the black viscous oil which oozes from
the Precambrian Nonesuch shale (I5)
using the procedures described and
found that the members of the n-alkane
series range from Cu to about Cs. The
distribution reaches a maximum around
Cw and there is a very slight, but quite
definite, predominance of odd-num-
bered members. The branched-cyclic
fraction (2.5 g), which still contains
small amounts of aromatic hydrocar-
bon, is very complex, but is charac-
terized by several prominent peaks in
the region corresponding in retention
time to that between n-Ci and n-Cis
on the silicone gum column. We col-
lected amounts of the order of a milli-
gram for each of these peaks by suc-
cessive sampling on a 6-mm column
and then by rechromatographing these
at 90°C upon a strongly polar sub-
strate—S percent tetracyanoethylated
pentaerythritol on Gas-Chrom RA, 80~
100 mesh, the column being 170 cm
X 6 mm—that provided a particularly
effective separation. Two of the frac-
tions so obtained when chromato-
graphed on a variety of substrates
(Apiezon ‘L’, fluorosilicone QF-1, sili-
cone gum SE-30, Carbowax-20M,
and tetracyanoethylated pentaerythritol)
gave single peaks of the same retention
times as phytane and pristane. These
identifications were then confirmed by
direct comparison on the mass spectrom-
eter (20).

The mass spectrometric data on in-
completely separated fractions show
that other compounds with isoprenoid
skeletons are present; these fractions
may represent geologic breakdown
products from the more abundant phy-
tane and pristane. Studies on a capillary
column (with Apiezon ‘L’, 45 m X
0.25 mm at 170°C) of cuts taken from
the packed columns show that the
branched fraction is an extremely com-
plex mixture: even so, the phytane and
pristane comprise approximately 0.6
and 1.2 percent, respectively, of the
branched-cyclic fraction.

If one accepts the presence of these
hydrocarbons as evidence of life in
Precambrian times, there remains the
question of the relation between the
oil and the rock. We believe that the
oil is indigenous to the rock, since we
have found an almost identical pat-
tern for the normal and the branched-
cyclic alkane fractions (about 3 mg
total) isolated from carefully washed
(water, HF, and benzene-methanol) and
pulverized Nonesuch shale (18 g) taken
from the so-called “marker bed” situ-
ated above the stratum from which the
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oil had been collected. No method for
the dating of ancient organic matter
exists as yet, so that some doubt must
remain concerning the precise age of
this oil; however, the geologic evidence
(15) favors the viewpoint that the
organic matter and the associated cop-
per are sedimentary or early diagenetic
in origin.
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Shape of the Recorded Area in
Precession Photographs and Its
Application in Orienting Crystals

Abstract. The equation of the perim-
eter of the recorded area of zero-level
precession photographs as a function of
the orientation error is derived in polar
coordinates. The angle between the
tangent to the perimeter and the radius
vector is also derived. How these rela-
tions can be conveniently applied to de-
termining the orientation error of a
crystal mounted on the precession in-
strument is discussed.

The recorded region of a zero-level
precession photograph is marked out
by general-radiation streaks (Z). When
the crystal is properly oriented this
shaded region is circular with its center
at the location of the 000 reflection. If
the crystal is somewhat misoriented the
edges of the recorded region shift in the
direction of the setting error. This is
the basis for various methods of cor-
recting an orientation error (I, 2, 3).

The knowledge of the shape of the
recorded area for precession photo-
graphs made with a somewhat misori-
ented crystal is in a confused state.
Fisher (2) considers the area to coin-
cide with a “circle of precession” on the
side of error, but shortened on the op-
posite side (2, p. 1039). Furthermore,
although the feature is not discussed,
a central region without a record is
evident in his Fig. 34a. Evans (3)
illustrates such a region in a drawing,
but also without discussion and, as will
be seen subsequently, the shapes of the
bounding curves are misleading.

In the first publication on the preces-
sion method (/) the change in radius
due to an orientation error was derived.
When the law of sines is applied to the
triangle OWJ of Fig. 13 (I, p. 24) of
that article it is seen that

Emax sin (900 + ﬁ+ 8)

Tsin (it o) sin(90° —i—2e) D
which can be solved for &max to give
_sin2 (g+e)
fmax = os (&+2e)° @

The maximum radius vector &max OC-
curs when the phase of the precession
motion brings the angle @ in the same
direction as the error angle e. For pres-
ent purposes let the phase = of the pre-
cession cycle be measured from the
position where the plane of 7 is parallel
to the plane of &, the angles increasing
in the same sense. In the general case
the angular separation in the plane of

SCIENCE, VOL. 145



1 between the misoriented plane and
the correctly oriented one is ¢. The
plane of & is always normal to the cor-
rect position of the reciprocal-lattice
plane. Since the arcs ¢’ and r are ortho-
gonal, the relation of ¢ to = and ¢ is

(3)

If ¢ in Eq. 2 is replaced by &', and then
Egs. 2 and 3 are combined the result is

g’ =tan™ (cos 7 tan ¢)

_sin2 (u+ tan™ [tan ¢ cos 7])

" cos (% + 2 tan™ [tan & cos 1)
Some representative shapes of the re-
corded region as provided by Eq. 4 are
illustrated in Fig. 1 for @ = 10°. Since
7 occurs in Eq. 4 as cos 7, all curves
are symmetrical about + = 0 and » =
180°. When 7 = 90°, Eq. 3 reduces to
¢ = 0; at this azimuth the misoriented
and oriented plane coincide (that is,
intersect). Thus, regardless of the ori-
entation error &, the two radius vectors
at right angles to the direction of the
error have a constant length equal to
¢ = 2 sin m. This was discovered em-
pirically by Fisher (2) who noted that
a series of reciprocal-lattice planes in
a zone are recorded in such a way as
to have a common chord.

Interesting and characteristic features
occur in the side opposite the orienta-
tion error, that is, in the region from
7 = 90° to 7 = 270°. When the ori-
entation error is small, this side of the
shaded region is merely flattened; at
errors approaching ¢ = @ it becomes
indented, and at ¢ =  a cusp occurs
so that & becomes zero at + = 180°.
When ¢ > 7, the numerator of Eq. 4
becomes negative in the neighborhood
of + = 180° while the denominator re-
mains positive, so that £ becomes nega-
tive. Under these circumstances, an
area without a record, here called a
blind region, develops within the outer
perimeter of the recorded region.

These features can be treated analyti-
cally by a second method. A convenient
measure of the shape is provided by the
angle ¢ which the tangent to the boun-
dary makes with the radius vector £ at
the point of tangency. The general rela-
tion between ¢, &, and 7 is

tan ¢ = ¢/ (g—f_) .
The term in the denominator is given
by differentiating Eq. 4:

“4)

(5)

> o000

e =4°

e=0°

£ =6°

e=10° e=20°

Fig. 1. The shapes of the recorded region for various orientation errors ¢, for x = 10°.

The direction of the error (= = 0) is up.

If the angle on the origin side of the
tangent is required the sign of Eq. 7 is
changed.

This general expression is cumber-
some. An important special case oc-

curs for the direction + = 90°, when
Eq. 7 reduces to
sin27u

The magnitudes of ¢ which occur at
7 = 0° and r = 180° may be called
Emax and Emin respectively (Fisher’s § is
an approximation to &max). These ex-
treme values when plotted against the
error are useful in determining orienta-
tion errors. With such a plot either
Emax  and  Emin, or both, may be
used to establish the orientation error.
In practice, however, when ¢ ~ T, the
perimeter of the shaded region near r =
180° falls within the shadow of the
direct-beam stop so that &min cannot be
determined.

When the orientation error is
so large that the edge of the shaded
area falls beyond the edge of the film,
&mux can no longer be determined. But
for a considerable range beyond this,
the edge of the blind spot is still within
the film, so that the orientation error
can be determined with the aid of &wmin.
It may be noted that whereas the use
of a smaller value of & allows the cor-
rection of a larger error when measur-
ing &max, the opposite holds when meas-
uring &min, the larger the value of m, the
larger the allowable error.

The curvature of the boundary of the
shaded region at + = 90° can be readily
measured and provides an alternative
means of determining the orientation
error. This is especially important for
large errors when the edge of the blind
area is outside the film; under these
circumstances the boundary curvature

a_g:_ 2 tan e sin 7 cos 6
or cos® (' + 2 tan™ [tan ¢ cos 7]) (1 + tan® ¢ cos® 7) * )
Thus the specific form of Eq. 5 for the

boundary of the shaded region is

tan g = — £cos® (u+ 2 tan™ [tan ¢ cos 7]) (1 + tan® ¢ cos® 7-). N

2 tan ¢ sin 7 cos @
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at 7 = 90° can still be measured, so the
error can be determined. In fact the
use of Eq. 8 permits determining an
orientation error of any size provided
only that the zero-level reciprocal-lattice
plane is sufficiently prominent so that it
has an appreciable shading. Further-
more, in methods involving the relation
of £ to ¢ as in Eq. 4, or of A£ to ¢, as
in the case of Evans’ method (3), the
relation cannot be solved for ¢ analyti-
cally, so that one is forced to use graph-
ical methods. On the other hand Eq. 8
can be readily solved for &.

A practical procedure for determin-
ing the orientation error by this means
is as follows: A circle centered at the
origin and of radius 2M sin u, where
M is the crystal-to-film distance, is
scratched on the film with a pair of
dividers.

The intersections of this scratched
circle with the outside of the
recorded region occur at the end of the
common chord. The angle between the
common chord and the tangent to the
recorded region at either intersection
point is the angle ¢ which should be
measured. The relation of Eq. 8 may
then be used to determine the magni-
tude of &; the direction of the error is
normal to the common chord and to-
ward the larger side of the shaded re-
gion. To correct this error it must
ordinarily be partitioned between the
dial and the goniometer arcs.
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