DRAFT    RDLittle   01.2024   ++comments / changes / edits appreciated!  “public domain”
ARMORED MUD BALL CLASS ACTIVITIES & INFORMATION 
A.  Introduce students to the formation and significance of armored mud balls, rare geologic structures from the Age of Dinosaurs that are found in the Western Massachusetts.  
DISCUSSION TOPIC  1.  What are armored mud balls?   Terminology to discuss:  “mud”   a sediment, not sand and not gravel.  It is fine-grained and (with a little wetness) will hold together, like a snow ball.  In the natural world, hard mud rolling down a stream will get sticky on the outside and pebbles can attach (the armor).
“Armor” --  a protective coating.  A knight will put on metal armor.  A rolling mud ball will get stick-on pebble armor.
DISCUSSION TOPIC  2.  How do armored mud balls (AMB) form?   Hard mud chunks / pieces fall into a stream, tumble in the water current, get round and sticky on the outside, then pebbles attach from the stream bed.  This will protect the mud so it will roll further downstream.  Eventually, the AMB must be buried in the stream’s sand and gravel (or it will dry, crack, and crumble). 
See RDL’s AMB 5 minute video:   https://youtu.be/P38Qa0mYpLk?si=qdrM99R3bI5HWrQy

ACTIVITY  1  (not student tested):  (demonstration, perhaps, or as groups -- get ready for a lot of dirty hands)   Mud, collected locally perhaps.  [NOTE:  use play dough – much cleaner!]     There is a lot of exposed Glacial Lake Hitchcock lake bottom mud along riverbanks of local rivers and streams in the Conn. River Valley.  Sand / gravel for burial and armor.  It may be useful to use grainy cereal for a “gravel” substitute.
To Do:    1.  make mud balls.  2.  Roll in sand /  gravel or perhaps grainy cereal.  This simulates the armor process.  3.  Deposition, both on top surface and buried.   Perhaps use a plastic “shoe box”.  Bury some in damp sand and leave some exposed on the surface.  The main point is to show how burial is necessary for geologic preservation.  The surface AMBs will dry and crumble.
Conclusion: exposed AMBs will not be preserved as compared to buried AMBs.
B.  Promote Armored Mud Balls as an official Massachusetts “Sedimentary Structure”
ACTIVITY 1  Discover how many State “symbols” Massachusetts has.  How many are geology or science related?  For example, State Rock, State Fossil, State Dinosaur, State Mineral, State Gem
ACTIVITY 2  Who are your State Representatives and Senators?
ACTIVITY 3    Making educational promotional materials.  How would you explain and publicize Jurassic Armored Mud Balls?  Perhaps:  poster, postcard, 
ACTIVITY 4   Make contact with your State Legislators (including the Governor) using your educational materials and enthusiasm for preserving these unique features that are only (in the whole world)….only easily seen in Greenfield, Gill, and Turners Falls.   This can be done by mail, email, phone message, or office visit.
C. Finding the armored mud balls (on the picture)  .  The picture below of Jurassic armored mud balls seen in a bridge foundation (now dismantled) along the Conn. River (Unity Park) Turners Falls MA.    Note:  armored mud balls can still be observed in some quarried stones at this site.  The ruler, for scale,  is 6 inches.
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Can you find 7  armored mud balls in this rock?  Number them  on the picture below with #1 = biggest, 7 = the smallest.  What rock name would you give this sedimentary rock?  Choose from Sandstone, Conglomerate, Limestone, Shale
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There are 7 armored mud balls seen here…1, 2, and 7 are noted.      (x) This is a rather large rock that was tumbling down stream along with the AMBs     Some of these AMBs are small, but it could be that they extend into this quarried stone block and are much bigger.  Actually, this is true of all the specimens.  You are only seeing one surface.  What is happening inside?  (We don’t know.)

D.  Finding Jurassic Armored Mud Balls in “the field”    (In science “the field” means “outdoors, in nature” not actually in a field)
The best place in the world to see AMBs is Greenfield Community College’s Geology Path located at the S end of the Main (brick) Building.  It is easy to find and visitor parking is adjacent.  Wheelchair accessible.  There is a short video about the Geo Path on You Tube (address below).  The Path has a great display of AMBs plus other local rocks.  There is an online Geo Path Guide here:  https://www.gcc.mass.edu/oll/geology-path/
https://youtu.be/_qyinmJ5P6c?si=bFgKjmbNO65X29cW
You can also find Jurassic AMBs at the Turners Falls Great Falls Discovery Center (outdoor display coming in 2024)
E.   ----  ADVANCED GEOLOGY OBSERVATIONS  (especially see graded beds, #3 below) ----
1.  What is the name of the metamorphic rock of the foundation cap?  Note the light and dark mineral layers.  [GNEISS]
2.  Why is gneiss used as a cap rock on this bridge foundation?  Gniess is a very hard rock that is resistant to weathering and erosion.   The foundation here was for suspension cables of an old suspension bridge between Turners Falls and Gill, MA.  The bridge was dismantled in 1942.  Quarried blocks of this anchor, some with AMBS,  can still be seen on site.  https://commons.wikimedia.org/wiki/File:Suspension_Bridge,_Turners_Falls,_MA
3.  Graded Beds are illustrated in this quarried rock face and this photo is an excellent example of this phenomenon!  The AMBs came downstream in a flood event.  Fast flowing currents carry larger sizes than slow flow.  Floods will gradually diminish and drop their load in a set way:  large sediment sizes are deposited first and then gradational to small sizes.   That’s “graded bedding”.  
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4.  The origin of “our” armored mud balls.  During Jurassic time, about 200 million years ago, the super continent of Pangea was splitting.  A major rift valley opened along a faultline that runs from Keene, NH to New Haven, CT.  The landscape would have looked like the many rift valleys of the “Basin and Range” of the desert southwest USA, such as Death Valley National Park.  The climate at the time was alternatively wet and dry.  There were salt lakes and streams that occasionally flooded from the easterly mountains bringing sediment into the rift valley.  If conditions were right, hard mud from old dry lake beds fell into stream channels, tumbled, became round, sticky on the outside and then armored as they rolled over the stream bed sandy gravel.  A quick burial is needed to prevent drying and then some geologic time to cement the sediment into rock. That process is called “lithification”.   
The pictured rock came from a quarry in what is now downtown Turners Falls. Building now cover the old quarry site.  However, AMBs have been found “in situ” (“in place”) in nearby Jurassic-age bedrock outcrops along the Connecticut Riverbed below the Turners Falls Dam as well as in older rock (Late Triassic) found in Greenfield and Deerfield.  Examples of all these, plus other monumental-sized specimens can be seen along the Geology Path, Greenfield Community College.
In the whole world only a few examples of AMBs have been noted, mostly from mud balls rolling into deep ocean deposits.  These do not have  distinct pebble armor.  They are in remote locations (such as Ecuador, Trinidad, and Spitzbergen) plus they are not easy to see, do not have a variety of sizes, nor prominent armor.  They probably are not visible today due to erosion.  Therefore, it is safe to conclude that the Franklin County AMBs are unique, being the only easily seen lithified armored mud balls in the world!  They also have the best variety of sizes and picturesque armor.
Please note that fragile, non-lithified armored mud balls from recent floods have been found in a number of locations.   There are many pictures compiled on the https://armoredmudballs.rocks website.  Also, these features are geologically known as “sedimentary structures”.  They are formed during the deposition of sediment layers and join other sedimentary structures such as mud cracks, raindrop impressions, plus dinosaur footprints and other fossils.  
For more information including pictures of lithified and recent (non-lithified) armored mud balls, please see the https://armoredmudballs.rocks website and/or contact Prof. Richard D. Little at RDLittle2000@aol.com.
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Another class exercise --    Can you imagine dinosaurs watching armored mud balls rolling downstream?  Yes, this was possible!   Write a creative story perhaps with drawings.



--------    SAVE THE RARE JURASSIC ARMORED MUD BALLS     ---------
MAKE JURASSIC ARMORED MUD BALLS A MASSACHUSETTS OFFICAL STATE “SEDIMENTARY STRUCTURE”!
Dinosaur age armored mud balls are geological rarities formed as hard mud pieces fell into a stream, rolled along, and had pebbles stick to their rim (the “armor”).  With a lot of luck these delicate features turned to stone and 200 million years later were discovered in the Connecticut River Valley in Turners Falls, Greenfield, Gill, and Deerfield.  They are so rare that no other place in the world has specimens like these.  They need to be recognized and celebrated.  Greenfield Community College Professor (Emeritus) Richard Little is spearheading the effort to have them designated an official State “Sedimentary Structure” to join the over 50 other Massachusetts symbols such as the Morgan Horse, Boston Crème Donut, Dinosaur Fossil, and many others.   Prof. Little comments: “We must celebrate and appreciate these intriguing, rare, and photogenic specimens!  If not, they will likely be forgotten and lost to history and science.”
Find out more about armored mud balls and how you might join the effort to save them at this web site.  https://armoredmudballs.rocks
Your comments and suggestions are always welcome!   Thank you.  –Richard D. Little*
6 Grandview Ln, Easthampton MA 01027   RDLittle2000@aol.com   413 527-8536
PS.  I also do presentations for classes and adult groups as my schedule permits.
* Prof. Little has BA & MA geology degrees from Clark and the Univ. of Southern California, respectively.  He has been teaching at Greenfield Community College for 50+ years.  He is not yet a fossil.  www.EarthView.rocks.
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