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DEERITE, HOWIEITE AND ZUSSMANITE, THREE NEW MINERALS FROM

THE FRANCISCAN OF THE LAYTONVILLE DISTRICT'

MENDOCINO CO., CALIFORNIA

S. O. Acnrlr,, M. G. BorvN AND D. McKrE, Llnitersity oJ Cambrid'ge, Cambrid'ge, Engl'and'

Deerite, howieite and zussmanite are essential minerals in some of the metamorphosed

shales, siliceous ironstones and impure limestones of the Franciscan formation.

These minerals occur in various associations with ferro- and ferri-stilpnomelane,

spessartine-rich garnet, riebeckite, crocidolite, qvartz, aegirine, grunerite, aragonite,

oligonite and ferroan-kutnahorite.
Deerite occurs in black acicular crystals, amphibolelike in cross section, just tlans-

parent  on th in edges.  Cleavage (110) good'  7:c,  a 1 '840* '01,71'870+'01'  p leochroism

slight: a dark brown, B7 dark brown black. G 3.837. Monoclinic, cell dimensions

o io.zss A+.ooz A,t'ts.sz A+.ooo A, c 9.568 A+.ooz A (fib"' axis), pseudo c-3.2 A.
P 107.12"+.O4o, space grorp P211o, twin [001] submicroscopic. Deerite a, b, c approxi-

mately equals clinoamphibole 2c, b, a.

One-half unit cell contents for 0:55.

(Mg.6eMn ouF# rr) r ,  or(F" l* t rAl  , r )u nSir ,  6aoa3.ea(oH)rr  oo

Howieite occurs in dark green to black bladed crystals. cleavage (010) good, (100) Iair,

(2T0)weak.  q7.7O1,01.720, t  1.734,biaxia l  2V65o,dispersionstrongv)r ,p leochroism

marked: a pale golden yellow, B dark lilac gray, 7 dull green. G 3 378. Triclinic, cell dimen-

s i o n s o 1 0 . 1 7  A , t g . l z  A , c 9 . 5 6 A 1 u t l + . o s A ; , o 9 1 . 3 " , 8 7 0 . 7 o , a  l 0 g o . U n i t c e l l c o n t e n t s

for o:z[4 

2+ r I
(Nar osCa oz)r ,os(Mg rsMnz ssFeo rr)s so(I"et  uzAl  ur)s re(Sir1 eoTi  no)t ,  ooO,t  *(OH)t 'on

Zussmanite occurs in pale green tabular crystals. Cleavage (0001) perfect. a 1.643,

e 1.623, uniaxial-, pleochroism.weak: o paie green,,e colorless. G 3.146. Rhombohedral

lattice. Hexagonal ceil dimensions a 11.66 A+.oZ A, c 28.69 A+.02 A. Rhombohedral

cell dimensions 11.69 A, a 59.8o. Laue group 3, space group R3 or R3. Rhombohedral unit

cell contents for 0:56.

2+ 3+
(Na ozK sz) .ss(Mgr asMn rol 'ero ssFe rrAl .srTi  o,) t r . to(Si tu oAlr  r ) raOrr .z(OH)rs e
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SEVEN NEW BARIUM MINERALS FROM EASTERN
FRESNO COUNTY, CALIFORNIA

Joux T. Ar,lons, Mnr,vrN C. SrrNsoN, Rolnnr A. Marrnrws, CaliJornia Dilision
oJ Mines ond. Geology, San Francisco, Cali.Jornia, and A-oor,r Pansr,

U nh er s ity oJ C aliJ or nia, B er k el ey, C oIiJ or ni, a.

Seven nelv barium-bearing silicate minerals have been found in eastern Fresno County,
California. The minerais occur in sanbornite-bearing metamorphic rocks which crop out in
a narrow zone 2l miles long near a granodiorite contact.

Macdonaldi te [BaCa4Sir5OBb.11HzO] is  b iaxia l  ( -  or  t ) ,  2V:90o, a:1.518,  B:1.524,
r :1.530,  color less,  X:c,  Y:b,  Z:a,  G(meas.) :2.27. I1 is  or thorhombic,  Bmmb or
Bm2rb ,  a :14 .06 ,  b :23 .52 ,  c : 73 .08 ,  Z :4 .

Krauskopf i te [nasirq.3HrO] is  b iaxia l  ( - ) ,  2V:88' ,  a: l574,  9:1.587,  t :1.599,
color less,  X:b,  Y Aa:6o,  Z\c:10|" ,  a/ \c:94" 32' ,  G(meas ) :3.14.  I t  is  monocl in ic,
P2 / a, a : 8.4ffi , b : 10.622, c : 7 .837, A : 94" 32', Z : 4.

Walstromite [naCarSirOs]  is  b iaxia l  ( - ) ,  2V:30o, a:1.668,  P:1.684,  r :1.685,
co lo r l ess ,G (meas . ) : 3 .69  I t i s t r i c l i n i c ,  P Io rP1 ,a :6 .743 ,b :9 .607 , c :6 .687 ,a :69o51 ' ,

A :  7O2" l4t ,  7:97o 6+' ,  Z:2.
Fresnoi te [BazTiSizOs] is  uniaxia i  ( - ) ,  r :7.775,  e: l .765,0:color less,  E:yel low,

G(meas.) :at .23.  I t  is  tetragonal ,  P4/mbm, P4bm, or  P4b2, a:8.52,  c:5.210,  Z:2.
-Verplancki te 

[BarMnSirO6(OH)r]  fu uniaxia l  ( - ) ,  o:1.683,  e:1.672,  O:orange-
yellow, E:colorless, G(meas.) :3.62. It is hexagonal, P6/mmm, P62m, PEm2, P6mm, or
P622, a:  16.35,  c :  7.17,  Z:  7.

Muir i te [BuuCuTiSLO'r(OH), ]  is  uniaxia l  (+) ,  @:1.697,  e:1.7O4, O:orange,
E: colorless, G(meas.):3.86. It is tetragonal, P[/mmm, P4wn, P422 or P42m, a:13.942,
c :5  590 ,  Z :2 .

Traski te [BarFeTiSicOn(OH)r]  is  uniaxia l  ( - ) ,  
" :  

1.774,  e:L.7O2, O:brownish-red,
E:colorless, G(meas.):3.7t. It is hexagonal, P6/mmm, P62m, P6m2, P6mm, or P622,
a :17 .88 .  c : 12 .30 .  Z :6 .

ZEOLTTE TYPE X EQUILIBRIA WITH TRIVALENT
CERIUM AND YTTRIUM CATIONS1

L. L. Anns, !n., IIanJord Laboratories, General El,ectric Company, Richland, Washington.

Cerium equilibria were determined with several natural and synthetic zeolites includ-
ing Linde 4A, 13X, AW-400, AW-500, Norton Zeolon, and natural erionite, phillipsite and
clinoptilolite. Only Type X (Linde 13X) shorved favorable mass action quotients at rela-
tively high fractions of cerium on the zeolite. Further, only with Type X was the cerium
capac i t y t hesameas thes t ron t i umorsod iumcapac i t y , 36meq /g .Theexchangeda ta fo r
Type X is given in the table. K is a rational thermodynamic equilibrium constant and AGo
is a standard Gibbs free-energy change for the reaction given.

Reaction
3Na,+Qs,
2Na,+$1,
3St'+)Qs.
3Na,+If,

t Read by title.
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K ,  2 5 ' C .
45  .6
19.9
0. 759
6 . 6 r

AGo, 25o C., cal/mole
-2300
- 1800
+ 200
- 1100
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PYROXENE RELATIONS IN EXPERIMENTALLY CRYSTALLIZED

1887 MAUNA LOA BASALT

MvroN G. Besr, Unitersity oJ Ottawa, Ottawa, Ontario.

Experimental investigation of the kinetics of crystallization of the 1887 Mauna Loa,

Hawaii basalt reveals significant time-dependent phase relations of a similar nature as

those found in natural basalts and andesites which are conventionally interpreted as result-

ing through changes in temperature and composition of the crystallizing magma The

experimental method employs a stack of trvo large quench furnaces and, to minimize oxida-

tion of Fe, 8 g charges contained in very thin platinum foil tubes and heated in an

atmosphere of argon. Runs of several days duration starting with powdered basalt (with

all phases present as potential seeds) show that augite, hypersthene, and plagioclase all

crystallize stably between 11700 C. and 1090o C. In other runs where the charge is first

completely liquefied at about 1200" C and then quickly introduced into the other furnace

at a lor,'er constant temperature no self-nucleating hypersthene forms at any temperature.

Augite self-nucleates at temperatures less than 11400 C. Pigeonite (OPll(010); 2V,20')

nucleates from 1170o C. to at least 1135o C.; as these crystals become larger with time at

any particular constant temperature the optic angle appears to increase, greater inhomo-

geneity is evident, and finaly, after about four days, each grain clearly becomes composite,

consisting of exsolved hypersthene and augite. The latter commonly forms irregular
jackets and patchy cores or, rarely, thin (100) lamellae in the host hypersthene

SKARNS OF THE PRECAMBRIAN, DENVER
MOUNTAIN PARKS AREA, COLORADO

Mancannr Fur.r.nt Boos, 2036 Sout'h Col'umhine, Denaer, Colorado.

Skarns developed by polymetamorphism of 3 ciosely foLded calcite-rock, calc-silicate

and quartzitic members of the Idaho Springs sequence, crop out in separate, subparallel,

well-defined belts within a wide northwest-southeast trending arc of metasedimentaries

that border an antiform of at least 4 generations of Precambrian granites at the southwest.

Regional dynamothermal metamorphism of calcareous and associated sedimentary
strata was followed by multiple granite contact metamorphism. Retrograde metamorphism

imposed additional modifications, especially of the calc-silicate minerals. Field investi-

gations located minor endomorphic (autometasomatic) and contact skarns in the outer

marble-marmorite belt. The light colored skarn with white quartz bodies developed where

the calcite-rich strata are intensely crumpled and dislocated by faulting. The marble

relics of the intermediate belt are enveloped by massive skarn, calc-silicate gneiss and

black silexite. The mantle is a half to a mile wide. Discrete pods and strike-aligned lenses

of marble and continuous calcite-rich layers are confined to the heart of the calc-silicate

envelop. Skarn and marble-marmorite bodies do not merge.

Contact and endomorphic skarns of the intermediate and inner belts, produced by

dynamothermal metamorphism, are invaded by mirocline-rich pegmatite and black silexite

bodies loaded with innumerable pyrite grains of probable granite contact origin. Retrograde

metamorphism has modified all the calc-silicate minerals of the inner and intermediate

belts but has had little efiect on the outer one, and the mineralogy of the outer belt is well
preserved. Exceptions are marble relics in fault and shear belts, where magnesia-rich and

hydrothermal minerals occur,
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THE ORIGIN OF SOME NATIVE LEAD-PYROCHROITE PARAGENESES

K. Bosrnciu, Scripps Institute oJ Oceanography, La Jolla, Cal,i,Jornia

Systems containing PbS, Mn3Oa, CaCOs and BaCOa in various quantities are discussed.
It is found that under certain conditions minerals like native lead, pyrochroite, and hydro-
cerussite can be formed by redox processes in these systems. The models are compared with
native lead-pyrochroite occurrences at L6,ngban, Sweden, and Franklin, New Jersey.

THE ORIGIN OF TINCAI,CONITE AT SEARLES LAKE, CALIFORNIA

C. J. Bowsnn, Uni.ztersi,ty oJ Wiscons'in, Madtison,Wisconsin.

Tincalconite (NazBrOz' 10H2O) occurs at Searles Lake as coarse-crystalline, commonly
euhedral, crystals within the salts of both the upper and lower salt structures. Textural
relations indicate it has grown as a reaction product directly from the saturated lake brine.
Lake brine temperatures range from 20 to 25" C. The occurrence is unusual inasmuch as
tincalconite is generally formed as a dehydration product of borax when exposed to the air.

In pure NazBrOa-water solutions the borax-tincalconite transition tempemture is at
60.80 C., however it is lowered by addition of other salts to the solution. Borax converts
to tincalconite at 39.6" C. in saturated NaCl-NazBqOs solutions. Van't Hofi determined a
transition temperature of 35.5o C. in solutions saturated with halite, sylvite, and aphthita-
lite. Teeple determined solubilities in sait systems which approximate the composition of
Searles Lake brines over temperatures ranging from 20o-35o C. Borax was apparently the
stable sodium borate phase in all these experiments.

On the basis of existing experimental solubility determinations, it is concluded that the
tincalconite at Searles Lake did not form under present brine temperature conditions,
except possibly the tincalconite that occurs near the salt flat surface, but that it must have
formed earlier under warmer brine conditions. Apparently the tincalconite is kept from
hydrating to borax by a surrounding permeability seal of either fine-grained trona or clay.

Data from the system NazBrOr-NaCl-H2O suggest that tincalconite is a metastable
phase at Searles Lake. Had equilibrium been maintained only borax and kernite should
have formed,

THE SFIAPE OF MISORIENTED RECIPROCAL LATTICE PLANES
AS RECORDED BY PRECESSION PHOTOGRAPHY

M. J. Burncrn AND W. A. Dor.lasr, Mossachusetts Institute
oJ T echnol,o gy, Cambr id. ge, M as sac hus etts.

The shape of reciprocal-Iattice planes in precession photographs is a function of the
orientation of these planes relative to the precessing axis. The exact equation of the perim-
eter of central planes is derived in terms of the lengths of the reciprocal lattice vectors,
i.e., E:11p, r, e) in the usual notation. Qualitatively one may say that the shape passes
from a circle to a curtate cardioid, to a cardioid and finally to a prolate cardioid as the
error €=0, e 1p,, e :p,, and e )p respectively.

The precession orientation methods presently in use are shown to be special cases or
approximations of the general equation. In addition other methods of orientation, which
extend and complement the present methods are suggested by the general equation.

The perimeter of the recorded region may also be characterized by an angular measure-
ment, tiz. the angle between the radius vector and the tangent to the perimeter. The
relation of the orientation error to this angle is given by an equation which is directly

28r
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soluble for the error in contrast to the most generaliy used method which requires graphical

solution. Furthermore this method is unlimited in allowing an erior of any size to be evalu-

ated as long as the reciprocal lattice piane in question can be discerned.

TEMPERATURE PARAMETERS OF SILICATE CRYSTAL STRLTCTUI{ES

Cnenlns W. BunNHalt, Geoplrysical, Laboratory, Washington, D. C.

Analysis of experimentally determined temperature factors for ten refined silicate crys-

tal structures with R values less than 06 affords a meaningful comparison of thermal models
for oxygen, silicon, and aluminum atoms. Vibration ellipsoids for these atoms in varf ing

structural environments provide guides to temperature factors expected in other silicates,
and demonstrate that structural disordering furnishes significant nonthermal contributions

that lead to abnormally high therma.l parameters
The rms displacements of 29 three- and four-coordinated oxygen atoms associated with

pure Si and Al tetrahedra range from 065 A to 084 A; the mean is .075 A, corresponding
to an isotropic temperature Iactor, B, of .44. When oxl'gen is only two-coordinated, rms

displacements normal to the cation-anion vectors increase to .11 .15 A. In disordered

tetrahedra containing mixtures of Si and Al, the rms displacements of oxygen atoms tou'ard

the cations increase to .10- 12 A These increases parallel to bonds represent superposition
of positional disordering efiects, directly related to cation substitutional disordering, onto

the true oxygen thermal vibrations.
Eleven Si and Al atoms have rms displacements ranging from .05 A to .07 A; the mean

value is.06 A, corresponding to B: 31 For Si plus A1 in six disorderetl tetrahedra, rms

displacements increase to .08 09 A, representing an increase of mean B to .60.

Other structural factors, such as the existence of defect sites or substitutional disorder
in octahedral coordination polyhedra, will also induce anomalously high temperature fac

tors. These non-vibrational contributions, when recognized in detailed anisotropic refine-
ments, may provide crystal-chemical information not available from interatomic distance

comparrsons

MINERALOGY OI'THE KALKAR QUARRY, SANTA CRUZ, CALIFORNIA

Cnanr,Bs W. CnrsrenueN 'lNo EucBNB B. Gnoss, ColiJornia Diaison

oJ Mines onil Geol'ogy, Ferry Buil'd.ing, Son l;rancisco, Calitornia.

A suite of more than 50 minerals has been found in the Kalkar quarry of the Pacific

Limestone Products Company, near Santa Cruz, California Represented are sulfides,
sulfosalts, oxides, carbonates, sulfates, phosphates, antimonates and silicates. Sulfide and

sulfosalt mineralization is adjacent to faults and occurs in irregular patches within fine-
grained, recrystallized magnesian limestone Interbeds of siliceous and pelitic limestone

contain sulfides u,'hereas the sulfosalts are confined principally to the purer Iimestones. Sili-
cate minerals are developed in the siliceous and pelitic limestones Ail secondary minerais
are the result of near-surface alteration of the metallic minerals.

Paragenetic studies indicate an overlapping sequence of deposition in the sulfide and
sulfosalts with moll'bdenite, loellingite and gersdorffite forming earliest and at tempera-
tures possibly above 600o C , followed by arsenopyrite, pyrrhotite, pyrite and sphalerite,
perhaps belou'550" C. The sulfosalts formed last at temperatures below 400' C. The

mineralization appears to be reiated to the intrusion of coarse grained Mesozoic granite

into interbedded magnesian limestone and siliceous and pelitic limestones of the Sur

Series (pre-Cretaceous).
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THE CRYSTAL STRUCTURE OF TURQUOIS, CuAls(POr)r(OH)e'4HrO

Hrr-ol CIo-DnESDNER, Massachu.setls Institute of Technotrogy, Cambridge, Massackusetts.

Turquois is  t r ic l in ic,  space group PT. wi th cel l  d imensions a:7 '424 A,  t : l 'OZS -A,
c:9.910 A,  o:68.61o,  A:69.77",7:65.08o.  This cel l  contains one formula of

CuAL(PODr(OH)a.4HzO,

so that the Cu atom is fixed in an inversion center. Three-dimensional intensity data were

collected on a single-crystal diffractometer using a proportional counter as detector, and

were corrected for Lorentz-polarization factors and absorption. The interpretation of a

three-dimensional Patterson function and of a three-dimensional electron-density function

based on signs due to the cu contribution only, gave a trial structure that was refined by

Fourier methods and then by least-squares methods to:Uo.

The structure can be described in terms of planes of approximately close-packed oxygen

atoms oriented parallel to (001). Planes containing the Al in octahedral coordination and

planes containing the Cu in a 4*2 octahedral coordination alternate between oxygen

layers. The octahedral groups of anions around the aluminum are single and double; two

phosphorus tetrahedra link each double group to its transla.tional equivalent, forming a

tetrahedra,octahedra chain parallel to the b axis. The POr tetrahedra together with the

single aluminum octahedra constitute a zig-zag chain in the direction of the c axis The

water content has been detetmined to be four molecules per cell.

CRYSTAL STRUCTURE OF THE SODIUM CALCIUM BORATE, ULEXITE

JoeN R. Crenr< ero DeNmr E. Arer,rlrlN, U. S. Geological, Swztey, Washington, D. C-

Ulexite, NaCaBoOg'SHzO, is triclinic Pl, o:8.809+0.02, b:12.86+0'04'-c:6'678

10.002 A, a:90015+05, F:109010+05, 7:105025+05, cel l  volume 687'0 A,  densi ty

(calc.) 1.959, (obs.) 1.955+0.001 g cm-3 (data from Clark and Christ, Am. Mineral.44,

712,1959). The crystal structure was solved by standard three-dimensional Patterson and

Fourier methods. Visually estimated three-dimensional data have been used in least-

squares refinement of coordinates and individual isotropic temperature factors for the 24

atoms of the asyrnmetric unit, reducing the residual from an initial value of 0.52 to a pres-

ent value of 0.16.
The structure contains the isolated borate polyanion [BuOulOH)u]r- predicted by

Christ (Am. Mineral. 45, 334, 1960), consisting of the pentaborate polyanion originally

found by Zachariasen (Zeit. Krisl.98, 266,1937) modified by addition of one hydroxyl

group to each of two opposite B-o triangles. The ulexite polyanion is thus composed of

three tetrahedra and two triangles, linked at colners to produce two six-membered alter-

nating B-O rings in approximately perpendicular planes. The polyanions are hydrogen-

bonded into sheets that are cross-linked by bonds to Na and Ca cations. Each Ca is coordi-

nated by two water molecules and six polyanion oxygen atoms and hydroxyls, Each Na is

surrounded by an octahedron of four water molecules and two hydroxyls; these octahedra

share edges to form chains along the c direction. Polymerization of the ulexite polyanions,

according to Christ,s fourth rule, produces the [BbO?(OH)r]3- chains found in probertite,

NaCaBsOs'SHrO, by Kurbanov et otr. (Doklad'y Akad'.1fazft SSSR 152' 1100, 1963)' The

structural formula of ulexite is NaCaBsOo(OH)6'sHrO.
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A NEW, BARINGER HILL.TYPE, RARE-EARTH PEGMATITI, FROM
THE CENTRAL MINERAL REGION, TEXAS

A. J. Enr,nexr, J. L. ,Wer,rnn, Teras Chri.stion Universitry, Fort Worth, Teras,
eNo J. Wnrra.ws, T'he Teras Architectural Aggregate Compony, San Saba, Teras

The discovery of a new rare-earth pegmatite, the Rode Ranch pegmatite, in the
central Mineral Region of rexas has made possible the detailed study of an occurrence
quite similar to the famous Baringer Hill pegmatite, now flooded by the waters of Buchanan
Lake

The dominant mass of the Itode Ranch pegmatite consists of bodies of milkl' quartz
and large masses and crystals of microcline perthite The primary rare-earth minerals have
been found in three general associations. Allanite and fergusonite are found along a
quartz-albite contact but, generally, within the albite. The albite is a soft, red feldspar
apparently similar to the "red rock" of the Baringer Hill pegmatite. Cyrtolite and fergus-
onite occur disseminated in the massive microcline perthite. cyrtolite, fergusonite and
gadolinite occur interlaminated with large sheets of biotite along a microcline perthite-
quartz contact.

Metamictization is complete in the allanite, fergusonite, and gadolinite and partial in
the cyrtolite Heating causes recrystallization of fergusonite and cyrtolite but dissociation
occurs in the allanite and gadolinite before recrystallization.

Thus far, the following minerals, including many alteration products. have been identi-
fied from the pegmatite; quartz, aibite, microcline, biotite, allanite, fergusonite, gadolinite,
cyrtolite, bastniisite, thorogummite, nontronite, sericite, magnetite, hematite, pyrite,
garnet, beta beryllium hydroxide, and hyaline opal.

THE CRYSTAL STRUCTURE OF THE DECAVANADATE, KzZnzVroOrs.l6HzO,
THE CHEMICAL ANALOG OF HUMMERITE AND PASCOITE

Howeno T. EvaNs, Jn., I/. S Geol,ogical So*aey,Washington, D. C.

When vanadium oxide ores of the Colorado Plateau are leached with ground waters,
rather acid (pH a-6) orange solutions are formed containing the isopoly complex deca-
vanadate ion VroOzr6-. Bright orange crystals of pascoite, CarVroOze.l6HzO and hum-
merite, KzMgzVroOze.l6HzO are often deposited by these solutions in cracks or on exposed
surfaces The complex has been well-established chemically to be a 10-nucleate molecular
group, but its structure is now revealed for the first time in the crystal structure analysis
of the isostructural zinc analog of hummerite, IGZnzVroO:s.16HzO.

The  c r ys ta l s  a re  t r i c l i n i c .  space  g roup  P l  .  w i t h  a -10 .778+3  A ,  A - t l . t +O+ ;  A ,
c :8 .774+3  A ,  a :104o  57+7 ' ,  P :7O9o  32+2 'and  7 :65 "  2+2 '  (Z : l ) ,  as  de te rm ined
by least squares analysis of.r-ray powder data. 5,143 intensity data for all reflections with
(sind)/I <0.7 were collected by the Weissenberg, multiple-film method, using MoKa radia-
tion The structure was solved from the three dimensional, sharpened Patterson map in
which the Zn-V vectors gave a clear image of the 10 vanadium atoms in the VroOzs6-
group. Structure factors for the six atoms, ZnfSV, gave the phases for 2,959 terms for
the first electron density map. This map revealed all 29 non-equivalent atoms as well-
shaped peaks of proper height, lvith no extra or spurious detail above ordinary background
irregularities.

The decavanadate group consists of a cluster of 10 condensed VOs octahedra:6 are
arranged in a 2X3 rectangle by sharing horizontal edges, and 2 pairs of octahedra are
inserted above and below the rectangle by sharing sloping edges. The complex group,
which may be thought of as a portion of a rocksalt type of structure, has orthorhombic
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mrn n symmetry, and is completely isolated from other groups by the intervening cations
and water molecules. The zinc ion is coordinated in a regular octahedron to 6 water mole-
cules, and the potassium ion is in contact with 10 oxygen atoms: 3 water molecules from
2 Zn(If2O)62+ groups, 5 oxygen atoms from 3 neighboring VroOzs6- groups, and 2 further
H:O molecules that fill the remaining space in the crystal.

AN OCCURRENCE OF ABUNDANT CHIASTOLITE,
SAWTOOTH MOUNTAIN, ALASKA

Roennr L. Fosrnn aNo ClevroN H. Jonrsoul,
U nizt er s'ity oJ M i s s o u,ri., C ol,umb,ia, M is s o ur i

The occurrence of classically developed chiastolite porphyroblasts in a thermally
metamorphosed slate in Alaska yields information on reaction rim formation and possibly
information on unusual distortion of foliation in slate and of rotation of porphyroblasts.
Regionally metamorphosed sedimentary rocks on sawtooth Mountain, approximately 35
miles southwest of Livengood, Alaska, have been intruded by a stock. Near the igneous
metamorphic contact, slates contain thinly armored chiastolite porphyroblasts which
formed at the expense of the slate and apparently without initially distorting the foliation
during their growth.

Drag of foliation occurs across many chiastolite prism faces which are nearly normal to
the foliation. However, relict foliation within the porphyroblasts shorvs no effect of. this
sort of disturbance. Foliation is bulged adjacent to chiastolite prism faces which are nearly
parallel to the foliation. The drag and the bulge of foliation are interpreted to have re-
sulted during the latter part of porphyroblastic growth rhese occurred when the growing
crystals pushed out graphitic and minor phyllosilicate impurities which accumulated un-
evenly before the advancing crystal faces. The stress thus caused is believed to have rotated
the porphyroblasts.
I The thin armor on the porphyroblasts is interpreted to have been caused by marginal
replacement of chiastolitic andalusite by the removed phyllosilicates which were more
stable under the existing stress-temperature conditions than was the chiastolitic andalusite.

A UNIQUE OCCURRENCE OF URANIUM MINERALS, MARSHALL PASS,
SAGUACHE COUNTY, COLORADO

E. B. Gnoss, CaliJornia Diilsion oJ Mi,nes and. Geology, San Francisco, Cali,fornia.

In 1956 several unusual uranium deposits were uncovered in the Marshall Pass district,
Saguache County, Colorado. Two of the ore bodies occurred in alluvium at about 10,000
feet elevation. The largest of these, on the Lookout No. 22 claim, produced about five tons
of "high gradet uranium ore.

The bedrock at the deposit is a quartz-biotite-feldspar schist which has been altered
adjacent to a fault zone. Small areas of the schist have been completely replaced by uranium
and sulfide minerals producing "rich" ore bodies that have been Iotnd in situin the allv
vium above the fault.

Ore specimens are tabular to rounded yellow masses measuring from a few inches in
diameter to large slabs 2'X 1/X8" thick and weighing as much as 140 pounds. AII samples
contained a yellow oxidized coating rimming a black interior of uraninite and sulfides.

Geochemical sampling of soils surrounding the deposit indicated that the uranium
migrated Iess than 100 feet downslope from the ore body.

I Read by title
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Radioactive minerals of the deposit included uraninite, schoepite, epiianthinite,

becquerelite, soddyite, boltwoodite, uranophane, zeunerite, metazeunerite, and a hydrated

autunite. Other minerals v'ere tetrahedrite, chaicopyrite, sphalerite, chalcocite, covellite,

galena, pyrite, and marcasite.

Uraninite occurs in concentric banded and colloform masses shorving fractures and

microfaults that have been rehealed by later uraninite. Secondary uranium minerals and

sulfides transect the uraninite and occur interstitially between banded masses.

The uranium deposit is probably mesothermal and of late cretaceous to early Tertiary

age.

MINERALOGY OF THE BUTTE DISTRICT, MONTANA

JouN M. Gurtlenr AND LESTER G. Znrrnx, The Anacond'a Company, Butte, Montana.

continuing intensive study of the geologic environments integral to the Butte ore

deposits has confirmed the occurrence of over 130 minerals, many previously unreported

from Butte. Grouped according to environment, the mineral suites are found to support,

refine, and extend existing theories concerning chronology of the district geology and

zonation of the hydrothermal mineralization. Environments mineralogically described are:

the Tertiary Boulder Batholith Butte quartz monzonite host rock, including its pegmatite-

aplite segregations and quartz porphyry dikes; the late-magmatic-pre-Main Stage hydro-

thermal phases of quartz molybdenite veinlets and Early Dark Micaceous alteration-

mineralization; the Main Stage hypogene mineralization and its contemporaneous rvall

rock alteration; post-ore rhyolite dike intrusion and ore metamorphism; and supergene

alteration of ore minerals and tvall rock in both pyrite-rich and pyrite-poor assemblages

The tist of verified minerals at present includes 3 native metals, 19 sulfides, 14 sulfosalts,

18 oxides, 2 halides, 12 carbonates, l5 sulfates, l5 phosphate-arsenate-tungstates, and 35

silicates. A ferv reliably reported but unverified species are described, ne$' occurrences,

habits, and assemblages are cited, and minerals ascribed to Butte in the literature but

found to be of unlikely or restricted occurrence are noted. Of particular interest to miner-

alogists is the reporting of the minerals aikinite, wittichenite, and djurleite in the Rutte

ores. Of general interest are preliminary descriptions of a pyrophyllite-topaz-zunyite

alteration assemblage; of the pre-Main Stage, feldspar-destructive, sericite-biotite early

Dark Micaceous alteration-mineralization; and of a recently defined Deep Level Zone of

Main Stage sulfide mineralization.

ORIGIN OF THE TERM IVT'EZ ARDENTE

Manyonrr Hoornn, Ll. S. Geological, Surttey, Washington, D. C.

NuEe ord.ente, the term in use to designate the gloll'ing, gaseous, ashJaden, avalanching

cloud characteristic of certain voicanic eruptions, has long been assumed to have originated

with A. Lacroix in his r,vritings on the 1902 eruption of Mt. Pel6e on the island of Mar-

tinique. In actual fact, it was introduced into the geologic literature in 1873 in an article

by F. Fouqud describing the volcanic eruptions in 1580 and 1808 on the island of san Jorge

in the Azores. Fouqu6 derived it from the Portuguese nurem ardente which was used in

early Azorean accounts to describe the fier1'-c1oud phenomenon accompanying the erup-

tions In his first on-the-spot reports from Martinique, Lacroir, beiieving that the clouds

he observed were a phenomenon as yet undescribed, designated them as nuages denses.

In later reports and in his full, final report, convinced that the clouds were similar to those

that had occurred on San Jorge, he decided to adopt the name given in the old Azorean

records and translated by Fouqu6 as nuies ardentes Since that time, the term, retained in

its French form, has become rn'ell established in volcanologic terminology, in part from



ABSTRACTS 287

general usage but more particularly, perhaps, from its use by F' Perret in a vivid descrip-

iion and a discerning analysis oI the 1929-1932 eruption of Mt' Pel6e'

ZFJOLITE ZONING IN VOLCANIC ROCKS AT THE NEVADA TEST

SITE, NYE COUNTY, NEVADA

D. L. ltoou"*.tNo A. O. Sueran-o,

Ll. S. Geological Stttey, Dentter, Colorado

Chabazite, clinoptilolite, mordenite and analcime form progressively deeper, but over-

Iapping zones in rhyolitic rocks of Tertiary age at the Nevada Test Site in southern Nevada.

l.lor" ihu. 500 .amples from 15 drill holes have been analyzed by r-ray difiraction methods.

The zeolitization extends over a stratigraphic interval of more than 12,000 feet, hut the

maximum thickness at one locality is 64000 feet. The zeolites are largely the products of

devitrification of glass that took place long after deposition'

The decrease in water of hydration and the increase in density, assuming ideal formu-

las, with depth indicates some control by temperature and pressure Parallelism of the

top of the zeolitized. interval and an old topographic surface, cross-cutting relationships

between the zones and stratigraphy and the present water table, original rock composi-

tion, and variations in rock chemistry with depth indicate that the zoning is largely con-

trolied by ground water chemistry. The occurrence of zeolites at anomalous depths with

respect to zoning and abundant clay minerals in tufis just above highly permeable Paleo-

zoic rocks indicales that permeability may control zoning locally. Restriction of mordenite

to the western part of the area studied is probably due to small difierences in ground water

chemistry that cannot be interpreted at the present time'

A SLIDE-RULE FOR UPPER-LEVEL SETTINGS

FOR THE PRBCESSION CAMERA

Srvnonn F. Kelr-eN, Deft' oJ Geol'ogy, Llnittersitl oJ New Metico, Albuquerque' N 'M '

By changing the equation S:r" Cot Cos-r (Cos U-d*) to Cos ri:d+fCos Cot-1 S/r"

a circular slide-rule for determining upperJevel settings for the precession camera can be

constructed. It is possible with this slide-rule to achieve the twin objectives of maximizing

the precession angle a.rd remaining within the physical limitations imposed by the motion

of the camera. The slide-rule permits one to choose between a number of possible settings,

and/or to vary the settings quite rapidly. The slide-rule has been constructed with a 60mm

film-to-crystal distance in mind, so that Fd*:60 d*; however, other slide-rules of the

same t;,?e can easily be constructed for any film-to-crystal distance'

6*,-from cone-axis photographs, can also be quickly determined on this slide-rule.

SOLUBILITY AND GROWTH OF SPHALERITE

UNDER HYDROTHERMAL CONDITIONS

R.A .Lau l r sn ,E .D .Ko rnANDJ .P 'DnNou l v r r ' r ' n ,Be l l Te t rephoneLabo ra to t i es '
Inc., MurroY llill,, New f erseY.

The solubility of sphalerite (cubic ZnS) u,'as studied between 300" and 450o c., be-

tween 270 and 1360 bars, in a variety of mineralizer solutions. In particular,0.5-10'0

N KOH was found to have a large efiect o.r solubility and solubilities as high as I0 wgt' 16

were obtained. The temperatu.e depe,tde"ce of solubilitf is shown to follow the Van't

Hoff equation, and the dependence oi solubility upon (OH)- concentration leads toinforma-

tion concerning the species present. The solubility rvas found to be nearly independent of
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pressure. The results are compared with previous solubility studies of quartz, sapphire
and zincite under similar conditions.

NEW SPECIFIC REFRACTIVE ENERGY VALUES FoR Cuo AND Sczog

Manv E. Mnosr, []. S. Geol,ogical Surt:ey,IAashington, D. C.

which the deviation calculated is greater than 0.010 are believed to contain inaccuracies
in the data for their chemical or optical properties

beckite and sterrettite (:kolbeckite) from two localities. Analyses of thortveitite from
rveland, Norrvay, show such variation in the scandium and rare-earth oxide conrenrs
that the homogeneity of the analyzed samples as well as the analytical procedures used
in determining those constituents are suspect. Use of thortveitite to determine the specific
refractive energy value for SczOa is complicated by the fact that the specific refractive
energies for the rare-earth oxides have not been rigorously established.

OBSERVATIONS ON THE CRYSTAL CHEMISTRY OF
FOSSIL BONE AND THE CARBONATE APATITES1

J' TH'MAS Nesrr aNn Grnero P. Bnorrrv, Amherst, college, Amherst, Massachusetts,

sites. rnfrared spectra of heated and ana\yzed samples confirm the two site structure as
one group of peaks in the v: region is reduced in intensity before the other. Structural
calculations b)' the method of Mcconnell on a typical analysis (sum 100 40lo) of fossil
bone produces a formula

1 Read by title.
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(Cas zgMgo szNao osKo rzCo.rs) (Pr z:Co szllro.sr)Ozr(Fr.oaOHo s8)

but with 3.57 excess H. Calculations on 7 other fossil bones and 2 phosphorites lead to
the same problem of excess H if C is assigned preferentially. The failure of proposed struc-
tures to accommodate all components in these francolites which are high in F, COz and
H:O* indicates that present models for the carbonate apatite should be altered to allow
some CO2 or HrO+ to be assigned to sites not recognized in the fluor-apatite structure or to
a tightly adsorbed pseudo-molecular position.

GROUND-WATER LEACHING OF SODIUM FROM QUICKLY
COOLED VOLCANIC ROCKS

DoN,c.r,D C. Nolr-r, U. S. Geological Surtsey, Dmaer, Colorod,o.

Quickly cooled silicic volcanic rocks are highly susceptible to ground-water leaching of
NazO. Various workers have previously recognized that natural glasses, if hydrated, are
particularly susceptible to leaching. Rocks with vitric groundmasses, particularly highly
porous tufis, may lose as much as 3 per cent NazO.

In addition, analytical data obtained during recent work on rocks from southern
Nevada show that 0.5 to 1 per cent NazO has been leached from both porous and densely
welded ash-flow tufis that have devitrified during cooling (primary devitrification) and
from quickly chilled devitrified lavas. These rocks appear fresh and unaltered in both hand
specimen and thin section. Cristobalite is the dominant groundmass silica mineral in the
leached rocks. More slowly cooled lavas and tufis having primary quartz instead of cristo-
balite in the groundmass are not leached; they have the same sodium content as rocks
from the same stratigraphic unit which have groundmasses of nonhydrated glass.

It is known (Buerger, 1935; 1954) that the composition of natural cristobalite and
tridymite t1pically departs appreciably from pure SiO2. In particular, Al3+ replaces Sia+,
the charge balance being maintained by the incorporation of alkali and alkaline-earth ions
in interstitial positions. A high degree of such replacement can be expected in cristobalite
formed at the relatively high temperatures of primary devitrification. Tuffs with ground-
mass cristobalite typically contain 0.3 to 0.7 per cent IIzO plus. It is inferred that ILO+
very slowly replaces Na+ ions in the "stufied" cristobalite and tridymite by ion exchange
with ground-water. In addition, it appears that in some cases soda is also lost during
secondary low-temperature recrystallization of primary cristobalite to quartz.

KzO usually is not leached, possibly because of the large size of the potassium ion.

A. N. WINCHELL'S OBSERVATIONS ON PLAGIOCLASE. 19OO:
AN HISTORICAL NOTE

A. Palst, Uni.tersity. oJ CaliJornia, Berkeley, Cal,ifornilt..

A. N. Winchell's doctor's dissertation (Paris, 1900), "Etude min6ralogique et petro-
graphique des roches gabbroiques de l'Etat de Minnesota, Etats-Unis, et plus sp6cialement
des anorthosites," was soon republished in English (American Geologist 26, l5l-188, 197-
245, 261-306 and 348-388, 1900). A chemical analysis and detailed observations on a
labradorite from Carlton Peak were reported and a difierence of about 60 noted in the
optic angle from that of similar labradorite studied by Fouqud. Winchell wrote: "Since
his (Fouqud's) measures were all made on feldspars from the volcanic rocks, it seems prob-
able that the optic angle is distinctly greater in labradorite of the deep-seated rocks than
in the corresponding labradorite of the volcanic rocks. It will be interesting to examine this
question further as the measures of the optical on material of known composition increase
in number." Winchell was fully aware of the significance of these relations for he recurred
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to them thrice in the same chapter and again in his conclusions. Unfortunately he did not

"examine this question further" and 40 years passed before others took it up.

If the indices and optic angles of Winchell and Fouqu6 are interpreted from the best

modern data (J. R. Smith, 1958), compositions more anorthitic by 6 to 8/6 than those

shown by their analyses are indicated. Hou'ever, Winchell was correct in stating that the

differences in indices and birefringence are negligible, u'hereas those of optic angle are

significant, for in the range An 58-70 the optic angie of low plagioclases is larger by 5 to

7 degrees.

THE CRYSTAL STRUCTURE OF A MARIALITE SCAPOLITE

J. J. Pe,errn eno Trson ZoLTAr, University oJ Minnesoto, Minneapolis, Minnesota.

The crystal  s t ructure of  an 80.6 ' ,  mar ia l i l  e scapol i te,  u i th a :  I  2.060 A +.00J,  c :  7.57 2

A+ 003, and space group 14/m r,vas determined and refined. Three-dimensional intensities

were collected with an equi-inclination, single-crystal diffractometer from a spherical

crystal of scapolite from Gooderham, Ontario.

,{.fter several unsuccessful attempts at refining the model proposed by Pauling (1930)

and Schiebold and Seumel (1932), the three-dimensional Patterson function was com-

puted and solved for an approximation of the structure with the minimum function

method. This model was completed and refined by Fourier and least squares methods. The

refined structure is similar to that of Pauling, Schiebold and Seumel; however, most of

the atomic coordinates have been shifted substantially:

(Na, Ca, K)

si-1
(si, AI)-2
o-1
o-2
o-3
o-4
CI

. 1340 + .0003

.3388+ .0001

.3374+ 0001
4587+.0005

.3066+ 0006

.0517+ .0003
2293+.0003

0

v
.2113+ 0002
4104+.0001

. 0851 + .0001
3483 + .0004

.1206+ .0004

.3500+.0002

.1289+ .0002
0

0
0

.2060+.0002
0
0

.2148+.0006

.3281+ 0006
0

B

2 . 6 5
. 8 2
. 7 6

1 6 0
2 . 1 4
I  .55
L . J I

The average T-O distances are 1.608 A in the first and 1.665 A in the second tetrahedron.

Comparison with known Si, Al-O distances indicates that AI must be restricted to the

second tetrahedral position.

LAYER STRUCTURES IN SECONDARY COPPER MINERAIS

Arnarrau RosoNzrvntc, Uniters'ity oJ Neto Merico, Albuquerqu'e, N.M'

Strong lines with spacings near 7.2 and 3.6 A appear in the powder patterns of several

seondary copper minerals having a single perfect cleavage. The minerals contain hydroxyl

ion and tetrahedrally coordinated anions. The patterns bear a resemblance to that of

kaolinite and suggest possible analogous structures.

Copper can be accommodated in modified trioctahedral layers by distortion of the

cation coordination Sites on trigonal axes are forbidden to copper but may have cations

such as aluminum or be voids. Hypothetical trigonal layers are proposed as follows: (1)

seven sites, one having trigonal symmetrlr; (2) nine sites, three trigonal; (3) twelve sites,

three trigonal. Layers involving no trigonal sites may be of trigonal or lower symmetry.

Layers with less than seven sites require that all or none be trigonal. Layers with more

than twelve sites are possible.



ABSTRACTS

Two seven-site layers normal to the 14 34 A hexagonai axis are established by partial

determination o{ the spangolite structure. The cation composition is cuoAl per layer. The

nine-site layer is suggested for an undescribed, rhombohedral copper silicate having three

layers, possibly CueAlr (one site vacant), normal to the 27.27 A trigonal axis. The twelve-

site layer, with composition cusAl (two sites vacant), is suggested for chalcophyllite. six

layers normal to the 57.4 A trigonal axis require a difierent linkage to anions than that

in spangolite.
bevillite may have layers of eight non-trigonal sites. clinoclase ]nasa7.l2 A spacing

but requires more sites than a single layer can accommodate. Antlerite has ribbonlike

units related to sheet structures.

POLYTYPISM IN BIOTITES

M.l,rcor.n Ross em Dar,'m R. WoNns, LI. S. Geologicd Sttney, Woshington, D. C

Single-crystal studies, by means of the Buerger precession camera, of 42 individual

crystals of an oxybiotite from the brecciated margin of a rhyodacite lava flow at Ruiz Peak,

N. M. show that the specimen contains approximately one-third lM, one-third 2M1,

and one-third more complex polytlpes. Among the complex forms, 4- and 2O-layer mono-

clinic, 8- and l4-layer triclinic, a probable l0Jayer monoclinic, and probable 3-,23-, and

25-layer triclinic polytypes were found. Three of the multilayer types are excellent ex-

amples of structures with a periodic stacking fault. These structures are based on a 1M

sub-cell with probably every n-th layer (n:8, 14, and 25) faulted' Biotite samples from

Idaho, Alaska, Canada, and N Ireland, of both igneous and metamorphic occurrence,

show a similar mixture of polytypes. A well-crystallized 3-layer triclinic form lvas found

in the specimen from Newcastle Co., N. Ireland. The apparent continuous or semi-con-

tinuous streaking parallel to cx which appears in the precession photographs of some of the

biotite crystals can be explained by the presence of a number of periodic stacking faults

or by a stacking fault having a very large repeat distance. These studies suggest that, in

general, biotite specimens may be composed of more than one polytype or a complex mix-

ture of many polytypes. The identilication of biotite polytypes by r-ray powder techniques

may thus be invalid. Crystal structure analyses of the 1M, 2M1, and 4M oxybiotite poly-

types are in progress as well as interpretation of probable stacking sequences and twinning

relationships of the more complex forms.

HYPABYSSAL ALKALINE BODIES AND STRUCTURE OF PART OF

THE NORTHWESTERN CRAZY MOUNTAINS, MONTANA

Fnnlnnrcr E. Sruus, Llnhersity o.f Cincinnati, Cincinnati', Ohio.

The Crazy Mountains have been studied by Weed, Iddings, Pirsson (1894-98) and

Wolfi (1938). They include calc-alkalic stocks (?) plus other intrusives and alkaline sills,

laccoliths, phacoliths, dikes and other discordant bodies. The present area of 55 square

miles was mapped (1:20,000) in 1962-63 as typical for the alkaline bodies. Rock types

include malignites, Iamprophyres, nepheline syenites, monzonites, andesites and their

variants. Principal minerals are aegirine-augite, augite, anorthoclase, sodic plagioclase,

nepheline, analcite, sodalite, sodic amphiboles and micas. Pseudoleucite is associated with

malignites.
Maximum intrusion occurred with folding and faulting, followed by an andesite-

trachyandesite dike swarm. From west to east are a south-plunging syncline, and anti-

cline with a steep eastern flank followed by a southeast-dipping homocline. Alkaline micro-

syenites and malignites occur as concordant bodies, north-trending dikes and other dis-

291
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cordant bodies in the syncline and anticline. The microsyenites were intruded later than
the associated malignites. Phacolithic bodies and other features indicate that folding
occurred with successive intrusion. On the homocline a sill series strikes southwest. The
sills are predominantly porphyritic microsyenites to micromonzonites, often with inter-
stitial quartz. Toward the northern stock (?) sills are more numerous and sedimentarv seota
thinner.

In the central and eastern parts of the area a radiating dike set curves north to north-
west. The dikes in the north center have petrological afiinities with the alkaline rocks to
the west (with exceptions). To the southwest radiating dikes include, in order of intrusion,
camptonites, basaltic andesites and trachyandesites and focus on the southern stock. One
camptonite dike is cut by the southwest-trending sill-set and was offset along bedding
planes as folding and sill intrusion occurred. This sill set, in turn, is cut by composite
andesite-trachyandesite dikes. Field and petrologic studies are being continued.

QUANTITATIVE PREDICTION OF MINERAL STABILITY

M. Sr.eucqrrn, Departm,ent oJ Geology, (Jnitersity of Missouri, Columbia.

Relations between chemical bond type and configuration and expected physico-chemical
behavior of the silicates are outlined. rt is suggested as a first approximation that the co-
valent bond energies, except for small differences, are independent of the silicate and other
partially covalent mineral phases. covalent and overlap repulsive energies may be largely
ignored when deducing stability relations of minerals.

binding energies. Employing the binding energies of four minerals: pyrophyllite, talc,
montmorillonite, and muscoviteJike pyrophyllite, it was found that the agreement be-

interlayer space. AIso, when small amounts of magnesium are in a silicate system mont-
morillonite is the phase which minimizes the total energy of the system.

First results of energy calculations on an investigative level are very encouraging, and
efforts should be made to improve the quality of the approximations.

XANTHOPH}T,LITE FROM THE TOBACCO ROOT MOUNTAINS, MONTANA

R. G. S*vrNsoN aro C.lar, W. Bncx, Ind.iana Uni,ersity, Bloom,ington, Indiana.

reported previously. The unit cell constants are: a:5.19, A:9.00, c:9.g0 A, F:100o0g,;
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oibic:0.577i1:1.089. Measured specific gravity (pycnometer), 3'15; hardness, 4| on

cleavage (001),  5+ on (hkO) 'q:1.647,  B:1 '659,  t :1.660;2Y:6-18o; ( - ) '  The formula

calculated from a chemical analysis is Car rgMgz en(Alt roSit ot)noto(OH)r.

STRUCTURE OF A SYNTHETIC LITHIUM.FLUOR MICA1

Hrnosnr Tlr<noa aNt J. D. H. Dorxev The Johns Hopkins Unirtasity,

Baltimore, Maryl'and.

Taeniolite, K(Mgrtr-i)SirOroFz, was synthesized by the Mycalex Corporation of America

for Dr. H. S. Yoder, Jr., who kindly provided the sample. The bulk composition of a

fraction consisting of only clear hand-picked crystals is Ko.se(Mgz.zol-io.srAlo.os)(Sig.mAlo.rz)

OroFz o, 0.L. MiIIer, Jr., U. S. Bureau of Mines, Norris, Tenn.). The crystal structure has

been determined in space grotp c2fm, using counter data for 62 okl reflections and

photometer data of integrated Weissenberg photographs for 512 observed hkl reflections.

Thecel ld imensions area:5.31,b:9.21,c:10.13 A+O.S%,9:100o 1/+10r,  ratherc lose

to those of fluorphlogopite.Least-squaresrefinement (using Busing et o).'sprogtam) letting

multipliers for atomic scattering factors vary, indicates more Mg than shown by the

chemical analysis and some Li enrichment in position 2c. Using the bulk composition and

all hkl reflections, R:0.094 and the temperature factor of (Mg, Li) in position 4/z is

0.18; whereas, with the derived chemical formula R:0.085 and the above temperature

factor increases to 0.65. The average (Si, Al)-O distance is then found to be 1.65 A' tnis

value is large enough to give support to the increased Al/Si ratio for the tetrahedral sites,

which is necessitated by the raise in Mg content, since the total cation charge is kept

constant. The distance (Mg, Li)-F is 2.ffi A, only 20/6 shorter than the distance (Mg' Li)-O

which is 2.07 A. The two sets of K-O bond lengths average 2'99 and 3'28 A.

THE CRYSTAI STRUCTURES OF THE ZF,OLTTE FERRIERITE

Pnrlrp A. VAuGuaN, Rulgers, The State Llnizterlity, New Brunstpick, Neza f ersey'

Ferrierite is a zeolite mineral which occurs at Kamloops Lake, British columbia. I

have determined the crystal structure of this mineral. The unit-cell dimensions are a

:19.156 L,U:t+.t27 A, and c:7.489 A, and the space group is Immm' An analysis of

the sample (by the Norton Company) shows that the unit-cell content is very nearly

Nar.sMgzSiso.1416.sOz' 18HzO.

Refinement consisted of three three-dimensional Fourier syntheses and six cycles of

least squares. The part of the unit-cell content which is established as having crystallo-

graphic periodicity is SLo.sAL.sozz.2Mg(HzO)e. The sodium ions and remaining water

molecules are located somewhat randomly in the large channels which exist in the structure

parallel to the c axis. These channels are formed by rings of ten tetrahedra, and, with

allowance for the van der Waals radius of oxyge-n, are roughly elliptical in cross section'

with major and minor diameters of 5.4 and 4.3 A.

As expected, the Mmoz framework consists of corner-sharing tetrahedra. The average

(Si, Al)-O distances in the four crystallographically distinct tetrahedra arc 1.615, 1.623,

1.597, and 1.596 A. Thus, the Al atoms are presumed to be randomly distributed.

The Mg(HrO)or+ ions are located in cavities in the structure centered atool/2and

l/2 l/2 O. These cavities are connected to the main channels by S-membered rings which

are perpendicular to the b axis. These windows have dimensions of 4.6 by 2.8 A and do

not permit passage of the Mg(HzO)63+ ions.

1 Work supported by the National Science Foundation (NSF-GP1565)'
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DIAMOND DISC PREPARATION OF POLISHED THIN SECTIONS
FOR THE ELECTRON MICROPROBE

Paur. Wnrerut{ ann DoNer-o E. Ce-ownrr,, Minnesola Mi,ning and. Manufactwing
Company, St. PouI, Minn.

Photomicrographs are presented of polished thin sections of: (1) Sudbury, Ont., ore,
(2) Duluth gabbro, (3) Minnesota granulite gneiss with magnetite-ilmenite, (4) friable
volcanic rocks, (5) Ajo porphyry copper ore, and (6) Homestake quartz-gold ore.

Preparation of the sections begins with diamond core-drilling of the rock specimen,
grinding a circular cross section of the core with Diamond Discs, then vibratory polishing
in two stages, the first with 6-micron diamond, and the second with 0.l-micron alumina.
we cement the polished face to a ground slide, then saw off the thin section and grind it
to final thickness on the rngram thin section saw and grinder respectively. The standard
wheel of the grinder is replaced by either coarse or Extra Fine grade Diamond Discs,
and the drive modified to provide variable speed in order to optimize performance of both
grades. The finished section must be transferred to a transparent slide.

This method routinely and relatively quickly produces low-relief sections of the hieh
quality r.equired for electron probe microanalvsis.

REGRESSIONS OF REFRACTIVE INDICES, DENSITY, AND LATTICB
CONSTANTS ON THE COMPOSITION OF ORTHOPYROXENES

Honecn wrNcnnll arro Bnnxenn E. Lurr, val,e unitersity, New Haven, Connecticut

Regression formulas probably yield the best estimates now available for the properties
of end-members and of other interesting compositions.

Regression-estimates of properties for some interesting compositions

Hypersthene Orthoferrosilite

MgrSirOo +Alu *Al, Cab +Al, lAl, Cab

1 6518:L .0049
1 . 6 5 6 2 t . 0 0 3 1
r .6621!  .0017
3 . 2 1 6  1 . 0 1 1

18.2448+ .0071
8 . 8 3 2 8 + . 0 0 8 8
5 . 1 8 3 4 1 . 0 0 2 3

1 . 7 1 1 5
1.7268
|  . 7 2 6 9
3.602

18.3297
8 . 9 3 7 4
5.2134

7
G
a

b
c

1.6505
I 6596
1.6662
3 . 2 2 4

18.2344
8.8084
5 .  1 8 1 5

1 .6506
1.6607
1 .667 |
3 . 2 3 2

18.2344
8.8084
5.  1823

t . 7 l o 2
1 7302
1 . 7 3 1 0
3.609

1 8 . 3 1 9 3
8.9130
5.2114

I 7085
1 . 7 2 9 2
1.7299
3 606

18.3167
8 9099
5 2113

1 . 7 ?  2 5
1.7840
| 7926
3 . 9 8 8

18.4637
9 . 1 6 0 0
5 . 2 5 7 5

t .7682
1 .8?  46
1 . 7 9 3 5
3 . 9 7 6

18.4466
9 .1245
5 . 2 5 3 3

r . 7 6 6 5
1 . 7 8 3 6
1.7924
3 . 9 7 2

L8.4441
9.1214
5.2532

Notes: a 0 10 Al; b 0.10 Al and 0 03 Ca.

These estimates agree with published values for similar compositions, but regression-
estimates, for which standard errors can be calculated, are probably the best because they
take into account all data (not just the Fe/Mg ratio, for example, assuming all other ele-
ments constant) for a large number of analyzed samples. Tables of the regression coefficients
have been prepared for preliminary distribution. They show, for example, the amounts
to be added to the above estimates for MgzSirOo to allow for substitutions of the several
elements (Al, Fe3+, Ti, Fez+, Mn, Ca, Na) in appropriate positions of the pyroxene formula
ABCzOo.




