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Composition of Three Fossil Woods Mined from the Miocene Auriferous Gravels of
California

By R. L. MircHELL AND GEO. J. RITTER

The Forest Products Laboratory has recently
analyzed three old woods which were mined from
the Miocene auriferous gravels of California and
submitted to the laboratory by Professor I. W.
Bailey of the Bussey Institute of Boston, Mass.
The woods are a pine of the hard-pine class of
which ponderosa pine is a member, a cedrus,
which family is extinct in the Western Hemis-
phere, and a sequoia of the family of which red-
wood is a member. These woods were mined
about 200 feet below the surface of the ground.
For the want of a better name these old residual
matetials are referred to here as fossil woods.

These fossil woods had developed a pronounced
brown discoloration, extreme brashness, and in
some small areas of the structure, mineral-like
properties characteristic of petrified woods. An
examination with the aid of a microscope revealed
no signs of fungous attack. Many of the struc-

Analytical Procedures Employed

The fossil materials were reduced to sawdust which
passed through a 40-mesh sieve but was retained on a 60-
mesh sieve. The materials were analyzed for extractives,
pentosans, methoxyl, lignin and cellulose by the standard
methods employed at the Forest Products Laboratory.?

In the determination of cellulose in the fossil woods it
was necessary to prolong the chlorination periods beyond
five minutes, the time used for normal woods,?® because
the fossil wood lignin was less reactive to chlorine than that
from tormal wood. Another difficulty experienced in
determining the cellulose in the fossil woods was the ten-
dency of the partially delignified cellulose to gelatinize,
causing difficulties in filtering and washing. This ten-
dency toward gelatinization was overcome by adding a
few cubic centitmeters of dilute hydrochloric acid. In
the final washing the hydrochloric acid was removed by
means of water and alcohol,

Results of the analyses are recorded in the accompanying
table. For comparison the table also includes analytical
data on the composition of two normal woods of similar
species.

Compos1TION OF THREE FossiL AND Two NoRMAL WooODS
Results based on the weight of the oven-dry woods

Ponderosa
pine
(normal
Determlination woo%), %%
Ash 0.46
Solubility in:

Cold water 4.09

Hot water 5.05

Ether 8.52

1% NaOH 20.30
Pentosan 8.97
Pentosan in:

Cross and Bevan cellulose 5.05
Cross and Bevan cellulose 57.41
Lignin 26.65
CH;O 4.49

CH;0 recovered in lignin

tural elements were observed to be twisted and
crushed perhaps as the result of excessive pres-
sures during their burial underground. Fibers
which had undergone no deformation still mani-
fested a preferred orientation of their cellulosic
structure when observed between nicol prisms
with corresponding axes arranged at 90° to one
another.

(1) Maintained at Madison, Wis., in coéperation with the Uni-
versity of Wisconsin.

Hard Cedrus Redwood Sequoia
pine (fossil (normal (fossil
(fossil wood), wood), wood),
wood), % o % %
3 4 [)
3.80 1.50 0.21 2.50
0.63 0.40 7.36 0.87
.88 .42 9.86 1.54
.54 .27 1.07 0.24
4.66 3.07 20.00 11.10
4.58 3.87 10.55 4.56
. Cel 4.08 1.96
5.00 13.10 48.45 51.60
90.20 84.70 34.20 45.60
12.50 11.20 5.21 5.60
12.60 11.40 5.65

Discussion of Results

A general comparison of the composition of the
fossil and the normal woods shows that the fossil
pine is markedly lower in water and ether extrac-
tives, pentosans and cellulose than the normal
pine; the fossil sequoia is lower in water and
ether extractives and pentosans than the normal

(2) (a) Bray, Paper Trade Journal, 87, 59-68 (1928); (b) Ritter,
Seborg and Mitchell, Ind. Eng. Chem., Anal. Ed., 4, 202 (1932);
(¢) Ritter and Ilick, Ind. Eng. Chem., 16, 147 (1924).
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sequoia. These losses are in general agreement
with Komatsu,® who found that fossil woods had
lost a portion of their extractives and carbo-
hydrates. In both the fossil pine and sequoia the
alkali-soluble content was markedly lower than
that of the corresponding normal woods, which
indicates absence of decay. On the other hand,
the fossil pine is much higher in ash and lignin
than the normal pine; the fossil sequoia is higher
not only in ash and lignin but also in cellulose than
its normal species.

When a complex material undergoes a selective
decomposition that removes certain constituents
in greater proportion than others, a comparison of
the percentage composition of the decomposed
material with that of the original does not afford a
direct or accurate means of determining the rela-
tive losses of the different constituents. It is
readily possible, however, to obtain a satisfactory
basis for direct comparison by determining the
minimum weight loss required to give the per-
centage composition found for the decomposed
material and then recalculating to the basis of
percentage of the original material. The mini-
mum weight loss required is such that one con-
stituent shows no change. This constituent will
be the one that shows the greatest percentage
increase in the residue.

Fig. 1.—Photomicrograph showing the open
structure of the fiber residue in Cross and Bevan
cellulose from fossil pine.

Hard Pine.—Excluding ash, which is known
to increase in weight upon petrification, the
constituent in the fossil pine that shows the
greatest percentage increase is lignin. Whether
the lignin has suffered losses due to hydrolysis*

(3) Komatsu and Ueda, Mem. Coll. Sci. Kyoto Imp. Univ., TA,
7-13 (1923).
(4) Hawley and Campbell, Ind. Eng. Chem., 19, 742 (1927).
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and decay? is not known. If it is assumed that no
loss has occurred in the fossil-pine lignin the
residue would be approximately 29.59%, (26.65/
90.20 X 100 = 29.5) of the original wood. In
other words, the fossil pine has lost 70.59%, of its
original weight.

The lignin of the fossil pine has a methoxyl
content of 14.09, which is in fairly close agree-
ment with that of lignin from normal ponderosa.®
All of the methoxyl in the fossil pine is recovered
in the isolated lignin, indicating that any methoxyl
associated with the carbohydrates has been re-
moved during the partial disintegration of the
wood.

The ash content of the fossil pine is high when
calculated on the basis of the original wood, being
1.129%,. This is likely due to some small areas
which are indicative of petrification.

Cedrus.-—No normal cedrus was available for
analysis. However, a comparison of the com-
position of other softwoods with that of the fossil
cedrus reveals that the latter has undergone
changes similar to those of the fossil pine.

Sequoia.—As with the pine, if ash is excluded
and it is assumed that no loss has occurred in
the lignin of the fossil sequoia, the weight of the
residue would be 75.09, of that of the original
wood, showing a loss of 259,. On this basis the
recalculated value of the fossil cellulose would be
only 38.79, of the normal wood, showing an
apparent loss of 9.79,.

Lignin from the fossil sequoia has a methoxyl
content of 12.69, as compared with 16.29, found
in lignin from normal redwood.” This finding
indicates that some of the methoxyl groups have
been removed from the lignin of the fossil sequoia.

A comparison of the methoxyl in the wood and
in the lignin indicates that all of the methoxyls
found in the fossil wood are associated with lignin.

The ash content in the sequoia is unusually high
on the basis of normal wood, being 1.87%. In
the sequoia also were localized areas which indi-
cated the beginning of petrification which would
account for high ash content.

Microstructure of the Cross and Bevan
Cellulose.—Microscopical examinations of the
Cross and Bevan cellulose residues from the
fossil woods disclosed that the cellulose residue of
the fibers had been reduced to thin-walled struc-
tures. A high percentage of these structures

(5) Bray, Paper Trade J., T8, 58 (1924).
(6) Ritter, Ind. Eng. Chem., 15, 1265 (1923).
(7) Dorl, ibid., 12, 478 (1920).
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were collapsed, their fibrils loosened from one
another, indicating that materials between the
fibrils had been removed (Fig. 1). The residue is
free of hyphae, which suggests that the loss in
wood constituents is due to hydrolysis rather than
fungous attack. Loss of weight through hydroly-
sis rather than decay is also suggested by the low
alkali-soluble content of the fossil materials.
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R. W. Chaney of the University of California, and
E. F. Smith of the Eldorado National Forest;
identification of the specimens by G. J. Griffin
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I. W. Bailey; examination for indications of
decay by C. A. Richards of the Bureau of Plant
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Summary

Samples of pine, cedrus and sequoia woods
mined from the Miocene auriferous gravels about
200 feet below the surface of the ground in Cali-
fornia have been analyzed. A marked decrease
has occurred in the extraneous and the carbo-
hydrate content of the woods. On the other
hand, the lignin content of the residues is ab-
normally high as compared with that of a normal
wood of the same genus. On the basis of the
original wood, the lignin has decreased less than
any other constituent.

Microscopical examinations of the residue and
the relation between the alkali solubility and
cellulose content of the fossil woods indicate that
decomposition was due to agencies other than
fungous attack. Hydrolysis appears likely.

MADISON, WISCONSIN RECEIVED APRIL 20, 1934

[CONTRIBUTION FROM THE SCHOOL OF CHEMISTRY OF THE UNIVERSITY OF MINNESOTA]

The Action of Sodium on 1-Benzyl-1,3-diphenylindene

By C. FREDERICK KOELSCH

In an attempt to obtain further information
about the rearrangement which occurs when
sodium reacts with 1,1,3-triphenylindene,! the
action of sodium on the hydrocarbon 1-benzyl-
1,3-diphenylindene has been investigated. It was
expected that either the 1-benzyl or the l-phenyl
would migrate, but neither of these expectations
was realized. Instead the benzyl group is simply
cleaved from the molecule, resulting in the forma-
tion of toluene? and the sodium derivative of 1,3-
diphenylindene.

/C——CsHa /C——CsHs
N
>CH = >CH 4 [CoH,CH,Na]
C
CeH; CH.CsHs CeHs Na

A similar but very much slower reaction takes
place when 9-benzyl-9-phenylfluorene is treated
with sodium. The benzyl group is cleaved and 9-
phenylfluorylsodium is formed.

Experimental

1-Benzyl-1,3-diphenylindene.—The vigorous reaction
between 409, sodium amalgam and 1,3-diphenylindene

(1) Ziegler and Crdssmann, Ber., 62, 1768 (1929); cf. Koelsch,
THIs JoUrNAL, 56, 480, 1337 (1934).

(2) Sodium benzyl reacts with ether to give toluene, Schorigin,
Ber., 48, 1931 (1910).

dissolved in ten times its weight of ether requires external
cooling and is complete after less than thirty minutes of
shaking, The excess amalgam should be separated as
soon as possible after the reaction is over, for if the super-
saturated solution is allowed to stand the 1,3-diphenylin-
dylsodium crystallizes and renders it impossible to remove
the amalgam.

The deep yellow ether solution of diphenylindylsodium
from 10 g. of the hydrocarbon is rapidly decolorized and
heat is evolved when an excess of benzyl chloride is added.
The ether, etc., is removed with steam and the residue
is crystallized from acetic acid, giving 10.5-11.5 g. of
benzyldiphenylindene which forms colorless needles that
melt at 100-102°,

Anal. Caled. for ngHng
C, 94.0; H, 6.1.

Cleavage of Benzyldiphenylindene.—The hydrocarbon
(10 g.) dissolved in 100 ml. of ether starts to react within
five minutes when it is shaken with an excess of 409,
sodium amalgam, and the reaction is complete after one
hour. The resulting yellow solution is hydrolyzed, and the
ether and toluene are removed with steam. The residue
is crystallized from acetic acid, giving 6.5 g. (90%) of
1,3-diphenylindene. The substances volatile with steam
are shaken with an excess of concentrated hydrochloric
acid, which dissolves the ether and leaves 1.25 g. (509,)
of pure toluene, identified by its boiling point and by con-
version into 2,4-dinitrotoluene.

Other reactions of the 1,3-diphenylindylsodium obtained
(A) by this cleavage and (B) from 1,3-diphenylindene are
summarized in Table I. The yields in all cases are nearly

C, 93.9; H, 6.1. Found:



