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Chemical Geologyy An' Amnotated 'Bibliography is one part of the-
Professional Déyqlqgment Pénelis three-part Geochemistry Sequence. '
Coordinated with this bibliography is the Special Issue of the Journal
of Geological Education, Vol. XX, No. §~(CEGS Programs Publication
Number 10), composed of papers presented at the CEGS-sponsored Symposium

. on Low-Temperature Geochemistry held at the annual meetings of the

*

Geological Society of America and Associated Societies on 11 Nevember
1970 in Milwaukee. )

+ The association of this bibliography yith the symposium and related
symposium volume explains somewhat the skewed distribution of citations
toward solution geochemistry am¥ away from element distribution and the
contribution of isotope geochemistry to geochronology.

0.T. Hayward, when he was Director, provided the first impetus in
CEGS toward a geochemistry bibliography and began collecting critical
references. David Delo and Peter Fenner later reactivated the work,
and Fenner, wjth help from the Professional Development Panel, succeeded
in arranging the full sequence. . ) v

On behalf of TEGS and the profession I want to thank Gale Billings
for this stimulating and educational contribution to chemical geology.
He is to be especially commended for his patience and fortitude. CEGS
accepts total responsibility for the delgy in publication.

. : George R. Rapp, Jr.
Chairman, CEGS -

S
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.




ot - PREFACE .
This annotated bibliography is.intended to aid geologists whose primary background is not in geochemis;Fy.
' The references thus range from chemistry texts to papers on complex geochemical applications. The emphasis
Aﬁas been on those books and papers that are concerned with the application of chemical concepts to -geology.
This has led to a number of arbitrary, but carefully considered, omissions, such as the wealth of geochemical
knowledge on the distribution of elements within the earth. The obvious.reason for selection is the size of
an all-inclusive bibliography. - .

The references include a brief annotation, and art estimate of the mathematical and chemical background
Necessary for comprehension. When an author's abstract appeared to be succinctly written a large part of it
was, often included in the annotation without specific acknowledgment. References are generally cited only
if they are'readily accessible.

The manuscript was reviewed by Donald R. Baker, Robert G. Reeves, and G.J. Schrayer. This was not
an easy task and I gratefully acknowledge their help. Bevan Devine, a former stident of mine, contributed
greatly. The Department of Geology, Louisiana State University, and Department of Geosciences New Mexico
Institute of Mining and Technology ¥ontributed valuable secretarial help.

Finally, it is a pleasure to acknowledge those geochemists who took the time to contribute to this
bibliography: D.L. Biggs; B.J. Burley; R.G. Corbett; W.E. Dean, Jr.; P. Deines; G. Faure; G.G. -Goles;

R.L. Gresens; J. Houp; P.M. Hurley; F.E. Ingerson; W.F. Libby; M.E. Lipschutz; "E.J. Manter; C.B. Moore;
G.W. Putnam; D.D. Rugnells; C.J, Schneer; F.R. Siegel; T. Takahashi; K.K. Turekian; H.V. Warren; and
D.H. Watkinson. . .
The errors remaining are mine.

. Gale K. Billings L.
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The annotated citations_ in tﬁis,hibliography ave arkanééd topically to provide a“qui¢k guide to the
importaht Tliterature on these topics in chemical geojogy. Within eath section the oitations are arranged
alphabetically. oo e T - L

Where a paper selected for inclusion fitsawe]l in:.two or.more sections an arbitrary assignment has .
been made to one in order to avoid unnecessary dupldcatidn. : s ' ‘ .
T,h15'?bliography was compiled as part of.the Council®on Education in the Geglogical Sciences Geo-

e

chemistry Sequence whith fooused on low-tefiperdture and solytion geochemistry. This focus 4s well as’
time and space restrictions hgye dictated .the hecessary bias in selections. °* .
£ < . . ' ' < '
- . A
[

. . " © CRYSTAL CHEMISTRY : :
* N .t tr . . . ' . PN

Ahrens, L.H. 1952. The‘use of ionization potentials. Part 1. Ionic radii of the.elements. Geochimica

et Cosmochimica Acta, 2 (3): 155-169. ‘ . v . *

" This discussion has thrée main objectives: first, to show regularities between ionic radius,
ionization potential, and ¢harge, and by so doing to stiow that for jons in normal isoelectronic- sequences,
Pauling-type radii ‘are, to be recommended over thos based entirely on‘interionic distance measurements;
second, to use thé ionization potential to determine some unknown radii; and third, to review and revise
all published radii of ions dther than thése in Tiormal isoelectronic sequences. Suitable for graduates
and advanced undergraduates. Background necessary: basic college chemistry,

hd 3
) . R
- .

Ahrens, L.H. 1953. The use of ionizationtpotentials. Part 2. Anjon affinity and geochemistry. -
oud Géochim;icq ef Cosmochimica Acta, 3 (19: 1-29. e . e

. The"ﬁature of bonds and their mechsnism of formation are briefly discussed. It 36 rézommended that

the so-called ionic approach be used for interpreting properties of metal-nonmetal compounds no matter
whether the bonds are dominantly covalent or dominantly ionic. Anfon afifinity is deFined and ionization
potential used as a relative measure of it. Topics discussed . nclude: the separation-of elements into
sulfide and silicate phases; geochemical coherence; behavior of ‘eleménts in fractionated silicate minerals;
melting points of olivine and of Ge and Ga substituted feldspars; anion affinjty and structure; and the
ability of elements'to form complexes. Attempts at interpretation are made on the bases of valence, size,
and anfon affinity of ‘cations and the polarizability of the anions. Suitable for 'graduates and advaided
undergraduates. Backgreund necessary:’col1ege chemistry and mineralogy. -~ . :

Ahrens, L.H. 1964. The significance of thefchemiéal bond for controlling tﬁe ochemical distribution
of the elements - Part I. In L.H. Ahrens, Frank Press, and S.K. Runcorn ?Editors). Physice and
chemiatry of the earth, y.'5. The Macmillan Company, New York: 1-54. «

A great variety of bond types are encountered in the minerals, rocks® sofls, and waters of the earth.
Several major topics on the geochemical significance of the nature of the chemical bond in all these
materials, and in a variety of geachemical situations, are considered in this two-part review. -The topics
covered in Part I are: (1) chemical inertness and siderophile tendenty; (2) chalcophile-1ithophile tend-

‘encies; and {3) the significance'of varying degrees of covalency on element association in silicates.

Suitable for graduates and advanced undergraduates. Background necessary: introductory college chemistry.

\ s

. <
Allen, C.W. 1955. Astrophysical quantities (Second Edition). The Athlone Press, London [Unjversity of~
London}: 263 p. : ) . =
: ' Al . . ) » ’
This book contains excellent reliable tables of important astronomical_and physical data in a very
handy form. . ' |

FS .

-
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Clark, $.P., Jr. (editor). 1966.

Geotogical Society of America, New Yérk, .
*Memoir 97: 587 p. ; Y

Handbook of physical constants.
, ‘ .

t -~ .

’ Y

» This is a fine, authoritative compilation of data on rock composition, elementary abuhdgnces, isotopic
abundances, crystallography, radioactive dgpay constants, and other important matters. )

Companion, A.L. 1964. Chemical bonding., McGraw-Hill Book Company, New. York: 155,p. \ .
This book is a c1e§r1y written paperback introducing the subject o% c%emica]cbonding; it cod]d easily

be used as a reference in mineralogy or geochemistry. The author considers quarntum theory; the Bohr atem

theory; wave mechanics; covalent, ionic, metallic, and van der Waals bonding;, and crystal-field theory.

L »

w7
.

Condon, E.U., and Hugh*(dishaw. 1967.
* New ;Yor'k: 1313 p. ¢

o
S

. .

Handbook of physice_(Second Edition), McGraw-Hill Book Company,

4 xS H

vy . - " .
Curtis, C.D. 1964. Applications of the crystdl-field theory to the inclusion of .trace.tramsition elements
, ip minerals during magmatic differentiation. Geochimica et Cosmochimica Acta, 28 {(3): 389:403.

“"The modification, due to Ringwood, of. Goldschmidt's rules dealing with the distribution of trace 4
elements in minerals is difficult to apply to the transition elements." A new approach, that of crystal-
field theory, predicts semiquantitatively the relative order in which all "the transition elements will be

. concentrated during magmatic differentiation. Data from the Skaergaard Intrusion support the application.
Suitable for graduates and advanced undergraduates. Background necessary: physical-atomic chemistry.

\

\

o

.

Donnay, J.D.H., and David Harker. 1937. A new law of crystal morphology extending the law of Bravais.
* American Mineralogist, 22 (5): 446-467. o .
This famous paper extends the Bravais rule of the relationship betweeh the shape and lattices of
crystals. The authors show that the order of morphological importance of the faces of a crystal is
related to the areal density of space group equipoints. Background negessary: elementary mineralogy.

4

Evans, R.C. 1964. 4An introduction to crystél chemistry., Cambridge University Press, London: 410 p.

This book deals with the crystal chemistry of.the various classes of minerals. With its clear
presentation;s it is recommended as a graduate and undergraduate text in courses. concerning crystal
structures of the various mineral types. Background necessary: basic college chemistry and physics.

Fyfe, W.S. 1964. Geochemistry.of solids. An introduction. McGraw-Hi1l Book Company, New York: 199 p.
. This book deals with the solid state crystal chemistry of the various bond types occurring in
minerals, It is an undergraduate or graduaté-level text, and is clear and easily readable. Background
necessary: basic college chemistry and physics along with possibly 1 or 2 inorganic chemistry courses.

Goldsmith, J.R. 1953. A “simplexity principle! and its relation to "ease" of;Lrystallization. Journal
of Geology, 61 (5): 439-451. t ¢

"Crystallization is viewed as a kinetic process,
details®of the structures involved.
In general, high 'simplexity’

The word ‘simplexity'
is synonymous with disorder, or structural simplicity, or high entropy.

the re]atiyé ‘ease'. of which is influenced by
js used as a measure of Structural complexity.

ucleation-and growth of .phases with high simplexity are favored, in many cases,

over more stable compounds

of lower 'simplexity.' The alum
pressure and of hydroxyl bonding on the crystallization of

zation of dolomite in nature is also considered.” Suitable for graduates and advance

Background necessary: basic chemistry and mineralogy.

Y
Hauth, W.E., Jr. 1951. Crystal ghemistry in ceramics.
§;:?ugh June, 1951. (in 8 parts).
T

s publication presents a discussion of fundamental
structure of silicate minerals.
ordination theory and crystal bond
meta silicates and amphiboles; she

Subtitles .in the series include:

inosilicate minerals are examined from this point of view.

aluminosilicates are discussed.

crystal

4

Ay

The effects of

The crystalli-

d undergraduates.

0 f

Bulletin of the American Ceramic Society, January
§ N

~

lographic principles as applied to the
jntroduction to crystal chemistry; co-
s; Pauling's rules and basic silicate structures; the ortho, pyro, aqp
e¥ structure minerals and the feldspars; the clays-and micas; poly-

>
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morphism; and the crystal chemistry Bf ss. Suitable for intermediate undergraduate courses. Good
illustrations. Background necessary: basic chemistry. , ; .

) J

X ) . )
Holden, Alan, and Phylis Singer. 1960. C(rystals and crystal growing. Anchor Books, Doubleday and K
Company, Inc., Garden City, New York: 320 p. ‘ ¢

> Tv 5

- ‘ ) . ‘ Y
A beginning college-level book on the physics and chemistry of crystals with the dominant theme of
- methods for growing single crystals. It is very readable and well illustrated. ' .

Ke]Ie;, W.D. 1969. Chemistry in introductory geology. Lucas Brothers Publishers, Columbia, Missoufi:

08 p. * . . . '

] This book offers a simplified but néevertheless sound approach to the concepts of chemistry used most
commonly in introductory courses. Concepts are illustrated with practical geologic examples, Background

necessary: no previous course in chemistry. . . :
. . .

'

Landé, Alfred. 1949. The physicalhsignificance of the reciprocal lattice of crystals. American Seientist,
37 (;): 414-416. . N

] In this three-page examiﬁgg?ﬁn of the basic concept of crystal structure, Landé deﬁonstrate% that the
reciprocal Tattice is neither slore nor less real than the direct structure. This short paper is desirable
for crystal Fﬁenistry courses. Backgraund necessary: any course introducing the reciprocal lattice.

\
.

.. McConnell, Duncan. 1967. Crystal chemicat galculations. Geochimica et Cosmochimica Acta, 31 (9): 1479-1457.

In this article, methods are indicated for calculating: (1) ‘the structure formula for complex minerals;
(2) the number of oxygen atoms in the unit cell; (3) the unit-cell dimension of an isometric isotype in a
series where the dimensions of severa) other compositions are known; and (4) the unit-cell volume of an
isotype of a non-isometric substance from the volume of a single known structure.. Any physical characteristic
that will lead te a calculation of the density can be used as a basis for calculating other non-vectorial
properties, such as the refractive'index of an isotropic substance or the mean refractive index for an
anisotropic one. The interrelations among chemical and physical properties are discussed briefly. Suitable
for graduates and advanced undergraduates. Background necessary: basic college chemigtry and basic crystal
chemistry. . ) *

Nockolds, $.R. 1966. The behaviour of some elements during fractéonal crystallization of magma. Geochimica
et Cosmochimjca Acta, 30 (3): 267-278. -
Jo
An attempt is made to estimate bonding energies for metal-oxygen bonds, and to use the results to
account for the behavior of elements during fractional crystallization of magma. Suitabfe for graduates
and advanced undergraduates. Background necessary: physical chemistry. . ‘
- - . - A

- \

Pauling, L.C. 1967. 'The nature of the chemical bond. Cornell University Press, Ithaca, New York: 267 p. .
<

'This shoyt paperback serves as an excellent reference to structural chemiétry; it would be useful as
a supplement®ry text in mineralogy and geochemistry. " Background necessary: basic college chemistry.
; , " N \ .
Ramberg, Hans. 1952. Chemical bonds and distribution of cations in silicates. Journal of Geology,

60 (4): 331-355. .

"It is shown on theoretical grounds that the electronegativity of oxygen in silicates depends upgn-

. the Si-0 structure as well as upon the A1/Si ratio in (Si/A})04 tetrahedra." How the different metaliig
cations distribute themselves among the different types of silicates, depending on the variable electro+ .,
negativity of oxygen in the structuges and on the position of the metals in the electronegativity scale
of elgments, is discussed. The rock-forming minerals are in good agreement with the theory. Suitable
for graduates and advanced and intermediate undergraduates. ®Background necessary: basic college chemistry,
and mineralogy. B . L | .

- ! v 3

-

Roy, Rustum. 1963. Crystal chemistry in- research on ionic solids, In Cyrus Klingsberg (editor). ,
Physice and chemistry of ceramics [Proteedings of a symposium at Pennsylvania State University].

Gordon- and_Breach Science Publishers, Inc., New York: 45-76. . 1,
; ‘ .
v
. 3 .
, 1i . .
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This is a rgvjew paper on the crystal chemical approach to research on ceramic méteria]s, many of
mineralogic significance: Like many review papers, it is not easily readable. Background necessary:
advanced‘inorganic chemistry and elementary mineralogy. . s

’

’
+

Sanderson, R.T. 16¢0. Chemical periodicity. Reinhold Publishing Corporaiion, Nelw Yonk: 330 p.

\\The first four thapters, covering 60 pages, are excellent supplementary reading for a course, in geo-
chemstry or crystal chemistry. Chapter I briefly describes the historical development of concepts of
~atomc structure, culminating in the quantdm numbers and the relationship between electronic structure of
atoms and chemica) periodicity. Chapter Il is devoted to chemical binding forces and development of the
author's own unique “"stability ratio" electronegativity. Chapter III applies the author's theory to N
a var1éty of topics, including bond polarity, bond length, and bond energy; hybrid bonding is also distussed.
Chapter IV treats coordination chemistry, including topics like complex ions, radius ratio ryles, chelation,
ligand field theory‘ These chapters are brief, but meaty, and highly readable. They are a good survey ‘of
1norganic chemistry®basic to crystal chemistry. The author's treatment provides an insight into the concept
of g]ectronegativity. "Background necessary: basic college chemistry. .

<

Weast, R.C- (editor). 1969. Hapdbook of chemistry and physics. Chemical Rubber Publishing Company,
Cleveland, Ohio. 2356 p. - . '

¢

Weyl, W.A.,.and E.C. Marboe, 1962. The constitution of glasses. A dynamic interpretation. Vol. I.

Fundamgntals of the structure of inorganie liquids 'and solids. Interscience Publishers [John Wiley

& Sons}, New York: 427 p.

The title 1s misleading. The first 200 pages are essentially a treatise on solid state chemistry and
inorganic chemistry from a crystal chemical point of view. Some of the topics included are properties of
cations and anions, ideal crystals, real crystals, structure of liquids, melting ‘of crystals, nucleation
and crystallization. The approach is non-mathematical, being based instead on the concepts of electronic
screening and the mutual polarization and deformation of, ions. Many of the examples deal with silicate
systems. This book is particularly suitable for-tpe person seeking a qualitative understanding of crystal
chemistry and the meghanisms of solid state processes. Background necessary: basic college chemistry;
physical chemistry helpful but not always necessary. '

\ . . ’ -

PHYSICAL CHEMISTRY

Ahmed, S.M. 1966. Studies of the dissociation of oxide surfaces at the 1iquid-solid interface.

Canadian Journal of Chemistry, 44 (2): 1663-1670. !

The dissociation of surface hydroxyl.groups on crystalline Si0p, Zn0y, and ThOp, in aqueous suspensions,
has béen studied as a function of pHs at different ionic strengths of KNO3. The work is primarily aimed )
at deriving information on the nature of “interactions at the interface from the double layer characteristics.
Suitable for graduates apd advanced undergraduates. Background necessary: physical chemistryqand

thermodynamics.

Ahrens, L.H. (editor). 1968. Origin and distribution of\the elements. Pergamon Press Ltd., Oxford: 1178 p.

Arising from the 1967 Paris symposium of the same title, this extraordinary book encompasses the whole
spectrum of geochemistry. Major topics treated include theories of origin of the elements, extraterrestrial
abundances (in three sections: solar, stellar, and interstellar; meteorites; planets and minor bodies in
the solar system) and terrestrial abundances. This book is excellent for advanced students interested in
almost any aspeéct of geochemistry and is highly recommended for all professional geochemists. Background
necessary: thorough knowledge of nuclear astrgphysics, cosmology, meteoritics; petrology or,rare-earth
chemistry would be useful. Quality of preseﬂggtion and logical development is uneven but generally high.

Anderson, G.M. 1964, The calculated fugacity of water to 1000°C and 10,000 bars. Geochimica et
Cosmochimica Acta, 28 (5): 713-715. .
Suitable for graduates and advanced underg;aduates. Background necessary: thermodynamics and

physical chemistry. ~ ¢ ) » )

~

e
Blount, C.W., and F.W. Dickson. 1969. The solubility of anhydrfte (CaSO4) in NaC1-Hp0 from 100 to 450°C
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and 1 to 1000 bars. Geochimica et Cosmochimica Acta, 33-(2)' 227-245. . .

. The reSponse of anhydrite solub111ty to changing cond1t1ons of temperature, pressure, “and NaCl concen-
tration is determined in the laboratory. The results are compared with previous work, This paper presents
. some insights into the processes reSponsible for the transport of the components of anhydr1te in natural

solutions and the deposition of anhydrite in nature. Suitable for advanced undergraduates and graduates
Background necessary: basic college chemistry. .
» ~ r . . * . -
Bowen, N.L.” 1956. The evolution of the igneous rocks. Dover Publications, Inc., New York: 332 p.
Portions of this book contain classic examples of the app11cat1on of basic thermodynamics to problems
of mineral equilibria, phase diagrams, etc. Some of the petro1ogy 1s a 11tt1e out- dated but the chemical *
_‘app11cat1ons are clear and valid. . . . >

~'
. ”~ . b -
‘

Brancazio, P.J. , and A.G.H. Cameron (editors). 1964. , The origin and evgéntion of atmospheres bmd _oceans.
John Miley and Sons, Inc., New York: 314 p. ’ g

Topics™ in this volume range from, the gas content of meteor1tes, aunhspheres of planets other than the.
earth, and processes by which volatiles escapé from the earth's interior, to the chem1ca1, physical, and
b1o1og1c reactions by which the atmosphere and oceans evolve. § valuable feature is the reprinting, as
. chapter 1, of W.W. Rubey's classic 1951 paper, "Geologic history of sea water." Juxtapgsition of chapters

written by scientists with very diverse backgrounds and interests, dealing with d1fferegt aspects of a

camon problem, makes the bgok of interest to' students of the ph11osophy and history of scientific thought

as well as to geochemists. ‘I can be read with profit by students with,various interests and levels of
preparation, agd because it is very clearly presented, with numerous wei1 considered diagrams and usefyl

. tables, this-bbok is well suited as the basis of a seminar for advanced undergraduates or first-year
graduate students. <Background necessary: basic college chemistry and physics {(with calculus); the chemistry
course should include an 1ntroductfbn to modern bhy51ca1 chemistry. Introductory geology and some knowledge

of geophysics would be useful, - oo .

Burnett, D.S:, W.A. Fowler, and Fred Hoyle. 1965. Nucleosynthesis in the ear1j'history of the solar [,
system. Geochimioa et Cosmochimica Acta, 29 (12)' 1209-1241. '
=
Th1s paper,revises the model of Fowler, Greenste1n and .Hoyle for nucleosynthesis of D, Li, Be, and B -
by high energy particles from the sun during the early history of the solar system. Suitable for specialized ,
advanced courses. Background necessary: physical chemistry,-atomic physics, advanced mathematics.

. ] - . s

Burns, ? g , and W.S. Fyfe. 1966. Distribution of elements in geo1o§ica1‘processes. Chemical Ggology,
- 3 1 “49-56. ’ )

. The generally accepted rules of Goldsthmidt, modified by Ringwood and Ahrens, concernlng element
distribution in geologic processes and the contro111ng atomic properties, are considered to lack generality
and may fail to predict actual behavior. “The behavior of transition elements frequently reflects crystal-
field influences which are a function of the chemistry and structura states of the systems considered and

" in many cases observed trends may be explained by crystai field theory These considerations indicate
that the magnitude and direction of fragtionation of some element pairs may be radically changed in
different chemical systems and existing rules cannot describe sich changes." Suitable for graduates and
advanced undergraduates. Background necessary: college chemistry and elementary thermodynamics.

Cloke, P.L. 1963. The geologic role of polysulfides -- Part I.#The d1str1butaon of ionic species in
& aqueous sodium polysulfide solutions. Geochimica et Cos Chimica Acta, 27 (12): 1265-1298.

electrode in sodium sulfide and sodium potassi po1ysu1f1de solutions. By suitably estimating the
second dissociation constant of hydrogen sulf and various activity coefficients, it ha been2poSS1 le
der1ve a consistent model for the distribution of the polysulfide and sulfide S~ =2 » S47%, S57¢, Sg~¢ and
Hs-1, at strengths up to ) M and for pH values between 7 and 13." This model dlffers marked]y from
previous models. Suitable for graduates and advanced undergraduates. Background necessary: solution
. chemistry and calculus. , .

"Numerous measurements have been made o¥§§§e pH, Eh, and the potential of a silver-silver sulfide
i

v - Curig, P. 1885. Sur la formatiom des crigtaux et sur les constantes capillaires de leurs differentes
faces. Bulletin de la Société Mineralogique de France, 8! 145-150. . . .

h )
A brief but elegant treatment of relatiQnships beYween surface energy and morphology of ideal
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Background hecessa}y: a reading knowlédge of French and. high schoq] algebra.

.0. Smith, and Bartholomew Nagy, i961. Solubj1ity of natural gases in aqueous salt .
solution I. Liquidus surfaces in the system CHg-H20-NaC1p-CaCl, at roqm temperature and at -
pressures Yelow 1000 psia. Geochimica et Cosmochimica Acta, 24 (?): 23-31. ~ - '

"The solubility of methane in water, in aqueous solutions of sodium chloride, calcium chloride, and :
-both sodium and cal¢ium chlorjde has been determined at room temperatures and at pressures up to 1000 psia
.by the pressure declNne method. The results for water agree with previous published values, but the
solubilities in the salt solutions are considerably higher. -The data obtained, aygmented by other solubility
., figures from the 1{terature, permit the construction of the 1iquidus surfaces in the tetrahedral phase mode]
for the system CHq-Hp0-RqCl-CaClp at fixed temperature and pressure. An orthogondi projection of these
surfaces is presented." Suitable for graduates and advanced undergraduates. ‘Background necessary:
solution chemistry and familiarity with phase diagrams. ;f

- v

Eggers, D.F., Jr., N.W. Gregory, G.D. Halsey, Jr., and, B.S. Rabinovitch. 1964. P%y;icaz chentistry.
*~ John Wiley and Sons, New Yqrk: 783 p. - ' R

. This book is a standard college text on physical chemistry with s1ightly mor€ emphasis on quantum
mechanics than usual. The authors consider such topics as quantum mechanical energy levels, statistical
mechanics, gases, thermodynamics, phase equilibria, solutiong, and kinetics. Backgroufd necessary: '
basic college chemistry and mathematicg through calculus. .
Eisenman, George, J.P. Sandblom, and J.L. Walker, Jr. 1967.: Membrane structure and ion permeation. )

Seience, 155 (3765): 965-974. ) ‘ ’ - -

A variety of membranes can be constructed whose tructures are well defined and whose permeation
mechanisms and particular parameters can be varied in controlled manner. By correlating structure
and ion permeation in such membranes it should be possible to develdp experimental criteria for determining
the structure, and hence the mechanism, of ion permeation.through an unknown membrane. In an attempt to
develop these criteria, the. authors have examined such varfables as-the presence or absence of ion exchange
sites, their fixation or freedom of motion, their degree of dissociation, and the extent to which their
chemical properties depehd on extgrnal forces. Suitable for graduates and advanced undergraduates. '
Background necessary: phgsical chemistry. . .

. -

E11is, R.J., and N.B. Milestone. 1967. The ionization constants of hydrogen sulfide from 20 to 90°c.
Geochimica et Cosmochimica Acta, 31 (4): 615-620. .

The first and second fonization constants for hydrogen sulfide have been determined from 20 to 90°C by
. a spectrophotometric method. Suitable for graduates and advanced undergraduates. Background necessary:
basic physical chemistry. ' : B
Faust, S.D.s and.J.V. Hunter feditors). 1967. Priviciples and applications of water chemistry. '
[Proceedings of the Fourth Rudolfs Research Conference, Rutgers, The State University, New Brunswick,

New Jersey]. John Wiley and Sons, Inc., New York: 643 p. .

This volume hopes "to create an awareness that chemical principles can be and should be applied to -
the practical technology of watér and wastewater treatment" and provides “a hint of the chemistry of
natural aqueous environments." The authorg represented include some of the leaders in the fields of chemistry
and geochemistry. The conference was organized with one author expounding a principle (e.g. “electrical
phenomena 4t surfaces; mineralogic factors in natural water equilibria; metal.fons in aqueous solution) and ,
the fo]]oﬁ?né two or three authors discussing applications of -that principle {e.g. electrokinetic character- .',f?
istics of silicic surfaces, geochemical control of .solubility of aqueous silica, equilibrium chemistry of
iron in ground water, respectively)., Other principles that are dealt with are: reaction rates in solution;
physical absorption on solids; and factors detexmining chemical oxidation and reduction in solution. \
Suitable for graduatgs and advanced uﬁdergraduates. Background necessary: varies with topics.

. . T .

Fudali, R.F. 1965. Oxygen fugacitiesggf Qasaltic and andesitic magmas. . Geochimica et Cosmochimica Acta,
29 (9): 1063-1075. . ) L E

This paper is a basic discussion of the role of oxygen ‘pressure in the developnent of igneous rocks. { -
Basic thermodynamic principles underlying the g:frologic conclusions are discussed in detail.

.h
\
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Goldsmith, J.R. 1967, Metastability and hangovers in crystals. Geochimica et Cosmochimica Acta, 31 (6):
913-919. ’ .

The author presents a discussion of the processes of nucledation and crystal growth, jn the broadest
sense, and the effect that these processes have on the physical and structural state of the resulting
scrystals and on their chemical compositions. Suitable for graduates and advanced undergraduates. Back-
ground necessdry: basic physical chemistry. . : ' L

Greenwood, H.J. 1967.. ,The N-dimensional tie-line problem. Jeochimica et Cosmochimica Acta, 31 (4): 465-490, *
, "An analytica)l method is presented for determining whether two mineral assemblages can be related to
one another by a balanced chemical reaction or whether their differing mineralogies must be attributed to
differing bulk composi}ions. Projections and other chemographic. methods are shown to be equivalent but
less general than the method presented. Set theory and vector algebra are used to state the problem and
to formulate a solution. Solutions are reached by the methods of linear programming and result in balanced
; chemical reactidns, if such exist." Open and closed systems can be equally well treated, as can various
projections, and numerous idealized and natural examples are presented to illustrate, the analytic method.
Suitable for graduates and advanced undergraduates. Back§round necessary: basic college chemistry and
mathematics to set theory. and vector analysis. . ’ . .

« . ¢ ¢ . ‘ . * . ' . ¢
Groveé, J.E., and P.M. Orville. 1969. The'partitfbn?ng of cations between coexisting single- aad multi-
site phases with application to the assemblages: orthopyroxene-clinopyroxene and orthopyroxene-olivine.

Geochimica et Cosmochimica Acta, 33 (2): 205-226.

It i! shown that the form of the function describing partitioning between a single-site phase and a
phase containing two or more energetically distinct sites can be deduced from the cation exchange free
energies between pairs-of sites, and conversely that the cation exchange free energies between paits of
sites can, in some cases, be deduced explicitly from the form of the partitioning curve. A theoretical
model is developed for partitioning between coexisting single- and double-site phases and expressions
forsthe free energies of inter- and intracrystalline cation exchange. , ]

The double-site phase i$ considered in terms of a familiar mixing model and two natural examples of
coexisting mineral pairs are considered in 1ight of the theoretical relations presented. Suitable for
graduate level courses. Background-necessary: physical chemistry and thermodynamics. Presentation is
concis&, with suitable figures. . ! o -

Harned, H.S., and B.B. Owen. 1958. The physical chemistry of alectrolytic solutions (Third Edition).
Reinhold Publishing Corporation, New York: 803 p.

This is a basic reference for many of*the equations and concepts usedq in solution geochemistry.
The authors consider such topics as interionic at¥raction, thermodynamic properties of aqueous solutions,
irreversible processes, conductance, diffusion, coulomb forces, activities, and thermochemical quantities.
Background necessary: basic college chemistry, physical chemistry, mathematics through calculus.

Helgeson, H.C. 1967. Thermodynamics of complex dissociation in agueous solution at elevated temperatures.
. dournal of Physical Chemistry, 71 {3): 3121-3136. , -

The temperature dependence of the thermodynamics of dissociation for complexes in the temperature
range O to 370°C is described in terms of functions involving the dieléctric constant of water and a power
series consistent with nonelectrostatic interaction in the absence of a dielectric medium. Evaluation
of the theoretical equations for various reactions yields results in close agreement with published thermo-
dynamic data. Heat capacities of dissociation may vary monotonously with temperature or may pass through
extremes, depending on the relative influences of electrostatic and nonélectrostatic interaction on the
stabilitips of the complexes as temperature increases. When thé dielectric constant of the solvent becomes
small at high temperatures, the electrostatic contribution dominates. As a comsequence, many complexes
become significantly stable at high temperatures, and the enthalpies., entropies, and heat capacities of
dissociation become relatively large negative numbers. Suitable for graduates and advanced undergraduates.
Background necessary: thermodynamics. )

Helgeson, H.C. 1968. Evaluation of irreversible reactions in geochemical processes involving minerals and
aqueous solutions -- L Thermodynamic relations. Geochimica et Cosmochimica Acta, 32 (8): 853-877.
, This paper provides a summary of themoglynamic relations pertinent to evaluating geochemical processes
that involve aqueous solutions. The theme is that equilibrium models reduce to nonlinear equations that
can be evaluated only by jndirect and unwieldy analytic methods, whereas, by contrast, the differential
equations describing an irreversible process are all linear, which makes possible rapid computations. With
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part 11, this is an important paper for advanted underdraduatg and graduate courses. Background necessary:
physical chemistry, thermodynamics, and~mathem5§ics to Linear differgntiag\?quations, .
: T, & ’ ‘

v
. ’

Helgéson, H.C., R.M.'Ghr;ﬁls, and F.T. Mackenzie. - 1969. Evaluation of irreversible reactions in geo-
chemical processes involving minerals. and aqueous solutions -- II. Applications. Geochimica et
- Cosmochimica Acta, 33 (4): 455-481. , -+ , :

<

.

1

- "Equilibrium relations among common rogk=forming minerals and aqueous solutions over a range of
temperatures and pressures are known experimentally for a. number of systems and can be calculated for
others. This information permits prediction of the mass transfer invelved in chemical reactions
characteristic of geqchemical/proeesses.s Calculations of this kind are used to examine various chemical

. and geological implications of irreversibility in idealized models of weathering, evaporite concentration,

. ' diagenesis, hydrothermal rock alteration, and ore deposition." With part I, this is an important paper

for advanced undergraduate and graduate counses. Background necessary: physical chemistry and -

thermodynamics. L * s , -
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Holm, J.L., 0.J. Kleppa, and E.F. Westrum, Jr. 1967. Thermddynamics of polymorphic transformations in
silica. Thermal properties from 5 to 1070°K 'and pressureMtemperature stability fields for coesite
and stishovite. Geochimica et Cosmochimiea Actq, 31 (12): 2289-2307. ~ .
V4 . &10.. ‘ .
- "Cryogenic heat-capacity measurements on coesite and stishovite provide thermodynamic properties
. from 5 to 350°K." The heat cdpacities (Cp), entrépies (S9), and Gibbs energy functions [-(GO-HB)/T] .
were determined. ‘“Bnthalpies of transition for phasé changes were determined by solution calorimetry °
in a lead-cadmium-borate solvent at 697°C...The enthalpy of coesite to 1070°K and the enthalpy of trans-
fomation for stishovite-silica'glass were‘provided by means of a novel technique, ‘'trafsposed-temperature’
drop calorimetry. These data permit the delineation of P-T field phase boundaries for the stable qqgi]ibria .
coesite-quartz and coesite-stishovite, as h@]] ag”for the metastable quartz-stishovite boundary, which are
in reasonable agreement with the results. ¢f recent equilibrium and formation studies," Suitable for graduates
and advanced undergraduates. Background necessary: physical chemistry, thermodynamics, integral calculus.

%

Jastréw, Robert, and A.G.W. Cameron (édftbés). 1963. Uéigin of the solar system. Atademic Press,
- New York: 176 p. , "

P ‘-
o ¢ 1

This book is a broad treatment of theories ofand evidence pertaining to solar system origin, as they
.stood in early 1962. Contributions from astrophysicists, meteoriticists, and a geophysicist bring the reader
-into conpact with most of the fundawental,groblems in the fietd, many of which are stil1 of.great interest.
The editors have succeeded in presenting a well balanced and logical sequence of papers; the historical
review by Ter Haar and Cameron is especia}ly valuable. Very good as an introduction to questions of.solar
system origin for advanced students and high}y motivated undergraduates, although several of the chapters
are noticeably. out of date. Background necessary: basic college chemistry and physigs (with calculus), .
physical chemistry, and some knowledge of astronomy; geophysics would be useful. The text is very clearly
presented, with numerous helpful diagrams* and several excellent photographs. {

% .~ -
[ ¥

Kern,'Raymond, and Alainm Weisbrod. 1967. thgﬁodyhamica for geologists. Freeman, Cooper and Company,
San Francisco: 304 p. . ‘" P

This book provides a sound introductton and examination of the application of chemical thermodynamics
to geological problems. The text discussion is kept geologically relevant through the use of many examples
-of thermodynamic calculations based on experimental data from minerals and mineral assemblages. The book -~
would be excellent for senior year or graduate level cdurses. Background necessary: basic college calculus,
introductory physical chemistry, mineralogy or petrology. ' .

A
¢

Korzhinskii, D.S. 1966. On thermodynamics of open systems and the phase Quie (A reply to D.F. Weill and
. W.S. Fyfe). Geochimica et Cosmochimica Acta, 30 (8): 829-835. g

“The properties of the thermodynamic potentials of systems with perfectly mobile components are
considered in.relation to the critical remarks of Weill and Fyfe (1964), as well as the ‘possibilities
of the application of the Gibbs phase rule in petrology.” Suitable for graduates and advanced unders
graduates. Background necessary: physical chemistry including thermodynamics. The paper is written
for an audience familiar with this field. - .

* - L]

Krauskopf, K.B. 1967. Ihtroductiohvto geochemistry. McGraw-Hill Book Company, New York: 721 p.

Kﬁﬁuskobf's book is one of the best texts available for a general geochemistry course. The author

\ N
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coyers a broad range of topics from solution chemistry to cfystal chemistry and from low- to high-temperature
geochemistry. The text is the outgrowth of the Author's lectures on geochemistry. It is well written and on
a level appropriate to the average science majdr in his junior or senior year. The book is unique among
geochemistry texts in that it provides problems at the end of each chapter (answers to some in back). Thus
the reader can immediately judge his ability to appTy the concepts. The author was wise in presenting a 1ow-.
level treatment of thermodynamics in the main text and a more rigorous treatment as an appendix. The book"s
strongest topics are low-temperature and solution chemistry and phase equilibria. Helpfully, it contains
annotated bibliographies. Background necessary: physical geology and basic college chemistry and mathematics.

. b

Kretz, Ralph. 1961. Some applications of thermodynamics to coexisting minerals of variable composition.
Examples: orthopyroxerie-clinopyroxene and orthdpyroxene-garnet. Journal of ceology, 69 (4): 361-387. ,

_ This paper {s probably. the pioneering study of the distribution coefficients in the study of metamorphié
mineral assemblageS. The author outlines the use of these coefficients in determining temperatures of
formation of mineral assemblages. - . . . .-

13
?
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Langmuir, Donald. 1968. Stability of calcite based on-aqueous solubility measurements. JCeochimica et

Cosmochimica, Acta, 32'(8): 835-851. - ’ .

The paper presents a critical reevaluation of existing solubility data for calcite at 25°C in pure’ -
water at 1 atm pressure; it is the first of several articles by Ldnymuir and Waldbaum on stability relatjons
of calcite and aragonite. "The study inciudes a detailed appraisal of the various errors relating to the

. solubility measurements and their interpretation." Suitable for graduates ‘and advanced undergradlates.
Background necessary: physicaf chemistry. - .

’

.
— v '

Macwood, G.E., and F.H. Verhoek. 1961. HoW can you tell whether a reaction will occur? Jowmal of
Chemical Education, 38, (7): 334-337, . . ’ , '

.

This article offers an excellent exposition of the concepts of enthalpy, entropy, and free energy
as they are individually and collectively related to the spontaneity of a chemical reaction. Good examples
are given to show why ‘the heat of ‘reaction is insufficient to predict whether or not & reaction will occur.
The authors provide a helpful distussion of the concept of éntropy. This paper’is written at an intro-
ductory level and is outstanding in its clarity. Background necessary: basic college chemistry.

. ' ?
.

Marshall, C.E. 195. Thermodynamic, quasithermodynamic, and non-thermodynamit methods as applied to
the electrochemistry of clays. In Ada Swineford (editor). Clays and clay minerals -- proceedings
of the fourth national conference on clays and clay minerals. MNational Academy of Sciences,
National Research Council Publication 456: 288-300.

The consequences of nonhomogeneous charge distribution in clay systems are examined. Potentiometric
methods of measurement, with (quasithermodynamic) and without (thermodynamic) liquid functions are compared.
The former afford data which can be interpreted directly in terms of single ions; the latter give chemical
potentials of soluble molecular species or ratios of mean activities, neither of which afford a .«characteri-

¢ zation of single cations in relation to clay surfaces. Cataphoresis results are shown to be in agreement
with conductance and potentiometric data for dilute clay systems. Suitable for graduates and advahced
undergraduates. Baekground necessary: clay mineralogy, basic physical chemistry, thermodynamics.

. . .
. . >

McIntire, W.L. 1963. Trace element partition coefficients -~ a review of theory and applications to
geology. Geochimica et Cosmochimica Acta, 27 (12): 1209-1264. .
The,thermodynamics of trace element partition among coexisting phases is reviewed. Particular
attention is paid to partition between crystalline solids and coexisting liquid phases. Subheadings
\\ include: modes of occurrence of trace elements; tendency for solid solution formation; thermodynamics
of dilute solid solution formatign; variation of partition coefficient with composition of the solid phase;
variation of partition coefficient with pressure; varjation of partition coefficient with temperature;
effect of difference in valence on partition coefficient; partition of trace elements between solid phases;
¢ the logarithmic distribution law; geological thermometry and barometry;.criteria for equilibrium; isotherms
-and isobars in metamorphic terranes; trace element distribution during crystallization of a magma; origin
of granite bodies; trace element distribution during. the sgparation of an aqueous phase from a magma;
composition of ore-forming fluid; trace element distribution during the precipitation of an evaporite
sequence; determination of paleosalinity; guides to mineral deposits; problems in the geochemidtry of
the individual elements, Suitable for graduates and advanced undergraduates. Background necessary:
physical chemistry and thermodynamics. This paper is a comprehensive review with a large referengce 1ist.
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— Mueller, R.F. 1961. Analysis of relations among\Mg, Fe and Mn in certain metamorphic minerals. Ge;chimiea
et Cosmochimica Acta, 25 (4): 267-296. , . .

"Existing data on the distribution of Mg, Fe and Mn among coexisting metamorphic actinolites, cumming-

tonites, Ca-pyroxenes, and orthopyroxenes, are examined in terms of theoretical solution models applicable

» to binary and ternary solid solutions...Certain observed invariant relations .of the distribution functions
are also interpreted in terms of the multicomponent systems...The data are also examined with a view of
detecting the elemental source of certain deviations in the atomic fractions which might be attributed to
errors in the chemical analyses or to failure of a given element to attain equilibrium...In addition, the
structural-energetic basis for the themmodynamic functions is discussed in terms of the crystal structure
of cummingtonite." Suitable for graduates and advanced undergraduates. Background necessary. basje physical
chemistry, thermodynamics, phase rule. The presentation helpfully includes seventeen diagrams.

- '

Mueller, R.F. 1962. Energetics of certain silicafe solid solufions. Geochimica et Cosmochimica Acta,
26 (May): 581-598. - )

“The energetics of homogeneous intracrystalline (order-disorder) gguilibria of-amphiboles and pyroxenes
are discussed in a quantitative manner. ' The distributions of Mg and Fe + among the lattice $ites of cumming-
tonite and orthopyroxene are derived from the functions of the heterogeneous ion exchange equilibria for co-
existing cummingtonite-actinolite and Ca-pyroxene-orthopyroxene. The derived distribution in cummingtonite

is in good agreement with that obtained by X-ray diffraction by Ghose." The distribution in other pyroxenes.
is alsa discussed. "The general problem of the distribution of elements "is discussed in relation to various
types of intracrystallime equil.ibria coupling effects between different types of ions and types of polyhedra
of coordination with the cations." - Suitable for graduates and advanced undergraduates. Background necessary:
basic physical chemistry, thermodynamics, phase rule. -

Iy

-
.

Rambérgy Hans. T964. Chemical thermodynamics\in mineral studies. in L.H. Ahrens, Frank Press, and S.K. i
Runcorn (editors). Physics and chemistry of the earth, v. 5. Thg Macmillan Company, New York: 225-252. - -+

This article is concerned with the calculation of equilibrium conditions for mineral systems. The
section headings give an idea of its scope: examples on calculation of chemical equilibrium among minerals
based on thermochemical data; reactions in which mix-crystals participate; the effect of hydrostatic
pressure on mineral reactions; reactions involving jadeite and albite; the transition olivine structure-
spinel structure; example on estimation of heat of formation of a silicate from experimental phate equilibrium
data; free energy as a function of anisotropic stress; and mineral equilibrium at partial fluid pressure
different from total,pressure. Suitable for graduates and advanced undergraduates. Background necessary:
an intgaguctory thermodynamics course.

t

L

’ Y

Rapoport, S.I. 1965. Ionic accumulation by water flow through a membrane. Acta Physiologica Scandinavica,
64: 361-371. ’ ) .. .
"A cell model was constructed, consisting of two compartments, separated by a membrane in which the

gradients of hydrostatic pressure and of concentration could be produced. K+ and Li* were chosen as

representative ions because of the difference between their mobilities. Three membrane factors affecting

jonic accumulation are discussed: (1) charge and selectivity; (2) ionic mobility within the membrane; and

(3) water flow effects. Steady state accumulation as well as the net fluk in the non-steady state are

analyzed." Suitable,for graduates and advanced undergraduates. Background necessary: physical chemistry.

P .
Ryabchi?o;, I.D. 1965. Behavior of trace elements .during phase separation. Geochemistry International,
’ 2 (1): 163-170..-  ° _ ‘ )

"Theoretical equations for the variation and distribution of trace components during equilibritm
and fractional crystaTTization are presented, and in the latter case are modified to take into account
the possible separation of fugitive phases. Application to the Mn-poor portion of the system MggS104- )
FepSi04-Mn $104 indicates the 1ikelihood of maximum Mn copcentrations in olivines separating during medial
stages of %he crystallization process.” The greater variability of trace-element contents in mafic igheous
complexes than in granitic ones is attributed to the greater temperature range of crystallization of the
mafic rocks." Suitable for graduates and advanced undergraduates. Background necessary: basic physical
chemistry and thermodynamics. _ “ L s

v
)

Schenk, J.E., and H.J. Weber, Jr. 1968. Chemical interactions of dissolved silica with iron IT and III.
Jowurnal of the American Water Works Associationm, 60 (2): 199-212.

This article deseribes some of the results of an investigation of several of the reac;iong of disgolved
silica in dilute solutfon. Subjects dealt with incluQe: soTubj1ity relationships; polymerization; silica-

. ’
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metal ion interactionsy oxidation of iron II; rates of oxidation; catalytic effect of silica; hydrolysis of
iron III. Suitable for graduates and advanced undergraduates. Bafkground necessary: physical chemistry.

Schwarcz, H.P. 1967. The effect of crystal Meld stabilization on the dis¢ribution of transition metals
between metamorphic minerals. Geochimica et Cosmochimica Acta, 31 (4); 503-517. .
“The distribution of transition-metalsions between silicate minerals of metamorphic rocks has been
analyzed from the stand-point of crystal field theory. It is found that the order of distribution co-
efficients of ions of the same charge between two phases is partly deterfiined by the relative crystal
field stabilization energy, (CFSE) of the ions." The effect of the jonic| radius is compared with CFSE and
estimated to be spaller. "Use of CFSE values may lead to prediction of femperature dependence of trdce-
element partitiof coefficients." Suitable for gmeduates and advanced u? ergraduates. Background necessary:
crystal chemistry and thermodynamics. - N

Sippe}67Rig6 1963. Sodium self diffusion in natural minerals. Geochimica et Cosmochimica Acta, 27 (1):

“Sodium self-diffusion coefficients in the range 10-9 - 10-1 cm2/sec have been méasured in a group
of natural sodium-containing minerals. Sodium mobility is found to decrease in the order analcite, obsidian,
cryolite, sodalite, nepheline, microcline, albite, orthoclase, acmite." Sodium mobility in silicates is .
investigated with respect to valence electron density, oddities in structure, and the resistance tb diffusion
of species other than sodium. A factor of merit is defined [(valence electron density X fusing temperature)
/10] which should increase with increasing diffusion reststance. The factor of merit has geochronological
applications. Suitable for graduates and advanced undergraduates. Background necessary: basic college N
chemistry and mathematics to calculus. ) . .

.

Slaughter, Maynard. ‘f966. Chemical binding in silicate minerals. Part I. Model for determining crystal-
chemical properties. Geochimica et Cosmochimica Acta, 30 (3): 299-313.
A Y

"The relations of chemical bond types and configuration tp expected physico-chemical behavior of
silicates are outlined. "Combining coulomb energies with appropriate corrections makes possible quantitative
prediction of stability relations of minerals. Melting temperatures of spinel have been calculated from the
binding energies." Suitable for graduate and advanced undergraduate courses. Background necessary: physical
chemistry, thermodynamics, mathematics to integral calculus, and crystal chemistry.

Y

Slaughter, Maynard. 1966. Chemical binding in silicate minerals. Part II. Computational methods and
approgimations for the binding energy of complex silicates. Geochimica et Cosmochimica Acta, 30 (3):
315-322. \ . -

\ . . . C . i " . - <

o Computational techniques ‘used for finding the Coulomb energy and its derivatives are the Ewald method
for lattice sums and differential Fourier synthesis. "Computations are carried out for all symmetrically
indepéndent .atoms in the unit tell. Repulsion energies and their derivatives are calculated using simple
exponential temms. Covalency in the bonds is taken into account by reducing charges on ions for the

* Coulomb energy terms. By using differentials of energy terms, equations are given”for shifting atoms to
minimum energy positions.” Suitable for graduate and advanced undergraduate courses. Background necessary:
physical chemistry, crystal chemistry, thermodynamigs, mathematics to differential Fourier synthesis.

,,}QﬁS]aughter, Maynard. 1966. Chemical binding in silicate minerals. Part III. Application gf energy
A1 calculations to the prediction of silicate mineral stability. Geochimica et Cosmochimica Acta,
30 (3): 323-339. .
1
- "Me1ting and decomposition temperatures-of some minerals including corundum andl quartz have been
calculated from the binding energies. Agreement between calculated and observed melting points of minerals
is exceptionally geod when covalency, radius ratio, and coordination effect corrections are made to the
melting points determined from Coulomb binding energies. Thermal stabilities of some phyllosilicates are
predicted semiquantitatively. Calculated energies show that the stability of montmorillonite with respect 4‘?
to other phyllosilicates in most low-temperature geochemical environments is probably the result of hydratton
of the inter-layer space. Also, when small amaunts of-magnesium are present in a silicate system, montmorillo-
nite is the phase which minimizes the total engrgy of the system." Suitable for graduate and advanced
undergraduate courses. Backgroung\?ecessary: physical cpemistry, crystal chemistry, thermodynamics. .

¢

¢

Stokes, R.H., and R.A. Robinson. 1966. Interactions in aqueous nonelectrolyte solutions. I. Solute-
solvent equilibria. Journal of Physical Chemistry, 70 (7): 2126-2131. "
A

-
.
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Solutes which interact with the solvent by a series of solvatfon equilibria to form species which mix
according to the ideal solution law are considered. ' General expressions relating the solvent activity to.
the molality and the equilibrium constants are given. *Sucrose solutions can be described with considerable
accuracy by the assumption of a number of possjble solvdtion,ites equal to the number of oxygen atoms
in the solute molecule, with a single equilibrium constant given the same value for each site. Mixed

- solutions of several solutes conforming to this model are shown to obey very simple equations relating
the molalities to isopiestic equilibrium between solutions of the Separate and mixed solutes. A similar
relation between the activity coefficients is given. Examples of systems which conform to these mixture .
relations are giveh, and it is suggested that cases of large departures from the relation may be taken as
exidence of spedific solute-solvent interaction. Suitable for graduates and advanced undergraduates.
\ Background necessary: phx§ica1 chemistry. . K . .~

. ’ \ . Lt - . .
Toulmin, Priestley, 1II, and P.B. Barton, Jr. 1964. A thermodynamic study of pyrite and pyrrhotite.

. Geochimica et Cosmochimica Acta, 28 (5): 641-671. N

The electrum-tarnish method is used to find an equation that interrelates the composition of pyrrhotite
fugacity of sulfur and temperature. The same method also permits the determination of the fs, vs. T curve
for the univariant assemblage pyrrhotite-pyrite vapor from 743 to 325°C. "The activity of FeS in pyrite-
saturated pyrrhotite is very different from*unity, a fact that greatly influences the interpretation of some
phase equilibrium studies involving pyrrhotite and their application to sulfide mineral assemblages, but has
little effect on the more general calculations of composition of hydrothermal or magmatic fluids. Pressure
effects calculated from available volumetric data on the phases are small." Suitable for graduates and
advanced undergraduates. Background necessary: thermodynamics and phase rule. ’

Waldbaum, D.R. 1969. Thennodyngﬁic.mixing properties of NaC1-KGl liquids. Geochimica et Cosmochimica
Acta, 33.(11): 1415-1427. :

The excess Gibbs energies and entropies of mixing of NaC1-KC1 liquids, have been calculated using
previously derived mixing parameters of the crystalline solutions and the temperature and composition
of the minimum (657°C, 48.5 mole % KC1) in the melting region. Margules parameters of the 1iquid based
on the present formulation differ by 1 kcal at 800°C from the values obtained in electrochemical studies.
Solidus and liguidus curves calculated from these results are companed with experimental data from 12 -
‘previous studies of the melting region. . .
"Alkali buffer potentials, {uK - uNa) in this system, calculated from the mixing properties of the
liquid, range from -14.6 + 0.5 kcal at 796°C (Ngcy = 0), to -5.90 & 0.05 kcal at the minimum, to +7.6
+ 0.5 kcal at 770°C (Ngcy = 1)."
- Suitable for graduates and advanced undergraduates. Background necessary: physical chgmistry.
W ¢ ‘

Weeks, W.F._ 1956. A thermochemical study of equilibrium relations during metamorphism of siliceous
carbonate rocks. Jouznal of Geology, 64 (3): 245-270.

This paper is a basic study of heats and entropies of reactions with their applications to prediction
+

of equilibrium mineral assemblages. c .

Weill, D.F., and W.S. Fyfe. 1964. A discussion of the Korzhinskii and Thompson treatment of thermiodynami¢
equilibrium in open systems. Geochimica et Cosmochimica Acta, 28 (5): 565-576. °
It is suggested that the new phase rule of Korzhinskii- and Thompson Mjs an undesirable statement of
the Gibbs phase rule which presents temptation for misrepresentation of the nature and limitations of the
‘ibphase rule in petrologic analysis." Suitable for graduates and advanced undérgraduates. Background
necessary: thermodynamics and phase rule. N

.

- . ' ,
Weill, D.F., and W.S. Fyfe.- 1964. The solubility of quartz in H,0 in the range 1000-4000 bars and
© 400-550°C. CGeochimica et Cosmochimica Acta, 28 (8): 1243-1255. . .

The solubility of quartz in Hp0 in the range indicated in the title has been measured and two rate -
studies made at 400 and 625°C. Using data frem these studies," thermodynamic calculations suggest that the
“then widely accepted reaction for the solution of quartz, Si0z (gtz) + 2H20 Z Si (OH)4, may be inadequate
to nepresent the heterogeneous equilfbrium between quartz and solution over a wide range of temperature
and pressure. Suitable for graduates and advanced undergratiuates. Background necessary: physical .
chemistry, thermodynamics, calculus. . . . .
. ) - , e *

Weill, D.F., and W.S. Fyfe. 1967. On equilibrium thermodynamics of open systems and"the phase rule (A
_reply to D.S. Korzhinskii). Geochimica et Cosmochimica Acta, 31 (7): 1167-1176.
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This paper is a reply tp comments by Korzhinskii (1966) on the authors'.earlier (1964) discussion of
Korzhinskii's (1957) paper "Physicochemical basis of the analysis of the paragenesis minerals" (Consultants
Bureau, Inc.). Suitable for graduates specializing in the field. Background necessary: physical chemistry
and thermodynamics. 3

re

Zen, E-An. 1962. Mwoblem of the thermodynamic status of the mixed-layer minerals. Geochimica et
Cosmochimica Acta, 26 (October): 1055-1067. . - :

"Minerals that show mixed layering, particularly with the component layers in random sequence, pose
problems because they may behave thermodynamically as single phases or as polyphase aggregates. Two
operational criteria are proposed for their distinction.” Suitable for graduates and advanced under-
graduates. Background necessary: clay mineralogy and thermodynamics. )

. 7’

ZoBell, C.E. 1946. Studies on redox potential of marine sediments. American Association of Petrolewn
. Geologists Bulletin, 30 (4): 477-513. * ’ .

This is a classic and fundamental paper on mineral equilibrium in sediments. The author provides a
thorough explanation of redox potentials and pH, and of their applications to sedimentary geochemistry.

J

A * KINETICS - -

Chalmers, Bruce. 1964. Principles of solidification. John Wiley and Sons, Inc., New York: 319 p.

This is an undergraduate textbook for metallurgists. Because of the emphasis on metals and their
technology, much of this book is directed toward the special case in which growth is limited only by the
rate at which heat can be transferred away from the melt-crystal interface. Nevertheless:, the treatments
of melt-crystal equilibrium, atomic processes, and nucleation are pertinent to both mineralogy and petrology,
and the textbook style makes easy reading. . " : ’

Christian, J.W. 1965. Ihe theory of treansformations in metals and alloys. Pergamon Press, Oxford: 975 p.

This advanced treatise is the most complete treatment available of the kinetics of phase transfor-
mations. Although the book is directed specifically toward transformations in metals, the theoretical
treatments of crystal geometry, reaction rate theory, irreversible thermodynamics, grain boundaries,
solid state diffusion, nucleation, crystal growth, and precipitation from solid solution are equally
applicable to minerals. The references are well chosen and current through 1962. This book is difficult
reading, highly mathematical, and definitely not for a beginner in the field!

- -

Doremus, R.H., B.W. Roberts, and David Turnbull. 1958. Growth and perfection of crystals. John Wiley

End Sons, Inc., New York: 609 p. ‘ .

This volume contains the proceed%ngs of an International Conference on Crystal Growth. The special
significance of this conference is that it was held a few years after F.C. Frank proposed his brilliant
solution to the problem of crystal growth kinetics first posed by J.W. Gibbs in his classic 1878 paper on
heterogeneous equilibrium. This volume accordingly contains a wealth of beautifully illustrated data
resulting from the flurry of research that followed Frank's paper. There are spectacular photos of -
whiskers ,*dendrites, spirals, and other growth forms in a variety of materials along with much quantitative
data. .

- s

Fine, M.E. 1964. Introduction to phase transformations in condensed systems. The Macmillan Company,

New York: 133 p. R

This book is an introduction to the study of the kinetics and mechanisms of phase transformation in
solids. It is written for metallyrgists since most of the development of this subject has come from metal-
lurgy; however, the principles and many of the experimental techniques are applicable to geologic materials
as well. The author presumes a familiarity with thermodynamics, the processes of atomic motion in crystals,
and intermediate-level mathematics. The excellent rgference list is a welcome guide to the literature in
this field. ‘

.
]

Girifalco, L.A. 1964. Atomic migration in crystals. Blaisdell Publishing Company, New York: 162 p.

-

-
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Girifalco presents an elementary but authoritative account of the motions of atoms and ions through
solids. An understanding of the diffusion process is the first Step toward understanding the kinetics and
\ m$chanisms of phase transformation in solids. This book is clearly written with an abundance of excellent
. T1llustrations. ‘ :

Hanson, G.N., and P.W. Gast. 1967. Kinetic studies in contact metamorphic zones. Geochimica et
Cosmochimica Acta, 31 (7): 1119-1153. . ’
, The effects of thermal metamorphism on mineral ages have been investigated near the contacts of two
basic intrusives: from the Snowbank granitic stock near the contact with the Duluth Complex in Minnesota --
K-Ar ages of hornblende and Rb-Sr and K-Ar ages of bjotite, muscovite, and potassium feldspar; from
amphibolite near the contact with a quartz dolerite ‘dike in the Beartooth Mountains of Wyoming -~ K-Ar
ages of hornblende and Rb-Sy and K-Ar "ages of biotite. Sqitqble for graduates and advanced undergraduates.
Background necessary: physical chemistry, thermodynamics, pqpse rule, mathematics to integral calculus.
. ‘ -/ . N )

?

Jackson, K.A., D.R. Uhlmann, and J.D. Hunt. 1967. On the nature of crystal growth from the melt.
Journal of Crystal Growth, 1 (1): 1-36 - -

This paper reviews the existing ﬁuantitative data on the kinetics of crystal growth from the melt and
critically examines current theories in 1ight of these data. Some prior acquaintance with the subject is
assumed. Excellent photos show some typical growth morphologies. ,

+

Jensen, M.L. 1965, The rational and geological aspects of solid diffusion. The Omadian Mineralogist,
8 (3): 271-290. : ‘ . -»

The stated purpose of this paper is to set forth the basic principles of diffusion and to discuss the
extent and importance of the mechanism in geologic phenomena. A rational mathematical treatment (Fick's ,
first and second taws) of diffusion in minerals dis shown to be available and of prime assistance in realizing
the gealogical limitations of this mechanism. .The conclusion is that solid diffusion is significant for
relatively short distances (5 to 10 centimeters). Transport over considerably greater distances may be
explained by more rapid movement through rock openings, along fracture zones, around mineral grains, and
finally into crystals through flaws and breaks. Examples are given of the role of diffusion in such specific .
exahples as rate of crystal growth, metamorphism, and metasomatic alteration and replacement. Suitable for
graduates and advanced yndergraduates. Background necessary: college chemistry and mathematics to calculus.
|
|

-
5

Knight, C.A. 1967. The freezing of supercooled liquids. D. Van Nostrand Company Inc., Princeton,
New Jersey, Momentum Book 14: 145 p. '

This book is an elementary and nonmathematical account of the nucleagion and growth of crystals from 3
a melt of the same composition. No prior background. is'assumed, and a complete, self-contained treatment
is given of this simplest and most illustrative case of phase transformationSkjnetics. Water is the -
primary example, and haiistones, frost-heaving, and ice formation on lakes and‘boqu are among the problems
discussed. A special feature is the chapter:on simple experiments and home observation. - ”

|
|

Mokady, R.S., and P.F. Low. 1966. E]é!!fochemical determination of diffusion coefficients in clay-water
systems. Soil Science Society of America Proceedings, 30 {4): 438-442.

The method of determination is based on electrochemical equations that are analogous to those commonly .
applied to aqueous soJutions. A development of the relevant equations is given for clay-water systems.
The method is used to determine diffusion coefficients of LiCl and NaCl in montmorillonite pastes. This
method is presented as an alternative to Fick's law, but comparison of results from both methods is
scheduled for a later publication. Suitable for graduates and advanced undergraduates. Background
necessary: electrochemistry and mathematics to integral calculus. . J

Povoledo, D., and J.R. Vallentyne. 1964. Thermal reaction kinetics of the glutamic acid-pyroglutamic acid
system in water. Geochimica et Cosmochimica Acta, 28 (5): 731-734. .

. This investigation is a continuation of earlier studies on the thermal reaction kinétics of amino
compounds as related to paleobiochemistry. Suitable for graduates and advanced undergraduates. Background
necessary: organic chemistry and kinetics. ' ,
r N v
L

|
|
1
Turnbull, David. 1956. Phase changes. In Frederick Seitz and David Turnbull (editors). Solid state
physics, v. 3. Academic Press, New York: p. 225-306. |
. |
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This paper is a comprehensive review of ' the thermodynamics and kinetics of phase changes .by .one of
the leading contributors to the field. This article and its references provide the background assumed

by more recent papers in the field. - . \ -

.

Wollast, Roland.- 1967. Kinetics of the alteration of K-feldspar in buffered solutions at low temperature.
Ceochimica et Cosmochimica Acta, 31 (4): 635-648. ) X

“A study has been made of the release of Si and Al to solution from the alteration of a potassic
feldspar in solutions buffered at pH values between 4 and 10." Suitable for graduates and advanced
undergraduates. Background necessary: physical chemistry and mathematics to integral calculus.

.
-

¢l ’
. . , . L
APPLICATION CF CHEMICAL® CONCEPTS TO HIGH-TEMPERATURE GEOLCGIC SYSTEMS .

-

¥

Arntson, R.H., F.H. Dickson, and George Tunell. 1960. Sysfems $-Nap0-Hp0 and S-Hp0: Application tec the
ggge(gg og}g1g8gf natural alkaline polysulfide and thiosulfate sclutions. American Jowrnal of Science,

This paper presents the results of ezberimental studies on the systems and considers the possible mcdes .
pf formation cf alkaline polysulfide and thiosulfate solutions which may be capable of transporting certain .
ore-forming components under conditions which prevail at shallow depths in the Earth's crust. Suitable
for graduates and advanced undergraduate§. Bacggrcund necessary: basic college chemistry.
Barnard, W.M. 1967. Synthesis of pyrite from chloride-bearing solutions. Economic Geology, 62 (1):
138-147. !

- . - .

Experimental work shows that chloride-bearing solutions have the capability of transporting and
depositing pyrite as a stable iron sulfide phase. Suitable for graduates and advanced undergraduates.
Background necessary: basic college chemistry. .

3
-

s ' *
.

Barnard;(NSM., and S.Aj Christopher. 1966. Hydrothermal synthesis .of chalcopyrite. Economic Geology »
61 (5): 897-902. -

Supporting evidence for the role. of chloride solutions as possible agents in the formation of sulfide
deposits is briefly reviewed. Experiments at or near 400°, 450° and 500°C showed that whereas watler wis :
completely ineffective in dissolving, transgorting, and depositing chalcopyrite, saline solutions (2 and 4
molal sodium chloride) deposited amounts much greater_ thap those needed to account for natural deposits of
chalcopyrite. .Suitable for graduates and advanced undergraduates. Background necessary: basic college
chemistry. "

»

~

Barnard, W.M., and P.A. Christopher. 1966. Fgrthér study on the effectiveness of aqueous solutions in
the hydrothermal synthesis of chalcopyrite. Economic Geology, 61 (7): 1287-1290. ’

The authors report further on experimental inyestigations of the possibility of synthesizing chal-
copyrite from chloride-bearing and ‘chloride-free solutions, comparing the effectiveness of various solutions
-in dissolving,, transporting, and recrystallizing chalcopyrite. Suitable for graduates and advanced under-
graduates. Ba%kggsund necessary: basic college chemistry. ‘ . N

I3
s

Barnes, H.L., S.B. Romberger, and Miroslav Stemprok. 1967. Ore solution Ehemistry II. Solubility of L
HgS in sulfide selutions. Economic Geology, 62 (7): 957-982. .

“The solubility of cinnabar (red HgS) in aquequs sulfide solutions was measured under varying conditions,
Solubility constants were derived. The pH boundaries between regions of predominance of HgS(HzS?z,
Hg(HS)3,-HgS(HS)2, and HgSp were determined. Geologic implications are examined with respect to hot
spring$, hydrothermmal transport, and deposifion. Suitable for graduates and advanced undergraduates.
Background necessary: solution chemistry and solution equilibria of minerals.

‘& . - . . ’
Cloud, P.E., Jﬁt 1968. Atmospheric and hydrospheric evolution on the primitive earth. Science, 160
(3829): 729-736.

This discussion focuses on the interactions that netessarily took place between biospheric, atmospheric,
Tithospheric, and hydrospheric evolution on the primitive earth and perhaps the moon. The questions examined

A
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‘ ”
are the following: how can evidente and conjecture about each of thése different kinds of evolution Timit . .
or 111uminate hypotheses about the others; and how can all such lines of thought be integrated to bring us
closer to a consistent and plausible model of early terrestrial events? Suitable for graduates and ‘under-
graduates. Background necessary: basic physical and biological sciences.

.

;

Fyfe, W.S., F.J.-Turner, and John Verhoogen. 1958. Metamorphzc Peactions and metamorphic de”Lub
Geological Soc1ety of America, NewYork, Memoir 73:-259 p.

This book presents a detailed discussion of selected topics in metamorph1sm Chapter 1 (Turner) is
a historical account of the development of the facies concept. A new definition of metamorph1c facies is
formulated. Chapters II to IV (Fyfe and Verhoogen), each of which ends’with a summary in nontechnical
language, deal with certain thermodynamic and kinetic aspects of metamorphic reactions. In chapter V,
Fyfe and Turner correlate field and experimental data on the stability of critical mineral assemb]ages in »
metamorphic rocks. The role of water and heat in metamorphism is considered in chapter VI (Fyfe and '
Verhoogen) Chapter VII (Turner) i a revision of individual metamorphic facies. In light of new experi-

- !’%1 and mineralogic data, the limits of some facies and subfacies are redefined and a few new divisions

ar roposed Suitable for graduates and advanced undergraduates. Background necessary: basic college
ch§m1st€% agd Eetro]ogy, a knowledge of thermodynamics and kinetics will enable the reader to get even more
out o e boo .

.
1

'

Hawkins, 0.B., and Rustum Roy. 1963. Distribution of trace elements between cfays and zeolites formed by
hydrothermal alteration of synthetic basalts. Ceochimica et Cosmochimica Acta,‘27 (7): 785:795.
This study is an attempt to deterniine the fractionation of various trace elements by the structure of
the crystals forming. Gels and glasses of gross basaltic compositign containing 0.5 percent by weight
of borort, gallium, nickel, and strontium were treated hydrothermally. in sealed systems at 350°C.and 15,000
1b/in2. The experiments were repeated introducing the trace elements into solution. The analcijte and
montmorillonite formed by this process were separated from each ‘other, and each was analyzed for the above
trace elements using emission spectrography . The main geological significance of this study is that dis-
tribution of the elements observed in the 1aboratory is similar to that observed in nature. This similarity
indicates a.potential usefulness of 1aboratory studies in investigations of certain aspects of elefént
distribution which m1ght be obscured in nature.by processes that can be controlled in the laboratorys .
Suitable fdr graduates and advanced undergraduates. Background necessary: Basic college chemistry.~
|
|

Hawkins, D.B., and Rustum Roy.. 1963. Experimental hydrdthermal studies on rock alteration and clay mineral
formation. Geochimica et Cosmochimiea Acta, 27 (10): 1047-1054, .

"The alteration to clays and zeolites of a series of rock types varying in.silica content has been
studied under, hydrothenma] conditions below 425°C. Natural glassy and crystalline rocks and synthetic
glasses and ge]s ranging from granitic to basaltic compos1t1ons have been reacted in sealed noble metal
systems in COg saturated, saline, acid, and basic environments. Observations were made from 240 hydro- _
thermal . .From the results of this and associated work it was concluded that clay minerals and
zeo]itesQAEE?fonned by reactions among monomeric silicate ions, aluminate ions, and metallic ions, resulting i
in the direct formation of the crystalline minerals." Suitable for graduates and advanced undergraduates.
Background necessary: basic college chemistry. 7

Hemley, J.J. 1959. Some mineralogical equilibria in the system K»0-A1203-Si02-Hp0. American Journal
~ of Science, 257 (4): 241-270.
P
"An experimental investigation was made at elevated temperatures and pressures of the hydrolysis of |
K-feldspar to mica and s111ca and of mica to kaolinite. Values of the equilibrium quotient my.y/mycy
were determined at temperatures ranging from 200 to 550°C. The solution pressure for most of %he runs was 1
15,000 psi, although determinations were made at both higher and lower pressures. " Geologic applications
to hydrothermal processes and metamorphism are discussed. Suitable for graduates and advanced undergraduates
Background necessary: physical chemistry and thermodynamics. 1

.

Metz, P.W., and H.G.F. Winkler. 1963. Experimentelle Gesteinsmetamorphose - VII. Die Bildung von Talk

l
l
aus kieseligem Dolomit. Geochimica et Cosmochimica Acta, 27 (5): 431-457. - ‘
Mixtures of dolomite, quartz, and varying amounts of water have been subjected to experimental meta-
, morphism in the temperature range 250 to 550°C under constant total gas-pressure of 2,000 bags The
reaction leads to the formation of talc, calcite, and COp. The system ds analyzed in detail.” Suitable
for graduates and advanced undergraduates Background necessary: physical chemistry, thermodynamics,
phase rule, German; the paper is fn German but has an English abstract.
D
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Miyashiro, Akiho. 1964. Oxidation and reduction in the earth's crust with special reference to the role
of graphite. Ceochimica et Cosmochimica Acta, 28 (5): 717-729.
Yy . R 4
Arguments are developed to show that.the following phenomena come under the control of graphite: the
apparent oxygen deficiency, relative to pure water, of normal aqueous fluid within the crust; the relation«
ship of oxygen pressure in graphite-bearing rocks, the apparent mobility of free oxygen; and progressive
metamorphism of peliti¢ rocks. Suitable for graduates and advanced undergraduates. Background necessary:
physical chemistry and thermodynamics.
. é

v

Mueller, R.F. 1964. Phase equilibria and the crystallization of chondritic meteorites. feochimica et -
Cosmochimicq Acta, 26 (2):,189-207. \'
"The composition of the equilibrium 'atmosphere of agystallization'-of chondritic meteorites has

been calculated using thermochemical data. The physical énvironment of the crystallization of chondrites

15 discussed in terms of the 1imits imposed by the calculations. The significance of certain crystalli- .

zation textures and the stabi]jti're}ptions of hydrocarbons are also examined." Sujtable for graduates

and advanced undergraduates. Baé&ground necessary: thermodynamics and phase rule. ’ .

fa

Ringwood, A.E.i 1962. Prediction and confirmation of olivine-spinel transition in Ni23i04. *Geochimica
et Cosmochimica Acta, 26 (April): 457-469. & - ' . B

In an-earlier paper, Ringwood proposéd that it*is possible to predict the pressure at which a compound
will transform to a denser polymorph by a study of solid solutions of the given compound with compounds .
posses%1ng‘c1oser-at0mic packing.. The method has béen applied to calculate the pressures at which the
olivine-spinel transition should occur in Ni;§i04. / A

The validity of the prediction method was confirmed by a direct search‘for the spinel polymorph of
Ni,Si04 using high-pressure techniques. ‘ The same prediction method, when applied to the non-metals Si,
Ge, P, and B, which display solid solubility in a-iron, suggests that they should invert to metals at high
pressure. Suitable for graduates and advanced undergraduates. Background hecessary: introductory
thermodynamics and basic physical and crystal chemistry.

‘

w ’ .
Ringwood, A.E. 1966. Chemical evolution of the terrestrial planets. Jeochimica X Cosmochimica Acta,
30 (1): 41-104. . o® . c"‘%\v
Q \

This paper by Ringwood is an authoritative synthesis and appraisal of the then existing khowledge .
and speculation of the chemical evolution of the terrestrial planets. Several hypotheses and "possible
explanations" of particular phenomena are introduced. Separate sections are devoted to Earth, the
Moon, Mercury, Mars, Venus, and the Galilean Satellites of Jupiter. Suitable for graduates and advanced
undergraduates. Background necessary: physical chemistry and thermodynamics. Even those with insufficient
background to appreciate some of the technical arguments can benefit from reading this paper. e ~ .

Ringwood, A.E., and Larry Kaufman. 1962. The influence of high pressure on transformation equilibria in
iron meteorites. Geochimica et Cosmochimica Acta, 26 (October): 999-1010. ' ‘

The phase compositions and structures of iron meteorites are discussed in terms of high-pressure
diagrams, using arguments which were first advanced by H.H. Uhlig. The controversy between adypcates of
high-pressure and lowepressure crystallization for iron meteorites is resolved. The influence of minor .
components, primarily phosphorus, on crystallization equilibria is also considered. Suitable for graduates
and advanced undergraduates. Background necessary: basic college chemistry, phase rule, introductory
thermodynamics. . " ;

I *?

Roedder, E.W. 1959, Silicate melt systems. In L.H. Ahrens, Frank Press, K.K. Rankama, and S.K. Runcorn )
(editors). Physics and chemistry of the earth, v. 3. Pergamon Press, London: 224-297. !

The experimentally determined silicate melt systems of most interest to petrologists are reviewed.
The 1ntroduction includes a brief discussion of the interpretation of phase diagrams so that it is possible -
to read the paper without previous preparation. Fifty-nine diagrams are included. Apn excellent concise . .
| account. Suitable for graduates and advanced undergraduates. Background necessary: bagic'co11ege chemistry.

*

Rosenberg, P.E., D.M. Burt, and H.D. Holland. 1967. Calcite-dolomite-magnesite stability relations in
solutions: The effect of jonic strength. Geochimica et Cosmochimica Acta, 31 (3): 391-396.

-

Experimental determinations between 280 and 420°C were made concerning the effect of ionic strength
(0.16M to 2M aqueous CaC]z-MgC12-C02 so]ution§) on the stability relations of calcite-dolomite-magnesite. '
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Suitable for graduates and advanced undergraduates. Background necessary: physical chemistry,. thermo-
dynamics, integral calculus.

Seki, Yotaro, and G.C. Kennedy. 1965. Muscovite and its ﬁelting relations in the system KAISi30g-H20.
Geochimica et Cosmochimica Acta, 29 (9): 1077-1083. .

The resu]ts'of experimental work are preqénted, and points of geologic interest are discussed. These
pertain to solutions given off by a cooling granitic melt. Suitable for graduates and advanced under-
graduates. Background necéssary: basic college chemistry with some introduction to phase diagrams.
Sommerfeld, R.A.  1967. Quartz solution reaction: 400°-500°C, 1000 bars. Journal of Geophysical

Research, 72 {(16): 4253-4257, . .

. N

"It is postulated that the solution species in quartz-water solutions at 1 kb changes between 400°
and 500°C. This theory is tested by determining the molecularity of the solution reaction with respect to
water by means of argon-water mixtures." Suitable for graduates and, adyanced undergraduates. Background
necessary: some introduction to solution chemistry. !

Tauson, L.V. 1965. Factors in the distribution of the trace elements during the crystallisation of
magmas. In L.H. Ahrens, Frank Press, S.K. Runcorn, and H.C. Urey (editors). Physics and chemistry
of the earth, V. 6. Pergamon Press, New York: 215-249, - .

‘ , oy

The author argues that it is impossible to reduce to one or two the factors which regulate the diadochic
distribution of the trace elements during the crystallization of magmas, as has been dong by previous workers.
The factors are divided into three groups: (1) crystal chemical properties of the elements (type of bonding,
magn itude of ionic radius, the charge, etc.); §2) variations in the structure and composition of minerals;
and (3) conditions of mingeral hrysta]liﬁation temperature, pressure, concentration ratio of the components,
rate of crystallization). Factors in the formation of nondiadochic forms of occurrence of the ore elements
are considered also. Suitable for gr§99ate$ and advanced undergraduates. Background necessary: physical
chemistry. '

Taylor, S.R. 1965. The application of trace element data to problems id~§etrology. In L.H. Ahrens,
Frank Press, S.K. Runcorn, and H.C. Urey.(editors). Physics and chemistry of the earth, v. 6:
Pergamon Press, New York: .133-213. ) . ’

\] W

¥ The author draws attention to the Useful results to be obtained from a study of trace element
determinations of good precision and accuracy, A section is devoted to the theoretical predictions of
trace element behavior, follpwed by sections dealing with the individual elements. The emphasis has been
to provide a guide to interpreting trace element.data on the basis of theoretical principles, reinforced’
by experimental data. Specific examples of applications to geologic problems are given. The final sections
deal with the use of groups of elements in specific fields of geology. The paper has an extensive reference
list. Suitable for graduates and advanced undergraduates., Background necessary: somg/introduction to
physical chemistry. - . $¥§f3 . .
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Tuttle, O.F., and N.L. BowZn. 1958, | Origin of granite in the light of experimental studies in the system
NaAlSi30g~-KALSE 30g-5109=-Hy0. Geological Society of America, New York, Memoir 74: 153 p. -

This book deals with the experimental determinations of phaﬁe-equi]ibrium relations in the system
given in the title, and with the application of these results to some petrologic problems. It is a classic
in its field. Suitable for graduates and advanced undergraduates. Background necessary: ghase rule.

.

Urey, H.C. 1962. Evidence regarding the origin of the earth (Presidential address). Geochimica et

Cosmochimica Acta, .26 (January): 1-13. f/‘/‘,,—t .

Urey's article is a broad treatment of the subject. Subheadings include: sources of evidence; properties
gf the solar system, properties of the planets; meteorites; evidence from the earth; and an outline of events.
uitable for intermediate- and higher-level geology students. Background necessary: basic college chemistry

and phystics. . :

.

Heill, D&F. 1966. Stability relations in the A1203-510p system calculated from solubilities in the
A1203-S1'02-Na3A'IF6 system. Geochimica et Cosmochimica Acta, 30 (2): 223-237. .

"The solubilities of andalusite, kyanite, sillimanite, mullite, tridymite and quartz are measured in
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liquids of the A1E03-§ﬁ02-Na8A1F5 system at 1010 and 800°C. It is shown that the Gibbs free energy of
solid phases in the Al?Og-Si o system can be simply related to the activity of silica in the liquid with
which they are in equilibrium." A pressure-temperature phase-equilibrium ‘diagram is calculated for the
> solid portion of the A1904-510, system which gives a triple point, andalusite-kyanite-sillimanite, at
approximately 410°C, 2400 bars. "The PH2 -T equilibrium curve for the reaction muscovite + quartz ¥
K-feldspar + sillimanite + Hp0 is found, go Tie approximately 60~80°C below the curve for the simple
breakdown of muscovite.” Suitable for graduates and advanced undergraduates. Background necessary:’
*  physical chemistry and experience with phase diagrams and thermodynamics.
* .
Winkler, H.G.F., and Hilmar von Platen. 1961. Experimentelle Gesteinsmetamorphose-V. Experimentelle
anatektische Schmelzen and ihre petrogenetische Bedeutung. Gepchimica et Cosmochimica Acta, 24
(3-4): 250-259. . -
The conditions of temperature and Ha0 pressure whenever quartz and alkali feldspar are constituents
~ of a rock are considered in the formation of an anatectic melt. It is pointed out (and examples are given)
. that anatexis always starts wWith the formation of an aplitic quartz-alkali feldspar melt but that the end
gomposition after melt depends on the composition of the original metagorphosed sediment. The formation
of "granitoid" and migmatic rocks by anatexis is discussed. Background necessary: basic college chemistry,
. phase rule, German. ?Presentation is in German with an English abstract.) .

' o , .\/ .
Wyllie, P.J. 19 Application of high pressure studies to the earth sciences. In R.J. Bradley (editor).
High,pressurefphysics and chemistry, v. 2. Academic Press, London: 1-89. . .
. . ) . ’
This is a jew chapter on the physics and chemistry. of high-pregéure, high-temperature research
applied to all facets of the earth sciences. Background necessary: third year college chemistry, physics,
and geology. : " e

»
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Wyllie, P.J., and J.L. Haas, Jr. 1965. The system Ca0-Si02-C02-H20: 1. Melting re1ationships with excess
vapor at 1 kilobar ‘pressure. Geochimica et Cosmochimica Acta, 29 (8): 871-892. .

~

“Solid-1iquid-vapor phase equilibria have been determined for parts of the system Ca0-5i02-C02-Hp0
by delineating the phase fields intersected by the composition join CaC03-Ca(0H)2-(Si0+4.3 weight percent
‘ Hp0) at 1 kilobar pressure between 600°C and 975°C." Suijtable for graduates and advanced undergraduates.
Background necessary: basic college chemistry and mineralogy with some knowledge of phase diagrams.

LS

. ”
_Wyllie, P.J., and J.L. Haas, Jr. 1966. The system Ca0-5i109-C09-Hp0. _II -~ The petrogenetic model.
Geodhimica et Cosmochimica Acta, 30 (5): 525-543. . ;

N "The experimental study was limited to the phase relationships on the vapor-saturate& Tiquidus surface
at temperatures below 950°C." Applications to carbonatites are discussed. Suitable for graduate and advanced
graduate geology courses. Background necessary: basic college chemistry, miner?logy, familiarity with the

_ petrogenetic model. (The writer assumes famili®rity with the f£ield; many detailed diagrams are included.)

v

Wyllie, P.J.f and 0.F. ?utfle. 1960. The system Ca0-C0p-H20 and the origin of carbonatites. Jowrmal _ ,
of Petrology, 1 (1): 1-46. = )
» .
The authors systematically apply phase equilibria,in a three=component system at moderate temperatures
and pressures to the study of a peculiar group of rocks with broad economic interest. Background necessary:
fundamental knowledge of college chemistry and geology to third-year Tevel. .
. ’ L3
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_ APPLICATION OF CHEMICAL' CONCEPTS TO LOW-TEMPERATURE“GEOLOGIC SYSTEMS

N

Akyh, G.W., and J:V. Lagerwerff. 1965. Calcium carbonate equilibria in aqueous solutions open to the air.
I. The solubility of calcite in relation to jonic strength. Geochimica et ‘Cosmochimica Acta, 29 (4):

343-352.

. "The solubility' of calcite was determined in distilled water, and in solutions containing NaCl, NaHCO3
and CaCly alone or in certain combinations, at temperatures near 25° and partial pressures of COy in the
+  range normal for the atmosphere. The effect of jonic strength on the solubility was found in close accord
with Debye-Hiickel theory." Suitable for graduates and advanced undergraduates. Background necessary:
basic college chemistry and solution chemistry. { ‘ .
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Akin, G.W., and J,V: gégerwerff. 1965. -Calcium carbongte equi1i5ria in solutionsr;;en to the air. II.
gghizied3§g1ggsllty of CaC03 in the presence of MQ + and S047. Geochimica et Cosmochimica Acta,

. From a theory, developed in tiris study, on the basis of Langmuir adsorption ¢f M92+, 5042', and the
ions of Cal03 on a crystal surface consisting of calcite agd of Cago having a modified caléite lattice -
"an_equation wag derived relating the activity product (Ca¢*) (C03¢~3) to the concentration ratios (Mgé+)/
(Ca2*) and (S04¢~)/ (C032~) at equilibrium. The equation was fitged to solubility_data on the synthetic
solutions. Parameters thus evaluated separately for the effect of Mg2* and of S04~ were used together
in the equation to calculate.solubilities in six natural waters of widely different compositions. Good
agreement was obtained with measured solubjlities.’ Suitable for graduates and advdnced undergraduates.
Background- necessary:‘basic college chemistry and solutjon chemistry. . .

~
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Anikouchine, W.A. 1967. Dissolved chemical substances in compacting marine sediments. Journal of
Geophysical Research, 12 (2)t 505-509.

N

“A mathematical description of the distribution of a dissolved chemical species in interstitial water
of clayey marine sediments is obtained by applying the equation of the distribution of a scalar variable
to a constantly accumulating column of marine sediments. An equation describing compaction, and hence
interstitial water velocity,-is obtained empirically from porosity data. When the space coordinates are
transformed to the moving sediment-water interface, the advection term vanishes and a simple- equation in-
volving diffusion, reaction, and Tocal change describes the distribution of chemical species dissolved in
interstitial water. This equation is solved to obtain.a steady-state distribution of dissolved silicate
and the diffusive flux of dissolved manganese across the sediment-water interface, and agreement between
theoretical predictions and empirical data is found. The validity of assumptions used in develbping the
mathematical model is difcussed." Saitable for graduates and advanced undergraduates. Background

Mecessary: basic chemistry and mathematics to calculus.
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Bada, J.L., and S.L. Miller. 1968. ' Ammonium ion concentration in th