[bookmark: _GoBack]
The Geologic History of the 
Connecticut River Valley
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View from Mount Holyoke, Northampton, Massachusetts, after a Thunderstorm—The Oxbow, 1836
· Thomas Cole (American, 1801–1848)
· Oil on canvas; 51 1/2 x 76 in. (130.8 x 193 cm)
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Developed by Rainer Lempert ’15 
Crust:
Lithosphere:
Asthenosphere: 
Mantle: 
Plate Tectonics:
Mid-Ocean Ridge:
Normal Fault:
Mineral:
Igneous Rock: 
Sedimentary Rock:
Metamorphic Rock: 
Geothermal Gradient:
Fossil:
Glacier:
Glacial Till:
Moraine:
Meandering River:
Oxbow Lake:
Flood Plain:
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IntroductionModified From Tollo, Richard P., and Suzanne W. Nicholson. Introductory Physical Geology: Field and Laboratory Exercise. Amherst, Mass.: Dept. of Geology and Geography, U of Massachusetts, 1980. Print.




Go to the top floor of the museum and make your way to the Unearthing a Portrait in Time from the Rock Record display. What are five main phases of geologic activity the Connecticut Valley has undergone in the past 600 million years? List them in order. How long ago did each phase occur?


PHASE 1.  ________________________________________________________________

When did this occur? :___________________________________________________________________________



PHASE 2. ________________________________________________________________

When did this occur? :___________________________________________________________________________



PHASE 3. ________________________________________________________________

When did this occur? :___________________________________________________________________________



PHASE 4. ________________________________________________________________

When did this occur? :___________________________________________________________________________



PHASE 5. ________________________________________________________________

When did this occur? :___________________________________________________________________________





Today we will take a tour through each of these five phases. Along the way you will learn a bit about geologic processes that occur not only in this area but all around the world!


PHASE I - Shallow Inland Seas
(Think about this first.  What kinds of organisms live in shallow seas?)

Go to the back corner of the top floor of the museum. Find and read the display titled Shallow Seas of the Paleozoic. These seas formed because at this time the world had a different plate tectonic configuration. The oceans were not nearly as deep back then as they are today.


Look at the fossil display. Name and briefly sketch three fossils that support evidence of shallow seas. 

1. Name:  __________________________Location/Age___________________________










2. Name:  __________________________Location/Age___________________________











3. Name:  __________________________Location/Age___________________________







PHASE I - Shallow Inland Seas
Why would these fossils likely have been created in shallow seas as opposed to deeper seas? 





How is the region from which these fossils were found different than during the time the organisms were living?






Look at the two pictures on the display and read the captions. How did the geologic setting of Amherst change from 510 – 370 million years ago? Do you have a hypothesis for how this happened?



PHASE 2 - Mountain Building and Metamorphism

[image: Macintosh HD:Users:avenne:Desktop:Valley Geology Lab Materials:Appalacians.jpg]Look immediately left of the Shallow Seas display to find a display titled Mountain Building in the Paleozoic. Mountain building begins when one tectonic plate subducts beneath another. This process can result in a continental collision, which shortens and thickens the Earth’s crust.







How were the Appalachians formed? 



Why did the formation of the Appalachians coincide with the end of shallow continental seas?








PHASE 2 - Mountain Building and MetamorphismMuseum, Beneski. Amherst College - Natural History. 2006. Print.
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Look at the metamorphic rocks display. Find the line labeled “Typical Continental Geotherm.” The geotherm (or geothermal gradient) is how increasing temperature corresponds to increasing depth within the Earth’s interior. Deeper in the Earth’s interior the surrounding temperature (as well as pressure) increases. 
PHASE 2 - Mountain Building and Metamorphism

Metamorphic rocks are formed when pre-existing rocks are buried where they are exposed to higher temperatures and pressures. This occurs during mountain building. As rocks are exposed to higher temperatures and pressure metamorphic reactions can occur, where elements in certain minerals recombine to form different minerals.

Look at the slate, graphite phyllite, and kyanite “log-jam” schist. These three samples (which came from the same protolith, or original rock) illustrate how rocks change as they metamorphose. 


What systematic differences can you see between these rocks?




To the left of the metamorphic rocks display you will see a large piece of marble. Marble is another type of metamorphic rock. 

Sketch this sample. 





What evidence of exposure to high pressure (think: horizontal compression) does this sample show?





How could this concept be related to the creation of the Appalachians? Remember, the Appalachians formed when continental collision caused the crust of the earth to shorten and thicken. 








PHASE 3 - Continental Rifting

Make your way to the Rifting in the Triassic and Early Jurassic display. Look at the diagram and read the captions. Continental rifting is what broke apart the supercontinent Pangaea and lead to the formation of the Connecticut Valley. 

How rifting occurs.
Rifting first starts when a mantle plume (an upwelling of hot, ductile (flowing), asthenospheric rock from deep within the Earth’s mantle) rises and comes in contact with continental crust. This causes the overlying crust to begin to heat, rise, and eventually stretch out and thin. This crustal extension is facilitated by normal faulting, and creates depressions in the surface of the earth. In the diagram below the Connecticut Valley Border fault is a series of normal faults. 
[image: Macintosh HD:Users:avenne:Desktop:Valley Geology Lab Materials:Valley Rifting.jpg]




Museum, Beneski. Amherst College - Natural History. 2006. Print.

PHASE 3 - Continental Rifting

Crustal extension by normal faulting forms a rift valley. Rift valleys form over tens of millions of years. Rivers, lakes, floodplains, and alluvial fans are present in the rift basin. As the crust becomes extended, the normal fault displacement grows, which leaves more space for sediment to be deposited in the rift basin.

Look at the sedimentary rock display underneath the painting “The Connecticut Valley in the Early Jurassic.” Pick 2 different sedimentary rocks, and briefly sketch them. What sedimentary environment do you think your rocks were deposited in? Read the display signs for clues.
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Rock Name: ________________________________
Depositional Environment: _____________ _____________________________________________

Rock Name: ________________________________
Depositional Environment: _____________ _____________________________________________











Make your way downstairs to the Hitchcock Collection. The rocks in this collection were formed from sediment deposited ~190 Million years ago – right at the time rifting was occurring.  (Can be used with “Effects Nature has on the Earth Lab)

Find one large slab rock and briefly sketch it. 






What could have made the impressions in your slab? ________________________________________


What sedimentary environment do you think these rocks were deposited in? 
(Look at the Will Sillin Diorama for clues.)

       ________________________________________
PHASE 3 - Continental Rifting

Make your way back upstairs to the rifting display. Along with the deposition and creation of sedimentary rocks, igneous rocks (rocks that cool from a melt) are also formed during rift events. 

Look at and briefly sketch the basalt column to the right of the sedimentary rocks display. This rock’s shape was formed naturally. 








How do you think this happened? (read the “Lava Flows” display for a hint)





If a rift valley gets large enough, eventually the continental crust splits in two. Spreading continues to happen, and the basalt produced turns into oceanic crust. Creation of oceanic crust occurs at a mid-ocean ridge, a line along which basaltic crust is created. This is how the Atlantic Ocean was formed and is still forming today!

The Connecticut Valley is a rift valley that opened up at around the same time as the Mid-Atlantic Ridge. However, this valley failed to open up into an ocean, and stopped spreading once the Mid Atlantic ridge opened up. 


[image: Macintosh HD:Users:avenne:Desktop:Valley Geology Lab Materials:Cross- Section of Valley.jpg]Modified From Nicholson and Tollo Field Guide 

PHASE 4 - Glaciation

Head to the “Geological Evidence for Glaciation” display, across from the Rifting display. Over much of the past 2.6 million years (which is very recent, geologically speaking) massive ice sheets covered and in part reshaped the entire Connecticut Valley. This glacial ice sheet was 60 times the height of the museum building! 

Look at the map of Lake Hitchcock as it was ~14,000 years ago. 

Prior to the formation of Lake Hitchcock, in the New England region, how far south did the ice sheet extend? (Name the locations…)





Glacial Till
As glaciers move, they pick up loose, unconsolidated sediment called till. Find the glacial till display (Column of Rocks). Briefly sketch it. 







What is the size range for glacial till (dimensions)?


---------------------------------


Look at the striated bedrock. The scratches on this rock were created when a glacier moved over it. 
Briefly sketch this rock. 



What in the glacier might have caused these scratches as well as the rock’s overall polish?





PHASE 4 - Glaciation

Glacial Retreat
Look at the model of the Connecticut Valley 15,000 years ago. During this time warming climate caused the ice to melt and retreat northward. The melted ice (water) was restricted in flow by a naturally occurring dam of glacial sediment (called a moraine) and pooled together, forming Lake Hitchcock. As the ice retreated further, the lake grew longer. 

Again look at the map of Lake Hitchcock as it was ~14,000 years ago. 

Where in the Connecticut Valley was the natural dam located?  ___________________________

What was the name of the dam?  ___________________________________________

Varves
Look at the glacial varves display. These varves were deposited on the bottom of Lake Hitchcock. Notice pattern of light sediment (silt) and dark sediment (clay). Silt, which is larger and heavier than clay, was deposited in the summer time, when more melting of the ice sheet occurred. Clay was deposited in the wintertime, when less melting of the ice sheet occurred. Think – why would this have happened?







Eventually much of Lake Hitchcock drained. This formed the Connecticut River, which still flows today. What factors could have led to the draining of the lake? 
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Museum, Beneski. Amherst College - Natural History. 2006. Print.


PHASE 5 - The Modern Connecticut River 

Make your way to the “The Dynamic Modern Connecticut River” display. Since the draining of Lake Hitchcock around 13,000 years ago, the Connecticut River has flowed freely. The Connecticut River is a meandering river. 

Briefly describe how sediments are deposited in a meandering river (if you need a hint read the display).









[image: Macintosh HD:private:var:folders:n0:zk2y2dd96md7hx1lft987wyh0000gn:T:TemporaryItems:Cole_Thomas_The_Oxbow_(The_Connecticut_River_near_Northampton_1836).jpg]The Oxbow is one of the most distinctive features of the Connecticut River. Amherst professor Edward Hitchcock (who also collected the dinosaur footprint tracks we looked at earlier today) actually observed the formation of The Oxbow! Briefly sketch and explain how an oxbow lake is formed (your sketch should mimic the diagram on display).












PHASE 5 - The Modern Connecticut River 

This picture is a schematic diagram of a flood plain. 

What creates the levees on both sides of the flood plain? 






Why is flood plain soil fertile for growing produce? 
Again, read the display for hints.








[image: Macintosh HD:private:var:folders:n0:zk2y2dd96md7hx1lft987wyh0000gn:T:TemporaryItems:5135529_orig.jpg]


Levee












"Pix For River Floodplain Diagram." Pix For River Floodplain Diagram. Good Pix Galleries. Web. 7 Jan. 2015.





The Modern Landscape – Ever changing landscape

Make your way to the Will Sillin painting “The Oxbow on the Connecticut River.” This painting depicts the Connecticut Valley as it would be today without buildings. What notable features do you see in the painting? Make a sketch of the painting labeling key landscape features (Pelham Hills, Holyoke Range, Mt. Tom, The Ct. River and the direction of flow, the Oxbow etc.). 


Conclusion

In conclusion, the geologic history of The Connecticut River Valley is quite amazing. To gain some insight we took a journey back some 600 million years in time.  It is easier with such spans of time to break things up into smaller chucks.

QUESTION… What are five main phases of geologic activity the Connecticut Valley has undergone in the past 600 million years? List them in order oldest to youngest.  Note one important takeaway from each of these five phases.

PHASE 1.  ________________________________________________________________

Take away:________________________________________________________________________________________



PHASE 2. ________________________________________________________________

Take away:________________________________________________________________________________________



PHASE 3. ________________________________________________________________

Take away:________________________________________________________________________________________



PHASE 4. ________________________________________________________________

Take away:________________________________________________________________________________________



PHASE 5. ________________________________________________________________

Take away:________________________________________________________________________________________







LAB SHEET TO SUPPLEMENT (Bottom of Pg. 11)


Effects Nature has on the Earth 
– Using Primary Sources

Problem:  What can we learn about the effects of nature on the Earth using primary sources (A primary source is a document or a physical object which was written or created during the time under study.  These sources were present during an experience or time period and offer an inside view of a particular event.  Relics and artifacts, such as fossils are one kind of Primary Source)

Hypothesis:  By using a visual scanning technique, we should be able to see some effects of nature on Earth in some of the Primary Sources in the museum


Materials:
· Pencil
· Paper
· Primary sources



Procedure: Use the following visual scanning cues to identify the effects that nature has had on the earth. Look for and record the following characteristics of the Primary source being viewed.


Qualitative  
· Color
· Pattern
· Texture 
· Depth 
· Shape 



Quantitative
· Size (how big/long)
· Depth 
· Number (how many)
· Proximity (how close is what you are noticing to something else?) 


Record just what can actually be seen.




Object/ID _________________________________________________________________

Visual Inventory (factual list of what can be seen)












Questions generated:







Sketch HERE






Inference: Conclusion or deduction based on observations, and/or the process of drawing a conclusion from given evidence. (To be done as an additional step)

Connecticut River Valley lab instruction
STEP 1:  The Introduction
For 410 miles from near the Canadian border to Long Island Sound, the Connecticut River, New England's longest and widest river, runs to the sea. Along the way it marks the boundary between New Hampshire and Vermont and slices prominently across Massachusetts and its namesake, Connecticut. It is truly a river that "connects". It is a very diverse river that sometimes flows quietly, meandering over a broad, fertile floodplain, and at others rushes over prominent waterfalls and rapids (important waterpower locales) or through narrow gorges.
The rocks and landscape of the Connecticut Valley region record events of ancient times from colliding and splitting continents to glacial processes (which ended about 10,000 years ago) in a particularly clear and dramatic fashion. 
-------------------------------
Using the displays and specimens of the Beneski Museum this field guide will help one explore the ancient history and related processes that formed the valley we know today.
STEP 2:  A walk through the lab guide
1. On the page 4 a wonderful Connecticut Valley geologic time line is included and can be used as a reference as one explores the museum
2. On page 5 are some key terms and a BLOCK diagram of the Connecticut Valley.  The BLOCK diagram helps provide some geographic perspective.  It is good to be familiar with the key terms prior to a visit.
3. Pages 5-20 are intended to guide the participant through the Connecticut Valley geologic history and related processes.
4. Pages 21-22 is a supplemental close observation/visual scanning activity designed to support work on Page 13.  This can be done in sequence or saved for another time.
STEP 3: Moving forward with the lab guide with groups of over 10 people
1. Begin with the whole group on page 4 “INTRODUCTION”. (Be certain the group is located in front of  “Unearthing a Portrait in Time form the Rock Record” display.  
2. Take a team deep dive walk through of the display.  In the presented geologic sequence have a student read, starting with the first panel title, the display (loud and clear) to the other students in the group.  While she/he is reading guide the students to write down the name of the PHASE and when that phase occurred.
a. Repeat this process 4 more times until the entire display is completed - all students should complete Page 5 of the lab.
3. Read the final comment of the bottom of page 5 aloud at the conclusion

STEP 4: Divide the larger group into 5 smaller working groups.
1. Assign each of the 5 groups to one of the 5 time periods/events/phases
a. Shallow Inland Seas
b. Mountain Building & Metamorphism
c. Continental Rifting
d. Glaciation
e. The Modern Connecticut River
2. EXPLAIN – What is to be done at each site/phase (8-15 minutes per station – Base time on group focus and time available)
a. Decide if you wish to do the Close Observation/Visual Scanning activity during, after or not at this time.
b. SAY “Working with your team”
i. Carefully read the question asked in the lab
ii. Thoroughly read the related display
iii. Examine the related specimens
iv. Thoughtfully address the lab questions
3. START – Each of 5 groups assigned to a starting location
a. After 8-15 minutes have groups rotate in order to the next phase
b. Rotate until such time that all groups have visited each of the 5 stations (not including the close observation activity) – Add a 6th rotation if this activity is included.
4. PULL GROUP BACK TOGETHER
a. Have the group sit on the floor positioned to face the painting of the Connecticut River Valley today.
b. CONCLUTION PAGE 20 (Done Together but sitting in teams)
i. Read the Conclusion statement
ii. Read the Question
iii. Allow a few minutes for groups to jot down some notes
iv. One at a time, walk through the phase. 
1. Ask for the name of phase 1
2. Ask for a take away – Have each group share their take away
STEP 5:  Conclusion while looking at the painting (Same as introduction) 
For 410 miles from near the Canadian border to Long Island Sound, the Connecticut River, New England's longest and widest river, runs to the sea. Along the way it marks the boundary between New Hampshire and Vermont and slices prominently across Massachusetts and its namesake, Connecticut. It is truly a river that "connects". It is a very diverse river that sometimes flows quietly, meandering over a broad, fertile floodplain, and at others rushes over prominent waterfalls and rapids (important waterpower locales) or through narrow gorges.
The rocks and landscape of the Connecticut Valley region record events of ancient times from colliding and splitting continents to glacial processes (which ended about 10,000 years ago) in a particularly clear and dramatic fashion. 
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