[AMERICAN JOURNAL oF Science, VoL, 254, ApriL 1956, P. 257-2591

X-RAY DIFFRACTION STUDY OF INORGANIC
STRUCTURAL UNITS IN FOSSIL WOOD

G. B. MITRA and J. SEN

ABSTRACT. About nine minerals have been identified by the X-ray diffraction method
in a siliciied wood belonging to an undetermined species of Dadoxylon. Of these, seven
are reported for the first time as occurring in petrifaction. Low-quartz is by far the
dominant mineral species present in the fossil wood. The quantitative estimation of the
different minerals present in the material, now heing done, is likely to indicate whether
or not carnegieite and amesite and a few others are also petrifying minerals.

INTRODUCTION

The structural units of well preserved pelrifaclions are the extremely
small grains of different species of minerals that fill up the cell cavities and
variously impregnale, and in extreme cases, replace the remnants of the
original cell wall. Thus the anatomical organizalion characterislic of a species
is preserved. Somelimes the organic structure has been variously disturbed
and destroyed preceding and during fossilizalion, as for example by unfavor-
ably large crystals of the petrifying mineral. Probably the different species of
minerals involved in the peltrifaction, however small the grains may be, also
preserved plant tissues differently. Thus Andrews and Mamay (1952, p. 67)
found that preservation is generally poor in iron sulphides. The identification
of pelrifying minerals in variably preserved materials will, therefore, grad-
ually make it possible to determine the relalive value of different mineral
species in the preservation of ancient plant life. Knowledge of the petrifying
minerals is necessary for studying the structure of variably mineralized cell
walls in fossil plants and in understanding some of the unknown events
associated with the fossilization process. Some of these will de described
clsewhere.

The mineral sources of pelrified wood and of our coal seams may be
the same since their woody mother substances might have drifted in similar
lakes or rivers under similar conditions before they were deposited. In the
Northern Hemisphere, where the coal balls containing the petrifactions occur
in the coal seams proper, the mineral sources are more likely to be the same.
The identification of minerals in petrifactions is likely therefore to offer some
clues as to the assemblage of minerals present in coal. In the present work,
X-ray diffraction method has been used to idenlify the minerals in petrifactions
from the Lower Gondwana sirata, where the particle size of the minerals, both
in the coal and in the petrifaction, is usually so small that the grains cannot
be identified by the petrological microscope.

MATERIAL
The material consists of a piece of silicified wood of Dadoxylon sp. col-
lected from Mahuda in Bihar, in the Upper Permian of India.

EXPERIMENTAL PROCEDURE AND RESULTS

The untreated sample was powdered in an agate mortar and made into
a thick pasle with collodion dissolved in ether. A cylindrical fiber less than
0.5 mm in diameter was made, which hardened rapidly as the ether evapor-

257



258 G. B. Mitra and J. Sen—X-ray Diffraction Study of

ated. The fiber was mounted on the axis of a cylindrical camera (10 cm
diameter) and was centered with the help of a goniometer head. The X-rays
(CuKe = 1.54 A.U.) from a Hadding tube running at about 60 k.v. and 8
to 10 ma. were used. The time of exposure was three hours.

TasLe 1
Results of the X-ray Diffraction Study of Dadoxylon sp.

Serial d Serial d
no. [/} A Intensity no. ! A Intensity
1 4°58’ 8.95 M.S. 22 27°57 1.64 V.V.W.
7°27 5.92 23 29°20" 1.57 V.S,

2 9°10" 4.81 V.W. 24 31°8 1.49 W
3 947 453 M.W. 25 32°8’ 1.45 V.W.
4 10°15’ 4.32 S 26 33°13 1.40 V.S,
5 11°29’ 3.87 M.S. 27 34°37 1.36 V.W.
6 11°57 3.72 S 28 35°0 1.34 V.W.
7 12°35’ 3.53 M.S. 29 35°43’ 1.32 W
8 13°2’ 3.42 V.V.S. 30 36°57 1.28 W
9 15°40° 2.85 V.W. 31 37°53 1.25 V.W.

10 16°12" 2.75 W 32 38°58’ 1.22 M.S.

11 17°23" 2.57 W 33 39°35’ 1.20 - M.S.

12 17°51" 2.52 M. W. 34 40°50 1.18 w

13 18°43’ 2.40 V.W.

14 19°25 2.32 M.S.

15 19°52’ 2.26 W

16 20°48’ 2.17 M.S.

17 2203’ 2.05 W

18 22022 2.02 W

19 24°32’ 1.85 V.S.

20 26°14’ 1.74 w

21 26°47 1.71 S

V.V.S.—Very Very Strong M.W.—Medium Weak
S.—Strong W.—Weak
M.S.—Medium Strong V.W.—Very Weak

V.V.W.—Very Very Weak

The minerals were identified following the method developed by Mitra
(1950, p. 133-34; 1954a, p. 318-322) ; the spacings of the characleristic lines
of different minerals in a standard chart prepared for this purpose were com-
pared with those of the wood sample under examination.

Some of the weak lines of the less abundant constituent minerals were
missing in the diffraclion photograph. A rigidly consistent standard has been
followed in determining which lines should be omiited. If {for a cerlain mineral
a line of parlicular intensity is missing from the pattern, then no other line
of equal or less intensity has been admitted as belonging to this mineral.
Where two or more lines overlap, the sum of the intensities of the lines of
the constituent minerals has been found to agree with the intensily of the
resultant line in the powder pattern of the substance to be identified. Follow-
ing these rules. in spite of the complexity of the diffraction patlern, nine
minerals could be identified in the Dadoxylon sp.
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The minerals identified are low-quarlz, magnelile, pyrite, carnegieite,
serpenline, amesite, willemite, dickite. and brucite. From the X-ray diffraction
data it is apparent that quarlz forms the main bulk of the material. Carnegieite
and amesite are also quite abundant. however. Magnelite, pyrile, dickite, and
brucite seem to be present in small quanlities. A rather large number of
lines of serpentine and willemite seem to agree wilth the diffraction pattern of
the fossil, but in the absence of quantitalive data their identification cannot
be considered certain. Quantitalive estimalion of the minerals by the X-ray
diffraction method developed by Mitra (1954b, p. 337-338) is now in
progress. It is diflicult to determine at present how many of these mineral
species are actually responsible for causing the petrifaction of the wood under
investigation. Excepting quartz and pyrite, these minerals were apparently
not known before in petrifactions, judging from the list prepared by St. John
(1927, p. 729).

The orientation of the mineral grains in this and similar petrified ma-
terials is now being studied by the X-ray diffraction method to ascertain the
nature of growth fabrics in petrified wood, and to determine whether the
anisotropy in the original wood may be reproduced in the fossils.
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