
2t24 MINERALOGICAL NOTES

Maxacrtteu, I. W ., et al. (17 58) Lud.wigstoffisch Baad-Buch,2nd. ad. Vienna.
Nrcnor.rs, R. E. H., nNo C. RrurwctoN (1951) Biochem. J.50, 19+.

Nrccrr, P. (1940) Die Mineralien der Sehweizeralpez. B. Wepf Basel.

Ortsnr,  H.  (1955) Anal , .  Chem..27,872.
Penrnn, R L. (1954) Die Mineralfunde d,er Schweizer Al'pen.B. Wepf Basel, Switzerland.
Pscnonn, I{., lNo J. K. Prerr (1920) Chem. ber.,53,2147-2162.
Rnrr,r,r, J., enn J. A Eur.vN (1940) Sci. Proc. Roy Dubtrin Soc. 22, 267 27 2.
RoctNsrava, E. V. (1936) Zhur. Prihl, Khim.9, 108-111
Scnelrnn, F. X. (1951) GeologiewnOsterreich,Znd. ed..
SrcuuNo, A. (1909) Die Mi,nerale Nied.erosterreiehs. Franz Deuticke, Vienna and Liepzig.

SuNocrnx, A., nxl V. T. Reunere (1949) Suomen Kremistilehti,8,22,24-32.
Tov.ru,r., Y. (1938) L Chem. Soc. (Japan),59,810.

Tnnrrs,  A.  (1934a) Angew. Chem.,47,725.
- (1934b) Ann. Chem.5IO,42-62.
Vnrrrns, H. (1933) Geologisehe Karte iler Republi,k Osterreich. Geologische Bundesonstalt,

Vienna.
Vocrr-, A I (1957) Tertbook of Practical Organie Chemistry 3rd. ed. Longma.ns, Green and

Co.. London. 682.
Wornrr., M. (1966) Guid.e to the Mineratrs of Stt,itzerland. Interscience Publishers, London,

New York, Sydne1..
Wrro, F. (7958) Characterizati.on oJ Organic Compound,s, Znil eil. Cambridge University

Press,  Cambridge,52.

I 'Hl] AMERICAN MINERALOGIST, VOL 55, NOVEMBER.DECEMBER, 1S7O

REF-INEMENT OF THE CRYSTAL STRUCTURE OF A
CHROME PYROPE GARNE.I: AN INCLUSION

IN NATURAL DIAMOND

Ganv A. NovAr, Department of Geological Sciences, Virginia

P olytechni,c I nslilute, Bl,ack sbur g, V ir ginia 2 406 1r

AND

HBNnv O. A. MBvBr, Code 644, NASA, God.dard Space

Flight Center, Greenbeh, Maryland 2077L

Aesrnect
The crystal structure of a chrome pyrope garnet, a:11.526(1) A,

(Mgo 375F'eo.ossCao oaoMno oor)Irilu(Al, ozoCro :soFeo nnuTin ooor)Iloo(Sio ggoAlo rr-)llr*Oi],

has been refined to R:0.038 using 3-dimensional data. The Si-O bond length is 1.639(1) A
and the MVI-O bond is 1.90.5(1) A. The structural data are similar to those of synthetic
pyrope (Gibbs and Smith, 1965).
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ExpBnrurNrer Rnsur,rs

Two fragments of claret colored garnet, which together formed a
single crystall ine inclusion in a Venezuelan diamond, were obtained by
oxidizing the diamond in air at 850'C for several hours. Electron micro-
probe analysis of one of the fragments resulted in the following struc-
tural formula",

(Mge.s75Fe6.66eCas.s3elVInr.oou)Ttj iu(rur.e zoCro.:soFeo orrTio.ooou)llooo

(Sio.sgoAlo or.)t looool],

when normalized to 12 oxygen atoms per formula unit. The formula con-
forms to the general garnet structural formula Xz\rrrY2vrzarvOrvr:. In
terms of garnet end members this analysis is equivalent to approximately
59 percent pyrope (MgrRlrSbOrz) and 28 percent chrome pyrope (or
knorringite-MgsCrzSLOr2), with almandine (FerAlzSisOrz), predominant
in the remaining minor end members.

The other fragment, mounted in fi.nger nail polish and "shaved" with
a. razor blade until it was essentially equidimensional and approximately
0.12 mm in diameter, was used in the single crystal X-ray diffraction
study. Zero, frrst, and second level precession photographs displayed
Laue and diffraction symmetry consistent with space group 1a3d. The
room temperature cell edge (a:1t.526(1) A) was refined from back-
reflection Weissenburg data using Burnham's (1962) LCLSQ program.
The calculated cell edge based on stoichiometry is 11.535 A (McConnell,
re66).

Three each of 200 nonequivalenl, observable reflections were collected
with a scintillation-counter equi-inclination Weissenburg diffractometer
using Nb-fi ltered MoKa radiation. A full anisotropic least squares re-
finementl using Busing, Martin and Levy's (1962) ORFLS program was
carried out, resulting in a final unweighted R-factor of 0.038. Symmetri-
cally equivalent Fo6" were statistically identical. Weights were assigned
following lfanson (1965) with

w:1.0  / . , / l t .o  *  [ (F .n"  -  pA x  FD /6X x  r r )  ] , ]
where the constants PA:7 .0,  FT:6.0 and XX:2.3 were chosen so as
to yield essentially constant values ol z-zuAz) in groups of increasing
Fo5u. The positional parameters of the oxygen atom are r:0.03346(9),
y :0.0507(1) ,  and a:0.65366(9) .  Per t inent  bond d is tances and angles

1 A listing of the observed and calculated structural amplitudes may be ordered as
NAPS Document #0lll3 from National Auxiliary publications service of the A.S.r.S.,
c/o CCM Information Corporation, 909 Third Avenue, Nev' york, New york 10022:
remitting $2.00 for microfiche or $5.00 for photocopies in advance payable to CCMIC-
NAPS,
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TAgr.E l. Iur:rparourc Drsraxcns aNo Axcr,rs

SiOr Tetrahedron
si-o
o-o
o-si-o

1.639(1) A.
2 .sr0(2) , 2 .7s7 (2)
99.88(8) " ,  l t4  47(5) "

I/Oa Octahedron

v-o
oo
o-I,-o

1.eos(1) A
2.646(2),2 740(2)
88 . 00(s)', 92 . 00(s) "

XO3 Triangular Dodecahedron xor-o
Xra{
o-o

o-x-o

2.2160) L
2 .3s3(1)
2 .  s10 (1 ) ,  2 .7  s7  (2 ) ,  2 .7  22 (2 )
2 .728 (2 ) ,3 .327 ( r )
68.98(5) ' ,  70.  71(5)" ,  73.  08(5) '
e3 .41 (3) ", 1oe . 88(s) "

M-A,I si-l-
s i  x(1)
si-x(2)
Y  X ( r , z )
x(r)-x(2)
Si_Si
Y_Y

3.222 f\
3.529
2.882
3.222
3.529
3.529
4.991

Angles Aboul Oxygen x(1) o-si es.7eo)"
x(2)-o-si 122.47(8)
x(1)-o-x(2) 100.2s(s)
x(l)-o-l'" 102.78(6)
r.(2) o-(r) e7.23(s)
r o si 132.10(8)
Mean 108.35

" Numbers in parenthesis are the estimated standard errors.

(Table 1), r.m.s. displacements, and the orientations of the apparent
thermal vibration ellipsoids with respect to the crystallographic axes
(Table 2) were calculated with Busing, Martin and Levy's (1964)

ORFEE program.
With only minor differences, the structure of chrome pyrope is similar

to that of s1'nthetic pyrope (Gibbs and Srnith, 1965). The 1-O and X-O
distances in chrome pyrope are slightly, and signifi.cantly longer than
those of pyrope and can be related to the mean size of the Y and' X
cations, respectively. The Si-O bond length in both pyrope and chrome
pyrope are statistically identical reflecting the constant coordination
number of the oxygen atoms (Brown and Gibbs, 1969). The relationship
of chrome pyrope to the crystal chemistrl '  of other sil icate garnets is dis-
cussed by Novak and Gibbs (in press).
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T,rsln 2. ANrsotnoprc Tnupnnatrrnr Facrons, R.M.S. Drs?r-acEMENTS ANI)

Optrxt,luons ol tnn THnnlal.t VrnnattoN Ellrpsorns

2 1 2 7

Atom ij R . u\.r) \.r, r) \.r' !) \,r, z)

o 1 1
22
J J

l 2
13
23

1 1
22
23

1 1
t 2

.00130(i)

.M142(6)

.001 ls(6)

.00006(4)
- .00019(s)

.00002(s)

.000es(s)

.00134(4)

. 00033 (s)

.000s8(1)
-.00003(2)

1
2
3

1
2
3

.0802(23) A 144(27)"

.082s(21)  118(16)

.1061(1e) 109(21)

82(7)" .5s(7)"
134(42) r2r(34)
46(40) 129(28)

Vb .0826(27)
.o970(26)
.oge4(2s)

9 0 0
45 .0

t35  .0

90 .0
4.5.0
45 .0

0 . 0
90.0
90 .0

V.

sid 11 .00068(4)
33 .000ss(8)

a rt, 12, rz are the ellipsoid axes, and x, y, z the crystallographic ares.
b S1'mmetry constraints require B22 : p33 and B1s :0u :0.0.
.  at  :  9zz:  9s,  An:  dn:  qzt .
d Ft : Azz, An: An :0zr :0'0.

" Thermal vibration ellipsoid is isotropic and indeterminate.

AcKNowLEDGEMENTS

The authors rvish to thank Professors G. V. Gibbs and l'. D. Bloss of the Department

of Geological Sciences, the Virginia Polytechnic Institute at Blacksburg, Virginia, and Dr.

H. T. Evans of the U.S.G.S., Washington, D.C. for criticalll ' revierving the manuscript

The National Science Foundation is gratefully acknowledged for supporting Grants GA-

1133 and GL-127O2 at VPI.

Rnlnnnscrs

BnowN, G. E., er.rl G. V. Grsls (1969) Oxl.gen ctxrrdination and the Si O bond. Amer.

M iner aI. 54, 1528-1 539.
ButNHan, C. !V (1962) Lattice constant refinemenl. Cornegie lnst. Waslt. Year Book.6l,

132-135.
Busrwc, W. R., K. O. MartrN, lNo H. A. Lnvv (1962) OI{I,'LS, a ltortran crystallographic

least-squares program. U-S Cleoring house F-ed Sci. Tech I.nJo. Doc ORNL-TM-305,
.{ND -- (1964) ORI|EE, a If ortran crystallographic function and error

program. U S. Cleori.n ghous e F eil S ci. T ec h. I nf o D oc. ORNL.TM-306,
Grrls, G. V., eNo J V. Surrn (1965) Refinement of the crystal structure of synthetic

pyrope. A mer. M ineral, 50, 2023-2039.
HaNsoN, A. W. (1965) The crystal structure of the azulene, S-trinitro-benzene complex.

Acta Crystallogr. 19, 19-26.
McCoNNnr-r-, D. (1966) Propridtis physiclues des grenats. Calcul de la dimension de la

maille unit6 6 partes de la composition chimiquc. Bul.L Soc. Fr. MineroJ Cristal,l,ogr.
89.  1+,17.




