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INrnonucrroN

Warren and Bragg published notes on the structure of chrysoti le,

H4MgaSi2Oe, in 1930.' They were able to show that the fibres possess a

double chain structure resembling closely that of the amphiboles' The

other hand variability along the D axis is not only conceded but thought

X-naY Dare

Iron and copper radiations were used for the powder photographs

with the result that the number of lines obtained for the same range of

interplanar distances is two to three times as great as those Selfridge

,".ord.d with molybdenum radiation' The mineral powders were

mounted with collodion on silk thread. The powder rods obtained were

0.8 mm. in d,iameter. No corrections were applied to the interplanar

spacings which are slightly too low lot d,)2'00 A' Experience has shown

that with minerals like the serpentines, which give many difiuse lines'

the probable error in measuring is in the neighborhood of t per cent'

The antigorite structures give better d,iffraction patterns than the chryso-

tiles, in which most lines are very broad and diffuse. But even in antig-

orite the lines with Z0l indices are unusually wide, indicating some dis-

tortion or irregularity parallel to the c axis, since the 200 reflections are

sharp and well defined in both structures.

r This study was aided by liberal grants from the Graduate School of the university

of Minnesota.
2 Warren, B. E., and Bragg, W. L. ' .  Zeit" Krist,vol '76rpp'201-210' 1930'
3 Selfridge, G. C. Jr.: Am- Mineral'., vol.2l, pp' 463-503, 1936'
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Tables I and 2 record the diffraction lines for chrysotile and antig-
orite structures. These tables were abridged after the appearance of
Selfridge's paper.
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Tesra 2. PowoBn PsoroGnapns ol Axttconttrs

Unfiltered Fe Radiation. Radius 57.3 mm.
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Tasln 2 (Continued)

Antigorite

Antigorio Valley,
Italy
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It will be noticed that the values for d for planes with ,00 indices are
very similar in the two structures. Any other apparent similarity may be
accidental, however. The indices which have been assigned to certain
planes in Tables 1 and 2 are based on the assumption that the dimensions
of the uriit cell, as given by Warren and Bragg for chrysotile, are essen-
tially correct and apply also to antigorite structures. The most accurate
measurement  is  that  of  ao which var ies between 14.40 A and 14.52 A for
different varieties, D6 varies between 18.50 A and 18.74 A, and cs between
5.28 A and 5.36 A. g is close to 93'. Making use of the atomic coordinates
given by Warren and Bragg for the a and. b directions, and of the intensi-
ties in the powder photographs, a great deal of time was spent in trying
to find the c (or Z) coordinates. By shifting the double chains parallel
to the c axis, but preserving the symmetry of space group C2r3, no very
convincing agreement could be found between theoretical and observed
intensities. The actual structure of chrysotile must vary therefore to
some extgnt from the ideal one given by Warren and Bragg.

The minerals with antigorite structure give a greater number and
better lines than chrysotile. On the assumption that this structure differs
from chrysotile only in a shift of the chains parallel to 6, no agreement
could be found with observed intensities. It appears, therefore, that the
structures are only closely similar to each other with respect to the 200
planes.

Very interesting observations were made on platy antigorite from
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the type locality, the Antigorio Valley. This material evidently possesses

a sort of cleavage due to an orientation of submicroscopic fibres or plates.

This has been proved by taking r-ray photographs of small plates of the

material inclined at different angles to the zero beam. Certain indices

were assumed for lines in the powder photographs (Table 2). It was also

suspected that the megascopic platy structure of antigorite was parallel

to 100. When a plate was inclined to the zero beam in such a way that

theoretically a certain plane should have reflected with unusual intensity,

Tlllr 3. Trrnonertcll, aNo Ossnnvno Rrrlncttons lnou OnrrNtlo

Pr,ems ol ANTrcoRrrE

Zero beam at indicated angles to plane of plate
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the observed reflection agreed as well as could be expected. These obser-
vations are tabulated in Table 3. The inclinations of the plates are given
at the top of the table. "Right" and "left,' refer to the position of the
reflection on the film to the right or left of the zero beam, respectively.
The sign * means a certain reflection is present, - indicates its absence.
The number of f symbols indicate intensity. The upper rows are the
theoretical expectations, the lower, the observed reflections.

The data indicate that the indices chosen for the reflections are most
probably correct, although there is no way of distinguishing between
202 and 202, 402 and 402,802 and 802, respectively, as long as the p
angle is unknown.

It is certain, however, that in platy antigorite the larger structural
units have a parallel or subparallel arrangement with respect to the
plane (100), and not with regard to any fibre axis. Whether that means
that the antigorite structure is more sheet-like than chain-like is still
unknown. This holds true in spite of the fact that some ,,picrolites,, and
"baltimorites," which unquestionably appear fibrous in the hand speci-
men, are identical in structure to antigorite. Massive serpentines like
the precious variety from Montville, N. J. also have this structure. On
the other hand, massive serpentine from the wall rock of a cross fibre
vein of chrysolile shows the chrysotile structure.

Cowcr,usroNs

The serpentinesa are divided into two groups, the chrysotiles and antig-
orites. All other variety names, as already advocated bySelfridge, should
be discontinued. The name serpentine should be used where it is impossi-
ble to distinguish between the two.

It is believed that dimorphism exists, as chemical analyses show no
appreciable differences in the composition of the two structures. Often
*-rays will be the only means for identification, since optical properties
are very similar in chrysotiles and antigorites. Chrysotile possesses a
chain structure as shown by Warren and. Bragg. They assigned coordi-
nates to the atoms in these chains for the o and D axes, and computed in-
tensities of reflections for some of the prism and pinacoid planes (exclu-
sive of the basal pinacoid). rt is easy to assign atomic coordinates for
the c direction on the assumption that the chains are undistorted in this
direction. This was done and theoretical intensities f.or h\l and other
planes were calculated. These were in poor agreement with the observed

a Ishkyldite described by Syromyatnikov, Am. Mi.neral.,,tol.2l, p. 48, 1936, is ex-
cluded from this discussion.
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intensities. Therefore, some adjustments in the coordinates of chrysotile,
especially in the o direction, seem necessary.

The antigorite structure may be chain-or sheet-like. The platy mineral
from the type locality shows a definite subparallel to parallel arrange-
ment with respect to (100), and not with regard to any fibre axis.
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