Oceanography 
Marine rocks

Learning Outcomes: 
· Classify marine sedimentary rocks into a classification system.
· Use texture and composition of grains to classify sediments and sedimentary rocks
· Make simple interpretations about the  depositional settings of sedimentary rocks and sediments

· Make simple interpretations of the depositional history of sequences of sediments

Logistics:The lab has three parts. 
Part I: Practice your observational and interpretive skills on a set of rocks for which descriptions and explanations are given in this lab handout.

Part II:  Identify unknown sedimentary rocks using the skills attained in Part I.

Part III: Interpret the depositional history of sequences of sediments and the environmental changes that they imply. 
Classification System: 
By the end of the lab, you should be able to classify sediments or sedimentary rock samples that clearly portray the characteristic features of the following sediment types. The three major sediment types are in bold. This classification is based on the origin of the individual sediment grains, i.e., how they were formed. Examples of the three major sediment types that you must be able to identify are in italics.
Lithogeneous—land-derived grains

mudstone (small grains—low energy depositional environment: deep sea, lagoon)


sandstone (medium grains—medium energy environment: beach, dune)


conglomerate (big grains—high energy environment: rivers, beaches)

Biogenous—biologic-derived grains
limestone (coral reef depositional environment)

deep sea oozes, also called chert (tests of tiny organisms accumulated on the deep seafloor)
Hydrogenous—seawater-derived grains

Evaporites— examples are gypsum and halite (precipitate left after water evaporates)
manganese nodules (manganese precipitates slowly from seawater)
Key for classifying sediments or sedimentary rocks
It is difficult to develop an all-encompassing key for all sediments that condense into a single two-hour lab period. Thus, there are many exceptions to the key below, but it should work for the sediments/rocks I’d like you to recognize in this class. Use this key to see how the examples in Part I fit into the general scheme and to identify the unknowns in Part II.

	Characteristics
	Rock type

	4) crystalline
	black crust or nodules
	fine grained
	hydrogenous

sedimentary

manganese

	5) crystalline
	white translucent crystals 
	fine or course grained
	hydrogenous

sedimentary

gypsum or halite

	6) non-crystalline
	made up of bits and pieces of other rocks
	gravel sized grains
	lithogenous;

conglomerate

	7) non-crystalline
	made up of bits and pieces of other rocks
	sand-sized grains
	lithogenous;

sandstone

	8) non-crystalline
	made up of bits and pieces of clay
	clay-sized grains
	lithogenous;

shale or mudstone

	9) non-crystalline
	Reacts with hydrochloric acid
	microscopic grains but with fossils
	biogenous;

 limestone

	10) non-crystalline
	Chert is hard and has rounded fractures, like obsidian
	microscopic grains
	biogenous; 

deep-sea oozes or chert

	11) non-crystalline
	Very light, breaks off in layers
	Microscopic grains Monterey Formation


	Bio/Litho Diatomaceous mudstone


*Almost all sedimentary rocks are layered, but sometimes our hand samples are too small to see the layering. In other words, the samples might come from a layer, but not display layers itself. The layering of these samples would be more obvious if we could see them at outcrop scale.
Part I. Examples of marine sediments and rocks formed from marine sediments. Samples are scattered about the room and keyed to the following numbers. Look at the rocks in any order. Do not all crowd around the same rocks at once. I will not grade answers to the questions in this Part I. The questions are only designed to guide you to see what I see in the rocks. Use hand lenses!
(Stations 1-3 have been temporarily removed from this lab)
4. Hydrogenous Manganese. The black crust on sample (105-5-1) is manganese, an element that precipitates out of seawater very slowly at the bottom of the ocean. What was the orientation of this rock on the sea floor?


This particular rock was dredged from a volcanic region in the western Pacific. You can see individual pieces of volcanic rock immersed in a matrix of fine-grained mud. Deposited on the mud and volcanic fragments is the manganese. Thus, part of this rock could be considered a lithogeneous sedimentary rock with large angular grains.

5. Hydrogenous Gypsum and Halite. Gypsum and halite precipitate from salt water as it evaporates. Halite has the composition of common table salt: NaCl, and is the last mineral to form as seawater evaporates. A generation of Earth Science students has tasted the saltiness of this particular sample. You can too if you want to share the experience. Gypsum and halite are examples of a class of rocks called evaporites.

6. Lithogenous -- conglomerate. Made up of bits and pieces of other rocks, conglomerates have a grain size larger than sand. They were deposited in areas of high energy like rivers, beaches with big waves, or submarine canyons. In sample “2.”, the grains are quite angular, indicating that they were not transported very far. Round grains indicate repeated pounding by rivers or surf. These grains are not too far from their source. Can you find the biggest grain?


The shell and pebble conglomerate (broken shells and dark pebbles) must have been deposited somewhere near a beach. The shells were transported to the depositional environment because they are all broken up. 


Sample “10” has several grains that are slightly larger than sand grains. This rock is on the borderline between conglomerate and coarse sandstone. 

7.  Lithogenous -- sandstone. here are several varieties of sandstone that represent either beach or dune deposits. One of the samples has fossil clams in it, representing some of the lifeforms that live in a beach environment. The red color is related to the oxidation of iron carried through the sands within fluids as the rock was being formed. How would you tell these rocks from a fine-grained volcanic rock?

8. Lithogenous -- mudstone. The most distinguishing characteristic of mudstone is its very fine grain size (can’t see individual grains), while distinct layering is still present. They are not glassy, and do not have a crystalline feel. 
9. Biogenous--limestone These limestone samples have many fossils -- that’s the biogenous part. The fossils include portions of coral, shells, and the hard parts of other sea organisms. Some of the rocks appear to be comprised almost entirely of shells. 


Other samples have trilobites. Trilobites are extinct creatures that lived in muddy areas on the bottom of the sea about 500 million years ago, a very long time ago indeed. 

10. Biogenous siliceous. Chert is our best example of biogenous siliceous ooze. Although you can’t see them today, the hard parts of small siliceous organisms called radiolarians comprise this rock. Radiolarians are similar to diatoms in that their hard parts, or tests, are made of silica. 
The white rock that feels like chalk is just that: chalk. It is composed of millions of microscopic creatures called diatoms. These animals die and fall to the bottom of the sea. Their shells remain and create this chalky rock. 
11. Biogenous/Lithogenous—Diatomaceous Mudstone. This rock is included because it is common locally. It is called the Monterey Formation, which we have seen on our field trip during the first lab. This rock is partially biogenic (it is full of microscopic diatoms) and partially lithogenous (it has clay sized particles as well). This sample illustrates the idea that the differences between the various types of rocks and sediments are gradational; there are not clear and distinct differences between mudstone and diatomaceous ooze. Some of the samples have clams that have bored themselves a home right in the rock. These are called boring clams. The clams made their home here after the sediment had lithified and turned into a sedimentary rock.
Part II. A. Identification of unknowns. Get a suite of unknowns from the instructor. Use the observations you’ve already made and the table on page 2 to key out the names of the sedimentary rocks. Please work in groups because there are not quite enough samples to go around to everybody. Fill in this table and use a magnifying glass.

	Sample

number 
	Crystalline?
	Phenocrysts?
	HCl

reaction?
	Layered?
	Bits and pieces

of other rocks?
	Grain

size?
	Rock

name
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B. On a separate sheet of paper, please use your best essay writing skills to a) describe the sedimentary rock at the front of the room using your own observations and the concepts included in this lab, and b) interpret where the sediments that comprise this sedimentary rock may have been deposited. Support your interpretation with your observations. Use complete sentences, well constructed paragraphs, and your best writing skills. Ask a partner to read your work and revise your essay based on their comments. Staple your final draft to this lab and hand it in.

Part III. Interpretations of stratigraphy (possibly as homework) Name_______________
These images show stratigraphic information of sediments found on the seafloor. It is your job to interpret what information the sediments provide about the history of the oceans where these sediments were collected. You need to invoke tectonic processes or sea level change to explain how and why the depositional setting changed in these areas. Remember, at the time scale of sediment deposition, the sea level goes up and down like a yo-yo and the plates are always moving.
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1. The diagram to the left shows a sequence of rocks that was scraped up onto the continent at a convergent margin. This sequence of rocks actually occurs in the coast ranges of northern California and is displayed most prominently in the hills just north of the Golden Gate Bridge north of San Francisco. Remember that chert is another term for biogenous ooze. The chert represents 100 million years of deposition. In other words, 100 million years passed between the deposition of the lowermost chert and the uppermost chert. Please explain how these three rock types came to be assembled in this particular order. In order to answer this question, figure out where in the oceans each of these sediments are deposited.

[image: image2.jpg]Above right. Deep sea distribution of sediments.
Note that siliceous oozes are deposited mostly
near the equator and near Antarctica. Calcareous
oozes are deposited in areas that roughly follow
the mid-ocean ridges.

Above left. A cross section line extending from

a mid-ocean ridge to a deep-sea trench near Japan.
the line is reproduced in the image above right.
Below left. A cross section of sediments along the
line A-E as shown in the diagram above right. Note
that the "calcareous siliceous oozes in this image

are similar to the calcareous oozes in the image above
right. Similarly, deep-sea clay in this image is the
same as abyssal clay in the image above right.



2. Use all the diagrams to answer the following questions. If you need to, review in your text book or your notes some of the factors that control the location of deep sea sediments.

a. Why is there a thicker section of sediments at E than at A?

b. Why is siliceous ooze sandwiched between layers of deep-sea clay?

c. Why does volcanogenic sediment only occur near Japan?

d. Please explain, in a few sentences, the history of the sediment sequence at drill site E.
















