
leaves varies considerably from light to 
dark. These leaves are impressions only; 
no cellular structure is preserved. The 
green coloration is visible only on the 
surface of the leaf impressions. Ap­
parently as the leaves decayed specific 
compounds abundant in the brown coal 
were concentrated in the sites the leaves 
had occupied and thus colored the leaf 
impressions. 

A sample of fossil lignite containing 
green-colored leaf impressions from this 
deposit was examined as follows: the 
surface of the material was extracted 
with chloroform for a few minutes to 
remove <tny contaminants which might 
have been picked up by the material 
between the time of collection in the 
lield and testing in the laboratory. The 
material had been kept at between 0° 
and 5°C insofar as possible during this 
interval. 

The material was then divided into 
two portions and extracted as follows. 
( i) One portion was ground in a ball 
mill with chloroform and then filtered 
to remove the solid material; (ii) the 
other was ground ith a mortar and pes­
tle and extracted with chloroform in a 
Soxhlet apparatus. The material was 
then fractionated by descending flow 
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Fig. 1 (left). Chromatogram of the chloroform ell:tract of the fossil green leaves and 
associated brown coal. Solvent, 30 percent HCI. in CrH,.; Whatman chromatographic 
paper No.4 was used. Fig. 2 (top right). Solid line, visible-light absorption spectra 
of modem pbeophytin a; broken line, green fossil pigment G in chloroform. Fig. 
3 (bottom right). Solid line, isible-light absorption spectra of methyl pheophorbide a; 
broken line. pigment G in chloroform. 
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paper chromatography, with 30 percent 
chloroform in heptane as the luting 
solvent. This solvent eparated the sam­
ple into six distinct bands (Fig. 1). Band 
G was of particular interest because its 
visible-light absorption spectrum was 
similar to that of pheophytin a (Fig. 2). 
Its green color and appearance under 
ultraviolet light were also very similar 
to those of pheophytin a. This led us 
to suspect (2) that the conjugated sys­
tem might indeed be similar or identical 
to that of pheophytin a. A Molisch 
phase test (3) was performed on pigment 
G ith positive results. This indicates 
that the cycJopentanone ring is probably 
intact and similar to that of chlorophyll 
a. An Hel number test (4) eliminated 
pheophytin a as a suspect for the iden­
tity of this pigment. The HCI number 
of pigment G was foun to be 16, 
which is identical to that of methyl 
pbeophorbide a. Methyl pheophorbide 
a was then synthesized (5) from fresh 
chlorophyll a with cold methanolic HCI. 
Its visible-light absorption spectrum was 
similar to that of pigment G (Fig. 3). 
Also its Rp value was identical, within 
xperimental error, to that of pigment 

G. Paper hromatograms of mixtures of 
pigment G and methyl pheophorbide a 
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Fig. 4. Se ected portion of the mass 
spectrum of pigment G. Run at 6 kv; 
ionizing voltage, 70 ev; source tempera­
ture, 250°C; filament current, 200 p.a. 
Resolution is 1 part per 15,000. 

were Obtained with three different eluting 
solvents (6). No separation was observed 
under these conditions. Both pigment G 
and methyl pheophorbide a were saponi­
fied ith methanolic KOH; and, with 
the same eluting solvents mentioned 
above (6), mixed chromatograms of the 
products again showed no separation. 
Both compounds were then treated with 
boron trifluoride in methanol, and mix­
ture chromatograms showed DO separa­
tion. 

As a final check on contamination, 
the extract of the surface was evapo­
rated under a stream of nitrogen, and the 
concentrate was subjected to descend­
ing flow, paper chromatography. Ap­
pearance of the bands on the chro­
matogram and subsequent visible-light 
absorption spectra led to the conclusion 
that no noticeable differences existed be• 
ween the surface extract and th sub­

sequent extracts. In addition, the two 
extraction procedures showed very little 
difference in the results. However, a 
somewhat lower concentration of pig­
ment G was observ in the Soxhlet 
ell:tract, possibly indicating a small 
amount of thermal breakdown; but no 
major differences were observed. In­
frared spectra of tbe sample ere not 
entirely free of contamination in our 
opinion, but rather strong ester and 
carbonyl absorption peaks were ob­
served. However, these peaks correspond 
closely to the peaks observed in the 
infrared spectra of modern methyl 
pheophorbide a. 

Mass spectra on igment G (Fig. 4) 
showed the following: the parent ion 
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(ratio of mass to charge m/e was 606) 
was the largest peak; other prominent 
peaks nearby were M -28 and M -59, 
the first due to the loss of a two­
carbon fragment and the latter prob­
ably due to a loss of -COOCHa. Back­
ground noise became noticeable near 
m/e 300. 

It is unusual to find methyl pheophor­
bide a in sediments as old as the middle 
Eocene because in almost all fossil sedi­
ments further reduction and decarboxy­
lation have produced highly stable por­
phyrins. such as commonly occur in oil, 
coal, and fossil-rich shale. In the Eocene 
the Geise valley was a poorly drained 
shallow basin (7), receiving organic 
sediments from plants and animals liv­
ing along its swampy margins. In this 
swampy environment extensive deposits 
of peat accumulated and were subse­
quently slightly altered, producing brown 
coal. The amount of compression that 
occurred during the formation of the 
brown coal does not seem to have been 
excessive, and it is unlikely that the 
brown coal has ever been altered by 
high temperatures. The pre ervation of 
such fossils as frog epidermal cells con­
taining nuclei and bacteria in the Geisel 
brown coal suggests an anaerobic en­

vironment with relatively rapid deposi­
tion, in which organic decay was slow 
and organic accumulation extensive. The 
rapid burial of plant material in an 
anaerobic environment and the fact that 
brown coal has a history of low tem­
peratures may account for the preserva­
tion of hi phorbin from th middle 
Eocene. 
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