the shorthand notation used for classi-
ficalion looks rather complex, but, once
mastered, allows a user to extract the
name, probable age range, composition
and, locally, aspects of petrogenesis of
assemblages and suites. For example,
one can. from the map, identify the well-
known Blake River (BR) "assemblage”
in the Abitibi subprovince as belonging
to the 2690-2710 Ma age range and,
from the accompanying charts, learn
that it is composed of mafic to felsic
calc-alkalic volcanic rocks and minor
units of iran formation and interflow tur-
bidite, and further, thatitis of similar age

and composition to the Tisdale,
Gauthier and Dismal Lake assem-
blages. One can also gain an apprecia-
tion of major reversals of way-up in the
BR assemblage, as well as identify the
locations of sampling sites for U-Pb age
determinations, which in turn are keyed
totables that cite the precise ages, error
limits, and sources of information. This
use of the existing geochronological
data base for Ontario implicitly acknowl-
edges that, without age constraints, the
task of producing these maps would
likely have proven impossible.

The maps should be of some interest
to economic geologists even though
mineral deposits are not plotted on
them. The positions of interpreted cen-
tres of volcanism, commonly favourable
for the occurrence of base metals, are
prominently marked. In addition, in light
of the current interest in diamond explo-
ration, users will readily find localities
where lamprophyre, kimberlitic dikes
and diatremes, fenitic rocks and alkalic
rocks are known, both in exposed re-
gions and beneath Paleozoic cover.

Definition of the assemblages and
suites within the metamorphosed and
deformed rocks of the granite-green-
stone and gneissic terranes of the Su-
perior and Grenville Provinces leads to
considerable illumination of the geclogy
of Ontario, but the extension of the ap-
proach to autochthenous, non-meta-
morphosed and little-deformed Protero-
zoic sequences leads to some surpris-
ing results. For example, in the Lake
Superior area, the Sibley Group be-
comes the Sibley "assemblage”,
whereas the well-known Logan diabase
sills are so-designated where they in-
trude Animikie strata, but are termed
Nipigon sills to the northeast where they
reside mainly in Archean basement or
the Sibley Group. Both of these exam-
ples illustrate that there is little apparent
advantage in extending the assemblage
and plutonic suite terminology into
areas where there is a well-founded ex-
isting conventional nomenclalure.

I suspect that the tectonic assem-
blages maps for Ontario will meet with
mixed reviews, mainly because of the
unfamiliarity of this approach to Pre-
cambrian workers. There is also a likeli-
hood that some of the current divisions
will change with time, given that the
geochronological data base for Ontario,
although exceplional, is uneven in areal
coverage, and many educated guesses
were undoubtedly necessary in exirap-



Geoscience Canada Volume 20 Number 1

olating assemblages into areas lacking
age determinations. This is to be ex-
pected, however, based on the Cor-
dilleran experience, where terrane
boundaries seem to shift as frequently
as the aluminosilicate triple point once
did. These potential difficulties in no
way detract from the fact that these
maps efficiently portray a wealth of in-
formation at a manageable scale. As
always, the benefit/cost ratio of these
maps from the OGS is exceptionally
high.
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Ontario Geological Survey
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The video format is ideal for certain
instructional purposes, as these two
tapes illustrate. Unfortunately, the high
cost of these videos is likely to dis-
courage their use in the classroom and
restrict the potential audience for these
otherwise excellent films.

The two tapes detail the experimental
methods and results of a series of two-
dimensional sandbox models on fault
systems. Dr. Ken McClay of the Geology
Department, Royal Holloway and Bed-
ford New College, University of Londen
performs the experiments, and dis-
cusses their interpretation with various
experls, as well as showing examples of
similar structures to those seen in the
models on reflection seismic sections.
This three-fold approach to the models
is particularly useful. First, the models
are filmed during the experiment using
time-lapse photography, so the evolu-
tion of the fault systems can be seen as
the parameters of the model are
changed. Being able to pause and re-
wind the tapes through these sections
greatly enhances their ulility. Second,
the models are compared with seismic
sections that show analogous struc-
tures. The value and pitfalls of such
comparisons are clearly discussed.
Third, Dr. McClay and other experis dis-
cuss the models and the sections, es-
pecially aspects that may contradict or
support modern struclural geclogy the-
ory. Having access to the time-lapse
photography itself is wonderful; having
access to informed discussion is even
more beneficial,

Tape 1 deals with five models of ex-
tensional faults, progressing from sim-
ple to more complex models. In addi-
tion, Tape 1 explains in great detail the
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methodology used in the modelling,
which is particularly useful to any in-
structor of a structural geology or tec-
tonics course. The models emphasize
sedimentary basins developed in rift
environments. These basins have a pre-
rift sedimentary fill and, in all cases,
syn-rift sediments are added so that
sedimentation keeps pace with basin
subsidence. All five models assume a
fixed footwall configuration. Each
medel is shown in time-lapse view, an
analogous seismic section is shown,
and then both are discussed.

The first model on Tape 1 is of a listric
fault that becomes horizontal at depth,
and is subjected to 50% extension. The
model clearly shows the development
of a crestal-collapse graben and de-
velopment of synthetic and antithetic
faults. Model 2 is a listric fault that dips
10° at depth, and 100% extension oc-
curs. Model 3 is a listric fault with aramp
flat extended to 50%. The addition of
the ramp fault results in considerabie
changes in the faulting pattern from the
previous models. Model 4 represents
asymmetric, 50% regional extension. A
rubber sheel is used to produce the fault
pattern, with the rubber sheet simulat-
ing a midcrustal decollement. This type
of extension produces domino-type
fault blocks. This reviewer notes that
the resulting structure mimics the basin
and range province of the western
United States. In the ensuing discus-
sion, it is suggested that this type of
extension pattern is anomalous. This is
a noteworthy conclusion, given how
many researchers in North America use
the basin-and-range area as a model for
regional extension. The final model on
Tape 1 is similar to Model 4, except that
extension is symmetric (pulled from
both sides) and continued to 100% ex-
tension. The resulting pattern, howevaer,
is not symmetric, and results in two gra-
ben of unequal size forming with a cen-
tral horst.

Tape 2 presents four models of inver-
sion structures, which can be regarded
as compressional structures develop-
ing after a period of extension. The tape
starts with a discussion of the meaning
of the term inversion and how the term
has evolved. In these tapes, inversion
describes the reactivation of extensio-
nal half-graben systems by subsegquent
compression (positive inversion) and
the reactivation of compressional struc-
tures by subsequent extension (nega-
tive inversion). The tape focusses only
on examples of positive inversion be-
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cause of ils application to petroleum
exploration, particularly in environ-
ments such as the North Sea basin. The
section explaining the methodology of
the modelling, however, is not as de-
tailed as in Tape 1.

In Tape 2, the modeils consist of pre-
rift basins which are extended as in
Tape 1, filled with syn-rift sediments,
buried by post-rift sediments, then com-
pressed. The first model represents ex-
tension as shown in Model 1, Tape 1,
which is then compressed. Particularly
interesting is that compression does not
always reaclivate the faults developed
during extension. In addition, in this
model and in the others, the faults do
not necessarily assume shapes or an-
gles that most interpreters of seismic
sections would normally assume could
occur. Model 2 is similar to Model 1, but
involves a planar fault. Model 3 involves
extending then compressing a series of
domino fault blocks. Model 4 involves a
listric fault with a ramp flat, similar to
Model 3, except that mica is added to
some sand layers in order to enhance
shearing. The last model is probably the
most interesting, as it involves the de-
velopment of thrusts, nappe-like folds,
and back thrusts. It is unfortunate that
the series does not go one step further,
and examine thrust systems and nega-
tive inversion in greater delail, as these
latter systems would be of great rele-
vance to Precambrian terranes and in-
lerpretation of seismic sections in
shields.

Although the two tapes can be used
separately, they are better viewed as a
package, parlicularly as many of the
models used in Tape 2 represent com-
pression of models developed in Tape 1,
and because the details of the modell-
ing experiments are only explained on
Tape 1. Tape 1 can be used in conjunc-
tion with two articles by Ken McClay
which outline the resulls of the models
{McClay and Ellis, 1987; Ellis and Mc-
Clay. 1988). Tape 2 can be used in con-
junction with two articles on inversion
tectonics, one by Bally (1983} showing
seismic expressions of various sltruc-
tures, the other by Cooper and Williams
{1989). These tapes could also be used
in conjunction with another video pack-
age dealing with the sedimentotogical
evolution of the East Greenland Rift
{reviewed in Geoscience Canada, v. 19,
p. 182-183), particularly if the videos
were being used in tectonics or sedi-
mentology classes.

Although there are always problems

involved in adapting the results of geo-
logical modelling to the explanation of
full-scale, more complex geologic phe-
nomena, the tapes illustrate the
strengths and weakness of such ap-
proaches, and encourage the viewer to
think about the structures involved and
how they develop. They are a valuable
aid in assisting students to visualize
regional tectonics and structure.

Although these tapes were designed
to give petroleum explorationists a bet-
ter understanding of structural geology
processes in order to assist in seismic
sectioninterpretation, they can be used
by a much broader audience. They
could be used in any undergraduate
level structural course to illustrate how
fault systems develop, and how slight
changes in the initial conditions can
cause significant changes in the final
geologic system. They are obviously of
great use to those involved in seismic
interpretation, particularly Canadian
geoscientists involved in interpreting
LiTHoPROBE seismic lines. Sedimen-
tologists studying rift basins would also
find the series of considerable interest,
especially Tape 2 where inversion pro-
cesses result in tectonically forming a
seclion that seismically resembles an
aggradation-progradation sedimentary
section.

With such a broad potential au-
dience, it is unfortunate that the pro-
ducers could not have teamed up with a
group like the American Association of
Petroleum Geologists so that these
tapes could have been distributed at a
lower price. Even US $275 for the two
tapes would have been better than the
current price of US $590 with shipping.
As a result of this high cost, many who
could benefit from viewing these tapes
will never have the opportunity lo do s0.
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