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HYDRATION AND BASE EXCHANGE PROPERTIES OF CARNOTITE, TYUYAMUNITE
AND RELATED COMPOUNDS*
K. J. MURATA, E. A. CISNEY, L. R. STIEFF, AND E. V. ZWORYKIN
U. 8. Geological Survey, Washington, D. C.

Hydrated uranyl vanadates of potassium, ammonium, thallium, calcium, strontium,
barium, sodium, copper, and zinc were synthesized as part of a mineralogic study of car-
notite and tyuyamunite. Microscopic and electron-microscopic examination show the
crystals to be diamond-shaped plates with micaceous cleavage.

On the basis of x-ray powder patterns, these compounds may be classified into two
structural types:

Type I. Compounds of K, NH,, and TI.

Type IL. Compounds of Ca, Sr, Ba, Na, Cu, and Zn.

The two types of compounds also differ greatly in the degree of hydration. Type I com-
pounds contain about 1 molecule of water in the air-dried state; type IT compounds, 5 to 9
molecules. The higher hydration of type II compounds may be correlated with the presence
of low-angle, basal reflections in their x-ray powder patterns.

The water molecules and the characteristic cations (K, NHj, Ca, etc.) occur between
uranyl vanadate layers, a condition analogous to that found in the clay mineral mont-
morillonite. There is a progressive decrease in the interlayer spacing of type IT compounds
as water is removed by heating.

Type 11 compounds, when treated with solution of potassium salts, rapidly exchange
their cations for potassium and are converted to carnotite. This entails a contraction of the
interlayer spacing as the lower hydration characteristic of type I is assumed. The reverse
process, the conversion of carnotite to compounds of type II, involves the expansion of
interlayer spacing, and takes place much less readily.

A SECOND SOUTH AMERICAN OCCURRENCE OF BRAZILIANITE

JOSEPH MURDOCH
University of California at Los Angeles, California

In the pegmatite of the alfo Patrimonio, at Piedras Lavradas, Paraiba, Brazil, massive
amblygonite was found to be cut by veins and patches of brazilianite accompanied by
wardite, apatite, and other phosphates. The brazilianite occurs in small (1-2 mm.) grains
and crystals, some fairly well developed. Measurable crystals show the following forms:
{110}, {010}, {320}, {130}, {670}?, {101}, {301}, {021}? {111}, {321}, {121}. The mineral
was identified by indices, crystal form, and x-ray pattern. The associated wardite is some-
what coarser grained, shows a good cleavage, and is sometimes in crude crystals. In the
veins, wardite is earliest, followed by brazilianite (usually idiomorphic) and purplish
apatite. In the patches, a very finely fibrous greenish mineral, resembling hydroxy-apatite;
wardite, brazilianite and apatite follow in that order, with some overlapping, and all are
covered by a very fine grained compact white mineral which may be meta-variscite.

X-RAY EXAMINATION OF URANOTHORITE

A. PABST
University of California, Berkeley, California

Earlier x-ray studies of thorite have indicated that it is metamict (Vegard, Plil. May.,
32: 65, 1916) or have led to cell dimensions (Boldyrev et al., Leningrad, Inst. Mines, Ann.,
11:1, 1938) that seem very much out of line with those of related materials.

* Published by permission of the Director, U. S, Geological Survey.
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Single crystal x-ray diffraction patterns have been obtained from unaltered uranothorite
from Gillespie’s Beach, South Westland, New Zealand. Rotation patterns on the ¢ and ¢
axes are very similar to zircon patterns but show a certain amount of streaking of the spots
along “powder arcs.” A cell of dimensions ap=7.12 A, Co=0.32 A contains 4ThSiO,. Th is
substituted by U in the ratio of about 1/7. Observed and calculated densities agree at
6.7+ 0.05. The space group is Dy'®—14/amd. The similarity of therotation patterns to
those of zircon leaves no doubt that the structure of this uranothorite is of the H3 (zircon)
type.

ANION EXCHANGE IN CLAY MINERALS

KESHAVRAO P, PRABHU
Pennsylvania State College, State College, Pennsylvania

The amount and nature of the anion exchange in various clay minerals were determined
using electrodialyzed materials. The effect of the chloride, sulphate, and phosphate ons
was determined and compared with the base exchange capacity of these clay minerals. A
tentative explanation regarding the ion exchange phenomena was developed as a result of
this study. It is suggested that in kaolinite and illite the ion exchange, both anionic and
cationic, takes place on “active spots” primarily due to broken valence bonds. In the case
of montmorillonite, where cation exchange may result also from excess negative lattice
charge, it is suggested that a similar exchange may take place with anions due to excess
positive charge. As a consequence of this, clays probably are not amphoteric in the usual
chemical sense.

As further evidence, additional data were obtained on the effect of particle size on the
cation and anion exchange capacity of these clay minerals. The anion exchange capacity in
kaolinite was shown to depend on the lateral surface area of the clay mineral. The relation-
ship existing between anion exchange capacity and lateral surface area was also demon-
strated for other clay minerals.

FURNACE ATMOSPHERE CONTROL IN DIFFERENTIAL THERMAL ANALYSIS*

RICHARDS A. ROWLAND AND DONALD R. LEWIS
Exploration & Production Research Division, Shell Oil Company, Houston, Texas

The usefulness of differential thermal analysis can be extended considerably by con-
trolling the composition of the furnace atmosphere. The method described for securing at-
mosphere control is applicable to most existing differential thermal analysis furnaces. Ex-
amples are given which show the effect of a furnace atmosphere of nitrogen on differential
thermal curves of clays containing organic matter and pyrite. Other curves show the effect
of CO, on differential thermal curves of siderite, magnesite, dolomite and calcite. One
curve follows the alternate dissociation-reconstitution of the CaCO; part of dolomite in an
atmosphere of CO,. The effect, on the differential thermal analysis curve, of filling the fur-
nace with a gas which is a participant in the reaction is explained by the relation of the
partial pressure to the equilibrium constant and the heat of reaction.

ORIGIN OF A LAYERED ULTRAMYLONITE FROM SOUTHEASTERN CONNECTICUT

CHARLES B. SCLAR
Ohio State University, Columbus, Oho

At the southernmost contact of the Preston gabbro is a zone of imbricate structure
which the hydrothermally altered gabbro and four tabular bodies of chlorite-actinolite,

* Pyblication No. 10, Exploration & Production Research Division, Shell 0il Company,
Houston, Texas.
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schist derived from it have been brought into juxtaposition with a block of medium-rank
gneissand its progressively mylonitized equivalents by reverse faulting. The lower five feet
of the block of non-layered biotite-cummingtonite-hornblende gneiss was converted to a
layered slate-like ultramylonite composed of alternating quartz-plagioclase laminae and bi-
otite-amphibole laminae which range in thickness from a thin film to five millimeters. The
ultra mylonite has a well-developed cleavage parallel to the lamination. The temperature
which prevailed during mylonitization was apparently high enough to prevent significant
diaphthoresis and low enough to prevent recrystallization. The block is at least twenty
feet thick and it exhibits all stages of cataclastic reduction and increasing metamorphic
differentiation from top to bottom. No transposition of s-planes was involved and the
dip of the foliation in all the cataclastic rocks is parallel to the uniformly dipping reverse
faults. The ultramylonite was subjected to post-layering microfaulting.

The origin of the layering is discussed in the light of the solution principle of Eskola,
the mechanical hypothesis of Schmidt and Wenk, and the complex hypothesis of Sander
and Turner. It is concluded that the process of metamorphic differentiation was dominantly
mechanical and a consequence of the difference in mechanical behavior of the light and
dark minerals under shearing stress. The degree of perfection of the lamination is believed
to be a function of the kinematics of the mass during mylonitization.

RELATION OF TYPE OF COUNTRY ROCK TO THE SHAPE OF GRANITIC
PEGMATITE INTRUSIONS*

M. H. STAATZ AND A. F. TRITES, JR.
U. S. Geological Survey, Denver, Colorado

Examination of more than 1800 pegmatite intrusions in the Quartz Creek district, Gun-
nison County, Colorado, has shown that the shape of a granite pegmatite intrusion is
controlled by: (1) the type and competency of country rock; (2) the composition of the
pegmatite magma; and (3) the amount of intruded material. Of these, the first is com-
monly the most important.

Intrusions of pegmatite in competent rocks, such as granite, monzonite, quartzite,
and hornblende gneiss, commonly cut across the older layered structures such as bedding,
banding, or foliation, and follow joints or other fractures, forming thin, tabular to sinuous,
branching, and irregular bodies.

The pegmatites in incompetent rocks, such as mica schist, are in general concordant
with foliation and were intrudded by shouldering apart the country rock along foliation
planes. Pegmatites of this type are commonly lenticular, troughlike, arcuate, or tear-drop-
shaped; branching and irregular shapes are rare.

The pegmatites in the competent rocks tend to be thinner than those in the incom-
petent rocks; thickly lenticular pegmatites are practically unknown.

All bodies of pegmatite with the same composition do not have the same shape, al-
though in some districts lithium-bearing pegmatites tend to be bulbous. With the intrusion
of large amounts of pegmatitic material, the effect of the country rock on the shape of the
pegmatite is usually obscured and the body assumes an irregular stock-like shape. The type
of country rock thus appears to have the greatest control over the final shape of the smaller
pegmatite bodies.

Similar relations between the shape of pegmatites and the type of country rock have
been found in other districts.

* Published by permission of the Director, U. S. Geological Survey.
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OBSERVATIONS ON TWIN LAWS COMMONLY EXHIBITED BY PLAGIOCLASE OF
METAMORPHIC ROCKS
FRANCIS J. TURNER
University of California, Berkeley, California

Observations on the twin laws commonly exhibited by metamorphic (especially by de-
formed) rocks are placed on record. Attention is drawn to the marked contrast between
the complex association of twins typical of plagioclase in igneous rocks, and the much less
complex twinning of metamorphic plagioclase, as a possible basis for distinguishing (1)
metasomatic from magmatic plagioclase in granitic rocks; (2) relict from metamorphic
plagioclase in amphibolites.

GROWTH OF WATER SOLUBLE AND OTHER CRYSTALS AT LOW TEMPERATURES

HUGH H. WAESCHE
Signal Corps Engineering Laboratories, Fort Monmouth, New Jersey

Crystals have been synthesized at low temperatures from (1) water solutions, (2)
melts with or without temperature gradient conditions, and (3) hydrothermal processes.
Extensive investigations have been made in crystal synthesis directly from aqueous solu-
tions. Outstanding success has been attained with Rochelle Salts, ammonium dihydro-
gen phosphate and ethylene diamine tartrate, by various investigators in the United States
and elsewhere. Numerous other inorganic and organic crystals have been grown readily.
Although few of these crystals occur in nature, the principles involved in their synthesis are
of interest to the mineralogist and geologist because the mechanics of growth may be
similar to those of natural water soluble crystals. It is of more than passing interest how-
ever, that NaCl crystals of large size are crystallized commerciaily from melt at high
temperatures. Certain organic crystals have been synthesized by crystallization from a
low temperature melt using a temperature gradient method similar to that employed
successfully for commercial synthesis of NaCl and CaF: at higher temperatuers. The Signal
Corps Engineering Laboratories at Fort Monmouth, New Jersey, have been engaged ac-
tively in synthesis of berlinite (AIPQ,) since 1946, More recently this organization has syn-
thesized AlAsO4. Both of these crystalline materials are synthesized hydrothermally at or
below 250° C.; both are unusual in that they have retrograde solubility characteristics.
Tourmaline has been synthesized on a small scale from natural source materials at low
temperatures for the Signal Corps by Baird Associates, Cambridge, Massachusetts. Con-
siderable data have been accumulated showing that quartz crystal can be synthesized at
low temperatures (250° C.). Although synthesis of the last two minerals at low tempera-
tures has no practical value at this time, geologic implications are evident.

HUMMERITE AND MONTROSEITE, TWO VANADIUM MINERALS FROM
MONTROSE COUNTY, COLORADO*
ALICE DOWSE WEEKS, EVELYN A. CISNEY, AND ALEXANDER M. SHERWOOD
U. S. Geological Survey, Washington, D. C.

Two new minerals, collected in the summer of 1949, are described and compared with
previously known vanadium minerals from Colorado.

Hummerite was first identified in bright-orange veins in gray clay at the Hummer mine
of the Jo Dandy Group on the southwest side of Paradox Valley, Montrose County,
Colorado, and later as a yellow efflorescence on sandstone at the North Star mine on the

* Published with the permission of the Director, U. 8. Geological Survey.
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opposite side of Paradox Valley. It is translucent, water soluble, and similar in appearance
to pascoite but has the composition hydrous magnesium vanadate. The #-ray powder
pattern of crystals formed by evaporation of a water solution is the same as that of the
original vein mineral. The recrystallized material is triclinic, pinacoidal class, and forms
crystals elongated parallel to the ¢ axis or tabular parallel to the b and ¢ axes. It is optically
negative, has strong dispersion, and #Y =1.81. The chemical analysis and morphologic and
x-ray crystal data will be presented.

Montroseite, in black microscopic bladed crystals, was found in the Bittet Creek mine on
the northeast side of Paradox Valley, Montrose County, Colorado. It is orthorhombic, prob-
ably rhombic-dipyramidal class, opaque, and has the composition 2FeQ- V:03- 7V;04- 4H,0.
Morphologic and x-ray crystal data are presented together with spectrographic and chemi-
cal analyses.

SURFACE STRUCTURE AND CRYSTAL GROWTH

WOLDEMAR WEYL
Pennsylvania State College, State College, Pennsylvania

The concept, that the cube face of a crystal having NaCl structure consists of a check-
ered pattern emanating positive and negative force fields, represents an idealization which
is useless for explaining the surface properties of a large number of crystals. It is not
understandable on this basis why sintering of calcined MgO should require the very high
temperature it does and why it can be accomplished at a much lower temperature if certain
“impurities’” are present. An explanation for this and related phenomena is presented on
the basis that crystals containing ions of widely different polarizabilities develop surfaces
which contain primarily the most polarizable ion in the extreme outer layer, followed by the
less polarizable ion which is slightly recessed. This deviation of the surface from the bulk
structure can lead to an electrical double layer setting up repulsion forces between the
single particles and thus preventing sintering.

The surface structure depends largely on the surrounding medium, a fact which can be
demonstrated by the change in the hydrophilic and the catalytical properties of PbF; and
Hgl; on removal of the water layer.

These concepts are applied to the crystallization of substances from various solvents as
affected by impurities.

PETROLOGY OF THE ALKALINE ROCKS OF THE NEMURO DISTRICT,
HOKKAIDO, JAPAN

KENZO YAGI
Geophysical Laboratory, Washington, D. C,

In the Nemuro Peninsula, alkaline rocks occur in the Cretaceous formations as sheets,
laccoliths, or rarely as submarine flows. Their age is probably upper Cretaceous or lower
Tertiary. The rocks vary from picritic trachydolerite, trachydolerite, and trachybasalt, to
monzonitic and syenitic rocks. Minerals present, which often show zonal structures, include
plagioclase, anorthoclase, orthoclase, analcite, natrolite, thomsonite, augite, aegirine-augite,
olivine, biotite, and iron ores. The preponderance of K;O over NagO is remarkable, and the
Peacock alkali-lime index is 52.1.

The margins of thick sheets or laccoliths are chilled porphyritic trachybasalt. Dark
picritic trachydolerite rich in olivine and augite lies immediately above the lower chilled
margin and grades upward into less dark trachydolerite and monzonitic rocks near the
upper chilled margin. The materials only whin the chilled margins are occasionally cut by
syenitic veins varying in thickness from a few inches to a foot. Thus gravitational differ-
entiation ¢z situ is inferred to have occurred in these intrusive bodies.
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Various parts of the pillow structure, which is sometimes well developed in the thinner
sheets, show noticeable differences in texture as well as in chemical composition. It is ar-
gued that crystallization in an extremely water-rich magma rather than under a water
cover is responsible for the formation of the pillows.

The original magma of these alkaline rocks was probably shonkinitic in composition,
with abundant volatile components, which played an important role in crystallization,
especially in the late magmatic and hydrothermal stages.

COMPLETE SUBSTITUTION OF ALUMINUM FOR SILICON: THE SYSTEM
3MnO - AL,0; - 38i0,—3Y:0; - 5A1,0,
H. S. YODER AND M. L. KEITH
Geophysical Laboratory, Washington, D. C.

Thermal, optical, and x-ray data indicate that there is a complete series of solid solu-
tions between spessartite, Mn;Alx(SiO,); and yttrogarnet, Y;Al(AlO4);. The substitution
YA —Mn*2S8it may be represented by the formula:

(Mn;;_xYx) Alz (Sia_xAlx) O} 2.

Yttrogarnet has a cube edge of 12.01+0.02 A and the space group Op!®. Using the co-
ordinates of grossularite as determined by Menzer, good agreement was obtained between
calculated and observed intensities. The atomic positions are:

Alin 16(a) 000
Y in 24(c) 13+ 0
Al in 24(d) 1 %0
0 in 96(h) Xy z

where x, y, and z are 0.04, 0.055, and 0.64 respectively. The yttrium is in eight-fold coor-
dination; the aluminum is in both four- and six-fold coordination. Yttrogarnet inverts to a
high form at approximately 1970+ 50° C.

This is the first case on record of the complete substitution of aluminum for silicon in an
orthosilicate. It contradicts the prevalent idea that the substitution of aluminum for silicon
always decreases as the Si/O ratio decreases.

THE MECHANISM OF VEIL FORMATION IN CRYSTALS*

S. ZERFOSS
Crystal Branch, Naval Research Laboratory, Washington, D. C.

Numerous observers have reported that there is a maximum practical rate of crystal
growth. Crystals grown at faster rates invariably develop flaws—veils. These veils are lines,
planes or bodies of liquid and gaseous inclusions commonly oriented with respect to some
growing face. One expects, that when a seed is planted in a saturated solution, there will
be considerable veiling to make the adjustment of the seed to the equilibrium endform of
the crystal. Thereafter when the endform is in equilibrium with the solution, growth at a
slow rate should proceed with a high degree of perfection. Experience with laboratory
growth of numerous crystals together with pilot plant growth of ADP is drawn upon to
elaborate a mechanism of veil formation and of crystal growth from water solution. Exam-
ples of natural crystals can be used to support the general picture.

* The material in this talk will be published under the authorship of P. H. Egli, S. Zer-
foss and S. Slawson.





