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Abstract: The geographic distribution of marine sediments in the
global ocean depends on factors such as water depth, distance from
land, biological productivity, surface currents, climate, and ocean
chemistry. Maps of the distribution of modern and paleo-marine
sediments, therefore, provides insight into interrelated aspects of
geological, chemical, physical, and biological oceanography active
today and in the past. Just like geologic maps of continental bedrock
and surficial deposits, there are both educational and research benefits
to having high quality, empirically-based maps showing the distribution
of marine sediments. The added challenge is in collecting that empirical
data that provides the ground-truth for a map; a seafloor sediment map
depends on cores. The most widely used and adapted seafloor
sediment map was made by Rothwell in 1989. Since that time, 1000s
of piston and drilling cores have been collected at 100s of sites around
the global ocean by international programs (e.g., Integrated Ocean
Drilling Program), institutions (e.g., Scripps) and agencies (e.g., U.S.
Geological Survey). Much of the scientific core data from these
organizations are accessible in online databases (e.g., National
Geophysical Data Center).

As part of an IODP (School of Rock) and NSF-funded project, the
Building Core Knowledge team recently developed a 4-part exercise
that explores marine sediments using core photos and data from IODP.
Students observe and describe 40 cores, use compositional data to
determine sediments types, and create a map using this empirical data
that shows the site distribution of the primary marine sediment types of
the Pacific and North Atlantic Oceans. Following constructivist
pedagogy, students then develop hypotheses to explain the distribution
of the sediment types shown on their map. While the map is on paper
now, the IODP marine core locations are already available in
GoogleEarth, and we are interested in adapting it for interactive online
use, enabling users to visually link core photos and datasets to points
on the map. The larger goal, however, is to develop an interactive map
of the modern distribution of marine sediment types in the global ocean
for educational and research use. The first iteration would draw from
IODP and NGDC online databases and focus on the 5 primary
sediment types (terrigenous, glaciomarine, siliceous ooze, calcareous
ooze, and deep sea red clay) of the modern seafloor; contacts between
different marine sediment types would be inferred from geographic
trends in the data and from theoretical knowledge of the controls on
marine sedimentation. Later the aim would shift to develop a map layer
showing the distribution of more complex, mixed sediment types, and
also layers drawing from the paleoceanographic data since the cores
provide the opportunity reconstruct changes in sediment (and therefore
climate, circulation, productivity etc) over time.
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Building Core Knowledge of Seafloor Sediments
Part 1. Sediment Predictions
1.What kinds of materials might you expect to find on the sea floor?
2. Do you expect any pattern to the distribution of these materials? Why or why not?

Part 2. Core Observation & Description
Your teacher will assign you one or more cores from the Table 2.1. below and will prove
you with a color photo of that core. Note that all of the cores in Table 2.1 are either core
number 1, 2 or 3. This means that these cores are at or close to the top of the sediment
sequence on the sea floor. Therefore the sediment in these cores represents modern or
very recent environmental conditions at that location in the ocean.

Table 2.1 Sea Floor Cores [partial table shown: 40 sites in total]

1. Find your core in Table 2.1. Note its location and water depth. Examine your core photo
and make a list of observations and a list of questions about what you see:

2. Design a way to organize and record your visual observations that could be used by all
of the students in the class for all of the cores. This means you need to come up with
categories (i.e., color) for your observations and also a means of recording them (i.e.,
all written, all sketch, some combination of the two?). Record your ideas below:

3. Describe your sediment core. Be sure to follow the template agreed upon by your class.

Part 3. Core Composition
One core description category that typically cannot be determined from visual
observations alone is composition. Composition can, however, be determined by
examining a small (toothpick-tip sized) amount of sediment under a binocular microscope
and matching the grains types observed to categories of known grain types. This method
is called smear slide analysis. Table 3.1. includes smear slide data for all of the cores in
this exercise. The composition and texture of the sediment will be the primary basis
for determine the sediment type.

Smear Slide Sample 
Identification Sediment Texture (%) Composition (%) Sediment Names
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Pacific samples
112-687A-2H-1, 79 2 61 37 1 2 37 5 10 2 30 10 2
112-687A-2H-3, 69 80 20 2 1 19 23 2 35 5 10
112-687A-2H-5, 61 45 55 10 2 17 5 13 1 37 5
112-687A-2H-6, 36 25 75 1 75 1 1 20
35-324-1-1, 120 none given 40 10 50
35-324-1-2, 50 none given 85 10 5
35-324-1-3, 100 none given 35 2 3 60
35-324-1-6, 100 none given 97 1 2
28-269-1-1, 134 none given 5 25 10 55 5
28-269-1-4, 37 none given 10 10 1 78 1
145-881A-1H-1, 50 30 60 10 1 1 98
145-881A-1H-2, 11 15 40 45 45 10 45
145-881A-1H-2, 116 46 60 4 2 94
145-886B-2H-1, 39 2 10 88 81 2 4 3 10
145-886B-2H-5, 114 15 10 70 70 2 2 1 4 6 15
145-886B-2H-6, 16 25 10 65 64 3 5 3 25

 
 
 
 
 
 

  
  
  
  

Table 3.1 Smear Slide Data [partial table shown; 40 cores total, with multiple 
smear slides per core]

1. Use the Decision Tree (below) to determine the dominant type of sediment in your 
core(s). Write the name of the sediment type in appropriate box in Table 3.1.

Part 4. Sea Floor Sediment Synthesis
1. Use the following color scheme to plot the sediment type of your core (from Part 3) on 
the class physiographic map of the sea floor. Through group effort, the class map should 
ultimately contain all of the exercise core locations in the Pacific (and North Atlantic 
Oceans) and their sediment types. 

Blue = Calcareous Ooze Brown = Deep Terrigenous Sediment  
Yellow = Siliceous Ooze Green = Glaciomarine Sediment
Red = Red Clays

2. Make a list of your observations on the distribution of each of the different sediment 
types. Consider factors such as distance from the continents, water depth, and 
latitude/longitude, among others. 

3. Based on your observations (#2), develop hypotheses for what controls the 
distribution of each of the sediment types in the ocean. By doing this you are attempting 
to explain why the different sediment types have the distribution shown on the class map.

The Decision Tree aims to capture the primary sediment 
types:

Calcareous ooze:  biogenic sediments composed of 
calcareous nannofossils and/or foraminifers. 

Siliceous ooze: biogenic sediments composed of 
diatoms, radiolarians, sponge spicules, and/or 
silicoflagellates. 

Red clays: very fine terrigenous sediment that often 
contains siliceous microfossils, fish teeth, Mn-Fe 
micronodules, and/or volcanic glass.

Terrigenous sediment: sediment from the weathering of 
continents or volcanic islands.

Glaciomarine sediment: sediment containing 
terrigenous sand, pebbles, or cobbles transported to the 
sea by icebergs.

While these sediment types are the most distinctive 
sediment types, mixed sediment types are common. In 
addition, the sediment type can also change within a 
core. For example the sediment could alternate between 
two or more sediment types or gradually change from 
one to another. In any of the sediment types, but 
especially in biogenic oozes and deep sea red clays, 
layers of volcanic ash may be distinguishable. 

4. Compare your class sediment distribution map to a published map of sea floor sediment types (e.g., see your text book, or see the map 
from Rothwell, 1989). Are they generally similar? If not, where are the discrepancies? What might cause these discrepancies?

5. The map you constructed represents the modern distribution of sediment types in the Pacific Ocean. Do you think this map would also 
represent sediment type distribution in the geologic past and in the geologic future? What factors might vary (in the past and in the future) that 
could change the distribution of sediment types?

Rothwell, R. G., 1989, Minerals and Mineraloids in Marine Sediments: An optical 
identification guide, Elsevier Applied Science, London, 279 pp. 

Moving Towards an Empirically-Based Interactive Seafloor Sediment Map
TO DO: Develop partnerships between marine scientists (St. John, Leckie, and others), database experts, and 
visualization technology specialists to make an empirically-based Google Earth interactive seafloor sediment map. We 
will use existing marine sediment data from core, grab, dredge, and drilling samples now in repositories around the world 
and accessible via online databases (e.g., see figures below) to plot marine sediment types from site localities around the 
global ocean and interpolate contacts between sediment types. Sediment data used in making the map (i.e., core photos, 
composition tables) will be made accessible to users by clicking sites on the map, similar to the IODP interactive map. 

Base Map from Hubbard Scientific.

The Index to Marine and Lacustrine Geologic Samples describes 
the sample collections of 20 institutions worldwide. Lithologic data for 
many sites are available online and/or by curatorial sample requests. 

The IODP Borehole Map is already available in Google Earth and can 
be used to access scientific expedition data, photos, figures, and 
reports: http://www.iodp.org/borehole-map
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