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Assrnacr

Determination of the cell dimension by divergent beam X-ray diffraction was tested on

kamacite from six meteorites.

Kamacite grains in enstatite chondrites were studied to test the feasi-

bility of using divergent beam X-ray diffraction (Kossel technique) for

determination of lattice parameters of micron-sized grains in ordinarl-
polished sections. In this method, the electron-excited volume acts as a

point source of divergent characteristic X rays corresponding to elements
present in the sample. Because of low nickel content of kamacite, onll-
FeK", (tr: 1.93604 A) and FeK", (tr:1.93998 A) *.te of sufficient inten-

sity to be recorded on film in our experiments. For X rays satisfying the

Bragg relation, diffraction of divergent X rays from any lattice plane re-

sults in enhancement of X-ray intensity in the diffraction direction
(ABC in Fig. 1), andin depletionin the transmission direction (ABD in

Fig. 1) (for a detailed discussion, see Lonsdale, 1917). Diffraction and

deficiency cones, with apices at the point source, are generated, and can

be recorded as conic intersections on flat f.lm placed below (transmission

mode) or above (back reflection mode) the section. Back reflection conics

are recorded as conic intersections (Kossel lines) on flat film positioned

above the sample (Fig. 2). Transmission conics were not recorded in the

present study due to thickness of the polished section.
Kossel patterns were obtained with an Applied Research Laboratories

back reflection camera fitted to an electron microprobe X-ray analyzer.
'Ihe electron beam, at an accelerating potential of 30 keV, was focused to

a one-micron spot on the sample surface. Sample current was 0.31 prA and

exposure time approximately five minutes. Lattice parameters obtained

are for kamacite grains 50 to 300pm in diameter' Diffraction is, however,

actually derived from a much smaller volume within the grain, thus

allowing several patterns to be obtained from different areas on an in-

dividual micron-sized grain (excited volume in case of kamacite is in the

order of 103 pm3).
Kossel patterns were indexed by comparison with a computer-drau'n
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stereographic projection of the pattern of karnacite (Frazer and Arrhe-
nius, 1967)' Patterns were measured and lattice parameters deduced b),
methods described in the Appendix. For each conic section on firm,
the coordinates of manv points on the conic were measured in terms of
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Frc. 2. Kossel pattern (negative) from a micron-sized arcaon a kamacite grain in apolished

section of the Jajh deh Kot Lalu enstatite chondrite

orientation of grains and in quality of patterns obtained' Kamacite com-

positions given are average values from electron microprobe analyses of

iO-SS gruior in each section. Lattice parameters can be calculated from

these compositions using data of Owen and Burns (1939) on lattice param-

eters of kamacite of known nickel content, and of Farquar et al'. (1945)

on pure iron-silicon alloys. To make the calculation it is necessary to as-

sume that relative contraction of the lattice due to presence of silicon is

unafiected by presence of up to seven weight percent nickel' Agreement

between calculated and measured values is considered satisfactory, as

microprobe analyses were not made on the specific grains studied b1'

divergent beam X-ray difiraction.
Wiih cubic minerals such as kamacite it is relatively easy to obtain
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Tanr.u 1. Lerrrcs pen.rurrrns (a) or.K,uracrrn rN EltsrArrre CnownnrrBs-

Composition,
itt tvt. /6

Measured o (A) Error (A) Calculated o (A) (Average)Meteorite

Hvittis

Khairpur
Atlanta

Jajh deh Kot Latu

Jajh deh Kot Lalu
Indarch
Indarch
St. Marks

Ni

2 .867 56
2.86759
2 .86803
2.867r7
2.86627
2.86322
2.86334
2.8614

0.00061
0.00015
0.00080
0.00017
0.00056
0.00071
0.00045
0.0015

2.8669
2.8670
2.8667
2.8666
2.8666
2.86s7
2.8637
2.8632

6 . 1
6 . 8
6 . 1
6 . 2
6 . 2
n 1

7 . 1
6 . 0

1 . 1
1 . 2
1 . 2
1 . 3
1 . 3
3 . 5

3 . 6

useful Kossel patterns: indexing and measuring of films, and compurer-
ized data reduction to deduce rattice parameters can be done rapidly vet
give results with adequate precision for most purposes (between about
0.0002-0.002 A;. tr'or 

"*u-pi., 
measuring a single pattern took about one

hour and lattice parameter calculation involved about 25 seconds of
computer time. Attempts are presently being made to apply the method
to noncubic minerals and to define its limitations.
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A ppmd.ir:

INtrnpr.n:rlnoN or Kossor- PetrnnNs

The first step in the method, calculating the interplanar spacing for each conic' was de-

veloped by Moiris (1g6g). using this approach we set up a coordinate system with the

origin at the X-ray source and the z axis normal to the plane of the film.ff I is the film-to-

sou-rce distance and (r, y) a point on a conic section, then the equation of the conic section

on the film is of the form

Ltx -l LzY -l L"t : 
;lA+ 

l' + tz rlt

rvhere 21, Lzand Ltare the direction cosines of the cone axis. The equation can be written

€r.r * €:) I ttl - '"/-'+ !'+ l' -- 0 Q)

where Eo:zdLif)r. For npoints (rca, y,) on a given conic there are z simultaneous equations'

and if z> 3 the set of equations is overdetermined. A least-squares solution is sought for the

{'s, minimizing the quantitY

,' : f r:'1

where

E.; :  {1xi  *  €:} t  *  Ert  -  t / * ' .+ J ' .+ P (4)

Differentiating with respect to !r, €2, and f3 the conditions for a minimum are

3

L Ilioto : nt
k - . 1

where

H t r : 2 r 1  1 1 r " :  l l r r : 2 r " , Y ,

H z r : Z y l  I I z t :  H p :  t 2 Y '

I I t t :  n t 2  I I s :  f t t t :  72 ' ,

n,  :  L  * , r / * , ,  I  y ,4 P,  n! :  T y, t t - :  + y , '+  t " .
r-r  i : l

The computer solves for the {,s and calculates the direction cosines and interplanar spac-

ings for each conic section by formulae

L,

Morris, treatment can be extended by calculating the error in d for each conic section b1'

the standard statistical formula (see, for example, Orear, 19'58)

(3)

( .5)

o: i , /  f  a,

:t,f /i,"

(7 )

(8,)

(e)
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A weight is then assigned to each conic on the basis

1
I l ' :  ( Ld )T t+k ' z+k  

( t o " r

F-or cubic crystals each conic section gives a value of the lattice parameter o from the
formula a2 : d2 / (lx2+ h2 +12).

The computer then determines I by a search routine which minimizes the variance in
the values of o found from each conic section. The lveighted average of these o values is the
most probable value of o, and their standard deviation is the error in o.
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