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GY 112 Lecture Notes 
Fossil Preservation 

 
Lecture Goals: 
A) The fossil record 
B) Types of fossil preservation 
C) Trace fossils 
 
Textbook reference: Levin 7th edition (2003), Chapter 4; Levin 8th edition (2006), Chapter 6; Lab manual 
Week 5) 

 
A) The fossil record 
By now you have probably had your fill of fossils. I have. I mean, I like the little beasties, 
I just can’t handle their names. Fossil taxonomy is pretty “dry”. We have spent 
considerable time outlining the importance of fossils in interpreting the rock record, but 
we have failed to discuss just how complete the fossil record is (or isn’t). The lead image 
on this page was taken from Heck's Iconographic Encyclopedia (1851) and show that 
fossils were well know back in the 19th century (source: http://www.dickinson.edu/~nicholsa/ 
Romnat/fossils.htm). But even today, more than 150 years since the publication of Heck’s 
book,  we still have only found a small fraction of all of the beasties that actually lived 
over the past 600 million years. Oh we have a lot; possibly millions of different animals 
and plants, but not all of them. No where near all of them Think about all of the creatures 
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that are today inhabit the Gulf of Mexico. All will eventually die, but few will ever make 
it to the rock record. Most will be eaten by something else before their remains make it to 
the sea floor. Even if they make it to the seafloor, something living in the sediment 
(worms, bacteria) will probably devour them. Sea shells are pretty durable, but taken out 
of a marine setting, they can quickly dissolve away entirely. The odds of any one fossil 
being preserved long enough for us to find it are very, very low. Fortunately enough have 
been preserved for us be able to reconstruct most of the Phanerozoic Era. But just 
remember that the fossil record is anything but complete.   
 
The way in which fossils can be preserved is highly variable. The type of preservation 
depends largely on the material the beastie was composed of and the fluids that they were 
exposed to.   
 
B) Types of fossil preservation 
Some fossils retain their original mineralogy when fossilized, but not all do. Most marine 
shells are composed of calcium carbonate (CaCO3). There are 2 different minerals that 
share this general chemical formula that are used by beasties to make their shells, tests 
and skeletons: aragonite and calcite.  These 2 minerals are polymorphs. That means that 
they have the same chemical composition, but different crystal structures (see image 
below taken from http://www.pengellytrust.org/museum/aragonite.htm). This is one of the topics 
discussed in GY 111. Another more dramatic polymorph pairing is diamond and graphite. 
Both are pure carbon, but one has a cubic structure (diamond) and the other, a hexagonal 
or layered structure (graphite). They are the most dissimilar polymorphs known. In 
contrast, aragonite and calcite are pretty similar. The major difference is that aragonite is 
slightly more soluble than calcite in fresh (meteoric) water (a very IMPORTANT 
difference as far as fossil preservation is concerned. By the way, a third carbonate 
mineral (magnesium calcite) is also used by beasties to make their “homes”, but this is 
not a polymorph. It is a different mineral. It too is more soluble in fresh water than 
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calcite. If aragonite or magnesium calcite 
are exposed to meteoric water (i.e. rain 
water), they can dissolve away completely 
with a very short time. One of our 
undergraduate students (Chuck Stapleton) 
did an experiment using coquina shells to 
determine how long this would take. He 
determined that they would dissolve away 
entirely within 5 years. If a shell dissolves 
away, its presence may still be retained by 
the rocks. A fine grained rock (say a 
shale) may have made an impression of 
the shell before it was dissolved away. 
These are called molds and in some cases, 
they are so detailed that you can identify 
every morphological feature of the shell. 
The one to the left is of a gastropod 

(snail) and has both internal and external mold components. I had a friend in Australia 
who used to pour latex into moldy limestones in order to make casts of the shell molds. 
She was able to identify the genera and species of many bivalves. Nature also commonly 
makes casts of beasties. If an organism gets filled in with sediment before the skeletal 
material dissolves away, it may retain the internal characteristics of the organism. Casting 
is particularly important within fine-grained sedimentary rocks. The three images below 
(from http://web.ukonline.co.uk/conker/fossils/casts.htm), shows how casting in nature 
works; however, instead of modeling clay, minerals like calcite or quartz fill in the 
original external mold: 
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Mineral replacement is a very common form of fossil preservation. Aragonite is 
commonly replaced by calcite in limestones. Sometimes aragonite and/or calcite are 
replaced by silica. It can be crystalline (quartz) or non crystalline (chert). There are some 
amazing examples of silicified corals in Florida and even some opalized wood in 
Louisiana (opal is a form of silica; GY 111 again!). Other substances that commonly 
replace shell material include pyrite, hematite, dolomite and phosphate. I had a great 
pyritized ammonite which I bought from a rock show for $20.00. Pity I dropped it (I now 
have many smaller pieces).   
 

Petrifaction is a term that is commonly applied to 
fossilized wood (see image to left) and bone. I 
really don’t like the term because it doesn’t explain 
the actually mechanism of fossilization. Some 
petrifaction involves mineral replacement, but 
there is also a significant amount of void space that 
gets filled during petrifaction. Technically, in-
filling of void spaces within wood and bone is 
called perimineralization. As such, petrified wood 
and petrified bone are partially replaced and 
partially perimineralized. The most common 
mineral involved in “petrifaction” are the non-

crystalline silica minerals (chert, flint, agate, jasper etc.). 
 
Soft tissue is seldom preserved in the rock record. If, 
however, it is deposited in a quite anaerobic 
environment, some of the organic material might be 
preserved. The sediment that covers the organic 
material, if fine enough, may preserve the fossil by 
compressing it into a thin film of carbon. This is the 
process of carbonization (see image to right from 
http://www.geology.sfasu.edu/snd009.html) and it is 
responsible for some of the leaf imprints that you will 
soon see in GY 112. If the carbon is absent, it is best to refer to this type of preservation 
as impressions. By the way, if you ever go hunting for plant fossils, look for fine grained 
sedimentary rocks with good partings (e.g., fissile shales). Take your rock hammer and 
split the rocks along the partings. There is a good chance you will find carbonized plant 
remains along the partings. 

 
The movie Jurassic Park highlighted yet another type of fossil 
preservation. Lets call it entombment. Amber is fossilized tree 
sap, and it commonly contains trapped insects from the rock 
record (see image to left from http://www.science.widener.edu/~schultz/ 
canon_10d/amber/amber.html). In Jurassic Park, the insects were 
mosquitoes. This is based on fact. Fossilized mosquitoes, flies, 
spiders and ants have all been found in amber. In fact, were it not 
for amber, we would have a much less complete fossil record for 
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much of the Mesozoic. Amber is a cool substance and it is very popular now amongst the 
rock hound and gem collector crowds. Chunks with bugs in them are very expensive (due 
primarily to that dam movie). You can read my review of this and other geologically 
significant movies on my personal web page. 
 

http://www.usouthal.edu/geography/haywick/personal/pages/movie.html 
 
C) Trace fossils 
There is a whole separate branch of paleontology that 
studies the traces or trace fossils made by organisms as 
they burrow through and atop sediment on the seafloor 
(see the example pictured at the right; from 
http://www.fossilmall.com/Fossil_Archive/Trace_ Softbody_Fossils/ 
Climactichnites/Climactichnites_picture_d.htm).  
 
The official name of this science is ichnology and the 
official name of “trace fossils” are ichnofossils. There are 
numerous types of ichnofossils. Some are vertical (feeding traces and escape burrows 
etc.), some are horizontal (different types of feeding traces and resting traces etc.), but a 
surprising number of them are identifiable. They are classified in much the same way as 
hard fossils. Some trace fossils are made by organisms that only live in specific 
environments. These traces are excellent for determining paleo-environments of 
deposition. The one I am most familiar with is Ophiomorpha nodosa which is a vertical 
trace fossil 2 cm in diameter. It is easily recognized by its “nobly” outer wall. The beastie 
that makes the burrow (a type of shrimp) keeps the burrow open by lining it is sediment 
glued together with its feces. Not very appealing, but very diagnostic. The neat thing is 
that Ophiomorpha nodosa only occurs in shallow marine (nearshore environments). If 
you find it in your rocks, your rocks were formed adjacent to a beach. Here are some pics 
of trace fossils (including Ophiomorpha) 
 

 
Burrows and their relationships to bedding. 

From Thoms R.E and Berg, T.M. (1985). Interpretation of bivalve trace fossils in fluvial bests of the basal 
Catskill Formation (Late devonian), eastern USA. SEPM Special Publication 35, 13-20) 
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Burrows on a Cretaceous sea floor. Those marked S are Ophiomorpha 

 
From Curran, H.A. (1985).The trace fossil assemblage of a Cretaceous nearshore environment: 
Englishtown Formation of Delaware, USA. SEPM Special Publication 35, 13-20) 
 

Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
 Fossil record 

Aragonite and Calcite (Polymorphs 
Dissolution 
Meteoric 

Mineral replacement 
Molds 
Casts 

Perimineralization 
Carbonized/Carbonization 

Petrified/Petrifaction 
Opalized/Opalization 

Silicified/Silicification 
Pyritized/Pyritization 

Trace fossils 
Ichnofossils 
Ichnology 

Amber 
Entombment 
impressions 
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