
GY 112 Lecture Notes                                D. Haywick (2006)  1

GY 112 Lecture Notes 
Significance of Fossils: Paleoenvironmental Interpretations 

 
Lecture Goals: 
A) The oceans today 
B) Estimating water depths 
C) Adaptations to environment 
 
Textbook reference: Levin 7th edition (2003), Chapters, 3 & 4; Levin 8th edition (2006), Chapter 6 
(especially pages 144-149) 
 
A) The oceans today 
In this lecture, I will attempt to explain how fossils can be used to interpret paleo-
environments of deposition. Environments of deposition (paleo or otherwise) are 
diverse, but if a geologist is careful (and methodical), he or she can distinguish even the 
most subtle varieties. Beaches and reefs are easy to distinguish, but tide-dominated deltas 
and macrotidal estuaries look pretty much the same (especially in the rock record). 
Fossils can help to refine your interpretations. Strictly speaking, fossils give information 
about paleoecology (this is the interaction of life with the environment) rather than 
paleoenvironment of deposition, but I don’t really distinguish between the two terms. 
You don't have to either (that is unless you really want to). 
 
In order to see how fossils can help with paleoenvironmental interpretations, it is 
constructive to look at the modern world. Since most useful fossils are marine, let’s stick 
to the ocean realm. 
 
The oceans can be divided up into a series of zones. There are three specific types of 
zonation schemes: 
 

1) morphological (nearshore, shelf, shelf break, slope, abyssal plain), 
2) hydrodynamic (i.e., water depth; supratidal, intertidal, neritic, oceanic) and 

3) trophic (several divisions in both the pelagic and benthic realms). 
 
The diagrams on the next page summarize where each zone lies. It is the trophic 
zonation scheme that we are most concerned with in this lecture. These are the 
“ecological” zones where beasties live. In the simplest manner, marine organisms can be 
divided into either pelagic forms (floaters and swimmers) or benthic forms (bottom 
dwellers and burrowers). More complex classifications (like that depicted in the cartoon) 
recognize that both pelagic and benthic organisms are depth controlled. For example, 
there are 4 pelagic and 5 benthic divisions. The pelagic divisions are: 
 

epipelagic (0 to 200 m),  
mesopelagic (200 to 1000 m),  
bathypelagic (1000 to 5000 m) and  
abyssopelagic (>5000 m).  
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And the benthic divisions are:  
 

littoral (intertidal water depths) 
sublittoral (0 to 200 m) 
bathyal (200 to 5000 m) 
abyssal (>5000 m) and  
hadal (trenches up to 11,000 m deep).  

 
All this classification stuff might seem daunting and confusing, but it really is necessary 
to group oceanic environments into discrete packages. It makes paleoenvironmental 
interpretations much easier.   
 
Here is an example of how it all works. 
 
Consider two completely different environments of deposition: 
1) Oceanic Zone (150 m water depth)   2) Oceanic Zone (900 m water depth) 
 

 
 
The sediment deposited in the environment depicted in situation 1 would contain both 
pelagic beasties (of the epipelagic zone) and benthic beasties (of the sublittoral zone). My 
own personal experiences in New Zealand and Canada lead me to believe that the benthic 
organisms would dominate the sediment in situation 1. Not only would there be a lot of 
different organisms, there would be lots of each type (e.g., bivalves, gastropods, 
echinoderms, benthic foraminifera, arthropods etc. Don’t worry about the names, I’m just 
trying to impress you with my scientific vocabulary). 
 
The sediment deposited in the environment depicted in situation 2 would contain 
epipelagic and mesopelagic floaters and swimmers, and benthic beasties of the bathyal 
regime. The dominant organisms might actually be epipelagic in nature (mostly pelagic 
foraminifera), but a good geologist would not let this mislead them in identifying the 
correct depositional environment (i.e., moderate water depth). Overall, this moderate 
depth assemblage would likely contain fewer benthic organisms than pelagic organisms. 
There may also be fewer total beasties. Caution should be exercised when ever you are 
attempting to determine paleo water depths. Many beasties are not depth limited or have 
depth ranges so great, that their presence in a rock is not all that useful for 
paleoenvironmental assessment. 
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B) Estimating water depths 
Paleontologists try where ever possible to use as much data as they can when estimating 
paleo water depths. There are, however, so many different beasties that they will never be 
familiar with them all. As such, paleontologists become specialists for one, two or  three 
different groups of animals. We will discuss fossil taxonomy in an upcoming lecture, but 
for now, lets consider one very large group of very small beasties. 
 
The foraminifera are single shelled organisms that secrete small shells (called tests) 
during their life cycles. There are both pelagic and benthic forms. A couple of diagrams 
of foraminifera are included below. Both of these beasties are a fraction of a millimeter 
across (as I said, they are small). 
 

 
 

 
 

(Both are from Hornibrook, N. de et al, 1989. Manual of New Zealand Permian to Pleistocene 
Foraminiferal Biostratigraphy. New Zealand Geological Survey Paleontology Bulletin 56, 175p) 

 
Suppose that you find a rock and extract out all of the foraminifera. You find a total of 
500 individuals which can be divided into 10 different species. You have depth 
information for all of them. All are benthic except for species I and J (which are pelagic): 
 

Species Depth 
A 25 to 75 m 
B 25 to 75 m 
C 50 to 100 m 
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D 50 to 250 m 
E 0 to 100 m 
F 25 to 250 m 
G 150 to 250 m 
H 0 to 50 m 
I 10 to 1000 m 
J 0 to 500 m 

 
 
 

You can construct a diagram much like what we did last time for age determinations. But 
instead of using FAD and LAD’s, you use maximum and minimum water depths 

 
 
The most likely water depth of the Foraminiferal assemblage is indicated by the boxed 
area. Notice that species G does not fit the estimated paleo water depth. It is fairly 
common to find some data that lie outside of the most likely water depth range. Like 
anything, there is a certain amount of “fitting” that is required. In this case, we are kind of 
ignoring the presence of species G. This may be a valid consideration. Check out how 
many individuals of species G were present in your sample. If there were only one or two 
(of 500), the sample might have been contaminated by any early sample. In order to 
extract the foraminifera, the samples have to be processed and maybe one or 2 beasties 
from an earlier sample fell into the new sample (rare, but it still happens). Another 
possibility is that the data you had for species G was incorrect. Check newer publications. 
Perhaps someone has done more recent work that has changed the paleo water depth of 
species G (this happens quite a bit. Remember, all data is constantly being refined). It 
may be necessary to discard erroneous data, but never do it blindly. 
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You should also remember that sediment lithology may also be important (we discussed 
this in an earlier lecture; some benthic beasties prefer some sedimentary substrates over 
others).  
 
Concluding words: In order to determine paleoenvironments of deposition, you must first 
determine the living ranges of modern beasties, their preferred substrates and water 
conditions (e.g., seawater, freshwater, brackish water). But what happens if you don’t 
have any living equivalents by which to do this? All is not lost. There are other ways to 
establish environments of deposition. 
 
C) Adaptations to environment 
Many organisms evolve to better suit their environment (in fact, we will be discussing 
this very topic soon). In some cases, these adaptations give clues to where the beasties 
lived. Take the two following cartoons. The depict 2 varieties of echinoderms in cross-
section. One is a sea urchin, the other is a sand dollar. 
 
 

 
 
Which one came from a high energy (beach) environment? Even my dog could figure out 
this no-brainer. The sand dollar is flat and can better handle the constant bombardment of 
waves. It can handle a beach and probably enjoyed living there. The sea urchin wouldn’t 
last any time at all before it was broken up into bits. It could never have lived in a high 
energy beach environment. If you observe fundamental changes to the morphology of a 
beastie as it evolves (say a sea urchin evolves into a flatter version), it may be adapting 
to its environment and that gives you clues about where it lived. Another group of 
animals that shows good morphological adaptation to environment are the corals. The 
diagram that follows summarizes the morphological variation of corals on the front of a 
reef. Note that the most delicate forms are in the deepest (lowest energy) portions of the 
reef and that the most robust forms are in the shallowest (highest energy) portions of the 
reef.  
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From James, N.P (1979) Reefs In Facies Models, Geoscience Canada Reprint Series 1, 121-132 

 
The echinoderm example that I gave you earlier is real, but not all that representative of 
the majority of adaptations. Most are far more subtle. Still, if you are an observant 
geology student, you might be able to spot some adaptations when we get into fossils in 
the fossil labs later this in the semester. 
 
There is another way that you can frequently estimate paleo water depths (or paleo-
environments of deposition) for an organism. Suppose you have just discovered a new 
fossil (one never previously described) in sedimentary rocks in the middle of Alabama. 
By the way, you get to name the beastie, but like stratigraphy, you do have to follow 
certain rules. A friend of mine once tried to name a fossil after me, but was unsuccessful 
in her efforts. Please don’t ask me why she wanted to name it after me. Some things are 
best not discussed. 
 
If the beastie you find is newly discovered, there is no available information about its 
preferred paleo water depth or paleoenvironment of deposition. But fear not, perhaps you 
can determine these data by looking at the other fossils in the rock. Consider the total 
fossil association. 
 
Let’s assume that you found 3 species in the rocks. Species A (your new one) has an 
unknown depth range. Species B ranged from 25 to 50 m and Species C ranged from 10 
to 75 m. Your first hypothesis is that your new beastie (Species A) lived in a water  
between 10 and 75 m deep (always err on the side of caution at first. 10 to 75 m is less 
exact than 25 to 50m, but until you have more data, it would be unwise to restrict 
yourself too much). The next step is to visit more outcrops of rock that are the same age 
as the stuff you found that contained Species A. Check out the fossil associations there as 
well. The more data that you find, the more that you can constrain the paleoenvironment 
or paleo water depth. If you do a good job, then someone in the future will use your data 
to determine their own fossil associations. This is how science works. Lots of individuals 
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each contribute small packages of information. The next thing you know, you have a 
huge data base and you are getting closer and closer to the correct interpretation 
 

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

 
Paleoenvironment of deposition 

Paleoecology 
Hydrodynamic zonation (and the separate zones) 
Morphological zonation (and the separate zones) 

Trophic zonation (and the separate zones) 
Pelagic 
Benthic 

Paleo water depth 
Foraminifera 

Substrate 
Adaptation 

Fossil associations  
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