
mains of petrified algal cells dating from 
nearly 2 billlon years ago. These cells are 
not the earliest evidence of bfe, but they 
represent some of the best preserved and 
best known early forms. Fossd plants are 
much more common in sediments de­
poslted smce about 400 million years 
ago, when the first vascular land plants 
developed. Most vascular land plants 
preserve more readily than algae, mush­
rooms, or mosses because they have a 
resistant, waxy cuticle that coats the sur­
face of all the cells exposed to the atmo­
sphere. This waxy layer keeps the cells 
from drymg out and is also quite resis­
tant to decay. The woody vascular tissue 
and the spores or pollen produced by land 
plants also tend to resist quick decom­
posltlon and are often preserved as fossils. 

Because vanous organs of land plants­
spores, pollen, seeds, fruits, leaves, and 
stems-are dispersed or break apart from 
the parent plants, whole plants are rarely 
found as fosslls. However, through care­
ful study, the plant species to whlCh the 
dlsassocJated organs belong can often be 
identified. This work of reconstructmg 
whole plants from various fossil plant 
parts is not finished, but It is complete 
enough for us to know what many plants 
looked bke and to realize that vascular 
land plants have changed a great deal in 
theIr form and mode of reproduction 
through time. By knowing what the ear­
liest land plants are like and following 
thelT change through time, we have been 
able to develop lists of particular fossil 
plants that characterize each age. The 
earlicst ammals to Iive on land were the 
ancestors of modern insects and spiders, 
followed by amphibians, then reptiles, 
buds, and mammals. A progressive 
change in land plants through time­
which IS important 111 dating sedimen­
tary rocks-can also be seen. 

Early land plants had a rather Simple 
organiza tion and were small, reaching 
not morc than the height of about 6 to 8 
inches. These plants are all extinct, but 
through time, larger and more complex 
plants developed that have relatives hv­
ing today. Small ferns were followed by 
tree-sized fern-like plants; small club 
mosses were succeeded by tree-size 
forms, and horse tails, seed plants, 
woody comfers, and finally flowering 
plants evolved one after the other. 

Because the dommant types of land 
plants changed in a regular progression 
througb time, we can estimate the gen­
eral age of the sediments by examining 
the kmds of plants preserved in them. 
The later PaleozOlc is a time of giant 
LepIdodendron trees [club moss trees) 
and calamitean trees (horse tailsl, while 
the Mesozoic IS the age of ferns, cycads, 
and comfet trees. Certam less dominant 
plants have come and gone through time, 
leavmg abundant and characteristic pol­
len or spores deposited m the sediments 

of each particular age. Flowenng plants, 
first found about 125 million years ago, 
became abundant about 100 million 
years ago. Recognizable relatives of 
many modern families began to appear' I 
about 65 mdlion years ago, and predomi­
nantly modern genera appeared only 
about 30 million years ago. Thus it is 
possible to use the evolution and moder­
nization of plants, espeClally flowering 
plants, as a yardstick in world-wide time 
correlations of sedimentary rocks. 

In the past, paleontologists have used 
invertebrate animal fossils to date 
marine sediments and vertebrate fossils 
to date terrestrial sediments. But now I 
the use of fossil plants to estimate the 
age of terrestrial and manne sediments is 
developing mto a very exact sCience. I 
These methods of datmg using fossils 
rely on the fact that certain types of 
plants and animals lived in the oceans or 
on land at one narrow time ll1terval of a 
few tens of thousands or few million 
years over the vast bilhons of years of 
earth history. Both plant and animal fos­
sils may be used together; for example, 
when new types of plant fossils are found 
associated with animal fossils in sedi­
mentary beds, the animal fossils can be 
used to extend dates to the new types 
of fossil plants. The use of fossils to pro­
Vide relative ages of the strata of sedi­
mentary rocks is called biostratigraphy. 

We know that dirt, sand, silt, clay, and 
weathered rock debris are carried into 
deposi tlOnal basins of var ious sizes. 
Sedimentary cycles in large basins often 
repeat themselves over long penods of 
geologic time, resulting in the deposition 
of large amounts of weathered clay, silt, 
or sand, which often bury low-lying 
swamps or otherwise trap a variety of 
plant parts. The sediments on the bot­
tom of a basin are the oldest; those near 
the top were the last to be deposited. 
This "superpositioning" has occurred all 
through earth history and is useful in 
determining relative ages of material 
from rock layers_ Datmg becomes more 
complicated when the sedimentary beds 
have been warped, bent, folded over, or 
broken so the older senes of sediments 
are thrust over younger sediments. Such 
disruptions most often happen in areas 
of active mountain bUilding. Because of 
the relationship of age and position, de­
tailed fleld mapping of sedimentary beds 
is extremely important in all areas of 
paleontology_ Data on subsurface rocks 
permit fossil beds from one area to be 
correlated with those of another on a 
local and regional scale. Thus fossils 
from a new locality that are of uncertain 
age can be dated by comparing them to 
those from an area of known age. 

Similar age sedimentary rocks often 
have the same kinds of plant fossils. 
Some fossil plants from the 100 million 
year old mid-Cretaceous sediments of 

Kansas can be correlated with those of 
similar age from New Jersey and Czecho­
slovakia. Also, some 45 million year Gld 
Eocene age sediments from western Ken­
tucky and Tennessee have fossil leaves 
and fruits that are nearly identical to 
those known from similar age sediments 
in Germany and England. Forest and 
swamp plants in England 60 million 
years ago were similar to those in North 
Dakota, western Canada, and Alaska at 
that time. Modern MetasequOIa is pres­
ently restncted to a native range of cen­
tral China, and modern Gmkgo has a 
similar restricted range in China. But 
fossils of both are quite common in sedi­
ments deposited 60 million years ago in 
western North America, Europe, and 
ASia. Today these trees are widely 
planted along streets and in yards m 
North America. Humans have returned 
them to parts of their former natural 
range. 

Even if we know the relative age of 
fossils, we cannot know then exact age 
unless we use some method of absolute 
dating. One method can be applied when 
a sedimentary sequence has been inter­
rupted because of a special event such as 
the eruption of a volcano. Often, ash 
from a volcamc eruption can be found in 
sedimentary rock forming an ash bed up 
to a few inches thick and covering sev­
eral hundred square mdes. All the chem­
ical elements in this ash bed were newly 
formed when the ash was deposited. 
Knowledge of the decomposition rates of 
certain unstable isotopes in the ash (the 
time it takes for rubidium to become 
strontium or potassium-40 to become 
argon, for example I makes absolute dat­
ing of the ash beds possible. IRadioactive 
isotopes of carbon can only be used for 
dating quite recent fossils - those from 
the last 40,000 to 50,000 years.) 

Plant fossils are useful in bIOstratig­
raphy and important, even critical, in the 
study of the evolution of the life we have 
on the earth today_ I find the study of 
fossil plants exciting and rewarding be­
cause it is possible to put in order several 
new pieces of the giant puzzle of the 
evolution and diversity of life. 
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