

Paleoclimate Lake Core Sediments and Pollen (Key)

Paleoclimate: Lake Core and Pollen Proxy Data Module (Key)
Paleoclimatology is the study of past climates. Since it is not possible to go back in time to see what climates were like, scientists look for the effects of past climate on the environment.  The “effects” that resulted are known as proxies. These are used to interpret paleoclimate. Proxy data can be found in a variety of sources including ice cores, tree rings, and sediment cores.  Each of these sources can include one or more sets of proxy data including pollen, plant macrofossils, organic and inorganic carbon content, charcoal, stable isotopes, ostracods, diatoms, algae, etc. 

Past climate can be reconstructed using a combination of the different types of proxy data. These records can then be integrated with observations of Earth's modern climate to infer past as well as predict future climate.

California State Standards:
Grades: 9-12

Earth Science: 6. a., 6.b, 6.c.

Investigation and Experimentation:  1.a., 1.b., 1.c., 1.d., 1.k., 1.l.

Materials:
Colored pencils

4” Plastic coring tube

Small plastic ruler (centimeter)
9 square Paleoclimate Vocabulary Builder


Graph paper

Plastic container of colored/layered gelatin with a Styrofoam base (created ahead of time)

3 Plastic tubes of modeling clay created to represent lake core sediments (created ahead of time)

Container of 5 layers of Jell-O (Each layer should vary in thickness and color; created ahead of time)

Objectives / Purpose:

This module contains three activities that will bring prior knowledge of weather and climate together with aspects of the scientific method such as observations, measuring, data collecting, and graphing.  In doing so students will make connections between past climate conditions recorded in lake core sediments to current climate conditions by analyzing the proxy data that has been created to reconstruct past conditions in various regions of California.
Section 1    Collecting the Core Sample:
Investigation of the subsurface environment is critical for obtaining information for Paleoclimate studies.  .  The process of gathering source material from the subsurface is called coring, or drilling.  One could also dig trenches to obtain similar data from shallower depths.
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Have one student from each group bring plastic coring tube to the front of the class to try and collect a completed gelatin core, from the ancient Jell-O playa lake.  Out of the 5 layers of the Jell-O strata how many can you collect? [image: image3.png]


Answer  the corresponding questions after you have collected your core.

1. How many layers were you able to collect? ​​​​​​​​__________Answers may vary, but there are 5 layers._____.
2. Make a few observations about the core that you have collected, such as color, thickness, orientation, patterns, etc. ___________Some layers are thicker than others, different colors, colors run together, textures__
_______________________________________________________________________.
3. What are some issues that can arise while collecting cores? 
Compression of some of the softer layers, may not get all of the layers, some may fall out________________________________________________________________.

4. How might these issues be resolved? 
______Different coring techniques___________________________________
_______________________________________________________________________.
Section 2   Lake Core Analysis:
Three “mock” cores have been collected from different regions of southern California near Bakersfield.
1. Mojave Desert
2. Mt. Piños
3. Owens Lake

Physical properties that are found within these cores are useful for reconstructing ancient climates. For example, environments associated with deeper lakes suggest a higher precipitation to evaporation rate than environments associated with shallower lakes.    

· Use Data Set 1 to obtain the description/color of the layers, with a ruler measure the thicknesses (in cm) of each layer to calculate the Cumulative Depth (in cm) of the core and record the data in Table 1.  This is accomplished by adding the subsequent thicknesses together with increasing depth.

· Refer to Data Set 1 below to complete Table 1 by calculating the Cumulative Age of each layer to determine how long of a record the core has been obtained.  To determine Cumulative Age, use the “Deposition Rate” from Data Set 1 for the corresponding layer and multiply it with the Cumulative Depth to obtain the age of each layer.  
	Pollen Type
	Climate Zone
	Color of Layer
	Deposition Rate (yr/cm)

	White Pine
	Sub-Alpine
	Black
	400

	Mixed Conifer
	Mountane
	Green
	500

	Piñon Juniper
	Semi-Arid Woodland
	Blue
	750

	Oak
	Oak Woodland
	Brown
	750

	Sagebrush
	Steppe
	Green foam
	800

	Saltbush/Shadscale
	Desert Shrub
	White
	1000

	Juniper
	Desert
	Sand
	1000


Data Set 1
Repeat the following procedures for all cores.

· Using the Cumulative Depth (cm) and Cumulative Age (years) data; create a graph illustrating the relationship between the two quantities.

· Use Cumulative Depth as the vertical axis and Cumulative Age as the horizontal axis.

· Use the graph paper provided.
· Answer the questions that follow.
Core #1 – Mojave Desert 
Table 1
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	Deposition Rate (yrs/cm)
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Core #2 – Mt Piños
Table 2
	Description/Color

(Top to Bottom)
	Cumulative Depth (cm)
	Deposition Rate (yrs/cm)
	Cumulative Age
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Graph 2
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      Core #3 – Owens Lake
Table 3

	Description/Color

(Top to Bottom)
	Cumulative Depth (cm)
	Deposition Rate (yrs/cm)
	Cumulative Age
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Graph 3
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Answer  the corresponding questions after you have completed your graphs.

5. Make a few observations about each of the cores that you have analyzed, such as color, thickness, repeating patterns, etc. 
_________Student answers will vary with patterns made from the core, but they should note color changes, thickness changes and composition____________.
6. Describe the curve that was generated from the data.

________Since the deposition rates change within each layer the slope of the line will change accordingly, but overall the curve will drop with age__________.

7. What is the signifigance for having the “0” at the top of the vertical axis as opposed to it being on the bottom?
_____The 0 represents the surface__________________________________.

8. In cores 1 and 3, the bottom layer contains the same type of sand.  What possible reason could be used to explain why  the thicknesses are not the same?

____The bottom of the sand was not completely sampled with the individual core___________________________________________________________.
Section 3    Pollen Analysis
Each of the 3 different locations contains a different type of pollen.  Each of the pollen types thrive in a different climate, whether it is wetter or dyer or cooler or warmer.  Pollen sampling can be used independently or in conjunction with lake level studies.    

· Refer back to Data Set 1 to obtain the color coding for each of the pollen in the layers.   Count each of the pollen types within each layer and determine the total number of pollen for all three of the cores, and record data in Table 4.  (NOTE: Combine the pollen type for all three of the cores).
· Once you have determined the total amount of pollen from all three cores, calculate the percentage of pollen for the entire study.  To complete this, divide the pollen count by the total amount of pollen to obtain the “% of Total Pollen” column.
Table 4    Use for all 3 cores in the study
	  Pollen Type
	Color of Pollen
	Pollen Count
	% of Total Pollen

	White/Yellow Pine
	Clear White & Yellow
	 
	 

	Mixed Conifer
	Dark Yellow cylinder
	 
	 

	Piñon Juniper
	 Clear Orange
	 
	 

	Sagebrush
	Opaque Yellow
	 
	 

	Juniper
	Clear Red
	 
	 


                                     

Total Amount of Pollen (  
· Create a histogram illustrating the % of Total Pollen for each of the different types of pollen.
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Answer  the corresponding questions after you have completed your graphs.

9. Which of the different pollen types have the largest percentage? The smallest? ______________White/Yellow Pine is the largest and the Juniper is the smallest_.

10.  How do you think pollen can be used to support lake level studies?  What other information would you need?
_____Different types of pollen under different conditions and can reinforce the study of the different lake levels in the core sample_________________.

Section 4     Bringing It All Together
Throughout this module we have analyzed some of the lake core and pollen proxy data.  As we have learned, this type of data provides paleoclimatologists a probing look into the past.  Let’s use our gathered data to bring it all together.

Throughout its history, California has undergone extreme changes, from the uplift of the Sierra Nevada, to the vast marine deposits during the Miocene, and the amazing feats generated by the San Andreas fault.  Using the lake level data from cores 1, 2, and 3, what changes have occurred to the climate of California?

__In the past the climate was colder and wetter and over time it has changed to a warmer and dryer climate.__________________________________. 
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