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gneisses) and treating in considerable
detall its chronological evolution. in the
four chapters which follow, outlines are
given of the structural provinces which
were affected by events during the early
Proterozoic, viz. the Nagssugtogidian,
Rinktan and Ketididian Mobile Belts.

The next chapter by Emeleus and
Upton presents an account of Gardar
age (1330-1150 m.y.) activity in South
Greenland, a period of ensialic
sedimentation, volcanism and alkaline
plutonism which was responsible for the
production of some of the worlds most
spectacular and yet enigmatic igneous
rocks, i.e., the llimaussaq intrusion.

Credible structural models for the
formation of orogenic belts, and in the
last few years, plate tectonic
explanations, have been severely
hampered by the lack of stratigraphic,
io-stratigraphic and structural detail on
alocal scale. Inthe three chapters which
follow, Precambrian to Tertiary
relationships in the East Greenland
Caledorian and North Greenland foid
belts are presented with abundant
regicnal and more specialised local
stratigraphic detail. As a result these
chapters document not only the
Precambrian history of the region but
also its tectonic and lithological
evolution during the formation of the
Palaeozoiwc Proto-Atlantic Ocean
{lapetus), its subsequent closure to form
the Caledonides and eventual
fragmentation in the Mesczoic to
generale the present Atlantic Ocean.
Pertinent 1o this latter event are
discussions of the East and West
Greenland Tertiary igneous provinces

The remaining chapters in the book
which are by nc means less important,
include a discussion of the Quaternary
geology of Greenland, a review of the
metallogenic potential and organic fossil
energy resources of Greenland. and an
outline of fossil flora and
palaeovertebrates. It concludes with an
account of recently discovered
kimberlites in Western Greenland.

The book 1s a scholarly and well edited
work It will certainly become cne of the
classics of regional geology and is a real
bargain at approximately $35 00

MS received May 5, 1977
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Reviewed by P.M. Chfford
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This volume is an interesting
assemblage of papers about volcanoes
i Australasia. Most ot us have scant
idexa about the range and continuity of
activity there, and few of us have
actually watched a voicano at work, This
book enhghtens us on both matters

The 28 constituent papers are
arranged as a "tour” clockwise from
Austraha via Papua-New Guinea (o New
Zealand. Six papers have a
geochemical bias Three of these deal
wilhisland arc situations. one with
activity on a continental plate All arcas
show a wide compaositional range for
their volcanic rocks and none leadto a
salisfying pelregenetic model Four
papers cover odds and ends - an early
Cambrian flood basall province in
northern Australia. long fltows in
Queensland. a model for ore deposits
associated with andesitic strato-
voleanoes, and a discussion of volcanic
emanations in the Selomon Islands
which supports the idea of exhalative
ore depasition.

The bulk ot the book. however 15
concermed with physical studies bight
dealwith observed cruption patterns,
tour imore discuss activity of volcanoes
recontly deceased. and four have o do
with geophysical means of keeping a
wary eye on polentially dangerous
volcanoes

Given the many achive volcanoes in
Australasia, and ther tendency to
violence, this emphasis 1s not surpnsing.
Precise levelling, infra-red scanning.
magnebc and thermal surveys and
setsmic menitoring are all yielding
interesting and eventually usetulresults
But assessiment of hazard based upon
cruptive history and style is still the most
common approach, and s this thal
may be served by the volcanic hustones,
with their descriptions of repose patterns,
and the style and products of individual
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eruphions These histones. oo, are a
valuahle antidole (6 the disease of layer-
cako thinking which can citen afflict
interpretations of ancient volcanic
assemblages. These island-arc
volcanoes are erralic in output, rarely
provicing an identifiable unit which s
distnibuted all about the vent. Whon they
come close 10 doing this {a pyroclastic
eruption perhaps) but are not badly
darmaged by lectomic actvity. there 1g
the chance, as at Witon volcano on New
Brtain, 1o examine unaltered tephra and
to see ust how geod correlation ot units
may be based upon such things as
textural vanations Such studies link the
currently alive to the long-since dead.

G A M Taylor. in whose memory
these papers are pubhished, would,
| suspect. have been pleased to see
these accounts of ihe growth ot work he
hagan at Rabaul in 1950. For readers far
remaoved from the area. the papers
have interesting points to make, and are
worlh reading But there is not really
enough of general apphcation to make it
worth buying. except by the most avid
volcanologists.

MSreceved May 18,1977
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This small and compact book hlls neatly
a sencus gap that has developed
between theoretical-experimental
petrologists and more held-onented
chermical petroloqists Thermodynarmic
theory and calculation has been
assuiming an ever-increasing rele nthe
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interpretation of metamaorphic rocks and
it has been clear for some tme that &
hook was needed 1o enable the
intorested reader. with a background of
some past exposure to physical
chemistry and elementary calculus, 10
make use of these techniques. Edgar
Froese's book can be recommended 1o
accomplish this task. [twould be
possible to understand the book cven
without having once taken a course in
physical chemistry, but one would not
develop an overall understanding of the
subject by this route.

Tre style of wniting 1s. for the imost part.
clear and unambiguous. and easy o
lollow. and while Froese 1s carefulto
stale matters rigorously thera s little sign
of rigor concealing the meaning of the
sentences. | found only three minor
typographical errors and the quality of
printng and reproguction ot figures 1s
uniformly excellent In many ways, the
heart of the presentation les n the
profusion of igures, with 33 figures in 37
pages Each higure serves to illustrate
graphically one or more of the important
cquations around which the calculaticns
are huilt, with the result that the reader
need never feel lost in a maze of
equations There is always anllustration
that shows graphically the meaning of
each eguation

In addition to the exiensive use of
higures Froese has used dotailed
numenc examples to ilustrate the
apphcation of the equations 1o problerns
of metamorphic petrolegy, some of
which have been published elsewhere,
and some of which are given for the first
nene n this paper The examples are
well-chosen so as to llustrate a vanety
of pnnciples. ranging from simple
calculation of unvanant equilibrium,
through ideal solution models appled to
ther displacement of equihbria, to
consideration ot non-ideal sohd
solutions and partial melting. This s an
ambitious array of subjects for soshorta
hook and it 1s inevitable that some parts
of the subject of thermodynamics and
some goad examples have been
ormitted. However. there s at least one
exampie of most kinds of equibbrium
caleulation and the reader who works
his way through all of them will become
sufficiently adept with the subject to
progress the rest of the way on his own,

Attention should be drawn to some of
ther aspects this reviewer found most
rowarding Particularly good treatment 1s

atforded to therrmodynamic tempaorature
scales. o the minimization of free energy
at cquiibnum, 1o the derivation and use
of the equilibrnium constant, and 1o the
problems of standard states Excellent
llustratiens will help the reader
understand the ditferent standard and
reference states and the meanngs of
the different terms needed in finding the
free energy of water at ditferent
pressures and temperatures. Clear but
rather compact treatment s given to
equilibna between suphides and silicates,
and all chemical petrologists should
become aware. via this approach. of the
nnportance of ‘opaques’ N the under-
standing of metamorphic mineralogy

It 1s always possible 1o find something
to criticize n & short presentation ot a
targe subject. particularly when similar
problams can be treated by a vanety of
approaches even though the numerical
results must tinally all agree. For
exarmple, there s no derivation nor use
macde of the Gibbs phase rule, and no
altenton given 10 Schreinemakers’
rules, presumably because these are a
necessary though unstated
consequence of the fundamaental
equations thal are used Similar
reasoning must have excluded the
representaton of equiibnan CO -H O
muxtures by means of diagrams plotting
gas compositlon against termperature
1 T-x dhagrams) The treatment of deal
sile-imixng and the Temkin model of
ideal sile-substitution is rather short and
essenhally phenomenclogical. with no
reforonae to the probabibstic nature of
the entropy of ideal sclution. This s not
really a cnticism but a reflechion of
dilferent taste in development.

In summary this s a good book. and at
the price of $3 00 an outstanding
bargam | recomimend it to students of
petrology at all levels, particularly
undergraduates in their final year and
agraduate students in their first year
Readers who have been away from
acadenve subjects for some years
should also be able 1o read the book and
use the rosults, although they need
nccasional reference to one of the
standard texts of physical chemistry
cded i the bibhography

MS rocoived february 28,1977

Ice Ages:
Ancient and Modern
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Reviewed by Aleksis Dreimanis
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This volurme containing 15 papers and
two bnef tributes to Leenard J. Wills on
his 90th tirthday and F redernick W.
Shotton on hus retirement after 24 years
as Head of the Department ot Geology.
University of Birtmingham. 1s an
outgrowth of the 2151 Inter-University
Congress organized by the students ot
the Lapworth Society at Birmingham,
U K inJanuary. 1974, |t deals with two
groups of topics the: Quaternary and the
pre-Quaternary glaciations - bath of
considerable interest to the Canadian
carth scientists

The first paper s F W Shotien's

Introduction to the Quaternary ',

discussing various ines of evidence that
have been used to deduce and date the
Quaternary chimatic cycles. but also
warning that not all of them are
applicable to the earlier 'lce Ages’.
G. 5 Boulion discusses processes and
patierns of subglacial erogion.
deformation and sedunentation by
applying theoretical approach based
upon direct ohservations at the present-
day glaciers andthe theornes developed
mainly by physicists, glaciologsts and
engneers Inconclusion e cautions,
however, that tus “predictions cannot be
readily tosted”. as “thereis as yet no
consensus about the patterns of erosion
and deposition produced by ancientice
sheels " E A Francis presents a review
on glacial sedwunentary deposits. their
defimtions and nomenclatures. He also
proposes recommendations Tinan
attempt to sunphty classification and to
relate deposits 10 genesis and
environment”. While achieving this goal
successfully re several terms, Francis
unfortunately does not assist n solving
the already existing confusion on the
nternational usage in one of the basic
terms - morainc . by suggesting “that



