
BOOK REVIEWS

American Mineralogist, Volume 84, pages 1209–1211, 1999

12090003-004X/99/0708–1209$05.00

BORON: MINERALOGY, PETROLOGY AND GEOCHEM-
ISTRY. Edited by E.S. Grew and L.M. Anovitz, Mineral-
ogical Society of America Reviews in Mineralogy, Vol. 33,
862 p.

This very large overview of the role of boron in mineralogy,
petrology and geochemistry divides itself with minimal over-
lap and clutter into three parts: crystal chemistry—including
thermochemical, experimental, and geochemical chapters; min-
eralogy—including descriptive and associative chapters; and
analytical methods—including technique assessment chapters.

The chapters are reviewed here in these groups although
this does lead, in some cases, to an apparent diminution of at-
tention paid to individual chapters. For any such apparent lack,
we apologize and simply state that no specific subject was in-
tentionally slighted. Space and our competence were the de-
ciding factors for the extent of coverage.

The breadth of the material covered in this volume is enor-
mous and of great interest to the petrologist and geochemist as
well as the mineralogist. A vast amount of data is presented in
impressive fashion, and this book should serve as a major ref-
erence for quite some time. More editorial attention could have
been paid to reducing redundancy among chapters but the im-
portance of presenting current data has been well served.

Crystal Chemistry (Chapters 2, 3, 4, 5, 8, 12, 13, 14)
The chapters dealing with the crystal chemistry the thermo-

chemical properties, and the experimental and comparative
geochemistry of boron minerals reflect the lack of cohesion in the
study of boron in general. The introduction of fundamental build-
ing blocks (FBB) into the discussion of crystal chemistry is an
elegant expression of a unifying concept for expanding the study
of boron minerals. Although these non-stereochemists readers
found the abbreviations and terminology somewhat daunting, we
were primed for the continuation of this theme into the chapters
on properties and descriptions that followed. However, as the
material soon showed, there was little agreement among the suc-
ceeding authors, except to repeat the complexity of the subject
and the fact that trigonal and tetrahedral coordinations were pos-
sible for boron. Not that the work on the thermochemical proper-
ties and behavior was at all of poor quality; it was not. It did lack
the consistent theme, however, that could have rolled the entire
discussion into a more inviting whole, and seemed to emphasize
the differences of opinion among authors perhaps more than is
warranted. One point of agreement among all authors was the
importance of obtaining more and better thermodynamic data for
the various mineral species (or their FBBs). All made a strong
case for the importance of boron (with its generally incompatible
nature in rock-forming processes) as an indicator species for petro-
genetic processes. The compilation of thermochemical data for
boron minerals, although still incomplete, is a great addition to
the literature. It did, though, lead us to wish that more use had
been made of this material in the later, more descriptive, chapters.

Mineralogy (Chapters 6, 7, 9, 10, 11)
To some extent, these chapters offer a reprise of the work

reviewed in the previous paragraphs but with more recourse to
existing mineral systems. The majority of this section deals
with boron in metamorphic rock minerals (two chapters) and
hydrothermal tourmaline associations. The chapter on meta-
morphic boron minerals exclusive of tourmaline is a long, de-
tailed (if occasionally inconsistently formatted) compendium
of descriptions, compositions, structures, associations, and con-
ditions of formation for the borosilicates. Probably the main
criticism of this chapter is that, because of the diversity of
sources, it is not always easy to compare parageneses or phase
assemblages from mineral family to family. The essential data
are generally available in the chapter, however, and Grew’s treat-
ment will spur the recognition of and attention to a number of
previously overlooked boron-bearing phases in metamorphic
terranes. In his section on the origins of the borosilicates, Grew
summarizes the important factors bearing on borosilicate sta-
bility and generalizes that, “…while tourmaline is more often
found as an accessory constituent widely dispersed in common
metamorphic rock types, other borosilicates are more commonly
found in highly localized concentrations in unusual rock types.
…further evidence that special physico-chemical conditions are
prerequisites for the formation of borosilicates exclusive of tour-
maline.” The collection of origins suggested for various occur-
rences emphasizes the diversity of conditions that may prevail
but does little to suggest coherent principles that lead from one
boron-bearing mineral family to another.

The chapter dealing with metamorphic tourmaline offers a
discussion of tourmaline crystallography, crystal chemistry,
species, and solid solutions that is well worthwhile for the be-
ginning tourmaline student, giving a coherent look at the web
of names, compositions, substitutions, and geometries that
abound with respect to this mineral. A small quibble is the vi-
sual omission of some Z- and Y-site species in the c-normal
projection. The potential for boron deficiency in the mineral is
summarily dismissed by the authors on the basis of spectro-
scopic and structural refinement studies, but we are familiar
with several studies that cast doubt on such an arbitrary dis-
missal. The polar properties of tourmaline are well known as
curiosities. Henry and Dutrow advocate the further examina-
tion of such properties for use in mineralogical and petrologi-
cal studies. This section is an excellent basis for such examina-
tion and an eloquent appeal for more detailed work. In particu-
lar, the potential for developing intracrystalline partition coef-
ficients that might be useful in low-temperature geothermometry
for some diagenetic to low-grade metamorphic environments
is exciting. Compositional variation in metamorphic tourma-
line has received only sporadic attention since the publication
of Henry and Guidotti’s seminal paper (1985). This work is
reviewed here and additional contributions from several authors
incorporated into a comprehensive discussion of such varia-
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tion for different protoliths and different metamorphic envi-
ronments. The authors use exchange-vector terminology to
clarify their discussion but are not always consistent in the for-
mat of the terminology. Nonetheless, this is an excellent addi-
tion to the research on metamorphic petrology and the role of
tourmaline in deciphering petrologic complexities.

The section of this chapter on tourmaline as a reservoir and
monitor of boron in rock systems reflects the conflicting inter-
pretations and theories about the origins of tourmalines in dis-
parate rock systems. A vast amount of work needs to be done
on distribution of tourmaline, boron-mineral compositional
types, boron isotopes, etc., among different petrogenetic envi-
ronments. This section is a good window on the potential of
such research. Detrital tourmaline has had a checkered career
as a provenance indicator (as evidenced by the author’s remarks
concerning some early provenance studies) and yet still holds
much promise in that position. The author’s diagram (repro-
duced in this section from Henry and Dutrow, 1992) illustrates
both the utility and uncertainty of tourmaline composition as
such an indicator. One of us (J.T.O.) has used a combination of
Henry and Guidotti’s (1985) classification and a multivariate
statistical approach to obtain consistent natural groupings of
detrital tourmalines (unpublished data).

Slack’s extensive discussion of hydrothermal ore deposits of
many types associated with tourmaline outlines the diverse rela-
tionships that the mineral may have with ore deposition. This
discussion is largely descriptive for many types of deposits but
for two, veins in metamorphic rocks and stratabound deposits,
the author essays to provide a unifying framework for relating
the tourmaline to the ore mineralization. Many of these deposits
show such diverse and apparently conflicting evidence for the
relation of tourmaline and ore formation that the main result of
the author’s discussion is to broaden the world of possibilities, a
conclusion reiterated by the author in his summary. In a separate
section on tourmalinites Slack presents abundant evidence and
reasoning to show that the formation of these exotic rocks may
be due to several related syngenetic processes, or to metasomatic
processes associated with granitic intrusion or regional meta-
morphism. A section on tourmaline chemistry is presented with
respect to different types of ore deposits and the author demon-
strates a tendency for tourmaline compositional projections to
cluster into groups representative of the associated ore deposit.
We would have liked a multivariate analysis of these composi-
tional parameters to remove the closed system bias and lack of
discrimination inherent in a two-dimensional system. The brief
section on isotope work in tourmalines again emphasizes the
manifold nature of tourmaline formation but offers several po-
tentially rewarding avenues of applying tourmaline isotope studies
to more general geologic problems.

The premise of the chapter Boron in Granitic Rocks and their
Contact Aureoles is that tourmaline, as a detrital mineral in sedi-
mentary (or metamorphic) protoliths, provides the source and
the buffer for boron retention in boron-enriched granitic rocks
formed by anatexis. The authors make a complex case for the
development of relatively B-rich magmas (2–10% B2O3) from
the complete or partial melting of low-(Fe + Mg) tourmaline-
bearing pelitic rocks, disagreeing with other investigators who
peg the upper limits for B2O3 in magmas at about 1%. They point
out many possible mineralogic expressions of crystallization of
such magmas depending upon temperature and extensive vari-
ables in the magma-wall rock system. The possibilities are well

explained and backed up with examples. A short but interesting
section of the chapter is devoted to a discussion of the develop-
ment of metasomatic wall-rock reactions around B-rich mag-
mas. The authors conclude that the development of tourmaline
in metasomatic haloes around plutons is an almost singular indi-
cator of the boron content of the intrusion. This is an important
part of the investigation of magmatic crystallization and sug-
gests a need for further development of the analysis put forward
here and the collection and incorporation of detailed thermody-
namic data into this study, as well as into the metamorphic and
hydrothermal studies of the preceding chapters.

The brief chapter on the phase chemistry of borate deposits
presents a very clear explanation of the geology and geochem-
istry of borates and relates the compositions and variables quite
succinctly to natural processes. However, we would have liked
a more complete thermodynamic analysis of trace element as-
sociations with borates; the relation of borates to other evapor-
ite mineral suites; metamorphic variations in borate suites; and
expansion of the activity diagrams.

Analytical methods (Chapters 15, 16, 17, 18, 19)
With the current-day burgeoning of EMPA analysis in ex-

amination of light-element-bearing geologic materials, McGee
and Anovitz’s survey of advances and problems in such analy-
ses of boron minerals is a significant and needed contribution
to the research literature. The authors’ comments on instrumen-
tal and analytical developments dwell primarily on the proper-
ties of layered synthetic micro structure crystals (LSM), the
development that, more than any other, has allowed EMPA to
become a primary tool in light-element analysis. They point
out the peak-shape(?)/peak-shift(?) problems that complicate
the analyses of uvite or danburite when the other mineral is
used as a standard and suggest that peak areal measurements
might be an appropriate solution although such measurements
involve significant extra calculations. The separate discussion
of standards and sample preparation promotes the use of tour-
malines as primary and secondary standards for the analysis of
tourmalines. The discussion of specific boron analysis prob-
lems in kornerupine, vesuvianite, and tourmaline gives the
reader a very specific look at obstacles and methods of over-
coming them. McGee and Anovitz’s make a strong case for
further development of a suite of mineralogic standards and a
complete list of criteria for accurate EMPA boron analysis. A
significant omission in this chapter is a lack of discussion of
the orientation effect in EMPA boron analysis. This effect, which
may cause an error of as much as 10% of the amount present, is
arguably caused by polarization properties of the analyzed min-
eral and is an important consideration for both the unknown
and the boron standard.

The survey chapter on secondary ion mass spectrometry
(SIMS) of geological materials for boron gives the reader a
good overview of the mechanics of the analytic technique, the
pitfalls to be avoided, and some of the applications to which it
has been put. To the future-work section, we would add data
collection on partition coefficients and thermochemical mea-
surements called for in other chapters of this work and distri-
bution data for boron in coals and coal-fired byproducts of in-
terest to air-pollution researchers.

Robertson and Dyar provide a stimulating survey of the use
of different nuclear methods to determine the boron contents of
geologic materials. The PIGE spectrum provided in the article
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certainly does have narrow and generally isolated boron peaks,
although some potential interference with Na seems to appear
for one peak and the general boron intensity level is much less
than that for the other elements shown. Perhaps more disappoint-
ing, however, is the table of results (Table 2) offered to demon-
strate the applicability of nuclear methods. The averaged values
presented seem to be between 5% and 30% of the amount present,
a large error if one is trying to generate partition functions or
structural formulae for boron-bearing minerals. These values are
similar to or greater than the EMPA uncertainties even with un-
corrected orientation (polarization) effects.

The chapter devoted to parallel electron energy-loss spec-
troscopy (PEELS) of boron in minerals is an excellent intro-
duction to a seldom-used spectroscopic technique that appar-
ently holds great promise for the examination of boron in min-
erals. Along with an explanation of the technique that is ad-
vanced enough to pique the interest of an initiate but not so
detailed as to discourage it, the authors offer cogent examples
and enough general theory to excite the reader to utilize PEELS.
The information on coordination of boron in minerals poten-
tially obtainable with the PEELS (and other mentioned) tech-
niques helps satisfy the calculation of detailed thermochemi-

THIRD HUTTON SYMPOSIUM: THE ORIGIN OF GRAN-
ITES AND RELATED ROCKS. Edited by M. Brown, P.A.
Candela, D.L. Peck, W.E. Stephens, R.J. Walker, and E. Zen.
Geological Society of America Special Paper 315, 1996.
361 p. $78 (20% discount for Geological Society of America
members). Originally published as Transactions of the Royal
Society of Edinburgh, volume 87, parts 1 and 2.

The controversies surrounding granites never seem to die.
Two hundred years ago a debate raged over whether granites are
sedimentary or igneous. With James Hutton effectively putting
that one to rest, one hundred years ago the debate shifted to
whether granites are magmatic or metasomatic. Fifty years ago
geologists still argued about whether granites are magmatic or
metasomatic. As the millennium approaches we argue about top-
ics such as how granite magma makes space for itself in the crust,
whether isotopic ages can be trusted, and whether granites are
magmatic or metasomatic.

These topics flare to life regularly on the Internet’s “Granite
Channel” (to subscribe, send the message “subscribe granite-
research” to mailserv@ac.dal.ca). Every four years, granite sci-
entists gather at Hutton Symposia to debate in person. The first
Hutton Symposium was held in 1987 to celebrate the bicentenary
of Hutton’s work. The third in this series of quadrennial confer-
ences was held in 1995 at the University of Maryland. Third
Hutton Symposium: The Origin of Granites and Related Rocks
is a proceedings volume from that conference.

The book contains 33 papers covering a wide variety of top-
ics. At about 11 pages per paper, the offerings are concise and
readable. The volume is well-edited and well-produced. Pho-
tos and artwork are crisp and the text is typeset (not author-
produced). Typographical errors are rare.

A sampling of topics includes partial melting, stability of

cal properties called for in other chapters of this volume.
A true nuts-and-bolts review of the analytical complexities

of boron isotope analysis, the Instrumental Techniques for Bo-
ron Isotope Analysis chapter gives the reader a good quick look
at the practicalities and imperfections of such analyses. It is
left for the reader to refer back to Chapter 13 to realize what
the sample preparation, analytical accuracy, and technique limi-
tations mean to the application of boron isotope data to
geochemical problems. Cross-referencing between the three
major sections of this book is, in part, left to the reader but the
data are there and the effort is worth it.
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trace phases, melt segregation, emplacement, thermobarometry,
mafic-felsic interaction, and metallogeny. Several topical stud-
ies complement the theoretical and experimental approaches.
Significantly, only three papers have field photographs (aside
from a stunning color photograph of Yosemite National Park
on the cover of the GSA edition), although many have photo-
micrographs and SEM backscatter photos. This reflects the
heavily analytical approach of the volume. Readers looking for
field studies and for papers on the relationship of granitic
magmatism to tectonics should look elsewhere.

Several of the papers offer excellent summaries of important
topics. For example, J.L. Anderson gives a concise and unspar-
ing survey of thermobarometry in granitic systems. R.F. Weinberg
and N. Petford give separate summaries of magma ascent mecha-
nisms. F. Bea discusses the effects of trace phases on the trace-
element chemistry of granitic liquids, and E.B. Watson discusses
the fate of that ever-important mineral, zircon, during crustal
fusion. C.M. Johnson and coauthors discuss the applicability of
Lu-Hf and Re-Os isotopic systems to granitoids. Most of these
papers are restatements of earlier work by the authors, but it is
useful to have them updated and bound together.

Third Hutton Symposium: The Origin of Granites and Related
Rocks would make an excellent choice as a compendium of pa-
pers to accompany a graduate seminar in petrology. Many of the
papers attack controversial issues and would lead naturally into
discussion (but sadly, none of the papers addresses the question of
whether granites are magmatic or metasomatic). Although I can-
not state that the book belongs on the shelf of every petrologist,
I’m glad to have a copy on mine and refer to it regularly.
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